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ABSTRACT

Eucalyptus dunnii Maiden is a wood species of wide interest and use in southern Brazil due to its
adaptation to the cold climate. Low seed production favors use of plant tissue culture techniques for
propagation. The objective of this work was to establish in vitro multiplication of E. dunnii, using
micropropagation technique via direct organogenesis, evaluating different concentrations of 6-
benzylaminopurine (BAP) in multiplication of the stem and cotyledon nodal segments, in addition to
effect of different concentrations of indolebutyric acid (IBA) at rooting. After 30 days of culture, stem
nodal segments had an increase in the percentage of shoots when subjected to low concentrations of BAP,
while for the cotyledon nodal segments the absence of growth regulator and the use of a concentration of
2.0 mg L of BAP showed the highest percentage of shoot formation. The increase in IBA concentration
promoted increase in number of adventitious roots. In vitro propagation of E. dunnii using BAP and
IBAare a viable protocol.
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Respostas fisioldgicas do uso de 6-benzilaminopurina na
multiplicacdo e do acido indolbutirico no enraizamento in
vitro de Eucalyptus dunnii Maiden

RESUMO

Eucalyptus dunnii Maiden é uma espécie madeireira de amplo interesse e uso no Sul do Brasil devido sua
adaptacdo ao clima frio. A baixa produgdo de sementes favorece o uso de técnicas de cultura de tecidos
vegetais para a propagacdo. O objetivo do trabalho foi estabelecer a multiplicacdo in vitro de E. dunnii,
utilizando da técnica de micropropagacao via organogénese direta, avaliando diferentes concentracdes de
6-benzilaminopurina (BAP) na multiplicagdo dos segmentos nodais caulinares e cotiledonares, além do
efeito das diferentes concentragdes do &cido indolbutirico (AIB) no enraizamento. Apo6s 30 dias de
cultivo, segmentos nodais caulinares obtiveram aumento no percentual de brotos quando submetidos a
baixas concentraces de BAP, enquanto que, para 0s segmentos nodais cotiledonares a auséncia de
regulador de crescimento e o uso da concentragdo de 2,0 mg L™ de BAP apresentaram maior percentual
de formacdo de brotos. O aumento da concentracdo de AIB promoveu o aumento do nimero de raizes
adventicias. A propagacao in vitro de E. dunnii com o uso de BAP e AIB é um protocolo viavel.
Palavras-chave: Micropropagacao. Reguladores de crescimento. Espécie arborea.
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INTRODUCTION

The Eucalyptus is considered one of the main wood species, a source of raw
material for paper production, belonging to the Myrtaceae family, and originating in
Australia and Indonesia with more than 600 species (IMA FLORESTAL, 2015).
Among many, the species Eucalyptus dunnii Maiden has been standing out in the forest
industry. One of the reasons is its adaptability to low temperatures, which is why it has
been widely cultivated in the southern region of the country. In addition to being
resistant to severe frosts, E. dunnii has another relevant characteristic, its low
bioinvasion potential, which makes it difficult to randomly propagate, since it produces
few seeds. For this reason, one of the alternatives for the production of seedlings is
through micropropagation, as in addition to generating a clone of the mother plant, in
vitro propagation guarantees homogeneous planting, on a large scale and in a short
period of time. (ALMEIDA et al., 2008).

Many studies on plant tissue culture, especially by organogenesis, have been
developed with Eucalyptus species in recent decades, requiring specific protocols
(OLIVEIRA et al., 2017). Recently, investigations on E. dunnii have increased
significantly with respect to in vitro propagation (OBERSCHELP et al., 2015; SOUZA
et al., 2019), in vitro shoot elongation (NAVROSKI et al., 2015), and rooting
adventitious (BRONDANI et al., 2018).

Among the steps of micropropagation, the multiplication and elongation phase is
one of the most important, and in these phases the objective is to obtain a high number
of shoots or buds, with the least possible genetic variation, in the shortest time interval
and free from contaminant (OBERSCHELP et al., 2015). The culture medium used at
this stage will also vary according to the needs of the species, in addition, growth
regulators called cytokinins are often used, so that there is an induction of budding, with
6-benzylaminopurine (BAP) being the most used in woody species (OLIVEIRA et al.,
2013). In vitro rooting can be performed in different culture media with the addition of
inducing auxins. Among the various existing auxins, indolebutyric acid (IBA) is the
most used, as it has low phytotoxicity to explants, enabling in vitro rooting to show
positive results (SOUZA et al., 2019). The objective of this work was to compare the
effect of different concentrations of 6-benzylaminopurine (BAP) on the in vitro

multiplication of cotyledonary and stem nodal segments and to evaluate the effect of
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IBA concentrations on the in vitro rooting of regenerated Eucalyptus dunnii Maiden

microshoots.

