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RESUMO

A utilizacdo de indutores de brotacdo é uma das estratégias de manejo que viabilizam
o cultivo de macieiras ‘Baigent’, em larga escala, no Brasil. Tais compostos minimizam os
problemas fisiologicos decorrentes do comum déficit de frio hibernal para a plena superagédo
da dorméncia em grande parte dos locais de cultivo do Sul do pais. O manejo padrdo envolve
uma Unica aplicacdo de cianamida hidrogenada (CH) ou Erger® associados a outros
compostos, nas concentracdes atualmente preconizadas. Entretanto, resultados
insatisfatorios podem ser observados em alguns anos, sobretudo sob quaisquer condi¢cbes
que possam intensificar o vigor, a exemplo de telas antigranizo. O objetivo deste trabalho
foi avaliar alternativas no manejo de CH e Erger® para otimizar a induco a brotacdo da
cultivar Baigent sob tela antigranizo no Sul do Brasil. Dois estudos foram conduzidos em
pomar comercial, em Vacaria/RS. O material vegetal consistiu em plantas de 12 anos sobre
porta-enxerto M.9, conduzidas em lider central e sob tela preta. Durante as safras de 2017/18
e 2018/19, em diferentes plantas, foram acessadas fenologia, brotacdo de gemas,
frutificacdo, producdo e qualidade de frutos, nas por¢ées inferior e superior da copa - cada
uma 50% do total. O primeiro estudo envolveu a aplicacio sequencial de Erger® junto a 6leo
mineral (OM), isto &, uma segunda pulverizacdo. Para tal, foram avaliados os tratamentos:
1. Testemunha (sem aplicacgéo); 2. Erger® 1,5% + OM 3,5%; 3. Erger® 1,5% + OM 3,5%
(Aplicagdo 1 - AP1) e (Aplicacdo 2 - AP2); 4. Erger® 3% + Calcinit® 3%; 5. Erger® 3% +
Calcinit® 3% (AP1) e Erger® 1,5% + OM 3,5% (AP2); 6. CH 0,34% + OM 3,5% e 7. CH
0,34% + OM 3,5% (AP1) e Erger® 1,5% + OM 3,5% (AP2). O uso de Erger® 1,5% + OM
3,5% (AP1) e (AP2) proporcionou os maiores niveis de brotacdo, sendo similar apenas as
aplicacbes com CH + OM. O segundo estudo compreendeu a avaliacdo de diferentes
concentragOes de CH - 0%, 0,17%, 0,34%, 0,51%, 0,69% e 0,86%, associadas a OM 3,5%,
em conjunto a um tratamento sem aplicacdo. A brotacdo de gemas axilares foi intensificada
por CH acima de 0,17% + OM 3,5%, sobretudo a partir de menor acumulo de baixas
temperaturas durante o inverno quando os maiores resultados foram induzidos por CH acima
de 0,51%. A frutificagdo néo foi influenciada por CH + OM 3,5%, assim como a producgéo
e a qualidade dos frutos. Resposta similar foi obtida para a brotacdo em ambas as por¢des da
copa, exibindo a superior maior frutificagdo em todo o trabalho. Intensificagbes no
crescimento dos ramos, especialmente quando em diferentes magnitudes ao longo da copa,
demandam maiores estudos, sobretudo em um ndmero maior de safras. De maneira geral, 0
uso de Erger® 1,5% + OM 3,5% (AP1) e (AP2) é uma alternativa ao respectivo uso Unico e
Erger® 3% + Calcinit® 3%, bem como CH acima de 0,34% + OM 3,5% é para CH 0,34% +
OM 3,5% (padrédo) visando a otimizacao da indugdo a brotagdao de macieiras ‘Baigent” sob
tela antigranizo nas condigdes de estudo no Sul do Brasil.

! Dissertagdo de Mestrado em Fitotecnia, Faculdade de Agronomia, Universidade Federal do Rio
Grande do Sul, Porto Alegre, RS, Brasil. (101f.) Maio, 2019.
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ABSTRACT

The application of budbreak promoters is one of the management strategies that allow
large-scale cultivations of ‘Baigent’ apple trees in Brazil. These compounds minimize the
physiological problems caused by the common lack of cold in most growing areas in the
southern region. As standard use, hydrogen cyanamide (HC) or Erger® are applied with other
compounds in a single application in accordance with currently recommended
concentrations. However, unsatisfactory results have been observed in some years,
especially under any conditions that can increase vigor, such as hail nets. This work aimed
to evaluate alternatives in the management of HC and Erger® to optimize budbreak induction
of the cultivar Baigent under hail net in southern Brazil. Two studies were conducted in a
commercial orchard in Vacaria/RS. Twelve-year-old plants grafted on M.9 rootstock, trained
as a central leader and under black hail net were selected as plant material. During the
2017/18 and 2018/19 growing seasons, in different individuals, variables related to
phenology, budbreak, fructification, fruit production, and quality were analyzed in the lower
and upper portions of the canopy - each 50% of the total. The first study involved a sequential
application of Erger® with mineral oil (MO), i.e., a second application. Treatments were: 1.
Control (no application); 2. Erger® 1.5% + MO 3.5%; 3. Erger® 1.5% + MO 3.5%
(Application 1 - AP1) and (Application 2 - AP2); 4. Erger® 3% + Calcinit® 3%; 5. Erger®
3% + Calcinit® 3% (AP1) and Erger® 1.5% + MO 3.5% (AP2); 6. HC 0.34% + MO 3.5%
and 7. HC 0.34% + MO 3.5% (AP1) and Erger® 1.5% + MO 3.5% (AP2). Using Erger®
1.5% + MO 3.5% (AP1) and (AP2), the highest budbreak percentages were provided, similar
only to those of HC + MO treatments. Different concentrations of HC - 0%, 0.17%, 0.34%,
0.51%, 0.69% and 0.86%, combined with MO 3.5%, were evaluated with a control (no
spraying) treatment in the second study. Axillary budbreak was intensified by HC above
0.17% + MO 3.5%, particularly with lower chilling accumulation during winter when the
highest increases were induced by HC above 0.51%. There was no influence of HC + MO
3.5% on fructification, fruit production/quality, and the same response occurred for budbreak
in both canopy portions. But the upper one presented higher fructification in the entire work.
Intensifications in the growth of shoots, especially at different magnitudes along the canopy,
demand further studies, especially in a higher number of seasons. Overall, the use of Erger®
1.5% + MO 3.5% (AP1) and (AP2) is an alternative to its single use and Erger® 3% +
Calcinit® 3%; and HC above 0.34% + MO 3.5% can substitute HC 0.34% + MO 3.5%
(standard) to optimize budbreak induction of ‘Baigent’ apple trees under hail net in these
conditions of southern Brazil.

I Master dissertation in Plant Science, Faculdade de Agronomia, Universidade Federal do Rio Grande
do Sul, Porto Alegre, RS, Brazil. (101p.) May, 2019.
v
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1 INTRODUCAO

A macieira (Malus domestica Borkh.) é uma frutifera de clima temperado
pertencente a ordem Rosales, familia Rosaceae e subfamilia Maloideae (Pomoideae)
(Bleicher, 2006). Segundo Bleicher (2006), o centro de origem da cultura localiza-se no
continente asiatico, em area de grandes altitudes entre 0 Caucaso - montanhas entre 0s mares
Céspio e Negro - e o leste da China. O desenvolvimento na regido deu-se a partir da aquisicdo
de mecanismos adaptativos, a exemplo da dorméncia de gemas, para sobrevivéncia as baixas
temperaturas durante o periodo de outono e inverno (Falavigna et al., 2019).

Uma vez em dorméncia, as frutiferas temperadas minimizam drasticamente suas
atividades metabolicas, ndo apresentando crescimento visivel ou respostas de grande
impacto fisiologico sob quaisquer estruturas que contenham um meristema (Lang et al.,
1987; Considine & Considine, 2016). Olsen (2006) reportou que a dorméncia de gemas é
governada por agentes ambientais e internos a planta que atuam conjuntamente controlando
as mudancas metabolicas de entrada, progressao e saida do processo. Portanto, a retomada
do crescimento manifesta-se, pela brotacdo e florescimento, de forma natural apos a
eliminacdo das condicBes limitantes, o que é inferido bioquimicamente a partir de
determinado acimulo de baixas temperaturas outonais e hibernais (Pio et al., 2019).

O Brasil foi 0 11° maior produtor mundial de macas na safra de 2017, produzindo
1,31 milhdo de toneladas em 33,3 mil hectares plantados (FAO, 2019). A regido Sul, que
abrange os estados de (i) Santa Catarina, (ii) Rio Grande do Sul e (iii) Parand, possui as
condicdes edafocliméticas mais favoraveis para o cultivo, detendo por volta de 99% da
producdo nacional naquele ano (IBGE, 2019). Contudo, a conducdo da macieira fora de
zonas de adaptacao climatica pode afetar profundamente sua fisiologia (Faust, 2000). Por
exemplo, os invernos amenos e irregulares de grande parte da regido Sul geralmente
conduzem & baixa intensidade e uniformidade de brotacdo e floragdo das principais cultivares
utilizadas, do grupo Gala (Petri et al., 2011).

Petri et al. (2011) e Anuario Brasileiro da Macd (2019) destacaram que macéas do

grupo ‘Gala’ representam cerca de 60% da producdo brasileira. A mutagdo somatica
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‘Baigent’ ¢ atualmente uma das mais preconizadas por ocasido da implantacdo de novos
pomares, sobretudo pela elevada porcentagem de coloragdo vermelha na epiderme dos frutos
(Fioravango et al., 2013). Entretanto, tal cultivar apresenta médio-alta exigéncia em frio para
a plena superacdo da dorméncia, podendo exibir alta heterogeneidade fenoldgica,
intensificada dominancia apical, reduzida producéo/qualidade de frutos e outras anomalias
em locais onde é comum o suprimento apenas parcial da quantidade demandada (Petri &
Leite, 2004). O cultivo comercial - larga escala, em grande parte das regides produtoras de
maca no Sul do Brasil é consolidado, portanto, pela aplicacdo de agentes quimicos.

A utilizacdo de agentes quimicos, denominados indutores de brotacdo, € uma das
principais estratégias que podem minimizar os problemas fisiologicos em frutiferas
temperadas sob déficit de frio hibernal (Rufato & Posser, 2019). Petri et al. (1996; 2006)
listaram um grande nimero de compostos disponiveis no mercado, pertencentes a diversas
classes toxicoldgicas e modos de acdo. O sistema brasileiro de producdo de macas é
caracterizado pelo uso de uma unica aplicacdo ao ano, na qual se destaca a cianamida
hidrogenada associada ao 6leo mineral. A elevada toxicidade da primeira tem incentivado,
contudo, pesquisas por alternativas de menor periculosidade a salde humana, algumas
comumente com eficécia similar. O bioestimulante Erger®, associado a nitrato de célcio ou,
mais recentemente, a 6leo mineral, foi relatado por diversos trabalhos (Hawerroth et al.,
2010a; 2010b; Pasa et al., 2018a; 2018b).

Conforme Petri et al. (2006) e Hawerroth (2018), o0 manejo da inducdo a brotacéo
por indutores de brotacdo é dependente de aspectos relacionados aos compostos utilizados,
ao clima do local e a planta. Os melhores resultados sdo obtidos em plantas de crescimento
e desenvolvimento vegetativo - vigor - controlado. Contudo, em relacédo a regides tipicas de
clima temperado, a estacdo de crescimento é maior nas condi¢fes de subtropico do Sul do
Brasil (Hawerroth et al., 2012; Hawerroth & Petri, 2014). Os diferentes fatores que
envolvem a pratica evidenciam complexidade. Logo, o uso padrdo, numa Unica aplicacao e
concentracOes atualmente preconizadas, pode mostrar-se insatisfatorio em alguns anos;
sobretudo sob quaisquer condi¢des capazes de intensificar o vigor, como telas antigranizo.

A regido Sul do Brasil apresenta o maior nimero de precipitacdes de granizo
destrutivas do pais vistas por satélite (Martins et al., 2017). O granizo é um dos principais
fendmenos ambientais responsaveis por perdas significativas na cultura da macieira. Sob
altas intensidades pode denegrir o valor comercial dos frutos por danos fisicos que servem
como porta de entrada a patdgenos, bem como reduzir a capacidade produtiva das plantas
(Leite et al., 2002). A medida que se intensificam as mudancas climaticas, o aumento na

incidéncia de granizo tende a ser observado, o que acaba por demandar, por exemplo, a busca
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por alternativas que garantam ou auxiliem na manutencdo da viabilidade econémica da
atividade (Botzen et al., 2010).

A utilizacdo de telas antigranizo, de polietileno de alta densidade, tem sido a mais
eficaz ferramenta empregada para a minimizacao de danos pelo granizo em macieiras no
Brasil, assim como em outros paises (Middleton & McWaters, 2002; Iglesias & Alegre,
2006; Bosco et al., 2017). No entanto, além do efeito de protecdo, esse anteparo impde
modificacGes microclimaticas, sobretudo no microclima de luz. Tais mudancas acabam por
interferir na relagdo macieira-ambiente em intensidade dependente de caracteristicas da tela,
manejo cultural e condi¢cbes meteoroldgicas atuantes (Leite et al., 2002; Middleton &
McWaters, 2002; Bosco et al., 2017). Nesse sentido, importantes aspectos de cultivo
apresentam-se influenciados, a exemplo do crescimento e desenvolvimento vegetativo
(Sever et al., 2015; Treder et al., 2016; Mupambi et al., 2018).

O aumento no comprimento médio ou total de ramos de macieiras sob telas
antigranizo foi destacado por Iglesias & Alegre (2006), Solomakhin & Blanke (2008) e
Bastias et al. (2012), em diversas regides no mundo. ReducBes na radiacdo
fotossinteticamente ativa e outros efeitos do sombreamento induzem a sintese de hormonios
de crescimento e a alocagdo de recursos na extensdo dos ramos (Wit et al., 2016; Mupambi
et al., 2018), o que pode ser uma explicacdo. Para Mupambi et al. (2018), intensificacGes no
vigor tipicamente correspondem ao aumento nas porcentagens de sombreamento e a telas de
colorages escuras. Assim, muitos pomares brasileiros possuem o complicativo da (ainda)
elevada proporcao de areas com malha preta.

No Sul do Brasil, em determinadas condi¢des, um gradiente de vigor tem sido
observado ao longo da copa, apresentando a por¢édo superior a maior proporcao de estruturas
verticalizadas independentemente da presenca de tela antigranizo. Podas de inverno
inadequadas, a propria tela e a tendéncia natural de crescimento acrotdnico da macieira, por
exemplo, podem estar ligados a esse cenario. Nessas situacOes, gradientes de brotacdo e
floracdo e, ainda, menor eficiéncia de praticas culturais subsequentes sdo caracterizados
como potenciais consequéncias (Hawerroth, 2017; Hawerroth et al., 2018).

De acordo com Hawerroth (2017) e Hawerroth et al. (2018), a aplicag&o sequencial
de indutores de brotacéo, isto €, realizacdo de uma segunda pulverizacdo, pode qualificar-se
como alternativa dentro do manejo da inducdo a brotacdo de macieiras cujo comprimento de
ramos € intensificado. Tal ferramenta é de uso crescente em importantes regiGes produtoras
no Brasil, sobretudo em anos de baixo acumulo de frio hibernal, quando a otimizacéo de
resultados em relagcdo aos induzidos por uma Unica aplicacdo é frequentemente observada.

Fenili et al. (2017) e Goularte et al. (2018) reportaram a intensidade da brotacdo de gemas
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em resposta as aplicacdes, mas poucos sdo 0s estudos, inexistindo aqueles que insiram o
fator tela antigranizo no sistema.

A aplicagdo sequencial de indutores de brotacéo pode ser direcionada a totalidade da
copa das plantas ou apenas a sua porcdo superior - quando presente gradiente de vigor;
associacdo de compostos com diferentes modos de acdo, respectivas concentracfes e
intervalos ap6s a primeira (Hawerroth, 2017; Hawerroth et al., 2018). Entretanto, uma vez
considerada a crescente demanda por produtos de baixa periculosidade, torna-se interessante
0 estudo da insercéo de Erger® no esquema, sobretudo junto ao 6leo mineral, de distinto
modo de acdo. O objetivo deste trabalho foi avaliar essa combinacdo como uma aplicacédo
sequencial (i); bem como diferentes concentracfes de cianamida hidrogenada associadas ao
6leo mineral (ii) sobre fenologia, brotacdo de gemas, frutificacdo, producdo e qualidade dos

frutos, ao longo da copa, de macieiras ‘Baigent’ sob tela antigranizo no Sul do Brasil.



2 REVISAO BIBLIOGRAFICA

2.1 Dorméncia de gemas em frutiferas temperadas
2.1.1 Introdugéo a dorméncia

As frutiferas de clima temperado caracterizam-se pela abscisao das folhas ao final do
ciclo e a subsequente entrada em dorméncia (Pio et al., 2019). O processo de dorméncia é
um fendmeno bioldgico complexo, evolutivo e adaptativo, por muito e continuadamente
estudado (Lang, 1987; Considine & Considine, 2016). Para Samish (1954), dorméncia seria
a auséncia de crescimento visivel nas plantas. Vegis (1964) destacou ser tal definicéo
simplista, logo, imprecisa, acrescentando que a parada de crescimento, antes do inicio de
condigbes desfavoraveis, assegura sobrevivéncia. Saure (1985) retratou defini¢do
semelhante, onde dorméncia seria uma etapa anual do desenvolvimento, a qual garante
sobrevivéncia as plantas ao longo de invernos demasiadamente frios.

Segundo Metivier (1985), dorméncia passa a ser o periodo quando o crescimento é
suspenso ou reduzido por condicdes ambientais adversas. Petri (1986) descreveu o
ferndbmeno para indicar a falta de crescimento de tecidos, mesmo quando as condi¢fes se
mostram adequadas para o crescimento visivel. A definicdo de maior consenso atual,
entretanto, € a proposta por Lang et al. (1987), onde dorméncia seria uma suspensdo
temporaria do crescimento visivel em qualquer estrutura da planta que contenha um
meristema, mantendo atividades metabolicas, mas a niveis minimos.

De acordo com Martin (1991), a terminologia utilizada para descrever fen6menos
bioldgicos no ciclo das plantas ocorre gradualmente de acordo com o tempo, respectivos
usos, progressdo nas plantas e complexidade fisioldgica. Logo, gemas de frutiferas
temperadas iniciando a dorméncia podem prontamente retomar o crescimento, porém, ao
passo que o fenémeno é estabelecido, a satisfacdo de requerimentos especificos passa a ser
necessaria para sua supera¢do (Faust et al., 1997; Hawerroth et al., 2010c).

O processo de dorméncia € dividido sob trés diferentes tipos denominados, até a
uniformizacdo proposta por Lang et al. (1985), conforme a autoria. As dorméncias sdo

dorméncia imposta, dorméncia de verdo e dorméncia de inverno, para Doorembos (1953).
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Vegis (1964), no entanto, utilizou os termos pre-dorméncia, dorméncia verdadeira e pos-
dorméncia, enquanto que Champagnat (1983), quiescéncia, inibi¢cbes correlativas e
dorméncia. A nomenclatura adotada por Smith (1985) assemelha-se a de Doorembos (1953).
Inmeras eram as denominacgdes disponiveis na literatura, muitas vezes para referir-se as
mesmas ou semelhantes condigdes, retardando e dificultando a interpretacdo junto a
discusséo dos resultados de pesquisa obtidos ao redor do mundo (Lang, 1987).

A intensificacdo dos estudos a respeito da dorméncia mostrava-se dependente da
universalizacdo e atualizagdo da terminologia empregada, 0 que incentivou a proposta de
Lang et al. (1985), nos Estados Unidos. A partir dos estudos de Romberger (1963), onde séo
apresentados trés pontos de controle da dorméncia em meristemas, (1) ambiental, (2)
controle apical e (3) controle endégeno ao 6rgdo afetado; Lang et al. (1985) definiram a
adocgdo dos prefixos gregos para- (outro além), endo- (dentro) e eco- (ambiente) junto a
palavra base dorméncia para denominar e caracterizar seus respectivos tipos.

Inicialmente, a inativacdo do meristema floral ou vegetativo mostra-se resultante da
influéncia de outro 6rgdo vegetal sobre a gema, 0 que determina a paradorméncia, ou
inibicdo correlativa (Lang et al., 1987; Horvath, 2010; Considine & Considine, 2016). A
dominancia apical é caracterizada por ser o principal exemplo de paradorméncia, haja vista
a inibicdo do crescimento das gemas axilares pelo fluxo basipetal de auxinas sintetizadas na
brotagéo apical, que normalmente antecede as demais (Taiz et al., 2017). Assim, uma vez
considerada o inicio de todo o processo, a retomada do crescimento da gema sob
paradorméncia pode ser obtida a partir da simples eliminag&o das fontes inibitdrias ou, ainda,
pela utilizacdo de agentes quimicos (Faust et al., 1997; Agusti, 2010).

A endodorméncia consiste na paralisacao do desenvolvimento da gema como forma
de sobrevivéncia a condi¢des ambientais desfavoraveis ao crescimento, a exemplo de baixas
temperaturas e déficit hidrico (Lang et al., 1987; Horvath, 2010; Considine & Considine,
2016). A inibicdo do crescimento, nesse caso, ocorre devido a fatores endégenos a parte
afetada. Ao contrario da paradorméncia, o crescimento ndo é retomado apenas a partir de
condicBes Otimas de desenvolvimento, devendo as gemas serem expostas previamente a
baixas temperaturas que estimulem a superagéo do estado (Lang et al., 1987; Horvath, 2010;
Considine & Considine, 2016).

