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ABSTRACT 

The paper aimed to inhibit evaluate the effects of some salts as 

natural products on  postharvest diseases of sweet pepper fruits under the 

laboratory conditions and evaluate their effects on the development and 

suppression of these diseases. To achieve these aims, four different salts i.e. 

sodium carbonate, sodium bicarbonate, potassium nitrate and calcium 

chloride was applied at four concentrations, 1, 2, 3 and 4% (w/v). Salt 

solutions were tested on the mycelial growth and spore germination of 

Ulocladium chartarum, Aspergillus niger, Fusarium semitectum and 

Geotrichum candidum. Seven days post incubation, mycelial growth of the 

tested fungi were  completely inhibited by the used salt solutions. Generally, 

the obtained results indicate a clear impact for most used salts solutions 

especially sodium salts.  

Finally, the optimum concentrations of salts under the experiments 

study conditions for inhibiting of growth of Ulocladium chartarum, 

Aspergillus niger, Fusarium semitectum, and its spores. Geotrichum 

candidum were 4, 3, 3, 3% (w/v) for sodium carbonate, sodium 

bicarbonate, potassium nitrate and calcium chloride, respectively.  
Conclusively, the optimum concentrations of salts in this study for 

inhibiting growth of some fungi were 4, 3, 3, 3% (w/v) for sodium 

carbonate, sodium bicarbonate, potassium nitrate and calcium chloride, 

respectively. 

Keywords: Mycelial growth; Spore germination; salts; sweet peppers, 

fruits rot. 

 

INTRODUCTION 

The sweet pepper (Capsicum annuum L.) is considered an important 

vegetable crop worldwide. It is a vegetable crop belonging to the family 
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Solanaceae and genus Capsicum (Berke, 2002). Pepper contains phytochemicals 

thatsupport in the protection of many diseases e.g., cancer, stroke and others when 

eaten in diets (Ademoyegun et al., 2011). It is essential for food, medicinal and 

industrial crops (Ashilenje, 2013). The pepper extract also used as a botanical 

pesticide for controlling insect and diseases of economic crops within organic 

agriculture systems. It is used in pickles, for flavoring sauces and in canned 

products. They are also used for confectionery products like bread, meat pie, 

burger (Ekhuemelo et al., 2018). It can be consumed in many colors, is rich in 

both hydrophilic antioxidants e.g., vitamin C, lipophilic ones e.g., carotenoids 

or/and vitamin E (Ilić et al., 2012) and with potential health-promoting properties 

(Bae et al., 2012).  Additionally, it has a high content of ascorbic acid compared 

to other vegetables and fruits. After the maturity stage of pepper, the major 

limiting factor is its relatively short shelf life (one to two weeks) which requires 

the use of air rather than sea transport for the export of peppers to lucrative distant 

markets (Maalekuu et al., 2003). 

Many salts were applied to inhibit fungi growth, i.e. sodium bicarbonate, 

sodium benzoate, sodium metabisulphite, and potassium metabisulphite...etc. 

Sodium bicarbonate (SBC). It can suppress postharvest anthracnose disease of 

papaya. Sodium bicarbonate at various concentrations (0, 1, 1.5, 2, 2.5, and 3% 

w/v) was used as treatment against mycelial growth and spore germination of 

Colletotrichum gloeosporioides. One week post incubation, mycelial growth was 

completely inhibited by  SBC 3%, which was statistically similar with 2 and 2.5% 

SBC (99.5 and 96.5% inhibition, respectively) (Hasan et al., 2012). Bicarbonate 

and carbonate salts of sodium and potassium have been shown to inhibit fungal 

pathogens of fruits, field crops, vegetables and ornamentals (DePasquale et al. 

1990; Ziv and Zitter 1992; Punja and Gaye 1982; Aharoni et al. 1997; Palmer et 

al. 1997; Campanella et al. 2002; Palou et al. 2002; Arslan et al. 2009; Erper et 

al. 2011; Latifa et al. 2011). 

