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RESUMO

O presente estudo fornece informac¢des nos ambeosbtencdo de
porta-enxertos, escalonamento na producdo de muatesportamento de
cultivares em area de cultivo néo tradicional, pgém de novos produtos como
alternativa de agregacao de valor e diversidadétigardas cultivares brasileiras
de caquizeiro. Na producdo escalonada de mudasbfsrvado que ndo ha
diferenca na porcentagem de enxertos pegos patideasntes épocas, porém
em mudas enxertadas pelo método de garfagem hé enescimento quando os
garfos sdo armazenados a frio durante 60 a 120 Nmsbtencdo de porta
enxertos através de sementes verificou-se quecegso de estratificacdo por 30
dias aumenta em 13,94% a emergéncia das plantifass a quebra da
dorméncia da semente, a temperatura de 20,5 °Gbilitssa emergéncia de
47,62% para a espédk kakie a de 24,6 °C a emergéncia de 44,49% pBra a
lotus Observou-se que o tratamento das sementes cato gitierélico nao
favorece a germinacao do porta-enxerto, sendo assisiderado desnecessario.
No processamento as cultivares de caqui apresentiiferentes caracteristicas
fisico-quimicas, o que refletiu nos sucos e geletas diferentes caracteristicas
fisico-quimicas e reoldgicas. As cultivares Rameeé=e Guiombo apresentam
potencial para serem processadas na forma de geteultivar Rama forte na
forma de suco, devido a boa aceitacdo. Os marcaduoeossatélites dividiram
as cultivares cultivadas no Brasil em trés grupss.cultivares ‘Regina’ e
‘Paraguai’ sdo as que apresentam maior tamanhoutie A cultivar ‘Rama
Forte Tardio’ € a mais produtiva. A cultivar ‘Fuyapesar de ser considerada
tardia é a que possui 0 menor ciclo de producao.

Palavras-chaveDiospyros kakiFenologia. Adaptabilidade. Porta-enxerto. Suco.
Geleia. Pré-melhoramento.



ABSTRACT

This study provides information about obtaining tsbocks,
staggering in the seedlings production, cultivamhdvior in non-
traditional growing area, production of new produas an alternative to
over-production and genetic diversity of Braziliparsimmon cultivars.
In the production of staggered seedlings it waentesl that there is no
difference in the percentage of grafts for différémes, but in grafted
seedlings using the grafting method there is gregtewth when forks
are stored in the cold for 60 to 120 days. In otwtg rootstocks using
seeds, it was found that laminating for 30 dayseases 13.94% seedling
emergence. After breaking seed dormancy, the teatyrer of 20,5°C
allows emergence of 47.62%. kaki and temperature of 24,6°C allows
emergency of 44.49%. lotus It was observed that seed treatment with
gibberellic acid does not favor germination of theotstock and is
therefore considered unnecessary. In processingetsmmon cultivars,
it was seen that there was different physical dmehrical characteristics
among them, which resulted in juices and jelliesthwdifferent
physicochemical and rheological characteristicsanl® Forte’ and
‘Guiombo’ cultivars have potential to be procesgsedhe form of jelly
and ‘Rama Forte’ in the form of juice, due to goacceptance. The
microsatellite markers divided the cultivars grown Brazil in three
groups. ‘Regina’ and ‘Paraguay’ cultivars are thasth larger fruit size.
The cultivar ‘Rama Forte Tardio’ is the most protkes Cultivar ‘Fuyu’
despite being considered late is the one withdhes$t production cycle.

Keywords: Diospyros kaki.Phenology. Adaptability. Rootstock. Juice.
Jelly. Pre-breeding.
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PRIMEIRA PARTE

1 INTRODUCAO

O caquizeiro Diospyros kakiL.) € uma frutifera originaria da Asia e
tradicionalmente cultivada em regides de clima &mago e subtropical. O
Brasil até o ano de 2001 situava-se como o tergeamr produtor mundial
dessa frutifera e o estado de Sdo Paulo detinfse quee 60% das plantas em
producao, principalmente na regido do Alto Tieté.

Porém, a producgéo paulista decaiu drasticamentarers posteriores,
passando de 350 mil toneladas colhidas anualmangeum pouco mais que 100
mil toneladas. Esse fato esté aliado a um periadccglminou com a renovagao
de boa parte dos pomares paulistas, como pelatsigdsi dessa frutifera pelo
cultivo de laranjas e goiabas que estava em altinabda década de 90. Em
anos posteriores a producao paulista estabilizopesém novas areas de cultivo
se iniciaram em destaque para a regido sul docestadVinas Gerais e até
mesmo em outras regifes tropicais como o centrie-@es nordeste brasileiro.

Devido a esse grande aumento do cultivo de caquas eoucas
pesquisas com essa cultura no a&mbito de manejpagagdo, melhoramento e
processamento, a cadeia produtiva brasileira est@ntparada, desencadeando a
tomada de decisdes baseadas no empirismo porduertgcnicos e produtores,
aumentando grandemente as chances de insucessqwodigdo de uma
frutifera que o Brasil atualmente é o quarto mprodutor mundial.

Em uma pesquisa rapida pelas principais basesaddexs realizada no
ano de 2015, constatou-se a publicacdo de ape@a8 artigos cientificos,
desde o ano de 1977, relacionados com investigagies caquizeiro. Dessa
guantidade, apenas 95 s&o publicacBes brasilggaagm a grande maioria

relacionada a conservacdo em pos-colheita e umsepagarte relacionada a



10

fitossanidade. Conotam-se com esse fato a caréecj@gesquisas relacionadas
com sele¢do de cultivares potencialmente produvasm a producéo fora de
época, trabalhos bésicos de producdo de mudaseesidade genética das
cultivares disponiveis no germoplasma brasileiroatpuizeiro.
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2 REFERENCIAL TEORICO

2.1 Importéancia econémica

De acordo com dados da Food and Agriculture Orgéiniz of the
United Nations - FAO em 2013 o Brasil foi o quantaior produtor de caqui a
nivel mundial, produzindo cerca 173 mil toneladasndo atras da China (3,5
milhdes de toneladas), Coreia (350 mil toneladak) &apao (215 mil toneladas)
(FAO, 2013).

A producdo esta concentrada nos estados Sul et8u@esstado de S&o
Paulo é o maior produtor nacional, sendo respohg@ye aproximadamente
58% da producdo nacional, seguido do Rio Grandeull¢15%), Parana (12%),
Minas Gerais (6%) e Rio de Janeiro (5%) (INSTITUBRASILEIRO DE
GEOGRAFIA E ESTATISTICA - IBGE, 2013).

Segundo a FAO (2013) o Brasil possui a maior pieidiztde média a
nivel mundial que é de 20,25 toneladas por hectmgyido por Itlia (16,7
ton/ha), Arzeibajdo (16,6 ton/ha), Taiwan (15,6/ta@h e Nova Zelandia (15,5
ton/ha). Porém se analisarmos a produtividade @alesle Sdo Paulo veremos
gue 0 mesmo possui uma produtividade de 33 tomfudto acima da média
nacional.

A oferta de caqui vai do final de janeiro até pimias de julho, sendo o
periodo de maior oferta 0 de marco a maio. A demadal é a producdo de
frutos fora de época.

2.2 Origem e aspectos botanicos

A origem do caquizeiro é imprecisa, a maioria dowr@s aceita que
proceda da China (YONEMORI; SIGIURA; YAMADA, 2000pnde seu
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cultivo comecou séculos antes de Cristo. Mais farte século VII foi
introduzido no Japéo e no século XIV na Coreia. N@@egistros do cultivo na
Europa até o século XVII, sua expansao para o testoundo ocorreu a partir
do século XVIII (SUGIURA, 2005).

No Brasil, ha evidéncias de que o caquizeiro enpeda primeira vez no
estado de Sao Paulo, aproximadamente no ano de #88Ado o Sr. Luiz
Pereira Barreto recebeu sementes enviadas da Fpelganaturalista Charles
Naudin (MARTINS; PEREIRA, 1989). Porém a culturassexpandiu com a
imigracao japonesa por volta de 1920 (BUENO; PICE@HMANN, 2014).

O caquizeiro é uma arvore frutifera pertencenterdero Ebenales
familia Ebeneceaee géneroDiospyros Este género contém mais de 400
espécies distribuidas desde regides tropicais pet@tas, com niveis de ploidia
que vao desde o diploide (2n=2x=30) até o nonapl¢ah=9x=135) sendo a
espécie mais cultivada mundialmente e de maior fithpcia econdmica a
Diospyros kakiThunb., a qual € majoritariamente hexaploide (2r86), com
poucas excecOes de cultivares nonaploides comoiratddenashi’ e ‘Tone
Wase' (ZHUANG et al., 1990).

O caquizeiro é uma arvore vigorosa, caducifdliatgp@rbéreo, com
copa arredondada e ramos frageis. A madeira érdevetd, lisa quando jovem e
acinzentada e rugosa quando adulta. As folhas B&mas, em geral com
peciolo curto, inteiras, de forma ovalada, grandesle cor verde-escuro
brilhante. As flores se localizam nas axilas ddisaf® dos brotos do ano, sendo
normal a ocorréncia de arvores s6 com flores fera®i(AGUSTI, 2010;
MARTINS; PEREIRA, 1989; RAGAZZINI, 1985).

As flores masculinas sdo menores que as femininBemadas por um
receptaculo e uma corola normalmente com quatiddébcujo interior ha entre
16 e 24 estames. As flores femininas sdo maiomes, pedinculo comprido e

robusto, calice de cor verde-oliva em forma de ®gom quatro I6bulos, a
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corola tem forma de tubo, de cor branca/creme ceatrg I[6bulos. O ovario é
globular, unido a quatro estilos bilobados, quecsgespondem com quatro
cavidades biloculadas terminadas em estigmas dsstid fecundacao do caqui
€ cruzada (planta aldgama), e essencialmente efif@nfdorém em cultivos
comerciais se utilizam cultivares partenocarpi@sSSTi, 2010; MARTINS;
PEREIRA, 1989; RAGAZZINI, 1985)

O fruto é uma baga com grande variabilidade de dsre tamanhos,
dependendo da cultivar. A cor passa de um vergdea-alum amarelo-alaranjado
e quando atinge a maturagdo fisiolégica apresenta vermelha intensa
(AGUSTI, 2010; MARTINS; PEREIRA, 1989; RAGAZZINI, 9B5). O
caquizeiro apresenta uma etapa de abscisédo figialégue vai dos meses de
julho a agosto no hemisfério norte e de outubrezechbro no sul, afetando de
30 a 40% da carga de frutos, esse fendbmeno em adgonitivares é tido com
uma autorregulacdo da planta as suas possibilidkdpeoducéo. Para a maioria
das cultivares, no momento da colheita comerctargeddo de taninos no fruto
ainda é muito alto, causando sabor adstringentedgsaparece ao atingir a
maturacao fisioldgica ou por meio de tratamenteeeifiso (AGUSTI, 2010;
MARTINS; PEREIRA, 1989)

2.2.1 Fenologia

A fenologia é o ramo que estuda os fendmenos peo®dios seres
vivos e suas relacdes com as condi¢cdes do ambiergelavra fenologia vem
do grego feno$ (fendbmeno) e tbgos' (estudo, tratado) (DE FINA; RAVELO,
1973). Por isso é preciso diferenciar desenvolvimate crescimento, pois
durante seu ciclo a planta sofre diversas e camtinmansformagbes. O
crescimento é caracterizado pelo aumento quantitatipode ser medido, por

exemplo: ganho de peso seco do vegetal, enquantdesenvolvimento as
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mudancas séo na forma e no grau de diferenciacancaldo pelo organismo, ou
seja, aspecto qualitativo e é apenas observaveREIA-CARBONELL et al.,
2002).

Os estadios fenoldgicos surgiram pela necessidadeletalhar, de
maneira clara e objetiva, as etapas de desenvaitimdas plantas, na
elaboragdo das chamadas escalas fenolGgicas. Atu@mexistem diferentes
escalas, para maioria das espécies cultivadas,pgssibilitam descrever e
reproduzir com detalhes o ciclo de uma plantayésale estadios muito bem
caracterizados (GARCIA-CARBONELL et al., 2002)

Terra, Pires e Nogueira (1998) afirmam que na dhigdo de novas
variedades, a fenologia desempenha importante ,pgpak permite a
caracterizacdo da duracdo das fases do desenvoteiram relagdo ao clima,
especialmente as variagbes estacionais, além detiieada para interpretar
como a cultura interage nas diferentes regidestlias.

Para Torres (1995) torna-se possivel utilizar alegia para finalidades
bem mais especificas, como em adubacBes de cahesduor tratamentos
fitossanitarios ou na observacdo de um evento it@piEr qualquer (uma geada
ou um estresse hidrico), associados a estadios dedéimdos. Conhecer os
estadios fenolégicos de uma planta e as necessidime diferentes 6rgaos
significa modificar praticas de manejo e prograam-tom o0 objetivo de
melhorar a producao.

O desenvolvimento fenolégico das plantas € infliselec por alguns
fatores ambientais, dentre eles podemos destacemperatura do ar, o
fotoperiodo, regime pluviométrico, ocorréncia deio fr (FOURNIER;
CHARPANTIER, 1978).

O desenvolvimento das plantas é afetado de formmatadipela
temperatura do ar, ou seja, em regides ou épodagjmentes ele é mais rapido,

determinando a precocidade no desenvolvimento d=snas. Se a oscilacdo
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térmica anual for muito acentuada, muitas espépeenes entram em
dorméncia no inverno, pela ocorréncia de baixapeeaturas (PETRI et al.,
1996).

O requerimento de frio € um fator limitante parpraducdo comercial
de frutas de clima temperado em regibes de invemmeno. Conhecer o
requerimento de frio da espécie e da cultivar édumental para que se obtenha
sucesso na producdo. Quando a exigéncia em frié satisfeita, muitas gemas
vegetativas e floriferas permanecem latentes, megum® as condicdes
ambientais sejam favoraveis ao crescimento (PET&I,€1996).

O florescimento é o principal mecanismo de respastdotoperiodo,
pois se caracteriza pela passagem da planta doinceggo vegetativo ao
processo reprodutivo. Algumas espécies apresenemposta a variacdo na
duracgéo do dia, se ela for sensivel ao fotoperiodm mesma cultivar tera seu
ciclo alterado ao ser cultivada em diferentes épacaem diferentes latitudes
(VILLALPANDO; RUIZ, 1993).

A fenologia das espécies também bastante alterelis gondicdes
hidricas, principalmente em regides em que senalterépocas secas e Umidas.
Das espécies perenes, muitas entram em repousoéfuicia) durante o periodo
da seca, com ciclo vegetativo anual na estacdamshAuUl ORRES, 1995).

As baixas temperaturas retardam o desenvolvimesoldgico das
plantas, entretanto o frio hibernal pode auxiliaramtecipacdo de algumas fases
importantes, durante o ciclo vegetativo posteramepser observado em algumas
espécies perenes que entram em repouso no invdais.de um fator pode
influenciar o processo e guando se manifestam guotmrre uma interacao.
Quando se trata de fenologia a interacdo mais cordutemperatura X
fotoperiodo, neste caso o fator que tiver em mhagk limitante ira determinar o
padréo de resposta e a sua intensidade (FOURNIBRREANTIER, 1978).
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A literatura sobre o comportamento fenolégico dguézeiro é escassa,
poucos sdo os trabalhos encontrados e se limitalguanas cultivares, muitas
vezes somente aquelas de interesse econémico peazgid®m (CORSATO;
SCARPARE FILHO; FONTANETTI VERDIAL, 2005).

A fenologia do caquizeiro ja foi bastante estudagapaises de clima
temperado, principalmente no Japao (GEORGE; COLLIRBSMUSSEN,
1994). Contudo, existem poucos trabalhos que areleso em condi¢Bes de
clima tropical e subtropical. Os trabalhos deserigos com o caquizeiro nesses
paises, assim como no Brasil, abordam poucos aspeli seu ciclo de
desenvolvimento, tratados na maioria das vezeoiheafisolada dos demais
(COLLINS; GEORGE, 1996; MOWAT; GEORGE; COLLINS, 1®9
TOMBOLATO, 1989), fato que dificulta o entendimerda relacdo entre os
diferentes estadios fenolégicos e o ambiente divaul

Corsato, Carpare Filho e Fontanetti Verdial (200&n o objetivo de
estudar e caracterizar os estadios fenolégicosquizeiro cultivar Rama Forte
desenvolveram um estudo no Setor de HorticulturaEdeola Superior de
Agricultura “Luiz de Queiroz” (ESALQ), em PiracicatsP, durante o ciclo
2002/2003. Observaram que da brotacdo das gemasadtgciséo foliar foram
caracterizados doze estadios fenoldgicos, sendo gama dormente, gema
intumescida, ponta verde, alongamento do ramo ans@o foliar, aparecimento
dos botdes florais nos ramos mistos, fim do aloregame abertura do calice do
botdo, mudanca na cor da corola, antese, secaraeqteda da corola, fruto
verde, fruto maduro, senescéncia foliar e plantdiotfeada. Do intumescimento
das gemas no fim do inverno, até o amadurecimesgdrdtos no fim do verao
passaram-se 203 dias. Do florescimento até o amecento dos frutos
transcorreram 169 dias.

Ocorreram dois picos no abortamento de frutos. idseros sintomas

de senescéncia das folhas ocorreram aos 60 diagtirado término da expansao
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foliar. Do inicio da brotacdo das gemas no fim deeino, até o completo
desfolhamento das plantas, somaram-se 264 diasegorrdr de toda a
primavera, verao e outono.

Razzouk (2007) estudando o comportamento fenoldgipmodutivo de
dez cultivares de caquizeiro (Pomelo, Rubi, Fuyahdama Forte, Taubaté,
Giombo, Toote, Suruga, Fuyu e Jiro) nas condic@&Selviria — MS, concluiu
que: as cultivares Fuyu e Jiro apresentaram o maimmero de gemas por ramo;
as cultivares Pomelo e Giombo foram as mais precaatingindo todos os
estadios fenoldgicos antes das demais cultivarealtiaar Jiro produziu frutos
com maiores massas; 0s maiores frutos em didmetonprimento foram
produzidos pela cultivar Fuyuhana e os menoresqudti@ar Giombo; a cultivar
Pomelo apresentou o maior nimero de frutos potglkams cultivares Taubaté,
Suruga e Toote nado produziram frutos; e a cultiR@melo apresentou a maior

produtividade e Rama Forte a menor.

2.3 Classificacéo de acordo tipo de adstringéncia

As cultivares de caquizeiro podem ser divididasdeis tipos distintos:
aquelas cujos frutos ndo apresentam mudancas orac®d da polpa em funcéo
da polinizacdo, ou seja, constantes em relagaditdizagdo (PC, derivada do
termo em ingléspollination-constant e aquelas cujos frutos apresentam polpa
clara quando néo polinizados (sem sementes) eaequando polinizados (com
sementes), ou seja, sao variaveis em relacdo iaizagko (PV, sigla originada
do termo em ingléollination-varian). Cada um destes grupos pode ainda ser
subdividido em adstringentes (A, sigla originadaetmo em inglésastringen}

e nao adstringentes (NA, sigla originada do termoirglés: non-astringent
Dessa forma, as cultivares de caquizeiro podenclassificadas entre os tipos
basicos: PCA (Taubaté, Hachiya, Pomelo e Rubi), RKQRuyu, Jiro e
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Fukuhara) e PV, sendo que os frutos das cultivdeepolinizacdo variavel
podem ser adstringentes (PVA) (Aizumishirazu, R&ode e Giombo) ou ndo
adstringentes (PVNA) (Zenjimaru, Shogatsu e Mizust)i (YONEMORI;
SIGIURA; YAMADA, 2000).

