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Abstract

The purpose of this study was to optimize conditions for callogenesis and organogenesis of Althea rosea using
cotyledonary explants. Varying concentrations solo and in combinations of auxins and cytokinins listing IAA, NAA, 2,4 D,
IBA, BAP and Kinetin were experimented. Among solo auxins, maximum Callus Index (Cl= 560) was obtained at
0.03mg/L 2, 4-D after 10 days of initiation. Among cytokinins, 8 mg/L and 10mg/L BAP exhibited good callogenic
response (Cl= 320). Combinations of BAP+ NAA 4:3.0mg/L and BAP + 2, 4 D 4:0.03 mg/L were found better (Cl= 480).
Morphological characters of calli were also observed including health, color and texture. This protocol can be exploited to
fulfill ornamental, medicinal and industrial demand of A. rosea through the latest technique of tissue culture.

Introduction

Althaea rosea (garden Hollyhock, locally known as
Gulekhera) is an ornamental and medicinal plant species
belonging to mallow family (Malvaceae). It is cultivated
for variety of colors including white, pink, and red. It is
native to China. The plant grows best in medium-fertile,
moist, but well-drained soil (Still, 1994) and Clay soil
(Abraham, 1999). It has great potential to tolerate and
accumulate high concentrations of cadmium (Liu et al.,
2009; Liu et al., 2008). In addition, Holly hock is reported
for manufacturing paper used for wrapping and making
paper bags (Matsumae et al., 1956).

Family Malvaceae appreciated much for Gossypium
spp., (cotton) and Abelmoschus esculentus (okra). Plant
tissue culture plays role in crop improvement and
propagation (Memon et al., 2010; Khan and Ahmad,
2011) Embryogenesis and organogenesis in cotton has
been extensively studied (Memon et al., 2010; Efe, 2005;
Stewart & Hsu, 1977) but there is sporadic information on
tissue culture response of Althea rosea. Various research
groups throughout world have carried out studies on
tissue culture of different plant species from Malvaceae
(Sie et al., 2010; Raoul et al., 2010; Ruan, et al., 2009;
Ozyigit et al., 2007; Ouma et al., 2004; Zapata et al.,
1999; Mangat & Roy, 1986; Gunay & Rao, 1978) but
protocol for Althea rosea tissue culture has not been
developed. Although most of tissue culture work in
Malvaceae is on cotton because of its economic
importance (Kishor et al., 1982; Morozora & Sinevich
1983; Lev et al., 1985; Gooding & Berlin, 1985) some
other species like Sida, Abutilon (Nataraja & Patil 1980)
Malva (Dexiang et al., 1986) and Hibiscus (Mizukami et
al., 1988 and Yutako et al., 1989) has also being exploited
through tissue culture techniques.

This plant family is appreciated much for number of
natural dyes extracted from its petals (Ferenczi et al., 1981;
Rakhimkhanov et al., 1983; Srivastava & Jain 1984;
Kasumov, 1984; Salikhov & Idriskhodzhaev, 1978;
Otakulov et al., 1989). A. rosea has been reported to contain
highest amount of tannins (Salikhov & Khabibov, 1979;
Jozef et al., 1983, carbohydrates (Karawya & Afifi, 1979),
cyanides (Afifi & Karawya, 1988; Tamas & Stoleriu, 1976)
and Althaea mucilage (Tomoda et al., 1983). Purple red

pigment has been extracted from the petals of Althaea rosea
directly (Jian et al., 2005) and with the help of macroporous
resin (Li-song & Yin-hai, 2009).

This plant is reported as emmenagogue (Dudek et al.,
2006), expectorant used in Unani medicine (Shome et al.,
1992). Flavonoids isolated from A. rosea are used as raw
material for pharmaceutical preparations (Matlawska,
1992). Anthocyanin extracted from this plant species are
used for obtaining natural drugs having anti-
inflammatory, anti-microbial effects, influence on
gastrointestinal tract (lauk et al., 2003; Ciculei et al.,
1990; Takeda et al., 1989). The production of copious
callus can ensure continuous supply of the plant product
for pharmaceutical and food industry that will enhance
rapid production of economically important plants like
Althea rosea.

Materials and Methods

The whole research work was conducted in biotechnology
laboratory, Govemment College University, Lahore. All the
experiments were conducted in triplicates.

Preparation of medium: MS medium (Murashige &
Skoog, 1962) with varying concentrations of auxins and
cytokinins solo and in combinations was used. Medium
was supplemented with 3% (w/v) sucrose and 0.7 % agar.
The pH of the medium was adjusted at 5.7 and autoclaved
under 15 Ibs/inch? pressures for 15 minutes. The medium
was poured in sterilized culture vessels.

Surface sterilization of seed: All the seeds were surface
sterilized in 0.01% HgCl, solution. The explants were
properly rinsed with double distilled autoclaved water to
remove traces of HgCl,.

