Assint J, of Agric. Sci, 38 (1) (143-162)

EFFECT OF POSTHARVEST ETHREL, GA; AND
CACL; APPLICATIONS ON THE RESISTANCE TO
GREEN AND BLUE MOULDS ON BALADY
MANDARIN FRUITS DURING STORAGE
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Abstract: Balady mandarin fruits were
sprayed with Ethrel, GA; and CaCly
after harvest and then inoculated with P.
digitatum (green mould) and P. italicum
(blue mould) in lab during 2002 and
2003 seasons. The treated fruits were
stoted at room temperature and some of
their physical and chemical properties
were determined

Generally, the storage period of the
fruits treated with Ethrel as well as
those inoculated with P. digitatum and
P. italicum without GA; and CaCl; was
about 15 days, while the other fruits
were stored for 30 days. Gradual
decreases of weight loss % and
increased of decay % were found in all
investigated fruits with prolonging of
storage period.

GA; and CaCl; applications
significantly decreased decay, weight
loss and peel weight percentages

comparing with control of inoculated
and non-inoculated fruits with P
digitatum and P. italicum, while Ethrel
reatments had the opposite effect.
T.5.S. % gradually increased during
storage period and were higher in the
fruits treated with GA; and CaCl,
which also increased the fruit content of
acidity comparing with control.
Inocultated fruits with P. digitatam and
P. italicum had higher acidity content as
well as lower non-reducing and total
sugar percentages as compared with
non-inoculated fruits. The fruits treated
with GA, and CaCl, contained higher
non-reducing and total sugar during
storage as compared with untreated
ones. According to the results of the
present study, it could be recommended
to spray mandarin fruits with CaCl, or
GA;, to increase its resistance to green
and blue moulds during storage.
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Introduction

Mandarin fruits (Citrus reticulate
Blanko, L.} is one of the most
popular fruits in Egypt. [t will be a
great value to prolong the shelf life of
these fruits by the storage at suitable
conditions to supply the consumers
with mandarin for a longer period.

Green mould, caused by Penicillium
digitatum Sacc., and blue mould,
caused by Penicillium italicum, are a
worldwide post-harvest diseases of
citrus fruits.

Several investigators studied the
resistance of rind tissues of citrus
fruits to P. digitatum and P, italicum
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infection (Cole and Wood, 1970;
Palou er al., 2002; Porta et al., 2003
and Prusky et al., 2004). The effect

of growth regulators such as
Gibberellic acid, Ethrel,
benzyladenine ... etc. on physical

and chemical properties, quality and
shelf life of fruits during storage
period was also studied by several
investigators (Kumar et al,, 1977;
Ahmed Amen, 1992; El-Hamady et
al., 2000; Hussein et al., 2001).

Also, calcium is an important
factor in fruit physiology during
storage. It helps o increase fruit
firmness, fruit resistance to a number
of physiological and pathological
disorders and its direct effect on
senescence processes (Singh er of,
1981; Banuelos, 1986; Roovaiah,
1987, Ahmed Amen, 1992; El-
Hamady et ai., 2000; Husse ef of,
200%).

The present investigation amid to
stucty:

I- The relation between the
treatment of Balady mandarin fruits
with Ethrel, GA; and CaCl, and its
resistance to green and blue mould
infection during storage.

2- The changes occurred in some
physical and chemical properties of
these fruits during storage.

Materials and Methods

This study was carried out during
two successive seasons 2002 and
2003 on Balady mandarin fruits.
Fruits were taken from mature trees

grown in the Orchard of the Faculty
of Agricultural, Assiut University.
At harvest time, the mature fruits
were carefully picked, transferred to
lab., washed by tap water and surface
sterilized by dipping in mercuric
chloride solution (2-3 min.) followed
by washing with distilled water.

These fruits were divided into 4
groups, each containing 180 fiuits
and selected for one treatment as
follow:

I-  Control (sprayed with distilled
water).

II- Spraying by Gibberellic acid
(GA;) at 50 ppm.

HI- Spraying by Ethrel at 206 ppm.
IV~ Spraying by Calcium chioride
(CaCl,) at 4%.

The fruits of each treatment were
divided into 3 sections (each of 60
fruits) to carry out the following
treatments:

1- Contro! (no-inoculation).

2- Inoculation with  Pinicillium
digitatum.
3- Inocutation with  Pinicillium
italicum.

The inoculation was carried out
by spraying the surface of fruits with
spores suspension of P. digitatum or
P. italicum (10%425 spores/ml)
previously isolated from diseased
mandarin fruits. The inoculated and
non-inoculated frwits of each
treatment were placed in
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polyethylene bage in 3 repiicates
each containing 10 fruits plus 30
f2its from each treatment were kept
to determine the decay percentage
and weight loss % during storage
period. All fruits were kept at room
temperature (20-25°C).

