https://revista.ufrr.br/agroambiente ISSN 1982-8470
http://dx.doi.org/10.18227/1982-8470ragro.v14i0.6185

ﬁ Revista Agro@mbiente On-line, v. 14, 2020 Artigo Origina|

\\\ Centro de Ciéncias Agrarias - Universidade Federal de Roraima, Boa Vista, RR

Ruellia simplex cuttings propagation produced on carnauba
waste substrate

Propagacéao por estaquia de Ruellia simplex produzidas em substratos a
base de residuos da carnauba
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Abstract: The production of quality seedlings is necessary for the trading of ornamental plants.
Seedling quality depends on several factors, among these factors, the substrate is highlighted.
Thus, this study aimed to evaluate the effect of substrates based on bagana of carnauba, in the
production of Ruellia simplex seedlings, by vegetative propagation. A completely randomized design
was adopted, with six treatments and four replications. The treatments (substrates) were composed
of bagana of carnauba (BC) and soil, in the following proportions: BCy - 0% BC + 100% of soil; BCx
-20% BC + 80% of soil; BCyo - 40% BC + 60% of soil; BCe - 60% BC + 40% of soil; BCg - 80% BC +
20% of soil; BCip - 100% BC + 0% of soil. The plot consisted of a plant. After 45 days of cutting, it
was evaluated: number of shoots; number of leaves per shoot; diameter of the highest shoot; length
of the highest shoot; root length; inflorescence number; number of flowers per inflorescence; leaf
area; root volume; aerial part fresh mass; root system fresh mass; aerial part dry mass; and root
system dry mass. There was a significant difference for the variables, number of leaves per shoot,
diameter and length of the highest shoot, number of flowers per inflorescence, fresh and dry mass
of the aerial part. Having a direct relationship between the increase in the proportion of bagana
of carnauba volume and the inflorescence number, the substrate 100% of bagana of carnauba is
indicated.

Key words: Copernicia prunifera. Floriculture. Mexican petunia. Ornamental plants.

Resumo: A producdo de mudas de qualidade é fundamental para a venda de plantas ornamentais.
A qualidade das mudas é dependente de diversos fatores, dentre estes fatores, o substrato possui
destaque. Assim, objetivou-se avaliar o efeito de substratos a base de bagana de carnauba, na producéo
de mudas de Ruellia simplex, via propaga¢do vegetativa. Adotou-se o delineamento inteiramente
casualizados, com seis tratamentos e quatro repeticdes. Os tratamentos (substratos) foram compostos
por bagana de carnauba (BC) e solo, nas seguintes proporgées: BCo — 0% BC + 100% de solo; BCy
- 20% BC + 80% de solo; BCy - 40% BC + 60% de solo; BCs - 60% BC + 40% de solo; BCg - 80%
BC + 20% de solo; BCig - 100% BC+ 0% de solo. A parcela foi composta por uma planta. Apés 45
dias da estaquia, avaliou-se: numero de brotos e niumero de folhas por broto; didmetro do maior broto;
comprimento do maior broto e comprimento radicular; nimero de inflorescéncia; nimero de flor por
inflorescéncia; area foliar; volume radicular; massa fresca da parte aérea e da raiz, massa seca da
parte aérea e da raiz. Houve diferenga significativa para as variaveis niumero de folhas por broto,
didmetro e comprimento do maior broto, nimero de flor por inflorescéncia, massa fresca e massa
seca da parte aérea. Ha uma relacéo direta entre o aumento da proporcdo do volume de bagana de
carnauba e o numero de inflorescéncia, o substrato 100% de bagana de carnaudba ¢ o indicado.

Palavras-chave: Copernicia prunifera. Floricultura. Plantas ornamentais. Petdnia mexicana.
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INTRODUCTION

Ruellia simplex is an ornamental plant of the
herbaceous type, belonging to the Acanthaceae
family, native from Paraguay and Brazil. It is
considered a perennial and rustic plant, being
popularly known as ruellia or Mexican petunia
(CANZI et al., 2012; SARTIN et al., 2014). It has
a high potential for gardens ornamentation, although
there are still no reports on the production and sale
of this species.

