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ABSTRACT

Induction of tetraploidy in citrus is commonly meant for the development of triploid seedless cultivars as well
as resistance against abiotic and biotic stresses. Three-year-old, 20 second-generation colchicine treated (0.05,
0.10, 0.15 and 0.20%) plants (colchiploids), established from the putative tetraploid branches of the first-
generation colchiploids of sweet orange (Citrus sinensis (L.) Osbeck) cv. Mosambi vegetatively propagated on
Jatti khatti rootstock, along with their wild (parent) type, were characterized based on morphological and
physiological traits. Plant height and canopy volume were reduced, but stem girth, nodes per shoot and bark:
wood increased in the majority of the second-generation colchiploids related to the wild type. Colchiploids also
possessed improved flower characteristics in terms of length and width. The stomatal dimensions increased,
but stomatal concentration reduced in all the colchiploids. Colchicine treatment also caused significant variations
in leaf gas exchange parameters, including photosynthetic rate, intercellular CO, concentration, leaf net
transpiration rates, stomatal conductance, and intrinsic water use efficiency in colchiploids affecting their
photosynthetic activities. The solid tetraploids identified on the basis of morpho-physiological characterization
can be used in future breeding programmes for the development of triploid seedless citrus cultivars or can be
used for the mitigation of biotic and abiotic stresses.
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INTRODUCTION

Citrus, the most delicious group of fruits, belongs to
the family Rutaceae, and the sweet orange, mandarin,
grapefruit, pummelo, lemon and acid lime are the
commercially cultivated species. These fruits are
widely cultivated in the sub-tropical and many tropical
climates worldwide, but are mainly concentrated
between 40° N and 40° S of the equator. Sweet orange
has excellent potential source of vitamins ‘C’, ‘A’ and
‘B’, phytonutrients and sugars. Different cultivars of
sweet orange are commercially cultivated across states
in India, covering Andhra Pradesh, Assam, Gujarat,
Himachal Pradesh, Madhya Pradesh, Maharashtra,
Tamil Nadu, Uttar Pradesh, Haryana, Punjab, and
Karnataka. Among these cultivars, Mosambi is very
prevalent in different Indian states particularly for the
juice extraction. In 2022, sweet oranges were
cultivated over an area of approximately 0.23 million
hectares, yielding a production of 4.25 million tonnes
(Anon., 2022). The commercial expansion of this
cultivar is being hindered by its higher seed content
and the seedlessness needs to be induced.

Ploidy manipulation is an important component in
citrus breeding, directed for seedless fruit production
and evolving biotic and abiotic stress tolerance in the
newly bred varieties as the hyperploids have some
inbuilt stress mitigating mechanisms. Therefore, the
main objective for development of citrus varieties is
to produce triploid seedless varieties and to develop
varieties to mitigate abiotic and biotic stresses.

Several methods have been discovered to induce new
tetraploids, including the selection of tetraploid
nucellar seedlings and natural autotetraploid citrus
genotypes from nursery seedbeds via flow cytometry.
Autotetraploid citrus has also been produced by
treating the budwood with some spindle fibre inhibiting
chemicals like colchicine or oryzalin (Aleza et al.,
2009). Most of the citrus colchiploids established from
treating the propagative bud wood with colchicine
were detected to be the cytochimeras, which are
unstable and require dechimerization (Barrett &
Hutchison, 1978). The chimeras can be detached
following selection from vegetatively propagated
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axillary shoots (Aleza et al., 2009) and the citrus
tetraploids were produced from the diploid-tetraploid
cytochimeric citrus plants after dechimerization from
the first-generation colchiploids.

Tetraploids have not yet been developed in the sweet
orange cv. Mosambi in India and there is a necessity
to induce them in this cultivar. The solid tetraploids
can be identified in second generation colchicploids
based on their easily identifiable morpho-physiological
characteristics and by the possession of a greater
number of distinct traits for hyperploidy, they can be
considered as tetraploids. Therefore, the current
investigation was carried out to identify solid
tetraploids of Mosambi based on morpho-
physiological characteristics.