Outra classificacdo que pode ser utilizada classit caqui em trés
grupos. O primeiro é denominado “sibugaki”, que poeende frutos de polpa
sempre taninosa e de cor amarelada, quer apresentafio sementes, sendo as
principais cultivares: ‘Taubaté’, ‘Pomelo’, ‘Hachlye ‘Coracdo de boi'. O
segundo grupo, denominado “amagaki’, abrange frd®polpa sempre ndo
taninosa e de cor amarelada, apresentando ou mdents. Sdo chamados
caquis doces ou duros, as principais cultivares‘Bagu’, ‘Jiro’, ‘Hanagosho’ e
‘Fuyuhana’. O terceiro grupo é denominado “variaeeinclui frutos de polpa
taninosa e de cor amarelada quando sem semend@staninosa (parcialmente
ou totalmente), quando com uma ou mais sementemnd@uas sementes séo
numerosas a polpa é de cor escura, sendo, popukermehamado caqui
“chocolate”. As principais cultivares deste grugm:sRama Forte, Giombo e
Kaoru (CAMPO-DALL'ORTO et al., 1996; MARTINS; PEREA, 1989).

2.4 Melhoramento genético do caquizeiro

Um dos principais objetivos nos programas de mathento de
caquizeiro é a obtencao de cultivares ndo adstitegeporém a dificuldade para
selecionar cultivares tipo PCNA esta no seu carémssivo. Quando se cruza
uma parental PCA com outro PCNA, nenhum individaoptimeira geracéo
(F1) serA& PCNA, somente na segunda geragdo (F2yealizando um
retrocruzamento com parentais PCNA se obterd ufs dé individuos que
sejam nao adstringentes (PCNA). Isso ocorre deaidhatureza poliploide da
espécie (YONEMORYI; SIGIURA; YAMADA, 2000).
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Devido a biologia desta espécie, 0s seus resultddamelhoramento
nessa espécie sdo lentos. Uma das maiores difitrdd@ o baixo nimero de
cultivares com flores masculinas ou completas, e geduz as possiveis
combinacdes com parentais masculinos no melhorameldissico (TAO;
SUGIURA, 1992). Outra dificuldade é o fato da esp&k kakiser hexaploide
(2n=6x=90), 0 que complica a predicdo do fenétips aruzamentos dirigidos
devido a alta porcentagem de polimorfismo entre @®mossomos
(YONEMORI; SIGIURA; YAMADA, 2000).

Os primeiros programas de melhoramento genéticesicld foram
iniciados em paises asiaticos, principalmente Japéaceia e China. No Japéo
comecou no ano de 1938 na Horticultural ExperimeStation atualmente
Department of Citriculture of the National Instegubf Fruti Tree Science. Seu
principal objetivo tem sido a obtencéo de cultigatppo PCNA comerciais e
atrativas. Na Coreia durante os anos de 1959 a 18@®9n coletadas 233
variedades autdctonas realizando trabalhos dedsekeddentificacdo até que
chegaram a 188 variedades, foram criadas duasbesta&axperimentais, uma
para variedades ndo adstringentes estabelecida @94 & outra para
adstringentes em 1995. No mesmo ano se iniciou uogrgma de
melhoramento genético com o objetivo de obter noeaftivares nédo
adstringentes (PCNA), utilizando parentais japosieSeu principal objetivo
também era obter cultivares PCNA de qualidade,aélewcalibre e maturacao
precoce. Na China mais de 200 variedades locasnfavaliadas no Pomology
Institute of Shaanxi Academy of Agricultural Scieama provincia de Shaanxi,
chegando a recomendar em 1987 algumas variedatietomas de qualidade
(YONEMORI; SIGIURA; YAMADA, 2000). Atualmente suatigidade se
centra no ambito das universidades e em trabatf@sionados a busca de novo

germoplasma, caracterizacdo, sistemas de produpdajdade de frutos,
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biologia reprodutiva, biologia molecular, bioteargif, pds-colheita e outros
usos para o caqui (ZHANG et al., 2008).

Outros paises ndo asiaticos pioneiros no melhoraram caquizeiro
sédo Israel, Brasil e Itdlia. Em Israel o programa leaseado na producéo de
cultivares nao adstringentes com elevada capacid@@mazenamento, porém
o programa foi encerrado por falta de financiamemoltalia iniciou seu
programa em 1971, no Instituto de Cultivo de Fratihoje Departamento de
Horticultura da Universidade de Floréncia. Seu tblmeprincipal era obter
cultivares tipo PCNA de frutos grandes, forma aosneth e ligeiramente plana,
com boa conservacao pés-colheita e aptas a tramesféo industrial. Desde que
comecou em 1971, ja obtiveram mais de 5000 hibridopartir de 90
cruzamentos, selecionando varios individuos insarges, entre eles o
DOFI86.11.034, tipo PCNA (YONEMORI; SIGIURA; YAMADA 2000).

Na Espanha, o Instituto Valenciano de Investigasofagrarias (IVIA),
estabeleceu em 2004 um banco de germoplasma dee&iameom o objetivo de
comecar a renovacao varietal do cultivo, pelo @@@oproducdo ser baseada
praticamente na cultivar Rojo Brillante. Posteriente, em 2007, comecaram 0s
trabalhos de melhoramento classico, mediante crem@® entre ‘Rojo
Brillante’ (PVA) e ‘Cal Fuyu’ (PCNA), e melhoramentbiotecnoldgico,
aplicando técnicas como a indu¢do de mutacBes mpadidacdo, variagdo
somaclonal, sempre com o objetivo de buscar atigasaa ‘Rojo Brillante’ com
novas cultivares ndo adstringentes (BADENES e@ll5).

No Brasil, os Uunicos relatos de programas de mathento e
conservacdo de material genético fazem referémciasiituto Agrondmico de
Campinas (IAC), o qual foi o grande responsaveh pdisseminacdo dessa
frutifera em S&o Paulo e no Brasil, gerando tegial@ara a exploracéo
racional, introducdo e lancamento de cultivaresrg®rtancia econdmica para a

cadeia de caquis no Brasil. No entanto, o progrdmanelhoramento dessa
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instituicdo encontra-se desativado, uma vez quéinaa cultivar lancada foi em
1983 (Fuyuhana - IAC 152-7).

Desde varias décadas, grupos de pesquisa em geeétielhoramento
de caqui estdo utilizando ferramentas biotecnodgicinto a cruzamentos e
selecdo tradicional. A maioria dos estudos sobnaréabilidade e recursos
genéticos da espécie utilizaram marcadores molesulaipo RAPDs
(BADENES et al., 2003), RFLPs (YONEMORI; KANZAKI;W85IURA, 2002),
AFLPs (YONEMORI et al., 2008), SCARS (AKAGI et &2009).

Desde a obtencdo e desenvolvimento de marcadpresnttrossatélite
(SSR), estes tém sido os mais utilizados paraesgtécie (GUO; LUO, 2006;
NAVAL et al., 2010; SORIANO et al., 2006; YANG dt,&2015).

2.4.1 Cultivares PCA (Grupo Shibugaki)

‘Coracao de Boi’: cultivar muito vigorosa e de hmaducéo. O fruto é
grande, atingindo até 500 gramas, formato redonkbmgado, epiderme
vermelha e polpa alaranjada (BUENO; PIO; WIECHMANIQ14).

‘Costata’; fruto de tamanho médio e de formato giubachatado. As
principais caracteristicas séo a boa aparénciauttn © grande vigor da planta e
a precocidade de maturacdo, que ocorre entre ossnaesfevereiro e margo.
Muito produzida na regido de Barbacena (MG) e Newlaurgo (RJ) (BUENO;
P1O; WIECHMANN, 2014).

‘Pomelo’ (IAC 6-22): cultivar oriunda do cruzamentias cultivares
Chocolate e HanaGosho (OJIMA, 1972; RIGITANO, 1966h cultivar mais
precoce disponivel ao produtor (janeiro e fevejei@ultivar muito vigorosa e
produtiva, com frutos grandes (160g), forma globagasiderme e polpa de
coloracdo alaranjada, suavemente avermelhada eistémtsa pastoso-

gelatinosas, com fibras e com sabor agradavel.doevialta producéo de frutos,
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€ necessaria a pratica de desbaste de frutos, defimvitar a alternancia de
producdo. Produz muitas flores masculinas, perdutia ocorréncia de grande
namero de sementes por fruto, por este motivo &imipal porta-enxerto
utilizado no Brasil (BUENO; PIO; WIECHMANN, 2014).

‘Rubi’ (IAC 8-4): oriunda do cruzamento da cultiear Trakoukaki e
Hanagosho (OJIMA, 1972; RIGITANO, 1966). Plantagovbosas e produtivas,
com tamanho de fruto médio (140g), globoso-achatadon bom aspecto e
excelente sabor. A polpa € de coloracdo vermelliaajado, pouco fibrosa e,
normalmente, com sementes e com teor de sélidasessltotais de 16° Brix.
Producado concentrada entre fevereiro e margco (BUBNO; WIECHMANN,
2014).

‘Taubaté’: plantas vigorosas e resistentes a deemgstante produtiva,
porém muito sujeita ao quebramento dos galhos queasabrecarregados
(necessita escoramento). Os frutos séo grande)(&8@lgbosos, com tendéncia
ao rachamento da pelicula e o defeito de amolecesgmilamente apds a
destanizacdo. Pode ser usada na producéo de @espai @ sua colheita ocorre
entre 0s meses de marco a abril (BUENO; PIO; WIEGINM, 2014).

‘Trakoukaki’: planta muito vigorosa e robusta, piedrutos pequenos,
achatados de polpa consistente e com epiderme laraasrmelhada. E muito
taninosa antes de completar a maturacdo (BUENQ;\WIBCHMANN, 2014).

2.4.2 Cultivares PCNA (Grupo Amagaki)

‘Fuyu’: originaria do Japdo é a cultivar ndo adsjente mais cultivada
no mundo. Suas plantas sdo de porte médio, mewodsitiyas em relacdo as
demais cultivares, exigente em climas amenos @stratiturais especificos. Seus
frutos sdo grandes (180g a 250g, sem raleio), delexte qualidade e boa

conservacdo, achatados quando sem sementes e oglobhaspresenca de
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semente, polpa alaranjada, de consisténcia firpigleene de cor amarela-
alaranjada ao vermelho. Colheita tardia, entrel abijulho (BUENO; PIO;
WIECHMANN, 2014).

‘Jiro’; mais precoce (marco a abril) e menos privdutem relacéo
‘Fuyu’, porém com sabor inferior. As plantas sao pigte médio, bastante
exigente em tratos culturais e clima ameno. Neegsilinizacdo, gerando
frutos grandes (180g), achatados com perfil quagian casca vermelha-claro,
polpa amarela-avermelhada, resistente e saboros€ENB; PIO;
WIECHMANN, 2014).

2.4.3 Cultivares PVNA e PVA (Grupo Variavel)

‘Guiombo’: plantas vigorosas e produtivas. Necasgialeio para
producao de frutos de maior calibre. Fruto de tdmnanédio (140g) de formato
oblongo-ovalado. Polpa amarela e taninosa quandm sementes, e
amarronzada (chocolate), ndo taninosa quando ayaesmiitas sementes. Sua
producao é tardia (marco a maio) (BUENO; P1O; WIBGKNN, 2014).

‘Kyoto’: planta vigorosa que apresenta autopoligfza frutos grandes,
redondo-ovalado, polpa escura (amarronzada) quaapiesenta poucas
sementes. Colheita tardia (maio a junho) (BUEN@;RVIECHMANN, 2014).

‘Rama Forte’: cultivar mais cultivada do Brasil,iqmipalmente no
estado de S&do Paulo. Planta vigorosa e muito pwagututos de tamanho
médio (130g), achatados, taninosos na maioria elzssy possui sabor agradavel
(BUENO; PIO; WIECHMANN, 2014). Colheita vai de mara fins de maio
(MARTINS; PEREIRA, 1989).

‘Rama Forte Tardio’: planta semelhante a ‘Ramaédrogorém mais
vigorosa, com flores e frutos maiores, maturacaualiga(BUENO; PIO;
WIECHMANN, 2014).
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‘Chocolate”: produz frutos de tamanho pequeno, pale coloracdo
amarela quando sem sementes e cor chocolate quamdsenta varias

sementes. Colheita ocorre de fevereiro a marco BUEPIO; WIECHMANN,
2014).

2.5 Propagacao

O método tradicional de produgcdo de mudas de caiquiZ pela
enxertia, realizada em plantas d#Hospyros kaki ou ainda dos caquis
americano®iospyros lotuse Diospyros virginianaprincipais espécies de porta
enxerto utilizadas (FERRI; GIORDANI; BENELLI, 2015OCHANOVA et
al., 2012). Os frutos do D. lotus apresentam graquintidade de sementes,
porém, menor tamanho em relagddadkaki(GRYGORIEVA et al., 2009).

No Brasil, devido a inexisténcia de programas delyggdo de mudas
que envolvam a utilizacdo dos caquis americanoaimda a existéncia de um
caqui com potencial de utilizacdo como porta-emxedt Gnica alternativa é a
extracdo de sementes das proprias cultivares c@isepara a formacdo dos
porta-enxertos que apresentam o inconveniente de ftoglas possuirem
sementes e, quando possuem, sdo escassas, alaixalgdrminacdo destas.
Uma alternativa para o cultivo do caquizeiro seriformacgédo de mudas pelo

método da estaquia, no entanto, 0 enraizamentestiasas é baixo (BASTOS et
al., 2005).

2.5.1 Via seminifera
As sementes das frutiferas de clima temperado,adi® meral, requerem

certa quantidade de frio umido, variavel conformesaécie e, sobretudo, o

cultivar, para que se processe a quebra da doranfisiclogica. Dessa maneira,
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tornam-se metabolicamente ativas e aptas a gernpirggorcionando plantulas
de desenvolvimento vegetativo normal. O tratameoto temperatura baixa e
umidade disponivel, ou seja, estratificacdo fanseessario para reduzir os
niveis de inibidores do crescimento, a exemploidoaabscisico (ABA), que se
encontra naturalmente em altas concentracBes gosnémtos, cotilédones e
eixos embrionarios das sementes, impedindo-lheermigacdo (BONAMY;
DENNIS JUNIOR, 1977; DIAZ; MARTIN, 1972).

Nas condi¢cbes edafocliméticas das regifes temperagsnentes em
dorméncia permanecem no solo sem condi¢Bes de rger@in no periodo que
precede o inverno, favorecendo a preservacdo dpscies (CAMPO-
DALL'ORTO et al., 1985).

A estratificacdo pode ser realizada tanto em gelademo em cadmaras
tipo B.O.D., sendo os meios utilizados para essegsso a areia, terra ou
algodéo (BARBOSA et al., 1997).

A estratificacdo a frio, com adequada umidade, grimcipal método
usado para superacdo da dorméncia em sementesdoras metabolicamente
ativas e aptas para iniciarem a germinacdo (HARWNMAet al., 2002). O frio
desencadeia mecanismos internos modificando a ezatue o nivel de
fitohormonios envolvidos no controle dos processesdiorméncia-germinacao
(CAMPANA; CAFFARINI; CALVAR, 1993).

A temperatura é um dos fatores que afeta tantoreempggem final
como a velocidade de germinacdo (VANIN et al., 2048 sementes germinam
em uma amplitude de temperatura variavel de acooio a espécie, sendo
necessario definir a temperatura 6tima na qualrea@maximo de germinacéo e
emergéncia num menor periodo de tempo, e as tefa@Eanaxima e minima,
acima e abaixo das quais a germinacdo nao ocok&S0eS et al., 2008).

Outra forma de superar a dorméncia das sementeegpeies de

caquizeiro € a imersdo em &cido giberélico, queepebttvar os indices



26

germinativos e uniformizar a emergéncia. O acidbegilico na fase de
germinagdo das sementes melhora o0 desempenho dastulas,

consequentemente acelerando a velocidade de eroerd@ARDOSO et al.,

2014). A giberelina, importante regulador endéggmmoduz, também, outros
efeitos como inducdo da germinacéo de sementegsogém do alongamento do
hipocotilo e do caule (PENG; HARBERD, 2000). A agi giberelina esta
relacionada a sintese de enzimas envolvidas noaccimento dos
tegumentos, como endo-b-manases, de expansinagmziteas hidroliticas de

reserva nutritiva contida no endosperma, coramilase.

2.5.2 Enxertia

A enxertia € um método de propagacdo que congistseeunir duas ou
mais por¢Bes de tecidos de modo que a unido desti®s venha a constituir-se
em uma Unica planta. Nesse caso, as partes quedeom planta sdo: porta-
enxerto ou “cavalo”, parte que confere o sistendicwdar a planta e passa a ser
o responsavel pela absorcao de nutrientes e aigna,de servir de suporte e o
enxerto ou “cavaleiro”, parte que ira originar atpaérea da planta. A planta
enxertada é, portanto, uma associacdo de duasaplaudendo ser do mesmo
cultivar ou de cultivares ou espécies diferenteas mue guardam entre si
relativa interdependéncia. A afinidade anatdmicaeéessaria para o perfeito
desenvolvimento da planta. A base da enxertia stensa intima associacao dos
tecidos cambiais, de modo a formarem uma conexdtinca (SIMAO, 1998).

O porta-enxerto € de fundamental importancia nanégéo de uma
muda, visto que ele pode interferir no desenvolaimee vigor da copa,
precocidade de producdo, na quantidade e na gdelida producdo, no
adiantamento e atraso da maturacdo dos frutogsigténcia a inimeras pragas

e doencgas, bem como na capacidade de adaptacétarda ps condi¢des
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edafoclimaticas desfavoraveis, preservando as teaistccas fundamentais das
copas desejadas (POMPEU JUNIOR, 1991) .

A habilidade de uma planta enxertada formar umabgwgdo bem
sucedida esta relacionada, em grande parte, com eosstituicdo e 0 seu modo
de desenvolvimento. As falhas que ocorrem entqglaagas enxertadas podem
ser devidas a incompatibilidade entre tecidos demo e do porta-enxerto, que
pode estar associada a questbes estruturaislédisas (SIMAO, 1998).

A propagacdo por meio da enxertia tem sido umaid&chastante
utilizada na fruticultura, garantindo a formacgaopdenares com populacées de
plantas homogéneas (FACHINELLO; HOFFMANN; NACHTIGAL2005).
Além disso, a enxertia, por possibilitar a unidavaes de um gendtipo, combina
as caracteristicas desejaveis de ambos em uma glamposta (HARTMANN
et al., 2002).

A enxertia é uma das etapas criticas no procespoodeicdo de mudas,
cuja eficiéncia é dependente da qualidade do portarto e dos garfos ou
borbulhas, da habilidade do enxertador e das coesliclimaticas. A época de
realizacdo e os métodos de enxertia encontramtee @ fatores externos que
afetam ou que podem afetar a pega dos enxertogndlftoente, espécies
lenhosas caducas, como as frutiferas de clima taapeapresentam o6timos
indices de pega quando os enxertos séo realizadopeeiodo de repouso
vegetativo e enxertados por garfagem pelos métddosenda cheia, fenda
esvaziada, inglés simples ou inglés complicado (FINELLO; HOFFMANN;
NACHTIGAL, 2005).

A reducdo do porte da planta € um dos aspectoigia na
propagacao por enxertia. Plantas de menor portedaegm os tratos culturais e
ainda permitem o adensamento das plantas. Aléntilizagcfo da técnica da

enxertia, a utilizacdo de porta-enxertos de géddevenciado vem a favorecer
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ainda mais a reducéo do porte da planta, pela nafimidade entre os tecidos
do cdmbio (HARTMANN et al., 2002).

Para a producdo de mudas enxertadas de fruteiralinte temperado,
sdo coletados ramos porta-borbulhas junto a operdadpoda, normalmente
realizada no més de julho, quando as plantas eacorste em dorméncia (P10
et al., 2008). Como é uma prética rotineira e idéanas demais frutiferas de
clima temperado, h& concentracao dessa atividazde periodo, o que demanda
muita mé&o-de-obra no viveiro e desfavorece o esaatento da producdo de
mudas. Assim, faz-se necessario 0 armazenamentauhos porta-borbulhas, a
fim de maximizar o aproveitamento do material pgatevo, ampliar o periodo
de oferta das mudas e dinamizar o uso da méao denobviveiro (CELANT et
al., 2010).

Em citros, o armazenamento de ramos porta-borbeltm baixa
temperatura ja foi estudado e demonstrou ser ugrdacte viavel (MACIEL;
SOUZA; SCHAFER, 2008).

