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LIMA, R. P. Qualidade, translucidez e metabolismo antioxidante de infrutescéncias do
abacaxizeiro ‘Pérola’ sob adubacio nitrogenada e potassica. Areia, Centro de Ciéncias
Agrérias, Universidade Federal da Paraiba, 2016, 67p. Trabalho de Dissertacdio em
Agronomia. Orientadora: Silvanda de Melo Silva, Ph.D.

RESUMO GERAL

Praticas de manejo pré-colheita na cultura do abacaxizeiro (Ananas comosus var. comosus), a
exemplo da adubacdo mineral, podem melhorar a qualidade na colheita e reduzir os niveis
iniciais de translucidez, que alteram a coloracdo da polpa e conduz ao escurecimento interno.
Essas praticas podem também influenciar na producdo de peroxido de hidrogénio (H.0,) e
nos conteudos de agentes antioxidantes. Contudo, com relacdo a adubacdo nitrogenada e
potéssica estes efeitos ainda ndo estdo bem caracterizados. Neste sentido, esta pesquisa esta
dividida em dois trabalhos. Primeiramente, objetivou-se avaliar a qualidade e translucidez de
infrutescéncias do abacaxizeiro ‘Pérola’ produzidas sob adubagao nitrogenada e potassica. No
segundo, o0 objetivou-se avaliar as mudanc¢as no metabolismo antioxidante e no conteido de
H,0, em infrutescéncias do abacaxizeiro ‘Pérola’ sob adubagdo nitrogenada e potassica.
Cinco doses de ureia (0,53; 3,20; 5,33; 7,47; 10,13) e cinco de cloreto de potassio (0,30; 1,78;
2,97; 4,15; 5,64) foram combinadas, em esquema fatorial conforme a matriz Plan Puebla IlI,
totalizando dez tratamentos, com trés repeticdes, em DBC. Constatou-se que a adubacéo
nitrogenada e potdssica no cultivo do abacaxizeiro ‘Pérola’ influenciam os niveis de
translucidez na polpa das infrutescéncias, na maturidade comercial. Neste contexto, dose
elevada de N (7,47 g de ureia por planta) combinada com dose baixa de K (1,78 g de KCI por
planta) aumenta a translucidez da polpa e reduz o conteddo de flavanoides amarelos. Mas, a
translucidez reduziu quando K foi fornecido na dose de 4,15 g de KCI por planta com 7,47 g
de ureia por planta. Assim, a combinacdo de 7,47 g de ureia com 4,15 g de KCI por planta no
cultivo do abacaxizeiro ‘Pérola’ favorece a qualidade das infrutescéncias, mantendo baixos os
niveis de translucidez e elevados valores de luminosidade (L*) da polpa, contetdos de
flavanoides amarelos, dos agucares redutores e das proteinas solGveis na polpa e no eixo
central. Por sua vez, o processamento de imagens digitais demonstrou ser uma ferramenta
importante na caracterizacdo da translucidez e das mudancas na coloracéo da polpa associadas
a este fendbmeno. No segundo trabalho, notou-se que doses baixas de N e K, assim como o
excesso destes nutrientes isoladamente, elevaram o conteido de H,O; e, consequentemente, a
atividade de enzimas antioxidantes. A atividade da catalase aumentou principalmente quando
K estava elevado e N reduzido, enquanto a superoxido dismutase, &cido ascorbico peroxidase
e peroxidase aumentaram quando ambos estavam baixos ou muito elevados. Nesta condicéo,
0 conteudo de &cido ascorbico e polifenois extraiveis totais também foram elevados e
proporcionaram maior atividade antioxidante total. Na condicdo que o experimento foi
realizado, a combinacdo de 5,33 g de ureia com 2,97 g de KCI por planta, na adubacéo do
abacaxi ‘Pérola’, promove um equilibrio entre o metabolismo antioxidante e os niveis de
H.O, na polpa e eixo central das infrutescéncias. Adicionalmente, uma analise de
componentes principais revelou que as relagbes N/K sdo tdo importantes quanto as
concentragfes absolutas destes nutrientes na otimizagdo do metabolismo antioxidante e,
portanto, um destes nutrientes ndo deve ser considerado isoladamente.

Palavras-chave: Ananas comosus, escurecimento interno, processamento de imagem digital,
translucidez, acido ascérbico, peroxido de hidrogénio, superoxido dismutase, acido ascérbico
peroxidase, catalase
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LIMA, R. P. Quality, translucency and antioxidant metabolism of inflorescences of
'Pérola’ pineapple under nitrogen fertilization and potassium. Areia, Centro de Ciéncias
Agrérias, Universidade Federal da Paraiba, 2016, 67p. Dissertation work in Agronomia.
Supervisor: Silvanda de Melo Silva, Ph.D.

GENERAL ABSTRACT

Practices for pre-harvest management in the pineapple crop (Ananas comosus var. comosus),
such as the mineral fertilizer, can improve the quality of the crop at harvest and reduce the
initial levels of translucency, which change the color of the pulp and leads to internal
browning. These practices may also influence the production of hydrogen peroxide (H,0O,)
and antioxidants content. However, in relation to nitrogen fertilization and potassium these
effects are not well characterized, yet. Based on that, this research is divided into two
experiments. Primarily aimed to assess the quality and translucency infructescenses pineapple
'Pérola’ produced under nitrogen and potassium fertilization. In the second, aimed at
evaluating changes in antioxidant metabolism and H,O, content in inflorescences of pineapple
'Pérola’ in nitrogen and potassium fertilization. Five urea doses (0.53; 3.20; 5.33; 7.47; 10.13)
and five of potassium chloride (0.30; 1.78; 2.97; 4.15; 5.64) were combined in a factorial as
the Plan Puebla 111 matrix, totaling ten treatments, with three replicates in RBD. It was found
that nitrogen and potassium fertilization in the cultivation of pineapple 'Pérola’ influence
translucency levels in the flesh of inflorescences, the commercial maturity. In this context,
high-dose N (7.47 g urea per plant) combined with low K (1.78 g KCI per plant) increases the
color of the pulp and reduces the content of flavonoids yellow. However, the translucency
reduced when K was given at a dose of 4.15 g KCI per plant with 7.47 g of urea per plant.
Thus, the combination of 7.47 g urea 4.15 g KCI per plant in the cultivation of pineapple
'Pérola’ favors the quality of the seed heads, maintaining the low levels of translucency and
high brightness values (L*) of the pulp , yellow flavonoids content, reducing sugars and
soluble proteins in the pulp and core. In turn, the digital imaging proved to be an important
tool in the characterization of translucency and changes in pulp color associated with this
phenomenon. In the second study, it was noted that low doses of N and K, and the excess of
such nutrients individually, increased the H,O, content and therefore the activity of
antioxidant enzymes. The catalase activity increased especially when K was high and N
reduced, while the superoxide dismutase, ascorbic acid peroxidase and peroxidase increased
when both were low or too high. In this condition, the content of ascorbic acid and total
extractable polyphenols were also high and provided higher total antioxidant activity. On
condition that the experiment was carried out, the combination of 5.33 g urea 2.97 g KCI per
plant, the fertilization of pineapple 'Pérola’, promotes a balance between antioxidant
metabolism and H,O, levels in the pulp and core of inflorescences. In addition, a principal
component analysis showed that N/K ratios are as important as the absolute concentrations of
these nutrients in optimizing antioxidant metabolism and thus of these nutrients must not be
considered separately.

Keywords: Ananas comosus, internal browning, digital image processing, ascorbic acid,
hydrogen peroxide, superoxide dismutase, ascorbic acid peroxidase, catalase



INTRODUCAO GERAL

O Brasil ocupa o segundo lugar no ranking mundial de produgéo de infrutescéncias
do abacaxizeiro (FAOSTAT, 2016). A producdo no ano de 2014 foi de aproximadamente 1,6
milhdo de infrutescéncias. Neste cenario, a regido Nordeste é a principal produtora, com uma
contribuicdo de aproximadamente 40% da producdo total. Por sua vez, o estado da Paraiba,
principal produtor na regido Nordeste, contribui com aproximadamente 18% da producéo
nacional (IBGE, 2016). Mas o cultivo do abacaxi na regido Nordeste enfrenta adversidades
edafoclimaticas, com ocorréncia de solos com baixa fertilidade, e baixos niveis tecnolégicos
nas etapas da cadeia produtiva. Neste contexto, é necessario estudos para a otimizacdo das
praticas de manejo pre-colheita, a exemplo da adubacdo mineral, visando assegurar a
qualidade das infrutescéncias do abacaxi e, consequentemente, o sucesso da comercializagéo.

A translucidez e o escurecimento interno das infrutescéncias do abacaxizeiro sdo
disturbios fisiologicos que alteram a coloracdo da polpa, depreciando a qualidade e,
consequentemente, prejudicando a comercializagdo (HOTEGNI et al., 2014). A translucidez
pode iniciar duas a quatro semanas antes da colheita (CHEN & PAULL, 2001) favorecendo o
posterior desenvolvimento do escurecimento interno durante 0 armazenamento
(RAIMBAULT et al.,, 2011). Tais alteracdes envolvem mudancas na coloracdo da polpa
(MONTERO-CALDERON et al., 2008), reducdo da firmeza (PATHAVEERAT et al., 2008),
alteracbes no contetdo de carboidratos (CHEN & PAULL, 2000; PATHAVEERAT et al.,
2008) e degradacdo dos compostos fenolicos (LU et al., 2011), gerando produtos escuros.

O desenvolvimento da translucidez e do escurecimento interno durante o
armazenamento do abacaxi esta fortemente associado ao metabolismo de espécies reativas de
oxigénio (ROS) e a capacidade que os sistemas antioxidantes apresentam de modular estes
agentes oxidativos (NUKUNTORNPRAKIT et al., 2015). A deficiéncia do potassio durante o
cultivo do abacaxi favorece a incidéncia de escurecimento interno durante o armazenamento
das infrutescéncias, possivelmente por elevar a atividade de enzimas oxidativas como a
polifenoloxidase e peroxidase (SOARES et al., 2005), que condicionam este processo
(RAIMBAULT et al., 2010). De acordo com Martins et al. (2012), infrutescéncias do
abacaxizeiro ‘Pérola’ cultivado com os limites adequados de fertilizantes quimicos,
principalmente os nitrogenados, considerando analises do solo e foliar, apresentaram menor
taxa de senescéncia e menor translucidez da polpa se comparadas as oriundas da producéo

convencional, durante armazenamento sob condi¢des ambientes.



A avaliagdo da translucidez em abacaxi tem sido realizada por meio de escalas
subjetivas, que buscam classificar a evolugdo da &rea translicida da sec¢do transversal da
fruta (MONTERO-CALDERON et ai, 2008;. RUSSO et al, 2014.). Mas a severidade da
translucidez em infrutescéncias de abacaxi pode ser precisamente quantificada com o uso de
processamento de imagens digitais (LIMA et al., 2015). Além disso, a medicao da cor atraves
da visdo computacional fornece uma caracterizagdo detalhada da uniformidade da cor de
frutas e hortalicas (WU & SUN, 2013), através dos sistemas de cores tais como 0 RGB (Red,
Green e Blue) (GARRIDO-NOVELL et al., 2012; ZHANG et al., 2014), podendo ser uma
ferramenta importante na caracterizagéo da translucidez.

