CHRISTIANE DE FATIMA MARTINS FRANCA

PRODUCAO EM VASO E POS-COLHEITA DE HASTES DE
PIMENTAS ORNAMENTAIS (Capsicum spp.)

Tese apresentada a Universidade
Federal de Vigcosa, como parte das
exigéncias do Programa de Poés-
Graduacdo em Fitotecnia, para
obtencdo do titulo de Doctor

Scientiae.

VICOSA
MINAS GERAIS - BRASIL
2015



Ficha catalografica preparada pela Biblioteca Central da Universidade
Federal de Vigosa - Campus Vigosa

T

Franga, Christiane de Fatima Martins, 1984-
F814p Producdo em vaso e pos-colheita de hastes de pimentas
2015 ornamentais (Capsicum spp.) / Christiane de Fatima Martins

Franca. — Vigosa, MG, 2015.
x, 52f. : il. (algumas color.) ; 29 cm.

Orientador: Fernando Luiz Finger.
Tese (doutorado) - Universidade Federal de Vigosa.
Inclui bibliografia.

1. Pimenta. 2. Capsicum. 3. Pimenta - P6s-colheita.
4. Pimenta - Armazenamento. 5. Plantas ornamentais. 6. Plantas
em vaso. 7. Paclobutrazol. 8. Fungicida. I. Universidade Federal
de Vigosa. Departamento de Fitotecnia. Programa de
Pos-graduacdo em Fitotecnia. II. Titulo.

CDD 22. ed. 636.6436




CHRISTIANE DE FATIMA MARTINS FRANCA

PRODUCAO EM VASO E POS-COLHEITA DE HASTES DE PIMENTAS
ORNAMENTAIS (Capsicum spp.)

Tese apresentada a Universidade
Federal de Vigosa, como parte das
exigéncias do Programa de Pos-
Graduagdo em Fitotecnia, para
obtencdo do titulo de Doctor
Scientiae.

APROVADA: 16 de julho de 2015.

- .
(Wao DA namonnd Lovo MEgle Clurb N g’ A

Teresa Drummond Correia Mendes Cleide Maria Ferreira Pinto
Vicente Wagner Dias Casali Paulo Roberto Cecon
(Coorientador) (Coorientador)

Fernando Luiz Finger
(Orientador)




Por vezes, sentimos que aquilo que fazemos néo é send@mwtante agua no mar.
Mas o mar seria menor se lhe faltasse uma gota.

(Madre Teresa de Calcuta)

Ao meu padrinho Mério Lucio (Ball), a quem
devo a alegria de ter chegado até aqui, pela

confianca e apoio incondicional,

DEDICO



AGRADECIMENTOS

A Deus, em primeiro lugar, pela oportunidade e pela forca fp#iar com
sucesso, o caminho que escolhi.

A Universidade Federal de Vigosa, em particular ao progdemads-graduacéo
em Fitotecnia, pela acolhida durante esses 6 af0APES e ao CNPQ, pela concesséo
da bolsa de estudo.

Ao meu orientador, Prof. Fernando Luiz Finger, pela cogfia por toda

paciéncia, conselhos e suporte durante todo o mestrado eadiouto

Ao Dr. John Dole (North Carolina State University) exprasgtha gratidao, pela
confianga, permitindo minha ida para os EUA, a fim de ampi@us conhecimentos
cientificos e culturais, e por todo conhecimento conipado.

A Dra. Alicain Carlson pela ajuda durante todo periodo do meu doutorado
sanduiche.

As funcionéarias do departamento de Fitotecnia, Tatiane, Mari€#ssia, por
estarem sempre dispostas a resolver os problemas licagree em especial ao

Geraldo pelo apoio técnico na realizacdo das pesquisas.

Ao Prof. Paulo Roberto Cecon, pela providencial ajuda naksas estatisticas,

pela atencdo, amizade e boa vontaddProf. Elizanilda pelo suporte
A Mirelle e ao Wellington pela ajuda nas avaliacées dos EmpRtos.

A0S meus amigos, por estarem sempre present@s e deixarem desanimar
guando tudo parecia tao dificil, em especial, a minha gramiga Denise Vilela que

sempre acreditou em mim e me motivou a superar os almgac
A minha méae pelas oracdes e palavras de motivacéo quandeiprec

Ao amigo, Prof. Evaldo Vilela pelos valiosos conselhosuigr toda graduacéo e

pos-graduacéao e por ser o exemplo de sucesso no qual seenpspathei.

Ao meu padrinho Mério Lacio (Balu), que me deu a oportunidadetddagsem
uma grande universidade como a UFV, e por todo apoio em ganseguindo a vida

académica, minha gratidao incondicional.

O meu sincero reconhecimento e a minha gratiddo a todosdgeta ou

indiretamente, deram a sua contribuicdo para a reatizadeste trabalho.



BIOGRAFIA

Christiane de Fatima Martins Franca, filha de Marcerik& Martins, nasceu em
Sete Lagoas, Minas Gerais, no dia 13 de maio de 1984.

Em julho de 2009, graduou-se em Agronomia pela Universidade dfedier
Vigosa, em Vigosa, MG.

Em agosto de 2009, iniciou o curso de Mestrado no Programasdéraduacao
em Fitotecnia pela Universidade Federal de Vigosa, obtentitulo de mestre em
Fitotecnia em julho de 2011.

Em agosto de 2011, iniciou o curso de Doutorado no Programa der&isacao
em Fitotecnia pela Universidade Federal de Vigosa, submeteraddefesa de tese em
julho de 2015.



SUMARIO

RESUMO . ... i ———————— Vil.........
ABSTRACT ...ttt e s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaaaaes [T
INTRODUGAQO GERAL ......ooiuiiiieiieie ettt et s et eereeans Lo
REFERENCIAS BIBLIOGRAFICAS.......ccuveitiectieetee ettt eteaeaeaeae e 5.
18 0 I 8..........
EFEITO DO PACLOBUTRAZOL NA REGULACAO DO CRESCIMENTO E NA
QUALIDADE ORNAMENTAL DE PIMENTEIRAS ..ol 8...
S 1 1 q........
1 T I ¥ 10........
INTRODUGAO. ... ..ottt ettt et te et ete et ae e e, 11.......
MATERIAL E METODOS........coeiuiitiitiite ettt ettt 12......
RESULTADOS E DISCUSSAQ. .......oe oot 14.....
CONGCLUSOES . ..ottt ettt ettt ettt ettt aeeae e 22.......
REFERENCIAS BIBLIOGRAFICAS........cveiiiiteeie et 23....
ARTIGO 2 .. 25........
OPTIMAL POSTHARVEST HANDLING PROTOCOLS FOR CUT

CAPSICUM. ... 25........
ABSTRACT ...ttt s s s e e e e e e e e e e e e e e e e e e e e e e e e e eaaaeaaaaeaaeaeeeeeeaeetaerraarrees 26........
INTRODUCTION ....cttiiiiiieiitett ettt e a e e e e e e e e e e e e e eas 27.......
MATERIALS AND METHODS........citiiiiiiiiiiiiiiiiiisiiieiieieiaienseenensnnn s 30.....
Plant material and MeEaSUIrEMENTS.........oiiiiiiiiiiii ettt eeeeen 30.....
Harvest stage and ProCEAUIES..........uui i i e e e e e e et e e e e ara e aaees 3l.....
Cold Storage duration and ProCEAULES............cieiiiiiiieeeie e e e e e era e 33....
Ethylene sensitivity and anti-ethylene compounds.............ccooeeviiiiieiiiin i 33..
Defoliation trEAIMENES. .. ..ciiiieiiii e e e e e e e e eaanaaas 33......
Hydrator and holding PreServativES.........coooviii i 34.....
SHALISCAI ANAIYSES.....u i e 34.....
RESULTS AND DISCUSSION......uuuuiiuiiiiiiiiiiaeieseasseaseeaaaaaaaaaaaaaaaaaaaeaaeaasaaaseaaeeeeeeeens 34.....
Harvest stage and ProCEAUNES........oouuii i e e e e e e et e e e aba e eaees 34.....
Cold storage duration and ProCEAUIES..........ceiiuiiieiiiie e e e e e e e e e e e eaens 37....
Ethylene sensitivity and anti-ethylene compounds.............ccooevviiiieiiiin i 40..
Defoliation trEAtMENES. ........ e e e e e e e eaanns 41......
Hydrator and holding preServatives. ..... ..o 43....
CONCLUSIONS. ... ettt e n e s 48.......

Vv



ACKNOWLEDGEMENTS . ... ittt e e e e e e e e e e enn e eees 48......
REFERENGCES.... . oo e e e e e e et e e e n e e enn e enenes 49.......
CONCLUSOES GERAIS.......ooouieieete ettt ettt reanen, 52......

Vi



RESUMO

FRANCA, Christiane de Fatima Martins, D.Sc., Universidade Fediralicosa, julho

de 2015 Producdo em vaso e poOs-colheita de hastes de pimentas ornaraent
(Capsicum spp) Orientador Fernando Luiz Finger. Coorientadores: Paulo Roberto
Cecon VicenteWagner Dias Casali.

O cultivo de pimenteiras como planta ornamental de \egorte tem se expandido
consideravelmente no Brasil e no mundo. Foi realizadoeyperimento durante a
producdo de pimentas ornamentais envasadas com o0 objetealilr o efeito do
paclobutrazol no crescimento e qualidade ornamental de duadades comerciais de
pimentas (Iracema Biquinho Vermelha e Bode Amarela), dasmacessos do banco de
germoplasma da Universidade Federal da Paraiba (2334PB e 2345RB} @nto
experimentos poselheita utilizando pimenteiras ornamentais de corte foram
realizados Quatro deles utilizando as cultivar&io Light Orangé e ‘Cappa Rond
Red’: 1- estagio de desenvolvimento e procedimentos na cqlf&itaduracdo e
procedimentos do armazenamento a frio, 3-sensibilidadsilaoo e compostos anti-
etileno, 4-tratamentos de desfolhacdo. O quinto experarfentconduzido utilizando
10 cultivares de pimenteiras ornamentdigll Round Yellow’, ‘Stromboli’, ‘Rooster’,

‘Rio Yellow’, ‘Rio Light Orange’, ‘On Top Round Orange’, ‘On Top Round Black’,
‘Cappa Round Red’, ‘Back Pearl’ e a cultivar 441525 da Universidade de Cornell,
visando obter respostas pos-colheita a preservativassfide hidratacdo e manutencéo.
No experimento de producdo das pimenteiras envasadas, acétlida concentracao de
20 mg L* de paclobutrazoha variedade comercial Bode Amarelanas plantas do
acesso 2345PB resultaram em plantas com altura adequadaal@ladie de
ornamentacado, sem alterar as caracteristicas das feusem apresentar sintomas de
fitotoxidade. Nos experimentos pos-colheitajida de vaso de hastes da cultivar ‘Rio
Light Orange’ foi prolongada quando colhidas cdnutos parcialmente maduros. O
estagio de desenvolvimento do fruto na colheita ndo afetadaade vaso da cultivar
‘Cappa Round Red’. Nas duas cultivares, quando colhidas e mantidas em agua, as
hastes mostraram menor incidéncia de murcha da folhageammazenamento a frio,
em agua, foi tolerado por até uma semana @dtavar ‘Rio Light Orange’ e por at
duas semanas petaltivar ‘Cappa Round Red’. Essas cultivares ndo responderam ao
etileno exdgeno na concentracdo de 1.0 jtlfdr 16h, e agentes anti-etileno tiveram
minimo efeito nas caracteristicas pos-colheita. Oanetos de desfolhacéo aplicados

nesse estudo ndo mostraram clara resppstdanto, ndo € possivel fazer nenhuma
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recomendac&o quanto a remover com sucesso a folhagemeldgs ornamentais sem
reduzir a vida de vaso. Uso de solugcdo de manutencéo, indepemdate do uso
prévio de solugdo de hidratagédo, prolongou a vida de vaso dastpgrornamentais
‘Black Pearl’, ‘Rooster’ e ‘Stromboli’. Em geral,0 uso de solugédo de hidratacdo ou
reduziu ou ndo teve efeito na vida de vaso e portantodex® ser usado. Além disso,
uso de solucdo de manutencdo manteve a folhagem targida issiempo. A vida de
vaso das pimentas ornamentalsio Light Orange’ e ‘Cappa Round Red’ pode ser
prolongada seguindo apropriados procedimentos de manusei@lpégacO uso de
solucdo de manutencéo pode ser benéfico para a vida deagsalelade da folhagem

de varias cultivares de pimentas testadas nesse estudo.
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ABSTRACT

FRANCA, Christiane de Fatima Martins, D.Sc., Universidade Fedkralicosa, July,
2015 Potted production and postharvest of ornamental peppers stesn(Capsicum
spp.). Adviser: Fernando Luiz FingeiCo-advisers: Paulo Roberto Cecon, Vicente
Wagner Dias Casali.

