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Abstract: Anthurium maricense is a tropical ornamental species with great commercial potential in the areas
of landscaping and potted foliage plants. One of the main obstacles in the production of micropropagated
anthurium plantlets is its slow development and/or the low survival rate of the plantlets during the acclimatization
stage. The use of slow-release fertilisers (SRF) can accelerate this process; however, there are no reports in
the literature concerning this practice during acclimatization of micropropagated plantlets of this species.
As such, in the present study, the effects of different doses of SRF on the development of micropropagated
plantlets of Anthurium maricense were evaluated during the acclimatization stage in a screenhouse. The
experiment was carried out in a completely randomised design, with five treatments and four replications
of four plantlets per plot. The treatments comprised doses of 0.0, 2.5, 5.0, 7.5 and 10.0 kg m™® of the SRF
Osmocote® (NPK 15:9:12) added to the substrate. The variables under evaluation were the variation in plant
height, in the number of leaves and in the area of the largest leaf, pot occupancy, net photosynthetic rate,
internal carbon, and leaf temperature and moisture. The use of SRF promoted better development of the
micropropagated plantlets of A. maricense during the acclimatization stage. Of the variables under analysis,
the variation in the area of the largest leaf is the most important, since the commercial interest of the studied
species is the foliage, which was at its maximum with an estimated dose of Osmocote® of 6.40 kg m™.
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Resumo: O Anthurium maricense é uma espécie ornamental tropical de grande potencial comercial nos
segmentos de paisagismo e de folhagens para vaso. Um dos principais entraves na producdo de mudas
micropropagadas de antdrio é o lento desenvolvimento e/ou a baixa taxa de sobrevivéncia das mudas na
fase de aclimatizagdo. O uso de fertilizantes de liberagéo lenta (FLL) pode acelerar este processo. Contudo,
ndo hé relatos na literatura sobre esta pratica na aclimatizagdo de mudas micropropagadas desta espécie.
Assim, no presente estudo, avaliou-se os efeitos de diferentes doses de FLL sobre o desenvolvimento de
mudas micropropagadas de Anthurium maricense durante a fase de aclimatizacdo em telado. O experimento
foi realizado em delineamento inteiramente casualizado, com cinco tratamentos e quatro repeticdes de
quatro mudas por parcela. Os tratamentos consistiram nas doses de 0,0; 2,5; 5,0; 7,5 e 10,0 kg m*® do
FLL Osmocote® (NPK 15:9:12) adicionadas ao substrato. As variaveis avaliadas foram: variagcdo da altura
da planta, do nimero de folhas e da area da maior folha, ocupagédo de vaso, taxa fotossintética liquida,
carbono interno, temperatura e umidade da folha. O uso de FLL promoveu melhor desenvolvimento das
mudas micropropagadas de A. maricense na fase de aclimatizacdo. Das variaveis analisadas, a variacdo da
area da maior folha € a mais importante, pois o interesse comercial da espécie estudada é a folhagem, a qual
foi maximizada com a dose de Osmocote® estimada em 6,40 kg m=.
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INTRODUCTION

The Brazilian market for flowers and ornamental plants
has been booming, with a growth of 46.4% over the last
five years and sales of 7.2 billion in 2017, with more than
350 species and around 3000 varieties being marketed
(IBRAFLOR, 2017).

The agribusiness of floriculture often demands
innovative, quality products, and as such, native plants
appear as an alternative of great potential in supplying
the domestic and international markets (MORALIS et al.,
2017).

Anthurium maricense, a plant native to the state of Rio
de Janeiro, is seen as promising for use in ornamentation
and landscaping, or even as a pottled plant, with the high
durability of its leaves being one of its most important
characteristics (COELHO; MAYO, 2000).

Although anthuriums may be propagated both sexually
and asexually (DESAl et al., 2015), the majority of marketed
plants are produced via micropropagation (MAIRA et al.,
2010), as this allows large-scale production (GANTAIT;
MANDAL, 2010), with high phenotypic uniformity and
excellent phytosanitary quality (PINHEIRO et al., 2009).

Acclimatization, the adaptation of the plantlet
from an in vitro environment to ex vitro conditions
(GIRARDI, PESCADOR, 2010), is an important step in
micropropagation (ROZALI; RASHID, 2015), as it can
limit production (PELIZZA et al., 2011). In many cases,
when carried out without due care, it causes high rates
of mortality (OLIVEIRA ef al., 2010), a low growth rate
(ROCHA et al., 2009), and a lack of uniformity of the
micropropagated plantlets (LIMA-BRITO et al., 2016).

There are no reports in the literature on nutritional
requirements or the application of fertilisers when
acclimatizing micropropagated plantlets of Anthurium
maricense. However, for Anthurium andraeanum, the
use of acid soils is recommended, and, depending on the
soil analysis, the application of nutrients (NOMURA et
al., 2012).

