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ABSTRACT

This experiment was performed during 2003 and 2004 seasons. “Anna” apple
trees were sprayed with Paclobutrazol (PB) 250 ppm or 500 ppm, 40 or 80 days after full
bloom (FB), control ones were untreated. Mature fruits of each experimental trees, were
picked and subjected to the following postharvest dip treatments for 4 minutes: 3% CaCl
solution either under 350 mbar vacuum (Vac.) or not; hot water at 40°C (H.W) or tap water
(as a control for dip treatments). Thereafter, fruits were stored at 3°C and 85-80% RH for
75 days. The results indicated that, in both seasons, as the storage period advanced, fruit
shelf life period and V.C, malic acid contents and non reducing sugars and mineral
elements % (N, P, K and Mg), significantly decreased, while the percentages of weight
loss, disorders, reducing and total sugars, significantly increased. Neither PB preharvest
spray, nor postharvest dip treatments, each alone influenced the storability of “Anna” fruits
as same as the combination of two together. Combination treatments had a great effect on
decreasing fruit weight loss and disorders %, beside increasing shelf life period and malic
acid, reducing and total sugars content. However, that effect was not clearly noticed on
V.C, non reducing sugars and mineral elements contents. Moreover, the fruit disorders
were appeared for first time at 30 days of storage in fruits treated with postharvest dip
treatments alone or those from untreated trees, while they did not notice even &t 45 days
of storage in fruits treated with PB 250 ppm (at both application times) + any one of
postharvest dip treatments. The rest treatments showed fruit disorders at 45 days of cold
storage.

CaCl, postharvest dip treatments especially under vacuum, were more
effective on improving storability, than hot water treatment, when combined with PB
preharvest spray treatments. Generally, all PB treatments (when were used alone)
almost had the same effect on improving storability of “Anna” fruits. Despite, the
earlier application (FB+40days) was more effective on reducing fruit disorders %.
Keywords: “Anna” apple fruits, paclobutrazol, CaClz, hot water and storability.

INTRODUCTION

Anna apple is the commercial cultivar planted in Egypt. This variety
has many advantages such as low chilling requirements, early bearing and a
high yield of good quality as compared with the local apple varieties.

Regulation of growth and cropping of apple tress is becoming
increasingly important as plantings are being established at high densities,
(Forshey, 1982). Paclobutrazol (PB) is a growth retardant that has shown
promise for controling the growth of apple trees, (Quinlan, 1981; Miller, 1982,
Steffens et al. 1983; Williams, 1983; Williams and Edgerton, 1983; Quinlan
and Richardson, 1984 and Sterrett, 1985). PB not only controls growth, but it
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may also influence cropping, (Greene and Murray, 1983; Williams, 1983 and
Williams and Edgerton, 1983). Susan et al. (1997) reported that because of
the very strong inhibitory effect on shoot growth in fruit trees, PB may
enhance crop yield by reducing competition from vegetative growth.

Fruits characteristics were also influenced, (Curry and Williams,
1983; Greene and Murray, 1983 and Wiliams, 1983). A postbloom foliar
application of PB retarded ripening and reduced senescent breakdown of
“Delicious” apple, (Duane, 1986). Elfving et al. (1987) found that, after
24weeks of air storage, treated fruits (with preharvest PB treatment) were
firmer and displayed less core browning than those untreated. Inaddition,
Elfving et al. (1990) reported that foliar PB reduced poststorage ethylene
production, (in one season).

Calcium is an important determinant factor of apple fruit quality,
(Martin et al, 1975). Vacuum infiltration of a CaCl, solution doubled the
calcium content of fruits compared with a dip treatment in the same solution,
(Conway and Sams, 1983), besides, improved maintaining fruit firmness
during cold storage and the vacuum infiltration was more effective (Poovaiah,
1986). The use of calcium dipping increased fruit firmness and reduced the
rate of respiration in “Anna” apples, (Attia, 1986). Dipping “Anna” apple fruits
in CaCl, with or without vacuum was more effective on maintaining firmnes
and reducing respiration rate, comparing with spraying preharvest CaCl,
treatments, (EL-Ansary et al., 1992).

With the present change in emphasis on the use of chemical
treatments, interest in heat disinfection has been revided. One of the most
important effects of postharvest heat treatment on dpples is reduction of
softening, (Klein et al., 1990; Lurie and Klein 1992; Sams et al., 1993; Klein
and Lurie, 1994 and Mignani and Zocchi, 1994). Inaddition, respiration rate
was depressed following the heat treatment of apple fruits, (Klein, 1989; Klein
and Lurie 1990 and Lurie and Klein, 1990). Moreover, William et al. (1994)
reported that prestorage heat treatment of apples has been shown to affect
fruit quality during storage beneficially.