MATERIALS AND METHODS
Plant material and treatments

In the current investigation, 20 second-generation
colchiploids and one control (wild type/mother type)
of sweet orange cv. Mosambi were selected and the
second-generation population of colchiploids was
developed from colchicine treated first generation
colchiploids by vegetatively propagating the identified
putative tetraploid branches on the rough lemon
(Citrus jambhiri Lush.) rootstock seedlings. The
colchiploids in the first generation were produced by
treating the scion sticks from a single elite plant of
Mosambi with varying colchicine concentrations (0.00,
0.05, 0.10, 0.15 and 0.20%). The second-generation
colchiploids were planted at a spacing of 4 m x 3 m
in a randomized block design with three replications
and maintained at the experimental plot of Division
of Fruits and Horticultural Technology’s Main
Orchard, located at 77° 12’E Longitudes, 28° 40’N
latitude, and at an altitude of 228.6 m above mean sea
level. The leaf, plant and fruit analysis were conducted
in the Fruits and Horticultural Technology Genetics
and Agronomy divisions, ICAR-IARI, New Delhi.

The plant growth was measured in terms of plant
height (m), stem girth (mm) and canopy volume (m?).
Bark to wood ratio was determined by dividing bark
weight by wood weight. The shoot inter-nodal length
(cm) was recorded by counting the number of nodes
on a 30 cm long stick. The length and width of the
flower and stigma length were measured with Vernier
callipers. The number of petals and stamens per flower
was counted manually.
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The stomata distribution was examined using
epidermal imprints of the abaxial surface of mature,
fully- grown leaves, following the method proposed
by Sampson (1961). The stomata’s density and size
were measured using a digital fluorescence microscope
equipped with an inbuilt camera [Leadz camera-GSS
(UK)]. Stomatal density was recorded by counting the
stomata number per unit area (mm?) at 10x
magnification, whereas, stomatal length and width
were measured to the nearest micrometer division at
40x magnification. Gas exchange parameters,
including internal CO, concentration (Ci),
photosynthetic rate (A), stomatal conductance of water
(9s), and transpiration (E), were analyzed in vivo using
an infrared gas analyzer (IRGA) (LI-6200, LICOR
Biosciences, Lincoln, NE, USA) and these
observations were recorded between 9:00 a.m. and
11:00 a.m.

Statistical analysis of the data for plant growth
parameters, viz., plant height, canopy volume, stem
girth, and other morphological and physiological traits
was analysed in completely randomized block design
with three replications. Data were analysed using
statistical analysis system software (SAS version 2).

RESULTS & DISCUSSION

The statistical analysis exhibited significant variations
in vegetative growth characteristics viz., canopy
volume (mq), plant height (m), and stem girth (cm) in
the population of colchiploids in contrast to their wild
type (Table 1). Maximum plant height was
significantly higher in the wild type (2.80 m) than in
other induced colchiploids and the lowest plant height
(1.45 m) was recorded in MO-12, which was 48%
lower than the check. Canopy volume (m®) was
maximum in the colchiploid MO-1 (5.03 m?3)
compared to the wild type (2.83 m3). Similarly, stem
diameter of the colchiploids was highest in MO-15
(23.57 cm). These growth parameters are significant
morphological characters, as they directly contribute
to the plant’s photo-assimilate production and are the
major factors responsible for the amplified plant
biomass. The developed colchiploids revealed
decreased plant height, while, the effects on canopy
volume displayed a varied response following
colchicine treatment. Similar observations were made
in Pinellia ternate, Paulonia tomentosa and Vitis spp.
(He et al., 2012; Sinski et al., 2014; Tang et al., 2010),
where induced tetraploids exhibited changes in stem
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Table 1 : Plant growth characteristics in the 2" generation colchiploids of Mosambi

