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ABSTRACT — Oil palm is a woody monocot of economic importance due to high oil production from its fruits.
Currently, the conventional method most used to propagate oil palm is seed germination, but success is limited
by long time requirements and low germination percentage. An alternative for large-scale propagation of oil palm
is the biotechnological technique of somatic embryogenesis. The rooting of plants germinated from somatic embryos
is a difficult step, yet it is of great importance for later acclimatization and success in propagation. The aim
of this study was to evaluate the effect of the auxins indole acetic acid (IAA) and indole butyric acid (IBA) on
the rooting of somatic embryos of Tenera hybrid oil palm. Plants obtained by somatic embryogenesis were inoculated
in modified MS medium with 10% sucrose and 0.6% agar and supplemented with IAA or IBA at concentrations
of 5 uM, 10 uM, and 15 pM, and the absence of growth regulators. After 120 days, the presence of roots, root
type, length of the longest root, number of roots, number of leaves, and shoot length were analyzed. Growth
regulators were favorable to rooting; plants cultivated with IBA growth regulator at 15 uM showed higher rooting
percentage (87%) and better results for the parameters of number of roots (1.33) and shoot length (9.83).

Keywords: Tissue Culture; Indole acetic acid; Indole butyric acid.

ENRAIZAMENTO In vitro DE PLANTAS DE DENDEZEIRO (Elaeis guineensis
Jacq.) HIBRIDO TENERA

RESUMO — O dendezeiro é uma monocotiledénea, lenhosa e oleaginosa de elevada importdncia economica, devido
a alta produgdo de dleo por seus frutos. A germinagdo das sementes é, atualmente, o método convencional mais
utilizado para a propagagdo do dendezeiro, porém, o sucesso por meio dessa via é limitado pela demora e a baixa
porcentagem de germinagdo. Uma alternativa para a propagagdo em larga escala do dendezeiro é a técnica biotecnologica
de embriogénese somdtica, mas o enraizamento das plantas germinadas a partir dos embrides somdticos é uma
etapa dificil e de grande importdncia para posterior aclimatizagdo e sucesso na propagagdo. Este trabalho foi
realizado com o objetivo de avaliar o efeito das auxinas dacido indol acético (A1A) e dacido indol-butirico (AIB)
no enraizamento de embrides somdticos de dendezeiro hibrido Tenera. Plantas obtidas via embriogénese somadtica
foram inoculadas em meio MS modificado, com 10% de sacarose e 0,6% de dgar e suplementado com AIA ou
AIB, nas concentragées 5 uM, 10 uM, 15 uM e na auséncia de regulador de crescimento. Depois de 120 dias foram
analisados os parametros presenca de raiz, tipo de raiz, comprimento da maior raiz, numero de folhas e comprimento
da parte aérea. A presencga de reguladores de crescimento foi favoravel ao enraizamento, tendo as plantas cultivadas
com o regulador de crescimento AIB na concentragdo de 15 uM apresentado maior porcentagem de enraizamento
(87%) e melhores resultados para os pardmetros nimero de raizes (1,33) e comprimento da parte aérea (9,83).

Palavras-Chave: Cultura de Tecidos; Acido Indol Acético; Acido indol butirico.
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1 INTRODUCTION

Oil palm (Elaeis gineensis Jacq.) is a oleic
monocotyledonous, that has a long productive life
cycle, approximately 25 years, cultivated in humid tropical
regions (Morcillo et al., 2007). Oil palm oil is used in
the food, cosmetics, pharmaceutical and biofuel
industries (Boari, 2008, Natura, 2010).

The agronomic importance of oil palm is a result
of'its high capacity to produce oil, reaching 5—7 tons/
ha under optimum conditions. With more than 8 million
cultivated hectares in the world, oil palm is the second
largest global source of vegetable oil after soybean
(Rajesh et al., 2003; Lin et al., 2009).

Oil palm has a single shoot apical meristem, and
this biological trait makes vegetative propagation of
the species impossible through conventional cultivation
of cuttings, a reality that limits production of seedlings
on a commercial scale (Martine et al., 2009). Thus, it
becomes necessary to seek technical alternatives, such
as plant tissue cultures by somatic embryogenesis
(Morcillo etal., 2007), which allows clones to be obtained
on a commercial scale. This technique also favors large-
scale production of elite genotypes obtained through
conventional breeding programs (Xavier et al., 2009;
Roowi etal., 2010).

