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Abstract: Nodal segments of six promising strains of jojoba i.e., PKJ-1 to PKJ-6 were cultured in vitro on
solidified MS medium supplemented with BA and Kinetin, alone or in combinations at different concentrations
to imtiate shoot growth. Different growth parameters regarding shoot initiation and growth were recorded
during the experimental period of three months. The study revealed that BA (alone) was better than Kinetin
(alone) or BA + Kinetin combinations. The lowest concentration of BA (1.25 mg 1.™") proved more effective for
many shoot parameters and PKJ-3 strain was the most responsive to cytokinins alone or in combination. Some
explants also developed callus at the highest level (5.0 mg L") of BA (alone) or in combinations of BA with
Kinetin. Many explants were vitrified at the highest level (5.0 mg L™") of Kinetin (alone).
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INTRODUCTION

Tojoba (Simmondsia chinensis Link. Schneider),
monogeneric and monospecific member of family
Simmondsiaceae, is a dioecious evergreen perennial
desert shrub with natural lifespan over 100 years. Tts
seeds contain about 50% oil which is an alternative to
sperm whale o1l as well as famous for its utilization in
cosmetics, lubricants and pharmaceuticals etc. Due to its
unique o1l properties, this wvaluable shrub has been
focused by researchers and scientists globally. Jojoba as
a cross-pollinated plant will not reproduce true to type by
seed or sexual propagation. In order to maintain the
characters for which it was selected, a single jojoba plant
has to be asexually propagated Asexual or vegetative
propagation of jojoba can be accomplished by
layering (Reddy, 2003), grafting (Bashir et al., 20006),
cuttings (Singh et al., 2003) or tissue culture techniques
(Tyagi and Prakash, 2004). Thus, a selected individual can
be reproduced genetically identical that form a clonal
population or cultvar. Among the biotechnological
techniques, micropropagation 15 a techmique for mass
multiplication of selected planting material on a large scale
within a short possible time. Thus a single explant source
could conceivably provide thousands of new plantlets a
yvear. With the success of raising in vitro plants, the
micropropagation has reached a commercial level in many
plant species in recent years (Chandra and Mishra, 2003).

Tacoboni and Standardi (1987) established cultures
from apical, single node and binodal microcuttings taken
from growing shoots of 4 year-old potted jojoba plants
on MS medium supplemented with 1 mg L' Zeatin
and 0.1 mg L™ of Gibberelic acid (GA;). New shoots
1.5-2.0 em long arose from buds of microcuttings after
4, 5-6 and ¢ weeks respectively. They obtained 3.5 ¢cm
long shoots with 3-4 nodes after 30 days of subculture
from new shoots on M3 + 2 mg L. ™! Zeatin (ZT) + 2mg L.~
GA, + 0001 mg L' Naphthalene acetic acid (NAA).
Kacker et al (1993) produced axillary shoots on MS
medium supplemented with 0.5 mg L~ Kinetinand
1 mg L™ Benzyladinine (BA) within a month of culture
from nodal segments of female plants of jojoba
Llorente et af. (1996) cultured nodal segments of jojoba
on MS medium containing BA or Kinetin at the rate of
1 mg L™, alone or in combination with 0.2 mg L~
Indolebutyric acid (IBA). They observed that the shoot
growth was significantly greater in BA than Kinetin
treatments, but the presence of BA caused callus
formation at the base of shoot tips and light
hyperhydricity in 30% of explants. The presence of TBA
did not affect shoot growth and leaf numbers. They also
observed clonal differences in responses. Elhag e al.
(1998) cultured shoot-tip explants of jojoba on MS or B5
basal medium supplemented with combimation of Indole
Acetic Acid (IAA) and BA at 0, 0.3 and 3.0mg L ™" each in
a factorial arrangement. After 56 days m culture, they
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recorded a significant genotypic effect and a medium
composition (growth regulators) effect. The highest
number of newly formed shoots per explant was produced
by female plants F, and F,. The male plants (M, M, and
M) were the least responsive. The higher BATAA
ratio favored shoot multiplication with 3.0/0.0 and
3.0/03 mg L' combination producing the maximum
response. Lower BA/TAA favored shoot elongation and
callus production. TLlorente and Apostolo (1998)
propagated in vitro, the explants of jojoba from randomly
selected plants on modified MS medium supplemented
with 1 mg L™ BA. There was a 4.6-fold increase in shoot
numbers after 30 days of culture. The response of clones
was highly variable. Sardana and Batra (1998) obtained
complete plantlets of jojoba with 1 or 2 thick roots per
shoot when shoot tips were cultured on MS medium
supplemented with NAA and BA, both at 1.0 mg 1.7" after
an incubation period of 35-40 days. An increase in BA
concentration suppressed rooting but increased shoot
length of plantlets. Agraval et al. (1999) observed 3.5
shoots per explant in 80% male in the presence of
2.25 mg L.7'BA and 4.7 shoots per explant in 100% female
in the presence of 4.5 mg L™' BA added into MS or B3
medium. The other cytokinns did not improve
morphogenic response over BA. Khanam et al. (1999)
observed greater shoot proliferation from single stem
segment of female jojoba plants on MS medium
supplemented with 4 mg L™ BA. Roussos ef al. (1999)
found successful shoot proliferation from the seedling
explants of jojoba with a maximum number of 15.2 shoots
per explant on a modified Driver Kuniyuki medium,
supplemented with various concentrations of BA alone
and in combination with silver nitrate. Agraval et al.
(2002) reported that 11.5% nodal explants of female jojoba
clone EC 33198 produced an average of 2.7 shoots when
cultured on MS medium supplemented with 4.5 mg L™
BA. Prakash et al (2003) noted that BA in combination
with different levels of Triiodobenzoic acid (TIBA)
promoted shoot growth in female explants. However, BA
alone proved to be the best for differentiation of shoots
for male at 2.25 mg 1.7 as well as for female at 4.5 mg 17",
Tyagi and Prakash (2004) noted that the nodal explants of
different genotypes as well as sex elicited differential
requirements of BA for optimum shoot regeneration. The
female nodal explants of genotype EC 99692 produced
maximum shoots (10 shoots per explant) followed by the
male genotype EC 171284 (9.3 shoot per explant) on MS
medium supplemented with 2.25 mg L™ BA.