Colchiploid Plant height Canopy Stem No. of Shoot Bark/
No. (m) volume girth nodes/ internodal wood
(m?3) (cm) shoot length (cm) ratio
Wild type 2.8040.05 2.8340.15 18.17+0.83 15.33+0.27 1.96+0.04 0.48+0.03
MO1 2.14+0.04 5.0340.17 22.3340.72 17.00+0.47 1.74+0.03 0.69+0.03
MO2 1.92+0.05 3.81+0.60 20.90+0.68 18.00+0.94 1.67+0.07 0.67+0.07
MO3 1.92+0.11 3.84+0.68 21.13+1.43 19.67+0.27 1.54+0.02 0.69+0.06
MO4 2.1540.06 4.76+0.15 23.27+0.50 20.00+1.79 1.56+0.18 0.67+0.04
MO5 1.84+0.09 3.4840.78 21.20+0.71 15.33+1.09 1.94+0.11 0.92+0.09
MO6 1.64+0.11 2.0440.37 18.50+0.56 19.00+0.82 1.59+0.06 0.71+0.04
MO7 1.85+0.08 3.0940.48 22.47+1.49 18.67+0.98 1.62+0.08 0.71+0.05
MO8 1.75+0.13 2.3840.45 19.07+0.95 15.33+0.88 1.95+0.19 0.74+0.07
MO10 1.64+0.15 2.68+0.36 18.13+0.58 15.67+0.95 1.90+0.11 0.66+0.09
MO12 1.45+0.12 1.1740.21 16.67+1.37 17.33+0.82 1.75+0.08 0.74+0.06
MO13 1.83+0.07 2.5740.48 20.20+0.17 15.00+0.94 1.98+0.13 0.75+0.07
MO14 1.66+0.02 1.89+0.08 19.87+0.75 16.33+0.72 1.84+0.08 0.59+0.04
MO15 1.88+0.08 2.1640.15 23.57+0.97 18.00+0.82 1.70+0.07 0.71+0.06
MO16 1.7740.16 2.0310.26 18.85+0.74 17.33+0.76 1.72+0.08 0.74+0.03
MO17 1.88+0.09 2.66+0.06 22.63+0.76 14.00+0.82 2.14+0.11 0.66+0.05
MO18 1.86+0.07 2.38+0.34 19.53+0.90 14.68+0.52 2.0440.03 0.67+0.03
MO19 2.1640.03 4.76+0.11 22.57+0.33 19.00+1.05 1.60+0.12 0.66+0.02
MO20 1.92+0.08 2.7740.14 20.83+0.33 15.33+0.98 1.94+0.07 0.72+0.04
MO21 1.71+0.03 1.86+0.07 18.70+0.57 16.33+0.27 1.85+0.10 0.60+0.05
MO22 2.10+0.04 3.00+0.14 18.87+0.53 17.33+0.42 1.71+0.04 0.69+0.03
SEm+ 0.10 0.43 1.26 1.28 0.12 0.075
LSD at 5% 0.28 1.25 3.60 3.66 0.34 0.21
CV (%) 10.71 25.99 10.71 13.14 11.59 18.75

