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Growing Characteristics of Second Crop Fruits
of Various Fig (Ficus carica L.) Varieties

Akihiro Hosomi* and Toru Takahashi

Fig trees (Ficus carica L.) are cultivated worldwide, but little attention has been given to their varieties concerning
proper classification and fruit-growth dynamics. In this study, we compared the fruit growth characteristics of fig
varieties and explored how morphological traits might help with its identification. The selected fig trees were introduced
under 37 names and cultivated in an open field at the Toyo Institute of Food Technology. After analysing the similarities
between tree and fruit characteristics, they were consolidated into 25 varieties, and 24 were identified as representative
variety names based on the literature. Shoot basal width, fruit set date, set rate, enlargement pattern, maturation date
and rate, and size and weight at maturation were recorded. Our results showed that (1) the differences in fruit size and
maturation time between varieties were primarily determined by the size of the young fruit at the end of enlargement-
stage I and the length of enlargement-stage II, respectively; (2) fruit maturation was characterised by order of fruit
set, i.e. sequential maturation from the base of the shoots to the tips, although this was disrupted in some varieties by
the excessive growth of shoots; and (3) fruit size decreased from the base to the tip of shoots in all varieties, and this

pattern was most marked in larger-fruit varieties.

Key words: cultivar name, fruit enlargement, fruit maturation, fruit set, growing stage, homonym, synonym.

1.Introduction

Fig trees (Ficus carica L.) have been valuable plants
for humankind since ancient times ". They are cultivated
worldwide, including in the Near and Middle East, the
Mediterranean region, the United States, Brazil, China,
India, and Japan. Still, the annual production of figs
(1,264,943 t) is not as large as that of other relevant
fruits, such as apples (86,442,716 t), grapes (78,034,332
t), and oranges (75,458,588 t)?. Therfore, despite their
long history of cultivation, scientific research on fig trees
and fruits remains limited compared to other fruit types.

As well as shedding light on how to better select
varieties for cultivation, studying fruit growth is crucial
for understanding fig-growing physiology and refining
variety-specific cultivation methods, such as pollination
timing, the correct period for applying pesticides and
plant-growth regulators, controlling the nutrients
condition of fruit-bearing shoots, and estimating harvest

periods and yield size.

As one of the main characteristics of fig trees, fruit
development happens progressively from the base to
the apex of reproductive shoots® and undergoes three
stages of enlargement: stage I (a rapid increase), stage
II (almost no change in growth), and stage III (a marked
increase) *°. However, there is very limited information
on the extent to which varieties share these growth
characteristics or whether there are exceptions®.

Some discrepancies in variety names complicate
detailed studies on figs due to a plethora of synonyms
and homonyms”, and some authors attempted to resolve
these issues based on morphological classification”®!'%,
However, in numerous cases, one variety is still called by
different synonyms'".

In this study, we sought to characterise the second
crop of different fig varieties based on key features,
including fruit set, maturation, and enlargement. We also
present our results of cross-checking representative

variety names and their characteristics, hoping to

* Corresponding author (E-mail: akihiro_hosomi@shokuken.or.jp or vividlyoceanly@gmail.com).
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Table 1 (1st half). List of the studied varieties of fig and a comparison of their morphological characteristics with referenced
literatures.
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Planted year 2008 2008 2008 2008 2008 2008 2008 2020 2008 2017
Number of test trees 2 4 2 4 4 2 4 2 4 2
Referenced literature * €] €] €1 [€] [S] €] €] [CW] [C]
Descriptors and its rank value by IPGRI and CTHEAM (2003) Characteristic values of each variety '
Tree 7.2.1 Tree growth habit 1 Erect, 2 Semi-erect, 3 Open, 2 4 2 3 3 2 3 4 2 1
4 Spreading, 5 Weeping [2] [4]
722 Vigour 3 Low, 5 Intermediate, 7 High 5 7 5 5 7 7 3 3 7 7
7] Bl 5] (7] 3] |
729 Terminal bud colour 1 Light green, 2 Green, 2 4 1 3 3 3 1 1 1 1 2
3 Pinkish brown, 4 Brown 2] [4] [2] [3-4] [3] 2] 2]
Leaf 733 Number of lobes 0 Absent, I Three, 2 Five, 3 Seven, 2 1-2 1-2 1-2 2 1-2 1 2 2 1 2
4 More than seven [1-2] [2] [1-2] [1-2] [1-2] 1] [2] B3] [0-2]
7.3.4 Shape of lobes 1 Spatulate, 2 Linear, 3 Latate, 3 1 34 1-2 1,3 3 3 1,2 1 3 3
4 Lyrate, 99 Other [1] 2] 31 21
73.6 Degree of leaf lobation / 0 No, 1 Slight, 2 Average, 3 Marked, 3 34 2 3 2 2 2 4 3 3
incision 4 Very marked [2] [34] [2] 4 [2] [1] [4] [3] [1]
7.3.7 Shape of base 1 Truncate, 2 Cordate, 3 Calcarate, 2 2 2-3 1,3 2 2-3 1-2 3 2 2 2
4 Decurrent, 5 Open calcarate 2] 2] [2-3] [1-2] [2] 2] [2] 2]
7.3.10  Area 1 Small, 2 Medium, 3 Large, 2 3-4 2 2-3 23 3 1 1-2 2 1-2 1-2
4 Very large [2] [2-3] 2] 2] 2] (B4 (1 [2]
7.3.13  Margin 1 Crenate, 2 Dentate, 3 Serrate, 3k 1,3 1 1,3 1 3 1 1 1,3 1,3 1
4 Double serrate, 6 Undulate 1] 1] 1] 1] 1] [1-3] 1 1] [1] [1-3]
Fruit (2nd 7.1.3 Beginning of fruit maturation 1 Very early, 2 Early, 3 Mid-season, 3 3 2 3 4 4 3 3 3 4
crop) 4 Late, 5 Very late
7.142  Full maturity 1 Very carly, 2 Early, 3 Mid-season, 3 34 3 34 34 4 1 34 3 )
4 Late, 5 Very late
7.4.1 Shape 1 Oblong, 2 Globose, 3 Oblate 1 1 2 1 2-3 2-3 1-2 1 2 1-2 1
[1] [1-2] [2-3] [1-2] [3] [2-3] [2-3] [1] [1] [1-2]
742 Shape according to the location 1 Ovoid, 2 Bell shaped, 3 Pyriform 3 2,3 1 1,3 L3 1 23 2 13 1 1
of the max width” [2.3] [2.3] [1] [1.3] [2-31 [1-2] [2] [2] [2-3]1 [1]
7.4.5 Weight * (€] 34-52  37-54 34-44 28-39  35-58 46-64 33-54 57-78  52-74 35-55 53-72
[58] [50] [30] [27] [38] 28] [42] [50]  [30-80]
748 Neck length 0 Absent, 1 Short, 2 Medium, 3 1 1 0-1 2 2 0 0 0-1 0-1 1
3 Long 3] [variable] [1] [0-1] [1] [2-31  [0] [0] [0-1]
7.4.11  Ostiole width 1 Small, 2 Medium, 3 Large, 2 2 1 1 3 2 3 3 2 2
4 Very large [2] [2] [2] [2] [2] [1] [2] [2] [2] [2]
7.4.14.1 Scale size 3 Small, 5 Medium, 7 Large 5 5 5 5 7 7 7 3 3 5
7.4.14.2  Scale colour 1 Same as skin, 2 Different from skin 2 1 1 1 1 1 1 2 2 1 1
[2] [chaffy] [1] [1] [1] [2] [2] [1]
7.4.14.3 Scale adhesion 1 Detached, 3 Adhered, 5 Semi-adhered 1 1 3 5 5 1 3-5 5 1 1
[1]
7.4.15  Shape of the fruit stalk T Variously enlarged, 2 Long and 30 3(0) 2H)  2(H)** 30)  3()  2(G),3(J)** 3(J) 30)  30) 3()
slender, 3 Short and thick [1-3] 3] [1] 3] 31 [1] [3]
7420  Ribs 0 None, 3 Intermediate, 5 Prominent 0 5 3-5 3 3 3 5 0 3 0,3 5
[0-3] [5] [0-3] [3] [5] [0] [0.5]
7.421  Skin cracks 1 Cracked skin, 2 Scarce longitudinal 3 2 3 3 3 3 3 3 1 3 2
cracks, 3 Minute cracks 3] [3]
7.425  Bloom 0 Absent, 1 Present, 2 Abundant 1 0 0 12 2 2 0 0 1 0 1
[0-1] [2] [2] [bluish] [0-1]
7.426  Skin ground colour 1 Black, 2 Purple, 3 Brown, 4 Green, 34 1-2 5 12 2,4 1 3 3 5 6 4
5 Light green, 6 Yellow green, 7 Yellow B3] [1-2] [5] [1-2]  [24] [1-2] [3] 3] [4] [4-6]
7.428  Lenticels quantity 3 Scarce, 5 Intermediate, 7 Numerous 5 5 3 5 5-7 5 5 5-7 5 3
[3-5] [3] [5] [7] [5] [7] [5]
7.429  Lenticels colour 1 White, 2 Pink, 3 Green 1,2 1 1 1-2 1 1 1 1 1 1
[1] [1] [1] [1] [1] [1] [1]
7.4.30  Lenticels size 3 Small, 5 Medium, 7 Large 3-5%k 7 3 5-7 7 3-5 7 7 5 3-5
[7] [7 [3] [7] [7] [5] [3]
7.4.32  Pulp internal colour 1 White, 2 Amber, 3 Pink, 4 Red, 2 2,3 1 4 5 4-5 ** 2.3 2 3 2 2
5 Dark red [2] [3] [1] [4] [4] [3] [2] [2] [3] [2]
7.4.35  Fruit cavity 0 None, 3 Very small, 5 Small, 0 5 0 0 7 3 5 7 0 0 5
7 Medium, 9 Large [hollow]
Markedly mismatched characteristics between TIFT observations and references . “ -
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“[C]: Condit (1955)'”, [CW]:Condit and Warner (1956)'?, [S]: Simonet, et al. (1945)”.

