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Resumo:

A propagacgéao vegetativa exige maior controle sobre o substrato, tendo reflexo qualitativo e quantitativo dentro
de toda cadeia produtiva de mudas até o plantio. Este trabalho teve como objetivo avaliar a rizogénese e
qualidade de mudas clonais de eucalipto produzidas em trés diferentes substratos comerciais com e sem
incorporacgéao do hidrogel. A pesquisa foi realizada no viveiro da empresa R&S Florestal, Planaltina, Distrito
Federal. Para a producao das mudas foram utilizados os substratos comerciais: Vivatto Slim Plus®, Bioplant®
e Tropstrato Florestal®, com e sem hidrogel (2 g L-') da marca Forth Gel®, e o material genético (miniestacas)
utilizado foi o clone VMO1. Foi utilizado o delineamento inteiramente casualizado (DIC), com seis tratamentos
em esquema fatorial 3x2 (trés tipos de substrato x presenca e auséncia de hidrogel), com quatro repeticdes.
Aos 35 dias apos a emergéncia (DAE) avaliou-se a rizogénese das miniestacas e aos 101 DAE foi avaliado
o desenvolvimento das mudas. A eficiéncia do hidrogel para a melhoria da qualidade da rizogénese das
miniestacas e desenvolvimento das mudas depende das caracteristicas fisicas e quimicas dos substratos.

Palavras-chave: minisestaquia, hidrogel, analise de substratos.

Abstract:

Vegetative propagation requires greater control over the substrate, having a qualitative and quantitative
reflection within the entire seedlings production chain until the planting. This work aimed to evaluate the
rooting and quality of clonal eucalyptus seedlings grown on three different commercial substrates with and
without hydrogel incorporation. The research was carried out at the nursery of the R&S Florestal company,
Planaltina, Federal District. For producing the seedlings, the following commercial substrates were used:
Vivatto Slim Plus®, Bioplant® and Tropstrato Florestal®, with and without hydrogel (2 g L"), Forth Gel®,
and the genetic material (mini-cuttings) used was the clone VMO01. A completely randomized design was
used, with six treatments in a 3x2 factorial scheme (three types of substrate x presence and absence of
hydrogel), with four replications. At 35 days after cutting, the rooting of the mini-cuttings was evaluated, and
the seedlings development was evaluated at 101 DAE. The hydrogel efficiency for improving the rooting
quality of mini-cuttings and seedlings development depends on the physical and chemical properties of the
substrates.

Keywords: mini-cutting, hydrogel, substrate analysis.

INTRODUCTION

The increasing productivity and quality of the Eucalyptus forests in Brazil are due to their adaptability
to the varied edaphoclimatic conditions, research on genetic breeding, advances in technologies and
knowledge related to the vegetative propagation of this genus (FERRARI, GROSSI, WENDLING, 2004;
SANTANA et al., 2013), for commercial production of plantlets with high genetic quality and plant
health (PIMENTEL et al., 2016). The mini-cutting is a plant propagation technique most commonly
used for producing eucalyptus seedlings (BENIN et al., 2013; BRONDANI et al., 2014; WENDLING,
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DUTRA, 2010). This technique is a result of the improvement of cutting technique and aims to
overcome the low rooting success by some clones in the nursery (MELO et al., 2011).

Although mini-cutting has provided improvements for seedling production, such as increased
rooting percentages, improvement of the root system and decreased time for seedling formation
(ALFENAS et al., 2004; TITON et al., 2003), many factors may interfere with the development and
quality of seedlings. Among these factors, can be highlighted the genetic material, water and nutrient
management systems, packaging, and substrates (PIMENTEL el al., 2016; SIMOES; SILVA; SILVA, 2012).

Plant propagation requires greater control over the substrate, which in a simple way is the support for
establishing propagules and has a qualitative and quantitative reflection within the entire productive chain
until the planting. The substrate directly affects rooting, since it has the role of sustaining and allowing
the good supply of oxygen and water to the base of the cutting and root development (HARTMANN
et al., 2011). Thus, there may be a need for adaptation of a substrate by incorporating materials with
desirable chemical, physical, biological and economic characteristics (DANNER et al., 2007).

