
Available online at www.notulaebiologicae.ro

Not Sci Biol, 2013, 5(1):45-49

Print ISSN 2067-3205; Electronic 2067-3264 Notulae Scientia Biologicae

Control of Shoot Tip Necrosis in Shoot Cultures 
of Portulaca grandiflora Hook.

Archana SRIVASTAVA, Aruna G. JOSHI*
The Maharaja Sayajirao University of Baroda, Faculty of Science, Department of Botany, 

Vadodara- 390002, India; drarunajoshi@yahoo.co.in (* corresponding author)

Abstract

Portulaca grandiflora, an important medicinal plant was found to show the incidence of shoot tip necrosis (STN) in shoot cultures 
obtained from nodal explants in Murashige and Skoog (MS) medium with 3% sucrose along with 8 µM Kinetin and 4 µM BAP. This 
physiological disorder is primarily due to the deficiency of calcium and boron content in the medium. Thus in the present work varying 
concentration of boron which was used in the form of boric acid (0.1-0.4 mM), calcium gluconate (3-30 mM) and calcium chloride (3-
30 mM) were incorporated in MS medium and its effect on STN was evaluated. The observations revealed that 18 mM calcium chloride 
was the optimum concentration for lowering STN in shoot cultures to 40% after four weeks.
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Introduction

Herbal medicines are most prevalently used by the 
people of developing countries for their primary health 
care needs and last decade has seen a considerable rise 
in pharmaceutical industries where plant extract is most 
abundantly employed. There is a fast depletion of these 
medicinally important plants from our environment be-
cause of their ruthless exploitation. Need has arisen where 
conservation and restoration of these plants should be 
done on priority basis for their sustainable usage. Micro 
propagation is a technique which could be utilized for the 
conservation of these medicinally important plants. Portu-
laca grandiflora (Portulacaceae) is a succulent ornamental 
herb associated with a number of medicinal properties. It 
is used for the cure of sore throat, skin rashes, putative im-
munostimulant (Chavalittumrong, 2007) contains beta-
lain which is an antioxidant (Zryd, 1995), and the plant is 
antimutagenic (Liu, 1990). It has an efficacy on hepatitis 
B surface antigen (Zheng and Zhang, 1990), aerial parts 
are reported to contain various diterpenoids like portulal, 
portulenone, portulenol, portulene (Ohasaki et al., 1986) 
and portulene acetal a minor diterpenoid (Ohasaki et al., 
1997). Regeneration of this plant was done with nodal 
explants (Srivastava and Joshi, 2009) and it was observed 
that the shoot cultures were affected with shoot tip ne-
crosis after two weeks which lead to considerable loss of 
culture.

Shoot tip necrosis is a physiological disorder common-
ly observed in a number of in vitro cultured plants. The 
early visible symptoms of this anomaly are browning of the 
tip followed by basipetal necrosis. Senescence and death 

of the apical buds occurs which results in typical necro-
sis of the upper portion while the lower portion remains 
unaffected. Axillary buds produce shoots whose second-
ary branches also get affected. Lower branches and smaller 
shoots are also affected in severe cases. It can be because 
of a number of reasons such as nutrient deficiency (Ca 
and B), concentration of cytokinins, medium type and its 
nutrient concentration, aeration, gelling agent, pH of the 
medium and subculture period (Bairu et al., 2009). Of all 
these deficiencies, Ca and B is one of the most common 
reasons for STN which results in less number of quality 
shoots, increased production cost and experimental errors 
(Barghchi and Alderson, 1996).

Thus a study was undertaken to find out the cause of 
STN in P. grandiflora and an experiment was devised by 
modifying the M.S medium with different concentration 
of B, Ca gluconate and CaCl2. 

Materials and methods

Nodal explants were obtained from a healthy popula-
tion of mature plants of P. grandiflora growing in the Bo-
tanical Garden of the University. The explants were kept 
in running water for one hour, washed with a plant de-
tergent for 5 minutes, and again rinsed four to five times 
thoroughly with sterile distilled water. Surface sterilization 
was done with 0.1% (w/v) HgCl

2 
for 3 minutes and rinsed 

with autoclaved double distilled water. The nodal explants 
were cut to appropriate size (2.5 to 3.0 cm in length) and 
inoculated vertically on the culture medium. Each treat-
ment had 15 replicates and the experiment was repeated 
twice.
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tip necrosis (61.90%) which after four weeks was so severe 
that almost 90% of the shoot cultures were lost due to this 
anomaly (Fig. 1c). There was a clear cut necrotic zone in 
the upper region while the lower portion remained unaf-
fected where the axillary buds gave rise to shoots (2a). In 
severe cases these shoots as well as the secondary shoots 
arising from them were also affected.

One of the effective methods of controlling STN in 
shoot cultures is by incorporating different concentrations 
of B and Ca salts in the medium (Bairu et al., 2009). Thus 
in the present study the effect of these two elements was 
evaluated and following results were obtained.

MS medium A
The MS medium was fortified with varying concen-

trations of B (0.1-0.4 mM) and the observations revealed 
that higher concentration of B in MS medium did not 
have any prominent effect on the rate of growth as well as 
STN (Fig. 1a).The number of shoots per explant decreased 
as the level of B increased from 0.1 mM to 0.4 mM (Tab. 
1) and it failed to evoke any significant effect on STN. 

MS medium B
When different concentrations of Ca gluconate (3-30 

mM) were added to the MS medium the nodal explants 
responded to this source of Ca as the number of shoots/
explant improved. The optimum number of shoots 
(2.47±0.5) was formed at low concentration (6 mM) and 
at high concentrations (18-30 mM) a decline in response 
resulted. The incidence of STN was least at 9 mM (40%) 
and again increased at higher concentrations (Tab. 1, Fig. 
1b). Presence of this salt in the medium had an effect on 
the shoots as they had long internodes with pale green 
leaves. 

