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Abstract. Cotton is one of the most important ﬁbre crops in the world. An increase in ploidy level was observed in diploid cotton species
namely Gossypium herbaceum in the experiment, through colchicine application. There were signiﬁcant growth variations noticed during
the induction of polyploidy in the cotton plants depending upon the concentration of colchicine, duration of the treatments and genotypes
taken. An increase in the concentration of colchicine or the duration of the treatment had a retardation effect on seed viability in G.
herbaceum. The hypocotyls of length between 4 and 8 mm were found to be most responsive to colchicine treatment. The root meristem of
G. herbaceum, treated with 0.2 and 0.4% colchicine exhibited the most number of tetraploid cells during 16 h of treatment. The increase in
the concentration of colchicine, along with an increase in duration of treatment led to the chromosomal abnormalities in the wild cotton
species. Seed treatment for colchicine application, was the most efﬁcient and reliable method when compared to Petri-plate application and
cotton swabbing treatments for inducing polyploidy in diploid cotton.
Keywords. cotton; chromosome doubling; colchicine; DNA content; chromosome counting; ﬂow cytometry; polyploidy; Gossypium
herbaceum.

Introduction
‘Cotton’ the king of ﬁbre crops, is one of the historic and
important cash crops in the world which exercising an
insightful inﬂuence on the economy, social values and costume trends. The word ‘cotton’ is originated from the Arabic
word ‘al qatan’.
The cotton plant, Gossypium spp., is also known as the
‘the white gold’ due to the soft ﬁbre obtained from it which
is also known as the lint. Cotton is cross-pollinated, belongs
to the genus Gossypium, family Malvaceae and tribe
Gossypieae. It is widely distributed from tropical to subtropical regions. The cotton species have a signiﬁcant and
remarkable evolutionary history which has impacted chromosomal structure and size (Wendel and Grover 2015). G.
arboreum and G. herbaceum occur naturally in Africa and
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Asia (Wendel and Cronn 2003). G. arboreum is drought
tolerant, resistant to diseases like root rot and insect pests
like bollworm (Liu et al. 2006). G. herbaceum, known as the
‘levant cotton’ is grown in the rain-fed areas. The crop is
found to be tolerant to salinity, drought and wind stress. G.
raimondii is characterized by high-quality ﬁbre (Jena et al.
2012). There are 50 species of cotton among which 43 are
diploid classiﬁed in seven genomes, namely A to G. Rest of
the seven species are designated as AD and are tetraploid
(Percival et al. 1999). Diploid cotton species has 26 chromosomes whereas allotetraploid species, which developed
through hybridization mechanism between the two diploid
species, namely AA and DD has 52 chromosomes. Only
four cotton species, namely G. arboretum and G. herbaceum
(diploids: AA genome) and G. hirsitum and G. barbadense
(tetraploids: AADD genome) are cultivated. The allotetraploid group, AD subgenomes is believed to have emerged
2 million years ago (Senchina et al. 2003). Cotton plants can
cross-pollinate with several wild related species and
exchange chromosome segments through homologous
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recombination. The wild cotton species resistant to various
biotic and abiotic stresses, are male sterile and have superior
ﬁbre quality. Ploidy manipulation is a valuable tool for
improvement in the genetics of the cultivated genotypes of
cash crops such as cotton and sugarcane. Due to the narrow
genetic base of the upland cotton, the ploidy management
has been reﬂected as the most important tool in the
improvement of genetic assortment. The afﬂuence of desirable genes present in wild species justiﬁes special attention,
systematic exploration and utilization. Such actions may
lead to the development of varieties having inherent resistance towards major diseases and pests. Modiﬁcation of
plant morphology, such as ﬂared or deciduous bracts, tight
and straight calyx, pubescence, thick and stiff boll rind, etc.
may result in greater attraction towards vegetative parts than
the fruiting parts for oviposition (Mehetre 1993). The
mechanism of chromosomal doubling may improve and
enhance the genetic diversity. Induction of polyploidy in
interspeciﬁc hybrids result in duplication of the two genomes
(AD) in a hybrid and formation of an allopolyploid. In this
way, the desired genes can be introgressed in the cultivated
genotypes (Olsen et al. 2006). Since the variability in the
cultivated germplasm is restricted and has been comprehensively utilized for the breeding programmes. The technique is implemented to develop genetic material which
have high content of usefel genes. Those genes may have
originated in the wild species.
Polyploidy is usual in plants, ﬁshes and a few amphibians. Polyploids possess more than two complete sets of
chromosomes that are inheritable. Diploid gametes may
arise due to nondisjunction during mitosis and meiosis
which causes duplication of chromosome sets. When these
diploid gametes fuse with a haploid gamete, a triploid
zygote appears. These triploids may be unstable and sterile.
When these diploid gametes fuse with another diploid
gamete, a stable tetraploid zygote is formed. Polyploids
may be tetraploid (4x), hexaploid (6x), and other aneuploids, higher-order polyploids, or chromosome pair multiples. The process of genome duplication followed by
genome reduction is known as paleopolyploids. Polyploidization found in interspeciﬁc or intergeneric hybrids
yield duplication of the genomes. This ventures introgression of desired genes in the cultivated gene pool (Olsen
et al. 2006).
The incompatibility barriers, due to differences in chromosome numbers are major bottlenecks in the introgression
of genes from cultivated American cotton to the Indian desi
cotton. Even if crossing is successful and hybrids are
obtained, the resultant progeny will be triploid and sterile.
Thus, chromosome doubling through colchicine treatment
may be used for overcoming these crossing barriers. Moreover, to increase the expression of genes of interest, colchicine treatment is the best choice for chromosome
doubling and over-expressing these genes. In the present
study, colchicine treatment was employed in six different
genotypes of G. herbaceum (2n = 26) and the variation in

