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ABSTRACT 

The postharvest diseases of strawberry fruit cause considerable losses during storage and 
transportation. The objective of the current work was proposed to evaluate the application of hot water, 
chitosan and oxalic acid as alternatives methods to control strawberry postharvest infections. Different 
concentrations of treatments were applied as individually or in combination against Botrytis cinerea 
and Rhizopus stolonifer the main pathogens of rotting strawberry fruits. In vitro, all treatments 
significantly reduced the linear growth, spore germination and germ tube elongation of both fungi. The 
treatment with Oxalic acid (10%) + chitosan 2% (w/v) a combined with hot water at 520c (T7) as well 
as chitosan + hot water (T6) showed clear reduction in the mycelial growth and spore germination of 
Botrytis cinerea and Rhizopus stolonifer. In vivo test, coated fruits with combined treatments of chitosan 
+ oxalic acid and hot water significantly reduced the incidence and severity of gray mold and Rhizopus 
soft rot diseases when compared with other treatments and control during 5 days of storage at 20°C and 
15 days at 5oc. In addition, the treatment of T7 caused the highest increase in peroxidase (PO) activity 
and β-1, 3-glucanase in comparing with all treatments. Therefore, treatment with hot water, chitosan 
and oxalic acid as individual treatment can’t provide fully control to postharvest decay of strawberry 
while, combinations of these treatments may accomplish an acceptable level of disease control. 
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Introduction 

Strawberry (Fragaria ananassa) is an important commercial fruit crop that is grown worldwide 
due to its attractive taste (Jang et al., 2011). Also, it is one of the most important vegetable crops in 
Egypt for local consumption and exportation. Fungal pathogens are the main cause of postharvest 
diseases of strawberry fruits during storage and transport. postharvest diseases casing considerably 
economic losses about 20-25% (Gatto et al., 2011). Gray mold caused by Botrytis cinerea Pers. and 
Rhizopus rot caused by Rhizopus stolonifer (Ehrenb.) are the most frequently postharvest diseases 
affecting strawberries in Egypt and worldwide (Tarek, 2004). Botrytis cinerea entry to strawberry 
tissues at an early stage of crop development and remains inactive until the fruit starts to ripen 
(Williamson et al., 2007). On the other hand, Rhizopus rot is primarily a storage rot, however, it may 
also occur in the field on ripe fruit.  

 Management of postharvest diseases is based mainly on chemical control, but fungicide 
application may cause some complications such as toxic residues on the fruits and variety of resistant 
isolates of the pathogen (Leroux, 2010). Efforts have been made to decrease these effects through 
understanding the biology and etiology of postharvest pathogens, as well as, by developing suitable 
postharvest handling technologies and alternative control methods support the natural plant defense 
systems (Romanazzi et al., 2016). In response to this trend, physical and biological approaches have 
been assessment as harmless alternative to the use of chemical fungicides (Droby et al., 2003). Physical 
methods including, hot water treatments (Lurie and Pedreschi, 2014), control atmospheres (Wszelaki 
and Mitcham, 2003) and ultraviolet light (Nigro et al., 2000). While, biological methods, including 
biological natural active products, and biological control based on naturally occurring microorganisms 
(Droby et al., 2016).  

Immersion of the fruit in hot water (HW) is an effective treatment delays the ripening process, 
increases the shelf life, and preserves the fruit quality. Hot water is effective in suppressing the growth 
of fungi inocula existing on the fruit surface or in the first layers of peel as a result of pre-harvest 
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infection (Fallik, 2004; Li et al., 2013). In addition to, induce resistance to some pathogens (Maxin et 
al., 2012). 

Chitosan, (N-acetylated derivative of the polysaccharide chitin) become a prospective alternative 
treatment. It has been usually identified as a natural antimicrobial agent against many bacteria and fungi 
(Romanazzi et al., 2001). Suppressive effect of chitosan is depending on both physical and biochemical 
mechanisms (Aider, 2010). The physical properties of the polymer let it to create a film on the surface 
of treated fruit (Du et al., 1998). Chitosan treatment prolongs storage life and controls decay of many 
fruits such as apple, citrus, strawberry, and sweet cherry (Shiekh et al., 2013). 

