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IN VITRO PROPAGATION OF Casearia sylvestris SWARTZ (SALICACEAE)
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ABSTRACT

In order to do an in vitro propagation of Casearia sylvestris, a tree native to Brazilian forests, studies of
in vitro seed germination were performed and aseptic seedlings obtained were used as explant donors for
micropropagation. Mature and immature seeds, stored for 10 days at 10 or 25°C were inoculated in medium
containing 10% of MS salts and kept in the light (a 16-hour photoperiod) or continuous dark, at 25°C. For
immature seeds, gibberellic acid (GA,) was or was not tested at a concentration of 1.5 mg 1. From the
seedlings obtained, the cotyledon and apical segments were removed and cultured in complete MS medium
with five combinations of 6-benzylaminopurine (BAP) and naphthalene acetic acid (NAA): 0.0; 0.25; 0.5;
1.0; 2.0 and 0.0; 0025; 0.05; 0.1; 0.2 mg L-1, respectively. The aerial shoots formed in vitro were cultured
in MS medium containing 0.0 or 1.5 mg L' indole-3-butyric acid (IBA) for rooting. The highest percentage
of germination (60%) occurred in mature seeds exposed to light, regardless of other treatments, and may be
considered positive photoblastic. The highest percentage of germination of immature seeds (27%) occurred
when previously stored at 10 © C with or without GA,. The induction of aerial shoots was more efficient in
apical segments in a medium containing the lowest combination of BAP and NAA or free of these growth
regulators. The higher number of roots occurred in aerial shoots obtained from cotyledon segments, with or
without IBA. After acclimatization, 83% of the plants survived.

Keywords: in vitro seed germination; micropropagation; growth regulators; light regimes.

RESUMO

Com o objetivo obter a propagacgao in vitro de Casearia sylvestris, arvore nativa das florestas brasileiras,
estudos de germinagdo in vitro das sementes foram realizados e as plantulas assépticas obtidas foram usadas
como doadoras de explantes na micropropagacgdo. Sementes maduras e imaturas, armazenadas por 10 dias
a 10 ou 25°C foram inoculadas em meio contendo 10% de sais de MS e mantidas na luz (fotoperiodo de
16 horas) ou escuro continuo, a 25°C. Para sementes imaturas, testou-se ou ndo acido giberélico (GA,)
na concentracdo de 1,5 mg I''. Das plantulas obtidas, segmentos cotiledonares e apicais foram retirados
e cultivados em meio MS completo com cinco combinacdes de 6-benzilaminopurina (BAP) e acido
naftalenoacético (ANA): 0,0; 0,25; 0,5; 1,0; 2,0 e 0,0; 0025; 0,05; 0,1; 0,2 mg L, respectivamente. As
brotagdes aéreas formadas in vitro foram cultivadas em meio MS contendo 0,0 ou 1,5 mg L' de acido
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indol-3-butirico (IBA) para o enraizamento. O maior percentual de germinagao (60%) ocorreu em sementes
maduras expostas a luz, independentemente dos demais tratamentos, podendo ser consideradas fotoblasticas
positivas. A maior percentagem de germinacdo das sementes imaturas (27%) ocorreu quando previamente
armazenadas a 10°C, com ou sem GA,. A indugdo de brotos aéreos foi mais eficiente em segmentos apicais
e em meio contendo a menor combinagdo de BAP e ANA ou isento destes reguladores de crescimento. O
maior nimero de raizes ocorreu em brotos obtidos a partir de segmentos cotiledonares, com ou sem AIB.
Ap0s a aclimatizacdo, 83% das plantas sobreviveram.

Palavras-chave: germinacdo in vitro de sementes; micropropaga¢ao; reguladores de crescimento; regimes
de luz.

INTRODUCTION

Casearia sylvestris Swartz (Salicaceae) is a tree found in practically all the forest formations in
Brazil (BACKES; IRGANG, 2002), known by several common names such as carvalinho, cha de bugre,
guagatonga, porangaba, café-bravo. It is an important species for mixed reforestation of degraded areas
and riparian forests (LORENZI; MATOS, 2008), having been listed, according to Vieira et al. (2002),
as one of the priority tree species for conservation and sustainable management. The phytochemical and
pharmacological action of the species, mainly of its leaves, have been studied due to its use in folk medicine,
where the infusion of its bark is widely used as an anti-rheumatic, anti-inflammatory and antiophidian
(WERLE et al., 2009). Phytochemical studies reported that hydroalcoholic extracts or isolated compounds
showed anti-tumor activity, lowered blood triglyceride levels and controlled outbreaks of herpes simplex
(ITOKAWA et al., 1990; MORITA et al., 1991; SILVA et al., 2008; WERLE et al., 2009).

