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ABSTRACT

Vegetative propagation of jojoba plant is difficult by traditional methods. A
factorial experiment was conducted to develop a protocol for cloning jojoba through
tissue culture technique .In this concern, shoot tips and nodal cuttings were prepared
from jojoba plants. After sterilization, the explant were initiated on three culture media
i.e. MS , Bs and WPM each at either full , one half or one fourth strength, these media
supplemented with 0.1 mg/L IBA, 1.0 mg/L BA for establishment stage. After four
weeks, MS medium gave the best results with the three measurements (survival %,
shoot length and number of ieaflets) full strength media proved to be the more
suitable for the three measurements. Shoct tips surpassed nodal cutting explant. On
the other hand, nodal cuttings which cultivated in quarter WPM had the lowest value
in this respect. The newly formed shoots were transferred to the same media
supplemented with either BA; Kinetin or 2ip at the concentration of 2, 4, 6 mg/L for
each through proliferation stage. Full strength MS medium supplemented with 2 mg/L
BA was superior and had the greatest number of shoots during the three subcuitures.
While the reverse was true with kinetin at 6 mg/L added to full strength WPM. Micro-
shoots were rooted in the same half strength media with or without activated charcoal
supplemented with 7 mg/L IBA + 1 mg/L NAA plus either 1 or 1.5 mg/L caffeic acid.
The data revealed that WPM was most suitable for the three rooting growth
measurements (rooting percantage, number of roots/plantlet and average root length)
the presence of activated charcoal increased significantly the three rooting growth
measurements iBA at (7 mg/L) + NAA at (1mg/L) + caffeic acid at (1 mg/L) gave the
highest value of rooting measurements . While, the reverse was detected by the
charcoal omitted Bs medium supplemented with IBA at (7 mg/L) + NAA at (1 mg/L) =
caffeic acid at (1.5 mg/L) during the two seasons of study. The plantlet produced from
the best treatments of each medium, during the rocting stage were transplanted to
(300 ml) plastic pots containing autoclaved transplanting media ( vermiculite : peat
moss : sand mixed by volume (1:1:1) and maintained in green house for four weeks to
investigate their effect on survival % , plant height and number of leaves per plant
during acclimatization stage .The obtained results could be summarized as follows :-
rooted plantlet in ¥ strength WPM + IBA (7 mg/L) + (1.0 mg/L) NAA + (1 mg/L)
caffeic acid + 1.0 mg/L activated charcoal gave the highest value of rooting growth
measurements while the reverse was true with rooted plantlet in % strength Bs + IBA
(7.0mg/L) + ( 1.0 mg/L) NAA + (1.0 mg/L ) caffeic acid + 1.0 mg/L activated charcoal.

INTRODUCTION

Jojoba plant (Simmondsia chinensis, Link, Schneider) which
proncunced as ho-ho-ba belongs to family Simmondisceae. This plant is
native to the arid zones of USA and Mexico.

Its natural distribution lies between 25 and 34 |atitudes in an area,
which closely approximates the Sonorant Desert (Gentry, 1958). Jojoba plant
nas currently received a special attention since its seeds contain liquid waxy
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called jojoba oil. This oil is very similar to that obtained from sperm whale.
The liquid wax of jojoba is used as a natural base for wide range of cosmetics
and medicinal products, in addition, it has heat resistant lubricating properties
and useful in chemical industry (Naqvi et al, 1988).

Clonal propagation exhibited elite individuals of known sexuality and,
special relevance in order to make sure of the number of productive plants in
a given plot. Its vegetative propagation is difficult by traditional methods
(Yermmanos, 1979). Furthermore, there are other horticultural limitations since,
only a few cuttings can be obtained besides, the hardened terminal shoots
are taken during a particular period of the year.

Several attempts have been made to develop tissue culture
methods for propagation of Simmondsia chinensis (Aragao, 1977), but no
success could be achieved in transferring the in vifro — regenerated plants to
soil.The transplanting of in vitro rooted shoots of jojoba in recent pulplication
is very scarce. We propose this study to develop a protocol for cloning
Simmondsia chinensis, through tissue culture and successful transplantation
of the in vitro — raised plants to soil.