The present study was envisaged to find out the
most effective cytokinin or the combination of cytokinins
for in vifro shoot imtiation from nodal explants and to
observe genotypic responses of various jojoba stramns.
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MATERIALS AND METHODS

The studies were conducted m Tissue Culture
Laboratory of Agricultural Biotechnology Institute,
National Agriculture Research Centre, Tslamabad during
the year 2005.

Source of explants and its preparation: Branches were
collected from 2 year-old clonally propagated (through
cuttings) plants of promising six female jojoba strains
PKIJ-1 to PKJ-6 as characterized by Bashir ef af. (2006).
The branches were washed mn rumning tap water for 30
min; the leaves were trimmed out, leaving the petiole
intact. These were again washed in 1% detergent (w/v)
solution, followed by four washing in distilled water. The
branches were divided aseptically into nodal segments of
1.5-3.0 cm length. Subsequent surface sterilization was
conducted in three steps as follows:

Dipping the explants in ethanol (90%) for 10 sec.
Dipping the explants in 50% Clorox (sodium
hypochlorite = 2.62%) + Tween-20 (2 drops) solution
and sturing for 15 min, followed by four washings
with distilled sterile water each for 5 min.

Dipping the explants in 0.1% (w/v) aqueous mercuric
chloride solution and stirring for 15 min then washing
4 times 1 distilled sterile water.

All sterilization operations and cultural manipulation
were carried out under Laminar Air Flow Hood.

Culture medium and culture conditions: The explants
were placed on solidified MS medium (Murashige and
Skoog, 1962) contaiming 3% (w/v) sucrose and 0.7% (w/v)
agar and supplemented with different concentrations of
cytokinins, alone or m combinations according to
treatments as given below:

In one experiment, the medium was supplemented
with following concentrations of BA and Kinetin.

1.25mg L7 BA +1.25 mg L.™! Kinetin
25mg L7 BA +1.25 mg 17! Kinetin
2.5mg L' BA + 2.5 mg L' Kinetin

The experiment was laid out in factorial CRD with 3
replications and 2 factors i.e., strains and combinations.

In other experiment, MS medium was supplemented
with either Benzyladenine (BA) or Kinetin alone, each at
the rate of 1.25, 2.5 and 5.0 mg I.™". The experiment was
laid out in factorial Completely Randomized Design (CRD)
with 3 replications and 3 factors 1e., strams, cytokinins
and concentrations.
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The pH of the media was adjusted to 5.720.1 using
either 0.1 N NaOH or 0.1N HC1 prior to adding 0.7% (w/v)
agar. Media were dispensed in 10 mL aliquots into culture
tubes (2.5%15 cm), which were plugged with non-
absorbent cotton wrapped in one layer of cheese cloth.
Media were autoclaved at 121°C and 1.05 kg cm™ for
20 min. The cultures were mcubated under a 16 h
photoperiod in cool, white fluorescent light of Phulips
tubes with light intensity of 55 pmol m™ sec™ at 254£2°C.
The cultures were maintained by subculturing at 4 weeks
mterval to fresh medium with the same composition.

Data recording and statistical analysis: Initially ten
explants were cultured under each treatment per
replication of each experiument, keeping 1 explant in a test
tube. Discarding the contaminated cultures, the following
data were recorded from remaining clean cultures only.

Number of days to bud sprout: The cultured explants were
observed vigilantly during the experimental period that
lasted over three months. The count of days started from
the date of culturing to the date of sprouting of axillary
buds of explants. The days were averaged over number of
explants per treatment per replication.