¥ “Ovoid” (in the middle), “Bell shaped” (nearer to the neck) and “Pyriform” (nearer to the ostiole-end) correspond to “Spherical”, “Tarbinate”, and “Pyriform”, respectively, as referred to by Condit
(1941)".

* Fruit weight (at the TIFT) is the interquartile range of the weight of all mature fruits on shoots (four per tree) in 2021.

¥ “Lisa’ is not listed by Condit (1955) 10 although its characteristics are similar to the fig trees cultivated under the name ‘Archipel” that has been cultivated in the same field of TIFT in the past.

Y “Violette de Solliés’ is not listed by Simonet, et. al., (1945) % but Khadari et al. (1995)23’ reported a genomic match between this variety and ‘Bourjassotte Noire’.

" As no matching names could be found. Therefore, the name introduced in TIFT was adopted in this study.

' The values observed in TIFT (upper row). Red notation with ** indicates a clear deviation from the values shown in the reference denoted within [ ] at the bottom.
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Table 1 (2nd half). List of the studied varieties of fig and a comparison of their morphological characteristics with referenced
literatures.
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Planted year 2008 2008 2008 2008 2008 2008 2020 2020 2008 2008 2008 2008 2008 2009
Number of test trees 4 4 6 2 2 4 1 2 2 4 4 4 4 2
Referenced literature * €] (S €] €] €] €1 €] 18] €] €] €] €] €] €]
Descriptors by IPGRI and CIHEAM (2003)” Characteristic values of each variety ?
Tree 7.2.1 Tree growth habit 4 4 4 2 %% 2 2 3 1 3 4 3 4
[31 [51 [41 [2.4] [11 [4]
722 Vigour 5 5 5 7 7 3-5 5 7 7 S 5 5
[5] [5-7] [5-7] [7] [7] [5] 71
729 Terminal bud colour 1 4 3 2 1 1 3 2 1 4k 3 2 34 1
[2] [3] [2.4] [2] [3] [2] [2] [3] [31 [2]
Leaf 733 Number of lobes 1-2 2-3 2 1-2 1 1 0-1 2-3 2 2 2 1-2 2
[2] [2-3]1 [2] [1-2] [11 [0-1] [1-2] [2] [2] [1-2] [1-2] [2]
734 Shape of lobes 4 2 3 4 3 1,3 3 1 3 3-4 2 3 34 1
2] [1]
7.3.6 Degree of leaf lobation / 3 4 3 2-3 2 1 1-3 3 3 3 34%* 12 2 2
incision [2] [3] [2] [1] [2] [2] [2] [1] [1-2] [2]
7.3.7 Shape of base 2 3 3 2 2 1,4 1 3 2 2-3 2-3 2 3 2
[1-2] [2-3] [1.4] [1:2] [2] [3] [2-3] [2-3] [31 [1-2]
7.3.10  Area 2-3 2 3 3 4 1 12 2 2-3 2 2-3 2 2 2
[2] [31 [31 [2-3] [11 [1:2] [1-2] [2-3] [2] [1-2] [2-3] [2]
7.3.13  Margin 1 1 1 1 1 1 13 13 1 1 1 1 1 1
[11 [11 [1] [11 11 [1] [11 [11 [1] [1] [1]
Fruit(2nd  7.1.3 Beginning of fruit 3 2 3 3 4 3 2 2 3 2 4
crop) maturation
7.1.4.2  Full maturity 3 3 3 3 5 3 3 3 3 3 4
74.1 Shape 1 1 1 1 2 2-3 1-2 1 1 1-2 1-2 1 1 1
[1] [1] [1] [1] [2-3] [1] [1] [1] [2] [1] [1] [1]
742 Shape according to the location 3 3 2-3 2-3 3 1 2-3 3 3 1,3 1 1-2 3 2-3
of the max width* [3] [2-3]  [3] [2] [3] [1] [2-3] [1.3] [31 [3] [1] [2-3] [3] [2]
74.5 Weight ™ 59-79 58-81 3046 54-72 5069 19-27 22-33 54-70 11-33  41-52 2039 2738 69-96  41-63
[medium] [40-60] [25-41] [60] [>medium] [18] [30]  [30-60] [14] [40] [25] [31] [70] [50]
748 Neck length 3 0 0-1 1 3 0-1 0-1 1 3 2 0 1-2 0-3 2 **
[3] [0-1] [0-1] [thick] [0-11 [0-11 [0-11 [3] [2-3] [0 [0-1] [1-3] [0-1]
7.4.11  Ostiole width 3 1 2 3 3 1 2 1 1 3 2 2 3 1
[31 [1-2] [2-3] [2] [2] [2] [2-3] [31 [31 [2]
7.4.14.1 Scale size 5 3 5 7 3 7 3 5 3 7 5 5 7 3
7.4.14.2 Scale colour 2 1,2 1 1,2 1 2 1 2 1 2 1 2 1 2
[2] [1] [2] [2] [1] [2] [2] [1] [2]
7.4.14.3 Scale adhesion 1 1 5 3 1 3 1 3 3 5 1 3-5 5 3
[3] [5]
7.4.15  Shape of the fruit stalk 31 30 3(0) 3(0) 2(G) 2(G) 3D 3 2(G) 30 30 2(H).3()  3() 3(0)
[3] [3] [3] [2-3] 21 [somewhat
7420  Ribs 5 0 0 5 3 3 03 5 3-5 0 3 0 3 0
[51 [0-1] [51 [31 [51 [31 [0] [0-3] [31 [0]
7.4.21 Skin cracks 2 3 2 3 3 3% 3 2-3 3 H* 3 1 1 3 2
[31 11 [1] [1-2] [1]
7.4.25  Bloom 0 1 0-1 ** 1 2 1 2 1 2 0 1 2 1 0
[2] [0] [0-11 [2] [2] [0-1] [2] [2] [2] [0-1]
7.426  Skin ground colour 3 5 1 5 3 2,5 1 34 2-3 1 2-3 2-3 4
[3] [5-6] [1] [5] [2.5] [2.4] [2-3] [6] [1] [2-3] [2] [4]
7.4.28  Lenticels quantity 3 3 5 5 5 5-7 3-5 5 5 3 5-7 3 5 5
[5] [5] [5] [51 wal
7.4.29  Lenticels colour 1 1 1 3 3 1-3 2 1 1 1 1 1 1 1,3
[1-2] [1] [1] [1] [1] [1] [1-2] [1]
7.430  Lenticels size 5 7 3 5 3-5 3 3 7 3 3 3 3 7 7
[5-71 [3] [3] [71 [71
7.4.32  Pulp internal colour 2,3 4,5 2-3 2-3 3 2-3 4 4 4 3 4 3 3 3
[31 [4] [2-3] [2-3] [2-3] [3-4] (3] [3-4] [3-41 [3-4] [3-4] [31 [31
7.4.35  Fruit cavity 5 7 3 9 5 0 5 5 7 5 0 5 7 5
[hollow] [hollow] [hollow] [somewhat
Markedly mismatched characteristics between TIFT ) ) 32 =
observations and references N é § :; s s £
E g 5 5 £2 3% -
3 z =] =] g2 £ .S o
] S g g £ -2 2
s 5 = = 22 33 £
g CI P P PR - 2 e
S S 2 ] S El S S El ] ST 3 S 2
Z Z = = = Z = Z Z = = o = 2 Z Z =

»%Y-PSee Table 1 (1st half).

¥ See Table 1 for the respective class values.

¥ Condit (1955) 1 classified this variety as “San Pedro” type. However, this is questionable, as his same paragraph shown as “Common” type characteristics (= second-crop maturation without
caprification). ‘Daw Low’ is probably coined to facilitate the pronunciation of ‘Drap d'Or’.

" The observed characteristics also matched well with those of ‘San Pietro’, listed by Condit (1955)
different from that described for ‘San Pietro’.

' This variety is unique to Japan, which Condit (1955) 19 ists as ‘Horaigaki’, but the alternative modern pronunciation "Houraishi" is common in Japan.