MATERIALS AND METHODS

The present study was conducted in the Tissue Culture Laboratory,
Horticulture Research Institute, Agriculture Res. Center during two seasons
of 2002 and 2003. Generally, the following experiments were carried out:
|. Establishment stage:

In this stage, it was aimed to determine the suitable explant type (shoot
tip & nodal cutting); kind of media (MS Murashige and Skoog, (1962); BS
Gamborg, et al, (1968) and WPM Lloyd and McCown (1980)) and media
strength (full; haif and quarter) by which more success could be achieved
through the direct regeneration.

New growing shoots were taken at the beginning of the growing season
(early March), washed with running water, and cut into either shoot tip or
nodal cutting with about 10 mm length for each. Then explants were washed
with tap water for one hour and soaking for 20 minutes in a commercial
bleach “ Clorox * (5.25 % sodium hypochlorite) at 20 % with two drops of
tween-20, and then rinsed three times in sterilized distilled water for ten
minutes per each to remove any residues of Clorox.

The prepared explants were cultured on three different nutrient media
(MS, Bs or WP) each supplemented with 3 % sucrose; 0.1 mg/L IBA; 1.0
mg/L.BA (6- benzyl adenine) then solidified by using purified agar (Bacto-
Difco agar) at 0.7 %. The PH of the media was adjusted to (5.6 to 5.8). Then,
the media dispended into 100 ml glass jar each contained 25 mi medium then
wrapped with plastic screw cap and sterilized. The media were autoclaved at
(15 Ib/in® and 121°C for 20 minutes. All cultures were incubated under
conditions of 25°c % 2; 16 hours artificial light (fluorescent light at 30 uyM/ hz
/sc) and 8 hours darkness.

The investigated treatments in this study which representative of the
differential 18 combinations between 2 explant types (shoot tip and nodal
cutting) x 3 media type (MS, Bs & WP) X 3 media strength (fuil, ¥z and %)
were arranged in a factorial experiment using the complete randomized
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design with three replications per each treatment .Every replicate was
represented by 10 jars each contained 4 cultured explants.

After four weeks from culturing and incubation, data on survival % of
cultured explants, shoot length and number of leaflets / shoot in response to
investigated treatments (18 combinations) were recorded.

2. Proliferation “shoot muitiplication” stage:

Proliferated shoots throughout the previous stage i.e. establishment *
1¥ stage " were used for the multiplication stage. Hence, regenerated shoots
of both shoot tip and nodal cutting were collected and cultured preliminary on
solid Murashege and Skoog (MS), Gamborg (Bs) and Woody plant (WP)
media supplemented with several growth regulators i.e., combinations of the
cytokinin with auxin, (0.1mg/L) IBA, (30gm/L) sucrose and one of 3 cytokinin
kinds i.e., kinetin, BA (benzyl adenine) or 2IP (isopentel adenin) at
concentration of (2,4,6 mg/L) for each . Each medium (MS, Bs and WP) was
supplemented with (100 mg/L) myo-inositol, 3 % sucrose, pH was adjusted at
0.7 %. Media were autoclaved at (1.5 kg / cm®) and 121°C for 20 min, then
left to cool 24 hrs.

A factorial experiment using the complete randomized design with
three replications was conducted for arranging the investigated 27 treatments
i.e, various combinations between 3 media types X 3 cytokinin kinds X 3
concentrations of growth regulators (2, 4 and 6 mg) treatments. Every
replicate was represented by five jars, each contained (40 ml) medium and 2
cultured explants. Data on the number of proliferated shootlets per each
original one through 3 subcultures included in this stage were recorded.

