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ABSTRACT: This study was conducted during two successive seasons of 2013/2014 and 2014/
2015 on 15-year-old Washington navel and Valencia orange [Citrus sinensis (L.) Osbeck] trees grafted
on sour orange rootstock. The experimental trees were grown in clay loam soil of a private citrus
orchard located at Menia El-Kamh district, Sharkia Governorate, Egypt. Fruits were harvested at 5
successive monthly intervals on the first of each of Dec., Jan., Feb., Mar. and Apr. for Washington
navel orange. Valencia orange fruits were harvested one month later at five periods beginning with
first Jan. and ending with first May. On each harvest date fruits of three trees (3 replicates) were
harvested, counted and weighed. About 60 healthy undamaged fruits from each replicate were
randomly selected for cold storage at 7°C+1 and 85-90% RH. Fruit samples selected at harvest day (15
fruits) and those taken at 30 days intervals from cold stored fruits were subjected to determine the
effect of on-tree, cold storage and harvest date on physicochemical fruit characteristics. Washington
navel orange gained the highest fruit weight, TSS/acid ratio, fruit weight loss and fruit decay
percentages, whereas, Valencia orange produced higher fruit yields with higher vit. C content. Yield/
tree, fruit weight, TSS/ acid ratio and vit. C content were markedly decreased by delaying fruit harvest
(on-trees fruits storage) and increasing storage period, but weight loss and decay percentages were
increased. All possible interactions between the three tested factors were significant in the two
seasons, and confirm the previously recorded trends of each individual factor on the tested physico-
chemical fruit characteristics. The obtained results revealed that the storability of Valencia orange
fruits was clearly better than that of Washington navel orange fruits, since weight loss and decay
percentages of the later orange variety were about 2 and 15 folds than that of Valencia orange fruit,
respectively (average of both seasons).
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INTRODUCTION

Citrus is one of the most important fruit
crops in the world and ranked first among fruit
crops in Egypt. The area growing with citrus in
Egypt have enormously increased through the
last decades reaching about 530415 fad., out of
them 440706 fad., are fruitful producing about
4402180 tons with an average of 9.99 tons/fad.
Sweet orange [Citrus sinensis (L.) Osbeck] is
one of the most important citrus species. Total
area of orange varieties occupy about 370087
fad., representing 69.77% of total citrus acreage,
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out of them 300949 fad., are fruitful producing
3135931 tons with an average of 10.42 tons/fad.
The acreage of Washington navel orange
reached 181,092 fad., representing 53.55% of
orange acreage out of them 155,859 fad., are
fruitful, producing about 1,663, 284 tons with an
average of 10.67 tons/fad. The acreage of
Valencia orange reached 145858 fad,
representing 39.41% of orange acreage out of
them 106862 fad., are fruitful, producing about
1030713 tons with an average of 9.65 tons/fad.
(Statistics of the Ministry of Agriculture, 2014).
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Citrus fruits have a considerable postharvest
storage potential but varietal differences exist in
this case. Porat et al. (2004) reported that citrus
fruits are relatively non-perishable, and can
normally be stored for 6-8 weeks. However, the
development of various types of rind disorders
limits the post-harvest storage capability, and
causes massive commercial losses. Since citrus
fruits are non-climacteric and have low
respiration rates and thus are quite enable to
long-term storage. Citrus fruits are also low in
starch reserves and thus undergo very slow
changes in internal quality during storage
(Batchelor and Bitters, 1954 ; Echeverria and
Ismail, 1987).

Grapefruits and Valencia oranges can be
stored for three to five months and green lemons
even longer. Whereas, many easy peeling,
mandarin-like cultivars cannot be store longer
than a few weeks. Storage temperature also
differ, since grapefruits are sensitive to chilling
injury and should be stored at 10 to 16°C;
oranges and mandarins are stored at lower
temperatures (Grierson and Ben-Yehoshua,
1986). The most suitable storage temperature for
Valencia orange fruits is 4°C under 85-90% RH.
for about 5 months without significant loss of
quality (Dundar and Pekmezci, 1991). Storage at
5°C and 85-90% relative humidity were the most
suitable storage conditions for Washington navel
orange cv. (Demirkol et al., 2001).

The competitiveness of Egypt citrus sector is
a function of quality control in the transformation of
fresh fruits. The transformation process commences
with the harvest, the timing of which significantly
affects fruit quality. In many cases, citrus
harvested at the optimum maturity stage have
higher quality and higher demand (Caixeta-
Filho, 2006).

Delaying citrus harvest influences fruit
quality and reduce the subsequent year’s yield
(Davies and Albrigo, 1994 ; Ioannis et al., 2008).

