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ABSTRACT
Shoot cultures of Gypsophila paniculata L. ‘Bristol fairy’ were established on MS medium supplemented with 2.69 μM naphthaleneacetic acid (NAA) and 2.22 μM 6N-benzyl amino purine (BAP). After three subcultures, shoots were grown in media with
different concentrations of mannitol and incubated at 25 or 5°C for 6 months. To evaluate the role of type of enclosures for culture tubes
and sucrose level in the culture medium on preservation of shoot cultures of gypsophila, four different enclosures namely, polypropylene
caps, cotton, one and two layers of aluminum foil were used. Shoot cultures were incubated at 25°C for 6 months. The presence of
mannitol in the culture retarded growth and proliferation with highest survival rates at 4% mannitol. Relatively slower growth was
observed at 5°C than at 25°C. Mannitol (4%) and incubation at 5°C can be used successfully to preserve gypsophila shoot cultures for up
to 6 months or more. Moreover, the absence of sucrose in the media during preservation retarded the growth of gypsophila shoot culture
in all treatments with all caps used. In contrast, the addition of high levels of sucrose (2 or 3%) improved the growth (number of
proliferated shoots and shoot length) of shoot cultures and was considered the best condition for in vitro preservation. Also, polypropylene
caps and two layers of foil were the best covers for the proliferation of shoot cultures. Although this study does not seek to find the
appropriate conditions to preserve gypsophila plantlets, the results indicate that physical and chemical treatments affect survival
percentage and growth characters. In this study, gypsophila plantlets were resistant to low temperature and water deficit conditions but
sensitive to the type of closure system and carbon source.
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INTRODUCTION
Seeds offer a reliable means for storage of plant germplasm.
However, seed storage is sometimes impractical and in
some cases impossible. Also, some species are seedless and
vegetative propagated, leading to preservation problems
(Withers 1989). In vitro technology offers feasible storage
alternatives for difficult-to-store categories of germplasm
e.g. recalcitrant seeds and vegetative propagated plants
(Grout 1990; Keller et al. 2006).
In vitro preservation of shoot cultures provides a source
of explants protected from contamination and permanently
available for micropropagation. A preservation system with
high growth rates is not ideal for many objects as it requires
frequent attention and large proportion of available culture
space. In this respect, extensive research has been done to
reduce growth rates by decreasing culture medium components and modifying the physical environments. Even
though modification of the gaseous environment by control
of the gas balance is one way to retard growth, the most
practical and effective slow growth methods to date involve
reducing the incubation temperature (reviewed by Cha-Um
and Kirdmanee 2007) and/or adding osmotic retardant to
the culture medium. Cultures of many species can be maintained in this way from six months to two years without
subculturing (Withers 1987, 1992). In this connection, several attempts have been achieved to preserve tissue cultures
of some important plant species by slow growth methods
(Wanas 1992; Bekheet et al. 2001; Winarto et al. 2004;
Islam et al. 2005; Divakaran et al. 2006; Cha-Um et al.
2007; Bekheet 2007).
Gypsophila paniculata L. is one of the most important
cut flowers in commercial floriculture. It is a vegetatively
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propagated plant because it is naturally sterile or seedless
(Shillo 1985). Thus, its germplasm can not be stored or handled easily using conventional method. In vitro propagation
of different Gypsophila cultivars has been developed by
several researchers (Zamorano-Mendoza and Mejia-Munoz
1994 on ‘Perfecta’; Ahroni et al. 1997 on ‘Arbel’; Lee and
Bae 1999 on ‘Bristol fairy’). The objective of this work was
to study the effect of temperature and mannitol level as well
as sucrose level and capping type on in vitro shoot preservation of G. paniculata.
MATERIALS AND METHODS
Establishment of in vitro culture
G. paniculata L. ‘Bristol fairy’ shoot cuttings (3.5 ± 0.5 cm in
length), were obtained from maturated plants from the greenhouse,
surface sterilized with 70% ethanol for 1 min, followed by 20%
commercial Clorox [5.25% (w/v) active ingredient, sodium hypochlorite] for 20 min. The explants were then rinsed three times
using sterile distilled water. Shoot tips (2.5 r 0.5 mm in length)
were aseptically excised and then cultured in glass vessels containing 40 mL of MS medium (Murashige and Skoog 1962) supplemented 2.69 μM -naphthaleneacetic acid (NAA) and 2.22 μM
6
N-benzyl amino purine (BAP) according to Rady and Hanafy
(2004) who also used ‘Bristol fairy’. The MS basal medium was
supplemented with 3% sucrose and solidified with 0.7% agar. The
pH was adjusted to 5.8 before autoclaving. Culture vessels containing shoot tips were incubated in a growth chamber at 25 ± 2°C
under 40 μmol m-2 s-1 photosynthetic photon flux (FFP) provided
by cool white fluorescent lamps (Philips, 40 W Champion AR)
with a 16 h photoperiod for 4-5 weeks then subcultured three
times on fresh medium to generate plant materials (Fig. 1).
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Fig. 1 Shoot cultures of
gypsophila after three
subcultures on MSmedium supplemented
with 2.69 μM -naphthaleneacetic acid (NAA)
and 2.22 μM 6N-benzyl
amino purine (BAP).
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Fig. 2 Shoot cultures of gypsophila after six months of preservation on
MS-medium contained 0, 2, 4 and 8% mannitol and incubated at
25qC (A) and 5qC (B).