Segundo Faust et al. (1997) e revisado por Agusti (2010), a endodorméncia pode ser
dividida tanto numa primeira parte mais profunda, denominada p-endodorméncia, ou
endodorméncia profunda, quanto noutra mais superficial, s-endodorméncia, ou
endodorméncia superficial. A primeira é caracterizada pela incapacidade de inducdo das

gemas ao crescimento, independente do método utilizado. Inversamente, 0 meristema passa
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a ser receptivo a praticas culturais de manejo na segunda, a partir da qual, por exemplo, é
iniciada a resposta a agentes quimicos.

Uma vez superada a endodorméncia, as gemas podem permanecer dormentes por
intermédio da ecodorméncia. A ecodorméncia € assim caracterizada pela auséncia de
crescimento decorrente de fatores limitantes localizados exdgenamente a planta, como
temperaturas extremas, déficit nutricional e estresse hidrico (Lang et al., 1987; Horvath,
2010; Considine & Considine, 2016). Embora as gemas estejam aptas ao inicio do
crescimento, a partir desse momento, 0 mesmo é visualizado unicamente apds a suspensao
das condic¢bes desfavoraveis, bem como apds o aumento e satisfacdo de uma determinada
quantidade de temperaturas do ar mais elevadas (Faust et al., 1997; Agusti, 2010).

O uso universal dos termos para-, endo- e ecodorméncia possibilitou avan¢os na
comunicacdo para estudos vinculados & maior compreensdo celular e bioquimica do
processo. A partir dessa progressao, a problematica tedrica mais recente da dorméncia passa
a ser, para Olsen (2006), a limitacdo da compreensdo dos mecanismos fisioldgicos devido

ao grande namero de fatores envolvidos, tanto ambientais quanto relativos a planta.

2.1.2 Fisiologia e controle da dorméncia

A fisiologia e o controle da dorméncia sdo mecanismos amplamente estudados e
discutidos, visto ser o processo regulado de maneira enddgena e influenciado por fatores
externos (Olsen, 2006; Lloret et al., 2018). Os fatores externos ambientais temperatura do
ar, fotoperiodo, luminosidade e precipitacdo pluviométrica sdo destacados por Hawerroth et
al. (2010c), que de maneira similar elucidam a influéncia sobre o processo de fatores
relativos a planta, como genétipo, localizacdo/tipo de gema e porta-enxerto utilizado.

Para Cook et al. (2017), a progressdo da dorméncia de gemas é definida por um
‘continumm’ que inicia apds a paralisag¢ao final do crescimento junto a formagao da gema
terminal no verdo, atingindo intensidade maxima no inverno para reduzir até a brotacdo na
primavera (FIGURA 1). Portanto, o desenvolvimento da dorméncia nas gemas axilares
ocorre de forma progressiva (Erez, 2000; Hawerroth et al., 2010c). Inibindo o crescimento
desse tipo de gema, 0 processo inicia-se pela paradorméncia através da dominancia apical
e/ou presenca de folhas.

As gemas axilares sdo formadas e desenvolvidas de maneira gradual ao longo do
crescimento do ramo, logo, a partir da reducdo da temperatura do ar junto ao encurtamento
do fotoperiodo no outono, séo induzidas & endodorméncia de forma consecutiva (Erez, 2000;
Hawerroth et al., 2010c). Gemas basais s@o as primeiras a serem desenvolvidas e

consequentemente as primeiras a entrarem em dorméncia. Assim, gemas formadas
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tardiamente podem permanecer paradormentes lado a lado com gemas basais endodormentes
(Erez, 2000; Hawerroth et al., 2010c).

Resposta a indutores de
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FIGURA 1. Esquema ilustrativo da evolucéo do processo de dorméncia e o inicio da resposta
ao uso de substancias quimicas indutoras de brotacdo. Adaptado de Faust et al.
(1997).

As transicfes graduais entre os diferentes tipos de dorméncia (para-, endo- e
ecodorméncia) envolvem modificagdes fisioldgicas complexas (Cooke et al., 2012;
Falavigna et al., 2019). Consequentemente, importantes trabalhos podem ser encontrados na
literatura para maiores aprofundamentos bioquimicos acerca do processo (Wang & Faust,
1990; Erez et al., 1998; Rinne et al., 2001; Bonhomme et al., 2005; Horvath, 2010; Hillmann
et al., 2016; Kaufmann & Blanke, 2017).

A manutencdo de baixas temperaturas do ar ao longo do inverno é relevante para a
progressao da dorméncia até o acumulo do quantitativo demandado, de modo que as gemas
brotem intensa e uniformemente, com brotacdo e florescimento adequados durante a
primavera (Allan, 2004). Desde a inducdo até a superagdo da endodorméncia, a demanda
total por baixas temperaturas € intitulada requerimento em frio, importante pardmetro para a
escolha de genotipos a serem utilizados em determinada regido (Guak & Neilsen, 2013).

Conforme Hawerroth et al. (2010c), o requerimento em frio das frutiferas de clima
temperado é variavel conforme o gendtipo, a localizacdo/tipo de gema e 0 porta-enxerto
utilizado. Petri et al. (2006) relataram diferencas entre algumas espécies, onde a amplitude
observada relaciona-se também as variaces entre cultivares. Gemas terminais e axilares,
bem como floriferas e vegetativas, apresentam distintos requerimentos em frio. Axilares e
vegetativas, quando comparadas a terminais e floriferas, apresentam maior exigéncia (Faust
et al., 1995; Naor et al., 2003). Latimer & Robitaille (1981) mostraram, ainda, que as gemas
terminais de brindilas de macieiras sdo mais exigentes que as de dardos, apesar de serem

induzidas posteriormente a dorméncia, por exemplo.
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O uso de porta-enxertos € comum no cultivo de pereiras, pessegueiros, ameixeiras,
macieiras e outras frutiferas de clima temperado, a nivel comercial de producdo (Webster,
2001; Donadio et al., 2019). Tal pratica determina respostas distintas quanto ao
desenvolvimento vegetativo e reprodutivo, possibilitando o controle do vigor (Donadio et
al., 2019). A influéncia de porta-enxertos sobre o requerimento em frio, logo, passa a ser
relacionada a intensidade do crescimento e desenvolvimento vegetativo induzido a cultivar
copa, bem como a producéo de citocininas, de efeito na inducdo a brotacdo (Erez, 2000).

A importancia de condicfes térmicas para a dorméncia de gemas, sobretudo para a
superacao do processo, instigou diversos trabalhos para determinar as temperaturas efetivas
para tal (Erez & Lavee, 1971; Putti et al., 2003). O primeiro modelo utilizado, descrito por
Weinberger (1950) e aplicado por décadas pela facilidade de célculo, é a soma diéria das
horas com temperaturas do ar iguais ou inferiores a 7,2°C. Alguns estudos demonstram,
entretanto, que espécies e cultivares de menor necessidade respondem positivamente a
temperaturas acima de 7,2°C (Couvillon & Erez, 1985), questionando-se a forma com que
um processo bioquimico poderia estar intimamente relacionado a uma temperatura fixa.

Hauagge (2007) destacou ser positivo o efeito da temperatura do ar para a superagéo
da dorméncia numa faixa mais ampla, de 0°C a 15°C, assim como negativo, a partir de 15-
18°C, o que depende do gendtipo utilizado. Assim, objetivando abranger uma faixa de
temperatura mais ampla e incorporar os efeitos negativos de temperaturas demasiadamente
baixas e elevadas, os modelos de unidades de frio, sobretudo Utah (Richardson et al., 1974)
e Carolina do Norte (Shaltout & Unrath, 1983), foram desenvolvidos.

Os modelos Utah e Carolina do Norte, elaborados para as culturas do pessegueiro e
macieira, respectivamente, nas regides homonimas dos Estados Unidos da Ameérica,
consistem na conversdo de temperaturas do ar horarias - conforme faixas de temperaturas -
em unidades de frio (Richardson et al., 1974; Shaltout & Unrath, 1983). As unidades de frio
sdo acumuladas diariamente até um total que teoricamente corresponde ao final da
dorméncia de uma determinada espécie e cultivar (Melke, 2015). Apesar de eficazes para as
condicdes climéaticas norte-americanas, marcadas por invernos constantes e regulares, tais
modelos apresentam reduzida precisdo quando utilizados para a predicdo do fim da
dorméncia sob condi¢es tropicais e subtropicais (Luedeling & Brown, 2011; Melke, 2015).
A vista disso, Ebert et al. (1986) promoveram modificac®es nos modelos originais, de forma
a indicar o modelo Carolina do Norte Modificado como o mais ajustado as principais
condicBes meteorolégicas de cultivo, por exemplo, no Sul do Brasil.

Para Erez (2000) e Pio et al. (2019), uma das maiores limitacbGes ao cultivo de

frutiferas temperadas em regides tropicais e subtropicais é a superacdo do periodo de



10
dorméncia. A disponibilidade de frio hibernal abaixo das exigéncias fisioldgicas dos
genotipos utilizados conduz a problemas relacionados a fisiologia das plantas (FIGURA 2).
Petri & Leite (2004) elucidaram atrasos ou inibicdes da brotacdo de gemas axilares de
macieiras devido a antecipacdo da brotacdo de gemas terminais e a dominancia apical,
intensificando o crescimento terminal. A brotacdo deficiente é associada, igualmente, a
necrose de gemas florais em algumas espécies, como drupéceas (George & Erez, 2000).

O déficit de frio para a plena superacdo da dorméncia pode promover elevada
heterogeneidade de brotagdo e florescimento em frutiferas temperadas. Tal heterogeneidade
é manifestada tanto temporalmente, por gemas em diferentes estadios de desenvolvimento
no mesmo momento, quanto espacialmente, pelo gradiente anormal de brotacao e floracéo
em um mesmo ramo (Leite, 2004). Ainda, a possivel reducdo da area foliar, associada a
menor qualidade de flores, diminui a frutificacdo efetiva, induz a formacéo de frutos de

menor tamanho e reduz a vida Util das plantas, conforme retratado por Leite et al. (2014).

—— Pouca brotacéio e atraso na brotagio das gemas axilares
(A maioria das gemas axilares permanecem dormentes)

!

Antecipa¢io da brotacio de gemas terminais

|

Inibicdo da brotagio das gemas axilares
(Efeito da dominncia apical)

Crescimento terminal longo e vigoroso
Formacio de poucos espordes Necessidade do
Atraso no inicio da frutificacdo encurtamento dos ramos
Baixo rendimento e frutos pequenos através da poda

Grande crescimento vegetativo (porque o periodo de
crescimento é longo em climas tropicais-subtropicais)

!

—— Maior requerimento em frio em consequéncia do crescimento vigoroso

FIGURA 2. Fluxograma das consequéncias da insuficiéncia de frio hibernal em frutiferas de
clima temperado. Adaptado de Erez & Zur (1974).

A possibilidade de minimizacdo dos problemas fisioldgicos resultantes do déficit de
frio hibernal pela utilizacdo de determinadas estratégias fitotécnicas é encontrada na
literatura (Melke, 2015; Pio et al., 2019). Exposicdo de mudas a frio artificial previamente
ao plantio, desfolha, suspenséo da irrigacéo, poda, incisdo anelar, arqueamento de ramos e 0
uso de agentes quimicos, possuem ampla importancia (Petri et al., 1996; Melke, 2015). A
aplicacdo de agentes quimicos, denominados indutores de brotacéo, é a mais usual (Rufato

& Posser, 2019). Tais compostos, apesar de demandarem, para Campoy et al. (2011), estudos
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aprofundados a respeito de como atuam induzindo a brotacdo de gemas, possuem antigo
historico e elevada importancia para macieiras, pereiras e outras espécies e cultivares ao

redor do mundo.

2.2 Utilizacado de indutores de brotacdo
2.2.1 Introducdo aos indutores de brotacdo

Os indutores de brotacdo estimulam processos fisioldgicos, auxiliando na producgédo
de condicdes bioquimicas similares aquelas ocorrentes a partir da maior disponibilidade de
baixas temperaturas hibernais. As primeiras referéncias da acdo de agentes quimicos na
inducdo da brotacdo deram-se a partir da observacao da resposta de gemas a inseticidas, no
inicio do séc. XX, considerando estudos citados por Black (1937). Tal constatacdo instigou
pesquisas ao redor do mundo para discriminar vantagens dessas substancias, sobretudo
quando incorporadas aos sistemas de producdo de frutiferas de clima temperado.

A antecipacao e a uniformizacdo do periodo de florescimento de macieiras ‘White
Winter Pearmain’ ¢ pereiras ‘Bon Chretien’ (‘Williams’) e ‘Beurre Hardy’ foram apontadas
por Black (1937), na Africa do Sul, em resposta a indutores de brotagdo. Efeitos sobre a
floracdo de macieiras também foram noticiados por Samish (1945), em Israel. Para a cultivar
Golden Delicious, no Brasil, Petri et al. (1975), Pasqual et al. (1978) e Pasqual & Petri
(1979) reportaram aumentos em porcentagem de brotacdo de gemas, nimero de cachos
florais e produgéo. Entretanto, redugdes na frutificacéo efetiva foram obtidas. Tais estudos
configuraram as pesquisas iniciais de indutores de brota¢&o no pais.

Iwasaki (1980) obteve incrementos no numero de gemas brotadas de videiras
‘Muscat of Alexandria’, no Japdo, a partir da aplicacdo de indutores de brotacdo. O autor
ndo avaliou, entretanto, possiveis efeitos sobre a produtividade das plantas. A intensificacdo
do florescimento de pessegueiros ‘Flordagold’, no México, pode ser igualmente obtida (Diaz
et al., 1987). Para macieiras ‘Gala’, aumentos em brotacdo de gemas, massa total e média de
frutos, foram relatados por Petri & Stuker (1995) no Brasil.

Ao estudar kiwizeiros ‘Hayward’ na Nova Zelandia, Mcpherson et al. (2001)
demonstraram que indutores de brotagdo anteciparam, bem como uniformizaram a brotacéo
e a floracdo e aumentaram o numero total de flores. Os autores destacaram, todavia, a elevada
variabilidade de resultados obtidos de um ano para outro. Incrementos na brotacdo de gemas
de pessegueiros ‘Rhodes’ e nectarineiras ‘Aprilglo’, em contraste a reducdo da frutificacao,
foram obtidos por Erez et al. (2000) em Israel.

Antecipacdes de brotacéo, floracdo e colheita de caquizeiros ‘Rubi’ pela utilizagéo

de indutores de brotacdo foram demonstradas por Mizobutsi et al. (2003), no Brasil.
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Aumentos no teor de solidos soluveis e acidez titulavel dos frutos também foram obtidos
pelos autores. Para Salinero et al. (2007), kiwizeiros ‘Hayward’ produziram frutos de maior
massa média, na Espanha. Por outro lado, variaveis produtivas e qualitativas de videiras
‘Niagara Rosada’, no Brasil, ndo foram influenciadas por essas substancias (Werle et al.,
2008).

O aumento na brotacdo de gemas axilares e terminais de macieiras ‘Imperial Gala’ e
‘Fuji Suprema’, no Brasil, junto a maior sincronia de florescimento entre ambas, foram
encontrados por Hawerroth et al. (2009) devido a aplicacdo de indutores de brotacéo.
Reduc0es da frutificacdo efetiva foram também observadas, mas a producéo total e a massa
média dos frutos ndo foram influenciadas. Na Tunisia, intensificacdes em brotacéo, floracéo,
producéo e qualidade das nozes foram reportadas em pistacheiros cultivar Mateur (Ghrab &
Mimoun, 2014). Mag¢as ‘Maxi Gala’ e ‘Fuji Suprema’ ndo apresentaram modifica¢cdes em
aspectos gualitativos em resposta a indutores de brotacao, conforme evidenciado por Pasa et
al. (2018b) e Pasa et al. (2018a), respectivamente, no Brasil.

George et al. (2002) destacaram serem trés as principais vantagens da aplicacao de
indutores de brotacdo: (i) reduzir parte do requerimento em frio dos genotipos; (ii) modular
a época de brotacdo, floracdo e maturacdo dos frutos, de forma a antecipar ou aproveitar
janelas de mercado e (iii) aumentar e/ou uniformizar a brotacdo de gemas axilares nas
espécies de forte dominancia apical, incrementando a floragédo e a produtividade.

Para Hawerroth et al. (2010c), moléculas com acdo na inducdo da brotacdo podem
ser utilizadas mesmo para regides onde a dorméncia é superada naturalmente, sobretudo para
captar épocas preferenciais de mercado. Assim, a influéncia de diferentes altitudes sobre a
eficacia de determinados compostos foi avaliada por luchi et al. (2002). Os autores
verificaram que a aplicacdo pode maximizar a brotacdo e a formacdo de ramificagOes e
estruturas reprodutivas, incrementando o potencial produtivo tanto para plantas jovens, sob
qualquer altitude, quanto para plantas adultas, abaixo de 1.360 m.

A utilizacdo de indutores de brotacdo é uma pratica consolidada no cultivo de
frutiferas temperadas em muitos locais onde o acimulo de baixas temperaturas é insuficiente
para satisfazer o quantitativo demandado em frio hibernal (Erez et al., 2008). Paises como
Brasil, Africa do Sul, México, Nova Zelandia e Israel s&o destacados. A producdo em larga
escala de kiwis ‘Hayward’ na Nova Zelandia é viabilizada pela pratica (Mcpherson et al.,
2001; Hernandez & Craig, 2011). Isso é valido em grande parte das regifes produtoras de
macas do Brasil, para macieiras ‘Gala’ e ‘Fuji’, de maior area cultivada (Petri et al., 2006;
Leite et al., 2014).

Os indutores de brotacdo dependem de diversos fatores para serem eficazes, como a
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ocorréncia de determinado acumulo prévio de baixas temperaturas (Erez, 2000). Dentre
outras, essa é uma das possiveis causas da frequente observacao, na literatura disponivel, de
respostas distintas a utilizacdo do mesmo composto, sobre a mesma espécie/cultivar e

condicdes de cultivo, mas em diferentes anos.

2.2.2 Fatores que interferem na eficacia de indutores de brotacéo
O manejo da inducdo a brotacdo de frutiferas temperadas a partir da utilizacdo de

indutores de brotacdo é dependente de fatores relacionados aos agentes quimicos utilizados,

as respectivas aplicacdes, ao clima do local e a planta, conforme ilustrado na FIGURA 3
(Petri et al., 2006; Hawerroth, 2018).

Indutor de brotacao

=

Tecnologia de aplicacio Condicdes meteorolégicas Estadio fenolégico

pré e pos-aplicagao Espécie, cultivar e porta-enxerto

Crescimento e desenvolvimento
vegetativo - vigor

FIGURA 3. Fatores relacionados ao manejo de indutores de brotacdo em frutiferas de clima
temperado. Adaptado de Hawerroth (2018).

a) Indutor de brotacéo:

Inimeras moléculas apresentam efeito na inducao da brotagéo de frutiferas de clima
temperado (Petri et al., 1996; 2006). Petri et al. (1996; 2006) listaram 6leos vegetais, 6leos
minerais, calciocianamida, nitrato de potassio, nitrato de célcio, cianamida hidrogenada,
dinitro-ortho-cresol, dinitro-ortho-butil-fenol, dinitro-butil-fenol, tioureia,
pentaclorofenolato de sodio, tidiazuron e acido giberélico. Alguns desses, contudo, ja
amplamente em desuso ou mesmo proibidos devido a baixa eficacia ou elevada toxicidade.

A utilizagdo associada de 6leo mineral e sais de dinitro foi inicialmente recomendada
por Samish (1945) para a inducdo da brotacdo de macieiras em Israel. Uma vez considerada

de alta eficiéncia, logo, tal aplicacdo passou a ser adotada também em outros paises (Petri et
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al., 1975). Todavia, a elevada toxicidade dos sais de dinitro resultou gradualmente na
proibicdo de uso, fazendo com que a melhor opc¢édo disponivel passasse a ser a cianamida
hidrogenada, isolada ou junto ao 6leo mineral (Araujo et al., 1991; Petri, 1997). Hawerroth
et al. (2010c) indicaram que 0 uso associado de duas ou mais substancias pode apresentar
beneficios, sobretudo a reducdo dos custos de aplicagdo. E possivel a reducdo das
concentracBes de cianamida hidrogenada ao utiliza-la em combinacdo ao 6leo mineral,
conforme Petri et al. (2006). Assim, isso favoreceu a adog¢do da combinagdo por muitos anos
na inducdo a brotacdo de frutiferas temperadas em Israel, Africa do Sul, Nova Zelandia,
Brasil e outros paises que cultivam espécies e cultivares sob condi¢des de insuficiente
acumulo de frio hibernal.

A cianamida hidrogenada, comercializada por meio dos produtos Dormex® e Hi-
Cane®no Brasil e na Nova Zelandia, respectivamente, apresenta elevada eficacia na indugdo
a brotacdo de gemas. Logo, é a molécula mais utilizada para a superacdo da dorméncia em
caquizeiro (Mizobtusi et al., 2003; Ayub et al., 2009), macieira (Hawerroth et al., 2009),
pessegueiro (Marodin et al., 2002; Nava et al., 2009) e videira (Werle et al., 2008), dentre
outras. A elevada eficacia da cianamida hidrogenada é contrastada por sua alta
periculosidade, passivel de provocar hipotensdo, aceleragdo do pulso, nauseas, dores de
cabeca e irritacdes na pele (Inamdar et al., 2015). Importante estudo acerca de relatos de
intoxicacdo em humanos, por exemplo, foi realizado por Settimi et al. (2005), na Italia.

O produto Dormex® teve comercializagio temporariamente suspensa em 2002, na
Italia, para revisdo de sua regulamentacdo pela Unido Européia (Settimi et al., 2005). Apos
seis anos de estudos, teve registro revogado no pais (ITALIA, 2008). A tendéncia € de que
0 produto, logo, sofra restricdes de comercializacdo noutros paises europeus e mundo afora
em um futuro breve, todavia, continue sendo utilizado enquanto permitido.

