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ABSTRACT

The efficiency of calcium chloride, calcium nitrate, potassium metabisulfite,
calcium carbonate and sodium bicarbonate was assessed by in vivo and in vitro tests
against grape bunch rot in field and storage conditions by spraying salts three times,
the first at bloom stage, the second after two weeks from the first spray and third after
two weeks from the second spray. The investigation was carried out in a private
vineyard El-Khatatba region, Cairo —Alexandria desert road during two growing
season, 2006/2007 on Flame seedless grapevines. All tested salts were found to
reduce the growth of Botrytis cinerea Pers. through the use of three concentrations
0.05%, 0.1% and 0.2% a complete inhibition was achieved by Potassium
metabisulfite at the rate of 0.2% and by Sodium bicarbonate at the rate of 0.2%. All
tested salts significantly reduced disease severity of bunch rot in field conditions, the
highest percentage of reductions was shown when vines were treated by Potassium
metabisulfite during seasons 2006 at the rate of 2g/L. Field applications of saits
resulted in a significant reduction of botrytis storage rots. Potassium metabisulfite. was
the most effective treatment to control rots on naturally and artificially infected at the
rate of 2g/L. in both seasons during storage at 0°C under 90-95% R.H. for 50 days.
Fruit physical and chemical were positively affected by different treatment. All applied
salts increased cluster weight and yield / vine except sodium bicarbonate and calcium
chloride were a decrease in these parameters. Weight and berry diameters were
positively affected by all applied salts except sodium bicarbonate.-A similar positive
effect was also observed concerning TSS, total acidity and TSS/TA ratio for grapes
stored for 50 days at 0°C and 90-95% R.H. with the exception of sodium bicarbonate
which reduced juice acidity and TSS /TA ratio. Loss of weight after cold storage of
grapes was substantially decreased in all salts treatments. Form the economic point
of view, the cost of using salts is very cheap compared to use classic fungicide and
also increased yield to 1404.8 and 2205.6 kg/ fed in season 2006 and 2007
respectively; in addition the fruit quality was improved.

INTRODUCTION

Grapevine (Vitis vinifera L.) is considered one of the most
important fruit crops in Egypt as well as all over the world. In Egypt, grape is
the second fruit crop preceded citrus. The cultivated areas reached 159929
feddans (138499 feddan of fruiting vines) with a production of 1275288 tons
{According to the annual statistics of the Ministry of Agricultural in 2005). This
number is increasing rapidly as more desert areas are being planted every
year either for local market or exportation. Grapes are subjected to the
infection with several pre and post harvest diseases. The Bunch rot disease
is serious on grape bunches all over the world where it cause, great losses
and also affects grape quality, especially during harvesting, packing, storage,
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exporting and marketing. The fungus Botrytis cinerea is considered one of
the most serious fungi that attack grape berries during their progressive
stages of development especially when shipped at 0-1°C by sea for
exportation or during cold storage for local market.

Use of synthetic fungicides has been the traditional option of control
plant diseases but, the extensive and prolonged use of these fungicides has
resulted in the development of resistance in the fungus. Furthermore the
residual effects on the crop and environmental poliution are other problems
associated with the use of these chemicals. Therefore, the use of pre- and
post harvest chemical treatments are increasingly limited due to consumer
concerns. Present focuses on the development of alternative means for
controlling fungal disease in the field and during cold storage for local market
that are safe to human and environment have been initiated (Rushed, 2001
and Nigro, et al 2006, Abo Rehab ef al 2007, Abd Eighany et a/ 2007).

In the search for biocompatibie products, which could be defined as
chemicals exhibiting low mammalian and environmental toxicity, many salits
have recently been tested as alternative control means (Smilanick et al.,
1999; Rushed, 2001; lppolito et al., 2005, Karabulut et al,.2005, Abd-El-
Karem 2007, Nigro et al 2006, Abo Rehab et al 2007 and Abd Elghany et a/
2007) These salts are inexpensive, easily accepted by consumers, non-toxic,
with minor environmental impact at the effective concentrations, and usually
used in the food industry. Potassium, Sodium and calcium salts have been
shown to be effective growth inhibitors of Botrytis cinerea (Ricker and
Punja,1991, Palmar et al,. 1997, Falik et al, 1997, Gabler and
Smilanick,2001, Karabulat et a/.,2001, Rushed 2001, Mills et al 2004, Soltan
et al 2006 and Nigro et al 2006).

