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Pineapple propagation by lateral shoots, suckers or crowns is often confronted with
limited number of regenerated seedlings and high diversity in flowering and fruit
formation. In order to solve this problem, this study offer an alternative method by
using tissue culture techniques. This study aimed to determine the effect of growth
regulators on plantlet regeneration from bud slicing of pineapple cv. Tangkit. Four
levels of 2.4-D (0.0, 0.001, 0.01 and 0.1 ppm) in combination with BA (0.0, 0.1, 1.0
and 10.0 ppm) were tested on solid MS medium. Cultures were incubated in total
darkness for a week followed by transfer to 16-hour photoperiod. Results showed
that explants treated with 2,4-D and/or BA succeeded in regenerating adventitious
shoots. Average leaf number did not differ significantly among treatments (P =
0.60). Highest leaf number (2.99 * 0.23) was obtained on medium with 0.01 ppm
2,4-D without BA, followed by 0.1 ppm 2,4-D without BA (2.85 + 0.33). Mean-
while, roots were only formed on medium with 0.1 ppm 2.4-D without BA (4.2 *+
0.37 per shoot). Thus, complete plantlets were regenerated only on medium sup-
plemented with 0.1 ppm 2,4-D without BA. The growth of plantlets was relatively
uniform, and plantlet acclimatization succeeded 100% on Jiffy pots. The finding
of optimum concentration of 2.4-D and BA in this study is important to develop
standard protocol for in vitro propagation of pineapple cv. Tangkit. Thus, the benefit
of producing seeds in large quantities and relatively uniform in growth is made pos-
sible through tissue culture technique.

How to Cite

Zulkarnain, Z., Neliyati, N., & Eliyanti, E. (2018). Plantlets Regeneration from
Crown Bud Slicing of Pineapple (Ananas comosus). Biosaintifika: Journal of Biology &
Biology Education, 10(3), 484-490.

* Correspondence Author:

p-ISSN 2085-191X

Kampus Pinang Masak, Mendalo Indah, Jambi 36361 e-ISSN 2338-7610
E-mail: dr.zulkarnain@yahoo.com



Zulkarnain et al. / Biosaintifika 10 (3) (2018) 484-490

INTRODUCTION

Pineapple (Ananas comosus (L.) Merr.) is
one of important fruit commodities from Brome-
liaceae family cultivated in Jambi Province. The
cultivation of pineapple in Jambi has become a
priority since 1983, with Tangkit Baru Village,
Muaro Jambi Regency as the production cent-
re (Zulkarnain, 2017). The Tangkit cultivar has
been registered in the Ministry of Agriculture Re-
public of Indonesia as a local variety of Jambi
Province, with registration No. 40/PVL/2009.
The fruit has soft aroma, sweet and fine texture
with little fibre. The shelf life of this fruit may last
up to seven days after harvest. Another advanta-
ge of pineapple cv Tangkit is that their ability to
grow on peat soils with pH below 5.0.

In general, pineapple fruits are high in fib-
re, an important component of a healthy diet that
improve the digestion system. They also contain
a good array of vitamins and minerals including
vitamins A and C, folic acid, calcium, and man-
ganese (Hossain et al., 2015). Another benefit of
pineapple fruit is to improve skin and hair health,
increase energy and reduce body weight. Many
studies have suggested that consuming pineapp-
les may relieve osteoarthritis and diarrhea (Pavan
et al., 2012), decrease the risk of obesity and its
associated cardiovascular dysfunction (Ahmed,
2016), besides it also has a strong antioxidant ca-
pacity (Lu et al., 2014). These benefits, along with
the sweet taste, fresh aroma and attractive shape
make pineapple attracts many people, both for
fresh consumption or processing industries such
as jam, syrup and canned pineapple.

