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ABSTRACT — Brazilian pine or araucaria (Araucaria angustifolia) is a coniferous tree with great economic,
social and environmental importance in southern Brazil, being exploited for both wood production and for
its edible pine nuts. However, no efficient cloning techniques are available and, therefore, the purpose of
this study was to evaluate the effectiveness of vegetative rescue methods for cuttings propagation of the
species. Shoots/cuttings were generated in two ways: 26 years old trees underwent coppicing and 20 years
old trees had the primary branches on the upper third of crown pruned at 2, 20 and 50 cm from the main trunk.
Orthotropic shoots were rooted after application of indole-3-butyric acid (IBA) at 0, 2,4 and 6 g.L"!. Coppicing
produced 47 cuttings per plant with 90% orthotropic shoots, while pruning resulted in 182 cuttings per plant
with 44% orthotropic shoots. Rooting success indexes were low with no influence of IBA, although they are
slightly superior to the ones available in the literature for the species, ranging from 12 to 30% for the coppice
shoots and from 0 to 28% for the branches shoots. We conclude that both vegetative rescue techniques are
viable and have potentially important applications. Coppicing is recommended for the propagation aiming
the production of wood, while shoots derived from the side branches of the crown are more appropriate for
seeds orchards formation.
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RESGATE VEGETATIVO E ESTAQUIA DE Araucaria angustifolia (Bertol.)
Kuntze

RESUMO — A araucaria, ou pinheiro-brasileiro (Araucaria angustifolia), € uma conifera subtropical de grande
importancia econdmica, social e ambiental no Sul do Brasil, sendo explorada para produgéo de madeira
e pinh&@o. No entanto, técnicas eficientes de clonagem nao estéo disponiveis e, assim, o0 objetivo deste estudo
foi avaliar a efetividade de métodos de resgate vegetativo para estaquia da espécie. BrotagBes/estacas foram
geradas de duas maneiras: arvores de 26 anos sofreram corte raso (decepa) e arvores de 20 anos tiveram
seus ramos primarios no terco superior da copa podados a 2, 20 e 50 cm do tronco principal. Brotacdes
ortotropicas foram enraizadas ap6s a aplicagéo do &cido indol-3-butirico (AIB), a0, 2,4 e 6 g.L. A decepa
produziu 47 estacas por planta, com 90% de brotag8es ortotrépicas, enquanto a poda de galhos resultou
em 182 estacas por planta, com 44% de brotag8es ortotropicas. Os indices gerais de enraizamento foram
baixos, sem influéncia do AIB, embora sejam ligeiramente superiores aqueles disponiveis na literatura para
a espécie, com variacdo de 12-30% para as brotagdes de decepa e de 0-28% para brotagfes de galhos
da copa. Conclui-se que ambas as técnicas de resgate vegetativo sdo viaveis e tém aplicagdes potencialmente
importantes. A decepa é indicada para a propagacao visando a produg¢do de madeira, enquanto brotacdes
derivadas dos ramos laterais da copa sdo mais apropriadas para a formagéo de pomares de sementes.
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1. INTRODUCTION

The Brazilian pine or araucaria (Araucaria
angustifolia) was once widespread in southern Brazil,
but has been in almost continuous decline since the
early 1990s due to a combination of clear-cutting and
intensive exploitation (CARVALHO, 2003) and the species
is today classified as vulnerable in the IUCN red list
of threatened species (IUCN, 2013). Reforestation
programs are limited both in number and success and
part of these limitations may be related to the lack of
information on many important ecological, biological
and physiological aspects of the species (DUARTE
etal.,2002; SOUSA and HATTEMER, 2003). Like most
pine species, araucaria reproduces by seed. However,
extensive propagation and restoration has been
problematic because seeds lose their viability within
a year of being collected (MOREIRA-SOUZA and
CARDOSO, 2003), placing a high premium on the
development of alternative propagation methods.

