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ABSTRACT
This study was designed to examine the effects of different media supports, brands of agar and gelling
agents in the tissue culture of Nicotiana tabacum. There were significant differences (P<0.05) in
terms of fresh weight, dry weight and number of shoots produced between the supports used. Best
response was obtained with liquid agitated medium. However, there were no significant differences
(P<0.05) between the gelling agents in terms of fresh weight, dry weight and number of shoots produced.
Investigation in the response of two different cultivars of Nicotiana tabacum, viz Amarello and Virginia
NC 95, to different support media, revealed significant differences (P<0.05), especially in their
regeneration capability in liquid agitated medium. The gelling agents were also analyzed for their
chemical properties. Large differences were observed between the gelling agents. The non-agar gel,
gelrite, one of the best gelling agent, had a high content of ash, copper, iron, magnesium and zinc
compared to the others.

Keywords : Media supports, gelling agents, agar brands, tissue culture, chemical
analysis.
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INTRODUCTION
Agar is the most fequently used solidifier in plant tissue culture media. It has the
desirable characteristics of high gel clarity, stability and resistance to digestion by
plant enzymes during use. Agar was also thought to be biologically inert but a
number of reports on its adverse effects have been published (Romberger & Tabor,
1971; Debergh et al. 1981; Debergh, 1983), including batch-to-batch variability,
inhibition of growth, presence of impurities and impartment and impairment of
vitrification. The major criteria used in selecting the brand and the concentration
of agar seem to be availability and price. Agar can be the most expensive component
of plant tissue culture media. The cost of commercial micropropagation can be
drastically reduced if cheap alternatives to the highly expensive purified agar could
be used. A number of such substitutes have been tried including, methylcellulose
and alginate (Adaoha Mbanaso & Roscoe, 1982), starches from barley, corn, potato,
rice and wheat, gellan gum and potato starch (Bornman & Vogelmann, 1984;
Calleberg et al. 1989), microcrystal cellulose (Gorinova et al. 1993), isubgol (Babbar,
1998), gelatin, pectin and a number of other support systems such as agitated liquid
medium, filter paper, cotton wool, polyester fleece and glass beads. Differences in
the performance of agars and gelled media have been attributed to limited diffusion
of medium components and water (Romberger & Tabor, 1971; Stolz, 1971),
impurities (Nairn et al. 1995) and to differences in gel strength (Debergh, 1983).
The use of liquid medium in tissue culture is often described as a means of reducing
the cost of micropropagation (Alvard et al. 1993). The advantages include increased
availability of water and dissolved substances to the explants and lower labour and
production costs. Shoot production of Rhododendron, was ten-fold higher in liquid
medium than on agar-solidified medium (Douglas, 1984) and with Pinus caribaea
Skidmore et al. (1988) found that shoot incubated in liquid medium were longer
than those cultured on solid medium. Although many positive results have been
found with liquid cultures, hyperhydricity, a physiological disorder of tissue-cultured
plants in which the organs or tissues, particularly leaves, have waterlogged,
translucent and glassy appearance, has been reported for many crops cultured
directly in liquid media (Debergh et al. 1981; Ziv et al. 1983). A number of
techniques to support plants over stationary liquid, and thus reduce vitrification,
have been explored (Debergh & Maene, 1981; Conner & Meredith, 1984; Barve et
