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HIGHLIGHTS

Fertilizer does not influence survival and rooting of mini-cuttings.

Controlled release fertilizer improved the performance of clones.

The dose 6 kg.m-3 was sufficient in obtaining nutritionally balanced clones.

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

ABSTRACT

Paratecoma peroba is a native forest species of great economic and ecological interest, 
currently at risk of extinction. In addition to the difficulty of finding adult individuals of this 
species, plant production is limited, so the use of mini-cuttings can facilitate the spread 
of P. peroba. Thus, the objective of this study was to analyse the effect of different doses 
of controlled release fertilizer (CRF) on rooting, growth, photosynthetic metabolism and 
nutritional balance of P. peroba clones propagated by mini-cuttings. Five doses of CRF (0, 
2, 4, 6 and 8 kg.m-3) were tested, arranged in a completely randomized design with 12 
repetitions and each repetition consisted of eight clones. Evaluations were carried out in 
the three stages of clones production: 1) Survival at 60 days in a greenhouse, 2) Rooting at 
105 days in a shade house; and 3) Evaluation Productivity index, morphological variables, 
physiological metabolism, and nutritional through macronutrient contents, diagnosis and 
recommendation integrated system (DRIS) indices and the average nutritional balance 
index of clones at 120 days in the area of hardening. There was no influence of CRF 
on survival and rooting of mini-cuttings. The CRF favoured a higher productivity index, 
vegetative growth and physiological activity of the clones. The 6 kg.m-3 dose was sufficient 
to obtain nutritionally balanced clones.
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INTRODUCTION 

Paratecoma peroba (Record e Mell) Kuhlm, known 
as peroba amarela, peroba do campo, ipê-peroba is 
an arboreal Bignoniaceae described as late secondary, 
endemic to the Atlantic Forest (Lins and Nascimento, 
2010; Lorenzi, 2009). It has a strict area of natural 
occurrence, inhabiting the inland coastal forests of 
eastern Brazil (Lins and Nascimento, 2010). Large size, 
adult trees can reach up to 40 meters of stem with 
diameter varying from 40 to 80 centimetres (Lorenzi, 
2009). The species presents flowering supra-annual, 
occurring years of intense seed production, followed 
by years of scarcity (Lins and Nascimento, 2010). The 
seeds are recalcitrant and the growth time of seedlings in 
nursery is slow, leading up to 8 months (Lorenzi, 2009). 

Its wood has a brown yellow colour and high 
apparent specific mass, being used in decorative coatings 
and luxury furniture. P. peroba population decline due to 
intense selective and illegal logging (Villela et al., 2006), 
in addition to the lack of reforestation programs and the 
fragmentation of the Atlantic forest, they put them at risk 
of extinction. It is estimated that there are around 8,500 
adult individuals in nature (CNCFLORA, 2012). 

To mitigate the environmental impacts of 
predatory logging, one possibility would be the 
commercial cultivation of P. peroba, therefore, as an 
alternative to meet the demand for tropical noble wood 
in the national and international markets. However, for 
the domestication of the species and its subsequent 
cultivation, it is essential to understand its propagation 
process. The vegetative propagation of P. peroba can 
contribute to large-scale clone production, as well as the 
basis for clonal forestry of higher yielding genotypes. 

Among the methods of plant cloning is the mini-
cuttings, a technique widely used to propagate clones of 
Eucalyptus species in Brazil, being characterized as one 
of the main factors, which contributed to the revolution 
of the country’s clonal forestry on a commercial scale 
(Azevedo et al., 2015; Batista et al., 2014; Brondani et 
al., 2014; Fernandes et al., 2018; Rocha et al., 2015). 
Mini-cutting technique has been successfully used in 
the propagation of native forest species as an example, 
Cedrela fissilis (Xavier et al., 2003); Anadenanthera 
macrocarpa (Dias et al., 2015); Handroanthus heptaphyllus 
(Freitas et al., 2016); Tibouchina sellowiana (Fragoso et 
al., 2017); Peltophorum dubium (Mantovani et al., 2017); 
Cabralea canjerana (Burin et al., 2018). Despite the 
remarkable advances in clonal forestry obtained for the 
species of Brazilian flora, the formation of quality stock 
plants requires precise management, which depends on 

other factors such as the choice of container, substrate, 
dose and type of fertilizer, among others. 