1- Fruit decay %: The diseased fruits
were recorded and calculated in
relation to the total fruits (30 fruits).

2- Weight loss %: Fruit weights
were biweekly recorded and the
percentages of weight loss were
calculated.

Samples (3 fruits) from each
replicate were biweekly intervals
taken to determine the peel weight %
and chemica! properties of the
studied fruits as follow:

1- Peel weight % was determined as
follow:

Peel weight

Peei weight %o = x 100

Fruit weight
2- Total soluble solids (T.5.5.): were
determined by hand refractometer.

3- Total acidity: was determined (as
citric acid) by titrating fruit juice with
0.1 N NaOH using phenoiphthalein
as an indicator.

4- Total soluble solids/acid ratio was
calculated by obtaining the ratio
between T.S.S. and acid percentages.

5- Sugars: ‘Fhe sugars (reducing,
non-reducing and total) were
determined by Lane-Eynon general
volumetric method as described in
the A.O.A.C. (1975).

This expertment was arranged In a
split split plot design with 3
replicates for each treatment. The
storage periods were set as whole
units, inoculation with P. digitatum
and P. jtalicum n sub-plots and
treatmenis with Ethrel, GA; and
CaCl, in sub-sub-plots. All obtained
data were tabulated and statistically
analyzed according to methods
described by Snedecor and Cochran
(1980), using L.S.D. test to recognize
the significances of the differences
among various treatments,

Resuits and Discussion
A~1- Frnit decay percentage:

Date in Table 1 show the fruit
decay % during storage period. It is

clear to notice that the decay
percentage of all tested fruits
significantly increased with the

progress of storage stages during the
both experimental S€asons.
Moreover, the results of the two
studied seasons took  similar
tendency. It could be observed that
storage period {shelf life) of the fruits
treated with Ethrel (inoculated and
non-inoculated fruits) as weil as the
inoculated fruits without treatments
was about 2 week (15 days), while
the other fruits coutd be stored about
30 days. These periods were mainly
coirelated with  the  discase
percentage during storage.

Concerning the effect of applicd
treatments, it could be mentioned that
Fthre! significantly increased the
decay % during storage comparing
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Table(l): Effect of Ethrel, GA; and CaCl; applications on decay % of Balady mandarin fruits inoculated with P.
digitatum and P. italicum during 2002 and 2003 seasons.

Inoculation Contro} P. digitatum P. italicum J
dday) ) o | 15 | 30 | Mean| 0 | 15 | 30 | Mean] 0 | 15 l 30 | Mean
Treatment
2002
Control 0.0 10.0 69.0 | 2663 | 0.0 | 430 100.0 | 4777 1 00 | 390 FIG0.0 76.63
Ethrel 200 ppm 0.0 | 266 1000 | 4220 ) 0.0 | 535 1000 | 51,10 ] 0.0 | 500 1000 | 40,00
GA; 50 ppm 0.0 6.0 50.0 1887 | 0.0 | 200 682 | 3273 1 00 | 267 9.8 | 32.16
CaCl; 4% 0.0 i3 46.6 16.63 | 0.0 | 26.7 73.3 3333 ] 00 | 233 76.6 | 33.30
Mean 00 { 1148 | 66.63 0.0 { 3583 | 85.40 00 | 3498 | 79.09
i 2003
I Control 0.0T 13.3 723 | 28,53 {1 0.0 { 500 1000 | 5000 { 0.0 | 496 100.0 | 50.00
Ethrel 200 ppm 00 | 302 93.3 41.17 {1 0.0 | 56.6 1000 | 5220 ) 0.0 | 366 100.G6 | 52.20
GA; 50 ppm 0.0 10.0 466 1887 J 00| 256 66.6 3073 | 6.0 | 300 733 | 3443
CaCl; 4% 0.0 6.7 433 16.67 | 0.0 | 30.0 699 | 3330 | 0.0 | 310 744 | 35.13
Mean 0.0 | 1505 | 63.87 0.0 [ 40.56 | 84.13 0.0 | 41.80 { 8693
L.S.D. at 5%: 2002 2003 2002 2003
(Treatments) A 583 0.89 {Period} C 1.16 0.57
(Inoculation) B 4.32 0.58 AC 8.25 1.14
AB 8.64 4.12 BC 7.14 0.98
ABC 7.22 0.99

(Loo2) A L PyoW-1d
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with control and other treatments
(Table 1). The con'rary effect was
found by GA;: and CaCl, treatments
which significantly decreased the
percentage of decayed fruits as
compared with contro!l in both
inoculated and non-inoculated fruits.
The lowest decay % was found with
GA; application in inoculated fruits,
while CaCl, gave the lowest values
of decay % of the non-inoculated
fruits,

Meanwhile, the percentages of
decay in the infected fruits with P.
digitatum and F. falicum were
significantly higher than those
uninfected ones during all stages of
storage. These results indicated that
mandarin fruits treated with GA; and
CaCl, had a considerable tolerance to
green and blue mould caused by P.
digitatum  and P italicum,
respectively.