Sabe-se que a deficiéncia nutricional durante o cultivo das culturas podem causar
grandes oscilacbes no estado redox celular e favorecer o acimulo de ROS (FOYER &
NOCTOR, 2011). Neste contexto, os sistemas antioxidantes sd0 mecanismos para que as
plantas minimizem os efeitos de ROS e mantenham o estado redox fisiologico. Diferentes
classes de enzimas antioxidantes catalisam reacgdes de oxirreducdo, muitas vezes dependentes
de elétrons fornecidos por redutores de baixo peso molecular, como é&cido ascérbico e
compostos fendlicos (NOCTOR et al., 2014; LATA, 2015). As enzimas superoxido dismutase
(SOD), catalase (CAT), peroxidases (POD) e as enzimas do ciclo acido ascérbico-glutationa
como a &cido ascérbico peroxidase (APX), e glutationa redutase (GR), atuam como parte do
sistema de defesa antioxidante enzimatico (WU et al., 2010; NOCTOR et al., 2014; DEVI e
GIRIDHAR, 2015; LIN et al., 2015). Por sua vez, os compostos fendlicos, o acido ascorbico e
a glutationa sdo moléculas de elevada capacidade redutora, que atuam diretamente no sistema
antioxidante ndo enziméatico (ALOTHMAN et al., 2009; HOSSAIN et al., 2011). Ambos 0s
sistemas antioxidantes, contribuem para a eliminagdo do perdxido de hidrogénio com
consumo reduzido de energia.

Considerando o exposto, a adequacdo de praticas agricolas, como 0 manejo
nutricional demonstra ser uma ferramenta adicional para o controle da translucidez e,
consequentemente, reducdo da susceptibilidade ao escurecimento, promovendo um ajuste dos
niveis de ROS, através do metabolismo antioxidante. Mas ainda sdo necessarios estudos sobre
a dindmica do metabolismo antioxidante em resposta a adubacdo com N e K, sobretudo
qguando associados. A utilizacdo de adubos nitrogenados e potéssicos no cultivo do
abacaxizeiro constitui-se uma pratica de manejo obrigatoria em decorréncia das exigéncias
nutricionais da cultura (SPIRONELLO et al., 2004; CAETANO et al., 2013; PEGORARO et

al., 2014). No entanto, os estudos envolvendo adubagdo com nitrogénio e potédssio abordam



principalmente o desempenho da cultura com relagdo a produtividade e os atributos basicos de
qualidade das infrutescéncias (SPIRONELLO et al., 2004; TEIXEIRA et al.,, 2011,
CAETANO et al., 2013; OMOTOSO & AKINRINDE, 2013). Diante da caréncia de estudos
que caracterizem os processos fisioldgicos ligados ao desenvolvimento da translucidez e ao
metabolismo antioxidante, de controle de ROS, em resposta a adubacdo com N e K, esta
pesquisa foi dividida em dois trabalhos. Primeiramente, objetivou-se avaliar a qualidade e
translucidez de infrutescéncias do abacaxizeiro ‘Pérola’ produzidas sob adubagao nitrogenada
e potassica. No segundo, o objetivou-se avaliar as mudancas no metabolismo antioxidante e
no conteudo de H,O, em infrutescéncias do abacaxizeiro ‘Pérola’ sob adubag¢do nitrogenada e

potéssica.
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Resumo

A translucidez nas infrutescéncias do abacaxizeiro € um disturbio fisiologico que altera a
coloracdo da polpa e conduz ao escurecimento interno. Praticas de manejo pré-colheita
podem reduzir os niveis iniciais de translucidez e até o desenvolvimento do escurecimento
na pos-colheita, mas com relacdo a adubacao nitrogenada e potassica estes efeitos ainda
ndo estdo bem caracterizados. Este trabalho teve como objetivo avaliar a qualidade e
translucidez por processamento de imagem digital de infrutescéncias do abacaxizeiro
‘Pérola’ produzidas sob adubagdo nitrogenada e potassica. Cinco doses de ureia (0,53;
3,20; 5,33; 7,47; 10,13) e cinco de cloreto de potéassio (0,30; 1,78; 2,97; 4,15; 5,64) foram
combinadas, em esquema fatorial conforme a matriz Plan Puebla Ill, totalizando dez
tratamentos. A adubacdo nitrogenada e potassica no cultivo do abacaxizeiro ‘Pérola’
influenciam os niveis de translucidez na polpa das infrutescéncias, na maturidade
comercial. Neste contexto, dose elevada de N (7,47 g de ureia por planta) combinada com
dose baixa de K (1,78 g de KCI por planta) aumenta a translucidez da polpa e reduz o
contetdo de flavanoides amarelos. Mas, a translucidez reduziu quando K foi fornecido na
dose de 4,15 g de KCI por planta com 7,47 g de ureia por planta. Nas condi¢des em que
este trabalho foi realizado, a combinagéo de 7,47 g de ureia com 4,15 g de KCI por planta
no cultivo do abacaxizeiro ‘Pérola’ favorece a qualidade das infrutescéncias, mantendo
baixos 0s niveis de translucidez e elevados valores de luminosidade (L*) da polpa,
contetdos de flavanoides amarelos, dos acucares redutores e das proteinas solveis na
polpa e no eixo central. Por sua vez, o processamento de imagens digitais demonstrou ser
uma ferramenta importante na caracterizacao da translucidez e das mudancas na coloragao
da polpa associadas a este fenémeno.

Palavras-chave: Ananas comosus var. comosus, distarbios fisioldgicos, sistema de cor

RGB, sistema CIE Lab, flavanoides amarelos, nutrigdo mineral.
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1. Introducéo

O abacaxizeiro (Ananas comosus var. comosus) € uma das frutas tropicais mais
consumidas no mundo. Sua ampla aceitacdo pode ser atribuida as suas excelentes
caracteristicas sensoriais, principalmente o sabor acido-adocicado, fonte de fibras e
vitamina C. No ano de 2014, o Brasil produziu aproximadamente 2,5 milhGes de toneladas
de abacaxi, mantendo a segunda posicdo na producdo mundial (FAOSTAT, 2016). O
Nordeste do Brasil é a principal regido produtora de abacaxi no pais, com uma
contribuicdo de 40% na producdo total. Neste cenario, o estado da Paraiba, principal
produtor na regido Nordeste, contribui com 18,54% da producdo nacional (IBGE, 2016),
gerando renda e elevando a qualidade de vida das familias de agricultores. Esta producdo é
destinada predominantemente ao mercado interno e em menor extensao a exportacao.

Para atender as exigéncias de exportacdo, devem ser monitorados os elementos que
compdem os padrdes de qualidade da fruta, especialmente quanto as alteracdes na
coloracdo da polpa (Hotegni et al., 2014). Estas alteragdes ocorrem principalmente em
decorréncia da translucidez e do escurecimento dos tecidos. A translucidez nas
infrutescéncias do abacaxizeiro ¢ um disturbio fisioldgico que pode se iniciar 2 a 4
semanas antes da colheita (Chen & Paull, 2001), deixando a polpa com aspecto aquoso. O
desenvolvimento da translucidez esta associado & redugdo da porosidade da polpa nos
ultimos estadios de desenvolvimento das infrutescéncias. Por sua vez, este evento é
consequéncia de um maior movimento de agua no apoplasto da polpa, favorecido pelo
aumento de sacarose apoplastica e, subsequente, diminuicdo do potencial de soluto (Chen
et al., 2000). Durante o armazenamento das infrutescéncias, a translucidez se intensifica e,
posteriormente surgem manchas marrons caracterizando o0 escurecimento interno

(Raimbault et al., 2010).
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Tratamentos pos-colheita como a aplicacdo do 1-MCP (Dantas Junior et al., 2009),
adequacao da temperatura de armazenamento (Hong et al., 2013) e tratamentos com
reguladores, tais como &cido salicilico (Lu et al., 2011) e acido abscisico (Zhang et al.,
2015) reduzem a incidéncia de translucidez e o escurecimento interno em abacaxi. Mas, 0
controle destas desordens ainda ndo é completamente compreendido. Também, ndo se
conhece de que forma e/ou intensidade fatores pré e pds-colheita condicionam seu
aparecimento e extensdo. A adubacdo do solo com potassio no cultivo previne o
escurecimento interno em abacaxi durante o armazenamento por reduzir a atividade de
enzimas oxidativas, como a polifenoloxidase (Soares et al., 2005), que estd entre as
principais enzimas que caracterizam o processo (Raimbault et al., 2010). A adubacdo com
nitrogénio, considerando apenas as exigéncias da cultura, de acordo com analise foliar e do
solo, associada ao manejo do solo com cobertura vegetal e o controle de pragas apds
monitoramento, reduziu a taxa de senescéncia e a translucidez da polpa em abacaxi
‘Pérola’, durante o0 armazenamento sob condicbes ambiente, se comparadas a
infrutescéncias oriundas da produgdo convencional, onde prevaleceu o0 manejo e préaticas
culturais normalmente utilizadas pelos produtores (Martins et al., 2012). A pulverizacéo
pré-colheita dos frutos com 1,3 g de cloreto de célcio por fruto em trés aplicacGes, com
intervalos de duas semanas, também reduz a incidéncia do escurecimento interno
(Hewajulige et al., 2006).

Considerando o exposto, a adequacdo de préaticas agricolas, como o manejo nutricional,
pode ser uma ferramenta adicional para o controle da translucidez e, consequentemente,
reducdo da susceptibilidade ao escurecimento interno. Possivelmente a adubacdo com N
(Martins et al., 2012) e K (Soares et al., 2005) influenciam no surgimento destes distarbios
durante a pos-colheita. Adicionalmente, N e K s&o os nutrientes mais requeridos pela

cultura do abacaxizeiro (Pegoraro et al., 2014), sendo responsaveis pela alta produtividade
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e qualidade das infrutescéncias (Spironello et al., 2004). Contudo, ha uma caréncia de
estudos que demonstrem o efeito da adubacdo com N e K, sobretudo de forma associada,
na ocorréncia de translucidez na polpa do abacaxi e seu envolvimento no
comprometimento da qualidade.

A severidade da translucidez em abacaxi pode ser precisamente quantificada com o uso de
processamento de imagens digitais (Lima et al., 2015). Além disso, a medicédo da coloracao
através da visdo computacional fornece uma caracterizacao detalhada da sua uniformidade
em frutas e hortalicas (Wu & Sun, 2013), podendo ser uma ferramenta importante na
caracterizacdo da translucidez. A coloragdo obtida por sistema de visdo computacional é
representada por varios sistemas de coordenadas definidos como sistemas de cores. O
sistema de cor RGB (Red, Green e Blue) tem sido o mais utilizado para inspecao da
qualidade em frutas e hortalicas (Garrido-Novell et al., 2012; Zhang et al., 2014).
Considerando a coloracdo como um dos atributos determinantes para a aparéncia e o
consumo, assim como o grande nimero de fatores ligados a sua modificacdo, o
estabelecimento de relacGes entre praticas de cultivo e mudancas na qualidade tem sido um
desafio, sobretudo quando se trata do manejo nutricional.

Este trabalho objetivou avaliar a qualidade e translucidez por processamento de imagem
digital de infrutescéncias do abacaxizeiro ‘Pérola’ produzidas sob adubacdo nitrogenada e

potassica.

2. Material e Métodos

2.1. Material vegetal, instalagdo e conducéo do experimento

A fase experimental de campo foi conduzida no municipio de Alhandra, Estado da Paraiba,
Brasil, em area com solo é classificado como Latossolo Amarelo Distréfico argissolico

(EMBRAPA, 2013). O clima predominante na regido ¢ o As’, quente e umido, com
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temperaturas médias entre 22 e 26 °C. No ano de 2014, a precipitacdo foi de 1.787 mm no
municipio (AESA, 2016).

