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RESUMO

PROPAGAGAO VEGETATIVA E SELEGAO DE GENOTIPOS DE Jacaranda
mimosifolia D. Don PARA O ENRAIZAMENTO ADVENTICIO DE
MINIESTACAS

AUTORA: Mariana Fauerharmel
ORIENTADOR: Dilson Anténio Bisognin

Jacaranda mimosifolia D. Don (Bignoniaceae), conhecida popularmente como jacarandé, é uma
espécie muito utilizada na arborizagdo urbana. Quanto a sua propagacdo, a maioria das
informacdes disponiveis tratam da propagacdo por sementes, e pouco se conhece sobre a
propagacdo vegetativa. Este trabalho teve como objetivo estudar a producdo de mudas de
jacaranda por miniestaquia e selecionar genotipos para a sua propagacdo por esta técnica. Um
minijardim clonal foi estabelecido para fornecer brota¢des para a confec¢do de miniestacas. Para
0 enraizamento adventicio, as miniestacas foram tratadas com solucdo hidroalcodlica de acido
indolbutirico (AIB) nas concentragdes de 0, 1000 ou 2000 mg L* e cultivadas em casa de
vegetacdo climatizada. A sobrevivéncia das miniestacas foi avaliada aos 30, 60 e 90 dias e as
porcentagens de enraizamento, calos e brotacéo, area foliar, &rea de raiz, massa seca da parte
aérea, massa seca de raizes, massa seca total e relacdo da massa seca da parte aérea/radicial aos
90 dias de cultivo. As miniestacas enraizadas foram tratadas com diferentes volumes de solugéo
nutritiva (0, 25 ou 50 mL) e avaliadas quanto a sobrevivéncia, a altura, ao didmetro do colo, a
area foliar, a area radicular, a massa seca da parte aérea, a massa seca radicial e a relacdo massa
seca da parte aérea/radicial das plantas ap6s 30 dias de cultivo em casa de sombra e pleno sol.
Para a sele¢do quanto a competéncia ao enraizamento adventicio de miniestacas, foram avaliados
23 gendtipos durante seis coletas sucessivas durante 13 meses. Os gen6tipos foram estabelecidos
em minijardim clonal para desenvolvimento das brotacfes e fornecimento das miniestacas. Em
cada uma das seis coletas, as miniestacas foram estaqueadas em tubetes contendo substrato
comercial e vermiculita, e avaliadas para a porcentagem de enraizamento e o numero de
miniestacas produzidas e nimero de miniestacas enraizadas aos 60 dias de cultivo em casa de
vegetacdo climatizada. Os componentes da varidncia foram estimados com base em medidas
repetidas pelo método da maxima verossimilhanca restrita (REML) e a predicdo dos valores
fenotipicos e genotipicos pela melhor predicdo linear ndo viciada (BLUP). O jacaranda pode ser
estabelecido em minijardim clonal para a producédo de brotaces necessarias para o preparo de
miniestacas. As miniestacas enraizam em casa de vegetacdo e sem a necessidade de AIB. As
mudas produzidas podem ser aclimatizadas em casa de sombra e rustificadas em pleno sol. Mudas
de jacarandé podem ser produzidas por miniestaquia. Foi observada variabilidade genética para o
nimero de miniestacas produzidas e de miniestacas enraizadas, com acurécias de 0,84 e 0,74,
respectivamente para seis coletas consecutivas. Foram selecionados sete genétipos de jacaranda
para 0 nimero de miniestacas enraizadas, resultando em um ganho de selecdo de 53,5%. Os
resultados deste trabalho demostram a viabilidade da producéo de mudas de jacaranda por meio
da miniestaquia e evidenciam um alto potencial para 0 melhoramento genético da espécie para a
propagacéo vegetativa por miniestaquia, bem como indicam a possibilidade de altos ganhos de
selecdo. O processo de produgdo de mudas de jacaranda por miniestaquia é bastante eficiente,
dispensa o uso de regulador de crescimento e de cAmara Umida para enraizamento e, possibilita o
aproveitamento do excedente de solugdo nutritiva da fertirrigacdo do minijardim clonal durante a
aclimatizac&o e rustificacdo das mudas. O jacaranda apresenta grande potencial para a propagagao
vegetativa, sendo a selecéo de gendtipos uma estratégia promissora de melhoramento e produgéo
de mudas por miniestaquia.

Palavras-chave: Jacaranda. Miniestaquia. AIB. Ganho de selecdo. REML/BLUP.



ABSTRACT

VEGETATIVE PROPAGATION AND SELECTION OF Jacaranda mimosifolia D.
Don GENOTYPES FOR ADVENTITIOUS ROOTING OF MINI-CUTTINGS

AUTHOR: Mariana Fauerharmel
ADVISOR: Dilson Antonio Bisognin

Jacaranda - Jacaranda mimosifolia D. Don — (Bignoniaceae), popularly known as jacaranda, is a
tree species widely used in urban afforestation. As for its propagation, most of the available
information deals with seed propagation, and little is known about its vegetative propagation. This
work aimed to study the production of jacaranda plantlets by mini-cuttings, and select genotypes
for their propagation by this technique. A clonal mini-garden was established for the production
of mini-cuttings. For adventitious rooting, the mini-cuttings were treated with hydroalcoholic
solution of indolebutyric acid (IBA) in the concentration of 0, 1000 or 2000 mg L* and cultivated
in a greenhouse. Mini-cuttings were evaluated for survival at 30, 60 and 90 days, and for rooting,
calluses, shooting, leaf area, root area, aerial dry matter, root dry matter, total dry matter and
aerial/root dry matter at 90 days. The rooted mini-cuttings were treated with different volumes of
nutrient solution (0, 25 or 50 mL) and evaluated for survival, height, stem diameter, leaf area, root
area, aerial dry mass, root dry mass and dry air/root dry mass ratio after 30 days of cultivation in
a shade house and full sun area. Twenty-three genotypes were selected for evaluated adventitious
rooting competence during six successive collections during 13 months. The genotypes were
established in a clonal mini-garden to produce shoots for preparing the mini-cuttings. In each of
the six collections, the mini-cuttings were planted in tubes containing commercial substrate and
vermiculite, and evaluated for the percentage of rooting and the number of mini-cuttings produced
and rooted at 60 days of cultivation in the greenhouse. The components of variance were
estimated based on repeated measures by the method of maximum restricted likelihood (REML)
and the prediction of phenotypic and genotypic values by the best non-addicted linear prediction
(BLUP). Jacaranda can be established in a clonal mini-garden for the production of shoots
necessary for the preparation of mini-cuttings. Mini-cuttings root in a greenhouse and without the
need of IBA application. The produced plantlets can be acclimatized in a shade house and
hardened in full sun. Jacaranda plantlets can be produced by mini-cutting. Genetic variability was
observed for the number of produced and rooted mini-cuttings, with the accuracy of 0.84 and
0.74, respectively for six evaluations. Seven jacaranda genotypes were selected for the number of
rooted mini-cuttings, resulting in a selection gain of 53.5%. The results of this work show a high
potential for breeding jacaranda for vegetative propagation by mini-cuttings and indicate the
possibility of high selection gains. The production process of jacaranda plantlets by mini-cutting
is very efficient, it does not require the use of growth regulator and a humid chamber for rooting,
and allows the use of excess nutrient solution from the fertigation of the clonal mini-garden during
the acclimatization and hardening of the plantlets. The jacaranda has great potential for vegetative
propagation, and the selection of genotypes is a promising strategy for improvement and
production of plantlets by minicutting.

keywords: Jacaranda. Mini-cutting. AIB. Selection gains. REML/BLUP.
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1 INTRODUCAO

As distintas espécies florestais arboreas exercem funcdo importante na
manutencdo da qualidade dos servicos ambientais, como equilibrio ecol6gico, na
regulagdo do ambiente e do clima, bem como na atuacdo sobre aspectos econémicos,
sociais e culturais. Dessa forma, é essencial que se conhecam os meios e fatores que
influenciam o desenvolvimento e o crescimento das espécies, visando sua conservacao e
o fornecimento de informagdes para plantios e programas de reflorestamento.

A Unica fonte segura para atender a demanda por produtos madeireiros ou nao-
madeireiros esta nas florestas plantadas ou nas florestas nativas manejadas em regime de
producdo, seguindo os principios da sustentabilidade (PIRES et al., 2015). Nesse cenario,
salienta-se a producéo de mudas, cuja atividade surgiu com a modernizacao da agricultura
e a segmentacdo do mercado (LUZ; PAULA; GUIMARAES, 2000). Desse modo, parte
fundamental do desenvolvimento da silvicultura € a tecnologia de producdo de mudas,
que compreende desde o melhoramento florestal até o plantio (PIRES et al., 2015).

Destaca-se, dentre as espécies arbdreas, Jacaranda mimosifolia D. Don,
pertencente a familia Bignoniaceae, conhecida popularmente como jacaranda ou
jacaranda-mimoso, a qual possui porte arboreo e ampla distribuicdo (LORENZI;
SOUZA; TORRES, 2003), sendo considerada como pioneira na sucessdo florestal
(GRAU et al., 1997). A espécie pode ser empregada em marcenaria, arborizacao urbana
e tratamento de enfermidades (LORENZI; SOUZA; TORRES, 2003), possuindo ainda
forte apelo econdmico, social, ambiental e paisagistico. Contudo, o jacaranda possui
entraves no seu cultivo, uma vez que as sementes demandam mais de seis meses para
tornarem-se maduras apés a polinizagdo, bem como a espécie apresenta uma longa fase
juvenil, em torno de 4 a 5 anos, antes da floracdo (MIYAJIMA et al., 2004;
SOCOLOWSKI; TAKAKI, 2004). Sendo assim, a producdo de mudas se restringe a
curtos periodos, o que interfere na disponibilidade de mudas da espécie, e por sua vez, no
seu cultivo. Alem disso, deve ser salientado que, em muitos casos, a coleta de sementes
ndo considera 0s aspectos genéticos, fator essencial para obtencdo de avangos
silviculturais por meio do melhoramento genético. Desta forma e pela importancia da
espécie, sdo requeridos estudos que contornem os problemas na producéo e qualidade

genética das mudas produzidas, sendo a silvicultura clonal uma alternativa potencial.
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Existem diferentes técnicas com objetivo de propagar vegetativamente uma
planta, sendo as principais a estaquia e a miniestaquia (HARTMANN et al., 2011), pois
essas constituem alternativas de superacdo de dificuldades na propagacdo de espécies
arboreas, sendo empregadas para fins comerciais, no resgate e na conservacao de recursos
genéticos florestais (DIAS et al., 2012).

A técnica da miniestaquia pode ser considerada uma especializacdo da estaquia
convencional (FERRIANI; ZUFFELATO-RIBAS; WENDLING, 2010), tendo seu
desenvolvimento na década de 90, a partir da necessidade de superar problemas do cultivo
in vitro em Eucalyptus, sendo hoje consolidada e amplamente utilizada na propagacao
desse género. Em funcdo das vantagens obtidas com o uso da miniestaquia na produgéo
de mudas de Eucalyptus, sua aplicacdo para as demais espécies florestais se faz muito
importante, a fim de superar os problemas inerentes a producdo de mudas a partir de
sementes (FERRIANI; ZUFFELATO-RIBAS; WENDLING, 2010; DIAS et al., 2012).

Assim, a miniestaquia apresenta-se como uma alternativa promissora para o
aproveitamento do potencial juvenil endégeno das espécies, favoravel ao enraizamento e
consequente producdo de mudas (FERRIANI; ZUFFELATO-RIBAS; WENDLING,
2010). Nesse sentido, uma alternativa para propagacdo de espécies recalcitrantes € o
estabelecimento de minijardim clonal, uma vez que este atuara como fonte permanente
de propagulos (FERNANDES et al., 2017). Além disso, a miniestaquia constitui uma
técnica ambiental e economicamente viavel, bem como possibilita maior acessibilidade
de uso por pequenos e medios produtores (FERRIANI; ZUFFELATO-RIBAS;
WENDLING, 2010). A técnica da miniestaquia foi considerada adequada para espécies
como llex paraguariensis Saint Hilaire (BRONDANI et al., 2007), Calophyllum
brasiliense Cambess. (SILVA et al., 2010), Anadenanthera macrocarpa (Benth) Brenan
(DIAS et al., 2015), Handroanthus heptaphyllus (Vell.) Mattos (PIMENTEL et al., 2016),
entre outras.

Apos a produgdo das mudas por miniestaquia, bem como por meio de outras
técnicas de propagacdo, é necessario o fornecimento de condi¢bes de crescimento
adequadas para a obtencéo de mudas de elevada qualidade. Para isso, utiliza-se de préaticas
culturais que sdo capazes de alterar a qualidade morfofisiologica das plantas tais como:
tipo de recipiente e de substrato, irrigacéo, fertilizacdo, densidade de cultivo, aclimatacao,
transporte, armazenamento, dentre outros (BIRCHLER et al., 1998). Quanto ao substrato,
buscam-se tipos e/ou combinagdes com caracteristicas adequadas de aeragdo, drenagem,

pH, salinidade, baixa densidade, presenca reduzida de plantas invasoras e pragas,
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homogeneidade do material, facilidade de manuseio e de disponibilidade (KAMPF,
2005).

Outro aspecto importante a ser considerado na producdo de mudas é a nutricao
mineral, uma vez que sdo extremamente relevantes as funcdes essenciais exercidas pelos
nutrientes minerais no metabolismo das plantas, como, por exemplo, a estrutura das
moléculas de clorofila necessarias a fotossintese, na qual o nitrogénio atua como
componente (JACOBS; LANDIS, 2009). Nesse caso, 0s estudos sdo realizados buscando
identificar o uso, frequéncia e concentracdes de fertilizacdo, as quais fornecem o
suprimento nutricional necessario para garantir o bom desenvolvimento das plantas nas
diferentes fases de producéo de mudas.

