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ABSTRACT

The aim of the present study was to evaluate in vitro plant regeneration from the shoot apices of juvenile and adult passion fruit
plants and provide a basis for future clonal cleanup of superior genotypes through the use of tissue culture. The studies were
divided into three experiments to evaluate the effect of age and origin of the donor plant, the culture medium methodology and
the size of the explants. The shoot apices were inoculated in Murashige & Skoog (MS) medium with 3% sucrose and three
6-benzylaminopurine (BAP) concentrations: 0, 1 or 2 mg L. Next, the samples were transferred to a half-strength mineral salt
medium (%2 MS) and supplemented with 1 mg L' indolebutyric acid (IBA). Two cultivation methods were used: one with variations
in the cultivation period in the MS medium (26 or 60 days) and the other with or without transfer to half-strength mineral salt
medium (2 MS). The methodology by which explants are maintained in MS medium supplemented with 1 mg L' BAP for 26 days,
followed by transfer to %2 MS medium supplemented with 1 mg L' IBA for 21 days of cultivation and then transfer to %2 MS medium
for 14 days is more appropriate for regenerating plants from the shoot apices of adult Passiflora edulis (AGBP accession 38).
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Cultivo in vitro de apices caulinares provenientes
de plantas jovens e adultas de maracujazeiro amarelo

RESUMO

O objetivo deste trabalho foi avaliar a regeneragéo de plantas in vitro a partir de apices caulinares provenientes de maracujazeiros
jovens e adultos e fornecer subsidios para futuros trabalhos de limpeza clonal de gendtipos superiores, via cultura de tecidos.
Os estudos foram divididos em trés experimentos visando avaliar o efeito da idade e a procedéncia da planta doadora, da
metodologia do meio de cultivo e do tamanho dos explantes. Os apices caulinares foram inoculados em meio de estabelecimento
Murashige & Skoog (MS), acrescido de 3% de sacarose e com trés concentragdes de BAP: 0; 1 mg L' ou 2 mg L. Em seguida,
foram transferidos para o meio com metade das concentragdes dos sais minerais (/2MS) acrescida de 1 mg L de AIB. Duas
formas de cultivo foram utilizadas variando o periodo de cultivo no meio de estabelecimento (60 dias ou 26 dias) e a transferéncia
ou ndo para o meio, com metade das concentragdes dos sais minerais (/2MS). A metodologia na qual os explantes sdo mantidos
em meio MS acrescido de 1 mg L' de BAP durante 26 dias seguidos de transferéncia para o meio %2MS acrescido de 1 mg L' de
AIB, por 21 dias de cultivo e, posteriormente, para o0 meio 2MS, por 14 dias, € mais apropriada para regenerar plantas a partir
de apices caulinares de plantas adultas de Passiflora edulis (acesso BGP 38).

Palavras-chave: reguladores de crescimento, Passiflora edulis, cultura de tecidos
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Introduction

The yellow or sour passion fruit (Passiflora edulis Sims) is the
main specie of commercially produced passion fruit. This species
is cultivated in almost all of Brazil, but the main producers are
the states of Bahia, Sergipe, Sdo Paulo, Pard and Minas Gerais,
that together are responsible for Brazil’s leadership in the world
production of this fruit (Meletti et al., 2005).

A limiting factor in the cultivation of passion fruit is the
presence of viruses in most orchards. The disease can be caused
by two virus species: Passion fruit woodiness virus (PWV)
and Cowpea aphid-borne mosaic virus (CABMV), - the latter
occurs in Brazil. Infected plants exhibit a mosaic of symptoms,
including fruit with hardening of the pericarp, large reduction of
the pulp and reduced leaf area and plant vigor. Fruit hardening
has already been reported in the major producing Brazilian states
(Nascimento et al., 2006) and also in others countries (Ochwo-
Ssemakula et al., 2012; Fukumoto et al., 2013).

