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Resumo

A canafistula [Peltophorum dubium (Sprengel) Taubert] € uma espécie florestal nativa do Brasil dotada
de importancia ecolégica e econdmica. Os estudos preliminares sobre a micropropagagéo da espécie
abordaram aspectos do estabelecimento e da multiplicagéo in vitro e indicaram que a espécie apresenta
potencial para essa técnica de propagagcdo assexuada. Em decorréncia disso, o presente estudo teve
como objetivo avaliar a rizogénese in vitro em brotagdes de canafistula via micropropagagao em diferentes
meios de cultivo contendo variagdes nas concentragdes de auxina, sacarose e de agar, bem como analisar
a subsequente aclimatizagao in vitro das mudas produzidas. A rizogénese foi avaliada em diferentes meios
de cultivo, os quais continham 30 cm?®de vermiculita combinados ao meio nutritivo WPM/2 e alteragdes
nas concentragdes de sacarose (0, 15 ou 30 g L), presenca ou auséncia de agar (0 ou 7 g L") e de acido
3-indolbutirico - AIB (0 ou 10 yM), conforme o tratamento. Brotagdes enraizadas foram transferidas para
substrato e submetidas a aclimatizagéo in vitro. Os resultados indicaram que a melhor combinagao tanto
para a rizogénese (média de 44,43%) quanto para a aclimatizagéo in vitro é aquela que inclui 7 g L' de
agar ao meio nutritivo WPM/2, dispensando-se a sacarose e a auxina. Melhor qualidade do sistema ra-
dicular em brotagbes micropropagadas de canafistula e satisfatoria sobrevivéncia das plantas obtidas na
aclimatizagao in vitro provém do uso de agar no meio nutritivo WPM/2, combinado com 30 cm?®de vermi-
culita, na auséncia de sacarose e de AlB.
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Abstract

Peltophorum dubium (Sprengel) Taubert is a forest tree that is native to Brazil and that has ecological and
economic importance. Preliminary studies on the micropropagation of the species covered aspects of the in
vitro establishment and multiplication and indicated that it has potential for this type of asexual propagation.
The present study evaluated the in vitro rhizogenesis of P. dubium shoots via micropropagation on different
culture media with different concentrations of sucrose, auxin, and agar and analyzed the subsequent in
vitro acclimatization of the plantlets. Rhizogenesis was evaluated on half-strength Woody Plant Medium
nutritive medium that contained 30 cm? vermiculite and different concentrations of sucrose (0, 15, or 30 g-L-
"), the auxin indole-3-butyric acid (0 or 10 uM), and agar (0 or 7 g-L"). Rooting shoots were transferred to
a substrate for in vitro acclimatization. The best medium both for rhizogenesis (producing roots in 44.43%
of cases); and for in vitro acclimatization contained 7 g-L-' agar but no sucrose or auxin. The addition of
agar to the medium in the absence of sucrose and indole-3-butyric acid resulted in a better quality radicular
system in micropropagated shoots of P. dubium and with a satisfactory survival rate of the plantlets during
in vitro acclimatization.

Keywords: forest species; tissue culture, micropropagation.
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INTRODUCTION

Little technical information is available on the production of plantlets of native species in Brazil,
hindering advances in the silviculture of these species (OLIVEIRA et al., 2013). The quality of the
plantlets used in commercial plantations affects the subsequent growth of the trees and the ultimate
success of programs for forestry development, so producing better quality plantlets would improve
forestry productivity (XAVIER et al., 2013).

One native species of Brazil that is of economic interest and about which little is known is Pel-
tophorum dubium (Sprengel) Taubert] (Fabaceae), commonly known as “canafistula,” also known
in different regions of Brazil as “acacia amarela,” “barbatimao,” and “angico-bravo,” among other
names. This tree is recommended for reforestation projects in riparian forests and for the rehabili-
tation of degraded areas, and its wood, both sawn and round, has high value due to its moderate
resistance to rotting (LORENZI, 1992; SILVA et al., 2008). The literature on the production of see-
dlings of this species mainly deals with sexual reproduction (PEREZ et al., 1999; PORTELA et al.,
2001; POLETTO et al., 2007; BRACHTVOGEL; MALAVASI, 2010; NAKAGAWA et al., 2010).

