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ARTICLE INFO ABSTRACT

Article History Jojoba plants (Simmondsia chinensis) are excellent plant for the
Received:15/9/2024  development marginal lands, Jojoba propagate by different vegetative methods
Accepted:17/10/2024 jncluding (stem cuttings, grafting, air-layering, root cutting and tissue) or direct
Available:21/10/2024  saaq propagation. Jojoba is cultivated for its valuable oil and bioactive
components which are used in various industries such as pharmaceutical

K_eywords:_ products, cosmetics, producing biodiesel fuel as well as biodegradable
Simmondsia lubricants, jojoba is considered as a new solution of biofuel in the coming era.
chlnen3|s:, MICIO  The purpose of this study is to evaluate different concentrations of growth
propagation, regulators for optimal callus induction in Jojoba plant via enhanced axillary
jojoba, plant bud proliferation from nodes explant cultured on full strength MS medium,
growth regulates, 309/l sucrose, 49/l gel rite augmented with various concentrations of plant
initiation, growth regulators (T1:T16) with the combination between BA, NAA.The
multiplication, results indicated that certain treatments could enhance the initiation stage,

callus induction.  'eading to more shoots and greater shoot length, while others may not
contribute significantly to the growth of the male jojoba plant. The best results
in callus induction in 2.0 mg/l (2, 4 D) with different concentrations of BA at
concentrations. The pH was adjusted to 5.7 of the MS basal medium. The
percentage of callus induction, size and color were recorded after 35 days in
culture. Under aseptic conditions, the callus induction response with
combination of (BA,2,4D) in the MS basal medium, 2.0 mg/I the highest value
(42.85%) in male of Jojoba but the lowest response appeared at the same
concentration giving a value of (27.27%) in female (J14), the callus size in
female (J15) was small (+++) and its color was Yellowish green but the
interaction between BA, NAA (2.0 mg/l), showed a maximum response
reached 83.3% in Male of Jojoba but, the lowest value (68.75%) in female (J15)
but the callus size was large(++++) and its color was Yellowish green.
Regarding callus induction stage, the best results were recorded when the
explants were cultured and sub cultured on MS medium plus BA and NAA at
2.0 mg/l, each in turn, and higher callus induction in males suggests better
propagation potential but it is not the economic way.
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INTRODUCTION

Simmondsia chinensis (Link) Schn. (commonly known as jojoba) is classified as a
nontraditional crop suitable for arid and semi-arid regions. This plant exhibits a natural
resilience to saline soils and elevated temperature conditions (National Academy of Sciences
(U.S.) Advisory Committee on Technology Innovation, 2002). The seeds of jojoba are
notable for their lipid content, comprising 40-60% of their dry weight in the form of liquid
wax. This wax and its derivatives present significant potential for diverse applications across
cosmetics, pharmaceuticals, lubricants, extenders, and antifoaming agents (Mills et al.,
1997; Benzioni et al., 1999). There has been a growing interest in the agricultural cultivation
of jojoba, with increasing knowledge gained each year regarding its cultivation
requirements, planting densities, management practices, productivity, propagation methods,
and genetic enhancement (National Academy of Sciences (U.S.) Advisory Committee on
Technology Innovation, 2002; Mills et al., 1997).