MS medium C
CaCl2 is the normal source of Ca in MS medium, at a 

concentration of 3 mM and at this level the rate of STN 
was very high (89%)in shoot cultures. The medium was 
fortified with enhanced concentrations of CaCl2 (6-30 

The normal strength MS medium (Murashige and Sk-
oog, 1962) was taken as control, where the concentration 
of CaCl2 is 3 mM and B in the form of H3BO3 is 0.1 mM. 
The medium was supplemented with 3% sucrose, 8%, agar, 
8 µM KIN and 4 µM BAP, as it was optimized for nodal 
explants (Srivastava and Joshi, 2009) and was modified by 
adding different concentrations and source of Ca and B, 
which is categorized as follows:

MS medium A- Source of B was boric acid in the con-
centration of 0.1, 0.2, 0.3 and 0.4 mM 

MS medium B- Source of Ca was calcium gluconate in 
the concentrations of 3, 6, 9,12,18,24 and 30 mM 

MS medium C - Ca was used in the form of CaCl2.2H2O 
(which is the form used in standard M.S medium) in a 
concentration of 3, 6,9,12.18,24 and 30 mM.

The pH of the medium was adjusted to 5.8 and 20 
ml of culture medium was dispensed in culture tubes. 
The medium as well as the instruments were autoclaved 
at 121°C for 30 minutes. All cultures were maintained at 
25±2°C under a 12 h photoperiod of irradiance provided 
with white florescent tube.

Statistical analysis 
The experiment was monitored for a period of 4 weeks 

and data for number of shoots per explant was recorded. 
Standard error of the mean for each value was calculated. 
Data was subjected to analysis of variance (ANOVA) and 
it was found to be statistically significant at α = 0.1 and p 
value < 0.1. 

Results

During the regeneration studies of P. grandiflora 
through nodal explants it was observed that after one 
week there was browning of the shoot tips followed by 
necrosis in a basipetalous manner. The multiple shoots 
grew to a length of 2-3 cm and gradually a necrotic zone 
was observed in the upper region while the lower portion 
remained unaffected where the axillary buds gave rise to 
shoots (Fig. 2a). In severe cases these shoots as well as the 
secondary shoots arising from them were also affected. By 
second week the explants were affected with heavy shoot 

Fig. (1a). Percentage necrosis after four weeks for Medium A Fig. (1b). Percentage necrosis after four weeks for Medium B
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mM) and the observations revealed that the STN slowly 
decreased with higher levels (Fig. 2 b), with 18 mM being 
optimum in reducing necrosis to 40 %( Fig. 1c). Further, 
rise in the level of CaCl2 failed to reduce % necrosis. A 
similar pattern was observed for shoots/explant (Tab. 1) 
where 18 mM concentration again proved to be suitable 
in inducing an optimum response (2.83±0.30). 

Discussion

Problem of shoot tip necrosis was of frequent occur-
rence when a study to understand the behaviour of nodal 
explant under the influence of cytokinins of P. grandiflora 
was undertaken (Srivastava and Joshi, 2009). Several hy-
potheses have been proposed for STN of which deficien-
cies of B (Mason and Gutteridge, 1974) and Ca (McCown 
and Sellmer, 1987; Sha et al., 1985) are reported to be the 
most likely cause of STN. 

Boron is an essential element in plants. It is a constitu-
ent of cell wall and is involved in enzyme activation, mem-
brane maintenance, nucleic acid metabolism and sugar 
translocation (Apostol and Zwiazek, 2004). Its require-
ment differ widely among plant species and are known to 
have a narrow range between deficiency and toxicity levels 
when compared to other mineral nutrients (Abdulnour 
et al., 2000). Deficiency of B leads to an inhibition in the 
rapid growth of root and shoot meristem (Hu and Brown, 
1994).

 Medium A showed that there was no appreciable de-
crease in STN and dose of B beyond 0.4mM turned toxic. 
The number of shoots/explant also decreased with increas-
ing concentration which could be due to its accumulation 

Fig. (1c). Percentage necrosis after four weeks for Medium C

Tab. 1. Effect of Boron, Calcium gluconate and Calcium chloride on number of shoots /nodal explant (Mean ±S.E) of P. 
grandiflora after four weeks of culture (p<0.1)

Number of shoots (Mean ± S.E.)
mM Medium A (Boron) Medium B (Ca gluconate) Medium CaCl2
0.1 1.83±0.24
0.2 1.68±0.21
0.3 1.50±0.56
0.4 1.40± 0.87
3 2.08±0.09 1.83±0.24
6 2.47±0.51 1.63±0.38
9 2.23±0.10 2.5±0.32

12 2.35±0.15 2.12±0.39
18 1.90± 0.43 2.83±0.30
24 1.75±0.36 2.50±0.18
30 1.40±0.37 2.07±0.12

Fig. 2. STN incidence in P grandiflora - a) affected shoots on normal MS medium b) Healthy shoots at 18mM of 
Medium C
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Ca to control this malady as compared to calcium acetate 
in cultures of Pistacia vera. Increasing the level of CaCl2 in 
the MS medium was again found to reduce STN in Pyrus 
pyrifolia (Thakur and Kanwar, 2008) without hindering 
with the growth of the plant. 

Conclusions

The present study revealed that increasing the concen-
tration of CaCl2 to 18mM in the MS medium helped to 
reduce the problem of STN to an appreciable level with-
out affecting the growth of the plants.
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