Organic fertiliser has been adopted by most producers
of anthurium (POLACK, 2006). However, this author
makes no mention of the use of fertigation, foliar
fertilization or slow-release fertilizer (SRF). Yet, the
use of SRF can be an alternative; they allow nutrients to
be continuously available throughout the cycle, reduce
nutritional deficiency and dispense with applications from
other sources, reducing the operational costs of seedling
production (DINALLI et al., 2012).

The application of Osmocote® (NPK 15:10:10), with
or without the addition of arbuscular mycorrhizal fungi
(AMF), has shown that the exclusive use of SRF in the
acclimatization of A. andraeanum °Eidibel’ promotes
the best plantlet development (STANCATO; SILVEIRA,
2010). However, there is a lack of information in the
literature concerning the use of these fertilisers in the
acclimatization of micropropagated plantlets of A.
maricense.

INTRODUCAO

O mercado brasileiro de flores e plantas ornamentais
esta em franca expansdo, com crescimento acumulado de
46,4% nos ltimos cinco anos e faturamento de 7,2 bilhdes
em 2017, sendo comercializadas mais de 350 espécies ¢
cerca de 3000 variedades (IBRAFLOR, 2017).

O agronegocio da floricultura demanda, frequentemente,
produtos inovadores e de qualidade. Dessa forma, as plantas
nativas aparecem como uma alternativa de grande potencial
para suprir os mercados nacional e internacional (MORAIS
etal.,2017).

Assim, Anthurium maricense, planta nativa do estado
do Rio de Janeiro, apresenta-se promissora para uso em
ornamentacgdes, paisagismo, ou mesmo como planta
envasada, tendo a alta durabilidade das folhas uma de suas
caracteristicas mais importantes (COELHO; MAYO, 2000).

Embora os anturios possam ser propagados sexualmente
ou assexuadamente (DESAI et al., 2015), a maioria das
mudas comercializadas sdo produzidas via micropropagagao
(MAIRA et al., 2010), em virtude de permitir a produgdo em
larga escala (GANTAIT; MANDAL, 2010), com elevada
uniformidade fenotipica e alta qualidade fitossanitaria
(PINHEIRO et al., 2009).

A aclimatizac¢do, adaptagdo da muda oriunda de um
ambiente in vitro para as condigdes ex vitro (GIRARDI;
PESCADOR, 2010), ¢ uma etapa importante da
micropropagag¢do (ROZALI; RASHID, 2015), ja que
pode limitar a produgdo (PELIZZA et al, 2011). Em
muitos casos, quando realizada sem os devidos cuidados,
ocasiona altos indices de mortalidade (OLIVEIRA et al.,
2010), baixa taxa de crescimento (ROCHA et al., 2009)
e desuniformidade das mudas micropropagadas (LIMA-
BRITO et al., 2016).

Na literatura, ndo ha relatos sobre a necessidade nutricional
nem sobre a aplicacdo de fertilizantes na aclimatizagdo de
mudas micropropagadas de Anthurium maricense. Contudo,
para o Anthurium andraeanum, recomenda-se o uso de solos
acidos, além da aplicagdo de nutrientes, conforme analise
do solo NOMURA et al., 2012).

A adubagdo adotada pela maioria dos produtores
de antlrios tem sido a organica (POLACK, 2006).
Entretanto, esses autores ndo fazem men¢do ao uso de
fertirrigacdo, adubagdo foliar e fertilizacdo de liberagdo
lenta (FLL). Todavia, o uso de adubos de FLL pode ser
uma alternativa. Eles permitem disponibilidade continua
de nutrientes ao longo do ciclo, reduzem a deficiéncia
nutricional e dispensam aplicagdes parceladas de outras
fontes, diminuindo os custos operacionais na produgdo
das mudas (DINALLI et al., 2012).

A aplicagdo de Osmocote®(NPK 15:10:10), com ou sem a
adicdo de fungos micorrizicos arbusculares (FMA), mostrou
que o uso apenas de fertilizante de liberagdo lenta (FLL) na
aclimatizagdo de 4. andraeanum ‘Eidibel’ promoveu o melhor
desenvolvimento das mudas (STANCATO; SILVEIRA,
2010). Entretanto, a literatura carece de informagdes sobre
a utilizagdo desses fertilizantes na aclimatiza¢do de mudas
micropropagadas na espécie 4. maricense.
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As such, the present study evaluated the effects of
doses of Osmocote® (NPK 15:9:12) on the development
of micropropagated plantlets of A. maricense during the
acclimatization stage.

MATERIAL AND METHODS

The experiment was carried in a screenhouse of
Embrapa Agroindustria Tropical, located in the city of
Fortaleza, Ceara, Brazil (3°44° S, 38°33” W, at an altitude
of 19.5 m). The screenhouse, in the form of an arch, in
addition to an external covering of black screen offering
80% shade, had a transparent plastic cover in the top.
Inside, were a set of metal benches, an automated irrigation
system and an Opus 20 THI datalogger.

