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ABSTRACT: The rubber tree (Hevea brasiliensis Miiell. Arg.) is a species of significant economic
interest in the natural rubber industry in Brazil and the world. This species presents recalcitrance to rooting, and
its cuttings are difficult to propagate. This study aimed to evaluate the effect of the pre-conditioning of rubber
tree mini-cuttings with zinc on the improvement of the adventitious rooting of rootstocks. Mini-cuttings were
standardized with 45 mm length and submitted to preconditioning by immersion of the mini-cutting base in
solutions containing 0.00; 0.04; 0.08; 0.16; 0.32 and 0.64 mg L' of Zn, for 24 hours. The experimental design
was randomized blocks with six treatments and four replicates of 10 mini-cuttings. The rubber tree mini-
cuttings were placed in a fitotron-type growth chamber, at 25 °C, with 12-hour photoperiod, 5,000 K intensity,
and 95% of relative air humidity, for 60 days. The survival rate, number of buds, percentage of mini-cuttings
that had leaf abscission, the percentage of mini-cuttings with callogenesis in the root meristem, the percentage
of rooted mini-cuttings, the number of primary roots and root length were evaluated. The highest values of
survival rate, the number of buds, the number of primary roots, the percentage of mini-cuttings with
callogenesis in the root meristem, the percentage of rooted mini-cuttings and root length were observed with
0.16 to 0.26 Mg L™ of Zn. The use of zinc in the mini-cuttings of rubber tree reduces linearly the percentage of

mini-cuttings that had leaf abscission and the formation of callogenesis in the root meristem.

KEYWORDS: Cloning. Hevea brasiliensis. Mini-cutting technique. Root induction. Vegetative

propagation.
INTRODUCTION

Rubber tree, which is originally from the
Amazon region, belongs to the Euphorbiaceae
family, stands out as the world's leading source of
natural rubber, and the latex extraction has become
crucial for developed countries (ALVARENGA;
CARMO, 2014). In the last decades, the increase of
the world population raised the demand for natural
rubber (latex), that is a renewable source
(GONCALVES et al., 2002).

In Brazil, the rubber tree has been grown in
the Southeast, Midwest, and Bahia state
(ALVARENGA; CARMO, 2014). Given this
favorable scenario for the production chain of this
species, it is necessary to looking for new
techniques to get quality seedlings, which will
improve the growth and development of the plants
in the field and, consequently, increase the
production of natural rubber sustainably and
economically.

The seedlings used for commercial purposes
are mostly produced using rootstock
(ALVARENGA; CARMO, 2014), which is
obtained using seeds. However, rootstocks from
unselected seeds result in less vigor and less growth
and development of the grafts (MARTINS et al.,

2000), because there is high genetic variability in
the unselected seeds (PAULA et al., 1997).

An alternative to solving problems arising
from rootstocks from seeds is the vegetative
propagation method for cutting. This method
dispenses the great demand for seeds without
genetic  variability, = making  possible  the
standardization of the rootstocks obtained and,
consequently, of the entire production stand.
However, the rubber tree is a species that presents
difficulties in rooting from cuttings or mini-cuttings,
with an extremely low survival rate by vegetative
propagation  (MEDRADO; APPEZATO-DA-
GLORIA; COSTA, 1995). The use of some
practices, such as the use of preconditioners and
plant growth regulators can improve the rooting of
the cuttings.

The formation of adventitious roots is due to
the interaction of existing factors in the tissues and
the translocation of synthesized substances in the
developing leaves and buds. Among these factors,
growth regulators and nutrients have fundamental
importance (MEDRADO; APPEZATO-DA-
GLORIA; COSTA, 1995; REZENDE;
ZUFFELLATO-RIBAS; KOEHLER, 2013). The
rooting in rubber tree with the exogenous
application of nutrients (MARTINEZ-ALONSO et
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al., 2012), or application of synthetic auxins
(BLAKESLEY; WESTON; HALL, 1991) has
attributed to the polar transport of reserves and
auxins closer to the cut region of the cuttings
(COSTA et al, 2013). The preconditioning of
cuttings in solutions containing nutrients such as
nitrogen (N), zinc (Zn), boron (B) and synthetic
auxins can improve the percentage, speed, and
quality of rooting of the cuttings. However, the
recommended concentrations range according to
species (TAIZ et al., 2017), the maturity stage of the
cuttings, the environmental conditions, and the
application (GOULART; XAVIER; DIAS, 2011;
HARTMANN et al., 2017).