the genome content between control and treated cotton
genotypes was observed.
Colchicine (C22H25O6N) is extracted from the seeds and
bulbs of the plant Colchicum autumnale L. It is an antimitotic agent used to induce polyploidy (Stanys et al. 2004).
Colchicine binds to the dimmers preventing the formation of
microtubules and discontinues spindle ﬁbres’ formation
during the cell division (Petersen et al. 2003). Colchicine
halts the cell division at the early anaphase stage. In this
way, the chromosomes are duplicated without mitosis and
cell wall formation. This results in the polyploidy of the
plant cells. The polyploid cells are generally larger than their
diploid cells and develop into thicker tissues, resulting in
large-sized plant organs.
Flow cytometry (FCM) is a promising technology to study
the nuclear DNA content and assessment of clonal ﬁdelity.
FCM is used for cell counting, cell sorting, biomarker
detection, microorganism identiﬁcation, protein engineering
and diagnosis of health disorders. In plants, FCM is helpful
to study the nuclear DNA content, ploidy, and cell cycle
procedures. The value of DNA-speciﬁc ﬂuorochromes along
with the relative ﬂuorescence of stained nuclei is used in this
method. In most of the plants, analyses of relative DNA
content of nuclei isolated from young tissues yield a histogram showing a dominant peak corresponding to nuclei at
the G0/G1 phase of the cell cycle and a minor peak corresponding to G2 nuclei. G1 peak observed on a histogram of
an unknown sample is compared with the reference (known)
samples, to conclude the polyploidy (Dolezel et al. 2007).

Materials and methods
The present study was carried out during 2018–19 at the
Department of Agricultural Biotechnology, Anand Agricultural University, Anand, Gujarat. The experimental material
consisted of six cotton varieties of G. herbaceum, namely
ALF-1027, 4011, V-797, G Cot 21, G Cot 23 and G Cot 25
(table 1). All the genotypes were procured from and maintained at the Research Centre for Distant Hybridization in
Field and Fruit Crops, Department of Agricultural Biotechnology, AAU, Anand. Cotton genotypes were treated with
different concentrations of colchicine (0.2%, 0.4%, 0.6%
and 0.9%), with three different methods, namely seed
soaking (Dhamayanthi and Gotmare 2010), Petri-plate

