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ABSTRACT: This study was conducted during two sequential seasons of 2015 and 2016 in a
private orchard located in El-Khattaba District, Menoufia Governorate, Egypt to investigate the
influence of calcium chloride (CaCly) at 2%, anti-ethylene compounds namely Aminoethoxyvinylglycine
(AVQG) at 150 ppm and 1- Methylcyclopropene (1-MCP) at 25 ppm in addition to their combinations
(CaCl, plus AVG, CaCl, plus 1- MCP, AVG plus 1-MCP and finally CaCl, plus AVG and 1-MCP, at
the same concentrations) on fruit drop at harvest and yield as well as firmness, jelly pulp and other
quality parameters of “Canino” apricot fruits during cold storage at 0°C and 90- 95% RH for one
month. During 2015 and 2016 seasons, apricot trees were sprayed three times starting after full bloom,
fruit setting and finally ten days before harvest. Quality of sprayed fruits was evaluated at harvest and
every ten days of cold storage. The results showed that external browning, internal browning, jelly
pulp, fresh weight loss, total sugars, total soluble solids (TSS), TSS to acidity ratio, carotene content
were increased, while firmness, electrolyte leakage, vitamin C, acidity, chlorophylls a and b contents
were decreased with the progress of cold storage duration. Furthermore, the results revealed that all
used treatments reduced external and internal browning symptoms in addition to jelly pulp formation
and fruit fresh weight loss. Moreover, the treatments lessened electrolyte leakage of fruits, retarded the
loss of fruit firmness and were effective on keeping the physical and chemical qualities relative to the
control treatment. Finally, this study indicated that the addition of CaCl, to anti- ethylene compounds
was more effective than the individual application of each compound on reducing fruit abscission,
increasing average fruit weight and yield/tree at harvest plus retarding the loss of firmness, other
physical and chemical qualities and prolonging the storability of “Canino” apricots stored at 0°C,
especially the combination of AVG and 1-MCP in the presence of CaCl,,
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and considered a treasure chest of natural
antioxidants which protect human body from
dangerous diseases such as cancer.

INTRODUCTION

Apricot (Prunus armeniaca L.) is one of the

stone fruits that belongs to family Rosaceae and Moreover, apricot is a climacteric fruit

distinguished by a double sigmoid growth curve.
Moreover, apricot fruits are very important not
only for being inside several manufacturing
processes like jam, canned juice and dried fruits
but for considering them wealthy in nutritional
value. Since, fruits are deemed a good source of
vitamin A which helps in the enhancement of
vision. In addition, apricot fruits are rich in fiber
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meaning has high respiratory and metabolic
rates and having an ethylene emission (Rubio
and Infante, 2010). Rapid softening of apricot
fruit is the most postharvest problem which
limits its marketability (Chambory et al., 1995 ;
Souty et al., 1995). Consequently, fruits are
very susceptible to bruising and subsequent
decay resulting in considerable loss after harvest.
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Fruits of apricot are classified as very
perishable since their short life either on the
shelf nearly 2- 3 days at room temperature or at
cold storage (ranges between 2 to 4 weeks)
depending on cultivar according to Ishaq et al.
(2009).

Additional losses may occur due to some
physiological disorders such as gel breakdown,
flesh browning and loss of flavor especially at
5°C as compared with at 0°C (Kader et al.,
1985).

Canino apricot cultivar has been succeeded
especially in newly reclaimed lands under
Egyptian conditions. Consumers desire “Canino”
fruits due to its privileged quality, luscious
flavor and velvety texture.

The above problems are linked to the fruit
nature and mostly appear after harvest. On the
other hand, there is a serious problem facing
apricot producers, namely fruit drop -either
during June month or before harvesting due to
the deficiency of water and the increase of
temperature. This problem leads to a major loss
of yield. Since, yield is determined by the
number of attached fruits and their size but it is
difficult to control on fruit size, where it requires
manipulating pumping of considerable amount
of carbohydrates. This stimulation is practically
not feasible. Thus, retaining proper number of
fruits on the tree till harvest is the most critical
factor to gain large yield (Farag and Nagy,
2012). Relatively few attempts have been made
to successfully solve these problems, for
example Davenport et al. (1972) reported that
using antitranspirants during a drought is the
only mean of reducing plant deficit in
“Hamawy” apricots. In the same trend, the
application of Vapor gard, Kaolin and Green
miracle was very effective on mitigating fruit
drop of “Hamawy” apricot trees (Masoud, 2012).

Ethylene is considered as a natural ripening
hormone, so accompanied fruit maturation and
its action regulates the ripening process.
Furthermore, it is associated with physiological
and biochemical changes of fruits such as tissue
softening. Ethylene links itself to its action site
in the cell at a certain stage of ripening process
to promote a succession of events resulting in
ripeness and senescence according to Burg and
Burg (1967) and Lelievre et al. (1997a).

The preharvest application of
Aminoethoxyvinylglycine (AVG) has been
effective on reducing ethylene production and
delaying softening of the fruit (Bregoli et al.,
2002; Jobling et al., 2003).

1-Methylcyclopropene (1- MCP) is categorized
as an ethylene inhibitor used for extending shelf
life and maintaining quality of plant products
(Dong et al., 2002). Moreover, 1- MCP retards
fruit postharvest softening (Menniti et al.,
2004). Furthermore, Osuna et al. (2005)
reported that 1- MCP reduces maturation in
plant cells, consequently increases the available
time for proper storage.

Calcium, on the other hand, is essential to
ensure the maintaining of selective permeability
and membrane integrity. It is also well known
that stability and rigidity in the cell wall are
provided by calcium as an integral part of the
cell wall (Haggag, 1987 ; El-Shemy, 1998). In
the same way, calcium chloride is applied to
conserve fruit quality, mitigate the incidence of
physiological disorders (Salunkhe and Desai,
1984; Burns and Pressey, 1987; Magee et al.,
2002).

According to the aforementioned, it is
necessary to find the suitable methods to
mitigate and delay the deterioration of “Canino”
apricot fruits. Thus, the objectives of this study
are to investigate treatments that could inhibit
ethylene production such as AVG, inhibit
ethylene action as 1-MCP or maintain the integrity
of the cell wall and the plasma membrane such
as calcium or their combinations on “Canino”
apricots quality and their storability in addition
to reducing fruit abscission.

MATERIALS AND METHODS

The present study was carried out during two
sequential seasons of 2015 and 2016 on ten
years old “Canino” apricot trees grown in a
private orchard located in El-Khattatba District,
Menoufia Governorate, Egypt. The trees were
budded on local apricot rootstock, planted at 5 x
5 meters, in a sandy soil, under drip irrigation,
received the local agricultural practices applied
in the orchard. Twenty four healthy trees and
uniform in vigor, size plus fruit load, as possible
were selected and the randomized complete
blocks design was followed in this experiment.
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The trees were sprayed three times starting after
full bloom (the second week of March), the
second spray was after fruit setting (the first
week of April), while the last one was done ten
days before harvest (the last week of May).
Seven treatments beside the control were
investigated. Each treatment was replicated
three times with one tree per each. Each tree in
the block was sprayed using a hand sprayer to
the point of run off with one of the
following solutions: (1) Tap water as a control,
(2) calcium chloride (CaCly,) at 2%, (3)
Aminoethoxyvinylglycine (AVG) at 150 ppm,
(4) 1-Methylcyclopropene (1- MCP) used as
liquid at 25 ppm, (5) CaCl, plus AVG, (6) CaCl,
plus 1-MCP, (7) AVG plus 1- MCP and finally
(8) CaCl, plus AVG and 1- MCP, at the same
concentrations. A non-ionic surfactant namely
Tween-80 at 0.1% (V/V) was added to all
solutions. Four shoots of about one inch
diameter at the same height around all directions
of each tree were labeled to monitor the
percentage of fruit drop at harvest as following:

Total No. of fruitlets — No. of fruits at harvest
Fruit drop (%) = 100
Total No. of fruitlets

Fruit yield (Kg) of each experimental tree
was also estimated. At harvest (the first week of
June), seventy five apricot fruits at a hard
mature stage (yellowish- green) were manually
harvested from each tree (replicate) per
treatment. The collected- treated fruits were
healthy and uniform in color and form in
addition to that, fruits were devoid of visible
pathogen infection and mechanical damage.
The fruits were rapidly transported to the
laboratory, washed with tap water, surface
sterilized by dipping for three minutes in 0.05%
(V/V) sodium hypochlorite, rinsed quickly in
distilled water and then left to dry in the air.
Fifteen fruits were taken to determine average
fruit weight and initial fruit quality parameters at
harvest (zero time before cold storage). In
addition, fifteen fruits were taken to assess fresh
weight loss percentage and the remaining forty
five fruits (15/replicate) were wused to
periodically evaluate fruit quality at ten days
intervals during storage. The fruits of each
replicate were placed in a clean plastic plate and
each three replicates per treatment were kept in
a perforated cartoon box. Three perforated
cartoon boxes were used for each treatment. All

fruits were stored for a period of one month at
0°C (Abd El-Motty et al., 2007) and 90- 95%
RH in a commercial refrigerator. The shelf life
assessment was not measured because apricot
fruits are perishable (Ishaq et al., 2009) and had
a very short shelf life. In addition, many
investigators did not estimate it (Martinez-
Romero et al., 2000; Abd El-Motty et al.,
2007; Shirzadeh et al., 2011; Abdrabboh,
2012; Sarfaraz et al., 2014; Yousefi er al.,
2015; Al-Saikhan, 2018).