The first studies on the micropropagation of P. dubium focused on aspects of in vitro establish-
ment and multiplication (BASSAN et al., 2006; CURTI et al., 2010a; CURTI et al., 2010b; FLORES
et al., 2011). They indicated that the species is suitable for asexual propagation but also identified a
need for additional studies on in vitro multiplication and rhizogenesis.

Our group has already been able to obtain an average of 36.78% in vitro root formation in shoots
cultivated for 60 days on a culture medium containing fine-grained vermiculite and agar, as well as
when using the nutrititive medium MS (MURASHIGE; SKOOG, 1962) supplemented with 10 pM
of the auxin indole-3-butyric acid (IBA) (CURTI; REINIGER, 2014). After that, our group optimized
the ratio of in vitro root formation, resulting in an average 36.30% rhizogenesis when the shoots
were cultivated for only 30 days on Woody Plant Medium (WPM) (LLOYD; McCOWN, 1980), using
half the standard salt concentration (WPM/2), agar, fine-grained vermiculite, 30 g-L* sucrose, 10
EM IBA, and 50 mg- L' myoinositol (data not published).

Considering the results obtained to date, the objective of this work was to increase that average
ratio by evaluating the in vitro rthizogenesis of P. dubium shoots using micropropagation on distinct
culture media with different concentrations of sucrose, auxin, and agar, as well as to analyze the
subsequent in vitro acclimatization of the plantlets.

MATERIAL AND METHODS

Both the rhizogenesis and the in vitro acclimatization assays were carried out according to an
entirely randomized design. The tests were conducted at the Nicleo de Biotecnologia e Melhora-
mento, Universidade Federal de Santa Maria, Rio Grande do Sul, Brazil.

In order to evaluate rhizogenesis, a trifactorial scheme (3 x 2 x 2) that varied sucrose concen-
trations (0, 15, or 30 g-L!), IBA (0 or 10 pM), and agar (0 or 7 g- L") in the nutritive medium was
employed. We used as explants shoots that were micropropagated for 60 days on MS, in the absence
of growth regulators.

Each experimental unit consisted of a 150 mL glass flask filled with 30 mL half-strength WPM,
30 cm? vermiculite, and three shoots. The combination of WPM/2 with vermiculite is henceforth
referred to as culture medium. Six replications per treatment were used.

WPM/2 nutritive medium was supplemented with 50 mg- L' myoinositol, as well as sucrose
and IBA, where applicable. The pH was adjusted to 5.8 before agar was added (for the treatments in
which agar was used), before autoclaving at 121 °C and at 1 atm for 15 min.

The flasks were covered with aluminum foil and kept in a growth room at 25 + 3 °C, with a
photoperiod of 16 h, and 20 pmol - m2-s! light intensity from white fluorescent lamps. These gro-
wing conditions have been used on in vitro rhizogenesis assays with this species (CURTI; REINIGER,
2014) and have generated satisfactory results.

After 60 days of cultivation, survival rates (%), shoots with root formation (%), number of roots,
root lengths (cm), shoots with secondary roots (%), shoots with basal callus (%), number of leaves
per explant, and leaves with symptoms of senescence (%) were evaluated. Senescence was defined
as the yellowing of leaves and/or presence of dry edges.
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In the in vitro acclimatization assay, we used a bifactorial scheme (12 x 8). The 12 levels from
factor “A” consisted of combinations of sucrose (0, 15, or 30 g-L"), IBA (0 or 10 pM) and agar (0
or 7 g-L') and the eight levels from factor “B” were eight different cultivation times (for a total of
eight weeks or 56 days).

