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Chrysanthemum is a second most important flower crop globally. Marigold is a introduced
cultivar gaining popularity among farmers and consumers of southern part of India due to
its colour and high shelf life. Due to its commercial importance as quality planting material
and cut flowers it is difficult to mitigate the gradually increasing demand by only
vegetative means of propagation which is time consuming with low multiplication rate.
Plant tissue culture is a better alternative tool to overcome conventional limitations. We
have used leaf and root explants and cultured in MS medium containing different
concentration of BAP, 2,4-D, NAA and different growth components such as L-proline
and caesin hydrolysate. Root explants produced poor quality callus without any plant
regeneration, whereas leaf explants showed somatic embryogenesis in turn plant
regeneration in various degree in different media. From this study it is understood that the
leaf explants can be successfully utilized for the plant regeneration through somatic
embryogeneis in chrysanthemum.

Introduction
Chrysanthemum (Dendranthema grandiflora
Tzvelev), is one of the most important flower
crops popularly known as “queen of the east”,
belongs to the family Asteraceae, genus
Chrysanthemum and its relatives grown
commercially in India and different parts of
the world for cut and loose flower, and also
used as pot and garden flower (Silva, 2003;

Xia et al., 2006; Koley and Sarkar, 2013). In
India, chrysanthemum commercially grown in
Karnataka, Tamil Nadu, Andhra Pradesh,
Maharastra and West Bengal, is mainly grown
for making garlands, bracelets, bouquets,
venis and flower decoration during social and
religious functions (Bohra and Kumar, 2014;
Patil et al., 2017). In south India, yellow
coloured flowers are preferred and farmers
grow chrysanthemum flower in their fields for
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supply to the market as loose flowers for
various usage, in north India, flowers are
grown abundance of various colours like red,
yellow, purple and white (Gunabhagya, 2014).
In 2016-17 the total area under cut flower
production was estimated as 20,550 hectares
with a production of 188.81 metric tones (MT)
and cut flowers in a quantity of 15.38 lakhs,
whereas in 2014-15 in Karnataka total area
under Chrysanthemum production is 5,100
hectares with a production of 106.76 MT and
6.03 lakhs of cut flowers (Anonymous, 2018).
The cultivar Marigold is introduced and very
popular in Southern part of India and is being
cultivated by the local farmers as well as in
high demand to the consumers due to its bright
yellow colour, orientation of ray florets and
specially high shelf life alongside high rate of
production.
Somatic embryogenesis is a process where the
vegetative cells organize themselves into
compact cell masses and pass through the
characteristic embryological stages similar to
the stages in development of zygotic embryos
viz. globular, heart and torpedo stages and
develop into bipolar embryos. The induction
of somatic embryogenesis in chrysanthemums
in cultures in vitro is affected e.g. by many
factors like growth regulators (May and
Trigiano, 1991; Tanaka et al., 2000; Mandal
and Datta, 2005) and the genotype
(Pavingerová et al., 1994). The efficiency of
regeneration is also enhanced by the division
of the explant, which is connected with an
intensified inflow, into the areas of the cutting
places, of endogenous growth regulators as
well as with an intensive uptake of exogenous
growth regulators and the proliferation of the
callus tissue (Gahan and George, 2008).
Numerous amounts of plantlets can be
produced from a minimum amount of explants
by somatic embryogenesis which involves
development of plants from somatic or
vegetative tissues that give no regeneration