A technology in the field of mineral fertilization, 
which has been gaining space in the nurseries of forest 
plant production are the controlled release fertilizer 
(CRF). The CRF are coated with semipermeable polymer 
designed to release the active nutrient in a controlled 
manner, extending the duration of nutrient release and in 
sync with the plant’s metabolic needs (Irfan et al., 2018). 
As the main disadvantage, they present a cost higher than 
the soluble sources, requiring the adequacy of the doses, 
aiming to ensure the economical production of plants 
(Rossa et al., 2015, 2014). 

The literature shows that seedlings of forest 
species propagated by seeds are very responsive to 
CRF, such as Cedrela fissilis (Navroski et al., 2016); 
Anadenanthera peregrina, Schinus terebinthifolius (Rossa 
et al., 2015); Peltophorum dubium (Dutra et al., 2017) 
e Euterpe precatoria (Almeida et al., 2018). CRFs are 
believed to be able to achieve better results than highly 
soluble granular fertilizers in the cultivation of mini-
cuttings plants, releasing nutrients gradually as the root 
system is formed. 

Thus, this study was conducted under the hypothesis 
that higher doses of CRF enhance growth and improve the 
physiological and nutritional status of vegetative propagated 
P. peroba. Thus, the objective of this study was to analyse 
the effect of different doses of CRF on rooting, growth, 
photosynthetic metabolism and nutritional balance of P. 
peroba clones propagated by mini-cuttings. 

MATERIAL AND METHODS 

Study Area 

The experiment was conducted from October 
2018 to January 2019 at the University Forest Nursery 
belonging to the Federal University of Espírito Santo 
(DCFM-CCA-UFES), in Jerônimo Monteiro, ES, at 20º 
47 ‘S and 41º 23’ W and an altitude of 120 m. The climate 
of the region of Jerônimo Monteiro according to the 
Köppen classification is Cwa type - dry winter and rainy 
summer (Alvares et al., 2013), with an average annual 
temperature of 24.1 °C and average annual precipitation 
of 1104 mm (Lima et al., 2008). 

Formation of the mini-clonal hedge 

The experiment was arranged in a completely 
randomized design with five doses of CRF (0, 2, 4, 6 and 
8 kg.m-3), adopting 12 replications, one consisting of eight 
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clones, totalling 480 clones. The CRF whose formulation 
is 13-6-16 had a release time of 5 to 6 months. Table 1 
shows the chemical-physical characterization of the CRF.

TABLE 1 Physicochemical characterization of controlled release 
fertilizer *.

N P2O5 K2O Mg S Fe Cu Mn Mo 
Beads 

Diameter 

1,000 

grain 

weight 
--------------------------- g.kg-1 ------------------------- mm g

13.00 6.00 16.00 1.40 10.00 0.26 0.05 0.06 0.015 1.5 – 2.5 9.58 

 * Manufacturer data

The P. peroba mini-garden that originated the 
propagules was formed from 150 plants propagated by 
seeds collected in mother trees located in Sooretama 
and Linhares-ES. The mini-stump were kept in 3.8 L 
pots (height 25 cm, top opening 17 cm, and base 11 cm) 
filled with commercial ground and composted pine bark 
substrate, coconut powder and mineral additives. The 
pots were kept in an area with 50% shading polypropylene 
mesh. The yield of the 120-day mini-garden at the time 
the experiment was set up was 4.71 mini-stump-1 shoots 
and 141 m-2 shoots. The physicochemical characterization 
of the substrate and the nutritional characterization of 
the mini-stump are presented in Tables 2 and 3, using the 
methodology described by Silva (2009). Irrigation was 
performed by micro sprinkler triggered for 10 minutes 2 
times a day, and a canister of 8 mm.m-2.
TABLE 2 Chemical-physical characterization of the substrate.

pH N P K Ca Mg S EC Density WRC 
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 50 

CE – electrical conductivity; CRA – Water retention capacity.

