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Abstract

The cultivation of persimmon has been increasing rapidly in the Mediterranean region recently. We investigated
the performance, phenological and pomological characteristics of ten persimmon (Diospyros kaki Thunb.) cultivars
(‘Amankaki’, ‘Eylil’, ‘Fuyu’, ‘Hachiya’, ‘Hana Fuyu’, ‘Harbiye’, ‘Jiro’, ‘Kaki Tipo’, ‘O’Gosho’, and ‘Vainiglia’)
during 2001 to 2007 in the Mediterranean climate in Dortyol, Hatay, Turkey. ‘Jiro’, ‘Fuyu’, ‘O’Gosho’, ‘Hachiya’
and ‘Eyliil” had small canopy volume. Fruit maturity occurred in the first week of October for ‘Amankaki’, ‘Eyliil’
and ‘Hachiya’, which all matured earlier than other cultivars. The highest cumulative yields were obtained from
“Vainiglia’ and ‘Amankaki’. The mean fruit weight varied from 251 g for ‘Hana Fuyu’ to 87 g for ‘Eyliil’. ‘Eylil’
and ‘Hachiya’ had red skin, while that of *Vainiglia’, ‘Kaki Tipo’ and ‘Harbiye’ was yellow. The results demonstrate
that regional ecological conditions are appropriate for the cultivation of persimmon. The yield of ‘Vainiglia’, ‘Jiro’,
‘Amankaki’ and ‘Fuyu’ was high and regular; ‘Eyliil’ and ‘Hachiya’ had the most colorful fruit. We recommend

“Vainiglia’, ‘Jiro’, ‘Amankaki’ and ‘Fuyu’ for commercial growing in the region.

Persimmon belongs to the genus Diospyros
(family Ebenaceae). Around 400 species grow
in ecological conditions ranging from tropi-
cal to more temperate climates (36, 47). The
species Diospyros lotus L., Diospyros virgin-
iana L., and Diospyros oleifera Cheng have
been used as rootstocks in several countries.
These species are also utilized in medicine,
pharmacy and in the cosmetic industry as a
source of tannins (2, 14, 19, 21). Diospyros
kaki Thunb., which originated in China and
is the only commercial species, includes
cultivars whose fruits are consumed fresh or
processed (4, 21, 41).

Persimmons are deciduous trees that can be
monoecious or dioecious and produce fruits
parthenocarpically or via pollination. The fruit
is generally oblong-conical with a wide varia-
tion in size, shape and color. Fruit may be yel-
low, orange or red when ripe. In the northern
hemisphere, fruit is normally harvested from
late September to early December for the fresh
market or drying. The fruits taste sweet; how-
ever, many cultivars have an astringent taste

until they are fully ripe (32). D. kaki is classi-
fied into four types depending on the relation-
ship between astringency, presence of seeds
and flesh color. They are pollination-constant
non-astringent (PCNA), pollination-variant
non-astringent (PVNA), pollination-variant
astringent (PVA) and pollination-constant
astringent (PCA) (48). The PCNA group is not
astringent either with or without seeds. PVNA
group is not astringent at harvest if the fruit has
seeds. PCA group is always astringent. PVA
group is astringent also if pollinated. They are
non-astringent only around the seeds and have
dark tannin spots (38).

Worldwide persimmon production is ap-
proximately 3 million MT. China, Korea and
Japan account for 90% of total production;
minor producers include Italy, Israel, Turkey,
New Zealand and Spain (12). In Turkey, the
major production areas are the Mediterranean,
Black Sea and Aegean regions, where total
production has reached 18,000 MT, about
80% of which comes from the Mediterranean
region. Hatay in the Mediterranean region
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produces about 27% of Turkey’s total produc-
tion (39).

Currently, local cultivars dominate produc-
tion in Hatay. The introduction of cultivars that
are more productive, earlier to mature, PCNA,
edible when firm, seedless, easy to ship and
store and with red skin may increase demand
in both domestic and export markets. Cultivar
trials have been carried out previously (32,
40, 45), but not in the Hatay region. Because
ecological conditions significantly affect
horticultural performance (18, 28, 29), it is
important to determine yield and fruit quality
in each region (41). We investigated several
local and foreign persimmon cultivars, with
the aim of determining the most appropriate
cultivars for the Hatay region, which has a
typical Mediterranean climate.

