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Nodal segments (1.5 - 3.0 cm long) of six promising jojoba genotypes were cultured in vitro on solidified 
MS medium supplemented with BA in combination with different concentrations of NAA, IAA or IBA for 
shoot formation. The plant growth regulators combination of 5.55 µM

 
BA + 7.1 µM

 
IAA proved the best 

for shoot initiation and subsequent growth. Some explants of the jojoba genotypes, PKJ-3 and PKJ-6, 
developed thick rootlets when BA (5.55 µM) was used in combination with

 
IBA (6.1 µM) or NAA (6.7 µM). 

Many explants developed callus on the medium containing BA (11.1 µM) in combination with NAA (13.4 
µM), IAA (14.3 µM) or IBA (12.2 µM). In vitro derived shoots were rooted by culturing on solidified MS 
medium containing IBA (6.1 µM), IAA (7.1 µM) or NAA (6.7 µM). The plantlets which developed roots in 
response to IBA had the maximum survival percentage (63.33) during acclimatization in greenhouse. 
However, survival of the plantlets in field conditions was independent of the genotypes and the time of 
planting. Among the genotypes, PKJ-3 performed the best in all the parameters studied. 
 
Key words: Auxins, cytokinins, genotypes, jojoba, micropropagation, Simmondsia chinensis. 

 
 
INTRODUCTION 
 
Jojoba (Simmondsia chinensis Link. Schneider) is a long-
lived evergreen perennial shrub with extensive deep tap 
root system which helps to withstand drought conditions. 
Its seeds contain about 50% saturated oil wax which is 
not only an alternative to sperm whale oil, but also well 
known for utilization in cosmetics, lubricants and pharma-
ceuticals etc. Jojoba, being dioecious plant, does not 
reproduce true-to-type by sexual propagation. In order to 
maintain the desirable characters, a single jojoba plant 
has to be asexually propagated. Thus, a selected indivi-
dual can be reproduced genetically identical that forms a 
clonal population or cultivar. Superior clones of jojoba, 
when used in field production, will allow a uniform, 
predictable plant growth and  yield.  Asexual  propagation  
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of jojoba has been accomplished by layering (Reddy, 
2003; Bashir et al., 2005), grafting (Bashir et al., 2006), 
cuttings (Singh et al., 2003; Bashir et al., 2007a) or tissue 
culture techniques (Tyagi and Prakash, 2004; Bashir et 
al., 2007b,c,d) with limited success. Although the use of 
single node, double node, and three node cuttings from 
different individuals of jojoba by applying different plant 
growth regulators (PGRs) will increase the total number 
of propagules obtained from a stock plant (Cao and Gao, 
2003), yet the maximum number of possible propagules 
will still be limited to one or two thousands per year. In 
recent years, micropropagation 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 con-
ceivably provide thousands of new true-to-type plantlets 
per year. 

Attempts have been made by several workers to 
propagate jojoba in vitro on various culture media (Elhag 
et al., 1998; Agrawal et al., 1999; Agrawal et al., 2002) 
containing  different  concentrations  of  PGRs  (Jacoboni 



 
 
 
 
and Standardi, 1987; Kacker et al., 1993; Sardana and 
Batra, 1998; Khanam et al., 1999; Roussos et al., 1999; 
Gao and Cao, 2001; Prakash et al., 2003; Tyagi and 
Prakash, 2004; Bashir et al., 2007b,c,d) with varying 
levels of success. Mostly cytokinins (BA, kinetin and 
zeatin) have been used in combination with auxins (NAA, 
IAA and IBA) or GA3. The genotypes/clones vary in their 
response when cultured in vitro (Llorente et al., 1996; 
Llorente and Apostolo, 1998; Elhag et al., 1998). Even 
the explants of both male and female shoots exhibit 
differential morphogenic behaviour under the influence of 
various adjuvants (Prakash et al., 2003). In a previous 
study, BA (alone) was found better than kinetin (alone) or 
BA + kinetin for in vitro shoot initiation of jojoba. The 
lower concentration (5.55 µM) of BA proved more 
effective for many shoot parameters and the genotype 
PKJ-3 was the most responsive to in vitro conditions 
(Bashir et al., 2007b). The present investigation was 
envisaged to standardize combinations of BA + auxins for 
in vitro shoot formation from nodal explants and to find 
out the most appropriate combination while observing the 
genotypic responses. Furthermore, the current study 
focuses on the subsequent effect of auxins, which was 
used for in vitro root formation, on survival of the plantlets 
during acclimatization in greenhouse and in field 
conditions with respect to their time of planting. 
 