characteristics and reduced plant height. Reduced tree
height and canopy spread in tetraploids were also
conveyed by Barrett & Hutchison (1978) in citrus.
Colchicine, a toxic chemical, interferes with
microtubule formation during cell division, averting
the normal separation of chromosomes. The reduced
plant height observed in colchicine-treated plants might
be due to this interference on cell division. The
disruption of normal cell division processes could lead
to a reduction in the elongation of plant cells, resulting
in shorter plants (Ren et al., 2018). An increase in the
volume of individual cells might cause an increased
canopy volume and stem girth. Polyploid cells, having
more genetic material, tend to be larger than their
diploid counterparts. This augmenting cell size could
lead to thicker stems and broader leaves, contributing
to a larger canopy volume.
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The data presented in Table 1 highlight variations in
the number of nodes per shoot, shoot inter-nodal
length, and bark-to-wood ratio among all the
colchiploids. The maximum number of nodes per shoot
(30 cm long) was recorded in MO-4 (20.00), which
also revealed the shortest shoot internodal length (1.50
cm). Although, MO-17 recorded longest shoot
internodal length (2.14 cm), this was not statistically
dissimilar from the wild type. The bark-to-wood ratio
was highest in MO-5 (0.92), significantly differing
from the wild type (0.48). This ratio improved in all
colchiploids, indicating a consistent effect of the
colchicine treatment. These results are in harmony
with the findings of Blasco et al. (2015), who recorded
that the colchicine induced tetraploids exhibited a
higher number of internodes and shorter internodal
distances than their wild type. Ari et al. (2015)
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Table 2 : Flower characteristics in 2" generation colchiploids of Mosambi

Colchiploid Flower length Flower width Stigma length No. of No. of
No. (mm) (mm) (mm) petals stamens
Wild type 15.15+0.06 6.89+0.07 6.46+0.05 5.00 19.73
MO1 17.65+0.15 7.93+0.08 8.33+0.02 4.98 20.31
MO2 16.57+0.13 7.39+0.16 7.85+0.18 4.95 20.78
MO3 17.07+0.30 7.48+0.11 7.87+0.39 5.02 20.91
MO4 16.88+0.06 7.10+0.08 6.99+0.34 4.93 20.51
MO5 17.49+0.27 7.81+0.09 7.60+0.33 4.87 21.11
MO6 15.21+0.52 7.34+0.11 6.43+0.35 4.94 21.22
MO7 16.66+0.16 7.21+0.01 7.24+0.22 5.00 20.84
MOS8 17.10+0.16 7.36+0.09 6.84+0.16 4.98 20.93
MO10 16.53+0.19 7.05+0.12 7.14+0.22 4.98 20.94
MO12 16.45+0.35 7.25+0.12 7.62+0.39 4.98 20.80
MO13 15.89+0.34 7.05+0.11 6.42+0.77 4.99 21.01
MO14 15.76x0.45 6.91+0.04 6.73+0.67 5.00 21.08
MO15 16.20+0.33 7.04+0.12 6.72+0.12 5.00 21.20
MO16 16.02+0.39 7.03+0.19 7.35+0.21 4.67 21.11
MO17 16.36+0.28 8.02+0.16 7.11+0.23 5.00 21.88
MO18 15.46+0.14 7.14+0.06 7.43+0.09 4.95 20.73
MO19 17.06+0.24 7.15+0.09 7.20+0.05 5.00 21.57
MO20 16.32+0.22 7.09+0.14 6.78+0.14 4.67 20.30
MO21 17.45+0.04 7.67+0.08 7.49+0.25 5.00 20.56
MO22 16.54+0.09 7.20+0.12 7.22+0.12 4.67 21.00
SEmz+ 0.33 0.13 0.38 - -
LSD at 5% 0.96 0.37 1.10 NS NS
CV (%) 3.52 3.09 9.34 - -

suggested that colchicine might have operated as a
mutagen and might have induced wide variations
noticed in the studied parameters. However, the
consistent results across all colchiploids may not solely
be attributable to mutations. Instead, polyploidy can
be accountable for influencing hormonal imbalance in
plants. Altered levels of phytohormones, with
augmented cytokinin and decreased auxins may be a
key factor, which necessitates further studies (Tossi
et al., 2022; Fakhrzad et al., 2023).

Some of the floral characters, viz., flower length,
width, and stigma length (Table 2) also displayed
significant differences in the colchiploids. The longest
flower and stigma were observed in MO-1, measuring
17.65 and 8.33 mm, respectively. The widest flower
was found in MO-17, (8.02 mm). These findings align
with previous studies conducted on gladiolus,

J. Hortic. Sci.
Vol. 19(1), 2024

chrysanthemum, and Ponkan mandarin (Kushwah et
al., 2018; Manzoor et al., 2018; Tan et al., 2019).
However, no significant changes were observed in the
number of petals and stamens.