MATERIAL AND METHODS

The plant material used for this work came from Eucalyptus dunnii Maiden
seeds donated by IPEF (Institute for Research and Forestry Studies). The seeds were
stored in a refrigerator (5 °C) at the Laboratory of Biotechnology and Genetics of the
Federal University of Santa Catarina, Campus de Curitibanos, where all steps of the
present work were also carried out. The seeds were cleaned with detergent and running
water to remove surface residues. Then, in a laminar flow chamber, they were
disinfected in a commercial solution of sodium hypochlorite (2.5%) for 30 minutes, and
then washed three times in distilled and sterilized water. Subsequently, ten seeds were
inoculated in each glass flask containing 30 mL of medium MS (MURASHIGE;
SKOOG, 1962), supplemented with 30 g L™ sucrose and 6 g L™ agar-agar (Vetec®),
and sealed with PVC film for in vitro germination.

Seedlings germinated in vitro were excised in the portion of the cotyledonary
nodal segments and young plants after 90 days, with approximately 7.0 cm in length,
were excised in the portions of the stem nodal segments (1.0 cm) containing two buds.
The nodal segments were transferred to glass flasks containing 30 mL of MS culture
medium (MURASHIGE; SKOOG, 1962), supplemented with 30 g L-1 of sucrose,
different concentrations of BAP (0.0; 0.5; 1, 0 and 2.0 mg L), 6 g L™ agar-agar. The
pH of the culture medium was adjusted to 5.8 with NaOH and 0.5N HCI before
sterilization for 15 min at 1.3 kgf cm. Flasks were sealed with parafilm and cultures
were maintained in a growth room at 25 +2 °C, luminous intensity of 60 pmol m? s’
obtained with cold white Sylvania® fluorescent lamps, with 16 h photoperiod light,
with a distance of 10-12 cm in height from the crops. After thirty days, the explants
were evaluated in relation to the percentage of sprout formation, calluses, base
oxidation, contamination and explant death.

Microshoots regenerated in the different multiplication treatments, with
approximately 5.0 cm in height, were transferred to glass flasks containing rooting
medium with 30 mL of WPM culture medium (LLOYD; MCCOWN, 1980),
supplemented with 30 g L™ of sucrose, different concentrations of IBA (0; 1.0; 2.0; 4.0
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mg L), 6 g L™ agar-agar. After 30 days of cultivation, the microsprouts were evaluated
for rooting percentage, number of regenerated roots and their average length.

The experimental design was completely randomized. The treatments for in vitro
multiplication were organized in a 2x4 factorial scheme, using two types of explants
(cotyledonary node and stem node) with four concentrations of BAP (0.0, 0.5, 1.0 and
2.0 mg L), containing six repetitions, each repetition being composed of five nodal
segments in two bottles referring to the stem node, and two nodal segments in each
repetition of the cotyledonary node. In the rooting experiment, four treatments were
organized, containing five repetitions each, with each repetition being composed of 10
microplants in two flasks. Data were subjected to analysis of variance (ANOVA), and
linear regression analysis when significant differences were detected, followed by

Tukey's mean separation test (P < 0.05), using the R computer program.

RESULTS AND DISCUSSION

The formation of adventitious shoots from different types of nodal segments of
Eucalyptus dunnii occurred in all evaluated treatments (Figure 1), even in the absence of
growth regulator (Table 1). Statistical comparison of the percentage of shoot formation
between the different concentrations of BAP from cotyledonary nodal segments
revealed the absence of significant differences (p<0.05). With the use of stem nodal
segments as an explant source for multiplication, the highest sprouting percentages
occurred in the absence of growth regulator and in the use of 0.5 mg L of BAP.

At concentrations of 0 and 2.0 mg L of BAP, the percentage of shoot formation
was greater in the cotyledonary nodal segments compared to the shoot nodal segments.
In general, when working with the multiplication of Eucalyptus, cytokinin
concentrations can vary from 0.1 to 5.0 mg L%, and these values vary according to the
species and the cytokinin used. Furthermore, it is important to emphasize that the results
of in vitro multiplication are directly influenced by the physiological state of the plant
and the plant part used as an explant (GRATTAPAGLIA; MACHADO, 1998).
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Table 1 - Percentage of sprouting, calluses, oxidation, death and contamination of cotyledonary nodal
segments and shoot nodal segments of Eucalyptus dunnii Maiden in different concentrations of
6-benzylaminopurine (BAP) in mg L-1 in in vitro multiplication.