Quality Assessment of Fruits

Determination of physical and chemical
characteristics

External browning, internal browning and
jelly pulp disorders (%)

The number of fruits had external browning
or internal browning or jelly pulp was recorded
at each sampling date and was calculated per
each sample as a percentage of the total fruit
number at the beginning of cold storage.

Weight loss (%)

Apricot fruits were individually weighed and
labeled before starting cold storage (initial
weight) and at each sampling date of cold
storage (10 days intervals), the difference of
weight loss was estimated relative to the initial
weight and weight loss percentage was
calculated using the equation of Ghoname
(1992).

Fruit firmness (Newton)

Firmness was measured as (Ib/in) on the two
opposite sides of apricot fruit using Effigi
pressure tester at the tropic of the fruit (mod. Ft
327) and the values of readings were converted
to Newton unit (Ib/ in® x 4.448).

Electrolyte leakage (%)

It was calculated according to the technique
of Ahrenes and Ingram (1988).

Freshly prepared juice of apricot fruits per
each sample was extracted by using electric fruit
juicer to determine the following measurements:

Vitamin C content

It was measured and expressed as mg L-
ascorbic acid/100 ml fruit juice using the
method described by AOAC (2000).
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Total sugars (%)

Total sugars was extracted and determined
by using the phenol- sulphuric acid colorimetric
method according to Egan et al. (1987).

Total soluble solids (TSS) content

The percentage of TSS was measured as Brix
at 20°C using a hand refractometer.

Total acidity (%)

It was measured by titration with 0.1 N
sodium hydroxide in the presence of
phenolphthalein as an indicator (AOAC, 2000).

TSS to acidity ratio

It was calculated by dividing the TSS value
on that of total acidity.

Chlorophylls A and B Plus Total Carotene
Contents

The procedure of Wintermans and Mots
(1965) to extract, assess and calculate the
amount of chlorophylls a and b in addition to
total carotene of apricot fruit peel which
expressed as mg/100 g fresh weight.

Statistical Analysis

The results of fruit drop, fruit weight and
yield were laid out and analyzed as a
randomized complete blocks design while the
remaining results of this study were statistically
analyzed using split plot in randomized
complete blocks design as described by Steel
and Torrie (1980). Analysis of variance was
done and the least significant difference at 0.05
level was calculated by using Costat statistical
software (Costat, 2008).

RESULTS

Effect of Preharvest- Applied Treatments
on Fruit Drop Percentage, Fruit Weight
and Yield of “Canino” Apricot During
2015 and 2016 Seasons

The results in Table 1 express the percentage
of fruit drop in “Canino” apricot at harvest as
affected by CaCl,, AVG, 1-MCP and their
combinations. The results indicated that the

greatest reduction in fruit drop was recorded
with applications of either AVG or 1-MCP alone
or plus CaCl, relative to that obtained with the
control in a consistent manner for the two
seasons. Moreover, CaCl, plus 1-MCP
combination was able to drastically reduce fruit
drop in comparison with the sole application of
1- MCP. Meanwhile, there was an additive
influence when CaCl, was combined with AVG
as compared with the individual treatment of
either CaCl, or AVG in terms of fruit drop at
harvest.

Concerning, the effect of the single
application of CaCl,, AVG, 1-MCP and the
efficacy of their combinations on “Canino”
apricot average fruit weight as an important
component of yield, the results in Table 1 show
that the presence of CaCl, alone or when
incorporated with AVG either as an single
component or combined with 1-MCP was the
most effective on enhancing average fruit
weight and this effect was similar to that
obtained with the formulation containing AVG
plus 1-MCP in both seasons. Furthermore, the
influence of individual application of the two
growth regulators, namely AVG and 1-MCP, on
increasing average fruit weight was equally with
that recorded with 1-MCP treatment in the
presence of CaCl, On the contrary, the control
treatment had the least apricot fruit weight in the
two successive seasons.

As shown in Table 1, the use of preharvest
application of CaCl,, AVG, 1-MCP and their
combinations played a significant influence on
enhancement the average yield per tree at
harvest relative to the control treatment which
recorded the lowest fruit yield per tree.
Meanwhile, the single use of 1-MCP and all
I-MCP-  included  formulations  caused
significantly the highest increase of fruit yield
per tree in both seasons and the differences
among them were exiguous and not significant.
Furthermore, there was a positive effect of the
combination containing CaCl, plus AVG on
improving fruit yield as compared with the sole
application of each component. This pattern
was similar in both seasons.
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Table 1. Effect of the preharvest- applied treatments on fruit drop percentage, average fruit
weight and yield of "Canino" apricot during the two seasons (2015 and 2016)

Treatment Fruit drop (%)  Average fruit weight (g) Total yield (kg)
2015 2016 2015 2016 2015 2016

Control (Tap water) 3948a 41.00a 31.50 ¢ 32.16 ¢ 25.18d 27.31d
CaCl, at 2% 25.19b 25.67b 43.15a 46.11 a 33.00 ¢ 3430c
AVG at 150 ppm 1945¢c 20.26c  38.20b 39.00b 3291 ¢ 3541c
1-MCP at 25 ppm 10.70e  11.48e  38.38b 39.52b 4092 a 41.08 a
CaCl, + AVG 11.91d 13.17d 42.00a 45.00 a 35.61b 37450
CaCl, + 1- MCP 7.00 £ 7.52 3831Db 3931b 41.00 a 4234 a
AVG + 1- MCP 411¢g 420¢g 42.17 a 45.29 a 41.51 a 41.22 a
CaCL+AVG+1- MCP 355¢ 390 ¢ 4222 a 4491 a 41.96 a 4222 a

* Values, within the column, of similar letter(s) were not significantly different, when compared according to the

least significant difference (LSD) at 0.05 level.

AVG: Aminoethoxyvinylglycine, 1-MCP (1-methylcyclopropene)

Effect of Preharvest-Applied Treatments,
Cold Storage Duration and Their
Interaction on Apricot Fruit Physical
Characteristics During 2015 and 2016
Seasons

The results in Table 2 points to the effect of
preharvest treatments on the percentage of
external browning of apricots, regardless the
effect of cold storage period. The results
detected that the control treatment resulted in the
highest significant values of external browning
in comparison with other treatments in a
consistent manner during 2015 and 2016
seasons. The individual treatment of CaCl, or
AVG caused lower percentages of external
browning than the other combinations of CaCl,,
AVG and 1-MCP which hindered the incidence
of such browning in both seasons. On the other
hand, 1-MCP treatment did not show a
consistent trend regarding its effect where it
retarded the formation of external browning
only in the first season but gave lower
percentage in the second season which did not
significantly differ from that percentage obtained
with AVG treatment.

As the storage period progressed, regardless
the effect of treatments, it was found that the
external browning of apricots was not yet visible
until the first duration of cold storage. This
browning started to appear after twenty days of

storage and tented to increase gradually with
significant values to the end of cold storage
period in the two seasons (Table 2).

Concerning, the effect of the interaction
between treatments and cold storage period, the
results in Table 2 reveal that the binary
combinations of AVG and 1- MCP alone or plus
CaCl, in addition to the formulation of the three
compounds together were the most effective on
inhibiting the incidence of external browning
along the month of cold storage. This trend was
consistent in both seasons. Meanwhile, the
control fruits showed the opposite trend since
they had the highest percentages of external
browning during the two seasons.

With regard to the effect of the anti- ethylene
compounds, namely AVG and 1-MCP alone or
in the presence of CaCl, in addition to CaCl,
alone, the results demonstrated in Table 3
declare that the highest increase of the
percentage of internal browning in “Canino”
apricots occurred with control treatment as
compared with 1-MCP treatment alone or when
combined with CaCl,, AVG or both which did
not result in any symptoms of such browning.

The percentage of internal browning of
apricots tended to significantly increase as the
storage period at 0°C progressed, especially after
20 days.
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Table 2. Effect of the preharvest- applied treatments, cold storage periods and their interaction
on external browning percentage of "Canino'" apricot fruits during the two seasons

(2015 and 2016)
Treatment 2015 season 2016 season
External browning (%) External browning (%)
Cold storage period (day) Cold storage period (day)

0 10 20 30 Mean 0 10 20 30 Mean
Control (Tap water) 0.00f 0.00f 17.77b 22.22a 10.00a 0.00f 0.00f 20.00b 24.44a 11.11a
CaCl, at 2% 0.00f 0.00f 11.11d 13.33¢ 6.11b 0.00f 0.00f 6.67d 13.33¢ 5.00b
AVG at 150 ppm 0.00f 0.00f 0.00f 6.67¢ 1.66c 0.00f 0.00f 0.00f 4.44e 1.1lc
1-MCP at 25 ppm 0.00f 0.00f 0.00f 0.00f 0.00d 0.00f 0.00f 0.00f 6.67d 1.66¢
CaCl, + AVG 0.00f 0.00f 0.00f 0.00f 0.00d 0.00f 0.00f 0.00f 0.00f 0.00d
CaCl, + 1- MCP 0.00f 0.00f 0.00f 0.00f 0.00d 0.00f 0.00f 0.00f 0.00f 0.00d
AVG +1- MCP 0.00f 0.00f 0.00f 0.00f 0.00d 0.00f 0.00f 0.00f 0.00f 0.00d
CaCL,+AVG+1-MCP  0.00f 0.00f 0.00f 0.00f 0.00d 0.00f 0.00f 0.00f 0.00f 0.00d
Mean 0.00c 0.00c 3.61b 5.27a - 0.00c 0.00c 3.33b 6.11a -

* Values, within the characteristic, of similar letter(s) were not significantly different, when compared according
to the least significant difference (LSD) at 0.05 level.