Oxalic acid (OA) is a natural organic acid widely distributed in plants, fungi and animals 
(Shimada et al., 1997). There are few studies about OA treatments (Jin et al., 2014; Zhu et al., 2016) as 
an alternative eco-friendly and natural surface treatment of fresh fruit. It is playing a significant function 
to induce systemic resistance against plant diseases and response to environment (Zheng et al., 2012). 
Applications of OA has shown some antioxidant activities and play serious function in controlling fruit 
tissue browning, inducing systemic resistance, delaying fruit ripening and controlling decay in 
harvested fruits (Wu et al., 2011).  

Nowadays, research studies have focused on combined techniques with better antifungal 
efficiencies than the chemical alternatives. Combinations of some postharvest treatments have been 
examined with hopeful results in several studies (Janisiewicz and Conway, 2010; Kechinski et al., 2012; 
Ayon- Reyna et al., 2017), although slight of this effort has been with strawberry (Wszelaki and 
Mitcham, 2003). Consequently, the aim of this study was to assessment the efficacy of treatments with 
chitosan, oxalic acid and hot water individually or in combination for enhances resistance to controlling 
postharvest decay caused by Botrytis cinerea & Rhizopus stolonifer and to investigate the defense-
related enzymes in artificially inoculated strawberry fruit during storage. 

 
Materials and Methods 
 
Source of plant material 

Mature strawberry fruit (cv. Festival) were harvested from El-wardan village, Giza Governorate, 
Egypt. All fruit were uniform in size, color and free of physical injuries or signs of infection. Fruits 
were washed in sodium hypochlorite solution 2% (v/v) for 2 min, then rinsed with tap water and air-
dried prior to use. 
 
Isolation and identification of the causal pathogens 

The fungal pathogens were isolated of naturally infected strawberry fruits cv. Festival showing 
various types of rot symptoms according to Embaby et al., (2016). Samples were collected from 
different locations at El-wardan village, Giza Governorate, Egypt and cultured on potato dextrose agar 
(PDA) at 25◦C for 2 weeks using the hyphal tip technique according to Barnett and Hunter, (1972). The 
identification was based on their cultural properties, morphological and microscopical characteristics 
according to Raposo et al. (1995); Hernández-Lauzardo et al., (2006). Spore suspensions were obtained 
by flooding the surface of 14-day-old PDA cultures with 5 mL of sterile distilled water. The suspension 

was filtered through four layers of sterile cheesecloth and adjusted to a concentration of 1×106 spores 

mL−1 using a hemocytometer. (Jin Peng et al., 2016). 
 
Application of physical and natural treatments 

 Hot water (physical) treatment of fruit was carried out in a water bath at 63oC for 12-second dip. 
(Wszelaki and Mitcham, 2003). Natural treatment involved chitosan with 90% deacetylation and oxalic 
acid were purchased from Sigma (Sigma Aldrich). Chitosan solution was prepared at concentrations of 
2% (w/v) in an aqueous solution of glacial acetic acid (0.5% v/v). The solution was warmed to 45°C 
and stirred on a magnetic stirrer for complete dissolution of chitosan, adjusting its pH to 5.5 with NaOH 
(0.1N), then 0.1 mL of tween 20 was added (Milena et al., 2015). Oxalic acid treatment at concentrations 
of 10% (w/v) dissolved in water.  All treatments applied individually or in combination as follow in 
Table (1). 
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 Table 1: The experimental treatments codes 

 

Applying treatments on linear growth of rot pathogens in vitro  
        To determine the effect of chitosan and oxalic acid individually or in combination on the linear 
growth of Botrytis cinerea and Rhizopus stolonifer, selected concentrations were incorporated into the 
PDA and poured into glass Petri-dishes (9 cm). Plugs of agar (0.5 cm diameter) covered with mycelia 
and spores of the fungal pathogens were cut from the growing edge of 2-week-old colonies growing on 
PDA, served as a source of inoculums. These agar discs were placed in the center of petri dishes 
containing PDA with the corresponding compounds at different concentrations (Guo et al., 2006). Also, 
to determine the effects of heat treatment individually or in combination with other treatments, four 
plugs of fungal pathogens were placed into 1.5 ml Eppendorf tube containing 1 ml of distilled sterile 
water. This was replicated four times with a total of 16 agar plugs used per pathogen. Treatments on 
the Eppendorf tubes were carried out using the water bath at 63oc for 12 sec. After water bath treatment, 
the agar plugs were removed from the Eppendorf tubes and blotted briefly, agar side down on sterile 
filter paper (Whatman no. 2). Then, all the treated plugs were placed in the center of a PDA plates 
supplemented with 0.5 g of streptomycin and other treatments. The 16 treated plugs were distributed 
into 4 treatments as follow (hot water individually, hot water + chitosan at 2%, hot water + oxalic acid 
at 10% and hot water + mixture of chitosan/oxalic acid) then plates were incubated at 20 ± 2°C 
(Hernández-Lauzardo et al., 2010). Non-treated plugs per pathogen were placed in the center of a PDA 
plates as control and incubated under the same conditions. Four replicates were used for each treatment 
and the colony diameter was daily measured until control plates were fully covered with mycelia. The 
percentage of mycelial growth inhibition (MGI) % was calculated as the following formula suggested 
by Ong et al., (2013). 
              
