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ABSTRACT — Araucaria angustifolia is native to Brazil and has always raised economic interest for the qualities
of its timber and as a supplier of pine nuts for human consumption. The scarce germination viability of the
stored seeds and the possibility to produce rooted cuttings all year round make cuttings propagation a good
alternative for the production of plants, giving also the possibility to obtain genetically superior clones. On
this basis, we assessed the influence of stock plants sex and type of cuttings (apical and intermediate) on
the percentage of survival, rooting and vigor of the cuttings, together with the efficiency of this technique
in the production of rooted cuttings of this species. So, cuttings from orthotropic shoots, collected in a clonal
garden composed by feminine and masculine plants, had their survival percentages assessed at 60, 90, 120
and 150 days after installation of the experiment (DAI). Rooting in full sunlight area after 180 days, together
with vigor characteristics of roots and aerial portion at 120 and 180 DAI were also evaluated. At 180 DAI,
apical female cuttings presented the greatest rooting percentage (53.7%), number of roots (1.2) and average
length of roots at the bottom of the rooting tray (4.4 cm). On the other hand, the applied cuttings procedures
showed to be adequate to increase the rooting percentages of the species, which, supported by the fact that
this technique is important for the formation of rooted cuttings to be used in the mini-cuttings technique,
indicates that it can be considered efficient.

Keywords: Brazilian pine; Cloning; Cuttings production.

ENRAIZAMENTO DE Araucaria angustifolia: TIPOS DE ESTACAS E SEXO
DAS PLANTAS MATRIZES

RESUMO — Araucaria angustifolia (araucdria) é nativa do Brasil e sempre despertou interesse econémico
por suas qualidades madeireiras e como fornecedora de pinhées para alimentagdo humana. A baixa viabilidade
na germinagdo de suas sementes quando armazenadas e a possibilidade de produzir mudas durante o ano
inteiro fazem com que a estaquia se apresente como alternativa para produ¢do de mudas, gerando ainda
a possibilidade de obten¢do de clones geneticamente superiores. Com base nisso, avaliou-se a influéncia
do sexo das matrizes e o tipo de estaca (apical e intermediaria) na sobrevivéncia, enraizamento e vigor de
suas estacas, bem como a eficiéncia desta técnica na produgdo de mudas da espécie. Para tanto, estacas
de brotos ortotrépicos coletadas em jardim clonal de plantas masculinas e femininas foram avaliadas quanto
a sobrevivéncia aos 60, 90, 120 e 150 dias apds a estaquia (DAI) e o enraizamento a pleno sol aos 180
dias, bem como caracteristicas de vigor radicial e aéreo aos 120 e 180 DAI. Aos 180 DAI, estacas femininas
apicais apresentaram maior enraizamento (53,7%), numero de raizes (1,2) e comprimento médio de raizes
no fundo do tubete (4,4 cm). Por outro lado, os procedimentos de estaquia utilizados mostraram-se adequados
para incrementar os percentuais de enraizamento da espécie, o que, aliado ao fato da técnica ser importante
na formagdo de mudas para a técnica de miniestaquia, indica que a mesma pode ser considerada eficiente.

Palavras-chave: Araucaria; Clonagem,; Produ¢do de mudas.
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1. INTRODUCTION

Araucaria angustifolia (Bertol.) Kuntze
(Araucariaceae), commonly known as araucaria or
Brazilian pine, is naturally present in the south of Brazil,
mainly in the oriental and central part of the Brazilian
highlands (CARVALHO, 2003). Its wood presents very
attractive characteristics, being its use widely
recommended for civil construction, paper and cellulose
production (MATTOS etal., 2006). These characteristics
and the high value added to its wood (DELUCIS et
al., 2013) were responsible for the high exploitation
of the species in the end of the XIX century. At the
same time, the lack of natural resources management
in those years, added to the long and delicate reproduction
cycle of the species, contributed to the survival of
less than 2% of the original forest formations (KOCH;
CORREA, 2002).

