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Abstract:
Few attempts have been made to overcome problem of the soft scald. Many
factors and conditions are associated with such physiological disorder. In this
study, seven-years-old "Anna" apple trees were preharvest sprayed during 2016
and 2017 growing seasons with lisophos 1000mg/ litre, potassium sulphate 2%,
calcium sulphate 2% and their combinations in order to investigate their influence on initiation of the soft scald and fruit quality especially fruit coloration at
harvest as well as keeping fruit quality during storage for seven days on refrigerator. Lisophos alone or plus either calcium sulphate or potassium sulphate reduced initiation of the soft scald at harvest as compared with untreated fruits, in
addition to retarding the loss of fruit firmness. The application of potassium sulphate alone or incorporated with lisophos treatment increased fruit diameter, fruit
TSS, total sugars, peel anthocyanin and carotene contents but decreased fruit
acidity, peel chlorophyll a and b as compared with control. After seven days of
refrigerated shelf life, the application of lisophos plus calcium sulphate retarding
the loss of flesh firmness, reduced weight loss% and incidence of the soft scald
percentage. This study provided evidences about the possibility of reducing incidence of the soft scald in "Anna" apples by preharvest application of lisophos
plus either calcium sulphate or potassium sulphate, while, enhancing fruit quality
and coloration.
Keywords: Soft Scald-Apple Fruits- Lisophos- Pre-harvest- Calcium- Potassium- Storage- Anthocyanin.

Introduction
Soft scald of apple fruit is a
physiological disorder that causes serious losses for growers in many
countries especially after harvest
(Johnston et al., 2002a). The symptoms of soft scald are soft brown lesion on the skin of the apple which
extends into the flesh (DeEll, 2009).
There were many factors affecting
apple softening before and after harvest which also hasten the respiration
climacteric rise apples including temperature during fruit growth especially warmer temperature (Bramlage, 1993: Emongor et al., 1994).

There has been a lack for more research effort to overcome this problem or to alleviate the possible
causes. The available data indicated
to the involvement of many factors
and conditions that lead to the incidence of soft scald such as late harvest or advanced maturity, mineral
nutrition, light crop load, large fruit
and vigorous trees (Snowdon, 1990).
More the ethylene content in apple
fruits after harvest more the incidence
of soft scald (Farag, 2006). This disorder is also correlated with storage
conditions (Johnston et al., 2002b). In
addition, ethylene treatments which
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induce softening in apples by regulating expression of cell wall modifying
enzymes such as polygalacturonase
(Atkinson et al., 1998).
Good colors of apple fruit without physiological disorder determinants the value of many apple cultivars. Skin coloration of apples is directly related to the anthocyanin pigments (Lancaster et al., 1994: Li et
al., 2008) or carotenes in some other
cultivars. These pigments provide essential cultivar differentiation for
consumers and are implicated in the
health attributes of apple fruit including their roles as antioxidants. Under
Egypt climatic conditions, “Anna”
apple fruit has tendency not to develop good red color. Poor coloration
has been a serious problem in affecting growers profit from these cultivars (Boyer and Liu, 2004).
Lysophosphatidylethanolamine
(LPE) such as lisophos is a natural
lipid has been used as a coloring and
ripening agent in many fruit crops
such as apple, cranberry, tomato and
plum (Farag and Palta, 1989, 1992
and Farag and Attia, 2016) while
keeping fruit quality by either lowering the respiration rate, inhibiting the
activity of cell wall hydrolyses and
by retarding senescence (Farag and
Palta, 1993). On the other hand, calcium plays an important role in maintaining the quality and storability of
fruit (Bhat et al., 2012: Wehr et al.,
2004). Calcium-treated apple fruit
have less disruption and degradation
Cultivar Rootstock
Anna

Balady

of the pectin-rich middle lamella, and
have more cell-to-cell contact than
non-treated
fruit
(Glenn
and
Poovaiah, 1990). Adequate levels of
calcium are necessary for normal
membrane function (Jaleel et al.,
2007).
Potassium is one of the essential
nutrients described as the quality
element for fruit crop production. It
wasreported to improve fruit quality,
fruit coloration, shipping quality and
shelf life (Lester et al., 2007). Preharvest application of potassium sulphate positively enhanced physical
and chemical quality of many fruit
species such as apples, grapes, nectarines and guava (Nava et al., 2007;
Anjum et al., 2008; Gill et al., 2012;
Yang et al., 2008). Soares et al.
(2005) showed that preharvest application of potassium on pineapple fruit
reduced internal browning physiological disorder.
Aforementioned, the objectives
of this study were to investigate the
effect of preharvest spray of lisophos,
calcium sulphate and potassium sulphate on the incidence of soft scald
disorder and to enhance coloration of
“Anna” apple fruits.
Materials and Methods
1- Experimental design:
The present study was conducted during two seasons, 2016 and
2017 on seven-years-old “Anna” apple trees (Malusdomestica L). The
description of the experiment was recorded in Table (1).

