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(Fruit thinning and physiological disorders in citrus variety ‘Harumi’)
g phy g Yy

2-1 Introduction

Citrus production area in Japan reached a peak of 207.0 thousand ha in 1977 and then gradually
decreased to less than 80 thousand ha in 2010’s. Area and amount of production in Satsuma mandarin,
the major citrus variety in Japan, was 173.1 thousand ha in 1973 and 3,665 thousand ton in 1975.
However, they gradually decreased to less than 50 thousand ha and around 800 thousand ton in 2010’s,
respectively (MAFF, 2017). The largest production area of citrus varieties other than Satsuma mandarin
was 67.4 thousand ha in 1982 and decreased gradually to less than 30 thousand ha in the 2010’s. In
addition to Satsuma mandarin, Natsudaidai, Hassaku, Iyo and Navel orange were also the main citrus
varieties until 2010°s (Fig. 1). However, new citrus varieties such as ‘Harumi’, ‘Setoka’ and ‘Shiranuhi’
were released and their production area increased after the 21% century. The varieties and production
area of different citrus varieties in 2017 were ‘Shiranuhi’ (2,793 ha), Yuzu (2,244 ha), Iyo (2,223 ha),
Ponkan (1,701 ha), Natsudaidai (1,599 ha), Hassaku (1,585 ha), ‘Kiyomi’ (867 ha), Tankan (780 ha),
Kabosu (534 ha), Lemon (524 ha), Buntan (499 ha), Kawachibankan (481 ha), ‘Harumi’ (471 ha),
Hyuganatsu (449 ha) etc. (Fig. 2).

Citrus variety ‘Harumi’ was developed and released in 1996 by Okitsu branch, Fruit Tree Research
Station, Ministry of Agriculture, Forestry and Fisheries (MAFF), (presently National Institute of Fruit
Tree and Tea Science (NIFTS), National Agricultural Research Organization (NARO)) and was
registered according to the plant variety protection law in 1999. It originates from a hybrid between
‘Kiyomi’ tangor (Citrus unshiu x C. sinensis) and ‘F-2432’ Ponkan (C. reticulata). The production area
and production of ‘Harumi’ increased after 2001 and reached 471 ha and 5,626 t in 2017, respectively
(MAFF, 2017) (Fig.3). According to Yoshida (2000) ‘Harumi’ is a mandarin-type cultivar and its average

fruit weight is about 190 g and fruit shape is oblate. The rind color is orange and it is easily peeling. The
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fruit ripens in January and stored until the shipping time in February or March. The tree vigor is medium
and has semi-upright growth habit and a strong tendency to alternate bearing. It is resistant to citrus scab
and moderately resistant to citrus canker (Yoshida, 2000). ‘Harumi’ shows a high rate of fruit bearing
and this trait often results in alternate bearing and a wide range of fruit size (Hisamatsu, 2005). As the
fruit quality, the occurrence of physiological disorders and storage ability are closely associated with the

fruit size, the control of fruit size is very important in citrus.

2-2 Fruit thinning

Fruit size among different citrus varieties differs drastically and standards of classification in citrus
fruits are defined as shown in Table 1 (MAFF, 1987). The most excellent fruit quality can be attained in
the specific class of its own variety. For example, generally fruit quality of S or M class is good in
Satsuma mandarin. In ‘Harumi’, negative relationship between fruit size and sugar or acid concentration
in juice was observed (Hisamatsu, 2005). In addition, rind puffing and granulation of juice sac were
mainly observed in fruits bigger than 2L, or L size, respectively. Hisamatsu (2005) has comprehensively
judged that fruit quality was excellent in 2L class in ‘Harumi’. During fruit thinning, fruit that are too
small or too large are removed and the fruit number is adjusted. As a result, fruit size is equalized, and
alternate bearing is prevented. In this section, fruit thinning criteria which can be used in ‘Harumi’ are
summarized.
1 Fruit thinning based on leaf and fruit balance

As fruit develops with the supply of carbohydrates translocated from leaves, fruit development greatly
depends on the amount of leaves. Thus, in order to equalize fruit size, the amount of leaves per fruit is
equalized by fruit thinning. In other words, the balance between the fruit and leaf is adjusted based on
fruit thinning criterion. Therefore, the factors that affect fruit and leaf balance should be considered
during the fruit thinning. Characteristics relevant to leaf are individual leaf weight, leaf area per leaf,

leaf number, total leaf area and leaf area index (LAI) etc. Though LAI has been measured by special
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equipment (plant canopy analyzer), it can be determined using digital camera equipped with a fisheye
lens and image processing free software (Hamada, 2020). Characteristics of fruit are fruit weight, fruit
growth period, dry weight percent etc. As the sugar content increases when fruit size becomes large,
more carbohydrates would be required. Thus, these characteristics should be considered in defining fruit
thinning criterion. Several fruit thinning criteria are listed in Table 2.

In order to clarify the appropriate range of fruit thinning criterion, the influence of leaf and fruit ratio
(L/F) in number base on the yield, alternate bearing and carbohydrates content were investigated in
Satsuma mandarin. Iwasaki (1961) reported that the most desirable L/F ratio for the current year’s crop
was 20-25 for medium maturing Satsuma mandarin. Nishida (1978) suggested that maximum yield was
obtained in ‘Sugiyama’ medium maturing Satsuma mandarin when L/F ratio was 20 and that the L/F
ratio for the stable yield seemed to be 20 or more. Nishida (1978) also found that fruit quality increased
when nitrogen supply decreased, and L/F ratio was 30-40 in this treatment. It has been reported that
alternate bearing was prevented in ‘Miyagawa-wase’ early maturing Satsuma mandarin when L/F ratio
was set to 35 under the no plowing and less fertilization condition (Tachibana, 2004). Carbohydrate
content of leaves at harvest time and the blossom production in the following year was increased as the
L/F ratio increased (Shimizu, 1975). Though the leaf size of Satsuma mandarin varied depending on the
strain, L/F ratio as a fruit thinning criterion is set to 25-30 for early ripening Satsuma mandarin and 20-
25 for standard Satsuma mandarin (Kishino, 1985). Other definitions which indicate the balance of leaf
and fruit have been reported in Satsuma mandarin. They are fruit number per leaf dry weight kg (Hirano,
1975), fruit number per 10000 leaves (Morioka, 1989), fruit number per leaf area (Tachibana, 2004) and
fruit weight kg per leaf area m? (Nishikawa, 2012).

As observed in Satsuma mandarin, there was also negative correlation between fruit set per 100 leaves
and the fruit size at harvest or the flower index in the following season in ‘Harumi’ (Muto, 2010). In
‘Harumi’, ideal fruit weight and size are larger than those of Satsuma mandarin, while the leaf size is

smaller than that of Satsuma mandarin. For these reason, L/F ratio in number is set to larger value in the
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fruit thinning of ‘Harumi’. Generally, L/F ratio in the fruit thinning of ‘Harumi’ is set to 100-120 (Banno,
2004: Sugiyama, 2011: Ikeda, 2010). This range of L/F ratio is also used in fruit thinning of other late-
ripening citruses such as ‘Shiranuhi’ and ‘Kiyomi’ (Ikeda, 1985: Kawase, 1999: Nokata, 1985).

Practically, experienced growers conduct fruit thinning by setting appropriate L/F ratio according to
their experience and intuition. If beginners in citrus farming carry out fruit thinning with their intuition,
excess or insufficient fruits may be thinned. Therefore, when the beginners use L/F ratio as the thinning
criterion, the task of counting fruits and leaves may be needed. Thus, assessment of L/F ratio has the
problem described above and this makes production of fruit with ideal size difficult in citrus. (Table 1)
2 Fruit thinning based on fruit number per canopy volume

Fruit number per canopy volume is also used as a fruit bearing standard in citruses. In ‘Harumi’,
Fujiwara (2008) reported that excess flowers were observed when fruit number per one cubic meter of
canopy volume were set to less than 10 in the previous year and that flowers were insufficient if fruit
number per canopy volume were set to more than 40 in the previous year. In their study, flower setting
was stable and large number of fruits of the L and 2L was obtained when fruit number per one cubic
meter of canopy volume was 20-25. In fruit thinning with fruit number per canopy volume, the amount
of leaf per unit volume is supposed to be identical under different tree conditions. However, according
to Iwasaki (1966), leaf number per canopy volume decreases when canopy volume is more than 30 m?
in Satsuma mandarin. Another study indicated that yield per unit size of a tree increases until the 12
years old when the tree size is about 10 m?® in Satsuma mandarin (Yakushiji, 1970). Both results suggest
that leaf density tends to decrease in accordance with the increase of canopy volume and that the
relationship between leaf number and canopy volume is not linear. This implies that fruit thinning with
fruit number per canopy volume is not available in all tree conditions. In addition to this problem, it
takes time and effort to measure canopy volume and count fruit number per tree in this fruit thinning
method.

3 Estimation of amount of leaf



In fruit thinning with the criterion mentioned above, counting leaf number or fruit number of a tree
are laborious. Consequently, developing labor saving and objective thinning criterion are of great
importance to control fruit number and to produce fruit with ideal size.

The relationship among tree organs has been studied by several researchers in fruit tree. Pearce (1952)
studied the relationship between trunk girth and tree weight using allometric relationship W=AG", (G;
trunk girth, W; tree weight, A, b; constant). The relationship between trunk cross sectional area and tree
weight or yield was analyzed in apple (Ogata, 1986; Westwood, 1970). In apple, branch diameter was
used to draw tree structure (Takishita, 1995) and productivity was evaluated with tree vigor balance
defined as the ratio of branches to the main stem (Lee, 2015). In citrus, Hirano (1969) used allometry
equation to estimate leaf area based on relative growth theory. Also, leaf area was estimated by branch
diameter in ‘Harumi’ cultivar (Takishita, 2010). By using these techniques, the amount of leaf was
estimated easily. Then fruit thinning criterion would be defined as characteristic of another organ such
as branch diameter, resulting in that fruit thinning can be carried out without experience or counting

leaves or fruits.

2-3 Storage and physiological disorders in citrus

Fruits of very early and early maturing Satsuma mandarin are usually shipped soon after harvest
without storage. On the other hand, in some citrus varieties, such as medium maturing Satsuma mandarin
or late maturing citruses, fruits need to be stored until its moderate shipping time because fruit quality
at harvest isn’t suitable for shipping. In ‘Harumi’, though the maturation time is in January, fruit are
harvested in December to avoid the occurrence of physiological disorders or cold injury (Takishita,
2006). When fruits of ‘Harumi’ are harvested earlier than the moderate time, the citric acid concentration
in the juice is relatively high for marketing. Thus, fruits need to be stored until citric acid concentration
decreases in the consumer’s limit. However, decay, weight loss and physiological disorders are often

observed during storage.



