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Abstract. Persimmon cultivation has significantly grown in the Mediterranean Region in
recent years. The production concentrates mainly in three astringent cultivars: Kaki
Tipo in Italy, Triumph in Israel, and Rojo Brillante in Spain. Therefore, the varietal
range expansion is one of the current challenges for persimmon producers in this area.
Moreover, the introduction of nonastringent persimmon cultivars is particularly inter-
esting because they can be commercialized immediately after harvest without applying
deastringency treatment before commercialization. This study evaluated the harvest
period and the postharvest response of six Japanese nonastringent cultivars (Kanshu,
Shinshu, Soshu, Suruga, Youhou, Izu). During two seasons, fruit from each cultivar were
harvested at twomaturity stages. Fruit quality (external color, firmness, and total soluble
solids) was evaluated after harvest and after different commercial scenarios (domestic
market: 7 days at 20 8C, market to European Union (EU): 5 days at 5 8C plus 5 days at
20 8C, and market to countries with cold-quarantine treatment requirements: 21 days at
0 8C plus 5 days at 20 8C). Cultivars Kanshu, Shinshu, Soshu, and Izu were identified as
early cultivars, and Soshu was the earliest one, which reached commercial maturity at
the beginning of September. These four cultivars showed good quality after simulating
commercialization on domestic and EU markets. Cultivars Suruga and Youhou over-
lapped the current harvest window, but their low chilling injury sensitiveness is
highlighted, so they are of special interest to be cold-stored at the end of the season to
be commercialized in overseas markets.

In Europe, persimmon cultivation is lo-
cated mainly in the Mediterranean Region
where it was traditionally a minor crop, but
has significantly expanded in the past few
decades. In this area, persimmon production
takes place chiefly in three countries: Italy,
Israel, and Spain. Nowadays in the Mediter-
ranean Region, persimmon production is
based mostly on monovarietal cultivation.

In Italy, almost 90% of persimmon produc-
tion is based on ‘Kaki Tipo’. In Israel, ‘Tri-
umph’, under the ‘Sharon’ trademark, is the
main cultivar and consists of 95% of total
persimmon production (Yesiloglu et al.,
2018). In the past 20 years, Spain’s persim-
mon cultivation has grown the most and more
quickly in this area, mainly because of the
increased production of cultivar Rojo Bril-
lante in the Valencian Community of Spain
(Perucho, 2018).

Centralized production of a single cultivar
is one of the main problems that the persim-
mon industry must face, as this implies a
major commercial limitation given harvesting
period concentration and the high phytosani-
tary risk. Therefore, one common objective for
growers, marketers, and researchers is to in-
troduce cultivars that allow the varietal range
of persimmon to extend with certain success
guarantees. It is noteworthy that the main cul-
tivars presently grown in this area are astrin-
gent at harvest, which implies that fruit must
be submitted to postharvest treatments to
remove astringency before commercializa-
tion. Accordingly, the introduction of non-
astringent cultivars is of special interest to
simplify postharvest fruit handling.

In this context, a persimmon breeding
program has been developed in Spain at
the Instituto Valenciano de Investigaciones

Agrarias (IVIA) since 2002 (Martínez-Calvo
et al., 2018). Besides plant breeding to obtain
new cultivars, a germplasm bank with culti-
vars from different geographical areas has
been created as part of this program to eval-
uate their response under our Mediterranean
agroclimatic conditions. It has been reported
that the climate differences between persimmon-
growing regions can lead to a wider variation
in persimmon fruit maturity and quality at
harvest (Soqanloo, 2015; Zanamwe, 2018).

Among the persimmon cultivars under
study, a group of Japanese cultivars brought
from the National Institute of Fruit Tree Sci-
ence of Japan (NIFTS) stands out for being
nonastringent cultivars and are, therefore, of
much potential interest to extend the varietal
range in this persimmon-growing area.

One of the main factors of agronomic
behavior to condition commercial interest in
the different cultivars is harvest time. The
introduction of early and late cultivars can
prolong the production period with subse-
quent profits for industry. Currently, the
harvesting period of the main persimmon
cultivars grown in the Mediterranean Region
is mid-October to December. Therefore, the
cultivars that reach commercial maturity ear-
lier or later in the season must be considered
of special interest for introduction purposes.

