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HOW DO CLONAL PLANTLETS OF MATE RESPOND TO DIFFERENT
SUBSTRATE COMPOSITIONS AND SHADING LEVELS?
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ABSTRACT: Mate ({lex paraguariensis A. St.-Hil) is an arboreal species of great economic and socio-
environmental importance in South American countries. This specie presents several difficulties during seminal
propagation, and studies related to plantlet production by vegetative propagation are fundamental for obtaining
homogenous mate plantations with high leaf productivity. Therefore, the present study aimed to evaluate the
effects of substrate and shading levels on the morphophysiological quality of mate plantlets produced by mini-
cuttings. Rooted mini-cuttings of four mate clones were cultivated on commercial substrate, subsurface soil and
vermiculite (2:1:1 v/v/v), commercial substrate and subsurface soil (2:1 v/v) or subsurface soil, cattle manure
and carbonized rice hulls (2:1:1 v/v/v). After 120 days, the plantlets were randomly distributed on benches to
evaluate the effects of 50 and 80% shading screens. Regardless of the clone, the commercial substrate and
subsurface soil composition allowed plantlet production with satisfactory development of both aerial part and
root system at 120 days of cultivation. Clone 06SM17 produced plantlets with high averages of stem diameter,
shoot height, number of leaves, total length, surface area, total volume of roots, and number of root tips. Both
shade levels resulted in similar stem diameters, shoot heights, numbers of leaves, and a, b, and total chlorophyll
indices. Clonal mate plantlets with satisfactory morphophysiological quality are produced in commercial

substrate and subsurface soil (2:1 v/v) under 50 and 80% shading.

KEYWORDS: Forest species. llex paraguariensis A. St.-Hil. Plantlet production. Vegetative

propagation.
INTRODUCTION

New plantations of mate (/lex paraguariensis
A. St.-Hil.) have been established with seminal
seedlings, but the production of new seedlings is
hampered by a low percentage of seed germination,
because embryos are usually immature and
undergoing tegumentary and physiological dormancy
(FOWLER; STURION; ZUFFELLATO-RIBAS,
2007). In addition, planting seminal seedlings may
result in non-uniform plants and low yields of
commercial mate, because of, among other factors,
quality differences and high genetic variability
among seedlings used for the establishment of
plantations. As an alternative, asexual propagation by
mini-cuttings, which is a variation of the cutting
technique, results in the production of uniform
plantlets of satisfactory quality with operational,
technical, economic, and environmental advantages.

The production of plantlets can be directly
affected by the production system, including clones,
substrate composition and nursery management.

Plantlets from different clones may differ in their
vegetative growth, as observed in several forest
species, such as Toona ciliata (BATISTA; FURTINI
NETO; DECCETTIL, 2015) and hybrids of
Eucalyptus  grandis x E. wrophylla and E.
camaldulensis x E. spp. (REIS et al., 2006), because
they present distinct adaptation strategies (BATISTA;
FURTINI NETO; DECCETTI, 2015) and
differentiated nutrient use efficiencies (REIS et al.,
2006) of the soil or substrate.

In the selection of the substrate composition
to be used in the production of forest plantlets, it is
extremely important to analyze of their physical and
chemical characteristics, which promote water
retention and nutrient availability, respectively, to
meet the specific needs of each species (CUNHA et
al., 2006). Several studies have evaluated the effect
of substrates on the quality of seminal mate
seedlings (WENDLING; GUASTALA;
DOMINGOS, 2006; WENDLING; GUASTALA;
DEDECEK, 2007a; ZAVISTANOVICZ et al,
2017), and verified better growth and development

Received: 01/05/2019
Accepted: 30/01/2020

Biosci. J., Uberlandia, v. 36, n. 6, p. 2020-2031, Nov./Dec. 2020

http://dx.doi.org/10.14393/BJ-v36n6a2020-48041



How do clonal...

of the plants in substrate compositions containing
cattle manure (WENDLING; GUASTALA;
DOMINGOS, 2006; WENDLING; GUASTALA,;
DEDECEK, 2007a) or subsurface soil and cattle
manure (ZAVISTANOVICZ et al., 2017).