The levels from factor “A” were the same used during the in vitro rhizogenesis assay (as descri-
bed), from which the plantlets originated. Among the total number of shoots that formed roots
those which had secondary roots were selected. We used at least three plantlets from each treatment
that had formed adventitious roots after 60 days of cultivation, except in the treatment that used 30
g- L1 of sucrose and 10 pM IBA, because this treatment produced only two plantlets with roots, and
both were used.

The plantlets were transferred in the flow table, after rinsing the roots, to transparent plastic cups
(Figure 1), with a hole in bottom and a volume capacity of 180 mL. Each cup was filled with 60
mL substrate (a mixture of vermiculite and commercial substrate, made of pine bark to which was
added a corrective for soil acidity, mineral fertilizer, in the ratio 1:1; v/v), supplemented with 15 mL
WPM/2 nutritive medium and 10 mL distilled water.
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Figure 1. 1A - Micropropagated seedlings of Peltophorum dubium (Sprengel) Taubert at the end (60 days) of the in
vitro acclimatization assay. 1B - Each one (one experimental unity) was cultivated in transparent plastic
cup (capacity of 180 mL filled with 60 mL substrate) covered by a second plastic cup with same capacity.

Figura 1. 1A - Mudas micropropagadas de Peltophorum dubium (Sprengel) Taubert no final do ensaio de aclima-
tizacdo in vitro (60 dias). 1B - Cada unidade experimental foi cultivada em copo plastico transparente
(capacidade para 180 mL preenchidos com 60 mL de substrato) coberto por um segundo copo plastico de
igual capacidade.

Each experimental unit was a single plastic cup containing one plantlet due to the cup size and
in order to simultaneously promote the survival, establishment and encourage appropriate develo-
pment of plants under the new condition. Each cup was covered with a second plastic cup (Fig. 1)
that also had a hole punched in the bottom in order to retain humidity and at the same time enable
gas exchange.

The humidity inside the cups was verified daily by visual observation of the appearance of the
substrate if there was moisture or not and, when necessary, 10 mL distilled water was added in order
to maintain the turgor of the plantlets. The plantlets were evaluated for survival (%), number of
leaves, and number of senescent leaves.

After testing the normality using the Kolmogorov-Smirnov test and the variance homogeneity
using the Bartlett test, the variables were transformed, when required, using the -/*~ 0.5 function,
where x corresponds to the observed value. Analyses of variance were performed, and, when the F va-
lue was significant, the Scott-Knott test was used for the comparison between averages, at 5% signi-
ficance, for qualitative treatments, and polynomial regression was used for the quantitative analyses.
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Analyses of variance were performed with SISVAR (System for the Analyses of Variance) software
for Windows®, version 4.0 (FERREIRA, 2000). The precision of the experiment was assessed by se-
lective accuracy (SA), calculated with the formula ~/1—1/Fcal (REZENDE; DUARTE, 2007).

RESULTS AND DISCUSSION

In vitro rhizogenesis

Among the various additions to the media, only IBA had a significant effect on the survival rate
of shoots (p = 0.0393), the formation of calli for roots (p = 0.000), and the number of leaves per
explant ((p = 0.0028). The averages for these three measures were more favorable in the absence of
IBA (Table 1).

It is important to clarify that the observed callus genesis did not compromise the development
of the shoots. The formation of secondary roots was always preceded by calli formation and did not
affect rhizogenesis.

Shoot development was also not compromised during micropropagation of Arabidopsis thaliana,
where IBA concentrations up to 10 pM induced the formation of secondary roots (in up to 95% of
the shoots) (LUDWIG-MULLER et al., 2005). However, in contrast with the results of the present
work, no calluses or secondary roots were observed in the absence of auxin (LUDWIG-MULLER et
al., 2005).