Pineapples cv Tangkit are routinely pro-
pagated vegetatively by means of lateral shoots,
basal suckers or crowns as they are parthenocar-
py (do not producing seeds). However, vegetati-
ve propagation using lateral shoots, suckers and
crowns are confronted with the limited number
of propagules produced. Crowns are always car-
ried along with the fruit at the time of marketing,
while suckers are often available in limited num-
ber. The size of the seedling often varies great-
ly, giving rise to high diversity in flowering time
and fruit formation (Sripaoraya et al., 2003). In
addition, being vegetatively propagated, conven-
tional hybridization for better pineapple varieties
are cumbersome and time consuming (Mbhatre,
2007). Therefore, an alternative of pineapple pro-
pagation method that can be used is by tissue cul-
ture techniques. Many authors have reported suc-
cessful production of pineapple via tissue culture
system during the last few years (Atawia et al.,
2016, Danso et al., 2008, Yapo et al., 2011, Zul-

karnain & Neliyati, 2017, Zuraida et al., 2011).

In an earlier study of pineapple tissue
culture, Mapes (1973) was successfully regene-
rated plants from shoot culture, while Sita ez al.
(1974) obtained plantlet from meristem culture
of Smooth Cayenne cultivar. Regeneration of
pineapple plants through somatic embryogene-
sis has also been reported by a number of rese-
archers (Daquinta et al., 1996, Sripaoraya et al.,
2003). Soneji et al. (2002) used leaf segments
as explant materials. Most protocols, however,
used dormant axillary buds from fruit crowns as
planting materials (Atawia et al., 2016, Rahman
et al., 2001, Soneji et al., 2001, Sripaoraya et al.,
2003). These dormant buds, however, need to be
stimulated to grow into maturation stage in order
to regenerate plants. For this reason, auxin and
cytokinin should play an important role in exp-
lant organogenic response during the culture. The
dichlorophenoxyacetic acid (2,4-D) and benzyla-
denine (BA) are two widely used auxin and cy-
tokinin in tissue culture system of many plants
(Kristanti et al., 2013, Sari et al., 2014, Wahyuni
etal., 2017).

This paper describes a simple in vitro pro-
cedure for obtaining pineapple cv Tangkit plants
using axillary buds from crown slicing as initial
explant materials. This procedure will facilitate
clonal propagation techniques of this pineapple
cultivar in order to provide uniform quality seeds.

METHODS

Preparation of plant material

Fruit crowns were isolated from pineapp-
le cv Tangkit obtained from farmers’ gardens in
Tangkit Baru village, Muaro Jambi district. All
leaves attached to crowns were removed to obtain
a “naked crown” with clearly visible dormant
axillary buds. The crowns were then sliced hori-
zontally into three parts to obtain a section of the
base, the middle and the tip pieces. The middle
pieces were used as the source of the explant ma-
terial, while the other two parts were discarded.
The pieces were then sterilized by immersion in
0.02 % HgCl, solution for 5 minutes, then rinsed
three times with sterile distilled water. After the
sterilization process was completed, the pieces
were cut into small cube block of about 0.5 X 0.5
x 0.5 cm with a dormant axillary bud. The blocks
were then used as planting material and ready to
be cultured in the medium within culture flasks.

Medium composition and environmental conditions
Culture medium used was MS composi-
tion (Murashige & Skoog, 1962), supplemented
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with vitamins (myo-inositol, glycine, nicotinic
acid, pyridoxine-HCl and thiamine-HCI) and 3%
sucrose (w/v). Plant growth regulators 2,4-dichlo-
rophenoxyacetic acid (2,4-D) (0.0; 0.001; 0.01
and 0.1 ppm) and benzyl adenine (BA) (0.0; 0.1;
1.0 and 10 ppm) were added to the medium, pro-
ducing 16 treatment combinations. The pH of the
medium was set to 5.8 * 0.02 before compacting
with 0.8% (w/v) agar (Difco Bacto) and distri-
buted into culture flasks each of 10 mL. The me-
dium was then autoclaved at a pressure of 1.06 kg
cm? and temperature of 121 °C for 15 minutes.

One explant was cultured on medium in
culture flask of each treatment combinations.
The cultures were then incubated in total dark-
ness for 7 days prior to shifted on shelves within
the culture room at 25 + 1 °C and photoperiod
of 16 hours per day under a light intensity of 50
umol m? s from white TL lamps (Phillips Indo-
nesia).