In a related context, Ajith and Lakshmidevi (2011) illustrated that using 

sodium benzoate, sodium metabisulphite and potassium metabisulphite at 1mg 

ml
-1

 concentration completely inhibited the conidial germination and mycelial 

growth whereas, potassium nitrate inhibited the conidial germination and mycelial 

growth by 70 and 12% respectively. Another salt such as ammonium chloride, 

ammonium tartrate, calcium chloride dehydrates, potassium dihydrogen 

phosphate, potassium iodide and sodium sulphate increased sporulation of H. 

solani at the concentration of 0.1 M. Sodium benzoate was also the most effective 

compound in spores germination inhibiting (100%) for both fungi, followed by 
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potassium iodide (93%) for F. solani and ammonium acetate (88%) for H. solani., 

respectively. 

Other salts significantly enhanced the mycelial growth of the fungus as 

potassium acetate, potassium chloride, potassium nitrate, potassium phosphate 

dibasic, sodium chloride, sodium sulfate and trisodium phosphate while 

diammonium phosphate had no significant effect (Turkkan, 2013). Moreover, El-

Mougy & Abdel-Kader (2009) indicated that the application of sodium 

bicarbonate or calcium chloride significantly reduced the early blight incidence 

and severity by increasing their concentrations. Their most effective concentration 

was 30 mg/ml reduced the disease incidence by 50 and 62.4%, respectively (El-

Mougy & Abdel-Kader, 2009). Considerable interest in the use of sodium 

bicarbonate (NaHCO3) and potassium bicarbonate (KHCO3) for controlling 

various fungal diseases of plants (Karabulut et al., 2003; Smilanick et al., 2006). 

Lindsay (1985) indicated that bicarbonates are widely used in the food industry 

also, Ziv and Zitter (1992) noticed that it was effective in controlling several 

fungal diseases in cucumber plants. Spraying plants with NaHCO3 solution 

provided good control of several plant diseases (Horst et al., 1992; Arimoto et al., 

1997; Palmer et al., 1997; Janisiewicz and Peterson, 2005). Additionally, the use 

of KHCO3-spraying solution provided the most effective protection against plant 

diseases (Smilanick et al., 1999; Smilanick et al., 2006). Sodium and/or 

potassium bicarbonate combined with oil were effective in controlling plant 

diseases (Horst et al., 1992; Ziv and Zitter 1992). Calcium chloride (CaCl2) 

suppressed the growth of the citrus mold pathogen Penicillium digitatum (Droby 

et al., 1997). Also, calcium chloride effectively reduced silver scurf lesions on 

potato tubers, but not sporulation of Helminthosporium solani. It is known that the 

addition of calcium chloride can also improve the activity of biocontrol agents 

(McLaughlin et al., 1990; Droby et al., 2003).  

Therefore, the objectives of this study were to evaluate the effects of some 

salts as natural products in vitro against postharvest diseases of sweet pepper 

fruits and evaluate their effects on the development and suppression of these 

diseases. 

 

MATERIALS AND METHODS 

1 Plant materials: 
 One hundred sweet pepper fruits were random collected from local 

markets of four cities at Elsharquia governorate as following: Abou Hammad, 

Belibes, El Zagazig and Elashir min Ramadan during the two successful seasons 

of 2016/2017 and 2017/2018. The collected sweet pepper fruits were kept in 
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paper bag and transferred into  Plant Pathology Laboratory, Facility of 

Technology & Development, Zagazig University, Egypt. Then fruits were 

incubated at 25 – 28 ºC for one week. The rotted fruits of sweet pepper were 

classified into the different groups according to the type and colour of rots. The 

percentage of rotted fruits due to the different causal agents was calculated and 

recorded. 

2 Isolation and identification of the fungal organisms: 
 The infected portion of the pepper fruits was cut under aseptic conditions 

into small bits of 5 mm into a sterile dish with the aid of scissors which was 

flamed over a Bunsen burner flame and dipped inside methylated spirit (Fawole 

and Oso, 1988). The fruits pieces were sterilized within 70% ethanol then took 

placed centrally on Petri dishes containing solidified potato dextrose agar (PDA). 

Developing fungal isolates were purified using either a single spore method 

and/or hyphal tip technique suggested by Lilly and Barnett (1951). The purified 

isolated fungi were identified according to their morphological fractures using the 

description of Barnett and Hunter (1998). The isolated fungi were maintained on 

PDA slant, kept in the refrigerator at 5 – 8 ᵒC and sub-cultured till used. The 

identification was confirmed at Disease Survey and Mycology Department, Plant 

Pathology Institute, Agricultural Research Center, Egypt. 