Seedling production may come from sexual or
asexual propagation, the latter is the most used
method. According to Oliveira et al. (20195),
the production of quality seedlings is linked to
the provision of adequate conditions for their
development, such as nutrition, ambiance, and
physical support.

Vegetative propagation is widely used in the
production of seedlings, mainly when referring
to cuttings, which is an easy and quick method
of execution (ALMEIDA et al., 2017). However,
to develop this technique, it is necessary to know
external and internal factors. Among the internal
factors that should influence the development of
the stake, the following stand out: physiological
conditions of the matrix plant, age, type of stake
(VERNIER; CARDOSO, 2013).

Regarding external factors, one of the most
important is the substrate (OLIVEIRA et al., 2017).
According to Tessaro et al. (2013), a good quality
substrate should serve as physical and nutritional
support to the plant, have the capacity to retain water
and provide oxygen for the transport of carbon,
thus ensuring a good rooting of the cutting. The
choice of substrate is influenced by its availability
in the region of production and its cost-benefit ratio
(SANTANA et al., 2018). A suitable alternative
for the formulation of a substrate would be the
reuse of residues from different activities, with
the advantage of reducing production costs and
the impacts generated by the different activities
(ARAUIJO et al., 2017).

Residues from vegetable feedstock are a good
option in the formulation of substrates because
they positively influence the physical-chemical
characteristics and for activating microbial
processes (OLIVEIRA et al., 2015). Among these
materials, mention is made of the bagana of carnauba
(Copernicia prunifera), a by-product derived from
the extraction of wax from the carnauba straw, which
has been empirically used in agriculture (BRITO et
al., 2017) and which has desirable characteristics to
compose quality and low-cost substrate.

INTRODUCAO

A Ruellia simplex ¢ uma planta ornamental, do
tipo herbaceo, pertencente a familia Acanthaceae,
nativa do Paraguai e Brasil. Ela é considerada
uma planta perene e rustica, sendo popularmente
conhecida como ruellia azul ou petinia mexicana
(CANZl et al., 2012; SARTIN et al., 2014). Apresenta
um grande potencial para ornamentacdo de jardins,
apesar de ainda ndo existirem dados de produgdo e
venda desta espécie.

A producdo de mudas pode ser oriunda da
propagacdo sexuada ou assexuada, esse ultimo
¢ o método mais utilizado. Conforme Oliveira et
al. (2015), a produgdo de mudas de qualidade esta
atrelada ao fornecimento de condi¢des adequadas
para o seu desenvolvimento, como nutrigdo,
ambiéncia e suporte fisico.

A propagacdo vegetativa ¢ bastante empregada
na produ¢do de mudas, principalmente, quando se
refere a estaquia, que ¢ um método facil e de rapida
execucdo (ALMEIDA et al., 2017). No entanto,
para desenvolver essa técnica, ¢ necessario ter
conhecimento sobre fatores externos e internos.
Entre os fatores internos que podem influenciar no
desenvolvimento da estaca, destacam-se: condigdes
fisiologicas da planta matriz, idade, tipo de estaca
(VERNIER; CARDOSO, 2013).

No que se refere aos fatores externos, o substrato
¢ considerado um dos mais importantes (OLIVEIRA
et al., 2017). Conforme Tessaro ef al. (2013), um
substrato de boa qualidade deve servir como suporte
fisico e nutricional a planta, ter a capacidade de reter
agua e disponibilizar oxigénio para o transporte de
carbono, garantindo assim um bom enraizamento da
estaca. A escolha do substrato é influenciada pela
sua disponibilidade na regido de produgdo e seu
custo-beneficio (SANTANA et al., 2019). Uma boa
alternativa para a formulagdo de um substrato seria
a reutilizagdo de residuos provenientes de diversas
atividades, tendo como vantagem a reducdo de custo
de producgdo e dos impactos gerados pelas diversas
atividades (ARAUJO et al., 2017).

