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ABSTRACT

This work aimed to select Jacaranda mimosifolia genotypes for vegetative propagation by mini-cutting. 
Evaluated the competence of adventitious rooting of minicuttings of genotypes during six successive 
collects. J. mimosifolia genotypes were established in a clonal mini-garden for shoots production and 
mini-cuttings supply. In each of the six collections, the minicuttings were planted in tubes containing 
commercial substrate and vermiculite. Mini-cuttings were evaluated for the rooting percentage and 
the number of rooted mini-cuttings after 60 days of cultivation in the greenhouse. The components of 
variance were estimated based on repeated measures by the Restricted Maximum Likelihood (REML) 
method, the prediction of phenotypic and genotypic values by the Best Linear Unbiased Prediction 
(BLUP). Genetic variability was observed at accuracies of 0.84 and 0.74, for the number of produced and 
the number of rooted minicuttings, respectively, in the six evaluations. Seven J. mimosifolia genotypes 
were selected for the number of rooted minicuttings, resulting in a selection gain of 53.5%. The results of 
this work show a high potential of this strategy of genetic improvement of forest species for vegetative 
propagation with high gains from selection, can be applied to other species. 
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RESUMO

Este trabalho teve como objetivo selecionar genótipos de Jacaranda mimosifolia para propagação 
vegetativa por miniestaquia. Avaliou-se a competência do enraizamento adventício de miniestacas dos 
genótipos durante seis coletas sucessivas. Genótipos de J. mimosifolia foram implantados em minijardim 
clonal para produção de mudas e fornecimento de miniestacas. Em cada uma das seis coletas, as 
miniestacas foram plantadas em tubetes contendo substrato comercial e vermiculita. As miniestacas 
foram avaliadas quanto à porcentagem de enraizamento e número de miniestacas enraizadas após 
60 dias de cultivo em casa de vegetação. Os componentes de variância foram estimados com base 
em medidas repetidas pelo método Restricted Maximum Likelihood (REML), a predição dos valores 
fenotípicos e genotípicos pelo Best Linear Unbiased Prediction (BLUP). A variabilidade genética foi 
observada com precisões de 0,84 e 0,74, para o número de miniestacas produzidas e o número de 
miniestacas enraizadas, respectivamente, nas seis avaliações. Sete genótipos de J. mimosifolia foram 
selecionados quanto ao número de miniestacas enraizadas, resultando em um ganho de seleção de 
53,5%. Os resultados deste trabalho mostram um alto potencial desta estratégia de melhoramento 
genético de espécies florestais para propagação vegetativa com altos ganhos de seleção, podendo ser 
aplicada a outras espécies.

Palavras-chave: Enraizamento adventício; Parâmetros genéticos; Miniestaquia

1 INTRODUCTION

Vegetative propagation is currently the main form of production of plantlets of 

several forest species, especially of the Eucalyptus. This is due to its potential to clone 

genotypes of interest, regardless of their genetic makeup, and to fix more favorable 

combinations of characters and superior genetic interactions, as well as or the genetic 

conservation of the species (Fonseca et al., 2021). Although vegetative propagation 

techniques are often used in the production of commercial plantlets, aspects related 

to clonal propagation, such as the multiplication rate, are disregarded during the 

selection process. However, ignoring such aspects can lead to losses of time and 

investments during long periods of selection and recombination, which is even more 

relevant for perennial species. It should be noted that superior genotypes identified 

over several selective cycles cannot be fixed if vegetative propagation is not possible, 

which has already been observed for forest species of economic importance. For this 

reason, the selection of genotypes with greater potential for vegetative propagation 

is considered fundamental, thereby prioritizing the high productivity of propagules 
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and the high competence for adventitious rooting. This results in a greater number of 

rooted minicuttings during the period of vegetative growth throughout the year (Burin 

et al., 2018a).

In addition to the punctual performance of a genotype in each evaluation, it 

is necessary to consider that the vegetative propagation is highly influenced by the 

physiological state of the plant and by environmental factors. Both these aspects 

are highly related to the collection periods of the propagules (Brondani et al., 2017). 

