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 Summary
Dendranthema indicum var. aromaticum from the 

genus Chrysanthemum is a rare species with a rich 
flavor. The aim of this study was to find a suitable 
treatment combination that would effectively induce 
polyploidy of diploid Dendranthema indicum var. 
aromaticum and to lay the foundation for the late 
cultivation of aromatic Chrysanthemum. In this study 
materials, colchicine concentration and treatment 
duration were examined for improving the induction 
of polyploidy. The combinations of three materials 
(shoot tips, pre-germinated seeds and grin), five 
colchicine concentrations (100, 200, 500, 1,000 and 
2,000 mg L-1) and three treatment durations (12, 24 
and 48 h) were tested in Dendranthema indicum var. 
aromaticum. A total of 7 tetraploids and 301 chimeras 
determined by chromosome number analysis were 
obtained. The treatment of grin seeds with 1,000 
mg L-1 colchicine for 24 h (14.5%) and shoot tips with 
1,000 mg L-1 colchicine for 7 d (40%) were suitable for 
induction of chromosome doubling. The tetraploid 
plants displayed much larger stomata with lower 
density, as well as a higher chloroplast count than the 
diploid paints. Moreover, tetraploid plants developed 
larger, thicker leaves, greater flower diameter, more 
epidermis hairs and shorter plant height than the 
diploid plants.
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Significance of this study 
What is already known on this subject? 
• Dendranthema indicum var. aromaticum is 

characterized by a special scent, which is an 
important source of aroma in genus Dendranthema. 
Hybridization is the good way to produce new scented 
chrysanthemum. However, it is difficult to cross breed 
if one species is a diploid while the other is a higher 
ploidy level. Therefore, we decided to double the 
somatic chromosomes of D. indicum var. aromaticum, 
in order to increase the success of crosses between the 
two species.

What are the new findings?
• In this study, the tetraploid plants displayed much 

larger stomata with lower density, as well as a higher 
chloroplast count, than the diploid plants. Moreover, 
tetraploid plants developed larger, thicker leaves, 
greater flower diameter, more epidermis hairs and 
shorter plant height than the diploid plants.

What is the expected impact on horticulture?
• We had got the tetraploids of Dendranthema indicum 

var. aromaticum, which were important parents for 
scented Chrysanthemum. Later, we will cross between 
the tetraploid and cultivated Chrysanthemum and get 
the scented Chrysanthemum, which has important 
significance for improving the ornamental traits of 
horticultural plants.
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Introduction
Chrysanthemum (Dendranthema × grandiflora), one of 

the famous traditional flowers, is widely cultivated in the 
world. The flowers of Chrysanthemum are usually bright 
in color, but they do not possess fragrance or other slight 
scents. Hence, introducing aroma to the flowers of Chrysan-
themum is an important topic in Chrysanthemum’s breeding.

Dendranthema indicum var. aromaticum (D. indicum var. 
aromaticum) is a herbaceous perennial plant that is com-
monly found in Shennongjia, Hu Bei province, P.R. China (Liu 
and Zhang, 1983). The plants are characterized by a special 
scent, which is an important source of aroma in genus Den-
dranthema. Previous studies have shown that D. indicum var. 
aromaticum is diploid (2n=2x=18) (Du et al., 1989) and Den-
dranthema × grandiflora is polyploid (2n=6x=54). 

Hybridization can be used to produce new scented Chry-
santhemum. However, it is difficult to cross breed if one spe-
cies is a diploid while the other has a higher ploidy level (Li 
et al., 2008). Studies have found that it is possible for Chry-
santhemum to cross as tetraploid in Dendranthema × grandi-
flora. Therefore, we decided to double the somatic chromo-
somes of D. indicum var. aromaticum, in order to improve the 
likelihood of successful cross between the two species.

Materials and methods

Plant materials
The plant material used in this study include the seeds 

and shoot tips of the diploid D. indicum var. aromaticum 
(2n=2x=18). The budding branches of D. indicum var. aromat-
icum (12–15 cm) were collected and stored in a water box 
with sterile Hogland culture fluid at 23 ± 2°C, 5,000 lux which 
was replaced every week. At the time of complete flower 
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opening, a brush was used for self-pollination 3 times. The 
wilting flowers were dried naturally and the seeds were col-
lected. Robust foot buds (3–5 cm) of D. indicum var. aromati-
cum were cut into the sand, and placed in the greenhouse for 
conventional management (23 ± 2°C) until two pieces of true 
leaves could be processed.