 
MATERIALS AND METHODS 
 

In vitro shoot formation 
 

Six promising female jojoba genotypes PKJ-1, PKJ-2, PKJ-3, PKJ-
4, PKJ-5 and PKJ-6 (propagated through cuttings) as characterized 
by Bashir et al. (2007a) were used in the present study. The 
branches taken from 2 year-old potted plants were first thoroughly 
washed in running tap water for 30 min then leaves were removed 
keeping the petiole intact. These were washed again in 1% deter-
gent (w/v) solution, followed by four washings in distilled water. The 
branches were divided into 1.5 - 3.0 cm long nodal segments. 
Surface sterilization of explants was accomplished in three steps 
i.e. the explants first were dipped in 90% ethanol (v/v) for 10 s, then 
dipped in 50% Clorox (v/v) solution + 2 drops of Tween-20 and 
stirred for 15 min, followed by four washings with sterile distilled 
water, each for 5 min. Finally the explants were dipped in 0.1% 
mercuric chloride (w/v) solution, stirred for 15 min and given 4 
subsequent washings in sterile distilled water each for 5 min. The 
surface sterilization of explants and their inoculation were conduc-
ted in a laminar air flow hood.  

The explants were cultured on MS medium (Murashige and 
Skoog, 1962) containing 3% (w/v) sucrose, 0.7 %

 
(w/v) agar, and 

different PGRs combinations i.e. BA + an auxin (NAA, IAA or IBA) 
as detailed below. 
 

I. Control (without PGRs) 
II. 0.00 µM BA + 6.7 µM NAA 
III. 5.55 µM BA + 6.7 µM NAA 
IV. 11.1 µM

 
BA + 6.7 µM NAA  

V. 11.1 µM
 
BA + 13.4 µM

 
NAA  

VI. 0.00 µM
 
BA + 7.1 µM IAA 

VII. 5.55 µM
 
BA + 7.1 µM IAA 

VIII. 11.1 µM
 
BA + 7.1 µM IAA  

IX. 11.1 µM
 
BA + 14.3 µM

 
IAA 

X. 0.00 µM
 
BA + 6.1 µM

 
IBA 
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XI. 5.55 µM
 
BA + 6.1 µM

 
IBA  

XII. 11.1 µM
 
BA + 6.1 µM

 
IBA  

XIII. 11.1 µM
 
BA

 
+ 12.2 µM IBA 

 
The pH of the media was adjusted to 5.7 ± 0.1 using either 0.1N 
NaOH or 0.1N HCl prior to adding agar. Media were autoclaved at 
121

o
C and 1.05 kg cm

-2
 for 20 min. Thermo-labile vitamins 

(thiamine-HCl and nicotinic acid) and growth regulators (e.g. IAA) 
were pre-sterilized through membrane filters and added to the 
autoclaved medium under aseptic conditions. Media were dispen-
sed in 10-ml aliquots into culture tubes (2.5 x 15 cm), which were 
plugged with non-absorbent cotton wrapped in one layer of cheese 
cloth. The explants were cultured on the culture media under 
laminar air flow hood. Initially, ten explants were cultured under 
each treatment per replication, keeping 1 explant in a test tube. 

The cultures were incubated under a 16 h photoperiod in cool, 
white fluorescent light of Philips tubes with a light intensity of 55 
µmol m

-2
s

-1
 at 25 ± 2

o
C. The experiment was laid out in factorial 

Completely Randomized Design with 3 replications and 2 factors 
i.e., PGRs combinations and genotypes. The cultures were main-
tained by sub-culturing at 4 weeks interval onto fresh medium of the 
same composition. The data were recorded from clean cultures only 
on the following parameters; number of days to bud sprout, length 
of primary shoot (cm), number of nodes per primary shoot, number 
of shoots per explants and percentage of sprouted explants. 

In vitro raised shoots were rooted by culturing on solidified MS 
medium containing 3% (w/v) sucrose and 0.7% (w/v) agar and 
supplemented with either NAA (6.7 µM), IAA (7.1 µM) or IBA (6.1 
µM) as described by Bashir et al. (2007d). 
 