The four metal benches were arranged in a single row,
of approximately 1.2 x 1.0 x 0.8 m in width, length and
height respectively. The upper part was constructed of
steel screens with a 15 x 15 mm mesh, to which the pots
were fixed with nylon clamps.

A surface drip irrigation system was used, at an
irrigation depth of 100% of the water retention capacity
(WRC) split into two daily irrigations, one in the morning
(07:30) and the other in the afternoon (14:00). Self-
compensating drippers with a flow rate of 2 L h' were
employed, connected to manifolds with four exits, each
feeding one pot. The distribution uniformity coefficient
(DUC) of the system was measured as 92.34%. The WRC
was calculated as per the procedure adopted by Embrapa
Agroindustria Tropical, based on the saturated weight (48
h in an ascending water flow) and dry weight (48 h in an
oven at 65 °C) of the substrate.

Throughout the experiment, climate data of the
temperature and air humidity inside the screenhouse were
recorded every 10 min, using an Opus 20 THI datalogger.

Micropropagated anthurium (Anthurium maricense)
plantlets were used; these came from in vitro seed
germination and were multiplied through direct
organogenesis from nodal segments. The plantlets were
transplanted to trays of 50 cells containing HS Flores®
commercial substrate, and kept in a pre-acclimatization
chamber at 25 °C (the same temperature used during the
in vitro micropropagation). Table 1 shows the physical-
hydrological and chemical analysis of the HS Flores®
substrate used during the acclimatization stage of the
micropropagated plantlets. After 30 days in the pre-
acclimatization chamber, the plantlets were transplanted
to pots containing a substrate composed of a mixture
of Osmocote® with HS Flores®, with the proportion
depending on the treatment.

Dessa forma, o presente estudo avaliou o efeito de doses
de Osmocote® (NPK 15:9:12) sobre o desenvolvimento
de mudas micropropagadas de 4. maricense na fase de
aclimatizagao.

MATERIAL E METODOS

O experimento foi conduzido em telado da Embrapa
Agroindustria Tropical, localizada no municipio de
Fortaleza, Ceara, Brasil (3° 44’ S, 38° 33° W ¢ 19,5 m).
O telado, em formato de arco, além de ser externamente
revestido por uma tela preta com 80% de sombreamento,
possuia uma cobertura plastica transparente na parte
superior. Internamente, apresentava um conjunto de
bancadas metalicas, sistema de irrigagdo automatizado e
um datalogger Opus 20 THI.

As bancadas, no total de quatro, eram metalicas e foram
dispostas em fileira inica com dimensdes aproximadas
de 1,2 x 1,0 x 0,8 m, para largura, comprimento e altura,
respectivamente. A parte de cima era construida em telas
de ago com malha de 15 x 15 mm, onde os vasos foram
fixados com abragadeiras de naylon.

O sistema de irrigag@o adotado foi do tipo gotejamento
superficial, com lamina de irrigag@o correspondente a 100%
da capacidade de retengdo de agua (CRA), aplicada de
forma dividida em duas regas diarias, uma pela manha (7:30
h) e outra pela tarde (14:00 h). Os gotejadores utilizados
eram autocompensantes com vazdo de 2 L h'' conectados
a manifolds de quatro saidas, cada um alimentava um
vaso. Foi mensurado o coeficiente de uniformidade de
distribuicdo (CUD) do sistema, sendo de 92,34%. O
calculo da CRA foi realizado conforme procedimento
adotado pela Embrapa Agroindustria Tropical, com base
na massa saturada (em fluxo de agua ascendente por 48 h)
e seca (em estufa a 65 °C por 48 h) do substrato.

Durante todo o experimento, dados climaticos de
temperatura ¢ umidade do ar dentro do telado foram
registrados, a cada 10 min, utilizando o datalogger Opus
20 THI.

Foram utilizadas mudas micropropagadas de antlrio
(Anthurium maricense), oriundas da germinagdo in vitro
de sementes e multiplicadas a partir de segmentos nodais,
por meio da organogénese direta. Essas mudas foram
transplantadas para bandejas de 50 células, contendo
substrato comercial HS Flores® ¢ mantidas em sala de
pré-aclimatizagdo, na temperatura de 25 °C (mesma
temperatura utilizada durante a micropropagacgao in vitro).
Na Tabela 1, sdo apresentadas as analises fisico-hidrica
e quimica do substrato HS Flores®, utilizado na fase de
aclimatizacdo de mudas micropropagadas. Aos 30 dias na
sala de pré-aclimatizacdo, as mudas foram transplantadas
para vasos que continham substrato composto da mistura
de Osmocote® com o HS Flores®, em proporgdes conforme
os tratamentos utilizados.
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Table 1 - Physical-hydrological and chemical analysis of the HS Flores® substrate used during the acclimatization
stage of the micropropagated plantlets of Anthurium maricense

Tabela 1 - Andlises fisico-hidrica e quimica do substrato HS Flores® utilizado na fase de aclimatizacdo de
mudas micropropagadas de Anthurium maricense