under natural breeding condition (Hasbullah et
al., 2015). In this present study different plant
parts have been used for somatic
embryogenesis under different growth media
to find out the best suitable combination for
better growth and higher production.
Materials and Methods
The study was carried out in the Department
of Biotechnology and Crop Improvement,
Kittur Rani Channamma College of
Horticulture (K.R.C.C.H.), Arabhavi, UHS,
Bagalkot, Karnataka. Chrysanthemum cv.
Marigold has been used for the experiment.
Leaf and root used as explants for direct
somatic embryogenesis. Four different media
along with control were used for this
experiment. Following is the details of media.
M0: Control
M1: 2,4-D (1.5mg/l); Casein hydrolysate (200
mg/l); L-Proline (290 mg/l)
M2: NAA (1 mg/l); BAP (0.1mg/l); Casein
hydrolysate (200 mg/l); L-Proline (290 mg/l)
M3: 2,4-D (1mg/l); BAP (3 mg/l); Casein
hydrolysate (150 mg/l); L-Proline (50 mg/l)
M4: NAA (1.5 mg/l); BAP (3 mg/l); Casein
hydrolysate (150 mg/l); L-Proline(50 mg/l)
All the observations were taken after 45 days
of culture and quality of callus produced from
different explants under different media
condition was also recorded (0: No callus; +:
Poor growth of callus; ++: Moderate growth
of callus; +++: Vigorous growth of callus) as
reported by Mahindrakar (2015).
The experiment was laid out in CRD
(Completely randomized design) considering
with two replications and five plants in each
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replication. Observed data were statistically
analyzed using analysis of variance technique
(ANOVA).
Results and Discussion
Aiming to the standardization of media and
best
explants
for
efficient
somatic
embryogenesis, in this experiment two
different explants were inoculated in different
media and data of different parameters were
taken after 45 days of inoculation.
No callus (0) was produced in control (without
any growth regulators) media by any of the
explants. Among the two explants, roots
showed poor watery callus growth (+) only in
M2 (NAA (1 mg/l); BAP (0.1mg/l); Casein
hydrolysate (200 mg/l); L-Proline (290 mg/l))
media whereas in other media it produced no
callus (0). Leaf explants developed vigorous
callus growth in M1 (2,4-D (1.5mg/l); Casein
hydrolysate (200 mg/l); L-Proline (290 mg/l))
and M4 (NAA (1.5 mg/l); BAP (3 mg/l);
Casein hydrolysate (150 mg/l); L-Proline(50
mg/l)) media whereas in M3 (2,4-D (1mg/l);
BAP (3 mg/l); Casein hydrolysate (150 mg/l);
L-Proline (50 mg/l)) and M2 media it resulted
in moderate callus growth (++) (Fig. 1).
Leaf explants produced no callus in control
medium. Earliest initiation of callus was
observed in M1 media whereas the highest
time was taken in M3 media. Callus was only
produced from root in M3 medium. Leaf and
explants produced no shoot in M3 media.
Earliest plant regeneration was observed in
M1 media followed by M2 media, and highest
time was needed for M4 media. The maximum
number of shoots was produced in M4 media,
whereas the number of shoots produced in M1
and M3 media was on par with each other.
Highest shoot length was observed in plantlets
regenerated in M1 medium and the shortest
was observed in M4 medium. Roots were only
regenerated in M1 and M2 media.

Somatic embryogenesis plays a significant
role in mass propagation in vitro, germplasm
conservation, and genetic improvement of
woody. Efficiency of different explants and
growth regulator composition was checked on
MS media for direct somatic embryogenesis of
Chrysanthemum
cv.
Marigold.
Direct
embryogenesis is more suitable for plant
regeneration because it diminishes the
possibility of somaclonal variation, an
undesirable phenomena in the regeneration of
specific genotypes (Keresa et al., 2012).
In the present study among the different
explants leaf explants produced the best
quality callus. The higher number of shoots
was observed in MS media containing NAA
(1.5 mg/l); BAP (3 mg/l); Casein hydrolysate
(150 mg/l); L-Proline (50 mg/l) and the
highest number of roots were produced in MS
media containing NAA (1 mg/l); BAP
(0.1mg/l); Casein hydrolysate (200 mg/l); LProline (290 mg/l).
In the present study it was noticed that
intermediate concentration of 2,4-D with high
concentration of BAP resulted in moderate to
high growth of callus. Shinoyama et al.,
(2004) reported no callus formation in control
media (without any growth regulators) from
leaf explants of Chrysanthemum cv. Kitamura,
whereas the moderate growth was observed in
media containing 1.0 mg/l 2,4-D and 2.0 mg/l
BAP and vigorous growth was observed in
media supplemented with 1.0 mg/l
concentration of both 2,4-D and BAP which
supported the current observation. Keresa et
al., (2012) reported highest number of
embryogenic
callus
formation
in
Chrysanthemum from leaf petioles in MS
media containing 1 mg/L 2,4-D, 0.1 mg/L BA,
200 mg/L CH, 290 mg/L L-proline, 30 g/L
sucrose (100) followed by leaf petioles in
media supplemented with 1 mg/L NAA, 0.1
mg/L BA, 200 mg/L CH, 290 mg/L L-proline,
30 g/L sucrose (98.5) whereas the lower
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number of embryogenic callus formation was
noticed from intermodal segments in the

above mentioned media (32.0 and 38.3
respectively) (Table 1 and 2).

