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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 cioning jojoba through
tissue culture technigue .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 resuits with the three measurements (survival %,
shoot length and number of leaflets) full strength media proved to be the more
suitable for the three measurements. Shoot tips surpassed nodal cutting explant. On
the other hand, nodal cuttings which cultivated in quarter WPM had the lowest vaiue
in this respect. The newly formed shoots were transferred to the same media
suppiemented with either BA, Kinetin or 2ip at the concentration of 2, 4, 6 mg/L for
each through proliferation stage. Fuil strength MS medium supplemented with 2 mg/L
BA was superior and had the greatest number of shoots during the three subcultures,
While the reverse was true with kinetin at 6 mg/L added to full strength WPM. Micro-
shoots were rooted in the same haif strength media with or without activated charcoal
supplemented with 7 mg/LL 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 {rocting 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 rcoting measurements . While, the reverse was detected by the
charcoal omitted Bs medium supplemented with 1BA 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 roocting 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 piant
during acciimatization stage . The obtained results could be summarized as follows -
rooted plantlet in 2 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
(7.0 mg/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
pronounced as ho-ho-ba belongs 1o family Simmondisceae. This plant is
native to the and zones of USA and Mexico.

fis natural distribution lies between 25 and 34 latitudes in an area,
which closely approximates the Sonorant Desert (Gentry, 1958). Jojoba plant
has 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
(Yermanos, 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 cuiture
methods for propagation of Simmondsia chinensis {Aragao, 1977), but no
success could be achieved in transferring the in vifro — regenerated planis to
soil. The transplanting of in vifro 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:

I. Establishment stage:

In this stage, it was aimed to determine the suitable explant type (shoot
tip & nodai cutting); kind of media (MS Murashige and Skoog, (1962); BS
Gamborg, ef al., (1968) and WPM Lloyd and McCown (1980)) and media
strength (full; half 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 hypochiorite) at 20 % with two drops of
tween-20, and then rinsed three times in steriiized distilled water for ten
minutes per each fo 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 Ibfin®) and 121°C for 20 minutes. All cultures were incubated under
conditions of 25°% % 2; 16 hours artificial light (fluorescent light at 30 pM/ 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 {full, ¥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 multiplication” stage:

Proliferated shoots throughout the previous stage i.e. establishment *
12 stage " were used for the multiplication stage. Hence, regenerated shoots
of both shoot tip and nodai cutting were collected and cuitured preliminary on
solid Murashege and Skoog (MS), Gamborg (Bs) and Woody plant (WP)
media supplemented with several growth regutators 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 / cmz) and 121°C for 20 min, then
left to cool 24 hrs.

A facional 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 expiants. Data on the number of proliferated shootlets per each
original one through 3 subcultures incfuded in this stage were recorded.

3. Rooting stage:

proliferated shoots were taken and separated from each other under
aseptic conditions and cuitured on haif-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 respense to the investigaied treatments which were
representative of 12 combinations between (3media types x 2 activated
charcoal x Z caffiec acid levels) with 3 repiications.

4. Acclimatization stage:

Preduced Jojoba plantlets were washed with tap water (Ebida, 1991
and Fassuliotis aitd Nelson, 1992} then dipped in Rhizolix solution (1.0 g/L)
as fungicide for (10 min} pror to transplanting in (300mf) plastic pots
containing autoclaved transplanting medium (vemiculite: peat moss: sand at
{1:1:1) and maintained in green house for four weeks.

Pots were arranged then covered with polyethylene bags to maintain
high retative humidity around the plants in green house (Fassuliotis and
Nelson, 1992). After two weeks, the polyethylene bags were partially
removed to allow air circulation (Ali &7 ai, 1990), and later removed after
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other two weeks (Smith, 1981). Plantlets were imrigated with haif 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 conirol 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-Estabiishment stage:
1-1 Survival percentage:

Conceming the specific effect of different factors invoived 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 cuitings 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
survivali %, followed in a descending order by haif 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 eifect of media type, data obtained revealed, the
superiority of (MS) medium over the other ones which showed higher
survival % Moreover, (Bs) medium ranked statistically 22 while (WP)
medium ranked 3® during 12 and 2™ seasons.

