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The present investigation was conducted to optimize an efficient callus induction
protocol in Carica papaya (cv. Pusa Nanha). Two different types of explants were
collected from field grown papaya plants under study viz., leaf and petiole. The
explants were surface sterilized and excised into 1-2 cm diameter and inoculated
on basal MS medium supplemented with various concentrations of NAA, Kinetin
and TDZ. The cultures were kept in dark inside the culture room at 25 ± 2°C and
humidity 60-65%. The results obtained under study indicate that media containing
only NAA and Kinetin results in less percent of callus induction in both explants
(11.33 to 30% in leaf and 3.66 to 7% in petiole) whereas earliest and significantly
(p<0.05) higher callus induction was obtained in media containing 3.0 mg/L NAA
+ 0.5 mg/L Kin and 1.5 µM TDZ. Callus produced from leaf was soft and spongy
and white in colour while petiole produced hard and friable callus appeared dark
in colour. The findings of study suggesting leaf as the best explant and TDZ as an
effective growth regulator for callus production in papaya. This protocol for callus
induction may also help in propagating papaya plants via somatic embryogenesis,
organogenesis and transformation studies.

Introduction
Papaya (Carica papaya L.) is an economically
important fruit crop grown in tropical and subtropical regions of the world (Jaime et al.,
2007). It is a single-stemmed, semi-woody,
latex-producing, short lived perennial herb,
belongs to a small family caricaceae having

six genera in the world. The genus carica L. is
represented by four species in India, of which
Carica papaya L. is the most widely
cultivated and the best-known species (Jean et
al., 2011; Vij and Prashar 2015). Due to its
high yield, nutritional value and year-round
fruit production, the importance of this crop
around the world is undeniable. It is a
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polygamous species having three sex types;
male,
female
and
hermaphrodite
(Bhattacharya and Khuspe, 2001). The small
genome size of papaya (372 Mbp) and the fact
that it can produce fruit in as few as 9 months
make it a potential model organism for fruitproducing tree crops (Ming et al., 2001).
Papaya is cultivated in about 71 countries of
the world over an area of about 440,629 ha,
producing 13,016,281 tonnes of papaya with
an average productivity of 2.95 lakh hg/ha
(FAOSTAT 2017). India is the major papaya
producing country with respect to area
(134000 ha), yield (443284 hg/ha) and
production (5940000 tonnes) followed by
Brazil, Mexico and Indonesia (FAOSTAT,
2017).
Papaya is conventionally propagated through
seeds (Fernando et al., 2001) but the set back
of propagating by seed is the production of
non true-to-type planting materials (Panjaitan
et al., 2007; Tsai et al., 2009) due to
segregation of offsprings at second filial
generation
that
leads
to
inherent
heterozygosity (Veerannale 1984; Rajeevan
and Pandey 1986).
Asexual propagation methods (cutting and
grafting) are also very tedious and impractical
when carried out on a large scale (Saker et al.,
1999). Now days, tissue culture techniques has
been established as an efficient method for
production of true-to-type and disease free
plantlets and can be used as reliable strategy.
The in-vitro propagation, plantlets produced in
two ways either through emergence of
adventitious organs directly from explants
intervening callus phase or organogenesis
through callus formation with de novo origin.
Many studies have been reported on callus
induction from hypocotyls (Fitch 1993),
lamina and midrib explants (Prahardini and
Sudaryono 1992), ovules (Rojas and Kitto
1991), shoot tips (Yang and Ye 1992) and

petiole (Mosella and Iligarray 1985), root,
stem and leaf segments from in vitro grown
seedlings (Mondal et al., 1994), buds (Jordan
and Velozo, 1995), suspension cultures (Ye et
al., 1993). Callus induction from explants
requires the presence of appropriate
concentrations and combinations of plant
growth regulators in the culture media. It is
well known that different growth hormones,
nutrients, culture conditions and explants play
an important role in the growth of plant tissue
cultures. Present study was designed to
optimize an efficient and rapid callus
induction protocol from mature plant Carica
papaya. This optimization study might be
helpful in generating somatic embryogenesis
and subsequent organogenesis from the
explant derived callus.
Materials and Methods
Plant source and material
The present study was carried out at Tissue
Culture
Laboratory,
Department
of
Agricultural Biotechnology, College of
Agriculture, SVPUA&T, Meerut, UP, India.
Plant material for this research was leaves and
petiole of Carica papaya L. (cv. Pusa Nanha)
collected from field grown mature female
plants.
Surface sterilization of explants
Initially the explants were thoroughly washed
under running tap water for 15-20 minutes.
Explants were surface disinfested by 2-3 drops
of Tween-20 as surfactant for 15-20 minutes
following surface sterilization under laminar
air flow hood by 0.1% bavistin for 10 minutes.
They were then treated in 4% NaOCl for 2-3
minutes after that 0.1% mercuric chloride was
used for 2 minutes followed by 3 washings
with autoclaved distilled water after each
treatment.
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Media preparation

significant in each case.

