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HIGHLIGHTS

Semi-girdling technique produces longer epicormic shoots in native Ilex paraguariensis.

Cuttings form epicormic shoots produce a higher number of roots than treetop shoots.

Shoots from detached live branches have short length with high number of leaf buds.

New studies are needed regarding techniques to elongate shoots from detached branches.

ABSTRACT

The induction of epicormic shoots is very important for the success of vegetative 
propagation in forestry species, due to the high rooting capacity of the reinvigorated 
material. However, it is necessary to determine the most appropriate technique for 
this purpose, aiming for greater productivity and better reinvigoration, which may be 
different for each species. The objective of this search was to evaluate different induction 
techniques for the production of epicormic shoots in I. paraguariensis mother trees in 
the municipality of Urupema, Santa Catarina state, considering four rescue techniques: 
complete girdling (100%); semi-girdling (50%); detached live branches, and; shoots of 
the treetop (canopy). Three evaluations were made for: trees with epicormic shoots (%), 
average number of shoots and their average length (cm). Shoots were collected at 180 
days after (February 2017) the application of the experiment (August 2016), separating 
in: rejuvenated shoots and of the treetop. At 90 days, cuttings variables were evaluated: 
rooting (%), calogenesis (%), average root number and their average length (cm). The 
semi-girdling was superior to shoot length (5.3 cm). The detached live branches obtained 
the highest average number of shoots (4.7), however, they were not able for cutting, 
due to their short length (0,6 cm). For cutting, there was only difference for the number 
of roots formed, and the rejuvenated material was superior (2,3) than treetop (0.8). It 
is recommended the use of semi-girdling technique for greater production of juvenile 
shoots and use reinvigorated cuttings for vegetative propagation, considering the greater 
number of roots formed.
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INTRODUCTION

Ilex paraguariensis Saint Hilaire, also known as mate, 
is a native species that has a strong cultural and economic 
link with southern Brazil, since its leaves are used in the 
production of medicines and consumed largely in the form 
of teas (Dartora et al., 2013). In 2016, the production of 
this species grew slightly more than 1.5% in relation to the 
previous year. However, the economic value related to the 
extraction of this raw material decreased by approximately 
1.2% for the same period (IBGE, 2016). This can reflect the 
depletion of natural resources due to too much extractive 
activity, the genetic heterogeneity of the extraction areas, 
poorly implemented management techniques and a high 
degree of maturation of the mother trees (Medrado et al., 
2002; Wendling et al., 2004).

I. paraguariensis trees, which produce raw 
material for extraction, in a planted or natural way, 
usually have seminal origin, hampering to establish 
standards for production management and raw material 
processing (Wendling, 2004). Its plantations from seminal 
origin hardly have selection criteria, presenting a high 
degree of genetic heterogeneity, negatively reflecting the 
productivity and quality of the final product (Wendling 
and Brondani, 2015). In addition to the high genetic 
heterogeneity, there is the natural degradation of its 
trees due to poor pruning, successive extraction, nutrient 
depletion, competition for invasive plants and even the 
aging of the mother trees (Medrado et al., 2002).

These problems can be solved by obtaining 
seedlings by vegetative propagation, such as the cutting 
technique, by selecting genetically superior individuals. 
Plants produced via vegetative propagation tend to 
have similar productivity of raw material, since they are 
clones of the same mother tree (Wendling and Brondani, 
2015), facilitating the implementation of management 
techniques (Wendling et al., 2004)

One of the main problems for the success of 
cutting is strongly related to the ontogenetic age of 
the plant material, in which the older the material the 
lower the percentage of rooting of cuttings (Wendling, 
2004; Stuepp et al., 2017a, 2017b). Therefore, it is 
necessary to use techniques that aim to rejuvenate the 
vegetal material to be used in the vegetative propagation 
of I. paraguariensis (Wendling and Brondani, 2015), 
considering the difficulty of rooting the plant material of 
lower vigor (Almeida et al., 2007; Brondani et al. 2009, 
Stuepp et al., 2017a, 2017b).

