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Salicylic acid induced changes in growth and biochemical characteristics of
Chlorophytum borivilianum cultured in vitro were studied. In vitro cultured shoots on
Murashige and Skoog's (1962) medium were treated with different concentrations of
salicylic acid (SA) in two different ways. Incorporation of SA in the medium prior to
autoclaving or post autoclaving (filter sterilized) did not make much difference in
growth performance of shoots. However, the biochemical characteristics registered
notable changes perhaps on account of pH changes that were induced by SA
incorporation after autoclaving. Lower concentrations of SA in the medium in
combination with BAP showed positive effects on shoot growth and biomass
production. Higher levels of SA adversely affected the growth parameters. Similarly,
the total chlorophylls, phenolics and carbohydrates also increased with lower
concentration of SA but its higher concentrations were not beneficial. It was
concluded that SA at lower concentrations stimulated both growth and biochemical
activities in in vitro cultured shoots of C. borivilianum. Higher concentrations
however, proved toxic. Studies further revealed that SA could be incorporated into
medium before autoclaving without adversely affecting its action on in vitro growth.
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INTRODUCTION
The role of salicylic acid (SA) in plant growth and
development is becoming increasingly evident. A wealth of
information has accumulated in recent past suggesting its
actions similar to other plant growth regulators
(Raskin,1992).The physiological phenomena influenced by
SA include seed germination, stomatal regulation,
photosynthesis and stress tolerance in plants (Agami and
Mohamed, 2013; Multu et al., 2013; Tirani et al., 2013).  Its
definitive role in growth and development of plants has been
demonstrated (Hayat et al., 2010; Rivas and Plasencia, 2011).
Recent studies however, suggest that SA can modulate in
vitro growth of plants by influencing their physiological and
biochemical functions. Incorporation  of SA  in nutrient
medium  induced  accumulation of  antioxidative
polyphenols  and medicinally valuable  compounds in Cistus
heterophyllus (Orenes et al., 2013).The promotory role of
salicylic acid in callus growth, shoot development, rooting
and hardening of in vitro derived plantlets has been observed
in Ziziphus spina- christi (Galal, 2012). The stimulation of in
vitro regeneration in Hibiscus acetocella and H .moschentos
has been reported under influence of SA (Sakhanokho and
Kelly, 2009). Bidabadi et al. (2012) have reported increased
stress tolerance in in vitro derived banana plants treated with
SA. Ability of SA to alter metabolic pathways has been
amply demonstrated in findings reporting accumulation of
phenolics and anthocyanins during in vitro culture
(Andarwulan and Shetty, 1999; Sudha and Ravishankar,
2003; Ram et al., 2013). SA potentially generates a wide
array of metabolic responses in plants specially affecting

photosynthetic parameters (Yusuf et al., 2008; Hayat et al,.
2009). It also regulates photosynthetic activity of plants by
affecting leaf and chloroplast structure (Uzunova and Papova,
2000), stomatal closure (Melotto et al., 2000; Mateo et al.,
2004) and photosynthetic pigments (Fariduddin et al., 2003).
It has also been found that SA, in particular induces somatic
embryogenesis during in vitro culture (Komaraiah et al.,
2004; Hosseini et al., 2009). SA has been shown to promote
viability of gel matrix encapsulated shoot buds derived from
in vitro culture of sunflower (Katouzi et al., 2011).

Chlorophytum borivilianum Sant. Et Fernand. (Family –
Liliaceae) commonly known as ‘Safed Musli’ is a plant of
immense medicinal value and has been exploited for a large
number of formulations prescribed in Ayurvedic System of
Medicine. The micropropagation protocol for this rare
medicinal herb has been previously described (Purohit et al.,
1994). The present investigation therefore, was undertaken to
evaluate changes in in vitro growth and some biochemical
characteristics induced by SA in in vitro cultured shoots of
C.borivilianum.

