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HIGHLIGHTS

Rooting percentage was positively related to lower substrate density.

More vigorous root system was obtained with leaf area maintenance.

The apical mini-cutting of 10 cm is more adequate in the production of clones.

The protocol will enable mass propagation and recovering the P. peroba population.

ABSTRACT

Paratecoma peroba is a native Brazilian forest species of great economic and ecological 
interest, which is currently at risk of extinction owing to excessive wood exploration. 
The use of the mini-cutting technique could facilitate the vegetatively propagation of this 
species. The objective of the present study was to establish a vegetative propagation 
protocol for P. peroba using the mini-cutting technique. In the first experiment, were 
tested five concentrations of indolbutiric acid (IBA; 0, 1, 2, 4 and 8 g.L-1) and two types of 
substrates (sand and a commercial substrate based on ground Pinus bark, coconut powder, 
and mineral additives). In the second experiment, were tested three types of mini-cuttings 
(apical of 6 cm and 10 cm, and intermediary of 4 cm) and two leaf area sizes (total leaf area 
and reduced to 50% of leaf area). The results showed that P. peroba could be vegetatively 
propagated using the mini-cutting technique with up to 82.5% rooting. There was only 
5.6% of mini-cutting rooted in sand. High concentrations of IBA promotes decrease in 
rooting and number of roots. The 10 cm apical mini-cuttiing tend to form clones with 
better quality standards. The maintenance of the leaf area promotes the attainment of 
roots with greater root surface area, volume and dry mass of P. Peroba plants.
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INTRODUCTION

The evolution of Brazilian environmental 
legislation together with initiatives such as an international 
commitment to reforest 12 million hectares until 2030 as 
promised in the Paris Agreement in 2015 has increased 
the scientific interest in the production of seeds and 
seedlings of arboreal Brazilian flora species (Brasil, 2018). 
Peroba amarela, peroba do campo, and ipê-peroba are 
popular names for Paratecoma peroba (Record and Mell) 
Kuhlm (Bignoniaceae), which is a native species from 
Atlantic Forest biome that occurs naturally in a restricted 
coastal area in eastern Brazil, from the southern 
state of Bahia to the north of Rio de Janeiro (Lins and 
Nascimento, 2010; Lorenzi, 2009). Described as being a 
late secondary species (Archanjo et al., 2012) and having 
a large size, adult trees can reach up to 40 m in height 
with diameters varying from 40 to 80 cm (Lorenzi, 2009). 

In the past, this species was the target of intense 
extractivist exploitation owing to the technological 
qualities and natural beauty of its wood, and has been 
used to build coatings and luxury furniture (Lins and 
Nascimento, 2010). Although protected by several 
conservation factions, the fragmentation of the natural 
habitat of this species in addition to a lack of reforestation 
programs has placed P. peroba at the risk of extinction. It is 
estimated that there are just over 8500 adult individuals 
of this species left in nature (CNCFlora, 2012).

Besides the difficulty of locating plus tree, P. 
peroba undergoes supra-annual flowering, with some 
with high seed production, followed by years of scarcity 
(Lins and Nascimento, 2010; Lorenzi, 2009). The seeds 
are recalcitrant and seedling growth is slow during the 
nursery phase, which can last up to eight months (Lorenzi, 
2009). For these reasons, the search for alternative 
methods of propagation of this species is justified and 
important, such as the mini-cutting technique.

The mini-cutting is the main technique for 
propagating clones of Eucalyptus species in Brazil and is 
one of the factors, together with genetic improvement 
and hybridisation, which has contributed to an increase 
in the productivity of forests of this genus throughout 
the country (Batista et al., 2014; Brondani et al., 2014; 
Rocha et al., 2015). The mini-cutting technique has 
been successfully used for the propagation of native 
forest species, e.g. Cedrela fissilis Vell (Xavier et al., 2003), 
Anadenanthera macrocarpa (Benth.) Brenan (Dias et al., 
2015), Handroanthus heptaphyllus (Vell.) Mattos (Freitas 
et al., 2016), Plathymenia foliolosa Benth. (Pessanha et al., 
2018), Tibouchina selowiana (Cham.) Cogn (Fragoso et al., 
2017), Peltophorum dubium (Spreng.) Taub (Mantovani et 

al., 2017), and Cabralea canjerana (Vell.) Mart (Burin et al., 
2018). 