Length of primary shoot (¢cm): The lengths (¢m) attained
by the primary shoots within 3 months that arose from the
explants was recorded and averaged over rmumber of
explants per treatment per replication.

Number of nodes per primary shoot: The number of
nodes carrying the primary shoot of each explant was
recorded and averaged over number of explants per
treatment per replication.

Number of shoots produced per explant: The number of
shoots arose from the explant within 3 months was
recorded and averaged over number of explants per
treatment per replication.

Percentage of sprouted explants: At the end of 3rd month
from first culturing, the percentage of sprouted explants
was recorded by the given formula and averaged over
number of explants per treatment per replication.

Percentage of sprouted explants = No. of sprouted explants » 100
No. of clean cultures

All parameters were recorded from ten mutially
cultured explants (discarding contaminated cultures and
considering only clean cultures) and averaged over
number of explants per treatment per replication. Data
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collected were subjected to Fisher’s Analysis of Variance
Technique and treatment means were compared by
using Duncan’s Multiple Range test at 5% probability
(Steele and Torrie, 1984).

RESULTS AND DISCUSSION

Number of days to bud sprout: The combinations of
cytokimns and the stramns significantly affected the
number of days to bud sprout (Table 1). The combination
consisting of 1.25 mg L™ BA+1.25 mg L' Kinetin tcok
minimum days (31.65) to bud sprout, while the
combination consisting of 25 mg L™ BA+ 25 mg L™
Kinetin took maximum days (43.68) to bud sprout as some
cultures on this combination developed callus that might
have caused delay in bud sprouting. The explants of PKJ-
3 sprouted earlier taking minimum days (32.02), followed
by those of PKJ-6 (34.03 days). The explants of PKI-2
delayed in bud sprouting taking maximum days (41.69)
and it remained statistically at par with those of PKI-5
(41.25 days). The mteraction between combinations and
strains was statistically non-significant.

Number of days to bud sprout was significantly
affected by the cytokinins, their concentrations and
strains (Table 2). The explants in response to BA took
significantly fewer days (24.57) than that of Kinetin
(53.65). The lowest concentration (1.25 mg L™') of
cytokimns was better than that of the other two
concentrations as explants took minimum days (31.50)
for bud sprouting, while the highest concentration
(5.0mg L") of cytokinins caused delay in bud sprouting
up to 47.39 days. The reason of delay in bud sprouting
could be the callus formation in some cultures at the
highest concentration of BA. The explants of PKI-3 took
the mimmum time (33.98 days) to bud sprout, followed by
PKI-6 (35.54 days). While the explants of PKJ-2 took the
maximum time (44.34 days) to bud sprout and it was
statistically at par with PKJ-5 (42.82 days). The differences
shown by the strains for this parameter might be due to
variation in endogenous levels of growth regulators. The
interaction between cytokinins and their concentrations
was significant (Table 3). The explants in response to
2.5 BA mg L™ sprouted earliest of all taking minimum
number of days (20.44), but it was statistically alike with
1.25 mg L7 BA (21.43 days). Both were more effective
than that of 5.0 mg L.7'BA (31.83 days). While, 5.0mg L™
Kimetin caused maximum delay (62.95 days) to bud sprout.
As the concentration of Kinetin increased it has the
suppressing effect on the buds to sprout. The other
reason of delay in bud sprouting might be vitrification at
the highest concentration of Kinetin (Fig. 1). It was noted
that Kinetin in combination with BA showed a slight
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Table 1: Shoot parameters as affected by cytokining (in combination)  strains interaction

Jojoba Straing
Cytokinins (mg L1

Ba Kinetin PEJ-1 PEJ-2 PEI-3 PEJ-4 PEJ-5 PEJ-6 Average
No. of daysto bud sprout

1.25 1.25 31.25 3595 26.92 3192 35.25 28.83 3lgsc
2.50 1.25 37.50 41.17 30.57 3533 40.58 33.50 36.44b
2.50 2.50 42.83 48.17 38.58 4492 47.92 39.75 43.68a
Average 37.19b 41.6% 32.02d 3739 41.25a 34.03c

Length of primary shoot {cm)

1.25 1.25 387 2.69 4.28 315 2.77 382 343a
2.50 1.25 3.04 246 385 282 2.56 3.56 3.10b
2.50 2.50 2.40 2.01 2.94 2.20 1.97 2.72 2.37c
Average 3.10b 2.36c 3.6%9a 272 2.43¢c 3.36ab

No. of nodes per primary shoot

1.25 1.25 3.25ab 2.25cde 3.58a 24%cd 2.08de 3.08h 278a
2.50 1.25 2.17cde 1.50f 3.33sh 2.50c 1.67f 3.253b 2.40b
2.50 2.50 1.42fg 1.25g 2.25cde 1.33fg 1.17g 2.00e 1.57¢c
Average 2.23¢c 1.67d 3.06a 2.08c 1.64d 2.78b