Sprouting Calogenesis Oxidation Death Contamination

NCO NCA NCO NCA NCO NCA NCO NCA NCO NCA

0 833Aa 60ADb 0Aa 90Ab  33.3Bb 100Aa 16.7Aa 23.3Aa 16.7Aa 16.7Aa
05 91.7Aa 83.8Aa 333Aa 833Ab 75Aa 100Aa 8.3Aa 16.7Aa OAa 0Aa
1.0 583Aa 433Aa 83Aa 333Cb 16.7Cb 100Aa 16.7Aa 16.7Aa 16.7Aa 16.7Aa
2.0 100Aa 53.3Ab 16.7Aa 46.7Bb  33.3Bb  100Aa OAa  33.3Aa  0OAa  33.3Aa

M  83.32 57.6 14.57 63.32 39.57 100 10.42 22.5 8.35 16.67

Cv_ 355 57.25 17.8 49.43 87.06 0 29.94 1735 3441 2338

Means followed by different uppercase letters vertically and lowercase letters horizontally differ by Tukey's test
(p<0.05). NCO: Cotyledonary Node; NCA: Stem node; M: Average. CV: Coefficient of variation (%). M: mean.

The nodal segment to be used can influence organogenesis due to age or the type
used, and it can be cotyledonary or stem. Fermino-Junior et al. (2009) in studies carried
out with Tectona grandis L.f, showed that when younger explants are used, there is a
more efficient induction of bud organogenesis, thus, the need for exogenous addition of
BAP is smaller compared to adult explants. For the Parapiptadenia species, it was also
observed that the best results for in vitro regeneration occurred in cotyledonary nodal
segments (NASCIMENTO, 2008).

When it comes to the BAP phytoregulator, for the percentage of sprouts, studies
carried out by Bennett et al. (1994) showed that when doses greater than 0.5 mg L of
BAP are used, the decrease in the percentage of yolks per multiplied explants is
remarkable. For uvaieira (Eugenia pyriformis Cambess), the concentration of BAP that
provides better development of buds and buds per explant was 1.0 mg L*
(NASCIMENTO et al., 2008). Unlike these studies, for the tree species Hancornia
speciosa, there is no need to use growth regulators for its in vitro multiplication, since,
in the experiments performed, the absence of BAP showed the best results (OLIVEIRA
etal., 2016).
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Figure 1 — In vitro multiplication of Eucalyptus dunnii Maiden from cotyledonary nodal segments and
non-cotyledonary nodal segments after 30 days of in vitro multiplication in MS culture medium,
supplemented with different concentrations of BAP. A-D) Cotyledonary nodal segments. A) 0.0 mg L!
BAP. B) 0.5 mg L of BAP. C) 1.0 mg L™! of BAP. D) 2.0 mg L™! of BAP. E-H) Non-cotyledonary nodal
segments. E) 0.0 mg L of BAP. F) 0.5 mg L of BAP. G) 1.0 mg L* of BAP. H) 2.0 mg L™! of BAP.

The second parameter evaluated was the percentage of callus formation in the

different types of nodal segments (Table 1). In cotyledonary nodal segments cultivated
in a culture medium free of growth regulator, no callogenic mass was formed (Figure
1A). The addition of BAP at different concentrations in the culture medium promoted
the formation of callus in cotyledonary nodal segments at all concentrations, showing
no statistically significant differences (p<0.05) in the percentage of callogenesis. The
percentage of callus formation in shoot nodal segments was higher in the absence of
growth regulators (Figure 1E) and in the use of 0.5 mg L™ of BAP (Table 1). The use of
higher concentrations of BAP in the culture medium in stem nodal segments promoted a
decrease in callogenesis until the concentration of 2.0 mg L™ of BAP, expressed by
quadratic equation in the regression analysis (Figure 2) with coefficient of
determination (r?) of 0.76.

Figure 2 - Percentage of callus formation in shoot nodal segments of Eucalyptus dunnii Maiden subjected
to different concentrations of BAP, after 30 days of in vitro multiplication.
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According to studies, in woody species the formation of calluses is quite
common, and these are formed when there is a balance between auxins and cytokinins
(GRATTAPAGLIA; MACHADO, 1998). For Schizolobium amazonicum, studies
showed that higher concentrations of cytokinin caused an increase in the percentage of
calluses (BOTIN; CARVALHO, 2015). In cotyledonary nodal segments of
Parapiptadenia rigida, when subjected to concentrations of BAP, callus formation was
also observed, in this case, their occurrence can be explained by the fact that the species
already has endogenous levels of auxins, which are sufficient for its multiplication,
without the need for greater concentrations of auxins (NASCIMENTO, 2008). As
common as callogenesis is, it is worth noting that in micropropagation it is undesirable,
as it can affect the growth and development of explants.

Oxidation at the base of the cotyledonary and stem nodal segments occurred in
all treatments used. The highest percentages of oxidation were observed in stem nodal
segments (Table 1). In cotyledonary nodal segments, the highest percentage of
oxidation occurred with the use of 0.5 mg L™ of BAP. The increase in the concentration
of BAP in the culture medium with cotyledonary nodal segments promoted a decrease
in the percentage of oxidation, expressed by a quadratic equation of regression analysis
(Figure 3) with a coefficient of determination (r?) of 0.81. In stem nodal segments the
percentage of oxidation was maximum (100%) in all treatments.