One potential solution is the development of large-
scale vegetative propagation methods, a commonly
adopted alternative for species where sexual propagation
is frequently ineffective (PIJUT et al., 2011). Such a
system has the added advantage of conserving superior
genotypes, maintaining valuable traits, and reducing
the high risk period when the tree is small and fragile
(CUEVAS-PEREZ etal., 1992). The development of a
successful system of vegetative production will also
allow producers to propagate plants with the same
characteristics as the parent trees (ELDRIDGE et al.,
1994) and, potentially, to engage in propagation
throughout the year (ASSIS et al., 2004; XAVIER et
al., 2009). Despite these potential advantages, scientists
have so far been unable to develop an effective system
of vegetative propagation for A. angustifolia -
preliminary attempts resulted in no more than 25% of
cuttings becoming successfully rooted (IRITANI and
SOARES, 1983), too low for development on a commercial
scale.

The difficulties associated with developing an
effective model of vegetative propagation in araucaria
are not unique. Vegetative rescue of adult plants is
a major challenge in clonal forestry due to the loss
of morphogenic capacity over the course of ontogenetic
aging. Potential solutions include the inducement of
epicormic shoots from dormant buds formed during
primary growth at the base of trees (HARTMANN et
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al., 2011), which can be used as propagating material
(CHALUPA, 2002; PIJUT etal.,2011; WENDLING et
al., 2013). Such induced shoots can be used as cuttings
for adventitious rooting (XAVIER and SANTOS, 2002;
HARTMANN etal., 2011) without the need for extensive
damage to the parent tree. Several techniques have
been developed for inducing shoots in dormant buds.
The foremost of these is probably coppicing, which
can be used in many forest species (ALMEIDA et al.,
2007). Coppicing consists of making a shallow cut in
the selected tree in order to induce juvenile shoots
that can be subsequently removed and used for
adventitious rooting. One of the drawbacks of this
technique (i.e., induction of epicormic shoots) is a
consequence of the so called ‘gradient of juvenility’,
where shoots farther away from the base of the tree are
less juvenile (HARTMANN etal., 2011). Thus, depending
on the position of the shoot, there are different rhizogenic
responses influenced by chronological, physiological
and ontogenetic tree age (PIJUT etal., 2011).

Even if clonal propagules can be effectively
induced, the success of the propagation system may
be limited by rooting rate. Propagule rooting is influenced
by endogenous and exogenous factors, such as
ontogenetic and physiological state, propagule type,
humidity, temperature, light incidence, substrate,
nutritional and hormonal balance, as well as certain
genes and enzyme activity (BASAK et al., 2000; LI
etal., 2009; PIJUT et al., 2011). Nevertheless, the
probability of successful rooting can be enhanced with
growth regulators, such as auxins. One of the most
effective and widely used auxins is indole-3-butyric
acid (IBA), which has low toxicity, low mobility and
high chemical stability (HARTMANN et al., 2011).

The general objective of this study was to develop
an effective and viable method of vegetative propagation
for Araucaria angustifolia. Specifically, we evaluated:
(1) the effectiveness of different methods for inducing
vegetative propagules in adult trees, and; (ii) the rooting
success and the growth habit of cuttings obtained by
different methods (see above) after application of IBA.

2. MATERIALS AND METHODS
2.1. Experiment I — Basal shoots induction via coppicing

In July 2006, 10 parent trees (i.e., five female and
five male) of 26 years old established in a provenance
and progeny test (3 x 2 m spacing) in Parana State,
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Brazil, underwent coppicing at approximately 20 cm
above soil level. Survival of stumps, the number of
shoots and cuttings produced per stump, cuttings type
and growth habit of shoots were evaluated one year
after coppicing. Three length classes (CCB) were used
to classify shoots: class 1 (5 < CCB <37 cm), class
2 (37 <CCB<68cm)and class 3 (68 <CCB <100 cm).
The total number of non-apical cuttings (1242 cm) and
the shoots were also classified as orthotropic, without
definition and plagiotropic. Orthotropic shoots are those
with vertical growth (normal), plagiotropic are those
with oblique or horizontal growth (abnormal) and shoots
without definition were those where no clear growth
habit could be identified. The experiment was conducted
in a completely randomized design with 10 replicates
and one stump per replicate.