The in vitro culture of shoot apices is a technique that has
been used since 1952 to eliminate viruses and other systemic
pathogens in non-arboreal species. This methodology consists
on excision of the apical meristematic dome with one or two
leaf primordia, followed by culture in a suitable nutritive
medium to induce the differentiation and development of
the stem and root systems (Souza et al., 2013). Important
plant characteristics, such as productivity or vigor, can be
either reproduced by crossing or maintained by conventional
vegetative propagation techniques or by micropropagation.
Some superior genotypes have been used to obtain commercial
hybrids of passion fruit, for example, the progenitors of sour
passion fruit hybrids BRS Yellow Giant, BRS Savannah
Sun and BRS Red Gold, which were released in 2008 by
the Brazilian Enterprise for Agricultural Research (Empresa
Brasileira de Pesquisa Agropecuaria - Embrapa). However,
viral contamination of these genotypes is frequent because
they are vegetatively propagated.

The effectiveness of eliminating viruses by culturing shoot
apices depends on factors such as the type of virus, virus-
host relationships and especially the size of the shoot apex
used (Kartha, 1984). The smaller the explant, the greater the
probability of producing contamination-free regenerants;
however, the regeneration of smaller explants takes longer and
exhibits reduced explant viability (Parmessur et al., 2002).

However, the effective in vitro culturing of passion fruit
shoot apices still requires further study, as some authors
have reported difficulties in regenerating plants of the genus
Passiflora from adult tissues (Drew, 1991; Biricolti & Chiari,
1994; Becerra et al., 2004).

The aim of the current study was to evaluate in vitro plant
regeneration from shoot apices of juvenile and adult passion
fruit plants, the establishment ability of shoot apices of
different sizes and to provide a basis for future clonal cleanup
of superior genotypes using tissue culture methodologies.

Material and Methods

The experiments were performed in the Tissue Culture
Laboratory of Embrapa Mandioca e Fruticultura, located in
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Cruz das Almas, Bahia, with plants from the Active Germplasm
Bank of Passiflora (AGBP). Studies were divided into three
sets of experiments. In the first and second experiments, we
assessed the origin and age of the donor plant, the effect of
different concentrations of 6-benzylaminopurine (BAP) and
the in vitro culture period in the establishment and rooting
media. In the third experiment, the establishment of shoot
apices of different sizes was evaluated.

Disinfection was performed with 70% ethanol for 60
seconds, a commercial solution of 25% sodium hypochlorite
(0.5% active chloride) with three drops of Tween 20® for 20
min, and then washed three times with autoclaved water.

Shoot apices of 1 cm from I-year-old P. edulis plants
(AGBP accession 38) kept in a greenhouse or in the field as
well as 1-year-old and 8-month-old plants kept in a greenhouse
were used as explants in the first and second experiments,
respectively. In the third experiment, we used shoot apices of
approximately 1, 0.5 or 0.25 cm from 3-month-old plants of
another P. edulis accession (AGBP 158) kept in a greenhouse.

In the first two experiments, the shoot apices were inoculated
in MS establishment medium (Murashige & Skoog, 1962)
supplemented with 3% sucrose and with three concentrations
of BAP: 0, 1 or 2 mg L. In the third experiment, only 1 mg
L' BAP was used. The media were adjusted to pH 5.8 and
autoclaved at 121 °C (1.05 kg.cm?) for 20 min. The media
were solidified with 0.2% Phytagel®, and 10 mL of medium
was distributed into test tubes (150 x 25 mm).Cultures were
maintained in a growth chamber at 27 °C, a photon flux density
of 30 umol.m™.s! and a photoperiod of 16 h.

In the first experiment, the explants were maintained for
60 days in the establishment media and then transferred to
MS rooting medium with half-strength mineral salt (*2 MS)
supplemented with 1 mg L' of indole-3-butyric acid (IBA), in
which they were maintained for 21 days in culture.