Jojoba is a dioecious species that cannot commence sexual reproduction until it
reaches flowering, typically occurs 2-4 years post-germination. The jojoba plant
(Simmondsia chinensis (Link) C. Schneider), belonging to the Simmondsiaceae family, is
primarily a woody, evergreen, perennial shrub that produces small seeds containing a waxy
liquid akin to spermaceti (Kubitzki et al., 2003; Van et al., 2004). Recognized as a medicinal
and oil-producing multipurpose species (Kumar et al., 2012), jojoba’s significance lies in its
seeds, which store liquid wax. This wax is extensively utilized in lubricants, antibiotic
production, anti-inflammatory treatments, hair care, and medical applications for various
conditions, including wounds, colds, cancer, kidney dysfunction, and skin disorders, as well
as in the cosmetics, pharmaceuticals, plastics, and petroleum sectors (Jacoboni; Standardi,
1987; Mills; Benzioni, 1992).Plants exhibit remarkable resilience to drought conditions (Al-
Ani et al., 1972), and their leaves serve as a valuable source of nutritious forage for livestock
such as sheep, goats, and cattle, in addition to wild ungulates and smaller herbivores like
rabbits. In arid and marginal regions, only a limited number of crops are cultivated, primarily
for subsistence. These areas are devoid of cash crops that can withstand drought. In recent
years, there has been significant interest in the cultivation of multipurpose crops capable of
enduring stress, such as jojoba (Thagana et al., 2004) and (Weiss, 1983). Native to the
Sonoran Desert, jojoba thrives in climates characterized by annual precipitation ranging
from 80 to 450 mm and temperatures between 9 and 54°C (Gentry, 1958). Jojoba is regarded
as a versatile plant and holds promise as a cash crop for impoverished communities.
Additionally, it has potential applications in rehabilitation efforts, particularly in marginal
areas. Jojoba is an effective species for combating and preventing desertification in arid
regions, such as the Thar Desert in India (Patel, 2017) and around 6 October City in Egypt
(Abobatta, 2017). The initial research on the propagation of jojoba through tissue culture
was conducted by (Salah et al., 2005). Direct seeding results in genetic variability, with
approximately half of the seedlings being male. However, a male population of 8-10% is
essential for effective pollination (Reddy and Chikara, 2010). Establishing a plantation using
asexual propagules incurs higher costs compared to seed propagation, yet it offers
advantages in terms of time efficiency for replanting and ensures the production of plants
with known sex and lineage. Vegetative propagation methods, including layering, grafting,
or rooting semi-hardwood cuttings, can be employed; however, the maximum number of
propagules is constrained by the size of the plant and the season (Mills et al., 1997) and
(Reddy and Chikara, 2010).

The micropropagation of elite plant individuals capitalizes on the totipotency of
plant cells, presenting a viable approach for the commercial mass production of pathogen-
free superior clones. Jojoba plants derived from in vitro methods exhibit more vigorous
growth compared to both seedlings and rooted cuttings, resulting in significantly larger
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specimens after the first year of cultivation (National Academy of Sciences (U.S.) Advisory
Committee on Technology Innovation, 2002; Mills et al., 1997; Reddy and Chikara, 2010;
Chaturvedi and Sharma, 1989). Jojoba is recognized as a multipurpose crop and serves as a
promising cash crop, providing income opportunities for impoverished communities.
Additionally, it plays a role in combating and preventing desertification in regions such as
the deserts of India (Alsharhan, 2003) and the 6 October desert in Egypt (Abobatta, 2016).

Vegetative propagation addresses the challenge of the disproportionate male-to-
female ratio in the field, as fewer males are needed in comparison to females, allowing for
the selection of only desirable plants. This method also enables growers to adhere to specific
planting plans. Various asexual propagation techniques for jojoba are employed, including
stem cuttings (Cao and Gao, 2003), air-layering (Palzkill and Feldman, 1993), grafting
(Singh et al., 2003), and tissue culture (Llorente and Apostolo, 1998). These techniques help
mitigate the high male-to-female ratio in jojoba farms and establish the desired plant ratios.
The advantages of these methods in commercial jojoba plantations include the production of
genetically uniform plants and earlier fruiting (Lee and Paskill, 1984). Furthermore, they
enable growers to reduce cultivation costs, optimize the male-to-female plant ratio according
to cultivation plans, and facilitate earlier seed crop production compared to traditional seedy
plants. Additionally, vegetative seedlings tend to produce seeds sooner, resulting in a quicker
return on initial establishment and maintenance investments.

Jojoba can be propagated through various methods, including vegetative
propagation techniques such as stem cuttings, grafting, air-layering, root cutting, and tissue
culture, as well as through seed propagation methods (Abramovich et al., 1978). During in
vitro propagation, shoots displayed varying morphogenic responses when subjected to
different growth regulators and adjuvants. Notable differences were observed in the explants
regarding the percentage of shoot regeneration, proliferation rates, shoot lengths, callus
formation, and rooting behavior (Llorente and Apdstolo, 1998; Prakash et al., 2003; Tyagi
and Prakash, 2004). Conversely, certain genotypes did not exhibit significant differences in
bud initiation, rooting, and survival rates in greenhouse conditions (Singh et al., 2008). This
chapter outlines a fundamental protocol for the micropropagation of jojoba, which serves as
a foundational reference for all genotypes. However, it is advisable to create optimized
protocols tailored to each genotype, as the in vitro responses of different clones can be
unpredictable.

