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Abstract

Our study sought to evaluate the rooting capacity of indole butyric acid (IBA)-treated stem cuttings and the
efficiency of the vegetative rescue technique of adult and transitional parent trees of Lecythis pisonis. Softwood,
hardwood, and semi-hardwood leafless cuttings treated with IBA (0; 2,000; 4,000; 6,000; and 8,000 mg kg') were
tested in a randomized block design with four replicates and 10 cuttings per plot. The growth of epicormic shoots
was also evaluated in 60-cm branches removed from the tree canopy and kept in greenhouse for 60 days. Cuttings
from adult trees did not form roots. Softwood cuttings from transitional trees had a very low rooting percentage.
In both cases, no influence of IBA concentrations were observed. The use of the sectioned-branch technique was

feasible for inducing sprouts.
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1. INTRODUCTION AND OBJECTIVES

Sapucaia (Lecythis pisonis Cambess) is a native species to
the Atlantic Rainforest and Amazon region (Smith, 2014),
which belongs to the Lecythidaceae family. It is suitable for
plantations such as agroforestry systems and recovery of
degraded areas (Inhetvin, 2010). Studies on the nutritional
composition of their nuts such as cashew nut (Anarcadium
occidentale Linnaeus) and Brazil nut (Bertholletia excelsa
Humboldt & Bonpland) suggest they can be used for human
consumption (Carvalho et al., 2012; Denadai et al., 2007).

Sapucaia propagates mainly by seeds, with sowing occurring
as soon as the seeds are extracted from the fruit (Lorenzi,
2008) due to their short viability (Garay et al., 2012).

However, this species has a low natural frequency in the
forests and blooms sporadically: some individuals bloom
annually, and others each five years (Wickens, 1991). The
beginning of its fruiting is delayed, starting on average after 15
years, when the tree achieves 10.8-12.8 m in height (Rizzini,
1971). Moreover, seeds are fundamental for the food chain,
since they are highly sought after by medium and large size

animals (Inhetvin, 2010). All these factors contribute to a
small annual seed production.

Low production and difficulty in obtaining the seeds
make the vegetative propagation by cutting a very interesting
technique. The sprouts for the cutting production could be
collected from transitional or mature trees, regardless of the
fruiting season and avoiding all difficulties of picking the
fruits. In addition, cuttings of genotypes with higher fruit
productive capacity could be collected from adult trees, which
would contribute to the supply of seedlings for plantations
designed for nut production.

Several factors affect the rooting of the cuttings, including
the parent plant physiological conditions, juvenility, rooting
environment conditions, and position and degrees of lignification
of the branches (Silva et al., 2011). Rooting capacity can be
improved by factors such as the presence of leaves on cuttings,
as well as the use of intermittent nebulization and growth
regulators (Scaloppi Junior & Martins, 2014).

The application of plant regulators, mainly of the auxin
group, has been considered as a favorable factor for adventitious
rooting in several species. The use of indole-3-butyric acid
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(IBA) has been shown to be the most effective regulator in
most cases (Sauer et al., 2013), especially for forest species.

Our study sought to evaluate the rooting potential of IBA-
treated stem cuttings obtained from adult and transitional
sapucaia trees, as well as the viability of shoot production
on branches removed from adult trees.

2. MATERIALS AND METHODS

Branches for cutting production were collected from
eight parent trees located in four different municipalities in
the state of Espirito Santo (Table 1).

The chemical, physical and organic matter (total organic
carbon) characterization of the soil was conducted in three-
point samples collected with a screw type soil auger in the

crown projection area of the trees, at the depth of 0-20 cm.
The results (Table 2) indicated that, in general, the trees were
located in fertile soils with a good nutritional balance for the
plants (Alvarez et al., 1999).