3. Rooting stage:

proliferated shoots were taken and separated from each other under
aseptic conditions and cuitured on half-strength Murashege & Skoog (MS),
Gamborg (Bs) and Woody plant (WP) media supplemented with (30 g/L)
sucrose and (7 g/L) purified Bacto - Difico agar with activated charcoal (1 g/L)
or without. Rooting media were also varied pertaining auxin treatments i.e.,
IBA 7 mg + NAA 1 mg/L + Caffiec acid at either 1.0 or 1.5 mg/L, pH was
adjusted at (5.6-5.8) and the media were autcclaved. Elongated shoots were
transferred to jars containing (40 mi) of the abovementioned rooting media
and incubated for one week in the dark and for 3 weeks in light. Where,
rooting%; number of rootlets per plantlet and average length of each were
recorded in response to the investigated treatments which were
representative of 12 combinations between (3media types x 2 activated
charcoal x 2 caffiec acid levels) with 3 replications.

4. Acclimatization stage:

Produced Jojoba plantlets were washed with tap water (Ebida, 1991
and Fassuliotis and Nelson, 1992) then dipped in Rhizolix solution (1.0 g/L)
as fungicide for (10 min) prior to transplanting in (300mi) plastic pots
containing autoclaved transplanting medium (vermiculite: peat moss: sand at
(1:1:1) and maintained in green hcuse for four weeks.

Pots were arranged then covered with polyethylene bags to maintain
high relative humidity around the plants in green house (Fassuliotis and
Nelson, 1992). After two weeks, the poiyethylene bags were partially
removed to allow air circulation (Ali ef al., 1990), and later removed after
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other two weeks (Smith, 1981). Plantlets were irrigated with half strength
(MS, Bs and WP) maintenance medium (free hormone medium) during the
period of hardining (Ebida, 1991). The irrigation was applied depending on
the requirement of plantlets. Pests and disease control program was followed
as recommended.
Data were recorded after one month of transplanting as follow:
1- Survival percentage.
2- Plant length (cm).
3- Number of leaves / plant.
Statistical analysis:

Data obtained were statistically analysed according to (Snedecor and
Cochran, 1980) and significant differences among means were determined
by Duncan's multiple range test (Duncan, 1855).

RESULTS AND DISCUSSION

1-Establishment stage:
1-1 Survival percentage:

Conceming the specific effect of different factors involved in this study
i.e., explant type, media strength and media type on survival percentage data
presented in Table (1) showed that shoot tip recorded higher value of survival
percentage than nodal cuttings during both seasons of study.

As for the specific effect of media strength, Table (1) reveals that, full
strength media was superior as it exhibited statistically the highest value of
survival %, followed in a descending order by half strength media which
ranked the second, while quarter strength media ranked last to represent the
inferior strength during 2002 and 2003 seasons.

Regarding the specific effect of media type, data obtained revealed, the
superiority of (MS) medium over the other ones which showed higher
survival % Moreover, (Bs) medium ranked statistically 2 while (WP)
medium ranked 3% during 1% and 2™ seasons.

Concerning the interaction effect of various combinations on survival
%, data obtained revealed that combinations representing cultured shoot tips
or nodal cutting on full strength of 3 media (especially MS) and to great
exetent shoot tip on half MS strength exhibited statistically the highest
survival % during two seasons of study.

On the contrary, cultured explants (shoot tip & nodal cutting) on one
fourth WP medium exhibited the least survival % during both seasons of
study.

Moreover, other combinations were in between the above-mentioned two
extremes. These results go in line with Turk et al., ( 1992); Zaman et al.,
(1998) and Silva et al., ( 2003).
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2- Length and number of leaves per jojoba explant:

In this regard specific effect of three studied factors i.e., explant type
(shoot tip & nodal cutting), media strength (full, half and quarter) and media
type (Bs, MS and WP); as well as their possible combinations were
investigated pertaining the response of average shoot length and number of
leaflets per each.

Referring the specific effect of explant type, it is quite clear as shown
from Table (2), that shoot tip had higher values of both shoot length and
number of leaflets/shoot than nodal cutting during the two seasons of study.