The formation of new roots from the tissues at 
the base of the mini-cuttings, called adventitious rooting, 
is essential for carrying out the clonal propagation. 
Variables such as the percentage of rooting, number of 
roots, and length and dry mass of roots can be influenced 
by a number of factors and their interactions, e.g. the 
age of the donor plant, hormonal balance, carbohydrate 
content, mini-cut type, sheet maintenance, substrates, 
and the application of growth regulators (Denaxa et 
al., 2012; Hartmann et al., 2011; Xavier et al., 2013). 
Therefore, the improvement of the mini-cut protocol 
for P. peroba would provide an alternative method of 
propagation for this species, overcome the difficulties 
associated with seminal propagation, and increase the 
availability of seedlings for restoration projects in the 
Atlantic Forest and commercial plantations of the species.

Therefore, the objective of the present study 
was to establish a protocol of vegetative propagation 
for P. peroba using the mini-cutting technique. To achieve 
this, the following hypotheses were tested: (i) P. peroba 
has the fitness for vegetative propagation by the mini-
cutting technique; (ii) substrate influences the rooting of 
mini-cuttings; (iii) higher concentrations of indolbutiric 
acid (IBA) cause the indution of adventitious roots; and 
(iv) there is a relationship between the pattern of mini-
cuttings and the rooting of P. peroba mini-cuttings.

MATERIAL AND METHODS

Study Area

Experiments were undertaken from July 2018 
to January 2019 at the Forest Nursery at Universidade 
Federal do Espirito Santo (DCFM-CCA-UFES), in 
Jerônimo Monteiro, Espirito Santo State (ES), at 20° 47′ 
S and 41° 23′ W and an altitude of 120 m. The climate 
of the Jerônimo Monteiro region based on the Köppen 
classification is the CWA type, i.e. dry winter and rainy 
summer (Eugenio et al., 2016). 

Establishment of the mini-clonal hedge 

The P. peroba mini-clonal hedge, was formed 
from seedlings propagated by seeds collected from 
20 matrix trees established in natural occurance in 
Linhares-ES municipality, situated at 19° 23′ S and 40° 
04′ W and at 43 m altitude. Registration of sisgen for 
access to genetic patrimony, A796E13. The seeds were 
placed in polypropylene tubes, with a capacity of 280 
cm3, containing commercial substrate based on ground 
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Pinus bark, coconut powder, and mineral additives. A 
total of 8.0 kg m-3 of controlled release fertiliser (CRF) 
was added, which formulation was NPK 13-6-16, 
with a release time of 5 to 6 months. The productivity 
of the mini-clonal hedge at the time of beginning of 
the experiment was 4.7 shoots per mini-stump. The 
nutritional characterisation of the mini-stumps and 
the physicochemical characterisation of the substrate 
are presented in Tables 1 and 2 respectively using the 
methodology described in the study by Silva (2009). 

After 120 days sowing, when the height of the 
seedlings was approximately 30 cm, seedlings were 
transplanted in 3.8 L polyethylene pots filled with 
commercial substrate added with 8.0 kg.m-3 of CRF. 
The density of plants was 30 pots per square meter, 
with an average productivity of 141 shoots m-2. After 
transplantation, seedlings were placed in a shad house 
with 50% shading. Irrigation was performed by 
microaspertion that was triggered for 10 min, two times 
a day with an 8 mm.m-2. During the experimental period, 
mean maximum temperatures of 28.3 ° C and minimum of 
17.1 ° C, with relative humidity of 24.83%, obtained in an 
automatic station installed in the nursery. At 15 days after 
transplantation into the vessels, the stems of the seedlings 
were broken at a height of 10 cm from the base, which 
aimed to stimulate the occurrence of shoots, according to 
the procedure described in a study by Xavier et al. (2013). 
Fifteen days later, when mini-stumps had already produced 
new shoots, the previously broken part was removed 
using scissors. Thus, 30 days after transplantation, a mini-
clonal hedge was formed with a total of 150 mini-stumps, 
which produced enough shoots in quantity and size to be 
used for the following experiments.