Granulometric fraction

Physica-  >16 8-16  4-8 244 12 051 025 0125- <0.125 I M WRC MD DD

hydrological 0.5 0.25

analysis O e e kg M -
0.0 11.8 15.6 13.7 12.3 13.8 16.8 108 5.2 535 39.2 721 775.7 4717
pH EC Ca* Mg K+ Na* P S- N- N- Cl CEC Org.  Total-N

SO~ NH NO, C

Chemical mmol

analysis dSm mg L kg AR g kg -
6.3 2.8 1872.7 6153 199.0 236.3 127 5227 6.0 570.3 939.3 309.3 426.7 6.6

Granulometric fractions (gravimetric method); Tl — soil thickness index; M - real humidity; WRC - water retention capacity; MD - moist
density; DD - dry density; EC - electrical conductivity, CEC - cation exchange capacity, Org.C - organic carbon.

Fragées granulométricas (método gravimétrico); IG - indice de grossura; U - umidade atual; CRA - capacidade de retencdo de agua; DU
- densidade umida, DS - densidade seca; CE - condutividade elétrica, CTC - capacidade de troca catidnica, C. org - carbono organico.

The experimental design was completely randomised,
comprising five treatments and four replications of four
plants per plot. The treatments consisted of doses of 0.0,
2.5,5.0,7.5 and 10.0 kg cm™ of Osmocote® mixed with HS
Flores® commercial substrate, and were applied before the
plantlets were transplanted to the pots.

The pots had a capacity of 415 mL and were black in
colour, with a height and upper and lower diameters of 7.8
x 10.2 x 7.8 cm respectively.

The slow-release fertiliser (SRF) used was Osmocote®
(NPK 15: 9: 12), manufactured by Everris NA Inc, which
lasts from 3 to 4 months due to the use of a thermosensitive
membrane to coat the granules.

The screenhouse was cleaned every two weeks and the
pots every three days, so as to reduce interference from
weeds growing both below the benches and in the pots. In
addition, the presence of dead leaves was checked daily,
and they were removed if found. During the experiment,
it was not necessary to apply any herbicides, fungicides or
nutrient solutions.

After planting the plantlets in the pots, the following
variables were evaluated every 15 days for three months:
variation in plant height, variation in number of leaves,
variation in the area of the largest leaf, pot occupancy, net
photosynthetic rate, internal carbon, and leaf temperature
and moisture.

O delineamento experimental foi o inteiramente
casualizado, composto por cinco tratamentos e quatro
repeticdes de quatro plantas por parcela. Os tratamentos
consistiram nas doses de 0,0; 2,5; 5,0; 7,5 e 10,0 kg cm?
de Osmocote®, em mistura com substrato comercial HS
Flores®, aplicadas antes do transplantio das mudas para os
vasos de cultivo.

Os vasos tinham capacidade de 415 mL (NP 11) e eram
de cor preta com dimensdes de 7,8 x 10,2 x 7,8 cm, de altura
e diametros superior e inferior, respectivamente.

O fertilizante de liberagdo lenta (FLL) utilizado foi o
Osmocote® (NPK 15:9:12), do fabricante Everris NA Inc,
com liberacdo lenta de 3 a 4 meses, em razdo do emprego de
membrana termossensivel para revestimento dos granulos.

Como tratos culturais, quinzenalmente, as areas do
telado e, a cada trés dias, a dos vasos eram limpas a fim de
mitigar a interferéncia das plantas daninhas que cresciam
tanto abaixo das bancadas quanto nos vasos. Além disso,
diariamente, era verificada a presenca de folhas mortas
e, havendo, elas eram retiradas. Durante a condugido
do experimento, ndo foram necessarias aplica¢des de
herbicidas, fungicidas ou de solugdes nutritivas.

Ap6s o plantio das mudas nos vasos, a cada 15 dias,
durante trés meses, foram avaliadas as seguintes variaveis:
variagdo da altura da planta, variagdo do niimero de folhas,
variagdo da area da maior folha, ocupagdo de vaso, taxa
fotossintética liquida, carbono interno, temperatura e
umidade da folha.
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Plant height was measured in mm by means of a
graduated ruler. The number of leaves was obtained by
counting manually. The area of the largest leaf was estimated
in cm? by measuring the width and length of the leaf using
a graduated rule, as per the methodology of Dufour and
Guérin (2003). The variations in plant height, number of
leaves and area of the largest leaf were estimated from the
difference between the values recorded at the start (2 August
2016) and end (30 October 2016) of the acclimatization
period of the micropropagated plantlets in the pots.

Pot occupancy was calculated as a percentage by
means of the Artificial Neural Network Segmentation
(ANNS) software, using photographic records from the
beginning and end of the acclimatization period of the
micropropagated plantlets in the pots.

