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ABSTRACT

In the last two decades, persimmon production in Spain has increased
exponentially and the cultivation area has expanded almost eight-fold. The
current production of persimmon is focused on the cultivar ‘Rojo Brillante’,
which is appreciated worldwide due to the high quality of the fruit.
Nevertheless, centralized production of this single cultivar implies a major
commercial limitation as its high volume of production is concentrated in a
relative short harvesting period. Furthermore, it also implies a high
phytosanitary risk.

In this context, this Thesis addresses two main objectives: 1) Optimization of
pre- and postharvest technology in order to guarantee the quality of ‘Rojo
Brillante’ persimmon after cold storage and transportation to overseas
markets. 2) Evaluation of the behavior of foreign varieties of persimmon under
Mediterranean conditions in order to extend the varietal range.

The first objective of this Thesis was tackled through the studies presented in
Chapters | to V. The second objective was covered in Chapters VI and VII.

Chapter | dealt with the causes of internal browning disorder manifested after
cold shipment of ‘Rojo Brillante’ persimmons to overseas markets. The
temperature to which fruit is exposed immediately after CO, deastringency
treatment was identified as the main factor involved in this alteration. Our
results showed that this disorder can be avoided by implementing an
attemperation period of 24 h after the CO; treatment, before transferring fruit
to cold storage.

In Chapter Il, the effectiveness of a recently patented deastringency treatment
was evaluated. This novel treatment is based on applying a new wax
containing ethanol and was assayed in ‘Rojo Brillante’ and ‘Triumph’
persimmons. The use of this new ethanol-based wax could be a potential
alternative to the conventional CO;, deastringency treatment when the fruit
are sent to distant overseas markets at low temperatures. Application of the
new wax before cold storage led to loss of fruit astringency after 30 days at 0
°C while preserving fruit firmness and internal quality.



The results of Chapter Ill demonstrated that two applications of gibberellic
acid (GA) made it possible to delay the fruit maturity process on the tree more
than with just a single application. The combination of GA and 1-
methylciclopropene (1-MCP) preserved the fruit quality better than with the
application of 1-MCP alone during cold storage. Moreover, the fruit treated by
multiple GA applications showed a slightly higher firmness after cold storage.
However, a single GA application was also effective in preventing the
manifestation of chilling injury (Cl) in fruit.

Chapter IV demonstrated that in parallel to delaying maturity, the GA
treatment also delayed calyx senescence, which meant that the fruit preserved
a good appearance. The calyx lobe senescence during fruit ripening was linked
to a decrease in all Chlorophyll Fluorescence Imaging (CFl) parameters (Fo, Fm,
and Fv/Fm).

Chapter V addressed the optimization of storage conditions for organic
persimmons. According to our results, fruit harvested with a firmness lower
than 30 N must not be stored. Fruit harvested with a higher level of firmness
could be stored for up to three weeks depending on the storage conditions,
the moment of application of the CO, deastringency treatment, and the stage
of fruit maturity. The longest storage period (3 weeks) was achieved when fruit
were harvested with a firmness of around 45 N, submitted to CO, treatment
and then stored at 15 °C.

Finally, 14 foreign varieties grown under Mediterranean conditions were
evaluated to identify early- and late-season varieties with potential to extend
the harvesting period. This is presented in Chapters VI and VII. In general, all
the evaluated varieties fulfilled the quality criteria to be commercialized in
domestic and European markets. However, sensitivity to Cl was variety
dependent and response to 1-MCP treatment was also observed to depend on
the variety.



RESUMEN

En las ultimas dos décadas, la produccidon de caqui en Espafia ha aumentado
exponencialmente y la superficie de cultivo se ha multiplicado casi por ocho.
En la actualidad, la produccién de caqui estd centralizada en el cultivar 'Rojo
Brillante', que es mundialmente apreciado por la elevada calidad de sus frutos.
Sin embargo, esta centralizacién supone una importante limitaciéon comercial,
ya que la produccién se concentra en un periodo de cosecha relativamente
corto y ademas implica un alto riesgo fitosanitario.

En este contexto, en la presente Tesis se abordan dos objetivos principales: 1)
Optimizacién de la tecnologia pre y postcosecha con el fin de garantizar la
calidad del caqui 'Rojo Brillante' durante la frigoconservacion y el transporte a
mercados internacionales. 2) Evaluacién del comportamiento bajo condiciones
mediterraneas de variedades introducidas de otras regiones productoras con
el fin de ampliar el rango varietal de caqui. El primer objetivo de esta Tesis se
logrd a través de los estudios presentados en los Capitulos I al V. El segundo
objetivo se abordd en los Capitulos Vi y VII.

En el Capitulo I se esclarecieron las causas del pardeamiento interno, que es
una de las principales alteraciones que limita la comercializacién del fruto en
los envios a los mercados internacionales. La temperatura a la que se expone
la fruta inmediatamente tras la aplicacidon del tratamiento de desastringencia
con altas concentraciones de CO; se identific6 como el principal factor
implicado en esta alteracién. Los resultados obtenidos mostraron que esta
alteracion se puede evitar mediante la implementacién de un periodo de
atemperado de 24 h después del tratamiento con CO,, antes de transferir la
fruta a bajas temperaturas.

