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ABSTRACT

Salicylic acid (SA) is one of numerous phenolic compounds found in plants with numerous important physiological
events. Exogenously application of Salicylic acid (SA) is useful for the growth and development of plants. This inves-
tigation aimed to study the improving effect of salicylic acid on the tissue culture of Ziziphus spina-christi. To study its
improving effect were used shoot-tip explants cultured on Murashige and Skoog (MS) solid medium supplemented with
different concentrations and various combinations of auxins, cytokinins and Salicylic acid. Media without growth regu-
lators enhanced the growth and elongation of shoot-tip explants not its proliferation. Lower concentrations of cytokinin
were better for shoot-tip proliferation than higher ones. 6-Benzylaminopurine (BAP) was superior to kinetin (KN) in
shoot-tip proliferation. The optimum culture conditions for shoot-tip proliferation were achieved on MS medium sup-
plemented with 0.25 mg/l 6-Benzylaminopurine (BAP) and 25 mg/l Salicylic acid (SA). The optimum culture condi-
tions for callus formation were obtained on MS medium supplemented with 3 mg/l 2,4-Dichlorophenoxyacetic acid
(2,4-D) and 25 mg/l Salicylic acid (SA), while the optimum culture conditions for somatic callus formation were ob-
tained on MS medium supplemented with 2.0 mg/l 2,4-Dichlorophenoxyacetic acid (2,4-D) and 10 mg/I Salicylic acid
(SA). The optimum culture conditions for rooting of shoots were obtained on MS medium supplemented with 0.25 mg/I
of Indole-3-butyric acid (IBA) and 10 mg/l Salicylic acid (SA). The highest percentage of survival plants was obtained
in the soil mixture supplied with 10 mg/l Salicylic acid (SA). Salicylic acid (SA) showed positive effect and good re-
sponse on callusing, shooting and rooting of Z. spina-christi. Cultures received small amounts of salicylic acid were
better than those lack it.
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pathogens. Signaling network of salicylic acid confirms
its important role in both plant health and disease. It
plays a role in the resistance to pathogens by inducing
the production of pathogenesis-related protein [4]. Zizy-
phus spina-christi (L.) Willd is one of the most important
trees in the dry parts of tropical Arabia. It is a multipur-
pose tree belonging to the botanical family Rhamnaceae
[5]. All parts of the plant are used by the local Arab peo-

1. Introduction

Salicylic acid is a phenolic derivative, distributed in a
wide range of plant species. It is a natural product of
phenylpropanoid metabolism. It appears to be just like in
mammals an effective therapeutic agent for plants. Be-
side this function during biotic and abiotic stress plays a
crucial role in the regulation of physiological and bio-

chemical processes during the entire lifespan of plant [1].
Its application might be safe and more useful for plant
growth improving. Salicylic acid stimulates the growth
and development of shoots and roots of the treated plants
[2]. It is ubiquitous in plants generating a significant im-
pact, transpiration, ion uptake and transport. Enhance-
ment of the level of chlorophyll and carotenoid pigments,
photosynthetic rate and modifying the activity of some of
the important enzymes are other roles assigned to Sali-
cylic acid. It induces specific changes in leaf anatomy
and chloroplast structure [3]. Salicylic acid involves in
endogenous signaling mediating in plant defense against
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ple to help maintain a healthy lifestyle. The plant has also
been used for its soothing properties [6]. Fruit has a very
high energy value and it can be eaten raw or dried. It
tastes like a mixture of dates and apples [5]. The flowers
are important for the production of wild bee honey [7].
Plant leaves are also used in folk medicine as which pro-
vides potential for large scale production of genetically
identical superior strains for an antiseptic anti-inflame-
matory agent, and for healing skin diseases such as
atopic dermatitis [8]. In vitro shoot multiplications were
obtained successfully from shoot-tips of Ziziphus spina-
christi. Lower concentrations of cytokinin were better for
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lateral bud proliferation than higher ones [6]. Root initia-
tion was observed in media containing lower concentra-
tions of IBA and the percentage of adventitious root for-
mation was low [8]. Seed germination of Zizyphus spina-
christi is poor, and the tree is in a great demand due to its
economic importance. Therefore, this investigation aimed
to study the stimulatory effect of salicylic acid on the
tissue culture of Ziziphus spina-christi to improve its
proliferation efficiency.

2. Materials and Methods
2.1. Plant Materials Preparation

Shoot-tip cuttings of Z. spina-christi were collected at the
midsummer from healthy mature tree, and then were
washed in soap water prior to surface sterilization, fol-
lowed by Shoot-tip explants preparing by removing all
the expanded leaves leaving the shoot meristem with 2 -
3 leaf primordia. The shoot-tip explants were surface
sterilized by immersing in 70% ethanol, for a minute,
followed by immersing in 0.1% mercuric chloride for 2
min, then rinsed with three changes of sterile distilled
water.