Nas borbulheiras, apesar de se conseguir bom t@trdntensidade de
brotacdes, e do fluxo de crescimento, nem sempeersegue sincronia perfeita
entre o periodo de amadurecimento dos ramos e andiempor parte dos
viveiristas. Assim, faz-se necessario 0 armazenamelos ramos porta-
borbulhas, a fim de maximizar o aproveitamentordesmos, ampliar o periodo
de oferta e dinamizar o uso de méo de obra nasilbeilas. O armazenamento
refrigerado permite a conservacdo dos ramos portaulhas por varios meses,
embora ocorra perda gradual de viabilidade dasulitmb (CELANT et al.,
2010).

O armazenamento em baixa temperatura, técnica qasuipcomo
finalidade ausentar o material propagativo de lzotdo suprir a necessidade
de frio, tem como intuito superar a endodorménamgkémas. Nesse caso, pode-

se ainda encurtar o periodo de formacdo das mudasse obter mudas com
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maior vigor, caso as gemas do enxerto brotem aesf@ntecipada (SALOMAO
et al., 2008; SIQUEIRA et al., 2010).

2.6 Valor nutricional

Qualquer gue seja a cultivar considerada, o froteatjuizeiro é quase
s6 polpa. De aparéncia gelatinosa, apresenta haagidades de vitaminas e
minerais (PARK et al., 2004). O fruto, quando vetden coloracdo verde-oliva
e € rico em tanino, o que proporciona a adstringéte fruta. Com a maturacao
ocorre a polimerizacdo desses taninos devido a aigioacetaldeidos,
transformando-os em aclcares, ou sdo consumidoantdura respiracao
(AGUSTI, 2010).

O caqui é classificado como um fruto de baixa agidgresentando
acidez total titulavel, em acido malico, em torne @,16% a 0,23%
(GONZALEZ et al., 2015).

Do ponto de vista nutricional, o caqui é de algedtibilidade e, por ser
rico em caroteno (provitamina A), vitamina C e saignerais, além de
apresentar elevado teor de potassio, assemelhd&a&eada. Dois a trés caquis
médios suprem a necessidade diaria de vitamina And& pessoa adulta. E
indicado contra as afeccdes do figado, transtdmestinais e enfermidades das
vias respiratorias (BUTT et al., 2015; XIE et &015). Além disso, pesquisas
evidenciam efeito benéfico no controle dos niveicdesterol (GORINSTEIN,
1999).

O caqui é fonte de célcio, fosforo e sédio e cont@mbém vitaminas
hidrossoliveis B1 e B2 (CORSATO; SCARPARE FILHO; %S, 2008). E
uma fruta saborosa, que atende a diversos tipgaldeares, de acordo com a

cultivar consumida. Apresenta, em sua composi¢dixobteor de lipideos e
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proteinas. E considerado alcalinizante, antioxielaastomaquico, fortificante,
laxante e nutritivo (BUTT et al., 2015; XIE et &Q15).

A polpa do caqui é constituida, basicamente de lagain e pectina,
responsaveis pela aparéncia caracteristica da (RARK et al., 2004). O
contetdo de aclcares totais no caqui varia de 1@,2P9,6%, em frutos de
cultivares taninosas e de 10,1% a 16,7%, em frdscultivares doces,
superando, nesse quisito, 0 da maioria das frumscahsumo popular
(CORSATO; SCARPARE FILHO; SALES, 2008).

E considerada uma fruta caldrica, contendo, apracémente, 78 kcal
por 100 g e 17% de carboidratos, superando oseglencontrados para a
maioria das frutas de consumo popular. Além diésica em fibras (BUTT et
al., 2015). Na Tabela 1 observa-se a composicduicmida porcdo comestivel
do caqui.

A composicao das frutas frescas pode variar eméfuni@ cultivar, da
fertilidade do solo, do grau de maturacéo, da podg fruto, etc. Quanto ao
aspecto qualitativo, € uma fruta rica em elementdstivos e muito saborosa
(PARK et al., 2004).
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Tabela 1 Teores nutricionais encontrados em 10Qmhtea de caqui

Elementt
Calorias (kcal) 78
Umidade (%) 81,49
Gordura (g) 0,1
Proteinas (g) 0,33
Fibras (g) 2,6
Cinzas (g) 0,37
Carboidratos (g) 17,2
Calcio (mg) 6,0
Fosforo (mg) 26,0
Ferro (mg) 0,3
Vitamina A (mg) 250
Vitamina B1(mg) 0,05
Vitamina B2(mg) 0,05

Fonte: (PINTO, 2010)

2.6 Processamento

As vezes frutos sdo armazenados demasiado tempoai@asb
temperaturas e a utilizacdo de etileno, didxidocadono, e outros produtos
guimicos para remover a adstringéncia do fruto doaainda estdo verdes
podem produzir alteracfes indesejadas dos frutoactesistica cor amarelo-
laranja, devido a degradacdo do padrdo de card@soimas o fruto
comercializado tem alta firmeza e ndo possui adg@ricia. O excedente de
cultivo de fruta e frutos danificados, os quais isdiesejaveis pelo consumidor,
exigem o desenvolvimento de novos produtos delatkys (GONZALEZ et
al., 2015).

Segundo Testoni (2002) é dificil obter um produtmcpssado a partir de
caqui, devido a sua baixa firmeza quando madurgwaaomposi¢cdo quimica.

Embora rico em agUcares (16-20%) e ideal paraggeletaqui tem baixo teor de
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acidos organicos cerca de (0,1%). Isto pode sergww pela adicdo de

corretores de acidez, mas o elevado teor de pestidael e taninos, que sao
mais ou menos sollveis em agua, fazem a etapandertoacao dificil e pode

levar a um sabor desagradavel ou mesmo escureoirdargeleia com a perda
do tipico aroma de caqui (TESTONI, 2002).

No entanto, nunca houve uma grande demanda poiagedgui no
mercado internacional, pequenas quantidades s@s fecalmente apenas em
algumas areas. Apenas no mercado dos Estados Ueidste um puré
congelado para ser usado como uma base para deserieUstria de bolos. A
cultivar mais utilizada a € 'Hachiya', mas os fsutlevem ser completamente
maduros e nado adstringentes. No Japdo, foi feifarmentacdo de frutos,
obtendo-se uma bebida alcodlica (8% de alcool)ngaeé aceitavel para o gosto
ocidental. O passo seguinte foi a destilacdo dessentado, mas mesmo isso
nao foi apreciado nos paises ocidentais. Outro n@eamente no Japéao, € o
suco de tanino seco e em p6 com proteinas adic@enaara a clarificacdo do
tradicionalsake(TESTONI, 2002).

O uso industrial mais interessante de caqui érdcgde secagem. Na
verdade, tradicionalmente os japoneses e chinesegyre utilizam os caquis
descascados, cortados e secos ao sol. Este prégiessmlizado na California e
na Italia. Estudando o ciclo tecnolégico de secagemestufa e a relagédo entre
tempo e temperatura. Na Italia propuseram os parésnigleais para a secagem
(ar quente a 45 °C durante cerca de 18 h) em mladase de maturacéo e a
espessura das fatias de caqui 'Caqui Tipo'. Sato & fatiado e descascado a
temperatura utilizavel é de cerca de 65 °C. O péisabé alcancado quando a
perda de peso € de cerca de 75-85% do peso imbi@ndo-se um produto de
humidade intermediaria de alta energia, pronto peomer (TESTONI;
MALTINI, 1978).
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De acordo com condi¢Bes convencionais, a prepadgdoco de caqui
baseia-se num simples processo de separacgdo Bqlidts (LU et al., 2010).
Frutos de caqui foram moidos em suspensdo, misgiradm agua numa
proporcdo de 1: 1 (v/ v) e aqueceu-se a difergataperaturas e tempos. Apos
arrefecimento a temperatura ambiente, a mistuiliradf através de membrana
de 0,2 microns ou centrifugada. Em seguida, aafitirou o sobrenadante é
recolhido como o suco de caqui (LEE; LEE, 2012;dtlal., 2010).
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SEGUNDA PARTE
ARTIGO 1

ARMAZENAMENTO REFRIGERADO DE RAMOS PORTA-
BORBULHAS/GARFOS PARA ENXERTIA ESCALONADA EM
CAQUIZEIRO

Cold storage of budsticks/clefts for staggered gréihg in persimmon trees

Artigo Aceito e aguardando publicacdo na Revista @ncia Rural.
(Extrato B1 — Qualis 2014 — Ciéncias Agrarias |)

ABSTRACT

The persimmon tree is propagated by grafting dmedrootstocks are
produced from seeds. Grafting is done in July, Whdoincides with the time
when the persimmon trees are pruned. But, atithis, tmany rootstocks are not
yet eligible to receive the grafts. In this casddiicks/cleft storage is an option.
Thus, this study aimed to verify the feasibilityaufild storage of budsticks/cleft
and verify the grafting method to promote betteafigrdevelopment. The
rootstock was sown in August 2012 and the branevese collected in July
2013. Part of the branches were used for graftmgdding and cleft graft
methods) in one-year old rootstocks and the otlet was stored at low
temperature (cuttings wrapped in moistened papeat #ren wrapped in
polyethylene bags placed in cold storage at 4°@)nd the months of August to
December. Every 30 days, a number of branches aasved from the cold
storage to perform grafting by budding and cleft &mquantify total sugars and
starch in the budsticks/cleft stored. One hundraed fawenty days after the
grafting was performed, the length and diametethefbud, number of leaves,
sprouting percentage, dry weight of aerial part evwt from the grafts were
measured. We concluded that there is no differencde budding graft for
different periods, but in seedlings grafted by theft grafting method there is
greater growth when the clefts have been in calchge for 60 to 120 days.

Key words: Diospyrus kakiseedlings production, cleft graft, budding.



42

RESUMO

O caquizeiro é propagado por enxertia e 0s ponar®s Sao
produzidos por sementes. A enxertia é realizadgutila, que coincide com a
época de poda dos caquizeiros. Porém, nessa époitas porta-enxertos ainda
nao estdo aptos a receberem os enxertos. Nesgisenarmazenamento dos
ramos porta-borbulhas/garfos seria a op¢céo. Assiofbjetivo neste trabalho foi
verificar a viabilidade do armazenamento refrigerados ramos porta-
borbulhas/garfos e diagnosticar o método de emx@dra promover melhor
desenvolvimento do enxerto. A semeadura dos paoxers foi realizada em
agosto de 2012 e os ramos foram coletados em @éhp013. Uma parte dos
ramos foi utilizada para a realizacdo da enxentigt¢dos de borbulhia e
garfagem) em porta-enxertos de um ano de idadeuéra parte foi armazenada
sob baixa temperatura (estacas envoltas em papzaoo, embrulhadas em
sacos de polietileno colocadas em camara fria@)4pelos meses de agosto a
dezembro. A cada 30 dias uma quantidade de rarhmenfovida da camara fria
para a realizacdo das enxertias por borbulhia faggm e para a quantificacéo
dos acUcares totais e amido dos ramos porta-bad/ghrfos armazenados.
Passados 120 dias da realizagéo das enxertias foemsurados o comprimento
e didmetro do broto, nimero de folhas, porcentadgetorotacdo, massa seca da
parte aérea e das raizes dos enxertos. Concluiksendio ha diferenca na
brotacdo dos enxertos para as diferentes épocesanpm mudas enxertadas
pelo método de garfagem ha maior crescimento quarglogarfos séo
armazenados a frio durante 60 a 120 dias.

Palavras-chave:Diospyrus kakiprodugdo de mudas, garfagem, borbulhia.
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INTRODUCTION

The persimmon treddfospyros kakL.) is a fruit bearing tree from Asia,
traditionally cultivated in temperate or subtropicimates (MARTINELI et al.,
2013). The Brazilian persimmon production has grawrecent years, since it is
very profitable (BRACKMANN et al., 2013). The StatéS&o Paulo, with over
8,100 ha under production, has the largest cuiitvarea (ALVES et al., 2011).

The traditional method to produce persimmon treedlsags is by
grafting, performed in Diospyros kakiplants, or else also of American
persimmond. lotusandD. virginiana (FERRI et al., 2013; KOCHANOVA et
al., 2012). In Brazil, due to the lack of seedlipgpgrams using American
persimmons, or also the existence of a persimmaincibuld potentially be used
as rootstock, the only alternative is to extrackdse from the commercial
cultivars themselves to form the rootstocks. Thisnconvenient because they
do not all have seeds, and when they do, they @aeces besides their low
germination and the lack of uniform rootstock groBUENO et al., 2014). An
option for the persimmon tree would be to form $iegd using the cuttings
method, but the rate of rooting from cuttings iw BASTOS et al., 2005).

The alternative would be the storage of budstité&s; in order to
maximize the use of the branches fragmented dysinging and maximizing
the greater use of rootstocks produced due to ahk of uniformity of the
rootsticks in the nursery. Storage at a low tentpeea a technique whose
purpose it is to keep the propagation material afn@y light, or else to supply
the need for cold, aims to overcome the endodorynafiche buds (BIASI,
1996). In citrus, the storage of budsticks/cleftdoav temperature has already
been studied and proved to be a feasible techitiiAEIEL et al., 2008). In the
case of the quince tree, CELANT et al. (2010) fotmat the budsticks/clefts
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must be stored for only 30 days, and grafting leftslpromoted greater growth
of the grafts, compared to grafting by budding.

Hence, the purpose of the present study was tatebie feasibility of
cold storage of the budsticks/cleft persimmon binescand to diagnose the

grafting method that best promotes graft develogmen

MATERIAL AND METHODS

The experiment was performed at the Center fodlBeeProduction of
Sao Bento do Sapucai-SP, belonging to the Coordeimadle Assisténcia
Técnica Integral (CATI), located in the Mantiqueimmuntains at a latitude of
22° 41’ (S), longitude of 45° 43’ (W), altitude 886 meters and mesothermal
climate (Cwa).

Seeds of mature fruit of the ‘Pomelo’ persimmore tvere extracted in
February 2012. After washing and drying the seegl®ewlaced in a plastic bag
and stored in a cold storage at a temperature@f l°August, the seeds were
buried two centimeters deep in a sand bed, whichmaistened daily. After 60
days the seedlings were transplanted into plastis with a 2.5 L capacity filled
with a substrate of pinus bark, burnt rice husk&l arganic matter from the
composting of plant residues. The rootstocks wep in a nursery made of a
shading screen (50% Iluminosity) and daily irrigatizvas performed with
watering cans.

In July 2013, a random sample of 200 rootstocks itot of 2,000
rootstocks was measured for height and diamettreagraft site, 15 cm above
soil level. The classes of diameters were sepaiated0-4.9 mm, 5-6.7 mm,
6.8-8.5 mm and were ready for grafting (greatent®@ mm) according to the
recommendations of BUENO et al. (2014); the clasdéesotstock height were
separated into 0-35.3 cm, 35.4-53.7 cm, 53.8-72ndabove 72.1 cm.
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Branches of the ‘Guiombo’ persimmon tree collectadJuly 2013
together with the pruning were standardized witBOacm length. Part of the
branches was grafted immediately, in July, at ghtedf 10 to 15 cm above the
soil level. The grafting methods used were: plsjeetbudding, in which the
buds were tied with transparent plastic tape, dtedt 80 days these tapes were
removed and then the aerial part of the rootstatdpve the graft was
decapitated; and a double slit type cleft graftd ameft with three buds
approximately six centimeters long, and the graftse tied with plastic tape
and protected for 30 days with transparent pldsigs (15 cm long and 3 cm in
diameter) in order to form a moist chamber and @awbéssication of the
propagative material.

Another part of the branches was placed in colchg For storage the
cuttings were wrapped in moistened paper, immeigetlngicide (Captan
500PM, at a concentration of 10 YLfor three minutes, then wrapped in
polyethylene bags and placed in cold storage enpérature of 4°C, maintained
from August to December. Every 30 days, a certaimber of branches was
removed from cold storage to perform grafting usinth methods (budding and
cleft grafting) in rootstocks that had a diametegager than 8.6 mm, 15 cm
above the soil level, and higher than 72.1 cm. diasign used was entirely
randomized, with a factorial of 6x2 (first factgrafting season; second factor;
type of graft), with four repetitions and 10 graftsr plot, with a total of 480
grafts.

The total soluble sugars and starch of the budgtitdt stored were
quantified and also the control which did not uigdethe storage process. In
order to extract the total soluble sugars, 0.2grgfmass of the branches and
rootstocks were used, homogenized in 5 mL of phatsphuffer 0.1 M pH 7.0,
followed by a water bath for 30 min at 40°C anadatentrifuged at 10,000

RPM for 20 min; the supernatant was collected dackd in black plastic pots
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at -20°C. To extract the starch, the pellet resglfrom the extraction of total
soluble sugars was resuspended with 8 mL of patasacetate buffer 200 mM
pH 4.8 and 2 mL of amyloglucosidase enzyme solufiong.mL") were added
and incubated at 40°C for two hours and then kedatrifuged at 10.000 RPM
for 20 min; the resulting supernatant was colleeted discarded and the pellet
volume was completed to reach 15 mL with distilleater. The starch and total
soluble sugars were quantified using the anthroethod (ZANANDREA et al.,
20009).

The grafts were conducted on a single stem anadieal debudding
was performed. 120 days after the graft was peddrior each period, the
percentage of graft sprouting, the length and dianaf the sprout, the number
of leaves, the dry mass of the aerial part anddbes were measured. The dry
masses were obtained by drying the plant matemia forced air circulation
oven at 65°C, for 72 h and later weighed on a seralytic balance. The data
were submitted to analysis of variance and the seame grouped by the Scott-
Knott test with a 5% probability level.

RESULTS AND DISCUSSION

Evaluating the rootstock of the ‘Pomelo’ persimminee before the
grafting was done, it was found that only 57% afnthwere suitable for grafting,
in other words, had a diameter greater than 8.61%rom above the soil level
and a height of more than 72.1 cm, according tarttiieations of BUENO et al.
(2014) (Figure 1). These results supported theersiatit by BUENO et al.
(2014), concerning the lack of uniformity of thergienmon tree rootstock. In
this sense, storage of the budsticks/cleft branchesald be the feasible
alternative, agreeing with the statement by MACIEL al. (2008) who

emphasize that the storage of budsticks/cleft bremcallows a synchrony
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between the maturing of the branches and the mowmieaih the rootstocks are
ready for the graft to be performed.

According to the statistical analysis of the quisdtions performed
after grafting, interaction occurred only betwede factors to carry out the
grafting. As to the isolated factors, there wasatitical difference between the
grafting periods and the type of graft for the ables number of leaves, dry
matter of the aerial part and of the roots.

Although there was no statistical difference in thercentage of
sprouting grafts, it is found that the indices walmve 80% (Table 1). The
percentage of sprouting reflects the success dfshee regeneration in the graft
and rootstock region (CELANT et al., 2010). Throubbkse results it is found
that it is possible to store the budstocks/clefanibhes of the ‘Guiombo’
persimmon tree for up to 150 days. These resudtp@mising from the point
of view of optimization and the better use of rémtks in the seedling
production system for this fruit tree, since, ading to the results shown in
Figure 1, 57% of the roostocks were suitable faftgrg in the traditional period
for carrying out this procedure.
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Figure 1. Diameter classes in place of grafting measuretbatm above soil
level (A) and height (B) of persimmon rootstock rRelo’.

Thus, since it is feasible to store the budstieffdbranches, the other
rootstocks which were not suitable for grafting ¢snused later. It should be
underscored that not all lignous and deciduoug frees can be used for the

storage of budsticks/cleft branches, since, acogrth CELANT et al. (2010),
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the budsticks/cleft branches of quince trees carstbeed for up to 30 days.
According to the authors, at the end of 60 daysais seen that calluses were
formed and rhizogenic initiation occurred on theddticks/cleft branches of
quince trees. Since the persimmon tree branchesdéow rhizogenic potential
(BASTOS et al., 2005), this may be a reason forstiexcessful storage of the
budsticks/cleft branches at a low temperature esihe reserves are not exausted
because of the rhizogenic initiation.