O abacaxizeiro da cultivar Pérola (Ananas comosus var. comosus) foi implantado em
Janeiro de 2014, em leirdes, no sistema de fileira simples, com espacamento de 0,80 x 0,30
m. O delineamento experimental utilizado foi o de blocos casualizados (DBC), com trés
repeticdes. Os tratamentos, dispostos em esquema fatorial conforme a matriz Plan Puebla
Il (Turrent & Laird, 1975), consistiram da combinacgéo de cinco doses de N e cinco doses
de K, totalizando dez combinacdes (Tabela 1). A dose central de N e K da matriz foi obtida
a partir da média das recomendacdes dos Estados vizinhos, Pernambuco e Bahia, acrescida
de 20%. As fontes de N, P e K utilizadas foram, respectivamente, uréia (45% N),
superfosfato simples (18% P,0s) e cloreto de potéssio (60% KCI). As doses de nitrogénio
(N) e potassio (K) foram parceladas em trés aplicacdes, realizadas aos 90, 190 e 290 dias
apos o plantio (DAP), aplicadas na axila das folhas basais. A adubacdo com fosforo (P) foi
realizada em dose Unica (11,83 g por planta). As plantas receberam, ainda, aplicacGes
foliares de B (4 kg.ha™ de bérax), Fe (4 kg.ha™ de sulfato ferroso), CuS (2 kg.ha™ de
sulfato de cobre) e Zn (2 kg.ha® de sulfato de zinco) a partir dos quatro meses, em
intervalos de dois meses, até o décimo més apds o plantio (Oliveira et al., 2002).

A unidade experimental foi constituida por uma parcela contendo 60 plantas, sendo
consideradas como é&rea Util as 50 plantas centrais. A indugdo floral foi realizada aos 11
meses ap0s o plantio. A colheita das infrutescéncias foi realizada aos 16 meses ap6s o
plantio, quando as infrutescéncias haviam atingido a maturidade fisioldgica, apresentando
coloracéo verde, com inicio de pintas amarelas na base e desprendimento da malha. Para
cada repeticdo, foram colhidas 12 infrutescéncias que foram transportadas para o
Laboratorio de Biologia e Tecnologia Pds-Colheita do Centro de Ciéncias Agrarias da

Universidade Federal da Paraiba (CCA/UFPB) para avaliages.
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Tabela 1. Descricdo dos tratamentos quanto as doses de ureia e cloreto de potassio,

aplicados no cultivo do abacaxizeiro ‘Pérola’. Alhandra—PB, janeiro de 2014 a abril de

2015.
Trat ¢ Niveis Ureia KCI
ratamentos N 7 (0. pianta
1 -0,4 -0,4 3,20 1,78
2 -0,4 0,4 3,20 4,15
3 0,4 -0,4 747 1,78
4 0,4 0,4 7,47 4,15
5 0,0 0,0 5,33 2,97
6 -0,9 -0,4 0,53 1,78
7 0,9 0,4 10,13 4,15
8 -0,4 -0,9 3,20 0,30
9 0,4 0,9 7,47 5,64
10 -0,9 -0,9 0,53 0,30

2.2. Variaveis analisadas

2.2.1 Avaliacéo da translucidez, coloragéo da polpa e firmeza

Ap6s o descascamento de cada infrutescéncia, uma fatia, com espessura de
aproximadamente 2 cm, foi retirada transversalmente na regido mediana. Imediatamente,
foram capturadas imagens de 36 fatias de cada tratamento, utilizando-se uma camara
fotografica Nikon Coolpix P5020 com resolugdo de 12.1 megapixel, sobre fundo preto.
Para controle da iluminacdo, foram utilizadas quatro lampadas de 12 W, dispostas
distalmente (10 cm) nas laterais de uma caixa especialmente desenvolvida, a partir de

papel difuso branco, como representado na Figura 1A.
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Figura 1. Esquema de controle de iluminacdo e captura de imagens de abacaxi 'Pérola’ (A)

e etapa de selecdo da area translicida da fatia (B) por Visdo Computacional, utilizando o
programa ImageJ®, atraves da ferramenta Threshold Color space HSB (Hue, Saturation e

Brightness) (C).

A medigdo da area translicida das fatias foi realizada através do processamento das
imagens, utilizando o programa ImageJ®. Para a selecdo da regido de interesse (area
transllcida na fatia), utilizou-se a ferramenta Threshold Color space HSB (Hue, Saturation
e Brightness), ajustando-se os valores correspondentes a &rea translicida em cada
pardmetro de cor, como representado na Figura 1B e 1C. A érea translicida das fatias e
também da &rea total foram obtidas atraves do comando Analyze Particles.
Os valores de translucidez foram expressos em percentagem como segue:
AT (%)=(ATP/AFP)*100
em que: AT = area translucida; ATP = area translucida em pixel e AFP = érea total da fatia

em pixel.
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A coloracdo da polpa nas fatias foi avaliada através de leitura direta com o
colorimetro Minolta CM-508d, o qual expressa a cor no sistema CIE Lab e, utilizando
visdo computacional, sistema RGB. Efetuaram-se duas leituras por fatia, com o
colorimetro, alternando a posicéo de leitura. Os valores médios de cada canal RGB (Red,
Green e Blue) foram obtidos computacionalmente, medindo-se as imagens das fatias
através do comando Measure RGB do programa ImajeJ®.

A firmeza da polpa foi determinada através de penetrometro digital Fruit Hardness tested
nas fatias do abacaxi, realizando-se duas leituras alternando a posicéo nas fatias, sendo 0s
resultados expressos em Newton (N).

2.2.2. Flavanoides amarelos

Foram determinados na polpa e no eixo central, separadamente, de acordo com
metodologia de Francis (1982), utilizando uma mistura de 85 ml de Etanol PA com 15 mL
de solucdo de HCI (1,5 M) para a extracdo. Em seguida, a centrifugacdo foi realizada a
9000 rpm durante 5 minutos, removendo-se 0 sobrenadante e completando o volume final
para 15 ml com a solucdo de extracdo. Leitura espectrofotométrica a 374 nm foi realizada
em cubetas de quartzo usando o espectrofotdmetro, Genesys 10S UV-VIS. Os resultados
foram expressos em mg.100g™.

2.2.3. Carboidratos

Os teores de aclcares foram determinados na polpa e no eixo central utilizando o &cido
dinitrosalicilico (DNS), de acordo com Miller (1959). O extrato foi preparado na propor¢do
1:50 (g de amostra:mL de agua destilada), colocado em “banho-maria” (70°C) por cinco
minutos, esfriado em banho de gelo. Apos a filtracdo, foi realizada a determinagdo dos
acucares redutores (AR). Para a determinacdo dos agucares solUveis totais (AST), foi
retirado 25 mL do extrato anterior e adicionado 2 mL de HCI PA., seguido de “banho-

maria” (70°C) por 30 minutos, banho de gelo e neutralizagao do pH com NaOH (2 M). O

16



197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

volume final foi aferido em 50 mL com agua destilada. Foram utilizadas aliquotas de até os
1,5 mL dos extratos juntamente com 1 mL da solucdo de DNS. A reacdo foi iniciada com
“banho-maria” a 70 °C e cessada com banho de gelo ap6s 5 minutos. O volume final do
tubo foi aferido em 10 mL com &gua destilada e a absorbancia determinada em
espectrofotdmetro (GenesesTM 10s UV VIS) a 540 nm. Foi utilizado uma curva padrao de
glicose variando de 0 a 1801,6 ug.

2.2.4. Proteinas soluveis

Os conteudos de proteinas soliveis na polpa e no eixo central, separadamente, foram
determinados utilizando método descrito por Bradford (1976). Para extracdo, 2 g de
amostra foram homogeneizados juntamente com 10 mL de tampéo fosfato de potéssio 50
mM (pH 7,0), contendo 0,1 mM de EDTA e 0,1g de PVP. Apds filtrado, foi centrifugado a
9000 rpm durante 25 min a 4 °C. O sobrenadante foi utilizado como extrato proteico.
Aliquotas de 200 pL foram homogeneizadas por agitacdo juntamente com 2 ml do reagente
de Bradford e mantido em repouso por 5 minutos. Procedeu-se a leitura das amostras em
espectrofotdmetro (GenesesTM 10s UV VIS) a 595 nm. Utilizou-se uma curva padrdo com
Gama-globulina bovina (0,23 a 1,6 mg mL™).

2.3. Andlise estatistica

Os dados foram submetidos a analise de variancia. Para avaliar o efeito da interacdo das
doses foi utilizada a técnica de superficie de resposta, realizando andlise de regressao
polinomial para o efeito (efeito principal), testando-se até nivel quadratico. Considerou-se
a significancia de até 5% de probabilidade e coeficiente de determinacio (R?) acima de
50%. Nos casos em que 0s ajustes ndo foram significativos ou os valores de R® foram
baixos, os valores médios foram representados juntamente com desvios-padrdes. Utilizou-
se os softwares SAS 9.3 (2011) para as analises. Realizou-se, ainda, analise de correlacéo

de Pearson utilizando-se 0o JMP® 10.0.0.
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3. Resultados

3.1. A translucidez da polpa

A severidade da translucidez da polpa do abacaxi ‘Pérola’ no momento da colheita foi
influenciada pela adubacdo com N e K. Contudo, ndo houve ajuste a nenhum modelo de
superficie de resposta ou de regressdo polinomial com R2 satisfatorio (>50%). Entretanto, a
combinacéo de 7,47 g de ureia por planta com 1,78 g de KCI por planta resultou em maior
percentual de translucidez (Tabela 2). Notou-se que esta combinacdo resulta em elevada
concentracdo do N em relacdo a concentracdo do K, com relacdo N/K > 4. Em
contrapartida, quando 7,47 g de ureia por planta foram combinadas com 4,15 g de KCI por
planta praticamente ndo houve incidéncia de translucidez. Apesar destas diferencas na
severidade da translucidez, ndo foi verificado efeito significativo da adubacdo com N e K
sobre a incidéncia em infrutescéncias apresentando sintomas de translucidez. Estudos
sobre a influéncia de N ou K sobre a severidade da translucidez em abacaxi, no periodo de
colheita, sdo escassos. Entretanto, Soares et al. (2005) relataram que a adubagdo com K no
cultivo de abacaxizeiro ‘Smooth Cayenne’ reduziu a incidéncia de escurecimento interno
durante o armazenamento, por 15 dias a 7 °C, seguidos por 5 dias a 25 °C, simulando a
condicgéo de distribuicdo. O sistema de producdo integrada, caracterizado por manejo do
solo com cobertura vegetal, rogadas nas entrelinhas, adubacdo das plantas com base na
andlise do solo e analise foliar, respeitando os limites maximos de fertilizantes quimicos,
principalmente o0s nitrogenados, também reduziu a severidade da translucidez em
infrutescéncias de abacaxizeiro ‘Pérola’, durante 0 armazenamento sob condigdes
ambiente, se comparadas aquelas oriundas da producdo convencional, em que prevalece o
manejo e praticas culturais normalmente utilizadas pelos produtores (Martins et al., 2012).

De acordo com Chen & Paull (2001), maior severidade da translucidez em abacaxi pode
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estar associada as alteracGes na permeabilidade da membrana, que € favorecida por um
aumento da temperatura no altimo estadio de desenvolvimento das infrutescéncias.