 
Transference of plantlets to greenhouse for acclimatization 
 
The cotton plugs of test tubes containing rooted plantlets were 
removed, tubes were filled with sterile distilled water and plantlets 
were gently taken out with forceps and placed in Petri dishes under 
laminar air flow 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 (28/24

o
C day/night, 16 

h photoperiod, 65% RH) for about 2 months. During acclimatization, 
the plantlets were irrigated with ½ strength Hoagland solution 
(Hoagland and Arnon, 1950) at weekly interval. The pots were 
arranged in Completely Randomized Design with three replications. 
The survival percentage of the plantlets of each jojoba genotype 
was recorded with respect to the auxin used during in vitro rooting.  
 
 
Transference of plantlets to open field for establishment 
 
Acclimatized in vitro produced plantlets were shifted to open field 
conditions of Jojoba Research Station, Bahawalpur (Pakistan). The 
plantlets were planted in Randomized Complete Block Design with 
2 factors and 3 replications. The first factor was time of planting 
(October vs March) and the second was jojoba genotypes. Ninety 
plantlets were transferred each in October 2005 and in March 2006, 
keeping 5 plantlets of each genotype under each replication. The 
data were recorded about 5 months after the planting each time on 
survival percentage of the plantlets from each jojoba genotype with 
respect to the time of planting. 
 
 
Statistical analysis 
 
Data collected on different parameters in each experiment were 
subjected to Fisher’s Analysis of Variance technique except the 
data in percentage which were subjected to arcsine transformation 
prior to statistical analysis. The treatment means were compared by 
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Table 1. Number of days to bud sprout as affected by jojoba genotypes and PGRs combinations. 
 

  

*Means sharing similar letter(s) in a group are non-significant at α = 5% (DMR test). 
 
 
 

employing Duncan’s Multiple Range test at 5% probability (Steel 
and Torrie, 1984). 

 
 

RESULTS AND DISCUSSION  
 

The explants did not show any activity of shoot initiation 
when cultured on control medium (without PGRs) or on 
those containing only an auxin at lower concentration i.e. 
0.00 µM BA + 6.7 µM NAA, 0.00 µM

 
BA + 7.1 µM IAA and 

0.00 µM
 
BA + 6.1 µM

 
IBA. Hence, these treatments were 

excluded from statistical analysis of the parameters for 
convenience in data presentation.  
 
 

Number of days to bud sprout 
 

The PGRs combinations applied and the genotypes used 
significantly affected the parameter (Table 1). The 
explants cultured on the medium containing the PGRs 
combination of 5.55 µM

 
BA + 7.1 µM IAA took the 

minimum days, while those cultured on the medium 
containing 11.1 µM

 
BA

 
+ 12.2 µM IBA took the maximum 

days to bud sprout. The explants of PKJ-3 sprouted 
earlier taking the minimum number of days, followed by 
those of PKJ-6. The bud sprouting in the explants of PKJ-
2 was delayed and they took the maximum number of 
days but remained statistically at par with those of PKJ-5. 
The interaction between the PGRs combinations and the 
genotypes was also found statistically significant. The 
explants of PKJ-3 took the minimum time to bud sprout 
when they were cultured on 5.55 µM

 
BA + 7.1 µM IAA, 

followed by those of PKJ-6 on the same PGRs 
combination. The explants of PKJ-2 took the maximum 
time when cultured on medium containing 11.1 µM

 
BA

 
+ 

12.2 µM IBA and it was statistically at par with those of 
PKJ-5 for the same PGRs combination. The literature 
indicates that the number of days to bud sprout depends 
upon the type of cytokinins, or combination of cytokinins 
and auxins, their concentrations, composition of culture 

media, nature of explant, plant genotype and cultural 
conditions. Previously, Jacoboni and Standardi (1987) 
obtained the best results for meristematic activity in 
explants on MS medium containing 4.6 µM zeatin + 0.3 
µM

 
GA3. In the present study, zeatin was replaced by BA 

and it was combined with auxins in various concentra-
tions, resultantly an improvement was recorded. The 
results partially supported the findings of Elhag et al. 
(1998), who recorded a significant genotypic effect and a 
medium composition (PGRs) effect after 56 days of 
culture of shoot-tip explants of jojoba on MS or B5 basal 
medium containing a combination of BA at 0.0, 1.3 or 
13.3 µM with IAA at 0.0, 1.7 or 17.1 µM.   
 