As most of the conifers, araucaria is sexually
propagated. However, the low longevity ofits seeds
(MOREIRA-SOUZA; CARDOSO, 2003), together with
the disadvantages associated to this propagation method,
like the impossibility to define sex and the great genetic
variability of the seedlings (HARTMANN et al., 2011;
DIAS et al., 2012), are contributing to the necessity
to improve vegetative propagation techniques (PIRES
etal.,2013; WENDLING et al., 2016). Among them,
cuttings and mini-cuttings techniques have presented
satisfactory and relatively rapid results in the production
of genetically superior clones, aiming to the production
of wood from a series of forest genera, like Eucalyptus
and Pinus sp. (SAYA etal., 2008; HUNT et al., 2011;
MAJADA etal.,2011). The same techniques are also
applied to species like Dalbergia melanoxylon,
Liquidambar styraciflua, llex paraguariensis, Khaya
senegalensis, Corymbia torelliana x C. citriodora
(WENDLING etal., 2007,2010; BITENCOURT et al.,
2009; AMRIetal.,2010; KY-DEMBELE etal.,2011;
MCMAHON et al., 2014) among others.

However, the use of those techniques becomes
efficient when the ideal characteristics of the material
to be propagated are defined (STUEPP etal., 2014),
resulting in high rooting and best final use indexes
of the propagated plants. Results presented until now
for araucaria do not satisfy the expectations of success
from the application of this technique for commercial
purposes, since rooting is below 25% (IRITANI; SOARES,
1983), and 30% (WENDLING; BRONDANI, 2014). The
few attempts to establish propagation protocols for
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the species have presented a series of limitations, mainly
concerning efficient methods for rescue and rejuvenation
of the adult material (WENDLING et al., 2009), and
the plagiotropic growth habit of the lateral shoots
(ZANETTE etal., 2011), indicating a recalcitrant behavior
of araucaria to vegetative propagation, even with young
and very young individuals (originated from seeds)
(IRITANI, 1997; PIRES etal., 2013).

Thus, we assess the influence of stock plants sex
and type of propagules (apical and intermediate cuttings),
on survival, rooting and vigor of roots and aerial parts
of cuttings obtained from orthotropic shoots of
Araucaria angustifolia, as well as, the efficiency of
this technique in the rooted cuttings production of
the species.

2. MATERIALAND METHODS

The experiment was conducted from August/2007
to February/2008 in the Laboratory of Forest Species
Propagation, belonging to Embrapa Florestas, Colombo-
PR, Brazil (25°20° S and 49°14° W, 950 m). According
to the Koppen classification, the climate in the region
is temperate, type Cfb, with temperature of the coldest
month between -3 and 18 °C, always humid with evenly
distributed rainfall throughout the year and temperature
of the hottest month lower than 22 °C.

The stumps of stock plants used in this study
came from rooted cuttings produced from shoots of
26 years old trees, established in a provenances and
progeny trial, in Colombo-PR. The stock plants, installed
in a field clonal garden (0.5m x 0.5m spacing) were
chopped off to obtain basal orthotropic shoots, as
detailed in Wendling and Brondani (2014).

From orthotropic shoots of each sex (male and
female plants), two types of cuttings were prepared,
the first from the apical region of the branches (apical
cuttings) and the second from the intermediate section
of the same branches, with a straight cut above the
last bud (intermediate cuttings). Booth types of cuttings
were prepared with length of 15-20 cm and diameter
of 5-10 mm, with a bevel cut on the base and removal
of the aciculae for 1/3 of the length from the basal
region, in order to facilitate planting.

Cuttings were decontaminated with sodium
hypochlorite solution (1% active chlorine) for 5 minutes
(bactericide action), then cleaned with running water
and treated with Benomyl® (1g L") for 5 minutes (fungicide
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action). Later, treatment of the bases took place with
indole-3-butyric acid (IBA), at the concentration of
3000 mg L'in hydro-alcoholic solution (1:1, v/v) for
ten seconds. Cuttings were planted approximately at
three centimeters deep in polypropylene trays with
capacity of 280 cm?, filled with potting mix composed
of a mixture of medium vermiculite and carbonized rice
hull (1:1, v/v). Trays were placed in a greenhouse with
mist irrigation (temperature of 25 °C £+ 5 °C and relative
humidity above 80%) during 120 days. After permanence
in the greenhouse, cuttings went through further
acclimatization process in a shade house (50% of shade)
during 30 days and then in a full sunlight area for 30
more days to achieve acclimatization with the external
environment.

Throughout the experiment, the following variables
were assessed: survival percentage of cuttings in
greenhouse after 60 and 90 days; survival at the exit
of the greenhouse after 120 days (SEGH); survival at
the exit of the shade house after 150 days (SESH);
rooting in full sunlight after 180 days (RFS). Furthermore,
the number and the total length of roots appearing
under the trays (cuttings with roots emerging from
the hole in the base of the trays) were assessed after
120 days, together with the number of new shoots emitted
by the cuttings after 180 days.

