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FYM Farm yard manure

g Gram

GA3 Gibberellic acid

IAA Indole-3-acetic acid

IBA Indole-3-butyric acid

kg Kilogram

l Litre

LM Leaf mold

mg Miligram

ml Mililitre

MS Murashige and Skoog (1962) medium

N Normal solution

NAA -Naphthaleneacetic acid
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pH A measure of hydrogen ion concentration [H+], hence

denotes the acidity or alkalinity of an aqueous solution.

PKJ Pakistan jojoba

RCBD Randomized complete block design

SS Sewage sludge

v/v Volume per volume

w/v Weight per volume

w/w Weight per weight
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SUMMARY

Jojoba (Simmondsia chinensis) is a new exotic plant in Pakistan. It is a valuable oilseeds

shrub, normally dioecious that shows heterogeneity in characters when grown from seeds.

These characters have raised doubts about the economic feasibility of jojoba cultivation. The

success of jojoba growers and indeed of the entire jojoba industry depends upon selection of

high yielding genotypes and their multiplication through vegetative methods. The farmer

community is usually reluctant to grow it through seeds because of its high ratio of males

compared to females and slow growth in arid/semiarid conditions. When raised through

seeds about 50% or more seedlings are males. While, for commercial yield only 10% male

population is required. The sex can be recognized only when plants start bearing after 3 - 4

years of planting. Development of a cultivar in jojoba through conventional breeding is a

long term process due to long juvenility period. The only suitable method of developing a

variety is raising seed population, its evaluation for desirable characteristics and

multiplication through vegetative propagation techniques. Unfortunately there is no

recommended variety of jojoba in Pakistan so far due to limited germplasm. The current

project is an endeavor to develop a protocol for a clonal variety by using in vitro and in vivo

techniques by testing the performance of some promising jojoba genotypes with respect to

vegetative propagation potential. Therefore, attempts were made to propagate six promising

strains of female jojoba i.e., PKJ-1, PKJ-2, PKJ-3, PKJ-4, PKJ-5 and PKJ-6 via in vivo and in

vitro techniques during 2002-2006. Jojoba is a difficult to root plant. The study of six strains

provided an opportunity to develop some best methods of propagation for jojoba. Plants were

propagated in vivo through air layering, veneer grafting and stem cuttings, and in vitro
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through nodal segments.

The layering and grafting were performed in August and February. The branches layered in

August took fewer days to develop roots and resulted in higher rooting percentage than those

layered in February. August layering branches of PKJ-3 gave 100% success with more than

50% survival after transplanting in the clay pots. The August grafting resulted in longer

sprouts with more grafting success (76.39%) than that practiced in February (45.14%). All

the grafts of PKJ-3 strain practiced in August sprouted, resulting in 100% success, followed

by those of PKJ-6 which gave 91.67% success. Therefore, for propagating jojoba in arid and

semiarid areas of Pakistan through air layering and veneer grafting, time of propagation has a

vital role in its success.

Semi-hardwood cuttings of the strains treated with auxins (IBA, IAA or NAA), each @ 0,

1250, 2500, 5000 or 10000 mg l-1, were planted during October in sand:silt (1:1) medium

under polythene sheet tunnel till the end of March. The highest level of each auxin was the

most effective. Untreated cuttings (0 mg l-1) and those treated with IAA or NAA @ 1250 mg

l-1 did not root. IBA significantly enhanced root growth and increased survival of the

cuttings, while shoot growth was more in those cuttings treated with IAA. IBA @ 10000 mg

l-1 resulted in higher rooting percentage (53.32) of the cuttings as compared with other auxins

used. The maximum rooting percentage (67.03) was recorded in the cuttings of PKJ-3

followed by those of PKJ-6 (57.11) when treated with IBA @ 10000 mg l-1. Cuttings treated

with IAA @ 10000 mg l -1 sprouted the best, while PKJ-3 and PKJ-6 were the most

responsive strains. However, survival of cuttings upon transplanting was independent of
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auxins and their concentrations.

Effect of eight different potting media containing field soil (control) and its combinations

with FYM, leaf mold and sewage sludge on growth of rooted cuttings was studied from April

to September. Field soil + FYM + leaf mold resulted in the maximum plant survival

(76.80%), and the longest primary shoot with increased number of leaves. The saplings

established via rooted cuttings planted in October resulted in more survival (50.69%), plant

height, number of branches and number of leaves per branch than that of March planting

(42.36% survival).

Nodal segments were cultured in vitro on MS medium supplemented with different

cytokinins and auxins (alone and in combination) at various concentrations for shoot

formation. The combination of 1.25 mg l-1 BA + 1.25 mg l-1 IAA resulted in the minimum

time to bud sprouting, maximum length of primary shoot, more number of nodes per primary

shoot, greater number of shoots per explant and higher percentage of sprouted explants. A

few explants of PKJ-3 and PKJ-6 developed roots at 1.25 mg l-1 BA + 1.25 mg l-1 IBA and

survived well during acclimatization. The highest level of BA (5.00 mg l-1) or its

combination with Kinetin or other auxins, each at 2.50 + 2.50 mg l-1 induced callus in some

explants. The highest level of Kinetin resulted in vitrification of many explants. In vitro-

derived shoots were multiplied on MS medium under various regimes of growth regulators.

BA @ 2.50 mg l-1 caused the earliest sprouting of buds and produced the longest primary

shoot, maximum number of nodes per primary shoot. However, BA @ 5.00 mg l-1 produced

the maximum number of shoots per explant. The strain PKJ-3 was the most responsive
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followed by PKJ-6 in all the shoot multiplication cultures. For root initiation, in vitro-derived

shoots were cultured on MS medium supplemented with IBA, IAA or NAA each @ 1.25, 2.5

or 5.0 mg l-1. The lowest concentration (1.25 mg l-1) of each auxin gave satisfactory results,

the other two higher concentrations of auxins induced callus. Further lowering the

concentration to 0.5 mg l-1 improved the rooting. IBA and 0.5 mg l-1 were the most effective

auxin and concentration, respectively. The strain PKJ-3 led in all the parameters studied. The

best combination regarding shoot initiation for all the strains was MS medium supplemented

with 1.25 mg l-1 BA + 1.25 mg l-1 IAA. The best combination regarding root initiation for all

the strains was MS medium supplemented with 0.5 mg l-1 IBA. However, their success rate

during shoot and root initiation differed depending upon the strains.

The strains and the auxins had significant effect on survival of plantlets during

acclimatization in greenhouse. The maximum survival percentage (63.33) was recorded in

those plantlets which developed their roots in MS medium containing IBA. However, the

survival of plantlets in field conditions was independent of the strains and time of planting.

All propagation techniques used in the project though are successful, yet it is preferable to

start cloning from semi-hardwood cuttings which developed roots after treating with IBA @

10000 mg l-1 under humid conditions of polyethylene sheet tunnel. Growth of the rooted

cuttings could be accelerated by transplanting them in potting media containing field soil +

farm yard manure + leaf mold (1:1:1 by weight). It is more suitable to start in vitro shoot

initiation from potted plants (clones developed from cuttings) by culturing nodal explants on

MS medium supplemented with 1.25 mg l-1 BA + 1.25 mg l-1 IAA as it proved the best
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medium compared to mere use of BA or combination of BA with other auxins i.e. NAA or

IBA. In vitro raised shoots could be multiplied by culturing them on MS medium

supplemented with 2.5 or 5.00 mg l-1 BA. In vitro derived shoots could be successfully

rooted by culturing on MS medium supplemented with only IBA @ 0.5 mg l-1. The saplings

prepared from rooted cuttings or plantlets from tissue culture could be successfully grown in

field conditions. Among the six female genotypes tested, PKJ-3 and PKJ-6 performed the

best in all propagation methods tried, followed by PKJ-1 and PKJ-4 with medium

performance, while the propagation method for PKJ-2 and PKJ-5 needs to be worked out and

necessitates further research.

Since jojoba was introduced in Pakistan during mid 1980’s, it could not flourish due to

problems in propagation to get true to type plants. Multiplication of superior genotypes via in

vivo and in vitro techniques of propagation investigated under this project will help in

multiplication of the future varieties of jojoba that might solve the male and female plant

ratio problems in the fields, and ultimately increase the yield per plant compared to the

average yield from seedlings. The outcome of this study surely will not only help in

multiplication of elite selections as cultivars, but it is also expected that jojoba will firmly

establish as a valuable new crop in areas of Pakistan with limited water.
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1. INTRODUCTION

1.1 Brief history

Jojoba was first cited in literature in 1701 (Rawles, 1983). The earliest reference to jojoba is

contained in the report of an early expedition of Jesuit priests, Padre Luis Verlarde, to New

Mexico who visited the area in 1716 and wrote about the medicinal use of jojoba fruit by local

Indians (Weiss, 1983).The use of jojoba beans for food and oil as a medicine for cancer,

stomach ache, kidney disorders, easing childbirth and in tending wounds by the Indians of

Baja California was first recorded in 1789 by the Italian Jesuit Francisco J. Clavijero in his

“Storia della California” (Kuepper, 1981; Weiss, 1983).

The first modern extraction of the seed oil for analytical purposes was made in 1929 from

bushes planted in 1925 at the Boyce Thompson Southwestern Arboretum near Superior,

Arizona. In 1933, detailed chemical analysis of jojoba oil was conducted at the University of

Arizona by Green and Foster and for the first time it was discovered that seed oil was in fact a

liquid wax, unique to the plant world (Weiss, 1983). The obvious similarity to sperm whale oil

suggested that the jojoba oil could be an important lubricant. Since the discovery, various

experimental plantings (mostly for research) have been established in southwestern United

States and northern Mexico. However, the agronomy and possibility of commercial cultivation

was seriously investigated after the World War II and plantings were started in Israel (Forti,

1973), Vista, California, and one at the University of California at Riverside (Mirov, 1973).

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

However, in the summer 1972, Indians in Arizona and California harvested more than 40,000

kg of jojoba to provide a stockpile for testing and evaluation (Rawles, 1983). In 1978, about

70 tons of seed was hand harvested from wild plants in the USA, but it was reliably estimated
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that total annual seed production in the Sonoran desert was between 15,000 and 50,000 tons.

According to an official estimate of 1981, there were about 6,000 - 7,000 hectares of jojoba

plantation in USA, 7,500 hectares in Mexico with more area being established in Australia,

Argentina, South and East Africa, Sudan and Israel (Weiss, 1983). The past two decades (1981

- 2000) have witnessed a proliferation of research grants, international conferences, and

entrepreneurs, all converging on jojoba agro-industry. Commercial plantings have been

increasing annually at a high rate since the mid-seventies in different countries of the world.

1.2 Natural area and distribution

The natural area of wild jojoba comprises approximately 161,000 km2 between latitudes 23o

and 34o north and between longitudes 109o and 118o west. This area closely approximates that

of the Sonoran Desert as delineated by Shreve (1951). In the Sonoran Desert jojoba occupies

elevation between 610 and 1220 m. Jojoba is widely distributed in southern California and

southern Arizona in the United States, and in the States of Sonora, Baja California and Baja

California Sur in Mexico (Gentry, 1958; Thomson, 1982).

1.3 Soil

Jojoba is usually restricted to well-drained, coarse, desert soils, as the sandy alluviums and

mixtures of gravels and clays derived from such igneous materials as granitics and volcanics.

Generally, jojoba soils are neutral to alkaline, have an abundance of phosphorus, and are

subject to annual drying (Gentry, 1958). Jojoba can grow in a variety of soils, but a basic

requirement is that it must not be liable to water logging and there should be no hard pan to

restrict growth of the deeply penetrating root system (Weiss, 1983).
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1.4 Climate

Jojoba makes its best growth in areas having more than 300 mm of annual rain. The rainfall

375 to 450 mm annually is considered optimum for its growth (Gentry, 1958). Annual rainfall

in the plant’s natural habitat is in the range 75 - 450 mm, and as rain may not fall every year,

the plant is truly drought resistant (Weiss, 1983).

Jojoba, living in the bright desert sun, is a true heliophyte and tolerates the extreme daily

fluctuations of temperature which commonly range through -1 oC during the morning to daily

extremes of 46 oC (shade readings). Seedlings are sensitive to light frosts of -1 or -2 oC below

freezing. Mature shrubs are known to tolerate temperatures as low as -9 oC. Flowers are

reported to be destroyed by late frosts although they are hardy in the bud stage. High sun

temperatures on growing fruits cause sunburn and loss of seed. The relatively low winter

temperatures synchronized with soil moisture build-up appear natural for jojoba reproduction

(Gentry, 1958). Optimum growth occurs in the range 27 - 36 oC, but wild plants can withstand

very high temperature. A daily range of -1 to 50 oC has been recorded in the Mexican desert

habitat, but above 50 oC is believed to suppress growth, although not lethal (Weiss, 1983).

1.5 Nomenclature

Due to increasing importance of the plant, a large number of common names were introduced

like bushnut, nut bush, blacknut, coffee nut, coffee berry, coffee bush, goat berry, goat nut,

sheep nut, deer nut, quinine nut, pig nut, wild hazel nut, lemon leaf and jojobe. Most of them

indicate the method of utilization by man and animals. The present commonly used name

jojoba (hohoba) is one being used by colonial Spaniards and is said to be derived from

Popago Indian name “jojowi” pronounced “hohohwi”, but transliterated into Spanish became
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“Jojoba” which is now used almost exclusively (Kuepper, 1981; Thomson, 1982).

An English botanist H.F. Link on a trip around the world made a collection of herbarium

material in the United States and another collection in China in 1822. Somehow, when the

taxonomists were studying them, the origin got mixed and the plant material collected in the

USA was identified as coming from China. Link assigned jojoba to the genus Buxus since he

thought it to be from China and gave it the specific name chinensis (Sherbrooke and Haase,

1974; Thomson, 1982).

In 1844 another botanist named Thomas Nuttall found the same plant growing, not in China,

but in southern California, probably near San Diego. This material was assigned to a new

genus Simmondsia, named for the naturalist F.W. Simmonds and since it was found in

California, it was given the specific name californica. For many years jojoba was known by

the Latin name Simmondsia californica Nutt. Later, it was decided to make all names conform

with the International Rules of Botanical Nomenclature, since the specific name chinensis had

first been given to jojoba that became Simmondsia chinensis (Link) Schnneider. Nuttall

considered Simmondsia to be allied to genus Garrya of the Garryaceae family. Later, it was

placed in the Euphorbiaceae and in 1897 a European botanist, Van Tieghem, couldn’t agree

with any of the other three families and proposed the creation of a new family

Simmondsiaceae, with Simmondsia the only genus containing a single species (Thomson,

1982).
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1.6 Botany

1.6.1 Growth habit

Multi-stemmed woody evergreen shrub commonly grows between 0.6 and 2 meters in height,

although plants over 3 meters have been observed in the wild (Kuepper, 1981). In full light,

branching is prolific near the base (Gentry, 1958). Plants can vary from almost prostrate, with

the stem and branching growing laterally, to upright types with primary branches. The wood

from mature plants is hard and heavy, lemon yellow and without distinctive scent or taste. The

natural life span appears to be over 100 years and may exceed 200 years (Yermanos, 1982).

1.6.2 The leaf

The leaf apparently lives through two or three seasons, depending on moisture and shade

conditions. Eventually it develops abscission layer on the very short petiole and falls. The

blade is thick and rather stiff, standing divergently erect, but is easily detached if bent

backward along the twig. The leaves on different plants vary in size, shape, colour, thickness,

and amount of pubescence (Gentry, 1958). Leaves are simple, opposite, evergreen; the blades

are thick and leathery, oblong-ovate, rounded at both ends. They are 2.5 to 5.0 cm long, 1.5 to

2.5 cm wide, 1- or rarely 3-veined from the base, pale green or yellowish, entire; petioles are

0.2 cm or less in length (Thomson, 1982).

1.6.3 The flowers

Flowers are unisexual, dioecious, apetalous and wind pollinated. The staminate flowers are

about 0.4 cm long, small, yellow, borne in the leaf axils and form clusters. The pistillate

flowers are small, solitary, inconspicuous, colourless or pale green without nectaries or scent

glands, sessile or with short peduncles, sepals 5, unequal, increasing in size as the fruit
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develops, styles 3, ovary superior, 3-celled, becoming 1-celled by abortion. They are borne in

the axils of the leaves and the forks of the twigs concomitant with new shoot growth

(Thomson, 1982). In natural jojoba populations, both sexes appear to be well synchronized to

moisture and temperature and there is usually abundant pollen for receptive pistils in the

spring (Gentry, 1958).

1.6.4 The root

Jojoba is a tap-rooted plant. The first response of the germinating seed is the deepest

penetration according to soil medium and seed reserve. The root reaches to a depth of 30 to 45

cm by the time the shoot breaks soil cover. Each mature jojoba bush has several tap roots

developed by repeated forking below the crown. No shallow or subsurface feeder roots or true

rhizomes have been observed. Small down-trending laterals with “hairy” rootlets have been

observed 0.6 to 1.0 meter below the surface. Moisture and mineral intake can be increased by

stimulating a larger feeder root development. The shallow adventitious roots obtained from

cuttings might be helpful (Gentry, 1958). The tap-root of mature plants can be 15 - 25 meters

below the soil surface, with substantial parallel laterals and secondary roots, giving an ability

to draw moisture from a considerable volume of soil (Weiss, 1983), thus allowing jojoba

plants to survive and grow where most of the other plants wither and die (Begg, 1979).

1.6.5 The fruit

The fruit is a smooth cylindrical capsule, about 2 cm long, somewhat resembling an acorn,

tipped by a short point, the calyx persisting, normally dehiscent, containing 1 to 3 ovules

attached to the placenta at the apex of the capsule. The capsule attains nearly full size in about

three months but takes about six months to mature, finally splitting open along three sutures
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and allowing seed to drop out (Yermanos, 1982). The capsules vary notably in size, shape,

and colour (Gentry, 1958; Thomson, 1982).

1.6.6 The seeds

Jojoba seed resemble a pecan nut or acorn in shape, with a small, pointed apex, and flattened,

slightly indented base. The seed is usually smooth, brown to black in colour (Thomson, 1982),

12 - 18 mm in length and 6 - 12 mm in cross-section, which is often roughly triangular. One

hundred seed weight can vary from 40 - 80 g, occasionally much higher, but is more constant

from wild plants in a specific location. A commercial standard of 1,600 seeds kg-1 has been

widely accepted (Weiss, 1983). The seed contains little or no endosperm and consists mainly

of the undifferentiated tissue of the cotyledons. The seed appears to draw nutriment from the

capsule as long as the capsule remains green and functional. Capsule and seed mature

together. Jojoba seed does not go through a period of dormancy and it can be germinated soon

after harvesting (Yermanos, 1982). They germinate readily in alkaline sandy media if kept

moist when daily temperatures range from 28 to 38 oC (Gentry, 1958). The oil content of the

seed of both cultivated and wild plants has been about 50% with a range 44 to 59%. A

significant positive correlation has been observed between seed size and oil content. The

quality of the oil has exhibited very little variation regardless of the geographic origin of the

seed (Yermanos, 1979).

1.6.7 Yield of jojoba

Fruiting usually starts in the third year. Most of the plants start yielding more consistently in

the fourth year under dry and irrigation conditions (Thomson, 1982). The seed yield of

individual plants varies greatly from plant to plant and fluctuates from year to year. Yield of
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individual plant up to 12 kg of clean, dry seed has been recorded (Yermanos, 1982). The

individual seed yields of 80 wild shrubs were collected and weighed separately. The lots

varied from 56 g to 2.7 kg per bush or clone and averaged 680 g each (Gentry, 1958). A yield

of 3500 kg ha-1 from a 9- to 10-year-old plantation appears to be a realistic expectation

(Yermanos, 1979). In Israel, average yields are around 3.5 tonnes ha-1 (potential yield is 4.5

tonnes ha-1), this is relatively high compared with production potential in Argentina and the

USA (Forster and Wright, 2002).

1.6.8 Area and production

In view of high economic value, jojoba is gaining rapid popularity among farmers. In addition

to USA, it is now being cultivated in Mexico, Brazil, South Africa, Costa Rica, Australia,

Venezuela, Tanzania, Argentina, Jamaica, Israel, Peru, Namibia, Kenya, Chile, Egypt and

Paraguay (Anonymous, 1994). In 1990, USA alone has 16,194 hectares under cultivation,

supported by an active growers association and a marketing cooperative (Princen, 1990). In

India it is now being grown in an estimated area of about 335 hectares (Sharma, 2000). In

1999 - 2001, Israel produced one third of the world production of jojoba. The total area

covered by the crop throughout the world is currently around 8,500 hectares. World demand

currently estimated is between 64,000 and 200,000 tonnes year-1 (Forster and Wright, 2002).

The product which is traded is called “jojoba oil”. Potential world production of this product is

currently around 3,500 metric tonnes per year.

1.6.9 Jojoba in Pakistan

According to Panhwar (1987), two government organizations i.e. Pakistan Agricultural

Research Council (PARC) and Appropriate Technology Development Organization (ATDO)
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have been trying to establish jojoba since 1974 with continuous failure. Temperatures have

either been two low or two high in planting locations. Extensive feasibility studies on

prospects of jojoba cultivation in Pakistan were undertaken by the PARC during 1979 - 80. A

modest research and plant adaptability testing programme with a few kg jojoba seed was also

initiated at PARC Research Stations at Bahawalpur, Dera Ismail Khan, Islamabad, Karachi

and Quetta. Ecology of Pakistan deserts proved conducive for jojoba cultivation. In Pakistan,

jojoba was formally introduced in mid 1980s when the Government of Punjab conceived,

planned and established the Jojoba Research Station at Bahawalpur. A few progressive

farmers from Sindh and Punjab also brought some seeds of this plant from USA to the

Pakistan deserts and drylands (Anonymous, 1994).

Jojoba Research Station, Bahawalpur conducted fundamental research on its introduction,

selection, and development of production technology. Jojoba seeds were imported from

different plantations of USA, nursery was raised and plants were sown in experimental area.

Afterwards further jojoba plants were grown from local seed. Individual study of each plant

was done in respect of their sex, plant structure, height, spread, time of flowering and

maturity. About 4300 plants (male and female) were numbered. Female plants started yield

since 1991. On the basis of yield and desirable traits, 235 plants were selected and 40 (female)

plants were ranked on the basis of yield and oil contents. It was found that rainfed area of the

Punjab is best suited for its cultivation. It was also recommended that further plantations

should be established through vegetative propagation. In Pakistan about 324 hectares have

been planted under the guideline of this research station (Anonymous, 2000 - 2006).
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1.7 Importance of jojoba

Most jojoba seeds contain 44 to 59% oil, and the average is close to 50%. The cosmetic

industry appears to be the principal market for jojoba oil products, around 2,000 tonnes per

year are thought to be utilized by this industry. The other major industry using jojoba oil is the

pharmaceutical sector. Lubricant applications provide a market for around 100 tonnes of

jojoba oil annually. Jojoba oil is a high quality substitute for sperm oil (from the sperm whale),

availability of which is now limited due to the restrictions placed on whaling. The meal left

over from crushing has high protein content but needs detoxification before it can be fed to

livestock (Forster and Wright, 2002).

1.7.1 Jojoba oil or liquid wax

In chemical structure, jojoba seed oil is not a fat but a liquid wax. It is unique among vegetable

oils, as sperm whale oil is unique among animal oils. According to the Committee on Jojoba

Utilization (1975), the following general characteristics make jojoba oil valuable:

 Its natural purity and molecular simplicity.

 Its stability as it is nondrying oil, having such high resistance to oxidation that it can be

stored for years without becoming rancid.

 Its lubricity after sulfurization.

 It is a source of chemicals having 20 and 22 carbon atoms.

 Its un-saturation (double bond).

1.7.2 Superiority over sperm whale oil

Jojoba oil has several advantages over the similar product from the sperm whale:
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 It has a mild, pleasant odour.

 It contains no glycerides or very little glycerides besides the liquid wax.

 It requires little or no refining to prepare it for most lubrication purposes.

 It has a very high viscosity index and very high flash and fire points which are important

industrial parameters.

 It takes about 25% more sulfur than sperm whale oil, does not darken on sulfurization and

remains liquid.

 It is undamaged by repeated heating to high temperatures and does not change viscosity

with temperature change.

 It is a vegetable product that can be produced in many resource-poor countries (Committee

on Jojoba Utilization, 1975; Kuepper, 1981; Yermanos, 1982).

1.7.3 Potential uses

According to Yermanos (1982), the jojoba has following potential uses.

Liquid wax

 It requires little or no refining for use as a lubricant with high-speed machinery or

machinery operating at high temperatures and pressures. It serves as cutting and grinding oil or

additive to other lubricants and is suitable as transformer oil.

 In cosmetics, it is presently used as component of hair oil, shampoo, and soap. Its potential

use is in face creams and sun-screen compounds.

 It is a suitable carrier or coating for some medicinal preparations, stabilizer of penicillin

products and inhibitor to growth of tubercle bacilli. Its potential and historical uses include
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treatment for acne, and as hair restorer, respectively.

 It can be used as cooking oil especially low calorie additive for vegetable oil and for

shortening.

Liquid wax (sulfurized)

 It is a good substitute for sperm whale oil.

 It has a potential to be used in linoleum manufacture, printing ink composition, in

varnishes and chewing gum.

Alcohol and acid derivatives

 It is used in preparation of disinfectants, surfactants, detergents, lubricants, driers,

emulsifiers, resins, plasticizers, protective coatings, fibers, corrosion inhibitors and also as

bases for creams and ointments.

Hydrogenated wax (solid)

 It is used as polishing wax for floors, furniture and automobiles.

 It is used as protective coatings on fruit, food preparations, and paper containers.

 It is used in cosmetics especially in lipsticks.

 It has high melting point and can be used in candles as it burns with bright, essentially

smokeless flame.

 In textiles, it can be used for sizing of yarn goods.
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Oil extracted meal

 It contains 30 - 35% protein and has a potential use in animal feed supplement if toxin is

denatured.

 It has a potential use as a fertilizer because of its high nitrogen content.

Seed hulls (capsules)

 It can be used as a mulch or protective ground cover to reduce evaporation, erosion and

weed growth.

 It can be used as soil amendment to enrich soil which is low in organic matter.

Jojoba shrubs

 Jojoba foliage can be used as animal food as it is excellent browse for deer, cattle, sheep,

and goats.

 It is already being used as an ornamental shrub throughout the southern United States.

 It also has good potential for use as ground cover.

1.8 Jojoba crop improvement

The chromosome number of Simmondsia chinensis is 2n = 52; and it has been described as a

relictual polyploid, whose chromosome number indicates a polyploidy origin but which is

nevertheless monotype (Weiss, 1983). Selection and clonal propagation of high-performing

plants with apparent heterotic gene combinations is used to capture and fix the hybrid vigor

which has resulted from million of years of jojoba’s natural outbreeding in the wild. Planting

of selected genetic plant material has already increased yields significantly in commercial
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jojoba fields in the United States. Even greater improvement is expected as more productive

cultivars are identified and released. Over one thousand genotypes have been selected, cloned

and planted in 22 hectares as variety field trials in USA (Purcell and Purcell, 1988). One crop

improvement strategy is to follow a recurrent selection programme to increase the frequency

of high-yielding plants in each generation. Some progress has already been made, but for a

perennial shrub like jojoba, this is a long-term approach. Short-term gain can be obtained by

clonal multiplication of selected pistillate plants.

Jojoba being a polyploid, provides a large potential for breeding varieties for agricultural use.

The variability that exists in morphological and physiological characteristics such as growth

rate, yield, plant habit, frequency of floral buds and flowering date, allows the plant breeders

to select or breed suitable, high yielding varieties (Sirohi, 1999).

1.9 Problems

Jojoba is a dioecious species, i.e. having separate male and female plants. Only the females,

however, give the valuable seeds. When raised through seeds about 50% or more seedlings are

males. The sex can be recognized only when plants start bearing after 3 - 4 years of planting.

While, for commercial yield only 10% male population is required. As jojoba is a cross-

pollinated crop, the progeny is highly heterozygous having tendency to generate seedlings of

widely varying size, shape and yield, which has raised doubts about the economic feasibility

of cultivating jojoba. The success of jojoba growers and indeed of the entire jojoba industry

depends upon selection of high yielding genotypes and their multiplication through vegetative

means. Jojoba is a difficult to root plant, however, semi-green shoots can be rooted and permit

rapid multiplication of superior clones (Naqvi and Ting, 1990).
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1.10 Propagation

Plantations are established using seeds, seedlings, saplings, or plantlets produced through

tissue culture (National Research Council of USA, 1985). However, the species can be

propagated by seed, layering, grafting, cuttings and tissue culture techniques (Shah and Bashir,

2000; Reddy, 2003; Singh et al., 2003; Meyghani et al., 2005). In plant populations derived by

sexual propagation, it is difficult to determine sex type in early stages of growth. Plants are

genetically variable, which affects growth uniformity, physiological characteristics, yield and

yearly bearing (Mills et al., 1997). On the other hand, asexual propagation methods provide

genetically uniform plant material (Alcaraz and Ayala Rocha, 1982; Lee and Palzkill, 1984).

1.10.1 Sexual propagation

Unlike most oil seeds, jojoba seeds retain their viability for several years. These may either be

sown directly in the field or first grown as potted nursery stock and then transplanted.

However, the nursery stock does not transplant well (Gentry, 1958). The easiest and most

commonly used method is by planting seeds directly in the field. The percentage of

germination from fresh seeds is 95 - 100%, and seeds stored for 4 or 5 years may still give as

high as 90%. About 38% germination has been recorded in seeds stored for 11 years in an

open shed in California (Thomson, 1982). In general, the male plants out number the female

ones when raised from seeds (Harsh et al., 1987). Further, seeded plantation of jojoba has

genetic heterogeneity with low average yield (Benzioni, 1997).

1.10.2 Asexual propagation

Genetic variability in morphology, anatomy and physiology within species is very large when

raised through seed and enables selection of individual plants for high yield and other
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agricultural attributes. Direct selection based on identifying potentially promising genotypes

and their testing after vegetative propagation has enabled improvement in crop performance

(Benzioni, 1997). Vegetative propagation enables the establishment of plantations with the

desired proportion of male to female plants of pre-selected superior clones (Hogan and

Palzkill, 1983; Benzioni, 1997). Vegetative propagation has four main advantages over seed

propagation of jojoba; (a) higher and more uniform yield, (b) early bearing of fruit, (c) reduced

costs of later cultural and harvesting operations and (d) evolution of true to type uniform,

desirable clonal variety for future multiplication (Hogan and Palzkill, 1983).

1.11 Methods of asexual propagation

Several asexual methods of propagation can be used to propagate jojoba, and in some cases,

one of them might be the method of choice. These include air-layering (Alcaraz and Ayala-

Rocha, 1982; Reddy, 2003), grafting (Assaf, 1990; Shah and Bashir, 2000), stem cuttings

(Zhou, 2002; Singh et al., 2003) and micropropagation (Tyagi and Prakash, 2004; Meyghani et

al., 2005). Each of these asexual methods share the major advantage over seed propagation in

that they allow to propagate unique genotypes, which have been identified as being desirable,

and to maintain plants of known sex, or of known high yield potential, or of other desirable

characteristics.

1.11.1 Propagation by air layering

Air layering is a method which was originated by the Chinese several centuries ago. Basically

it is producing plants from aerial branches which remain in position while rooting. Some

plants are difficult to root and air layering has been proved to be effective in a wide range of

species as a means of increasing their kind. The moist medium for rooting is usually placed
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around the wounded area of the branch. It is held in position by placing a wrapping around the

periphery of the ball of the medium. After roots have grown to the outside of the ball of

medium, the branch may be removed and planted in a pot on its own roots.

Alcaraz and Ayala-Rocha (1982) obtained 91% rooting in female jojoba plants by treating

their air layers with 406.4 mg l-1 IBA + 3724 mg l-1 NAA, and 90% rooting in male jojoba

plants by treating with 4064 mg l-1 IBA + 3724 mg l-1 NAA. Iyengar et al. (1986) found air

layering technique with 500 - 1000 mg l-1 of IBA for vegetative propagation of jojoba very

successful.

Butt et al. (1996) have achieved root initiation successfully by air layering in jojoba. Air layering

from mid-January to mid-March and in mid-August by treating ringed shoots (a ring of 2.5 cm

after removing the bark) with 500 mg l-1 IBA, covering the point with gunny bag or saw dust and

wrapping with polyethylene sheet resulted in root development in the branches. The layered

plants after detachment also survived (Anonymous, 1994 - 96). Jan et al. (2003) studied the effect

of different concentrations of IBA (0, 1000, 1500, 2000, 2500, 3000 and 3500 mg l-1) on rooting

of litchi (Litchi chinensis Sonn.) in air layering. They treated the ringed shoots of litchi with these

concentrations for 5 seconds and found the maximum number of roots (33), root length (9.6 cm),

root diameter (1.77 mm) and percent plant survival (75%) in layers treated with 2500 mg l-1 IBA.

Reddy (2003) assessed the effect of auxins IBA, NAA and their mixtures at the concentrations of

1000, 2000, 4000 and 6000 mg l-1 as lanolin paste on rooting and root characters of air and

ground layers of jojoba. He practiced layering on one year old shoots from three and half year

shrubs during rainy season from June to August in Hyderabad, India and found that both air and

ground layers rooted only when treated with auxins. Among auxins IBA and among
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concentrations 6000 mg l-1 showed significantly better results. Synergism between IBA and NAA

was observed on number of primary roots developed per rooted layer. As the concentration of

auxin increased, percentage of rooting, number of primary roots and cumulative primary root

length were increased steadily. IBA at 6000 mg l-1 resulted in 68.1 % and 72.7 % rooting on air

and ground layers, respectively. According to Weaver, (1972) in many plants and plant parts,

auxin induces and promotes the synthesis of RNA and proteins. Such synthesis may be the pre-

requisite for auxin induced-growth.

1.11.2 Propagation by grafting

Grafting is a type of propagation in which the root system and the top of the new plant are of

different species or varieties. It is a process by which a piece of scion carrying two or more buds

is attached to a rootstock in such a way that the cambium of both scion and rootstock come in

firm contact, so that the new secondary tissue resulting from cambial cell division in the scion

and rootstock is closely knitted. Grafting allows utilization of varying climatic, soil and biotic

conditions with advantage.

According to Iyengar et al. (1986), the imbalance of males to females could be met with

hormonal treatment and by grafting males with females and vice versa. Thomson (1982) found

that splice or whip grafting in jojoba during early spring (mid-February to mid-April) using 0.5 to

1.25 cm scion of mature wood with grayish brown bark from 1 or 2 year old branches, produced

the best results but poor results when immature wood was used.

Assaf (1990) successfully transformed 20 percent field grown jojoba males into females through

grafting on three-year-old 200 plants. Most of the grafted males produced nuts in two yeas. Shah
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and Bashir (2000) applied veneer grafting and T-budding techniques to jojoba during the months

of August, September, February and March. Veneer grafting proved 75 - 85 percent successful

when it was practiced during August and September. Sprouted grafts from August grafting grew

better than September grafting as they obtained maximum length (52.17 to 58.77 cm) and more

number of leaves per graft (100 to 134) in 9 months after sprouting. Sprouted grafts from

February and March grafting wilted and died due to hot winds of April and May.

1.11.3 Propagation by cuttings

Rooting of stem cuttings is the most easiest and commonly used asexual propagation method

in jojoba (Palzkill and Feldman, 1993). Gentry (1958) reviewed the several cases of rooting

the jojoba cuttings and found that only new shoot growth treated with root promoting

substance i.e. indoleacetic acid (IAA), had responded well. However, the advantages of

cuttings in multiplying desirable selections were obvious.

The genotype (Low and Hacket, 1981; Prat et al., 1998) and mother plant (Thomson, 1982)

being used greatly influence the rooting success in jojoba. Under uniform conditions, rooting

success may vary from 0 to almost 100% depending on the clone being used. Most clones

have intermediate to high rooting percentages (50 - 90%), if cutting material is in good

conditions (Palzkill, 1988). Cuttings from some shrubs demonstrate rooting rates up to 95

percent (National Research Council of USA, 1985). Males and female seem to root equally

well (Botti et al., 1996). However, Lee and Palzkill (1984) observed marked differences for

rooting capability among the 12 clones tested. These differences in the rooting of cuttings of

different genotypes could be removed by the post-cutting treatments, particularly by

combining wounding with IBA application (Howard et al., 1984). The rooting of the poorest
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rooting clone could be increased by heating the substrate (Prat et al., 1998).

Size and age of cuttings and time of taking the cuttings also affect the rooting percentage in

jojoba. The best cutting material is the current year growth that is semi-hardened (Palzkill,

1988; Prat et al., 1998; Bashir et al. 2001). Cuttings in a state of active growth (softwood

cuttings) also root well (Low and Hacket, 1981). However, hardwood cuttings do not root

(Bashir et al. 2001). In an experiment, Palzkill (1988) found that four node terminal and

middle cuttings rooted best compared to 4-node basal ones. The root systems of 5-node

cuttings were much larger than those of the single node cuttings, and double-eye cuttings

produced significantly more roots than single-eye cuttings (Lee and Palzkill, 1984). The use

of 10 to 12.5 cm long terminal cuttings (Thomson, 1982), about 15 cm long cuttings with 7

pairs of leaves (Howard et al., 1984), six-node cuttings (Feldman and Palzkill, 1986), tip

cuttings (Feldman et al., 1989; Bashir et al., 2001) of jojoba have also been successfully

rooted. The rooting rates of cuttings from young and old female jojoba shoots were 60 - 64

and 3 - 5%, respectively (Zhou, 2002). The rooting ability of different cuttings sizes (single

node, double node, and 3-nodes) from different individuals of jojoba indicated that the rooting

ratio of young individual was higher than mature individuals (Cao and Gao, 2003). Several

researchers have noticed difference in rooting at different times of the year. In Israel, rooting

percentage increased progressively from fall to winter to spring to summer. Spring cuttings

had the longest roots. However, winter cuttings which rooted, had the most numerous roots

(Palzkill, 1988). In California, from the end of March to the end of August is the best time,

after that the percentage drop rapidly. In Arizona, the percentage of rooting of cuttings taken

in July or August ranged from 30 to 70% (Thomson, 1982). Root system of cuttings planted

in July remained significantly better than those of cuttings planted in August, even though



21

rooting was 100% at both times (Low and Hacket, 1981). In Pakistan, the cuttings taken in

October rooted well (Anonymous, 1999; Bashir et al., 2001).

For many species propagated through semi-hardwood cuttings, auxins are applied to the base

of the cutting prior to planting in order to stimulate rooting. Several researchers have reported

on the use of such material for jojoba. Gentry (1958) reported successful rooting of jojoba

cuttings using IAA as a rooting stimulant. Adventitious roots were formed on 50 to 80% of the

cuttings planted, but in no case the cuttings continued beyond a few weeks. Since then, many

others have relied upon the use of auxins for rooting jojoba cuttings. Most researchers have

used synthetic auxins such as IBA (Bashir et al, 2001; Singh et al., 2003), the water soluble

potassium salt of IBA (Howard et al., 1984; Abramovich et al., 1985), NAA (Arce and Jordan,

1988) or commercial preparations containing one or more of these materials (Singh and

Ghose, 1986; Cao and Gao, 2003). The synthetic materials have often been found to be more

effective root stimulant when tested on other species and in general, they are more stable than

the naturally occurring IAA (Palzkill, 1988). Arce and Jordan (1988) found that application of

IBA and NAA on jojoba cuttings could induce approximately 56 and 26% root formation,

respectively.

