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ABSTRACT

Lateral buds of potted mandarin plants (Citrus reticulata Balnco cv 'Balady’) were treated with four
concentrations of colchicine (0.0, 0.1, 0.5 and 1.0%) for five consecutive days in order to investigate colchicine
effectiveness in producing tetraploid plants of important mandarin cultivar in Egypt. These tetraploid plants can
later be used as parents for producing seedless triploid plants through hybridization with diploid ones. Colchicine
treatments decreased bud sprouting percentage and reduced shoot length. Furthermore, increasing colchicine
concentration reduced the number of stomata per unit area compared to the control; however, stomatal length and
width increased proportionally. Based on chromosome counting, the highest tetraploid percentage (42.2%) was
obtained at 1.0% colchicine followed by the treatment of 0.5% (35.6%), whereas 0.1% concentration achieved the
lowest tetraploid percentage (11.3%). The tetraploid shoots exhibited a broader leaf area and bigger floral buds
expressed in length and width compared to the diploid mother plants. The results indicate that 1.0% colchicine is

the most effective concentration for producing tetraploid plants.

Keywords: Chromosome doubling; Citrus reticulata; tetraploid; stomata number.

INTRODUCTION

Citrus is one of the world's most vital fruit crops,
contributing significantly to the economic development of
various regions. Egypt is one of the important growing areas
that located in the northern hemisphere, where 68% of world
production occurs (Chen et al., 2019). Mandarins are the
world’s second most important group of citrus plants and in
Egypt as well.

Balady mandarin variety has alternate bearing and
fruits containing a large number of seeds. Because seedless
fruits are highly desirable among consumers, it is critical to
improve this cultivar by reducing or eliminating the seeds.
One of the most efficient techniques for producing seedless
fruits is produce triploids through interploid crossing of
diploid and tetraploid genotypes (Grosser & Chandler, 2004;
Reforgiato et al., 2005). However, there are few tetraploid
types available to citrus breeders and constitute only a small
portion of the germplasm required for exploiting the potential
of seedless citrus breeding (Barrett, 1974; Wakana et al.,
2005; Zeng et al., 2006).

Over the past century, plant breeding programs have
focused on improving plant material through induced
polyploidy (by doubling the number of chromosomes in
somatic cells) or natural polyploidy (due to the formation of
unreduced gametes). Polyploid organisms are preferred over
diploids due to their higher vigor and performance (Sattler et
al. 2016; Sadat Noori et al., 2017).

Colchicine, a mitotic inhibitor, is commonly used for
chromosome doubling due to its relative safety and the lack
of need for specialized equipment (van Harten, 1998; Urwin
2014). Doubling the entire chromosome set can lead to an
increase of cell volume and, consequently in an increase of
plant parts (particularly the vegetative ones). This can be a
useful tool in breeding and selecting for larger fruit size.
Furthermore, tetraploidization in citriculture has been
reported as an effective way to improve abiotic stress
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tolerance (Tan et al., 2015) such as drought (Allario et al.,
2013), salinity stress (Ruiz et al., 2016), chromium toxicity
(Balal et al., 2017), and chilling stress (Oustric et al., 2017).

Because cell responsiveness to physical and chemical
mutagens is genotype dependent and influenced to varying
degrees by numerous biological, environmental, and
chemical factors (Noor et al., 2009, Abou Elyazid & El-
Shereif, 2014), this study aimed to investigate the
effectiveness of colchicine as a chemical mutagen in inducing
polyploidy in 'Balady’ mandarin, which may aid in the
improvement of this important cultivar.

MATERIALS AND METHODS

Plant material: Potted two-year-old "Balady” mandarin
plants that were purchased from a private nursery,
approximately uniform in size and vigor and grafted on
volkamer' lemon (Citrus volkameriana Ten.) were used in
this study as plant material. The shoots of these mandarin
plants were bent approximately 14-16 inches above the
ground into a loop and fastened to the stem (Fig. 1). Three
buds on the loop of each shoot were treated with colchicine.
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Fig. 1. Mandarin plant preared for colchicine treatments
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Colchicine treatment: A small piece of cotton was fastened
to each selected bud to extend the time it was in contact with
the colchicine solution. For five consecutive days, four
concentrations of colchicine (0.0, 0.1, 0.5, and 1.0%) were
applied twice a day to the selected buds with a dropper,
enough to wet the without allowing the solution to run down
the stem. The fastened cotton pieces were removed, and the
treated buds were left to grow, while any growth from
untreated buds was continuously removed. Each treatment
was represented with 10 plants.