2.2. Culture Conditions

The explants were, aseptically, placed on agar-solidified
MS medium [9] containing 3% sucrose and various
growth regulators combinations. All media were adjusted
to pH 6.0 at 25°C with KOH or HCL and were auto-
claved for 20 min. at 121°C (15 PSI nominal steam pres-
sure). For shooting, the shoot-tip explants were placed on
basal solid medium (MS medium) supplemented with
different concentrations of BAP, KN and SA. The cul-
tures were incubated in a 16 h light and 8 h dark cycle at
25°C + 2°C and were illuminated with Fluorescent light
at 2000 lux. For callus induction, the shoot-tip explants
were placed on MS solid medium supplemented with
different concentrations and various combinations of
BAP, 2,4-D and SA. The cultures were incubated in the
dark at 25°C + 2°C. For rooting, the excised shoots were
transferred into the same solid medium (MS medium)
supplemented with different concentrations and various
combinations of NAA, IBA and SA. The well developed
plantlets derived from the germinated embryoids were
grown in autoclaved soil mixture contained with sand,
peat moss and well rotted cow-dung manure by the ratio
of 1:1:1 (w/v), then placed in the green house conditions.
Irrigation was carried out using ordinary tap water con-
tained with different concentrations of SA and 100 mg/I
NPK fertilizer twice a week.

2.3. Statistical Analysis

Data were statistically analyzed using SAS program,
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version 9.1. [10].

3. Results

Shoot multiplications were obtained successfully from
the shoot-tip explants of Z. spina-christi on MS media
supplemented with different concentration of BAP, KN
and SA (Table 1). The developed lateral buds were
healthy and grew vigorously in all growth media used.
There was no lateral bud induction on MS medium
lacked growth regulators. MS medium lacked growth
regulators stimulated the growth and elongation of shoots
not its proliferation. There was no sign of callus forma-
tion at the cut end of the explants during lateral bud in-
duction. Prolonged culture in media showed yellowing of
the older leaves and hardened stems. BAP was better
than KN for shoot-tip proliferation. In the case of KN
treatments, MS medium supplemented with 0.50 mg/I
KN was the most effective one, associated with the
highest percentage (56.7%) of responding explants,
number (2.4) of lateral buds, length (2.05 cm) of shoot
buds and number (2.30) of nodes. In the case of SA and
KN interaction, the highest percentage of responding
explants, number of lateral buds, length of shoot buds
and number of nodes showed high increase. MS medium
supplemented with 0.50 mg/l KN and 25 mg/l SA was
the most effective one, associated with the highest per-
centage (67.3%) of responding explants, number (2.9) of
lateral buds, length (2.73 cm) of shoot buds and number
(2.83) of nodes. In the case of BAP treatments, the lower
concentration was better than higher ones. MS medium
supplemented with 0.25 mg/l BAP was the most effective
medium, associated with the highest percentage (70.4%)
of responding explants, number (3.1) of lateral buds,
length (2.67 cm) of shoot buds and number (2.80) of
nodes. In the case of SA and BAP interaction, the highest
percentage of responding explants, number of lateral
buds, length of shoot buds and number of nodes showed
high increase compare with media lack it. MS medium
supplemented with 0.25 mg/l BAP and 10 mg/l SA was
the best overall, associated with the highest percentage
(78.7%) of responding explants, number (3.8) of lateral
buds, length (3.87 ¢cm) of shoot buds and number (3.67)
of nodes (Table 1). Callus was initiated from the shoot
tip explants on MS basal medium supplemented with
different concentrations and various combinations of
BAP, 2,4-D and SA (Table 2). Within 10 - 12 days the
shoot-tip explants enlarged and developed calluses at the
surface of shoot-tip explants in most of media tested,
subsequently covered the whole surface of explants
within 4 weeks. The response of explants varied with the
different concentrations and the various combinations of
BAP, 2,4-D and SA. The response of callus growth varied
in the different treatments. The results of callus growth
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Table 1. Effect of different concentrations and various combinations of BAP, KN and SA on proliferation of Zizyphus spina-
christi shoot-tips cultured on MS-solid medium for four weeks.