Concentrations of auxins also determine the success of rooting. Concentrations of IBA in

water solution were evaluated for effects on rooting percentage, root length and root number.

Rooting percentage increased steadily as concentration increased from 0 to 15000 mg l-1. Root

length was little affected by the concentration. However, root number increased dramatically

at the higher concentrations of 15000 and 20000 mg l-1 (Palzkill, 1988). The studies conducted

in Israel on stem cuttings of jojoba revealed that treatments with 50% EDTA, and IBA @
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1000, 4000, 8000, 12000, 16000 and 20000 mg l-1 resulted in 1.7, 25.0, 50.0, 61.7, 48.3, 53.3

and 56.7 percent rooting, respectively while untreated cuttings did not root at all (Iyengar et

al., 1986) . Singh et al. (2003) treated stem cuttings of jojoba with IBA @ 500, 1000, 2500,

3000, 4000, 5000, 6000, 8000, 10000 or 15000 mg l-1 plus 31 mg l-1 boric acid and found that

quick dip (20 - 30 seconds) in IBA (5000 mg l-1) effectively caused rooting. In another

experiment, semi-hardwood cuttings treated with 4000 mg l-1 IBA solution gave 61% rooting

percentage (Bashir et al., 2001). Terminal cuttings (Thomson, 1982) or five-node cuttings

(Feldman et al., 1983) treated with 4000 mg l-1 IBA also rooted successfully. Double eye (DE)

and single eye (SE) single node semi-hardwood cuttings treated with 2000 mg l-1 IBA also

rooted well (Lee and Palzkill, 1984). However, semi-hardwood cuttings rooted not more than

55% when treated with this concentration of IBA (Anonymous, 1999). Rooting of cuttings

treated with 1000 mg l-1 IBA on a heated propagation bench (Palzkill and Feldman, 1993) or

under polyethylene sheet tunnel (Bashir et al., 2001) has also been reported. Cao and Gao

(2003) applied IBA @ 1000, 2000, 3000 and NAA @ 1000, 2000 mg l-1 to jojoba cuttings.

The rooting ratio of semi-hardwood cuttings was increased by IBA @ 1000 mg l-1. Zhou

(2002) found that the rooting rates of jojoba cuttings treated with IBA, NAA and IAA (each at

100 mg l-1) were 82, 80 and 76%, respectively and the rooting time for cuttings ranged from

125 to 261 days.

When leafy cuttings of jojoba are planted, the primary consideration during rooting is

reduction of transpirational water loss. Several methods are available to reduce water loss,

including intermittent misting of the cuttings, fogging, use of antitranspirants, and enclosing

cuttings in some type of protected structure to maintain high humidity (Palzkill, 1988). Jojoba

cuttings have been successfully rooted by using intermittent mist in a partially shaded
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greenhouse (Thomson, 1982; Lee and Palzkill, 1984), in a ventilated high-humidity fogging

greenhouse (Howard et al., 1984), in mist propagation chambers (National Research Council

of USA, 1985), on a heated propagation bench under intermittent mist (Palzkill and Feldman,

1993) and under partially shaded polyethylene sheet tunnel having 90 to 95% humidity

(Anonymous, 1999; Bashir et al., 2001). Creating an atmosphere of 100% humidity at the leaf

surface of jojoba stem cuttings, without saturating the rooting medium, had contributed to a

high degree of rooting and hardening success (Brown and Campbell, 1985). Zhou (2002) also

related the rooting rates of jojoba cuttings to humidity as he observed rooting at 80 - 85% R.H.

Soil media used for planting the cuttings or for subsequent transplanting, may affect the

rooting of cuttings as well as growth and survival of the cuttings. The use of perlite-

vermiculite (1:1) medium for IBA treated cuttings have been reported by Thomson (1982),

Feldman et al. (1983), Lee and Palzkill (1984), National Research Council of USA (1985),

Feldman and Palzkill (1986) and Feldman et al. (1989). IBA (1000 mg l-1) treated cuttings

resulted in significantly less rooting (64%) in peat-perlite medium than did in other two media

i.e. peat-perlite-vermiculite (78%) and perlite-vermiculite (74%), respectively (Palzkill and

Feldman, 1993). Peat-polystyrene gave the best results (Palzkill, 1988), while sand-silt (1:1)

medium also performed satisfactorily during rooting of the cuttings (Bashir et al., 2001).

However, after rooting, it was suggested to transplant the rooted cuttings in plastic bags

containing a mixture of soil, sand, peat and polystyrene (3:3:3:1) for 4 to 6 weeks (Iyengar et

al., 1986). Fertilization during rooting was not found to increase rooting percentage. However,

it was found to increase tissue nutrient levels and growth of rooted cuttings (Feldman et al.,

1987). High P in the irrigation water may inhibit root development, while low P has no effect

on shoot growth (Benzioni and Ventura, 1998). When substrate temperature was varied,
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20 - 25 and 27 - 30 °C, an interaction was observed between jojoba clone and temperature for

rooting of jojoba cuttings (Prat et al., 1998).

It remained a concern that saplings planted in field conditions would not perform better than

seedlings. As jojoba seedlings develop deeply penetrating tap roots, allowing them to access

water and nutrients stored deep in the soil. While, saplings tend to produce more fibrous root

system which would not able them to sustain under stressful conditions (Palzkill, 1988), but

such type of root system might be beneficial under irrigated conditions (Gentry, 1958).

Plantation from saplings bear earlier than those established from seedlings. Plantation of

selected jojoba plants was established near Bakersfield (USA) in 1979 from saplings and

harvests were made in 1981 from 2.5-year-old plants and in 1982 from 3.5-year-old plants

(Palzkill and Hogan, 1983). Saplings should be transplanted to the field 8 - 10 months after

their transfer to the bags (Iyengar et al., 1986). Survival rate of jojoba cuttings after

transplanting ranges from 75 to 95% (Zhou, 2002). Normally one- and two-year-old saplings

are considered as a suitable material for planting in the field when the soil humidity is

adequate (Reina and Giorgio, 1985).

1.11.4 Micropropagation

Although the use of simple node, double node, and three node cuttings in jojoba by applying

different plant hormones will increase the total number of propagules obtained from a stock

plant (Cao and Gao, 2003), yet the maximum number of possible propagules is limited by

plant size and time of year (Palzkill, 1988; Lee, 1988). Thus micropropagation offers

opportunities for production of thousands of elite plants from the selected stock plant (Lee,

1988) in a short possible time independent of the season. In recent years, micropropagation
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has been successful in raising plants in vitro to a commercial level in many plant species

(Chandra and Mishra, 2003). Multiple shoots can be produced in vitro and these can be

developed into plantlets by regenerating their roots. Thus a single explant source, shoot tip or

nodal segment could conceivably provide thousands of new true to type plantlets per year.

Jojoba plants from tissue culture grow more vigorously than both seedlings and rooted

cuttings, and are significantly larger after the first year of growth (Birnbaum et al., 1985).

Commercial scale production can be achieved by using micropropagated clones of selected

individuals that have proved their superiority in experimental plots (Mills and Benzioni,

1992).

The first attempt to propagate jojoba in vitro from meristematic tissue was made during 1973 -

74. Either leaves were produced from the callus using certain chemicals but no roots, or roots

were produced but no leaves. Rootless plantlets (shoots) were removed from the culture

medium and rooted like cuttings. Very low percentage of these shoots rooted and smaller

number of these survived when transplanted to soil mixture. A breakthrough was achieved

during 1979 - 80 when both leaves and roots were produced simultaneously. By 1981, a large

number of tissue cultured plants was available from about 50 different female and male clones.

A large shipment was sent to southern California where it was grown under greenhouse

conditions in small paper containers to prepare them for later field planting. The results were

disastrous. Nearly ten percent survived in the field and few made significant growth during

one and half year later (Thomson, 1982).

Although some protocols for in vitro culture of jojoba are known, there are still difficulties

which limit the efficiency and reliability of micropropagation. There are reports on jojoba
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somatic embryogenesis for in vitro production of liquid wax (Lee et al., 1983; Lee and

Thomas, 1985; Wang and Janick, 1986a, b) and cultures from both axillary and apical buds for

in vitro multiplication (Birnbaum, 1976; Birnbaum et al., 1985; Scaramuzzi and D’Ambrosio,

1988; Botti and Zunino, 1988). A number of workers have described in vitro culture of shoot

tips (Elhag et al., 1998; Sardana and Batra, 1998), nodal segments (Kacker et al., 1993;

Llorente et al., 1996; Agrawal et al, 2002), polynodal segments/microcuttings (Jacoboni and

Standardi, 1987; Jordan et al., 1988) for multiplication of jojoba clones.

The genotypes/clones vary in their response when cultured in vitro (Llorente et al., 1996;

Llorente and Apostolo, 1998; Elhag et al., 1998). Considerable differences among clones in

response to growth regulators at all stages of in vitro propagation have been reported. A

nutrient medium may be suitable as a starting point for several genotypes but each clone needs

research to optimize its in vitro response (Llorente and Apostolo, 1998). A significant

genotypic effect and a medium composition (growth regulators) effect were recorded by Elhag

et al. (1998). In vitro raised male and female jojoba shoots exhibited differential morphogenic

behavior under the influence of various adjuvants (Prakash et al., 2003). Differential response

of jojoba clones to ventilation in growth and multiplication rate was observed during

multiplication stage (Mills et al., 2004). Nodal explants of different genotypes as well as sex

elicited differential requirements of BA for optimum shoot regeneration (Tyagi and Prakash,

2004).

Culture media containing different concentrations of various growth regulators have been used

for in vitro shoot initiation of jojoba by a number of researchers. Mostly cytokinins (BA,

Kinetin and Zeatin) have been used in combination with auxins (NAA, IAA and IBA) or GA3
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with varying levels of success. Botti and Zunino (1988) used MS medium containing different

concentrations and combinations of BA, NAA and GA3, the best response was obtained from

2 mg l-1 BA in the medium. The other cytokinins did not improve morphogenic response over

BA (Agrawal et al., 1999). Shoot growth was significantly greater in BA than Kinetin

treatments (Llorente et al., 1996). New shoots bearing 15 nodes were obtained after six weeks

culture on MS medium containing BA (Abud and Lugo, 1983). There was a 4.6-fold increase

in shoot numbers on modified MS medium supplemented with 1 mg l-1 BA after 30 days

(Llorente and Apostolo, 1998). Male plants produced 3.5 shoots per explant with 2.25 mg l -1

BA and female plants produced 4.7 shoots per explant with 4.50 mg l-1 BA incorporated into

MS or B5 media, respectively. Reasonable shoot proliferation was observed from single node

stem segment of female jojoba plants on MS medium supplemented with 4.0 mg l-1 BA

(Khanam et al., 1999). An average of 2.7 shoots per explant was found in female clone EC

33198 on MS medium containing 4.50 mg l-1 BA (Agrawal et al., 2002). BA alone @ 2.25 mg

l-1 and 4.50 mg l-1 proved to be the best for differentiation of shoots in male and female

explants, respectively (Prakash et al., 2003). The female nodal explants of genotype EC 99692

produced maximum shoots (10 shoots per explant) followed by the male genotype EC 171284

(9.3 shoot per explant) on MS medium containing 2.25 mg l-1 BA (Tyagi and Prakash, 2004).

Successful shoot proliferation was observed on a modified Driver Kuniyuki medium,

supplemented with various concentrations of BA alone and in combination with silver nitrate

(Roussos et al., 1999). BA in combination with different levels of Tri-iodobenzoic acid

(TIBA) promoted shoot multiplication in female explants (Prakash et al., 2003). MS medium

supplemented with 1 mg l-1 Zeatin and 0.1 mg l-1 of GA3 showed the best results for

meristematic activity (Jacoboni and Standardi, 1987). MS medium containing 0.01 NAA, 0.5

BA and 0.4 mg l-1 GA3 gave 60% sprouting of explants (Arce and Jordan, 1988). Shoot
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formation was best when the MS medium supplemented with 10 mg l-1 BA + 5 mg l-1 IAA

(Scaramuzzi and D'Ambrosio, 1988). Axillary shoots were produced on modified MS medium

supplemented with 0.5 mg l-1 Kinetin and 1.0 mg l-1 BA within a month of culture (Kacker et

al., 1993). In vitro plant regeneration from nodal explants of mature jojoba shrubs has been

described but multiplication rate was low (Mills et al., 1997). Complete plantlets of jojoba

were obtained on MS medium supplemented with 1.0 mg l-1 BA and 1.0 mg l-1 NAA after an

incubation period of 35 - 40 days and an increase in BA concentration increased shoot length

of plantlets (Sardana and Batra, 1998). Encapsulated buds exhibited the best shoot

development on MS medium supplemented with 1.0 mg l-1 BA, 40.0 mg l-1 adenine sulfate

and 3.0 mg l-1 IAA (Hassan, 2003). Five shoots per explant were produced on the MS medium

supplemented with 2 mg l-1BA and 0.1 mg l-1NAA (Meyghani et al., 2005).

Transfer of the new shoots into a medium containing IBA for 7 days and then back into the

basic medium induced rooting in 67% cultures. NAA was as effective as IBA, but 14 days

treatment was needed (Abud and Lugo, 1983). Root formation was best when MS medium

was supplemented with 10 mg l-1 IBA + 1 mg l-1 IAA (Scaramuzzi and D'Ambrosio, 1988).

Shoots were transferred to liquid half-strength MS medium containing NAA 10.0 mg l-1 for 72

hours and incubated in the dark (for early root initiation) and then shifted to half-strength MS

rooting medium containing 2500 mg l-1 activated charcoal where root initiation was observed

within a week. More than 80% shoots developed roots within a month (Kacker et al., 1993).

The explants of jojoba were placed for rooting on modified Bourgin and Nitsch medium with

or without 0.93 mg l-1 NAA. None of the explants rooted in the absence of NAA. Addition of

putrescine had no effect on rooting of jojoba (Rugini et al., 1993). Micropropagated shoots

cultured on half-strength MS medium containing 3 mg l-1 IBA gave 31.08% rooting after 70
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days (Apostolo et al., 1996). The rooting percentage ranged between 20 and 95% depending

on the clone and the specific trial (Mills et al., 1997). Root induction was improved after 60

days co-cultivation with Agrobacterium rhizogenes, with or without 100 mg l-1 IBA.

Cefotaxime improved rooting percentage. Root number and root length were significantly

enhanced by 250 mg l-1 cefotaxime. Combined A. rhizogenes-IBA-cefotaxime treatments

significantly augmented all studied parameters (Benavides and Radice, 1998). Attempts were

made to root micropropagated shoots of jojoba on various media (½ MS or MS with or

without IAA, NAA and IBA). The highest rate of rooting occurred on the medium containing

IBA (Elhag et al., 1998). Shoots cultured on modified MS medium supplemented with 3.0 mg

l-1 IBA developed roots (25%) after 15 days. The response of clones was highly variable

(Llorente and Apostolo, 1998). Nearly 80% of in vitro raised shoots produced roots with a

pulse-treatment of 10.0 mg l-1 IBA (for 20 and 40 min, respectively) in both female and male

regenerants (Agrawal et al ., 1999). Successful rooting was obtained from shoot bunches on

MS medium supplemented with 0.2 - 2.0 mg l-1 BA, 2.0 mg IBA l-1 and 5000 mg l-1 activated

charcoal (Khanam et al., 1999). Shoots produced during the proliferation stage were treated

with NAA, IBA and IAA to induce rhizogenesis. In some treatments (10.0 mg l-1 IBA and 10.0

mg l-1 NAA), 64% shoots developed roots (Roussos et al., 1999). The best culture medium for

rooting was half strength MS + 1.0 mg l-1 IBA + 1.0 mg l-1 IAA (Gao and Cao, 2001). Nearly

85% of the shoots produced roots with IBA treatment at 10.0 mg l-1 prior to transfer to MS

medium containing 2.0 mg l-1 IBA + 0.23 mg l-1 BA + 5000 mg l -1 activated charcoal

(Agrawal et al., 2002). The highest rate of rooting occurred when either in vitro shoots were

first treated with 120 mg l-1 IBA solution for 24 h followed by transferring onto MS medium

without plant growth regulators or cultured on MS medium supplemented with 4 mg l-1 IBA

and 2 mg l-1 NAA. More roots were produced on MS medium containing both IBA and NAA
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than when they were used alone (Meyghani et al., 2005).

Acclimatization of in vitro produced micropropagated jojoba plantlets for transfer to field has

been difficult (Lee, 1988; Chaturvedi and Sharma, 1989), since the necessary high humidity

environment can result in lack of aeration and death of the root system (Chaturvedi and

Sharma, 1989), or because the leaves produced in culture are of reduced size (Lee, 1988). The

AgrosoilTM potting media gave good results for acclimatization, perhaps because its porosity

permitted better aeration. The organic matter present in this potting mixture might promote

rapid shoot growth (Llorente and Apostolo, 1998). The hardening-off procedures and the

equipment to prepare plantlets produced in vitro for planting in the field have been developed

(Birnbaum et al., 1985). The mixtures of peat and perlite at a ratio of 1:1 or 1:2 (v/v) proved to

be the most suitable media for transplanting or adaptation of jojoba plantlets (Meyghani et al.,

2005).

1.11.5 Objectives/outcomes

In vivo and in vitro techniques of propagation investigated under proposed project will help in

multiplication of the future varieties of jojoba, solve the male and female plant ratio problems

in the fields, and ultimately increase the yield per plant compared to the average yield from

seedlings. If the cultivars that will be released are adequately tested through vegetative

propagation techniques, we can expect to see jojoba firmly established as a valuable new crop

for areas with limited water.
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2. MATERIALS AND METHODS

2.1 Materials

2.1.1 Plant material

The starting plant material for in vivo experiments was the fifteen-year-old female plants of

six promising jojoba strains, as characterized in Table 1, growing at Jojoba Research Station,

Bahawalpur (Pakistan). However, for veneer grafting, five-year-old seedlings preferably

male or unproductive female were used as rootstock. For in vitro experiments, explants were

initially prepared from potted plants raised through cuttings; later, these were taken from in

vitro produced shoots.

2.1.2 Chemicals and reagents

Macro- and micro-nutrients were obtained either from Merck & Co., BDH Chemicals Ltd. or

from Sigma Chemical Company. Vitamins, growth regulators, sucrose and agar were also

purchased from Sigma Chemical Company. Fungicides (Topsin-M and Benlate),

chlorpyriphos and formalin were purchased from local market.

2.1.3 Glassware and culture vessels

Culture tubes (2.5 x 15 cm), conical flasks (250 ml) were used for explant culture, shoot

multiplication and root regeneration. Glassware and culture vessels were purchased from

Pyrex Company. Pipettes, syringes and ‘Durapore’ membrane filters were purchased mainly

from Sterilin and Sigma Chemical Company. Polyethylene sheets, polyethylene bags, plastic

pots and clay pots were purchased from local market.
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Table 1: Source origin, oil contents and yield of promising jojoba strains

Jojoba
strains

Source/origin Seed oil
content

(%)

Seed yield (kg)
plant-1

(4 years avg.)

Potential
yield (kg)

plant-1

PKJ-1 California 47.2 3.12 4.00

PKJ-2 Arizona 50.4 2.83 3.10

PKJ-3 Arizona 49.4 2.71 3.10

PKJ-4 Arizona Upland 42.7 2.42 2.80

PKJ-5 California 49.4 2.20 3.10

PKJ-6 California 44.5 2.15 2.65

Anonymous (2000 - 2006).
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2.2 Methods

2.2.1 Preparation of auxin solution

Solutions of auxins were prepared by dissolving 10 g of each auxin separately in a small

amount of 50% ethanol and then diluting with one litre of water. These solutions were kept in

the lower chamber of refrigerator before and during the experiment. Half litre from each

solution was used for the treatment of maximum concentration and the other half litre was

used to make other concentrations. The concentrations used for treating the stem cuttings

were as follows:

i. IBA (Indole-3-butyric acid) @ 0, 1250, 2500, 5000 and 10000 mg l-1

ii. IAA (Indole-3-acetic acid) @ 0, 1250, 2500, 5000 and 10000 mg l-1

iii. NAA (-Naphthaleneacetic acid) @ 0, 1250, 2500, 5000 and 10000 mg l-1

2.2.2 Preparation of cuttings

Semi-hardwood cuttings (about 1-year-old with brownish green bark), 20 - 30 cm long and

0.25 - 0.50 cm in diameter having 4 - 6 pairs of leaves, were taken from fifteen-year-old

female plants of the promising jojoba strains in October, 2002 and 2003. The leaves from

basal 1/3rd portion of the cuttings were trimmed off. Each cutting was given a slanting cut on

top side, away from the node. The lower round cut was given just below the node because

there are meristematic tissues, which help in the development of roots and also in the healing

process (Ahmad et al., 1996).

2.2.3 Preparation and filling of polyethylene bags

Stem cuttings were planted in polyethylene bags, filled with the soil medium composed of
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sand and silt (1:1). Benlate and formalin were mixed in the medium @ 2.5 g and 2.5 ml kg-1

of medium, respectively. Small holes were made in the bags for aeration by the roots.

2.2.4 Composting of FYM and leaf mold

Farm yard manure (FYM) was obtained from a nearby dairy farm and leaf mold was collected

from jojoba orchards to prepare various potting mixtures/media. Prior to mixing of FYM and

leaf mold in different combinations, these two were decomposed for a period of three months in

large pits under shade by applying urea @ 1 kg per 100 kg of FYM/leaf mold, then thorough

watering and covering with a thin layer of soil.

2.2.5 Preparation of potting mixtures/media

Field soil was obtained from the field of jojoba plantation. Decomposed FYM and leaf mold

were taken out from composting pits, sewage sludge was obtained from municipal disposal

drain and these three were dried in shade before thorough mixing with field soil in required

combinations as listed below.

i. Field soil (control)

ii. Field soil + FYM (1:1 by weight)

iii. Field soil + leaf mold ( “ “ “ )

iv. Field soil + sewage sludge ( “ “ “ )

v. Field soil + FYM + leaf mold (1:1:1 “ “ )

vi. Field soil + FYM + sewage sludge ( “ “ “ )

vii. Field soil + leaf mold + sewage sludge ( “ “ “ )

viii. FYM + leaf mold + sewage sludge ( “ “ “ )
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2.2.6 Preparation of stock solutions

MS medium (Murashige and Skoog, 1962) was used in all in vitro experiments. The

composition of the medium and ingredients to prepare 1 litre medium as well as for 1 litre of

each stock solution are given in Table 2. Separate stock solutions of macronutrients and

micronutrients were prepared at 10 and 1000 times their final concentrations in the medium,

respectively. Vitamins stock solution was made at a concentration of 1000 times that of the

concentration in final medium. Accurately weighed ingredients under each constituent were

dissolved in 1000 ml volumetric flask using distilled water and made the volume up to the

mark. Growth regulators (cytokinins and auxins) stock solutions were prepared by dissolving

100 mg of each growth regulator in 5 ml of respective solvents (aqueous 1N NaOH or 50%

ethanol) in 100 ml volumetric flask and volume made up to the mark with distilled water. All

the stock solutions were stored at 4 + 1 oC to prevent the growth of bacteria and algae except

the vitamin stock solution that was divided into small vials and stored at -20 oC.

Hoagland’s nutrients solution (Hoagland and Arnon, 1950) was applied to in vitro raised

plantlets during acclimatization in greenhouse. The composition of the nutrients to prepare 1

litre solution as well as for 1 litre of stock solution are given in Table 3. Separate stock

solutions of macronutrients, micronutrients and iron chelate were prepared at 10, 1000 and

10 times their final concentrations in the solution, respectively. Accurately weighed

ingredients under each constituent were dissolved in 1000 ml volumetric flask using distilled

water and made the volume up to the mark. The stock solutions were stored at 4 + 1 oC. To

prepare one litre of half strength Hoagland nutrient solution from stock solutions, 50 ml of

macronutrients stock solution, 0.5 ml of micronutrients stock solution and 50 ml of iron
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chelate stock solution were added in 800 ml distilled water in a 2 litre conical flask. Volume

was made up to 1 litre by adding distilled water. The pH of the solution was adjusted to 6.5 +

0.1 using 0.1N NaOH or 0.1N HCl.

2.2.7 Preparation of culture medium

The procedure to prepare one litre of MS culture medium is given below.

1. 100 ml of macronutrients stock solution and 1 ml of each micronutrients and vitamins

stock solution were added in 800 ml distilled water in a 2 litre conical flask.

2. Depending upon medium, required amount of the respective growth regulator’s stock

solution (thermo-stable only) was added.

3. While stirring on a magnetic stirrer, 30 g sucrose was directly added to the medium.

4. Volume was made up to 1 litre by adding distilled water.

5. While stirring, the pH of the medium was adjusted to 5.7 + 0.1 using 0.1N NaOH or 0.1N

HCl.

6. Before autoclaving, 7 g agar was added to the medium and heated in a microwave oven

until clarity of the solution was obtained.

7. The medium was distributed among four 500 ml conical flasks capped with aluminium

foil and sterilized as described in section 2.2.8.1. The autoclaved medium was allowed to

cool to about 60 oC.

8. Thermo-labile vitamins (thiamine-HCl and nicotinic acid) and growth regulators (e.g.

IAA) pre-sterilized through membrane filters were added to the autoclaved medium under

aseptic conditions.

9. Finally the medium was dispensed in 10-ml aliquots into pre-autoclaved culture tubes
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(2.5 x 15 cm) for shoot/root initiation or in 50-ml aliquots into culture flasks (250 ml) for

shoot multiplication. Each glass tube/flask was plugged with pre-autoclaved plugs consisting

of non-absorbent cotton wrapped in one layer of cheese cloth. Pouring the medium and

plugging the vessels was done under aseptic conditions in a laminar airflow hood.

2.2.8 Sterilization of materials

2.2.8.1 Distilled water and culture media

Distilled water and culture media (excluding thermo-labile substances) in 250 to 500 ml

aliquots were sterilized in bottles with caps or in conical flasks capped with aluminium foil in

an autoclave at 121 oC at a pressure of 1.06 kg cm-2 for 20 minutes.

A few chemicals, recognized as thermo-labile, were sterilized using ultrafiltration membrane

filters. These include vitamins (thiamine-HCl and nicotinic acid) and growth regulators (e.g.

IAA). Disposable “Durapore” membrane filters of hydrophobic materials with pore

diameters of 0.45 and 0.22 µm were used in sequence.

2.2.8.2 Labware and instruments

Heat resistant labware such as conical flasks and test tubes were sterilized by wet heat using

an autoclave at 121 oC at a pressure of 1.06 kg cm-2 for 20 minutes. Cotton wools, cheese

cloth and aluminium foil were also sterilized by wet heat.

Metallic instruments such as forceps, scalpels etc were sterilized by dry heat in an oven at

180 oC for at least 3 hours. Glassware was also sometimes sterilized by dry heat. Before
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Table 2: Composition of Murashige and Skoog (1962) medium

Components MS concentration

(mg l-1)

Concentration for 1 litre

stock solution (g l-1)

a. Macronutrients 10 times

KNO3

NH4NO3

CaCl2.2H2O

MgSO4.7H2O

KH2PO4

1900.000

1650.000

440.000

370.000

170.000

19.000

16.500

4.400

3.700

1.700

b. Micronutrients 1000 times

MnSO4.4H2O

ZnSO4.7H2O

H3BO3

KI

Na2MoO4.2H2O

CuSO4.5H2O

CoCl2.6H2O

22.300

8.600

6.200

00.830

00.250

00.025

00.025

22.300

8.600

6.200

00.830

00.250

00.025

00.025

c. Iron source 10 times

Na2.EDTA.2H2O

FeSO4.7H2O

37.300

27.800

00.373

00.278

d. Vitamins 1000 times

Myo-inositol

Glycine

Pyridoxine-HCl

Nicotinic acid

Thiamine-HCl

100.000

2.000

0.500

0.500

0.100

100.000

2.000

0.500

0.500

0.100

e. Carbon source

Sucrose 30000.000

f. Gelling agent

Agar 7000.000
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Table 3: Composition of Hoagland’s Nutrients Solution

pH adjusted to 6.5 ± 0.1

Components Concentration

(mg l-1)

Concentration for 1 litre

stock solution (g l-1)

a. Macronutrients 10 times

KNO3

MgSO4.7H2O

KH2PO4

Ca(NO3)2.4 H2O

505.000

492.000

136.000

118.000

5.050

4.920

1.360

1.180

b. Micronutrients 1000 times

H3BO3

MnCl2.4H2O

ZnSO4.7H2O

CuSO4.5H2O

H2MoO4.H2O

2.860

1.810

0.220

0.080

0.020

2.860

1.810

0.220

0.080

0.020

c. Iron source 10 times

FeEDTA 37.300 0.373
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sterilization, all the above goods were either wrapped in two layers of aluminium foil or put

inside sealed glass containers.

2.2.8.3 Plant material

Surface sterilization of pre-washed explants was conducted in three steps as follows:

1. Dipping the explants in ethanol (90%) for 10 seconds.

2. Submerging the explants in 2.5% sodium hypochlorite solution plus 2 - 3 drops of

Tween-20 and stirring for 15 minutes, followed by four washings in sterile distilled water,

each for 5 minutes.

3. Submerging the explants in 0.1% (w/v) aqueous mercuric chloride solution and stirring

for 15 minutes then washing 4 times in sterile distilled water.

2.2.8.4 Sterility control during manipulation

For all sterile operations, a laminar airflow hood was used to avoid contamination. The hood

was switched on at least one hour before starting the work. The work surface was swabbed

down with 95% ethanol or methylated spirit each time prior to use. Sleeves were rolled back

and sterile hand gloves were used during working. Throughout the sterile operations forceps,

scalpels and other small instruments were kept in 95% ethanol or in methylated spirit and

flamed before use. During the work, breathing into the hood was avoided as far as possible.

2.2.9 Propagation via in vivo techniques

All the work related to in vivo propagation was conducted at Experimental Farm of Jojoba

Research Station, Bahawalpur (Pakistan) during 2002 - 2005. Different techniques used are
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explained in the following sub-sections.

2.2.9.1 Propagation through air layering

Two to three year old branches having size of pencil thickness and free from any disease and

insect-pest attack were selected. A ring of 2.5 cm was made on each branch by removing the

bark. The ringed area was dusted with talcum powder containing IBA @1 mg g-1, covered

with a piece of wet gunny bag (wet in 500 mg l-1 Topsin-M fungicide solution to avoid

fungus infection during rooting), wrapped with polythene sheet and tied with a thread. After

six months when roots had developed fully, the newly formed plantlets were severed from

the mother plant below the treated point; shifted to clay pots filled with sand, silt and leaf

mold (1:1:1 by volume) and placed under partial shady conditions until they had become

established and renewed their growth. The August layered branches were detached and

shifted to clay pots in coming February and February layered branches were detached and

shifted in coming August. The pots were sprinkled/watered immediately and covered with

polyethylene bags for about 1 to 2 months depending upon the prevailing temperature and

humidity till the satisfactory regrowth. Chlorpyriphos @ 10 ml l-1 solution was applied to the

soil media at fortnightly interval to control termites.

The experiment was designed according to randomized complete block design (RCBD) with

factorial arrangement. There were 2 factors and 3 replications. The first factor was time of

layering i.e. August and February. The second factor was jojoba strains i.e. PKJ-1 to PKJ-6.

A total of 288 branches of six strains were layered during the period of 2 years; 72 branches

each in August 2002, February 2003, August 2003 and February 2004. Out of 72 branches;
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12 branches were allocated to each strain keeping 4 branches in each replication. During the

experimental period, data were recorded on various growth parameters. The procedure of

recording each parameter is described as follows.

A. Number of days to root development: The layered branches were observed vigilantly

during the experimental period. The count of days started from the date of treatment to the

date of appearance of sufficient numbers of roots through the piece of gunny bag.

B. Success percentage in layered branches: About six months after the layering and before

detachment of the rooted branches from the mother plants, the successful layers were counted

on the mother plant of each strain and their percentage was recorded by the given formula.

Number of rooted branches
Success percentage = x 100

Number of layered branches

C. Survival percentage of layers after transplanting: After six months of transplanting the

layered branches in the clay pots, the plant survival percentage was estimated through the

following formula.

Number of layers survived
Survival percentage = x 100

Number of layers transplanted

2.2.9.2 Propagation through veneer grafting

Five-year-old seedlings preferably male or unproductive female were used as rootstock.

These were pruned leaving only four branches in each seedling. These branches of each

seedling were grafted with 4 scions from mother plants of one strain by veneer technique.
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The rootstock was prepared by making a shallow slanting cut (3 - 4 cm long) in the side of

the branch. An oblique cut was then made at the base of the first cut, intersecting this cut and

a piece of wood along with bark was removed. The scions were taken from 2-year-old

branches with a size of 20 - 25 cm length, 0.25 - 0.50 cm diameter and having at least 4 - 6

pairs of leaf buds. The scion was prepared with a long cut along one side and a very short one

at the base of the scion on the opposite side. These cuts were of the same length and width as

those made in the rootstock. The base of the scion was then fitted in the rootstock in such a

manner that the cut surfaces including the cambium layers of scion and rootstock face each

other. The rootstock and scion were tied together and then the whole scion including scion-

stock combination was covered with polyethylene sheet and tied from both ends with a jute

thread (Shah and Bashir, 2000). The top of the rootstock was kept intact until the side cuts

were matched and union was established. All sprouts arising from rootstock below the scion-

stock combinations were removed during the experimental period. On attaining the

reasonable size of the sprout from scion, the jute thread was untied and the branch of the

rootstock above the scion-stock combination was cut back leaving 5 cm portion intact with

the scion.

The experiment was laid out in RCBD with 2 factors and 3 replications. The first factor was

time of grafting i.e., August and February. The second factor was jojoba strains i.e., PKJ-1 to

PKJ-6. Total 288 branches of 72 seedlings were grafted during the experimental period of 2

years. Each year 144 branches of 36 seedlings; 72 branches of 18 seedlings in August and 72

branches of 18 seedlings in February were grafted. Out of 72 branches of 18 seedlings; 12

branches of 3 seedlings were allocated to each strain keeping 4 branches of each seedling
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under one replication. During the experimental period the data regarding sprouting and

success of grafts was recorded. The detail account of procedures for recording the data is

mentioned below.

A. Number of days to sprout: The grafted plants were observed vigilantly during the

experimental period. The count of days started from the date of grafting to the date of

appearance of sprouting from the scion within polyethylene sheet covering the scion-stock

combination. The days were averaged over the total sprouts in each replication of each strain.

B. Sprout length: After six months of grafting, the length attained by the sprouts of each

scion was measured and averaged over the total sprouts in each replication of each strain.

C. Success percentage: After six months of grafting, the success percentage was estimated

through the following formula.

Number of sprouted scions
Success percentage = x 100

Number of grafted branches

2.2.9.3 Propagation through stem cuttings

The cuttings were prepared as described in section 2.2.2. The prepared cuttings were first

fully dipped in Topsin-M solution (@ 2.5 g l-1 water) for 2 hours, taken out and dried

completely in shade. Then the basal 1/3rd portion of the cuttings was dipped for 5 minutes in

corresponding concentration of auxin (section 2.2.1) except control, which was dipped in

water. The treated cuttings were planted by carefully inserting the basal 1/3rd portion of the

cuttings deep in the polyethylene bags filled with soil medium (section 2.2.3) on 15th of
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October of each year (i.e. 2002 and 2003). These bags were kept in a polyethylene tunnel

constructed under partial shade to balance temperature and light availability. High humidity

around the bags was maintained by covering the tunnel properly with polyethylene sheet. The

bags were sprinkled/watered at fortnightly interval depending upon the prevailing

temperature and humidity and kept in the tunnel till the end of March next year. Topsin-M @

1 g 1-1 water was sprayed to control fungal attack and chlorpyriphos @ 1 ml l-1 solution was

applied to the soil media to control termites at fortnightly interval. The polyethylene sheet

was lifted from the base occasionally for some time to reduce the intensity of internal

temperature and to provide proper ventilation. All the dried/dead and fungus attacked

cuttings were removed immediately, when they came into observation, to avoid further

infection. The bags with cuttings were taken out from the tunnel at the end of March and

those containing sprouted cuttings kept under partial shade for hardening till the end of

September.

The bags were arranged in RCBD with three factors and three replications. The first factor

was the jojoba strains, the second one the auxins, and the third one the concentrations of

auxins. Five cuttings of each strain were treated with a single concentration of an auxin in

each replication and one cutting was planted in each bag. A total of 2700 cuttings of six

strains were planted in two years, planting 1350 cuttings each year. During the experimental

period, the data on various growth parameters were recorded. The description of procedures

for recording the data on these parameters is mentioned below.

A. Number of days to bud sprouting: The planted cuttings were observed vigilantly during
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the experimental period that lasted over five months. The count of days started from the date

of planting of treated cuttings to the date of bud sprouting. The days were averaged over

number of cuttings per treatment per replication.

B. Sprouting percentage: The number of sprouted cuttings was counted in each treatment

and the sprouting percentage was worked out by the following formula.

Number of cuttings sprouted
Sprouting percentage = x 100

Number of cuttings planted

C. Length of primary shoot: The length attained by the primary shoot from each sprouted

cutting within 6 months was measured in centimeters with the help of measuring tape from

the point of sprouting to the apex of shoot. The length was averaged over number of cuttings

per treatment per replication.

D. Diameter of primary shoot: The diameter attained by the primary shoot from each

sprouted cutting within 6 months was measured in millimeters with the help of micrometer

screw gauge from middle of the shoot. The diameter was averaged over number of cuttings

per treatment per replication.

E. Number of leaves per cutting: The number of new leaves that appeared within 6 months

from each cutting was counted and averaged over number of cuttings per treatment per

replication.

F. Number of days to root: The base of the bags with planted cuttings was observed
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vigilantly during the experimental period. The count of days started from the date of planting

of the cuttings to the date of appearing roots in the bags. The days were averaged over

number of cuttings per treatment per replication.

G. Rooting percentage: The number of rooted cuttings was counted in each treatment and

the rooting percentage was worked out by the following formula.

Number of cuttings rooted
Rooting percentage = x 100

Number of cuttings planted

H. Number of roots per cutting: The soil medium in the bags was moistened and two cuts

from top to bottom were given on opposite sides of the bags. The cuttings were taken out

carefully from the soil medium. The roots were washed with tap water, dried and number of

roots were counted for each cutting; then averaged over number of cuttings per treatment per

replication.

I. Length of primary root: The length attained by the primary root of the cutting, at the time

of counting number of roots, was measured in centimeters with the help of measuring tape

from the base to the tip of root. The length was averaged over number of cuttings per

treatment per replication.

