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even salts, f.e. potassium metabisulfite, calcium nitrate, potassium

carbonate, potassium suifate, calcium sulfate, calcium chloride
and potassium thiosulfate, were tested at concentrations of 0.2% and
0.4% as a preharvest spray on snap bean to protect pods during cold
storage, transportation and marketing to control Botrytis cinerea and
Sclerotinia sclerotiorum during cold storage at 10°C and 90-95% RH
for 30 days in scasons 2003 and 2004. Calcium nitrate was the most
effective treatment to control pod rots on naturally infected snap bean
pods at concentrations of 0.2% and 0.4%, the efficacy of high
concentrations of calcium nitrate exceeded 70%. Potassium carbonate
and calcium chloride at high concentrations achieved efficacy more
than 50% to control decay on naturally infected pods, which is alsc
considered very applicable as effective and safe treatments. Also,
calcium nitrate and potassium carbonate were the most effective
treatments in decreasing snap bean pod rots caused by Sclerofinia
sclerotiorum at concentrations of 02%, the efficacy of low
concentrations of calcium nitrate and potassium carbonate exceeded
90%, 60%, respectively, during the two successive seasops. On the
other hand, calcium nitrate and calcium chloride were the best
e¢ffective treatments in controlling snap bean pod rots caused by
Botrytis cinerea at concentrations of 0.2%. the efficacy of low
concentrations of calcium nitrate and calcium chloride exceeded 90%,
7% respectively during the two successive seasons. Generally,
spraying snap bean plants (30, 20, 10 days before harvesting) with
calcium nitrate; calcium chloride and potassiom carbonate at
a concentration of 0.4% effectively controlled snap bean pod rots
(gray and white molds) caused by Bomtis cinerea and Sclerotinia
sclerotiorum, tespccnvcly during cold storage at 10°C and 90-95%
RH for 30 days.
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Snap bean (Phaseolus vulgaris L.) is one of the most popular vegetable crops in
Egypt grown for local human consumption and exportation, Postharvest diseases of
Snap bean pods caused by fungi constitute a serious problem. Such pathogenic fungi
in the field attack the fruits, during harvest, storage, and marketing. The most serious
postharvest diseases were gray mould caused by Botrytis cinerea and white mould
caused by Sclerotinia sclerotiorum as reported by (Ragab, 1980; Wong er al., 1980
and Soltan, 1993). Many attempts were made to protect snap bean pods against
certain post-harvest pathogens during marketing and storage. Salts were used to
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suppress fungal decay occurrence and development in fruits and vegetables.
Chlorine solutions, calcium hypochlorite and sodium hypochlorite, were used at
appropriate concentrations te control postharvest diseases of fruits and vegetables
(Pordesimo, 1984, Bartz, 1988 and Boyette er al., 1991). Sodium metabisulphite and
salicylic acid . were the most effective treatments against Cladosporium
sphaerospermum and Fusarium moniliforme [Gibberella fujikurei] on orange;
Pestalotia [Pestalotiopsis] versicolor and Rhizoctonia selani on potato; and
Rhizopus stolonifer on apple fruits (Gaur and Chenulu, 1982). Among tested
fungicides, sodium metabisulphite gave equal control to benzimidazole fungicides
on Aspergillus niger in inoculated banana fruits (Ram and Vir, 1984). Calcium
chloride was the most effective sait to control of Botrytis cinerea on Golden
delicious apple (McLaughlin ef af, 1984). Rushid {2001} found that potassium
chloride revezled highest effectiveness against B. cinerea infection on artificially
infected Flame Seedless and Thompson Seedless grapes. Conway er al. (1994)
found that the natural resistance of plant tissues was enhanced by application of
calcium. On the other hand, Cheour ef af. (1991) stated that calcium content of the
fruit appeared to depend mainly on the ability of the plant to accumulate and
distribute Ca*™. This finding was realized in cwrent work by increasing salt
effectiveness by increasing salt concentration during preharvest application. Kaile ef
al. {1991) suggested that B, cinerea had the potential to release a high level of Ca™
normally bound to pectic substances in the middle lamella during host tissue
maceration by secreted pectolytic enzymes and that these ions may be implicated in
host cytotoxicity during necrotrophic pathogenesis. Generally, potassium chloride
proved to be the most effective salt to control B. cinerea infection. Sugar ef al.
(2003) found that calcium chloride was effective against gray mold on pear fruits.