AVG: Aminoethoxyvinylglycine, 1-MCP (1-methylcyclopropene)

The results reported in Table 3 also indicate
the effect of the interaction between various
anti- ethylene compounds, calcium chloride and
cold storage period in both seasons. The highest
significant percentage of internal browning was
recorded in the control after thirty days of cold
storage relative to that obtained by CaCl,, AVG
treatments and their combination. Actually,
1-MCP alone or when combined with CaCl, or
AVG, even the triple combination was the most
efficient on inhibition the incidence of internal
browning in “Canino” apricot fruit flesh during
both seasons.

From the illustrated results in Table 4, it
could be noticed that the highest percentages of
jelly pulp in both seasons were observed for the
control fruits in comparison with those of other
treatments. The opposite trend was achieved
with 1- MCP when combined with CaCl, and/or
AVG where these treatments kept apricot pulp
intact without incidence of jelly tissues in a

consistent manner in both seasons. However,
after twenty days of cold storage at 0°C, the
formation of jelly pulp in “Canino” apricots
started to significantly increase achieving the
highest percentage after thirty days of storage.

Table 4 also reported the percentage of jelly
pulp of apricot fruits as affected with preharvest
treatments and cold storage at 0°C for one
month during the two seasons. The results
obviously showed that after twenty days of
storage, jelly pulp manifested in apricot fruits
treated with CaCl,, AVG with lower percentages
than that of the control. The highest percentage
of jelly pulp was formed in control treatment
relative to the sole application of CaCl,, AVG
and 1- MCP. Actually, the combination of 1-
MCP plus CaCl, or AVG, as well as the triple
formulation completely prevented the incidence
of jelly pulp of apricots during the whole period
of cold storage. The results were consistent in
the two seasons.
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Table 3. Effect of the preharvest-applied treatments, cold storage periods and their interaction
on internal browning percentage of '"Canino" apricot fruits during the two seasons

(2015 and 2016)
Treatment 2015 season 2016 season
Internal browning (%) Internal browning (%)
Cold storage period (day) Cold storage period (day)

0 10 20 30 Mean 0 10 20 30 Mean
Control (Tap water) 0.00e 0.00e 0.00e 26.67a 6.66a 0.00e 0.00e 22.26b 31.11a 13.34a

CaCl, at 2% 0.00e 0.00e 0.00e 15.55b 3.88ab 0.00e 0.00e 0.00e 17.77c 4.44b
AVG at 150 ppm 0.00e 0.00e 0.00e 13.33b 3.33ab 0.00e 0.00e 0.00e 20.00b 5.00b
1-MCP at 25 ppm 0.00e 0.00e 0.00e 0.00e 0.00c 0.00e 0.00e 0.00e 0.00e 0.00d
CaCl, + AVG 0.00e 0.00e 2.22d 4.44c 1.66b 0.00e 0.00e 0.00e 6.67d 1.66¢
CaCl, + 1- MCP 0.00e 0.00e 0.00e 0.00e 0.00c 0.00e 0.00e 0.00e 0.00e 0.00d
AVG + 1- MCP 0.00e 0.00e 0.00e 0.00e 0.00c 0.00e 0.00e 0.00e 0.00e 0.00d
CaCLL,+AVG+1-MCP  0.00e 0.00e 0.00e 0.00e 0.00c 0.00e 0.00e 0.00e 0.00e 0.00d
Mean 0.00b 0.00b 0.27b 7.50a - 0.00c 0.00c 2.78b 9.44a -

* Values, within the characteristic, of similar letter (s) were not significantly different, when compared according
to the least significant difference (LSD) at 0.05 level.
AVG: Aminoethoxyvinylglycine, 1-MCP (1-methylcyclopropene)

Table 4. Effect of the preharvest- applied treatments, cold storage periods and their interaction
on jelly pulp percentage of ""Canino' apricot fruits during the two seasons (2015 and 2016)

Treatment 2015 season 2016 season
Jellypulp (%) Jellypulp (%)
Cold storage period (day) Cold storage period (day)

0 10 20 30 Mean 0 10 20 30 Mean
Control (Tap water) 0.00h 0.00h 37.77b 48.89a 21.66a 0.00i 0.001 42.22b 55.55a 24.44a

CaCl, at 2% 0.00h 0.00h 26.67cd 28.89¢ 13.89b 0.00i 0.00i 28.89cd 31.11c 15.00b
AVG at 150 ppm 0.00h 0.00h 17.77e¢ 22.22de 10.00c 0.00i 0.00i 20.00e 24.44dell.11c
1-MCP at 25 ppm 0.00h 0.00h 0.00h 4.44f 1.11d 0.00i 0.001 0.001 6.67f 1.66d
CaCl, + AVG 0.00h 0.00h 0.00h 2.22g 0.55de 0.00i 0.00i 2.22h 4.44g 1.66d
CaCl, + 1- MCP 0.00h 0.00h 0.00h 0.00h 0.00e 0.00i 0.00i 0.00i 0.00i 0.00e
AVG +1- MCP 0.00h 0.00h 0.00h 0.00h 0.00e 0.00i 0.00i 0.00i 0.00i 0.00e
CaCl,+AVG+1-MCP  0.00h 0.00h 0.00h 0.00h 0.00e 0.00i 0.00i 0.00i 0.00i 0.00e
Mean 0.00c 0.00c 10.27b 13.33a -  0.00c 0.00c 11.66b 1527a -

* Values, within the characteristic, of similar letter (s) were not significantly different, when compared according
to the least significant difference (LSD) at 0.05 level.
AVG: Aminoethoxyvinylglycine, 1-MCP (1-methylcyclopropene)
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Effect of preharvest-used applications on
weight loss of “Canino” apricots, regardless of
the storage duration, was shown in Table 5. The
control treatment significantly caused the
highest increase of weight loss of apricots as
compared with other treatments. However, the
combinations among CaCl,, AVG and 1- MCP
were significantly effective on reducing fruit
weight loss in both seasons.

Weight loss of “Canino” apricot fruits was
also influenced by cold storage duration (Table 5).
The results indicated that fruit weight loss
continued to increase as the storage period
progressed and was significant even after ten
days of cold storage relative to the initial weight
of fruit.

The effect of preharvest applications on the
percentage of weight loss of “Canino” apricots
stored at 0°C for one month during both seasons
was reported in Table 5. The lowest significant
weight loss was found after the first ten days of
storage in all used treatments as compared with
the second and the third ten days of cold storage.
The control treatment was greater in causing the
highest weight loss of apricots after thirty days
of cold storage relative to other treatments. In
addition, the formulations of 1- MCP plus CaCl,
and/or AVG were still appreciated in reducing
fruit weight loss after whole month of cold
storage in a consistent pattern in both seasons.

The results referred to the effect of used anti-
ethylene compounds and calcium chloride
treatments on pulp firmness of “Canino” apricots,
regardless cold storage period was presented in
Table 6. This result clearly illustrated that the
highest significant pulp firmness was found in
fruits treated with the formulation of CaCl, plus
AVG and 1- MCP in both seasons. Moreover,
all applied treatments also maintained higher
pulp firmness than the control which had the
lowest value of such firmness.

Pulp firmness of “Canino” apricots in relation
to cold storage duration was shown in Table 6. It
was evident from the results that the highest
firmness of apricots pulp was detected at
harvest. In other words, the initial value before
storage (zero day) tended to significantly
decrease as the cold storage period progressed.

Concerning the effect of used anti- ethylene
compounds and calcium chloride treatments on

pulp firmness of “Canino” apricot fruits stored
at 0°C for one month, the results in Table 6
show that the higher values of firmness were
recorded at the beginning of storage (zero time)
for all applied treatments in comparison with
other storage durations. At this time, the
formulations consisted of AVG and 1-MCP
alone or combined with CaCl, resulted in the
highest pulp firmness relative to other
treatments. In addition, the control fruits had
the lowest firmness value at the beginning or at
the end of cold storage compared with other
used treatments which were more effective on
retarding the loss of pulp firmness. Moreover,
the combinations of 1-MCP with CaCl, and/ or
AVG were capable of retarding the loss of such
firmness which stayed comparable to those
treated with CaCl, or AVG treatments at the
start of cold storage. The differences among the
later treatments were not great enough to be
significant and this pattern was consistent in the
two successive seasons.