J. Diameter of primary root: During the time of counting the number of roots, the diameter

attained by the primary root of the cutting, was measured in millimeters with the help of

micrometer screw gauge from the middle of the root. The diameter was averaged over

number of cuttings per treatment per replication.
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K. Survival percentage: The number of survived cuttings was recorded after hardening in

each treatment and percentage was calculated by the given formula.

Number of cuttings survived
Survival percentage = x 100

Number of cuttings planted

2.2.9.4 Behavior of rooted cuttings under various potting media

The plant material for this experiment was the rooted cuttings (sub-section 2.2.9.3), and

without undergoing the hardening process these were transplanted in different potting media

in the month of April each year i.e. 2003 and 2004.

The tapering clay pots of 25-cm length (Ø 30 cm at the top), having a small hole in the base

to drain surplus water, were used for transplanting the cuttings. After filling the 1/3rd of the

pot with the respective medium (section 2.2.5), the rooted cutting was stuck and the

remaining 2/3rd of the pot was filled. The medium was leveled by gently pressing and kept

2.5 cm below the pot edge. The pots were watered immediately by sprinkling and kept under

partial shade. Later, the clay pots were sprinkled with water at weekly interval for about 6

months depending upon the prevailing temperature and humidity. Topsin-M @ 1 g 1-1 water

was sprayed and chlorpyriphos @ 1 ml l-1 solution was applied to the soil media at

fortnightly interval to control fungi and termites attack, respectively till the end of September

each year i.e. 2003 and 2004.

The clay pots were arranged in RCBD with two factors and three replications, each

replication containing 192 clay pots each year. The first factor was the soil media and the

second one the strains. Four rooted cuttings of each strain were planted in a potting medium
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in each replication. One rooted cutting was planted in each clay pot. A total 1152 rooted

cuttings of six strains were planted in two years, by planting 576 rooted cuttings each year.

The procedures for recording the data on the following parameters are outlined below.

A. Survival percentage: The number of survived rooted cuttings of each strain in each

medium was noted and the survival percentage was calculated by the following formula.

Number of cuttings survived
Survival percentage = x 100

Number of cuttings planted

B. Number of shoots per cutting: The number of new shoots that appeared within 6 months

from each rooted cutting was counted and averaged over number of cuttings per treatment

per replication.

C. Length of primary shoot: The length attained by the primary shoot of each rooted cutting

within 6 months was measured in centimeters with the help of measuring tape from base to

apex of shoot. The length was averaged over number of cuttings per treatment per

replication.

D. Number of leaves per shoot: The number of leaves produced on primary shoot of each

cutting was counted at the same time when shoot length was recorded and averaged over

number of cuttings per treatment per replication.
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2.2.9.5 Transference of saplings to field for establishment

The saplings, established from rooted cuttings in clay pots from female plants of six

promising jojoba strains i.e., PKJ-1, PKJ-2, PKJ-3, PKJ-4, PKJ-5 and PKJ-6 (sub-section

2.2.9.4) were planted at the Experimental Farm of Jojoba Research Station, Bahawalpur in

the months of October and March during 2003 - 2005.

The pits were made keeping plant to plant and row to row distance of 2 meter with the help

of a tractor mounted post-hole digger (auger); and filled with a mixture of sand + silt + leaf

mold (1:1:1 by volume). After planting the saplings, flood irrigation was supplied twice in a

week during summer months and once in a week during winter months. Chlorpyriphos @ 2

ml l-1 solution was applied to the soil media to control termites at fortnightly interval during

September-October and February-March. Weeds around the saplings were removed once

every month by manual hoeing. The experiment was repeated next year with the saplings

obtained from the rooted cuttings of 2004.

The layout of the experiment was in RCBD with 2 factors and 3 replications. The first factor

was time of planting i.e., October and March. The second factor was jojoba strains i.e., PKJ-1

to PKJ-6. A total of 360 saplings were transferred to the field during the experimental period

of 2 years. Each year 180 saplings were transferred; 90 saplings in October and 90 in March.

Each time out of 90; 15 saplings of each strain were planted keeping 5 saplings under one

replication. During the experimental period, the data regarding survival and growth of the

saplings under field conditions were recorded about six months after the planting each time.

The procedures for recording the data are described below.
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A. Survival percentage of saplings: The survival percentage of saplings was estimated

through the following formula.

Number of saplings survived
Survival percentage of saplings = x 100

Number of saplings planted

B. Height of saplings: The plant height attained by each sapling within six months was

measured and averaged over the total saplings in each replication of each strain.

C. Number of branches per sapling: The number of branches of each sapling developed

during six months was recorded and averaged over the total saplings in each replication of

each strain.

D. Number of leaves per branch: The number of leaves per branch of sapling was recorded

from randomly selected branches of each sapling and averaged over the branches of total

saplings in each replication of each strain.

2.2.10 Propagation via in vitro techniques

All the work related to tissue culture/micropropagation was conducted at Agricultural

Biotechnology Institute, National Agricultural Research Centre, Islamabad (Pakistan) during

2005 - 2006.

2.2.10.1 In vitro shoot initiation by use of cytokinins (alone)

Branches were collected from 2 year-old vegetatively propagated (through cuttings) female

plants of six promising jojoba strains PKJ-1 to PKJ-6. The branches were washed in running
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tap water for 30 minutes; the leaves were trimmed off, leaving the petiole intact. These were

again washed in 1% detergent solution (w/v), followed by four washing in distilled water.

The branches were divided into nodal segments (1.5 - 3.0 cm long) having at least one node.

Subsequent surface sterilization was conducted as mentioned in section 2.2.8.3.

The cut ends where tissues had died were trimmed off and the explants were aseptically

placed on solidified MS medium (Murashige and Skoog, 1962) supplemented with different

concentrations of cytokinins as listed below in culture tubes (2.5 x 15 cm).

i. BA (N6-Benzyladenine) @ 1.25, 2.50 or 5.00 mg l-1

ii. Kinetin (N6-Furfurylaminopurine) @ 1.25, 2.50 or 5.00 mg l-1

The cultures were incubated at 25 + 2 oC under a 16-h photoperiod in cool, white fluorescent

light of Philips tubes with a light intensity of 55 µmol m-2 s-1. The cultures were maintained

by subculturing onto the fresh medium of the same composition at 4 weeks interval.

The experiment was laid out in factorial completely randomized design (CRD) with 3

replications and 3 factors i.e., the cytokinins, their concentrations and the strains. Initially ten

explants were cultured under each treatment per replication, keeping 1 explant in a test tube.

Discarding the contaminated cultures, the data were recorded from clean cultures only. The

description of procedures for recording the data on various growth parameters is given

below.

A. Number of days to bud sprouting: The cultured explants were observed vigilantly during
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the experimental period that lasted over three months. The count of days started from the date

of culturing to the date of sprouting of axillary buds on the explants. The days were averaged

over number of explants per treatment per replication.

B. Length of primary shoot: The length (cm) attained by the primary shoot of each sprouted

explants within 3 months was recorded. The length was averaged over number of explants

per treatment per replication.

C. Number of nodes per primary shoot: The number of nodes on the primary shoot of each

explant was recorded and averaged over number of explants per treatment per replication.

D. Number of shoots per explant: The number of sprouted shoots from each explant within 3

months was recorded and averaged over number of explants per treatment per replication.

E. Percentage of sprouted explants: At the end of 3rd month from first culturing, the

percentage of sprouted explants was estimated by the given formula and averaged over

number of explants per treatment per replication.

Number of sprouted explants
Percentage of sprouted explants = x 100

Number of clean cultures

2.2.10.2 In vitro shoot initiation by use of cytokinins (in combinations)

All preparations of explant, its sterilization, cultural conditions and parameters for data

recording were the same as described earlier in section 2.2.10.1. However, the treatments
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included three combinations of two cytokinins as given below.

i. BA 1.25 mg l-1 + Kinetin 1.25 mg l-1

ii. BA 2.50 mg l-1 + Kinetin 1.25 mg l-1

iii. BA 2.50 mg l-1 + Kinetin 2.50 mg l-1

The experiment was laid out in factorial CRD with 3 replications and 2 factors i.e., the

cytokinins combinations and the jojoba strains.

2.2.10.3 In vitro shoot formation by use of BA in combination with an auxin

All preparatory methods for explant, its sterilization, cultural conditions and parameters with

procedures for data recording were also same as described in section 2.2.10.1, except the

treatments applied.

Concerning the treatments, nine combinations consisting of BA + an auxin (NAA, IAA or

IBA) at various concentrations were applied as mentioned below.

i. BA 1.25 mg l-1 + NAA 1.25 mg l-1

ii. BA 2.50 mg l-1 + NAA 1.25 mg l-1

iii. BA 2.50 mg l-1 + NAA 2.50 mg l-1

iv. BA 1.25 mg l-1 + IAA 1.25 mg l-1

v. BA 2.50 mg l-1 + IAA 1.25 mg l-1

vi. BA 2.50 mg l-1 + IAA 2.50 mg l-1

vii. BA 1.25 mg l-1 + IBA 1.25 mg l-1

viii. BA 2.50 mg l-1 + IBA 1.25 mg l-1
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ix. BA 2.50 mg l-1 + IBA 2.50 mg l-1

The experiment was laid out in factorial CRD with 3 replications and 2 factors i.e., the

growth regulators combinations and the jojoba strains.

2.2.10.4 In vitro shoot multiplication by use of BA and its combinations with auxins

The stem segments, 1.5-3.0 cm long with at least 1 node, excised aseptically from in vitro

raised shoots were employed for this experiment. The explants were placed on solidified MS

medium supplemented with different concentrations of BA alone and its combination with an

auxin (NAA, IAA or IBA) as given below.

i. BA @ 2.50 mg l-1

ii. BA @ 5.00 mg l-1

iii. BA 2.50 mg l-1 + NAA 2.50 mg l-1

iv. BA 2.50 mg l-1 + IAA 2.50 mg l-1

v. BA 2.50 mg l-1 + IBA 2.50 mg l-1

The explants were cultured in 250 ml culture flasks containing 50 ml of the culture medium.

The cultures were incubated at 25 + 2 oC under a 16-h photoperiod in cool, white fluorescent

light of Philips tubes with a light intensity of 55 µmol m-2 s-1. Subculturing was carried out

after every 2 weeks by transferring onto the fresh medium of the same composition.

The experiment was laid out in factorial CRD with 3 replications and 2 factors i.e., BA and

its combinations with auxins, and the jojoba strains. Four explants of each strain were
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cultured in each flask per treatment per replication. Contaminated cultures were discarded

and during the experimental period of 2 months, the data were recorded from clean cultures

only on various growth parameters. The description of procedures for recording the data on

these parameters is given in section 2.2.10.1.

2.2.10.5 In vitro root initiation by use of auxins

In vitro raised shoots were excised aseptically and transferred to culture tubes (2.5 x 15 cm)

containing 10 ml of solidified MS medium supplemented with different auxins i.e., NAA,

IAA and IBA each @ 1.25, 2.50 or 5.00 mg l-1. The cultures were incubated at 25 + 2 oC

under a 16-h photoperiod in cool, white fluorescent light of Philips tubes with a light

intensity of 55 µmol m-2 s-1. Subculturing was carried out at monthly interval by transferring

onto the fresh medium of the same composition.

The experiment was laid out in CRD with factorial arrangement comprising 3 replications

and 3 factors i.e., the auxins, their concentrations and the strains. Initially five shoots were

cultured in each treatment per replication, keeping one shoot in a test tube. Contaminated

cultures were discarded and during the experimental period of 3 months, the data were

recorded from clean cultures only on various growth parameters. The description of

procedures for recording the data on these parameters is given below.

A. Number of days to root initiation: The cultured shoots were observed vigilantly during

the experimental period that continued for about three months. The count of days started

from the date of culturing to the date of appearance of root primordia on the shoots. The days
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were averaged over number of shoots per treatment per replication.

B. Length of primary roots: The length (cm) attained by the primary root of the each shoot

within 3 months was recorded and averaged over number of shoots per treatment per

replication.

C. Number of roots per shoot: The number of roots arose from each shoot within 3 months

was recorded and averaged over number of shoots per treatment per replication.

D. Percentage of rooted shoots:

After 3 months of culture, the percentage of rooted shoots was estimated by the given

formula and averaged over number of shoots per treatment per replication.

Number of rooted shoots
Percentage of rooted shoots = x 100

Number of cultured shoots

2.2.10.6 In vitro root formation by using lower concentrations of auxins

The methodology adopted and the parameters studied were the same as given in the section

2.2.10.5 except the concentrations of auxins which were reduced in this experiment as given

below for each auxin used, i.e., NAA, IAA or IBA.

i. 0.50 mg l-1

ii. 1.00 mg l-1

iii. 1.50 mg l-1
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2.2.10.7 Transference of plantlets to greenhouse for acclimatization

The cotton plugs of test tubes containing rooted shoots were removed, the tubes were filled

with sterilized distilled water and plantlets were gently taken out with forceps and placed in

petri dishes under laminar airflow hood. These were thoroughly washed to remove the agar,

transferred to plastic pots containing sterile coarse sand, covered with polyethylene bags to

minimize the loss of moisture and kept in a greenhouse for acclimatization (28 oC day, 24 oC

night, 16 hour daylength, 65% relative humidity) for two months. During acclimatization, the

plantlets were irrigated with ½ strength Hoagland solution (Hoagland and Arnon, 1950) at

weekly interval.

The pots were arranged in CRD with 2 factors and 3 replications, keeping 5 pots per

treatment per replication. The first factor was the jojoba strains (PKJ-1 to PKJ-6) and the

second one the auxins (IBA, IAA and NAA) which were applied during in vitro rooting

(irrespective of their concentrations used). At the end of the experimental period, the survival

percentage of the plantlets of each jojoba strain with respect to the auxins applied during in

vitro rooting was recorded by the given formula and averaged over number of plantlets per

treatment per replication.

Number of plantlets survived
Survival percentage of plantlets = x 100

Number of plantlets planted

2.2.10.8 Transference of plantlets to open field for establishment

After acclimatization of plantlets in greenhouse, these were shifted to the Experimental Farm

of Jojoba Research Station, Bahawalpur to study their survival rate under the open field
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conditions. Preparation of pits, planting of plantlets and cultural operations were the same as

for saplings from rooted cuttings (section 2.2.9.5).

The plantlets were planted in RCBD with 2 factors and 3 replications. The first factor was

time of planting i.e., October and March. The second factor was jojoba strains i.e., PKJ-1 to

PKJ-6. A total of 180 plantlets were transferred to the field during the experimental period,

90 plantlets in October 2005 and 90 in March 2006, keeping 5 plantlets of each strain under

each replication. The data regarding the survival percentage of the plantlets from each jojoba

strain with respect to the time of planting were recorded about five months after the planting

each time by the given formula and averaged over number of plantlets per treatment per

replication.

Number of plantlets survived
Survival percentage of plantlets = x 100

Number of plantlets planted

2.2.11 Statistical analysis

In case of in vivo experiments, the data of two years were combined and analyzed for pooled

analysis, while in case of in vitro experiments the data of one year were subjected to

statistical analysis by using Fisher’s Analysis of Variance technique. Data in number, having

values 0 and 100, and the data in percentage were transformed by logarithmic and arcsin

(angular) transformation, respectively prior to statistical analysis. The treatment means were

compared by Duncan’s Multiple Range test at 5% level of significance (Steel and Torrie,

1984).
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3. EXPERIMENTAL RESULTS

3.1 Propagation via in vivo techniques

Six promising strains of jojoba i.e. PKJ-1 to PKJ-6 were propagated through vegetative

propagation techniques i.e. air layering and veneer grafting under field conditions, and stem

cuttings planted under humid conditions of a polyethylene sheet tunnel. The results are

summarized in the following sections.

3.1.1 Propagation through air layering

Air layering technique was applied to propagate 2 - 3 years-old selected branches of each

strain using IBA in the months of August and February during 2002 - 2004. Two years data

collected on various growth parameters were pooled and subjected to statistical analysis. The

results regarding each parameter are given below.

A. Number of days to root development: The pooled analysis of two years data indicated that

the difference in time of layering had significant effect on the number of days to root

development. The branches layered in August took significantly less number of days to root

development than those layered in February. The differences among strains were also found

significant. The strain PKJ-3 took the minimum days while PKJ-2 took the maximum days to

develop roots. The interaction between the two factors (time of layering and strains)

remained non-significant (Table 4).

B. Success percentage in layered branches: The results presented in Table 5 exhibited
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Table 4: Number of days to root development as affected by time of layering and jojoba

strains

Strains Time of layering

August February Average

PKJ-1 139.85a* 147.61a 143.73b

PKJ-2 154.65a 156.58a 155.62a

PKJ-3 117.95a 125.06a 121.50e

PKJ-4 136.03a 138.17a 137.10c

PKJ-5 130.65a 145.23a 137.94bc

PKJ-6 125.79a 131.02a 128.40d

Average 134.15b 140.61a

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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significant difference in time of layering for the factor under study. Branches layered in

August resulted in significantly higher success percentage than those layered in February.

The strains also differed significantly for success percentage in layers. The layered branches

of PKJ-3 showed 100% success followed by PKJ-6 with 93.75% success. Both the strains

were statistically at par. The strain PKJ-2 succeeded to the least (62.50%) and differed

significantly from all other strains. The interaction between the two factors was non-

significant.

C. Survival percentage of layers after transplanting: The data presented in Table 6 revealed

that plant survival after transplanting was not affected significantly by the time of layering.

However, the strains showed significant differences with respect to survival after

detachment. The layers of PKJ-3 resulted in maximum survival, followed by PKJ-1 and PKJ-

6; all the three strains behaved statistically alike. The layers of PKJ-2 gave the least survival

percentage and stood at par with PKJ-5. The interaction between the two factors remained

non-significant.

Conclusion: The branches layered in August took fewer days to develop roots and resulted

in higher percentage of rooting than those layered in February. However, there was no

significant difference in time of layering for survival of layers after transplanting. The strain

PKJ-3 led the other strains because it took the minimum time to develop roots and resulted in

100% rooting on layered branches with the highest survival percentage after transplanting.
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Table 5: Success percentage in layered branches as affected by time of layering and

jojoba strains

Strains

Time of layering

August February Average

PKJ-1 95.83a* 79.17a 87.50bc

PKJ-2 70.83a 54.17a 62.50e

PKJ-3 100.00a 100.00a 100.00a

PKJ-4 91.67a 75.00a 83.33cd

PKJ-5 83.33a 70.83a 77.08d

PKJ-6 100.00a 87.50a 93.75ab

Average 90.28a 77.78b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 6: Survival percentage of layers after transplanting as affected by time of

layering and jojoba strains

Strains

Time of layering

August February Average

PKJ-1 50.00a* 50.00a 50.00ab

PKJ-2 29.17a 29.17a 29.17d

PKJ-3 50.00a 62.50a 56.25a

PKJ-4 41.67a 45.83a 43.75bc

PKJ-5 37.50a 37.50a 37.50cd

PKJ-6 50.00a 50.00a 50.00ab

Average 43.06a 45.83a

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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3.1.2 Propagation through veneer grafting

The scions taken from 2-year-old branches of each strain were grafted on 5-year-old male or

unproductive female seedling using veneer grafting technique in the months of August and

February during 2002 - 2004. Two years data regarding number of days to sprout, sprout

length and success percentage were recorded, and were pooled for statistical analysis. The

results obtained are given below.

A. Number of days to sprout: Pooled analysis of the data revealed that the effect of both the

time of grafting and the strains on the parameter under study was statistically significant

(Table 7). Scions grafted in February sprouted one week earlier than those grafted in August.

Regarding the strains, PKJ-3 took the minimum time to sprout and stood statistically at par

with PKJ-6. The strain PKJ-2 took the maximum time to sprout and expressed similarity with

PKJ-5. The interaction between the two factors remained non-significant.

B. Sprout length: The time of grafting has significant effect on the sprout length. August

grafting gave significantly longer sprout than that of February grafting. The sprout length

was also significantly affected by the strains. The graft from PKJ-3 attained maximum sprout

length, followed by that of PKJ-6 and these two strains behaved statistically alike with

similar length of sprout. The graft from the strain PKJ-5 attained the minimum sprout length

and stood statistically at par with that from PKJ-2. There was no interaction between the two

factors (time of grafting and jojoba strains) for this parameter (Table 8).

C. Success percentage: The pooled analysis of the data showed that the success percentage



66

Table 7: Number of days to sprout as affected by time of grafting and jojoba strains

Strains

Time of grafting

August February Average

PKJ-1 61.50a* 52.42a 56.96b

PKJ-2 68.70a 71.17a 69.93a

PKJ-3 41.72a 39.60a 40.66c

PKJ-4 60.88a 54.33a 57.61b

PKJ-5 75.66a 59.17a 67.41a

PKJ-6 48.86a 39.33a 44.10c

Average 59.55a 52.67b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 8: Sprout length (cm) as affected by time of grafting and jojoba strains

Strains

Time of grafting

August February Average

PKJ-1 16.51a* 14.17a 15.35b

PKJ-2 13.47a 11.17a 12.32c

PKJ-3 22.24a 18.54a 20.14a

PKJ-4 15.02a 14.50a 14.75b

PKJ-5 10.92a 12.42a 11.67c

PKJ-6 19.09a 18.17a 18.63a

Average 16.21a 14.83b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 9: Success percentage of grafts as affected by time of grafting and jojoba strains

Strains

Time of grafting

August February Average

PKJ-1 79.17a* 41.67a 60.42b

PKJ-2 54.17a 33.33a 43.75c

PKJ-3 100.00a 62.50a 81.25a

PKJ-4 70.83a 45.83a 58.33b

PKJ-5 62.50a 33.33a 47.92c

PKJ-6 91.67a 54.17a 72.92a

Average 76.39a 45.14b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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was affected significantly both with the time of grafting and the strains (Table 9). The higher

success percentage was found in August than that in February grafting. Regarding the strains,

PKJ-3 led with the highest success percentage, followed by PKJ-6. Both the strains behaved

statistically alike. PKJ-2 trailed with minimum success that was statistically similar to that of

PKJ-5. The interaction between time of grafting and the strains was statistically non-

significant.

Conclusion: Grafting practiced in August performed better than that of February. The

August grafting resulted in longer sprouts with more grafting success than that practiced in

February. However, February grafting took fewer days to sprout than that of August grafting.

The strain PKJ-3 surpassed the other strains as it took the minimum time to sprout, attained

maximum sprout length and gave maximum success percentage.

3.1.3 Propagation through stem cuttings

One-year-old semi-hardwood cuttings taken from 15-years-old female plants of the six

promising jojoba strains were treated with 0 - 10000 mg l-1 of each auxin i.e. IBA, IAA and

NAA, and planted in October, 2002 and 2003 under humid conditions of polyethylene sheet

tunnel. The cuttings were allowed to grow for about six months till the end of March each next

year. Two-year data on different parameters regarding shoot and root growth and the survival

of the cuttings were recorded and pooled for statistical analysis.

A. Number of days to bud sprouting: The data indicated that the cuttings of PKJ-3 took the

minimum time to sprout and differed significantly from all other strains. The cuttings taken
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Table 10: Number of days to bud sprouting of cuttings as affected by jojoba strains and

auxins

Auxins Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 55.80a* 52.53a 39.73a 47.00a 57.40a 44.00a 49.41a

IAA 50.33a 50.87a 40.43a 49.80a 54.43a 43.87a 48.29a

NAA 54.33a 53.23a 40.90a 47.47a 54.60a 45.60a 49.36a

Average 53.49ab 52.21b 40.36e 48.09c 55.48a 44.49d

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 11: Number of days to bud sprouting of cuttings as affected by auxins and their

concentrations

Auxins Concentrations (mg l-1)

0 1250 2500 5000 10000 Average

IBA 60.06a* 55.08a 49.42a 44.81a 37.69a 49.41a

IAA 62.83a 55.42a 47.42a 40.89a 34.89a 48.29a

NAA 61.75a 55.14a 49.42a 43.39a 37.08a 49.36a

Average 61.55a 55.21b 48.75c 43.03d 36.55e

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 12: Number of days to bud sprouting of cuttings as affected by jojoba strains and

auxin concentrations

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Auxin

Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

0 65.89a* 66.61a 51.17a 58.94a 70.17a 56.50a 61.55a

1250 60.44a 58.67a 46.39a 54.17a 59.72a 51.89a 55.21b

2500 52.89a 50.22a 41.50a 48.39a 55.94a 43.56a 48.75c

5000 48.00a 44.28a 35.28a 42.78a 49.00a 38.83a 43.03d

10000 40.22a 41.28a 27.44a 36.17a 42.56a 31.67a 36.55e

Average 53.49ab 52.21b 40.36e 48.09c 55.48a 44.49d
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Table 13: Number of days to bud sprouting of cuttings as affected by jojoba strains,

auxins and their concentrations (interaction)

Auxins Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 0 67.50a* 65.00a 49.33a 56.17a 69.33a 53.00a 60.06a

1250 62.00a 56.33a 45.50a 53.17a 61.33a 52.17a 55.08a

2500 55.00a 53.00a 41.17a 46.67a 56.50a 44.17a 49.42a

5000 52.83a 45.00a 36.33a 43.50a 51.33a 39.83a 44.80a

10000 41.67a 43.33a 26.33a 35.50a 48.50a 30.83a 37.69a

IAA 0 62.50a 65.50a 53.17a 65.00a 70.33a 60.50a 62.83a

1250 58.67a 62.17a 49.33a 54.83a 56.50a 51.00a 55.42a

2500 50.17a 44.83a 40.00a 52.00a 57.00a 40.50a 47.42a

5000 43.00a 43.50a 34.50a 40.67a 47.67a 36.00a 40.89a

10000 37.33a 38.33a 25.17a 36.50a 40.67a 31.33a 34.89a

NAA 0 67.67a 69.33a 51.00a 55.67a 70.83a 56.00a 61.75a

1250 60.67a 57.50a 44.33a 54.50a 61.33a 52.50a 55.14a

2500 53.50a 52.83a 43.33a 46.50a 54.33a 46.00a 49.42a

5000 48.17a 44.33a 35.00a 44.17a 48.00a 40.67a 43.39a

10000 41.67a 42.17a 30.83a 36.50a 38.50a 32.83a 37.08a

Average 53.49ab 52.21b 40.36e 48.09c 55.48a 44.49d

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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from PKJ-5 took the maximum time to sprout and stood statistically at par with those of PKJ-1

(Table 10). The effect of all the three auxins was found statistically non-significant, while the

effect of auxin concentrations on the parameter was significant (Table 11). The highest

concentration resulted in the minimum days to sprout, while the control resulted in the

maximum days. As the concentration of auxins was increased, number of days to bud sprouting

was decreased. Two-way interaction between the jojoba strains and the auxins (Table 10), the

auxins and their concentration (Table 11) and the jojoba strains and auxin concentration (Table

12) remained non-significant. Three way interactions among the three factors also remained

statistically non-significant (Table 13).

B. Sprouting percentage: The data on sprouting percentage of cuttings revealed that the

cuttings of PKJ-3 with the maximum sprouting excelled the other strains; while those of PKJ-

2 got the minimum sprouting indicating significant differences in response of the strains.

IAA led significantly the other two auxins, followed by IBA, while, NAA resulted in the

lowest sprouting percentage (Table 14). The sprouting percentage of cuttings increased with

the increase of concentrations. The highest sprouting (53.52%) was shown by the highest

concentration and the lowest one by the control (Table 15).

Two-way interaction between the jojoba strains and the auxins (Table 14), the auxins and

their concentration (Table 15) and the jojoba strains and auxin concentration (Table 16)

remained non-significant. Three way interactions among the three factors also remained

statistically non-significant (Table 17).
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Table 14: Sprouting percentage of cuttings as affected by jojoba strains and auxins

Auxins Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 32.67a* 30.67a 51.33a 35.33a 37.33a 46.67a 39.00b

IAA 35.33a 35.33a 54.00a 42.00a 38.00a 48.67a 42.22a

NAA 33.33a 26.67a 46.67a 34.00a 32.00a 42.00a 35.78c

Average 33.78d 30.89e 50.67a 37.11c 35.78cd 45.78b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 15: Sprouting percentage of cuttings as affected by auxins and their concentrations

Auxins Concentrations (mg l-1)

0 1250 2500 5000 10000 Average

IBA 25.00a* 31.67a 38.33a 45.56a 54.44a 39.00b

IAA 27.78a 35.56a 42.22a 48.33a 57.22a 42.22a

NAA 26.11a 30.00a 33.89a 40.00a 48.89a 35.78c

Average 26.30e 32.41d 38.15c 44.63b 53.52a

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 16: Sprouting percentage of cuttings as affected by jojoba strains and auxin

concentrations

Auxin

Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

0 22.22a* 21.11a 34.44a 25.56a 23.33a 31.11a 26.30e

1250 25.56a 24.44a 43.33a 32.22a 30.00a 38.89a 32.41d

2500 30.00a 30.00a 51.11a 36.67a 34.44a 46.67a 38.15c

5000 42.22a 35.56a 56.67a 40.00a 41.11a 52.22a 44.63b

10000 48.89a 43.33a 67.78a 51.11a 50.00a 60.00a 53.52a

Average 33.78d 30.89e 50.67a 37.11c 35.78cd 45.78b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).



76

Table 17: Sprouting percentage of cuttings as affected by jojoba strains, auxins and

their concentrations (interaction)

Auxins Conc.

(mg l-

1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 0 20.00a* 20.00a 33.33a 23.33a 23.33a 30.00a 25.00a

1250 23.33a 23.33a 43.33a 30.00a 30.00a 40.00a 31.67a

2500 26.67a 30.00a 53.33a 33.33a 36.67a 50.00a 38.33a

5000 43.33a 33.33a 60.00a 40.00a 43.33a 53.00a 45.56a

10000 50.00a 46.67a 66.67a 50.00a 53.33a 60.00a 54.44a

IAA 0 23.33a 23.33a 36.67a 26.67a 23.33a 33.33a 27.78a

1250 26.67a 26.67a 50.00a 36.67a 30.00a 43.33a 35.56a

2500 33.33a 36.67a 53.33a 43.33a 36.67a 50.00a 42.22a

5000 43.33a 43.33a 56.67a 46.67a 46.67a 53.33a 48.33a

10000 50.00a 46.67a 73.33a 56.67a 53.33a 63.33a 57.22a

NAA 0 23.33a 20.00a 33.33a 26.67a 23.33a 30.00a 26.11a

1250 26.67a 23.33a 36.67a 30.00a 30.00a 33.33a 30.00a

2500 30.00a 23.33a 46.67a 33.33a 30.00a 40.00a 33.89a

5000 40.00a 30.00a 53.33a 33.33a 33.33a 50.00a 40.00a

10000 46.67a 36.67a 63.33a 46.67a 43.33a 56.67a 48.89a

Average 33.78d 30.89e 50.67a 37.11c 35.78cd 45.78b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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C. Length of primary shoot: The data procured on the length of primary shoot indicated that

the cuttings of PKJ-3 resulted in significantly longer primary shoots, while those of PKJ-2 in

the shorter ones. All the jojoba strains differed significantly from each other for the

parameter under study (Table 18). The cuttings in response to IAA had significantly more

length of primary shoot than that of the other two auxins, which were statistically at par

(Table 18 and 19). The effect of concentrations of auxins on length of primary shoot was also

significant. The maximum length of primary shoot was attained at the highest concentration

of auxins, while the minimum one was attained by the control. All the concentrations of

auxins used differed statistically from each other in their effect (Table 19).

The interaction between the jojoba strains and the auxins was significant (Table 18). The

cuttings of PKJ-3 treated with IBA gave the longest shoot that was statistically similar to that

of IAA for same strain, while PKJ-2 treated with IBA did the shortest one that was

statistically similar to PKJ-1 for same auxin. Two-way interaction between the auxins and

their concentrations was found statistically non-significant (Table 19). However, the

interaction between the jojoba strains and the auxin concentrations was significant

(Table 20). The maximum length of primary shoots was produced by the cuttings of PKJ-3 at

the highest concentration of auxins, which differed significantly from all other treatment

combinations. The minimum length of primary shoots was obtained by untreated cuttings

(control) of PKJ-2, which stood at par with untreated cuttings of PKJ-5 and PKJ-1. Three

way interactions among the three factors remained statistically non-significant (Table 21).

D. Diameter of primary shoot: The data recorded on the diameter of primary shoots
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Table 18: Length of primary shoot (cm) of cuttings as affected by jojoba strains and

auxins

Auxins Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 4.83hi* 4.58i 8.68a 7.00cd 5.27gh 7.73b 6.35b

IAA 5.82ef 5.05h 8.32a 6.78d 6.10e 7.42bc 6.58a

NAA 5.60fg 5.58fg 7.75b 6.73d 5.63fg 7.12cd 6.40b

Average 5.42e 5.07f 8.25a 6.84c 5.67d 7.42b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 19: Length of primary shoot (cm) of cuttings as affected by auxins and their

concentrations

Auxins Concentrations (mg l-1)

0 1250 2500 5000 10000 Average

IBA 5.14a* 5.68a 6.22a 6.92a 7.79a 6.35b

IAA 5.11a 5.74a 6.46a 7.28a 8.32a 6.58a

NAA 4.69a 5.61a 6.31a 7.18a 8.22a 6.40b

Average 4.98e 5.67d 6.33c 7.13b 8.11a

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 20: Length of primary shoot (cm) of cuttings as affected by jojoba strains and

auxin concentrations

Auxin

Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

0 4.28pq* 3.80q 6.61fg 5.44klm 3.86q 5.89ijk 4.98e

1250 4.83nop 4.44op 7.25ef 5.97hijk 4.97mno 6.58gh 5.67d

2500 5.44klm 5.17lmn 7.86cd 6.75fg 5.56klm 7.19ef 6.33c

5000 5.92ijk 5.75jkl 9.00b 7.61de 6.42ghi 8.06cd 7.13b

10000 6.61fg 6.19ghij 10.53a 8.42c 7.53de 9.39b 8.11a

Average 5.42e 5.07f 8.25a 6.84c 5.67d 7.42b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 21: Length of primary shoot (cm) of cuttings as affected by jojoba strains, auxins

and their concentrations (interaction)

Auxins Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 0 4.00a* 3.67a 7.00a 5.83a 3.83a 6.50a 5.14a

1250 4.42a 4.08a 7.58a 6.50a 4.58a 6.92a 5.68a

2500 4.92a 4.58a 8.08a 7.08a 5.08a 7.58a 6.22a

5000 5.08a 5.08a 9.67a 7.33a 6.08a 8.25a 6.92a

10000 5.75a 5.50a 11.00a 8.25a 6.75a 9.42a 7.79a

IAA 0 5.00a 4.08a 6.58a 5.17a 4.25a 5.58a 5.11a

1250 5.25a 4.33a 7.08a 5.67a 5.58a 6.50a 5.74a

2500 5.83a 5.33a 7.92a 6.50a 6.00a 7.17a 6.46a

5000 6.25a 5.58a 8.92a 7.92a 6.83a 8.17a 7.28a

10000 6.75a 5.92a 11.08a 8.67a 7.83a 9.67a 8.32a

NAA 0 3.83a 3.67a 6.25a 5.33a 3.50a 5.58a 4.69a

1250 4.83a 4.92a 7.08a 5.75a 4.75a 6.33a 5.61a

2500 5.58a 5.58a 7.58a 6.67a 5.58a 6.83a 6.31a

5000 6.42a 6.58a 8.42a 7.58a 6.33a 7.75a 7.18a

10000 7.33a 7.17a 9.42a 8.33a 8.00a 9.08a 8.22a

Average 5.42e 5.07f 8.25a 6.84c 5.67d 7.42b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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exhibited that the cuttings of PKJ-3 significantly attained the maximum diameter of primary

shoots, while those of PKJ-2 did the minimum one. Behaviour of all the strains was

statistically different from each other except that of PKJ-5 and PKJ-1. These two strains were

statistically similar for the parameter (Table 22). The diameter of primary shoots of the

cuttings was greater under the influence of IAA; it was statistically similar to the effect of

NAA but different from that of IBA (Table 22 and 23). The concentrations of auxins

significantly affected the parameter under study (Table 24). The highest concentration of

auxins increased the diameter of primary shoots to the maximum, while the control did it to

the minimum one.

The interaction between the jojoba strains and the auxins was significant (Table 22). The

primary shoots with maximum diameter were produced by the cuttings of PKJ-3 under the

effect of IAA which were at par with those of IBA by the same strain, while the primary

shoots with minimum diameter were produced by the cuttings of PKJ-2 treated with IBA

which were statistically similar to those of PKJ-1 under the effect of same auxin.

Two-way interaction between the auxins and their concentration (Table 23) and between the

jojoba strains and the auxin concentrations (Table 24) was non-significant. Three way

interactions among the three factors also remained statistically non-significant (Table 25).

