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Chrysanthemum (Dendranthema grandiflora) cv.crystal white is a potted plant with a shrub and
many buds. The bush is about 20-30 cm height. The study on colchicine induced mutation with
chrysanthemum. The rooting plants from tissue culture were transferred to soil pot plant for 14
days were used plant material. The shoots were dropped in 0.1 ml colchicine solution with 6
concentration levels (0, 0.20, 0.40, 0.60, 0.80 and 1.00%) on apical bud, three times a day, 9.00,
13.00 and 17.00 the for 6 days to induce mutation. The colchicine has efficiency to induce
mutation. One of the shoot that was dropped with 0.80% colchicine has a height of 28.70 cm in
which it is higher than the one with control (19.06 cm). There are only 2 branches of lateral
bud, while the other plants are splitted with 7-9 branches. It has 6.09 mm stem diameter which
were significantly higher than the other plants. The stomata sizes were 56.84 μm larger than the
control. The chlorophyll content of 120.2 µg/gFW is higher than the control. However, the
results showed no difference in DNA content.
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Introduction
Chrysanthemum (Dendranthema grandiflora) cv. crystal white is one of
the most popular ornamental plants in Thailand. However, they produces only
white flowers. In Thailand, chrysanthemum flowers are grown in Chiang Mai,
Chiang Rai, Nonthaburi, Surat Thani, Songkhla, Yala, Ubon Ratchathani, Udon
Thani, Khon Kaen, Nong Khai and Nakhon Ratchasima. Some varieties can
grow in specific area. Chrysanthemum is extensively grown as a pot plant as
well as a cut flower worldwide. Breeding programs have focused on improving
various characteristics to enhance ornamental values, including flower colors,
sizes forms and production quality. Breeding of chrysanthemum can be made
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through two ways i.e. cross between two cultivars and by artificial induced
mutation. Mutation cultivar derived vegetatively from successful cultivars that
differ from the original cultivars in some traits.
A common technique used to induce plant mutation for many years is the
induction of chromosome doubling to generate polyploids by treatment of
plants with mitotic spindle poisons such as colchicine (Dhooghe et al., 2011).
The polyploid plants can have larger flowers, fruits and seeds than their diploid
plant (Hancock, 1997; Dhooghe et al., 2011).
Colchicine is widely used in the induction of plant mutations. Because it
is not harmful to the plant, even if it is used as a plant extracts, it can be
transported to different parts of the plant, maintaining the same shape and
inducing mutation for a long time. It also does not change the structure of the
gene. Various types of colchicine treatments can be applied to the plants.
Whether it is a mix in a culture medium (Miyoshi et al.,1996), seeds soaking in
a colchicine solution (Yetisir and Sari 2003, Ye et al., 2009) or dropping the
solution onto the plant's meristems (Luckett, 1989, Blassco et al., 2014). Each
method can induce chromosomal change in the plant, the concentration of the
solution will vary according to the plants.
Colchicine is also used in the chrysanthemum mutations, most commonly
using colchicine in combination with tissue culture, either by mix in medium or
immersing seeds, explants before planting in medium culture or planted in the
pot, both of these can mutant chrysanthemum as well (Liu and Gao, 2007,
Urwin, 2014, Gao et al., 2016).
This experiment was objective to investigate of colchicine concentration
solution for the induced mutation of chrysanthemum. The experiment was
conducted outside the laboratory. It is inexpensive technique and requires no
special equipment or expertise.
Materials and methods
Plant material
Petal of chrysanthemum from flower was used the explants. The ray
floret washed thoroughly under running water for 30 min. They were surface
sterilized with 20% Clorox (30% sodium hypochlorite) for 30 min and washed
3 times with sterilized distilled water for 5 min. The callus was initialed by
culturing ray floret 0.5×0.5 cm on MS medium supplemented with 2 mg/l NAA
(α-Napthalene acetic acid) and 4 mg/l Kinetin (N6-furfuryladenine). The
explants were cultured under cool fluorescent lamps at the light intensity 40
µMolm-2 with a 16 h/day light at 25±2°C. The cultures were transferred to the
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fresh medium at 30 days. After the shoot formation, they were cultured on MS
medium free hormone for root development.
Colchicine treatment
The rooting plants from tissue culture were transferred to soil pot plant
for 14 days. The shoots that were covered with cotton, were dropped in 0.1 ml
colchicine solution with 6 concentration levels (0, 0.20, 0.40, 0.60, 0.80 and
1.00%) on apical bud, three times a day, at 9.00, 13.00 and 17.00 for 6 days to
induce mutation. The treatment has 4 replications, 5 pots per a replication and
experimental design with completely randomized design.
Morphological observation and Chlorophyll content
After 6 weeks of culture, the treatment and control plants were compared
for morphological traits including plant height (cm), measured from basal to
highest shoot. Stem diameter (mm) measured at the basal of the plant material
above 1 cm, and number of lateral bud, leaves characteristic. The size of
stomata and chlorophyll content were detected.
Flow cytometry analysis
Mutant traits were selected for comparation DNA content with control
plants to test with the flow cytometry analysis. Extraction of DNA from the leaf
components by chopped the leaves in a Petri dish with 500 ml of Pacrtec
CyStain (a one-step exraction and DAPI stain solution) and filtered through a
30 µm before being analyzed in a Partec PAII flow cytometer.
Statistic analysis
All data were analized using ANOVA and Duncan’s multiple range tests
at p ≤ 0.05 by SAS programme.
Results
Effects of colchicine concentrations on growth of chrysanthemum
Chrysanthemum cv. crystal white is a potted plant with a shrub and many
buds. The bush is about 20-30 cm height. For study colchicine induces mutation
with chrysanthemum by shoot dropped technique. In 0.8% colchicine
concentration, the average of height growth has a shortest (14.63 cm), while the
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size of the stem and shoots did not differ with the control. We found only one
the hightest shoot was obtained from the 0.8% colchicine treatment with 28.70
cm high, which have more than the average height of the control (19.06 cm)
and average in treatment (14.63 cm). There have only 2 branches of lateral bud,
while the other plants have splitted with 7-9 branches. It has 6.09 mm stem
diameter were significantly higher than other plants (Table 1 and Figure 1).
Table 1.The effects of colchicine concentrations on growth of chrysanthemum
Colchicine
Plant
Stem
No. of lateral
Suvival rate
concentration
height(cm.)a
width(mm.)
bud
(%)
(%)
0.00
10.01 ±1.68 A
5.73 ±0.37
7.90 ±1..3
100
0.20
10.05 ±3.00 AB
5.11 ±0.96
7.00 ±1.11
95
0.40
17.13 ±1.75 AB
5..5 ±1.47
0.23 ±1.45
90
0.60
17.25 ± ..01AB
..00 ±1.18
0.50 ±1.49
95
0.80
14.63 ±5.26 B
5.55 ±1.43
7.73 ±2.07
90
1.00
11.27 ±3.03 AB
5.02 ±0.80
7.33±1.54
95
F – test
ns
ns
*
CV (%)
51.00
50.53
19.47
a
The values within a column followed by the same leter are not significantly different, as
determind by Duncan’s multiple range test.
ns, non-significant, * significant ( P < 0.05 )