 
Length of primary shoot (cm)  
 
The data revealed that the parameter was significantly 
affected by the PGRs combinations, the genotypes and 
the interaction between these two factors (Table 2). The 
maximum length of primary shoot was attained on the 
medium containing 5.55 µM

 
BA + 7.1 µM IAA, while the 

minimum length of primary shoot was recorded in 
response to 11.1 µM

 
BA

 
+ 12.2 µM IBA. The explants of 

PKJ-3 resulted in the longest primary shoot, followed by 
those of PKJ-6, while the explants of PKJ-2 produced the 
shortest primary shoot, followed by those of PKJ-5. 
Regarding the interaction, the longest primary shoot was 
produced by the explants of PKJ-3 in response to the 
PGRs combination of 5.55 µM

 
BA + 7.1 µM IAA (Figure 

1) that was statistically at par with those of PKJ-6 for the 
same PGRs combination (Figure 2). The combinations of 
BA + auxins in lower concentrations were better as they 
initiated early bud sprouting, which provided more time to 
grow the shoot and attain maximum length than the  
higher concentrations. The explants of PKJ-2 gave the 
shoots with minimum length in response to PGRs 
combination of 11.1 µM

 
BA

 
+ 12.2 µM IBA, followed by 

those of PKJ-5 for  the  same  combination  as  both  took  

PGRs (µM) Jojoba genotype  

Average BA NAA IAA IBA PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 

5.55 6.7 - - 20.75p-r* 28.33j-m 11.42uv 19.67p-s 27.58k-n 12.92t-v 20.11f 

11.1 6.7 - - 27.50k-n 32.75h-j 21.42o-r 27.58k-n 29.00j-l 24.67l-p 27.15e 

11.1 13.4 - - 33.33h-j 37.00f-h 27.11k-n 33.22h-j 37.78f-h 31.33i-k 33.30c 

5.55 - 7.1 - 13.58t-v 18.83q-s 9.08v 14.83s-u 20.25p-r 10.75uv 14.56g 

11.1 - 7.1 - 22.42n-q 23.75m-q 17.17r-t 23.17m-q 23.50m-q 18.67q-s 21.44f 

11.1 - 14.3 - 30.89i-k 33.55h-j 29.44j-l 29.89j-l 32.67h-j 31.11i-k 31.26d 

5.55 - - 6.1 35.20g-i 40.13ef 26.13k-o 37.67f-h 41.53d-f 26.33k-o 34.50c 

11.1 - - 6.1 44.08c-e 46.67bc 37.75f-h 39.67e-g 43.83c-e 37.00f-h 41.50b 

11.1 - - 12.2 42.78c-e 52.67a 40.39ef 45.78b-d 50.11a 45.67b-d 46.23a 

Average 30.06b 34.85a 24.43d 30.16b 34.03a 26.49c  
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Table 2. Length of primary shoots (cm) as affected by jojoba genotypes and PGRs combinations. 
 

 

*Means sharing similar letter(s) in a group are non-significant at α = 5% (DMR test). 
 
 
 

 
 

Figure 1.  Shoot formation from an explant of PKJ-3 on MS 
medium containing 5.55 µM

 
BA + 7.1 µM IAA. 

 
 
 

more than 50 days to bud sprout that ultimately resulted 
in reduced shoot lengths. The results of the present study 
are in line with the findings of Elhag et al. (1998), who 
reported that lower BA/IAA ratio favoured shoot 
elongation. The results also partially supported the 
findings of Sardana and Batra (1998), who observed that 
an increase in BA concentration suppressed rooting but 
increased shoot length of plantlets as they obtained 
complete plantlet at 4.4 µM BA + 5.4 µM NAA. Complete 
plantlets were also obtained in the present study by the 
PGRs combinations of 5.55 µM

 
BA

 
+ 6.1 µM IBA (Figure 

3) and 5.55 µM
 
BA

 
+ 6.7 µM NAA (Figure 4). According to 

Singh and Singh (2005), cytokinins generally do not act 
alone. In combination with auxins, these stimulate cell 
division even in non-meristematic tissues. In  parenchyma, 

 
 
Figure 2.  Shoot formation from an explant of PKJ-6 on MS medium 
containing 5.55 µM

 
BA + 7.1 µM IAA. 

 
 
 

cell division occurs only when both auxins and cytokinins 
are present. Furthermore, the ratio of cytokinins 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. Type of 
vessels, cultural conditions and plant genotype may also 
affect the shoot length (Benzioni et al., 2003).  
 
