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Summary

Studies on Causal Factors and Preventive Measures
of Rind Disorders in Citrus Fruits

Sojiro CHIKAIZUMI

The rind disorders in citrus fruits are caused by fungus
or virus diseases, insect pests, agrochemical damages,
nutrient imbalance (deficiency or excess), physiological
factors and physical factors such as strong winds. Most
causal factors have been clarified and effective preventive
measures have been developed, but the mechanisms of
physiological rind disorders remain to be elucidated.

In satsuma mandarin trees, the main rind disorder is
sunscald caused by intense radiation. Particularly, Wase
satsuma mandarin fruit are subjected to this injury
resulting in severe economic losses. Splitting of fruit is
one of the most important problems in navel orange
growing. “Kohansho’rind disorders appear in many mid-
and late-maturing citrus species and cultivars. Affected
fruit lose economic values in the market. Japanese
consumers highly evaluate beautiful appearance of fruit in
addition to internal high fruit quality such as high Brix
content and low acidity.

In this work, sunscald of Wase satsuma mandarin,
splitting of navel orange, “Kohansho” disorders of several
mid-and late-maturing species and cultivars (‘Encore,’
‘Ootani’ iyo, Hassaku, ‘Kiyomi’ tangor and ‘Miyauchi’
iyo), cold wind injury of ‘Miyauchi’ iyo and “water spot”
like disorder of ‘Kiyomi’
their

preventive measures.

tangor were studied for

elucidating causes and developing effective

1. Sunscald injury of Wase satsuma mandarin

1—1. Effects
incidence and severity of sunscald injury

of high radiation levels on the

A series of experiments were carried out from 1975 to
1979 to determine the cause of sunscald injury. Areas of
the fruit surface exposed fully to the sun tended to
develop the injury symptom. In middle and late August,
the affected rind surface of the fruit turned yellowish
green. Such symptoms are a pre-indication of the injury,
because about 50% of such fruit later developed typical
sunscald injury. Gland tissues turned brown as the injury

progressed and granulation developed in the endocarp of

the affected fruit. The rind became thicker and firmer than
usual as a result of sunscald. In the Matsuyama area,
sunscald injury occurs from the end of August to early
October. It seemed that some physiological changes
occurred in this period, which is associated with the
increased susceptibility of the rind to intense solar

radiation.

1—2. Browning of oil glands of Wase satsuma
mandarin

Browning of oil gland tissues is characteristic in
sunscald injury. Thus, this may give a clue for elucidating
the mechanism of sunscald development in Wase satsuma
mandarin fruit. By employing coloring reaction test
histochemically, the local accumulation of suberin, lignin
and phenolics was observed in the deteriorated brown
tissues. However, there were no differences in the
composition of volatile constituents between scalded and
normal oil glands, although the content of essential oils
tended to decrease as sunscald injury developed. No
differences in the content and composition of phenolic
compounds were observed between scalded and normal of
gland tissues. There was no peroxidase activity in the
albedo, but the flavedo showed a number of additional
isozyme bands in the peroxidase extracted from the
injured glands as compared with that from normal tissues.
The mean diameter of protruding oil gland areas on the
rind surface was 1.06 mm and 0.82 mm in the normal
and affected fruit, respectively. This indicates that the
growth of glands was markedly inhibited by sunscald

injury.

2. Splitting of navel orange fruit

2—1. Symptom and incidence of splitting in relation
to developmental stages of fruit
Splitting of navel oranges depended closely on the
ageing of fruit. Splitting symptoms were classified into
three types. The first type (Type I) occurred at an early
stage of fruit development shortly after the pulp tissues
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absorbed water rapidly. The second type (Type II)
occurred at an early stage of coloration when fruit rind
turned yellowish orange. The third type (Type III) was
observed at later stages of maturation. The number of
juice vesicles per segment was three to five times greater
in navel oranges than other citrus species. The greater the
number of juice vesicles, the higher the susceptibility of
fruit to the splitting. Rind thickness of navel orange fruit
varied markedly from stem-end to stylar-end as compared
to other citrus species. The rind was thickest near the
stem button and thinnest around the stylar end of fruit.
The apparent specific gravity of fruit was 0.96 in navel
orange and about 0.87 in Hassaku and ‘Miyauchi’iyo.
Fruit with greater specific gravity tended to split more

easily.

2—2. Occurrence of fruit splitting under different
cultural conditions

The splitting percent of ‘Shirayanagi’ navel orange fruit
was 15.7% in a heated plastic greenhouse, 6.36% under
unheated protected cultivation and 2.26% in the open
field. In the heated plastic greenhouse, Type I was
observed in August and September, whereas Types II and
IIT appeared in October. No close relationship was found
between fruit splitting and exposure direction to sunlight
or position of fruit bearing in the tree. Neither the length
of bearing shoots nor the diameter of pedicels was
associated with fruit splitting. Ninety-nine % of the juice
vesicles were less than 15 mm in length. The total number
of juice vesicles per fruit was more than 10,000. Such
large numbers of juice vesicles may contribute to the high
incidence of fruit splitting caused by spasms of pulp

swelling due to rapid water imbibitions.