The experiment was conducted with a completely
randomized design with 2x2 factorial structure, composed
by male and female stock plants and two types of cuttings
(apical and intermediate), and from two to four replications
per treatment (depending on the availability of samples)
and 14 cuttings per experimental unit. The statistical
analysis was performed with the Bartlett’s test (p<<0.05)
to assess homogeneity of the variances. Post-hoc
Tukey’s Honestly Significant Difference (HSD) tests
were performed only when significant differences (P<0.05)
were detected by ANOVA. A Pearson’s correlation
analysis (p<0.01) was also performed for the SEGH,
SESH and RFS variables.

3. RESULTS

All treatments presented similar results at 60 days
after installation (DAI), with survival percentage above
75%. At 90 days (in the greenhouse) and 120 days
at the exit of the greenhouse (SEGH), male intermediate
cuttings showed significant reduction in survival rates
compared to all others, with values around 50%. Finally,
at 150 days, when taken out from acclimatization in
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shade house (SESH), female apical cuttings showed
greatest survival percentage, followed by apical male,
intermediate female and lastly by intermediate male
(Figure 1).

At 120 DAL, the average number of roots in the
tray bottom (NRTB) was similar for all treatments, except
for the intermediate male cuttings, which did not present
visible roots. The average roots length at the trays
bottom (RLTB) was similar for apical male (5.7 cm) and
apical female cuttings (5.0 cm), greater than the results
for intermediate female (3.5 cm) and intermediate male
cuttings (no roots) (Figure 2).

At 180 DAI rooting values decreased significantly
for cuttings exposed to full sunlight (RFS). Intermediate
male cuttings showed low RFS (4.5%) whereas other
types of cuttings did not show significant differences
between each other. Male apical cuttings showed greater
number of shoots per cutting (NSC), although without
a significant difference with apical and intermediate
female cuttings (Figure 3).

It was also verified high correlation between SEGH
and SESH and between SESH and RFS (Table 1).

% Survival
N
L= ]
o

AM IM AF IFIAM IM AF IFIAM IM AF IFIAM IM AF IF

60 days 90 days 120 days

(SEGH)

150 days
(SESH)

Figure 1 — Percentage of survival of Araucaria angustifolia
cuttings in greenhouse (60 and 90 days), at the
exit of greenhouse (SEGH) and at the exit of shade
house (SESH). Where AM=apical male;
IM=intermediate male; AF=apical female;
IF=intermediate female. Means (+SE) with different
letters are significantly different (ANOVA and
Tukey’s HSD test, P<0.05)

Figura 1 — Porcentagem de sobrevivéncia de estacas de Araucaria
angustifolia em casa de vegetagdo (60 e 90 dias),
na saida da casa de vegetagdo (SEGH) e saida
da casa de sombra (SESH). Onde: AM=macho
apical; IM=macho intermediaria; AF=fémea apical;
IM=fémea intermediaria. Médias seguidas por
mesma letra dentro de cada fase ndo diferem
entre si pelo teste de Tukey a 5% de probabilidade.
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Figure 2 — Number (left) and average length of roots (right) in the bottom of the tray of Araucaria angustifolia cuttings,
measured at the exit from the greenhouse after 120 days. Where: AM=apical male: IM=intermediate male; AF=apical
female; IF=intermediate female. Bars indicate the standard deviation (n=14).

Figura 2 — Numero (esquerda) e comprimento médio de raizes (direita) no fundo do tubete em estacas de Araucaria angustifolia
avaliadas na saida da casa de vegetacgdo aos 120 dias. Onde: AM=macho apical; IM=macho intermediaria;
AF=fémea apical; IM=fémea intermediaria. As barras indicam o erro padrdo da média (n=14).
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Figure 3 — Rooting percentage in full sunllght area (left) and average number of shoots per cuttlng (rlght) of Araucaria
angustifolia cuttings after 180 days. Where: AM=apical male; IM=intermediate male; AF=apical female; [F=intermediate
female. Means (£SE) with different letters are significantly different (ANOVA and Tukey’s HSD test, P<0.05)

Figura 3 — Porcentagem de enraizamento em drea de pleno sol (esquerda) e niimero médio de brotos por estaca (direita)
de Araucaria angustifolia aos 180 dias. Onde: AM=macho apical; IM=macho intermediaria; AF=fémea apical;
IM=fémea intermediaria. Médias seguidas por mesma letra ndo diferem entre si pelo teste de Tukey a 5% de probabilidade.