Materials and Methods

This study was conducted at the Citrus and
Subtropical Fruits Research Station of Mustafa
Kemal University, Hatay, Turkey from 2001
to 2007. The persimmon orchard is located
in the Dortyol district of Hatay, Turkey in the
eastern Mediterranean region (36° 09’ E, 36°
51°N, 9 m elevation), where the mean annual
temperature is 19.1°C, mean rainfall is 1026
mm, and soils are generally sandy and alkaline
(pH 7.8). The introduced cultivars ‘Amanka-
ki’, ‘Kaki Tipo’ and ‘Vainiglia’ (PVNA),
‘Fuyu’, ‘Hana Fuyu’, ‘Jiro’ and ‘O’Gosho’
(PCNA) ‘Hachiya’ (PCA) were used, as well
as the local cultivars ‘Harbiye’ (PVNA) and
‘Eylil’ (PCA). ‘Amankaki’, ‘Jiro’ and ‘Kaki
Tipo’ were introduced from Italy; ‘Hachiya’,
‘Hana Fuyu’ and ‘O’Gosho’ from France; and
‘Fuyu’ and ‘Vainiglia’ from Pakistan (40),
by the Horticulture Department, Cukurova
University Adana, Turkey where we obtained
scion wood. All cultivars were grafted on D.
lotus seedling rootstocks at 25-30 cm above
the soil line. One-year-old budded trees were
planted at a spacing of 5 x 6 m in September
1997. A randomized complete block design
was used, with six single-tree replicates of
each cultivar. Trees were trained with the open
center (vase) system and pruned lightly. No

flower or fruit thinning was done. Weeds were
controlled by tillage. Irrigation started in May
and continued until September with total of
800-900 mm of water via drip irrigation. The
trees were fertilized with 500 g N per tree (2/3
of it at the end of February and 1/3 at the end
of May), 300 g P per tree (in December) and
400 g K per tree (by the end of January). The
trees showed no signs of nutrient deficiency.
There were no incidences of diseases and pests
except for Mediterranean fruit flies, Ceratitis
capitata (Wiedemann), which were controlled
via bait sprays.

Flowering was monitored from the begin-
ning of blossoming until fruit set. “Beginning
of bloom” was the stage where 5% of flowers
were open, “full bloom” was when 70% of
the flowers were open, and “end of bloom”
was the stage where 70% of the flowers had
dropped their petals.

Fruits were harvested at minimum maturity
based on skin color change from green to
orange or reddish-orange in ‘Hachiya’ and
‘Eyliil” or to yellowish-green or yellow in
‘Fuyu’ and similar non-astringent cultivars
(10). Two harvests were performed. Fruits of
each cultivar were collected and separately
weighed so that the yield per tree (kg) could
be calculated as the sum of two harvests. The
seven-year cumulative yield was obtained as
the sum of yield between 2001 and 2007. An
alternate bearing index (ABI) was calculated
between the years 2001 to 2007, using the
following expression (27):
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where n=number of years, and al, a2, ..., an-1,
an =yields of the corresponding years. An ABI
value close to zero represents the most regular
bearing. Trunk diameter and canopy volume
were measured after harvest during dormancy
but before pruning. The trunks were marked 10
cm above the graft union and measurements
were done at the same place each year. Tree
trunk cross-sectional (TCSA) area was calcu-
lated assuming a circular trunk. Final canopy
volume (CV) was measured before pruning
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and calculated from canopy height and spread,
considering the canopy as a prolate spheroid
shape and applying the formula:

CV = 4/3 mab®

where a is the major axis length/2, and b is the
minor axis length/2 (43).