To extend storage period, relationships between storage ability and temperature conditions or
maturation stage have been studied in citrus. When fruits were pretreated at 20 degree centigrade, then
duration period was shorter, fruit weight loss and the degree of decay at the later stage was less, peel
color turned to deeper orange and respiration rate during storage was lower than those pretreated at 10
degree in Satsuma mandarin (Hasegawa, 1984). Matsumoto (2019) found that the content of -
cryptoxanthin continued to increase following 15 days of storage in fruit harvested when p-
cryptoxanthin was still being accumulated in ‘Aoshima’ Satsuma mandarin. Fruit of ‘Shiranuhi’ stored
at 12 degree centigrade with MA packing showed superior rind and flesh color and eating quality. No
incidence of decay and few rind oil-spots and calyx dies was observed in the long-term storage (Aikawa,
2013).

Physiological disorders of peel, flesh and whole fruit occur during the fruit growth and storage.
Sunscald (sunburn) of fruit occurred in August and September under exposure to intense sunlight in
‘Setoka’ (Hayashida, 2011). Rind color degradation was induced by exposure to sunlight in ‘Setoka’ and
was prevented by fruit bagging (Hayashida, 2011; Takishita, 2014). Rind color degradation in ‘Reikou’,
‘Amakusa’, ‘Nankou’, ‘Tsunonozomi’ and ‘Miho-core’ was also prevented by black, green and pink
bagging (Takishita, 2014). Fruit suffered from these disorders have no influence on storage ability
because they are rotten and drop or removed by thinning and selection before storage.

Physiological disorders which occur in mature fruit before harvest can influence storage ability.
Physiological disorders of citrus during maturation or storage are listed in Table 3 and Fig.4. In some
overripened fruit, cracking of the peel was observed around calyx or surface of the peel in some specific
cultivars (Takishita, 2020). Raindrops stayed within the cracking and this resulted in water rot (decay)
before shipping. The occurrence of water rot can be prevented by GA spray (0.5 ppm for Ponkan and
0.5 - 1 ppm for Beni-Madonna) before harvest (FAMIC, 2021). Fruit quality and the occurrence of
physiological disorders were influenced by storing conditions. The occurrence of rind oil spots of Navel

orange was low at high pretreatment temperature (20 degree centigrade). On the other hand, it was high
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at high storing temperature (9 degree) in Hassaku (Iba, 2078). The number of decayed fruits of “Yoshida’
Navel orange increased during storage as the temperature increased. The rind oil spots of Hassaku and
“Yoshida’ Navel orange were observed at the higher storage temperature than the room temperature
(Tominaga, 1982). In some cultivars, occurrence of physiological disorders was influenced by fruit size.
For example, in ‘Harumi’, rind puffing and granulation of juice sac were a problem in large fruits
(Hisamatsu, 2005). While large weight loss, peel wrinkle or collapse of juice sack were problems in
small fruit (Takishita, 2019) (Figure 4). Thus, the storing conditions should be adjusted according to the
disorder type.

Since 1990’s, new citrus varieties were developed and released and some of them used ‘Kiyomi’ or
Ponkan as parents. Sometimes, rind oil spots occur in ‘Kiyomi’ and water rot in Ponkan after harvest.
Ponkan is also susceptible to shrinkage and dehydration of juice sac in the early stage of fruit growth
and granulation after maturation (Matsumoto, 1973). Both ‘Harumi’ (Kiyomi x Ponkan ‘F-2432") and
‘Shiranuhi’ (Kiyomi x Ponkan ‘Nakano no.3’) are the descendant of ‘Kiyomi’ and Ponkan (Matsumoto,
2001; Yoshida, 2000). In both cultivars water rot at harvest is a big problem and GA spray (0.5 - 1 ppm)
before harvest is conducted to prevent water rot (FAMIC, 2021). Rind puffing is a big problem in
‘Harumi’, but not in ‘Shiranuhi’. In the next section, studies on physiological disorders during storage
and the effects of PE wrapping on physiological disorders are summarized.

1 Rind puffing

Citrus are classified into tight-skin and easy-peeling (loose skin) type according to the easiness of
peeling. Natsudaidai, Hassaku, Navel orange, ‘Shiranuhi’, and ‘Setoka’ belong to tight-skin type. For
easy-peeling citrus such as Satsuma mandarin, Ponkan, Iyo and ‘Harumi’, rind puffing is a big problem
(Kawase, 1985; Nakajima, 2014). Rind puffing is characterized by the increment of inner-fruit space.
The increase of space between peel and flesh causes the decrease of specific gravity of fruit and the
occurrence of rind puffing (Yokoo, 1963). The fruits suffered from this disorder are easy to be injured

by physical shock during harvest and shipping and the cracking of the peel causes decay (Kawase, 1985).
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Rind puffing was induced by high humidity during fruit maturation (Kawase, 1984; Kawase, et al., 1984;
Yokoo, 1963) and storage (Nakajima, 2014). Rind puffing of Satsuma mandarin can be prevented by
spraying chemicals which are registered according to the agricultural chemicals regulation law. Some
of them are Ca type such as CaCOs (0.95%, 0.455-0.91%), or CaCl, (0.09%) + CaSO42H,O (0.19%)
(FAMIC, 2021). The spray of ethychlozate (67-100 ppm) or combined spray of GA (1-5 ppm) and
prohydrojasmon (25-50 ppm) are registered and used for preventing rind puffing of Satsuma mandarin
(Kawase, 1985; Sato, 2015; FAMIC, 2021). Easy-peeling citrus ‘Harumi’ has a wide range of fruit size,
and in large fruit, specific gravity was low and rind puffing was a problem (HIsamatsu, 2005; Takishita,
2019). These results suggest that keeping fruit with high specific gravity is the key to prevent the
occurrence of rind puffing.

2 Dehydration and granulation of juice sac

Dehydration of flesh is classified into four types (Matsumoto, 1973). The first is granulation of juice
sacs which occurs in Sanbokan, Natsudaidai and many late maturing varieties before harvest. This
disorder is characterized by thickening and whitening of juice sack (Goto, 1983; Matsumoto, 1973).
Granulation was also observed in large fruit of ‘Harumi’ (Hisamatsu, 2005).

The second is shrinkage and gelation of juice sacs of Ponkan in the early stage of fruit development
(Matsumoto, 1973).

The third is dehydration of juice sack in Ponkan (Matsumoto, 1973) , ‘Setoka’ (Nakajima, 2014) and
‘Harumi’ (Takishita, 2019). Dehydration of flesh is distinguishable from granulation by the lack of
thickening and whitening of juice sack, but the mechanism is unclear (Matsumoto, 1973). Larger fruits
of ‘Harumi’ showed low specific gravity (SG) and high degree of dehydration of flesh (Takishita, 2019).

The fourth is the dry juice sac caused by freezing which is called cold injury (Matsumoto, 1973). In
1970’s, cold wave attacked citrus producing area in the western part of Japan. Dehydration of middle or
late maturing citrus was induced by low temperature in Natsudaidai, Fukuhara orange and Sanbokan

(Iba, 1978). After fruit froze, dry juice sac or bitterness of juice occurred during storage in late maturing
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citrus such as Natsudaidai, Hassaku and sweet orange. The mechanism and conditions of cold injury
were clarified (Fumuro, 2014; Nakajima, 1974; Uchida, 1983, 1984, Uchida et al., 1984). After fruit
froze, large cavity appeared in the inside of flesh segment and the structure of juice sack were destroyed
(Nakajima, 1974). The decrease of specific gravity was observed corresponding to the degree of
dehydration caused by freezing, and fruit storage at lower temperature soon after frost damage showed
slight occurrence of dry juice sack (Uchida, et al., 1984).
3 Influences of PE wrapping on the occurrence of physiological disorders

After harvest, fruit is deprived of water rapidly by evaporation or transpiration (Iba, 1978). Fruit
weight decreased gradually if fruits were placed at high temperature and low humidity. Generally, PE
wrapping keeps fruit in high humidity and consequently prevents fruit weight loss (Iba, 1978; Tominaga,
1982). The water loss induced different responses in fruit. In ‘Shiranuhi’, large weight loss and peel
wrinkle were observed during storage. These phenomena were prevented by PE wrapping in ‘Shiranuhi’
(Nakajima, 2014) and indicate that the occurrence of peel wrinkle is induced by water loss in peel. The
dehydration of juice sac of ‘Setoka’ occurred in non-wrapped storage but was prevented by PE wrapping.
Thus, it was indicated that dehydration of flesh was caused by water loss in flesh (Nakajima, 2014). In
‘Harumi’, small fruit showed peel wrinkle during storage, similar characteristic to ‘Shiranuhi’, and PE
wrapping was effective to decrease fruit weight loss. Large fruit of ‘Harumi’ had the trait of ‘Setoka’
and suffered from dehydration of juice sac, and PE wrapping weakened the decrease of specific gravity
during storage until March (Takishita, 2019). Rind oil spots of fruits occurred in the non-packed fruits
but not in fruits packed with PE film in ‘Kawano’ Natsudaidai and ‘Miyauchi’ Iyo (Tominaga, 1982).
On the other hand, PE wrapping induced fruit decay of ‘Kawano’ Natsudaidai, ‘Miyauchi’ Iyo
(Tominaga, 1982) and ‘Shiranuhi’ (Nakajima, 2014). In tight skin type of citrus, the adaptability of PE
wrapping was judged considering the degree of decay, rind oil spots and weight loss in each citrus. Rind
puffing (Nakajima, 2014) and granulation (Yasutake, 2015) of easy peeling citrus was induced by PE

wrapping. Thus, generally, PE wrapping is not recommended for easy peeling citrus. However, since

11



peel wrinkle and dehydration were suppressed by PE wrapping in some cultivars as mentioned above,
details of the effect of PE wrapping needs to be clarified and the technique to decrease the demerit is

required to keep fruit quality high in easy-peeling citrus varieties.