Table 1. List of cotton genotypes used in the study.
Genotype
1
2
3
4
5
6

Species

Source

ALF-1027 G. herbaceum Research Centre for Distant
4011
Hybridization in Field and Fruit
V-797
Crops, Department of
G Cot 21
Agricultural Biotechnology,
G Cot 23
AAU, Anand
G Cot 25
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method (Rauf et al. 2006) and cotton swabbing method
(Dhamayanthi and Gotmare 2010) for induction of polyploidy. Further, cytological and ploidy analysis of treated
material was carried out and then cells were examined under
a microscope. DNA content was estimated using the ﬂow
cytometry technique.
Methods used for colchicine treatment
Seed soaking method: Seeds, uniform in size from each sample
were selected for each treatment. The seeds were then sterilized with 70% ethanol for 1 min and washed thrice for 3 min
in distilled water to remove ethanol. Hundred seeds per sample
were treated with different concentrations of colchicine,
namely 0.2%, 0.4%, 0.6% and 0.9% for 4 h. Then seeds were
rinsed well with distilled water and kept in Petri-plate with a
moist paper at 27°C to enhance the seedling growth (ﬁgure 1).
After attaining a length of 3 to 4 cm, the seedlings were
transplanted in the polythene bags ﬁlled with 1:1 vermiculite:
peat-moss mixture and were kept in 27°C away from direct
light for 15 days (ﬁgure 2). Then the seedlings were transplanted in pots for 30 days (ﬁgure 3). The plants were kept
healthy and in a good condition for three months and later
transplanted to the ﬁeld for the evaluation of phenotypic traits.
The root tips were excised and the ploidy level was determined
by ﬂow cytometry technique.

Figure 2. Seedlings of ALF-1027, raised in polythene bags after
seed soaking treatment.

Petri-plate method: Fifty cotton seeds of each sample were

placed for germination in the petri-plates lined with wet
paper towels kept at 268C for 24 h. The Petri-plates were
partitioned into two parts with each 25 seedlings. The ﬁrst
part was nurtured with water while another part was ﬁlled
with colchicine solution of different concentrations (0.2, 0.4,
0.6 and 0.9%) in such a way that the root was dipped into the
colchicine solution for 16 h. After the incubation, seeds were
rinsed thoroughly and washed with distilled water and kept
in Petri-plates lined with wet paper towels and further
incubated in 27°C. The root tips were excised and subjected
to ploidy analysis by ﬂow cytometry technique after the
emergence of hypocotyls of 4–8 cm length.

Figure 3. Seedlings of ALF-1027, transplanted in pots after seed
soaking treatment.

Cotton swabbing method: Hundred cotton seeds of each sample

were grown in earthen pots under normal conditions (14 h
light period at 29°C with 60% humidity). Aqueous colchicine
solution of various concentrations (0.2%, 0.4%, 0.6% and
0.9%) were applied with the help of cotton plug for 16 h to
the terminal meristematic region of the young plantlets at four
leave stage and the process was repeated at 4 h interval. The
cotton plantlets, kept at the controlled temperature have low
rate of transpiration. Plants were screened for the survival
percentage as well as their morphological abnormalities.
Floral buds and leaves were analysed by chromosome slide
preparation and ﬂow cytometry technique.
Cytological study
Slide preparation from root tip: The root tips of control and the

Figure 1. Germinating seeds of ALF-1027 during seed soaking
method.

colchicine treated cotton plants were pre-ﬁxed in 25 ppm
cycloheximide for 25 min at 25°C. The tips were washed
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2–3 times with distilled water and were ﬁxed in freshly
prepared absolute ethyl alcohol-glacial acetic acid (3:1) for
24 h at 4°C. Root tips were again rinsed 2–3 times with
distilled water. Then the root tips were kept in tubes containing 2% cellulose and 1% pectinase for 40 min at 37°C.
Finally, the root tips were washed with distilled water. After
that, all the root tips were treated with 60% acetic acid.
Twenty-ﬁve cells from each sample were screened and
studied. The number of cells was determined by a
microscope.
Slide preparation for ﬂower bud: Flower buds of about 0.5 cm
length were plucked between 6:30 and 7:30 am. These were
ﬁxed for 24 h in 6:3:1 solution of absolute alcohol, chloroform
and glacial acetic acid (six parts of absolute alcohol: three parts
of chloroform: one part of glacial acetic acid) and kept at 4°C
in a refrigerator. The ﬂower buds were slightly pierced open
with forceps for easy penetration of the chemical solution. A
pinch of ferric chloride was also added to the ﬁxative as a
mordant. After 24 h of ﬁxation, the ﬂower buds were rinsed
with freshly prepared 6:3:1 solution of absolute alcohol,
chloroform and glacial acetic acid. Later, the ﬁxed ﬂower buds
were gently heated in fresh 6:3:1 solution for 4 to 5 min over
the ﬂame to remove excess of ferric chloride from the buds.
The buds were stored in 1% acetocarmine at 4°C in a refrigerator. Meiotic slides were prepared after one day of staining
by squashing 4–5 anthers in a drop of 1% propionocarmine.
Temporarily mounted slides were studied for chromosome
count at diakinesis, metaphase-I and anaphase-I stages of
PMC meiosis under Olympus BX51 and documented by
Olympus digital camera.