These results are in agreement
with those found by Ahmed er al.
(1987), Salem and Al (1991}
Ahmed Amen (1992), Hussein et al.
(2001).

A-2- Weight loss percentage:

Weight loss percentage
significantly increased by prolonging
the storage period for all tested fruits
during both seasons (Table 2).
Concerning the non-inoculated fruits,
it could be noticed that Ethrel
treatment had the highest weight loss
values % of mandarin fruits after 2
waeks of storage as compared with
untreated fruits (control). GA; and

CaCl, treatments during both
experimental seasons. At the end of
storage period (30 days), GA;
treatment gave the lowest values of
weight loss % followed by CaCl;,
while untreated fruits had the highest
values of weight loss % in boih 2062
and 2003 seasons. Meaning that GA;
and CaCl, significantly decreased the
weight loss % comparing with
control. On the other hand, the
response of inoculated fruits with £.
digitatum and P. italicum to the
applied treatments was
approximately similar with the non-
inoculated fruits during the two
studied seasons. Also, the loss in
fruit weight % was the highest in the
fruits treated with Ethrel after 2
weeks followed by untreated fruits.
On the other hand, CaCl, and GA;
significantly decreased the welght
loss % of inoculated fruits as
compared with control at the end of
storage period. The loss in fruit
weight with extending storage period
could be due to water loss by
transpiration (Park et a/., 1975). The
reduction in weight loss in the fiuits
treated with CaCl, and GA; could be
attributed to the effect of both
substances in increasing firmness in
fruits which led to reduce water
evaporation (Sharples and Johnscn,
1977). Moreover, a major part of the
cementing properties of cell walls is
presumed to be through the binding
of pectic substances with Ca ions to
form calcium pectate (Banuglos,
1986 and Roovaiah, 1987).
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Table(2): Effect of Ethrel, GA; and CaCl, applications on weight loss % of Balady mandarin fruits inoculated with .
digitatum and P. italicum during 2002 and 2003 seasons.

[noculation Control P. digitatum P. italicum
w
0 15 30 Mean G 15 30 Mean 0 15 30 Mean
Treatment
2002 ﬁ
Control 0001 923 | 1760 | 13.42 | 0.00 | 9.77 - 977 | 0.00 | 9.63 - 9.63
Ethrel 200 ppm 0.00 | 1293 - 1293 | 0.00 | 13.77 - 13.77 | 0.00 | 14.10 - 14.1¢
GA; 50 ppm 000 7.00 | 1410 | 1055 { 000 | 763 { 1480 | 1122 | 000 | 7.67 | 1503 { 1135
CaCl, 4% 000 740 | 1430 | 10.85 | 0.00 | 820 [ 1993 | 14.07 | 0.00 | 8.10 | 1490 ! 11.50
Mean 000 | 9.14 | 1533 000 | 984 | 17.37 0.00 ] 988 | 1497
2003
Control 0.00 | 10.12 | 18.00 | 14.07 | 0.00 | 10.90 - 16.90 | 0.00 | 10.43 9.63
Ethrel 200 ppm 0.00 | 13.50 - 15.50 { 0.00 | 13.70 - 13.70 | 0.00 | 14.40 - 14.10
GA; 50 ppm 0004{ 730 | 13.80 | 1055 | 000 | 810 [ 1457 | 1134 | 000 | 7.87 | 1487 | 1135
CaCl; 4% 000 ) 780 | 1400 | 1090 | 600 | 7.57 | 1490 | 11.23 | 0.00 | 837 [ 1497 | 11.67
Mean 000 | 968 | 1527 000 | 10,07 | 14.73 0.00 | 10.27 | 1492
L.S.D. at 5%: 2002 2003 2002 2003
A 0.498 (.043 C 0.338 0.034
B 0.473 0.044 AC 0.676 4.070
AB 0.795 0.094 BC 0.585 0.060
ABC 0.592 0.061

(L002) ¥ I Spyowg



Assiut J. of Agric. Sci., 38 (1) (143-162)

Similar results were found by
Ahmed Amen (i992) in mandarin,
Hussein et al. (2001} in Apple and
Singh et al. (1981} who reported that
calcium reduced respiration rate and
delayed ultrastructural changes in
guava cells. Also, Johnson (1979)
suggested that CaCl, is hygroscepic
(absorbs moisture), which is believed
to be one of the resons for its
effectiveness in contwolling weight
loss.

B-1- Peet weight %:

Data obtained in Table 3 showed
the effect of Ethrel, GA; and CaCly
treatments on the peel weight
percentage in mandarin  fruits
inoculated P. digitatwm and P.
italicum during 2002 and 2003
5€asons.