Effect of Preharvest- Applied Treatments,
Cold Storage Period and Their Interaction
on Apricot Fruit Chemical Characteristics
During 2015 and 2016 Seasons

Response of electrolyte leakage to various
preharvest treatments of “Canino” apricot fruits
was recorded in Table 7. The results showed that
control treatment gave a remarkable increase in
electrolyte leakage as compared with all-other
used treatments in both successive seasons.
Furthermore, the formulation containing CaCl,
plus AVG and 1-MCP resulted in a considerable
reduction in electrolyte leakage of fruit tissues in
comparison with its application either alone or
in combination of AVG or 1-MCP. Moreover,
the combination of AVG plus 1-MCP was better
in reducing the percentage of electrolyte leakage
relative to the sole application of each one. This
trend was consistent in both seasons.

Electrolyte leakage of Canino apricot cultivar
as influenced by cold storage period at 0°C was
indicated in Table 7. The results revealed that
the progress of storage durations procured a
great increase of electrolyte leakage since the
highest significant percentage of such leakage
was obtained at the end of cold storage.
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Table 5. Effect of the preharvest-applied treatments, cold storage periods and their interaction
on weight loss percentage of "Canino'" apricot fruits during the two seasons (2015 and

2016)
Treatment 2015 season 2016 season
Weight loss (%) Weight loss (%)
Cold storage period (day) Cold storage period (day)

0 10 20 30 Mean 0 10 20 30 Mean
Control (Tap water) 0.000 5.13f 10.10b16.79a 8.00a 0.00q 7.00e 11.21b 18.23a 9.11a
CaCl, at 2% 0.000 2.48m 5.59¢ 9.23¢ 4.32b 0.00q 3.69Im 5.29fg 10.50c 4.87b
AVG at 150 ppm 0.000 2.45m 4.17hi 7.00d 3.40c 0.00q 3.61m 5.11ghi 7.98d 4.17c
1-MCP at 25 ppm 0.000 2.16mn 3.83jk 4.60g 2.64d 0.00q 3.2Ino 4.56] 5.42f 3.29

CaCl, + AVG 0.000 2.28mn 4.00ij 6.81d 3.27¢ 0.00q 3.39mn 4.81ij 7.69d 3.97d
CaCl, + 1- MCP 0.000 2.10n 3.55kl 4.72g 2.59de 0.00q 3.21no 4.16k 5.42f 3.19ef
AVG +1- MCP 0.000 2.00n 3.411 4.51g 2.48de 0.00q 3.080 3.92kl 5.23fgh 3.05f
CaCl,+AVG+1-MCP 0.000 2.00n 3.341 4.39gh 2.43e 0.00q 2.57p 3.5lmn 4.95hi 2.75g
Mean 0.00d 2.57c¢ 4.74b 7.25a - 0.00d 3.72¢ 532b &.17a -

* Values, within the characteristic, of similar letter (s) were not significantly different, when compared according
to the least significant difference (LSD) at 0.05 level.
AVG: Aminoethoxyvinylglycine, 1-MCP (1-methylcyclopropene)

Table 6. Effect of the preharvest- applied treatments, cold storage periods and their interaction
on pulp firmness of ""Canino" apricot fruits during the two seasons (2015 and 2016)

Treatment 2015 season 2016 season
Pulp firmness (Newton) Pulp firmness (Newton)
Cold storage period (day) Cold storage period (day)
0 10 20 30 Mean 0 10 20 30 Mean

Control (Tap water) 24.801 21.86m 13.850 10.75p 17.81f 23.15k 22.04k 16.551 9.15m 17.72f
CaCl, at 2% 30.17fg 28.47hij 27.831 25.53kl 28.00d 28.2lef 25.67i 24.91j 23.24k 25.50d
AVG at 150 ppm 30.21fg 28.00§ 22.15m 20.06n 25.10e 28.00efg 25.00; 23.00k 16.701 23.17e
1-MCP at 25 ppm 34.12bc 31.00ef 30.17fg 28.18ij 30.86c 31.86c 29.00de 27.21fgh 26.52hi 28.64b

CaCl, + AVG 31.3%f 28.91ghi 26.92jk 25.88kl 28.27d 29.92d 26.85ghi 26.00hij 23.00k 26.44c
CaCl, +1- MCP 35.08ab 33.09cd 30.00fgh28.89ghi 31.76b 31.91c 29.80d 27.09fgh26.98fgh 28.94b
AVG+1-MCP 35.00ab 32.51de 31.51ef 29.00ghi 32.00b 33.52ab 31.96c 28.50e 26.86ghi 30.21a
CaCL+TAVG+1-MCP 36.39a 34.00bcd 31.52ef 30.20fg 33.02a 34.69a 33.30b 28.06efg26.98fgh 30.75a
Mean 32.14a 29.73b 26.74c 24.81d - 30.15a 27.95b 25.16c 22.42d -

* Values, within the characteristic, of similar letter (s) were not significantly different, when compared according
to the least significant difference (LSD) at 0.05 level.
AVG: Aminoethoxyvinylglycine, 1-MCP (1-methylcyclopropene)
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Table 7. Effect of the preharvest-applied treatments, cold storage periods and their interaction
on electrolyte leakage percentage of '""Canino" apricot fruits during the two seasons

(2015 and 2016)
Treatment 2015 season 2016 season
Electrolyte leakage (%) Electrolyte leakage (%)
Cold storage period (day) Cold storage period (day)

0 10 20 30 Mean 0 10 20 30 Mean
Control (Tap water) 19.21g 24.17d 37.00b 42.42a 30.70a 21.39h 30.29d 40.28b 44.17a 34.03a
CaCl, at 2% 1530h 19.81g 23.50e 37.15b 23.94b 1598) 24.96f 28.57¢ 3822c 26.93b
AVG at 150 ppm 10.17n  14.501 22.35f 35.11c 20.53c 1097p 17.13i 22.49g 25.53f 19.03¢c
1-MCP at 25 ppm 511s  9.170 11.111 1191k 932¢ 593tu  8.54r 11.6lno 12.12n  9.55f
CaCl, + AVG 9.000 10.89Im 12.67; 14.00i 11.64d 9.88q 11.490p 14.671 15.37jk 12.85d
CaCl, + 1- MCP 713q 993n 13.20 14491 11.18d 5.44u 1l.11op 13.42m 15.13kl 11.27e
AVG +1-MCP 511s 799 1026mn 11.271 8.65f 5.71tu  7.53s 10.00q 11.6lno 8.71g
CaCL,+AVG+1-MCP 432t 6.00r 820p 9.000 6.88g 4.69v 622t 896r 10.17q 7.51h
Mean 941d 12.80c 17.28b 219la - 9.99d 14.65c 18.75b 21.54a -

* Values, within the characteristic, of similar letter (s) were not significantly different, when compared according

to the least significant difference (LSD) at 0.05 level.

AVG: Aminoethoxyvinylglycine, 1-MCP (1-methylcyclopropene)

The interaction between preharvest applications
of various treatments and cold storage duration
is shown in Table 7 in terms of their effect on
electrolyte leakage of apricots. The results
indicated that the significant reduction in the
percentage of electrolyte leakage was found
with all treatments as compared with the control,
at the beginning of cold storage. Moreover, at
this time (zero day) the formulation of CaCl,
plus AVG and 1-MCP resulted in the lowest
electrolyte leakage in comparison with the sole
or binary applications of each component.
Meanwhile, the binary forms of CaCl, with
either AVG or 1-MCP were considerably
effective on the reduction of electrolyte leakage
as compared with the single application of CaCl,
or AVG. On the opposite side, 1- MCP alone or
combined with AVG in dual formulation form
had significantly similar effect on electrolyte
leakage. Moreover, 1-MCP alone or with AVG
treatments were effective on reducing the
electrolyte leakage relative to other treatments.
The highest percentage of electrolyte leakage
was found with control treatment after thirty
days of storage while the lowest significant
reduction was recorded with CaCl, plus AVG

and 1-MCP. The last mentioned combination
maintained apricot fruits integrity at the end of
cold storage as those treated with CaCl, plus
AVG at harvest time (zero day). Finally, it could
be reported that all applied treatments kept
apricot fruits with lower electrolyte leakage after
one month of storage at 0°C in comparison with
the control.

Changes in vitamin C content of “Canino”
apricot in relation to the effect of applied
treatments were reported in Table 8. The data
revealed that the greatest vitamin C content was
found in fruits treated with AVG plus 1- MCP as
compared with that in the untreated fruits
(control). Moreover, AVG and CaCl, plus 1- MCP
treatments had a similar effect on vitamin C and
caused a significant increase in such vitamin
relative to the control. The least significant
content of vitamin C was found in the control
treatment in both seasons.

