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Abstract: We investigated in vitro culture techniques to efficiently micropropagate the economically important
flower plant, Gypsophila paniculata L., using stem segments as explants. We obtained multiple shoots using
three different media, Alt1, RS1 and RS2 which all differed in macro and micro elements as well as growth
regulators. RS2 gave the average maximum biomass of 13.0 g. In vitro plants from RS2 medium gave the highest
average percentage survival  of 89.8%  when microshoots were transfered to pots and kept in the greenhouse.
Plants from RS2 medium also flowered a week earlier than Alt1 and RS1 media used. Our results also showed
that a 3 week in vitro transfer interval coupled with a lower reduction in cytokinin 0.5 mg/l reduced vitrification.
Again, the macro and micro salts as well as growth regulators may play significant roles in micropropagating
G. Paniculata.
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INTRODUCTION In many countries such as Norway, there has been

Gypsophila paniculata L. Originates from many
regions including Europe, Central Asia and North
America. G. paniculata is commonly known as Baby’s
breath  and  is   a  member  of  the  Caryophyllaceae
family. The genus consist of about 50 species and
comprises  both  annual,  biannual  and  perennial
species. It is propagated commercially and used in all
types of banquets and design.

It is an obligate long day plant [1]. Successful
commercial   production    of    Gypsophila    depends
upon knowlegde  of  the  environmental  conditions
necessary to produce  flowers  at  specific  times  of  the
year  in  selected  cultivars  [2].  Two   of   the  most
popular cultivars of G. Paniculata are  Bristol  Fairy,
which is the dominant cultivar and Bridal Veil. All
Gypsophila  varieties  have  white  flowers  except
Flamengo which has pale-pink flowers. Apart from the
leading producing countries such as Holland and Israel,
cultivation of Gypsophila has spread to countries like
Columbia, Ecuador and Peru.

the increasing need for dependence on locally produced
Gypsophila plants to reduce the importation of plantlets
of Gypsophila. This is because importation of Gypsophila
may cause significant losses since plants may be
damaged due to the long distances these plantlets would
have to travel before they are finally delivered to farmers.
Micropropagation of Gypsophila has been reported using
shoot tips as explants which produced adventitious
shoots with  NAA  and  BA  as  growth  regulators  [3].
The  use  of  cytokinins  and anticytokinins have been
used  in  in  vitro  propagation  of Gypsophila as a means
of  studying  the  action  mechanism  of  cytokinins  [4].
Leaf segments of G. paniculata have been shown to be
amenable to callus production and cell suspension
cultures [5]. Adventitious shoots have also been
regenerated from internodes and leaf segments [6,7].

The present work seeks to investigate in vitro
propagation methods using three different media with
varying macro and micro elements as well as growth
regulators and their overall effect on some ex-vitro
parameters that could maximise the production of
Gypsophila and also to meet the demands of  farmers.
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MATERIALS AND METHODS Bap and Transfer Interval Effect: The RS2 media

Plant Material: The Plant material was Gypsophila
paniculata L., obtained from the Ulvik Plant Cell
Laboratory (UPL). The Plantlets obtained were in vitro
plants grown on MS-medium [8].

Media Preparation: Three different media used were
modified  form  of  the  Murashige  and  Skoog  medium.
The media differed from each other in terms of the
macroelements,  microelements  and  growth regulators.
The media were designated  Alt1,  RS1  and  RS2.   The
Alt1 medium differed from RS1 and RS2 mdeium in
Ca(NO ) .4H O (1417  mg/l), NH NO  (800 mg/l),3 2 2 4 3

MgSO .7H O (370 mg/l), CuSO .5H O (0.025) and4 2 4 2

supplemented with the growth regulators IAA (0.3 mg/l)
and Kinetin (0.1 mg/l). In RS1, the comparative
composition  was  Ca(NO ) .4H O (710  mg/l), NH NO3 2 2 4 3

(850 mg/l),  MgSO .7H O (520 mg/l), CuSO .5H O (0.005)4 2 4 2

and supplemented with NAA (0.05) and BA(P) (1.0 mg/l).
In  RS2  medium  the  composition was Ca(NO ) .4H O3 2 2

(710 mg/l), NH NO  (1270 mg/l), MgSO .7H O (520 mg/l),4 3 4 2

CuSO .5H O (0.005) and supplemented with NAA (0.05)4 2

and BA(P) (1.0 mg/l).  All the three media used were
supplemented with 6.0 g/l agar and autoclaved at 121°C
for 15 minutes.