TABLE 3 Chemical-physical characterization of the substrate.
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 

Preparation of the mini-cutting and application of 
CFR to the substrate 

The shoots used for the preparation of the mini-
cuttings were collected in the period 6:30 to 8:00 in the 
morning, using pruning shears. Soon after collection, 
the shoots were packed in Styrofoam boxes to maintain 
vigour and turgidity conditions, and were then taken to 
the Nursery Seedling Propagation and Quality Laboratory 
for the preparation of mini-cuttings. 

The mini-cuttings were made with a size of 10 cm, 
in which the apical yolk and 100% of the leaf area were 
maintained (Araújo et al., 2019). After preparation, the mini-
cuttings were disinfected by immersing, for 1 minute, in 

0.5% sodium hypochlorite, then rinsing in running water, and 
then immersed in 0.2% fungicide. The mini-cuttings were 
then strolled in tubes of 180 cm³, containing commercial 
substrate (Table 2). No growth regulator was used. 

Subsequently, P. peroba mini-cuttings were placed 
in trays placed in a raised flower bed in a greenhouse with 
intermittent misting, average relative humidity higher than 
80% and temperature around 25 °C. 

Evaluation of clones 

The evaluations were carried out in three stages 
of clones production: 1) survival (S%) at 60 days in 
the greenhouse; 2) apparent rooting (AR%), obtained 
through the percentage of plants with visible roots in the 
lower end of the tube, at 105 days in shade, according 
to the methodology based on Schwambach et al. (2008) 
and Batista et al. (2014); and 3) Productivity Index (PI, 
clones m-2) by mini-garden productivity (141 shoots m-2) 
x percentage of live and fully formed clones at 120 days in 
the full sun grinding area of each treatment, according to 
adapted methodology in Rocha et al. (2015). 

At 120 days after staking, four clones were 
randomly collected from each repetition to determine 
the height of the shoot (H, cm), evaluated from the neck 
of the clones to the insertion of the last leaf, with the aid 
of a graded ruler; stem diameter (SD, mm), measured at 
substrate level using digital calliper; the number of leaves 
(NL), determined by counting the number of visible 
leaves; total leaf chlorophyll concentration (LC, μg.cm-2) 
by means of a portable chlorophyll meter SPAD-502. 

For gas exchange analysis at 120 days, five plants 
of P. peroba were collected randomly from each treatment 
and liquid photosynthesis (A, μmol CO2 m-2. s-1), stomatal 
conductance (gs, mol H2O m-2.s-1), internal CO2 
concentration (Ci, ppm), transpiration (E, mmol H2O 
m-2.s-1) using a portable infrared gas analyser (IRGA, Li- 
Cor, model LI-6400). For the determination of the light 
source to be used, a light curve was performed and the 
saturation point is 800 μmol photons m-2.s-1, and the 
evaluations took place between 07:00 and 09:00 in the 
morning. The analyses were performed in one of the 
leaflets on the outside of the upper third of the plant. 
From the results, estimates of the intrinsic efficiency of 
water use were measured. (A/gs, μmol mol-1). 

After physiological evaluations, the dry mass of the 
aerial part was determined (DMA, g.clone-1), dry mass 
root (DMR, g.clone-1) and total dry mass (TDM, g.clone-1). 
For this, it was performed the removal of the clones of the 
tubes, washing in running water of the root system. The 
material was then placed in paper bags and placed in a 
forced-air oven at a temperature of 65 °C for a period of 
approximately 72 hours and then weighed on an analytical 
balance (accurate to 0.0001 g). After obtaining these 
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variables, the determination of the Díckson Quality 
Index (DQI) was performed with the formula (1).