The obtained results indicate that
mandarin fruits reacted differently to
the applied treatments concerning
peel weight %. Meaning that the
response of infected fruits to the
applied treatments was different
comparing with non-infected fruits
by P. digitatum and P. italicum,
Ethrel increased peel weight % of the
inoculated and non-inoculated fruits
comparing with control and other
treatments. This may be due to the
increasing of respiration rate by
Ethrel leading to increase in water
evaporation from fruit juice which
increased the percentage of peel
weight %.

On the other hand, GA; at 5G ppm
and 4% CaCl, treatments

significantly decreased the
percentage of peel weight in both
inoculated and non-inoculated fruits
during the two investigated seasons.
Moreover, GA; spraying gave the
lowest values of peel weight % in the
inoculated fruits by P. italicun: {blue
mould) followed by CaCl, treatrents
at the end of storage period in both
studied seasons. Similar results
were obtained during the second
season in both mnfected and non-
infected fruits, while CaCl, gave the
lowest peel weight % followed by
GA; treatment during the first
experimental season (2002). These
results could be attributed to the
reduction of water evaporation from
fruit juice with GA, and CaCl, which
resulted in reduction of the
percentage of peel weight comparing
with pulp weight.

The obtained results are in
agreement with those obtained by
Ahmed Amen (1992).

B-2-Total soluble solids (T.S.S.) %:

The obtained results in Table 4
showed that T.S5.S. % of tested
mandarin fruits took approximately
the same tendency during the two
investigated seasons and ranged
between 11, 27 to 12.86% in the first
season (2002) and 11.87 to 13.00%
in 2003 season. The percentages of
T.S.S. were slightly heigher during
the second season as comparing with
the first one.

From Table 4 it was observed
that, T.S.S. percentages gradually
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Table(3): Effcct of Ethrel, GA; and CaCl, applications on peel weight % of Balady mandarin fruits inoculated with 2.
digitatum and P. italicum during 20602:and 2003 seasons.

Inoculation Control « P. digitatum P. italicum ]
ﬁgﬁi 0 15 | 36 |Mean| o0 15 | 30 | Mean| o 15 | 30 | Mean
2002 (
Control 30.03 ] 30.07 [ 29.70 [ 29.93 1 30.03 [ 3037 [ - | 30.20 | 30.03 ] 30.60 [ - | 3032
Ethrel 200 ppm | 30.03 | 3020 [ - [ 30.12 | 3003 [ 30.39{ - {3021 | 3003 [3023 | - | 30.13
GA; 50 ppm 30.03 | 29.73 | 29.00 | 29.59 | 30.03 | 29.67 | 29.43 | 29.71 | 30.03 | 29.40 | 29.20 | 29.54
CaCl, 4% 30,03 | 29.37 | 28.73 [ 29.37 | 30.03 [ 29.70 | 29.10 | 29.61 | 30.03 | 29.67 | 29.30 | 29.67
Mean 30.03 | 29.84 | 29.14 30.03 | 30.02 | 29.27 30.03 | 29.98 [ 29.25
2003
Control 3037 [ 3020 [ 20.77 | 30.11 [ 3037 [ 3057 [ - | 3047 | 3037 1 3067 ] - | 3052
Ethre]1 200 ppm | 30.37 | 3047 | - | 3042 | 30.37 [ 30.50 | - | 2044 | 3037 | 3033 | - | 3035
GA; 50 ppm 30.37 | 29.53 [ 28.93 | 29.61 | 30.37 [ 29.77 | 29.23 | 29.79 | 30.37 | 25.60 | 29.10 | 29.69
CaCl, 4% 3037 [ 29.70 | 29.00 | 29.68 | 30.37 | 30.00 | 29.40 | 2992 | 30.37 | 30.03 | 29.50 | 29.97
Mean 3037 | 29.98 | 29.14 30.37 | 30.20 | 2932 30.37 | 30.16 | 29.30
L.S.D. at 5%: 2002 " 2003 2002 2003
A 0.066 0.061 C 0.064 0.039
B 0.044 0.052 AC 0.130 0.079
AB 0.087 0.102 BC 0.112 0.068
ABC 0.113 0.069

{zo0z) ¥ L ApNOW-17
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Table(4): Effect of Ethrel, GA; and CaCl, applications on total soluble solids (T.5.5.) % of Balady mandarin fiuits

inoculated with P. digitatum and P. italicum during 2002 and 2003 seasons.