Preconizada pela Producéo Integrada de Frutas, a crescente demanda pela restricéo a
substancias sintéticas na conducdo de pomares torna o uso de determinados indutores de
brotacdo um fator limitante nos paises cujos sistemas de producdo de frutiferas temperadas
dependem da pratica (Hawerroth et al., 2010a). Algumas pesquisas a respeito de novos
compostos a base de nitrogénio inorganico (Erger®) (Hawerroth et al., 2010a; 2010b; Darde
et al., 2019), acido glutdmico (Syncron®) (Petri et al., 2016) e géis contendo polissacarideos
(Bluprins®) (Ziozi et al., 2015) tém apresentado resultados satisfatorios na busca por
indutores de brotacdo menos agressivos a salde humana e ao meio ambiente.

De acordo Hawerroth et al. (2010a; 2010b), o bioestimulante Erger®, combinado a
nitrato de calcio, foi eficaz na inducéo da brotacdo de macieiras ‘Imperial Gala’ e ‘Fuji

Suprema’ cultivadas a céu aberto. 1sso também foi relatado por Pasa et al. (2018b) e Pasa et
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al. (2018a) para maciciras ‘Maxi Gala’ e ‘Fuji Suprema’, respectivamente, a partir da
associacdo de Erger® e 6leo mineral. Coser (2018) obteve efeitos satisfatorios de Erger®
junto a nitrato de calcio em videiras ‘Niagara Rosada’ e ‘Cabernet Sauvignon’. A utilizagdo
de Erger® de maneira isolada foi eficaz, ainda, para a superacdo da dorméncia de kiwizeiros
‘Hayward’, conforme estudos de Hernandez & Craig (2011).

Segundo Erez et al. (1980), o 6leo mineral estabelece uma pelicula ao redor da gema,
o0 que resulta em condicGes anaerdbias e producéo de etanol, induzindo a brotacdo de gemas.
O modo de acdo da cianamida hidrogenada, bioestimulantes e outros compostos ndo €
completamente elucidado. Shulman et al. (1986) apontaram que a primeira pode promover
0 aumento da concentracdo celular de perdxido de hidrogénio devido a interferéncias em
processos enzimaticos. Para Bulgari et al. (2014; 2019), os bioestimulantes podem atuar a
nivel molecular para incrementar a eficiéncia de uso de agua e nutrientes. Uma vez formados
por muitos componentes, tais compostos atuam em funcdo de efeitos sinérgicos ou
antagonicos desses, o que dificulta estudos precisos sobre o0s respectivos modos de acéo
(Bulgari et al., 2014; 2019).

A definicdo de concentragdes dos indutores de brotacao deve ser procedida conforme
espécie e cultivar, vistas as diferentes sensibilidades existentes (Leite et al., 2014). Quando
preconizadas junto aos estudos para a elucidacdo de novos compostos, adequadas
concentracfes auxiliam na reducdo dos custos de aplicacdo, bem como dos riscos de
fitotoxicidade e contaminagdo ambiental (Hawerroth et al., 2010a). Assim, os indutores de
brotacdo devem possuir, conforme Erez (2000), trés caracteristicas fundamentais: (i) elevada
eficacia; (ii) baixo custo de utilizacdo e (iii) minima toxicidade as plantas e ao meio
ambiente.

Os indutores de brotacdo apresentam acdo localizada sobre as gemas, o0 que torna
necessario o0 molhamento individual de cada meristema (Petri et al., 2006; Leite et al., 2014).
Essa importante constatacdo € conhecida, no minimo, desde a década de 30, uma vez ter sido
noticiada por Black (1937). Junto ao fato das aplicacbes serem realizadas durante um
momento de auséncia de folhas, ou seja, reduzida superficie de retencdo, tal particularidade
ressalta a importancia de estudos acerca da selecdo e manejo dos bicos e respectivas
estruturas, preparo, caracteristicas e volume da calda formulada. Adicionalmente, da
adequada calibracdo e regulacdo do maquinario, bem como da atencdo as condi¢cbes
meteorolégicas durante a aplicacdo. Tais fatores sdo amplamente descritos para produtos
fitossanitarios por ANDEF (2004), Antuniassi & Baio (2008) e Zambolim et al. (2008). Petri
et al. (2006) exemplificaram, entretanto, algumas particularidades importantes para a

utilizacdo de indutores de brotacéo.
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b) Clima

O uso de indutores de brotacdo deve ser adequado as condi¢cBes meteorolégicas pré,
durante e apds as aplicagdes (Petri et al. 2006; Hawerroth, 2018). Para Erez (2000), as
aplicacdes mostram-se eficazes somente apds o acimulo prévio de parte do frio requerido
pelas espécies e cultivares utilizadas, o que acontece a medida que forem acumulados, no
minimo, 50% ou 2/3 da demanda de frio hibernal.

Petri et al. (2006) enfatizaram que a ocorréncia de precipitacbes pluviométricas
dentro de determinado periodo apds as aplicagdes de indutores de brotagdo implica em
duvidas quanto a eficiéncia e eventual necessidade de reaplicacdo. Segundo Leite et al.
(2014), é importante a auséncia de chuvas por no minimo 1 h apés a aplicacdo. A necessidade
de reaplicacdo de cianamida hidrogenada a partir da ocorréncia de chuvas durante periodos
que sucedam o tratamento em intervalo inferior a 2 h foi relatada por Nachtigal & Roberto
(2005). Entretanto, conforme Maia & Camargo (2007), o periodo ideal para a auséncia de
chuvas passa a ser 4 h ap0s a aplicacdo da cianamida hidrogenada.

A resposta da brotacdo de gemas de mudas de macieiras ao emprego de chuvas
artificiais (25 mm, durante 45 min) logo apds a pulverizacdo de indutores de brotacdo; 30
min; 1; 2; 4; 8 e 24 h pbs-aplicagédo foi avaliada, durante dois anos, por Palladini & Petri
(1997). Os menores valores foram observados a partir da exposicéo das plantas a chuva logo
apos a aplicacdo, embora ndo tenham diferido de maneira significativa dos demais
tratamentos com chuva artificial apés 30 min. Assim, os autores indicam ndo haver a
necessidade de reaplicacdo de cianamida hidrogenada associada a dleo mineral a partir de
chuvas de até 25 mm, no periodo entre 30 min e 24 h apos a aplicacao.

Conforme Hawerroth & Natchtigall (2016), a temperatura do ar é importante no
periodo pds-aplicagdo, definindo a ‘janela’ de aplicagdo para os indutores de brotacao.
Depois de satisfeita a demanda em frio hibernal, as frutiferas temperadas necessitam do
acumulo de temperaturas mais altas para ‘ativar’ os processos metaboélicos, exigéncia a qual
é definida como soma-térmica (Petri, 1997; Hawerroth et al., 2010c). Incrementos nas
temperaturas durante duas semanas apés o tratamento foram associados, para Erez (1979),
ao aumento da resposta na taxa de brotagao de gemas de macieiras.

A necessidade de calor apds a superacdo da dorméncia em frutiferas de clima
temperado € variavel entre genotipos, alem de dependente da quantidade de frio previamente
acumulado (Putti et al., 2000; Okie & Blackburn, 2011). Okie & Blackburn (2011)
mostraram que quanto maior o0 acimulo de baixas temperaturas durante o inverno, menor a
necessidade de calor para diversas cultivares de pessegueiro. Resultados similares foram

encontrados por Chavarria et al. (2009) para a cultivar Turmalina, enquanto que por Pultti et
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al. (2000) para macieiras ‘Gala’ ¢ ‘Fuji’. Portanto, recomenda-se que o momento de
definicdo para o uso dos indutores de brotacdo seja também baseado na expectativa de
aumento das temperaturas do ar nos dias seguintes a aplicacéo, de forma que a resposta das

plantas seja intensificada (Petri et al., 2006).

c¢) Planta

A época de aplicacdo de indutores de brotacdo apresenta grande efeito sobre sua
eficacia, sobretudo através do estadio fenoldgico das frutiferas temperadas (Petri et al., 2006;
Leite et al., 2014). Conforme a escala fenoldgica de luchi (2006), a maior frequéncia de
antecipacdo da floracdo para macieiras € observada quando os tratamentos sdo realizados
nos estadios A e B, bem como nos gen6tipos de maior exigéncia em frio hibernal e nos anos
com menor acimulo de baixas temperaturas do ar (Petri et al., 2006).

Petri et al. (2006) destacaram que aplicagGes de indutores de brotacdo, quando
realizadas de forma precoce ou tardia, podem promover baixos indices de brotacdo de gemas
axilares; antecipagdo da brotacdo de gemas terminais e forte dominancia apical. Logo, a
formacéo de estruturas de frutificacdo pode ser comprometida e o comprimento de ramos
intensificado. Intensificagdes no alongamento dos ramos s&o particularmente indesejaveis e
maiores sob condicdes de insuficiéncia de frio hibernal, mostrando-se cumulativas ao longo
dos anos. Uma vez comparados a ramos de menor comprimento, estruturas maiores tém
gemas axilares de maior requerimento em frio e tendéncia acrotonica de brotagdo aumentada
(Erez, 2000; Petri et al., 2006; Leite et al., 2014). Logo, proporcionalmente, gemas que
apresentam menor responsividade a indutores de brotacao.

Diferentes espécies e cultivares apresentam distinto desenvolvimento de ramos
conforme taxas de crescimento, época do inicio e paralisacdo, capacidade de ramificacao,
comprimento de entrends, tamanho de folhas e habito de crescimento, isto €, acrotonia ou
basitonia (Webster, 2005; Hawerroth & Petri, 2011). Para Hawerroth & Petri (2011), o grau
de acrotonia ou basitonia parece ser o principal determinante das diferengas observadas no
crescimento e desenvolvimento vegetativo.

Segundo Erez (2000) e revisado por Hawerroth & Petri (2011), o nivel de dominancia
apical é variavel entre espécies, uma vez que pomaceas e cerejeiras apresentam maior
polaridade ou acrotonia que pessegueiros e ameixeiras. Devido a vantagem espacial, as
gemas terminais na auséncia de inibicbes correlativas possuem posicdo dominante em
relacdo as axilares, definindo uma tendéncia de gradiente de brotagdo acroténico (Cook &
Jacobs, 2000; Hawerroth & Petri, 2011).



18

O crescimento dos ramos € influenciado por condigbes genéticas, ambientais,
edéaficas e de manejo (Webster, 2005; Hawerroth & Petri, 2011). A utilizacdo de porta-
enxertos, anteriormente comentada, € préatica difundida para producao a nivel comercial de
diversas frutiferas de clima temperado (Webster, 2001; Donadio et al., 2019). Conforme
Jackson (2003), os principais beneficios de porta-enxertos sdo: controle de crescimento e
desenvolvimento vegetativo - vigor, reducao de méao-de-obra, rapida entrada em producao e
melhoria da qualidade de frutos. Respostas diferenciadas quanto ao vigor, do ponto de vista
genético, sdo proporcionadas por diferentes porta-enxertos, o que influencia a porcentagem
de brotacao de gemas (Erez, 2000). Os porta-enxertos podem induzir a cultivar copa desde
alto até moderado e baixo crescimento vegetativo, fator chave que determina o tamanho das
plantas, bem como a precocidade de producéo (Webster, 2001).

A presenca de altas temperaturas do ar, radiagcdo incidente e precipitaces
pluviométricas prolonga o ciclo de crescimento das plantas, logo, contribui para 0 aumento
do crescimento dos ramos (Hawerroth et al., 2012; Hawerroth & Petri, 2014). Temperaturas
entre 12°C e 25°C podem aumentar o alongamento dos ramos, mas reduzir a frutificacdo
efetiva e a formacdo de gemas (Tromp & Boertjes, 1996). Hawerroth & Petri (2011)
apontaram a problematica de ramos vigorosos para pomaceas em regides tropicais e
subtropicais. Tal questdo, aliada muitas vezes a reduzida disponibilidade de baixas
temperaturas no inverno, por exemplo, dificulta a superagdo da dorméncia nesses locais.

Para Marodin & Almeida (2016), a circulagdo de seiva bruta, composta por agua e
minerais, mostra-se mais intensa nos 6rgdos expostos a luz devido a maior transpiracao,
favorecendo, assim, seu crescimento continuo. Adicionalmente, o decréscimo na
disponibilidade de luz limita a atividade fotossintética, promove o estiolamento dos ramos e
favorece também o alongamento dos entrends (Webster, 2005; Hawerroth & Petri, 2011).

O plantio de frutiferas temperadas sobre solos profundos, de boa drenagem, livres de
camadas superficiais ou subsuperficiais compactadas, além de elevada fertilidade, favorece
0 crescimento e desenvolvimento das plantas (Webster, 2005; Hawerroth & Petri, 2011).
Inversamente, plantios sobre solos rasos, normalmente altamente compactados e propensos
a periodos de deficiéncia hidrica, limitam o volume e aumentam as resisténcias para o
desenvolvimento radicular, impondo restricGes ao crescimento e desenvolvimento da parte
aérea (Webster, 2005; Hawerroth & Petri, 2011).

As praticas culturais de adubacdo (Brunetto et al., 2016) e poda de ramos (Rufato et
al., 2012) tendem a influenciar sobremaneira o crescimento vegetativo. Nutrientes minerais
devem ser absorvidos em quantidade compativel ao respectivo requerimento para a

manutencdo do crescimento normal e das atividades metabolicas dos 6rgdos vegetais. Assim,
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adubacdes desequilibradas ou em excesso, principalmente de nitrogénio, podem intensificar
o0 alongamento dos ramos (Webster, 2005; Hawerroth & Petri, 2011).

Conforme Webster (2005) e Hawerroth & Petri (2011), a poda dos ramos influencia
0 crescimento daqueles remanescentes e das brotagbes posteriores de acordo,
principalmente, com a época e a intensidade de execucdo. Podas de frutificacdo - durante o
periodo de dorméncia das plantas, sob intensidade moderada a alta, por exemplo, resultam
em maior crescimento dos ramos na estacdo de crescimento seguinte uma vez comparado
aquele observado nas plantas ndo podadas (Marodin & Almeida, 2016).

O cultivo de frutiferas temperadas sob telas, sobretudo de polietileno de alta
densidade, € crescente ao redor do mundo para protecdo ou minimizacdo de danos
provocados por granizo ou golpes de sol (Middleton & McWaters, 2002; Giaccone et al.,
2012; Girona et al., 2012; Kiprijanovski et al., 2016). Denominadas telas antigranizo, tais
estruturas promovem modificacbes em componentes microclimaticos, dentre os quais
alteragbes no microclima de luz podem intensificar o crescimento e desenvolvimento
vegetativo (Solomakhin & Blanke, 2008; Mupambi et al., 2018).

2.3 O cultivo de macieiras sob tela antigranizo no Sul do Brasil
2.3.1 Alteracdes microclimaticas e impactos na fisiologia das plantas

A utilizacdo de telas antigranizo promove alteracbes microcliméticas de impacto
significativo na relagdo macieira-ambiente (Bosco et al., 2017). O desenvolvimento das
plantas & dindmico, pois resulta de interacBes ocorrentes entre manejo empregado e
temperatura e umidade relativa do ar, velocidade do vento e radiacdo solar presentes,
elementos fisicos que compdem o microclima do local (Fitter & Hay, 2002; Bosco, 2011).

A temperatura do ar influencia a fenologia das plantas de tal maneira que, segundo
Bergamaschi (2007) e Bergamaschi (2017), redugOes e aumentos retardam e aceleram o
metabolismo vegetal, respectivamente. Para Iglesias & Alegre (2006), telas antigranizo
podem promover reducdes de até 3°C na temperatura maxima do ar nos dias quentes, uma
vez considerada a interceptagdo da radiacéo solar pela cobertura. Os autores indicaram que
dias com baixa intensidade de radiagdo luminosa podem apresentar elevagdo de até 1°C na
temperatura minima, quando comparada a ocorrente nas areas descobertas, o que pode ser
atribuido ao bloqueio pela tela da radiacdo de onda longa refletida.

Bosco et al. (2013) reportaram o prologamento do subperiodo entre a frutificacdo
efetiva e a colheita de macieiras ‘Royal Gala’ sob tela antigranizo, o que retardou a
maturagdo dos frutos. Isso ocorreu apesar da auséncia de diferencgas entre as temperaturas

média, maxima e minima do ar. As diferencas observadas na temperatura sob tela antigranizo
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e em céu aberto sdo pontuais e ocorrem nos periodos de maior radiacao fotossinteticamente
ativa, alterando mais méximas que minimas (Bosco, 2011).

A umidade relativa do ar, conforme caracteristicas do cultivo e regido, tem sido
modificada por telas antigranizo (Mupambi et al., 2018). Tal variavel mostrou-se reduzida
em 1-3% sob tela em relacdo aquela a céu aberto, segundo Hunsche et al. (2010).
Solomakhin & Blanke (2007) observaram, na Alemanha, aumentos préximos a 6%, tanto
em dia ensolarado quanto em dia nublado, o que nédo interferiu na qualidade dos frutos.
Incrementos na umidade relativa do ar podem contribuir para maior duragdo de molhamento
foliar, favorecendo o desenvolvimento de patdgenos e a incidéncia de doencas, como a sarna
da macieira e a mancha foliar de glomerella (Bogo et al., 2012a; 2012b).

Reducdes de até 9% na velocidade do vento sob tela antigranizo foram verificadas
no norte de Israel (Tanny et al., 2009). Bosco et al. (2013) relataram diminui¢éo ainda maior,
proxima a 39%, em pomar de macieiras ‘Royal Gala’ com tela preta no Sul do Brasil.
Reduces na velocidade do vento podem reduzir os riscos por danos mecéanicos (lglesias &
Alegre, 2006) e aumentar a eficiéncia da aplicacdo de produtos fitossanitarios (Amarante et
al., 2012). Em contrapartida, podem prolongar o periodo de molhamento foliar, favorecendo
o desenvolvimento de patogenos (Leite et al., 2002).

A disponibilidade de radiacdo solar que incide sobre o dossel € menor sob tela
antigranizo em relagdo ao ambiente externo, devido a reflexdo e a absorgdo pela cobertura
(Treder etal., 2016; Mupambi et al., 2018). Nesse sentido, Bosco (2011) descreveu redugdes
na radiacdo fotossinteticamente ativa incidente, interceptada, absorvida, transmitida e
refletida. Telas antigranizo alteram, conforme abertura de malha e respectiva coloracdo, a
quantidade e a qualidade de luz transmitida (Mupambi et al., 2018). A incorporacdo de
elementos cromaticos ao material caracteriza as telas fotosseletivas, de coloracdo amarela,
vermelha, azul e verde, dentre outras. Conforme Shahak et al. (2016), tais telas alteram o
espectro da radiacdo pela adicdo de elementos dispersivos, absorventes e refletivos da luz.
A tradicional tela branca é a mais preconizada na pomicultura do Sul do Brasil devido aos
menores niveis de sombreamento em relagdo a preta, embora esta predomine em pomares
antigos, utilizada pela maior durabilidade.

O uso de tela branca e preta sobre macieiras, no Sul do Brasil, promoveu reducdo de
21,2% e 24,8%, respectivamente, na radiacdo fotossinteticamente ativa (RFA) acumulada ao
longo do dia, em relacdo a area descoberta (Amarante et al., 2007; 2009). Existem trabalhos,
entretanto, que exibiram percentuais maiores para tela preta (Treder et al., 2016; Bosco et
al., 2017). Para Middleton & McWaters (2002), reducdes na RFA estdo relacionadas ao

tamanho da malha, tipo e coloracdo da tela antigranizo. Diferencas podem ocorrer devido ao
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angulo da radiacdo incidente, variante ao longo do dia, junto a cobertura (Amarante et al.,
2012). A idade da tela também influencia o sombreamento, uma vez que a poeira pode
reduzir a transmissao de RFA em 2% ao ano (Blanke, 2009).

ReducBes na RFA influenciam o desenvolvimento e a qualidade dos frutos, bem
como o crescimento das plantas (Treder et al., 2016; Mupambi et al., 2018). A intensidade
desses efeitos relaciona-se a aspectos como grau de sombreamento, cultivar/porta-enxerto,
densidade de plantio, manejo das plantas e regido de producéo (Leite et al., 2002; Middleton
& McWaters, 2002; Amarante et al., 2007). Um dos atributos determinantes para a
comercializacdo de macéds € a coloracdo vermelha da epiderme, a qual é influenciada pela
incidéncia de radiacdo ao dossel (Bosco et al., 2014).

Amarante et al. (2009) observaram reducdo da porcentagem de vermelho da
epiderme de macas ‘Royal Gala’, no Sul do Brasil. Sob as mesmas condic¢des, aumentos no
indice iodo-amido e reducgdes no teor de solidos sollveis (SS) e na firmeza de polpa (FP)
foram reportados por Amarante et al. (2012). A utilizagéo de tela branca, no mesmo estudo,
n&o proporcionou diferengas. Bosco et al. (2014) ndo encontraram diferengas no teor de SS
de magds ‘Royal Gala’ e ‘Fuji Suprema’ sob tela preta, em relacdo aquelas a céu aberto.
Entretanto, a FP foi inferior em um dos ciclos de avaliagao.

O crescimento vegetativo e a morfologia de folhas sao influenciados por reducfes
pela tela antigranizo naradiacgéo solar total atingindo o dossel, embora as respostas nao sejam
sempre consistentes (Mupambi et al., 2018). Tipicamente, intensificagdes no crescimento
vegetativo estdo relacionadas ao aumento nas porcentagens de sombreamento e a telas de
coloragdes escuras. O teor de clorofila foliar de macieiras ‘Fuji’ aumentou em até 46% sob
tela verde-preta (Solomakhin & Blanke, 2008). Efeito similar foi constatado por Amarante
et al. (2007), para a cultivar Royal Gala sob telas branca e preta. Ainda, as areas foliares
média e especifica nesse gendtipo, sob tela preta, foram maiores que aquelas no cultivo sem
cobertura (Amarante et al., 2009).