As for the specific effect of media strength, data displayed that full
strength induced statistically the tallest shoot with highest number of
leaflets/shoot followed in descending order by half strength and quarter
strength, whereas differences were significant during the 2002 and 2003
experimental seasons .

With regard to the specific effect of media type, the results show that
(MS) medium proved to be the best medium in establishment stage which
exhibited the highest values of both shoot length (cm.) and number of
leaflets/shoot while (WP) medium was the least effective during the two
seasons of study.

Referring the interaction effect: Table (2) and photo (1) & (2) show, an
obvious variances between combinations of explant type; media strength and
media type.

Photo (1)

Photo. (2)
Photos. (1 & 2): Effect of explant type, media type and media strength
on measurements of establishment stage of jojoba
Simmondsia chinensis explant :
Photo 1- Shoot tip in full strength media (A: MS, B: Bs, C: WP)
Photo 2- Nodal cutting in full strength media (A: MS, B: Bs, C: WP)
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Whereas, the full strength (MS) medium was more effective and showed the
highest value of shoot length and greatest number of leaflets/shoot.
Conversely, both shoot tip and nodal cutting which cultured on (WP) quarter
medium strength gave shortest shoots with lowest number of leaflets/shoot
foilowed in an increasing order by both shoot tip and nodal cutting which
cuitured on (Bs) quarter medium strength ranked second for number of
leaflets/shoot during 2002 and 2003 experimental seasons.

The obtained resuits go in line with the findings of Tabachnik & Kester
(1877), Hammerschlage (1982) and Saker et al., (1999).

2- Multiplication stage:

In this respect specific effect of three studied factors i.e., media type
(Bs, MS & WP), cytokinins kind (BA; 2IP and kinetin) and applied
concentrations (2, 4, 8 mg/L) of these three cyiokinins, as well as their
possible combinations were investigated pertaining the response of number
of proliferated shoots. Data obtained four weeks after 1%, 22 gnd 3%
subcultures of multiplication stage are presented in Table (2).

Concemning the specific effect of media type, it is quite clear as shown
from Table (3) that, Murashige & Skoog (MS) medium was the superior
through three subcultures where the greatest (number of developed
shootlets) was resulted followed in a descending order by Gamborg (Bs)
medium and Woody plant (WP) medium during two seasons.

With regard to the specific effect of concentration of added cytokinins,
Table (3) shows that, 2 mg/L resulted significantly in the greatest number cf
developed shoots descendingly followed by 4 mg/L and 6 mg/L. Differences
were significant during both 2002 and 2003 experimental seasons.

Referring the specific effect of cytokinins kind it is so clear to be noticed
that BA (benzyl adenine) exhibited significantly the highest value for number

of proliferated shoots descendingly followed by 2iP (isopentel adenine)
while Kinetin ranked the last. Differences were significant during both
seasons.

Concerning the interaction effect: Data obtained during both 2002 and
2003 experimental seasons as shown from Table (3) and photo (3) displayed
that the highest number of developed shoots were significantly in close
relationship with Murashige & Skoog (MS) medium supplemented with BA at
(2 mg/L). On the contrary, the least values for the number of developed
shoots where coupled with Woody plant (WF) medium supplemented with
Kinetin at (6 mg/L) during the study. However, other combinations were in
between the previously mentioned two extremes during three subcultures.
These results are in general agreement with those found by Liorente et al.,
(1998), Chitra & Pandmaja (1999), Join & Bubbar (2000) and Erig & Schuch
(2003).
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Photo. (3): Effect of cytokinins added at 3 levels (2, 4 and 6 mg/L) to
three media through the 3® subculture within multiplication
stage of jojoba (Simmondsia chinensis).