This justifies the need to carry out repeated measures to obtain inferences about 

the genotype’s ability to repeat its performance over successive evaluations. In other 

words, whether the selected genotypes will maintain their superiority throughout 

the collections, making it possible to assess whether the selection based on a certain 

phenotypic characteristic will be reliable (Cruz et al., 2012). 

The correlation between repeated measures on the same individual over 

time and space statistically defines the repeatability coefficient (Cruz et al., 2012). A 

particularly relevant aspect in the use of the repeatability coefficient, is the possibility 

of verifying the sufficient number of measures to reach the maximum accuracy. This 

allows for optimization of the time, the physical structure, and the manpower necessary 

to evaluate a certain characteristic for the selection of genetically superior individuals 

at the accuracy desired by the researcher (Jesus et al., 2021).

Repeatability and heritability are the most important genetic parameters, which 

are estimated by the components of variance, and depend on appropriate biometric 

procedures to maximize selection efficiency (Della Bruna et al., 2012). One of the most 

efficient methods for estimating genetic parameters and genotypic values is the mixed 

model methodology based on the Restricted Maximum Likelihood Method (REML)/Best 

Linear Unbiased Prediction (BLUP) model (Bezerra et al., 2020). Through this method, 

the coefficient of genetic variation and genetic correlations are also estimated, which 

can be used to make inferences about the genetic variability present in a group of 

plants (Abu-Ellail et al., 2018).
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Considering these aspects, it is evident that it is important to estimate genetic 

parameters, including repeatability as well as the selection of genotypes with 

competence for vegetative propagation. Our investigation was based on an arboreal 

species that resulted in quite easily vegetative propagation, Jacaranda mimosifolia D. 

Don, popularly known as jacaranda, belonging to the Bignoniaceae family and native 

to Argentina, Bolivia, Paraguay and which can be found in temperate and tropical 

regions. It is a pioneer species in forest succession (Grau et al., 1997), present in all 

succession processes of a secondary forest during a 50-year study in northwestern 

Argentina (Socolowski; Takaki, 2004), with a tree size that reaches up to 15 meters in 

height (Lorenzi; Souza; Torres, 2003). The species can be used in urban afforestation, 

in carpentry for making linings and boxes, in the treatment of diseases, wounds, ulcers 

and as an astringent (Lorenzi; Souza; Torres, 2003). Because it is a tree species with 

showy flowers, its pollen and nectar become attractive to fauna, which aids in the 

pollination process. In addition, Bignoniaceae are often used in landscaping, due to 

the scenic beauty and great ornamental potential of its species. Studies carried out 

with vegetative propagation by mini-cutting herbaceous branches suggested that new 

plantlets can be produced without the application of auxins and without the need 

for a specialized structure, such as a humidity chamber for adventitious rooting. In 

addition, the parent plants can be kept in a clonal-minigarden, providing sprouts for the 

preparation of mini-cuttings throughout the growing season, which makes it possible 

to produce and offer plantlets practically throughout the year (Fauerharmel et al., 

2020). Thus, this study aimed to select promising jacaranda genotypes for vegetative 

propagation by mini-cuttings and test the selection strategy for vegetative propagation 

through repeated measurements. 

2 MATERIALS AND METHODS

This study was conducted at the Plant Breeding and Propagation Center, Federal 

University of Santa Maria, RS, Brazil. According to the Köppen classification, the climate 
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in the region is subtropical (Cfa), characterized by an average temperature ranging 

between -3 °C and 18 °C in the coldest month and above 22 °C in the hottest month, 

with an average annual precipitation ranging from 1,600 to 1,900 mm (Alvares et al., 

2013). Four well-defined seasons occur in the region; the coldest months of the study 

year occur between May and August, and the warmest months between November 

and February. The experiments were conducted in an acclimatized greenhouse.

The clonal minigarden was established from seedlings, 120 days after sowing. 