Acclimatization

The regenerated plantlets (buds with shoots
and roots) were removed from culture flasks and
transplanted in Jiffy pots (Jiffy-7 ™) which had
been soaked in water for 15 minutes. Each pot
was planted one plantlet. The plantlets were then
maintained in a shade house with light intensity
ranging from 100 to 170 pmol m? s, natural pho-
toperiod and day/night temperature of 25/18 °C
and relative humidity of approximately 80%.

Design and Data analysis

The experiment was arranged in a simple
randomized design with five replications. Para-
meters suchs as percentage of explants regenera-
ting adventitious shoots, root formation, number
of leaves and callus proliferation were observed
every week for 16 weeks. Data obtained were cal-
culated using decriptive statictics (Microsoft Cor-
poration, 2016) and standard errors (SEs) were
determined.

RESULTS AND DISCUSSION

While explants cultured in medium wit-
hout growth regulator did not show any progress
until the end of the trial period (Table 1), all ex-
plants cultured in medium equipped with 2,4-D
or BA or combination of both regenerated adven-
titious shoots (Figure 1). This proves that the re-
generation of adventitious shoots from dormant
axillary buds of Tangkit pineapple requires the
presence of auxin and/or cytokinins in culture
medium, with 2,4-D as a critical factor for plant-
let growth. Some earlier researchers also reported

the need for auxin and cytokinin involvement in
inducing morphogenetic responses in a number
of Bromeliaceae plants. For example Dyckia dis-
tachya (Pompelli & Guerra, 2005), Tillandsia ei-
zii (Pickens et al., 2006), Vriesea scalaris (da Silva
et al., 2009), Vriesea reitzii (Guerra & Dal Vesco,
2010), Aechmea blanchetiana and A. distichantha
(Santa-Rosa et al., 2013) were successfully rege-
nerated by adventitious shoot formation under in
vitro system. In all of these successes, the presen-
ce of cytokinin (BA) was proven to be crucial in
the formation of adventitious shoots.

C D
Figure 1. Adventitious shoots formation on
crown slicing explants of pineapple cv Tangkit.
A =0.001 ppm 2,4-D + 0.01 ppm BA; B =0.01
ppm 2,4-D + 10.0 ppm BA; C =0.001 ppm 2,4-D
+ 1.0 ppm BA; D = 0.01 ppm 2,4-D + 0.1 ppm
BA.

Root formation with an average number
of 4.2 + 0.37 per shoot occured only in the addi-
tion of 0.1 ppm 2.4-D without BA, and they are
yellowish-white in colour (Figure 2). This is in ac-
cordance with report of Sripaoraya et al. (2003)
regarding tissue culture of pineapple cv Phuket
(belongs to Queen group similar to cv Tangkit).
Therefore, in our study, complete plantlets regen-
eration occured only from explants cultured on
medium with 2.4-D alone.

Figure 2. Roots (indicated by arrowheads)
formed on adventitious shoot grown from crown
bud slicing of pineapple cv Tangkit treated with
0.1 ppm 2,4-D alone.

In general, the use of synthetic auxin in tis-
sue culture system was aimed at accelerating root

486



Zulkarnain et al. / Biosaintifika 10 (3) (2018) 484-490

Table 1. The effect of 2,4-D and BA on shoots, roots and leaves formation on crown slicing explants

of pineapple cv Tangkit.
2,4-D (ppm) BA (ppm) Shoot formation (%) Root formation (%)  Average leaf number
0.0 0.0 0 0 -
0.1 100 0 2.57£0.50
1.0 100 0 2.59 +£0.39
10.0 100 0 2.83+£0.18
0.001 0.0 100 0 2.72+£0.21
0.1 100 0 2.59 +£0.39
1.0 100 0 2.59+0.34
10.0 100 0 2.67 £ 0.31
0.01 0.0 100 0 2.99 +£0.23
0.1 100 0 2.85+0.33
1.0 100 0 2.78 £0.26
10.0 100 0 2.74 £ 0.32
0.1 0.0 100 100 2.98 £0.43
0.1 100 0 2.86 £ 0.22
1.0 100 0 2.78 £0.29
10.0 100 0 2.61 £0.48

+ Standard Error. Each treatment consists of 5 replications.

formation and increasing rooting rate. Rovere et
al. (2013) and Yu et al. (2017) suggested that root
formation in tissue culture will take place when
auxin is present in culture medium. The presence
of auxin, either alone or in combination with a
low concentration of cytokinin is a critical factor
for the proliferation of root primordia on cultu-
red explants (Zulkarnain, 2009). This is probably
due to their participation in the regulation of cell
cycling, division, and differentiation (Tapingkae
etal., 2012, Zulkarnain et al., 2015).