Table 1. Mean values for shoots of Peltophorum dubium (Sprengel) Taubert, after 60 days of in vitro cultivation on
half-strength Woody Plant Medium (WPM/2) supplemented with 30 cm? vermiculite, for the following va-
riables: A) survival (%), calli formation (%), and number of leaves per explant, according to the presence
or absence of indole-3-butyric acid (IBA) (0 or 10 uM), regardless of sucrose concentration (0, 15, or 30
g-Lt) or presence or absence of agar (0 or 7 g-L''); B) formation of primary and secondary roots (%),
according to agar addition, regardless of sucrose and IBA concentrations; and C) formation of secondary
roots (%) and leaves with senescence symptoms (%), according to the concentration of sucrose, regard-
less of agar and IBA.

Tabela 1. Médias, em brotagdes de canafistula [Peltophorum dubium (Sprengel) Taubert], aos 60 dias de cultivo
in vitro, em meio nutritivo ‘Wood Plant Medium’ (WPM) cuja concentragdo de sais foi reduzida a metade
(WPM/2), acrescido de 30 cm? de vermiculita, em: A) de sobrevivéncia (%), formagdo de calos (%) e
numero de folhas por explante, em fungdo da auséncia ou presencga de acido 3-indolbutirico (AIB) (0 ou
10 uM), independentemente das concentracdes de sacarose (0; 15 ou 30 g L'!) e da auséncia ou presenga
de agar (0 ou 7 g L1); B) de formacgdo de raizes (%) e de raizes secundarias (%), em fungdo do agar,
independentemente da sacarose e do AIB; e C) de formacdo de raizes secundarias (%) e de folhas com
sinais de senescéncia (%), em fungdo da sacarose, independentemente do agar e do AIB.

AIB (uM) Survival (%) Calli (%) Number of leaves per explant

0 90.67a* 33.94a 4.57a

10 75.29b 65.41b 3.31b

Mean 83.20 49.23 3.96

SA*™ 0.88 0.97 0.95

Agar (g L") Formation of primary roots (%) Formation of secondary roots (%)

0 28,30b 12,26b

7 44,43a 27,40a

Mean 36,36 19,80

SA* 0,90 0,96

Sucrose (g L) Formation of secondary roots (%) Leaves with senescence (%)

0 38.36a 22.88b

15 11.00b 23.63b

30 8.25b 14.22a

Mean 19.80 20.14

SA** 0.96 0.81
* Means followed by different lowercase letters in a column significantly differ. other according to the Scott—Knott test, at 5% signifi-
cance. The letter “a” refers to the best result. ** SA (Selective Accuracy) = . fl—(1/Fc), where Fc = calculated F value. SA = 0.9 = very high;

SA between 0.7 and 0.9 = high; SA between 0.5 and 0.7 = moderate; and SA < 0.5 = low.

The presence of agar had a significant effect on root formation (p = 0.0254) and the presence of
secondary roots (p = 0.000), resulting in satisfactory averages (Table 1). However, unlike in primary
root formation, the emergence of secondary roots was also significantly affected by sucrose.
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The average appearance of secondary roots without sucrose was more than three times as high
as that observed in the presence of a carbohydrate source (Table 1). The absence of an external
carbon source may have stimulated the cells to develop mechanisms to supply their nutritional re-
quirements, culminating with the formation of secondary roots, which assist in the assimilation of
nutrients by the primary roots.

Table 2. Mean root lengths (cm) of Peltophorum dubium (Sprengel) Taubert shoots after 60 days of cultivation
on half-strength Woody Plant Medium (WPM/2) to which was added 30 cm? vermiculite, according to the
interaction between sucrose and IBA concentrations, regardless of the presence or absence of agar.

Tabela 2. Médias de comprimento médio de raizes (cm), em brotagdes de canafistula [Peltophorum dubium (Spren-
gel) Taubert], aos 60 dias de cultivo in vitro, em meio nutritivo ‘Wood Plant Medium’ (WPM) cuja concen-
tragdo de sais foi reduzida a metade (WPM/2), acrescido de 30 cm? de vermiculita, em fungdo da interagdo
entre a sacarose e o AIB, independentemente da presenga ou auséncia de agar.