Phenotypic evaluation: Sprouted buds were observed after
cotton removal at 10-day intervals for up to 40 days. The rate
and percentage of sprouted buds were calculated. Shoot
length was measured after 1, 3 and 6 months of treatment.

Thirty approximately typical mature leaves were
collected from each treatment in three replicates. Then, the
width and length of the leaves were measured and leaf shape
index (width/length) was calculated.

Nearly full-grown flower buds that were initiated on
shoots developing from treated buds were observed, and their
length and width were measured.

Stomata Morphology: To conduct the stomatal studies, the
leaf lower surface was coated with a thin layer of a clear nail
polish, allowed to dry, then peeled off, placed on a microscope
slide, and a drop of safranine was added to stain the stomata
before being examined using a light microscope (Leica DM
1000) equipped with a digital camera (Abou Elyazid & EI-
Shereif, 2014). Images were captured at a magnification of 400
X and then processed using Leica Image Manger software to
obtain stomata number, length, and diameter.

Cytological Examination: Floral buds (2-3 mm in length)
were harvested in the early morning (8-11 am) for
chromosome counting. The buds were fixed in absolute
ethanol-acetic acid solution (3:1) for 24 hours at room
temperature, and then the buds were preserved in ethanol 70%
at 5°C. Chromosome number was examined according to the
method described by Belling (1920) by squashing the anthers
in acetocarmine (2%) onto slides and left for 24 hours before
being examined under a light microscope at 1000X
magnification.

Data Analysis: The obtained data were subjected to analysis of
variance (ANOVA) according to Snedecor & Cochran (1980)
and means comparison at probability of 5% was performed
according to Duncan (1955) using MSTAT program.

RESULTS AND DISCUSSION

Colchicine-treated buds took longer time to sprout
compared to the control especially under the highest

concentration, where no sprouting was observed 10 days after
treatment. The bud sprouting rate increased under control and
0.10% treatments, peaking 20 days after treatment before
declining. In contrast, the 0.50 and 1.0% treatments showed
continuous increase until 30 day then decreased (Fig. 2).
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Fig. 2. Bud sprouting rate as affected by colchicine treatments

As the concentration of colchicine increased, the
percentage of sprouting buds decreased (Figure 3). The
control had the highest percentage (92%), while the treatment
with 1.0% colchicine had the lowest percentage (32%).
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Fig. 3. Effect of colchicine treatment on total sprouted bud
percentage

The initial sign of colchicine's effect on buds of
Balady mandarin was a noticeable delay in the emergence of
new growth from treated buds. This-delay became more
pronounced by increasing the colchicine concentration.
Similar results were found by Barrett (1974), Fatima (2004),
Wakana et al. (2005) and Usman et al. (2008).

Meiotic studies confirmed the tetraploids by counting
the number of chromosomes in the pollen mother cells of
flower buds (Fig. 4).

Fig. 4. Chromosome number of diploid (2n=9 bivalents) and tetraploid (4n=18 bivalents) in pollen mother cells of

Balady mandarin

Figure (5) shows the ploidy level percentages under
the four colchicine treatments. The results demonstrated that

1.0% colchicine produced the highest tetraploid percentage
(42.2%), followed by 0.5% (35.6%), while 0.1%
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concentration produced only 11.3% tetraploid percentage.
Furthermore, mixploid shoots with diploid and tetraploid
buds on the same shoot were found. The percentage of
mixploid shoots was 7% at 0.1% colchicine, 6% and 2.4% at
0.5 and 1.0% treatments, respectively.
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Fig. 5. Effect of colchicine treatment on polyploidy level
percentage

The increase in polyploidization efficiency with
increasing colchicine concentration was reported in citrus
when seeds were treated (Abou Elyazid & EI-Shereif, 2014)
and in kiwi when leaves were treated in vitro (Li et al., 2019),
and it also increased when treatment time was extended.

Data in Fig. (6) clearly show that colchicine
treatments inhibited shoot growth. Increased colchicine
concentration resulted in greater growth reduction. This
inhibitory effect persisted throughout the experiment. After
six months of treatment, the untreated buds (control)
produced longer shoots than treated buds.
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Fig. 6. Shoot length as affected by colchicine treatments of
‘Balady’ mandarin plants. In each month, means
followed by the same letter are not significantly
different at 5% level by DMRT.