Inoculation Control P. digitatum P. italicu:a
Period(days) .
\ ¢ 15 30 | Mean 0 15 30 )} Mean 0 15 39 [ Mean
Treatment ’
2002
Control 1127 [ 11.87 1 1220 | 11.78 1 1127 ] 11.60 - 1143 1 1127 ] 11677 - 11.46
Ethrel 200 ppm | 1127 | 1233 | - 11.80 [ 1127 [ 1273 7 - {1200 ] 1127 | 12.87 | - 12.07
GAs50ppm | 11.27 | 12.20 | 12.87 | 12.11 | 1127 [ 1273 | 12.87 | 12.29 | 1127 | 12.60 | 1287 | 1394
CaCl, 4% 11.27 | 1220 [ 12,53 | 12.00 | 11.27 | 12.60 | 12.53 | 1213 [ 1127 | 12.73 | 12.80 | 12.37
Mean 11.27 | 1215 | 12,53 11.27 1 12,15 { 12.53 11.27 | 1242 | 12.84
2003 T
Control 11.87 1 1227 { 1227 [ 12,13 [ 11.87 [ 1260 | - 1223 | 11.87 [ 1243 - 12.15
Ethrel 200ppm | 11 87 | 12.93 . 12.40 | 11.87 | 13.00 . 1243 | 1187 | 12.93 - 12.40
GA; S0ppm | 11.87 [ 1273 [ 1293 | 1251 | 11.87 | 12.87 | 12.93 | 1256 | 1187 | 1290 | 1289 12.48
CaCl, 4% 11.87 | 12.53 | 12,67 | 12.36 | 11.87 | 12.73 | 12.87 | 12.49 | 11.87 | 12.80 | 1293 | 12.53
Mean 11.87 | 12.62 | 12.62 11.87 | 12.80 | 12.90 11.87 § 12.64 | 1250
L.S.D. at §%: 2002 2003 2002 2003
A 0.095 0.073 C 0.050 0.065
B . 0.044 0.067 AC 0.120 0.131
AB 0.088 0.137 BC 0.104 0.114
ABC 0.165 0.114

(297-£p7} (1) € “198 "MiBY fo °r sy
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increased by extending the storage
period and reashed its maximum
values at the end of this period in all
studied fruits during both seasons.
This may be due to the losses of
moisture (water) content of fruits
through  the respiration and
evaporation during storage.
Concerning the effect of the applied
treatments, it could be noticed that
Ethrel, GA; and CaCl, significantly
increased the fruit content of T.S.S.
as compared with untreated fruits
(control) during all storage stages (15
and 30 days). Ethrel treatments gave
the highest values of T.S.S. content
after 15 days comparing with control
and other treatments. This could be
due to the enhancing of ripening
process and the increasing of weight
loss % (Table 2) with Ethrel
application. In addition, GA; and
CaCl; significantly increased the fruit
content of T.S.S. comparing with
untreated fruits, which could be
attributed to the reduction of
respiration rate and acculation of
sugars and other substances (Singh et
al., 1981).

Similar findings were obtained by
Daidda (1971) in Washington Navel
orange Kumar et al. (1977) in sweet
lime, Ahmed Amen (1992) in lime
and Ibrahim et al. (1994) in
Washington Navel orange. On the
other hand, the inoculated and non-
inoculated fruits by P. digitatum and
P. italicum differently responsed to
the applied treatments. Meaning that
non-inoculated  fruits  without

treatments {controlj contained higher
T.S.S. percentages than inoculated
fruits after 15 days of storage (the
end of shelf life of these fruits)
during 1™ season and lower T.S.5.%
in the second one.

On the contrary, results proved
that in the treated fruits with Ethrel,
GA; and CaCl; which contained
higher T.S.S. % when infected with
both diseases than those non-
inoculated. Similar results were
found by Abdel Razik and El-Kassas
(1975).

B-3- Total acidity %:

As shown in Table 5 acidity
percentages in mandarin fruits were
in general higher during the first
season (2002) than those of the
second one. In addition, acidity %
gradually increased by prolonging
the storage period during the two
experimental seasons. This may be
due to the weight loss through water
(moisture) transpiration. Moreover,
the highest acidity % was found in
the fruits treated with GA; followed
by CaCl, treatments, while untreated
fruits  contained the  lowest
percentages of acidity. Randhawa et
al. (1965) recorded higher acidity in
grapefruits juice by GA; application.
The increasing of acidity content in
treated fruits with GA; and CaCl,
could be attributed to the effect of
GA; on delaying senescense
(Bangerth et al., 1972) and the effect
of Ca on delaying acid
decomposition including that of
ascorbic acid (Steckel and Gross,
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Table(5): Effect of Ethrel, GA; and CaCl, applications on acidity % of Batady mandarin fruits inoculated with P.

digitatum and P. italicum during 2002 and 2003 seasons.

