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ABSTRACT: Cedrela fissilis is a species of great genetic diversity, with low population density and seminal propagation, which causes
difficulties in the vegetative propagation process. This research evaluated the vegetative rescue and propagation of stem cutting rooting
originated from epicormic and canopy sprouts of C. fissilis. For this, the induction of epicormic sprouts was evaluated 52 days after the
complete girdling and semi-girdling 20 and 40 cm from the ground, and no girdling treatment, during spring (2018), summer (2018) and
autumn (2019). The variables evaluated were, survival (%), sprouting (%), number, length (cm) and diameter (mm) of sprouts. The cuttings
were made from spring epicormic sprouts, divided in two categories: 10 cm cuttings placed vertically in pits and 5 cm cuttings placed
horizontally in furrows. The canopy sprouts were collected in the summer, then cut in apical and intermediate cuttings (15 cm). After 60 days,
the cuttings were evaluated in survival (%), rooting (%), callus (%), average number and length of roots (cm). Results showed that only the
complete girdling produced sprouts (average >67%) with no difference between 20 and 40 cm heights, with a greater number of sprouts during
spring. The cuttings from epicormic sprouts, planted vertically in pits presented higher percentage of rooting (44%) than cuttings planted
horizontally in furrows (17%). Cuttings from the canopy had inconsiderable rooting (apical - 2%, intermediate - 0%). The girdling periods
influences the number of epicormic sprouts and its use for cutting was more efficient in rooting.

Key words: Pink cedar, cloning, seasons of the year, types of cutting, rejuvenation.

Resgate vegetativo de Cedrela fissilis Vell. por enraizamento de estacas
de brotos epicormicos e de copa

RESUMO: Cedrela fissilis é uma espécie de grande diversidade genética, com baixa densidade populacional florestal, de propagacdo
seminal, que apresenta dificuldade de ser propagada vegetativamente. O objetivo deste trabalho foi avaliar o regate e propagagdo vegetativa
a partir do enraizamento de estacas de origem epicormicas e de copa de C. fissilis. Para isso, a brotagdo epicormica foi avaliada 52 dias apos
o anelamento completo e semianelamento nas alturas de 20 e 40 cm, e tratamento sem anelamento, durante primavera (2018), verdo (2018)
e outono (2019). Foram avaliados: sobrevivéncia das drvores (%), brotagdo (%), numero, comprimento (cm) e diametro (mm) de brotos. A
estaquia utilizou brotos epicormicos de primavera, divididos em duas categorias: estacas com 10 cm colocadas verticalmente em covas e
estacas de 5 cm colocadas horizontalmente em sulcos. Brotos de copa foram coletados no verdo, cortados em estacas apicais e intermedidarias
(15 cm). Apos 60 dias avaliou-se das estacas: sobrevivéncia (%), enraizamento (%), calos (%), niimero médio e comprimento de raizes (cm).
Os resultados apresentam que apenas o anelamento completo formou brotos (média >67%), sem diferenca entre a altura 20 e 40 cm, com
maior numero de brotos durante a primavera. As estacas de brotos epicormicos, plantadas verticalmente em covas, apresentaram a maior
porcentagem de enraizamento (44%) que estacas plantadas horizontalmente em sulcos (17%). Estacas de copa obtiveram enraizamento
desconsideravel (apicais - 2%, intermediarias - 0%). As épocas de anelamento influenciam no nimero de brotos epicormicos e seu uso como
estacas foi mais eficiente no enraizamento.

Palavras-chave: Cedro-rosa, clonagem, época do ano, tipos de estaca, rejuvenescimento.

INTRODUCTION industry, occurring in the Amazon and Atlantic Forest
biomes of Brazil (MARTINS & LAGO, 2008).

The pink cedar (Cedrela fissilis Vell.), Irrational extractivism has threatened the pink cedar
Meliaceae botanical family, is a tree species of great population, causing it to enter the list of endangered
importance to the national and international logging species in Brazil (BRASIL, 2014). The species
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is hermaphrodite, has predominantly allogamous
reproduction and great genetic diversity with the
possibility of selection of superior tree genotypes
(KAGEYAMA et al., 2003).

