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FAVERTO, B.T. ALTERACOES BIOQUIMICAS E VISUAIS NA VIDA POS-
COLHEITA DE ANTURIO (Anthurium andraeanum Linden ex Andre) EM
RESPOSTA A APLICACAO DE CITOCININA. 2014. 44P. TESE (DOUTORADO) —
INSTITUTO DE BIOCIENCIAS, UNESP - UNIVERSIDADE ESTADUAL PAULISTA,
BOTUCATU.

RESUMO - O manejo poés-colheita adequado é fundamental para a manutencdo da
durabilidade de flores de corte e 0 uso dos tratamentos contendo reguladores vegetais tem se
mostrado positivo para este proposito. Os objetivos deste trabalho foram: testar o efeito da 6-
benzilaminopurina na solucdo de condicionamento e por aspersdo na pos-colheita de anturios
(Anthurium andraeanum) cv. Apalai (IAC NK 130), avaliando a durabilidade, a variagédo do
peso fresco, o teor de carboidratos solUveis, o teor de compostos fendlicos totais e a atividade
da enzima polifenol oxidase; e avaliar o efeito das solugfes de hidratagéo e condicionamento,
do uso de espuma floral, da aplicacéo de tiossulfato de prata seguida da aplicagéo de etileno e
do produto comercial Fresco® na vida de vaso de quatro variedades de Curcuma alismatifolia.
O uso de 6-benzilaminopurina (BAP) na pds-colheita de antrios foi benéfico quando
aplicado por meio de aspersao, quando este regulador de crescimento foi adicionado a solucéo
de condicionamento houve reducéo da vida de vaso de 17,9 para 13,8 dias, respectivamente; e
também proporcionou melhor manutencdo do peso fresco inicial, 93 % e 76 %
respectivamente. Observou-se maior concentracdo de carboidratos solGveis na espata de
hastes tratadas com menos de 150 mg L de BAP. O teor de compostos fenélicos totais foi
maior nas hastes submetidas a solugdo de condicionamento do que as que receberam BAP por
meio de aspersdo. Portanto, recomenda-se 0 uso de BAP por aspersdo para aumentar a
durabilidade de antdrios cv. Apalai. O experimento com as hastes de cdrcuma mostrou que
esta espécie ndo responde positivamente aos tratamentos pos-colheita mais comuns e assim
recomenda-se manter as flores em agua deionizada. O uso de espuma floral tem efeito

negativo na vida de vaso de hastes de curcuma.
Palavras-chave: 6-benzilaminopurina, BAP, fendis totais, carboidratos, polifenoloxidase, curcuma, siam tulip,
durabilidade, espuma floral



INTRODUCAO

A floricultura brasileira em expansdo mostra uma grande variedade de espécies
produzidas e disponiveis para 0s mercados interno e externo. Dentre as préticas de manejo, 0s
produtores de flores tem grande especializacdo devido a necessidade de fornecer produtos
com alta qualidade.

A manutencédo da qualidade das flores sera maxima com uso adequado das técnicas de
conservacao pos-colheita, mantendo assim a aparéncia de recém-colhida. O manejo pos-
colheita pode incluir o uso de solugdes contendo bactericidas, agentes acidificantes, acucares,
reguladores vegetais e substancias anti-etileno.

Cada espécie pode responder de forma diferente aos tratamentos citados e portanto é
importante que sejam realizados experimentos para entender estas diferencas, provendo
informacdes seguras para que os produtores e varejistas abastecam o mercado com flores de
qualidade.

Os objetivos deste trabalho foram: testar o efeito da 6-benzilaminopurina na solucéo
de condicionamento e por aspersdo na pés-colheita de antarios (Anthurium andraeanum) cv.
Apalai (IAC NK 130), avaliando a durabilidade, a variacdo do peso fresco, o teor de
carboidratos soluveis, o teor de compostos fenolicos totais e a atividade da enzima polifenol
oxidase; e avaliar o efeito das solugdes de hidratacdo e condicionamento, do uso de espuma
floral, da aplicacdo de tiossulfato de prata seguida da aplicacdo de etileno e do produto

comercial Fresco® na vida de vaso de quatro variedades de Curcuma alismatifolia.



REVISAO DE LITERATURA
1. Antdrio

O anturio (Anthurium andraeanum Linden ex Andre) pertence ao Filo Magnoliophyta,
a Classe Liliopsida, a Ordem Alismatales e & Familia Araceae, que compreende
aproximadamente 108 géneros e 3.750 espécies, das quais a maioria (2/3) sdo nativas dos
tropicos (Croat, 1998; Viegas et al., 2007).

O género Anthurium compreende mais de 600 espécies (Souza, 1958) e dentre as
espécies conhecidas, o A. andraeanum Linden ex Andre (Linden & Andre, 1877; Bisby et al.,
2010) é o mais popular de todo o género, destacando-se dos demais devido ao tamanho, a
coloracdo e a longevidade de suas flores (Matthes & Castro, 1989). O anturio é uma planta
semi-herbacea, ereta, perene, originaria da Colémbia, com 0,3-1,0 m de altura, de folhagem
ornamental; as flores sdo brancas, cremes ou esverdeadas, formadas na primavera e verdo e
ornadas por espatas sulcadas, em diversas cores de acordo com a variedade horticola
(vermelha, branca, verde, marrom) (Lorenzi & Souza, 2008).

A floricultura brasileira tem como principais caracteristicas ser praticada em pequenas
areas e com marcante fisionomia de agricultura familiar (Castro, 1998). Apresentando grande
importancia econbmica para 0 pais, essa atividade movimenta uma grande parcela da
economia de varios Estados brasileiros, como Alagoas, Amazonas, Bahia, Ceard, Goias,
Minas Gerais, Santa Catarina, S&o Paulo, Rio de Janeiro, Rio Grande do Sul e Pernambuco,
sendo Sao Paulo o principal Estado produtor de flores e plantas ornamentais, que representa,
de acordo com Matsunaga (1997), 70 % da producédo nacional.

O antdrio se destaca entre as outras espécies ornamentais tropicais cultivadas devido a
sua beleza, durabilidade e longevidade pds-colheita (Gantait & Mandal, 2010) e a expansédo
mundial da cultura do antario é decorrente do desenvolvimento e langamento de novas
variedades entre 0s anos de 1998 e 2002, pelo Instituto Agrondmico de Campinas, e em 2003,
pela empresa holandesa Anthura (Leme, 2004).

A qualidade pds-colheita das flores e plantas ornamentais estd diretamente ligada as
condi¢cbes ambientais e manejo a que sdo expostos 0s produtos no campo, durante seu
desenvolvimento, até o ponto ideal de colheita. E sabido que o tratamento pds-colheita ndo
melhora a qualidade original do produto, mas apenas a mantém e dependendo de sua eficacia
pode prolongar sua vida util (Pinto, 1997).



As hastes de antario devem ser colhidas com o pedunculo floral firme e trés quartos da
espadice madura, observados a partir da alteracdo da coloracdo, recomenda-se apenas a
limpeza da espata com agua quando necessario. A classificacao € feita por tamanho das hastes
em pequeno (menor que 30 cm), médio (entre 30 e 45 cm) ou grande (maior que 45 cm). As
hastes que apresentam deformidades, manchas ou perfuraces nas espatas devem ser
descartadas (Loges et al., 2005). Os motivos mais comuns de rejeicdo de hastes de antirio sdo
as doencas e as injlrias causadas por insetos, estresses ambientais ou por danos mecanicos
oriundos da colheita, manuseio e transporte (Bushe et al., 2004).

A qualidade de anturios traduz-se como a longevidade pds-colheita, destacando-se 0s
atributos cor e diametro da espata e comprimento da haste. Estas caracteristicas podem ser
influenciadas pela variedade, pelo manejo pré-colheita, bem como pelo uso de técnicas de
conservacao pos-colheita (Aki, 2008; Viradia & Singh, 2004). Em uma pesquisa de mercado
realizada no Havai com 73 floristas do varejo mostrou que a longevidade pds-colheita e a cor
sdo os fatores decisivos para a compra de anturios e que sdo esperados entre 10 e 15 dias de
minima durabilidade pds-colheita para 44 % e 44 % dos entrevistados, respectivamente
(Halloran & Kuehnle, 1998).

Entre os principais problemas que a floricultura brasileira tem que superar estd o
manejo pés-colheita inadequado. Ainda faltam conhecimentos e tecnologias de colheita e pds-
colheita que visem a reducéo de perdas, que no Brasil chega a atingir 40 % da producdo, e 0
atraso da senescéncia (Dias-Tagliacozzo & Castro, 2002).

A senescéncia das flores de anturio é acompanhada de mudangas visiveis que incluem
perda do brilho da espata, necrose da espadice, azulamento da espata, colapso da haste, e
abscisdo da espata e da espadice da haste (Paull, 1982). Para assegurar a manutencdo da
qualidade das flores de antario € necessaria a utilizacdo de tratamentos pds-colheita visando a
extensdo da vida de vaso e ao atraso da senescéncia (Thawiang et al. 2007).

As citocininas sdo uma classe de hormonios vegetais as quais produzem diversos
efeitos ao longo do desenvolvimento das plantas, incluindo a dominéncia apical, a formagéo e
ativacdo de meristemas, senescéncia foliar, mobilizacdo de nutrientes, crescimento da raiz na
germinacéo de sementes e respostas ao estresse (Barciszewski et al. 2007).

A senescéncia é fortemente modulada por horménios vegetais, como qualquer outro

estagio de desenvolvimento das plantas (Skutnik et al., 2001) e o uso de reguladores vegetais



para prolongar o periodo de armazenamento pds-colheita de espécies vegetais € uma opcao
viavel e interessante. Ja foi constatado que a aplicacdo exdgena de reguladores vegetais, como
giberelinas ou citocininas, interfere na senescéncia de folhas. Isso foi claramente observado
em Matthiola incana L., quando a aplicagdo de 5 ou 10 pM de thidiazuron (TDZ), um
composto contendo fenil-uréia com atividade similar as das citocininas, através de solucéo de
condicionamento por 24h resultou em atraso do amarelecimento foliar em 30 dias, para ambas
concentracdes (controle: 7 dias) e da murcha das pétalas em 10 e 11 dias, respectivamente
(controle: 8 dias) resultando em 10 e 11 dias de vida de vaso (controle: 7 dias) (Ferrante et al.
2009).

