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Phalaenopsis pulcherrima has a small flower size when compared with other Phalaenopsis. Polypoloidi
can produced larger flower size, more rounded flower shape, and more dense flower color. The purpose
of this study was to determine the provision colchicine concentration that can produce polyploidy plants
on Phalaenopsis pulcherrima. This study was using Randomized Block Design with four replications.
Induction colchicine concentration was consist of 0 ppm (K0), 1000 ppm (K1), 2000 ppm (K2), 3000 ppm
(K3), 4000 ppm (K4), 5000 ppm (K5). Seedlings of Phalaenopsis pulcherrima were dripped with 0,01 ml
of colchicine solutions.Variabel observedd was morphology ( age of appear new leaves, number of
leaves,thicknes leaves, number of roots, plant heigh, plant lengt, and leave colour), anatomy (stomata
density, lenght and width stomata) and cytologi (number of chromosomes). The experimental results
showed that colchicine concentration of 1000 - 4000 ppm were having aneuploid type, while for
concentration 5000 ppm could produce a tetraploid type with 76 chromosomes.
Keywords: Phalaenopsis pulcherrima, Colchicine, Polyploidy

INTRODUCTION
Phalaenopsis is an indigenous orchid from
Indonesia, one of the popular orchid clan in the
world market. Phalaenopsis species can be found
in many islands in Indonesia. In addition to
Indonesia, these orchid plants also spread in
various countries. This flowers has about 40
species spread in the Himalaya, China, Tibet,
Southeast Asia, Formosa, Philippines, Andaman
Islands, Sumatra, Java, Kalimantan, Sulawesi,
Papua and Papua New Guinea (Sweet, 1980).
Indonesia has about 5000 species of orchids,
which 20 species are Phalaenopis (Comber,
2001). Phalaenopsis is a type of orchid that
becomes an important commodity of ornamental
plants. The specialty of Phalaenopsis because it
has a larger floral shape, varied floral colors and
having longer blooms of flowers compared to
other orchid species. Flower characters of
Phalaenopsis are generally one of important
aspects that acquire a tremendous attention from

orchid breeders and growers. Those of undesired
flower characters could possibly be improved by
polyploidization. The existence of polyploidy has a
substantial
benefits
especially
in
crop
improvement. Orchid breeders are using
polyploidy to acquire flower characters with a new
variations (Azmi, Sukma, Azis and Syukur, 2015).
In the recent time, a polyploidy program had
developed by Chen, Kao,Tang and Jean (2011) in
Taiwan, to convert over 20 diploid Phalaenopsis
species to tetraploid, in order to fill up the needs
of the industry. In this study, the orchids for plant
improvement were using species of Phalaenopsis
pulcherrima which has a small flower size
compared with other Phalaenopsis species. The
genetic improvement of this experiment was to
make the size of Phalaenopsis pulcherrima
flowers are larger and having longer-lasting
flowers bloom, more intense colours, and longer
stalk. The creation of new varieties were
determined tohaving Phalaneopsis species that
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can be developed and cultivated in Indonesia, to
prevent the extinction of orchids species due to
climatic change. The purpose of Phalaenopsis
orchid are to obtain new varieties and to fulfill the
consumers need, that requires a wide genetic
diversity.
The induction of polyploidy has an important
rolein the orchid breeding, in which polyplodies
can produce larger flower sizes with more
rounded floral shapes and have more intense
colours and long lasting flower (Miguel and
Leonhardt, 2011). Polyploidy coud produce plants
with thicker leaves, greener leaf colors, and larger
diameter of stems and roots. The polyploidization
effect could make the number of chromosomes
sets become different from the parent cell. The
diploid organism (2n) with polyploidy treatment will
changethe chromosomes so it could produce
triploid (3n) or tetrapolid (4n) (Ramsey &
Schemske, 1998). Chromosomal derivation in
plants is conducted by using chemical induction
anti-mitotic compounds such as colchicine.
Colchicine is one of the reagents for mutations
that cause polyploidy in plants, where organisms
have three or more chromosomes in their cells.
The polyploidy have function to improve plant
character such as; making the plants more robust,
larger plant organ (roots, stems, leaves, flowers,
and fruits), so that the characteric of the plant will
be improved without changing the potential result
(Hieter and Griffiths, 1999). Based on the
research of Suryo (1995), showed that colchicine
at a critical concentration will prevent the
microtubules from vast formation of spindle
threads, that could generating irregularities in
mitosis. Colchicine will work effectively at a
concentration of 0.01 - 1.00%. The colchicine
treatment duration ranged from 3 to 24 hours. If
the colchicine concentration solution and the
duration of treatment were not reaching the
provision condition, then the resulted was not
polyploidy yet. Colchicine has a specific influence
to inhibitthe activity of chromosome binding
(spindle threads), so that the chromosome that
has been split were not separate it self into
anaphase from plant cell division. Colchicine
works to inhibit the spindle threads, chromosomal
separation in anaphase and formation inhibition of
new
cell
wall
scan
causing
multiple
chromosomes.The cytology character observation
procedure was to determine the number of
chromosomes.
MATERIALS AND METHODS
This research was conducted