The selection of new cultivars involves
having to evaluate their postharvest behavior
to guarantee quality preservation and to re-
spond to the high quality standards that con-
sumers demand (Kader and Yahia, 2011). It
is worth highlighting that persimmon with a
soft texture is normally eaten in Asian coun-
tries, but is consumed when flesh is still firm
in European countries. Thus, fruit firmness is
one of the main quality parameters that needs
to be preserved during its postharvest life.
This may be a challenge as most persimmon
cultivars are sensitive to chilling injuries
when stored at low temperature. Flesh soft-
ening and flesh gelling are the main symp-
toms of this disorder (Besada and Salvador,
2018; Tessmer et al., 2019). Although a
minimum firmness value is not established
by current persimmon quality standards,
according to previous studies, 20 N is con-
sidered the limiting firmness value from
which fruit would not be acceptable for
commercialization (Besada et al., 2010).

To evaluate the postharvest behavior of
fruit, it is important to consider the different
commercialization scenarios. The persim-
mon fruit produced in Mediterranean coun-
tries are usually commercialized in three
different ways: a) sending fruit directly to
domestic market at ambient temperature; b)
transporting fruit to EU countries in refriger-
ated trucks at 5 �C; c) shipping fruit to
overseas countries, like the United States,
for which quarantine treatment is needed and
fruit must be keep at low temperature (0 to
1 �C) for at least 21 d. The third scenario is
that in which chilling injury and fruit firm-
ness reduction are more likely to happen.

In this context, the objective of this study
was to determine the harvest period and
postharvest behavior under the Mediterranean
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agroclimatic conditions of six nonastringent
Japanese persimmon cultivars belonging to
the IVIA germplasm bank to select which ones
are suitable for extending this region’s varietal
range.

Materials and Methods

Plant material, fruit harvest, and storage.
The cultivars that this study evaluated were
Kanshu, Shinshu, Soshu, Suruga, Youhou,
and Izu. They were all released by the
NIFTS-Japan (Table 1) and were introduced
into the IVIA germplasm bank in 2014 thanks
to an agreement reached between the IVIA
and NIFTS. They were cultivated following
the habitual agronomic practices in an exper-
imental germplasm bank orchard located in
L’Alc�udia, Valencia, Spain (lat. 39�11#18.7$N,
long. 0�32#06.2$W) at an altitude of 42 m
above sea level. This area has a Mediterra-
nean climate characterized by 3 to 5 months
of summer drought (June–September). The
distribution of rainfall is among autumn,
winter, and spring, with the highest rainfall
during the autumn.

The study was carried out during two
seasons (2017–18) with fruit from at least three
trees of each cultivar. The average annual
rainfall was between 450 and 550 mm, and
themean annual temperaturewas 18 �C in both
studied years. Two harvests took place during
the first season. Changes in skin coloration
have been reported to be linked with the main
physicochemical changes during persimmon
maturation (Salvador et al., 2007; Veberic
et al., 2010), and skin color is habitually used
as the maturity index for harvesting. In this
study, the first harvest of each cultivar was
carried out when fruit displayed a homoge-
neous orange to orange-red color, with no
visible green background, according to Besada
and Salvador (2018). The second harvest took
place some 15 to 20 d later. Depending on the
results obtained for the first season per cultivar,
one or two harvests were organized during the
second season to corroborate the previous
results or to acquire new information.

On each harvest date, and depending on
fruit availability, 80 to 100 fruits were col-
lected and immediately transported to IVIA’s
Postharvest Laboratory Technology Center.
Fruit were carefully evaluated to avoid select-
ing those with external damage. They were
separated into four lots of 20 fruits. One lot was
used to characterize maturity stage and fruit
quality at harvest. The fruit from the other lots
were placed in plastic trays and submitted to
the conditions related to the following commer-

cialization scenarios: 1) fruit stored for 7 d at
20 �C to simulate commercialization on do-
mestic market (D); 2) fruit stored for 5 d at
5 �C, plus 5 d at 20 �C, to simulate transport
to EU countries, plus shelf life (EU); 3) fruit
stored for 21 d at 0 �C, plus 5 d at 20 �C, to
simulate shipping to countries with quaran-
tine treatment (e.g., the United States), plus
shelf life (United States). Quarantine treat-
ment requirements for U.S. exportation are
14 d at 1.1 �C or lower temperature. Fruit was
kept for 21 d at the storage chamber at 0 �C to
include in this commercial scenario the ha-
bitual delay before shipment, which usually
lasts 5 to 6 d.

It is important to clarify that, due to the
limited number of available fruit, only those
scenarios during some harvests that gave the
most consistent results were tested.