Concerning the interaction effect of various combinations on survival
%, data obtained revealed that combinations representing culiured 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-meniioned two
extremes. These results go in tine with Turk ef af, { 1992); Zaman et al.,
(1998) and Silva et al., ( 2003).
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Table (1): Specific and interaction effects of explant type, media strength, media type and their combin-
ations on survival % of jojoba Simmondsia chinensis during establishment stage ( 2002 & 2003

seasons).
Media strength Strength of media Strength of media
Explant type \ Fuli Half | Quarter Mean Full | Half |Quarter| Mean
Media type
2002 2003
B5 82.67ab| 78.00c | 71.00f 82.33ab|77.98cd | 68.67f
Shoot tip MS 83.20a |681.67ab| 78.20¢ 77.38A 83.00a [81.60ab| 76.67d 76.B6A
wP 81.65ab| 73.67e | 66.33g 82.25ab| 73.60e | 66.67g
BS 82.30ab | 77.00cd | 70.00f 82.00ab| 76.67d | 69.00f
Nodal cutting MS 82.35ab| 81.50b | 76.00d 76.76B 81.33ab| 79.00c | 75.00e 76.168
wp 81.20b | 74.208 | 66.30g 82.50ab| 74.00e | 66.30g
Mean ** 82.24A | 77.67B | 71.31C 82.01A | 77.14B | 74.84C
B5 MS WP B5 MS wp
Mean ***
76.838 | 80.49A | 73.80C 76.11B | 79.63A | 73.80C

"*"* Refer to specific effect of explant type, media strength and media type treatments, respectively. Capital and small letter / swere used

for distinguishing between values of specific and interaction effects, respectively whereas means followed by the same letter/s were

not significantly different at 6 % level.
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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 sheot length and
number of jeaflets/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
jeaflets/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/shoat 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
me dia 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 fuil strength media (A: MS, B: Bs, C: WP)
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Table (2) :Specific and interaction effects of explant type, media strength, media type and their combinations on
shoot length (cm.) and No. of leaflets / shoot of jojoba Simmondsia chinensis during establishment
stage (2002 & 2003 seasons).

edia strength Shoot length {cm.} No. of leaflets/shoot
Explant type Media type Full Half | Quarter | Mean Full Half | Quarter | V2N
2002
| Shoottip B5 2.08b | 1.78¢ 1.45f 5.00¢ 4.50f 3.75i
MS 245a | 201b 1.80¢ 1.81A 5.75a 458ef | 4.00h 4.48A
WP 1.81c | 1.58de 1.30hi 4.73de 4.45f 358 |
B5 1.96b | 1.73cd | 1.39gh 4.83cd 4.259 3.50)
nodal cutting MS 2.34a | 202 1.65d 1.728 5.33b 4 75de 3.75i 4.31B
WP 1.68cd | 1.52ef 1.23i 458¢f | 4.41Mg 3.41]
Mean ** | 205A | 1778 1.47C 5.04A 4.438 3.67C
Mean ** B5 MS WP | B5 MS WP
1728 | 205A | 1.52C 4.318 4.69A 4.19C
2003
B5 2.07b | 1.77ef 1.40) 520b | 4.65bc 3.8ef
Shoot tip MS 2.43a | 2.02bc 1.77et 1.79A 5.62a 4.70bc | 4.16df | 4.57TA
WP 1.80de | 1.57hi 1.25k 4.6bc 4.30cd | 3.75ef
B5 1.92cd | 1.72e-g 1.38 467bc | 4.33cd | 3.58f
Nedal cutting MS 2.32a | 1.96bc 1.60g-1 | 1.70B §.76a 442cd | 3.83ef 4.28B
WP 1.65Fh | 1,500 1.20k 430cd | 4.08de | 3.55f
Mean *~ 203A | 1.76B 1.43C 5.07A 4.41B 3.78C
Mean ** B5 MS WP BS | WS WP
1.71B | 2.02A 1.49C 4.37B 480A { 4.10C

S00Z JequiaAcN ‘(LL) 08 “Atun einosuel ‘198 ubY 't

' Refer to specific effect of explant type, media strength and media type , respectively. Capital and small letter / s were used for
distinguishing between values of specific and interaction effects, respectively whereas means followed by the same letter/s were
not significantly different at § % level.
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Whereas, the full strength (MS) medium was more effective and showed the
highest vaiue of shoot length and greatest number of leaflets/shoot.
Conversely, both shoot tip and nedal cutting which cuitured on (WP) quarter
medium strength gave shortest shoots with lowest number of leaflets/shoot
followed in an increasing order by both shoot tip and nodal cutting which
cultured on (Bs) quarter medium strength ranked second for number of
leaflets/shoot during 2002 and 2003 experimental seasons.

The obtained results go in line with the findings of Tabachnik & Kester
(1977}, Hammerschlage (1982) and Saker ef af., (1999).

2- Multiplication stage:

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

Conceming 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 subcuftures 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 & 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 (isopente! adenine)
while Kinetin ranked the last. Differences were significant during both
$easons.

Concerning the interaction effect: Data cbtained 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). Cn 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 combinaticns were in
between the previously mentioned two extremes during three subcultures.
These results are in general agreement with those found by Liorente ef af,
(1998), Chitra & Pandmaja (1999), Join & Bubbar (2000) and Erig & Schuch
(2003).
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Table (3): Specific and interaction effects of media type; growth regutators{ kind & concentration) and their
comhinations on number of shoots (4 weeks later ) during multiplication stage of jojoba (Simmondsia
shinensis) (2002 & 2003 seasons).