D. indicum var. aromaticum were obtained from 
Shen-nongjia in the Hu Bei province, P.R. China, in 2008. The 
samples were maintained in the garden nursery at the Col-
lege of Landscape Architecture and Horticulture, Northeast 
Forestry University, Harbin, P.R. China.

Polyploidy induction
Dry seeds were incubated in warm water for 5 h. The 

seeds that became visibly swollen were selected and surface 
sterilized by immersion in 2% sodium hypochlorite for 10 
min and rinsed with sterile distilled water 6–8 times. The 
seeds were placed in a constant temperature incubator. The 
pre-germinated seeds and grin were used to induce polyploi-
dy. Colchicine was applied to seeds at concentrations of 100, 
200, 500, 1,000, 2,000 mg L-1 and at treatment durations of 
12, 24, 48 h. The seeds that were soaked in distilled water 
were used as a control. For each treatment, 200 seeds were 
treated, with 3 replications. The seeds were washed with dis-
tilled water for 3 times and then seeded in a plug for regular 
management.

The bunched cotton balls placed on shoot tips were treat-
ed with colchicine solution by using a micropipette to place 
200 ul → 200 ul onto the cotton balls between 9:00–10:00 
am. A range of various concentrations of colchicine was ap-
plied at 100, 200, 500, 1,000, 2,000 mg L-1 for 7 days. Distilled 
water was used as a control solution. The processing of the 
shoot tips was always carried out in the dark environment. 
For each treatment, 30 shoot tips were treated, with three 
replications. Finally, the bunched cotton balls were removed, 
after which they were washed with distilled water and trans-
ferred to greenhouse conditions.

Collection of root tips
After the colchicine treatment, the treated explants (7–

10 cm) were transferred to the water box and cultured for 
20 days. The explants were incubated at regular intervals at 
25 ± 2°C with a 16 h photoperiod and illumination of 2,000 
lux. When the roots reached 1–2 cm, their tips were used to 
observe the number of chromosomes.

Observation of chromosomes and determination of ploidy
Root tips that were approximately 2–3 mm in length were 

taken from the plantlets (external morphological change) 
and pretreated with 2 mM 8-hydroxyquinoline for 7 h at 
18°C. After washing with distilled water, the root tips were 
transferred to fresh Carnoy’s solution (acetic acid: alcohol, 
3:1) for fixing at 4°C for at least 24 h. After being washed with 
distilled water, the fixed root tips were hydrolyzed in 1M HCL 
at 60°C for 8 min. After washing with distilled water 3–5 
times, the hydrolyzed root tips were stained with improved 
Carbol Fuchsin for 30 min. The chromosome numbers were 
observed under a fluorescence microscope (DM250) with 
× 1,000 magnification. Thirty meristematic cells of root were 
observed to determine the number of chromosomes in each 
plant.

Morphological observation 
In order to compare diploid and tetraploid plants, mor-

phological characteristics of seven diploids and seven tetra-

ploid plants were observed in different growth stages. Sever-
al characters such as plant height, leaf length and width were 
measured in 120 days of seedling age and flower diameter 
was measured during the full extended of the flower with a 
vernier caliper.

Stomata observation 
Leaf samples were obtained from plants when they 

reached the 5–6 true-leaf stage. For stomatal measurements, 
an area about 0.5 cm2 on the under epidermis of the leaves 
was coated with nail polish. After it dried, the nail polish im-
pression was removed using a strip of scotch tape. The tape 
was then stuck on to a microscope slide and observed under 
a light microscope. The number of chloroplasts was observed 
with 1% w/v I2-KI solution for 10 minutes in the under epi-
dermis of the leaves. Thirty stomata were measured for each 
leaf. To determine the stomatal density, stomata in 10 micro-
scopic fields were counted for each plant. Two leaves were 
chosen from the same part of each of the seven diploid con-
trol plants and each of the seven tetraploid plants.