E. Number of leaves per cutting: The data procured on the number of leaves per cutting

revealed that the cuttings of PKJ-3 significantly attained the maximum number of leaves per

cutting, while those of PKJ-2 did the minimum one. All the jojoba strains tested were
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Table 22: Diameter of primary shoot (mm) of cuttings as affected by jojoba strains and

auxins

Auxins Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 1.35j* 1.33j 1.98a 1.68ef 1.46i 1.82bc 1.60b

IAA 1.58gh 1.47i 1.99a 1.65efg 1.62fgh 1.88b 1.70a

NAA 1.61fgh 1.55h 1.85b 1.72de 1.56h 1.77cd 1.68a

Average 1.51d 1.45e 1.94a 1.68c 1.55d 1.82b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 23: Diameter of primary shoot (mm) of cuttings as affected by auxins and their

concentrations

Auxins Concentrations (mg l-1)

0 1250 2500 5000 10000 Average

IBA 1.46a* 1.52a 1.60a 1.66a 1.77a 1.60b

IAA 1.49a 1.57a 1.69a 1.81a 1.94a 1.70a

NAA 1.44a 1.57a 1.67a 1.79a 1.92a 1.68a

Average 1.46e 1.55d 1.65c 1.75b 1.88a

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 24: Diameter of primary shoot (mm) of cuttings as affected by jojoba strains and

auxin concentrations

Auxin

Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

0 1.37a* 1.25a 1.74a 1.48a 1.36a 1.59a 1.46e

1250 1.41a 1.36a 1.81a 1.55a 1.47a 1.74a 1.55d

2500 1.52a 1.47a 1.92a 1.68a 1.53a 1.80a 1.65c

5000 1.58a 1.54a 2.05a 1.80a 1.62a 1.91a 1.75b

10000 1.69a 1.65a 2.20a 1.91a 1.76a 2.07a 1.88a

Average 1.51d 1.45e 1.94a 1.68c 1.55d 1.82b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 25: Diameter of primary shoot (mm) of cuttings as affected by jojoba strains,

auxins and their concentrations (interaction)

Auxins Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 0 1.29a* 1.18a 1.73a 1.48a 1.39a 1.71a 1.46a

1250 1.29a 1.32a 1.82a 1.05a 1.41a 1.73a 1.52a

2500 1.36a 1.34a 1.94a 1.71a 1.48a 1.78a 1.60a

5000 1.33a 1.36a 2.14a 1.78a 1.48a 1.85a 1.66a

10000 1.47a 1.48a 2.26a 1.88a 1.55a 2.02a 1.77a

IAA 0 1.45a 1.26a 1.83a 1.44a 1.38a 1.56a 1.49a

1250 1.44a 1.29a 1.85a 1.48a 1.56a 1.80a 1.57a

2500 1.57a 1.56a 1.96a 1.63a 1.59a 1.82a 1.69a

5000 1.66a 1.58a 2.05a 1.78a 1.75a 2.01a 1.81a

10000 1.76a 1.66a 2.28 1.92a 1.84a 2.20a 1.94a

NAA 0 1.36a 1.32a 1.65a 1.51a 1.31a 1.51a 1.44a

1250 1.49a 1.47a 1.75a 1.59a 1.45a 1.68a 1.57a

2500 1.61a 1.50a 1.87a 1.72a 1.53a 1.78a 1.67a

5000 1.74a 1.69a 1.95a 1.85a 1.62a 1.87a 1.79a

10000 1.85a 1.79a 2.05a 1.93a 1.88a 2.00a 1.92a

Average 1.51d 1.45e 1.94a 1.68c 1.55d 1.82b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 26: Number of leaves per cutting as affected by jojoba strains and auxins

Auxins Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 5.87e* 5.20f 10.27a 8.13c 6.20e 9.77a 7.57a

IAA 7.03d 5.87e 9.87a 8.27c 7.17d 8.63bc 7.80a

NAA 6.40e 6.40e 9.07b 7.53d 6.20e 8.27c 7.31b

Average 6.43d 5.82e 9.73a 7.98c 6.52d 8.89b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 27: Number of leaves per cutting as affected by auxins and their concentrations

Auxins Concentrations (mg l-1)

0 1250 2500 5000 10000 Average

IBA 5.83a* 6.44a 7.39a 8.36a 9.83a 7.57a

IAA 5.83a 6.56a 7.69a 8.64a 10.31a 7.80a

NAA 5.28a 6.22a 6.94a 8.17a 9.94a 7.31b

Average 5.65e 6.41d 7.34c 8.39b 10.03a

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 28: Number of leaves per cutting as affected by jojoba strains and auxin

concentrations

Auxin

Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

0 4.78op* 4.22p 7.56gh 6.11jklm 4.33p 6.89hij 5.65e

1250 5.33mno 5.00nop 8.00fg 6.89hij 5.56lmno 7.67gh 6.41d

2500 6.28jkl 5.78klmn 9.11de 8.00fg 6.33jkl 8.56ef 7.34c

5000 7.22ghi 6.56ijk 10.56c 8.89e 7.28ghi 9.83cd 8.39b

10000 8.56ef 7.56gh 13.44a 10.00c 9.11de 11.50b 10.03a

Average 6.43d 5.82e 9.73a 7.98c 6.52d 8.89b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 29: Number of leaves per cutting as affected by jojoba strains, auxins and their

concentrations (interaction)

Auxins Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 0 4.33a* 4.00a 7.67a 6.67a 4.33a 8.00a 5.83a

1250 4.67a 4.67a 8.33a 7.33a 5.00a 8.67a 6.44a

2500 6.00a 5.00a 9.67a 8.33a 5.67a 9.67a 7.39a

5000 6.67a 5.67a 11.33a 8.67a 7.00a 10.83a 8.36a

10000 7.67a 6.67a 14.33a 9.67a 9.00a 11.67a 9.83a

IAA 0 5.67a 4.33a 7.67a 6.00a 5.00a 6.33a 5.83a

1250 6.00a 5.00a 8.00a 7.00a 6.33a 7.00a 6.56a

2500 6.83a 6.33a 9.33a 8.33a 7.00a 8.33a 7.69a

5000 7.67a 6.33a 10.67a 9.67a 7.83a 9.67a 8.64a

10000 9.00a 7.33a 13.67a 10.33a 9.67a 11.83a 10.31a

NAA 0 4.33a 4.33a 7.33a 5.67a 3.67a 6.33a 5.28a

1250 5.33a 5.33a 7.67a 6.33a 5.33a 7.33a 6.22a

2500 6.00a 6.00a 8.33a 7.33a 6.33a 7.67a 6.94a

5000 7.33a 7.67a 9.67a 8.33a 7.00a 9.00a 8.17a

10000 9.00a 8.67a 12.33a 10.00a 8.67a 11.00a 9.94a

Average 6.43d 5.82e 9.73a 7.98c 6.52d 8.89b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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statistically different from each other except PKJ-1 and PKJ-5, which behaved statistically

alike (Table 26). The cuttings in response to IAA had the maximum number of leaves per

cutting that shared similarity with IBA, but both these auxins differed significantly from

NAA, which resulted in minimum number of leaves per cutting (Table 26 and 27). The

highest concentration significantly increased the number of leaves, while the control carries

the minimum one. All the auxin concentrations differed significantly from each other in their

effect. As the concentration was increased, leaf number per cutting was also increased (Table

27). The strains significantly responded to the auxins (Table 26). The strain PKJ-3 gained the

maximum number of leaves per cutting in response to IBA and remained statistically at par

with IAA and PKJ-6 under the influence of IBA. While, the strain PKJ-2 gained the

minimum number of leaves per cutting under the effect of IBA, differing significantly from

all other combinations. The interaction between the auxins and their concentrations was non-

significant (Table 27). The interaction between the strains and the auxin concentrations also

affected the parameter significantly (Table 28). The strain PKJ-3 had the maximum number

of leaves per cutting at the highest concentration of auxins (10000 mg l -1), while the strain

PKJ-2 had the minimum number of leaves per cutting at control (0 mg l -1), and it remained

statistically similar to PKJ-5 & PKJ-1 at control i.e., without any auxin treatment. Three way

interactions among the three factors remained statistically non-significant (Table 29).

F. Number of days to root: Although IBA @ 1250 mg l-1 proved effective, but the same level

of IAA or NAA was not effective to cause rooting of cuttings. As untreated cuttings and

those treated with IAA or NAA at the concentrations of 1250 mg 1-1 did not root at all even

after six months of planting, the said treatments along with the treatment of IBA @ 1250
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Table 30: Number of days to root of cuttings as affected by jojoba strains and auxins

Auxins Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 90.36f* 116.68bcd 69.82h 90.16f 104.23e 82.22g 91.00b

IAA 119.67bc 136.77a 90.36f 121.06b 129.42a 112.20cd 117.22a

NAA 113.76bcd 133.66a 103.51e 119.40bc 129.72a 110.15de 118.03a

Average 107.15c 128.53a 86.70e 109.14c 120.50b 100.46d

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 31: Number of days to root of cuttings as affected by auxins and their

concentrations

Auxins Concentrations (mg l-1)

2500 5000 10000 Average

IBA 112.20cd* 90.78f 73.96g 91.00b

IAA 128.53a 118.85b 105.68e 117.22a

NAA 133.05a 115.08bc 107.15de 118.03a

Average 124.17a 107.47b 94.25c

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 32: Number of days to root of cuttings as affected by jojoba strains and auxin

concentrations

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Auxin

Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

2500 124.17a* 144.88a 103.75a 125.60a 133.97a 116.95a 124.17a

5000 106.66a 127.64a 85.90a 108.14a 120.78a 100.69a 107.47b

10000 92.68a 115.08a 73.28a 95.94a 108.14a 86.50a 94.25c

Average 107.15c 128.53a 86.70e 109.14c 120.50b 100.46d
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Table 33: Number of days to root of cuttings as affected by jojoba strains, auxins and

their concentrations (interaction)

Auxins Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 2500 109.40a* 135.52a 94.62a 110.66a 119.40a 107.40a 113.08b

5000 89.33a 119.67a 68.23a 87.90a 106.66a 82.22a 92.83c

10000 75.68a 97.72a 52.60a 75.51a 88.92a 63.10a 76.03d

IAA 2500 133.05a 152.40a 102.33a 132.13a 139.32a 118.58a 132.94a

5000 120.50a 138.36a 89.13a 124.17a 132.13a 115.08a 120.36ab

10000 106.41a 121.06a 81.85a 108.39a 118.03a 103.28a 106.81b

NAA 2500 131.83a 147.57a 116.68a 135.52a 144.21a 125.31a 133.00a

5000 112.98a 125.89a 104.00a 116.14a 125.31a 108.14a 114.22b

10000 99.08a 129.12a 91.41a 107.89a 120.23a 99.08a 109.53b

Average 107.15c 128.53a 86.70e 109.14c 120.50b 100.46d

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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mg l-1, were excluded from statistical analysis for convenience in data presentation.

This parameter under study was significantly affected by the strains, the auxins and their

concentrations (Table 30 and 31). The cuttings from PKJ-3 strain rooted the earliest of all,

while those from PKJ-2 strain rooted the last. The cuttings treated with IBA rooted earlier

than those treated with the other two auxins which were almost similar in effect. The highest

concentration (10000 mg l-1) of auxins resulted in reduced time for rooting compared to the

other effective concentrations of auxins.

Two-way interaction between the jojoba strains and the auxins was found significant (Table

30). The cuttings of PKJ-3 treated with IBA took the minimum time to root, while those of

PKJ-2 took the maximum time to root in response to IAA and NAA, and stood at par with

those of PKJ-5 for same auxins (IAA and NAA).

The interaction between auxins and their concentration was also statistically significant

(Table 31). The cuttings treated with the highest concentration (10000 mg l-1) of IBA took

the minimum time to root, while the cuttings treated with NAA @ 2500 mg l-1 took the

maximum time to root and were similar in effect with IAA @ 2500 mg l -1.

Two-way interaction between strains and concentration was non-significant (Table 32).

Three way interactions among the three factors (jojoba strains, the auxins and their

concentrations) also remained statistically non-significant (Table 33).
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Table 34: Rooting percentage of cuttings as affected by jojoba strains and auxins

Auxins Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 42.31cd* 35.59ef 57.02a 41.67cd 40.97cd 50.32b 44.64a

IAA 38.92de 35.65ef 48.27b 42.31cd 39.04de 43.59c 41.30b

NAA 35.59ef 30.78g 42.95cd 35.00ef 33.60fg 40.32cd 36.37c

Average 38.94c 34.00d 49.41a 39.66c 37.87c 44.74b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 35: Rooting percentage of cuttings as affected by auxins and their concentrations

Auxins Concentrations (mg l-1)

2500 5000 10000 Average

IBA 36.58e* 44.04cd 53.32a 44.64a

IAA 35.23e 42.02d 46.63bc 41.30b

NAA 31.10f 35.94e 42.08d 36.37c

Average 34.31c 40.67b 47.34a

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 36: Rooting percentage of cuttings as affected by jojoba strains and auxin

concentrations

Auxin

Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

2500 30.78a* 28.67a 42.31a 33.54a 32.19a 38.34a 34.31c

5000 38.40a 32.90a 49.68a 39.75a 37.70a 45.58a 40.67b

10000 47.63a 40.45a 56.25a 45.70a 43.72a 50.32a 47.34a

Average 38.94c 34.00d 49.41a 39.66c 37.87c 44.74b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 37: Rooting percentage of cuttings as affected by jojoba strains, auxins and their

concentrations (interaction)

Auxins Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 2500 32.90a* 28.67a 46.92a 32.90a 35.01a 43.08a 36.58e

5000 41.15a 35.01a 57.11a 41.15a 39.04a 50.77a 44.04cd

10000 52.88a 43.08a 67.03a 50.96a 48.85a 57.11a 53.32a

IAA 2500 30.78a 30.78a 43.08a 36.93a 32.90a 36.93a 35.23e

5000 39.04a 35.01a 48.85a 43.08a 41.15a 45.00a 42.02d

10000 46.92a 41.15a 52.88a 46.92a 43.08a 48.85a 46.63bc

NAA 2500 28.67a 26.56a 36.93a 30.78a 28.67a 35.04a 31.10f

5000 35.01a 28.67a 43.08a 35.01a 32.90a 40.97a 35.94e

10000 43.08a 37.00a 48.85a 39.23a 39.23a 45.00a 42.08d

Average 38.94c 34.00d 49.41a 39.66c 37.87c 44.74b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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G. Rooting percentage: The data on rooting percentage of cuttings revealed that the cuttings

of PKJ-3 with the highest rooting percentage excelled the other strains; while those of PKJ-2

resulted in the minimum rooting percentage (Table 34). All the three auxins differed

significantly from each other (Table 34 and 35). IBA led with the highest percentage of

rooting, followed by IAA. The minimum rooting percentage was recorded in the cuttings

treated with NAA. The rooting percentage of cuttings increased significantly with the

increase in concentration level of auxins. The highest rooting percentage was obtained from

the highest concentration (10000 mg l-1) and the lowest one by the concentration (2500 mg

l-1) of auxins (Table 35).

Two-way interaction between the jojoba strains and the auxins was significant. The cuttings

of PKJ-3 rooted to the maximum in response to IBA, while those of PKJ-2 rooted to the

minimum in response to NAA and were statistically similar to those of PKJ-5 for the same

auxin (Table 34).

The interactions between the auxins and their concentrations significantly affected the

rooting percentage of the cuttings. The highest concentrations of IBA caused the maximum

cuttings to root, while NAA @ 2500 mg l-1 caused the minimum cuttings to root (Table 35).

The interaction between the strains and the concentrations of auxins was non-significant

(Table 36). The interaction among the three factors was also found statistically non-

significant (Table 37).

H. Number of roots per cutting: The data procured on the number of roots per cutting
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Table 38: Number of roots per cutting as affected by jojoba strains and auxins

Auxins Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 29.44de* 27.83e 44.94a 33.33c 32.39cd 38.33b 34.38a

IAA 16.28gh 11.56ij 23.33f 18.44g 15.44gh 21.28f 17.72b

NAA 14.67hi 8.94j 18.50g 14.33hi 11.50ij 16.61gh 14.09c

Average 20.13d 16.11e 28.93a 22.04c 19.78d 25.41b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 39: Number of roots per cutting as affected by auxins and their concentrations

Auxins Concentrations (mg l-1)

2500 5000 10000 Average

IBA 27.14c* 34.75b 41.25a 34.38a

IAA 12.03g 17.36e 23.69d 17.72b

NAA 9.36h 14.36f 18.56e 14.09c

Average 16.18c 22.19b 27.83a

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 40: Number of roots per cutting as affected by jojoba strains and auxin

concentrations

Auxin

Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

2500 14.72a* 11.39a 21.17a 16.11a 14.78a 18.89a 16.18c

5000 19.89a 15.78a 29.22a 22.33a 19.61a 26.28a 22.19b

10000 25.78a 21.17a 36.39a 27.67a 24.94a 31.06a 27.83a

Average 20.13d 16.11e 28.93a 22.04c 19.78d 25.41b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 41: Number of roots per cutting as affected by jojoba strains, auxins and their

concentrations (interaction)

Auxins Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 2500 24.00a* 21.33a 33.83a 26.83a 26.83a 30.00a 27.14c

5000 28.67a 26.67a 46.67a 33.67a 32.50a 40.33a 34.75b

10000 35.67a 35.50a 54.33a 39.50a 37.83a 44.67a 41.25a

IAA 2500 11.00a 8.00a 16.33a 12.00a 10.17a 14.67a 12.03g

5000 16.67a 11.00a 22.17a 19.33a 13.83a 21.67a 17.36e

10000 21.17a 15.67a 31.50a 24.00a 22.33a 27.50a 23.69d

NAA 2500 9.17a 4.83a 13.33a 9.50a 7.33a 12.00a 9.36h

5000 14.33a 9.67a 18.83a 14.00a 12.50a 16.83a 14.36f

10000 20.50a 12.33a 23.33a 19.50a 14.67a 21.00a 18.56e

Average 20.13d 16.11e 28.93a 22.04c 19.78d 25.41b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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revealed that the cuttings of PKJ-3 significantly developed the maximum number of roots per

cutting, while those of PKJ-2 did the minimum one. For the parameters under study, all the

strains differed significantly from each other except PKJ-1 and PKJ-5, which were

statistically similar (Table 38). The effect of auxins on the parameter was also found

significant (Table 39). The cuttings in response to IBA had the maximum number of roots

per cutting, followed by that of IAA, while the minimum number of roots per cutting was

developed under the effect of NAA. The auxin concentration also had significant effect on

the development of roots on the cuttings (Table 40). The highest concentration of auxins

significantly increased the number of roots to the maximum, while the minimum number of

roots was recorded at 2500 mg l-1 concentration of auxins. The strains significantly

responded to the auxins (Table 38). The strain PKJ-3 gained the maximum number of roots

per cutting in response to IBA, followed by PKJ-6 in response to the same auxin. However,

both the treatment combinations were statistically different. The strain PKJ-2 gained the

minimum number of roots per cutting under the effect of NAA and it was statistically at par

with that of PKJ-5 for same auxin and that of PKJ-2 under the influence of IAA.

The interaction between the auxins and their concentrations was also significant (Table 39).

The maximum number of roots per cutting was caused by the highest concentration of IBA,

while the minimum one was caused by 2500 mg l-1 NAA.

The interaction between the strains and the auxin concentrations remained non-significant for

the parameter (Table 40). Three-way interaction among the three factors was also found

statistically non-significant (Table 41).
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Table 42: Length of primary root (cm) of cuttings as affected by jojoba strains and

auxins

Auxins Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 6.88c* 5.68e 8.70a 8.01b 6.29d 7. 76b 7.20a

IAA 5.00fgh 4.17ij 6.84c 5.67e 4.62gh 6.23d 5.42b

NAA 5.47e 4.56hi 6.10d 5.03fg 4.03j 5.41ef 5.10c

Average 5.79c 4.80d 7.22a 6.24b 4.98d 6.46b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 43: Length of primary root (cm) of cuttings as affected by auxins and their

concentrations

Auxins Concentrations (mg l-1)

2500 5000 10000 Average

IBA 6.16a* 7.35a 8.15a 7.20a

IAA 4.47a 5.52a 5.28a 5.42b

NAA 4.00a 5.11a 6.20a 5.10c

Average 4.87c 6.00b 6.88a

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 44: Length of primary root (cm) of cuttings as affected by jojoba strains and

auxin concentrations

Auxin

Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

2500 4.70a* 3.95a 6.06a 5.29a 3.96a 5.26a 4.87c

5000 5.78a 4.78a 7.40a 6.27a 5.14a 6.59a 6.00b

10000 6.88a 5.67a 8.19a 7.14a 5.84a 7.54a 6.88a

Average 5.79c 4.80d 7.22a 6.24b 4.98d 6.46b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 45: Length of primary root (cm) of cuttings as affected by jojoba strains, auxins

and their concentrations (interaction)

Auxins Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 2500 6.02a* 5.08a 7.20a 6.92a 5.45a 6.32a 6.15c

5000 6.83a 5.58a 9.13a 8.27a 6.42a 7.87a 7.34b

10000 7.80a 6.38a 9.80a 8.85a 7.02a 9.08a 8.16a

IAA 2500 4.03a 3.22a 5.82a 4.93a 3.45a 5.35a 4.64e

5000 5.25a 4.08a 6.93a 5.63a 4.77a 6.43a 5.43d

10000 5.73a 5.22a 7.77a 6.43a 5.63a 6.90a 6.28c

NAA 2500 4.05a 3.58a 5.17a 4.03a 2.98a 4.12a 4.04f

5000 5.25a 4.68a 6.13a 4.90a 4.25a 5.47a 5.02de

10000 7.12a 5.40a 7.00a 6.15a 4.87a 6.65a 5.98c

Average 5.79c 4.80d 7.22a 6.24b 4.98d 6.46b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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I. Length of primary root: The data procured on the length of primary roots indicated that

the cuttings of PKJ-3 significantly attained the maximum length of primary roots, while those

of PKJ-2 did the minimum one and stood at par with those of PKJ-5 (Table 42). The cuttings

in response to IBA had significantly more length of primary roots, followed by those treated

with IAA. While, cuttings treated with NAA had shortest primary roots. All the three auxins

differed statistically from each other (Table 43). The effect of concentrations of auxins on

length of primary roots was also significant. The maximum length of primary roots was

attained at the highest concentration of auxins, while the minimum one was attained at the

concentration of 2500 mg l-1 (Table 43 and 44).

The interaction between the jojoba strains and the auxins was significant (Table 42). The

cuttings of PKJ-3 treated with IBA attained the longest roots, followed by those of PKJ-4 and

PKJ-6 treated with the same auxin. The latter two treatment combinations were statistically

alike. The cuttings of PKJ-5 treated with NAA attained the shortest roots which were

statistically similar to those of PKJ-2 treated with IAA. Two-way interaction between the

auxins and their concentrations and between the strains and auxin concentrations remained

statistically non-significant (Table 43 and 44). Three way interactions among the three

factors also remained statistically non-significant (Table 45).

J. Diameter of primary root: The data recorded on the diameter of primary root exhibited

that the primary roots produced on cuttings of PKJ-3 significantly attained the maximum

diameter, while those on cuttings of PKJ-2 did the minimum one and stood statistically at par

with those of PKJ-5 (Table 46). All the three auxins differed significantly from each other in
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Table 46: Diameter of primary root (mm) of cuttings as affected by jojoba strains and

auxins

Auxins Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 0.88c* 0.65ef 1.16a 0.92bc 0.70e 0.95b 0.87a

IAA 0.55ghi 0.46jk 0.76d 0.59fg 0.51hij 0.70e 0.60b

NAA 0.60fg 0.49ijk 0.68e 0.57gh 0.44k 0.58g 0.56c

Average 0.67c 0.53d 0.87a 0.69c 0.55d 0.74b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 47: Diameter of primary root (mm) of cuttings as affected by auxins and their

concentrations

Auxins Concentrations (mg l-1)

2500 5000 10000 Average

IBA 0.71c* 0.89b 1.02a 0.87a

IAA 0.49e 0.60d 0.70c 0.60b

NAA 0.43f 0.56d 0.68c 0.56c

Average 0.54c 0.68b 0.80a

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).



106

Table 48: Diameter of primary root (mm) of cuttings as affected by jojoba strains and

auxin concentrations

Auxin

Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

2500 0.55ij* 0.43k 0.68fg 0.56ij 0.44k 0.61hi 0.54c

5000 0.69efg 0.54j 0.88b 0.70ef 0.56ij 0.75de 0.68b

10000 0.79cd 0.63gh 1.03a 0.83bc 0.65fgh 0.87b 0.80a

Average 0.67c 0.53d 0.87a 0.69c 0.55d 0.74b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 49: Diameter of primary root (mm) of cuttings as affected by jojoba strains,

auxins and their concentrations (interaction)

Auxins Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 2500 0.76a* 0.54a 0.89a 0.74a 0.58a 0.78a 0.71c

5000 0.92a 0.65a 1.18a 0.92a 0.71a 0.95a 0.89b

10000 0.98a 0.76a 1.40a 1.09a 0.80a 1.13a 1.02a

IAA 2500 0.44a 0.37a 0.63a 0.49a 0.40a 0.60a 0.49e

5000 0.56a 0.46a 0.78a 0.58a 0.51a 0.72a 0.60d

10000 0.64a 0.56a 0.88a 0.71a 0.61a 0.78a 0.70c

NAA 2500 0.44a 0.39a 0.53a 0.45a 0.34a 0.44a 0.43f

5000 0.59a 0.51a 0.68a 0.57a 0.45a 0.58a 0.56d

10000 0.76a 0.56a 0.82a 0.70a 0.53a 0.72a 0.68c

Average 0.67c 0.53d 0.87a 0.69c 0.55d 0.74b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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their response. The diameter of primary roots of the cuttings was greater under the influence

of IBA, followed by the effect of IAA (Table 47). The concentrations of auxins significantly

affected the diameter of primary roots. The highest concentration of auxins resulted in the

maximum diameter of primary roots, while the 2500 mg l-1 concentration of auxins resulted

in the minimum one (Table 48).

The interaction between the jojoba strains and the auxins had significant effect on the

diameter of primary roots (Table 46). The primary roots of maximum diameter were

produced on the cuttings of PKJ-3 under the effect of IBA, followed by on those of PKJ-6

treated with the same auxin. However, both the treatment combinations were statistically

different. The primary roots with minimum diameter were produced on the cuttings of PKJ-5

in response to NAA, which were statistically similar with those of PKJ-2 in response to IAA

and NAA.

Two-way interaction between the auxins and their concentration was statistically significant

(Table 47). The cuttings in response to the highest concentration of IBA produced the

primary roots with the maximum diameter, while the cuttings in response to 2500 mg l-1

NAA produced the primary roots with the minimum one.

The two way interaction between the jojoba strains and auxin concentrations was also

significant (Table 48). The maximum diameter of primary roots was attained by the cuttings

of PKJ-3 at the highest concentration of auxins, while the minimum diameter of primary

roots was attained by those of PKJ-2 at 2500 mg l-1 that was at par with those of PKJ-5 at
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Table 50: Survival percentage of cuttings as affected by jojoba strains and auxins

Auxins Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 37.70a* 32.83a 48.97a 38.34a 37.00a 44.94a 39.96a

IAA 37.00a 31.70a 46.28a 40.39a 34.30a 41.73a 38.57a

NAA 32.90a 26.28a 41.73a 31.70a 28.88a 39.04a 33.42b

Average 35.86c 30.27e 45.66a 36.81c 33.39d 41.90b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 51: Survival percentage of cuttings as affected by auxins and their concentrations

Auxins Concentrations (mg l-1)

2500 5000 10000 Average

IBA 33.86a* 40.03a 46.00a 39.96a

IAA 33.61a 38.69a 43.40a 38.57a

NAA 27.68a 34.56a 38.02a 33.42b

Average 31.72c 37.76b 42.47a

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 52: Survival percentage of cuttings as affected by jojoba strains and auxin

concentrations

Auxin

Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

2500 30.08a* 24.37a 41.09a 30.29a 27.47a 37.00a 31.72c

5000 35.71a 30.08a 46.28a 37.76a 34.30a 42.43a 37.76b

10000 41.79a 36.35a 49.61a 42.37a 38.40a 46.28a 42.47a

Average 35.86c 30.27e 45.66a 36.81c 33.39d 41.90b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 53: Survival percentage of cuttings as affected by jojoba strains, auxins and their

concentrations (interaction)

Auxins Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 2500 30.78a* 28.67a 43.08a 30.78a 30.78a 39.04a 33.86a

5000 39.23a 30.78a 48.85a 39.23a 37.12a 45.00a 40.03a

10000 43.08a 39.04a 55.00a 45.00a 43.08a 50.77a 46.00a

IAA 2500 30.78a 25.08a 43.08a 35.01a 28.67a 39.04a 33.61a

5000 37.12a 30.78a 46.92a 41.15a 35.00a 41.15a 38.69a

10000 43.08a 39.23a 48.85a 45.00a 39.23a 45.00a 43.40a

NAA 2500 28.67a 19.37a 37.12a 25.08a 22.97a 32.89a 27.68a

5000 30.78a 28.67a 43.08a 32.90a 30.78a 41.15a 34.56a

10000 39.23a 30.78a 45.00a 37.12a 32.89a 43.08a 38.02a

Average 35.86c 30.27e 45.66a 36.81c 33.39d 41.90b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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same concentration. Three way interactions among the three factors remained statistically

non-significant (Table 49).

K. Survival percentage: The data recorded on the survival percentage of cuttings exhibited

significant differences among the strains (Table 50). The cuttings of PKJ-3 with the

maximum survival percentage led the other strains; while those of PKJ-2 trailed with the

minimum survival percentage. The auxin IBA performed better, followed by IAA, as the

cuttings treated with these two auxins survived to the maximum. Both the auxins were

statistically at par (Table 51). While, the cuttings treated with NAA survived to the

minimum. The concentrations of auxins had significant influence on the survival of cuttings.

The highest survival rate was recorded in the cuttings treated with the highest concentration

(10000 mg l-1) of auxins and the lowest survival rate was recorded in those cuttings treated at

2500 mg l-1 concentration of auxins. As the concentration of auxins was increased, survival

percentage of cuttings was enhanced (Table 51 and 52).

Two-way interaction between the strains and auxins (Table 50), between the auxins and their

concentrations (Table 51) and between the strains and auxin concentrations (Table 52)

remained statistically non-significant. The interaction among the three factors also remained

statistically non-significant (Table 53).

Conclusion: The cuttings from PKJ-3 were the most responsive of all the strains as they took

minimum time for sprouting and rooting, attained greater shoot and root growth, and resulted

in higher sprouting, rooting and survival percentages. IAA significantly promoted shoot
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growth, and IBA significantly enhanced the root growth and increased survival of the

cuttings. The highest level of each auxin was the most effective.

3.1.4 Behavior of rooted cuttings under various potting media after transplantation

The rooted cuttings of each strain were taken out from polyethylene sheet tunnel at the end of

March, 2003 and 2004, respectively; and were transplanted in different potting media

containing field soil, FYM, leaf mold and sewage sludge in various combinations. The

cuttings were allowed to grow for about six months till the end of September. The

experiment was repeated next year and two years data on survival percentage of cuttings,

number of shoots per cutting, length of primary shoot and number of leaves per primary

shoot were pooled and subjected to statistical analysis.

A. Survival percentage: The data revealed that the survival percentage of rooted cuttings was

significantly affected by potting media and the strains (Table 54). The combination of field

soil + FYM+ leaf mold gave the maximum survival percentage, followed by that of field soil

+ leaf mold and both were statistically at par. Field soil (control) resulted in the minimum

survival percentage which statistically stood at par with the combination of FYM + leaf mold

+ sewage sludge. As the strains are concerned, the cuttings of PKJ-3 survived the best,

followed by those of PKJ-6. However, both the strains were statistically different. The

cuttings of PKJ-2 survived the least. The interaction between the potting media and the

strains was found statistically non-significant (Table 54).

B. Number of shoots per cutting: The data exhibited that the potting media and the strains
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Table 54: Survival percentage of rooted cuttings as affected by jojoba strains and

different potting media

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

FS=Field soil, FYM=Farm yard manure, LM=Leaf mold and SS=Sewage sludge

Potting Media Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

Field soil (Control) 46.67a* 30.00a 54.17a 45.83a 31.67a 51.67a 43.33e

FS + FYM (1:1) 62.50a 45.83a 79.17a 62.50a 53.33a 74.17a 62.92c

FS + Leaf mold (1:1) 74.17a 53.33a 93.33a 79.17a 62.50a 87.50a 75.00ab

FS + Sewage slud. (1:1) 51.67a 38.33a 70.83a 58.33a 46.67a 60.00a 54.30d

FS +FYM+ LM (1:1:1) 75.83a 54.17a 99.17a 75.83a 64.17a 91.67a 76.80a

FS + FYM + SS (1:1:1) 62.50a 37.50a 76.67a 60.00a 54.17a 65.83a 59.44c

FS + LM + SS (1:1:1) 66.67a 52.50a 84.17a 73.33a 60.00a 85.00a 70.28b

FYM + LM+SS (1:1:1) 52.50a 32.50a 59.17a 51.67a 37.50a 54.17a 47.28e

Average 61.56c 43.02e 77.08a 63.33c 51.25d 71.25b
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affected the parameter significantly (Table 55). The maximum number of shoots was

obtained by the combination of field soil + FYM+ leaf mold, followed by that of field soil +

leaf mold + sewage sludge. However, both the potting media were statistically different. The

minimum number of shoots was obtained by field soil (control). As regard the strains, the

rooted cuttings of PKJ-3 produced the maximum number of shoots, followed by those of

PKJ-6. However, the latter strain differed significantly from the former one. The cuttings of

PKJ-2 gave the minimum number of shoots that was statistically at par with that of PKJ-5.

The interaction between the potting media and the strains was non-significant (Table 55).

C. Length of primary shoot: The parameter under study was significantly affected by the

potting media and the strains (Table 56). The maximum length of primary shoots was

attained by the combination of field soil + FYM+ leaf mold, followed by that of field soil +

leaf mold and that of field soil + leaf mold + sewage sludge. These three media were

statistically at par with each other for this parameter. The minimum length of primary shoots

was attained by field soil (control) which differed significantly from all the potting media

tested. Among strains, PKJ-3 attained the longest shoot, while PKJ-2 attained the shortest

shoot. The interaction between the potting media and the strains was found non-significant

for this parameter (Table 56).

D. Number of leaves per shoot: The data showed that the parameter under study was

significantly affected by the potting media and the strains (Table 57). The maximum number

of leaves was produced when the combination of field soil + FYM+ leaf mold was used as

potting medium, followed by when the combination of field soil + leaf mold was used, these
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Table 55: Number of shoots per cutting of rooted cuttings as affected by jojoba strains

and different potting media

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Potting Media Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

Field soil (Control) 2.58a* 2.33a 3.20a 2.58a 2.33a 3.00a 2.67e

FS + FYM (1:1) 2.89a 2.78a 3.45a 2.78a 2.70a 3.00a 2.93d

FS + Leaf mold (1:1 ) 3.17a 2.92a 3.75a 3.22a 2.83a 3.38a 3.21c

FS + Sewage slud. (1:1) 2.83a 2.58a 3.11a 2.78a 2.75a 3.03a 2.85d

FS +FYM+LM (1:1:1) 3.72a 3.17a 4.33a 3.61a 3.36a 4.10a 3.72a

FS +FYM+ SS (1:1:1) 3.33a 2.67a 3.72a 3.08a 2.75a 3.53a 3.18c

FS + LM + SS (1:1:1) 3.20a 2.86a 4.04a 3.78a 3.28a 3.83a 3.50b

FYM + LM +SS (1:1:1) 3.08a 2.33a 3.25a 3.00a 2.58a 3.00a 2.88d

Average 3.10c 2.71d 3.61a 3.10c 2.82d 3.36b
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Table 56: Length of primary shoot (cm) of rooted cuttings as affected by jojoba strains

and different potting media

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Potting Media Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

Field soil (Control) 5.33a* 4.45a 6.47a 5.18a 4.67a 5.98a 5.34c

FS + FYM (1:1) 6.21a 5.35a 7.63a 6.24a 5.52a 7.27a 6.37b

FS + Leaf Mold (1:1) 7.30a 5.79a 9.51a 7.53a 6.90a 8.67a 7.62a

FS + Sewage slud.(1:1) 6.30a 5.50a 8.61a 6.42a 5.64a 7.72a 6.70b

FS+ FYM + LM (1:1:1) 7.81a 5.92a 9.65a 6.99a 7.06a 8.79a 7.70a

FS + FYM + SS (1:1:1) 5.90a 5.51a 7.64a 6.34a 5.61a 7.53a 6.42b

FS + LM + SS (1:1:1) 7.24a 5.46a 9.42a 7.24a 6.39a 8.46a 7.37a

FYM + LM + SS (1:1:1) 6.25a 5.35a 8.12a 6.27a 5.47a 7.44a 6.48b

Average 6.54b 5.41d 8.38a 6.53b 5.90c 7.73b
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Table 57: Number of leaves per shoot of rooted cuttings as affected by jojoba strains

and different potting media

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Potting Media Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

Field soil (Control) 7.37a* 6.19a 9.33a 7.41a 6.69a 8.69a 7.61e

FS + FYM (1:1) 10.21a 7.45a 13.03a 10.69a 7.96a 11.52a 10.14c

FS + Leaf mold (1:1) 12.02a 8.59a 15.14a 11.87a 9.64a 13.46a 11.79b

FS+ Sewage slud. (1:1) 9.54a 7.26a 12.08a 9.76a 7.56a 10.78a 9.50cd

FS+FYM+LM (1:1:1) 12.40a 10.60a 15.67a 12.42a 10.48a 14.04a 12.60a

FS+FYM+SS (1:1:1) 9.49a 7.72a 12.67a 10.06a 7.57a 11.30a 9.77c

FS+LM + SS (1:1:1) 12.15a 8.45a 14.75a 11.98a 9.44a 13.42a 11.70b

FYM+LM+SS (1:1:1) 8.36a 6.45a 11.24a 9.25a 7.38a 10.48a 8.86d

Average 10.19c 7.81d 12.99a 10.43c 8.34d 11.71b
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two potting media differed significantly from each other. However, the latter stood

statistically at par with field soil + leaf mold + sewage sludge. The minimum number of

leaves was produced when rooted cuttings were transplanted in field soil (control). Regarding

the strains, the maximum number of leaves was produced in the rooted cuttings of PKJ-3,

followed by in those of PKJ-6. However, both the strains were statistically different. The

minimum number of leaves was produced in case of PKJ-2 that remained statistically at par

with that of PKJ-5. The interaction between the two factors was non-significant (Table 57).

Conclusion: The growth parameters were affected significantly by potting media and the

strains, but the interaction between these two factors was found statistically non-significant.

The combination of field soil + FYM + leaf mold gave the maximum survival, greater

number of shoots, and the highest shoot length with more number of leaves per shoot. The

minimum values of these parameters were recorded by field soil (control). As regard the

strains, the cuttings of PKJ-3 survived the best, produced maximum shoots, attained the

longest shoot and carried the greater number of leaves per shoot. The cuttings of PKJ-2 got

the minimum values for the same growth parameters. The study also indicated that the

combinations consisting of field soil and the material having organic matter in form of leaf

mold or FYM were better for good survival and growth of rooted cuttings than the media

consisting of field soil alone or the media containing only organic matter.

3.1.5 Transference of saplings to the field for establishment

The saplings, established after hardening of rooted cuttings from each strain, were planted

under field conditions in the months of October and March during 2003 - 2005. After six



120

months of each planting time, the data on survival percentage of saplings, plant height,

number of branches per sapling and number of leaves per branch were recorded. Two year

data were pooled and analyzed statistically.

A. Survival percentage of saplings: The pooled analysis of the data depicted that the survival

percentage was significantly affected by both the time of planting and the strains (Table 58).

The higher survival was recorded from October planting than that from March planting. As

the strains are concerned, PKJ-3 led the other strains with the maximum survival, followed

by PKJ-6. Both the strains behaved statistically alike. PKJ-2 trailed with minimum survival

and was statistically similar to that of PKJ-5. The interaction between the time of planting

and the strains was statistically non-significant.

B. Height of saplings: It is apparent from the data that the time of planting had significant

effect on the height of saplings (Table 59). Planting in October resulted in more height of

saplings than that in March. The plant height was also significantly affected by the strains.

The saplings of PKJ-3 grew faster than all other strains attaining the maximum height and

that of PKJ-2 did the slowest of all the strains resulting in the minimum height of saplings.

The interaction between the time of planting and the strains was statistically significant for

this parameter. The saplings of PKJ-3 attained the maximum plant height when planted in

October planting, while that of PKJ-2 did the minimum one from March planting and stood

statistically at par with that of PKJ-5 planted at the same time.