Seeds were collected from two selected plants considering trunk diameters and 

straightness. Seeds were mixed and placed for germination in 280 cm³ tubes containing 

commercial substrate-based pine-bark. The most vigorous seedlings were randomly 

distributed in four polyethylene trays (55 × 34 × 15 cm, length × width × depth), spaced 

10 cm apart. Twenty-three seedlings (genotypes) were considered for the present 

study. Each tray of the clonal minigarden was composed of a medium gravel layer 

(3 cm), followed by a polyethylene mesh (1 mm²) and a layer of coarse sand (12 cm). 

The trays had a 20 mm diameter polyvinyl chloride (PVC) transversal tube, with two 

perforations to distribute the nutrient solution in the cultivation bed. In the flood 

fertigation system, the nutrient solution was provided for 15 min, twice a day, with the 

aid of a digital programmer and a low-flow submerged pump. 

The following composition was applied (mg L⁻¹): 117.0 N in the form of nitrate; 

15.75 N in the form of ammonium; 14.63 of P; 131.62 of K; 84.0 of Ca; 25.21 of Mg; 

73.28 of S; 0.01 of B; 0.02 of Cu; 69.73 of Fe; 0.03 of Mn; 0.008 of Zn; and 0.0016 of 

Mo. The pH of the solution was maintained between 5.5 and 5.8, and the electrical 

conductivity at 1.5 dS m⁻¹.

The nutrient solution promoted the complete soaking of the substrate and the 

formation of a superficial layer, which was drained by two holes, arranged in the front 

part of the tray. The nutrient solution was adapted from Hoagland and Arnon (1950). 

The pH of the nutrient solution was maintained between 5.5 and 6.0, and the electrical 

conductivity was maintained at 1.5 dS m-1.
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After 30 days of planting the seedlings, drastic pruning was carried out to form 

ministumps, which promoted a break in the apical dominance and allowed the lateral 

buds to grow new shoots. The collections were carried out according to the growth of 

the shoots, totaling six collections representing the whole period of the growing season 

(December 2016, February, April, September, and November 2017, and January 2018).

Shoots collected from each genotype were sectioned into double bud mini-

cuttings, approximately 1.5 to 2.0 cm long, containing a pair of leaves with four pairs of 

leaflets. The minicuttings were grown in polyethylene tubes, with longitudinal grooves 

and a capacity of 110 cm³, containing a commercial substrate based on pine bark 

mixed with vermiculite, in a proportion of 2:1 (v/v). The rooting of the mini-cuttings 

was carried out in the same environment of the greenhouse where the clonal mini-

garden was established, and the mini-cuttings were manually watered every day. In this 

environment, the relative humidity was around 80%, and the maximum temperature 

was 25ºC. In each collection, the number of produced mini-cuttings per mini-stump 

(NMP) was counted, and after 60 days of cultivation in the rooting substrate, the 

number of rooted mini-cuttings per mini-stump (NRM), and the percentage of rooted 

mini-cuttings (PRM) for each genotype were recorded. Mini-cuttings were considered 

rooted when they had at least one root equal to or greater than 0.1 cm.

The data were subjected to deviance analysis, as proposed by Resende (2002). 

The significance of the difference in the fit of different models was tested using the 

Likelihood Ratio Test (LRT) proposed by Wilks, and defined by the model:

λ = 2 [Loge Lp+1 – Loge Lp] (1)

Where: Lp+1 and Lp correspond to the peaks of the likelihood function associated with the complete 
model and the reduced model, respectively.

Thus, λ must be compared with the probability density function (χ2) for a given 

number of degrees of freedom and probability of error (Dobson, 1990). In order 
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to corroborate the likelihood ratio test, Pearson’s correlation test was performed 

with the aid of the statistical program RBio (Bhering, 2017), with the objective of 

identifying the character that should be used for the selection of jacaranda genotypes 

for vegetative propagation.