Consequently, large-scale micropropagation facilities are supplying millions of
plants for both the commercial ornamental sector and the agricultural market for clonally
propagated crops (Brown and Thorpe, 1995). In tissue culture, the application of plant
growth regulators is crucial, as they significantly influence various plant processes, including
growth, differentiation, and development, such as culture establishment, shoot initiation,
multiplication, and rhizogenesis (Hobbie, 1998).

Benzyl aminopurine (BAP) is more effective than kinetin (Kn) in promoting the
growth of primary explants (Llorente and Apdstolo, 1998). Among the jojoba cultivars, the
most favorable results were observed with treatments involving NAA and BA at
concentrations of 2.0 mg/L for J15 and 0.5 and 2.0 mg/L for J14, which yielded the highest
productivity in terms of branches (shoots), shoot length, and node formation This research
paper focuses on examining the effects of various concentrations of growth regulators on
nodes, internodes, and identifying the optimal concentrations for propagating jojoba using
plant tissue culture techniques.

MATERIALS AND METHODS

The research focused on the impact of various concentrations of specific growth
regulators and their combinations, as detailed in Table (1), on the micropropagation of
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Simmondsia chinensis (Link) Schn. (jojoba) plantlets. This study utilized node and internode
segments as explants and was carried out at the Plant Tissue Culture Laboratory within the
Plant Protection Department, Arid Land Cultivation Research Institute (ALCRI), as well as
the Tissue Culture Laboratory of the Pharmaceutical Bio-products Research Department and
the Central Lab Department at the Genetic Engineering and Biotechnology Research
Institute (GEBRI), located in the City for Scientific Research and Technology Application
(MUCSAT), New Borg EI-Arab City, Alexandria, Egypt, over the period from 2019 to 2022.

Table 1: Various combinations of BAP (Benzyl aminopurine) and NAA (Naphthaleneacetic
acid) plant growth regulators (PGRs) utilized for the initiation of the Jojoba plant
(Simmondsia chinensis (Link) Schn.).

Treatments Media composition for Jojoba plant
(Simmondsia chinensis (Link) Schn)
with PGRs (BA, NAA)

T1 0.0

T2 (0.5mg/l NAA)

T3 (1 mg/l NAA)

T4 (2mg/l NAA)

T5 (0.5 mg/l BA)

T6 (0.5 mg/l BA & 0.5mg/l NAA)

T7 (0.5 mg/l BA & 1.0mg/l NAA)

T8 (0.5 mg/l BA & 2.0mg/l NAA)

T9 (1.0 mg/l BA)

T10 (1.0 mg/l BA & 0.5 mg/l NAA)

T11 (1.0 mg/l BA & 1.0 mg/l NAA)

T12 (1.0 mg/l BA & 2.0mg/l NAA)

T13 (2.0 mg/l BA)

T14 (2.0 mg/l BA & 0.5 mg/l NAA)

T15 (2.0 mg/l BA & 1.0mg/l NAA)

T16 (2.0 mg/l BA & 2.0mg/l NAA)

Plant Materials:

The explant material, consisting of cuttings, was sourced from mature Simmondsia
chinensis (Link) Schn. (jojoba) plants, which were generously provided by Elmasriah
Elkhc7caligia Co., a commercial farm located along the EI-Hamam highway, as illustrated
in Figure (1). The healthy parent plants were cultivated in a controlled environment within
a plastic house. Upon collection, the material was transported to the laboratory and
thoroughly washed under running tap water for a duration of 30 minutes. Only 1 cm long
nodal segments, each containing a single node as described by Bhattacharya et al. (1990),
were prepared using forceps and a scalpel. For sterilization of the nodal segments, the
excised explants were immersed in 70% ethanol for 60 seconds. Following this ethanol
treatment, the explants were rinsed twice with double distilled water to mitigate any potential
toxic effects of the ethanol. Subsequently, the nodal segments underwent surface sterilization
using a solution of 0.1% mercuric chloride (HgCI2) combined with a few drops of the
wetting agent Tween-80 for five minutes. After the surface sterilization process, the mercuric
chloride solution was discarded, and the explants were rinsed three times with double
distilled water to further reduce the toxic effects of HQClz, rendering them ready for
culturing.
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Fig. (1): Segregations of Jojoba plant, A: Male, B: Female J14, C: Female InVitro.