Our study was conducted from October 2015 to April
2016 in a greenhouse at the experimental area of the Forest
Sciences and Wood Department of the Universidade Federal
do Espirito Santo (DCFM-CCAE-UFES), located in the
municipality of Jerdbnimo Monteiro, ES. The experimental
area is located between the coordinates 20° 47’ 30.3” South
Latitude and 41° 23’ 21.8” West Longitude.

According to the Képpen International classification, the
predominant climate in the region is Cwa, with rainy summer
and cold and dry winter, with average temperature of 23.1 °C,
and 1341 mm total average rainfall (Lima et al., 2008).

Table 1. General characteristics and location of the selected parent trees in different municipalities of the state of Espirito Santo, in 2015.

Parent tree/
coordinate

M1]
20° 74 30” Lat.
41° 23’ 21” Long.
M2J
20° 47’ 46” Lat.
41° 24’ 22” Long.
MiC
20° 45’ 14” Lat.
41°17° 29” Long.
M2C
20° 45’ 10” Lat.
41° 17 25” Long.
MI1A
20° 43’ 01” Lat.
41° 26’ 05” Long.
M2A
20° 43’ 05” Lat.
41° 26’ 13” Long.
MI1L
19° 08 11” Lat.
40° 03’ 30” Long.
M2L
19° 08’ 127 Lat.
40° 03’ 31” Long.

Total height

Municipality (m)

Jeronimo Monteiro 4

Jer6nimo Monteiro 2.5

Cachoeiro de Itapemirim 13

Cachoeiro de Itapemirim 13

Alegre 13

Alegre 16

Linhares 15

Linhares 14

Branch height Chronological age S
(m) (years)
2 6 Transitional
0.5 6 Transitional
3.2 20 to 25* Adult
6.2 20 to 25* Adult
4.5 25 to 30* Adult
6.5 25 to 30* Adult
7.5 27 Adult
8 27 Adult

* Age estimation; the actual age of the trees are unknown, since there are no records of the plantings.

Table 2. Chemical and physical characteristics of soil collected from the crown projection area of the sapucaia trees, in different municipalities

of the state of Espirito Santo, 2015.

Characteristic
M1J M2J
Physical
Clay (%) 0.00 16.00

Parent tree

Mi1C M2C M1A M2A MI1L M2L

28.00 35.00 55.00 38.00 15.00 15.00
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Parent tree

Characteristic
M1]j M2J Mi1C M2C M1A M2A MI1L M2L
Silt (%) 24.00 5.00 17.00 7.00 10.00 13.00 3.00 2.00
Sand (%) 76.00 79.00 55.00 58.00 35.00 49.00 82.00 83.00
Chemical
Phosphorus (mg dm?) 18.91 7.63 75.61 36.20 51.57 43.89 8.11 11.18
Potassium (mg dm?) 97.00 97.00 103.00 144.00 292.00 284.00 79.00 94.00
Sodium (mg dm”) 12.00 4.00 0.00 14.00 11.00 54.00 7.00 8.00
Calcium (cmoc dm?) 1.81 1.01 12.86 4.60 3.98 5.06 3.35 1.32
Magnesium (cmoc dm?) 0.94 0.84 1.71 1.63 1.78 1.52 0.99 0.80
Aluminum (cmoc dm?) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20
H + Al (cmoc dm?) 3.05 2.14 0.00 3.05 4.29 3.71 2.80 3.96
Base sum (cmoc dm?) 3.06 2.13 14.84 6.66 6.55 7.55 4.58 2.39
CEC (cmo cdm?) 3.06 2.13 14.84 6.66 6.55 7.55 4.58 2.59
CEC at pH 7 (cmoc dm®) 6.11 4.28 14.84 9.72 10.84 11.26 7.38 6.35
Base Saturation (%) 50.04 49.87 100.00 68.58 60.44 67.03 62.01 37.63
Aluminum saturation (%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.73
Organic matter (g kg™) 12.77 12.60 32.58 46.07 35.71 35.80 22.61 19.28
pH in water 5.79 591 7.35 6.61 5.93 6.24 5.73 5.21

The greenhouse has a galvanized aluminum structure,
chapel ceiling, and is covered with a low density transparent
polyethylene. The intermittent irrigation system consisted of
six rows placed 1.5 m apart, with spray nozzles at each 1 m,
controlled by a device activated every three minutes, with
an uninterrupted wet period of 15 seconds.