Components of variance were estimated by the REML method and the prediction 

of phenotypic and genotypic values was undertaken using the BLUP method (Resende, 

2002). The statistical model 63 was used, which corresponds to the basic model of 

repeatability without design, with the aid of the Selegen REML/BLUP software (Resende, 

2016). The statistical model is expressed by:

y = Xm + Wp + e (2)

Where: y is the data vector; m is the vector of the collection effects (assumed to be fixed) plus the general 
average; p is the vector of permanent plant effects (genotypic effects + permanent environment effects) 
(assumed to be random); e is the vector of errors or residues (random); The capital letters represent the 
incidence matrices for the effects of m and p, respectively. 

The efficiency of using m measurements on each plant, compared to using one 

measure for each plant, in relation to genetic gain with selection, is defined by the function:

ƒ = [m ÷ [1 + (m – 1) × ρ ]]1/2 (3)

Where: f is the selective efficiency; m is the number of measurements; ρ is the repeatability coefficient.

The value m to achieve a fraction of the maximum coefficient of determination 

is defined by the function:

m = ƒ (1 – ρ) / (1 – ƒ) ρ (4)

Where: f is the selective efficiency; m is the number of measurements; ρ is the repeatability coefficient.
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The average components (individual BLUPs), based on the permanent 

phenotypic effect of the 23 evaluated genotypes of J. mimosifolia, were obtained to 

classify and identify superior genotypes for vegetative propagation. The genotypic 

values of each individual evaluated were obtained by adding each genotypic effect 

to the general average of the experiment. The genetic gain was equivalent to the 

average of the predicted vectors of the genetic effects for each selected genotype. 

The overall average plus the genetic gain resulted in an improved population mean. 

The relative performance of each genotype was obtained by the relationship between 

the improved population means and the average of the genotype with the highest 

genetic value. The phenotypic values of each genotype, corresponding to the values 

observed in the experiment, were added to the list. The genotypes that presented 

a relative performance higher than 80% for the genotypic value for the number of 

rooted minicuttings, were selected.

3 RESULTS AND DISCUSSIONS

Deviance analysis showed that the 23 evaluated jacaranda genotypes differed 

in terms of the number of mini-cuttings produced (p < 0.01) and the number of rooted 

mini-cuttings (p < 0.05) in the six consecutive shoot collections (Table 1). As for the 

rooting percentage of the minicuttings, no significant difference was detected between 

the jacaranda genotypes. In addition, the rooting average of the 23 genotypes studied 

can be considered satisfactory, since jacaranda minicuttings do not require treatment 

with auxin or a specialized structure for cultivation during the adventitious rooting 

process (Fauerharmel et al., 2020).

LRT values showed that, for both the number of minicuttings produced and 

rooted, the genotypic effects and the environmental effects were significant, indicating 

that the complete model was the most suitable for adjusting the data in comparison 

with the reduced model. According to Sanchéz et al. (2017), the likelihood principle 

allows several models to be compared and, therefore, this type of model is the 
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most appropriate for genetic estimation. In addition, the LRT showed the existence 

of genetic variability, indicating the possibility of obtaining selection gains, both for 

the number of mini-cuttings produced and for the number of rooted mini-cuttings, 

whose characters were significantly correlated (0.4338, p = 1.065-07). As for the rooting 

percentage, no significant differences were detected between the genotypes (Table 1) 

and the correlation was positive and significant with the number of rooted minicuttings 

(0.6947, p = 2.2-16). However, the correlation was negative and not significant (-0.0614, 

p = 0.4741) with the number of minicuttings produced.

Table 1 – Deviance values for the number of mini-cuttings produced and rooted and 

for the rooting percentage of 23 Jacaranda mimosifolia genotypes in six consecutive 

collections and evaluated at 60 days of cultivation in a greenhouse

Effects
Number of minicuttings 

produced
Number of rooted 

minicuttings
Rooting 

percentage

Permanent of plant 610.44 474.87 996.94

Complete model 593.10 468.25 996.23

LRT¹ 17.34** 6.62* 0.71ns

Source: Authors (2024)

In where: ¹Likelihood Ratio Test; Significant at ** 0.01 and * 0.05 probability by the χ² test with 1 degree 
of freedom. ns: not significant.