The effect of 2,4-D and BA in the range of
concentrations tested did not give any significant
difference in leaves formation (P = 0.60). The ave-
rage number of leaves ranged from 2.57 + 0.50 to
2.99 £ 0.23. These results indicate that plantlet
growth does not show high diversity, so, this in
vitro propagation method is very appropriate ef-
fort to obtain pineapple with a uniform growth.
This is apparently more advantageous compared
to conventional method by using suckers. Sripa-
oraya et al. (2003) claimed that propagation using
suckers will result in non-uniform growth and flo-
wering times among progenies due to differences
in suckers age at planting time.

All cultured explants did not produce cal-

lus, though 2,4-D is known as a strong auxin
that frequently used to induce callus formation
in a number of plant species such as sweet po-
tato (Oggema et al., 2007), wheat (Rashid et al.,
2009), sugar cane (Tahir ez al., 2011), gendarussa
(Wahyuni et al., 2017) and orchid (Budisantoso et
al., 2017). This finding, however, is in accordance
with report by (Soneji ez al., 2002) where MS me-
dium supplemented with 2,4-D was not conduc-
tive to induce callus growth on leaf explants of
pineapple. This probably due to the concentration
of 2,4-D was still too low to induce callus proli-
feration. Tkeuchi ez al. (2013) suggested that in ge-
neral, callus proliferation will occur when auxin
and cytokinin present in intermediate rasio. High
rasio of auxin-to-cytokinin or cytokinin-to-auxin
will lead to root and shoot regeneration, respec-
tively. In pineapple cv Phuket, Sripaoraya ef al.
(2003) found that callus was formed on leaf ex-
plants with the presence of 2,4-D concentrations
of 0.5 to 2.0 ppm, while in our experiment the
highest concentration of 2.4-D was only 0.1 ppm.
This result confimed the report of De Silva ef al.
(2008) who found that 2,4-D application of up
to 54.3 ppm failed to induce calli from meris-
temic globular bodies of pineapple cv Moris
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and Josapine. Thus, we believe that the very low
concentration of 2,4-D employed in culture me-
dium was the key factor causing the absence of
callus formation in this trial.

Figure 3. In vitro plantlet of pineapple cv Tangkit
transplanted onto Jiffy pot during acclimatiza-
tion process.

Acclimatization was done after the plant-
lets were large enough (at 16 weeks after culture
initiation). Only plantlets generated on medium
supplemented with 0.1 ppm 2,4-D alone were
subjected to acclimatization as they have root
system. They were transplanted onto Jiffy pots
ready-made medium (Figure 3). All explants ac-
climatized on Jiffy pot showed good growth and
development, so that they can be transferred to
polybag with soil for further planting in the field.
The acclimatization rate of 100% indicated that
both environmental conditions and substrate
used to support plantlet growth have met their
requirements.

The finding of optimum concentration of
2,4-D and BAP in this study is useful for in vitro
shoots formation from crown bud slicing of pine-
apple. The shoots can be subcultured to new me-
dium to develop multiple shoots, or transferred to
rooting medium to grow into complete plantlets
which can be acclimatisized for field evaluation.
Through this study of in vitro propagation techni-
que, a standard protocol for mass propagation
of pineapple cv. Tangkit can be developed. The

research is very important to provide the needs
of quality seeds, because normal vegetative pro-
pagation of pineapple is hampered by the limited
availability of propagation materials.

CONCLUSION

Propagation of pineapple cv Tangkit is
made possible through tissue culture techniques
using crown bud slicing as explants source. This
is a new approach to the effort of multiplying
pineapple plants in large quantities. In addition,
plants generated through tissue culture were pro-
ven to be relatively uniform in growth, making it
very profitable in cultivation.
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