The nutritional status of a plant has a direct
influence on its morphophysiological behavior. Zn
is an essential micronutrient required for the
synthesis of tryptophan, a precursor of indoleacetic
acid (IAA), which is a growth regulator involved in
the formation of adventitious roots (BLAKESLEY;
WESTON; HALL, 1991; MENGEL; KIRKBY,
2001). However, despite its proven effects on
formation of adventitious roots, little attention has
been paid to its possible use as an essential co-factor
in the rooting process and being able even replace
the use of synthetic auxins. This study aimed to
evaluate the effect of the pre-conditioning of rubber
tree mini-cuttings in solutions with different zinc
concentrations in the improvement of the rootstocks
rooting.

MATERIAL AND METHODS

Plant material and location of the experiment

The experiment was run in the Plant
Propagation Laboratory of Mato Grosso do Sul
State University, from June to August of 2015. The
softwood mini-cuttings were obtained from rubber
tree plants were four months old, cultivar RIM600.
The clonal garden was composed of 60 plants,
grown in nurseries, on seedbeds of soil. Fungicide
was sprayed once on plants to prevent disease. The
mini-cuttings were removed below a node, leaving
from 1 to 2 pairs of leaves cut in half (50% of the
leaf area, to reduce evapotranspiration and stimulate
rooting) and standardized with 45 mm length. The
mini-cuttings were sterilized with thiophanate-
methyl and fungicide.

Experimental design

The experimental design was randomized
blocks with six treatments and four replicates of 10
rubber tree mini-cuttings. The treatments were
composed of six solutions with different
concentrations of zinc (0.00, 0.04, 0.08, 0.16, 0.32
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and 0.64 mg L™ of Zn) used for immersion of the
base of the mini-cuttings of the Rubber tree. The
source of zinc used was the chelated form due to
better absorption by the cell membranes
(MALAVOLTA, 2006), with 20.1% of Zn content.
The base of mini-cuttings was immersed in the Zn
solutions for 24 hours at room temperature (22-25
°C).

Experiment implantation and development

After immersion, the bottom of the rubber
tree mini-cuttings was buried 20 mm deep in the
substrate, in the upright position, in plastic trays
containing vermiculite as substrate. Subsequently,
the trays were placed in a fitotron-type growth
chamber at 25 °C, with 12-hour photoperiod, 5,000
K intensity, and 95% of relative air humidity for 60
days. Irrigation was performed daily according to
the need of the crop.

Evaluations

At 60 days after the study implantation, the
survival rate, the number of buds, the percentage of
mini-cuttings that had leaf abscission, the
percentage of mini-cuttings with callogenesis in the
root meristem., the percentage of rooted mini-
cuttings, the number of primary roots and root
length were evaluated.

Statistical analysis

The data were submitted to analysis of
variance (ANOVA), and, when a significant effect
was detected, it was used in the regression analysis
for Zn concentrations.

RESULTS AND DISCUSSION

The Zn concentrations significantly
influenced the survival rate (Figure 1a), the number
of buds (Figure 1b), the percentage of mini-cuttings
that had leaf abscission (Figure 1c) and the number
of primary roots (Figure 1d) of the rubber tree.

For survival rate (Figure 1a) and the number
of buds (Figure 1b) of the rubber tree, the results
were adjusted to the quadratic regression model.
Pre-conditioning of rubber mini-cuttings at low
concentrations of Zn increased the survival rate
(Figure 1la), and the highest survival rate (61.4%)
was estimated at the concentration of 0.20 mg L™ of
Zn. The maximum number of buds (10.93 buds
mini-cutting”') was estimated at the concentration of
0.16 mg L™ of Zn (Figure 1b). These results differ
from those reported by Nicoloso, Lazzari and
Fortunato (1999), which evaluated the applications
of zinc sulfate and zinc chloride (0, 2.5, 5.0, 10.0,
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20.0 and 40.0 mg L Zn), in cuttings of Platanus
acerifolia. The authors showed that the Zn
application by two different sources did not
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significantly influence the growth of length and
number of primary roots, root dry mass, and
percentage of rooted cuttings.
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Figure 1. Effect of the pre-conditioning of rubber tree rootstocks mini-cuttings in concentrations of zinc on the
survival rate (a), the number of buds (b), the percentage of mini-cuttings that had leaf abscission (c)
and the number of primary roots (d) after 60 days.