As to the period when grafting is performed, ombranches that were
stored up to the month of December, they had tldtsgwith the smallest
number of leaves (Table 1). In the case of therdags of the aerial part of
grafts, ie, the sprouts, grafts performed betweely &nd August, ie, on
budsticks/cleft branches that did not undergo thheage process or that were
kept for 30 days in cold storage presented thegsigtalues (Table 1). Usually,
deciduous lignous species, such as fruit trees temperate climates present
high development indices when the grafts are pmedr during a period of
vegetative rest (CELANT et al., 2010).
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Table 1. Percentage of graft sprouting (GS), diameter efgprout (DS),
number of leaves (NL), dry weight of the aerialtp@WAP)
and root (DWR) of persimmon grafted by grafting dndiding
at different times.

GS (%™ DS (mm® NLY DWAP (9@ DWR (g)®
Grafting metho

Grafting 87.5(™ 6.5C™ 20.06¢ 18.55; 16.13
Buddinc 89.5¢ 5.9¢ 16.371 15.67 1 15.30 |
Graftedat different time

July 87.5("™ 6.36™ 1946 22.12: 15511
Augus 91.2¢ 6.8: 18.45: 19.12: 16.511
Septembe  88.7¢ 6.1¢ 17.92¢ 16.251 16.05 |
Octobe 80.0( 5.47 19.26¢ 13.641 13.49 1
Novembe 96.2¢ 6.7¢ 19.19: 14971 13.37 |
Decembe 87.5( 5.8( 15911 16.561 19.38:
C.V. (%) 10.8¢ 16.8( 14.8 17.4¢ 21.07%

(1) Means followed by the same letter in the colummdbdiffer by the Scott-Knott
test (P< 0.05). ns — not significant.

As to the period when grafting is performed, ombranches that were
stored up to the month of December, they had tltggwith the smallest
number of leaves (Table 1). In the case of therdags of the aerial part of
grafts, ie, the sprouts, grafts performed betweely &nd August, ie, on
budsticks/cleft branches that did not undergo teage process or that were
kept for 30 days in cold storage presented theesigtalues (Table 1). Usually,
deciduous lignous species, such as fruit trees temperate climates present
high development indices when the grafts are pmedr during a period of
vegetative rest (CELANT et al., 2010).

As to the methods, cleft grafting helped incredme tumber of leaves
and weight of the aerial part (graft buds) andsddiable 1). These differences
regarding the grafting methods are related to ¢eelling, since the clefts have a
greater amount of reserves (carbohydrates) thabutle, which helps the graft
healing and sprouting (BIASI, 1996). SEIFERT et(2009) also found a higher
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percentage of sprouts in and dry mass of sproutingear trees grafted by
clefting, compared to the grafts performed by boddn quince tree rootstocks.
In the case of length of grafts, there was no difiee between the
methods for grafting in budsticks/cleft brancheatthad not been stored and
those that remained 30 days in cold storage (émtgust). However, for the
branches that were stored between the months ¢éi@bpr and December, cleft

grafting promoted a greater length of grafts (Table

Table 2. Length of the grafts derived from persimmon brascigrafted by
grafting and budding at different times.
Grafted at differen

; Grafting Budding
times
Length of the grafts (cr'”

July 60.85 At 62.82 At
Augus 53.83 At 52.99 At
Septembe 57.70 At 38.68 Bl
Octobe 54.61 A: 41.48 Bl
Novembe 49.24 A: 44.11 Bl
Decembe 51.70 Ac¢ 26.88 B
C.V. (%) 14.9¢

) Means followed by the same letter capitalized lom line and lowercase in the
column do not differ by the Scott-Knott test<@.05).

In Figure 2A, it is found that there was a lineacrease in the total
soluble sugar contents insofar as the branchesimethastored over time.
CORSATO et al. (2008) found increased total solublggar contents in
persimmon tree branches beginning at the end addhmancy period. Since the
persimmon tree branches used in this study weteatetl precisely during the
dormancy period, a rise in the total soluble sugamtents was expected. On the
other hand there was a reduction in the starcheatsibeginning with the 12

day of storage up to 60 days, which is explainedh&yconversion to soluble
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sugar. However, the starch content increased dditer 72 days, possibly due to
preventing the sprouting of buds of the stored tinan, to the detriment of the
low temperature of the cold conservation storaggufe 2B). CORSATO et al.

(2008) also observed an equation identical todh#te present paper for starch

contents in persimmon tree branches over time.

y=1.032x+103.0 R==091 A
260°

230 *

200 ¢
170
140
110
80

Total soluble sugar (mg/g)

0 30 60 90 120 150
Different times (days)

y=-0.000002x*+0.000462x3-0.038x+ 0.72x + 30.58 R*=0.99 B
45.0

40.0

)
h
=

30.0 4
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[§=] 4
wh
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15.0
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Figure 2. Total soluble sugar (mg/g) (A) and starch (mg®) (h branches
‘Guiombo’ persimmon storage in a cold chamber & # different
times.
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Comparing the storage periods in each grafting atethis noted that
there was no difference between the periods whafting was done by clefting
(Table 2). However the budsticks/cleft branches there not stored, or that
remained in cold storage until the month of Augudten they were grafted by
budding presented a longer graft. The same resgite observed by CELANT
et al. (2010) in quince trees, which showed theit ¢jrafting promotes a greater
length of the grafts, even when they are kept did storage. SEIFERT et al.
(2009) also observed a greater length of the pesr grafts performed by

clefting and comparison with those performed bydiug.

CONCLUSIONS

Budsticks/cleft branch storage is an efficient rodtho stagger and/or
produce persimmon tree seedlings out of seasonclEfting method provides
greater graft growth when the clefts are submittedold storage for 60 to 120
days. The clefting method was better than gratft.
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ARTIGO 2

OBTENGAO DE PORTA-ENXERTOS DE CAQUIZEIRO: AVALIAGCAO
DA ESTRATIFICACAO DE SEMENTES, CONCENTRACOES DE ATD
GIBERELICO E TEMPERATURAS

Artigo aceito e aguardando Publicacdo na Revista €ncia Agrondmica
(Extrato B1 — Qualis 2014 — Ciéncias Agrarias |)

Obtain rootstocks of persimmons: stratification, gbberellic acid
concentration and temperature

RESUMO - O caquizeiro € propagado por enxertia, em portarmos obtidos
por sementes. Devido a baixa germinacdo, objetheowzom este trabalho
aumentar a germinacdo das sementes de porta-enxdd® caquizeiros
Dyospyros kakie Dyospyroslotus através da estratificacdo, tratamento das
sementes com acido giberélico e utilizacdo de afiteis temperaturas. No
primeiro experimento as sementes foram colocadé® @amadas de areia
umedecida em placas de Petri e mantidas em can@maBtO.D. com
temperatura de 4 °C, por 15 e 30 dias, além daalenttm que as sementes
foram imersas em agua por 10 min. Em seguida asrgemforam colocadas em
bandejas plasticas com areia de granulos médiosdemara tipo B.O.D., com
temperatura controlada de 15; 20; 25 ou 30 °C pati&s, em que se avaliou a
porcentagem de emergéncia. No segundo experimastosementes foram
estratificadas por 30 dias e posteriormente cols@dra embeber em béqueres
contendo solucbes de &cido giberélico de 100; 2@D& mg L', além do
controle composto somente por dgua destilada. merses foram colocadas em
bandejas plasticas com areia de granulos médioargidas em camara tipo
B.0O.D., com temperatura controlada de 20,5 °C parkaki e 24,6 °C par®.
lotus por 60 dias. Verificou-se que o0 processo de tfgteggdo por 30 dias
aumenta em 13,94% a emergéncia das plantulas. petamra de 20,5 °C
possibilita a emergéncia de 47,62% para a esp#cieaki e a de 24,6 °C a
emergéncia de 44,49% paraDa lotus Observou-se que o tratamento das
sementes com acido giberélico ndo favorece a gagéindas sementes, sendo
assim considerado desnecessario.

Palavras-chave:Dyospyros kakiDyospyrodotus Emergéncia. GA
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ABSTRACT - The persimmon is propagated by grafting methodngusi
rootstocks obtained by seeds. Due the low germainaif the seeds, this work
was to increase the rootstocks productioafspyros kakie Diospyros lotus
species, through the stratification, gibberelliecdatteatment on the seeds, and
used of different environmental temperatures. i fitst experiment, the seeds
were placed between layers of moist sand in Péth, dnaintained in B.O.D.
chamber with 4°C temperature, by 15 and 30 dayd,camtrol, where seeds
were immersed in water for 10 min. Then the seegi®\placed in plastic trays
with coarse sand in B.O.D. chamber controlled &f 20; 25 and 30°C for 60
days, when were evaluated the emergence percentage.the second
experiment, the seeds were stratified for 30 daws, then, placed to soak in
beaker containing solutions of gibberellic acid 1810; 200 e 300 mg L
concentration, beyond the control composed onlylistilled water. After, the
seeds were placed in plastic trays containingssoaand, and maintained in
B.0O.D. chamber, at controlled and constant tempeaif 20.5°C t®. kakiand
24.6°C tdD. lotus for 60 days. The process of stratification durB® days
increase in 13.94% the emergence percentage. Theetature of 20.5 °C
enables the emergence of 47.62% for the sp2claki and, at 24.6°C, enables
44.49% of emergence 1. lotus. It was observed that the treatment the seeds
with gibberellic acid not favor germination of reticks and is thus deemed
unnecessary.

Key words: Dyospyros kakiDyospyrodotus Emergence. A&
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INTRODUCAO

O caquizeiro Diospyros kaki.) é uma frutifera originaria da Asia e
tradicionalmente cultivada em regies de clima tnago ou subtropical
(MARTINELI et al, 2013). A producdo brasileira de caquis tem cdescios
ultimos anos, tendo em vista os elevados rendireeqiee essa frutifera
proporciona (BRACKMANNEet al, 2013). O estado de Sdo Paulo, com mais de
8.100 ha em producéo, detém a maior area cultifAd¥ES et al, 2011;
PEREIRA; KAVATI et al, 2011).

O método tradicional de producdo de mudas de cgiquiZ pela
enxertia, realizada em plantas d¥Hospyros kaki ou ainda dos caquis
americanosDiospyros lotuse Diospyros virginiana principais espécies de
porta-enxerto utilizadas (FERRL al, 2013; KOCHANOVAet al, 2012). Os
frutos doD. lotus apresentam grande quantidade de sementes, pomoy m
tamanho em relacdo &b kaki(GRYGORIEVAet al, 2009).

No Brasil, devido a inexisténcia de programas delygdo de mudas
que envolvam a utilizacdo dos caquis americanosimia a existéncia de um
caqui com potencial de utilizacdo como porta-emxeat Gnica alternativa é a
extracdo de sementes das proprias cultivares ci@separa a formacdo dos
porta-enxertos, que apresentam o0 inconveniente efe todas possuirem
sementes e, quando possuem, sdo escassas, alaixalgdrminacdo destas.
Uma alternativa para o cultivo do caquizeiro seritormacdo de mudas pelo
método da estaquia, no entanto, o enraizamentestiasas é baixo (BASTGS
al., 2005).

A propagacdo seminifera constitui-se do processdurala de
disseminacao e perpetuacdo das espécies. Sementastds espécies vegetais
germinam tao logo sejam colocadas em condi¢c8esldeesambiente favoravel,

enguanto outras, embora vivas, deixam de germimegsmo quando submetidas
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a condicBes ideais. A temperatura ambiental cadeofavorece incrementos na
emergéncia das sementes, conforme relatado pomtameet al. (2013) em
nogueria-macadamia. A temperatura € um dos fatoges afeta tanto a
percentagem final como a velocidade de germina¢adN(N et al, 2010); as
sementes germinam em uma amplitude de temperadtiév@l de acordo com a
espécie, sendo necessario definir a temperatura dta qual ocorre 0 maximo
de germinagdo e emergéncia num menor periodo deotegnas temperaturas
maxima e minima, acima e abaixo das quais a gec¢émnado ocorre (PASSOS
et al, 2008).

Nas condicdes das regides temperadas, sementesramasgp de
dorméncia permanecem no solo sem condi¢des de rgay@in no periodo que
precede o inverno, favorecendo a preservacdo gexies. As sementes das
espécies que possuem o mecanismo de dorménci& guaso do caquizeiro,
possuem a dorméncia como uma forma de adaptacéandg;0es naturais de
cultivos onde foram evoluidas, exigindo, assimap@rminar, certo periodo de
exposicdo a frio-umido, para entdo as plantulasdabtse desenvolverem
normalmente (ENTELMANN et al, 2009). Essa exposicdo a baixas
temperaturas é fundamental na superacédo da doan@agropagulos vegetais
(CAMPAGNOLO; PIO, 2012).

Outra forma de superar a dorméncia das sementeegpeies de
caquizeiro € a imersdo em acido giberélico, queepeblbvar os indices
germinativos e uniformizar a emergéncia. O acidbemglico na fase de
germinacdo das sementes melhora o desempenho dastulad,
consequentemente acelerando a velocidade de ermiergBDARDOSOet al,
2014). A giberelina, importante regulador endéggmoduz, também, outros
efeitos como inducéo da germinacdo de sementesopém do alongamento do
hipocétilo e do caule (PENG; HARBERD, 2000; RICHARB al, 2001). A

acdo da giberelina esta relacionada a sintese dena envolvidas no
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enfraguecimento dos tegumentos, como endo-b-magndsesxpansinas e de
enzimas hidroliticas de reserva nutritiva contida endosperma, comao-
amilase.

Objetivou-se com este trabalho avaliar a estraiio de sementes,
utilizacdo de concentracGes de acido giberélicoiferesites temperaturas
ambientais visando a aumentar a obtencdo de pwreates dos caquizeiros

Dyospyros kake Dyospyrodotus

MATERIAL E METODOS

O trabalho foi realizado em Lavras-MG, no periodgjaheiro a junho
de 2014, a 21°14’ de latitude Sul e 45°00’ de lamig Oeste, a uma altitude
média de 918 metros.

As sementes foram coletadas de frutos madurossgasieDyospyros
kaki (cultivar Pomelo) éDyospyroslotus em dois periodos, janeiro e final de
marco. As sementes das duas espécies foram es{riidadas em agua corrente
com a adicdo de cal (20g:kgle semente), sob uma peneira de cerdas finas e,
em seguida, secas a sombra por 48 horas.

No primeiro experimento as sementes foram colocadaglacas de
Petri (90 x 15 mm), entre camadas de areia umealedid placas foram
mantidas a frio em camara tipo B.O.D. (temperatierd °C), por um periodo de
15 e 30 dias, além de uma parte que nao passopipeesso de estratificacao
(controle), seguindo as recomendacfes defah (2007). No caso do controle,
as sementes foram imersas em agua por um periotid iknutos, apenas para
embebicdo. Posteriormente, as sementes foram dal®@n bandejas plasticas
preenchidas com areia de granulos médios autocaiad °C por 20 min.), a

dois centimetros de profundidade. As bandejas foremtidas em camara tipo
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B.O.D., com temperatura controlada, para cadantextéo (15; 20; 25 e 30 °C)
durante todo o periodo experimental, que foi ddié®.

O delineamento utilizado foi o inteiramente cassd, no esquema
fatorial 2 (duas espécies de caquizeiro) x 3 (pedale estratificacdo: 0; 15 e 30
dias) x 4 (temperaturas para emergéncia: 15; 20e Z® °C), com quatro
repeticbes e parcela constituida por 20 sementesani2 o experimento o
substrato foi umedecido. Ao final, avaliou-se acpatagem de emergéncia.

No segundo experimento os melhores resultados osbtibram
utilizados no experimento anterior, no qual as seesedas duas espécies foram
estratificadas por 4 °C por 30 dias, conforme descanteriormente.
Posteriormente, as sementes foram colocadas paemn sembebidas em
béqueres, com capacidade de um litro com solugdegido giberélico (G4,
nas concentragdes de 100; 200 e 300 mgalém do controle composto por
agua destilada. O produto utilizado foi o Pro-Giphpduto contendo GAa
10%. Durante o periodo de imersdo de 24 horaglasées foram oxigenadas
mediante o emprego de bombas de aquario, segundecamendacfes de
Dalastraet al. (2010).

Posteriormente, as sementes foram colocadas emejhanglasticas
preenchidas com areia de granulos médios auto@aid#i °C por 20 min.), a
dois centimetros de profundidade. As bandejas foremtidas em camara tipo
B.0.D., com temperatura controlada de 20,5 °C pawapyros kakie 24,6 °C
paraDiospyros lotusO delineamento utilizado foi o inteiramente cégado,
no esquema fatorial 2 (duas espécies de caquizetdroncentracdes de acido
giberélico: 0; 100; 200 e 300 mg™), com quatro repeticdes e parcela
constituida por 20 sementes. Passados 60 dias m@adara, avaliou-se a
porcentagem de emergéncia, além do comprimentooneéaiiassa seca da parte

aérea e do sistema radicular.
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Os resultados obtidos foram submetidos a andlised&ncia, a 5% de
probabilidade, ao teste Scott-Knott, para compasgdiltiplas dos tratamentos
gualitativos e a regressdo para 0s tratamentogitimos. As andlises foram
realizadas pelo programa computacional Sistema faé&ise de Variancia -
SISVAR (FERREIRA, 2011).

RESULTADOS E DISCUSSAO

No primeiro experimento houve diferenca estatsapenas entre 0s
fatores isolados e na interacdo entre as espéasstemperaturas controladas
para emergéncia das plantulas. As sementeBiakpyros kakiapresentaram
maior emergéncia de suas plantulas, em comparaefioeégéncia da espécie
Diospyros lotusque apresentou 25,74% (Tabela 1).dRial. (2007) verificaram
gue a espécie de marmeleirBhaenomeles sinensigpresentou maior
emergéncia em relacdo a espéiyelonia oblonga

Ndo houve diferenca estatistica entre as semegtasaguizeiro que
foram estratificadas por 15 dias e aquelas quepa8earam pelo processo de
estratificacdo (Tabela 1). No entanto, a estrafifio por 30 dias possibilitou o
aumento de 13,94% de emergéncia, em relacdo amtesnmgue ndo foram
estratificagdo. De acordo com Entelmaeh al. (2009), o processo de
estratificacdo a frio-imido em baixa temperatura siementes de marmeleiro
‘Japonés’ por 30 dias em camadas de areia possibdumento de 67,52% de
emergéncia das plantulas. Segundo os mesmos awterssmentes de espécies
gue apresentam dorméncia necessitam de certo pedmdxposicdo a frio-
umido, para que ocorra superacdo da dorménciade estplantulas obtidas se

desenvolvam normalmente.
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Tabela 1 - Porcentagem de emergéncia das sementes de espécizmjui
(Diospyros kaki e Diospyros lotus submetidas a diferentes
periodos de estratificacdo

Espécies Porcentagem de emergéncid (%)
Diospyros kaki 31,46 a

Diospyros lotus 2574 b
Estratificacdo (periodos)

Sem estratificagéo 2219 b

15 dias 2781 b

30 dias 36,13 a

CV (%) 16,60

) Médias seguidas pela mesma letra pertencem a umangsupo pelo teste Scott-
Knott (p>0,05).

Quanto ao ambiente controlado com diferentes temtyrais em que as
sementes das espécies permaneceram, verificoulsedpedobramento das
equacdes de segundo grau, que a temperatura de°QOgossibilitou a
emergéncia de 47,62% para a espBcikaki aumento de 13,58% em relacdo ao
ambiente com 15 °C e 41,59% a mais em relacdopetammra de 30 °C. Para a
espécie D. lotus a temperatura que favoreceu a maior porcentagem d
emergéncia foi a de 24,6 °C, que proporcionou 44,d8 emergéncia, 15,44% a
mais em relacdo ao ambiente controlado de 30 i@ ilA). Entelmanet al.
(2013) verificaram que a temperatura controladéuédmicia a capacidade de
emergéncia. Estes autores, ao estudarem sementesgdeira-macadamia,
observaram que quando postas em temperatura @a@rapresentam o dobro
da capacidade de emergéncia, 61,8% quando coloa&¥a’C e 29,1% a 23 °C.