C. Number of branches per sapling: From pooled analysis of two years data, it is apparent
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Table 58: Survival percentage of saplings as affected by time of planting and jojoba

strains

Strains

Time of planting

October March Average

PKJ-1 45.83a* 41.67a 43.75c

PKJ-2 37.50a 29.17a 33.33d

PKJ-3 66.67a 58.33a 62.50a

PKJ-4 50.00a 41.67a 45.83bc

PKJ-5 45.83a 33.33a 39.58cd

PKJ-6 58.33a 50.00a 54.17ab

Average 50.69a 42.36b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 59: Height of sapling (cm) as affected by time of planting and jojoba strains

Strains

Time of planting

October March Average

PKJ-1 23.33c* 12.58g 17.96d

PKJ-2 14.29fg 8.58h 11.44f

PKJ-3 31.03a 20.00d 25.51a

PKJ-4 26.32b 13.42g 19.87c

PKJ-5 16.37e 9.58h 12.98e

PKJ-6 27.57b 15.96ef 21.76b

Average 23.15a 13.35b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 60: Number of branches per sapling as affected by time of planting and jojoba

strains

Strains

Time of planting

October March Average

PKJ-1 6.50a* 5.92a 6.21b

PKJ-2 5.33a 4.25a 4.79d

PKJ-3 7.86a 6.83a 7.35a

PKJ-4 7.42a 6.33a 6.87a

PKJ-5 5.50a 5.08a 5.29c

PKJ-6 7.75a 6.47a 7.11a

Average 6.73a 5.81b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 61: Number of leaves per branch of sapling as affected by time of planting and

jojoba strains

Strains

Time of planting

October March Average

PKJ-1 8.00a* 6.92a 7.46b

PKJ-2 6.17a 5.83a 6.00c

PKJ-3 8.67a 7.95a 8.31a

PKJ-4 7.89a 7.17a 7.53b

PKJ-5 6.83a 6.33a 6.58c

PKJ-6 8.39a 7.53a 7.96ab

Average 7.66a 6.95b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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that the effect of both the time of planting and the strains was statistically significant on the

parameter under study (Table 60). The saplings planted in October produced more number of

branches than that of planted in March. As for as the strains are concerned, the saplings of

PKJ-3 strain produced maximum number of branches and stood statistically at par with those

of PKJ-6 and PKJ-4. While, the saplings of PKJ-2 produced minimum number of branches

among the strains studied. The interaction between the two factors remained non-significant.

D. Number of leaves per branch: The results presented in Table 61 exhibited significant

difference in time of planing for the factor under study. As plant height and number of

branches increased in October planting, it also resulted in enhanced number of leaves per

branch over March planting. The strains also differed significantly for number of leaves per

branch. The branches of PKJ-3 had the maximum number of leaves per branch and behaved

statistically alike with those of PKJ-6. Minimum number of leaves per branch was borne on

the branches of PKJ-2 and it remained statistically at par with that of PKJ-5. The interaction

between the two factors was found non-significant.

Conclusion: The planting of saplings in October remained better than that of March. The

October planting resulted in more survival, plant height, number of branches and number of

leaves per branch than that of March planting. As regards the strains, PKJ-3 led the other

strains as it survived the best, attained the maximum plant height, number of branches and

number of leaves per branch. The interaction between time of planting and strains was non-

significant for all parameters except plant height. The saplings of PKJ-3 planted in October,

attained the maximum plant height.
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3.2 Propagation via in vitro techniques

Attempts were made to propagate six promising strains of jojoba i.e. PKJ-1 to PKJ-6 via

tissue culture techniques starting from shoot initiation to complete plantlets. The stages

includes shoot initiation, shoot multiplication, root initiation using different cytokinins and

auxins at various concentrations, hardening of tissue cultured plantlets in greenhouse and

their transfer in the field. Different growth parameters regarding shoot and root development

and survival of the explants/plantlets at each stage were studied. The results are summarized

in the following sections.

3.2.1 In vitro shoot initiation by use of cytokinins (alone)

Explants were taken from 2-year-old clonally propagated (through cuttings) potted plants of

six jojoba strains; surface sterilized and aseptically cultured on solidified MS medium

containing cytokinins i.e. BA and Kinetin, each @ 1.25, 2.50 and 5.00 mg l-1. The cultures

were maintained by subculturing onto the fresh medium of the same composition at 4 weeks

interval for about 3 months. The data regarding number of days to bud sprouting, length of

primary shoot, number of nodes per primary shoot, number of shoots per explants and

percentage of sprouted explants were recorded from clean cultures and subjected to statistical

analysis.

A. Number of days to bud sprouting: Number of days required to sprout buds was

significantly affected by the jojoba strains, cytokinins (alone) and their concentrations

(Tables 62 - 64). The explants of PKJ-3 took the minimum time to bud sprouting, followed

by PKJ-6. Both the strains were statistically similar. The explants of PKJ-2 took the
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maximum time to bud sprouting, and it was statistically at par with that of PKJ-5. The

explants in response to BA took significantly fewer days than to Kinetin. The lowest

concentration (1.25 mg l-1) of cytokinins was better than that of the other two concentrations

as the explants took minimum days to bud sprouting at this concentration, while the highest

concentration (5.00 mg l-1) of cytokinins caused delay in bud sprouting. Two-way interaction

between the jojoba strains and the cytokinins was found non-significant (Table 62).

The interaction between the cytokinins and their concentrations was significant (Table 63).

The explants in response to 2.50 mg l-1 BA sprouted earliest of all taking minimum number

of days and stood statistically at par with those under the influence of 1.25 mg l-1 BA (Fig.

1). While, 5.00 mg l-1 Kinetin caused maximum delay in sprouting the buds. This treatment

also caused vitrification of some explants (Fig. 2). Two-way interaction between the jojoba

strains and the concentrations of cytokinins was found non-significant (Table 64). Three-way

interaction among the three factors for the parameter (i.e. jojoba strains, cytokinins and their

concentrations) also remained statistically non-significant (Table 65).

B. Length of primary shoot: The data presented in Tables 66 - 68 revealed that the length of

primary shoot was significantly affected by the jojoba strains and the cytokinins (alone) and

their concentrations. The primary shoots resulting from the explants of PKJ-3 significantly

attained the maximum length. The minimum shoot length was recorded from the explants of

PKJ-2, which was statistically similar to PKJ-5. Among the cytokinins, the length of primary

shoot was significantly increased by BA as compared to Kinetin. The minimum

concentration of cytokinins (1.25 mg l-1) resulted in the maximum length of primary shoots



128

Table 62: Number of days to bud sprouting of explants as affected by jojoba strains and

cytokinins

Cytokinin Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

BA 23.27a* 28.73a 20.20a 25.20a 28.67a 21.32a 24.57b

Kinetin 52.47a 59.95a 47.75a 54.92a 57.07a 49.75a 53.65a

Average 37.87c 44.34a 33.98d 40.06b 42.88a 35.54d

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 63: Number of days to bud sprouting of explants as affected by cytokinins and

their concentrations

Cytokinin Concentrations (mg l-1)

1.25 2.50 5.00 Average

BA 21.43e* 20.44e 31.83d 24.57b

Kinetin 41.57c 56.45b 62.95a 53.65a

Average 31.50c 38.44b 47.39a

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 64: Number of days to bud sprouting of explants as affected by jojoba strains and

concentrations of cytokinins

Cytokinin

Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

1.25 31.04a* 36.51a 26.29a 32.36a 34.90a 27.89a 31.50c

2.50 35.72a 43.20a 34.04a 39.83a 41.83a 36.08a 38.44b

5.00 46.84a 53.32a 41.60a 47.97a 51.95a 42.64a 47.39a

Average 37.87c 44.34a 33.98d 40.06b 42.88a 35.54d

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 65: Number of days to bud sprouting of explants as affected by jojoba strains,

cytokinins and their concentrations (interaction)

Cytokinin Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

BA 1.25 19.33a* 26.93a 17.33a 22.00a 24.80a 18.20a 21.43e

2.50 17.67a 23.40a 16.73a 22.67a 24.27a 17.93a 20.44e

5.00 32.80a 35.87a 26.53a 30.93a 37.00a 27.83a 31.83d

Kinetin 1.25 42.75a 46.08a 35.25a 42.75a 45.00a 37.58a 41.60c

2.50 53.78a 63.00a 51.34a 57.00a 59.33a 54.22a 56.45b

5.00 60.89a 70.78a 56.67a 65.00a 66.89a 57.45a 62.95a

Average 37.87c 44.34a 33.98d 40.06b 42.88a 35.54d

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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and vice versa. As the concentration increased, shoot length was decreased.

The strains significantly reacted to the cytokinins (Table 66). The explants of PKJ-3

produced the longest primary shoots in response to BA, while the explants of PKJ-2

produced the shortest primary shoots in response to Kinetin.

Interaction between the cytokinins and their concentrations (Table 67) exhibited that the BA

concentrations, 1.25 mg l-1 and 2.50 mg l-1, were more effective and statistically similar in

effect as these resulted in greater length of primary shoot than that of 5.00 mg l-1 BA. The

explants in response to 5.0 mg l-1 Kinetin resulted in minimum length of primary shoot.

Length of primary shoot was also affected significantly by interaction of the strains and the

concentrations of cytokinins (Table 68). The explants of PKJ-3 developed longest primary

shoots at 1.25 mg l-1 which were statistically at par with those of PKJ-6 for same

concentration, while the explants of PKJ-5 developed the shorter primary shoots at 5.00 mg -1

which were statistically similar to those of PKJ-2 at the same concentration.

Interaction among the three factors was also statistically significant (Table 69). The

maximum length of primary shoot was recorded in the explants of PKJ-3 cultured on the

medium supplemented with 1.25 mg l-1 BA (Fig. 3 & 4) that was statistically at par with the

explants of same strain for 2.50 mg l-1 BA and the explants of PKJ-6 for 1.25 mg l-1 BA. The

minimum length of primary shoot was recorded by the explants of PKJ-2 cultured on the

medium supplemented with 5.00 mg l-1 Kinetin, which was statistically similar to the
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Table 66: Length of primary shoot (cm) developed from explants as affected by jojoba

strains and cytokinins

Cytokinin Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

BA 4.56c* 3.86e 5.02a 4.28d 3.84e 4.76b 4.39a

Kinetin 1.43h 1.07j 1.96f 1.38hi 1.24i 1.72g 1.46b

Average 2.99c 2.47e 3.49a 2.83d 2.54e 3.24b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 67: Length of primary shoot (cm) developed from explants as affected by

cytokinins and their concentrations

Cytokinin Concentrations (mg l-1)

1.25 2.50 5.00 Average

BA 4.81a* 4.79a 3.57b 4.39a

Kinetin 2.54c 1.04d 0.82e 1.46b

Average 3.67a 2.92b 2.19c

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 68: Length of primary shoot (cm) developed from explants as affected by jojoba

strains and concentrations of cytokinins

Cytokinin

Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

1.25 3.74c* 3.01e 4.38a 3.58c 3.21de 4.13a 3.67a

2.50 3.06e 2.56fg 3.36d 2.75f 2.63fg 3.11e 2.92b

5.00 2.19h 1.82i 2.72f 2.17h 1.77i 2.49g 2.19c

Average 2.99c 2.47e 3.49a 2.83d 2.54e 3.24b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 69: Length of primary shoot (cm) developed from explants as affected by jojoba

strains, cytokinins and their concentrations (interaction)

Cytokinin Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

BA 1.25 5.06b* 4.11e 5.47a 4.73c 4.30de 5.17ab 4.81a

2.50 5.08b 4.43cd 5.33ab 4.55cd 4.31de 5.04b 4.79a

5.00 3.54f 3.05gh 4.26de 3.57f 2.89h 4.08e 3.56b

Kinetin 1.25 2.41ij 1.92k 3.29fg 2.43i 2.11jk 3.08gh 2.54c

2.50 1.03mn 0.69op 1.40l 0.95mno 0.95mno 1.18lm 1.04d

5.00 0.83nop 0.60p 1.18lm 0.76nop 0.64op 0.90mnop 0.82e

Average 2.99c 2.47e 3.49a 2.83d 2.54e 3.24b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Fig. 1: Shoot initiation of jojoba Fig. 2: Vitrification of an explant
on MS medium supplemented on MS medium supplemented
with 1.25 mg l-1 BA. with 5.00 mg l-1 Kinetin.

Fig. 3: Shoot formation from Fig. 4: Shoot elongation from
nodal explant of PKJ-3 on MS nodal explant of PKJ-3 on MS
medium supplemented with 1.25 medium supplemented with 1.25
mg l-1 BA. mg l-1 BA.
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explants of the strains PKJ-5, PKJ-4, PKJ-1 and PKJ-6 for the same concentration of Kinetin

and to those of PKJ-2 for 2.5 mg l-1 of the same cytokinin.

C. Number of nodes per primary shoot: The number of nodes per primary shoot was

significantly affected by the jojoba strains, the cytokinins and their concentrations (Tables 70

- 72). The maximum number of nodes was developed on primary shoots developed from

explants of PKJ-3, followed by those of PKJ-6, both were statistically alike. The explants of

PKJ-2 had the minimum number of nodes per primary shoot. The explants cultured on media

containing BA, produced significantly higher number of nodes per primary shoot than that of

Kinetin. The lowest concentration of cytokinins resulted in the maximum number of nodes

per primary shoot and vice versa.

This parameter was also affected significantly by the interaction between the cytokinins and

the strains (Table 70). The explants from PKJ-3 strain produced the maximum number of

nodes per primary shoot in response to BA, which remained statistically at par with those of

PKJ-6 for the same cytokinin. The explants from PKJ-2 gained the minimum number of

nodes per primary shoot in response to Kinetin and stood statistically at par with those of

PKJ-5 in response of the same cytokinin.

Interaction between the cytokinins and their concentrations was statistically significant

(Table 71). The explants in response to 1.25 mg l-1 BA produced maximum number of nodes

per primary shoot, while those in response to 5.00 mg l -1 Kinetin did the minimum one and

stood at par with those in response to 2.50 mg l-1 Kinetin. Two-way interaction between the
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Table 70: Number of nodes per primary shoot of explants as affected by jojoba strains

and cytokinins

Cytokinin Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

BA 3.58b* 2.67d 4.18a 3.51b 2.98c 4.02a 3.49a

Kinetin 1.06f 0.82g 1.60e 1.08f 0.94fg 1.46e 1.16b

Average 2.32b 1.75d 2.89a 2.30b 1.96c 2.74a

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 71: Number of nodes per primary shoot of explants as affected by cytokinins and

their concentrations

Cytokinin Concentrations (mg l-1)

1.25 2.50 5.00 Average

BA 4.09a* 3.79b 2.59c 3.49a

Kinetin 1.67d 1.02e 0.80e 1.16b

Average 2.88a 2.40b 1.69c

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 72: Number of nodes per primary shoot of explants as affected by jojoba strains

and concentrations of cytokinins

Cytokinin

Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

1.25 2.82a* 2.13a 3.56a 2.86a 2.43a 3.48a 2.88a

2.50 2.48a 1.92a 2.87a 2.31a 2.13a 2.71a 2.40b

5.00 1.66a 1.19a 2.24a 1.72a 1.31a 2.03a 1.69c

Average 2.32b 1.75d 2.89a 2.30b 1.96c 2.74a

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 73: Number of nodes per primary shoot of explants as affected by jojoba strains,

cytokinins and their concentrations (interaction)

Cytokinin Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

BA 1.25 4.13a* 3.00a 4.87a 4.13a 3.60a 4.80a 4.09a

2.50 4.07a 3.07a 4.40a 3.73a 3.27a 4.20a 3.79b

5.00 2.53a 1.93a 3.27a 2.67a 2.07a 3.07a 2.59c

Kinetin 1.25 1.50a 1.25a 2.25a 1.58a 1.25a 2.17a 1.67d

2.50 0.89a 0.78a 1.33a 0.89a 1.00a 1.22a 1.02e

5.00 0.78a 0.44a 1.22a 0.78a 0.56a 1.00a 0.80e

Average 2.32b 1.75d 2.89a 2.30b 1.96c 2.74a

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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strains and the concentrations of cytokinins was statistically non-significant for the parameter

under study (Table 72). Interaction among the three factors also remained statistically non-

significant (Table 73).

D. Number of shoots per explant: The parameter was significantly affected by the jojoba

strains, the cytokinins and their concentrations (Tables 74 - 76). The explants of PKJ-3

produced the maximum number of shoots per explant, while those of PKJ-2 did the minimum

one and remained statistically at par with those of PKJ-5. Number of shoots per explant was

significantly greater in response to BA than that in response to Kinetin. All the

concentrations of cytokinins differed significantly from each other. The middle concentration

(2.50 mg l-1) produced the maximum number of shoots per explant, followed by the highest

concentration (5.00 mg l-1), however, both the concentrations were statistically different. The

lowest concentration of cytokinins (1.25 mg l-1) resulted in minimum number of shoots per

explant.

The number of shoots per explant was significantly affected by the interaction between the

jojoba strains and the cytokinins (Table 74). The explants of PKJ-3 produced the maximum

number of shoots in response to BA, followed by those of PKJ-6 for the same cytokinin.

However, both the treatment combinations were statistically different. The explants of PKJ-2

produced the minimum number of shoots in response to Kinetin which was statistically alike

with those of PKJ-1, PKJ-5 and PKJ-4 for the same cytokinin.

Interaction between the cytokinins and their concentrations for the parameter under study
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was found statistically significant (Table 75). BA concentrations, 2.50 and 5.00 mg l-1 were

more effective than that of 1.25 mg l-1. Both of the former treatment combinations behaved

statistically alike. The minimum number of shoots per explant was recorded at 5.00 mg l-1

Kinetin, followed by that of 1.25 mg l-1 Kinetin. Both the treatment combinations were

statistically similar in effect. All concentrations of Kinetin produced significantly less

number of shoots per explant than those of BA.

The number of shoots per explant was also affected significantly by the interaction of strains

and the concentrations of cytokinins used (Table 76). The explants of PKJ-3 produced the

maximum number of shoots at the middle concentration of cytokinins, followed at the

highest concentration. The explants of PKJ-6 at middle and the highest concentration of

cytokinins also remained statistically at par with these treatment combinations. The explants

of PKJ-2 produced the minimum number of shoots at 1.25 mg l-1 that was statistically similar

to those of PKJ-5 at the same concentration.

Interaction among the three factors for this parameter was also statistically significant (Table

77). The maximum number of shoots was produced by the explants of PKJ-3 at the highest

concentration of BA (Fig. 5) followed by those of same strain at middle concentration of BA

(Fig. 6) and those of PKJ-6 at the highest concentration of BA (Fig. 7). All these three

treatment combinations were statistically similar to each other. Both the strains (PKJ-3 and

PKJ-6) gave good response to the highest concentration of BA. The number of shoots of

PKJ-6 for 2.50 mg l-1 BA (Fig. 8) was also statistically similar to that of PKJ-3 for the same

concentration of BA. The minimum number of shoots was produced by PKJ-2 in response to
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Table 74: Number of shoots per explant as affected by jojoba strains and cytokinins

Cytokinin Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

BA 3.84c* 3.09d 4.56a 3.78c 3.07d 4.29b 3.77a

Kinetin 1.19f 1.06f 1.75e 1.24f 1.21f 1.60e 1.34b

Average 2.52c 2.08d 3.15a 2.51c 2.14d 2.95b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 75: Number of shoots per explant as affected by cytokinins and their

concentrations

Cytokinin Concentrations (mg l-1)

1.25 2.50 5.00 Average

BA 3.03b* 4.19a 4.09a 3.77a

Kinetin 1.35cd 1.46c 1.22d 1.34b

Average 2.19c 2.83a 2.66b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 76: Number of shoots per explant as affected by jojoba strains and

concentrations of cytokinins

Cytokinin

Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

1.25 2.16f* 1.71g 2.86bc 2.05f 1.81g 2.56d 2.19c

2.50 2.71cde 2.49e 3.32a 2.69cde 2.59cde 3.16a 2.83a

5.00 2.69cde 2.03f 3.28a 2.79cd 2.02f 3.12ab 2.66b

Average 2.52c 2.08d 3.15a 2.51c 2.14d 2.95b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 77: Number of shoots per explants as affected by jojoba strains, cytokinins and

their concentrations (interaction)

Cytokinin Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

BA 1.25 3.07i* 2.33j 3.80gh 2.93i 2.53j 3.53h 3.03b

2.50 4.20def 3.87fgh 4.87ab 3.93efg 3.73gh 4.53bcd 4.19a

5.00 4.27de 3.07i 5.00a 4.47cd 2.93i 4.80abc 4.09a

Kinetin 1.25 1.25lmno 1.08no 1.92k 1.17mno 1.08no 1.58kl 1.35cd

2.50 1.22lmno 1.11no 1.78k 1.45lmn 1.44lmn 1.78k 1.46c

5.00 1.11no 1.00o 1.56klm 1.11no 1.11no 1.44lmn 1.22d

Average 2.52c 2.08d 3.15a 2.51c 2.14d 2.95b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Fig. 5: Shoots developed from nodal Fig. 6: Shoots developed from nodal
explant of PKJ-3 on MS medium explant of PKJ-3 on MS medium
supplemented with 5.00 mg l -1 BA. supplemented with 2.50 mg l-1 BA.

Fig. 7: Shoots developed from nodal Fig. 8: Shoots developed from nodal
explant of PKJ-6 on MS medium explant of PKJ-6 on MS medium
supplemented with 5.00 mg l-1 BA. supplemented with 2.50 mg l-1 BA.
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5.00 mg l-1 Kinetin, expressing almost similar effect for the other concentrations of Kinetin.

E. Percentage of sprouted explants: The jojoba strains, the cytokinins and their

concentrations significantly affected the sprouting of explants (Tables 78 - 80). The strain

PKJ-3 led the other strains with maximum percentage of sprouted explants, followed by PKJ-

6. Both the strains were statistically alike. While, PKJ-2 trailed the other strains with

minimum percentage of sprouted explants, followed by PKJ-5. Both the strains were

statistically at par with each other. The maximum percentage of sprouted explants was

obtained when BA was added in culture medium and the minimum one when Kinetin was

added. All the concentrations of cytokinins differed significantly from each other. The

percentage of sprouted explants was significantly higher at the lowest concentration of

cytokinins and decreased to the minimum at the highest concentration of cytokinins.

Two-way interaction between the jojoba strains and the cytokinins (Table 78), between the

cytokinins and their concentrations (Table 79) and between the strains and the concentrations

of cytokinins (Table 80) remained statistically non-significant. Three-way interaction among

the three factors also remained statistically non-significant (Table 81).

Conclusion: BA was more effective than Kinetin as explants (nodal segments) sprouted

earlier, attained greater shoot length, produced higher number of shoots with more number of

nodes and also gave maximum sprouting percentage in response to BA. The lowest

concentration of BA proved more optimum in many shoot parameters and PKJ-3 strain was

the most responsive to cytokinins. Some explants developed callus at the highest

concentration of BA and many explants were vitrified at the highest concentration of Kinetin.
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Table 78: Percentage of sprouted explants as affected by jojoba strains and cytokinins

Cytokinins Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

BA 55.56a* 46.67a 71.11a 62.22a 46.67a 66.67a 58.15a

Kinetin 37.78a 26.67a 51.11a 37.78a 33.33a 48.89a 39.26b

Average 46.67b 36.67c 61.11a 50.00b 40.00c 57.78a

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 79: Percentage of sprouted explants as affected by cytokinins and their

concentrations

Cytokinins Concentrations (mg l-1)

1.25 2.50 5.00 Average

BA 71.11a* 54.44a 48.89a 58.15a

Kinetin 48.89a 36.67a 32.22a 39.26b

Average 60.00a 45.56b 40.56c

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 80: Percentage of sprouted explants as affected by jojoba strains and

concentrations of cytokinins

Cytokinin

Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

1.25 53.33a* 46.67a 76.67a 60.00a 50.00a 73.33a 60.00a

2.50 43.33a 33.33a 60.00a 46.67a 36.67a 53.33a 45.56b

5.00 43.33a 30.00a 46.67a 43.33a 33.33a 46.67a 40.56c

Average 46.67b 36.67c 61.11a 50.00b 40.00c 57.78a

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 81: Percentage of sprouted explants as affected by jojoba strains, cytokinins and

their concentrations (interaction)

Cytokinins Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

BA 1.25 60.00a* 60.00a 86.67a 73.33a 60.00a 86.67a 71.11a

2.50 53.33a 40.00a 73.33a 60.00a 40.00a 60.00a 54.44a

5.00 53.33a 40.00a 53.33a 53.33a 40.00a 53.33a 48.89a

Kinetin 1.25 46.67a 33.33a 66.67a 46.67a 40.00a 60.00a 48.89a

2.50 33.33a 26.67a 46.67a 46.67a 33.33a 46.67a 36.67a

5.00 33.33a 20.00a 40.00a 46.67a 26.67a 40.00a 32.22a

Average 46.67b 36.67c 61.11a 50.00b 40.00c 57.78a

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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3.2.2 In vitro shoot initiation by use of cytokinins (in combinations)

The explants, taken from potted plants of the strains, after surface sterilization were cultured

aseptically on solidified MS medium containing different combinations of cytokinins i.e. BA

+ Kinetin at concentrations of 1.25 + 1.25, 2.50 + 1.25 and 2.50 + 2.50 mg l-1. Subcultures

on the fresh medium of the same composition were maintained at 4 weeks interval for about

3 months. The data were recorded on various growth parameters from clean cultures and

analyzed statistically. The results are summarized below.

A. Number of days to bud sprouting: The strains and the cytokinins combinations

significantly affected the number of days to bud sprouting (Table 82). The explants of PKJ-3

sprouted earlier and took the minimum days, followed by those of PKJ-6. However, both the

strains were statistically different. The bud sprouting in the explants of PKJ-2 was delayed.

They took the maximum days to bud sprouting and remained statistically at par with those of

PKJ-5. The cytokinins combination consisting of 1.25 mg l-1 BA + 1.25 mg l -1 Kinetin took

the minimum days to bud sprouting, while the combination consisting of 2.50 mg l-1 BA +

2.50 mg l-1 Kinetin took the maximum days to bud sprouting. The interaction between the

strains and the cytokinins combinations was statistically non-significant.

B. Length of primary shoot: Effect of the jojoba strains and the cytokinins combinations on

the parameter under study was found significant; however, the interaction between these two

factors was statistically non-significant (Table 83). The explants of PKJ-3 attained the

maximum length of primary shoot and remained statistically at par with those of PKJ-6 (Fig.

9 & 10), while the explants of PKJ-2 attained the minimum one and stood at par with those
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Table 82: Number of days to bud sprouting of explants as affected by jojoba strains and

cytokinins (in combinations)

Cytokinins

(mg l-1)

Jojoba Strains

BA Kinetin PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

1.25 1.25 31.25a* 35.75a 26.92a 31.92a 35.25a 28.83a 31.65c

2.50 1.25 37.50a 41.17a 30.57a 35.33a 40.58a 33.50a 36.44b

2.50 2.50 42.83a 48.17a 38.58a 44.92a 47.92a 39.75a 43.68a

Average 37.19b 41.69a 32.02d 37.39b 41.25a 34.03c

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 83: Length of primary shoots (cm) as affected by jojoba strains and cytokinins (in

combinations)

Cytokinins

(mg l-1)

Jojoba Strains

BA Kinetin PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

1.25 1.25 3.87a* 2.69a 4.28a 3.15a 2.77a 3.82a 3.43a

2.50 1.25 3.04a 2.46a 3.85a 2.82a 2.56a 3.56a 3.10b

2.50 2.50 2.40a 2.01a 2.94a 2.20a 1.97a 2.72a 2.37c

Average 3.10b 2.36c 3.69a 2.72c 2.43c 3.36ab

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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of PKJ-5 and PKJ-4. The combination of 1.25 mg l-1 BA + 1.25 mg l-1 Kinetin was

significantly better than the other two combinations (Fig. 9 - 12). The combination of 2.50

mg l-1 BA + 2.50 mg l-1 Kinetin resulted in the minimum length of primary shoot (Fig. 12).

C. Number of nodes per primary shoot: The strains, the combinations of cytokinins and the

interaction between the strains and the cytokinins combinations were statistically significant

in their effect for the parameter under study (Table 84). The explants of PKJ-3 attained the

maximum number of nodes per primary shoot, while those of PKJ-5 attained the minimum

one and it remained statistically at par with that of PKJ-2. All the combinations of cytokinins

differed significantly from each other. The combination consisting of 1.25 mg l-1 BA + 1.25

mg l-1 Kinetin produced significantly more nodes per primary shoot than the other two

combinations. The strain PKJ-3 had the highest number of nodes per primary shoot in

response to combination of 1.25 mg l-1 BA + 1.25 mg l-1 Kinetin, followed by the strain in

response of 2.50 mg l-1 BA + 1.25 mg l-1 Kinetin, the strain PKJ-1 in response to 1.25 mg l-1

BA + 1.25 mg l-1 Kinetin and PKJ-3 in response of 2.50 mg l-1 BA + 1.25 mg l-1 Kinetin. All

these four treatment combinations were statistically at par with each other. The primary

shoots of PKJ-5 in response to the combination of 2.50 mg l-1 BA + 2.50 mg l-1 Kinetin

attained the lowest number of nodes and remained statistically at par with that of PKJ-2,

PKJ-4 and PKJ-1 in response to the same combination of cytokinins.

D. Number of shoots per explant: The number of shoots per explant was significantly

affected by the strains and the combinations of cytokinins (Table 85). The explants from

PKJ-3 produced the maximum number of shoots per explant, which showed statistical
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Table 84: Number of nodes per primary shoot as affected by jojoba strains and

cytokinins (in combinations)

Cytokinins

(mg l-1)

Jojoba Strains

BA Kinetin PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

1.25 1.25 3.25ab* 2.25cde 3.58a 2.42cd 2.08de 3.08b 2.78a

2.50 1.25 2.17cde 1.50f 3.33ab 2.50c 1.67f 3.25ab 2.40b

2.50 2.50 1.42fg 1.25g 2.25cde 1.33fg 1.17g 2.00e 1.57c

Average 2.28c 1.67d 3.06a 2.08c 1.64d 2.78b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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similarity with those from PKJ-6. The minimum number of shoots per explant was developed

on the explants from PKJ-2 which remained statistically at par with those on PKJ-5. The

combination 1.25 mg l-1 BA + 1.25 mg l-1 Kinetin produced significantly more number of

shoots per explant than the other two combinations. The combination 2.50 mg l-1 BA + 2.50

mg l-1 Kinetin resulted in the minimum number of shoots per explant. The interaction

between the strains and the cytokinins combinations was also statistically significant. The

explants of PKJ-3 produced the maximum number of shoots in response to 1.25 mg l-1 BA +

1.25 mg l-1 Kinetin (Fig. 9). This was followed by the explants of PKJ-3 in response of 2.50

mg l-1 + 1.25 mg l-1 Kinetin, those of PKJ-6 in response of 1.25 mg l-1 BA + 1.25 mg l-1

Kinetin (Fig. 10 & 11) and also those of PKJ-6 in response of 2.50 mg l-1 + 1.25 mg l -1

Kinetin. All these four treatment combinations behaved statistically alike. Whereas those of

PKJ-2 produced the minimum number of shoots per explant in response to combination 2.50

mg l-1 BA + 2.50 mg l-1 Kinetin and remained statistically at par with those of PKJ-5, PKJ-1

and PKJ-4 for the same cytokinins combination.

E. Percentage of sprouted explants: Although the strains and the combinations of cytokinins

significantly affected the percentage of sprouted explants, the interaction between these two

factors was statistically non-significant (Table 86). The explants of PKJ-3 sprouted to the

maximum which were statistically at par with those of PKJ-6 and PKJ-1. The explants of

PKJ-2 and PKJ-5 sprouted to the minimum, and these remained statistically at par with those

of PKJ-4. The combination 1.25 mg l-1 BA + 1.25 mg l-1 Kinetin increased significantly the

percentage of sprouted explants as compared to the other two combinations. The combination

consisting of 2.50 mg l-1 BA + 2.50 mg l-1 Kinetin resulted in minimum percentage of
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Table 85: Number of shoots per explant as affected by jojoba strains and cytokinins (in

combination)

Cytokinins

(mg l-1)

Jojoba Strains

BA Kinetin PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

1.25 1.25 2.92bc* 2.33ef 3.33a 2.75cd 2.42de 3.17ab 2.82a

2.50 1.25 2.17f 1.58g 3.25ab 2.58de 1.83g 3.08abc 2.42b

2.50 2.50 1.25h 1.00h 1.83g 1.25h 1.17h 1.67g 1.36c

Average 2.11b 1.64c 2.81a 2.19b 1.81c 2.64a

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 86: Percentage of sprouted explants as affected by jojoba strains and cytokinins

(in combination)

Cytokinins

(mg l-1)

Jojoba Strains

BA Kinetin PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

1.25 1.25 53.33a* 40.00a 60.00a 40.00a 33.33a 53.33a 46.67a

2.50 1.25 40.00a 26.67a 46.67a 40.00a 26.67a 46.67a 37.78b

2.50 2.50 40.00a 20.00a 40.00a 26.67a 26.67a 33.33a 31.11c

Average 44.44a 28.89b 48.89a 35.56b 28.89b 44.44a

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Fig. 9: Shoot formation from nodal Fig. 10: Shoot formation from nodal
explant of PKJ-3 on MS medium explant of PKJ-6 on MS medium
supplemented with 1.25 mg l-1 BA + supplemented with 1.25 mg l-1 BA +
1.25 mg l-1 Kinetin. 1.25 mg l-1 Kinetin.

Fig. 11: Shoot formation from nodal Fig. 12: Shoot formation from nodal
explant of PKJ-3 on MS medium explant of PKJ-3 on MS medium
supplemented with 2.50 mg l-1 BA + supplemented with 2.50 mg l-1 BA +
1.25 mg l-1 Kinetin. 2.50 mg l-1 Kinetin.
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sprouted explants.

Conclusion: BA + Kinetin (1.25 + 1.25 mg l-1) was significantly better than the other two

combinations of these cytokinins at higher concentrations for all shoot growth parameters.

The explants of PKJ-3 performed better than the other strains, followed by PKJ-6. Kinetin in

combination with BA slightly improved the shoot growth over Kinetin (alone) as recorded in

the former experiment.

3.2.3 In vitro shoot formation by use of BA + auxins combinations

Nodal explants, taken from potted plants of the strains, after surface sterilization were

cultured aseptically on solidified MS medium containing BA combined with an auxin (NAA,

IAA or IBA) in combinations of 1.25 + 1.25, 2.50 + 1.25 and 2.50 + 2.50 mg l-1. Subcultures

on the fresh medium of the same composition were maintained at 4 weeks interval for about

3 months. The data on the same parameters as mentioned in section 3.2.1 were recorded

from clean cultures and subjected to statistical analysis.

A. Number of days to bud sprouting: The strains, growth regulators combinations and their

interaction significantly affected the number of days to bud sprouting (Table 87). The

explants of PKJ-3 sprouted earlier taking the minimum number of days, followed by those of

PKJ-6. However, both the strains differed significantly. The bud sprouting in the explants of

PKJ-2 was delayed; they took the maximum number of days and remained statistically at par

with those of PKJ-5. The explants cultured on the medium containing the combination of

1.25 mg l-1 BA + 1.25 mg l-1 IAA took the minimum days to bud sprouting, while those
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cultured on the medium containing 2.50 mg l-1 BA + 2.50 mg l-1 IBA took the maximum

days to bud sprouting. The explants of PKJ-3 took the minimum time to bud sprouting when

they were cultured on 1.25 mg l-1 BA + 1.25 mg l-1 IAA, followed by those of PKJ-6 on the

same growth regulators combination and those of PKJ-3 and PKJ-6 cultured on 1.25 mg l-1

BA + 1.25 mg l-1 NAA and those of PKJ-1 cultured on 1.25 mg l-1 BA + 1.25 mg l-1 IAA.

These five treatment combinations were statistically alike. The explants of PKJ-2 took the

maximum time when cultured on medium containing 2.50 mg l-1 BA + 2.50 mg l-1 IBA and it

was statistically at par with those of PKJ-5 for the same growth regulators combination.

B. Length of primary shoot: The data revealed that the differences among the strains and the

growth regulators combinations were statistically significant. The interaction between these

two factors was also significant (Table 88). All the strains differed significantly from each

other in their response. The explants of PKJ-3 resulted in the longest primary shoot, followed

by those of PKJ-6. The explants of PKJ-2 produced the shortest primary shoot, followed by

those of PKJ-5. The maximum length of primary shoot was attained on the medium

containing 1.25 mg l-1 BA + 1.25 mg l-1 IAA, while the minimum length of primary shoot

was recorded in response to 2.50 mg l-1 BA + 2.50 mg l -1 IBA. The longest primary shoot

was produced by the explants of PKJ-3 in response to the combination of 1.25 mg l-1 BA +

1.25 mg l-1 IAA (Fig. 13) that was statistically at par with those of PKJ-6 for same

combination of growth regulators (Fig. 14) and those of PKJ-3 in response to 1.25 mg l-1 BA

+ 1.25 mg l-1 NAA. The explants of PKJ-2 gave the shoots with minimum length in response

to combination of 2.50 mg l-1 BA + 2.50 mg l-1 IBA, followed by PKJ-5 for the same

combination. However, both the combinations were statistically different. Complete plantlets
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Table 87: Number of days to bud sprouting as affected by jojoba strains and BA + auxins combinations

BA + Auxins (mg l-1) Jojoba Strains

BA NAA IAA IBA PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

1.25 1.25 - - 20.75pqr* 28.33jklm 11.42uv 19.67pqrs 27.58klmn 12.92tuv 20.11f

2.50 1.25 - - 27.50klmn 32.75hij 21.42opqr 27.58klmn 29.00jkl 24.67lmnop 27.15e

2.50 2.50 - - 33.33hij 37.00fgh 27.11klmn 33.22hij 37.78fgh 31.33ijk 33.30c

1.25 - 1.25 - 13.58tuv 18.83qrs 9.08v 14.83stu 20.25pqr 10.75uv 14.56g

2.50 - 1.25 - 22.42nopq 23.75mnopq 17.17rst 23.17mnopq 23.50mnopq 18.67qrs 21.44f

2.50 - 2.50 - 30.89ijk 33.55hij 29.44jkl 29.89jkl 32.67hij 31.11ijk 31.26d

1.25 - - 1.25 35.20ghi 40.13ef 26.13klmno 37.67fgh 41.53def 26.33klmno 34.50c

2.50 - - 1.25 44.08cde 46.67bc 37.75fgh 39.67efg 43.83cde 37.00fgh 41.50b

2.50 - - 2.50 42.78cde 52.67a 40.39ef 45.78bcd 50.11a 45.67bcd 46.23a

Average 30.06b 34.85a 24.43d 30.16b 34.03a 26.49c

*Means sharing similar letter(s) in a group are non-significant at =5% (DMR test).
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Table 88: Length of primary shoot (cm) as affected by jojoba strains and BA + auxins combinations

*Means sharing similar letter(s) in a group are non-significant at =5% (DMR test).

BA + Auxins (mg l -1) Jojoba Strains

BA NAA IAA IBA PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

1.25 1.25 - - 4.71cde* 3.98hijkk 5.74ab 4.90cd 4.03ghijk 5.61b 4.83b

2.50 1.25 - - 3.73jklmn 3.13mnopqr 4.45defgh 3.88ijk 3.44mnop 4.14fghij 3.80c

2.50 2.50 - - 3.46lmnop 3.02opqr 4.01hijk 3.51klmnop 2.85qrst 3.62jklmn 3.41d

1.25 - 1.25 - 5.57b 4.91cd 6.25a 5.55b 4.84cde 6.00a 5.52a

2.50 - 1.25 - 4.78cde 4.58defg 5.21bc 4.68cdef 4.45defgh 4.96cd 4.78b

2.50 - 2.50 - 3.56klmno 3.29mnopq 3.74jkl 3.69jklm 3.43mnop 3.68jklm 3.57d

1.25 - - 1.25 3.16mnopqr 2.62rstuv 4.32efghi 3.68jklmno 2.67rstu 4.40defghi 3.48d

2.50 - - 1.25 2.42stuv 2.07vw 3.06nopqr 2.83qrst 2.60rstuv 2.98pqrs 2.66e

2.50 - - 2.50 2.20uvw 1.15x 2.64rstu 2.23uvw 1.72w 2.38tuv 2.06f

Average 3.73d 3.19f 4.38a 3.88c 3.34e 4.20b
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were also obtained by combinations of 1.25 mg l-1 BA + 1.25 mg l-1 IBA (Fig. 15) and 1.25

mg l-1 BA + 1.25 mg l -1 NAA (Fig. 16) from the explants of PKJ-3.