Muitos efeitos sdo atribuidos as citocininas no prolongamento da longevidade das
flores colhidas. MacLean e Dedolph (1962) sugerem que a citocinina retarda a senescéncia de
flores, em funcdo da reducdo da taxa respiratoria. Estudos com plantas tropicais mostraram
que a resposta a citocinina varia muito em folhagem e que esta variacdo de resposta na
longevidade das hastes florais depende da espécie, da época do ano em que ocorre a colheita e
da cultivar (Paull & Chantrachit, 2001).

Solucdes a base de citocinina tém sido aspergidas diretamente sob a parte aérea, para
estender a vida de prateleira de plantas envasadas, pois este regulador promove a maturagao
de cloroplastos e retarda a senescéncia de folhas destacadas (George, 1993), sendo usada na
conservacdo pos-colheita de flores e plantas envasadas, preservando-se assim, a qualidade e
vigor foliar. Paull e Chantrachit (2001) ao aplicarem por aspersdo ou imersdo das hastes em
solugdo contendo 100 mg L de 6-benziladenina, estenderam a vida de vaso de antrio
(Anthurium andraeanum), helicdnias (Heliconia psittacorum cv. Andromeda, H. chartacea cv.
Sexy Pink) e de inflorescéncias rosa e vermelha de Alpinia pururata. BA e metanol
aumentaram a vida pos-colheita de flores de crisantemo, mantendo a coloracao das folhas e
flores e retardando a senescéncia (Petridou et al., 2001).

Visando manter a qualidade pos-colheita de Anemone coronaria, Bougainvillea
glabra, Eustoma grandiflorum, Grevillea e Phlox paniculata foram aplicados diversos
tratamentos pos-colheita a base de citocininas e auxinas e devido as limitagfes do uso de
reguladores em virtude da ineficiéncia de translocacdo da solucdo de condicionamento para o
tecido alvo foi incluido o tratamento de imersédo, para flores cortadas, e aspersdo, para flores
em vaso (Meir et al. 2007).



A vida de vaso e de prateleira de minicrisantemos da variedade Rage foram
prolongadas com a aplicacdo de 0,5 mM de 6-benzilaminopurina, atrasando o descarte em 11
dias, o que correspondeu a um aumento em mais de 50 % na vida de vaso, igualando-a as
variedades Summer Time e Davis (Barbosa, 2006). Esses resultados suportam o trabalho
realizado por Musgrave (1994), o qual sugere que as citocininas funcionam como captadoras
de radicais livres e mantém esta atividade em alta, o que resulta na inibicdo da senescéncia.
Chaitanya e Naithani (1998) argumentam que a citocinina inibe e/ou reduz danos a membrana
por suprimir o estresse oxidativo via aumento da atividade da enzima superdxido dismutase, a
qual poderia reduzir a peroxidacéo dos lipidios.

A aspersdo de 200 mg L de 6-benzilaminopurina as hastes de alpinia associado a
solucdo de 1 % de sacarose e &cido citrico, aumentou a longevidade comercial e total em
aproximadamente 10 dias. Em hastes que receberam somente aspersiéo de 6-
benzilaminopurina, o aumento da longevidade comercial foi de aproximadamente 8 dias e a
total de 6 dias em relacdo a testemunha (Dias-Tagliacozzo, 2003). Em hastes de sorvetdo
(Zinziber spectabile Griff.), o tratamento com solucdo contendo 6-benzilaminopurina (BAP)
10 mg L™ n&o resultou em aumento na vida pos-colheita (Santos et al., 2008).

No passado, os anturios eram tratados com solugdes contendo nitrato de prata (Castro,
1998), apesar de ainda existirem trabalhos que recomendam o uso dessas substancias, nos
ultimos anos, a tendéncia mundial vem sendo usar solucdes atoxicas.

Dias-Tagliacozzo e Castro (2001) verificaram que se logo apds a colheita de hastes de
antario comercial forem mantidas por 24 horas em solucdo de condicionamento a longevidade
de variedades importadas cultivadas e comercializadas no Brasil pode ser prolongada em
relacdo as mantidas somente em agua. 1sso se justifica pelo fato do antdrio ser pouco sensivel
ao etileno e, portanto, ndo existe necessidade de se usar nitrato de prata ou outras substancias
utilizadas para prevenir o efeito do etileno.

Santos e colaboradores (2008) observaram que a solugdo contendo 75 mg L de
nitrato de prata apresentou a melhor conservacdo pds-colheita, segundo escala de notas, de
hastes de sorvetdo (Zinziber spectabile Griff.), sequida da solugdo contendo 5 mg L™ de &cido
giberélico (GAs3) e a maior perda de massa fresca em relacdo ao tratamento controle foi

observada nas hastes tratadas com solucéo contendo 6-benzilaminopurina (BAP).



Para avaliar a vida pds-colheita de flores e inflorescéncias, em geral se utiliza analises
visuais, fisicas e bioquimicas. As analises visuais em geral sdo baseadas numa escala de
notas, onde se estabelecem critérios que sdo observados ao longo do experimento. As analises
fisicas da conservacdo de hastes florais consistem da pesagem da massa de matéria fresca
diariamente ou em dias alternados, quando o armazenamento € umido é possivel quantificar o
volume de solucdo absorvido pelas hastes ao longo dos dias, afericdo de pH de solugéo
conservante, entre outros. As analises bioquimicas buscam estudar marcadores bioquimicos
de senescéncia, dentre esses, podemos destacar os carboidratos, os compostos fendlicos,
atividade de enzimas oxidativas.

As flores, normalmente funcionam nas plantas como drenos, onde ha maior
necessidade de aglcares para a manutencdo do metabolismo. Durante a pos-colheita essa
necessidade tende a aumentar, ja que ocorre a manutencdo das folhas e essas funcionam como
fonte, ou seja, transformam principalmente o amido em moléculas menores, acucares
sollveis, gue sdo translocados para as flores e, provavelmente, como observado por Laschi
(2000), para a regido do pescoco (drenos).

O acumulo de glicose deve-se ao fato de, ao ser retirada da planta, a flor comporta-se
como um dreno, ocorrendo translocagdo das folhas para os tecidos das pétalas. Esse
transporte ocorre em forma de sacarose (agucar de transporte) para, ao atingir as flores,
formar glicose (Taiz & Zeiger, 2013). As folhas funcionam como fonte, onde o carboidrato de
reserva (principalmente amido) se transforma em agucar soltvel, principalmente sacarose e é
transportado desta forma para o caule. A sacarose é reduzido por hidrélise pela agdo de
invertases, liberando acgucares solUveis (glicose e frutose) e assim aumentando sua
concentracédo (Laraa et al., 2004).

Eason e colaboradores (1997) observaram que os niveis de carboidratos, proteinas
soluveis, carotenoides e clorofilas a e b diminuiram durante a senescéncia de flores de
Sandersonia aurantiaca. As variagfes nos niveis de carboidratos em flores tém sido
relacionadas com a extensdo da vida de vaso de flores e segundo Ichimura e colaboradores
(1999) houve alta correlacdo (r=0,892 p<0,01) entre a vida de vaso e o teor de carboidratos
sollveis em pétalas de rosa.

A oxidacdo enzimética de compostos fendlicos pela peroxidase (POD) e
polifenoloxidase (PPO) resulta, reconhecidamente, no escurecimento de tecidos vegetais. Ha



uma classe de enzimas que catalisam a oxidacdo de mono e difendis para quinonas,
conhecidas como polifenoloxidases, fenolases, tirosinases, catecolases e cresolases. Essas
enzimas estdo envolvidas na formacdo de materiais poliméricos coloridos, que provocam
reacdes que podem ser chamadas de “escurecimento enzimatico” ou “melanizag¢do” (Yoruk &
Marshall, 2003; Mayer, 2006).

As PPO podem estar localizadas no cloroplasto, onde estdo associadas com a
membrana interna do tilacoide. Podem também ser encontradas no citosol e em vesiculas
entre o plasmalema e a parede celular (Obukowicz & Kennedy, 1981). Muitos fenélicos estdo
presentes principalmente nos vacuolos, mas sdo sintetizados no citosol (Vamos-Viagyazo,
1981) e podem as vezes, serem depositados na parede celular.

Danos nas membranas de organelas tais como vacuolos, fazem com que os fendis
entrem em contato com as polifenoloxidases (Leja et al., 2003) promovendo sua atividade.
Muitas células podem reagir aos danos celulares e depositar compostos fendlicos na parede
celular, os quais poderiam entdo reagir com as polifenoloxidases presentes no apoplasto.

A participagdo das PPO foi evidenciada na murcha de crisantemo (Dendrathema
grandiflora), de Bouvardia, de Acacia holosericea, e de ave do paraiso (Strelitzia reginae). A
injaria provocada corte das hastes promove o rompimento celular e o contato entre enzima e
substratos, fendis e oxigénio, e pode ser observado apos alguns dias 0 aumento na atividade
das enzimas catecol oxidase e também peroxidase, mostrando também o envolvimento de
espécies reativas de oxigénio (Ratnayake et al., 2011; Guimardes et al., 2010; van Doorn &
Vaslier, 2002; Vaslier & van Doorn, 2003).

2. Curcuma

A clrcuma (Curcuma alismatifolia Gagnep.) pertence a familia Zingiberaceae que
esta sob a ordem Zingiberales das monocotileddneas e € um género importante dentro desta
familia. A familia Zingiberaceae é composta por 47 géneros e 1400 espécies de herbaceas
perenes tropicais (Nair, 2013). A origem exata da curcuma é desconhecida, entretanto é
seguro afirmar que tem origem no sudoeste asiatico (Velayudhan et al., 1999).

O género Curcuma é conhecido pelos rizomas da C. longa, que quando s&o

desidratados e moidos dao origem a um condimento chamado acafrdo da terra, a base do cury



indiano. Outras espécies de curcuma tem potencial ornamental conhecido desde 2004, como a
C. alismatifolia, C. zedoaria, C. amada and C. augustifolia (Nair, 2013).

C. alismatifolia, também conhecida como tulipa do Siam, tem potencial para ser
utilizada em canteiros, em pote ou como flor de corte. Sua flor é na verdade uma
inflorescéncia de aparéncia conica, onde as bracteas distais sao verdes e as apicais podem ser
rosadas, roxas ou brancas. As bracteas estdo arranjadas em forma de espiral e assim tem o
aspecto semelhante ao da tulipa (Nair, 2013; Bunya-atichart et al., 2004).

Entre os principais problemas que a floricultura brasileira tem que superar esta o
manejo pés-colheita inadequado. Ainda faltam conhecimentos e tecnologias de colheita e pds-
colheita que visem a reducdo de perdas, que no Brasil chega a atingir 40 % da producdo, e 0
atraso da senescéncia (Dias-Tagliacozzo & Castro, 2002).