            Percentage of mycelia growth inhibition (MGI) % =   DC - DT ×100 
                                                                                                         DC 
  Where:  DC = average diameter of the mycelia growth in the control.  
                DT = average diameter of the mycelia growth in the treatment. 
   
Applying treatments on spore germination and germlings 
         100 μL of a spore suspension (1 × 106 spores mL–1) of both Botrytis cinerea and Rhizopus 
stolonifer were incubated in Eppendorf tubes containing 500 μL of chitosan (2%); oxalic acid (10%) 
and combination between chitosan and oxalic acid. Control tubes contained only sterile water. As well, 
to determine the effects of heat treatment 100 μL of a spore suspension were incubated in Eppendorf 
tubes containing 500 μL of sterile water; chitosan (2%); oxalic acid (10%) and combination between 
chitosan and oxalic acid then, these Eppendorf were dipped in the water bath at 63oc for 12 sec. The 
samples were incubated at 25 °C according to the method of Wang et al., (2010); Turgeman et al., 
(2014). Spore germination and germ tube elongation were examined after 24 h by mixing the solution 
and placing a drop of 10 μl onto a glass slide then microscopically examined (Leica – DM 2500 (40×)). 
Spores were considered germinated when germ tube length was equal to or greater than spore length. 
The spore germination percent was counted germinated over total 100 spores per replicate. Each 
treatment was replicated three times (Ong et al., 2013). Spore germination inhibition was calculated 
according to the following formula:   
      
  
 

Codes Treatments Concentration 
T0 Control distilled water 
T1 Hot water 63oC for 12-second 
T2 chitosan 2 % (w/v) for 2 min 
T3 oxalic acid 10 % (w/v) for 2 min 
T4 chitosan + oxalic acid 2 % (w/v) +10% (w/v) 
T5 Hot water +/oxalic acid 63oC + 10 % (w/v)  
T6 Hot water +/chitosan 63oC + 2 % (w/v) 
T7 Hot water+ chitosan + oxalic acid/ 63oC + 2 % (w/v) + 10 % (w/v) 
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 Spores Germination inhibition (SGI) % =  
{germinated spores (control) – germinated spores (treatment)} 

germinated spores (control) x 100. 
 
 Germ tube inhibition (GTI) % =  

{germ tube length (control) – germ tube length (treatment)} 
germ tube length (control) x 100. 

 
Disease assessment of postharvest decay of strawberry fruits in vivo 
        Fresh strawberry fruits were surface-sterilized by dipping in 2% sodium hypochlorite solution (v/v) 
for 2 min, then washed with distilled water. Fruits were randomly distributed into eight equal groups. 
Each group was immersed into one of the following (T0) control (distilled water), (T1) hot water at 630c 
for 12 sec, (T2) chitosan 2%, (T3) oxalic acid 10%, (T4) chitosan combined with oxalic acid, (T5) hot 
water + oxalic acid, (T6) hot water + chitosan and (T7) hot water + chitosan + oxalic acid. For heat 
treatment strawberry fruit were heat for 12 sec before chitosan or oxalic acid coating for 2 min. 
Thereafter, fruit were wounded (3 mm deep and 3 mm wide) on opposing sides with a sterile needle 
and inoculated by dipping for 5 min in 200 ml of the spore suspension (1x106 conidia/ ml) of B. cinerea 
or R. stolonifer. Then fruits were left to dry for 30 min to allow the spores to establish on their surfaces. 
Afterwards, strawberries were placed in polyethylene tray with cover (20 cm length, 15 cm width) then, 
incubated at 20°C and 5ºC. There were three replicates of 30 fruit for each treatment. Decay incidence 
was determined after 5 days at 20ºC and 15 days at 5ºC as the percentage of decayed or infected fruits 
according to the following formula (Lopez- Reyes et al., 2010; Ali et al., 2015).                  
  