al. 1986; Roberts & Smith, 1990) including use of rockwool, poly-urethane and
cellulose plugs. Recently, the use of a two-phase (a liquid phase on a solid phase)
medium has led to a high multiplication ratio combined with lower sensitivity to
vitrification (Chu et al. 1993). However, higher labour requirements in the
establishment and subculturing of both liquid cultures with support and the twophase culture system have a direct effect on the price of producing plantlets.
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There are many commercial grades of gelling agents. The importance of using
pure grade gelling agents in experimental tissue culture work is widely
acknowledged, however, their use in commercial micropropagation is not necessary.
Less pure grade gelling agents may contain various ions, sulphonated
polysaccharides and long fatty acids but their effect on plant growth in vitro is
unknown (George & Sherrington, 1984). There are a number of published reports
on the chemical and physical characteristics of agars and gelled media (Debergh,
1983; Scholten & Pierik, 1998) but what makes an optimum agar for plant in vitro
culture work, is not known.
This report presents the chemical analyses of five commercially available gelling
agents and discusses their performance in the tissue culture of Nicotiana tabacum.
A comparison between two cultivars of Nicotiana tabacum to different types of
support is also presented.
MATERIALS AND METHODS
Plant material and medium
Two cultivars of Nicotiana tabacum viz. Amarello and Virginia NC 95 were used as
source of explants. The plants were grown under field conditions at Richelieu
Experimental Station. Amarello was grown from May to September while Virginia
NC 95 from September to December. All plants were fertilized monthly with, either
225 Kg/arp for Virginia NC 95 or 300 Kg/arp for Amarello, complete fertilizer
6:18:24. Disease and pest control for the two cultivars are shown in Table 1.
Young unfolded leaves from plants in the pre-flowering stage were used as explant
materials. They were washed in soapy water followed by rinsing under tap water.
As the leaves were too large, they were cut into 5cm2 sections and soaked, with
stirring, in 0.6 gL-1 Benlate solution for 15min. After rinsing under running tap
water, the leaf sections were sterilized by soaking in a solution containing 0.5%
sodium hypochlorite and 2 drops of Tween 20 (polyoxyethylene sorbitan
monolaurate)/100ml. After 20 min of gentle agitation, the leaves were rinsed four
times in sterile distilled water (10 min in each rinse), cut into 1cm2 sections, avoiding
large veins and borders, and inoculated into the culture medium, adaxially in the
case of gelled media. Murashige & Skoogs (1962) culture medium was used
throughout.
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Support matrix
The different types of matrix used for support were: (i) gelled medium, (ii) static
liquid medium, (iii) agitated liquid medium, and (iv) static liquid medium with
beads and filter paper as support. The latter was prepared by placing 10 glass beads
(15mm diameter) per 250ml conical flask and layered with a filter paper. The beads
were soaked overnight in bleach and washed with distilled water before use.
Gelling agents
The gelling agents used in the experiments were:
(i)
Gelrite gellan gum (Phytagel, Sigma), a fermentation derived, nonagarophytic heteropolysaccharide, which gels at lower concentrations than
agarophytic agar,
(ii)
Agar A (Extra Pure, Hi-Media),
(iii)
Agar B (imported from Japan and distributed by Li Wan Po & Co. Ltd.),
(iv)
Agar C (imported from E.C and distributed by Ip Min Wah & Co. Ltd.)
and
(v)
Foodgrade cornstarch (Mammy).
The last three gelling agents are available at most local supermarkets
Table 1. Disease and pest control for Nicotiana tabacum.
Pest / Disease

