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ABSTRACT 

In jojoba, flower buds are typically produced at every 

other node on new growth near branch tips. An increase in 

the number of branch tips (branching frequency) could 

possibly increase flower bud and fruit production. 

Studies were conducted to determine the effects of 

three concentrations of Benzyladenine (BA), Gibberellin 4+7 

(GA), and Promalin (a mixture of BA and GA) on branching and 

flower production of three jojoba clones. Treatments 

involving pinching and untreated control plants were also 

included. 

The growth regulators had a significant effect on both 

branching and flower bud production, and clones differed in 

their response. For the most responsive clone, the most 

effective treatments (100 ppm GA and 100 ppm Promalin) 

resulted in 133% and 110% increases in flower buds after 17 

months, respectively. The increase in flower buds was 

associated with an increase in the number of growing tips 

and node production. Similar responses were observed in 

both greenhouse and field experiments. 

The results of these studies indicate that growth 

regulators can be used to significantly increase flower bud 

production on jojoba. 
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INTRODUCTION 

Jojoba fsimmnndsia chinensis (Link) Schneider) is a 

dioecious shrub, native to the Sonoran Desert in the U.S.A. 

and Mexico. During the last 20 years it has been grown as a 

new cultivated species for arid lands because of its 

adaptation to this environment and the uniqueness of its 

seed lipids. These lipids are simple waxes with properties 

similar to those of sperm whale wax, and have a wide range 

of industrial uses (National Research Council, 1985). 

Jojoba was not commercially cultivated until the late 

1970's. At that time, major investments of were made, based 

on promising prices of its unique seed-oil, and expected 

yields (National Research Council, 1985). Research on 

jojoba was still developing and in most instances 

agrotechniques were developed by trial and error by most 

growers (Benzioni and Dunstone, 1986). 

Commercial plantations have expanded throughout the 

world in response to expected yield potentials, however 

plantations established from seed have had low and 

inconsistent yields and there is a need to increase yields 

of jojoba for it to become successful as a crop (Milthorpe 

and Dunstone, 1989). 

In pistillate jojoba plants, flower (and later fruit) 

production ranges between the most common of one flower 
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every other node (sometimes clusters of flowers) to a flower 

(or clusters) at every node (National Research Council, 

1985). In this regard, Gentry (1958) pointed out that there 

are differences between Arizonan and Californian 

populations, the former having plants that more commonly 

flower at every other node, while in Californian populations 

plants with flowers at every node are not difficult to find. 

He considers these differences to have a genetic basis. In 

his view "the evolution has been from alternate to nodal to 

fascicled and racemose or vice versa" (p.279). Dunstone 

(1982) also showed that the percentage of nodes with flowers 

can be readily affected not only by genotype but also by 

both summer growing temperature and winter temperature. 

In Gentry's view, this kind of variation has important 

implications for the cultivation of jojoba. Plants 

producing one flower at every node would have the potential 

to produce a larger number of fruits (the realization of the 

potential, of course, depending on many other factors). 

Plants with a tendency to produce clusters of flowers, would 

have the highest potential for fruit production, although 

Gentry pointed out that fascicled fruit tend to produce 

smaller seeds, and in years when available water is low, 

they even fail to mature. 

An important point that Gentry also indicated was that 

flower buds are produced whenever vegetative growth is 
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occurring. The optimum temperatures for growth are between 

27 and 30 °C (Wardlaw et al., 1983). Also the optimum 

temperatures for bud production in a pistillate clone are 

30/25 °C (day/night) (Dunstone, 1982). 

Although yield components are not completely defined 

for jojoba, after the already mentioned works of Gentry and 

Dunstone, among others, some obvious yield components can be 

listed: number of branches per plant, number of nodes per 

branch, number of inflorescences per node, number of flowers 

per inflorescence, number of seeds per flower, and seed 

weight. The physiological response of each one of these 

components has a genetic basis but there are also tremendous 

environmental effects and interactions (Gentry, 1958; 

Benzioni and Dunstone, 1986; Nerd and Benzioni, 1988). 

If the relationship between nodes and flower buds is 

"fixed" by genotype and the right temperature conditions 

suggested by Dunstone (1982), a given plant would increase 

its yield potential, by increasing the number of nodes 

available for flower bud development. 

One way to achieve the objective of an increased number 

of nodes per plant is to increase the number of branches. 

This characteristic is governed by what is called "apical 

dominance" and is the controlling effect that an apical 

meristem exerts over other branch buds (located below the 

apical meristem along the same branch) keeping them 
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quiescent and preventing their growth. 

One way to break bud dormancy is to remove the branch's 

apical tip, releasing lower buds from its inhibition. This 

is a common horticultural practice in many species. In 

jojoba, Gentry (1958) mentioned increased seed yields in 

pruned plants, as compared to intact plants, growing at the 

Huntington Botanical Garden. Pruning is a common practice 

in commercial jojoba fields, mainly as a way of shaping the 

base of plants for a better harvest, and weed control, but 

its influence in yield and yield components has not been 

thoroughly studied. 

The objective of this study was to determine the 

effects of pruning and plant-growth-regulator (PGR) 

application on three of jojoba's yield components: number of 

branches per plant, number of nodes per branch, and number 

of flowers per node. 

LITERATURE REVIEW 

Apical dominance theory 

As stated by Sachs and Thimann (1967, p.136) apical 

dominance "refers to the inhibition of the growth of lateral 

buds or shoots by a growing apex". According to these 

authors apical dominance and branching depend "on the levels 

of auxin-commonly secreted by the growing apex, and 

cytokinin produced by the inhibited organ" (p. 136). The 

relationships between plant growth regulators, causing 



different degrees of lateral bud inhibition are, therefore, 

the basis of branching. Auxin produced by a growing apex 

prevents lateral buds from developing. Lateral branches 

may develop as a result of any weakening of the dominant 

apex that will reduce its inhibitory effects. Sachs and 

Thimann (1967) cited many experiments with cytokinins 

causing bud initiation in different species: tobacco tissue 

culture, Isatis roots, Convolvulus. Begonia leaves, etc., 

concluding that the release of buds by kinetin probably 

represents a natural process. 

In a later view, Thimann (1977) pointed out that the 

extent of lateral bud inhibition depends on the species and 

is also a function of nitrogen supply, light conditions, 

temperature and water supply among other factors affecting 

the plant's hormonal balance. 

In a recent review, Martin (1987) pointed out that 

apical dominance is also a function of genetic loci, 

environmental factors, physiological processes and plant 

age. The author divides the factors affecting apical 

dominance into two groups, chemical and physical. Chemical 

factors include not only plant growth regulators, but also 

inorganic nutrients, proteins, oligosaccharins, and carbon 

dioxide. Garvity, radiant energy, water, temperature, 

tension, and bioelectric fields are listed as physical 

factors affecting the expresion of apical dominance. 
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Other works also stress the importance of nonhormonal 

controls and the influence of ambient factors in hormone 

production and action on branching (Scott, 1984; Brown et 

al.f 1967). 

Overcoming apical dominance to increase branching 

The following is a summary of treatments that promote 

growth of lateral buds held under correlative inhibition 

(Martin 1987): 

1) Excision of apical portion of stem (decapitation) 

2) Removal of young developing leaves 

3) Physical restriction of apical growth 

4) Isolation of the apical position of the stem by 

disease, bark-ringing, or stem-girdling. 

5) Infection by pathogens causing witches-broom 

6) Elevated C02 levels 

7) Quantity and spectral quality of light 

8) Humidity 

9) Water and nutrient supply to root system 

10) Gravimorphic treatments 

11) Induction of reproductive condition 

12) Application of auxin transport inhibitors, abscisic 

acid, ethephon, ethylene to tissue above ground 

13) Application of chemical pruning agents to the shoot 

14) Application of IAA or cytokinins to bud 



The last three treatments in this list involve the use 

of plant growth regulators. The purpose of using plant 

bioregulators is, in the view of Jung (1985), "to optimize 

plant production by modifying growth, development and stress 

behavior and the quantitative and qualitative yield of crop 

plants". Among these desirable objectives the author cites 

the modification of the sequence and duration of 

developmental steps during vegetative and reproductive 

growth, that can lead to enhanced establishment, biomass 

production and increase or improve the formation of yield-

determining organs. 

There are many reports of success at overcoming apical 

dominance and generation of more productive plants with 

applications of pilant growth regulators. The approach has 

been used with many different species: Citrus (Jahn, 1981; 

Oayuan, 1981; Nauer and Boswell, 1981), pecan (Worley, 1989; 

Matta and Storey, 1981; Kender and Carpenter, 1972), Pinus. 

Picea sitchensisi (Tompsett, 1978), Abies (Little, 1985), 

Douglas fir (Mazzola and Constante, 1987), ornamentals 

(Khademi and Khosh-Khui, 1977; Maene and Debergh, 1982; 

Woodson and Raiford, 1986; Heins et al., 1981; Henny and 

Foshee, 1986; Semeniuk and Griesbach, 1985; Boop and Jacob, 

1986; Henny, 1986; Mor and Zieslin, 1987), Lavandula sp. 

(Porter and Shaw, 1983), peaches (Weinberg, 1969; Elkner and 

Coston, 1986), pears and cherrys (Cody et al., 1985), apple 
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(Kender and Carpenter, 1972; Williams and Billingsley, 1970; 

Popenoe and Barritt, 1988; Forshey, 1982; Unrath and 

Shaltout, 1985; Miller, 1985; Young, 1987; Greene and 

Miller, 1988; Miller and Eldridge, 1986; Theron et al., 

1987; Williams and Billingsley, 1970), and even in isolated 

axillary buds of Tradescantia paludosa (Sawhney and Naylor, 

1982). 

