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Abstract

The rubber tree (Hevea brasiliensis (Willd. ex A.Juss.) Miill.Arg.), a native Amazonian species, is responsible for more
than 50 thousand products and stands out as the world’s main source of natural rubber. Commercial production
is carried out by grafting, however, the technique has gaps in terms of time and quality for seedling production.
Vegetative production via cuttings is an alternative, however, the species is difficult to root. Thus, the study tested
the rooting induction, through a chemical method, with the hormonal regulator indolbutyric acid (IBA) of 5000
ppm, and a mechanical method, with the strangulation of stems, and the interaction between the methods, to
analyze the survival and sprouting of rubber tree (Hevea brasiliensis) cuttings, as well as verifying the efficiency
of breaking the sclerenchyma ring by strangulation. A randomized block design was used, with four treatments
(control, with strangulation, with IBA, strangulation x IBA) distributed in six blocks with 36 cuttings. Data were
submitted to ANOVA test and Tukey’s post-test (p>0.05). The results obtained 12.5% of live cuttings, without rooting,
during 68 days, being the combination of strangulation and IBA with greater survival and sprouting. No breakage
of the sclerenchyma ring was observed by histological analysis. The data indicate strategic gains in combining
chemical and mechanical techniques for species of difficult rooting in vegetative propagation, however, the test
was not enough to affirm an answer in relation to each technique, the deepening of the technique on the behavior
of the species remains the biggest challenge.
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Resumo

A seringueira (Hevea brasiliensis (Willd. ex A.Juss.) Miill.Arg.), espécie nativa da Amazonia, é responsavel por
mais de 50 mil produtos e se destaca como a principal fonte mundial de borracha natural. A produ¢ao comercial
é realizada por enxertia, porém, a técnica apresenta lacunas em termos de tempo e qualidade para produgdo de
mudas. A produgdo vegetativa via estaquia é uma alternativa, porém a espécie é de dificil enraizamento. Assim,
o estudo testou a inducdo do enraizamento, por método quimico, com o regulador hormonal dcido indolbutirico
(AIB) de 5000 ppm, e método mecanico, com estrangulamento de hastes, e a interacdo entre os métodos, para
analisar a sobrevivéncia e brotacdo de estacas de seringueira (Hevea brasiliensis), bem como verificar a eficiéncia
da quebra do anel esclerenquimatico por estrangulamento. Utilizou-se o delineamento em blocos ao acaso, com
quatro tratamentos (testemunha, com estrangulamento, com AIB, estrangulamento x AIB) distribuidos em seis
blocos com 36 estacas. Os dados foram submetidos ao teste ANOVA e p6s-teste de Tukey (p>0,05). Os resultados
obtiveram 12,5% de estacas vivas, sem enraizamento, durante 68 dias, sendo a combinacdo de estrangulamento e
IBA com maior sobrevivéncia e brotagdo. Nenhuma quebra do anel esclerenquimatico foi observada pela andlise
histolégica. Os dados indicam ganhos estratégicos em combinar técnicas quimicas e mecdnicas para espécies de
dificil enraizamento na propagagdo vegetativa, entretanto, o teste ndo foi suficiente para afirmar uma resposta
em relagdo a cada técnica, resta o aprofundamento da técnica sobre o comportamento da espécie maior desafio.
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1. Introduction

The rubber tree (Hevea brasiliensis (Willd. ex A. Juss.)
Miill.Arg.) is native to the Amazon region and stands
out in the economy mainly as a world source of natural
rubber (Hurley, 1981). The economy of the species revolves
around latex, a renewable raw material that impacts the
world’s industrial, economic, and social development.
It is a component of more than 50,000 products, ranging
from the tire industry for all types of transportation to
the manufacture of flooring, footwear, adhesives, gloves,
and surgical materials (Embrapa, 2022).

To supply the global demand, currently, the production is
formed mainly by the grafting system, of the budding type
(Borelli, 2016). Unselected seeds are used in the rootstock
and in six months the seedlings are ready to receive the
portion of the scion, responsible for the bleeding, and
provided with selected hybrids (Masson and Monteuuis,
2017). The grafted seedlings are suitable for planting in
about 24 to 48 months (Peres-Junior, 2019).