 
Number of nodes per primary shoot  
 
The PGRs combinations, the jojoba genotypes and the 
interaction between the two factors significantly affected 
the number of nodes of primary shoot (Table 3). The 
PGRs combination of 5.55 µM

 
BA + 7.1 µM IAA gave the 

maximum number of nodes, while  the  combination  11.1 

PGRs (µM) Jojoba genotype  

Average BA NAA IAA IBA PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 

5.55 6.7 - - 4.71c-e* 3.98h-k 5.74ab 4.90cd 4.03g-k 5.61b 4.83b 

11.1 6.7 - - 3.73j-n 3.13m-r 4.45d-h 3.88i-k 3.44m-p 4.14f-j 3.80c 

11.1 13.4 - - 3.46lm-p 3.02o-r 4.01h-k 3.51k-p 2.85q-t 3.62j-n 3.41d 

5.55 - 7.1 - 5.57b 4.91cd 6.25a 5.55b 4.84c-e 6.00a 5.52a 

11.1 - 7.1 - 4.78c-e 4.58d-g 5.21bc 4.68c-f 4.45d-h 4.96cd 4.78b 

11.1 - 14.3 - 3.56k-o 3.29m-q 3.74j-l 3.69j-m 3.43m-p 3.68j-m 3.57d 

5.55 - - 6.1 3.16m-r 2.62r-v 4.32e-i 3.68j-o 2.67r-u 4.40d-i 3.48d 

11.1 - - 6.1 2.42s-v 2.07vw 3.06n-r 2.83q-t 2.60r-v 2.98p-s 2.66e 

11.1 - - 12.2 2.20u-w 1.15x 2.64r-u 2.23u-w 1.72w 2.38t-v 2.06f 

Average 3.73d 3.19f 4.38a 3.88c 3.34e 4.20b  
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Table 3. Number of nodes per primary shoots as affected by jojoba genotypes and PGRs combinations.  
 

  

*Means sharing similar letter(s) in a group are non-significant at α = 5% (DMR test). 
 
 
  

 
 
Figure 3. Complete plantlet developed from an explant of PKJ-3 
on MS medium containing 5.55 µM

 
BA

 
+ 6.1 µM IBA. 

 

 
 

µM
 
BA

 
+ 12.2 µM IBA produced the minimum number of 

nodes per primary shoot. The explants of PKJ-3 led the 
other genotypes, while those of PKJ-2 trailed with the 
minimum number of nodes. The highest number of nodes 
was attained when the explants of PKJ-3 were cultured 
on the medium containing 5.55 µM

 
BA + 7.1 µM IAA. 

However, this PGRs combination stood at par with that of 
5.55 µM

 
BA + 6.7 µM NAA for the same genotype. The 

lowest number of nodes was attained when the explants 
of PKJ-2 were cultured on the medium supplemented 
with 11.1 µM

 
BA

 
+ 12.2 µM IBA that was at par with PKJ-

5 for the same combination and also under the combi-
nation of 11.1 µM

 
BA + 6.1 µM IBA. Number of nodes is 

directly correlated with shoot length. As bud sprouting 
was delayed in the explants of PKJ-2 and there was the 
minimum length of primary shoot in response to the 
combination of 11.1  µM

 
BA

 
+  12.2 µM  IBA,  it  produced  

 
 
Figure 4. Complete plantlet developed from an explant of 
PKJ-3 on MS medium containing 5.55 µM

 
BA

 
+ 6.7 µM NAA. 

 
 
 

the lowest number of nodes. 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.  
 
 

Number of shoots produced per explant 
 
The parameter was significantly affected by the PGRs 
combinations, the genotypes and the interaction between 
these two factors (Table 4). The PGRs combination of 
5.55 µM

 
BA + 7.1 µM IAA expressed significant superio-

rity over all other combinations with maximum number of 
shoots per explant, while the combination 11.1 µM

 
BA

 
+ 

12.2 µM IBA produced the minimum number of shoots 
and stood statistically at par with that of 6.5 µM