At present, the charting of on-tree ripening
with a view to establish the optimum harvesting
date is based purely on the measurement of
external color together with occasional
destructive measurement of internal quality
parameters (Zude et al., 2008).

Citrus growers are increasingly demanding
rapid, cost-effective, and non-destructive
methods for  monitoring  changes in
physicochemical quality during on-tree ripening,
with a view to establish the optimum harvest
date. For mandarin producers, the critical
decision regarding harvest date is based on
perceived fruit ripeness, since the ripeness of
harvested fruit has a major impact on its shelf
life, quality and market price (Sanchez et al.,
2013).

This work was planned to evaluate the
impact of harvest date, on-tree and cold fruit
storage on: the amount of fruit yield/ tree
through the current and subsequent season, the
changes in physicochemical fruit characteristics
either stored on tree or under standard cold
conditions.

MATERIALS AND METHODS

This work was conducted during two
successive seasons of 2013/2014 and 2014/2015
on 30 healthy 15-year-old trees of mature well
managed orchards of Washington navel and
Valencia oranges [Citrus sinensis (L.) Osbeck]
cvs. grafted on sour orange rootstock. The
experimental trees were grown in clay loam soil
at 6 m apart (Washington navel orange) or 5 m
apart (Valencia orange); orchard located at
Menia El-Kamh district, Sharkia Governorate,
Egypt. Fruit harvest was performed at five
successive monthly intervals on the first of each
of December, January, February, March and
April for Washington navel orange. Valencia
orange fruits were harvested one month later at
five periods beginning with first January and
ending with first May. On each harvest date,
fruits of three trees (3 replicates) were
harvested, counted and weighed. Average yield/
tree was then calculated as number of fruits or
Kg/ tree. A fruit sample of 15 fruits from each
replicate was randomly taken for physical and
chemical fruit properties determinations at each
harvest date. In addition, 60 healthy undamaged
fruits from each replicate were randomly
selected for cold storage at 7°C+1 and 85-90 %
R.H. after being washed with water and air dried
at room temperature.
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Fruit samples selected at harvest day and
those taken at 30 days intervals from cold
storage were weighed. Cold stored fruits were
individually weighed at the previous intervals to
estimate weight loss and fruit decay percentages.
Fruit weight loss percentage (FWL%) was
calculated according to the following equation:

i-Ws
—_—X

FWL (%) =" 100

i
Where:

Wi= fruit weight at initial date, Ws= fruit weight
at sampling date.

Decay percentage was estimated according to
McCormack and Brown (1973) as follows:

Decayed fruits
Initial fruits

Five fruits from each sample were squeezed
and the extracted juice was measured and used
to estimate the titratable acidity percentage (as
citric acid) was done in 5 ml fruit juice by
titration against 0.1 N sodium hydroxide
solution until reaching pink color using
phenolphethalein indicator (AOAC, 2006). Total
soluble solids percentage (TSS%) was estimated
using a hand-held refractometer. TSS/ acid ratio
was then calculated. Vitamin C content as mg
ascorbic acid/100 ml juice was estimated by
titration against 2, 6-dichlorophenol indophenol
dye (AOAC, 2006).

It is worthy to say that tree yield in
2013/2014 season was determined as a basic
yield without any previous treatment, thus it was
not discussed. As for fruit yield at 2015/2016
season, it was estimated to evaluate the effect of
the previously conducted harvest dates on tree
yield without taking any samples. Therefore,
tree yield in the last two seasons (2014-2015 and
2015/2016) was only discussed.

Statistical Analysis

Decay (%) = x100

This experiment was set in a completely
randomized block design with 5 harvest dates; at
each date fruits were collected from three trees
(3 replicates) of both cultivars. The obtained
data were subjected to analysis of variances
(ANOVA) according to Snedecor and Cochran
(1980) using CO-STAT program. Differences
between means were compared using Duncan's
multiple range test at 0.05 level (Duncan, 1958).

RESULTS AND DISCUSSION

Effect of Harvest Date on Fruit Yield
(kg/Tree) and Fruit No./Tree

As shown in Table 1 harvest date significantly
affected fruit yield/tree in the two seasons.
However, trees harvested on the first date
produced the highest yield/tree (81.34 and 73.52
kg/tree ; the highest fruit number 364.33 and
417.50 fruit/tree) in the second and third
seasons, respectively. The lowest fruit yield and
number/tree (34.93 and 38.53 kg/tree ; 175.67
and 201.67 fruit/ tree) were recorded for trees
harvested on the last date of harvest (5" month)
in the second and third seasons, respectively.
The yield (Kg/tree) of trees harvested on the
first date (December) for Washington navel
orange and (January) for Valencia were 27.79,
28.32, 26.45 and 52.68% higher than those
harvested on Jan., Feb., March and April,
respectively (average of the last two seasons).
This means that yield/ tree was significantly
decreased with delaying fruit harvest (on-tree
fruit storage) in the previous season.