No. of shoots produced per explant

LS 1.25 2.92bc 2.33ef 3.33a 275cd 2.42de 3.17ab 2.82a
2.50 1.25 2171 1.58g 3.25ah 2.58de 1.83g 3.08abc 2.42b
2.50 2.50 1.25h 1.00h 1.83g 1.25h 1.17h 1.67g 1.36c
Average 2.11b 1.64c 2.8la 2.19% 1.8lc 2.64a

Percentage of sprouted explants

1.25 1.25 53.33 40.00 60.00 40.00 3333 53.33 46.67a
2.50 1.25 40.00 26.67 46.67 40.00 26.67 46.67 37.78b
2.50 2.50 40.00 20.00 40.00 26.67 26.67 33.33 illlc
Average 44.44a 25.890 45.8% 35.56h0 28.8%b 44.44a

Means shanng similarletter(s) in a group for each parameter are non-significant at & = 5% (DME test)

Fig 1: Vitrification of an explant on MS medium

supplemented with 5.0 mg L~ Kinetin

improvement over Kinetfin alone, while BA alone at the
rate of 1.25 or 2.5 mg L~ remained better than that of
combination with Kinetin. The results of the present
study supported the findings of Lee (1988), Llorente ef al.
(1996) and Llorente and Apostolo (1998) who described
that Kinetin, as a cytokinin source, was inferior to BA.
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The results also confirmed the findings of Kacker &f al.
(1993) who produced axillary shoots on MS
medium + 0.5 mg L' Kinetin + 1 mg L™ BA within a
month of culture from nodal segments of female plants of
jojoba. However, the data recorded by Elhag ef . (1998)
revealed a significant genotypic effect and a medium
composition (growth regulators) effect after 56 days in
shoot-fip explants of jojoba on MS or B5 basal medium
containing a combination of IAA and BA at 0,03 and
3.0mgL.

Length of primary shoot (cm): The effect of cytokining
combinations and straing on the parameter under
study was found significant, however, the interaction
between combinations and strains was statistically non-
significant (Table 1). The combination of 1.25 mgL™~!
BA+1.25 mg L~ 'Kinetin was significantly better (3.43 cm)
than the other two combinations, because lower
concentrations of cytokinins (in combinations) favoured
the growth of primary shoot compared to higher ones.
The explants of PKJ-3 attained the maximum shoot length
(3.69 cm) and remained at par with that of PKJ-6 (3.36 cm),
while the explants of PKJ-2 attained the minimum one
(2.36 cm) and were at par with that of PKJ-5 (2.43 cm).
Overall, the explants of PKJ-3 attained the maximum
shoot length (4.28 cm) in response to combination of
1.25 mg L' BA + 1.25 mg L™ 'Kinetin, while those of
PKJ-5 attained the minimum length (1.97) in response
to combination of 2.5 mg L™'BA +2.5 mg L' Kinetin.
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The data presented in Table 2 revealed that the
length of primary shoot was significantly increased by BA
{4.39 cm) as compared to Kinetin (1.46 cm). The minimum
concentration of cytokinins (1.25 mg L") caused the
maximum length of primary shoot (3.67 cm) and vice versa.
The explants of PKJ-3 significantly attained the maximum
shoot length (3.49) among other sirainz due to its
genotypic response. Interaction between cytokinins and
their concentrations (Table 3) exhibited that BA
concentrations, 1.25 or 2.5 mg L', were more effective
and statistically similar in effect as these resulted in
greater length of primary shoot (4.81 and 4.79 cm,
respectively) than that of 5.0 mg L™'BA (3.56 cm). It was
probably due to the earlier sprouting of explants at both
the concentration of BA than the highest concenfration
of BA. Ag the conceniration of Kinefin increased it
reduced the shoot length gradually, because the buds
sprouted late on media containing Kinetin. The strains
significantly reacted to the cytokinins (Table 4). The
explants of PKJ-3 produced the longer primary shoot
(5.02 cm) in response to BA, while the explants of PKJ-2
produced the shorter primary shoot (1.07 cm) in response

to Kinetin. Length of primary shoot was affected
significantly by the interaction of sfrains and
concenfrations (Table 5). The explants of PKIJ-3

developed longer shoot (4.38 cm) at 1.25 mg L' that was
statistically at par with PKJ-6 (413 cm) for same
concentration, while the explants of PKJ-5 developed the
shorter shoot (1.77 c¢m) at 5.0 mg L' that was not
statistically different from that of PKJ-2 (1.82 cm) at same

conceniration. Interaction among three factors was
stafistically significant (Table 6). The maximum length
of primary shoot (5.47 cm) was recorded in the explants
of PKJ-3 cultured on the medium supplemented with
1.25 mg L~ BA (Fig. 2) that was at par with the explants
of same strain for 2.5 mg L~' BA (5.33 cm), while the
minimum shoot length (0.60 cm) was recorded by the
explants of PKJ-2 cultured on the medium supplemented

Fig. 2: Shoot formation from nodal explant of PKJ-3 on
MS medium supplemented with 1.25 mg L~ BA