The vulnerability of this species is
aggravated due to its natural multiplication-
distribution pattern, which has showed its occurrence
on isolated individuals, besides the low population
density in the remnant forests and the illegal
extraction of specimens (GASPER et al., 2017). Ex
situ multiplication from seeds can compensate for
the threat of extinction (PEREIRA et al., 2017a).
However, this propagation method has the risk of
indefinite genetic origin, given the cross-pollination,
restricting it to a small number of parental specimens
and seasonality of seeds (GANDARA et. al., 2014).

Vegetative propagation can accelerate the
rescue process of the vulnerable forest species from
the naturally occurring habitat changes, since parental
mapping may occur alongside genetic improvement
and allow for propagation material throughout the year
(DIAS et al., 2015; SA et al., 2018; GUIMARAES et
al., 2019). Therefore, vegetative propagation presents
itself as an alternative to the seminal propagation
weaknesses, enabling the rescue and multiplication of
superior genotypes of trees (NAVROSKI et al., 2015).

Cuttings of woody tissue of C. fissilis
have low rooting rate, which it makes it a hard task
to rescue genetic material from trees by vegetative
propagation. Alternatively, the use of cuttings from
young plants has been advised due to its higher vigor
and cell differentiation capability (XAVIER et al.,
2003a; XAVIER et al., 2003b). However, this method
depends on plants originating from seeds, making
it very difficult to rescue and maintain genetically
superior mother trees.

The rescue and vegetative propagation
of forest species has shown promising results with
the induction of epicormic shoots in native species
such as Ilex paraguariensis St. Hil. NASCIMENTO
et al., 2018), Anadenanthera macrocarpa (Benth.)
Brenan. (DIAS et al., 2015), Araucaria angustifolia
Bertol. (WENDLING et al., 2009), Eremanthus
erythropappus (DC.) Macleish. (MELO et al., 2012)
also in exotic species implanted in Brazil, such as
Sequoia sempervirens D. Don (PEREIRA et al.,
2017b), Tectona grandis L. f. (BADILLA et al.,
2016), Eucalyptus cloeziana F. Muell. (ALMEIDA et
al., 2007) and Toona ciliata var. australis M. Roem.
(PEREIRA et al., 2015).

The difficulty of rooting woody cuttings of
some tree species is related to the ontogenetic age of
the material used, and can be changed through the use

of cuttings from rejuvenated sprouts that have greater
rooting capacity (STUEPP et al., 2015). The change
of ontogenetic age in plant material is possible
through cellular reprogramming causing rejuvenation
which includes methods such as micropropagation of
plant tissues, induction of epicormic sprouts, juvenile
shoots of adult plants, seedlings and graft propagation
(STUEPP et al., 2018; ZHANG et al., 2020). Among
the epicormic sprouts induction techniques, complete
girdling, semi-girdling and tree stem cuts are used
(DIAS et al., 2015; NASCIMENTO et al., 2018;
PEREIRA et al. 2015). However, there are still few
vegetative rescue reports for some native Brazilian
species using these techniques (STUEPP et al., 2018).

Therefore, the objective of this research
was to evaluate the induction of epicormic sprouts
of adult trees using the techniques of complete and
semi-girdling, as well as the possibility of rooting
stem cuttings of epicormic and canopy sprouts in the
vegetative rescue and propagation of Cedrela fissilis.

MATERIALS AND METHODS

The study was carried out at the
Biotechnology Laboratory of the Experimental
Station of the Santa Catarina Agricultural Research
and Rural Extension Service - EPAGRI, in Lages,
Santa Catarina state, Brazil. The climate is considered
Cfb by the Kdeppen classification with an altitude of
approximately 900 meters.

Rooting of stem cuttings from epicormic sprouts

The induction of epicormic sprouts was
performed in three different seasons: spring (2018),
summer (2018) and autumn (2019). Field treatments
consisted in the lack of girdling (control); complete
girdling at 20 cm from ground level, complete
girdling at 40 cm from ground level; semi-girdling at
20 cm from ground level, and semi-girdling at 40 cm
from ground level. The complete girdling consisted
of the total removal of a bark ring and the semi-
girdling the removal of 50% of a bark ring with a
simple pocketknife. Approximately 1 cm of bark was
removed without damaging the intern wood.