The net photosynthetic rate, internal carbon, and leaf
temperature and moisture, measured in pmol m? s”!, umol
mol!, °C and % respectively, were recorded every 30
days and, differently to the morphological characteristics,
which were carried out during daytime (08:00 to 17:00),
the physiological analysis was always performed in the
morning (from 08:00 to 11:00) using an ADC LCPro+
photosynthesis meter (IRGA) from ADC BioScientific Ltd.
A clamp with a circular analysis area of 0.5 cm? was used
with the meter, as well as the model PLU-PSU-002 external
light source, again from ADC BioScientific Ltd.

The data of all the variables were submitted to analysis
of variance by F-test at 5% significance and, when
significant, regression analysis was carried out in the case
of a significant effect from the dose. The choice of model
selected for each variable was based on the significance
of the parameters and on the values for R%. The F-test was
used to test the regression coefficients at the same level of
probability.

The SISVAR v. 5.3 statistical software was used to
analyse the data (FERREIRA, 2011).

RESULTS AND DISCUSSION

During acclimatization, the data for mean temperature
(28.8 °C) and relative humidity (66.4%) were within
the range recommended for the production stage of
micropropagated anthurium plantlets (13 °C to 30 °C and
50% to 90%) by Nomura ef al. (2012).

The doses of Osmocote® had a significant influence
on the following variables only: variation in plant height
(VPH), variation in number of leaves (VNL), variation in
the area of the largest leaf (VALL), and pot occupancy
(PO), which showed a quadratic response (Figure 1). The
photosynthetic rate (A), internal carbon content (C), leaf
temperature (T, ) and leaf moisture (M, ) had mean values of
0.51 umol m? s, 353.80 pmol mol™, 33.58 °C and 68.41%
respectively, showing no significant difference between the
doses of SRF used.

A altura da planta foi mensurada em mm por meio de
uma régua graduada. O niimero de folhas foi obtido pela
contagem manual das folhas. A area da maior folha foi
estimada em cm?, via medicao da largura e comprimento
da folha por régua graduada, conforme a metodologia de
Dufour e Guérin (2003). As variagdes da altura da planta, do
numero de folhas e da area da maior folha foram estimadas
pela diferenga entre os valores registrados no inicio (02
de agosto de 2016) e no fim (30 de outubro de 2016) da
aclimatizacdo das mudas micropropagadas nos vasos.

A ocupagdo do vaso foi calculada em porcentagem,
por meio do programa de Segmentacdo Via Rede Neural
Artificial (SVRNA), através de registros fotograficos
realizados no inicio e no fim da aclimatizagdo das mudas
micropropagadas nos vasos.

A taxa fotossintética liquida, o carbono interno e a
temperatura e umidade da folha, mensurados em pmol m
s, umol mol ™, °C e %, respectivamente, foram registradas
a cada 30 dias, e diferente das caracteristicas morfologicas,
que foram realizadas no periodo diurno (08hOOmin as
17h00min), as analises fisiologicas foram efetuadas sempre
pela manha (das 08h00min as 11h00Omin), empregando
medidor de fotossintese (IRGA) da ADC BioScientific Ltd.,
modelo ADC LCPro+. Nesse medidor, foi utilizada uma
pinga com area de anélise circular de 0,5 cm?, além de uma
unidade para fonte externa de radiagdo luminosa da ADC
BioScientific Ltd., modelo PLU-PSU-002.

Os dados das variaveis foram submetidos a analise
de variancia pelo teste F a 5% de significancia e, quando
significativos, realizou-se a analise de regressao nos casos
de efeito significativo das doses. A escolha do modelo
selecionado para cada variavel baseou-se na significancia
dos parametros e nos valores do R2. O teste “F” foi utilizado
para testar os coeficientes da regressdo no mesmo nivel de
probabilidade.

Empregou-se para analise dos dados o programa
estatistico SISVAR versdo 5.3 (FERREIRA, 2011).

RESULTADOS E DISCUSSAO

Durante a aclimatizagio, os dados médios de temperatura
(28,8 °C) e umidade relativa do ar (66,4%) estavam dentro
do intervalo recomendado para fase da produgdo de mudas
micropropagadas de anturio (13 °C a 30 °C e 50% a 90%),
segundo Nomura et al. (2012).

As doses de Osmocote® influenciaram significativamente
apenas as seguintes variaveis: variacao da altura da planta
(VAP), variagdo do numero de folhas (VNF), variagdo
da area da maior folha (VAMF), e ocupagdo de vaso
(OV), as quais apresentaram resposta quadratica (Figura
1). A taxa fotossintética (A), o teor de carbono interno
(C), a temperatura foliar (T) e a umidade da folha (U))
apresentaram médias de 0,51 pmol m?s™!, 353,80 umol mol
1, 33,58 °C e 68,41%, respectivamente, ndo apresentando
diferenca significativa entre as doses do FLL utilizadas.
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Figure 1 - Doses of Osmocote® on the variation in plant height - VPH (A), variation in the number of leaves -
VNL (B), variation in the area of the largest leaf - VALL (C), and pot occupancy - PO (D) in micropropagated
plantlets of Anthurium maricense, during the acclimatization stage.