Stem cuttings measuring 2.5-3.0 cm long were used to
initiate axillary shoot proliferation. Eight cuttings were
placed on each glass container in all the three media
tested. In all, six glassses per medium per replicate were
carried out. Glass jars were placed in a growth chamber at
20°C and in a light intensity of  2000 lux (30 ìmolm s ).2 1

After six weeks growth period, the fresh weights of plants
(biomass) from each of the three media (Alt1, RS1 and
RS2) were weighed after plantlets had been washed free
from media.

Rooting of Microshoots: Microcuttings (regenerated
shoots from in vitro) were rooted in Seradix B powder
containing the auxin 3-indole acetic acid at a
concentration of 1g/kg. Microcuttings were stuck in clean
plastic holes containing perlite mixture and were sprayed
with water and covered with a plastic sheath material until
the plantlets were hardy enough to survive dessication.
Rooted cuttings from each of the three media tested were
counted and potted. Plants were nurtured with mineral
water until flowering. The time of flowering corresponding
to each media was noted. The length, lateral shoots
emerging from the main stem and inflorescence
corresponding to in vitro plants from the three media
tested were recorded.

(considered  a   superior    medium   to   Alt1   and   RS1
from earlier experiments) was used with modified
concentrations cytokinin (BAP) (1 mg/l)  and another
medium with 0.5 mg/l designated medium A and medium
B respectively.  Four treatments were carried out using
medium A and B.

Treatment 1: Six glass jars with medium A (80 ml each)
were used to aseptically culture stem cuttings. These jars
containing cuttings were placed in a growth chamber at
20°C in 3000 lux. Plants were subsequently transfered at
three weeks interval. During each transfer period, growth
(biomass) was determined.

Treatment 2: Plants were inoculated in medium A as
described above but the transfer interval was six weeks.

Treatment 3: This treatment consisted of 80 ml of medium
B in each glass jar. The transfer interval was 3 weeks.

Treatment 4: Plants were cultivated on medium B but with
a transfer interval of six weeks.

All media were prepared with 30 g of sucrose and
hardened with 6 g/l of agar. All media were autoclaved at
121°C for 15 minutes after which media were dispensed
into glass jars.

Statistical Analysis: All data obtained in this work were
analysed by the SAS (SAS Institute) Statistical Package
(ANOVA).

RESULTS

Media Effect on Multiplication Rate in vitro: There were
no significant differences between the media tested on
multiplcation rate. Generally, all the plants responded
favourably to all the three media tested. Shoots from
axillary  buds  gave  a  multiplication  rate of  4-6  plants
per  explant  per  four  weeks  in all the three different
media tested. Shoots from media RS2 and RS1 appeared
healthier than Alt1 (Figure 1). We have also observed
hyperhydricity (glassy appearance of shoots) in all plants
from the three media.

Media Effects on Fresh Weight (Biomass) and Shoot
Survival: There were no significant differences among the
three different media on fresh weight of shoots and the
number of shoots that survived after rooting. The effect
of of replicates on media and the interaction between
media and replication was, however, significant at 0.01%
level (Table 1).
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Fig. 1: Axillary shoots of Gypsophila paniculata, regenerated In  vitro  from  three  different  media,  A,  Alt1;  B,  RS1
and C, RS2.

Table 1: The effect of Alt1, RS1 and RS2 media on height, lateral shoots
and inflorescence on acclimatised plants of G. Paniculata in
greenhouse

% survival Number of days to
Media Biomass (g) after rooting flowering
----------------- -------------------- ---------------------- ---------------------
Alt 1 12.0 a 89.7 a 57 a
RS1 13.0 a 87.2 a 51 b
RS2 13.4 a 89.8 a 50 b

Statistics

Rep. *** ***
Media NS NS **
Rep.media ***

Level of significance: *P< 0.05 **P< 0.01 ***P< 0.001

Table 2: The after effects of Alt1, RS1and RS2 media on plant height,
lateral shoots and inflorescence on acclimatised greenhouse plants
of Gypsophila paniculata

                              Mean number per plant
----------------------------------------------------------------------------

Media Height (cm) Lateral shoots Inflorescence
--------------- ------------------------------ --------------------- ------------
Alt 1 43.0a 5.0a 5.0a
RS 1 47.6a 4.0ab 5.0a
RS 2 43.0a 3.0b 5.0a

Statistics

Medium NS *** NS
Replicate *** *** NS

Level of significance: *P< 0.05 **P< 0.01 ***P< 0.001
NS-Not Significant
Means with the same letters are not significantly different

Media effects on flowering time and number of
inflorescences: The RS1 and RS2 media were
significantly different from that of the Alt1 medium.
Shoots from  Alt1  flowered  a  week after shoots from

RS1 and RS2 (Table 1). The effect of the media was
significant at the 0.01% level (Table 1).  Replication  effect
gave  a  significance  l  evel   of   0.001%     (Pr>F:   0.0006).
No significant difference was observed in the subsequent
number of inflorescence in all plants resulting from the
three media tested.