Somatic embryos are formed without any fertilization
event and are genetically identical to the original tissues
and can be used in studies of genetic transformation,
of molecular, regulator, and morphogenetic events.
They also allow large-scale production of synthetic
plants and seeds, which have the advantages of ease
of handling and transport, long-term storage potential,
uniform production, and the potential for automating
the entire production process (Pathi et al., 2013).

During in vitro cultivation and germination of
somatic embryos, a crucial step for woody species is
rooting. This step is necessary for oil palm because
studies confirm the need for in vitro rooting for success
in the later stage of acclimatization. Oil palm plants
rooted in vitro had an 85% survival rate during the
acclimatization phase, in contrast with only 40% of
those not rooted in vitro (Padua et al., 2014).

The use of different classes of plant regulators
and changes in the composition of other components
of the nutrient media can assist in obtaining more
promising results, especially in root formation, which
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is one of the limiting phases of in vitro cultivation
of forest species (Curti and Reiniger, 2014).

Invitro rooting of plants can be induced by plant regulators
of'the auxin class, the most cited being indole acetic acid
(IAA) and indole butyric acid (IBA). The presence of the
IAA auxin in the culture medium can favor the root system,
greater presence of secondary roots, lower formation of
calluses, and good shoot development (Radmann, 2002).
However, for woody species that root with difficulty, the
IBA auxin has been successfully used in most studies, as,
for example, in date palm (Qaddoury and Amssa, 2003),
physic nut (Toppo and Sing, 2012), eucalyptus (Almeida
etal.,2007; Brondani et al., 2014), and golden shower tree
(Curti and Reiniger, 2014).

Most of the propagations works with oil palm are
focused on indirect somatic embryogenesis, but the limitation
of this technique is the plants transference to ex vitro
environment due to low roots formation, necessary to provide
better survival during acclimatization. Balzon et al., (2013)
transferred to ex vitro condition, only the rotted oil palm
plants, which were approximately 6-8.

In this context, the aim of this study was to evaluate
the effect of the growth regulators IAA and IBA on in vitro
rhizogenesis of plants derived from somatic embryos of
oil palm (Elaeis guineensis Jacq).

2 MATERIALS AND METHODS

2.1 Plant material

The experiment was conducted in the Central Molecular
Biology Laboratory of the Universidade Federal de Lavras
in Lavras, MG, Brazil.

Plants of the Tenera hybrid of Elaeis guineensis Jacq.,
obtained through somatic embryogenesis, were used, with
an approximate height of 4 cm. They were kept in an MS
(Murashige and Skoog, 1962) culture medium which consisted
of half'the concentrations of the salts, supplemented with
2,57 uMTAA, 1,11 uM BAP, 20g,L"! inositol, and vitamins
(10 mg.L! thiamin, 1l mg.L"' pyridoxine, 1 mg.L"! nicotinic
acid, and 1 mg.L"! glycine). Maintained in a growroom at
26+2°C and 16-hour photoperiod.

2.1 Rooting

Forrooting, the plants were inoculated in a modified
MS culture medium, with the addition of 10 g.L"! sucrose
and 0.6% agar, supplemented with IAA or IBA at the
concentrations of 5, 10, and 15 uM, and the control
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treatment was composed of the base medium, without
the addition of growth regulator. The pH values of
all the culture media were adjusted to 5.7+0.1 before
sterilization at 121°C for 20 minutes. The IAA growth
regulator was filter sterilized and added to the culture
medium after autoclaving, and the IBA growth regulator
was introduced in the medium before autoclaving.

The plants were subcultured every 30 days for
120 days and kept in a growroom at a temperature of
26+2°C with a 16-hour photoperiod.

A completely randomized experimental design was
used in a 2 % 4 factorial arrangement, with the first
factor composed of the two growth regulators (IBA
and IAA) and the second, by the different concentrations
(0,5,10,and 15 uM). The experiment was composed
of three replications, each one consisting of five explants.
Evaluation was carried out after 120 days considering
the parameters: presence of roots, root type (thick or
thin), number of roots, length of the longest root, number
of leaves, and shoot length.

2.2 Statistics

The data were subjected to analysis of variance
and the means were compared by the Tukey test and
by polynomial regression, both at 5% probability.
Analyses were performed by the computational program
SISVAR (Ferreira, 2011).