En el Capitulo Il se evalud la eficacia de un tratamiento de desastringencia
recientemente patentado. El tratamiento basado en la aplicacidon de una nueva
cera que contiene etanol en su formulacién fue ensayado en caquis 'Rojo
Brillante' y 'Triumph'. Los resultados mostraron que esta cera podria ser una
alternativa al tratamiento convencional de desastringencia con altas
concentraciones de CO, cuando la fruta se envia a mercados lejanos a bajas
temperaturas. La aplicacion de la nueva cera antes de conservacién en frio



provoco la pérdida de astringencia de la fruta tras 30 dias a 0 °C, preservando
al mismo tiempo la firmeza de la fruta y la calidad interna.

Los resultados del Capitulo Il demostraron que la realizacion de dos
aplicaciones de 4acido giberélico (AG) en precosecha permite retrasar el
proceso de maduracion de la fruta en el arbol con respecto a una sola
aplicacion. La combinacidn de AG en precosecha y 1-metilciclopropeno (1-
MCP) en postcosecha resulté en una mayor calidad del fruto durante la
frigoconservacién en comparaciéon con la aplicaciéon Unicamente de 1-MCP.
Ademas, la fruta tratada con multiples aplicaciones de AG mostré una firmeza
ligeramente mayor tras de conservacién a baja temperatura; sin embargo, una
sola aplicacion de AG también previno la manifestacién de dafios por frio en la
fruta.

En el Capitulo IV se demostrd que, paralelamente al retraso de la maduracion,
el tratamiento con AG también retrasa la senescencia del caliz, incrementando
la calidad externa del fruto. La senescencia del cdliz durante la maduracién del
fruto se relaciond con una disminucién de los pardmetros de fluorescencia de
clorofila (Fo, Fm y Fv/Fm).

En el Capitulo V se estudiaron las condiciones dptimas de almacenamiento del
caqui producido bajo cultivo ecoldgico. Segun los resultados obtenidos, no se
deben almacenar los frutos cosechados con firmeza inferior a 30 N. La calidad
del fruto durante la conservacidn dependid de las condiciones de
almacenamiento, momento de aplicacidn del tratamiento de deastringencia y
estado de madurez inicial. Fruta cosechada con firmeza alrededor de 45 N y
sometida al tratamiento de desastringencia antes del almacenamiento a 15 °C
pudo ser conservada con buena calidad por un periodo de hasta 3 semanas.

Por ultimo, en los Capitulos VI y VII se abordd la evaluacion bajo condiciones
mediterraneas de 14 variedades de caquis no-astringentes procedentes de
otros paises. Se identificaron las variedades tempranas y tardias que pueden
ser potencialmente interesantes para ampliar el periodo de cosecha en
nuestra region. Los estudios postcosecha mostraron que todas las variedades
estudiadas presentan una buena aptitud para ser comercializadas en los
mercados nacionales y europeos. Sin embargo, la sensibilidad a los dafos por



frio que presentaron algunas de las variedades estudiadas podria limitar su
comercializacién a paises de ultramar. Ademds, se observd que la respuesta al

tratamiento con 1-MCP, para el control de los danos por frio, dependié en gran
medida de la variedad.






RESUM

En les ultimes dues decades, la produccié de caqui a Espanya ha augmentat
exponencialment i la superficie de cultiu s'ha multiplicat quasi per huit
vegades. En l'actualitat, la produccié de caqui esta centralitzada en el Ila
cultivar 'Rojo Brillante’, que és mundialment apreciat per I'elevada qualitat
dels seus fruits. Malgrat aix0, aquesta centralitzacié suposa d'una banda una
important limitacié comercial, ja que la produccié es concentra en un periode
de collita relativament curt i, d'altra banda implica un alt risc fitosanitari.

En aquest context, en la present Tesi s'aborden dos objectius principals: 1)
Optimitzacié de la tecnologia pre i postcollita amb la finalitat de garantir la
gualitat del caqui ‘Rojo brillante' durant la frigoconservacié i el transport a
mercats internacionals.  2) Avaluacié del comportament de varietats
introduides d'altres regions productores sota condicions mediterranies amb la
finalitat d'ampliar el rang varietal de caqui. El primer objectiu d'aquesta Tesi es
va aconseguir a través dels estudis presentats en els Capitols | al V. El segon
objectiu es va abordar en els Capitols VI i VII.

En el Capitol | es van esclarir les causes de | I'enfosquiment intern, que és una
de les principals alteracions que limita la comercialitzacié del fruit en els
enviaments als mercats internacionals. La temperatura a la qual s'exposa la
fruita immediatament després de I'aplicacié del tractament de desastringéncia
amb altes concentracions de CO, es va identificar com el principal factor
implicat en aquesta alteracié. Els resultats obtinguts van mostrar que aquesta
alteracio es pot evitar mitjangant la implementacié d'un periode de temperat
de 24 h després del tractament amb CO,, abans de transferir la fruita a baixes
temperatures.