A: Cultured explant in MS medium supplemented with (2mg /L) BA
B: Cultured explant in B5 medium supplemented with (2mg /L) BA
C: Cultured explant in WP medium supplemented with (2mg /L) BA

3- Rooting stage:

In this regard, adding auxins IBA (7 mg/L); NAA at 1 mg/L and
Caffeic acid at (1 or 1.5 mg/L) to half strength Bs, MS & WP media either
supplemented with (1.0 g/L) activated charcoal or not in combination were
investigated after mcubatlon for 4 weeks through rooting stage (either dark
was applied at the 12 week or not ) regarding the influence on rooting
percentage, number of developed rootlets per plantlet and average root
length (cm.) of Jojoba plant. Data obtained are presented in Table (4) and
Photo. (4).

Photo. (4)

Photo. (4): Effect of combinations between media type, auxin treatments
and charcoal adding on some measurements during rooting
stage of jojoba (Simmondsia chinensis)

A: Cultured shootlets in 1/ 2 strength WP + IBA (7.0mg /L) + (1.0mg
/L) NAA + (1.0mg /L) Caffeic acid without activated charcoal.

B: Cultured shootlets in 1/ 2 strength MS + IBA (7.0mg / L) + (1.0mg
/L) NAA + (1.0mg /L) Caffeic acid without activated charcoal.
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3. Rooting percentage:

Concerning the specific effect of media type on the rooting percentage,
data showed that, Woody plant (WP) medium exhibited statistically the
greatest rooting %, followed in a descending order by Murashige & Skoog
(MS) medium and Gamborg (Bs) medium which ranked last. Differences
during both seasons were significant as the three media were compared each
other.

Regarding the specific effect of adding activated charcoal to half
strength media, data displayed that adding activated charcoal to rooting
medium was effective. However, the activated charcoal omission reduced
rooting percentage of jojoba plantlet during 1 and 2% seasons.

As for the specific effect of two auxin treatments (7 mg/L IBA + 1 mg/L
NAA +1.0 mg/L Caffeic acid) and (7 mg/L IBA + 1 mg/L NAA +1.5 mg/L
Caffeic acid) added to half strength rooting media (supplemented with
charcoal or not). Data obtained displayed that the auxin treatment with the
lower Caffeic acid level (1 mg/L) was more suitable than the higher Caffeic
acid rate (1.5 mg/L) during the two seasons of study.

Concerning the interaction effect, it could be safely concluded that haif
strength (WP) rooting medium supplemented with activated charcoal (1.0 g/L)
plus IBA (7 mg/L) + NAA at (1 mg/L) + Caffeic acid at (1 mg/L) gained
statistically the highest rooting % when subjected to darkness through 1%
week of incubation during the two seasons of study. Moreover, incubation of
jojoba plantlets in half strength charcoal omitted (Bs) medium supplemented
with IBA at (7 mg/L) + NAA at (1 mg/L) + Caffeic acid at (1.5 mg/L) had the
lowest value of rooting % during 2002 and 2003 seasons. In addition, other
combinations were in between.

These results are in general agreement with the findings of, Magyar ef
al., (2001); Thomas, (2003) and Soliman (2004).

Photo (5)

Photo (5): Effect of rooting media type, auxin treatments and activated
charcoal during rooting stage on some measurements of
jojoba (Simmondsia chinensis) after acclimatization stage:

A: Rooted plantlets on 1/ 2 strength WP + IBA (7.0 mg /L) + (1.0 mg
/L) NAA + (1.0 mg /L) Caffeic acid + (1.0g/L) activated charcoal

B: Rooted plantlets on 1/ 2 strength MS + IBA (7.0 mg /L) + (1.0 mg
/L) NAA + (1.0 mg /L) Caffeic acid + (1.0g/L) activated charcoal

: Rooted plantlets on 1/ 2 strength B5S + IBA (7.0 mg /L) + (1.0 mg
/L) NAA + (1.0 mg /L) Caffeic acid + (1.0g/L) activated charcoal
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3.2- Number of roots per plantlet and root length (cm):

Regarding the response of number of the developed rootlets and their
average length to the specific effect of investigated factor i.e, media type;
auxin treatments and activated charcoal added through rooting stage, Table
(5) displays that the greatest number of roots per plantlet and tallest roots
were detected by rooted shortest on (WP) medium followed in a descending
order by those on (MS) medium while (B5) medium had statistically the
lowest values in this concern during two seasons of study.