2-4 Conclusions

Many new citrus varieties were released since 1970’s and the production of these varieties increased
in the 21* century. In citrus, fruit size greatly affects fruit quality and storage ability. Thus, controlling
fruit size and producing fruit of moderate and equalized size by fruit thinning is very important. Whereas,
the present fruit thinning criteria for citrus needs laborious tasks. Few studies on the easy and objective
fruit thinning criterion, which can be available to different tree conditions, have been reported. In
addition, physiological disorders in peel or flesh during storage are unveiled and the favorable storing
condition has not been clarified for easy-peeling citrus yet. Since producing fruit with moderate size and
keeping them in high quality during storage are crucial for supplying high quality fruit, it is of great

importance to develop an easily available thinning criterion and improve storing condition of citrus fruit.
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Figure 1: Production area of main citrus cultivars from 1960 to 2018 in Japan.
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Figure 4: Reaction of ‘Harumi’ fruit to water loss during storage. After the storage without PE-wrapping, peel wrinkle (A), rind

puffing (B) and granulation of juice sac (C) were observed (Takishita et al., 2019).
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Table 1 National standards of citrus fruit classes (MAFF, 1987)

Fruit maximam diameter (mm)

Citrus group
55 <61 <67 <73 <80 <83 <95 <102 <109 <116 116<

I. Satsuma mandarin 25 S M L 2L 3L

I1. Navel orange 25 S M L 2L 3L

I11. Iyo tangor 25 S M L 2L 3L

IV. Hassaku 25 S M L 2L, 3L

V. Ama-natsudaidai 25 S M L 2L, 3L

VI. Natsudaidai 25 S M L 2L 3L

I.Ponkan, Fukuhara orange, Tankan, Seminole, 'Harehime' etc.

IT.Hyuga-natsu, 'Kiyomi', 'Harumi', 'Setoka' etc.
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Table 2 Overview of studies on fruit thinning criterion for Satsuma mandarin and citrus variety 'Harumi'

Citrus type Criterion Definition Range References
Satsuma mandarin Leaf and fruit ratio Leaf number / fruit number 20-30 Iwasaki, 1961
Cit. hiu Marc. ) .
(Citrus unshiu Mare. Indicator of fruit load Fruit number / kg of dry leaves 0-70 Hirano and Morioka, 1975
Leaf number / fruit number 40-60

Leaf and fruit ratio

Leaf number / fruit number

30,60,100,300

Shimizu et al., 1975

Leaf and fruit ratio Leaf number / fruit number 30-40 Nishida, 1978

Fruit load index (FLI) Fruit number / 10000 leaves 300-1100 Morioka and Yahata, 1989

Leaf and fruit ratio Fruit number / leaf area (m?) 0-25 Tachibana and Yahata, 2004

Leaf number / fruit number 35

Fruit weight per leaf area  Fyyit weight (kg) / leaf area (m?)  0-2 Nishikawa et al., 2012
Harumi (Kiyomi X Ponkan Leaf and fruit ratio Leaf number / fruit number 120 Banno et al., 2004
(Citrus reticulata Blanco)) Leaf and fruit ratio Leaf number / fruit number 100 Sugiyama et al., 2011

Leaf and fruit ratio Leaf number / fruit number 100 Tkeda, 2010

Fruit and leaf ratio Fruit set / 100 leaves 0-4 Muto et al., 2010

Fruit number per canopy  Fyuit number / cubic meter (m®) 20-25 Fujiwara and Inoue, 2008

volume
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Table 3 Overview of studies on physiological disorders in citrus fruit during maturation or storage

Physiological disorder Feature Citrus type Cause References
Peel wrinkle Occurrence of peel wrinkle Satsuma mandarin, Harumi, Fruit drying Nakajima, 2014
Shiranuhi etc. Takishita et al., 2019
Rind oil spot Collapse and browing of oil Kawano Natsudaidai, Miyauchi Non-seal-packing of PE Tominaga and Daito, 1982
gland Iyo High storage
Hassaku, Yoshida Navel temperature
Rind puffing Occurrence of space between  Easy peeling citrus High humidity Yokoo et al., 1963
peel and flesh Kawase, 1984

Kawase et al., 1984
Kawase et al., 1985
Sato et al., 2015

Granulation Thickenness, dehydration, Sanbokan, Natsudaidai Overripening Matsumoto, 1973

whitening of juice sack Goto and Araki, 1983
Yasutake, 2015

Shrinkage and Gelation Dehydration and gelation of ~ Ponkan Drought Matsumoto, 1973
juice sac

Dehydration of juice sack  Shrinkage and yellowing of Ponkan, Setoka Unclear Matsumoto, 1973
juice sack Nakajima, 2014

Dry juice sac Collapse and dehydration of  Citrus species Freezing Matsumoto, 1973
juice sack Nakajima et al., 1974

Uchida, 1983
Uchida, 1984
Uchida et al., 1984
Fumuro et al., 2014

Degradation of flesh Collapse of juice sack structure Harumi Fruit drying Takishita et al., 2019
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BIE AUXY LK OEBEERVICHEREEDORE & FHb

3-1 RS

XY VEDHRH (FER x F-2432° R ) (‘Kiyomi® tangor  (Citrus unshiu Marcow.
x C. sinensis (L.) Osbeck) x ‘F-2432" ponkan (C.reticulataBlanco)) 1%, E¥ - & EE
HAT R O Jerts (RS 1 X 0 BRSNihFE T, 1999 I dhfisdk S hie (FMD,
2000). 2017 FEOFEELHFEIX 471 ha, AEFEREIT 5,626 t IZFEL, JRBR, BMER, R
TERICHIE SN TV D BWRKEREEREZEWR, 2017). LavL, BERRMENRKE
(FH D, 2000), REVA XRS5 SLE TERFEMHAICHMA L (Afan, 2005), FREMLEN
X5 5L 2 ENMEE 72> T % (Takishita &, 2006, 2019).

T XY TIEREY A ZOHEE, RERREORZRIE, WHEM EREDOTDHRPILATHN
THEY, MEREOEEICITEREAHVOND. 13564 I2BWT, ®REEL (2010) 1%
1 RFENT- 0 OFEHD 100 LU TFITIR T 2 EIRFEDELNHDT LI L E2HmELTND.
FEROPRE T, 1305 ORFRIEAEL U THERL 100~150 235 ST 2 (i, 2010).
—J7, WEDHHR TIEHRELEETHEORTINERD Z EPEISRIN, RE 1 HEY)E
BN —ETIERNZ EPBEIND. LLARRD, BFHOENEEORE S OEHTON
THENR 2L, BFBHICHHE T 2 MR EENRE S LTV, Fiz, #REEZITS ET
BE YT AR T - OIITERA B A DHNER DY, SRR DD, i
IR LY B CHRINL D, AZENELRT L, FILEITITHE L.

WREMIIT, BERKOMIZ, BHEREY T RPN ACONIHAERH 5. BE -
£ (2008) 1F, IEDHAHT ITBWTHAER () U720 35 RN 20~25 OHiPH T L <° 2L Bk
DRENHEZ, WEEOELNLZET D LREL TS, —FHT, BREARENKE VT
ERBARET DD0ICH NEEL, ZOFEREEITBOTHRERIZ LV IEEAICHR T

no.
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ZDXHIT, UFEHA TR, RBOBWMEEZ ORI AIRERMREEERLE L I T
5. TR T, EREEZEMEL LEMERICBOWTEREZHS ICHERET L2 HD
2, HBRLERHHDVIER L OMELZF[E L. S50, FERA2BEEIC LB EES

HRBEOENLRII KT THELWTO NI LIZOTHRET 5.

3-2 MEBLOFE

e T 17 7K DX B HTHT 0D SEERIF B AE SRS A SERF SR P o o 3 AR SR BRI D 81355 L 2 Bkl S vz,
6~10 FEH 7 X FH 1XD5H BEMRAL, 2016 F 5 2019 FITH T TRERA Fh L 7.
PR OBHEARFEIL 2016 200 4 #5725 4.2~8.1 m’ OFPHICH Y, P59 m’ Ko7z, £z,
2017 £ & 2018 AR D 16 M 2% 2.0~16.1 m* DHFIPHICH YV, P75 m* o7z, WTFHOFES,
BB DREG I 2R, 3 D WX WEBHEIE £ TV o 72, JWE RBIERITER R R OBLERIE IC
eV, R I 102 4720 4 30kg & L7z, BIEIE, HORSENEE & 72~ 72 2017 4
WMol 2 ERICHER Lz, £, SEOREBIZBEMLHO 5 Apaic s BfiE (1:4, 2:%
R, 30, 4:00%, 5: %) TEBUCIVHEL, AEHERE L. BUOEARL, B
R I I L OWME (T, 3 KOMIRITm) ZHE L, et (FIEJ7m) x
g (B G ) < 0.7 OXNEHWTEI Lz, FRET, MR, PR, I
DEFHEE L, BEARE TR L TEEAFE 1m® 9720 F R L Lo, IR L INEIZ DN T
HEHEAR 1 m* Y720 OFUE TR LTz, £, AL RTREICH T 2R OHERNE, BHEsE
W7o ERBUTHESE, 100 K4 HA, 100~200 A 4E%E, 201 L EAREL L.

TR OBEOEBEOHBNIM MBI R (T, 2020) ZHWTITW GESK), HEICHN
M OKRE S IIHHE, HRER, (TR R EGGECEMIG U TER L. £72, HWE
TOREE AT BRI, R RO 2B DR b EFI Mo TFH LTV E,
MR ITEDMBEICE L E GESHFR), TOMEL B LT OB S HHI LT,

RIEL, BB T LB TS L R L MRIENEL L CORBEDNLED LS E S (FMA)
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IZBWT, BT RELDRE LIMEICR2 KOHIR L. ek, HRICERL T, BR, K
R, NREB L OERZELRICEREL, AERTENBEORE SPEENRREZZ L.
INHEITWTHOFES 12 ARAIZITY, TRTORERLEFRECTRE L7z, £, IU#
#, VHRFEE, BIOBERL 2D 2L IZXKS S5 180~250 g DREOMEEEIEZH M L
Te. T—H OYYIE, GWOHT, ZEMRE, B AN T AOEMIE, NYarlYy 7 o7
Excel #at ((BK) #HF@YP—ER) ZHWTER L

1. ERICESIBEE AWML EORT

2016 7 A AN, FEYERIFRZ RS 10 454 125247 4 Bf (BHEAFE Y72 0 & R0 )
148.5 f) ZfE L, HEAL 0.3~1.5 cm O A 1 #4720 6 K97V 7L, BEHO
BRKEREZRE Lz, Z0%, L BELZT ST B LIEEEZE - R O R
L, BEEERERLRE L. BSoNeT —FOMHTIZIZNNYarHY 7 hU =7 Excel
2000 (AA~A 7wy 7 b (BR) MV, & X) LHH (Y, ERIFEE (Y) Lo
RERFEX Y=AXE (1) IZHTIED, R A, B, HERKr Z253H L. £/, —EDIE
B, HDWITEEE Yo lZHY T D8 Xo 13 LRt X2 ZETE L Xo=10 " {(logYo-logA)/B} (2)IZ &
DEHE L7z, BRCaBRAE RIS S MR R O B EA [EAE Xo-0.1 om ORI R I 1 AR, (L
TR OB ZEA Xo om OEATRFEE 1AL, & LTRELL. 51T, HbAIHARLE
Wz 6 FAREERFE (BIEARE M7 0 258450 124.5) 2 18 & AR (BHEARE M 72 0 F 15K
58.7) 3MHCEMA L, 7 ATICHRBERZ, 8 A PRI LFRRETT -7,