Symptoms

Tobacco budworm Small larvae feed in the vegetative bud
(Heliothis spp)
causing a ragged appearance
as the leaves develop
Leaf spots

Irregular, angular
and dark coloured lesions

Control
1.2 gL-1 Lannate 90 /
0.5gL-1 Decis
(in alternate)
2.0 gL-1 Dithane /
0.5 gL-1 Benlate
(in alternate)

Preparation of culture media
For solid media, Difco Bacto-agar at 0.8% w/v was used as a control in all
experiments. Due to unavailability of a penetrometer to determine gel strength
(firmness), solidity was assessed by touching. A concentration of 8.0 gL-1 was
found to be necessary for Agar A, B and C. For Gelrite, 2.5 gL-1 was used as
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recommended by the manufacturers and for cornstarch (Mammy), 90 gL-1 was found
to be necessary to give a firm gel. The cornstarch was first made into a slurry and
added to the media before adjusting the volume and pH which was 5.8 for both
liquid and gelled medium. All media were autoclaved at 121 0C for 15 min and
cooled at room temperature. The only plant growth regulator added to either the
liquid or gelled media was N 6 - benzyladenine (BA, 5µM). For the experiment to
compare the response of two cultivars of N. tabacum to the support matrix, 250ml
conical flasks with 80ml of medium per flask were used while for the experiment to
investigate the response of N. tabacum to different gelling agents, 250mL baby
food jars with 50mL of medium per jar were used.
Gelled cultures, static liquid cultures and static liquid cultures with beads and filter
paper as support were maintained in a growth room while agitated liquid cultures
were placed in an incubator shaker (Model G25, New Brunswick Scientific Co.).
In all cases, artificial light was provided by parallel fluorescent tubes installed above
the cultures. The luminous intensity was 1000lux (The equivalent of 15.7 µmol m 2 -1
s of photosynthetically active radiation) and all cultures were subjected to a 16 /
8h light / dark photoperiod. The ambient temperature was 24 ± 20C. The speed of
the shaker was maintained at 90 ± 10rpm. Humidity was not controlled.
Chemical analysis
Concentrations of elements were determined by atomic absorption spectrometry
(Unicam 929) or flame photometer (Corning 410). Nitrogen was determined by
the Macro-Kjeldahl technique using an automated nitrogen determination system
(Gerhardt Kjeldatherm). Concentrations of elements in dry agar were determined
in duplicate.
Experimental design
For the comparison of the response of the two cultivars of N. tabacum to the matrix
support, a completely randomized design with 4 x 2 factorial distribution, that is,
four treatments (Bacto-agar gelled medium, gelrite gelled medium, liquid agitated
medium and static liquid medium with glass beads as support) and two cultivars,
was used. For the investigation of the response of N. tabacum (Amarello) to different
gelling agents, a completely randomized design was again used but with six
treatments. All treatments consisted of 10 replicates and each replicate contained
two explants. The fresh weight, dry weight and number of shoots (> 0.8cm) were
recorded after 32d in culture. The mean was calculated. Significant differences
between treatment means were determined using either the F-test or the t-test.
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RESULTS
Effect of different gelling agents
Results (Table 2) show that there were no significant differences (P<0.05) between
the gelling agents in terms of fresh weight, dry weight and the number of shoots
produced after 32d in culture. Best results were obtained when using gelrite as the
gelling agent. Although the lowest number of shoots were obtained when using
cornstarch, leaf development was more pronounced than the other five gelling agents.
Medium matrix and cultivars
Apart for the cultivar Virginia NC95 in static liquid medium, an increase in weight
was noted in all treatments after 32d in culture. For both cultivars, lowest fresh
weight, dry weight and mean number of shoots were obtained in liquid static medium
while the highest fresh weight and dry weight were obtained in agitated liquid
medium. Liquid agitated medium also gave the highest number of shoots but for
the cultivar Amarello only. There were significant differences in terms of fresh
weight, dry weight and number of shoots produced after 32d in culture (1) between
solid and liquid media, (2) between the treatments, (3) between the cultivars and
(4) between different methods of culture (treatments) and cultivars at 5% level of
significance (Tables 3, 4 and 5).
Table 2. The effects of different gelling agents on fresh weight, dry weight and
number of shoots of Amarello tobacco produced after 32d in culture
Gelling agent

Amount (gL -1)

Fresh wt (g)

Dry wt (g)

No of shoots

Bacto-agar

8.0

4.75a

0.36 b

3.21c

Gelrite

2.5

4.98a

0.38 b

3.41c

Agar A

8.0

3.48a

0.26 b

2.99c

Agar B

8.0

4.14a

0.31 b

3.01c

Agar C

8.0

2.38a

0.17 b

2.82c

Cornstarch

90

2.77a

0.20 b

1.80c

For a particular parameter, means followed by the same letter do not differ significantly at 5% level of
significance (F-test).
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Table 3. Mean fresh weight (g) of the two cultivars
of tobacco leaf explants after 32 d in culture
Treatments

Amarello

Virginia NC 95

Difco Bacto-agar solidified medium

13.07 d

12.51d

Gelrite solididified medium

12.30 d

12.48d

Liquid static medium

2.37b

0.22a

Liquid medium with beads and filter paper support

3.62c

4.33c

Agitated liquid medium

15.72e

15.46e

Means followed by the same letter are not significantly different at 5% level of significance with a ttest. Fishers Least Significant Difference (LSD) = 0.975

Table 4. Mean dry weight (g) of the two cultivars
of tobacco leaf explants after 32 d in culture
Treatments

Amarello

Virginia NC 95

Difco Bacto-agar solidified medium

1.13ef

0.98d

Gelrite solidified medium

1.06de

0.98d

Liquid static medium

0.20b

0.02a

Liquid medium with beads
and filter paper as support

0.40c

0.38c

Agitated liquid medium

1.25fg

1.18fg

Means followed by the same letter are not significantly different at 5% level of significance with a ttest. Fishers Least Significant Difference (LSD) = 0.146.
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Table 5. Mean number of shoots
for the two tobacco cultivars after 32d in culture
Treatments

Amarello

Virginia NC 95

Difco Bacto-agar solidified medium

68.0 e

53.8d

Gelrite solidified medium

67.1 e

52.6d

Liquid static medium

1.0 b

0.0 a

Liquid medium with beads
and filter paper as support

9.6 c

9.9 c

Agitated liquid medium

82.5f

0.0 a

Means followed by the same letter are not significantly different at 5% level of significance with a ttest. Fishers Least Significant Difference (LSD) = 4.62.