' as a variety imported to the USA from Dalmatia, but the observed number of lobes was markedly

* ‘Banane’ is not listed by Simonet, et. al. (1945)”, but ‘Banane’, a synonym of ‘Longue d'Aott’, is shown with similar fruits is listed on many nursery websites, e.g., "Pepinieres.quissac"
https://www.jardin-ecologique.fr/produit/figuier-longue-daout-ficus-carica-longue-daout/.

" *Zebra Sweet’ and “TEMARI ICHIJIKU” are probably uniquely Japanese names and are not shown in Condit (1955)
9 “Précoce Ronde de Bordeaux” is not shown in Condit (1955) !9 byt ‘Ronde de Bordeaux’, a synonym of ‘Précoce de Barcelona’, is shown with similar fruits on some websites, e.g., "La Figue du
Salagou" https://lafiguedusalagou.fr/liste-varietes-figuiers/ronde-de-bordeaux/.

10, although the distinctive fruit appearance is unmistakably ‘Panachée’.
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collaborate for the global disclosure of relevant scientific
information about the fig.

2.Materials and Methods

2.1. Sampled trees

We conducted all observations between 2019 and
2021 at the Toyo Institute of Food Technology (TIFT)
experimental field in Hyogo, Japan (34°81'N; 135°40'E).
The field site is 38 m above sea level and dressed by
decomposed granite soils on a “Lowland paddy soil”. As
shown in Table 1, 77 trees with 37 introductory names
planted in 2008, 2009, 2017, or 2020 at a density of 95
trees per 1,000 m? were studied. All of the trees were
base-form trained, but only two trees each of ‘Bordeaux’
, ‘Du Japon’, or ‘Précoce de Barcelona’ were trained by
straight line training'®. We selected 30 to 35 shoots from
each tree to be elongated as fruit-bearing shoots and
removed the others. The shoots were allowed to elongate
to more than approximately 180 cm before being pinched.
Other cultivation details, such as irrigation, fertilisation,
and pest management, followed standard practices for fig
orchard management.

The ‘Conadria’, ‘Ischia Black’, and ‘Longue d’Aolt’
(Table 1) were excluded from the fruit set and growth
measurements for being considered too immature.

2.2. Representative variety names

Prior to this study, we cross-checked the most
representative names of the studied fig varieties against
the lists of significant varietal characteristics as given by
Condit (1955)'%, Simonet et al. (1945)”, and Condit and
Warner (1956)'%,

The selected varieties were purchased from nurseries
or transferred from other research institutions to the
TIFT and arrived labelled with Japanese trade names and
synonyms. Therefore, we grouped those varieties with
similar morphological and agronomic characteristics and,
subsequently, sought to identify a representative name
from those listed by Condit (1955)'?. The representative
name of studied varieties was determined by confirming
that the label names matched with the representative
names, synonyms, homonyms, or misnomers given
by Condit (1955)'%
characteristics of labelled varieties also agreed with his

and that the morphological

descriptions. We compared morphological characteristics
based on current fig descriptors (IPGRI and CIHEAM,
2003)'%. Since this descriptors and that of Condit
(1955)'” do not necessarily match, the characteristics
described by Condit (1955) were replaced to the

descriptors of IPGRI and CIHEAM (2003)'¥ referring to
his explanation of fig characteristic'®. The characteristics
of studied varieties were determined from observations
in 2020 and 2021, while “fruit weight” was determined
as the interquartile range of fruit weights on the tested
shoots described in the following Section 2.3 in 2021.
When the labelled varieties could not be identified by
Condit (1955)'?, we performed the same matching
process using Simonet et al. (1945)? and Condit and
Warner (1956)'?, In addition, we also considered relevant
literature and the information available online on the
plant nursery website.

2.3. Growth and fruit production of individual shoots

At the beginning of the fruit-set period, six and
four medium-growing shoots were selected from each
tree in 2020 and 2021, respectively, to investigate the
overall main (second) crop fruit production per shoot. The
following information was recorded for each shoot: the
first day of fruit set and maturation, the fruit set date
on each node (in 2021), the fruit maturation date, and
the mature fruit weight (fruit weight) on each node. The
basal diameter (between the second and third nodes from
the base) of dormant shoots was recorded during winter
(post-harvest). The fruit set date was defined as when
the diameter of a flower bud was around 3 mm'®, and the
fruit maturation date was defined as when the fruit was
soft and easily indented when pressured by finger touch.
Fruit weight ( = 0.1 g) was measured with a digital scale
(EW-300G, A&D, Tokyo) and basal diameter of shoot
( £ 0.01 mm) with a digital calliper (AD-5765A-150,
A&D, Tokyo). Using the records of up to 20 nodes on
each shoot, we then determined the following: (i) the
percentage of nodes with fruit set (“fruit set rate”) and,
in 2021, multiple fruit set (“multiple fruit set rate”), and
(ii) the percentage of nodes with set fruit showing mature
fruit (“fruit maturation rate”). The polyserial correlation
coefficient (PCC) for node order and fruit set date in
2021, node order and fruit maturation date, and node
order and fruit weight were also calculated using R (Ver.
4.1.2, R Foundation for Statistical Computing, Vienna,
Austria). Standard score (SS) values were calculated (for
data from the same year) using Microsoft Excel (ver.
2016, Microsoft Corp., Redmond, WA, USA) to assess the
specificity of those characteristics between the different

varieties.

2.4. Growth of individual fruit at the bases of shoots
Six and four medium-growing shoots from each tree
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gth

Figure 1. Measured parts of fig fruits adopting Storey (1975)2
as reference and IPGRI and CIHEAM (2003)!4.

were selected at the beginning of the fruit set period in
2019 and 2021, respectively, to investigate individual
fruit growth. The shoots selected in 2021 were the ones
described in Section 2.3. The earliest or second-earliest
young fruit was marked on each candidate shoot, and the
diameter of its equatorial plane (“fruit width”, Figure 1)
was measured from approximately 5 mm until maturity
using a calliper (AD-5765A-150). This approach followed
the method described by Crane (1948)* but with shorter
measurement intervals of 3-4 days. The resulting data
were plotted over time alongside the length of distinct
enlargement stages (as described in Section 3) and fruit
width. The fruit weight, fruit length and body length
(Figure 1) were also measured at the maturity stage. For
the characteristic enlargement stages, the expansion ratio
was determined. To assess the variability and specificity
of these different growth characteristics between the
varieties (in the same year), the mean, coefficient of
variation (CV), and SS were calculated using Microsoft
Excel (ver. 2016, Microsoft).

3.Results and Discussion

3.1. Representative names of the studied varieties
The figs introduced to the TIFT experimental field
under 37 different names were grouped into 25 different
varieties, 24 of which correspond to the representative
names given by Condit (1955)!%, Condit and Warner
(1956)'?, and Simonet et al. (1945)%. The morphological
characteristics of the studied varieties and their
conformity with reference reports are shown in Table

1 and Figures 2 and 3. Specific descriptors of some
varieties were distinctly different from the reference
reports, such as “leaf margin” and “fruit lenticels size”
in ‘Archipel’, “shape of the fruit stalk” in ‘Bordeaux’
, “pulp internal colour” in ‘Bourjassotte Noire’, “shape
of the fruit stalk” in ‘Brown Turkey’, “fruit bloom” in
‘Franciscana’, “tree growth habit” in ‘Genoa’, “skin cracks
of fruit” in ‘Ischia’ and ‘Malta’, “terminal bud colour”
of the shoot in ‘Panachée’, “degree of leaf lobation” in
‘Précoce de Barcelona’, and “neck length of fruit” in
‘Verdone’. However, like most other plants, morphological
characteristics are markedly affected by environmental
conditions'® and minor mutations. Therefore, some of
these discrepancies do not necessarily reflect different
varieties. When the designation in the referenced
reports conferred with most of the traits in the studied
specimens, the reported representative name was treated
as the name of the studied variety, even if there were
some discrepancies. Only ‘Dreamy Sweet’ could not
be matched in this way, and, therefore, this name was

retained.

3.2. Growth and fruit production of individual shoots

The characteristics of shoot growth, fruit set and
maturation of each variety are shown in Table 2, and
the results of the analysis of the relationships between
these metrics are shown in Figures 4-6. The basal width
of shoots ranged from 18.0 to 31.6 mm between varieties.
‘Houraishi’ and ‘Précoce de Barcelona’ were larger,
and ‘Brown Turkey’, ‘Ischia’, and ‘Dreamy Sweet’ were
smaller (Table 2). As all specimens were managed in such
a way that the number of shoots per tree did not vary
significantly, this variation seems to be a direct reflection
of the varying vigour of the varieties.