Os residuos oriundos de matéria-prima vegetal
sdo uma boa op¢do na formulacdo dos substratos
por influenciar de forma positiva as caracteristicas
fisico-quimicas e por ativar os processos microbianos
(OLIVEIRA et al., 2015). Dentre estes materiais,
cita-se a bagana de carnauba (Copernicia prunifera),
um subproduto oriundo da extra¢do da cera da palha
da carnauba, que vem sendo utilizado na agricultura
de forma empirica (BRITO et al., 2017) e que possui
caracteristicas desejaveis para compor um substrato
de qualidade e de baixo custo.
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Some studies have been developed with other
cultures and obtaining satisfactory results, for instance,
in the research conducted by Junior et al. (2014),
they indicate the production of tomato seedlings with
substrates based on carnauba residue for providing a
greater vegetable mass. Besides, Gongalves et al. (2019)
report that Harpalyce brasiliana seedlings produced
with substrate containing bagana of carnauba have a
higher quality compared to other alternative substrates.
Based on the above mentioned, the aim was to evaluate
the effect of substrates produced with different
proportions carnauba of bagana in the production of
Ruellia simplex, seedlings, by vegetative propagation.

MATERIAL AND METHODS

The experiment was carried on a shading screen
with 75% permeability to light, at the Center for
Agricultural and Environmental Sciences (CCAA)
of the Federal University of Maranhdo (UFMA), in
the municipality of Chapadinha-MA, located in the
eastern mesoregion of Maranhdo and the micro-
region of Chapadinha, with geographical coordinates
of 3°44 ‘S and 43°2” O. The climate, according to
the Koppen-Geiger climate classification, is Aw type,
characterized as warm and humid tropical. The rainy
season is concentrated between January and June, and
the dry season from July to December, with a mean
rainfall of 1,613.2 mm and mean annual temperature
of 27.9 °C (PASSOS et al., 2016).

A completely randomized design was adopted, with
six treatments (T), the substrates were composed of
bagana of carnauba (BC) in the following proportions:
BCy - 0% BC + 100% of soil; BCy - 20% BC + 80%
of soil; BCy - 40% BC + 60% of soil; BC4 - 60%
BC + 40% of soil; BCg - 80% BC + 20% of soil;
BCip - 100% BC + 0% of soil, being each treatment
with four repetitions. The plot consisted of a black
polyethylene bag, with dimensions of 12 x 23 cm (0.92
dm?), containing 920 mL of the substrate and a plant.

The bagana was obtained in native areas of the
region (3°52°00.9”” S and 43°19°46,7 W), crushed
in forage, and then mixed and homogenized with the
soil, according to the proportion of each treatment.

Ruellia simplex stakes were gathered from the
median portion of healthy plant matrices. The length
was standardized around 8 cm, and each stake had two
nodes. After cutting the stakes, they were placed in a
vessel with water to prevent dehydration and oxidation
of the tissues at the cut site. Posteriorly, stakes were
planted in polyethylene bags measuring 12 x 20 cm
(0.92 dm?). Irrigations were carried out twice a day,
in the morning and the afternoon.

Alguns trabalhos vém sendo desenvolvidos com
outras culturas e obtendo resultados satisfatorios,
como o de Junior et al. (2014), que indicam a produgédo
de mudas de tomateiros com substratos a base de
residuo de carnatiba por proporcionar uma maior massa
vegetal; Gongalves et al. (2019) relatam que mudas
de Harpalyce brasiliana produzidas com substrato
contendo bagana de carnauba possuem maior qualidade
quando comparadas a outros substratos alternativo.
Assim, mediante o exposto, objetivou-se avaliar
o ecfeito de substratos, elaborados com diferentes
propor¢des de bagana de carnauba, na produgdo de
mudas de Ruellia simplex, via propagagdo vegetativa.