hoculation Control P. digitatum P. italicum
F\W 0 [ 15 | 30 [ Mean | 0 | 15 | 30 |Mean| 0 | 15 | 30 | Mean
Treatment
2002
Control 104 1.02 1.1t 1.06 | 1.04) 1.12 - 1.08 [ 1.04]| 114 - 1.08
Ethrel 200 ppm 1.04 1 111 - 1.08 | 1.04| 114 - 1.09 [ 1.04| 1.15 - 1.09
GA; 50 ppm 1045 1.17 1.20 L13 11041 1.21 1.24 .16 | 1.04| 1.19 1.21 115
CaCl, 4% 1.04 { 1.07 1.16 1.09 | 1.04, 1.10 1.18 L 104 1.1 1.20 1.12
Mean 1.64 | 1.09 1.16 1.04 ¢ 1.14 1.21 1.04 ] 115 1.20
2003
Control 1.00 | 101 1.09 103 | 1.00; 1.02 - 1.01 | 1.00; 1.03 - 1.02
Ethrel 200 ppm 1.00 | 1.02 - 101 ¢ 1.067] 1.11 - 1.06 | 1.00| I.11 - 1.06
GA;SOppm [ 1.00| 112 | 1.15 | 1.09 11.00| 1.16 | 118 | 1.t1 |1.00| 1.15 | 1.20 | 1.12
CaCly 4% 1.0¢ [ 1.06 1.12 1.06 | 1.00] 1.08 1.15 1.08 | 1.00| 1.08 1.16 1.08
Mean 1.00 1 1.07 1.12 1.00 ; 1.09 1.17 1.00 | 1.09 1.18
L.S.D. at 5%: 2002 2003 2002 2003
A 0.004 0.063 C 0.007 0.047
B 0.005 0.048 AC 0.015 0.094
AB 0.010 0.096 BC 0.012 0.081
ABC 0.013 0.082

(291-CFI) (I} Q€ 108 Uy fo [ imssy
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1978). Ethrel decreased acidity % it
non-inoculated  fruits, while it
increased  acidity comtent  in
inoculated fruits with both P.
digitatum and P. italicum.

Concerning  the  effect of
inoculation on acidity %, it could be
notice that the infected fruits with
both diseases had higher acidity
content than the healthy one. The
obtained results are in line with those
found by Coggins et af. (1960),
Abdel Razik and El-Kassas (1975),
Singh er al. (1981), Ahmed Amen
(1992) and Prusky et &f. (2004) who
reported that in decayed citrus fruits
with both P digiterum and P
italicum  produced  significant
amounts of citric and gluconic acid in
the decayed lissue and reduced the
host pH by 0.5 to 1.0 units.

B-4- Total soluble solids/acid ratio

General looking at the data in
Table 6 showed that T.8.5./acid ratio
took different trend as affected by
certain applied treatments. Meaning
that Ethrel application increased
T.8.S./acid rafio in non-inoculated
fruits during both studied seasons and
in inoculated fruits with P. italicum
during 1% season (2002). On the
other hand, T.S.S./acid rmatio
gradually decreased with extending
of storage period in all fruits treated
with GA; and CaCl, except those
infected with P. italicum in the 1%
season. The decreasing of
T.S.S./acid ratio could be due to the
higher rate of acidity increasing as
compared with the increment of

T.8.8.% with prolonging the storage
period.

In conclusion, it could be chserve
that the reduction Or iiicase ui
T.8.S/acid  ratio  were  mainly
correlated with the changes oceurred
in T.8.8. and acidity content during
each stage of storage.

B-5- Sugar contents:
1 - Reducing sugar %:

It could be noticed from data in
Table 7 that the reducing sugar % of
non-inoculated fruits took different
tendency compared with the
inoculated one during the two
investigated seasons. Ethrel treatment
increased reducing sugar % i non-
inoculated fruits during both seasons,
while decreased it during the second
season (2003) in inoculated {fruits. In
addition, reducing sugar % gradually
increased durigig, 1" season and
decreased in 2™ season in heaithy
and  diseased fruits  withowt
treatments of Ethrel, GA; and CaCl,.

Also, reducing sugar content in
the fruits treated with GA; and CaCl;
gradually increased with progress of
storage period in the non-inoculated
fruits and was higher than those
untreated one. Both treatments {GA;
and CaCl,) took contrary trend with
inoculated fiuits with P. digitatum
and P. italicum The obtained results
are in agreement with those reported
by AbdelRazik and El-Kassas (1975)
and Randhawa er &l (1965) who
found that spraying GA; increased
reducing sogar % in grapefruit.
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Table(6): Effect of Ethrel, GA; and CaCl, applications on T.5.8./acid ratio of Balady mandarin fruits inoculated with
P. digitatum and P. italicum during 2002 and 2003 seasons.