*5% significance by Student’s t-test.

Figura 1 - Doses de Osmocote® na variacdo da altura da planta - VAP (A), variacdo da drea da maior folha -
VAMF (B); variacdo do numero de folhas - VNF (C) e ocupacéo de vaso - OV (D), de mudas micropropagadas
de Anthurium maricense, durante a fase de aclimatizag&o.

*5% de significancia pelo teste t de Student.

The similarity of the physiological variables (A,
C, T, and M,) demonstrated that the nutrients, as well
as the abiotic factors (i.e. light, CO,, temperature and
moisture), were not limiting to crop development, possibly
indicating that the species under study is well adapted to
such environmental conditions. This is because, despite
the morphological characteristics (VPH, VNL, VALL
and PO) showing significant variation for the doses of
Osmocote®, the stress of low or excess fertilisation, under
the conditions being analysed, did not impair development,
but resulted in less growth, which is of no interest in
commercial production.

The greatest variation in plant height (21.45 mm)
was estimated at the inflection point for the 4.76 kg m™
dose of Osmocote®, exceeding by 13% and 19% the
estimated maximum values for the lowest and highest
doses of Osmocote® application respectively (Figure
1A). Therefore, both higher and lower doses than that for
maximum technical efficiency had a lower effect on this
response variable.

A similaridade das variaveis fisiologicas (A, C, T,
e U) elucida que os nutrientes, bem como os fatores
abidticos (i.e. luz, CO,, temperatura e umidade), ndo foram
limitantes para o desenvolvimento da cultura, indicando,
possivelmente, que a espécie estudada ¢ bem adaptada
a tais condi¢des do ambiente. Isto porque, embora as
caracteristicas morfologicas (VAP, VNF, VAMF e OV)
tenham apresentado variagdes significativas com as doses
Osmocote®, as situa¢des de estresse, baixa ou excedente
adubacdo, nas condi¢des analisadas, nao inviabilizaram o
desenvolvimento, apenas promoveram menor crescimento,
0 que ndo ¢ de interesse para produgdo comercial.

A maior variagdo da altura da planta (21,45 mm) foi
estimada no ponto de inflexdo com a dose de Osmocote®
de 4,76 kg m?3, superando em 13% e 19% os valores
estimados como maximos para a menor dose € a maior
dose de aplicagdo de Osmocote®, respectivamente (Figura
1A). Portanto, doses maiores e menores que a de maxima
eficiéncia técnica produziram efeito inferior sobre essa
variavel resposta.
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Similar results were obtained by Pias et al. (2013),
when analysing doses of Osmocote® in the production of
seedlings of Apuleia leiocarpa. The authors found a point
of maximum technical efficiency for height increase at 60
and 90 days after the seedlings were transplanted, with
a dose of 7.94 and 7.73 kg m> respectively. Whereas,
Dutra et al. (2016), evaluating the growth and quality
of seedlings of Peltophorum dubium, in response to the
application of different doses (0, 2.5, 5.0, 7.5 and 10.0 g
cm™) and formulations of Osmocote® (NPK 15:9:12 and
19:6:10), found that doses between 5.4 and 8.2 g dm™ gave
the best results. However, Ferrari et al. (2016), analysing
the influence of different doses (0, 3, 6, 9 and 12 kg m™)
of SRF (Osmocote®) on seedlings of Taubernaemontana
catharinensis, found they adjusted to the cubic regression
model, with a positive effect on increases in plant height
between concentrations of from 3 to 6 kg m=.

The reduction in plant height after a given dose of
fertiliser may be related to an excess of nutrients and
increased salinity (SILVA, 2014). According to Mahajan
and Tuteja (2005), one of the most common effects of
salinity on plants is a reduction in growth, since the
increase in salt concentration in the substrate reduces the
water potential, resulting in less water availability in the
root zone and compromising the absorption of nutrients.
In addition, excess salinity may cause morphological,
physiological and biochemical changes due to the ionic
effect, resulting in the accumulation of toxic ions in the
protoplasm, promoting ionic imbalance, metabolic and
nutritional disorders, and causing a reduction in plant
growth (CONCEICAO, 2015).

Freitas et al. (2011), evaluated substrates (1 - surface
soil, 2 - a compost of sugarcane bagasse and filter cake,
and 3 - a substrate composed of soil + sand + Plantmax®)
and Osmocote® (NPK 14:14:14) on the development of
micropropagated plantlets of the pineapple Vitdria’.
These authors also found that the addition of Osmocote®,
at a dose of 13.0 g per plant, gave an increase in plant
height, and that higher doses can lead to chemical changes
in the substrate and impair plant development.

The maximum variation in number of leaves (159.5%)
was estimated at the inflection point for the 4.15 kg
m> dose of Osmocote®, exceeding by 7% and 14% the
estimated maximum values for the lowest and the highest
doses of Osmocote® application respectively (Figure 1B).