3. Rind-spot development in ‘Encore’ fruit

Causes of the rind-oil spot disorder of ‘Encore’ fruit
were examined from physiological and ecological view
points. The occurrence seemed to be closely associated
with physiological stages of rind tissues. The spots
developed in fruit larger than 4 cm in diameter from late
August to early November. Furthermore, the disorder
occurred only in the fruit derived from the flowers which
bloom in April but not in those from the delayed July
bloom. A more severe disorder was found in the fruit
bearing in the exterior canopy than in those of the
interior, as well as on the sun-lit rather than on the shaded

side of the same fruit. The temperature of surface exposed
to direct radiation exceeds 38°C. The affected tissue
collapsed, became dehydrated and developed green pits
which gradually turned into yellow or brown. The
essential oils that leaked from the oil glands of the
affected parts caused the spots to enlarge. An application
of the essential oils extracted from the peel of ’Encore’
fruit induced similar spots on healthy fruit.

4. Occurrence of rind disorder ‘Ootani’ iyo fruit
during the pre-harvest and storage periods

Rind disorders were observed both on the tree and
during storage. The disorders were classified into three
types based on visible symptoms and causal factors. The
first type occurred only at the sun-exposed surface of fruit
on the tree and tentatively designated as “sunscald injury.”
The causal factor seemed to be high-temperature stress.
The second type occurred at 5°C during storage. This
disorder has been called “Kohansho” by growers and
shippers. “Kohansho” is not apparent at harvest but
appeared at the sun-exposed surface of fruit during
storage. The third type was observed in fruit shortly
exposed to —2°C during storage, which was tentatively
called “Yakesho.” “Yakesho” was apparently different
from “Kohansho.” These two disorders were prevented by
wrapping fruit with polyethylene film bag after the
pretreatment at 20°C for 2 days. However, the disorders
developed after the film was removed. The exposure of
fruit to 50 ppm ethylene failed to prevent the occurrence
of “Kohansho” and “Yakesho.”

5. “Kohansho” of Hassaku fruit

5—1. Effects of growing conditions on the occur-

rence of “Kohansho”

The disorder did not appear in fruit bearing on the tree
but developed after the fruit were harvested and stored at
room temperatures. The incidence was 20% greater in the
fruit collected from an orchard without ordinary cultural
practices than a commonly practiced orchard. The
nitrogen content both in the soil and the rind of fruit was
lower in the former than latter orchard. From February to
April, the later the harvest time, the lesser the incidence.
The occurrence of “Kohansho” was only 5% in April-
harvested fruit, while 60% in February-harvested fruit.
When the fruit were harvested and kept 20°C just after the
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trees were exposed to low temperature on a cold day
(minimum 1.1°C, maximum 5.9°C, average 3.2°C), the
disorder developed more severely than the fruit harvested
one day before the cold and stored at 20°C.

5—2. Effects of environmental factors affecting fruit
growth on the incidence of ‘“Kohansho”of
Stored Hassaku fruit
Fruit harvested from different trees showed a wide
variation of the incidence from 25% to 90%. However,
the soil types (granite or clay) and rind texture (smooth or
rough) little affected the occurrence of the disorder. Early
fruit harvesting tended to decrease the injury and large-
sized fruit are more likely susceptible. Fruit exposed to
sun light during growing season showed greater incidence
than shaded fruit. The rim of injured part became a little
reddish. Virus-infected trees with stem pitting produced
fruit with sunken V-shaped spots on the rind, apparently
different from those on “Kohansho.”

5—3. Reduction of “Kohansho” in stored Hassaku
fruit by vegetable oil, fatty acid and wax
coating

The injury did not occur during the storage at 5°C but

started to appear just after the fruit were transferred to 20
C. Coating fruit with vegetable oil emulsions markedly
reduced symptoms of “Kohansho” 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,” were observed on the rind during the
prolonged period of storage when vegetable oils and
linoleic acid were employed.

5—4. Effects of storage temperature and polyethyl-
ene bagging on the occurrence of ‘“Kohansho”

After harvested fruit were stored at 5°C for a certain
period, they were transferred to rooms held at 10, 15, 20,
25, 30 and 35°C. The fruit kept at 5°C or 35°C did not
appear disorder, but those kept at between 15 to 25C
showed disorder. The “Kohansho” appeared earlier at 25
C than at 15°C. The disorder appeared 24 to 48 hr after
fruit were transferred from 5 to 20°C, but the symptoms
were not observed between 48 to 96 hr. Placing fruit in a

HRER

polyethylene bag reduced the degree of the disorder,
especially, if wrapped immediately after the harvest.
When removed fruits from their polyethylene bags at 0, 5,
10, 24, 32 and 48hr after fruits were transferred from 5 to
20°C, symptoms of the disorder occurred at 5 hr, but the
fruit remained sound at 32 hr and 48hr.