3.2. O conteudo de flavanoides amarelos

A adubacdo com N e K também influenciou o conteudo de flavanoides amarelos na polpa,
mas ndo houve ajuste a um modelo de regressdo com R? satisfatorio. Contudo, a
combinacéo de 7,47 g de ureia por planta com 1,78 g de KCI por planta resultou em menor
conteddo desses compostos (Tabela 2). Em abacaxi ‘Vitoria’, a adubagdo com doses
elevadas de ureia, a partir de 10 g por planta, também reduziu o contetdo de flavanoides
amarelos na polpa (Dantas et al., 2015). Outros fatores proporcionam respostas
semelhantes a da adubacdo potéssica no que se refere a reducdo do escurecimento interno
em abacaxi. Infrutescéncias do abacaxizeiro ‘Comte de Paris’ tratadas com acido salicilico
na pré e pos-colheita apresentaram menor escurecimento interno e, consequentemente,
preservaram o conteldo de fendlicos totais quando comparadas as infrutescéncias do
controle (Lu et al., 2011). Segundo esses autores, 0s compostos fendlicos sdo degradados
no processo de escurecimento enzimatico através da atividade da polifenoloxidase. A
adubacdo com K reduziu a atividade da polifenoloxidase em infrutescéncias do abacaxi
‘Smooth Cayenne’ (Soares et al., 2005). Por sua vez, neste trabalho, a adubagdo com N e K
ndo influenciou a concentracdo de flavanoides amarelos na por¢do do eixo central do

abacaxi ‘Pérola’.
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Tabela 2. Translucidez na polpa e contetdo de flavanoides amarelos na polpa e do eixo

central de infrutescéncias do abacaxizeiro ‘Pérola’ cultivados sob diferentes doses de

nitrogénio (ureia) e potassio (KCI) combinadas.

Ureia KCI Translucidez (%) Flav. amarelos (mg.100g-1)
(9.planta-1) Severidade  Incidéncia polpa eixo central
3,2 1,78 0,35+ 0,24  8,89+0,96 0,80+0,05 1,03+£0,12
3,2 4,15 1,14+ 0,53  19,4449,62 0,78+0,05 1,00+0,05
7,47 1,78 2,06+ 0,86 36,11+13,97 0,73+0,07 1,04+0,16
7,47 4,15 0,07£ 0,07  5,56+4,81 0,82+0,06 0,94+0,14
5,33 2,97 0,22+ 0,34 13,89+11,35 0,93+0,06 1,06+0,08
0,53 1,78 0,32+ 0,41 13,89£10,73 0,83+0,01 1,00+0,16
10,13 4,15 0,86+ 0,58 13,89+9,62 0,82+0,07 1,15+0,14
3,2 0,3 0,24+ 0,15 13,89+9,62 0,89+0,05 0,97+0,08
7,47 5,64 0,18+ 0,24  8,33%6,33 0,90+0,04 1,05+0,09
0,53 0,3 0,17£ 0,15  5,56+4,81 0,81+0,04 0,99+0,12

F-test, Model probability 0,034 0,204 0,003 0,357

Meédias+Desvio Padrdo

3.3. Coloragéo da polpa

O aumento nas doses de N, independentemente do K, promoveu uma pequena redugdo nos
valores de L* (Figura 2A). Por sua vez, o efeito combinado de altas doses de ureia e baixas
de KCI e vice-versa elevou os valores de blue nas imagens das fatias. Mas, quando ambos
os nutrientes foram fornecidos em doses elevadas, houve reducdo nos valores de blue
(Figura 2B). Os parametros a* e b*, assim como Red e Green, ndo foram influenciados
pela adubacdo combinando diferentes doses de nitrogénio e potassio (Tabela 3). De acordo
com Hotegni et al. (2014), a coloracdo da polpa do abacaxi é um dos atributos de qualidade
mais valorizado na comercializacdo. Embora, nas condi¢cdes deste experimento, as
respostas das varidveis objetivas de cor tenham sido pouco expressivas, as alteracdes na
coloracdo da polpa do abacaxi estdo associadas ao desenvolvimento da translucidez

(Montero-Calderdn et al., 2008; Lima et al., 2015) que posteriormente contribuem no
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escurecimento interno (Raimbault et al., 2010). Lima et al. (2015) avaliaram as mudancas
na coloragao da polpa do abacaxi ‘Pérola’ minimamente processado, tanto no sistema CIE

Lab como RGB, obtendo forte correlacdo da coloragdo com a evolucgéo da translucidez.

y L* =-0,1585%*x + 52,022; R*=0.79
¥ Blue = 182.455 -4.284N -0.777K +0.5598N? +1.5197NK -0.1936**N?K; R*=0.52

54
53 A
52 A

*
551 A \
*

50 A
49 ~
~1

O T T T T T

0 2 4 6 8 10

Ureia (g.planta-1)

Figura 2. Efeito isolado das doses de nitrogénio sobre o parametro de cor L* (A) e
superficie de resposta com o efeito combinado de nitrogénio (Ureia) e potassio (KCI) sobre
0 parametro de cor Blue (B) de infrutescéncias do abacaxizeiro ‘Pérola’. **Significativo

até 1%.
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Tabela 3. Parametros de coloracdo (L*, a* e b*; RGB) da polpa de infrutescéncias do

abacaxizeiro ‘Pérola’ cultivados sob diferentes doses de nitrogénio (ureia) e potassio (KCI)

combinadas, obtidos por colorimetro e por sistema de visdo computacional.

Urela KCI Colorimetro Sistema de visdo computacional
(g.planta™) L a* b* Red Green Blue

32 1,78 52,46+1,8 4,19+0,5 26,79+1,6 189,96+10,4 191,44+9,3 176,45+11,2

32 4,15 51,27+2,8 4,07+0,3 26,23+1,3 197,56+10,6 197,91+9,5 184,01+11,1
7,47 1,78 49,94+25 3,88+0,4 26,50+1,7 195,6549,3  196,29+8,3  181,52+9,9
747 4,15 50,26+2,1 3,95+0,4 25,74+1,1 196,35+8,9  196,40+7,8 181,63+8,1
533 2,97 51,08+2,0 3,91+0,4 25,47+1,0 192,96+9,7 193,51+9,0 179,61+9,8
0,53 1,78 51,43+2,3 3,90+0,4 25,90+1,7 192,94+11,6 193,84+10,6 180,52+12,6
10,13 4,15 50,76+2,6 3,94+0,5 26,19+1,1 189,55+10,6 190,68+9,7 174,39+10,7

32 03 51,22+1,7 3,87+0,3 26,08+1,3 189,70+11,1 190,77+10,4 176,56+10,8
7,47 5,64 5094+28 3,93+0,5 26,06+1,4 193,33+11,2 194,08+10,3 180,41+10,8
053 0,3 52,60+1,6 4,12+0,3 25,98+0,8 192,6949,6  193,62+8,8 180,10+9,1
F-test, Model

probability 0,022 0,067 0,241 0,115 0,072 0,036

Meédias+Desvio Padrdo

Adicionalmente, o processamento de imagens digitais permitiu ndo somente a avaliagao da
severidade da translucidez nas fatias de abacaxi ‘Pérola’, nas condi¢des deste experimento,
como demonstrou ser uma ferramenta importante na caracterizagdo das mudangas na
coloracédo da polpa associadas a este fendbmeno, através da intensidade dos valores de Blue
nas imagens das fatias. Neste contexto, os valores de RGB de imagens, juntamente com 0s
valores de L*, foi demonstrado como ferramenta capaz de caracterizar a evolucéo da cor
durante o armazenamento de abacaxi ‘Pérola’ minimamente processado (Lima et al., 2015)
e de macds integras (Garrido-Novell et al., 2012), além de diferenciar a qualidade em
muitas frutas e hortalicas (Zhang et al., 2014). Assim, o sistema de visdo computacional
apresenta elevada precisdo associada a baixos custos, podendo ser uma ferramenta capaz

de substituir o trabalho humano na inspecao da qualidade (Quevedo et al., 2010).

22



321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

3.4. Carboidratos da polpa e do eixo central

Com relacdo aos carboidratos, a adubacdo com N e K nao influenciou os teores de agucares
sollveis totais e de aglUcares ndo redutores em ambas as porcdes avaliadas, polpa e eixo
central (Tabela 4). Os teores de acticares solliveis totais variaram de 8,52 a 11,84 g.100 g*
na polpa e 8,76 a 11,95 g.100 g™ no eixo central. Os teores de aglicares ndo redutores no
eixo central foram ligeiramente superiores aos observados para a polpa, 5,64 e 4,78 g.100
g'l, respectivamente. Em abacaxi ‘Vitéria’, Dantas et al. (2015) relataram que o aumento
nas doses de N, fornecido tanto na forma de ureia como na forma organica (cama de
frango), reduziram os teores de acglcares solUveis totais e ndo redutores. Entretanto, 0s
teores de sélidos soluveis de abacaxi variedade N36 ndo foram influenciados por doses
crescentes de adubacdo nitrogenada, segundo Arshad e Armanto (2012). Da mesma forma,
a adubacdo com doses crescentes de cama de frango contendo quantidades significativas de
N (1,97%) ndo influenciou os teores de solidos sollveis e de acUcares solUveis totais do

abacaxi ‘Pattavia’ (Isuwan, 2013).
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345 Tabela 4. Teores de acucares soluveis totais (AST) e de acucares ndo redutores (ANR) da
346  polpa e eixo central de infrutescéncias do abacaxizeiro ‘Pérola’ cultivados sob diferentes

347  doses combinadas de nitrogénio (ureia) e potassio (KCI).

T Ureia KCI AST (g.100g™) ANR (g.100g™)
(g.planta™) polpa eixo central polpa eixo central
1 3,2 1,78 11,84+0,9 9,86+0,6 6,88+1,0 5,46+0,5
2 3,2 4,15 10,24+0,7 9,34+1,3 4,86+0,5 5,42+1,2
3 7,47 1,78 10,09+0,6 11,70+2,3 4,68+0,3 6,95+1,7
4 1,47 4,15 9,91+1,0 11,89+1,4 4,34+1,5 6,84+0,7
5 5,33 2,97 8,52+1,3 9,60+1,9 3,64+0,6 5,25+1,3
6 0,53 1,78 10,57+0,3 11,95+3,4 4,68+0,8 6,22+1,9
7 10,13 4,15 9,52+0,9 10,09+2,9 4,58+0,4 4,87+1,6
8 3,2 0,3 8,68+0,8 9,47+2,2 4,02+0,4 4,62+0,8
9 7,47 5,64 9,68+1,5 9,86+0,8 5,05+0,7 5,70£1,3
10 0,53 0,3 9,85+0,5 8,76x0,7 5,08+0,3 5,08+0,3
F-test, Model probability 0,164 0,096 0,059 0,063

348  MeédiastDesvio Padrdo; T = tratamentos

349

350 O aumento nas doses de K em até 2,97 g de KCI por planta elevaram os teores de aglcares
351  redutores (AR) na polpa e no eixo central quando N foi fornecido em doses baixas ou em
352  até 5,33 g de ureia por planta (Figura 3A e B). Por sua vez, o aumento no fornecimento de
353 N, principalmente quando combinado com 2,97 g de KCI por planta, reduziu os AR. Na
354  polpa, elevadas doses de N combinadas com doses baixas de K resultaram no acimulo de
355 AR, embora doses mais altas de N e K reduziram os teores deste carboidrato. Na por¢do do
356  eixo central, os menores contetdos de AR ocorreram quando potassio estava muito
357 elevado, em doses acima de 4,30 g de KCI por planta, combinado com doses baixas de N.

358
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¥ AR polpa= 4.86 -0.527N +0.923**K +0.0822**N? -0.1668**K? +0.0087*NxK -0.0179**N?xK +0.0194*NxK?*; R*= 0.72
¥ AR talo = 3.364 -0.1135*%*N +2.094K +0.04423**N? -0.4498**K2 -0.2696NK -0.00347**N?K +0.060**NK?; R* = 0.78
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Figura 3. Superficie de resposta com o efeito combinado de nitrogénio (ureia) e potassio
(KCI) sobre o conteddo de acucares redutores na polpa (A) e eixo central (B) de

infrutescéncias do abacaxizeiro ‘Pérola’. **Significativo até 1%, *Significativo até 5%.