As hastes de circuma tem durabilidade variando entre 7 a 21 dias (Chutichudet et al.
2010, Chutichudet and Chutichudet 2012). Esta grande variacdo na vida de vaso €
provavelmente devida a diferentes fatores e suas combinacbes, como por exemplo as
condicOes de manejo e apo6s a colheita.

A cadeia produtiva da floricultura valoriza informacdes sobre 0 manejo pds-colheita
de novas espécies e cultivares, como os tratamentos que podem ser feitos ainda na
propriedade rural com soluc@es para hidratacdo e condicionamento das hastes e em nivel de
varejo, com a utilizacdo de espuma floral (Clark et al., 2010; Dole et al., 2009).

Solugdes de vaso contendo 8-hidroxiquinolina + sacarose, dicloroisocianurato de
sodio + sacarose e somente sacarose ndo estenderam a vida de vaso de hastes de curcuma cv.
Chiang Mai Pink em um estudo conduzido por Bunya-atichart e colaboradores (2004), e ainda
verificaram que concentracGes de etileno a partir de 0,5 ppm séo prejudiciais para a pos-
colheita, indicando que esta cultivar é sensivel ao etileno exogeno.

A aplicacédo de 600 ppb 1-MCP, por 8 h e por meio de fumigacéo, foi benéfica para a
reducdo da degradacdo de antocianinas nas bracteas de curcuma cv. Chiang Mai Pink,
entretanto a vida de vaso néo foi alterada (Chutichudet et al., 2010).

O uso de reguladores vegetais na pos-colheita de curcuma, como o acido gibereélico,
apresenta resultados positivos na manutencdo do peso fresco das hastes tratadas, contudo
existe divergéncia quanto aos efeitos na vida de vaso. Kjonboon e Kanlayanarat (2005)
constataram efeito positivo do acido giberélico na vida de vaso de curcuma de corte, com 0



aumento de 4 dias de durabilidade em relacdo ao controle e Bunya-atichart e colaboradores
(2004) ndo verificaram diferencas na vida de vaso entre as hastes tratadas com regulador
vegetal e o controle experimental.

Outro aspecto da utilizacdo das flores € a disposicdo destas em espuma floral para a
confeccdo de arranjos. Ahamad e colaboradores (2014) observaram que rosas do cultivar
‘Charlotte’ tem reducdo de 2 dias na vida de vaso se dispostas em espuma floral embebida em
agua deionizada e que acrescentando ‘Floralife Pro Flower Food’ a espuma floral, as rosas

tem a mesma durabilidade que as hastes mantidas somente em agua deionizada.



Capitulo 1

Anthurium andraeanum senescence in response to 6-

benzylaminopurine: vase life and biochemical aspects?

! Artigo formatado segundo as normas do International Journal of Environmental Science and Technology

10



11

Anthurium andraeanum senescence in response to 6-benzylaminopurine:

vase life and biochemical aspects
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Abstract: Proper postharvest handling is fundamental to maintain and extend vase life of cut
ornamentals and positive effect of growth regulators has been reported. This research aimed
to determine rather spraying or pulsing BAP performed better in keeping postharvest quality
of Anthurium andraeanum cv. Apalai (IAC NK 130) and in which concentration (0, 37.5, 75,
150 and 300 mg L™1). Vase life, fresh weight, soluble carbohydrate content, total phenolic
content and polyphenol oxidase activity were determined on spathe and spadix. Spraying
BAP was more effective than pulsing in extending vase life, 17.9 and 13.8 days, respectively,
and in maintaining fresh weight, 93 and 76 % of initial, respectively. Spathes treated with
BAP concentration below 150 mg L showed higher soluble carbohydrate content. Total
phenolic content was higher in pulsing than in spray treatment. In spathes, TPC decreased and
PPO activity increased with the increase of BAP concentration. Spraying BAP was more
effective for postharvest handling of anthurium cv. Apalai than application by pulsing.

Key words: fresh weight, total phenolic content, polyphenol oxidase, spraying, pulsing

INTRODUCTION

Anthurium (Anthurium andraeanum Linden ex Andre) stands out from other
cultivated tropical ornamental species, because of its beauty, robustness and postharvest
longevity (Gantait and Mandal 2010). Global expansion of anthurium as a floriculture crop
occurred with the development and launch of new varieties between 1998 and 2002 by the
Agronomic Institute of Campinas (Tombolato et al. 2005) and in 2003 by the Dutch Company
Anthura (Leme 2004).

Postharvest quality of flowers and ornamental plants is linked directly to
environmental conditions and management during production and harvest. It is known that
proper post-harvest treatment does not improve original quality, but only maintains quality

and, depending on its effectiveness, can prolong shelf or vase life (Pinto 1997).
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Anthurium quality can be defined as postharvest longevity or vase life, as well as
physical attributes like color and spathe diameter and stem length. These characteristics are
specific to the cultivar, along with field management and the use of postharvest techniques
(Viradia and Singh 2004). A market survey conducted in Hawaii with 73 retail florists
showed that anthurium vase life and spathe color were the deciding factors for buying, and 44
and 44 % of the florists expected a minimum vase life of 10 and 15 days, respectively
(Halloran and Kuehnle 1998).

An attractive anthurium cut flower comprises a colored modified leaf, called bract or
spathe and an inflorescence with over 300 spirally arranged minuscule flowers, the spadix
(Croat 1988). According to Elibox and Umaharan (2008) peduncle base browning, spadix
necrosis, and spathe blueing/necrosis were the only signs of senescence common to all 26
anthurium cultivars studied. To ensure the ongoing quality of anthurium flowers, Thawiang et
al. (2007) recommended that postharvest treatments be used to extend vase life and delay
senescence.

Senescence is strongly modulated by plant hormones, like any other stage of plant
development (Skutnik et al. 2001) and plant growth regulators can be used to extend
postharvest storage of plant species. It has been found that exogenous application of plant
growth regulators such as gibberellins or cytokinins interferes with leaf senescence. Cut
Matthiola incana L. stems treated with 5 or 10 mM thidiazuron delayed leaf yellowing for 30
days, for both concentrations (control: 7 days), delayed petal wilting 10 and 11 days,
respectively (control: 8 days) and lengthened vase life to 10 and 11 days, respectively
(control: 7 days) (Ferrante et al. 2009).

Many cytokinins effects are related to prolonging vase life of cut flowers. Tropical
plants studies showed that the cytokinin response varies greatly and this variation in vase life
response depends on the species, time of the year when harvest takes place, and cultivar
(Paull and Chantrachit 2001). Plants treated with cytokinin can have altered sugar
concentration induced by removal of sinks or phloem interruption (Crafts-Brandner et al.,
1994).

In the vase life prediction equation proposed by Elibox and Umaharan (2008),
carbohydrates can have a direct or indirect effect in the senescence process depending on the

inclusion of green/not green anthurium cultivar in the model.
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Higher phenolic content was associated with longer vase life in cut rose petals
(Mwangi et al., 2003), but may have negative side effects. The phenols may account for
spathe blueing/necrosis (Elibox and Umaharan 2008) and polyphenol oxidase (PPO), a copper
containing enzyme, which occurs in many plants (Falguera et al. 2012), can catalyze the
oxidation of phenolic substrates to the formation of unattractive brown pigments (Chisari et
al. 2011).

An understanding of changing patterns in vase life, fresh weight, soluble carbohydrate
content, total phenolic content and polyphenol oxidase activity will assisted in determining
the best postharvest handling procedures.

The aims of this study are to test the hypothesis that 6-benzylaminopurine (BAP) will
improve keeping postharvest quality of Anthurium andraeanum cv. Apalai (IAC NK 130) due
to its effect on delaying senescence, and, if valid, to determine the optimum mode of
application and concentration.

MATERIALS AND METHODS
Plant material

Cut Anthurium andraeanum cv. Apalai (IAC NK 130) stems were obtained from a
commercial grower from Pariquera-Acl, Sao Paulo — Brazil (24.7150° S, 47.8811° W).
Regional climate classification according Képen is Af, rainy tropical, without dry season and
average rainfall of the driest month above 60mm. In a ten year data series (2011-2011),
averaged annual maximum and minimum temperature were 26.7°C and 17.1°C, respectively
and average annual rainfall was 1,715,6 mm.

Growing environment consisted of a well-drained and aerated soil, rich in organic
matter content under a 75% shade net house. Non-injured stems were cut in the morning,
transported dry to the postharvest laboratory, immediately re-cut to 30 cm length upon arrival
after a 3-hour trip, and placed in buckets containing tap water.
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5 . P RO ) .
Figure 1: A-After transport, B- After 2 cm re-cut, C-30 cm standardized stem length, D-
Spray treatment, E- Pulsing treatment, F- Sampling for biochemical analysis, G- Spathe, H-

Spadix in falcon tube, I- Spathe in plastic bag, J- Spathe ready to be frozen.



15

Postharvest treatments

Anthurium inflorescences were subjected to either a 24h pulse through the stem or to a
spray on the spathe and spadix until runoff with solutions containing 0 (control), 37.5, 75, 150
and 300 mg Lt 6-benzylaminopurine (Sigma-Aldrich, USA) and then stored for 20 days at
25+2°C/80+5% RH and 12 hours photoperiod with a photosynthetic photon flux of ~20 umol
m~2 s! provided cool-white fluorescent lamps. After treatments and during vase life
evaluation, anthurium stem bases were kept in vases filled with tap water, which was renewed
every two days.

Postharvest evaluation

Visual assessment of quality was performed every two days on the 30 stems,
according to procedures used by Paull (1982). This appraisal consisted in scoring each
anthurium inflorescence for loss of spathe gloss, spathe blueing and spadix necrosis as listed
in the following tables.

Table 1. Grading scale for spadix visual condition (Paull 1982).

Score  Spadix condition

1 No spots

2 Spadix tip showing slight discoloration/darkening

3 Spadix tip showing darkening/slight flower separation

4 Less than 10% of spadix length darkened and dry

5 Spadix tip dryed and necrosed in more than 10% of its lenght
Table 2. Grading scale for spathe blueing (Paull 1982).

Score  Spathe condition

1 None — fresh flower looks, no blueing
2 Slight — less than 5% blueing area

3 Moderate — 5 to 10 % blueing area
4

Severe — more than 5% blueing area
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Table 3. Grading scale for spathe glossiness (Paull 1982).

Score  Spathe condition

1 No loss — high gloss stage right after harvest
2 Slightly loss — not perceivable

3 Moderate loss — slight glossiness remain

4

Severe loss — flat spathe, no glossiness and wilting signs may appear

Vase life was determined by numerating the days before a stem reached grade 3 for
spadix necrosis and/or grade 4 of spathe blueing and/or grade 4 for spathe glossiness,
whichever comes first.