Para Hunsche et al. (2010), macieiras ‘Fuji’ ¢ ‘Pinova’ sob telas antigranizo branca
e vermelho-preta, quando comparadas aquelas a céu aberto, apresentaram maior
molhabilidade foliar em algumas datas de avaliacdo. Durante periodo de trés anos, 0 aumento
da &rea da seccéo transversal de tronco (ASTT) de ‘Golden Delicious’ sob tela amarela foi
maior que aquele na vermelha e no céu aberto (Shahak et al., 2016). Na Alemanha,
Solomakhin & Blanke (2008) observaram que a ASTT, em termos de incremento anual, ndo
foi influenciada por telas branca, vermelho-branca, vermelho-preta e verde na cultivar
Pinova, e todas ainda a reduziram em °‘Fuji’. Outros fatores podem interferir na ASTT,

influenciando as mudancas sob telas (Mupambi et al., 2018).
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Aumentos em numero, comprimento médio e total de ramos de um ano de idade por
planta foram relatados por Solomakhin & Blanke (2008) em macieiras ‘Pinova’ sob
diferentes cores de telas antigranizo. Para a ‘Fuji’, os autores verificaram menores variagoes
entre as cores de telas, indicando que a influéncia da tela pode depender do gen6tipo. No Sul
do Brasil, embora nédo tenha apresentado diferencas significativas, o crescimento dos ramos
mostrou tendéncia de intensificacdo sob tela preta, sendo mais acentuado em macieiras
‘Gala’ quando comparadas a ‘Fuji’ (Leite et al., 2002).

A tela antigranizo preta aumentou, em quatro ciclos, o crescimento anual de ramos
de macieiras ‘Mondial Gala’, na Espanha, quando comparado ao crescimento sob tela cristal
e sem tela alguma (lglesias & Alegre, 2006). Ao estudarem alteracfes fisioldgicas
promovidas por telas fotosseletivas, Bastias et al. (2012) encontraram também o aumento no
comprimento médio dos ramos de ‘Fuji’. A explicacdo para tal resposta pode estar na sintese
de hormdnios de crescimento e na alocacdo de recursos para a extensdo das estruturas, de
forma a proporcionar o escape das condi¢cdes de maior sombreamento em busca de mais
favoraveis (Wit et al., 2016; Mupambi et al., 2018).

As principais implicacbes do uso de telas antigranizo no Sul do Brasil, para
Hawerroth et al. (2017; 2019), estdo relacionadas ao aumento do crescimento e
desenvolvimento vegetativo, possiveis problemas no manejo da carga e menor coloracéo
vermelha dos frutos. Assim sendo, € importante que algumas praticas de manejo sejam
ajustadas, otimizadas para regularizar e incrementar o potencial produtivo das plantas e a

viabilidade econdmica da atividade (Hawerroth et al., 2017; 2019).

2.3.2 Manejo diferenciado da inducéo a brotagao
2.3.2.1 Aplicagéao sequencial de indutores de brotagéo

Macieiras dos grupos ‘Gala’ e ‘Fuji’, de médio-alta exigéncia em frio hibernal,
correspondem a mais de 90% da producao brasileira de macas (IBGE, 2019). Tais genotipos
sdo cultivados na regido Sul, em seus locais de altitude - 900 a 1.400 m, mas muitos
frequentemente dispondo do frio requerido apenas de forma parcial. Logo, significativa parte
dos cultivos comerciais - larga escala - séo viabilizados por indutores de brotacéo.

O principal manejo de indutores de brotacdo no Sul do Brasil é caracterizado pelo
uso de uma Unica aplicagédo (Petri et al., 2006). Entretanto, a utilizacdo padrdo, numa Unica
aplicacdo e concentracdes atualmente preconizadas, pode mostrar-se insatisfatéria em alguns
anos, sobretudo quando as plantas sdo submetidas a quaisquer condi¢des que aumentem seu
crescimento e desenvolvimento vegetativo. 1sso é ainda mais importante ao considerar que

a porcdo superior da copa, em algumas situacdes, tem apresentado aumentada proporcéo de
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estruturas verticalizadas, de modo a estabelecer um determinado gradiente de vigor
(FIGURA 4). Dessa maneira, gradientes de brotacdo e floragdo, bem como a reducdo da
eficiéncia de préticas culturais subsequentes sdo potenciais consequéncias (Hawerroth,
2017; Hawerroth et al., 2018).

FIGURA 4. Gradiente de vigor - comprimento de ramos - ao longo da copa de macieiras
‘Fuji Lee’ conduzidas em lider central, onde se observa maior proporcéo de
ramos verticalizados na porcdo superior em relacdo as demais. Vacaria, RS,
Brasil, 2015. Foto: Fernando José Hawerroth.

A aplicacdo sequencial de indutores de brotagdo, isto é, realizacdo de uma segunda
pulverizacéo, pode ser qualificada como alternativa dentro do manejo da indugéo da brotacéo
de macieiras cujo comprimento de ramos € intensificado (Hawerroth, 2017; Hawerroth et
al., 2018). Tal pratica vem a ser ferramenta, por exemplo, para o cultivo em regides tropicais
e subtropicais, uma vez apresentar potencial para aumentar e uniformizar a brotacdo de
gemas que permaneceriam dormentes ou seriam abortadas devido a utilizagdo de uma
aplicacdo Unica.

Fenili et al. (2017) obtiveram incrementos nos indices de brotacdo de macieiras
‘Maxi Gala’, em ano de insuficiente acimulo de frio hibernal, pelo uso de duas aplicacbes
de 6leo mineral espacadas em 10 dias, em rela¢do ao tratamento convencional. O mesmo foi
determinado em macieiras ‘Baigent’ por Goularte et al. (2018), apés realizarem duas
aplicacdes de cianamida hidrogenada associada a 6leo mineral, em um intervalo de 7 dias.
Hawerroth et al. (2018) salientaram, ainda, a possibilidade da aplicacdo sequencial aumentar
a antecipacdo de brotacdo/florescimento - visando a antecipagdo da colheita, bem como a

eficiéncia do manejo de fitorreguladores no raleio quimico, por exemplo.
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A aplicacdo sequencial de indutores de brotacdo pode ser direcionada a toda parte
aérea das plantas ou apenas a porcdo superior da copa, quando presente gradiente
diferenciado de vigor (Hawerroth, 2017; Hawerroth et al., 2018). E possivel observar
macieiras vigorosas sem e com o estabelecimento de gradiente nas FIGURAS 5 e 6,
respectivamente. Tanto na situacdo 1 da FIGURA 5, quanto nos esquemas 1 e 2 da situacédo
2 da FIGURA 6, a primeira aplicacdo é realizada de maneira tradicional, direcionada a
totalidade da parte aérea. A segunda aplicacdo pode ser direcionada de maneira similar a
primeira objetivando potencializar a prética - situacdo 1 e esquema 1 da situagéo 2, ou, ainda,
apenas a por¢do superior da copa para proporcionar reducdo de custos dispendidos - esquema
2 da situacdo 2 (Hawerroth, 2017; Hawerroth et al., 2018).

Situagao 1

s
’v

\ S

Primeira aplicacao Segunda aplicagao

FIGURA 5. Aplicacdo sequencial de indutores de brotacdo sobre macieiras vigorosas
caracterizadas pela auséncia de gradiente de vigor - comprimento de ramos -
ao longo da copa. Aplicacdes 1 e 2 direcionadas a totalidade da parte aérea.
Adaptado de Hawerroth et al. (2018).
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Situagao 2
Esquema 1

Primeira aplicagdo Esquema 2 Segunda aplicacdo

Primeira aplicagdo Segunda aplicacdo

FIGURA 6. Aplicacdo sequencial de indutores de brotacdo sobre macieiras vigorosas que
apresentam gradiente de vigor - comprimento de ramos - ao longo da copa.
Aplicacdes 1 e 2 direcionadas a totalidade da parte aérea (esquema 1) ou apenas
a porcdo superior da copa (esquema 2). Adaptado de Hawerroth et al. (2018).

Para Hawerroth (2017) e Hawerroth et al. (2018), diversas combinagdes de produtos,
concentracOes e intervalos entre aplicacdes podem ser adotados e sdo critérios a serem
definidos no esquema de aplicagdo sequencial de indutores de brotagcdo. As aplicacdes
podem consistir nos principais produtos recomendados a cultura da macieira no Sul do
Brasil, como Dormex®, Erger®, Syncron®, 6leos minerais e nitrato de célcio. Resultados
preliminares indicam que o uso de compostos com diferentes modos de acéo, e.g., Dormex®
x Erger®, é passivel de promover ganhos satisfatorios na indugo a brotagdo, sobretudo pela
presenca de Dormex® ou 6leo mineral na primeira aplicacio e Erger®, Syncron® ou nitrato
de célcio na segunda (Hawerroth, 2017; Hawerroth et al., 2018).

O intervalo decorrente entre a primeira e a segunda aplicacdo em um esquema de
aplicacdo sequencial de indutores de brotacdo pode ser variavel, de 1 a 20 dias. Dentre 0s
fatores que devem determina-lo, a temperatura do ar é destacada, uma vez que altas
temperaturas tendem a acelerar a fenologia das plantas, conforme Bergamaschi (2017).

Logo, tal periodo deve ser ampliado e reduzido a partir da ocorréncia de temperaturas mais
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baixas e mais altas, respectivamente (Hawerroth et al., 2018).

Ao considerar a importancia de temperaturas do ar mais elevadas apos a aplicacao
de indutores de brotacdo (Hawerroth & Natchtigall, 2016), a aplicacdo sequencial apresenta-
se pela vantagem de ampliar a ‘janela’ de aplicagdo. O aumento da ‘janela’ pode garantir a
eficiéncia de brotacdo mesmo sob situacdes meteoroldgicas adversas. Por exemplo, quando
apo6s a primeira aplicacdo as temperaturas permanecerem baixas, as condi¢des apds a
segunda podem ser inversas, contribuindo para o acumulo necessario da exigida soma-
térmica, logo, & brotacdo de gemas (Petri, 1997; Hawerroth et al., 2010c).

O uso da aplicacdo sequencial de indutores de brotacdo sobre os principais genotipos
de macieiras ‘Gala’ e ‘Fuji’, no Sul do Brasil, deve estar ligado a pesquisas tedrico-praticas
que relacionem as aplicacdes a serem definidas no esquema ao manejo empregado nos

pomares e as condi¢Bes climaticas nas respectivas regides de cultivo.
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3 CAPITULO 1

Sequential application of budbreak promoters in ‘Baigent’ apple trees under hail net

in southern Brazil: Erger® with mineral oil and canopy stratification
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3.1 Introduction

A major trait of the apple tree (Malus domestica Borkh.) is its ability to avoid frost
damage in winter through dormancy, a phase of development when no visible growth occurs
within the plant. Once the dormancy period has started, normal growth is not resumed until
a certain amount of cold and heat is accumulated (Melke, 2015). Chilling requirements can
vary widely from one cultivar to another and are generally expressed as hours less than or
equal to 7.2°C and chilling units (CU).

Medium to high-chill cultivars Gala accounts for more than 58% of the Brazilian
apple production (Fioravanco et al., 2013), which was 1.31 million tons in 2017 (FAO,
2019). In Brazil, these genotypes are concentrated in the altitude areas of the southern region
- 900 to 1.400 m, where ‘Baigent’ is one of the most explored (Fioravanco et al., 2013).
However, mild and irregular winters with high air temperatures and rainfall amounts during
the growth cycle are characteristic and commonly occur in important growing locations.
These meteorological factors intensify vegetative growth, making it greater than in typical
temperate regions (Hawerroth & Petri, 2014). Under such conditions, poor-uneven
budburst/flowering, increased apical dominance and decreased fruit production/quality can
occur because of the common lack of cold to satisfy ‘Baigent’ chilling requirements (Petri
& Leite, 2004).

Using budbreak promoters is one of the main strategies capable of minimizing the
physiological problems shown by some temperate fruit crops in mild winter areas (Rufato &
Posser, 2019). They are chemicals that make feasible large-scale cultivations of the cultivar
Baigent in most apple-producing localities of southern Brazil (Petri et al., 2006). In the
country’s apple production system, budbreak promoters have historically been used once a
year, and the application of hydrogen cyanamide (HC) - a highly toxic substance - with
mineral oil (MO) prevails.

According to Erez (2000), the main desirable features of budbreak promoters are
efficacy, low cost, and minimum toxicity to plants and the environment. Thus, many low-
toxicity compounds were studied as alternatives to HC, some of them often with similar
efficacy. The biostimulant Erger® is highlighted when its sprayings are carried out with
calcium nitrate or, more recently, with MO in southern Brazil (Hawerroth et al., 2010; Darde
et al., 2019; Pasa et al., 2018a; 2018b).

The efficacy of budbreak promoters is related to applied compounds and their
respective application conditions, pre-and post-application meteorological factors, and plant
characteristics, particularly vegetative growth (Petri et al., 2006; Hawerroth, 2018). The

longer the shoot length, the greater the chilling requirement of axillary buds and the acrotonic
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tendency (Erez, 2000; Petri et al., 2006; Leite et al., 2014). Consequently, given the many
efficacy-associated aspects of the chemicals, unsatisfactory results have been observed in
some years, markedly in important cultivars covered by hail nets.

A high incidence of hailstorms in the apple-producing regions of southern Brazil has
led to the increasing use of hail nets, the most effective method of protecting (Bosco et al.,
2017). With gains against the hail damage, protective netting modifies orchard microclimate,
and changes in the light environment (e.g., intensity) are highlighted (Bosco et al., 2017).
These factors interfere with plant-environment interactions according to net characteristics,
cultivar/rootstock combination, planting density, orchard management, and climatic factors
(Leite et al., 2002; Middleton & McWaters, 2002; Amarante et al., 2007).

Hail nets influence the vegetative growth of apple trees, and increases in average or
total shoot length are reported worldwide (lglesias & Alegre, 2006; Solomakhin & Blanke,
2008; Bastias et al., 2012). According to Mupambi et al. (2018), increased vigor typically
corresponds to increased shading percentages and darker colors of nets. A possible
explanation is that reduced photosynthetic active radiation (PAR) and other shading effects
induce modifications in hormone levels and stimulate resource allocation into extending
shoots (Wit et al., 2016; Mupambi et al., 2018). Vigor-increasing conditions can be
especially relevant in southern Brazil, where the upper canopy has sometimes displayed an
increased proportion of verticalized structures regardless of the presence of netting.

A potential tool to enhance the effect of budbreak promoters is performing a
sequential application, i.e., two applications. Many apple growers in southern Brazil are
adopting it, especially in low winter chill accumulation years. Better results compared to
single treatments, e.g., for budbreak variables, were already observed. Fenili et al. (2017)
and Goularte et al. (2018) showed some outcomes, but there is little literature and no study
with hail nets. The whole scheme must be planned according to orchard management,
climatic conditions, resource availability and can involve many compounds and
combinations (Hawerroth, 2017; Hawerroth et al., 2018). Despite that, the crescent demand
for low-toxicity products stimulates using Erger®. Moreover, preliminary results indicate
that combining different modes of action, such as Erger® and MO, provides promising
effects (Hawerroth, 2017; Hawerroth et al., 2018).

Along the canopy, this work aimed to evaluate Erger® with MO as a sequential

treatment for budbreak induction of ‘Baigent’ apple trees under hail net in southern Brazil.

3.2 Material and Methods

The study was conducted in a commercial orchard in Vacaria, Rio Grande do Sul
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State, Brazil (lat. 28° 30’ S, long. 50° 56° W, 971 m elevation), during the 2017/18 and
2018/19 growing seasons. Black hail net (from 25% to 35% less PAR) was fixed in a
permanent system in 2010. At the time, that was the most used color because of its high
lifespan. According to Képpen’s classification, the region’s climate is Cfb, constantly moist
temperate with mild summer. Monthly averages of maximum and minimum air temperatures
and rainfall were presented in Appendices (APPENDIX 1). Accumulated chilling hours
(<7.2°C) and chilling units (Modified North Carolina Model - Ebert et al., 1986) during
April 1% to August 31% were 371 and 1086.4, respectively, for 2017, while 675 and 1235.6,
respectively, for 2018 (Automatic Surface Weather Station A880 of INMET; its location is
described in APPENDIX 1).

None, one or two applications of budbreak promoters were performed on the whole
canopy of twelve-year-old ‘Baigent’ apple trees. Erger® was one of the main products used;
it is a formulation that contains inorganic nitrogen and polysaccharides, in addition to
proprietary components. The block had two cultivars grafted on M.9 rootstock, established
together in a high-density system - overall spacing of 3.5 m between rows x 0.45 m within
the row, and trained as a central leader. Thus, the pollination scheme was based on planting
three rows of ‘Baigent’ and one row of ‘Fuji Kiku 8’. Orchard management was always
conducted according to recommendations in southern Brazil, and all experimental units were
addressed similarly. To evaluate the intrinsic characteristics of the treatments, different
plants were used in both growing seasons. Each had its respective canopy marked in the
middle, delimiting two strata herein called the lower and upper portions/parts.

The levels of budbreak promoter studied were: 1. Control (no application); 2. Erger®
1.5% + MO 3.5%; 3. Erger® 1.5% + MO 3.5% (Application 1 - AP1) and (Application 2 -
AP2); 4. Erger® 3% + Calcinit® 3% (15.5% N, 19% Ca); 5. Erger® 3% + Calcinit® 3% (AP1)
and Erger® 1.5% + MO 3.5% (AP2); 6. HC 0.34% (49% a.i. - Dormex®) + MO 3.5%; 7. HC
0.34% + MO 3.5% (AP1) and Erger® 1.5% + MO 3.5% (AP2). A non-ionic surfactant was
added in all chemical treatments, Break-thru® at 0.05%. Products Assist® (75.6% a.i. -
2017/18) and Agefix® (92% a.i. - 2018/19) were used as commercial source of MO.

Both applications were made when buds were between stages A (dormant) and B
(swollen), according to the phenological scale in luchi (2006). AP1 was executed on August
25" and AP2 on September 4", in the 2017/18 growing season, while in 2018/19, on August
28" and September 12", respectively. All sprayings were carried out using a motorized
trailed sprayer at the volume of 1,000 L ha™, with air temperature, relative humidity, and
wind speed ranging from 20-25°C, 70-80%, and 1.5-2.4 km h, respectively; conditions

recorded using a termo-higro-anemometer model THAR-300.
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Variables analyzed
1. Vegetative variables: in the 2017/18 growing season, dates of budburst, start, full, and
end of bloom were determined visually in the lower and upper parts of the canopy. Budburst
was considered when buds were between green tip and half-inch green (C-Cs); start of bloom
(F) with 5% of opened flowers, full (F2) and end of bloom when more than 70% and the last
flowers were opened, respectively - the content within parentheses refers to phenological
stages described by luchi (2006). The period (days) between the first application, start of
budburst, and blooming was then calculated, as well as flowering duration. Because of the
high chilling accumulation during the winter of 2018 and greater homogenization observed
among the treatments, phenology recordings were not performed in this season.

Budbreak intensity was evaluated for axillary and terminal buds and expressed as a
percentage. Axillary budbreak was obtained by the ratio of burst buds to the total number in
five one-year-old shoots (uniform vigor brindles) previously selected in both lower and
upper portions of the canopy. A scaffold branch was also marked in both parts to estimate
terminal budbreak. To compare the uniformity of the first within each treatment, the
coefficient of variation [CV: (std/average axillary budbreak)*100] was calculated and named
heterogeneity index of axillary budbreak (HIAB) (Hawerroth et al., 2009). All budbreak
attributes were assessed at 25 and 66 days after the first application (DAFA) in the 2017/18
growing season, while in 2018/19, at 27 and 56 DAFA.

2. Fructification variables: all inflorescences with fruit and fruits per plant were counted
in the lower and upper parts of the canopy to set their total number. From these data, mean
number of fruits per inflorescence was established. All fructification attributes were assessed
at 86 and 89 DAFA during the 2017/18 and 2018/19 growing seasons, respectively.

3. Fruit production variables: at commercial maturity, in both lower and upper portions of
the canopy, fruits were picked, counted and weighed on March 2", 9™ 17" 2018. The
weight per plant (kg) and relative contribution of each pass-through were obtained. In the
2018/19 growing season, the former was achieved by the same procedure after a single pass-
through on February 6™ and average fresh fruit weight (g) was estimated by the ratio of
weight to number.

4. Fruit quality variables: after each pass-through analysis, fruits picked from the lower
and upper parts of the canopy were grouped into one box per replicate and then submitted to
a visual evaluation of coloring. For that purpose, the following categorizations based on the
red color on their surface were used: less than 25% (i); 25 to 50% (ii); greater than 50% to
less than 75% (iii); and greater than or equal to 75% (iv). To determine calibers, 100 fruits

per replicate were individually weighed and grouped into five classes: 1) less than or equal
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to 80 (greater than 212.5 g); 2) 90 to 100 (171.5to 212.5 g); 3) 110 to 120 (141.5t0 171.49
g); 4) 135 to 165 (104.5 to 141.49 g) and 5) greater than or equal to 180 (less than 104.5 g)
(Adapted from BRASIL, 2002). Caliber definition was based on the number of fruits in a
Mark IV cardboard box with the capacity to store 18 kg of product. The color and caliber
data were expressed as percentages of the number of fruits evaluated.