The objective of this study was evaluating the use of salts to suppress gray and
white molds on snap bean pods during cold storage.

Materials and Methods

Source of fungal pathogens:
Pathogenic isolates of Botrytis cinerea and Sclerotinia sclerotiorum isolated
from decayed snap bean pods were used for all control experiments.

Effect of salts:
A- In vitro experiments:

The effect of certain salts at different concentrations on mycelial growth of
B. cinerea and S. sclerotiorum was in vitro tested. The tested salts were potassium
metabisulfite, calcium nitrate, potassium carbonate, potassium sulfate, calcium
sulfate, calcium chloride and potassium thiosulfate. Each salt was amended to PDA
medium at a concentration of 0.05, 0.1 and 0.15%. Treated or untreated medium
with salts was poured into three plates per each treatment. After medium
solidification, plates were inoculated with 3-mm discs of 7-day-old culture of each
fungus and incubated at 25+ 2°C for 7 days where the linear growth was measured.
The percentage of reduction in colony diameter was calculated as follows:

Egypt. J. Phytopathol., Vol. M, No.1 (2006)



THE EFFICACY OF POSTHARVEST SALTS TREATMENT... 33

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

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

B- Field experiments:

Under field conditions for the two successive seasons 2003 and 2004, the
effect of salts spraying on snap bean (pre harvest) to protect snap bean pods during
harvesting and storage was studied. Seven salts, ie potassiym metabisulfite,
calcium nitrate, potassium carbonate, potassium sulfate, calcium sulfate, calcium
chloride and potassium thiosulfate at rate the of 200 and 400g/100 1. were tested for
their ability to control snap bean pod rots under field conditions. This experiment
was carried out at El-Kassasin in Ismailiva govemnorate. Plots, each consisting of
three rows were used as an experimental unit. Snap bean plants (cv. Paulista) were
sprayed with the three sprays, the first at bloom stage, the second after ten days from
the first spray and third after ten days from the second spray. Plots, containing snap
bean plants, receiving no salts were used as control. After harvest, the pods were
sprayed separately with spore or hyphal suspension of B. cinerea or S. sclerotiorum
at concentration of 4x10%ml. Each trcatment contained three replicates (one
kilogram pods for each replicate). Then, packed in polyethylene bags, inoculated
and non-inoculated (natural infection) snap bean pods incubated at 10°C and
90-95% RH for 30 days. Severity of infection was recorded as loss of weight
according to the equation suggested by Spalding and Reeder (1974):

Weight of diseased pods
Disease severity (%)= x 100
Total weight of treatment

Statistical design and analysis:

A complete randomized design was used for control of snap bean pod rots during
cold storage. Each treatment contained three replicates, each one kilogram pods.
Obtained data were analyzed according to Gomez and Gomez (1983). ‘F’ test and
Fisher’s L.5.D. using Excel Microsoft Software obtained the differences among the
treatments.

Results and Discussion

A- In vitro experiments:

Effect of several salts used at different concentrations on reduction of colony
diameter of B. cinerea and S. sclerotiorum. Data in Table (1) indicate that all
treatments were significantly effective against B. cinerea and S. sclerotiorum.
Potassium metabisulfite and potassium carbonate were the best effective on
reduction of colony diameter of B. cinerea and S. sclerotiorum at concentration
0.15% followed by calcium chloride. On the other hand, calcium nitrate, potassium
sulfate and calcium sulfate were the less effective in reduction of colony diameter of
B. cinerea and S, sclerotiorum. But potassium thiosulfate was the less effective
compared with calcium nitrate.