In the second and third experiments, the time for keeping
the explants in the establishment medium was reduced to
26 days and the same time was kept for the rooting medium
(21 days). After that, the samples were transferred to 2 MS
medium without growth regulators for 14 days in an attempt to
improve the rooting.

After each cultivation phase, the explants were evaluated
according to the following variables: percentage of
contamination (bacteria, fungi), percentage of explant deaths,
height and percentage of rooted explants.

The experiments were performed in a completely
randomized design with 15 replicates, and each plot had an
explant per test tube. The data were subjected to analysis of
variance; when significance was established by the F test, the
treatment effect was submitted to Tukey’s test at 5% probability
using the SAS program (Sas Institute, 1990).

Results and Discussion

The explants from P. edulis plants (AGBP accession 38)
that were established in the field showed high contamination
rate (90%), with 65% of explants contaminated by fungus and
25% contaminated by bacteria. For explants that originated
from plants maintained under greenhouse conditions, the
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contamination rate was 22% by fungus and 7% by bacteria, for
a total failure rate of 29%.

These findings are consistent with similar previously
published studies. Neem leaf explants derived from field-
established plants showed 100% contamination after
disinfection with 10% or 25% of a commercial sodium
hypochlorite solution (Eeswara et al. 1999), since in the present
study also or 25% of a commercial sodium hypochlorite
solution was used and a contamination of 90% was registered.

In the first experiment, we observed leaf chlorosis in 33%
of the explants prepared from greenhouse-grown plants after
30 days of cultivation and the death of 33% of the explants due
to chlorosis, followed by the necrosis of browning tissues in
explants maintained on MS medium with 2 mg L' BAP that
was observed after 60 days of cultivation. However, during the
third month of cultivation, after the explants were transferred
to a rooting medium (%2 MS + 1 mg L' IBA), 20, 33 and 70%
of explants died in treatments from the establishment medium
supplemented with 0, 1 and 2 mg L' BAP, respectively.

Chlorosis, followed by explant death, might occur due
to toxicity caused by the growth regulator and, in that case,
lower concentrations should be used. Another aspect to be
considered is increasing toxicity observed in explants as the
time in the establishment medium increases, indicating a need
for reducing that time. Explant death was also observed by
Ribeiro et al. (2006) in different types of explants (shoot tip,
internodal segment adjacent to the shoot tip, nodal segment
adjacent to the shoot tip and leaf tissue) grown from five
7-month-old P. edulis accesses after the first week in MS
medium supplemented with 2 mg L' BAP. Kantharajah &
Dodd (1990) noted similar results in an in vitro experiment of
shoot multiplication from P. edulis seedlings when the explants
were maintained for more than 1 month in medium containing
1 or 2 mg L' BAP. Thus, in the second and third experiments,
the establishment period was reduced to 26 days.

In the second experiment, performed with explants from
l-year-old and 8-month-old greenhouse plants, we only
observed 13% contamination in the establishment period (9%
by fungi and 4% by bacteria) and 13% contamination in the
rooting period (4% by fungi and 9% by bacteria), confirming
the need to maintain donor sources in cleaner environments,
such as screenhouses, greenhouses or growth chambers.

Explant death was observed after 47 days post inoculation
(26 days in the establishing medium and an additional 21 days
in IBA-containing medium) only for those initially maintained
in medium without growth regulators (20%), confirming that
reduction to 26 days in BAP-containing media was better for
explant establishment and survival.