at

Soerjanto

Orchids
Batu,
Biotechnology
Laboratory,
Department of Agronomy, Faculty of Agriculture
and Laboratory of Biomolecular of Biology,
Brawijaya University, Malang. This study was
conducted from March until September 2017. The
tools were using seedling tray, spuit injection,
transparent plastic. The materials were using
seeds of Phalaenopsis pulcherrima one month
after acclimatization, fungicides and insecticides.
The materials used in the laboratory for
cytological test consist of; the seedlings of orchids
root, 8-Hidroquinolin, acetic acid 45%, HCL 1N,
aceto-orcein 2%, aquades, clear nail polish, oil
immersion lens. The other equipment that were
used for cytology test consist of; a light
microscope, refrigerator, water bath, watch glass,
pipettes, bunsen burner. The treatment of
colchicine concentration consist of; 0 ppm (K0),
1000 ppm (K1), 2000 ppm (K2), 3000 ppm (K3),
4000 ppm (K4), 5000 ppm (K5). The observation
parameters were morphological, anatomical and
cytological characters. The experimental was
done byspreading of 0.01 ml colchicine per plant
on Phalaenopsis pulcherrima based on the
concentration tested.Colchicine dripping was
conducted once at the growing point. After
colchicine dripping, seeds wrapped with
transparent plastic. Therefore, the vaporization
ofcolchicine were remain in the treated plant area.
Maintenance activities were carried out by waiting
the planting medium to dry, then gavefull watering
twice a week. In addition, the seedling were given
-1
insecticides and fungicidesof 2 g L every two
weeks.
The stomata analysis was done using Jadrna
P., Plavcova O., Kobza F.,( 2010 ) methodby
stomata lengths and densities were measured in
all surviving plants. Neutral nail enamel was put
on the undersides of the leaves. When dry, the
film (a perfect decal of the epidermis cells
including stomata) of the enamel was removed
from the tissue and observed using a binocular
microscope at 40× magnification power. Five
stomata
lengths
were
measured
during
observation using a line scale implanted in the
ocular; the stomata density was counted in four
particular squares of the field of vision of the
microscope and then extrapolated for 1 mm2.
Chromosome analysis was established by
using Manton method (1950),which has already
modified by Rahayu et al., (2015), First step, the
number of chromosomes can be countingby
soaking the tip of the roots along 0,5-1cm within
8-Hydroxyquinolin 0,002 M for 24 hoursin side the
refrigerator (±4ºC). Then soaked with distilled
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water for 5 minutes, after being soaked with
distilled water and then soaked with acetic acid
45% for 15 minutes, followed by immersion in a
solution of acetic acid 45% and HCL 1N with a
ratio of 3:1 for 15 minutes at waterbath
temperature to 60 °C, then the roots were
transferred to the watch glass with the tip root
position inside the watch glass, drops aceto orcein
2% and left for 20-30 minutes, then transferred to
a microscope slides, cut 1-2 mm and drip with
aceto orcein 2% and cover with glass cover, then
pass the preparat over the fire bunsen for 2-3
times, tapped with pencil tip rubberised (squash),
and press using thumb with a tissue, proceeds
squasing by smeared with clear nail polish, and
then observed under a microscope with a
magnification of 40x-1000x. If there were a
significant spread of chromosomes, then
photograph the objects.
RESULTS AND DISCUSSION
Morphological Character
The
higher
colchicine
concentration
couldaccelerate the age of emergence new
leaves, where as the character of new leaves
showed significantly different until 90 days after
treatment. The colchicine concentration level
could decreasing number of leaves. The thickness
of leaves showed a significant different. The
higher colchicine concentration could thicker the
leavesand more striking leaf color.The number of
roots were not significantly different to theother
treatments of colchicine concentration. The higher
of colchicine concentration could accelerate the
plant growth, but was not significantly different in
the plant length and the percentage of live plants
(Tabel 1).
Plant morphological characters could changes
in plant organ that can cause changes in the
number of chromosomes.Characteristic of plant
morphology is one of indicator of polyploidy. If
there is a change occurs on a plant organ, then
the organ will have an abnormal appearance Uhlik
(1981) that the polyploid plants had gigantic
characteristics such as thicker wider leaves, with
greater stomata size and larger flowers. The
plants treated with Colchicine also had thicker and
coarse leaves which were greener in colour in
comparison to the Control. Avery and Johnson
(1947), stated that the changes that occur in
plants, that influenced by colchicine induction
were varied. Some plants were having mutations
in almost all parts of the plant organ from the
growthpoint until the generative organ, but some