MATERIALS AND METHODS
Shoot cultures of Chlorophytum borivilianum were established
according to the protocol described by Purohit et al. (1994).
After initial establishment of cultures, the shoots were
multiplied on Murashige and Skoog's (1962) medium
containing 5.0 mg l-1 BAP, 0.8% agar and 3.0% sucrose.
Cultures were regularly sub- cultured every three weeks on the
fresh medium and kept under growth room conditions which
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maintained 28±2°C temperature and a 16 h light/ 8h dark
cycle providing 45µ mol m-2 s-1 photon flux density.
Different concentrations of salicylic acid (5.0-100 mg l-1) were
incorporated into the shoot multiplication medium in two
different ways. In one case, SA was incorporated in the
medium before autoclaving (pre-autoclaving) while in the
other, filter sterilized SA was incorporated in the medium after
autoclaving (post –autoclaving ) when the temperature of
medium was brought down to about 50°C. Each culture flask
contained ca.35 ml of semi-solid medium and they were
stoppered with non-absorbent cotton. The pH of medium was
always adjusted to 5.8 before autoclaving. Each culture flask
was aseptically inoculated with a cluster of five shoots (ca. 1.5
cm) each and kept under controlled culture room conditions
already mention above. The SA treated shoots were further
sub-cultured on the fresh medium every three weeks up to a
period of 63 days on the fresh medium containing SA. In all the
above treatments three replicates were used and the
experiments were repeated thrice.  At the end of experiment the
shoots were removed from culture vessels and were subjected
to measurement of various growth parameters and biochemical
analyses.

Measurement of growth parameters

The measurement of various growth parameters included total
number of shoots, average shoot length and the biomass
production in terms of fresh and dry weight. For evaluation of
fresh weight and dry weight, shoots obtained from each treatment
were taken and the fresh weight was determined using an
electronic top pan balance. The dry weight biomass was
determined after the fresh shoots were dried in an oven at 60˚C
overnight.

Biochemical analyses

Chlorophyll contents: The chlorophyll contents in SA treated in
vitro derived shoots were determined using the method of Arnon
(1949). For this purpose 500 mg of fresh shoots were grounded in
80 % acetone under diffused light conditions to extract chlorophyll
pigments. Extracts were centrifuged at 10,000 rpm and the
supernatant was used to determine chlorophyll contents
spectrophotometrically. The absorbance of extracted pigments was
measured at three different wavelengths (663, 652 and 645 nm)
and the concentrations of chlorophyll a, chlorophyll b and total
chlorophyll were calculated using following formulae:

Total Chlorophyll (mg g-1) = 20.2×A645+ 8.02×A663

a×1000×W

Chlorophyll a (mg g-1) = 12.7×A663- 2.69×A645

a×1000×W

Chlorophyll b (mg g-1) = 22.9×A645- 4.68×A663

a×1000×W

V= Volume of the extract in ml
W= Fresh weight of the sample (leaf) in g
a= Length of light path in cell (1 cm)

Total phenols: The total phenol contents were determined
following the method described by Mahadevan (1975) using Folin
Ciocalteu’s reagent. SA treated in vitro derived fresh shoots were
grounded in 70 % methanol and the extract was centrifuged at
10,000 rpm for 15 minutes. The clear supernatant was used for

quantitative determination of total phenol contents. For each
reaction 500 µl methanolic extract was taken in a test tube and to
this was added 1.0 ml  Folin Ciocaltaeu’s reagent (diluted with
equal amount of DDW) followed by 2.0 ml of Na2CO3 (20% w/v)
solution. The test tubes were shaken and heated in boiling water
bath for about 1.0 min. They were subsequently cooled under
running tap water. The blue colored solution was diluted to 25 ml
by adding DDW and the per cent transmittance was measured at
650 nm in a spectrophotometer. The total phenol concentration in
each sample was calculated with the help of already prepared
standard curve using different concentrations (10-100 µg) of
caffeic acid. Suitable controls were maintained for comparison.
The total phenol contents were expressed as mg g-1 fresh weight
tissues.