Experimental Phases:
1. Initiation Phase:

Explants were cultivated on a solid medium (Murashige and Skoog, 1962) that was
solidified using gel rite (3g/l). The pH of the media was adjusted to 5.7 prior to the addition
of gel rite, followed by sterilization through autoclaving at 121°C for 20 minutes.
Subsequently, the explants were placed into the prepared MS medium, which contained
varying concentrations of cytokinin (BA) 6-Benzyladenine at four levels: 0.0, 0.5, 1.0, and
2.0 mg/l, in conjunction with auxin (NAA) Naphthalene acetic acid at three concentrations:
0.0, 0.5, and 1.0 and 2.0 mg/I.

2. Callus Induction Phase:

Axillary shoots, derived from the original explants (J1 male, J14 female, J15
female), were utilized for callus induction. The explant consisted of internodes cut into
segments of 0.5 cm in length, while leaves were excised from the shoots and cut into
approximately 0.5 cm? segments. Both types of explants were cultured on MS medium
enriched with various concentrations of BA, specifically at 2.0 mg/l, in combination with
NAA and 2.0 mg/l (2,4 D). The pH of the media was adjusted to 5.7, followed by the addition
of agar (7g/l) before autoclaving. Each treatment was replicated three times, with each
replication containing one explant. The percentage of callus formation and the size of the
callus were recorded after 35 days of culture. Callus was routinely sub-cultured on fresh
media (basil) to maintain the callus stock, and fresh weights (g) were measured after one
month of incubation. The percentage and appearance of callus or shoots were documented
after four weeks. The size of the callus was visually assessed and categorized as “-” = no
callus, “+” = minimal or slight callus, “++” = small callus, “+++” = medium callus, “++++”
= large callus, with the color of the callus also being noted. The studied characteristics.

The following parameters were assessed for each propagule at the initiation and
callus stages after 35 days of culture:

1. Average number of shoots developed per propagule.

2. Average shoot length (cm) per propagule.

3. Average number of nodes produced per propagule.

4. Size, induction, and color of the callus formed per propagule.
Experimental Design And Statistical Analysis:

The experiments conducted in this study were structured using a completely
randomized design (Gomez and Gomez, 1984). The collected data were subjected to
statistical analysis through the analysis of variance (ANOVA) method, and mean values
were compared using Duncan’s multiple range test (Steel et al., 1997), with significance
established at p< 0.05.
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RESULTS AND DISCUSSION

Initiation Stage:

The data illustrated in Table (2) and Figure (2), indicate the initiation phase of
Simmondsia chinensis (Link) Schn. (jojoba) in male specimens, as well as in female
specimens J14 and J15, under in vitro conditions. This study examines the responses of three
Jojoba in vitro nodal segments and shoot tip cultures subjected to various combinations of
growth regulators. The growth parameters assessed included the number of nodes, shoot
length (cm), and the number of shoots across treatments (T1-T16), which incorporated
different combinations and concentrations of BAP (Benzyl aminopurine) and NAA
(Naphthaleneacetic acid), with concentrations ranging from 0.0 mg/L (control) to 2.0 mg/L.
It was noted that for male varieties, treatment T1 (without growth regulators) yielded the
highest average number of nodes (1.67), whereas T16 (2.0 mg/L BA & 2.0 mg/L NAA)
resulted in no node production. In contrast, female J14 demonstrated the highest node
production in T14 (1.00 nodes) and T16 (0.67 nodes), while female J15 achieved the highest
node production in T5 and T16, both yielding 1.00 nodes. Regarding shoot length in male
varieties, the longest shoots were recorded in T8 and T9 (1.17 cm each). Female J14
produced the longest shoots in T3 (1.33 cm), and female J15 exhibited the longest shoots in
T16 (1.00 cm). Lastly, concerning the number of shoots for male varieties, T3 (1.33 shoots)
and T16 (1.00 shoots) were identified as the most effective treatments. Female J14 displayed
the highest number of shoots in T1 and T2 (1.00 shoots each), while female J15 recorded the
highest number of shoots in T16 (2.00 shoots).