Two experiments were conducted to investigate vegetative
propagation in sapucaia.

2.1. Experiment 1: Rooting potential of
sapucaia cuttings

Sprouts were collected early in the morning from branches
located in the nearer part of the tree base. For shorter trees
with up to 4 m in height, we used an extendable tree pruner.
For taller trees, with more than 13 m in height, the collection
was done by a climber equipped with a hand pruning saw. In
all trees, sprouts were collected on the lower branches, and
the heights ranged according to the tree height (Table 1).

After collecting the branches, the lateral sprouts were
removed, cut, and packed in polystyrene boxes. Water was
hand-sprayed on the material until the step of cutting conducted
in the next morning to keep vigor and turgescence due to the
distance between the collection site and the experimental site.

Softwood and semi-hardwood cuttings were made from
the branches of the trees M1C, M2C, M1A and M2A, M1]J,
and M2] (with a pair of halved leaves). From the trees M1L
and M2L, besides softwood and semi-hardwood cuttings

Floresta e Ambiente 2020; 27(4): €20180261

(with a pair of halved leaves), we also made hardwood cuttings
(without leaves). Stem cuttings were prepared with 9-12 cm
in length, with the lower part bevel-edged, and containing
at least 4 buds.

Hardwood cuttings were removed from 2-year-old shoots,
while softwood cuttings (apical portion) and semi-hardwood
(basal portion) were taken from current-year shoots.

The cuttings were disinfested with 0.3% sodium
hypochlorite for 5 minutes and washed in tap water. Then,
the basal end of the cuttings was dipped approximately 3 cm
into the dry powder of indole-3-butyric acid (inert talc) at the
concentrations of 0; 2,000; 4,000; 6,000; and 8,000 mg kg™

The different concentrations of IBA were prepared by
mixing with powdered industrial talc (3Mg0.4Si02.H20).
To prepare 10,000 mg of the IBA-containing formula at 2,000;
4,000; 6,000; and 8,000 mg kg™, we dissolved 20, 40, 60, and
80 mg of pure IBA in pure ethyl alcohol, then mixed with the
industrial talc to make up to 10,000 mg, and let the mixture
dry at room temperature prior to use.

The cuttings were planted in plastic tubes (123 cm?) with
the basal region inserted in the substrate. Sand sterilized at
127 °C in autoclave (steam saturated under pressure) for
60 minutes was used as substrate. To avoid sand leakage, a
layer of approximately 2 cm of commercial substrate was
placed on the bottom of the tube with slightly moistened
decomposed pinus bark.

The experiment was arranged in a randomized block
(6 x 2 x 5) factorial design, with six parent trees, two types



4-8 Bernardes VP, Gongalves EO, Santana BT, Alexandre RS, Wendling I

of cuttings (softwood and semi-hardwood), and five IBA
concentrations (0; 2,000; 4,000; 6,000; and 8,000 mg kg™) for
the trees M1C, M2C, M1A, M2A, M1J, and M2]J. For trees
MI1L and M2L, we used a 2 x 3 x 5 factorial design with two
genotypes, three cutting types (softwood, semi-hardwood,
and hardwood), and the same five IBA concentrations.

All treatments were arranged with four replications and 10
cuttings per plot due to the lacked material of some parent trees,
the difficulty of collecting from tall trees and branches that not
always had current year sprouts at the time of the collection.

After 120 days in the greenhouse, the results allowed us to
analyze the following variables: percentage of dead cuttings,
percentage of live cuttings, and percentage of cuttings with calli.

Data were analyzed by analysis of variance using Assistat
7.7 software (Silva & Azevedo, 2002).