others have mutations in some organs only. From
the experimental results with several different
concentrations of colchicine concentration, can be
explained that the morphological observations on
the age of appear new leaves had a significant
different effect on each treatment. Based on Table
1, shows that treatment K5 (5000 ppm) had the
fastest average age of appear new leaves
compared to other treatments with 16,65 days,
while the average age of new leaves appear the
latest was treatment K1 (1000 ppm) and K3 (3000
ppm) of 43,50 days.
Colchicine
concentration
on
orchids
Phalaenopsis pulcherrima had a significant
different effect on each treatment on the character
of number of new leafat 90 days after treatment.
The average number of new leaves was mostly
found in the treatment of K0 (control) that was
3.95 strands, while for the lowest number of
leaves in the treatment of K3 (3000 ppm) that was
2.10 strands. The higher colchine concentration,
the fewer number of new leaves in each
treatment. The seedlings slow growth is also a
factor of the decreasing number of leaves,
compared with plant seedlings before the
treatment of the number of leaves on each plant
still having 4-5 leaves with leaves length of 3-6 cm
but after the treatment of colchicine at 45 days
after treatment, one by one the old leaves at the
bottom dried and fall, but aside from the
occurrence of threshing leaves of each plant will
emergence new leaves with a shorter and thicker
leaf. From all of the plants treatment there were
only a few plants that had many new leaves when
the plant reached 45 days after treatment
because the increasing substans that present in
the cells by chromosome doubling. The
compound that contained in colchicine solution
could cause the failure formation of spindle
threads, so that the development of cells also
become obstructed. Basically every plant has a
different responses depending on the type and
plant organ that being treated (Eigsti O.J, and
Dustin, P 1957). The level of colchicine
concentration had a very significant different effect
on each treatment on leaf thickness until 90 days
after treatment. The highest of leaves thickness
was K5 (5000 ppm) with value 3,87 mm,whereas
the lowest of leaves thicknesswas K0 (control) wih
value 2,02 mm. Zeng et al., ( 2006), stated that
colchicine could make a side effects, i.e abnormal
morphology during the process of mutagenesis
and will further lead to the formation of thicker
leaves.