A 20-fruits sample per replicate was taken to gather quality attributes. Mean length
and diameter (mm) were obtained by measuring lying and standing fruits, respectively, with
tape. Based on these data, the length to diameter ratio was assessed. At two opposite points
in the equatorial region of each fruit, a skin section of 2 cm in diameter were removed and
pulp firmness (N) was measured with a manual Effegi penetrometer, model FT 327 - 11 mm
diameter probe. Then, the fruit juice was quickly collected and soluble solids content (°Brix)
was determined with a digital refractometer, model PAL-1. A thin transversal part of the
fruit was removed and soaked into an iodine solution to perform the starch-iodine test.
According to the color pattern resulted from the reaction between fruit starch and iodine, an
index ranging from 1 - the lowest - to 9 was applied to determine the ripening stage (Bender
& Ebert, 1985). At last, seeds were counted and their mean number per fruit was estimated.

A randomized complete block was adopted as the experimental design, with four
replicates and experimental units of two useful plants. Data were subjected to analysis of
variance, but those expressed as percentages were previously transformed. While square root
(x+1) was chosen for HIAB, arcsin [square root (x+1)] was adopted for the others.
Vegetative, fructification and fruit production attributes were analyzed in response to
budbreak promoter, canopy portion and their interaction. Only the effect of budbreak
promoter was assessed on fruit quality. When the F-test indicated significance, the respective
attribute had its means separated by Scott-Knott’s test, both at the 5% level. All statistical
analyses were run using the Sisvar software, version 5.6 (Ferreira, 2014).

3.3 Results and Discussion
Vegetative variables

The budbreak promoters advanced budburst and blooming but did not significantly
affect flowering duration (TABLE 1). The lowest duration of ‘Application 1 (A-B)-C-Cz’
was, on average, nearly 19 days between the lower and upper portions of the canopy for HC
+ MO (L6, L7) and Erger® + MO (L2, L3) plants. These differed up to a maximum of 2 days
from the control (no application) (L1) ones, which were only 1 day delayed compared to
those treated with Erger® 3% + Calcinit® 3% (AP1) and Erger® 1.5% + MO 3.5% (AP2)
(L5). Using Erger® 1.5% + MO 3.5% as a sequential application (L3, L5, L7), no differences
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were observed in relation to the single treatments (L2, L4, L6). A similar response was
registered for blooming anticipation and, in general, by Fenili et al. (2017) with MO as
sequential application after MO, 10 days spaced, in non-netted ‘Maxi Gala’ and ‘Fuji
Suprema’ apple trees.

The findings regarding the effect of sequential application of budbreak promoters on
budburst and flowering timing do not corroborate with Hawerroth et al. (2018), who stated
a possibility of using it to advance phenology. Differences in this regard may be justified by
a potentially increased relative contribution of terminal buds on flowering due to elevated
chilling during the winter of 2016 and the defined application schemes.

Phenological homogenization and anticipations of budburst and blooming by
budbreak promoters are well stressed in non-netted medium to high-chill Galas in southern
Brazil (Petri et al., 2016; Fenili et al., 2018). Even with the benefits of these compounds,
temporal and spatial differences are common to be seen. Temporal differences occur by the
presence of buds in several development stages simultaneously, while spatial ones occur by
forming a budburst and flowering gradient on the same branch (Leite, 2004). Moreover,
there are no reports regarding possible disparities along the canopy, and significant
influences were obtained in this study.

The upper portion exhibited, on average, nearly 5 days delayed ‘Application 1 (A-
B)-C-Cz’, ‘Application 1 (A-B)-F’ and 3 days longer ‘F-G’, in relation to the lower one
(TABLE 1). A budburst and flowering gradient may be explained by a vigor one formed or
intensified by the hail net. For example, increased shoot length tends to hamper total
budbreak (Erez, 2000; Petri et al., 2006; Leite et al., 2014). And it has been shown to be
more significant in the upper canopy. An increased proportion of verticalized structures may
be linked to inadequate winter pruning, the hail net itself, and the apple species’ natural
acrotonic growth habit. Using Erger® 1.5% + MO 3.5% as a sequential application (L3, L5,
L7) could thus provide phenological homogenization between the canopy portions.
However, no such effect was recorded in the 2017/18 growing season since they exhibited

values similar to those induced by the single treatments.



TABLE 1. Phenological stages (budburst; start, full and end of bloom) dates (month-day-year) and phenological subperiods duration of hail netted
‘Baigent’ apple trees submitted to budbreak promoters in a single application and Erger® with mineral oil (MO) as a sequential one. Data
from the lower and upper canopy in the 2017/18 growing season. Vacaria, RS, Brazil, 2019.

Phenological stages dates

Budbreak promoter* Budl;).urit (r1C-|?3') - Start of bloom (F) Full bloom (F») End of bloom (G)
(green g)regn)a -ine 5% of opened flowers 70% of opened flowers Last flowers to open
Application 1 Application 2 LPC UPC LPC UPC LPC UPC LPC UPC
1. Control (no application) - 09-13-17 09-19-17 09-23-17 09-29-17 09-27-17 10-03-17 10-01-17 10-10-17
2. Erger® 1.5% + MO 3.5% - 09-12-17 09-17-17 09-21-17 09-25-17 09-23-17 09-30-17 09-27-17 10-04-17
3. Erger® 1.5% + MO 3.5% Erger® 1.5% + MO 3.5% 09-12-17 09-16-17 09-20-17 09-25-17 09-22-17 09-30-17 09-25-17 10-06-17
4. Erger® 3% + Calcinit® 3% - 09-13-17 09-18-17 09-21-17 09-26-17 09-24-17 09-30-17 09-28-17 10-06-17
5. Erger® 3% + Calcinit® 3% Erger® 1.5% + MO 3.5% 09-13-17 09-17-17 09-20-17 09-26-17 09-22-17 09-30-17 10-03-17 10-06-17
6. HC 0.34% + MO 3.5% - 09-12-17 09-16-17 09-20-17 09-24-17 09-22-17 09-28-17 09-25-17 10-04-17
7. HC 0.34% + MO 3.5% Erger® 1.5% + MO 3.5% 09-12-17 09-16-17 09-20-17 09-24-17 09-22-17 09-28-17 09-25-17 10-05-17
1 Phenological subperiods duration (days)
Budbreak promoter Application 1 (A-B)-C-Cs Application 1 (A-B)-F F-G
Application 1 Application 2 LPC UPC Mean LPC UPC Mean LPC UPC Mean
1. Control (no application) - 18.5 24.8 21.7 a 28.5 34.5 315a 8.2 10.7 9.4 ns
2. Erger® 1.5% + MO 3.5% - 17.3 22.0 19.7¢ 26.0 30.0 28.0b 6.5 9.5 8.0
3. Erger® 1.5% + MO 3.5% Erger® 1.5% + MO 3.5% 17.0 21.8 194¢ 25.0 30.2 276b 5.0 10.7 7.8
4. Erger® 3% + Calcinit® 3% - 18.3 23.0 20.7b 26.7 31.2 289b 6.5 10.5 8.5
5. Erger® 3% + Calcinit® 3% Erger® 1.5% + MO 3.5% 18.0 22.5 20.3b 25.5 31.2 28.3b 6.5 10.2 8.4
6. HC 0.34% + MO 3.5% - 17.3 21.5 19.4¢ 25.0 29.2 27.1b 5.0 10.2 7.6
7. HC 0.34% + MO 3.5% Erger® 1.5% + MO 3.5% 17.0 215 193¢ 25.0 29.2 27.1b 5.0 11.0 8.0
Mean 17.6 B 22.4 A 26.0B 30.8 A 7.1B 10.4 A

! Break-thru® 0.05% was added in all chemical treatments. Letters refer to phenological stages described by luchi (2006). LPC, UPC: lower and upper portions of the canopy,
respectively. HC: hydrogen cyanamide. ns: not significant by the F-test (p>0.05). Different letters within lines and columns represent significant differences by Scott-Knott’s test
(p=<0.05).

1%
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In the 2017/18 growing season, the vigor gradient indicated between the lower and
upper parts of the canopy could lead to lower axillary budbreak in the second. Probably due
to the evaluated one-year-old shoots vigor uniformity, there were no significant differences
between them (FIGURE 1). Besides, anticipated flowering in the lower portion could also
have lowered the percentages because of intensified apical dominance stemming from the
increased relative contribution of terminal buds. However, no such pattern was observed,
and an explanation is the predominance of flowering on spurs (Petri et al., 2012), which
were not the structures studied. Presenting higher than 60% on average in the 2018/19
season, both canopy parts will increase the number of reproductive structures for the coming
years.

Budbreak promoter influenced axillary budbreak at 25 and 66 DAFA in the 2017/18
growing season, while at 27 and 56 DAFA in 2018/19 (FIGURE 1). Using Erger® 1.5% +
MO 3.5% as a sequential application (L3, L5, L7), high increases were seen only after Erger®
1.5% + MO 3.5% (L3) in relation to the respective single treatment (L2) and Erger® 3% +
Calcinit® 3% (L4). With HC + MO (L6, L7), this sequential level provided the highest means
between the lower and upper parts of the canopy. Despite the similarity between HC + MO
levels (L6, L7), two applications 7 days spaced increased this variable in comparison to only
one in Goularte et al. (2018). Less than 10% were obtained in Erger® 3% + Calcinit® 3%
(L4) plants, similar to those of control (no application) (L1) at 25 DAFA in 2017/18. A single
application of Erger® + Calcinit® induced high axillary budbreak to non-netted apple trees
in Hawerroth et al. (2010) and Darde et al. (2019), though.

According to Petri et al. (2006) and Hawerroth (2018), the efficacy of budbreak
promoters is related to applied compounds, application conditions, pre-and post-application
meteorological factors, and plant characteristics. These aspects interfere with their effects,
clarifying different responses among works. As a consequence of the elevated amount of
chilling during dormancy, budbreak was expressively intensified in the 2018/19 growing
season (FIGURE 1 and FIGURE 2). Rufato et al. (2010) reported similar responses. While
Erger® 1.5% + MO 3.5% (AP1) and (AP2) (L3) plants exhibited axillary budbreak between
26-45% in 2017/18, this level provided at least 80% between the canopy portions in 2018/19.

The budbreak promoters maximized axillary budbreak at 27 and 56 DAFA in the
2018/19 growing season (FIGURE 1). Using Erger® 3% + Calcinit® 3% (AP1) and Erger®
1.5% + MO 3.5% (AP2) (L5) induced similar results to those of Erger® 3% + Calcinit® 3%
(L4) and Erger® 1.5% + MO 3.5% (L2). An important report is that axillary budbreak rate is
the variable that better expresses the efficacy of budbreak promoters (Petri, 2014), but such

response may be masked by the high chilling accumulated in this season.



50

2017/18 growing season
100 1 25 DAFA 66 DAFA

90 { = Lower portion
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Axillary budbreak (%)

Axillary budbreak (%)

Canopy
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Canopy

Budbreak promoter’ .2
portion

Budbreak promoter'

1. Control (no application) 2. Erger® 1.5% + MO 3.5% 3. Erger@ 1.5% + MO 3.5% (AP1) and (AP2)
4. Erger® 3% + Calcinit® 3% 5. Erger™ 3% + Calcinit® 3% (AP1) and Erger” 1.5% + MO 3.5% (AP2)
6. HC 0.34% +MO 3.5% 7. HC 0.34% + MO 3.5% (AP1) and Erger” 1.5% + MO 3.5% (AP2)

8. Lower portion 9. Upper portion

! Break-thru® 0.05% was added in all chemical treatments. 2 Mean values from the seven levels of budbreak
promoter. DAFA: days after the first application. AP1, AP2: applications 1 and 2, respectively. HC: hydrogen
cyanamide. ns: not significant by the F-test (p>0.05). Different letters within levels of budbreak promoter
represent significant differences by Scott-Knott’s test (p<0.05).

FIGURE 1. Axillary budbreak of hail netted ‘Baigent’ apple trees submitted to budbreak
promoters in a single application and Erger® with mineral oil (MO) as a
sequential one. Data from the lower and upper canopy in the 2017/18 and
2018/19 growing seasons. Vacaria, RS, Brazil, 2019.

Using Erger® 1.5% + MO 3.5% as a sequential application (L3, L5, L7), terminal
budbreak was increased only after Erger® 1.5% + MO 3.5% (L3) and HC 0.34% + MO 3.5%
(L7) in comparison to Erger® 3% + Calcinit® 3% (L4) (FIGURE 2). Two groups were
formed, and HC + MO (L6, L7) and Erger® + MO (L2, L3) provided from 71 to 86% on
average between the lower and upper portions of the canopy in the 2017/18 growing season.

While these levels induced the highest results, the lowest ones were seen in control (no
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application) (L1) and Erger® + Calcinit® (L4, L5) plants, at 25 and 66 DAFA.
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3. Erger® 1.5% + MO 3.5% (AP1) and (AP2)

1. Control (no application) 2. Erger” 1.5% + MO 3.5%

er” 1.5%+ MO 3.5% (AP2)

4. Erger™ 3% + Calcinit®™ 3% 5. Erger™ 3% + Calcinit

(AP1) and Erg

3%

7. HC 0.34% + MO 3.5% (AP1) and Erger®

1.5% + MO 3.5% (AP2)

6. HC 0.34% + MO 3.5%

8. Lower portion 9. Upper portion

1 Break-thru® 0.05% was added in all chemical treatments. 2 Mean values from the seven levels of budbreak

AP2: applications 1 and 2, respectively. HC: hydrogen

cyanamide. ns: not significant by the F-test (p>0.05). Different letters within levels of budbreak promoter and

levels of canopy portion represent significant differences by Scott-Knott’s test (p<0.05).

promoter. DAFA: days after the first application. AP1,

> apple trees submitted to budbreak

‘Baigent
promoters in a single application and Erger® with mineral oil (MO) as a

FIGURE 2. Terminal budbreak of hail netted

sequential one. Data from the lower and upper canopy in the 2017/18 and

2019.

Brazil,

2018/19 growing seasons. Vacaria, RS

in both lower and upper parts of the canopy at the end of the

With almost 100%
evaluation period in the 2018/19 growing season, there was no budbreak promoter effect on

terminal budbreak (FIGURE 2). The average of 74.8% in the upper part was significantly

superior to the 58.4% in the lower one at 27 DAFA. Initial disparities were compensated,
though, considering no differences at 56 DAFA. Pasa et al. (2018a) and Pasa et al. (2018b)
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showed similar control (no application) percentages in non-netted ‘Fuji Suprema’ and ‘Maxi
Gala’ apple trees, respectively, in a higher altitude area. This finding is attributed to high
chilling accumulation since terminal buds have much lower chilling requirement than
axillaries (Naor et al., 2003). Thus, studying sequential treatments becomes more important
to increase and homogenize axillary budbreak in relation to terminals, especially in years of
low chilling during dormancy like 2017.

Elevated HIAB is not desirable because of high variability within different sampled
shoots (Hawerroth et al., 2009). Significant influences of budbreak promoter were recorded
at 25 and 66 DAFA in the 2017/18 growing season, while at 27 and 56 DAFA in 2018/19
(TABLE 2). As also found by Hawerroth et al. (2009), the highest HIAB was generally
induced by control (no application). Since HIAB is related to axillary budbreak, two notes
should be made. For instance, it explains the highest percentages between the lower and
upper portions of the canopy, not just in control (no application) (L1), but in Erger® 1.5% +
MO 3.5% (L2) and Erger® + Calcinit® (L4, L5) plants, especially in 2017/18. Likewise, the
significant reductions provided by Erger® 1.5% + MO 3.5% (AP1) and (AP2) (L3) and HC
+ MO (L6, L7) also stand out.

A drastic reduction of HIAB due to the high chilling accumulation occurred in the
2018/19 growing season, as in the budbreak (TABLE 2). Thus, the budbreak promoters
reduced this variable at 27 DAFA. The lowest results were nearly 35% between both canopy
parts, not much different from those with a single application in Pasa et al. (2018a; 2018b).
At 56 DAFA, similar results were found but Erger® 1.5% + MO 3.5% (L2) and Erger® +
Calcinit® (L4, L5) did not differ from control (no application) (L1).

Influences of canopy portion on HIAB were assessed; however, no significant effect
was achieved in the 2017/18 and 2018/19 growing seasons (TABLE 2). On average, roughly
130% was exhibited at 25 DAFA, but the lower and upper portions presented 117.6% and
90.2%, respectively, at 66 DAFA in 2017/18. The budbreak promoters highly reduced the
percentages in 2018/19, especially at 27 DAFA, acting in conjunction with the high chilling
accumulation. Interestingly, these conditions could increase the efficiency of important
subsequent cultural practices, such as growth regulators management, phytosanitary control,

and harvest.



TABLE 2. Heterogeneity index of axillary budbreak of hail netted ‘Baigent’ apple trees submitted to budbreak promoters in a single application and

Erger® with mineral oil (MO) as a sequential one. Data from the lower and upper canopy in the 2017/18 and 2018/19 growing seasons.
Vacaria, RS, Brazil, 2019.

Heterogeneity index of axillary budbreak (HIAB - %)

Budbreak promoter? 2017/18 growing season
25 DAFA 66 DAFA
Application 1 Application 2 LPC UPC Mean LPC UPC Mean
1. Control (no application) - 175.3 145.9 160.6 a 151.4 124.1 137.8a
2. Erger® 1.5% + MO 3.5% - 130.8 129.1 1299a 137.4 89.9 113.7a
3. Erger® 1.5% + MO 3.5% Erger® 1.5% + MO 3.5% 102.9 91.6 97.2b 81.8 69.2 75.5b
4. Erger® 3% + Calcinit® 3% - 186.2 163.9 175.0a 194.5 104.0 149.3 a
5. Erger® 3% + Calcinit® 3% Erger® 1.5% + MO 3.5% 129.8 164.1 146.9 a 113.2 103.3 108.3a
6. HC 0.34% + MO 3.5% - 924 96.4 9440 73.6 72.0 72.8b
7. HC 0.34% + MO 3.5% Erger® 1.5% + MO 3.5% 97.6 101.4 99.5b 71.0 69.1 70.1b
Mean 130.7 ns 127.5 1176 A 90.2B
1 2018/19 growing season
Budbreak promoter >7 DAFA 56 DAFA
Application 1 Application 2 LPC UPC Mean LPC UPC Mean
1. Control (no application) - 152.0 135.8 1439a 70.6 53.3 62.0 a
2. Erger® 1.5% + MO 3.5% - 54.2 51.8 53.0b 49.1 40.4 44.7a
3. Erger® 1.5% + MO 3.5% Erger® 1.5% + MO 3.5% 335 28.3 30.9¢c 22.0 18.0 20.0b
4. Erger® 3% + Calcinit® 3% - 46.9 55.7 51.3b 30.1 49.0 39.6a
5. Erger® 3% + Calcinit® 3% Erger® 1.5% + MO 3.5% 61.1 475 54.3b 60.1 30.9 455a
6. HC 0.34% + MO 3.5% - 23.8 39.6 31.7c 24.1 25.0 24.6b
7. HC 0.34% + MO 3.5% Erger® 1.5% + MO 3.5% 33.9 33.3 33.6¢C 26.7 24.2 25.4b
Mean 57.9 ns 56.0 40.4 ns 34.4

! Break-thru® 0.05% was added in all chemical treatments. DAFA: days after the first application. LPC, UPC: lower and upper portions of the canopy, respectively. HC: hydrogen
cyanamide. ns: not significant by the F-test (p>0.05). Different letters within lines and columns represent significant differences by Scott-Knott’s test (p<0.05).
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Fructification variables

An apple tree trained to a central leader system and in a high-density planting
receives less PAR as its canopy portions get closer to the ground, which is intensified by hail
nets (Bosco et al., 2017). Increased incident PAR in the upper part favors higher fertility bud
formation, which may be the reason for its highest fructification attributes in the 2017/18
and 2018/19 growing seasons (TABLE 3). For example, the averages of 79.8 fruits per plant
in 2017/18 and 22.4 in 2018/19 were 34.7% and 344% higher than the amounts in the lower
portion, respectively. Through these results, it can be partly seen that fructification was
highly reduced in 2018/19. High intensity of budbreak generally leads to low fruit set due to
well-established nutritional competition between vegetative and reproductive sinks (Erez et
al., 2000), which can be an explanation.

Petri et al. (2016) showed decreases in fruit set of non-netted ‘Maxi Gala’ apple trees
with a single application of budbreak promoters. Compared to control (no application) (L1),
that could lead to a greater reduction in fructification by adding Erger® 1.5% + MO 3.5% as
a sequential application (L3, L5, L7) in relation to the single treatments (L2, L4, L6). Such
effect was just partly observed in the 2017/18 growing season since mean number of fruits
per inflorescence was the only attribute influenced by budbreak promoter (TABLE 3). On
the other hand, there were no significant responses in 2018/19. The highest average was
provided by control (no application) (L1) and Erger® 3% + Calcinit® 3% (L4) in 2017/18.
These levels induced the lowest budbreak. Using Erger® 1.5% + MO 3.5% as a sequential
application (L3, L5, L7), significant lower results occurred only after Erger® 3% + Calcinit®
3% (L5), in comparison to the single treatments (L2, L4, L6).

The low effect of budbreak promoters on fructification may be interpreted as a
consequence of the high chilling accumulation during the winter of 2016. It would have
increased the number of reproductive structures and the relative contribution of terminal
buds in the 2017/18 growing season. Therefore, one hypothesis is that the results obtained
would be quite different without that cooling regime. In 2018/19, reduced values as less than
27 inflorescences with fruit per plant (mostly of one fruit) in control (no application) (L1)
were highlighted (TABLE 3). Petri et al. (2017) reported apple tree fruit set depends on
genetics, orchard management techniques, and climate. Then, in addition to high budbreak,
adverse environmental conditions during and near flowering occurred in 2018. Heavy rains
and even the regime itself may have impaired the activity of pollinating insects, while the
commonly associated cloudiness probably reduced fruiting by diminishing the

photosynthetic activity; the rainfall amounts are exhibited in APPENDIX 1.



TABLE 3. Number of inflorescences with fruit per plant, mean number of fruits per inflorescence and number of fruits per plant of hail netted ‘Baigent’
apple trees submitted to budbreak promoters in a single application and Erger® with mineral oil (MO) as a sequential one. Data from the lower
and upper canopy in the 2017/18 and 2018/19 growing seasons. Vacaria, RS, Brazil, 2019.