The dormant buds that are closer to the soil level 
of the mother tree have high juvenility, since in this place 
are maintained the seedling characteristics, being able to 

produce shoots with high vigor, even in high physiologically 
mature plants (Hartmann et al., 2011). A reinvigoration 
technique to promote shooting of dormant buds at the 
base of the plant is the injury caused by girdling of its 
trunk (Santin et al., 2008). The removal of the bark of the 
plant causes a hormonal imbalance between cytokines 
and auxins, and the accumulation of the first one below 
the girdle favours the promotion of shoots form dormant 
buds and its development (Hartmann et al., 2011).

Alternatively, to produce plant material for vegetative 
propagation, the technique of detached live branches 
may be used. This technique consists of the collection of 
live pruned branches, kept in greenhouse for induction of 
epicormic shoots (Hartmann et al., 2011). Good results 
have already been obtained for the promotion of epicormic 
shoots via detached live branches of Araucaria angustifolia 
(Bertol) Kuntze (Wendling et al., 2009) and satisfactorily for 
I. paraguariensis (Wendling et al., 2013). However, these are 
also directly related to the ontogenetic age of the mother 
tree and need to be careful when collecting the material for 
use in vegetative propagation (Wendling, 2004).

Therefore, the objective of this search was to 
evaluate the differences in the production of shoots in I. 
paraguariensis trees according to the proportionality of 
girdling and the use of detached live branches, testing the 
rooting of cuttings coming from reinvigorated material 
and from treetop.

MATERIAL AND METHODS

Characteristics of the area of study

The field experiment was conducted in an 
experimental area in the municipality of Urupema, in 
Santa Catarina. The study area is located approximately 
1,400 meters above sea level, at the coordinates 
28°17’38’’ S; 49°55’54’’ W.

This region has a humid temperate climate (Cfb), 
with annual mean precipitation of 1,650 mm. Being 
characteristic of the region, during winter can be snow 
and minimum temperatures of up to -14 °C, considered 
the coldest in Brazil (Figure 1).

Techniques of epicormic shoot induction 

I. paraguariensis mother trees were dispersed 
at the experiment site and with average age between 
15 and 20 years (according to the owner), with an 
average diameter of 9.5 cm (average of 9.8 for plants 
for complete girdling and 9.2 for semi-girdling), being 
selected based on their sanitary quality, in August 
2016. Also, it is important to report that the mother 
trees belong to a place of constant harvesting of their 
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leaves (raw material), having a smaller total aerial part. 
The plants were identified in the field with ribbons of 
different colours for easy visualization according to each 
rescue treatment applied. 

The four techniques of reinvigoration and 
rescue of vegetal material consisted of: complete 
girdling (100%); semi-girdling (50%); collection of 
detached live branches; collection of shoots from the 
treetop (canopy). The treatment of treetop shoots was 
considered as a control in the rooting of cuttings due 
to their high availability of material. Therefore, for the 
statistical evaluation of this experiment, only the first 
three treatments were considered.

The girdling techniques were applied at a height of 
20 cm from the soil in August 2016. A ring with 5 cm wide 
was removed with a machete, only the portion of the outer 
bark being removed, not affecting the intern wood. 

For the treatment of detached live branches, these 
were obtained from other I. paraguariensis trees to not 
alter the physiological activity of the mother trees from 
other treatments. The branches were cut with a chainsaw, 
eliminating secondary branches and already present shoots. 
The branches had their ends sealed with plastic and string 
to avoid excessive moisture loss. Afterwards, they were 
transported to the Forest Nursery of the State University 
of Santa Catarina, in Lages, being stored in a mini tunnels 
system with four daily irrigations by micro aspersion 
of five minutes each. A live branch was considered the 
one belonging to a live tree and with presence of leaves, 
representing being physiologically active.

With 210 days after the application of the 
techniques (March 2017) began the shooting evaluation of 
the I. paraguariensis trees previously girdled. The following 
variables were evaluated: the presence or not of shoots 
under the ring (%); average number of shoots formed and; 
average length of shoots (cm). The same variables were 

evaluated for live branches in the same period. Also, the 
selective accuracy (%) for the significant treatments was 
verified by the analysis of variance. They were considered 
trees with shoots if they presented them below the girdle, 
regardless of their size, as well as to their number. The 
length was obtained using a common millimetre ruler, 
measuring from the shoot base (attachment to the trunk) 
to its apex (insertion of the last leaf).