Statistical analysis
All the data were analyzed using Microsoft Office Excel 

2007 software with one-way ANOVA. Data were evaluated by 
the analysis of variance and significant by Duncan’s multiple 
range test (DB, 1955) with the statistical program SPSS Soft-
ware Version 19.5. A difference was considered statistically 
significant when p < 0.05 and significant differences were de-
noted in the tables.

Results

Effect of colchicine treatment on the seeds
The effects of colchicine on polyploidy survival and seeds 

induction were examined 120 days after the treatment. The 
results were affected by colchicine concentration, duration 
and seed germination (Tables 1 and 2). All of the seeds treat-
ed with colchicine demonstrated lower survival rates than 
those of the control. In general, the rate of seeds survival was 
decreased when the concentration of colchicine and duration 
was increased (Figure 1). The significant analysis showed 
that the survival rate of the treated group was significantly 
lower than that of the control group after the treatment con-
centration was higher than 1,000 mg L-1 (p < 0.05). Especial-
ly for the 48 h duration (1,000, 2,000 mg L-1), the survival 
rates of pre-germinated seeds were 36.17%, 31.17%, and 
grin seeds were 29.83%, 23.67%. Polyploidy induction was 
increased when the concentration of colchicine and dura-
tion were increased. For pre-germinated seeds, the highest 
percentage of polyploidy occurred after a 48 h treatment 
using 2,000 mg L-1 colchicine, the induction rate was 11%, 
significantly higher than other treatment groups (p < 0.05). 
Followed by 500 mg L-1 for 48 h (8%), 1,000 mg L-1 for 48 h 
(7.67%) and 2,000 mg L-1 for 24 h (7.33%), they had similar 
induction effects. For grin seeds, the highest percentage of 
polyploids occurred after a 24 h treatment using 1,000 mg L-1 
colchicine, the induction rate was 14.5%. Then 2,000 mg L-1 

for 48 h (12.5%), significantly higher than other treatment 
groups (p < 0.05). Among them, 1,000 mg L-1 for 48 h (9.83%) 
and 2,000 mg L-1 for 24 h (7.33%) also have similar induc-
tion effects. This suggests that high concentrations of colchi-
cine low duration and high duration low concentration can 
achieve the same desired effect induced. 
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Table 1.  Induction effects of different treatment time and concentrations of colchicine on pre-germinated seeds of D. indicum 
var. aromaticum.

Treatment The survival after 30 days Number of polyploids obtained
Induction rate 

(%)Concentration
(mg L-1)

Time
(h)

Number of 
surviving

Survival rate 
(%) Tetraploids Chimeras

0
0
0
100
100
100
200
200
200
500
500
500
1,000
1,000
1,000
2,000
2,000
2,000

12
24
48
12
24
48
12
24
48
12
24
48
12
24
48
12
24
48

196.00±2.00a
195.12±0.58a
194.86±1.24a
190.33±0.58ab
165.33±1.53ef
163.33±0.58fg
191.67±0.58ab
173.67±3.51d
158.67±3.51g
186.33±7.37bc
170.33±5.03de
111.67±5.51k
181.33±3.51c
134.00±1.00i

72.33±2.52l
146.33±0.58h
117.00±2.00j
62.33±2.52m

98.00±1.00a
97.56±0.29a
97.43±0.62a
95.17±0.29ab
82.67±0.76ef
81.67±0.29fg
95.83±0.29ab
86.83±1.76d
79.33±1.76g
93.17±3.69bc
85.17±2.52de
55.83±2.75k
90.67±1.76c
67.00±0.50i
36.17±1.26l
73.17±0.29h
58.50±1.00j
31.17±1.26m

0.00±0.00b
0.00±0.00b
0.00±0.00b
0.00±0.00b
0.00±0.00b
0.00±0.00b
0.00±0.00b
0.00±0.00b
0.00±0.00b
0.00±0.00b
0.00±0.00b
0.00±0.00b
0.00±0.00b
0.00±0.00b
1.33±1.53a
0.00±0.00b
0.00±0.00b
1.00±1.00a