En el Capitol Il es va avaluar l'eficacia d'un tractament de desastringencia
recentment patentat. El tractament basat en I'aplicacié d'una nova cera que
conté etanol en la seua formulacié va ser assajat en caquis ‘Rojo Brillante’ i
Triumph'.  Els resultats van mostrar que aquesta cera podria ser una
alternativa al tractament convencional de desastringéncia amb altes
concentracions de CO, quan la fruita s'envia a mercats llunyans a baixes
temperatures. L'aplicacié de la nova cera abans de conservacié en fred va



provocar la perdua d’astringencia de la fruita després de 30 dies a 0 °C,
preservant al mateix temps la fermesa de la fruita i la qualitat interna.

Els resultats del Capitol Ill van demostrar que I'aplicacié de dos tractaments
d'acid giberelic (AG) en precollita permet retardar el procés de maduracio de la
fruita en l'arbre respecte a una sola aplicacid. La combinacié de AG en
precollita i 1-metilciclopropeno (1-MCP) en postcollita va incrementar la
qualitat del fruit durant la frigoconservacié en comparacié amb I'aplicacié
Unicament de 1-MCP. A més, la fruita tractada amb multiples aplicacions de AG
va mostrar una fermesa lleugerament major després de conservacid a baixa
temperatura; no obstant aix0, una sola aplicacié de AG també va ser eficag per
a previndre la manifestacio de danys per fred en la fruita. En el Capitol IV es va
demostrar que, paral-lelament al retard de la maduracio, el tractament amb
AG també retarda la senescéncia del calze, incrementant la qualitat externa del
fruit. La senescencia del calze durant la maduracid del fruit es va relacionar
amb una disminucio dels parametres de fluorescéncia de clorofil-la (Fo, Fm i
Fv/Fm).

En el Capitol V es van estudiar les condicions optimes d'emmagatzematge del
caqui produit baix cultiu ecologic. D’acord amb els resultats obtinguts, no s'han
d'emmagatzemar els fruits collits amb fermesa inferior a 30 N. La conservacid
del fruit va dependre de les condicions d'emmagatzematge, moment
d'aplicacié del tractament de desastringéncia i estat de maduresa de la fruita.
Aixi la fruita collida amb fermesa al voltant de 45 N i sotmesa al tractament de
desastringéncia abans de I'emmagatzematge a 15 °C va poder ser mantinguda
per un periode de fins a 3 setmanes.

Finalment, en els Capitols VI i VIl es va abordar I'avaluacié de 14 varietats de
caquis no-astringents. Es van identificar les varietats primerenques i tardanes
gue poden ser potencialment interessants per a ampliar el periode de collita a
la nostra regié mediterrania. D'altra banda, els estudis postcollita van mostrar
que totes les varietats estudiades presenten una bona aptitud per a ser
comercialitzades en els mercats nacionals i europeus. No obstant aixo, la
sensibilitat als danys per fred que van presentar algunes de les varietats
estudiades podria limitar la seua comercialitzacié a paisos d'ultramar. A més,



es va observar que la resposta al tractament amb 1-MCP, per al control dels
danys per fred, va dependre en gran manera de la varietat.
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INTRODUCTION

I.1. Origin, botany and morphology of persimmon

Persimmon trees belong to the family Ebenacea and genus Diospyros (‘the fruit
of the gods’ in ancient Greek). This genus contains more than 2000 species, is
native to Asia, and there are records of it being cultivated centuries before
Christ (Martinez-Calvo et al., 2012). Most of the commercial fruit production is
derived from Diospyros kaki L., which originated in China with production
records from 3000 years ago.

Persimmon was introduced into Japan and Korea during the 7th and 14th
centuries, respectively (Yakushiji & Nakatsuka, 2007; Martinez-Calvo et al.,
2012). It was then imported into Europe for the first time in 1760 and spread
to the Mediterranean coast. Persimmon was introduced into North America in
the mid-1800s and later into Australia and New Zealand. In South America,
persimmon cultivation started in the late 19th century (Kluge & Tessmer, 2018;
Yesiloglu et al., 2018).

The introduction of persimmon in Spain dates to the end of 19th (Climent and
Lldcer, 2001), which could be for a strong relationship between the Spanish
kingdom and Oriental countries during the colonization period. They were
usually cultivated as isolated trees in rural buildings or field edges. The small
commercial persimmon orchards began to be established in mid-20th with
astringent native varieties that reflect the influence of natural (random
seedlings and bud mutations) and human selection (cross-breeding) (Naval et
al., 2010).