Few studies have been done on determining the additive effects of
paclobutrazol preharvest spray and postharvest dipping treatments (CaCl,
with or without vacuum and heat treatment through hot water), on storability
of “Anna” apple fruits. Therefore, this research was carried out, to study the
effect of all above mentioned treatments each alone or in combination with
others on keeping quality and improving storability of “Anna” apple fruits
during cold storage.

MATERIALS AND METHODS

The present study was carried out during the two successive
seasons 2003 and 2004 on “Anna” apple trees. The orchard is located in El-
Atwa El-Baharia, Gharbia Governorate. The trees were seven years old,
planted at 5 x 5 meters apart and grafted on MM 106 rootstock. Trees used in
this work were selected to be healthy and as uniform as possible in both
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vegetative growth and fruit load. Cultural practices, as recommended by the

ministry of agriculture for apples.

Forty of the selected trees were used for this work. Each of the
following treatments were carried out on 4 replicates/ treatment. Each
replicate was represented by two trees. The preharvest treatments were as
follows.

1. Control: Trees were untreated.

- Paclobutrazol (PB): [(2RS, 3RS)-1-(4- chlorophenyl-4-4-dimethyl-2-(1H-

1,2 4-triazol-lyl) pentan-3-oL] was sprayed at.

250 ppm, 40 days after full bloom (FB+40 days).

500 ppm, 40 days after full bloom (FB+40 days).

250 ppm, 80 days after full bloom (FB+80 days).

500 ppm, 80 days after full bloom (FB+80 days).

Mature fruits were picked, from the trees subjected to above
mentioned treatments, 103 days after petal fall. Defective fruits as injured
misshapen or off size fruits were discarded and only sound fruits were used
for the following postharvest treatments.

1. Dipping the fruits, for 4 minutes, in tap water (control).

2. Dipping the fruits, for 4 minutes, in 3% CaCl, solution.

3. Dipping the fruits, for 4 minutes, in 3% CaCl, solution under 350 mbar
vacuum.

4. Dipping the fruits, for 4 minutes, in hot water (40°C).

The fruits were then dried by the aid of electric fans, before packing
in carton boxes. Fruits of each treatment were represented by three
replicates (cartons, each consisted of 20 fruits), for every sampling date. On
that basis, the total number of cartons was: 20 treatments (5 preharvest x 4
postharvest) x 3 replicates (cartons) x 5 sampling dates = 300 cartons. All
cartons (contained 20 fruits each) were stored in a commercial refrigerator at
Kafr El-Zayat, Gharbia Governorate, at 3°C with relative humidity of 85-90%.
Three cartons of each treatment was taken out after 0,30,45, 60 and 75 days
of storage to determine the following physical and chemical properties
1. Weight loss: as a percentage from the initial weight.

2. Disorders: the number of fruits affected with either pathological or
physiological disorders was calculated as percentage from the total
number of each sample.

3. Shelf-life: A sample of 10 fruits of each replicate was taken out of
storage, at each exstorage date and left at room temperature (23-25°C).
when 50% of fruits were unmarketable, the experiment was terminated
and the number of days was calculated and considered as shelf-life.

4. Ascorbic acid (VC). was determined in filtered juice samples and
expressed as mg/100 ml juice as described by A.O.A.C. (1985).

5. Titratable acidity (TA): was determined as gm malic acid/100 gm fresh
weight A.O.A.C. (1985).

6. Mineral element contents: nitrogen, phosphorus, potassium and
magnesium were determined using atomic absorption spectro-
photometer A.O.A.C. (1985).

(LA
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7. Sugars: total sugars were determined colorimetrically using phenol and
sulphuric acid according to Malik and Singh (1980). Reducing sugars
were determined by the Nelson arsenate-molybdate coloremetric method
(Dubois et al. 1956). Then non reducing sugars were calculated by the
difference between total and reducing sugars.

The data throughout the course of this study were statistically
analyzed (three factors experiment in randomized complete block

design)according to Little and Hills (1972).

RESULTS AND DISCUSSION

1. Weight loss

The percentages of weight loss were significantly increased as the
storage period advanced, (Table 1). Fruit weight loss occurred naturally
mainly as a result of water loss from the fruit tissues during storage and
partially during respiration process. The results were confirmed with those
found on apples by Kassem (1991); pears by Schirra et al. (1997) and on
persimmons by Aly et al. (2000).