Essas diferentes fases de producéo de mudas consistem basicamente na mudanca
de condi¢cbes ambientais, especialmente, no que diz respeito a disponibilidade de agua e
luminosidade. Segundo Afonso et al. (2012) a luz influéncia no crescimento e na
plasticidade das espécies. Nesse contexto, a definicdo dos niveis 6timos desses fatores
disponibilizados em cada etapa do processo produtivo consiste em informagdes técnicas
relevantes para a producdo de mudas de alta qualidade. Além disso, se destaca a
necessidade de estudos voltados aos aspectos genéticos da propagacdo vegetativa,
principalmente, no que se refere & produtividade das minicepas e & competéncia ao
enraizamento adventicio. Ambas as caracteristicas, correspondem a produtividade do
minijardim e resultam na maior eficiéncia em viveiro (FREITAS et al., 2017).

Assim, tendo em vista o potencial comercial e ecoldgico do jacaranda, uma
espécie adaptada as condicOes edafoclimaticas regionais, este estudo se justifica devido a
necessidade do conhecimento acerca da producdo de mudas de qualidade genética,
morfoldgica e fisioldgica, visando o0 emprego em maior escala e para distintas finalidades.
Desse modo, o presente estudo teve como objetivos gerais estudar a producdo de mudas
de jacaranda por miniestaquia e selecionar gendtipos para a sua propagacao por essa

técnica.



2 REFERENCIAL TEORICO

2.1 Jacaranda mimosifolia D. Don

Jacaranda mimosifolia D. Don (Bignoniaceae), conhecida popularmente como
jacaranda ou jacaranda-mimoso, € uma espécie arbdrea que atinge até 15 metros de altura
(Figura 1A) (LORENZI; SOUZA; TORRES, 2003). Seu tronco possui casca gretada
(Figura 1B), a qual se desprende em laminas retangulares, de copa arredondada e aberta
(LORENZI; BACHER; TORRES, 2018). As folhas séo opostas, compostas bipinadas,
com foliolos pequenos, ovalados e opostos (Figura 1C) (LORENZI; BACHER;
TORRES, 2018).

O jacaranda tem inflorescéncias terminais, em paniculas piramidais, formadas
com a planta quase totalmente desprovida de sua folhagem, com flores azul-violeta
(Figura 1C) e frutos na forma de cépsulas lenhosas, ovaladas, entumescidas e deiscentes
(Figura 1D) (LORENZI, BACHER, TORRES, 2018). A espécie possui sementes aladas,
0 que pode facilitar a dispersdo pelo vento a grandes distancias, representando uma
vantagem de colonizagdo (GOGOSZ et al.,, 2015). A germinacdo, das sementes
caracteriza-se como hipdgea-fanerocotiledonar (OLIVEIRA et al., 2018).

A espécie é nativa da Argentina, Bolivia e Paraguai (LORENZI; SOUZA;
TORRES, 2003), amplamente distribuida em regides temperadas, tropicais e subtropicais
do mundo (NAZ et al., 2020). Trata-se de uma espécie pioneira (GRAU et al., 1997),
presente em todos 0s processos de sucessao de uma floresta secundaria, de acordo com
estudo realizado no noroeste da Argentina durante 50 anos (SOCOLOWSKI; TAKAKI,
2004).

O jacaranda pode ser empregado na arborizagdo urbana, na marcenaria para
confecgéo de forros e caixotaria, no tratamento de doencas, feridas, ulceras e como
adstringente (LORENZI; SOUZA; TORRES, 2003). As folhas do jacaranda sdao uma boa
fonte de produtos naturais com propriedades antioxidantes, anti-inflamatorias e
anticancerigenas, para potenciais aplicagdes terapéuticas, nutracéuticas e alimentares
funcionais (NAZ et al., 2020).
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Figura 1 — Caracteristicas morfoldgicas de Jacaranda mimosifolia D. Don

A= Porte arboreo; B= Casca; C= Folhas; D= Frutos. Fonte: Lorenzi; Bacher; Torres (2018).

As flores sdo vistosas e muito atrativas para os insetos, que utilizam o poélen e
néctar e auxiliam no processo de polinizagdo. Além disso, as espécies da familia
Bignoniaceae sdo frequentemente utilizadas no paisagismo, devido a beleza cénica e ao
grande potencial ornamental das plantas, se destacando tambeém Handroanthus
chrisotrychus (ipé-amarelo) e H. heptaphyllus (ipé-roxo), entre outras.

O jacaranda apresenta sistema radicular axial, cujo desenvolvimento é mais rapido
do que observado a parte aérea, 0 que confere a espécie uma vantagem ecoldgica, que
proporciona um melhor aproveitamento dos recursos do substrato (OLIVEIRA et al.,
2018).

A propagacéo do jacaranda pode ser realizada a partir de sementes, entretanto, a
espécie demanda um longo periodo de maturacéo apos a polinizacao, cerca de seis meses
(MIYAIJIMA et al., 2004), o que torna demorada a obtencdo de mudas. Além disso, as
sementes apresentam baixo vigor e taxa de germinacdo (LI et al., 2012), fato este que
também reduz as chances de obtencdo de mudas em quantidade e qualidade para atender
o mercado (FAUERHARMEL et al., 2020). Outro aspecto relevante é a sazonalidade da
producdo de sementes, o que dificulta ainda mais a producdo de mudas em anos de
auséncia ou menor frutificacdo das plantas (TONETTO et al., 2015). Como alternativa, a

propagacdo vegetativa por miniestaquia é uma opg¢do para a producdo massal de mudas
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de jacaranda (DIAS et al., 2012), como vem sendo utilizada com sucesso em espécies do
género Eucalyptus.

O jacaranda também pode ser propagado vegetativamente por meio da cultura de
tecidos (MARUYAMA et al., 1993) e por estaquia (MIYAJIMA et al., 2004), entretanto,

ndo ha na literatura estudos que abordem a propagacéo da espécie por miniestaquia.

2.2 PROPAGACAO VEGETATIVA POR MINIESTAQUIA

A propagacdo vegetativa ou clonagem consiste na reproducéo assexuada a partir
de diferentes partes do vegetal como células, 6rgaos, tecidos ou propagulos, em funcédo
da potencialidade celular, em condi¢des adequadas, de regenerar uma planta completa,
sendo o material vegetal obtido idéntico a planta matriz (WENDLING, 2002;
BARBOSA,; LOPES, 2007). A propagacao vegetativa possibilita a formacdo de plantios
com alta produtividade, uniformidade e a perpetuacdo de qualquer gendtipo
(MAHLSTEDE, 1957), independentemente de ser homozigoto ou heterozigoto. Além
disso, a propagacdo vegetativa € uma importante alternativa para a multiplicacdo de
gendtipos que sejam heterozigotos e que apresentem caracteristicas superiores, as quais
seriam perdidas, caso a planta fosse propagada por sementes (PAIVA; GOMES, 2011).
Dentre as técnicas de propagacdo vegetativa utilizadas em espécies arboreas, tem-se a
enxertia, a estaquia, a miniestaquia e a micropropagacao.

A miniestaquia € uma variacdo da técnica da estaquia, que utiliza brotacdes de
mudas produzidas por sementes, estaquia, micropropagacao ou pela prépria miniestaquia,
para a producdo dos propagulos vegetativos utilizados para originar novas plantas
(ALFENAS et al., 2009; FERRIANI; ZUFFELLATO-RIBAS; WENDLING, 2010;
KONZEN et al., 2018). Na miniestaquia, os propagulos sdo produzidos por minicepas
estabelecidas em minijardins clonais cultivados em sistema apropriado. As minicepas sdo
podadas periodicamente, a fim de estimular a producdo de novas brotagdes, como
resultado da quebra da dominancia apical (FERRIANI; ZUFFELLATO-RIBAS;
WENDLING, 2010). As brotac6es fornecem os propagulos vegetativos, denominados de
miniestacas, as quais sdo enraizadas em volume e tipo apropriados de substrato e em
condicOes especificas de temperatura e umidade relativa, entre outros fatores (DIAS et
al., 2012).

Os estudos da técnica da miniestaquia tiveram inicio na década de 90, para a
propagacdo vegetativa de Eucalyptus (HIGASHI et al., 2000), sendo uma alternativa
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encontrada para superar as limitacGes impostas pela propagacao in vitro (ALFENAS et
al., 2009; FERRIANI; ZUFFELLATO-RIBAS; WENDLING, 2010). Com isso, a
miniestaquia tornou-se a principal técnica de propagacao para o género, utilizada pelas
empresas florestais brasileiras (KONZEN et al., 2018). A miniestaquia também é uma
importante alternativa para a producdo de mudas de espécies nativas (DIAS et al., 2012).
Sua aplicagdo possibilita propagar gendtipos selecionados e produzir mudas de espécies
florestais nativas que apresentam problemas de propagacdo seminal, seja pela baixa
disponibilidade de sementes ou baixo poder germinativo (DIAS et al., 2012). Essa técnica
também possibilita a propagacdo de genotipos de dificil enraizamento, pelo aumento da
porcentagem de enraizamento e da qualidade do sistema radicial produzido (FERRIANI;
ZUFFELLATO-RIBAS; WENDLING, 2010).

O uso da miniestaquia tem proporcionado a otimizagdo do processo de producao
de mudas, maior producéo de propagulos, menor tempo de formacao da muda em viveiro,
menor variacdo sazonal dos indices de enraizamento, bem como tem possibilitado
eliminar o uso de fitorreguladores e reduzir a &rea destinada aos minijardins clonais
(ALFENAS et al., 2009; KOZEN et al., 2018; FERRIANI; ZUFFELLATO-RIBAS;
WENDLING, 2010). Além disso é uma técnica ambiental e economicamente viavel,
utilizada em larga escala, e também possivel de ser empregada por pequenos e médios
produtores de mudas (DIAS et al., 2012).

As vantagens da miniestaquia justificaram diversos estudos em espécies nativas,
como Anadenanthera macrocarpa (Benth.) Brenan (DIAS et al, 2015), Sapium
glandulatum (Vell.) Pax (FERREIRA, 2008), Handroanthus heptaphyllus (Velloso)
Mattos (PIMENTEL et al., 2016), Toona ciliata M. Roemer (SOUZA et al., 2009),
Cabralea canjerana (Vell) Martius (GIMENES et al.,, 2015; BURIN et al., 2018a;
BURIN et al., 2018b), Cordia trichotoma (Vell.) Arrab. ex. Steud (KIELSE et al., 2015),
Handroanthus heptaphyllus (Velloso) Mattos (RODRIGUES, 2018), e llex
paraguariensis A. Sant.-Hil (BISOGNIN et al., 2018; PIMENTEL et al., 2019;
GAZZANA, 2019; PIMENTEL et al., 2020).

A miniestaquia ndo resolve todos os problemas na formacdo das raizes
adventicias, em funcdo da maior sensibilidade dos propagulos as condi¢6es ambientais
durante o processo de enraizamento. Assim, é necessario definir um cronograma de
trabalho bem mais sincronizado e organizado se comparada com a estaquia convencional
(KONZEN et al., 2018). Esta técnica também depende de métodos eficientes de

rejuvenescimento, para obter material propagativo com adequado grau de juvenilidade
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(DIAS et al., 2012). Desta forma, diversos autores relatam que ha caréncia de estudos
sobre o enraizamento adventicio com foco em fatores relevantes, tais como, a aplicacéo
de promotores de enraizamento, o tipo de propagulo e a composi¢do do substrato (DIAS
etal., 2012).

2.3 FATORES QUE AFETAM O ENRAIZAMENTO ADVENTICIO

Como o processo de enraizamento das miniestacas é complexo e afetado por
inimeros fatores, dentre os quais, 0 genotipo interfere drasticamente no enraizamento das
espéecies florestais, que pode apresentar percentuais e qualidade de enraizamento
diferentes, até mesmo entre clones de uma mesma espécie. Além disso, 0 enraizamento é
afetado pelo sistema e manejo do minijardim, condi¢des ambientais e vigor fisiologico e
de aspectos nutricionais das minicepas. Ainda, o enraizamento adventicio esta associado
a fatores ligados a miniestaca, como a aplicacdo de reguladores de crescimento, 0
substrato utilizado para o enraizamento, tipo e tamanho de propagulo, entre outros, € a
fatores ambientais como luminosidade, temperatura e umidade (ALFENAS et al., 2009;
XAVIER; WENDLING; SILVA, 2009). Conhecer e manejar esses fatores aumenta a

chance de sucesso para producdo de mudas a partir da propagacdo vegetativa.

2.3.1 Aplicacao de fitorregulador

Os fitorménios sdo substancias organicas cuja funcdo principal é a regulacdo do
crescimento e desenvolvimento vegetal. Isso porque a regulacdo e coordenagdo do
metabolismo, crescimento e morfogénese depende de sinais quimicos de uma parte da
planta para outra. Esses sinais se ddo através dos mensageiros quimicos, que fazem a
mediagdo da comunicacdo intercelular. Essas substancias podem ser produzidas em um
tecido e transportado para outro, atuando como resposta fisiologica, e outros agem no
mesmo tecido onde foram produzidas. Essa resposta age como um sinal para o
desenvolvimento ou estado fisioldgico de células, tecidos e 6rgdos (TAIZ; ZEIGER,
2013).

Ja os reguladores de crescimento, também conhecidos como fitorreguladores, séo
substancias sintéticas que podem ser aplicadas diretamente na planta e apresentam efeito

semelhante aos fitormonios no estimulo a uma resposta celular.
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O desenvolvimento vegetal é afetado por seis tipos de hormdnios: auxinas,
giberelinas, citocininas, etileno, &cido abscisico e brassinosterdides. Essas substancias sdo
amplamente utilizadas na propagacdo vegetativa de plantas, com destaque para as
auxinas, uma vez que estas participam de inimeros processos do desenvolvimento
vegetal, sobretudo, nas respostas relacionadas ao enraizamento adventicio (HARTMANN
etal., 2011; BOTIN; CARVALHO, 2015).