[1]

The DMA was sent to the laboratory for the 
determination of foliar contents of N, P, K, Ca, Mg 
and S as Silva (2009). The indexes of the Diagnosis 
and Recommendation Integrated System (DRIS) were 
also calculated with the aid of the program INAF – 
Interpretação de Análise Foliar (Garcia, 2013). 

To calculate the functions of the nutrient 
ratios, the method proposed by Beaufils (1973) with 
the factor k equal to 10. Through DRIS indexes, it 
was possible to calculate the Nutritional balance 
index medium (NBIm), which is the sum of the DRIS 
indices in module, divided by the number of nutrients 
involved. The closer to zero the value of the NBIm, 
the lower the nutritional imbalance of the plants and, 
potentially, the higher production (Araújo et al., 2019; 
Malavolta et al., 1997). 

Data analysis 

The data were submitted to the Shapiro-Wilk 
test for normality presupposition and Bartlett’s test for 
homoscedasticity. Then, the data were submitted to 
variance analysis and by verifying significant differences, 
by the F test at 5%, regression analysis was applied in 
order to verify the optimal dose of CRF for each variable, 
using the first derivative of the β0 and β1 estimators. For 
the choice of equations was considered the significance 
of the parameters, t-test, the biological realism of the 
phenomenon and the coefficient of determination (R2). 
The analyses were performed using the program R Core 
Team (2018) version 3.5.0. 

RESULTS 

The mini-cuttings of P. peroba presented survival 
of 93.95% at 60 days at the exit of the greenhouse. The 
percentage of apparent rooting at the lower extremity 
of the tube was 62.50% at 105 days at the exit of the 
Shadow House, with no influence of the CRF. At 120 
days, at the end of the hardening period, the results of the 
variance analysis evidenced a significant difference (p < 
0.05) among the doses of CRF on the productivity index 
of P. peroba clones, adjusting to a non-linear regression 
model. The productivity index increased exponentially 
as the dose of CRF, obtaining a stabilization tendency 
from the dose 2 kg.m-3 with a mean of 112 clones totally 
formed by m2 of mini-garden (Figure 1A). 

The height growth was quadratic, the highest 
maximum value, 24.9 cm clone-1, was observed in the 
estimated dose 8.29 kg.m-3 (Figure 1B). The increase in 
the doses of CRF also promoted a quadratic growth of 

the stem diameter, the growth in maximum diameter 
of 4.29 mm.clone-1, obtained in the dose 6.83 kg m-3 

(Figure 1C). For the relation height stem diameter, the 
doses of CRF promoted increasing linear growth, with a 
maximum value of 6.25 in the dose 8 kg.m-3 (Figure 1D). 

The maximum production of leaves, about 16.67 
leaves clone-1, was obtained at the estimated dose 6.55 
kg m-3 (Figure 2A). The total leaf chlorophyll of the 
clones P. peroba increased proportionally to the increase 
in doses of CRF, reaching the maximum value of 31.53 
ug.cm-2 clone-1 with the highest dose tested (Figure 2B). 

Regarding the variables related to physiological 
metabolism, the clones of P. peroba showed maximum 
estimated net photosynthesis of 6.45 μmol CO2 m

-2.s-1, in 
the dose 8 kg.m-3 CRF (Figure 2C). There was no significant 
difference (p > 0.05) Of the doses tested for stomatal 
conductance, which presented on average 0.064 mol H2O 
m-2.s-1, average sweating of 2.13 mmol H2O m-2.s-1. However, 
it was found that CRF doses promoted significant differences 
in internal CO2 concentration. There was a significant 
decrease (p < 0.01) of the internal CO2 concentration in 
the leaf mesophyll of P. peroba clones in the presence of the 
CRF in relation to the control (Figure 2D). The increase in 
the intrinsic efficiency of the water use of the clones due to 
the increase in the doses of CRF was asymptotic, adjusting 
to a negative exponential model, with the lowest value 46.36 
μmol mol-1 verified at the dose 0, and posterior stabilization 
in the water use efficiency in clones from the dose 2 kg m-3. 
With the incorporation of the CRF to the substrate, the 
average presented was 98.69 μmol.mol-1 (Figure 2E). 