Treatment (mg/l)

% of responding Number of Shoot bud Number of nodes

BAP KN SA explants lateral buds lengths (cm)
0.0 0.0 0.0 10.4 2.2 2.62 2.41
0.0 0.25 0.0 20.5 1.7 1.42 2.60
0.0 0.50 0.0 56.7 2.4 2.05 2.30
0.0 1.00 0.0 43.2 2.1 1.95 2.10
0.25 0.0 0.0 70.4 31 2.67 2.80
0.50 0.0 0.0 65.2 25 1.32 2.35
1.00 0.0 0.0 50.7 2.4 2.47 2.26
0.25 0.0 10 78.7 3.8 3.87 3.67
0.50 0.0 25 735 3.2 3.21 3.13
1.00 0.0 50 58.3 2.4 2.32 2.53
0.0 0.25 10 59.6 2.7 2.42 2.73
0.0 0.50 25 67.3 2.9 2.73 2.83
0.0 1.00 50 50.1 2.6 2.57 2.37

LSD at o < 0.05 9.60 0.76 0.70 NS

NS = No significant difference.

Table 2. Effect of different concentrations and various combination of BAP, 2,4-D and SA on the callus formation form
shoot-tip explants cultured on MS-solid medium for four weeks. Two independent experiments were conducted with 25 rep-

licates per treatment.

Treatment (mg/l)

Explants Response

Number of Somatic

% of Responding

Callus dry weight

BAP 24-D SA Embryos/Callus Explants Mg/callus
0.0 0.0 0.0 0.0 - 0.0 0.0
0.0 2.0 0.0 Callus formation - 26.6 60.7
0.0 3.0 0.0 Embryogenic callus 7.2 40.4 49.5
0.0 5.0 0.0 Callus formation - 53.6 45.7
0.25 2.0 0.0 Embryogenic callus 11.2 58.7 78.4
0.50 3.0 0.0 Callus formation - 61.4 735
1.00 5.0 0.0 Callus formation - 50.2 61.4
0.0 2.0 10 Embryogenic callus 14.2 64.7 82.1
0.0 3.0 25 Callus formation - 76.8 148.3
0.0 5.0 50 Callus formation - 52.6 48.5
LSD at a < 0.05 2.70 12.7 14.83

capacity after 4 weeks showed highly significant differ-
ences in the most of callus dry weights of treatments. SA
significantly increased the callus dry weight compare
with those lack it. MS medium supplemented with 3 mg/I
2,4-D and 25 mg/l SA was the most effective one, asso-
ciated with the highest percentage (76.8%) of responding
explants and the highest callus dry weight (148.3
mg/callus). Within 3 weeks some calluses induced em-
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bryos, these calluses were pale-yellow and friable in its
appearance. SA significantly increased the number of
somatic embryos compare with media lacked it (Table 2).
MS medium supplied with 2 mg/l 2,4-D and 10 mg/l SA
was the most effective one associated with the highest
number (14.2) of somatic embryos. There were no callus
formation and somatic embryos induction in media
lacked growth regulators. The addition of SA exhibited
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positive effect and good response on the callus formation
and somatic embryos induction in all media tested. The
production and growth of callus decreased with the in-
crease of SA concentration. Roots emerged after 2 weeks
of culture initiation (Table 3). MS medium lacked
growth regulators produced few number of roots. These
roots were rather short and differ in its phenotype. In the
case of NAA treatments, the rooting capacity was very
low in most of media tested. MS medium supplied with
NAA produced calluses and tufted roots at the bases of
shoots. Interaction of IBA and NAA exhibited lower ef-
fect in the root formation. In the case of IBA treatments,
the lower concentration of IBA for root formation was
better than higher ones. MS medium supplemented with
0.25 mg/l IBA was the most effective one, associated
with the highest percentage (63%) of shoots developed
roots, the highest number (6.80) of roots per shoot and
the tallest (2.53) roots. The effect of various concentra-
tions of SA and IBA on the excised shoots rooting (Ta-
ble 3) showed that the percentage of excised shoots in-
duced roots and the length of growing roots increased
compare with media lacked it. MS solid medium sup-
plemented with 0.25 mg/l IBA and 25 mg/l SA was the
best overall, associated with the highest percentage (84%)
of shoots developed roots, the highest number (12.20) of
roots per shoot and the tallest (3.74 cm) root. There was
no increase on the root capacity with the increase of SA
concentration. The results showed that the addition of
different concentration of SA to the soil mixture of ac-
climated plantlets twice a week increased the numbers of

survival plants (Table 4). The soil mixture supplied with
10 mg/l SA was the most effective one, associated with
the highest percentage (92%) of survival plants.