The high extraction of this species in natural areas both for use in folk medicine and for reforestation,
promotes degradation of the native flora and ecosystem disturbances (IMATOMI et al., 2009). This process
can be considered partially sustainable, since this species is not cultivated and there is little basic information
about the propagation and production of viable plants. In this context, there is a need to understand the spread
of this native species in order to preserve and enhance its productive potential and to reverse the condition
of partial sustainability. Therefore, it is essential to implement programs for the production of high quality
seeds and seedlings, facilitating large-scale cultivation and a more rational use of these resources.

In general, arboreal plants present more easy propagation through seed germination (BACKES;
IRGANG, 2002). However, this germination is often considered low due to low viability or dormancy. Both
sexual and vegetative studies of in vitro propagation are important, since the environment is completely
controlled, making it possible to obtain viable seedlings regardless of the season. However, most native
species host specific microorganisms, impairing the in vitro regeneration of plants due to high contamination.

The in vitro germination of seeds may constitute the first step in an in vitro growth system to
obtain aseptic explants (SOUSA et al., 2007; KIELSE et al., 2009; LAMB et al., 2011). Among in vitro,
growth techniques, micropropagation has shown the greatest impact because it helps to obtain healthy
plants that are difficult to propagate through conventional methods in a shorter period of time (DUTRA et
al., 2009).

This study was designed with the objective of establishing protocols for in vitro propagation
of Casearia sylvestris Swartz, by studying seed germination and subsequent use of aseptic seedlings in
micropropagation studies.

MATERIAL AND METHODS

The experiments were performed at the Laboratory of Vegetal Tissue Growth at the Department of
Biology of the Universidade Federal de Santa Maria.

For the in vitro seed germination study, fruits were collected from plants from the campus of
the university. Seeds were removed and separated into two groups: mature seeds (light brown color) and
immature seeds (greenish cream color), and then stored for ten days at two temperatures (10 and 25°C
+ 1). Under aseptic conditions, the seeds were sterilized in 70% ethanol for one minute and in a solution
of 2% sodium hypochlorite for 20 minutes. After three washes in distilled and autoclaved water, seeds
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were inoculated in medium containing 10% of MS salts (MURASHIGE; SKOOG, 1962), free of organic
substances, plus 15 g L' of sucrose. After adjustment of the pH to 5.8, the culture medium was solidified
with agar (6 g L") and autoclaved for 20 min at 120°C and 1.5 atm.

Mature seeds were inoculated into two kinds of containers (test tube and culture flask, measuring
150 mm x 20 mm and 80 mm x 40 mm, respectively) and were kept in growth chambers at 25 +1°C under
two regimes of light, continuous darkness and a photoperiod of 16 h (R.F.A. of ~73umol m? s, white
fluorescent lamps). Immature seeds were inoculated in test tubes containing the same culture medium,
supplemented or not with the plant regulator gibberellic acid (GA,), 1.5 or 0.0 mg L (control), and
maintained on a photoperiod of 16 h at 25 + 1°C.

Seed germination was evaluated weekly for radicle emergence (BORGHETTI; FERREIRA,
2004). Green light was used to evaluate seeds kept in continuous darkness. The experimental design was
completely randomized, with factors for mature seeds being type of container, seed storage temperature and
light regime arranged in a tri-factorial scheme, with eight treatments and four replicates of 25 seeds. For the
immature seeds, the factor storage temperature and dose of GA, comprised a bi-factorial scheme with four
treatments and four replicates of 50 seeds.

Aseptic seedlings originating from in vitro germination of mature seeds were used as donors
of nodal segments (cotyledon and apical) to study micropropagation. Explants were inoculated in test
tubes measuring 150 mm x 20 mm, containing complete MS medium plus 30 g L' de sucrose, 10 g L"!
polyvinylpyrrolidone (PVP) and solidified with 6 g L' of agar. The pH was adjusted to 5.8 and the medium
was autoclaved for 20 min at 120°C and 1.5 atm. Five combinations of 6-benzylaminopurine (BAP) and
naphthalene acetic acid (NAA) were studied: 0.0; 0.25; 0.5; 1.0; 2.0 mg L-'and 0.0; 0.025; 0.05; 0.1; 0.2 mg
L, respectively. The explant types and combinations of growth regulators were arranged in a bi-factorial
scheme, totaling ten treatments with three replicates each and 15 explants per replicate.