At the second harvest, pomological analyses
were performed on 20 fruits per tree for each
cultivar immediately after harvest. The fruit
weight, length and width were measured.
Fruit length measurement was from calyx to
fruit apex. Fruit width measurement was the
largest equatorial length. Fruit flesh firmness
was measured on two opposite sides of each
fruit at the equatorial region, after the removal
of a 1 mm thick disk of skin from each side
of the fruit and the force in kg required to
insert an Effegi penetrometer (Model FT 327
Wagner Instruments, Greenwich, USA) fitted
with an 8 mm diameter probe was recorded
and expressed in Newtons (N). Skin and flesh
color were measured with a Minolta Chroma
Meter CR-300 (Osaka, Japan), using the CIE
L*a*b* color space. From these values, hue
angle was calculated as, h® =tan™! (b*/a*) and
chroma as, C = (a*?+ b*?)"2, Color values for
each fruit were computed as means of two
measurements taken from both sides at the
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equatorial region of the fruit (1). Total soluble
solids (TSS) content and titratable acidity (TA)
were assessed on juice obtained from 20 fruits
per replicate. TSS content was determined
with a refractometer (Atago Model ATC-1E,
Bellevue, USA), and TA by titration of 5 ml
of fruit juice with 0.1 N NaOH to pH 8.1
(expressed as g malic acid per 100 mL juice).

An ANOVA for all variables was performed
using the GLM procedure of SAS (34). Mean
separation was performed by Tukey’s HSD
test at p<0.05, using SAS’s GLM procedure,
and considering both cultivar and year effects
as random.

Results and Discussion

Flowering started in the 3 week of April
in early cultivars such as ‘Eyliil’, “Hachiya’
and ‘Hana Fuyu’ (Fig. 1). The time between
the beginning and the end of flowering was
generally about 2 weeks, but up to 3 weeks
for ‘Eylil’, ‘Hachiya’, ‘Hana Fuyu’, ‘Kaki
Tipo’ and ‘Vainiglia’. The cultivars tested in
this study displayed similar flowering charac-
teristics as the same cultivars in Antalya (31),
which is in the south of Turkey and has similar
ecological conditions as Hatay. However,
compared to Samsun (3) and Yalova (37),
which are in northern Turkey and have colder
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Figure 1. Bloom and harvest periods of 10 persimmon cultivars in Hatay, Turkey (mean of 5 years,

2003, 2007).
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temperatures in spring, the beginning of the
flowering was earlier and the duration of the
flowering period was shorter in Hatay. Our
observations on flowering times and duration
are in agreement with controlled temperature
studies by George et al. (16) who found that
the time period between budbreak and flow-
ering and the length of the flowering period
were increased three fold with decreasing day/
night temperature (range 32/27°C to 17/12°C).
Differences in the duration of flowering were
also in agreement with the findings of George
et al. (18), who suggested that cultivars may
have flowering times that vary by 1 to 2 weeks.
There was a 35 to 40 day difference in
maturation from early to late cultivars. Earlier
fruit maturation was observed in ‘Amankaki’,
‘Eylil” and ‘Hachiya’, which matured in
the first week of October. In contrast, the
latest maturation was observed in ‘Jiro’ and
“Vainiglia’, which ripened the first week of
November and the second week of November,
respectively (Fig. 1). Similar results were
obtained in the regions of Antalya (31) and
Yalova (37), but maturity in this study was
earlier than at Samsun (3). Our results for
late-maturing cultivars are also supported by
studies carried out by Collins et al. (8), Sato
and Yamada (35) and Wen (42). ‘Kaki Tipo’
and ‘O’Gosho’ were mid-season cultivars and
‘Jiro’ was intermediate- to late-maturing, in
agreement with the classification of Yonemori
et al. (46). Factors such as ecological condi-
tions, growing techniques (pruning, planting
density, growth regulators etc.) and cultivar
affect fruit maturity (6, 18, 29).
‘Amankaki’, ‘Jiro’, ‘Hana Fuyu’ and
‘O’Gosho’ were the most precocious cultivars,
with high early yields (Table 1). Persimmon
producers prefer cultivars with a short juvenil-
ity period, high yield and superior quality. In
this respect we suggest that cultivars such as
‘Amankaki’, ‘Jiro’ and ‘Hana Fuyu’ may be
advantageous. Tangu et al. (37) who studied in
Yalova (Turkey), also observed that cultivars
start to bear at different times after planting.
On mature trees, ‘Vainiglia’ yielded the most.
The highest cumulative yields were also great-
est for ‘Vainiglia’ and ‘Amankaki’ (Table 1).