Study location

Irrigation
Distance beSoil type
system
tween trees

Private orchard at Elboustan
Drip irriregion, Emam HuseinyvilSandy soil
gation
lage, Behira, Egypt.
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The study layout was randomized complete block design (RCBD)
and the following seven foliar treatments were carried out with three
replicates for each treatment and one
tree represented one replication;
1- Untreated trees (sprayed water
only as control).
2- Lisophos at 1000 mg/L (Phospholipid 70%).
3- Potassium Sulphate (PS) at 2%.
4- Calcium Sulphate (CS) at 2%.
5- Lisophos + Potassiumsulphate.
6- Lisophos + Calciumsulphate.
7- Potassiumsulphate+ Calciumsulphate.
The trees received the treatments once application time during
11, 7 June through 2016 and 2017,
respectively. The surfactant Top film
was added to all treatments at the rate
of 0.5 cm3/litre solution. The trees
were sprayed directly with treatments
solution with hand pump sprayer to
runoff in the morning.
2- Physical and chemical
analyses:
At harvest, a sample of 10 fruits
of each replicate was randomly selected in both seasons to determine
the following characteristics:
Fruit weight (g), fruit volume
3
(cm ), fruit diameter (cm) and fruit
length (cm), fruit firmness (Ib/inch2)
was recorded using Effigi pressure
tester (mod. FT 327) scale of, 3-27
Lbs. and incidence of the soft scald
was visually estimated. Moreover, in
fruit juice, percentage of the total
soluble solids (TSS%) was measured
by a hand refractometer, titratableacidity as grams of malic acid per
100 g juice was determined by titration with 0.1 N NaOH according to
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AOAC (1985) and TSS/Acidity ratio
was estimated. Fruit total sugars were
extracted from the fruit according to
(Egan et al., 1981) and total sugars
were determined calorimetrically using phenol sulphuric acid method according to(Smith, 1956). In addition,
chlorophyll a, b and carotene were
determined according to (Lichtenthaler and Wellburn, 1985), Anthocyanin was determined according to
Fuleki and Francis (1968) while Lascorbic acid was determined according to AOAC (1985).
3- Shelf life assessment:
In order to investigate the effect
of the different treatments on the development of soft scald, physical and
chemical characteristics of apples, a
sample of five fruits from each replicate was kept at refrigerator at (4 5C°) for seven days. Then, fruits were
put at room temperature (20 ± 2C°)
for two days to determine the development of incidence of the soft scald.
Fruit weight loss%, fruit firmness,
TSS%, acidity%, also, total sugars%,
L-ascorbic acid, chlorophylls a, b,
carotenes and anthocyanin were determined by using the same aforementioned methods and procedures.
4- Statistical analysis:
The investigation was analyzed
using Statistical Analysis System
(SAS, 2000). Treatments were arranged in a randomized complete
block design (RCBD). Three replications were used with each treatment
and one tree represented one replication. The least significant differences
(LSD) at 0.05 levels according to
Sendecor and Cochran (1980) were
used to compare treatments means.
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enced by various used treatments as
reported in Table 2. The data revealed
that the greatest flesh firmness of
"Anna" apples was obtained again
with the combination of calcium sulphateplus lisophos as compared with
the control (Table 2). Even when either lisophos or calcium sulphate was
solely used each one of them was
able to retard the loss of flesh firmness relative to the control while potassium sulphate actually caused a
significant reduction in flesh firmness
relative to the control in both seasons.
However, combination of both compounds with lisophos, resulted in
greater flesh firmness than that found
with the sole application of potassium
sulphate alone. Thus, the inclusion of
lisophos in the treatment solution was
able to mitigate the adverse influence
of potassium sulphate on "Anna" apples in both seasons. When both potassium and calcium sulphates were
applied as single solution induced no
significant influence on flesh firmness in a consistent manner in both
seasons.

Results
The effect of preharvest treatments with some safe compounds
such as lisophos, potassium and calcium sulphate or their combinations
on incidence of the soft scald disorder
in "Anna" apples was reported in Table 2. Data indicated reduction in the
percentage of the soft scald at the
harvest time with varying degrees of
efficacy. The least value was obtained by the combination of lisophos
plus calcium sulphatein both seasons
ranging between 10.0 to 11.7% while
the highest incidence of soft scald occurred in the control ranging between
23.3% to 26.7% in the two studied
seasons, respectively. Meanwhile,
many other applications were also
successful in reducing soft scald
comparing with the control. It seemed
that the presence of calcium sulphateas single treatment or when combined with lisophos was necessary to
minimize the incidence of soft scald
in "Anna" apples in a consistent manner in both seasons. Meanwhile, flesh
firmness was also significantly influ-

Table 2. Effect of pre-harvest treatments of lisophos, potassium sulphate and calcium sulphate on soft scald percentage and flesh firmness of "Anna" apples
at harvest during 2016 and 2017, seasons.
Treatments
Control (water only)
Lisophos at 1000 mg/L
Potassium Sulphate (PS) at 2%
Calcium Sulphate (CS) at 2%
Lisophos +Potassium Sulphate
Lisophos + Calcium Sulphate
Potassium Sulphate + Calcium Sulphate

Season 2016
Flesh firmness
Soft scald (%)
(Ib/ inch2)
23.33 a
9.03 d
13.33 bc
9.40 c
16.67 b
8.60 e
11.67 bc
9.93 b
13.33 bc
9.10 d
10.00 c
10.23 a
13.33 bc
9.22 cd

Season 2017
Flesh firmness
Soft scald (%)
(Ib/ inch2)
26.67 a
8.70 de
15.00 bc
9.23 ab
18.33 b
8.57 e
13.33 bc
9.07 bc
16.67 bc
8.93 cd
11.67 c
9.47 a
16.67 bc
8.93 cd

*Values, within each column, of similar letter (s) were not significantly different according to the least
significant difference (LSD) at 0.05 levels.