As auxinas estdo associadas ao crescimento e a elongacédo celular, estimulam a
dominéncia apical, promovem a formacdo de raizes laterais e adventicias, retardam o
inicio da abscisdo foliar, regulam o desenvolvimento das gemas florais, promovem o
desenvolvimento de frutos, induzem a diferenciagdo vascular, favorecem o
estabelecimento da polaridade apical-basal do embrido, entre outros (HARTMANN et
al., 2011; TAIZ; ZEIGER, 2013).

Em definicdo, as auxinas sdo um grupo de sinais derivados do aminoéacido
triptofano (SAMPAIO, 2010; POP et al., 2011), sendo este o seu provavel precursor,
entretanto, cabe destacar a existéncia de rotas de biossintese independente do triptofano,
ainda ndo elucidadas totalmente (TAIZ; ZEIGER, 2013). A sua sintese pode ocorrer em
todos os tecidos em baixos niveis, contudo, os principais lugares sdo 0s meristemas
apicais e caules e as folhas jovens. A sintese de auxinas no meristema apical de raizes é
importante para a elongacédo, contudo inda permanece dependente da auxina produzida
na parte aérea (TAIZ; ZEIGER, 2013).

O transporte se da, de forma polar para as raizes, por meio das ceélulas
parenquimaticas junto ao tecido vascular, em caules e folhas, ou de forma apolar no
floema, quando sintetizada em folhas maduras (SAMPAIO, 2010; TAIZ; ZEIGER,
2013), a fim de coordenar o crescimento e facilitar a resposta as variagdes ambientais
(POP et al., 2011).

A descoberta do &cido indol-3-acétido (AlA), principal fitormbnio pertencente a
classe, desvendou sua importéncia fisiologica e ocorréncia natural abundante, bem como
trouxe a luz diversos conhecimentos sobre a fisiologia e desenvolvimento das plantas
(TAIZ; ZEIGER, 2013). Apos a identificagdo do AIA, muitas outras auxinas foram
descobertas, dentre elas o &cido indolbutirico ou AIB (TAIZ; ZEIGER, 2013).

O AIA, por ter uma estrutura simples, possibilitou produzir sinteticamente em
laboratdrio, diversas moléculas com atividade auxinica como os fitorreguladores acido
naftalenoacético (ANA) e o 2,4-diclorofenoxiacético (2,4-D) (TAIZ; ZEIGER, 2013) os

quais sdo capazes de atuar em diversos processos do desenvolvimento vegetal,
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especialmente, na divisdo e alongamento celular, na diferenciacao dos tecidos vasculares
e na inducdo da atividade de genes de sinalizacdo de moléculas envolvidas na formagéo
de raizes adventicias e laterais (XAVIER; WENDLING; SILVA, 2009; HARTMANN et
al., 2011; TAIZ; ZEIGER, 2013; KONZEN et al., 2018). Os principais usos comerciais
de auxinas sintéticas estdo relacionados ao enraizamento de estacas e miniestacas,
prevencéo de absciséo foliar e de frutos, e como herbicidas.

A aplicacdo de reguladores de crescimento vegetal pode influenciar no
enraizamento, uma vez que para a formacdao de raizes adventicias é necessaria a presenca
de fitorménios (XAVIER; WENDLING; SILVA, 2009). Dependendo da espécie, a
aplicacdo exdgena de um regulador de crescimento pode promover a iniciacdo das raizes
(XAVIER; WENDLING; SILVA, 2009). Geralmente, quanto maior a relagdo
auxina/citocinina maior a formacao de raizes, enquanto o contrario facilita a formacéo de
ramos (TAIZ; ZEIGER, 2013). Isso se deve ao fato das citocininas serem mais
relacionadas com o crescimento da parte aérea.

A inducéo do enraizamento adventicio em miniestacas € a chave para o0 sucesso
da propagacéo vegetativa. Desta forma, as auxinas sintéticas sao amplamente utilizadas
na propagacao vegetativa de plantas, tendo como principal finalidade a inducao de raizes
adventicias (XAVIER; WENDLING; SILVA, 2009; BOTIN; CARVALHO, 2015) e o
controle da morfogénese na micropropagacdo. A auxina, quando aplicada de forma
exogena, € capaz de estimular maior velocidade e qualidade do sistema radicial
(HARTMANN et al., 2011; BOTIN; CARVALHO, 2015). Sua aplicacdo ocorre,
principalmente, através da superficie de corte da miniestaca, sendo rapidamente absorvida
pelas células por impulso de pH e por transportadores de influxo (POP et al., 2011).

Ao utilizar a auxina de forma exdgena em Orgaos vegetais, deve-se saber que esta
é capaz de promover o aumento da resposta do enraizamento na planta, conforme o
acréscimo da concentracdo, entretanto acima da concentragdo supra Otima ha a
possibilidade de ocorrer uma resposta inibitoria na formagdo de raizes (XAVIER;
WENDLING; SILVA, 2009). Porém, nem todas as espécies irdo responder ao tratamento
com auxina, sendo mais eficiente em espécies que tenham conteudo enddgeno
insuficiente para a inducdo do enraizamento adventicio (HARTMANN et al., 2011).

O requerimento da aplicacdo exdgena de auxina varia conforme as diferentes fases
do enraizamento e o contetdo enddgeno de auxina da planta, devendo-se ponderar qual
auxina serd utilizada, a forma de aplicagdo e o tempo de contato desta com o propagulo,
a fim de evitar efeito negativo sobre o processo de enraizamento (XAVIER;
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WENDLING; SILVA, 2009; BOTIN; CARVALHO, 2015). Contudo, a literatura sugere
0 uso de concentragdes menores de reguladores de crescimento ou a sua eliminacgdo do
processo de propagacéo vegetativa (BOTIN; CARVALHO, 2015), a fim de reduzir custos
e o trabalho despendido no processo (XAVIER; WENDLING; SILVA, 2009). Dentre as
auxinas existentes o acido indolbutirico (AIB) e o acido naftalenoacético (ANA) sdo as
mais eficazes no enraizamento em comparagéo ao AIA (HARTMANN et al., 2011). Isso
porque o AlB e mais estavel quimicamente, menos movel nos tecidos da estaca, pode ser
usado em uma ampla faixa de concentracdo sem causar toxidez as plantas, além de ser
menos fotossensivel (XAVIER; WENDLING; SILVA, 2009; GOMES; PAIVA, 2011;
BOTIN; CARVALHO, 2015).

O AIB ¢ aplicado, de maneira exdgena, em diversas espécies florestais a fim de
para facilitar a promocdo do enraizamento adventicio, entretanto, a aplicacdo e
concentracdo depende de cada espécie (TITON et al., 2003; XAVIER; WENDLING;
SILVA, 2009). Em clones de Eucalyptus grandis a aplicagio de 1.000 a 2.000 mg L de
AIB proporcionou os melhores indices de enraizamento e sobrevivéncia de miniestacas
(TITON et al., 2003). O enraizamento adventicio em miniestacas de E. benthamii
dependeu do material genético e da aplicacéo, sendo que a concentragdo de 2.000 mg L™
apresentou maiores porcentagens de enraizamento (BRONDANI et al., 2014).

Em estudo realizado por Freitas et al., (2015) foi avaliado o efeito da aplicacéo de
diferentes concentracdes de AIB no enraizamento de miniestacas apicais de H.
heptaphyllus (ipé-roxo), ndo sendo condicionante para o enraizamento, embora tenha
resultado em mudas com maior comprimento de raizes de primeira ordem e nimero de
raizes de segunda ordem na concentragdo de 8.000 mg L. Outro estudo realizado com
ipé-roxo também demonstrou que a aplicacdo de AIB ndo é essencial para a sobrevivéncia
e 0 enraizamento das miniestacas (RODRIGUES et al., 2017) e confirmando que o AIB
ndo é essencial o enraizamento de miniestacas da espécie (OLIVEIRA et al., 2015;
OLIVEIRA et al., 2016). Resultados similares foram obtidos em outras espécies, como
Toona ciliata (SOUZA et al., 2009) e llex paraguariensis (PIMENTEL et al., 2019).

2.3.2 Substrato para enraizamento

O substrato interfere no enraizamento adventicio uma vez que ira fornecer
sustentacdo as miniestacas e proporcionar aeracdo, umidade e nutricdo apropriada para o
desenvolvimento e crescimento das raizes (XAVIER; WENDLING; SILVA, 2009). O
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substrato pode ser definido como um meio poroso, onde as plantas desenvolvem as raizes
e crescem, podendo ser formado por um ou mais componentes que irdo exercer a fungéo
de sustentacdo da parte aérea da planta, disponibilizar nutrientes, 4gua e oxigénio
(CARNEIRO, 1995; KAMPF, 2005; WENDLING; GATO, 2012). Além disso, a mistura
de componentes de um substrato deve atender a uma finalidade especifica (fase de
enraizamento e/ou crescimento), de modo que, a composi¢do possa ser facilmente
reproduzida e contemple as caracteristicas adequadas de acordo com a fase de produgéo
de mudas e a espécie a ser propagada (WENDLING et al., 2002).

A composicdo do substrato pode influenciar, tanto o percentual de enraizamento
quanto a qualidade do sistema radicial formado, e ird também depender da espécie a ser
propagada (XAVIER; WENDLING; SILVA, 2009). O substrato deve favorecer a
umidade necessaria para 0 enraizamento adventicio, criar um ambiente escuro para
estimular a rizogénese, manter a estaca no lugar durante o periodo de enraizamento, bem
como proporcionar a troca de ar na base da miniestaca, uma vez que o oxigénio é
fundamental para a formacdo de calos e emissdo de raizes (XAVIER; WENDLING,;
SILVA, 2009; HARTMANN et al., 2011; PAIVA; GOMES, 2011).

Existem diversos materiais que podem ser utilizados como substrato, porém
dificilmente um dnico material ira contemplar todas as propriedades necessarias
(KAMPF, 2005). Sendo assim, é recomendado que o substrato para enraizamento seja
constituido por uma mistura de componentes, que deve conter de 60 a 80% de material
mais poroso, juntamente com 20 a 40% de um material menos poroso (WENDLING et
al., 2002). Os principais componentes utilizados sdo o substrato comercial a base de casca
de pinus, a casca de arroz carbonizada e a vermiculita.

Dentre os substratos, Fachinello et al. (2005) comentam que a vermiculita esta
sendo cada vez mais utilizada para o enraizamento, devido a elevada porosidade e
capacidade de retencdo de agua, caracteristicas almejaveis para a formacéo de primordios
radiculares. De acordo com Dias et al. (2015) o uso de vermiculita proporcionou
expressiva massa seca para o0 Anadenanthera macrocarpa (angico-vermelho), fator
diretamente relacionado a quantidade de raizes emitidas.

Para Abreu et al. (2017) o substrato comercial apresenta um bom volume total de
poros, macroporisidade e pouca densidade, permitindo trocas gasosas de forma eficiente
e favorecendo o crescimento das raizes. Contudo, existe uma variacdo de composic¢édo de
acordo com a marca comercial e, conforme Caldeira et al. (2011) as principais marcas

comercializadas sdo preparadas a base de casca de pinus e turfa. Em estudos com
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Maytenus ilicifolia (espinheira-santa) o enraizamento das miniestacas pode ser realizado
em substrato Plantmax HT® ou areia (LIMA et al., 2009).

Para o enraizamento de Psidium cattleyanum (aragazeiro) o melhor substrato é a
mistura de vermiculita e cinza, seguida da mistura de areia e cinza e da areia
(NACHTIGAL,; FACHINELLO, 1995). Zietemann e Roberto (2007) indicam o substrato
composto por casca de arroz carbonizada e vermiculita para o enraizamento de estacas de
Psidium guajava L. cultivar ‘Paluma’ (goiabeira). No enraizamento de |. paraguariensis
(erva-mate) o uso do substrato casca de arroz carbonizada e substrato para enraizamento
a base de casca de pinus e vermiculita (1:1, v/v) foi o aconselhado por Brondani et al.
(2007).

Para o H. heptaphylus (ipé-roxo), em estudos de enraizamento como o realizado
por Oliveira et al. (2016) foi utilizado substrato comercial a base de casca de pinus
decomposta. Ja em outro experimento realizado por Freitas et al. (2015) o substrato
utilizado para enraizar miniestacas de ipé-roxo foi substrato comercial da Basaplant
Florestal®, contendo casca de pinus, fibra de coco, turfa fibrosa e vermiculita. Para a
mesma espécie, Pimentel et al. (2016) o substrato comercial a base de casca de pinus e
vermiculita (1:2, v/v) resultou no maior percentual de sobrevivéncia das miniestacas.

Tem-se buscado alternativas para o uso de residuos industriais como a serragem,
fibra de coco, o bagaco de cana e torta de filtro no sistema de blocos prensados para
producdo de mudas de Eucalyptus grandis e Eucalyptus. saligna, para os quais esses
componentes proporcionam mudas com desenvolvimento mais acelerado. Contudo, o
percentual de sobrevivéncia e enraizamento das estacas e 0 comprimento de raizes na fase
inicial de producdo foi reduzido (DE FREITAS et al., 2006). Outro componente testado
que provém de residuo é a casca de arroz carbonizada, disponivel, especialmente, em
regides produtoras de arroz. A casca de arroz carbonizada possui baixa densidade,
portanto, aumenta a porosidade total do substrato, proporcionando maior drenagem e uma
melhor aeracdo ao sistema radicular (COUTO et al., 2003). Deste modo, para cada
sistema de producdo sdo necessarios ajustes de manejo e adequacdo da mistura de
componentes de um substrato para atender cada finalidade (WENDLING et al., 2002).