The table reveals that certain treatments exhibit significant variations in their effects
on node count, shoot length, and the number of shoots across various jojoba varieties, while
others do not. For the Male variety, the highest node production (1.67 nodes) was recorded
with the control treatment (T1), which did not utilize any growth regulators. This implies
that the absence of growth regulators may be beneficial for node production in the Male
variety. Conversely, treatments T5, T10, T11, T12, T13, T15, and T16 resulted in no node
production, suggesting that elevated concentrations or specific combinations of NAA and
BA could hinder node production in this variety. Regarding shoot length, treatments T8 and
T9 both achieved the longest shoot length (1.17 cm), indicating that BA at concentrations of
0.5 mg/l (T8) and 1.0 mg/l (T9) may be optimal for promoting shoot elongation in the Male
variety. However, treatments such as T5, T10, T11, and T15 did not yield any shoot growth,
indicating that these combinations may not be conducive to shoot elongation in this variety.
In terms of the number of shoots, T3 (1.33 shoots) and T16 (1.00 shoots) were the most
effective treatments, suggesting that a higher concentration of NAA (1.0 mg/l in T3) and a
balanced combination of BA and NAA (2.0 mg/l each in T16) could enhance shoot
proliferation. However, T5, T10, T11, and T15 showed no shoot production, further
highlighting the potential inhibitory effects of certain BA concentrations or their
combinations with NAA on shoot proliferation in the Male variety. For the Female J14
variety, the highest node count was noted with T14 (1.00 nodes) and T16 (0.67 nodes),
indicating that BA at 2.0 mg/l combined with 0.5 mg/l NAA (T14) or equal concentrations
of both (T16) may be advantageous for node production in the Female J14 variety.
Treatments such as T6, T9, T11, T12, and T13 resulted in no node production.

Ultimately, the maximum number of shoots (1.00) was attained with treatments T1,
T2, T7, T8, and T15, suggesting that lower concentrations of BA and NAA, or the absence
of growth regulators, may enhance shoot production. Conversely, treatments such as T6,
T12, and T13 did not yield any shoots, indicating their ineffectiveness in promoting shoot
development in the Female J14 variety. In the case of the Female J15 variety, the highest
node count (1.00 nodes) was observed with treatments T5 and T16, implying that 0.5 mg/I
BA alone (T5) or in conjunction with 2.0 mg/l NAA (T16) could be optimal for node
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production. Several treatments, including T3, T7, T10, T11, and T12, resulted in no node
production, which may suggest an inhibitory effect of these combinations on node
development. Regarding shoot length, the longest shoots (1.00 cm) were recorded with T16,
indicating that a combination of 2.0 mg/l BA and 2.0 mg/l NAA may be ideal for shoot
elongation in Female J15. However, treatments T3, T7, T10, T11, T12, T13, and T15 did
not promote shoot elongation, indicating their ineffectiveness for in enhancing shoot growth
in this variety. Finally, the highest number of shoots (2.00) was achieved with T16,
demonstrating that this combination is particularly effective for promoting shoot
proliferation in Female J15. In contrast, treatments such as T3, T7, T10, T11, and T12
produced no shoots, suggesting that these combinations may be ineffective or even
suppressive for shoot production. Statistical significance, denoted by letters (a, ab, b, c),
reflects the results of Duncan's Multiple Range Test (P < 0.05) utilizing the Statistical
Package for the Social Sciences (SPSS).

Table 2: Effect of different combination concentrations of NAA and BA (mg/l) in the
initiation stage of Simmondsia chinensis (Link) Schn. (jojoba) cultured in vitro for

35 days.
Jojoba varieties

2 Male Female J14 Female J15

g No. of Length No. of No. of Length No. of No. of | Length | No. of

§ nodes | of shoot | Shoots nodes | of shoot | Shoots nodes of Shoots

= (cm) (cm) shoot

(cm)