Fruit set began earlier on the shoots of ‘Ischia’
and later on ‘Bourjassotte Noire’, and the fruit set rate
was >70% for many varieties but was notably low for
‘Panachée’, ‘Genoa’, and ‘Verdone’. Some of the varieties
with higher set rate, such as ‘Ischia’, ‘Malta’, ‘Brunswick’,
‘Brown Turkey’, and ‘Dottato’, had more than one fruit on
the same node (Table 2). This result agree with the view
that figs have two flower bud inflorescences in each leaf
axil, and only one of them grows in ‘Mission’ (probably
a synonym for ‘Fransiscana’), ‘Brown Turkey’ (probably
a synonym for ‘San Piero’) and many other varieties,
whereas in ‘Kadota (probably a synonym for ‘Dottato’)’
both inflorescences grow®”'®). The correlation between
the fruit set and node order was higher than 0.86 in the
PCC values, and no varieties deviated from the base-to-
apex fruit set habit ¥ (Table 2).
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Figure 2. Appearance of mature leaves of tested varieties, 1: Archipel, 2: Barnissotte, 3:Blanche , 4: Bordeaux, 5: Bourjassotte
Grise, 6: Bourjassotte Noire, 7: Brown Turkey, 8: Brunswick, 9: Conadria, 10: Dottato, 11: Dreamy Sweet, 12: Drap d'Or, 13: Du
Japon, 14: Franciscana, 15: Genoa, 16: Houraishi, 17: Ischia, 18: Ischia Black, 19: Longue d'Aott, 20: Malta, 21: Panachée, 22:
Précoce de Barcelona, 23: Saint Jean, 24: San Piero, 25: Verdone.

Figure 3. Appearance of mature fruits of tested varieties, 1: Archipel, 2: Barnissotte, 3:Blanche , 4: Bordeaux, 5: Bourjassotte
Grise, 6: Bourjassotte Noire, 7: Brown Turkey, 8: Brunswick, 9: Conadria, 10: Dottato, 11: Dreamy Sweet, 12: Drap d'Or, 13: Du
Japon, 14: Franciscana, 15: Genoa, 16: Houraishi, 17: Ischia, 18: Ischia Black, 19: Longue d'Aott, 20: Malta, 21: Panachée, 22:
Précoce de Barcelona, 23: Saint Jean, 24: San Piero, 25: Verdone.
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Table 2. Growth and fruit production of individual shoots.

Variety * Shoot vigour Fruit set Fruit maturation
Basal Date of fruit set Fruit set Multiple  Fruit set and Date of fruit Fruit Fruit Fruit weight
diameter of beginning* rate ¥ fruit set node order maturation maturation  maturation date  and node order
shoot * rate relationship ™ beginning ¥ rate ¥ and node order  relationship “
relationship ™
2020 2021 2020 2021 2020 2021 2021 2021 2020 2021 2020 2021 2020 2021 2020 2021
Archipel — 264" —  29-May — 844 0.7 0.97 — 9-Aug — 726 — 0.61 —  -0.74
Barnissotte 253 247 8-Jun  S5-Jun 73.9 84.1 8.7 0.95 22-Aug 15-Aug 788 853 0.82 0.86 -0.42  -0.24
Blanche 248 257  29-May 25-May 723 80.0 1.7 0.99 4-Aug 30-Jul - 86.5 87.5 0.88 -0.18  -0.28
Bordeaux 214 241 30-May  2-Jun 80.8 91.3 33 0.98 20-Aug 16-Aug 825 91.9 092 095 -0.44
Bourjassotte Grise 27.0 278 31-May  5-Jun 92.1 919 0.0 0.98 26-Aug 21-Aug 837 96.6 0.80 0.82 -0.82  -0.78
Bourjassotte Noire 240 267 9-Jun 57.8 63.8 0.0 0.96 18-Sep  9-Sep 86.8 94.9 036 0.33 -0.57  -0.70
Brown Turkey 20.7  20.1 31-May  5-Jun 91.7 91.3 0.92 21-Aug 27-Aug 67.7 72.0 0.86 0.71 -0.71  -0.70
Brunswick 205 228  30-May 1-Jun 90.6 93.5 13-Aug 15-Aug 789 98.0 094  0.67 <079 -0.62
Dottato 25.1 259  26-May 29-May 91.7 888 13.1 0.99 8-Aug  9-Aug  81.0 95.6 0.95 -0.48  -0.64
Drap d'Or 262 271 31-May 30-May 743 75.6 32 0.97 19-Aug  10-Aug 753 61.6 027 0.69 -0.84  -0.48
(Dreamy Sweet) — 18.6 — 3-Jun — 544 0.0 0.96 — 5-Sep — 827 — 0.94 —  -0.28
Du Japon 229 247 2-Jun  4-Jun 74.1 80.4 0.4 0.99 I-Aug  10-Aug 569 80.8 0.89 094 -0.64
Franciscana 246 257 3-Jun 5-Jun 484 78.7 0.8 0.98 16-Aug 15-Aug 655 86.3 0.84 091 -0.71 -0.74
Genoa 248 265 — 487 53.8 1.0 1.00 — l6-Aug  — 0659 — 0.80 —  -0.62
Houraishi 314 316 I-Jun  6-Jun 90.8 93.1 1.3 0.98 5-Sep 949 973  -028 0.6l -0.80  -0.64
Ischia 184 18.0  23-May 19-May 89.9 30.7 0.98 12-Aug  13-Aug 944 974 0.96 092 -0.54 -0.53
Malta — —  26-May — 926 289 0.98 — 2-Aug — 295 — 0.76 —  -042
Panachée — 251 — 5-Jun — 125 0.0 — — — 579 — — — —
Précoce de Barcelona 30.6 30-May  3-Jun 87.8 85.4 2.7 0.95 2-Aug  9-Aug 83.1 93.0 0.89 0.86 -0.64 -0.61
San Piero 249 252  30-May 28-May 88.1 84.1 1.1 0.96 bAug - 3-Aug 80.0 941 092 089 -0.63  -0.59
Saint Jean — 255 —  30-May — 719 2.7 0.94 — 15-Aug — 940 — 0.79 — 072
Verdone 209 229 8-Jun  2-Jun 29.9 0.0 0.86 20-Sep 74.7 93.1 025 077 -0.59
Mean 243 252  31-May l-Jun 75.5 715 6.38 0.97 18-Aug 17-Aug  79.4 83.1 0.70  0.80 -0.57  -0.57

“ Diameter between the second and third node from the base of the shoot.

¥ The first day of fruit set and maturation on each shoot.

* Percentage of nodes with fruits or multiple fruits out of a maximum of 20 nodes on each shoot.

" Polyserial correlation coefficient of node order (up to 20 nodes) and fruit set date, maturation date and mature weight for each shoot.

¥ Percentage of nodes with mature fruit among those nodes with set fruit out of a maximum of 20 nodes on each shoot.

" Means of characteristic values on tested shoots in each variety. Each value is colour-coded depending on the standard scores among test varieties for each year, as red (>1.5),

orange (>1.0), black (=<1.0, >=-1.0), light blue (<-1.0) and blue (<-1.5).

Fruit maturation rates were high for most varieties,
ranging from approximately 70% to 90%. However, fruit
drop before maturity resulted in low maturation rates for
some varieties, such as ‘Malta’, ‘Du Japon’, and ‘Panachée’
(Table 2). Among these, ‘Du Japon’ was observed to have
a low resistance to diseases, which probably explained its
high fruit-drop rate.

In many varieties, fruit maturation progressed
sequentially from near the base of the shoots to the
apex, again following the known habit of fig trees®. This
habit was reflected in the high correlation values for fruit
maturation and node order, which was >0.8 in PCC for
many varieties. However, the PCC values for varieties
such as ‘Bourjassotte Noire’, ‘Houraishi’, and ‘Drap d’Or’
were notably low (Table 2), varieties that showed
excessive shoot growth. Therefore, we plotted the basal

width of each shoot (in 2020) against each PCC result in
these three varieties alongside ‘San Piero’ as a reference,
as shown in Figure 4. This figure shows that PCC values
were always high regardless of basal shoot width in ‘San
Piero’, whereas PCC values decreased with increasing
shoot basal width in the other three varieties. Thus,
while fruit maturation from the base up is a fundamental
characteristic of figs, our observations show that in some
varieties, the excessive growth of shoots disrupts this
pattern.

The fruit weights varied widely among the varieties,
as shown in Table 1. Figure 5 shows the transition of fruit
weight according to the node position in ‘San Piero’ as
an example. The fruit weight peaked at approximately
the 3rd to 4th node positions as previously reported'?;
the basal-most fruits were not the largest, but the apical



18 RIFRmMUTZERT  BiElREE, 34 (2022)

fruits were overall smaller than the rest. This difference
in size is a typical pattern observed in other varieties.
The PCC values for fruit weight and node order were
also highly negative for most varieties, except for a few,
such as ‘Blanche’ (Table 2). For ‘Bourjassotte Noire’,
‘Houraishi’, and ‘Drap d'Or’, PCC values were also
not particularly low, indicating the disruption of fruit
maturation in node order, as previously described, does
not affect the typical pattern of fruit weight. Hosomi
(2021)*” reported that in ‘Houraishi’, larger shoots had
smaller fruit weights, especially during the early harvest
period. While Hosomi (2021) did not report from which
nodes fruits were taken, it is possible that the order of
maturation was disrupted and the lower-weight apical
fruits ripened earlier, thereby reducing the mean weight
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Figure 4. Polyserial correlation coefficients between node
order and fruit maturation date on various sizes of shoots
in 2020 for the example varieties ‘San Piero’, ‘Bourjassotte
Noire’, ‘Drap d'Or’ and ‘Houraishi’.
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Figure 6. Relationship between the mean weight of fruits and
the mean of regression coefficient of fruit weight on each
shoot node order for various fig varieties in 2020.