Fresh weight was measured by weighting each stem at the same day visual evaluation

was done and its variation were determined by the following formula for each evaluated day:

Fw(9) = 14~ 100

0
FW — Fresh weight in % relative to initial weight; Wo — initial weight (g); W1 — weight on the
evaluation day.

For biochemical analysis samples were collected every 4 days. The inflorescence was
divided in spathe and spadix, placed separately into identified plastic bags, wrapped in
aluminum foil, and fast frozen in liquid nitrogen. All samples were freeze grinded with help
of cryogenic mill (SPEX SamplePrep 6870 Freezer/Mill® - USA); the resulting powder was
collected in 15mL falcon tubes and stored at -20°C until analyzed.

Soluble carbohydrates were determined by a phenol-sulfuric acid method (Dubois et
al. 1956). Previously frozen milled spathe and spadix tissues were extracted with distilled
water and heated at 40°C in a water bath (Nova Etica 316 3DN, Brazil) for 30 min. After
cooling to room temperature, the extracts were centrifuged (Jouan SA MR 18-12, France) at
5000 rpm for 10 min at 25 °C to remove debris and the supernatant was collected apart.
Absorbance was measured at 490 nm in a spectrophotometer (BEL Photonics 2000 UV,
Brazil) against a blank cell. The sugar concentration was obtained by referring to the standard
glucose (Sigma-Aldrich, Brazil) graph. Total carbohydrates were expressed in mg g fresh
weight. Determination was carried out in triplicate for each sample and the results were
averaged.
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Total phenolic content (TPC) was extracted and quantified by Singleton and Rossi
(1965) using Folin-Ciocalteau phenol reagent (Sigma-Aldrich, Brazil). TPC of the spadix and
spathe extracts was measured at 760 nm on a UV-VIS spectrophotometer (BEL Photonics
2000 UV, Brazil) against a blank cell. Results are given in gallic acid equivalents (GAE, mg
g* fresh weight). All measurements were performed in triplicate

Polyphenol oxidase (PPO) activity assay was conducted according to Campos and
Silveira (2003). Spathe and spadix were grounded again in a pre-chilled mortar with
polyvinilpolypirrolidone-PVPP (Sigma-Aldrich, USA) and 0.05M phosphate (Sigma-Aldrich,
Brazil) buffer pH 7.0, homogenate was centrifuged for 30 min at 10000 rpm / 4°C (Jouan SA
MR 18-12, France). Supernatant was referred as enzyme extract. PPO activity was
determined using a spectrophotometric method based on an increase rate of absorbance
against a blank sample without the enzyme extract at 395 nm. Briefly, the reaction mixture
contained 0.05M phosphate (Sigma-Aldrich, Brazil) buffer pH 6.0, 0.01M pyrocathecol
(Sigma-Aldrich, Brazil), and the enzyme extract or distilled water for the blank. Reaction was
stopped by adding HCIO4 (Sigma-Aldrich, Brazil) 6.9%. Resulting solution absorbance was
measured at 395nm in a UV-VIS spectrophotometer (BEL Photonics 2000 UV, Brazil)
against a blank cell. PPO activity was expressed in enzyme activity unity (U) g* FW min.
Determination was carried out in triplicate for each sample and the results were averaged.
Statistics

Experimental design was completed randomized arranged in split-split-plots, form of
application on the main plots, BAP concentration on sub-plots and time in sub-sub-plots.
Results were statistically analyzed with help of Sisvar software (Ferreira 2011), it was
prepared analysis of variance and means were compared by Scot Knott’s test at 0.05
significance level for qualitative data or regression for quantitative data.

RESULTS AND DISCUSSION

Spray treatment extended vase life of anthurium cv. Apalai when 37.5, 75, 150 and
300 mg L of BAP was applied compared with the same concentration used in the pulsing
treatment (Figure 2A). The vase life averaged over all four concentration was 17.8 days for
the spray treatments and 13.9 days for pulse treatments. There was no difference in vase life

between application mode for the control treatments.
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Studies revealed that Apalai cultivar tested for conditioning solutions containing only
water (control), sucrose (50 g L) or citric acid (0.2 g L) had inflorescence durability of 16
days regardless used treatment (Nomura et al. 2014). Comparing our results with Nomura
study there was a 1.8 extra and 2.1 less days of vase life for BAP spray and pulsing treatment,
respectively.

Regression analysis of the combined factors is showed in figure 1B and comparing
fitted parameter values it was found that spraying or pulsing have statistically identical vase
life for both application mode control treatment. Spraying BAP was better at extending vase

life than pulsing, independent of growth regulator concentration.
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Figure 2. Vase life (days) of Anthurium andraeanum stems after pulsing or spraying with 6-
benzylaminopurine (BAP). (A) Different letters indicate statistical difference in Scot Knott
means comparison test at 5% significance level; (B) * indicate that model was statistical
significant on F-test (P<0.05)

Mode of application and storage time had a statistical significant interaction on the
analysis of variance (Figure 3). During the first four days after treatment, there was no change
in FW between pulsing and spray and after 6! day, anthurium stems pulsed with BAP had
markedly higher FW loss compared to BAP sprayed stems, maintaining 73 and 93% of the
initial FW on the 20™ day, respectively (Figure 3). This final FW percentage rate for pulsing
treatment shows greater FW loss than anthurium stems kept for 20 days at 4°C, which had a
maximum loss of 19% FW (81% of initial FW) in a study from Promyou et al. (2012)

Throughout vase life, fresh weight typically declines over time, and this was seen for
both postharvest treatments. However, spray treatments showed no statistical significant FW
change until 8" day, while pulsing treatment FW declined after only the 4™ day (Figure 3).

On a study testing wax coating on anthurium, stems stored at 18°C that received wax
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maintained FW close to the initial weight for 10 days (Mujaffar and Sankat 2003), a result

similar to the spray treatment in this paper.
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Figure 3. Fresh weight (% of initial) from the statistical significant interaction of mode of
application x time of storage of Anthurium andraeanum stems pulsed or sprayed with 6-
benzylaminopurine (BAP). Standard error bars shows difference between mode of application
on each day and time of storage (days) followed by same capital letters were not different by
Scot Knott’s means comparison test at 5% significance level

The soluble carbohydrate content of anthurium spadix and spathe were influenced by
BAP levels (Figure 4) and by mode of application versus storage time interaction (P<0.05)
(Table 5). Spadix tissue showed increasing soluble carbohydrate content from zero to 75 mg
BAP L1, returning to levels similar to the control at 150 mg BAP “ and rising again at 300
mg BAP L, according to the cubic fitted model. On the spathe, soluble carbohydrate showed
a slight decrease in content with the increase of BAP level, according to the quadratic fitted
model. Therefore, BAP concentration lower than 150 mg L™ presented higher soluble
carbohydrate content on spathe, whereas on spadix BAP levels had little impact on

carbohydrate content.
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Figure 4. Fitted models for soluble carbohydrate content from spadix and spathe of Anthurium
andraeanum stems pulsed or sprayed with 6-benzylaminopurine (BAP).

Pulsing BAP treatment showed a constant raise in carbohydrate level after 41 day on
spadix and after 8t day on spathe compared with spray treatment. Storage time by application
mode shows a constant increase in soluble carbohydrate throughout vase life on spadix and
after 12" day on spathe for pulsing treatment and increasing soluble carbohydrate content
until 8™ day on spadix and constant levels on spathe for spraying treatment (Table 5).

During anthurium senescence, Paull et al. (1985) observed that carbohydrate levels
remained constant, which was the case on the spathes of spray treatment. Elevated soluble
carbohydrate content does not seem to contribute to anthurium vase life, not even to keep
water balance as pulsing treatment presented higher carbohydrate levels with greater fresh
weight loss and shorter vase life compared to spray treatment.

Rise in carbohydrate levels was more evident in spadix than on spathe. Cytokinin
presence in reproductive structures might extend the tissue sink, improving movement of
sugars, amino acids, and other solutes from mature tissues (Salisbury and Ross 1991). Cut
peony (Paeonia lactiflora Pall.) stems also show an increase in total sugars during the first
2/3 of its vase life, which was due to starch breakdown (Walton et al. 2010).
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Table 5. Soluble carbohydrate content (mg glucose g fresh weight) from spadix and
spathe of Anthurium andraeanum stems pulsed for 24h or sprayed until runoff with 0, 37.5,
75, 150 and 300 mg L' of 6-benzylaminopurine (BAP) and stored for 20 days at
20+2°C/80+5% RH.

Soluble carbohydrate (mg g* FW)

Day? Spadix? Spathe?®
Pulsing Spray Pulsing Spray
0 18.6 Da 17.4 Ba 16.3 Ca 15.9 Aa
4 20.2 Da 16.7 Bb 16.8 Ca 16.4 Aa
8 23.5Ca 17.5Bb 17.1Ca 15.6 Ab
12 27.5 Ba 20.2 Ab 18.1 Ca 16.0 Ab
16 34.3 Aa 22.9 Ab 19.5 Ba 16.1 Ab
20 35.9 Aa 21.0 Ab 22.1 Aa 15.4 Ab

!Means followed by same capital letters on the column are not different by Scott Knott’s means comparison test
at 5 % significance level; 23Means followed by same low case letters on the row are not different by Scott
Knott’s means comparison test at 5 % significance level; “MD-Mode of application.

Total phenolic content of anthurium spadix and spathe were influenced by BAP levels
(Figure 5) and by mode of application versus storage time interaction (P<0.05) (Table 6). For
spadix tissue decreasing total phenolic content occurred with increasing BAP levels,
according to the linear fitted model. For the spathe, a quadratic model was fitted and TPC had

minimum value around 150 mg L.
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Figure 5. Fitted models for total phenolic content (galic acid equivalent GAE mg g FW)
from spadix and spathe of Anthurium andraeanum stems pulsed or sprayed with 6-
benzylaminopurine (BAP). *Regression with statistical significant parameters after F-test
(P<0.05).

Pulsing treatment resulted in higher total phenolic content in all evaluated days on
spadix and only on the 20™ day on spathe compared to spray treatment (Table 6). Total
phenolic content on spadix from pulsing treatment had a tendency to increase towards 20™
day and peak on 8" and 12™" day for spray treatment. However, for spathe, TPC increased
after 16" day on pulsing treatment and remained unchanged on spraying treatment.

Phenolics show an important part in antioxidant protection by the plant (Haslaam
1998) and senescence conditions generally result in an increase in antioxidant levels as they
represent a key defense strategy against oxidative stress (Cavaiuolo et al. 2013).