Regarding plantlet management in nurseries,
care should be taken regarding exposure to sunlight,
because generally, when radiation is reduced,
photosynthesis, stomatal conductance, and Rubisco
activity also decrease rapidly (HERAUT-BRON et
al.,, 1999), affecting physiological processes and,
consequently, plant development. However, the
capacity to capture and use sunlight varies between
species (SANTOS-MOURA et al., 2018), which has
led researchers to study the effect of shading levels
on adult mate plants grown in monoculture and sub-
forests (RAKOCEVIC; MARTIM, 2011; CARON
et al., 2014), as well seminal mate seedlings in
nursery conditions (POLETTO et al, 2010;
FERMINO JUNIOR; FOCKINK, 2017).

In this context, it is known that both substrate
composition (WENDLING; GUASTALA;
DOMINGOS, 2006; WENDLING; GUASTALA,;
DEDECEK, 2007a; ZAVISTANOVICZ et al., 2017)
and light levels interfere directly in the development
of seminal mate plants (POLETTO et al., 2010;
RAKOCEVIC; MARTIM, 2011; CARON et al.,
2014), but there is limited information in the
literature on the influence of these factors on the
quality of mate plantlets produced by mini-cutting.
Various studies on vegetative propagated mate plants
have emphasized the adventitious rooting of mini-
cuttings (BRONDANI et al., 2007, BRONDANI et
al., 2008; WENDLING; DUTRA; GROSSI, 2007b;
KRATZ et al., 2015; SA et al., 2018) and growth and
productivity of plants under field conditions
(SANTIN et al., 2015), but not elucidated the factors
that interfere in the mate plantlets production in
nursery conditions.

Considering that for the establishment of
homogenous forest plantations with high leaf
productivity, the use of clonal plantlets with adequate
quality is fundamental and this parameter can be
influenced by several factors of the productive
process, this study aimed to evaluate the effects of
substrate composition and shading level on the
morphophysiological quality of plantlets the four
mate clones that were produced by mini-cuttings.

MATERIAL AND METHODS

The experiments were conducted using mate
plant clones 06SM17, 06SM15, and 06SM12 derived
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from the in vitro germination of zygotic embryos, and
the clone 10SMO7was derived from cuttings of
epicormic shoots from a ~20-year-old plant
(PIMENTEL et al., 2017). Sprouts from mate mini-
stumps that had been maintained in a mini-clonal
hedge in a closed soilless system were collected in July
2014 and sectioned into mini-cuttings with one bud
~2.0-cm-long and one leaf reduced to 50% of its
original area. The mini-cuttings were cultivated in
polystyrene  trays  containing  pine-bark-based
commercial substrate, vermiculite and coarse sand
(1:1:1 v/v/v) (PIMENTEL et al., 2017).

Trays containing the mini-cuttings of the four
mate clones were maintained in a wet chamber with a
relative air humidity of ~85% for 60 days. The rooted
mini-cuttings were planted in 1500-cm® polyethylene
bags (22 x 15 cm) (PIMENTEL et al., 2017) with
three substrate compositions. The substrates were
pine-bark-based commercial substrate, subsurface soil
and medium-particle-size vermiculite (2:1:1 v/v/v),
pine-bark-based commercial substrate and subsurface
soil (2:1 v/v) and subsurface soil, cattle manure and
carbonized rice hulls (2:1:1 v/v/v). The subsurface soil
was classified as an Argosol, and its subsurface layer
was approximately 15 cm below the soil surface. The
cattle manure was subjected to a stabilization process
before use. Physical characterization of the different
substrate compositions (Table 1) was performed by the
Laboratory of Horticulture Substrate Analysis of the
Federal University of Rio Grande do Sul, according to
Normative Instruction N° 17 of the Ministry of
Agriculture, Livestock and Supply (BRASIL, 2007).
Chemical analyses of the different substrate
compositions (Table 1) were conducted by the Soil
Laboratory of the Federal University of Santa Maria
according to the method proposed by Tedesco et al.
(1995).
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Table 1. Physical and chemical characteristics of substrate compositions used in the production of mate

plantlets clonal ({/lex paraguariensis).