Rubber tree seeds express high genetic and phenotypic
variability for characters of economic interest, such as
low fruit production and recalcitrant seeds, making
homogeneous production difficult (Gongalves et al.,
1990). The use of techniques to overcome the variability
of the species was already noted since the beginning of
production in the 1910s, mainly in Southeast Asia (Galbiati
Neto and Guglielmetti, 2012). Grafting ensured large-scale
development, however, its large-scale production remained
long-term and high investment.

Parallel to production, research with other methods
of vegetative propagation, such as cutting, was used
(Castro et al., 1987). Starting in the 1970s, priority was
given to in vitro methods that were booming at the time,
but after years of investment, alternative techniques of
rubber tree clones could not be propagated efficiently
for commercial scale (Masson and Monteuuis, 2017).
Although numerous researches have been conducted
(Alves et al., 2019; Antwi-Wiredu et al., 2018; Cardoso,
1961; Lemos-Filho et al., 1994; Masson and Monteuuis,
2017; Medrado et al., 2000; Muzik, 1953; Muzik and
Cruzado, 1958; Muzik and Cruzado,1956), few published
studies have achieved rooting success, however, none of
them used the combination of techniques tested in our
study (Castro et al., 1987; Medrado et al., 1995; Mendes,
1959; Monteiro et al., 2015; Silva et al., 2020; Vallejos-
Torres et al., 2021).

To guarantee the success of the techniques, it is
necessary to have knowledge of the species and its
endogenous factors for propagation, as well as control
over local environmental factors. These factors may act
in an isolated or integrated way and may benefit or not
the induction of rooting (Cuco, 1997).

Some internal factors to consider are tissue maturation,
anatomical barriers, hormonal balance, the vigor of the
mother plant and type of cuttings, and external factors
such as time of collection of cuttings, relative humidity,
and climatic conditions of the propagation site (Dias et al.,
2012). These factors can be achieved with the aid of
chemical or mechanical systems for inducing the rooting
of cuttings (Borges et al., 2011).
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Among the chemical system, there are the hormonal
regulators, such as indol butyric acid (IBA), which has been
one of the most used in research and commercial use,
since it has low mobility and greater chemical stability in
the cuttings, but the toxicity may vary depending on the
species and concentration (Khan et al., 2024). The exogenous
application acts in auxin control, interfering in the
meristematic activity of the cuttings (Cuco, 1997), as well
asin carbohydrate transport and increase in DNA synthesis,
which implies a greater photosynthetic performance and
survival of the cuttings (Vallejos-Torres et al., 2021).

Among the mechanical system, there is strangulation,
mentioned Medrado et al. (1995) for rubber trees. The method
consists of partially blocking the flow of nutrients, just above
the strangulated point, forcing cell differentiation and thus
aiding rooting. The system is also efficient in breaking the
sclerenchyma ring, characteristic of the species, and leads
to greater cell differentiation for rooting.

The mastery of vegetative propagation for the rubber
tree contributes to advances in forestry. Studies with rubber
trees date back more than a century, including attempts at
vegetative propagation (Muzik, 1953). This issue is gaining
more and more space in view of developing techniques
for seedling production and optimizing resources adapted
for clonal production, ensuring greater productivity and
seedlings with high added value.

In this work we evaluated the survival, sprouting and
root formation of rubber tree (Hevea brasiliensis (Willd.
ex AJuss.) Miill.Arg.) clones RRIM 600, using two methods
of rooting induction. We also tested the strangulation
technique as an inducer of sclerenchyma ring breakage
of the cuttings.

2. Methods

Our experiment was conducted in the greenhouse
located at Universidade Federal de Sdo Carlos (UFSCar),
municipality of Sorocaba, state of Sdo Paulo, Brazil
(23°35'09.4 “S 47°31'10.4 “W), from April to July 2021.
The climate classification is Cfa (humid subtropical climate),
with a mean temperature of 20.5 °C and mean annual
rainfall of 1219 mm (Climate-Data, 2021).