Tahle 2: Shoot parameters as affected by cvtokining, their concentrations and strangs

Mo. of days Length ofprimary Mo. of nodes No. of shoots Percentage of
Cytokining to bud sprout shoot {cm) per primary shoot produced per explant sprouted explants
B=EBA 24 57h 4.39a 3.49a 3.7 7a 585.15a
K =Kinetin 53.65a 1.46h 1.16h 1.34b 39.26b
Conc.mg L1
=125 31.50c 3.67a 2.58a 2.19¢c 60.00a
Cy=12.50 38 44h 2.92h 2.40h 2.83a 45 56b
Cy=5.00 47.3% 2.19¢c 1.6%¢c 2.460 40.56c
Strains
51 =FKI-1 3787 2.99¢c 2.32b 2.52c 46,670
5;=PKI-Z 44 34a 2.47e 1.75d 2.08d 36.67c
53 = FKI-3 33.98d 3.49a 2.59a 3.15a 4l.lla
5y =PFKI-4 40.06b 2.83d 2.30hb 2.51c 50.00b
55 =FKI-5 42.35a 2.54e 1.96c 2.14d 40.00c
5S¢ = PKI-6 35.54d 3.24b 2. Ma 2.95b 577%a
Means shanng similar letter(s) in a group for each parameter are non-s gni ficant at o = 5% (DMER test)
Tahble 3: Shoot parameters as affected by cytokinins » concentration interaction
Cytoldning x Mo. of days Length of primary No. of nodes per Mo. of shoots
concentration to bud sprout shoot {cm) primary shoot produced per explant
BxCy 21.43e 4.8la 4.0%a 3.03b
BxCy 20.44e 4793 379% 4.19a
BxCs 31.83d 3.56b 2.59¢c 4.0%9a
K=C, 41.60c 2.54¢ 1.67d 1.35¢cd
K=y 56,450 1.04d 1.02e l.46c
KxC 62955 0.82e 0.80e 1.22d

Means shanng similar letter(s) for each parameter are non-significant at o = 5% (DME test)
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Table 4: Shoot parameters as affected by cytokinins=straing interaction

Cytokining  Tength of No. of nodes per No. of shoots Cytokinins ~ Length of primary ~ No. of nodes per  No. of shoots
«straing primary shoot (cm)  primary shoot produced per explant  xstrains shoot (cm) primary shoot produced per explant
BxS; 4.56¢ 3.58b 3.84c Kx8§, 1.453h 1.06f 1.19f
BxS, 3.86e 2.67d 3.09d Kx8,; 1.07) 0.82¢g 1.06f
BxS; 5.02a 4.18a 4.56a Kx8; 1.96f 1.60e 1.75e
BxS, 4.28d 3.51b 3.78¢ Kx8,y 1.38hi 1.08f 1.24f
B8 3.84e 2.98c 3.07d Kx8s 1.244 0.91fg 1.21F
BxS¢ 4.76b 4.02a 4.29b Kx8g 1.72g 1.46e 1.60e
Means sharing similar letter(s) for each parameter are non-significant at o = 5% (DMR test)

Table 5: Shoot parameters as affected by concentration ¥strains interaction

Conc. * Length of primary No. of shoots Cong. Length of primary No. of shoots
strains shoot (cm) produced per explant strains shoot (cm) produced per explant
Cy %8, 3.74c 2.16f Cyx84 2.75f 2.69cde
€8, 3.0le 1.71g %85 2.63fg 2.59¢de
Cyx8; 4.38a 2.86bc ;%86 3.1le 3.16a
%8, 3.58¢ 2.05f <81 2.1%h 2.69¢de
C %85 3.21de 1.81g Cqx82 1.82i 2.03f
€8s 4.13a 2.56d %83 2.72f 3.28a
Cy%8, 3.06e 2.71cde Cqx84 2.17h 2.79cd
8, 2.56fg 2.4%¢ %85 L7 2.00f
Cyx8 3.36d 3.32a Cx86 2.49g 3.12ab

Means sharing similar letter(s) for each parameter are non-significant at « = 5% (DMR test)

with 5.0 mg L™ Kinetin, possibly because the buds
sprouted at the latest of all and had minimum time for the
growth of primary shoot. Kinetin in combination with BA
showed improvement as compared to Kinetin alone, while
BA (alone) at the rate of 1.25 or 2.5 mg I.™' remained better
than combination with Kinetin. Strong negative linear
correlation between the length of primary shoot and the
mumber of days to bud sprouting was recorded (Table 7).
The results showed the superiority of BA (alone) at the
rate of 1.25 or 2.5 mg L™ over the other concentrations of
cytokining or combinations of cytokining and the
combination attempted by JTacoboni and Standardi (1987)
who used Zeatin and GA, mstead of BA or Kinetin.
However, Elhag et al. (1998) reported that lower BATAA
favored shoot elongation and callus production.