3. Salts used:   
Carbonate and bicarbonate of sodium, potassium nitrate, and calcium 

chloride were purchased from Merck Chemicals (Merck, Germany), Egypt as 

presented in Table (1). 

Table (1): The used chemical salts in the experiment. 

Name of salt Chemical formula Molecular weight 

Sodium carbonate Na2CO3 105.99 

Sodium bicarbonate NaHCO3 84.01 

Potassium nitrate KNO3 101.10 

Calcium chloride KCl 110.98 

 

4 Effect of salts on mycelial growth of fungi: 
The tested fungi were grown on PDA un-amended (control) or amended 

with the tested salts at 24 °C using PDA agar disks (diameter = 5 mm) of actively 

growing mycelium of F. solani and H. solani, were used to inoculate the plates. 

For each plate, colony diameter was determined one-week post incubation. 
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Colony diameter was measured as the average of the longest diameter (cm) and 

the shortest diameter. Inhibition of mycelial growth (IMG) was calculated using 

the follows equation. 

IMG=control radial growth - salt amended radial growth control radial 

growth×100        [Eq. 1] 

Three replicates were used. 

 

5 . Effect of salts on spore germination: 
Spore suspensions of each pathogen (1 ml; 9X 105 spore's ml

-1
) were 

placed in micro-tubes containing 5 ml of Potato Dextrose Broth (PDB) amended 

with the tested salt or untreated (control). The pH of PDB varied with the used 

salt and was not changed unless stated otherwise. Micro-tubes were incubated at 

24 °C for one day. The germination of spores was determined using 

hemocytometer. Spores with germ tubes at least half the length of the spore were 

considered as germinated. Inhibition of spore germination (ISG) was calculated 

with the following equation: 

ISG=control spore germination - salt amended spore germination control spore 

germination×100 [Eq. 2] 

Three replicates were used. 

 

6  Statistical analysis: 
Statistical analyses of all experimental data were done using the statistical 

software SAS package (SAS Institute, 2002; available online), all comparisons 

were first subjected to one-way analysis of variance (ANOVA). 

Significant differences between treatment means were determined using 

Duncan's multiple range test at P <0.05 as the level of the significance (Duncan, 

1955). 

 

RESULTS AND DISCUSSIONs 

The obtained results present in Table (2) indicated a clear effect of tested 

salts on the mycelial growth compared to the control treatment. Most of the used 

salts significantly reduced mycelial growth of tested fungus.  Salts significantly 

decreased mycelial growth of Ulocladium chartarum. Sodium carbonate at 4 % 

was the most effective concentration  recorded  the lowest value in mycelial 

growth of fungi, while 1% potassium nitrate was the least effective one, which 

about 0.933, 6.1, respectively. Also, Aspergillus niger was significantly affected 

by 4% sodium carbonate and 4% sodium bicarbonate. Aspergillus niger and 

Geotrichum candidum have a relatively affect than tested fungi. Fusarium  
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semitectum was affected by the high concentrations 4% calcium chloride 

solution.  The inhibition percent of mycelial growth for most studied fungi was 

significantly affected by the high concentrations of the used salts. The results  

presented in Table (3) indicate a clear impact on % growth inhibition of fungi and 

it were 77.77-100%, 74.81-100%, 52.22-86.66%, 64.81-93.33% for 4% sodium 

carbonate concentration, 4% sodium bicarbonate concentration, 4% potassium 

nitrate concentration and 4% calcium chloride concentration. This increasing 

recorded 53.60, 61.56, 43.42, 52.77% for Ulocladium chartarum, 82.03, 78.88, 

71.01, 66.57% for Aspergillus niger, 58.79, 59.63, 77.40, 82.31% for Fusarium 

semitectum and the Geotrichum candidum was 74.26, 72.13, 72.77, 76.66% of 

carbonate sodium, sodium bicarbonate, potassium nitrate and calcium chloride 

solutions respectively, compared to the control treatment. 

