BRI S
(Bull. Exp. Farm Coll. Agr., Ehime Univ.) 16 :11—17 (1995)
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Summary

Occurrence of ‘Kohansho' disorder in Hassaku fruit was investigated in relation to corn olil,
safflower oil. linoleic acid and wax coating. The injury did not occur during the storage at 5T
but started to appear just after the fruit were transferred to 20C. Coating fruit with vegetable
oil emulsions markedly reduced symptoms of ‘Kohansho' disorder on the surface of the fruit when
applied at 10% or higher concentrations. Moreover, the disorder was not observed on the half
part of fruit surface treated, whereas the non-treated side developed the symptoms. The
development of injury was also somewhat suppressed by wax coating. However, visible rind
damages, which are apparently different from ‘Kohansho' disorder, were observed on the rind

during the prolonged period of storage when vegetable oils and linoleic acid were employed.
Introduction

After harvest, there appear many pitted spots on the rind of Hassaku fruit when stored above
10C and these spots develop into large brown spots (Ogawa et al., 1979; Yamashita, 1967) . This
injury was tentativley designated as ‘Kohansho' at the 1977 Annual Meeting of Evergreen Fruit
Trees organized by the Fruit Tree Research Station, Ministry of Agriculture, Forestry and
Fisheries. This term is coined from ‘Kohan’ which means tiger’s speckles and ‘Sho’ which means
disease. However, it seems that there are many causes that induce such disorder because similar
symptoms also develop by chilling temperatures. Disorders like ‘Kohansho’ occur not only in
Hassaku fruit, but also in other citrus fruits. The occurrence varies with variety (Grierson, 1981),
growing districts (Hasegawa and Iba, 1981) and stages of fruit development (Manago, 1988; Sato
et al, 1983). ‘Kohansho' disorder of Hassaku fruit was reduced by treating with thiabendazol
(TBZ) (Kitagawa and Tarutani, 1980) and by wrapping with polyethylene film bag {Ben-Yehoshua
et al, 1970; Ogawa and Sasaki, 1979). Sawamura et al. (1984) reported that a rind spot-like

disorder could be induced by exogenously applied rind oils. However, complete preventive
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measures of the disorder have not yet been established because the causal factors and
mechanisms affecting the occurrence are not clearly known.

Aljubri and Huff (1984) found that vegetable oils were effective to prevent stored grapefruit
from chilling injury. In this study we report the effect of vegetable oil, linoleic acid and wax

coating on ‘Kohansho' development of Hassaku fruit.
Materials and Methods

In the first experiment, Hassaku fruit were harvested on December 24, 1985 from commercial
groves in Matsuyama, Fhime Prefecture. All the fruit were washed and disinfected with a 2-min
soak in a 1 :5 (v/v) dilution of commercial bleach. After blotted, a 10x1 drop of benomyl
(0.05%) was applied to the exposed vascular system at the stem end to reduce the incidence of
decay. All fruit were stored at 5C and 90% RH (relative humidity). Fruit were dipped for 1 min
in vegetable oil emulsion, linoleic acid or water(control). The concentration of emulsion was 10,
20, 100% for safflower oil, 20, 100% for corn oil and 100% for linoleic acid. After treatment, the
fruit were placed again at 5C. After a certain period of storage at 5C, the fruit were transferred
to 20C and 70% RH. Numbers of fruit injured and rind spots per fruit were counted. The
respiration rate of the fruit which were coated with corn oil was measured after the transfer to
90°C with an infrared CO. gas analyzer.

In the second experiment, Hassaku fruit were harvested from commerical groves on December
25 1987. The fruit were similarly treated as mentioned above, and then stored at 5C and 90%
RH. Fruit were coated with wax, placed at a 5C room and then transferred to a room where
temperature was kept at 20T and RH 70%. Numbers of fruit injured and rind spots per fruit

were counted.
Results and Discussion

The occurrence of ‘Kohansho' in Hassaku fruit coated with safflower oils is shown in Fig. 1.In
the control plot, about 70% of the fruit developed pitting on the rind surface. In contrast, treated
fruit did not exhibit any injurious symptom. As shown in Figs. 2 and 3, similar results were
obtained in corn oil as well as in linoleic acid treatment.