Microscopic imprints of the abaxial leaf surface of
colchiploids, disclosed significant variation in stomatal
characteristics, including density, length, width, and
length-to-width ratio (Table 3 and Fig. 1). The average
number of stomata per mm? leaf area was significantly
reduced in all the colchiploids. The lowest value for
stomatal density was recorded in MO-18 (373.33).
The longest stomata were recorded in MO-1
(19.43 pm), while, the shortest length was observed
in the wild type (14.62 pm). The widest stomata were
recorded in MO-22 (15.10 pum), whereas, the
narrowest width was noticed in the wild type
(9.81 pm). The highest stomata length-to-width ratio
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Table 3 : Stomatal characteristics in 2" generation colchiploids of Mosambi

Colchiploid No. of stomata/ Stomatal length Stomatal width Stomata length:
No. (mm?) (nm) (nm) width ratio
Wild type 588.00+11.78 14.62+0.40 9.81+0.12 1.49+0.04
MO1 462.00+4.32 19.43+0.23 14.81+0.63 1.32+0.05
MO2 482.67+4.06 17.16+0.69 13.87+0.72 1.25+0.05
MO3 503.00+3.86 16.66+0.40 11.82+0.07 1.41+0.04
MO4 539.67+6.67 16.28+0.53 12.24+0.39 1.33+0.06
MO5 483.67+3.54 17.69+0.21 12.71+0.29 1.3940.05
MO6 510.0045.25 17.03+0.25 11.47+0.22 1.49+0.01
MO7 391.67+1.78 17.79+0.30 12.31+0.13 1.45+0.03
MO8 451.00+2.36 18.58+0.33 12.18+0.72 1.54+0.09
MO10 467.00+£2.16 16.57+0.35 10.92+0.20 1.52+0.04
MO12 504.00+6.18 16.81+0.40 11.89+0.38 1.42+0.01
MO13 405.33+2.88 18.18+0.24 12.71+0.37 1.44+0.06
MO14 417.33+2.18 18.10+0.26 13.00+0.38 1.40£0.05
MO15 471.00+4.99 18.24+0.52 12.77+0.16 1.43+£0.03
MO16 490.67+2.88 19.02+0.44 12.73+0.70 1.50£0.06
MO17 489.33+2.78 18.09+0.11 13.23+0.41 1.37£0.05
MO18 373.33£3.18 18.23+0.64 11.95+0.20 1.52+0.03
MO19 441.33+2.88 18.36+0.32 12.70+0.54 1.45+0.05
MO20 424.00+1.89 17.18+0.26 11.64+0.23 1.48+0.02
MO21 452.00+1.65 17.93+0.32 12.56+0.38 1.43£0.02
MO22 470.67+4.75 19.38+0.68 15.10+0.34 1.29+0.07
SEmzt 5.22 0.50 0.56 0.058
LSD at 5% 15.00 1.45 1.62 0.16
CV (%) 1.93 4.96 7.81 7.1

was recorded in MO-8 (1.54) and the lowest length- - DRI O

to-width ratio was recorded in MO-2 (1.25), which @ _ @

was statistically Iowe_r than t_he wild type (1.49). B_as_ed i @ -

on these parameters, it was inferred that the colchicine o

significantly affected stomatal density, length, width, Low il ,

and length-to-width ratio. All other stomatal features g ‘©

were generally higher in the colchiploids except for @-) ,‘_\‘\f b

stomatal density. The decreased storr_1atal density a_nd >3 @:;\ < /‘.;;

increased dimensions might be due to induced mutation SR >

occurrences or ploidy level changes. These findings
align with earlier studies (Blasco et al., 2015;
Bhuvaneswari et al., 2020; Suliman et al., 2020;
Usman et al., 2021; Kashtwari et al. 2022; Bora et
al., 2023) conducted on loquat, lemon, citrange, black
locust, grapefruit, saffron and acid lime.