The production of nursery seedlings requires the incorporation of specific technologies at each
stage of the process (MALDONADO-BENITEZ et al., 2011), aiming at ensuring a superior quality
in the seedlings. Hence, by incorporating products to the substrate that provide improvements on
its physical and chemical properties can help to increase the quality of the seedlings. One of the
products that have been used for this purpose is the hydrogel. This product provides an improved
water retention to the substrate, making it gradually available to the roots (VICENTE et al., 2015).
Itis a conditioner able to improve the chemical and physical substrate properties (NAVROSKI et al.,
2016a), and its incorporation into the substrate have been used for producing forest seedlings
(AZEVEDO etal., 2015; BERNARDI et al., 2012; LIU et al., 2013; MALDONADO-BENITEZ et al., 2011;
MEWS, 2014; NAVROSKI et al., 2016b,c, 2015; SOUSA et al., 2013). The use of hydrogel incorporated
to the substrate is a promising alternative for improving the rooting of eucalyptus mini-cuttings,
mainly in low-rooting materials (AZEVEDO et al., 2015).

Given the above, this study aimed to evaluate the rooting and quality of clonal eucalyptus seedlings
grown on three different commercial substrates with and without hydrogel incorporation.

MATERIAL AND METHODS

Study area

The study was carried out at the nursery of the R&S Florestal company, located in the rural
area of the municipality of Planaltina, Federal District, close to DF-250, km 21, with coordinates
15° 43" 18,7" S and 47° 35’ 55,8” W. The region climate is predominantly Aw (Képen), with two
well-defined seasons, dry winter (July and August) and rainy summer (November and January), with
annual rainfall above 1,500 mm and temperatures between 13°C and 28°C (SANTOS et al., 2014).
The experiment was conducted from September to December 2015.

Seedling production system

For the production of the seedlings, different commercial substrates were used: Vivatto Slim Plus®,
Bioplant® and Tropstrato Florestal®. For each substrate, seedlings were produced with and without
hydrogel incorporation. The hydrogel used was the Forth Gel®, at a rate of 2 g L' of the substrate
(AZEVEDO et al., 2015), incorporated in its dehydrated form. The basis fertilization used was the
same used in the nursery seedlings production system (29.16 g of Basacote® and 12.15 g of Yorin
master®, for every 14 L of the substrate). All these products were incorporated into the substrate with
the aid of a concrete mixer. The seedlings were grown in tubes (55 cm?).

The genetic material used was the clone VMO1 (Eucalyptus camaldulensis Dehnh. x Eucalyptus urophylla
S. T. Blake, MAPA registration n° 20766). This clone presents low rooting percentage (<50%), it is
commonly sought for its excellent adaptability to the Cerrado biome, and its production is destined
for charcoal and firewood.

The mini-cuttings were obtained at clonal mini-garden semi-hydroponic type. The mini-cuttings
were obtained by shoots from 4 to 7 cm in length and at least two pairs of fully expanded leaves
that were cut in their half-length to prevent water loss. During the collection, the mini-cuttings
were conditioned in polystyrene boxes with water to avoid turgidity loss. Subsequently, they were
staked on the substrate and placed for rooting at greenhouse with an average temperature of 37°C
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and relative air humidity above 80%, where they remained for 35 days. After this period, part of the
mini-cuttings was used for rooting evaluation, and the other part was sent to the shaded greenhouse
(50% shading), remaining for 7 days. They were then transferred to suspended screen benches in full
sunlight, remaining in these conditions until they completed 101 days after cutting (DAC), when the
final evaluation of the experiment was carried out.

Evaluation of rooting and development of the seedlings

At 35 DAC, the rooting of mini-cuttings was evaluated through the following traits: percentages
of survival (SM), rooting (RM) and callus formation (C); number of roots (NR); root system length
(RSL) and mean root length (MRL), in centimeters; and root system dry mass (RSDM), in grams.