MATERIAL E METODOS

O experimento foi conduzido em telado com 75% de
luminosidade no Centro de Ciéncias Agrarias e Ambientais
(CCAA) da Universidade Federal do Maranhao (UFMA),
localizado no municipio de Chapadinha-MA, situado
na mesorregido Leste do Maranhdo e microrregido de
Chapadinha, com coordenadas geograficas de 3°44’ S e
43°2° 0. O clima, segundo a classificagao climatica de
Koppen-Geiger, ¢ do tipo Aw, tropical quente e umido.
A estag@o chuvosa estd concentrada entre os meses de
janeiro e junho, e a estagdo seca no periodo de julho
a dezembro, com precipitagdo pluviométrica média
de 1.613,2 mm e temperatura média anual de 27,9 °C
(PASSOS et al., 2016).

Adotou-se o delineamento inteiramente casualizado,
com seis tratamentos (T), os substratos foram compostos
por bagana de carnatiba (BC) nas seguintes proporgdes:
BCy — 0% BC + 100% de solo; BCy - 20% BC + 80%
de solo; BCy - 40% BC + 60% de solo; BCy, - 60%
BC + 40% de solo; BCsy - 80% BC + 20% de solo;
BCiy - 100% BC+ 0% de solo, cada tratamento com
quatro repeti¢des. A parcela consistiu de um saco de
polietileno preto, com dimensdes de 12 x 23 cm (0,92
dm?®), contendo 920 mL de substrato e uma planta.

A bagana foi obtida em dareas nativas da regido
(3°52°00.9°S € 43°19°46,7°W), triturada em forrageira
e em seguida foi misturada e homogeneizada com o solo,
de acordo com a propor¢do de cada tratamento.

As estacas de Ruellia simplex foram coletadas
na por¢do mediana de plantas matrizes sadias, o
comprimento foi padronizado em torno de 8 cm, e cada
estaca apresentava dois nos. Apds o corte das estacas,
estas foram colocadas em um recipiente com agua para
evitar a desidratagdo e oxidagdo dos tecidos no local
do corte. Posteriormente, as estacas foram plantadas em
sacos de polietileno com dimensdes 12 x 20 cm (0,92
dm?®). As irrigagdes foram realizadas duas vezes ao dia,
na parte da manha e a tarde.
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Before setting up the experiment, chemical and
physical analysis of the substrates was performed
(Tables 1 and 2). Before setting up the experiment,
chemical and physical analysis of the substrates was
performed. The granulometric analysis of the soil
that constitutes the substrates presented the following
results: 780 g kg'! of total sand; 90 g kg! of silt; 130
g kg! of total clay, with sandy textural classification.

After 45 days of cutting, it was evaluated: number
of shoots (NS) and number of leaves per shoot (NL/S)
using the counting methodology (unit/shoot); diameter
of the highest shoot (DHS), using a digital caliper
(mm); length of the highest shoot (LHS); root length
(RL) using graduated rule (cm); inflorescence number
(IN); number of flowers per inflorescence (NF/I); leaf
area (LA) (cm?); root volume (RV) (cm?), according
to the methodology described by Basso (1999); aerial
part fresh mass (APFM) and root system fresh mass
(RSFM), aerial part dry mass (APDM), and root system
dry mass (RSDM) (g), using a precision scale. The
dry material was obtained by drying in a forced-air
circulation oven at a temperature of 65 °C for 72 h.

The analysis of variance and regression was
performed using the statistical Sisvar program, version
5.6%. The graphics were plotted using the Microsoft
Office Excel program.

Previamente a montagem do experimento,
realizou-se a analise quimica e fisica dos substratos
(Tabela 1 e 2). A analise granulométrica do solo
que compdem os substratos apresentou os seguintes
resultados: 780 g kg™! de areia total; 90 g kg™! de silte;
130 g kg!' de argila total, com classificagdo textural
arenosa.

Apos 45 dias da estaquia, avaliou-se: o numero de
brotos (NB) e nimero de folhas por broto (NF/B) pela
metodologia de contagem (unidade/broto); didmetro
do maior broto (DMB), utilizando paquimetro
digital (mm); comprimento do maior broto (CMB);
comprimento radicular (CR) utilizando régua graduada
(cm); nimero de inflorescéncia (NI); numero de flor
por inflorescéncia (NF/I); area foliar (AF) (cm?);
volume radicular (VR) (cm?®), segundo metodologia
descrita por Basso (1999); massa fresca da parte aérea
(MFPA) e de raiz (MFSR), massa seca da parte aérea
(MSPA) e de raiz (MSSR) (g), empregando balanca
de precisdo. O material seco foi obtido pelo método
da secagem em estufa com circulacdo forgada de ar a
temperatura de 65 °C por 72 h.