Pre- and post harvest application of different kinds of potassium,
Sodium and calcium salts on table grapes reduced the incidence of grey
mould storage rot (Ippolito et al., 1997 ; Miceli et al., 1999;Rushed 2001and
Nigro et al 2006 )

Different kinds of potassium and calcium salts sprayed 3 weeks
before harvest on Flame Seedless and Thompson seedless grapevines
showed a highly reduced infection percentage of grapes with B. cinerea
compared to control grapes in the open field. Spraying of these salts also
showed strong varied effects to control grey mold during cold storage at 0-
1°C. Rushed (2001).Many researchers pointed out that using of these
compounds to control diseases in vineyards was followed by improving
productivity (Abo Rehab et al 2007, Abd Elghany et al 2007; Kilany et al
2002; shoaieb et al 2002; Abd El-hady 2002).

The objective of this work is to study the effect of preharvest
treatment of grapevines with salts on protecting plants from bunch rot
disease caused by Botrytis cinerea in the field conditions and during storage
at 0°C for 50days and to study their influence on some bunch and berry
characteristics in Flame seedless cv..
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MATERIALS AND METHODS

Source of fungus pathogen:

Pathogenic isolate of Botrytis cinerea previously isolated from
diseased grape berries with gray mold was used for all control experiments.
Effect of salts:

In vitro experiments:

The effect of certain salts at different concentrations on mycelial
growth of B. cinerea was tested in vitro. The tested salts were; calcium
chioride, calcium nitrate, potassium metabisuifite, calcium carbonate and
sodium bicarbonate. Each salt was amended in PDA medium at a
concentration of 0.05, 0.1 or 0.2%. Treated or untreated medium with salts
was poured into five Petri dishes per each treatment. After medium
solidification, Petri dishes were inoculated with 3-mm discs of 7-day-old
culture of B. cinerea and incubated at 20+2°C for seven days. Effect of salt
freatments on linear growth (mm) of B. cinerea was measured after
incubation period. The percentage of reduction in colony diameter was
calculated as follows:

Reduction (%) of colony diameter = (de — dy) x 100/d,

Whereas: d. = average diameter of linear growth in control set. And
d, = average diameter of linear growth in treatment set.

Filed experiments:

For two successive seasons 2006 / 2007, five salts, i.e. calcium
chloride, calcium nitrate, potassium metabisulfite, calcium carbonate and
sodium bicarbonate at rate of 1g/L. and 2g/L were tested for their ability to
control grape bunch rots under field conditions. This experiment was carried
out in private vineyard in El-Khatatba region, Cairo ~Alexandria desert road.
The double- cordon system was used in training the vines which were
supported by telefon trellis system. Vines were pruned during the last week
on December of 2006 / 2007 seasons leaving 60-65 buds per vine. The vines
were grown at 1.5x3 meters in a sandy soil where drip irrigation system was
used. Ninety nine uniform Flame seedless grapevines were chosen and
devoted for achieving this experiment. All vines were adjusted to bear a
cluster number of {i.e.30 clusters) perior to anthesis. The above mentioned
salts were sprayed on the grapevines three times the first spray at bloom
stage, the second after two weeks from the first spray and third after two
weeks from the second spray. Salts were used at a concentration of 1g/L or
2g/L. five grapevines were used for each treatment. Five grapevines were left
between each two treatments as a barrier. Untreated grapevines kept as a
control were sprayed with water.

During the two tested seasons, the following parameters
were determined.
1- Yield/Vine, average yield Kg/ vine were recorded at harvest time.
2- Physical and chemical properties of the berries:

Representative random samples of 12 clusters per each treatment
(four clusters for each replicate) were picked at the harvesting time (middle of
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June in both seasons) and transferred to the laboratory for the determination

of following parameters:

A- Average weight of cluster (g)

B- Berry weight (g) as an average of 50 berries /replicate.

C- Berry dimensions (length and diameter, cm) the berry shape index was
calculated by dividing berry length by diameter.

D- Total soluble solids % using a hand refractometer.

E- Total acidity % (As gram tartaric acid /100g juice) according to the

A.0.AC. (1990).

F- TSS/ Acidity ratio was calculated.