O efeito conhecido de altas doses de adubacdo nitrogenada, independentemente do K, na
cultura do abacaxizeiro é o de reduzir os contetdos de acUcares nas infrutescéncias
(Omotoso & Akinrinde, 2013; Dantas et al., 2015). Da mesma forma, o efeito positivo que
a adubacdo com K promove sobre os conteudos de aglcares em abacaxi ja foram relatados
(Spironello et al., 2004; Caetano et al., 2013). Contudo, combinando diferentes doses de N
e K na adubagdo do abacaxizeiro ‘Pérola’, observou-se que 0 maximo conteudo de
acucares da polpa quando K estava deficiente e N elevado. Possivelmente, N favoreceu a
fotossintese e, portanto, a producdo de carboidratos, mas o K é necessariamente importante

na redistribuicdo dos foto-assimilados (Aleman et a., 2011) e estava deficiente.

3.4. Proteinas sollveis e firmeza da polpa
O conteudo de proteinas soltiveis na polpa do abacaxi ‘Pérola’ aumentou a medida em que

as doses de N e K aumentaram (Figura 4A). Mas quando K estava baixo, em doses
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inferiores a 1,64 g de KCI por planta, doses muito elevadas de N, superiores a 5,33 g de
ureia por planta, reduziram o contetdo de proteinas na polpa. O aumento nas doses de N
em até 5,58 g de ureia por planta, independentemente do K, também aumentou o contetido
de proteinas sollveis na porcdo do eixo central, que sofreu reducdo a partir desta dose
(Figura 4B). O N é um dos principais constituintes de aminoacidos e proteinas. Sob
deficiéncia de N, a sintese de aminoacidos é direcionada para a producdo de compostos do
metabolismo secundario, relacionados com a defesa vegetal, favorecendo a reducdo do
conteddo de proteinas soltveis (lbrahim et al., 2011). O K também &, necessariamente,
importante na sintese de proteinas (Chérel et al., 2014). Assim, 0 menor conteldo de
proteinas quando N estava elevado e K reduzido pode ser atribuido a deficiéncia do K nos
tecidos, favorecida pela diluicdo deste nutriente em decorréncia do excesso de N

(Marschner, 2012).

¥ PS polpa = 0.15679 +0.07099**N +0.0664K -0.006426N? -0.03022**NxK +0.002739**N?xK; R? = 0,50
§ PS talo = -0,0013**N? +0,0145N +0,1817; R2= 0,61
0,25 5

B
Loy e *
% -1 ]
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Figura 4. Superficie de resposta com o efeito combinado de nitrogénio (ureia) e potassio
(KCI) sobre contetdo de proteinas solUveis na polpa (A) e efeito isolado de nitrogénio
sobre o0 conteddo de proteinas sollveis no eixo central (B) de infrutescéncias do

abacaxizeiro ‘Pérola’. **Significativo até 1%.
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O aumento nas doses de N até 6,08 g de ureia por planta e K até 3,13 g de KCI por planta
reduziu a firmeza da polpa do abacaxi ‘Pérola’ (Figura 5A e B). Provavelmente, por que a
adubacdo nitrogenada aumenta o tamanho e peso das infrutescéncias de abacaxi (Caetano
et al., 2013) principalmente se combinada com K (Spironello et al., 2004), favorecendo o
aumento do volume celular e a menor area de contato célula-a-célula, tornando os tecidos
menos firmes (Toivonen & Brummell, 2008). Contudo, a partir destas doses, o
fornecimento de ambos 0s nutrientes resultou no aumento de firmeza da polpa,

principalmente o K, mas este efeito foi observado para cada nutriente isoladamente.
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6
¥ F =0,0653**N2 - 0,794N + 5,1638; R = 0,92 §F=0,3072**K2 - 1,9248K + 5,5729; R>=0,93
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Firmeza (N)
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Figura 5. Efeito isolado de ureia (A) e KCI (B) sobre firmeza da polpa de infrutescéncias

do abacaxizeiro ‘Pérola’. **Significativo até 1%.

3.5. Correlacgéo da translucidez da polpa com as mudancas na qualidade

O conteudo de flavanoides amarelos na polpa foi correlacionado negativamente com a
translucidez (r = -0,72), indicando que o desenvolvimento da translucidez em abacaxi
‘Pérola’, cultivado sob adubagao nitrogenada e potassica, esta associada com a degradagao
dos flavanoides amarelos, possivelmente, devido a maior atividade da polifenoloxidase

favorecida pela deficiéncia de K (Soares et al., 2005).
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O parametro de cor L* apresentou correlagdo moderada negativa com a translucidez da
polpa (r = -0,48), mas esta correlacdo nao foi significativa. Contudo, Montero-Calderon et
al. (2008) observaram diminuicdo nos valores de L* em decorréncia do desenvolvimento
da translucidez em abacaxi ‘Gold” minimamente processado e armazenados em diferentes
condicdes de embalagens durante 20 dias a 5 °C. As correlacbes com sistema de cor RGB
também foram caracterizadas por coeficientes de valores baixos e ndo significativas. Da
mesma forma, a firmeza demonstrou baixa correlagcdo negativa, enquanto os conteddos de
carboidratos demonstraram baixa correlacdo positiva com a translucidez, mas todos nédo
significativos. De acordo com Pathaveerat et al. (2008), a firmeza da polpa de abacaxi
‘Pattavia’ foi menor em infrutescéncias com maior grau de translucidez, em decorréncia da
maturidade avancada, enquanto o conteudo de solidos soltveis foi mais elevado. De fato, 0
metabolismo de carboidratos é positivamente relacionado com o desenvolvimento da
translucidez, pois 0 aumento de sacarose no apoplasto da polpa reduz o potencial de soluto,
favorecendo um maior fluxo de dgua, que conduz a reducgdo da porosidade e a translucidez
da polpa (Chen & Paull, 2000).

As infrutescéncias avaliadas neste trabalho apresentavam-se na maturidade fisioldgica,
ponto de colheita comercial, portanto, com niveis iniciais de translucidez, como pode ser
confirmado na Tabela 2. Consequentemente, isso pode explicar os valores de correlagéo
entre a translucidez e as alteragdes na coloracdo, firmeza e os contelidos de agucares que
foram baixos. Outros trabalhos sdo necessarios para se compreender melhor o possivel
efeito da adubacdo nitrogenada e potéssica no desenvolvimento da translucidez e a relacdo
desta com as alteracdes na qualidade do abacaxizeiro ‘Pérola’. Novos trabalhos devem
levar em conta as mudancas no periodo pos-colheita, quando a translucidez pode se
intensificar e os sintomas de escurecimento interno se sobressairem (Raimbault et al.,

2010; Zhou et al., 2014; Nukuntornprakit et al., 2015). Adicionalmente, é preciso
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451

esclarecer como estes disturbios fisioldgicos podem ser minimizados pela adubacdo
potassica (Soares et al., 2005) e como, de acordo com este trabalho, a adubacao

nitrogenada e potassica influenciam a incidéncia no momento da colheita.

Variable Translucidez da polpa

by Variable -8-6-4-20 .2 ,4 6 ,8 Correlation Signif Prob
L -0,4757 0,1647
a* L | -0,1549 0,6692
b* 0,5079 0,1339
Red 0,3568 0,3115
Green 0,3910 0,2638
Blue 0,2323 0,5183
Flav. polpa | -0,7167 0,0197 *
Flav. talo 3 0,3111 0,3816
Firmeza -0,3518 0,3188
AST polpa [ ] 0,1430 0,6935
AST talo L] 0,2554 0,4763
ANR polpa 0,0095 0,9792
ANR talo 0,3510 0,3200
AR polpa 0,3048 0,3918
AR talo 0,0959 0,7922
PS polpa 0,3917 0,2630
PS talo -0,3413 0,3344
Incidéncia | 09333 <0001 *

Figura 6. Correlacdo da translucidez da polpa com as mudancas nos atributos de qualidade
de infrutescéncias do abacaxizeiro ‘Pérola’ produzidas sob diferentes combinagdes de

adubacdo nitrogenada e potassica.

4. Concluséo
Nas condi¢fes em que este trabalho foi realizado, a combinagédo de 7,47 g de ureia com
4,15 g de KCI por planta no cultivo do abacaxizeiro ‘Pérola’ favorece a qualidade das

infrutescéncias, mantendo baixos o0s niveis de translucidez e elevados valores de
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luminosidade (L*) da polpa, contetdos de flavanoides amarelos, dos aglcares redutores e
das proteinas soltveis na polpa e no eixo central. Por sua vez, o processamento de imagens
digitais demonstrou ser uma ferramenta importante na caracterizacdo da translucidez e das

mudancas na coloracdo da polpa associadas a este fenémeno.
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ABSTRACT

Nitrogen and potassium fertilization affects the production of H,O, and the antioxidant
compounds, but these effects are not well characterized for pineapples. This research
aimed to evaluate the changes in the enzymatic antioxidant systems, and the content of
H.0, in infructescences of ‘Pérola’ pineapple plants grown under nitrogen (N) and
potassium (K) fertilization. Five doses of urea (0.53, 3.20, 5.33, 7.47, and 10.13) and five
of KCI (0.30, 1.78, 2.97, 4.15, and 5.64) were combined according to the Plan Puebla il
matrix, totaling 10 treatments. Low combinations of N and K were used, as their individual
higher levels increased H,O, content and the activity of antioxidant enzymes. Catalase
activity mainly increased when K was higher and N was lower, while superoxide
dismutase, ascorbic acid peroxidase, and peroxidase had their activities increased when
both nutrients were in lower or in very high levels. In this condition, the ascorbic acid and
total extractable polyphenols were higher as well, leading to a higher total antioxidant
activity. Considering experimental conditions herein, the combination of 5.33g of urea and
2.97 g of KCI per plant for ‘Pérola’ pineapple plants promoted a balance between the

antioxidant metabolism and the H,O, levels in both pulp and core of fruits.

KEYWORDS: ascorbic acid, hydrogen peroxide, superoxide dismutase, ascorbic acid

peroxidase, catalase
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INTRODUCTION

Pineapple (Ananas comosus var. comosus) is a crop with remarkable performance in
tropical and subtropical countries where it is widely cultivated and has a consolidated
consumption. Brazilian pineapple production was around 2.4 million tons in 2013, ranking
in second place among the world producers.® Nutritional status was certainly one of the
factors contributing to this performance, considering that nitrogen and potassium are the
most required nutrients by pineapple plants,> also being responsible for the high yield and
quality of the fruit.* Although increasing the yield and weight of fruit, much higher levels
of N decrease quality features, such as sugars, vitamin C,° and yellow flavonoids content.®
On the other hand, K promotes increased contents of vitamin C and sugars’, in addition to
improving the production.®

Abiotic stresses, such as nutritional deficiency and water deficit, trigger the synthesis of
reactive oxygen species (ROS), such as superoxide radical (O;7), hydrogen superoxide
(H20,), and hydroxyl radical (‘OH) that participate in physiological responses to different
kinds of stresses.®*® When K* deficiency is sensed in the soil by the plant cells, its
acquisition mechanism is mediated by an increase in ROS, which is mediated by Ca*-
dependent signaling pathway for the uptake of this nutrient, mainly in osmotic
metabolism.**** In turn, higher levels of N can increase the activity of enzymes related to
ROS scavenging,'* or even reduce the activity of some antioxidant enzymes™ and the total
antioxidant activity.'® H,0, plays an important role in the signaling and signal transduction
of responses to oxidative stress in plants,'’”*® but its excess leads to cell damage, such as
lipid peroxidation in the membrane and protein degradation.’® As an example, ROS
metabolism in pineapple was strongly correlated to pulp browning. ?° However, it seems

that this event is dependent on the biochemical status of the tissue, as it starts in the juicy
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pulp and later expands to the core, conditioning an unpleasant appearance in the whole
infructescence.?%

The cell antioxidant systems include molecules with high reducing capacity that act
directly in the non-enzymatic antioxidant system, such as phenolic compounds and
ascorbic acid,?** as well as antioxidant enzymes, which include superoxide dismutase
(SOD), catalase (CAT), and ascorbic acid peroxidase (AAP),**?*?* capable of reducing the
ROS levels in living organisms. The enzymatic antioxidant system comprises one of the
main mechanisms developed by plants to minimize ROS effects and to maintain a
physiological redox state in the cells. SOD plays a central role in the elimination of O,",
generating H,0, and 0,.%%2* CAT, APX, and peroxidase (POD) are mainly responsible
for the elimination of H,0, and release H,O e O, as products.*®%

These antioxidant systems must be efficient in maintaining low levels of ROS and
guaranteeing the cell function,” mainly under stress conditions. In this context, Liu et al.?®
reported that adequate N supply (240 kg N ha™) in cotton grown under water stress
contributed to the drought tolerance of plants, providing a proper adjustment of antioxidant
enzymes in roots, thus reducing lipid peroxidation. However, an oversupply of N (480 kg
N ha™) had a harmful effect on plants’ tolerance to drought. Bioactive compounds and the
total antioxidant activity in ‘Vitdria’ pineapples were affected by nitrogen fertilization.® In
addition, potassium fertilization prevents browning in pineapple pulp by reducing the
activity of oxidative enzymes, such as polyphenol oxidase and phenylalanine ammonia-
lyase.” However, the dynamic of antioxidant metabolism in response to N and K
fertilization is not clear, mainly when combined.