In anthurium phenolic compounds concentration increases on anthurium senescence
(Paull et al. 1985) similar to our results from pulsing treatment with increasing TPC and
shorter vase life. Total phenolic content of spray treatment increased only on the spadix and

close to the end of the vase life.
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Table 6. Total phenolic content (gallic acid equivalent GAE mg g FW) from spadix
and spathe of Anthurium andraeanum stems pulsed for 24h or sprayed until runoff with 0,
37.5, 75, 150 and 300 mg L™* of 6-benzylaminopurine (BAP) and stored for 20 days at 20 + 2
°C/80+5 % RH.

Total phenolic content (GAE mg g FW)

Day? Spadix? Spathe?®
Pulsing Spray Pulsing Spray
0 119.4 Ca 85.8 Db 105.3Ba  101.3 Aa
4 126.3 Ca 95.3Cb 99.4 Ba 95.6 Aa
8 130.8 Ba 109.9 Ab 107.6 Ba  104.8 Aa
12 122.2 Ca 112.2 Ab 101.4 Ba 91.4 Aa
16 135.0 Ba 101.7 Bb 121.2 Aa 109.8 Aa
20 140.5 Aa 103.6 Bb 1348 Aa  106.5Ab

!Means followed by same capital letters on the column are not different by Scott Knott’s means comparison test
at 5 % significance level; 23Means followed by same low case letters on the row are not different by Scott
Knott’s means comparison test at 5 % significance level; “MD-Mode of application.

Polyphenol oxidase activity of anthurium spathe was influenced by BAP levels
(Figure 6). Spathe tissue had increasing levels of PPO activity when more than 150 mg BAP
L* was applied in anthurium stems, according to the quadratic fitted model. Spadix enzyme
activity remained constant regardless BAP concentration applied.

Phenolic content and enzyme activity outcomes on the spathe were correlated. While
spadix PPO activity was constant, on the spathe enzyme activity increased with increasing
BAP concentration while TPC decreased until 150 mg L™, indicating that TPC drop was due
to increased enzyme activity.

BAP levels greater than 150 mg L induced higher PPO activity, which combined
with high phenolic content can stimulate browning reaction, resulting in the formation of
quinine and subsequently polymerization leading to production of brown pigments
(Dubravina et al., 2005).
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Figure 6: Polyphenol oxidase activity (U g* FW mint) of spathe (fitted model) and spadix of
Anthurium andraeanum pulsed and sprayed with 6-benzylaminopurine (BAP). *Regression
with statistical significant parameters after F-test (P<0.05).

Mode of application versus storage time interaction (P<0.05) was significant for both
spadix and spathe (Table 7). On spadix PPO activity decreased for both treatments. Spathe
tissue showed a trend of decreasing PPO activity during vase life evaluation on spraying
treatment except for an activity peak on 12 day and pulsing treatment exhibited higher PPO
activity on days 0, 12 and even higher on 20™ day compared to days 4, 8 and 16.

Anthurium spathe is greatly affected through darkening reaction, visualized on
senescent tissue by blueing and PPO activity was markedly higher in this tissue. Senescence
advanced more rapidly in pulsing treated anthurium and according to Benjawan et al. (2008),
a loss of cellular compartmentalization enables enzyme and substrate contact, resulting in

enzymatic browning.
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Table 7. Polyphenol oxidase (PPO) activity (enzyme activity unity U gt FW min)
from spadix and spathe of Anthurium andraeanum stems pulsed for 24h or sprayed until
runoff with 0, 37.5, 75, 150 and 300 mg L™* of 6-benzylaminopurine (BAP) and stored for 20
daysat20+2°C/80 %5 % RH.

PPO activity (U g* FW mint)

Day? Spadix? Spathe?®
Pulsing Spray Pulsing Spray
0 199 Aa 200 Aa 1404 Ba 1329 Aa
4 164 Bb 197 Aa 1174 Ca 1037 Bb
8 135Cb 178 Ba 1065 Ca 1063 Ba
12 125Cb 192 Aa 1316 Ba 1196 Aa
16 137 Cb 172 Ba 1174 Ca 897 Cb
20 144 Ca 153 Ba 1575 Aa 909 Cb

!Means followed by same capital letters on the column are not different by Scott Knott’s means
comparison test at 5 % significance level; 23Means followed by same low case letters on the row are not
different by Scott Knott’s means comparison test at 5 % significance level; “MD-Mode of application.

To extend the vase life of anthurium cv. Apalai it is recommended the application of
BAP by spraying at concentrations below 150 mg L due to lower activity of PPO in these
doses and therefore less possibility of darkening the spathe. Despite the high concentration of
phenolic compounds with low concentrations of BAP (below 150 mg L1), the activity of PPO
was not changed and thus no blackening of the spathe was observed. Also, at doses below 150
mg L1, higher levels of carbohydrates were found in the spathe, which could favor the
maintenance of respiration and a positive water balance due to the presence of solutes.

ACKNOWLEDGEMENTS
To Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior - Capes for

granting scholarship to B.T. Favero (Process n. 0353/13-2).

REERENCES
Benjawan C., Chutichude P.T. Khumkratok S. (2008) Effect of harvesting index on

browning reaction and changes of tissue structure in santol fruits. Pak. J. Biol. Sci., 11: 1212-
1219. doi: 10.3923/pjbs.2008.1212.1219

Cavaiuolo M., Coccetta G. Ferrante A. (2013) The antioxidants changes in ornamental
flowers during development and senescence. Antioxidants 2:132-155.
doi:10.3390/antiox2030132



26

Chisari M. Barbagallo R.N. Spagna G. Artes F. (2011) Improving the quality of fresh-
cut melon through inactivation of degradative oxidase and pectinase enzymatic activities by
UV-C treatment. Int J of Food Sci and Technol 46(3):463-468. doi: 10.1111/j.1365-
2621.2010.02466.x

Crafts-Brandner S.J., Below F.E., Wittenbach V.A., Harper J.E., Hageman R.H.
(1984) Differential senescence of maize hybrids following ear removal. 1. Selected leaf.
Plant Physiol 74:368-373. doi: 10.1104/pp.74.2.368

Croat T.B. (1988) Ecology and life forms of Araceae. Aroideana 11(3-4):4-55

Dubois M. Gilles K.A. Hamilton J.K. Rebers P.A. Smith F. (1956) Colorimetric
method for determination of sugar and related substances. Anal Chem 28:350-356. doi:
10.1021/ac60111a017

Dubravina G.A., Zaytseva S.M. Zagoskina N.V. (2005) Changes in formation and
localization of phenolic compounds in the tissues of European and Canadian yew during
differentiation in vitro. Russian J Plant Physiol 52:672-678. doi: 10.1007/s11183-005-0100-z

FalgueraV. Pagan J. Garza S. Garvin A. Ibarz A. (2012) Inactivation of polyphenol
oxidase by ultraviolet irradiation: Protective effect of melanins. J of Food Eng 110(2):305-
309. doi: 10.1016/j.jfoodeng.2011.04.005

Ferrante A., Mensuali-Sodi A., Serra G. (2009) Effect of thidiazuron and gibberellic
acid on leaf yellowing of cut stock flowers. Cent Eur J of Biol 4(4):461-468. doi:
10.2478/s11535-009-0039-8

Ferreira D.F. (2011) Sisvar: a computer statistical analysis system. Ciéncia e
Agrotecnologia 35(6):1039-1042. doi: 10.1590/S1413-70542011000600001

Gantait S. Mandal N. (2010) Tissue culture of Anthurium andraeanum: a significant
review and future prospective. Int J of Bot 6(3):207-209. doi: 10.3923/ijb.2010.207.219

Halloran J.M. Kuehnle A.R. (1998) What do anthurium buyers want in their flowers?
Results of a market survey. Economic Fact Sheet. http://www.ctahr.hawaii.edu/oc/freepubs
Ipdf /efs-27.pdf. Accessed 1 July 2014

Haslam E. (1998) Practical Polyphenolics: From Structure to Molecular Recognition
and Physiological Action. Cambridge University Press, Cambridge

Leme J.M. (2004) Resfriamento e conservacdo de antario ‘IAC Eidibel’. Dissertation,

Universidade Estadual de Campinas



27

Mujaffar S. Sankat C.K. (2003) Effect of waxing on the water balance and keeping
qualities of cut anthuriums. Int Agrophysics 17:77-84.

Mwangi M., Chatterjee, S.R. Bhattacharjee S.K. Changes in the biochemical
constituents of “Golden gate” cut rose petals as affected by precooling with ice cold water
spray, pulsing and packaging. J. Plant Biol., 30 (2003), pp. 95-97

Nomura E.S. Fuzitani E.J. Junior E.R.D. (2014) Solucdes de condicionamento em pos-
colheita de inflorescéncias de antdrio. Revista Ceres 61(2):219-225. doi: 10.1590/S0034-
737X2014000200009

Paull R.E. (1982) Anthurium (Anthurium andraeanum Andre) vase life evaluation
criteria. HortScience 17:606-607.

Paull R.E. Chantrachit T. (2001) Benzyladeine and the vase life of tropical
ornamentals. Postharvest Biol and Technol 21:303-310. doi: 10.1016/S0925-5214(00)00153-
8

Paull R.E. Chen N.J. Deputy J. (1985) Physiological changes associated with
senescence of cut anthurium flowers. J. Amer. Soc. Hort. Sci. 110:156-162.

Pinto J.B. (1997) Tecnologia pos-colheita: Armazenamento de rosas cultivar “Vegas”.
Dissertation, Universidade Estadual de Campinas

Promyou S. Ketsa S. van Doorn W.G. (2012) Salicylic acid alleviates chilling injury
in Anthurium (Anthurium andraeanum L.) flowers. Postharvest Biol and Technol 64(1):104-
110. doi: 10.1016/j.postharvbio.2011.10.002

Salisbury F.B. and Ross C.W. (1991). Plant physiology. 4th Edition. Wadsworth
Publishing Company, Belmont California

Singleton V.L. Rossi JA. (1965) Colorimetry of total phenolics with
phosphomolybdic-phosphotungstic acid reagents. Am. J. Enol. Vitic. 16:144-158

Skutnik E. Lukaszewaska A. Serek M. Rabiza J. (2001) Effect of growt regulators on
postharvest characteristics of Zantedeschia aethiopica. Postharvest Biol and Technol
21(2):241-246. doi: 10.1016/S0925-5214(00)00151-4

Takahama U. Oniki T. (1997) A peroxidase/phenolics/ascorbate system can scavenge
hydrogen peroxide in plant cells. Physiol Plant 101(4):845-852. doi: 10.1111/j.1399-
3054.1997.th01072.x



28

Thawiang N. Buanong M. Kanlayanarat S. (2007) Effect of thidiazuron on postharvest
quality of cut flowers of anthurium (Anthurium andraeanum L. cv. Marshall). Acta Hortic
755:415-418

Tombolato A.F.C Saes L.A. Matthes L.A.F. Sakai M. Dias-Tagliacozzo G. Castro
C.E.F. de Veiga R.F.A. BarbosaW. (2005) New Varieties of Anthurium andraeanum from
Brazil. Acta Hortic 683:423-430.

