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Abstract
The development of vegetative propagation programs of Araucaria angustifolia still lacks on information about 
genetic factor that may influence on its success. We aimed to evaluate how mother tree sex and provenance influence 
on grafting success. So, we collected orthotropic branches from 26 mother trees male and female, of a clonal 
garden established from matrices from different provenances, and carried out an experiment using a patch grafting 
technique. Grafting survival, number and length of shoots did not differ between mother tree sex and provenance. 
The absence of significant variations between mother trees and no correlation with sex or provenance indicates that 
the morphological characteristics of rootstocks and shoots, and environmental conditions after grafting may have 
more influence on the success of grafting. 
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Araucaria angustifolia is the native main species from 
Mixed Ombrophilous Forest of the Atlantic Forest biome, 
also known as Araucaria Forest. It is the only species of 
Araucaria genus occurring naturally in Brazil (Wendling et al., 
2017), with expressive economic and ecological importance 
in its region. Araucaria trees underwent an uncontrolled 
exploitation during 19th century for wood extraction, which 
had consequences for its genetic variability and the need of 
restoration plantings for ecological and commercial purposes 
(Hess et al., 2018)growth models were fitted with the measures 
of ring increment data of 587 trees, covering all distribution 
diameter classes, in four sites in southern Brazil. These fitted 
models showed the minimum cutting diameter of 40 cm for 
about 20 years (maximum annual increment in volume. A. 
angustifolia presents difficulties in the establishment of seed 
orchards from seedlings due to seed recalcitrant characteristic, 
production of seedlings with different characteristics from 
parents (sex, quality of wood and seeds), and a long time to 
achieve sexual maturity (Rickli-Horst et al., 2019). The fact 

that araucaria may have significant differences in genetic 
level between populations makes mother trees provenance 
another factor of interest (Sousa et al., 2020).

One of the bottlenecks for araucaria use and conservation 
is the vegetative propagation, specially the production of clonal 
seedlings (Stuepp et al., 2018). It is known that gymnosperms are 
very difficult to be propagated by cuttings and the A. angustifolia is 
not different (Zavattieri et al., 2016); therefore, the use of grafting 
would be the best option for the establishment of araucaria clonal 
plantations. However, there is a lack of knowledge on how is the 
influence of different factors on the success of seedlings production 
by grafting. Several studies have been developed on vegetative 
propagation of araucaria (Wendling et al., 2016a; Wendling et 
al., 2016b; Gaspar et al., 2017; Maggioni et al., 2020), but there 
are still gaps related to grafting survival and development to be 
solved for the adequate establishment of commercial plantations. 
Thus, this study aimed to evaluate the influence of mother tree 
sex and provenance on survival and initial development of 
Araucaria angustifolia grafting.
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The experiment was carried out from December/2019 
to April/2020 in Ivaí, Paraná, Brazil (24°59'16" S, 50°52'10" 
W, 704 m). According to the Köppen classification, region’s 
climate is temperate, of the Cfa type, the coldest month 
temperature between 8 °C and 21 °C, with well-distributed 
rains throughout the year and the warmest month temperature 
below 28 °C (Alvares et al., 2013). 

Araucaria seedlings used as rootstock were produced 
in 3,780 cm³ pots aged around 18 months. The rootstocks 

were cleaned at the grafting area around 10.0 ± 1.0 cm.  
The shoots of orthotropic branches used as grafts were 
collected from 26 mother trees male and female, of a clonal 
garden in Colombo, Paraná, established from matrices 
(35 years old) from different provenances (Minas Gerais,  
São Paulo, Paraná, Santa Catarina and Rio Grande do Sul), 
and rescued by grafting (Table 1). The shoots were packed it  
in Styrofoam boxes with water and ice until the grafting  
process.

We used a patch grafting technique, with buds of 
approximately 4.0 ± 1.0 cm, which were adjusted to an 
incision made in the rootstock. Buds were fixed to the 
rootstock using a 2 cm wide plastic band until they were 
welded. After grafting, plants were placed in a shade house 
(50% shading) with micro-sprinkler irrigation four times a 
day for 10 minutes each (144 L hour-1 flow rate) for 120 days. 
After 45 days we removed the plastic bands. We evaluated 
survival at 60, 90, 120, 150, and 180 days after grafting. 
Number of grafts with shoots, number of sprouts/grafts, and 
sprout length were evaluated at 120, 150, 180 days after grafting.