Percentage of disease reduction % = 
                                 {Disease incidence % (control) – Disease incidence % (treatment)}  
                                                     Disease incidence % (control) x 100. 
          
         Disease severity was determined on rotted fruits according to the disease index rating which was 
made to determine the average diameter of the infected areas on fruit surface 5 or 15 days after 
inoculation. The following numerical rates were suggested to facilitate visual determination and to give 
a satisfactory comparison: 
0 = No rot. 
1 = Scattered small rot. 
2 = Rots coalescing and including about 25-50 % fruit area. 
3 = More than 50% of the fruit area was infected. 
Readings were converted to disease severity index according to the equation suggested by Townsend 
and Heuberger, (1943) as follows: 
 
                     Disease Severity % = 
 
Where (n) is the number of fruits in each numerical rate; r1, r2 and r3 are ratings and (N) is the total 
number of inoculated fruits multiplied by the maximum numerical rate 3. 
 
Percentage of disease severity reduction % = 
                                 {Disease severity % (control) – Disease severity % (treatment)}  
                                              Disease severity % (control) x 100. 
 
Measurement of defense-related enzyme activities  
          Peroxidase enzyme extract was obtained by grinding fruits tissues (2 ml / g fruits tissue) in 0.1 M 
sodium phosphate buffer at pH (7.1). The extracted tissues were strained through four layers of 
cheesecloth. Filtrates were centrifuged at 3000 rpm for 20 min. at 60C. The clear supernatants were 
collected and considered as crude enzyme extract. Peroxidase activity was expressed as changes in 
absorbance/min at 425 nm according to the method of Chen et al., (2000) 
         Phenylalanine ammonia-lyase (PAL, EC 4.3.1.5) activity was measured according to the method 
of Assis et al., (2001). one gram of strawberry tissues was ground with 5 ml (0.2 M / L–1) sodium borate 
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buffer at pH 8.7 that contained 20 mM / L–1 of β-mercaptoethanol. The assay medium contained 0.1 ml 
of enzyme extract and 1 ml of L-phenylalanine. After incubation at 40°C for 1 h, the reaction was 
stopped by adding 0.2 ml of (6 M / L–1) HCl. One unit of PAL activity was defined as the amount of 
enzyme that caused an increase in absorbance of 0.01 at 290 nm per hour. Phenylalanine ammonia lyase 
activity was determined as the rate of conversion of L-phenylalanine to transcinnamic acid at 290 nm. 
          β-1,3-glucanase (EC 3.2.1.58) activities were extracted of 1 g strawberries tissues with 5 ml of 
50 mM / L–1 sodium acetate buffer (pH 5.0) according to the method of Yao and Tian, (2005). β-1,3-
glucanase activity was measured the amount of reducing sugar at 540 nm after reaction with 250 μl 3,5-
dinitrosalicyclic reagent. One unit of β-1,3-glucanase activity was defined as the amount of enzyme 
catalyzing the formation of 1 μM glucose equivalents per hour. 
 
Statistical analysis 
       The obtained data were statistically analyzed according to Gomez and Gomez, (1984) using the 
SAS program version 9.2 (SAS Inc., 2009). Means were compared using the least significant difference 
(LSD) test at 0.05 level of probability. 
 
Results and Discussion 
 
Isolation and identification of the causal agent of strawberry fruit rot. 
      Botrytis cinerea and Rhizopus stolonifer were isolated of symptomatic strawberry fruits that were 
collected from different locations at El-wardan village, Giza Governorate, Egypt. Fungi were purified 
and identified based on their cultural properties, morphological and microscopical characteristics. The 
percentage of fungal frequency resulted that, Botrytis cinerea was higher fungal frequency occurred 
which record 60% followed by Rhizopus stolonifer 40%. These results are in harmony with those 
reported by Embaby et al. (2016). 
 
