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Agar is one of the most popular solidifying agents in plant tissue culture. High price of pure grade agar
and fear of over exploitation of its resources caused searching for low cost alternatives. In this study,
liquid medium with cotton substratum and different combinations of starch, semolina, potato powder
and agar in two steps of micropropagation (shoot induction and proliferation) were investigated. The
highest frequency of regeneration was found in media containing agar (0.8%), combination of starch:
semolina: potato powder (2:1:1) in 9 and 12% and combination of starch (6%) plus agar (0.4%), but
maximum shoot numbers were produced in media containing agar (0.8%), combination of starch (6%)
plus agar (0.4%) and liquid medium with cotton substratum. The best shoot proliferation take place in
liquid medium with cotton substratum. The results show that the combination of starch: semolina:
potato powder (2:1:1) in 9% and starch (6%) plus agar (0.4 %) can be suitable alternatives for agar in
regeneration stage but the shoot number is lower than agar alone. These options are very cheaper than
agar. The best shoot proliferation can be done in bioreactors or liquid medium with suitable substratum
like cotton.
Key words: Gelling agent, low cost, micropropagation, liquid culture.
INTRODUCTION
In plant tissue culture, the composition of medium like
mineral salts, organic supplements, growth regulators
and gelling agents affect the culture responses (Gamborg
et al., 1968; Gamborg and Phillips, 1995). There are
special media compositions for some plants (Nitsch and
Nitsch, 1969; Pierik, 1989). Based on gelling agents, media
are classified as solid, semi solid, semi liquid and liquid.
Agar, as solidifying agent, due to its stability, high clarity,
nontoxic nature and resistance to its metabolism, is
commonly used in the plant tissue culture (McLachlan,
1985).
Recently, researchers try to find a suitable substrate
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instead of agar, because of high price of pure grade agar
and there are some doubts about its nontoxic nature.
Moreover, the exclusive use of agar may result in over
exploitation of its resources (Jain and Babbar, 2005; Deb
and Pongener, 2010). Different materials such as, starch
from various sources (Sorvari and Schieder, 1987;
Zimmerman, 1995; Dabai and Muhammad, 2005), starch
with low concentration of gelrite (Zimmerman, 1995),
combination of starch: semolina: potato powder (2:1:1)
(Prakash et al., 2002), Isubgo (Babbar and Jain, 1998;
Jain et al., 1997), sago (Bhattacharya et al., 1994), Xanthan
gum (Babbar and Jain, 2006) and guar gum (Babbar et
al., 2005; Jain et al., 2005) were used as alternative
gelling agents. Nowadays, commercial micropropagation
labs are using low cost agar alternative in routine protocols.
Even liquid medium and micropropagation in bioreactors
which eliminate agar contributes 70% of the costs
(Prakash et al., 2002). Other researchers evaluated polyurethane foam, coconut coir and betel nut coir in liquid
medium (Deb and Pongener, 2010). This study was carried
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Table 1. Different media with combination of starch, semolina, potato powder and agar as gelling agent.

Medium
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O

Composition
12% (Starch 2: Semolina 1: Potato powder 1)
9% (Starch 2: Semolina 1: Potato powder 1)
9% (Starch 1: Semolina 1: Potato powder 1)
6% (Starch 2: Semolina 1: Potato powder 1)
6% (Starch 1: Semolina 1: Potato powder 1)
6% (Starch 2: Semolina 1: Potato powder 1) + 2 g/l agar
6% (Starch 1: Semolina 1: Potato powder 1) + 2 g/l agar
6% (Starch 2: Semolina 1: Potato powder 1) + 4 g/l agar
3% (Starch 2: Semolina 1: Potato powder 1) + 4 g/l agar
3% (Starch 1: Semolina 1: Potato powder 1) + 4 g/l agar
9% Starch
6% Starch + 4 g/l agar
3% Starch + 4 g/l agar
9 g/l agar
Liquid medium with cotton substratum

out to find a low cost option for micopropagation of
African violet.
MATERIALS AND METHODS
In the first step of this experiment, the effect of different gelling
combinations (Table 1) in Murashige and Skoog (MS1) medium
supplemented with 1 mg/l N6-benzyladenine (BA1), 0.2 mg/l
Naphthalene acetic acid (NAA1), 30 g/l sucrose and pH= 5.7 were
investigated on shoot induction, regenerated shoot number, height
and dry weight of plantlets in the first subculture. Young leaves
were cut in to pieces of 1×1 cm2 as explants. In the second step,
regenerated explants were cut in to 4 pieces and transferred to the
media containing agar, combination of starch: semolina: potato
powder (2:1:1) in 9%, combination of starch (6%) plus agar (0.4%)
and cotton substratum in liquid MS medium containing 1 mg/l BA,
0.2 mg/l NAA, 30 g/l sucrose and pH= 5.7 for shoot proliferation.
Then the shoot number, plantlet height and dry weight were determined. Cultures were incubated at 25°C in 16 h, light photoperiod
with cool white fluorescent at 5000 lux.