The occurrence of “Kohansho” symptoms is attributed
to the increase in CO, concentration in a polyethylene bag
to a maximum level during storage at 5°C. In bagged
fruit, the respiration of the fruit tissues increases the CO,
concentration within the bag. Also the relative humidity
within the bag increases from 30% to above 90%. Fruit
weight decreased tightly and ABA content in the peel also
reduced. The number of stomata per fruit was estimated to
be 800,000 and microscopic observation revealed that the
stomata in the affected areas open.

6. “Kohansho” of ‘Kiyomi’ tangor fruit

6—1. Effects of seal-packaging of individual fruit
with polyethylene film

Seal-packaging of fruit decreased the number of spots
on the rind surface during storage. Weight loss of sealed
fruit was 1/10 or less than non-sealed fruit, indicating an
effective reduction of transpiration rate by seal-packaging.
No storage spot developed on the rind surface by the
pretreatment with 2% water loss of fruit, whereas they
appeared in the fruit pretreated with 5% water loss. No
significant differences in the content of both total soluble
solids and acid content were detected between sealed and
non-sealed fruit. The level of ABA in the rind tissue of
sealed fruit was lower than half that of nonsealed fruit.
This indicates that seal-packaging may exert an inhibitory
effect on the accumulation of ABA in the ‘Kiyomi’ fruit.

6—2. Occurrence of rind spot on the tree and effects
of harvest time on rind spot development and
fruit quality

In the 1990/1991 season, the occurrence of rind spot on

the tree was observed scarcely after January 21. The
percentage of affected fruit observed was only 2 to 4% on
the tree. Harvest time did not affect the difference
between treatment lots in the incidence of rind spots. The
rind spot usually appeared 10 days after the fruit were
transferred to 20C
decreased the number of fruit with rind spots, which

in the open air. Seal-packaging

mostly developed after the film was removed. The later
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the harvest date, the deeper the rind orange color, and the
more excellent the textural quality of fruit.

6—3. Causal factors of ‘“Kohansho” disorder of
‘Kiyomi’ tangor

The disorder appeared mainly on the fruit surface
exposed to sunlight that was over 10°C warmer than the
shaded side which was only slightly affected. On a clear
day, the transpiration rate of sun-exposed fruit was three-
fold greater than that of shaded fruit, although at night it
exceeded only 25%. Thus, greater water loss of sun-
exposed parts is closely associated with the disorder. No
significant differences were found in the mineral contents
between the sun-exposed and shaded parts, although
starch and total sugars were slightly higher in the flavedo
of sun-exposed parts. The affected parts had a little
greater a* value and carotenoid content than the normal
rind. Shaded fruit had an uneven surface under which the
oil-glands protruded, whereas sun-exposed surface had
smooth parts between round shaped oil-glands.

7. Causes of rind disorder of ‘Miyauchi’ iyo fruit

Rind disorders were observed during storage. The
disorders were classified into two types, based on visible
symptoms and causal factors. The first type occurs during
storage at 5°C, and is known as “Kohansho” by growers
and shippers. The disorder is not conspicuous at harvest
but appears during storage where the fruit surface has
been exposed to low temperatures (below —2°C). The
second type is observed on the fruit exposed to high
humidity during storage and is called “Yakesho,” which
apparently differs from “Kohansho.” However, the rind
disorders develop after the bag is removed. The two types
of disorders do not occur when the fruit are pre-treated at
20°C for two days. The exposure of harvested fruit to
ethylene, CO, and N, failed to prevent the disorders.

8. The occurrence of “water spot” like disorder of
‘Kiyomi’ tangor

There were no affected fruit before December but the

occurrence began in January, followed by gradual
increase. The disorder was 3% and 10% in February and
March, respectively. This suggests that the disorder is
closely associated with fruit ageing. It seemed that water

enters rind through structurally weak portions such as

cracks at the stem end and fresh wounds. The rind was
thickest near the stem button and thinnest around the
stylar end of fruit. The disorder was compared with
“water spot” injury of ‘Natsudaidai’ fruit and as a result
these injuries were similar physiological disorders.

9. Causes of “cold wind injury” of ‘Miyauchi’ iyo
fruit

The percent of ‘Miyauchi’ iyo fruit affected by cold
wind injury was 20% to 40% on the tree. The disorder
was found on the sun-lit surface of fruit. The development
of rind disorder occurred after the wind speed at 3m/
second was continued for several hours. Severe disorder
was found in the exterior canopy than in the interior, in
the upper parts than lower parts, and on the sun-lit than
shaded sides of the same fruit. Bagging fruit in October
and November was effective to prevent the rind disorder.
The rind surface temperature was about 30°C, but the
shaded surface on the same fruit was only 20°C. The
transpiration rate measured in November and December
was two times greater in sun-exposed sides than shaded

sides of the fruit.