Regard to the influence of various preharvest field applications on
some physical characteristics of
"Anna" apples, the data reported in

Table 3 revealed that there was no
significant alteration in fruit weight
due to all used treatments in both seasons. Consequently, that was also the
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general trend for fruit size in both
seasons except with fruit size in the
second season that was significantly
increased relative to the control by
the application of potassium sulphate.
A typical trend of results was found
for fruit length of "Anna" apples that
was similar for all treatments and the
control except with an increase obtained with potassium sulphate in the

ISSN: 1110-0486
E-mail: ajas@aun.edu.eg

second season as compared with the
control (Table 3). In addition, fruit
diameter was not significantly affected by various applied treatments
in both seasons except with the application of potassium sulphate that resulted in a significant increase in fruit
diameter in both seasons when compared with the control.

Table 3. Effect of pre-harvest treatments of lisophos, potassium sulphate and calcium Sulphate on some physical characteristics of "Anna" apples at harvest
during 2016 and 2017, seasons.
Treatments
Control (water only)
Lisophos at 1000 mg/L
Potassium Sulphate (PS) at 2%
Calcium Sulphate (CS) at 2%
Lisophos +Potassium Sulphate
Lisophos + Calcium Sulphate
Potassium Sulphate + Calcium Sulphate

Season 2016
Fruit
Fruit
weight
size
(g)
(cm3)
132.79 ns 142.01 ns
135.35 ns 138.92 ns
144.56 ns 140.55 ns
145.05 ns 146.63 ns
140.63 ns 142.81 ns
138.37 ns 145.13 ns
138.11 ns 140.27 ns

Season 2017
Fruit
Fruit
weight
size
(g)
(cm3)
137.31 ns 140.02 b
138.88 ns 142.27 ab
140.49 ns 149.32 a
139.34 ns 143.06 ab
140.70 ns 143.29 ab
137.41 ns 141.61 ab
137.39 ns 142.13 ab

Season 2016
Fruit
Fruit
length diameter
(cm)
(cm)
6.49 ns 6.09 bc
7.12 ns 6.00 c
7.14 ns 6.33 a
7.00 ns 6.23 ab
7.00 ns 6.04 bc
6.76 ns 6.18 abc
6.84 ns 6.00 c

Season 2017
Fruit
Fruit
length diameter
(cm)
(cm)
6.84 b 6.14 b
6.86 b 6.20 ab
6.59 ab 6.25 a
7.06 a 6.21 ab
6.90 ab 6.16 ab
6.90 ab 6.16 ab
6.95 ab 6.21 ab

*Values, within each column, of similar letter (s) were not significantly different according to the least significant difference (LSD) at 0.05 levels.

Furthermore, the effect of applied treatments before harvest on
some chemical characteristics of
"Anna" apples was reported in Table
4. It was evident that total soluble
solids (TSS) were increased by many
treatments especially those that included lisophos either alone or when
combined with potassium sulphate or
plus calcium sulphate. However, calcium Sulphate alone was not able to
cause a significant change in TSS%
as compared with the control in both
seasons, while potassium sulphate
resulted in a significant increase in
TSS% either alone or when combined
with calcium sulphate. On the other
hand, total acidity% in "Anna" apples
juice was significantly reduced relative to the control by all lisophos
sprayed either alone or as combina-

tion with either potassium sulphate or
calcium sulphate. However, the individual application of calcium sulphate resulted in similar total acidity
in apple juice that found in the control as well as its combination with
potassium sulphate in both seasons.
Even the application of potassium
sulphate alone caused a reduction in
fruit acidity% similar to that obtained
by lisophos. Meanwhile the TSS to
acidity ratio was significantly affected by many treatments whether
individually as the case with lisophos
or potassium sulphateor in combinations as occurred with the application
of lisophos plus potassium sulphate
or plus calcium sulphate. However,
calcium sulphate again was not able
to increase such ratio as compared
with the control consistently. Regard-
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ing to total sugars% the data in Table
4 indicated that all applied treatments
resulted in total sugars% relative to
the control with greater magnitude of
increase as with lisophos alone, potassium sulphate alone or their combination in both seasons. Even the
combination of potassium sulphate
plus calcium sulphate was able to
cause a significant increase in total
sugars% as compared with the control

(Table 4). The changes in vitamin C
in response to various applied treatments seemed to take a different
trend since potassium sulphate alone
or its combination with lisophos were
not effective in increasing vitamin C
content. However, the significant increase in vitamin C was obtained
with either lisophos solely or its
combination with calcium sulphatein
both seasons (Table 4).