Grape bunches of all treatments were harvested at the proper degree of
ripeness, packed in plastic bags inside carton boxes and stored at 0°C under
90-95% R.H. for 50 days. Other grape bunches either treated or untreated
were artificially moculated with a spore suspension of B. cinerea at a
concentration of 4x10° spores/ml before packing and cold storage. Each
treatment contained three replicates (one kilogram of bunches for each
replicate). Infection percentage of grape bunches with B. cinerea was
estimated at the end of cold storage.

Bunch rot disease assessment:

The bunch rot disease were evaluated on the bunch in the following
scale on 15 bunches for each replication, three replicates of each treatment.
0- No symptoms. 1- 1-10 % infection on the bunch.

2- 11-20% infection on the bunch 3- Up to20 % infection on the bunch.

The disease severity (DS) was calculated according to the following
formula Disease severity (%) = (X (n x v)/ N xV) 100, where, n = No. of
bunches at rate, v (disease score), N = total no. of bunches investigated and
V = highest disease severity.

Experimental design and statistical analysis:

From the statistical point of view the complete randomized block
design was chosen and the data were statically analyzed using the Fisher's
LSD according to Gomez and Gomez (1983).

RESULTS

As shown in table (1) the in vitro tests showed a variable effect of
salts on B. cinerea growth. After 7 days incubation at 20+2°C most saits
reduced the colony diameter of the pathogen. A complete inhibition was
achieved by Potassium metabisulfite at 0.2% and by Sodium bicarbonate at
0.2% while the lowest percentage of reduction of colony diameter was
observed in treatments of calcium nitrate(35.2%) at the rate of 0 .05% and
Calcium chloride (38.8%) at the rate of 0.05%

From the results illustrated in (Fig.1) can be noticed that. All tested
salts of calcium, sodium and potassium reduced disease severity of bunch
rot disease in open field at the two rates 1g/L. and 2g/L. in both seasons. The
highest percentage of reductions occurred when grapes were treated with
Potassium metabisulfite during the first season (87.5%), meanwhile Caicium
carbonate during 2007 seasons resulted in the highest percentage of
reductions (85.5%) the lowest percentage of reductions (28.4%) was
observed in Calcium chloride treatment during season 2007.
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Table (1) Effect of different concentrations of certain salts on the
reduction of colony diameter of Botrytis cinerea on PDA
medium after incubation at 20+2°C for 7 days.

reatments : Reduction of colony diameter % ]
(salts) ____Concentrations%
0.05 0.1 ] 0.2
Calcium chloride 38.8 59.2 77.8
Calcium nitrate 35.2 42.5 53.7
Potassium metabisulfate 72.2 74.1 81.1
alcium carbonat 77.7 96.3 100
Sodium bicarbonate 74.1 88.9 100
L.S.D at 0.05 6.70 5.10 4.52
0 1%(2008) @ 2%(2008) 0 1%(2007) 8 2%(2007)
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Fig (1): Effect of different saits on bunch rot disease severity caused by
Botrytis Cinerea under natural infections in open field on Flame
seedless grapevines 2006/2007 (scale % disease reduction)

Data presented in Table (2) show that all salt treatments significantty
decreased decay . development on naturally infected Flame seedless
grapevines during cold storage (seasons 2006 and 2007). It can be noticed
that Potassium metabisulfite was the most effective treatment to controi
berries rots on naturally infected vines at 2g/L. concentrations in both
seasons (82.4% in 2006 and 83.3% in 2007) followed by calcium carbonate
(80.0% in 2006 and 66.7% in 2007), Calcium chioride (76.5% in 2006 and
77.8% in 2007), Sodium bicarbonate (5§8.8% in 2006 and 22.2% in 2007)
and Calcium nitrate (41.2% in 2006 and 44.4% in 2007) respectively.

Data. presented in (Table 3) reveal that all tested saits reduced
storage rots as compared to the untreated (control). The highest.effective salt
in reducing rot incidence in artificial infection by Botrytis cinerea during
storage at 0°C under 30-95% R.H. for 50 days of Flame seedless grapes was
calcium carbonate (63.7%) followed by calcium nitrate, potassium
metabisulfite, calcium chloride and sodium bicarbonate 60.75, 41.13, 35.6
and 17.8 respectively during the first season. It is obvious that the highest
effective salt in season 2007, was calcium nitrate (57.9%) followed in a
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descending order by potassium metabisulfite, sodium bicarbonate, calcium
carbonate, and caleium chloride 48.7, 47.2, 37.5 and 30.9 respactively