There were significant varietal differences
between the yields either as fruit number or Kg/
tree of Washington navel and Valencia orange
trees in the last two seasons. Valencia orange
trees produced higher yields (76.61 and 73.78
kg/ tree ; 443.27 and 489.33 fruit/tree) than
those of Washington navel oranges (38.51 and
37.04 kg/ tree ; 161.33 and 171.00 fruit/tree) in
the second and third seasons, respectively.
Valencia orange trees produced fruit yield (Kg/
tree) 49.37 and 49.80% higher than that of
Washington navel orange.

The interaction between harvest date and
orange variety was significant in the two studied
seasons. Anyhow, the uppermost fruitt yield and
number/tree (110.14 and 85.97 kg/tree; 503.00
and 575.00 fruits/tree) was produced by
Valencia orange trees harvested on the first date
(January) in the second and third seasons,
respectively, without significant differences
among them and those harvested on February
(80.48 kg/tree) in the third season only.
Washington navel orange fruits harvested on
February and April as well as those harvested on
March in the third season recorded the lowest
yield/ tree, either as Kg or No. of fruits/ tree.
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Table 1. Effect of harvest date on yield (Kg or number of fruits/ tree) of Washington navel and
Valencia orange trees during 2013/2014, 2014/2015 and 2015/2016 seasons

Hrvest date First season (2013/2014) Second season (2014/2015) Third season (2015/2016)

Navel Valencia HD av. Navel Valencia HD av. Navel Valencia HD av.

Fruit weight/ tree (Kg)
First date 54.28b 58.45b 56.36b 52.54d 110.14a 81.34a 61.08c 8597a 73.52a
Second date 30.38ef 40.34cd 35.36d 39.66e 67.8lc 53.74c 35.67¢ 80.48ab 58.07b
Third date 77.34a 55.19b 66.26a 27.22f 85.52b 56.37bc 30.75e¢f 78.50b 54.62bc
Fourth date 34.73de 44.94c 39.84c 50.72d 72.10c 61.41b 26.38f 78.59b 52.48¢c
Fifth date 36.71d 28.14f 32.42d 22.40f 47.47de 34.93d 31.33ef 4537d 38.35d
Dtaes av. 46.69a 454la 38.51b 76.61a 37.04b 73.78a
Fruit number/ tree

First date 234.33e 426.00a 330.17a 225.67¢ 503.00b 364.33a 260d 575.00a 417.50a

Second date

Third date

Fourth date 152.67g 299.00c 225.83b 213.67¢ 458.67¢ 336.17b 200e
Fifth date

Dtaes av. 200.13b 310.53a 161.33b 443.27a

140.33g 272.00d 206.17¢ 166.33f 454.67¢ 310.50c 135f 550.00b 342.50c
315.00c 369.33b 342.17a 115.00g 534.67a 324.83bc 130f 531.67¢ 330.83d

516.67c 358.33b

158.33g 186.33f 172.33d 86.00h 265.33d 175.67d 130f 273.33d 201.67¢

171.00b 489.33a

Means in each column which have the same letter(s) are not significantly different.

The other combinations gained inbetween yield/
tree. However, the interaction between the two
tested factors confirms the previous trends of
each individual factor for yield/ tree. Since,
yield of Valencia orange trees was higher than
that of Washington navel orange ones
throughout the 5™ harvest date also, tree yield of
both varieties was markedly decreased with
delaying harvest date (storing fruits on the tree).

These findings were in agreement with those
reported by El-Hammady et al. (2000) and
Xiong et al. (2011), who reported that delaying
picking date of Washington navel orange fruits
decreased fruit set and total yield in the
following season. Betancourt et al. (2014) stated
that delaying grapefruit harvest caused an
average reduction of 30% in fruit yield/ tree. In
this respect, Hilgeman et al. (1967) reported that
mature fruit on trees during blossoming had a
more adverse effect on subsequent yield than
during the fruit set interval. However, because
of the high temperatures during late bloom, this
situation may be specific for this particular year.