These traits were obtained after washing the root system to remove the substrate. Survival was assessed
by direct counting of live mini-cuttings, which presented turgidity and no rotting at the base. Rooting
was counted in mini-cuttings with root emission from the base larger than one centimeter (Figure 1A),
while the presence of callus was counted in the mini-cuttings with tissue differentiation, however
without root emission (Figure 1B). The number of roots was obtained by counting the roots emitted
directly from the base of the mini-cutting. The root system length was measured with a millimeter ruler,
from the insertion point of the roots in the mini-cutting to the largest end. The mean root length was
obtained by measuring the length of each root larger than 1 cm and divided by the number of roots
emitted. The dry mass of the root system was determined by using an electronic scale with an accuracy
of 0.001 g, after drying the material in an oven at 70°C, until obtaining the constant dry mass.

Figure 1. Mini-cutting with a root larger than one centimeter, emitted from the base (A), mini-cutting with callus
formation and without roots (B).

At 101 DAC the development of the seedlings was evaluated through the following traits: neck
diameter (ND), in millimeters; shoot height (H), in centimeters; number of leaves (NL), shoot dry
mass (SDM), root dry mass (RDM) and total dry mass (TDM), in grams, and relationships among
traits such as height and diameter (HD) and Dickson quality index (IQD=TDM/(H/D+SDM/RDM).

The neck diameter was obtained with a digital caliper with an accuracy of 0.01 mm, at the height
of the substrate. Shoot height was obtained by measuring with a millimeter ruler, from the base of the
seedling to the apical bud. The dry mass values were determined after the washing of the root system to
remove the substrate. The seedlings were sectioned at the neck height to separate the root system from
the shoot, with subsequent drying of the material in an oven at 70°C, until obtaining the constant dry
mass, and weighing the material on an analytical scale with an accuracy of 0.001 g (BOHM, 1979).

Substrate analysis

The different substrates were evaluated for their chemical and physical properties. The chemical
properties determined were: electrical conductivity (EC), using the conductivity meter, and hydrogen
potential (pH), with the potentiometer (pH meter). For both analysis the dilution used was 1:5 (v/v),
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with deionized water. Physical properties evaluated were: wet density (WD), in Kg m?; dry density
(DD), in Kg m?; and current humidity (CH), in%. With the aeration and water data available, total
porosity (TP), aeration space (AS), readily available water (RAW), buffering water (BW), available
water (AW), remaining water (RW), and water retention capacity under suction of 10, 50 and 100 cm
of water column determined in base (WRC10, WRT50, WRT100).

Analysis was carried out at the Laboratory of Substrates of the Department of Vegetables and
Forestry of the Federal University of Rio Grande do Sul, according to normative instructions
n° 17 of the Ministry of Agriculture, Livestock and Supply (MAPA, 2007) and Fermino and Kanpf
(2012). The results are shown in Table 1.

Table 1. Physical and chemical properties of the substrates used in the production of clonal eucalyptus seedlings.

Sample Trop nh Trop h Bio nh Bio h Viv nh Viv h
pH H,O 5.23 5.19 5.36 5.75 4.86 4.85
EC mS cm-! 1.18 1.58 0.62 0.51 1.76 2.39
WD Kg m 342.43 350.19 168.71 130.33 386.18 403.37
DD Kg m 325.76 332.33 159.60 121.58 360.77 381.55
CH % 4.89 5.10 5.40 6.78 6.59 5.41
TP % 71.69 70.64 81.97 69.06 74.58 72.55
AS % 21.71 21.62 52.92 43.63 9.40 5.80

RAW % 15.91 13.15 5.48 0.77 20.68 23.91
BW % 1.71 0.10 0.32 0.09 10.81 9.91
RW % 32.36 35.77 23.25 24.58 33.69 32.93

WRC10 % 49.98 49.02 29.05 25.44 65.18 66.74

WRC50 % 34.07 35.87 23.57 24.67 44.50 42.83

WRCO00 % 32.36 35.77 23.25 24.58 33.69 32.93

nh: without hydrogel, h: with hydrogel, Trop: tropstrato, Bio: bioplant, Viv: vivatto. PH hydrogen potential, EC: electrical conductivity obtained
in solution 1:5 (v/v), WS: wet density, DD: dry density, CH: current humidity, TP: total porosity, AS: aeration space, RAW: readily available water,
BW: buffering water, RW: remaining water, WRC 10, 50 AND 100: water retention capacity under suction of 10, 50 and 100 cm of water column
determining the volumetric base (v/v).