Fruit assessments. Color, firmness, and
total soluble solids (TSS) were determined
after each harvest and after simulated com-
mercialization scenarios. External skin color
was determined by a Minolta colorimeter
(Model CR-300; Ramsey, NY). Hunter pa-
rameters (L, a, b) were measured and the
results were expressed as a color index: CI =
1000a/Lb, according to Salvador et al.
(2007). Fruit firmness was established in a
Texturometer Instron Universal Machine
model 4301 (Instron Corp., Canton, MA)
using an 8-mm-diameter plunger and break-
ing the flesh in each fruit on 180� sides after
removing peel. To determine TSS, fruit were
peeled and placed in an electric juice extrac-
tor (model 753; Moulinex, Barcelona, Spain)
and the obtained juice was filtered through
cheesecloth. The TSS juice was measured
over three replicates by a digital refractom-
eter (model PR-1; Atago, Tokyo, Japan) and
expressed as percent fresh weight (%FW).

Statistical analysis.Data were subjected to
an analysis of variance based on two factors
(harvest time · commercialization scenarios)
during each season. The mean values of the
evaluated parameters were compared by the
least significant difference test (P < 0.05) using
the StatgraphicsPlus 5.1 software application
(Manugistics Inc., Rockville, MD).

Results and Discussion

After performing an exhaustive review of
the existing literature, we noted that very
little information had been published about
the behavior of the herein studied cultivars in
other countries. For each cultivar, we now go
on to report the main fruit characteristics at
harvest and the postharvest response deter-

mined under Mediterranean conditions, to-
gether with the limited information previously
reported in other countries, which corresponds
mainly to Japanese conditions.

‘Kanshu’. ‘Kanshu’ persimmon is flat-
tened to oblong with irregular rounded to
square cross section (Fig. 1A). In Japan, the
average fruit weight is �230 to 244 g
(Yakushiji and Nakatsuka, 2007; Yamada
et al., 2006), higher than in Spain where it is
close to 120 to 170 g (average data recorded for
the past 3 years of production in germplasm
bank). In Japan, this fruit cultivar is harvested
late in October with TSS close to 18% with
medium flesh firmness and excellent eating
quality (Yakushiji and Nakatsuka, 2007).

In our study, the first harvest was carried
out on 18 Sept. (S1-H1) when fruit showed an
orange coloration (CI close to +9), high flesh
firmness �72 N, and a TSS value of 16.9%
(Table 2). After 2 weeks on trees, external
color and firmness had not significantly
changed, but TSS had increased to above
18.2% (S1-H2). During the second season,
two harvests were organized later in the
season to evaluate if harvest period could
be prolonged. Fruit were harvested on 28 Oct.
(S2-H1) and 8 Nov. (S2-H2), when they were
bright red in color, with CI close to +28 and
+32, and had a high TSS content from 20% to
21% during the first and the second harvest,
respectively. Nevertheless, on both dates,
fruit had low firmness values close to 19 N.

According to the data obtained from the
different harvests, ‘Kanshu’ reached com-
mercial maturity earlier and had a slightly
lower TSS content under Mediterranean than
under Japanese conditions. Its harvest period
was earlier than the cultivars currently culti-
vated on the Mediterranean coast. Fruit mat-
uration evolution was relatively slow in the
second half of September, but significantly
advanced in October.

Regarding postharvest behavior, in Japan
it is reported that fruit are suitable for con-
sumption for 15 d at ambient temperature
(Yamada et al., 2006). During the first season
in the present study, fruit firmness decreased,
which was greater with longer storage dura-
tion. Although the firmness values remained
high after domestic and EU commercializa-
tion scenarios, they drastically dropped to
noncommercial values, close to 5 to 6 N, after
the U.S. conditions simulation, which indi-
cates this cultivar’s high susceptibility to
manifest chilling injury at low temperature.
In parallel to firmness loss, both color and
TSS increased. In the second season, when
fruit were harvested with firmness close to 20

Table 1. Genetic origin and year of release of the studied persimmon cultivars.

Cultivar name Genetic origin Yr of release References

Kanshu Shinshu · 18-4 (Fuyu · Okitsu-16) (Oku-gosho · Hana-gosho) 2002 Tetsumura et al., 2008; Yamada et al., 2006
Shinshu Okitsu-20 (Fukuro-Gosho · Hana-Gosho) · Okitsu-1

(Oku-gosho · Oku-gosho)
1991 Tetsumura et al., 2008; Yamada and Sato, 2003

Soshu Izu · 109-27 (Okitsu-2 · Okitsu-17) 2000 Tetsumura et al., 2008
Suruga Hana-gosho · Oku-gosho 1959 Tetsumura et al., 2008; Yamada et al., 2012
Youhou Fuyu · Jiro 1990 Tetsumura et al., 2008; Yamada and Sato, 2003
Izu Fuyu · Okitsu-1 1970 Yamada and Sato, 2003
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N, the fruit softening during the postharvest
period was a limiting factor even for com-
mercialization on the domestic market. Sen-
sitivity to low temperatures was corroborated
during this season.