As analises de varidncia e regressdo foram
realizadas com o auxilio do programa estatistico
Sisvar versdo 5.6®, e a confec¢do dos graficos foram
realizadas com o programa Microsoft Office Excel.

Table 1 - pH values, electrical conductivity (EC) and total contents of organic matter (OM), nitrogen (N),
phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), sulfur (S), aluminum (Al), hydrogen plus
aluminum (H + Al), cation exchange capacity (CEC) and base saturation (V%) of substrates based on bagana

of carnauba(BC)

Tabela 1 - Valores de pH, condutividade elétrica (CE) e teores totais de matéria orgénica (MO), nitrogénio
(N), fosforo (P), potassio (K), calcio (Ca), magnesio (Mg), enxofre (S), aluminio (Al), hidrogénio mais aluminio
(H+Al), capacidade de troca catiénica (CTC) e saturacdo de bases (V%) dos substratos a base de bagana

de carnauba (BC)

EC M.O. N P K Ca Mg S Al H+Al CEC \V;
Substrate pH o

dSm' gkg' gkg' mgkg! cmol, kg’ 7o

BCo 4 0.10 2280 1.14 3.5 0.1 0.7 0.5 2.8 0.5 6.1 7.5 18
BCx 5 0.88 60.67 3.92 6.0 0.6 2.9 0.5 4.3 0.4 5.8 10.0 4.3
BCuo 5 1.29 73.82 5.36 12.0 0.7 4.5 1.3 6.8 0.6 10.2 17.0 6.8
BCeo 5 1.81 9522 6.89 23.0 1.3 5.9 14 8.9 0.7 14.2 23.1 8.9
BCso 5 154 11430 9.28 42.0 2.2 7.0 3.1 12.7 0.9 20.7 334 13
BCioo 5 0.56 59890 4.02 89.0 3.9 20.0 10.0 34.6 0.6 121 46.6 74

BCo - 0% BC + 100% of soil; BCz - 20% BC + 80% of soil; BC4o - 40% BC + 60% of soil; BCeo - 60% BC + 40% of soil; BCqo - 80% BC +

20% of soil; BCioo - 100% BC+ 0% of sail.

BCo-0% BC + 100% de solo; BCx - 20% BC + 80% de solo; BCy - 40% BC + 60% de solo; BCeo - 60% BC + 40% de solo; BCso - 80%

BC + 20% de solo; BCio - 100% BC+ 0% de solo.
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Table 2 - Global density (GD), particle
density (PD) and porosity (P) of substrates
based on bagana of carnauba (BC)
Tabela 2 - Densidade global (DG),
densidade de particula (DP) e porosidade
(P) dos substratos a base de bagana de
carnauba (BC)

N — Density (g cm?®) Porosity
GD PD (%)
BCo 1.44 2.67 45.99
BCyo 1.17 2.61 55.33
BCuo 0.99 2.42 59.26
BCoeo 0.78 1.98 60.78
BCsqo 0.56 1.77 68.53
BCioo 0.29 0.90 70.20

BCo — 0% BC + 100% of soil; BCx - 20% BC + 80%
of soil; BCa4o - 40% BC + 60% of soil; BCeo - 60% BC +
40% of soil; BCs - 80% BC + 20% of soil; BC10 - 100%
BC+ 0% of soil.

BCo - 0% BC + 100% de solo; BC2 - 20% BC + 80%
de solo; BCs - 40% BC + 60% de solo; BCs - 60% BC
+ 40% de solo; BCso - 80% BC + 20% de solo; BCoo -

100% BC+ 0% de solo.