Experiment 1 – Substrates and IBA in the 
rhizogenesis of Paratecoma peroba

Experiment 1 was conducted in a completely 
randomised design in a 5 × 2 factorial arrangement, 

corresponding to five concentrations of IBA (0, 1, 2, 4, 
and 8 g.L-1) and two substrates (sand and commercial 
substrate based on ground Pinus bark, coconut powder, 
and mineral additives) with four replications and 10 mini-
cuttings per plot, totalling 400 experimental units.

For the preparation of the liquid solution, 0.1, 
0.2, 0.4, and 0.8 g of the regulator was weighed on 
an analytical balance with a precision of 0.001g. The 
solutions were then diluted in 2 mL of 1 M potassium 
hydroxide and placed in a test tube, where distilled 
water was added until a volume of 100 mL was obtained. 

The commercial substrate used in this experiment 
was the same that was used for the growth of forest clones 
(Table 2), whereas the sand substrate is the main material 
used in Brazil as sowing or as beds for seed germination 
and rooting of cuttings. The sand was sterilised at 127 °C 
in an autoclave for 60 min. Before the beginning of the 
experiment, the sand was had the followed chemical and 
physical attributes: pH in water: 8.2; electrical conductivity: 
0.28 mS cm-1; and density: 1.48 g.cm-3.  

The P. peroba shoots used for the preparation of 
the mini-cuttings were collected in the morning, owing 
to the lower temperature present at this time, using 
manual pruning shears and were kept in styrofoam boxes 
with water to maintain the ideal vigour and turgescence 
conditions. Subsequently, they were taken to the 
Laboratory for Propagation and Analyzes of Seedling 
Quality in preparation for the mini-cutting procedure.

The mini-cuttings were cutted to a size of 6 cm, 
in which the terminal bud and leaves with 100% of 
the original leaf area were maintained. After the mini-
cuttings collected, they were disinfected by immersion 
for 2 min in 0.5% sodium hypochlorite, with subsequent 
washing under running water, and were then treated 
with a non-systemic fungicide (0.2%) as preventive 
action. Then, approximately 1.0 cm of the mini-cuttings 
were immersed in the corresponding concentrations of 

TABLE 1 Nutritional characterisation of the mini-stumps of Paratecoma peroba.
N P K Ca Mg S B Zn Mn Fe Cu

------------------------------------- g.kg-1 --------------------------------            --------------------------------------- mg.kg-1 ----------------------------------
29.40 4.75 34.52 7.60 3.45 1.41 51.42 18.60 53.15 300.67 5.21

TABLE 2 Physicochemical characterisation of the substrates.
Commercial substrate

pH N P K Ca Mg S EC Density
H2O --------------------------------------- g.kg-1 ------------------------------------------ mS,cm-1 g.cm-3

6.2 11.5 9.0 5.2 15.0 7.2 4.5 0.8 0.35
Sand substrate

pH N P K Ca Mg S EC Density
H2O ------------------------------------------- g.kg-1 --------------------------------------- mS.cm-1 g.cm-3

8.2 - - - - - - 0.28 1.48
pH =Hydrogenionic potential; EC = Electrical conductivity.
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IBA for 5 s and inserted in 55 cm³ tubes that contained 
the different substrates. Subsequently, the mini-cuttings 
were placed trays in a greenhouse under intermittent 
nebulisation, which was commanded by a digital controller, 
and connected to a temperature sensor and a relative 
humidity air sensor. The irrigation was triggered when the 
air temperature inside the greenhouse exceeded 30 °C or 
when the relative humidity was less than 80%.

After 60 days of stay in the greenhouse, the mini-
cuttings were removed from the tubes and the substrate 
was completely removed by washing under running 
water for root observation. The following variables were 
measured: survival percentage, S (%), by counting the 
number of live mini-cuttings at the end of the experiment 
as a function of the number of staked mini-cuttings; rooting 
percentage, R (%), by counting the number of mini-
cuttings rooted based on the number of live mini-cuttings; 
calli percentage, C (%), by counting the number of mini-
cuttings with calli as a function of the number of live mini-
cuttings; number of shoots (NS); number of roots, counting 
only the roots emitted directly from the base (NRB); and 
length of the root system (RL, cm) using a ruler.