Characteristic CS+SS+Vv* CS+SS SS+CM+CRH
(2:1:1 v/v/v) (2:1 v/v) (2:1:1 v/v/v)
pH H,O** 5.28 4.97 6.74
Aeration space (%) 14.89 20.79 20.45
Dry density (kg m™) 530.12 590.23 723.90
Total porosity (%) 73.63 73.51 67.60
Available water (%) 18.98 20.27 24.00
Remaining water (%) 38.47 33.73 23.15
Electrical conductivity (mS 0.66 0.89 0.46
cm™)
Clay (%) 15.00 18.00 19.00
Organic matter (%) 11.90 12.90 15.70
Cation exchange capacity 14.90 24.50 27.40
Phosphorus (mg L™) 57.00 75.40 200.10
Potassium (mg L™) 224.00 244.00 400.00
Zinc (mg L) 2.90 2.20 8.80

*CS= commercial substrate, SS= subsurface soil, V= vermiculite, CM= cattle manure, CRH= carbonized rice hulls. **Determined in

water, dilution 1:5 (v/v).

During the experimental period, plantlets of
four clones grown in the different substrate
compositions were placed on benches in a screen
house with 30% nylon shading and irrigated daily with
a hand irrigator (3.6 L/m?). The experiment had a
completely randomized 4 x 3 factorial design (clones
x substrate compositions), with five replicates of four
plantlets each, totaling 240 plantlets. After 30, 60, 90,
and 120 days of cultivation, the plantlets’ survival
percentages, stem diameters, shoot heights, shoot
height and stem diameter ratios and numbers of leaves
were determined. Shoot height was measured from the
substrate to the apex of the last-formed leaf, and stem
diameter was measured at substrate level with a digital
calliper.

After 120 days of cultivation, three plantlets
were randomly selected from each treatment to
determine their shoot and root dry masses. The
plantlets were washed in tap water, sectioned at
substrate level and the shoots and roots placed in a
circulating air oven at 105 °C until a constant mass
was obtained. The dried roots were scanned in an
Epson 11000XL scanner, and root quantification was
performed using WinRhizo Pro® software, which
measured the total length, surface area, total volume
and number of root tips. Then, the relationship
between shoot and root dry masses was investigated,
in order to obtain the Dickson quality index (DQI;
DICKSON; LEAF; HOSNER, 1960) according to the
following equation (Eq. 1):

TDM (=)

TDM-total dry mass of plantlets (g); SH-
shoot height (cm); SD- stem diameter (mm); RSR-
shoot and root dry masses ratio.

To evaluate the effect of shading levels, the
surviving plantlets from the previous experiment
were randomly distributed on benches to evaluate the
effect of 50 or 80% shading screens, without
acclimation. According to the Koppen classification,
the local climate is Cfa with a monthly mean rainfall
of 100 to 170 mm (ALVAREZ et al., 2013). The
experiment was conducted with a completely
randomized design, with two treatments containing 10
replicates of 10 plantlets each, totaling 200 plantlets.
After 30, 60, 90, and 120 days of cultivation at
different shading levels, the plantlets’ survival
percentages, stem diameters, shoot heights, shoot
height and stem diameter ratios, numbers of leaves, the
plantlets’ a, b and total chlorophyll indices were
determined. Chlorophyll determination was performed
using a chlorophyllmeter (ClorofiLOG®, Falker
Agricultural Automation, Brazil) on sunny days
between 8:00 am. and 10:00 a.m. analyzing the
second, fully expanded leaf from the apex to the base
of each plantlet. The data are expressed as the Falker
Chlorophyll Index (FCI), the value of which is
proportional to the absorbance of chlorophyll.