Também é necessario conhecer as propriedades de cada um dos materiais
escolhidos (FERMINO, 2014) para compor um substrato, assim como da mistura
resultante destes materiais, uma vez que esta ird influenciar o desenvolvimento da planta.
Outros aspectos importantes a serem considerados relacionados com a escolha dos

materiais sdo fatores econdémicos, ambientais e de disponibilidade destes insumos.
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As caracteristicas encontradas no substrato podem ser dividias em quimica e
fisica, sendo a andlise fisica extremamente importante, uma vez que esta pode condicionar
as propriedades quimicas e ndo é passivel de ser alterada uma vez iniciado o cultivo
(FERMINO et al., 2018). Dentre as caracteristicas fisicas relevantes para o processo de
enraizamento de miniestacas estdo a densidade, a porosidade total, o espaco de aeracéo e
a disponibilidade de agua. J& para as caracteristicas quimicas destacam-se o pH e a
condutividade elétrica (KAMPF, 2005; FERMINO, 2014).

A densidade expressa relacdo entre a massa e o volume do substrato, sendo
importante para o calculo e interpretacdo de outras propriedades relacionadas ao volume,
como porosidade total, espaco de aeracao e disponibilidade de &gua (FERMINO, 2014).
E desejavel que o substrato ndo seja muito leve, para nio comprometer a estabilidade do
propagulo, assim como nao é recomendado 0 uso de substrato com alta densidade, uma
vez que este tende a ter menor volume de poros ocupados por ar e gerar dificuldades no
crescimento e transporte das plantas em recipientes (KAMPF, 2005; FERMINO et al.,
2018). Para a propagacdo de plantas, de modo geral, os valores recomendados de
densidade seca descritos na literatura estio entre 400 a 500 Kg m (FERMINO, 2014).
Porém, quando se utilizam bandejas ou células para propagacdo, os valores de densidade
devem estar entre 100 e 300 Kg m= (KAMPF, 2005).

A porosidade total € definida como a diferenca entre o0 volume total e o volume
de sélidos da amostra, sendo vista como pouco informativa, uma vez que nao especifica
qual o tamanho dos poros presentes na amostra, podendo estes estarem ocupados por
volumes distintos de ar ou gua (FERMINO, 2014). A literatura recomenda que um valor
adequado de porosidade total deve ser de 85% (FERMINO et al., 2018). Porém, a
porosidade é uma caracteristica que pode sofrer alteracfes, visto que, pode ocorrer a
compactacdo do substrato durante o cultivo, afetando a proporgéo de macro e microporos
influenciando na disponibilidade hidrica do meio de cultivo para a planta (FERMINO et
al., 2018).

O espaco de aeracdo é tido como o volume de ar contido no substrato drenado,
apos sua saturacdo em condigdes equivalentes a tensdo de uma coluna de dgua de 10 cm
de altura, em condicdes de laboratorio (FERMINO, 2014). Para esta caracteristica do
substrato ndo ha apenas um valor para ser tomado como referéncia, podendo os valores
obtidos estarem entre 20 a 30%, ou 30 a 40%. Deste modo, a escolha pelo melhor
substrato com base nos valores de espago de aeracdo deve levar em consideragdo a espécie
cultivada, a frequéncia de irrigagéo e o ambiente de cultivo (FERMINO, 2014).
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A disponibilidade de agua de um substrato refere-se ao volume de agua liberado
sob baixas tensdes (de 10 a 100 hPa), indicando o quanto de &gua ha disponivel para a
planta (FERMINO, 2014). E indicado que entre 40 a 50% do volume de um substrato seja
de agua e, que de 20 a 30%, desse total, seja correspondente a agua facilmente disponivel
(FERMINO, 2014).

Em relacdo as caracteristicas quimicas, o valor de pH é extremamente importante,
pois mensura a alcalinidade ou acidez do substrato. A ocorréncia de alterages nestes
valores em um meio de cultivo pode gerar consequéncias fisioldgicas nas plantas,
afetando o crescimento e a disponibilidade de nutrientes, devendo este estar situado na
faixa de valor entre 5,0 a 5,8, para materiais de origem orgénica, e entre 6,0 a 6,5 para
materiais de fonte mineral (KAMPF, 2005). Ja a condutividade elétrica estima o contetido
de sais soltveis em um determinado meio de crescimento (FERMINO, 2014) e quando
em niveis elevados € capaz de afetar o crescimento das plantas. No que diz respeito a
fertilidade, este ndo é um fator decisivo na escolha do meio para enraizamento, uma vez
que os propagulos vegetativos utilizam em um primeiro momento as reservas enddgenas
e posteriormente passam a absorver nutrientes presentes no substrato (WENDLING et
al., 2002).

2.4 PARAMETROS DE QUALIDADE DE MUDAS

A sobrevivéncia, o estabelecimento, a frequéncia dos tratos culturais e o
crescimento inicial de mudas sdo importantes para avaliar a qualidade das mudas
produzidas e, indicativo de sucesso do futuro empreendimento florestal (GOMES et al.,
2002). Visto que, a qualidade influencia no subsequente desempenho a campo (HAASE,
2008). A determinacdo da qualidade das mudas aptas ao plantio baseia-se tanto em
caracteres fenotipicos, como naqueles que mensuram o metabolismo das plantas,
denominados, respectivamente, de parametros morfolégicos e fisiol6gicos. Contudo, a
avaliacdo fisioldgica requer instrumentos especificos ou procedimentos laboratoriais
(RITCHIE et al., 2010), o que resulta em maior custo de mensuracdo dessas variaveis.

Os caracteres morfoldgicos ndo destrutivos frequentemente utilizados séo altura
da planta, didmetro do colo, relagdo altura/didmetro do colo, niumero de folhas, entre
outros (HAASE, 2008). Além desses, avaliam-se caracteres destrutivos, como massa seca
da parte aérea e do sistema radicular, massa seca total, relacdo entre massa seca da parte

aérea/massa seca radicular, area foliar, comprimento do sistema radicular, indice de
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Qualidade de Dickson, entre outros (ARAUJO et al., 2018). E importante mencionar que
a qualidade das mudas é fortemente influenciada pelas préaticas de manejo da producéo e
pela fertilidade e volume do substrato disponivel para cada planta (REIS et al., 2008).

Na literatura, mudas de Eucalyptus sp. que tenham altura entre 15 e 30 cm séo
consideradas adequadas a expedicdo e plantio (GOMES; PAIVA, 2011). Por outro lado,
para espécies florestais nativas, recomenda-se que a altura da parte aérea esteja entre 20
e 35 cm (GONGALVES et al., 2005). Salienta-se que mudas com maior porte tém
vantagem na competicdo com plantas daninhas, além de serem consequéncia de maior
qualidade genética (HAASE, 2008). No entanto, este aumento em altura da parte aérea
tem que estar acompanhado de um sistema radicular adequado, pois o equilibrio entre
parte aérea e raizes € fundamental para o estabelecimento e crescimento inicial das plantas
no campo.

O diametro do colo ¢ um caractere que representa de maneira apropriada a
qualidade de mudas, e, posterior desempenho a campo (RITCHIE et al., 2010; GOMES;
PAIVA, 2011). Para espécies nativas, consideram-se como adequados didmetros do colo
entre 5 e 10 mm (GONCALVES et al., 2005). Em contraponto, mudas de espécies
exoticas, como as do género Eucalyptus sp., sdo conduzidas ao plantio com valores de
diametro do colo maior que 2 mm (WENDLING; DUTRA, 2010).

A mensuracdo da relacdo altura/diametro do colo (H/DC) em mudas possibilita
entender a alocacdo em parte aérea e sistema radicular, cujos valores podem estar entre
2,0e3,5cm mm?eentre 4,0 e 7,0 cm mm?, respectivamente, para plantas com maior e
menor firmeza da haste (GONCALVES et al., 2005). A relacdo H/DC com valores até 10
cm mm? pode ser indicativo de alta sobrevivéncia e crescimento no pds-plantio
(BIRCHLER et al., 1998), uma vez que, esta medida possibilita conhecer a resisténcia
das plantas (RITCHIE et al., 2010).

Os caracteres destrutivos representam a sobrevivéncia e o crescimento inicial de
plantas a campo, dentre as quais, destacam-se massa seca radicular e a massa seca total
(GOMES; PAIVA, 2011). A mensuracgdo de pardmetros relacionados ao sistema radicular
permite estabelecer com exatiddo a qualidade de mudas (DAVIS; JACOBS, 2005),
ratificando ou n&o sobre o estiolamento da planta (KNAPIK, 2005).

Dentre as espécies florestais, alguns estudos corroboram a importancia de se
conhecer a qualidade de mudas produzidas, destacando-se Pterogyne nitens Rtull.
(BOMFIM et al., 2009), Peltophorum dubium (Sprengel) Taubert (BRACHTVOGEL,;
MALAVASI, 2010), Jatropha curcas L. (AJALA et al., 2012), Cedrela fissilis Vell.



28

(ANTONIAZZI et al.,, 2013), Cabralea canjerana (GASPARIN et al., 2014),
Handroanthus heptaphyllus (MEZZOMO et al., 2018), Cordia trichotoma (BERGHETTI
et al., 2019), Balfourodendron riedelianum (Engl.) Engl. (TURCHETTO et al., 2019),
Handroanthus heptaphyllus (TONETTO et al., 2020), entre outros. Deste modo, pode-se

validar o manejo silvicultural em todas as fases de producéo.

2.5 SELECAO PARA O ENRAIZAMENTO ADVENTICIO

Grande parte dos programas de melhoramento genético de espécies florestais
estdo baseados em ciclos de selecdo e recombinacdo, consistindo em uma estratégia que
possibilita satisfatorios ganhos genéticos e identificacdo de gendtipos superiores.
Todavia, alguns entraves ainda permanecem, como longos ciclos de selecdo e problemas
de resgate de gendtipos superiores em estagios mais avangados de melhoramento
(BISOGNIN; LENCINA, 2016). Diante desse contexto, torna-se relevante a defini¢éo de
estratégias que reduzam os ciclos de selecdo, bem como garantam que genotipos
competentes a propagacao vegetativa sejam identificados e selecionados.

Ciclos de recombinacdo entre genitores, seguidos da selecdo clonal de individuos
nas progénies é a estratégia basica do melhoramento genético com vistas na propagacao
vegetativa (BISOGNIN; LENCINA, 2016), quando se busca a identificacdo dos melhores
individuos. Assim, uma das formas de reduzir o periodo de avaliacdes é através de
técnicas de propagacao vegetativa voltadas para a sele¢do para o enraizamento adventicio
dos propagulos (FERREIRA, 1992). Pelo fato de a propagacao vegetativa possibilitar a
fixacdo e a transferéncia dos componentes genéticos aditivos e ndo aditivos, isso resulta
em maiores ganhos dentro de uma mesma geracdo de selecdo. Salienta-se ainda que a
propagacdo vegetativa permite a fixacdo imediata de combinagfes favoraveis em
qualquer etapa do programa de melhoramento, bem como trata-se da principal forma de
producdo massal de mudas de diversas espécies economicamente relevantes
(BISOGNIN; LENCINA, 2016).

Alguns estudos vém sendo desenvolvidos com este propdsito. Somavilla (2018)
teve por objetivo desenvolver uma estratégia de selecdo precoce de Cordia trichotoma
(louro-pardo) para a propagacdo vegetativa, sendo possivel a obtencdo de elevados
ganhos de selecdo para porcentagem de enraizamento e numero de miniestacas
enraizadas. No mesmo sentido, Gazzana (2019) selecionou entre e dentro de progénies

de meio-irmao de llex paraguariensis (erva-mate) para o enraizamento adventicio e
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concluiu que este tipo de selecdo pode ser realizado com base no nimero de miniestacas
enraizadas, varidvel que apresenta maiores valores de herdabilidade, possibilitando
ganhos genéticos de selecdo satisfatorios para este caractere.

A definicdo dos parametros genéticos para 0s caracteres associados a propagacgéo
vegetativa, bem como para a sua maximizacdo, como tipo e tamanho de explante,
substrato, condigdes ambientais para o enraizamento, entre outros, consistem em pontos
de partida para 0 avanco nesses estudos. Quanto a avaliacdo genética, Oliveira; Dias;
Almeida (2015) e Gazzana (2019) utilizaram o procedimento REML/BLUP para estimar
0s componentes de variancia e predi¢édo de valores genéticos do processo de enraizamento
adventicio. Os resultados obtidos por Oliveira; Dias; Almeida (2015) em estudo realizado
com Eucalyptus cloeziana F. Muell mostraram que o enraizamento adventicio apresenta
alto controle genético, bem como altos coeficientes de variacdo genotipica, 0 que indica
a possibilidade do uso do enraizamento adventicio como critério auxiliar de selecao nos

programas de melhoramento genético para a propagacao vegetativa.
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Abstract

The objective of this study was to investigate the production of jacaranda (Jacaranda
mimosifolia D. Don) plantlets by mini-cutting. For this, a mini-clonal hedge was
established to supply sprouts for mini-cuttings. For adventitious rooting, the mini-cuttings
were treated with hydroalcoholic solution of indolebutyric acid at concentrations of 0,
1000, and 2000 mg L-1 and grown in a greenhouse. The survival of mini-cuttings was
evaluated at 30, 60, and 90 days, and rooting, callus, sprouting, leaf area, root area, aerial
dry mass, root dry mass, total dry mass, and aerial/root dry mass ratio were assessed at
90 days. The rooted mini-cuttings were treated with different volumes of nutrient solution
(0, 25, and 50 mL) and were evaluated for survival, height, diameter, leaf area, root area,
aerial dry mass, root dry mass, and aerial/root dry mass ratio of the plantlets after 30 days
of cultivation in a shade house and full sunlight. Jacaranda can be established in a mini-
clonal hedge for the production of shoots necessary for the preparation of mini-cuttings.
The mini-cuttings are rooted in a greenhouse without use of indolebutyric acid. The
plantlets produced can be acclimatized in a shade house and hardened in full sun.
Jacaranda plantlets can be produced by mini-cuttings.