Number of nodes per primary shoot: The combinations of
cytokining, strains and the interaction between
combinations and strains were statistically significant in
effect for the parameter under study (Table 1). The
combination consisting of .25 mg .7 BA +1.25mg L™
Kinetin, produced significantly more nodes per primary
shoot (2.78) than the other two combinations, because
lower concentrations of cytokinins (in combinations) have
already favoured earliness of sprouting and length of
primary shoot that resulted in more number of nodes. The
explants of PKJ-3 attained the maximum nodes (3.00) as it
had sprouted earlier and attaned maximum length of
primary shoot among strains. The same strain attained the
highest number of nodes in response to combination of
1.25 mg L™' BA + 1.25 mg L™ Kinetin, while PKI-5
attained the lowest number of nodes (1.17) and it was at
par with that of PKT-2 (1.25) in response to combination of
2.5mg L7 BA+ 2.5 mg L™ Kinetin.
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The number of nodes per primary shoot was
significantly affected by cytokinins, concentration and
strains (Table 2). The explants cultured on media
containing BA, produced significantly higher number of
nodes per primary shoot (3.49) than that of Kinetin (1.16),
because of delay in bud sprouting and shorter primary
shoot from explants culhured on media containing Kinetin.
Maximum number of nodes per primary shoot (2.88) was
recorded on the lowest concentration of cytokinins and
vice versa. The explants of PKJ-3 had the maximum
mumber of nodes per primary shoot (2.89), followed by
those of PKJ-6 (2.74), both were statistically at par with
each other. The explants of PKJ-2 had the mimmum
mumber of nodes per primary shoot (1.75) as it was
slowest in bud sprout and had the shortest primary shoot.
Interaction between cytokimns and concentrations was
statistically significant (Table 3). The explants in response
to 1.25 mg L' BA, produced maximum number of nodes
per primary shoot (4.09), while those m response to
5.0 mg L™ Kinetin did the minimum one (0.80). This
parameter was also affected sigmficantly by the
interaction between cytokinins and strains (Table 4). The
explants from PKI-3 gained the maximum number of nodes
per primary shoot (4.18) in response to BA due to
earliness in sprouting and longer primary shoot, but it
remained statistically at par with those of PKJ-6 (4.02) for
same cytokinin. The explants from PKIJ-2 gained the
minimum munber of nodes per primary shoot (0.82) in
response to Kinetin due to maximum delay m bud
sprouting and shorter primary shoot, but it remained
statistically at par with those of PKI-5 (0.94). As Kinetin
1in combination with BA showed mnprovement in time of
bud sprouting and length of primary shoot compared to



Biotechnology & (2): 165-174, 2007

Kinetin (alone) previously, hence, number of nodes also
increased. As1.25 mg L' BA (alone) remained better for
time of bud sprouting and length of primary shoot
compared to its combination with Kinetin previously,
hence it expressed the same pattern for the number of
nodes. It iz also obvious from the coefficient of
correl ation obtained that the number of nodes per primary
shoot was positively correlated with the length of primary
shoot (Table 7). Previously, Tacoboni and Standardi (1987)
obtained 3.5 cm long shoots with 3-4 nodes from new
shoots on MS +2 mg L' Zeatin (ZT) +2 mg L' GA.+
0.001 mg L' NAA i.e., with a different combination of
growth regulators to that usedin the present study.

Number of shoots produced per explant: The number of
shoots per explant was significantly affected by the
combinations of cytokining and the strains (Table 1). The
combination 1.25 mg L™! BA + 1.25 mg L~ Kinetin
produced signifi cantly more number of shoots (2.82) than
the other two combinations, possibly because this
combination of cytokinins has already favoured early bud
sproufing, increased length of primary shoot and more
number of nodes per primary shoot, so also boasted the
number of shoots per explant. Combination 2.5 mg L™ BA
+ 2.5 mg L' Kinetin resulted in minimum number of
shoots per explant (1.36) as this combinati on delayed bud
sprouting, decreased length of primary shoot and reduced
number of nodes per primary shoot. Regarding straing, the
explants from PKJ-3 developed maximum number of
shoots per explant (2.81) which showed statistical
similarity with those from PKJT-6 (2.64), while the explants
from PKJ-2 developed minimum number of shoots per
explant (1.64) which remained stafistically at par with
those from PKIJ-5 (1.81). The interaction between
cytokinins combinations and strains was statistically
significant. The explants of PKJ-3 produced the maximum
number of shoots (3.33) in response to 1.25 mg L' BA +
1.25 mg L' Kinetin, as it had sprouted earlier, carried
longer primary shoot and more nodes per primary shoot
under this combination. While those of PKJ-2 produced
the minimum number of shoots (1.00) in response to
combination 2.5 mg L' BA + 2.5 mg L™ Kinetin.