Total carbohydrates: For quantitative estimation of total
carbohydrate contents the SA treated in vitro derived shoots were
homogenized in a pestle mortar having 0.1 M phosphate buffer
(pH 7.0) and the homogenates were centrifuged at 10,000 rpm for
15 min. For each reaction 15 µl of supernatant was mixed with 4.0
ml of 0.2% Anthrone reagent (in conc. H2SO4) and placed in water
bath for five minutes as recommended by Tandon (1976). The
absorbance was read at 610 nm using spectrophotometer. The total
carbohydrate contents were determined using standard curve
prepared from various concentrations of glucose. Suitable controls
were maintained for comparison.

For all the above analyses three replicates were used and each
reaction was repeated thrice. Suitable blanks were maintained
wherever required. The data were subjected to statistical analyses
and have been presented in tabular form.

RESULTS
Incorporation of different concentrations of salicylic acid (SA)
during in vitro growth of C. borivilianum shoots evoked varied
responses. It was interesting to note that the mode of application of
SA did not have much influence on in vitro growth of shoots
especially in terms of their number, length, fresh weight and dry
weight. However, the biochemical parameters such as chlorophyll
contents did demonstrate significant difference between two
different modes of treatment. Similar differences were also
observed in total phenol contents whereas the total carbohydrate
contents remained unaffected when compared for two different
modes of SA treatments. The lower concentration of SA (5.0 mg l-
1) in combination with standard concentration (5.0 mg l-1) of BAP
showed sharp decline in total number of shoots and their average
length as compared to the control containing only BAP. Increase
in SA beyond 5.0 mg-1 (10 and 25 mg l-1) showed steady increase
in both number and length of shoots but these values did not
exceed those obtained with control. Any increase in SA
concentration beyond 25 mg l-1 showed sharp decline in above
parameters (Table 1).

Incorporation of various concentration of SA showed
correspondingly similar response in terms of fresh and dry weight
biomass as that of shoot number and their length. At lower
concentration of SA, there was sharp decline in fresh and dry
weight biomass which gradually increased in the cultures grown
on medium containing 10 and 25 mg l-1 SA but this increase did
not even equate the fresh weight and dry weight biomass obtained
with control. Higher concentration of SA proved highly toxic
which was reflected in extremely low biomass production
(Table 2). Interestingly, the incorporation of SA prior to
autoclaving showed gradual increase in total chlorophyll
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contents in the shoots after 63 days of their growth up to a
concentration of 25 mg l-1.The chlorophyll contents declined
with the increase in SA concentration but this decline remained
almost equal to the control. In contrast, as mentioned earlier the
SA incorporated in the medium after autoclaving did not show
any increase in total chlorophyll contents up to a concentration
of 25 mg l-1.There was significant increase in chlorophyll contents
at 50 mg l-1 SA which was filter- sterilized and incorporated in the
medium after autoclaving (Table 3). Steady increase in total
phenols and carbohydrate contents was recorded in the shoots
when treated with lower concentrations (5.0 and 10 mg l-1) of SA
when incorporated in the medium prior to autoclaving. Further
increase in SA concentrations caused decline in amount of both
total phenols and carbohydrates but such values remained higher
than their corresponding controls (Table 4). However, the filter-
sterilized SA incorporated in the medium after autoclaving did not
show responses similar to that when SA was incorporated before
autoclaving. Although there was slight increase in total chlorophyll
contents at 5.0 mg l-1 SA but its further increase caused sharp
decline which remained always lesser than control. There was an
increase in total carbohydrate contents with increasing
concentrations of SA when incorporated after autoclaving. It was
therefore, concluded that the mode of application of SA did not
make much difference in terms of growth parameter. Although, the
biochemical parameters differed significantly. It was also observed
that lower concentrations of SA irrespective of its mode of
treatment adversely affected both growth as well as biochemical
parameters while increase in SA concentration to a moderate level
improved the growth conditions but this again showed negative
trend beyond optimum concentration.

DISCUSSION
SA has been shown to influence a wide range of metabolic and
physiological phenomena in plants affecting their growth and
development (Kaydan et al., 2007; Hayat et al., 2010; Yusuf et al.,
2012).