The cultures remained in a growth chamber, at a temperature of 25 + 1°C and photoperiod of 16
h, for 45 days, when the regenerated aerial shoots were transferred to test tubes with the same dimensions,
containing 15 mL of complete MS medium, 30 g L' of sucrose, 6 g L' of agar and pH 5.8. Two concentrations
of indole-3-butyric acid (IBA) were tested, 0.0 (control) and 1.5 mg L', keeping the source of the initial
seedlings. After 30 days, root emergence at the base of the sprouts and the number of adventitious roots
formed were evaluated.

In all studies, the data in percentage were transformed into log 10 for the application of variance
analysis and the comparison between means was performed using the Duncan test (p<0.05), with the aid of
SPSS (Statistical Package for Social Science) statistics program, version 10 (PEREIRA, 2003).

Complete plants obtained in vitro were transferred to polypropylene trays (1600 mL) with six
perforations in the base and Plantmax® substrate + vermiculite at a 2:1 ratio (autoclaved twice for 50 min
before use, with a 24-hour interval). The samples were sealed with Parafilm, which was removed gradually
to expose the plants to ex vitro conditions before total removal. Trays, each with 10 plants, remained in
the growth chamber at 25 +1°C on a photoperiod of 16 h (RFA ~ 36umol m? s), receiving irrigation
with distilled water and autoclaving when needed. After 30 days of growth, the plants were transferred to
polyethylene pots (600 mL), one per pot, containing the same substrate, with daily irrigation with distilled
water. At 45 days of growth the survival rate of the plants was evaluated.

RESULTS AND DISCUSSION

Regardless of the type of container used, mature seeds previously stored for 10 days at temperatures
of 10 or 25°C, were found to be positive photoblastic (Figure 1). In all treatments, seeds exposed to light
(photoperiod of 16 hours) presented the greatest percentage of germination, on average 60%, not statistically
differing (p< 0.05) among themselves, but differing from treatments under continuous darkness, where the
highest germination rate was 4%. These results do not corroborate with those obtained by Rosa and Ferreira
(2001), who investigated germination of many native species of Rio Grande do Sul state and observed that
the seeds of this species germinated, regardless of the light regime, classifying them as neutral photoblastic.
Imatoni et al. (2009) investigated the germination of Casearia sylvestris seeds from two regions, Parana and
Sao Paulo, and observed that seeds originating from Parana did not germinate in the dark at a temperature of
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33°C and in all treatments the percentages of germination did not exceed 40%. According to the authors, the
germination capacity of a species varies in accordance with the environmental conditions of the population
of origin.

80
a 4 T1: Storage of the seeds &t 23°C, test ube, exposure to light
70 4 © T2: Storage of the seeds at 10°C, test tube, exposure to light
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FIGURE 1: Average percentage of the in vitro germination of mature seeds Casearia sylvestris inoculated
in nutritive medium containing 10% of MS salts (MURASHIGE; SKOOG, 1962), testing
different treatments: seed storages at 10°C or 25°C for ten days, two types of container and
two light regimes. There were used four replications per treatment and 25 seeds per replicate.
Same letters do not differ by the Duncan test (p < 0.05).

FIGURA 1: Percentagem média de germinagdo in vitro de sementes maduras de Casearia sylvestris,
inoculadas em meio nutritivo contendo 10% dos sais MS (MURASHIGE; SKOOG, 1962),
testando-se diferentes tratamentos: armazenamento das sementes a 10°C ou 25°C por 10 dias,
dois tipos de recipiente e dois regimes de luz. Foram utilizadas quatro repetigdes por tratamento
e 25 sementes por repeticdo. Letras iguais ndo diferem pelo Teste de Duncan (p<0,05).