Viradia R.R. Singh S.P. (2004) Production of quality roses cv. ‘Gladiator’ as
influenced by nitrogen nutrition and plant density. J of Ornam Hortic 7(3-4):171-176

Walton E.F. Boldingh H.L. McLaren G.F. Williams M.H. Jackman R. (2010) The
dynamics of starch and sugar utilisation in cut peony (Paeonia lactiflora Pall.) stems during
storage and vase life. Postharvest Biol and Technol 58(2):142-146. doi:
10.1016/j.postharvbio.2010.05.008



Capitulo 2

Curcuma alismatifolia vase life2

2 Artigo nas normas do International Journal of Environmental Science and Technology

29



30

Curcuma alismatifolia vase life

Bruno Trevenzoli Favero*! Giuseppina Pace Pereira Lima! John Dole 2

! Universidade Estadual Paulista 2 North Carolina State University - NCSU
Departamento de Quimica e Bioquimica Department of Horticultural Science
UNESP - Campus de Botucatu 120 Kilgore Hall Campus Box 7609
Distrito de Rubido Junior S/N North Carolina State University
CEP: 18618-970 - Botucatu / SP Brasil Raleigh NC 27695-7609

Email: btfavero@yahoo.com.br (*Corresponding author)

Abstract: Cut curcuma stem have a reported vase life of 7 to 21 days and this difference in
vase life is probably due to different factors and combination of factors such as growing
conditions and postharvest treatments Specialty cut flower industry need key postharvest
information for new species and cultivars to be able to effectively market the flowers. The
objectives of this study was to evaluate the effect of a commercial hydrator and holding
solution, floral foam, silver thiosulphate (STS) and a commercial growth regulator
formulation on the postharvest handling of C. alismatifolia cultivars. Control treatment
(deionized water) had better vase life than combinations of commercial hydrator for 4 h and
commercial holding solution for 44h. Floral foam reduced vase life to 17 days form 23 days
for the control treatment. STS did not improved vase life, nor did ethylene reduce it. Growth
regulator (Fresco®) had a positive effect on keeping fresh weight parameter, but further
studies are necessary. The curcuma cultivars tested were not affected by vase solutions and
had an average vase life in deionized water of 21 days.

Key words: siam tulip, Chiang Mai Pink, ethylene, postharvest, floral foam, STS

INTRODUCTION
The genus Curcuma is well known due to the culinary use of C. longa, whose
rhizomes are dried and powdered to produce a condiment called turmeric, base of curry spice.
Other Curcuma species like C. alismatifolia, C. zedoaria, C. amada and C. augustifolia have
ornamental potential (Prabhakaran Nair 2013).
C. alismatifolia, also called Siam tulip, is native to Southeast Asia and has potential to
be used as a bed plant, potted or as cut flower. Its flower is actually an inflorescence with

cone-like appearance where the distal bracts are green and apical ones can be pink, purple or
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white and are spirally arranged and closely overlapped, giving a tulip-like appearance
(Prabhakaran Nair 2013, Bunya-atichart et al. 2004).

Cut curcuma stem have a reported vase life of 7 to 21 days (Chutichudet et al. 2010,
Chutichudet and Chutichudet 2012). This enormous fluctuation in vase life is probably due to
various factors and combination of factors such as growing conditions and postharvest
treatments.

Specialty cut flower industry values key postharvest information for new species and
cultivars, such as treatments that can be done at wholesaler level with commercially available
hydrator and/or holding solutions and at retailer level with the use of floral foam. (Clark et al.,
2010, Dole et al. 2009)

Curcuma cv. Chiang Mai Pink stems were ethylene sensitive and did not responded
well to 8-HQS + sucrose, DICA + sucrose and sucrose alone in the vase solution (Bunya-
atichart et al. 2004). 1-MCP fumigation for 8h at 600 ppb controlled anthocyanin degradation,
but did not extend vase life of Curcuma cv. Chiang Mai Pink stems (Chutichudet et al. 2010).
Gibberellic acid had a great impact on maintaining fresh weight when applied after harvest,
but studies diverged on its effect on vase life, either positive (Kjonboon and Kanlayanarat
2005) or neutral (Bunya-atichart et al. 2004).

The objective of this study was to evaluate the effect of a commercial hydrator and
holding solutions, floral foam, silver thiosulphate and a commercial growth regulator
formulation on the postharvest performance of cut C. alismatifolia flowers from four
cultivars.

MATERIALS AND METHODS

Four Curcuma alismatifolia cultivars were grown in Raleigh/NC: Chiang Mai Pink
943005, 9472229 and 8171141. Rhizomes provided by a Thailand breeding company were
planted in lily crates 55.5x36.5x22.5 cm, filled with a commercial peat-based substrate (4P
Fafard Conrad Fafard Inc. Agawam MA) on 6 June 2013 and kept in a glasshouse with
temperature control set to 25°C. On the first two weeks substrate was kept moist with tap
water only and after the rhizomes started to sprout, liquid fertilization with 175 ppm N (20-
10-20) was provided when necessary, approximately twice a week. Two months after

planting, enough flowers were produced to start experiments.
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Figure 1: A- Planting, B- Sprouting, C- 2 months old, D- 5 months old, E- Chiang Mai Pink,
F- 8171141, G- 943005, H- 9472229
Wholesaler treatments: After harvest stems were recut to 50 cm, divided into two

groups, and treated with either deionized water (DI) or Chrysal Professional RVB Hydrating
Solution (Chrysal Americas Miami FL) (hydrator) at 8 mL L for 4 h. Then one group of
flowers from each solution was placed in either deionized water (DI) or Chrysal Professional
no. 2 Processing Solution (Chrysal Americas Miami FL) (holding) at 10 mL L for 44 h.

Subsequently, stems were set in jars containing 500 mL of deionized water until terminated.
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Retailer treatments: After harvest stems were recut to 50 cm, placed in vases with or
without floral foam and either deionized water or Chrysal Professional no. 2 Processing
Solution (Chrysal Americas Miami FL) (holding) at 10 mL “? until terminated.

Ethylene sensitivity: After harvest stems were recut to 50 cm treated either with
deionized water or Chrysal AVB (Chrysal Americas Miami FL) at 2 mL “?) for 4h prior to
15h ethylene treatment in DI water at 0 or 1 ppm ethylene inside sealed drums with air forced
circulation at 20°C.

Fresco® treatment: After harvest stems were recut to 50 cm, treated with Fresco® (Fine
Americas Inc) solutions at 0, 0.5, 1 and 2 ppm for 15h, and then placed in jars containing 500
mL of deionized water until terminated.

Each treatment had 10 replicates of one stem per vase and vases were organized on
benches in a completely randomized design in the postharvest evaluation room, which was
held at 20 £ 2 °C with 40-60% relative humidity and a 12-h photoperiod provided by cool-
white fluorescent lamps. The lamps provided a photosynthetic photon flux of ~20 umol m—2
s—1 as measured at bench level with a 1078 QMSW Quantum meter (Apogee Instruments Inc.
Logan UT).

Vase life was determined by numerating the days before the pink bracts darkened,
browned or wilted unacceptably or green bracts turned yellow.

Not all cultivars were tested in all experiments due to insufficient flower production.
RESULTS AND DISCUSSION

Wholesaler standard treatment results showed a significant interaction between
cultivar x treatment for vase life parameter (Table 1). Vase life was not affected by these
treatments in all cultivars, except for 9472229, which had higher vase life on the control
treatment (DI/DI).

Considering that using deionized water is the best postharvest solution for
wholesalers, cultivars Chiang Mai Pink, 943005 and 9472229 had a longer vase life than cv.
8171141 (Table 1). In a study with vase solutions containing 8-HQC and DICA associated
with sucrose and sucrose alone also showed no positive effect on vase life of Curcuma
alismatifolia cv. Chiang Mai Pink (Bunya-atichart et al., 2004).

Lower fresh weight loss occurred when the commercial hydrator solution for 4h was

followed by the commercial holding solution for 44h than the other three treatments, but this
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positive effect did not increased vase life (Table 1). Cultivar Chiang Mai Pink maintained
higher fresh weight than 8171141; 943005 and 9472229 had the highest fresh weight loss
among the four cultivars. Chiang Mai Pink had greater water uptake than the other three
cultivars.

Table 1. Vase life (days), fresh weight variation (% of initial), and water uptake (mL
day?!) of Curcuma alismatifolia inflorescences treated either with deionized water (DI) or
Chrysal hydration solution (H) for 4 hours then placed in deionized water (DI) or Chrysal
holding solution (P) for 44h and followed by transfer to jars with 500 mL of deionized water

until termination.

Vase life (days)

Treatment
DI/DI DI/P H/DI H/P
Chiang 24.5 Aa 22.3 Aa 23.8 Aa 23.3 Aa
943005 22.2 Aab 196 Aab  19.0 Ab  20.3 Aab
9472229 223 Aab 153 ABb 184 BCb 135 Cc
8171141 194 Ab 194 Aab  17.0 Ab  16.2 Abc
Fresh weigh ( % of initial)

Cultivar

DI/DI DI/P H/DI H/P
Treatment
80.3B 82.2B 79.8B 87.2 A
) Chiang 943005 9472229 8171141
Cultivars
88.7 A 785C 78.6 C 83.7B
Water uptatke (mL day™t)
) Chiang 943005 9472229 8171141
Cultivars

8.0A 78B 7.2B 78B

*Means followed by different capital letters were statistically different (p<0.05) within
the line and by different lower case letters within the column.

Placing curcuma flowers in floral foam or keeping it continuously in commercial
holding solution reduced vase life an average of 5.6 days compared to stems kept in deionized
water only (Table 2). Chiang Mai Pink had a greater vase life than the other two tested



35

cultivars for retailer treatment. Floral foam was also not recommended for postharvest
handling of cut rose stems (Ahamad et al., 2014).

Retailer treatment showed a significant interaction between cultivar x treatment for
fresh weight parameter and stems placed in floral foam with holding solution treatment
showed lower fresh weight loss for cv. Chiang Mai Pink and 943005 and did not differ among
treatments for cv. 8171141. Cultivars had statically similar fresh weight loss within
treatments. Due to minus six days in vase life it was expected that this treatment showed less
fresh weight loss due to less time to wilt.