0.00±0.00h
0.00±0.00h
0.00±0.00h
0.00±0.00h
0.00±0.00h
0.00±0.00h
1.00±1.00gh
2.33±0.58g
0.00±0.00h

10.33±0.58de
9.00±0.00ef

16.00±2.00b
8.00±0.00f

10.33±1.53de
14.00±0.00c
11.00±2.00d
14.67±2.52bc
21.00±0.00a

0.00±0.00g
0.00±0.00g
0.00±0.00g
0.00±0.00g
0.00±0.00g
0.00±0.00g
0.50±0.00fg
1.17±0.29f
0.00±0.00g
5.17±0.29cd
4.50±0.00de
8.00±1.00b
4.00±0.00e
5.17±0.76cd
7.67±0.76b
5.50±1.00c
7.33±1.26b

11.00±0.50a
Data represents mean ± SD of three replicates.
Means (in the same column) followed by the same letter did not have significant difference by Duncan’s multiple range test p<0.05.

Table 2.  Induction effects of different treatment time and concentrations of colchicine on Grin seeds of D. indicum var. 
aromaticum.

Treatment The survival after 30 days Number of polyploids obtained Induction rate 
(%)Concentration

(mg L-1)
Time
(h)

Number of 
surviving

Survival rate 
(%) Tetraploids Chimeras

0
0
0
100
100
100
200
200
200
500
500
500
1,000
1,000
1,000
2,000
2,000
2,000

12
24
48
12
24
48
12
24
48
12
24
48
12
24
48
12
24
48

194.00±1.00a
195.12±0.58a
194.86±1.24a
181.67±1.53bc
171.33±2.08d
152.67±2.52e
185.00±2.65b
175.33±5.03d
142.00±1.00f
176.67±1.53cd
156.00±8.00e

83.33±5.03i
172.00±6.24d
114.33±4.04g
59.67±1.53j

139.33±1.53f
101.33±2.52h

47.33±1.53k

97.00±0.50a
97.56±0.29a
97.43±0.62a
90.83±0.76bc
85.67±1.04d
76.33±1.26e
92.50±1.32b
87.67±2.52d
71.00±0.50f
88.33±0.76cd
78.00±4.00e
41.67±2.52i
86.00±3.12d
57.17±2.02g
29.83±0.76j
69.67±0.76f
50.67±1.26h
23.67±0.76k

0.00±0.00a
0.00±0.00a
0.00±0.00a
0.00±0.00a
0.00±0.00a
0.00±0.00a
0.00±0.00a
0.00±0.00a
0.00±0.00a
0.00±0.00a
0.00±0.00a
0.00±0.00a
0.00±0.00a
2.00±0.00a
0.00±0.00a
0.00±0.00a
0.00±0.00a
1.00±0.00a

0.00±0.00i
0.00±0.00i
0.00±0.00i
0.00±0.00i
1.00±1.00hi
0.00±0.00i
2.33±0.58hi
4.00±4.00gh
7.00±1.00fg
8.00±4.00f

12.67±1.53e
6.33±0.58fg

16.00±1.00d
27.00±0.00a
19.67±3.51c
13.00±2.00e
17.33±0.58cd
24.00±1.00b

0.00±0.00i
0.00±0.00i
0.00±0.00i
0.00±0.00i
0.50±0.50hi
0.00±0.00i
1.17±0.29hi
2.00±2.00gh
3.50±0.50fg
4.00±2.00f
6.33±0.76e
3.17±0.29fg
8.00±0.50d

14.50±0.00a
9.83±1.76c
6.50±1.00e
8.67±0.29cd

12.50±0.50b
Data represents mean ± SD of three replicates.
Means (in the same column) followed by the same letter did not have significant difference by Duncan’s multiple range test p<0.05.
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FIGURE 1.  Treatment	D.	indicum	var.	aromaticum grin seeds with 500 mg L-1 colchicine (A) 24 h, (B) 48 h. 
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FIGURE 2.  Treatment D.	indicum	var.	aromaticum shoot tips with colchicines and shoot tips of damage. (A) Normal 
shoot tips, (B) Victims of shoot tips. 
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FIGURE 3.  Chromosome number of root tip between tetraploid (A) and diploid (B) plants (×1000). 
 