In present investigation, MS medium
(Murashige and Skoog, 1962) was used with
various combinations of growth hormones.
The pH of the medium was adjusted to 5.8 ±
0.01. While recording the pH, medium was
continuously stirred using a magnetic stirrer to
attain uniformity of pH. Agar powder (8 g/L)
was then added to the media as solidifying
agent. The culture media was then subjected to
autoclaving at 121°C and 15 lbs (101kpa) for
20 minutes before 3 days of inoculation.

Results and Discussion

Callus initiation and proliferation
Explant types employed for callus induction
were leaf blade with midrib and petiole. The
explants were prepared by excising it into 1cm
in diameter under aseptic manner using
sterilized scalpels and inoculated on basal MS
medium supplemented with 300mg/L PVP,
100mg/L myo-inositol and 3% of sucrose and
various concentrations of NAA (1.0, 2.0 and
3.0mg/L), TDZ (0.5, 1.0 and 1.5 µM) and
kinetin 0.5 mg/L.
The cultures were kept in dark inside the
culture room at 25 ± 2°C and humidity 5565%. The observations were recorded for
callus induction (days), callus initiation (%),
callus texture and callus colour. There were
three concentration used for each growth
regulator with 10 replications in each
treatment and the experiment was repeated
three times.
Statistical analysis
Collected data was subjected to statistical
analysis by SPSS (computer software package
version 20.0). Analysis of variance was
applied to test mean differences among all
treatments followed by Turkey’s-b multiple
range test and represented as mean±SE. The
value p≤0.05 was considered statistically

In
present
investigation,
different
concentrations and combination of growth
hormones had been optimized for rapid callus
induction using leaf and petiole as explant in
Carica papaya and presented in Table 1-2 and
Figure 1-2. A significant (p<0.05) difference
in time span for callus induction was observed
in different media combinations using leaf
explants whereas time span for callus
induction in petiole explants did not differ
significantly (p>0.05).
The comparatively less time span as compared
to other hormone combinations for callus
induction was found to be in media containing
3.0 mg/L NAA + 0.5 mg/L Kin + 1.0 µM TDZ
for both leaf and petiole. However a
significantly similar (p>0.05) time span was
to be noted in two other hormone
combinations i.e. MS media supplemented
with 1.0 mg/L NAA + 0.5 mg/L Kin + 0.5 µM
TDZ and 2.0 mg/L NAA + 0.5 mg/L Kin + 1.0
µM TDZ.
The other media combinations were found to
significantly similar in (p>0.05) for time span
to induce callus. The findings of this study are
in conformity with the results obtained by
Fiegert et al., (2000); Jayasree et al., (2001)
and Yasmin et al., (2003) whereas contrary
results are reported by Prahardini and
Sudaryono (1992) who observed best callus
induction in midrib explant in seven days on
MS media supplemented with combinations of
BA and NAA. However, the basic salts
utilized in the medium were same but the
growth hormones and their concentrations
were different. Thus it may be the result of
different hormone combination.
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Table.1 Effect of different plant growth hormones on callus induction from leaf explants
S.
No.
1

% cotton-fibre

Texture

31.33±0.33d

% Explant produced
callus
11.33±0.88a

Basal MS + NAA (1.0) + Kin (0.5)

0.00±0.00a

Soft

2

Basal MS + NAA (2.0) + Kin (0.5)

29.00±1.52bcd

30.00±1.15c

0.00±0.00a

Soft

3

Basal MS + NAA (3.0) + Kin (0.5)

30.33±1.20cd

21.00±0.57b

0.00±0.00a

Soft

4

Basal MS + NAA (1.0) + Kin (0.5) + TDZ
(0.5µM)
Basal MS + NAA (2.0) + Kin (0.5) + TDZ
(1.0µM)
Basal MS + NAA (3.0) + Kin (0.5) + TDZ
(1.5µM)

25.66±0.33ab

69.00±2.64d

3.66±1.52b

27.33±0.33abc

78.33±0.88e

6.66±2.51b

25.00±0.57a

90.00±0.57f

10.66±1.52c

Soft and
spongy
Soft and
spongy
Soft and
spongy

5
6

Plant Growth Hormones

Time span

Table.2 Effect of different plant growth hormones on callus induction from petiole explant
S. No.