Botanically, persimmon fruit is a berry showing wide variation in size, weighing
between 50 and over 500 g, with a shape ranging from that of an acorn to flat,
spherical or square with a skin color from light yellow-orange to dark orange-
red or blackish purple, depending on the cultivar. The flesh color varies from
yellow-orange, and sometimes reddish, to reddish brown or bronze, and it is
made up of a dense cell structure, which may have large almond-shaped seeds
in the inner section of the carpels. Persimmon fruit have a relatively large,
green, four-lobed calyx that surrounds the stem-end of the fruit and plays an
important role in gas exchange, as there are no stomata or lenticels on the
fruit surface, which is covered with a thin cuticle (Yonemori et al., 1996; Pérez-
Munuera et al., 2009a; Woolf & Ben-Arie, 2011). Moreover, from a commercial
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point of view, the state of the calyx is an important quality attribute. Fruit
maturation is accompanied by calyx senescence and its darkening, which is
associated with a loss of commercial quality.

An important feature of some persimmon varieties is their high soluble tannin
content in the flesh, which is responsible for the sensation of astringency.
Astringency is the dry feeling in the mouth caused when soluble tannins of the
fruit bind to proteins in the saliva, preventing them from lubricating the
mouth. Persimmon cultivars are classified into two general groups depending
on the level of soluble tannins at harvest time: astringent and non-astringent
(the latter are also called “sweet cultivars”) (Yonemori et al., 2003). In both
groups, there are varieties in which the soluble tannin content of the fruit is
affected by pollination (pollination variant) and varieties whose fruits are not
influenced by pollination (pollination constant). Therefore, persimmon fruits
can be classified into four categories: 1) the Pollination Constant Non-
Astringent (PCNA) group, which is not astringent, with or without seeds, and
the fruit can be eaten at harvest, when they are firm and crisp; 2) the
Pollination Variant Non-Astringent (PVNA) group, which is not astringent at
harvest if the persimmons have seeds, and the fruit remain astringent if they
have not been pollinated; 3) the Pollination Constant Astringent (PCA) group,
which is always astringent when the fruit are firm; 4) the Pollination Variant
Astringent (PVA) group, which is also astringent if pollinated, and is not
astringent around the seed, where the flesh is dark and streaked (Tetsumura et
al., 2008). One cultivar belonging to each category is shown in figure 1.
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‘Rojo Brillante’ (PVA) ‘Anheca’ (PCA)

Fig. 1. Cultivars of persimmon from different categories.

Courtesy of Instituto Valenciano de Investigaciones Agrarias (IVIA)

The loss of astringency in PCNA varieties seems to be related to a combination
of an early reduction of the accumulation of tannins, followed by a later
insolubilization of them that remain in the flesh (Yonemori et al.,, 2003;
Tessmer et al., 2016). However, in the other types, tannin accumulation
continues until the late development stages of the fruit. In PVNA and PVA,
seeds exude acetaldehyde, which causes the insolubilization of soluble tannins
in the flesh. However, while the seeds of the PVNA group exude so much
acetaldehyde that the fruit become non-astringent, those of PVA produce so
little that only the pulp around the seed is not astringent. In the case of PCA
cultivars, their seeds do not produce acetaldehyde, and thus they are always
astringent regardless of the presence of seeds.

The fruit of the PCNA group can be eaten with a hard texture since their
concentration of soluble tannins is low enough not to be sensory-detected at
maturity stages in which the fruit flesh is firm. In contrast, fruit from the other
groups have a high soluble tannins content at harvest when they are firm. They
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must therefore be submitted to postharvest deastringency treatments before
being marketed, otherwise the fruit must be left on the tree until they over
ripen and are eaten with a soft texture.

1.2. Worldwide production of persimmon

FAO statistical databases (2018) show worldwide production of persimmon to
be around 4,711,458 tonnes and 951,234 ha of cultivated area, China being the
biggest producer with 3,168,759 tonnes (Table 1).

Table 1. Worldwide persimmon fruit production

Country Production (Tonnes) Area (ha) Yield (kg/ha)
Worldwide 4,711,458 951,234 4,952
China 3,168,759 857,672 3,695
Spain 492,320 18,601 26,467
Republic of Korea 346,679 27,203 12,744
Japan 208,000 19,100 10,890
Azerbaijan 160,092 10,474 15,285
Brazil 156,935 8,133 19,296
Uzbekistan 71,214 4,262 16,710
Italy 47,615 2,468 19,293
Israel 28,000 1,049 26,692
Iran 22,474 1,523 14,760

Source: FAOSTAT (2018)

In China, most of the persimmon varieties are PCA with some exceptions, like
‘Luo Tian Shi’, which is PCNA (Yamada et al., 1995; Yamada & Sato, 2013).
Recently, some Japanese PCNA cultivars like ‘Jiro’, ‘Youhou’, ‘Taishu’ and ‘Fuyu’
are also becoming popular in China. In general, its production is based on a
wide range of persimmon varieties with low yields, which are used for both
fresh consumption and the food industry, especially as a dried fruit.

