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Abstract

Micropropagation of Calophyllum brasiliense Cambess. (Clusiaceae) is a way to overcome difficulties in achieving
large-scale plant production, given the recalcitrant nature of the seeds, irregular fructification and absence of natural
vegetative propagation of the species. Cultures were established using nodal segments 2 cm in length, obtained from
1-2 year old seedlings, maintained in a greenhouse. Mercury chloride and Plant Preservative Mixture™ were used in
the surface sterilizing stage, better results being achieved with Plant Preservative Mixture™ incorporation in culture
medium, at any concentration. Polyvinylpyrrolidone, activated charcoal, cysteine, ascorbic acid or citric acid were
added to the culture medium to avoid oxidation. After 30 days of culture, polyvinylpirrolidone and ascorbic acid
gave better results, eliminating oxidation in most explants. For shoot multiplication, benzylaminopurine was used in
concentrations of 4.4 and 8.8 uM in Woody Plant Medium, resulting in an average of 4.43 and 4.68 shoots per explant,
respectively, after 90 days. Indole-3-butyric acid and a-naphthalene acetic acid were used to induce root formation,
reaching a maximum rooting rate of 24% with 20puM o-naphthalene acetic acid. For acclimatization. the rooted plants
were transferred to Plantmax® substrate and cultured in a greenhouse, reaching 79% of survival after 30 days and
60% after one year.

Keywords: benzylaminopurine, Clusiaceae, guanandi, woody plant.

Micropropagacio de Calophyllum brasiliense
(Cambess.) a partir de segmentos nodais

Resumo

A micropropagacao de Calophyllum brasiliense Cambess. (Clusiaceae) ¢ uma maneira de superar dificuldades para sua
produgdo em larga escala, devido a natureza recalcitrante das sementes, frutificacdo irregular e auséncia de propagacéo
vegetativa natural da espécie. Culturas foram estabelecidas utilizando segmentos nodais com 2 cm de comprimento,
obtidos de plantas com 1 a 2 anos de idade, mantidas em casa de vegetacao. Cloreto de mercurio e Plant Preservative
Mixture™ foram utilizados durante a etapa de desinfestagcdo, com melhores resultados alcangados com a incorporagao
de Plant Preservative Mixture™ ao meio de cultura. Polivinilpirrolidona, carvao ativado, cisteina, acido ascérbico ou
acido citrico foram adicionados ao meio de cultura para evitar a oxidagdo dos explantes. Ap6s 30 dias de cultivo, o
uso de polivinilpirrolidona ou acido ascorbico proporcionou melhores resultados, eliminando a oxidagdo na maioria
dos explantes. Para multiplicagdo das brota¢des, benzilaminopurina foi usada em concentragdes de 4.4 ¢ 8.8 uM em
meio WPM, resultando em uma média de 4.43 e 4.68 brotacdes por explante, respectivamente, apos 90 dias. Acido
indol-3-butirico e acido a-naftaleno acético foram usados para a indugdo de raizes, alcangando um enraizamento maximo
de 24% com o uso de 20uM de acido a-naftaleno acético. As plantas enraizadas foram transferidas para substrato
Plantmax® e cultivadas em casa de vegetagio, alcangando 79% de sobrevivéncia apos 30 dias e 60% apds um ano.

Palavras-chave: benzilaminopurina, Clusiaceae, guanandi, planta lenhosa.
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1. Introduction

Calophyllum brasiliense Cambess. (Clusiaceae),
commonly known in Brazil as guanandji, olandi or jacaretiba,
is an important woody plant native to tropical America.
The species occurs in flooded forests and is well adapted
to hypoxic conditions (Marques and Joly, 2000) and it is
therefore indicated for restoration programs (Nery et al.,
2007). The plant has potential for use in the timber industry
due to the good quality of its wood (Flores, 2002; Cole et al.,
2011) and also presents medicinal properties (Noldin et al.,
2006; Souza et al., 2009; Brenzan et al., 2012), including
cancer chemopreventive activity (Ito et al., 2002). Moreover,
due to wood exploitation and environmental pressure,
natural populations of C. brasiliense have been reduced in
the recent years (Marques and Joly, 2000) and this species
is listed as endangered in some Brazilian states such as
Sao Paulo (Sao Paulo, 2008).