Key words: Indolebutyric acid. Jacaranda mimosifolia D. Don. Vegetative propagation.
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Resumo

Este trabalho teve por objetivo estudar a producdo de mudas de jacaranda (Jacaranda
mimosifolia D. Don) por miniestaquia. Para isso, foi estabelecido um minijardim clonal
para o fornecimento de brotacdes para a confeccdo de miniestacas. Para o enraizamento
adventicio, as miniestacas foram tratadas ou ndo com solugdo hidroalcodlica de &cido
indolbutirico na concentracdo de 0, 1000 e 2000 mg L-1 e cultivadas em casa de
vegetacdo climatizada. A sobrevivéncia das miniestacas foi avaliada aos 30, 60 e 90 dias
e 0 enraizamento, calos, brotacao, area foliar, area de raiz, massa seca aérea, massa seca
de raizes, massa seca total e massa seca aérea/raiz aos 90 dias. As miniestacas enraizadas
foram tratadas com diferentes volumes de solugéo nutritiva (0, 25 e 50 mL) e avaliadas
quanto a sobrevivéncia, altura, didametro, area foliar, &rea radicular, massa seca aérea,
massa seca radicular e relacdo massa seca aérea/radicular das plantas apds 30 dias de
cultivo em casa de sombra e pleno sol. O jacaranda pode ser estabelecido em minijardim
clonal para a producdo de brotacGes necessarias para o preparo de miniestacas. As
miniestacas enraizam em casa de vegetacdo e sem a necessidade de acido indolbutirico.
As mudas produzidas podem ser aclimatizadas em casa de sombra e rustificadas em pleno
sol. Mudas de jacaranda podem ser produzidas por miniestaquia.

Palavras-chave: Acido indolbutirico. Jacaranda mimosifolia D. Don. Propagacio
vegetativa.

Introduction

Jacaranda mimosifolia D. Don (Bignoniaceae), commonly known as jacaranda-
mimoso or jacaranda, is a tree species native to Argentina, Bolivia and Paraguay, which
can be found in temperate and tropical regions (Lorenzi, Souza, & Torres, 2003). This
tree species is mainly used in the landscaping of parks and large gardens, given the beauty
of its flowers. It is also used in urban planting, woodworking and as a medicinal plant.

The propagation of jacaranda is usually achieved from seeds, which results in
rapid plant growth. However, the seeds present low longevity, which reduces the storage
potential and, consequently, the possibility of obtaining seedlings of high quality and in
adequate quantity. Furthermore, seasonality should be considered in seed production, as
it results in limitation of seed availability in years of absent or lower fruiting (Tonetto,
Araujo, Muniz, Walker, & Berghetti, 2015). This seedling production problem can be
addressed by vegetative propagation. For example, jacaranda can be propagated by tissue
culture (Maruyama, Ishii, Saito, & Ohba, 1993) and cuttings (Miyajima et al., 2004).
However, there are no reports regarding the use of mini-cuttings for the production of

clonal plantlets of this species.
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The mini-cutting is a variation of the technique of cutting and presents advantages
for the production of plantlets of woody species such as improving rooting and root
system structure (Xavier, Wendling, & Silva, 2013). It can also reduce or eliminate the
use of plant growth regulators. In addition, it requires less physical space for the
production of propagules in mini-clonal hedge and shorter period of time for rooting of
mini-cuttings and for acclimatization of plantlets (Ferriani, Ribas-Zuffellato, &
Wendling, 2010), facilitating the propagation of selected individuals (Xavier et al., 2013).

The adventitious rooting process of the mini-cuttings depends on several factors,
such as the application of indolebutyric acid (IBA). IBA is highly effective in stimulating
rooting, which is due to its lower photosensitivity and improved chemical stability in the
plant, as it is less affected by the indoleacetic acid oxidase system (Hartmann, Kester,
Davies, & Geneve, 2011). For the growth of the plantlets, nutrition is one of the essential
factors and each mineral element has a certain function linked to plant metabolism. Thus,
periodic fertilization is usually necessary to achieve quality plantlet production in a short
time (Wendling, Dutra, & Grossi, 2006).

The aimed of this study was to evaluate the establishment of jacaranda plants in
clonal mini-garden, the effect of indolbutyric acid on the rooting of mini-cuttings, as well

as the acclimatization and rustification of plantlets produced by mini-cuttings.

Material and Methods

The experiments were conducted at the Center for Plant Breeding and Propagation
(MPVP), Plant Science Department of the Federal University of Santa Maria (UFSM),
from June 2015 to February 2017.

The jacaranda mini-clonal hedge was established in October 2015, with a total of
48 seedlings that were 120 days old after sowing (Figure 1A). The plantlets were planted
in four polyethylene trays (55 cm x 34 cm x 15 cm) with spacing of 10 cm x 10 cm and
the mini-clonal hedge was established according to the methodology used for other forest
species in the MPVP-UFSM, such as Cabralea canjerana (Vellozo) Martius (Burin,
Bisognin, Lencina, & Gimenes, 2018a; Burin, Bisognin, Lencina, Somavilla, & Pedroso,
2018b; Gimenes et al., 2015), llex paraguariensis A. St.-Hil. (Pimentel, Lencina,
Pedroso, Somavilla, & Bisognin, 2017) and Handroanthus heptaphyllus Vell. Mattos
(Rodrigues, Pimentel, Lencina, Kielse, & Bisognin, 2017). In the flood fertigation system,
the nutrient solution was supplied for 15 min twice a day, with the aid of a digital

programmer and a low flow submersible pump, drained by two holes arranged in the front
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of the tray. The nutrient solution was adapted from the study by Hoagland and Arnon
(1950). The pH of the nutrient solution was maintained between 5.5 and 6.0 and the
electrical conductivity was 1.5d S m™,

The plantlets were pruned at day 30 after planting in the soilless cultivation system
at three heights, based on the number of remaining buds in the ministumps (i.e. 2, 4, or 6
buds), considering their opposite phyllotaxis. The ministumps were evaluated at day 30,
60, and 90 for survival percentage and sprout production. After this period, the

ministumps underwent consecutive formation pruning during 9 months.

Rooting of mini-cuttings

The sprouts that developed from the ministumps were sectioned in double bud
(opposite phyllotaxis) with 1.5-2.0 cm in length and a pair of leaves each with four pairs
of leaflets. The mini-cuttings were treated with IBA hydroalcoholic solution at
concentrations of 0, 1000, and 2000 mg L-1 for 10 s. To prepare the solution, IBA was
dissolved in 50% ethyl alcohol (96 GL) and diluted in 50% distilled water. The mini-
cuttings were grown in 110 cm? polyethylene tubes containing a commercial substrate
mixture based on pinus bark and vermiculite in the proportion of 2:1 (v/v), as defined in
preliminary tests. Rooting was carried out in a greenhouse with a relative humidity of
approximately 65% and an average temperature of 27 °C. The mini-cuttings received
manual daily watering with watering aid. The percentage of survival was evaluated at day
30, 60, and 90, while the percentage of rooting, callus formation, and sprouting were
assessed after 90 days. The experiment was arranged in a randomized design, with 10
replicates of six cuttings.

After 90 days of culture in a greenhouse, the dry mass of the aerial part and roots
and the root and leaf area were evaluated in eight rooted mini-cuttings. For these
evaluations, the plantlets were sectioned into aerial parts and roots, which were weighed
on a precision balance and placed in paper bags for drying in a forced air circulation oven
at 70 °C until constant weight. The obtained dry weights of the aerial parts and of roots
were used to determine the aerial/root dry mass ratio and total dry mass. The area of the
root system and the leaf area were determined from images obtained using the scanner
CanoScanL.ide 220, and measurements were made with the aid of the Winfolia software
for the leaves and Image J for the roots. This experiment was also arranged in a
randomized design, with eight repetitions of one plant.
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Plantlet growth

After 120 days of cultivation in a greenhouse, the plantlets from the previous
experiment were transferred to the shade house with a monofilament screen and 50%
shading, where they remained for 30 days for acclimatization. Thereafter, the plantlets
were exposed to full sunlight for a further 30-day period for rustication. During these
periods, the plantlets were randomized and received different volumes of nutrient
solutions used in the mini-clonal hedge, in the amounts of 0, 25, and 50 mL per tube per
week. This form of cover fertilization is justified by the fact that the closed system of
soilless cultivation used in this research (Bisognin, Bandinelli, Kielse, & Fischer, 2015)
presents a remnant of nutrient solution that can be used for the fertilization of the plantlets,
at a given quantity and application frequency, such as every seven days.

The plantlets were evaluated before the beginning of acclimatization after 30 days
of shade cultivation followed by 30 days of cultivation in full sun for survival percentage,
height, and stem diameter. The height was measured with a millimeter ruler, from the
stem of the plantlet to the insertion of the last pair of leaves. The diameter of stem was
measured at the insertion of the plantlet with the substrate, with the aid of a digital caliper.
The experiment was arranged in a completely randomized design, with 10 replicates of
three plantlets.

At the end of the rustication period, five randomly selected plantlets were
evaluated for aerial dry mass, root dry mass, and aerial/dry mass ratio as described above.
In addition, growth increments in height and diameter of the stem were calculated during
the growing season under the shade and full sun. The experimental design was a

completely randomized design with five replications of one plantlet.

Statistical analysis

The data were subjected to test of normality of variances by the Shapiro-Wilk test
and to meet normality assumptions, percentage data were transformed to arcosene Vx/100
and number data to Vx+0.5. Later the data were submitted to analysis of variance
(ANOVA) by the F test. The treatments with significant differences were compared by
using the Tukey test, at 5% probability of error. The analyses were performed with the
aid of the statistical software R-Studio version 1.0.143 (R Core Team, 2017).
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Results and Discussion

Jacaranda plantlets presented adequate establishment in the system of cultivation
without soil used for other forest species. After the establishment, the plantlets were
subjected to different pruning heights based on the number of remaining buds (2, 4, and
6 buds). In this experiment, the different pruning heights did not affect the survival of the
ministumps or the production of shoots after 30, 60, and 90 days (data not shown). In all
experiments, the ministumps developed new shoots, which indicates that jacaranda
ministumps can be pruned to different heights, even with only a pair of buds left on the
ministump. A similar result was observed for Azadirachta indica A. Juss, where the
ministumps survived up to 189 days after the establishment of the minigarden regardless
to the pruning height (10, 25, or 40 cm) (Fernandes et al., 2017).

The formation of the ministumps depends on the removal of the apex or pruning
of the aerial part to break apical dominance and to induce the growth of adventitious buds
that result in the production of lateral shoots used for the preparation of the mini-cuttings
(Fernandes et al., 2017). In this study, different pruning heights of the aerial part were
evaluated for the formation of the ministump. This is because the height of pruning varies
with the species, the management conditions of the mini-clonal hedge (Fernandes et al.,
2017), the phyllotaxis and the growth pattern to the internode. Therefore, the knowledge
of the pruning height and the formation of the ministump in each species is important to
maximize the production of shoots (in this study, the number of mini-cuttings produced
was 501, in an area of 7.48 m? of mini-clonal hedge, which enabled the yield of 66.98
mini-cuttings m) and for the maintenance of an adequate size of the shoots, in order to
obtain greater production of mini-cuttings and, consequently, plantlets. This is due to the
increase in mortality rate after a very drastic pruning or the reduction of the life of the
ministump in the case of less intense pruning. This is due to the excessive increase of
height as a result of formation of new buds for induction of lateral shoots.

These results show that the establishment of mini-clonal hedge in a closed soilless
hydroponic system and the management of ministumps were suitable for jacaranda
asexual propagation, and thus could be used to produce sprouts for the preparation of
mini-cuttings. All the ministumps survived during the 9 months of periodic pruning,
indicating that jacaranda species is tolerant to injury caused during the collection of

shoots, which is fundamental to enable the production of plantlets by mini-cutting.
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Furthermore, the mini-stumps presented adequate growth, considering the composition
and management of the nutrient solution. This helped to collect shoots and to prepare
mini-cuttings sufficient to conduct pilot tests needed to define the treatments for use in

the rooting of cuttings (Figure 1B) and plantlet production (Figure 1C).

Figure 2 — Jacaranda mini-clonal hedg hed in a soilless cultivation system (A),
mini-cutting rooted in a greenhouse (B), and rustified plantlet (C).

Rooting of mini-cuttings

No significant differences in percentages of survival, rooting, callus formation and
sprouting were observed between the doses of IBA up to 90 days of cultivation of
jacaranda mini-cuttings in a greenhouse (Table 1). The mean survival percentage was
79.4% and rooting percentage was 68.9% at day 90. The percentage of sprouted mini-
cuttings was also high, with an average of 76.1%. With the exception of the percentage
of mini-cuttings that formed callus, the coefficient of variation for all parameters was low,

which indicates good reliability of the obtained results.
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Table 1 - Percentage of survival after 30, 60, and 90 days and percentage of rooting,

callus formation, and sprouting after 90 days of cultivation of mini-cuttings of jacaranda

treated with different doses of indolebutyric acid (IBA) in a greenhouse.

AIB Survival Rooting Callus  Sprouting
(mgL?Y)  30days 60days 90 days (%) (%) (%)

0 91.7 "> 83.3™ 73.3™ 65.0™ 6.7" 81.7™
1000 90.0 86.6 81.6 65.0 3.3 73.3
2000 93.3 88.3 83.3 76.6 1.7 73.3

Average 91.7 86.1 79.4 68.9 3.9 76.1
CV (%) 12.7 15.7 21.8 28.0 216.6 23.0

“Not significant (ns) by Tukey test at 5% error of probability. CV = Coefficient of

variation.