Over the last few years, Spain has become the world’s second most important
persimmon producer. Persimmon cultivation is currently based on the ‘Rojo
Brillante’ cultivar (PVA), produced mainly in Valencia (eastern Spain), and the
‘Triumph’ cultivar (PVA), which is cultivated mainly in Andalusia (southern
Spain). The Spanish production is mainly destined for exportation markets
where there is a demand for persimmons as fresh fruit with a firm texture.
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The third and fourth countries in persimmon production are the Republic of
Korea and Japan with a production of 346,479 and 208,000 tonnes,
respectively. In the Republic of Korea, the non-astringent cultivar ‘Fuyu’ is the
primary cultivar, which accounts for almost 82% of the total production,
followed by ‘Jiro’ with 9.8% (Choi et al., 2014). In Japan, ‘Fuyu’ and the PVA
cultivars ‘Hiratanenashi’ and ‘Tonewase’ are the three most important
cultivars. Approximately 57% of the persimmon cultivated area is dedicated to
these cultivars (Kono & Sato., 2016). In these two countries, the Republic of
Korea and Japan, most persimmon production is consumed as dried fruit and is
used in various types of cuisine and confectionery.

Persimmon production in Azerbaijan, Brazil and Uzbekistan is 160,092 tonnes,
156,935 tonnes and 71,214 tonnes, respectively. Azerbaijan and Uzbekistan
focus on local astringent varieties. In Brazil, the most cultivated varieties of
persimmon are ‘Rama forte’ and ‘Giombo’, which belong to the PVA group.
‘Taubate’ (PCA) and cultivar ‘Fuyu’ are also cultivated in this country (Neuwald
et al., 2009; Tessmer et al., 2014).

In Italy, almost 90% of the total production is based on ‘Kaki Tipo’ (PVNA). The
rest of the varieties are ‘Vainiglia’, ‘Mercatelli’, ‘Moro’ (PVNA), and PCNA
cultivars like ‘Gosho’, ‘Jiro’ and cultivar ‘Fuyu’ (Bellini & Giordani, 2003).
Moreover, the introduction of ‘Rojo Brillante’ has been the main innovation in
the Italian persimmon production in recent years (Giordani, 2002; Bellini &
Giordani, 2005).

Nowadays, persimmon production in Israel has reached 28,000 tonnes, in
which the cultivar ‘Triumph’ accounts for 90% of the total persimmon fruit
marketed under the ‘Sharon’ or ‘Sharoni’ brands (Llacer & Badenes, 2002).

Persimmon production in Iran is about 22,474 tonnes and most of the cultivars
are astringent, which are commonly commercialized as over-ripened soft fruit
in domestic markets (Shahkoomahally & Ramezanian, 2013; Bagheri et al.,
2015).
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1.3. Persimmon production in Spain

In Spain, persimmon production has increased exponentially over the last 20
years, and the cultivation area has expanded almost eight-fold, from about
2,253 hain 2002 to over 18,000 ha in 2019 (Fig. 2). As a result, Spain is now the
second most important persimmon producing country in the world. At present,
cultivation is concentrated in the Valencia and Andalusia regions. In Valencia
cultivation is based on ‘Rojo Brillante’ with a production of around 429,000
tonnes. In Andalusia, where production was previously based on the ‘Triumph’
variety, the introduction of ‘Rojo Brillante’ in recent years has resulted in a
considerable increase in production and the current persimmon production
consists of 50,000 tonnes of ‘Rojo Brillante’ and 10,000 tonnes of the ‘Triumph’
(Perucho, 2018).

The ‘Rojo Brillante’ variety originated naturally from a spontaneous bud
mutation of the variety ‘Cristalino’ in the 1940s, which occurred in the ‘Ribera
de Xuquer’ region of the Valencian Community (Perucho, 2015). The ‘Rojo
Brillante' variety offers a number of good features like large fruit size,
hardness, resistance on the tree, and good organoleptic and morphologic
properties.

Traditionally, the fruit of this variety were consumed with a soft texture after
the natural loss of astringency during the over-ripening of the fruit. However,
the introduction of postharvest techniques based on exposing the fruit to high
CO; concentrations to eliminate astringency in the late 1990s made it possible
to obtain a fruit without astringency while preserving a firm texture. The
introduction of this postharvest treatment has been one of the main causes of
the expansion of persimmon production in Spain in recent years. This growth
was supported by the creation of Council Regulator of the Denomination of
Origin (CRDO) ‘Kaki Ribera del Xuquer’ in 1997, which guarantees the quality of
persimmon ‘Rojo Brillante’ and has been responsible for promoting this
cultivar in fruit markets around the world.