Effect of Harvest Date and Storage
Period on Some Fruit Physico-Chemical
Characteristics

Effect on fruit weight

It is quite evident from Table 2 that there
were significant varietal differences in average
fruit weight of Washington navel and Valencia
oranges in the two seasons. Fruit weight of
Washington navel orange (230.09 and 240.68g)
was significantly higher than Valencia orange
ones (165.56 and 161.43g) in the first and
second seasons, respectively. Fruit weight of
Washington navel orange trees was 28.05 and
32.93% higher than that of Valencia orange
ones.

In both varieties, fruits harvested on the third
harvest date recorded the highest weight (214.61
and 218.84g) in the two seasons, respectively,
followed by those harvested on the second date
(213.69 and 212.37g) without significant
differences among them on the first season
only. The lowest fruit weight (165.34 and
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168.23 g) were recorded for fruits harvested on
the fifth date. The other harvest dates resulted in
intermediate fruit weight values. This means that
fruit weight was gradually increased until the

third month (February for Navel and March for"

Valencia orange), then markedly decreased
reaching its minimum value by the fifth month.

Concerning the effect of storage period, the
results showed that the fruit weights of
Washington navel and Valencia orange trees
were significantly affected by storage period in
the two seasons. Anyhow, the highest fruit
weight (218.52 and 226.85g) was recorded for
fruits stored until the second and third periods in
the first and second seasons, respectively,
compared with those stored until the fifth
storage period (155.70 and 178.67g) which
gained the lowest fruit weight in the two
seasons, respectively. This showed that fruit
weight was significantly reduced with increasing
storage period.

The interaction among orange variety and
harvest date was significant in the two seasons.
Fruits of Washington navel orange harvested on
February gained the highest fruit weight (268.15
and 274.99 g) in the first and second seasons,
respectively. The lowest fruit weights were
recorded for fruits of Valencia orange harvested
in all times. The other combinations exhibited
intermediate fruit weight values.

The interaction between orange variety and
storage period was significant in the two
seasons. The highest fruit weight (260.04 and
272.21 g) were recorded for Washington navel
orange fruits stored until the third period in the
two seasons, respectively. The fruit weight of
Valencia orange stored until the third and fifth
periods (155.41 and 155.21g) and those of
Washington navel orange stored until the fifth
period (156.19 g) recorded the lowest fruit
weights in the first season. While, in the second
season Valencia orange fruits stored until the
first and second periods gave the lowest fruit
weight (128.66 and 128.29g), respectively. The
other combinations produced inbetween fruit
weight values.

The interaction between harvest date and
storage period was significant in the two
seasons. Fruits harvested on the fourth and fifth
dates and stored until the fifth period gained the

lowest fruit weight (75.97 ; 80.03 and 88.13 ;
85.50g) in the first and second seasons,
respectively. The highest fruit weight (232.74 g)
was recorded for fruits harvested on the third
date and stored until the fourth period in the first
season. In the second season, the combinations
of fruits on the first, second and third dates and
stored until the fourth period (252.27, 246.93
and 249.75g), second dates with fifth period
(244.47g) and third date with third period
(243.95g) recorded the highest fruit weight,
without significant differences between them.
The other combinations gained intermediate
fruit weights.

The interaction among the three tested
factors was significant in the two seasons.
Higher fruit weight (300.47g) in the first season
was recorded for fruits of Washington navel
orange harvested on February and stored until
the fifth period. Whereas, the combinations of
Washington navel orange frunits harvested on
February and stored until the fifth and third
periods (31033 and 301.37g) and those
harvested on January and stored until the fifth
and fourth periods (308.90 and 298.60g),
respectively, exhibited the highest fruit weight
in the second one without significant differences
between them. Navel orange fruits harvested on
March (the fourth date) and stored until the fifth
period and those harvested on April and stored
until the fourth and fifth periods were entirely
damaged and discarded. The lowest fruit weight
was gained by Valencia orange trees harvested
on March at zero time (127.97g) in the first
season and those harvested on January and
stored until the first period (124.17g) in the
second season, without significant differences
between them and most of the other
combinations. The other combinations produced
inbetween fruit weights.

These results were in line with those of Al-
Nakib (1979) and Cepeda et al. (1993) who
reported that the fruit weight of Marsh grapefruit
and sweet oranges were increased as the fruits
remained on the tree after maturity. In addition,
Al-Hassan (2013) observed that late Valencia
orange fruit weight was higher in half ripened
stage than maturity green one.  Beside,
Hilgeman er al. (1967) declared that the
percentage of No. 1 grade fruit was always
higher in fruit harvested on February than May.
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The deterioration in grade between February and
May caused chiefly by the development of
coarse, rough, pebbly peel texture and
regreening of fruit peel.