Effect of treatments on fungal growth in vitro  
      The treatment with chitosan and oxalic acid alone or in combination with hot water was applied in 
vitro to study their inhibitory effect on linear growth, spore germination and germ tube elongation of B. 
cinerea and R. stolonifer. Data in Table (2) indicated that, all treatments either individually or in 
combination reduced the linear growth, spore germination and germ tube length of both fungal 
pathogens compared with control. Treatment with chitosan and oxalic acid combined with hot water 
was the most effective against the two pathogens compared with the individual treatments. A hot water 
(T1) followed by chitosan (T2) as single treatments clearly reduced the liner growth of B. cinerea and 
R. stolonifer to 50.3% - 33% and 39.9% - 26.3 % respectively when compared with other single 
treatments and control. These values reached 84.4 % - 75.2 % and 72.2 % - 57.4 % respectively when 
the hot water combined with chitosan and oxalic acid treatment (T7). In general, the hot water and 
chitosan as single treatments were more effective for inhibiting the growth of both fungi than using 
oxalic acid. Furthermore, R. stolonifer showed a slight tolerance against all treatments than B. cinerea. 
Similarly, data in Table, (3) showed that, chitosan, oxalic acid and hot water either individually or in 
combination reduced spore germination and germ tube elongation of both fungi. The highest reduction 
was observed with T7 which reduced spore germination to 86.7% - 75.2 and germ tube elongation to 
83.7% - 78.8% of B. cinerea and R. stolonifer respectively. Spore germination was more sensitive to 
all treatments than linear growth (Table, 2). Similar trend of results was also obtained by Hernández-
Lauzardo et al., (2010); Jin peng et al., (2016); Ayon- Reyna et al., (2017) and Ehab and Abeer (2018) 
they proposed that, the elicitor activity of chitosan appears to result from the interaction of its 
polycationic molecule with negatively charged phospholipids of host cell membranes, and elicitation of 
defense responses in plant tissue. On the other hand, many studies suggested that, the activity of hot 
water not only due to direct inhibition of pathogen inoculum present on the fruit surface, but also 
because of enhancing disease resistance of host plants against their respective pathogens. (Shao et al., 
2012). 
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 Table 2: The effect of different treatments on the liner growth of B. cinerea and R. stolonifer.   
Treatments Botrytis cinerea Rhizopus stolonifer 

MG (cm) MGI % MG (cm) MGI % 

T0 9.0 a ± 0.00 0 j ± 0.00 9.0 a ± 0.00 0 j ± 0.00 

T1 4.46 f ± 0.45 50.3 d ± 5.00 6.03 d ± 0.30 33 fg ± 3.36 

T2 5.06 e ± 0.70 39.9 e ± 2.87 6.63 c ± 0.49 26.3 h ± 5.46 

T3 6.53 cd ± 0.47 27.4 gh
 ± 5.25 7.56 b ± 0.20 15.9 I ± 2.28 

T4 4.03 fg ± 0.15 55.2 cd
 ± 1.68 5.40 e ± 0.26 37.4 ef

 ± 3.41 

T5 3.26 h ± 0.30 60.3 c ± 6.10 4.43 f ± 0.45 50.7 d ± 5.01 

T6 2.50 I ± 0.30 72.2 b ± 3.35 3.83 gh
 ± 0.41 57.4 c ± 4.61 

T7 1.40 j ± 0.20 84.4 a ± 2.20 2.23 I ± 0.25 75.2 b ± 2.76 

LSD 0.5977 6.2957 0.5977 6.2957 
For each column, means followed by the same letter are not significantly different according to Least Significant Difference 
(LSD) test at (P≤ 0.05). MG = Mycelia Growth, MGI% = Mycelia Growth Inhibition %. T0: control, T1: Hot water, T2: 
Chitosan, T3: Oxalic acid, T4: Chitosan + Oxalic acid, T5: Hot water + Oxalic acid, T6: Hot water + Chitosan, T7: Hot water + 
Chitosan + Oxalic acid. 

 
Table 3: The effect of different treatments on the spore germination and germ tube elongation of B. 

cinerea and R. stolonifer.   