4. Discussion

Salicylic acid (SA) has significant impacts on the various
aspects of plant life. /n vitro shoot multiplications were
obtained successfully from shoot-tips of Ziziphus spina-
christi. Lower concentrations of cytokinin were better for
lateral bud proliferation than higher ones [6]. In this
study the exogenous application of relatively low levels
of SA in the culture media improved the proliferation
efficiency of Z. spina-christi tissue culture. These results
are in agreement with some earlier studies [11] in which
the exogenous application of SA promoted the cellular
growth and somatic embryogenesis in Coffea arabien
tissue culture. The positive effect of SA on the prolifera-
tion of plant tissue cultures could be a reflection of an
increase in the number of meristematic cells [12]. It was
reported that SA could act as a morphoregulator signal
and this supports the hyposthesis that SA is a growth
regulator [12]. SA stimulates the organogenesis and em-
bryogenesis by regulation the cell division, enlargement
and/or activating DNA replication without concomitant
nuclear division [13]. SA stimulates the growth and de-
velopment of shoots and roots of the treated plants [2].
Agueous solutions of SA applied as a spray to the shoots
of soybean (Glycine max (L.) Merr. cv. Cajeme), signifi-
cantly increased the growth of shoots and roots measured

Table 3. Effect of different concentrations and various combinations of NAA, IBA and SA on the rooting of shoots cultured
on MS-solid medium for four weeks. Two independent experiments were conducted with 25 replicates per treatment.

Treatment (mg/l)

% of Rooting Number of Roots Length of Roots (cm)

NAA IBA SA
0.0 0.0 10 43 4.20 1.75
0.25 0.0 25 44 5.80 2.23
0.50 0.0 50 48 5.20 2.32
1.00 0.0 0.0 41 4.40 2.40
0.0 0.25 0.0 73 9.80 2.76
0.0 0.50 0.0 65 6.20 2.70
0.0 1.00 0.0 61 5.70 2.42
0.25 0.25 0.0 63 5.60 2.30
0.50 0.50 0.0 67 8.40. 218
1.00 1.00 0.0 43 5.80 2.12
0.0 0.25 10 62 6.20 2.42
0.0 0.50 25 84 12.20 3.74
0.0 1.00 50 57 5.70 2.12
LSD at o < 0.05 9.38 0.07 0.34
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Table 4. Effect of different concentration of Salicylic acid
on the viability of acclimatized plants in the green house
conditions. Control = Tap water + 100 mg/l NPK.

Treatment % of survival plants
Tap water + 100 mg/I NPK 74
5 mg /I SA Tap water + 100 mg/l NPK 86
10 mg/l SA Tap water + 100 mg/l NPK 92
25 mg/l SA+ Tap water + 100 mg/l NPK 69
50 mg/l SA +Tap water + 100 mg/l NPK 63

after seven days of treatment [14]. The results of this
study are in agreement with some earlier studies [15] in
which SA increased the dry weights of calluses and this
increase was attributed to the acceleration processes
connected to the cell division and its elongation. It was
pointed out that the positive effect of SA on callus
growth on dry basis resulting in the increase in ethylene
production in the atmosphere of callus cultures which
may be responsible for the enhancement of growth and
maturation of callus cultures [15]. The results of this
study showed high decrease in the proliferation effi-
ciency of Z. spina-christi tissue culture with the increase
of SA concentration. There is a relationship between
plant growth and the amount of SA fed to cultures. The
number and length of roots were varied in all excised
shoots tested in the various treatments of SA, since rela-
tively low concentration of SA had a stimulatory effect
and a good response on the rooting of shoots [12]. It was
reported that the number and the length of growing roots
varied with the different concentrations of SA used in the
culture media [11]. It was found that increasing the con-
centration of auxin promoted rooting without callusing
[8]. From the recoded data of this study it was appeared
that the addition of low concentration of SA (antitranspi-
rant) increased the number of survival plants during the
acclimatization stage. It is well known that the regener-
ated plants exert a great quantity of water during the ac-
climatization stage of the tissue culture. SA and its re-
lated compounds reduced the water loss and improved
the water use efficiency through closing of stomata [1].
SA inhibit catalase activity and increase the concentra-
tion of H,0, in guard cell cytoplasm. H,0O, oxidizes the
plasma membrane and increase the membrane perme-
ability of K*. The mass efflux of K* induces the loss of
pressure and lead to stomata closing [16]. The inhibition
of photosynthetic activity by SA suggests that stomata
closing by SA are also related to the decrease of photo-
synthetic activity [3]. In conclusion, from the recorded
data of this study, it was appeared that the exogenous
application of SA in the culture media had a positive
effect and good response on callus, shoot and root prolif-
erations. Cultures received relatively small amounts of

Copyright © 2012 SciRes.

SA were better than those lacked it. During the acclima-
tization stage, plantlets supplied with relatively low con-
centration of SA grew and developed well compared to
those lacked it. These results of improving effect of sali-
cylic acid on Ziziphus spina-chriti tissue culture have
thrown up many questions in need of further investiga-
tions, using wide range of growth regulator components
and physical change in plant growth environment.
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