We collected two-year-old and six-month-old rubber
tree cuttings of the RRIM 600 clones, from grafts produced
via sexual propagation (seminal), cultivated under field
conditions, with 3 m x 3 m spacing, at the experimental
plantation of the UFSCar, Sorocaba campus. 30 days before
planting, 36 rubber matrices were identified and throttled
three stems per matrix, with 0.77 mm steel wire (Figure 1), and
the fourth stem was not throttled because it was the control.
The position of the strangulation was ten cm from the apical
stem, between the buds, according to Medrado et al. (1995).

We collected four cuttings per matrix, totaling
144 cuttings, which were then placed in Styrofoam boxes
with cold water and humidified with a manual sprayer to
ensure good conditions for the vegetative material, until
the staking site. We prepared the apical cuttings with a
length of ten cm, leaving three or four leaves cut in half,
no disinfection treatment was performed on the cuttings
before staking (Figure 1).
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Figure 1. a) Stake without strangulation prepared for planting in a tube. b) Tray representing a block with all the treatments, with
treatments identified with colored spoons. c) Immersion of stakes in IBA 5000ppm solution. d) Stake with strangulation technique

performed between the buds.

We immersed the base of all cuttings for 20 seconds
(Figure 1) in a concentration of Indolbutyric Acid (IBA)
prepared in the laboratory, at a dose of 5000 ppm, as
described by Castro et al. (1987). Staking was performed
in the greenhouse, in 280 cm? tubes with Carolina Soil
(type XVI) substrate, both sterilized (Figure 1). To identify
the treatments, we used colored spoons. The trays were
conditioned on suspended benches. The humidity and
temperature in the greenhouse were maintained at 95%
relative humidity (RH) by means of a misting system, with
a blade of 6 mmy/day, and a flow rate of 64 1/h, divided
into 12 sets of 2 minutes each. The residence period of
the cuttings in the greenhouse was 68 days.

Whenever we noticed leaf abscission of the cuttings,
these leaves were removed from the trays to avoid
contamination. We quantified the number of live cuttings;
we considered alive those cuttings that presented more
than 70% of the green branch. We sampled the number
of sprouts per cutting, being considered sprouting the
elongation at the apex or laterals of the branch (Deus et al.,
2020). Furthermore, we checked the presence of roots
per cutting, the presence of lenticels, and the presence
of callus (Deus et al., 2020).

2.1. Anatomy

We collected three samples of strangulated cuttings
from three different matrices, the same was done with
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three non-strangulated cuttings, for posterior comparison.
We fixed all samples in FAA 50 (formaldehyde: glacial
acetic acid: 50% ethanol, at 5:5:90 v/v/v) (Johansen, 1940)
for 48h, and then stored them in 70% ethanol.

Samples were dehydrated in graded ethyl series,
included in cold (2-hydroxyethyl)-methacrylate Leica TM
(Paiva et al., 2011). We cut on a Leica® rotary microtome
8 pum thick in transverse and longitudinal positions.
The slides were stained with 0.05% Toluidine Blue in acetate
buffer pH 4.7 (O’Brien et al., 1964, modified) and mounted
in water for observation. All samples were analyzed and
photographed on an Olympus® BX53 light microscope
with an Olympus® digital camera attached.

2.2. Experimental design in a vegetation greenhouse

The experimental design was randomized block
design (BDC), where six blocks were randomized in the
greenhouse, with nine cuttings from each of the four
treatments per block, totaling 36 cuttings per block.

Treatment 1 or control treatment (cuttings without
any rooting induction method), Treatment 2 (cuttings
strangled for 30 days in the matrix), Treatment 3 (cuttings
without strangulation and with an application of
5000 ppm of IBA), and Treatment 4 (cuttings strangled
for 30 days in the matrix and application of 5000 ppm
of IBA).
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2.3. Data analysis

We tested the data for normality and homoscedasticity.
After verifying that our data were normal, we used the
analysis of variance through the ANOVA test to check if
there was a difference between the survival of the cuttings
in the four treatments. In addition, we checked whether
there was a difference in the number of sprouts per cutting
between treatments using the ANOVA test. Both analyses
were subjected to Tukey’s post-test (p<0.05). All analyses
were processed in Python language 3.8.12, in Jupyter Lab
interface, using pandas and statsmodels libraries (Python
Software Foundation, 2022).