Egypt. J. Phytopathol., Vol. 34, No.1 (2006)



34 H.HM. SOLTAN ef ol

Table 1: Effect of different concentrations of certain salts on reduction of
colony diameter of B. cinerea and S. sclerotiorum on PDA medium
after incubation at 25°C for 7 days

Reduction (%) in colony diameter
B. cinerea S. sclerotiorum
Treatment ConcglEation %)
0.05 0.1 0.15 0.05 0.1 0.15.
Potassium metabisulfite 83 100 1006 77.8 100 100
Calcium nitrate 21 27 33 0.0 0.0 0.0
Potassium carbonate 20 41 100 20 100 100
Potassium sulfate 11 22 33 0.0 33 44
Calcium sulfate 44 44 44 0.0 0.0 44
Calcium chloride 24 35.5 55.5 0.0 0.0 389
Potassium thiosulfate 22 25.5 33 22 33 33
LSD at 0.05 3.3 2.8 1.5 2.5 1.03 1.5

B- Field experimenis:

Data presented in Table (2) show that all salt treatments significantly decreased
decay development on naturally infected snap bean pods during cold storage
(seasons 2003 and 2004). It was observed that the efficacy of most treatments was
almost constant along the two season results in-spite of different infection
percentages were obtained. This finding is attributed to the different percentages of
infection of control pods, which were the reference to calculate the efficacy of each
treatment. Calcium nitrate was the most effective treatment to control pod rots on
naturally infected snap bean pods at two tested concentrations. The efficacy of high
concentrations (400g/100L) of calcium nitrate exceeded 70%. Potassium carbonate
and calcium sulfate at high concentrations (400g/100L) achieved efficacy more than
50% to control decay on naturally infected pods, which is also considered very
applicable as effective and safe treatments. These results are similar with those
obtained by El-Sheikh et al.(1998), Catherino er al. (2000} and Saber er al. (2003).
Potassium metabisulfite showed the least effectiveness treatment against postharvest
decay of snap bean pods. High efficacy of saits resulted to control fungi causing
postharvest decay of snap bean pods was also recorded by many investigators on
different fruits, where potassium sorbate was found to be effective against many
fungi such as Penicillium spp. and Geotrichum candidum (Azzouz and Bullerman,
1982, Nelson et al., 1982 and Kitagawa and Kawada, 1985).

Effect of certain salts at two concentrations on snap bean pod rots caused by
S. selerotiorum stored at 10°C and 90-95% R.H. for 30 days, seasons 2003 and 2004
is demonstrated in Table (3). While all tested preservatives at application rates
significantly reduced snap bean pod rots caused by S. sclerotiorum, only some
treatments showed proper control. The higher concentration of most tested salts the
higher efficacy against 8. sclerotiorum infection was obtained. The infection of
untreated snap bean pods after cold storage was 90% and 100% during seasons 2003
and 2004, respectively. Calcium nitrate was the most effective treatment in
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Table 2: Effect of preharvest spraying of snap bean plants with certain salts on
severity of infection of natural infection snap bean pods during
storage at 10°C and 90-95% RH for 30 days during seasons 2003 and

2004
Cone Natural infection
Treatment (%) ) Season 2003 Season 2004
DS* | E DS E
) . 02 33 57 | 50 16.7
Potassium metabisulfite 04 30 143 367 205
. 0.2 13 60 | 333 | 445
Calcium nitrate 0.4 10 | 714 ] 167 | 122
: 02 30 143 | 467 | 222
Potassium carbonate 04 2 5.7 30 50
. 0.2 25 386 | 433 | 278
Potassium sulfate 0.4 30 ] 143 | 50 16.7
: 0.2 25 | 286 | 367 | 388
Calcium sulfate 0.4 33 57 | 533 | 112
) : 02 17 514 | 40 333
Calcium chloride 0.4 13 | 628 ] 333 | 445
. 02 16 | 543 | 40 333
Potassium thiosulfate 04 25 786 | 533 | 112
Conftrol el 35 - 60 -
L.SD at 0.05 1.84 734

* DS = Disease severity (%).
E = Treatment efficacy (%)= 1-(DS in treatment / DS in control} = 100

decreasing snap bean pod rots with efficacy ranged from 93.3% to 95.6% and from
93.3% to 95% during the two successive seasons, respectively. The most effective
treatment following calcium nitrate was potassium carbonate at low concentrations
with efficacy 66.7% for both during the two successive seasons, respectively. While
potassium metabisulfite and potassium carbonate has completely inhibited mycelia
growth of S, sclerotiorum in vitro, it showed the least effectiveness in vivo. This
finding demonstrates that potassium metabisulfite can not control well established
infection with S. sclerotiorum, but show better effectiveness when snap bean pod are
subjected to the infection after treatment with salt. On the other hand, calcium nitrate
was almost the least effective salt treatment in vitro, but showed the highest
effectiveness in vivo. This finding indicates that calcium nitrate may play
a significant role in enhancing fruit resistance to infection with S. sclerotiorum.