3 RESULTS

All the treatments showed root formation on the
oil palm seedlings; nevertheless, the culture medium
containing the IAA and IBA auxins provided significantly
higher rooting percentages compared to the control
treatment. The IBA auxin at the highest concentration
tested, 15 uM, exhibited a higher rooting percentage,
87%, differing from the treatments with lower
concentrations (5 and 10 uM), which exhibited 27%
and 20% rooting, respectively. The treatment with 15
pM of IBA also exhibited a higher result compared
to the TAA auxin atthe 5, 10, and 15 uM concentrations,
which had percentages of 47%, 53%, and 53%,
respectively. In the control treatment, that is, culture
medium without the addition of growth regulators, there
was a low percentage (13%) of roots (Figure 1 A).

The plants cultivated in culture medium containing
the TAA auxin at the concentration of 10 uM showed
the best results for the longest root variable, with a
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Figure 1 — Root percentage (A) and number of roots (B)
of'seedlings of the Tenera hybrid of Elaeis guineensis
Jacq., cultivated under different concentrations of
IAA and IBA, during 120 days.

Figura 1 — Porcentagem de raizes (A) e numero de raizes
(B) de plantulas de Elaeis guineensis Jacq., hibrido
Tenera, cultivadas em diferentes concentragoes de
AIA e AIB, durante 120 dias.

mean of 2.3 cm, and the concentration of 15 uM provided
amean of 1.9 cm (Figure 2A). In relation to IBA, the
highest concentration tested (15 uM) induced the longest
root length (1.7 cm) (Figure 2A).

For shoot length, the treatment with IAA did not
show significant difference, and the IBA treatment showed
positive linear results with the increase in concentration;
and both regulators showed significant positive results
in relation to the control (absence of auxins). The seedlings
cultivated in 15 pM of IBA had 10 cm shoot length,
and, in this treatment also, the longest and most
branched roots were observed in relation to the other
concentrations of IBA (Figure 3A).

The TAA and IBA growth regulators promoted
a higher percentage of formation of thick and branched
adventitious roots, and the concentrations of 10 uM
and 15 uM de IBA provided for greater formation of
lateral roots.

Revista Arvore. 2017;41(4):e410414
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Figure 2 — Root length (A) and root morphology (B) of
seedlings of the Tenera hybrid of Elaeis guineensis
Jacq., cultivated under different concentrations of
TAA and IBA, during 120 days. In the comparision
of each characteristics, columns with same letter
have bars not differ by Tukey test at 5% probability.

Figura 2 — Comprimento da raiz (4) e morfologia da raiz
(B) de plantulas de Elaeis guineenses Jacq., hibrido
Tenera, cultivadas em diferentes concentragoes de
AIA e AIB, durante 120 dias. Na comparagdo de
cada uma das caracteristicas, barras com a mesma
letra ndo diferem entre si pelo teste de Tukey a
5% de probabilidade.

In regard to number of leaves, there was no
difference between the auxin sources. The absence
of auxin in the culture medium promoted the greatest
number of leaves (7.7), and a decrease in the number
of leaves was observed with the increase in IAA or
IBA concentration (Figure 3B).

4. DISCUSSION

In plants that regenerate roots spontaneously,
such as oil palm, which showed 13% rooting in the
culture medium without IAA or IBA, the endogenous
auxins produced in the shoot tip are transported in
apolar, basipetal manner and act as a trigger to activate
rooting.

In these plants, the application of exogenous auxin
usually strongly increases the number of roots
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Figure 3 — Effect of IBA and IAA during in vitro rooting
of the Tenera hybrid of oil palm Elaeis guineensis
Jacq. plants, in relation to number of leaves per
explant (A) ad to shoot length (B).

Figura 3 — Efeito do AIB e AIA, durante o enraizamento
in vitro de plantas de dendezeiro Elaeis guineensis
Jacq. hibrido Tenera, com relagdo ao nuumero de
folhas por explante (A) e ao comprimento da parte
aérea (B).

regenerated (Klerk et al., 1999), as was observed in
the treatment with the highest concentration of IBA,
which showed 87% rooting. These data corroborate
studies with Cedrela odorata L., which exhibits good
in vitro rooting capacity, even in the absence of auxin,
but the presence of IBA in the culture medium significantly
increases the percentage, the number, and the length
ofroots (Millan-Orozco et al., 2011). A higher percentage
of rooted plants in a culture medium with 5 uM of IBA
was also observed in studies with Olea europaea L.
cultivars, with 75% rooting (Radmann et al., 2002).

For oil palm, the IAA and IBA growth regulators
provided significantly higher rooting percentages
compared to the control treatment, and the IBA auxin
provided the highest rooting percentage, 87%. The
IBA auxin is one of the most used for rooting of woody
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species, probably due to chemical stability, the broader
spectrum of action, and the lower phytotoxicity caused
to the explant compared to other growth regulators (George
etal., 2008; Latsague et al., 2009; Uribe et al., 2012).