C. Number of nodes per primary shoot: The jojoba strains, growth regulators combinations,

and the interaction between the two factors significantly affected the number of nodes per

primary shoot (Table 89). The explants of PKJ-3 led with the maximum number of nodes per

primary shoot, while those of PKJ-2 trailed with the minimum number of nodes per primary

shoot. The growth regulators combination of 1.25 mg l-1 BA + 1.25 mg l-1 IAA showed

superiority over other combinations, while the combination 2.50 mg l-1 BA + 2.50 mg l -1 IBA

produced the minimum number of nodes per primary shoot. The highest number of nodes

was attained when the explants of PKJ-3 were cultured on the medium containing 1.25 mg l-1

BA + 1.25 mg l-1 IAA that stood at par with the combination of 1.25 mg l-1 BA + 1.25 mg l-1

NAA for same strain and with the combination of 1.25 mg l-1 BA + 1.25 mg l-1 IAA for

PKJ-6. The lowest number of nodes was attained when the explants of PKJ-2 were cultured

on the medium supplemented with 2.50 mg l-1 BA + 2.50 mg l-1 IBA that was at par with

PKJ-5 for the same growth regulators combination, with PKJ-2 for the combination 2.50 mg

l-1 BA + 1.25 mg l-1 IBA and also for PKJ-5 under the combination of 1.25 mg l-1 BA + 1.25

mg l-1 IBA.

D. Number of shoots per explant: The parameter was significantly affected by the strains,

growth regulators combinations, and the interaction between these two factors (Table 90).

The explants of PKJ-3 led the other strains with the maximum number of shoots per explant,

while those of PKJ-2 trailed with the minimum number of shoots per explant. The growth
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regulator combination of 1.25 mg l-1 BA + 1.25 mg l-1 IAA expressed significant superiority

over all other combinations, while the combination 2.50 mg l-1 BA + 2.50 mg l-1 IBA

produced minimum number of shoots per explant and stood statistically at par with that of

1.25 mg l-1 BA + 1.25 mg l-1 IBA. Regarding the interaction, the explants of PKJ-3 produced

the highest number of shoots in response to the growth regulators combination of 1.25 mg l-1

BA + 1.25 mg l-1 IAA that was at par with PKJ-6 for the same combination (Fig. 13 & 14).

The explants of PKJ-2 produced the minimum number of shoots in response to combination

of 2.50 mg l-1 BA + 2.50 mg l -1 IBA, 2.50 mg l-1BA + 1.25 mg l-1 IBA and 1.25 mg l-1 BA +

1.25 mg l-1 IBA, followed by those of PKJ-5 and PKJ-4 in response of 1.25 mg l-1 BA + 1.25

mg l-1 IBA, 2.50 mg l-1 BA + 2.50 mg l-1 IBA and those of PKJ-1 in response of 2.50 mg l-1

BA + 1.25 mg l-1IBA.

E. Percentage of sprouted explants: The percentage of sprouted explants was significantly

affected by the strains, growth regulators combinations and their interaction (Table 91).

Although, the strain PKJ-3 led the other strains with maximum percentage of sprouted

explants, yet it remained statistically similar to PKJ-6. The minimum percentage of sprouted

explants was recorded in PKJ-2 which stood at par with PKJ-5. The growth regulators

combination of 1.25 mg l-1 BA + 1.25 mg l-1 IAA expressed significant superiority with the

maximum percentage of sprouted explants over all other growth regulators combinations,

while that consisting of 2.50 mg l-1 BA + 2.50 mg l-1 IBA proved the inferior one. Regarding

the interaction between the strains and BA + auxins combinations, the explants of PKJ-3 and

PKJ-6 sprouted to the maximum in response to the combination of 1.25 mg l -1 BA + 1.25 mg

l-1 IAA which were at par with those of PKJ-4 for the same combination, those of PKJ-3 for
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Table 89: Number of nodes per primary shoots as affected by jojoba strains and BA + auxins combinations

BA + Auxins (mg l-1) Jojoba Strains

BA NAA IAA IBA PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

1.25 1.25 - - 3.67ghi* 2.75lmno 5.17a 3.92efg 3.08jklm 4.75bc 3.89c

2.50 1.25 - - 3.08jklm 2.33opq 3.92efg 3.25ijk 2.67mnop 3.58ghi 3.14d

2.50 2.50 - - 3.00jklm 2.33opq 3.44hij 2.89klmn 2.22qrs 3.11jklm 2.83e

1.25 - 1.25 - 4.33de 3.83fgh 5.33a 4.33de 3.92efg 5.08ab 4.47a

2.50 - 1.25 - 4.25def 3.75ghi 4.50cd 3.92efg 3.75ghi 4.25def 4.07b

2.50 - 2.50 - 3.11jklm 2.56nopq 3.33ijk 3.22ijk 2.89klmn 3.11jklm 3.04d

1.25 - - 1.25 2.13qrst 1.73tu 3.13jkl 2.33opq 1.47uvw 3.07jklm 2.31f

2.50 - - 1.25 1.67u 1.42uvw 2.50nopq 2.25pqr 1.83rstu 2.50nopq 2.03g

2.50 - - 2.50 1.56uv 1.11w 2.33opq 1.78stu 1.22vw 2.11qrst 1.69h

Average 2.98c 2.42e 3.74a 3.10c 2.56d 3.51b

*Means sharing similar letter(s) in a group are non-significant at =5% (DMR test).
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Table 90: Number of shoots produced per explant as affected by jojoba strains and BA + auxins combinations

BA + Auxins (mg l-1) Jojoba Strains

BA NAA IAA IBA PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

1.25 1.25 - - 4.00ijk* 2.42rstu 5.50d 4.75efg 3.67jkl 5.17de 4.25c

2.50 1.25 - - 3.50klmn 2.92opqr 4.25ghi 3.58jklmn 3.08nopq 3.92ijkl 3.54e

2.50 2.50 - - 3.22mnop 2.89pqr 3.67jklm 3.11nopq 2.67qrs 3.55jklmn 3.18f

1.25 - 1.25 - 6.58c 4.83ef 8.50a 7.25b 6.25c 8.25a 6.94a

2.50 - 1.25 - 4.67efg 4.33fghi 6.17c 4.42fghi 4.25ghi 5.42d 4.88b

2.50 - 2.50 - 4.08hij 3.56jklmn 4.56fgh 4.22fghi 3.44lmno 4.33fghi 4.03d

1.25 - - 1.25 1.93uvwx 1.40xy 2.40rstu 1.47xy 1.33y 2.20stuv 1.79h

2.50 - - 1.25 1.58wxy 1.33y 2.58qrst 2.42rstu 2.08tuvw 2.75pqr 2.13g

2.50 - - 2.50 2.11tuvw 1.33y 1.89uvwx 1.67vwxy 1.45xy 1.89uvwx 1.72h

Average 3.52c 2.78e 4.39a 3.65c 3.14d 4.16b

*Means sharing similar letter(s) in a group are non-significant at =5% (DMR test).
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Table 91: Percentage of sprouted explants as affected by jojoba strains and BA + auxins combinations

BA + Auxins (mg l-1) Jojoba Strains

BA NAA IAA IBA PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

1.25 1.25 - - 73.33cde 66.67def 93.33ab 80.00bcd 66.67def 86.67abc 77.78b

2.50 1.25 - - 66.67def 53.33fgh 86.67abc 66.67def 60.00efg 80.00bcd 68.89c

2.50 2.50 - - 46.67ghi 26.67jk 60.00efg 40.00hij 3333ijk 60.00efg 44.44e

1.25 - 1.25 - 80.00bcd 73.33cde 100.00a 86.67abc 66.67def 100.00a 84.44a

2.50 - 1.25 - 73.33cde 60.00efg 93.33ab 66.67def 60.00efg 86.67abc 73.33bc

2.50 - 2.50 - 60.00efg 40.00hij 66.67def 46.67ghi 46.67ghi 60.00efg 53.33d

1.25 - - 1.25 53.33fgh 40.00hij 80.00bcd 53.33fgh 46.67ghi 73.33cde 57.78d

2.50 - - 1.25 53.33fgh 26.67jk 60.00efg 53.33fgh 33.33ijk 53.33fgh 46.67e

2.50 - - 2.50 33.33ijk 20.00k 46.67ghi 33.33ijk 26.67jk 40.00hij 33.33f

Average 60.00b 45.19c 76.30a 58.52b 48.89c 71.11a

*Means sharing similar letter(s) in a group are non-significant at =5% (DMR test).
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Fig. 13: Shoot formation of PKJ-3 Fig. 14: Shoot formation of PKJ-6
on MS medium supplemented with on MS medium supplemented with
1.25 mg l-1 BA + 1.25 mg l-1 IAA. 1.25 mg l-1 BA + 1.25 mg l-1 IAA.

Fig. 15: Complete plantlet of PKJ-3 Fig. 16: Complete plantlet of PKJ-3
on MS medium supplemented with on MS medium supplemented with
1.25 mg l-1 BA + 1.25 mg l-1 IBA. 1.25 mg l-1 BA + 1.25 mg l-1 NAA.
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the combinations 1.25 mg l-1 BA + 1.25 mg l-1 NAA and 2.50 mg l-1 BA + 1.25 mg l-1 IAA,

and also those of PKJ-3 for the combination of 2.50 mg l-1 BA + 1.25 mg l-1 NAA. The

explants of PKJ-2 resulted in the lowest sprouting percentage in response to combination of

2.50 mg l-1 BA + 2.50 mg l-1 IBA and these remained at par with those of PKJ-5, PKJ-1 and

PKJ-4 for the same combination and with those of PKJ-2 and PKJ-5 under the combination

of 2.50 mg l-1 BA + 1.25 mg l-1 IBA and also under the combination of 2.50 mg l-1 BA + 2.50

mg l-1 NAA.

F. Root Formation: Some explants from PKJ-3 and PKJ-6 developed thick rootlets on the

medium containing 1.25 mg l-1BA + 1.25 mg l-1 IBA or 1.25 mg l-1BA + 1.25 mg l-1 NAA

along with shoot growth (Fig. 15 & 16).

G. Callus Formation: Some explants also developed callus at the highest level (5.00 mg l-1)

of BA (section 3.2.1), in combinations of BA + Kinetin (section 3.2.2), and BA + NAA, BA

+ I AA each at 2.50 + 2.50 mg l-1 (section 3.2.3).

H. Correlation among different shoot parameters: Coefficients of correlation among

different shoot parameters were estimated for cytokinins (section 3.2.1), combinations of

cytokinins (section 3.2.2) and BA + auxins combinations (section 3.2.3), and presented in

Table 92. A strong negative linear correlation was found between the length of primary shoot

and the number of days to bud sprouting. It is obvious from the coefficient of correlation

obtained that the number of nodes per primary shoot was positively correlated with the length

of primary shoot. It was also observed that the number of shoots produced per explants was
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Table 92: Coefficients of correlation for different shoot parameters studied under

cytokinins (alone), cytokinins (in combinations) and BA + auxins

combinations

Shoot parameters Cytokinins

(alone)

Cytokinins

(in combinations)

BA + auxins

combinations

Length of primary shoot -

No. of days to bud sprouting

-0.986 -0.943 -0.977

No. of nodes per primary shoot -

Length of primary shoot

+0.985 +0.969 +0.957

No. of shoots per explant -

No. of days to bud sprouting

-0.822 -0.953 -0.886
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negatively correlated with the number of days to bud sprouting.

Conclusion: The combination consisting of BA + IAA at 1.25 + 1.25 mg l-1 had the best

effect and PKJ-3 strain performed the best of all the strains for shoot initiation and

subsequent growth. Interaction between the strains and combinations was statistically

significant for all shoot parameters. Explants of PKJ-3 strain in response to BA + IAA (1.25

+ 1.25 mg l-1) took the minimum time to sprout, attained maximum shoot length, gave greater

number of shoots with more number of nodes and resulted in higher percentage of sprouted

explants. Some explants of PKJ-3 and PKJ-6 developed thick rootlets when 1.25 mg l-1 BA +

1.25 mg l-1 IBA or 1.25 mg l-1 BA + 1.25 mg l-1 NAA was added to the culture medium.

Many explants developed callus on the medium containing 2.5 mg l-1 BA + 2.5 mg l-1 NAA,

IAA or IBA. BA + auxins (IAA or NAA) combinations were better than cytokinins (BA and

Kinetin) alone or in combination as recorded in previous two experiments.

3.2.4 In vitro shoot multiplication by use of BA and its combinations with auxins

The stem segments, aseptically excised from in vitro raised shoots of each strain were

cultured on solidified MS medium supplemented with BA (alone) @ 2.50 or 5.00 mg l-1, or

2.50 mg l-1 BA in combination with 2.50 mg l-1 of an auxin i.e. NAA, IAA or IBA. The

subculturing onto the fresh medium of the same composition was carried out every 2 week

interval for about 2 months. The data on number of days to bud sprouting, length of primary

shoot, number of nodes per primary shoot, number of shoots per explants were recorded from

clean cultures and analyzed statistically.
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A. Number of days to bud sprouting: Effect of the jojoba strains and the growth regulators

supplemented on the parameter under study was found statistically significant. However,

interaction between the two factors was statistically non-significant (Table 93). The explants

of PKJ-3 took the minimum time for bud sprouting, followed by those of PKJ-6 and both the

strains were statistically at par with each other. While, the explants of PKJ-2 took the

maximum time to sprout their buds and stood statistically at par with those of PKJ-5. The

minimum time for bud sprouting was taken by those explants cultured on solidified MS

medium containing 2.50 mg l-1 BA, followed by the combination of 2.50 mg l-1 BA + 2.50

mg l-1 IAA. However, both the treatments were statistically different. On the other hand, the

maximum time to bud sprouting was taken by those explants cultured on the medium

containing 2.50 mg l-1 BA + 2.50 mg l-1 IBA.

B: Length of primary shoot: The strains, the growth regulators combinations and the

interaction between the two factors significantly affected the length of shoot (Table 94). The

strain PKJ-3 with the longest primary shoot led the other strains and differed significantly

from all other strains. The shortest primary shoot was produced from the explants of PKJ-2,

followed those of PKJ-5. Both the strains behaved statistically alike. BA @ 2.50 mg l-1

proved better than BA @ 5.00 mg l-1 and its combinations with auxins. The combination

containing 2.50 mg l-1 BA + 2.50 mg l-1 IBA proved least effective in promoting the growth

of primary shoot. The longest primary shoot was produced from the explants of PKJ-3 on the

medium containing BA @ 2.50 mg l-1, followed by those of PKJ-6 on the same medium.

However, both the treatment combinations were statistically different. While, the shortest

primary shoot was resulted from the explants of PKJ-2 on the medium containing 2.50 mg l-1
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Table 93: Number of days to bud sprouting as affected by jojoba strains and growth regulators during

in vitro shoot multiplication

Growth regulators applied (mg l-1) Jojoba Strains

BA NAA IAA IBA PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

2.50 - - - 9.33a* 12.67a 7.00a 9.67a 10.33a 8.33a 9.56e

5.00 - - - 19.00a 22.00a 14.33a 21.00a 20.33a 15.33a 18.67b

2.50 2.50 - - 17.67a 19.67a 12.67a 17.00a 19.33a 13.33a 16.61c

2.50 - 2.50 - 14.00a 15.00a 10.00a 12.67a 16.00a 11.33a 13.17d

2.50 - - 2.50 24.33a 27.00a 21.67a 24.67a 26.67a 23.67a 24.67a

Average 16.87c 19.27a 13.13d 17.00bc 18.53ab 14.40d

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 94: Length of primary shoot (cm) as affected by jojoba strains and growth regulators during in vitro shoot

multiplication

Growth regulators applied

(mg l-1)

Jojoba Strains

BA NAA IAA IBA PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

2.50 - - - 7.17c* 5.33e 8.83a 6.83c 6.17d 7.83b 7.03a

5.00 - - - 3.43lm 3.23lm 3.77jkl 3.30lm 3.27lm 3.70kl 3.45c

2.50 2.50 - - 4.53fghi 3.83ijkl 4.83efgh 4.43ghij 4.23hijk 4.70efgh 4.43b

2.50 - 2.50 - 4.50ghi 4.23hijk 5.23ef 4.67fgh 4.30ghijk 5.03efg 4.66b

2.50 - - 2.50 2.43n 2.10n 2.80mn 2.33n 2.17n 2.50n 2.39d

Average 4.41c 3.75e 5.09a 4.31cd 4.03de 4.75b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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BA + 2.50 mg l-1 IBA and it remained statistically at par with all the strains on the same

medium.

C. Number of nodes per primary shoot: The strains and the growth regulators combinations

affected the number of nodes per primary shoot significantly, but the interaction between

these two factors was statistically non-significant (Table 95). The primary shoots arising

from the explants of PKJ-3 attained the maximum number of nodes, followed by those of

PKJ-6. However, these two strains were statistically different. Whereas, the primary shoots

resulting from the explants of PKJ-2 attained the minimum number of nodes and differed

significantly from rest of the strains. The shoots produced from the explants of PKJ-1, PKJ-4

and PKJ-5, were in the middle and statistically at par with each other for this parameter. The

shoots arising from the medium supplemented with BA @ 2.50 mg l-1 gained the maximum

number of nodes. While, the shoots arising from the medium containing 2.50 mg l-1 BA +

2.50 mg l-1 IBA had the minimum number of nodes.

D. Number of shoots per explant: The data presented in Table 96 indicate that the parameter

was significantly affected by the strains, growth regulators combinations and their

interaction. The strains PKJ-3 performed the best with the maximum number of shoots per

explant among the strains, followed by the strain PKJ-6. However, both the strains were

statistically different. The strain PKJ-2 trailed with the minimum number of shoots per

explant and it remained statistically at par with PKJ-5. Number of shoots was significantly

greater on the medium supplemented with BA @ 5.00 mg l-1 than that containing BA @ 2.50

mg l-1 and its combinations with auxins. The maximum number of shoots was produced from
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Table 95: Number of nodes per primary shoot as affected by jojoba strains and growth regulators during in vitro shoot

multiplication

Growth regulators applied

(mg l-1)

Jojoba Strains

BA NAA IAA IBA PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

2.50 - - - 6.00a* 4.33a 7.33a 5.67a 5.33a 6.67a 5.89a

5.00 - - - 2.67a 2.33a 3.67a 3.00a 2.67a 3.33a 2.94c

2.50 2.50 - - 4.00a 3.67a 4.67a 4.00a 4.00a 4.33a 4.11b

2.50 - 2.50 - 4.33a 3.33a 5.00a 4.00a 3.67a 4.67a 4.17b

2.50 - - 2.50 2.00a 1.67a 2.67a 2.00a 1.67a 2.33a 2.06d

Average 3.80c 3.07d 4.67a 3.73c 3.47c 4.27b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 96: Number of shoots per explant as affected by jojoba strains and growth regulators during in vitro shoot

multiplication

Growth regulators applied

(mg l-1)

Jojoba Strains

BA NAA IAA IBA PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

2.50 - - - 11.67bc* 8.67def 17.00a 11.00bcd 11.33bcd 13.67b 12.22b

5.00 - - - 13.33b 10.33cde 19.00a 12.33bc 11.67bc 17.67a 14.06a

2.50 2.50 - - 6.33fghij 4.33ij 7.33fgh 5.67ghij 4.67hij 6.67fghi 5.83d

2.50 - 2.50 - 6.33fghij 5.33ghij 10.33cde 7.33fgh 6.00fghij 8.00efg 7.22c

2.50 - - 2.50 4.00ij 3.33j 5.33ghij 4.33ij 3.67ij 4.67hij 4.22e

Average 8.33c 6.40d 11.80a 8.13c 7.47cd 10.13b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Fig. 17: Shoot multiplication from Fig. 18: Shoot multiplication from
explant of PKJ-3 on MS medium explant of PKJ-6 on MS medium
supplemented with 5.00 mg l-1 BA. supplemented with 5.00 mg l-1 BA.

Fig. 19: Shoot multiplication from Fig. 20: Shoot multiplication from
explant of PKJ-3 on MS medium explant of PKJ-6 on MS medium
supplemented with 2.50 mg l-1 BA. supplemented with 2.50 mg l-1 BA.
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the explants of PKJ-3 on the medium containing 5.00 mg l-1 BA (Fig. 17), followed by those

of PKJ-6 on same medium (Fig. 18) and PKJ-3 on the medium containing BA @ 2.50 mg l-1

(Fig. 19). All the three treatment combinations were statistically at par with each other. This

was followed by the explants of PKJ-6 cultured on the medium containing BA @ 2.50 mg l-1

(Fig. 20) and remained statistically different from the previous three ones. The minimum

number of shoots was produced from the explants of PKJ-2 in the medium containing 2.50

mg l-1 BA + 2.50 mg l-1 IBA that remained statistically at par with the other strains for the

same medium; and with other strains except PKJ-3 & 6 on the medium supplemented with

2.50 mg l-1 BA + 2.50 mg l-1 NAA, and with PKJ-1, PKJ-2 and PKJ-5 on the medium

containing 2.50 mg l-1 BA + 2.50 mg l-1 IAA.

Conclusion: The explants on the medium containing BA @ 2.50 mg l-1 took the minimum

time to sprout, attained longer shoots and produced maximum number of nodes per shoot.

However, maximum number of shoots per explant was obtained on the medium containing

BA @ 5.00 mg l-1. While the explants on the medium containing BA + IBA took the

maximum time to sprout, attained shorter shoots, minimum number of shoots and lesser

number of nodes. PKJ-3 strain performed better than the other strains. The interactions

between BA/BA+auxins and the strains were statistically significant for number of shoots per

explant and length of primary shoot. The explants of PKJ-3 produced the highest number of

shoots on the medium containing BA @ 5.00 mg l-1 and the longest primary shoot on the

medium containing BA @ 2.50 mg l-1. However, the explants of PKJ-2 produced the lowest

number of shoots and the shortest primary shoot on the medium containing BA + IBA @

2.50+2.50 mg l-1.
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3.2.5 In vitro root initiation by use of auxins

The shoots, aseptically excised from in vitro cultures of each strain were cultured on

solidified MS medium supplemented with different auxins i.e. NAA, IAA and IBA, each @

1.25, 2.50 or 5.00 mg l-1. Subculturing was carried out at monthly interval by transferring on

to the fresh medium of the same composition for about 3 months. The data on number of

days to initiate root, length of primary root, number of roots per shoot and percentage of

rooted shoots were recorded from clean cultures and analyzed statistically.

The three auxins (IBA, IAA and NAA), which were tested for their efficacy at three

concentrations, remained effective only @ 1.25 mg l-1 , the other two concentrations of

auxins i.e. 2.50 and 5.00 mg l-1 caused callus formation at the base of the shoots and no root

formation was observed. Hence, the cultures containing these concentrations of auxins were

excluded from data recording and statistical analysis.

A. Number of days to root: The results indicated that the strains and the auxins had

significant effect on the time required to root. However, the interaction between the strains

and the auxins was statistically non-significant (Table 97). The cultured shoots of PKJ-3 took

the minimum time to root and differed significantly from cultured shoots of all other strains,

while the shoots of PKJ-2 took the maximum time to root and that was not statistically

different from that of PKJ-5. All the three auxins differed significantly from each other in

their effect for the parameter under study. The minimum time to root was recorded when IBA

was added in the culture medium, while the maximum time to root was recorded in case of

IAA.
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Table 97: Number of days to root as affected by jojoba strains and auxins (each @ 1.25

mg l-1)

Auxins Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 39.43a* 43.40a 33.83a 37.97a 43.17a 38.07a 39.31c

IAA 50.87a 57.77a 47.63a 52.87a 54.30a 49.83a 52.21a

NAA 47.10a 50.10a 43.27a 47.08a 49.77a 46.30a 47.27b

Average 45.80b 50.42a 41.58c 45.97b 49.08a 44.73b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 98: Length of primary root (cm) as affected by jojoba strains and auxins (each @

1.25 mg l-1)

Auxins Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 6.42c* 5.18d 7.64a 6.86b 5.08d 6.88b 6.34a

IAA 2.13h 1.60i 2.63g 1.82i 1.67i 2.20h 2.00c

NAA 3.28f 2.79g 4.84e 3.15f 2.78g 4.74e 3.60b

Average 3.94c 3.19d 5.04a 3.94c 3.18d 4.60b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).



175

B. Length of primary root: The length of primary root was significantly affected by the

strains, the auxins and their interaction (Table 98). The shoots of PKJ-3 led the other strains

with maximum root length, followed by those of PKJ-6. However, both the strains were

statistically different. Whereas, the shoots of PKJ-5 trailed to the minimum root length and

were statistically similar to those of PKJ-2. The cultured shoots attained longer primary root

in the medium containing IBA than that of the other two auxins. Regarding the interaction,

the longest primary root was produced by the shoots of PKJ-3 in the medium containing IBA

(Fig. 21), followed by PKJ-6 for the same auxin; but both the treatment combinations were

statistically different from each other. However, the latter was statistically similar to that of

PKJ-4 for the same auxin. While the shortest primary root was attained by PKJ-2 in the

medium containing IAA and it remained statistically at par with PKJ-5 and PKJ-4 for the

same auxin.

C. Number of roots per shoot: It is apparent from Table 99 that the effect of the strain, the

auxins, and their interaction was statistically significant. The performance of PKJ-3 was the

best among all the strains with the highest number of roots per shoot, followed by that of

PKJ-6. However, both the strains differed significantly from each other. While, PKJ-2 trailed

to the minimum with the lowest number of roots and it was statistically similar to PKJ-5. The

auxin IBA was better with significantly more number of roots per shoot than that of the other

two auxins. Regarding the interaction between the strains and the auxins, the maximum

number of roots was produced by the shoots of PKJ-3 in the medium containing IBA (Fig.

21). The minimum number of roots was produced by the shoots of PKJ-2 in the medium

containing IAA that remained statistically at par with those of PKJ-5 and PKJ-4 for the same
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Table 99: Number of roots per shoot as affected by jojoba strains and auxins (each @

1.25 mg l-1)

Auxins Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 5.78d* 5.00f 7.89a 6.00c 5.11ef 6.67b 6.07a

IAA 3.33i 2.33j 3.67hi 2.78j 2.56j 3.44hi 3.02c

NAA 4.22g 3.33i 5.56de 3.89gh 3.56hi 4.89f 4.24b

Average 4.44c 3.56d 5.70a 4.22c 3.74d 5.00b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 100: Percentage of rooted shoots as affected by jojoba strains and auxins (each @

1.25 mg l-1)

Auxins Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 60.00a* 56.67a 70.00a 60.00a 56.67a 63.33a 61.11a

IAA 53.33a 46.67a 60.00a 53.33a 50.00a 56.67a 53.33b

NAA 60.00a 53.33a 63.33a 56.67a 53.33a 60.00a 57.78a

Average 57.78b 52.22c 64.44a 56.67bc 53.33c 60.00ab

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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medium.

D. Percentage of rooted shoots: The strains and the auxins had significant effect on rooting

percentage of excised shoots. However, the interaction between the two factors remained

statistically non-significant (Table 100). As concern to the strains, the shoots of PKJ-3

resulted in the highest percentage of rooting and were statistically similar to those of PKJ-6.

The shoots of PKJ-2 had the lowest percentage of rooted shoots and were statistically similar

to those of PKJ-5 and PKJ-4. Regarding the auxins, the maximum percentage of rooted

shoots was recorded on the medium containing IBA, which was statistically at par with those

cultured on the medium containing NAA. While, the minimum percentage of rooted shoots

was recorded on the medium containing IAA.

Conclusion: MS medium was supplemented with three auxins i.e., IBA, IAA and NAA each

@ 1.25, 2.5 and 5.0 mg l-1 for root initiation of microprogated shoots of jojoba. The lowest

concentration (1.25 mg l-1) of each auxin gave satisfactory results, the other two higher

concentrations of auxins (2.5 and 5.0 mg l-1) caused callus induction.

3.2.6 In vitro root formation by using lower concentrations of auxins

The material used, methods adopted and parameters studied were the same as given in the

section 3.2.5, except the concentrations of auxins which were reduced to 0.50, 1.00 or 1.50

mg l-1 to enhance root formation in cultured shoots of the jojoba strains.
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A. Number of days to root initiation: The effect of jojoba strains, auxins and their

concentrations was statistically significant (Tables 101-104). Among strains, the shoots of

PKJ-3 initiated roots significantly earlier than that of the other strains, while the shoots of

PKJ-2 took the maximum time for root initiation. IBA was more effective than the other two

auxins as shoots took minimum days to root in response to this auxin. The lowest

concentration (0.50 mg l-1) of auxins remained better with the minimum time for root

initiation than the other two concentrations of auxins. The highest concentration (1.50 mg l-1)

of auxins caused delay in root initiation.

Interaction between the strains and the auxins was statistically non-significant (Table 101).

However, the interaction between auxins and their concentration was significant (Table 102).

The shoots in response to IBA @ 0.50 mg l-1 took significantly fewer days than the other

treatment combinations, while the shoots in response to IAA @ 1.50 mg l-1 took the

maximum days to root. The interaction between the strains and the concentrations of auxins

was also significant (Table 103). The shoots from PKJ-3 took the minimum days to initiate

roots at 0.50 mg l-1 concentration, while the shoots of PKJ-2 took the maximum days to

initiate roots at 1.50 mg l-1 concentration. However, three-way interaction among the factors

for this parameter remained statistically non-significant (Table 104).

B. Length of primary root: The strains, the auxins and their concentrations significantly

affected the length of primary root (Tables 105-108). The shoots of the strain PKJ-3 resulted

in longer primary roots, while those of PKJ-2 attained the shorter ones than the other strains.

IBA significantly enhanced the root length as compared with the other two auxins. The
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Table 101: Number of days to root as affected by jojoba strains and auxins

Auxins Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 42.56a* 47.64a 39.33a 43.20a 46.29a 40.78a 43.30c

IAA 51.31a 57.89a 46.91a 52.29a 55.87a 48.71a 52.16a

NAA 49.47a 52.91a 44.18a 49.51a 52.24a 45.13a 48.91b

Average 47.78c 52.81a 43.47e 48.33c 51.47b 44.87d

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 102: Number of days to root as affected by auxins and their concentration

Auxins Concentrations (mg l-1)

0.50 1.00 1.50 Average

IBA 29.83g* 44.77d 55.30c 43.30c

IAA 34.36f 55.24c 66.89a 52.16a

NAA 39.52e 45.19d 62.01b 48.91b

Average 34.57c 48.40b 61.40a

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 103: Number of days to root as affected by jojoba strains and concentrations of

auxins

Auxin conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

0.50 36.22i* 39.33h 29.13l 33.47j 38.00h 31.27k 34.57c

1.00 47.22f 52.76e 44.71g 48.51f 52.11e 45.09g 48.40b

1.50 59.89c 66.36a 56.58d 63.02b 64.29b 58.27cd 61.40a

Average 47.78c 52.81a 43.47e 48.33c 51.47b 44.87d

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 104: Number of days to root as affected by jojoba strains, auxins and their

concentrations (interaction)

Auxins Conc.

(mg l-1)
Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 0.50 31.40a* 34.20a 25.33a 27.80a 33.07a 27.20a 29.83g

1.00 43.60a 49.07a 40.33a 45.00a 48.87a 41.73a 44.77d

1.50 52.67a 59.67a 52.33a 56.80a 56.93a 53.40a 55.30c

IAA 0.50 51.31a 57.89a 46.91a 52.29a 55.87a 48.71a 34.35f

1.00 53.20a 60.20a 51.60a 55.73a 59.00a 51.73a 55.24c

1.50 64.13a 73.47a 60.33a 69.07a 69.87a 64.47a 66.89a

NAA 0.50 40.67a 43.80a 33.27a 40.53a 42.20a 36.67a 39.52e

1.00 44.87a 49.00a 42.20a 44.80a 48.47a 41.80a 45.19d

1.50 62.87a 65.93a 57.07a 63.20a 66.07a 56.93a 62.01b

Average 47.78c 52.81a 43.47e 48.33c 51.47b 44.87d

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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lowest concentration of auxins increased root length to the maximum, while the highest

concentration of auxins resulted in the minimum root length.

Two-way interaction between the jojoba strains and the auxins was found statistically

significant (Table 105). The shoots of PKJ-3 attained the longest primary root in response to

IBA, followed by those of PKJ-6 for the same auxin. However, the former treatment

combination was statistically different in effect from the latter one. The shoots of PKJ-2

attained the shortest primary roots in response to IAA.

Two-way interaction between the auxins and their concentrations also affected the parameter

significantly (Table 106). All the treatment combinations differed significantly from each

other. IBA @ 0.50 mg l-1 caused the maximum length of primary root, while IAA @ 1.50 mg

l-1 caused the minimum length of primary root.

Two-way interaction between the strains and the concentrations of auxins was also found

significant (Table 107). The cultured shoots of PKJ-3 got the longest primary root at the

lowest concentration of auxins, followed by those of PKJ-6 for the same concentration of

auxins. However, both the treatment combinations differed significantly from each other. The

shoots of PKJ-2 got the shortest primary root at the highest concentration of auxins.

Interaction among the three factors was also found statistically significant (Table 108). The

shoots of PKJ-3 attained the longest primary root when cultured in the medium containing

IBA @ 0.50 mg l-1, followed by those of PKJ-6 on this medium. Both the treatment
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Table 105: Length of primary root (cm) as affected by jojoba strains and auxins

Auxins Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 6.00c* 5.47e 6.45a 5.98c 5.68d 6.30b 5.98a

IAA 3.54k 2.84m 4.06ij 3.63k 3.16l 3.91j 3.52c

NAA 4.75g 4.15i 5.39e 4.64g 4.52h 5.24f 4.78b

Average 4.77c 4.15e 5.30a 4.75c 4.45d 5.15b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 106: Length of primary root (cm) as affected by auxins and their concentrations

Auxins Concentrations (mg l-1)

0.50 1.00 1.50 Average

IBA 8.89a* 5.40d 3.65f 5.98a

IAA 6.36c 2.44h 1.77i 3.52c

NAA 6.89b 4.32e 3.14g 4.78b

Average 7.38a 4.05b 2.86c

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 107: Length of primary root (cm) as affected by jojoba strains and

concentrations of auxins

Auxin conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

0.50 7.26d* 6.73f 8.09a 7.44c 6.95e 7.81b 7.38a

1.00 4.16h 3.47j 4.52g 4.03h 3.67i 4.46g 4.05b

1.50 2.87l 2.26m 3.30k 2.85l 2.74l 3.18k 2.86c

Average 4.77c 4.15e 5.30a 4.75c 4.45d 5.15b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 108: Length of primary root (cm) as affected by jojoba strains, auxins and their

concentrations (interaction)

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Auxins Conc.

(mg l-1)
Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 0.50 8.72b* 8.35c 9.47a 8.89b 8.67b 9.26a 8.89a

1.00 5.56kl 4.77m 5.95j 5.38l 4.91m 5.81jk 5.40d

1.50 3.72op 3.29qr 3.94o 3.67op 3.45pq 3.82o 3.65f

IAA 0.50 6.25i 5.60kl 7.07ef 6.66gh 5.69k 6.90fg 6.36c

1.00 2.54u 1.88x 2.83st 2.36uv 2.19vw 2.81t 2.44h

1.50 1.84x 1.03z 2.29uv 1.87x 1.59y 2.02wx 1.77i

NAA 0.50 6.81g 6.25i 7.73d 6.77g 6.48hi 7.27e 6.89b

1.00 4.39n 3.76o 4.77m 4.35n 3.91o 4.75m 4.32e

1.50 3.07rs 2.44uv 3.67op 2.81t 3.18r 3.70op 3.14g

Average 4.77c 4.15e 5.30a 4.75c 4.45d 5.15b
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combinations were statistically at par . The shoots of PKJ-2 attained the shortest primary

roots in the medium containing IAA @ 1.50 mg l-1.

C. Number of roots per cultured shoot: The parameter was significantly affected by the

jojoba strains, the auxins and their concentrations (Tables 109-112). All the strains, auxins

and their concentrations differed significantly from each other, respectively. The strain PKJ-3

led the other strains with the maximum number of roots per shoot, followed by PKJ-6.

However, both the strains differed significantly from each other. While, the strain PKJ-2

trailed with the minimum number of roots per shoot. Addition of IBA in the culture medium

resulted in more number of roots than the other two auxins. The maximum number of roots

was produced at 0.50 mg l -1, while the minimum number of roots was produced at 1.50 mg l -1

concentration of auxins. Interaction between the strains and the auxins was statistically

significant (Table 109). The strain PKJ-3 produced the highest number of roots per shoot in

response to IBA (Fig. 22 - 24) and remained statistically at par with that of PKJ-6 for the

same auxin. The cultured shoots of PKJ-5 produced the lowest number of roots per shoot in

response to IAA and it stood statistically at par with that of PKJ-2 in response to NAA or

IAA.