and young leaves were taken for sample preparation to
analyse the DNA content. A small amount of plant tissue
(1–2 cm) was placed in the centre of a watch glass. One mL
of ice-cold nuclei isolation buffer (Galbraith’s buffer) was
added to the watch glass. Tissues were immediately chopped
in the buffer with a fresh sharp razor blade in such a way that
each cut should be at one time in one position. Repeated
cutting of tissue at the same point was prevented. The extent
of chopping was determined based on the concentration of
nuclei of the sample as well as the amount of debris’
background on the histogram of the DNA quantity. Drying
of the buffer was avoided during the chopping process.
Tilting the watch glass, so that the buffer occupies a small
surface was helpful. Homogenate was mixed by repeated
pipetting up and down several times (to avoid air bubbles).
Homogenate was ﬁltered through a 70-lm nylon mesh ﬁlter
into a labelled sample tube. Propidium iodide was used at a
concentration of 50 lL mL-1 simultaneously with RNase
5.0 lL mL-1. As PI binds to dsRNA, it needs to be used
simultaneously with RNase. The sample was kept on ice for
a few minutes to hour, prior to analysis, with occasional
shaking.
The amount of nuclear DNA of the unknown sample was
calculated as follows:
Sample 2C value (DNA pg)
¼ Reference 2C value
Sample 2C mean peak position

Reference 2C mean peak position
The DNA mass can be converted from picograms to the
numbers of base pairs or vice versa as follows: 1 pg
DNA = 0.978 9 109 bp.

Flow cytometry analysis

Polyploidy level and DNA content of different cotton
genotypes treated with different concentrations of colchicine
were analysed by the ﬂow cytometry technique using BD
FACSJazz Cell sorter, USA.
Standard nuclei preparation: An ideal DNA reference standard

should have a genome size close to the target species. This
avoids the risk of nonlinearity and offset errors. The chromatin structure of the standard and sample nuclei should be
similar and those the nuclei should react similarly to compounds interfering with DNA staining. The standard should
be genetically stable with constant genome size, easy to use,
and available in sufﬁcient quantities. Reference standards
used in the present study were according to the literature
(Dolezel et al. 2007).
DNA content analysis: Seeds were germinated in Petri-plates.

After germination, fresh 1 to 2 cm roots and young leaves of
different treated and control samples were taken for ﬂow
cytometry analysis. Seeds were grown in Petri-plates under
proper conditions in the growth chamber. Roots of 1 to 2 cm

Result and discussion
Cytological characterization
Seed soaking method: In the cytological study, six cotton

genotypes (ALF-1027, 4011, V-797, G Cot 21, G Cot 23 and
G Cot 25) were studied upon application of different colchicine concentrations (0.2, 0.4, 0.6 and 0.9%). Three different methods, namely the seed soaking method, Petri-plate
method and cotton swabbing method were followed (Levan
1939), in Petunia for octaploid induction. Slides of the root
tips and ﬂower buds were prepared and photographs were
taken. Chromosome counting was done manually on the
photographs. After cytological characterization and ﬂow
cytometry analysis, induction of tetraploidy was observed in
4011, V-797, G Cot 21, G Cot 23 and G Cot 25 at 0.2%
colchicine concentration in seed soaking method (ﬁgure 4;
tables 2 & 3). G cot 25 has reported polyploidy at 0.4 and
0.9% of colchicine. Colchicine concentration of 0.2% was
also reported in the polyploid induction of G. arborium
(Arunee et al. 2003).
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Figure 4. Chromosomes arrangement of cotton genotypes at different colchicine concentrations in seed soaking method. (a) A cell at
metaphase showing 26 univalents in control. (b) A cell at metaphase showing 52 univalents in 4011 treated with 0.2% colchicine. (c) A cell
at metaphase showing 52 univalents in V-797 treated with 0.2% colchicine. (d) A cell at metaphase showing 52 univalents in G cot 21
treated with 0.2% colchicine. (e) A cell at metaphase showing 52 univalents in G cot 23 treated with 0.2% colchicine. (f) A cell at
metaphase showing 52 univalents in G cot 25 treated with 0.2% colchicine. (g) A cell at metaphase with 24 chromosomes showing
univalents, trivalents and tetravalents in G cot 25 treated with 0.4% colchicine. (h) A cell at metaphase showing 52 univalents in G cot 25
treated with 0.9% colchicine.
Table 2. List of tetraploids obtained at various concentrations of colchicine by different methods.
Concentration
Method
1