Osmotic stress and low temperature
To investigate the effect of temperature in combination with osmotic stress (mannitol) on preservation of shoot cultures of G. paniculata, proliferated shoots (2.0 ± 0.5 cm in length) were transferred into fresh medium and supplemented with 0, 2, 4 and 8%
mannitol. The plantlet cultures were then incubated at 25 or 5°C
for 6 months. Survival percentage, healthy shoot percentage, number of shoots and shoot height (cm) were recorded.

nitol to 2 at 8% mannitol with the two different temperatures used as well as shoot height declined from 4.60 and
4.30 cm at 0.0% mannitol to 3.30 and 3.00 cm at 8% mannitol with 25 and 5°C respectively.). However, the best survival rates (100%) were at 4% mannitol in the culture medium at both temperatures tested. Mannitol was reported to
inhibit the growth of micropropagated asparagus (Conner
and Fallon 1993) and chrysanthemum (Teixeira da Silva
2004). One of the most pronounced results of this study is
that low temperature storage did not inhibit the growth of in
vitro grown shoot cultures of gypsophila, and this may be
because gypsophila is a temperate plant species, which
grows well at cool temperatures and is able to resist low
temperatures and water deficit (Cha-um, pers. comm.). A
relatively slower growth was observed at normal temperature compared with those incubated at low temperature,
since healthy shoots percentage values were 70, 80, 90 and
75% at 25°C and 80, 90, 100 and 95% at 5°C.
The highest percentage of survival and healthy shoots
(100%) was recorded with medium amended with 4% mannitol and their cultured incubated at 5°C. However, in spite
of the lowest growth rates observed with 8% mannitol containing medium which incubated at 5°C, some evidences of
hyperhydricity and senescence were noticed (Table 1, Fig.
2). Bekheet (2000) found that 90% of shoot cultures of asparagus grown in vitro remained healthy and green on medium contained 4% mannitol up to 6 months at normal culture conditions.
Statistical analysis revealed no significant differences
between treatments of cultures which where incubated at
5°C. Thus, the significant change in survival and growth of
gypsophila cultures is caused by incubation at 25°C and this
may be due to the changes in the concentration of mannitol
add to the culture media that affect the nature of plant
growth. It is obvious that the addition of mannitol to the
culture media in different levels significantly affects healthy
shoots and the number of shoot in the treatments. From the
above results we can conclude that the addition of mannitol
to the culture medium with incubation at 5°C can be used
successfully for preservation of gypsophila shoot cultures
and sub-culturing schedule can be extended to 6 months or
more. In this respect, Son et al. (1991) stated that low tem-

Sucrose levels in media and type of enclosures
To evaluate the role of sucrose level in culture medium and type of
enclosures on preservation of shoot cultures of gypsophila, sucrose
was added at 0, 1, 2 and 3% and the culture tubes were enclosed
with polypropylene caps, cotton, one or two layers of aluminum
foil. After 6 months of incubation at 25°C, survival percentage,
healthy shoot cultures percentage, number of shoots and shoot
height (cm) were registered.

Statistical analysis
The results presented are the mean values ± standard errors obtained from at least five replicates. Statistical significance between
mean values was assessed using the F-test according to Steel and
Torrie (1960). Analysis of variance was determined and the value
of least significant difference was calculated at 5% level to compare different treatment. All experiments were designed in completely randomized design and repeated twice.