The mini-cuttings immersed in the
concentration of 0.64 mg L™ of Zn presented lower
survival rate and the number of buds, probably due
the phytotoxicity caused by the Zn excess.
According to Long et al. (2003), concentrations of
Zn higher than 040 mg L' cause plant
phytotoxicity. The survival rate is high due to
environmental conditions (such as luminosity,

humidity, and temperature) being adequately
controlled to guarantee the survival of the
propagules  until the  rooting induction

(WENDLING; XAVIER, 2005). In environmental
conditions non-controlled, like at nurseries or
greenhouses, usually, the survival rate is lower than
in this experiment.

The increase in the number of buds with Zn
application (Figure 1b) may be related to the
increase of auxin (MENGEL; KIRKBY, 2001).
Auxin is responsible for promoting the growth of
coleoptile sections, also, it is the hormone
responsible for the orderly growth of plants (TAIZ
et al., 2017). The higher absorption of Zn made this
element part of systems enzymatic, regulating the
metabolism of carbohydrates, phosphates, and
proteins in addition to the formation of Auxins,
RNA and ribosomes, crucial factors in the
regulation of plant growth (HAFEEZ; KHANIF;
SALEEM, 2013).

The increase of Zn concentrations decreases
the percentage of mini-cuttings that had leaf
abscission (Fig 1¢). These results may be related to

the ethylene levels in the rubber tree mini-cuttings.
1-Aminocyclopropane-1-carboxylic acid (ACC)
plays an essential role in the biosynthesis of the
plant hormone ethylene (HOGSETT; RABA,;
TINGEY, 1981). In a study by Gora and Clijsters
(1989), they observed that high Zn concentration
(400 mg L) inhibited the synthesis of ACC-
dependent ethylene in bean plants. The increase in
ethylene levels can trigger a range of
transformations in the plants, which are related to
the expression of genes linked to biotic and abiotic
stress and maturation (LI et al., 2013;
SIVAKUMAR; WALL, 2013). The respiration,
which can accompany the emission of ethylene,
increases rapidly during leaf falls (OLIVEIRA;
VITORIA, 2011). The increase of respiration results
in higher spend of reserves and energy. The reserves
and energy necessary for the rooting process are
spend in the respiration process. Consequently, the
rooting process is negatively affected.

The maximum number of primary roots (5.8
roots mini-cutting™) was observed with 0.25 mg L™
of Zn (Figure 1d). These results are different from
those reported by Kersten, Lucchesi and Gutierrez
(1993), who, when evaluating the effect of Zn
applied to the soil, on plum tree cutting, which
collected in the four seasons of the year, found that
the percentage of rooting in March was lower in the
cuttings treated with Zn. In December and February,
the plots of plum treated with Zn did not differ from
those not treated.
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Figure 2. Rubber tree rootstocks mini-cuttings at 60 days after pre-conditioning in concentrations without Zn

(a) and with 0.16 mg L™ of Zn (b).

Nicoloso, Lazzari and Fortunato (1999)
found that the number of roots and length of the
adventitious roots of Salix humboldtidiana cuttings
treated with Zn reduced linearly until the
concentration of 200 mg L. These differences
observed among the species may be related to the
concentration and form of Zn applied in the
experiments. According to Malavolta (2006), the
best form of absorption of Zn by the roots of the
plants would be in the chelated form. According to
Taiz et al. (2017), the uptake of Zn by the roots and
leaves of plants can be influenced by the other
components present in the Zn sources. The Zn
bound to organic compounds facilitated the
absorption carried out by the vegetable.

The formation of callogenesis in the root
meristem was linearly reduced with the application
of Zn (Figure 3a). Fachinello et al. (1994) reported
that the callus appeared after the cutting was cut,
when a lesion occurs in the tissues of the xylem and

phloem, resulting in the formation of a healing
tissue composed of a mass of disorganized
parenchymal cells and in different stages of
lignification. Some authors consider the formation
of callus and roots as entirely independent
processes. However, Hartmann et al. (2017) stated
that often the roots appear after callus formation,
through the differentiation of parenchymal cells. If
callus formation precedes the formation and release
of adventitious roots, this process is also intricately
linked to hormonal and physiological factors of the
plant, and for this factor, Zn is an essential nutrient.
Up to 0.25 mg L™ Zn concentration, the reduction of
callogenesis in the root meristem is attributed to the
increase of primary root emission since callus
precedes root formation. Above the concentration of
0.25 mg L', excess Zn begins to impair the of
callogenesis in the root meristem and hence root
formation.
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Figure 3. Effect of the pre-conditioning of rubber tree rootstocks mini-cuttings in concentrations of zinc on the
percentage of mini-cuttings with callogenesis in the root meristem (a), root length (b) and the
percentage of rooted mini-cuttings (c) after 60 days.