Inoculation Control P. digitatum P. italicum
0 15 30 Mean 0 13 30 Mean 0 15 30 Mean
Treatmen
| 2002
Control 10.84 1 11.56 | 1099 | 11.13 | 10.84 | 10.33 - 10.59 | 10.84 | 10.21 - 10.53
Ethrei 20¢ ppm 10.84 | 2.2} - 11.53 | 10.84 | 10.2¢ - 10.52 | 10.84 | 11.22 - 11.03
GA; 50 ppm 10.84 | 1046 | 10.75 [ 10.68 | 10.84 | 10.55 } 1038 | 10.59 | 10.84 | 10.59 | 10.64 ] 10.68
CaCl, 4% 10.84 | 1037 | 16.77 | 1099 | 10.84 | 1049 { 1055 | 1096 | 10.84 | 10.5] | i0.64 ; 1099
Mean 10.84 | 11.15 { 10.83 10.84 | 10.89 | 10.47 16.84 | 10.88 | 10.64
2003
Control 11.87 | 12.19 | 11.29 | 11.78 : 11.87 3 12.19 - 12.03 ¢ 11.87 | 12,07 - 11.97
Ethrel 200 ppm 11.87 | 12.68 - 1227 | 11.87 ! 11.75 - 11.81 | 11.87 | 11.65 - 11.76
GA; 50 ppm 11.87 + 11.34 | 11.21 7 t1.47 | 11.87 (| 11.09 | 1099 | 11,31 { 11,873 11.10 | 10.70 | 11.22
LCaCl;4% 11.87 { 11.86 | 11.31 | 11.68 [ 11.87 | 1195 { 11.15 | 1166 | {187 i 11.82 | 11.12 | 11.60
Mean 1187 { 11.84 ¢} 11.27 11,87 | 11.74 | 11.07 1187 ] 11.58 | 10.91
LSD.at3%: 2002 2003 202 2003 -
A 0.94 0.100 C 0.099 0.102
B 0.050 0.049 AC 0.194 0.204
AB (.101 0.098 BC 0.168 0.176
ABC 0.170 0.178

(zor-c¢1) (1) 85 195 9143y fo °r pmissy
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Table(7): Effect of Ethrel, GA; and CaCl; applications on reducing sugars % of Balady mandarin fruits inoculated
with P. digitatum and P. italicum during 2002 and 2003 seasons.

{noculation Control P. digitatum P. italicum
\Eﬂ‘&‘fﬁ’ ol a5 | 30 |Mean| 0| 151 30 |Mean| 6| 15 | 30 | Mean
Treatment™™— i |
2002
Control 399 | 4.04 4,07 403 [399] 4.10 - 405 (395 4.3 - 4.01
Ethrel 200 ppm 399 4.12 - 406 | 399 | 399 - 399 1399 399 - 399 |
GA; 50 ppm 389 | 4.07 4.10 406 399 4.00 3.99 399 {399 395 3.92 3.95
CaCl; 4% 399 4.05 4.08 404 399 3.9 4.00 399 (3991 396 391 3.96
Mean 399 | 4.07 4.08 399 4.02 4.00 399 398 3.92
2003
Control 415 | 4.10 4,10 412 1415} 4.01 - 808 [ 4.15!1 4.00 - 4,08
Ethrel 200 ppm 415 4.19 - 417 [4.15]| 407 . 411 [ 4.15! 401 - 4.08
| GA; 50 ppm 415 4.18 4.20 4,18 j4.151 4.08 4.05 409 | 4.15| 400 396 4.04
CaCl; 4% 415 | 4.17 4.23 4.15 [ 4.15} 4.01 395 404 | 415] 4.03 3.89 4.02
Mean 4151 4.16 4.18 415 | 4.04 1 4.02 4151 401 | 393
L.S.D. at 5%: 2002 2003 2902 2003
A 0.20 0.023 C 0.015 0.011
B 0.019 0.010 AC 0.027 0.021
AB 0.038 0.021 BC 0.026 0.018
ABC 0.026 0.019

ooz} N L PYH-IT
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2 - Non-reducing sugar %:

The obtained results in Table 8
indicated that non-reducing sugar %
significantly and sharply decreased
with extanding the storage period in
all investigated fruits during the two
experimental seasons.

In addition, non-reducing sugar %o
in mandarin fruits was generally
higher during the 2™ scason than
those in the first one. Moreover, GA;
treatment had the highest values of
non-reducing sugar % comparing
with other treatments and control
(untreated fruits) in both healthy and
infected fruits during the two studied
seasons. This may be due to the
reduction of respiratory quitent (rate)
by GA, application and hence the
accumulation of non-reducing sugar.

The illustrated data in Table 8
showed also that non-reducing sugar
% in the inoculated fruits were
significantly lower than in the non-
inoculated one during all stages of
storage period in both 2002 and 2003
seasons. This could be attributed
mainly to utilization of non-reducing
sugar and high H' ion concentration
of the juice of decayed fruits could
also stimulate the inversion of non-
reducing sugar to reducing ones,
which are utilized by the pathogen
{Barthoiomew and Sinclair, 1951).