In contrast, the IAA growth regulator has less
stability and, consequently, greater degradation and
lower absorption rate in relation to IBA (Erig and Schuch,
2004). This may explain the lower rooting rate (53%)
of oil palm plants in this study when subjected to the
lowest IAA concentration tested. The lower stability
and, consequently, greater degradation are related to
IAA capacity of bonding to other molecules in the
plant, producing conjugates and losing its activity,
and also being subject to degradation by the IAA oxidase
enzyme (Ross, 1992; Taiz and Zeiger, 2013).

In addition, photo-oxidation of IAA in the culture
medium is faster than that of IBA because approximately
50% is degraded in the first 24 hours, whereas only
10% of the IBA is photo-oxidized in the same period
(Nissen and Sutter, 1990).

Results contrary to this study were observed in
root induction in Croton sonderianus Muell, in which
the IBA growth regulator at the concentration of
5 uM was more effective, compared to the concentration
of 5 uM of IA A (Erig and Schuch, 2004). At this same
concentration, it induced high rooting percentages
(85%) in Jatropha curcas L. (Toppo and Sing, 2012).

The decrease in rooting observed with the increase
in the concentration of the IAA growth regulator may
be related to the question of the concentrations of
growth regulators having an optimal level for promoting
rooting, and when this concentration is raised, it may
not be significant for an increase in the percentage
of rooting or it may compromise rhizogenesis (Ugraiah
etal.,2011). Thus, it is important to establish an ideal
concentration for root induction for each species
(Fachinello et al., 1995; Mansseri-Lamrioui etal.,2011).
In Ficus carica L. plants, the IBA growth regulator
at the concentration of 25 nM led to the best rooting
percentage and the largest number of roots (Barbosa
etal., 2007).

Konan et al. (2007) observed that the effect of
the ANA growth regulator at the concentration of
1 mg.L! varied according to the genotype oil palm.
The lineage obtained from different explants responded
different in plant rooting.

SIIF

The association of ANA, auxins, with a BAP, cytokinin,
did not improved the rooting, only the shots formation,
suggesting that the rooting step should be performed
separately from the shoot production, in order not to
interfere with rooting (Thuzar et al., 2011).

The size and architecture of the root system
determine the ability of the plant to access water and
nutrients, and these are factors that limit growth and,
thus, production in many agricultural ecosystems (Price
etal., 1997). Plants with larger and more branched roots,
such as those observed in the treatment with 10 pM
and 15 pM of IBA, have greater ability in competing
for nutrients and surviving under nutritional deficiency
conditions in the soil (Coque and Gallais, 2006). For
shoot length the IBA treatment showed positive linear
results. The seedlings cultivated in 15 uM of IBA showed
highest (10 cm) shoot length, and, also the longest
and most branched roots in relation to the other
concentrations of IBA (Figure 3A). Moreover, the plants,
cultivated on AIA, showed lower rooting, and low leaves
number, showing the o roots system is important to
access water and nutrients important to develop leaves.

Results similar to those of this study, which found
introduction of IBA favorable to shoot length and rooting
percentage, were obtained in studies on Carica papaya L.,
in which 5.92 uM of the IBA benefit both rooting
percentage and shoot growth (Schmildt et al., 2010).
In Eucalyptus cloeziana F. Muell the concentration
of IBA in in vitro cultivation influenced acclimatization
of plants, and the best concentration for root induction
corresponded to the best concentration during plant
acclimatization (Almeida et al., 2007).

Leaf emergence in the shoot apical meristem is
dependent on the dynamic movement of auxin around
the meristem. Its transport occur from the newly-formed
leaf to the connected stem and is accompanied by
differentiation of the leaf midrib and its vascular
connection with the stem (Miiller and Leyser, 2011).
Shoot apexes are determined and able to grow, as long
as necessary nutritional and light conditions are
supplied.

In rooting of microcuttings of Morus sp., using
IBA in the culture medium, statistical differences were
not observed in leaf emergence for the control group
(without auxin), as observed in this study (Augusto
etal., 2006).

Revista Arvore. 2017;41(4):e410414



5. CONCLUSION

Growth regulators are effective in root induction
under the different concentrations tested. The IBA
Auxin (15 puM) had greater rooting rates (87%) and
is most recommended based on the results of this study
for root induction in Elaeis guineensis Jacq.Tenera
hybrid oil palm.
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