Media Effects on Plant Height and Number of Lateral
Shoots: There was no significant difference among the
three  media  used  on plant  height  (Table  2).  However,
the effect of replication produced a significant difference
at the 0.01% level.

Media Effects on Number of Lateral Shoots: There was
significant difference at the 0.01% level on the number of
lateral  shoots  produced per plant. Whereas media RS2
did differ significantly from Alt1, RS1 never differed
siginicantly from RS2 and Alt1. The effect of media on the
differences produced was significant at the 0.0 5% level.
Replication effect did produce a significant difference at
the 0.01% level (Table 2).

Effect of Transfer Interval on Biomass: The transfer
interval of three and six weeks differed significantly from
each other in the biomass produced. The six week transfer
interval gave the highest amount of biomass whilst the
three week transfer interval gave the lowest biomass
(Table 3). However, to give a fair comparison of the
potential of each transfer interval, the six week transfer
interval should be compared to two cycles of three week
interval cultures. In this case three week transfer intervals
will give rise to a higher number of axillary shoots in total.

Effect of BA (P) on Biomass: The effect of BA (P) gave a
significant difference at the 0.01% level for the transfer
interval  of  three   weeks.   There was   no   difference  in
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Fig. 2: In vitro plants from 4 treatments; A. 3 weeks transfer interval with 0.5 mg/l BA(P); B, 3 weeks transfer interval with
1mg/l BA(P); C, 6 weeks transfer interval with 0.5 mg/l BA(P) and D, 6weeks transfer interval with 1 mg/l BA(P).

Table 3: The effect of transfer interval and BA(P) concentration of G.

Paniculata on mean biomass (g) production

Transfer Interval

3 weeks 6 weeks

BA(P) Concentration BA(P) Concentration

0.5 mg/l 1 mg/l 0.5 mg/l 1 mg/l

Biomass (g) 14.9 b 17. 4 b 23.0 a 23.1 a

Means with the same letters are not significantly different.

Note: * P<0.05 **P<0.01 ***P<0.001

biomass production between the two BA (P)
concentrations for the 6 weeks transfer interval. Both
replication effect and interaction between BA (P) and
replication gave a significant difference at the 0.5%  level
(Table 3).

Effect of BA (P) on Biomass: The effect of BA (P) gave a
significant difference at the 0.01% level for the transfer
interval of three weeks. There was no difference in
biomass production between the two BA (P)
concentrations for the 6 weeks transfer interval. Both

replication effect and interaction between BA (P) and
replication gave a significant difference at the 0.5%  level
(Table 3).

Effect of BA (P) Concentration and Transfer Interval as
a Means of Controlling Hyperhydricity: Generally, very
small differences existed between the two BA (P)
concentrations within each period of transfer interval.
However, shoots cultured on media with 0.5 mg/g and 1
mg/l of BA (P) and kept for three weeks were slender as
compared  to  their  counterparts cultured for six weeks
(Fig. 2 A and B). Shoots which were kept for six weeks
were slightly translucent, thick and the degree of
hyperhydricity was prominent than those cultured for the
three week period (Fig. 2 C and D).

Effect of  Transfer Interval and BA (P) Concentration on
Survival in Ex-vitro: The survival rates determined during
the culture period gave 71% survival for plants cultured
in RS2 medium supplemented with 0.5 mg/l BA (P) for
three weeks. Medium A with 1 mg/l BAP) gave a survival
rate of only 38%. 70% survival rate was recorded for RS2
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medium supplemented with 0.5 mg/l with a culture period responsible for the early flowering in RS1 and RS2 plants
of 6 weeks. Medium A (1 mg/l BAP) and a culture period on one hand and Alt1 plants on the other hand. A one
of six weeks gave 34% as the survival rate. Hence, week earlier flowering is improtant to the grower who will
increasing BA (P) level to 1 mg/l reduced the survival rate save costs when harvesting is done early.
to nearly half in both media. Again flower formation is promoted in a number of