Treatments 
 

Botrytis cinerea Rhizopus stolonifer 

SG % SGI % GT (µm) GTI % SG % SGI % GT (µm) GTI % 

T0 100 a ± 
0.00 

0 j ± 0.00 
37.20 b ± 

0.20 
0 l ± 0.00 

100 a ± 
0.00 

0 j ± 
0.00 

44.50 a ± 
3.38 

0 l ± 
0.00 

T1 
48.0 f ± 

2.0 
52 de ± 
3.60 

21.03 g ± 
0.75 

43.5 g ± 
1.79 

62.6 de ± 
4.61 

37.3 fg ± 
4.61 

27.53 d ± 
0.55 

37.9 h ± 
4.11 

T2 
56.3 e ± 

3.51 
43.7 ef ± 

3.51 
23.33 f ± 

0.41 
37.3 h ± 

0.90 
72.3 c ± 

4.04 
27.7 h ± 

4.04 
32.16 c ± 

2.04 
27.6 j ± 

2.28 

T3 
68.6 cd ± 

3.51 
31.3 gh ± 

3.51 
25.33 e ± 

0.41 
31.9 I ± 

1.10 
 81.0 b ± 

1.73 
19 i ± 
1.73 

36.36 b ± 
1.00 

20.5 k ± 
5.77 

T4 
40.6 g ± 

1.15 
59.3 c ± 

1.15 
18.50 h ± 

0.36 
50.3 f ± 

0.75 
57.3 e ± 

6.42 
42.6 ef ± 

6.42 
23.16 f ± 

0.61 
47.8 f ± 

2.83 

T5 
37.6 g ± 

5.29 
62.3 c ± 

5.29 
15.93 I ± 

0.25 
57.2 e ± 

0.77 
48.3 f ± 

2.88 
51.7 d± 

2.88  
20.10 gh ± 

0.26 
54.7 e ± 

3.59 

T6 
26.0 h ± 

2.51 
74 b ± 
2.51 

11.66 j ± 
0.60 

68.7 c ± 
1.75 

37.3 g ± 
6.42 

62.8 c ± 
6.42 

15.76 i ± 
0.25  

64.4 d ± 
2.14 

T7 
13.3 I ± 

5.77 
86.7 a ± 

5.77 
6.06 l ± 

0.77 
83.7 a ± 

2.08     
23.33 h± 

5.77  
76.6 b± 

5.77  
9.40 k ± 

0.36 
78.8 b ± 

0.90 
LSD 6.73 6.85 1.84 4.06 6.73 6.85 1.84 4.06 

For each column, means followed by the same letter are not significantly different according to Least Significant Difference 
(LSD) test at (P≤ 0.05). SG = Spore Germination, SGI % = Spore Germination Inhibition, GT= Germ Tube length, GTI % = 
Germ Tube Inhibition. T0: control, T1: Hot water, T2: Chitosan, T3: Oxalic acid, T4: Chitosan + Oxalic acid, T5: Hot water + 
Oxalic acid, T6: Hot water + Chitosan, T7: Hot water + Chitosan + Oxalic acid. 
 

Effect of treatments on postharvest decay development of strawberry fruits In vivo. 
       In vivo test, the treatments of hot water, chitosan and oxalic acid were applied to control gray mold 
and Rhizopus rot diseases caused by B. cinerea and Rhizopus stolonifer of strawberry fruits which 
stored at 20°C for 5 days and 5°C for 15 days. The effect of different treatments on the reduction of 
disease index was revealed in Fig (1). All treatments showed highly protective effects of strawberry 
fruits against gray mold and Rhizopus rot diseases compared with control. Obtained data showed that, 
combined treatments were the most effective in decreasing decay infection compared with single 
treatments. The treatment T7 followed by T6 as combined treatments and T1 followed by T2 as single 
treatments significantly enhanced control of gray mold and Rhizopus rot on strawberry fruits. T7 
followed by T6 cause reduction of disease incidence could reach to 80 - 70% and 93.3 - 90 % of gray 
mold and 66.7 - 56.7 % and 86.6 -76.7 % of Rhizopus rot 5 days after storage at 20°C and 15 days at 
5°C, respectively. Meanwhile, hot water as a single treatment (T1) followed by chitosan (T2) reduced 
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disease incidence to 46.6 – 36.7% and 73.3 – 60 % of gray mold and 26.7 – 16.6 % and 50 -40 % of 
Rhizopus rot, respectively.  