Table (2): Effect of pre harvest spraying of Flame seedless grapevines
with certain salts on infection percentage of naturally infected

vines during storage at 0°C and 90-95% RH for 50 days.
Natural infection

" [Treatments Coml::n. Season 2006 [ Season 2007
g- Rot incidence % |[Efficacy % Rot incidence %/ Efficacy %
Calcium chloride 1 50 41.2 60 33.3
2 20 76.5 20 . 778
alcium nitrate 1 60 29.4 70 L 222
2 50 41.2 50 | 444
Potassium 1 20 76.5 17° i 811
imetabisulfite 2 15 82.4 15 I 83.3
ICalcium carbonate 1 20 76.5 50 44 .4
2 17 80.0 30 . 66.7
Sodium biocarbonate 1 30 64.7 50 44 .4
2 35 58.8 70 22.2
ontrol - 85 - 90 -
L.S.D. at 0.05 9.5 8.4

Table (3): Effect of pre harvest spraying of Flame seedless grapevines
with certain salts on infection percentage. of artificially
inoculated grapes with Botrytis cinerea during storage at 0°C
and 90-95% RH for 50 days.

Artificial infection Iloy Botrytis cinerea
Concen. Season 2006 Season 2007
Treatments gf Rot incidence| Efficacy % ot incidence| Efficacy %
% %
Calcium chioride 1 50.1 35.0 80.9 19.1
2 50.2 35.6 69.1 30.9
ICalcium nitrate 1 46.6 - 40.23 43.7 54.3
2 30.6 60.75 42.1. 57.9
Potassium 1 45.9 41.13 73.9 26.1
imetabisulfite 2 58.9 24.2 51.6 48.4
ICalcium carbonate 1 - 35.5 54.5 68.1 31.9
2 28.3 63.7 63.5 37.5
Sodium bicarbonate 1 64.1 17.8 93.0 7.0
2 66.9 14.2 52.8 47.2
IControl - 77.97 100
L.S.D at 0.05 10.4 11.2

As shown in table (4) it is obvious that all salts in season 2006
remarkably increase of cluster weight from 419 to 452 at the ‘concentration of
1g/L. and from 516 to 535 at 2g/L except sodium bicarbonate at 1g/L.,. 2g/L.
and calcium chloride at 2g/Lwhich decrease cluster weight as compared to
control. The same results were obtained concerning the yield / vine (g). All
application salts remarkably increased yield /vine (g) which ranged from12.9
to 13.5 at 1g/L. and 15.48 to 16.5 at 2g/L.except sodium bicarbonate at 1
g/L., 2 g/L. and calcium chloride at 2 g/L. which decreased the vield/ vine (g)
compared to control. Furthermore, all salts had a positive effect on physical
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characteristics (i.e. weight (g), Length (L.cm), width (w.cm) and berry shape
index (L/W)) as compared with control treatment.

Table (4): Effect of pre harvest spraying with certain salts on the
yield/vine and some fruit physical characteristics of Flame
seedless grapevines season 2006.

Physical characteristics

Parameter Yield/vi Bunch Aversge Sem
e ne o R

2006 weight Weight Width  |por sh
, (ko) (0) @ | “od" | em) fimdex vy

Concentrations 1g/l. [20/L. |1g/L. [2g/L. [1g/L. |2g/L. | 1g/L. |20/ [1g/L. [2g/L. |19/t [2g/L.
alcium chloride [13.08 [11.45| 419 | 392 |3.00 [2.40 | 1.65 |1.531.60 |1.40 |1.0311.093
Calcium nitrate | 13.05 |116.05] 435 | 535 |2.80 [3.13 | 1.60 |1.70|1.55 |1.65 |1.032 |1.030

Potassium
metabisuifite 13..50] 16.5 | 452 | 550 |2.90 13.40| 1.70 11.80]1.65 |1.75 |1.030 |1.029

alcium carbonate  12.90 |15.48 | 425 516 [2.70 [3.10 | 1.50 [1.55]1.45 [1.50 |1.034 |1.033
Sodium bicarbonate | 9.00 [9.30 | 300 [310 |2.152.20 | 1.45 [1.45)1.35 |1.38 [1.074 [1.051
control 12.00 [12.00 | 400 | 400 [2.70 |2.70 | 1.55 (1.55[1.50 |1.50 [1.0301.030
L.S.D at0.05 1.01 ] 23 ]12.1 |15.2].038 |0.21 | 0.15 [0.12]0.09 |0.10 |0.012]0.010