Seed soaking method

2

Petri-plate method

3

Cotton swabbing method

Genotype

0.2%

0.4%

0.6%

0.9%

ALF-1027
4011
V-797
G Cot 21
G Cot 23
G Cot 25
ALF-1027
4011
V-797
G Cot 21
G Cot 23
G Cot 25
ALF-1027
4011
V-797
G Cot 21
G Cot 23
G Cot 25

?
?
?
?
?
?
-

?
?
?
?
?

-

?
?

?, Polyploidy induced; -, polyploidy not induced.

Mitotic metaphase was found normal under controlled
conditions. Chromosomes paired into 13 bivalents during
mitosis in colchicine treated samples. Metaphase revealed 52
univalents. As tetraploidy had 2n = 4x = 52 chromosomes
but no pairing was observed among the chromosomes. All
chromosomes were unpaired univalents. There were, 13
large and 13 small chromosomes with a mean length of 1.45
and 1.25 lm, respectively (Skovsted 1935).
Petri-plate method: In the case of the Petri-plate method, the

induction of tetraploidy was observed at 0.2, 0.4 and 0.9%

colchicine concentration in G Cot 23 (ﬁgure 5; tables 2 & 4).
One per cent of colchicine solution was the most appropriate
for colchiploidy induction (Rauf et al. 2006).
Cotton swabbing method: In the cotton swabbing method, the

induction of tetraploidy was observed in genotypes ALF1027, V-797, G Cot 21 and G Cot 25 at 0.4% concentration
of colchicine (ﬁgure 6; tables 2 & 5). A similar experiment
reported that 0.5–1.0% colchicine treatment was effective
during the cotton swabbing method (Omidbaigi et al.
2010).
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Table 3. DNA content variation obtained by colchicine treatment
in seed soaking method.

Table 4. DNA content variation obtained by colchicine treatment
in Petri-plate method.

Genome content

1
2
3
4
5
6
7
8

Genotype

Concentration (%)

Chicken
Control
4011
V-797
G Cot 21
G Cot 23
G Cot 25
G Cot 25

–
–
0.2
0.2
0.2
0.2
0.2
0.4

pg1
2.33
2.45
4.55
3.75
3.66
3.62
3.02
2.40

Genome content

Mbp2
2332
1198
2224
2224
1789
1770
1479
1174

Pg1, pico gram; Mbp2, mega base pair.

The chromosome numbers of all the genotypes (ALF1027, 4011, V-797, G Cot 21, G Cot 23 and G Cot 25) were
observed to be 2n=26. In control, the meiotic metaphase was
normal. Chromosomes appeared as 13 bivalents after
application of colchicine. The metaphase had 52 univalents
in colchicine treated cells. Tetraploids had 2n=4x=52 chromosomes with all being univalent.
Flow cytometry analysis
Seed soaking method: In the experiment, 0.2, 0.4, 0.6 and

0.9% solutions of colchicine were applied on six different
genotypes of cotton for 16 h for induction of polyploidy. Out

1
2
3
4
5

Genotype

Concentration (%)

Chicken
Control
G Cot 23
G Cot 23
G Cot 23

–
–
0.2
0.4
0.9

pg1
2.33
2.45
4.23
2.49
2.32

Mbp2
2332
1198
2071
1218
1138

Pg1, pico gram; Mbp2, mega base pair. Histograms of relative PI
ﬂuorescence intensities obtained after simultaneous analysis of
nuclei isolated from (A) G Cot 23_0.2% (B) V-797_0.4%.