2.2. Experiment I1 — Crown shoots induction in pruned
primary branches

In September 2007, 12 parent trees of approximately
20 years old (set in a simple line, spaced 3 m from each
other) had their primary branches of the upper third
of crown pruned (around 40 branches per tree). Branches
were pruned at 2, 20 and 50 cm from the stem. At 70,
110 and 160 days after pruning, the number of shoots
was evaluated according to three length classes (CCB):
class 1 (1d”CCB<6cm),class2 (6d”CCB<12cm)
and class 3 (CCB e” 12 cm). At 220 days after pruning,
the total number of non-apical cuttings produced
(1242 cm) and the shoots were classified as orthotropic,
without definition or plagiotropic (as described in
Experiment I). The experiment was conducted in a
randomized block design with four blocks and one plant
per plot.

2.3. Experiment III — Rooting cuttings of basal shoots

The shoots induced from coppicing (Experiment
I) with orthotropic growth habit were collected (July
2007) and cuttings (1242 cm) were prepared by removing
one third of the base needles. The cuttings were dipped
into a solution of sodium hypochlorite (1% of active
chlorine) for 5 minutes, washed under tap water, and
then treated with systemic fungicide Benomyl (1 g.L")
for 10 minutes for aseptic treatment. After washing
under tap water again, the basal region of each cutting
was immersed for 10 seconds in hydro-alcoholic solution
(1:1 v/v, water: alcohol) with different concentrations
of'indole-3-butyric acid (IBA): T1: water immersion,

T2: immersion in alcohol +water, T3: 2 g.L!, T4: 4 g.L." and
T5:6 g.L "' IBA. Finally, each cutting was inserted into
a 170 mL tube, with vermiculite and carbonized rice
hulls (1:1, v/v) and placed in a greenhouse at a temperature
of 25+2 °C and a relative humidity of above 80%.

After 90 days in greenhouse, the cuttings were
placed in a shade house (i.e., 50% shade) for 30 days
for acclimatization. Finally, the cuttings were exposed
to full sunlight for 50 days for hardening and growth.
Cutting survival was evaluated in the greenhouse and
shade house exit. Rooting success, height and diameter
of the rooted cuttings were evaluated at the end of
the full sunlight period. The number of shoots per cutting
was determined at the exit of greenhouse and shade
house and at the full sunlight area. The experiment
was conducted in a completely randomized design with
four concentrations of IBA and five replicates of 10
cuttings.

2.4. Experiment I'V — Rooting cuttings from crown shoots

Shoots from the crown (i.e., from Experiment II)
were selected from three trees to evaluate the rooting
capacity. Cuttings taken from orthotropic shoots (in
May 2008) were prepared and subjected to the same
procedures and IBA treatments described in Experiment
111, without water immersion. Survival was assessed
at the end of the greenhouse phase. Rooting and total
length of exposed roots at the bottom were assessed
at 170 days. A completely randomized design with four
concentrations of IBA was used, with five replicates
of five cuttings.

2.5. Statistical analysis

Sampled data were tested for normality with the
Shapiro-Wilk test (p<0.05) and Bartlett’s test (p<<0.05),
and transformed when necessary by Box-Cox test. They
were then subjected to analysis of variance (ANOVA,
p<0.01 and p<0.05). According to the significance of
the ANOVA, the qualitative factors were compared by
Tukey test (p<0.05).

3. RESULTS
3.1. Experiment I — Basal shoots induction via coppicing

One year after coppicing, 60% of pruned trees
survived, and all survivors had shoots (data not shown).
Shoots were mostly between 5 and 37 cm length (class
1) for female trees and between 5 and 68 cm (classes
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1 and 2) for male trees (Figure 1A). Out the total number
of shoots obtained from stumps, approximately 90%
showed an orthotropic growth habit (data not shown).
On average, female trees produced 44 shoots and male
trees 39, although this difference was not significant.
Male trees produced more apical cuttings (30) (Figure
1B) as a result of the higher number of shoots produced
in large size classes (2 and 3) (Figure 1A). Female trees
produced more non-apical cuttings (25). On average,
47 cuttings were obtained per stump (26 apical and
21 non-apical), with no significant difference between
these types of cuttings.

3.2. Experiment II - Shoot induction in pruned
primary branches

The pruning of branches at 20 and 50 cm produced
more shoots than branches pruned at 2 cm at all evaluation
period and for practically all shoot classes (Figure 2A,
2B and 3A). The same trend can be observed in the
total number of shoots per tree. At 70 days after pruning
(Figure 2A), the vast majority of shoots were between
1-6 cm. At 110 days (Figure 2B) and 160 days (Figure 2C),
shoots of all size classes were present, there was a
significant increase in shoots in the 6.1-12 cm class
and the >12 cm class at 110 days, which was even more
pronounced at 160 days.