Additionally, the sodium carbonate and/or sodium bicarbonate solutions 

impacted on inhibition percent of spore germination of tested fungi (Table 4), and 

the most affective fungp with concentrations of sodium salt’s solutions, were 

Aspergillus niger, Geotrichum candidum and Fusarium semitectum, compared to 

the control treatments, respectively. Potassium nitrate solution was less effective 

than other salts solutions, but it effectively inhibited the spore germination of 

Fusarium semitectum . Aspergillus niger was significantly affected by 3%, 4% 

calcium chloride, while it was not affected by potassium nitrate solutions, as the 

effect was relatively limited (Table 5). Based on the obtained results, it can be 

concluded that the optimal concentration of used salts  inhibited spore 

germination %  under the experimental conditions were 4%, 3%, 3%, 3% (w/v) 

for sodium carbonate, sodium bicarbonate, potassium nitrate, and calcium 

chloride respectively. A related context, the significance of interaction was tested 

between fungi, salts and salts concentrations for mycelial growth, inhibition of 

mycelial growth, spore germination and % inhibition of spore germination of 

fungi. Data presented in Table 6, indicate to statistical analysis of the experiment. 

The interactions between all studied factors were significant, while the interaction 

between tested fungi, salts, salt concentrations for inhabitation of mycelial growth 

of fungi was not significant. these results are consistent with the results of (Arslan 

et al., 2009(, (Erper et al., 2011), (Latifa et al., 2011), and (Turkkan et al., 2017).  

In line with the study, several previous studies have also confirmed carbonate and 

bicarbonate solutions including sodium and potassium nitrate to have inhibitory 

effects on the mycelial growth of different fungi (Palmer et al., 1997; Palou et al., 

2002; Droby et al., 2003; Latifa et al., 2011). 

Moreover, many studies demonstrated that sodium carbonate and sodium 

bicarbonate salts exhibited fungistatic rather fungicidal activity against many  
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Table (6): Effect of the used salts and its concentrations on the mycelial growth, 

% inhibition of mycelial growth, spore germination and % inhibition 

of spore germination of the studied fungi. 

Treatments 
Mycelial  

growth 

Inhibition  

of  

mycelial  

growth  

(%) 

Spore 

germination 

Inhibition of spore 

germination  

(%) 

Fungi (A) 

Ulocladium chartarum 4.072
a
 54.741

d
 43.208

a
 56.791

d
 

Aspergillus niger 2.283
d
 74.625

a
 42.979

b
 56.812

c
 

Fusarium semitectum 2.741
b
 69.532

c
 37.937

c
 62.020

b
 

Geotrichum candidum 2.343
c
 73.953

b
 36.104

d
 63.791

a
 

LSD (0.05) 0.0581 0.6450 0.9000 0.9990 

Salts (B) 

Sodium carbonate 2.785
c
 69.046

a
 28.145

c
 71.750

b
 

Sodium bicarbonate 2.872
b
 68.074

b
 23.854

d
 76.145

a
 

Potassium nitrate 3.045
a
 66.152

c
 64.789

a
 35.229

d
 

Calcium chloride 2.737
d
 69.579

a
 43.500

b
 56.291

c
 

LSD (0.05) 0.0581 0.6450 0.9000 0.9990 

Concentrations (C) 

1% 3.929
a
 56.338

d
 55.625

a
 44.375

d
 

2% 3.262
b
 63.746

c
 44.312

b
 55.583

c
 

3% 2.593
c
 71.175

b
 34.750

c
 65.208

b
 

4% 1.656
d
 81.592

a
 25.541

d
 74.250

a
 

LSD (0.05) 0.0581 0.6450 0.9000 0.9990 

Interactions 

A × B ** ** ** ** 

A × C ** ** ** ** 

B × C ** ** ** ** 

A × B × C ** NS ** ** 

LSD of interactions: 

A×B= 

A×C= 

B×C= 

A×B×C= 

 

0.0957 

0.9300 

1.2040 

1.0648 

 

1.0639 

10.341 

13.380 

- 

 

1.7470 

3.9180 

10.225 

10.618 

 

1.8800 

1.1520 

10.292 

10.099 
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fungi (Punja and Grogan, 1982; DePasquale and Montville, 1990; Palou et al., 

2002; Latifa et al., 2011). The inhibitory effect of bicarbonate salts on fungi was 

probably due to the reduction in fungal cell turgor pressure which resulted in the 

collapse and shrinkage of hyphae and spores, consequently, the inability of fungi 

sporulation (Fallik et al., 1996). In another study, the results confirmed that a 

solution of potassium nitrate increased inhibition of the growth of some fungi on 

soybean plants and it was due to indicate that potassium accumulation in 

inhibitory growth sites (Sugimoto et al., 2009). Türkkan et al. (2017) confirmed 

that carbonate and carbonate salts have broad-spectrum antimicrobial properties 

and are generally recognized as safe compounds which do not require expensive 

testing and validation by regulatory agencies. Therefore, they are very promising 

candidates for postharvest diseases, especially in fresh commodities to which the 

application of synthetic fungicides is banned such as sweet pepper. Additionally, 

our results are consistent with the results of Stošić  et al. (2014), who confirmed 

that calcium chloride salt has a great effect and important role in inhibiting of the 

growth of some fungi. 