Tss/Acid Ratio

It is clear from Table 3 that TSS/acid ratio in
fruits of the two varieties was significantly
affected in both seasons. TSS/Acid ratio in
Washington navel orange fruits was higher
(13.21 and 14.01%) than that of Valencia orange
(1144 and 8.13%) in the two seasons,
respectively.

TSS/acid ratio in fruit juice was significantly
decreased with delaying harvest date in both
seasons. The uppermost TSS / acid ratio (13.70
and 11.59%) were detected after the second
month of harvest date in both seasons. The least
TSS/acid ratio (11.72%) was recorded at the
fourth harvest date in the first season and the
fifth month in the second one (9.82%).
Generally, TSS/ acid ratio in fruit juice was
steadily increased until the second harvest date,
then gradually decreased reaching its minimum
value at the last date of harvest.

Results indicated also that, storage period
significantly affected TSS / acid ratio without
distinct trend in both seasons.

The interaction between orange variety and
harvest date was significant in the two seasons.
However, this interaction certains the previously
mentioned trend of each individual factor on
TSS/ acid ratio. Results revealed that the
interaction between orange variety and storage
period was significant in both seasons and
confirms the trend of each individual factor on
TSS/ acid ratio in most cases.

The interactions between harvest date and
storage period was significant in both seasons.
The lowest values of TSS/acid ratio were
recorded for the fruits harvested on the fourth
and the fifth dates and stored for three and four
months in both seasons. The fruits harvested on
the second and third date and stored for four
months in the first season and those harvested
on the fourth date and stored for two months
gained the highest TSS/acid ratio.

The triple interaction among variety, harvest
date and storage period was significant in both

seasons and support the previously mentioned
trend of each individual factor on TSS/ acid
ratio.

Similar trends were confirmed by those of
Gilfillan et al. (1971) on Valencia oranges,
Abdel-Latief (1975) and Al-Nakib (1979) on
pink March grapefruit and Khalil (1990) on
Washington navel orange who reported that
advancing the harvest date and cold storage
increases the TSS/ acid ratio in fruits juice.
Echeverria and Ismail (1987) reported that TSS/
acid ratio was increased for "Hamlin" and
"Robinson" oranges and remained unchanged
for "Marsh" orange fruits during cold storage.

Iglesias and Echeverria (2009) stated that the
increase in TSS/Acid ratio affected fruit taste
due to lower acidity and higher sweetness.
During storage of orange fruits, organic acids
decreased faster than sugars, so that the fruit was
predicted to be slightly sweeter. TSS/acid ratio
increased by 10% along with a 20-folds increase
in ethanol (Samson, 1986 ; Echeverria and
Ismail, 1990).

Effect on Vitamin C Content

As shown in Table 4 significant varietal
differences were detected in ascorbic acid
(vitam. C) content in the fruit juice in both
seasons. Fruits of Valencia orange contained
higher vitam. C (33.42 and 37.38 mg/100 ml
juice) than those of Washington navel orange
(23.11 and 27.58 mg/100 ml juice) in the first
and second seasons, respectively.

The results showed also that vitam. C
content was significantly affected by harvest
dates in the two seasons. The highest content of
vitam. C was found in fruit juice of fruits
harvested on the first two dates (32.75 and 32.98
mg/100ml juice) on the first season and (34.91
and 33.96 mg/100 ml juice) and those harvested
on the third date (34.27 mg/100 ml juice)
without significant differences among them in
the second season, respectively. The lowest
vitam. C content was recorded for fruits
harvested on the fifth date (22.03 and 28.05
mg/100 ml juice) in the two seasons,
respectively. This means that vitam. C content in
juice of orange fruits was decreased by on-tree
fruit storage (delaying fruit harvest).
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Storage period exhibited significant effect on
vitam. C content in the two tested seasons. The
highest vitam. C content (35.03 and 36.26
mg/100 ml juice) was recorded for fruits stored

until the first period, followed by those of zero

time (33.60 and 34.91 mg/100 ml juice) in the
first and second seasons, respectively. Fruits
stored until the fifth (last) period contained the
lowest vitam. C content (19.82 and 27.54 mg/
100 ml juice) in the two seasons, respectively.
Fruits stored during the other dates differed in
vitam. C contents in both seasons. This show
that vitam. C in orange fruits was markedly
decreased with increasing storage duration,
since, it was reduced by 38.60 and 24.05% at the
last storage period compared to the first one.