The most common plant growth regulator tested in these 

works are: 6-benzyladenine (BA), gibberellin A4 and A7 

(GA4+7), and Promalin (BA + GA4+7). 6-benzyladenine (and 

other auxin transport inhibitors) are used to increase 

branching and branching angle by weakening apical dominance, 

and GA's enhance bud break, releasing them from dormancy 

(Bangerth, 1985). A general response is that increases 

the number of growing points, but the released buds do not 

normally elongate, while GA4+7 causes the buds already 

released to elongate, but cannot overcome dormancy in 

dormant buds. Promalin combines both effects, releasing and 

promoting growth of dormant buds. 

The process by which cytokinins might moderate apical 

dominance may involve its role in cell division, but its 

specificity is still in question. Not only is bud release 

from dormancy caused by synthetic materials such as kinetin, 

but also by anticytokinins (Martin, 1987). When BA was 

applied to tomato plants anticytokinins only reduced plant 
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growth when both regulators were applied at the sane time 

(Aung, 1986). 

In apple a linear increase in the number of lateral 

shoots and a linear reduction in the length of the shoots as 

the concentration of BA in the sprayed solution increased 

from 0 to 500 ppm was found by Greene and Miller (1988). 

Reducing the number of lateral shoots by pinching the shoots 

apices after BA application, significantly increased the 

length of the induced lateral shoots. 

In 2-year-old apple trees the combination of BA + GA4+7 

(Promalin) or BA + pruning or pinching, released dormant 

buds and promoted their growth (Forshey, 1982). It was 

Forshey's opinion that Promalin application and pinching 

could even result in excessive branching. 

There are many variables involved in the practical 

release of buds from apical dominance using PGRs: form of 

application, concentration, addition of a surfactant to the 

solution, timing and, as previously stated, the combination 

of treatments with pinching or pruning. 

Concentrations from 0 to 8,000 ppm or even higher, have 

been tried (Nauer and Boswell, 1981; Cody et al., 1985), 

with 100 to 500 ppm being the most commonly used (Theron et 

al., 1987; Nauer and Boswell, 1981; Erez, 1987; Forshey, 

1982; Forshey and Marmo, 1985; Little, 1985; Henny, 1986). 

Toxicity has been reported at BA concentrations of 300 to 
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500 mg/1 (Miller and Eldridge, 1986) and also with Promalin 

(Cody et al., 1985), in apples. 

The most effective tine for application seems to be 

early spring, when plants are in early stages of growth. 

The effects of the regulators decrease in summer and 

practically no effect results from applications during 

dormant periods (Unrath and Shaltout, 1985; Nauer and 

Boswell, 1981; Miller and Eldridge, 1986). 

Many forms of application have been tried including 

solution sprays, latex paints including the regulators, 

powders, solutions applied under the bark and foliage 

soaking (Erez, 1987; Kawamura, 1987; Miller, 1985). The 

most commonly used, however, have been the foliar sprays, 

proving to be effective and easy to apply. 

Solutions can also be prepared adding a surfactant in 

concentrations from 0.1 to 0.5%. Bud break increased in 

plants with this additive, compared to plants treated 

without the addition of a surfactant. The surfactant 

enhances penetration of the active compounds into the plant 

(Thimann, 1977; Nauer and Boswell, 1981; Unrath and 

Shaltout, 1985). 

Branching and yield 

Apical dominance expression has a direct relationship 

with plant form and subsequent potential yield. In cereals, 



ornamental flowers and young fruit trees, growth of lateral 

branches has been shown to enhance yield (Erez, 1987; 

Martin, 1987) 

In plants that produce terminal inflorescences, apex 

removal and the subsequent increase in branching may 

increase the number of inflorescences (Inouye, 1982; Benner, 

1988). However, apex removal has potential disadvantages as 

the direct loss of nutrients with the removed tissues and 

the loss of potential photosynthetic area (Benner, 1988). 

Measuring branching 

One approach to the analysis of branching is the use of 

bifurcation or branching ratio. This figure is calculated 

as the ratio of distal to proximal growing points (Whitney, 

1976). This number was used by Whitney working with tree 

species of eastern North American deciduous forests. He 

concluded that the ratio was low for shade-adapted species 

and high for sun-adapted species. He also concluded that 

the ratio was constant for a species. 

Pickett and Kempf (1980) did not find differences in 

branching ratio of shrubs (various species of Viburnum. and 

Lindera benzoin) adapted to different succesional 

environments. However, Steingraeber et al. (1979), working 

with Acer saccharum, found significant differences in 

branching in forest and oldfield habitats. 



Host of the work done using plant growth regulators or 

pruning to overcome apical dominance uses simpler means of 

evaluating differences in branching: budbreak or number of 

buds released from dormancy in a period of time (Nauer and 

Boswell, 1981; Young, 1987), number of growing points per 

tree (Unrath and Shaltout, 1985), lateral shoot number 

(Little, 1985; Cody et al., 1985; Miller, 1985; Woodson and 

Raidford, 1986), lateral shoot growth (Forshey, 1982; 

Miller, 1985), and fresh weight of shoots (Henny and Foshee, 

1986) are examples of the types of responses measured. 

On jojoba, branching frequency has been used to 

describe branching (Palzkill et al., 1989). The character 

is defined as the number of growing tips divided by the 

number of nodes of a given branch or complete plant. 

OBJECTIVES 

The objectives of this work were: 

A) To assess the natural branching frequency, flower 

and fruit production of 85 jojoba clones. 

B) To determine the effects of 6-benzyladenine (BA), 

gibberellic acids 4 and 7 (GAW), Promalin, and pruning on 

branching of three jojoba clones under greenhouse and field 

conditions. 
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MATERIALS AND METHODS 

EVALUATION OF BRANCHING FREQUENCY DISTRIBUTION IN JOJOBA AND ITS 

CORRELATION WITH SEED YIELD. 

Plant material 

In this study 85 jojoba clones growing under field 

conditions at Associated Jojoba Farms in Hyder Valley (AZ) 

were used. The clones were 6 years old after establishment 

and were originated by the selection of higher producing 

plants growing under cultivation in the same farm. 

Data collection 

The first series of data were taken during summer 1989, 

during seed ripening. At this time branching frequency was 

assessed and seed were harvested. 

To evaluate branching frequency three plants of each 

clone were used. On three branches of each plant, 10 nodes, 

counting from the branch tip downwards were marked, and all 

tips and nodes acropetal to this point were recorded. With 

these two features, branching frequency was calculated 

dividing the number of tips by the number of nodes for each 

of the three branches of the three plants. Using the same 

method, during Fall 1989 (27 Oct. and 4 Nov.) flower buds, 
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nodes and tips were counted. 

The seeds of one plant of each clone were hand 

harvested, oven dried (60°C, 48 h), and weighed. For each 

sample, wax concentration was determined by NMR using a 

Newport Mark III Oilseed Analyzer. 

Statistical analyses were done using the SAS 

statistical program. 

GROWTH REGULATORS EXPERIMENTS 

Greenhouse Experiments 

Summary 

Two experiments were conducted to determine the effects 

of BA, GA, Promalin and pruning under greenhouse conditions. 

The first was begun during the summer of 1988 (08/12/88). 

Six-month-old plants (from rooting) of two jojoba clones 

with apparent different branching patterns were sprayed one 

time until run-off with BA, GA4+7, and Promalin. Three 

concentrations of each PGR were used: 100, 200 and 300 ppm. 

For comparison a treatment involving pruning or pinching of 

all the stem tips was included. Untreated control plants 

were included for each clone. The second experiment was 

conducted the following winter (11/04/88). In this case 

three clones were used, with the treatments being the same 

as in the summer experiment. 



Plant materials 

Two clones growing at the Campus Agricultural Center 

(University of Arizona, Tucson) were used in the first 

(summer) experiment: AT-1487 and AT-1310. They were chosen 

because of apparent different branching patterns (Fig. 1). 

Measured before treatment application, plants of clone AT-

1310 had an average of 10.05 tips (or branches), 31.4 nodes 

and 0.33 tips per node. Plants of clone AT-1487 had 5.9 

tips, 22.3 nodes and 0.27 tips per node. Both clones are 

known to have desirable horticultural characteristics. In 

the second (winter) experiment clone AT-3365 was also 

included. This clone has been described as having an 

intermediate branching frequency (Palzkill et al., 1989). 

Cuttings of each clone were rooted under mist, then 

transplanted to 15 cm (6 inch) pots containing a mixture of 

peat, perlite, and vermiculite (2:1:1) with the addition of 

N,P,K and micronutrient fertilizer. The nutrient 

application was about 15 g of macronutrients per pot 

(Osmocote, with a compositon of 18-6-12 - 18% N, 2.6% P, and 

10% K) and about 2 g of micronutrients per pot (source: 

Micromax, composition: S = 12%, B = 0.1%, Cu = 0.5%, Fe = 

12%, Mn = 2.5%, Mo = 0.05%, and Zn= 1.0%). Nutrient 

application was repeated every 2 months. After 6 months 

plants were transplanted to 9 1 (2 gallon) pots. 

Plants were watered daily and weeds and pests were 
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Figure 1. Schematic representation of contrasting branching 
patterns of two jojoba clones. (a) clone AT-1310 with a 
ratio tips/nodes of 0.33 (5 tips and 15 nodes), (b) clone 
AT-1487 with a ratio tips/nodes of 0.27 (3 tips and 11 
nodes). Both clones typically have one flower at every 
other node. Symbols are:— node, • branch tip, and—o 
flower. 



controlled as needed during the experiments. The only 

required pest control were against aphids using Malathion 

and against thrips, using Maverick. 

Treatment application 

A total of 11 treatments were used; untreated control, 

pruning , and 6-Benzyladenine, GA4+7 and Proroalin were used 

at concentrations of 100, 200, and 300 ppm. For the plant 

growth regulators water solutions were prepared on the day 

of application and treatments were applied shortly after 

sunrise. A surfactant (Tween 20) was included in all 

treatments in a concentration of 0.02%. For the pruning 

treatment, the apical growing point and the youngest pair of 

leaves were removed from each branch tip. The plants were 

sprayed with surfactant until run-off. Control plants were 

sprayed with surfactant until run-off. 