RESULTS AND DISCUSSION
There were differences among media based on solidified
degree. Media with composition of A, B, L and N were
solid, C, D, E, F, G and J media were semi liquid and H,
I, K and M media were semi solid (Table 1).
Two weeks after culture, some of explants got brown
and died. After 3 weeks, regeneration signs were observed in green and inflamed explants. Regenerated shoots
in all treatment were normal. Media containing A, B and
N had maximum frequency of regeneration (100%, Figure
1). Explants in media containing M, N and O compositions produced higher shoot number (12, 12.7 and 11.3
shoots, respectively) followed by B, I, J, K and L media
(Figure 2). Media containing compositions of starch,
semolina and potato powder except B medium produced

Solidified degree
Solid
Solid
Semi liquid
Semi liquid
Semi liquid
Semi liquid
Semi liquid
Semi solid
Semi solid
Semi liquid
Semi solid
Solid
Semi solid
Solid
Liquid

a few shoot numbers. Although, A and B media were
solid and had maximum regeneration frequency but the
shoot number in A medium was low (5 shoots per
explants) and in B medium was 10 shoots per explants.
Conversely, liquid medium (O) had low shoot induction
(36.7%) but shoot production was much more (11.3
Shoot per explant). Plantlets in O medium had maximum
dry weight and height (95.8 mg and 14.3 mm,
respectively), while these parameters were the same in
A, B, I, J, K, L, M and N media (Figures 3 and 4).
Shoot induction and their growth of them are strongly
influenced by the physical consistency of the medium.
Apparently, the viscosity of medium and its component
play an important role in African violet regeneration.
Medium containing high (12%) and low (6 and 3%)
percentage of starch, semolina and potato powder combination in both ratio (2:1:1 and 1:1:1) were not suitable but
by adding agar to these combination, the regeneration
frequency was increased, whereas, growth of regenerated shoot was better in liquid medium. Maybe the low
shoot production in starch combination was due to the
inhibitory effect of this compound especially in low concentration. Powell and Uhrig (1987) reported that some
solidifying agents have inhibitory substances that affect
morphogenesis. However, Prakash (1993) used combination of laundry starch, semolina and potato powder in a
ratio of 2:1:1 as an alternative for agar in ginger and
turmeric micropropagation. Zimmerman (1995), Stanley
(1995) and Kodym and Zapata (2001) used starch with low
concentration of gelrite for propagation of apple, pear,
raspberry, banana and sugarcane. They reported that
shoot proliferation in this medium was better than agar.
Dabai and Muhammad (2005) introduced cassava starch
as a potential solidifying agent in microbiological nutrient
media.
These results show that, agar is the best gelling agent
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Figure 1. The effect of medium composition on regeneration frequency in first subculture.

14

a

Regenerated shoot number
Regenerated shoot number

12

ab

10

abcd

ab

abc ab

bcd

8
6

a

cde

de

4

de

e

2

e

e

C

D

e

0
A

B

E

F

G

H

I

J

K

L

M

N

O

Medium gelling agent
Figure 2. The effect of medium composition on regenerated shoot number in first subculture.

for shoot induction in African violet but due to the high
price of this compound, the combination of starch, semolina and potato powder or combination of starch and agar
can be low cost options.
In proliferation step, liquid medium with cotton substratum was the best and plantlets grew normally and fast.

Media containing agar proliferated the same number of
shoots like liquid medium but the plantlets were smaller.
Other two media (combination of starch, semolina, potato
powder and combination of starch and agar) were not
suitable for African violet proliferation (Table 2). These
results suggest that we can proliferate African violet in
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Table 2. Effect of medium composition on shoot number, height and dry weight of plantlets in proliferation
step.

Medium
B
M
N
O

Shoot number
10 c
16 b
22 a
22 a

Height (mm)
1.5 b
1.5 b
1.6 b
2.0 a

Dry weight (mg)
120.7 b
143.9 ab
164.9 ab
201.9 a
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Figure 3. The effect of medium composition on dry weight of regenerated shoots in first
subculture.
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Figure 4. The effect of medium composition on plant height of regenerated shoots in
first subculture.