The interaction between orange variety and
harvest date was significant in the two seasons.
The highest contents of vitam. C resulted from
Valencia orange fruits harvested on Feb. and
Jan. (37.62 and 36.17 mg/100 ml juice) in the
first season and those harvested on Feb., March,
April and May (37.29, 39.03, 37.93 and 37.89
mg/100 ml juice) in the second one, respectively
without significant differences among them. The
lowest contents of vitam. C (14.13 and 18.21
mg/100 ml juice) were recorded for Washington
navel orange fruit harvested on April in the two
seasons, respectively. Generally, fruits of
Valencia orange harvested on all dates contained
higher vitam. C than those of Washington navel
orange in the two seasons. Also, in both
varieties vitam. C content decreased with
delaying harvest date. The other interactions
gained intermediate vitam. C contents in the two
seasons.

The interaction between orange variety and
storage period was significant in the two
seasons. However, the highest vitam. C contents
were recorded for Valencia orange fruits stored
until the first period (42.87 mg/100 ml juice) in
the first season and those stored until the third
period (40.53 mg/100 ml juice) in the second
one, as well as those stored until the first,
second, third and fifth periods (40.17, 40.02 and
39.40 mg/100 ml juice), beside Navel orange
fruits at zero time (39.25 mg/100 ml juice),
without significant differences between them in
the second season. Whereas, the lowest vitam. C
content (14.06 and 15.68 mg/100 ml juice) was
gained by fruits of Washington navel orange

stored until the last period in the first and second
seasons, respectively. The other interactions
produced inbetween vitam. C contents with
significant differences between them in most
cases.

The interaction between harvest date and
storage period was significant in the two
seasons. The lowest vitam. C contents were
gained by fruits harvested on the fourth date and
stored until the last period (11.39 and 19.97
mg/100 ml juice), and those harvested on the
fifth date and stored until fourth and fifth
periods (12.32 and 11.04 and 18.00 and 20.22
mg/100 ml juice) in the first and second seasons,
respectively without significant differences
between them. The highest vitam. C content was
recorded for fruits harvested on the second date
at zero time (39.63 mg/100 ml juice) and those
harvested on the first, second and fifth dates and
stored until the first period (38.24, 36.64 and
37.49 mg/100 ml juice), respectively without
significant differences between them on the first
season. In the second season, fruits harvested on
the second date and stored until the second
period and those harvested and stored on the
first date and period gained the highest values
(44.54 and 41.16 mg/ 100 ml juice), respectively.
The other interactions exhibited intermediate
vitam. C contents.

The interaction among the tested three
factors (orange variety, harvest date and storage
period) was significant in the two seasons. The
highest vitam. C contents (48.91 and 46.73
mg/100 ml juice) were recorded for the
interactions (Valencia orange x last date x first
period) and (Valencia orange x Feb. x zero
time) in the first season, respectively, as well as
(Valencia orange x Feb. x second period) (62.52
mg/100 ml juice) in the second season. The
lowest vitam. C contents were detected in fruits
of Washington navel orange harvested on March
and April dates during the third period (12.51
and 12.37 mg/100 ml juice) in the first season,
respectively and those of Valencia orange
harvested on March and stored until the second
period (16.64 mg/100 ml juice) in the second
one. Fruits of Navel orange harvested on March
and stored until the fifth period and those
harvested on April and stored until the fourth
and fifth periods were damaged and discarded.
The other combinations gained intermediate
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vitam. C contents, with significant differences
between most of them in the two seasons.

The obtained findings are entirely agree with
those reported by Harding et al. (1940), Sinha et
al. (1962), Abdel-Latif (1975) and Cepeda et al.
(1993) who mentioned that ascorbic acid content
of citrus fruits decreased with the maturity,
especially in late Valencia orange.

Roongruangsri et al. (2013) and Hassan et al.
(2014) reported that the cold stored citrus fruits
revealed gradual degradation in vitam. C content
under 4-5°C conditions.

The loss of vitamin C by about 10-20% in
usual handling and marketing practices of fresh
fruit was common (Wills et al., 2007). Various
reports had shown that vitamin C decreased
under ambient and refrigerated conditions
during storage and storage resulted in the higher
vitamin C loss of citrus fruit such as blood
orange, sweet orange and mandarin (Ting and
Attaway, 1971, Raspisarda et al, 2001 and
Rajwana et al., 2010). Vitamin C loss was more
rapid at higher temperatures storage, since, it
was decreased slower at 5°C than at 15°C (Wills
et al, 1984 ; Izumi et al., 1990).

Effect on Fruit Weight Loss Percentage

Results in Table 5 reveal that weight loss
percentage was significantly differed between
the two tested orange varieties in the two
seasons. Anyhow, fruits of Valencia orange
showed the lowest fruit weight loss percentage
(0.66 and 1.47%) as compared with those of
Washington navel orange (1.81 and 2.31%), in
the first and second seasons, respectively.
Weight loss percentage in Washington navel
orange fruits was about two folds (2.74 and
1.57%) that of Valencia orange in both seasons,
respectively.