The fact that the jacaranda genotypes presented similar behavior in terms of the 

percentage of adventitious rooting made the number of rooted minicuttings assume 

greater importance for the selection of genotypes for vegetative propagation. This was 

directly associated with the number of minicuttings produced and the percentage of 

rooting, and was corroborated by Pearson’s correlation analysis. In addition, a significant 

and positive correlation indicated that the selection of the number of rooted mini-

cuttings will result in indirect selection gains for the number of mini-cuttings produced 

and also for the rooting percentage. It is emphasized that the plant material used 

comes from a clonal mini-garden, which, through system management and pruning, 

provides vigor and, possibly, juvenility, consequently favoring adventitious rooting. 
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These results were in agreement with those obtained for Cabralea canjerana (Vell.) 

Mart. by Burin et al. (2018b). They indicate the selection of the number of rooted mini-

cuttings as an improvement strategy for vegetative propagation, considering both the 

number of mini-cuttings produced and the rooting percentage.

The estimates of the genetic parameters showed that a large part of the individual 

phenotypic variance corresponded to the temporary variance of the environment. 

Therefore, the number of produced mini-cuttings and rooted mini-cuttings were 

highly influenced by the environment (Table 2). These results indicate that, although 

restricted, there is genetic variability among the evaluated plants, corroborating the 

deviance analysis. This guarantees the possibility of genetic gains when selecting 

genotypes for vegetative propagation, especially if the environmental conditions 

similar to those in the present study are maintained. In addition, they showed that 

the jacaranda genotypes responded differently to environmental variations linked to 

different collection periods, which increases the contribution of the environmental 

component to the phenotypic variance. In the same cultivation system, where similar 

management techniques were applied in the clonal mini-garden of C. canjerana, it was 

also observed that the clones differed in terms of their competence for adventitious 

rooting of the mini-cuttings based on the time of sprouting (Burin et al., 2018a). The 

effect of the growing season can be explained by the different concentrations of 

phytohormones, which interact with the environment to regulate the stages of the 

complex adventitious rooting process in time and space (Lakehal and Bellini, 2019).

Significant contribution of the environmental component to the phenotypic 

variance negatively affected heritability estimates, as measured by repeatability 

(Table 2). The coefficients of individual repeatability (r) found in the present study 

were of medium magnitude for the number of mini-cuttings produced and of low 

magnitude for the number of rooted mini-cuttings, according to the classification of 

Resende (2016). According to Almeida et al. (2019) in perennial plants, low magnitude 

repeatability values are commonly observed in genotypes that are not yet stabilized. 
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This corroborates the importance of the repeatability estimate, for which the superiority 

of a given genotype must persist throughout the life cycle (Sanchés et al., 2017). Other 

perennials also have low magnitude repeatability coefficients for productivity, such as 

Annona muricata L. (Sanchéz et al., 2017), Poncirus trifoliata (L.) Raf., and Citrus unshiu 

(Yu. Tanaka ex Swingle) Marcow. (Imai et al., 2016).

Table 2 – Variance components and genetic parameters for the number of mini-cuttings 

produced and rooted of Jacaranda mimosifolia genotypes in six consecutive collections 

and evaluated at 60 days of cultivation in a greenhouse

Component/parmeter1
Number of produced 

minicuttings 
Number of rooted 

minicuttings
Vpp 9.247618 1.924029

Vte 23.277539 9.721703

Vp 32.525157 11.645732

R = h² 0.284322 ± 0.1284 0.165213 ± 0.0979

rm 0.704462 0.542850

Acm 0.839322 0.736783

General Media 7.995652 3.536884

Source: Authors (2024)

In where: 1Vpp: permanent phenotypic variance between plants (genotypic variance plus variance of 
the permanent environment between collections); Vte: temporary environment variance; Vp: individual 
phenotypic variance; r = h²: individual repeatability and its confidence interval; rm: repeatability of the 
average of m harvests or m repeated measures m=2; Acm: accuracy of selection based on average m 
harvests or repeated measures.