A temperatura € um fator que influencia as readfieguimicas que
regulam o metabolismo necessério para iniciar scarento do embrido e, em
consequéncia, a porcentagem e a velocidade de rggr@a. A temperatura
Otima para a germinacao é aquela na qual a seragptessa o0 seu potencial
méaximo em originar plantulas normais no menor tepgssivel (GUIMARAES
et al, 2010).
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Figura 1 - Porcentagem de emergéncia das espécies de Riamgpyros kakie
Diospyros lotusemeadas em diferentes temperaturas (A) ou tratadas
com diferentes concentracfes de &cido giberéliyo (B
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Para o tratamento das sementes de caquizeiro &mn §giberélico
(GAy), verificou-se que, a medida que as sementes dpécies foram
embebidas nas solucdes crescentes de, GAuve decréscimo linear na
porcentagem de emergéncia, obtendo-se, no cag&%@&le emergéncia com a
espécieD. kaki e 43,48% com ®. lotus (Figura 1B). Dalastr&t al. (2010)
também verificaram que a embebicdo das sementegasm de nogueira-
macadamia em concentracdes crescentes de pBpiciaram a reducdo da
emergéncia das plantulas. De acordo com os autoresso de compostos
quimicos biologicamente ativos, como o acido gileré pode sobrepujar
efeitos de fatores adversos na qualidade e no gesdim das sementes.

Outra hipotese em relacdo ao decréscimo linearuegad do aumento
das concentracdes de gpode estar relacionada ao fato da estratificaffima
umido por 30 dias, antes do tratamento com Aciberdiico, ja terem sido
suficiente para a embebicdo das sementes e atéomemma a superacdo da
dorméncia das mesmas. Tais resultados, assemethaos®btidos por Mattiuz
et al. (1996), que verificaram que a estratificacdo @amsentes de kiwi ‘Bruno’
a frio-imido a 4 °C por 15 e 30 dias elevaram angercéo a 70%. Segundo 0s
mesmos autores, ndo houve qualquer ganho no aurdantgerminacdo em
funcéo do tratamento com GA

Diferentemente ndo ocorreu para o comprimentou(gi@A) e massa
seca (Figura 2B) da parte aérea e do sistema ladicuavendo melhores
resultados quando as sementes de ambas as egpETiézam tratadas com
GAz. Quanto as espécies, verificou-se ainda que asufa da espéciB. kaki
apresentaram maior comprimento € massa seca da g&da e do sistema
radicular em relacédo . lotus(Tabela 2), com diferencas bastante expressivas,
gue possam a vir influenciar no crescimento dotapemxertos no viveiro e até
no desempenho produtivo das cultivares de caquoizeagbre oD. kaki

enxertados.
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Figura 2 - Comprimento (a) e massa seca (b) das plantulassgégies de caqui
Diospyros kakie Diospyros lotusoriundas de sementes tratadas
com diferentes concentrag6es de &cido giberélico.
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Tabela 2 -Comprimento e massa seca da parte aérea e doaisdicular das
espécies de caqudiospyros kakie Diospyros lotusoriundas de
sementes tratadas com acido giberélico.

Comprimento (cm® Massa seca (m{”
Espécies . Sisteme . Sisteme
Parte aérea : Parte aérea :
radicular radicular
Diospyro: kaki 6,86 11,19 223,95 | 222,08
Diospyrot lotus 1,29 t 3,69 | 32,34 | 31,91 |
CV (%) 28,9t 16,8¢ 21,1¢ 23,4¢

) Médias seguidas pela mesma letra pertencem a umangsipo pelo teste Scott-
Knott (p>0,05).

CONCLUSAO

O processo de estratificacdo por 30 dias aumergaergéncia das
plantulas em ambas as espécies. A temperatura,8€Q@ossibilita aumento
da emergéncia das plantulas. Ndo ha necessidatlatdmento das sementes
com &cido giberélico. A espédizyospyros kakapresenta maior comprimento
das plantulas, massa seca e porcentagem de gefimiaacrelacdo Byospyros

lotus
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ARTIGO 3

Artigo Submetido a Revista Journal of Food Processg and Technology
(Extrato A1 — Qualis 2014 — Ciéncias Agrarias |)

INFLUENCE OF SUBTROPICAL PERSIMMON CULTIVARS ON
JUICE AND JELLY CHARACTERISTICS

Persimmon juice and jelly processing potential

ABSTRACT

To increase the availability to consumers and adafemvalue to
persimmon, which is a very perishable and seadosiabnd in order to identify
which cultivars grown in subtropical regions arerensuitable for processing in
the form of juice and jelly, as well as understavitht the consumer profile is
for these products, the objective of this study waevaluate the influence of
different persimmon cultivars (Rama Forte, Mel, @abo and Taubaté) grown
in subtropical regions of Brazil on the physicocieah characteristics,
rheological properties and sensory acceptanceeofdasulting juice and jelly in
order to identify cultivars with the greatest patainfor industrial use. Based on
sensory acceptance and productivity/adaptabilitpexsimmon crop in Brazil,
the most suitable persimmon cultivars for procassime Rama Forte and
Guiombo. In this study it was found that the consumrefers a more acidic
persimmon juice and a less firm or softer, lessesweearer and more intense
yellow color persimmon jelly.

keywords: persimmon, subtropical, jelly, juice, processing
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1 INTRODUTION

The persimmonmiospyros kakL.) is a fruit native to Asia, traditionally
grown in temperate and subtropical climates [1, P8rsimmon has a good
commercial acceptance because of its appeararmeaand attractive flavor
and can be eaten fresh or in processed form. Iiti@addo the sensorial
characteristics, the persimmon is a fruit thatlerseficial health properties, as it
contains high amounts of phenolic compounds inalgdipolyphenols,
carotenoids, has high antioxidant capacity andsis a source of fiber, vitamins
and minerals [3-5, 2, 6- 8].

The Brazilian production of persimmons has grownrégent years,
compared to the high yields that this fruit treevides [9]. The state of S&o
Paulo, with more than 8,100 ha in production, iaslargest cultivated area in
Brazil [10] and the main persimmons grown are thiévars 'Rama Forte', '‘Mel',
'‘Guiombo' and Taubaté' [11, 12]. The persimmdtiveus, of Japanese origin,
can be classified into three basic types: tanrsibgaki"), variable ("sibugaki
variant" or "variant amagaki*) and sweet ("amaggKil'3, 14]. The Rama
cultivar is variable and features high levels ofubte tannins as its main
characteristic, making them unsuitable for fresimstonption [15, 16]. The
Giombo is classified by [17] as belonging to theriagent and constant
pollination type. However, [18] cite it as belongito the variable type, with
fruit pulp with sufficient tannin when parthenoc&pand the "chocolate" type
without astringency when with numerous seeds. Simegare mostly consumed
fresh, the fruits of astringent cultivars requieenoval of the astringency prior to
consumption [19, 20The cultivar Taubaté features large and globulait, fout
has a film cracking tendency and the defect tolduisoften after astringency
before that, the fruit of this cultivar are mainiged for industrial processing.

This cultivar belongs to the tannin group and akow in color when ripe and
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may have seedsCultivar Mel presents a huge potential to be groww
subtropical and tropical regions, the fruit rind yisllowish when ripe with
orange pulp and may present sefds.

Whatever the cultivar, the fruit of the persimmasta lot of pulp, with
high concentration of antioxidants such as vitardirend C (ascorbic acid) and
polyphenols [22, 6] , but this composition cantefice the characteristics of the
products obtained after processing. Recently ssudi¢h different persimmon
cultivars shown that the cultivar influences thggibochemical, rheological and
sensory characteristics [8, 23] as well as antEnidactivity and bioactive
compounds of the jellies and juices [24, 23].

The persimmon harvest is concentrated in three Imsauit the year. The
lack of consistent information on the storage amahdport factors limits the
expansion of the crop, leading to losses at theoénide production process as
well as during the marketing of the fruit [25, 26{ithough consumed fresh,
losses that occur during persimmon storage area farge extent due to
excessive ripening, loss of firmness, rot and tloedence of fruit peel browning.
The fresh fruits are highly perishable and theee smveral problems related to
their conservation, originating at harvest time wilaeseries of processes begin
that influence the quality of the product and igsequent loss. The induced
acceleration of maturity, commonly conducted tonpote the astringency of the
persimmon fruits, further contributes to the shiéf reduction [19]. Thus, one
way to increase the availability to the consumed aven provide more value to
the end product, is processing or industrializatibnough jams, jellies, juices,
dried persimmon and vinegar [27].

In this context, the objective of this study wast@luate the influence
of different persimmon cultivars (Rama Forte, M@lyiombo and Taubaté)
grown in subtropical regions of Brazil as to thahe physicochemical

characteristics, rheological properties and senssgeptance of the resulting
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jelly and juice in order to identify cultivars witthe greatest potential for

industrial use.

2 MATERIALS AND METHODS

2.1 Ingredients

The jellies and juices were prepared from four ipamn cultivars;
Rama Forte, Mel, Guiombo and Taubaté. These ctitiweere harvested in the
morning in S&o Bento do Sapucai, S&o Paulo - Bratitheir physiological
maturity, determined by color and fruit size, anergvimmediately transported
to the Post Harvest Laboratory of the Federal Usitye of Lavras, Minas
Gerais- Brazil and cold-stored until processingetinn addition to the fruit,
sucrose, high-methoxyl pectin (Danisco, SP, Bramiljl citric acid (Vetec, SP,
Brazil) was used for the preparation of the jellies prepare the juice only the
fruit and the sweetener, sucralose, was used.dstgsts it was found that the
persimmon juice sweetened with sucralose showedmst pronounced and
pleasant persimmon flavor than the juice made wiitar, for this reason it was
decided to prepare the diet juice.

2.2 Juice and Jelly Processing

Four persimmon jellies and juices were prepared tmed variation
between the formulations was only the persimmotiveul The preparation of
the jelly and juice was conducted in the Plant Bobrocessing Laboratory.

After the discard of the fruit with physical or mibiological damage
and manual removal of the leaves, the persimmon® washed in potable

water. To obtain the pulp used in the juice anly jgleparation, the fruits were
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homogenized with 30% water for about 5 min in adustrial Poly. LS-4
blender with a 4.0 L capacity at a 3500 rpm.

For the juice preparations 0.0275% of sucralose added to the
obtained fruit pulp. The juice was then homogenjizaethjected to heat treatment
at 90°C/30s and then bottled in 500 mL sterilizéabg bottles. The juice was
stored under refrigeration at between 4-8°C umtilgsis. No preservative was
added to the product, because the sensory andcphiigimical analyzes were
performed within 48 hours after processing.

To elaborate the jellies the pulp obtained wadlyiseved to obtain the
clarified juice. The percentages of ingredientsduee preparation of the jellies
were 60% clarified persimmon juice, 40% sugar, 1t8&h methoxyl pectin and
6.0% citric acid (2%). For the preparation of gdli sugar was added in the fruit
pulp and then the processing was carried out ilm@en pan heated by a gas
flame (Macanuda, SC, Brazil). After boiling, pectvas added. At the end of the
process, when the soluble solids reached 65° Beating was stopped and the
citric acid was added. The total soluble solidsengetermined using an RT-82
portable refractometer. The hot jellies were pourdgd sterile 250 mL glass

vials and stored at 7°C until analysis.

2.3 Physical and Physicochemical analysis

To characterize the different persimmon cultivéing analysis of total
soluble solids, total acidity, pH, color (L*, a* @rb*), length, diameter, mass
and texturewas made in the fresh fruits. In the jellies anidgs, total soluble
solids, pH, total acidity and color (L*, a* and b&nalyses were conducted. A
texture profile analysis (TPA) was also carried anmtthe various jelly
formulations obtained. The analyses were perfornredhe Post Harvest

Laboratory in three repetitions.
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The total acidity, soluble solids and pH values evatetermined
according to the IAL [28]. The L*, a* and b* valuegere determined using a
Minolta CR 400 colorimeter with standards and D8kl&b, where L* ranges
from O (black) to 100 (white), a* is green (-) tedr(+) and b* is blue (-) to
yellow (+) [29].

For conducting fruit firmness, we measured the damrequired for a 3
mm probe coupled to a digital penetrometer, Insah PTR-300, to overcome
the resistance of the fruit pulp. The determinaiovere performed at two
separate points on the fruit and the results egpteim Newtons (N).

The length and diameter of fruit were measured withaid of a digital
caliper 150 mm (Kingtools, Sdo Paulo, SP), and agerfruit weight was
determined by individual weighing of each fruit vihe aid of a AUX220 semi
- analytical scale, (Shimadzu of Brazil, Sdo Pag8e).

The texture profile analyses (TPA) of the jelliesere performed in
penetration mode under the following conditionprertest speed of 1.0 mm/s, a
test speed of 1.0 mm/s, a post-test speed of 1. nartime interval between
penetration cycles of 10 s, a distance of 40.0 mchaacompression with a 6.0
mm diameter cylindrical aluminum probe using a Btadicro Systems TA-
XT2i texturometer (Goldaming, England). The jelgngples were compressed
by approximately 30%. The parameters analyzed Wwardness, adhesiveness,

springiness, cohesiveness, gumminess and cheWB®82].

2.4 Sensory analysis

Sensory analysis was performed in the Sensory Arsalyaboratory.
Two sessions of sensory analysis were performethefirst day the evaluation
of the juice formulations was conducted and on skeeond day, the jelly

formulation evaluations. An acceptance test wamlgoted with 90 consumers
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per day, in which the evaluated attributes werercdlaste, consistency and
overall liking, through a 9-point hedonic scale £lextremely dislike, 9 =
extremely like) [33].

Each taster assessed, on average, 50 mL of juit® grams of each of
the four persimmon jelly formulations [34], whictere served in 50 mL plastic
cups coded with 3 digits in a monadic manner aral limlanced order [35]. The
test was carried out in individual booths undertesfight and ventilation. The
tasters were instructed in the use of the hedaaile sand to drink water between

samples.

2.5 Statistical analysis

To compare the persimmon cultivars regarding phgsicochemical
characteristics and to compare the persimmon gelied juices regarding the
physicochemical, rheological and sensory charatiesi initially a univariate
statistical analysis (ANOVA) and Tukey mean testevesed to verify if there
was a difference between samples at a significkaved of 5% (p<0.05).

For better understanding and visualization of sgnaoceptance of the
samples a multivariate statistical analysis wadopeed, which considers the
individuality of consumers and not only the averagmsumer group that
evaluated the product. PARAFAC procedures for thwag internal preference
mapping were performed [36]. A three-way array wasnged from stacked
matrices (consumer x samples) of the acceptandbuadts. Each individual
acceptance matrix of the consumer acceptance wtisbwas previously
standardized (correlation matrix). The PARAFAC modes optimized using
the value of core consistency diagnostic (CORCONDfé&r choosing the

number of factors [37, 36].



77

In order to correlate the consumer acceptance péfsimmon juice
physicochemical characteristics and with persimnjelty physicochemical
characteristics and texture parameters, exterrefeqgnce mapping was also
performed. Data were arranged in a matrix of 4slif@mples) and 6 columns
for juice (physicochemical and texture parametars) 12 columns for jelly
(physicochemical and texture parameters). Data wenedardized (correlation
matrix) and PCA was applied. After the obtaining fACA, a regression step
was conducted and the first 2 principal componeiitthe PCA scores were
fitted against the overall acceptance for each wmes using a vector (linear)
model. The external preference map was built bytipp the PCA scores
(samples) and loadings (descriptive attributes)mfrthe first 2 principal
components and plotting the slopes of the modelthéoconsumers [38].

Data analysis was performed with SensoMaker so&warsion 1.6
[39].

3 RESULTS AND DISCUSSION

3.1 Physical and physicochemical analysis of persimon cultivars

The average values and the average test of thesigahyand
physicochemical properties evaluated for the diffiércultivars are shown in
Table 1. The persimmon cultivars showed signifiadifferences (g0.05) for
average length, soluble solids, firmness and quoameters L*, a* and b*. For
the other parameters (average diameter, unit weiglél acidity and pH)
significant differences were not observed.

Regarding the size and weight parameters of persims, from Table 1,
it can be seen that in the case of the average léngth, quantified in the

direction of the stalk, the Taubaté cultivar diffdrfrom the others, as it
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presented the largest dimension (69.25 mm), whereti®e other cultivars the
range of variation was 49.26 (Rama Forte) to 64®h (Guiombo). The

average diameter and unit weight did not differ agaultivars, and the
diameter of persimmons ranged from 59.35 mm to B8&0n and the unit

weight ranged from 111.21 g to 162.66 g (TableThese results agree with
other similar works [40], who also found unitaryigle between 150 and 160 g
and an average diameter in the range of 65 to 70imaeveral persimmon
cultivars.

The soluble solids content varied significantlycenm cultivars, ranging
from 15.37 to 18.23 °Brix, and the cultivar Guiomitood out for having the
highest soluble solids content (18.23°Brix) (Tabje An important factor for
products that are sold and eaten fresh is the mbafesugars and organic acids,
which are linked to the amount of soluble solidesgnt in the fruit, since

consumers prefer sweeter fruits [43].



Table 1 Average length (AL), average diameter (AD), ungight (UW), total soluble solids (SS), total agidfTA),
firmness (Firm.), pH and color (L*, a* and b*) irgsimmon cultivars.
AL AD uUw SS TA Firm.

Cutvars  mmy  (mm) (@  (Bix) (%) PH (N) ol il o

RamaF. 49.26 68.0% 132.3F 15.37 0.08 6.15 125.5" 55.12 33.7F 49.10
Mel 58.08  64.4% 114.66 16.46*  0.06 5.74 138.5 45.46 31.24 34.55%
Guiombo 64.9F 59.3% 111.2F 18.23 0.08 5.97 97.9% 41.46 10.50 22.0F

Taubaté  69.25  66.50 162.66  16.16° 0.08 5.62 71.83 61.07 27.7% 63.30
*Mean values with common letters in the same columdiicate that there is no significant differencecsg samples (P < 0.05) from
Tukey’'s mean test.

** Total acidity: g citric acid/100 g f.w.

6.
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Thus, the fruits with a higher possibility of aptance are those with
high levels of soluble solids and total sugars. sTht can be seen that the
Guiombo cultivar, characterized by presenting tiveetest fruits, can be very
interesting for fresh consumption.

Generally, the physicochemical characteristicptdf total acidity and
soluble solids corroborate with the range foundregvious studies [14, 26)].

Regarding the fruit firmness, the range of vaoiativas from 71.83
(Taubaté) to 138.5N (Mel). The Mel cultivar diffateated from the others,
being considered the cultivar that showed the fatmé&uits (Table 1).
Importantly, the difference in the firmness of theltivars may be due to
differences in the fruit maturation stage and miy aifferences due to cultivar
because although great care has been taken, wetcgnarantee that all the
fruits of all cultivars were collected exactly hetsame stage of ripening.

Regarding the coloration of the persimmon culsyathe color
parameter L* ranged from 41.46 (Guiombo) to 61.0Aupaté), the color
parameter a* varied from 10.50 (Guiombo) to 33.Rarfia Forte) and the
parameter b* color ranged from 22.01 (Guiombo) 3436 (Taubate) (Table 1).
According to Table 1, it can be seen that the Taulsathe cultivar which has
higher L* (61.07) and b* (63.30) values, this skothat this fruit has less
intense black color, that is, a lighter fruit arasha more intense yellow color.
Regarding the color parameter a*, the fruit of ¢chativars Rama Forte and Mel,
stood out due to their higher intensity of red col®83.71 and 31.24,
respectively) when compared to the other cultivAssnoted in firmness, color
may also reflect differences among cultivars anssitide differences in the fruit

maturation stage.
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3.2 Persimmon juice

The average values and the average test of theigolehemical
properties evaluated for the different persimmacegfiormulations are shown in
Table 2. Except for the total acidity, all paramgteere significant §0.05) for

the juice prepared with the different persimmorticats.

Table 2 Soluble Solids (SS), total acidity (TA), pH andaro(L*, a* and b*) in
persimmon juices.

Cultivars  SS (°Brix) TA (%) pH L* a* b*
Rama Forte 4.0C 0.0%° 8.7% 36.8¢ 227 787
Mel 3.0C° 0.0 9.2(* 29.9¢ 2.1 8.6%
Guiombo 4.67 0.07 9.5  492¢ 54¢ 298¢
Taubaté 4.0C 0.0 9.9% 34.1¢ 22 1518

*Mean values with common letters in the same coluimdicate that there is no
significant difference among samples (P < 0.05)nfiukey’s mean test.
** Total acidity: g citric acid/100 g f.w.