Harvest date significantly affected fruit
weight loss percentage throughout the studied
seasons. However, fruits harvested on the first
date showed the lowest weight loss percentage
(0.79 and 1.09%) in the first and second seasons,
respectively, followed by those harvested on the
second date (0.89%) without significant
differences between them in the first season
only. The highest fruit weight loss percentage
was recorded for fruits harvested on the fourth
date in the first season (1.75%) and the third,
second and fourth dates in the second one (2.27,
2.12 and 2.03%), respectively.

The results show also that fruit weight loss
percentage was significantly affected by storage
period in the two seasons. The highest weight
loss percentage was recorded for fruits stored
until the third period (3.17 and 2.82 %) in the
first and second seasons, respectively and those
stored until the second period (2.68%) without
significant differences between them in the
second season only. Fruits stored until the fifth
period exhibited the lowest weight loss
percentage (0.57 and 1.67%) than those stored
until each of the second, fourth and fifth periods
in the two seasons.

It is worthy to notice that weight loss
percentage was low in first two periods of fruit
storage, and then increased sharply during the
third period to decrease again through the last
two periods reaching its minimum value at the
fifth (last) period.

The interaction between orange variety and
harvest date was significant in the two tested
seasons. Anyhow, the lowermost fruit weight
loss percentage (0.26 and 1.09 %) was recorded
for Valencia orange fruits harvested on Jan. in
the two seasons, respectively and those
harvested on Feb. (0.41%) in the first season and
both Apr. and May (1.48 and 1.28%) without
significant differences between them in the
second season, respectively. The uppermost
percentages (2.49 and 2.44%) were recorded for
fruits of Washington navel orange fruits
harvested on February and March in the first
season, respectively, and those harvested on
Jan., Mar. and Apr. (2.42, 2.58 and 2.63 %) in-
the second one without significant differences
between them. The other combinations produced
inbetween fruit weight loss percentages.

The interaction between orange variety and
storage period was significant in the two seasons
and support the previous effect factor of
individual factor on the considered parameter.
Since, Washington navel orange fruits stored
until the third period (5.00%) and the second
one (3.58%) gained the highest fruit weight loss
percentage in the two seasons, respectively and
those stored until the first period (3.30%)
without significant difference between them in
the second season only. Fruits of the other
combinations showed intermediate significantly
different fruit weight loss percentages. The
lowest weight loss percentages were recorded
for both orange varieties at the last (fifth)
storage period in the two seasons.
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The interaction between harvest date and
storage period was significant in the two
seasons. The highest weight loss percentages
(4.14 and 4.31%) were recorded for fruits
harvested on the third date and stored until the
third period and the fifth date during the second
period in the first and second seasons,
respectively. Fruits harvested on the third and
fourth dates and stored until the same periods
(4.02 and 3.82%) and the fifth date during the
third period (4.03%) in the first season and those
harvested on the third date and period (4.11%)
and the fifth date during the first period (3.86%)
in the second one showed the highest values
without significant differences between them.
The other combinations gained inbetween fruit
weight loss percentages.

The interaction between the three tested
factors was also significant in the two seasons.
The highest weight loss percentages (6.78 and
6.76%) were induced by the interactions among
Washington navel x Feb. x third period and
Washington navel x Apr. x second period in the
first and second seasons, respectively, followed
by those among Washington navel orange X
March and April x third period (5.97 and
5.71%) in the first season and those x April and
March x first period (6.04 and 4.85%) in the
second one, respectively. Fruits of Navel orange
which harvested on March and stored until the
last period and those harvested on April and
stored until fourth and fifth periods were
completely damaged and discarded. The other
combinations exhibited intermediate significantly
different weight loss percentages.

These  findings confirm those of
Roongruangsri et al. (2013), who revealed that
weight loss percentage was increased and the
peel moisture percentage of Tangerine cultivars
fruits decreased at higher temperature and
longer hang on the tree. Iba et al (1976)
reported that satsuma fruit weight loss was
greater in early harvested fruits than late ones.

Several workers reported that weight loss
percentage increased with increasing cold
storage duration (Khalil, 1990 on Washington
navel orange; Fany et al., 2013 on Citrus tankan
fruits, Kiaeshkevarian et al., 2014 on Thomson
navel orange and D'Aquino et al, 2006 on
lemon fruits).