DISCUSSION also implicate the roles of BA(P) used in RS1 and RS2

Multiplication Rate and Morphology of Shoots: In the against the use of kinetin in Alt1 medium.
present study, no significant differences existed in the
multiplication rate as far as the Alt1, RS1 and RS2 media Plant Height, Lateral Shoots and Number of
were concerned. The 4-6 microshoots obtained per explant Inflorescences: The three media tested did not produce
was less than that of 19 microshoots obtained on stem any significant differences in plant height (Table 2) during
explants through adventitious shoot regeneration [6]. transfer to pots. The average height for all plants from the
Thus the media influence with respect to number of three media was 44.5 cm, which was close to the work of
shoots per explant was insignificant. Vitrified leafy shoots [14]. Media composition in Alt1 may seem responsible for
at the bases of each explant material in all the three media the significant difference observed in lateral shoots
tested may have originated from the lower node in the production in Alt1 plants than that of both RS1 and RS2
explant as reported by [9]. The auxins IAA and NAA did plants. It may seem that kinetin used in Alt1 medium was
not give any significant difference as far as shoot a better inducer of lateral shoots than BA (P) which was
proliferation was concerned, although NAA has been used in RS1 and RS2 plants. For economic purposes,
widely used in various cereals and grasses [10]. selecting  such  highly  productive  shoots  would

Biomass and Rooting Efficiency (Survival): It can be subsequently  for flower production. All the media tested
inferred from Table 1) that a relatively high percentage of did affect the number  of inflorescences. The different
survival (rooting), nearly 90%, was obtained in all the times at planting did not affect inflorescence change in all
plants  from  Alt1,  RS1  and RS2  medium.  [11]  reported the media tested. G. Paniculata L exhibit considerable
a   survival   rate    of    66%   using   stem-tip   cuttings  of plasticity in inflorescence during different seasons [15].
G. Paniculata Bristol Fairy. This was lower than the The present work did not however, have any influence,
results obtained in the present study. Similarly, 95-99% negative or positive on the number of inflorescence
rooting efficiency has been obtained using adventitious recorded for plants from the different media.
shoot proliferation in G. Paniculata [6,7]. Our results
showed that IAA and NAA would promote a higher Effect of Transfer Interval and BA (P)  Biomass:
rooting efficiency in G. paniculata. Vitrification (hyperhydricity) has been well documented

Flowering: RS1 and RS2 plants flowered one week earlier have been used as a means of remedy in Oregano [16,17],
than Alt1 plants, implicating the  role of excess nitrogen Dianthus caryophylla L. [18], mango somatic embryos
in the flowering of plants [12].  We have used the highest [19], apple shoots [20], G. Paniculata [9]. Detailed
amount of nitrogen in RS2 medium and this may be anatomical studies on vitrification in Gypsophila have
responsible for the observation above. The total nitrogen also been investigated by [21]. Our results indicated that
in RS1 plants was small compared to Alt1 and RS1 plants. a six week transfer interval may yield a relative larger
However, RS1 plants did flower earlier than Alt1  plants. biomass. However, Plants at this stage may have
It can be deduced that total nitrogen was not the only absorbed enough  BA (P) to induce vitrification as
component responsible for the early flowering observed. manifested in their translucent nature. Although plants
However, other factors namely the macroelement and cultured in a 3 week period gave lower biomass, they
microelement composition may be responsible for the inevitably reduced the occurrence or symptoms of
early flowering in RS2 and RS1 plants than in Alt1 plants vitrification. It may be suggested that a culture period of
in the greenhouse. We have also used higher amounts of no longer than 3-4 weeks will be necessary to obtain good
total Sulphate ( SO ), Iron (Fe) and  Chloride (Cl  ) in RS2 quality microshoots.  Increasing the number of cultures4

2- -

and RS1 media than in Alt1 medium and this may be with a transfer interval of three weeks may be more

species by exogenous cytokinins [13]. Our findings may

media in promoting early flowering in Gypsophila as

increase profitability because the shoots can be used

to occur in many plant species. A variety of techniques
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productive in terms of biomass production than leaving 6. Ahroni,  A.,  A.  Zuker,  Y.  Rozen,   H.   Shejtman
cultures for six weeks. This approach may not only give
higher biomass but may also reduce the chances of the
plants being vitrified on a medium with a transfer interval
interval of six weeks.

It  thus  can  be  inferred  from  visual  observation
that lowering the cytokinin concentration in a particular
medium  gave  reduced  symptoms  of  vitrification  [22,3].
In the present study, we have used a lower concentration
of 0.5 mg/l BA (P) as against 1 mg/l to reduce vitrification.

In conclusion, RS2 plants were much greener than
plants from the other two media, RS1 and Alt1 media
during the in vitro stage and was at this stage considered
a better medium than the other two media. In addition, a
reduction of cytokinin levels may lower symptoms of
vitrification and gave better rooting efficiency. The effect
of media on number of days to flowering in the growth
period in greenhouses, subsequent to the in vitro
propagation, is of great importance for the Gypsophila
grower.
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