The parameter was significantly affected by
cytokining, their concentrations and straing (Table 2).
Number of shoots produced per explant was signifi cantly
greater in BA (3.77) than that of Kinetin {(1.34). The middle
concentration of cytokining (2.5 mg L™') produced the
maximum number of shoots (2.83), followed by the highest
concentration (5.0 mg L") with 2.66 shoots per explant.
As regard the straing, the explants of PKJ-3 produced the
maximum number of shoots (3.15), while thoze of PKJ-2
did the minimum ones (2.08) and remained stafistically at
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par with PKJ-5 (2.14 shoots). Interaction between
cytokining and concentrations for the parameter under
study was statistically significant (Table 3). BA at the rate
of 2.5 or 5.0 mg L' (4.19 and 4.09 shoots, respectively)
were more effective (both with similar effect) than that of
1.25 mg L™' BA (3.03 shoots). All concentrations of
Kinetin produced less number of shoots than that of BA.
The response of straing to the cytokining differed
significantly (Table 4). The explants of PKJ-3 produced
maximum number of shoots (4.56) in response to BA,
followed by those of PKJ-6 (4.29) for same cytokinin,
while the explants of PKT-2 produced the minimum number
of shoots (1.06) in response fo Kinetin which was
statistically alike with thozse of PKJ-1, PKJ-4 and PKJ-5 for
same cytokinin. The shoot number was also affected
significantly by the interaction of straing and the
concentrations used (Table 5). The explants of PKJI-3
produced maximum number of shoots (3.32) at the middle
concenfration of cytokining, followed at the highest
concentration (3.28). The explants of PKJ-6 ranked 2nd
with 3.16 shoots at middle concentration and 3.12 shoots
at the highest concentration of cytokinins. All these four
remained statistically at par with each other. Interaction
among three factors for this parameter was also
statistically significant (Table 6). Maximum number of
shoots (5.0) was produced by the explants of PKJ-3 at the
highest concentration of BA that was at par with thoze of
same strain at middle concentration of BA (4.87) and
those of PKJ-6 (4.80) at the highest concentration of BA
(Fig. 3 and 4). All these three were statistically similar
to each other. Both strains gave goodresponse to the

Fig. 3: Shoot formation from nodal explant of PKJ-3 on
MS medium supplemented with 2.5 mg L™' BA
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Table 6: Shoot parameters as affected cytolonins<concentration*strains interaction

Cytolaningx Cytokinin gx

concentrations Length of primary Mo, of shoots concentrations Length of primary Mo, of shoots
®gtraing shoot (cm) produced per explant ®gtraing shoot (em) per explant produced
Bx(xS; 5.06h 307 KxC=E, 2.41ij 1.25lmno
BxCixE; 4.11e 2.3% KxCyx3y 1.92k 1.08no
BrCixS: 547a 3.80gh KxCix3; 3.29fg 192k
BrCyxEy 4.73c 29% KxCx By 2.431 1.17mno
BrCyx8s 4.30de 2573 KrCix3s 213k 1.08no
BxCyxBg 5.17ah 3.53h K Cyx g 3.08gh 158kl
BrCyxS, 5.08h 4 20def KxCy8, 1.03mmn 1.22mno
Bx(xS, 443cd 3.87fgh KOS, 0.690p 1.11n0
Br(yxS; 5.33ab 4.87ah KxCy S, 1.401 178k
BrCoxiy 4.55¢ed 3.93efg KO By 0.95mno 1 451mn
BrCyxSs 4.31de 3.73gh KrCn3g 0.95mno 1 44lmn
BxCoxiBg 5.04b 4 53bed K Cox Bg 1.18lm 178k
BrC3x5) 3.54f 4 27de K=C3x8; 0.83nop l.llno
BxCax3; 3.05¢gh 307 K Cax 5y 0.60p 1.000
Bx(yxS, 4.26de 500a KxCyxS, 1.18lm 1.56klm
BxCyxS, 3.57¢ 447cd K%y 0.76n0p L.11no
Bx(yxSs 2.39h 293 KxCyx S, 0.640p 1.11no
BxCaxSs 4.08e 4 80abc KX C3x Sy 0.90mnop 1 44l mn

Means shanng similar letter(s) for each parameter are non-significant at oo = 5% (DME test)

Tahle 7 Coefficients of correlation for different shoot parameters studied under cytokining (in combination) and cytoldning (done)

Correlations Cytokining (in combination) Cytokining (alone)
Length of primary shoot-No. of days to bud sprout -0.943 -0.986
Mo. of nodes per primary shoot-Length of primary shoot +0.969 +0.985
Ma. of shoots per explant-Mao. of days to bud sprout -0.953 -0.822

showed improvement in time of bud sprouting, length of
primary shoot, number of nodes compared to Kinetin
(alone) previously, so it also enhanced the number of
shoots per explant. BA (alone) at three concentrations
remained better as compared to its combination with
Kinetin. Hence, it expressed the same pattern as did
previously for already recorded parameters. The results
obtained are in line with the findings of Llorente and
Apostolo (1998), Agraval ef al. (2002), Prakash ef al
(2003) and Tyagi and Prakash (2004) who found
significant increase in number of shoots by BA and
differential response of genofypes to concentrations of
BA. According to Llorente &f <l. (1996), BA was better in
effect than Kinetin. But, according to Elhag ef al. (1998),
the higher BA/TAA ratio (3.0/0.0 and 3.0/0.3 mg L")
favored shoot multiplication with producing the maximum
response and the highest number of newly formed shoots
per explant was produced by female plants.