Sucrose (g L) 0 IBA (M) 10 Mean

0 3.78aA 0.81bB 2.36

15 1.11bA 3.00aA 2.01

30 1.66bA 0.41bA 1.03

Mean 2.26 1.31 1.80

SA** 0,90
* Means followed by different lowercase letters in a column and capital letters in a row significantly di another according to the Scott—
Knott test, at 5% significance. The letter “a” refers to the best result. ** SA (Selective Accuracy) = +f1 — (1/Fc) , where Fc = calculated F value.

SA = 0.9 = very high; SA between 0.7 and 0.9 = high; SA between 0.5 and 0.7 = moderate; and SA < 0.5 = low.

Foliar senescence was significantly affected only by the concentration of sucrose. Unlike in root
formation, addition of sucrose at the maximum concentration (30 g-L!) produced the best results
(Table 3), that is, the lowest senescence average. It is possible that the presence of an external source
of carbohydrates in the medium inhibited chlorophyll synthesis, therefore reducing the photosyn-
thetic capacity of the shoots and increasing the number of senescing leaves.

In a previous study that explored the micropropagation of papaya (Carica papaya) cultivars in
the absence of sucrose, the leaves of the shoots also presented chlorosis, indicating the need to add
sucrose to the in vitro culture medium during rhizogenesis (SCHMILDT et al., 2007). This situation
generally occurs because the formation of roots requires energy from photosynthesis or from ano-
ther source.

An external source of carbohydrates is generally required for in vitro rhizogenesis, and the addi-
tion of sucrose to the culture medium at concentrations lower than 20 g- L'' may lead to widespread
chlorosis in the culture (GRATTAPAGLIA; MACHADO, 1998). Higher concentrations of sucrose in
the nutritive medium are associated with higher concentrations of carbohydrates (or storage ma-
terial) in the foliar tissue. Consequently, the leaves may remain attached to the plants for longer
periods (CALVETE et al., 2002).

None of the tested factors had a significant effect on the number of roots; the conditions produ-
ced a poor average of only 1.04 roots per plantlet. By comparison, in papaya (C. papaya) cultivars,
the addition of 0, 15, and 30 g L' sucrose produced an average 3.35, 2.87, and 2.75 roots per plan-
tlet, respectively, after 35 days of culture on MS nutritive medium (SCHMILDT et al., 2007).

Differences in the ability to form secondary roots have been attributed to differences in the auxin
metabolism, which involves the conjugation of IBA with its inhibitors, as well as to differences in
auxin transport and absorption (LUDWIG-MULLER et al., 2005).

The interaction between sucrose and IBA had a significant effect on root length (p = 0.0061) (Ta-
ble 2). The absence of both factors produced the best result: an average root length exceeding 3 cm.
This value is close to that observed during the in vitro rhizogenesis of apple (Malus pumila) roots-
tocks on MS/2 nutritive medium combined with vermiculite, supplemented with sucrose and 1
mg- L' indole-3-acetic acid, which produced an average root length of 3.4 cm (VIEIRA et al., 2007).

In a study of the in vitro rthizogenesis of strawberries (Fragaria x ananassa) on MS medium in the
absence of auxin, higher levels of sucrose resulted in higher root biomass. The presence of sucrose
appeared to help more abundant and longer root growth. No root formation was observed in the
absence of this external source of carbohydrates (CALVETE et al., 2002).
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Table 3. Mean survival percentage, number of leaves, and percentage of leaves with senescence symptoms in
Peltophorum dubium (Sprengel) Taubert plantlets obtained from the in vitro rhizogenesis stage, on half-
-strength Woody Plant Medium (WPM/2), according to the presence or absence of indole-3-butyric acid
(IBA), different sucrose concentrations, and the presence or absence of agar, after 56 days of in vitro
acclimatization in a substrate consisting of pine bark, a correction for soil acidity, mineral fertilizers, and
vermiculite (1:1, v/v).