Treatments were assigned randomly to eight plants of 

each clone. The experiments were conducted in a completely 

randomized design. 

First experiment. The treatments were applied on 12 Aug. 

1988, beginning at 6:00 AM and finishing at 11:00 AM. 

Temperatures during the application period ranged from 27 to 

31.5 °C at the end of the application time. Plants were 

sprayed until run-off. Drying time was about 10 minutes 

after spraying. 
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Second experiment. The treatments were applied on 4 Nov. 

1988, beginning at 7:30 AM and finishing at 2:00 PM. 

Temperature and relative humidity over time ranged from 18.5 

°C and 57.5% to 28 °C and 53.0% at the beginning and at the 

end of the application period, respectively. Drying time 

was about 15 minutes after treatment. 

Data collection and analysis 

Total number of nodes, branches and flowers were 

counted immediately before treatment and three times after 

treatment for experiment one (40 days, 150 days, and 17 

months) and two times after treatment for the second 

experiment (40 days and 15 months). Data analysis was 

performed using the SAS statistical program (SAS Institue 

Inc. Box 8000, Cary, NC 27511-8000). 

Field experiment 

Summary 

One-year-old plants (from rooting) of three jojoba 

clones (AT-1310, AT-1487, and AT-3365) with apparent 

different branching patterns (Fig. 1) were sprayed two times 

until run-off with BA, GA4+7, and Promalin. Only one 

concentration of each PGR was used at 200 ppm. Another 

treatment was pruning of the main stem tip. The possible 

different responses were compared with untreated control 
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the greenhouse studies, pruning and control 

included. 

Plant Materials 

Plants of the three clones (AT-1310, AT-1487, AT-3365) 

growing in 15 cm (6 inch) pots inside a greenhouse were 

transplanted to the Maricopa Agricultural Center (University 

of Arizona, Maricopa) 4 weeks before treatment application. 

Plants were irrigated periodically once a week before and 

during the experiment. By the time of the treatment 

application all treated plants had resumed growth. 

For each clone, a randomized complete block design with 

four replications was used. Within each block, each 

treatment was applied to a single plant. 

Treatment application 

In this field experiment five treatments were used: BA 

200 ppm, GA 200 ppm, Promalin 200 ppm, removal of all the 

branch's tips (pruning) and an untreated control. The plant 

regulators used and method of application were the same as 

mentioned for the greenhouse experiments. Again, surfactant 

was used on all plants, including the control. 

The first treatments were applied on May 12, 1989, 

beginning at 8:00 AM and finishing at 10:00 AM. Over this 

period temperatures ranged from 22.5 to 27 °C while relative 
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humidity was relatively stable at 28 to 29%. Drying time 

was about 10 minutes after spraying. 

A second PGR application was done on 26 September 1989, 

from 9:10 AH to 10:10 AH. Temperature was 23 °C at the 

begining and 25 °C at the end of the treatment application. 

Data collection and analysis 

Total number of nodes, branches and flowers were 

recorded immediately before treatment and 120 days after 

first treatment application (12 Sept. 1989). Before the 

second PGR application, three branches per plant were 

selected and the 5th to 7th node from the tip was marked. 

On the next counting date (19 Dec. 1989) only nodes and tips 

above the mark were counted. Data analyses were performed 

with the SAS statistical program. 
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RESULTS 

FIELD SURVEY 

Branching and flower and fruit production 

The results of the survey of 68 clones growing in 

Hyder, AZ, illustrate the relationship between branching 

frequency and flower bud production (Fig. 2a-2c). The 

number of flower buds along a main-stem segment of 10 nodes 

was not only correlated with the number of nodes per branch 

but also with the amount of branching along the stem. The 

relationship between numbers of nodes and flowers is 

illustrated in Fig. 2a. Line A shows the regression for the 

68 clones surveyed (three plants of each clone and three 

branches/plant were studied). As the number of nodes in a 

branch segment increases, there is a linear increase in 

number of flowers. The slope of 0.5 reflects the fact that 

on average there is one flower at every other node. Line B 

shows the regression for three selected clones that have an 

average of about one flower per node (a slope =0.93). For 

both lines it is clear that the number of flowers increases 

as the number of nodes increases. 

A positive relationship also exists between the amount 

of branching (number of tips) along the stem segment and the 

number of nodes (Fig. 2b). Clones with more branching 

showed an increase in nodes. As a consequence of the 
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Figure 2. Relationship between number of nodes, 
number of tips, and number of flowers for 68 clones 
growing at Hyder, AZ. Counts were done on 3 branches 
of equal length per plant, and 3 plants per clone. 
Each branch had 10 nodes along the main stem axis. 
(a) Regression for number of nodes and number of 
flowers, line A for the 68 clones, line B for three 
selected clones with an average of .93 flowers/node. 
(b) Regression for number of tips and number of 
nodes. (c) Regression for number of tips and number 
of flowers. 



relationships illustrated in Fig. 2a and 2b, the amount of 

branching (number of tips) was also correlated with the 

number of flowers per branch (Fig. 2c). A conclusion to be 

drawn at this point is that an increase in branching 

frequency (branch tips/number of nodes) would likely 

increase node production (everything else remaining 

constant), and if the ratio of flower buds to nodes remains 

constant, then the number of flower buds would be increased. 

The hypothesized relationship of an increased number of 

nodes and branches being associated with increased whole 

plant seed production was not true for these 85 clones in 

1989. The correlation coefficient (r) was 0.06 for the 

regression between the number of tips and seed yield of the 

same plant and 0.02 for the regression between nodes and 

seed yield. The number of tips and nodes of an average 

branch of ten nodes counted from the apex (three branches 

per plant, three plants per clone), whole plant seed weight, 

and wax content of the seeds are given in Table 1, from 

where the regressions were calculated. 

There are some probable explanations of the failure of 

the proposed correlation between branching and seed 

production. One is that although a highly branched plant 

could produce a larger number of flowers per branch, there 

are many other factors influencing final yields, one of the 

most important in the area of study, being spring freezing 
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Table 1. Seed production, % wax in the seed, wax production 
per plant and number of tips, nodes and ratio of tips to 
nodes for 85 jojoba clones growing at Hyder, AZ. 

Clone Seed1 Wax Wax Tipsy Nodesy Tips/ 
(g) (%) (g) Nodes 

1 56.2 42.3 23.7 16.3 58.3 .279 
2 447.5 47.4 212.2 7.0 34.0 .205 
3 20.1 52.1 10.4 10.3 33.6 .306 
4 27.2 44.5 12.1 11.0 30.3 .362 
5 0.6 * • • 9.6 38.6 .250 
6 315.3 43.1 135.9 4.6 23.3 .200 
7 264.9 47.7 126.3 12.0 37.0 .324 
8 267.6 46.8 125.2 6.6 25.0 .266 
9 439.2 46.6 204.6 5.3 26.6 .199 
10 283.8 48.4 137.3 9.6 36.0 .268 
11 661.8 47.4 313.7 10.0 35.6 .280 
12 337.6 46.8 158.0 7.6 27.3 .280 
13 98.7 46.6 45.9 5.3 21.6 .245 
14 124.9 48.3 60.3 4.0 18.6 .214 
15 79.9 45.6 36.4 8.0 30.3 .263 
16 364.2 46.8 170.4 4.6 19.0 .245 
17 141.3 45.6 64.4 9.0 31.0 .290 
18 0.0 0.0 0.0 7.3 28.0 .261 
19 267.5 46.5 124.4 8.3 34.6 .240 
20 271.9 49.1 133.5 12.6 34.3 .369 
21 45.0 46.5 20.9 5.0 1.0 .238 
22 266.0 50.6 134.6 10.3 41.0 .251 
23 344.8 45.4 156.5 6.0 24.6 .243 
24 439.9 42.6 187.4 6.0 25.0 .240 
25 394.4 48.0 189.3 8.3 33.6 .247 
26 223.9 46.4 103.8 9.6 37.0 .261 
27 155.6 47.2 73.4 5.0 20.3 .245 
28 0.0 0.0 0.0 9.6 35.6 .271 
29 466.3 46.9 218.7 11.3 38.0 .298 
30 238.5 46.8 111.6 10.0 34.3 .291 
31 177.2 51.5 91.2 3.3 17.3 .192 
32 482.7 49.1 237.0 6.3 27.6 .228 
33 303.0 49.4 149.6 11.6 43.0 .271 
34 22.1 49.4 10.9 7.6 32.0 .239 
35 152.8 47.2 72.1 5.3 25.3 .210 
36 266.9 45.0 120.1 11.0 47.0 .234 

Cont. 



Table 1. Cont. 