In general, the appearance of the explants in MS medium
with 1 mg L' BAP was better than those in MS medium with
2 mg L' BAP (Figure 1), but the concentration of BAP did
not significantly influence the percentage of explants with
morphogenic responses for the following variables: explants
with developing leaves (86.7% for both BAP concentrations),
the average number of leaves per explant and the length of the
largest leaf (Table 1). The percentage of rooted explants for
those that were cultured previously in establishment medium
supplemented with 1 or 2 mg L' BAP after 21 days in 2 MS
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Figure 1. Appearance of P. edulis explants (AGBP 38) after 20 days in culture
in MS medium (A); MS + 1 mg L" BAP (B); MS + 2 mg L' BAP (C)

Table 1. Explants with developing leaves (EDL), the average number of
leaves per explant (ANL) and the average length of the largest leaf (ALL) of
P edulis (AGBP 38) after 26 days in the establishment media MS, MS + 1 mg
L' BAP and MS + 2 mg L' BAP (Experiment 2)

Treatment EDL (%) ANL ALL
MS - - -
MS + 1 mg L' BAP 86.7a 217a 0.98a
MS +2mg L' BAP 86.7 a 213a 0.95a
CV (%) 21.07 14.68 10.60

The means corresponding to the same letter in the columns do not differ significantly according to
Tukey’s test at 5% probability

medium + 1 mg L' IBA was 14 or 20%, respectively, and for
those after 14 days of culture after transfer to > MS medium was
36 or 20%, respectively. Therefore, the following protocol was
defined as the methodology for the in vitro culture of shoot apices
from adult P, edulis plants: inoculation of apices in MS medium
supplemented with 1 mg L' BAP for 26 days for establishment,
followed by transfer to > MS medium supplemented with 1 mg
L' IBA for 21 days of culture and subsequent transfer to 2 MS
without growth regulators for 14 days for rooting.

After finding that it was possible to regenerate P. edulis
plants from adult material, the third experiment was designed
to confirm if it was possible to do so with smaller explants. In
this experiment, we observed a 3% microbial contamination
rate in the in vitro establishment phase. One week after
inoculation of explants from AGBP accession 158, an early
growth of leaf primordia was noted in 97% of explants in all
treatments (Figure 2), and the deaths of only 2% of the 1-cm
explants were observed. There was a clear reduction in root
regeneration capacity with the reduced size of the initial
explant, and the percentages of rooted explants at the end of
the in vitro culture for explants with the initial sizes of 1, 0.5
and 0.25 cm were 18, 5 and 0%, respectively.

Parmessur et al. (2002) reported that smaller explant size
increased the probability of obtaining propagation material
free of pathogens but with a lower organogenic capacity. A
comparison of explants of the same size (1 cm) revealed that
the percentage of rooted explants from AGBP accession 158
was half of that observed for AGBP accession 38. Moreover, at
the end of the in vitro culturing procedure, there was a greater
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Figure 2. Appearance of P. edulis explants (AGBP 158) with initial sizes of
1, 0.5 or 0.25 cm (left to right) after 14 (A) and 26 days (B) in culture in MS
medium + 1 mg L' BAP
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abscission of leaves for AGBP accession 158 compared to
AGBP accession 38, which reduces the possibility of success in
the acclimatization phase. The opposite behavior was expected
because the plants from AGBP accession 158 were 3 months old
and those from AGBP accession 38 were 1 year and 8 months
old, and younger donor plants have been shown to exhibit higher
organogenic ability. However, Prammanee et al. (2011) obtained
plants regenerated from explants of 0.2 cm P. edulis (purple
passion). On the other hand Goémez & Gonzalez (2010) reported
in vitro shoot formation from axillary bud of adult P. edulis, but
there was no indication of plant regeneration. Thus, it is clear
that the organogenic response is also genotype dependent in the
accessions from the P. edulis that was used in the present study,
which is similar to the results published by Ribeiro et al. (2006)
and from Passiflora caerulea by Severin et al. (2011).

The average height of the explants (AGBP 38) from 1-year-
old plants after 26 days in vitro culture (Experiment 1) was
higher for MS medium + 1 mg L' BAP compared to medium
without growth regulator, but no difference was observed
between culture media used for explants from 1-year-old and
8-month-old plants (Experiment 2) (Table 2). This behavior is
most likely due to plant age because older donor plants are
less reactive to hormonal stimulation. We only observed an
increase in height from 26 to 60 days of culture when there
was a decrease in BAP exposure time (Table 3); although the
donor plants were older, reducing the time in the establishment
medium, followed by media with and without IBA, was the
most appropriate culture method.