Tabela 3. Médias de porcentagem de sobrevivéncia, nimero de folhas e porcentagem de folhas com sinais de
senescéncia em mudas de canafistula [Peltophorum dubium (Sprengel) Taubert] oriundas da fase de
enraizamento in vitro, em meio nutritivo ‘Wood Plant Medium’ (WPM) cuja concentragdo de sais foi redu-
zida a metade (WPM/2), em fungdo dos tratamentos que consistiram de combinacdes entre auséncia ou
presenca de acido 3- indolbutirico (AIB), diferentes concentragdes de sacarose e da auséncia ou presenca
de agar, apds 56 dias de aclimatizagdo in vitro em substrato a base de casca de pinus, corretivo de acidez,
fertilizantes minerais, e vermiculita (1:1, v/v).

Treatment number IBA (uM) Sucrose (g L") Agar(g L") Survival (%) Number of leaves Senescence (%)

1 0 0 0 59.37 b 4.80 a 2418 b

2 0 0 7 77.70 a 5.18 a 18.37 a

3 0 15 0 87.50 a 5.00 a 2844 b

4 0 15 7 57.50 b 3.70 b 2526 b

5 0 30 0 7917 a 4.08 b 31.20 b

6 0 30 7 75.00 a 4.09 b 32.73 b

7 10 0 0 9.37 d 1.06 c 22.08 a

8 10 0 7 37.50 ¢ 221 c 17.16 a

9 10 15 0 25.00 d 117 ¢ 16.12 a

10 10 15 7 48.00 ¢ 332 b 2981 b

12 10 30 7 56.25 b 3.03 b 20.37 a
Mean 58.60 3.67 23.60

AS** 0.96 0.95 0.74

* Means followed by different lowercase letters in a column significantly differ. other according to the Scott—Knott test, at 5% signifi-
cance. The letter “a” refers to the best result. ** SA (Selective Accuracy) = . fl—(1/Fz), where Fc = calculated F value. SA = 0.9 = very high;

SA between 0.7 and 0.9 = high; SA between 0.5 and 0.7 = moderate; and SA < 0.5 = low.

This finding indicates that when plants are cultivated in vitro, they require supplemental energy
sources as well as plant regulators during the root formation stage, to an extent that depends both
on their genotype and on the species.

Use of sucrose in media

It is interesting that sucrose is not required for rhizogenesis nor to produce a good-quality ra-
dicular system in micropropagation assays; because not adding sucrose to the nutritive medium
not only reduces the likelihood of microbial contamination but also improves the physiological
characteristics of the plants (DAMIANI; SCHUCH, 2009). In addition, the transition from the he-
terotrophic to the autotrophic medium is one of the most critical steps in the micropropagation of
most plant species, and high survival rates obtained for acclimatized plants depend on the correct
treatment during the process of transition of the plants from in vitro to ex vitro conditions (CALVETE
etal., 2002). Optimal conditions during transition may be achieved by reducing salt concentrations
and adding external carbon sources to the nutritive medium.

Plants cultivated in sterile media may be grouped into two classes according to their photosyn-
thetic capacity. The first class includes heterotrophic or mixotrophic plants, which form leaves with
no photosynthetic capacity when grown in sucrose-containing media. The second class includes
plants that are adapted to in vitro autotrophic conditions and that, despite the artificial growth con-
ditions, can achieve a considerable photosynthetic rate (GROUT, 1988).

P. dubium appears to fall into the latter category. Nevertheless, further detailed studies are ne-
cessary to confirm the photosynthetic capacity of the micro propagated plantlets. Photosynthesis
certainly occurred, as root formation occurred even when no sucrose was added to the nutritive
medium, a process that must have required energy from photosynthesis because there was no other
external source of carbon.