of which, 0.2% concentration of colchicine gave better
results in ﬁve genotypes, namely 4011, V-797, G Cot 21, G
Cot 23 and G Cot 25. This result overlapped with Hendrix
and Stewart (2005) in Gossypium species. The genome size
of six colchicine treated genotypes of desi herbaceum cotton
was estimated by comparing the ﬂuorescence intensity of the
samples with that of chicken sample as a reference which is
known to possess C = 2.33 pg DNA content (ﬁgure 7;
table 3).
In the genotypes taken as control, namely 4011, V-797, G
Cot 21, G Cot 23, G Cot 25, only 2C DNA content was
observed, while in colchicine treated genotypes, 2C, as well
as 4C DNA were recorded. The result was similar to the
ﬁndings in Nasturtium ofﬁcinale (Morozowska et al. 2010).

Figure 5. Chromosomes arrangement of cotton genotypes at different colchicine concentrations in Petri-plate method. (a) A cell at
metaphase showing 26 univalents in control. (b) A cell at metaphase showing 52 univalents in G cot 23 treated with 0.2% colchicine.
(c) Cells at metaphase with 23 chromosomes showing univalents, bivalents and trivalents in G cot 23 treated with 0.4% colchicine. (d) A
cell at metaphase with 23 chromosomes showing univalents, bivalents and trivalents in G cot 23 treated with 0.9% colchicine.
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Figure 6. Chromosomes arrangement of cotton genotypes at different colchicine concentrations in cotton swabbing method. (a) A PMC at
metaphase showing 26 univalents in control. (b) A PMC at metaphase showing 52 univalents in ALF-1027 treated with 0.4% colchicine.
(c) A PMC at metaphase showing 52 univalents in V-797 treated with 0.4% colchicine. (d) A PMC at metaphase showing 52 univalents in
G cot 21 treated with 0.4% colchicine. (e) A PMC at metaphase showing 26 bivalents in G cot 25 treated with 0.4% colchicine.
Table 5. DNA content variation obtained by colchicine treatment
in cotton swabbing method.
Genome content

1
2
3
4
5
6
7

Genotype

Concentration (%)

Chicken
Control
ALF-1027
V-797
G Cot 21
G Cot 25
G Cot 25

–
–
0.4
0.4
0.4
0.4
0.9

pg1
2.33
2.32
4.23
4.13
4.20
3.92
2.29

Mbp2
2332
1138
2070
2023
2053
1918
1123

Pg1, pico gram; Mbp2, mega base pair. Histograms of relative PI
ﬂuorescence intensities obtained after simultaneous analysis of
nuclei isolated from (a) Control (b) G Cot 21_0.4% (c) ALF1027_0.4% (d) G Cot 25_0.9%

Petri-plate method: In this method, 0.2, 0.4, 0.6 and 0.9%

solutions of colchicine were applied on six different genotypes of cotton for 16 h. Of all the treatments, 0.2% concentration of colchicine showed better results in G Cot 23;
0.4 and 0.9 % in V-797 (ﬁgure 8; table 4).

Colchicine treated seedlings at the level of 0.2, 0.4 and
0.9% showed a variation in DNA content when compared
with the reference internal standard G0 mean of chicken to
the DNA content of samples of colchicine treated cotton
plants. In cotton genotypes taken as control, V-797 and G
Cot 23, ﬂow cytometry analysis showed the presence of 2C
DNA content, whereas in the case of colchicine treated
genotypes, there was an existence of 2C along with 4C DNA
content.
Cotton swabbing method: Of the four treatments, a 0.4%

concentration of colchicine gave better results in four
genotypes, namely ALF-1027, V-797, G Cot 21 and G Cot
25 (ﬁgure 9; table 5).
Colchicine treated seedlings at 0.4% and 0.9% showed a
variation in DNA content and treated samples when compared with the reference internal standard G0 mean of
chicken. In controlled cotton genotypes, namely ALF-1027,
V-797, G Cot 21, G Cot 25, ﬂow cytometry analysis showed
the presence of 2C DNA content, but the colchicine treated
genotypes recorded 2C as well as 4C DNA contents.
Pollen viability and pollen size: The pollen viability and the

pollen size were recorded for the cotton swabbing method, as
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Figure 7. Histograms of relative PI ﬂuorescence intensities obtained after simultaneous analysis of nuclei isolated from cotton samples at
0.2% of colchicine concentration, in seed soaking method: (a) control (b) 4011 (c) V-797 (d) G Cot 21 (e) G Cot 25 (f) G Cot 23.