In orange and mandarin, even 5-6% water
loss could result in some changes in appearance
and firmness of the fruit that could be
detrimental to its marketability (Ladaniya,
2008).

The losses of fruit weight and moisture
content of the peel were mainly caused by fruit
transpiration in which water moved out and
resulted in wilted rind and a shriveled
appearance (Wills et al., 2007).

This phenomenon affected also by storage
temperature and duration (Raspisarda et al,
2001) as well as the relative humidity around the
stored fruits (Ladaniya, 2008 ; Roongruangsri et
al, 2013). The storage temperature had a
greater influence than the relative humidity in
the control of weight loss and moisture content
of the peel.

Fruit Decay Percentage (FDP)

Results in Table 6 clear that, fruits of
Washington navel orange recorded higher FDP
during cold storage (25.13 and 20.67%) than those
of Valencia orange (1.71 and 1.33%) in the first
and second season, respectively. Decay percentage
in Washington navel orange fruits were (93.20
and 93.60%) higher than that in Valencia orange
fruits in both seasons, respectively.

The values of FDP were gradually and
significantly increased with storing fruits on the
trees (delaying harvest date). So, the lowest
percentages of FDP were recorded for fruits
harvested on the first two dates in both seasons.
While, the uppermost values (29.62 and
23.75%) were found in fruits harvested on the
last date.

The FDP were markedly and significantly
increased with the advance of storage period to
reach its maximum values after the fourth month
of cold storage (32.66 and 28.42%) in the two
seasons, respectively.

The interaction between orange variety and
harvest date (V x H) was significant in both
seasons. Washington navel orange fruits
harvested on April and Valencia orange ones
harvested on May gave the highest percentages
of FDP (53.33 and 44.17% and 5.90 and 3.33%)
in the two seasons, respectively. While,
Washington navel orange fruits harvested on
Dec. and Valencia orange ones harvested on Jan.
did not show any decay in both seasons.
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The interaction between orange variety and
storage period was significant and confirm the
previous trends. Since, FDP was increased with
prolonging storage period. Therefore, the
uppermost FDP percentage was observed with
interaction of variety (two varieties) stored until
the fourth period. Fruits of both orange varieties
did not show any decay during zero time and the
first storage periods. The differences among
values of FDP of Valencia (V,) x different
storage periods (S) were insignificant in the two
seasons.

The interaction between harvest dates (H) x
storage period (S) was significant in both
seasons. The fruits harvested on the third date
and stored until the second period maintained
without any decay in the two tested varieties in
both seasons with only one exception. All
combinations treatments of H (first to fifth
month) x S (the fifth period) gained the highest
values of FDP in both seasons.

The triple interaction among orange variety
(V) and harvest date (H) x storage period (S)
was significant in both seasons. All fruits of
Washington navel orange harvested on March
and April and stored until the third and fourth
periods were entirely decayed and discarded in
both seasons. In addition, the fruits of Valencia
orange harvested in the period between Jan. to
April and stored for 1 to 5 months maintained
without any decay (zero FDP) in both seasons,
with only two exceptions, compared with those
of Washington navel orange. No significant
differences were observed between most triple
combinations V x H x S,

These findings are in a harmony with those
found by Honda et al. (1972) who reported that
the loss of fruits was 17.20% of decayed fruits
when stored at 3.5°C and 85% RH. and Pailly et
al. (2004) declared also that the small diameter
fruit weight loss of Star Ruby grapefruit was
higher than that of large diameter fruits under
the cold temperatures (6-10°C for more than 16
weeks). In addition, harvest date had a clear
influence on decay percentage reaching 30.7%
of decay in BF (before flowering) fruits versus
5.5% in FB (full bloom) fruits.

This may be due to direct effect of temperature
on growth of pathogens (Bulger ez al., 1987).
Since, the pathogens may not be able to develop

while the fruits were stored at 5°C, but it
resulted in increased disease susceptibility after
the fruits were shifted to warmer temperature
(Porat, et al., 2004 ; Smilanick et al., 2003). The
low temperature (10°C) did not induce any
disease susceptibility and hence the pathogens
continued to show least disease incidence even
when shifted to ambient temperature after
storage (Porat et al., 2004; Arpaia and Kader,
2009).

Lindhout er al. (2004) who found that
chilling-injured navel oranges showed rind
breakdown, injury to the integrity of oil glands
that may ultimately result in enhancing
susceptibility to decay. Likewise, the incidence
of Penecillium italicaum was higher in fruits
stored at 5°C at the start of post-storage
incubation which could be attributed to its
ability to digest the plant cell wall enzymatically
(McCollum, 2004).
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