The experiment was conducted in a completely 
randomized design with factorial arrangement 3 x 3, with 
factor A consisting of three rescue techniques (consisting 
of three replicates of three trees each) and B the three  
evaluations performed every 45 days (March - 210 days, 
half April - 255 days and June - 300 days).

In parallel, the detached live branches obtained 
for the rescue were constantly evaluated to determine 
their shooting speed and lifespan. This experiment 
was installed at the same moment of conditioning the 
branches in the Forest Nursery of University of Santa 
Catarina State (UDESC), in Lages, Santa Catarina state 
(August 2016) (Figure 2).

Therefore, the diameters of the central region of 
12 branches were determined with a ruler, being properly 
identified and ordered to facilitate the evaluations. The 
branches diameters ranged from at least 3.4 cm to a 
maximum of 6.1 cm with lengths close to 70 cm.

The experiment was conducted in a completely 
randomized design, with six replicates of one branch for 
each treatment. The treatments were determined in: 
branches smaller or with a diameter equal to 5 cm, and; 
branches larger than 5 cm in diameter. The development 
of shoots in the branches was evaluated in the form of 
regression, relating the periods of evaluation and the 
diameter of branches. Evaluations began 30 days after 
implantation, occurring every 30 days, with 10 evaluations, 
from September 2016 to June 2017 (300 days).

FIGURE 1 Monthly average of maximum, average, minimum temperatures (°C) and average precipitation (mm) in the municipality of 
Urupema, Santa Catarina state, for the periods from August 2016 to June 2017. Source: Adapted from Epagri Ciram, 2017.
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Rooting of cuttings obtained from epicormic and 
treetop shoots

At 150 days (January 2017) the beginning of 
shooting was detected. Shoots from the induction 
techniques of epicormic shooting (>7 cm) and treetop 
shoots (produced in the year by the tree canopy) were 
collected in the experimental area 180 days after their 
application (February 2017). The shoots were inserted 
in a Styrofoam box with water during transport to avoid 
excessive moisture loss from the vegetal material, to the 
Univsersity’s Forest Nursery in Lages.

Shoots were sectioned into cuttings with pruning 
shears, approximately 7 cm long, with at least one leaf 
cut in 50% of their area. Due to the low availability of 
material, the entire portion of the shoot was used, from 
the basal (lignified) to the apical (herbaceous) portion. 
To determine the differences of rooting by cutting, 
the treatments were: cuttings coming from epicormic 
shoots, and; cuttings from shoots of the treetop.

The cuttings were set to root in 180 cm³ tubes with 
a commercial substrate mixture (Maxfertil® - mixture of 
composted Pinus bark and peat, pH between 5.3 and 6.5) 
and fine vermiculite (Terra Nobre®) in the proportion 
1:1, with addition of 6 g.L-1 slow release fertilizer 
(Osmocote®, in NPK composition – 15-9-12). The trays, 
containing the tubes and cuttings, were allocated in the 
mini tunnels, with micro aspersion irrigation composed 
of four daily irrigations of five minutes each.

The experiment was conducted in a completely 
randomized design, with 15 replicates of 10 cuttings for 
each treatment. At 90 days was evaluated: survival of 
cuttings (%); callus formation (%); rooting (%); average 
number of roots, and; average length of the 3 largest 
roots (cm). Survivors were cuts that had live wood, old 
leaves or young shoots, rooted or not. For calluses, the 

cuttings were considered alive, with undifferentiated 
cell mass at the base, rooted or not. The percentage 
of rooting was considered on the total, not only on the 
surviving cuttings. It was considered as rooted those with 
induction of root primordia of at least 0.2 cm in length.

A scheme for easy understanding of both 
experiments is presented in figure below (Figure 3).

Statistical analysis

We evaluated the normality (Shapiro-Wilk) and 
homoscedasticity (Bartlett) of the  wastefrom both 
experiments, where, with significance at 5% probability 
by analysis of variance (Two-Way ANOVA for the 
epicormic shoot induction experiment and One-Way 
ANOVA for the cutting experiment) and with normality 
Tukey, and without normality, Kruskal-Wallis test, both 
with a 5% probability of error, were applied by the 
statistical program R software.