Interaction between the auxins and their concentrations also affected the number of roots

significantly (Table 110). IBA @ 0.50 mg l-1 caused the maximum number of roots per

shoot, while IAA @ 1.50 mg l-1 caused the minimum number of roots per shoot.
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Table 109: Number of roots per cultured shoot as affected by jojoba strains and auxins

Auxins Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 7.82cd* 6.36gh 11.22a 8.49b 7.78cd 10.78a 8.74a

IAA 6.84fg 5.56hi 8.13bc 7.09ef 5.40i 7.44de 6.74c

NAA 6.51g 5.47i 8.53b 7.38de 6.00h 7.71cd 6.93b

Average 7.06d 5.79f 9.30a 7.65c 6.39e 8.64b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 110: Number of roots per cultured shoot as affected by auxins and their

concentrations

Auxins Concentrations (mg l-1)

0.50 1.00 1.50 Average

IBA 13.20a* 7.40d 5.62f 8.74a

IAA 9.17b 6.36e 4.70g 6.74c

NAA 8.81c 6.41e 5.58f 6.93b

Average 10.40a 6.72b 5.30c

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 111: Number of roots per cultured shoot as affected by jojoba strains and

concentrations of auxins

Auxin conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

0.50 9.29d* 7.62f 13.60a 11.00c 8.60e 12.27b 10.40a

1.00 6.51gh 5.47ijk 7.96f 6.80g 5.84ij 7.76f 6.72b

1.50 5.38jk 4.29m 6.33h 5.16kl 4.73l 5.91i 5.30c

Average 7.06d 5.79f 9.30a 7.65c 6.39e 8.64b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 112: Number of roots per cultured shoot as affected by jojoba strains, auxins and their concentrations (interaction)

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Auxins Conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 0.50 11.33d* 9.13g 17.80a 13.13c 11.27d 16.53b 13.20a

1.00 6.60jklmn 5.40qrst 9.40g 7.00hijkl 6.40jklmnop 9.60fg 7.40d

1.50 5.53pqrst 4.53uvwx 6.47jklmno 5.33rstu 5.67opqrs 6.20lmnopq 5.62f

IAA 0.50 8.80g 7.07hijkl 11.27d 10.27ef 6.93hijkl 10.73e 9.17b

1.00 6.67jklm 5.80mnopqrs 7.27hij 6.60jklmn 5.40qrst 6.40jklmnop 6.36e

1.50 5.07stuv 3.80x 5.87mnopqrs 4.40vwx 3.87wx 5.20stuv 4.70g

NAA 0.50 7.73h 6.67jklm 11.73d 9.60fg 7.60hi 9.53fg 8.81c

1.00 6.27lmnopq 5.20stuv 7.20hijk 6.80ijkl 5.73nopqrs 7.27hij 6.41e

1.50 5.53pqrst 4.53uvwx 6.67jklm 5.73nopqrs 4.67tuvw 6.33klmnop 5.58f

Average 7.06d 5.79f 9.30a 7.65c 6.39e 8.64b
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Interaction between the strains and the concentrations of auxins was also found statistically

significant for the parameter (Table 111). The cultured shoots of PKJ-3 produced the

maximum number of roots at the lowest concentration of auxins, followed by those of PKJ-6

for the same concentration of auxins. However, both the treatment combinations were

statistically different. The shoots of PKJ-2 produced the minimum number of roots at the

highest concentration of auxins and differed significantly from all the other treatment

combinations.

Interaction among the three factors was statistically significant (Table 112). The shoots of

PKJ-3 initiated the maximum number of roots in response to IBA @ 0.50 mg l -1 (Fig. 22),

followed by those of PKJ-6 under the same auxin and its same concentration. However, both

the treatment combinations were statistically different. While the shoots of PKJ-2 produced

the minimum number of roots in response to IAA @ 1.50 mg l-1, followed by PKJ-5, PKJ-4

for same auxin at same concentration and that of PKJ-2 in response to NAA or IBA @ 1.50

mg l-1. All these five treatment combinations were statistically at par with each other.

D. Percentage of rooted shoots: The parameter was significantly affected by jojoba strains,

auxins and their concentrations (Tables 113-116). The shoots from PKJ-3 gained the highest

rooting percentage, followed by those of PKJ-6, but both of these strains were statistically

different. The shoots from PKJ-2 gained the lowest rooting percentage and that was

statistically at par with that of PKJ-5. The maximum percentage of rooted shoots was

credited to IBA, followed by NAA. However, both the auxins behaved statistically unlike.
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Fig. 21: Root formation from a Fig. 22: Root formation from a
shoot of PKJ-3 on MS medium shoot of PKJ-3 on MS medium
supplemented with 1.25 mg l-1 IBA. supplemented with 0.50 mg l-1 IBA.

Fig. 23: Root formation from a Fig. 24: Root formation from a
shoot of PKJ-3 on MS medium shoot of PKJ-3 on MS medium
supplemented with 1.00 mg l-1 IBA. supplemented with 1.50 mg l-1 IBA.
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The minimum percentage of rooted shoots was recorded by the shoots cultured on the MS

medium supplemented with IAA. The shoots cultured on the media with the lowest

concentrations of auxins showed maximum rooting percentage, while those on the highest

ones resulted in the minimum. Two way-interactions between the jojoba strains and auxins

(Table 113), between auxins and their concentrations (Table 114) and between the strains and

the concentration of auxins (Table 115) remained statistically non-significant. Three-way

interaction for the parameter also remained statistically non-significant (Table 116).

Conclusion: Efficacy of auxins (IBA, IAA and NAA) was improved, when concentration of

each auxin was used @ 0.5, 1.0 and 1.5 mg l-1. Each auxin and its concentrations affected

significantly the root characteristics of each strain. IBA and 0.5 mg l-1 were the most

effective auxin and concentration, respectively. Among the strains, PKJ-3 performed the best

of all, as it took the minimum time to root, produced maximum number of roots, and attained

longer primary root and higher percentage of rooted shoots.

3.2.7 Transference of plantlets to greenhouse for acclimatization

The in vitro rooted plantlets were gently taken out from culture tubes, washed thoroughly and

transferred to plastic pots containing sterile coarse sand. The pots were covered with

polyethylene bags and kept in a greenhouse for acclimatization under controlled conditions

for about two months. The survival percentage of the plantlets of each jojoba strain was

recorded with respect to the auxins used during in vitro rooting irrespective of their

concentrations and the data collected were subjected to statistical analysis.
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Table 113: Percentage of rooted shoots as affected by jojoba strains and auxins

Auxins Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 62.22a* 57.78a 71.11a 62.22a 58.89a 66.67a 63.15a

IAA 55.56a 48.89a 63.33a 55.56a 51.11a 57.78a 55.37c

NAA 61.11a 52.22a 65.56a 58.89a 53.33a 62.22a 58.89b

Average 59.63bc 52.96d 66.67a 58.89c 54.44d 62.22b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 114: Percentage of rooted shoots as affected by auxins and their concentration

Auxins Concentrations (mg l-1)

0.50 1.00 1.50 Average

IBA 66.67a* 65.00a 57.78a 63.15a

IAA 60.00a 55.00a 51.11a 55.37c

NAA 62.22a 60.00a 54.44a 58.89b

Average 62.96a 60.00b 54.44c

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 115: Percentage of rooted shoots as affected by jojoba strains and concentrations

of auxins

Auxin conc.

(mg l-1)

Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

0.50 63.33a* 56.67a 71.11a 63.33a 56.67a 66.67a 62.96a

1.00 60.00a 54.44a 67.78a 58.89a 55.56a 63.33a 60.00b

1.50 55.56a 47.78a 61.11a 54.44a 51.11a 56.67a 54.44c

Average 59.63bc 52.96d 66.67a 58.89c 54.44d 62.22b

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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Table 116: Percentage of rooted shoots as affected by jojoba strains, auxins and their

concentrations (interaction)

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Auxins Conc.

(mg l-1)
Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 0.50 66.67a* 60.00a 76.67a 63.33a 60.00a 73.33a 66.67a

1.00 63.33a 60.00a 73.33a 63.33a 63.33a 66.67a 65.00a

1.50 56.67a 53.33a 63.33a 60.00a 53.33a 60.00a 57.78a

IAA 0.50 60.00a 53.33a 66.67a 63.33a 56.67a 60.00a 60.00a

1.00 53.33a 50.00a 63.33a 53.33a 50.00a 60.00a 55.00a

1.50 53.33a 43.33a 60.00a 50.00a 46.67a 53.33a 51.11a

NAA 0.50 63.33a 56.67a 70.00a 63.33a 53.33a 66.67a 62.22a

1.00 63.33a 53.33a 66.67a 60.00a 53.33a 63.33a 60.00a

1.50 56.67a 46.67a 60.00a 53.33a 53.33a 56.67a 54.44a

Average 59.63bc 52.96d 66.67a 58.89c 54.44d 62.22b
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Survival percentage of plantlets

Complete plantlets from PKJ-3 and PKJ-6 strains, which had developed thick rootlets on the

medium containing 1.25 mg l-1 BA + 1.25 mg l-1 IBA or 1.25 mg l-1 BA + 1.25 mg l-1 NAA

along with shoot growth (section 3.2.3 and Figures 15 & 16) survived in between 70 and

80% during acclimatization in greenhouse. However, the survival percentage of plantlets

produced from cultured shoots of jojoba strains on MS media supplemented with auxins

(section 3.2.5 & 3.2.6), irrespective of the concentrations of auxins applied, was recorded and

presented in Table 117. The strains and the auxins had significant effect on the parameter

under study. However, the interaction between the two factors (i.e. the strains and the auxins

applied previously) remained statistically non-significant. The plantlets of the strain PKJ-3

showed the highest survival percentage, followed by those of PKJ-6 and both the strains

behaved statistically alike. The strains PKJ-1 and PKJ-4 were in the middle and had the same

survival percentage of plantlets. Whereas, the plantlets from PKJ-2 had the lowest survival

percentage and remained statistically at par with those from PKJ-5. Regarding the auxins, the

maximum survival percentage was recorded in those plantlets which developed their roots in

MS medium containing IBA during in vitro root formation and differed significantly from

the other two auxins. However, the plantlets which developed their roots in MS medium

containing NAA or IAA resulted in lower survival percentage and behaved statistically alike.

Conclusion: The strains and the auxins showed the significant effect on the survival of

plantlets during acclimatization in greenhouse. The maximum survival percentage was

recorded in those plantlets which developed their roots on MS medium containing IBA.
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3.2.8 Transference of plantlets to open field for establishment

Acclimatized plantlets were shifted to open field conditions in the months of October and

March. The survival percentage of each jojoba strain with respect to their time of planting

was recorded after about 5 months and put to statistical analysis.

Survival percentage of plantlets

The data presented in Table 118 revealed that the survival of plantlets in field conditions was

not affected significantly by the strains, time of planting and their interaction. However, the

strains PKJ-3 led with the maximum survival percentage, followed by PKJ-4 and PKJ-6.

Planting in October 2005 resulted in slightly higher percentage than the planting in March

2006, but the difference was statistically non-significant.

Conclusion: The survival of plantlets in field conditions was independent of the strains and

time of planting.
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Table 117: Survival percentage of plantlets during acclimatization as affected by jojoba

strains and auxins

Auxins Jojoba Strains

PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 Average

IBA 66.67a* 46.67a 80.00a 60.00a 53.33a 73.33a 63.33a

IAA 46.67a 26.67a 60.00a 40.33a 33.33a 53.33a 43.33b

NAA 40.00a 33.33a 60.00a 53.33a 33.33a 53.33a 45.56b

Average 51.11b 35.56c 66.67a 51.11b 40.00c 60.00ab

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).

Table 118: Survival percentage of plantlets in field conditions as affected by jojoba

strains and time of planting

Jojoba

Strains

Time of planting

October, 2005 March, 2006 Average

PKJ-1 46.67 a* 40.00 a 43.33 a

PKJ-2 40.00 a 33.33 a 36.67 a

PKJ-3 60.00 a 53.33 a 56.67 a

PKJ-4 53.33 a 46.67 a 50.00 a

PKJ-5 40.00 a 40.00 a 40.00 a

PKJ-6 53.33 a 46.67 a 50.00 a

Average 48.89 a 43.33 a

*Means sharing similar letter(s) in a group are non-significant at = 5% (DMR test).
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4. DISCUSSION

Six promising strains of jojoba were propagated by different methods using in vivo and in

vitro techniques. The results obtained are discussed in the following sections.

4.1 Propagation via in vivo techniques

4.1.1 Propagation through air layering

Normally, air layering is practiced in those plant species which are difficult to root. However,

time of layering affects the process of root development in the layered branches. In the

present study, root development was delayed in the branches layered in February probably

due to the stress exerted by flowering and fruiting stage of the plants and emergence of new

flushes which used more carbohydrates and metabolites and little were available for root

development. Further addition to the stress was caused by the gradual increase in temperature

from 22 to 42 oC (with 20 oC difference) and low humidity range (57 to 78%) during the

following months (Table 119) that caused delay in root development and reduced the success

percentage in layered branches (section 3.1.1). On the other hand, gradual decrease in

temperature from 38 to 25 oC (with 13 oC difference) and high humidity range (76 to 86%)

from August to December (Table 119) favoured early root development and also increased

success percentage in the branches when layering was practiced in August. However, the

layered branches did not differ significantly for their survival after detachment (section

3.1.1). In an experiment, Reddy (2003) had already recorded 68% success in air layers of

jojoba treated with IBA during rainy season (June to August).
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Table 119: Monthly temperature and humidity, average of two years (2002 - 2003 and

2003 - 2004)

Months Temperature (oC) Relative Humidity (%)

Maximum Minimum Maximum Minimum

August 38.50 27.14 76.30 38.74

September 35.67 23.87 81.11 48.70

October 34.45 17.10 82.23 34.30

November 28.83 10.87 77.44 32.53

December 25.02 8.05 86.05 37.25

January 20.20 5.50 86.03 47.25

February 22.20 7.40 78.02 43.40

March 31.25 13.69 72.78 28.90

April 39.55 20.21 57.40 18.30

May 42.39 24.40 64.84 20.15

June 42.73 28.42 60.50 31.20

July 37.40 25.07 76.12 35.25

Anonymous (2000 - 2006).
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The strains differed significantly for number of days to root development and success

percentage in response to time of layering (section 3.1.1). Previously, Alcaraz and Ayala-

Rocha (1982) recorded the differences in success percentage between male and female plants

to the combinations of auxins at various concentrations. Results of the present study also

reflected the good potential of the three strains i.e. PKJ-3, PKJ-1 and PKJ-6 for survival after

detachment. The differences among the strains were possibly due to their genetic make up.

Successful survival in rooted layers of jojoba after detachment has also been reported

previously (Butt et al., 1996; Anonymous, 1994 - 96). However, any study regarding the

survival percentage of layers with respect to time of layering and transplanting in jojoba

strains is not known.

The results of the present study support the fact that the mother plant (Thomson, 1982) and

genotype (Llorente and Apostolo, 1998) may behave differently under the same method of

vegetative propagation for various parameters of study. According to Weaver (1972), in

many plants and plant parts auxin induces and promotes the synthesis of RNA and proteins.

Such synthesis may be the pre-requisite for auxin induced-growth. In the present study, IBA

proved quite effective in inducing roots in layered branches of all the jojoba strains tested.

4.1.2 Propagation through veneer grafting

Time of grafting plays an important role in the formation of graft union and ultimately in the

success of a graft. In the present study, the earliness of sprouting from February grafting

could be attributed to the active growth activity of the plants during spring season due to

favorable environmental conditions. The scion uses the reserved carbohydrates and
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metabolites for new growth under optimum temperature and humidity. The delay in

sprouting from scions of August grafting could be related to the low nutritional status of the

mother plant as it uses the maximum of its reserved carbohydrates and nutrients during

fruiting stage that prevails from March to end of July depending upon the weather conditions.

Thomson (1982) also found that certain scions from some bushes of jojoba formed the graft

union more readily than others when grafted by splice or whip technique during early spring

from mid-February to mid-April.

The slower growth of the sprouts and lower success in February grafting could be due to the

follow of stress caused by the gradual increase in temperature and dry climatic conditions

that started after February as described in section 4.1.1 and is also in line with the findings of

Shah and Bashir (2000). A higher success in August grafting could be attributed to the

optimum temperature and humidity that boosted the graft success.

The significant differences among strains for all the parameters studied in case of veneer

grafting (section 3.1.2), indicate their differential behaviour, probably because of their

genetic make up. The two strains, PKJ-3 and PKJ-6, expressed good potential for veneer

grafting technique, while PKJ-2 and PKJ-5 showed the poor performance for it. Earlier,

Thomson (1982) obtained variable results with some bushes of jojoba that failed to form

graft union while the others resulting in 100% success. Assaf (1990) successfully

transformed 20 % jojoba males into females by grafting on three-year-old plants.
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4.1.3 Propagation through stem cuttings

Planting cuttings under favourable conditions is an easiest and efficient method of plant

propagation. Treatment of cuttings with an auxin, usually enhances rooting efficiency.

However, auxins had no direct effect on number of days to sprouting of jojoba stem cuttings.

Auxins, being root promoting hormones, also had no direct impact on sprouting percentage

of buds (Luqman et al., 2004) as bud sprouting is mainly attributed to the stored

carbohydrate in the cuttings (Wahab, 1999). It was also because the sprouting depends on

physical status and food reserves of cuttings as the cuttings utilize the reserved food when

temperature rises and start sprouting earlier than callus formation (Mabood et al., 1996).

However, in the present study, sprouting in the cuttings started earlier in response to IAA and

they had more time to get more shoot length and diameter as compared to those under the

influence of other auxins. In the present study, rooting started earlier in response to IBA and

the cuttings had more time to get more root length and diameter as compared to those treated

with other auxins.

Earlier it has been reported that cuttings of jojoba started to root within 2 - 8 weeks (Lee and

Palzkill, 1984; National Research Council of USA, 1985; Benzioni, 1997). However, in the

present study the cuttings took much more time to root. The delay in rooting could be

attributed to the difference between infrastructures (polyethylene sheet tunnel) used in this

experiment, environmental conditions in these infrastructures and nature of cuttings. Bashir

et al. (2001) reported that root initiation in semi-hardwood jojoba cuttings started about one

and half month after the application of IBA solution. Zhou (2002) related the rooting time to

temperature as he found that the rooting time for jojoba cuttings ranged from 125 to 261 days
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when the temperature decreased to 17 °C. In the present study, the rooting percentage of

semi-hardwood cuttings of jojoba was increased by auxins treatment, especially treatment by

IBA. The findings are partially in line with Arce and Jordan (1988) who found that IBA and

NAA could induce approximately 56 and 26% root formation in jojoba cuttings, respectively.

In the present study, survival percentage of jojoba cuttings showed a positive response to

IBA as it resulted in high rooting percentage. As the rooting percentage increased, survival

percentage also showed a gradual increase. Similar findings were reported by Luqman et al.

(2004) in semi-hardwood cuttings of guava. Singh (2004) stated that IAA in plant tissue is

the principal native auxin. IBA is a synthetic auxin which is chemically similar to IAA with

similar physiological activity. NAA is also a synthetic auxin which is not chemically similar

to IAA, but still similar in physiological activity. The auxin having indole group generally

produce a more fibrous root system than the naphthalene group. That is why IBA is preferred

to NAA for rooting of cuttings.

Auxin concentrations applied to the cuttings also play an important role in bud sprouting and

formation of adventitious roots. In the present study, as the buds sprouted earlier at the

highest concentration of auxins, so it spared more time to increase length, diameter of

primary shoot and number of leaves per primary shoot. Regarding root formation, the

maximum length, diameter of primary root and number of roots per cuttings were recorded at

the highest concentration of IBA. This was possibly because of the early rooting of cuttings

at the highest concentration of IBA and sparing more time to increase length, diameter of

primary root and number of roots per cutting. However, the minimum values of these

parameters at 2500 mg l-1 of NAA were probably due to maximum time to root by this
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treatment. The results are not supporting Palzkill (1988) who accounted that root length was

little affected by the concentration of IBA, but, are in conformity with his findings that root

number increased dramatically at the higher concentrations of 15000 and 20000 mg l-1 of

IBA. This is probably because of fact that higher concentration of auxins promoted the cell

division which increased the number of roots. The findings of the present study are also in

line with him that rooting percentage increased steadily as IBA concentration increased from

0 to 15000 mg l-1. Bashir et al. (2001) recorded 55% rooting in semi-hardwood cuttings of

jojoba when treated with 2000 mg l-1 IBA and further increased to 61% at 4000 mg l-1. They

also obtained 30 - 73% rooted cuttings of jojoba in response to IBA @ 1000 - 4000 mg l -1.

The results contradicted to Zhou (2002) as he recorded very high rooting percentage of

cuttings at very low concentrations of auxins i.e., 82, 80 and 76% rooting in jojoba cuttings

treated with IBA, NAA and IAA (each at 100 mg l-1), respectively. However, in his

experiment he used young semilignified shoots of jojoba to prepare cuttings and appropriate

temperature and humidity control for rooting. Accoring to Singh (2004), a high ratio of

carbohydrates to nitrogen compounds in the plant tissue as well as an optimum supply of

auxin contributes to best rooting of cuttings. Often other factors such as shade and high

moisture content of the air around the tops of the cuttings are more important than auxin

treatment. Singh et al. (2003) stated that the quick dip (20 - 30 seconds) method of IBA

(5000 mg l-1) with 31 mg l-1 boric acid effectively caused rhizogenesis in young sprouts of 1

to 2-year-old branches of jojoba. In the present study, as the highest concentration of IBA

caused maximum rooting and produced more number of roots, so it helped in survival of the

cuttings to the maximum. The trend of survival of the cuttings was the same as was noted in

case of rooting percentage and number of roots. Bashir et al. (2001) reported 84% survival in
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semi-hardwood cuttings of jojoba when treated with IBA at 4000 mg l-1.

Large differences occur in the rooting percentage due to mother plants (Thomson, 1982) and

clones (Lee and Palzkill, 1984). Zhou (2002) related the rooting rates of jojoba cuttings to

age of mother plant, temperature and humidity as the rooting rates of cuttings from young

and old female jojoba shoots were 60 - 64 and 3 - 5%, respectively at a temperature of 19 -

23 °C and 80 - 85% R.H. The results obtained by Cao and Gao (2003) also indicated that the

rooting ratio of young jojoba individual was higher than mature individuals. Previously, Lee

and Palzkill (1984) reported that clones with a high rooting percentage also tended to

produce an increased number of roots per cutting. In the present study, the cuttings from

PKJ-3 survived to the maximum and that of PKJ-2 did to the minimum among the strains,

indicating their differential behavior for this parameter.

The maximum number of roots was produced by the cuttings of PKJ-3 in response to the

highest concentration of IBA. The same treatment combination produced maximum number

of leaves and developed roots earlier than all the other combinations. The maximum survival

percentage was also recorded in the same treatment combination. This was probably due to

the best performance of this treatment combination in all root parameters that also favoured

the survival of the cuttings.

4.1.4 Behavior of rooted cuttings under various potting media

The results indicates that the combinations consisting of field soil and the material having

organic matter in form of leaf mold or FYM were better for survival and growth of rooted
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cuttings than the media consisting of field soil alone or the media containing only organic

matter in form of leaf mold, FYM and sewage sludge. High survival of rooted cuttings,

maximum number of shoots per cutting, increased length of primary shoot and maximum

number of leaves per primary shoot in the soil media containing organic matter, might be

attributed to nutritionally better mixtures, better physical conditions of these combinations

i.e. high water holding capacity, good drainage and high porosity which might helped in the

development of excellent root system. Such media enhance apical meristematic activities and

also trigger cambial division. It also reflected the fact that these combinations might have

provided favourable physical conditions and sufficient nutrients to the cuttings needed for

activating enzymatic and biochemical processes as reported by Wazir et al. (2003a & b) who

found that soil media of silt + garden soil + leaf mold + saw dust gave maximum number of

leaves in Brassaia seedlings. According to Wazir et al. (2004), decomposed organic matter

improves aeration, water holding capacity and microbial activity that result in maximum

shoot growth. Ahmad and Qasim (2003) found that potting media containing FYM, leaf

mold, poultry manure as main source of organic matter with sand, silt and saw dust were

better than sole factor of soil itself, as these combinations presented more growth and vigour

of the plants, improving total available nitrogen and phosphorus. They reported that the

maximum sprouted buds and maximum stem length of young rooted plants of Scindapsus

aureus were obtained in the media containing organic matter components and the minimum

ones in normal soil.

In the present study, shoot length was also maximum in the medium composed of field soil +

FYM+ leaf mold possibly due to the readily available nutrients and other factors required for
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development to the rooted cuttings, which further helped the shoot in carrying maximum

number of leaves. Incorporation of organic wastes (FYM and leaf mold) probably improved

the root zone environment that increased the growth of aerial parts of the plant. The greater

shoot length is also attributed to more number of leaves which greatly increased the

photosynthetic rate of the plant, thus increased the manufacturing of carbohydrates, thereby

increasing plant survival and growth. Mathad and Nalwadi (1989) reported that decomposed

organic material improved soil fertility by increasing soil aeration, water holding capacity,

and water infiltration and lower surface crusting. Similarly, in the present study, the poorest

performance of rooted cuttings in field soil (control) may be due to nutritionally poor

medium, lacking in organic material that resulted in the minimum values of all the

parameters under study. The lesser growth in field soil (control) may also be due to the

minimum number of leaves and shoots that reduced the rate of photosynthesis, thereby

reducing plant growth and survival. Similar findings have been reported previously by

Rahman and Ishtiaq (1996).

In the present study, the variations among the jojoba strains for differed growth parameters

may be due to genetic make up of the strains. Similar results were reported by Ziaullah et al.

(1999) for Cordyline species to five growth media having organic matter components.

4.1.5 Transference of saplings to the field for establishment

The higher survival of saplings, greater plant height and more number of branches in October

planting could be attributed to the optimum temperature and humidity that favoured the

growth and survival of saplings. In addition, the plant height and number of branches that
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increased in October planting also encouraged number of leaves per branch. While, the

minimum values of these growth parameters in March planting might be due to the follow of

stress caused by the increase in temperature and decrease in humidity. Moreover, due to hot

winds of April, May and June, the saplings also wilted and died. It is apparent from Table

120 that gradual decrease in maximum average temperature from 33.28 to 19.63 oC (with

13.65 oC difference) and high average maximum humidity range (76.60 to 89.72%) increased

the values of all parameters under study during the months following October planting. On

the other hand immediate increase in average maximum temperature from 32.28 to 43.48 oC

(with 11.20 oC difference) and low average maximum humidity range (56.26 to 82.71%)

reduced the values of all parameters under study during the months after March planting. All

the strains were influenced by stress caused by high temperature and low humidity that

prevailed after March planting. These results supported the findings of Sen and Couvillon

(1983), who found that saplings from October planted cuttings of peach cultivars in the field

survived to the maximum, grew better (i.e. to a height of 90 cm at the end of growing season)

than did cuttings planted on the other dates. In their study, survival of cultivars also varied

significantly. In another study, the survival rate of jojoba cuttings after transplanting ranged

from 75 to 95% (Zhou, 2002). Cutting-propagated plants tend to produce more fibrous root

systems which are not able to sustain the plant under stressful conditions, but they can be

successfully established under irrigated conditions (Palzkill, 1988). Therefore, in arid regions

propagation by cuttings is not successful because of hostile climatic conditions and limited

moisture availability in the soil (Harsh et al., 1987). According to Palzkill and Feldman

(1993), cuttings of jojoba with better root system developed as a result of wounding and

deeper insertion into the medium, performed better when transplanted to the field. However,
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Table 120: Monthly temperature and humidity, average of two years, i.e. 2003 - 04 and

2004 - 05

Months Temperature (oC) Relative Humidity (%)

Maximum Minimum Maximum Minimum

October 33.28 17.60 89.72 48.61

November 30.28 11.75 76.60 37.75

December 24.70 7.67 86.60 38.01

January 19.63 5.83 85.69 60.81

February 23.18 8.80 87.50 50.00

March 32.28 16.01 82.71 28.90

April 41.52 22.19 57.29 18.43

May 41.92 25.01 62.60 27.81

June 43.48 28.91 56.26 31.13

July 39.30 27.40 74.32 36.45

August 38.40 27.53 70.43 37.64

September 36.57 24.40 82.29 44.62

Anonymous (2000 - 2006).
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Reina and Giorgio (1985) declared one- and two-year-old cuttings of jojoba as a suitable

material for planting in March when the soil humidity was adequate.

4.2 Propagation via in vitro techniques

4.2.1 In vitro shoot initiation by use of cytokinins (alone)

Cytokinins are biosynthesized in meristematic regions of the plant. The root tips in particular

are major source from where these are transported throughout the plant system via xylem.

Kinetin and 6-benzyladenine (BA) are two synthetic cytokinins which promote cell division

and perform other growth regulatory functions, which would enhance the growth of plant

cells and tissues in cultures (Singh and Singh, 2005).

In the present study, the media containing BA proved better in effect than that containing

Kinetin as it resulted in early bud sprouting, culminating into longer primary shoots, higher

number of nodes, greater number of shoots and the maximum sprouting of explants cultured

on these media. It is also obvious from the coefficient of correlation obtained that the number

of nodes per primary shoot was positively correlated with the length of primary shoot (Table

92). The lower number of nodes per primary shoot from explants cultured on media

containing Kinetin was because of delay in bud sprouting and shorter primary shoots. The

results of the present study supported the findings of Llorente and Apostolo (1998) who

described that BA was more effective than Kinetin for inducing growth of primary explants.

The explant on BA produced significantly greater number of shoots (multiple shoots) than

those on Kinetin (one shoot per explant) the former cytokinin produced more nodes per

primary shoot. Lee (1988) and Llorente et al. (1996) also described that Kinetin as a
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cytokinin source was inferior to BA when used for in vitro shoot initiation. These results

supported the findings of Abud and Lugo (1983) who obtained new shoots, bearing 15 nodes

in all, from stem node explants cultured on MS medium containing BA after six weeks. BA

alone has a significant role in increasing number of shoots from jojoba explants as compared

to any other cytokinin. Number of shoots per explant remained greater in response to BA

than that of Kinetin due to its prime role in shoot formation. The results obtained (section

3.2.1) are in line with the findings of Roussos et al. (1999) who reported that explants had

reacted positively and produced a large number of axillary and adventitious shoots after 12-

weeks of culture on the medium containing BA. Agrawal et al. (2002), Prakash et al. (2003)

and Tyagi and Prakash (2004) also found significant increase in number of shoots by BA.

BA concentrations, 1.25 mg l-1 or 2.50 mg l-1, were more effective as these resulted in greater

length of primary shoots possibly due to the earlier sprouting of explants at both the

concentrations than the highest concentration (5.00 mg l -1). However, the intermediate and

higher concentrations of BA (2.50 and 5.00 mg l-1) proved more effective than the lower one

(1.25 mg l-1) in increasing number of shoots per explant, as these favoured shoot formation.

The results supported the findings of Roussos et al. (1999) who obtained 15 shoots on

average per explant after 12-weeks of culture on the medium containing BA @ 4 - 6 mg l -1.

The maximum percentage of sprouted explants at the lowest concentration of cytokinins

shows the prominent efficacy of cytokinins in lower concentrations. As the concentration of

Kinetin was increased in the culture medium, it has the suppressing effect on the buds to

sprout. The reason of delay in bud sprouting could be callus formation in some of the

cultures at the highest concentration of BA. The other reason of delay in bud sprouting might
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be vitrification at the highest concentration of Kinetin. As the buds sprouted late on the

medium containing the highest concentration of Kinetin and had the minimum time for the

growth of primary shoots, hence, the length of the shoots was small. The minimum number

of shoots per explant at 5.00 mg l-1 Kinetin might also be due to vitrification.

The differences shown by the strains for number of days required for bud sprouting might be

due to variation in their endogenous levels of cytokinins. Variation among the strains

regarding other shoot growth parameters (section 3.2.1) was significant due to their

genotypic differences. PKJ-3 led the other strains in all the parameters studied because of its

better genotypic response than that of the other strains. The significant interaction between

the cytokinins and their concentrations for number of shoots per explant, indicates that

cytokinins at different concentrations behave differently. The significant interactions,

between the jojoba strains and the cytokinins, and between the strains and the concentrations

of cytokinins for number of shoots per explant (section 3.2.1) indicate differential response

of strains to cytokinins applied and the concentrations of cytokinins used. Clonal differences

may exist in response to various concentrations of BA for number of shoots per explant. The

explants of PKJ-3 produced the maximum number of shoots in response to BA because of its

good genotypic response to this cytokinin. The results obtained (section 3.2.1) are in line

with the findings of Llorente and Apostolo (1998), Agrawal et al. (2002), Prakash et al.

(2003) and Tyagi and Prakash (2004) who found significant increase in number of shoots by

BA and differential response of genotypes to concentrations of BA.



214

4.2.2 In vitro shoot initiation by use of cytokinins (in combinations)

Kinetin in combination with BA showed a slight improvement over Kinetin alone (section

3.2.1) in time of bud sprouting, length of primary shoot, number of nodes per primary shoot,

number of shoots per explant and percentage of sprouted explants. However, BA alone at

three concentrations (section 3.2.1) still remained better than that of its combination with

Kinetin. The lower concentrations of cytokinins (in combinations) also favoured the shoot

initiation and development compared to higher ones, possibly because of earlier sprouting of

buds in response to these concentrations of cytokinins. While, the combination of cytokinins

at their higher concentrations did not perform well as it delayed bud sprouting. The

performance of PKJ-3 strain was better because the explants sprouted earlier, with longer

primary shoots bearing more number of nodes. The explants of this strain also sprouted to the

maximum and gave more number of shoots per explant.

These results confirmed the findings of Kacker et al. (1993) who produced axillary shoots on

MS medium supplemented with 0.50 mg l -1 Kinetin and 1.00 mg l -1 BA within a month of

culture from nodal segments of female plants of jojoba. However, Jacoboni and Standardi

(1987) obtained 3.50 cm long shoots with 3 - 4 nodes from new shoots on MS medium

supplemented with 2.00 mg l-1 Zeatin + 2.00 mg l-1 GA3 + 0.001 mg l-1 NAA i.e., with a

different combination of growth regulators to that used in the present study. The sequels of

the present study (sections 3.2.1 & 3.2.2) are in conformity with the findings of Llorente et

al. (1996), Llorente and Apostolo (1998), Agrawal et al. (1999), Agrawal et al. (2002),

Prakash et al. (2003) and Tyagi and Prakash (2004), all of them found highly variable

response of clones to cytokinins or combinations of cytokinins.
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4.2.3 In vitro shoot formation by use of BA + auxins combinations

According to Singh and Singh (2005), cytokinins generally do not act alone. In combination

with auxins, cytokinins stimulate cell division even in non-meristematic tissues. In

parenchyma, cell division occurs only when both auxins and cytokinins are present.

Furthemore, the ratio of cytokines to auxins controls cell differentiation and when the ratio is

in the favour of cytokinins, shoot formation takes place, while for root formation it should be

in favour of auxins.

The literature indicates that in vitro shoot initiation and subsequent shoot growth depend

upon source of explant (Gao and Cao, 2001; Agrawal et al., 2002), type of explants (Hassan,

2003), composition of culture media, growth regulators, their concentrations, plant genotypes

(Prakash et al. 2003; Tyagi and Prakash, 2004; Meyghani et al., 2005), type of vessels and

cultural conditions (Benzioni et al., 2003; Mills et al., 2004). Previously, Jacoboni and

Standardi (1987) regenerated small new shoots after 21 days of culture on MS medium

containing 1.00 mg l-1 Zeatin + 0.10 mg l-1 GA3. In the present study, instead of Zeatin, BA

was used along with one of the auxins (IAA, NAA and IBA). The combination consisting of

BA + IAA showed very good improvement over combination of cytokinins alone for number

of days to bud sprouting (section 3.2.2). Earlier bud sprouting provided the maximum time to

multiply shoots as it played a role for shoot length and number of nodes. Although, BA alone

has a significant role in increasing number of shoots from jojoba explants as compared to any

other cytokinin (Llorente et al., 1996; Llorente and Apostolo, 1998; Agrawal et al., 2002;

Prakash et al., 2003; Tyagi and Prakash, 2004), yet BA + IAA performed better than BA

alone (section 3.2.1) or combinations of cytokinins alone (section 3.2.2) in the present study.
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Combination of BA + IAA was better than BA + NAA, while the later was better than that of

BA + IBA in increasing number of shoots. IBA had shown more tendency to root initiation

(Agrawal et al., 1999; Khanam et al., 1999) that might delayed shoot initiation, even in

combination with BA @ 2.50 mg l-1, it produced only 2.13 shoots. The sprouting percentage

of explants was higher by the combination of BA + IAA in the present study. However, Arce

and Jordan (1988) obtained 60% sprouting of explants cultured on MS medium

supplemented with 0.01, 0.5 and 0.4 mg l-1 of NAA, BA and GA3, respectively.

Combinations of BA + auxins in lower concentrations were better than higher ones as they

initiated early bud sprouting, provided more time to grow the shoot, increased number of

nodes, shoots and the percentage of sprouted explants. The combination of 1.25 mg l-1 BA +

1.25 mg l-1 IAA in this experiment showed superiority over the other combinations for all the

parameters studied. The results of the present study supported the findings of Elhag et al.

(1998) who reported that lower BA/IAA ratio favoured shoot elongation, but, they reported

that the higher BA/IAA ratio (3.0/0.0 or 3.0/0.3 mg l-1) increased number of shoots. The

findings of the experiment partially supported the findings of Sardana and Batra (1998) who

found that an increase in BA concentration suppressed rooting but increased shoot length in

response to BA + NAA, each at 1.00 mg l-1. Meyghani et al. (2005) also found that the

number of shoots produced on the medium supplemented with 2.0 mg l-1 BA and 0.1 mg l-1

NAA (5.0 shoots per explant in average) was higher than the other growth regulators

combinations. According to Singh (2004), when the ratio of auxin to some plant

constituentents (particularly purines like adenine i.e. BA and Kinetin) is low, the meristem

tends to form bud and leaf primordial. However, the present findings contradicted to
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Scaramuzzi and D'Ambrosio (1988) who found that the shoot formation was best when the

MS medium was supplemented with 10.0 mg l -1 BA + 5.0 mg l -1 IAA i.e. the combination

consisted of very higher concentrations of growth regulators.

Development of thick rootlets along with shoot growth in some explants of PKJ-3 and PKJ-6

in response to the combinations of 1.25 mg l-1 BA + 1.25 mg l-1 IBA or 1.25 mg l-1 BA + 1.25

mg l-1 NAA and callus formation on the medium containing 2.50 mg l-1 BA + 2.50 mg l-1 of

NAA, IAA or IBA in the present study, confirmed the findings of Sardana and Batra (1998)

who obtained plantlets with thick roots from explants cultured on MS medium supplemented

with 1.00 mg l-1 BA and 1.00 mg l-1 NAA and observed callus formation on MS medium

supplemented with NAA @ 1.0 mg l-1 and BA @ 3.0 or 5.0 mg l -1. Hassan (2003) achieved

plantlets with an average 1.8 cm long roots from encapsulated buds cultured on MS medium

containing 1.0 mg l-1 BA + 40.0 mg l-1 adenine sulfate + 3.0 mg l-1 IAA. The growth

regulators combinations containing higher concentrations caused callus formation in the

present study in contradiction to Scaramuzzi and D'Ambrosio (1988) who found the best

shoot formation on MS medium supplemented with 10.0 mg l-1 BA + 5.0 mg l-1 IAA.

According to Arce and Jordan (1988), sections of leaf blade cultured on MS medium

supplemented with higher concentration of auxin (5.0 mg l-1 NAA) and lower concentration

of cytokinin (0.1 mg l-1 BA) also produced callus. The explants of PKJ-2 and PKJ-5, as both

took more than 50 days to bud sprouting, ultimately resulted in reduced shoot lengths. As

bud sprouting was delayed in the explants of PKJ-2 in response to the combination of 2.50

mg l-1 BA + 2.50 mg l-1 IBA, resultantly the shortest primary shoot was produced that carried

the minimum number of nodes. The data reported by Elhag et al. (1998) revealed a
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significant genotypic effect and a medium composition (growth regulators) as they recorded

the highest number of newly formed shoots per explant in female plants compared to male

ones. The study indicated that the percentage of sprouted explants was also dependant on the

factors which were affecting the other shoot parameters. Further increase in percentage of

sprouted explants had been achieved by use of in vitro-raised shoots as explant source by

Agrawal et al. (2002).