The roots were then placed on a scanner model 
Epson Perfection 750 Pro at a resolution of 400 pixels. 
Once the images were scanned, they were submitted 
to the SAFIRA version 1.1 software program (Jorge and 
Silva, 2010) to quantify the superficial area of the roots 
(SA, cm2) and root volume (RV, mm3). To determine 
the dry mass of the aerial part (DMA, g) and dry mass 
of the roots (DMR, g) of the mini-cuttings, the plant 
material was divided into the aerial part and the roots, 
packaged separately in paper bags, and placed in a forced 
air circulation oven at a temperature of 65 °C for 72 h 
to reach a constant dry mass. DMA, DMR and total dry 
mass (TDM, g) were weighed on a precision balance 
with an accuracy of 0.001 g. 

Experiment 2 - Types of mini-cuttings and leaf area 
in the rhizogenesis of Paratecoma peroba

In this experiment, three types of mini-cuttings 
were evaluated: 1. apical with length of 6 cm (6 AM); 2. 
intermediary with length of 4 cm (4 IM); and 3. complete 
apical with length of 10 cm (10 AM, which refers to the 
apical portion of 6 cm + the intermediary portion of 4 
cm) and two leaf area sizes: 1. maintenance of the total 
leaf area (LA 100%) and 2. reduction of the leaf area 
to half of its total size (LA 50%). The experiment was 
conducted in a completely randomised design under a 3 
× 2 factorial arrangement, with four replications and 10 
mini-cuttings per plot, totalling 240 experimental units.

Before the experiment was undertaken, 30 
shoots of each treatment were collected to determine 
the dry mass of the shoots, the total starch content, and 
the starch accumulation in the mini-cuttings based on the 
different treatments. The total starch was determined 
according the methodology described in the study by 
Koakuzu et al. (2015). The accumulation was calculated 
by multiplying the dry mass of the shoots by the starch 
content (Table 3). 

  The mini-cuttings inserted planted in tubes with 
55 cm³ capacity, which had been previously disinfected 
with a 2% sodium hypochlorite solution, and that con-
tained a commercial substrate based on Pinus bark (Table 
2), without the application of IBA, based on the results 
obtained in Experiment 1. The measurments taken 
after 90 days (end of the experiment) were as fol-
lows: S (%), R (%), and C (%). Based on the average 
data of the productivity of the mini-clonal hedge (141 
shoots m-2) and the rooting data, the productivity index 
(PI = yield × rooting in decimal) was determined based 
on the methodology described by Rocha et al. (2015). 
NS, NRB, RL (cm), SA (cm2), RV (mm3), DMA (g), DMR 
(g), and TDM (g) were all determined.

Statistical analysis

Data were submitted to normality presupposition 
verification tests (Shapiro Wilk) and homogeneity 
(Bartlett test). The assumptions were met, and there 
was no need for data transformation. Then the data 
from both experiments were subjected to analysis of 
variance and, when verifying significant differences by the 
F test 5%. Variables means of substrate (Experiment 1), 
type of mini-cuttings and leaf area (Experiment 2) were 
compared by Tukey’s test at the 5% and 1% probability 

TABLE 3 Characterisation of the dry mass of the shoots, 
starch content, and starch accumulation in shoots of 
Paratecoma peroba (n = 30).

Mini-cuttings 
pattern

Dry mass of 
shoots  (g)

Starch content 
(%)

Starch accumulation 
(mg)

6 AM - LA 100% 0.32 16.90 53.91

6 AM - LA 50% 0.13 14.00 18.20

4 IM - LA 100% 0.36 18.80 68.06

4 IM - LA 50% 0.21 17.10 35.40

10 AM - LA 100% 0.37 15.10 56.78

10 AM - LA 50% 0.32 17.30 56.40

6 AM - apical with length of 6 cm; 4 IM - intermediary with length of 4 cm; 10 
AM - complete apical with length of 10 cm; LA 100% - maintenance of the total 
leaf area; LA 50% - reduction of the leaf area to half its total size.
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levels. The concentrations of IBA (Experiment 1) were 
subjected to regression analysis to verify the optimum 
concentration for each variable, by means of the first 
derivative of the estimers β0 and β1. For the choice of 
equations, the significance of the betas was considered, 
the meaning and biological realism of the models (linear 
and quadratic), and the coefficient of determination 
(R2). The analyses were performed using the statistical 
program R Core Team (2018), version 3.5.0., and 
package ExpDes.pt.