Data in table (5) reveal that all application salts resulted in a
significant increase of TSS %, total acidity (TA) % and TSS/TA ratio as
compared with control except sodium bicarbonate which reduce TSS/TA
ratio. In contrast, all application salts lead to a significant decrease the loss of
weight %, the biggest reduction was observed when vines were treated by
calcium chloride in the concentration of 1g/L. (3.2% loss of weight)

Table (5): Effect of pre harvest spraying of Flame seedless grapevines
with certain salts on some chemical characteristics of berries at
cold storage (0°C and 90-95% RH for50) days season 2006.

Treatments Chemical berry characteristits
2006 TSS % Acidity (TA) % | TSS/TA ratio Loss of
weight %
1g/L. [2g/L. | 1g/ll. |2g/L. J1g/l. | 2g/t. | 1g/L. | 2g/L.
alcium chloride 20.17 | 1840 | 0.680 |0.652 | 29.66 | 29.44 3.2 | 8.00
alcium nitrate 21.80 |22.50 | 0.675 [0.675[32.29 | 33.3 6.40 | 9.00
Potassium metabisulfite [22.00 [24.00 | 0.629 |0.622 [35.20 [ 38.58 | 7.40 | 9.30
Calcium carbonate 21.00 | 22.00 | 0.629 |0.650 | 33.60 | 33.85 | 9.20 | 6.00
odium biocarbonate 18.80 | 18.70 [ 0.850 |0.800 [21.38 | 23.37 | 8.00 | 6.40
Control 18.20 [18.20 | 0.628 [0.628 [28.98 | 28.98 [ 9.40 | 9.40
L.S.D. at 0.05 2.6 29 0.011 [0.015] 2.8 3.1 1.6 2.1

Data in table (6) showed that all application salts in season 2007
remarkably increased cluster weight ranged from 435 to 460 at a
concentration. 1 g/L. and from 530 to 565 at 2 g/L. except sodium
bicarbonate at 1 g/L., 2 g/L. and calcium chloride at 2 g/L. Which decrease
cluster weight 310,308 and 403 respectively compared to control 410 The
same result was obtained in the yield / vine (g) where all application salts
remarkably increased yield / vine (g) which ranged from 13.05 to 13.80 at 1
g/L. and from 15.90 to 16.95 at.2 g/L. except sadium bicarbonate at 1 g/L..2
g/L. and calcium chloride at 2 g/L.which decrease yield/ vine (g) 9.30,9.25
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and 12.09 respectively compared to control 12.30. Furthermore, all salts
were found to have a positive effect on the physical characteristics (i.e.
weight (g), Length (L.cm), width (w.cm) and berry shape index (L/W)) as
compared with control. .

Table (6): Effect of pre harvest spraying with certain salts on fruit
physical characteristics of Flame seedless grapevines (season

2007).
Physical characteristics
Average Be
. Bunch
Parameter Yield/vine

2006 (kg) w7lght Weight Length Width Berry shape
g) () “(cm) (em)  lindex (LW)
oncentrations 1 2g/L. |1g/L. [2g/L.. |1g/L. |2g/L. [ 1g/L. |2g/L. |1 2g/L. [1g/L. [2g/L. |

Calcium chloride [13.25 [12.09| 440 {403 {3.10(2.50 | 1.68 [1.53|1.63 [1.43 |[1.031]1.073
ICalcium nitrate 13.35[16.50 | 445 | 550 |2.90 |3.30 | 1.63 |1.73[1.58 [1.68 [1.031 [1.030
Potassium 13.80 |16.95] 460 | 565 [3.003.50 | 1.73 |1.73)1.68 |1.77 |1.030 |1.034
imetabisulfite
Caicium carbonate | 13.05 |15.90| 435 | 530 |2.80 |3.20 | 1.53 |1.57[1.48 |1.52 |1.036 |1.033
Sodium bicarbonate - | 9.30 [9.25 | 310 [ 308 [2.25 [2.30 [ 1.48 [1.47 [1.37 {1.40 [1.080 [1.050]
control 1230 {12.30( 410 [ 410 [2.75]|2.75( 1.58 [1.58[1.53 [1.53 {1.032[1.023
L..S.D at 0.05 1.05 | 1.09 | 11.8 [12.08{0.24 {0.28 | 0.05 |0.04 | Q.10 {0.09 {0.002 10.002