However, its modulatory role in in vitro growth, morphogenesis
and somatic embryogenesis has been reported in only a few cases
(Komaraiah et al., 2004; Galal, 2012; Ram et al., 2013). The
present investigation therefore, envisaged to study the influence of
exogenously supplied SA on in vitro shoot growth and some
biochemical parameters in C. borivilianum. Reports on in vitro

studies indicate incorporation of SA after filter- sterilization
(Handro et al., 1997; Bidabadi et al., 2012; Orenes et al., 2013;
Ram et al., 2013) or before autoclaving (Andarwulan and Shetty,
1999; Komaraiah et al., 2004; Sakhanokho and Kelley, 2009;
Galal, 2012) in the medium. However, no comparison has been
made between these two modes of SA treatments during in
vitro growth. The present study revealed that the mode of

application of SA in the medium did not have much influence
on shoot growth and biomass production. Although the
biochemical parameters such as chlorophyll pigments, total
phenols and carbohydrates did show difference between two
treatments, this could be accounted to the change in pH
conditions when SA was incorporated after autoclaving. It was
therefore, concluded that SA could be incorporated in the
medium before autoclaving to evoke desired responses.
Improvement in shoot proliferation and biomass production during
in vitro cultures of Musa acuminata has been reported when SA
was incorporated in the medium (Bidabadi et al., 2012). In the
present study the lower concentration of SA combined with BAP
showed stimulated growth of shoots, their length and increase in
biomass in terms of fresh and dry weight. However, higher
concentrations of SA adversely affected these parameters.
Hosseini et al. (2009) reported that excessive concentration of
salicylic acid promoted accumulation of ethylene, adversely
affecting the process of somatic embryogenesis. In the present case
also, perhaps the accumulation of ethylene with increasing
concentration of salicylic acid proved inhibitory for in vitro shoot
multiplication and elongation. Galal (2012) while studying the
effect of salicylic acid on Ziziphus spina christi tissue culture has
observed that lower concentration of SA in combination with BAP
improved shoot bud proliferation while its higher concentration
adversely affected it. Hayat et al. (2005) has reported that the
pigment contents significantly increased in wheat seedlings when
treated with lower concentration of SA while its higher
concentration was not beneficial. In present study also the
chlorophyll pigments registered significantly higher values in

shoots treated with lower concentration of SA while higher SA
concentration caused sharp decline in their contents. C.
borivilianum shoots treated with SA caused increase in both
total phenols and carbohydrate contents. Khodary (2004) has
observed enhanced levels of carbohydrate

Table 1 Effect of salicylic acid on in in vitro growth of C.  borivilianum shoots

Mode of SA
application

Salicylic acid
concentration mg l-1

No. of shoots
Mean ± SD

Length of shoots
(cm)±SD

Pre-autoclaving 0 32.66±4.93 4.73±0.46
5 19.00±9.00 2.26±0.75

10 24.00±3.60 3.03±0.15
25 31.33±4.04 4.33±1.52
50 12.33±4.61 2.22±0.65
75 15.33±7.23 1.75±0.41

100 13.66±4.16 1.51±0.20
Post-autoclaving
(Filter sterilized)

0 35.66±4.04 4.11±1.10

5 17.33±11.15 2.62±0.54
10 23.33± 8.50 3.62±1.02
25 32.00±12.53 4.83±0.76
50 15.66±3.51 2.65±0.31
75 14.00±1.00 2.03±0.50

100 11.33±3.51 1.97±0.46
SE 3.84 0.88

CD5% 11.14 2.57
CD1% 15.04 3.47

CV 31.33 35.02
SE Standard Error; CD Critical Difference; CV Coefficient of variation SD Standard Deviation
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Table 2 Effect   of salicylic acid on fresh and dry weight of C. borivilianum shoots grown in culture

Mode of SA application Salicylic acid
concentration mgl-1 Fresh weight  (g)±SD Dry weight (g)±SD

Pre-autoclaving 0 12.22±3.56 2.73±0.0700
5 04.85±3.11 0.38±0.0100

10 06.66±2.91 0.48±0.0600
25 08.55±1.40 1.32±0.0200
50 01.97±1.03 0.06±0.0006
75 01.17±0.41 0.05±0.0015
100 00.66±0.48 0.15±0.0113