As an average for all storage periods, the highest significant
percentages of weight loss were found in fruits of control treatment
(unsprayed trees + dip in tap water) in the first season and either CaCl, or PB
250 ppm (FB + 80 days) treatments in the second. These findings agreed
with those found by Blanpied (1981) who found a significant increase in water
loss of “MclIntoch” apples which applied in 3% CaCl,. However, Attia (1986)
reported that weight loss percentages of “Anna” apple were not influenced by
dipping the fruits in 3-5% CaCl, solution. On the other side, PB treatments
when followed by postharvest dip treatments, weight loss percentages were
reduced. As an average for all storage periods, PB 500 ppm (FB + 80 days) +
H.W treatments in the first season and PB 500 ppm (FB + 40 days) + CaCl,
under vacuum treatments in the second, showed the least significant
percentages of weight loss compared with all other treatments, except PB
250 ppm (FB + 40 days) + CaCl, treatments (in first season) as the
differences were not significant. Obtained results were in line with those
found by Bulatovic and Tarailo (1981).

2. Disorders

The data illustrated in Table (2) disclosed that in both experimental
seasons, as an average for all treatments, fruit disorders %, were gradually
increased by increasing the storage time, moreover the differences were
significant among storage periods.

The least significant percentages of fruit disorders were existed in
fruits treated with PB 250 ppm (FB+40days) + CaCl, under vacuum (1.356
and 1.323% in first and second season, respectively), as on average for all
storage periods. On the contrary, the highest significant ones were found in
untreated ones (14.063 and 9.454 % in first and second seasons,
respectively).
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It has generally been found that, the combination of PB preharvest
spray and postharvest dip treatments was more effective on reducing fruit
disorders, compared with each applied separately, as an average for all
storage periods, in both experimental seasons. It was also clearly noticed
that, the earlier application of PB (FB+ 40 days) especially at high
concentration (500 ppm) was more effective on reducing fruit disorders than
the later one (FB+80days).The effectiveness of application time was more
obviously noticed when PB treatments were used alone.

The data also revealed that the best postharvest dip treatments on
reducing fruit disorders % were CaCl, under vacuum followed by H.W then
the last one was CaCl, (5.804,7.442 and 8.580% in first season and 4.949,
5.239 and 6.476 in second one, respectively), as an average for all storage
“periods, and the differences were significant among them. That arrangement
was not clearly obvious when those treatments combined with PB preharvest
spray treatments, except the superiority of CaCl, under vacuum treatment.

It was worth noting that, the fruit disorders were have been
discovered for the first time at 30 days of storage in fruits treated with
postharvest dip treatments only or untreated ones, while they didn't notice
even at 45 days of storage in those treated with PB250 ppm (at both
application times) + any one of postharvest dip treatments. The rest
treatments showed fruit disorders at 45 days of storage.

As either PB preharvest spray or postharvest dip treatments (CaCl,
with or without vacuum or H.W) appeared to have positive effects on
maintaining fruit firmness and reducing respiration rates, (Attia, 1986: Elfving
et al. 1987 and Lurie and Klein, 1990), it is perhaps not surprising that a
compination of both favor their beneficial effects on reducing fruit disorders.
The above mentioned data and related discussion were supported by those
previously found by Duane (1986); Elving et al. (1987) and Duane (1991) on
apples. They all reported that trees were have been treated with PB produced
fruits with less bitter pit, cork spot and senescent breakdown following
regular air storage. Susan et al. (1997) noticed that 4 weeks regular air
storage at 0C® did not lead to any internal disorders in the plum fruits from
trees treated with PB. In addition, the effect of CaCl, on reducing storage
disorders was in line with those of Moline and Locke (1993); Sams et
al.(1993); Hanson et al. (1993). Kiein and Lurie (1994) and Raese and Drake
(1995). Moreover Sams et al.(1993); Mignani and Zocchi (1994) and William
et al. (1994) on apples and Schirra et al. (1997) on pears, they all reported a
reducing effect on storage disorders of heated fruits.

3. Shelf life

The data introduced in Table (3) declared that fruit shelf life period
decreased gradually as the storage period progressed. As an average for all
storage periods, PB 250 ppm (FB + 80 days) + CaCl, and PB 500ppm (FB +
40 days) + CaCl; Vac. treatments (in both seasons) and PB 250 ppm (FB +
40 days) + CaCl, Vac. (in first season) gave the longest significant shelf life
periods, comparing with other treatments. On the other side, untreated fruits
(in both seasons) and those treated with CaCl; Vac. or H.W (in first one) had
the shortest significant shelf life period.
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It could be concluded that TA was increased by the combina;i:n ct)fwl;z
reharvest and postharvest treatments, while when !_:’B or HW treatmen
; t values of TA were existed.