The peppers growth as a pot ornamental plant has beendexpeonsiderably in Brazil
and in the world An experiment was conducted during the production of potted
ornamental peppers in order to evaluate the effect obpairhzol in the growth and
ornamental quality of two commercial varieties of peppees¢ma Biquinho Vermelha
and Bode Amarela), and in two accesses of the germojplasknof Federal University
of Paraiba (2334PB and 2345PB). Other five postharvest expésinusing cut
ornamental peppers were conducted. Four of them udingultivars ‘Rio Light
Orange’ and ‘Cappa Round Red’: 1-harvest stage and procedures, 2-cold storage and
duration, ethylene sensitivity and anti-ethylene compoundfefdliation treatments.
The fifth experiment was conducted using 10 varieties of ornth@epper, Tall
Round Yellow’, ‘Stromboli’, ‘Rooster’, ‘Rio Yellow’, ‘Rio Light Orange’, ‘On Top
Round Orange’, ‘On Top Round Black’, ‘Cappa Round Red’, ‘Back Pearl’ and the
cultivar 441525 from Cornell University to identify posthest/ responsedo
commercial hydrator and holding floral preservatives. tthe ornamental pepper
production, the use of paclobutrazol 20 ppm concentratidheincommercial variety
Bode Amarela and in the access 2345PB resulted in patitsuitable height for the
purpose of ornamentation without changing the charadtsrisf fruits and without
phytotoxicity symptomsin the postharvest experiments, vase life of ‘Rio Light Orange’
stems was extended when harvested with fruits partiature. The stage of
development of the fruits at harvest did not affeet vhse life of the cultivar '‘Cappa
Round Red'In both cultivars, when harvested and kept in water, strosved less
incidence of wilted foliage. Cold storage, in water, wasrtaied for up to one week for
the cultivar ‘Rio Light Orange’ and for up to two weeks for the cultivar ‘Cappa Round
Red’. These cultivars did not respond to exogenous ethylenecanaentration of 1.0
uL L? for 16h and anti-ethylene agents had minimal effect on posst
characteristics. Defoliation treatments applied in ttisdy did not show a clear
response and therefore it is not possible make anymmemdations on how to
successfully remove the foliage of ornamental peppefsouitreducing vase lifeThe

use of a holding solution, regardless of prior use ofdratgr solution increased vase

ix



life of ‘Black Pearl’, ‘Rooster’ and ‘Stromboli’ ornamental peppers. In general, use of a
commercial hydrator either reduced or had no effectase Vife and thus, should not be
used. Moreover, use of a holding solution kept the foliaggid longer. Vase life of
‘Rio Light Orange’ and ‘Cappa Round Red’ ornamental peppers can be extended
following proper postharvest handling procedures and the fusdolding solution can
be beneficial on vase life and in the foliage qualitynainy cultivars of peppers tested

in this study.



INTRODUCAO GERAL

A pimenta é uma hortalica pertencente a familia So&a® e ao género
Capsicum. Originaria da América Central e Sul, essa hatédic descoberta pelos
navegadores de Portugal e Espanha no final do século Xafrjente com vérias outras
plantas cultivadas. A partir dai, os nativos das Améoasecaram a utilizar a cultura
de diversas maneiras, tanto na culinaria, cura de doengiesde essa época, como
plantas ornamentais nos arredores das casas (DeRatslend, 1996; Bosland, 1999;
Bosland e Votava, 2000). O uso de pimentas em ornamentagive a presenca de
caracteristicas que conferem valor estético as plasda® folhagem variegada e frutos
de coloracéo intensa que contrastam com a folhagem (R@aetaal., 2006).

O setor de floricultura e plantas ornamentais vem enekr nos recentes anos,
no Brasil e nos Estados Unidos (USD2000; lbraflor, 2015). No Brasil, o principal
uso das pimentas em ornamentagcdo se da pelo cultiveagrs, embora nos altimos
anos, tenha havido tendéncia a utilizacdo como plantamemial de corte, na
composicao de arranjos florais diversos, como ja veaddcsfeito nos Estados Unidos
(Wien e Mazourek, 2012).

Para o cultivo em vaso, ha um reduzido niamero de culsivdee pimentas
disponiveis, visto que a maioria das plantas do género Capgiossui porte
relativamente elevado, e foram selecionadas para @celth campo, com o0 objetivo
de producao de frutos para o consumo in natura ou processamentoah@sbancos
de germoplasma de Capsicum do Brasil possuem em seu aaeegsos de alto
potencial ornamental, porém, alguns deles apresentanitacim de ndo se adaptarem
ao cultivo em pequenos vasos devido ao porte elevado. Riafitasdas em vaso, com
porte elevado, podem ter a altura reduzida pelo uso de regulattoceescimento.

Paclobutrazol (PBZ) é um efetivo regulador de cresdinde plantas, que inibe
a sintese de giberelina, reduzindo o comprimento dos est(&ildeiro et al., 2011).
Esse regulador de crescimento vem sendo utilizado coenpeepdsito em diversas
espécies de plantas ornamentais (Rademacher, 2000bWRestol é utilizado a fim de
produzir plantas de vasos e de canteiros compactasstentss, melhorar a cor verde
da folha, reforcar a haste da flepromover a resisténcia da folha ao stress ambiental
(Havely, 1986). A efetividade do PBZ em reduzir o crescimentqldamas varia em
funcdo do estadio de desenvolvimento da planta no momentapldacdo, da
concentracdo do produto (Finger et al., 2012), da espécieyacuéti do modo de

aplicacao (Rademacher, 2000). A aplicacdo de PBZ diratame solo ou substrato de
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cultivo € mais uniforme e mais eficaz epmaxas concentracbes comparado a sua
aplicacao via pulverizacao foliar (Currey e Lopez, 2009%loPatrazol foi efetivo em
controlar o crescimento de pimenRitanga’, da espécie Capsicum chinense (Grossi et
al., 2005), reduziu significativamente a altura de plantas desdlida orientalis
(Mansuroglu et al.,, 2009), girassol e orquidea (Wanderley eP@l4a e 2014b).
Quando aplicadona concentracdo de 12 ppm, diretamente no solo de cultivo,
paclobutrazol foi efetivo em controlar o crescimentegetativo de Gardenia
jasminoidescultivar ‘Veitchii’ (Baerdemaeker et al., 1998€oucos trabalhos tem sido
publicados em relagéo aos efeitos do PBZ em controlaeszimento de pimenteiras
tanto naquelas ja utilizadas para o consumo in natura, conagessos disponiveis nos
bancos de germoplasma do pais.

Pimentas ornamentais sdo também comercializadas pdantas ornamentais
de corte, sendo incluidas em decoracdes, tais comoscorsa sdo populares no
sudoeste dos Estados Unidos (Bosland, 1996) e arranjos filmaositono (Wien e
Mazourek, 2013). As cultivasde pimentaRio Light Orange’ ¢ ‘Cappa Round Red’,
ambas Capsicum annuuiséo comumente utilizadas como pimentas ornamentais de
corte nos Estados UnidoAs hastes de ‘Cappa Round Red’ s o fortes e compridas e
seus frutos brilhantes avermelhados sdo de bom comprireemialidade:Rio Light
Orange’, com seus grandes frutos alaranjados, € a primeira @nmnamental nao
ramificada usada como corte. Os frutos atrativos de amiitasaces fazem delas uma
adicdo Unica a buqués de flores de corte. Diferentenaentaultivo de pimentas em
vaso, para 0 uso de pimentas como plantas ornamentamorts porte alto é
caracteristica desejavel e essencial na escolhap@sies a serem utilizadas.

A procura por novas espécies e cultivares de corte no detboricultura e
plantas ornamentais a fim de satisfazer as prefa®rdds consumidores tem sido
frequente. Entretanto, para produtores, atacadistas psteareaceitarem essas novas
espécies e cultivares, apropriada informacdo sobre o attequenuseio péds-colheita
deve estar disponivel (Regan e Dole, 2010). Embora muittgace$ de pimentas
tenham significativo valor ornamentals procedimentos de manuseio pos-colheita sao
ainda desconhecidos.

Solucdes de hidratacdo e manutencdo, sdo comumente ufadds @rolongar
a vida de vaso de flores de corte. Solu¢des de hidratac@isadas visando estimulkar
absorcdo de a4gua e ndo sdo recomendadas para uso por r@dishdé&ntretanto,
solugcbes de manutencdo podem ser usadas por 24 h ou maiglmgme durante

transporte e armazenamento a fim de prolongar a vidaste(®amitage e Laushman,
2



2003; Dolee Wilkins, 2005) Solucdes de hidratacdo possuem compostos que reduzem
o pH, melhorando a absorcdo de agua, mas h#@aclUcar em sua composicao
Entretanto,a solucdo de manutencdo contém uma fonte de carboidratggente
antimicrobiano e um agente acidificante (Dole e Wilka®)5; Havely e Mayak, 1981).
O carboidrato fornece uma fonte de energia, 0 agenimiemtbiano previne o
crescimento microbiano, e 0 agente acidificante edim@absorcdo de agu&olucbes
de manutencdo com alta percentagem de carboidratos ajudavertura de botdes e no
desenvolvimento floral (Armitage e Laushman, 2003).

O estagio de desenvolvimento das hastes na colheita eedasnedo mantidas
logo apds a colheita, se a seco ou em agua, podem dirgtainfluenciar a vida de
vaso de flores de cortd. vida de vaso de hastes de celosia cultivar ‘Fire chief’ (Celosia
argentea) e snapdragotultivar ‘Chantilly Yellow’ (Antirrhinum majus) foram
prolongadas quando colhidas em estagio inicial de desenvoleireeimafetada pela
manutencdo das hastes a seco ou em agua durante a délheizd e Dole, 2014).
Algumas espécies como zinnia (Zinnia elegans Jacqg.) e lisiarftBustoma
grandiflorum (Raf.) Shinn.] precisam ser colocadas em aguenouma solucdo de
hidratacdo imediatamente apos a colheita (Nowak e Ruddi®Ri); Ahmad et al.,
2012), entretanto, Marigold (Tagetes erecta L.) (Ahmad et al., 206d5as (Rosa L.)
(Macnish et al., 2009) podem ser mantidas a seco apés @&askh® nenhuma perda
significante de qualidade.

Etileno € um dos principais fatores que aceleram as@&maa de frutos, flores e
folhas (Serek et al., 2006) e reduz a vida de vaso em mgjiasies de flores de corte
(Dole et al., 2005). Produtos com acédo anti-etileno, diossulfato de prata (STS) e 1-
metilciclopropeno(1-MCP), séo pré-tratamentos que previnem os danos causddos pe
etileno e tem sido utilizados na industria de flores deeqmara aumentar a vida de vaso
(Blankenship e Dole, 2003; Serek et al., 1995). Entretanto, poercoretal pesado,
STS tem sido criticado por questdes ambientais e tem siddobam muitos paises
(Marandi et al., 2011). 1-MCP é um composto ndo téxico qliga@reversivelmente
acs sitios de ligacao do etileno e € ativo em baixas otrag@es (Serek e Sisler, 2001).
A aplicacdo de 10 pL/L de etileno na cultivar de pimentaamental ‘Calypso’
promoveu abscisdo de 100% das folhas e nenhuma abscisdo defanéon, quando
foram tratadas previamente com 1-MCP n&o ocorreu nemlalnscisao foliar (Segatto
et al.,, 2013). A sensibilidade ao etileno pode variar coraspgcies e mesmo entre
cultivares como foi observado em pimentas ornamedtaisgso (Segatto et al., 2013) e

deve também ser testada em pimentas de corte.