Natural propagation of this species occurs through seeds,
but their recalcitrant nature (Carvalho et al., 2006) and the
irregular fructification, occurring at 41-month intervals
(Fischer and Dos Santos, 2001) limit its propagation.
So far, no viable vegetative propagation system has been
reported for this species.

Development of a tissue culture protocol is an
alternative for the propagation of species with limited
large-scale production. Micropropagation, compared
with other traditional methods of propagation, has many
advantages and its applications in horticulture, agriculture
and forestry are spreading worldwide (Rathore et al.,
2013). Micropropagation requires only a small explant
for the initiation of culture (George and Debergh, 2008).
In addition, the plants growing in vitro are kept in a
controlled environment, which allows the effective cloning
of economically important plants (Iliev et al., 2010).

This study aims to develop a protocol for guanandi
micropropagation, using nodal segments obtained from
greenhouse plants.

2. Material and Methods

2.1. Culture media and conditions

The basal medium consisted of Woody Plant Medium
(WPM) salts and vitamins (Lloyd and McCown, 1980)
supplemented with 30 g.L!' sucrose and solidified with
6 g.L! agar (Vetec®). Different plant growth regulators
(PGRs), antioxidants or Plant Preservative Mixture (PPM™™)
were added. The pH of the media was adjusted to 5.8 prior
to autoclaving at 121°C for 20 min.

At all in vitro stages, the explants were kept in a
growth room at 19 + 2°C at night and 26 + 1°C by day
under a 16h-photoperiod and a white fluorescent light with
photosynthetic photon flux density of about 30 pmol.m?.s™.

2.2. Surface sterilization of explants

2.2.1. Effect of mercury chloride

Cultures of C. brasiliense were established using
nodal segments 2 cm in length, obtained from 1-2 year old
seedlings, maintained in a greenhouse. The plants were
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treated weekly with a 0.3% Cercobin® solution (w/v), and
manually irrigated every 2 d.

Young and soft nodal segments were excised from the
mother plant. The leaves were cut and the explants washed
in soapy water for 5 min and then rinsed in distilled water.
All subsequent operations were carried out in a laminar
air flow chamber. The explants were surface sterilized in
70% ethanol for 1 min, followed by sodium hypochlorite
(NaOCl) 5% (v/v) plus 0.01% Tween-20® for 10 min and
mercury chloride (HgCl,) (0.1 and 0.2% w/v) for 2 to 4 min
under constant agitation. The explants were rinsed six
times in autoclaved distilled water.

The terminal ends of the explants were sectioned to
eliminate the oxidized parts. The apical bud was excised,
keeping two axillary buds per explant. The explants were
placed individually in a vertical position (see Figure 1a)
in flasks (5 cm high x 3 cm diameter), containing 10 ml of
culture medium, sealed with an aluminum cover.

Fungal and bacterial contamination and survival
were evaluated after 30 d. The experimental design was
a factorial arrangement, considering the concentration of
HgCl, (0.1 or 0.2%) and exposure time to the solution
(2 or 4 min). Five replications were used, each containing
10 explants in individual vials, making a total of 50 explants
per treatment.

2.2.2. Effect of PPM™ on culture medium

Excision and surface sterilization of the nodal segments
were performed as described above, with the following
changes. HgCl, was not used and the explants were rinsed
in autoclaved distilled water only three times. Explants
were placed individually in a vertical position in test
tubes (15 cm high x 2 cm diameter) containing 10 ml
of culture medium without PGRs with concentrations
of 0.2, 0.4 or 0.8% (v/v) of Plant Preservative Mixture
(PPM™), maintaining a control without PPM™,

Contamination by bacteria and fungi and survival
were assessed after 30 d. The experimental design was
completely randomized (CRD) with five replications of
10 explants each, totalizing 50 explants per treatment.

2.3. Effect of anti-oxidant and absorbent treatments

Nodal segments, 2 cm long, were surface sterilized as
described above, with the addition of 0.1% (w/v) mercury
chloride solution for 5 min. The explants were inoculated in
WPM medium without PPM™, For each treatment, one of
the following compounds was added to the culture medium:
1 g.L'! polyvinylpyrrolidone (PVP-40), 1 g.L! activated
charcoal (AC), 200 mg.L"!' cysteine (Cys), ascorbic acid
(AA) or citric acid (CA), maintaining the control without
addition of any substance.