Several authors, studying the initial stage of
development in other crops, also found a quadratic pattern
of variation for this variable, when they tested increasing
doses of the same fertiliser (FREITAS et al., 2011). This
pattern of variation suggests that low doses of Osmocote®
do not provide nutrients in sufficient quantity for optimal
plant development, whereas at higher doses the crop
shows signs of sensitivity to the excess of nutrients.

Resultados semelhantes foram obtidos por Pias et
al. (2013), analisando doses de Osmocote® na produgdo
de mudas de grapia (dpuleia leiocarpa), cultivadas via
sementes. Os autores observaram ponto de maxima
eficiéncia técnica para o incremento em altura, aos 60
e 90 dias apds o transplantio das mudas, com a dose de
7,94 ¢ 7,73 kg m, respectivamente. Ja Dutra et al. (2016),
avaliando o crescimento e¢ a qualidade de mudas de
canafistula (Peltophorum dubium), cultivadas a partir de
sementes, em resposta a aplica¢do de diferentes doses (0;
2,5;5,0; 7,5 ¢ 10,0 g cm?®) e formulagdes (NPK 15:9:12 ¢
19:6:10) de Osmocote®, observaram que doses entre 5,4 a
8,2 g dm? promoveram os melhores resultados. Todavia,
Ferrari et al. (2016), analisando a influéncia de doses (0; 3;
6;9 e 12 kg m?) de FLL (Osmocote®) em mudas de jasmim-
catavento (Zabernaemontana catharinensis), cultivadas
via sementes, verificaram adequagdo ao modelo cubico de
regressdo, com efeito positivo no incremento da altura da
planta entre as concentragdes de 3 a 6 kg m™.

Aredugdo da altura da planta apds determinada dose de
fertilizante pode estar relacionada ao excesso de nutrientes
e aumento da salinidade (SILVA, 2014). Segundo Mahajan
e Tuteja (2005), um dos efeitos mais comuns da salinidade
nas plantas é a diminuigdo no crescimento, visto que o
aumento da concentragdo de sais no substrato reduz o
potencial hidrico, acarretando menor disponibilidade de
agua na zona radicular e comprometendo a absorc¢do de
nutrientes. Além disso, o excesso salino pode ocasionar
alteragdes morfologicas, fisiologicas e bioquimicas em
virtude do efeito i6nico, resultando no acumulo de ions
toxicos no protoplasma, promovendo desbalanco idnico,
desordens metabdlicas e nutricionais e ocasionando redugao
no crescimento vegetal (CONCEICAO, 2015).

Freitas et al. (2011), avaliaram substratos (1 - solo
de superficie; 2 - compostagem de bagago de cana-de-
acUcar e torta de filtro, 3 - substrato composto de solo
+ areia + Plantmax®) e Osmocote® (NPK 14:14:14)
no desenvolvimento de mudas micropropagadas
de abacaxizeiro cv. Vitoria. [Esses autores, também
constataram que a adi¢do de Osmocote®, na dose de 13,0
g por planta, proporcionou acréscimos na altura da planta,
e que doses superiores podem acarretar mudancgas quimicas
nos substratos e prejudicar o desenvolvimento das plantas.

A maximiza¢do da variagdo do numero de folhas
(159,5%) foi estimada no ponto de inflexdo com a dose
de 4,15 kg m?de Osmocote®, superando em 7% e 14% os
valores estimados como maximos para a menor dose ¢ a
maior dose de aplicagdo de Osmocote®, respectivamente
(Figura 1B).

Diversos autores, estudando o estadio inicial de
desenvolvimento, em outras culturas, também constataram
o padrdo de variagdo quadratico dessa variavel, quando
testaram doses crescentes do mesmo adubo (FREITAS et
al.,2011). Esse padrao de variagdo sugere que doses baixas
de Osmocote ndo fornecem nutrientes em quantidades
suficientes para o desenvolvimento 6timo da planta, porém,
em doses mais elevadas, a cultura apresenta indicio de
sensibilidade ao excesso de nutrientes.
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The greatest variation in the area of the largest leaf
(12.8 cm?) was estimated at the maximum point for the
6.4 kg m3 dose of Osmocote®, exceeding by 11% and 3%
the estimated maximum values for the lowest and highest
doses of Osmocote® application respectively (Figure 1C).
The variation in the area of the largest leaf is an important
parameter for plant development (SCHMILDT et al., 2016),
and as such, was considered the variable having the greatest
impact at the end of the experiment.

The lowest values for variation in leaf area, obtained at
the highest doses of SRF, are possibly related to an increase
in electrical conductivity (EC), since the leaves are the
most sensitive organs to these variations. Melo Junior et
al. (2015), analysing the influence of doses of the SRF,
Osmocote® (NPK 15:9:12), on electrical conductivity,
verified that EC was greatest at the highest doses of SRF.
Probably, therefore, the higher doses of Osmocote® may
have caused an excess of salinity in the substrate, reducing
this variable in the anthurium plantlets.