Table 1 — Pearson’s correlation between survival percentages
of Araucaria angustifolia cuttings at the exit
of greenhouse (SEGH), exit of shade house (SESH)
and rooting in full sunlight area (RFS).

Tabela 1 — Correlagdo de Pearson entre a sobrevivéncia das
estacas de Araucaria angustifolia na saida da
casa de vegetagdo (SEGH), saida da casa de sombra
(SESH) e enraizamento a pleno sol (RFS).

SEGH SESH RFS
SEGH 1
SESH 0.84%* 1
RES 0.45 ™ 0.73%* 1
** significant at 1% level of probability (p<0.01), ns not significant
(p=0.05)

** significativo ao nivel de 1% de probabilidade (p<0,01), ns ndo
significativo (p >= 0.05)

4. DISCUSSION

Vegetative propagation has been an excellent method
to support genetic improvement of forest species,
allowing the reproduction of genetically superior
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individuals and providing greater uniformity of the
plants (SUTTON, 2002; PIJUT etal., 2011). It was possible
to observe in this work that cuttings technique with
clones established in a field clonal garden may represent
abig advance in the production of Araucaria angustifolia
rooted cuttings.

Despite the significant mortality percentages shown
by all the treatments at 180 DAI (averages of 79.7%
and 50.2%, respectively, for male and female cuttings,
considering that the cuttings that did not take root
were dead), the rooting results presented in this study
were superior to the observed for Araucaria angustifolia
in other works (Figure 3). The best results until now
were below 30% (TESSDOREF, 1968; IRITANI; SOARES,
1983; IRITANI et al., 1986; PIRES etal., 2013). Itis
important to point out that this study used rooted
cuttings initially originated from adult trees (26 years
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old), which the morphogenetic capability is known to
be lower than in young plants originated by seeds
(HACKETT; MURRAY, 1993; HARTMANN etal.,2011;
WENDLING et al., 2014). Thus, the results obtained
can be considered satisfactory, although the percentages
are not yet big enough to recommend the use of this
technique for commercial purposes.

Rooting is one of the most critical key points in
production of rooted cuttings by vegetative propagation
(NEGISHI etal., 2014). The rooting percentages observed
in this study were low when compared to other forest
species with established vegetative propagation
protocols, like Fucalyptus (ALMEIDA et al., 2007;
NEGISHI et al., 2014) and Ilex paraguariensis
(BITENCOURT etal.,2009; WENDLING et al., 2013).
Vegetative propagation by cuttings has been studied
for several decades in conifers of the genus Pinus,
and the species of this genus are considered of difficult
propagation because in the majority of them there is
no rhizogenesis if the propagules used are not obtained
from juvenile plants generated by seeds (RAGONEZI
etal., 2010).

The high mortality percentages observed (Figure 1)
during the transition from environments with higher
to lower humidity control (greenhouse to shade house)
is common in studies related to vegetative propagation
of several species like Eucalyptus benthamii x Eucalyptus
dunnii (BRONDANTI et al., 2010) and Cedrela fissilis
(XAVIER etal., 2003). The greater survival percentage
of the apical cuttings (Figure 1) can be explained by
the bigger concentration of endogenous auxins, once
that hormone is produced by meristematic tissues (LUO
etal.,2008; DAVIES, 2010) and transported basipetally
by the parenchymal cells to the base of cuttings (BOOT
etal.,2012; COSTA et al., 2013). Together with other
substances, they act in the induction of rhizogenesis
(WOODWARD; BARTEL, 2005; SAUER etal., 2013),
suggesting the importance of cuttings position in branch
(topophysis) on the quantity of rooting promoting
substances, like auxins and carbohydrates. These
substances carry out an essential function in the
construction of necessary cellular structures for all
plant physiological processes (LI et al., 2009; DENAXA
etal.,2012; MAURIAT etal., 2014).