A Number of inflorescences with fruit Mean r_lumber of fruits per Number of fruits per plant
Budbreak promoter per plant inflorescence
2017/18 growing season
Application 1 Application 2 LPC UPC Mean LPC UPC Mean LPC UPC Mean
1. Control (no application) - 52.9 44.4 48.6 ns 1.39 1.83 16la 73.0 79.1 76.1ns
2. Erger® 1.5% + MO 3.5% - 34.1 48.6 414 1.29 1.67 1.48b 44.4 80.0 62.2
3. Erger® 1.5% + MO 3.5% Erger® 1.5% + MO 3.5% 48.4 46.9 47.6 1.27 1.53 1.40b 62.1 71.6 66.9
4. Erger® 3% + Calcinit® 3% - 42.3 42.9 42.6 1.39 1.65 152a 57.9 72.8 65.3
5. Erger® 3% + Calcinit® 3% Erger® 1.5% + MO 3.5% 44.6 36.6 40.6 1.33 1.56 1.44b 58.9 56.1 57.5
6. HC 0.34% + MO 3.5% - 52.8 77.8 65.3 1.21 1.59 1.40b 63.8 123.1 93.4
7. HC 0.34% + MO 3.5% Erger® 1.5% + MO 3.5% 42.8 455 44.1 1.28 1.68 1.48 b 54.6 75.8 65.2
Mean 45.4 ns 48.9 131B 1.64 A 59.2 B 79.8 A
Budbreak promoter! 2018/19 growing season
Application 1 Application 2 LPC UPC Mean LPC UPC Mean LPC UPC Mean
1. Control (no application) - 6.0 20.7 13.4 ns 0.92 1.32 1.12 ns 8.3 31.0 19.7 ns
2. Erger® 1.5% + MO 3.5% - 7.8 14.3 11.1 1.40 1.43 1.41 12.8 214 17.1
3. Erger® 1.5% + MO 3.5% Erger® 1.5% + MO 3.5% 3.9 14.3 9.1 1.29 1.62 1.45 5.3 24.1 14.7
4. Erger® 3% + Calcinit® 3% - 7.1 15.9 115 1.25 1.45 1.35 9.3 24.6 16.9
5. Erger® 3% + Calcinit® 3% Erger® 1.5% + MO 3.5% 1.8 7.8 4.8 0.94 1.32 1.13 2.3 9.9 6.1
6. HC 0.34% + MO 3.5% - 15 14.5 8.0 0.86 151 1.18 1.9 22.4 12.1
7. HC 0.34% + MO 3.5% Erger® 1.5% + MO 3.5% 4.3 15.0 9.7 1.50 1.54 1.52 6.1 23.4 14.8
Mean 46B 146 A 1.17B 1.46 A 6.5B 224 A

! Break-thru® 0.05% was added in all chemical treatments. LPC, UPC: lower and upper portions of the canopy, respectively. HC: hydrogen cyanamide. ns: not significant by the F-test
(p>0.05). Different letters within lines and columns represent significant differences by Scott-Knott’s test (p<0.05).
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Fruit production variables

Budbreak promoters can be used to anticipate budbreak, flowering, and harvest to
capture preferential market times (George et al., 2002). Due to fruit aspects linked to
genetics, central leader training, and the frequent phenology heterogeneity in most apple-
producing areas, the main cvs. present hampered harvest in southern Brazil. Thus, three or
more passes-through to harvest ‘Baigent’ apples at their commercial maturity might
sometimes be required. This study evaluated the possibility of reducing costs by increasing
ripening uniformity through Erger® 1.5% + MO 3.5% as a sequential application (L3, L5,
L7) for budbreak induction in 2017, a low winter chill accumulation year (FIGURE 3).

Relative contributions of the first, second, and third passes-through to the total
weight of fruits per plant were not significantly affected by budbreak promoter (FIGURE 3).
However, plants treated with Erger® 1.5% + MO 3.5% as a sequential application (L3, L5,
L7) tended to exhibit increased first pass-through percentages, especially in response to
Erger® 1.5% + MO 3.5% (AP1) and (AP2) (L3) followed by HC 0.34% + MO 3.5% (AP1)
and Erger® 1.5% + MO 3.5% (AP2) (L7).

Earlier flowering does not provide, in the same proportion, anticipations of fruit
ripening (Petri et al., 2006). Despite the delayed flowering in the upper portion of the canopy,
a significant 70% of the total weight of fruits per plant was obtained in the first pass-through
(FIGURE 3). Such a result may be attributed to the higher incident PAR in this part in
relation to the lower one (Bosco et al., 2017). In contrast, the contribution of the lower
portion was higher in the second and third passes-through.

During two seasons, Fenili et al. (2017) found variable results on fruit production
attributes using their scheme with a sequential application of MO in non-netted ‘Fuji
Suprema’ apple trees. The effects of budbreak promoters depend on meteorological factors
during fruit growth period (Petri et al., 2006; Hawerroth et al., 2009). No significant
influences have been found under adequate conditions, which can explain why weight of
fruits per plant and average fresh fruit weight were not significantly altered by the use of
Erger® 1.5% + MO 3.5% as a sequential application (L3, L5, L7) and the single treatments
(L2, L4, L6) in the 2018/19 growing season (FIGURE 4).

Budbreak promoters can enhance the productive potential in the orchard, especially
when consolidated in the production system (luchi et al., 2002). This benefit is well-known
and is related to the increased number of reproductive structures by releasing more lateral
buds from dormancy. Specific comparisons between both 2017/18 and 2018/19 growing
seasons could not be made because of some contrasting conditions, e.g., the use of different

plants to discern the impacts of the treatments without residual effects. But indeed, they
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generally increased budbreak percentages in both years, which already provides the idea of

increasing the existing production capacity.
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1. Control (no application) 2. Erger 1.5% + MO 3.5% 3. Erger" 1.5% + MO 3.5% (AP1) and (AP2)

4. Erger' 3% + Calcinit” 3% 5. Erger' 3% + Calcinit” 3% (AP1) and Erger" 1.5% + MO 3.5% (AP2)

6. HC 0.34% + MO 3.5% 7. HC 0.34% + MO 3.5% (AP1) and Erger'k 1.5% + MO 3.5% (AP2)
8. Lower portion 9. Upper portion

! Break-thru® 0.05% was added in all chemical treatments, and data are mean from the two levels of canopy
portion. 2 Mean values from the seven levels of budbreak promoter. AP1, AP2: applications 1 and 2,
respectively. HC: hydrogen cyanamide. ns: not significant by the F-test (p>0.05). Different letters within
levels of canopy portion represent significant differences by Scott-Knott’s test (p<0.05).

FIGURE 3. Relative contribution of the first, second, and third pass-through to the total
weight of fruits per plant of hail netted ‘Baigent’ apple trees submitted to
budbreak promoters in a single application and Erger® with mineral oil (MO)
as a sequential one. Data from the lower and upper canopy in the 2017/18
growing season. Vacaria, RS, Brazil, 2019.

Less than a total of 6 kg per plant were obtained in the 2018/19 growing season,
which does not satisfy the activity’s profitability in southern Brazil (FIGURE 4). Insufficient
amounts do not invariably occur, and clearly, they were linked to the fructification results.
A high number of fruits per plant generally leads to low fruit weight caused by intense
competition for carbohydrates (Robinson, 2011). However, number of fruits per plant was
not significantly affected by budbreak promoter, and as a consequence, the same response
was verified for average fresh fruit weight.

The averages of 3.4 kg per plant and 97 g per fruit in the upper portion of the canopy

were significantly superior to those in the lower one (FIGURE 4). Such results are
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consequences of its highest fructification and so justified by low carbohydrate competition
due to the reduced amounts in the lower portion. Szot & Lipa (2019) found no influences of
canopy portion on weight of non-netted ‘Szampion’ apples, despite observing a greater
number of fruits in the lower part. These contrasting results may be associated with

differences in plant density, management, and hail net presence.
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6. HC 0.34% + MO 3.5% 7. HC 0.34% + MO 3.5% (AP1) and Erger 1.5% + MO 3.5% (AP2)

8. Lower portion 9. Upper portion

! Break-thru® 0.05% was added in all chemical treatments. 2 Mean values from the seven levels of budbreak
promoter. AP1, AP2: applications 1 and 2, respectively. HC: hydrogen cyanamide. ns: not significant by the
F-test (p>0.05). Different letters within levels of canopy portion represent significant differences by Scott-
Knott’s test (p<0.05).

FIGURE 4. Weight of fruits per plant and average fresh fruit weight of hail netted ‘Baigent’
apple trees submitted to budbreak promoters in a single application and Erger®
with mineral oil (MO) as a sequential one. Data from the lower and upper canopy
in the 2018/19 growing season. Vacaria, RS, Brazil, 2019.



59

Fruit quality variables

There was no influence of Erger® 1.5% + MO 3.5% addition as a sequential

application (T3, T5, T7) and the single treatments (T2, T4, T6) on the red coloration of fruit

surface (FIGURE 5). This was observed for the first, second, and third passes-through of the

2017/18 growing season and in 2018/19. In accordance with Pasa et al. (2018a), the effects

of budbreak promoters on apple quality attributes have been little defined and reported in

literature.
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! Break-thru® 0.05% was added in all chemical treatments. AP1, AP2: applications 1 and 2, respectively. HC:
hydrogen cyanamide. ns: not significant by the F-test (p>0.05).

FIGURE 5. Percentage of hail netted ‘Baigent’ apples according to four intervals based on

the red color on their surface (less than 25%, 25 to 50%, greater than 50% to
less than 75%, and greater than or equal to 75%) in response to budbreak
promoters in a single application and Erger® with mineral oil (MO) as a
sequential one. Data from the 2017/18 (first, second, and third passes-through)
and 2018/19 growing seasons. Vacaria, RS, Brazil, 2019.
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All treatments provided the highest proportion of fruits with greater than or equal to
75% of red color on their surface in the first pass-through of the 2017/18 growing season
(FIGURE 5). Anticipated ripening is likely related to more colorful fruits in the upper part
of the canopy than in the lower one due to its higher incident solar radiation (Bosco et al.,
2017), which triggers the synthesis of anthocyanins (Ubi, 2004; Honda & Moriya, 2018).
Despite homogenization among the other classes resulting from harvesting in a single pass-
through, similar responses were observed in the 2018/19 season.

Apple size and shape depend on meteorological conditions and the reproductive
structure where it is beared (Petri & Leite, 2004). Therefore, these attributes might be
modified by budbreak promoters since they can interfere with fruiting patterns (Hawerroth
et al., 2009). There was no influence of adding Erger® 1.5% + MO 3.5% as a sequential
application (T3, T5, T7) and the single treatments (T2, T4, T6) on caliber though (FIGURE
6). Such a response was recorded in all evaluations, i.e., in the first, second, and third passes-
through of the 2017/18 growing season and in 2018/19. Yet, the highest proportion of fruits
for all treatments was categorized in the biggest caliber classes, i.e., 135 to 165 (weight range
of 104.5 to 141.49 g) and greater than or equal to 180 (less than 104.5 g), in the first and
second passes-through of 2017/18 and in 2018/19. Greater homogenization among the other
classes occurred in the second season, considering harvesting in a single pass-through.

Mean fruit length and diameter, length/diameter ratio, and mean number of seeds
were not affected by the budbreak promoters in the first, second, and third passes-through of
the 2017/18 growing season and in 2018/19 (TABLE 4). Larger fruits were harvested in the
first pass-through compared to those in the second one. The size reduction was not followed
by mass reduction given the high proportion of fruits categorized in the caliber classes of
135 to 165 and greater than or equal to 180 in the second pass-through (FIGURE 6). Apple
growth is properly measured in weight gain. Since length and diameter are, individually,
only one dimension of a 3-dimensional fruit, increases or decreases can be deceiving (Lakso
& Goffinet, 2013). Moreover, the length to diameter ratio was 0.98, and mean number of
seeds was 3.3, both similar to those of the first pass-through of 2017/18.

Length/diameter ratio near 1.0 indicates rounded-shaped fruits, while ratios higher
than 1.0 are a consequence of longer apples. From all treatments, mean length and diameter
were 63.4 mm and 62.3 mm, respectively, in the 2018/19 growing season (TABLE 4). In
relation to 2017/18, fruits were longer, but they also had smaller diameters, resulting in
length/diameter ratio of 1.02. These differences are justified by distinct meteorological
conditions during fruit’s growth between the growing seasons, as Dennis (2003)

documented.
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1 Break-thru® 0.05% was added in all chemical treatments. AP1, AP2: applications 1 and 2, respectively. HC:
hydrogen cyanamide. ns: not significant by the F-test (p>0.05).

FIGURE 6. Percentage of hail netted ‘Baigent’ apples according to five caliber classes (less
than or equal to 80, 90 to 100, 110 to 120, 135 to 165 and greater than or equal
to 180) in response to budbreak promoters in a single application and Erger®
with mineral oil (MO) as a sequential one. Data from the 2017/18 (first, second,
and third passes-through) and 2018/19 growing seasons. Vacaria, RS, Brazil,
2019.

Pulp firmness, soluble solids content, and starch-iodine index are important harvest
attributes to determine whether fruits will be marketed or stored, i.e., their destination
(Argenta, 2006). These physicochemical variables did not respond to the budbreak
promoters in the first and second passes-through of the 2017/18 growing season and in
2018/19 (TABLE 4). Compared to HC, higher levels of soluble solids content and dry matter
of non-netted ‘Hayward’ kiwifruit were obtained by Hernandez & Craig (2011) with Erger®.

Contrasting results regarding the effects of budbreak promoters on fruit quality variables
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may be associated with phenological modifications, and all of them probably are dependent
on species and climatic conditions. Considering the first and second-passes-through values
of all treatments in 2017/18 and those of 2018/19, it is possible to infer those fruits were at
the end of their commercial maturity, according to Argenta’s (2006) specifications for non-

netted cultivars Gala.



TABLE 4. Mean length and diameter, length/diameter ratio, pulp firmness, soluble solids content, starch-iodine index and mean number of seeds of hail
netted ‘Baigent” apples in response to budbreak promoters in a single application and Erger® with mineral oil (MO) as a sequential one. Data
from the 2017/18 (first and second passes-through) and 2018/19 growing seasons. Vacaria, RS, Brazil, 2019.

Mean Mean Pulp Soluble  Starch- Number Mean Mean Pulp Soluble Starch- Number
fruit fruit Length/diameter fi solids iodine fruit fruit Length/diameter . solids iodine
length diameter ratio ITMness content index of seed.s length diameter ratio firmness content index of seed§
Treatment! g (N) ; per fruit 9 (N) ; per fruit
(mm) (mm) (°Brix) (1-9) (mm) (mm) (°Brix) (1-9)
2017/18 growing season
First pass-through Second pass-through
1 59.0 ns 62.4 ns 0.94 ns 53.0 ns 11.3ns 8.2 ns 4.2 ns 59.3 ns 62.0 ns 0.96 ns 56.7 ns 11.2 ns 8.2 ns 3.7ns
2 60.0 61.5 0.98 52.5 11.0 8.3 3.6 58.2 59.9 0.97 56.5 11.4 8.0 3.6
3 61.8 63.5 0.97 54.0 111 8.2 3.7 59.0 60.5 0.98 57.4 11.2 8.0 3.0
4 61.5 63.4 0.97 54.7 111 8.5 34 57.3 59.3 0.97 60.1 115 8.0 3.3
5 63.5 65.0 0.98 54.7 11.0 8.2 3.3 60.6 60.9 1.00 57.8 11.3 8.1 3.2
6 60.4 62.8 0.96 53.0 11.3 8.4 3.0 59.7 61.4 0.97 56.5 111 8.1 34
7 63.2 64.6 0.98 54.0 11.5 8.0 3.3 60.7 60.3 1.01 60.1 11.4 7.6 3.2
Mean 61.3 63.3 0.97 53.7 11.2 8.3 3.5 59.3 60.6 0.98 57.9 11.3 8.0 3.3
T 1 Mean fruit length Mean fruit diameter Length/diameter ratio Pulp firmness (N) Soluble solids content (°Brix)  Starch-iodine index (1-9) Number of _seeds per
reatment (mm) (mm) fruit
2018/19 growing season
1 65.4 ns 63.8 ns 1.03 ns 63.6 ns 11.0ns 6.7 ns 5.3ns
2 62.2 60.9 1.02 64.1 11.7 5.5 5.0
3 63.6 62.7 1.01 62.7 115 6.2 5.3
4 63.6 62.6 1.02 63.2 11.8 6.4 5.1
5 62.0 60.5 1.02 62.3 115 5.8 4.9
6 63.5 62.9 1.01 66.3 12.0 5.9 5.0
7 63.5 62.6 1.01 63.6 11.6 6.5 4.3
Mean 63.4 62.3 1.02 63.7 11.6 6.1 5.0

1. Control (no application); 2. Erger® 1.5% + MO 3.5%; 3. Erger® 1.5% + MO 3.5% (Application 1 - AP1) and (Application 2 - AP2); 4. Erger® 3% + Calcinit® 3%; 5. Erger® 3% +
Calcinit® 3% (AP1) and Erger® 1.5% + MO 3.5% (AP2); 6. HC 0.34% + MO 3.5%; 7. HC 0.34% + MO 3.5% (AP1) and Erger® 1.5% + MO 3.5% (AP2). Break-thru® 0.05% was
added in all chemical treatments. HC: hydrogen cyanamide. ns: not significant by the F-test (p>0.05).

€9
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3.4 Conclusions

1) There was no effect of Erger® 1.5% + mineral oil 3.5% as a sequential application
on the anticipation of budburst/blooming and flowering period. The beginning of
budburst/blooming was delayed, while the flowering period was prolonged in the upper
portion of the canopy compared to the lower one.

2) Axillary budbreak is intensified and presents high homogeneity in response to two
applications of Erger® 1.5% + mineral oil 3.5%. This treatment induces similar results to
those of hydrogen cyanamide 0.34% + mineral oil 3.5% applications. There are no
differences regarding variables of axillary buds between the lower and upper parts of the
canopy with the methodology adopted.

3) The effect of Erger® 1.5% + mineral oil 3.5% as a sequential application on
fructification variables is probably masked. Higher amounts are exhibited by the upper
portion of the canopy in relation to the lower one.

4) It might be possible to use Erger® 1.5% + mineral oil 3.5% as a sequential
application in programs to capture preferential market times through the anticipation of
harvest, especially after the same treatment; and there is no influence on fruit quality. Harvest
Is anticipated in the upper part of the canopy in comparison to the lower one.

Further studies regarding the use of budbreak promoters in the presence of a vigor
gradient along the canopy are needed, especially in a higher number of seasons. Overall,
considering the schemes adopted, two applications of Erger® 1.5% + mineral oil 3.5% are
an alternative to its single treatment and Erger® 3% + Calcinit® 3% for budbreak induction

of ‘Baigent’ apple trees under hail net in these conditions of southern Brazil.
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4 CAPITULO 2

Hydrogen cyanamide levels and mineral oil for budbreak induction of ‘Baigent’ apple
trees under hail net in southern Brazil: an approach with canopy stratification
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4.1 Introduction

Apple trees (Malus domestica Borkh.) start dormancy in fall to avoid unfavorable
environmental conditions during winter when no visible growth occurs in response to
growth-arresting physiological conditions (Cesaraccio et al., 2004). Once the plant is
dormant, normal growth is not resumed until it has been exposed to a certain amount of cold
followed by an amount of heat, both cultivar-dependent. For example, cold exposure is
generally expressed for plants as the sum of hours under conditions less than or equal to
7.2°C - chilling hours, and chilling units (CU) (Melke, 2015).

In Brazil, apple production was 1.31 million tons in 2017, the eleventh-biggest in the
world (FAO, 2019). Mainly in its altitude localities - 900 to 1.400 m, the southern region has
the largest cultivated area and accounted for 99% of the total that year (IBGE, 2019). A wide
range of genotypes are available for growing, but medium to high-chill cultivars Gala, e.g.,
Baigent (Fioravanco et al., 2013), are the most important and represent around 60% of the
national production (Petri et al., 2011). Large-scale cultivations of these apples have been
made possible, though, because of chemical agents, given mild, irregular winters and the
common lack of cold to satisfy their chilling requirements. Such chemicals, known as
budbreak promoters, can increase budburst/flowering intensity, uniformity, fruit
production/quality, minimizing the physiological anomalies under these cropping conditions
(Petri et al., 2006).

Hydrogen cyanamide (HC) is a substance used globally to induce budbreak of apple
(Hawerroth et al., 2009) and other temperate climate fruit trees, such as persimmon (Ayub
etal., 2009), peach (Nava et al., 2009), and vine (Werle et al., 2008). In southern Brazil, HC
application is extensively carried out with mineral oil (MO) on cultivars Gala. Its
concentrations are defined annually, taking into account plant vegetative growth and chilling
accumulation during dormancy. The standard rule is the longer the shoot length and the
lower the intensity/regularity of the winter, the higher the concentration to be applied (Petri
et al., 2006; Leite et al., 2014). Despite HC’s proven efficacy, reduced budbreak induction
has been observed in some years within commonly used concentrations, markedly in
important cultivars covered by hail nets.

Hail is one of the main environmental phenomena responsible for significant losses
in apple trees, given substantial damages to wood, leaves, and fruits (Mupambi et al., 2018).
According to Bosco et al. (2017), using hail nets is the most effective alternative for
producers against the increasing hailstorms in apple-producing areas of southern Brazil.
Combined with its protection benefits, though, netting alters the orchard microclimate,

including changes in the light environment, e.g., intensity (Bosco et al., 2017). These events
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interfere  with plant-environment interactions according to net characteristics,
cultivar/rootstock combo, planting density, orchard management, and climatic factors (Leite
et al., 2002; Middleton & McWaters, 2002; Amarante et al., 2007).