Based on this, this research aimed to evaluate the changes in the enzymatic antioxidant

systems and the H,O; content in both the pulp and core of ‘Pérola’ pineapples under

nitrogen and potassium fertilization.
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MATERIAL AND METHODS
Plant material and setting the experiment. The experimental step in the field was carried
out in the municipality of Alhandra, Paraiba state, Brazil, where the soil is classified as an

argisolic Dystrophic Yellow Latosol.*°

The predominant climate is As’, hot and humid,
with mean temperatures between 22 and 26°C.3' In 2014, the average precipitation was
1.787 mm in the municipality. The cultivated Pérola pineapple (Ananas comosus var.
comosus) was planted in a single row system with spacing of 0.80 x 0.30 m.

The sources used for N, P, and K were urea (45% N), single superphosphate (18% P,0s),
and potassium chloride (60% KCI), respectively. The fertilizations with nitrogen (N) and
potassium (K) were divided into three applications, and phosphorus (P) was applied once
(11.83g of single superphosphate per plant). The doses of nitrogen (N) and potassium (K)
were divided in three applications, which were made at 90, 190 and 290 days after planting
(DAP), applied in the axils of the basal leaves. The phosphorus (P) fertilization was made
in a single dose (11.83 g per plant). Pineapple plants also had B (4 kg ha™ boron), FeSO,
(4 kg ha™* iron sulphate), CuSO,.5H,0 (2 kg ha™ copper sulphate), and ZnS0,.7H,0 (2 kg
ha® zinc sulphate) applied to their leaves from the fourth month, continuing every two
months until the tenth month after planting.*

The experiment followed a randomized blocks design (RBD) with three repetitions.
Treatments were organized in factorial design according to the Plan Puebla Il matrix®
consisting of the combination of five doses of both N and K, totaling ten combinations
(Table 1). Sixty pineapple plants composed the experimental unit, however, just the 50
central plants were taken as the effective area. Floral induction was performed 11 months
after planting, and the harvest was performed 16 months after planting when fruits reached

physiological maturity, characterized by a green color with yellow spots in the base and

fruitlet detachment. Each replication was composed of 12 fruits, which were transported to
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the Postharvest Biology and Technology laboratory of the Centro de Ciencias Agrérias,
Universidade Federal da Paraiba, Brazil, for evaluations. Pulp (fruitlet) and the core
(central peduncle of the fruit) were studied individually.

Ascorbic Acid and Total Extractable Polyphenols. Ascorbic acid content (mg 100 g™
was obtained by titration with DFI (0,002% 2,6- dichlorophenolindophenol) until
permanent light pink color in the extract according to AOAC.**

Total extractable polyphenols were performed according to Dantas et al.® Five grams of
sample were homogenized with 4 mL of 50% methanol, holding for 1 h, and centrifuged
for 20 min at 9000 rpm. Supernatant was stored and 4 mL of 70% acetone were added to
the residue remained, homogenized, holding 1 h more, and following centrifugation for 20
min at 9000 rpm. The recovered supernatants were combined, and the final volume
completed to 10 mL with distilled water. An aliquot of 0.2 mL of the extract was diluted
with 1 mL with distilled water. Afterwards, 1 mL of Folin-Ciocalteau reagent, 2 mL of
20% sodium carbonate, and 2 mL of distilled water were added. The mixture assay
remained for 30 min in darkness. Readings were performed in spectrophotometer
(GenesysTM 10S UV-VIS) at 700 nm. A standard curve of gallic acid (0 to 50 mg g™*) was
used, and the total extractable polyphenols (TEP) content was presented as mg of gallic
acid 100 g™ of fresh sample.

Total Antioxidant Activity (DPPH’ radical). Total antioxidant activity (TAA) was
performed through capturing the free radical DPPH".® Three dilutions (400, 700, and 1000
ul mL™) were prepared in triplicate based on preliminary assays, and a standard curve of
DPPH’ (final concentration ranging from 0 to 60 uM in pure methanol). An aliquot of 100
uL was taken from each dilution and added to 3.9 mL of DPPH’ radical (60 uM). The
control solution was made of 4 mL of 50% methanol, 4 mL of 70% acetone, and 2 mL of

distilled water. From this solution, 100 puL was used. The absorbance was read at 515 nm
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in spectrophotometer (GenesysTM 10S UV-VIS). Results were presented as ECsg, which
reports the quantity of fresh material capable of providing antioxidants able to scavenge
the DPPH' radical (g de DPPH").

Extraction and activities of SOD, POD, APX, and Catalase. All enzymatic assays were
performed from the same crude extract. Two grams of the sample were taken,
homogenized with 10 mL of 50 mM potassium phosphate buffer (pH 7.0), 0.1 mM EDTA,
and 0.1 g of PVP. After filtered, centrifuged at 9,000 rpm for 25 min at 4 °C, the
supernatant was used as enzymatic extract. The protein concentration of extract was
measured at 595 nm by Bradford assay.*® A standard curve with bovine gammaglobulin
was used (0.23 to 1.6 mg mL™).

Catalase activity (CAT, EC 1.11.1.6) was assayed following recommendations of Yang et
al.*® The reaction mixture (1.5 mL) was composed by 1.29 ml of 100 mM potassium
phosphate buffer, 60 uL of 0.5 M H,0,, and 150 uL of crude enzymatic extract. The
decrease in the absorbance at 240 nm resulting from the hydrogen peroxide consumption
was monitored for 3 minutes. One unit of CAT activity is defined as the amount of enzyme
which decomposes 1 umol of H,0, per minute per milligram of protein (U mg™ protein),
considering the conditions of the assay and the extinction coefficient 39.4 mM™ cm™.

The superoxide dismutase activity (SOD, EC 1.15.1.1) was assayed to quantify the ability
to inhibit the photochemical reduction of nitroblue tetrazolium (NBT), according to Lv et
al.*” The reaction mixture (1.5 mL) contained 50 mM potassium phosphate buffer (pH 7,8),
13 mM methionine, 2.0 mM riboflavin, 50 mM EDTA, 75 mM NBT, and 50 uL of crude
enzymatic extract. After adding riboflavin, the reaction was triggered by turning on two 30
W fluorescents lights, remaining so for 10 minutes, and then lights were turned off. The

absorbance of the assay mixture was recorded at 560 nm. One unit of SOD was defined as
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the necessary amount of enzyme that inhibits the photoreduction of NBT in 50 % under the
assay conditions.
Ascorbic Acid Peroxidase activity (APX, EC 1.11.1.11) was performed according to

1.2 with some modifications. The reaction mixture contained 1.3 mL

Nukuntornprakit et a
of 50 mM potassium phosphate buffer (pH 7.0), 50 pL of 30 mM H,0,, 50 puL of 9.0 mM
ascorbic acid, and 100 pL of the enzymatic extract. The decrease in the absorbance was
recorded for 3 min at 290 nm, and the enzymatic activity was calculated according to the
extinction coefficient 2.8 mM™ cm™. One unit of APX activity was defined as the amount
of the enzyme that oxides 1.0 umol of ascorbic acid per milligram of protein per min (U
mg™ protein).

Peroxidase activity (POD, EC 1.11.1.7) was assayed based on the guaiacol oxidation using
H,0, and a extinction coefficient 26.6 mM™ cm™, following method of Wu et al.?*® The
reaction mixture contained 1.2 ml of 100 mM potassium phosphate buffer (pH 7.0), 0.1 mL
of 0.5 M hydrogen peroxide, 0.1 ml of 3% guaiacol, and 0.1 ml the enzymatic extract. The
increase in absorbance was monitored for 60 seconds at 470 nm. One unit of POD activity
was defined as the amount of enzyme that catalyzes the peroxidation of 1.0 pmol of
guaiacol per milligram of protein per minute (U mg™ protein).

H,0, Levels. The hydrogen peroxide content was assayed according to Nukuntornprakit et
al.?% Five grams of sample were homogenized in a mortar previously cooled in ice with 5
ml of 0.1% trichloroacetic acid (w/v). The homogenate was centrifuged at 9,000 rpm for
20 min at 4 °C. One milliliter of the supernatant was added to 1.0 ml of 5.0 mM potassium
phosphate buffer (pH 7.0), and 1 mL of 1.0 M potassium iodide The absorbance of the

final mixture was measured at 390 nm using a spectrophotometer GenesysTM (10S UV-

VIS). The hydrogen peroxide content was determined using an H,O, standard curve
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prepared from a stock solution of 10 mM, and the results were expressed as pmol of H,0,
g™ of fresh pulp.

Statistical Analysis. Data were subjected to analysis of variance. To evaluate the effect of
the doses, we applied the response surface technique and performed a polynomial
regression analysis of the isolated effect of the sources (main effect), testing up to a
quadratic level. Significance was considered up to 5% probability and coefficient of
determination (R?) greater than 60%. Principal component analysis (PCA) was performed
and an hierarchical clustering analysis with an algorithm based closely on the Sokal and

Michener method.*® SAS 9.3 (2011) and JIMP® 10.0.0 programs were used for all analysis.

RESULTS

H,0, levels. H,0, content in pineapple pulp was higher when N was supplied at low
doses, up to 5.33g of urea per plant, combined with very high doses of K, from 4.30 to
5.64g of KCI per plant. However, the combination of 5.33 g of urea and 2.97 g of KCI
reduced the H,0, in the pulp (Figure 1A). An increase of H,O, was observed when K was
lower than 2.97g of KCI, and in combinations with lower and higher doses of urea. In
contrast, no significant K effect on H,O levels in the core portion was observed. However,
N supply, regardless of K, increased H,O, levels (Figure 1B).