The experiment was carried out following a completely 
randomized design, in a split-plot over time arrangement, 
with four replications of six grafts per experimental unit, 
totaling 624 grafts. Data was submitted to the Shapiro-Wilk 
test to verify the normality of the variables and to Bartlett 
test to verify homogeneity of variances. A two-way ANOVA 
was performed and the Tukey test was applied to compare 
the treatments when ANOVA was significant (p <0.05).

Table 1. Identification, sex (male and female), and provenance (MG: Minas Gerais; SP: São Paulo; PR: Paraná; SC: Santa Catarina; RS: 
Rio Grande do Sul), of Araucaria angustifolia mother trees used for grafting.

Mother tree Sex Provenance Mother tree Sex Provenance
F4 Female SP F30 Female MG
F6 Female PR F31 Female PR
F8 Female PR F33 Female PR

F12 Female SC F36 Female PR
F15 Female MG F39 Female PR
F16 Female PR F42 Female SC
F17 Female PR F44 Female RS
F24 Female SP M12 Male MG
F25 Female MG M13 Male PR
F26 Female PR M16 Male SP
F27 Female PR M17 Male SP
F28 Female SP M18 Male PR
F29 Female MG M20 Male SC

Our results indicate that there is no relation between 
the variables and provenance or mother tree sex. Graft 
survival rates varied significantly, without any relation with 
provenance or mother tree sex (Figure 1). Grafts from mother 
trees F36, F29, F4, F31, F28, F12, and F44 had higher survival 
rates, which were higher than 88%. In the majority of grafts, 
we did not observe a reduction in survival after 120 days, 
indicating that these first 120 days after grafting are more 
important for this variable. Grafts from mother trees F6 
and F15 presented the lowest survival rates, with 46% at 180 
days after grafting. Differing from our results, Wendling et 
al. (2016a) observed higher survival of female grafts in A. 
angustifolia, which was attributed to differences in resources 
allocation for reproduction. The drastic reduction on survival 
rates from 60 to 90 days after grafting may be related to plastic 
bands removal that occurred 45 days after grafting. It may 
indicate the need of keeping the plastic band for a longer 
period or changing water management after removing it  
(Rickli-Horst et al., 2019).
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Figure 1. Survival rates of Araucaria angustifolia grafts at 60, 90, 120, 150, and 180 days after grafting.

For the number of grafts with shoots, the number of shoots/
grafts, and shoot length, we observed a high similarity between 
progenies, with little variation among them (Table 2). Although 
it did not differ from other grafts, F29 presented higher values 

for all variables, indicating a high potential to be propagated 
via grafting technique. We did not observe differences between 
grafts among evaluation time, indicating that these evaluations 
could occur only at 180 days, before field planting.

Table 2. Number of grafts with shoots, number of shoots/grafts, and shoot length (cm) of Araucaria angustifolia grafts at 120, 150, and 
180 days after grafting. Same letters in columns do not differ from each other by the Tukey test (p > 0.05).

Mother 
tree

Number of grafts with shoots Number of shoots/grafts Shoot length (cm)
120D 150D 180D 120D 150D 180D 120D 150D 180D