Bioscience Research, 2018 volume 15(2): 941-949

943

Soetopo and Hosnia

In Vivo Polyploid-Induction

Table 1. Average age of new leaves, number of leaves, leaf thickness, Number of new roots,
Length of plant Plant height Percentage of life, on treatment of colchicine concentration..
Concentration
(ppm)

Age of
Number
Leaf
Number
Plant
Lenght
Percentage
new leaves
of leaves
thickness
of root
height
of plant
of life(%)
(hsp)
(Blade)
(mm)
(helai)
(cm)
(cm)
Control
40,90 a
3,95 a
2,02 b
5,2
1,38 b
4,3
100
1000
43,50 a
2,70 b
2,28 b
4,6
2,16 a
3,45
100
2000
42,55 a
2,55 bc
2,31 b
4,9
2,06 a
4,5
100
3000
43,50 a
2,10 c
3,18 a
5,8
2,00 a
3,72
100
4000
41,85 a
2,40 bc
3,67 a
4,7
2,00 a
4,32
90
5000
16,65 b
2,40 bc
3,87 a
5,5
2,32 a
4,22
100
Note: the numbers followed by the same letter in the same column are not significantly different in the 5% LSD (Least
Significant Difference).

Factors that causing the thickening of leaves
on the colchicine treatment were caused by the
size and number of stomata contained in leaves,
which is fewer or larger.
The colchicine concentration on orchid
seedlings had not significant effect on the number
of new roots. This statement is in line with Rahayu
et al., (2015), stated that number of roots were not
significantly different between treatments, and
showed that colchicine concentration were not
inhibit root growth. Based on Table 4, treatment of
K3 had the highest number of root (3000 ppm)
with 5,8. Whereas for the lowest number of roots
was on the treatment K1 (1000 ppm) was 4,6.
Nugroho (2015), statedthe number of roots were
low is due to the colchicine concentration solution
can stimulate the plant growth through increasing
the production of enzymes in plants. The smaller
number of roots were depend on absorption of
colchicine by roots, which is the higher the
colchicine
concentration
and
the
higher
absorption, the plant growth will also be inhibited
due to disrupted cell division.
The various level colchicine concentration had
a significant different effect on the each treatment
on plant height until 90 days after treatment. The
highest average of plant height was found in the
treatment of K5 (5000 ppm) of 2.32 cm, while for
the shortest average plants height was found in
treatment K0 (1000 ppm) of 1.38 cm. Based on
the data in Table 1, it can be seen that the
provision of colchicineconcentraion had a
significant effect on the plant height of orchid,
which is the higher level of concentration used
would make the higher plant height because the
treatment showed different types of growth. The
colchicine concentrationwere having no significant
effect on each treatment on plant length and
percentage of plant life up to 90 days after
treatment. Thethe longest plant length was found

in the treatment of K2 (2000 ppm) of 4.50 cm
while the average length of the shortest plant
lenght was in the treatment of K1 (1000 ppm) of
3.45 cm. Poehlman and Sleepper (1995),
suggested that polyploids play a role in increasing
meristematic cell size, but number of cell were not
increase. Then for percentage of seedlings life
were ranged from 90-100% (Table 1). Percentage
of seedlings life were not significantly different
between plant control and plant with colchicine
treatment, because the orchid seedlings relatively
more resistant to colchicine effect, so it did not
withered the meristem cells. Omidbaigi et al.
(2010) stated that seedlings are relatively more
resistant to the colchicine toxic effects than
sprouts.
Anatomy Character
Based on the result of observation of
anatomical character showed that the treatment of
colchicine
concentration
on
Phalaenopsis
pulcherrima in the seedlings phase had a very
significant different effect on each treatment. The
higher colchicine concentration leads to lower
stomata density but higher stomata length and
stomata width (Tabel 2).
The anatomy characters are also one of the
indicators to see the success of polyploidy, where
the observation of anatomical characters was a
functional method of determining the level of
polyploidy. Miguel and Leonhardt (2011), used
analytical methods to determine the ploidy level in
orchids. Colchicine treatment in Phalaenopsis
pulcherrima with different concentration level had
a
significant
effect on
the
anatomical
characteristics of stomata density, stomata length
and stomata width. Stomata is flanked by a pair of
guard cells. The guard cell acts as a controlling
stomata diameter by altering the shape and will
narrow or widen between the two cells (Campbell,
2003).
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Table 2. Average stomata density at 90 days after colchicine treatment concentration
Concentration (ppm)

2

Stomata density (Number/mm )