So the optimum harvest time for this
cultivar would be from mid-September to
early October, when fruit external color is
appealing, its firmness is high, and TSS
contents come close to 17% to 18%. If fruit
are harvested later, firmness loss would be a

major limitation for posterior commerciali-
zation. Moreover, the drastic drop in firmness
of this fruit cultivar after being exposed to
0 �C indicates that this cultivar is susceptible
to manifest chilling injury symptoms.

‘Shinshu’. ‘Shinshu’ persimmon is oval
with irregular rounded cross section (Fig. 1B).
The fruit weight is �240 to 250 g (data from
Japan) (Yakushiji and Nakatsuka, 2007;
Yamada and Sato, 2003). Similar fruit weight
has been recorded here in Spain (data recor-

ded for the past 3 years of production in
germplasm bank). In Japan, ‘Shinshu’ per-
simmons are harvested in late October with
TSS content at �17%, and with soft flesh
firmness and high eating quality (Yakushiji
and Nakatsuka, 2007; Yamada and Sato,
2003).

Under Mediterranean conditions, the fruits
of this cultivar displayed external yellowish-
orange tones (CI close to +7) at the beginning
of October, when TSS content was 18.5% and
fruit had high firmness values close to 65 N
(S1-H1) (Table 3). Only 2 weeks later, on 15
Oct. (S1-H2), fruit ripening has rapidly ad-
vanced, with color increase accompanied by
marked firmness loss. For this reason, fruit
were collected during the second season on
11 Oct. when it was in an intermediate ma-
turity stage between both stages evaluated
during the previous season. Therefore, fruit
maturation under Mediterranean conditions
happened earlier and the TSS value was
relatively higher than in Japan. Our results
also revealed that the maturation of these
cultivars happened 2 weeks earlier than that
of the cultivars currently cultivated in Spain
and Italy.

In Japan, the average shelf life of this
cultivar lasts �8 d at ambient temperature
(Yamada and Sato, 2003). Producing fruit in
greenhouses is recommended due to excessive
softening when exposed to rain or wetness
(Yamada et al., 2012). Although significant
softening occurred after 7 d at 20 �C (domestic
market) in the present study, fruit quality was
suitable for commercialization irrespectively

Fig. 1. Persimmon fruit of (A) ‘Kanshu’, (B) ‘Shinshu’, (C) ‘Soshu’, (D) ‘Suruga’, (E) ‘Youhou’, and (F) ‘Izu’. Photo courtesy of Plant Production Department
(IVIA).

Table 2. Color index (CI), firmness, and total soluble solids (TSS) determined in persimmon cultivar
Kanshu on different harvest dates (H) during two consecutive seasons (S1-S2) and after stimulating
distinct commercialization scenarios: D (domestic market commercialization: 7 d at 20 �C), EU
(transport to European Union: 5 d at 5 �C plus 5 d at 20 �C), and USA (shipping to overseas markets:
21 d at 0 �C plus 5 d at 20 �C).

Season Harvest Analysis CI (1000a/Lb) Firmness (N) TSS (%FW)

S1 (H1) 18 Sept. Harvest 8.7 az 72.6 d 16.9 a
D 11.7 ab 65.8 cd 21.4 c
EU 10.5 ab 54.4 b 19.9 bc
USA 17.8 c 6.5 a 20.1 bc

(H2) 1 Oct. Harvest 9.0 a 64.9 cd 18.2 a
D 11.9 ab 62.1 c 18.4 ab
EU 13.5 b 54.1 b 17.6 a
USA 20.3 c 5.0 a 20.9 c

S2 (H1) 28 Oct. Harvest 27.9 a 19.6 b 19.6 a
D 31.7 ab 17.0 b 19.9 a
EU ND ND ND
USA 33.0 bc 4.5 a 21.3 ab

(H2) 8 Nov. Harvest 31.7 ab 19.1 b 20.7 a
D 35.4 bc 15.0 b 23.7 b
EU ND ND ND
USA 35.3 c 5.0 a 21.6 ab

zFor each evaluated parameter and season (S) different letters among scenarios (Harvest, D, EU, and USA)
indicate statistical differences P < 0.05 (least significant difference test).
FW = fresh weight; ND = not determined.
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of harvest date. Under the EU conditions, only
the fruit harvested with high firmness (S1-H1)
still had commercial values; however, all fruit
displayed drastic softening after the U.S. com-
mercialization. This finding indicates that this
cultivar is very sensitive to chilling injury
when exposed to 0 �C, which was observed
for the two evaluated seasons.