To evaluate the degree of confidence of the epicormic 
shoot induction experiment, the calculation of selective 
accuracy, obtained by the root of one minus one divided by 
the value of F obtained from the analysis of variance, provided 
by Resende and Darte (2007) and Navrsoki et al. (2013), was 
used. Considering the bands: less than or equal to 50% (low); 
between 50% and 70% (moderate); between 70% and 
90% (high); and greater than 90% (very high).

RESULTS AND DISCUSSION

Techniques of epicormic shoot induction 

There was no significance for the variable of trees 
with shoots by variance analysis (P<0.05), and their value was 
not presented for selective accuracy. For number of shoots 
formed and mean length of shoots, which were significant, 
the values   were considered very high (92.7% and 96.4%). 

FIGURE 2 Average temperature (°C) and relative air humidity (%) during the months of I. paraguariensis detached live branch shooting 
experiment at the UDESC greenhouse in Lages. *Data of August 2016 were not obtained.
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The evaluation periods were not significant; the 
results of the variables are not related to the evaluation 
periods. The percentage of shooting trees remained 
between 37.0% and 51.9%, the average number of 
shoots formed between 1.4 and 2.9, and the average 
length of shoots between 1.4 cm and 3.1 cm. 

The technique of detached live branches produced 
on average almost four times more epicormic shoots (4.7) 
than the technique of complete girdling (1.2) and more 
than seven times than the semi-girdling (0.6). Both girdling 
treatments did not differ statistically (Table 1).

I. paraguariensis trees under the condition of semi-
girdling produced shoots more than four times larger 
(5.3 cm) than those under complete girdling (1.3 cm) and 
almost nine times than detached live branches (0.6 cm). The 
treatments of complete girdling and detached live branches 
were statistically the same for their shoots average length. 

For the treatment of detached live branches, 
a high production of epicormic shoots was observed. 
However, these had small length and high number of leaf 
buds (Figure 4).

Concerning the development of the detached live 
branches, no statistical difference was detected between 
the two classes of branch diameter in the shoot formation, 
however, a significant interaction (P<0.05) was observed 
between the branch diameter and shooting. The high 
R2 values   obtained for both branches larger than 5 cm 
(0.87) and less than or equal to 5 cm (0.89) demonstrate 
high reliability in applied regression statistics.

The beginning of the shoots formation was verified 
from the second evaluation (60 days), presenting two 
shoots on the same branch. From the third evaluation 
(90 days) there was a significant increase of shooting, 
from two to more than 60, distributed in 80.0% of 
the branches. This shooting formation lasted until the 
sixth evaluation (180 days), with more than 120 shoots 
present in up to 90.0% of the branches (Figure 5).

FIGURE 3 A scheme for easy understanding the experiments from the selection of I. paraguariensis mother trees, the application of 

girdling techniques, to their final evaluation.

TABLE 1 I. paraguariensis trees and detached live branches with 
shoots (%), average number and average length of 
shoots (cm) according to three rescue techniques in 
three evaluation periods.

Trees with shoots (%)

Induction 
technique

Evaluations 
(days) Averages

Standard 
error210 255 300

Girdling (100%) 66.7 22.2 55.6 48.2 a* ± 0.1
Semi-girdling 

(50%)
33.3 44.4 44.4 40.7 a ± 0.4

Detached living 
branches

55.6 44.4 33.3 44.4 a ± 0.6

Averages 51.9 a 37.0 a 44.4 a  -  -
Average number of shoots formed

Induction 
technique

Evaluations
 (days) Averages

Standard 
error

210 255 300
Girdling (100%) 1.2 1 1.3 1.2 b ± 0.1

Semi-girdling 
(50%)

0.5 0.5 0.7 0.6 b ± 0.1

Detached living 
branches

7.1 4.7 2.2 4.7 a ± 1.0

Averages 2.9 a 2.1 a 1.4 a -  -

Average length of shoots (cm)

Induction 
technique

Evaluations 
(days) Averages

Standard 
error

210 255 300
Girdling (100%) 0.8 1.3 1.9 1.3 b ± 0.1

Semi-girdling 
(50%)

2.9 6.7 6.4 5.3 a ± 1.3

Detached living 
branches

0.5 0.3 0.9 0.6 b ± 0.2

Averages 1.4 a 2.8 a 3.1 a -  -

*Averages followed by the same letter do not differ from each other 
by the non-parametric Kruskal-Wallis test (P<0.05).