The vegetative growth of apple trees is influenced by hail nets. Solomakhin & Blanke
(2008) and Bastias et al. (2012) reported increases in total shoot length of cultivars Fuji in
Germany and Italy, respectively. According to Mupambi et al. (2018), increased vigor
typically corresponds to increased shading percentages and darker colors of nets. Milivojevic
et al. (2016) stressed light intensity significantly influences floral initiation, number, and
also shoot elongation. A possible explanation is that reduced photosynthetic active radiation
(PAR) and other shading effects induce modifications in hormone levels and stimulate
resource allocation into extending shoots (Wit et al., 2016; Mupambi et al., 2018).

In southern Brazil, a vigor gradient has sometimes been characterized along the
canopy, with the upper part exhibiting the highest proportion of verticalized structures
regardless of the presence of netting. Inadequate winter pruning, the hail net itself, and the
apple species’ natural acrotonic growth habit are aspects that may be linked to this scenario.
Many orchards in the region can thus be highlighted given their (still) high proportion of
black netting areas. Therefore, seeking to establish regularity and increase the productive
potential of ‘Baigent’ trees, alternatives to improve budbreak induction should be found.

The objective of this work was to evaluate, along the canopy, HC concentrations with

MO to induce budbreak of ‘Baigent’ apple trees under hail net in southern Brazil.

4.2 Material and Methods
- Site description and study duration

The study was conducted in a commercial orchard in Vacaria, Rio Grande do Sul
State, Brazil (lat. 28° 30’ S, long. 50° 56° W, 971 m a.s.l.), during the 2017/18 and 2018/19
crop seasons. Black hail net (from 25% to 35% less PAR) was fixed in a permanent system
in 2010. At the time, that was the most used color because of its high lifespan.

According to the Koppen classification, the region’s climate is Cfb, temperate
constantly humid with cool summer and without a dry season. Monthly averages of
maximum and minimum air temperatures and rainfall were reported in Appendices
(APPENDIX 1). Accumulated chilling hours (<7.2°C) and chilling units (Modified North
Carolina Model - Ebert et al., 1986) during April 1* to August 31 were 371 and 1086.4,
respectively, for 2017, while 675 and 1235.6, respectively, for 2018 (Automatic Surface
Weather Station A880 of INMET; its location is described in APPENDIX 1).
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- Plant material and orchard design

Uniform twelve-year-old ‘Baigent’ apple trees were submitted or not to HC
concentrations with MO to induce budbreak. The cultivars Baigent and Fuji Kiku 8 were
planted in clayey soil in the block; both were grafted on M.9 rootstock, established together
in high-density at 6,350 per hectare - overall spacing of 3.5 m between rows and 0.45 m
within the row, and trained to a central leader system. Thus, the pollination scheme consisted
of three rows of the former and one row of the latter. Orchard management was always
conducted according to recommendations in southern Brazil, and all experimental units were
addressed similarly. To evaluate the intrinsic characteristics of the treatments, different
plants were used in the two seasons. After being chosen, their canopies were marked in the
middle, delimiting two strata herein called the lower and upper portions/parts.
- Statistical arrangement and treatments

A randomized complete block design was adopted with three replicates, each
composed of two useful plants. The levels of budbreak promoter studied were: 1. Control
(no spraying); 2. MO 3.5%; 3. HC 0.17% + MO 3.5%; 4. HC 0.34% + MO 3.5% (standard
application); 5. HC 0.51% + MO 3.5%; 6. HC 0.69% + MO 3.5%; and 7. HC 0.86% + MO
3.5%. The applications of HC with MO were made on the whole canopy. They were carried
out on 08/29/2017 and 09/06/2018 when buds were between stages A (dormant) and B
(swollen), according to the phenological scale in luchi (2006). A non-ionic surfactant was
added in all treatments with chemicals, Break-thru® at 0.05%. The commercial product
Dormex® (49% a.i.) was used as the HC source, while Assist® (75.6% a.i. - 2017/18) and
Agefix® (92% a.i. - 2018/19) were applied as MO. All applications were sprayed using a
motorized trailed sprayer at the volume of 1,000 L ha?, with air temperature, relative
humidity, and wind speed ranging from 23-25°C, 75-80% and 1-2.6 km h, respectively;
conditions recorded using a termo-higro-anemometer model THAR-300.
- Variables analyzed:
1) Vegetative attributes: in the 2017/18 crop season, dates of budburst, start, full, and end
of bloom were determined visually in the lower and upper parts of the canopy. Budburst was
considered when buds were between green tip and half-inch green (C-Cz); start of bloom (F)
with 5% of opened flowers, full (F2) and end of bloom when more than 70% and the last
flowers were opened, respectively - the content within parentheses refers to phenological
stages described by luchi (2006). Based on these data, the length of flowering subperiods
and total duration were calculated (days). Because of the elevated chilling accumulation in
the winter of 2018 and greater homogenization observed among the treatments, phenology

recordings were not performed in the 2018/19 season.
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Intensities of axillary and terminal budbreak were accessed at two different moments
- Sept./Nov. 2017 and Oct./Nov. 2018, and expressed as percentages of burst buds in relation
to the total number evaluated. To assess the former, ten one-year-old shoots (uniform vigor
brindles) were previously selected in the lower and upper portions of the canopy - five for
each part. Terminal budbreak was estimated from two scaffold branches in the same portions
- one for each part. Then, two indexes named heterogeneity index of axillary budbreak
(HIAB - %) (Hawerroth et al., 2009) and abortion index of axillary buds (AIAB - %) were
calculated from the axillary budbreak data.

3) Fructification attributes: all clusters with fruit and fruits per plant were counted - Dec.
2017 and Nov. 2018 - in the lower and upper parts of the canopy to determine their total
number. Mean number of fruits per cluster was obtained from the relation between both.

4) Fruit production and quality attributes: at commercial maturity, fruits were picked,
counted and weighed - Feb. 2018 and Mar. 2019. The total mass per plant (kg) was achieved
and used with the number to estimate average fresh fruit mass (g). After harvested, they were
grouped into one box per replicate to evaluate their proportion according to four different
size classes: less than 55 mm; 55 to 65 mm; 65 to 70 mm; and greater than 70 mm.

Data were subjected to analysis of variance, but those expressed as percentages were
previously transformed by square root (x+1). Vegetative and fructification variables were
analyzed in response to budbreak promoter, canopy portion and their interaction. Only the
first was studied on the others. When the F-test indicated significance, the respective
attribute had its means separated by Scott-Knott’s test, both at the 5% level. Polynomial
regression analysis was also performed to discern the effect of HC concentrations with MO.

All statistical analyses were run using the Sisvar software, version 5.6 (Ferreira, 2014).

4.3 Results and Discussion

A budburst and flowering gradient along the canopy of control (no spraying) (L1)
plants elucidates that all phenological stages dates in the upper portion were delayed in
relation to the lower one (TABLE 1). This observation was also made using the budbreak
promoters. With HC 0.17% (L3) and concentrations above + MO 3.5% (L4, L5, L6, L7), the
stages were anticipated, and both gradients occurred in shorter intervals of days. Budburst
(C-Cas) was advanced in 1 day, while start (F), full (F2), and end of bloom (G) in 2 days in
the lower part. A similar effect was recorded in the upper one, especially with HC above
0.34% + MO 3.5% (L5, L6, L7).

Budbreak promoter did not affect flowering subperiods ‘F-F.’, ‘F»-G’, and total
duration, i.e., ‘F-G’ (TABLE 1). The same outcome was found by increasing HC + MO 3.5%
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(FIGURE 1). Little or no effects of budbreak promoters on flowering phenology may be
justified by elevated chilling during the winter of 2016, which would have increased the
relative contribution of terminal buds in the 2017/18 crop season. Moreover, this can contrast
with higher synchronization between productive cultivars and pollinizers, possibly
increasing fruit set (Hawerroth et al., 2009). However, the canopy portions showed
differentiated results. Duration of ‘F-F»’ was least affected, but ‘F>-G’ and ‘F-G’ took an
extra time in the upper part compared to the lower one. These results come from the
previously discussed dates of the phenological stages.

A budburst and flowering gradient along the canopy may be justified by a vigor one,
either formed or intensified by the hail net. The higher the shoot length, the higher the
chilling requirement of axillary buds and the acrotonic tendency, possibly resulting in
cumulative effects (Erez, 2000; Petri et al., 2006; Leite et al., 2014). Then, an increased
proportion of verticalized structures in the upper canopy would explain lower responses to
budbreak promoters. In addition, some practices such as chemical thinning and harvest are
also hampered when different phenological stages occur at the same time within the plant,
highlighting studies to improve budbreak induction in these situations (Petri & Leite, 2004).

TABLE 1. Phenological stages (budburst, start, full, and end of bloom) dates, flowering
subperiods and total duration of hail netted ‘Baigent’ apple trees submitted to
concentrations of hydrogen cyanamide (HC) with mineral oil (MO) for budbreak
induction. Data from the lower and upper canopy in the 2017/18 crop season.
Vacaria, RS, Brazil, 20109.

Phenological stages dates
Budburst (C-Ca) Start of bloom (F) Full bloom (F2) End of bloom (G)

Budbreak promoter! (green tip to half- 5% of opened 70% of opened Last flowers to
inch green) flowers flowers open

LPC UPC LPC UPC LPC UPC LPC UPC
1. Control (no spraying) 11 Sept. 18 Sept. 22 Sept. 25 Sept.  25Sept. 30 Sept. 28 Sept. 5 Oct.
2. MO 3.5% 11 Sept. 19 Sept. 22 Sept. 26 Sept. 25 Sept. 29 Sept. 28 Sept. 7 Oct.
3.HCO0.17% + MO 3.5% 10 Sept. 17 Sept. 20 Sept. 24 Sept. 23 Sept. 27 Sept. 26 Sept. 4 Oct.
4. HC0.34% + MO 3.5% 10 Sept. 16 Sept. 20 Sept. 25 Sept. 23 Sept. 28 Sept. 26 Sept. 3 Oct.
5.HC0.51% + MO 3.5% 10 Sept. 14 Sept. 20 Sept. 24 Sept. 23 Sept. 27 Sept. 26 Sept. 3 Oct.
6.HC0.69% + MO 3.5% 10 Sept. 13 Sept. 20 Sept. 24 Sept. 23 Sept. 27 Sept. 26 Sept. 3 Oct.
7.HC0.86% + MO 3.5% 10Sept. 13 Sept. 20Sept. 22Sept. 23 Sept. 26 Sept. 26 Sept. 3 Oct.

Flowering subperiods and total duration (days)

Budbreak promoter! F-F2 F2-G F-G

LPC UPC Mean LPC UPC Mean LPC UPC Mean
1. Control (no spraying) 2.3 4.3 3.3ns 3.0 5.7 4.4ns 53 10.0 7.7ns
2. MO 3.5% 3.0 3.7 34 3.0 73 52 6.0 11.0 85
3.HC 0.17% + MO 3.5% 3.0 3.0 3.0 3.0 6.3 4.7 6.0 9.3 7.7
4. HC 0.34% + MO 3.5% 33 3.0 32 2.7 5.0 39 6.0 8.0 7.0
5. HC 0.51% + MO 3.5% 33 3.0 32 2.7 6.0 44 6.0 9.0 75
6. HC 0.69% + MO 3.5% 3.7 3.0 3.4 2.7 6.7 4.7 6.3 9.7 8.0
7.HC 0.86% + MO 3.5% 33 33 3.3 2.7 7.0 4.0 6.0 10.3 8.1
Mean 3.1ns 3.3 28B 6.3A 59B 9.6 A

! Break-thru® 0.05% was added in treatments with chemicals. Letters refer to phenological stages described by
luchi (2006). LPC, UPC: lower and upper portions of the canopy, respectively. ns: not significant by the F-
test (p>0.05). Means followed by different uppercase letters within lines statistically differ by Scott-Knott’s
test (p<0.05).
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! Break-thru® 0.05% was added. Letters refer to phenological stages described by luchi (2006). ns: not
significant by the F-test at 5% probability.

FIGURE 1. Effect of concentrations of hydrogen cyanamide (HC) with mineral oil (MO) on
flowering subperiods and total duration of hail netted ‘Baigent’ apple trees. Data
from the 2017/18 crop season. Vacaria, RS, Brazil, 2019.

Heterogeneous budburst and flowering and thus the indication of a vigor gradient
between the lower and upper parts of the canopy could lead to lower axillary budbreak in
the first in the 2017/18 crop season. On average, there were no differences between them
(TABLE 2). Although this may be justified by the vigor uniformity of the evaluated one-
year-old shoots, some notes (2) should be made. The higher 10 to 20% in the lower portion
of HC 0.34% and 0.51% + MO 3.5% (L4, L5) plants, in relation to the upper one (1), and
the uniformization induced by HC above 0.51% + MO 3.5% (L6, L7) (2) are highlighted in
this regard. These results were opposite to the 2018/19 season ones, when the elevated
chilling during dormancy expressively increased all percentages, enhancing plants’
productive potential (Jackson, 2003).

Cruz Junior & Ayub (2002) and Roberto et al. (2006) studied increases of HC up to
1.5% and 1%, respectively, with MO and reported high budbreak in non-netted apple trees.
The same response was seen at 26 and 67 DAA in the 2017/18 crop season, while at 28 and
62 DAA in 2018/19, with axillary budbreak responsive to budbreak promoter (TABLE 2).
Three groups were formed in 2017/18. Using HC above 0.51% + MO 3.5% (L6, L7), the
highest averages between both lower and upper portions of the canopy were provided. Plants
submitted to these levels exhibited 27.3 to 41.8% at 26 and 67 DAA, respectively. There
were no differences between HC 0.34% and 0.51% + MO 3.5% (L4, L5) though, which were
superior to the rest. Thus, little or no effect was seen from HC 0.17% + MO 3.5% (L3).
Despite applying HC, this level induced less than 14.5% and the lowest results at the end of
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the evaluation time with control (no spraying) (L1) and MO 3.5% (L2).

TABLE 2. Axillary budbreak of hail netted ‘Baigent’ apple trees submitted to concentrations
of hydrogen cyanamide (HC) with mineral oil (MO) for budbreak induction. Data
from the lower and upper canopy in the 2017/18 and 2018/19 crop seasons.
Vacaria, RS, Brazil, 2019.

Axillary budbreak (%)

1 2017/18 crop season

Budbreak promoter 26 DAA 67 DAA

LPC UPC Mean LPC UPC Mean
1. Control (no spraying) 3.6 53 44c 11.6 12.8 12.2¢
2. MO 3.5% 7.7 59 6.8¢ 8.2 9.7 89c
3.HC 0.17% + MO 3.5% 7.0 10.2 86¢ 14.0 14.3 14.1c
4. HC 0.34% + MO 3.5% 204 12.1 16.2b 24.9 14.7 19.8b
5. HC 0.51% + MO 3.5% 34.7 13.1 239b 41.0 10.0 255b
6. HC 0.69% + MO 3.5% 27.7 26.9 27.3a 31.3 31.1 3l.2a
7.HC 0.86% + MO 3.5% 344 35.8 35.1a 38.8 44.9 418a
Mean 19.4 ns 15.6 24.2 ns 19.6

2018/19 crop season

Budbreak promotert 28 DAA 62 DAA

LPC UPC Mean LPC UPC Mean
1. Control (no spraying) 442 40.6 42.4b 45.3 49.1 472 ¢
2. MO 3.5% 70.9 85.1 78.0a 68.4 84.0 76.2a
3.HC 0.17% + MO 3.5% 66.5 63.5 65.0a 60.3 62.7 615b
4. HC 0.34% + MO 3.5% 80.6 62.1 714a 76.1 66.6 714a
5. HC 0.51% + MO 3.5% 76.9 77.8 774 a 73.0 71.2 72.1a
6. HC 0.69% + MO 3.5% 87.0 67.4 77.2a 83.2 67.6 75.4a
7.HC 0.86% + MO 3.5% 94.6 76.7 85.7a 90.8 76.8 83.8a
Mean 74.4 ns 67.6 71.0 ns 68.3

! Break-thru® 0.05% was added in treatments with chemicals. DAA: days after the application. LPC, UPC:
lower and upper portions of the canopy, respectively. ns: not significant by the F-test (p>0.05). Means
followed by different lowercase letters within columns statistically differ by Scott-Knott’s test (p<0.05).
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! Break-thru® 0.05% was added. DAA: days after the application. LPC, UPC: lower and upper portions of the
canopy, respectively. **, *: significant by the F-test at 1% and 5% probability, respectively.

FIGURE 2. Effect of concentrations of hydrogen cyanamide (HC) with mineral oil (MO) on
axillary budbreak of hail netted ‘Baigent’ apple trees. Data from the 2017/18 and
2018/19 crop seasons. Vacaria, RS, Brazil, 2019.

The efficacy of budbreak promoters is highly related to genotype, plant growth,

concentration of the compounds and application timing, i.e., phenology and chilling during
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winter (Petri et al., 2006; Hawerroth, 2018). Interestingly, no phytotoxicity was caused by
the HC applications in the 2017/18 and 2018/19 crop seasons, which may be due to buds’
phenological stages at the application dates (Sagredo et al., 2005). The budbreak promoters
maximized axillary budbreak in 2018/19 (TABLE 2). With HC 0.86% + MO 3.5% (L7),
nearly 86% and 84% were achieved between the lower and upper parts of the canopy at 28
and 62 DAA, respectively. At 28 DAA, there were no differences among applications, and
a similar response occurred at 62 DAA. However, applying HC 0.17% + MO 3.5% (L3)
induced the lowest increase.

There are no reports of axillary budbreak higher than 80% resulting from HC + MO
application in apple trees in southern Brazil, not even in higher altitude areas (luchi et al.,
2002; Pasa et al., 2018a; 2018b). Increasing HC with MO 3.5%, higher percentages would
be obtained with HC above 0.86% in the 2017/18 crop season (FIGURE 2). This was also
achieved in the lower canopy in 2018/19, at 28 DAA - greater than 90%. In contrast, effects
have shown to be too much variable in the upper canopy, decreasing from 0% and increasing
from 0.34%. Increases up to 83.8% with HC 0.86% at 62 DAA indicate that even with
elevated chilling during dormancy, high HC can still intensify axillary budbreak in ‘Baigent’
apple trees under hail net. This finding is the opposite of that shown by Petri et al. (2006)
and Hawerroth et al. (2010), with non-netted cultivars.

About 55% and 75% of terminal budbreak were induced as averages between both
lower and upper portions of the canopy by control (no spraying) (L1) and MO 3.5% (L2),
respectively, at 26 and 67 DAA in the 2017/18 crop season (TABLE 3). These results were
the lowest, increasing to greater than 70% by HC 0.17% (L3) and concentrations above +
MO 3.5% (L4, L5, L6, L7) at 26 DAA. With HC 0.51% (L5) and concentrations above +
MO 3.5% (L6, L7), such percentages were nearly 10 to 15% higher, despite no significant
differences. Similar responses were observed at 67 DAA, but HC 0.17% + MO 3.5% (L3)
also provided the lowest effects. The average of 76% in the lower part was significantly
superior to the 64.1% in the upper one at 26 DAA. However, initial disparities were
compensated, considering no differences at 67 DAA.

Terminal buds have lower chilling requirement than axillaries (Naor et al., 2003) and
percentages higher than 60% commonly occur, even in years of low chilling during
dormancy in southern Brazil. Therefore, the lack of influences of budbreak promoters and
canopy portion on terminal budbreak in high chilling seasons such as 2018/19 may be
explained - especially at 62 DAA (TABLE 3). Increasing HC + MO 3.5%, this variable was
intensified only up to 0.6% (point of maxima) at 26 DAA in 2017/18, starting to decrease
from this point (FIGURE 3). At 67 DAA, higher percentages would possibly be obtained
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with HC above 0.86%. Hawerroth et al. (2009) also found linear (+) and quadratic responses

in apple trees, varying according to the non-netted cultivar.

TABLE 3. Terminal budbreak of hail netted ‘Baigent’ apple trees submitted to
concentrations of hydrogen cyanamide (HC) with mineral oil (MO) for
budbreak induction. Data from the lower and upper canopy in the 2017/18 and
2018/19 crop seasons. Vacaria, RS, Brazil, 2019.

Terminal budbreak (%)

. 2017/18 crop season

Budbreak promoter 26 DAA 67 DAA

LPC UPC Mean LPC UPC Mean
1. Control (no spraying) 51.3 57.5 54.4b 71.7 76.4 74.1b
2. MO 3.5% 59.5 39.0 49.2b 83.0 61.7 72.3b
3.HC 0.17% + MO 3.5% 78.9 61.7 70.3a 83.8 78.1 809b
4. HC 0.34% + MO 3.5% 79.6 62.1 70.8a 95.2 82.7 88.9a
5. HC 0.51% + MO 3.5% 88.0 82.6 85.3a 88.2 91.6 89.9a
6. HC 0.69% + MO 3.5% 93.8 735 83.6a 98.5 95.1 96.8a
7.HC 0.86% + MO 3.5% 80.7 72.0 76.3a 92.6 91.8 92.2a
Mean 76.0 A 64.1B 87.6 ns 82.5

2018/19 crop season

Budbreak promoter* 28 DAA 62 DAA

LPC UPC Mean LPC UPC Mean
1. Control (no spraying) 68.4 54.6 61.5ns 96.8 914 94.1ns
2. MO 3.5% 71.6 71.0 71.3 95.4 96.0 95.7
3.HC 0.17% + MO 3.5% 55.7 61.2 58.5 95.4 97.6 96.5
4. HC 0.34% + MO 3.5% 58.9 65.4 62.2 97.5 96.6 97.1
5. HC 0.51% + MO 3.5% 61.8 73.3 67.6 95.3 97.3 96.3
6. HC 0.69% + MO 3.5% 64.4 70.0 67.2 97.5 89.6 93.6
7.HC 0.86% + MO 3.5% 61.2 57.8 59.5 97.2 93.9 95.5
Mean 63.1 ns 64.8 96.5 ns 94.6

! Break-thru® 0.05% was added in treatments with chemicals. DAA: days after the application. LPC, UPC:
lower and upper portions of the canopy, respectively. ns: not significant by the F-test (p>0.05). Means
followed by different uppercase letters within lines and lowercase letters within columns statistically differ
by Scott-Knott’s test (p<0.05).
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! Break-thru® 0.05% was added. DAA: days after the application. ns: not significant by the F-test at 5%
probability. **, *: significant by the F-test at 1% and 5% probability, respectively.
FIGURE 3. Effect of concentrations of hydrogen cyanamide (HC) with mineral oil (MO) on
terminal budbreak of hail netted ‘Baigent” apple trees. Data from the 2017/18
and 2018/19 crop seasons. Vacaria, RS, Brazil, 2019.