Furthermore, excess fertiliser can cause changes in
soil pH, interfering with the availability of zinc, copper,
manganese, iron and boron, leading to nutritional deficiency
in the crop (SCHLOSSLER et al., 2012), or even favouring
the excessive solubilisation of such elements as aluminium,
and turning the substrate toxic to plantlets development
(FREITAS et al., 2011).

Plants used in gardens, landscaping and potting should
have a high capacity for ground cover (SOUZA et al.,
2013). The highest variation in pot occupancy (43.3%)
was estimated at the maximum point with the dose of 4.72
kg m3 of Osmocote®, exceeding by 19% and 24% the
estimated maximum values for the lowest and highest doses
of Osmocote® application respectively (Figure 1D). Pot
occupancy is not a commonly evaluated feature in research
with ornamental plants. However, it can be a practice of
great aesthetic importance for these crops.

Elli et al. (2013), analysing the influence of Osmocote®
on the development and physiological behaviour of seedlings
of the pitanga, concluded that the level of fertilisation
may compromise their quality and initial development.
However, in the acclimatization of Anthurium maricense,
the dose of SRF showed no statistical differences for any
of the physiological characteristics under analysis.

CONCLUSIONS

The use of SRF resulted in better development of the
micropropagated plantlets of A. maricense during the
acclimatization stage;

Considering that the commercial interest of the species
under study is the foliage, the variation in the area of the
largest leaf'is the most important of the analysed variables, and
was at its maximum value with an estimated dose of 6.40 kg
m~of Osmocote®, which should be used when acclimatizing
the micropropagated plantlets of this ornamental species.

A maior variagdo da area da maior folha (12,8 cm?) foi
estimada no ponto de maximo com a dose de 6,4 kg m=de
Osmocote®, superando em 11 ¢ 3% os valores estimados
como maximos para a menor dose ¢ a maior dose de
aplicagdo de Osmocote®, respectivamente (Figura 1C). A
variagdo da area da maior folha é um pardmetro importante
para o desenvolvimento vegetal (SCHMILDT et al., 2016),
sendo assim, foi considerada a variavel de maior impacto
na conclusdo do experimento.

Os menores valores da variag@o da area foliar, obtidos
com as doses mais elevadas do FLL, estdo, possivelmente,
relacionados ao aumento da condutividade elétrica (CE), ja
que as folhas sdo os 0rgdos mais sensiveis a essas variagoes.
Melo Junior et al. (2015), analisando a influéncia das doses
de FLL Osmocote® (NPK 15:9:12) na condutividade
elétrica, constataram que a CE foi maior nas maiores doses
de FLL. Assim, provavelmente, as doses mais elevadas de
Osmocote® podem ter causado excesso salino no substrato,
reduzindo essa variavel nas mudas de anturio.

Além disso, o excesso de fertilizantes pode causar
alteragdes no pH do solo, interferindo na disponibilidade de
zinco, cobre, manganés, ferro e boro, e acarretando deficiéncia
nutricional na cultura (SCHOSSLER et al., 2012), ou mesmo
favorecendo a solubilizagdo excessiva de elementos, tais como
0 aluminio, e tornando o substrato toxico ao desenvolvimento
das mudas (FREITAS et al., 2011).

Plantas utilizadas em jardins, paisagismo e em vaso
devem possuir elevada capacidade de cobertura do solo
(SOUZA et al., 2013). A maior ocupagdo do vaso (43,3%)
foi estimada no ponto de maximo com a dose de Osmocote®
de 4,72 kg m?, superando em 19% e 24% os valores
estimados como maximos para a menor dose e a maior dose
de aplicagdo de Osmocote®, respectivamente (Figura 1D).
A ocupacdo de vaso ndo ¢ uma caracteristica comumente
avaliada em trabalhos de pesquisa com plantas ornamentais.
Contudo, pode ser uma pratica de grande importancia
estética para tais culturas.

Elli et al. (2013), analisando a influéncia do Osmocote®
no desenvolvimento e comportamento fisiologico de
mudas de pitangueira, cultivadas a partir de sementes,
concluiram que o nivel de adubagdo pode comprometer a
qualidade e o desenvolvimento inicial delas. Contudo, para
a aclimatizagdo de Anthurium maricense, as doses de FLL
ndo apresentaram diferengas estatisticas em nenhuma das
caracteristicas fisiologicas analisadas.

CONCLUSOES

O uso de FLL promoveu melhor desenvolvimento
das mudas micropropagadas de 4. maricense na fase de
aclimatizacdo;

Considerando que o interesse comercial da espécie estudada
¢ a folhagem, dessa forma, entre as variaveis analisadas, a
variagdo da area da maior folha é a mais importante, sendo
maximizada com a dose de Osmocote® estimada em 6,40
kg m3, que deve ser utilizada na aclimatizagdo das mudas
micropropagadas dessa espécie ornamental.
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