The soluble solids content of the juice variedn#igantly among
cultivars, ranging from 3.00 to 4.67° Brix (Mel an@duimbo cultivars,
respectively). As was to be expected, the Guimbltivan was that which
presented juice with highest soluble solids conté@iie soluble solids in the
juice was well below that of the fruit, and canexglained because 30% water
was added to the pulp and the juice was preparédowti the addition of
sucrose.

Regarding the acidity, the pH of the juices ranfeun 8.73 (Rama
Forte) to 9.93 (Taubaté) and total acidity variemhf 0.03 to 0.05 g citriLc acid /
100 g (Table 2). According to Table 2, it can bersthat the juice prepared with
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the Rama Forte cultivar had the lowest pH, and seasidered more acidic than
the other formulations.

The total acidity results are according to presiquermission juice
studies [27], wherein the acidity found in the guiwas 0.048. In relation to the
pH, these values were higher than in the otherysfdd], who found a range
varying from 6.04 to 6.11.

Regarding color, the color parameter L* ranged fr2en96 (Mel) to
49.29 (Guiombo), the color parameter a* ranged frdrh0 (Mel) to 5.49
(Guiombo) and the color parameter b* varied fro®l7(Rama Forte) to 29.89
(Guiombo) (Table 2). According to Table 2, it candeen that with the cultivar
Guiombo, juice had higher L*, a* and b* valuesstimeans that this juice has
low black color intensity, that is, a clearer piiand has higher yellow and red
color intensity when compared to other formulatiome color of the juice
obtained did not corroborate with the fresh fruitor results; this was possibly
due to processing such as adding water to obtainuihe and possibly due to
the reaction of the pigments with oxygen.

Through analysis of variance significant differengas verified among
the juices obtained from different persimmon cualtés for all the evaluated
sensory attributes §0.05). The mean scores and the mean test for tismige
characteristics evaluated in persimmon juice foatiohs are shown in Table 3.
Figure 1 shows the three-way internal map, repteggthe consumer behavior,
samples and acceptance attributes for the juicediations. The number of
factors in the PARAFAC
model was chosen by the CORCONDIA value and was teettwo
(CORCONDIA = 72%) [45, 36].

In general, the formulations of juices showed rimdiate sensory
acceptance for all sensory attributes evaluatetth, avierage scores ranging from

the hedonic terms "disliked slightly" and "likedryenuch" (Table 3).
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Table 3 Sensory characteristics of the persimmon juiceaiobtl from different

cultivars.
Formulations Color Taste  Consistency Overall Liking
Rama Forte 7.5 6.7¢ 6.3 6.9
Mel 4.¢ 5.6 5.g* 5.6°
Guiombo 6.C° 5.7 4.¢° 5.€°
Taubaté 6.5 6.1% 5.C° 6.C°

Mean values with common letters in the same colimditate that there is no significant
difference among samples (P < 0.05) from Tukey aumtest.

According to the averages table (Table 3) and tomtance with the
PARAFAC (Figure 1) it can be clearly seen the dretbnsumer acceptance and
preference for juice prepared with cultivar Ramaé;cand this cultivar differed
from the others, presenting higher average scasesalf sensory attributes,
situated between the hedonic terms "liked slightlgdl "liked very much". The
other cultivars (Mel, Guiombo and Taubaté) wers ksceptable and similar to

each other for almost all sensory attributes evatu@rable 3 and Figure 1).
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Figure 1 Three-way internal preference maps for coloretasbnsistency and
overall liking obtained for the persimmon juice rfarlations

(Consumers are represented by vectors, samplesqbgres and
acceptance attributes by circles).

Aiming to correlate sensory acceptance with thesigochemical
attributes of persimmon juice, the external prafeee map for the overall
impression attribute is presented in Figure 2.
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Figure 2 External preference mapping for overall liking ttee persimmon
juices. Consumers are represented by vectors, sarbplsquares and
physicochemical and texture attributes by circt&S,(Soluble Solids;
TA, Total acidity).

According to the external preference map (Figurer®d according to
the average scores of the physicochemical attsbofedifferent persimmon
juice formulations (Table 2) one can notice that thice prepared with the
cultivar Guiombo characterized by having higheubtd solids and higher color
intensity L*, a* and b*, which reflects in a sweetelearer juice, with a more
intense yellow / red coloration. It was expecteat tthese characteristics would
contribute to higher juice acceptance, but sine¢ Was not the result obtained,
we can presume that other features of the juicesrelated to the sensory
acceptance. According to Figure 2 and Table Jypears that the juice prepared
with the Rama Forte cultivar (most accepted, séalbgr characterized by
having higher acidity, since the juice preparednfrbaubaté cultivar showed
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higher pH values. Thus, there is an indication thatconsumer has a preference
for more acidic juices. The acidity, up to a certé&vel, may be desirable,

mainly because of intensifying the characteridduedr of the fruit.

3.3 Persimmon Jelly

The average values and the average test of thaigolshemical
properties evaluated for the different persimmdiy fermulations are shown in
Table 4. Except for soluble solids and color patamke*, all parameters were

significant (p<0.05) for the jelly made with different persimmaunitivars.

Table 4 Soluble Solids (SS), total acidity (TA), pH andaro(L*, a* and b*) in
persimmon jellies.

Cultivars SS (°Brix) TA (%) pH L* a* b*
Rama Forte 46.0C 0.3 417 39.92 0.7 15.07
Mel 54.67° 0.3¢° 4.6C 36.2C 0.7 55
Guiombo 45.4¢° 0.2¢° 3.8F 4027 058 8.3F
Taubaté 53.67° 0.4 3.6° 32.3¢ 1.4£ 6.6

*Mean values with common letters in the same coluimdicate that there is no
significant difference among samples (P < 0.05mfrdukey’s mean test. ** Total
acidity: g citric acid/100 g f.w.

The soluble solids of the persimmon jelly rangeahf 45.44 to 54.67
°Brix (cultivars Guimbo and Mel respectively) (Tabt). It was expected that
the soluble solids content would not significardiffered because although the
persimmon cultivars showed different soluble solidisring the preparation of
the jelly the final brix degree was fixed.

Regarding the acidity, the pH of the jellies rashdm 3.67 (Taubaté)
to 4.60 (Mel) and total acidity ranged from 0.29u{@nbo) to 0.43g of citric
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acid / 100g (Taubaté) (Table 4). The jellies pregafrom the cultivar Mel
presented the highest pH value (4.60); the jelfiesn the Taubaté cultivar
showed the highest acidity (0.43 g citric acid 01d). Although the fruits
showed no significant difference in acidity and #reount of citric acid added
was the same in all formulations, the differenceented between the jellies is
due to processing and intensity of the reactioa$ ¢itcur during cooking. A
common reaction in the preparation of jellies is donversion of organic acids
into sugars [46].

Regarding color, the color parameter a* rangechf58 to 1.44 and
the color parameter b* ranged from 5.55 to 15.0ab(@ 4). Regarding the color
parameter a*, the jelly obtained from cultivar Tatdy stands out due to its
higher yellow intensity (1.44) when compared toeotfiormulations. For the
color parameter b*, the jelly obtained from cultiRama Forte stood out with
the highest red intensity (15.07). As for the cgbarameter L*, no significant
difference was verified among the jellies prepdrech the different persimmon
cultivars, and the range of variation was 32.38G®@7. Compared to fresh fruit,
yellow/red color of the jelly is less intense asdlarker, possibly because of the
concentration and the reactions that occur durhmy heating, such as the
Maillard reaction.

The average values and the average test of thdogieal properties
evaluated for the different persimmon jelly formidas are shown in Table 5. A
significant difference was observed £{p0.05) for all rheological parameters

evaluated, except for springiness.
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Table 5 Texture parameters of the persimmon jellies obthifiem different

cultivars.
Cultivar Hard Adhe Spr Coh Gum Chew
Rama Forte 0.15¢  -1.167 0.98¢ 0.57¢  0.08¢ 0.08¢
Mel 3.74¢  -7.787 0.97¢% 0.34r 1.28C 1.24%

Guiombo 0.36¢¢  -1.55€ 0.977 0.462 0.17C 0.16¢
Taubaté 255C  -5.40¢"  0.95¢ 0.32¢ 0.84®  0.807
*Mean values with common letters in the same coluimdicate that there is no
significant difference among (P < 0.05) from Tuleyiean test. (** Hard. — Hardness
(N); Adhe — Adhesiveness (N/s); Spr — SpringingSeh — Cohesiveness; Gum —
Gumminess (N); Chew — Chewiness).

Texture profile analysis (TPA) is a method for esding sensory
properties. The test consists of compressing tbd {study sample) twice in a
reciprocating motion to mimic the action of the midnte; a first compression
and relaxation followed by a second compressiorparéormed during testing.
This test yields a graph of force versus time frohich the texture parameters
are calculated [47-50].

The hardness measures the force required to achéeveertain
deformation; adhesiveness is the amount of forc@naolate the work necessary
to overcome the attractive forces between a surfack the food surface in
contact with it; gumminess is energy required tsindégrate a semi-solid food
to the point of being swallowed; chewiness is thergy required to chew solid
food to the point of being swallowed; springinessasures the rate at which the
deformed material returns to its original conditiafter the removal of the
deforming force and cohesiveness is the extentHhizhwthe material can be
stretched before irreversibly breaking [30-32, 51].

The jelly obtained from the cultivar Mel had thglest hardness (3.748
N), higher adhesiveness modulus (7.878) and grearaminess (1,280 N) and
chewiness (1.245). The jelly obtained from the RaiRarte cultivar
characterized by having the highest cohesivenelkse @.579). As such, the
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jelly obtained by Mel cultivar characterized as a@renrigid, firm, sticky,
adhesive and elastic jelly.

Several factors may explain the variation in textamong the jellies
prepared from different persimmon varieties; amtrgm the amount of sugar
naturally present in each cultivar, pH, acidity ssmluble pectin content are
factors that may influence the gelling and thereftine texture of the end
product [38]. In addition, other factors such ae thoisture content and the
chemical composition of the fruit affect the texturofile, as it may influence
the cooking time, yield, and thus the moisture enhbf the end product [42, 52,
531].

Through analysis of variance a significant differe was verified
among the jellies obtained from different persimmautivars as to taste,
consistency and overall liking €0.05). The mean scores and the mean test for
the sensory characteristics evaluated in persimjglynformulations are shown
in Table 6. Figure 3 shows the three-way internapmrepresenting the
consumer behavior, samples and acceptance atsifartéhe jelly formulations.
The number of factors in the PARAFAC model was emosby the
CORCONDIA value and was set to two (CORCONDIA = §4%b, 36].

In general the jelly formulations showed good sepsacceptance,
higher than the persimmon juice, for all sensoryitattes evaluated, with
average scores ranging from the hedonic terms liked / nor disliked" and

"liked very much" (Table 6).
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Table 6 Sensory characteristics of the persimmon jelligsiobd from different

cultivars.
Formulations Color Taste Consistency Overall Liking
Rama Forte 7.7 7.2 7.2 7.2
Mel 6.7 6.2° 5.¢° 5.€°
Guiombo 7.7 7.2 7.2 7.2
Taubaté 6.5° 6.2° 5.C° 5.8

Mean values with common letters in the same colimditate that there is no significant
difference among samples (P < 0.05) from Tukey aumtest.

According to the average table (Table 6) and afingrto the
PARAFAC (Figure 3) it can clearly see the consuameptance and preference
for jelly prepared with Rama Fort and Guiombo oats, and these jellies
differentiated from the others showing higher ageracores for all sensory
attributes, situated between the hedonic termsdliknoderately" and "liked
very much". The jelly obtained from the other owdtis (Mel and Taubaté) were
less acceptable and similar to each other for dlnadissensory attributes
evaluated (Table 4 and Figure 3). It is importamtemphasizes that jellies
developed with these cultivars obtained lower sgorespecially for the
consistency attribute, which may have resultedvnlowest overall liking score.
Aiming to correlate sensory acceptance with the sgoghemical and
rheological attributes of persimmon jellies, theeemal preference map for the

overall impression attribute is presented in Figlure
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Figure 3 Three-way internal preference maps for color,etasbnsistency and
overall liking obtained for the persimmon jelly ffoalations
(Consumers are represented by vectors, samplesqbgres and
acceptance attributes by circles).

According to the external preference map (Figuredd according to
the average scores of physicochemical and rheotdtributes for different
persimmon jelly formulations (Table 4 and Tabladspectively) it can be seen
that the jellies elaborated with Mel and Taubatdtiars, less accepted
formulations, characterized by presenting higherdhess, adhesiveness,
gumminess, chewiness and higher soluble solid¢h&umore, the jelly prepared
with the cultivar Taubaté characterized as beingenagidic and having a higher
red color intensity and Mel, due to its higher ghb(re 4, Tables 4 and 5). The
jellies elaborated with the Guiombo and Rama Fouiéivars, which were the

most accepted formulations, characterized as hayiegter cohesiveness and
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greater intensity of L* and b* color, which refledh a clearer and more intense
yellow-colored jelly. Thus, there is an indicatidhat the consumer has a
preference for softer or less firm jellies, lessesty lighter and more intense

yellow color.

05F

PC2 (20.34%)
o
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PC1 (74.23%)

Figure 4 External preference mapping for overall liking ttee persimmon
jellies. Consumers are represented by vectors, Isarbg squares and

physicochemical and texture attributes by circles.
SS, Soluble Solids; TA, Total acidity; Hard., Haeda (N); Adhe., Adhesiveness (N/s);
Sprin, Springiness; Cohe, Cohesiveness; Gummi, Goess (N); Chew, Chewiness.

3.4 Persimmon processing potential

From the sensory acceptance results it was revegrthat persimmon
processing, in the form of juices and mainly in fbem of jelly, is feasible.
Sensorially speaking, for juice elaboration the tmstable cultivar is Rama
Forte, and for jelly preparation the most suitatiétivars are Rama Forte and

also the Guiombo. The juice and jelly formulationade with the other cultivars
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had lower average acceptance scores, but thatrddesmean impossibility of
use, as adjustments in the process could changetiesirable characteristics.

It is important to emphasize that the cultivar Rarorte, which was the
most suitable for the preparation of juice and oh¢he most suitable for the
preparation of jelly, with high processing potehtia considered unsuitable for
fresh consumption because this cultivar is astringed features high soluble
tannin levels [19, 16].

The largest Brazilian persimmon producer statedis Baulo, reaching
60% of the national production. Of this total, 5@%& the cultivar 'Rama Forte',
19% 'Guiombo', 15% 'Fuyu’, 14% ‘'Taubate' and 2a%ers [54, 20] The
cultivars that have the highest productivity ancdmebility in Brazil (Rama

Forte and Guiombo) were exactly those most suitfalprocessing.

CONCLUSION

- The different studied persimmon cultivars (Ramaté;aviel, Guiombo and
Taubaté) had different physical and physicochemidadracteristics which
resulted in juices and jellies with different ptogihemical, rheological and

sensory characteristics.

-> The consumer prefers a more acidic persimmon puncka less firm or softer
persimmon jelly, less sweet, clearer with a moterige yellow color.

- Based on sensory acceptance and productivity/abliipt of persimmon
crop in Brazil, the most suitable persimmon culivéor processing are Rama

Forte and Guiombo.



94

REFERENCES

[1] Martineli M, Alves AAR, FigueiredoGM, RezendeCM, FonsecavlJO
(2013) Caqui cv. 'Mikado": analise de compostos atedd em frutos
adstringentes e destanizados. Ciéncia Rural 4%-1521.

[2] Del Bubba M, Giordani E, Pippucci L, Cincitiéd, Checchini L, et al.
(2009) Changes in tannins, ascorbic acid and staygent in astringent
persimmons during on-tree growth and ripening amdesponse to diferent
postharvest treatments. Journal of Food CompositimhAnalysis 22: 668-677.
[3] Chen XN, Fan JF, Yue X, Wu X, Li LT (2008) Radl scavenging activity
and phenolic compounds in persimmd@iaspyros kakL.cv Mopan). J. Food
Sci 73: 24- 28.

[4] Akter MS, Eun JB (2009) Characterization ofahsble fibers prepared fron
the peel of ripe soft persimmon (cv. Daebong). Bititechnol 18: 1545-1547.
[5] Candir EE, Ozdemir AE, Kaplankiran M, Toplu 2009) Physico-chemical
changes during growth of persimmon fruits in theteaediterranean climate
region. Scientia Horticulturae 12: 42-48.

[6] Veberic RJ, Jurhar M, Mikulic-Petkovsek F, Stzan and Schmitzer (2010)
Comparative study of primary and secondary met®olin 11 cultivars of
persimmon fruit. Diospyros kakL.) Food Chem 119: 477-483.

[7] Nugraheri M, Rahmawati F (2013) Potencial ofpisus Khaki Baverage as
Sources of Natural Antioxidant. Pakistan Journalofrition 12: 620-627.

[8] Jiménez-Sanchez C, Lozano-Sanchez J, MartByra D, Valero M, et
al. (2015) Characterization of polyphenols, sugarg] other polar compounds
in persimmon juices produced under different tetdgies and their assessment

in terms of compositional variations. Food Chernygidi82 : 282-291.



95

[9] Brackmann A, SchotMRW, GasperirAR, VenturiniTL, PintoJAV (2013)
Controle da maturacéo de caqui ‘Fuyu’ com aplicatgi@aminoetoxivinilglicina
e 1-metilciclopropeno. Revista Brasileira de Fuitigra 35: 953-961.

[10] Alves G, Verbiski FS, Michaelide$J, Mio LLM (2011) First report
of Pestalotiopsis diospygausing canker on persimmon trees. Revista
Brasileira de Fruticultura 33: 1019-1022.

[11] Pio R, Scarpare Filho JA, Mourdo Filho FAAA Ittwa do
caquizeiro. Piracicaba: ESALQ/USP, 2003. 35p. ¢SBrbdutor Rural 23).

[12] Tessmer MA, Kluge RA, Gléria BA (2014) The acculation of tannins
during the development of ‘Giombo’ and'Fuyu’ persmon fruits. Scientia
Horticulturae 172: 292-299.

[13] Campo-Dall'Orto FA, Ojima M, Barbosa W, Zull®AT (1996) Novo
processo de avaliagdo da adstringéncia dos frutosmelhoramento do
caquizeiro. Bragantia 55: 237- 243.

[14] Blum J, Hoffmann FB, AyulRA, JungDL, MalgarimMB (2008) Uso de
cera na conservacao poés-colheita de caqui cv 'Gibmbvista Brasileira de
Fruticultura 30: 830-833.

[15] Edagi FK, Sestari |, Terra FAM, Chiou DGluge RA, et al.(2009)
Effect of Ripening Stage on Astringency RemovalRdma Forte’ Persimmon.
Acta Horticulturae 833: 269-274.

[16] Gardin JPP, Argenta L C, Souza ELS, RombaMj Souza ALK (2012)
[17] Ito S (1971) The persimmon. In: HULME AC. Th&échemistry of fruits
and their products. Academic Press 2: 281-301.

[18] Martins FP, Pereira FM (1989) Cultura do caguib. Jaboticabal. FUNEP.
Editora Legis Lumma, 71p.

[19] Edagi FK, Kluge RA (2009) Remocéo de adstritai@ de caquiljiospyros
kaki L.): um enfoque bioquimico, fisioldgico e tecnolégi Ciéncia Rural 39:
585- 594.



96

[20] Terra FAM, Edagi FK, Sasaki FFC, Frassettt&iME, Silva MM, et al.
(2014) Aplicacdo do 1-metilciclopropeno e sua i@flaia no processo de
remocao da adstringéncia com etanol em caqui ‘Gaomddrigerado. Ciéncia
Rural 44: 210-216.

[21] Bueno SCS, Pio R, Wiechmann CJS Cultivo dougaro. In: PIO, R..
(Org.) (2014) Cultivo de fruteiras de clima tempukram regides subtropicais e
tropicais. 1ed. Lavras-MG: Editora UFLA 1: 250-295.

[22] Kondo S, Yoshikawa H, Katayama R (2004) Anii@at activity in
astringent and non-astringent persimmons. J. Ho®t. Biotechnol 79: 390-
394,

[23] Butt MS, Sultan T, Aziz M, Naz A, Ahmed W, at (2015) Persimmon
(Diospyros Kaki) Fruit: Hidden Phytochemicals Ancedith Claims Excli
Journal 14: 542-561.