Table.1 Effect of different Media treatments on callus induction of Chrysanthemum cv.
Marigold from different explants at 40 days
Sl. No.
1
2
3
4
5

Media
M0
M1
M2
M3
M4

Leaf explants
0
+++
++
++
+++

Root
0
0
+
0
0

Table.2 Somatic embryogenesis of Chrysanthemum cv. Marigold from leaf explants using
different growth component in MS media
Sl No.

Treatment

Days to
initiate
callus

Days to
initiate
Plants

Shoot
length(cm)

No. of
shoots per
clump

No. of
roots per
clump

1
2
3
4
5
CD
@5%
CD
@1%
SE.m±
CV(%)

M0
M1
M2
M3
M4

0e
16. 6d
18.4c
24.3a
22.8b
1.38

0d
21.9c
24.9b
0d
30.5a
1.97

0d
3.46a
2.7b
0d
1.39c
0.4

0c
1.3b
1.6b
0c
4.4a
0.36

0b
3.3a
2.9a
0b
0b
1.39

2.17

3.09

0.63

0.54

2.19

3.29
0.38

4.96
0.54

10.43
0.11

9.68
0.1

43.87
0.38

Fig.1 Effect of different explants on quality of callus production

A. Vigorous green callus growth and shoot formation from leaf explants
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B. Poor quality cream coloured callus growth from root explants
Mahindarkar (2015) reported the earliest
callus formation from Gerbera seeds in MS
media containing 1 mg/l of both BAP and 2,4D (25.87) days where as higher concentration
of cytokinin (5 mg/l BAP or Kinetin) along
with 1 mg/l 2,4-D took the maximum time to
initiate callus (33 days).
Barakat et al., (2010) found highest number
of shoot formation in MS media containing
0.5 mg/l BAP and 0.2 mg/l NAA (1.7) from
callus clump produced from ray florets of
Chrysanthemum, while no shoot formation
was observed in media fortified with no BAP,
0.2 mg/l NAA and 2.0 mg/l Kinetin.
Tymoszuk et al., (2014) showed highest
number of root formation per inoculated ray
florets of Chrysanthemum in media
containing 18.08 µM of 2,4-D and 4.65 µM of
Kinetin with no BAP (1.40) whereas the no
root formation was noticed in media
containing 18.08 µM of 2,4-D and 8.8 µM of
BAP with no kinetin.
Spray cultivars of Chrysanthemum has been
subjected
to
somatic
embryogenesis,
however, the magnitude of somatic
embryogenesis and plant regeneration have
been reported to be lower (Tanaka et al.,
2000; May and Trigiano, 1991; Mandal and
Datta, 2005). Naing et al., (2014) reported
70% of somatic embryo germination in in
Chrysanthemum cv. „Baeksun‟. Jaramillo et
al., (2008) somatic embryogenesis in variety

White Albatross and Yellow Albatross after a
duration of 14 and 21 days respectively upon
exposing the leaf discs in 2.26 µM 2,4-D
supplemented MS media.
The reason behind high numbers of somatic
embryos per explant, and especially the
conversion rate to plantlets could be from
using the organic supplements proline and
casein hydrolysate (CH) in the media. Proline
has been proven to have a positive influence
on embryogenic callus formation in Iris
(Jéhan et al., 1994; Kereša et al., 2009),
whereas CH has induced somatic embryos
from root explants in carrots (Smith et al.,
1997). Purohit and Kothari (2007) reported
that subculturing bishop‟s weed somatic
embryos in MS medium supplemented with
100 mg/L of CH significantly promoted the
maturation of heart and torpedo stage to
cotyledonary stage somatic embryos.
The best quality callus was produced from
leaf explants in MS media containing 2,4 1
mg/l, Casin hydrolyzate 200 mg/l and LProleine 290 mg/l. Whereas roots were
incapable of producing callus in any of the
media. MS media containing NAA 1.5 mg/l,
BAP 3mg/l, casein hydrolyzate 150 mg/l and
L-Prolein 50 mg/l has produced the higest
number of shoots per clump. Somatic
embryogenesis in Chrysanthemum is having a
huge potential for higher multiplication as
well as to create novel variations and should
be more exploited.
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