3.3. Growth of individual fruits at the shoot base
We measured the fruit enlargement for fruits near the
base of each shoot, and the results are shown in Figure

7 and Table 3. It is well known that fig fruit enlargement

of fruits on the larger shoots of ‘Houraishi’ during the
early harvesting period.

Notably, for some varieties, there was not much
difference in fruit size between those developing at the
bases and tips of shoots. Figure 6 shows the mean of
single regression coefficient (explanatory variable: node
position; response variable: fruit weight) plotted alongside
the mean fruit weight for each variety. This result shows
that the negative regression coefficients tended to
approach 0 with decreasing mean fruit weight, and this
was also the case for measurements made in 2021 (data
not shown). It can also be assumed that smaller-fruiting
varieties show less variation in fruit weight according to
shoot node position.
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Figure 5. Mean weight of mature fruits at each shoot node in
2020 and 2021 for the example variety ‘San Piero’. Vertical
bar indicate SE.

follows a double sigmoid curve, i.e., after the fruit set
there is a short period of steadiness followed by rapid
enlargement (stage I), followed by a period of stagnation
(stage II) and then another rapid enlargement period
(stage III) until maturity® ® However, as we observed,
these varieties did not always strictly follow this pattern.
Figure 7 shows an example of enlargement in the widths
of ‘Brunswick’ fruits. In this example, shortly after fruit
set, the fruit enlarged rapidly, but intersecting point
1 soon appeared indicating that enlargement slowed.
After a gradual increase (after intersecting point 2),
the fruits continued to enlarge only very slightly—
almost stopping entirely—and then immediately after
rsecting point 3, rapidly re-enlarged and reached
maturity. For some varieties, the intersecting points 1
and 2 were less clear or absent, although this general
growth pattern was common. Sasou (1936)% and Marei
and Crane (1971)%" identify intersecting point 1 as the

boundary between stages I and II, while Crane (1986)'"
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and Hirai (1966)%® suggest this boundary lines around
intersecting point 2. Hence, there is no clear definition
of the boundary between stage I and stage II, but in this
study, intersecting point 2 was used as the boundary
between both stages. Baskaya and Crane (1950)*) and
Hirai (1966)** reported that the increase in cell layers
and the number of cells in fig fruits are either terminated
and the flowering of fruitlets inside the syconium
occurs halfway from fruit set until the end of stage I.
Although there is no current clear evidence, the patterns
observed in our study may indicate similar physiological
changes. Thus, we consider that intersecting point 1 is
a significant turning point in fruit development, and we
distinguish the following stages: stage le - from fruit
set to the intersecting point 1; stage I - from fruit set to
the intersecting point 2; stage II - from the intersecting
points 2 to 3; and stage III - from the intersecting point 3

to maturation.
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Figure 7. Expansion of basal width of fruits in an example of
‘Brunswick’ in 2019. The growth curve is divided into stages I,
II and III according to intersecting points 2 and 3, and further
divided into stage Ie up to the intersection with point 1 in
Stage L.

Table 3 Growth characteristics of individual fruits at the shoot base.

Variety Growing time” Fruit size ¥
Fruit set date Number of Number of Number of ~ Number of  Fruit width Fruit width Fruit width  Fruit length at Fruit body Fruit width Width
days in stage  daysinstagel daysinstage days in stage at end of at end of at end of maturation length at at expansion
Ie )i 1 stage le stage [ stage 11 maturation maturation ~ ratio from end
of stage I to
maturation
2019 2021 2019 2021 2019 2021 2019 2021 2019 2021 2019 2021 2019 2021 2019 2021 2019 2021 2019 2021 2019 2021 2019 2021
Archipel 31-May * — 201 — 279 — 459 — 85 — 294 — 318 — 330 — 644 — 454 — 490 — 1.5
Barnissotte 5-Jun 5-Jun 182 20.1 343 350 387 362 50 62 28.1 287 328 340 346 36.1 61.1 654 487 524 49.1 484 1.5 14
Blanche 29-May  26-May 18.9 329 291 288 319 51 59 283 29.1 354 347 36.7 364 48.7 515 398 441 48.0 46.4 1.4 1.3
Bordeaux 30-May  3-Jun 203 19.0 334 348 383 58 6.2 240 235 284 266 304 285  60.7 588 435 468 435 423 1.5
Bourjassotte Grise 29-May  5-Jun 206 20.1 34.0 388 444 53 71 39.3 41.9 654 519 433  41.1 55.3 15 15
Bourjassotte Noire 10-Jun 19.4 356 375 563 46 118 310 43.1 57.8 557 429 433 543 57.8 1.5 15
Brown Turkey 13-Jun  6-Jun 18.8  20.0 28.1 278 46.7 56 73 254 288 28.1 325 29.7 342 437 58.8 38.0 473 443 492 16 15
Brunswick 28-May  1-Jun 20.6 189 318 336 46.2 59 98 302 283 350 325 372 349 735 715 52.5 1.6 1.6
Dottato 2-Jun  31-May 192 18.1 341 345 333 313 7.1 28.7 284 32.1 323 322 33.0 592 59.6 40.8 447 45.6 494 14 15
Drap d'Or 3-Jun  31-May 18.1 186 209 323 34.6 6.1 77 294 281 337 329 358 338 80.3 53.8 57.6 52.7 503 1.6 1.5
(Dreamy Sweet) 3-Jun — 254 — 41.9 — 463 — — 269 — 308 — 329 — 577 — 490 — 462 — 1.5
Du Japon 7-Jun 4-Jun 19.5 385 354 223 274 67 63 288 27.1 34.1 344 351 355 82.1 67.1 717 49.1 533 14 1.6
Franciscana 12-Jun  7-Jun 18.1 209 31.7 331 319 323 4.6 7.1 234 243 293 308 302 321 59.5 65.0 458 523 439 458 15 15
Genoa 2-Jun 185 175 300 310 368 356 6.3 275 287 341 348 358 357 660 673 550 57.0 56.1 1.7
Houraishi 7-Jun —  19.0 — 28.9 — 828 — 103 — — — 422 — 594 — 497 — — 1.5
Ischia 22-May  21-May 18.8 214 348 373 435 43.1 46 6.1 21.6 244 248 275 25.7 284 44.1 424 29.0 34.6 350 43.0 14 1.6
Malta 28-May — 17.8 — 273 — 355 — 69 — 243 — 259 — 264 — 550 — 354 — 369 — 1.4
Panachée — 5-Jun 20.7 36.4 473 7.1 27.1 315 329 53.5 40.5 43.5 1.5
Précoce de Barcelona 30-May  5-Jun 164 164 30.0 28.6 285 355 43 54 227 227 286 285 29.7 30.6 48.5  46.6 399 398 40.7 41.2 14 15
San Piero 30-May 29-May 242 240 356 369 242 279 52 6.0 382 360 441 416 459 425 882 795 63.7 66.3 59.5 1.5 14
Saint Jean 31-May — 19.6 — 33.8 — 425 — 59 — 243 — 290 — 303 — 545 — 436 — 430 — 1.5
Verdone — 3-Jun 20.8 49.5 6.4 25.8 34.5 38.4 553 49.8 1.4
Mean 2-Jun 2-Jun 19.6  20.0 336 334 374 41.7 54 13 279 277 33.0 329 346 347 62.0 61.6 476 488 494 488 15 15
cv 0.10  0.10 0.10 012 026 029 014 022 015 012 015 013 015 0.14 021 0.17 023 0.19 0.16 0.12  0.06 0.05

* See Figure 7 for growing stages e, I, I and 111

¥ See Figure 1.

* Means of characteristic values on tested shoots in each variety. Each value is colour-coded depending on the standard scores among test varicties for each year, as red (>1.5), orange (>1.0), black (=<1.0, >=-1.0), light blue (<-

1.0) and blue (<-1.5).

Table 3 shows the aggregated results for the duration
of each growth stage and fruit size. We focussed on
the mean, and CV. The mean durations of stage Ie were
19.6 d (2019) and 20.0 d (2021), which is, overall, in

agreement with Sasou (1936)%. These durations were
similar to most varieties and had a relatively small CV,
although this stage was slightly longer for ‘San Piero’ and
‘Dreamy Sweet’, and shorter for ‘Précoce de Barcelona’
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The mean durations of stage I were 33.6 d (2019) and
33.4 d (2021), with some differences between varieties,
but the CV was also relatively low.

In contrast, the durations of stage II were 37.4
d (2019) and 41.7 d (2021), the longest among the
different stages, and the CV between varieties was high.
Stage III also had a slightly higher CV between the
varieties than stage Ie and stage I, but the actual duration
was as short as 5.4 d (2019) and 7.3 d (2021). In other
words, the length of stage II significantly influenced the
differences in the maturation dates of the fig varieties,
which is consistent with the review of Flaishman et al.
(2008)?.