Preparation of explants: Seeds were germinated
aseptically to obtain explants. Four days old seedlings
were used for the procurement of explants. Cotyledons
were excised (5mm long) under aseptic conditions. All
the explants were inoculated on to media for callogenesis.
Callus index (CI) for quantitative estimation of calli
initiated and grown under chemical variability was
calculated following Khosh & Sing (1982).
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Results and Discussions

Effects of plant growth regulators
(PGRs) including 1AA, NAA, 2, 4 D,
IBA, BAP and Kinetin was investigated
for callogenesis. Different
concentrations viz., 2, 4, 6, 8 and
10mg/L were used for IAA, NAA,
BAP and kinetin, whereas in the case of
2,4 D, the concentrations were ranged at
0.01-0.06mg/L.  Combinations  of
IBA+NAA, BAP+NAA were ranged
from 4:2.0- 4:4.0; while BAP+ 2,4 D,
the same was ranged from 4:0.01-4:0.05
respectively (Table 1). In the case of
solo application of PGRs IAA, 2,4 D
and Kinetin, compact yellow callus was
produced. The BAP also produced
yellow callus but it was granular nature,
whereas NAA produced loose white
callus. Minimum time taken for the
initiation of callus was 25 days for
BAP, 19 days for IAA, NAA, Kinetin,
whereas 2,4D took only 9 days for the
same. Three sets of combinations of
PGRs were used each represented by
five combinations. IBA + NAA
combination, callus texture was
compact in four and loose callus in one
combination. Color of callus was
yellow in two cases, green in two and
white in only one. BAP + NAA
combination callus texture was granular
in three and loose in one combination,
whereas color of the callus was yellow
in two, green in two and white in one.
BAP + 2,4D combination callus texture
was compact in three, loose in one and
granular in one combination, whereas
color of the callus was white in four and
yellow in one.

MS medium supplemented with
IAA (6mg/L) (Fig. 1) gave a Callus
Index of 400 in 19 days, whereas at a
concentration of 10 mg/L, Callus Index
was 80 after 28 days. The NAA 4mg/L
exhibited 320 Callus Index after 19
days, whereas, at 2 mg/L, Callus Index
was produced 80 in 28 days (Fig. 2).
Application of 2, 4 D at the strength of
0.03mg/L produced a Callus Index of
560 after 10 days. In the case of 0.05
mg/L and 0.06 mg/L of 2, 4 D produced
a Callus Index of 160 after 14 and 15
days respectively (Fig. 3). Employment
of BAP at 8mg/L and 10 mg/L gave rise
to a Callus Index of 320 each after 25
and 28 days respectively (Fig. 4). The
Kinetin at 4-8 mg/L gave forth a Callus
Index of 160 after 26, 24 and 19 days,
while 2 mg/L Kinetin induced a Callus
Index of 80 after 29 days (Fig. 5).
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Table 1. Effects of different concentrations of auxins and cytokinins on

cotyledons.
Concentration Initiation of Texture of

Hormone mg/L callus (Days) callus Callus color
2 20 Compact Yellow white
4 23 Compact Yellow white
I1AA 6 19 Compact Yellow white
8 25 Compact Yellow white
10 28 Compact Yellow white

2 28 Loose White

4 19 Loose White

NAA 6 22 Loose Yellow
8 25 Loose Yellow green

0.01 13 Compact Yellow

0.02 12 Compact Green
24D 0.03 10 Compact Yellow green
' 0.04 9 Compact Yellow green
0.05 14 Compact Yellow green
0.06 15 Compact Yellow green

2 39 Granular Yellow

4 38 Granular Yellow
BAP 6 36 Granular Light green
8 25 Granular Light green

10 28 Granular White

2 29 Compact White

S 4 26 Compact Yellow
Kinetin 6 24 Compact Yellow green

8 19 Compact Yellow

4:2.0 22 Compact White

4:2.5 20 Compact Green

IBA + NAA 4:3.0 15 Loose White

4:35 13 Compact Yellow

4:4.0 10 Compact Yellow

4:2.0 13 Granular Green

4:2.5 12 Compact Green

BAP + NAA 4:3.0 10 Loose Yellow

4:35 16 Granular Yellow

4:4.0 20 Granular White

4:0.01 15 Compact Yellow
4:0.02 13 Loose White Green

BAP +2,4D 4:0.03 12 Granular White

4:0.04 14 Compact White

4:0.05 16 Compact White

Combinations of auxins and cytokinins were also tested for callus
induction. Employment of IBA + NAA at 4:4.0 mg/L produced a Callus
Index of 320 after 10 days of incubation (Fig. 6). In the case of NAA+ BAP
at the ratio of 4: 3.0 mg/L resulted in Callus Induction of 480 in 10 days
(Fig. 7). The combined action of BAP+ 2, 4 D at the ratio of 4:0.03mg/L
developed 480 Callus Induction after 12 days (Fig. 8). Maximum Callus
Index (560) was observed at 0.03mg/L 2, 4 D after 10 days, while minimum
Callus Index (80) was recorded in each of 10mg/L IAA, 2 mg/L NAA, 2
mg/L BAP, 2 mg/L Kinetin and 4.0: 2.0 mg/L, 4.0: 2.5 mg/L IBA+NAA,
4:4.0mg/L BAP+NAA and 4:0.01 mg/L, 4:0.02 mg/L BAP + 2,4 D after 28,
28, 39, 29, 22, 20, 20, 15 and 13 days respectively. The best hormone for
Callus induction of Althea rosea was found to be 2, 4 D at a concentration
of 0.03 mg/L in this study. Similar result was shown by Efe (2005) on
Gossypium spp. using 3 days old cotton ovules as explant source by
employing different combinations of auxins and cytokinins for callogenesis,
but the growth regulator employed was IAA+Kinetin combinations as
opponent to our work in which IAA+NAA, BAP+NAA and BAP + 2,4 D
combinations were experimented.

In another study, Mushtaq et al., (1994) investigated callogenesis of A.
rosea nodal explants. They reported that 8 mg/L BAP and 0.8 mg/L 2 ip
were equally effective in callus induction as opposed to our study in which
2, 4 D was found to be the best for callogenesis. Among various explants
that have been used so far for callogenesis and organogenesis, cotyledons
have been reported by Hamidou et al., 2001, Iriondo & Perez, 1992, Triplett
et al., 2008 and Sie, 2010.
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Fig. 8. Combination of BAP+2, 4D for callus induction.
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