Stomata length
Stomata width
( μm)
( μm)
K0 (0)
3,50 a
25,36 d
22,40 c
K1 (1000)
2,50 b
26,37 cd
26,62 bc
K2(2000)
2,00 b
32,01 cd
21,61 c
K3 (3000)
2,00 b
36,53 bc
24,45 c
K4 (4000)
2,00 b
44,09 b
36,37 ab
K5 (5000)
1,00 c
57,93 a
40,11 a
Note: the numbers followed by the same letter in the same column are not significantly different in the 5%
LSD (Least Significant Difference
concentration with immersion time could
Opening and closing of stomata can be
determined the induced effect of polyploidy which
affected by several factors such as light, CO2
resulted in being shorter plant height, lower
concentration, temperature, moisture and plant
number of leaves, lower number of stomata, but
hormones.
the leaves was thicker with stomata enlargement
Colchicine at high concentrations can lead to
either width or length. This also occurs with the
size and amount of stomata in Phalaenopsis
fewer stomata. This also happened in the study of
pulcherrima in the treatment of colchicine
Nugroho (2015), that the higher concentrations of
concentration.
colchicine decrease the density and number of
stomata. Based on Table 2. The highest average
Number of Chromosomes
stomata density was found in the K0 (control)
Based on the calculation number of
treatment with value 3.50, while the lowest density
chromosome
by cytology analysis using root tip of
was found in the K5 treatment (5000 ppm) with
orchid
Phalaenopsis
pulcherrima using 2% acetovalue 1,00. The colchicine at high concentrations
orcein showed that the effect of colchicine
could increase the size and length of stomata.
concentration can cause the addition of
Based on Table 2. The largest average length and
chromosome number, which is the normal
width of stomata was found in the treatment K5
chromosome number is 2x = 38. The treatment of
(5000 ppm) 57,93 μm and 40,11 μm. The shortest
K1 (1000 ppm), K2 (2000 ppm), K3 (3000 ppm),
average length stomata was found in the
K4 (4000 ppm) concentration has led to
treatment the K1 (1000 ppm) yaitu 21,61 μm.
chromosome doubling between 39 and 68
Rahayu et al (2015), stated colchicine
(aneoploid), while treatment K5 (5000 ppm) could
concentration on Phalaenopsis amabilis seedling
produce the most multiplication of chromosomes
were significantly affect the size and number of
with the number of chromosomes were counted
stomata. The length and width of stomata in
76 chromosomes (euploid) It means 5% from the
Phalaenopsis amabilis seedlings with 5000 ppm
treated population (Table 3 and Figure 1).
of colchicine concentration were significantly
higher than other treatments. However, the
Tabel 3. Number of chromosomes in the
stomata density and number of stomata in
treatment of colchicine concentration
colchicine treatment were significantly lower than
Concentration
Average
Range
control treatment
(ppm)
According to Miguel and Leonhardt (2011),
K0 (0)
38
38
stated that plants with stomata length 1.25 times
K1 (1000)
43
39-42
thanthe plant control are suspected as polyploid
K2(2000)
44
39-45
plants. It can be assumed that colchicine
K3 (3000)
48
39-50
concentration of 5000 ppm could induce the
K4 (4000)
52
40-68
formation
of
polyploid
on
Phalaenopsis
K5 (5000)
65
50-76
pulcherrima seedlings. In the research of Lu and
The structure and function of chromosomes
Bridgen (1997), stated that Alstroemeria sp
are closely related. Chromosome is composed of
tetraploid with colchicine treatment had fewer
DNA and Proteins. DNA is the constituent of
number of stomata compared to control plants,
genes, it means that genes were on
but also having a larger stomata size than control
chromosomes so that chromosomal functions are
plants. The low number of stomata will make the
for the place of genes.
stomatal density also lower.
The colchicine
Bioscience Research, 2018 volume 15(2): 941-949