T1 1.67° 1.00° 0.67" 0.332 1.00% 1.00° 0.67%® | 0.832 | 0.67°
T2 0.67% 0.672 0.67" 0.33° 1.00%b 1.00° 0.00b 0.502 | 0.67°
T3 0.67% 1.00° 1.33° 0.67° 1.33° 0.672 0.00b 0.002 | 0.00°
T4 0.672% 1.00° 1.00% 0.67° 0.67% | 0.67% 0.33% 0.332 | 0.33"
T5 0.00P 0.00" 0.00¢ 0.67° 1.00%b 0.672 1.00° 0.83 | 0.33°
T6 0.00P 0.502b 0.67° 0.00° 0.00" 0.00" 0.332 0.67° | 0.33"
T7 0.672% 1.00° 1.00% 0.67° 1.00% 1.00° 0.00b 0.002 | 0.00°
T8 0.672% 1.17° 1.00% 0.67° 1.00% 1.00° 0.332» | 0.332 | 0.33°b
T9 0.672% 1.17° 1.00% 0.00° 0.33% 0.33% 0.33% 0.332 | 0.33"
T10 0.00° 0.00° 0.00¢ 0.33° 0.33% 0.332° 0.00° 0.67% | 0.67"
T11 0.00° 0.00° 0.00¢ 0.00? 0.50%° 1.00°2 0.00° 0.332 | 0.33"
T12 0.00° 0.50%° 1.002° 0.00° 0.00° 0.00° 0.00° 0.332 | 0.33"
T13 0.00° 0.50%° 1.00%° 0.00° 0.332b 0.332° 0.33% 0.672 | 0.67°
T14 0.00° 0.33% 0.67° 1.00°2 0.832b 0.672° 0.332b 0.67% | 0.67"
T15 0.00° 0.00° 0.00¢ 0.67° 1.002b 1.00° 0.33% 0.332 | 0.33"
T16 0.00P 0.50% 1.00% 0.67° 0.33% 0.67% 1.00° 1.00° | 2.00°

Duncan’s * * * ns * * * ns *

(T1:(0.0mg/1),T2:(0.5mg/LNAA),T3:(1.0mg/INAA),T4:(2.0 mg//l NAA),T5(:0.5mg/l BA),T6:0.5mg/IBA,0.5mg/l NAA),T7:(0.5 mg/I
BA,1.0 mg/I NAA),T8:(0.5mg/I BA,2.0 mg/l NAA), T9: (1.0 mg/I BA) ,T10 :(1.0 mg/l BA & 0.5 mg/I NAA) T11:(1.0 mg/I BA & 1.0 mg/I
NAA) ,T12 :(1.0 mg/l BA& 2.0mg/l NAA) T13: (2.0 mg/| BA),T14 (2.0 mg/I BA & 0.5 mg/I NAA) ,T15: (2.0 mg/| BA & 1.0mg/I NAA) ,T16
:(2.0 mg/I BA & 2.0mg/I NAA)).

The letters (a, ab, b, c) indicate significant differences within the same column, meaning that treatments with the same

letter are not significantly different from each other according to Duncan's Multiple Range Test (P < 0.05).
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Fig. 2: Initiation of Simmondsia chinensis (Link) Schn. (jojoba) in A (male), B (j14 female),
C(J15) cultured on MS medium supplemented with (BA, NAA).

The results discussed above generally suggest that a reduction in the mean values
of the examined traits was associated with an increase in benzyladenine (BA). This
phenomenon may be linked to the accumulation of cytokinin at supra-optimal levels within
the tissues, which negatively impacts growth performance (George et al., 2008).
Consequently, the Murashige and Skoog (MS) medium devoid of BA yielded the highest
mean value for shoot length. This observation can be attributed to the action of auxin (NAA)
in cultured tissues, which regulates various essential processes, including cell growth and
elongation (George et al., 2008). Conversely, the lowest concentration of NAA employed
was beneficial for the initiation of Simmondsia chinensis (Link) Schn. (jojoba). This may be
explained by the fact that higher concentrations of NAA are typically ineffective in
promoting shoot proliferation (Waseem et al., 2011). Additionally, the role and mechanism
of action of auxin are well-documented for their capacity to enhance root formation, as noted
by George et al. (2008) and Waseem et al. (2011). Regarding the interaction between the
growth regulators at 0.00 BA and 0.50 mg/l NAA, significant effects were observed on the
various traits assessed.

Callus Induction Stage:

The findings presented in Table (3) and Figure (3), indicate that nodes and
internodes of Simmondsia chinensis were utilized as explants for both male and female
specimens, employing various combinations of growth regulators (2, 4-D, NAA, and BA,
NAA) at a concentration of 2.0 mg/I. It was observed that no callus formation occurred when
the explants were cultured on MS medium (for male and J15 female) without the addition of
plant growth regulators (PGRs), which served as the control for callus production. The
formation of callus in Jojoba exhibited significant variability, with both the color and texture
being influenced by the type of explant and the concentrations of PGRs used. The calli
developed with 2 mg/l of (BA, NAA, and BA, 2,4-D) were characterized by a yellowish-
green hue and a compact structure.