The influence of cold storage period on
vitamin C content of apricots is shown in Table 8.
The results revealed that vitamin C content was
significantly reduced with the progress of cold
storage period recording the least content at the
last ten days of storage.
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Table 8. Effect of the preharvest-applied treatments, cold storage periods and their interaction
on vitamin C content of ""Canino" apricot fruits during the two seasons (2015 and 2016)

Treatment 2015 season 2016 season

Vitamin C (mg/100 ml juice) Vitamin C (mg/100 ml juice)

Cold storage period (day)
0 10 20 30
10.81h 8.00q 7.13r 5.27s

Cold storage period (day)

Mean 0 10 20 30 Mean

Control (Tap water) 7.80e 9.46ikl 9.15klm 6.47s 495t  7.50e

CaCl, at 2% 13.00a 1095h 836p 7.26r 9.89d 11.96a 9.39iklm 7.59q 7.13r 9.01d
AVG at 150 ppm 12.10f 10361 9.89k  9.00n 10.33b 11.31bcd 10.37fg 9.00m 8.37no 9.76b
1-MCP at 25 ppm 12.85ab 11.02h 10.20j 9.39m 10.86a 11.09cde 9.76hi 9.51ijk 9.08lm 9.86b
CaCl, + AVG 12.28ef 10.00jk 9.53Im 827p 10.02cd 11.59ab  9.63ij 8.57n 7.89pq 9.42c
CaCl, +1- MCP 12.55cd 10.13j 9.61lm 8.750 10.26bc 11.42bc 10.38fg 9.23jklm 8.23nop 9.81b
AVG +1-MCP 12.70bc 11.31g 1041i 939m 10.95a 11.00de 10.75ef 10.24g 9.00m 10.24a
CaCL,+AVG+1-MCP 1235de 9.641 9.00n 8.680 9.91d 11.66ab 10.08gh 9.15klm 8.1lop 9.75b
Mean 1233a 10.17b 926c 8.25d - 11.18a 993b 872c¢ 7.84d -

* Values, within the characteristic, of similar letter (s) were not significantly different, when compared according
to the least significant difference (LSD) at 0.05 level.

AVG: Aminoethoxyvinylglycine, 1-MCP (1-methylcyclopropene)

With regard to the effect of the interaction
between preharvest treatments and cold storage
duration of apricots, the results in Table 8 show
that CaCl, treatment caused a marked increase
in vitamin C content comparing with control
treatment which resulted in the least content of
such vitamin at the beginning of storage in a
consistent manner during the two seasons. As
the storage period advanced, it was noticed after
thirty days that apricots treated with 1-MCP
either individually or plus AVG resulted in a
similar content of vitamin C and this was even
higher than other treatments. Moreover, the
combinations of CaCl, plus 1-MCP together or
combined with AVG led to higher content of
vitamin C after 30 days of cold storage as
compared with untreated ones which had the
least content of vitamin C. In general, all
preharvest treatments were capable of inhibiting
the breakdown of vitamin C with the progress of
cold storage relative to the control in both
seasons.

Assessment of total sugars content in
“Canino” apricots as influenced by preharvest
treatments with anti-ethylene compounds,
calcium chloride and their combinations was
recorded in Table 9. The results disclosed a

considerable increase of total sugars with CaCl,
and control treatments relative to all-other applied
treatments. The addition of CaCl, to 1-MCP was
more beneficial in raising the content of total
sugars when compared with the application of
either 1-MCP or AVG treatments. Moreover, the
inclusion of CaCl, into the formulation of AVG
plus 1-MCP resulted in increasing total sugars
content than the binary combination of AVG
plus 1- MCP.

There was a marked increase of total sugars
content in apricot fruits stored at 0°C for one
month, regardless of the treatments, with the
advancement of storage period in a consistent
manner during the two successive seasons
(Table 9).

From the results shown in Table 9, it was
proved that at the beginning of cold storage,
calcium chloride plus AVG whether alone or
plus 1-MCP and control treatments resulted in a
high content of total sugars in comparison with
other used applications. At the end of cold
storage, control treatment possessed the highest
content of total sugars which was significantly
similar to that obtained by CaCl, treatment.
Furthermore, the differences between the sole
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Table 9. Effect of the preharvest-applied treatments, cold storage periods and their interaction
on total sugars percentage of "Canino'" apricot fruits during the two seasons (2015 and
2016)

2016 season
Total sugars (%)

2015 season
Total sugars (%)
Cold storage period (day) Cold storage period (day)
0 10 20 30 Mean 0 10 20 30 Mean
9.53fg 10.21de 10.93bc 11.35a 10.50a 8.001 9.31h 10.27d 11.00a 9.64bc

9.40fg 10.18de 10.83bc 11.15ab 10.39ab 8.561 9.76fg 10.65bc 10.92ab 9.97a
7.00m 7.611 8.13k 8.81ij 7.88ef 6.8Iln  7.00n 7.57m 8.51ij 7.47e
7.15m 7.83kl 8.05k 879 7.95¢ 6.6ln 692n 7.41m 8.34ijk 7.32e

Treatment

Control (Tap water)
CaCl, at 2%

AVG at 150 ppm
1-MCP at 25 ppm

CaCl, + AVG 9.22gh 10.00e 10.79¢c 11.00bc 10.25bc 8.31ijkl 9.73fg 10.27d 10.88ab 9.79b
CaCl, + 1- MCP 9.00hi 9.56f 10.00e 10.91bc 9.86d 8.17kl 9.51gh 9.73fg 10.09de 9.37d
AVG +1- MCP 7.00m 7.541 8.00k 8.53; 7.76f 6.130 6.85n 7.35m 8.24jkl 7.14f
CaClL,+AVG+1- MCP 9.28fgh 10.00e 10.40d 11.00bc 10.17c 8.12kl 9.69fg 9.91ef 10.39cd 9.52cd
Mean 8.44d 9.11c 9.64b 10.19a - 7.58d 8.59¢c 9.14b 9.79a -

* Values, within the characteristic, of similar letter (s) were not significantly different, when compared according
to the least significant difference (LSD) at 0.05 level.
AVG: Aminoethoxyvinylglycine, 1-MCP (1-methylcyclopropene)

application CaCl, and CaCl, plus AVG were
not significant. The combinations of CaCl, plus
1-MCP alone or when combined with AVG
were competent to give apricot fruits after thirty
days of cold storage with similar total sugars
content to that found of untreated ones after
twenty days. Moreover, there was no added
advantage of using AVG plus 1- MCP where the
content of total sugars did not vary along the
storage durations among this combination and
the individual application of each component.
This trend was only in the first season, but in the
second one the sole application of AVG or
1-MCP was better than the binary application in
increasing the content of total sugars. Generally,
both the AVG and 1-MCP treatments had a
comparable effect on the content of total sugars
of apricots during the whole period of storage.

Results shown in Table 10 clearly disclose
the effect of wvarious preharvest- applied
treatments on total soluble solids percentage of
“Canino” apricots. The results revealed that the
highest percentage of total soluble solids was
found in untreated fruits in comparison with
those treated with AVG plus 1-MCP which
contained the lowest percentage of such total

soluble solids. CaCl, treatment increased the
percentage of TSS relative to other treatments.
Meanwhile, the addition of CaCl, to any
combination containing either AVG and/or
1-MCP was more effective on increasing the
percentage of TSS as compared with the sole
applications of AVG or 1-MCP. Furthermore,
the percentage of TSS of apricots did not
significantly vary between AVG and 1-MCP
treatments. Moreover, the CaCl, plus 1-MCP
combination was similar to that mixed with
AVG on its effect on total soluble solids
percentage of apricots. This trend of results was
consistent in both seasons of study.

With regard to the effect of cold storage
period, regardless of the treatments, on the
percentage of total soluble solids in apricot fruits
stored at 0°C fore whole month, it was found
that as the storage period increased, TSS also
increased in a consistent manner in the two
successive seasons. The significant increase of
TSS percentage was appeared even in the first
ten days of cold storage. Total soluble solids
percentage tended to increase with the progress
of cold storage duration reaching to the highest
value at the end of cold storage (Table 10).
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Table 10. Effect of the preharvest-applied treatments, cold storage periods and their interaction
on total soluble solids percentage of ""Canino" apricot fruits during the two seasons

(2015 and 2016)
Treatment 2015 season 2016 season
TSS (Brix) TSS (Brix)
Cold storage period (day) Cold storage period (day)
0 10 20 Mean 0 10 20 30 Mean
Control (Tap water) 13.30e 14.86b  15.00b 1596a 14.78a 13.00de 13.70b 14.00b 14.83a 13.88a
CaCl, at 2% 13.15¢f 13.66d 13.93cd 14.06c 13.70b 13.00de 13.23cd 13.80b 14.00b 13.50b

AVG at 150 ppm

1-MCP at 25 ppm 11.10q

CaClL +AVG 12.90fg 13.00efg  13.73d
CaCl, + 1- MCP 12.10jk  12.50hi
AVG + 1- MCP 11.00q 11.23pq
CaCL+AVG+1-MCP 1220ij 12.73gh
Mean 12.15d  12.64c  12.94b

11.50n0p11.70lmno 11.80klmn 12.00jkl 11.75¢ 11.30k 11.66ijk 11.80ghij 12.00ghi 11.69d
11.460p 11.80klmn11.90jklm 11.56e 11.23k 11.40jk 11.76hij 11.93ghi 11.58de
13.93cd 13.39c 12.86de 13.00de 13.56bc 13.70b 13.28b
12.83fg  13.00efg 12.60d 12.00ghi 12.16gh 12.66ef 12.90de 12.43¢c
11.56n0 11.63mno 11.35f 1123k 11.30k 11.43jk 11.76hij 11.43e
12.86fg 13.00efg 12.70d 12.00ghi 12.23fg 12.66ef 12.86de 12.44c
13.18a -

12.07d 12.33¢ 12.71b 13.00a -

* Values, within the characteristic, of similar letter (s) were not significantly different, when compared according

to the least significant difference (LSD) at 0.05 level.