Treatment with IBA also did not affect the leaf and root area and dry mass

production of aerial parts and roots, total dry mass, and the ratio of the dry mass of aerial

parts to roots (Table 2). For these traits, the IBA treatment did not alter the observed

values. Root dry mass showed the highest coefficient of variation, while for the other

traits the coefficient of variation was below 50%.
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Table 2 - Root and leaf area (cm?), dry mass (mg) of aerial parts and roots, total dry mass
(mg), and the ratio of dry mass of aerial parts to roots of jacaranda mini-cuttings treated
with different doses of indolebutyric acid (IBA) after 90 days of cultivation in a

greenhouse.

IBA Root area Leaf area Aerial  Rootdry Totaldry  Aerial/Root

(mg LY dry mass  mass mass dry mass ratio
0 9374.2 ™* 3863.4™ 200.0™ 70.0™ 270.0"™ 29"
1000 9370.4 4320.0 230.0 70.0 300.0 3.3
2000 9107.9 4388 1 2400 800 320.0 3.0
Average 9284.2 4190.5 220.0 70.0 290.0 3.1
CV (%) 32.7 46.9 46.9 63.4 49.6 45.7

“Not significant (ns) by Tukey test at 5% error of probability. CV = Coefficient of variation.

In this study, high percentages of survival, rooting, and sprouting were observed
in jacaranda mini-cuttings after 90 days of cultivation under greenhouse conditions. In
addition, the rooted mini-cuttings presented adequate leaf and root area, which was
consistent with the ratio of the dry mass of aerial parts to that of roots. Interestingly, the
mini-cuttings of jacaranda rooted under benches in a greenhouse, without the control of
relative humidity, which greatly facilitates the production of plantlets from mini-cuttings.
The mini-cuttings of some species, especially tree species, need to be maintained in a
high humidity environment for adventitious rooting, which can only be achieved within
specialized environments, such as in a moist chamber. However, these conditions require
greater investments in vegetative propagation structures and often constitute a major
impediment to the production of plantlets using mini-cuttings. In addition, environments
with high relative air humidity, especially when associated with high temperatures, may
favor disease incidence, especially in a greenhouse (Alfenas et al., 2009) and thus cause
the mortality of mini-cuttings, reducing the number of plantlets produced.

The percentages of survival, rooting, and sprouting were high for all treatments,
indicating that jacaranda mini-cuttings do not require IBA for adventitious rooting. The
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high percentages of survival indicate that the reserves were sufficient to keep mini-
cuttings alive during the adventitious rooting process. This is due to the fact that death of
the mini-cuttings is often associated with the depletion of accumulated reserves in the
tissues, and their higher survival is related to the production of carbohydrates and the
complexes responsible for rooting (Bordin et al., 2005, Silva et al., 2015).

The observed high rooting percentages without the need for IBA are in agreement
with Miyajima et al. (2004) who studied the rooting of herbaceous jacaranda cuttings.
This demonstrates that jacaranda does not require IBA for adventitious rooting, likely due
to the sufficient endogenous auxin content and optimal hormonal balance between auxins
and cytokinins (Hartmann et al., 2011). In separate studies, other species did not require
the application of IBA for adventitious rooting in Handroanthus heptaphyllus (Oliveira
et al., 2016, Rodrigues et al., 2017), Calophyllum brasiliense Cambess. (Silva et al.,
2010), and Anadenanthera macrocarpa (Benth) Benan (Dias et al., 2012).

In woody species, the root primordia may be the origin of cells close to the
vascular system of callus tissue (Hartmann et al., 2011). Thus, the formation of callus at
the base of the mini-cuttings may be essential for the rooting process, since this capacity
is indicative of the processing efficiency and tissue differentiation (Penso et al., 2016).
However, the high percentage of rooting and low percentage of callus demonstrate that
there was no relationship between these parameters.

Another relevant aspect observed in the present study is that the use of IBA and
dose increase did not increase callus formation in mini-cuttings. This result was not
expected, considering that IBA plays a role in the cell development pathway, in which
differentiated stem cells become dedifferentiated into callus cells (Hartmann et al., 2011).
This fact is in line with the finding of Zottele and Aoyama (2014) who verified that the
primordia of Justicia wasshauseniana Profice roots originated directly from the basal
region of the cuttings, independent from the node and callus formation.

The satisfactory responses obtained for adventitious rooting may have been positively
influenced by the high sprouting percentage. The presence of leaves and the formation of
new shoots are responsible for the production of photoassimilates and for the increase of
the reserves, which favors rooting (Paiva & Gomes, 2011). The formation of shoots from
the cuttings also indicates the appropriate allocation of reserves, and results in plantlets
with adequate balance between aerial parts and root system. The results of leaf and root
area and production and partitioning of assimilates to different organs clearly show that
after 90 days of cultivation in the greenhouse, the jacaranda plantlets presented high
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quality. This is supported by the average of the ratio of aerial dry mass to root dry mass
of 3.63. This relationship is an important indicator for the quality of plantlets, with a value
higher than 2.0 (Gomes & Paiva, 2011) considered adequate for evaluation of jacaranda

plantlets.

Plantlet growth

There were no significant differences in plantlet survival percentage and the
increase in stem diameter during cultivation in a shade house and full sun between the
volumes of nutrient solution applied (Table 3). The survival percentage improved under
the both environments, suggesting that the management practices adopted were
appropriate for jacaranda plantlets. For the increase in stem diameter, a high coefficient
of variation was observed, which makes it difficult to detect significant differences
between treatments. The application of nutrient solution increased the height of plantlets
under both environments (Table 3). These differences in height of the plantlets with the
weekly application of nutrient solution during acclimatization in a shade house and the
rustication in full sun were in agreement with the increase in leaf area and total dry mass
(Table 4).
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Table 3 - Survival percentage (%), initial height (cm), increase in height (cm™), initial
stem diameter (mm), and increase in stem diameter (mm) of treated jacaranda plantlets
with different volumes of nutrient solution during 30 days under a shade house (SH) and

full sun (FS) cultivation.

Nutrient _ . Increase in Initial Increase in
] Survival Initial ) ]
solution _ height stem stem diameter
height )

(mL) SH FS SH FS diameter DS FS
0 91.4™* 879" 52 28b* 15b 3.6 0.7™ 04™

25 97.4 97.4 5.6 59a 29a 3.7 1.2 0.6

50 91.2 91.2 4.7 54a 26a 35 1.1 0.2

Average 93.3 92.2 5.2 4.7 2.3 3.6 1.0 0.4
CV (%) 271 26.7 - 445  68.6 - 121.1  165.0

“Not significant (ns) and values followed by different letter do differ by Tukey test at

5% error of probability. CV = coefficient of variation.

In these experiments, the survival of the plantlets in the shade house and in full
sun was high (above 92%), indicating adaptation to the cultivation conditions and the
management practices adopted. A similar result was observed in a study using rooted
mini-cuttings of Peltophorum dubium (Spreg) Taub. wherein satisfactory plantlet survival
was observed during the hardening process in a greenhouse (100%) and full sun (100%)
(Mantovani et al., 2017).
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Table 4 - Root and leaf area (cm?), dry mass (mg) of aerial parts and roots, total dry mass
(mg), and the ratio of the dry mass of aerial parts to that of roots of jacaranda plantlets
subjected to different volumes of nutrient solution during 30 days of cultivation in a shade

house and in full sun.

Nutrient Dry mass (mg)
solution Root area Leaf area Aerial Root Total Aerial/Root
(mL)

Shade house
0 27506.8 5* 3320.3b 3520™ 463.0™ 815.0hb 0.76"M

25 32158.8 8179.0a 656.0 899.0 1556.0 ab 0.72

50 26188.8 10306.5a  698.0 987.0 1685.0 a 0.70
Average 28618.1 7278.6 568.0 783.0 1352.0 0.72
CV (%) 37.9 26.2 35.3 43.4 31.6 45.4

Full sun

0 446725 ™ 2863.8™ 404.0™ 501.0™ 1601.0"™ 0.81m™

25 57998.3 6864.0 765.0 484.0 2123.0 1.58

50 48338.5 4508.8 514.0 404.0 1690.0 1.27
Average 50336.4 4745.5 561.0 463.0 1805.0 1.22
CV (%) 46.3 47.1 41.4 38.9 35.7 61.4

“Not significant (ns) and values followed by different letter do differ by Tukey test at
5% error of probability. CV = coefficient of variation.

It is also possible that the container (110 cm3) restricted the growth of the root
system and limited the utilization and absorption of nutrients from a larger volume of the
added nutrient solution. The use of containers with larger volume promoted the
development of plantlets of Mimosa caesalpiniifolia Benth. (Melo et al., 2018), while
containers with smaller volume restricted the accumulation of nutrients in Mezilaurus
itauba Taub. ex Mez and Platymiscium ulei Harms (Ferreira et al., 2017). This shows the
influence of the volume of the container on the growth of plantlets of forest species, which
will be investigated in the next experiments.

The fact that there is no difference between the characters evaluated for the
different volumes of nutrient solution tested under the full sun environment probably

indicates a restriction to the acclimatization process, with greater light exposure. When
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plants that are adapted to the shade are transferred to full light, the leaves tend to undergo
photoinhibition and foliar bleaching, and may even senesce (Taiz & Zeiger, 2013). In
addition, typical foliar symptoms, such as chlorosis, can sometimes be the result of an
environmental response not related to nutritional stress, but rather to damage caused by
increasing the temperature in full sun or the reduction of water and nutrient absorption
capacities by the roots (Jacobs & Landis, 2009).

The observed values of increases in plantlet height, leaf area, and total dry mass
demonstrate that the species invests the largest allocation of biomass in the aerial parts.
Jacaranda plantlets showed stem diameter within the ranges reported in the literature.
However, the height was below the referred value, which may be due to specific
characteristics of the species. According to Xavier et al. (2013), a plantlet produced by
the genus Eucalyptus mini-cutting must have height ranging between 20 cm and 40 cm
and stem diameter above 2.0 mm. If these values are used as the reference, the jacaranda
plantlets must be maintained in a shade house for a longer period of time and in full sun
before being sold or planted in the field.

These results show that jacaranda plantlets can be used for the establishment of
mini-clonal hedge in a closed soilless cultivation system. Jacaranda plantlets adapt to the
pruning of the mini-stumps and successive collection of shoots necessary for the
preparation of mini-cuttings for adventitious rooting. The rooting of cuttings can be done
in a greenhouse without need for specific structures and the application of IBA, which
facilitates the process and reduces costs of jacaranda production using mini-cutting.
Rooted mini-cuttings can be acclimatized in a shade house and rustified in full sun, when
the proportion of 25 mL of nutrient solution per tube can be applied weekly. The excess
nutrient solution should be considered as a residue that cannot be directly discarded in the
environment, and its use for cover fertilization eliminates waste and provides a suitable
source of the nutrients for production of jacaranda plantlets. In addition, cover
fertilization with residual nutrient solution enhances plantlet height, leaf area, and total
dry mass, which increases the ability of the plantlets to take advantage of solar energy to

produce photoassimilates and complete the growth before planting in the field.

Conclusions
Jacaranda can be established in a mini clonal hedge for the production of shoots necessary

for the preparation of mini-cuttings. The mini-cuttings are rooted in a greenhouse without
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use of indolebutyric acid. Rooted mini-cuttings can be acclimatized in a shade house and

rustified in full sun, enabling the production of jacaranda plantlets from mini-cuttings.
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4 ARTIGO 2 - SELECTION OF Jacaranda mimosifolia GENOTYPES FOR
VEGETATIVE PROPAGATION BY MINI-CUTTING

Artigo Submetido para a Revista Ciéncia e Agrotecnologia.

ABSTRACT

The objective of this work was to select Jacaranda mimosifolia genotypes for vegetative
propagation by mini-cuttings. We evaluated the competence of adventitious rooting of
mini-cuttings of genotypes during six successive collections over 13 months. Jacaranda
genotypes were established in a clonal mini-garden to develop shoots and supply mini-
cuttings. In each of the six collections, the mini-cuttings were planted in tubes containing
commercial substrate and vermiculite. These were subsequently evaluated for the rooting
percentage and the number of mini-cuttings produced and rooted after 60 days of
cultivation in an air-conditioned greenhouse. The components of variance were estimated
based on repeated measures by the Restricted Maximum Likelihood (REML) method and
the prediction of phenotypic and genotypic values by the Best Linear Unbiased Prediction
(BLUP). Genetic variability was observed at accuracies of 0.84 and 0.74, for the number
of mini-cuttings produced and rooted mini-cuttings, respectively, in the use of six
evaluations. Seven jacaranda genotypes were selected for the number of rooted mini-
cuttings, resulting in a selection gain of 53.5%. The results of this work show a high
potential of this strategy of genetic improvement of forest species for vegetative
propagation and indicate the possibility of high selection gains.

INDEX TERMS: Jacaranda, mini-cutting, adventitious rooting, genetic parameters,

REML/BLUP.
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RESUMO

O objetivo deste trabalho foi selecionar gendétipos de jacaranda para a propagacao
vegetativa por miniestaquia. Para isso, foram avaliados 23 genotipos quanto a
competéncia ao enraizamento adventicio de miniestacas durante seis coletas sucessivas,
totalizando 13 meses. Os gendtipos de jacaranda foram estabelecidos em minijardim
clonal para desenvolvimento das brotacdes e fornecimento das miniestacas. Em cada uma
das seis coletas, as miniestacas foram plantadas em tubetes contendo substrato comercial
e vermiculita, e avaliadas para a porcentagem de enraizamento, numero de miniestacas
produzidas e enraizadas aos 60 dias de cultivo em casa de vegetacdo climatizada. Os
componentes da variancia foram estimados com base em medidas repetidas pelo método
da maxima verossimilhanca restrita (REML) e a predicdo dos valores fenotipicos e
genotipicos pela melhor predicao linear ndo viciada (BLUP). Foi observada variabilidade
genética para o numero de miniestacas produzidas e de miniestacas enraizadas, e
acuracias de 0,84 e 0,74, respectivamente, no uso de seis avaliacdes. Foram selecionados
sete gendtipos de jacaranda para o nimero de miniestacas enraizadas, resultando em um
ganho de selecdo de 53,5%. Os resultados deste trabalho evidenciam um alto potencial
desta estratégia de melhoramento genético de espécies florestais para a propagacdo
vegetativa e indicam a possibilidade de altos ganhos de selecao.
TERMOS PARA INDEXACAO: Jacarand4, miniestacas, enraizamento adventicio,

parametros genéticos, REML/BLUP.