O armazenamento a baixas temperaturas é fator chguesreolheita de flores
de corte, pois reduz as taxas respiratérias e a taxaedeinobento microbiano (van
Doorn e de Witte, 1991), entretanto, muitas espécies desflde corte respondem
diferentemente a baixas temperaturas. Além da temped#uEanazenamento tempo
de exposicdo e a suscetibilidade do fruto ao frio sdo fatques afetam o
desenvolvimento dos sintomas de injuria e podem diretanmhienciar a vida pos-
colheita. A sensibilidade dos frutos a injuria por frio @die a varios fatores endégenos
e ambientais, incluindo espécies e cultivares (Mapedll.eR011). O escurecimento de
celosia ‘Forest Fire’ foi reportado devido ao armazenamento a frio a 2 °C (Redman et
al., 2003 enquanto celosia ‘Fire Chief’ n o tolerou armazenamento a frio por mais de
uma semana e a maior vida de vaso dessa cultivar forvallseem hastes néo
armazenadas (Ahmad e Dole, 2014). O procedimento de armazenageeatohastes
sdo armazenadas a seco ou em agua, pode também influevidarda vaso. Regan e
Dole (2010) encontraram que Mathiola incaiha) R. Br ‘Vivas blue’ stock deve ser
mantida a seco a 2 °C for 4 a 7 dias para se obter mda de vaso. Algumas espécies
como zinnia e gérbera (Gerbera jamesnni Bolus ex Hookepfs@adaptam bem ao
armazenamento a seco (Nowak e Rudnicki 1990; Ahmad et al., 20t#jlmante, ndo
ha especificas recomendacdes quanto ao tempo e procedirderdonazenamentm
pimentas de corte.

A folhagem de pimentas ornamentais normalmente murchs. @porte das
hastes, e € geralmente removida. Apds o uso de soluctadrakacido e manutencao,
Clark et al. (2010) observaram que a folhagem murchava rapitiareaquanto os
frutos ainda estavam apresentaveis, concluindo que a folhdeneria ser removida na
colheita. Hastes desfolhadas evitam queda de folhas neos@rsescentes no chao dos
refrigeradores, prevenindo doencas e sao mais faceialddhtar e armazenar (Green e
Dole, 2008). Métodos de facil desfolhacdo, tais como aplicage etileno ou
armazenamento no escuro ou a frio, seriam uteis mEsfalhacdo manual é trabalhosa
e cara.

Os objetivos desse estudo foram avaliar o efeito do packdmltrno
crescimento e nas caracteristicas que conferem vatétice as plantas em duas
variedades comerciais (Iracema Biguinho Vermelha e Bodereédaa e em dois
acessos de pimentas do banco de germoplasma da Universatietal Fla Paraiba
(2334PB e 2345PB) cultivadas em vaso, determinar os proepttis de manuseio pos-

colheita 6timos das cultives de pimeta ‘Rio Light Orange’ e ‘Cappa Round Red’ e



identificar respostas pds-colheita a preservativosifloi@ hidratacdo e manutencdo em

10 cultivares de pimentas ornamentais.
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ARTIGO 1

EFEITO DO PACLOBUTRAZOL NA REGULACAO DO CRESCIMENTO E
NA QUALIDADE ORNAMENTAL DE PIMENTEIRAS



EFEITO DO PACLOBUTRAZOL NA REGULACAO DO CRESCIMENTO E
QUALIDADE ORNAMENTAL DE PIMENTEIRAS

RESUMO

O objetivo desse trabalho foi avaliar o efeito do pagi@zol (PBZ) no crescimento e
em caracteristicas que conferem valor estético asagl&m duas variedades comerciais
de pimentas (Iracema Biquinho Vermelha e Bode Amareka); dois acessos do banco
de germoplasma da Universidade Federal da Paraiba (2334PB e 23E5RBh
aplicados 250 mL de paclobutrazol nas concentracdes de 4) 2060 mg [* aos 28
dias apo6s o transplantio. Foram avaliadas a altura dasap) compacidade da copa,
intensidade de cor verde das folhas, nimero de frutos &ldas, diametro e
comprimento dos frutos, quando as plantas alcancaraatuaidade comercial, ou seja,
guando 50% das plantas de cada tratamento estavam com 30&todenfaduros. A
utilizacdo da concentracdo de 20 mgde PBZ nas pimenteiras da variedade comercial
Bode Amarela e nas plantas do acesso 2345PB proporcionou as plantas, altura
adequada a utilizacdo com finalidade de ornamentacédo, sean attecaracteristicas dos

frutos, sem apresentar sintomas de fitotoxidade.

PALAVRAS-CHAVE : CapsicumPaclobutrazol, Altura, Pimentas ornamentais.



EFFECT OF PACLOBUTTAZOL ON GROWTH REGULATION AND
ORNAMENTAL QUALITY OF PEPPER PLANTS

ABSTRACT

The goal of this study wase evaluate paclobutrazol (PBZ) effect on growth and in the
features which provide aesthetic value to the plants in daramercial varieties of
peppers (Iracema Biquinho Vermelha and Bode Amarela) and inateess of the
Germoplasm Bank of Federal University of Paraiba (2334PB and B342B days
after transplanting were applied 250 mL of paclobutrazobatentrations 0, 20, 40 and
60 mg L. It was evaluated the plants height, canopy compas;tge=en color intensity

of leaves number of fruits and leaves, diameter and length ofirttits at the time when
the plants reached the market maturity, that is, when&Q¥%e plants of each treatment
were with 30% of maturity fruits. The use of the 20 mgdoncentration of PBZ in the
peppers plants from the commercial variety Bode Amasaaid, in the plants of the
2345PB access gave rise to plaotssuitable height for use as an ornamental plant

without change the fruit features without showing phytotoxisymptoms.

KEYWORDS: CapsicumPaclobutrazol, Height, Ornamental Peppers.
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INTRODUCAO

As pimenteiras sdo plantas pertencentes a familia &mane ao género
Capsicum. O cultivo de pimenteiras como planta ornamdatahso tem se expandido
consideravelmente no Brasil e no mundo (Finger et2@l2). Além da importancia
culinria das pimentas, alguns tipos de pimenteiras doag&sapsicum sao utilizadas
como plantas ornamentais por possuirem caractesigica conferem valor estético,
como folhagem variegada, pequeno porte, e frutos com colof@téajue contrastem
com as folhagens (Carvalho et al., 2006; Régo et al., 2009).

Para fins ornamentais é necesséario que as plantasméetpi se adaptem ao
cultivo em pequenos vasos. No entanto, ha reduzido nimeraiti@res disponiveis,
uma vez que a maioria das plantas do género Capsicum apnesdataelativamente
elevado. Os bancos de germoplasma de Capsicum do pais passuseu acervo,
acessos com caracteristicas que conferem alto potentdahental, porém alguns nao
estdo adapatados ao cultivo em pequenos vasos devido ael@eatio.

Paclobutrazol (PBZ), efetivo regulador de crescimentplal@as, inibe a sintese
de giberelina, reduzindo dessa forma o comprimento dos esitfiei®iro et al., 2011),

e vem sendo utilizado com esse proposito em varias espéeiplantas ornamentais
(Rademacher, 2000\a cultivar de pimenta da espécie Capsicum chinense denominada
‘Pitanga’, a concentracdo de 10 md.lde paclobutrazol foi efetiva em controlar o
crescimento das plantas (Grossi et al., 2005). Paclobutesduziu significativamente a
altura de plantas de Consolida orientalis com o aumento dasntagées de PBZ
utilizadas (Mansuroglu et al., 2009) e em girassol, 0 uso delpaEzol na
concentracdo de 2 mg‘Lreduziu efetivamente a altura sem afetar a qualidade da
inflorescéncia (Wanderley et al., 2014&)plicacdo de paclobutrazob concentracdo

de 5 mg.[* foi efetivo em reduzir a altura de plantas de orquidea, Arundina
graminifolia (Wanderley eal., 2014b), e quando aplicado na concentracdo de 12 ppm,
diretamente no solo de cultivo, foi efetivo em colatr o crescimento vegetativo de
Gardenia jasminoidesiltivar “Veitchii’ (Baerdemaeker et al., 1994). A efetividade do
PBZ em reduzir o crescimento das plantas varia emafundo estadio de
desenvolvimento da planta no momento da aplicacdo, da ¢ty@n do produto
(Finger et al., 2012), da espécie, cultivar e do modo deagpah (Rademacher, 2000).
Comparado com pulverizacao foliar, aplicacdo do PBZaline solo ou substrato de
cultivo € mais uniforme e proporciona aumento da aficacbaixas concentracdes
(Currey e Lopez, 2009).
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Em floricultura, a classificacdo dos padrdes de conlaai@o é instrumento
importante que unifica a cadeia de producdo. O critério de caiieacao da pimenta
ornamental mais aceito no Brasil € o padrao da Cooperdgiling Holambra. Este
padrdo considera que a qualidade da pimenteira ornamental gaaattra, €
determinada pela altura da planta, desde a borda do vasoiéidia final dos botdes
medido pelo centro do vaso. Considera ainda que nos vasusrego 13, 14 e 15 a
altura minima da planta é de 12 cm e a maxima de 38,5 cmI(\Vg][2014).

Poucos trabalhos tem sido publicados em relagcdo aossefditoPBZ em
controlar o crescimento de pimentas com potencial noengal, tanto naquelas ja
utilizadas para o consumo in natura, como em acessos disgondgibancos de
germoplasma do pais. O objetivo deste trabalho foi avakdeito do paclobutrazol no
crescimento e em caracteristicas que conferem vatétioes as plantas em duas
variedades comerciais de pimentas (Iracema Biquinho VieaneeBode Amarela), e em
dois acessos do banco de germoplasma da Universidade Fed®alaiba (2334PB e
2345PB).

MATERIAL E METODOS

Foram utilizadas duas variedades comerciais de pimenteinas potencial
ornamental, Bode amarela e Iracema Biquinho vermelhbasugia espécie Capsicum
chinensee dois acessos do banco de germoplasma da Universidade Fedeesahitm,
2345PB e 2334PB das espécies, Capsicum annuum e Capscium chinense
respectivamente.

A semeadura foi realizada em ambiente protegido em bardiejpsliestireno
preenchidas com substrato comercial Bioflats mudas foram transplantadem
vasos de 900 mL (11 cm de altura, 9,5 cm de diametro bE3&, cm diametro
superior) contendo o mesmo substrato utilizado na semeadarajo atingiram de dois
a trés pares de folhas. As plantas foram cultivadasasan de vegetacdo sob condicfes
naturais de luz na cidade de Vi osa, MG (20°45°S, 42°51°W).

No plantio, o substrato foi fertilizado com 2,5 g do foreael NPK 0-10-10. No
decorrer do experimento, foram efetuadas adubacdes a cad@as2@om 10g do
formulado NPK 10-0-10. A irrigacdo foi realizada de uma a dwemess ao dia,
conforme a necessidade. O tutoramento das plantas foadealipiando necessério e o

manejo de plantas daninhas foi realizado manualmente tasdgrépre que necessario.
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Aos 28 dias ap0s o transplantio foi aplicado em cadagylab0 mL da solugéo
do retardante de crescimento (paclobutrazol), diretamemtsubstrato de cultivo, nas
concentragdes de 0, 20, 40 e 60 riiy ¢orrespondendo a 0, 5, 10 e 15 mg do principio
ativo, respectivamente. O produto comercial utilizado foutiaf® 250SC. As plantas
controle foram tratadas com 250 mL de agua de torneiranfavaliadas a altura das
plantas, compacidade da copa, intensidade de cor verde klas, folimero de frutos e
de folhas, diametro e comprimento dos frutos, no moonem que as plantas
alcancaram a maturidade comercial, ou seja, quando 50% datssplde cada
tratamento estavam com 30% de frutos maduros.

A altura das plantas foi medida a partir do nivel do tsatos até o topo da
planta, tendo como referéncia a ultima folha completdenexpandida. A compacidade
da copa foi determinada fazendo-se duas medidas, uma o dengitudinal e outra
no sentido transversal, e dividindo o menor do maidorvabtido. Valores mais
proximos de 1 indicam copas mais circulares. A intensidadmr verde das folhas foi
determinada com o medidor de clorofila SPAD-502 (Spectrum Téxdies Inc.,
Plainfield, IL), usando a média das medidas de nove fo#fsaglo trés da parte basal,
trés da parte mediana e trés da parte superior de catk plancontado o nimero total
de folhas e de frutoem cada planta. O didametro e comprimento dos frutos foram
determinados com o auxilio de um paquimetro digital, utilizaede-smédia das
medidas de cinco frutos de cada planta, quando disponiveis,linandt o namero
maximo de frutos da planta, quando a quantidade total dos fruto®eoa que cinco.