Conversely, Table (3) and Figure (4), illustrate the response to callus induction
when utilizing a combination of (BA, NAA) in the nutrient medium at a concentration of 2.0
mg/l, which yielded the highest callus induction rate of 42.85% in male Jojoba. In contrast,
the lowest response was recorded at the same concentration for female J14, resulting in a
value of 27.27%. The callus size for female J15 was rated as ++++, with a yellowish-green
coloration. The interaction between 2.0 mg/l of BA and 2, 4-D produced a maximum
response of 83.3% in male Jojoba, while the lowest response of 68.75% was noted in female
J15, with the callus size rated as +++ and exhibiting a yellowish-green color, as detailed in
Table (3). Effective callus induction necessitates a balanced ratio of auxins and cytokinins,
as noted by Skoog and Miller (1957). In several plant species, the induction of callus is more
favorable with higher levels of auxins compared to cytokinins, as discussed by Ramawat
(2004).
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Table 3: illustrates the impact of two combinations of growth regulators, namely BA and

2,4-D, as well as BA and NAA, at a concentration of 2 mg/L on the induction of
callus in segregations of the Jojoba plant, specifically male 15J and 14J female.

Seqregations % callus Induction | Callus Size Callus color
(S)g ’ (BA, NAA) | BA | (BA | (BA, | (BA, (BA,

’ 24D) | NAA) |24D) | NAA) 2,4D)
Male & 42.85 83.3 ++ ++ Yellowish green Green weight,
14 J 27.27 80 +++ ++ Yellowish green YeHOW'Sh.
Female?@ green, weight
15J 35.71 68.75 | ++++ +++ | Yellowish green Yellowish
Female?@ green
Total % 34.375% 85%

The percentage and characteristics of callus or shoots were documented after a
duration of four weeks. The size of the callus was assessed visually and categorized as
follows: “-” indicating no callus, “+” representing minimal or slight callus, “++” denoting
small callus, “+++” indicating medium callus, and “++++” signifying large callus.
Additionally, the color of the callus was noted.

Cell enlargement, along with the synthesis of proteins and nucleic acids, are integral
components of auxin-induced growth, which also influences the plasticity of plant cell walls
and enhances apical dominance. These processes are crucial and occur rapidly during growth
and elongation (Wilkins, 1989). The average number of leaves per shoot and the number of
nodes is significant growth parameters that exhibit a direct proportional correlation with
shoot length; as the length of the shoot increases, so too does the number of leaves and nodes
(Waseem et al., 2009). Our findings were further substantiated by the earlier research
conducted by Waseem et al. (2011).

(BA,2,4,D) media combination on MS medium at 2.0 mg/l in Simmondsia chinensis (Link)
Schn. (jojoba) plant.

Fig. 4: A: Male,B:Female(J14),C:Female(J15) consecutively callus induction with
(BA,NAA) media combination on MS medium at 2.0 mg/l in Simmondsia chinensis (Link)
Schn. (jojoba)
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CONCLUSION

In this study, as detailed, effective concentrations of growth-regulating hormones for
callus initiation and stimulation of jojoba plants were determined. Initially, nodes and
internodes were used as plant parts in MS medium with treatment T16 (2.0 mg/L BA and
2.0 mg/L NAA). This treatment consistently yielded positive results across all parameters
evaluated, especially for the female cultivar J15, which showed the highest number of nodes,
longest shoot length, and largest number of buds. In contrast, the control treatment (T1, 0.0
mg/L) surprisingly yielded the highest number of nodes for the male cultivar and showed
satisfactory bud production in the female J14, suggesting that some cultivars may respond
more favorably without the use of growth regulators. In addition, T3 (1.0 mg/L NAA) was
significantly effective in enhancing shoot length and number of buds in the male cultivar, as
well as enhancing shoot length in the female J14. Also, The best combination of plant growth
regulators (NAA, BA) to stimulate callus production was selected at a concentration of 2
mg/L. This treatment offers a promising approach for improving, conserving and
disseminating S. chinensis on a large scale.
RECOMMENDATIONS

This study recommends the propagation of jojoba cuttings utilizing a concentration
of 2.0 mg/l of the interaction between NAA and BA. Nevertheless, there remains significant
potential for additional research into the interactions among different plant growth regulators
(PGRs) and female genotypes to identify optimal combinations for enhancing callus
production.
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ARABIC SUMMARY