RESULTS AND DISCUSSION

Substrates based on BC significantly influenced
most of the variables studied, only NS, RL, and
RSDM did not show a significant effect according
to the analysis of variance. The regression analysis
showed a quadratic polynomial response for the
variables NS and DHS, and linear response for LHS
and NL/S, with increased BC concentration in the
substrates (Figure 1).

Seedlings produced with substrate containing
100% BC showed higher averages and were registered
in the variables DHS, RL and NL/S (Figure 1B, 1C,
and 1D), getting an increase of approximately 40,
70, and 38%, respectively, compared to the control
substrate (0% BC). This result corroborates the
studies by Aratjo et al. (2017), who evaluated the
effect of organic residues, found regionally, on
the growth and quality of paricd (Schizolobium
amazonicum Huber ex Ducke) seedlings, also they
stood out that the substrates with higher proportions
of residues of carnauba influenced the growth of
seedlings.

The variables IN, NF/I, APFM, and APDM
obtained a linear response due to the increase in
BC to the substrate (Figure 2A, 2B, 2C, and 2D).

RESULTADOS E DISCUSSAO

Os substratos a base de BC influenciaram
significativamente a maioria das variaveis estudadas,
apenas NB, CR e MSSR ndo apresentaram efeito
significativo segundo a analise de variancia. A analise
de regressao apresentou resposta polinomial quadratica
para as variaveis NB e DMB, e resposta linear para
CMB e NF/B, com aumento da concentragdao de BC
nos substratos (Figura 1).

As mudas produzidas com substrato contendo
100% de BC apresentaram maiores médias ¢ foram
registradas nas variaveis DMB, CB e NF/B (Figura
1B, 1C e 1D), obtendo aumento de aproximadamente
40, 70 e 38%, respectivamente, quando comparado
ao substrato testemunha (0% de BC). Esse resultado
corrobora com os estudos de Araujo et al. (2017), que
avaliaram o efeito de residuos organicos, encontrados
regionalmente, no crescimento e qualidade de mudas
de parica (Schizolobium amazonicum Huber ex
Ducke) e destacaram que os substratos com maiores
proporgoes de residuos de carnatiba influenciaram
no crescimento das mudas.

As variaveis NI, NF/I, MFPA ¢ MSPA obtiveram
resposta linear em fun¢do do aumento de BC ao
substrato (Figura 2A, 2B, 2C e 2D).
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Figure 1 - Number of shoots (A), diameter of the highest shoot (B), length of the highest shoot (C)
and number of leaves/shoots (D), of Ruellia simplex seedlings depending on the different proportions
of substrates based on bagana of carnauba (BC).

p > 0.01: Significant at the 1% probability level, p > 0.05: Significant at the 5% probability level, by the F test.

Figura 1 - Numero de brotos (A), didmetro do maior broto (B), comprimento do maior broto
(C) e numero de folhas/broto (D), de mudas de Ruellia simplex em funcdo das diferentes
proporgcbes de substratos a base de bagana de carnauba (BC).

p > 0,01: Significativo ao nivel de 1% de probabilidade, p > 0,05: Significativo ao nivel de 5% de probabilidade,
pelo teste F.
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Figure 2 - Inflorescence number (A), number of flowers per inflorescence (B), aerial part fresh
mass (C) and aerial part dry mass (D) of Ruellia simplex seedlings depending on the different

substrates based on bagana of carnauba (BC).
p > 0.01: Significant at the 1% probability level, by the F test.

Figura 2 - Numero de inflorescéncia (A), nimero de flor por inflorescéncia (B), massa fresca
da parte aérea (C) e massa seca da parte aérea (D) de mudas de Ruellia simplex em funcéo

dos diferentes substratos a base de bagana de carnauba (BC).
p > 0,01: Significativo ao nivel de 1% de probabilidade, pelo teste F.

Assis Reges et al. (2018) report that the
development of fresh and dry mass is related to
the capacity of water and nutrient absorption of
the substrate by the plant, associated with the
characteristics of aeration and moisture retention
of the substrate, thus enhancing the photosynthetic
efficiency of the plant. Characteristics observed
in the treatments with the highest concentration
of bagana of carnauba are given in Table 2.