AVG: Aminoethoxyvinylglycine, 1-MCP (1-methylcyclopropene)

Total soluble solids percentage of apricots as
influenced by the interaction between various
used treatments and cold storage period was
expressed in Table 10. The results indicated that
at the beginning of storage, due to the spraying
with applied treatments, both CaCl, and control
treatments caused general increase of TSS
values, relative to other treatments. Moreover,
there was a further increase of TSS percentages
by the addition of CaCl, to AVG and 1-MCP
combinations as compared with the individual
application of each one. On the other hand, the
lowest percentages of TSS were obtained by 1-
MCP treatment alone or combined with AVG
which were significantly similar in their effect
on TSS percentage during both seasons.

Table 11 discussed the effect of CaCl,, AVG,
1-MCP and their formulations on the content of
acidity in “Canino” apricots during both
seasons. The results illustrated that untreated
apricots had significantly the lowest acidity as
compared with those treated with other
treatments. Moreover, CaCl, treatment plus all
its combinations whether with AVG and/or
1-MCP were more effective on reducing acidity
relative to the sole application of AVG or 1- MCP.

Acidity content of “Canino” apricots was
also affected with cold storage duration,
regardless the treatments. The results in Table
11 obviously indicate that acidity content of
apricot took an opposite direction to that
obtained with total soluble solids since such
acidity tended to decrease gradually as the
storage period progressed. The value of acidity
content at the end of cold storage appeared
significantly the highest relative to the initial
value at the beginning of storage in a consistent
manner during both seasons.

Changes in acidity content of “Canino”
apricots as related to the interaction between
used treatments and cold storage period were
shown in Table 11. The results detected that at
the initiation of storage, preharvest spraying
with AVG plus 1-MCP treatment resulted in the
highest acidity content of apricots as compared
with other treatments. Moreover, there was a
further increase in fruit acidity by the single
application of either 1-MCP or AVG relative to
their combination in the presence of CaCl,. On
the other hand, calcium chloride treatment alone
was efficient in decreasing acidity content of
apricots as compared with other treatments except,
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Table 11. Effect of the preharvest-applied treatments, cold storage periods and their interaction
on acidity content of '"Canino" apricot fruits during the two seasons (2015 and 2016)

Treatment 2015 season 2016 season

Acidity (g/100 ml juice) Acidity (g/100 ml juice)

Cold storage period (day) Cold storage period (day)

0 10 20 30 Mean 0 10 20 30 Mean

Control (Tap water) 131m 094r 0.76s 0.64t 0.91f 1.20jk 0.930p 0.67r 0.57s 0.84h
CaCl, at 2% 1.76fg 1.54j 1.29mn 1.13q 1.43e 1.51h 1.13Im 0.97no0 0.82q 1.10g
AVG at 150 ppm 1.97b 1.89d 1.73gh 1.651 1.81c 1.82c 1.57g 1.50h 1.43i 1.58c
1-MCP at 25 ppm 2.00b 1.91cd 1.86de 1.83e 1.90b 1.91b 1.80cd 1.76de 1.71e 1.79b
CaCl, + AVG 1.81ef 1.70hi 1.48k 1.200p 1.54d 1.59g 1.20jk 1.09m 0.99n 1.21e
CaCl, + 1- MCP 1.89d 1.371 1.25no 1.17pq 1.42e 1.65f 1.23j 1.16klI 1.00n 1.26d
AVG +1- MCP 2.08a2 2.00b 1.95bc 1.91cd 1.98a 1.97a 1.90b 1.83c 1.79cd 1.87a
CaClL,+AVG+1-MCP 1.89d 1.651 1.391 1.17pq 1.52d 1.60fg 1.15kI 1.00n 0.91p 1.16f
Mean 1.83a 1.62b 1.46c 133d - 1.65a 136b 1.24c 1.15d -

* Values, within the characteristic, of similar letter (s) were not significantly different, when compared according
to the least significant difference (LSD) at 0.05 level.

AVG: Aminoethoxyvinylglycine, 1-MCP (1-methylcyclopropene)

control which gave the least content of acidity.
With the progress of cold storage period, it
could be noticed that acidity of all treatments
tended to decrease. By the end of storage, the
combination of AVG plus 1-MCP resulted in the
highest wvalue of acidity which did not
significantly vary from that obtained after
twenty days relative to other treatments.
Moreover, there was a considerable increase of
fruit acidity by the sole application of either
1-MCP or AVG. CaCl, alone was capable of
reducing fruit acidity as compared with other
treatments except the control treatment which
resulted in the lowest significant reduction of
fruit acidity in both seasons. The addition of
CaCl, to AVG and/or 1-MCP achieved an
advantage in reducing acidity content in
comparison with the individual application of
AVG or 1-MCP. Furthermore, it could be
observed that CaCl, plus either AVG or 1-MCP
had similar effect on fruit acidity in the two
seasons.

The results introduced in Table 12 refer to
the effect of preharvest treatments on the ratio
between TSS and acidity of “Canino” apricots

during 2015 and 2016 seasons. Control treatment
recorded the highest values of such ratio during
both seasons. Moreover, CaCl,-treated fruits
had significantly higher TSS to acidity ratio as
compared with those-treated with other
treatments. The single applications of either
AVG or 1-MCP led to higher ratio of TSS to
acidity relative to their combinations with CaCl,
in a consistent manner in both seasons. Apricot
fruits treated with 1-MCP had similar TSS to
acidity ratio to those treated with its combination
with AVG since the differences between these
treatments were not big enough to be significant.

Concerning, the changes of the ratio between
TSS and acidity in apricots after various storage
durations at 0°C were recorded in Table 12. The
results reported that there was an obvious
increase of TSS to acidity ratio after the first ten
days and this ratio continued to rise as the
storage period was prolonged to reach to the
highest value by the end of cold storage. This
pattern of TSS to acidity ratio was influenced by
the changes of both TSS and acidity as expected,
the increase of TSS to acidity ratio with the
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Table 12. Effect of the preharvest- applied treatments, cold storage periods and their interaction
on total soluble solids to acidity ratio of '"Canino" apricot fruits during the two
seasons (2015 and 2016)

Treatment 2015 season 2016 season

TSS / acidity (ratio) TSS / acidity (ratio)

Cold storage period (day) Cold storage period (day)

0 10 20 30 Mean 0 10 20 30

19.77b  24.95a 17.68a 10.85h 14.74d 20.92b 26.06a 18.14a
10.80f 12.45d 9.90b 8.61j 11.73g 14.22de 17.07¢ 12.91b
5.84pq 6.20mnop 6.82kl  7.28ij 6.53¢ 6.21qrst 7.44mn 7.86klm 8.40jk 7.48¢
5.55qr 6.00nopq 6.34mno 6.51lm 6.10ef 5.88st 6.34qrs 6.680pq 6.98nop 6.47f

Mean

Control (Tap water) 10.17g  15.84c
CaCl, at 2% 7.474 8.88h
AVG at 150 ppm

1-MCP at 25 ppm

CaCl, + AVG 7125k 7.65i 929h 11.6le 892cd 8.09jkl 10.83h 12.46f 13.84e 11.30c
CaCl, + 1- MCP 640lmn  9.13h  10.27g 1L.11f 9.23¢ 7.28mno 9.90i 10.92h 12.90f 10.25d
AVG +1-MCP 5.29r 5.61gr  5.930pq 6.10mnop 5.73f  5.70t 5.95rst 6.25qrst 6.58pqr 6.12f

CaCL+AVG+1- MCP 6.45lmn  7.71i 9.27h
6.78d 8.38c 9.81b

11.11f 8.63d 7.50lmn 10.64h 12.66f 14.09¢ 11.22¢

Mean 11.39a - 7.51d  9.70c 11.50b 13.24a -

* Values, within the characteristic, of similar letter (s) were not significantly different, when compared according
to the least significant difference (LSD) at 0.05 level.
AVG: Aminoethoxyvinylglycine, 1-MCP (1-methylcyclopropene)

progress of cold storage duration was a result of
the increase of TSS and the reduction of acidity.
This trend was parallel in both seasons.

With respect to the effect of the interaction
between treatments and cold storage durations
on the ratio of TSS to acidity in “Canino”
apricots, the results expressed in Table 12 show
that control treatment had the greatest TSS to
acidity ratio at the initiation of cold storage in
both seasons. Meanwhile, CaCl, alone or when
added to AVG treatments resulted in higher TSS
to acidity ratio than other ones. Furthermore, the
addition of calcium chloride to whether AVG,
1-MCP or both caused higher values of TSS to
acidity ratio as compared with the sole
applications of either AVG or 1-MCP. At this
time, it could be also noticed that the drastic
reduction of TSS to acidity ratio was found by
1-MCP alone or when added to AVG which
were significantly similar in their effect on such
ratio in a consistent manner in the two
successive seasons. Further increase of TSS to
acidity ratio occurred with the advancement of
cold storage durations in all applied treatments.
By the end of storage period, the results proved

that untreated fruits had the highest ratio of TSS
to acidity in both seasons. There was a
considerable increase of TSS to acidity ratio by
CaCl, treatment. Moreover, calcium chloride-
containing treatments were efficient in raising the
ratio between TSS to acidity as compared the
single application of the anti-ethylene compounds,
namely AVG and 1-MCP. Conversely, 1-MCP
treatment alone or when mixed with CaCl, plus
AVG produced apricot fruits with the lowest
significant TSS to acidity ratio as compared with
most treatments. This trend of results was
consistent during both seasons.