Clone Seed Wax Wax Tips Nodes Tips/ 
(g) (%) (g) Nodes 

37 265.8 47.0 124.9 10.6 33.3 .320 
38 172.9 44.1 76.2 11.3 40.3 .280 
39 422.9 48.9 206.8 19.3 55.6 .347 
40 434.9 49.9 217.0 15.3 55.0 .278 
41 44.4 48.5 21.5 10.6 35.3 .302 
42 0.0 0.0 0.0 15.5 39.3 .395 
43 9.0 46.6 4.1 11.6 33.0 .353 
44 324.9 43.8 142.3 9.0 25.0 .360 
45 332.8 47.6 158.4 8.3 23.6 .351 
46 351.2 47.4 166.4 14.0 36.3 .385 
47 338.9 47.0 159.2 7.0 25.0 .280 
48 298.8 47.7 142.5 6.0 26.6 .224 
49 221.4 43.9 97.1 7.6 28.6 .267 
50 227.9 46.7 106.4 10.3 35.6 .289 
51 514.3 47.4 243.7 6.3 20.0 .316 
52 486.8 48.4 235.6 5.0 24.0 .208 
53 465.4 47.2 219.6 15.3 40.0 .383 
54 140.9 46.5 65.5 6.3 19..3- .327 
55 560.4 47.6 266.7 13.6 35.6 .383 
56 129.5 50.0 64.7 9.0 40.3 .223 
57 194.7 45.5 88.5 6.6 22.0 .303 
58 434.9 49.2 213.9 9.6 29.0 .333 
59 292.3 44.1 128.9 6.3 22.3 .283 
60 193.5 48.6 94.0 12.0 31.6 .379 
61 50.2 40.1 20.1 8.3 31.7 .263 
62 433.8 41.7 180.9 8.6 22.0 .394 
63 23.6 47.3 11.1 9.0 34.6 .259 
64 95.5 46.7 44.5 6.0 25.0 .240 
65 174.4 45.8 79.8 6.3 25.0 .253 
66 222.2 46.8 103.9 5.6 21.0 .270 
67 70.1 46.4 32.5 2.3 15.3 .152 
68 9.5 47.9 4.5 11.0 30.3 .362 
69 91.1 48.5 44.1 6.6 25.0 .266 
70 730.2 45.9 335.1 11.3 38.0 .298 
71 52.6 47.7 25.0 6.0 25.0 .240 
72 511.4 45.0 230.1 7.67 32.0 .239 
73 222.7 49.5 110.2 8.3 33.7 .247 

Cont. 
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Table 1. Cont. 

Clone Seed Wax Wax Tips Nodes Tips/ 
(g) (%) (9) Nodes 

74 328.6 45.7 150.1 5.3 26.7 .199 
75 418.9 47.1 197.3 9.7 37.0 .261 
76 220.9 47.5 104.9 5.0 24.0 .208 
77 195.1 48.1 93.8 9.7 29.0 .333 
78 457.7 49.2 225.1 8.7 22.0 .394 
79 381.2 47.1 179.5 10.3 35.7 .289 
80 316.7 47.1 149.1 7.0 25.0 .280 
81 451.7 48.2 217.7 10.7 35.3 .302 
82 286.5 45.1 129.2 6.0 25.0 .240 
83 369.0 48.1 177.4 11.7 33.0 .353 
84 16.0 49.4 7.9 8.7 22.0 .394 
85 243.6 44.5 108.4 10.7 35.3 .302 
86 433.2 45.7 197.9 7.3 28.0 .261 

' One plant per clone was harvested 
y Counts were done on 3 branches of equal length per plant, 
and three plants per clone. Each branch had 10 nodes along 
the main stem axis. 
For clone 5 wax percentage and wax yield were not available, 
due to the small amount of seed harvested. 
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temperatures during early flowering of some jojoba 

genotypes. In the survey it was observed that the number of 

flowers that developed a seed was highly variable among 

clones, and one of the possible explanations is a 

differential frost resistance among clones. During the 

spring previous to the study, freezing temperatures 

developed over the area of study, and some of the clones 

(e.g. 5, 18, 28, 42, and 68) probably flowering too early in 

coincidence with late frosts, lost most of their flowers, 

and potential seed yield. 

Another variable that is possibly involved in the lack 

of correlation between branching frequency and seed yields 

for these 85 clones is the influence of the rest of the 

yield components in final seed yields. The total number of 

branches per plant, number of flowers buds per node and 

branch, the number of seeds that develop per flower and seed 

weight also play important roles. 

To show the importance of these variables, data from 

Milthorpe and Dunstone (1989) can be analyzed. These 

authors give data for nine clones (every year for 4 years 

after planting). The highest yields were obtained with two 

different plant strategies. Clones A and B had the highest 

percentage of nodes producing buds, flowers and fruits, and 

a high flower survival, fecundation and maturation. On the 

other hand, clone F even though it had a lower number of 
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nodes with flower buds, and fruit, it still had the second 

highest yield. A possible explanation could be a higher 

number of nodes per plant, so clone F with fewer nodes with 

fruit, would still have a high yield. Clone B, with the 

same proportion of nodes with flowers and fruit but fewer 

total nuiaber of nodes than clone F produced the lowest yield 

of the nine clones. 

Seed and wax production 

A large variability in seed yield and plant wax 

production was found among the clones surveyed (Table 1). 

Some clones (e.g. 32, 39, 40, 51, 52, 53, and 58) presented 

a combination of high seed yield and high seed wax 

concentration, resulting in the highest wax yields per 

plant, although no correlation between seed production and 

wax concentration of the seeds was found (Fig. 3). The 

clone with the highest seed yields (70) had a lower wax 

percentage than the clones listed above, but its wax 

production per plant was still the highest with 335 g. The 

relative influence of seed yield and wax concentration of 

the seed on wax produced per plant, are clearly shown by 

their respective correlation coefficients; .99 for the 

regression between seed yield and plant wax yield and .12 

for the regression between wax concentration and plant wax 

yield. 
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Figure 3. Relationship between seed yield per plant 
and wax concentration of the seed for 85 clones 
growing at Hyder, AZ. 
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FIRST GREENHOUSE EXPERIMENT 

Number of branch tips 

Significant differences in branching were caused by the 

different PGRs and concentrations used (Table 2). Forty 

days after treatment application, BA treated plants of both 

clones (AT-1310 and AT-1487) had the greatest increase in 

the number of growing tips compared to control plants (Fig. 

4). For this PGR the most effective concentration was 200 

ppm. Promalin treated plants also showed an increase in 

branching, although it was less than for BA. The best 

concentration of Promalin was 100 ppm. Higher levels of 

Promalin produce a lesser increase in branching. Pruning 

was also effective in increasing bud break, but the effect 

was restricted to the first nodes below the removed apices, 

and in very few cases extended to the following node. This 

resulted in a lower increase in the number of tips compared 

to treatments involving BA or Promalin. 

Gibberellic acid 4+7 treated plants had fewer tips than 

control plants, although the difference was not 

statistically significant (Table 2). The fewest tips were 

formed on plants treated with 300 ppm GA. 

At 17 months after treatment the branching response 

differed from that found at 40 and 150 days (Table 2). The 

effect of PGRs was also different for each of the two clones 
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Table 2. Effect of Ba, GA, Promalin and pruning on the 
number of growing tips of three jojoba clones under 
controlled conditions 

Number of Tipsz 
Treatment Clone Experiment 1 Experiment 2 

TIME 1 
40 davs 45 days 

BA 100 1310 36.5 ± 3.3 25.7 ± 1.9 A 
1487 26.5 ± 3.3 21.1 ± 1.0 A 
3365 - 30.5 ± 1.5 B 
Avg.y 31.5 Bx 

BA 200 1310 48.1 ± 2.8 26.9 ± 1.5 A 
1487 29.4 ± 2.0 22.4 ± 1.6 A 
3365 - 36.7 ± 2.1 A 
Avg. 38.7 A 

BA 300 1310 36.6 ± 4.9 22.9 ± 2.2 AB 
1487 26.0 ± 1.6 20.9 ± 1.1 A 
3365 - 29.0 ± 1.2 B 
Avg. 31.3 B 

PR 100 1310 33.6 ± 2.6 24.9 ± 1.5 AB 
1487 26.0 ± 1.4 22.1 ± 1.2 A 
3365 - 34.6 ± 2.4 AB 
Avg. 29.8 B 

PR 200 1310 25.4 ± 2.4 21.1 ± 1.4 BC 
1487 23.5 ± 1.9 20.9 + 1.3 A 
3365 - 29.1 ± 2.5 B 
Avg. 24.4 C 

PR 300 1310 22.0 ± 1.8 20.6 ± 1.4 BC 
1487 17.9 ± 3.8 16.4 ± 1.8 B 
3365 - 32.7 ± 3.4 AB 
Avg. 19.8 D 

GA 100 1310 10.5 ± 1.8 13.6 + 1.2 D 
1487 5.6 ± 0.5 8.1 ± 1.0 C 
3365 - 10.6 ± 0.9 D 
Avg. 8.1 F 

Cont. 
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Table 2. Cont. 

Number of Tips 
Treatment Clone Experiment 1 Experiment 2 

6A 200 1310 9.2 + 1.1 13.0 + 0.9 D 
1487 6.1 + 0.9 8.4 + 0.9 C 
3365 - " 9.4 + 0.8 D 
Avg. 7.7 F 

GA 300 1310 8.6 + 1.2 14.9 + 1.1 D 
1487 6.2 + 1.1 8.2 + 1.1 C 
3365 - 8.6 + 0.7 D 
Avg. 7.4 F 

Pruned 1310 17.0 + 1.6 17.0 + 1.6 CD 
1487 9.7 + 1.0 10.2 + 1.2 C 
3365 - 19.1 + 1.9 C 
Avg. 13.4 E 

Control 1310 15.4 + 1.3 14.8 + 1.2 D 
1487 7.5 + 0.8 8.0 + 0.7 C 
3365 - 16.0 + 1.1 C 
Avg. •

 

H
 

H
 F 

TIME 2 
150 davs 

BA 100 1310 37.6 + 4.9 
1487 23.2 + 2.4 
3365 -

Avg. 30.4 BC 

BA 200 1310 49.9 + 3.2 
1487 26.2 + 2.0 
3365 -

Avg. 38.1 A 

BA 300 1310 45.1 + 4.7 
1487 22.1 + 2.1 
3365 -

Avg. 33.6 AB 

Cont. 
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Table 2. Cont. 