 
 
 
 
 
  

Figure 1.  Treatment D. indicum var. aromaticum grin seeds with 500 mg L-1 colchicine (A) 24 h, (B) 48 h.

Figure 2. 
Treatment D. indicum 
var. aromaticum shoot 
tips with colchicines 
and shoot tips of 
damage. (A) Normal 
shoot tips, (B) Victims 
of shoot tips.

Figure 3. 
Chromosome number 
of root tip between 
tetraploid (A) and 
diploid (B) plants 
(×1,000).

Table 3.  Induction effects of different treatment concentrations of colchicine on shoot tips of D. indicum var. aromaticum.

Treatment The survival after 30 days Number of polyploids obtained
Induction rate

(%)Concentration 
(mg L-1)

Number of 
surviving

Survival rate 
(%) Tetraploids Chimeras

0
100
200
500
1,000
2,000

30.00±0.00a
28.67±0.58a
25.00±1.00b
18.67±2.52c
14.00±2.00d
 7.00±1.00e

100.00±00.00a
95.56±1.92a
83.33±3.33b
62.22±8.39c
46.67±6.67d
23.33±3.33e

0.00±0.00b
0.00±0.00b
0.00±0.00b
0.00±0.00b
1.00±1.00a
1.00±0.00a

0.00±0.00e
2.00±1.00d
4.33±0.58c
7.00±0.00b

11.00±1.00a
 5.00±0.00c

 0.00±0.00e
 6.67±3.33d

14.44±1.92c
23.33±0.00b
40.00±6.67a
20.00±0.00bc

Data represents mean ± SD of three replicates. 
Means (in the same column) followed by the same letter did not have significant difference by Duncan’s multiple range test p < 0.05.
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Effect of colchicine treatment on shoot tips
The effects of colchicine on polyploidy survival and the 

induction of shoot tips were examined 60 days after the 
treatment. The results showed that there were significant 
effects of colchicine concentration (Table 3). In general, 
higher concentrations of colchicine resulted in lower surviv-
al of the shoot tips and higher induction. The survival rates 
of the shoot tips were 46.67% with 1,000 mg L-1 colchicine 
treatment and 23.33% with 2,000 mg L-1 colchicine treat-
ment, significantly different from the control group (100%) 
(p < 0.05). The highest induction rates of the shoot tips were 
40% with 1,000 mg L-1 colchicine treatment. The second was 
23.33% with 500 mg L-1 and 20% with 2,000 mg L-1 colchi-
cine treatment. However, when the treatment concentration 
was 2,000 mg L-1, most shoot tips could not grow normally 
and nearly half of the badly damaged shoot tips were brown 
or dark brown (Figure 2). Therefore, the most suitable con-
centration is 1,000 mg L-1 to induce polyploidy plants with 
colchicine. 

Chromosome numbers 
The chromosome numbers of the root tips were observed 

under a microscope to detect the ploidy level of the treated 
plants. It showed that the chromosome number of diploid 
plants of D. indicum var. aromaticum was 2n = 2x = 18 and that 
of tetraploid plants was 2n = 4x = 36 (Figure 3). In total, 301 
chimeras and 7 tetraploid plants were obtained.

Morphological comparison of diploid and tetraploid 
plants 

The variants in the morphological characteristics of leaf, 
stem and flower were observed between 2x and 4x plants un-
der the same growing condition. Tetraploid plants had larger, 
thicker leaves, greater flower diameter, more epidermis hairs 
and the total plant height was shorter than that of diploid 
control plants (Figure 4). Leaf length was increased from 
6.02 ± 0.56 (diploid) to 9.17 ± 0.29 cm (tetraploid), and leaf 
width was increased from 4.63 ± 0.3 (diploid) to 7.26 ± 0.37 
cm (tetraploid). Flower diameters of diploid and tetraploid 
plants were 1.53 ± 0.26 and 2.12 ± 0.54 cm, respectively, and 
the difference was statistically significant (Table 4). 

17 

FIGURE 4.  Comparison of tetraploid (A) and diploid (B) plants, leaves and flowers. 