Table 4. Effect of pre-harvest treatments of lisophos, potassium sulphate and calcium sulphate on some chemical characteristics of "Anna" apples during
2016 and 2017, seasons.
Season
2016
Treatments

Control (water only)
Lisophos at 1000 mg/L
Potassium Sulphate (PS) at 2%
Calcium Sulphate (CS) at 2%
Lisophos +Potassium Sulphate
Lisophos + Calcium Sulphate
Potassium Sulphate + Calcium Sulphate

TSS
(%)
13.60 c
15.10 a
15.10 a
13.90 c
15.20 a
14.50 b
14.40 b

Season
2017

Acidity
Acidity
TSS (%)
(%)
(%)
1.01 a
0.81 c
0.80 c
0.99 a
0.79 c
0.93 b
0.99 a

13.80 d
15.20 b
15.40 ab
14.00 d
15.50 a
14.60 c
14.70 c

0.98 a
0.79 c
0.77 c
0.98 a
0.76 c
0.88 b
0.98 a

Season
2016
TSS/
Total
Acidity sugar
%
%
13.53 d 8.13 e
18.98 a 9.16 a
18.78 a 9.09 a
14.02 cd 8.41 d
19.24 a 9.15 a
15.47 b 8.77 b
14.53 c 8.57 c

Season
2017
TSS/
Total
Acidity sugar
%
%
14.11 e 8.90 g
19.23 b 9.82 c
19.82 ab 9.99 b
14.32 de 9.04 f
20.32 a 10.14 a
16.51 c 9.43 e
15.04 d 9.63 d

Season Season
2016
2017
Vitamin Vitamin
C
C
mg/100g mg/100g
5.66 c 5.33 d
7.02 b 7.23 b
5.27 c 5.14 d
9.10 a 8.84 a
5.85 c 5.89 c
9.10 a 9.04 a
7.35 b 6.37 c

*Values, within each column, of similar letter (s) were not significantly different according to
the least significant difference (LSD) at 0.05 levels.

At the meantime, there was a
significant in anthocyanin content in
the apple skins by all used treatments
except the application of calcium sulphate at 2% (w/v), relative to the control in both seasons. Meanwhile, the
application of lisophos plus potassium sulphate resulted in a significant
increase in anthocyanin formation
followed by the sole treatment of potassium sulphate in a consistent manner. The application of lisophos alone
was able to significantly increase anthocyanin in apples, such increase
was higher than that obtained by its
combination with calcium sulphate.
Thus, it was evident that calcium sulphate had an influence on coloration
of apples (Table 5). Moreover, chlo-

rophyll a in fruit skin was at the highest content in the control and in calcium sulphate treated fruits that did
not differ significantly in their chlorophyll a content. Meanwhile, many
used treatments were able to reduce
chlorophyll a content in apple skins
especially with the application of the
combination of lisophos plus potassium sulphate followed by the individual application of potassium sulphate. The presence of calcium sulphate along with lisophos or even
plus potassium sulphate caused an
increase in chlorophyll a content in
the skin of fruits. Similar trends of
results were obtained with chlorophyll b since the greatest content was
found in the control fruits especially

65

Assiut J. Agric. Sci., (49) No. (2) 2018 (60-74)
Website: www.aun.edu.eg/faculty_agriculture/journals_issues_form.php

in the second season, however, the
combination of lisophos plus either
potassium sulphate or calcium sulphate had an equal effect on chlorophyll b and had similar content to that
obtained in the control fruits. Thus,
the consistent reduction in chlorophyll b was only obtained with the
application of potassium sulphate
relative to the control. With regard to
carotene content in fruit skin at harvest, it was found that there was a
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significant increase in carotene by the
application of the combination of lisophos plus potassium sulphate in
addition to the application of each
compound individually. However, the
application of calcium sulphate alone
caused a significant reduction in carotene content while when it was applied along with potassium sulphate
resulted in a slight increase in carotenes as compared with the control
(Table 5).

Table 5. Effect of pre-harvest treatments of lisophos, potassium sulphate and calcium sulphate on skin pigments of "Anna" apples during 2016 and 2017, seasons.
Season 2016
Treatments
Control (water only)
Lisophos at 1000 mg/L
Potassium Sulphate (PS) at 2%
Calcium Sulphate (CS) at 2%
Lisophos +Potassium Sulphate
Lisophos + Calcium Sulphate
Potassium Sulphate + Calcium Sulphate

Season 2017

Season 2016

Season 2017

Chlorophyll
Chlorophyll Chlorophyll
Chlorophyll
Anthocyanin
Anthocyanin
Carotene
Carotene
a
a
b
b
mg/ 100g
mg/ 100g
mg/ 100g
mg/ 100g
mg/ 100g
mg/ 100g
mg/ 100g
mg/ 100g

6.56 e
9.62 c
13.11 b
6.20 e
14.18 a
7.41 d
8.84 c

2.52 a
2.23 d
1.88 e
2.54 a
1.83 f
2.41 b
2.38 c

6.27 e
8.84 c
12.62 b
6.49 e
13.90 a
8.41 d
8.48 d

2.55 a
2.13 c
1.87 d
2.57 a
1.88 d
2.46 b
2.45 b

1.23 c
1.27 a
1.26 ab
1.24 abc
1.24 abc
1.27 a
1.25 abc

0.50 ef
0.58 c
0.64 b
0.49 f
0.67 a
0.51 e
0.54 d

1.26 a
1.18 c
1.18 c
1.25 a
1.24 ab
1.21 bc
1.21 bc

0.47 e
0.62 b
0.69 a
0.47 e
0.69 a
0.54 d
0.57 c

*Values, within each column, of similar letter (s) were not significantly different according to
the least significant difference (LSD) at 0.05 levels.

tion with calcium sulphate had an
equal influence on reducing incidence
of the soft scald in apples. Moreover,
the application of lisophos plus potassium sulphate that had a significant
influence on skin coloration was also
effective on reducing the disorder of
soft scald as compared with the control (Table 6). With regard to the response of flesh firmness to various
applied treatments, the data in Table
6 revealed that even with the successful reduction of soft scald and the enhancement of coloration and skin tissues by many treatments, three was
either an increase in flesh firmness
caused by the combination of lisophos plus calcium sulphate or even
the individual use of either one espe-