used alone, the least significant values : reported by Susan et
These findings were in line with those previously %ORosa"yplum g

i TA of “Re
7). They noticed that PB had no effect on :
::;’JrSc? Sf;og 8 weyeks at 0°C. On the other hand, Shar;:jlet?I atnél ;g:‘\gs::pl(; ?\ZJ?It)S
i e
d (1983) and Klein et al., (1990) found tha :
3:3?%:3?2 Sir?;ias(ed TA during prolonged cold storage. However, Klein and

i in 29 ion did not affect TA,
Lurie (1990) found that dipping apples in 2% CaClz solution : - -
aiso Raese and Drake (1995 notced tha iferent Cal coneencalons 0 g,

of spray application on “Anjou” pears had no effect on TA. Concerning heat
treatment, Klein et al, (1990) and Lurie and Klein (1992) on apples and
McCollum et al., (1993) on mangoes and Yee and Rose (1994) on nectarines
found that heated fruits were lower in TA than untreated ones.

6. Mineral elements contents (N, P, K, and Mg)

Data of the two experimental seasons (Tables 6, 7, 8 and 9)
indicated that, as an average for all treatments, fruit mineral contents (N, P,
K, and Mg) significantly decreased as the storage period advanced.

In both seasons, as an average of all storage periods, fruit N content  *
was not influenced by any of experimental treatments, as the differences
were insignificant among them.

Concerning fruit P content, the highest significant percentages were
found in fruits from trees treated with PB 500 ppm (FB + 80 days) + CaCl, (in
first season) and PB 250 ppm (FB + 80 days) aldne (in second one).
Whereas the least ones were found in untreated fruits (in first season) and
those treated with PB 500 ppm (FB + 80 days) either alone or in combination
with CaCl; or HW (in the second). That means, the influence of experimental
treatments on fruit P content, had no definit trend.

In respect to fruit K content, the same trend was almost noticed, as
the highest significnat percentages were found in fruits treated with PB 250
ppm (FB + 40 days) either alone or in combination with CaCl, under Vac. or
not (in first season) and in those treated with PB 250 ppm (FB + 80 days)
either with H.W or CaCl, and PB 250 ppm (FB + 40 days) with H.W or CaCl,
Vac. (in second one). On the contrary the least significant ones were found in
fruits from trees treated with PB 500 ppm (FB + 80 days) alone or with any
one of posthervest dip treatments; PB 250 ppm (FB + 80 days) + H.W; CaCl,
or untreated ones (in first season) and fruits treated with CaCl, or untreated
(in second one). Generally, using PB early (FB + 40 days) at lower
concentration (250 ppm) was more effective on increasing fruit K content
comparing with the late application (FB+80 days) at higher concentration
(500 ppm). On the other side, postharvest dip treatments almost have the
same effects on fruit K content.

As for fruit Mg content, the highest significant percentages were
found in fruits treated with PB 500 ppm (FB + 40 days) (in first season) and
PB 250 ppm (at the same time) + CaCl, (in second one). The least significant
values were existed in untreated fruits. These findings were in harmony with
those found by Nardin and Brienza (1983) on “Glosteer 69" apples.
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7. Sugars (total, reducing and non reducing)

The data demonstrated in Table (10,11,12) showed that in both
seasons, as an average for all treatments, total and reducing sugars
increased, whiie non reducing ones decreased as the storage period
advanced, with significant differences between storage periods. These results
were in agreement with those reported by numerous investigators working on
different apple varieties, Olsen and Martin (1980); Subrtova et al., (1987) and
Kassem (1991), who found that the glucose and fructose content (reducing
sugars) of the fruits increased during storage, whereas sucrose (non-
reducing sugars) decreased.

The highest total and reducing sugars % were existed in fruits treated
with PB 500 ppm (FB+80 days) + CaCl, Vac. (in first season) and PB 250
ppm (FB+40 days) + CaCl, under vacuum or not (in second), with significant
differences over those treated with other treatments, as an average for all
storage periods. While the least significant total and reducing sugars % were
found in untreated fruits in both seasons and in those treated with H.W in the
second one.

Regarding, non reducing sugars, the highest significant percentages
were found in “Anna” fruits treated with PB 250 ppm (FB+80 days) either
followed by CaCl; or not (in first season) and PB 500 ppm (FB+40 days)
followed by CaCl, (in second) as an average for all storage periods. On the
other side, the least significant values were existed in fruits treated with CaCl,
under vacuum (in first season) and those treated with PB 250 ppm (FB+40 or
80 days) followed by CaCl, (in second season). Obtained results were in line
with those found by Klein et al, (1990) on “Anna” and “Granny Smith” apples
and Glenn and Poovaiah (1990) on “Golden Delicious” apple fruits.
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