2. MEBIOMEERSF, KELEBEOBRELLUORBICESHR

2017 & 7 AN, THEED T2 FEATDH16 Ba MV, BHERED 3 UL Lo CTEE
0.7cm O 1 HER, BN 1~2 OBNIREEC 2 (5%, #EuEL L CHiEE%
Tole. WTNOBHHICIE W T HBIEAFY 72 0 B R THAE U, (1 LT SRR O fHE]
BINTAE R Uz, A B R R ORI CIE, BHERFYE 72 0 OBl T EiTH R Ex 5, X

TR & 25 LRRE L, W& OEFH 30 2 MR RIS A TEREAHEE Lz, Z OHEEES 100
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CHLI R 2L 70) Rili 22 5847, 100~200 CHLUFREL 70~170) ZAR4E, 201 CHLRE171) LA
EERFREL L. F£72, 2016 LR U HIETEBPOREZRBL, BRETRTOMEERL
HEL, I EICEEROE X M7 T AEER Uiz, L IEE L OBRIC OV TITRRE
X (ITHTUED THHREEEH LT, SO0 TR 80 bR SEEREICR T 2 8%E 1 #4
(BETE 35 @) ICHIM T DR %2, SHAEMHECIXELSE 2 5y (BEH 70 @), B UUEE 3 Hy
(BEHE 1059) ITAY T HHAEE 2) REAWTENTRHE L. Bon-ERe2EEL,
2017 A BP0 HNES, RAEDELL 0.9 cm ORI FFE 1 EER, HEENEL 0.8cm O
FICREIEAER L Uz, BEEBE TIHEE 1.2cm ORICEE2FHERE L, WIFhoOBHE
t 8 H M E PR Z21T - 7.

3. MRAEEOYE LB CMREEIBHE - REEFICRIETTE

2018 UL 8N T X FH 1D A 9 KA HV, MR O HEAEL RFHHH CEAR 0.8 cm
DA RE 1 EER, BEUERE & EEBHHOE RD L VERAL TERE 0.7 om ORI RE 1 {5
R, FAERBIE O EAD 22 OERAL THEAL 0.7 cm ORZICTHTE 2~3 [HERLFZELT 7 A
AT o 7o, AL BITRRORE & EEERFIC I 1 5 AT 2017 SR O FIEI e~ 7o, $£7-, BF
BIFIZOWTIE, B 1.2 em OEUTRIE 2 HAEROIEEITIMA T, HRBDIROEL TIEE
B ldem OFICRFEI AR ST, Wb 8 A PRI EFfiRE1To72. 2017 BE W
2018 4 & b, HHALRIE, BHRBUTHT LR EBOEIE L L TRE L.

2018 OB T, FEf, RIFE, REMEBLOBEOFHEFE L. EAL, %
BORPER LT OIS 5 K, GFF 20 BABAEAITRG, 6 Hb 11 HET1IHBE
IZHERKERE (SPAD-502Plus, 2= X //v% (BK)) THIE L7z, BEERIIE TIX, SH»OE
R RE SORE S HEERD, 1 2HBEICREORKEEREL ) FATHE Lz, RFEM
BOFATIE, 20184 12 A 11 HIZAB LV 2L BEfh (RFIME 8.0~88cm) DRFEA 2 {H
Yo7V 7 UTHIRTER L1, B4 1 A 4 BICERERME (D), M (L), 2845

¥ (D/L), REE, RS LZHIECIVAET S & & HIS, RO &R A H R
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BREE /P HTEEE (SRS RERT (BR)) o L7z, BERATIE, 2019 48 5 BIZHH) O EHAHY
MRS OFREREZ 5 ARAED, kS, Hifk, BIOWTICRAELZELE, AEIER, i

BamA L.

3-3 # B

1. BRIICESKBEBEAWEHREREORT

YRR 1X5H° 1ZB8WTC, R LEROBRE R TRBERIMOXE TR H M
BB E <, BERK 100 ALICHI S+ B EEEI3 0.80 em E B &N (B 6 X)), £7-, B
& HERDOBIRIZFEIRRIC R TR & <, BR 0.80 em OXEET 34.1 g LR I
(FHoME). ZNLOMRICESE, MFRORKAEL U CTHEZR 0.7 cm ORI 1 {HEE,
EERROHEREE UTER 0.8 com OFRIZRE 1 AR LHREL TREZITo 2. 2O
R, EEMHOBHIZB W T, WO REEIT 214g, 180~250g DRFEEHIEGIT 75.1%72
Sz, —J, FUHREELEA U BERM T, PR EEN279g, 180~250g DR
FNEN 243%7E o7, ZDO X, EEBEICEITOREY A ANRARELID b REDPSTZT
O, WAL, BHHIR UL RET o2& & L.

2. RE, 1B, BEMMHICR T 2MEEESM, HRLEEOBRK

2017 FITHEEA L 7213 D 4016 M1, MRS OBHHHIBNC I N T, 4 BISERE, 9 BIDE
e, 3RS EAE LR SN, FBICR T AEEEOMRIITIE THO LB THD. £
ERBFHOFETIL 02 g L FTDO EHDEED 56%IZE L, HEUEBFHOFETIL02~03g, H
FERFHTIL03~04 g DFIICE—7 BRRLTZ. ZORE, FEEOVFHETESE (0.17g)
FEAERIAR (0.40g) KV ABEIT/NIWIZ ERRO LN, HEITRMEORLE, HE, KEL2E
H, BIESPKEOTIZIZ1g U EobD bBIE SN, REDFHETIE, BHEMTHEEIX
Wb ol RIEICKHT HHEOEISIL, FEBMET62% (EEH39%) LxkbDik

<, HEAEBMETTI6% (EEHE73%) EbEN-T- (B TX).
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FefR L HEER & ORMRIE, £, B, ZFEOWTRLRERITEL L, BERIEOMHBEN
RHBI (8 M). REX Y=AXBIZH W T, EEBHORE A X, 2016 412 10 4448
THLNZ AELFEVEZ R LTz, REB ZOEEMHEORE A ITFEEBE LV NSz
RUTE, SRFEORE B IX 2.2 205 2.5 OFEFANICH - 7-.

3. H ETHROERERE

2016 FEORBFER DO RE 1 FEYL -V EEREZ 35 g L% E L, 2017 F1XIEFE 35 g I/ T
DRI Z LICEHR L7e. T ORER, FEERITIZ 0.80 cm T (35 4 %) 2016 255
NlEE —E L, EE08cm OEITRIE 1 EFHER, ZHREMEL Uiz, REBHETIXFERIC
0.89cm LHEH IS (F4K). EEBATIE, RUFETRE2MHOEERT0g , RHES3
B DR 105 g ITHYTHRREHELILLEZA, ZREN 117 em & 138 em & 72 o7
((F43R). T, FRVFIELREALTIE, 2017 45 & 2018 AIHELL 1.2 om DOALITRE 2
fEFE R, 2018 FRIZEAE 1.4 cm OEUTRE 3 AR LITRMRORKEL LTRELL. &
B, 2018 FFOFRERMIT, MMRZOBHABEIRINC LV, R 388, FEAE2 8, B 4 BHI X
-,

4. BREICE CRMREESHRE, A, REEKR, W&, RERYE, BFEOFHLIIRE
TR

2017 4F & 2018 AFOFRRITRA, fHYE, FETRESCRERDY, RET %LU ELERL,
HETIX60%LLT &2 0 AR o7 (B 53R). BRITITR L TWRWs, KA & AEER
FRIZHRWTEER (SPADMHE) 127 HETT0 LR THERE L 10 HIZ 80 ITELTZ (F—F ).
R TIZ T AIZ 70 123 L 9 AIZ 80 ITEE L7z, FRAF L AEWERHE O BRI BT R E
%09 AIZ6em LN T, INHEHIZBNTH Sem HitE Tho7c (5 —F0E) . AR CIdft:

FFRRERICBEC Tom 28X, HEHIZIZ 9 em IZE LT,

BHEAR (m®) G720 fRAE R, DOES, INER JUONERIEE, 180~250 g DRE

TG &2E 5 RIUR L. MRAOBEARR N 720 8 REITWAE & bERTEDZ LBV fBHH
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M CTHERENHEO b, —J7, BHEAEE 20 INEEIE 2017 48, 2018 4 & & ICHHHER T
AERETRO bR -To. £, BHERRS 72 0 ILEE 2017 4= TR TH E R 2D
PO BRI T2DY, 2018 4FCIIIEAEMHE CHLOBTE LV FEICZ o7, BEE R ER
22V TUE, 2017 AEIIIBHHEI CHERZENBD SRR 7223, 2018 4 (THED L RE
EAMB OB LV FEICKRE o7, £/, EHE 180~250 g DREEIE X 2017 FNFEE &
FRUET 70%LL B & 720, 2018 TR & b 50% R Th o7z (5 55K).

REHEDOAMIRDLUE, WIFE & b TR &R CREE D ED L FIZF CRREIC 0
LW, BEETEHFRIEL Y HREWVESICEFEHICOM LTz (39 X).

RERFE A FEMEL LT 2L FERRIC Xy S D RED 2018 FFORFMEZ T 6 RITR L7, R
BRRICABEEITRD DR o 7o hy, REREII RITHRATOEF RRRED /NS VI ER/E)T
MOABEN R THHBMNAA BT, ZOREE, REORFEEA7T DL EITRFNE
LV BABICKREL Y, REBHOREZIIRETHLZ L2 RLTWD. Fiz, FHE
KEIL, EEBMARELEELY BAERICKED S, RREIG, FEER X O I
A THEBEREZNRO DR Te.

ATAE ORI X ORI EDS SR T T REA 7 RITR L, JEICIIAB O L6
Il SOFRRIAZ WD, BHHEECHRIER L LOHBICEERETRD SN -
T2 (T—HW). RS-0 B IO fiY 7 OFERKL, BB TERERENED D
nighotz, —J, BEAEE, BROEAREAFELBOGIHETH 5 BEEUIHIC LV A

BRENRD B, BHEORMBERIOFEREBENRKRENVEESoT-.