INTRODUCTION

500000

Tonnes

300000

200000

100000

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Year

£ .
£ N Spain
7]
=

= Valencia

2002 2003 2004 2005 20060 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Year

Fig. 2. Evolution of Spanish persimmon fruit production in tonnes of fruit (A) and its
cultivation area in Spain and the Valencian community (B). Source: FAOSTAT (2018);
ESYRCE (2019)

The optimization of the postharvest treatment and an important commercial
effort has led to the present situation, in which almost 90% of the total
amount of persimmon produced in Spain is destined for exportation, especially
to European Union countries like Germany, France, and United Kingdom
(Perucho, 2018) as well as to overseas countries like the United States and
China. To ensure that the fruit delivered to the final destinations is of high
quality, it has been necessary to introduce postharvest technologies capable of
preserving fruit quality during transport and subsequent marketing.
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Although the variety ‘Rojo Brillante’ caused a revolution in persimmon
production in Spain, persimmon cultivation cannot be based exclusively on a
single variety. This need to diversify is not only due to limitations caused by its
short commercial season (between mid-October and December) but also to
the high phytosanitary risk that growing a single variety entails. This risk
became evident during the seasons 2008-2010 when the fungus
Mycosphaerella Nawae led to a significant reduction in persimmon production
due to the high sensitivity of ‘Rojo Brillante’ (Berbegal et al., 2011). This is why,
at present, one of the principal challenges for the persimmon producing sector
is to widen the varietal range, mainly with early and late cultivars that will
allow the persimmon season to be extended and to satisfy the market demand
for new products, with the consequent economic benefits. Moreover, the
introduction of non-astringent varieties that can be commercialized directly
after harvest without any of the complications resulting from handling and the
economic cost of using deastringency treatment is also of special interest for
persimmon producers.

1.4. Current challenges in the postharvest of persimmon ‘Rojo Brillante’

After fruit harvesting, persimmons are sent to packing houses where,
depending on the market destination, fruit are submitted to different
postharvest procedures. The main processes that are carried out in the packing
houses are polishing, sorting, and packing. ‘Rojo Brillante’ persimmons are also
submitted to deastringency treatments to remove astringency before
consumption. Moreover, fruit storage is a common practice to be able to
supply markets in line with demands, and different postharvest technologies
are used to preserve fruit quality according to storage duration and
temperature (Besada & Salvador, 2018).

1.4.1 Treatments to remove astringency

One of the traditional postharvest methods to remove fruit astringency is to
use ethylene (10 ppm at 20 °C) to accelerate the maturation process (Park al.,
2003). This treatment causes rapid ripening and loss of firmness, leading to
postharvest handling limitations and reducing the fruit’s postharvest life.
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Therefore, fruit that are over-ripened are mainly commercialized in local
markets.

There are other methods to eliminate astringency while maintaining the fruit
firmness. These methods are based on keeping the fruit under hypoxia
conditions, which enhances anaerobic respiration. The two most extensively
tested methods consist in submitting the fruit to ethanol vapor and high CO;
concentrations (Besada & Salvador, 2018).

Several reports have shown that the deastringency rate under anaerobic
conditions is related to acetaldehyde accumulating in the flesh of the
persimmon fruit (Matsuo & Ito, 1978; Sugiura & Tomana, 1983; Pesis et al.,
1988; Taira et al., 1989) (Fig. 3). Acetaldehyde accumulated in the flesh under
anaerobic conditions causes polymerization in soluble tannins and forms
insoluble compounds, which result in non-astringency in fruit. (Fig. 4) (Matsuo
& Ito, 1982; Taira et al., 1997).

(glycolysis)
v
€O, -—, PEP
v
pyruvate —» gcetaldehyde «+——— ethanol
pyruvate alcohol
. decarboxylase dehydrogenase
oxalacetic
acid malic enzyme

malate

Fig. 3. Metabolic pathways for the production of acetaldehyde in persimmon fruit.
Source: Yamada et al. (2002).
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P

soluble proanthocyanidin insolubilized proanthocyanidin

Fig. 4. Insolubilization of proanthocyanidin in persimmon fruits. Source: Tanaka et al.
(2010).

Among the treatments based on keeping the fruit under anaerobiotic
conditions, the CO; treatment consisting in enclosing persimmons in chambers
with a high concentration of CO, stands out for its effectiveness and it has
been commercially adopted to supply fruit with a hard texture (Arnal & Del
Rio, 2003). In ‘Rojo Brillante’, the insolubilization of tannins caused by the
acetaldehyde generated during the CO; treatment has been visualized at the
microstructural level as insoluble materials inside the vacuoles of some tannic
cells in the flesh, which were filled with soluble materials prior to the
treatment (Salvador et al., 2007).

The main factors that affect the efficiency of the CO, treatment are
temperature, CO; concentration, and treatment duration, as well as the fruit
maturity stage (Besada & Salvador, 2011). The process of astringency removal
by CO; consists of two phases: an induction phase in which persimmon must
be held for a minimum duration at high CO, concentration and a series of
reactions take place, and a second phase during which the astringency is
reduced but the existence of carbon dioxide is not required (Gazit & Adato,
1972). These two phases depend on temperature (Matsuo & Ito, 1977).
Currently, the standard condition to apply the CO, deastringency treatment for
‘Rojo Brillante’ is exposure of the fruit to 95%-98% CO, at 20 °C and 90% RH for

12



INTRODUCTION

24 h (Besada & Salvador, 2018). Under commercial conditions, however, the
CO; treatment may be applied at room temperature due to lack of
temperature control in the chambers. At the end of the season, the ambient
temperature may be decreased and reach as low as 12 °C, which is below the
optimum established temperature of 20 °C. In these cases, the deastringency
treatment has to be prolonged in order to achieve complete astringency
removal. However, it has been reported that if the fruit are over-exposed to
CO,, it may result in internal browning disorders (Besada et al., 2018).
Therefore, the recommendation is to apply the CO, deastringency treatment
for the minimum amount of time necessary to ensure astringency removal.