Post-autoclaving
(Filter sterilized)

0 12.18±2.20 2.81±0.1415

5 04.30±4.82 0.19±0.0064
10 04.93±1.83 0.18±0.0208
25 06.4±2.74 0.29±0.0100
50 02.76±1.08 0.13±0.0100
75 01.68±0.13 0.10±0.0100
100 01.48±0.21 0.02±0.0153

SE 1.3334 0.0277
CD5% 3.8627 0.0802
CD1% 5.2141 0.1082
CV 46.29 7.52

SE Standard Error; CD Critical Difference; CV Coefficient of variation; SD Standard Deviation

Table 3 Effect of salicylic acid on chlorophyll contents in C. borivilianum shootsgrown in culture

Mode of SA
application

Salicylic acid
concentration mgl-1

Total chlorophyll content
(mg g-1 FW± SD)

Chlorophyll a content
(mg g -1 FW± SD)

Chlorophyll  b content
(mg g-1 FW± SD)

Pre-autoclaving 0 0.22±0.0058 0.09±0.0023 0.12±0.0115
5 0.31±0.0265 0.16±0.01 0.15±0.0100

10 0.34±0.0058 0.18±0.0 0.15±0.0115
25 0.38±0.0058 0.21±0.0115 0.16±0.0115
50 0.23±0.0173 0.12±0.0130 0.10±0.0076
75 0.23±0.0100 0.12±0.0058 0.10±0.0058

100 0.18±0.0058 0.09±0.0006 0.08±0.0055
Post-autoclaving
(Filter sterilized)

0 0.22±0.0067 0.09±0.0023 0.13±0.0080

5 0.18±0.0058 0.09±0.0031 0.09±0.0038
10 0.15±0.0115 0.06±0.0015 0.08±0.0012
25 0.13±0.0021 0.05±0.0012 0.08±0.0010
50 0.28±0.0079 0.14±0.0047 0.14±0.0026
75 * * *

100 * * *
SE 0.0065 0.0037 0.0044
CD5% 0.0189 0.0107 0.013
CD1% 0.0257 0.0145 0.0176
CV 4.64 5.21 6.44

* Inadequate sample tissue SE Standard Error; CD Critical Difference; CV Coefficient of variation SD Standard Deviation

Table 4 Effect of salicylic acid on total phenol and carbohydratecontents in C. borivilianum
shoots grown in culture

Mode of SA application
Salicylic acid

concentration mg l-1
Total Phenol content

(mg g-1 Fresh tissue)± SD
Total carbohydrate content

(mgg -1Fresh tissue)± SD
Pre-autoclaving 0 1.04±0.04 62.2±3.81

5 1.30±0.08 79.06±11.12
10 1.76±0.21 89.27±23.33
25 1.57±0.20 64.88±29.37
50 1.10±0.16 85.30±20.13
75 1.09±0.061 113.29±1.33
100 1.08±0.13 138.22±22.72

Post-autoclaving
(Filter sterilized)

0 1.04±0.04 56.44±3.35

5 1.26±0.046 52.44±1.54
10 0.42±0.0231 43.99±11.54
25 0.52±0.04 81.28±2.27
50 0.66±0.0231 123.10±7.34
75 * *
100 * *

SE 0.0648 8.6207
CD5% 0.189 25.1618
CD1% 0.2563 34.1231
CV 10.45 18.11

* Inadequate amount of tissue SE Standard Error; CD Critical Difference; CV Coefficient of variation SD Standard Deviation
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present case could also be attributed to SA application during in
vitro growth of shoots. It can therefore, be concluded that lower
concentrations of SA caused stimulated growth and increase in
biochemical activities while its higher concentration evoked
contents in maize treated with SA. One of the responses that can
be elicited in plants is accumulation of phenolics either under
conditions of natural stress or induced by exogenous factors such
as SA (Kovacik et al., 2009). Increase in phenolic contents in the
negative response reflected in terms of shoot growth and
biochemical parameters studied.
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