RESULTS

Substrates and IBA in the rhizogenesis of 
Peratecoma peroba

The P. peroba mini-cuttings had average of survival 
(S), calli (C), and number of shoots (NS) higher than 90%, 
62%, and 2, respectively, with no influence from the 
different substrates or IBA concentrations. However, there 
was an isolated effect (p ≤ 0.01) of the substrate type and 
IBA concentrations for rooting (R) in the mini-cuttings.

The R (%) of the P. peroba mini-cuttings that were 
grown in washed sand had lower values (5%) than that 
of the commercial substrate based on Pinus bark (64%) 
after 60 days (Figure 1a). The few individuals that were 
rooted in the washed sand prevented the continuity of 
the radicial system evaluations. There was a significant 
difference (p ≤ 0.01) for IBA concentrations for R (%), 

showed that an increase in the concentrations on this 
growth regulator linearly decreased the rooting, with 
a maximum value of 43% obtained without any IBA 
application (Figure 1b). 

For the mini-cuttings rooted in the commercial 
substrate, there was a significant effect (p ≤ 0.05) 
for different IBA concentrations on number of roots 
(NRB). However, there was no significance in the 
regression models using the means test. The highest IBA 
concentrations were ineffective in promoting an increase 
in RL and alterations in root morphology as increase in 

FIGURE 1 Rooting (R) of mini-cuttings of Paratecoma peroba 
after 60 days as a function of substrate and indole-3-
butyric acid (IBA) concentration. Vertical bars stand for 
standard error.

FIGURE 2 Number of roots emitted from the base (NRB) of the 
mini-cuttings of Paratecoma peroba after 60 days based 
on the concentration of indole-3-butyric acid (IBA). 
Vertical bars stand for standard error.

the the superficial area of the roots (SA) and root volume 
(RV) of the mini-cuttings, with no significant differences. 
There was no influence of IBA concentration on dry 
mass of the roots (DMR), dry mass of the aerial part 
(DMA), and dry mass of the roots (TDM) in P. peroba 
mini-cuttings.

The IBA concentrations of 0, 1, 2, and 4 g.L-1 
presented the best results regarding the NRB of the P. peroba 
mini-cuttings; however, there was no significant differences 
among these different concentrations (Figure 2).

Type of mini-cuttings and leaves in the rhizogenesis 
rhizome of Paratecoma peroba

After 90 days, there was a significant interaction 
(p ≤ 0.05) between the mini-cuttings and leaf area for 
the MSPA variable. There was an individual effect of the 
type of mini-cuttings for S (%), C (%), PI, NS, NRB, and 
TDM. An isolated effect of leaf area was also observed 
for SA, RV, DMR, and TDM. The RL variable was not 
influenced by the isolated factors or by any interactions 
among them.

The 4 IM and 10 AM mini-cuttings presented 
higher averages of S (%), R (%), and C (%) than 6 AM 
mini-cuttings after 90 days (Figure 3a, b, c). Considering 
the productivity of the mini-clonal hedge and R (%) for 
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each type of mini-cutting, the PI of the rooted clones 
presented higher values when using 4 IM and 10 AM 
mini-cuttings. In relation to NS, the 4 IM mini-cuttings 
had lower averages (Figure 3e). 

In the evaluation of the root system, NRB was 
influenced by the size of the mini-cutting, with the 
highest average shown in the 4 IM mini-cuttings (Figure 
3f). The P. peroba mini-cuttings with an intact leaf area 
showed higher growth and vigour for radicial system, 
which was verified by the higher averages of SA, RV, and 
DMR (Figure 4a, b, c).

For DMA, the 10 AM and 4 IM mini-cuttings with 
LA 100% had the highest averages (Figure 5a). In relation 
to TDM, there was an isolated treatment effect, where 
the 4 IM and 10 AM mini-cuttings showed the highest 
TDM production of the P. peroba mini-cuttings (Figure 5b). 

The LA 50% mini-cuttings had the lowest TDM, which 
was the same trend as that shown for DMR (Figure 5c).