The biomass production of P. peroba clones 
followed the same behaviour presented for the other 
variables, in which there were significant gains (p < 0.05) 
with increasing CRF doses. The DMS, DMA and TDM 
averages of the clones were better adjusted to the linear 
model, with an average increment of 0.18 g, 0, 74 g and 
0.93 g for each dose of CRF evaluated, with maximum 
estimated production of 1.20 g, 3.41 g and 4.62 g clone-1 

respectively (Figure 3A, 3B, 3C). In relation to the DQI, 
a linear increase was observed due to the concomitant 
increase in the doses of CRF, the maximum point of 0.51 
in the dose 8 kg.m-3 (Figure 3D). 

According to the nutritional status data of the clones 
of P. peroba described in Table 4, it is observed that increasing 
rates of CRF promoted significant increase in N and S levels 
in the DMA, a reduction in P content, there was no difference 
in the contents of K, Ca and Mg. In general, P. peroba clones 
presented the following absorption order N > K > Ca > 
Mg > P > S. DRIS indices were varied according to the rates 
of CRF. The closer to zero are the DRIS indices, closer to the 
nutritional equilibrium are the clones of P. peroba. In relation 
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FIGURE 1 Productivity and growth of Paratecoma peroba clones with 120 days propagated by mini-cutting technique according to doses 
of controlled release fertilizer.

FIGURE 2 Leaf production and physiological performance of Paratecoma peroba clones with 120 days propagated by mini-cutting technique 
according to doses of controlled release fertilizer. A. Number of leaves; B. Total leaf chlorophyll; C. Liquid photosynthesis; D. Leaf 
internal concentration of CO2; E. Intrinsic efficiency of water use of clones. Vertical bars represent standard error of the mean.



207

CERNE

ARAÚJO et al.

CONTROLLED RELEASE FERTILIZER IN THE ROOTING AND PERFORMANCE OF CLONES OF Paratecoma peroba

FIGURE 3 Biomass production and morphological quality of Paratecoma peroba clones with 120 days propagated by mini-cutting technique 
according to doses of controlled release fertilizer. A. Dry mass root of clones; B. Dry mass of the aerial; C. Total dry mass; D. 
Díckson quality index. Vertical bars represent standard error of the mean.

to the NBIm, it is observed that the increasing rates of CRF 
promoted more nutritionally balanced clones. 

Mini-cutting technique proved to be a simple, 
practical and efficient technique of propagation of P. peroba. 
The species presented satisfactory results of survival at the 
exit of the greenhouse and in the apparent rooting at the 
exit of the Shade house, without prejudice to the use of the 
CRF. The survival and rooting of P. peroba mini-cuttings were 
similar to other species of the Bignoniaceae family as the 
Handroanthus heptaphyllus.
TABLE 4 Mean nutrient content (NC) in dry mass of the aerial 

part, DRIS index (ID), nutritional balance index mean 
(NBIm) and optimum ranges generated from DRIS 
norms for Paratecoma peroba clones propagated by 
mini-cutting technique at 120 days due to fertilization 
with controlled release fertilizer.