[24] Lee JH, Lee YB, Seo WD, Kang AT, Lim JW, ¢{2012) Comparative
Studies of Antioxidant Activities and Nutritional o@stituentsof Persimmon
Juice (Diospyros kaki L. cv. Gapjubaekmok) PrevrNrttod Sci 17: 141-151.
[25] Donazzolo J, Brackmann A (2002) Efeito do,@m atmosfera controlada
na qualidade de caqui (Diospyros kaki, L.) Cv. FujyRevista Brasileira
Agrociéncia 8: 241-245.

[26] Vieites RL, Picanco NFM, Daiuto ER (2012) Ragho Gama na
conservacdo de caqui ‘Giombo’, destanizado e frigpaaenado. Rev. Bras.
Frutic 34: 719-726.

[27] Gonzalez E, Vegara E, Mart”™ N, Valero M, &auD (2015)
Physicochemical Characterization of Pure Persimduice: Nutritional Quality
and Food Acceptability

Journal of Food Science 80: 532-539

[28] IAL—Instituto Adolfo Lutz (2005) Normas Anaifias do Instituto Adolfo

Lutz. S&o Paulo: Instituto.



97

[29] Gennadios A, Weller CL, Hanna MA, Froning G\W96) Mechanical and
barrier properties of egg albumen films. J Food&3ci585-89.

[30] Friedman HH, Whitney JE, Szczesniak A S (196Bg texturometer—a
new instrument for objective texture measuremerbad Sci 28: 390-6.

[31] Bourne M C (1968) Texture profile of ripenipgars. J Food Sci 33: 223-6.
[32] Van Vliet T (1991) Terminology to be used iheese rheology. Int Dairy
Fed 268: 5-15.

[33] Stone HS, Sidel JL (1993) Sensory evaluati@mtiices, San Diego, Calif.
Academic Press.

[34] Acosta O, Viquez F, Cubero E (2008) Optimiaatdf low calorie mixed
fruit jelly by response surface methodology. FoadlPrefer 19: 79-85.

[35] Wakeling IN, Macfie HIJH (1995) Designing conser trials balanced for
first and higher orders of carry-over effect wheya subset of k samples from
t may be tested. Food Qual Prefer 6: 299-308.

[36] Nunes Ca, Pinheiro ACM, Bastos S C (2011) ksthg consumer
acceptance tests by three-way internal prefereraggoimg obtained by parallel
factor analysis (PARAFAC). J. Sens. Stud 26: 162-17

[37] Bro R (1997) PARAFAC. Tutorial and applicat&arChemom. Intell. Lab.
Syst 38: 149-171.

[38] Souza VR, Pereira PAP, Pinheiro ACM, Lima LCRp R, et al. (2014)
Analysis of the subtropical blackberry cultivar gatial in jelly processing. J
Food Sci 79: 1776-81.

[39] Pinheiro ACM, Nunes C A, Vietoris V (2013) SmMaker: a tool for
sensorial characterization of food products. Ciégotec 37: 199-201.

[40] Martinez-Calvo J, Naval M, Zuriaga E., LI&o8r Badenes ML (2013)
Morphological characterization of the IVIA persimmo (Diospyros
kakiThunb.) germplasm collection by multivariate an#éys Genetic
Resources and Crop Evolution 60: 233-241.



98

[41] Paiva MC, Manica |, Fioravanco JC, Kist H (¥9€aracterizacdo quimica
dos frutos de quatro cultivares e de duas selec@egoiabeira. Revista
Brasileira de Fruticultura 19: 57-63.

[42] Jackix MH (1988) Doces, geleias e frutas emdaaSao Paulo: “Icone, p.
158.

[43] Silva PSL, Sa WR, Mariguele KH, Barbosa APRjv€ira OF (2002)
Distribuicdo do teor de sélidos soluveis totaisfemos de algumas espécies de
clima temperado. Rev Caatinga 15: 19-23.

[44] Ergun M, Ergun N (2010) Extending Shelf Lifd Bresh-Cut Persimmon
By Honey Solution Dips Journal of Food Processing Preservation 34 : 2-14.
[45] BroR, Kiers H (2003) A new efficient method for detéming the number
of components in PARAFAC models. Journal of Chentoice17:274-286.

[46] Tosun I, Ustun NS, Tekguler B (2008) Physieald chemical changes
duringripening of blackberry fruits. Sci Agri 657-&0.

[47] Honikel KO (1998) Reference methods for theseasment of physical
characteristics of meat. Meat Sci 49:447-57.

[48] Lau MH, Tang J, Paulson AT (2000) Texture peofand turbidity of
gellan/gelatin mixed gels. Food Res Int 33: 665-71.

[49] Bourne MC (2002) Food texture and viscosityncept and measurement.
New York: Academic Press.

[50] Herrero AM, Ordénez JA, Avila R, Herranz B, Hd, et al. (2007)
Breaking strength of dry fermented sausages arid ¢berelation with texture
profile analysis (TPA) and physicochemical chanasties. Meat Sci 77: 331-
338.

[51] Huang M, Kennedy JF, LI B, Xu X, Xie BJ (200€haracters of rice starch
gel modified by gellan, carrageenan and glucomanaaexture profile analysis
study. Carbohydr Polym 69 : 411-418.



99

[52] Gava AJ (1998) Principios de tecnologia denathitos. 2nd ed. S&o Paulo:
Nobel P. 284.

[53] Lofgren C, Hermansson AM (2007) Synergistiealogical behavior of
mixed HM/LM pectin gels. Hydrocoll 21: 480-486.

[54] Camargo Filho WP, Mazzei AR, Alves HS (2003enfdado de caqui:

Variedades, estacionalidade e precos. Informacéesdmicas 33: 81-87.



100

ARTIGO 4

GENETIC DIVERSITY AMONG BRAZILIAN PERSIMMON
CULTIVARS USING MICROSATELLITE MARKERS

Artigo Submetido a Revista Tree Genetics & Genomes
(Extrato A2 — Qualis 2014 — Ciéncias Agrarias I)

Abstract

The present paper was aimed at exploring the gedetérsity among different
persimmon cultivars, seventeen persimmon culticarsing from Brazil were

analyzed using 12 polymorphic microsatellite maskek total of 141 alleles

were obtained, with a mean value of 11,74 alleksigcus. A neighbor joining

dendrogram and a principal coordinate analysimged the cultivars according
to their genetic relationships. The variance mdbecuanalysis revealed
significant genetic variability between cultivar4 lamong and 86% within
persimmon types.
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Introduction

Persimmon belongs to the genus Diospyros in théydabenaceae and
originated in Eastern Asia. In Brazil, there isd&rice that the persimmon first
came through S&o Paulo, around 1890, at which Peizira Barreto received
sent seeds of France by naturalist Charles NaltftRTINS, PEREIRA, 1989)
(BUENO, PIO; Wiechmann, 2014; MARTINS, PEREIRA, 998

The first seedlings were sold in 1897 as "Japapessimmon". Later
the nursery John Dierberger and Francisco Maramgdertook to introduce and
spread by Brazil cultivars existing today. As théval of Japanese growers,
since 1920, bringing new technologies and cultivass'Giombo', 'Fuyu' and
others, this crop has obtained economic expreg8OENO, PIO; Wiechmann,
2014).

In Brazil the only reports of breeding and genetiaterial conservation
programs make reference to the Agronomic Institdit€ampinas (IAC), which
was largely responsible for the spread of thist fimiSao Paulo and in Brazil,
generating technology for the rational exploitatioxtroduction and launch of
cultivars of economic importance to the persimmoimgin in Brazil. However,
the establishment of this breeding program is dighbsince, according to
literature information, the latter cultivar was tated in 1983 (Fuyuhana - 152-
7 IAC).

One of the main problems regarding diversity marsge of
persimmon resources is the assignment of cultd@mntity due to the existence
of synonyms and homonyms among local varietiesleasng transliterations
from Japanese, and incorrect labeling in the @asditionally, the method for
cultivar identification was based on morphologyledves, bud, flower, seed,
and fruit characters (UPQOV 2004).
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The main characteristics used as references favautlassification are
the fruit astringency loss and the change in flesior, resulting in the
recognition of four groups of cultivars (Yonemoti &. 2000): pollination-
constant non-astringent (PCNA), pollination-variamin-astringent (PVNA),
pollination- constant astringent (PCA), and poliioa-variant astringent (PVA).
The limitations of phenotype-based genetic markeaisto the development of
DNA-based markers.

Molecular markers are independent of environmeuwt aihpleiotropic
and epistatic effects, providing new tools to supgaoltivar identification. So
far, different DNA-based marker techniqgues suchR&.P (Kanzaki et al.
2000a; Maki et al. 2001), random amplification alymorphic DNA (RAPD;
Luo et al. 1995; Badenes et al. 2003; Yamagishale2005), and amplified
fragment length polymorphism (AFLP; Kanzaki et 2000b; Yonemori et al.
2008a, b) have been applied to asses the geneticsily and relationships
between Diospyros species. Moreover, molecular emarkbased on PCR
developed from retrotransposon sequences havebatso employed (Du et al.
20009).

Nevertheless, the relation- ships between persimacoassions are still
not completely clarified in spite of all previouBcets, probably because of the
low resolution of the molecular markers previousiinployed in terms of
polymorphic alleles found at a single locus.

Although simple sequence repeat (SSR) markers haea developed
for persimmon (Soriano et al. 2006), to date, nmoreconcerning the use of
SSR (also known as microsatellite) markers in derdiversity of persimmon
have been published. SSR markers evenly spacedsatitre genome offer an
ideal tool for such purpose as they have otheralas properties of a molecular
marker such as being highly polymorphic, reprodegiabundant, and co-

dominant (Powell et al. 1996). However, complexgjldevels of some species,
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as is the case of D. kaki, can make it difficultidentify the full genotype of
each sample. In these cases, the presence or absértands has been
employed as scoring system, thereby effectivelyleympy SSRs as dominant
markers (Khlestkina et al. 2004; Al-Khanjari et 2007).

In this paper, our aim was to assess the genetiergiiy among
persimmon cultivars cultivated in Brazil using nasatellite markers from

persimmon developed by Soriano et al. (2006).

Materials and methods

Plant materials and DNA extraction

Seventeen cultivars of D. kaki Thumb. from Brazi&res evaluated in
this study (Table 1). Diospyros lotus L. and Diagsyvirginiana L. were used
as reference outgroups. The plant materials weta@rad from the persimmon
germplasm collection at Seedlings Production Ceofte3do Bento do Sapucai
(Séo Bento do Sapucai, S&o Paulo, Brazil) belongir@oordination of Integral
Technical Assistance (CATI). Young, fully expandedves were collected from
mature trees and kept at —20°C until DNA extracti@NA was extracted
according to the CTAB method of Doyle and Doyle §1P with minor

modifications made by Soriano et al. (2006).

Microsatellite analysis.

All plants were screened for variation at 12 polyptoc microsatellite
loci developed for D. kaki by Soriano et al. (20QBable 2). Each polymerase
chain reaction was performed with three primers:gpecific forward primer of

each microsatellite with M13(-21) tail at itséhd, the sequence-specific reverse
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primer, and the universal fluorescent-labeled MAB(fprimer (Schuelke 2000).
PCR conditions were performed as described by Sorét al. (2006). Allele
lengths were determined using an ABI Prism 3130eBerAnalyzer with the
aid of GeneMapper software, version 4.0 (Appliedsgstems).

Table 1 — List of persimmon cultivars analyzedhis study

Cultivar Origin Abbreviations Types
Cereja Brazil CER PVA
Chocolate Japan CHOC PVA
Erma Rideo Brazil ERRI PV
Fuyu Japan FUYB PCNA
Giombo Japan GUIOMB PVA
Kyoto Japan KYOTO PVNA
Kakimel Brazil MEL PVA
Mikado Japan MIKB PVA
Paraguai Brazil PAR PCA
(PIXQ%‘_ZZ) Brazil POMB PCA
Rama Forte Brazil RFB PVA
(FfAeg' 4 Brazil REG PCA
Féﬁfl‘; e Spain RB PVA
(fog'& 2 Brazil RUBI PCA
Taubaté Brazil TAUB PCA
Trakoukaki Japan TRAK PCA
Vaniglia Italia VAN PVNA
D. Lotus China LOTUS Outgroup

D.Virginiana EUA VIRG Outgroup
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Analysis of genotype data

The presence or absence of each allele was codedra3, respectively,
for each microsatellite, in order to generate afyirdata matrix.

For evaluating the informativeness of the micrditde employed, the
polymorphism information content (PIC) was calcethtaccording to Weir
(1990) from the allele frequencies for all the asiens.

A pairwise genetic similarities matrix (Nei, 1978)as made with
GeneAlEx v. 6.41. The resulting matrix was usedgtmerate a principal
coordinates analysis (PCA).

The significance of the partitioning of geneticigace among cultivar
types and country of origin was further investigely an analysis of the genetic
variance (AMOVA) using GeneAlEx v.6.41. In order analyze the pairwise
genetic distance between the partitioned populgtigimilarity matrices were
constructed using the phiPT statistic with the saswdétware (999 total
permutations and 999 pairwise population permutajio

The construction of the phylogenetic tree was edrrout using a
distance matrix calculated with the Phylogenetienpoter Tools v. 1.3 software
(Buntjer J.B., 2001). PHYLIP v. 3.695 (Felsenstein, 2005) was used to
perform a neighbor-joining (NJ) analysis. The digbbf the tree was tested

with 1000 bootstrapped data matrices.

Results and Discussion

Genetic variation of SSR markers

A total of 141 alleles resulted from the analydishe genetic variation

in 17 cultivars of persimmon by 12 SSR polymorpimarkers ranging in size
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from 134 to 365 bp. Average of 11.75 alleles peus was obtained, ranging
from five alleles (ssrdk04) to 18 alleles (ssrdk(Bable 2). Rare and unique
alleles were also observed in the analysis. Thebeurof rare alleles (frequency
< 0.02) varied from zero (ssrdk04, ssrdk14 andkdsdto four (ssrdk03), with

a total of 21 and an average value of 1.75 (TableMdreover, 20 unique

alleles, i.e., amplified in just one accession, evésund at ten marker loci
(Table 2).

The PIC results for each marker confirmed theiritutito show
differences between the samples analyzed in sthidy (Table 2). PIC values
ranged from 0.6289 (ssrdk04) to 0.926 (ssrdkO3)hwin average value of
0.86755 All of the 12 markers except ssrdk04 weégalir polymorphic, having
a PIC value equal to or higher than 0.78. The P#Mlias of a locus were
associated with the number of alleles detected;irfstance, the highest PIC
value corre- sponded to the ssrdk03 with 18 allalebthe lowest corresponded
to the ssrdk04 with five alleles. Rare (frequerdy.02) and unique alleles were
observed in the study. These alleles can be caoesidmarkers of interest to
separately identify cultivars. This is a major s$n non-Asian countries where
the introduction of persim- mon varieties has ldada high number of
misidentified cultivars (NAVAL et al., 2010). TheS8s used in this study have
allowed identification of several cultivars, amondpich ‘Paraguai’, ‘Fuyu’,

‘Rama Forte’, ‘Chocolate’, ‘Vaniglia’, ‘Kyoto’ antRubi’, with unique alleles.



Table 2 Summary of microsatellite allele data réaéy 12 microsatellite loci in 17 cultivars Bfospyros kaki

Marker Rep(_eat Primers (53" AIIeIe No.of ~ Rare Unique alleles PIC
motif size (bp) alleles alleles

ssrdk01(AG)19 F:GGCATGAAGGAATAAGGAA 155-184 13 1 1 (Paraguai) 0.9064
R:GCTCACATTCCAACCAATCA

ssrdk02(GA)17 F: TTAATTTGGACACAAGTTCT 196-224 11 2 2 (Fuyu y Paraguai) 0.8632
R: TCTCTTCAAGTCTTCTATCCT

ssrdk03(AG)16 F: GGCTCTCGGTCAAATAGTAG 158-198 18 4 2 (Rama Forte) 0.9260
R:GGAGGTTAGAAATCCAGCTA

ssrdk04(GA)17 F:CATTTGAAAGCAGTCGTCCA 336-365 5 0 1 (Chocolate) 0.6289
R: GCGCCAAATCATTGCTATCT

ssrdk06 (AG)19 F: CGGCATGAAGGAATAAGGAA 154-187 11 1 1 (Paraguai) 0.8938
R: GCTCACATTCCAACCAATCA

ssrdk14(AG)16 F: GTGAAGGAACCCCATAGAA 155-178 10 0 0 0.8691
R: CCATCATCAGGTAGGAGAGA

ssrdk16(GA)12 F: ACTACAACGGCGGTGAGAAC 134-173 9 0 0 0.8413
R: GTCCTTCACTTCCCGCATT

ssrdk25(CT)15 F: GGGGTAATATGAATTGAATC 219-283 15 2 2 (Fuyu y Vaniglia)  0.8984
R: CTCAGAGAGGAGAAGAAATAG

ssrdk26 (GA)15 F: GGGAAATTAAGAGGGAAGAA 152-202 13 2 2 (Fuyu y Rama Forte)).8936
R: AGGAACTGGATCAGCATAAA

ssrdk30(TG)9(AG)17 F: TGGTGATCGTGGTAGTGGTT 137-275 9 2 2 (Kyoto y Vaniglia) 0.8189

R: GGCCTAATCTCTGTCCATCC

10T



Table 2, conclusion

Allele No.of Rare

Repeat . , .
Marker motif Primers (53" size (bp) alleles alleles Unique alleles PIC
ssrdk36(GA)16 F: GGAAGAACAAAGAGAACTG 226-259 13 3 3 (Fuyu, Kyoto, y 0.8880
R: ACGAAGTTGTAATCCTGAGC Rubi)
ssrdk37(CT)10 F: CAAAATGAAGCCCATAAGAC 154-211 14 2 2 (Fuyu) 0.9009
R: GTGAAAGTGTGGTTGGATTT
Mean 11,75 1,75 0.8655
Total 141 21 20

Range of fragment size, allele number, rare alléfies) < 0.02), alleles exclusive for one accesgitame betweeparentheses

and PIC

80T
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Genetic distance within Brazilian persimmon

Nei's (1972) genetic distance values varied fro82Q(Trakoukaki vs.
Erma Rideo) to 0.97 (Kyoto vs. Lotus and Kyoto Virginiana, Table 3) The
highest genetic distance corresponded entre avaulikyoto and the two
cultivars considered outgroup. This occurs becawseyroup cultivars show a
wide range of genetic variation in morphologicahictters being classified as
the most diverse group (JING et al., 2013). BasedOVA, 14% of the total
variation resided between persimmon types (PVNAAPEBVNA, PVA) and
86% was present within groups (figure 1), whichidgated that the type of
astringency is not a trait that determined the @dityg into persimmon.
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Percantages of Malecular Varianes

Figure 1 — Percentages of Molecular Variance

Cluster and principal component analysis

Based on microsatellite data, genetic distancesngmmersimmon
accessions were used to generate a neighbor joctadpgram (Fig. 2). The
cladograme showed tow major clades, one to the kigth bootstrap 63.5%
which gathered almost the PVA type cultivars (M@hocolate, Mikado and
Rojo Brillante), except to cultivate Kyoto which asPVNA within this clade
fear one the cutivares Rojo Brillante and Mikad@ugred together with a
probability of 56.9%. Still the right PCNA cultiverwere grouped with a
probability of 64.3% and to cultivate Paraguai wasated from the others. On
the left clade predominated cultivars type PCA (Blom Regina, Ruby,
Trakoukai and Taubaté).

Microsatellite data were subjected to a princigahponent analysis in
order to obtain an alternative view of the relasioips between the accessions
(Fig. 2). As expected, this analysis agrees rougtith the neighbor joining
dendrogram. The first coordinate expresses 16.26%eo variability and the
second 13.8% groups formed from the plot of thst fielative to the second
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coordinate are very similar to those found in clrdm, being a group mainly
formed by direira type cultivars PVA and anothghtito the PCA cultivars.