FIGURE 4 Details of the epicormic shoots primordia from I. 
paraguariensis detached live branches, conditioned 
in a mini tunnels system at the UDESC Forest 
Nursery in Lages.
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Between the sixth and seventh evaluations (between 
180 and 210 days), there was a considerable decrease of 
shooting on all branches. At the end of the evaluations 
(300 days), only 30% of the branches had shoots present 
(approximately 20 remaining shoots) (Figure 6). 

confidence in the evaluations and statically analysis carried 
out (Resende and Duarte, 2007; Navroski et al., 2013).

The mortality of girdled I. paraguariensis trees 
was not detected during and after the experiments. 
Even though due to the injury caused by the removal of 
a complete ring from the tree bark, it is not common the 
case of mortality in this species (Santin et al., 2008). A 
considerable healing capacity was observed in the girdled 
area, demonstrating that this technique can be applied 
without any major damages.

Because it belongs to an area of   periodic harvest 
of green mass, the smallest photosynthesizing area of   
the trees may have favoured shooting by the girdling 
techniques. The association between pruning and girdling 
is able to promote a high percentage of shooting (more 
than 80.0%), with large number of shoots (more than 4) 
and length (more than 16.0 cm) in I. paraguariensis trees 
(Santin et al. 2008). However, in the present search, 
low shooting percentages were obtained and could be 
caused due to some degree of advanced maturation of 
the mother trees, or to intrinsic factors of the species 
adapted to the environment in which it is inserted.

In a similar experiment conducted by Bitencourt 
et al. (2009), the complete girdling technique in aged 
I. paraguariensis trees promoted a lower shooting 
percentage (almost 45.0%), but also produced a higher 
amount of shoots (more than 4) and of equal length (15.0 
cm). The percentage of trees with shoots of the present 
study (44.5%) corroborates with the literature, but, 
the number of shoots is still considerably lower (0.9). 
I. paraguariensis trees with a high degree of maturation 
tend to have low vegetative vigor, being a characteristic 
process of their maturation (Ferreira et al., 2010; 
Wendling et al., 2014). However, the trees used in this 
search are still considered young (between 15 and 20 

FIGURE 5 Curve of the average number of shoot formation from 
I. paraguariensis detached live branches according to 
the evaluation days.

a. b. c. d.
FIGURE 6 Epicormic shoots growth from detached live branches 

according form the start of the evaluations (a - 60 days), 
during the intermediate evaluations (b - 150 days, c - 
240 days) and at the final evaluation (d - 300 days).

Rooting of cuttings obtained from epicormic and 
treetop shoots

Comparing the rooting from cuttings of epicormic 
shoots and treetop, no statistical differences were detected 
for the variables of survival, rooting, callus formation and 
average root length. Only observed differences occurred 
for the average number of roots formed (Table 2).

Although there was no significant difference, 
there was a greater rooting (approximately 10.0%) 
of cuttings made from epicormic shoots (37.3%) than 
treetop cuttings (26.7%). Cuttings from epicormic 
shoots presented almost three times more roots (2.3) 
than the plant material of the treetop (0.8).

DISCUSSION

Techniques of epicormic shoot induction 

The values obtained according to the selective 
accuracy (all above 90.0%)   guarantee a high degree of 

TABLE 2 Survival (%), rooting (%), callus formation (%), 
average root number and average root length (cm) 
of I. paraguariensis cuttings from epicormic and 
treetop shoots.

Treatment Epicormic shoots Treetop shoots
Survival 

(%)
50.7 ± 4.1* a** 56.7 ± 4.0 a

Rooting
 (%)

37.3 ± 3.9 a 26.7 ± 3.6 a

Callus 
(%)

20.7 ± 3.3 a 28.7 ± 3.7 a

Number of roots 2.3 ± 0.3 a 0.8 ± 0.1 b

Root length 
(cm)

0.9 ± 0.1 a 0.7 ± 0.1 a

*Averages followed by the same letter do not differ by Tukey’s aver-
age test (P<0.05); **Standard error.
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years of age), corroborating with the hypothesis of the 
adaptation of this population to the adverse conditions of 
local temperature, even in a genetic level.