After 30 d of culture, the oxidation and intense
oxidation (when the phenol compounds are diffused
into the culture medium) of the explants were assessed.
The experimental design was CRD with five replications
of eight plants each (one explant per test tube) for each
treatment. The experiment was repeated once.
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Figure 1. Micropropagation of Calophyllum brasiliense: (a) nodal segment in WPM medium without PGRs after surface
sterilization; (b) 60 d after inoculation; (c) multiplication in WPM medium supplemented with 8.8 uM BA; (d) elongated
shoot on PGR-free medium, after 120 d; (e) rooted explant after 7 d in WPM culture medium supplemented with 20 uM
NAA and 60 d in PGR-free medium; (f) acclimatized plant in a 1:1 mixture of Plantmax® and vermiculite, 6 months after

transplanting. Bar: 1 cm.

2.4. Shoot multiplication

The explants cultured for 30d in WPM medium, free
from bacterial or fungal contamination, were placed on the
same medium supplemented with 6-benzylaminopurine
(BA). Different concentrations of BA were incorporated
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into the medium (4.4, 8.8 and 11uM) for multiple shoot
induction, maintaining a control treatment without any PGR.
The terminal ends of the explants were cut, maintaining
the original nodal segment. Two explants were placed in
each jar, closed with a polypropylene cap, containing 40
ml culture medium each.
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The explants were transferred to the culture medium
with the same concentrations of BA every 30 d. During
subcultures, the initial explant was maintained only by
cutting the oxidized ends and larger leaves. In preliminary
tests, individualized shoots under 2 cm length suffered
necrosis. Therefore, only shoots longer than 3 cm were
isolated and subcultured, being excised from the original
explants. The number of shoots was evaluated after 30,
60 and 90 d.

The experimental design was CRD, consisting of
seven replications with five flasks and 2 explants per
flask, totaling 70 explants for each concentration of BA.
The experiment was repeated once.

2.5. Rooting

Shoots larger than 3 cm, obtained after 6 months in
multiplication medium with BA, were isolated and used
for rooting. The base of the explant was cut in a double
bevel and shoots were transferred to WPM medium
containing 10 or 20 uM indole-3-butyric acid (IBA) or
a-naphthalene acetic acid (NAA) and maintained for 7 d
in the dark. Two nodal segments were placed in each jar.
After 7 d in the dark in a medium with auxin, the shoots
were transferred to identical WPM, but without any PGR.
The percentage of rooted explants and number of roots per
shoot was scored after 60 d, and a subculture to identical
media, without PGRs, was performed after the first month.

The experimental design was CRD with five replications
of six plants each, for 30 shoots per treatment.

2.6. Acclimatization

The rooted plants were transferred to Plantmax®
substrate. They were maintained at 25 + 2°C, with automatic
irrigation for 5 min every 6 h.

2.7. Statistical analysis

Data were subjected to Bartlett’s test for homogeneity
and then Deviance analysis. The treatment means
comparisons were carried out with Tukey’s test at 0.05%
significance level.

3. Results

3.1. Surface sterilization of explants
3.1.1. Effect of mercury chloride

Explants contaminated by fungi were observed
after 7 d of in vitro culture, while the bacteria began to
appear only after 14 d. After 30 d of culture, total mean
contamination was 26.5%, and bacterial contamination
was 22% (as shown in Table 1). According to the Tukey’s
test, using two concentrations of mercury chloride
(HgCl,) resulted in no significant differences between
the means, indicating that this factor has no influence
on infection rates or necrosis, but influenced survival of
explants. When considering the length of exposure to the
disinfectant agent, the differences between the results of
bacterial contamination were significant, indicating that
the longer the exposure to HgCl,, the lower the rate of
bacterial contamination (see Table 1).