According to our results, this cultivar
should be harvested at the beginning of Oc-
tober to ensure that fruit firmness at harvest is
high enough to be commercialized on do-
mestic and European markets. This fruit
should not be sent to overseas markets be-
cause of its high susceptibility to manifest
chilling injury.

‘Soshu’. ‘Soshu’ persimmon is flattened
with irregular rounded cross section (Fig. 1C).
The average fruit weight is�250 g (data from
Japan) (Yakushiji and Nakatsuka, 2007;
Yamada et al., 2012). In Spain the data recor-
ded so far indicates a fruit weight between 170
and 250 g (average data recorded for the past 3
years of production in the germplasm bank). In
Japan, ‘Soshu’ fruit are harvested from late
September to early October, with TSS close to
15%, medium flesh firmness, and moderate

sweetness (Yakushiji and Nakatsuka, 2007;
Yamada et al., 2012).

In this study, ‘Soshu’ already displayed
adequate external coloration, CI close to +10,
a TSS content of �15% and firmness values
of 48.4 N on 5 Sept. (S1-H1) (Table 4). After
2 weeks (S1-H2), fruit external color had
increased (CI close to +18) and firmness
values had lowered to �42 N. No significant
changes in TSS were observed between these
two harvests. During the second season, the
fruit harvested on 12 Sept. had CI close to
+12, a firmness value of 39.3 N, and TSS
content of 16%, which allowed us to corrob-
orate harvest time.

In Japan, a semishort shelf life is reported
for this cultivar (Yamada et al., 2012). Ac-
cordingly, fruit softening was considerable
during our postharvest period, even after
simulating domestic market commercializa-
tion. The fruit harvested with the most firm-
ness (48 N at S1-H1) presented values
exceeding 22 N after 7 d at 20 �C (N).
However, when it was harvested with firm-
ness values close to 42 N (S1-H2), firmness
values were 13 N, which would be below the
acceptability limit. Although commercializa-

tion to the EU was simulated only during the
first harvest (S1-H1), major firmness loss was
detected. During both seasons, fruit under-
went drastic softening with values below 10
N after the U.S. commercialization, which
indicates this cultivar’s high sensitivity to
manifest this disorder at low temperature.

According to our results, the optimal har-
vest time for this cultivar would be the
beginning of September, which is, therefore,
earlier than in Japan, and also much earlier
than the cultivars currently cultivated in the
Mediterranean Region. The shelf life of this
fruit would shorten if it were harvested later
because this cultivar is prone to postharvest
firmness loss.

‘Suruga’. ‘Suruga’ persimmon is flattened
with square cross section (Fig. 1D). The
average fruit weight is close to 182 g (data
from Australia and from the germplasm bank
of Spain) (Collins et al., 1995). In Japan,
‘Suruga’ is a late cultivar. Fruit are harvested
from early to mid-November, but can be left
on trees without softening until late Novem-
ber (Yamada and Sato, 2003). In California,
harvest time goes from November to early
December, and TSS is more than 20% (Miller
and Crocker, 1994).

In our study, the first harvest was carried
out on 8 Nov. when external coloration was
bright red (CI close to 20), the TTS content
went above 16% and firmness values were
high, �59 N (Table 5). Twenty days later
(S1-H2), no significant changes in external
coloration and firmness were observed, but
TSS significantly increased to values close to
18%. During the second season (S2), harvest
date and fruit characteristics were confirmed.

After simulating different commercializa-
tion scenarios, the firmness values lowered.
Nevertheless, the values after the domestic
commercialization, and even after the EU
simulation, were still high. It was noteworthy
that fruit maintained their commercial firm-
ness values after the U.S. market simulation,
which reveals low sensitivity to manifest
disorders associated with low temperatures.
Collins and Tisdell (1995) reported that
‘Suruga’ fruits cultivated in Australia did
not suffer chilling injury at 0 �C for up to
56 d, plus a 7-day shelf life. Fruit character-
istics and postharvest behavior, mainly low
chilling injury susceptibility, were corrobo-
rated during the second season.

In the Mediterranean Region, the ‘Sur-
uga’ harvest could be carried out from the
beginning to the end of November to achieve
adequate firmness at harvest and after differ-
ent commercial scenarios. Thus, the harvest-
ing period in this area coincides with the
harvest time in Japan. This cultivar is high-
lighted by showing low susceptibility to chill-
ing injury and preserving firmness after the
U.S. commercialization scenario, as reported
in other studies.