CRF N P K Ca Mg S NBIm 
kg.m-3 ------------------------g.kg-1 ------------------------ 

0 NC 19.42 b 4.84 a 17.50 a 8.40 a 5.00 a 0.86 b 41.11 ID -78.83 104.53 10.14 -15.97 8.69 -28.55 

2 NC 25.06b 2.43b 13.54a 6.84a 4.37a 0.87b 7.59 ID -3.96 2.24 7.65 -5.1 4 12.9 0 -13.6 9 

4 NC 27.50ab 3.41b 15.21a 8.38a 4.39a 1.05ab 11.28 ID -13.6 9 32.1 6 -6.28 -2.9 2 1.70 -10. 96

6 NC 27.80ab 2.66b 14.17a 8.19a 4.52a 1.05ab 4.27 ID -4.2 4 1.14 -1.52 4.42 7.28 -7.0 7

8 NC 34.55a 2.85b 16.04a 8.05a 3.75a 1.48a 4.90 ID 4.87 -1.79 1.46 -4.61 -8.31 8.38
Lower limit 28.53 2.52 14.68 7.89 3.95 1.13
Optimum
content

29.44 2.66 15.14 7.94 4.23 1.24 

Upper Limit 30.36 2.80 15.60 7.99 4.50 1.36 
Means followed by letters same letters in the column do not differ significantly 
from each other by the Tukey test at the 5% probability level.

(Freitas et al., 2016) it’s the Tecoma stans (Biondi et 
al., 2008), because all of them presented more than 80% of 
survival and 50% of rooting of mini-cuttings. It is important to 
highlight that apparent rooting is a non-destructive variable 
used in nurseries as indicative of rooting, despite this, it 
should be analysed with caution, since it was observed that 
roots thrown out at the end of the tube, have undergone 
oxidation process and can mask the actual results. 

There was an increase in the production rate or 
utilization of the clones at the end of the hardening as they 
increased the doses of CRF. It was also found that the use of 
this fertilizer promoted expressive gains in vigour and final 
quality of P. peroba clones, confirming the hypothesis tested. 
The linear regression model adjusted for most growth 
variables did not allow predicting the optimum dose, or of 
maximum technical efficiency for the clones of this species, 
which signals, there may be even greater gains in the growth 
of clones of this species with higher doses of CRF. 

H and SD are non-destructive variables of easy 
measurement, used to evaluate the growth of arboreal 
seedlings in the nursery. According to Carneiro (1995), H 
when used alone does not represent the real potential for 
survival and stock plants growth in the field, associated with 
the SD, and the balance between the same. Also according 
to the author, the H/SD ratio should be between limits 5.4 
and 8.1 for forest species. Thus, considered as the best 
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variable to describe plant growth and quality, because 
the result of the liquid photosynthesis (Fernandes et al., 
2019; Larcher, 2006). Thus, it is believed that the greater 
the TDM, the greater the rusticity of the produced 
stock plants. And the increase in DQI, one of the main 
evaluation parameters used in the morphological quality 
of stock plants in Brazil (Melo et al., 2018). 

In the evaluation of physiological metabolism, 
total leaf chlorophyll and liquid photosynthesis showed 
response patterns identical to those presented in the 
morphological variables. It was also verified that CRF, 
regardless of the dose, produced clones with lower 
internal CO2 concentration and intrinsic water use 
efficiency, in relation to the control treatment. 

The higher leaf internal CO2 concentration of P. 
peroba indicates leaves from the non-CRF treatment, 
around 300 ppm, may be related to the reduction 
of CO2 assimilation in response to the decrease in 
adenosine triphosphate production (Lawson et al., 
2008) and reduced enzymatic efficiency of the Calvin 
cycle, including limitation of ribulose-1.5 bisphosphate 
regeneration (Lawlor and Tezara, 2009; Pinheiro and 
Chaves, 2011). The CRF was also positive regarding the 
intrinsic efficiency of water use, although the values did 
not differ between doses 2 and 8 kg.m-3. 

The fertilization with CRF also proved to be 
effective in the nutrition of P. peroba clones. It was 
observed that clones cultivated without the CRF 
presented lower N and S contents in the DMA, 
with their respective DRIS indexes excessively 
negative, which denotes a limitation due to the 
nutrient deficiency, when compared to the other. 
Whereas, the fertilization with the CRF provided 
adequate amounts of N and K, being confirmed 
by the smallest deviations of the DRIS indices, 
indicating that the plants are nutritionally balanced. 
The highest P content at dose 0 kg.m-3 of CRF 
(Table 4) can be attributed to the “dilution effect”, 
that is, the higher growth velocity of the shoots of 
the clones of treatments 2, 4, 6 and 8 kg.m-3 may 
be to have diluted the P in the plant. 