 
BA + 6.1 

µM IBA. The combination of BA + IAA was better than BA  

PGRs (µM) Jojoba genotype  

Average BA NAA IAA IBA PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 

5.55 6.7 - - 3.67g-i* 2.75l-o 5.17a 3.92e-g 3.08j-m 4.75bc 3.89c 

11.1 6.7 - - 3.08j-m 2.33o-q 3.92e-g 3.25i-k 2.67m-p 3.58g-i 3.14d 

11.1 13.4 - - 3.00j-m 2.33o-q 3.44h-j 2.89k-n 2.22q-s 3.11j-m 2.83e 

5.55 - 7.1 - 4.33de 3.83f-h 5.33a 4.33de 3.92e-g 5.08ab 4.47a 

11.1 - 7.1 - 4.25d-f 3.75g-i 4.50cd 3.92e-g 3.75g-i 4.25d-f 4.07b 

11.1 - 14.3 - 3.11j-m 2.56n-q 3.33i-k 3.22i-k 2.89k-n 3.11j-m 3.04d 

5.55 - - 6.1 2.13q-t 1.73tu 3.13j-l 2.33o-q 1.47u-w 3.07j-m 2.31f 

11.1 - - 6.1 1.67u 1.42u-w 2.50n-q 2.25p-r 1.83r-u 2.50n-q 2.03g 

11.1 - - 12.2 1.56uv 1.11w 2.33o-q 1.78s-u 1.22vw 2.11q-t 1.69h 

Average 2.98c 2.42e 3.74a 3.10c 2.56d 3.51b  
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Table 4. Number of shoots produced per explant as affected by jojoba genotypes and PGRs combinations. 
 

  

*Means sharing similar letter(s) in a group are non-significant at α = 5% (DMR test). 
 
 
 

+ NAA, while the latter was better than that of BA + IBA in 
increasing number of shoots, possibly because IBA had 
more tendency to initiate roots (Agrawal et al., 1999; 
Khanam et al., 1999) that might delayed shoot initiation, 
even in combination with 11.1 µM BA. Auxins in lower 
concentrations were better in increasing number of 
shoots than those in higher ones, as it had already been 
noted in case of time to bud sprout, length of primary 
shoot and number of nodes per primary shoot. Earlier 
bud sprouting provided the maximum time to grow shoots 
resulting in greater shoot length and more number of 
nodes. The explants of PKJ-3 led with the maximum 
number of shoots per explant over all the genotypes, 
while those of PKJ-2 trailed with the minimum ones. 
Regarding the interaction, the explants of PKJ-3 pro-
duced the highest number of shoots in response to the 
PGRs combination of 5.55 µM

 
BA + 7.1 µM IAA that was 

at par with those of PKJ-6 for the same combination 
(Figures 1 and 2). The explants of PKJ-2 produced the 
minimum number of shoots in response to combination of 
11.1 µM

 
BA

 
+ 12.2 µM IBA or 11.1 µM

 
BA

 
+ 6.1 µM IBA, 

and those of PKJ-5 also did the same in response to 6.5 
µM

 
BA

 
+ 6.1 µM IBA. These results are partially in lines 

with the findings of Elhag et al. (1998), who recorded the 
highest number of newly formed shoots per explant in 
female plants compared to male ones. They also 
reported that higher BA/IAA ratio favoured shoot multipli-
cation. BA alone has a significant role in increasing 
number of shoots from jojoba explants as compared to 
any other cytokinins although clonal differences exist in 
response to various concentrations of BA (Llorente et al., 
1996; Llorente and Apostolo, 1998; Agrawal et al., 2002; 
Prakash et al., 2003; Tyagi and Prakash, 2004; Bashir et 
al., 2007b,c,d), yet the combination of BA + IAA per-
formed well in the present study. Meyghani et al. (2005) 
also found that the number of shoots produced on the 
medium supplemented with 8.9 µM

 
BA and 0.54 µM NAA 

(5.0 shoots per explant) was higher than the other PGRs 
combinations. According to Singh (2004), when the ratio 

of auxin to some plant constituents (particularly purines 
like adenine i.e. BA and kinetin) is low, the meristem 
tends to form bud and leaf primordia. However, the 
present findings contradicted to Scaramuzzi and 
D'Ambrosio (1988), who found that the shoot formation 
was best when the MS medium was supplemented with 
44.4 µM

 
BA + 27.9 µM

 
IAA i.e. the combination consisted 

of very higher concentrations of growth regulators. So, 
number of shoots produced in vitro may depend upon 
source of explant (Gao and Cao, 2001; Agrawal et al., 
2002), type of explants (Hassan, 2003), composition of 
media, nature of growth regulators, their concentrations, 
plant genotypes (Prakash et al., 2003; Tyagi and 
Prakash, 2004), type of vessels and cultural conditions 
(Benzioni et al., 2003; Mills et al., 2004). 
 