 

CONCLUSION 
Based on the obtained results and it confirmed a significant effect for most 

used salts solutions especially sodium salts. It significantly inhibited growth of the 

tested fungi. Also, the effective concentrations of these salt’s solutions under the 

experiments study conditions to inhibit the growth of Ulocladium chartarum, 

Aspergillus niger, Fusarium semitectum and Geotrichum candidum were 4, 3, 3, 

3% (w/v) for sodium carbonate, sodium bicarbonate, potassium nitrate and 

calcium chloride, respectively. 
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الفطرياث التي تصيب تأثير بعض الأملاح عل نمو الميسليم وإنباث جراثيم 

 ما بعد الحصاد الفلفل الحلوثمار 

 

 أميرة توفيق، علي كريم، سيد يونس، محمد عليان

 هصش -خاهعت الضقاصٌق  –والخٌوٍت  اكلٍىت الخكٌىلىخٍ –قسن الاًخاج الٌباحى 
  

  

هذفج هزٍ الذساست إلى حقٍٍن حأثٍش  بعط الأهلاذ الوعذًٍت فً حثبٍط بعط 

الاهشاض الفطشٌت لثواس الفلفل الحلى فً هشحلت ها بعذ الحصاد ححج الظشوف الوعولٍت، 

ق هزٍ الأهذاف؛ أخشٌج دساست الاصابت بها. لخحقٍ  وكزا حقٍٍن آثاسها على حطىس  أو هٌع

كشبىًاث الصىدٌىم وبٍكشبىًاث الصىدٌىم   هعولٍت أسُخخذم فٍها أسبعت أهلاذ هخخلفت هً

٪ )وصى / حدن( 4و  3و  2و  1وًخشاث البىحاسٍىم وكلىسٌذ الكالسٍىم بخشكٍضاث هخخلفت 

الفطشي  بالإظافت الً هعاهلاث الوقاسًت.اسُخخذم هحالٍل الأهلاذ كوعاهلاث ظذ الٌوى

 ، Ulocladium chartarum ، Aspergillus Nigerوإًباث الدشاثٍن فً فطشٌاث، 

Fusarium  semitectum ، Geotrichum candidum . 

ورلك  بعذ سبعت أٌام هي الخحعٍي. وقذ أدث الوعاهلت لخلك الاهلاذ الى حثبٍط  ًوى 

إلٍها إلى وخىد حأثٍش هعٌىي وبشكل عام، حشٍش الٌخائح الخً حن الخىصل   الفطشٌاث حواهًا.

لوعظن م الأهلاذ الوسخخذهت، وخاصت أهلاذ الصىدٌىم، حٍث كاًج فعالت فً حثبٍط ًوى 

٪ )وصى/حدن( لاهلاذ  3،  3، 3، 4هعظن الفطشٌاث وخشاثٍوها. كاًج الخشكٍضاث 

وكلىسٌذ الكالسٍىم على   بٍكشبىًاث الصىدٌىم ، ًخشاث البىحاسٍىم،كشبىًاث الصىدٌىم ، 

 Ulocladiumهً الاكثش قذسة لخثبٍط ًوى فطشٌاث الخىالً ححج ظشوف الذساست 

chartarum ، Aspergillus Niger ، Fusarium semitectum ، Geotrichum candidum . 

٪ )وصى / 3، 3، 3، 4فً هزٍ الذساست الخشكٍضاث الوثلى  هي الأهلاذ  الوخخبشة  التوصيت:

حدن( لأهلاذ كشبىًاث الصىدٌىم، بٍكشبىًاث الصىدٌىم، ًخشاث البىحاسٍىم، وكلىسٌذ 

 الكالسٍىم على الخىالً والخً حثبٍط ًوى.

 الاهلاذ الوعذًٍت.. الٌوى الفطشي. إًباث الدشاثٍن. الفلفل الحلى الكلماث الدالت:
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