Table 2. Vase life (days) and fresh weight variation (% of initial) of Curcuma
alismatifolia inflorescences kept in deionized water (DI) or holding solution (H) and in jars

with (F) or without (NF) floral foam until visual senescence symptoms appeared.

Vase life (days)

DI/NF DI/F H/NF H/F
Treatment

23.0A 17.8B 18.1B 16.1 B

) Chiang 943005 8171141

Cultivars

213 A 16.9B 18.0B

Fresh weight variation ( %)
Treatment
Cultivar
DI/NF DI/F H/NF H/F

Chiang  84.2Ba 81.1BCa 73.9Ca 94.1 Aa
943005 76.2Bb 78.7 Ba 78.6 Ba 87.2 Aab
8171141 823 Aab 78.8 Aa 75.2 Aa 83.0 Aa

*Means followed by different capital letters were statistically different (p<0.05) within

the line and by different lower case letters within the column.

Chiang Mai Pink and 8171141 curcuma stems did not benefit with anti-ethylene
treatment (STS) nor presented ethylene sensitivity. Vase life were 25.5 and 17.3 days,
respectively. AOA did not reduced bract browning (Bunya-atichart et al., 2004) and 1-MCP
was not effective in extending vase life (Chutichudet et al. 2010) of C. alismatifolia cv
Chiang Mai Pink.

Ethylene sensitivity was reported for cultivar Chiang Mai Pink from concentration as

low as 0.5 ppm (Bunya-atichart et al., 2004), which disagrees with results obtained in this



36

study where control, control + ethylene (1ppm), STS and STS + ethylene treatments were
statistically similar. With high ACC oxidase gene expression right after harvesting in petals
and bracts of C. alismatifolia cv. Chiang Mai Pink, suggesting involvement in vase life
(Mahadtanapuk et al. 2010), we recommend further studies to be performed in the same tested
cultivar and North Carolina growing conditions.

Treating Chiang Mai Pink stems with Fresco® did not influenced vase life nor water
uptake and concentrations higher than 0.5 ppm increased fresh weight in approximately 10%
compared to control treatment (Figure 2). Similar results were obtained by Bunya-atichart et

al. (2004) with application of GAs at 50 and 100 ppm.
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Figure 2. Vase life (days), fresh weigh variation (%), and water uptake (mL day-1) of
Curcuma alismatifolia inflorescences treated with Fresco®.

In summary, since the overall vase life of curcuma stems was good, these results mean
that curcuma appears to be a durable flower that is not affected by vase solutions. The
exception is that curcuma vase life is reduced with the use of floral foam.
ACKNOWLEDGEMENTS

To Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior - Capes for

granting scholarship to B.T. Favero (Process n. 0353/13-2).



37

REERENCES
Ahamad I., Dole J.M., Clark E.M.R, Blazich F.A. (2014) Floral foam and/or

conventional or organic preservatives affect thevase-life and quality of cut rose (Rosa X
hybrida L.) stems. J Hortic Sci Biotechnol 89(1):41-46

Bunya-aticharta K., Ketsaa S., van Doorn W.G. (2004) Postharvest physiology
ofCurcuma alismatifolia flowers. Postharvest Biol Technol 34:219-226. doi:
10.1016/j.postharvbio.2004.05.009

Chutichudet B. and Chutichudet P. (2012) Influence of True Flower Thinning and 1-
MCP on Postharvest Changes of ‘Chiang Mai Pink’ Patumma Cut Flower. Int J Agri Res
7:470-481. doi: 10.3923/ijar.2012.470.481

Chutichudet P., Chutichudet B., Boontiang K. (2012) Effect of 1-MCP on vase life
and other postharvest qualities of Patumma (Curcuma alismatifolia) cv. Chiang Mai Pink.
Trends Hortic Res 1:1-11. doi: 10.3923/thr.2011.1.11

Clark E.M.R, Dole J.M., Carlson A.S., Moody E.P., McCall I.F., Fanelli F.L., Fonteno
W.C. Vase Life of New Cut Flower Cultivars (2010) HortTechnology 20(6):1016-1025

Dole J.M., Viloria Z., Fanelli F.L., Fonteno W. (2009) Postharvest Evaluation of Cut
Dahlia, Linaria, Lupine, Poppy, Rudbeckia, Trachelium, and Zinnia. HortTechnology
19(3):593-600

Kjonboon T. and Kanlayanarat S. (2005) Effects of Gibberellic Acid on the Vase Life
of Cut Patumma (Curcuma alismatifolia Gagnep.) ‘Chaing Mai’ Flowers. Acta Hortic
673:525-579

Prabhakaran Nair K.P. (2013) The Agronomy and Economy of Turmeric and Ginger:

The Invaluable Medicinal Spice Crops. Elsevier, London



38

REFERENCIAS BIBILIOGRAFICAS

Ahamad 1., Dole J.M., Clark E.M.R, Blazich F.A. (2014) Floral foam and/or
conventional or organic preservatives affect thevase-life and quality of cut rose (Rosa X
hybrida L.) stems. J Hortic Sci Biotechnol 89(1):41-46

Aki A. (2008) Consideracdes sobre a qualidade em rosas e crisantemos. Disponivel
em: <http://www.negocioscomflores.com.br/artigos/artigos_publicados_consideracao_rosas
_crisantemos.html>. Acesso em: 07 julho de 2014.

Barbosa J.G., Tavares A.R.R., Grossi J.A.S. (2006) Prolongamento da vida de
prateleira de minicrisantemos de vaso pela aplicacdo de benziladenina. Biosci J 22(1):77-82

Barciszewski J., Massino F., Clark B.F.C. (2007) Kinetin - A multiactive molecule. Int
J Biol Macromolec 40(3):182-192

Benjawan C., Chutichude P.T. Khumkratok S. (2008) Effect of harvesting index on
browning reaction and changes of tissue structure in santol fruits. Pak. J. Biol. Sci., 11: 1212-
1219

Bisby F.A., Roskov Y.R., Orrell T.M., Nicolson D., Paglinawan L.E., Bailly N., Kirk
P.M., Bourgoin T., Baillargeon G. (2000) Species 2000 / ITIS Catalogue of Life: 2010
Annual Checklist. Digital resource at http://www.catalogueoflife.org/annual-checklist/2010.
Species 2000: Reading UK.

Bunya-aticharta K., Ketsaa S., van Doorn W.G. (2004) Postharvest physiology of
Curcuma alismatifolia flowers. Postharvest Biol Technol 34:219-226

Bushe B.C., Nishijima W.T., Hara A.H., Sato D.M. (2004) Identifying anthurium
flower injuries. Disponivel em: <http://www.ctahr.hawaii.edu/oc/freepubs/pdf/PD-25.pdf>.
Acesso em: 07 de julho de 2014.

Castro C. E. F. (1998) Cadeia Produtiva de Flores e Plantas Ornamentais. R Br
Horticul Ornamen 46:1-46

Cavaiuolo M., Coccetta G. Ferrante A. (2013) The antioxidants changes in ornamental
flowers during development and senescence. Antioxidants 2:132-155

Chaitanya K.S.K., Naithani S.C. (1998) Kinetin-mediated prolongation of viability in
recalcitrans sal (Shorea robusta Gaertn. F.) seeds at low temperature: role of kinetin in
delaying membrane deterioration during desiccation-induced injury. J Plant Growth Regulat
17:63-69



39

Chisari M. Barbagallo R.N. Spagna G. Artes F. (2011) Improving the quality of fresh-
cut melon through inactivation of degradative oxidase and pectinase enzymatic activities by
UV-C treatment. Int J of Food Sci and Technol 46(3):463-468

Chutichudet B. and Chutichudet P. (2012) Influence of True Flower Thinning and 1-
MCP on Postharvest Changes of ‘Chiang Mai Pink’ Patumma Cut Flower. Int J Agri Res
7:470-481

Chutichudet P., Chutichudet B., Boontiang K. (2012) Effect of 1-MCP on vase life
and other postharvest qualities of Patumma (Curcuma alismatifolia) cv. Chiang Mai Pink.
Trends Hortic Res 1:1-11

Clark E.M.R, Dole J.M., Carlson A.S., Moody E.P., McCall I.F., Fanelli F.L., Fonteno
W.C. Vase Life of New Cut Flower Cultivars (2010) HortTechnology 20(6):1016-1025

Crafts-Brandner S.J., Below F.E., Wittenbach V.A., Harper J.E., Hageman R.H.
(1984) Differential senescence of maize hybrids following ear removal. 1. Selected leaf.
Plant Physiol 74:368-373

Croat T.B. (1988) Ecology and life forms of Araceae. Aroideana 11(3-4):4-55

Croat T.B. (1998) History and current status of systematic research of Araceae.
Aroideana 21:26-145

Dias-Tagliacozzo G.M., Castro C.E.F. (2001) Manutenc¢édo da qualidade pds—colheita
de anturio. Congresso Brasileiro de Floricultura e Plantas Ornamentais 13:30

Dias-Tagliacozzo G.M., Castro C.E.F. (2002) Fisiologia pds-colheita de espécies
ornamentais. Champagnat, Curitiba

Dias-Tagliacozzo M.G., Zullo M.A., Castro C.E.F. (2003) Caracterizacao fisica e
conservagao pos-colheita de alpinia. R Br Horticul Ornamen 9(1):17-23

Dole J.M., Viloria Z., Fanelli F.L., Fonteno W. (2009) Postharvest Evaluation of Cut
Dahlia, Linaria, Lupine, Poppy, Rudbeckia, Trachelium, and Zinnia. HortTechnology
19(3):593-600

Dubois M. Gilles K.A. Hamilton J.K. Rebers P.A. Smith F. (1956) Colorimetric
method for determination of sugar and related substances. Anal Chem 28:350-356. doi:
10.1021/ac60111a017



40

Dubravina G.A., Zaytseva S.M. Zagoskina N.V. (2005) Changes in formation and
localization of phenolic compounds in the tissues of European and Canadian yew during
differentiation in vitro. Russian J Plant Physiol 52:672-678

Eason J.R., Vré L.A. de, Somerfield S.D., Heyes J.A. (1997) Physiological changes
associated with Sandersonia aurantiaca flower senescence in response to sugar. Postharvest
Biol Technol 12:43-50

FalgueraV. Pagan J. Garza S. Garvin A. Ibarz A. (2012) Inactivation of polyphenol
oxidase by ultraviolet irradiation: Protective effect of melanins. J of Food Eng 110(2):305-
309