When either Difco Bacto agar or gelrite-solidified media were used, for both
cultivars, nodules appeared along the cut edges of the explants. These nodules
formed shoots and eventually plantlets. In cases where static liquid medium or
liquid medium with beads and filter paper were used, very little shoot formation
occurred, especially in Virginia NC 95, which became necrotic after a few days in
culture. Here again shoot formation arose mainly along the cut edges. On the other
hand, using agitated liquid medium, the cultivar Amarello showed extensive shoot
proliferation, both along cut edges and on the entire surface of the explants.
However, the same treatment for cultivar Virginia NC 95 did not produce any shoots
after 32d in culture. Instead, extensive callusing was observed. Some shoots formed
in liquid media showed signs of hyperhydricity. (The differences in fresh weight,
dry weight and number of shoots produced for the cultivar Amarello using the same
gelling agents in the two experiments are due to using different containers and
different amounts of medium).
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Chemical analysis
The concentration of elements in the different gelling agents are given in Table 6.
Gelrite had a high ash, nitrogen, copper, iron, magnesium, zinc and calcium content
compared to the other gelling agents. Cornstarch on the other hand had a low
content of most elements analysed. Apart from the high ash, iron and calcium
contents of Agar C, there were striking similarities in the concentrations of elements
in Difco Bacto agar, Agar A, B and C.
Cost analysis of the gelling agents
The cost analysis of the different gelling agents (Table 7) showed gelrite to be the
most expensive and cornstarch the cheapest.
Table 6. Concentration of elements in the gelling agents
Gelling Agent

nd

Component

Difco
Bacto
agar

Gelrite

Agar A

Agar B

Agar C

Cornstarch

Ash (%)

2.20

7.09

2.95

1.30

7.58

0.16

Nitrogen (%)

0.02

0.07

0.02

0.04

0.03

0.09

Magnesium (%)

0.24

0.40

0.02

0.06

0.02

0.02

Calcium (%)

0.45

0.89

0.07

0.23

0.92

nd

Copper (ppm)

2.00

6.81

3.27

3.09

2.13

1.95

Iron (ppm)

2.87

8.63

2.90

1.94

5.07

1.26

Zinc (ppm)

4.60

9.18

4.35

3.60

1.24

0.13

not detected
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Table 7. Cost analysis of the gelling agents
Gelling Agent

Price / kg (Rs)

Cost / L medium (Rs)