‘Youhou’. ‘Youhou’ persimmon is flat-
tened with irregular rounded cross section
(Fig. 1E). In Japan, the average fruit weight is
�240 to 280 g (Yamada and Sato, 2003;
Yamada et al., 2012). Data recorded so far
indicate that fruit in Spain is smaller, with

Table 3. Color index (CI), firmness, and total soluble solids (TSS) determined in persimmon cultivar
Shinshu on different harvest dates (H) during two consecutive seasons (S1-S2) and after stimulating
distinct commercialization scenarios: D (domestic market commercialization: 7 d at 20 �C), EU
(transport to European Union: 5 d at 5 �C plus 5 d at 20 �C) and USA (shipping to overseas markets:
21 d at 0 �C plus 5 d at 20 �C).

Season Harvest Analysis CI (1000a/Lb) Firmness (N) TSS (%FW)

S1 (H1) 1 Oct. Harvest 7.2 az 64.8 f 18.5 a
D 9.7 b 39.5 e 18.2 a
EU 10.2 b 31.8 d 18.5 a
USA 11.6 b 4.4 a 19.4 b

(H2) 15 Oct. Harvest 11.9 b 36.6 de 19.6 bc
D 17.1 c 25.0 c 20.2 cd
EU 18.1 c 11.3 b 20.7 cd
USA 22.5 d 0.8 a 23.4 d

S2 (H1) 11 Oct. Harvest 12.6 a 42.3 c 20.4 a
D 18.6 b 24.7 b 23.1 b
EU ND ND ND
USA 21.8 b 0.0 a 23.4 b

zFor each evaluated parameter and season (S) different letters among scenarios (Harvest, D, EU, and USA)
indicate statistical differences P < 0.05 (least significant difference test).
FW = fresh weight; ND = not determined.

Table 4. Color index (CI), firmness, and total soluble solids (TSS) determined in persimmon cultivar Soshu
on different harvest dates (H) during two consecutive seasons (S1-S2) and after stimulating distinct
commercialization scenarios: D (domestic market commercialization: 7 d at 20 �C), EU (transport to
EuropeanUnion: 5 d at 5 �C plus 5 d at 20 �C) and USA (shipping to overseas markets: 21 d at 0 �C plus
5 d at 20 �C).

Season Harvest Analysis CI (1000a/Lb) Firmness (N) TSS (%FW)

S1 (H1) 5 Sept. Harvest 10.1 az 48.4 d 14.9 ab
D 11.1 a 22.5 c 14.3 a
EU 21.5 b 15.8 bc 15.4 b
USA 18.5 b 8.0 a 16.1 b

(H2) 20 Sept. Harvest 18.2 b 42.5 d 15.6 b
D 29.8 c 13.0 b 17.7 c
EU ND ND ND
USA 37.1 d 0.0 a 15.4 b

S2 (H1) 12 Sept. Harvest 12.4 a 39.3 c 16.0 b
D 18.9 b 13.5 b 13.9 a
EU ND ND ND
USA 23.0 b 0.0 a 15.5 ab

zFor each evaluated parameter and season (S) different letters among scenarios (Harvest, D, EU, and USA)
indicate statistical differences P < 0.05 (least significant difference test).
FW = fresh weight; ND = not determined.
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weight values �130 to 200 g (average data
recorded for the past 3 years of production in
germplasm bank). In Japan, the fruit of this
cultivar are harvested at the beginning of
November with TSS content of 15% to 17%,
firm flesh firmness, and excellent taste
(Yamada and Sato, 2003; Yamane et al., 1991).

Under our Mediterranean conditions,
‘Youhou’ fruits were harvested on 16 Oct.
(S1-H1) with external coloration close to +9,
a very high firmness value (83.2 N), and a
TSS content near 17% (Table 6). Similar TSS
values were shown after 15 d, although color
had significantly increased (CI = 17.3) and
firmness had slightly decreased (72.2 N). For
the first season, the firmness values at harvest
were very high. Thus, during the second
season, fruit were harvested later on 8 Nov.
and 27 Nov. to investigate the maturity pro-
cess on trees. At both harvests, fruit had high
firmness values above 48 N, and their exter-
nal color values lay between +18 and +25.
Therefore, the maturation process on the trees
of this cultivar was slow, which led to a long
harvest period lasting from mid-October to
the end of November.

Regarding postharvest behavior, this cul-
tivar in Japan has been reported to be stored
for �2 weeks at ambient temperature
(Yamane et al., 1991). As trees had very few
fruits during our first season, a decision was
made to perform only the U.S. marketing
simulation. Although the postharvest firm-
ness values lowered, fruit maintained com-
mercial values close to 23 N and 30 N during
the first and the second harvests, respectively.
So these results revealed low chilling suscep-
tibility, which was corroborated during the
second season. In China, Li et al. (2018)
observed that the chilling injury symptoms of
‘Youhou’ fruits stored for 21 d at 1 �C, plus
5 d at 25 �C, were only very slight, which
agrees with our results. Fruit also responded
well after the domestic commercialization
and EU simulations herein studied during
the second season.