Number of shoots Frist Sub. Secound Sub. Thrid Sub. ]
Medla 5 ) Concentrations of Concentrations of | Concentrations of
type |Growt growth requlatars Means* rowth regulators | Means* rowth requlators Means*
regulators type 2 ] 4Q | 8 _‘g__]_fg 16 "H_g 1 4El 6
2002
BA 4.67d [ 3.66g | 2.16k_ 6.30c | 4.h7f [ 226kl 7.00c_| 467f [ 2.90]
BS 2iP 447ef | 365g | 2.00k | 2.92B | 4.66f [ 3.33h |2.16im | 3.30B | 4.64f | 400g | 2.58 | 3.708
Kinetin 2,480 { 2.10k {1.42mn 2700 1 210m ¢ 1.50n 3161 | 266k | 167p
BA 7.66a | 567c | 250 767a | 567d | 2751 7.67a | 567d | 333
MS 2iP B.67b | 433e | 225 393A | 667b | 5.00e | 250k | 4.08A | 7.33b | 500e | 2.92] | 4.44A
Kinetin 2580 | 217kl | 1.58Im 260ij ) 231K | 1.87n 3.30i | 2.83jk | 1.830p
BA 4.00f } 3.00h ] 1.98k 9.45d } 3.30h | 2.09m | 560d ) 367h | 2.33m
wp 2iP 360g | 260i | 1721 ] 2.46C | 433g | 3.28h | 2.00m | 2.95C | 500e | 3.331 |2.17mn| 3.20C
Kinetin 2451 | 1.891 | 1.26n 2.55i] | 2.08m | 1.48n 2.87] | 2,75 | 1.95n0
Mean** 4.25A | 3.21B | 1.87C 477A | 3.538B | 2.05C 5.1TA | 3.858 | 2.41C
Mean*** BA 2iP _{Kinetin BA 2iP  |Kinetin BA 2iP _ |Kinetin
3.92A | 3.44B | 1.98C 4.46A | 3.77B | 2.11C 4.76A | 4.11B | 2.56C
2003
BA 5.00c | 3.55e [2.33f-h 6.00bc | 4.00hi (2.32k-m 6.67c | 4.66f { 3.00(k
B5 2iP 4.31d | 3.50e {2.15g-{ 3.00B { 4.60fg { 3.67i [2.15l-n(3.2418| 4.60f |3.67gh [2.67k-m| 3.66B
Kinetin 2.66fg | 2.18g-1] 1.33 2.83k {2.17-n | 1.420 3.20h- |2.66k-m| 1.750
BA 7.687a | 517c | 2.42fg 7.66a | 5.66¢cd | 2.67jk 8.33a ) 583d | 3.17i-k
MS 2iP 6.66b | 4.50d | 2.20g-i | 3.88A | 6.33b | 5.10ef |2.33k-m} 4.037A] 7.66h ] 5.33e | 2.01j-l | 4.62A
Kinetin 2.67fg 12.10g-1] 1.58] 2.66j- |12.30k-m| 1.66no 3.50g-1 12.80}-m| 2.00n0
BA 4.30d | 3.67e | 1.83hy 5.33de| 367 |1.92m-0 5.50de | 3.83g | 2.42l-n
WP 2iP 3.62e | 2.75f | 1.71i] |2.600C |430gh| 3.00] [212-n|2.972C | 4.55f ;3.50g-1}2.30mn | 3.313C
Kinetin 2.58fh | 1.67i] | 1.33j 2 65{1 |2.25k-n| 1.420 2.88j-1 |2.70k-m| 2.08n0
Mean** 4.39A | 3.23B | 1.87C 471A | 3.53B | 2.00C 5.22A | 3.90B | 2.48C
Mean*** BA 2iP _ |Kinetin BA 2iP [ Kinetin BA 2iP _ [Kinetin
390A | 3.48B | 2.01C 436A | 3.73B | 2.15C 4B82A | 413B | 2.63C

S00Z JaquiaaoN ‘(L1) or “Aun einosue ‘195 dUby T
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Table {4): Specific and interaction effects of media type; activated charcoal ; auxin treatments added to one

half strength rooting medium and their combinations on rooting percentage ; number of rootlets

and average root length (¢m.) through rooting stage of jojoba Simmondsia chinensis during (2002 &
2003 seasons).