O experimento foi conduzido em esquema fatorial 4 X 4 (4 dedies de
pimenta, 4 concentracfes de paclobutrazol) com cincaigéee em delineamento
inteiramente casualizado. Os dados foram submetidos aeatdélisariancia e regressao
utilizando o programa SAEG (SAEG, UFV, Vicosa, MG). Os modelosant
escolhidos com base na significancia dos coeficientesgesséo, utilizandoteste “t
de Student, adotando-se o nivel de 10% de probabilidade no edteficde
determinacdo e no fendmeno biolégico. Para compararédgas dos tratamentos com
PBZ com o controle foi utilizado o teste de Dunett, adotaedo nivel de 5% de

probabilidade.
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RESULTADOS E DISCUSSAO

O regulador de crescimento paclobutrazol (PBZ) reduziuusaalas plantas
(Figuras 1a) e aumentou a intensidade de cor verde das (6lgasa 1b), nas duas
variedades comerciais e nos dois acessos testadose lgoande reducédo na altura
quando foi aplicada concentracdo de 20 mg'Lcom posterior estabilizacdo com o
aumento da concentracdo de PBZ, em todas as variedadesses testados. O mesmo
ocorreu na intensidade de cor verde das folhas, pois lgravele aumento com a
aplicacdo da concentracdo de 20 mb de PBZ, que se estabilizou quando foram
aplicadas as concentraces mais altas, 40 e 60 hdelPBZ (Figura 1b). Efetivas
reducdes na altura das plantas com o uso do paclobutesmiin foram reportadas em
tomate (Silva e Junior, 2011), Consolida orientalis (Mansuroglu €2Qf19), girassol
(Wanderley et al., 2014a), orquidea (Wanderley et al., 201div)@menta ornamental
‘Pitanga’ (Grossi et al., 2005). Ainda h&a duvidas se a aplicacédo de E8&zooa o
aumento na sintese de clorofila ou simplesmente gefafeito concentrador” devid®
reducdo na expansao foliar (Davis et al., 1988), entretantdy @&ndopsis thaliana foi
observado um aumento significativo no teor de clorédital em folhas completamente
expandidas tratadas com paclobutragiginificando aumento real na sintese de clorofila
(Ribeiro et al., 2012).
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Figura 1- Alturas das plantas @ntensidade de cor verde das folhas (Unidades SPAD)
(b) em funcéo da concentracdo de paclobutrazol (fjgein duas variedades e dois
acessos de pimenta: V1 (2345PB), V2 (Biquinho Vermelha), V3 (Bodarela) e
V4(2334PB) **Significaivo a 1% pelo teste “t

Na variedade Iracema Biquinho Vermelha, ocorreram sintaladgotoxicidade
proporcional ao aumento da concentracdo de PBZ. Naaplant que foram aplicadas
as concentracdes mais altas, 40 e 60 thghbuve alto grau de encarquilhamento das
folhas, deixando-as quebradicas, intenso atrofiamento ekrigrento e inibicdo da
frutificacdo. Plantas de pimenta da variedade Pitangdranas severa reducdo na
altura e os mesmos sintomas de fitotoxidade quando foranadgdiconcentracdes de
30 e 60 mg ! de paclobutrazol (Grossi et al., 2005). Esses sintomaotixitidade
foram mais brandos quando se aplicou a concentracédo de 20" mg PBZ, porém
essas plantas ndo apresentaram caracteristicasatéafisf para seu uso como
ornamental, pois ficaram excessivamente baixas (attécha de 9 cm), e com reduzido
namero de frutos e folhas, significativamente menore®quatrole (Tabela 1). Houve
reducao de forma quadratica para o comprimento dos frugpgd@FR2c) com o aumento
das concentracbes de PBZ. Os frutos foram significatimBanemenores em
comprimento comparados aos frutos das plantas controtedas as concentracdes de
PBZ utilizadas (Tabela 2). Além disso, os poucos frutosadgdantas se encontravam
escondidos em meio as folhagens (Figura 3). N&o houve&arit didmetro dos frutos
e da compacidade da copa ao longo do aumento das congestdeacPBZ, mantendo-

se em média 8,5 mm (dados ndo mostrados) e 0,93 (FigyreeQugctivamente. Nao
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houve diferenca significativa em relacdo ao controle quamimmpacidade da copa em
nenhuma das concentragdes de PBZ. Em relagcdo ao diddestifrutos, embora ndo
tenha havido variagdo ao longo do aumento das concentracdé&metro dos frutos
quando se aplicou a concentracdo mais alta de PBZ (60YjndoL significativamente
menor que o diametro dos frutos das plantas controle @ ahel

Tabela 1-Média do nimero de frutos e niumero de follmefuacdo das concentracdes
de paclobutrazol de duas variedades e dois acessos de pi@fB&B, Iracema
Biguinho Vermelha, Bode Amarela e 2334PB

Concentracdes de PBZ (mg)L

Variedades/acessos 0 20 40 60
Numero de frutos
2345PB 8,80 10,20° 7,60° 7,60
Biguinho Vermelha 40,40 6,20* 5,60* 2,00*
Bode Amarela 7,40 14,26° 10,60° 3,60"
2334PB 8,00 9,20® 14,00° 15,80°
Numero de folhas
2345PB 71,40 44,00* 19,20* 25,80*
Biguinho Vermelha 115,40 37,00* 37,60* 32,80*
Bode Amarela 73,60 68,80° 53,80* 42,20*
2334PB 76,80 64,20 54,20* 57,40*

Médias seguidas de (*) na linha diferem do controle pelo TaéstdDunnett a 5% de
probabilidade. Médias seguidas d® (do diferem do controle pelo Teste de Dunnett a 5% de

probabilidade.



Tabela 2- Comprimento do fruto, diametro do fruto e compde da copa em funcdo
das concentragbes de paclobutrazol em duas variedades acdss®s de pimenta:
2345PB, Iracema Biquinho Vermelha, Bode Amarela e 2334PB

Concentracdes de PBZ (mg)L

Variedades/acessos 0 20 40 60
Comprimento dos frutos (mm)
2345PB 37,52 33,10° 17,98* 21,90*
Biguinho Vermelha 24,96 10,24* 8,99* 5,11*
Bode Amarela 13,75 13,54° 9,37° 8,67°
2334PB 20,85 13,66 15,52 12,83
Diametro do fruto (mm)
2345PB 13,38 16,90° 11,98° 13,64°
Biquinho Vermelha 12,52 8,27" 8,17 5,00
Bode Amarela 14,49 17,62 13,59° 12,08*®
2334PB 13,73 15,59° 19,28% 17,37°
Compacidade da copa
2345PB 0,73 0,90* 0,89* 0,91*
Biquinho Vermelha 0,93 0,88"® 0,94° 0,95%
Bode Amarela 0,86 0,91 0,96" 0,96
2334PB 0,95 0,84" 0,91 0,93"

Médias seguidas de (*) na linha diferem do controle pelo TeéstéDunnett a 5% de
probabilidade. Médias seguidas d® (do diferem do controle pelo Teste de Dunnett a 5% de

probabilidade.

Na variedade comercial Bode Amarada sintomas de fitotoxidade, embora
presentes, foram mais brandos nas concentracées dg04dg L de PBZ. Quando se
aplicou a concentracdo de 20 mg, lesses sintomas foram inexistentes. A altura das
plantas foi reduzida (Figura 1a) e a intensidade de cor dasle€folhas aumentada
(Figura 2b) com a aplicacdo do regulador de crescimentoplemas de Consolida
orientalis ede pimenta ornamental ‘Pitanga’, paclobutrazol também causou efeito na
coloracdo das folhas, deixando-as mais verdes (Mansuebgll, 2009; Grossi et.al
2005). A altura média das plantas em que se aplicou a taag@Ende 20 mgtde
PBZ, foi 18 cm (reducéo de 62% em relacdo ao controlgusmento na intensidade de
cor verde das folhas foi de 87%. O numero de folhas desgalade foi reduzido de
forma linear com o aumento das concentracfes de PBZ §Fig)y porém o numero de
folhas quando se aplicou a concentracdo de 20 rilg de PBZ ndo foi
significativamente diferente do controle, apenas quandapBeou as concentracdes
mais altas (40 e 60 mg). é que houve diferenca significativa (TabelaQ)efeito do
PBZ sobre o niumero de folhas pode ser atribuido asotacdes aplicadas. Vu e

Yelenosky (1992) relataram que o tratamento com PBZ reduzimanho e o nimero
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total de folhas de laranja doce, nas concentraces de 108:5P80mg plantade PBZ.
Alguns autores afirmam quemealtas concentracbes de PBZ, a producdo de folhas é
reduzida, enquanto em concentra¢des baixas 0 numero de fodtecamente ndo é
alterado (Braun e Garth, 1986; Jiao et al., 1986; Sankhla d986). Entretanto, em
limoeiro ‘Volkamericano’, 0 humero de folhas néo foi afetado pela aplicacdo db PB
(Siqueira et al., 2008

O namero de frutos aumentou com a aplicacéo da cong@mtda 20 mg t de
PBZ, com posterior reducéo referente as concentrai®d® e 60 mg L (Figura 2b),
entretanto ndo diferiram do controle para nenhuma dasioapies de PBZ utilizadas
(Tabela 1). O comprimento dos frutos reduziram linearmenger@-2c), e o diametro
dos frutos e a compacidade da copa nessa variedade na@f@matios com o aumento
das concentracdes do regulador de crescimento, manteedo+aédia 14,4 mm (dados
ndo mostrados) e 0,92 respectivamente (Figura 2d). Paranmerdessas variaveis,
didmetro dos frutos, comprimento dos frutos e compacidad®pmi®s houve diferenca
significativa em relacdo ao controle em nenhuma daseotracdes aplicadas (Tabela
2). Em Kiwi, a aplicacdo mais precoce do paclobutrazobémmnéo exerceu efeito
sobre o formato dos frutos, comprimento e diametreémpajuando foi aplicado mais
tardiamente, houve reducédo do comprimento e aumento dotohades frutos (Burge
et al., 1990). A aplicacdo de 20 mg te PBZ nas plantas da variedade Bode Amarela
foi eficiente em reduzir a altura das plantas, sem cdilstyxidade e sem alterar as
caracteristicas da planta que conferem valor estétiostirando ser a concentracao

adequada para controle do crescimento dessa variedade.
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Figura 2- Numero e folhas (a), namero de frutos (b), congmtiondos frutos (c)e
compacidade da copa (d) em fung&do da concentracdo deyigadob(mg L) em duas
variedades e dois acessos de pimenta: V1 (2345PB), V2 (BiquintroeWa), V3
(Bode Amarela) e V4(2334PB)significativo a 1% pelo teste “t , *significativo a 5%

pelo teste “t , ***significativo a 10% pelo teste “t .
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Figura 3- Aspecto geral das plantas de duas variedades e eggepade pimenta:

V1 (2345PB), V2 (Iracema Biquinho Vermelha), V3 (Bode Amarela) e
V4(2334PB).
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As plantas do acesso 2334PB mostraram-se mais sensivei®Bap
apresentando a maior reducao média da altura em relag@mtrole (cerca de 87%) e a
altura ndo variou muito com o aumento da concentrac&Bde se mantendo por volta
de 12 cm (Figuras la e .3Embora brandos, as plantas mostraram sintomas de
fitotoxidade em todas as concentracOes de PBZ utilizadas.eHsuada do valor de
compacidade da copa na concentracédo de 20 ngdm posterior aumento quando se
aplicaram as concentracdes mais altas, porém, nddeseam significativamente do
controle em nenhuma das trés concentracdes utilizadagla 2). O numero de frutos
aumentou linearmente com o aumento das concentracdeBA¢Figura 2b), porém,
ndo diferiram significativamente do numero de frutospiastas controle, em nenhuma
das trés concentracdes aplicadas (Tabela 1). A aplichgiia de PBZ diretamente no
solo de cultivo aumentou significativamente o numero eo$ por planta em
mangueirad Tommy Atkins proporcionalmente as concentragdes utilizadas, entretanto
guando aplicado via pulverizagéo foliar ndo houve efeitou@dce Albuquerque, 2005).
Ja em hibridos de tomateiro Jennifer e AF 763, quando aplicadaspersao, o
paclobutrazol reduziu o nidmero de frutos por unidade de cmeao aumento das
concentracbes do regulador de crescimento (Silva e Jutdd,). As informacdes
discrepantes encontradas acerca do efeito do PBAitiiicéicdo, mostram que a acao
desse regulador de crescimento € amplamente dependentncastiacdes utilizadas,
da espécie, cultivar e do modo de aplicacdo. O numero Hasfokduziu até a
concentracdo de 40 mg'L apresentando um breve aumento quando se aplicou a
concentracdo mais alta (Figura 2a). O numero de folhasgificativamente menor
gue o numero de folhas das plantas controle em todamesntracdes de PBZ (Tabela
1). As caracteristicas dos frutos, comprimento e diameéw foram alteradas ao longo
do aumento daconcentracdes de PBZ, ficando em média 15,7 mm (Figura 26)5
mm (dados ndo mostrados) respectivamehtialta de efeito do PBZ no diametro dos
frutos corrobora com os dados encontrados por Grosdi(2005), em que frutos de
pimenta ‘Pitanga’ foram inafetados pela aplicagdo de PBZ diretamente nolosale
cultivo ao longo do amento de suas concentracdes. &metquando esses mesmos
autores aplicaram PBZ via pulverizacao foliar, obses@aumento linear do diametro
dos frutos, com o aumento das concentracdes utilizadasborg ndo tenha havido
grande alteracdo no comprimento dos frutos devido ao aardestconcentracdes de
PBZ, quando se aplicou a menor (20 mY e a maior (60 mg 1t) concentracéo, os
frutos mostransesignificativamente menores que os frutos das plantasot®i(irabela
2).
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O acesso 2345PB foi o que respondeu melhor a aplicacdo dodorgdia
crescimento, paclobutrazol. A altura das plantas fdivedfmente reduzida em relag&o
ao controle, porém ndo houve muita variacdo em mlag® trés concentracdes
utilizadas (Figura 1a). As plantas ficaram com altura anddi19 cm.Houve aumento
na intensidade de cor verde das folhas com a aplicac@egd@ador de crescimento,
porém nao houve grande variacdo desses valores entés aemcentracdes aplicadas
(Figura 1b). As plantas ndo apresentaram nenhum sintdenafitotoxicidade
independentemente das concentragbes utilizadas. O numerdoltdes diferiu
significativamente em relacdo ao contretatodas as concentracdes (Tabela 2), tendo
havido reducdo até a concentracdo de 40 thgelposteriormente um leve aumento
quando se aplicou a concentracdo de 60 thgRigura 2a). O nimero de frutos néo
variou com as concentragdes, se mantendo em médi&igi6a 2b), ndo havendo
diferenca significativa em relacdo ao numero de frutopldesas controle em nenhuma
das concentracdes (Tabela 1). O comprimento dos frutegyfuficativamente menor
que os frutos das plantas controle somente a partir dertoacio de 40 mg'Lde PBZ
(Tabela 2), tendo havido uma redugcdo quadratica no companaest frutos com o
aumento das concentracfes do regulador de crescimegtoalZc). O diametro dos
frutos ndo foi significativamente alterado em relacdoc@atrole para nenhuma das
concentracbes utilizadas (Tabela 2) e ndo houve vari@gdn o aumento das
concentracdes de PBZ, mantendo o diametro médio de 13{@adms ndo mostrados)
Houve um aumento dos valores de compacidade da copa utilizacdo de 20 mgt
de PBZ, entretanto, esses valores foram estabilizadosda@uar aplicou =
concentraces mais altas, 40 e 60 rigfEigura 2d), ou seja, nesse acesso, o regulador
de crescimento foi eficiente em deixar as copas dadaglanais circulares com a
aplicacdo de qualquer uma das concentracfes de PBZlgTAbéornando-as mais

atrativas para ornamentagao

CONCLUSOES

A concentracdo de 20 mg'lde PBZ nas pimenteiras da variedade comercial
Bode Amarela, e nas plantas do acesso 2345PB proporciogearglantas, altura
adequada ornamentacdo, sem alterar as caracteristicas dos feusem apresentar
sintomas de fitotoxidadeNa variedade Iracema Biquinho Vermellgano acesso

2334PB, novos experimentos utilizando-se concentragOesbaiaess de PBZ poderéo
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indicar a concentracdo ideal que confira valor estético a gslsagas para uso em

ornamentagao.
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ARTIGO 2

OPTIMAL POSTHARVEST HANDLING PROTOCOLS FOR CUT
CAPSICUM.
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OPTIMAL POSTHARVEST HANDLING PROTOCOLS FOR CUT
CAPSICUM.

ABSTRACT

The search for new species and cultivars of specialtyflawers in order to satisfy
consumer preferences has been frequent in the floriculture industry. ‘Rio Light Orange’

and ‘Cappa Round Red’ ornamental peppers (Capsicum annuum L.) are attractive
cultivars of ornamental pepper used as cut stems, butgpessh handling protocols for
extending vase life need to be optimized. The responses di@tby and holding
preservatives it is still unknown in several ornamergappers cultivars. Stems
harvested when the fruits were partly mature extendegllife for ‘Rio Light Orange’

and harvest stage had no effect on vase life of ‘Cappa Round Red’. When harvested and
kept in water, stems showed less incidence of wilted fol@ye@ostharvest for both
cultivars. When in water, cold storage it is toleraftmdup to one week for stems of
‘Rio Light Orange’ and for up to two weeks ér ‘Cappa Round Red’. These cultivars do
not appear to be sensitive to ethylene and anti-ethylenésaggeh a minimal effect on
postharvest characteristics of cut stems. Defolidtieatments applied in this study did
not show a clear response and thefermeéecommendation were done. The use of a
holding solution regardless of prior use of a hydrator soiuhiad positive effect on
vase life of'Black Pearl’, ‘Rooster’ and ‘Stromboli’ ornamental peppers. In general, use
of a commercial hydrator either reduced or had no efiesase life and so, should not
be used. Moreover, use of a holding solution kept thag® turgid longer. Vase life
and quality of ‘Rio Light Orange’ and ‘Cappa Round Red’ ornamental peppers stems
can be extended by following appropriate postharvest handlingguozs and the use
of holding solution can be beneficial on vase life andhm foliage quality of many

cultivars of peppers tested in this study.

KEYWORDS: Anti-ethylene agents; Ornamental peppers; Cold storage; Hategst, S

Holding solutions; Hydrator; Vase life.



INTRODUCTION

Commercial cut flower production has been increasing fotateseveral years
in the United States and Brazil [U.S. Dept. of AgricultudsSDA), 2000; Instituto
Brasileiro de Floricultura (Ibraflor), 2015]. Producers shafor new species and
cultivars of specialty cut flowers to satisfy consurdemand. However, for growers,
wholesalers and retailers to accept these new specieslizuliproper postharvest
handling information must be available (Regan and Dole, 2010).

Peppers (Capsicum) have ornamental as well as edible value. When theg wer
introduced to Europe in the 15th century, they were prized ammnamentals than as
a food source (Stommel and Bosland, 2006). Ornamental peppeadraired for their
variegated leaves, fruits of intense color that cebtwath the foliage, easy production
and durability (Carvalho et al., 2006). Ornamental peppers eadehydrated and
included in decorations, such as wreaths, which are populag sotithwestern United
States (Bosland, 1996). Ornamental peppers are commonly proasiqgesited plants
for landscapes and container plantings and increasitglystems with fruit are used as
a specialty cut.

Many cultivars available need to be tested for their Bilitiato be used as cuts
ornamentals. Two cultivars appear to be particularlif stgted to specialty cut use:
Capsicum annuurfCappa Round Red’ and ‘Rio Light Orange’. The stems of ‘Cappa
Round Red’ are strong and long with good sized and quality bright red round peppers.
‘Rio Light Orange’, with large orange fruits, is the first non-branching ornamental
pepper used as a cut. The attractive fruits of both crdtiveake them a unique addition
to cut flower bouquets.

While cut pepper stems are increasingly being used as spenitdtyoptimal
postharvest handling procedures are still unknown. Hydratiddhalaling solutions are
commonly used to help extend the vase life of cut flowedsfaliage. A commercial
hydrator contains compounds to lower the pH, which improvesrwatake, but does
not include sugar. However, holding preservatives contairrlaolegdrate source, an
antimicrobial agent, and an acidifying agent (Dole and WilkR@305; Halevy and
Mayak, 1981). The hydrating solutions are not recommended usdakfor longer than
24 h, unlike holding solutions that are used for 24 h or longgpecially during
transport and storage to extend vase life (Armitage andhbzaus, 2003; Dole and
Wilkins, 2005). The carbohydrates provide an energy sourcentimicrobial prevents
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the microbial growth and the acidifying agent encourages wattakewp Holding
preservatives with a high percentage of carbohydrates hekhe opening of buds and
flower development (Armitage and Laushman, 2003). For sopezies, using
unamended water can provide the longest vase life (Clask,e2010) making floral
preservatives unnecessary. Some pepper cultivars fome University lasted a day
or two longer with a holding solution, while a hydrator Solutwas generally
deleterious to vase life in all four cultivars tested (Gragital., 2014).

The foliage of ornamental peppers usually wilts quickly andeand is usually
removed. After using hydrator and holding solutions, ClarKk.g2810) observed that
the foliage wilted readily while the fruit was still presgble, leading them to conclude
that the foliage should be removed at harvest. Deéalistems do not drop dying or
dead leaves on the cooler floor, preventing diseasdsnaking the stems easier to
work with and store (Greer and Dole, 2008). Methods for easyliakén, such as
application of ethylene and dark or cold storage would be luseite defoliation by
hand is tedious and expensive.

The stage of development of the stems at harvest pactldiinfluence the vase
life of cut flowers. Harvesting stems of ‘Fire Chief” celosia (Celosia argentea) and
‘Chantilly Yellow’ snapdragon (Antirrhinum majus) at an early stage extended the vase
life (Ahmad and Dole, 2014). How stems are handled during harvestisa influence
vase life. Some species like zinnia (Zinnia elegans Jacq.) isindthhus [Eustoma
grandiflorum (Raf.) Shinn.] need to be put in water or a hydratastisn immediately
after harvest (Nowak and Rudnicki, 1990; Ahmad et al., 2012), Marijddetes
erecta L.) (Ahmad et al., 2012), roses (Rosa L.) (Macnistl.,eR009), and obedient
plant [Physostegia purpurea (Walter) S.F. Bake] (Kelly atatn$an, 1990) can be
handled dry after harvest without any significant loss of quality. Vase life of ‘Fire
Chief” celosia and ‘Chantilly Yellow’ snapdragon were unaffected by dry or wet
handling during harvest (Ahmad and Dole, 2014).

Ethylene is one of the most important factors that lacaies flower and leaf
senescence, induces abscission of fruits, flowers andkde(Serek et al., 2006) and
decreases the vase life in sensitive species (Dole, &0&l5). Anti-ethylene products
such as silver thiosulfate (STS) and 1-methylcyclopropendGP) are pretreatments
that prevent ethylene damage and have been used in tfeweert industry to increase
vase life (Blankenship and Dole, 2003; Serek et al., 1995). HowBV&, has been
criticized for environmental issues (Nell, 1992) since it iseavy metal and hard to

dispose of and has been banned in several countries @Ma&taa., 2011). 1-MCP is a
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non-toxic compound that binds irreversibly to ethylene bindibgs sand is active in
relatively low concentrations (Serek and Sisler, 2001). The pepper cultivar ‘Calypso’
had complete foliar abscission when a 10 piLdoncentration of ethylene was applied
(Segatto et al.,, 2013). The sensitivity to ethylene may wath the species and even
between cultivars as was previously determinmedome potted ornamental peppers
(Segatto et al., 2013) and cut peppers should be tested.

Low storage temperature is the key factor in preserving the flouter
postharvest, because it reduces respiration rates andbialcgrowth rate (van Doorn
and de Witte, 1991). However, many species of cut floweponesdifferently to cold
temperatures. Besides the storage temperature, timeposune and susceptibility of
the fruit to cold are factors that affect the developmedintensity of the injury
symptoms and can directly influence vase life. The semgiof fruits to chilling injury
is due to several endogenous and environmental factors, imglspecies and cutivars
(Mapelli et al., 2011). Blackening of CelosiBorest Fire’ plumes was reported due to 2
°C cold storage (Redman et al., 2002) and Celdsia Chief’ did not tolerate cold
storage for over one week and the longest vase life ofcthisvar was recorded for
unstored stems (Ahmad and Dole, 2014). Storing stems wet or mglsm@ influence
vase life. Regan and Dole (2010) found that Matthiola ing@naR. Br ‘Vivas blue’
stock should be held dry at 2°C for 4-7 days for a longer MaseSome species like
zinnia and gerbera (Gerbera jamesnni Bolus ex Hooker f) do npt addl to dry
storage (Nowak and Rudnicki 1990; Ahmad et al.,, 2012). Presente @re no
recommendations regarding the optimum storage time amegures for cut peppers.