3-4 =& #£
1. BEEFIHLHE
ZHNETIS, HTDH (2010) (FHBEmE CEEYZV EmME) NEORX IICHELLTIFX

TETHDHI L, MEEERCEmME OMICAERERBEASH D Z L2 WEL TN D.
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T, BEZRET D2 E TRE I EL/ZVEELZHICHETE L2 L AR L TND.
FZT, ARBRTIL, 5RO TR EEEORREZBH I L ICHL ML, FEOK
BOERZHEST 2 2 L CHERLES—bL, MRTNEBT 5L alkAhl. Zok
WAL Tl S D728, BN O S B AFE O LA &2 B BT 5 LB D70
EEADLND. Fo, AWZETIE, EEOEBRHMEZ & &I LB THIER Z1T- 12
%, HRREZ S LITBEARRY 2 0 OF B2 HE U CTHEBARHREI 21TV, £ ETHR
AT o o MR RO E TR LORFEZIZ D X0 b IBh b v Ebng. 5%,
ZORBHRHEBNEDE TINRIZONTT —Z 2L L TH LI T 20813 H 5705, R
TR ITHAHERI 2TV, BORSHBIRTRILEHIRT S5 Z & T, FILETHLESITML
FTRREITO 2N EEZIDND.

2. BHICIS Ul B REH

AER2EH (2017 4F) 1IHHH Z L IThERE L EH & OBMRA AT L, MREEZRIT L2
& &Lz, ¥EME 35g [THY T DERITHEYERHE T 0.80 cm & FHE SHATEE L IZIER CE 4
RLTERS, KB TIL0.89ecm THRARDEE -T2 (F4K). ZOZ LiX, REMFHETIE
HIERENNES L, —~EOEBELZMHETHZDICIIROOBEZESVLERSH S Z L AR LT
D, —J7, BEAEBHETIIERTABEN TR S 203D, —EDKRS OBAEEEE R
SELIUERDD. T I TREGEMBIANY T DB EFHE UMREEL LTREL. R
B2 AR ITRFE 2 EICH Y T DB 2 R R e L U CRE L7ed, FEREHEVPAEL T
EEY b RENST. 2O LD, ERBEHEO L CRERL BAEICEST 5720, 3Bk 3
FEHITRSE 3 EICHY T 2B ERMERLMEL LGB L. ok, 1EEIIERESIHE
TLHZENTE OMPMBIE BET, 20200 ZHWeiow, FERERR D MLENRRE IR
DAEETH -7,

3. BRBIZESS EREEESNE, REFESLIORFEOELIRETHE

AMFFROFERING, BUEAFE Y720 A, 2018 FORFECEERI CEF/ME LY b F
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BT WER EZeoTc (B 5 R) . RFEBHFHTITFEN DR NS &0 n, JLARKEET
DAERTBNCAR D o 7o Z EMFRR EB X HIvD. £z, 2018 FOFEHERFIL, FFATOM A
B 72 0 25 R 190 T, REIERSL R FEEAREBAHITVMEM AR L7z GBS K).
AHTEROREE % 51F 5 720121%, BERAE CREREEEZ M < BRET 57 CREHIZR RT3
VETHDH. —71, REREITOWTE, FHEMEED D220 0O ORI B IS HHH ] T2
FUIRO LT (6 %K), MRENEEIIThREE, MEMOIEL MM LizboL
Exz b,

VEDRARKDE ZRTREIE, 200 g FBRETHD EHMESINTWS (FHS, 2000).
F72, 2L YA XA TWENRIFTHoTZLOW|ENRH D (AFa s, 2005). 2L RO R IZITAE
BN 8.0~8.8cm T, HENIB LF 200~260g ([THYT 5. —J7, BEFA ANKE W EFRE
FAERENE LS 2D b, FEEE 180~250g ODRENFHWVEMIEEL AT HEE B
To. ZO72, KWFFETIE, L2621 I8 LAREMEMEN D 180~250 g DR FEHIE 2 i
L7z, ZOFEE, EEBRICBWT, ZOEEN S0% EOEIEZHEFT 5 Z L ARD LN
2D, AMETEMEEBMEICBO GHEHE Tho/o b B2 DD, F7o, BERMET
X2 OFIE 2016 005 2018 FIZF T EFLTERY, 2oz Lid, EFEEMHEICETHA
FREOREDEENHBR R REBOREGO LFICHRB Do RSN D, vk, £
FERFCIE, 2017 FRICEWVEZ /R L722S, 2O Z SIFSIEIC LV BRENSEIND L LD
WCHE S AE L, RERRMEE SN b0 LRI,

A R 2 W] U 7o 0 BRI I 1T D BB OFHAE TIE, A L7k RREEED D 722 2
STeb DD, BHBITBNTHHIC L2 AERZEM R Sz (B 7R). REBRTIX, RF
BIAH ORI CTIL 90% L EORELFREL, 1R VMOORRICRoTWetEZX NS, 2D
SR DR RIC K 0 B EAMEE S, ATERFERAE OB 31T 2 BB OIS h -
cEHEREND. —F, BB T, ARREIC K VRREN 60% L TICMmz bh, £z,

BIEAREE T2 OIEPREL LORERHO S O LN THEICS o7 BES5HR). 2
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ZEnn, FUEES BRI < S IVTHEF U IS S 4y, BTEEEBHH O T E
DFERN DI Ipofe RS ND . ZHETIS, XD REEE LTIEOREEMEN BIFT

(FHH D, 2000), #&RFITAYELD 55.8%, EALD 33.3%, BAEN4T5%TU 2T
YEVEWEOREND D (AFRD, 2005). ARFERORTEEEBA T, MRS 2
L EOBREINEER SN TR (FETE), 558%DHEREL LIz, MR YY1
ELL EERT DFEICR D, S0k, ERDR0 > CRiFEREFHIZB VTS, —EDIL
BEMRTLZENAREZSZbNT. 2B, AEORBRTIE, MEZICEKMEORAENZ
ENEBIEI N ol ZOERE LT, BEENIILA L LTID RN &, B
CHEERK ThoT2Z b, ERIIBKENDRholcZ b ENRbTF oD, —FHT, B4
DERLDOEILRGTH D Z EBHEINTEY (A5, 2005), LEAEFEDT-DITIE
BENZDFRAET DH XD RBKRGERNNELZZ OND. £, RBERMRIIHT 52T,
[F—# CHEEFE DT> THET 20E DL EBXbND. AR TIE, BEEORERD
BEm LTSI, 5%, FA—BHIRB W GEFE TR RIEEZ V- & 2B () B,
NEOEZFE L, RBEMEEICHT 2R ELHRTOILERHD.

ARFZEClE, HEEISg I T AMBEEMECLTND (E4E). oo, FUEHETH
STHEERN R D561, BEERIERNEDD LEZEZOND. —HlERT L, 2009
FIZFENRTHONTZT —F EMIT LT & 25, BEHERMHOBICEIN T, HEH 35 I d
DI, 2016 AL 2017 FIARREN TS O EERRIC BT S L IEFE—K Lz CR%
KT —H). ZOZEND, FEERETE, B2D2FROMGHIE THEORE SOBEEN—
ETHDH T ENRREN, ARBROMELETLEHTIE S Bbhi. —J7, 2009 FEDF
JIRIZHT D EERMHTIE, MEENARBOLO LD REDoT/zd, BEEH3SgITHY T
HEEEE (0.72cm) IIAHEROME (0.88cm) LV /hEnotz (REXRT—4). Z0kHig, &
RIS T DHEDIRREIL, HIERRPRBEMC LV RESERD ZERESND. &

TRI%, FEVERHE & b~ TH B 2NIIEOIRAED B 70 2 BAERAHIC I W TIE, BroichiE L s
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B U CHIR 24TV, REVA XCRETHEBEWET 2LER’H L. ok, Hibfk
B3 1 LUT CABERZOBERNT LA LB DI W2 FAEBHHIC BV T, BEOE
WA <ToDFAlE UTRRET, R ERMEHRT 2 I LNEEEZELOND.
—J7, FEBEOEZ L EEOBRICOVTIREEEOLORE TIEH 52, KB TR S
NI LIPS WERZSNWREER T, AR THWEREMRAEEL LTHATED L
Bbind. 2L, MEOREBHAZR LHFENTE A EREETTIHENEEL TWDHHET
(T, B L TR - Kk E +0AT 5 7 &, BERIEOMRAE L 2 NENDH L. —F, fiikkr
MICBI LT, AR TR 2 7 A, (L ERR A 8 A MRICEGE U TRl A S50 L 7273,
MR Z 6 A FANLFEM LY, L ETHRE 9 D 10 H F TEEERITAT 5 AEE b
RZToND. Stk HEREEHNRRDBEHERICISNT, ARRELEREN ATRETH 27
ED MR MR D D.

LLEDORERN S, HiaRuEL U ORISR e E BB 21T 5 2 LI L 0 i IE 72 i R
PR HIL, PESED S A RORFEOEIGEBINTE D Z LRSSz, AFIETH,
HAERHMIZBWT, BHENOEROIILOXITG U T, MREMEL RO KT RESE
BEZDHDMLENGDD. ZOEEFVLEICE >TORDIZWMEETH LT, BIE, fiFkE
WL I DA RS LTI TEA 4 270 £, BikiZmid TORREZ#ED TWD & 2

AHTH%.

3-5 {HE

B 2RV NLDHITBV TR L EROBRICE S S RRIEE BR) 2RE L, 4L
RFRFEIC RTS8 f i L7z, B X SHERE Y ORI Y=AXP DX Trank. o
DADFRENT TS EAZERH OHELL 100 [HY T 2R AFE L, HERE 100 (23S 54
RILAEL UCHE Z L ICRE L (B 5 0.80 cm ORICHE | HER). Zh SfFILHEL %

BRI A Ui, fRRIIEREITS U T 914% 005 572%I258 L, BIERE 47D
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WHELIIBARM CHEZEN R - T, BdnflifE @ & S D 180 g~250 g DREFIE IIAR
HERIE T 50% LA L &ffERr U, BB TRERIEEOW RICHWIE Sz, FEDOELITHE
TN 7R AEPEZAT 5 DICKIEDIRWMEZ R LTz, ULEDZ E2ns, BHRITS Ui L L
THEZBENT 5 Z LIk D, 132 OB IERERBEEHEIMTON, PEsiifEo s A X

DRERLEFETDHZENTRETH D Z RSN,
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FHS5E UXDAHT ORRA R X DHEEHE OB

(HBH B OFMITERE 0.8 en T, LZOBITMEE 2, FRITEE, AORITRKBE )
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FHE6X DA ORFELEH (), ¥EE (H)

B & Bt [ bR A R

Yi=1758X2% [
r=0979 % [
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_ ‘é“t
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Y2=598x24 [
_ r=0978%%
A(
Z 00 | YA
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A
% so R4
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00 05 10 15
B & (cm)

& DOEIfR (2016)

r I IAHBIR AR L, ok [T 1% KETHEEDRH D Z L &2RT (n=26)
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Eogd W
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BEEE (9
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EEE (9
0.4 —
£25F I
g(m BIRE
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1.5 2.0

BT IXDAR OFRE, fEURE EERFEHOMIEE A (2017)