Data in table(7) revealed that all application saits lead to a significant
increase in TSS %, total acidity (TA) % and TSS/TA ratio as compared with
control except sodium bicarbonate which reduced TSS/TA ratio. In contrast,
all application salts resulted in significant decrease loss of weight %, the
biggest reduction observed when treated by calcium nitrate at concentration
1 g/L. (7.2% loss of weight)

Table (7): Effect of pre harvest spraying of grapes of Flame seediess
grapevines with certain salts on chemical characteristics of
berries at cold storage (0°C and 90-95% RH for50) days season

2007.
reatments Chemical berry characteristics ]
?007 TSS % Acidity (TA) %| TSS/TA ratio Loss of

: weight %
igll. [2gi. |1giL. [2g/L. | igh. | 2g/L. | 1gl. 2%

alcium chloride 21.93 |18.00 | 0.720 [ 0.626 | 30.46 | 28.75 7.6 8.8
ICalcium nitrate 22.00 [23.00 {0.670 [0:672 | 32.3 | 34.22 6.4 9.6 |
Potassium_metabisulfite 23.2 (2460 |0.620 |0.618 [37.42 | 39.80 72 122 ]
ICaicium carbonate 22.20 |23.00 | 0.622 | 0.625 | 35.69 | 36.80 8.9 9.6 |
Sodium biocarbonate 19.00 }119.00 | 0.40 | 0.610 | 2262 | 31.15 7.6 10.2 |
Control 19.00 | 19.00 | 0.623 | 0.623 | 30.49 | 30.49 104 | 10.4 |
L.S.D. at 0.05 1.9 | 2.10 |0.008 | 0.006 | 2.18 2.24 1.65 [ 1.92 |

it cane be shown from data presented in table (8)-that the cost of
used salts very cheap as compared to used classic fungicides. Furthermore
the use of salts as control of bunch rot disease exhibited low mammalian and
environmental toxicity also increased yield / fedaan 1404.8 Kg in season
2006 and 22056 Kg in seasons 2007 in addition the fruit quality was
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improved .The net profit of increase in yield was reach 1826.24 LE in season
2006 and 2205.6 LE season 2007

Table (8) some economical data concerning the use of some saits to
' control bunch rot and improving fruit quality.‘

eason |Price of | Price of Yield Yield (Increase in| Price of | Price of
the salts the feddan | Heddan |yield over | one Kg |Increase in
(LE) |fungicide (Kg) (Kg) control grapes |yield over

(LE) treated |untreated (Kg) (LE) control

, vine vine (LE)
2006 39 250 11004.8 9600 1404.8 1.30 1826.24
007 39 300 113104 9840 1470.4 1.50 2205.60
DISCUSSION

The objective of the present study is to determine the ability of some
salts to control bunch rot in open field, botrytis storage rot and the effect of
these salts on some physical and chemical characteristics of flame seedless
grapes by means of pre-harvest applications. In the present study the in vitro
tests showed a variable effect of saits on B. cinerea growth. After 7 days
incubation at 20+2°C most of salts were found to reduced the colony
diameter of the pathogen. A complete inhibition was achieved by Potassium
metabisulfite at 0.2% and by Sodium bicarbonate at 0.2% while the lowest
percentage of colony diameter reduction was found when caicium nitrate
applied at the 0.05% 35.2% Calcium chloride at the rate 0.05% (38.8%).