‘Youhou’ had a long harvest period, from
mid-October to late November, and fruits
maintained commercial firmness after simulat-
ing the different marketing scenarios. They
presented little sensitivity to low temperature.

‘Izu’. ‘Izu’ persimmon is flattened to ob-
long with irregular rounded to square cross
section (Fig. 1F). The average fruit weight is
�230 to 240 g in Japan (Yamada et al., 2012;
Sato and Yamada, 2003). Data recorded so
far in Spain indicate a similar fruit weight
�180 to 200 g (average data recorded for the
past 3 years of production in the germplasm
bank). In California and Japan, the fruit of
this cultivar are harvested from late Septem-
ber to mid-October and, therefore, this culti-
var is known as an early cultivar in both areas
(Miller and Crocker, 1994; Yamada et al.,
2012). In Japan, harvested fruit have a TSS
content of 15%, medium flesh firmness, and a
delicious taste.

Under our Mediterranean conditions, ‘Izu’
fruit reached the homogeneous orange color
(CI = +12.1) on 8 Oct., when the firmness
value was 39.2 N and TSS content came close

to 17.5% (S1-H1) (Table 7). The second
harvest was carried out 15 d later (S1-H2).
At this time, fruit showed more intense col-
oration (CI = +19.1), but no significant

changes in firmness and TTS content values
were detected.

In Japan, a short shelf life has been reported
for this cultivar (Yamada, 2005). In this study,

Table 5. Color index (CI), firmness, and total soluble solids (TSS) determined in persimmon cultivar
Suruga on different harvest dates (H) during two consecutive seasons (S1-S2) and after stimulating
distinct commercialization scenarios: D (domestic market commercialization: 7 d at 20 �C), EU
(transport to European Union: 5 d at 5 �C plus 5 d at 20 �C), and USA (shipping to overseas markets:
21 d at 0 �C plus 5 d at 20 �C).

Season Harvest Analysis CI (1000a/Lb) Firmness (N) TSS (%FW)

S1 (H1) 8 Nov. Harvest 19.6 az 58.9 c 16.2 a
D 22.1 ab 41.9 b 16.7 ab
EU 31.9 c 24.1 a 16.9 ab
USA 32.6 b 20.1 a 17.4 b

(H2) 28 Nov. Harvest 21.2 ab 47.2 bc 17.8 b
D ND ND ND
EU 30.9 c 43.6 bc 17.3 ab
USA 34.8 c 21.8 a 17.5 ab

S2 (H1) 8 Nov. Harvest 12.2 a 53.8 b 14.9 a
D ND ND ND
EU ND ND ND
USA 15.9 b 34.6 a 17.3 b

zFor each evaluated parameter and season (S) different letters among scenarios (Harvest, D, EU, and USA)
indicate statistical differences P < 0.05 (least significant difference test).
FW = fresh weight; ND = not determined.

Table 6. Color index (CI), firmness, and total soluble solids (TSS) determined in persimmon cultivar
Youhou on different harvest dates (H) during two consecutive seasons (S1-S2) and after stimulating
distinct commercialization scenarios: D (domestic market commercialization: 7 d at 20 �C), EU
(transport to European Union: 5 d at 5 �C plus 5 d at 20 �C), and USA (shipping to overseas markets:
21 d at 0 �C plus 5 d at 20 �C).

Season Harvest Analysis CI (1000a/Lb) Firmness (N) TSS (%FW)

S1 (H1) 16 Oct. Harvest 9.3 az 83.2 d 16.9 a
D ND ND ND
EU ND ND ND
USA 19.2 b 23.0 a 17.2 a

(H2) 31 Oct. Harvest 17.3 b 72.2 c 17.4 a
D ND ND ND
EU ND ND ND
USA 27.5 c 30.5 b 18.7 a

S2 (H1) 8 Nov. Harvest 18.5 a 55.1 c 16.3 a
D 18.9 ab 52.1 c 16.5 ab
EU 21.9 bc 49.2 c 17.6 b
USA 29.3 c 37.7 b 17.6 b

(H2) 27 Nov. Harvest 25.5 c 48.5 c 16.9 ab
D ND ND ND
EU 33.3 d 30.1 a 17.5 b
USA 35.2 d 20.1 a 17.2 ab

zFor each evaluated parameter and season (S) different letters among scenarios (Harvest, D, EU, and USA)
indicate statistical differences P < 0.05 (least significant difference test).
FW = fresh weight; ND = not determined.