RESULTS AND DISCUSSION
Effect of osmotic stress and low temperature
preservation
Data of in vitro storage of gypsophila tissue culture presented as survival percentage, healthy cultures percentage, and
number of shoots and shoot height were illustrated in Table
1 and Fig. 2.
Results indicate that presence of mannitol in the culture
media had a retardant effect on growth and tissue culture
differentiation, and gradually decreased growth as mannitol
level increased in the medium, although only extremely
high levels (6 and 8% mannitol) affected growth parameters
negatively. From the obtained data it could be observed that
number of shoots declined from 4 and 3.50 at 0.0% man-

Table 1 Effect of different mannitol concentrations in culture medium and temperature on survival and growth of gypsophila cultures in vitro for 6
months.
Mannitol
Incubation at 5qC
Incubation at 25qC
(%)
Survival rate
Healthy shoots  of shoots
Shoot length
Survival rate
Healthy shoots  of shoots
Shoot height
(%)
(%)
(cm)
(%)
(%)
(cm)
0
90 a
70 b
4.00 ± 0.05 a
4.60 ± 0.10 a
100 a
80 a
3.50 ± 0.17 a
4.80 ± 0.09 a
2
90 a
80 a
3.00 ± 0.11 a
4.00 ± 0.20 a
100 a
90 a
3.00 ± 0.22 a
4.70 ± 0.08 a
4
100 a
90 a
2.10 ± 0.15 b
3.90 ± 0.22 a
100 a
100 a
2.90 ± 0.18 a
3.80 ± 0.12 a
8
90 a
75 b
2.00 ± 0.13 b
3.30 ± 0.10 a
100 a
95 a
2.00 ± 0.21 a
3.00 ± 0.08 a
Numbers in the same column followed by the same letter are not significantly different at P 0.05.
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Table 2 Effect of sucrose concentration and type of caps on survival and
growth of gypsophila shoot cultures in vitro for 6 months.
Sucrose
Survival
Healthy
 of shoots
Shoot length
concentration rate
shoots
(cm)
(%)
(%)
(%)
Polypropylene caps
0
100 a
90 a
0.0 b
2.00 ± 0.02 b
1
100 a
95 a
3.50 ± 0.05 a 5.00 ± 0.20 a
2
100 a
100 a
4.30 ± 0.09 a 4.80 ± 0.11 a
3
100 a
95 a
5.00 ± 0.20 a 4.20 ± 0.03 a
Cotton wool
0
100 a
95 a
2.20 ± 0.04 b 3.00 ± 0.11 b
1
100 a
100 a
3.00 ± 0.01 a 6.00 ± 0.30 a
2
100 a
100 a
3.30 ± 0.08 a 7.00 ± 0.20 a
3
100 a
100 a
4.00 ± 0.10 a 3.30 ± 0.05 b
One layer foil
0
100 a
80 a
0.0 c
3.00 ± 0.13 b
1
100 a
90 a
2.00 ± 0.04 b 4.50 ± 0.22 a
2
100 a
95 a
4.80 ± 0.20 a 5.20 ± 0.17 a
3
100 a
90 a
5.30 ± 0.13 a 3.90 ± 0.20 b
Two layer foil
0
70 b
50 c
0.0 b
2.30 ± 0.02 b
1
100 a
80 a
4.50 ± 0.25 a 4.90 ± 0.15 a
2
100 a
90 a
5.80 ± 0.14 a 8.00 ± 0.19 a
3
90 a
80 a
3.80 ± 0.15 a 4.90 ± 0.25 a

A

B

C

D

Numbers in the same column followed by the same letter are not significantly
different at P 0.05.

perature (about 4°C) has been widely applied for short-term,
minimal growth storage of cultured plant cells, tissues and
organs. To prepare for nursery planting during the optimal
growing season, low-temperature storage was used successfully for large-scale synchronization of transplanting propagules.
Slow growth involves osmotic stress, which may be a
problem in culture prone to somaclonal variation. Therefore,
slow growth is not generally recommended for disorganized
cultures such as callus tissues. In this respect, several authors claimed that osmotic medium and low temperature increased survival percentage of in vitro stored cultures
(Dodds 1988; Arora and Bhojwani 1989; Bekheet 2001).