Apical cuttings have been used with major success
in rooted cuttings production for different species.
Ferreira et al. (2008) verified greater rooting viability
of apical cuttings for atemoya cv. ‘Gefner’ species,
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relating those results with the lower lignification of
apical branches, the bigger quantity of meristematic
cells and a more active metabolism compared to other
types of cuttings. In the same way, Hartmann et al.
(2011) affirm the great influence of those characteristics
on the greater or smaller rooting ability in different
types of cuttings. Furthermore, considering the
preparation and management of cuttings in a clonal
propagation system, the use of apical cuttings is
preferable over the intermediate (HOUSE etal., 1998)
because for the first type there is no necessity to remove
the apex. This practice also reduces the possibility
of multiple shoots formation, thus reducing the necessity
of labor in the preparation of the propagules
(WENDLING; BRONDANI, 2015).

The fact that apical female cuttings showed tendency
to present greater root vigor goes together with the
survival results of the cuttings in different evaluation
periods. The studies conducted until now have suggested
the use of apical cuttings for Araucaria angustifolia
rooted cuttings production (IRITANI; SOARES, 1983;
IRITANI et al., 1986), mainly because the necessity
to produce plants with orthotropic growth habit. For
some species, there are studies indicating differences
in rooting between apical and intermediate cuttings
(XAVIER etal., 2003); however, this experiment is the
first to assess the use of different types of cuttings
originated by orthotropic shoots for Araucaria
angustifolia.

The significant rooting reduction at 180 DAI
compared to SEGH and SESH, together with not significant
correlation between the first two variables, points out
the necessity to maintain the cuttings into the greenhouse
for a longer period, creating the conditions for them
to develop greater survival capabilities in a less controlled
environment. The stress created by the alteration of
the hydric and illumination conditions, by reducing
irrigation and exposing the rooted cuttings to intense
illumination (full sunlight), have direct influence on
their survival percentage (KRATZ et al., 2015).

Another hypothesis that could justify the reduction
of survival values throughout the experiment relates
to the climatic conditions at the time of collection,
performed in August/2007, in the middle of winter. This
may have impaired the rooting of these cuttings in
the greenhouse, diminishing their capability to survive
in less controlled environment at 120 DAI. This fact
was already verified in experiments with the genus
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Eucalyptus (WENDLING; XAVIER, 2005; ALMEIDA
etal., 2007). In the same way, Trueman et al. (2013)
verified a significant effect of the storage temperature
of stock plants on the production of shoots and rooting
of Corymbia citriodora and Eucalyptus dunnii.

The use of cold-hardy species, of subtropical climate,
has been a challenge for genetic improvement programs
based on clones, mainly because their recalcitrant
characteristic, which reflects directly on their rooting
behavior (ELDRIDGE etal., 1994; ASSIS; MAFIA, 2007;
BRONDANI etal., 2010). The greater emission of shoots
at 180 DAI of the male apical cuttings proves the greater
vigor of apical cuttings for Araucaria angustifolia
propagation, possibly supported by the juvenility of
the propagated material (Figure 3). Several authors
have been underlining the importance to use juvenile
material in order to propagate forest species, mainly
when there is an interest to insert those species in
commercial propagation systems (STENVALL et al.,
2006; WENDLING etal., 2014).

Despite this, the results obtained until now in the
propagation of Araucaria angustifolia are
unsatisfactory. Nevertheless, there is a visible evolution
in the different methods applied, mainly in the use of
methodologies based on rejuvenation of adult material
in order to obtain better rooting indexes. Good results
were already presented using the mini-cuttings technique,
albeit using propagules originated by seeds (PIRES
etal., 2013), the recommended method for the massive
reproduction of this species (WENDLING et al., 2014).

The methodology presented in this work is promising
for the production of Araucaria angustifolia rooted
cuttings. Considering that in this moment the cuttings
technique is recommended only for the initial phase
of the vegetative propagation (recue of selected
genotypes), as a base to obtain rooted cuttings to
be used for mini-cuttings technique (STUEPP et al.,
2014), the methodology here presented can be considered
efficient and suggested for this phase of the Araucaria
angustifolia cloning procedure.

5. CONCLUSIONS

Araucaria angustifolia cuttings from female stock
plants and from the apical portion of the branches with
orthotropic growth habit presented the greatest rooting
ability.
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The cuttings procedures used proved to be adequate
to increase the rooting percentages of the species.
Considering that this technique is important to produce
rooted cuttings for the mini-cuttings technique, we
can assume as the presented procedures are considerable
efficient.
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