Yield differences among cultivars were also
reported in Australia (15) and Florida (26).
In Australia ‘Fuyu’ is more productive than
Izu (17), while Collins et al. (8) described
‘Fuyu’ as being medium to high in yield.
Under Antalya (Turkey) conditions, ‘Fuyu’
is moderately productive (31). In the Adana
(Turkey) region, the lowest yielding cultivar
was ‘Hachiya’ (44), as also found in this study.
‘O’Gosho’, ‘Harbiye’, ‘Eylil’, ‘Kaki Tipo’
and ‘Hachiya’ had the lowest cumulative
yield, significantly lower than all other cul-
tivars, possibly due to alternate bearing. The
most regular bearing cultivars, as estimated
by ABI, were ‘Amankaki’, ‘Jiro’, ‘Vainiglia’
and ‘Fuyu’;O’Gosho’ and ‘Hana Fuyu’ did
not bear regularly (Table 1). Tangu et al. (37)
reported that ‘Fuyu’, ‘Amankaki’ and ‘Jiro’
were regular bearing in Yalova, Turkey, and
‘Jiro’ was also regular bearing in Japan (35).
Our results of irregular bearing in ‘O’Gosho’
and ‘Hana Fuyu’ confirm similar observations
made in southern Turkey (44). Miller (25) and
Collins and George (9) have suggested that
regular fruit yield is dependent on ecologi-
cal factors and cultural practices (irrigation,
fertilization, use of pollinizer cultivars, fruit
thinning etc.). No thinning was done in the
present study.

“Vainiglia’ had a trunk diameter 60-70%
larger than ‘Fuyu’, ‘O’Gosho’ and ‘Eylil’
(Table 1). Canopy volume was largest for
‘Hana Fuyu’, followed by ‘Harbiye’ and
“Vainiglia’. ‘Jiro’, ‘Fuyu’ and ‘O’Gosho’
had the smallest canopies. The tree vigor of
‘Fuyu’, ‘O’Gosho’, ‘Eyliil’ and ‘Jiro’ was low,
based on canopy volume or TCSA. ‘Fuyu’had
lower values in respect to both the diameter
of'the tree trunk and the canopy volume. This
could be explained by Bellini’s (4) sugges-
tion that this cultivar displays a complete or
partial incompatibility with D. lotus rootstock.
‘Harbiye’ which is widely cultivated in the
southern region of Turkey, formed trees with
large canopies, perhaps because of its better
adaptation to the local environment. Recently,
it has been recommended that planting dis-
tances of persimmon trees should be closer
in order to increase the yield per unit area
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(13). In this respect we recommend that the
cultivars ‘Jiro’, ‘Fuyu’, ‘O’Gosho’, ‘Hachiya’
and ‘Eyliil’, which displayed weak growth,
may be better suited to high density plantings
in the Hatay region. Yield per unit TCSA was
highest in ‘Fuyu’ and lowest in ‘Harbiye’.
Yield per unit of canopy volume was higher
in ‘Amankaki’, ‘Jiro’, ‘Fuyu’ and ‘Vainiglia’
than other cultivars (Table 1).