Regarding fruit size, the mean fruit widths in 2019
and 2021 were 27.9 and 27.7 mm at the end of stage
Ie, 33.0 and 32.9 mm at the end of stage I, 34.6 and
34.7 mm at the end of stage II, and 49.4 and 48.8 mm
at maturation (the end of stage III). For comparison,
in the two years of measurement, the respective mean
fruit lengths were 62.0 and 61.6 mm, and the mean
body lengths were 47.6 and 48.8 mm at maturation. The
ratio of fruit width at the end of stage I to fruit width at
maturity ranged from 1.3 to 1.6, with minor differences
between the varieties, and the same was true for the ratio
between the fruit width at the end of stage Ie to fruit
width at maturation (data not shown). The mature fruit
size of varieties was determined before reaching Stage
II, and then enlarged at the same rate until maturity. It
is known for individual fig fruits of the same variety that
size at maturity is determined at the end of Stage I **.
Our results indicate that the same relationship applies
to fruit size differences among varieties. As previously
mentioned, Hirai (1966)? states that the capacity of
the cellular tissue of ‘Masui Dauphine (San Piero)’ fruit
is determined during stage I and that expansion of
intercellular spaces causes subsequent fruit enlargement.
It is, therefore, presumed that the cellular tissue
capacity has a decisive influence on the size of fig fruits,
regardless of the variety or individual specimen.

The fruit-enlargement patterns described here reflect
fruit set at the base of trees, whereas Hirai (1966)%
and Yahata and Nogata (2001)*® found that in ‘Masui
Dauphine (San Piero)’, the durations of stages I, II, and
III were constant regardless of the fruiting node position;
and Crane (1948)* observed the same trend in ‘Kadota
(Dottato)’. Thus, the fruit set trends described here likely
apply to fruits developing from higher nodes.

4.Conclusions

The production of more and larger fruits at an earlier
period is advantageous in fruit cultivation, enabling
increases in yields earlier in the season when the selling
price is typically higher. While qualitative characteristics
such as eating quality are essential when selecting a
variety, quantitative characteristics are also relevant.
Maturation time, fruit set rate, and fruit size should be
considered for good yield management, and the fruit
productivity characteristics described in this study can
help to make a better selection of fig varieties.

We found that the date of fig fruit maturation
is influenced mainly by the length of the stage II
development period, suggesting that actions that shorten
stage II might accelerate fruit maturation under the same
fruit-set conditions for a given variety. For example,
oleification, the most classic and groundbreaking
cultivation technique for figs, accelerates fruit maturation
as it is known to shorten stage II*,

Compared to the enlargement ratio, the size of mature
figs is mainly determined at the end of stage I, indicating
the importance of promoting cellular tissue formaion
during this stage. For example, mitigating nutrient
competition through fruit thinning treatments*’ and

1927 which increase fig fruit

managing low temperatures
size, are both effective when applied early during fruit
growth. Thus, further research is required to determine
whether such enlargement effects can be achieved by
promoting cellular tissue formation during Stage I.

Our observations also indicate that fig shoot
lengthening disrupts the order of fruit maturation in
the order of fruiting node position and reduces mean
fruit weight during the early harvesting period. Thus,
the excessive growth of shoots is an obstacle to the
early production of large fruits in some fig varieties.
The relationship between shoot growth and stage I fruit
development should be further investigated. Notably, many
fig varieties remain unpopular due to their relatively
small-sized fruits despite their high eating quality. Thus,
by developing the techniques and technologies to control
fruit size better, a range of fig varieties could be brought

into broader cultivation.
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NEOBELZAEME LT, HREVBESNTELAF
Y27 (Ficus carica L.) &, ZOFEOME SN B HE
HYZIEUo, ihiEnRE, 7AVH, TIVN, FHE,
AV F, BRZEZLOEAZ THIEENTWS, LALR
N, A FVI7OMAOEMERER (1,264,943 t) 13,
) >3 (86,442,716 t), 7 K7 (78,034,332 t), # L
v (75,458,588 t) EWio - EHE L BEBICHNS ED
"W Z0Y, BOWREOBRICLPPDST, 1 F
VU OAE - ERRICEET SRPEN S A RIZHER 5 1 T
WAHONWBIRTH 5.

L F DU DOREEBEOEANZRHEHE LT, Fl2IF,
HMED®RLICH2FHO NI » SIEREET S Y, BE
L7cfil 7 DRED, 2R EI1H), BRoER (8
IIH]), BEORELEAR FIIH) ©3EREEZETE
BLYY, ZLPZOFEOE~HITEIAT 5, Lozl
ENZEFLENS. LML, TIN50 RERTEDRE
BIELTWROR, FINDPH5DrE 0N ERIZI<
RonTws ¥ REAFREO MR, EHEICER
MaT—<TdhD, FBEIGELL-HERIRE LB, 20
R, BESHEPBREFASA OB, SRE0XER
ROEH, NERHCINEOHE R L, WmEOAEENRE
WG C-BEN G ICERS T 2R E L DES. AW
TlE, 2OV BEObLE, A F V7 DL ZBEEOK
# (second crop) IZ2WT, ZOER, MK, KL L5
TREEABOEARNFEZHASMICT 22 L2 BMICHE
ZERM L.

zRicei s, R LA F 27 ORRRE 2B
WY A PO EEATLEIEICEST, TOREN
LREZLOBBERAT. AFIIIEEELELINSTD
n, Py 600 2BALRENEELTND O Z
LT, flioiiseEICZT 28T, Z2<0RG (¥
=2) RARZ (FE=L) PEFh, BELZOHIEE
EELCSETCELY. ZORELIIOVWTIE, DHih» SR
ZHAFICE DL BROB I eI TELS 8210,
SixdB, AURESKELY ZZMTIHEEN2008KRTH
W AMETHR LA A TF Y7 REORFER L,
ZORABETEEEER, (7Y 7ICHT 2 2MIE
BEL HETHEEEZ, HFETHREZITODBDTH .

MRS KUGEE

fatE

REE (RF) Reambtser (MR, 55, WER
% (& 34 817y, A 135K 404, ¥k 38 m,
EiKH OB+ 2 E L L TERK) o1 F 278
ZHWT 2019 ~ 2021 FFICFEM L. HEBHERTIC
A9 B D, 2008 4, 2009 &, 2017 4, 2020 4 I
95§ / 1000 m* DEETHES NIz 77 KT, HFrICid
7 EEOBITEASIN:. BOHIL TIEIMRILE L7z

7%, ‘Bordeaux’, ‘Du Japon’, ‘Précoce de Barcelona’
DEABDS BD 2HE—XFEAL Y L LTz, HrEE
11-T, BH720 30 ~ 5 KDFHERERILE LTHES
¥, BEICHOGEIZ, #E 180 cm BE OB TH
U7z, EEEL AL, WERMFRE EOFEERIIETIC
Wtz =B, EHEDPSFEBMPERSBARIEL TV RNE
Bbns: ‘Conadria’, Tschia Black’, ‘Longue d'Aout
&, REAFREORE FIE2BXUV3) OMRY» 51
FRA: L 72,

FE 1. ARNLRERORE

HEEABHE, EBNOEAREZEPSEALLD, MOWFIEH
MPSBEINLDLZHOT, EEOBEIESLEBETHD
LR (V) =L) THASNZEBDNSBIER
FAELT. 22T, RN - FEEICHEBI Lz 7
V=7, ZMiaREOSEY 2 N6 RE|EX 72 HE
#ZEBRF UL, MK T, £9 Condit (1955) ¥ 2%
MUz &L, HANOEAH, b L I3MOEPEAR
¥EEOERT, ZOHEARDY ) 2L EENTWVWDEIRY,
Condit (1955) W9 mEORESR, >/ =LA, KEZ L,
BEROWIT N E—HTHZEE2HE—DOFHIVEL,
ZICER SN TV ATERIEHED, HTTCOBEKBREKR
ELFBELABENVWCEEZH ST, TORBLEEMIGSE.
ZOR, FERENRFEEOREE X, HELIEbhTWns
Descriptors for Fig (IPGRI and CIHEAM, 2003) ¥
ICHE U/, 72720, Zhé& Condit (1955) 'O mFE#E,
I LH—F L W=o, Condit (1955) AR HEHEE,
FEROEEDRFEH " 22%I12, Descriptors for Fig'? i
BERATCHE L. 28, oMo 2020
L2021 FICHRTHE LK, 2720, REICOVLTE
WICRTHAE2 D 2021 FOT =¥ E2H0», 7SV
T UTHEO 20 Hi g TR L - REFEE O EFH
% T7z. Condit (1955) II—H T A2RFELHVPRHELS
RWIBAIE, Simonet 5 (1945) ?, Condit and Warner
(1956) P 228U 2 b & LTRBOBRZIT-7-.