It is possible that the semi-girdling technique 
associated with the pruned tree feature exerts a greater 
capacity of epicormic shooting. This may be associated 
to the differences caused by hormonal imbalance, 
allowing a higher average shoot length (Hartmann et 
al., 2011), once there is still communication between 
conducting vessels. 

Another hypothesis of the low shooting and 
lower number of shoots formed regarding the girdling 
techniques would be the environmental conditions, 
especially the lower temperatures of the study region and 
to the shade, since it belongs to a native area. However, 
the genetic characteristics cannot be ruled out regarding 
the formation of this variable. The high genetic diversity, 
coming from plants of seminal origin, can influence the 
promotion of epicormic shoots (Meason et al., 2016). It 
is known that this effect can be potentiated by associating 
stress factors and higher luminosity (Burrows et al., 
2010), but it was not detected in this study.

Although the technique of detached live branches 
is able to produce a large number of shoots, the majority 
of them have a reduced size (less than 4 cm), making their 
cutting technique quite difficult (Wendling et al., 2013). 
This was observed in this study, in which many shoots did 
not reach sufficient size for collection. It is still necessary 
to develop more specific studies on the epicormic 
shooting of detached live branches of I. paraguariensis 
(Wendling and Brondani, 2015) to determine the best 
procedures to obtain shoots with compatible lengths for 
the cutting technique.

This same detached live branches lifespan was 
detected for A. angustifolia and also I. paraguariensis, 
that with the passage of time there was gradual loss of 
its shooting capacity (Wendling et al., 2009; Wendling et 
al., 2013). This technique also promoted positive results 
in Eucalyptus cloeziana F. Muell, with shoots developing 
from 40 days, but without further information on its 
quantity and length (Almeida et al., 2007).

In a similar experiment with I. paraguariensis, 
there was a low average amount of shoots (5.5) initially 
produced by detached live branches (30 days), decreasing 
gradually (4,5) in the second evaluation (50 days) and third 
evaluation (average of 2 shoots at 73 days) (Wendling et 
al., 2013). In the present search a longer lifespan of the 
branches was observed, which remained productive 
until 300 days after the implantation of the experiment. 
This probably occurred because the branches of this 

experiment had greater amounts of energy reserves than 
those of the experiment cited above. In this same search, 
the detached live branches were placed vertically, which 
may have enabled a better shooting development, 
producing shoots of greater length than in the present 
study. Alternatively, conditions of humidity (always above 
90.0%) and temperature (between 20.4 °C and 25.7 °C 
for the period of greatest shooting, between 90 and 210 
days) may have favoured the promotion of the highest 
number of shoots and their survival for a longer period.

When cutting a branch from the mother tree 
there is the hormonal imbalance between auxins and 
cytokines, however, the amount stored in the plant 
is capable of promoting the production of new shoots 
(Hartmann et al., 2011). The collection of live branches 
for shoot production is a great alternative for species 
with difficult vegetative propagation, since, besides the 
lack of cutting down the tree, there is also easy access 
and greater environmental control present inside the 
greenhouse (Wendling and Brondani 2015). It is also 
necessary to take into account the juvenile characteristics 
of the branches, their energy reserves and the storage 
environment, because these factors appear to directly 
affect their shooting capability.

Rooting of cuttings obtained from epicormic and 
treetop shoots

The temperature (between 14.0 °C and 25.7 °C) 
and humidity conditions (always above 90.0%) in which 
the present study was conducted helped to maintain 
the survival of the I. paraguariensis cuttings at acceptable 
levels (average of 53.7%), as well as in other cutting 
experiments with the same species (Stuepp et al., 2013). 
However, the survival of cuttings can be directly related 
to the age of the mother tree (Stuepp et al., 2015). The 
survival of cuttings from aged mother trees that have 
undergone reinvigoration techniques, such as complete 
girdling, may be greater than 75.0%. (Stuepp, 2017b). 
This difference was not found in the present search, 
where survival for both materials, whether or not 
reinvigorated, was statistically equal. This may indicate 
that, for this variable, there is no need to reinvigorate the 
plant material in the study area, considering the average 
age between 15 and 20 years of the mother trees.