Enzymatic Antioxidant Activity. Data for K and N effects on superoxide dismutase
activity (SOD) was not adjusted to any surface response model or polynomial regression
curve with a satisfactory R2 (> 60%), therefore the average values are presented in Table 2.
However, combinations between lower doses of N and K (0.53g of urea and 0.30g of KCI
per plant) enhanced SOD activity in the pulp, while the combinations of N and K (3.2 and

4.15, 7.47 and 1.78, respectively) provided lower activity. Unlike in the core portion,
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decreased SOD activity appeared for combinations between lower doses of N e K (0.53g of
urea and 0.30g of KCI per plant), together with the combination of 3.2 and 0.3.
Results for ascorbic acid peroxidase activity (APX) in fruit pulp showed interaction
between N and K. The activity in the core only had activity for isolated doses of N (Figures
2A and B). From the surface response plot, it can be noticed that combinations with higher
doses of N and K, as well as their higher doses increase APX activity in the pulp. Thus, if
K is provided at lower rates (0.3 g of KCI per plant), N supplied at up to 5.33g of urea per
plant tends to reduce the APX activity, but if N supply increases from that dose, APX tends
to increase its activity. However, the activity may decrease again if K is supplied to 2.97g
of KCI per plant. Still, K supply in higher doses reduces APX activity even more if
combined with 5.33g of urea per plant. In fruit core, N ranging up to 5.33g of urea per
plant, regardless of K, also reduces APX activity. Similar to that observed in the pulp,
higher doses increase its activity.
Peroxidase (POD) was assayed with guaiacol, which has been widely used as a non-
specific electron donor in enzymatic assays, and hydrogen peroxide as the electron
acceptor molecule. POD activity showed similar behavior to APX. The higher POD
activity was observed when N and K combinations were applied with the highest doses
(10.13g of urea and 5.64g of KCI per plant) (Figure 2C). However, when low doses of N
were supplied ranging from 0.54 to 5.33g of urea per plant, higher doses of K reduced
POD activity. Similarly, combinations of higher doses of N with doses of K lower than
2.97g of KCI per plant reduce POD activity. In the core, the activity was not adjusted to
any regression model with satisfactory R?, but the highest value of activity was observed
for the combination between 3.2 g of urea and 0.3g of KCI per plant (Table 2).

The activity of catalase (CAT) was only determined in the fruit pulp. Overall, the

activity of CAT showed different behavior than that observed for the other antioxidant
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enzymes herein in response to N and K combinations (Figure 2D). Its greatest activity was
observed for the highest dose of K in combination with lowest dose of N (5.64g of KCI
and 0.53g of urea per plant). On the other hand, the combination of the lowest doses of N
and K (0.53g of urea and 0.30g of KCI per plant) resulted in reduced CAT activity. The
increase in N levels when K was deficient (0.30g of KCI per plant) also enhanced CAT
activity, but when K was high in concentration (5.64g of KCI per plant), the addition of N
reduces its activity. Furthermore, it was observed that increasing K combined with N levels
from 5.33g of urea per plant virtually does not affect CAT activity.

Ascorbic acid content and Total extractable polyphenols. The increase in nitrogen (N)
linearly reduced ascorbic acid content (AA) in the pulp of the ‘Pérola’ pineapple fruit,
while no significant effects for the levels of potassium (K) were observed (Figure 3A). For
the portion of the core, the increase in N and K rates promoted a mutual effect in
increasing levels of AA (Figure 3B). When combined with lower doses of K, the increase
in N reduces the AA content from the dose of 5.33g of urea per plant. Conversely, an
increase in the K levels linearly increases AA content when combined with higher levels of
N. Thus, the positive effect of K on AA content is necessarily dependent on N application,
meaning that at low doses of N, K fertilization does not respond satisfactorily in increasing
the AA content.

The combined effect of N and K on the total extractable polyphenols (TEP) content was
similar in the pulp and core (Figure 3C and D). TEP values and AA in the core were
always lower than those observed in the pulp. In general, low doses of these nutrients as
well as their very high doses simultaneously promoted an increase in the TEP content. On
the other hand, when one nutrient is at lower doses, the increase in the other reduces the

TEP content, especially K.
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Total antioxidant activity (DPPH’ radical). In the fruit pulp, low doses of N and K
resulted in higher total antioxidant activity (TAA). The increase in K levels combined with
low doses of N continuously reduced the TAA, but when K was associated with high doses
of N, antioxidant capacity was highly maintained. In turn, the increase in N levels up to the
dose of 5.33g of urea per plant reduced TAA when K was low, but it increased again from
this dose (Figure 4A). High TAA was also observed in the core with the highest
combinations of N and K (Figure 3B).

Principal component analysis. The principal component analysis (PCA) explained
72.80% of the variability among treatments with three principal components, being CP1
(44.00%), CP2 (15.85%), and CP3 (13.05%), respectively. Table 3 contains a description
of variable contributions for the three first principal components, which reflect the good
overall similarity of the grouped treatments (Figure 5 and 6). Yet the dendrogram in Figure
6 with a color map describes the contribution of the variables for each group.

The first two principal components CP1 and CP2 cover nearly 60% of the total variance.
The axes of these treatment components converge forming two groups, Group A and
Group B (Figure 5A), where the combinations of N and K showed elevated and opposite
scores, mainly in the CP1 axis. Group A presented positive value in the PC1 axis, and
reunited combinations of N and K, namely 0.53 with 0.30, 5.33 with 2.97, 7.47 with 5.64,
and 3.2 with 1.78g of urea and KCI per plant, respectively. In turn, Group B is related to
negative values in the PC1 axis, and grouped the combinations 3.20 with 0.30, 10.13 with
4.15, 7.47 with 4.15, and 7.47 with 1.78g of urea and KCI per plant, respectively.
Combinations of N and K, which comprised Group C (3.20 with 4.15, and 0.53 with 1.78g
of urea and KCI per plant, respectively) showed high positive scores, mainly in the axis of

components CP2 and CP3 (Figure 5B).
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Variables with significant contribution according to the criterion of Jolliffe*® were PET
content in the core and the enzymatic activities of APX, SOD, and POD in the pulp, which
were positively related to CP1 (Table 3), indicating respectively high content and activities
as a result of N and K combinations for Group A. In turn, TAA and CAT activity in the
pulp together with the POD activity in the core exhibited a strong negative contribution to
CP1. However, it must be considered that smaller values for TAA through the DPPH assay
indicate the highest antioxidant activity. Thus, combinations of N and K in Group A also
promoted higher TAA in the pulp. The POD activity in the core was also important for
CP2. In contrast, TEP and H,0O, content in the pulp together with TAA, H,0, content, and
activities of SOD and APX in the core exhibited a strong contribution to PC2 and weak to
PCL1. In turn, the AA content and SOD activity in the core were the variables with the
greatest contribution in CP3. The AA and H,0O, content in the core showed negative
loading values in CP2 and CP3, indicating that combinations of N and K in Group C
promoted reduction in both compounds. The AA content in the pulp did not show any

relative importance to explain the variability among treatments within the first three CPs.

DISCUSSION

It was demonstrated that very low and very high concentrations of nitrogen and potassium
may favor the accumulation of hydrogen peroxide in ‘Pérola’ pineapples (Figure 1). H,O,
is one of the main compounds belonging to the ROS group, causing oxidative chain
reactions.’’” The production of H,0, in K-deficient plants can be directly induced as a
coping mechanism for stress to favor the acquisition of K,'? or as a result of physiological
disorders linked to photosynthetic processes, acquisition and redistribution of photo-
assimilated by intensifying the transfer of electrons to the 0,.**° But if K is provided, the

H,0, content tends to decline.** Therefore, the results in this study confirm that the K
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supply minimizes the accumulation of ROS, considering H,O, in this case, since N is
combined in suitable doses. On the other hand, if N is very low, at doses lower than 5.33g
of urea per plant, the addition of K tends to raise the H,O, content. In wheat, N deficiency
also induced ROS production, which in parallel resulted in callose deposition in the
vascular bundles of the stems and reduced filling rate of grains.*?

The antioxidant enzymes had higher activity when K and N were simultaneously elevated,
or in very low levels, or when K and N presented opposite concentrations, except for CAT
that had opposite behavior. Potassium deficiency significantly increased the activity of
SOD, POD, and APX in roots of tomato plants cultivated in a hydroponic system, whereas
CAT activity was reduced in the K-deficient treatment compared with the control.**

According to Shin et al.,*®

the expression of different peroxidases in Arabidopsis is induced
by a deficiency of nitrogen, phosphorus, and potassium, but the intensity and duration of
expression vary according to the deficient nutrient. Zhang et al.** performed a study with
nitrogen fertilization on the antioxidant enzymes in leaves of Populous (Populus deltoides
x P. nigra) under cadmium stress, and observed that SOD activity slightly increased with
the addition of N compared to controls (without N and without stress by Cd), but the
activity was even greater when plants were Cd-stressed and fertilized with N. In the same
study, the activity of APX increased with the increase of N, but with lower intensity. On
the other hand, the addition of N alone had no effect on CAT activity compared with
control.

In addition, the increase of ROS in plants under nutritional stress has been correlated with
an increase in the activity of enzymes involved in detoxification of H,O,, and its use in
oxidative processes.>**** Herein, an increase in APX activity was paralleled to the

increased levels of H,O, when K was reduced and N was high, or when both N and K are

low-supplied. However, when N was reduced and K increased, there was an enhancement
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in the CAT activity along with H,O, levels. In that condition, the activity of APX, POD,
and SOD was reduced. Thus, the activity of enzymes involved in the antioxidant
metabolism of ‘Pérola’ pineapple under nitrogen and potassium fertilization varies in
intensity, depending on what nutrient is deficient or in excess, as well as its combinations.
It was observed that K increased the contents of AA in ‘Pérola’ pineapples, while N levels
tended to reduce (Figure 2). The positive effect of K fertilization on AA content reported
herein is according to Spironello et al.* for ‘Smooth Cayenne’ pineapple. In contrast,
Omotoso & Akinrinde® reported a negative effect of nitrogen fertilization on AA content.
Herein, different doses of N and K were combined and showed that its effects on AA as
well as on TEP vary according to the nutrient concentration in the combination. This
means that one nutrient concentration also influenced the response of the increasing doses
of the other, and thus, the best K effect was associated with higher doses of N. In “Vitdria’
pineapples, Dantas et al.° reported that organic fertilization with chicken manure
containing expressive amounts of K promoted an increase in the AA content, which was
even more favored when there were combinations with high doses of urea (17.66g per
plant).

According to Zhang & Liu,* at least two isoforms of phenylalanine ammonia-lyase (PAL1
and PAL2) have their expression enhanced by low levels of N, which play important
specialized functions in phenolic compounds synthesis trigged by abiotic stress. In
addition, low levels of K also stimulate PAL activity in ‘Smooth Cayenne’ pineapples.28
According to Marschner,™ the increase in secondary metabolism metabolites, such as
ascorbic acid and phenolic compounds when plants are deficient in nutrients is related to
plants’ defense mechanisms to stress. Based on this hypothesis, it could be considered that
the accumulation of AA and TEP in ‘Pérola’ pineapples was favored by nutritional stress,

and not only occurred when K and N were deficient, but also when they appeared
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combined in higher doses. In this direction, the accumulation of AA and TEP coincided
normally with the lowest H,O, content. However, Vissotto et al.** reported that AA and
TEP presented a good capacity to eliminate peroxyl radical (O;"), but this capacity is very
low for fruit pulps.

In this study, the TAA was higher when pineapples accumulated increased AA and TEP
content. Moreover, the TAA in the core was lower than in the pulp, in concordance with
the antioxidant potential of these compounds, which were also lower in the core portion.
For ‘Vitéria’ pineapples, the fertilization combined with elevated doses of chicken manure
with urea resulted in higher antioxidant activity according to the ABTS™ method, and this
increase occurred due to the ascorbic acid content.® According to Nukuntornprakit et al.,*
higher antioxidant activity in pineapple can indicate less susceptibility to internal
browning.