Artificial inoculation of snap bean pods with B. cinerea resulted in 85% and 90%
disease severity during seasons 2003 and 2004, respectively, as shown in Table (4).
While all tested salts at the applied rates have significantly reduced snap bean pod
rots caused by B. cinerea, only some treatments showed proper control. Calcium
nitrate and Calcium chloride were the most effective treatment in decreasing snap
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Table 3: Effect of preharvest spraying of snap bean plants with certain salts on
severity of infection of snap bean pods artificially infected by
S. sclerotiorum during storage at 10°C and 90-95% RH for 30 days

during seasons 2003 and 2004
Conc 8. sclerotiorum
Treatment %) * Season 2003 Season 2004
Ds* | E**| Ds E
: : 02 78.3 i3 833 16.7
Potassium metabisulfite 0.4 633 | 297 | 667 | 333
— 02 6 933 6.7 933
Calcium nitrate 0.4 2 056 5 05
) 0.2 36 | 667 | 333 66.7
Potassium carbonate 04 367 1 592 | 433 | 567
: 02 80 1.1 | 867 133
Potassium sulfate 0.4 50 444 | 533 46.7
! 0.2 % | 222 | 733 26.7
Caleium sulfate 0.4 333 63 433 56.7
. : 02 75 167 | 833 16.7
Calcium chloride 0.4 81.7 92 86.7 13.3
. 02 333 63 367 | 633
Potassium thiosulfate 04 %5 2738 70 30
Control - 20 - 100 -
LSD at 0.05 241 2.48

* DS = Discase severity (%) and E = Treatment efficacy (%).
*+ E = Efficacy (%). For explanation refer to footnote of Table (2).

bean pod rots with efficacy ranged from 92.1 to 88.2, 91.4 to 85.2 and 80.4 to 86.2,
77.8 to 85.2 during the two successive seasons, respectively. On the other hand,
potassium carbonate, calcium sulfate, potassium thiosulfate had moderate
effectiveness, Almost similar finding was obtained by Azzouz and Bullerman (1982)
who mentioned that potassium sorbate at 0.3% was highly effective against
four Penjcillium species. High effectiveness of potassium sorbate against
Penicillium was also realized by Nelson ef al, (1982) and Kitagawa and Tani (1984).
Gabler and Smilanick (2004) tested carbonate and bicarbonate salts and disinfectants
to control gray mold of table grape. They found that among the bicarbonates, each
applied at 500 mM, ammonium bicarbonate (ABC) was significantly more effective
than sodium bicarbonate (SBC) and potassium bicarbonate (PBC). It was also
superior to potassium carbonate (PC) (100 mM) and chlorine (200 pg/ml) and equal
in effectiveness to sodium carbonate (SC) (100 mM) and ethanol {70% w/v).
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Table 4: Effect of pre harvest spraying of snap bean plants with certain salts on
severity of infection of snap bean pods artificially infected by
B. cinerea during storage at 10°C and 90-95% RH for 30 days during

seasons 2003 and 2004
Conic B. cinerea
Treatment %) : Season 2003 Season 2004
DS * E DS E
) . 0.2 66.7 21.5 7.6 204
Potassium metabisulfite I— 5 433 | 40.1 26.7 48.1
. 0.2 6.7 92.1 77 914
Calcium pitrate 04 10 88.2 3.3 85.2
) 0.2 283 432 50 444
Potassium carbonate 04 n 5.9 40 35.6
) 02 733 13.8 80 1.1
Potassium sulfate 0.4 50 112 367 37
) 0.2 40 52.9 46.7 8.1
Calcium sulfate 04 50 412 50 444
. ) 032 16.7 80.4 20 778
Calcium chloride 04 117 | %62 133 85.2
. 0.2 30 64.7 40 55.6
Potassium thiosulfate 04 30 3.2 70 222
Control - 85 - 90 -
LSD at 0.05 2.16 3.1

* DS = Discasc severity (%) and E = Treatment efficacy (%). For explanation refer to
footnote of Table (2).
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