3.1.2. Effect of PPM™ on explant disinfection

After 30 d of culture, the average survival of explants
was 82.5%, being higher in the case of explants maintained
in a medium with PPM™, reaching up to 92% (see Table 2).
The statistical analysis showed that the use of PPM™,
regardless of concentration, was highly effective in
combating bacteria, whereas the concentration of 0.4%
eliminated them. The highest concentration tested (0.8%)
was more effective in reducing fungal contamination, but

Table 1. Effect of concentration and time of exposure to mercury chloride (HgCl)) on contamination of Calophyllum
brasiliense nodal segments and survival, 30 d after in vitro introduction in WPM medium without PGRs.

HgCl, Fungal contamination Bacterial contamination Necrosis Survival
concentration (%) (%) (%) (%)
(%) 2 min 4 min 2 min 4 min 2 min 4 min 2 min 4 min
0.1 6.0+6.6Aa 20+39Aa 260+123Aa 100+84Ab 0.0+0.0Aa 20+39Aa 680+13.1Aa 86.0+9.7Aa
0.2 40+55Aa 60+6.6Aa 320+13.1Aa 200+112Ab 120+9.1Aa 80+7.6Aa 58.0+13.8Ba 66.0+13.3Ba

For the same variable, means horizontally followed by different lower letters, and vertically by upper letters, are significantly

different by Tukey’s test at p<0.05.

Table 2. Contamination and survival of nodal segments of Calophyllum brasiliense after 30 d of culture in WPM medium

supplemented with PPM™,

PPM™ Fungal Bacterial
. : o . o
conctz)l/t;atlon contamination (%) contamination (%) Necrosis (%) Survival (%)
(4
0 18+10.8a 20+ 11.2a 4+£55m 58+ 13.8a
0.2 8+7.6ab 2+39Db 2+39m™ 88+9.1b
0.4 6+ 6.6 ab 0£00b 2+£39m™ 92+7.6b
0.8 2+39b 0£0.0b 6+6.6™ 92+7.6b
Mean 8.5 5.5 3.5 82.5

Means followed by different letters are significantly different by Tukey’s test at p<0.05. ™ not statistically significant.

Braz. J. Biol., 2016, vol. 76, no. 3, pp. 656-663

659



Silveira, S.S. et al.

all tested concentrations were effective. The necrosis rate
was low (average 3.5%) and predominantly observed
in the treatment with 0.8% biocide, indicating that an
increase in concentration can result in increased stress to
the tissues and a consequent increase in the production
of phenolic compounds.

3.2. Effect of anti-oxidant and absorbents treatment

After 30 d of culture, 85% of the explants in WPM
without antioxidants showed signs of oxidation. In 35% of
these, the oxidation was considered severe and not restricted
to the base of the explant (as shown in Table 3). The use
of 1 g.L' PVP-40 was effective in preventing oxidation
of the base of the explants. To prevent intense oxidation,
observed when the phenol compounds were released and
diffused into the culture medium, both PVP and ascorbic
acid were effective.

3.3. Shoot multiplication

The use of BA during in vitro multiplication of nodal
segments is necessary, since the maximum number of
shoots per nodal segment is low on a medium without
cytokinin, usually 2 per explant (Figure 1b). This number
was elevated with BA application (Figure 1c). The results
did not differ statistically for the three concentrations for
60 and 90 d (Table 4), but the concentration of 11 pM of
BAresulted in necrosis of many explants (data not shown).

3.4. Rooting and acclimatization

After 60 d in culture on WPM medium supplemented
with IBA or NAA (see Figure le), the rooting of shoots
was low, with an average of 14% (as shown in Table 5).

According to the statistical analysis, there were no differences
among the auxins types and concentrations tested.

Results of the acclimatization treatment showed that
all the plants with roots were successfully acclimatized
(see Figure 1f). After 30 d in a greenhouse, 79% of the
plants survived and grew. After one year, 60% of rooted
plants survived in greenhouse.