INTRODUCTION
Vegetative propagation is currently the main form of production of seedlings of
several forest species, especially of the genus Eucalyptus. This is due to its potential to

reproduce genotypes of interest, regardless of their genetic makeup, and to establish more
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favorable combinations of characters and superior genetic interactions that confer high
hybrid vigor (Bisognin, 2011). Although vegetative propagation techniques are often used
in the production of commercial plantlets, aspects related to clonal propagation, such as
the multiplication rate, are disregarded during the selection process. However, ignoring
such aspects can lead to losses of time and investments during long periods of selection
and recombination, which is even more relevant for perennial species. For this reason, the
selection of genotypes with greater potential for vegetative propagation is considered
fundamental, thereby prioritizing the high productivity of propagules and the high
competence for adventitious rooting. This results in a greater number of rooted mini-
cuttings during the period of vegetative growth throughout the year (Burin et al., 2018a).

In addition to the punctual performance of a genotype in a given evaluation, it is
necessary to take into account that the vegetative propagation is highly influenced by the
physiological state of the plant and by environmental factors. Both these aspects are
highly related to the collection periods of the propagules (Trueman et al., 2013; Brondani
et al., 2017). This justifies the need to carry out repeated measures in order to obtain
inferences about the genotype's ability to repeat its performance over successive
evaluations. In other words, whether the selected genotypes will maintain their superiority
throughout the collections, making it possible to assess whether the selection based on a
certain phenotypic characteristic will be reliable (Cruz et al., 2012).

The correlation between repeated measures on the same individual over time and
space statistically defines the repeatability coefficient (Cruz et al., 2012). The estimate of
this coefficient indicates the level of influence of the permanent effects on the observed
phenotypic variation and allows the prediction of the individuals' performance (Viana and
Resende, 2014). Another particularly relevant aspect in the use of the repeatability

coefficient, is the possibility of verifying the sufficient number of measures to reach the
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maximum accuracy. This allows for optimization of the time, the physical structure, and
the manpower necessary to evaluate a certain characteristic for the selection of genetically
superior individuals at the accuracy desired by the researcher (Cruz et al., 2012).

Repeatability and heritability are the most important genetic parameters, which
are estimated by the components of variance, and depend on appropriate biometric
procedures to maximize selection efficiency (Della Bruna et al., 2012). One of the most
efficient methods for estimating genetic parameters and genotypic values is the mixed
model methodology based on the Restricted Maximum Likelihood Method (REML)/ Best
Linear Unbiased Prediction (BLUP) model (Borges et al., 2010). Through this method,
the coefficient of genetic variation and genetic correlations are also estimated, which can
be used to make inferences about the genetic variability present in a group of plants
(Correa et al., 2012).

Considering these aspects, it is evident that it is important to estimate genetic
parameters, including repeatability as well as the selection of genotypes with competence
for vegetative propagation. Our investigation was based on an arboreal species that
resulted in easy vegetative propagation, Jacaranda mimosifolia D. Don, popularly known
as jacaranda-mimoso or jacaranda, belonging to the Bignoniaceae family and native to
Argentina, Bolivia, and Paraguay. Studies carried out with vegetative propagation by
cutting herbaceous branches suggested that seedlings can be produced without the
application of auxins and without the need for a specialized structure such as a humid
chamber for adventitious rooting. In addition, the parent plants can be kept in a mini
clonal garden, providing sprouts for the preparation of mini-cuttings throughout the
growing season, which makes it possible to produce and offer seedlings practically
throughout the year (Fauerharmel et al., 2020). Thus, this study aimed to select promising

J. mimosifolia genotypes for use in vegetative propagation by mini-cutting.
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MATERIAL AND METHODS

This study was conducted at the Plant Breeding and Propagation Center, Federal
University of Santa Maria, RS, Brazil. According to the Koppen classification, the climate
in the region is subtropical (Cfa), characterized by an average temperature ranging
between -3 °C and 18 °C in the coldest month and above 22 °C in the hottest month, with
an average annual precipitation ranging from 1600 to 1900 mm (Alvares et al., 2013).
Four well-defined seasons occur in the region; the coldest months of the study year occur
between May and August, and the warmest months between November and February.
The experiments were conducted in an acclimatized greenhouse.

The clonal minigarden was established from seedlings of seminal origin, 120 days
after sowing. Twenty-three seedlings (genotypes) were randomly distributed in four
polyethylene trays (55 x 34 x 15 cm, length x width x depth), spaced 10 cm apart. Each
tray of the clonal minigarden was composed of a medium gravel layer (3 cm), followed
by a polyethylene mesh (1 mm?2) and a layer of coarse sand (12 cm). The trays had a 20
mm diameter polyvinyl chloride (PVC) transversal tube, with two perforations to
distribute the nutrient solution in the cultivation bed. In the flood fertigation system, the
nutrient solution was provided for 15 min, twice a day, with the aid of a digital
programmer and a low-flow submerged pump. The nutrient solution promoted the
complete soaking of the substrate and the formation of a superficial layer, which was
drained by two holes, arranged in the front part of the tray. The nutrient solution was
adapted from Hoagland and Arnon (1950). The pH of the nutrient solution was
maintained between 5.5 and 6.0, and the electrical conductivity was maintained at 1.5 dS
m.

After 30 days of planting the seedlings, drastic pruning was carried out to form

ministumps, which promoted a break in the dormancy of the lateral buds and the growth
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of shoots. The collections were carried out according to the growth of the shoots, totaling
six collections distributed over the four seasons (summer, autumn, winter, and spring), in
December 2016, February, April, September, and November 2017, and January 2018.
The shoots collected from each genotype were sectioned into double bud mini-cuttings,
approximately 1.5 to 2.0 cm long, containing a pair of leaves with four pairs of leaflets.
The mini-cuttings were grown in polyethylene tubes, with longitudinal grooves and a
capacity of 110 cm3, containing a commercial substrate based on pine bark mixed with
vermiculite, in a proportion of 2:1 (v/v). The rooting of the mini-cuttings was carried out
in the same environment as the air-conditioned greenhouse where the clonal mini-garden
was established, and the mini-cuttings were manually watered every day. In each
collection, the number of mini-cuttings produced per ministump (NMP) was counted, and
after 60 days of cultivation in the rooting substrate, the number of rooted mini-cuttings
(NRM), and the percentage of rooted mini-cuttings (PRM) for each genotype were
recorded. Mini-cuttings were considered rooted when they had at least one root equal to
or greater than 0.1 cm.

The data were subjected to deviance analysis, as proposed by Resende (2002). The
significance of the difference in the fit of different models was tested using the Likelihood
Ratio Test (LRT) proposed by Wilks, and defined by the model: A = 2[LogeLp+1 - LogeLp],
where Lp+1 and Lp correspond to the peaks of the likelihood function associated with the
complete model and the reduced model, respectively. Thus, A must be compared with the
probability density function (y?) for a given number of degrees of freedom and probability
of error (Dobson, 1990). In order to corroborate the likelihood ratio test, Pearson's
correlation test was performed with the aid of the statistical program RBio (Bhering,
2017), with the objective of identifying the character that should be used for the selection

of J. mimosifolia genotypes for vegetative propagation.
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The components of variance were estimated by the REML method and the
prediction of phenotypic and genotypic values was undertaken using the BLUP method
(Resende, 2002). The statistical model 63 was used, which corresponds to the basic model
of repeatability without design, with the aid of the Selegen REML/BLUP software
(Resende, 2016). The statistical model is expressed by y= Xm + Wp + e, where y is the
data vector, m is the vector of the collection effects (assumed to be fixed) plus the general
average, p is the vector of permanent plant effects (genotypic effects + permanent
environment effects) (assumed to be random), and e is the vector of errors or residues
(random). The capital letters represent the incidence matrices for the effects of m and p,
respectively.

The efficiency of using m measurements on each plant, compared to using one
measure for each plant, in relation to genetic gain with selection, is defined by the
function: f = [m/[1 + (m-1)*p]]*2, where f is the selective efficiency, m is the number of
measurements, and p is the repeatability coefficient. The value m to achieve a fraction of
the maximum coefficient of determination is defined by the function: m = f(1-p)/(1- f) p.

The average components (individual BLUPS), based on the permanent phenotypic
effect of the 23 evaluated genotypes of J. mimosifolia, were obtained in order to classify
and identify superior genotypes for vegetative propagation. The genotypic values of each
individual evaluated were obtained by adding each genotypic effect to the general average
of the experiment. The genetic gain was equivalent to the average of the predicted vectors
of the genetic effects for each selected genotype. The overall average plus the genetic
gain resulted in an improved population mean. The relative performance of each genotype
was obtained by the relationship between the improved population means and the average
of the genotype with the highest genetic value. The phenotypic values of each genotype,

corresponding to the values observed in the experiment, were added to the list. The
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genotypes that presented a relative performance higher than 80% for the genotypic value

for the number of rooted mini-cuttings, were selected.

RESULTS AND DISCUSSION

The deviance analysis showed that the 23 evaluated J. mimosifolia genotypes
differed in terms of the number of mini-cuttings produced (p < 0.01) and the number of
rooted mini-cuttings (p < 0.05) in the six consecutive collections (Table 1). As for the
rooting percentage of the mini-cuttings, no significant difference was detected between
the jacaranda genotypes. This was probably since previous selection had been carried out
for this character; therefore, the genotypes that had high competence for adventitious
rooting were possibly evaluated. In addition, the rooting average of the 23 genotypes
studied can be considered satisfactory, since jacarandd mini-cuttings do not require
treatment with auxin or a specialized structure for cultivation during the adventitious

rooting process (Fauerharmel et al., 2020).

Table 1. Deviance values for the number of mini-cuttings produced and rooted and for
the rooting percentage of 23 J. mimosifolia genotypes in six consecutive collections and
evaluated at 60 days of cultivation in a greenhouse.

Number of mini-cuttings  Number of rooted Rooting
Effects
produced mini-cuttings percentage
Permanent of plant 610.44 474.87 996.94
Complete model 593.10 468.25 996.23
LRT? 17.34** 6.62* 0.71™

1Likelihood Ratio Test. Significant at ** 0.01 and * 0.05 probability by the 2 test with 1

degree of freedom. "™: not significant.



55

The LRT values showed that, for both the number of mini-cuttings produced and
rooted, the genotypic effects and the environmental effects were significant, indicating
that the complete model was the most suitable for adjusting the data in comparison with
the reduced model. According to Sanchéz et al. (2017), the likelihood principle allows
several models to be compared and, therefore, this type of model is the most appropriate
for genetic estimation. In addition, the LRT showed the existence of genetic variability,
indicating the possibility of obtaining selection gains, both for the number of mini-
cuttings produced and for the number of rooted mini-cuttings, whose characters were
significantly correlated (0.4338, p = 1.065%"). As for the rooting percentage, no
significant differences were detected between the genotypes (Table 1) and the correlation
was positive and significant with the number of rooted mini-cuttings (0.6947, p = 2.2716).
However, the correlation was negative and not significant (-0.0614, p = 0.4741) with the
number of mini-cuttings produced.

The fact that the J. mimosifolia genotypes presented similar behavior in terms of
the percentage of adventitious rooting made the number of rooted mini-cuttings assume
greater importance for the selection of genotypes for vegetative propagation. This was
directly associated with the number of mini-cuttings produced and the percentage of
rooting, and was corroborated by Pearson's correlation analysis. In addition, a significant
and positive correlation indicated that the selection of the number of rooted mini-cuttings
will result in indirect selection gains for the number of mini-cuttings produced and also
for the rooting percentage. These results were in agreement with those obtained for
Cabralea canjerana (Vell.) Mart. by Burin et al. (2018b). They indicate the selection of
the number of rooted mini-cuttings as an improvement strategy for vegetative
propagation, considering both the number of mini-cuttings produced and the rooting

percentage.
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The estimates of the genetic parameters showed that a large part of the individual
phenotypic variance corresponded to the temporary variance of the environment.
Therefore, the number of produced mini-cuttings and rooted mini-cuttings were highly
influenced by the environment (Table 2). These results indicate that, although restricted,
there is genetic variability among the evaluated plants, corroborating the deviance
analysis. This guarantees the possibility of genetic gains when selecting genotypes for
vegetative propagation, especially if the environmental conditions similar to those in the
present study are maintained. In addition, they showed that the J. mimosifolia genotypes
responded differently to environmental variations linked to different collection periods,
which increases the contribution of the environmental component to the phenotypic
variance. In the same cultivation system, where similar management techniques were
applied in the clonal mini garden of C. canjerana, it was also observed that the clones
differed in terms of their competence for adventitious rooting of the mini-cuttings based
on the time of sprouting (Burin et al., 2018a). The effect of the sprouting season can be
explained by the different concentrations of phytohormones, which interact with the
environment to regulate the stages of the complex adventitious rooting process in time
and space (Lakehal and Bellini, 2019).