' Number of Tips 
Treatment Clone Experiment 1 Experiment 2 

PR 100 1310 35.9 + 3.6 
1487 19.2 + 0.7 
3365 -

Avg. 27.6 C 

PR 200 1310 32.7 + 1.9 
1487 19.9 + 1.0 
3365 -

Avg. 26.3 CD 

PR 300 1310 28.0 + 1.0 
1487 15.7 + 3.6 
3365 -

Avg. 21.5 DE 

GA 100 1310 22.6 + 2.1 
1487 7.7 + 0.7 
3365 -

Avg. 15.2 FG 

GA 200 1310 23.0 + 2.0 
1487 6.4 + 1.1 
3365 -

Avg. 14.1 FG 

GA 300 1310 15.8 + 1.9 
1487 6.7 + 1.0 
3365 -

Avg. 8.9 G 

Pruned 1310 27.1 + 3.1 
1487 14.9 + 1.7 
3365 -

Avg. 21.0 DE 

Control 1310 27.5 + 3.1 
1487 10.2 + 1.0 
3365 -

Avg. 18.9 EF 

Cont. 
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Table 2. Cont. 

Wumher of Tips 
Treatment Clone Experiment 1 Experiment 2 

TIME 3 
17 months 15 months 

BA 100 1310 106.7 + 8.3 ABC 112.3 ± 5.7 AB 
1487 56.7 ± 4.7 AB 42.3 ± 5.3 AB 
3365 - 90.0 + 3.8 AB 
Avg. 81.7 

BA 200 1310 110.0 +11.5 ABC 114.3 ± 6.7 A 
1487 40.3 ± 0.3 DE 48.3 + 4.8 A 
3365 - 98.0 ± 4.3 AB 
Avg. 75.2 

BA 300 1310 90.5 +10.5 BC 94.3 ± 2.9 ABC 
1487 44.3 ± 4.5 CDE 36.7 ± 0.9 BC 
3365 - 87.0 ± 0.6 AB 
Avg. 62.8 

PR 100 1310 113.3 + 0.9 ABC 92.7 + 6.3 BC 
1487 60.7 ± 3.8 A 37.0 ± 1.0 BC 
3365 101.7 ± 0.9 AB 
Avg. 87.0 

PR 200 1310 102.3 ± 2.2 ABC 79.0 ±11.0 CD 
1487 53.3 ± 5.8 ABC 28.7 ± 2.3 C 
3365 - 122.3 ±34.9 A 
Avg. 77.8 

PR 300 1310 78.0 + 3.0 CD 45.5 + 7.5 E 
1487 38.7 ± 1.2 E 29.3 + 3.4 C 
3365 - 88.5 ± 4.5 AB 
Avg. 58.3 

GA 100 1310 137.7 ± 8.2 A 98.0 + 4,0 ABC 
1487 50.0 ± 5.0 ABCDE 38.7 ± 1.2 ABC 
3365 - 75.3 ± 5.4 BC 
Avg. 102.6 

Cont. 
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Table 2. Cont. 

Treatment Clone Experiment 1 
Number of Tips 

Experiment 2 

GA 200 1310 126.7 +16.7 AB 91.7 + 3.5 BC 
1487 51.7 ± 1.7 ABCD 37.0 ± 2.1 BC 
3365 - 43.0 ± 5.0 C 
Avg. 89.2 

GA 300 1310 100.0 ±24.0 ABC 63.0 ± 5.0 DE 
1487 43.3 ± 3.4 CDE 31.7 ± 3.7 BC 
3365 - 38.0 ± 1.0 C 
Avg. 71.1 

Pruned 1310 100.7 ± 5.2 ABC 94.7 ± 1.2 ABC 
1487 54.3 ± 3.2 ABC 42.0 ± 4.0 AB 
3365 - 83.3 ± 2.9 AB 
Avg. 77.5 

Control 1310 51.7 ± 7.5 D 93.7 ±10.2 ABC 
1487 45.3 ± 1.3 BCDE 33.3 ± 4.1 BC 
3365 - 87.0 ± 0.6 AB 
Avg. 48.5 

zValues are means of 8 plants per clone for Time 1 and Time 
2, 3 plants per clone for Time 3, ± Standard Error. 
y Average of the two clones (AT-1310 and AT-1487) for first 
experiment. No average is given for Times that showed clone-
treatment interaction. 
x Mean separation within column by Duncan's multiple range 
test (p = 0.05). For Time 1 second experiment and Time 3, 
both experiments, means were separated indepedently for each 
clone, due to treatment-clone interactions. 
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Figure 4. Percent change in the number of tips 
relative to control, 40 days, 150 days, and 17 months 
after treatment application for clones AT-1310 (a), 
and AT-1487 (b). Treatments were 6-benzyladenine 
100, 200, and 300 ppm (BA1, BA2, and BA3), 
gibberellic acid 4+7 100, 200, and 300 ppm (GA1, GA2, 
and GA3), Promalin 100, 200, and 300 ppm (PR1, PR2, 
and PR3) and pruning (Prun.). Control plants had 
15.4 and 7.5 tips at 40 days, 27.5 and 10.2 at 150 
days, and 51.7 and 45.3 at 17 months for clones AT-
1310 and AT-1487 respectively. The experiment was 
begun on 12 Aug. 1988. 
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studied. For clone AT-1310, all treatments but 

Promalin at 300 ppm produced significantly more tips 

than control plants. 

At 17 months, the greatest increase in the number 

of tips was found in GA treated plants, especially 

for clone AT-1310. Although the difference in bud 

break for the three GA concentrations, BA 100 and 200 

ppm, Promalin 100 and 200 ppm and pruned plants was 

not statistically significant, the two best GA 

concentrations (100 and 200 ppm) yielded 37 and 26% 

more tips respectively than pruned plants for clone 

AT-1310 (Fig. 4a). 

Clone AT-1487 showed a different response at 17 

months than at days 40 and 150 after treatmnent 

(Table 2). At 17 months the only treatment that had 

significantly more tips than control plants was 

Promalin at 100 ppm. These plants had about 33% more 

tips than control plants (Fig. 4b). 

For clone AT-1487 it seems that natural bud break 

in control plants could in time overcome the 

advantage that BA, Promalin and pruning had given to 

the plants soon after treatment and this growth and 

bud break could compensate for the partial reduction 

of apical dominance induced on the treated plants. 
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Number of nodes 

Plants treated with BA.at 200 and 300 ppm had 

significantly more nodes per plant 150 days after 

treatment application than did control plants (Table 

3). Promalin treated plants (at all three 

concentrations) and pruned plants also had more nodes 

than control plants (Fig. 5), although these 

differences were not statistically significant. 

Gibberellic acid treated plants (200 and 300 ppm) had 

significantly fewer nodes per plant, than control 

plants. 

The number of nodes per plant was different for the 

two clones, but no interaction was found between 

clone and treatment. 

Seventeen months after treatment application the 

change in the number of nodes was similar to the 

change in number of tips. Gibberellic acid (200 and 

300 ppm) and Promalin (200 ppm and 100 ppm to a 

lesser extent) produced the largest increase in the 

number of nodes per plant. Benzyladenine treatment 

also resulted in an increase in nodes but the change 

was not significantly different from that produced by 

pruning. 
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Table 3. Effect of BA, GA, Promalin and pruning on the 
number of nodes of three jojoba clones under controlled 
conditions. 

Number* of Nodes* 
Treatment Clone Experiment 1 Experiment 2 

TIME 2 
150 davs 150 days 

BA 100 1310 100.7 ±11.3 
1487 77.9 ± 4.7 
3365 
Avg.y 89.3 Bx 

BA 200 1310 130.4 ± 5.7 
1487 88.9 ± 3.5 
3365 
Avg. 109.6 A 

BA 300 1310 129.6 ± 9.8 
1487 84.1 ± 4.7 
3365 
Avg. 106.9 A 

PR 100 1310 102.4 ±6.1 
1487 74.0 ± 2.0 
3365 
Avg. 88.2 B 

PR 200 1310 102.1 ±5.5 
1487 73.1 ± 5.2 
3365 
Avg. 87.6 B 

PR 300 1310 95.7 ± 4.0 
1487 58.4 ± 6.8 
3365 
Avg. 75.8 BC 

GA 100 1310 81.0 ± 5.4 
1487 51.5 ± 5.1 
3365 
Avg. 66.2 CD 

Cont. 



Table 3. Cont. 

yjnwhia'r of Nodes 
Treatment Clone Experiment 1 Experiment 2 

GA 200 1310 80.1 + 7.2 
1487 40.0 + 6.0 
3365 -

Avg. 55.1 DE 

GA 300 1310 63.5 ± 6.6 
1487 41.8 ± 3.5 
3365 -

Avg. 51.8 E 

Pruned 1310 92.2 ± 9.4 
1487 73.1 ± 5.2 
3365 -

Avg. 84.2 B 

Control 1310 92.2 ± 7.6 
1487 62.5 ± 4.4 
3365 -

Avg. 77.2 BC 

TIME 3 

BA 100 

BA 200 

BA 300 

17 months 

1310 353. 0 + 37. 1 
1487 336. 7 + 24. 3 
3365 -

Avg. 344. 8 

1310 347. 7 + 38. 2 
1487 295. 3 + 18. 3 
3365 -

Avg. 321. 5 

1310 299. 0 + 26. 0 
1487 289. 3 + 11. 0 
3365 -

Avg. 293. 2 

15 months 

BCD 

CD 

Cont. 
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Table 3. Cont. 