 
Percentage of sprouted explants 
 
The PGRs combinations, the genotypes and their interac-
tion significantly affected the percentage of sprouted 
explants (Table 5). The PGRs combination of 5.55 µM

 
BA 

+ 7.1 µM IAA expressed significant superiority with the 
maximum percentage of sprouted explants over the other 
combinations, while that consisting of 11.1 µM

 
BA

 
+ 12.2 

µM IBA proved the inferior one. Auxins in lower concen-
trations were better in increasing the percentage of 
sprouted explants, as it had already been noted in case 
of time to bud sprout, length of primary shoot, number of 
nodes and number of shoots per explant. Although the 
genotype PKJ-3 led with maximum percentage of 
sprouted explants over all the genotypes, yet it remained 
statistically similar to PKJ-6. The minimum percentage of 
sprouted explants was recorded in PKJ-2, which was at 
par with that of PKJ-5. Regarding the interaction between 
the genotypes and PGRs combinations, the explants of 
PKJ-3 and PKJ-6 sprouted to the maximum in response 
to the combination of 5.55 µM

 
BA

 
+ 7.1 µM IAA, which 

were at par with those of PKJ-4 for the same PGRs  com- 

PGRs (µM) Jojoba genotype  

Average BA NAA IAA IBA PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 

5.55 6.7 - - 4.00i-k* 2.42r-u 5.50d 4.75e-g 3.67j-l 5.17de 4.25c 

11.1 6.7 - - 3.50k-n 2.92o-r 4.25g-i 3.58j-n 3.08n-q 3.92i-l 3.54e 

11.1 13.4 - - 3.22m-p 2.89p-r 3.67j-m 3.11n-q 2.67q-s 3.55j-n 3.18f 

5.55 - 7.1 - 6.58c 4.83ef 8.50a 7.25b 6.25c 8.25a 6.94a 

11.1 - 7.1 - 4.67e-g 4.33f-i 6.17c 4.42f-i 4.25g-i 5.42d 4.88b 

11.1 - 14.3 - 4.08h-j 3.56j-n 4.56f-h 4.22f-i 3.44l-o 4.33f-i 4.03d 

5.55 - - 6.1 1.93u-x 1.40xy 2.40r-u 1.47xy 1.33y 2.20s-v 1.79h 

11.1 - - 6.1 1.58w-y 1.33y 2.58q-t 2.42r-u 2.08t-w 2.75p-r 2.13g 

11.1 - - 12.2 2.11t-w 1.33y 1.89u-x 1.67v-y 1.45xy 1.89u-x 1.72h 

Average 3.52c 2.78e 4.39a 3.65c 3.14d 4.16b  
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Table 5. Percentage of sprouted explants as affected by jojoba genotypes and PGRs combinations. 
 

  

*Means sharing similar letter(s) in a group are non-significant at α = 5% (DMR test). 
 
 
 

Table 6. Survival percentage of plantlets during acclimatization as affected by jojoba genotypes and auxins 
 

 

Auxin 

Jojoba genotype  

Average PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 

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 α = 5% (DMR test). 
 
 
 

bination. The explants of PKJ-2 got the lowest percen-
tage of sprouted explants in response to the combination 
of 11.1 µM

 
BA

 
+ 12.2 µM IBA and these remained at par 

with those of PKJ-5, PKJ-1 and PKJ-4 for the same 
combination and also at par with those of PKJ-2 and 
PKJ-5 under combination of 11.1 µM

 
BA

 
+ 6.1 µM IBA. 

Agrawal et al. (2002) reported a very few number (11.5%) 
of nodal explants from female jojoba clone (EC 33198) 
that produced shoots when cultured on MS medium 
supplemented with BA at 20 µM. However, it was 
improved by the combination of BA + IAA in this 
experiment. Further improvement in this parameter could 
be achieved by subsequent use of in vitro-raised shoots 
as explant source (Agrawal et al., 2002). However, the 
present findings contradicted to Scaramuzzi and 
D'Ambrosio (1988), who found better shoot formation on 
MS medium supplemented with higher concentrations of 
BA + IAA. These differences were probably due to the 
genotypes and varying levels of endogenous growth 
regulators in the explants used in the two studies. 
 
 

Root/callus formation 
 
Some explants from PKJ-3 and PKJ-6 developed thick 
rootlets along with shoot growth on the medium 
containing 5.55 µM

 
BA

 
+ 6.1 µM IBA or 5.55 µM

 
BA

 
+ 6.7 

µM NAA (Figures 3 and 4). These observations 
confirmed the findings of Sardana and Batra (1998), who 
obtained complete plantlets with 1 or 2 thick roots per 
shoot from cultured shoot tips on MS medium supple-
mented with 4.4 µM BA and 5.4 µM NAA. In the present 
study explants also developed callus on the medium 
containing 11.1 µM

 
BA in combination with NAA (13.4 

µM), IAA (14.3 µM) or IBA (12.2 µM). The PGRs combi-
nations containing higher concentrations of both cytokinin 
and auxins caused callus formation in this study in 
contradiction to Scaramuzzi and D'Ambrosio (1988).  
 