During spring (October 2018), C. fissilis
trees between three and five years old were selected
in the agroforestry of EPAGRI, between 1.10 to 2.50
m height and 60 mm £15.5 mm diameter. During
summer (December 2018) and autumn (March 2019),
trees were selected in the five-year-old planting in the
Experimental field of UDESC-CAV (27°45°33.50” S
and 50°04°55.10” W), with 1.30 to 2.70 m height and
of 67.5 mm 2.1 mm diameter.
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The spring, summer and autumn
experiments were conducted in completely
randomized blocks design with six replications.
Each replication composed of a tree. 52 days
after installation, the experiments were evaluated
regarding: survival of the girdled trees (%), sprouting
(%), average sprout number, length (cm) and diameter
(mm) formed above and below the girdling line.
Considering only epicormic sprouts above 1 cm.

Epicormic sprouts were collected during
spring 2018 and prepared into cuttings. Those were
divided in two conditions: cuttings of 10 cm length
placed vertically in pits with an average diameter of
5.91 mm = 1.03 mm maintaining two leaves, and;
cuttings of 5 cm length placed horizontally in furrows
with average diameter of 8.15 mm + 2.03 mm with
one leaf above ground.

All cuttings were kept in 25 L plastic
trays, filled with 12 L of expanded vermiculite and
carbonized rice husk in a 1:1 volume ratio. The
trays were kept in a greenhouse under controlled
temperature of 25 £3 °C and humidity always above
80%. Plant growth regulator was not used. The
experiment was conducted in completely randomized
design with four replications, consisting of 12 cuttings
per repetition. The cuttings were evaluated after 60
days regarding: survival (%), rooting (%), number of
roots per cuttings, length of roots (cm) and presence
of callus (%).

Rooting of cuttings from canopy sprouts

Canopy shoots were collected from trees
over 16 years old in a secondary forest area during
summer (December 2018) and taken to the laboratory
where apical and intermediate cuttings were
produced. The cuttings from the canopy sprouts had
approximately 15 cm in length and between of 6.71
mm + 3.07 mm in diameter. The bases of the cuttings
were cut in bevel, keeping two leaves near the upper
extremity. The number of leaves were reduced aiming
to avoid losing excessive water by the vegetative
material. The cuttings were established in the same
experimental design (completely randomized blocks)
and environmental conditions of the previous test.

Statistical analysis

To achieve normality (Shapiro-Wilk) and
homogeneity (Bartlett) the data were transformed
by the function 4/x + 1 and subjected to analysis
of variance by the F test (P < 0.05) with the aid of
the InfoStat® statistical program, version 2016 (DI
RIENZO et al., 2016).

RESULTS AND DISCUSSION

Result of the induction of epicormic sprouts

All trees showed survival and subsequent
healing of the injured area in all girdling treatments.
The control and semi-girdling treatments did
not present sprout formation in any of the three
evaluated periods, independent of the tree’s natural
environments. This indicates that the species does not
have natural sprouting capacity, without a sprouting
activation mechanism, such as girdling. Some species
naturally sprout, as reported by PEREIRA et al.
(2017b) in Sequoia sempervirens. All trees that went
through the girdling rescue technique (20 cm and
40 cm) presented more than 67% epicormic sprouts
(Table 1). The production of epicormic sprouts from
complete girdling is attributed to the total cut of
the phloem, which affects the auxin and cytokinin
relations, photoassimilates and metabolism in the
injured area (DIAS et al., 2015).

NASCIMENTO et al. (2018) observed that
semi-girdling produced fewer but longer sprouts in
llex paraguariensis in relation to complete girdling.
PEREIRA et al. (2015) with the semi-girdling
technique obtained new sprouts in only 55% of plants,
inferior in relation to the complete girdling and cut off
techniques. DIAS et al. (2015), with cut off and semi-
girdling, achieved 90% of new sprouts induction
for Anadenanthera macrocarpa. PEREIRA et al.
(2015) obtained the survival of all mother trees, with
a higher number of epicormic sprouts in the cut off
plants when compared to the techniques of girdling
and semi-girdling in Toona ciliata var. australis.

Thus, the girdling made it possible to obtain
propagation material of C. fissilis without causing the
death of the mother tree, which is important, since
it is an endangered native species (BRASIL, 2014).
NASCIMENTO et al. (2018) also emphasizes the
rescue using girdling techniques as the least harmful
for llex paraguariensis mother trees present in native
areas. PEREIRA et al. (2015), using the techniques of
girdling, semi-girdling and cut off in Toona ciliata var.
australis to promote epicormic sprouts, emphasizes
the importance of the girdling technic rather than cut
off due to the loss of the mother tree.