AL IR RIF O 7 A TR SN

AR T FAE, HEUE, HAEDNEIZHTEE 615, 1970, 870, |HIE 371, 819, 274

35



400 400 400

x4 = 24
S 300 [ Ya=458X22 = 300 | Y:=58.4X277 A 2 300 | va-476X2e
= r = 0.907 ** = r=0.927 ** = r=0.789
& 200 | 20200 S & 200 | A
HE.H HEIH l/"A’ HEIH ,“"‘
100 A : ( 100 f A
¥ A w100 M ¥ s
0 M ! ! O 1 1 0 _M 1 1
00 05 10 15 20 00 05 10 1.5 20 00 05 10 15 20
B & (cm) B #Z (cm) B & (cm)

8 ILDHH OFRME, FEME, BEFERHICRIT AR EEEORMER (2017)
B & i X m e iR 2 k4
r ITHBMRE A R L, #X 1% KETHENELNH D Z L 2R T

PRAEEIIRE, EE, EFEONEIC 21, 69, 27
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600
_ 2017 _
B500 - S
@4% - @

100 F

0 1 1
RE ZAE =&
EIENE]

FHIM IXDHT DR, FUE, EEBHEIC

F T ORERITIRFEE O RKRE & e/ IMA,

TRESBITERE, =, HEDJAEIC

BARIIREIEAT S 72 D AR L 0 HHIL, RETH
BACRZE L AR, BFEOFRNE

(2018) DEEHETHIR LT

600
500
400
300

2018

100

He 4 F

RF

B D REE A (2017, 2018)
PR OMBUIREEO P RAE, BT OFITRIEZEREDIA 25%HiIH 2 7R~3

2017 498, 254, 399, 2018 4272, 175, 200

oY AETER

% 0.9 cm ORI I 1 E5E 5,

g Ef
g

FEAE b BAE D BN DL CEAL 0.8 cm D

% 1.2 cm OFZIC B 2 (H35 58 (2017, 2018), HAR 1.4 cm OFFIZ B 3 (55
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T 4R TFOERICHSTIHMEREEL L TCOREE (2017)

B#E* (cm)

fof 1 HEH35g HEH 70 g HEFH 105 g
(1) (55221 ) (FF23MH)
FAE 0.89 - -
P 0.80 ; ]
HAE 0.88 1.17 1.38

‘AR OB & EEOBRN L=AX® O B R
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B b R BMHHICIS U B REHIEN 13547 OfRE, &, REHEICKITTEE (2017, 2018)

el A AR 15 B R 1 el A AR 1o} el A AR Wry o RSEE 180~250g
I RBraz B0V ERK WIS M hINE REE DEL
(&« m?) (%) (& + m?) (kg * m>) (g) (%)
R 253 a¥ 92.6a 18.7 4.3 231 78.6
2017 T Ve 149b 86.3b 20.6 4.6 228 70.5
HAE 54 ¢ 584c¢ 21.8 5.6 259 39.1
R 246 a 90.2a 23.9 44b 184 b 46.7
2018 T e 190 b 87.4a 23.9 44b 183b 54.3
HA 63 ¢ 56.0b 26.8 6.7a 251 a 48.5

PEAL09cm (FH) , 08cm (EYE, HEDEFERNZWENL) OFICEREEER, BEOERNFIES 2
AT IR E AR 12 cmD LI B2 35 B (2017,2018) , H 214 cmDF I B FE3MEE F (2018)

YR 4, F—3IN D525 L FH TTukey D ZEHMREIC L VSR KETHEENRH D Z L2 T
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B 6 & BAHICSUEEREHEY I35 OREREICKITTEZE (2018) °

R REME

BEHR  Ep %S Brix it J

HHREY (D) (L) D/L o o 0
(em) (em) (gFW) (%) (%) (%)
FAE 8.2 6.1 b* 1.35a 199 b 79.1 13.3 1.85
2 U 8.1 6.4b 1.26 ab 201 b 77.8 13.6 1.65
AR 8.5 7.1a 1.20b 236 a 76.4 13.2 1.67
S i NS ok * - NS NS NS

018 12H 11H IZ2LY A X (R EREEE8.0~88cm) DORFEZKFE N O2MEEEL, FEIH4H IZOHT

VEA09em (RA) , 08cm (FEYE, HEEDFERNZVENL) ORI EEZF R,
HAEOE RN XD 2L E R 12 omD B RS 2HE R, B4 emD B FH3ME % R

Al —HIN O B2 5 LT CTukey D L EREIC L VSO KETHEEZNH D Z L ERT
Wk k1 31%, SAKETEHEMELRDH Y, NSITAEMEN2WDZ & 2R
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BT RABAHIS CEREHEN 13557 OEFOEMLITKIET

B2 Y
A

(2018-2019)

FERBER Y 7= 0 A (2019)

—fiY 7= 0 AL (2019)

WEOBW "o wmk e Bl S
FE 8.1aY 3.2 113 a 1.1 1.18 a 0.59 1.77 a 0.15

2 e 3.9 ab 5.5 93a 1.9 0.56b 0.69 1.25b 0.21
HLAF 04b 2.8 3.2b 2.7 0.05¢ 0.34 0.39 ¢ 0.35
SEON ™ NS o NS NS W NS

TEA09em (RKA) , 08cm (FEHE, HEDERNLVEMAL) OBICREIEAR,

HEOERENFIZO REAMITERZI2cmD I BFoMH & H, B 14emDF 12 523 5 5
YRI—FIN D72 5 LT M CTukey D S EREIZ L VSN KETHEEZRN LD Z L E T
T I%AKMETHEMENH Y, NSITHEEMERN WD & 2RT
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FBAE XY WBHA CBITIHBEFTOBERBRECKIETRIF L AL REE

YA ADFE

4-1 fES

HxRY DB (FRXAR A ) (Kiyomi’tangor (Citrus unshiu x C. sinensis) % ponkan
(C. reticulata)) V%, FEAPHERE (FR3E - A0 PE EHANB A B TEHERE) 12 L0 BRS NZSFET,
1999 4R IZ bR Sz (FH S, 2000). 2017 FEOFRESHEFE T 471 ha, AFERIT 5626 t 12
L, FICRER, BRE, BMRRETEESN VD BHKESAERRZEDR,
2017). ‘135 A OWHEHITRESEMIZBNT 1 AT, BPE& OWRESIRIU IS U T Him RS
DRDOHNDTOHMRNIL 2 A6 3 ATHD. LirL, 1 AICHBRICEFRICREDND
e, IHET ERNCEE OBRN FRINLHE, TELY b RHICIEST 2 LER AL
% (Takishita ©, 2008). F7z, HUERBUE COIRBALOETHEIZ L DKAFTOREIRIZZ 7 v F
Y ITRKIENI EDOREEEZRT 5700, RHONMERKRD D (ET, 2020). —fi%
FNCINFERFAN L E 5 & REOBMEN @ VRE T S 2BMICH 5. -, /hE0dA
ADRE (A6, 2005) REFITHEVKA N LR ZZTT25E1T S BRI EL DS @\ ME R 23 2
D, R OBREL, IR, IFEPICRL DT D70, IR oo T
RFET, EURBREICRDETIRT AZ & THATTAZENTEL LIRS, ZOK
T, A, 1FDH ITEBWT, MBERENENT S Z LNTRIN, REIMOITE KO
HIND AR D 5.

VEDHH 1L, REVA ARELOER0T WS H. £7o, REREE LB IT/NI W
RETEL, WiAEBETHE L TEND EINDN, LA AU EORETIT 1 APAIC
RACIEN I AET D & OMEND D (AR5, 2005). EH 5O Z L E TOHFFEIZI\ T (Takishita
5, 2019), HWIETS APRE TR LIz 9322 RFED I H, M, L BERCTREOZEM L%

BRBEETHDHZ L, ALBERTRAEOT ERVPMBEE RS ZL2WBNILE. ZhbD
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fERIL, REOREIICLVEFEROBERENRRDL Z L 2TRELTWND.
HFVIIHE, F—T ALY, HRACRERE RANESE L TWODLBREMED XY
LAy IR 1FDHH DEIITREERADEENLT WERMED XY (v F
UVR) Wit bind. BEMD R VIIEBESG FTOMEICE L TR, By &2 A
Z4 (HH) IZBWTAHRI =F L (PE) QoA MAMRHRESATHWD (TR, 1969 ; &
Kb, 1982). 7o, “FHAK BEIO HE&H 1B\ Th, fpEtkn B4 B R & L7z PE fE
= O(RE, 2014), BEO, MA @ (F)IG, 2013 ;5 fiin, 2013) MTbhTnbd. —7,
TR 23 > 1T, LRI TR E O MBS ERE Z DT nE sh, vy
2 U I CBWTRERIBERESBFI SN TWD (AR, 2014). /2, v vav g
VB WTCEESRM FCERENRKEAELLT VI L (D, 1984), 1354 ITBWT,
PE 252 L W BHWIEDN AT 5 L OWMEN & D (L7, 2015). 2D, N ERE TR
7% PE QST 135A° TREBEZET S (T, 2014). Ll b, ToOMoOEE
ROBEREIZONTHRENROND. 22T, AT, A4 XD 13565 FEIE
WTT, PEQIEOAEE, wAER JOWIR AN R E & EEREARE I T TR E

L7z

4-2 MHEBIVHE

1 44

i ] TR 7K X B T (2 8 2 eI RAR SRASHAS ST ZEE0 P A o 26 > IR SR AR oD [ 455 | A
SN 8~ EED T ZFH 1E5H 16 KaMEAL, 2017 25 2020 20T TRz
1otz MAEBOIEIXMG] & 2 EERICIT, FFRITZERE 100 Z232E L TfTo/z. fHHER
B IRILFRR R OBGBREIZIE VN, MfEIZER = 3R] &4 30kg - 10a & L 4 BN/ T Thie H L
fo. REFEFICLOPELRT L0 12 APAICINEL, REOERIZL Y U FOMEET

PRI ZER LT+ S (6.1~6.7cm), M (6.7~7.3cm), L (7.3~8.0cm), 2L (8.0~8.8cm),
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3L (8.8~9.5cm), 4L (9.5 ecm LA E). 2017 412 7 18 HdHH U ME 2018 4= 12 A 11 HIZILHE
L7 REI, 2N 201841 H 23 AHdHH ML 2018 4 12 A 18 A £ THIR TR L7214,
RERICHEA L2, REFES 18 em OF T AT ¢ v 7 BRFEHIC AN, EHBEBAL RN
TR 3V TR IR TR L 7.