To meet the assumptions of normality,
percentage data from both experiments were

transformed to arcsine +/x/100 and count and length

data to +/x + 0.5 before being subjected to an analysis

of variance. Significant differences between treatment
means were compared by Tukey test at the 5%
significance level.
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RESULTS AND DISCUSSION

There was no significant interaction (p >
0.05) between the substrate compositions and mate
clones for all traits at 30, 60, 90 and 120 days of
cultivation (Figure 1; Figure 3). Up to 60 days of
cultivation, all of the substrate compositions
resulted in similar plantlet morphological quality
(Figure 1A; Figure 1B; Figure 1C; Figure 1D).
However, at 90 days of cultivation, the subsurface
soil, cattle manure and carbonized rice hulls
compositions facilitated the production of plantlets
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of all the clones studied with greater morphological
quality, as they presented a higher ratio between
shoot height and stem diameter (Figure 1C) and
number of leaves (Figure 1D), without statistical
differences between commercial substrate and
subsurface soil composition at 120 days of
cultivation (Figure 1C; Figure 1D). In production of
mate seminal seedlings, high morphological-trait
values were observed when grown on substrates
containing organic components, such as cattle
manure and subsurface soil (ZAVISTANOVICZ et

al., 2017).
il

60 days 90 days 120 days

Shoot height (cm)

30 days

CS+8S+V  m(CS+SS mSS+CM+CRH

a
5 ab
b
b
b
ns P ns

60 days 90 days 120 days

D)

S
5

Number of leav

30 days

CS+SS+V  mCS+SS  mSS+CM+CRH

Figure 1. Stem diameter (A), shoot height (B), ratio between shoot height and stem diameter (C) and number of
leaves (D) in mate (Ilex paraguariensis) plantlets produced by mini-cuttings, cultivated in different
substrate compositions and evaluated at 30, 60, 90 and 120 days. CS= commercial substrate, SS=
subsurface soil, V= vermiculite, CM= cattle manure, CRH= carbonized rice hulls. “Treatments
followed by the different letters are significantly different according to a Tukey test at the 5%

significance level. ™ Not significant.

Larger development of the aerial part of
clonal plantlets cultivated in subsurface soil, cattle
manure, and carbonized rice hulls and commercial
substrate and subsurface soil composition (Figure
1C; Figure 1D) can be related to the physical
characteristics of these substrate compositions, such
as aeration space and dry density, which had higher
values than the commercial substrate, subsurface
soil and vermiculite combination (Table 1). High
dry density can directly interfere with the fixation of
plantlets, while high aeration space values facilitate
oxygen diffusion, promoting the development of
aerial parts of the plantlets. Thus, lower dry density
may have resulted in weak fixation of plantlets in
the substrate and high water retention capacity at
lower voltages (MAEDA et al., 2007) and,
therefore, a lower percentage of water availability
(Table 1), requiring a high frequency of plant
irrigation when cultivated using a combination of

commercial  substrate, subsurface soil, and
vermiculite combination. Caldeira et al. (2013) also
observed that the addition of vermiculite reduced
the water availability in the composition of the
substrates. As in the present study, irrigation
frequency was the same for all treatments, in
commercial  substrate, subsurface soil and
vermiculite combination less development of mate
plantlets could have occurred, caused by water
stress.

Regardless of clone, plantlets grown in
subsurface soil, cattle manure, and carbonized rice
hulls presented the highest average value for the
relationship between shoot and root dry mass
(Figure 2A). However, plantlets grown in this
substrate composition had lower total length (Figure
2B), surface area (Figure 2C), total root volume
(Figure 2D) values than plantlets cultivated in
commercial substrate, subsurface soil and
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vermiculite and those grown in commercial
substrate and subsurface soil. It is possible that the
lowest root growth in the composition containing
cattle manure occurred due a combination
presenting higher values of the chemical
characteristics, as percentage of clay, organic matter
and cation exchange capacity (Table 1). The high
cation exchange capacity is indicative of fertility, as
many substrates present cations that are nutrients,
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which was confirmed by a greater availability of
phosphorus and potassium in the composition of this
substrate (Table 1). Root proliferation is a strategy
to acquire nutrients in infertile soils (LACLAU et
al., 2004); this was probably was not necessary in
subsurface soil, cattle manure, and carbonized rice
hulls, as this composition presented high nutrient
availability.
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Figure 2. Relationship between shoot and root dry mass (A), total length (B), surface area (C), total volume
(D), number of root tips (E) and the Dickson quality index (F) of mate (Ilex paraguariensis) plantlets
cultivated for 120 days in different substrate compositions. CS= commercial substrate, SS=
subsurface soil, V= vermiculite, CM= cattle manure, CRH= carbonized rice hulls.” Treatments
followed by the different letters are significantly different according to a Tukey test at the 5%