This recommendation is based on the fact that applying the CO, deastringency
treatment has been shown to induce oxidative burst in fruit and lead to
changes in their redox state (Novillo et al., 2014). Considering that the stress
triggered by CO, treatment could cause alterations in fruit, it is necessary to
find alternative treatments for removing astringency.

As shown in Figure 2, acetaldehyde is generated in situ by decarboxylation of
pyruvic acid and the oxidation of exogenous and endogenous ethanol.
Therefore, the acetaldehyde needed to remove astringency can be achieved by
exposing the fruit to hypoxia conditions or by submitting it to exogenous
ethanol.

In line with this, the combination of high levels of CO, and ethanol has also
been studied to accelerate deastringency treatment and preserve fruit quality
(Novillo et al., 2015). It has been demonstrated that this combination could be
a good alternative in those cases in which CO; application has to be prolonged
in order to ensure complete astringency removal.

Moreover, ethanol by itself, has been demonstrated to be an effective
deastringency treatment. Thus, application of 25%-35% ethanol vapor has
been widely assayed in different persimmon cultivars. In this case, the
acetaldehyde needed to insolubilize soluble tannins is generated from ethanol
by the alcohol dehydrogenase enzyme (Taira et al., 1989, 1992a; Yamada et al.,
2002). The cultivar and harvest maturity are the factors that influence the
removal of astringency with application of ethanol. The fastest drop in soluble
tannins content occurs in fruit at a lesser stage of ripening and with a higher
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ethanol concentration. As in younger fruit, ethanol conversion is more active,
astringency removal is accomplished more easily compared to more mature
fruit, and it is taken into fruit during the treatment as acetaldehyde in the flesh
(Taira et al., 1992b).

1.4.2 Cold storage and chilling injury

The cold storage of ‘Rojo Brillante’ is a common practice to be able to supply
markets according to demand and prolong the commercial period, especially at
the end of the season. Moreover, cold storage helps to preserve fruit quality
during prolonged transportation and fruit shipment to overseas markets is
habitually carried out at low temperatures due to quarantine requirements.

However, different alterations have been associated with the cold storage of
persimmon fruit and have been addressed in numerous studies. The
alterations which occurred in fruit associated with cold storage are named
‘chilling injury’ (Cl) symptoms. Some varieties can be stored for two months at
0 °C without any loss of quality (Testoni, 2002), while other varieties are more
sensitive and prone to develop Cl symptoms at low temperatures (Collins &
Tisdell, 1995; Arnal & Del Rio, 2004). Cultivars like ‘Hachiya’ and ‘Triumph’
have low sensitivity to Cl, whereas cultivars such as ‘Fuyu’ and ‘Rojo Brillante’
are highly susceptible to this disorder (Collins & Tisdell, 1995; Woolf et al.,
1997; Arnal & Del Rio, 2004; Zhang et al., 2010).

The symptoms of Cl depend on the cultivar; yet, loss of firmness is reported as
the main manifestation of Cl in sensitive varieties (Macrae, 1987a; Pérez-
Munuera et al.,, 2009b). These disorders are more severe after transferring
fruit from low to shelf-life temperatures, although during prolonged storage,
the symptoms of Cl can eventually manifest during the cold storage period
(Arnal & Del Rio, 2004).

In ‘Rojo Brillante’, the main symptoms of Cl are loss of firmness, compacted
flesh zones, and internal browning (Arnal & Del Rio, 2004; Salvador et al.,
2005). In this variety, the development of CI symptoms depends not only on
the storage temperature and duration but also on the maturity stage at
harvest. The ‘Rojo Brillante’ fruit show higher incidences of Cl when they are
picked in early stages of maturity (Salvador et al.,, 2005, 2006). A
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microstructural study showed that the drastic flesh softening, as a symptom of
Cl, is related to degradation of cell wall material and reduction in intercellular
connection (Pérez-Munuera et al., 2009b).