The objective of this research was to determine the aptinpostharvest
handling procedures of ‘Rio Light Orange’ and ‘Cappa Round Red’ pepper cultivars,
including harvest stage and procedures, cold storage duratiopracedures, ethylene
sensitivity and anti-ethylene compounds and defoliatieattnents. In addition, this
research aimed to identify postharvest responses to eomiahhydrator and holding
floral preservatives among ten pepper cultivars: ‘Tall Round Yellow’, ‘Stromboli’,
‘Rooster’, ‘Rio Yellow’, ‘Rio Light Orange’, ‘On Top Round Orange’, ‘On Top Round
Black’, ‘Cappa Round Red’, ‘Back Pearl’ and the cultivar 441525 from Cornell

University.
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MATERIALS AND METHODS

Plant material and measurements

Stems were planted on 28 April and 12 May 2014 and grown inylcéay soil
field beds (0.9 x 55 m) in Raleigh, NC, using standard comatgnocedures. Stems of
all cultivars were harvested in the morning before 10:00 A.Mmthe fruits were 50%
colored, except for the harvest stage experiment, platedbuckets containing tap
water and transported to the laboratory within 1 h of harv@stthe laboratory, stems
were sorted into similar groups based on stem diametatr,number, and size fruit,
labeled and then trimmed to 30 cm and placed in the apatejreatments. All stems
were treated in the postharvest environment (21 + 1 °C),uotbsrwise noted, and the
solutions used in all experiments were prepared using 22 °C Dhized) water [pH
and electrical conductivity (EC) were 4.8 and 0.00 d'S mspectively]. Initial hydrator
and holding pH and EC of other solutions were also recordedr &&atments were
completed, stems were placed into vases containing 300 DL whter with 2 stems
per vase, except in the hydrator and holding preservatiygiment that was 1 stem
per vase, until termination. Stems were held at 21 = AiP@mperature, at 40-60%
relative humidity (RH) and under 20 pmotrs® light for 12 h d until termination.

Data for vase life (time between the first day in thgevand the day when each
stem individually was terminated) was recorded daily and stesmns t@rminated when
at least 50% of the fruits on each stem were brown (decayetty (shriveled), 50% of
fruit had dropped or stem exhibited bent neck. Fresh weigimgehaf each stem and
water uptake (measured in milliliters per stem per day frbrmases) were recorded
when the first stem was terminated in the entire expetintemit color rating was
measured on the first day of vase life and in the terndnd#ge for each stem. Fruit
color rating was based in the color scale (Fig 1) andnvwihats in the same stem had
different colors, was recorded as the mean value ofraiisf Wilted foliage was
measured, but not considered as termination criteria. krydrator and holding
preservatives experiment the days of acceptable fol@days until foliage to wilt from

the first day of vase life) was also recorded.
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Figure 1- Color scale to determine the change in fruit color rating for ‘Rio Light
Orange’ (A) and ‘Cappa Round Red’ (B) ornamental peppers: 1l-immature fruits, 2-
fruits partially mature, 3-fruits almost completely on&, and 4-fruits completely

mature.

Harvest stage and procedures

Stems were harvested in the morning at three diffestagies of development:
Stage 1- immature fruits, Stage 2-partially mature fridtsge 3- almost completely
mature fruitsfor ‘Rio Light Orange’ (Fig 2) and Stage 1-most immature fruits, Stage 2-
half mature and half immature fruits, Stage 3-most matuits for ‘Cappa Round Red’

(Fig 3) and half of the stems from each stage of devedopnvere placed in buckets
containing tap water (wet) leaving the remaining half in a ffldmx (dry), and
transported to the laboratory within 1 h of harvest and Kept at each treatment for an

additional half hour.
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Figure Harvest stage for ‘Rio Light Orange’: Stage
1- immature fruits, Stage 2-partially mature fruits,
Stage 3- almost completely mature fruits

aa _ug

Figure 3-Harvest stage for ‘Cappa Round Red’: Stage 1-
most immature fruits, Stage 2-half mature and half
immature fruits, Stage 3-most mature fruits.
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Cold Storage duration and procedures

Stems were harvested, placed in buckets containing tap watexported to the
laboratory within 1 h of harvest and then held for O, 1, 3 areeks at 2 °C either dry
packed in floral boxes lined with newspaper or wet in buakktap water. The 0 week
storage stems were place directly in vases filled withwvBter at the laboratory. At the
weeks 1, 2 and 3, 10 stems from each of the wet and dry tréatmere placed into
floral vases filled with DI water. In this experimentetfiesh weight and water uptake
were recorded in the same number of days after placeds Yhat the first stem from

the control treatment (0 week storage) was terminated.

Ethylene sensitivity and anti-ethylene compounds

After harvest, stems were transported to the laboratadytlaen pulsed with
either 0.2 mM STS (1 mL t Chrysal AVB; Chrysal, Miami, FL, USA), 1-MCP [5
sachets of 2.5 g of Ethylbld% (Agrofresh, Spring House, Philadelphia, PA, USA)
soaked with DI water until saturated for a final conceiomabf 346 nL L*] or DI
water in a 210-L gas tight chamber for 4 h. Stems wensfeered to vases containing
500 mL DI water, placed in the same sealed drums and treateddiately with
exogenous ethylene at 0, 0.1 or 1.0 piftr 16 h.

Defoliation treatments

‘Cappa Round Red’ stems were harvested (‘Rio Light Orange’ stems were
unavailable) and placed in buckets containing DI water anddsiorthe dark (covered
with a black plastic) for 3 days or 1 week at 21 + 1 °C,qulan buckets containing DI
water and stored 3 days or 1 week in a cooler at 2 °C, ordplace days in a 12.5, 25
or 50 uM ethephon (Florel; Bayer Crop Science, Resekniahgle Park, NC) solution
at 21 + 1 °C (preliminary study determined that 50 uM ethefdroh or 6 days resulted
in stem death). The control stems were placed diraathpl water vases for the

postharvest evaluations.
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Hydrator and holding preservatives

Harvested stems were pretreated for 4 h with Florklfdrator 100 (Floralife,
Walterboro, SC) (pH 2.8, EC 0.56 dS'yrat 8 mL L* or DI water and then one half of
the stems from each solution was placed for 44 h in eklualife Professional (pH
3.6, EC 0.35 dS i) at 10 mL L or DI water. After treatments, stems were placed in

vases with DI water until termination.

Statistical analyses

A completely randomized design was used with ten stemsgantent, except
for hydrator and holding preservatives experiment that wastaedd fifteen stems per
treatment. Treatments were arranged factorially wipgmagoriate. Data were subjected
to analysis of variance (ANOVA) procedures using General LiNesdels procedures
of SAS (version 9.3, SAS Inst., Inc., Cary, NC) andams were separated using
Fisher’s least significant difference (LSD) at P < 0.05.

RESULTS AND DISCUSSION
Harvest stage and procedures

The interaction of harvest stage and postharvest lihgngrocedures was
significant only for percent incidence of wilted foliagedadiry fruits at termination.
Stems harvested at early stage (stage 1) and placedan (wat) had 100% incidence
of wilted foliage while stems harvested at stage 2, wet hag 48% of incidence.
Stems harvested at stage 1, dry had the least incidédcg fruits (Table 1).

Harvest stage had the most significant effect on poshkarlongevity and
quality of ‘Rio Light Orange’ ornamental pepper. The stage of maturity at harvest is an
important factor to be considered in postharvest, sthogng the fruit ripening, several
biochemical, physiological and structural changes occur, hwtiatermine the quality
attributes (Mapeli et al., 2011). Stems harvested at stugrtally mature fruits) had a
longer vase life by 2.6 days compared to stems harvestedyat Ist@gmmature fruits)
and by 5.1 days compared to stage 3 (fruits almost completglire) (Table 2). Fruits
harvested at stage 2 had significant change in the oglaie, because they continue to

mature postharvest (Table 2). Early harvested stems dtdizeut 21% more water than
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stems harvested at stage 2 and 3, and had the most exioebent neck, which was

the main criteria for termination at this stage; howevbese stems had the least
incidence of brown fruits (Table 2). Harvest stage hadffezteon change in the fresh

weight (-5.38 g), dry fruits (93%) or fruit drop (18%).

The postharvest handling procedure only affected the peoteintidence of
wilted foliage (P = 0.0038). Stems handled dry from field had 1®@dence of wilted
foliage compared to 70% when handled wet (data not presenedj. fleshy fruits
show an early growth phase characterized by intenseligedion, which is limited to
the first few days or weeks of fruit development. Thiage is followed by a cell
expansion period in which there is increase in the celldsieeto accumulation of water
and solutes coinciding with a period of sharp decline in etkylynthesis that could
explain the longest vase life at stage 2. Fruits at tideod their maturation are in a
development phase in which there are several biochemachphysiological changes,
culminating in their senescence (Mapeli et al., 2011), wigjht have resulted in the
shorter vase life of stems harvested at stage 3. Eanyedtad stems of celosia and
snapdragon had a longer vase life by 14 d and 3.4 d respectiveipaed to late
harvested stems (Ahmad and Dole, 2014); however, vase life of ‘Sparkling Burgundy’
pineapple lily (Eucomis sp.) increased as the stems wevedtad later with more open
florets (Carlson and Dole, 2014).

Neither stage of development at harvest or harvesedwse affected vase life
of ‘Cappa Round Red’ ornamental pepper, which averaged 11.8 d and there was no
significant interaction between harvest stage and hamestedure for any of the
recorded data. Harvest stage affected only change in fraghtypercent of dry fruit
and bent neck. Stems harvested at late stage (staget 3dos weight (5.0 g) than
stems that were harvest at early (stage 1) and intéatag@dtage 2) stage, which had a
similar change in fresh weight (2.31 g). Loss of total weigtietr dfarvest is the result of
the sum of the water loss by transpiration and losdrpfmatter due to respiratory
activity, which is responsible for 3-5% of the total sidsss in postharvest (Ben-
Yehoshua, 1987). Stems harvested at late stage probably had tnggispiration and
respiratory rate. Differences recorded on change shfreeight between cultivars may
be due to existence of permeability degrees of the cutclester vapor (Lownds et
al., 1994). Stems harvested at stages 2 and 3 had thengidehce of dry fruits (70%
and 80%, respectively) and only 30% of the stems had the @&twhen harvested at

early stage.
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The harvest procedure affected water uptake, percenttetiwdliage and fruit
drop of ‘Cappa Round Red’ stems. Stems handled wet utilized 29% more water than
stems handled dry (P < 0.0001) and had higher incidence ofdfiep (26%) when
compared to stems handled dry (7%) (P = 0.0438); however, |tases had lower
incidence of wilted foliage (73%) when compared to stems ledndry (93%) (P =
0.0385). Other results were similar to that of ‘Rio Light Orange’ or not significant (data
not presented).

Table 1. Effect of harvest stage and postharvest handlingegures on percent
incidence of wilted foliage and dry fruits of ‘Rio Light Orange’ ornamental pepper. All
data represent means of ten stems with two stems per exept for wilted foliage,

which was based on number of stems with foliage.

Treatments Termination criteria (%)
Harvest Stage Handling procedures Wilted fgliage Dry fruits (%)
(%)
1 Dry 100 & 70b
Wet 100 a 100 a
2 Dry 100 a 100 a
Wet 43 b 100 a
3 Dry NF© 100 a
Wet 33b 90ab
Significancé&
Overall <0.0001 0.0331
Harvest stage (HS) 0.0017 NS
Handling procedures (HP) 0.0038 NS
HS X HP 0.0038 0.0262

“Based on the number of stems that showed the symptom

®Mean separatiowithin columns by Fisher’s LSD at P < 0.05

“No foliage at the end of the storage period

PP values were obtained using General Linear Models (GLM) procedersog 9.3; SAS Inst.,
Cary, NC)



Table 2. Effect of harvest stage on vase life, chandeusitncolor rating, water uptake,
wilted foliage and termination criteria (bent neck or brown fruit) of ‘Rio Light Orange’

ornamental pepper. Data for water uptake represent mééws vases, while all other
data represent means of ten stems with two stems per exasept for wilted foliage,

which was based on number of stems with foliage.