By the standard used for rooting (12+2 ¢cm), no
suitable cuttings were obtained from the 1-6 cm class
of shoots and a small number from the 6.1 to 12 cm
class was obtained. As might be expected, shoots over
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12 cm produced the highest number of cuttings with
the best production associated with pruning at 50 cm
(153 per tree) and at 20 cm (112 per tree) from the trunk
(Figure 2D). The same pattern was observed for total
orthotropic cuttings, with 17, 129 and 182 cuttings
produced per tree for pruning at 2, 20 and 50 cm of
the trunk, respectively.

At 220 days, pruning at 50 cm resulted in the largest
amount and percentage of orthotropic shoots (61 shoots),
i.e. 44% of shoots with this growth habit (Figure 3A
and B). Pruning at 2 and 20 cm from the trunk resulted
in superiority predominance of shoots with no definition
followed by orthotropic shoots. In general, the amount
of plagiotropic shoots was significantly lower than
orthotropic shoots and those with no definition, with
the exception of shoots produced at 50 cm (Figure 3A
and 4B).

3.3. Experiment III — Rooting cuttings of basal shoots

In general, the application of IBA did not enhance
survival and rooting. Survival at the greenhouse exit
(SCV)ranged from 44 to 74%, with no significant difference
between treatments — with the exception of 3 g.LL"! which
had significantly lower values than the control (water
only) (Figure 4A). At the shade house exit (SCS), the
results were similar with the exception of 1 g.L."!, which
showed significantly lower survival than water and
6 g.L!': survival values ranged from 18% (1 g.L") to
42% (water), with an average reduction of 33.2% compared
to the greenhouse. After exposure to full sunlight (APS),

B B Apicals B Non-apicals O Total

Males

Females

Mean

Figure 1 — Number of shoots produced per class (A) and number of non-apical and apical cuttings produced (B) per stump
of male and female plants of Araucaria angustifolia, one year after coppicing. Where: Class] =5 <CCB <37 cm;
Class2=37<CCB <68 cmand; Class 3 =68 <CCB <100 cm.

Figura 1 —Numero de brotac8es produzidas por classe de tamanho (A) e nimero de estacas intermediarias e apicais produzidas

(B) por cepa de plantas macho e fémea de Araucaria angustifolia, um ano apds a decepa. Onde: Classe 1 =
5<CCB <37cm; Classe 2 =37<CCB <68cme; Classe 3 =68<CCB <100 cm.
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Figure 2 — Number of shoots produced at 70 (A), 110 (B) and 160 (C) days, and the number of orthotropic cuttings produced
at 220 days after pruning (D) per class and pruned tree of Araucaria angustifolia. Means followed by the same
letter among different pruning sizesdo not significantly differ (Tukey test at 5%).

Figura 2 — Numero de brotag¢des emitidas aos 70 (A), 110 (B) e 160 (C) dias e numero de estacas ortotropicas produzidas
aos 220 dias ap6s a poda (D) por classe de broto e matriz de Araucaria angustifolia. Médias seguidas pela
mesma letra entre os diferentes tamanhos de poda nao diferem entre si pelo teste de Tukey a 5%.
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Figure 3 — Growth habit of shoots of Araucaria angustifolia 220 days after pruning (A = Number of shoots and B = %). Where:
Plagio = plagiotropic shoots; SD =undefined shoots; Ortho = orthotropic shoots. Means followed by the same uppercase
letter between different growth habits and low case letter between prune sizes do not differ (Tukey test at 5%).
Figura 3 — Habito de crescimento das brotag8es de ramos de Araucaria angustifolia aos 220 dias ap6s a poda (A = Numero
de brotagdes e B = %). Onde: Plagio = brotagfes plagiotropicas; SD = brota¢bes sem defini¢do e; Orto = brotacdes
ortotrépicas. Médias seguidas pela mesma letra maiuscula entre os diferentes habitos de crescimento e mindscula
entre os tamanhos de poda néo diferem entre si pelo teste de Tukey a 5%.
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survival ranged from 12% (1 g.L™") to 30% (water), with
an average reduction of 7.6% compared to shade house.
The number of shoots per cutting did not vary
significantly with the application of IBA during the
rooting phase, with averages of 6.6 in the SCV, 4.0 in
the SCS and 2.8 in the APS (no significant difference
between treatments — data not shown). Comparing
immersion of the cuttings in ethanol + water (50:50
by volume) and water only, it can be seen that survival
and rooting have a similar pattern, indicating that there
are no obvious toxic effects of applying alcohol to
the base of the cuttings.