In preliminary papers, several salts showed in vitro and/or in vivo
inhibitory effect against B. cinerea, although no correlation was found
between the two activities. Ammonium bicarbonate, ammonium phosphate,
sodium acetate, and sodium sulfate strongly reduced B. cinerea mycelial
growth but displayed an inconsistent activity against grey mould on small
bunches. In particular, sodium phosphate reduced the growth of the
pathogen in vitro, but increased rot incidence on small table grape bunches
(Nigro et al 2006). As reported for other phosphates (Palou et al., 2002), it is
assumed that this salt provided additional nutrients and/or enhanced
environmental conditions for the development of the pathogen. In addition,
Calcium carbonate showed almost no in vitro inhibitory activity but strongly
reduced grey mould incidence on table grapes. Other salts such as
Potassium carbonate, Sodium bicarbonate, and Sodium carbonate showed
the same behavior, with both in vitro and in vivo assays. The difference in
vitro and in vivo behavior of salts suggests that a specific salt-host tissue
interaction may involve biochemical reactions, such as defense mechanisms
contributing to the control of grey mould (Hervieux et al., 2002). Furthermore,
the interaction between the sait and agar medium (Biggs et al., 1997) as well
as the interaction between the salt and environment (Punja and Grogan,
1982) may play an important role in this respect. In the present work, the
results of filed experiment demonstrated that pre-harvest applications of salts
are an effective strategy to reduce the incidence of bunch rot and botrytis
storage rot of table grapes. Calcium chloride, calcium nitrate, potassium
metabisulfite, calcium carbonate and sodium bicarbonate provided higher
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level of protection compared to control the highest percentage of reduction of
bunch rot in open felid happened when vines were treated by Potassium
metabisulfite during seasons 2006 (87.5% ), the highest percentage of
reduction (85.5%) resulted from Calcium carbonate during 2007 season, the
lowest percentage of reduction (28.4% ) when Calcium chloride was applied
during season 2007. Furthermore, early applications of calcium chloride
provided better control of field rots. It is presumed that an early application of
calcium chloride favored the penetration of calcium through the skin and that
a second application increased the calcium level inside the fruit, resulting in
higher levels of protection compared to control. Data obtained are in
accordance with some previous reports on pre-harvest application of calcium
chloride. Pre-harvest applications of calcium chioride increased the Ca2+
content of sweet cherries and apples (Brown et al., 1996), and table grape
berries (Miceli et al., 1999). As demonstrated by the penetration of calcium
chloride via aqueous pores, exogenous Ca2+ easily penetrates the fruit
epidermis (Sch” nherr, 2000). The mechanism by which calcium improves
the resistance of plant tissues to pathogens is not completely understood.
Most of the calcium, which penetrates into the fruit tissue, seems to
accumulate in the middle lamella region of the cell wall where it exerts a
stabilizing effect forming ionic bridges between and within pectic
polysaccharides, thereby conferring rigidity to the cell wall. The formation of
calcium cross-linkage between pectin polymers could make the cell wall
more resistant to hydrolytic enzymes produced by decay causing organisms
(Tobias et al, 1993). Furthermore, calcium treatments affect pathogens
directly, inhibiting the activity of polygalacturonase enzyme. A reduced
virulence or a fungistatic activity of calcium has been already reported for
Penicillium expansum and B. cinerea (Conway et al.,, 1999; Droby et al.,
1997). Other studies have shown that calcium treatments preserve the
membrane integrity of carrot shreds by delaying senescence-related
membrane lipid changes and enhancing membrane-restructuring processes
(Picchioni etal., 1996). Calcium also seems to increase the synthesis of
phytoalexins and/or phenolic substances (Kohle et al.,1985).,. The activity of
carbonates and bicarbonates in inhibiting spore germination, germ tube
elongation, and production of pectinolytic enzymes in several pathogens is
well recognized (Punja and Grogan, 1982; Hervieux et al., 2002; Mills et al.,
2004; Smilanick et al., 2005). Sodium and potassium salts $trongly inhibited
mycelial growth and spore germination of B. cinerea as well as
polygalacturonase activity. Considering that the proportion of CO3 2~ ion is
high at pH 11.3 (Potassium carbonate and Sodium carbonate) and that
HCO3 - is the predominant ion at pH 8.4 (Sodium bicarbonate), the results
suggest that both HCO3 - and CO3 2- forms display an inhibitory activity on
mycelial growth .and spore germination (Palmer et al., 1997). Like calcium
chioride. Carbonates and bicarbonate salts were more effective when
applied during the early phase of fruit development and when applied twice.
Since the inhibitory action of carbonates and bicarbonates depends on the
presence of salt residues within the wound infection site occupied by fungi, it
is possible that earlier applications, especially when followed by a later one,
providle a more effective action against pathogens and prevent the
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establishment of latent infections (Smilanick et al., 1999). The present study
show that all salts treatments significantly decreased decay development on
naturally infected Flame seedless grapes during coid storage in the two
seasons 2006/ 2007. It was observed that Potassium metabisulfite was the
most effective treatment to control berries rots on naturally infected grapes at
2g/L. concentration in both seasons (82.4% in 2006 and 83.3% in 2007)
followed by calcium carbonate (80.0% in 2006 and 66.7% in 2007), Calcium
chloride (76.5% in 2006 and 77.8% in 2007), Sodium bicarbonate (58.8% n
2006 and 22.2% in 2007), Calcium nitrate (41.2% in 2006 and 44.4% in
2007) respectively, Furthermore, The present study declare that all tested
salts reduced storage rots as compared to the untreated (control). The
highest effective salt to reduce rot incidence in artificial infection by Botrytis
cinerea during storage at 0°C under 90-95% R.H. for 50 days of Flame
seedless grapes was caicium carbonate (63.7%) followed by calcium nitrate,
potassium metabisulfite, calcium chloride and sodium bicarbonate 60.75,
41.13, 35.6 and 17.8 respectively during 2006. On the other hand the highest
effective salt in season 2007 was calcium nitrate 57.9% followed by
potassium metabisulfite, sodium bicarbonate, calcium carbonate, and
calcium chloride 48.7, 47.2, 37.5 and 30.9 respectively. (Ippolito and Nigro.
2000). Mlikota Gabler and Smilanick (2001) reported that dip treatments with
sodium carbonate and potassium carbonate was highly effective from the
control of grey mold on grapes but they darkened the pedicels and caused
dark brown spots on the berries. Such problems were completely avoided in
the present work by applying salts before harvest. Other advantages of salts
are the very low cost and the lack of legislative restrictions to their utilization.
However, several additional factors should be explored to optimize ‘cble
grape disease control with salts.(Nigro et al., 2006) reported that 1% solution
of salts was utilized since they were effective and non-phytotoxic to the
berries, though higher concentrations have been considered necessary by
other authors to achieve high levels of protection (Smilanick et al., 1999; Tian
et al., 2002). Furthermore, although our data seem to indicate that salts are
more effective when applied during the early phase of berry development
and that more salt applications increase their efficacy, additional research is
still required to optimize time and number of applications.