significance level. ™ Not significant.

The subsurface soil, cattle manure and
carbonized rice hulls composition also had the
highest concentration of zinc (8.80 mg L™'; Table 1),
which may have resulted in less root development in
the plantlets grown in this composition, at 120 days
of cultivation (Figure 2B; Figure 2C; Figure 2D).
Zinc concentrations > 1.0 mg L were toxic for
Allium cepa L. growth, affecting mitosis and
reducing root development by 50% (PALACIO et
al., 2005). The phytotoxic effects of this
micronutrient were also observed in the
development of forest species seedlings Corymbia
citriodora, Eucalyptus saligna, and E. dunnii,
reducing root development by 32%, 30%, and 93%,
respectively, when cultivated in 980 mg kg™ of soil
(SILVA et al., 2015). However, the threshold of

toxicity varies widely among species, and limited
information was found in the literature regarding the
zinc concentration that limits the root growth of
mate plantlets.

Regarding DQI, the plantlets cultivated in
the three substrate compositions studied had values
that ranged from 0.12 to 0.17 at 120 days of
cultivation (Figure 2F). The DQI must have a
minimum value of 0.20 (HUNT, 1990), so that none
of the treatments analyzed is within the ideal.
However, this ideal DQI value was based on the
quality of Pseudotsuga menziesii (Mirbel Franco)
and Picea abies (L. Karst.) seedlings and may not
be the most suitable for the species analyzed in the
present study. Pimentel et al. (2017) observed DQI
values of 0.07 to 0.10 in mate plantlets obtained by
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mini-cutting and cultivated in different containers at
120 days of cultivation, which proves that the ideal
range of DQI for mate is inferior to that
recommended by Hunt (1990).

In choosing the ideal substrate compositions
for the production of plantlets we must analyze the
morphophysiological quality of the plantlets, and
costs of each component and impact of its
extraction, to reduce them, since plantlets of forest
species present low added value (PIMENTEL et al.,
2016). In general, in the present study, the
commercial  substrate and  subsurface soil
composition resulted in the production of plantlets
with higher development in both the aerial parts and
root systems (Figure 1; Figure 2), with low
production costs (PINHO et al., 2018), and was
recommended for the production of plantlets of
clonal mate originated from mini-cutting. However,
it should be noted that the component subsurface
soil should be used with caution, as its extraction
without adequate management criteria can damage
the environment.

Regardless of substrate composition, there
was no significant difference (p > 0.05) among the
mate clones in their survival percentages, with a
mean of 91.2% of live plantlets after 120 days of
cultivation. Plantlet survival above 90% can be
considered high, because in an experiment
conducted with seminal mate seedlings, Wendling,
Guastala and Dedecek (2007a) reported 60%
survival, indicating that in the present study, the
management practices were adequate and the
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environmental conditions favorable for plantlet
growth and development.