e)

3. Results

3.1. Cuttings

Leaf abscission in the cuttings occurred from day 20 (the
twentieth day) of testing and continued until day 68 (the
last day of sampling). In no treatment with live cuttings,
we did observe callus and root formation. We observed
the presence of two lenticels, one in treatment 1 (cuttings
without any rooting induction method) and another in
treatment 4 (cuttings strangled for 30 days in the matrix
and application of IBA at 5000ppm). All the cuttings with
necrotic bases (Figure 2).

f)

Figure 2. a) Yellowing and leaf abscission of the cuttings; b) Bud formation in the cuttings at 68 days; c) Lenticels formation in the
basal part of the cut; d) Basal necrosis of the cut; f) Identification of a live cut with more than 70% green and g) Identification of a dead

cut with total necrosis.
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After 68 days of testing, only 12.5% of the total number
of cuttings survived, i.e., only twenty-seven cuttings with
at least 70% of green branches, being six cuttings (22.2%) in
treatment 1, four cuttings (14.8%) in treatment 2 (cuttings
strangled for thirty days in the matrix), no cuttings (0%)
in treatment 3 (cuttings without strangulation and with
IBA application at 5000ppm) and 17 cuttings (63.0%) in
treatment 4.

We observed that 66.7% (18 cuttings) of all live cuttings
sprouted, 4 cuttings (22.2%) in treatment 1, 3 cuttings
(16.7%) in treatment 2 (cuttings strangled for thirty days in
the matrix) sprouted, no cuttings in treatment 3 (cuttings
without strangulation and with an application of IBA at
5000ppm) sprouted, and 11 cuttings (61.1%) in treatment
4 sprouted.

We found that treatment 4 was the only one that showed
a difference between the studied treatments, being the
treatment with the highest number of surviving cuttings
(mean=2.8 per block; standard deviation =t 1.3) and
with the highest number of sprouts (mean=2.0; standard
deviation * 1.0) (Figure 3).

The combination of strangulation and IBA techniques
showed greater survival and sprouting, differing from
the other treatments. Thus, indicates that the rooting
induction techniques tested in the present study could
have beneficial effects, but are not decisive in guaranteeing
the rooting of the cuttings.

3.2. Anatomy

After 30 days of strangulation, no structural changes
were observed between control plants and those that
underwent strangulation (Figure 4a-g). The epidermis
of the cuttings is uniseriate, formed by cells with a
thick outer periclinal wall (Figure 4e). The epidermis of
the cuttings is uniseriate, formed by cells with a thick
outer periclinal wall (Figure 4e). The cortex is externally
composed of fundamental parenchyma where phenolic
idioblasts, crystalliferous idioblasts, and sclereids occur

Rooting rubber tree cuttings

(Figure 4c-e). In the median region of the cortex, there
is a sclerenchyma ring (Figure 4c-g) formed by fibers
and sclereids (Figure 4f), this ring presents about two
layers of thick cells being interrupted in some regions by
fundamental parenchyma (Figure 4g). The inner region of
the cortex is composed of fundamental parenchyma, with
phenolic idioblasts, but in smaller quantities, if compared
to the outer region of the cortex (Figure 4e). The vascular
system is formed by the secondary phloem and xylem,
and internally to the xylem it is still possible to observe
the parenchyma pitch (Figure 4a-b).

4. Discussion

4.1. Cuttings

The leaf abscission observed in our study may be
related to water stress, because in cuttings with a larger
leaf area, as is the case of the rubber tree, water loss
through transpiration is greater, with a greater possibility
of suffering water stress, closing the stomata and limiting
photosynthesis, thus possibly causing leaf abscission
(Vallejos-Torres et al., 2021). As well as from suffering
the “umbrella” effect, preventing intermittent water from
entering the substrate (Beyl and Trigiano, 2016).

For the rubber tree, the results of Vallejos-Torres et al.
(2021) suggest the use of five leaves, the study also observed
lower survival at twenty-nine days with two leaves, but
even so, studies are needed to establish an ideal range,
considering that our study tested three to four leaves per
cuttings, and we did not get positive results, which leads
to considering that the amount of leaves is a beneficial
factor but not limiting one for the rooting of the species.