The growth inhibition caused by colchicine can be
attributed to its toxic effects, which is proportional to the
concentration used. The high concentration of colchicine or
the too long duration of treatment affect protoplast viability,
kill the meristems and the new shoots tend to be hyperploid
and may eventually die (Sanford, 1983; Zeng et al., 2006).

Stomata number significantly decreased by increasing
colchicine concentration when compared to the control (Table
1). The lowest values were recorded at the 0.5 and 1.0%
treatments without significant difference. On contrary, both
stomata length and width were directly proportional to the
colchicine concentration. The differences among treatments
were significant. It is well known that the number of stomata
per unit area is less numerous and stomata size is larger in
tetraploids than in diploid (Barrett, 1974; Oiyama & Okudai,
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1986; Usman et al., 2008; Li et al., 2019; Sabzehzari et al.,
2019; Cimen, 2020; Lin et al., 2023; Narukulla et al., 2023).

Table 1. Effect of colchicine treatments on stomata
number and size of ‘Balady’ mandarin plants

Treatments Stomata Stomata Stomata width
No/mm? length (M) (um)
Control 26.80a 96.03¢ 87.65¢
0.1% 19.94b 119.85b 1039b
05% 16.89¢c 130.30a 11352 a
1.0% 15.73¢ 131.33a 11337 a

Means followed by the same letter at the same column are not
significantly different at 5% level by DMRT

Data in Table (2) show that, leaf length and width
increased by increasing colchicine concentration from 0 to
0.5%, then decreased by treatment of 1.0%, but still higher
than the control. However, colchicine treatments had no effect
on the leaf shape index. Figure (7) shows the difference in leaf
dimension between diploid and tetraploid shoots.

Table 2. Effect of colchicine treatments on leaf dimension
of ‘Balady’ mandarin plants

Leaflength  Leafwidth  Leaf shape index
Treatments (cm) (cm) (WIL)
Control 5.29d 2.02¢c 0.38a
0.1% 6.3¢c 25b 041a
05% 74a 32a 0.43a
1.0% 6.64 b 257b 0.39a

Means followed by the same letter at the same column are not
significantly different at 5% level by DMRT
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Fig. 7. A photo showing the difference between leaf of the
diploid and tetraploid shoots as affected by colchicine
treatments.

Colchicine application resulted in a significant
increase in both flower bud length and width compared to the
control (Table 3). However, the differences among colchicine
concentrations were not significant. The colchicine-induced
tetraploid shoots produced larger flower buds, petals and
pistils (Fig. 8).

Table 3. Flower bud dimension as affected by colchicine

treatment of ‘Balady’ mandarin plants
Treatments  Floral bud length (cm)  Floral bud width (cm)

Control 051b 0.34b
0.1% 0.78a 050a
05% 0.80a 052a
1.0% 0.81a 052a

Means followed by the same letter at the same column are not
significantly different at 5% level by DMRT
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Fig. 8. Size of flower bud (a), flower (b) and pistil (c) of Balady mandarin as affected by colchicine treatments.

These changes in leaf and flower bud size are
associated with the induction of tetraploids, where it is
reported that tetraploids had larger and thicker leaves, larger
flower buds, anthers and pistils (Oiyama & Okudai, 1986;
Avranada et al., 1997; Wakana et al., 2005; Sabzehzari et al.,
2019; Cimen, 2020; Lin et al., 2023; Narukulla et al., 2023).
Furthermore, Polyploidy-induced phenotypic and genetic
alterations in plants can be attributed to the increase in cell
size, allelic diversity (level of heterozygosity), gene silencing
and gene dosage effects, or epigenetic and genetic interactions
(Manzoor et al., 2019).

CONCLUSIONS

The results indicate that a 1% colchicine
concentration is the most efficient for producing tetraploids of
‘Balady’ mandarin. The tetraploids obtained exhibited
reduced shoot growth and number of stomata, increased of
stomata size, broader leaves, bigger flower buds and longer
pistils. The performance of colchicine-induced tetraploids
needs to be further evaluated. Additionally, these tetraploids
will be valuable as parent plants for interploid hybridization
to produce commercially valuable seedless triploid mandarin.
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