Increased HIAB is not desired, according to Hawerroth et al. (2009). The higher the
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HIAB, the lower the homogenization of axillary budbreak and subsequent cultural practices’
efficiency. Since HIAB is directly related to axillary budbreak, similar responses were found
for both variables at 26 DAA in the 2017/18 crop season (TABLE 4). Budbreak promoter
also affected HIAB in 2018/19. Using HC above 0.17% + MO 3.5% (L4, L5, L6, L7), the
lowest averages between the lower and upper parts of the canopy were determined in this
study. These levels induced between 95 to 123% in 2017/18, but less than 40.5% in 2018/19
when they did not contrast from MO 3.5% (L2). In the same season, HIAB was up to 15.7%
lower in plants treated with HC 0.51% (L5) and concentrations above + MO 3.5% (L6, L7),
which is noteworthy although no significant differences were recorded.

Considering the 2018/19 crop season results, similar percentages of HIAB were
reported in non-netted ‘Maxi Gala’ (Pasa et al., 2018b) and ‘Fuji Suprema’ (Pasa et al.,
2018a) apple trees in a higher altitude area. Thus, the importance of high chilling during
dormancy to homogenize axillary budbreak was highlighted in the present study. Increasing
HC + MO 3.5%, HIAB was not affected in 2017/18, but less than 15% would be achieved
in the lower portion of the canopy with HC above 0.86% in 2018/19 (FIGURE 4). On the
other hand, the effects were variable in the upper one, with HC 0% inducing one of the
lowest results and presenting a similar response to axillary budbreak at 28 DAA.

A common observation in southern Brazil is the abortion of axillary buds in medium
to high-chill apple trees, occurring in a post-budbreak moment and at variable intensity.
There are no reports of such losses, which can be quantified by means of the AIAB.
According to Faust (2000), the onset of leaf and fruit development depends on accumulated
reserves during the previous season. Through increases of budbreak with HC above 0.51%
+ MO 3.5% (L6, L7) in the 2017/18 crop season, it was expected that AIAB would also be
intensified. Even though the absence of abortion in control (no spraying) (L1) plants, there
were no significant effects of budbreak promoter and increases of HC + MO 3.5% (TABLE
4 and FIGURE 4). This result was also observed in 2018/19, but that level induced 7.9%
between both lower and upper parts of the canopy.

Despite the similarity between the canopy parts in the 2017/18 and 2018/19 crop
seasons, the consequences for AIAB of high chilling during dormancy are noteworthy. While
this variable was 0.6% and 3.3% on average in the lower and upper portions, respectively,
in 2017/18, both presented about 8% in 2018/19 (TABLE 4). Such outcomes are justified by

the high axillary budbreak and competition for previously formed reserves.
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TABLE 4. Heterogeneity index of axillary budbreak and abortion index of axillary buds of
hail netted ‘Baigent’ apple trees submitted to concentrations of hydrogen
cyanamide (HC) with mineral oil (MO) for budbreak induction. Data from the
lower and upper canopy in the 2017/18 and 2018/19 crop seasons. Vacaria, RS,

Brazil, 2019.
Heterogeneity index of axillary budbreak Abortion index of axillary buds
" (HIAB - %)? (AIAB - %)®
Budbreak promoter 2017/18 crop season
LPC UPC Mean LPC UPC Mean
1. Control (no spraying) 210.3 123.9 167.1a 0.0 0.0 0.0 ns
2. MO 3.5% 188.8 152.0 1704 a 1.7 33 2.5
3. HC 0.17% + MO 3.5% 158.7 151.9 155.3a 0.0 33 1.7
4. HC 0.34% + MO 3.5% 97.0 113.0 105.0 b 0.0 5.3 2.6
5. HC 0.51% + MO 3.5% 99.3 1447 1220b 0.0 33 1.7
6. HC 0.69% + MO 3.5% 96.5 95.3 959b 2.7 6.7 4.7
7.HC 0.86% + MO 3.5% 111.7 90.5 101.1b 0.0 0.8 0.4
Mean 1349 A 1245B 0.6 ns 3.3
1 2018/19 crop season

Budbreak promoter LPC UPC Mean LPC UPC Mean
1. Control (no spraying) 71.6 64.9 68.3 a 6.7 9.1 7.9ns
2. MO 3.5% 53.4 29.9 41.7b 11.8 5.6 8.7
3.HC 0.17% + MO 3.5% 56.9 54.5 55.7a 8.2 7.4 7.8
4. HC 0.34% + MO 3.5% 30.3 49.9 40.1Db 7.6 28 5.2
5. HC 0.51% + MO 3.5% 36.6 25.0 30.8b 9.2 9.8 9.5
6. HC 0.69% + MO 3.5% 19.6 40.3 300b 7.5 10.1 8.8
7. HC 0.86% + MO 3.5% 11.0 37.8 244 b 6.8 9.0 7.9
Mean 39.9 ns 43.2 8.3ns 7.7

! Break-thru® 0.05% was added in treatments with chemicals. ? [(std/average axillary budbreak)*100] at 26 and
28 days after the application (DAA) in 2017/18 and 2018/19, respectively. * {average [(burst axillary buds (a)
1% evaluation - (b) 2" evaluation)*100/b]}, if a > b, at 67 and 62 DAA in 2017/18 and 2018/19, respectively.
LPC, UPC: lower and upper portions of the canopy, respectively. ns: not significant by the F-test (p>0.05).
Means followed by different uppercase letters within lines and lowercase letters within columns statistically
differ by Scott-Knott’s test (p<0.05).
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! Break-thru® 0.05% was added. LPC, UPC: lower and upper portions of the canopy, respectively. ns: not
significant by the F-test at 5% probability. **, *: significant by the F-test at 1% and 5% probability,
respectively.

FIGURE 4. Effect of concentrations of hydrogen cyanamide (HC) with mineral oil (MO) on
heterogeneity index of axillary budbreak and abortion index of axillary buds of
hail netted ‘Baigent’ apple trees. Data from the 2017/18 and 2018/19 crop
seasons. Vacaria, RS, Brazil, 20109.

Apple trees trained to a central leader system and in a high-density planting receive



81
increased PAR in their upper part of the canopy in comparison to the others, particularly
when they are covered with hail nets (Bosco et al., 2017). This contributes to the
development of higher quality floral buds, explaining the common highest number of
clusters with fruit per plant, mean number of fruits per cluster, and number of fruits per plant
in the 2017/18 and 2018/19 crop seasons (TABLE 5). A concentrated flowering period in
the lower portion may also have contributed to its lower values given increases in
carbohydrate competition and reductions in sucrose importation by floral buds in 2017/18,
which is intensified in mild winter climates (Marafon et al., 2011).

Little effect of budbreak promoter on fructification was noted in the 2017/18 crop
season, and the only significant influence was found on number of fruits per plant (TABLE
5). In contrast, no attributes were affected in 2018/19, when those were expressively reduced.
Increases in budbreak can reduce fructification because of nutritional competition between
vegetative and reproductive sinks (Erez et al., 2000). Indeed, the highest average was 84.6
fruits per plant and induced by control (no spraying) (L1) in 2017/18. Though, this level did
not differ from HC 0.51% (L5) and concentrations above + MO 3.5% (L6, L7), which
provided up to 78.1 fruits. Such similarities may be due to the high chilling accumulation
during the winter of 2016, increasing axillary budbreak of that year and the number of
reproductive structures and relative contribution of terminal buds in the fruiting of 2017/18.
Therefore, these results cannot be considered consequences of a typical response, as they
probably would not have happened without the scenario highlighted above.

Low fructification attributes, as the maximum of 14.8 clusters with fruit per plant
adding both lower and upper portions of the canopy in HC 0.51% + MO 3.5% (L5), were
possibly related to some conditions in the 2018/19 crop season (TABLE 5). For instance, the
high budbreak, increasing number of sinks, and environmental factors during and near the
flowering period. Influences of the weather on apple tree fruit set were well reported by Petri
et al. (2017). In 2018, heavy rains and high amounts may have impaired the activity of
pollinating insects, and the commonly associated cloudiness probably reduced fruiting by
diminishing photosynthetic activity; the rainfall amounts are exhibited in APPENDIX 1.
Furthermore, even though different plants were used in both seasons, an overall high crop
load in 2017/18 can have helped deplete reserves, causing biennial bearing (Castro et al.,
2015). Thus, the effects of budbreak promoters were likely masked by these fruiting
problems and orchard conditions.
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TABLE 5. Number of clusters with fruit per plant, mean number of fruits per cluster and
number of fruits per plant of hail netted ‘Baigent’ apple trees submitted to
concentrations of hydrogen cyanamide (HC) with mineral oil (MO) for budbreak
induction. Data from the lower and upper canopy in the 2017/18 and 2018/19
crop seasons. Vacaria, RS, Brazil, 2019.

Number of clusters with Mean number of fruits per

fruit per plant? cluster?
2017/18 crop season

LPC UPC Mean LPC UPC Mean LPC UPC Mean

1. Control (no spraying) 48.5 60.2 54.3 ns 1.39 1.72 1.56 ns 66.5 1027 846a

2. MO 3.5% 345 348 347 127 154 141 455 595 525b

3.HC0.17%+MO35% 323 442 383 124 182 153 422 685 553b

4.HC034%+MO35% 320 467 393 131 159 145 388 727 558b
5.HC0.51%+MO35% 402 617 509 130 169 149 522 1040 781la
6.HC0.69%+MO35% 393 635 514 134 158 146 538 1043 79.1a
7.HC086%+MO35% 398 483 441 130 165 148 527 810 668a
Mean 381B 513A 131B  166A 502B 847A
2018/19 crop season
LPC UPC Mean LPC UPC Mean LPC UPC Mean

Number of fruits per plant?

Budbreak promoter*

Budbreak promotert

1. Control (no spraying) 4.0 3.2 3.6ns 1.21 1.40 1.30 ns 4.8 5.0 4.9ns
2. MO 3.5% 7.5 9.3 8.4 1.21 1.50 1.36 9.0 13.7 11.3
3.HC 0.17% + MO 3.5% 3.3 5.7 4.5 0.96 1.16 1.06 4.7 8.3 6.5
4. HC 0.34% + MO 3.5% 6.2 10.3 8.3 1.09 1.32 1.20 7.3 15.7 115
5. HC 0.51% + MO 3.5% 6.5 8.3 74 1.14 1.30 1.22 7.7 115 9.6
6. HC 0.69% + MO 3.5% 6.7 8.2 7.4 0.98 1.31 1.14 7.8 12.5 10.2
7. HC 0.86% + MO 3.5% 5.3 42 48 0.93 1.35 1.14 6.0 52 5.6
Mean 5.6 ns 7.0 1.07B 134A 6.8 ns 10.3

! Break-thru® 0.05% was added in treatments with chemicals. > Evaluated at 102 and 77 days after the
application in 2017/18 and 2018/19, respectively. LPC, UPC: lower and upper portions of the canopy,
respectively. ns: not significant by the F-test (p>0.05). Means followed by different uppercase letters within
lines and lowercase letters within columns statistically differ by Scott-Knott’s test (p<0.05).
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FIGURE 5. Effect of concentrations of hydrogen cyanamide (HC) with mineral oil (MO) on
number of clusters with fruit per plant, mean number of fruits per cluster and
number of fruits per plant of hail netted ‘Baigent’ apple trees. Data from the
2017/18 and 2018/19 crop seasons. Vacaria, RS, Brazil, 2019.

In general, the budbreak promoters anticipated flowering and increased fruit growth

period until harvest in 2018. However, mass of fruits per plant and average fresh fruit mass
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were not affected in the 2017/18 and 2018/19 crop seasons (TABLE 6 and FIGURE 6). Fruit
production responses vary over the years, and the effects of the compounds depend on
meteorological factors during the growth period (Petri et al., 2006; Hawerroth et al., 2009).
No significant influences have been found under adequate conditions, explaining the results
achieved.

All treatments provided 17.1 kg in the 2017/18 crop season and 3 kg per plant in
2018/19, quite different averages (TABLE 6). Totalizing 19 tons per hectare in the latter,
economic viability in southern Brazil was not reached, and this can certainly be taken as a
consequence of the low fructification attributes. Then, one of the most positive effects of
budbreak promoters is the increase in the number of reproductive structures for the coming
years (luchi et al., 2002; Sagredo et al., 2005). Specific comparisons between both seasons
could not be performed because of some contrasting conditions, e.g., the use of different
plants to discern the impacts of the treatments without residual effects.

The budbreak promoters did not alter fruit percentage in any size classes evaluated
in the 2017/18 and 2018/19 crop seasons (TABLE 6 and FIGURE 7). This response was
related, at least in part, to the results for average fresh fruit mass. Fruit size is mainly
determined by carbon competition among developing fruits, which leads to a common
negative correlation between their masses and crop load (Robinson, 2011; Castro et al.,
2015). Despite the highest number in control (no spraying) (L1) and HC above 0.34% + MO
3.5% (L5, L6, L7) plants in 2017/18, there were no differences in comparison to the other
treatments (TABLE 5).

Hawerroth et al. (2010) obtained higher fruit masses of non-netted apple trees by
increasing HC up to 0.59% with MO 3.2%, relative to not using chemicals. Those
applications increased fruit mass by reducing crop load, which may clarify the absence of
such or similar effects in this study. The highest number of fruits was categorized into the
55 to 65 mm class, the second lowest, considering 52.8% and 46.1% on average of all
treatments in the 2017/18 and 2018/19 seasons, respectively (TABLE 6). Following the same
line of interpretation, the second predominant class was 65 to 70 mm, i.e., both
intermediaries. However, the low number of fruits harvested in 2018/19 makes it challenging
to discuss yield and quality attributes because of the inherent inability to evaluate larger

samples.
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TABLE 6. Mass of fruits per plant, average fresh fruit mass and fruit size categorization of
hail netted ‘Baigent’ apple trees submitted to concentrations of hydrogen
cyanamide (HC) with mineral oil (MO) for budbreak induction. Data from the
2017/18 and 2018/19 crop seasons. Vacaria, RS, Brazil, 2019.

Mass of Average Fruits (%)?

fruits per fresh fruit
Budbreak promoter! plant (kg)2  mass (g)? <55mm  55t065mm 65to70mm  >70 mm

2017/18 crop season

1. Control (no spraying) 20.2 ns 105.0 ns 16.1 ns 48.0 ns 32.6 ns 3.3ns
2. MO 3.5% 14.5 111.7 13.3 53.5 30.6 2.7
3.HC 0.17% + MO 3.5% 14.2 102.2 17.1 55.3 25.7 1.9
4. HC 0.34% + MO 3.5% 15.5 104.4 125 54.6 31.0 2.0
5.HC 0.51% + MO 3.5% 19.0 102.8 16.3 54.9 25.1 3.6
6. HC 0.69% + MO 3.5% 19.7 107.3 13.3 50.7 324 3.6
7.HC 0.86% + MO 3.5% 16.8 103.1 15.6 52.6 29.1 2.8
Mean 17.1 105.2 14.9 52.8 29.5 2.8
Budbreak promoter! 2018/19 crop season
1. Control (no spraying) 1l.4ns 127.2 ns 4.0ns 49.0 ns 43.4 ns 3.7ns
2. MO 3.5% 3.7 115.4 7.0 49.0 435 0.5
3.HC0.17% + MO 3.5% 25 124.4 9.6 38.0 48.9 35
4. HC 0.34% + MO 3.5% 3.8 128.1 29 52.9 39.1 5.1
5. HC 0.51% + MO 3.5% 33 125.0 4.0 41.8 51.4 2.7
6. HC 0.69% + MO 3.5% 3.9 149.3 1.9 315 449 21.6
7.HC 0.86% + MO 3.5% 2.3 127.8 5.0 60.6 32.0 2.4
Mean 3.0 128.2 49 46.1 43.3 5.7

1 Break-thru® 0.05% was added in treatments with chemicals. ? Evaluated at commercial harvest time, on
02/06/2018 and 03/08/2019 in 2017/18 and 2018/19, respectively. ns: not significant by the F-test (p>0.05).
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FIGURE 6. Effect of concentrations of hydrogen cyanamide (HC) with mineral oil (MO) on
mass of fruits per plant and average fresh fruit mass of hail netted ‘Baigent’
apple trees. Data from the 2017/18 and 2018/19 crop seasons. Vacaria, RS,

Brazil, 2019.
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FIGURE 7. Effect of concentrations of hydrogen cyanamide (HC) with mineral oil (MO) on
fruit size categorization of hail netted ‘Baigent’ apple trees. Data from the
2017/18 and 2018/19 crop seasons. Vacaria, RS, Brazil, 2019.

4.4 Conclusions

a) All flowering dates were anticipated by hydrogen cyanamide 0.17% and
concentrations above + mineral oil 3.5%, especially in the upper portion of the canopy with
the first one above 0.34%.

b) Axillary budbreak is intensified by hydrogen cyanamide above 0.17% + mineral
oil 3.5%, particularly with lower chilling accumulation during winter when the highest
increases are induced by the first one above 0.51%. However, similar percentages occur in
the lower and upper parts of the canopy with the methodology adopted.

c) The effects of concentrations of hydrogen cyanamide + mineral oil 3.5% on
number of clusters with fruit and fruits per plant, and mean number of fruits per cluster are
probably masked, requiring additional research. Similarly, mass of fruits per plant, average
fresh fruit mass, and fruit size were not affected. The upper portion of the canopy exhibits
higher fructification than the lower one.

In the presence of a vigor gradient along the canopy, further studies involving the
use of budbreak promoters are needed, especially in a higher number of seasons. Overall,

the use of hydrogen cyanamide above 0.34% + mineral oil 3.5% is an alternative to the first
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one 0.34% + mineral oil 3.5% (standard) for inducing budbreak of ‘Baigent’ apple trees

under hail net in these conditions of southern Brazil.
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5 CONSIDERACOES FINAIS

A crescente expansao da utilizacdo de telas antigranizo para a protecdo de macieiras
no Sul do Brasil traz consigo a necessidade de adequacdo de determinadas préticas de
manejo. Por exemplo, a tendéncia de aumento no comprimento de ramos reduz a eficiéncia
do uso padrdo de indutores de brotacdo, numa Unica aplicagdo e nas concentracfes
atualmente preconizadas. 1sso é sobretudo importante ao passo que um gradiente de vigor ao
longo da copa, exibindo a porgé@o superior a maior proporcao de estruturas verticalizadas,
tem sido observado em certas situagdes, seja sob tela ou ndo. Logo, o estudo de potenciais
alternativas na préatica é fundamental para regularizar e maximizar os indices produtivos.

A estratificacdo da copa é uma interessante ferramenta metodologica, pois pode
elucidar contrastes na magnitude de importantes variaveis. Os indutores de brotacdo nédo
apresentaram efeito diferenciado para fenologia, brotacéo, frutificacdo e producgéo de frutos
conforme a porcdo. Tal resposta foi evidenciada sob dois panoramas, de indicacdo de
gradiente de vigor, junto a condi¢cdes pouco favoraveis de acimulo de frio (a) e de maior
disponibilidade de baixas temperaturas hibernais (b). Porém, é destacada a necessidade de
intensificagdo de pesquisas dentro do primeiro ou similares, principalmente em um nimero
maior de safras, utilizando os mesmos ou diferentes manejos de indutores de brotacao.

A aplicacio sequencial de Erger® 1,5% + Oleo mineral 3,5% ap6s 0 mesmo
tratamento, associando distintos modos de acdo nas duas pulverizacdes, pode ser alternativa
a0 uso Unico de Erger® com 6leo mineral ou Calcinit® para otimizar a indugo a brotacgéo de
macieiras ‘Baigent’ sob tela antigranizo, nas condic¢des de estudo no Sul do Brasil. Idem, o
ajuste das concentracGes de cianamida hidrogenada para niveis superiores a 0,34% pode ser
alternativa a 0,34% - padrdo, associadas a 6leo mineral 3,5%.

A resposta das plantas ao uso de indutores de brotacdo é variavel e dependente,
conforme elucidado na revisdo bibliogréfica, de aspectos relacionados aos compostos
utilizados e respectivas aplicagcOes, as peculiaridades a nivel meteoroldgico e de planta.
Assim, a integracdo desses fatores apresenta importancia impar ao planejamento das devidas
recomendacfes de maneira que sejam alcancados retornos satisfatorios no cultivo de

macieiras sob o sistema de telas antigranizo nas regides produtoras do Sul do Brasil.
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APPENDIX 1. Monthly averages of maximum, minimum air temperatures and rainfall in

Vacaria, Rio Grande do Sul State, Brazil, during Aug. to Dec. in 2017, Jan.
to Dec. in 2018 and Jan. to July in 2019. Cumulative rainfall during
flowering period. Data source: Automatic Surface Weather Station A880 of
INMET, 12.5 km distant and at a similar altitude as the study area. Vacaria,
RS, Brazil, 20109.