Treatment Clone Experiment 1 
of Nodes 

Experiment 

PR 100 

PR 200 

PR 300 

GA 100 

GA 200 

GA 300 

Pruned 

Control 

1310 393. 7 + 
1487 380. 7 + 
3365 -

Avg. 387. 2 

1310 447. 3 + 
1487 357. 7 + 
3365 -

Avg. 402. 5 

1310 275. 7 + 
1487 279. 0 + 
3365 -

Avg. 277. 3 

1310 439. 0 + 
1487 408. 0 + 
3365 -

Avg. 426. 6 

1310 436. 3 + 
1487 389. 7 + 
3365 -

Avg. 413. 0 

1310 346. 3 + 
1487 317. 3 + 
3365 -

Avg. 331. 8 

1310 304. 0 + 
1487 309. 3 + 
3365 -

Avg. 306. 7 

1310 199. 7 + 
1487 287. 3 + 
3365 -

Avg. 243. 5 

10.4 
21.0 

23.4 
2 6 . 2  

23.2 
23.7 

27.2 
31.0 

50.2 
29.0 

64.4 
41.5 

17.2 
23.0 

16.3 
11.1 

ABC 

AB 

DE 

CD 

DE 

Values are means 
plants per clone 
* Average of the 

of 8 plants per clone for Time 2, and 3 
for Time 3, ± standard error. 
two clones (AT-1310 and AT-1487) for first 
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experiment. The number of nodes was not recorded on plants 
of the second experiment. 
x Mean separation within column by Duncan's multiple range 
test (p = 0.05). 
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Figure 5. Percent change in the number of nodes relative to 
control, 40 days, 150 days, and 17 months after treatment 
application for clones AT-1310 (a), and AT-1487 (b). 
Treatments were 6-benzyladenine 100, 200, and 300 ppm (BAl, 
BA2, and BA3), gibberellic acid w 100, 200, and 300 ppm 
(GA1, GA2, and GA3), Promalin 100, 200, and 300 ppm (PR1, 
PR2, and PR3) and pruning (Prun.)* Control plants had 92.2 
and 62.5 nodes at 150 days, and 199.7 and 287.3 at 17 months 
for clones AT-1310 and AT-1487 respectively. The experiment 
was begun on 12 Aug. 1988. 
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Although the qualitative response of the two clones to 

PGR's was the same, they differed in the percentage increase 

in node number compared to control plants. 

Tip to node ratio 

BA and Promalin treatments increased the number of tips 

formed per node, but against what was previously thought, GA 

did not significantly reduce the value compared to that of 

control plants (Table 4). The percentage change in the 

number of tips per node was very different for the two 

clones, but there was no clone-treatment interaction. Clone 

AT-1487 had an increase of c.a. 80% for the 3 best 

treatments (BA 100 and 200 ppm and Promalin 300 ppm) while 

the best treatments for clone AT-1310 (BA 100 and 200 ppm) 

produced an increase of 34 and 27% from control respectively 

(Fig. 6). This differential increase in the number of tips 

growing per node happened only when BA, Promalin and pruning 

were used. In all cases these PGRs had a larger effect on 

clone AT-1487, the clone which naturally has a lower 

branching frequency. 
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Table 4. Effect of BA, GA, Promalin and pruning on the 
ratio tips/nodes of three jojoba clones growing under 
controlled conditions. 

Tips/Node Ratioz 
Treatment Clone Experiment 1 Experiment 2 

TIME 1 
40 day? 45 days 

BA 100 1310 0.372 + 0.026 
1487 0.298 + 0.022 
3365 -

Avg.y 0.335 A* 

BA 200 1310 0.390 + 0.035 
1487 0.293 + 0.015 
3365 -

Avg. 0.342 A 

BA 300 1310 0.355 + 0.043 
1487 0.264 + 0.024 
3365 -

Avg. 0.310 A 

PR 100 1310 0.347 + 0.021 
1487 0.260 + 0.007 
3365 -

Avg. 0.304 AB 

PR 200 1310 0.324 + 0.018 
1487 0.279 + 0.019 
3365 -

Avg. 0.301 AB 

PR 300 1310 0.295 + 0.013 
1487 0.294 + 0.033 
3365 -

Avg. 0.271 BC 

GA 100 1310 0.278 ± 0.015 
1487 0.153 ± 0.010 
3365 -

Avg. 0.215 D 

Cont. 
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Table 4. Cont. 

Tips/Node Ratio 
Treatment Clone Experiment 1 Experiment 2 

GA 200 1310 0.289 + 0.016 
1487 0.154 + 0.013 
3365 -

Avg. 0.217 D 

6A 300 1310 0.256 + 0.027 
1487 0.155 + 0.014 
3365 -

Avg. 0.202 D 

Pruned 1310 0.284 + 0.011 
1487 0.202 + 0.016 
3365 -

Avg. 0.243 CD 

Control 1310 0.293 + 0.021 
1487 0.167 + 0.017 
3365 -

Avg. 0.230 CD 

TIME 3 
17 months 15 months 

BA 100 1310 0.304 ± 0.009 AB 
1487 0.168 ± 0.005 AB 
3365 
Avg. 

BA 200 1310 0.318 ± 0.002 A 
1487 0.137 ± 0.007 BC 
3365 
Avg. 

BA 300 1310 0.302 ± 0.009 AB 
1487 0.154 ± 0.020 ABC 
3365 
Avg. 

Cont. 
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Table 4. Cont. 

Treatment Clone Experiment 1 
Tips/Node Ratio 

Experiment 2 

PR 100 

PR 200 

PR 300 

GA 100 

GA 200 

GA 300 

Pruned 

Control 

1310 
1487 
3365 
Avg. 

1310 
1487 
3365 
Avg. 

1310 
1487 
3365 
Avg. 

1310 
1487 
3365 
Avg. 

1310 
1487 
3365 
Avg. 

1310 
1487 
3365 
Avg. 

1310 
1487 
3365 
Avg. 

1310 
1487 
3365 
Avg. 

0.288 ± 0.010 AB 
0.159 + 0.006 AB 

0.229 ± 0.007 C 
0.148 ± 0.005 ABC 

0.286 ± 0.020 AB 
0.140 + 0.010 BC 

0.314 ± 0.005 A 
0.122 + 0.003 C 

0.289 ± 0.016 AB 
0.135 + 0.015 BC 

0.284 + 0.010 AB 
0.139 ± 0.012 BC 

0.331 + 0.003 A 
0.176 ± 0.003 A 

0.259 ± 0.034 BC 
0.158 ± 0.002 AB 

'Values are means of 8 plants per clone + standard error for 
Time 2 and 3 plants per clone for Time 3. 
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y Average of the two clones (AT-1310 and AT-1487) for first 
experiment. The number of nodes was not recorded on plants 
of the second experiment. No average and average means 
separation are given for Time 3, due to clone-treatment 
interaction. Mean separations are for each clone 
individually. 
x Mean separation within coliunn by Duncan's multiple range 
test (p = 0.05). 
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Figure 6. Percent change in the ratio tips to nodes 
relative to control, 40 days, 150 days, and 17 months after 
treatment application for clones AT-1310 (a), and AT-1487 
(b). Treatments were 6-benzyladenine 100, 200, and 300 ppm 
(BA1, BA2, and BA3), gibberellie acid w 100, 200, and 300 
ppm (6A1, GA2, and GA3), Promalin 100, 200, and 300 ppm 
(PR1, PR2, and PR3) and pruning (Prun.). Control plants had 
a 0.293 and 0.167 ratio at 150 days, and 0.259 and 0.158 at 
17 months for clones AT-1310 and AT-1487 respectively. The 
experiment was begun on 12 Aug. 1988. 
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Total number of flowers per plant. 

At day 150 after treatment, only BA treatments increased 

the total number of flowers compared to control treatments 

(Table 5). On BA treated plants, many flowers appeared in 

clusters (4 to 10 flowers each) at the same node. These 

flowers appeared to be fertile but evaluations of 

fecundation and development of fruits was not done. 

Clone AT-1310 produced significantly more flowers per 

plant than did clone AT-1487 but no interaction was found 

between treatment and clone. 

After 17 months the number of flowers per plant was 

increased in every treatment (except GA 300 ppm on clone At-

1487) when compared to control plants (Fig. 7). Gibberellic 

acid was the treatment that yielded the largest number of 

flowers (64 and 56% more than control for GA 100 and 200 ppm 

respectively). Three hundred ppm GA was presumably too high 

and had a toxic effect in the plants. For this treatment, 

the increase in number of flowers was not significantly 

higher than control. Promalin treatment also increased the 

number of flowers but less than did the best 
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Table 5. Effect of BA, GA, Promalin and pruning on the 
number of flowers of three jojoba clones under controlled 
conditions. 

Treatment Clone Experiment 1 
Number of Flowers1 

Experiment 2 

40 days 
TIME 1 

45 davs 

BA 100 1310 
1487 
3365 
Avg.y 

33.8 ± 9.0 
19.0 ± 5.0 

25.9 

BA 200 1310 
1487 
3365 
Avg. 

42.1 ± 6.2 
13.0 ± 3.7 

2 6 . 6  

BA 300 1310 
1487 
3365 
Avg. 

34.7 + 7.1 
11.4 ± 2.9 

22.3 

PR 100 1310 
1487 
3365 
Avg. 

16.1 ± 1.8 
12.0 ± 3.1 

14.1 B 

PR 200 1310 
1487 
3365 
Avg. 

15.2 ± 1.1 
6.7 ± 0.8 

11.0 B 

PR 300 1310 
1487 
3365 
Avg. 

14.1 ± 2.0 
3.5 ± 0.6 

8.5 B 

6A 100 1310 
1487 
3365 
Avg. 

15.5 ± 1.0 
5.4 + 0.7 

10.4 B 

Cont. 



Table 5. Cont. 

62 

Number of Flowers 
Treatment Clone Experiment 1 Experiment 2 

6A 200 1310 14.8 ± 1.3 
1487 5.6 ± 1.2 
3365 -

Avg. 9.9 B 

GA 300 1310 11.3 ± 2.0 
1487 5.8 ± 0.7 
3365 -

Avg. 8.4 B 

Pruned 1310 19.1 ± 3.5 
1487 10.1 ± 1.2 
3365 -

Avg. 14.6 B 

Control 1310 14.9 ± 1.5 
1487 7.1 ± 0.8 
3365 -

Avg. 11.0 B 

TIME 3 
15 months 

116.2 ± 6.5 A 
89.3 ± 6.5 A 
154.1 41.7 BC 

117.9 ± 5.8 A 
89.4 ± 6.6 A 
154.7 ±10.1 BC 

114.4 ± 9.1 A 
89.5 ± 6.5 A 
169.8 ±11.9 ABC 

17 months 

BA 100 1310 124.8 ±10.3 BCDE 
1487 139.6 ± 4.1 A 
3365 
Avg. 