Mate plantlets from mini-cuttings presented
ratio between shoot height and stem diameter
ranged from 2.46 to 3.91 at 120 days (Figure 3A),
indicating that the plantlets of the four clones were
at growth equilibrium, because the values were less
than 10 (BIRCHLER et al., 1998). However, the
plantlets of clones 06SM12 and 06SM17 showed
greater aerial part development, since they presented
the highest average stem diameters (Figure 3B),
shoot height (Figure 3C), and number of leaves
(Figure 3D). In addition, plantlets of clone 06SM17
did not differ significantly from the other genetic
materials in the relationships between shoot and root
dry mass (Figure 4A) and Dickson quality index
(Figure 4F), but presented greater root-growth traits,
with the highest total length (Figure 4B), surface
area (Figure 4C), total volume (Figure 4D), and
number of root tips (Figure 4E) at 120 days of
cultivation. Studies have also found differences in
growth of the aerial part and root system of plants of
forest species derived from differentiated genetic
materials (REIS et al., 2006; BATISTA; FURTINI
NETO; DECCETTI, 2015), which were attributed to
differences in nutritional efficiency of clones. Thus,
future studies aiming to characterize the four mate
clones regarding the efficiency of macronutrient
absorption, translocation, and utilization are
fundamental for the selection of clones obtained by
mini-cutting,.
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Figure 3. Ratio between shoot height and stem diameter (A), stem diameter (B), shoot height (C) and number
of leaves (D) in plantlets of four clones of mate (/lex paraguariensis) produced by mini-cuttings and
evaluated at 30, 60, 90 and 120 days. Treatments followed by the different letters are significantly
different according to a Tukey test at the 5% significance level. ™ Not significant.
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In the implantation of mate commercial
plantations, it is fundamental to use plantlets from
clones, such as 06SM17, which features a larger
root system, but also higher growth of the aerial part
(Figures 3 and 4), as the leaves of this species are its
commercial product. Although the trend of
superiority of mate genetic material under nursery
conditions to remain in field conditions is poorly
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understood, it is known that the plantlet clone
06SM17 is more suitable for environmental stress
conditions, since it is tolerant to damage by insects
or torrential rains, as well as can reach greater
depths in the soil to obtain water and nutrients,
which may result in a higher survival and
development rate of the plants of this genetic
material in commercial plantations.
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Figure 4. Relationships between shoot and root dry mass (A), total length (B), surface area (C), total volume
(D), number of root tips(E) and the Dickson quality index (F) in plantlets of four clones of mate ({//ex
paraguariensis) at 120 days of cultivation. = Treatments followed by the different letters are
significantly different according to a Tukey test at the 5% significance level. ™ Not significant.

Mate is a shade-grown species that grows
naturally under the forest canopy, and can survive
and develop under high levels of shading
(POLETTO et al., 2010). In the present study, high
levels of shading (50% and 80%) did not affect the
survival percentage (Figure 5A), stem diameter
(Figure 5B), shoot height (Figure 5C), number of
leaves (Figure 5D), chlorophyll index a (Figure SE),
chlorophyll index b (Figure 5F), chlorophyll index
total (Figure 5G) and relationship between
chlorophyll index a and b (Figure 5H) in mate
plantlets, regardless of substrate compositions and
clone, throughout the experimental period. Similar
results were observed in Myrtus communis L.
(MENDES; GAZARINI; RORIGUES, 2001) and
Torreya grandis seedlings (TANG et al., 2015),

which showed no significant differences in the
chlorophyll index when cultivated at high levels of
shading.

Physiological and anatomical modifications
can occur when species are exposed to different
levels of shading, expressing their phenotypic
plasticity. However, studies have shown that shade-
tolerant species with less plasticity do not exhibit or
exhibit reduced adaptive modifications
(PAQUETTE; BOUCHARD; COGLIASTRO,
2007; VALLADARES; NIINEMETS, 2008), as
observed in mate plantlets produced by mini-
cuttings (Figure 5). Similarly, Fermino Junior and
Fockink (2017) observed reduced adaptive
modifications, maintaining anatomical similarity
(stomatal density, polar and equatorial diameter,
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pore length) in seminal seedlings of mate grown in
different shade levels. This reduced phenotypic
plasticity comprises a general set of intrinsic
characteristics of shade-tolerant species associated
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with conservative resource use and a high tolerance
to low-light stress (GRIME; MACKEY, 2002).
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Figure 5. Survival percentage (A), stem diameter (B), shoot height (C), number of leaves (D), chlorophyll
index a (E), chlorophyll index b (F), chlorophyll index total (G) and relationship between
chlorophyll index a and b (H) of mate (llex paraguariensis) plantlets produced by mini-cuttings,
cultivated at different levels of shade and evaluated at 30, 60, 90 and 120 days of cultivation.