Reinvigoration caused by complete girdling 
may favours the rooting of cuttings from aged mother 
trees (80 years) by more than 55.0% (Stuepp et al., 
2017b). Cuttings of reinvigorated I. paraguariensis 
material significantly increase (up to eight times) their 
rooting (65.5%) compared to the crown (8.5%) 
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(Bitencourt et al., 2009). The reinvigoration did not 
show to be equally effective in the rooting of cuttings 
of the present search, not reaching 40.0%. However, 
the approximate difference of almost 10.0% of rooting 
between the materials strengthens the hypothesis that 
the reinvigoration techniques are effective in the rooting 
of cuttings, even when carried out in younger plants.

The cutting season and the age of the mother tree 
can significantly affect its rooting. Cuttings produced in 
the winter and coming from younger I. paraguariensis 
trees may have their rooting favoured (more than 75.0% 
for 17-year-old plants), while the more aged rooted very 
little (less than 2.0 % for the same period, of 80-year-
old plants) (Stuepp et al., 2017a). Although with cuttings 
produced at the same time and, considering as old the 
treetop material, there was still considerable rooting 
(26.7%). The hypothesis is reinforced that the local 
population is adapted to the environmental conditions, 
reflecting in a less general vegetative development, 
which included in this case also the rooting of cuttings.

The considerable callus formation for both 
materials (20.7% and 28.7%) of the present search 
may indicate a future rooting if these cuttings would 
be kept inside a greenhouse for a longer period of 
time. I. paraguariensis cuttings from 80-year-old plants 
have a high percentage of calluses (50.0%), which, if 
kept longer in greenhouse, have a significant chance 
of rooting (Stuepp et al., 2017b). However, the search 
cited does not give information on the number of rooted 
cuttings that possessed callus, while the present search 
brings this information correlated in relation to the 
total number of cuttings produced. About 45.0% of the 
cuttings with calluses rooted, regardless of the degree of 
juvenility of the material. Callus formation is indicative 
of high maturation of plant material used for vegetative 
propagation (Wendling et al., 2014).

The reinvigoration of the cutting material may 
have been responsible for the greater number of roots 
and longer length. I. paraguariensis cuttings produced 
from plant regrowth shoots have a greater number 
(more than 13) and longer roots (almost 3.0 cm) 
compared to the material produced by the treetop 
(more than 2.0 and almost 5.0 cm) (Bitencourt et al., 
2009). However, cuttings reinvigorated by complete 
girdling may have a lower number of roots (almost 5) 
and shorter length (less than 1.0 cm) (Stuepp et al., 
2017b). Proportionally, the reinvigorated cuttings of 
the present search obtained a greater number of roots 
(approximately 3 times) than treetop shoots, while 
the root length was very close (0.7 cm and 0.9 cm). 
The ontogenetic age may be the main responsible for 
this difference in the number of roots, since epicormic 

shoots have greater capacity of cellular differentiation 
than treetop shoots (Almeida et al., 2007).

The differences in rooting, callus formation, 
number and root length in relation to the cited searchs 
(Bitencourt et al., 2009; Stuepp et al., 2017a; 2017b) may 
be related to the degree of maturation of the material 
used (Ferreira et al., 2010), where the mother trees of 
the present study could be considered mature due the 
smaller percentages and number of these variables. I. 
paraguariensis cuttings have low rooting rates because 
they are dependent on several factors intrinsic to the 
species, such as genetic material, physiological quality 
and age of the mother tree. The main factor associated 
with the low percentage of rooting is the low juvenility 
of the propagule used (Wendling and Brondani, 2015). 
Alternatively, the degree of maturation may not be the 
main factor hindering rooting, since trees between 15 
and 20 years of age were used. The region of material 
collection has a unique climate, which may have led to an 
adaptation of the local population. One of the possible 
adaptations would be the lower vegetative development 
of this species.

CONCLUSION

For the production of juvenile epimoric shoots in 
native I. paraguariensis mother trees, it is recommended 
the application of the semi-girdling technique to produce 
shoots of longer length, although they take longer 
formation time.

It is recommended to use cuttings coming from 
reinvigorated material inasmuch as they produce a higher 
average number of roots.

It is not recommended the induction of epicormic 
shoots for the production of normal cuttings by the 
technique of detached live branches, due the production 
of low length shoots despite the high number of leaf buds.

New studies regarding the rescue of plant 
material from detached live branches need to studied to 
determine the best technique to elongate its shoots in 
this species.
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