DISCUSSION

Substrates and IBA in rhizogenesis of Paratecoma peroba

The first hypothesis tested was validated, i.e. P. 
peroba can propagate vegetatively by the mini-cutting 
technique, with satisfactory porcentages of survival and 
rooting, and crucial variables, and considered as the 
most important in the study of mini-cutting technique. 
The S (%) and R (%) of the P. peroba mini-cuttings were 
similar to other species of the family Bignoniaceae such 
as Handroanthus heptaphyllus (Freitas et al., 2016) and 
Tecoma stans (Biondi et al., 2008), which showed greater 
than 80% survival and 50% rooting of mini-cuttings.

FIGURE 3 N(A) S - survival; (B) R - rooting; (C) C - calli; (D) IP - productivity index; (E) NS - number of shoots; and (F) NRB - number of 
roots of Paratecoma peroba mini-cuttings after 90 days.  6 AM - apical with length of 6 cm; 4 IM - intermediary with length of 4 
cm; 10 AM - complete apical with length of 10 cm. Vertical bars stand for standard error.
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The hypothesis that the substrate influences 
on the rooting of the P. peroba mini-cuttings was also 
confirmed. The discrepancies among the rooting of P. 
peroba mini-cuttings in different substrates might be 
linked to the different physical characteristics of the 
substrates. The washed sand had an apparent density 
that was four times higher (1.48 g.cm-3) than that of 
the commercial substrate (0.35 g.cm-3), which may 
have exerted a mechanical resistance or impediment 
for the formation and penetration of the root system. 
The inadequate rooting of P. peroba in sand might 
pose a problem for clones producers of this species. 
Pimentel et al. (2016) demonstrated that substrates 
with lower densities showed higher porosity and lower 

water retention capacity, which allowed greater rooting 
capacity of Handroanthus heptaphyllus mini-cuttings. 
Mendoza-Hernández et al. (2014) stated that the rooting 
substrate should have an apparent density between 0.3 
and 0.8 g cm-3. For the validation of this hypothesis, other 
materials used as substrates should be evaluated, with 
different densities and chemical attributes that are easy 
for the producer to acquire, are inexpensive, have high 
quality, and are easy to use.

Contrary to the third hypothesis, IBA did not 
increase the formation of adventitious roots of the 

FIGURE 4 (A) SA - Root surface area; (B) RV - root volume; and 
(C) DMR - root dry mass of Paratecoma peroba mini-
cuttings after 90 days as a function of leaf area. LA 
100% - maintenance of the total leaf area; LA 50% 
- reduction of the leaf area to half its total size. Vertical 
bars stand for standard error.

FIGURE 5 (A) DMA - Aerial part dry mass; (B-C) TDM - total 
dry mass of Paratecoma peroba mini-cuttings after 90 
days based on the type of mini-cutting and leaf area. 
Uppercase letters compare the types of mini-cutting 
by Tukey’s test (p ≤ 0.05). Lowercase letters compare 
the leaf area within the mini-cutting type. 6 AM - apical 
with length of 6 cm; 4 IM - intermediary with length of 
4 cm; 10 AM - complete apical with length of 10 cm. LA 
100% - maintenance of the total leaf area; LA 50% - 
reduction of the leaf area to half its total size. Vertical 
bars stand for standard error.
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P. peroba mini-cuttings cultivated in the commercial 
substrate. Higher concentrations of this growth regulator 
promoted a decrease in R (%). With the exception of 
NRB, there were no changes in the growth and quality of 
the root system formed from the mini-cuttings grown in 
the different IBA concentrations. 

Quantification of auxin is not a widely calculated 
in rooting studies owing to its low concentration in 
tissues and the interference of other compounds during 
the analysis. However, studies have shown a correlation 
between endogenous auxin levels and rooting capacity 
(Stuepp et al., 2017). It can be inferred that the linear 
reduction of R (%) owing to the concomitant increase 
of IBA concentrations might be linked to the degree of 
juvenility of the matrix plant, where the concentration 
of endogenous auxin (indol-3-acetic acid) of the shoots 
might be at sufficient levels to stimulate the emission of 
adventitious roots. The fact that the shoots came from 
mini-stumps that originated from seedlings produced by 
seeds (juvenile material) also confirms this hypothesis, as 
reported by Wendling et al. (2015).