bioreactors easily. Bioreactors are used for propagation
of apple, chrysanthemum, coffee, garlic, ginseng, grape,

lilium, phalaenopsis, potato, strawberry and sugarcane
(Etienne and Berthouly, 2002; Paek et al., 2005).
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Regenerated shoots produced roots spontaneously in
first subculture and it is not depending on gelling agent.
Researchers successfully used different substratum like
forest titter, moss, polyurethane foam, coconut coir and
betel nut coir in liquid medium as alternative to the agar
(Temjensangba and Deb, 2005; Deb and Temjensangba,
2006; Deb and Pongener, 2010).
During the last decade, efforts for finding a suitable
alternative for agar has been increased and different substances were investigated. Starch as the cheapest gelling
agent, has inferior gelling ability, poor clarity and metabolizable nature, which leads to softening of the media.
Combination of starch, semolina and potato powder, and
starch plus agar in accurate ratio will improve the starch
characteristics as gelling agent. In addition, use of
bioreactors in whole or part of micropropagation process
in African violet will decrease the production cost by 70%.
Moreover in this way, explants are in the same vessel
and only the fresh medium is added to the system at
regular interval and proliferated propagules are exit from
vessels.
REFERENCES
Babbar SB, Jain R (1998). ‘Isubgol’ as an alternative gelling agent for
plant tissue culture media. Plant Cell Rep. 17: 318-322.
Babbar SB, Jain R (2006). Xanthan gum: an economical partial
substitute for agar in microbial culture media. Curr. Microbiol. 52:
287-292.
Babbar SB, Jain R, Walia N (2005). Guar gum as a gelling agent for
plant tissue culture media. In vitro Cell Dev. Biol. Plant, 41: 258-261.
Bhattacharya P, Dey S, Bhattacharya BC (1994). Use of low-cost
gelling agents and support matrices for industrial scale plant tissue
culture. Plant Cell, Tissue Organ Cult. 37: 115-123.
Dabai YU, Muhammad S (2005). Cassava starch as an alternative to
agar-agar in microbiological media. Afr. J. Biotechnol. 4: 573-574.
Deb CR, Pongener A (2010). Search of alternative substratum for agar
in plant tissue culture. Curr. Sci. 98: 99-102.
Deb CR, Temjensangba (2006). In vitro propagation of threatened
terrestrial orchid, Malaxix khasiana Soland ex. Swartz through
immature seed culture. Indian J. Exp. Biol 44: 762-766.
Etienne H, Berthouly M (2002). Temporary immersion systems in plant
micropropagation. Plant Cell, Tissue Organ Cult. 69: 215-231.
Gamborg OL, Miller RA, Ojima K (1968). Nutrient requirements of
suspension cultures of soybean root cells. Exp. Cell Res. 50: 151158.

9203

Gamborg OL, Phillips GC (1995). Media preparation and handling. In:
Gamborg OL, Phillips GC (eds.) Plant Cell, Tissue and Organ Culture
- Fundamental Methods. Springer-Verlag, Berlin, pp. 21-34.
Jain N, Gupta S, Babbar, SB (1997). Isubgol as an alternative gelling
agent for microbial culture media. J. Plant Biochem. Biotech. 6: 129131.
Jain R, Anjaiah V, Babbar SB (2005). Guar gum: a cheap substitute for
agar in microbial culture media. Lett. Appl. Microbiol. 41: 345-349.
Jain R, Babbar SB (2005). Guar gum and isubgol as cost-effective
alternative gelling agents for in vitro multiplication of an orchid,
Dendrobium chrysotoxum. Curr. Sci. 88: 292-295.
Kodym A, Zapata-Arias FJ (2001). Low-cost alternatives for the
micropropagation of banana. Plant Cell, Tissue Organ Cult. 66: 6771.
McLachlan (1985). Macroalgae (seaweeds): industrial resources and
their utilization. Plant Soil, 89: 137-157.
Nitsch JP, Nitsch C (1969) Haploid plants from pollen grains. Science,
163: 85-87.
Paek KY, Chakrabarty D, Hahn EJ (2005). Application of bioreactor
systems for large scale production of horticultural and medicinal
plants. Plant Cell, Tissue Organ Cult. 81: 287-300.
Pierik RLM (1989). In vitro culture of higher plants. Martinus Nijhoff,
Dordrecht.
Powell W, Uhrig H (1987). Another culture of Solanum genotypes. Plant
Cell, Tissue Organ Cult. 11: 13-24.
Prakash S (1993). Production of ginger and turmeric through tissue
culture methods and investigations into making tissue culture
propagation less expensive. Ph.D. Thesis. Bangalore Univ.
Bangalore
Prakash S, Hoque MI, Brinks T (2002). Culture media and containers. In
: Low cost options for tissue culture technology in developing
countries. Proceedings of a Technical Meeting organized by the Joint
FAO/IAEA Division of Nuclear Techniques in Food and Agriculture.
Printed by the IAEA in Austria.
Sorvari S, Schieder O (1987). Influence of sucrose and melibiose on
barley anther cultures in starch media. Plant Breed. 99: 164-171.
Stanley D (1995). Tissue-culturing plants on corn starch. Agric. Res.
47:11.
Temjensangba, Deb CR (2005). Regeneration and mass multiplication
of Arachnis labrosa (Lindl. Ex Paxt.) Reichb: a rare and threatened
orchid. Curr. Sci. 88: 1966-1968.
Zimmerman RH (1995). Use of starch-gelled medium for tissue culture
of some fruit crops. Plant Cell, Tissue Organ Cult. 43: 207-213.