Harvest Stage Vase Changein Water Wilting  Termination criteria
life (d) fruit color uptaké foliage (%)°

rating* (mL) (%)~ Bent Brown

neck (%) fruit (%)

1 12 05b 85a 100 a 80 a 15b
2 14.6 a 09a 6.6 b 73a 10b 70 a
3 9.5c 0.4b 6.8b 33b 5b 55 a
Significancé <0.0001 0.0048 0.0069 0.0017 <0.0001 0.0008

“Based on color scale (Fig.1)
BWater uptake per stem per day
“Based on the number of stems that showed the symptom

®Mean separation within columns by Fisher’s LSD at P < 0.05
P values were obtained using General Linear Models (GLM) procegharsion 9.3; SAS
Inst., Cary, NC)

Cold storage duration and procedures

Among various endogenous factors that affect the storagatipbtef peppers,
sensitivity to chilling injury is one of the most importaphysiological disorders
(Mapeli, et al., 2011). The interaction between storage idarand storage procedures
(dry or wet) was significant only for vase life and peragrihcidence of bent neck. Cut
‘Rio Light Orange’ pepper stems do not tolerate storage at 2 °C for over 1 week and the
longest vase life, of 13.9 and 11.4 days, was recorded to unsterad ahd stems
stored wet for 1 week, respectively (Table 3). Stems storedndbpxes had high
percentage of bent neck, which resulted in the stems beiminated during first week
after removal from cooler. These results are in ageeenvith Ahmad and Dole (2014)
who reported reduction in vase life of cut Celosia stems with storage of more than
2 weeks at 2 °C. Studiesmt with bulbs of ‘Coral’ pineapple lily (Eucomis sp.) have
shown that stems stored for two or three weeks hagdicant reduction on vase life
compared to unstored control; however, there was no sigttiftifierence in vase life
whether stems were stored dry or wet (Carlson and Dole, 28fetps stored dry for

one week and stems stored for over two weeks, regardlessrafje procedures (dry or
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wet), had a vase life too short for commercial use dfar less (Table 3). The most
incidence of bent neck was recorded for stems stored dilydad 2 weeks (Table 3).

Change in fruit color rating of stems stored for 1 week significantly higher
than unstored and stored for over one week stems (Tab{@né) of the symptoms of
chilling injury in fleshy fruit is the inability to mature fullgPaull, 1994), however, in
this study, cold storage for over two weeks did not atfeetfruit maturation capacity,
since there was no significant difference when comparethstored stems (Tabel 4).
The greatest incidence of fruit drop was recorded fotoued stems and those stored
for 2 weeksard of brown fruits was recorded for stems stored for 3 wedkstored
stems, showed the greatest incidence of wilted foliageta@deast incidence was
recorded to stems stored for 3 weeks (Table 4).

The effect of storage procedure was significant only focgre of wilted foliage
(P = 0.0016). Stems stored wet had the least incidenceiltsdwioliage (26%)
compared to unstored stems that had the most incidence (10d%jems stored dry
(62%) (data not presented). Leaf drop was observed in stenssl stet at 2 °C for 1
week after 1 or 2 days of vase life (personal observatilhtreatments had similar
change in fresh weight (-11.2 g), water uptake (7.65 mL pen per day) or dry fruits
(74.3%).

Similar results were noted for ‘Cappa Round Red’ stems in that unstored stems
had the longest vase life (7.9 d), which was similar to sstored wet at 2 °C for 1 or 2
weeks (7.4 or 7.1 d, respectively) and longer than when stemsstoeeel for 3 weeks
(4.4 d). Stems did not tolerate dry storage, which resirit@th average vase life of 1.6
d regardless of duration (data not presented). Otheltg@gere similar to thadf ‘Rio

Light Orange’ or not significant (data not presented).



Table 3. Effect of storage duration and storage procedurgasenlife and on percent
incidence of bent neck of ‘Rio Light Orange’ ornamental pepper. All data represent

means of ten stems with two stems per vase.

Treatments Termination criteria
(%)"

Storage duration Storage Procedure Vase life (d) Bent neck (%)
(weeks)
0 Control 1394 20bc
1 Dry 41bc 70 a

Wet 114 a 10bc
2 Dry 44bc 40 ab

Wet 7.2b 10bc
3 Dry 27chb Oc

Wet 23cC 20bc
Significancé
Overall <0.0001 0.0031
Storage time (ST) 0.0003 NS
Storage proc. (SP) 0.0021 0.0232
ST X SP 0.0103 0.0068

“Based on the number of stems that showed the symptom

®Mean separation within columns by Fisher’s LSD at P < 0.05

°P values were obtained using General Linear Models (GLM) proegduersion 9.3; SAS
Inst., Cary, NC)

Table 4. Effect of storage duration on change in fruit codbing, percent incidence of
wilted foliage, fruit drop and brown fruit of ‘Rio Light Orange’ ornamental pepper. All
data represent means of ten stems with two stems per exasept for wilted foliage,

which was based on number of stems with foliage.

Storage duration Change in Wilting Termination criteria (%)

(weeks) fruit color  foliage(%)®  Fruitdrop  Brown fruit
rating* (%) (%)

0 0.4 10 100 a 40 a 40 b

1 0.8a 55bc 5c 60 b

2 0.3b 56 b 35ab 60 b

3 0.1b 21 c 10bc 100 a

Significanc& 0.0004 0.0157 0.0399 0.0049

ABased on color scale (Fig.1)

®Based on the number of stems that showed the symptom

“Mean separation within columns by Fisher’s LSD at P < 0.05

°P values were obtained using General Linear Models (GLM) proceghersion 9.3; SAS
Inst., Cary, NC)
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Ethylene sensitivity and anti-ethylene compounds

The knowledge of the respiration pattern preseimethe postharvest phase is
important, because it enables the adoption of strategmdend vase life. However, for
peppers, little is known about the respiration pattstapgelli et al., 2011). In this study,
the exogenous ethylene application at 0.1 or 1.0 jtLhad no effect on vase life,
change in fruit color rating, change in fresh weight, water uptake and quality of ‘Rio
Light Orange’ or ‘Cappa Round Red’ ornamental pepper and there was no significant
interaction (data not presented).

Use of anti-ethylene compounds, STS or 1-MCP, had a signifeffect only on
percent of wilted foliage of ‘Rio Light Orange’. Stems treated with either STS or water
showed the highest percent of wilted foliage (56% and 33%egcasely); however,
stems which were treated with water were not differeomnfthe stems treated with 1-
MCP (14%) (data not presented). For ‘Cappa Round Red’ 1-MCP-treated stems had the
least change in fruit color rating (0.15), reducing theunagion capacity of these fruits,
maybe due to efficacy of 1-MCP in inhibiting ethylene sgst$, although this cultivar
did not appear to be sensitive to exogenous ethylene (dafmesanted). Change in
fruit color ratings was similar for STS (0.42) and wa@eb®) treated stems.

Ethylene application at 10 pL™Lshortened the post-production life of three
potted ornamental peppers genotypes and resulted in compleismlmsof only leaves
for the cultivar ‘Calypso’, but induced fruit abscission in the accessions BGH 1039,
BGH 7073 and MG 302, which exhibited varying degrees of sensitivityafiegt al.,
2013). It is known that the sensitivity to ethylene cardbtermined at the family level;
however, there may be marked differences between spasitsultivars within the
same family (Serek et al., 2006). According to our results, [Rght Orange' and
‘Cappa Round Red’ ornamental peppers may not be sensitive to ethylene or the
concentration used was too low to show sensitivity and #myleme agents had a

minimal effect on postharvest characteristics of temns.
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Defoliation treatments

Longest vase life of ‘Cappa Round Red’ stems (11.9 d) was recorded when a
concentration of 12.5 uM of ethephon was applied; howevdy, 20% of stems had
foliage drop (Table 5). When stems were kept for 1 week wataaoler at 2 °C or
when stems were treated with 50 uM ethephon, 100 or 90% dblinge dropped,
respectively. However, these stems had an average vasd tfdy 6.9 d and 3.1 d,
respectively (Table 5). Also, although 50 uM ethephon provided @0&ge drop, the
incidence of fruit drop was also 90%, equal to the fruit dhap occurred with 25 pM
ethephon (Table 5). Ethephon has been used as a preldefasition treatment for
citrus (Citrus spp.) (Rasmussen and Cooper, 1968), sour cfigmugnus cesarys
(Olien and Bukovac, 1978), apples (Malus) (Larsen, 1973) and wamdyems (Greer
and Dole, 2005); however, there were no previous work availalsieggest appropriate
concentrations to be used on cut flowers postharvest. Gwatiens of 250 or 500 mg
L™ of ethephon applied to curly willow plants (Salix matsudédffartuosa’) at
preharvest had no effect on defoliation while a concéatraof 1000 mg [* on
American bittersweet (Callicarpa scandens) provided 36% defolatidnn American
beautyberry (Callicarpa americana) this concentration waseffedttive. Ethephon
concentrations of 1500, 2000 and 2500 rigwere effective in American beautyberry,
providing 42, 58 and 69% of defoliation respectively (Greer ané,[28l05).

The greatest change in fresh weight was recorded when tiieeshi
concentrations of ethephon were applied, 25 and 50 uM (bablégere was no change
in fruit color rating (0.15) and percent incidence of brofants (29%) (data not
presented) in the experiment. Stems stored for 1 weeR ifiCacooler, wet, and stems
treated with highest concentrations of ethephon (25 andvQused significantly more
water and were not different from control stems (Tablé&s&ms kept for 1 week in the
dark had 80% incidence of foliage drop, but were unmarketable @éiatment

application due to bent neck (Table 5) and rooting stems (mErsabservation)
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Table 5. Effect of defoliation treatments on vase kifeange in fresh weight, water uptake, percent incidenéalef and wilted foliage, dry fruits,

bent neck and fruit drop of ‘Cappa Round Red’ ornamental pepper. Data for water uptake represent means of five vases, while all other data represent

means of 10 stems with two stems per vase.

Change in : Termination criterig%)®
Defoliation treatments ~ Vase life (d)  fresh Wat‘frrn‘g’tak@ o ";e(‘j " Foliage drog%)? — N
weight (g) ge ("o Dry fruits (%) Bent neck (%) drop (%)
Dark for 3 days at 21 °C 9.0 0.2a 80bc 60 ab 10bc 90ab 40bc 30b
parkforLweekatzl 04 i i 0d 80 a Oc 80 a 0b
3 days at 2 °C wet 8.0b -l.1la 55¢ 50 b 40 b 90ahb 40bc 10 b
1 week at 2 °C wet 6.9b -3.0ab 115ab od 100 a 70b 60ab 20 b
S0 UM ethephonfor2 5 ¢ 62bc  11.3ab 10cd 90 a 0c 20 ¢ d 90 a
days at 21 °C
25 uMethephonfor2 5,504 79¢ 9.3abc 10 cd 30bc 10¢ 40bc 90 a
days at 21 °C
L25uMethephonfor2 ) 9, 50ab 89bc 40bc 30bc 100 a 40bc 30 b
days at 21 °C
Control 7.7b -0.1a 12.8a 90 a Oc 9ab od 10b
Significancé <0.0001 0.0058 0.0341 <0.0001 <0.0001 <0.0001 0.0064 <0.0001
AWater uptake per stem per day
BBased on the number of stems that showed the symptom
“Mean separation within columns Bisher’s LSD at P < 0.05
Pp values obtained using  General Linear  Models (GLM) procedur@srsion 9.3; SAS Inst., Cary, NC)
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Hydrator and holding preservatives

‘Black Pearl’. Stems treated with a holding solution regardless of pusvitydration
solution use provided longer vase life (averaged 19.9 d) andblibge last longer
without wilting (averaged 12.8 d) (Table 6). Moreover, whehydrator was used
regardless use of a holding solution stems showed higtidence of dry fruits (93%).
No significantly interactions occurred.

‘Cappa Round Red’. Incidence of wilted foliage was significantly reduced when a
holding solution was used irrespective of a hydrator use wbepared to use of only
water and the days of acceptable foliage were significamthpased (averaged 9.9 d)
(Table 6). Vase life was not affected by treatment andageer 10.7 d. There were no

significant interactions.

‘On Top Round Black’. The foliage on stems treated with both hydrator andihgl

solution remained acceptable longer (15.2 d) compared tthal reatments (Table 6).
Foliage lasted turgid longer when a holding solution wasl usgardless of hydrator
use, averaged 13.5 d. Vase life was similar between treatam@htsveraged 18.9 d. No

significant interactions occurred.

‘On Top Round Orange’. Hydrator solution use regardless of holding solution use
significantly increased incidence of brown fruits (80%) anduced the days of
acceptable foliage (7.6 d). Use of a holding solution witlgrevious use of a hydrator
extended the days of acceptable foliage by 5.4 d compardddtbetl treatments (Table
6). Stems treated with a holding solution regardless pusvise of a hydrator had
lower incidence of wilted foliage (67%) and the foliage lasger without wilting (11

d). Vase life was not affected by treatment and averaged 14.6 d.