Statistical treatments and procedures

For the rooting evaluation (35 DAC), a completely randomized design was used in a 3x2 factorial
scheme (three types of substrate x presence and absence of hydrogel) with four replicates
of 10 mini-cuttings each. For the evaluation of the development and quality of seedlings, the same
experimental arrangement was considered, but with five replicates of 10 seedlings each. After verification
of the data homogeneity and normality, they were submitted to analysis of variance (o = 0.05) and
the means were compared by the Tukey test (a = 0.05) using Rbio software (BHERING, 2017).

The association between the traits related to rooting, seedling development and physical and
chemical properties was quantified by the Pearson correlation. Correlations were expressed through
the correlations network, where the proximity between nodes (traces) is proportional to the absolute
value of the correlation between these nodes. The thickness of the edges was controlled by applying a
cut-off value of 0.7, which means that only |r,| > 0.7 have their edges highlighted. Positive correlations
were highlighted in green, while negatives were represented in red. This analysis was performed on
Rbio software (BHERING, 2017).

RESULTS AND DISCUSSION

Rooting quality of mini-cuttings at 35 DAC was influenced by treatments (Figure 2). The traits
RM, C, MRL, RSL and NR showed significant interaction between substrate and hydrogel factors.
The SM trait was influenced only by the substrate and the RSDM was not influenced by any factor.

Regardless of the use of the hydrogel, the Vivatto substrate provided higher values of SM, differing
statistically only from Bioplant (Figure 2A). The incorporation of the hydrogel to the Vivatto and
Tropstrato substrates did not influence the other rooting traits. On the Bioplant substrate, the hydrogel
favored the rooting of the mini-cuttings, with a 32.5% increase in RM, a reduction of Cin 47.5% and,
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Figure 2. Percentages of survival (SM), rooting (RM) callus formation (C), number of roots (NR), root system length
(RSL) and mean root length (MRL) of mini-cuttings of Eucalyptus camaldulensis x Eucalyptus urophylla (clone
VMO01), produced on different substrates (Bio = Bioplant; Trop = Tropstrato; Viv = Vivatto), with 0 and 2 g L* of
hydrogel. Lowercase letters differentiate the substrates with the same rate of hydrogel and uppercase letters
differentiate the rates of the hydrogel in the same substrate, by the Tukey test (a = 0.05).

consequently, an increased NR, RSL and MRL values in relation to mini-cuttings produced without
hydrogels (Figures 2B to 2F). Among the evaluated substrates, Bioplant was the one that presented
worse performance, however, the use of the hydrogel promoted improvements in the rooting of
mini-cuttings, making this substrate similar to the others.

The results obtained in the present work corroborate in part with those obtained by Azevedo et al.
(2015), which evaluated the effect of hydrogel rates on rooting of mini-cutting of VMO01 and
AECO0144 clones (E. urophylla), (vermiculite, charcoal rice husk and coconut fiber (1: 1: 1)). These
authors verified that, for the clone VMO01, the traits SM, RM, NR, RSL, MRL and RSDM were influenced
by different hydrogel rates incorporated into the substrate; for clone AEC0144, this effect was verified
only for the SM, RM and MRL traits. The use of the hydrogel also provided an increase of 23% in MRL
of the 1144 clone (E. grandis x E. urophylla) (NICOLETTI et al., 2014). The reduction of C formation
on cuttings with the use of the hydrogel was also observed by Hafle et al. (2008) when producing
sweet passion fruit seedlings (Passiflora alata Cutis).

The results obtained demonstrate that the influence of the hydrogel on the rooting of mini-cuttings
depends on the substrate properties. The substrate properties that most affected the rooting quality
were AS and TP, which were correlated negatively with RM, NR, RSL and MRL (Figure 3). These traits
were also negatively correlated with C, which in turn presented a positive correlation with TP.