FE 2. FIHDEBERKLERE

FitHZBAE L REOEEEZARS 2D, 2020 F
& 2021 FOERMBMIC, SHEBY> STELIHEZ
NENO6AREARBE L. BELLCHMETOERMEG
HERERHGH, FHOERE (2021 FDH), %
HORERFHHB L OBHORELZ LR L7z, NEEKX
TAFICBIBEHMEOERS» S 2 ~ 3HBEOERZE (MUF,
EuE) 2R Lz, %8, BRHIEFOERES 3 mm
BEICA-728'9 L, RBAHRREISBORETES
IO EBICHIL LR E L. £z, £E (£0.1g)
EHME (£ 0.01 mm) ZEhEnTIFVKRFE (EW-
300G, A&D, HE) BLFTFIFILJ FZ (AD-5765A
-150, A&D, ®E) zHWTHE L. 7z, EHHEOD
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IS 20 fik coOHEE T, (1) BEIEELLHOEL
& (UUF, BREE), () 2RUESHELTEELE
fodls (LT, #REE) 2021 Fo#k), (i) RFE
PEELUEH O S BRBARPESNIH OIS (MU, K
BEREEG) 2koi-. UL (iv) HEE 20 ETOHITO,
ERBEHIE (2021 FoH), RERMH EHE, RE
LHEIEZNZhoARY ) 7I)UHEBEEE (DR, PCC) %
¥EH#EHTY 7 b R (Ver. 4.1.2, R Foundation for Statistical
Computing, Vienna, Austria) # W THEH L. £72, (V)
HHFER TOREE 2N 5729, Microsoft Excel
(ver. 2016, Microsoft Corp., Redmond, WA, USA) %
AW TEREEOFEERS (standard score, BIR, SS)
BEEIEICEHR L.

FE 3. FHERORRLES

BxDREOEET Ut A% HANS780, 2019F &
2021 FOERMBHIC, SHFEABI OFELTHE 2N
PRO6ARE ARBATHEFME Lz, &8, 2021 £0
FEHHEE FAE2 THWELDOELEEILTHS. SHE
FHET1IHBEEDL LR 2FHICEELLRERRY,
OFEHEOBEZE (LT, REMR) 285 mm O 5
BBAETT VI FA (AD-5765A-150) THIE L 7=.
HIFEHEIE Crane (1948) ¥ R, HIERREIZ LD
HMWw3~4HELE BonlT—%IREMICTa Y
ML, BEMNICRSNZBARHEE (7 28, DT,
HEEXT—Y) OH#E, BEBEAT VK TRORER
AT, eB, BRBERICIZREE, B1IORTRE
B, MAELHEE L. SFEEHEE2 ERAKE FES
LIZSS #ROTHANER TOREEL2FETHE LD
12, R EO RER O E &R (DU, CV) 2EH L.

BRBLUER

FAE 1. KRNBZREZDRE

B s N - mEOR BN & B O & 0B S
HE2R1BLUOE2, B3ICRLE. BEELT, 4k
WITORLEZA[HMTEALLAF VX, 25 ICEN
SN, 20550 24FIZO>VTIE, Y A+ [Condit
(1955) ', Simonet 6 (1945) ?, Condit and Warner
(1956) 1 HRUI-REWZBERIHESE D L
TZ. bo&d, WOPORELDORFED—EBIZIZ,
BB EEZRORZVWHONH 7. fHlZIE, ‘Archipel
T leaf margin (FEFDTE) & fruit lenticels size (R
YA X), ‘Bordeaux’ % ‘Brown Turkey’ T shape
of the fruit stalk (R#DF), ‘Bourjassotte Noire' T
@ pulp intermal colour (/NRED#), Franciscana’ T D
fruit bloom (R¥D%4), ‘Genoa’ T tree growth
habit (#%), ‘Ischia’ BXU" ‘Malta’ T skin cracks
of fruit (24f), ‘Panachée’ T® terminal bud colour

(TEZFD#), ‘Précoce de Barcelona’ T degree of leaf
lobation (HEFtIhiA#), ‘Verdone T® neck length
of fruit (K HDOEE), TH5. L L, FHREEEMY
3, BEEMHS Y, BTOECGHAERICE > TELT
B0, TO UMM EZRY, S ULLFIREERT
ZEITR SR, FBAMICEALT, 3SEOBALZTH
%, ‘' EFLVIYIR HLLE XF7=L¥arL’, ‘N
F—=2", LI TFTRRLRE=" ZuThdb SRy
A Mot h, R1OMEDEBD, Z{FROBEED
IO RSP EAREE OBFRICRH S, FECTED
TWZ e, RERIC ‘Bourjassotte Noire”, ‘Longue
d'Aolt’, ‘Précoce de Barcelona’ Z=W®ins€EH7. *
7o, "ETT - ZA4—=F LG “TEHnHLL IE,
SR A M OSERIC S RV /282 h o720, BHER
29 2 REO/RBIIMICEN 2L, BBINAMtD
HELSZBIVRANE—-HLELEZELS, RESH
‘Panachée’ TRIEZWEEbNL. Db, #HiMEIC
ZIBYZ P OETRIOLARZEIMAZLEE L, U,
ARABETIZORBLZHWZ. AR R —3I—2(—
M ORE—-RREEROFSNT, £DOFEF ‘Dreamy
Sweet’ ZH\W /o, 722BY X MO Tk, BHERF—T 1
v OfRFEHIE ‘San Piero’, ‘&M’ 13 ‘Horaigaki’
EH 20, BAEOFE L M TH LHIEF ZENONER B
HE—T7412 ZHEL, REBPHAREHRTH H5%HF
WFHEFO EEM OATLURITRUL.

FE 2. FHOETEREEE

B2 B, COEE, REOEEDB LUHRADORK
MEMBETEICHEFTLERER 21, SRR OBE
BIZOWTHAM LR EE4~6I1TR L. £9TFR2
ER2ZE, FIHOETZEDOFEEIL 18.0 ~ 31.6 mm D#i
FicH D, FEEM S Précoce de Barcelona® 7WKE <L,
‘Brown Turkey’ % ‘TIschia’ A/h&Swizy, HEICE5S
NYI—yarddHolz. WENOMEELEDH -0 O
BICKRELREDP LWL OEHLIZOT, 2ONYI—T 3
VIIBEBBOBEVWEEEBERKML TV EEDbNS.

R 1E Tschia” 278 < ‘Bourjassotte Noire’
PEDP o7, BREEGE, KREORED 70 % ZB2H
‘Panachée’, ‘Genoa’, ‘Verdone 7 EIZHIL->T/h
ol FRBEREEFEIZLIN4%RTEENS DT
DIz LT, ‘Ischia’, ‘Malta’, ‘Brunswick’, ‘Brown
Turkey’ ZAk&<, ‘Dottato’ & H#EKE L, E—H
ICEBOGR (WFR) AEELL. 2L, 1 FI71F
HikIcEET 5 2HOIEED S 5, ‘Fransiscana’ (FH
& ‘Mission’ T%dd) % ‘San Piero’ (F#!& ‘Brown
Turkey Txfl) & &, ZL R 1 HAOFELZIVEET
DI L, ‘Dottato’ (FHF X Kadota® &FEil) T
EULIRLIRTEEDP 2 ELEETHE LR 110 &
—H U7, £/, ERHEHHEEGNEE O PCCIX, 0.86
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PlEEREL, HHOELD S LMICIERICERT 5 & W0
2, AF VI OERNZEE Y » 6T 5 mEE Ao
7.

BRLIEREDS S, 70 ~90 %DRFEIZRHAL 7
A%, ‘Malta’, ‘Du Japon’, ‘Panachée’ 7z &%, B
HICERT 2E AP KRED-72 (R2). 2DH5>5 ‘Du
Japon' IZEFEMRLSWROREENLZL, TNEOBR
PHEREZELREESZZ 5N, AHEHEED
PCCIRRFOMBET 0.8 2B TV, THITREDRK
AR DB 5 MICA T CTIEFIE L AL &%
MRLUT, TNOAF IO 7OEANLZEHE I EBY TH - /-,
L L7%»¥5, ‘Bourjassotte Noire’, &AM, Drap
d'Or 7ZEIXPCCHFHEHIM - TNEL, RBROFFHEN
cZERR LTV, RAlOEN - BEICIE, BT ES
PP BEN-72ED5, ThE3MEIEED B
K—7 ¢ > (San Piero)’ %Mz, 2020 FIZHFHE L 72H
HMOEHEE PCC LOMFEE Ty ML (B4). Z
DR, FZL L ‘MH N—7 1> (San Piero)’ T
D PCC X, HFHOERRICEDLSTEICKE P o72DIC
U, fho 3 BETIEFHETENAZ0IZE PCC HK
NI 2MEADD -7z, BEHA SIERRAT 50014 FD 7
DEARFETHZHOD, BEICE->TIE, FHOERY
ZOFHEETZEEZRLT V.