Plant Growth Hormones

Time span
29.00±2.30a

% explants produced
callus
3.66±0.33a

% cottonfibre
0.00±0.00a

Textur
e
Hard

1

Basal MS + NAA (1.0) + Kin (0.5)

2

Basal MS + NAA (2.0) + Kin (0.5)

28.00±3.60a

7.00±1.15ab

0.00±0.00a

Hard

3

Basal MS + NAA (3.0) + Kin (0.5)

32.33±1.52a

7.00±0.00ab

0.00±0.00a

Hard

4

Basal MS + NAA (1.0) + Kin (0.5) + TDZ
(0.5µM)
Basal MS + NAA (2.0) + Kin (0.5) + TDZ
(1.0µM)
Basal MS + NAA (3.0) + Kin (0.5) + TDZ
(1.5µM)

26.00±2.08a

10.00±0.577bc

2.33±0.33b

Friable

28.33±2.08a

9.66±0.88bc

3.33±0.66b

Friable

24.66±0.88a

11.00±1.15d

5.33±0.88c

Friable

5
6
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Fig.1 Callus produced from leaf explant

Fig.2 Callus produced from Petiole explant
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Fig.3 Appearance of cotton-fibre like substances formed on callus surface area

A

B

(A) Leaf callus

(B) Petiole callus

Under this study, the explants inoculated
medium without any growth hormone did not
produce any callus. Similar results are
reported by Verma et al., (2016).
The more variation was to be noted in percent
explants produced callus (Table 1). The
significantly (p<0.05) higher percent of
explants was produced callus in media
containing 3.0 mg/L NAA + 0.5 mg/L Kin +
1.5 µM TDZ in comparison to other hormonal
combinations in both petiole (11%) and leaf

(90%) (Fig. 1 and 2). Malabadi et al., (2011)
also reported TDZ (upto 2.27 µM) to be an
effective growth regulator for callus induction
while working on different varieties of Carica
papaya. A similar trend was noted in
significant (p<0.05) increase of percent
explant callus produced with the increase in
NAA and TDZ concentration. The
comparatively lowest percent of explants
produced callus (petiole 3.66% and leaf
11.33%) was shown to be in media containing
only 1.0 mg/L of NAA and 0.5 mg/L Kin. A
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significant (p<0.05) increase in formation of
cotton-fibre like substance was also observed
with the increase in concentration of TDZ in
both leaf and petiole (Table 1 and 2; Fig. 3).
However, media combinations without TDZ
did not appear any cotton-fibre like substance.
The callus produced through leaf was softy
and spongy like texture whereas, petiole
produced hard and friable callus texture.
Under study, leaf explants was almost
completely converted into callus suggesting
leaf with mid rib as the best explants for
higher callus induction. The results obtained
by leaf blade with midrib explants are in
accordance with the findings reported by
Prahardini and Sudaryono (1992). Panjaitan et
al., (2007) also reported that the highest
amount of callus (90%) was obtained in
treatment containing 0.20 mg/L NAA without
BAP. Earlier researchers reported that auxin
was critical for initiation and subsequent
growth of callus. Out of three auxins
investigated viz., NAA was found to be most
effective followed by 2,4-D and IAA (Arora
and Singh 1978; Teixeria da silva et al.,
2007). They also stated that addition of 1.0
mg/L NAA was enough for good callus
growth. Cytokinins at low concentrations, in
combination with auxins were often used in
plant species to promote callus initiation
(Chai and Mariam, 1998). The application of
TDZ and NAA in combination was used
successfully to induced callus and somatic
embryogenesis in the five Turkish crocus
species (Verma et al., 2016).
The obtained callus was transferred to
proliferation media containing NAA (1.0
mg/L, 2.0 mg/L and 3.0 mg/L). Callus
obtained from leaf explants was observed
maximum proliferation at MS medium
containing 2.0 mg/L NAA whereas petiole
showed higher proliferation at 3.0 mg/L
NAA. However, callus proliferation rate for
both explants were found to be significantly

(p>0.05) similar in media supplemented with
3.0 mg/L NAA. The results obtained under
study are supported by the study of Usman et
al., (2002).
The Study reported that increase in TDZ
concentration resulted in early and maximum
callus induction thus incorporation of TDZ
with NAA as an efficient hormone
combination for good quality callus induction
and leaf as the best explants for rapid and
higher percent of callus production.
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