Figure 1. Height of mutant plant with colchicines after 6 weeks. (A) control
(B,C) 0.8% colchicine
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Chlorophyll content and Stomata size
Chlorophyll a, chlorophyll b content and total chlorophyll in the treatment
highter concentration of colchicine decreased and was significantly lower than
the control treatment (Table 2). The 0.8 % colchicine treatment was showed
lowest chlorophyll content. However, one plant in this treatment showed the
highest total chlorophyll content (120.2 mg/gFW) and longest stomata 56.84
µm. The result has shown that all treatments had no different of average
stomata length (Table 2, Figure 2).
Table 2. Effect of colchicine concentration on chlorophyll content and stomata
length
Colchicine
Total
Stomata
Chlorophyll A
Chlorophyll B
concentration
Chlorophyll
length
(µg/gFW)a
(µg/gFW)
(%)
(µg/gFW)
(µm.)
0.00
46.4 ±23.5 ABC
.2.0 ±11.1 A
89.2 ±27.7 A
50.16 ±4.33
0.20
30.. ±19.2 A
53.5 ±10.9 AB
94.8 ±35.9 A
30.1. ±3.77
ABC
BC
0..0
51.4 ±19.8
20.1 ±13.6
81.1 ±42.0 AB
49.76 ±5.20
0.10
54.0 ±16.2 ABC
55.1 ±08.2 B
87.9 ±29.1 A
47.32 ±3.61
0.00
36.0 ±20.0 C
21.1 ±10.5 D
57.8 ±34.8 C
47.11 ±6.54
1.00
40.9 ±13.9 BC
22.7 ±07.1 CD
63.3 ±25.3 BC
47.11 ±4.58
F – test
**
**
**
ns
CV (%)
46.811
39.89
41.62
9.82
a
The values within a column followed by the same leter are not significantly different, as
determind by Duncan’s multiple range test.
ns, non-significant, ** significant ( P < 0.01 )