Difco Bacto agar

3,000

24.00

Gelrite

13,000

32.50

Agar A

2,200

17.60

Agar B

810

6.48

Agar C

432

3.46

16.25

1.46

Cornstarch

DISCUSSION
The present study indicated that plantlet production from leaf explants of tobacco
in vitro can be influenced by the support medium. Differences in the response of
different cultivars of tobacco to the support medium were also noted. The fresh
weight, dry weight and the number of shoots produced for the cultivar Amarello
after 32d in culture was higher in liquid agitated medium than on solidified medium.
For the same treatment, the cultivar Virginia NC 95 did not produce any shoots.
There were major differences in the response of N. tabacum leaf explants when
they were subjected to different types of liquid cultures. Explants of both cultivars
produced almost no shoots in static liquid culture. This was most likely due to
asphyxiation of the explants as a result of their complete immersion in the liquid
medium. The use of a support to the explants affords a better aeration. However,
there were significant differences in terms of fresh weight, dry weight and the number
of shoots produced between explants inoculated on a medium solidified with a gelling
agent and using beads / filter paper as support. However, Macleod & Nowak (1990)
found no differences in the regeneration capability of white clover using either agar
solidified medium or small solid glass beads as matrix. According to the same
authors, a 60% saving on media components can thus be made by substituting agar
with beads. In our work, further investigations need to be carried out to see whether
different results are obtained by culturing tobacco leaf explants directly on the beads,
without the filter paper.
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Explants inoculated in liquid medium with continuous agitation at 90rpm gave the
best response, for both cultivars, in all parameters tested. This result is likely due
to the agitation promoting gaseous exchange and at the same time eliminating
gravitational effects and the formation of nutrients and growth regulators gradients
in the medium. Bhagyalakshmi & Singh (1995) reported similar findings in the in
vitro culture of banana. Flow in an agitated flask is generally divided into two
regions - a stagnant region where flow speed is relatively low and a bulk flow
region (Kurata & Mita, 1996).
Growth and organ differentiation were dependent on the medium support and differed
between cultivars. The cultivar Amarello produced shoots in both agitated liquid
medium and solid medium but with significant differences. Virginia NC 95, on the
other hand, produced shoots on solid medium but massive callus on agitated liquid
medium. This indicates that the response of growth performance and organ
differentiation in vitro is highly dependent on the genotype. Our findings are in
agreement with that of Budimir & Vujieie (1992). Shoot regeneration on solid
medium, for both cultivars, however, occurred via nodule formation, a phase where
tissues become competent (Attfield & Evans, 1991). Root formation, in parallel or
just after shoot regeneration indicated that exogenous plant growth regulators are
not required.
Hyperhydricity, a serious physiological disorder common to liquid cultures and
characterized by thick, elongated, brittle and translucent leaves, was observed in a
number of liquid cultures where regeneration occurred. This has been reported by
various workers (Debergh et al. 1992; Sulluman & Maziere, 1992; Roche, 1996).
A number of factors have been listed as being responsible for hyperhydricity such
as, the level of cytokinin, low light, high temperature, type of culture vessels, length
and number of subcultures and damage during disinfestation. However, many of
these factors will only act to induce or evoke hyperhydricity when other conditions
in the culture system are not optimized. For example, Debergh (1983) found that
benzyladenine induced hyperhydricity when cultures were stressed by high water
retention capacity in the head space of the container. Hyperhydricity can be
overcome by a number of ways including use of solidified media with a higher
concentration of gelling agent or a gelling agent with a higher gel strength (Von
Arnold & Eriksson, 1984; Debergh et al. 1981; Ziv et al. 1983), lowering the
cytokinin concentration (Leshem et al. 1988; Paques & Boxus, 1987), avoiding the
use of benzyladenine, increasing Ca2+ and / or decreasing NH4+ (Ziv et al. 1987).
Other techniques including use of pectin or hydrolyzed agar, phloridzin or
phloroglucinol, CoCl2, Ni 2+, fructose or galactose as a carbon source, methionine,
silver nitrate and growth retardants have been investigated (Debergh et al. 1992).
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Considerable differences may exist in the performance of batches of the same brand
of gelling agents. For this study, a large batch of all gelling agents were purchased
and freshly prepared gels were used for all the experiments. The performance of
the gelling agents in bioassays showed gelrite to be the best. Agar A and B were
comparable to Difco Bacto agar, used as a control. Agar C was of bad quality while
cornstarch can be classified as moderate. Possible explanations for the differences
between gelling agents include limited diffusion of nutrients (Romberger & Tabor,
1971), lateral diffusion of water (Stolz, 1971) and impurities (Nairn et al. 1995).
Gel strength is often regarded as an important criterion for agar quality (Debergh,
1983). Media gelled with 2.5 gL-1 gelrite, 8.0 gL-1 agar A, B or C appeared to have
the same gel firmness as media gelled with 8.0 gL -1 Difco Bacto agar. A potential
difficulty noted with cornstarch was the softness of the medium. In our study, 90
gL-1 of cornstarch was found to be necessary to give a firm gel. At this level, there
was no problem with solidification of the media. Further investigations need to be
carried out in the use of acid-modified starch which seems to produce better gels
(Henderson & Kinnersley, 1988).
Gelling agent is a major source of unknown variation and a rich source of impurities.
The significance of the contribution of contaminants of a gelling agent to the final
concentration in a medium depends on the elements. It is generally accepted that
inorganic compounds in gelling agents and the dynamics of the interaction gelling
agent-medium-tissue play a major role during tissue growth in vitro (Scholten &
Pierik, 1998). The chemical analysis of the gelling agents showed that gelrite had
a high content of copper, iron, magnesium, zinc and calcium compared to the other
five gelling agents, with cornstarch having the lowest content of most of the elements
analyzed. However, to be able to explain fully the performances of the gelling
agents used in our experiments, further chemical and physical analyses need to be
carried out. These would include determining the concentration of other elements
including biologically active organic compounds, the electrical conductivity, the
water content, the gel strength, the diffusion rates of water and salts and pH, amongst
others.
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