Cluster and Principal component analysis placed R@jdes together,
showing a high level of genetic relatedness. Simiégults were obtained by
Yonemori et al. (2008a); the authors studied d wit®1 accessions, including
five PCNA, and four were grouped together and oneumged with other
astringency types. However, in another study Yoreetaal (2008b) analyzed a
larger number of persimmon accessions includingadege, Korean, and
Chinese by AFLP markers. The results obtained stoweunique clade of
PCNA Japanese cultivars, suggesting an indeperelaittion, although the
authors did not present the bootstrap value thapat the clades. Naval et al.,
(2010) studied 71 varieties and Liang et al., (3048h 133 cultivars, they
worked with SRR markers obtained similar resultserg PCNA cultivars were
grouped in the same group. This fact is explaingdype PCNA be recessive,
making the genetic variability among cultivars bétsame type is very small
(YONEMORI; KANZAKI; SUGIURA, 2002). For the otherrgups the results
were similar to those found with (NAVAL et al.,, 21and (LIANG et al.,
2015), occurring formation of groups dominated @A and PVA types, but no
"pure” group as with PCNA type, which can be expddi by the characteristic
polyploidy persimmon (TAMURA et al., 1998).

Conclusion
Brazilian cultivars can be divided into three grsupne unique to the

PCNA and two types, one with predominance of ty@&ARInd the other with
the PVA type.
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Fig. 1 Cladrogram obtained by neighbor joining ssial for 19 persimmon
cultivars based on SSR markers. Bootstrap valué%s>&re shown in the
tree
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Principal Coordinates (PCoA)
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Fig. 3 Scatter plot of 19 persimmon cultivars eatimd with 12 SSR markers
using the genetic similarity matrix based on faatl second components
of principal coordinate analysis.
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ARTIGO 5

PRODUCAO DE CULTIVARES DE CAQUIZEIRO NAS CONDICOES
DA SERRA DA MANTIQUEIRA

Artigo Submetido a Revista Brasileira de Fruticultua
(Extrato B1 — Qualis 2014 — Ciéncias Agrarias I)

RESUMO

Objetivou-se avaliar a producao e atributos deidadé de cultivares de
caquizeiro nas condi¢des da serra da Mantiqueiraeblsaio de competicao foi
implantado no municipio de Sao Bento do Sapucaic®R quatorze cultivares:
‘Cereja’, ‘Fuyu’, ‘Guimbo’, ‘IAPAR 125, ‘Kakimel’, ‘Kyoto’, ‘Mikado’,
‘Paraguai’, ‘Pomelo’, ‘Rama Forte’, ‘Rama Forte dia’, ‘Regina’, ‘Rubi’ e
‘Taubaté’. O experimento foi implantado no espagameée 6,0 m x 4,0 m, com
mudas enxertadas no porta-enxerto ‘Pomelo’. Adag@ds foram realizadas em
dois ciclos produtivos (2014 e 2015), analisandadenolégia, produtivos e
atributos de qualidade do fruto. As cultivares Rage Paraguai sdo as que
apresentam maior tamanho de fruto. A cultivar R&oege Precoce é a mais
produtiva e a ‘Fuyu’ é a que possui o menor cigl@rbducao

Palavras-chave:Diospyros kakifenologia, produtividade.
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ABSTRACT

Production and postharvest quality of persimmon tre cultivars in

Mantiqueira rangers conditions

This work aimed to evaluate the production and igquattributes of
persimmon tree cultivars in Mantiqueira rangersr Boch, an assay of
competition among cultivars has been implemente8&n Bento do Sapucai,
Sao Paulo, with fourteen cultivars: ‘Cereja’, ‘FuylGuimbo’, ‘IAPAR 125’
‘Kakimel’, ‘Kyoto’, ‘Mikado’, ‘Paraguai’, ‘Pomelo’,'Rama Forte’, ‘Rama Forte
Tardio’, ‘Regina’, ‘Rubi’ and ‘Taubaté’. The experent was implemented with
spacing was 6.0 m x 4.0 m, and the plants weraegtaf ‘Pomelo’. The assays
were carried out in three production cycles (20&d 2015), the phenological
stage, productive aspects and fruit quality attebuwvere evaluated. Regina and
Paraguai cultivars are those with the highest Bizié. The cultivar Rama Forte
Tardio is the most productive and ‘Fuyu’ is the avith the lowest production
cycle.

Key words: Diospyros kakiphenology, productivity.
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1. INTRODUCAO

O cultivo de espécies de frutiferas temperadas oifédlas em
condicBes subtropicais brasileiras possibilita lnaita em épocas de menores
ofertas (BARBOSA et al., 2010; CHAGAS et al., 201@}vido a antecipacao
da safra, em relacdo as tradicionais regides proghido Rio Grande do Sul e
Santa Catarina (ARAUJO et al., 2008). Assim, aduliura de clima temperado
deslocou-se, por exemplo, para o0 Sudeste brasi@kBBOSA et al., 2003).

O caquizeiro Diospyros kakiL.) é uma frutifera originaria da Asia e
tradicionalmente cultivada em regibes de clima tmaio ou subtropical
(MARTINEZ-CALVO et al., 2013). A produco brasilaide caquis concentra-se
no Alto Tieté paulista, principalmente no municigemMogi das Cruzes. Porém as
areas de cultivo estdo se expandido para outrdEsegrincipalmente em locais
de clima mais quente como o sul de Minas Geraié emasmo no Centro-Oeste e
0 Nordeste brasileiro. Porém essa expansao tambegnoeorrendo préxima as
zonas de cultivo tradicional, como o vale do Paraibm S&o Paulo
(BRACKMANN et al., 2013).

A oferta de caqui no Sudeste brasileiro se iniciareeados de janeiro e se
estende até o inicio de julho, sendo o periodo @lermaferta entre os meses de
marco a maio. No entanto, a demanda atual é agfodie frutos fora de época e
devido as condicdes climaticas da serra da Maritaumpm temperaturas suaves
durante o dia e amenas a baixa durante a noitai@ese que se possam
conseguir colheitas tardias em relacdo ao Alto€TiBbrém, torna-se oportuno
selecionar as cultivares mais produtivas.

Nesse sentido, no presente trabalho o objetivavialiar o desempenho
produtivo e atributos de qualidade de cultivaresatguizeiro nas condi¢des da

serra da Mantiqueira.
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2. MATERIAL E METODOS

O experimento foi realizado no Centro de produgdoriidas de S&o
Bento do Sapucai pertencente a Coordenadoria dst@&ssa Técnica Integral
(CATI — SP), inserido na microrregido da serra danfifueira. Localiza-se a
22°41’ de latitude sul e 45° 43’ de longitude oesten altitude média de 886 m.
O clima da regido, segundo a classificagdo de Kidppe mesotérmico de
inverno seco (Cwb), com temperatura média de 1@ ftecipitagdo em torno
de 1.738,6 mm anuais. O solo é classificado comaskalo Vermelho-Amarelo
Distrdfico.

As 14 cultivares utilizadas na presente pesquisanfo Cereja, Fuyu,
Guimbo, IAPAR 125, Kakimel, Kyoto, Mikado, ParaguBbmelo, Rama Forte,
Rama Forte Tardio, Regina, Rubi e Taubaté.

As plantas foram levadas ao campo no espacamerfig0da x 4,0 m
(416 plantas hY. As mudas foram enxertadas no porta-enxerto ‘REn&pos
o plantio, as plantas foram conduzidas em sistema“tdca aberta”. O
experimento foi instalado em delineamento de blocasualizados e os
tratamentos foram constituidos pelas cultivarestec@o quatro blocos e uma
planta por unidade experimental.

Quando as plantas atingiram oito anos, periodajued a producao
estabiliza (BUENO; P10; WIECHMANN, 2014), iniciarase as avaliagbes, em
julho de 2014, junto a poda invernal. A poda e du@do vegetativa e floral
foram realizadas quando as gemas das plantasestaleam dormentes.

Durante os ciclos produtivos 2014 e 2015, foranliadas os aspectos
fenoldgicos: inicio da floragdo (5% flores abertagfrmino da floracdo (95%
ou mais das flores abertas), inicio e final da &itdéh bem como a duracdo da
floracdo e colheita, se considerando a diferengrotdgica entre o inicio e o

término desses eventos. Para isso, foram realizsliseyvacdes diarias como
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um todo na copa das plantas pertencentes ao exgmtodurante o periodo
reprodutivo nos dois ciclos avaliados. Para a dlama colheita, foi realizada uma
analise estatistica para cada ciclo de avaliagéo.

As variaveis produtivas avaliadas foram: namero imél@ frutos por
planta, massa fresca média dos frutos (g), produgéadia (kg.plantd e
produtividade média estimada (t."hanos dois ciclos produtivos. Os frutos
coletados em cada colheita, realizada semanalmfendéen contatos e pesados
com o auxilio de uma balanca semianalitica digital.

Ao final do ciclo de produ¢do somaram-se todas assas registradas
para a determinacdo da producgdo por planta e jostente calculou-se a
produtividade estimada, multiplicando a producéla piensidade populacional
(410 plantas.hid. Nesse caso, as andlises estatisticas forans fmitaparcelas
subdivididas no tempo, sendo as cultivares as laaroe os dois anos de
avaliacdo (ciclos produtivos) as subparcelas.

No ciclo produtivo do ano de 2015 foram colhidasitou amostras
contendo dez frutos de cada cultivar e avaliadoantgu ao didametro e
comprimento médio dos frutos.

Os dados foram submetidos & andlise de varidncias enédias
comparadas pelo teste Scott-Knott, a 5 % de prithathe de erro.

3. RESULTADOS E DISCUSSAO

Os estadios fenoldgicos foram influenciados petawicdes climaticas
dos diferentes anos avaliados (Tabela 1), de naageial de 2014 para 2015
ocorreu um encurtamento do ciclo produtivo dasivautts, fato que pode ser
explicado pela ocorréncia de um veranico prolongaal@poca de floragdo em
2015 (figura 1), afetando principalmente a cultdgade brotacdo precoce e ciclo

de duracdo mediana, como ‘Pomelo’, ‘Mikado’ e ‘Baid’. As cultivares de
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brotacéo tardia e ciclo curto como ‘Fuyu’ e ‘IAPAR4’ praticamente ndo sofrem
alteracdes no seu ciclo de um ano para outro.

CORSATO et. al. (2005) trabalhando com a cultivam@ Forte em
Piracicaba-SP, encontraram um ciclo de produca8d, difis apés a brotacao,
praticamente 15 dias antes em relacdo a essaacuitas condi¢cdes da serra da
Mantiqueira. Isso comprova que € possivel se pgaloa colheita de caquis pelo
fato de se cultivar nas regifes montanhosas d@&4lo.

Apesar de ser considerada de meia estagdo ou taadiivar Fuyu é a
que apresentou menor ciclo produtivo, entorno de dids (Tabela 1) entre a
brotacéo e a colheita, dados que estdo de aconl@s®btidos por RAZZOUK,
(2007).



Tabela 1.Fenologia inicio, final do florescimento e collaeftlias ap6s a brotacdo), de cultivares caquingirserra da
Mantiqueira, nos ciclos produtivos 2014 e 2015.

Brotacéo Inicio Florescimento Final de .

Cultivares (DAB) Florescimento (DAB) Colheita (DAB)

2014 2015 2014 2015 2014 2015 2014 2015
Cereja 15/08/2013  19/09/2014 56,50dB 29,25aA 5@6B  39,00bA  210,50dB 173,25cA
Fuyu 27/09/2013  23/09/2014 24,00aA  23,00aA 44M80 34,50aA 180,00 aB 162,25 bA
Guiombo 21/8/2013 12/09/2014 35,25bA  26,00aA @aA 4550bA 231,00eB 206,50 eA
IAPAR 125 27/09/2013 02/10/2014 34,50 bB 19,00 aA 6,56 bB 26,00 aA 176,00 aA 202,00 eB
Kakimel 20/09/2013  13/09/2014 30,75bA  36,25aA 08:mA  4500bA  204,00cB 178,50 cA
Kyoto 27/09/2013  29/09/2014 20,75aA 21,75aA 4@B0 28,75aA 188,00 aB 160,75 bA
Mikado 05/09/2013  23/09/2014 37,75bB  20,75aA 5%B 34,75aA 192,25bB 146,75 aA
Paraguai 21/08/2013  12/09/2014  34,75bA  25,75aA ,7%8A  4525bA  202,75cB 150,25 aA
Pomelo 01/08/2013  11/09/2014 32,50bA 31,50aA ®6A 46,50bA  224,50dB 176,25 cA
Rama Forte 15/08/2013  11/09/2014 34,50 bB 16,75 ad9,25aA  46,25bA  228,75eB  187,25dA
Rama Forle  26/08/2013  18/09/2014  4175cB  2550aA  57,25bB SBBA  23925eB 21550 fA
Regina 02/09/2013  24/09/2014 35,00 bB 19,50aA 518B 33,50 aA 194,00 bB 167,50 cA
Rubi 14/08/2013  04/09/2014 23,50aA  26,25aA 43A0 53,25b A 222,50dB 186,00 dA
Taubaté 27/08/2013  16/09/2014 40,75 cB 21,75aA 258A 4125b A 218,75dB  184,75dA
C.V. (%)
Parcela 26,29 17,20 4,03
(cultivar)
C.V. (%)
Subparcela 30,58 12,44 4,65
(ano)

*Médias ndo seguidas pela mesma letra em mailswulinha e mindsculo na coluna diferem entre so peste Scott-Knott £~
(p>0,05).

14
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No ano de 2014 a cultivar Pomelo foi a que apresens maiores
valores para todas as medidas de producéo (Tapetor2m no ano seguinte
praticamente nao produziu, devido sua caractaxidtcte, de alternancia de
producéo (OJIMA et al., 1985).

Em relacdo ao nimero de frutos as cultivares GuipridPAR 125,
Rama Forte Tardio e Taubaté sdo as que apresentaagnres valores nos dois
anos de estudo (Tabela 2). ‘Paraguai’ e ‘Reginainfoas que apresentaram o0s
frutos com maiores massas nos anos estudados §12bel

Quanto a producdo e produtividade o destaque fdrRaama Forte
Tardia’, fato esperado devido a relatos de proitigtles da ordem de 33 ton/ha
com essa cultivar (BUENO; PIO; WIECHMANN, 2014), gaela pelas
cultivares Guiombo, IAPAR 125, Mikado e Taubatél@la 2).



Tabela 2. Numero médio de frutos, massa média dos frutaspfgducdo média (kg.plarfae produtividade média

estimada (t.h§, considerando uma densidade populacional de KitBas por ha, de cultivares e selecdes de

caquizeiro na serra da Mantiqueira, nos ciclos ytreds 2014 e 2015.

N° de Frutos*

Massa média (g)

Produgéo (kg/planta)

Produtividade (kg/ha)

Cultivares ——577 2015 2014 2015 2014 2015 2014 2015
Cereja 118.75cA 94.75bA 20560 aA 82,73 ¢cB 28M2 784 DA 10,01 cA _ 3.21DbA
Fuyu 89,75cA 56,50 bA 238,17aA 146,70 bB 21,02cA 8,58 bA 8,62cA  3,53bA
Guimbo 304,00 bA 260,00 aA 139,33cA 110,65 bA ah3 29,67 aA 17,34bA 12,16 aA
IAPAR 125 307,00 bA 194,25aA 118,83cA  139,05bA 6,23 bA 26,65 aA 14,87bA 10,93 aA
Kakimel 93,00cB  2995aA 165,00bA 138,50 bA 1588 38,41 aA 6,43cB 15,75 aA
Kyoto 150.00 cA 28,75bA 153,85 bA 141,08 bA 23007 4,21 bB 946 cA 1,72 bA
Mikado 157,00 cA 15225bA 182,80 bA 182,80 aA 2R 28,99 aA 11,94cA 11,89 aA
Paraguai 123.00CcA  77,50bA 250,73aA 21540 aA  B0@ 16,79 bA 12,66 cA 6,88 bA
Pomelo 1380,00aA  2,75bB  151,05bA  4565cB 20882 0,50 bB 84,80aA  0,21bB
Rama Forte 95,25 bA 95,50 bA 108,58 cA 84,05 cA 8¢A 8,20 bA 4,09 cA 3,37 bA
$:$; Forte  -41.00cA 27825aA 239.00aA 130,00bB  5753bA  .43GB 2359bA 14,95 aA
Regina 119,75cA 77,00bA 23565aA 224,60 aA 2885 17,46 bA 11,75cA  7.15bA
Rubi 10525 cA 62,50 bA 170,60 bA 183,85 aA 1828 ¢c 10,80 bA 750 CcA 4,42 bA
Taubaté 191,00 cA 23625aA 207,33aA  143,90aB 63BOA 33,52 bA 16,25bA 13,74 aA

C.V. (%)
Parcela 4711 18,57 12,88 12,89
(cultivar)
C.V. (%)
Subparcela 50,93 17,76 51,39 51,39
(ano) .

*Médias ndo seguidas pela mesma letra em maitsailinha e mindsculo na coluna diferem entre sb peste Scott-Knott N
(p>0,05).
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As cultivares Fuyu, Kakimel, Mikado, Paraguai, RaRmte Tardio,
Regina, Rubi e Taubaté, foram as que apresentauhns fle maior didmetro em
torno de 75,25 mm. ‘Cereja foi a que apresentoveaandidametro, 41,08mm
(tabela 3). Em relacdo ao comprimento dos frutabef 3) as cultivares
apresentaram grande variabilidade, esse fato mydexplicado devido a muitos
formatos de frutos apresentados pelo caquizeirdenuo variar de formas
oblongas-ovaladas até formas achatadas (MARTINEPAGA et al., 2013).
Paraguai e Regina apresentaram o0s maiores vala@svplmente por
possuirem forma eliptica alargada (UPOV, 2004)vamente a cultivar Cereja,
junto a Rama Forte apresentaram oS menores valpresavelmente por

possuirem formato do fruto achatado (UPQV, 2004).

Tabela 3. Diametro médio dos frutos (mm), comprimento médos frutos
(mm), de caquizeiros na serra da Mantiqueira, ©to gdirodutivo

2015
Cultivares e sele¢de Diametro médio do Comprimento médio dc
de caquizeiro frutos (mm) * frutos (mm)
Cereji 41,08 « 50,92 «
FuyL 82,94 i 60,16 «
Guiombc 61,23 1| 66,751t
IAPAR 12° 59,95t 57,89 (
Kakimel 72,01 58,15«
Kyoto 64,77 | 62,69 |
Mikadc 69,52 i 64,55 |
Parague 78,11 76,32
Pomelc 67,56 i 58,99«
Rama Fort 61,21 1| 47,09 (
Rama Forte Tard 78,86 55,89 «
Regini 76,65 i 77,79
Rubi 76,72a 61,551
Taubat 73,57 63,59 |
C.V. (% 18,8( 5,4¢

*Médias ndo seguidas pela mesma letra na colueeedif entre si pelo teste Scott-Knott
(p>0,05).
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4. CONCLUSAO

E possivel se conseguir prolongamento do inicicallaeita dos frutos
em algumas cultivares na serra da Mantiqueira.ultészares Regina e Paraguai
sdo as que apresentam maior tamanho de fruto.tkasuRama Forte Precoce é
a mais produtiva. A cultivar Fuyu é a que possmenor ciclo de produgéo,

apesar de ser considerada uma planta tardia.
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CONSIDERACOES FINAIS

De acordo com os resultados das pesquisas reaizadigossivel
constatar a viabilidade da exploracdo comercialatpizeiro. Os resultados séo
animadores, uma vez que essa fruteira pode senalt@ na diversificacdo da
fruticultura. No entanto, os trabalhos de manejdtucal devem ser
intensificados com as cultivares mais promissorfas ale possibilitar aumento
da producdo das plantas, e paralelamente, reiniogr trabalhos de
melhoramento genético com essa fruteira, uma vezaguesenta uma grande
variabilidade, tanto no dmbito de cultivares camano na obtenc¢éo de porta-
enxertos clonais adaptados as nossas condicdese-dBevambém buscar
alternativas de processamento, para que, prinograémos picos de producéo,
0 produtor tenha uma alternativa mais rentavel spraente a venda do fruto

para 0 consumao.