The balance between the number of leaves and leaf
area per cutting depends on the morphology of each
species (Leakey, 2014), as well as on the environmental
conditions. The greenhouse can be a favorable place
for greater control of external factors and greater air
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Figure 3. Box-plot of median and quartiles of the analysis of variance among treatments for a) survival of cuttings (p<0.0001) and b)
number of sprouts (p=0.0003). t1 = cuttings without any rooting induction method, t2 = cuttings strangled for 30 days in the matrix,
t3 = cuttings without strangulation and with an application of 5000 ppm of IBA, t4 = cuttings strangled for 30 days in the matrix and
application of 5000 ppm of IBA. ANOVA test (P<0,05) and Tukey’s post-test p<0,05.
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Figure 4. Transverse (a-e, g) and longitudinal sections (f) and Hevea brasiliensis cuttings from the control treatment (a, ¢, e-g) and
submitted to strangulation (b, d). (a-b) General view of the stem. c-d) Detail of the cortex region and vascular system, note the
sclerenchyma ring in the cortex. e) Detail of the cortex with a sclerenchyma ring, phenolic idioblasts, and sclereids. f) sclerenchyma
ring in the longitudinal section, showing the presence of fibers and sclereids. g) Detail of the region where the sclerenchyma ring is
interrupted by parenchyma (arrow). Abbreviation: ca, exchange; cr, crystals; ep, epidermis; fi, fibers; pa, parenchyma; eg, phenolic
idioblast; ph, phloem; pi, pith; sc, sclereid; sr, sclerenchyma ring; xy, xylem; pe; phenolic compounds.

circulation in the environment for rubber tree propagation
(Smart et al., 2002). However, the site may have partial
control of edaphoclimatic conditions.

We found a wide presence of cutting mortality, with
87.5% dying early after leaf abscission, and of the live
cuttings, all presented necrosis at the base. Although the
utensils used in the greenhouse were sterilized before the
implementation of the experiment, the cuttings were not
sterilized, being the main source of inoculum. In the in
vitro propagation of rubber trees, contamination control
is also complex, especially when mature plant material is
used, with a predominance of endophilic propagules (Cuco,
1997). However, pilot studies with fungicides are emerging
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to control the species’ propagules and understand whether it
is aninternal or external cause of the plant (Silva et al.,2021).

In our work, there was no rooting of the cuttings,
even using the proposed set of mechanical and chemical
techniques. Some authors have already reported that the
rubber tree is a difficult species to root (Medrado et al.,
1995; Mendes, 1959; Muzik and Cruzado, 1958). The first
attempts date back to 1870 and only in 1950, with the help
of techniques, were the first promising studies achieved
in young plants (Cuco, 1997). Muzik (1953) reported one
of the first recorded attempts, and only seven years later
Tinley and Garner (1960) stated that the species could
have potential through propagation techniques.

Brazilian Journal of Biology, 2023, vol. 83, €274032



The difficulty in rooting may be related to several factors,
internal to the material, such as age, levels of endogenous
phytoregulators, presence of carbohydrates, bud dormancy,
and the emergence of sprouts, or external such as the time
of collection of the material, temperature, and humidity
conditions for harvest and in the greenhouse (Smart et al.,
2002). Even in vitro rubber tree tests, the difficulty of
rooting is present (Cuco, 1997). In mature plant material,
the loss of the rhizogenic layer, referring to the meristematic
activities of the lateral roots, is related to the reduction of IAI
(indolacetic acid) and increase of ABA (abscilic acid) (Cuco,
1997). As for rubber tree latex, we did not find studies that
indicate that it is a factor that inhibits rooting.

The results of the treatments with IBA showed that
the isolated use of the hormone regulator was not able
to guarantee the survival of any cutting. However, when
associated with the strangulation technique, it proved
positive. This indicates that the use of hormonal regulators,
such as IBA, is a propitious technique for vegetative
propagation until a certain peak is reached, if exceeded,
toxic effects may occur (Vallejos-Torres et al., 2021).