There was a significant difference in average height for
explants from 26 to 58 days of culture with initial sizes of 0.5

Table 2. Average height of P edulis explants (AGBP 38) after 26 days in the
establishment media MS, MS + 1 mg L' BAP and MS + 2 mg L' BAP in the
two proposed culture methods (Experiments 1 and 2)

Treatment Experiment 1 Experiment 2
MS 1.18b 1.32a
MS + 1 mg L' BAP 143 a 1.32a
MS +2mg L' BAP 1.19ab 1.28a
CV (%) 17.97 12.38

The means corresponding to the same letter in the columns do not differ significantly according to
Tukey's test at 5% probability

Table 3. Average height of P. edulis explants (AGBP 38) after 26 and 60 days
in both forms of in vitro culture (Experiments 1 and 2) for the establishment
medium MS + 1 mg L' BAP only

Days Experiment 1 Experiment 2
26 days 1.38a 1.32b
60 days 1.38a 155a
CV (%) 23.03 12.95

The means corresponding to the same letter in the columns do not differ significantly according to
Tukey's test at 5% probability
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and 0.25 cm, which reached average final heights of 0.86 and
0.52 cm, respectively (Table 4).

Table 4. Average height of P. edulis explants (AGBP 158) after 26 days in
medium MS + 1 mg L' BAP and after 58 days with exposure to three types
of in vitro culture medium

Initial sizes of explants

Days

1cm 0.5 cm 0.25 cm
26 days 1.37a 0.75b 0.43b
58 days 1.50a 0.86a 052a
CV (%) 13.73 14.32 18.68

The means corresponding to the same letter in the columns do not differ significantly according to
Tukey's test at 5% probability

However, there was little shoot elongation in any of the
experiments. This finding contrasts with the observation
of explants that were shoot apices from 13- or 20-day-old
P edulis seedlings that reached an average shoot height of
approximately 4 cm after 60 days of in vitro culture, even
in the absence of growth regulators (Vidal et al., 2004). For
45-day-old P. edulis plants, the average shoot heights in the
absence of growth factors were 2.12 and 2.33 c¢m after 75 and
105 days of in vitro culture, respectively (Faria et al., 2007).
Thus, the small amount of shoot elongation is most likely due
to reduction of the morphogenic response caused by reduced
juvenility. Becerra et al. (2004) compared juvenile plants P
edulis explants to explants from adult plants revitalized by
extreme pruning and plants cultured in vitro and concluded
that the age of the plants was the most important factor
influencing the morphogenic response. For this reason, is
generally prefered to obtain explants from seeds germinated
in vitro when using different species of Passiflora (Régo et al.,
2011; Carvalho et al., 2012; Soares et al., 2012).

In addition, Drew (1991) noted the difficulty of the in vitro
culture of shoot apices from adult P. edulis plants in contrast
to the culture of juvenile plants, which grew rapidly in MS
medium supplemented with 2.15 mg L' kinetin and 0.88
mg L' indoleacetic acid. This difficulty in P. edulis shoot
elongation was also reported by Kantharajah & Dodd (1990),
Dornelas & Vieira (1994), Biasi et al. (2000) and Ribeiro et
al. (20006), confirming the difficulty of in vitro propagation of
adult P. edulis plants.

Conclusions

It is necessary to add IBA to the medium for the shoots to
induce rooting of adult P. edulis plants (AGBP accession 38).

The method in which explants are maintained on MS
medium supplemented with 1 mg L' BAP for 26 days, followed
by transfer to 2 MS medium supplemented with 1 mg L' IBA
for 21 days of cultivation, and thereafter for 2 MS medium for
14 days, is more appropriate to regenerate plants from shoot
apices of adult P. edulis plants (AGBP accession 38).

The developed method is cultivar dependent and needs to
be adjusted for other AGBP accesses.
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