Auxin is an essential hormone for the induction 
and formation of roots (Atangana et al., 2006; Daskalakis 
et al., 2018). However, its exogenous application has 
been questioned in previous studies of the mini-cutting 
technique of native species, using juvenile propagules, 
where the rooting of mini-cuttings with IBA is not 
favoured, and might actually be harmful to the induction 
of root beginnings, as for P. peroba. This tendency has 
been corroborated for Cedrela fissilis (Xavier et al., 
2003), Anadenanthera macrocarpa  (Dias et al., 2012), 
Araucaria angustifolia (Pires et al., 2013)este trabalho 
objetivou avaliar a influência de concentrações de ácido 
indolbutírico (AIB, Tibouchina sellowiana (Fragoso et al., 
2017), Peltophorum dubium (Mantovani et al., 2017), 
and Plathymenia reticulata (Pessanha et al., 2018). The 
application of high concentrations of synthetic auxin may 
lead to toxicity owing to hormonal imbalance (Rinaldi 
et al., 2018). This imbalance leads to many propagules 
reserves not being directed to the formation of 
adventitious roots (Lima et al., 2006). Therefore, given 
the negative effect on rooting and the association with 
the purchase, preparation, application, and storage of 
IBA. The use of IBA in the concentrations utilised for the 
rooting of P. peroba mini-cuttings in the present study is 
not recommended. 

Vegetative propagation is an important tecniques 
means for conserving the germplasm of native and 
threatened species (Azad et al., 2018; Guo et al., 
2017), and is the first stage that must be overcome for 

the domestication of species that have high economic 
potential (Atangana et al., 2006; Guimarães et al., 2019)
stakes with 50% of leaflets cut from their original size 
showed 2.5% of rooting whereas those with 6 leaflets 
showed 22.5% of rooting. Stakes from pruned apical 
branches exhibited 21.2% of rooting. Both callogenesis 
and rooting of pequi stakes demonstrated the potential 
of this particular species from the Cerrado (Brazilian 
savanna. Thus, the mini-cutting is a viable technique to 
overcome the difficulties of producing P. peroba clones 
from seeds. This technique allows seedling to be 
obtained for restoration projects in the Atlantic Forest, 
agroforestry systems, and homogeneous commercial 
plantations, so long as important factors regarding the 
maintenance of genetic variability are observed, such as 
the use of sprouts from a larger number of plants possible, 
so that they are representative of the population.

Types of mini-cutting and leaves in the rhizogenesis 
of Paratecoma peroba 

In general, vegetative propagation using the mini-
cutting technique for P. peroba is possible regardless of 
the pattern adopted for the type of the mini-cuttings. 
The segmentation of the 10 AM mini-cuttings into two 
additional mini-cuttings of 4 IM and 6 AM, in theory, 
should increase the production of rooted clones of P. 
peroba; however, this depends on the degree of rooting of 
each type of propagule. Using the PI as a reference, from 
all the apical 10 AM mini-cuttings, it would be possible 
to produce 111 clones m-2, whereas the production 
of rooted clones originating from the 4 IM and 6 AM 
groups would create 194 m-2 clones; thus, optimising the 
productivity of the mini-garden of P. peroba. 

However, the pattern of the mini-cuttings 
influenced the quality of the root system and the growth 
of the different components, which confirmed the fourth 
hypothesis being tested. Mini-cuttings of 10 AM and 4 
IM showed superior performance of S (%) and R (%), 
and were prone to the formation of more vigourous 
clones, thus presenting better TDM results, compared to 
treatment 6 AM. The better rooting found in the 4 IM and 
10 AM mini-cuttings is related to the greater accumulation 
of starch in these portions (Table 3).

The rooting process is slow, demanding days 
and even months for completion, which promotes high 
energy expenditure and consumption of propagule 
reserves. Thus, insoluble carbohydrates, such as starch, 
potentiate rooting and improve the effect of auxins 
(Hartmann et al., 2011). The positive effect of sugars on 
rooting has also been attributed to the fact that glucose-
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6-phosphate and glucose are capable of gluing (chemical 
reaction in which a carbohydrate is added to another 
molecule) in the DNA, and thus alter the transcription, 
performing an important role in regulating root initiation 
(Denaxa et al., 2012).

The intermediary mini-cuttings presented higher 
C (%), but they did not have a negative influence 
on R (%). The calli is a tumour tissue, which usually 
appears on wounds of differentiated organs and tissues, 
and has the ability to differentiate forming tissues as 
roots (Mayer et al., 2018). According to a study by 
Hartmann et al. (2011), the formation of calli and roots 
are independent processes for most plants, although 
in some plants, calli formation may or may not be a 
precursor to root formation.