Following the same trend, in Table 1, it is noted
that the treatments with the highest concentration
of bagana of carnauba obtained the highest value
for the analyzed macronutrients, N, P, K, Ca, Mg,
and S. Thus, Ruellia simples seedlings submitted
to treatments with a higher proportion of BC
substrate confirm the premise that increased
fertility and improved physical properties of
substrates afford better seedling development
(ARAUIJO et al., 2017).

Assis Reges et al. (2018) relatam que o
desenvolvimento da massa fresca e seca esta
relacionado a capacidade de absor¢do de agua e
nutrientes do substrato pela planta, veiculados pelas
caracteristicas de aeragdo e retencdo de umidade
do substrato, potencializando assim a eficiéncia
fotossintética do vegetal. Caracteristicas observadas
nos tratamentos de maior concentragdo de bagana de
carnauba (Tabela 2).

Seguindo a mesma tendéncia, na Tabela 1,
observa-se que os tratamentos de maior concentragao
de bagana de carnauba obtiveram maior valor para
os macronutrientes analisados, N, P, K, Ca, Mg e S.
Desse modo, as mudas de Ruellia simples submetidas
aos tratamentos com maior propor¢ao de substrato de
BC confirmam a premissa que o aumento da fertilidade
e melhoria das propriedades fisicas dos substratos
proporcionam melhor desenvolvimentos das mudas
(ARAUIJO et al., 2017).
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Likewise, Beckmann-Cavalcante et al. (2015)
observed this fact, in the production of heliconia
cv. Golden Torch. These authors reported that
nitrogen is one of the main nutrients responsible for
the development of the aerial part required for the
synthesis of amino acids, amines, proteins, and nucleic
acids; besides, it is part of the chlorophyll molecule,
necessary for photosynthesis.

Apart from this, S, K, and Mg are other fundamental
nutrients and that concerning the emission of leaf
primordium, these act as enzyme function activators,
each having its particularity. S contributes to the
formation of amino acids, K is fundamental for cell
turgor and sugar translocation, and Mg is a component
of the chlorophyll molecule (DIVAN JUNIOR, 2017).
These factors implied to the good-performance of the
aerial part, because, compared to the levels of nutrients
(Table 1), it is observed that the substrate BC,, has
greater amounts concerning the substrate with BC,.

Regarding the variables RL, RV, RSFM, and
RSDM, the regression analysis presented a linear
response, obtaining an increase of 25, 60, 48, and 10%
in the averages of the respective variables, comparing
treatments BC, and BC, , (Figure 3).

Em relagdo as variaveis CR, VR, MFSR e MSSR,
a analise de regressdo apresentou resposta linear,
obtendo-se um incremento de 25, 60, 48 ¢ 10 % nas
médias das respectivas variaveis, comparando-se os
tratamentos BC e BC,, (Figura 3A).

Root development is directly related to the porosity
characteristic of the substrate; that is, the higher
number of porous, the lower the resistance of the
substrate to the penetration of the roots (BRITO et al.,
2017). Silva et al. (2013) report that the substrate has
a direct influence on the size and quantity of roots, due
to the characteristics of aeration and water retention,
requiring a balance between these factors to produce
seedlings with higher quality.

Furthermore, corroborating to the present study,
Brito et al. (2017) and Araujo et al. (2017) found a
good root system development for lettuce (Lactuca
sativa L.) and parica (Schizolobium amazonicum
Huber ex Ducke) seedlings when using substrates that
contained carnauba residues.

Esse fato também ¢ observado por Beckmann-
Cavalcante ef al. (2015) na producgdo de heliconia
cv. Golden Torch. Os autores relataram que
o nitrogénio ¢ um dos principais nutrientes
responsaveis pelo desenvolvimento da parte aérea,
sendo fundamental para a sintese de aminoacidos,
de aminas, proteinas e acidos nucléicos, além disso,
faz parte da molécula de clorofila, essencial para
a fotossintese.