4. Discussion

Preliminary tests of nodal segment disinfection using
only sodium hypochlorite (NaOCl) for surface sterilization
were inefficient, with an average contamination above 40%.
In addition, high concentrations of NaOCl (7.5%) damaged
tissues, causing high rates of oxidation and necrosis (>50%).
Explant damage due to high concentrations of sodium
hypochlorite, also were observed in peach (Ahmad et al.,
2003), Allanblackia stuhlmannii (Neondo et al., 2011)
and Carya illinoensis nodal segments (Aftab and Preece,
2007). According to Mng’Omba et al. (2012), HgCl,
is stronger than NaOC]I, which is the likely reason for
its effectiveness in combating fungi, even endogenous
species. The mortality of the cultures may be higher due
to damage caused by stronger disinfectants, as was the
case with Calophyllum apetalum (Nair and Seeni, 2003).

When compared to the experiment with HgCl,, the
survival rates were higher with PPM™, indicating the
better effects of PPM™ for disinfection, controlling both
fungi and bacteria. This suggests that PPM™ is preferable
as HgCl, is highly toxic, but necessary for contamination
control in some cultures. Similar results were obtained in

Table 3. Effect of different antioxidants added in WPM culture medium on oxidation of nodal segments of Calophyllum

brasiliense after 30 d of culture.

Antioxidant Concentration % oxidized explants % intense oxidation*
Control - 85+163a 35+20.5a
PVP-40 1gL! 15+13.7¢ 0+00.0b

Activated charcoal lgL! 73+£222ab 29+ 133 ab
Cystein 200 mg.L"! 74+ 17.1 ab 22 +22.0ab
Citric Acid 200 mg.L"! 77+13.7a 41+£156a
Ascorbic Acid 200 mg.L"! 42+ 143 be 0+00.0b
Mean - 61 21

Means followed by different letters are significantly different by Tukey’s test at p<0.05. *When phenolic compounds diffused to

the culture medium.

Table 4. Effect of BA concentration in WPM culture media on the number of shoots per nodal segment of Calophyllum
brasiliense after 30, 60 and 90 d of culture in multiplication medium.

Mean number of shoots per explant

BA concentration (uM)

30d 60d 90d
0 1.73)+02a 1.7(3)£0.2a 20(5)+£02a
4.4 2.1(5)+03a 3.1(6)+0.3b 44(14)+£0.8b
8.8 2.5(6)+04b 3.0(6)+£0.5b 47(18)+1.1b
11 24(5)+£04b 32(8)+£08b 4.8(13)+£0.7b
Mean 2.2 2.8 4.0

Means followed by different letters are significantly different by Tukey’s test at p<0.05. Numbers in parenthesis indicate maximum

number of shoots per explant.
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Table 5. Effect of two auxins added to a WPM culture
medium on rooting of nodal segments of Calophyllum
brasiliense after 60 d of culture.

Mean number of

Treatment % rooting roots by explant

10 uM IBA 8.0£109m™ 1.5(2)+0.89 ™

20 uM IBA 8.0£109™ 35(4)+£1.95m

10 uM NAA 24.0+£329m 1.8(5)+£0.93m™

20 uM NAA 16.0+16.7 ™ 23(3)+£1.34m
Mean 14 2.3

Means followed by different letters are significantly different
by Tukey’s test at p<0.05. The numbers in parenthesis indicate
maximum number of roots in an explant. ™ not statistically
significant.

cultures of Citrus sinensis (Niedz and Bausher, 2002) and
Swietenia macrophylla (Flores, 2006), demonstrating the
effectiveness of PPM™., For Citrus sinensis, the use of 2% of
this biocide was extremely toxic, as it completely inhibited
the development of shoots. This suggests that the toxicity
of PPM™ is low, but increases at higher concentrations.
Consequently 0.2% PPM™ was further used in the present
study, with a significant reduction in contamination of
the explants. Reducing the concentration to 0.1% did not
diminish its effectiveness and total contamination rates
ranged between 5 and 15%.