Table 7. Color index (CI), firmness, and total soluble solids (TSS) determined in persimmon cultivar Izu on
different harvest dates (H) during two consecutive seasons (S1-S2) and after stimulating distinct
commercialization scenarios: D (domestic market commercialization: 7 d at 20 �C), EU (transport to
European Union: 5 d at 5 �C plus 5 d at 20 �C), and USA (shipping to overseas markets: 21 d at 0 �C
plus 5 d at 20 �C).

Season Harvest Analysis CI (1000a/Lb) Firmness (N) TSS (%FW)

S1 (H1) 8 Oct. Harvest 12.1 az 39.2 d 17.5 a
D ND ND ND
EU 13.5 a 22.4 b 17.6 a
USA 15.8 b 2.7 a 18.1 b

(H2) 31 Oct. Harvest 19.1 c 35.5 cd 17.2 a
D 21.2 c 30.6 c 17.3 ab
EU 19.1 c 20.3 b 17.4 a
USA 28.1 d 0 a 18.2 b

S2 (H1) 16 Oct. Harvest 11.10 a 37.8 c 17.35 a
D 12.9 ab 35.9 c 17.0 a
EU 15.1 b 27.1 b 17.0 a
USA 21.2 c 9.1 a 18.3 b

zFor each evaluated parameter and season (S) different letters among scenarios (Harvest, D, EU, and USA)
indicate statistical differences P < 0.05 (least significant difference test).
FW = fresh weight; ND = not determined.

1770 HORTSCIENCE VOL. 55(11) NOVEMBER 2020



the postharvest analysis revealed that during
domestic commercialization, fruit still had
firmness values close to those at harvest. Soft-
ening became more marked after the EU sim-
ulation, which could compromise fruit quality
when it reaches consumers. The firmness value
drastically lowered after the U.S. simulation,
which indicates that this cultivar is very sen-
sitive to chilling injury.

During the second season, in which fruit
was harvested on 16 Oct., the previous results
about characteristics at harvest and posthar-
vest behavior were corroborated.

According to the results, the harvest pe-
riod for ‘Izu’ underMediterranean conditions
would be from early to late October, which
coincides with the harvest dates reported in
California and Japan. Although fruit firmness
was not very high at harvest, its commercial
values remained after simulating the domes-
tic and EU commercializations. However, it
was sensitive to low temperatures.

Conclusion

In the present work, the harvest window
of the six studied cultivars grown under
Mediterranean conditions differed for most
of them from that reported for Japanese
conditions. This was true of ‘Kanshu’ and
‘Shinshu’, which are harvested late in Octo-
ber in Japan, whereas their harvest time was
earlier when grown in Spain, from mid-
September to early October for ‘Kanshu’,
and in the first half of September for ‘Shin-
shu’. Likewise, ‘Soshu’ is harvested from the
end of September in Japan, but its optimum
harvest time was early September in the
Mediterranean Region. However, cultivars
Suruga, Youhou, and Izu had the same har-
vest period in both Spain and Japan. It is
noteworthy that the optimal harvest time
herein established fell in line with the crite-
rion that fruit displayed homogeneous color
and high firmness at harvest, and firmness
was maintained after the main commercial
scenarios because it is one of the most
important quality parameters. This differs in
other production areas, where persimmon is
consumed as soft fruit.

Nowadays the harvest window of persim-
mon in the Mediterranean Region goes from
mid-October to December. In this study,
cultivars Kanshu, Shinshu, Izu, and Soshu
showed earlier commercial maturity, and
Soshu stood out as the earliest cultivar be-
cause it can be harvested at the beginning of
September. However, it is worth mentioning
that all these cultivars were susceptible to
manifest chilling injury when stored at low
temperature. Therefore, fruit should not be

destined to long-distance markets. In the
particular case of ‘Soshu’, its postharvest fast
softening compromises its fruit quality when
it arrives in the EU. Hence, this fruit cultivar
should be destined only to domestic market.

Cultivars Suruga and Youhou overlapped
the harvesting window of the cultivars al-
ready cultivated in countries like Spain, Italy,
or Israel, but both can be highlighted for their
low susceptibility to manifest chilling injury
when stored at low temperature. Nowadays,
the persimmons cultivars grown in the Med-
iterranean Region are normally submitted to
1-MPC treatment before being transported to
the EU and overseasmarkets to avoid excessive
fruit softening. Thus, ‘Suruga’ and ‘Youhou’
could be good alternatives for the industry to be
sent to overseas markets with quarantine treat-
ments and no previous postharvest treatment.

The information herein provided is also
useful for persimmon breeders. The cultivars
that offer early maturation and those not
sensitive to chilling injury could be used as
plant material for future crossings in breeding
programs.
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