As for the influence of adding activated charcoal at (1 gm/L) to half
strength medium, data revealed that, the number of roots per plantlet and
root length were significantly depressed on the charcoal omitted as compared
to analogous one supplemented with charcoal.

As for the specific effect of auxin treatments; data obtained displayed
that IBA at (7 mg/L) + NAA at (1 mg/L) + (1 mg/L), Caffeic acid treatment
significantly increased the number of roots/plantlet and root length as
compared with IBA at 7 mg/L + NAA at 1 mg/L + Caffeic acid at 1.5 mg/L
during 2002 & 2003 seasons.

Conceming the interaction effect of various combinations between
media type x auxin treatments x charcoal added), Table (5) and photo (4)
show that half strength (WP) medium supplemented with (7 mg/L) IBA + (1
mg/L) NAA + (1 mg/L), Caffeic acid and activated charcoal gave significantly
the greatest number and tallest rootlets per plantlet. On the contrary, adding
IBA at (7 mg/L) + NAA at (1 mg/L) + Caffeic acid at (1.5 mg/L) without
activated charcoal to haif strength (Bs) medium gave the lowest number of
rootlets/plantiet and shortest rootlets during the two seasons of study.

In addition, other combinations were in between as compared to the
previously mentioned two extents.

These resuits are in general agreement with the findings previously
mentioned by Ishida et al., (1989); Vasar ef al., (2000) and Soliman (2004).
However, the presence of activated charcoal in rooting medium was in
general agreement with the findings of Bondok et al., (1989); Fouad et al.,
(1995) and Soliman (2004).

4 - Acclimatization stage:

In this stage:- The plantlets produced from the best treatments (rooting
media X auxins and charcoal added) through the previous stage (rooting)
were chosen and cultivated on transplanting medium consisting of
(vermiculite: peat moss: sand) at (1:1:1) ratio by volume for acclimatization
stage.

Table (5) shows the effect of some Specific treatments used in rooting
stage on survival% and some growth parameters (shoot length and number
of leaves) during acclimatization stage.

Rooted plantlets in half strength WPM + IBA at 7mg/L+ NAA at 1mg/L+
Caffiec acid at 1.0 mg/L + 1.0 mg/L activated charcoal gave the highest
survival%, tallest shoots and higher number of leaves followed in descending
order by rooted plantlets in half strength MS medium + IBA at 7mg/L+ NAA at
1mg/L+ Caffiec acid at 1.0 mg/L + 1.0 mg/L activated charcoal. While rooted
plantlets in half strength B5 medium + IBA at 7Tmg/L+ NAA at 1 mg/L+ Caffiec
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acid at 1.0 mg/L + 1.0 g/L activated charcoal had the least values during the
two seasons of study.

These results are in general agreement with the finding of Hoffmann et
al., (1999); Benzioni et al., (2003) and Soliman (2004).

Table (5): Comparison between the most effective three rooting
treatments (rooting medium X auxins and charcoal added)
on survival %; shoot length (cm) and number of leaves of
acclimatized newly regenerated jojoba plantlets during
2002 and 2003 seasons.

Parameters Survival Shoot length | No. leaves

Treatments 2002 | 2003 | 2002 | 2003 | 2002 | 2003

2 strength WP +IBA(7 mg/L) +

NAA (1 mg/L) + Caffeic acid (176.33 a [76.00 a 10.00 a10.20 al11.00 a [11.20 al

mg/L) + A. C.1g/L

: strength MS +IBA(7 mglL) +

NAA (1 mg/L) + Caffeic acid (1[74.33 b [74.30b9.20 b 9.00 b [10.00 b [10.25b

mg/L) + A. C.1g/L

Y2 strength B5 +IBA(7 mg/L) +

NAA (1 mg/L) + Caffeic acid (171.33¢c [71.60c [7.67c 7.66c 9.20c 8.83c¢c

mg/L) + A. C.1g/L
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