Analysing the diagnosis of nutritional status, it was 
verified that the dose 6 kg m-3 of CRF was sufficient in 
the production of P. peroba clones with the lowest value 
of the NBIm, which denotes better nutritional balance. 
These results are compatible with the theoretical model 
suggested by Beaufils (1973), In which low values of 
NBIm, which are indicators of plants with balanced 
nutrition, mostly corresponded to the potentially 
more productive plants, since the other factors are not 

limiting, such as temperature and humidity (Araújo et 
al., 2019). Thus, the best nutritional balance promoted 
by the fertilization with the CRF seems to have been 
determinant in the increase of vegetative growth, and 
the smooth functioning of the photosynthetic machinery 
of P. peroba clones. 

In the field, it is believed that clones with 
maximum nutritional and photosynthetic vigour can 
promote a good supply of photoassimilated products 
produced in the aerial part for the adventitious root 
system, increasing the absorption capacity of water and 
nutrients, and therefore increasing the survival capacity 
and the initial growth. This can be advantageous, under 
the conception of the implantation of commercial 
plantations of P. peroba clones, decreasing the mortality 
rate and cost with replanting. From the perspective of 
silvopastoral systems, the faster the initial growth of 
the forest component, the faster it can be the entry of 
animals in the area, without prejudice to the quality of 
the trees. 

In general, the literature shows that the native 
arboreal species of the different successional and exotic 
ecological groups propagated by seeds are responsive 
to the addition of CRF to the substrate. The example of 
native species is: Myroxylon peruiferum (Moraes Neto 
et al., 2003); Anadenanthera peregrina and Schinus 
terebinthifolius (Rossa et al., 2015); Cedrela fissilis 
(Navroski et al., 2016); Peltophorum dubium (Dutra 
et al., 2017) and Melanoxylon brauna (Gibson et al., 
2019). In exotic species: Eucalyptus grandis (Rossa et 
al., 2014); Toona ciliata (Somavila et al., 2014); Moringa 
oleifera (Rosa et al., 2018); and Acacia mangium (Silva 
et al., 2019). 

In clones originating from mini-cutting, the 
positive effects of CRF are recorded in the production 
of clones of Eucalyptus grandis x Eucalyptus urophylla 
(Silva et al., 2014). Common of these studies were 
the variations of the formulations, the time of nutrient 
release of the CRF and the nutritional requirement 
differentiated from each species, where the optimal 
dose of CRF presented an amplitude of 2 and 14.42 
kg.m-3. It is therefore evident the importance of 
these studies in establishing optimal doses of CRF 
and formulations with adequate release time for each 
cultivated species. 

The rooting process is slow, demanding days 
and even months, promoting high energy expenditure 
and consumption of propagules reserves (Hartmann 
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et al., 2011). Therefore, it is evident that young plants 
of P. peroba propagated by mini-cuttings require 
adequate fertilization and gradual for the complete root 
development and clone formation with better quality 
standard. The CRF proved to be efficient in meeting the 
nutritional and metabolic needs of the clone, favouring 
the synchronization between nutrient release and 
clone’s rooting/growth. These discoveries will guide the 
production practice of high-quality P. peroba destined for 
commercial and recompositing plantations. 

CONCLUSIONS 

There was no influence of the CRF on the survival 
and apparent rooting of the mini-cuttings of P. peroba. 

The incorporation of the CRF to the substrate 
contributed to the improvement of morphological and 
physiological performance of P. peroba clones. 

The dose 6 kg.m-3 was shown to be sufficient to 
obtain nutritionally balanced clones. 
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