BA 200 1310 108.1 ± 7.8 DE 
1487 115.8 ± 7.9 BC 
3365 
Avg. 

BA 300 1310 110.2 ± 3.5 DE 
1487 113.2 ± 2.4 BC 
3365 
Avg. 

Cont. 
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Table 5. Cont. 

Number of Flowers 
Treatment Clone Experiment 1 Experiment 2 

PR 100 1310 
1487 
3365 
Avg. 

148.3 ±12.4 ABC 
141.6 ± 6.1 A 

105.0 ± 4.8 A 
83.3 ± 7.9 AB 
167.7 +13.1 ABC 

PR 200 1310 
1487 
3365 
Avg. 

139.0 ±5.4 ABCD 
140.0 ± 4.6 A 62.9 ± 6.0 BCD 

212.0 +23.7 A 

PR 300 1310 
1487 
3365 
Avg. 

117.0 ±13.0 CDE 
122.2 + 9.2 AB 58.7 ± 9.7 CD 

169.0 + 1.0 ABC 

GA 100 

GA 200 

1310 
1487 
3365 
Avg. 

1310 
1487 
3365 
Avg. 

166.7 ±15.0 A 
125.5 + 6.7 AB 

150.3 ± 9.0 AB 
139.5 ± 9.3 A 

112.5 ±11.4 A 
77.2 ± 5.1 ABC 
177.2 ±13.8 AB 

100.0 ± 9.0 A 
74.0 ± 5.9 ABC 
85.0+10.7 D 

GA 300 

Pruned 

Control 

1310 
1487 
3365 
Avg. 

1310 
1487 
3365 
Avg. 

1310 
1487 
3365 
Avg. 

120.7 ±10.3 BCDE 
102.0 ± 6.7 C 

105.2 ± 6.9 E 
122.9 ± 5.8 AB 

71.6 ± 6.9 F 
115.1 ± 3.7 BC 

63.3 ±10.9 B 
47.2 ± 3.8 D 
121.0 ±16.3 CD 

11.7 ± 8.0 A 
84.2 ± 8.8 AB 

146.5 ±17.9 BC 

105.2 ± 6.4 A 
83.0 ± 6.3 AB 
124.3 ±8.7 CD 

z Values are means (8 plants per clone) ± standard error. 
y Average of the two clones (AT-1310 and AT-1487) for first 
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experiment. No average and average means separation are 
given for Time 3 for both experiments, due to clone-
treatment interaction. Mean separations are for each clone 
individually. 
x Mean separation within column by Duncan's multiple range 
test (p = 0.05) 
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Figure 7. Percent change in the number of flowers 
relative to control, 17 months after treatment 
application for clones AT-1310, and AT-1487. 
Treatments were 6-benzyladenine 100, 200, and 300 ppm 
(BA), gibberellic acid 4+7 100, 200, and 300 ppm (GA), 
Promalin 100, 200, and 300 ppm (PR) and pruning 
(Prun.)- The experiment was begun on 12 Aug. 1988. 
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GA treatments (55, 49 and 28% respectively for 100, 200 and 

300 ppm Promalin). Benzyladenine increased the number of 

flowers compared to control, however not compared to pruned 

plants. 

Above around biomass. 

For both clones, GA and Promalin caused the greatest 

increase in above-ground biomass after 17 months (Fig. 8). 

For the most responsive clone (AT-1310) the increase in 

biomass was about 100% when compared to control plants. As 

was true for branching, clone AT-1487 responded less in 

terms of biomass production than did AT-1310, however, the 

biomass of plants treated with GA and Promalin was 

significantly greater than that of control and pruned 

plants. 

The biomass increase of about 100% presented by GA and 

Promalin treated plants could signify an important reduction 

in the lag period of growth of young plants. This could 

shorten the period from planting to the beginning of 

economic seed production. 

A possible explanation for the differences in biomass 

observed between day 40, day 150 days and 17 months for BA 

and GA treatments is that initially, GA produced only an 

elongation of the stems that led to a reduction of number of 

growing tips and nodes after treatment application. 
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Figure 8. Above ground biomass (g of dry weight) 17 
months after treatment application for control (Co.), 
6-benzyladenine 200 ppm (BA), giberrellic acid 200 
ppm (GA), Promalin 200 ppm (PR), and pruned plants 
(Prun.), for clones AT-1310 and AT-1487. Values are 
average of two plants per treatment. For each clone 
treatments with the same letters were not 
significantly different at 1% level of probability. 
The experiment was begun on 12 Aug. 1988. 
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However, as a result of branch elongation, GA treated 

plants acquired, in time, an open structure allowing light 

to release lower nodes from dormancy and creating a bigger 

plant. For the GA treated plants, numerous new branches 

grew in the second growing season after treatment 

application from nodes formed during the first season. 

The response to BA was much different, releasing dormant 

nodes very quickly in treated plants which created a very 

dense, compact plant that probably intercepted more light 

and reduced natural bud break during the second growing 

season. 

For Promalin the content of GA in the formula probably 

produced the observed longer internodes and more open plants 

than BA treated plants. 

In an early report Wittwer and Bukovac (1958) mentioned 

that although hundreds of plants responded to external 

applications of gibberellins, increasing stem elongation and 

height, this was not necesarily related to an increase in 

biomass. An increase in dry weights mainly has been found 

on above ground biomass of herbaceous plants. 

From the available literature it is difficult to assess 

the effects of GA, and also BA and Promalin on biomass 

production of other woody plants. One of the reasons for 

this is that in most studies using PGRs, response is 

measured as changes in the number of branches, stem 
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diameter, stem height, or total shoot length growth (Matta 

and Storey, 1981; Miller, 1985; Unrath and Shaltout, 1985; 

Forshey, 1982), and these responses may not necessarily 

result in an increased biomass, in the long term. Also, 

even in cases where new shoot dry weight was measured it was 

done shortly after treatment application (Young, 1987). 

SECOND GREENHOUSE EXPERIMENT 

Number of tips 

Although BA and Promalin produced a significant increase 

in the number of growing tips at 45 days after treatment in 

the second greenhouse experiment, the response was less than 

that observed in the first experiment. The most effective 

treatments were BA at 100 and 200 ppm and Promalin at 100 

ppm (Table 2). Pruned plants had more tips than control 

plants, however the difference was not statistically 

significant. 

As in the first greenhouse experiment, GA reduced the 

number of tips, but, as with pruning, the difference from 

the control was not significant. GA, also seemed to have 

direct toxic effects on the plants. Two weeks after 

treatment application, a number of plants treated with GA 

alone and in combination with BA (Promalin) died. For GA 

treatments (all levels) 12, 3, and 6 plants died for clones 

AT-1310, AT-1487, and AT-3365 respectively. For Promalin 
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treatments (all levels) 4, 2, and 5 plants died for the same 

three clones respectively. 

There were significant differences in the response of 

the three clones at 45 days. Clones AT-1310 and AT-1487, 

showed a smaller change in the number of tips as that 

observed in the first experiment, and clone AT-3365 was even 

more responsive (Table 2). 

The ANOVA for number of tips 15 months after treatment 

application was statistically significant (.01 level) for 

treatment, clone, and clone treatment-interaction (Table 2). 

For all three clones, the number of tips at 15 months 

for plants treated with BA and Promalin was not 

significantly different than that of control and pruned 

plants, probably as a consequence of the low response to 

these PGRs observed at 45 days (Table 2). For clone AT-

1310, plants treated with Promalin at 200 and 300 ppm level 

had' even fewer tips than control plants (Fig. 9). 

Gibberellic acid reduced the number of tips on clones 

AT-1310 and AT-3365, but not on clone AT-1487 (except at a 

level of 100 ppm), although the only statistically 

significant difference is the reduction observed on clone 

AT-1310 at GA 300 ppm. 

Pruning did not significantly change the number of tips 

at 15 months for any clone. 
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Number of flowers 

There were large interactions between treatment and 

clone when the number of flowers per plant was measured 15 

months after treatment application, reflecting the response 

found on branching (Fig. 10) 

The only treatments that caused a statistically 

significant increase in the number of flowers were Promalin 

at 200 ppm level and GA at 100 ppm on clone AT-3365 (Table 

5). The same treatments reduced the number of flowers on 

clones AT-1310 and AT-1487. 

FIELD EXPERIMENT 

The field experiment confirmed the results found in the 

greenhouse experiment. Both BA and Promalin treatments 

produced a significant increase in branching, and the 

responses were greater than for pruned plants (Fig. 11a). 

As in the greenhouse experiment the response of clone AT-

1487 was greater than that of AT-1310 (Table 6). 

This was not only due to a differential response to 

PGRs and pruning, but also because the application was done 

in late autumn, and there was little vegetative growth of 

plants of clone AT-1310, while clone AT-1487 was still 

growing. 

Similar responses were found in number of nodes (Fig. 

lib). For clone AT-1487, BA and Promalin increased the 
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Table 6. Effect of BA, GA, Promalin and pruning on the 
number of tips, nodes and ratio of tips to nodes of two 
jojoba clones growing at Maricopa (63 days after treatment). 