The results concerning the changes in
carotene content of “Canino” apricot fruits in
response to all preharvest treatments was
recorded in Table 13. In this matter, it could be
noticed that the addition of CaCl, to AVG
produced apricot fruits with the highest content
of carotene in both seasons which was similar to
that found in fruits treated with CaCl,
individually and even to the control in the first
season only. Meanwhile, the sole use of AVG
was more effective on increasing carotene
content of apricots than its supplement into a
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Table 13. Effect of the preharvest- applied treatments, cold storage periods and their interaction
on carotene content of '"Canino' apricot fruits during the two seasons (2015 and 2016)

Treatment 2015 season

2016 season

Carotene content (mg/100 g)

Carotene content (mg/100 g)

Cold storage period (day)

Cold storage period (day)

0 10 20 Mean 0 10 20 30 Mean
Control (Tap water) 2.95Im 3.195k 3.85g 4.50c 3.62b 2.83lm 2.95kl 3.77h 4.18cd 3.43bc
CaCl, at 2% 2.84mn 3.27ij 4.11de 4.55¢ 3.69ab 2.73mn 2.99k 3.95efg 4.30c 3.49b
AVG at 150 ppm 23%p 3.17jk 3.92fg 4.19d 3.41c 220q 3.53i 3.82gh 4.07de 3.40cd
1-MCP at 25 ppm 235pq 3.33i  3.57h 4.10de 3.33cd 2.18qr 2.74mn 3.29] 4.00ef 3.05e
CaClL, + AVG 2.70n 3.165k 4.23d 4.81b 3.72ab 2.67no 3.07k 3.86gh 4.75a 3.58a
CaCl, + 1- MCP 230pq 2.95Im 3.58h 4.00ef 3.20e 2.22q 3.08k 4.00ef 4.58b 3.47bc
AVG + 1- MCP 2.22q 3.08kl 3.86fg 4.00ef 3.29de 2.06r 3.01k 3.40ij 3.91fg 3.09¢
CaCl,#AVG+1-MCP  2.5lo 3.4%h 420d 497a 3.79a 2.37P 2.5% 3.51i 4.86a 3.33d
Mean 2.53d  3.20c 391b 4.39a - 240d 2.99c 3.70b 4.33a -

* Values, within the characteristic, of similar letter (s) were not significantly different, when compared according

to the least significant difference (LSD) at 0.05 level.

AVG: Aminoethoxyvinylglycine, 1-MCP (1-methylcyclopropene)

combination with 1-MCP. Conversely, 1-MCP
treatment alone or added to CaCl, in addition to
the application of the three compounds together
did not give a consistent effect on carotene
content during both seasons.

The periodical sampling of stored apricots
each ten days showed further significant
increase of carotene content relative to the initial
value (zero day). This increase was significant
even after the first ten days of cold storage and
continued until the end of cold storage achieving
the highest content of carotene after thirty days.

With regard to the interaction between
various preharvest treatments with CaCl,, AVG,
1-MCP, their combinations and cold storage
period on carotene content of apricots stored at
0°C for one month. The results revealed that the
preharvest spray with CaCl, and control treatments
had similar carotene content which was higher
in comparison with all other treatments at the
beginning of cold storage. On the contrary, the
AVG plus 1-MCP spray caused the lowest
content of carotene at harvest (zero time). All
used treatments caused a continuous increase of
carotene content as the cold storage progressed.

Moreover, there was a noteworthy increase of
carotene content by CaCl, plus AVG and 1-MCP
combination at the end of cold storage as
compared with other treatments in both seasons.
From the presented results, it could be also
observed that the lowest carotene content was
recorded by either 1-MCP as an individual
application or when added to AVG.

The results in Table 14 indicate the effect of
preharvest treatments with CaCl,, the anti- ethylene
compounds AVG and 1-MCP in addition to
their combinations on chlorophyll a content of
“Canino” apricots. The results illustrated that the
highest content of chlorophyll a was recorded by
AVG plus 1-MCP treatment in a consistent
manner during the two seasons. Furthermore,
the individual application of either AVG or
1-MCP recorded higher content of chlorophyll a
relative to CaCl, when used in combinations
with either AVG or 1-MCP in both seasons. On
the other hand, the lowest content of chlorophyll
a was found in fruits treated with CaCl, in the
two seasons. Comparing with the control,
insignificant difference was recorded with the
formulation containing CaCl, plus AVG and 1-
MCP and this pattern was stable in both seasons.
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Table 14. Effect of the preharvest- applied treatments, cold storage periods and their interaction
on chlorophyll a content of ""Canino' apricot fruits during the two seasons (2015 and

2016)
Treatment Season 2015 Season 2016
Chlorophyll a content (mg/100 g) Chlorophyll a content (mg/100 g)
Cold storage period (days) Cold storage period (days)

0 10 20 30 Mean 0 10 20 30 Mean
Control (Tap water) 1.100f  0.0955kl 0.067mn 0.043op 0.326e  1.070f 0.095ijkl 0.051nop 0.039%pqr 0.313c
CaCl, at 2% 1.150e  0.088kl 0.063mno 0.041p 0.335de 1.000g 0.085klm 0.056n  0.035qr  0.294d
AVG at 150 ppm 1.370c  0.111ghij 0.105ik 0.100ijkI 0421b  1.200c  0.115h 0.103hij 0.098ijkl  0.379b
1-MCP at 25 ppm 1.400b 0.127gh 0.118ghi 0.105ik 0.437a  1.220b  0.110hi 0.102hij 0.100hijk 0.383b
CaClL+AVG 1.190d 0.1003kI 0.083Im 0.041p  0353¢  1.090e 0.075m 0.053no0  0.030r  0.312c
CaCl, + 1-MCP 1.180d 0.0991jkl 0.057nop 0.039p 0.343cd 1.100e 0.092jkI 0.058n  0.033r  0.320c
AVG +1-MCP 1430a 0.131g 0.110hij 0.1033kI 0443a  1.270a 1.140d 0.100hijk 0.094jkl  0.651a
CaCLtAVG+1-MCP 1.120f 0.1013kl 0.083Im 0.040p 0.336de 1.090e 0.083Im 0.050nopq 0.037pqr  0.315c
Mean 1.242a  0.106b  0.085c  0.064d - 1.130a  0224b  0.071c  0.058d -

* Values, within the characteristic, of similar letter (s) were not significantly different, when compared according

to the least significant difference (LSD) at 0.05 level.

AVG: Aminoethoxyvinylglycine, 1-MCP (1-methylcyclopropene)

Concerning  the  relationship  between
chlorophyll a content of apricot fruits and cold
storage duration, the results was assessed in
Table 14. The results revealed that chlorophyll a
content of apricots tended to decrease from one
sampling time to another as compared with the
initial value (zero day). Further reduction in
chlorophyll a content was noticed by the end of
cold storage after thirty days in a consistent
manner in both seasons. Finally, it could be
noticed that chlorophyll a of apricots took an
opposite trend to that found with the carotene
content.

Results of chlorophyll a content as
influenced by the interaction between preharvest
treatments and cold storage period was
expressed in Table 14. The results showed that
spraying of the combination containing AVG
plus 1-MCP caused the highest content of
chlorophyll a as compared with CaCl, and
control treatments which resulted in lower
contents at the beginning of cold storage than
other treatments. Moreover, at this time (zero
day), the individual applications of either AVG
or 1-MCP resulted in higher chlorophyll a
content than CaCl, treated with AVG and/or 1-

MCP. With the progress of cold storage period,
all applied treatments tended to gradually
decrease chlorophyll a content reaching to the
lowest content which was recorded with calcium
chloride treatment and its combinations in
addition to the control treatment without any
significant differences. Furthermore, the
addition of AVG to 1-MCP had no added
advantage on chlorophyll a relative to the single
application of each component and all resulted
in higher content of such chlorophyll as
compared with other treatments.

Chlorophyll b content of “Canino” apricots
as influenced by preharvest applications with
calcium chloride, AVG, 1-MCP and their
combinations was tabulated in Table 15. The
results showed that the drastic increase in
chlorophyll b was obtained by the combination
containing AVG plus 1-MCP in a consistent
manner during the two seasons. Conversely, the
triple combination of CaCl, plus AVG and
1-MCP caused lower value of chlorophyll b as
compared with other applied treatments and this
value was similar to that of the control treatment
only in the first season. The addition of CaCl, to
AVG was more effective on reducing chlorophyll
b content than the individual application of
AVG.
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Changes in chlorophyll b content of apricots
stored at 0°C in response to cold storage
durations were shown in Table 15. The results
revealed that a significant reduction of
chlorophyll b occurred after the first ten days
relative to the initial value and this decline
continued as the cold storage period was
prolonged. By the end of cold storage, the
chlorophyll b content was significantly lower
than that of the initial one in a consistent manner
in both seasons. Finally, it could be observed
that chlorophyll b content took a similar trend to
that obtained with the results of chlorophyll a in
both seasons.