F29 0.88 a 0.88 a 0.92 a 6.50 a 7.25 a 8.75 a 4.25 a 6.13 a 7.63 a
F28 0.54 ab 0.58 ab 0.67 ab 4.00 ab 4.25 ab 4.75 ab 3.38 a 5.13 a 6.50 ab
F12 0.50 ab 0.50 ab 0.63 ab 3.00 ab 3.00 ab 4.25 ab 1.00 a 1.13 a 1.88 ab
F25 0.54 ab 0.54 ab 0.58 ab 3.75 ab 3.75 ab 4.00 ab 0.80 a 1.45 a 2.85 ab
F36 0.46 ab 0.46 ab 0.54 ab 2.75 ab 2.75 ab 3.25 b 1.63 a 2.75 a 3.00 ab
M13 0.46 ab 0.46 ab 0.50 ab 3.00 ab 3.00 ab 3.25 b 3.88 a 4.13 a 5.00 ab
M12 0.46 ab 0.46 ab 0.46 ab 3.00 ab 3.00 ab 3.25 b 1.38 a 3.13 a 4.25 ab
F31 0.42 ab 0.54 ab 0.58 ab 2.50 ab 3.25 ab 3.50 ab 1.08 a 1.88 a 1.88 ab
M16 0.38 ab 0.46 ab 0.58 ab 2.25 ab 3.00 ab 3.75 ab 2.00 a 3.25 a 3.63 ab
F15 0.38 ab 0.38 ab 0.42 ab 2.75 ab 2.75 ab 3.00 b 1.75 a 2.38 a 2.50 ab
F42 0.33 ab 0.33 ab 0.38 ab 2.25 ab 2.25 ab 2.50 b 3.00 a 3.13 a 3.88 ab
F16 0.29 ab 0.42 ab 0.42 ab 1.75 ab 2.50 ab 2.50 b 2.75 a 4.00 a 4.50 ab
F26 0.25 ab 0.42 ab 0.42 ab 1.50 b 2.50 ab 2.75 b 1.75 a 2.50 a 2.88 ab
F39 0.29 ab 0.33 ab 0.33 b 1.75 ab 2.50 ab 2.50 b 0.68 a 0.73 a 1.18 ab
F4 0.13 b 0.17 b 0.33 b 0.75 b 1.00 b 2.00 b 0.63 a 0.88 a 1.68 ab
F6 0.21 b 0.33 ab 0.38 ab 1.25 b 2.00 b 2.50 b 1.50 a 2.30 a 4.13 ab
F30 0.29 ab 0.29 ab 0.29 b 1.75 ab 2.75 ab 2.75 b 0.78 a 1.05 a 1.50 ab
M20 0.25 ab 0.25 b 0.33 b 1.50 b 1.50 b 2.00 b 3.00 a 3.63 a 3.68 ab
F27 0.21 b 0.21 b 0.21 b 1.75 ab 1.75 b 1.75 b 2.88 a 3.25 a 4.00 ab
F33 0.17 b 0.25 b 0.25 b 1.25 b 2.00 b 2.00 b 2.25 a 2.88 a 2.88 ab
M18 0.13 b 0.17 b 0.17 b 1.00 b 1.25 b 1.00 b 0.25 a 0.50 a 0.50 b
F17 0.08 b 0.21 b 0.38 ab 0.50 b 1.25 b 2.25 b 0.63 a 1.93 a 2.05 ab
F24 0.04 b 0.13 b 0.13 b 0.25 b 0.75 b 0.75 b 0.03 a 0.10 a 0.30 b
M17 0.04 b 0.13 b 0.13 b 0.25 b 1.00 b 1.00 b 0.03 a 0.18 a 0.68 b
F44 0.04 b 0.08 b 0.08 b 0.25 b 0.50 b 0.50 b 0.03 a 0.18 a 0.00 b
F8 0.00 b 0.04 b 0.13 b 0.00 b 0.25 b 0.75 b 0.00 a 0.05 a 0.10 b
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Sousa et al. (2020) identified two distinct populations of 
A. angustifolia in South and Southern Brazil, highlighting 
the importance of genetic and environmental factors on 
their evolutionary history. The lack of differences among 
provenance of mother trees on the success of grafting evidence 
the potential of rescuing several genetic materials, which 
would critical for species genetic conservation.

This study confirms the potential of propagating A. angustifolia 
by grafting, although the lack of knowledge about genetic variation 
and grafts provenance difficult more specifical propagation 
programs. The absence of significant variations between the 
mother trees we used in this study and no correlation with 
sex or provenance indicates that factors such as morphological 
characteristics of rootstocks and shoots, as observed by Stuepp 
et al. (2020), and environmental conditions after grafting may 
have more influence on the success of grafting.
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