3 - Total sugar %:

General looking at the Table 9, it
is clearly mentioned thai total sugars
% took approximately similar trend
of non-reducing sugar. Meaning that
total sugar contents of all tested fruits

significantly decreased with
prolonging the storage period during
the two investigated seasons.

In addition, the inoculated fruits
by both P. digitatum and P. italicum
bhad lower content of total sugars
comparing with non-inoculated ones.
These findings were paratled with the
sharply decrease of non-reducing
sugars % in diseased fruits as shown
discussed.

These results are in accordance
with those reported by AbdElrazik
and El-Kassas (1975) and Baraka
(1989) who found a considerable
decrease in  sugar contents of
inoculated citrus fruits with C
gloeosporioides during storage.
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Table(8): Effect of Ethrel, GA; and CaCl; applications on non-reducing sugar % of Balady mandarin fruits inoculated
with P. digitatum and P. italicum during 2002 and 2003 seasons.

Inoculation Control T P. digitatum P. italicum
. T B
ﬂ?aws) 0 | 15 | 30 |Mean| 0 | 15 | 30 |[Mean| 0 | 15 | 30 | Mean
reatment ™ g
2002
Control 440 | 383 | 293 | 361 | 440 | 365 | - | 402 | 440 | 3.54 | - | 3.7 |
Ethrel 200ppm | 4.40 | 3.98 - 4.19 | 440 | 3.89 - 4.14 | 440 | 3.80 - 1 410
GA;SOppm | 440 | 4.10 | 397 | 4.15 | 440 | 393 | 3.56 | 397 | 4.40 | 391 | 337 | 3.90
CaCl, 4% 440 | 392 | 3.12 | 3.81 | 440 | 3.76 | 299 | 3.72 | 4.40 | 387 | 3.1 3.79:
Mean 440 | 396 | 334 446 | 3.80 | 3.28 | 440 [ 378 | 324
3003
Contro) 506 | 413 | 346 | 421 | 506 | 3.82 | - | 444 | 506 | 366 | - | 436 |
Ethrel 200ppm | 506 | 4.02 - 454 | 506 | 3.92 - 449 | 5.06 | 3.90 - 4.48 |
GA;S0ppm | 506 | 4.18 | 3.88 | 437 | 506 | 398 | 358 | 421 | 506 | 392 | 331 | 4.09
CaCl, 4% 5.06 | 408 | 339 | 418 | 506 | 382 | 287 | 392 | 506 | 392 | 296 | 398 |
Mean 506 | 4.10 | 3.58 506 | 3.89 | 3.23 506 | 385 | 3.13 ]
LSD.at5%: 2002 2003 2002 2003
A 0070 0021 C 0.056 0.023
B 0.040  0.015 AC 0.112 0.047
AB 0.080  0.029 BC 0.097 0.041
ABC 0.098 0.041
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Table(9): Effect of Ethrel, GA; and CaCl, applications on total sugars % of Balady mandarin fruits inocu lated with P.
digitatum and P, italicum during 2002 and 2003 seasons.

681

Inoculation Control P. digitatum P. italicum
w 0 5 1 30 |Mean| 0 15 | 30 {Mean| 0 | 15 | 30 | Mean
Treatment

2002

Control 840 | 7.86 | 7.00 | 7.75 | 8.40 | 7.75 - 3.08 | 840 | 7.55 S 798
Ethrei 200 ppm | 840 | 8.10 - 825 | 840 | 7.88 - 814 | 840 | 7.79 - 8.15
GA,50ppm | 840 | 817 | 807 | 821 | 840 | 790 | 729 | 795 | 840 | 7.86 | 1.29 | 785
CaCl; 4% 840 | 797 | 720 | 786 | 840 | 7.75 | 698 | 771 | 840 | 7.82 | 702 | 7.75
Mean 340 | 803 | 742 840 | 7.82 | 7.14 840 | 776 | 7.16

2003

Control 9721 | 823 | 7.56 | 833 | 921 | 7.82 - 852 | 921 | 7.67 - 8.44
Ethre1200ppm | 921 | 821 R 871 | 921 | 8.00 - 861 | 921 | 791 . 3.56
GA,50ppm | 9.21 | 836 | 8.08 | 855 | 921 | 806 | 7.62 | 830 | 921 [ 792 | 727 | 813
CaCl, 4% 9721 | 835 | 762 | 832 | 921 | 783 | 682 | 795 | 921 | 793 | 685 | 7.67
Mean 921 | 826 | 7.75 921 | 792 | 1.22 921 | 7.61 | 7.06
LSD.at5%: 2002 2003 2002 2003

A 0.047 0.190 C 0.029 0.167
B 0.027 0.171 AC 0.058 0335
AB 0.054 0.342 BC 0.051 0.290

ABC 0.051 0.293
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