 
Fig 1: The effect of different treatments on the reduction [%] of disease index of gray mold caused by 
Botrytis cinerea and Rhizopus rot caused by Rhizopus stolonifer of strawberry fruits stored at 20°C for 
5 days (A) and 5°C for 15 days (B). T1: Hot water, T2: Chitosan, T3: Oxalic acid, T4: Chitosan + Oxalic 
acid, T5: Hot water + Oxalic acid, T6: Hot water + Chitosn, T7: Hot water + Chitosan + Oxalic acid. For 
each column, means followed by the same letter are not significantly different according to Least 
Significant Difference (LSD) test at (P≤ 0.05). 
       
          Similar trend was also observed with disease severity in which T7 followed by T6 caused clear 
reduction could reach to 80.5 – 73.4. % and 89.3 – 80.6 % of gray mold and 73.3 – 67.7 % and 84 -79 
% of Rhizopus rot 5 days after storage at 20°C and 15 days at 5°C, respectively. Meanwhile, hot water 
as a single treatments (T1) followed by chitosan (T2) reduced disease incidence to 54.56 – 42.7% and 
60.4 – 55.2 % of gray mold and 43.5 – 37.8 % and 50.1 -46.6 % of Rhizopus rot, respectively. On the 
other hand, treatment with oxalic acid as a single treatment resulting fewer effect for reducing the 
percentage of disease incidence compared with the other treatments during 5 and 15 days of storage 
strawberry fruits (Fig. 2 & 3). It could be easily concluded that, the rate of decay development of B. 
cinerea and R. stolonifer was higher in fruits stored at 20°C compared with 5°C at all treatments. Similar 
studies were conducted by Tezotto-Uliana et al., (2014); El-Mohamedy et al., (2015) and Awad, (2017). 
They concluded that, chitosan has greatly contributed to reducing the progression of the disease and its 
spread to fruits throughout the storage period. Heat treatments are known to have deep effects on the 
physiology of plant cells and tissues. It may activate the transcription of heat-shock proteins and 
pathogenesis-related proteins (PRPs) with confirmed roles in suppressing microbial plant pathogens 
(Pavoncello et al., 2001). Consequently, my data revealed that, treatment with hot water (12 sec at 630C) 
has been shown to induce resistance to pathogens in strawberry fruits against B. cinerea and R. 
stolonifer. My findings are in agreement with those obtained by Wszelaki & Mitcham (2003); 
Hernández-Lauzardo et al., (2012) ; Lurie and Pedreschi, (2014) and Jin peng et al., (2016) they noticed 
that, treatment with a hot water at 45oC for 15 min significantly reduced postharvest losses of strawberry 

shaban
Line

shaban
Line
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fruit. Recently, a short duration of heat treatment (10-/30 s) at very high temperatures (56- 62 8C) has 
revealed promising results for strawberry decay control without damage to the fruit (Romanazzi et al., 
2016).  

Fig 2: The effect of different treatments on the reduction [%] of disease severity of gray mold caused 
by Botrytis cinerea and Rhizopus rot caused by Rhizopus stolonifer of strawberry fruits stored at 20°C 
for 5 days (A) and 5°C for 15 days (B). T1: Hot water, T2: Chitosan, T3: Oxalic acid, T4: Chitosan + 
Oxalic acid, T5: Hot water + Oxalic acid, T6: Hot water + Chitosan, T7: Hot water + Chitosan + Oxalic 
acid. For each column, means followed by the same letter are not significantly different according to 
Least Significant Difference (LSD) test at (P≤ 0.05). 
 