The higher average number of sprouts in
girdling treatments during spring can be attributed
to the higher rate of photoassimilates produced
and stored during winter, which are used in the
resumption of vegetative growth (TAIZ & ZEIGER,
2009). CUSIN et al. (2017) presented that between
summer and autumn apple trees displace soluble
sugars to sprouts to the treetop that remained in the
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Table 1 - Survival of the girdled trees (%), trees with sprouts (%), average number of sprouts, average length of sprouts (cm) and average
sprouts diameter (mm) of Cedrela fissilis Vell. submitted to two girdling treatments in three periods of the year.

Treatments Survival (%) tSrI;zcsyu(tOZ(; Sprou(tcs mn;lmber Sprot(léill;ength Sprou(trsn (rirlle)imeter
Spring

Girdling 20 cm 100 ™ 100 a 6.00 a 12.26 a 490a

Girdling 40 cm 100 100 a 8.83a 1547 a 540a

CV (%) 0.00 0.00 24.25 10.13 14.36
Summer

Girdling 20 cm 100 ™ 67.00 a 0.83a 23.67 a 589a

Girdling 40 cm 100 83.00 a 1.50 a 2542 a 58la

CV (%) 0.00 10.85 17.90 7.92 39.36
Autumn

Girdling 20 cm 100 ™ 67.00 a 1.17 a 14.08 a 478 b

Girdling 40 cm 100 100.00 a 2.00a 2533 a 9.54a

CV (%) 0.00 8.41 20.62 45.49 29.62

CV: Coefficient of variation. ns = not significant. Averages followed by the same letter in the column do not differ significantly from each

other by F test (P < 0.05).

dormant phase, being usable in the resumption of
spring. FERRIANI et al. (2011) observed that the
Piptocarpha angustifolia Dusén ex Malme obtained
a higher number of sprout emission during the spring
period. The difference in values between inductions
of epicormic sprouts suggested that this behavior can
also be observed in C. fissilis.

The average number and length of
sprouts in the girdling treatments of 20 cm and 40
cm did not differ during the three evaluation periods.
Regarding the values of the average sprout diameter
(mm), the treatments between spring and summer
did not present differences. The average diameter in
the autumn was different for both girdles at 20 cm
and 40 cm (Table 1). The difference in the autumn
period between treatments may be related to climatic
factors such as luminosity, caused by the shading
due to the surrounding Eucalyptus benthamii
trees. Physiological, nutritional and environmental
conditions can interfere sprout induction, as discussed
by DIAS et al. (2015).

The rescue technique and tree age
affect the number of sprouts as demonstrated by
BADILLA et al. (2016) with Tectona grandis. The
rescue method and soil fertility can also influence
sprouting in Ilex paraguariensis (NASCIMENTO
et al., 2019). PEREIRA et al. (2017b) demonstrates
that the rescue technique and the genetics of Sequoia
sempervirens trees can influence the rooting of
cuttings. The rescue technique on older C. fissilis

trees needed to be tested to assess the influence on
the production of epicormic sprouts.

Rooting results of cuttings from canopy and epicormic sprouts

The rooting percentage of apical (2%) and
intermediate (0%) cuttings of canopy sprouts after
60 days was considerably low. It is also possible to
observe a low value, with no percentage of cuttings
with calluses (Table 2). The presence of roots and
calluses could be attributed to a higher maturity of
the cutting, which has the highest amount of lignin
and lower capacity for de-differentiation of cell tissue
(GUIMARAES et al., 2019).

The cuttings placed vertically in pits
from epicormic sprouts presented a higher average
number of roots per cuttings (0.71) than those placed
horizontally in furrows (0.35). The higher rate of
rooting of cuttings placed vertically in pits (44%)
than horizontally in furrows (17%) can be attributed
to the rejuvenation characteristics that influence
the meristematic capacity of de-differentiation and
differentiation (NASCIMENTO et al., 2019). DIAS
et al. (2015), observed that herbaceous cuttings
of Anadenanthera macrocarpa showed a higher
percentage of rooting due to its higher hormone
content and low lignin concentration compared to
semi-woody cuttings.

Canopy sprouts cuttings presented leaf
abscission, while epicormic sprouts cuttings (vertically
in pits and horizontal in furrows) maintained the
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Table 2 - Survival (%), rooting (%), number of roots per cuttings, length of roots (cm) and presence of callus (%) of canopy and epicormic

sprouts of Cedrela fissilis.