When half of the fruit surface was treated with safflower oil, the treated part did not develop
injurious symptoms but rind spots appeared in the untreated side (Fig. 4). Wax coating was also
somewhat effective for preventing the rind spots (Fig. 5).

Respiration rates of the fruit treated with corn oil were compared with that of the control fruit
(Fig. 6). Corn oil coating considerably depressed the respiration.

It has been reported that ‘Kohansho’ disorder in Hassaku fruit is controlled by the following
treatments; wrapping individual fruit with polyethylene film (Ben-Yehoshua et al., 1970; Ogawa
and Sasaki, 1979), coating with wax (Manago, 1988), and dipping fruit in hot water (Manago,
1988) before storage. Manago (1983) reported that the occurence of ‘Kohansho' was significantly
lower in fruit grown in plastic houses than those grown outdoors.

It is clear from our results that although there appears no injury during the low temperature
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The occurence of ‘Kohansho' disorder in Hassaku fruit coated with
safflower oil. Fruit were harvested on December 24, 1985, then stored
at 5C. On February 19, 1986, fruit were dipped in safflower oil
emulsions, then placed at 5°C. The fruit were transferred to 20C on
March 5, 1986. The numbers in parentheses are the total numbers of

rind spots per fruit.
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The occurence of ‘Kohansho' disorder in Hassaku fruit coated with
corn oil. Fruit were harvested on December 24, 1985, then stored at
5C. On March 11, 1986, fruit were dipped in corn oil emulsions, then
placed at 5C. The fruit were transferred to 20TC on March 26, 1986.
The numbers in parentheses are the total numbers of rind spots per

fruat.
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The occurence of ‘Kohansho' disorder in Hassaku fruit coated with
linoleic acid. Fruit were harvested on December 24, 1985, then stored
at 5C. On April 25, 1986, fruit were dipped in linoleic acid, then
placed at 5C. The fruit were transferred to 20C on May 11, 1986.
The numbers in parentheses are the total numbers of rind spots per

fruit.
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The occurence of ‘Kohansho' disorder in Hassaku fruit coated with
safflower oil. Fruit were harvested on December 24, 1985, then stored
at 5C. On April 4, 1986, half part of the fruit surface was dipped in
safflower oil, then placed at 5C. The fruit were transferred to 20C
on May 11, 1986. The numbers in parentheses are the total numbers

of rind spots per fruit.
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The occurence of ‘Kohansho' disorder in Hassaku fruit coated with
wax. Fruit were harvested on December 25, 1987, then stored at 5C.
On May 17, 1988, fruit were treated with wax, then placed at 5C.
The fruit were transferred to 20°C on May 23, 1988. The numbers in

parentheses are the total numbers of rind spots per fruit.
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Fig. 6 The respiration rates of Hassaku fruit coated with corn oil after the

storage at 5C, the symptoms rapidly develop just after the fruit are transferred to 20C. This
suggests some chemical processes are involved throughout the injury development. Oil coating
reduced the respiration rate of the fruit (Fig. 6). The treatment may substitute for the role of low
temperatures (5C), because low temperatures also depress respiration. Furthermore, another

explanation is possible from the aspect of transpiration. The transpiration rate is low at low

transfer from 5°C to 20°C. For details see the legend in Fig. 2.



temperatures, but when fruit are transferred to high temperatures, the rate also enhances.
However, by oil or wax coating or film sealing, the transpiration rate is reduced even at high
temperatures. Therefore, it is interesting to know whether ‘Kohansho occurs under such
conditions as high oxygen levels and high relative humidity. The former promotes respiration
while the latter depresses transpiration.

Although vegetable oils are effective for preventing the ‘Kohansho development after the
transfer of fruit from low to high temperatures, they also cause rind damages, which are
apparently different from ‘Kohansho symptoms, during the prolonged period of storage.
However, Aljubri and Huff (1934) reported that vegetable oils were effective to prevent chilling
injury in grapefruit and that there were no injuries due to oil application. In the case of
grapefruit, the injury appears during the storage at a low temperatures such as 3C (Aljubri and
Huff, 1984). Hassaku fruit do not develop injurious symptoms during the low temperature storage
and they develop only after the transfer from a low temperature to a high temperature room.

There may be some different causes or mechanisms between the two injuries.
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