2. XY =F v aEns

PE t2E X D JEILME 25 em, #E35 cm, JEE 0.02 mm OR Y =F L RITRFELE 2 @S
3EAIL, BHEH A 2 M6 3 Bl 0 P i ATz, 7z, Bpsdh B & PE RNICIRIE
JE£5 (Thermo Recorder TR-72nw, 7 4 7> K7 A (BF)) Z=%iE L, 30 4R ClREE 4 B8
HIE LTz, 2017 4E 12 HIZUUHE L7 BFEITHOWT, HPERRE 58 (4L D7 3 i) A EEAIEX L
RYxF L (PE) elEEXKITMH L7z, PE W3IXTlE, 2018 4 1 A 23 HIZwHE&4BML,
5 A E TR L7, 2018 4F 12 AICIUHE L= L30T, AMEfk 3 4 Madsx, prais
X, %IEEEX, SMMOEXIZST T, 201844 A A& TP L7z, 20184512 H 18 H
(ZHTHIF J OV L34 X C PE @34 BA4A L, 2019 422 19 HICHIHIEI X DR E
HEVHL, ZOBBOIETIFR L7z, £72, 201942 A 19 BICHEIMEEX T PE w2k 4 B
L, 2019 4F 4 AR E TP L7z,

3. REMEOHEE

KLEEBRAART (2018 42 1 A 22 HIB LT 2018 4F 12 H 18 H) (ZREDOHE 2 B K THIE
L7z. 2018 /-5 A 18 H~21 HIB LTV 2019 -4 A 15~16 HIZATEZ& T L, REMLEOH
BEIToT. REELZELIE, BEFRKELICKP AT RariEs, RELZILD D%
—EDOESETRD TREOEE 0 & L, RELZF UNE E Cho CRIEOMZFHI L T
& Utz GEMOKPER RRRBRIG R, 1987). £/, KOLEE lg-am?® EREL, #
NERFERBE LT, REOHEIIRFERLZRERECHRLUTCEHEAE L. £0%, HELT
RHNEEZHEL, RABGEHE L. RRIZVECROSTHITL, A2 LCHEHEYDE

frE Lo, ARG OATEE GEREIETT (]))) TRIFO Brix & 7 = VR K 2
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E L7,
4. BEERREEOWE

RWIIRER TR L, WIRTOBEICLVEEROBEREZ D XY OMEHIE (B
MOKPER Tt ok BRs B S0, 1987) ICHEL CRAA L7z, REDOZEM B 10K A), ik ([
B), REOFT LAY (A D) (Z2oWTIE, 6B (0: 4, 1:%, 2:4, 3: 7%, 4%, 5
) T, RAREE (A C) IZoWTiE, 4 B0 (0:f#4, 1:4, 2.1, 3:%) THELL
72720, 3L, BRUAL BROREIZBNT, FUBNHETH U X 5 23R8k U CRlIBE A JE =
L, HEALTDIERDBIEINDH S A DT, ZHUIRARIE &3 B33 0 BRI AE Lz &
WL, U X 5 OFEMEBmAlOmMEICLY, § L0 REZHE L.

HoN=T =20 PWEEZEHTH EEHIC, XY arHY 7 FY =7 —Excel #i5t (f:
EER— 2 ) ZAWT, 2 milE £ 1 TREOSEOHT E1TV, Tukey 12X 5
PR NZ BEMREZITo7. E£72, 2018 5 A & 2019 F 4 ADORRFET —F 2 H &
A, EIEIRE, RELE L RERRARE L OMBEBERAFE L. 50/ HBERK

IZOWT, FREICEY 5%BL O 1% KETHEMEZRE L.

4-3 & R

1. BPEH ORI E OHS

BT REAR $5 O PE RN OJRFE I3 a2 X & PE @25 X CILRIZFE U2 8 L, FHXIRIT 2018
HEDFENA 13.0°C, PE A28 13.1°C, 2018~2019 4EA X & H 12 104CTH -7 (55 11 [X).
EOILXIZIBWT, B VEHREITRBEOREL T EHNPKE <, 2018 F DR EHE & RAKME
MEINEI 98.5% 33 LT 35.9%, 2018~2019 FILFERIZ 91.7%FB LN 36.0%72~7-. F7z,
BREZbKRE L, KEEEE, APREECHE L (F—24K). HifziEL CoFy
1T 2018 4EAY 70.5%, 2019 4EA% 61.5% Tl o7-. —J7, PE RN R IL 2018 428

99.7%, 2019 23 99.1%C, HZEH), BIOBEMZEIT/NS o7z (11 X).
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2. REVA XBIVPEREOFESEEMECRIETEE
By IS8R L2 R T G X O L Y X3 1 fll, PE WX O M, L, 3L HA X%
NZ3ME, 18, 28T, PEREE THEREITRO OGN o7, o REITHONT
T REMEFEORRZE 8 RITRT. REEEITEIE X TH 20%HB L. ok
XIZE T DESEIEL, REVA XL > THEREITRO bR, WEEXIZF T
HWEAEIL, WTHOY A XTH 2% B4R L, MEAEXOLO L EXTHREIE» -T2,
IR O R FEIT M LEX T 5~18% A L7z, ZAUTKI L, PE @R ORIEMNRMEIT 2~
14%3M L, PEQEDOFETCHERAENA LN, —JF, REBBHEBEICBWNT, RFEF
A R & DETRBO Dah o7z, BPEk ORFELEIT, QWEROFEIIEDL LS, RIEVA
AWRKELLDIFEMT L. £, PEAERTIEIELER LY bABEICEI T,
RASGIIPEREDOH M L IV A XD )7 O % %) 7= PEAERKIIEOLIEX LV,
iz, NEWVH A ZDORFETIREWED XY RABER N7, FITHH D Brix 1, PE w3
XTOHRFEY A L DEODREO bz, £72, PEWEEXO Brix (FEUEXOH D LY
LABIE» -T2 —F7, RH TR ORREE, PERMEOALE LRI A X TR AN
bivle. $pbb, MAEXDOM YA OB 0.60% %<1, 2L A XD 0.43% &~
THREIZED 272, PEOEXTIIRENA XL FBE TR S o 7.
BN B T DEEROFAERELH 9 RITTT. REOZEMIL, PEREICLY, £/,
RIEVA XD/ ST EII S le, BRITEOEXIZB W TRIET M XDOFEE R K,
BLBEAL A XT2LEERY, MBEXOL A X ELRXTHEICED o7, RAHEE
X O/NES YA XORFETHRINTZD, AEEIRO LN, T EMDIX
ERIEEX D 2L L LDV A X T2 L EDOfEA R LTz, O X9 RIETHE, B U x 5 OREN
A, PENCZERAA U TEM L, RENAIIHBENLEARICE L TWe (5 10 M D).
PE WX TIXZ DIERDBIZ E A EHR LT, 3 L3 0 BEEE I 7z,

3. PE BIERH L HIRAREREICRITTE
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Irme 236 E LB IR I EER O M, L YA AB8ZNEh 18T, PELHERMICAE
RATRO LR o7z, B L o e RFZ OV TOREMERAERE R L 10 RITR
T REOHMESSIIWEER A E L&, RO TR JO%MIaEX, SHMaEX O
NE72 o 7o, Britt O R FARFRIZ, Brimkan & b CTIRAEEX T 25% ) Li-ocxt L, 2k
CHEXTIX 6%EM L7z, £72, Al LORMOEX TEWFR B EENED LT, R
FEARTEIR TR OEX L0 AT EE X THRICE D o7z, Iyids o RFEHEIT, #“HE
FX THGOLE S LU EER LY b A EIEN -T2,

RPREIE, BWIELE X & M OZE XA RTHIOEX L0 A BITK) > 72, Rt @ Brix
ONAMEIFEAEX, Bl L ORBIOLEX, SEMOEXOIEICS <, BEOLEXKITHH s
FORHMEERX LY b, £72, iiEERKIIEMMaEX L) bARICEN T2, BET
IFRBRXAZ K D B ERENBO bR o 7.

R OFEWRL, HIEEX & MM EEX CEAREX S X ORI ZEXIZ X THEREICH
flanz & 11 £). £/, BIEEBERKICEIT 2 REZERORET, BoEXob0XvE
B o 7o, BRFBAEREL, HMOERPEOEX IV SFREICE o, RAREL
TR OREITEWT, LHEOFERATRD oz,

4 BEAE, BEEEE, RENELRERERERE L OBK

REDZERZFBNT, BESE I IOREERBHEEER & OMICZENZNIED D VWITA DR
WHIBZSZRD bz, HRICBWTIE, RELE, REEEE, BESEONThoEE L
LAEEZMENRD b, FRICRELE L BRONAOHBER L. RAREIIRESES & E

OBZ, T ERDIIRFELELAD, BESE L IEOHBEEZRLE (8 125).

4-4 % B
1. PE E3EIC X 5 REZFEREDOMA

722 RFFHFE ARy OB CRE D ZER LEEME T2 (DR, 1978). ZRHUE
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AITRED @ < BENMEWIZ ERESND. KRBRICHWTH EELETOTE CHEER LN
RHHNTEY, ZIUIETERT OFEHKIEN 10CE B2, WED 60~70% THER Lz 2 &2
JFKEBZZHAOND. ZHUSK L, PEREEX TIHIRED & < MERF S, IR o5z
ML LT, BEMBIENL ST,

By O LM OB LT, vy a vy I h B W THIRTREE A 97% L0 ECTHE
42 E0WERHL (I, 1984). ARERIZISUWTEBIH PE 125X CREMRE LN
DT ENBEINTZ. ThUE, PEGEENOIRED 100%IZIEVIREEIZ 2 > TR Y, SRR
Lz ERRRE RS, —F, BaZEXICBWCUIRFERBENED LTEY, ik
RS DKRGEHRIZE Y RELRADNNE LTzb D & b s.

REOFERT, REOEEL LOEEORD A/ NSV EMfl &7z (5 12 %). PE @
WITIREFHEEORDZMA, REEREZENIEL20RK03H0, 20 &N ZER A ]
I EEXONT. FTo, REOFERERELEE ORIZIEOFHBEBEFRIRD bz, R
B & REY A XL DBERIZOWT, 5 4 HRPEROEAIEXICIBWT M, LRT 1 LLE,
LLULETIRTERD, IWEWRETREDOIGERENKREN ST b D LR IND.