945

Soetopo and Hosnia

Control

K3

In Vivo Polyploid-Induction

K1

K4

K2

K5

K3
K4
K5
Figure 1. Phalaenopsis pulcherrima orchid chromosomes observation results in a microscope
The mitosis phase that commonly occursis
formed after colchicine induction, a mitotic
telophase, where the cytokinesis (cytoplasm
analysis at the root tip is called cytological
division) happens, forming a cell plate dividing the
analysis.
cell into two identical parent cells. Metaphase is
According to Lin, S., H.C.Lee et al., (2001)
the easiest phase of mitosis to determine the size
stated that number of basic choromosomes for
species Phalaenopsisis x = 19 with various level
and number of chromosomes because the
chromosomes take a places at the shortest level
of polyploid such as; diploid (2x 2n = 38), triploid
and very good condition to be coloured and the
(3x 3n= 57) and tetraploid (4x 4n =76). Based on
chromosomes were located on the equator line so
the result of this research, some level of
colchicine
concentration
on
Phalaenopsis
it is easierto observed Suryo, (2007).
pulcherrima seedlings were having a significant
Mitosis cell division are consist of prophase,
metaphase, anaphase and telophase. Prophase is
effect on each treatment. In the orchid growth
point of Phalaenopsis pulcherrima with various
the phase in which chromatin threads begin to
condense (thicken) and the nuclear membrane,
colchicine concentration had a significant effect to
nucleus, nucleolus begin to disappear. Metaphase
cytology character of chromosome number. Each
is the phase where the chromosomes lie on the
plant in various concentration treatments had
equator line, the polarized microtubule (elongated)
different chromosome numbersbecause the effect
attached to the centromere. Anaphase is the
of mutations were occur randomly. Number of
phase where centromere division occurs, the
chromosome on K0 (control) were 38
microtubule begins to shorten (depolymerization)
chromosomes,treatment of K1 (1000 ppm) were
and pulls the chromosome to the opposite poles.
having number of chromosomes ranged from 39Telophase is the final phase of cell division where
42 chromosomes, K2 (2000 ppm) were having
chromosomes begin to condense into chromatin,
number of chromosomes ranged from 39-45
nucleus, nuclei membrane begin to appear.
chromosomes, K3 (3000 ppm) the number of
Followed by cytokinesis is cytoplasm division. In
chromosomes
were
ranged
from
39-50
plant cells, there is a cell plate that divides cell
chromosomes, K4 (4000 ppm) the number of
into two cells, whereas in animal cells,
chromosomes
were
ranged
from
40-68
microfilament ring forms a plot of division and
chromosomes,and K5 (5000 ppm) the number of
eventually clamps half. The most important
chromosomes
were
ranged
from50-76
characteristic is one of the indicators to see the
chromosomes. Based on the Table 3, the higher
success of polyploid is by performing calculations
colchicine concentration could increase number of
on root mitotic chromosomes performed to
chromosomes from diploid to polyploid.
confirm the level of plant polyploid in new cells
Bioscience Research, 2018 volume 15(2): 941-949
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Tabel 4. Appearance of morphology characters, anatomy and cytology
Consentration
Morphology
Anatomy
Cytology
(ppm)
Control

K1 (1000)

K2 (2000)

K3 (3000)

K4 (4000)

K5 (5000)
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Miguel dan Leonhardt (2011), stated that
effective polyploidic induction treatment could
produce a lot of polyploidy, and the plant growth
were not inhibited. The effective concentration for
polyploidy induction on Phalaenopsis pulcherrima
was 5000 ppm because it could produce polyploid
(tetraploid) plants, from 20 plants in one
treatment, whereas for the treatment of K1-K4 can
produce type aneuploid plants that consist of 3968 chromosomes. Syukur et al., (2013), stated
that the addition of the number of chromosomes is
called euploid type, which is a group of plants or
individuals that each somatic nucleus has a
multiple
chromosome
sets
number
of
chromosomes (genome). The set (basic
chromosome) is denoted by x, one set of
chromosome (1x) is called monoploid and (2x)
called a diploid, while a higher polyploid is called
triploid (3x), tetrapolid (4x) and so on. Then in
each treatment there were several plants that
have the addition of one chromosome in one of
the homologous pair (2n+1).
CONCLUSION
The experimental results showed that using in
vivo method, seedlings of Phalaenopsis
pulcherrima treated with colchicine concentration
of 1000 - 4000 ppm were having aneuploid type,
while concentration 5000 ppm could produced
tetraploid with 76 chromosomes.
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