4.2.4 In vitro shoot multiplication

The results of the experiment showed superiority of BA (alone) @ 2.50 mg l-1 over the other

combinations of growth regulators tested in the study. The time to bud sprouting depends

upon a number of factors (section 4.2.3). BA @ 2.50 mg l-1 remained better than BA @ 5.00

mg l-1; because higher concentration of BA might had suppressing effect on bud sprouting.

As the buds sprouted earlier in response to 2.50 mg l-1 BA, hence they got maximum shoot

length on this medium. As a result, the primary shoot also had more number of nodes in

response to this treatment. Maximum number of nodes means maximum propagules,

therefore, the factors affecting length of shoot or number of shoots per explant may also

affect the number of propagules. BA alone has a significant role in increasing number of

shoots from jojoba explants as compared to any other cytokinins. Number of shoots was

significantly greater by BA @ 5.00 mg l-1 than that of BA @ 2.50 mg l-1 i.e. higher

concentration of BA favoured increase in number of shoots. The results were in accordance

with the findings of Abud and Lugo (1983), Botti and Zunino (1988), Llorente et al. (1996),

Agrawal et al. (1999), Khanam et al. (1999) and Roussos et al. (1999), all of them achieved

higher shoot proliferation on MS medium supplemented with various concentrations of BA.
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BA in combination with auxins did not perform better than that of BA alone in the present

study. However, Scaramuzzi and D'Ambrosio (1988) found the best shoot formation on MS

medium supplemented with 10.0 mg l-1 BA + 5.0 mg l-1 IAA. But, Meyghani et al. (2005)

obtained more number of shoots from established explants on 1/2 MS medium supplemented

with 2 mg l-1 BA and 0.1 mg l-1 NAA (5.0 shoots per explant in average) than the other

growth regulators combinations.

Clonal differences exist in response to various concentration of BA. The results of the

present study also revealed a significant effect of growth regulators on shoot growth and

differential response of genotypes to the growth regulators applied. The results of present

study partially supported the findings of previous researchers who found that different

genotypes and sex elicited differential requirements of BA (Elhag et al., 1998; Llorente and

Apostolo, 1998; Prakash et al., 2003; and Tyagi and Prakash, 2004). The minimum length of

primary shoot attained by PKJ-2 on the MS medium containing 2.50 mg l-1 BA + 2.50 mg l-1

IBA might be due to delay in sprouting of buds and sparing minimum time for elongation of

shoot on this medium. Percentage of nodal explants producing multiple shoots could be

increased further by using in vitro-raised shoots as explant source (Agrawal et al., 2002). The

results are in line with the findings of Elhag et al. (1998) who recorded the highest number of

newly formed shoots per explant at higher BA/IAA ratio (3.0/0.0 and 3.0/0.3 mg l-1) and they

found that maximum response was produced by female plants. Meyghani et al. (2005)

transferred the established explants on 1/2 MS medium supplemented with BA and NAA and

found that the number of shoots produced on the medium supplemented with 2 mg l-1 BA and

0.1 mg l-1 NAA (5.0 shoots per explant in average) was higher than the other growth
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regulators combinations.

4.2.5 In vitro root initiation by use of auxins

In vitro root initiation and their subsequent growth depends upon auxins and their

concentrations (Roussos et al., 1999); type, strength and supplements of media (Kacker et al.,

1993); type of explant (Hassan, 2003); genotypes (Llorente and Apostolo, 1998); cultural

conditions and various in vitro techniques like pulse treatment (Tyagi and Prakash, 2004). As

the roots from the regenerated shoots were initiated earlier in the medium containing IBA, so

it had more time to increase length of primary root, develop more number of roots per shoot

and also resulted in higher percentage of rooted shoots than that of the other two auxins. It

indicates the vital role of IBA in root initiation. While, the maximum time to root taken by

the shoots in the culture medium containing IAA and minimum values in other root

parameters indicate the poor performance of this auxin. The results of the present study are in

line with previous research scientists who reported that IBA significantly increased root

length (Benavides and Radice, 1998) and resulted in the highest rate of rooting of

micropropagated shoots (Elhag et al., 1998). Khanam et al. (1999) reported the prime role of

IBA among auxins to affect number of roots, followed by that of NAA (Kacker et al., 1993;

Sardana and Batra, 1998). For rooting of new shoots, IBA and NAA in MS medium were as

effective as IBA (Abud and Lugo, 1983). Improvement in rooting was observed by the

addition of two auxins into half-strength MS (Gao and Cao, 2001). More roots were

produced on MS medium containing both IBA and NAA than when they were used alone

(Meyghani et al., 2005).
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The efficacy of three auxins each @ 1.25 mg l-1 indicates that auxins can induce rooting in

lower concentrations and their higher concentrations (2.50 and 5.00 mg l-1) may cause callus

formation. Therefore, the concentrations of auxins were reduced to 0.50, 1.00 or 1.50 mg l -1

to study their effect on rooting of in vitro produced shoots. The results were in accordance

with the findings of Llorente and Apostolo (1998) who reported very meager percentage

(25%) of rooted explants on MS medium containing 3.0 mg l-1 IBA (i.e. high concentration

of IBA as compared to that used in the present study). Similarly, Apostolo et al. (1996)

observed rooting after 70 days from micropropagated shoots cultured on half-strength MS

medium containing 3.0 mg l-1 IBA i.e. higher concentration which possibly caused delay in

rooting. According to Singh (2004), adventitious roots are initiated by reaction between

pericyclic cell and an auxin which travels from buds. Very low concentrations of auxin

promoted root growth and concentrations higher than the optimum were inhibitory. Agraval

et al. (1999), Agraval et al. (2002), and Tyagi and Prakash (2004) enhanced rooting

percentage by pulse treatment with higher concentration of IBA, but it could be an alternative

technique. However, the results obtained were contradictory to the findings of Roussos et al.

(1999) who found about 64% rooting on higher concentration of IBA and NAA (each @ 10

mg l-1) which could probably be due to the different genotypes used. Scaramuzzi and

D'Ambrosio (1988) also reported the best root formation when the MS medium was

supplemented with 10.0 mg l-1 IBA + 1.0 mg l-1 IAA. However, By changing the technique,

Kacker et al. (1993) also obtained more than 80% rooted shoots within 30 days after

incubating the micropropagated shoots in the dark in a liquid half-strength MS medium

containing 10.0 mg l-1 NAA for 72 hours and then transfer to half-strength MS rooting

medium containing 2500 mg l-1 activated charcoal.
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The strains differed in root parameters because of their genotypic response to different

auxins. Early initiation of roots by the shoots of PKJ-3, attaining maximum root length,

maximum number of roots and maximum percentage of rooted shoots on the medium

containing IBA expressed the supremacy of this treatment combination. The shoots of PKJ-5

with minimum root length and the shoots of PKJ-2 with the minimum number of roots and

the lowest percentage of rooted shoots in response to IAA, were possibly due to delay in root

initiation in these treatment combinations, which showed poor performance for the

parameters under study.

The differences among strains with respect to different root parameters could be attributed to

their specific genetic make up and differential requirements for the auxins to initiate roots

and their subsequent growth. Roots were initiated early in the shoots of PKJ-3 on the medium

containing the lowest concentration (0.50 mg l-1) of IBA; thus sparing more time to grow

primary root resulting in greater length, maximum number of roots per shoot and higher

percentage of rooted shoots. This treatment combination gave better performance than those

of the other treatment combinations tested. While, the minimum values of root parameters

attained by the shoots of PKJ-2 in the medium containing the highest concentration (1.50 mg

l-1) of IAA was due to delay in root initiation and thus sparing less time to increase the

subsequent root growth. This treatment combination showed the poor performance.

4.2.6 Transference of plantlets to greenhouse for acclimatization

During acclimatization in greenhouse, the higher survival in the plantlets which developed

their roots in response to IBA during in vitro root formation, was possibly due to their well
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developed root system. The lower survival in the plantlets which developed their roots in

response to NAA and IAA during in vitro root formation could be attributed to the

insufficient developed root system. The study indicated that in vitro applied auxins as well as

the plant genotype play role in the survival of plantlets during acclimatization. About one

third of the total plantlets or more failed to survive during acclimatization in the present

study. Among the strains, PKJ-3 showed the maximum survival because of its well

developed root system, while the strain PKJ-2 resulted in the minimum one due to its poorly

developed root system. Apostolo et al. (1996) also observed clonal differences in rooting and

acclimatization. According to Thomson (1982), a large number of tissue cultured plants from

about 50 different female and male clones was sent to southern California where it was

grown under greenhouse conditions in small paper containers to prepare them for later field

planting. The results were disastrous as about ten percent survived in the field and few made

significant growth during one and a half year later. Lee (1988) reported that tissue culture-

grown plantlets had a high mortality rate when transferred to soil medium because of

insufficient plantlet acclimation (hardening) prior to transplanting. He urged on a gradual

reduction of humidity after transplanting over a period of one week that might reduce plant

mortality during the greenhouse phase. Previously, Birnbaum et al. (1985) developed the

hardening-off procedures and the equipment to prepare plantlets produced in vitro for

planting in the field. Meyghani et al. (2005) found the mixtures of peat and perlite at a ratio

of 1:1 or 1:2 (v/v) as the most suitable media for transplanting or adaptation of jojoba

plantlets.
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4.2.7 Transference of plantlets to open field for establishment

The study revealed that survival of plantlets in field conditions was independent of the plant

genotype and the time of planting. Average survival of plantlets from both the plantings

(October 2005 and March 2006) was below 50%. Although, there were differences among

the strains, however, these were statistically non-significant. The poor survival of plantlets

following field transplantation was probably due to reduction in the sizes of their leaves

produced in the test tubes, as plantlets with larger and healthy leaves may adapt and grow

faster in soil after transplanting (Lee, 1988).
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5. RECOMMENDATIONS

 Excessive male and unproductive female plants could be converted into productive

female plants by grafting (veneer technique) with elite plant selections.

 One time of practicing air layering or veneer grafting may be better than the other one.

 Jojoba cuttings taken from a selected plant/strain/clone should be treated with IBA @

10000 mg l-1 for mass multiplication under the humid conditions to be maintained by

polyethylene sheet tunnel as a successful cheaper technique in lieu of costly greenhouse

or mist propagation chambers.

 Field soil mixed with farm yard manure and leaf mold in equal proportion by weight,

should be used as a soil medium for growth of rooted cuttings during transitional period

before transplanting to the field.

 The saplings should be transplanted in the field during the month of October.

 In vitro shoot cultures should be established by taking nodal segments from potted plants

of elite selections and culturing the explants on MS medium supplemented with 1.25 mg

l-1 BA + 1.25 mg l-1 IAA.

 In vitro shoot multiplication could be continued by culturing nodal segments from in

vitro shoot cultures on MS medium supplemented with 2.5 - 5.0 mg l-1 BA.

 In vitro root formation could be conducted by culturing micropropagated shoots on MS

medium supplemented with 0.5 - 1.0 mg l-1 IBA.

 In vitro rooted plantlets should be acclimatized in a greenhouse under controlled

conditions for a period of two months. These plantlets could be successfully established

in the field by transplanting in the month of October or March.
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7. APPENDICES

Appendix 1

ANOVA of number of days to root development in air layering during 2002 - 2004

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 934.496 186.899 16.08** 2.38 3.37

Time 1 751.815 751.815 14.06** 4.02 7.12

Strains 5 8476.334 1695.267 31.70** 2.38 3.37

Time x Strains 5 642.660 128.532 1.22n.s. 2.38 3.37

Error 55 2941.723 53.486

Total 71 16798.017

Appendix 2

ANOVA of success percentage in layered branches during 2002 - 2004

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 381.944 76.389 0.69n.s. 2.38 3.37

Time 1 2812.500 2812.500 25.46** 4.02 7.12

Strains 5 10486.111 2097.222 18.98** 2.38 3.37

Time x Strains 5 625.000 125.000 1.13n.s. 2.38 3.37

Error 55 6076.389 110.480

Total 71 20381.944

Appendix 3

ANOVA of survival percentage of layers after transplanting during 2002 - 2004

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 1111.111 222.222 1.56n.s. 2.38 3.37

Time 1 138.889 138.889 0.97n.s. 4.02 7.12

Strains 5 5798.611 1159.722 8.13** 2.38 3.37

Time x Strains 5 381.944 76.389 0.54n.s. 2.38 3.37

Error 55 7847.222 142.677

Total 71 15277.778



245

Appendix 4

ANOVA of number of days to sprout in veneer grafting during 2002 - 2004

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 934.496 186.899 1.81n.s. 2.38 3.37

Time 1 850.713 850.713 8.25** 4.02 7.12

Strains 5 8450.013 1690.003 16.39** 2.38 3.37

Time x Strains 5 642.660 128.532 1.25n.s. 2.38 3.37

Error 55 5671.982 103.127

Total 71 16549.863

Appendix 5

ANOVA of sprout length in veneer grafting during 2002 - 2004

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 602.242 120.448 15.38** 2.38 3.37

Time 1 34.597 34.597 4.42** 4.02 7.12

Strains 5 676.435 135.287 17.28** 2.38 3.37

Time x Strains 5 60.365 12.073 1.54n.s. 2.38 3.37

Error 55 430.654 7.830

Total 71 1804.294

Appendix 6

ANOVA of success percentage of grafts during 2002 - 2004

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 1397.569 279.514 2.00n.s. 2.38 3.37

Time 1 17578.125 17578.125 126.13** 4.02 7.12

Strains 5 12335.069 2467.014 17.70** 2.38 3.37

Time x Strains 5 807.292 161.458 1.16n.s. 2.38 3.37

Error 55 7664.931 139.362

Total 71 39782.986
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Appendix 7

ANOVA of number of days to bud sprouting in cuttings during 2002 - 2004

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 934.496 186.900 3.62** 2.23 3.06

Strains 5 15149.482 3029.896 49.79** 2.23 3.06

Auxins 2 144.015 72.008 1.18n.s. 3.02 4.66

Conc. 4 41753.111 10438.278 171.52** 2.39 3.36

Strains x Auxins 10 803.252 80.325 1.32n.s. 1.85 2.37

Auxins x Conc. 8 535.300 66.912 1.10n.s. 1.96 2.55

Strains x Conc. 20 648.111 32.406 0.53n.s. 1.60 1.92

Strains x Auxins x Conc. 40 1273.545 31.839 0.52n.s. 1.42 1.64

Error 445 27080.785 60.856

Total 539 88489.815

Appendix 8

ANOVA of sprouting percentage of cuttings during 2002 - 2004

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 17606.667 3521.333 43.78** 2.23 3.06

Strains 5 26015.556 5203.111 64.69** 2.23 3.06

Auxins 2 3737.778 1868.889 23.23** 3.02 4.66

Conc. 4 48389.630 12097.407 150.40** 2.39 3.36

Strains x Auxins 10 786.667 78.667 0.98n.s. 1.85 2.37

Auxins x Conc. 8 832.593 104.074 1.29n.s. 1.96 2.55

Strains x Conc. 20 1388.148 69.407 0.86n.s. 1.60 1.92

Strains x Auxins x Conc. 40 1309.630 32.741 0.40n.s. 1.42 1.64

Error 445 35793.333 80.434

Total 539 135860.000
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Appendix 9

ANOVA of length of primary shoots of cuttings during 2002 - 2004

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 167.228 33.445 47.46** 2.23 3.06

Strains 5 712.433 142.487 202.18** 2.23 3.06

Auxins 2 5.253 2.626 3.73** 3.02 4.66

Conc. 4 646.403 161.601 229.31** 2.39 3.36

Strains x Auxins 10 56.431 5.643 8.00** 1.85 2.37

Auxins x Conc. 8 8.719 1.090 1.55n.s. 1.96 2.55

Strains x Conc. 20 29.942 1.497 2.13** 1.60 1.92

Strains x Auxins x Conc. 40 24.319 0.608 0.86n.s. 1.42 1.64

Error 445 313.606 0.705

Total 539 1964.333

Appendix 10

ANOVA of diameter of primary shoots of cuttings during 2002 - 2004

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 1.185 0. 237 12.61** 2.23 3.06

Strains 5 16.477 3.295 175.35** 2.23 3.06

Auxins 2 0.874 0.437 23.26** 3.02 4.66

Conc. 4 11.342 2.836 150.88** 2.39 3.36

Strains x Auxins 10 2.093 0.209 11.14** 1.85 2.37

Auxins x Conc. 8 0.172 0.022 1.15n.s. 1.96 2.55

Strains x Conc. 20 0.275 0.014 0.73n.s. 1.60 1.92

Strains x Auxins x Conc. 40 1.041 0.026 1.38n.s. 1.42 1.64

Error 445 8.363 0.019

Total 539 41.823
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Appendix 11

ANOVA of number of leaves per cutting during 2002 - 2004

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 159.815 31.963 23.26** 2.23 3.06

Strains 5 1082.704 216.541 157.58** 2.23 3.06

Auxins 2 22.026 11.013 8.01** 3.02 4.66

Conc. 4 1275.248 318.812 232.00** 2.39 3.36

Strains x Auxins 10 107.063 10.706 7.79** 1.85 2.37

Auxins x Conc. 8 6.141 0.768 0.56n.s. 1.96 2.55

Strains x Conc. 20 64.019 3.201 2.33** 1.60 1.92

Strains x Auxins x Conc. 40 36.326 0.908 0.66n.s. 1.42 1.64

Error 445 611.519 1.374

Total 539 3364.860

Appendix 12

ANOVA of number of days to root in cuttings during 2002 - 2004

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 1846.176 369.235 3.33** 2.26 3.11

Strains 5 56004.324 11200.865 101.01** 2.26 3.11

Auxins 2 46489.130 23244.565 209.62** 3.04 4.71

Conc. 2 42995.389 21497.694 193.87** 3.04 4.71

Strains x Auxins 10 2612.796 261.280 2.36* 1.87 2.41

Auxins x Conc. 4 2876.870 719.217 6.49** 2.41 3.41

Strains x Conc. 10 320.204 32.020 0.29n.s. 1.87 2.41

Strains x Auxins x Conc. 20 1568.204 78.410 0.71n.s. 1.62 1.97

Error 265 29385.658 110.890

Total 323 184098.750
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Appendix 13

ANOVA of rooting percentage of cuttings during 2002 - 2004

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 1569.138 313.828 9.51** 2.26 3.11

Strains 5 8060.578 612.116 48.85** 2.26 3.11

Auxins 2 3737.411 1868.706 56.63** 3.04 4.71

Conc. 2 9183.950 4591.975 139.15** 3.04 4.71

Strains x Auxins 10 815.860 81.586 2.47** 1.87 2.41

Auxins x Conc. 4 427.752 106.938 3.24** 2.41 3.41

Strains x Conc. 10 250.352 25.035 0.76n.s. 1.87 2.41

Strains x Auxins x Conc. 20 150.351 7.518 0.28n.s. 1.62 1.97

Error 265 8745.438 33.000

Total 323 32940.829

Appendix 14

ANOVA of number of roots per cutting during 2002 - 2004

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 259.250 51.850 2.29* 2.26 3.11

Strains 5 5544.213 1108.843 48.92** 2.26 3.11

Auxins 2 25279.463 12639.731 557.61** 3.04 4.71

Conc. 2 7340.685 3670.343 161.92** 3.04 4.71

Strains x Auxins 10 735.019 73.502 3.24** 1.87 2.41

Auxins x Conc. 4 230.685 57.671 2.54** 2.41 3.41

Strains x Conc. 10 200.018 20.002 0.88n.s. 1.87 2.41

Strains x Auxins x Conc. 20 241.389 12.069 0.53n.s. 1.62 1.97

Error 265 6006.917 22.668

Total 323 45837.639
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Appendix 15

ANOVA of length of primary root of cuttings during 2002 - 2004

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 10.827 2.165 6.03** 2.26 3.11

Strains 5 227.986 45.597 126.86** 2.26 3.11

Auxins 2 282.876 141.438 393.52** 3.04 4.71

Conc. 2 218.005 109.002 303.27** 3.04 4.71

Strains x Auxins 10 28.384 2.838 7.90** 1.87 2.41

Auxins x Conc. 4 1.772 0.443 1.23n.s. 2.41 3.41

Strains x Conc. 10 3.365 0.336 0.93n.s. 1.87 2.41

Strains x Auxins x Conc. 20 10.189 7.518 1.42n.s. 1.62 1.97

Error 265 10.189 0.509

Total 323 878.649

Appendix 16

ANOVA of diameter of primary root of cuttings during 2002 - 2004

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 0.076 0.015 1.96n.s. 2.26 3.11

Strains 5 4.198 0.840 109.18** 2.26 3.11

Auxins 2 6.494 3.247 422.21** 3.04 4.71

Conc. 2 3.531 1.766 229.57** 3.04 4.71

Strains x Auxins 10 0.695 0.070 9.03** 1.87 2.41

Auxins x Conc. 4 0.103 0.026 3.36** 2.41 3.41

Strains x Conc. 10 0.154 0.015 2.00* 1.87 2.41

Strains x Auxins x Conc. 20 0.134 0.007 0.87n.s. 1.62 1.97

Error 265 2.038 0.008

Total 323 17.423
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Appendix 17

ANOVA of survival percentage of cutting during 2002 - 2004

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 1837.900 367.580 0.46n.s. 2.26 3.11

Strains 5 8539.437 1707.887 52.57** 2.26 3.11

Auxins 2 2563.320 1281.660 39.45** 3.04 4.71

Conc. 2 6275.366 3137.683 96.58** 3.04 4.71

Strains x Auxins 10 273.822 27.382 0.84n.s. 1.87 2.41

Auxins x Conc. 4 93.502 23.376 0.72n.s. 2.41 3.41

Strains x Conc. 10 136.331 13.633 0.88n.s. 1.87 2.41

Strains x Auxins x Conc. 20 300.954 15.048 0.42n.s. 1.62 1.97

Error 265 8609.284 32.488

Total 323 28629.916

Appendix 18

ANOVA of survival percentage of rooted cuttings in different potting media during 2002 - 2004

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 1693.750 338.750 2.95* 2.26 3.11

Media 7 38361.111 5480.159 47.78** 2.05 2.73

Strains 5 37796.875 7559.375 65.90** 2.26 3.11

Media x Strains 35 2542.014 72.629 0.63n.s. 1.48 1.74

Error 235 26956.250 114.707

Total 287 107350.000
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Appendix 19

ANOVA of number of shoots per cutting in different potting media during 2002 - 2004

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 73.554 14.711 105.50** 2.26 3.11

Media 7 31.688 4.527 32.43** 2.05 2.73

Strains 5 26.588 5.318 38.10** 2.26 3.11

Media x Strains 35 4.746 0.136 0.97n.s. 1.48 1.74

Error 235 32.799 0.140

Total 287 169.375

Appendix 20

ANOVA of length of primary shoot from cutting in different potting media during 2002 - 2004

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 40.062 8.012 8.89** 2.26 3.11

Media 7 156.167 22.310 24.76** 2.05 2.73

Strains 5 297.957 59.591 66.13** 2.26 3.11

Media x Strains 35 19.434 0.555 0.62n.s. 1.48 1.74

Error 235 211.763 0.901

Total 287 725.383

Appendix 21

ANOVA of number of leaves per shoot in different potting media during 2002 - 2004

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 465.045 93.009 45.55** 2.26 3.11

Media 7 708.818 101.260 49.60** 2.05 2.73

Strains 5 924.173 184.835 90.53** 2.26 3.11

Media x Strains 35 44.690 1.277 0.63n.s. 1.48 1.74

Error 235 479.800 2.042

Total 287 2622.526
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Appendix 22

ANOVA of survival percentage of saplings in field during 2003 - 2005

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 3611.111 722.222 6.22** 2.38 3.37

Time 1 1250.000 1250.000 10.76** 4.02 7.12

Strains 5 6527.778 1305.556 11.24** 2.38 3.37

Time x Strains 5 104.167 20.833 0.18n.s. 2.38 3.37

Error 55 6388.889 116.162

Total 71 17881.944

Appendix 23

ANOVA of height of saplings in field during 2003 - 2005

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 68.565 13.713 5.93** 2.38 3.37

Time 1 1728.230 1728.230 747.24** 4.02 7.12

Strains 5 1704.090 340.818 147.36** 2.38 3.37

Time x Strains 5 123.330 24.666 10.66** 2.38 3.37

Error 55 127.205 2.313

Total 71 3751.420

Appendix 24

ANOVA of number of branches per sapling in field during 2003 - 2005

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 146.091 29.218 81.28** 2.38 3.37

Time 1 14.970 14.970 41.64** 4.02 7.12

Strains 5 64.544 12.910 35.91** 2.38 3.37

Time x Strains 5 1.680 0.336 0.93n.s. 2.38 3.37

Error 55 19.772 0.360

Total 71 247.054
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Appendix 25

ANOVA of number of leaves per branch of sapling in field during 2003 - 2005

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 5 42.144 8.429 16.70** 2.38 3.37

Time 1 8.911 8.911 17.66** 4.02 7.12

Strains 5 44.717 8.943 17.72** 2.38 3.37

Time x Strains 5 1.045 0.209 0.41n.s. 2.38 3.37

Error 55 27.757 0.505

Total 71 124.574

Appendix 26

ANOVA of number of days to bud sprouting of explants by use of cytokinins during in vitro

shoot initiation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 1458.009 291.602 33.90** 2.35 3.29

Cytokinins 1 22800.610 22800.610 2651.03** 3.98 7.01

Conc. 2 4526.845 2263.422 263.17** 3.13 4.92

Strains x Cytokinins 5 76.183 15.237 1.77n.s. 2.35 3.29

Cytokinins x Conc. 2 1227.450 613.725 71.36** 3.13 4.92

Strains x Conc. 10 93.824 9.382 1.09n.s. 1.97 2.59

Strains x Cytokinins x Conc. 10 33.664 3.366 0.39n.s. 1.97 2.59

Error 72 619.249 8.601

Total 107 30835.834
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Appendix 27

ANOVA of length of primary shoot developed from explants by use of cytokinins during in

vitro shoot initiation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 14.302 2.860 86.413** 2.35 3.29

Cytokinins 1 230.680 230.680 6968.99** 3.98 7.01

Conc. 2 39.481 19.741 596.38** 3.13 4.92

Strains x Cytokinins 5 0.907 0.181 5.48** 2.35 3.29

Cytokinins x Conc. 2 10.380 5.190 156.80** 3.13 4.92

Strains x Conc. 10 1.004 0.100 3.03** 1.97 2.59

Strains x Cytokinins x Conc. 10 0.810 0.081 2.66* 1.97 2.59

Error 72 2.383 0.033

Total 107 299.947

Appendix 28

ANOVA of number of nodes per primary shoot of explant by use of cytokinins during in vitro

shoot initiation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 17.555 3.511 58.13** 2.35 3.29

Cytokinins 1 146.626 146.626 2427.60** 3.98 7.01

Conc. 2 25.822 12.911 213.76** 3.13 4.92

Strains x Cytokinins 5 1.976 0.395 6.54** 2.35 3.29

Cytokinins x Conc. 2 4.236 2.118 35.06** 3.13 4.92

Strains x Conc. 10 0.762 0.076 1.26n.s. 1.97 2.59

Strains x Cytokinins x Conc. 10 0.588 0.059 0.97n.s. 1.97 2.59

Error 72 4.349 0.060

Total 107 201.914
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Appendix 29

ANOVA of number of shoots per explant by use of cytokinins during in vitro shoot initiation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 16.465 3.293 71.91** 2.35 3.29

Cytokinins 1 158.971 158.971 3471.61** 3.98 7.01

Conc. 2 7.791 3.895 85.07** 3.13 4.92

Strains x Cytokinins 5 3.433 0.687 14.99** 2.35 3.29

Cytokinins x Conc. 2 7.490 3.745 81.78** 3.13 4.92

Strains x Conc. 10 1.240 0.124 2.71** 1.97 2.59

Strains x Cytokinins x Conc. 10 1.741 0.174 3.80** 1.97 2.59

Error 72 3.297 0.046

Total 107 200.428

Appendix 30

ANOVA of percentage of sprouted explants by use of cytokinins during in vitro shoot initiation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 8329.630 1665.926 20.45** 2.35 3.29

Cytokinins 1 9633.333 9633.333 118.23** 3.98 7.01

Conc. 2 7340.741 3670.370 45.05** 3.13 4.92

Strains x Cytokinins 5 300.000 60.000 0.74n.s. 2.35 3.29

Cytokinins x Conc. 2 155.556 77.778 0.95n.s. 3.13 4.92

Strains x Conc. 10 881.482 88.148 1.08n.s. 1.97 2.59

Strains x Cytokinins x Conc. 10 511.111 51.111 0.63n.s. 1.97 2.59

Error 72 5866.667 81.481

Total 107 33018.519
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Appendix 31

ANOVA of number of days to bud sprouting of explants by use of cytokinins (in combination)

during in vitro shoot initiation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 680.005 136.000 108.26** 2.48 3.58

Combinations 2 1320.014 660.007 525.40** 3.26 5.25

Strains x Combinations 10 23.000 2.300 1.83n.s. 2.10 2.86

Error 36 45.224 1.256

Total 53 2068.224

Appendix 32

ANOVA of length of primary shoot developed from explants by use of cytokinins

(in combination) during in vitro shoot initiation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 5.950 1.190 6.58** 2.48 3.58

Combinations 2 10.521 5.260 29.07** 3.26 5.25

Strains x Combinations 10 1.182 0.118 0.65n.s. 2.10 2.86

Error 36 6.514 0.181

Total 53 24.167

Appendix 33

ANOVA of number of nodes per primary shoot of explant by use of cytokinins

(in combination) during in vitro shoot initiation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 15.028 3.006 70.05** 2.48 3.58

Combinations 2 13.771 6.885 160.78** 3.26 5.25

Strains x Combinations 10 2.535 0.253 5.92** 2.10 2.86

Error 36 1.542 0.043

Total 53 32.875
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Appendix 34

ANOVA of number of shoots per explant by use of cytokinins (in combination) during

in vitro shoot initiation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 9.339 1.868 52.06** 2.48 3.58

Combinations 2 20.419 10.209 284.55** 3.26 5.25

Strains x Combinations 10 1.373 0.137 3.83** 2.10 2.86

Error 36 1.292 0.036

Total 53 32.422

Appendix 35

ANOVA of percentage of sprouted explants by use of cytokinins (in combination) during

in vitro shoot initiation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 3348.148 669.630 9.04** 2.48 3.58

Combinations 2 2192.593 1096.296 14.80** 3.26 5.25

Strains x Combinations 10 474.074 47.407 0.64n.s. 2.10 2.86

Error 36 2666.667 74.074

Total 53 8681.481

Appendix 36

ANOVA of number of days to bud sprouting of explants by use of BA + auxins combinations

during in vitro shoot formation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 2243.558 448.712 97.96** 2.30 3.20

Combinations 8 15228.390 1903.549 415.55** 2.03 2.69

Strains x Combinations 40 629.472 15.737 3.44** 1.51 1.79

Error 108 494.724 4.581

Total 161 18596.142
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Appendix 37

ANOVA of length of primary shoot developed from explants by use of BA + auxins

combinations during in vitro shoot formation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 29.306 5.861 106.35** 2.30 3.20

Combinations 8 173.310 21.664 393.09** 2.03 2.69

Strains x Combinations 40 7.227 0.181 3.28** 1.51 1.79

Error 108 5.952 0.055

Total 161 215.794

Appendix 38

ANOVA of number of nodes per primary shoot of explant by use of BA + auxins

combinations during in vitro shoot formation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 35.740 7.148 121.57** 2.30 3.20

Combinations 8 130.956 16.370 278.41** 2.03 2.69

Strains x Combinations 40 7.564 0.189 3.22** 1.51 1.79

Error 108 6.354 0.059

Total 161 180.614

Appendix 39

ANOVA of number of shoots per explant by use of BA + auxins combinations during

in vitro shoot formation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 49.701 9.940 120.74** 2.30 3.20

Combinations 8 406.361 50.795 616.98** 2.03 2.69

Strains x Combinations 40 24.180 0.604 7.34** 1.51 1.79

Error 108 8.891 0.082

Total 161 489.132
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Appendix 40

ANOVA of percentage of sprouted explants by use of BA + auxins combinations during

in vitro shoot formation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 19822.222 3964.444 42.25** 2.30 3.20

Combinations 8 42311.111 5288.889 56.37** 2.03 2.69

Strains x Combinations 40 2133.333 53.333 0.57n.s. 1.51 1.79

Error 108 10133.333 93.827

Total 161 74400.000

Appendix 41

ANOVA of number of days to bud sprouting of explants by use of BA and its combinations

with auxins during in vitro shoot multiplication

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 418.667 83.733 19.08** 2.37 3.34

Combinations 4 2353.178 588.295 134.04** 2.52 3.65

Strains x Combinations 20 53.222 2.661 0.61n.s. 1.75 2.20

Error 60 263.333 4.389

Total 89 3088.400

Appendix 42

ANOVA of length of primary shoot developed from explants by use of BA and its

combinations with auxins during in vitro shoot multiplication

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 17.685 3.537 23.46** 2.37 3.34

Combinations 4 214.575 53.644 355.78** 2.52 3.65

Strains x Combinations 20 11.146 0.557 3.70** 1.75 2.20

Error 60 9.047 0.151

Total 89 252.458
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Appendix 43

ANOVA of number of nodes per primary shoot of explant by use of BA and its combinations

with auxins during in vitro shoot multiplication

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 24.233 4.847 18.17** 2.37 3.34

Combinations 4 150.556 37.639 141.15** 2.52 3.65

Strains x Combinations 20 5.711 0.286 1.07n.s. 1.75 2.20

Error 60 16.000 0.267

Total 89 196.500

Appendix 44

ANOVA of number of shoots per explant by use of BA and its combinations with auxins

during in vitro shoot multiplication

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 283.956 56.791 23.02** 2.37 3.34

Combinations 4 1287.711 321.928 130.51** 2.52 3.65

Strains x Combinations 20 94.822 4.741 1.92* 1.75 2.20

Error 60 148.891 2.467

Total 89 1814.489

Appendix 45

ANOVA of number of days to root of an explant in response to auxins, each @ 1.25 mg l-1

during in vitro root initiation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 448.322 89.664 26.31** 2.48 3.58

Auxins 2 1524.951 762.475 223.71** 3.26 5.25

Strains x Auxins 10 32.616 3.262 0.96n.s. 2.10 2.86

Error 36 122.224 3.408

Total 53 2128.589
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Appendix 46

ANOVA of length of primary root developed from an explant in response to auxins, each

@ 1.25 mg l-1 during in vitro root initiation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 25.101 5.020 279.27** 2.48 3.58

Auxins 2 173.029 86.515 4812.80** 3.26 5.25

Strains x Auxins 10 6.182 0.618 34.39** 2.10 2.86

Error 36 0.647 0.018

Total 53 204.959

Appendix 47

ANOVA of number of roots per shoot in response to auxins, each @ 1.25 mg l-1 during

in vitro root initiation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 29.074 5.815 74.26** 2.48 3.58

Auxins 2 85.177 42.588 543.90** 3.26 5.25

Strains x Auxins 10 3.424 0.342 4.37** 2.10 2.86

Error 36 2.819 0.078

Total 53 120.494

Appendix 48

ANOVA of percentage of rooted shoots in response to auxins, each @ 1.25 mg l-1 during

in vitro root initiation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 903.704 180.741 6.97** 2.48 3.58

Auxins 2 548.148 274.074 10.57** 3.26 5.25

Strains x Auxins 10 51.852 5.185 0.21n.s. 2.10 2.86

Error 36 933.333 25.926

Total 53 2437.037
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Appendix 49

ANOVA of number of days to root of an explant by using lower concentrations of auxins

during in vitro root formation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 1769.166 353.833 84.88** 2.30 3.20

Auxins 2 2170.688 1085.344 260.36** 3.09 4.82

Conc. 2 19441.578 9720.789 2331.88** 3.09 4.82

Strains x Auxins 10 45.828 4.583 1.10n.s. 1.92 2.51

Auxins x Conc. 4 1160.691 290.173 69.61** 2.46 3.51

Strains x Conc. 10 107.106 10.711 2.57** 1.92 2.51

Strains x Auxins x Conc. 20 91.380 4.569 1.10n.s. 1.68 2.06

Error 108 450.213 4.169

Total 161 25236.651

Appendix 50

ANOVA of length of primary root developed from an explant by using lower concentrations of

auxins during in vitro root formation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 24.549 4.910 211.74** 2.30 3.20

Auxins 2 162.842 81.421 3511.38** 3.09 4.82

Conc. 2 593.638 296.819 12800.38** 3.09 4.82

Strains x Auxins 10 0.665 0.066 2.87** 1.92 2.51

Auxins x Conc. 4 16.146 4.037 174.08** 2.46 3.51

Strains x Conc. 10 1.303 0.130 5.62** 1.92 2.51

Strains x Auxins x Conc. 20 1.456 0.073 3.14** 1.68 2.06

Error 108 2.504 0.023

Total 161 803.102
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Appendix 51

ANOVA of number of roots per shoot by using lower concentrations of auxins during

in vitro root formation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 240.054 48.011 213.21** 2.30 3.20

Auxins 2 131.177 65.588 291.26** 3.09 4.82

Conc. 2 746.888 373.444 85.07** 3.09 4.82

Strains x Auxins 10 31.407 3.141 13.95** 1.92 2.51

Auxins x Conc. 4 104.442 26.111 115.95** 2.46 3.51

Strains x Conc. 10 66.602 6.660 29.58** 1.92 2.51

Strains x Auxins x Conc. 20 22.609 1.130 5.02** 1.68 2.06

Error 108 24.320 0.225

Total 161 1367.500

Appendix 52

ANOVA of percentage of rooted shoots by using lower concentrations of auxins during

in vitro root formation

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 3419.753 683.951 28.41** 2.30 3.20

Auxins 2 1638.272 819.136 34.03** 3.09 4.82

Conc. 2 2019.753 1009.877 41.95** 3.09 4.82

Strains x Auxins 10 87.654 8.765 0.36n.s. 1.92 2.51

Auxins x Conc. 4 76.543 19.136 0.80n.s. 2.46 3.51

Strains x Conc. 10 83.950 8.395 0.35n.s. 1.92 2.51

Strains x Auxins x Conc. 20 353.086 17.654 0.73n.s. 1.68 2.06

Error 108 2600.000 24.074

Total 161 10279.012
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Appendix 53

ANOVA of survival percentage of plantlets during acclimatization in greenhouse

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Strains 5 6170.370 1234.074 13.88** 2.48 3.58

Auxins 2 4325.926 2162.963 24.33** 3.26 5.25

Strains x Auxins 10 474.074 47.407 0.53n.s. 2.10 2.86

Error 36 3200.000 88.89

Total 53 14170.370

Appendix 54

ANOVA of survival percentage of plantlets in field conditions

S.O.V. d.f. SS MSS Fcal. Ftab.

5% 1%

Replications 2 155.556 77.778 0.52n.s. 3.44 5.72

Strains 5 1655.556 331.111 2.20n.s. 2.66 3.99

Time 1 277.778 277.778 1.85n.s. 4.30 7.94

Strains x Time 5 55.556 11.111 0.07n.s. 2.66 3.99

Error 22 3311.111 150.505

Total 35 5455.556