Tropical woody plant tissues are quite susceptible to
in vitro browning, a direct result of stress and chemical
reactions induced by polyphenol oxidases and other
enzymes, and the resulting phenol compounds react with
oxygen to form quinine compounds, generally inhibitory
of plant growth (Krikorian, 1988; Ahmad et al., 2013;
Chang and Shu, 2013). Despite the action of both AC and
PVP as adsorbents, such substances have not shown the
same effectiveness to control browning in Calophyllum
brasiliense tissues. This can be explained by the fact that
AC adsorbs various substances, harmful or not, not being
compound-selective and adsorbing also PGRs, minerals
and vitamins from the culture medium (Azofeifa-Delgado,
2009; Zhou et al., 2010). In addition, in the present study
AC caused a reduction in the development of explants and
about 50% chlorosis followed by necrosis, as observed for
Pistacia vera and P. atlantica too (Mederos-Molina and
Trujillo, 1999). PVP, on the other hand, is a polyamide
that prevents oxidation and polymerization of phenol
compounds, being selective for this kind of substance
(Zhou et al., 2010). As for guanandi, PVP was efficient in
avoiding oxidation in the case of calluses of Eucalyptus
tereticornis (Subbaiah and Minocha, 1990), in various types
of explants of Pouteria lucuma (Jordan and Oyanedel,
1992) and in multinodal segments of Leucadendron
(Suarez et al., 2010).

AA does not interact directly with polyphenol, but
prevents the darkening of crops by reducing oxidized
substrates (Ahmad et al., 2013). AA acts as a reducing
agent, capturing hydrogen peroxide, superoxide, hydroxyl
and other oxygen radicals, acting as a broad-spectrum key
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antioxidant (Ali and Alqurainy, 2006; George and Davies,
2008; Sudrez et al., 2010). This antioxidant was effective
for guanandi, as well as cultures of Pouteria lucuma (Jordan
and Oyanedel, 1992), Leucadendron (Suarez et al., 2010)
and Musa sp. (Chang and Shu, 2013).

For guanandi cultures, CA and Cys were not effective at
200 mg.L"". Both substances act indirectly as antioxidants.
CA functions as a chelating agent, capturing ions, especially
copper (Nawar, 1996; Gregory, 1996; Raju and Bawa, 2006).
Differently, Cys is a component of glutathione molecules
that removes hydrogen peroxide and other reactive oxygen
species (Ali and Alqurainy, 2006).

Comparing the multiplication results with those
obtained in the culture of nodal segments of C. apetalum,
where the maximum number of shoots per explant was
5.3 after S weeks, even with the use of 13 uM BA (Nair and
Seeni, 2003), we conclude that the rate of multiplication
of guanandi segments is satisfactory (mean rate of 4.8 per
month and up to 18 shoots per explant after 12 weeks).
However, very young shoots (<2 cm) should remain longer
in multiplication medium, or transferred to a PGR-free
medium to elongate, because they cannot be separated and
transferred to a rooting medium without suffering necrosis.
Preliminary tests indicate that the individualization of
very short shoots results in the loss of 100% of explants.

The rooting phase is sometimes a bottleneck during
micropropagation and auxins are essential for rooting of
the most difficult-to-root species (Maynard and Bassuk,
1991; De Klerk, 2002; Nas and Read, 2004). In preliminary
tests, no rooting was observed for explants maintained in
culture medium without added auxins (data not shown).
For Calophyllum brasiliense, roots formed with both NAA
or IBA were similar, but NAA induced callus formation.
For other plants belonging to the Clusiaceae family, such
as Garcinia indica (Malik et al., 2005) and G. mangostana
(Gohetal., 1990), NAA induced shorter and thicker roots
than IBA, and also caused callus formation. For Garcinia
quaesita shoots regenerated from leaf explants, neither
IBA nor NAA were efficient for rooting, and none of the
micropropagated shoots produced any roots (Farzana et al.,
2010). Woody plants, especially of forest species, are
difficult to root and the protocol needs to be well adjusted
for this step to be successful.

The acclimatization success rate was similar to the 80%
of survival with Calophyllum inophyllum (Thengane et al.,
2006). For Garcinia indica, the survival rate was higher,
reaching 90% (Malik et al., 2005).

5. Conclusion

Micropropagation of Calophyllum brasiliense, using
nodal segments as starting material, is possible. PPM™
biocide may be added to the culture medium to reduce
contamination of the explants. During multiplication, the
use of a cytokinin is recommended in order to promote
the production of sprouts, as the number of shoots is
low without its use. BA may be used at a concentration
of 4.4 or 8.8 uM and a higher concentration resulted in
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lower vigor and necrosis of the explants. The rooting of
the shoots is low and some alternatives has to be tested
in order to increase the rooting rate
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