Effect of different treatments on the enzyme activities as resistance marker. 
     Induced defense reactions in plants are highly correlated with enzyme activities. Several studies have 
confirmed that, chitosan and hot water is an exogenous elicitor of host defense responses, including 
accumulation of Peroxidase and β-1,3-glucanase (El Ghaouth et al., 1992; Ait Barka et al., 2004; Maxin 
et al., 2012). PAL is the critical enzyme in the phenylpropanoid pathway and plays important roles in 
phenolic compounds and phytoalexin biosynthesis (Ngadze et al. 2012). 
       In the current study, the activities of Peroxidase, Phenylalanine ammonia-lyase (PAL) and β- 1, 3 
- glucanase were determined in treated strawberry fruits inoculated with B. cinerea and R. stolonifer 
then stored for 5 & 15 days at 20°C & 5°C. Data presented in (Figs. 4 & 5) revealed that, all treatments 
increased enzyme activities as compared to those of control. After storage for 5 or15 days, the highest 
increase of all enzymes was detected in the treated fruits with combined treatments (T4, T5, T6 and T7). 
Meanwhile, the least activities were cleared with the single treatments (T0, T1, T2 and T3). The treatment 
with T7 followed by T6 as combined treatments and T1 followed by T2 as single treatments significantly 
(P<0.05) induced the increase of enzyme activities compared with other treatments and control. As well 
as, all treatments increase the activities of Peroxidase and β-1,3-glucanase than that of PAL enzyme 
(Figs.4, 5). The aforementioned trend was clearly observed for treated strawberry fruits inoculated with 
both fungi B. cinerea or R. stolonifer. It could be easily concluded that, the rate of enzyme activities 
was higher in inoculated fruits with both fungi and stored at 20°C than 5°C at all treatments.  
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Fig 3: The effect of different treatments on decay development of Gray mold caused by Botrytis 
cinerea (A) and Rhizopus rot caused by Rhizopus stolonifer (B) of strawberry cv. Florida 
obtained after 15 days of storage at 5ºC. T0: control, T1: Hot water, T2: Chitosan, T3: Oxalic 
acid, T4: Chitosan + Oxalic acid, T5: Hot water + Oxalic acid, T6: Hot water + Chitosan, T7: 
Hot water + Chitosan + Oxalic acid. 
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Fig 4: The effect of different treatments on enzyme activities of strawberry fruits cv. Florida inoculated 
with Botrytis cinerea and Rhizopus stolonifer obtained after storage at 5 days / 20 ºC (A): Peroxidase, 
(B): Phenylalanine ammonia-lyase (PAL), (C): β- 1, 3 glucanase. T0: control, T1: Hot water, T2: 
Chitosan, T3: Oxalic acid, T4: Chitosan + Oxalic acid, T5: Hot water + Oxalic cid, T6: Hot water + 
Chitosan, T7: Hot water + Chitosan + Oxalic acid. For each column, means followed by the same letter 
are not significantly different according to Least Significant Difference (LSD) test at (P≤ 0.05). 
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Fig 5: The effect of different treatments on enzyme activity of strawberry fruits cv. Florida inoculated 
with Botrytis cinerea and Rhi  zopus stolonifer obtained after storage at 15 days / 5ºC. (A): Peroxidase, 
(B): Phenylalanine ammonia-lyase (PAL), (C): β- 1, 3 glucanase. T0: control, T1: Hot water, T2: 
Chitosan, T3: Oxalic acid, T4: Chitosan + Oxalic acid, T5: Hot water + Oxalic acid, T6: Hot water + 
Chitosan, T7: Hot water + Chitosan + Oxalic acid. For each column, means followed by the same letter 
are not significantly different according to Least Significant Difference (LSD) test at (P≤ 0.05). 
 
These results run in the same trend with the results obtained by Zhang and Quantick, (1998); Romanazzi 
et al., (2002); Wang and Gao, (2013); Jin peng et al., (2016) and Ehab & Abeer (2018). They revealed 
that, hot water and chitosan enhanced β-1,3-glucanase and phenylalanine ammonia-lyase activities in 
strawberries fruits as compared with controls. On the other hand, Liu et al., (2007) found that applying 
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chitosan induced the activities of PPO and POD and increased the content of phenolic compounds in 
tomato fruit stored at 25°C and 2°C. Moreover, postharvest treatment of Oxalic acid enhanced the 
activities of anti-oxidative enzymes (superoxide dismutase, catalase and peroxidase (Razzaq et al., 
2015). 

 Hot water treatment appears to be one of the most effective and promising methods, especially 
useful for organic crops, to control relatively high rates of postharvest decay in environmentally friendly 
ways (Mari et al., 2014). Regarding the host response, several studies have indicated that heat treatment 
could induce a stress response of fruit such as accumulation of phytoalexins, pathogenesis- related 
proteins, and lignin-like materials, triggering the treated fruit to become more resistant to subsequent 
infections (Liu et al., 2012). In recent years, several other workers including Jabar et al. (2011) and 
Singh et al., (2015) have also used heat treatment with achievement in reducing post- harvest decay of 
other fruits. 
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