The highest mean root length (30.8 mm)
was verified at 0.26 mg L™ of Zn (Figure 3b). It is
found that low concentrations of Zn optimized root

apex growth. The formation of adventitious roots
influenced by the interaction of existing factors in
the tissues and the translocation of synthesized
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substances in the developing leaves and buds. Zinc
is required in the synthesis of tryptophan, which is a
precursor of indoleacetic acid, a phytohormone that
participates in the formation of adventitious roots
(MENGEL; KIRKBY, 2001; BLAKESLEY;
WESTON; HALL, 1991). Taiz et al. (2017) explain
that the root apices are much more susceptible to
phytohormones than apical buds, so some units of
the substance would be able to stimulate rooting.
The percentage of rooted mini-cuttings was
influenced by the application of Zn (Figure 3c). The
highest percentage of rooted mini-cuttings was
obtained with a concentration of 0.21 mg L™ of Zn.
Several factors may be involved in the rooting
process. Also, rubber tree cuttings are difficult to
root (BREAKBANE, 1961). Some studies have
reported that the production of rooted cuttings of
rubber tree clones was not feasible (MUZIK, 1953;
MENDES, 1959), only the study by Tynley and
Garner (1960) states otherwise. Zn influences the
hormonal activity of the plant inducing the
formation of calluses and later the adventitious root
emission. Zn 1is crucial for the synthesis of
tryptophan, a precursor of indoleacetic acid-IAA,
inhibiting RNAase, activates carbonic anhydrase,
and among several other functions already
mentioned, participates in the structure of

1825
SILVA,J. V.etal.

superoxide dismutase. Since IAA is a phytohormone
responsible for cell growth, as well as an
adventitious root inducer, carbonic anhydrase is a
catalyst for the formation of carbonic acid, whose
element participates in the neutralization of cellular
pH (DECHEN; HAAG; CARMELLO, 1991;
AMBERGER, 1996).

CONCLUSIONS

With the concentrations from 0.16 to 0.26
mg L' of Zn, the highest values of survival rate, the
number of buds, the number of primary roots,
callogenesis in the root meristem, root length and
percentage of rooted mini-cuttings were observed.
The use of zinc in the rubber tree mini-cuttings
linearly reduces the number of leaves that had
abscission and the formation of callogenesis in the
root meristem.
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RESUMO: A seringueira (Hevea brasiliensis Miell. Arg.) é uma espécie de importancia economica

para a industria da borracha natural do Brasil e do mundo. Esta espécie apresenta recalcitrancia ao
enraizamento ¢ suas estacas sdo dificeis de se propagar. Este trabalho objetivou avaliar o efeito do pré-
condicionamento de miniestacas de seringueira com zinco na melhoria do enraizamento adventicio de porta-
enxertos. As miniestacas foram padronizadas com 45 mm de comprimento e submetidas ao pré-
condicionamento por imersdo da miniestaca em solugdes contendo 0.00; 0,04; 0,08; 0,16; 0,32 ¢ 0,64 mg L' de
Zn, por 24 horas. O delineamento experimental foi em blocos ao acaso, com seis tratamentos e quatro
repeticoes de 10 miniestacas. As miniestacas de seringueira foram colocadas em camara de crescimento tipo
fitotron, a 25 °C, com fotoperiodo de 12 horas, intensidade de 5.000 K e umidade relativa do ar de 95% por 60
dias. Foram avaliadas a taxa de sobrevivéncia, o nimero de gemas, a porcentagem de miniestacas que
apresentaram abscisdo foliar, o percentual de miniestacas com calogénese no meristema radicular, o percentual
de miniestacas enraizadas, o niumero de raizes primarias € o comprimento das raizes. Os maiores valores de
taxa de sobrevivéncia, o nimero de gemas, o nimero de raizes primarias, a porcentagem de miniestacas com
calogénese no meristema radicular, o percentual de miniestacas enraizadas ¢ o comprimento radicular foram
verificados com 0,16 a 0,26 Mg L' de Zn. O uso de zinco nas miniestacas de seringueira reduz linearmente a
porcentagem de miniestacas que tiveram abscisao foliar e a formagao de calogénese no meristema radicular.

PALAVRAS-CHAVE: Hevea brasiliensis. Miniestaquia. Propagagdo vegetativa. Clonagem. Indugédo
de enraizamento.
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