The TP, WRC10 and hence AS did not undergo significant changes with the incorporation of the
hydrogel to the Vivatto and Tropstrato substrates (Table 1), which explains the absence of differences
in the rooting quality between the treatments involving these substrates (Figure 2). In the Bioplant
substrate, the highest rooting quality occurred with the presence of the hydrogel, as it reduced the
AS and TP values of this substrate, making the TP similar to that observed for the other substrates.
It is important to note that the higher rooting quality was obtained with values of TP below the
appropriate range, from 75 to 85% (MAEDA et al., 2007).

The substrate properties EC and WRC50 showed a strong positive correlation between SM, and
the RW with the NR (Figure 3). For the Bioplant substrate, EC values are lower than the range from
1.5 to 3.0 mS cm™ (BUNT, 1988; RODRIGUES, 2002), and the WRC50 values are within the range
from 20 to 30% (VALERI, CORRADINI, 2000), considered suitable for producing forest seedlings.
The highest SM was observed, however, on substrates with WRC50 values higher than the recommended
range. These factors explain the lower SM values observed for this substrate (Figure 2).
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Figure 3. Correlations network between substrate properties and traits that express the rooting quality of mini-cuttings of
Eucalyptus camaldulensis x Eucalyptus urophylla (clone VM01), grown on different substrates, with 0 and 2 g L**
hydrogel. The red and green lines represent negative and positive correlations, respectively. The width
of the line is proportional to the strength of the correlation. Rooting traits: survival (SM), rooting (RM),
callus formation (C), number of roots (NR), root system length (RSL), mean root length (MRL) and root
system dry mass (RSDM). Substrate properties: electric conductivity (EC), hydrogen potential (pH), wet
density (WD), dry density (DD), current humidity (CH), total porosity (TP), aeration space (AS), readily
available water (RAW), buffering water (BW), available water (AW), remaining water (RW) and water
retention capacity under suction of 10, 50 and 100 cm of water column (WRC10, WRC50, WRC100).

Among the traits related to seedling development, only ND was influenced by the interaction
between substrate and hydrogel factors (Figure 4A). The traits H, NL and HD were influenced only
by the substrates (Figures 4B, 4C and 4D). The other traits did not present significant differences.

The incorporation of the hydrogel to the Bioplant substrate promoted an increase in ND values
(7.1%), while in the other substrates there was a reduction (10.7% and 12.6% for Tropstrato and
Vivatto, respectively). Without hydrogel, the Bioplant was inferior to the other substrates, being
equal to they when incorporating the product. Regardless of the use of hydrogel, overall, Bioplant
presented the worst performance for H, NL and HD traits.

The results found in the present study do not corroborate those found by Navroski et al. (2015),
who observed a positive influence of hydrogel rates not only on NC, but also on H, SDM, RDM,
TDM and DQI in seedlings of E. dunni by seed, at 90 days after sowing. Several works in the literature
indicate the observed in this study, where the different substrates influence the development and
quality of forest seedlings (SIMOES; SILVA; SILVA, 2012)

For the development of the seedlings, the EA correlated negatively with the H, NL and HD traits.
The other substrate properties, except UA, PT, pH and AT, showed a strong positive correlation between
these traits (Figure 5). As with the rooting quality, the highest AS provided the worst performance in
the seedling development, leading to infer that the genetic material evaluated needs a lower AS for
a better rooting of the mini-cuttings and seedling development.

The substrates properties that presented the best rooting and seedling development were not
necessarily within the ranges considered appropriate in the literature (BUNT, 1988; DELARMELINA et al.,
2014; GONCALVES; POGIANI, 1996; MAEDA et al., 2007; VALERI; CORRADINI, 2000; RODRIGUES,
2002). However, Silva, Simdes and Silva (2012) point out that the values suggested as suitable in the
literature should be used with greater criteria, since they do not apply to all species, types of containers,
propagation forms, water and nutritional management and materials used in the composition of
the substrates.