Post-harvest fruit assessment:
The data in (Table 6) provided
evidence that it was possible to significantly reduce the incidence of soft
scald percentage (Table 6) in the fruit
by many used treatments. Such percentage in the control fruits ranged
between 30% to more than 36%
while in calcium-treated fruits, the
incidence of soft scald ranged between 11% to 16% whether calcium
sulphate was applied alone or in
combination with lisophos. Meanwhile, incidence of the soft scald with
the use of lisophos alone at 1000 ppm
was also very effective on reducing
soft scald formation in apple fruits.
Furthermore, the application of potassium sulphate alone or in combina-
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cially in the second season relative to
the control. Moreover, lisophos plus
potassium did not reduce flesh firmness in spite of its frequent-positive
effects on color improvement and soft
scald incidence (Table 6). Concerning
the effect of various treatments on
weight loss percentage after harvest,
the data indicated that "Anna" apples
had the least significant loss when
was treated with either lisophos alone
or lisophos combination with calcium
sulphate in both seasons. The highest

weight loss was found with the control fruit. However, several treatments resulted in similar weight loss
percentage to that found in the control especially in the first season such
as potassium alone or in combination
with lisophos in addition to potassium
sulphate plus calcium sulphate.
Moreover, calcium sulphate alone
was able to consistently reduce
weight loss in both seasons relative to
the control.

Table 6. Effect of pre-harvest treatments of lisophos, potassium sulphate and calcium sulphate on soft scald percentage, flesh firmness and weight lossof
"Anna" apples after storage during 2016 and 2017, seasons.
Season 2016
Treatments
Control (water only)
Lisophos at 1000 mg/L
Potassium Sulphate (PS) at 2%
Calcium Sulphate (CS) at 2%
Lisophos +Potassium Sulphate
Lisophos + Calcium Sulphate
Potassium Sulphate + Calcium Sulphate

Soft scald
%
30.00 a
15.00 bc
18.33 b
11.67 c
16.67 b
11.67 c
16.67 b

Season 2017

Firmness
(Ib/ inch2)
7.90 b
8.00 b
7.53 c
8.10 ab
7.90 b
8.30 a
7.90 b

Soft scald
%
36.67 a
21.67 bc
25.00 b
16.67 c
20.00 bc
16.67 c
21.67 bc

Firmness
(Ib/ inch2)
7.37 d
7.53 bc
7.13 e
7.57 bc
7.40 cd
7.83 a
7.33 d

Season
2016
Weight
loss %
5.00 a
2.83 b
4.67 a
2.67 b
4.33 a
2.50 b
4.13 a

Season
2017
Weight
loss %
5.67 a
3.17 d
5.17 b
3.33 d
4.67 c
3.00 d
4.53 c

*Values, within each column, of similar letter (s) were not significantly different according to the least significant difference (LSD) at 0.05 levels.

Some fruit parameters were also
assessed after harvest (Table 7) in relation to preharvest treatments, the
data of total soluble solids percentage
(TSS) indicated that all applied
treatments before harvest resulted in a
significant increase TSS after harvest
but varied in the magnitude of such
increase. For example, the greatest
increase in TSS was obtained with
the applications of either lisophos
plus potassium sulphate, followed by
potassium sulphate alone, then lisophos at 1000 ppm. On the other hand,
juice acidity was the highest at the
control fruits in both seasons, and
was similar to that acidity resuting

from the application of calcium sulphate alone. Moreover, the least juice
acidity of "Anna" apples was obtained with potassium sulphate alone
or when was combined with lisophos.
The application of lisophos alone at
1000ppm resulted also in reducing
juice acidity when compared with the
control. The changes in the TSS to
acidity ratios were also influenced by
various applied treatments prior harvest (Table 7). The data provided
more evidence that the increase in
TSS to acidity by lisophos plus potassium sulphate as well as potassium
sulphate alone. However, calcium
sulphate alone was as effective as the
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control. Furthermore, there were
many other treatments that were
equally effective on TSS to acidity
ratio such as lisophos alone, lisophos
plus calcium sulphate in addition to
potassium sulphate plus calcium sulphate. The data in Table 6 also
showed the changes in anthocyanin
content after harvest in response to
applied treatment before harvest, this
data indicated that the greatest increase in anthocyanin was obtained
with potassium sulphate alone or
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when was applied in combination
with lisophos. The sole application of
lisophos at 1000ppm was also able to
increase anthocyanin content after
harvest. However, the opposite trend
was found with the application of calcium sulphate since there was less
anthocyanin in the fruit relative to the
control. Moreover the combination of
lisophos plus calcium sulphate did
not increase anthocyanin in the second season.