Figure 2. Stomata size in abaxial leaf epidermis of chrysanthemum (A) control
(B) mutated plant in 0.8% colchicine treated.
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Flow cytometric analysis
Flow cytometry that performed on the regenerated plant was employed to
give an accurate estimation of nuclear DNA content. Figure 3 showed the flow
cytometric results of leaf examination for chrysanthemum. The results showed
no difference in nuclei. This means that the DNA content of mutated plant in
0.8% colchicine treated is unchanged.

Figure 3. Flow cytometric analysis of chrysanthemum. (A) control plant; (B)
mutnat plant from 0.8% colchicine treated
Discussion
Colchicine, acts as an antimitotic agent which has been widely used to
induce polyploidy in plant breeding (Ye et al. 2009.) In this study, the
colchicine induced mutation with chrysanthemum. The shoots were dropped in
0.1 ml colchicine solution with 6 concentration levels 0, 0.20, 0.40, 0.60, 0.80
and 1.00%. Morphology identification, determination of stomata and flow
cytometry were used for polyploid identification. There was one putative
mutation plant occurred in the 0.8% clochicine treatment when used
morphology observable. There is a 28.70 cm height, is more than the average
height of the control (19.06 cm). There are only 2 branches of lateral bud, while
the other plants are splitted with 7-9 branches. It has 6.09 mm stem diameter
were significantly higher than other plants. The stomata sizes were 56.84 μm
larger than the control. The chlorophyll content of 120.2 µg/gFW is higher than
the control.Chlorophyll content increasing in plant may be the effective way to
increase product and yield (Berg et al., 2006; Dewick, 2009; Ge et al.,
2012 ;Guo et al., 2005 and Jiang et al., 2007).
The concentration and period time of colchicines also influenced the
mutation rate of plant. Although the plant can survived heighest rate of survive
when treated in the low concentration of colchicines. However, the variation
effert was hightest when treated in high concentration of colchicines (Dhooghe
2330

International Journal of Agricultural Technology 2017 Vol. 13(7.3): 2325-2332

et al., 2011 and Cui et al., 2017). The putative mutation plant was observed by
stomatal size and chlorophyll content. It showed the longest stomata size and
highest chlorophyll content. The utility of stomatal size in distinguishing plants
with different ploidy levels was used in other plant types (Chen and Gao, 2007;
Mishra, 1997; Aryavand et al., 2003; Khazaei et al., 2010 and Gao et al., 2016).
The efficient colchicines mediated technique by dropping chlchicines on shoot
induction mutation of chrysanthemum showed low mutation. Each of the
treatment showed high survival rate. We suggest to use the higher concentration
with this technique. The putative mutation was determined their ploidy by flow
cytometry. The result showed ploidy of putative mutation has no difference
when comparing to the control. Althought there are differences between the
putative mutation and the control, with regard to plant height, branches number,
chlorophyll content and stomata size index. They are no difference in the
ploidy. It was maybe chimera plant (Roy et al., 2001 and Zhang et al., 2010).
Acknowledgement
The author would like to offer particular thanks to Faculty of Agricultural Technology
King Mongkut’s Intitute of Technology Ladkrabang and Center of Excellence on Agricultural
Biotechnology (AG-BIO/PERDO-CHE) for the financial support of this research.