Casearia sylvestris has a long flowering and fruiting period throughout the year (BACKES;
IRGANG, 2002), causing fruit, and consequently seed, maturation to be heterogeneous, influencing the
intrinsic characteristics of the seeds. Thus, along with the collection of ripe fruits, it is possible to gather fruit
with immature seeds. Seeds of immature fruits, previously stored at two temperatures (10 or 25°C), were
germinated in culture medium and light regimes, similar to those used for the mature seeds, testing for the
presence or absence of GA, (1.5 mg L™'). Gibberellic acid is a growth regulator widely used for acceleration
and uniform germination of various species, as it activates hydrolytic enzymes involved in the breakdown
of plant reserve substances, stimulating embryo maturation (ZAIDAN; BARBEDO, 2004; TAIZ; ZEIGER,
2013). However, Figure 2 shows that in this study, GA, did not promote the germination of immature seeds,
which was influenced only by storage temperature. The highest germination percentage (27 and 22%)
occurred in seeds previously stored at 10°C, regardless of the presence or absence of the growth regulator,
without a significant difference (p<0.05) among themselves, however, differing from the seeds stored at
25°C. According to Baskin and Baskin (1998), seeds of many species, after being dispersed from the mother
plant, do not germinate until experiencing a period of after-ripening. Treatment at low temperatures appears
to promote the germination of these seeds, overcoming dormancy through a combination of physiological
changes in the embryo and its surrounding tissues (HARTMANN et al., 2002).

Seeds treated with this growth regulator and stored at 10°C (Figure 2) presented a lower
germination percentage than untreated seeds. This may be due to phytotoxicity of this growth regulator,
since low temperatures stimulate its endogenous production and germination of some non-domesticated
species is dependent on low temperatures, whose effects may be replaced by exogenous GA, (GUERRA,
2004). However, responses to GA, in seed germination are dependent on the species studied and on the
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FIGURE 2: Average percentage of in vitro germination of immature Casearia sylvestris seeds subjected to
different treatments: seeds stored at 10 © C or 25 ° C for ten days in the presence or absence of
1.5 m L' of gibberellic acid (GA,) in medium containing 10 % of MS salts (MURASHIGE;
SKOOG, 1962), with four replicates per treatment and 50 seeds per replicate. Same letters do
not differ by the Duncan test (p < 0.05).

FIGURA 2: Percentagem média da germinagdo in vitro de sementes imaturas de Casearia sylvestris
submetidas a diferentes tratamentos: armazenamento das sementes a 10°C ou 25°C por dez dias
e presenga ou auséncia de 1,5 m L' de Acido Giberélico (GA,), em meio contendo 10% dos
sais MS (MURASHIGE; SKOOG, 1962). Foram utilizadas quatro repeti¢des por tratamento e
50 sementes por repeticdo. Letras iguais nao diferem pelo Teste de Duncan (p=<0,05).

concentrations used. In studies of in vitro seed germination of forest and/or fruit species, the use of GA, in
the culture medium at different doses did not improve the performance of seed germination (CALGAROTO
etal., 2007; IMATOMI et al., 2009; MENEZES et al., 2010).

Aseptic seedlings obtained from in vitro germination of mature seeds on a photoperiod of
16 h were used as donors of nodal segments (cotyledon and apical) to study plant micropropagation,
testing five combinations of NAA and BAP. Figure 3 shows that regardless of the type of explant used,
the highest number of aerial shoots occurred in medium without growth regulators and in combination
with lower concentrations of BAP and NAA (0.25 mg L' and 0.025 mg L', respectively), ranging from
14.5 to 15 aerial shoots per explant, with no differences among them (p<0.05). These values differed
significantly from combinations with higher concentrations of BAP (1.0 to 2.0 mg L!) and NAA (0.1 and
0.2 mg L"), which varied from one to six aerial shoots per explant. The medium containing 0.5 mg L' BAP +
0.05 mg L' NAA was effective for the formation of aerial shoots in cotyledon segments (12 per explant),
but differed significantly from that of apical segments (five per explant).

The differentiation and growth control of in vitro tissue cultures is ascribed to the balance between
auxins and cytokinins, which yield enhanced development when utilized in adequate dosages (REZENDE
et al., 2011). However, this species, although it has an arboreal habit when adult (BACKES; IRGANG,
2002), the donor seedlings of explants allow the formation of aerial shoots in vitro without the use of growth
regulators or at low concentrations. The addition of growth regulators has the primary aim of meeting
possible deficiencies of endogenous explants isolated from the mother plants. However, this depends on
the physiological response of the explant (GRATTAPAGLIA; MACHADO, 1998). The induction of aerial
shoots or even of complete plants in medium free of growth regulators may be related to the fact that these
explants were taken from seedlings obtained from in vitro germination. Similar results were reported in
other studies of micropropagation of tree species (VICTORIO et al., 2008; KIELSE et al., 2009; FLORES
et al., 2009).
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FIGURE 3: Number of aerial shoots per explant (cotyledon segments and/or apical segments), subjected
to different combinations of 6-benzylaminopurine (BAP) and naphthalene acetic acid (NAA),
totaling ten treatments, with three replicates per treatment and 15 explants per replicate. Same
letters do not differ by the Duncan test (p < 0.05).