AB  B  
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Figure 4.  Comparison of tetraploid (A) and diploid (B) plants, leaves and flowers.

Table 4.  Flowers and leafs comparison of diploid and tetraploid.

Ploidy level Plant height
(cm)

Length of leaf 
(cm)

Width of leaf 
(cm)

Flower size
(cm)

Diploid
Tetraploid
Rangeability (%)

47.85±3.73a
38.64±1.81b

-19.12±2.53

6.02±0.56b
9.17±0.29a

52.91±9.45

4.63±0.30b
7.26±0.37a

56.90±2.18

1.53±0.26a
2.12±0.54a

37.19±12.15

Data represents mean ± SD of three replicates.
Means (in the same column) followed by the same letter did not have significant difference by Duncan’s multiple range test p<0.05.
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Stomatal comparison of diploid and tetraploid plants
In diploid and tetraploid plants, the stomata densi-

ty and size were found to be significantly different (Fig-
ure 5). The stomata of 2x plants averaged 24.63± 1.22 × 
19 ± 1.37 um (length × width) and the tetraploid stomata 
averaged 37.54± 1.83 × 23.26± 1.76 um. Diploid plants had 
more stomata (22 ± 2.74/0.1 mm2) than the tetraploids 
(9 ± 1.75/0.1 mm-2). The chloroplast number of guard cells 
differed significantly between the 2x and 4x plants, and the 
average number was 12 ± 1.58 in diploids and 18 ± 2.43 in 
tetraploids (Table 5).

Discussion
Polyploidy has played an important role in plant breed-

ing as a valuable method for inducing variation and produc-
ing superior plants (Majdi et al., 2010; Stanys et al., 2006). 
Artificially induced polyploid technology has been used to 

improve flower morphology, fruit size, yields, break self-in-
compatible system, restore fertility, and improve resistance 
to diseases and pests (Kim et al., 2004; Schepper et al., 2001; 
Tel-Zur et al., 2011; Ye et al., 2010). In our study, tetraploids 
of D. indicum var. aromaticum had shown superior mor-
phological characteristics than the diploids, such as larger, 
thicker leaves, greater flower diameter, and more epidermis 
hairs. These characteristics that were reported in this study 
are also observed in other plants as well (Gantait et al., 2011; 
Shao et al., 2003; Urwin et al., 2007).

For polyploidy induction, this study has found that col-
chicine concentration and treatment duration were the two 
key factors. The previous study has found that high con-
centrations of colchicine combined with short durations of 
treatment or, conversely, low concentrations of colchicine 
combined with long durations of treatment are preferred (Ye 
et al., 2010). Various colchicine concentrations (from 100 to 
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FIGURE 5.  Stomata of leaves between tetraploid (A, C) and diploid (B, D) plants. (A, B×1000; C, D×400) 
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Table 5.  Comparison of chloroplasts number, guard cell size of leaf and stomata density between diploid and tetraploid.

Ploidy level Length of stomata
(um)

Width of stomata
(um)

Width of guard cell 
(um) 

Number of 
chloroplasts

Stomata density 
(No./0.1 mm2) 

Diploid

Tetraploid 

Rangeability (% )

24.63±1.22b

37.54±1.83a

52.42±0.12

19.00±1.37b

23.26±1.76a

22.40±0.44

 8.88±1.42a

11.32±1.58a

27.76±2.67

12.00±1.58b

18.00±2.43a

49.95±0.51

22.00±2.74a

9.00±1.75b

-59.33±2.91

Data represents mean ± SD of three replicates.
Means (in the same column) followed by the same letter did not have significant difference by Duncan’s multiple range test p<0.05.