References
Aryavand, A., Ehdaie, B., Tran, B. and Waines, J.G. (2003). Stomatal frequency and size
differentiate ploidy levels in Aegilops neglecta. Genet Resour Crop Ev 50:175–182.
Blassco, M., Badenes, M.L. and Naval, M.M. (2014). Colchicine-induced polyploidy in loquat
(Eriobotrya japonica (Thumb.) Lindl.). Plant Cell Tiss Organ Cult. DOI
10.1007/s11240-014-0612-3.
Berg, J. M., Tymoczko, J. L and Stryer, L. (2006). Biochemistry (6th ed.). New York: W.H.
Chen, L.L. and Gao, S.L. (2007). In vitro tetraploid induction and generation of tetraploids
from mixoploids in Astragalus membranaceus. Sci. Hortic. 112: 339–344.
Cui, Y., Hou, L., Huang, F., Pang, X. and Li, Y. (2017). Invitro onduction of etraploid Ziziphus
jujupa Mill. Var. spinosa plants from leaf explants. Plant Cell Tiss Organ Cult.
Dewick, P. M. (2009). Medicinal natural products: A biosynthetic approach (3rd ed.).
Chichester, UK: John Wiley and Sons Ltd.
Dhooghe, E., Laere, K.V., Eeckhaut, T., Leus, L. and Huylenbroeck, J.V. (2011). Mitotic
chromosome doubling of plants tissue in vitro. Plant Cell Tiss Org 104:359–373.
Gao, R., Wang, H., Dong, B., Yang, X., Chen, S., Jiang, J., Zhang, Z., Liu, C., Zhao, N. and
Chen, F. (2016). Morphological, Genome and Gene Expression Chang in Newly
Induced Autopolyploid Chrysanthemum lavandulifolium (Fish. Ex Trautv.) Makino.
Int. Mol. Sci. 17, 169.
Ge, Y., Wang, T., Wang, N., Wang, Z., Liang, C., Ramchiary, N., Choi, S.R., Lim, Y.P.,Piao,
Z.Y., (2012). Genetic mapping and localization of quantitative trait loci forchlorophyll
content in Chinese cabbage (Brassica rapa ssp. pekinensis). Sci. Hortic.147, 42–48.

2331

Guo, D.P., Guo, Y.P., Zhao, J.P., Liu, H., Peng, Y., Wang, Q.M., Chen, J.S. and Rao, G.Z.
(2005). Photosynthetic rate and chlorophyll fluorescence in leaves of stem mus-tard
(Brassica juncea var. tsatsai) after turnip mosaic virus infection. Plant Sci.168, 57–63.
Hancock, J.F. (1997). The colchicine story. Hort Sci 32: 1011–1012.
Jiang, H.M., Yang, J.C. and Zhang, J.F. (2007). Effects of external phosphorus on the
cellultrastructure and the chlorophyll content of maize under cadmium and zincstress.
Environ. Pollut. 147, 750–756.
Khazaei, H., Monneveux, P., Hongbo, S. and Mohammady, S. (2010). Variation for stomatal
characteristics and water use efficiency among diploid, tetraploid and hexaploid
Iranian wheat landraces. Genet Resour Crop Evol 57:307.
Liu, Z. and Gao, S. (2007). Micropropagation and induction of autotetraploid plants of
Chrysanthemum cinerariifolium (Trev.) Vis. In Vitro Cell.Dev.Biol.-plant 43:404-408.
Luckett, D.J. (1989). Colchicine mutagenesis is associated ith substantial heritable variation in
cotton. Euphytica42: 177-182.
Miyoshi, K. and Asakura, N. (1001). “Callus induction, regeneration of haploid plant and
chromosome doubling in ovule cultures of pot gerbera (Gerbera jamesonii). Plant Cell
Report 16:1-5.
Mishra, M.K. (1997). Stomatal characteristics at different ploidy levels in Coffea L. Ann Bot
Lond 80(5):689–692.
Roy, A, Leggett G, Koutoulis A (2001). In vitro tetraploid induction and generation of
tetraploids from mixoploids in hop (Humulus lupulus L.). Plant Cell Rep 20:489–495.
Urwin, N.A.R. (2014). Generation and characterisation of colchicine-induced polyploidy
Lavandula x intermedia. Euphytica.
Ye, Y.M., J. Tong, X.P. Shi, W. Yuan and G.R. Li. (2009).“Morphological and cytological
studies of diploid and colchicine-induced tetraploid line of crape myrtle
(Lagerstroemia indicaL.).” ScientiaHorticulturae. 124: 95-101.
Yetisir, H. and Sari, N. 2003. “ A new method for haploid muskmelon (Cucumis melo L.)
dihaploidization.” Scientia Horticulture. 98: 277-283.
Zhang, Q.Y., Luo, F.X., Liu, L., Guo, F.C. (2010). In vitro induction of tetraploids in crape
myrtle (Lagerstroemia indica L.). Plant Cell Tissue Organ Cult 101:41–47.

(Received 15 October 2017; accepted 25 November 2017)

2332