FCI = Falker Chlorophyll Index. ™ Not significant according to the F test.

The present study demonstrated that mate
plantlets produced by mini-cuttings presented
efficient absorption of chlorophyll in 50% and 80%
of shading, which possibly results adequate
photosynthetic rate of the plants. This is evidenced
by the satisfactory development of the aerial part in
both levels of shading studied (Figure 5), which
were higher than those observed in mate plantlets
also produced by mini-cutting in four different times
during the year (PIMENTEL et al., 2017). Similar
results have been obtained with seminal mate

seedlings, which  exhibited greater  shoot
development when grown under high levels of
shading (POLETTO et al., 2010).

In general, the results of this study
suggested that commercial substrate and subsurface
soil composition should be used for the production
of mate plantlets by mini-cuttings. Plantlets of the
06SM17 clone stood out from the other genetic
materials regarding the growth of both the aerial
part and root system. Clonal plantlets of this species
presented suitable development in high levels of
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shading (50% and 80%) in nursery conditions,
demonstrating that these plants will possibly present
greater survival and initial development when
planted in environments under cover, and can be
used in plantations with other more light-demanding
species. Thus, the present study elucidated some of
the factors that influence the productive process of
mate plantlets by mini-cuttings, resulting in plants
with satisfactory morphophysiological quality,
possibly in less replanting, and reduced labor costs
in the establishment of forest plantations.
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produced by mini-cuttings, and commercial
substrate and subsurface soil (2:1 v/v) was the most
appropriate composition.

Mate clones differed in the
morphophysiological quality of plantlets produced
by mini-cuttings, with 06SM17 showing enhanced
development of the aerial part and root system.

Mate plantlets obtained from mini-cuttings
could be produced in both 50% and 80% shade.
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RESUMO: A erva-mate (Illex paraguariensis A. St.-Hil) é espécie arborea de grande importancia
econdmica ¢ socioambiental para os paises da América do Sul, que apresenta diversas dificuldades de
propagacdo utilizando sementes, sendo os estudos relacionados a produgdo de mudas dessa espécie por
propagacdo vegetativa fundamentais para a obtencdo de ervais homogéneos e com alta produtividade foliar.
Diante desse contexto, o presente estudo objetivou avaliar o efeito das composigoes de substratos e dos niveis
de sombreamento na qualidade morfofisiologica das mudas de erva-mate produzidas por miniestaquia.
Miniestacas enraizadas de quatro clones foram cultivadas em substrato comercial, solo de subsolo e vermiculita
(2:1:1 v/v/v), substrato comercial e solo de subsolo (2:1 v/v) ou solo de subsolo, esterco bovino e casca de arroz
carbonizada (2:1:1 v/v/v). Ap6s 120 dias, as mudas foram aleatoriamente distribuidas em bancadas para avaliar
o efeito do sombreamento de 50 ¢ 80%. Independentemente do clone, a composi¢do substrato comercial e solo
de subsolo permitiu a produ¢do de mudas com desenvolvimento satisfatorio tanto da parte aérea, quanto do
sistema radicular aos 120 dias de cultivo. O clone 06SM17 possibilitou a produgdo de mudas com altas médias
de didmetros de colo, altura da parte aérea, nimero de folhas, comprimento total, area superficial, volume total
de raizes e nimero de extremidades das raizes. Os niveis de sombreamento ndo afetaram o diametro de colo, a
altura da parte aérea, o nimero de folhas ¢ os indices de clorofila a, b e total. Mudas clonais de erva-mate com
satisfatoria qualidade morfofisiologica podem ser produzidas em substrato comercial e solo de subsolo (2:1 v/v)
em ambiente com 50% ou 80% sombreamento.

PALAVRAS-CHAVE: Espécie florestal. llex paraguariensis A. St.-Hil. Producdo de mudas.
Propagacdo vegetativa.
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