2.2. Experiment 2: Induction of epicormic
shoots in sectioned branches

In this experiment, we used only branches from adult
parent trees.

At the collection site, the pruned branches were cut
to a size of approximately 60 cm in length, with different
diameters, placed in polyethylene bags, and watered when
necessary until arriving at the greenhouse. In the greenhouse,
the branches had their ends protected with a plastic bag to
avoid water loss and were placed on suspended garden beds,
remaining there for 60 days.

After 60 days, the epicormic shoots formed on the
branches would be used to produce cuttings to test their
rooting capacity; however, not enough material was obtained
because not all shoots reached the minimum size for use.
Thus, we evaluated the total number of sprouts arisen from
the branches collected from the parent trees.

3. RESULTS AND DISCUSSION
3.1. Rooting potential of sapucaia cuttings

There was an excessive leaf drop from softwood and
semi-hardwood cuttings of adult trees seven days after the
experiment set up. The leaf drop lasted up to 45 days after
planting, when all the cuttings lost all their leaves. Then, 120
days after, there was no surviving cutting.

The softwood and semi-hardwood cuttings from the
transitional trees, however, remained with leaves up to 90 days
after planting, and at the end of the experiment (120 days) a
softwood cutting of M1] parent treated with 4,000 mg kg™
IBA remained alive, with leaf and root formation.

The early leaf loss of softwood cuttings from the adult
trees were compared with cuttings removed from transitional
trees, suggesting that the ontogenetic age of the parent plant
affects leaf retention in softwood cuttings. This fact is related
to the different physiological characteristics between parent
plants due to changes in the apical meristems undergone by
plants in the transition from the juvenile to the adult phase,
which occur at distinct developmental and ontogenetic ages
(Hartmann et al., 2011). A similar result was observed in the
study by Neves et al. al. (2006) with the species Erythrina
falcata, in which cuttings from juvenile material continued
with leaves during the 80 days of the experiment, which
did not occur with the softwood cuttings from adult trees.

In our study, early leaf drop may have compromised
the survival of softwood and semi-hardwood cuttings, and,
consequently, hampered root formation, since leaves are sites
of auxin synthesis and carbohydrates. Therefore, leaf retention
is expected to promote survival and root formation. Moreover,
rooting and survival of leaf cuttings are likely to be related to
the synthesis of phenolic compounds by the shoots (Pacheco &
Franco, 2008). These authors also report that certain phenolic
compounds such as caffeic, catechol, and chlorogenic acids
interact with auxins, inducing the initiation of the roots.

Studies on species like Tibouchina sellowiana (Bortolini etal.,

2008; Nienow et al., 2010) and Erythrina falcata (Betanin &
Nienow, 2010) corroborate these results. In these studies, the
high mortality of the cuttings or even the absence of rooting was
related to early leaf drop, and greater percentages of survival and
rooting to leaf retention for longer periods after the planting.

Despite the longer-lasting leaves, cuttings from transitional
trees also did not survive after 120 days, except for one cutting
that had a leaf. However, there was on average 80.5% of callus
formation on the base of the softwood cuttings from the M1]
parent tree. The effect of the concentrations used on callus
percentage was not significant (Table 3).

Table 3. Percentage of cuttings with callus formation after 120 days
in greenhouse, for the different concentrations of indole-3-butyric
acid (IBA), on softwood cuttings from the parent tree M1J, 2015.

Concentration (mg Kg™') Callus formation (%)

0 77.50
2,000 77.50
4,000 82.50
6,000 82.50
8,000 82.50
Mean 80.50

Coefficient of variation (%) 13.03
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The treatment with IBA resulted in higher percentage
of callus for some species such as Tectona grandis (teak)
(Georgin et al., 2014). On the other hand, results obtained
by Endres et al. (2007) and Leandro & Yuyama (2008) for
Caesalpinia echinata and Couepia edulis indicated that
IBA did not increase or affect calli formation in cuttings of
these species, as we observed for softwood cuttings from
the parent tree M1].