The heaviest fruits were obtained from
‘Hana Fuyu’ followed by ‘Vainiglia’ and
‘Hachiya’ (Table 2), and the smallest from
‘Eylil’. Miller (25) recorded fruit weights
between 99 g and 249 g in Florida, while Kim
and Ko (20) found a range from 44 to 302 g in
Korea. In Australia, the weight of ‘Fuyu’ aver-
aged 182 g (8), and in Thailand about 151 g
(22). ‘Fuyu’ produced fruits that weighed 138
g in Antalya, Turkey (31), whilst in Adana,
average fruit weight for this cultivar was 166
g (44). Differences in average fruit weight for
a given cultivar are probably attributable to
climatic and management factors in the stud-
ies (9, 18, 23). ‘Hana Fuyu’ and ‘Harbiye’ had
greater fruit width and ‘Hachiya’ had greater
fruit length, compared to other cultivars, in
the present study.
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‘O’Gosho’ ranked highest for flesh firm-
ness, while ‘Eyliil’ and ‘ Amankaki’ had softer
fruit at their minimum maturity (Table 2). In
persimmon fruits, firmness should be above
22 N for minimizing postharvest loss and
maintaining marketable fruit quality during
shelf life (5, 10, 33). In our study all cultivars
met this criterion. Among PVNA and PCNA
cultivars, the highest TSS content occurred
in ‘Amankaki’ and ‘Harbiye’ and lowest in
‘Jiro” and ‘O’Gosho’. PCNA cultivars did not
reach the 18-20% TSS considered optimum
(10), but still met the export requirement of
14% TSS (17). Elsewhere in Turkey, ‘Fuyu’
and ‘Hachiya’ had 18.5% and 23.5% of TSS,
respectively (31). Mowat et al. (29) indicated
that TSS content of ‘Fuyu’ was lower in New
Zealand (13.2%) than in Australia (15.7%),
and that TSS was negatively correlated with
temperature. The titratable acidity content of
the cultivars ranged from 0.11% for ‘Hana
Fuyu’ to 0.29% for ‘Hachiya’. In PVNA
cultivars, the soluble tannins disappear after
pollination if enough seeds (usually four or
five) form (21). Therefore, the number of
seeds is important for the PVNA cultivars such
as ‘Amankaki’, ‘Vainiglia’, ‘Kaki Tipo’ and

Table 2. Fruit weight, fruit width, fruit length, fruit flesh firmness, total soluble solids (TSS), titratable
acidity and seed number per fruit of persimmon cultivars tested between 2003 and 2007 in Dértyol-

Hatay (average of 5 years).

Cultivar Weight (g)  Width (mm) Length Flesh TSS Titratable  Seed No.
(mm) firmness % acidity (%)  per fruit
Amankaki 128.1d 67.3 cd 443 e 39.3de 19.2 ab 0.23 a-c 0.0c
Eylul 87.4e 56.9e 50.1 cd 35.8e 214 a 0.25 ab 0.5 bc
Fuyu 123.9d 65.9d 475de 64.2a-c 14.9 cd 0.15 b-d 1.8a
Hachiya 222.9 ab 73.8 ab 76.2a 48.9 c-e 213 a 0.29 a 0.1c
Hana Fuyu 251.0a 79.7 a 64.0b 58.6 a-c 149 cd 0.11d 1.8a
Harbiye 2183 b 78.4 a 65.1b 53.4 b-d 18.9 ab 0.21 a-c 03¢
Jiro 138.7d 72.0 bc 48.6 cd 67.2 ab 14.5d 0.13cd 0.4 bc
Kaki Tipo 2151b 75.6 ab 67.3b 51.9 b-e 17.3 b-d 0.14 cd 0.7 bc
O’Gosho 1744 c 73.9 ab 51.8¢ 733 a 14.7d 0.13cd 0.3c
Vainiglia 234.7 ab 75.1 ab 65.0 b 58.6 a-c 17.9 bc 0.14 cd 1.1b
MsD= 31.5 6.0 4.2 17.1 3.0 0.10 0.7

ZMean separations were conducted by Tukey HSD test and MSD represents Minimum Significant Difference.
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Table 3. The fruit skin color and flesh color (L*, chroma and hue values) of persimmon cultivars tested
between 2004 and 2007 in Dértyol-Hatay (average of 4 years).