 

Survival percentage of plantlets during 
acclimatization  
 
During acclimatization in greenhouse, survival percen-
tage of the plantlets, produced in vitro from cultured 
shoots, was significantly affected by the jojoba genotypes 
and the auxins (NAA, IAA and IBA) used during in vitro 
rooting (Table 6). However, the interaction between the 
two factors (i.e. the genotypes used and the auxins 
applied previously) remained statistically non-significant. 
The plantlets of the genotype PKJ-3 showed the highest 
survival percentage, followed by those of PKJ-6 and both 
the genotypes behaved statistically alike. The genotypes 
PKJ-1 and PKJ-4 were in the middle with  the  same  sur- 

PGRs (µM) Jojoba genotype  

Average BA NAA IAA IBA PKJ-1 PKJ-2 PKJ-3 PKJ-4 PKJ-5 PKJ-6 

5.55 6.7 - - 73.33c-e 66.67d-f 93.33ab 80.00b-d 66.67d-f 86.67a-c 77.78b 

11.1 6.7 - - 66.67d-f 53.33f-h 86.67a-c 66.67d-f 60.00e-g 80.00b-d 68.89c 

11.1 13.4 - - 46.67g-i 26.67jk 60.00e-g 40.00h-j 3333i-k 60.00e-g 44.44e 

5.55 - 7.1 - 80.00b-d 73.33c-e 100.00a 86.67a-c 66.67d-f 100.00a 84.44a 

11.1 - 7.1 - 73.33c-e 60.00e-g 93.33ab 66.67d-f 60.00e-g 86.67a-c 73.33bc 

11.1 - 14.3 - 60.00e-g 40.00h-j 66.67d-f 46.67g-i 46.67g-i 60.00e-g 53.33d 

5.55 - - 6.1 53.33f-h 40.00h-j 80.00b-d 53.33f-h 46.67g-i 73.33c-e 57.78d 

11.1 - - 6.1 53.33f-h 26.67jk 60.00e-g 53.33f-h 33.33i-k 53.33f-h 46.67e 

11.1 - - 12.2 33.33i-k 20.00k 46.67g-i 33.33i-k 26.67jk 40.00h-j 33.33f 

Average 60.00b 45.19c 76.30a 58.52b 48.89c 71.11a  



 
 
 
 
vival percentage of plantlets. The plantlets from PKJ-2 
had the lowest survival percentage and remained 
statistically at par with those from PKJ-5. Regarding the 
auxins, IBA was found statistically different in effect from 
the other two auxins. The maximum survival percentage 
was recorded in those plantlets which developed their 
roots in MS medium containing IBA during in vitro root 
formation. The plantlets which developed their roots in 
MS medium containing NAA and IAA resulted in lower 
survival percentage and behaved statistically alike during 
acclimatization. 

Plant genotype and in vitro applied auxins had prime 
role in the survival of plantlets during acclimatization. In 
the present study, the higher survival of the plantlets 
which developed their roots in vitro in response to IBA 
was due to their well developed root system (Bashir et 
al., 2007d). Among the genotypes, the plantlets of PKJ-3 
had highest survival because of their well-developed root 
system, while those of PKJ-2 had the lowest one due to 
their poorly-developed root system compared to the other 
genotypes. Apostolo et al. (1996) also observed clonal 
differences in jojoba for rooting and acclimatization. Lee 
(1988) reported that tissue-culture-grown plantlets had a 
high mortality rate when they were 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. 
 
 

Survival percentage of plantlets in field conditions 
 
The survival of plantlets in field conditions varied from 
33.33 to 53.33% and was not affected significantly by the 
genotypes, time of planting and their interaction. Al-
though, the plantlets transplanted in October had slightly 
higher survival (48.89%) as compared to those transplan-
ted in March (43.33) but the difference was statistically 
non-significant. The study revealed that survival of 
plantlets in field conditions was independent of the plant 
genotype and the time of planting. The poor survival of 
plantlets following field transplantation was probably due 
to reduction in the size of their leaves produced in vitro, 
as plantlets with larger and healthy leaves may adapt and 
grow faster in soil after transplanting (Lee, 1988). 
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