seedlings from the seed soaking and Petri-plate method did
not survive up to reproductive maturity on account of severe
stress due to colchicine treatment. The pollen viability
observed for controlled cotton plants, ALF-1027, 4011,
V-797, G cot 21, G cot 23 and G cot 25 was 74.82, 55.32,
58.73, 60.58, 58.48, 59.39 and 60.66, respectively. Pollens of
4011 were observed to be the largest while those from G cot
23 were the smallest. Pollens of V-797 and G cot 25 were
found competitive when pollen viability and pollen size, both
the parameters were considered simultaneously (table 6).
The germination of 2n pollen may have critical biochemical implications on stigma receptivity, process of
pollen tube development and fusion of gametes. Polyploid
pollen may act consistently or otherwise, with polyploidy
ﬂowers as well as normal ﬂowers. The genetic interaction
between 2n pollens may be exploited for successful hybrid
formation in case of experiments on distant hybridization.
In conclusion, the growth rate of cotton seedlings was
found to be declined due to the increased concentration of
colchicine, in the present experiment. The colchicine treatment was found more effective during the early anaphase of
cell division. The dose of colchicine and the duration of
treatment affected the polyploidization process in cells.

In cotton, during the ﬂower bud swabbing method, 0.2%
of colchicine concentrations did not result in cell polyploidy.
That may be because; the colchicine was unable to reach up
to the inner layers of the ﬂower buds. While higher concentrations of colchicine (0.6%) affected the buds in a
manner that the buds were not recovered due to shock.
Based on the literature, it can be concluded that the strong
colchicine concentration disturbed the chromosomal stability
in the bud cells and made them unviable. A moderate
amount of colchicine was found to be effective in polyploidy
induction in cotton genotypes. Cotton genotypes, V-797 and
G cot 25 showed superior response for pollen viability
during polyploidy.
The study revealed that the optimum colchicine treatment
lead to a reasonable induction of polyploidy. Actively dividing cells of the apical meristem are highly affected by the
increasing dosage of colchicine. The seed soaking method
with 0.2% of colchicine showed the best response while in the
cotton swabbing method, 0.4% colchicine gave at par results.
As the seedlings from the seed soaking and Petri-plate
methods did not survive up to reproductive maturity on
account of severe stress due to colchicine treatment, it is
suggested to use the cotton swabbing method instead of other
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Figure 8. Flow cytometry analysis of cotton genotypes in Petri-plate method. (a) Chicken Erythrocyte Nuclei as reference. (b) G Cot 23 (at
0.2% concentration). (c) V-797 (at 0.4% concentration). (d) V-797 (at 0.9% concentration).

Figure 9. Flow cytometry analysis of cotton genotypes in cotton swabbing method. (a) Chicken erythrocyte nuclei as reference.
(b) Control. (c) LF-1027 (at 0.4% concentration). (D) V-797 (at 0.4% concentration). (e) G Cot 25 (at 0.4% concentration). (f) G Cot 21 (at
0.4% concentration). (g) G Cot 25 (at 0.9% concentration). (h) Comparison between control and treated.
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Table 6. Pollen viability and pollen size of different genotypes of
cotton.

Treatment
1
2
3
4
5
6
7
S. Em.
CD
CV %

Control
ALF-1027
4011
V-797
G Cot 21
G Cot 23
G Cot 25

Pollen
viability

Pollen
size

74.82
55.32
58.73
60.58
58.48
59.39
60.66
2.02
5.95
6.62

4.67
6.44
6.61
6.05
6.72
5.95
6.25
0.23
0.67
7.50

Above observations were recorded for the cotton swabbing method
only because seeds from seed soaking and Petri-dish method did
not reach up to reproductive maturity.

two methods to get the desirable result. The optimum treatment conditions lead to reasonable induction of mixoploid
cells. The optimum stage to get polyploid cells is 5–8 mm
root length. The survival percentage of plants was higher in
the low concentration of colchicine. The seed soaking method
was more effective as compared to the Petri-plate method and
cotton swabbing method. The optimum level of the colchicine
and the incubation span are species speciﬁc.
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