MAROREIRT1OEBD T, MEICLSZNY T—
TavigRENPo. BEILLEIEEREEOBGRE B
R—7 ¢ > (San Piero)’ #flic, 7uy hLT#% & (A
5), 3~4fiHDICE—=UDHD, REBIPERAEIZ
BoBVHOD, REICOVTHERDIZENSL DL
WHAF VI OERN LT BRIz, ho%<
O mE S Rk ORI T, BE L il & o PCC & ‘Blanche’
R E—EROFEEBRVTREVAEDMEZRL TV (R 2).
F 7z, Hilld & BR#H & D PCC A/h&sh -7z, ‘Bourjassotte
Noire’, S&#f, ‘Drap dOr' O3 @EICOVWTH, #
HEHiHEED PCCIIME 2L, TOZ &, FHDLE
RCTHIEICMHES RBAHOFFIDEN TS, REOFIIE
EBE2ZF RN EZRLT W, Hosomi(2021)% 1% &
BAT OBE, BERLHMIIE, BRI OREN/N
ol EERELTWA. Hosomi (2021) ASFAE
L7z REZ EOHIMI D SHE L TWIZ P RHED, K5
LR L BR#HOFF A ELN, BREO/NS Wi RS R
WAL TLE S 2 &T, RRGHHETOIEHDO T
REZMUNTTREELEZ 5N,

Hodld, BEICK > TEEF LA EDREICHN >
TeRESOEEVAELSNZWHIS RZIIoN. #2T
iR EICEREM 2 FIAEL, REZEHNERE LR
R R L, 2ROFHREEZRD, N6 OMFKEE T Y
FNL2ODE6 THA. CORPRTEBD, ADfER
EBHEYRREITFEHREISNSVIZEQITEDE, 20
HH\IZ 2021 EBFEETH - 72 (KBE). Thabsb, /MR

DOREIFEERENIC KD REBOEA DL MER DN H S
EEXT.

FE 3. IFHBLBORELES

FEOEIEORE L NRIC, REOBKT Tt
WCOWTHBELLERZ, BI7 &XR3ITRLE ST
BRI2EBY, A FTVT7OREDERICOVTIE, ¥T)
VITERARNN—T, Tiabb, BEREBELIIS LTARIC
fEARL (Stage ), 2Dk, FHH (Stage II) 2 THh 5,
HUOZHEICHEK (Stage III) LTHAT L2 EMPHSN
TWa 2 LaLuars, AMEOKRERS &, £
X OMBEHZHEARICTERICT 4 Y T BT —RAIHT
Hotz. B71213HlE LT Brunswick’ OREIEDE
bR, EREEHLZ[FICEKRT 205, PHATE
RAPHBICEE T 2N 1 NS, EO®RME L7
bE, s 2 28T, BEFELIGEVW OD, T<b
TRICEKRT HREP K E, s 3 DBERY 5 FHIC
BERUTRBICES. il ], 2P9AHEZT— 2D
HoTld, ZLPEE LN =2 ThHh-o7z. 2TDH5,
Bl Z 315 (1936) ¥ MAREI & CRANE (1971) 2V
S 1 2, Crane (1986) ' % FH (1966) 2 1k
P 2 % Stage 1 & Stage I OHFEHE LZKZRLT
W5, Stage I & Stage 11 OB ICIZAME L ERI R Y7
5FHMTHIE L WD, KRIFETIEIREOEE L LHFARE
L7z#%EICES 2 & & L. 72721, Baskaya and Crane
(1950) # RFH (1966) @ ickbE, A FYV7IIER
P HOREDORVAMPIZIZEILT 2ETORFT, TNETO
MR AR OEMAHKE T L7120, RO S RNED/NMED
FEL720 T 5. SD& ZAHMELRRIIIZWA, KR
THER LIS 112V TIE, 2oV zABEE (kD
YA UOEERELH D, T T, KMETIEZOHHLE 1
WKOWVWTHLREEBT LOBEBELY -V TR M EeE
Z, BRI OIHE 1 £T% Stage le, BER» Sl
2 £ T% Stage I, TOROEREFHMEZ Stage 1I, %
DHBDOEAE TOFRMEHM % Stage NI EEFL T, D
BOEEIT 2.

BEBBRBOHBICET H2HERIIRIICRLEZEBD
THs. 20194 (16 M) & 2021 F (22 /fE) 0%
FtEDFH CVICEHT % &, Stage le OFHHEIX
19.6 H& 20.0 HTfksE (1936) @ Eifh— L, W
F—7 ¢ >~ (San Piero)’ % ‘Dreamy Sweet' TX %
<, ‘Précoce de Barcelona’ TRRE,P->7DD
CVidH®g/NhE <, mEMTORESLERIZIP T,
Stage I O FH%E 33.6 H& 33.4HT, ALK CViZ
/NS o7z, —7, Stage I OF¥HEL 374 H
L41.7HT, ZEAT—YOoHTIIRLEL, @EMD
CV & K&D o 7. Stage Il & MER O CV iX Stage Ie
% Stage I KD IFPvKREP -7, FHHKAMKIES.4
HE&73HEE NP, Thbb, £F7 7 REOKBE
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DEICIEStage TOERSI VP ROEET 5 & F A,
‘Bourjassotte Noire’ &AMl 7 EDOBPHHOE S 1T,
ZORW Stage IOHBICHEK L TV, Thonl &
i Stage Il O HEUCHREICE AN T—Y 3 ViR EWE
L7z Flaishman & (2008) * 0 RfEE H—H L Tz,

RINCBBEBBRBOREDY A XICHT HERLR
L7z, 2019 % (16 WfE) & 2021 # (22 W) o&E
BEETOREREE2RES L, Stage le &b T27.9
mm & 27.7 mm, Stage [ ®#bH D T 33.0 mm & 32.9
mm, Stage I ®#bH D T 34.6 mm & 34.7 mm, KL
K (= Stage I D#HEHY) T49.4 mm & 48.8 mm T
Holz. BEBLETIL, TNThOED, BRAOREEDF
13 62.0 mm & 61.6 mm, AR DO FiE 47.6 mm
L 488 mm THh-7z. TDHH, REIED Stage 1 D&
by EEBEORIE, 135256 1.6 HIFEICH->T, BE
IZKBEIZ/NES o7z, Stage e DD L RO L
WKOWCTHEMBDOZENER (FT—FHg). Tabb,
WIhoOMmED Stage [1ICASDBRETREY A X H®L
THEY, ZORIIMAE THRUHEKRTIERT S EERL
TV, A FTVI7REORBIFORE S DEVA Stage |
DREDLVRT B &, F—mEOME* DREIIOVTIX
MonTway?, KR, BEICIZREETAA IO
BVWICHEROZ ENETIEESLZEERLTWVA, HIR
DEBY, FH (1966) 2 ik, HWHF—7 1> (San
Piero)” OREDOMBIDE L K& S5 Stage [ DS BITHR
EL, ZOBOEKIMBEEBROLEKICZESE LTS,
L7eh o T, A FVI7REORESITL, MM, EE%RH
DY, HMBEOMERZSIPRENLZHELZLOLMEESN
2.

B, SERLUZAEBRER, EBMIICEE L-RE
ICOVTORRTHBH, FIH (1966) 2 2 /\JIH -
% (2001) @1k ‘#iH K—7 ¢ > (San Piero)’ B
T, Crane (1948) ?1x ‘Kadota (Dottato)’ 128\ T
B OB, HIOMEIZERBMIED 2 —EL
LTBD, &0 EUSOREIIOVWTHREBEOMERAYT
BE2BDEMESNS.

FEDH

AFIIBEICRST, LVRVEHHICID KRS LRE
EREZELB/SIER, RliomWREHICAEYONEZS
OIEEINEN E 25, FIEREOEEICIE, RROBR
Bk EOBENRESERZN, KB, EREE, RE
YA X EOBNFHEOEFELEETH 5. AMIETTH
L7 REEEEICHET 2B RHMEOMRIIREOERICB L
THERBROSE L2,

—7F, ABLIZREOEENY -6, REORBM
DEBIZ Stage I DRFEICKELL LB ENATWVWH I &N
Shrodz. 2O EF, FUEREHREOREDORZEEE
951213, Stage IO ZWAICEMET 2P EE L

ZEERLTVS. HIZIE, WMAHEIZ Stage [T D%
oI EMMOENTED ), COHNZERT 2R
AP OEHN L FREZTA L.

T/, BRBEDOY A XL Stage [ DD DITIZIFITER
DIFenTnsEEZIOGN, KD KELEEEZEFZICTIE,
Stage I, 9 ub5MiOBMERZ I EZVNIREET 2D
NEELZZIEZRLTWA., IR, FHRAEICKSES
BEDOWEL P, REZRELLTHEETOER " 14,
Wiy, REEFOWHICNET 5 L THIREHET
5. BBRETEAHELED, CORKMESHEEBD
Stage I TOMOEKERESZET I LICE->THELN
TWBHES D, BRKEVWEZATHS. E6IT, KR
TIE, FEOERY, EREMIEICRT 2F5ZE L, X
O P RELZE NS 2R U2, BLEHICK
EhRE2BL LT, BEICK-STIE, FHEOMOBHIK
EL DT B I LEBEINET, 5%, FHEF
& Stage I HIORFELEBFOBMRICOVWT L ERAZED S04
EhHr5. ZLOAF I 7REORICE, EEKENS
RENNSWIZDIZER L TWEVLFEELZ, 250 -
RERNMEE b > 7 REERIET 2 LT, REOKZ
S HIETE HEMEARICHARI RN 2A5TH 5.