Determination coefficients (R?) of cuttings height
and diameter during the final evaluation in the APS
showed extremely low values, suggesting that regression
equations are unable to explain the responses of
characteristics assessed for IBA applications. Mean
values were 17.7 cm in height and 6.8 mm in diameter
(data not shown).

3.4. Experiment IV — Rooting cuttings from crown
shoots

Cutting survival at the greenhouse exit was high,
ranging from 88 to 100%, regardless of treatment and
evaluated trees. In general, the values of rooting in
full sunlight area were low, and IBA application did
not enhance rooting except for matrix B, which gave
an increase of about 4% with the application of 2 and
4 gL i.e.,rooting of 8 and 12% over the non-application.
In tree C, the application of IBA resulted in decreased
rooting, i.e. 28% without application to 4 and 8% with
application of 2 and 4 g.L"!, respectively. Therefore,
there is clearly wide variation in rooting response and
the application of IBA between parent trees — with
no rooting at all in tree A. The average length of exposed
roots in the lower portion of the tube at the greenhouse
exit showed no effect of IBA, with a mean value of
4.2 cm, regardless of the treatment (data not shown).

4. DISCUSSION

The development of shoots by forest species is
a key feature for obtaining viable propagules for use
in clonal multiplication techniques. Burrows et al. (1988,
2002) emphasize that plants of the genus Araucaria,
unlike most conifers, retain the ability to issue basal
shoots with juvenile morphology when mature trees
are cut close to ground level. In the present study
this feature was confirmed for Araucaria angustifolia.
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We were able to compare two techniques for obtaining
vegetative propagules, coppicing and pruning primary
branches (i.e., directly on crown of the tree), both of
which may have important implications for rescuing
adult plants for various purposes, including breeding
and conservation genetics.

The observed mortality of 40% of trees subjected
to coppicing may be related to the shade provided
by the surrounding trees, a key factor for obtaining

A
100 A
90 AB AB AB
50 l l
iy [ [
z
£ 60 B
F 501 |
£ 40 -
F 30
20
10
0 - - -
Water Water + ethanol 1 3 6
BA (gL
B
100 -
50
80
= 704
< & A A
ERE I
4 a0 4 AB AB
% 304 I ° |
20 4 [
10
0 . . .
Water Water + ethancl 1 3 6
BA(gLY
(1
100 4
20
80 4
70 4
I
.CE‘J 50 1 A A
T 40
=1 AB AB I
= 30 I T
20 B
10 u
0 . — -
Water Water + ethancl 1 3 6
BA(gLY)

Figure 4 — Survival at greenhouse (A) and shade house exit
(B) and rooting in full sunlight area (C) of Araucaria
angustifolia cuttings originated from stump shoots,
for different IBA concentrations.

Figura 4 — Sobrevivéncia na saida da casa de vegetagéo
(A), casa de sombra (B) e enraizamento em area
de pleno sol (C) de estacas de Araucaria
angustifolia, oriundas de brotacdes de cepas,
em funcao de diferentesconcentracdes de AlB.
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shoots from trees (SAMPAIO et al., 2005). Other
potential causes of mortality include time of year,
the height of the cut (BORGES JUNIOR et al., 2004;
PERRANDO and CORDER, 2006) and the age of the
trees (PERRANDO and CORDER, 2006; HARTMANN
etal.,2011). However, clarifying the causes of
shooting failure is not an easy task, given the many
factors that may be involved (STURION and HIGA,
1997).