The present study revealed also that all application salts resulted in a
significant increase of TSS %, total acidity (TA) % and TSS/TA ratio as
compared with coritrol except sodium bicarbonate which reduce TSS/TA ratio
during the two seasons 2006/2007.

All applied salts lead to a significant decrease in loss of weight % the
remarkable reduction was observed when vines were treated by calcium
chloride in a concentration 1g/L. (3.2% loss of weight) in season 2006 and a
significant decrease in loss cf weight % the biggest reduction was noticed
when vine were treated by calcium nitrate at 1 g/L. (7.2% loss of weight) in
season 2007. )

The investigation also demonstrated that all application salts in
season 2006 remarkably increased cluster weight which ranged from 419 to
452 at. 1 g/L. and 516 to 535 at.2 g/L. except sodium bicarbonate at 1 g/L..,2
g/L. and calcium chioride at 2 g/L. were cluster weight was decreased
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300,310 and 392 respectively compared to control 400 while in season 2007
the increase in cluster weight ranged from 435 to 460 at 1 g/L. and 530 to
565 at.2 g/L. except sodium bicarbonate at-1 g/L., 2 g/L.and calcium chloride
at 2 g/L. which decreased cluster weight 310,308 and 403 respectively
compared to controi 410.

The same result was obtained on yield / vine (g) were all
application salts remarkably increased yield / vine (g) which ranged from 12.9
to 13.5 at 1 g/L. and 15.48 to 16.5 at.2 g/L.except sodium bicarbonate at
g/lL.,2 g/L.and calcium chloride at 2 g/L. which decreased vyield/ vine (g)
9.0,9.3 and 11.45 respectively compared to control 12° during season
2006.while in 2007 the increase of yield / vine (g) ranged from13.05 to
13.80 at. 1 g/L. and 15.90 to 16.95 at.2 g/L. except sodium bicarbonate at1
g/L., 2 g/L.and calcium chloride at 2 g/L. decrease yield/ vine (g) 9.30, 9.25
and 12.09 respectively compared to control 12.30. Furthermore, all
application salts showed a positive effect on the physical characteristics (i.e.
weight (g), Length (L.cm), width (w.cm) and berry shape index (L/W)) as
compared with control during both seasons of the study. These resuits
agreement with (Abd-Elghany et a/ 2007; Abo Rehab et a/ 2007 ; Abd El-
Hady 2002 ; Shoaieb et al 2002 ; Kilany et al 2002)
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