In vitro acclimatization

The in vitro conditions significantly affected all the variables that were evaluated: survival rates (p =
0.000), number of leaves (p = 0.000), and number of leaves showing senescence symptoms (p = 0.0149).
Growth of plantlets was also significantly affected by the number of cultivation days (p = 0.000).
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Figure 2. Mean survival rates (%), number of leaves, and senescing leaves (%) on Peltophorum dubium (Sprengel)
Taubert plantlets with roots, according to the number of cultivation days, regardless of the presence or
absence of indole-3-butyric acid (IBA), sucrose concentrations (0, 15, or 30 g-L''), and the presence or
absence of agar (0 or 7 g-L'!) on half-strength Woody Plant Medium (WPM/2) to which was added 30 cm?
vermiculite, during the in vitro acclimatization stage in a substrate consisting of pine bark, correction of
soil acidity, mineral fertilizers, and vermiculite (1:1, v/v).

Figura 2. Médias de sobrevivéncia (%), niumero de folhas e folhas com senescéncia (%) em mudas micropropaga-
das de canafistula [Peltophorum dubium (Sprengel) Taubert] em fungdo dos dias de cultivo, enraizadas
independentemente da auséncia ou presenca de acido 3-indolbutirico (AIB), de diferentes concentragdes
de sacarose (0, 15 ou 30 g L'') e da auséncia ou presenca de agar (0 ou 7 g L'') , em meio nutritivo ‘Wood
Plant Medium’ (WPM) cuja concentragdo de sais foi reduzida a metade (WPM/2), combinado com 30 cm3
de vermiculita, durante a fase de aclimatizagdo in vitro em substrato a base de casca de pinus, corretivo
de acidez, fertilizantes minerais, e vermiculita (1:1, v/v).

The best results for all analyzed variables was achieved by not adding any sucrose or auxin, only
the jellifying agent that was added to the nutritive medium combined with vermiculite (Table 3, tre-
atment 2), corroborating the results obtained during in vitro rhizogenesis. This treatment produced
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the highest average survival rates (above 70%) and number of leaves (more than 5) and the lowest
percentage of foliar senescence (below 20%).

In general, adding substances to the nutritive medium, including auxin, reduced average survival
rates and produced plantlets that significantly differed from the treatments to which no IBA was
added, with the lowest number of leaves. However, in some cases, these treatments did not produce
significantly different effects on senescence than did treatment 2, which combined the best results
for all evaluated variables.

During the acclimatization period, survival and senescence rates decreased over time (Fig. 2).
By the end of the acclimatization period, approximately 50% of the micropropagated plantlets had
survived and they no longer showed senescence symptoms.

Presumably, the leaves that were senescing at the beginning of the treatment fell off in the course
of the study and were gradually replaced by newly formed leaves. The number of leaves was stable
from the 30" day of the acclimatization period onward, with a slight tendency to increase. The sur-
viving plants were most likely those that formed secondary roots during the in vitro rhizogenesis
stage, since these organs are responsible for the absorption of water and nutrients required for plant
sustenance.

The decreased plant survival rates that we observed are very common for this cultivation stage,
since plant survival, growth, and productivity are intimately associated with the aerial environment
through processes such as energy exchange, loss of water vapor in transpiration, and the assimila-
tion of carbon dioxide during photosynthesis (PUROHIT et al., 2002). Water vapor exchange rate
is severely altered on changing plants transition from in vitro to ex vitro conditions, a transition that
alters the availability of energy; the transpiration rate of the leaves; and, consequently, the physio-
logy of the plant as whole.

CONCLUSION

Sucrose and IBA are dispensable for the micropropagation of P. dubium, and a higher quality
radicular system develops when half-strength Woody Plant Medium (WPM/2) nutritive medium is
used, combined with 30 cm?® vermiculite and 7 g- L' agar. The shoots produced under these condi-
tions present a well-developed radicular system that enables them to survive the in vitro acclimati-
zation process.
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