Cultivar Skin color Flesh color

L* Chroma Hue L* Chroma Hue
Amankaki 63.0 ab 67.4b 70.2 ab 58.7 b-d 52.5 bc 77.7 b-d
Eylul 57.7c 66.8 b 54.0d 54.3 de 54.8 ab 71.4¢e
Fuyu 57.6¢c 60.5¢c 68.5 bc 51.2e 42.5d 77.1 b-d
Hachiya 56.3 ¢ 66.1b 54.3d 62.3 a-c 57.6a 75.0 c-e
Hana Fuyu 59.6 bc 68.3b 68.2 bc 57.3 c-e 493 c 75.2 c-e
Harbiye 67.1a 759 a 729 a 68.8 a 491 ¢ 825a
Jiro 61.0 bc 59.1¢c 64.8c 57.1c-e 51.3 bc 73.3 de
O’Gosho 58.7 bc 67.0b 66.0 bc 61.4 a-d 50.2¢c 79.1 ab
Kaki Tipo 67.2a 73.7 a 73.8a 65.0 ab 48.4 ¢ 81.1ab
Vainiglia 67.1a 749 a 738 a 63.7 a-c 50.9 be 81.3a
MSD?, 5.2 3.6 4.2 7.4 4.3 4.7

“Mean separations were conducted by Tukey’s HSD test and MSD represents Minimum Significant Difference.

‘Harbiye’. Here these cultivars had insufficient
seeds (Table 2), so pollinizer cultivars along
with bee hives should be included in persim-
mon orchards with PVNA types.

In persimmon fruits, minimum maturity is
based on skin color change from green to or-
ange, reddish-orange (‘Hachiya’), yellowish-
green, or yellow (‘Fuyu’, ‘California Fuyu’,
‘Jiro’), depending on cultivar (10). The highest
L* value (a measure of the brightness of the
color) was obtained for both the fruit skin
and fruit flesh of ‘Kaki Tipo’ and ‘Harbiye’
(Table 3). In previous reports, the L* value
for ‘Fuyu’ was 60.6 (24) or 65.0 (7), and that
for ‘Hachiya’ was 63.4 (11). Our L* values
were lower than those reported by others.
‘Eylil’ and ‘Hachiya’ were a deep orange
(lower hue values) while ‘Kaki Tipo’, ‘Vaini-
glia’ and ‘Harbiye’ had light orange fruits,
i.e. paler or brighter than other cultivars.
‘Eyliil’, ‘Hachiya’ and ‘Hana Fuyu’ and ‘Jiro’
fruits had more orange flesh color (lower hue
values) than ‘Vainiglia’ and ‘Harbiye’. ‘Jiro’
and ‘Fuyu’ formed the darkest fruits. The
chroma values for fruit skin color and flesh
color were not in parallel in some cultivars,
possibly because fruit flesh color can change
significantly, depending on pollination. The
hue value we obtained for ‘Fuyu’ was similar

to that obtained by Mowat (30) in New Zea-
land, but somewhat lower than those reported
by Lyon et al. (24) and Cia et al. (7). On the
other hand Sato and Yamada (35) reported that
‘Fuyu’ and “Jiro’ fruits were reddish-orange.
The differences observed in this study and
others are suggested to be attributable to cli-
matic conditions (illumination, temperature
differences between day and night, etc.) and
cultural practices (pruning, irrigation, fertiliza-
tion etc.) (9, 18, 30).

Recently, there has been an increase in the
number of commercial persimmon orchards
in the Mediterranean region of Turkey. We
anticipate additional increases in persimmon
production with the introduction of the stan-
dard cultivars that are in demand in domestic
and export markets. We suggest that the
ecological conditions in the region are ap-
propriate to obtain early and high yields and
good fruit quality. According to our results,
‘Amankaki’, ‘Eyliil’ and ‘Hachiya’ with early
fruit maturity, ‘Vainiglia’, ‘Jiro’, ‘Amankaki’
and ‘Fuyu’ with high regular yield and ‘Eyliil’
and ‘Hachiya’ with dark skin color, are the
most desirable. We recommend Vainiglia’,
‘Jiro’, ‘Amankaki’ and ‘Fuyu’ for commercial
production in Hatay, because consumers prefer
and demand PCNA and PVNA types.
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