Fig. 1 : Leaf stomata denS|ty of second generation
Mosambi colchiploids (a and b) and their wild types
(cand d)
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The data presented in Fig. 2 showed variations in leaf
gas exchange parameters in the leaves of Mosambi
colchiploids compared to their control. The
photosynthetic rate (A) was highest in MO-1
(8.77 pmol m=2 s), higher than the wild type
(7.00 umol m2 st), while, the lowest value was
noticed in MO-2 (6.20 pmol m? s1).

Differences were also noticed for the intercellular CO,
concentration, with the highest value recorded in
MO-5 (400 pumol m2 s) and the lowest value was
recorded in the wild type and MO-8 (220 pmol
m2 s1). The average leaf net transpiration rates were
also significantly affected under different
colchicine treatments. The highest transpiration
(2.75 mmol m? s*) was found in the wild type, which
was higher than all colchiploids but MO-20 and
MO-15. The lowest transpiration (1.50 mmol m2 s?)

J. Hortic. Sci.
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Fig. 2 : Leaf gas exchange parameters
(a) Photosynthetic rate
(b) internal CO, concentration
(c) Transpiration rate
(d) Stomatal conductance
(e) Intrinsic water efficiency in second generation
colchiploids of sweet orange cv. Mosambi and
its wild type.

was registered in MO-2. The maximum value for
stomatal conductance was recorded in MO-16
(0.097 mol m? st), which was at par with MO-1, but
significantly higher than the wild type (0.080 mol mr
2 s1). The minimum value was recorded in
MO-2 (0.037 mol m? s1). For intrinsic water use
efficiency, the maximum value was recorded in
MO-2 (179.11 pmol m?), higher than the wild type
(87.50 pmol m™). The colchicine treatment led to
significant alterations in leaf gas exchange parameters.
There was less variation observed in the photosynthetic
rate among the Mosambi colchiploids compared to the
wild type. However, an increase in photosynthetic rate
was noticed in a few colchiploids. The internal CO,
concentration augmented in all the Mosambi
colchiploids. The increase in stomatal size and cell
size, which accumulated more CO, because of
stomatal closure and non-stomatal restriction
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compared to their respective wild types might be the
reason for the alteration in the transpiration rate and
the variation in stomatal conductance in colchiploids.
These observations align with Nobel (1999), who
noticed that stomatal conductance affected the
transpiration rate. Ainsworth et al. (2004) also
reported that an increased leaf area provides an
increased surface area for gaseous exchange.
Abdolinejad et al. (2021) reported that the tetraploid
figs had a 57.89 per cent elevation for the
photosynthetic rate compared to the wild type.

CONCLUSIO\N

Induced colchiploids of sweet orange cv. Mosambi
were found to reveal more significant phenotypic
variations in comparison to their wild type. The
tetraploids exhibited changes in morphological
characteristics such as canopy volume, plant height,
stem girth, nodes per shoot, shoot inter-nodal length,
bark-to-wood ratio, and variations in floral
characteristics such as flower length and width and
stigma length. Tetraploids exhibited significant
physiological disparities in stomatal density and
stomatal size. The photosynthetic rate was increased,
leading to good growth of the tetraploids. It can be
concluded that the morphological and physiological
characteristics are useful in screening induced second-
generation colchiploids, dissociating chimaeras and
preliminary selection of putative tetraploids in
Mosambi, mainly when dealing with large populations.
The identified colchi-mutants and solid tetraploids
displaying genetic diversity represented their
potentiality to be utilized as parents in future breeding
programmes aimed to develop seedless/ triploid citrus
cultivars or to combat biotic and abiotic stress that
can be utilized directly as new cultivars.
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