Treatment Clone Tips2 Nodes2 Tips/ 
Nodes 

BAy 1310 1.6 + 0.2 Bx 6.3 + 0.4 A 0. 25 + 0. 02 
Control 1310 1.2 + 0.1 B 6.8 + 0.4 A 0. 18 + 0. 01 
GA 1310 1.1 + 0.2 B 4.0 + 0.7 B 0. 27 + 0. 03 
Promalin 1310 2.3 + 0.4 A 6.1 + 0.4 A 0. 38 + 0. 06 
Pruned 1310 1.4 + 0.2 B 6.4 + 0.3 A 0. 22 + 0. 03 

BA 1487 6.2 + 0.7 A 14.2 + 0.9 A 0. 42 + 0. 03 
Control 1487 2.3 + 0.4 B 10.4 + 0.7 B 0. 21 + 0. 03 
GA 1487 1.8 + 0.3 B 9.2 + 0.5 B 0. 19 + 0. 02 
Promalin 1487 7.3 + 0.8 A 11.4 + 1.6 B 0. 32 + 0. 23 
Pruned 1487 2.3 + 0.4 B 9.4 + 0.6 B 0. 23 + 0. 03 

'Values are means (4 plants per clone) + Standard Error. 
y All PGR's applied at 200 ppm concentration. 
x Mean separation within column, for each clone, by Duncan's 
multiple range test (p = 0.05). Means with same letter are 
not significantly different at 5% level of probability. 
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Figure 9. Percent change in the number of tips 
relative to control, 15 months after treatment 
application for clones AT-1310, AT-1487, and AT-
3365. Treatments were 6-benzyladenine 100, 200, and 
300 ppm (BA), gibberellic acid 44.7 100, 200, and 300 
ppm (GA), Promalin 100, 200, and 300 ppm (PR) and 
pruning (Prun.). Control plants had 93.7, 37.0, and 
43.0 tips at 15 months for clones AT-1310, AT-1487, 
and AT-3365 respectively. The experiment was begun 
on 4 Nov. 1988. 
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number of nodes per plant while for clone AT-1310 

they did not (Table 6). The number of nodes produced 

by pruned plants in both clones was not statistically 

different than that of control plants. 

Clone 1310 had a very small response to treatment 

application probably for the above mentioned reasons: 

it was too late in the growing season and the plants 

were not active. 
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Figure 10. Percent change in the number of flowers 
relative to control, 15 months after treatment 
application for clones AT-1310, AT-1487, and AT-
3365. Treatments were 6-benzyladenine 100, 200, and 
300 ppm (BA), gibberellic acid 4+7 100, 200, and 300 
ppm (GA), Promalin 100, 200, and 300 ppm (PR) and 
pruning (Prun.). Control plants had 105.2, 83.0, and 
124.3 flowers at 15 months for clones AT-1310, AT-
1487, and AT-3365 respectively. The experiment was 
begun on 4 Nov. 1988. 
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Figure 11. Percent change in number of tips (a) and 
number of nodes (b) relative to control, for two 
jojoba clones growing under greenhouse and field 
conditions. Treatments were 6-benzyladenine 200 ppm 
(BA2), gibberellic acid 4+7 200 ppm (6A2), Promalin 
200 ppm (PR2) and pruning (Prun.). Data was 
collected 40, and 63 days after treatment application 
for the greenhouse and field experiment respectively. 
Greenhouse and field experiment were begun on 12 Aug. 
1988, and 12 Sept. 1989, respectively. 
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DISCUSSION AND CONCLUSION 

The effects of PGRs on branching and number of nodes in 

jojoba is in accordance with what has been found in many 

other species: Citrus (Jahn, 1981; Dayuan, 1981 among 

others), pecan (Worley, 1989; Matta and Storey, 1981; Kender 

and Carpenter, 1972), Pinus. Picea sitchensisi (Tompsett, 

1978), Abies (Little, 1985), Douglas fir (Mazzola and 

Constante, 1987), ornamentals (Khademi and Khosh-Khui, 1977; 

Maene and Debergh, 1982; Henny and Foshee, 1986; Boop and 

Jacob, 1986; among others), Lavandula sp. (Porter and Shaw, 

1983), peaches (Weinberg, 1969), pears and cherrys (Cody et 

al., 1985), apple (Kender and Carpenter, 1972; Williams and 

Billingsley, 1970; Forshey, 1982; Unrath and Shaltout, 1985; 

Miller, 1985; Young, 1987; Greene and Miller, 1988; and many 

more). 

Shortly after treatment application 6-benzyladenine 

promoted bud break, increasing the number of growing points 

but prevented their elongation, while gibberellic acid 

promoted elongation of existing branches bud did not produce 

bud break. Promalin combined the effects of both PGRs. 

These effects resulted in different plant architectures. 

Plants treated with GA were taller and more open. Plants 

treated with BA were short, compact, and dense, while 

Promalin treated plants were intermediate types. 

These initial different plant architectures likely 
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resulted in the increased growth of 6A- and Promalin-treated 

plants, when measured 17 months (two growing seasons) after 

treatment application. 

Compared to pruning all PGR's caused more branches, 

nodes and biomass. Similar effects have been found in rose 

plants and other species, in which usually no more than one 

or two upper buds sprout following pinching (Mor and 

Zieslin, 1987). Pruning might also have the undesired 

effect causing bushy growth which can be undesirable 

(Miller, 1988). These effect might be important in jojoba 

since tree-like plants would favor harvest and weeding. 

Due to a positive correlation in jojoba between number 

of branches and number of nodes per plant with number of 

flowers the effect of GA and Promalin was also expressed in 

an increase in the number of flowers per plant. 

A very important response to PGRs found in this 

experiments was a biomass increase of about 100% (for the 

most responsive clone) compared to control plants for plants 

treated with GA and Promalin. This could mean an important 

reduction in the lag period of growth of young plants, 

shortening the period between planting and the beginning of 

economic seed production. 

Clonal differences in response to PGR application and 

pruning were found in jojoba. Varietal differences in 

response to PGR application have also been found in other 
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species (Wittwer and Bukovac, 1958; Miller, 1988; Looney et 

al., 1988; Imamura and Higaki, 1988; Elfving, 1984; Nelson 

and Muskopf, 1986, among many others). In apple trees 

Elfving (1984) found that cultivars most responsive to BA 

were those in which many growing points became temporarily 

active, with limited lateral shoot development. A similar 

response was found in jojoba where clone AT-1487 typically 

with low branching frequency showed larger changes in number 

of tips and nodes 40 days after treatment application than 

clone AT-1310, which has a higher natural branching 

frequency. 

When tips, nodes, number of flowers and above-ground 

biomass were measured 17 months after treatment application 

the changes were inverted; treated plants of clone AT-1310 

had higher changes from control than treated plants of clone 

AT-1487. Because apical dominance is high in clone AT-

1487, apical meristems on newly formed branches, released by 

BA, Promalin, or pruning, probably quickly established their 

dominant effect over buds located lower in each branch. This 

dominance would prevent later buds from developing, thus 

reducing in the long term the increase in branching that 

PGR application had produced. For this clone sequential 

applications of BA and GA would probably be needed to obtain 

larger branching responses. Also repeated applications to 

maintain a higher level of bud break should be tested. 
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In clone AT-1310 with higher branching frequency (and 

probably weaker apical dominance), new branches, although 

fewer, would not repress the growth of lower buds, so the 

initial effect on branching (and consequently biomass and 

flower production) could be maintained over time. Looney et 

al. (1988) found that a dwarf and spurry apple clone, with 

low apical dominance, high levels of cytokinin activity and 

low levels of GA, was highly responsive to external PGRs 

application. 

Part of the explanation for the apparent change over 

time in jojoba response to PGRs could also be the way in 

which the data were plotted. Since clone AT-1487 had fewer 

branches than clone AT-1310 at the time of treatment 

application, the same number of buds breaking dormancy will 

produce a larger percent change compared to control plants. 

As plants grow the percentage change would be smaller. 

Although this could explain part of the change it could not 

explain all of it. 

Another important point to mention is the importance of 

time of application. Winter application was not as 

effective in improving branching as summer application in 

jojoba. This could be particularly important in field PGR 

application, where clone-environment interaction determines 

growing and resting periods and a treatment could have 

effects on some clones but not in others, as demonstrated by 
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the field experiment. The same effect of timing has been 

found in other species, always with larger responses during 

active growing periods (Unrath and Shaltout, 1985; Miller 

and Eldridge, 1986; Popenoe and Barritt, 1988). 

Time of application also influenced the manifestation 

of toxic effects when plants were treated with GA. There 

appeared to be a synergistic effect of toxicity caused by 

water stress, although no data supporting this view were 

collected. During the winter experiment there were problems 

in timing watering and all plants likely suffered water 

stress sometimes for about a week shortly after treatment 

application. If as stated by Wittwer and Bukovac (1958) 

roots grow less than above ground biomass when external GA 

is applied, this could be part of the explanation of the 

die-back observed. Gibberellic acid could have caused two 

effects: reduced root growth, and increased transpiration 

due to enhanced stomatal conductance. These two conditions 

together with low soil water availability in small 

containers and high midday temperatures could cause plants 

to rapidly dehydrate and die. 

Phytotoxicity characterized by leaf chlorosis, and 

terminal die-back was observed within 3 weeks of Promalin 

application in apple (Miller and Eldridge, 1986), but no 

explanation of the causes was given by these authors. 

While branching and flower bud production can be 
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significantly increased through the use of plant growth 

regulators or pruning, large plant-to-plant differences in 

these traits also exist suggesting that similar results 

could be obtained genetically (Fig. 12). In variety 

development programs, branching frequency, which is related 

to flower bud production and presumably to yield, could be a 

trait to select for. 

Even in varieties selected for high branching, PGRs 

might be useful to increase biomass production and thereby 

causing an economically valuable reduction in the lag period 

of growth of young plants. This could shorten the period 

from planting to the beginning of economic seed production. 

Another area where PGRs could be used in jojoba is 

increasing branching of selected clones to be used in 

cutting propagation programs. 
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Figure 12. Frequency distribution and fitted normal 
curve for the number of nodes (a) and the number of 
tips (b) of 65 jojoba clones growing at Hyder, AZ. 
For each clone the number of nodes and tips is the 
average of 3 branches per plant (of 10 nodes along 
the main stem), and 3 plants per clone. 
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