Hartmann et al. (2011) stated that, when a cutting is
prepared, the cells of the cut surface are injured and a healing
and regeneration process initiates. The effect of the injury
at the base of the cuttings is beneficial for rooting, since it
stimulates cell division and callus formation; and cell activity
in the injured area is stimulated by increased respiratory
rate and the contents of auxin, carbohydrate, and ethylene,
resulting in root formation in the lesion margins.

In our study, we found that the softwood cutting of
sapucaia with rooting formed callus near the cut. A similar
finding was reported by Souza & Lima (2005) and Barbosa
et al., (2007) for cuttings of the species Spondias mombin
and hybrids of Pyrus pyrifolia x Pyrus communis (pear),
respectively, showing that adventitious roots were formed
near the cambial region and on the callus tissue at the base
of the cuttings.

The presence of a live and rooted cutting may indicate that
the cuttings of transitional trees have the potential for root
formation. However, since the greenhouse had no temperature
control, temperature may have excessively increased at some
point, which contributed to the death of cuttings that formed
callus before root emergence.

Cuttings of Caesalpinia echinata Lam. (Brazil wood)
and Sapium glandulatum (milktree) with callus may form
roots in the long term if they remain in the rooting bed, as
suggested by Endres et al. (2007) and Ferreira et al. (2009),
respectively. It could have been tested in our study for
softwood cuttings from the M1]J parent tree of sapucaia,
as well as a better control of temperature and moisture of
the rooting place.

Regarding the hardwood cuttings of M1L and M2L parent
trees, the statistical analysis showed no significant interaction
between the factors genotype and concentration for the
variable “survival percentage’, indicating the independence
of the factors. No significant differences for the genotypes
used were observed in the variable analyzed and in the
concentrations of AIB applied (Table 4).

No effect of IBA concentrations indicates that the survival
of sapucaia hardwood cuttings is not related to the regulator,
but actually to the type of cutting used. This indicates an
absence of toxicity of the IBA at the concentrations used,
since it is easily observed by the marked reduction in rooting
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or death of cuttings with increasing concentration of idol-3-
butyric acid, according to Heintze et al. (2015).

Table 4. Percentage of surviving cuttings after 120 days in greenhouse
under different concentrations of indole-3-butyric acid (IBA) applied
to hardwood cuttings from the parent trees M1L and M2L.

Parent tree Treatment Survival (%)
MI1L 0 52.5
MIL 2,000 57.5
MI1L 4,000 37.5
MI1L 6,000 57.5
MI1L 8,000 57.5
M2L 0 47.5
M2L 2,000 42.5
M2L 4,000 52.5
M2L 6,000 60.0
M2L 8,000 52.5
Mean - 52.75

In general, the hardwood cuttings in our study showed a
good survival rate, with a mean of 52.75%, during the period
evaluated. However, despite their survival, these cuttings did
not present root or callus formation.

These results probably occur due to the higher lignification
of the tissues of these cuttings, which provides a greater
resistance to water loss, enabling their survival without
rooting during the period in the greenhouse. However,
higher lignification prevents root formation, since the
maturation of plant tissues forms a physical barrier to root
emergence by lignin deposition on cell walls and reduces
the physiological ability to form root primordia (Xavier
et al. 2013; Hartmann et al., 2011). Anatomical studies
could confirm this hypothesis, since a continuous ring of
sclerenchyma is formed between the phloem and the cortex
outside the origin point of the adventitious roots with
steam ageing and maturation, and these cells can hinder
the rooting process (Hartmann et al., 2011).

The non-rooting of cuttings from adult trees may also
have occurred due to the age of the M1L and M2L trees,
with 27 years of age. In vegetative propagation of woody
species, the rhizogenic capacity reduces with the increase of
the plant ontogenetic age, as mature branches tend to have a
lower concentration of auxin (Xavier etal., 2013). According
to Xavier et al. (2013), the rooting inhibitor accumulation
increase and phenolic levels reduce with tissue ageing, in
addition to the existence of anatomical barrier of lignified
tissue between the phloem and the cortex.