Figure 3 - Percentage of oxidation at the base of cotyledonary nodal segments of Eucalyptus dunnii

Maiden at different concentrations of BAP, after 30 days of in vitro multiplication.
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According to Silva et al., (2007) when working with the in vitro establishment of
woody plants, one of the obstacles is the oxidation of explants. Several factors can

influence oxidation, such as the plant's developmental stage, but what has the greatest
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influence is the plant's genotype (WERNER et al., 2009). Furthermore, when excised
angiosperms tend to secrete phenolic substances that can modify the culture medium,
affect the absorption of metabolites and consequently cause oxidation (ANDRADE et
al., 2000). The percentage of death (necrosis) and the percentage of contamination of
the cotyledonary and stem nodal segments did not present statistically significant
differences between treatments using BAP (Table 1).

The formation of adventitious roots in regenerated microsprouts occurred in all
treatments, including in the absence of growth regulators (Table 2). The use of different
concentrations of IBA did not promote statistically significant differences (p<0.05) in
the percentage of rooting of microsprouts.

Table 2 — Percentage of roots, root number and length obtained through different concentrations of IBA
in mg Lt in the in vitro rooting of Eucalyptus dunnii Maiden.

IBA (mg L?) Rooting (%0) Root number Lenght (cm)
0 43.20A 1.10D 2.24A
1.0 63.20A 3.70C 2.36A
2.0 100A 6.04A 0.94A
4.0 50A 4.94B 1.46A
Mean 64.10 3.94 1.75

Means followed by distinct uppercase letters on the vertical differ from each other by the Tukey
test (p<0.05).

The number of regenerated adventitious roots (Figure 4A-H) in E. dunnii a
presented statistically significant differences (p<0.05) between the different
concentrations of IBA. The largest number of roots was observed with the use of 2.0 mg
L of IBA, the smallest number of roots in the absence of IBA.
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Figure 4 — In vitro rooting of Eucalyptus dunnii Maiden microshoots at different concentrations of IBA
in the rooting process, after 30 days of in vitro rooting. A-B) 0 mg L™ of AIB. C-D) 1.0 mg
L of AIB. E-F) 2.0 mg L"* of AIB. G-H) 4.0 mg L"* of AIB.

The increase in the concentration of IBA promoted the increase in the number of
adventitious roots, expressed by a quadratic equation of regression analysis (Figure 5),
with a coefficient of determination (r2) of 0.98. The average length of adventitious roots
did not show statistically significant differences (p<0.05) between treatments using
IBA.
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Figure 5 — Root number of Eucalyptus dunnii Maiden formed at different concentrations of IBA in

mg L?
7
2 & o
2 , .
- °
;8' 3
7 Y=0.9636364+3.7981818*x-0.6981818*x?; R>=98%
1 ¢
0
0,0 1,0 2,0 3,0 a,0 5,0

IBA concentrations (mg LY)

The AIB concentrations have varied results according to the parameters
evaluated, since each species needs a specific amount of auxin, as shown by studies
carried out by Mercier (2004), that during the rooting process the need for auxin
concentration it varies according to the organogenetic phase that it is in, as a higher
concentration is more used in the induction phase, consequently there may be a
reduction or even inhibition of the growth of these roots in high concentrations.
According to Souza et al. (2011) these data may vary according to the internal
concentration of auxin of the species under study and their genotype, in addition, the
period in which it is exposed to these auxins can influence the result Final.

For root formation Radmann et al. (2014) evaluated that IBA concentrations
were essential for root formation in trees, as there was no root formation, or there was a
small number of roots without the addition of IBA. Another study by Soares and
Miranda (2016) confirms that the best dose of IBA in citrus was 2.0 and 1.0 mg L of
IBA. It is also worth mentioning the studies by Silva et al. (2013) who carried out
studies with Psychotria ipecacuanha and showed that the best IBA concentration for
root formation was 1.5 mg L IBA. Furthermore, according to studies by Pedrotti
(2001), when using auxins in the culture medium, high doses can influence the
formation of calluses. In this experiment, there was no callus formation only at the
concentration of 0 mg L™ of IBA, in the other concentrations (1.0; 2.0; 4.0 mg L of

IBA) there was the formation of calluses.
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CONCLUSION

The addition of different concentrations of BAP in the culture medium does not
increase the percentage of sprouting in cotyledonary and stem nodal segments. In stem
nodal segments, low concentrations of BAP promote an increase in the percentage of
sprouting of Eucalyptus dunnii Maiden. The use of different concentrations of IBA does
not promote statistically significant differences in the percentage of rooting of
microshoots. The increase in the concentration of AIB promotes the increase in the

number of adventitious roots.
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