Plagiotropism in araucaria is also a great challenge
that needs to be overcome (OLIVEIRA, 2010;
WENDLING, 2011). For example, it has been observed
that rooted cuttings of primary branches still had
horizontal growth four years after planting (OLIVEIRA,
2010), preventing the development of normal plants.
In the present study we obtained 90% of orthotropic
shoots after coppicing (Experiment I), and only 44%
after pruning (Experiment IT). However, pruning
produced almost four times the total amount of
orthotropic cuttings per tree, the ultimate goal of these
vegetative rescue technologies.

Pruning also resulted in a reasonable proportion
(31%) of shoots without definition (Figure 3B). These
are problematic, since it is not known if they will become
plagiotropic or orthotropic. Plagiotropic growth refers
to growth of vegetatively produced plants that deviates
from vertical (orthotropic) and which continues to
form a lateral branch (ZOBEL and TALBERT, 1984).
However, there are no studies attempting to characterize
these morphological and physiological habits, making
it difficult to identify shoots that are not clearly
orthotropic or plagiotropic (without definition).

Probably the most important factor in the
production of shoots and cuttings from pruned branches
is the availability of light, similar to results shown
in araucaria seedlings by Lowe and Dillenburg (2011).
This can be enhanced in the field by wider spacing
of trees in single line, in contrast to the high density
planting (3 x 2 m) seen in the coppiced trees. Pruned
branches produced more shoots and cuttings than
coppiced trees, taking into consideration the larger
area of remaining stem with needles and the presence
of preformed trace buds that is characteristic of the
Araucariaceae (BURROWS, 1990, 2002) in general,
and Araucaria angustifolia specifically. In this species
the initial meristematic axillary buds can be found
in all needles (FINK, 1983). These results are similar

to the observations of Wendling et al. (2009), and
indicate that pruning is a viable alternative for obtaining
shoots in this species.

No significant differences were observed between
coppiced trees of different sexes in relation to total
cuttings produced, although there was an increase
in apical cuttings production in male plants and non-
apical in females (Figure 1B). By contrast, female trees
produced a larger number of total shoots and had
a higher production of small shoots (Class 1) (Figure
1A), possibly indicating greater vigor of this sex. This
result is consistent with Zanon et al. (2009), who found
a greater number of female trees in large diameter classes
in an araucaria plantation, although there was no
significant difference in mean diameter between male
and female plants. It is also consistent with results
from studies of llex paraguariensis, another dioecious
plant, where female trees produced on average 15.1%
more leaf mass than males at five years and eight months
ofage (STURION etal., 1995).

In general, stump survival and cuttings production
is low compared to other species, such as Eucalyptus
(HIGA and STURION, 1997; ALMEIDA et al., 2007).
Moreover, araucaria produces about 10% of
plagiotropic shoots, which are inappropriate for
cuttings aimed at timber production (WENDLING
etal., 2009), although these can be used in grafting
for seed production. Apical shoots are typically used
as cuttings for araucaria (IRITANI et al., 1983; 1986),
but no comparative studies have been made between
cutting types. In other forest species some studies
indicate no difference in rooting between apical and
non-apical cuttings (XAVIER et al., 2003), while others
suggest that apical cuttings produce better results
(RIECKERMANN et al., 1999), suggesting the need
for further studies in araucaria.

From the aspect of handling and managing cuttings
in clonal multiplication systems (i.e., cuttings and
minicuttings techniques) it is desired to obtain a greater
amount of apical cuttings rather than non-apical ones
(HOUSE et al., 1998), since in apical cuttings there
is no need of removing the apex, and also less propensity
to form rooted cuttings with multiple shoots, reducing
hand labor in the nursery production system.

Rooting is one of the critical aspects of vegetative
propagation (XAVIER et al., 2009). In general, the rates
of rooting obtained in this study were low when
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compared with other forest species with established
production systems such as Eucalyptus (ALMEIDA
etal.,2007; XAVIER etal., 2009) and llex paraguariensis
(BITENCOURT etal.,2009; WENDLING et al., 2013).
In conifers of the genus Pinus, vegetative propagation
by cuttings has been studied for several decades and,
in general, the species of this genus are considered
as difficult to root. Indeed, rooting is virtually impossible
in a large number of them when the plant material has
not originated from seedlings (XAVIER et al., 2009).
In the present study, a rooting success of 12 to 30%
(stump shoots - Figure 4C) and 0 to 28% (shoots of
crown branches) are still slightly higher than those
available in the literature (0 to 19.4%) for araucaria
(TESSDORFF, 1968; IRITANI et al., 1986). It should
be also noted that the present study used adult trees
(26 and 20 years old respectively for stump and branch
shoots), in which the morphogenic capacity is smaller
(HACKETT and MURRAY, 1993; HARTMANN et al.,
2011) than young plants (seed origin).