Table 7. Effect of pre-harvest treatments of lisophos, potassium sulphate and calcium sulphate on some chemical characteristics of "Anna" apples after storage during 2016 and 2017, seasons.
Season 2016
Treatments
Control (water only)
Lisophos at 1000 mg/L
Potassium Sulphate (PS) at 2%
Calcium Sulphate (CS) at 2%
Lisophos +Potassium Sulphate
Lisophos + Calcium Sulphate
Potassium Sulphate + Calcium Sulphate

Season 2017

TSS %

Acidity
Acidity
TSS %
%
%

13.70 f
15.00 bc
15.30 ab
14.20 e
15.40 a
14.70 cd
14.60 d

0.95 a
0.85 b
0.75 d
0.93 a
0.79 cd
0.83 bc
0.85 b

13.60 f
14.70 bc
14.90 ab
13.90 e
15.10 a
14.60 c
14.30 d

0.94 a
0.87 b
0.79 d
0.98 a
0.80 cd
0.87 b
0.84 bc

Season 2016
TSS/
Anthocyanin
acidity
mg/ 100g
%
14.40 c
8.70 d
17.50 b
10.84 b
20.40 a
15.18 a
15.40 c
8.20 e
19.49 a
15.04 a
17.71 b
9.77 c
17.03 b
10.05 c

Season 2017
TSS/
Anthocyanin
acidity
mg/ 100g
%
13.72 c
8.98 d
16.88 b
10.91 c
18.86 a
15.68 b
14.21 c
7.63 e
18.78 a
16.11 a
16.77 b
9.13 d
16.94 b
9.27 d

*Values, within each column, of similar letter (s) were not significantly different according to the least significant difference (LSD) at 0.05 levels.

hibited the enzyme activity leads to
cell wall and membrane breakdown
which reflects on reducing the
physiological disorders (Farag and
Palta, 1993; Ryu et al., 1997). Attia
and Farag, 2017 indicated that preharvest spray of either lisophos or
CaCl2 reduced water berry physiological disorder in Thompson seedless table grapes. Also, the positive
effect of calcium on reducing soft
scald disorder could be attributed to
their effect on reducing softening and
senescence of fruits (Barker and Pilbeam, 2007). In contrary, calcium deficiency causes bitter pit disorder in
apples (Kader, 2002). Furthermore,
preharvest application of potassium

Discussion
Poor coloration and soft scald
disorder determinate the value and
the best prices of apples in market.
Therefore, the present study provided
evidence that it was possible to significantly reduce the incidence of soft
scald and enhance coloration of apples by some preharvest treatments.
According to the data in Table 2, the
applications of lisophos, calcium sulphate, potassium sulphate and their
combinations lowered the percentage
of soft scald at harvest as compared
with control treatment. The positive
role of lisophos on reducing soft
scald might be attributed to its influence on membrane integrity and in-
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reduced internal browning disorder in
pineapple fruit (Soares, 2005).
To explain the role of lisophos
on apple fruit firmness, Farag and Attia, 2016 showed that preharvest
spray of lisophos on plum fruit trees
increased fruit firmness at harvest and
keeping storability during storage. In
the present study, lisophos spray
showed positive effects on increasing
fruit firmness (Table 2). Rato et al.
(2004) found that plum fruits with
higher calcium content showed
higher firmness and lower ethylene
production rates as compared with
fruits with lower calcium content.
The results of current study agreed
with those obtained by (Roy, 1995,
Jaleel et al., 2007 and Bhat et al.,
2012). On the other hand, potassium
fertilization negatively affected flesh
firmness as a result of their expanded
cell walls and smaller proportion of
cell wall materials in relation to their
total volume (Nava et al. 2007).
The data in Table 3 revealed
that there was no significant alteration in some physical characteristics
of Anna apples by preharvest treatments except with the application of
potassium sulphte on fruit diameter.
The non-significant effect of mentioned treatments could be attributed
to the time of application after the
completion of fruit growth. The positive effects of potassium on fruit diameter found in this study might be
attributed to enhance formation and
translocation of carbohydrates and
osmoregulation which in turn improved fruit quality (White and Karley, 2010). Also, enhances cell hydration and its deficiency causes tissue
dehydration (Menzel and Kirby,
2001). The results of present study