2. BROBELRELEL OBHE

BRSO (1963) 12k 2 L, RELEITFRZEMOMICEL L RADLEIZL - THEL%
T o7, FHRZERE LTI % e IE L, RELBEEOBEZH O L. ARBRIZE
WTITRFELELZPE L TERY, R RAOHOZERLSNT, Rz & RN O EN RS
NTNWLHDEZEZHND. REDHEL, IPEANCEBWVT/NSWRETEVHA A DI
LD ERHE SN TWD (AFAD, 2005 ; Takishita 5, 2019). AGBRTIL, Btk O REL
HAgA L7chd, Fpeal & FAR, DS VWRETHEIESWVEAZBO bz, £, vy
a7 IHNTENT, R F L ol EX TIIRSOEX L EEEME T L, WEAEARL
T OHRENDH D GrE, 1984). ARERICIITD 5 7 AT TIE, PE @EEX & b~CiEa]

EXTHEOKTREE TH 7. ZIUIRTESIH AR <, ZAHIERIC LV RANDOKS S
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HEL, REOBADL EICEEOWD P REDoTelzeEZEZL NS, £, RELELE
PSR ITRVAOFBEBEGRZ R L (5 12 &), 3L & 4L ORFITRELEN 0.7 LT T
FRBEREZX 2 U EE ol 2O &G, REFA XIRKREWVIZEREL L RHNORMIC
M AE LT VS D LRI S.

FEERIZB WL, ERESIFIC L0 RENOKSBEEN N S, RESKOLET
D Sz &2 B2 5. £72, PE ORI & HIRICOWTHlAE LR\, #%
WadEXCrL, MEEX LD b RERBEEEN G < RELEIME» 7. BHOEX T
A O MELERE TR 2 B K R, %0 PE GERHT A b R ~K B Eh )i
Sl LHERIND. 2k, RENSIFFHLOT VRIS Y, EMET LD L E
bisd. —J, RilEER CIEIFRATEOEEIC X > TREOKS BRI, %o lals
REIZ IR ORI L CUUE L, TOfER, RELERRERIND LEX BT,

NWEBHR ITBITHTENY ORE

AR (1973) 12X 2 &, U X 5 DT 29 EAS D IZITRBAE, WiatEE Y —{bfiE, 75U
IO WOHMIE, FEEICL DA LMY O 4 FEENEET D,

PALIEIZD U X 2 BIEKR, kL, HEH D WTEEL 25 ONFTHY (AR, 1973 ;
Milind, 2008), FRFEDHIABLRE, fflin, HEHERY & OBERRE STV S (Goto and Araki,
1983 ; Milind, 2008). —J5, A (2005) 1%, L YA XLLEOIELD A RIETIBNT 1 AH
FNTRAVIEDNFAET 52 L2 MEL TWD. FH D BIEERIZ 3L & 4L A XDORED 6
FILL EIZBWT, RBIE & b 2 Foti o U x 5 A RE L, ki, Belbd 2R
ABELTWD (REETFT—%). Z0X51T, 1355 THEINLRALEIEEYM S
WCIRAICBELTZbDOEEZ DN,

WU x5 R IR I v E OB D %Y TRAL, TOREIC OV TIT AR AN
ZW. LInLRn S, 4E 1354 ZBWTBE ST LRV L, RAOENHAKE T

NEZ LMW U L9 DARSDERLND HIZBWTERS—T 5. £7-, ZOJERIE Milind
49



(2008) D/43¥HC Chilling Injury (LI L TWB EE X LS. —FH T, KRBRIZEHNT, IF
I 3L R0 AL BERR O REOFNAET, U x5 08 KEU L, BEL, Atk 55k b8
BRI, ZHUIKRALIE &3 B30 BERFEAE LT DD EHEER I D.

RERFEICEHL T, BFEIZEILDT EDRVRERTRELENMET T2 0HRERDH L (F
B0, 1974 ; LED, 2014). AWFEICEBWT, IFRZRICRELZRAOT Eny &, REEL
HEDORICADHBRGEARD btz Ziux, RAOT BRI EK TR, RFESL
EKOLERX FIZONoobD EHELE IS, —JT, WH (1983) 1ZEEIZL ST LRy
FREE L ESS & OMBITERW S G L Vb, ARBRO PE GEXIZB W, REOHER
RWEMSMERF S, T ERORIHISND Z ERRB ST, £, T ERY ORBEREN
JESA L IEOMHBAZ R L TRBY, REOKGBINT LR (U x5 HEE) OJRET
bDH T ENHERI NI
4 RPFiEE

RHEFEIZBWNT, T ERADDIENC, WU L IHENREL, RANKILT 203 E60%
EORVWERRNRENBZRSNZ B 10K C). ZOHSBIIINE TS T HHREN LY
LN, 135 H FADOBRTHLNABR I LRDIFENKRDOOND. —FHT, R
HERRE L ESAICIEOFBENRD D Z 0 h, KOBRIZHEWID U X 5 2UHE L7272

WIS b D EHERIND.

5. PERIEIZ X 5932 DR EE

LLEDRERNG, 135 (IZ8 W T PE QLI REDOHE, RIEOLLEK T, REDZFERAE,
RAOFT ENY ZWHT 52 &, FEBLIORNMEZ LT LHIRE LRV ERH L
polz. ZOZ LI, IR O PEAEDN 1X5AH OREMEORFHIANTHL Z L 2R
LTS, —JF, BT 2 2 ARREERTE L7 %12 PE R3E L CTaRilT D &, IR D%
AR5 Z LD, FHI% ROEIC PE AT AMNEMNRR SN, £, B

BAEFNSVWRETHR2NWZ D, LY A XUTORELZPEAETLIZ LiIcky, FEER

50



DREZSERPORIIMITERT 22N TE LD LEEZBND.

4-5 i E

AFY UTDHH ATRWT, PE AL RFEF A ANETRATET ORFENE & EERIEE
WCRIFTREBEZRF L-. 12 AIE, 5 HETOIFRIZENT, BEEXTIEIM, L O/hs
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Rl ALE XN, [J AN O R D LI Tukey D Z EREIC K VS KETHEENH D Z L 2R

54

A A 1X5H 17~21 8
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1. ArxY ‘34 OWMREEBEERETICEHTIXHAE
(Fruit thinning and physiological disorders in citrus variety ‘Harumi’)
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RKOHATWND. LA L, BALETORPRITRERED K E  REZERPFELLT WD,
IPEHIEIZR S T2 AL INTWD. 4% 1324 OB AEIZ T 72dIciL, I
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Summary

Fruit quality of citrus ‘Harumi’ is very excellent but has some problem in producing equalized and
moderate size fruit every year. The wide range of fruit size causes unstable fruit quality and the
occurrence of different type of physiological disorders during storage. Thus, controlling fruit size and
improving storing condition is very important. This study is aimed at improving fruit thinning method
in citrus variety ‘Harumi’. To accomplish this purpose, a new fruit thinning criterion was developed
based on the relationship between branch diameter and leaf weight. The adoption of this new criterion
enabled us to conduct fruit thinning very easily and resulted in high rate of moderate fruit size, adequate
yield, and good flower formation in the following season. Another purpose of this study is to clarify
conditions which induce physiological disorders during storage. The effects of polyethylene wrap and
fruit size were analyzed in five, or four-month storage. The type of physiological disorder was clarified

in accordance with fruit size and the availability of polyethylene wrapping was demonstrated.

1 .Fruit thinning and physiological disorders in citrus variety ‘Harumi’

Citrus variety ‘Harumi’ shows a wide range of fruit size, which affects fruit quality such as sugar and
acid contents. In citrus, fruit size also affects the degree of physiological disorder which become a big
problem during storage. Thus, making fruit with equal and appropriate size is very important. Fruit
thinning is one of the most important techniques to adjust fruit size by controlling the fruit number.
Basically, fruit thinning has been conducted using a criterion based on leaf and fruit ratio (L/F) or fruit
number per canopy volume. In this review, several thinning criteria for ‘Harumi’ and other citrus
varieties are compared, and the pros and cons are discussed. In some citrus varieties, storage is necessary
to adjust shipping time. During the storage, some physiological disorders occurred in peel, flesh and
whole fruit. The occurrence of physiological disorders was influenced by citrus variety, fruit size, the

potion of fruits and environmental conditions during storage. In ‘Harumi’ which is classified to easy-
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peeling variety, small fruit showed serious weight loss and peel wrinkle, while rind puffing and
dehydration of flesh were big problems in large fruit during storage. Polyethylene (PE) bag wrapping
has been used to decrease the fruit wight loss and to prevent the occurrence of some physiological
disorders in tight-skin citrus varieties. However, the influences of PE wrapping on easy-peeling citrus
is unclear. In this study, the researchers on storage conditions, feature and cause of physiological
disorders during storage are also reviewed, and the effects of PE wrapping are discussed to improve

storage condition in ‘Harumi’.

2 .Evaluation of fruit thinning criteria with branch diameter in citrus cultivar ‘Harumi’

Based on the relationship between branch diameter and leaf weight, authors set fruit thinning criterion
with branch diameter and evaluated the effects on productivity and fruit characteristics in citrus cultivar
‘Harumi’. The relationship between branch diameter(X) and leaf weight(Y) were shown as Y=AX® for
on-year, standard and off-year phases, respectively. We calculated branch diameter corresponding to 100
leaves and set as fruit thinning criterion in each tree phase (one fruit set per branch of 0.8 cm diameter,
e.g.). Adopting these criteria to three phases resulted in fruit thinning rates ranging from 91.4% to 57.2%
in accordance with fruit load. There was no difference in harvested fruit number per canopy volume
among phases. The percentage of valuable fruit size between 180 g and 250 g was kept more than 50%
in standard phase, and its value in off-year phase was improved as fruit thinning criterion was modified.
Flower number per node in the following season showed successive fruit production. Thus, applying
fruit thinning criteria with branch diameter corresponding to tree phases enabled us to control fruit

number moderately, and consequently to produce high rate of valuable ‘Harumi’ citrus fruits.

3 .Effects of polyethylene wrapping and fruit size on the occurrence of physiological disorders

during storage in citrus variety ‘Harumi’.

72



In this study, the effects of polyethylene (PE) wrapping and fruit size on the fruit qualities and
occurrence of fruit disorders during storage at ambient temperature were investigated in citrus variety
‘Harumi’. In the test of five months of storage, the occurrence of peel wrinkles was serious in the small
classes (M, L) without PE wrapping. However, it was prevented by PE wrapping remarkably. In the
large classes (2L-4L), the occurrence of dehydration of flesh was observed in the fruit without PE
wrapping. On the contrary, the decrease of specific gravity and occurrence of dehydration of flesh were
prevented drastically by the PE wrapping. In addition, the occurrence of rind puffing was influenced by
fruit size but not PE wrapping. In the test of four months storage, the effects of length and timing of PE
wrapping were compared. The results showed that weight loss and the occurrence of peel wrinkles were
prevented by PE wrapping regardless of the length and timing. The occurrence of rind puffing in the
fruit wrapped with PE in the first half and throughout storing period was not higher than that without
wrapping. These results indicate that storage period can be elongated until April by storing fruit with PE

wrapping in citrus variety ‘Harumi’.
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