Al de) 3 A ce(Simmondsia Chinensis (Link) Schneider) Liss sa) < Uis)
sall) clalala e A8NEAL <) 38 5 Ciad

- i gy b i gy (a3l (8 daaa Z0aa ) 2 dea) Al gy, - 1 Ciglia (39 8 dana A
408 51 dasa cpal) alua

Ao a0 et s Aalall & sanl) Al Amlall ) gall 5 A5l & gy aganl

palall i pal) Aigne i asall &y pondl Cllatiall gy and iyl Ui o] i€l g 280 50 i) g 2gae?
EURR IR TR A

AuSuY) daals o(LaL L) el 30 A0 ¢ lall Z L) andd

Ay daala o(LaL L) Al 5 A ¢ ey 3l i) audt

Lisasadl il dpdialgl) ol )Y dgasil jlias <l (Simmondsia chinensis) biss sall il s,
DLl IS gl (R g A 3ad) Jeal) ¢ sel) 28 i) el e da) Jiall) Lgia dilide 4 i ke
Cilatiall Jie cilelual) Calide 8 aadius 3l Aadall 4 gl Ll sSa 5 el Ll 31 e g 3all L sadl 53y
Dfiny on o) gl Jlaill AN an il gy Gl (g gaal) Jal) 2685 ) 5 Jaeal) ) pumatins g Y anal)
Glalaia (pe ddliaa il 38 i dl )3 oo Jaal) 138 (e Cargll adlal) piaall & (g gandl 368 5l daa s Alas b g gl
Ao g el diall (e laiY) ael ol ASE 5y 0m3 O (e QaSI (i yat Jumdl Y A4S 3 Juadl LAY sl
Claill gas Slakaie (e ddlide il 38 5 5 e Syl da S/ a4 <580 511/ e 30 Al JAlS MS b e
e D Lgialals o3 a3 (338D (el Baal 71,0 dauy 3253 2 ) 510 Addea (NAA 5 BA O e a0 (T1: T16)
(MS) z sSu 5 il ) 50 Jans s e Goadand) dabaa) o gadall e ) Caad ol A yal Lousilly aaall jlaiall slLally
A aEYhs ¢ A/ 23020 51.0 50.5 50.0 vic Addaall Clill gai Glalaio (o IS e Adliae Gl 38 5 5 el
Gl b Ly Ailise lalee Al o a5/ 230 2.0 51.0 50.5 50.0 2 (NAA) it llisil) (aes aa
Aol de) )y sk ey s yall o2 JOA JiSI Bas g JSU Sl dae 5 (aw) acall Jshs sl ae dau gia
Lage dagii Juzadl cilS 155 J14 Sl J1 S5 1aaad ey il il s sSAl calilaal) (e IS alasinly GallSY)
by el el las (J14 e (J1/ 232 2.0 50.5) 5715 0 (A / 224 2.0) BA 5 NAA = aaladll
Loe coad) dla jo a8 O (S Dladlaall any o S lilul) jpds sall 5 ael ol Jshas (ael_nll) g5l B
Gl sad (B S JSE paln Y 8 AY) and) O s (B SV ael ol Jshg ae ) e a3l ) 53
& BA 00 Adlite 13855 pe (24 2) S/ pae 2.0 B O8N (g pai A il Jumdl S L s sl
paall s QSN Gy et A Ja a3 ) MS s (00 5.7 () (s s oed) a8 0 Jaaed a3l 38 51
by 8 (D2¢4BA) z g pIWl g jad il CalS daiae Cag ok cnd AED 815 35 20 ol
DSl e i s JB 2 peda (815 Lsasall 5583 3 (742.85) dad el il / pale 2.0 ¢ i) MS
Jiae padlai gl OS5 () | gpa (J15) LY b Gl aaa (1S ((J14) SBY) A (727.27) 4 dilara
il S5 Lsapall 83 (87833 il (5 pumd Alain jelal (Ui / a3ke 2.0) NAA 5 BA o deliill (Sl
Gl lad  jhiae juamdl 4igd S () 1508 O Gl aaa (S35 (J15) LY A (768.75) dad Jl
AlaYl MS b5 e e il Lie 5 )5 psaball del ) o Latie il Jumdl Qi o ¢ gallSH (g ja Ay
Baa e JS ¢/ aale 2.0 Jaee NAA 5BA )
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