agreed with those obtained by Divya
Pandey, 2016 on Litchi fruit and Anjum et al. 2008 on apple fruit. The
decrease in fruit TSS and total sugars
found in this study caused by preharvest application of calcium agreed
with the findings of others such as
Attia, 2017 on pomegranates, Attia
and Farag, 2017 on grapes and Attia,
2009 on apricot. They all found that
calcium-treated fruits reduced TSS,
total sugars and increased fruit acidity. Meanwhile, potassium foliar application increased TSS, total sugars
and reduced acidity (Table 4).Foliar
application of potassium improved
TSS content due to its role in translocation of sugar from leaves to fruits,
which resulted in better quality fruits
in apple (Shirzadeh and Kazemi,
2012). These trends of results are in
harmony with the findings of Anjum
et al. 2008 on apple, Chanana and
Gill, 2008 on grapes and Dutta and
Banik, 2007 on guava.
There was a significant increase
in anthocyanin content in apple skins
by all used treatments except the application of calcium sulphate as compared with control treatment (Table
5). The positive effect of lisophos on
anthocyanin formation was previously reported (Farag and Attia,
2016, 2017; Ozgen et al., 2015). The
positive effects might be attributed to
enhance ethylene production, carotenoid accumulation and enhance coloration enzymes such as (phenylalanine
ammonium
lyase,
1aminocycloprpopane1-carboxylic
acid and insoluble acid invertase)
(Hong et al., 2008; Farag and Palta,
1989 and Ozgen, 2004). Also, potassium treatment enhanced coloration
of apples. Lester et al. (2005) ob-
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served that improvement of fruit
color with potassium is attributed to
their effects on carbohydrate influx as
optimum K level enhanced phloem
loading, nutrient transportation and
unloading of sucrose. In addition potassium might be important in the anthocyanin pathway and could be a cofactor in the activation of some specific enzymes (Hunsche and Ernani,
2003). The positive effect of potassium on fruit coloration was previously reported on Nectarines (Yang et
al., 2008) and on apple (EL-Gazzar,
2000). On the other hand, the present
study showed that calcium treatment
retard coloration of apples. These results were in agreement with Attia
and Farag, 2017 on grapes and Attia,
2009 on apricots.
The data in Table 6 illustrated
that it was possible to reduce the incidence of soft scald after storage
also keeping fruit firmness and reducing weight loss of apples which reflects on keeping fruit quality after
storage. The use of lisophos and calcium inhibited ethylene production in
ripening fruits and maintain fruit
firmness which reflects on extend apples shelf life (Hong, 2006). Also,
retards the activity of enzymes such
as polygalactourenase which reflect
on retarding the cell wall hydrolysis
(Wehr et al., 2004; Bhat et al., 2012).
Kou et al. (2015) treated pear with
CaCl2 2% inhibited the development
of brown spots on ‘Huangguan’ pear
by delaying the loss of the polyphenol substances (inhibited the activities of polyphenol-oxidase and peroxidase, increased the activities of
catalase and superoxide dismutase)
and maintaining the structural integrity of cell membrane.
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ﺗﻘﻠﯿﻞ ﺣﺪوث اﻟﻠﻔﺤﺔ اﻟﻄﺮﯾﺔ وﺗﺤﺴﯿﻦ ﻟﻮن ﺛﻤﺎر ﺻﻨﻒ اﻟﺘﻔﺎح اﻷﻧﺎ ﺑﻤﻌﺎﻣﻼت ﻣﺎ ﻗﺒﻞ اﻟﺠﻤﻊ
ﻛﺮﯾﻢ ﻣﺤﻤﺪ ﻓﺮج و ﺳﻌﯿﺪ ﻣﺤﻤﺪ ﻋﻄﯿﺔ
ﻗﺴﻢ اﻟﺒﺴﺎﺗﯿﻦ )ﻓﺎﻛﮭﺔ( ،ﻛﻠﯿﺔ اﻟﺰراﻋﺔ-ﺟﺎﻣﻌﺔ دﻣﻨﮭﻮر -ﻣﺼﺮ.