Although the repeatability did not reach high magnitudes, the selective precision 

or accuracy considering all collections/assessments of adventitious rooting was 0.84 for 

the number of mini-cuttings produced and 0.74 for the number of rooted mini-cuttings 

(Table 2). These results showed that there is a relative superiority of genotypes from 

one collection to another, and that the expression of these characters had adequate 

genetic control. The greater the selective accuracy, the greater was the confidence in 

the evaluation and in the predicted genetic value of the individual, which is the main 

element of genetic progress that the breeder can change to maximize the selection 
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gain (Sturion and Resende, 2005). This is due to the fact that selective accuracy 

corresponds to the correlation between the predicted genotypic values and the true 

genotypic values (Sanchéz et al., 2017). Therefore, the components of variance and 

genetic parameters also indicate that the number of rooted mini-cuttings can be used 

for the selection of jacaranda genotypes for vegetative propagation by mini-cutting. 

The coefficient of determination, which demonstrates the reliability of the 

phenotypic value in predicting the real value of the genotypes (Cargin, 2016), reached a 

maximum value of 80% in the tenth evaluation for the number of mini-cuttings produced, 

and 70% for the number of mini-cuttings rooted (Figure 1 A and B). Considering that 

six collections were made, the results of the determination coefficient indicated that 

a greater number of evaluations should be carried out to reach the minimum value of 

80%, as recommended by some authors (Della Bruna et al., 2012; Cargin, 2016). The 

selection precision of 0.80 was reached in the fifth and ninth collections for the number 

of minicuttings produced and rooted, respectively (Figure 1 C and D). The selective 

efficiency showed a progressive increase with the number of collections, indicating 

that the use of six collections was important to achieve an adequate efficiency for the 

selection of jacaranda genotypes for the number of mini-cuttings produced (Figure 

1 E and F), with a slightly higher selective efficiency for the number of rooted mini-

cuttings. It is worth noting that there was a considerable gain in selective efficiency 

with the increase in the number of collections, which is highly desirable in any program 

of genetic improvement of perennial species.
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Figure 1 - Coefficient of determination, accuracy and selective efficiency in function 

of the number of collections for the number of produced and rooted mini-cuttings of 

Jacaranda mimosifolia genotypes

Source: Authors (2024)

The 23 jacaranda genotypes were ranked according to the average components 

(individual BLUPs) based on the number of rooted mini-cuttings, and the genotypes 

that presented relative performance above 80% were selected (Table 3). The seven 

genotypes selected showed the greatest competence for adventitious rooting, 

considering six consecutive evaluations for the number of rooted minicuttings. On 

average, these genotypes produced 12 mini-cuttings, of which 5.4 formed adventitious 

roots, which corresponded to 46.3 percent of rooting (Table 3). Selection based on 

nonlinear analysis allows the estimation of genetic parameters, which increase the 

safety and robustness in identifying superior genotypes regarding adventitious rooting, 
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especially when compared to alternative methods, such as k-means clustering method, 

used by Burin et al. (2018a). Mixed models are already frequently used for perennial 

plants, such as Spondias sp. (Yamamoto et al., 2017), Pennisetum purpureum Schum. 

(Menezes et al., 2016), Prunus persica (L.) Batsch (Della Bruna et al., 2012), Psidium 

guajava (Almeida et al., 2019), and Bertholletia excelsa (Bonpl.) (Azevedo et al., 2020). 