The results in Table 15 refer to the effect of
the interaction between treatments and cold
storage period on chlorophyll b content of
“Canino” apricots. The results showed that at
the zero time, the highest value of chlorophyll b
was found in apricots treated with AVG plus 1-
MCP in comparison with those of other
treatments even with untreated fruits which
contained the lowest value of such chlorophyll
in both seasons. With the progress of cold
storage duration, there was a considerable
reduction of chlorophyll b content in all used
treatments. At the end of cold storage after one
month, the individual application of calcium
chloride produced apricot fruits with similar
content of chlorophyll b to those treated with its
combinations consisted of AVG alone or mixed
with 1- MCP and even similar to untreated ones
in both seasons. Moreover, this content was
lower than that obtained with other treatments.
The highest content of chlorophyll b was
recorded by the application of 1- MCP and its
combination with AVG.

DISCUSSION

Finally, it was obvious that CaCl, AVG, 1-
MCP and their combinations used as preharvest
treatments were capable of drastically reducing
fruit drop, increasing fruit weight consequently.
The yield due to that fruit weight increase is a
considerable outcome. In addition, all applied
treatments decreased external and internal
browning symptoms plus the mitigation of jelly
pulp. Moreover, the treatments lessened
electrolyte leakage of fruits, retarded the loss of

fruit firmness and were effective on keeping the
physical and chemical qualities relative to the
control treatment. The above-mentioned disorders
of fruits could be attributed to the effect of
ethylene which results in genesis of abscission
zone leading to increasing fruit drop and
decreasing the yield. Furthermore, ethylene is
classified as a ripening hormone since it
regulates fruit ripening through binding to its
action site in the cell and promotes successive
events resulting in ripeness and senescence
(Burg and Burg, 1967; Lelievre ef al., 1997a).
Apricot is a climacteric fruit that drastically
increases the production of ethylene during
ripening. The best effects of the applied
treatments with regard to their ability of
mitigation of abscission, maintaining fruit
quality and extending fruit storability are mainly
due to calcium. That calcium is an integral part
of the cell wall since it can contribute to stability
and the rigidity of the cell wall in addition to the
maintaining of selective permeability or
membrane integrity (Haggag, 1987; El-Shemy,
1998). Moreover, calcium salts used to increase
Ca™" content in the cell wall since there is an
inverse relationship between calcium level of
fruit tissue and the respiratory rate of fruits
(Faust and Shear, 1972; Shirzadeh et al.,
2011). In addition, calcium salts prevented
physiological disorders, reduced the respiration,
lessened the pectic substances solubilization, so
maintained firmness and slowed down the
process of ripening (Salunkhe and Desai, 1984;
Burns and Pressey, 1987; Magee et al., 2002;
Dunn and Able, 2006; Raese and Drake,
2006; Ishaq et al., 2009; Gayed et al., 2017).
Furthermore, the presented results were in line
with those obtained by El-Shazly et al. (2013)
who indicated that the preharvest application of
calcium increased yield, firmness and acidity of
peach fruits. Abd El-Wahab (2015) also
referred to that calcium nitrate increased fruit
weight and yield at harvest, reduced weight loss
and retarded the changes of firmness, TSS,
acidity, total sugars and vitamin C of “Canino”
apricots stored at 0°C for 4 weeks. The
introduced results were in agreement with those
found by Abd El-Motty et al. (2007) since
reported that calcium chloride exhibited better
yield and quality of “Canino” apricots stored at
0° C for forty days.
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Table 15. Effect of the preharvest- applied treatments, cold storage periods and their interaction
on chlorophyll b content of '"Canino" apricot fruits during the two seasons (2015 and
2016)

Treatment 2015 season 2016 season

Chlorophyll b content (mg/100 g) Chlorophyll b content (mg/100 g)

Cold storage period (day) Cold storage period (day)

0 10 20 30 Mean 0 10 20 30 Mean

0.823d 0.418g 0.1101 0.018q 0.342f 0.613d 0.300g 0.1551 0.0170 0.271e
0.841c 0.419fg 0.125k 0.0200pq 0.351d 0.633c 0.317f 0.175] 0.019n0 0.286c

Control (Tap water)
CaCl, at 2%

AVG at 150 ppm 0.851b  0.423f 0.131j 0.023nop 0.357c 0.642b 0.321f 0.190h 0.023mn 0.294b
1-MCP at 25 ppm 0.854b 0.428e 0.1391 0.025mn 0.361b 0.666a 0.327¢ 0.194h 0.023mn 0.302a
CaCl, + AVG 0.823d 0.421fg 0.121k 0.019pq 0.346e 0.630c 0.300g 0.163k 0.018no 0.277d
CaCl, +1- MCP 0.841c 0.419fg 0.125k 0.024no0 0.352d 0.639b 0.321f 0.182i 0.020mno 0.290bc
AVG +1-MCP 0.862a 0.430e 0.155h 0.029m 0.369a 0.666a 0.329¢ 0.191h 0.025m 0.302a

CaCL,+AVG+1-MCP 0.823d 0.418g

0.839a 0422b 0.127c 0.022d -

0.1101 0.019pq 0.342f 0.628c 0.300g 0.160kl 0.018no 0.276d

Mean 0.639a 0.314b 0.176c 0.020d -

* Values, within the characteristic, of similar letter (s) were not significantly different, when compared according
to the least significant difference (LSD) at 0.05 level.

AVG: Aminoethoxyvinylglycine, 1-MCP (1-methylcyclopropene)

The use of anti- ethylene compounds namely
AVG and 1-MCP acted on the control of
abscission and retarded the deterioration of fruit
quality and prolonged fruit storability. AVG
inhibits ethylene synthesis by blocking the
conversation of s-adenosyl methionine to
l-aminocyclopropane-  l-carboxcylic  acid
(ACC) which considered a precursor of ethylene
(Yu and Yang, 1979). Moreover, the AVG
preharvest treatment reduced ethylene production
of peaches and nectarines, delayed fruit maturity
and slowed down ripening events of fruits
(Bregoli et al., 2002; Torrigiani et al., 2004;
Cline, 2006). Furthermore, the obtained results
were in line with those introduced by Torrigiani
et al. (2004) who illustrated that AVG caused a
reduction of ethylene production and modulated
the ripening of nectarines.

On the other hand, 1-MCP has been shown to
be a strong inhibitor of ethylene action and a
ripening inhibitor since it links itself to the
linking site of ethylene thus increases shelf life
of several climacteric fruits (Lelievre et al.,
1997 b; Sisler and Serek, 1997; Abdi et al,

1998; Fan et al., 2000; Blankenship and Dole,
2003). Moreover, 1-MCP maintained firmness
of apple and peach fruits (Fan et al., 1999; Cin
et al., 2006). The introduced results also agreed
with those obtained with Hayama et al. (2008)
who indicated that treating peaches with AVG
and 1-MCP retained ground color during
ripening and delayed the ripening of peaches.
Furthermore, 1-MCP treatment reduced weight
loss and maintained firmness, titratable acidity
and soluble solids content of fruits (Kurubas
and Erkan, 2018).

Moreover, there was a reduction of acidity,
vitamin C, chlorophylls a and b while there were
increases in weight loss, TSS, total sugars, peel
carotene content with the progress of cold
storage period. These results were in line with
those obtained by Nagy (2000), Abd El-Motty
(2007) and Abd El-Wahab (2015). Moreover,
the reduction of firmness as the storage period
prolonged agreed with that found by Hayama et
al. (2008). The decline of acidity during storage
was mainly attributed to the occurrence of
gluconeogenesis in fruit juice (Echeverria and
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Valich, 1989), consequently vitamin C (L-
ascorbic acid) was decreased as a part of acidity.
However, the increase of total sugars that
presented the major portion of TSS may be due
to the hydrolysis of cell wall by some cell wall
hydrolysis enzymes such as glycosidase and
galatosidease (Echeverria and Ismail, 1990)
and as a consequence led to firmness loss.

Conclusion

Finally, from the introduced results, it could
be concluded that the addition of CaCl, to anti-
ethylene compounds, namely AVG and 1- MCP
was more efficient than the individual and the
binary applications of each compound on
reducing fruit abscission, increasing fruit weight
and yield at harvest plus maintaining firmness
and other physical and chemical qualities
consequently, extending the storability of
“Canino” apricots stored at 0°C.

Recommendation

From the results of this investigation, it could
be recommended that spraying “Canino” apricot
trees three times starting after full bloom, fruit
setting and finally ten days before harvest with
the combination of 150 ppm AVG and 25 ppm
I-MCP in the presence of 2% CaCl, was
effective on reducing fruit abscission, increasing
fruit weight and yield at harvest plus keeping
firmness, other physical and chemical qualities
and prolonging the storability of “Canino”
apricots stored at 0°C.
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