The significant contribution of the environmental component to the phenotypic
variance negatively affected heritability estimates, as measured by repeatability (Table
2). The coefficients of individual repeatability (r) found in the present study were of
medium magnitude for the number of mini-cuttings produced and of low magnitude for
the number of rooted mini-cuttings, according to the classification of Resende (2016).
Considering productivity characteristics, Laviola et al. (2013) studied Jatropha curcas L.
and stated that, in perennial plants, low magnitude repeatability values are commonly

observed in genotypes that are not yet stabilized. This corroborates the importance of the
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repeatability estimate, for which the superiority of a given genotype must persist
throughout the life cycle (Sanchés et al., 2017). Other perennials also have low magnitude
repeatability coefficients for productivity, such as Bactris gasipae Kunth. (Rodrigues et
al., 2017), Annona muricata L. (Sanchéz et al., 2017), Poncirus trifoliata (L.) Raf., and

Citrus unshiu (Yu. Tanaka ex Swingle) Marcow. (Imai et al. 2016).

Table 2. Variance components and genetic parameters for the number of mini-cuttings
produced and rooted of Jacaranda mimosifolia genotypes in six consecutive collections
and evaluated at 60 days of cultivation in a greenhouse.

Number of mini-cuttings ~ Number of rooted mini-

Component/parmeter*
produced cuttings
\Vpp 9.247618 1.924029
Vte 23.277539 9.721703
Vp 32.525157 11.645732
R =h? 0.284322 + 0.1284 0.165213 + 0.0979
rm 0.704462 0.542850
Acm 0.839322 0.736783
Média geral 7.995652 3.536884

Vpp: permanent phenotypic variance between plants (genotypic variance plus variance
of the permanent environment between collections). Vte: temporary environment
variance; Vp: individual phenotypic variance; r = h2: individual repeatability and its
confidence interval; rm: repeatability of the average of m harvests or m repeated
measures m=2; Acm: accuracy of selection based on average m harvests or repeated

measures.
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Although the repeatability did not reach high magnitudes, the selective precision
or accuracy considering all collections/assessments of adventitious rooting was 0.84 for
the number of mini-cuttings produced and 0.74 for the number of rooted mini cuttings
(Table 2). These results showed that there is a relative superiority of genotypes from one
collection to another, and that the expression of these characters had adequate genetic
control. The greater the selective accuracy, the greater was the confidence in the
evaluation and in the predicted genetic value of the individual, which is the main element
of genetic progress that the breeder can change in order to maximize the selection gain
(Sturion and Resende, 2005). This is due to the fact that the selective accuracy
corresponds to the correlation between the predicted genotypic values and the true
genotypic values (Sanchéz et al., 2017). Therefore, the components of variance and
genetic parameters also indicate that the number of rooted mini-cuttings can be used for
the selection of J. mimosifolia genotypes for vegetative propagation by mini-cutting.

The coefficient of determination, which demonstrates the reliability of the
phenotypic value in predicting the real value of the genotypes (Cargin, 2016), reached a
maximum value of 80% in the tenth evaluation for the number of mini-cuttings produced,
and 70% for the number of mini-cuttings rooted (Figure 1 A and B). Considering that six
collections were made, the results of the determination coefficient indicated that a greater
number of evaluations should be carried out to reach the minimum value of 80%, as
recommended by some authors (Della Bruna et al., 2012; Negreiros et al., 2014; Cargin,
2016). The selection precision of 0.80 was reached in the fifth and ninth collections for
the number of mini-cuttings produced and rooted, respectively (Figure 1 C and D). The
selective efficiency showed a progressive increase with the number of collections,
indicating that the use of six collections was important to achieve an adequate efficiency

for the selection of J. mimosifolia genotypes for the number of mini-cuttings produced
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(Figure 1 E and F), with a slightly higher selective efficiency for the number of rooted
mini-cuttings. It is worth noting that there was a considerable gain in selective efficiency

with the increase in the number of collections, which is highly desirable in any program

of genetic improvement of perennial species.
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Figure 1 — Coefficient of determination, accuracy and selective efficiency in function of
the number of collections for the number of produced and rooted mini-cuttings of
Jacaranda mimosifolia genotypes.

The 23 jacaranda genotypes were ranked according to the average components
(individual BLUPS) based on the number of rooted mini-cuttings, and the genotypes that
presented relative performance above 80% were selected (Table 3). The seven genotypes
selected showed the greatest competence for adventitious rooting, considering six

consecutive evaluations for the number of rooted mini-cuttings. On average, these
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genotypes produced 12 mini-cuttings, of which 5.4 formed adventitious roots, which
corresponded to 46.3% rooting (Table 3). Selection based on nonlinear analysis allows
the estimation of genetic parameters, which increase the safety and robustness in
identifying superior genotypes regarding adventitious rooting, especially when compared
to alternative methods, such as k-means clustering method, used by Burin et al. (2018a).
Mixed models are already frequently used for perennial plants, such as Spondias sp.
(Yamamoto et al., 2017), Pennisetum purpureum Schum. (Menezes et al., 2016), Prunus
persica (L.) Batsch (Della Bruna et al., 2012), Eucalyptus spp. (Rosado et al., 2012), and
Bertholletia excelsa (Bonpl.) (Azevedo et al., 2020).

For the seven selected genotypes, the permanent phenotypic values were higher
than the phenotypic effects, resulting in a gain with the selection. In relation to the original
population average, the selection of genotypes for the number of rooted mini-cuttings
resulted in a direct genetic gain of 53.5%, which corresponded to an increase of 1.54 times
the number of rooted mini-cuttings in relation to the original population. In addition, a
high indirect genetic gain of selection (50.1%) was observed for the number of mini-
cuttings produced and a low gain (0.6%) was observed for the rooting percentage (Table
3). Using the same statistical methodology based on repeated data, the selection for fruit
and matrix production resulted in gains of 2.4 - and 4.2 times, respectively, in relation to

the original population of Bertholletia excelsa (Azevedo et al., 2020).
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Table 3. Permanent phenotypic effect (Pp), permanent phenotypic value (u + Pp),
selection gain (SG), new media (Nm) and the relative performance in percentage (RP)
estimated for the number of mini-cuttings produced and rooted and for the rooting
percentage of the seven selected genotypes of Jacaranda mimosifolia in six consecutive
collections and evaluated at 60 days of cultivation in a greenhouse.

Number of mini-cuttings produced Number of rooted mini-cuttings Rooting percentage

Genotyp. Pp u+Pp SG Nm RP Pp u+Pp SG Nm RP Pp u+Pp SG Nm RP

155M11 272 1071 423 122 905 233 587 233 59 1000 053 4657 055 46.6 100.0
155M26 3.76 1176 474 127 942 170 524 202 55 945 037 4641 049 465 999
155M35 552 1352 552 135 1000 161 514 188 54 923 -0.07 4597 013 462 991
155M1 493 1293 523 132 978 097 451 165 52 884 -009 4594 011 461 99.0
155M5 -011 788 232 103 763 079 433 148 50 8.5 010 4614 028 463 994
155M7 129 929 329 113 835 071 425 135 49 833 010 4614 031 463 995

155M14 118 917 278 108 796 061 415 125 48 814 003 46.07 025 463 994

MS 12.0 5.4 463
OA 8.0 35 46.0
GG 40 1.9 03
GG (%) 50.1 535 06

Wherein: MS: means of the selected genotypes; OA: original average with all 23 genotypes; GG: total genetic gain e GG(%): total

genetic gain in percentage.

In terms of genetic improvement, the use of repeated measures is a promising
strategy for the selection of genotypes for vegetative propagation, not only for the species
under study, but for the various species, for which seedling production depends on
vegetative propagation. The statistical model used, made it possible to estimate the
genetic parameters, and select the best genotypes for competence in vegetative
propagation by mini-cutting, based on the number of rooted mini-cuttings. This character,
in addition to being related to the number of seedlings that are actually being produced,

Is easy to measure and monitor, since it is obtained by simply registering the number of
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mini-cuttings that take root from a particular genotype throughout the collections.
Successive collections are necessary to estimate genetic parameters, which must represent
the different seasons of the year, with their environmental variations, so that the selection
is effective for mass production of seedlings throughout the year, as indicated by Burin
et al. (2018a).

The results of this work show a high potential of this strategy of genetic
improvement of forest species for vegetative propagation and indicate the possibility of
high selection gains. The selection of plants for vegetative propagation increases the
efficiency of the seedling production process, as it allows the projection of the quantity
of seedlings produced, the expected quality standard, and the time spent to obtain
seedlings with adequate quality to be transplanted in the field. Despite this, further studies
are needed to analyze the stability and adaptability of the selected clones, the interaction
of genotypes with the environment, as well as aspects related to the quality of the root

system and seedlings produced by mini-cutting throughout the year.
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5 DISCUSSAO GERAL

O presente estudo contribuiu de forma significativa por meio de resultados
inéditos e relevantes para a producdo de mudas por miniestaquia e selecdo de gendtipos
de jacaranda para propagacao por miniestaquia. Além disso, os resultados obtidos abrem
caminhos para outros estudos importantes a serem realizados com a espécie.

Em relacdo a propagacdo por miniestaquia, 0s resultados apresentados
demonstraram a viabilidade do cultivo de minicepas de jacaranda em minijardim clonal
e que estas suportam diferentes intensidades de poda sem que haja prejuizos ha
sobrevivéncia e producdo de novos brotos. Segundo Dias et al. (2012) a baixa mortalidade
das minicepas, além de indicar a adaptabilidade da espécie ao sistema de cultivo, também
indica condigfes nutricionais e de manejo adequadas. Desta forma, pode-se indicar que
tanto o sistema de cultivo quanto 0 manejo das minicepas, sdo passiveis de ser
reproduzidos com sucesso, desde que observadas as condi¢cBes aplicadas no presente
estudo.

Foi observado neste estudo 100% de sobrevivéncia das minicepas durante o
periodo de podas consecutivas. O sucesso do estabelecimento de minicepas de jacaranda
neste tipo de sistema de cultivo é extremamente benéfico, uma vez que torna possivel
garantir o fornecimento de propagulos vegetativos ao longo do tempo. Além disso, 0 uso
do minijardim clonal permite a reducdo da &rea fisica necesséria, a facilidade nos tratos
culturais como poda, irrigacdo, fertilizacdo, controle fitossanitario, entre outros, e a
otimizacdo da producdo de miniestacas por area (DIAS et al., 2012; XAVIER et al, 2013).
Assim, este resultado é extremamente importante, ndo somente do ponto de vista técnico,
mas também econdmico.

Ainda no que diz respeito a aplicacdo da tecnica da miniestaquia para a
propagacao da espécie, esta mostrou-se eficiente, uma vez que foram obtidas altas médias
de sobrevivéncia, enraizamento adventicio e brotacdo ap6s 90 de cultivo das miniestacas
em casa de vegetacdo. Esse resultado indica a possibilidade de producdo de mudas de
qualidade de jacaranda por meio da miniestaquia, fato relevante e inédito para a espécie.

Por meio dos resultados obtidos, foi possivel observar que o jacaranda é uma
espécie de facil propagacdo por miniestaquia, ndo sendo necessario o uso de AIB para

inducdo do enraizamento, diferente do observado em outras espécies florestais. Resultado
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semelhante ao obtido no presente estudo foi observado por Oliveira et al., (2015) onde
miniestacas de ipé-roxo enraizaram sem o0 uso de AIB.

Além disso, a espécie ndo requer estruturas especializadas, como cadmara Umida,
para enraizar. Cabe destacar que, apesar deste nao ter sido objetivo deste estudo, este fato
é extremamente promissor para a propagacao da espécie, pois torna o processo de
propagacdo mais barato e simples.

O processo de producdo de mudas visa garantir a obtencdo de mudas de qualidade
e aptas para o plantio a campo. Apds serem enraizadas com sucesso, as miniestacas de
jacaranda também responderam de maneira satisfatéria a aclimatizacdo em casa de
sombra e a rustificacdo a pleno sol, com a possibilidade do aproveitamento da solucéao
nutritiva utilizada na fertirrigagcdo do minijardim clonal. O uso de 25 ml por tubete dessa
solucdo proporcionou incremento em altura, area foliar e massa seca total as mudas de
jacaranda. Assim, é possivel reaproveitar a solucdo nutritiva, evitando que esse residuo
seja depositado na natureza e corpos d’agua e, ainda, obter mudas com qualidade.

No que diz respeito a selecdo de gendtipos de jacaranda para a propagagdo por
miniestaquia, os resultados obtidos demonstraram que é possivel realizar a selecdo de
gendtipos com base no nimero de miniestacas enraizadas com possibilidade de altos
ganhos de selecdo. Além disso, dos 23 gendtipos de jacarandad analisados, foram
selecionados sete genotipos com alta competéncia ao enraizamento, utilizando como base
0 numero de miniestacas enraizadas, que permite ganhos diretos e indiretos de selecéo.
Assim, os resultados aqui alcancados trazem como conhecimento relevante o grande
potencial de uso desta estratégia de melhoramento genético de espécies florestais para a
propagacao vegetativa.

Os resultados obtidos com este estudo sdo de extrema relevancia para espécie.
Além de serem originais, estes constituem um avango nas reas de propagacao vegetativa
e melhoramento florestal. O fato de a espécie ser propagada vegetativamente por
miniestaquia com sucesso sem 0 uso de estrutura especializada para enraizamento e sem
0 uso de regulador de crescimento € um marco para a propagacao e producdo de mudas
de jacaranda. Ainda assim, faz-se necessario outros estudos que visem analisar a
estabilidade e a adaptabilidade dos clones selecionados, a interagdo com o ambiente, bem
como aspectos relacionados com a qualidade do sistema radicial e das mudas produzidas

por miniestaquia ao longo do ano.
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6 CONCLUSOES GERAIS

O processo de producdo de mudas de jacarandd por miniestaquia € bastante
eficiente, dispensa o0 uso de regulador de crescimento e de camara Umida para
enraizamento e possibilita o aproveitamento de algum excedente de solucgdo nutritiva da
fertirrigagdo do minijardim clonal durante a aclimatizag&o e rustificagdo das mudas.

O jacaranda apresenta grande potencial para a propagacdo vegetativa, sendo a
selecdo de gendtipos uma estratégia promissora de melhoramento e produgdo de mudas

por miniestaquia.
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