Figure 5.  Stomata of leaves between tetraploid (A, C) and diploid (B, D) plants. (A, B×1,000; C, D×400).
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5,000 mg L-1) combined with treatment duration (6 h to 7 
days) were carried out following the methods of in vitro chro-
mosome doubling (Roy et al., 2001; Song et al., 1997; Thao 
et al., 2003), which were found to be effective in this study. 
Our results also showed that the treatment of grin seeds with 
1,000 mg L-1 colchicine for 24 h (14.5%) and shoot tips with 
1,000 mg L-1 colchicine for 7 d (40%) were suitable for chro-
mosome doubling in D. indicum var. aromaticum. In contrast, 
previous studies found that the suitable treatment of seeds 
was 500 mg L-1 concentration for 48 h (83.1%) in Dendran-
thema nankingense (Chen et al., 2002) and 500 mg L-1 con-
centration for 12 h (23%) in Chysanthemum lavandulifolium 
(Mo et al., 2010). This suggested that plants in the same ge-
nus can have varied sensitivity to colchicine treatment.

Currently, there are various methods available for the 
identification of polyploid plants (Li et al., 1991; Tao et al., 
2009; Yang et al., 2006). Earlier studies of artificial and spon-
taneous tetraploid plants have often found that the size and 
number of stomata and the number of chloroplasts within 
the guard cells change significantly in the case of chromo-
some doubling, compared with the diploid state (Beck et al., 
2003; Urwin et al., 2007). In our study, traits such as stomatal 
density and size, and the chloroplast number of guard cells 
were evaluated to determine whether they could be used to 
identify or provide supporting evidence for putative poly-
ploids in a preliminary scanning. Tetraploid D. indicum var. 
aromaticum had significantly greater values for stomatal 
density and size than the controls. Many researchers have re-
ported that tetraploid plants generally have bigger stomata 
than diploid plants (Miguel and Leonhardt, 2011; Oliveira et 
al., 2004). Therefore, stomatal sizes could be used to analyze 
the level of ploidy in future studies. At the same time, some 
studies indicate that it is not reliable to select putative tetra-
ploids simply based on stomatal sizes if chimeras exist in the 
population for the selection (Chen et al., 2006). Flow cytom-
etry and chromosome counts are both practical and accurate 
methods of screening the ploidy level of plants (Praça et al., 
2009). Flow cytometry is more effective and convenient, but 
can be expensive when compared to chromosome counts 
(Nimura et al., 2006). So we confirm the polyploid status by 
chromosome counts.

A higher frequency of chimera occurrence is usually 
associated with colchicine (Ackerman and Dermen, 1972; 
Schifino and Fernandes, 1987). Because the colchicine works 
effectively only during dividing cells, thereby the polyploid-
ization generally does not equally occur in all explant cells, 
leading to the occurrence of mixoploids and chimeras (Wan 
et al., 1989). The data presented in this paper supports pre-
vious findings that the high production rates of chimeras 
are observed in other plants treated with colchicine, such 
as Miscanthus sinensis (Petersen et al., 2003) and Echinacea 
purpurea L. (Nilanthi et al., 2009). However, another study 
found that chimeras were not detected in any of the plants 
examined. He pointed out that both experimental conditions 
and the genotype seem to influence the induction of chime-
ras. Additionally, in the case of ploidy level, the developmen-
tal stage of the examined material may have also affected the 
results (Głowacka et al., 2010). In addition to colchicine, ory-
zalin is also a kind of suitable for plant chromosome doubling. 
In recent years, some researchers have applied oryzalin to 
the chromosome doubling of apple, kiwi, pear, lily and other 
plants (Bartish et al., 1996; Chalak and Legave, 1996; Bou- 
vier et al., 2002; Rhee et al., 2005). Compared with colchicine, 
oryzalin has the characteristics of low toxicity, low cost, and 
high efficiency of induction of chromosome doubling (Allum 

et al., 2007). Induction of tetraploids in ornamental Aloca-
sia through colchicine and oryzalin treatments, oryzalin 
applied at 0.01% for 24 h showed the best result with four 
tetraploids out of 26 explants examined (15.4%), at 0.05% 
or higher, colchicine did induce mostly chimeras (Thao et al., 
2003). Further experiments are necessary to produce tetra-
ploids with oryzalin in D. indicum var. aromaticum.

The confirmed tetraploid plants, which have been trans-
ferred to pots, could develop normal looking inflorescences. 
Related studies have used these tetraploid plants to cross 
with hexaploid Dendranthema × grandiflora for breeding 
new varieties. As described above, D. indicum var. aromati-
cum has rich fragrance and this trait is very useful for flower 
aroma breeding.
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