FIGURA 3: Numero de brotagdes por explante (segmento cotiledonar e/ou segmento apical), submetidos
a diferentes combinagdes de 6-benzil amino purina (BAP) e acido naftaleno acético (ANA),
totalizando dez tratamentos. Foram utilizadas trés repeticdes por tratamento e 15 explantes por
repeticdo. Letras iguais ndo diferem pelo Teste de Duncan (p<0.05).

In this study with Casearia sylvestris, the treatments did not promote the formation of complete
plants. The in vitro aerial shoots were transferred to an induction medium for adventitious rooting, keeping
the source of explants (cotyledon segments and/or apical segments) in the absence or presence of IBA
(1.5 mg L"). Figure 4 shows the results of the adventitious rooting, which was small for all treatments,
however, it observed that the origin of the shoots influenced the formation of roots, regardless of the presence
or absence of IBA. The largest numbers of rooted shoots occurred in those originated from cotyledon
segments, not differing significantly (p<0.05) among shoots derived from apical segments, and there was
no need for an exogenous source of auxin for the induction of adventitious roots. However, the aerial
shoots from apical segments treated with IBA had a better response to rooting, nearly doubling the number
of rooted shoots. The obtainment of micropropagated plants in two steps was also reported by Gomes et
al. (2010), in a study on in vitro propagation of Maclura tinctoria (Moraceae), where the maximum shoot
formation was obtained when 5.37 uM NAA + 4.45 uM BAP was used and root formation was observed
on explants inoculated in WPM and supplemented with 23.62 uM IBA + 4.7 g L' activated charcoal.
Fermino Junior and Scherwinski-Pereira (2012), using nodal segments from seedlings germinated in vitro
in the micropropagation of Amburana acreana (Fabaceae), found that the formation of the largest number
of aerial shoots occurred with 4.0 mg L' of BAP and the formation of a greater number of roots occurred
with 0.5 mg L' of IBA.

According to Fachinello et al. (1995), during the formation of adventitious roots there is an
interaction between the auxin provided and the factors that synergistically act in these roots. Endogenous
auxins are synthesized in buds and young leaves, being transported via the phloem to other plant organs.
Ford et al. (2002) suggest that the IBA exogenously applied is rapidly transported to the leaves, enabling a
greater production of indole acetic acid (IAA), with subsequent transport to the root initiation region.

Thus, the obtainment of complete plants of Casearia sylvestris occurred in two stages, one of
formation of aerial shoots followed by that of adventitious rooting. Complete plants were acclimatized and
after 45 days of growth, the survival rate was 83% (data not shown).
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FIGURE 4: Number of rooted shoots in the presence and absence of indole-3-butyric acid (IBA), with three
replicates per treatment and 18 explants per replicate. Same letters do not differ by the Duncan
test (p<0,05).

FIGURA 4: Numero de brotacdes enraizadas na presenga e auséncia de acido indolbutirico (AIB). Foram
utilizadas trés repeti¢des por tratamento e 18 explantes por repeti¢do. Letras iguais ndo diferem
pelo Teste de Duncan (p=<0,05).

CONCLUSION

Mature seeds of Casearia sylvestris collected in the spring were positive photoblastic. Immature
seeds collected in the spring presented a lower germination potential than the mature seeds, and this potential
was greater when previously stored at temperatures of 10°C, regardless of the presence or absence of GA.,.

Cotyledon segments and apical segments removed from aseptic seedlings, obtained from the in vitro
germination of seeds, were found to be effective for the micropropagation of Casearia sylvestris plants. In
this species, the obtainment of micropropagated plants occurred in two steps: formation of aerial shoots
followed by adventitious rooting. A larger number of formed aerial shoots occurred with combinations of
lower doses of the growth regulators cytokinin and auxin or in their absence. The adventitious rooting of
aerial shoots from cotyledon segments occurred even in the absence of indole-3-butyric acid. Complete
plants obtained in vitro presented a high survival rate after acclimatization.
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