Ferrante A., Mensuali-Sodi A., Serra G. (2009) Effect of thidiazuron and gibberellic
acid on leaf yellowing of cut stock flowers. Cent Eur J of Biol 4(4):461-468

Ferrante A., Mensuali-sodi A., Serra G. (2009) Effect of thidiazuron and gibberellic
acid on leaf yellowing of cut stock flowers. Cent E J Biol 4(4):461-468

Ferreira D.F. (2011) Sisvar: a computer statistical analysis system. Ciéncia e
Agrotecnologia 35(6):1039-1042

Gantait S. Mandal N. (2010) Tissue culture of Anthurium andraeanum: a significant
review and future prospective. Int J of Bot 6(3):207-209

Gantait S., Mandal N. (2010) Tissue culture of Anthurium andraeanum: a significant
review and future prospective. Int J Bot 6(3):207-9

George E.F. (1993) The components of culture media: plant propagation by tissue
culture. Springer, Netherlands

Guimardes A.A., Finger F.L., Guimardes A.A., Souza P.A.D., Linhares P.C.F. (2010)
Fisiologia pos-colheita de Heliconia spp. R Verde 5(special issue):38-49

Halloran J.M. Kuehnle A.R. (1998) What do anthurium buyers want in their flowers?
Results of a market survey. Economic Fact Sheet. http://www.ctahr.hawaii.edu/oc/freepubs
Ipdf /efs-27.pdf. Accessed 1 July 2014

Halloran J.M., Kuehnle A.R. (1998) What do anthurium buyers want in their flowers?
Results of a market survey. Economic Fact Sheet 27:1-4

Haslam E. (1998) Practical Polyphenolics: From Structure to Molecular Recognition

and Physiological Action. Cambridge University Press, Cambridge



41

Ichimura K., Kojima K., Goto R. (1999) Effects of temperature, 8-hydroxyquinoline
sulphate and sucrose on the vase life of cur rose flowers. Postharvest Biol Technol 15:33-40

Kjonboon T. and Kanlayanarat S. (2005) Effects of Gibberellic Acid on the Vase Life
of Cut Patumma (Curcuma alismatifolia Gagnep.) ‘Chaing Mai’ Flowers. Acta Hortic
673:525-579

Laraa M.E.B., Garcia M.C.G., Fatima B.T., Ehnellb R., Leeb T.K., Proelsa R.,
Tannerb W., Roitscha T. (2004) Extracellular Invertase Is an Essential Component of
Cytokinin-Mediated Delay of Senescence. The Plant Cell 16:1276-1287

Laschi D. (2000) Fisiologia de hastes cortadas de rosa (Rosa sp.) cv. Grand Gala.
Thesis, Universidade Estadual de Campinas

Leja M., Mareczek A., Ben J. (2003) Antioxidant properties of two apple cultivars
during long-term storage. Food Chem 80(3):303-307

Leme J.M. (2004) Resfriamento e conservagdo de anttrio ‘[AC Eidibel’. Dissertation,
Universidade Estadual de Campinas

Linden J., Andre E. (1877) Anthurium andraeanum. L'lllustration Horticole 24:43-44

Loges V., Teixeira M.C. F., Castro A.C.R., Costa A.S. (2005) Colheita pos-colheita e
embalagem de flores tropicais em Pernambuco. Horticul Br 23(3):699-702

Lorenzi H., Souza H.M. (2008) Plantas ornamentais no Brasil: arbustivas herbaceas e
trepadeiras. Instituto Plantarum, Nova Odessa

Maclean D.C., Dedolph R.R. (1962) Effects of N6-benzylaminopurine on post-harvest
respiration of Chrysanthemum morifolium and Dianthus caryophyllus. Bot Gazette 124(1):20-
21

Matsunaga M. (1997) A industria da flor e o comercio internacional do Brasil. R Br
Horticul Ornamen 3:1-4

Matthes L.A.F., Castro C.E.F. (1989) O cultivo de antdrio: producdo comercial.
Boletim Técnico n.126. IAC, Campinas

Mayer A.M. (2006) Polyphenol oxidases in plants and fungi: Going places? A review.
Phytochem 67:2318-2331

Meir S., Salim S., Chernov Z., Philosoph-Hadas S. (2007) Quality improvement of cut
flowers and potted plants with postharvest treatments based on various cytokinins and auxins.
Acta Horticul 755:143-154



42

Mujaffar S. Sankat C.K. (2003) Effect of waxing on the water balance and keeping
qualities of cut anthuriums. Int Agrophysics 17:77-84.

Musgrave M. E. (1994) Cytokinins and oxidative process In: Mok D.W.S., Mok M.C.
(Ed). Cytokinins: chemistry activity and function. CRC, Boca Raton

Mwangi M., Chatterjee, S.R. Bhattacharjee S.K. Changes in the biochemical
constituents of “Golden gate” cut rose petals as affected by precooling with ice cold water
spray, pulsing and packaging. J. Plant Biol., 30 (2003), pp. 95-97

Nomura E.S. Fuzitani E.J. Junior E.R.D. (2014) Solucdes de condicionamento em pds-
colheita de inflorescéncias de anturio. Revista Ceres 61(2):219-225

Obukowick M., Kennedy G.S. (1981) Phenolic ultracytochemistry of tobacco cells
undergoing to hypersensitive reaction to Pseudomonas solanacearum. Physiol Plant Patholog
18:339-344

Paull R.E. (1982) Anthurium (Anthurium andraeanum Andre) vase life evaluation
criteria. HortScience 17:606-607.

Paull R.E. Chantrachit T. (2001) Benzyladeine and the vase life of tropical
ornamentals. Postharvest Biol and Technol 21:303-310

Paull R.E. Chen N.J. Deputy J. (1985) Physiological changes associated with
senescence of cut anthurium flowers. J. Amer. Soc. Hort. Sci. 110:156-162.

Petridou M., Voyiatzi C., Voyiatzi D. (2001) Methanol, ethanol and other compounds
retard leaf senescence and improve the vase life and quality of cut crysanthemum flowers.
Postharvest Biol Tecnol 23:79-83

Pinto J.B. (1997) Tecnologia pos-colheita: Armazenamento de rosas cultivar “Vegas”.
Dissertation, Universidade Estadual de Campinas

Prabhakaran Nair K.P. (2013) The Agronomy and Economy of Turmeric and Ginger:
The Invaluable Medicinal Spice Crops. Elsevier, London

Promyou S. Ketsa S. van Doorn W.G. (2012) Salicylic acid alleviates chilling injury
in Anthurium (Anthurium andraeanum L.) flowers. Postharvest Biol and Technol 64(1):104-
110

Ratnayake K., Joyce D., Wearing A. (2011) Treatment with Cu?* ions extends the

longevity of cut Acacia holosericea foliage stems. J Horticul Sci Biotechnol 86(1):55-61



43

Salisbury F.B. and Ross C.W. (1991). Plant physiology. 4th Edition. Wadsworth
Publishing Company, Belmont California

Santos M.H.L.C, Santos E.E.F., Lima G.P.P. (2004) Solugdes conservantes em
sorvetdo pos-colheita. Ciéncia Rural 38(8):2354-2357

Singleton V.L. Rossi J.A. (1965) Colorimetry of total phenolics with
phosphomolybdic-phosphotungstic acid reagents. Am. J. Enol. Vitic. 16:144-158

Skutnik E. Lukaszewaska A. Serek M. Rabiza J. (2001) Effect of growt regulators on
postharvest characteristics of Zantedeschia aethiopica. Postharvest Biol and Technol
21(2):241-246

Skutnik E., Lukaszewaska A., Serek M., Rabiza J. (2001) Effect of growth regulators
on postharvest characteristics of Zantedeschia aethiopica. Postharvest Biol Technol 21:241-
246

Taiz L., Zeiger E. (2013) Fisiologia Vegetal. Artmed, Porto Alegre

Takahama U. Oniki T. (1997) A peroxidase/phenolics/ascorbate system can scavenge
hydrogen peroxide in plant cells. Physiol Plant 101(4):845-852

Thawiang N. Buanong M. Kanlayanarat S. (2007) Effect of thidiazuron on postharvest
quality of cut flowers of anthurium (Anthurium andraeanum L. cv. Marshall). Acta Hortic
755:415-418

Thawiang N., Buanong M., Kanlayanarat S. (2007) Effect of thidiazuron on
postharvest quality of cut flowers of anthurium (Anthurium andraeanum L. cv. Marshall).
Acta Horticul 755:415-418

Tombolato A.F.C Saes L.A. Matthes L.A.F. Sakai M. Dias-Tagliacozzo G. Castro
C.E.F. de Veiga R.F.A. BarbosaW. (2005) New Varieties of Anthurium andraeanum from
Brazil. Acta Hortic 683:423-430.

VVamos-Vigyazo L. (1981) Polyphenol oxidase and peroxidase in fruits and vegetables.
Crit Rev Food Sci Nutr 15(1):49-127

van Doorn W., Vaslier N. (2002) Wounding-induced xylem occlusion in stems of cut
chrysanthemum flowers: roles of peroxidase and cathechol oxidase. Postharvest Biol Technol
26(3):275-284

van Doorn W.G., Woltering E.J. (2008) Physiology and molecular biology of petal
senescence. J Exp Bot 59(3):453-480



44

Vaslier N., van Doorn W. (2003) Xylem occlusion in bouvardia flowers: evidence for
a role of peroxidase and cathechol oxidase. Postharvest Biol Technol 28(2):231-237

Viegas J., Rosa M.T.R da, Ferreira-Moura |., Rosa D.L. da, Souza J.A. de, Correa
M.G.S., Silva J.A.T. da. (2007) Anthurium andraeanum (Linden ex Andre) culture: in vitro e
ex vitro. Floricul Ornamen Biotechnol 1(1):61-65

Viradia R.R. Singh S.P. (2004) Production of quality roses cv. ‘Gladiator’ as
influenced by nitrogen nutrition and plant density. J of Ornam Hortic 7(3-4):171-176

Viradia R.R., Singh S.P. (2004) Production of quality roses cv. ‘Gladiator’ as
influenced by nitrogen nutrition and plant density. Sci Horticul 9:159-163

Walton E.F. Boldingh H.L. McLaren G.F. Williams M.H. Jackman R. (2010) The
dynamics of starch and sugar utilisation in cut peony (Paeonia lactiflora Pall.) stems during
storage and vase life. Postharvest Biol and Technol 58(2):142-146

Yoruk R., Marshall M.R. Physicochemical properties and function of plant polyphenol
oxidase: a review J Food Biochem 27:361-422