Ethylene plays an important role in the manifestation of Cl, where exogenous
ethylene exposure intensifies Cl (MacRae, 1987b; Park & Lee, 2005; Besada et
al.,, 2010). The respiration rate and ethylene production are higher in chill-
injured fruit when they are removed from cold storage than in sound fruit
(MacRae, 1987a; Kader, 2002). In line with this, a postharvest treatment
applying 1-MCP (an inhibitor of the ethylene action) before cold storage has
been reported to be effective in reducing the symptoms of Cl in different
persimmon cultivars. The effect of 1-MCP to alleviate the disorders associated
with low temperature has been found in different astringent cultivars like ‘Rojo
Brillante’ (Besada et al., 2014), ‘Saijo’ and ‘Tonewase’ (Harima et al., 2003),
‘Hiratanenashi’ (Kubo et al., 2003) and ‘Triumph’ (Tsviling et al., 2003), as well
as many non-astringent cultivars such as ‘Rendaiji’ (Ortiz et al., 2005),
‘Nathanzy’ (Ramin, 2008), ‘Matsumotowase-Fuyu’ (Niikawa et al., 2005),
‘Qiandaowuhe’ (Luo, 2007), ‘Bianhua’ (Luo, 2004) and ‘Fuyu’ (Fang et al.,
2009), among others. The efficacy of 1-MCP depends on the cultivar, the
harvest maturity, and the storage conditions (Huber, 2008; Watkins, 2008).
Moreover, its effectiveness also depends on the concentration, temperature,
and duration of treatment (Blankenship & Dole, 2003). The concentration of
500 nL L of 1-MCP has been shown to delay flesh softening in persimmon
‘Rojo Brillante’ during cold storage, which is related to the preservation of cell
wall integrity, decrease in membrane permeability, and higher firmness of fruit
at shelf-life temperature (Pérez-Munuera et al., 2009b).

Furthermore, it has been reported that the storability of ‘Rojo Brillante’
treated with 1-MCP improves when a preharvest treatment with gibberellic
acid (GA) is applied (Besada et al., 2008). GA is usually applied for ‘Rojo
Brillante’ when the fruit breaks color in order to delay fruit maturation, and
consequently extend the fruit harvest season. This effect of GA has also been
reported in other persimmon cultivars such as ‘Triumph’, ‘Fuyu’ and
‘Hiratanenashi’ (Ben Arie et al.,, 1996; Lee et al., 1997; Agusti et al., 2003).
Besada et al. (2008) reported the benefits of a single application of GA on fruit

15



INTRODUCTION

maturity delay and quality preservation during storage. However, nowadays,
GA is being applied up to three times in persimmon orchards, but the effect of
multiple applications of GA on cold storage of the fruit has been not described.

In postharvest handling of ‘Rojo Brillante’ persimmon, it is recommended that
deastringency treatment should be carried out after storing the fruit at low
temperatures, since it has been reported that a high CO, concentration,
besides insolubilizing soluble tannins, brings about a degradation of cell
membranes (Salvador et al., 2007) that may aggravate fruit softening during
cold storage. Nevertheless, in some marketing scenarios, the deastringency
treatment is necessarily applied before submitting the fruit to low temperature
storage. This is the case of fruit shipped to distant overseas countries under
cold storage conditions. However, in shipments carried out under these
conditions, internal browning has been observed, resulting in a loss of quality.
This disorder cannot be associated with Cl because the fruit are treated with 1-
MCP. Up to now, the causes of this disorder and the potential solutions to
control it are unknown.

Another challenge that must be solved is the storage of persimmon ‘Rojo
Brillante’ cultivated under organic conditions, a tendency that has increased in
recent years. 1-MCP treatment, which is usually applied in conventional
production, is not allowed for organic production. Therefore, the storage of
organic persimmon is limited by its sensitivity to low temperatures. It is thus
necessary to find other solutions to prolong storage while preserving fruit
quality.

I.5. Extending varietal range under Mediterranean agroclimatic conditions

As mentioned before, one of the main challenges facing the persimmon
producing sectors is to introduce new varieties to broaden the varietal range.
The focus is on introducing early and late, mainly non-astringent (PCNA),
varieties in order to extend the persimmon commercialization period and
facilitate postharvest handling.

Consequently, the Instituto Valenciano de Investigaciones Agrarias (IVIA,
Valencia) in collaboration with the Cooperativa Agricola Nuestra Sefiora de
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L'Oreto. V. (CANSO, I'Alcudia) through an agreement signed in 2002 which is
still in force, started a persimmon breeding program to obtain new cultivars
through conventional and biotechnological genetic techniques. Besides, within
this program framework, new varieties from other persimmon producer
countries have been introduced into the IVIA germplasm bank. To this end,
IVIA is collaborating with germplasm programs hosted in other countries,
which allows the introduction of foreign varieties without any phytosanitary
risk.

Evaluations performed in the IVIA breeding program are focused on
determining the agronomic behavior of the foreign varieties with potential
interest under our agroclimatic conditions. However, it is necessary to include
the postharvest behavior as a selection criterion, since the commercial success
of a new variety depends heavily on its postharvest response. The postharvest
behavior of a new variety mainly depends on genetic factors but may also be
affected by agronomic conditions. Therefore, postharvest studies are required
to establish the optimal harvesting moment, evaluate the response to
habitually applied postharvest technologies such as 1-MCP, CO,, etc., and
optimize these technologies if necessary.
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