Most traits that express the seedling development are correlated with some rooting trait. The H,
NL and HD presented a positive correlation with RM, NR, MRL and RSL. On the other hand, the
traits RDM, TDM and DQI were positively correlated with SRDM (Figure 6). These results allow
inferring that the treatments with better rooting quality will provide the best development and final
quality to the seedlings.
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Figure 4.

Figure 5.
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Neck diameter (ND), shoot height (H), number of leaves (NL) and height and diameter ratio (HD) of
seedlings of Eucalyptus camaldulensis x Eucalyptus urophylla (clone VM01), produced on different
substrates (Bio = Bioplant; Trop = Tropstrato; Viv = Vivatto), with 0 and 2 g L of hydrogel. Lowercase
letters differentiate the substrates with the same rate of hydrogel and uppercase letters differentiate the
rates of the hydrogel in the same substrate, by the Tukey test (a = 0.05).

Correlations network between substrate properties and traits that express the seedling development
of Eucalyptus camaldulensis x Eucalyptus urophylla (clone VM01), grown on different substrates,
with 0 and 2 g L't hydrogel. The red and green lines represent negative and positive correlations, respectively.
The width of the line is proportional to the strength of the correlation. Development traits: neck diameter
(ND); shoot height (H); number of leaves (NL); shoot dry mass (SDM), root dry mass (RDM) and total dry
mass (TDM); height and diameter ratio (HD) and Dickson quality index (DQI). Substrate properties: electric
conductivity (EC), hydrogen potential (pH), wet density (WD), dry density (DD), current humidity (CH),
total porosity (TP), aeration space (AS), readily available water (RAW), buffering water (BW), available
water (AW), remaining water (RW) and water retention capacity under suction of 10, 50 and 100 cm of
water column (WRC10, WRC50, WRC100).

Although the trait C is negatively correlated with the other rooting traits, it presents a weak negative
correlation with traits that express the seedling development (Figure 6). This is an indication that root
formation occurred in these seedlings even after 35 DAC, thus allowing the seedling to complete its
development. Callus and roots formation are independent processes in most plants (GOULART et al.,
2014), but in some of them, callus formation can be a precursor to the formation of adventitious
roots (GOULART et al., 2014; OLIVEIRA et al., 2012).
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Figure 6. Correlations network between traits that express the rooting quality of mini-cuttings and traits related to
seedling development of Eucalyptus camaldulensis x Eucalyptus urophylla (clone VM01), grown on different
substrates, with 0 and 2 g L't hydrogel. The red and green lines represent negative and positive correlations,
respectively. The width of the line is proportional to the strength of the correlation. Development traits:
neck diameter (ND); shoot height (H); number of leaves (NL); shoot dry mass (SDM), root dry mass
(RDM) and total dry mass (TDM); height and diameter ratio (HD) and Dickson quality index (DQI). Rooting
traits: survival (SM), rooting (RM) callus formation (C), number of roots (NR), root system length (RSL),
mean root length (MRL) and root system dry mass (RSDM).

In species with difficult rooting, the substrate can influence both the rooting percentage and the
quality of the formed root system (XAVIER; WENDLING; SILVA, 2009). The results here obtained
demonstrate that the hydrogel incorporation into the substrate of seedlings production can be
a promising alternative to improve the rooting quality and seedling development. However, it is
important to highlight that the efficiency of this product depends, among other factors, on the
physical and chemical properties of the substrates used in seedling production.

Due to the hydrogel does not effectively influence the physical and chemical properties of two
substrates analyzed, studies evaluating the response of the rooting and seedling development in
mini-cuttings grown on different substrates in combination with different hydrogel rates are necessary.

CONCLUSIONS

Rooting quality and seedling development of mini-cuttings are influenced by the different
substrates used.

The hydrogel efficiency for improving the rooting quality and seedling development in mini-
cuttings depends on the physical and chemical properties of the substrates, as electric conductivity,
total porosity, aeration space and water retention capacity.

The best rooting quality provides the best development and final quality of seedlings.
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