Through PCA and hierarchical clustering analysis, three distinguishable groups were
formed and revealed important aspects of the ratios of nitrogen and potassium fertilization
on antioxidant metabolism (Figures 5 and 6; Table 3). The main differences among groups
are linked to the applied N:K ratios. Group A grouped the combinations of N and K (0.53
with 0.30, 5.33 with 2.97, 7.47 with 5.64, and 3.2 with 1.78g of urea and KCI per plant,
respectively) as the N:K ratio values ranged from 1.32 to 1.8. These combinations together
promoted higher PET and TAA in the pulp and core, and enhanced activities of SOD,
APX, and POD in the pulp, and lower CAT activity (Figures 6). There was a noted H,0;
content in the pulp, excepted for the ratio 3.2:1.78. On the other hand, if the N:K ratio was
high, ranging from 1.8 to 10.67, the combinations in Group B (3.20:0.30, 10.13:4.15,
7.47:4.15, and 7.47:1.78) provided a lower content of H,O, and lower activity of SOD,
APX, and POD in the pulp, while CAT activity was high. For the core, H,O; levels and the

activities of SOD, APX, and POD were high.
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Efficient fertilizations should consider the interaction among nutrients, such as the DRIS
(Diagnosis and Recommendation Integrated System) recommendations.*® According to
Marschner,® these interactions are important, mainly when the concentration of both
nutrients are equal or close to the deficiency limits, and the excessive increase of just one
nutrient can cause deficiency of the other by dilution resultant from overgrowth.
Furthermore, K deficiency induces, e.g., an increase in N-rich amino acids, and may affect
the activity of several enzymes involved in assimilation of N, such as reducing activity of
nitrate reductase (NR).*” Another aspect that should be considered is that ROS
accumulation as a result of nutritional deficiency may occur in specific tissues in
accordance with the deficient nutrient concerned.* Thus, the lowest content of H,0, and
the enzymatic activity obtained with the highest N:K ratio may be due to the dilution of
these nutrients favored by the excess of N in relation to K. Furthermore, there was a greater
accumulation of H,O, and enzymatic activity in the core portion, which is a less succulent
tissue rich in fiber, indicating some level of stress. Group C consisted of treatments with
higher K than N doses, and therefore there was N:K ratio values lower than 1 (0.77 and
0.30 for the combinations of 3.20 with 4.15, and 0.53 with 1.78g of urea and KCI per plant,
respectively). These treatments mostly had low H,0,, AA, and TEP content in the core,
combined with a moderate activity of APX and SOD (Figure 6). The pulp showed a
moderate content of H,O, and low activity of APX, POD, and SOD.

Overall, the results suggest that low doses of N and K, as well as the excess of these
nutrients individually increase the content of H,0,, and therefore the activity of antioxidant
enzymes. CAT activity increases mainly when K is high and N is reduced, while SOD,
APX, and POD have higher activity when both N and K are low or too high, indicating the
ability of these enzymes to modulate oxidative stress. In turn, the content of AA and TEP

are less correlated with the increase in H,O,, compared to the enzymatic antioxidant
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activity, but promote greater TAA when both N and K are low or too high. The ACP
showed that N:K ratios are as important as the absolute concentrations of these nutrients in
optimizing antioxidant metabolism, and therefore one of these nutrients must not be
considered individually. Thus, the fertilization with 5.33g of urea with 2.97g of KCI per
plant of ‘Pérola’ pineapple promoted a balance between antioxidant metabolism and H,0;

levels in the pulp and cores of pineapple.

ABBREVIATIONS USED

ACP, principal component analysis; AA, ascorbic acid; TEP, total extractable polyphenols;
TAA, total antioxidant activity; PAL, phenylalanine ammonia-lyase; SOD, superoxide
dismutase; CAT, catalase; APX, ascorbic acid peroxidase; POD, peroxidase; ROS, reactive

oxygen species; O, superoxide radical; H,O,, hydrogen peroxide;
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FIGURE CAPTIONS

Figure 1. Surface response of the combined effect of nitrogen (N) and potassium (K)
fertilization on the H,O, content in the pulp (A), and individual effect of N in the core (B)
of infructescences of the ‘Pérola’ pineapple. *Significant at 5%. **Significant at 1%.
Figure 2. Individual effect of nitrogen on the activity of ascorbic acid peroxidase (APX) in
the core (B), and response surface for the combined effect of nitrogen (N) and potassium
(K) on the APX (A), peroxidase (POD) (C), and catalase (CAT) (C) in the pulp of
infructescences of the ‘Pérola’ pineapple. *Significant at 5%. **Significant at 1%.

Figure 3. Individual effect of nitrogen on the ascorbic acid content (AA) in the core (A),
response surface for the combined effect of nitrogen (N) and potassium (K) on ascorbic
acid content in the core (B), and total extractable polyphenols (TEP) in the pulp (C) and
core (D) of infructescences of the ‘Pérola’ pineapple. *Significant at 5%. **Significant at
1%.

Figure 4. Surface response for the combined effect of nitrogen (N) and potassium (K) on
the total antioxidant activity in the pulp (A) and core (B) of infructescences of the ‘Pérola’
pineapple. *Significant at 5%. **Significant at 1%.

Figure 5. Biplots based on loading values of variables and score for treatments of the first
three principal components: (A) PC1 and PC2, (B) PC2 and PC3, and (C) PC1 and PC3.
Treatments (1-10) correspond to combinations of urea and KCI (g per plant) applied as

follows, respectively T1 = 3.2:1.78, T2 = 3.2: 4.15, T3 = 7.47:1.78, T4 = 7.47:4.15, T5 =
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5.33: 2.97, T6 = 0.53: 1.78, T7 = 10.13: 4.15, T8 = 3.2:0.3, T9 = 7.47: 5.64, and T10 =

0.53:0.30.

Figure 6. Hierarchical clustering sequence detailing the N (urea) and K (KCI)

combinations in the fertilization of ‘Pérola’ pineapple, and color map showing the relative

effect of groups on the antioxidant metabolism.
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TABLES

Table 1. Nitrogen (N) and potassium (K) fertilization using combinations of urea and

potassium chloride (KCI) sources organized according to the Plan Puebla 11 matrix applied

on the soil top and split in three applications during the cultivation of ‘Pérola’ pineapple.

Treatments

O©Coo~NooThwWwN -

[ERY
o

Levels Urea KCI
N K (9. plant™) N:K
-04 -0.4 3.20 1.78 1.80
-0.4 0.4 3.20 4.15 0.77
0.4 -0.4 7.47 1.78 4.20
0.4 0.4 1.47 4.15 1.80
0.0 0.0 5.33 2.97 1.79
-0.9 -0.4 0.53 1.78 0.30
0.9 0.4 10.13 4.15 2.44
-0.4 -0.9 3.20 0.30 10.67
0.4 0.9 7.47 5.64 1.32
-0.9 -0.9 0.53 0.30 1.77

Table 2. Effect of nitrogen and potassium combinations on the peroxidase activity (POD)

in the core, and superoxide dismutase (SOD) in both pulp and core of the infructescences

of ‘Pérola’pineapple.

Treatments UreaK1CI N:K SOD pulp SOD core. POD core.
(g.plant™) (U.mg™~ protein) (U.mg™~ protein) (U.mg™ protein)

1 32 1.78 180 189.17+11.53  277.89+10.01 7.59+1.11
2 32 415 0.77 60.75+1.85 230.08+11.68 11.39+0.84
3 747 178 4.20 86.56+6.13 270.59+11.94 9.89+0.24
4 7.47 415 1.80 132.32+11.83  204.43+24.00 11.32+ 0.56
5 533 297 1.79 276.11+24.08 181.23+25.99 3.90+0.32
6 0.53 1.78 0.30 144.62+14.71  216.82+20.86 8.68+0.19
7 10.13 4.15 2.44 152.34+20.26 188.85+7.49 7.37+£0.52
8 3.20 0.30 10.67 164.59+5.49 154.10+8.81 12.22+ 0.45
9 747 564 132 207.67+2.19 194.58+16.71 6.57+ 0.25
10 0.53 0.30 1.77 318.64+33.56 154.28+11.19 6.61+ 0.73

Means + standard error; n=3.
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potassium combinations.

Table 3. Eigenvectors of three principal components (CP1, CP2, and CP3) of variables
related to the non-enzymatic and enzymatic antioxidant metabolism, and H,O, content in

the pulp and core of infructescences of the ‘Pérola’ pineapple fertilized with nitrogen and

Variables CP 1 (44.00%) CP 2 (15.85%) CP 3 (13.05%)
AA pulp 0.194 0.067 0.320
AA core -0.188 -0.125 -0.561
TEP pulp 0.212 0.296 -0.278
TEP core 0.251 0.161 -0.258
TAA pulp -0.340 0.071 -0.137
TAA core -0.227 -0.261 0.096
APX pulp 0.341 -0.097 0.034
APX core -0.149 0.365 0.108
CAT pulp -0.348 0.141 -0.180
SOD pulp 0.348 -0.086 -0.229
SOD core -0.143 -0.260 0.499
POD pulp 0.348 -0.145 0.036
POD core 0.311 0.294 0.095
H,0, pulp 0.163 0.327 0.187
H,0O, core -0.075 -0.584 -0.142

peroxidase; H,O, = hydrogen peroxide.

AA = ascorbic acid; TEP = total extractable polyphenols; TAA = total antioxidant activity;

APX = ascorbic acid peroxidase; CAT = catalase; SOD = superoxide dismutase; POD =
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Minimum Maximum

B ——
GroupA GroupB Group C
T 1

Urea (g.plant!) 0.53 533 747 320 3.20 10.13 7.47 7.47 3.20 0.53
KCl (g.plant!)  0.30 2.97 564 1.78 0.30 4.15 4.151.78 4.15 1.78

H,0,
SOD
APX
Pulp - POD
CAT
AA
PET
TAA

H,0,
SOD

Core

POD

PET
TAA
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CONCLUSOES GERAIS

Nas condigdes em que este trabalho foi realizado, a combinagédo de 7,47 g de ureia
com 4,15 g de KCI por planta no cultivo do abacaxizeiro ‘Pérola’ favorece a qualidade das
infrutescéncias, mantendo baixos os niveis de translucidez e elevados valores de luminosidade
(L*) da polpa, conteudos de flavanoides amarelos, dos agUcares redutores e das proteinas
solUveis na polpa e no eixo central.

O processamento de imagens digitais permitiu ndo somente a avaliacao da severidade
da translucidez nas fatias de abacaxi ‘Pérola’ como demonstrou ser uma ferramenta
importante na caracterizacdo das mudangas na coloragéo da polpa associadas a este fendbmeno,
através da intensidade dos valores de Blue nas imagens das fatias.

Doses baixas de N e K, assim como o excesso destes nutrientes isoladamente,
elevaram o contetdo de H,0, e, consequentemente, a atividade de enzimas antioxidantes. A
atividade da catalase aumentou principalmente quando K estava elevado e N reduzido,
enquanto a superdxido dismutase, acido ascorbico peroxidase e peroxidase aumentaram
guando ambos estavam baixos ou muito elevados. Nesta condicdo, o conteudo de acido
ascorbico e polifenois extraiveis totais também foram elevados e proporcionaram maior
atividade antioxidante total.

A combinacdo de 5,33 g de ureia com 2,97 g de KCI por planta, na adubagdo do
abacaxi ‘Pérola’, promoveu um equilibrio entre 0 metabolismo antioxidante e os niveis de
H.O, na polpa e eixo central das infrutescéncias. Adicionalmente, uma analise de
componentes principais revelou que as relagcbes N/K sdo tdo importantes quanto as
concentragOes absolutas destes nutrientes na otimizagdo do metabolismo antioxidante e,

portanto, estes nutrientes ndo devem ser considerados isoladamente.
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