Outros nutrientes fundamentais sdo o S, K e Mg,
quando se trata de emissdo de primoérdio foliar,
ambos sdo ativadores de fungdo enzimaticas, tendo
cada um sua particularidade, o S contribui para
a formac¢do de aminoacidos, o K é fundamental
para a turgescéncia celular e na translocagdo de
acucares, ¢ o0 Mg ¢ um componente da molécula
de clorofila (DIVAN JUNIOR, 2017). Fatores estes
que implicaram para o bom desempenho da parte
aérea, pois, quando comparado aos teores dos
nutrientes (Tabela 1), observa-se que o substrato
BC,,, possui maiores quantidades em relagdo ao
substrato com BC,.

Em relagdo as variaveis CR, VR, MFSR e MSSR,
a analise de regressdo apresentou resposta linear,
obtendo-se um incremento de 25, 60, 48 ¢ 10 % nas
médias das respectivas variaveis, comparando-se
os tratamentos BC e BC,  (Figura 3A).

O desenvolvimento das raizes esta diretamente
relacionado a caracteristica de porosidade do
substrato, pois quanto mais poroso, menor sera a
resisténcia do substrato a penetragdo das raizes
(BRITO et al., 2017). Silva et al. (2013) relatam
que o substrato exerce influéncia direta no tamanho
e quantidades de raizes, pelas caracteristicas
de aeragdo e retencdo de agua, necessitando de
um equilibrio entre esses fatores para que haja
produc¢do de muda com maior qualidade.

Em conformidade com o presente estudo, Brito
etal. (2017) e Araujo et al. (2017) constataram um
bom desenvolvimento do sistema radicular para
as mudas de alface (Lactuca sativa L.) e parica
(Schizolobium amazonicum Huber ex Ducke)
quando utilizados os substratos que continham
residuos de carnauba.

Revista Agro@mbiente On-line, v. 14, 2020 8



Ruellia simplex cuttings propagation produced on carnauba waste substrate

§=21.99+0.04x R2=0.18 A
30 p>0.05
15? 25 —.7,.___’_.!_’—!-——'.
= 20
= L
215
[
= 10-
S s
~
O |
0 20 40 60 80 100
Bagana of carnauba (%)
¥=2.45+0.02x R2=0.52 C
5 »<0.05
=R
Q
2 g
gz’
& 214
0 i

0 20 40 60 80 100
Bagana of carnauba (%)

Root system

§=2.18+0.03x R?=0.69 B
—~ 6 <001
“ o
53 ®
o 4
R
o
=2 ®
=}
o% 1
0 T T 1
0 20 40 60 80 100
Bagana of carnauba (%)
§=033+0.005x R*=0.03 D
0.6 p>0.05
C 0.5 ™Y
w 04 - o @
g 03@
p 02 2
=01
0

0 20 40 60 80 100
Bagana of carnauba (%)

Figure 3 - Root length (A), root volume (B), root system fresh mass (C) and root system dry
seedlings depending on the different substrates based on bagana of carnauba (BC).

p > 0.01: Significant at the 1% probability level, p > 0.05: Significant at the 5% probability level, by the F test.

Figura 3 - Comprimento radicular (A), volume radicular (B), massa fresca do sistema radicular
(C) e massa seca do sistema radicular (D) de mudas de Ruellia simplex em funcdo dos

diferentes substratos a base de bagana de carnatba (BC).
p > 0,01: Significativo ao nivel de 1% de probabilidade, p > 0,05: Significativo ao nivel de 5% de probabilidade, pelo teste F.

CONCLUSION

The bagana of carnauba provides better quality
of Ruellia simplex seedlings;

Having a direct relationship between the increase
in the proportion of the volume of banana of carnauba
and the inflorescence number, the substrate with
100% carnauba bagana is indicated.

CONCLUSAO

A bagana de carnatba proporciona melhor
qualidade de mudas de Ruellia simplex;

Ha uma relagdo direta entre o aumento da
propor¢do do volume de bagana de carnauba e o
numero de inflorescéncia, o substrato com 100% de
bagana de carnauba ¢ o indicado.
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