Santos et al. (2011) studied the rooting of hardwood
cuttings from branches of adult trees and found that the
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species Tapirira guianensis, Sebastiania commersoniana,
Erythrina falcata, Inga marginata, Inga vera, Magnolia
ovata, Maclura tinctoria, and Casearia sylvestris had no
adventitious rooting potential, even if maintained under
favorable environmental conditions (27 °C temperature
and 85% relative humidity).

Many species that were initially considered difficult to
propagate proved to be capable of vegetative propagation
with the optimization of the nutritional status of the parent
plant, the propagation environment, or of treatments such
as auxin application (Atangana et al., 2006; Majada et al.,
2011; Trueman et al., 2007; Wendling et al., 2010). These
improvements may be applied in future studies aimed at the
vegetative propagation of sapucaia.

Other techniques of asexual propagation can be evaluated
such as grafting, air layering, or cuttings from more juvenile
parent material that could be obtained from a mini-garden
of seed-derived seedlings. In the last situation, however, we
would not have had prior knowledge of genotype expression,
regarding the superior characteristics of size and nut yield,
which is important for the production of seedlings to
plantations for nut production.

3.2. Induction of epicormic shoots in sectioned
branches

Table 5 shows the efficiency of the technique for inducing
sprout formation on branches collected from the parent trees
M1C and M2C. A total of 70 and 74 sprouts emerged on
branches from M1C and M2C trees, and 58 and 60 sprouts
of branches from MI1A and M2A trees.

Table 5 also shows that sprout formation on branches
from the parent trees M1L and M2L was lower the other
trees. This result may be related to the low genetic capacity of
shoot formation of these parent trees, or to the fact that the
branches were collected from the canopy at 7.5 m above the
ground level. In some plants, especially woody plants, there
is a juvenile gradient toward the base of the tree, since the
meristems closer to the base were formed nearer to germination
stage than those of apical regions (Hartmann et al., 2011).

Despite the emergence of enough sprouts for at least
one treatment, these sprouts were not used due to their
irregular size, most of them with less than 4 cm in length. It
is also important to inform that these shoots have no great
longevity, since the mortality rate was almost 100% after 60
days of emergence. A similar result was found in a study
by Wendling et al. (2009), which showed a high mortality
of sprouts induced in adult trees of Araucaria angustifolia
after120 days, besides the low sprout emergence.

Juvenile propagules of adult plants are important to enable
the vegetative propagation of species of difficult rooting, since
rejuvenation may be a viable strategy when adult shoots do
not root or when they present low rooting percentage and
vigor (Rickli et al., 2015).

Table 5. Average number of sprouts emerged per sectioned branch
(60 cm) of the parent trees M1C, M2C, M1A, M2A, M1L, and M2L,
after 45 days in greenhouse.

Parent tree Sprout/branch (mean)

Mi1C 7.0
M2C 7.4
MIA 5.8
M2A 6.0
MIL 0.2
M2L 0.3

Our study presents promising findings, since they
showed that the vegetative rescue is a feasible technique
for inducing sprouts. The problem of insufficient material
can be overcome by collecting a greater number of
branches, or by using these branches to test other vegetative
propagation methods, with smaller propagule sizes, as in
in vitro propagation.

4. CONCLUSIONS

Softwood and semi-hardwood stem cuttings of transitional
and adult sapucaia trees have the survival compromised
with the early leaf drop, being unable to demonstrate their
rooting potential.

The concentrations of indole-3-butyric acid do not
affect callus formation of softwood cuttings with leaves
and the survival of hardwood stem cuttings from adult
parent trees.

The vegetative rescue is a feasible technique for inducing
sprouts; however, their rooting potential needs to be evaluated.
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