Treatments Parameters !
Charcoal Root length
Media Rooting percentage Number of roots {cm.}
type Auxins A.Ch. " - A.Ch. " . A.Ch.
With | without Mean Mean With | without Mean Mean With
2002
IBATML + NAA IML + caffeic acid 1ML ] 18.008 | 17.33 TBATML + NAA [3.16a] 2.67f TBATML + NAA | 10.67cd
85 IBATML + NAA 1ML + caffeic actd 15 ML | 16.67g | 1567h | 1002C | 1ML+ :‘gf"’ acd 1) g 288r | 291 “gti; ;”Jf"’ 8 67ef
- TBATML + NAA 1ML + cafleic acid § ML | 20.336 | 19930 | 45 7en 30.31A 3674 329 |00 3.09A 11.00¢
TBATML + NAA 1ML + caffeic acid 15 ML | 18.33s | 17.000g | ©° TBATML + NAA |3.28e| 2801 | TBATML + NAA 987c
. . 1ML + caffeic acid ™ML + caffeic
wem | VBATML+ NAA 1ML+ cafleic acid 1ML | 24208 | 2267b | 5 400 e 467a| 4300 | oo | "ML caffel 12.00a
TBATML + NAA 1ML + caffaic acid 15 ML__| 1853 | 19500 17478 400c| 3428 3158 53id
Mean™* 19.53A |18.538 3.60A] 3.188 106.224
2003
TBATML + NAA 1ML + caffeic acid 1ML | 21.33c | 17.20 {BATHL + NAA |3.108] 2.60f IBATML  NAA | 10.606
BS IBATML + NAA 1ML + caffeic acid 1.5 ML | 17.67g | 15601 | 17 9°C | TML+ ganpe ackd 1) ger] 2339 | 255 ”:ti; ;‘ﬂff'“ 8.600f
S IBATML + NAA TML. + caffeic aoid 1 ML__| 22000 | 18308 [ 4o oo 21.03A 340 3330 ] 5 e 355 19,106
IBATML + NAA TML + cafleic acid 1.5 ML | 18.00{ | 17.30gh | 1> [BATML + NAA (3.17a| 2660 | > IBATML + NAA | _ 9.66d
. . 1ML + cafleic acid | 1ML + caffaic
WPM IBATML + NAA 1ML + caffeic acid 1 ML 24.00a | 2233b 21.48A 1 5ML 450a| 4.33b 385A acid 1 SML 12.20a
TBATML + NAA 1ML + caffeic acid 1.5 ML__| 20.00d | 19.60ds 18.038 3580] 2.96(0 2.826 9.300d
Mean™ 2050A | 18568 336A] 3048 1024A

***and** Refer to specific effect of media type; auxin treatment and ac!i-vated charcoal added to rooting media, respectively. Capital and

small letter/s were used for distinguishing between values of specific and interaction effects,respectively whereas means
followed by the same letter/s were not significantly different at § % level.
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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 muitiplication
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 incubation for 4 weeks through rooting stage (either dark
was applied at the 1 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: Cuitured shootlets in 1/ 2 strength MS + IBA (7.0mg / L) + (1.0mg
/LY 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
(M3) 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 22 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.

Conceming the interaction effect, it couid be safely concluded that half
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 et
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 mq /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 piantiets on 1/ 2 strength B5 + 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 piantiet 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 {(BS) medium had statistically the
lowest values in this concem during two seasons of study.

As for the influence of adding activated charcoal at (1 gm/lL) 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 analegous one supplemented with charcoal.

As for the specific effect of auxin treatments; data obtained displayed
that IBA at (7 mgfL) + NAA at (1 mg/Ll) + (1 mg/L), Caffeic acid treatment
significantly increased the number of roots/plantlet and root length as
compared with 1BA 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 hetween
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/Ll) + Caffeic acid at (1.5 mg/L) without
activated charcoal to half strength (Bs) medium gave the lowest number of
rootlets/plantlet 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 results are in general agreement with the findings previously
mentioned by Ishida ef 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 ef al,
{1995) and Soliman (2004).

4 - Acclimatization stage:

In this stage:- The ptantlets 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 planflets in haif strength WPM + IBA at 7mg/L+ NAA at 1mg/L+
Caffiec acid at 1.0 mg/L + 1.0 mg/L aclivated 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 BS medium + IBA at 7Tmg/L+ NAA at 1 mg/L+ Caffiec
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acid at 1.0 mgL + 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 ef 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 plantiets during
2002 and 2003 seasons.

Parameters Survival Shoot length| No. leaves
reatments 2002 | 2003 | 2002 [ 2003 | 2002 | 2003
" strength WP +IBA(7 mg/L) H !

INAA {1 mg/L) + Caffeic acid (176.33 a 76.00 a [10.00 a10.20 a11.00 a {11.20 a

mgiL) + A. C.1g/L

% strength MS +IBA{7 mg/l) +

NAA {1 mgfL) + Caffeic acid (174.33b74.30 b{8.20 b 9.00 b 10.00 b 10.25 b

mgiL) + A. C.1g/L

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

INAA (1 mg/L) + Caffeic acid (17133 c LH.SOc 7.67c 7.66c 9.20c 8.83c

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