Fig. 4: Shoot formation from nodal explant of PKJ-6 on Percentage of sprouted explants: Although the
MS medium supplemented with 5.0 mg L' BA combinations of cytokining and the straing significantly
affected the percentage of sprouted explants, but the

highest concentration of BA. The minimum number of interaction between the combinations and the strains was
shoots (1.0 shoot) was produced by PKJ-2 in response to statistically non-zignificant {Table 1). The combination
5.0 mg L7 Kinetin, expressing almost similar effect for 125 mg L' BA + 125 mg L~ 'Kinetin increased
other concentrations of Kinetin. It was also recorded that significantly the percentage of sprouted explants (46.67)
the number of shoots produced per explants was ag compared to the other two combinations, because this
negatively correlated with the number of days to bud combination, that containg lower concentrations of
sprouting (Table 7). As Kinetin in combination with BA cytokining, has already favoured early bud sprouting,
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increased length of primary shoot, number of nodes per
primary shoot and number of shoots per explant. The
combination consisting of 2.5 mg L™ ' BA +2.5mg L™
Kinetin had mimimum percentage of sprouted explants
(31.11) s 1t had previously mmimum values for length of
primary shoot, number of nodes and number of shoots per
explant. The explants of PKJ-3 sprouted to the maximum
(48.89%) which were statistically at par with PKJ-6 and
PKI-1 (44.44%), while the explants of PKI-2 and PKJ-5
sprouted to the minimum (28.89%) and remained
statistically at par with those of PKJ-4 (35.56%). Overall
the explants of PKJ-3 sprouted maximum (60.00%) in
response to the combination 1.25mg L 'BA+1.25mg L™
Kinetin, as the explants had sprouted earlier, carried
longer primary shoot, more nodes and number of shoots.
While PKJ-2 had the mimimum sprouted explants (20.00%)
inresponse to combination of 2.5 mg L' BA+2.5mg L™
Kinetin, because of minimum values of all previous
parameters recorded.

Cytokining, their concentrations and the strains
significantly affected the sprouting of explants (Table 2).
Maximum percentage of sprouted explants (58.15) was
obtained when BA was added in culture medium and the
minimum one (39.26) when Kinetin was added. The
percentage of sprouted explants significantly increased to
the maximum (60.00) at the lowest concentration of
cytokimins and decreased to the minimum (40.56) at the
highest concentration of cytokimns. As for as the strams
are concemmed, PKJ-3 led the other strains with 61.11%
sprouted explants, followed by PKIJ-6 with 57.78%
sprouted explants. Both strains were statistically alike.
While, PKJ-2 trailed the other strains with 36.67%
sprouted explants, followed by PKIJ-5 with 40.00%
sprouted explants. Both strains were statistically at par
with each other. Two way interactions and three way
interactions among three factors were statistically non-
significant for this parameter under study. As Kinetin in
combination with BA showed improvement in time of bud
sprouting, length of primary shoot, number of nodes and
number of shoots per explant as compared to Kinetin
(alone), that 13 why it also enhanced percentage of
sprouted explants. BA (alone) at three concentrations
remamed better as compared to its combmmation with
Kinetin. Hence, it depicted almost the same pattern as did
for parameters recorded previously. The sequel of the
present study was in conformity with the findings of
Kacker et al. (1993), Llorente et al. (1996), Llorente and
Apostolo (1998), Agrawal et al. (1999), Agraval et al.
(2002), Prakash et al. (2003) and Tyagi and Prakash (2004),
all of them found highly variable response of clones to
cytokinins or combmations of cytokinins.
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Callus formation: Some explants also developed calluses
at the highest level (5.0 mg L™) of BA (alone) or in
combinations of BA + Kinetin. Previously, Llorente ef al.
(1996) had also observed callus formation in the presence
of BA and light hyperhydricity in 30% of explants.
Sardana and Batra (1998) also noted callus i leaf explants
cultures on MS + 1.0 mg L™ NAA + 3 or 5mg L " BA.
However, Elhag et al. (1998) reported that lower BATAA
favored callus production.

CONCLUSIONS

This study describes a protocol for direct shoot
imitiation iz vitro from nodal explants of different strains
of jojoba by manipulation of cytokining alone or
combinations of cytokinins at various concentrations. BA
alone at 1.25 mg ™! proved more effective for many shoot
parameters except number of shoots. PKI-3 strain was the
most responsive to cytokimins alone or m combinations.
Kinetin in combination with BA showed improvement
over Kinetin alone. The combination consisting of
1.25 mg 17" BA + 1.25 mg L™ Kinetin significantly
increased values of shoot growth parameters.
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