Table 3 - Permanent phenotypic effect and value, selection gain, new media and relative 

performance in percentage estimated for the number of minicuttings produced and 

rooted and for the rooting percentage of Jacaranda mimosifolia genotypes1

Genotyp.
Number of minicuttings produced Number of rooted minicuttings Rooting percentage

Pp u+Pp SG Nm RP Pp u+Pp SG Nm RP Pp u+Pp SG Nm RP

15SM11 2.72 10.71 4.23 12.2 90.5 2.33 5.87 2.33 5.9 100.0 0.53 46.57 0.55 46.6 100.0

15SM26 3.76 11.76 4.74 12.7 94.2 1.70 5.24 2.02 5.5 94.5 0.37 46.41 0.49 46.5 99.9

15SM35 5.52 13.52 5.52 13.5 100.0 1.61 5.14 1.88 5.4 92.3 -0.07 45.97 0.13 46.2 99.1

15SM1 4.93 12.93 5.23 13.2 97.8 0.97 4.51 1.65 5.2 88.4 -0.09 45.94 0.11 46.1 99.0

15SM5 -0.11 7.88 2.32 10.3 76.3 0.79 4.33 1.48 5.0 85.5 0.10 46.14 0.28 46.3 99.4

15SM7 1.29 9.29 3.29 11.3 83.5 0.71 4.25 1.35 4.9 83.3 0.10 46.14 0.31 46.3 99.5

15SM14 1.18 9.17 2.78 10.8 79.6 0.61 4.15 1.25 4.8 81.4 0.03 46.07 0.25 46.3 99.4

MS 12.0 5.4 46.3

AO 8.0 3.5 46.0

GG 4.0 1.9 0.3

GG (%) 50.1 53.5 0.6

Source: Authors (2024)

In where: 1Of seven selected of Jacaranda mimosifolia genotypes in six consecutive collections and 
evaluated at 60 days of cultivation in a greenhouse; Pp: Permanent phenotypic effect; u + Pp: permanent 
phenotypic value; SG: selection gain; Nm: new media; RP: relative performance in percentage; MS: 
means of the selected genotypes; OA: original mean with all 23 genotypes; GG: total genetic gain e 
GG(%): total genetic gain in percentage.

For the seven selected genotypes, the permanent phenotypic values were 

higher than the phenotypic effects, resulting in a gain with the selection. In relation 

to the original population average, the selection of genotypes for the number of 

rooted mini-cuttings resulted in a direct genetic gain of 53.5%, which corresponded 

to an increase of 1.54 times the number of rooted mini-cuttings in relation to the 

original population. In addition, a high indirect genetic gain of selection (50.1%) was 

observed for the number of minicuttings produced and a low gain (0.6%) was observed 
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for the rooting percentage (Table 3). Using the same statistical methodology based 

on repeated data, the selection for fruit and matrix production resulted in gains of 

2.4 - and 4.2 times, respectively, in relation to the original population of Bertholletia 

excelsa (Azevedo et al., 2020). 

In terms of genetic improvement, the use of repeated measures is a promising 

strategy for the selection of genotypes for vegetative propagation, not only for the 

species under study, but for the various species, for which seedling production depends 

on vegetative propagation. The selection of plants for vegetative propagation increases 

the efficiency of the seedling production process, as it allows the projection of the 

quantity of produced plantlets, the expected quality standard, and the time spent to 

obtain plantlets with adequate quality to be transplanted in the field. This character, in 

addition to being related to the number of seedlings that are actually being produced, 

is easy to measure and monitor, since it is obtained by simply registering the number 

of minicuttings that take root from a particular genotype throughout the collections. 

Successive collections are necessary to estimate genetic parameters, which must 

represent the different seasons of the year, with their environmental variations, so 

that the selection is effective for mass production of seedlings throughout the year, as 

indicated by Burin et al. (2018a). Despite this, further studies are needed to analyze the 

stability and adaptability of the selected clones, the interaction of genotypes with the 

environment, as well as aspects related to the quality of the root system and plantlet 

produced by mini-cutting throughout the year.

4 CONCLUSIONS

The results of this work show a high potential of this strategy of genetic 

improvement of forest species for vegetative propagation and indicate the possibility 

of high selection gains. The statistical model used allow for the estimate the genetic 

parameters, and select the best genotypes for competence in vegetative propagation 

by mini-cutting, based on the number of rooted mini-cuttings.
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