Although the intermediary mini-cuttings 
presented lower NS, they were well developed by the 
end of the 90-day experiment, reflecting the increase 
of DMA and TDM. These showed a strong tendency 
of bifurcation in view of the prominent growth of these 
shoots of lateral buds just below the upper cut of the 
mini-cuttings. This characteristic is undesirable for the 
production of quality clones for timber production in 
commercial plantations, where there is a preference 
for individuals with a straight trunk. However, for use in 
recovering degraded areas, this is not a limiting factor. 
To establish commercial forests of P. peroba, apical mini-
cuttings of 10 cm in length from clones with straight 
stems that have better morphological conformity and a 
higher-quality standard should be use.

The types of mini-cutting did not influence the 
rooting of Handroanthus heptaphyllus (Freitas et al., 
2016) and Toona ciliata (Ferreira et al., 2012). Yet, in 
Anadenanthera macrocarpa (Dias et al., 2015), Melaleuca 
alternifolia (Oliveira et al., 2012), and Peltophorum 
dubium (Mantovani et al., 2017) apical mini-cuttings were 
superior for rooting. 

The maintenance of 100% of the leaf area positively 
influenced the growth and radicial architecture, presenting 
higher averages of SA, RV, and DMR. A well-formed and 
robust root system can increase the chances of survival 
and clones establishment under field conditions (Barroso 
et al., 2018). The presence of leaves is essential for the 
rooting of mini-cuttings because the young leaves and 
buds are synthesis sites for auxins and cofactors that are 
translocated via phloem to the base of the stalk, stimulating 
the exchange activity, differentiation of the xylem, and 
root initiation (Hartmann et al., 2011). The maintenance 
of leaves, especially the basal or subapical leaves, promote 
root formation. This positive effect is caused by the higher 

photosynthetic rate provided by the larger leaf area and 
a higher accumulation of carbohydrates (Batista et al., 
2014; Souza et al., 2013). Given the superiority of the 
quality of the root system, it is recommended to maintain 
the entire leaf for P. peroba mini-cuttings.

A reduction of leaf area is adopted to reduce 
transpiration and avoid the ‘umbrella effect’, which can 
reduce irrigation efficiency (Alfenas et al., 2009; Xavier 
et al., 2013). Previous studies have shown that the 
maintenance of whole leaves provided maximisation of 
the rooting of mini-cuttings of Eucalyptus dunni clones, E. 
saligna and E. urophylla × E. globulus (Batista et al., 2014); 
Eucalyptus grandis × E. urophylla (Fernandes et al., 2018)  
and Eucalyptus benthamii (Mayer et al., 2018). Dias et 
al. (2015) found that the presence of whole leaves led 
to significant gains in survival, rooting, and number of 
mini-cutting roots of Anadenanthera macrocarpa. These 
authors affirm that this practice reduces the risk of 
lesions and contamination in the leaves and also increases 
the operational yield, because there is a decrease in 
repetitive movements for leaf cutting, increasing daily 
production per person. 

Therefore, in view of the ease of rooting of 
P. peroba due to the factors evaluated in the present 
study, the mini-cutting technique for clone production 
is recommended as an alternative form to seed 
propagation. For the vegetative production of P. peroba 
clones to be technically feasible and environmentally 
responsible for restoration projects in the Atlantic Forest, 
it is recommended to use as large a number of matrices 
as possible in the mini-clonal hedge to cover the highest 
possible genetic variability. For commercial purposes, 
mini-cuttings of 10 cm in length with 100% leaf area 
are recommended, in this case, harvested in mini-clonal 
hedge originating from cloning of upper trees.

CONCLUSION

The mini-cutting technique using shoots originating 
from seedlings produced from seeds is technically feasible 
for the vegetative propagation of P. peroba independently 
of the mini-cutting pattern and without the addition of 
IBA. The substrate exerts influence on rooting, not being 
takeout sand. The entire apical mini-cuttings of 10 cm 
in length are adequate for clone’s production and the 
maintenance of the total leaf area promotes a greater 
vigour of the root system of P. peroba clones.
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