اﻟﻤﻠﺨﺺ:
ﺑﺎﻟﺮﻏﻢ ﻣﻦ وﺟﻮد اﻟﻌﺪﯾﺪ ﻣﻦ اﻟﻌﻮاﻣﻞ واﻟﻈﺮوف اﻟﻤﺮﺗﺒﻄﺔ ﺑﺤﺪوث ﻣ ﺸﻜﻠﺔ اﻟﻠﻔﺤ ﺔ اﻟﻄﺮﯾ ﺔ ،اﻻ
ان ﻫﻨﺎك اﻟﻘﻠﯿﻞ ﻣﻦ اﻟﻤﺤﺎوﻻت اﻟﺘﻰ ﺗﻤﺖ ﻟﻠﺘﻐﻠﺐ ﻋﻠﻰ ﻫ ﺬا اﻻﺧ ﺘﻼل اﻟﻔ ﺴﯿﻮﻟﻮﺟﻰ ،وﻗ ﺪ أﺟﺮﯾ ﺖ ﻫ ﺬة
اﻟﺪراﺳﺔ ﺧﻼل ﻋﺎﻣﻰ  ٢٠١٧ ،٢٠١٦ﺣﯿﺚ ﺗﻢ رش أﺷ ﺠﺎر اﻟﺘﻔ ﺎح ﻋﻤ ﺮ  ٧ﺳ ﻨﻮات ﺑﻬ ﺬة اﻟﻤﻌ ﺎﻣﻼت
اﻟﺘﺎﻟﯿﺔ ﻗﺒﻞ اﻟﺠﻤﻊ وﻫﺬة اﻟﻤﻌ ﺎﻣﻼت ﻛﺎﻟﺘ ﺎﻟﻰ :اﻟﻠﯿﺰوﻓ ﻮس  ١٠٠٠ﻣﺠ ﻢ/ﻟﺘ ﺮ ،ﺳ ﻠﻔﺎت اﻟﺒﻮﺗﺎﺳ ﯿﻮم ،%٢
ﺳﻠﻔﺎت اﻟﻜﺎﻟﺴﯿﻮم  %٢واﻟﺨﻠﯿﻂ ﺑﯿﻨﻬﻢ وذﻟﻚ ﻟﺪراﺳﺔ ﺗﺎﺛﯿﺮ ﻫﺬة اﻟﻤﻌﺎﻣﻼت ﻋﻠﻰ ﺣﺪوث اﻟﻠﻔﺤ ﺔ اﻟﻄﺮﯾ ﺔ
وﺟﻮدة ﺛﻤﺎر اﻟﺘﻔﺎح وﺧﺼﻮﺻﺎ ﻟﻮن اﻟﺜﻤﺎر ﻋﻨﺪ اﻟﺠﻤﻊ وأﯾﻀﺎ اﻟﻤﺤﺎﻓﻈﺔ ﻋﻠﻰ ﺟﻮدة اﻟﺜﻤﺎر ﺑﻌ ﺪ اﻟﺠﻤ ﻊ
ﺑﻌ ﺪ ﺗﺨﺰﯾﻨﻬ ﺎ ﻟﻤ ﺪة أﺳ ﺒﻮع ﻋﻠ ﻰ درﺟ ﺔ ﺣ ﺮارة اﻟﺜﻼﺟ ﺔ .ﺣﯿ ﺚ أدت اﻟﻤﻌﺎﻣﻠ ﺔ ﺑ ﺎﻟﻠﯿﺰوﻓﻮس ﺑﻤﻔ ﺮدة أو
ﻣﺨﻠﻮﻃ ﺎ ﺑ ﺴﻠﻔﺎت اﻟﻜﺎﻟ ﺴﯿﻮم أو ﺳ ﻠﻔﺎت اﻟﺒﻮﺗﺎﺳ ﯿﻮم اﻟ ﻰ ﺗﻘﻠﯿ ﻞ ﺣ ﺪوث اﻟﻠﻔﺤ ﺔ اﻟﻄﺮﯾ ﺔ ﺑﺎﻻﺿ ﺎﻓﺔ اﻟ ﻰ
ﺗﺎﺧﯿﺮ ﻓﻘﺪ ﺻﻼﺑﺔ اﻟﺜﻤﺎر ﻋﻨﺪ اﻟﺠﻤﻊ ﻣﻘﺎرﻧﺔ ﺑﺎﻟﻜﻨﺘﺮول ﻛﻤﺎ أدت اﻟﻤﻌﺎﻣﻠﺔ ﺑﺴﻠﻔﺎت اﻟﺒﻮﺗﺎﺳ ﯿﻮم ﺑﻤﻔﺮدﻫ ﺎ
أو ﻣﺨﻠﻮﻃ ﺔ ﻣ ﻊ اﻟﻠﯿﺰوﻓ ﻮس اﻟ ﻰ زﯾ ﺎدة ﻗﻄ ﺮ اﻟﺜﻤ ﺎر ،ﻣﺤﺘﻮاﻫ ﺎ ﻣ ﻦ اﻟﻨ ﺴﺒﺔ اﻟﻤﺌﻮﯾ ﺔ ﻟﻜ ﻞ ﻣ ﻦ اﻟﻤ ﻮاد
اﻟﺼﻠﺒﺔ اﻟﺬاﺋﺒﺔ اﻟﻜﻠﯿﺔ ،%اﻟﺴﻜﺮﯾﺎت اﻟﻜﻠﯿﺔ %وﻣﺤﺘﻮى اﻟﺜﻤﺎر ﻣﻦ ﺻﺒﻐﺔ اﻻﻧﺜﻮﺳ ﯿﺎﻧﯿﻦ ﺑﯿﻨﻤ ﺎ أدت اﻟ ﻰ
ﺗﻘﻠﯿﻞ اﻟﺤﻤﻮﺿﺔ اﻟﻜﻠﯿﺔ %وﻣﺤﺘﻮى اﻟﺜﻤﺎر ﻣ ﻦ ﻛﻠﻮروﻓﯿ ﻞ أ و ب ﻣﻘﺎرﻧ ﺔ ﺑ ﺎﻟﻜﻨﺘﺮول .ﺑﻌ ﺪ أﺳ ﺒﻮع ﻣ ﻦ
ﺣﯿ ﺎة اﻟﺜﻤ ﺎر اﻟﻤﺒ ﺮدة ﻋﻠ ﻰ اﻟ ﺮف ﻓ ﻰ اﻟﺜﻼﺟ ﺔ اﻟﻤﻨﺰﻟﯿ ﺔ ،أدت اﻟﻤﻌﺎﻣﻠ ﺔ ﺑ ﺎﻟﻠﯿﺰوﻓﻮس ﻣﺨﻠﻮﻃ ﺎ ﺑ ﺴﻠﻔﺎت
اﻟﻜﺎﻟﺴﯿﻮم اﻟﻰ ﺗﺎﺧﯿﺮ ﻓﻘﺪ ﺻﻼﺑﺔ ﻟﺤﻢ اﻟﺜﻤ ﺎر وﺗﻘﻠﯿ ﻞ ﻛ ﻼ ﻣ ﻦ اﻟﻔﻘ ﺪ ﻓ ﻰ اﻟ ﻮزن وﺗﻄ ﻮر اﻟﻠﻔﺤ ﺔ اﻟﻄﺮﯾ ﺔ
ﻓﻰ ﺛﻤﺎر اﻟﺘﻔﺎح .وﺗﻮﺻﻰ ﻫﺬة اﻟﺪراﺳﺔ ﺑﺎﻣﻜﺎﻧﯿﺔ ﺗﻘﻠﯿﻞ ﺣﺪوث اﻟﻠﻔﺤﺔ اﻟﻄﺮﯾ ﺔ وﺗﺤ ﺴﯿﻦ ﺻ ﻔﺎت اﻟﺠ ﻮدة
واﻟﻠﻮن ﻓﻰ ﺛﻤﺎر اﻟﺘﻔﺎح ﺑﺎﺳﺘﺨﺪام اﻟﻠﯿﺰوﻓﻮس ﻣﺨﻠﻮﻃﺎ ﻣﻊ ﺳﻠﻔﺎت اﻟﻜﺎﻟﺴﯿﻮم او ﺳﻠﻔﺎت اﻟﺒﻮﺗﺎﺳﯿﻮم.
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