Fig. 3 Shoot cultures of gypsophila after six months of preservation on
MS-medium supplemented with 2.69 μM -naphthaleneacetic acid
(NAA) and 2.22 μM 6N-benzyl amino purine (BAP) and covered with
polypropylene caps (A), cotton (B), one layer aluminum foil (C) and
two layers aluminum foil (D).

Effect of sucrose level and type of enclosure on
preservation

of foil the highest survival rate (100%), healthy shoot percentage (95%) and shoot length (5.20 cm) were observed
when 2% sucrose was added to the culture medium, while
the highest number of proliferated shoots (5.30) was obtained when 3% sucrose was added to the media. When
shoot cultures tubes were covered with two layers of foil
the highest survival rate (100%), healthy shoot percentage
(90%), number of shoots (5.80) and shoot height (8 cm)
were obtained when 2% sucrose was added to the culture
medium (Fig. 3).
When comparing the different enclosures it was observed that covering shoot cultures tubes with polypropylene caps and cotton gave best healthy shoot percentage and
percentage survival (100%), while covering shoot cultures
with two layers of foil gave the longer shoots (8 cm) and
highest number of shoots (5.80) with 2% sucrose in the media. On the other hand, covering shoot culture tubes with
two layers of foil resulted in the lowest survival percentage
(70%) and healthy shoots percentage (50%) while covering
with polypropylene caps and two layers of foil gave the
shortest shoots (2 cm) and number of proliferated shoots
when shoots were grown in sucrose-free medium. Statistical
analysis showed that although an increased concentration of
sucrose in the culture media did not significantly affect the
survival percentage and healthy shoot percentage, except
with two layers of foil, there was an increase in survival
rate and percentage healthy shoots as the concentration of
sucrose increased. However, increased sucrose concentration in the culture media also significantly affected shoot
length with all caps used.
In this respect, Woo and Joo (1999) reported that aera-

The role of sucrose level in culture medium and type of enclosures on preservation of shoot cultures of G. paniculata
were studied. Sucrose was added to the culture medium
from 0 to 3% and the culture tubes were covered with polypropylene caps, cotton, and one layer of aluminum foil and
two layers of aluminum foil.
Data in Table 2 demonstrates the influence of sugar added to culture media and type of enclosures on survival and
growth of gypsophila shoot cultures preserved in vitro for 6
months. Data presented in Table 2 shows that absence of
sucrose in the culture media caused a decrease in healthy
shoot percentage with all caps used. The greatest decrease
in the percentage of healthy shoots (50%) was observed
when culture vessels were covered with two layers of foil.
There was a highly significant difference between all treatments with and without sucrose. When shoot culture tubes
were covered with polypropylene caps, the longest shoots
(5 cm) were obtained with a low concentration of sucrose
(10%), while the highest percentage (100%) of healthy and
proliferated shoots were obtained with high levels of sucrose (2 and 3%) in the media. When shoot cultures tubes
were covered with cotton, the longest shoots (7 cm) were
obtained when 2% sucrose was added to the culture medium, while the highest survival percentage, healthy shoot
percentage (100%) and number of shoots (4%) were obtained when 3% sucrose was added to the media (in many
ways 3% sucrose is a fairly standard level in tissue culture
and this treatment could also be considered as a control).
When shoot culture tubes were covered with one layer
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tion treatment on cap and agar concentration did not affect
vitrification, but promoted the elongation of adventitious
shoots of G. paniculata ‘Bristol fairy’ and ‘Red sea’ cultures.
Also, Dillen and Buysens (1989) reported that a simple
adaptation of the plastic lids that are commonly used in
micropropagation of G. paniculata L. shoot cultures allowed controlled and contamination-free transpiration.
In conclusion, the absence of sucrose in the media
during preservation retarded the overall growth of Gypsophila shoot cultures in treatments where caps were used
while the addition of high levels of sucrose (2 or 3%) improved growth (number of proliferated shoots and shoot
length) of shoot cultures. As for the capping type, polypropylene caps and two layers of foil were the best for the proliferation of shoot cultures. The main reason for prolonged
survival of plants in tubes with polypropylene and two
layers of foil appears to be due to the slow loss of water
from the tubes. Moreover, it could be concluded that addition of mannitol to the culture medium with incubation at
5°C resulted in better growth of gypsophila shoots. From
the present study we can recommend that this method may
provide an economical means to preserve germplasm and
could be useful in exchange of sterile material between
commercial laboratories due to the small size and relative
ease in handling, transportation, or in conservation of elite
germplasm.
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