‘Rio Light Orange’. . Stems treated with only water had lower incidence of mnysf

(73%) and reduced the days of acceptable foliage (5.1 d) (Tablgténs treated with
a hydrator solution regardless of previous use of hydratori@olbad higher incidence
of dry fruits (100%) and lower incidence of wilted folia@9%). The use of a holding
solution irrespective of previous hydrator use significantlgreased the days of

acceptable foliage, leaving the foliage turgid longer (10.6 d) ceedpahen holding
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solution was not used (7.7 d). Vase life was not affectedelaynmient and averaged 12.6
d. No significant interactions occurred.

‘Rio Yellow’. Commercial holding solution use irrespective of previoudrdupr
solution use increased significantly the time that tliade kept turgid without wilting
by 3.6 days. Vase life was similar between treatments andgeed 4.8 d. There were

no significant interactions.

‘Rooster’. Stems treated with holding solution regardless of previodsahyr solution
use had longer vase life (averaged 24.7 d) when compared toardg wiater and only
hydrator solution (Table 6) and the foliage lasted longerowithwvilting (averaged 13.9
d). Hydrator use regardless later use of a holding solut@reased the number of days
of acceptable foliage to 12.6 d compared to 10.8 d when water wassiselydrator.

No significant interactions occurred.

‘Stromboli’. Use of water as a hydrator reduced significantly incidencevitbéd
foliage (averaged 33%) when compared to percent incidence wiwrator solution
was used (averaged 75%) (Table 6). Stems treated with hololumgpa regardless of
hydrator solution use had the longest vase life (20.4 d) aidjdolast longer without
wilting (averaged 17.5 d). There were no significant intevastbetween the use of a

hydration and holding solutions.

‘Tall Round Yellow’. Use of hydrator followed by holding solution reduced
significantly incidence of wilted foliage (18%) and the dgke remained acceptable,
without wilting, for significantly longer (11.6 d) (Table 8jase life was not affected by

treatment and averaged 11.6 d.

‘441525°. Vase life was significantly reduced by use of only hydratartgsi with the
subsequent use of water (14.5 d) compared to all other treat(iiatle 6). There were
no significant differences in vase life when only water.&24), only holding solution
(18. d) or both hydrator and holding solution were used (18.8 d).

Lack of effect of the treatments on vase life “Ball Round Yellow’, ‘Rio
Yellow’, ‘Rio Light Orange’, ‘On Top Round Orange’, ‘On Top Round Black’ and

‘Cappa Round Red’ is in agreement with the results found for ornamental pepper ‘Hot
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Purple’ (Clark et al., 2010), ‘Chantilly Yellow’ snapdragon (Ahmad and Dole, 2014)
and “’Renaissance Red’ Poinsettias (Dole et al., 2004); however, for all these cultivars,
holding solution use had a positive effect on days offaabée foliage (Table 7) and for
‘Cappa Round Red’, ‘On Top Round Orange’ and ‘Tall Round Yellow’ also reduced
percent incidence of wilted foliage (Table 7).

Use of a commercial hydrator either reduced or had no effecase life (Table
7) and so, it should not be used. Clark et al. (2010) supgiustsecommendation for
the ornamental peppers ‘Cappa Topfruit White/Red’, ‘On Top Round Red’ and ‘Hot
Purple’.

Stems treated with holding solution had a longer vafge fér ‘Stromboli’,
‘Rooster’ and ‘Black Pearl’ (Table 7). Probably, for these cultivars the carbohydrate
source present in the commercial holding solution provslgéicient energy to have
positive effect on vase life. Granitz et al. (2014) found 1h459252, 13-441552, 16-
441575 and 22-441530-2 ornamental peppers lasted a day or two lorigarheiding
solution, while hydrator solution were generally deleteribusase life. Clark et al
(2010) found longest vase life for the ornamental pepper ‘Cappa Topfruit White/Red’
when a holding preservative was used without a hydrator artivpafect of holding
solution on vase life of 53 cultivars of cut flowers. ‘Fire Chief’ cut celosia stems had
their vase life reduced by use of hydrator and holding sokit{@mmad and Dole,
2014).

Except for ‘441525°, holding solution had a positive effect on days of acceptable
foliage (Table 7), resulting in foliage that lasted longpefore wilting. Hydrator
solution had a negative effect on percent incidence of dry fruits for the cultivars ‘Rio
Light Orange’ (P = 0.0172) and ‘Back Pearl’ (P = 0.0212) and also a negative effect on
percent incidence of brown fruit only for the cultivar ‘On Top Round Orange’ (P =
0.0280) (Table 6). In general, neither the hydrator or holdigtisn had an effectro

termination criteria.
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Table 6. Influence of hydrator (hyd.) and holding (hold.) sofhg on cut stems of cut ornamental peppers in which on®oe treatments had a

significant effect on the factors listed.

Cultivar Eactor Water Hydrator Significante
Water  Hold. Water Hold. Hyd. Hold. Interaction Overall
Black Pearl Vase life (days) 16.4 19.6 16.3 20.3 NS <0.0001 NS 0.0003
Dry fruits (%) 73 67 93 93 0.0212 NS NS NS
Days of acceptable foliage 9.9 11.9 9 13.6 NS 0.0002 NS 0.0012
Cappa Round Red Wilted foliage (%) 93 60 80 40 NS 0.0018 NS 0.0081
Days of acceptable foliage 7.5 9.4 7.6 10.3 NS 0.0004 NS 0.0035
On Top Round Black Days of acceptable foliage 9.9 11.9 10.2 15.2 NS 0.0025 NS 0.0043
On Top Round Orang« Vase life (days) 13.3 16.3 15.4 13.5 NS NS 0.0099 NS
Brown fruits (%) 67 40 80 80 0.0280 NS NS NS
Wilted foliage (%) 93 60 93 73 NS 0.0100 NS NS
Days of acceptable foliage 7.9 13.1 6.2 8.9 0.0055 0.0003 NS <0.0001
Rio Light Orange Dry fruits (%) 73 93 100 100 0.0172 NS NS 0.0222
Wilted foliage (%) 86 67 30 57 0.0379 NS NS NS
Days of acceptable foliage 5.1 11 9.5 10.1 NS 0.0247 NS 0.0361
Rio Yellow Days of acceptable foliage 8.3 13.7 8.2 10.4 NS 0.0438 NS NS
Rooster Vase life (days) 21.3 24.8 20.7 24.5 NS <0.0001 NS 0.0006
Days of acceptable foliage 8 13.5 10.9 14.3 0.0178 <0.0001 NS <0.0001
Strombai Vase life (days) 18.5 20.2 16.3 20.7 NS 0.0184 NS NS
Wilted foliage (%) 50 17 83 67 0.0026 NS NS 0.0059
Days of acceptable foliage  12.5 18.8 12.4 16.3 NS 0.0013 NS 0.0085
Tall Round Yellow Vase life (days) 11.7 11.3 10.6 12.2 NS? NS 0.0374 NS
Wilted foliage (%) 75 67 92 18 NS 0.0016 0.0105 0.0010
Days of acceptable foliage 7.1 7.8 5.7 11.6 NS 0.0030 0.0186 0.0027
441525 Vase life (days) 20.8 18.1 14.5 18.8 0.0250 NS 0.0062 0.0059

ANS= nonsignificant

BP values were obtained using General Linear Models (GLM) proce@iaesion 9.3; SAS Inst., Cary, NC)



Table 7. Effect [positive (pos.); negative (neg.), or fiece (-)] of floral preservatives [hydrator (hyd.) andding (hold.) solutions] on

vase life, percent incidence of wilted foliage and dayacoéptable foliage (days until foliage wilt) of ten cudtis of ornamental peppers.

_ Vase life (d) Wilted foliage (%7 Days of acceptable foliage
Cultivars Hyd.  Hold.  Hyd+Hold  Hyd.  Hold.  Hyd + Hold Hyd. Hold.  Hyd + Hold
Black Pearl - Pos. Pos. - - - - Pos. Pos.
Cappa Round Red - - - - Pos. - - Pos. Pos.
On Top Round Black - - - - - - - Pos. Pos.
On Top Round Orange* - - - - Pos. - Neg. Pos. -
Rio Light Orange - - - Pos. - - - Pos. Pos.
Rio Yellow - - - - - - - Pos. -
Rooster - Pos. Pos. - - - Pos. Pos. -
Stromboli - Pos. - Neg. - - - Pos. -
Tall Round Yellow* - - - - Pos. Pos. - Pos. Pos.
441525* Neg. - - - - - - - -

*Cultivars in which a significant interaction occurred
ABased on the stems that showed the symptom
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CONCLUSIONS

Stems of ‘Rio Light Orange’ ornamental pepper should be harvested when the
fruits are partly mature (stage 2) for longest vasedifd optimal postharvest quality
and vase ft of ‘Cappa Round Red’ was unaffected by harvest stage. For both cultivars
if the foliage will be left on the stems, they shob&l harvested and kept in plain water
to avoid wiltedfoliage. Stems of ‘Rio Light Orange’ ornamental pepper can only be
stored in water for up to 1 week while ‘Cappa Round Red’ stems tolerated cold storage
in water for up to 2 weeks, and for both cultivars, cold g@rim water preveet
wilting of the foliage. Cut stems of neither cultivars gesensitive to exogenous
ethylene 1.0 pL L for 16h, however, higher concentrations or durations shbeld
tested to confirm this conclusion. Defoliation treatmeayplied in this study did not
show a clear response and therefore recommendations were done. Further
experiments are needed to make a recommendation on hawdessfully remove the
foliage of ornamental peppers without reducing vase life. dde of a holding solution,
regardless of prior use of a hydrator solution increaseg Vife of ‘Black Pearl’,
‘Rooster’ and ‘Stromboli’ ornamental peppertn general, use of a commercial hydrator
either reduced or had no effect on vase life and thus,&noulbe used. Moreover, use
of a holding solution extended the days of acceptabiagi, kept the foliage turgid
longer and delayed foliage wilting. Results demonstratatitase life and quality of
‘Rio Light Orange’ and ‘Cappa Round Red’ ornamental peppers can be extended
following proper postharvest handling procedures and the fusd@lding solution can
be beneficial on vase life and in the foliage qualitynainy cultivars of peppers tested

in this study.
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CONCLUSOES GERAIS

e Concentracdo de 20 mg'lde PBZ nas pimenteiras da variedade comercial
Bode Amarela,e nas plantas do acesso 2345PB oferecem as plantas, altura
adequada para utilizacdo com a finalidade de ornamentacaoaltszar as
caracteristicas dos frutos e sem apresentar sintonfiastdeidade.

e Para a variedade comercial Iracema Biquinho Vermelhazegpacesso 2334PB,
novos experimentos utilizando-se concentracdes maxadale PBZ serdo
necessarios para se determinar a dosagem ideal dessaloegld crescimento
gue confira valor estético a essas plantas para seenusonamentacao.

e Hastes da pimenta ornamental ‘Rio Light Orange’ devem ser colhidas com
frutos parcialmente maduros para obter maior vida de vasdher qualidade
estagio de desenvolvimento na colheita afetou a vida de vaso de ‘Cappa
Round Red’.

e A fim de se evitar 0 murchamento das folhashastes de ‘Rio Light Orange’ e
‘Cappa Round Red’ devem ser colhidas e mantidas em agua.

e Hastes de€Rio Light Orange’ podem ser armazenadas em agua por até uma
semanae de ‘Cappa Round Red’ por at duas semanas a 2 ° C, sem perda
significativa na vida de vaso.

e Hastes das pimentas ornamentdiso Light Orange’ e ‘Cappa RoundRed’
parecem nao ser sensiveis ao etileno exdgeno, entretaitties concentracdes
deve ser testadas para confirmar essa concluséo.

e Os tratamentos de desfolhacdo aplicados nesse estudmsiiiaram uma clara
resposta e entretanto, ndo se pode fazer nenhuma relam@enem como
remover com sucesso a folhagem de pimentas ornamestaieduzir a vida de
vasa

e Uso de solucdo de manutencdo prolongou a vida de vaso das pimenta
ornamentaisStromboli’, ‘Rooster’ e ‘Black Pearl’.

e Solucdo comercial de hidratacdo ndo deve ser usadaltieares testadas nesse
estudo.

e Solucdo de manutencéo é efetiva em manter as folhagepindarstas turgidas
por mais tempo em todas as cultivares testadas, excet@ mantivar 441525,

em que ndo houve nenhum efeito.
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