The higher rooting of cuttings originating from
stumps was anticipated, since the base of the tree is
aregion where the tissues are more juvenile and more
prone to adventitious rooting and growth vigor
(HACKETT and MURRAY, 1993; HARTMANN et al.,
2011; PIJUT et al., 2011). Also, according to this
hypothesis, the use of more mature propagules near
the apical meristem for vegetative propagation results
in earlier flowering and lower canopy height —
characteristics shown in araucaria by Wendling (2011).
Thus, the two vegetative rescue techniques developed
for araucaria may have different important applications.
Plants derived from stumps are potentially more
appropriate for the wood production while those derived
from pruning may be better for the creation of pine
nut orchards (Figure 5).

There was a significant overall reduction in survival
between the greenhouse exit and the effective rooting
in the full sunlight area for cuttings derived from both
stumps (Figure 4A) and crowns. However, in shoots
derived from stumps the reduction was less pronounced
than those from crown. This may be an indicative of
benign conditions in the rooting environment, where
even shoots without roots survived well. It may also
be a result of an increased reactive capacity of basal
propagules (more juvenile) and rooting recalcitrance
of most adult plants (HACKETT and MURRAY, 1993).
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The non-toxic effects of the alcohol applied to the
base of the cuttings is a good indication that it can
be used freely for vegetative propagation — it has
traditionally been used for dilution of IBA prior to its
application to cuttings and minicuttings (ALMEIDA
etal.,2007; BITENCOURT et al., 2009; FERREIRA et
al.,2010). In general, no significant effects of IBA application
were observed (Figure 4A, 4B and 4C). This response
may be related to the physiological characteristics of
the cuttings (ELDRIDGE et al., 1994). For example, in
this case the relationship between auxin/cytokinin may
not be a limiting factor for induction of adventitious
roots (PIJUT et al., 2011). The apparent toxicity of IBA
application to tree C, even in relatively low concentrations,
needs to be further investigated: for species of low rooting
ability, these concentrations usually do not cause this
effect (FERREIRA etal.,2009; LOPES etal.,2011). The
occurrence of variation in hormone response between
genotypes is clear and universally accepted (HARTMANN
etal.,2011), and therefore will not be discussed here.

For commercial propagation of forest species for
wood production, shoots from field have only been
used to obtain initial rooted cuttings for minicutting
technique (ASSIS et al., 2004), which shows a series
of advantages over the first, particularly with respect
to higher percentage of rooting and final multiplication
rates (ASSIS etal., 2004; XAVIER etal., 2009). For araucaria,
minicuttings technique has been developed with good
success for juvenile propagules derived from seedlings
(PIRES, 2012), which is an excellent indication of the
potential suitability of adults for vegetative propagation.
For seeds production, on the other hand, the technique
with larger application in forest species is grafting (ROCHA
etal., 2002) with the use of adult propagules from the
crown. This technique is still under development in
araucaria, although important results have already been
obtained (ZANETTE etal.,2011; WENDLING, 2011).

5. CONCLUSION

Based on the foregoing discussion, we suggest
that the first rescue technique (shoots from stumps)
is most appropriate for producing cuttings to support
the development and subsequent commercial use of
the minicutting process. In contrast, the second method
(shoots from crown branches) is most appropriate to
provide propagules for grafting to form orchards for
early Brazilian pine nut production, generating shorter
plants with known gender and nuts quality.
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Cutted tree Induced sprouts

Acclimatazation:
Shade house (30 days)

Hardening:
Full sun area (50 days)

Cut lateral branches Induced sprouts

Greenhouse (20 days)

Rooting:

Rooted cutting

Figure 5 — Sequence diagram of the rescue and cutting process of Araucaria angustifolia used in this study.
Figura 5 —Sequéncia esquematica do processo de resgate e estaquia de Araucaria angustifolia utilizado no presente estudo.
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