Types of cuttings Survival (%) Rooting (%) Roots number Roots length Callus (%)
Canopy sprouts

Apical 15.00 a 2.00 a 0.04a 244 a 2.00a

Intermediate 17.00 a 0.00 a 0.00 a 0.00 a 0.00 a

CV (%) 14.27 7.49 22.70 421
Epicormic sprouts:

Vertical in pits 65.00 a 44.00 a 0.71a 6.02a 92.00 a

Horizontal in furrows 65.00 a 17.00 b 0.35b 7.77 a 83.00 a

CV (%) 15.79 16.32 27.47 66.96 10.08

CV: Coefficient of variation. Averages followed by the same letter in the column do not differ significantly from each other by the F test

(P < 0.05).

leaves. The leaves promote the maintenance of
auxins, cofactors and photoassimilates that favor the
induction of roots, as noted in Drimys brasiliensis
Miers by ZEM et al. (2015). PEREIRA et al. (2015)
obtained a higher percentage of rooting with cuttings
with leaves in Toona ciliate var. australis, where
cuttings without leaves did not root, even with IBA
use. Better rooting results were observed with Cedrela
fissilis leaf mini-cuttings (XAVIER et al., 2003a).
Leaf abscission is caused by stress on cuttings that
induce ethylene production leading to leaf fall (TAIZ
& ZEIGER, 2009).

Cuttings placed vertically in pits (92%)
and horizontal in furrows (83%) of epicormic
sprouts showed higher callus values (Table 2). This
is because some forest species calluses precede the
presence of roots, creating favorable conditions for
cuttings survival (MENDONCA et al., 2018). All
evaluated C. fissilis cuttings that rooted presented
calluses. NAVROSKI et al. (2015) observed the same
phenomena, in which all rooted Sequoia sempervirens
cuttings had calluses at the base of the cutting. In
the vegetative propagation of Caryocar brasiliense
Camb. with material from pruned young branches,
GUIMARAES et al. (2019) observed that rooting and
callogenesis depend directly on leaf maintenance.

The formation of adventitious roots
decreases with ontogenetic maturity, hindering their
ability to clone vegetative material (ZHANG et al.,
2020). Adventitious roots are formed by cells of non-
rooting tissues such as stem and leaves, originated
from cambial or meristematic cells. Their formation
is controlled by phytohormones and cellular de-

differentiation, in addition to epigenetics, plant
nutrition and environmental stimuli (DRUEGE et
al., 2019). The ability to form adventitious roots
is related to hormonal concentrations and reactive
oxygen substances, maintaining the phenolic
compound and decreasing inhibitors (DI BATTISTA
et al.,, 2019; STEFFENS & RASMUSSEN, 2016).
ABU-ABIED etal. (2012) demonstrated that juvenile
cuttings have a higher concentration of nitric oxide
than mature cuttings, due to gene express for nitrate
reductase (NIA).

PIMENTEL et al. (2019) reported
that rooting of mini-cuttings was influenced by
genotype and collection time in mini-stumps of llex
paraguariensis. SA et al. (2018) demonstrated that
mini-cuttings collected in the spring period presented
a higher rooting rate than winter, summer and autumn.
STUEPP et al. (2015) observed that the rooting of
cuttings from epicormic sprouts was influenced by the
age and period of the girdling technique application
and cut off from the matrices. It evidenced that
cutting rejuvenation tend to have greater rooting than
mature material, as shown by the present research.
Studies showed that rooting of Cedrela fissilis mini-
cuttings is related to material rejuvenation, and that
growth regulator has no rooting action (XAVIER et
al. 2003a; XAVIER et al., 2003b).

In Brazil, to the detriment of the diversity
of Cedrela fissilis, mother trees existing among the
forest remnants, the present study allows the rescue of
promising genetic material through rejuvenation. This
can be used for epicormic sprout cuttings, with higher
rooting rates compared to more mature material.
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CONCLUSION

The semi-girdling and no girdling of tree
stem of Cedrela fissilis did not induce the generation
of epicormic sprouts. The complete girdling
performed 20 cm or 40 cm above the ground, showed
no difference between them, being more efficient
in the emission of epicormic sprouts. However, the
spring period presented a higher number of sprouts.

The use of cuttings from canopy sprouts
is not recommended due to the low percentage of
rooting. Cuttings from epicormic sprouts placed
vertically in pits are more recommended because they
have a higher rooting rate, being viable to vegetative
propagation of Cedrela fissilis.
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