It has already been reported in studies prior to this
one that rubber trees have not been shown to have
adverse effects at IBA doses up to 5000 ppm (Castro et al.,
1987; Monteiro et al., 2015; Vallejos-Torres et al., 2021).
In addition, IBA doses may be able to affect root length and
not interfere with plant survival (Vallejos-Torres et al., 2021).

We verified that the use of IBA alone was not effective
for the survival and sprouting of the cuttings, as well as, just
the strangulation, but it is important to highlight that the
combination of methods was the only one to provide the
greatest survival and production of sprouts in the cuttings.
Castro et al. (1987) observed in rubber tree cuttings, after
77 days of evaluation, that the formation of shoots could
be mainly associated with the survival of the cutting,
and that its formation did not necessarily imply rooting.
Tosta et al. (2012) reported that the use of IBA can induce
the number and length of shoots, but that the emission of
shoots in cuttings is not determinant for rooting.

4.2. Anatomy

The analysis showed no anatomical difference between
the control plants and those that suffered strangulation,
and in both cases, the sclerenchyma ring is interrupted.
The strangulation technique in rubber trees had already
been successfully used by Mendes (1959) and Medrado et al.
(1995), and both observed that besides the breaking of the
sclerenchyma ring, the strangulation technique can also cause
the accumulation of hydrocarbons just above the strangulated
point, as also auxins, interfering in the meristematic activity
of the cutting, which explains the greater survival of the
cuttings, without effectively inducing rooting.

Cox (2018) verified that some species continue to
have difficulty in rooting, even with the break in the
continuity of the sclerenchyma ring, due to meristematic
activity, and Beakbane (1961), already mentioned that it is
difficult to explain rooting solely based on the mechanical
barrier, however, the decrease in the proportion of
sclerenchymatic tissues by the strangulation technique,

Brazilian Journal of Biology, 2023, vol. 83, 274032
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can promote conditions for the formation of root primordia
(Medrado et al., 1995).

Root primordia are formed through the meristem
resulting from the differentiation of cambium cells,
therefore, any tissue with a primary cell wall of the
cellular content can become meristematic again (Taiz and
Zeiger, 2009). However, as the secondary wall forms and
the material matures, the lignified tissue may become an
anatomical barrier (Dias et al., 2012).

Phenolic compounds were also observed, which are part of
secondary metabolism and are considered natural inhibitors
against injuries and abiotic stresses and may be associated
with allelopathic actions, as seen potential in the species in
initial trials with Lactuca sativa L. (Rocha et al,, 2021).

In our study, we identified that the sclerenchyma ring
formed by fibers and sclereids has a supporting role by having
secondary walls as proposed by Taiz & Zeiger (2009). Despite
being related to the degree of lignin in the tissue, these cells
are not necessarily related to cell maturity, being possible
to formin any period, not only in mature tissues (Apezzato-
da-Gloria & Carmello-Guerreiro, 2003). Ontogenesis studies
would be convenient to verify the cellular behavior during
tissue maturation, in addition to verifying whether root
formation occurs in regions near the interruptions of the
sclerenchyma ring, or independently of it since there are
several studies showing that rooting was granted without
arising from mechanical techniques (Castro et al., 1987;
Silva et al., 2020; Monteiro et al., 2015; Medrado et al., 1995;
Mendes, 1959; Vallejos-Torres et al., 2021).

5. Conclusion

There was no induction of the root system, however,
the combination of techniques (strangulation for 30 days
and IBA at a dosage of 5000ppm) was the best option
for the survival and production of shoots in the cuttings,
which indicates that combining chemical and mechanical
techniques is a good option for species that are difficult
to root in vegetative propagation.

The mechanical and chemical techniques for rooting
induction used for staking of Hevea brasiliensis obtained
12.5% of live cuttings, during 68 days. Of the total number
of live cuttings, 66.7% sprouted. The strangulation technique
is not necessary for the rupture of the sclerenchyma ring,
since it was possible to observe the discontinuity of the
ring even in the control treatment.

We suggest further studies with other techniques and
variations in rooting doses, as well as in the morphological
and physiological study of the species so that ideal protocols
and conditions can be established for the production of
seedlings via vegetative propagation.
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