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Abstract 
Effects of pre-and postharvest treatments with potassium phosphite, potassium 

phosphate, and salicylic acid against the severity of gray mold disease caused by Botry-
tis cinerea in strawberry fruits were investigated under ambient conditions. Seven B. 
cinerea isolates were collected from naturally infected strawberry plants. The treatment 
with potassium phosphite at concentration of 500 mg/L significantly reduced the fungal 
growth compared to other treatments in vitro. The treatments with potassium phosphite 
at concentrations of 250 or 500 mg/L resulted in the highest disease reduction, followed 
by the treatment with salicylic acid. Additionally, effects of postharvest treatments with 
these compounds on disease reduction and biochemical attributes of strawberry fruits 
were evaluated during storage for 9 days at ambient conditions. The highest disease re-
duction percentage was found with potassium phosphite. Besides, the phenolics content 
and peroxidase activity of potassium phosphate were found to be greater than those of 
potassium phosphite or salicylic acid. However, a reduction in the total soluble solids, 
titratable acids, and ascorbic acid contents of fruits was found for all treatment groups at 
the end of storage period. Based on the obtained results, potassium phosphite and sali-
cylic acid can be recommended as fungicide alternatives for extending postharvest shelf 
life of strawberry fruits.    
Keywords: Strawberry; Botrytis cinerea; Postharvest; Gray mold; Peroxidase; Ascor-
bic acid.  
 

Introduction 
Strawberry fruits (Fragaria 

ananassa Duch.) are rich in nutrients 
such as minerals and vitamins, as 
well as other bioactive substances 
that may have health advantages 
(Coles, L. 2013; Giampieri, et al., 
2015). Egypt is the world's leading 
exporter of frozen strawberries, ac-
counting for 20% of global exports in 
2019 (Anonymous, 2019). Strawberry 
fruits are naturally infected with B. 
cinerea, which is the most common 
strawberry postharvest disease in 
Egypt and around the world, known 

as the gray mold disease (Yang et al., 
2010; El-Ghanam, 2015; Petrasch et 
al., 2019 and El-fawy et al., 2020). 
Furthermore, the gray disease causes 
significant economic loss in strawber-
ry production around the world 
(Hahn, M. 2014). 

Because of the favorable condi-
tions that exist throughout the post-
harvest handling chain, such as inju-
ries, high humidity, sensitive plant 
tissue, and high sugar content, B. ci-
nerea is a significant postharvest 
pathogen. Mostly, the postharvest in-
fection by B. cinerea occurs in differ-
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ent types of fruit such as strawberry 
and grapes can sometimes spoil entire 
lots in field and during storage. 
Romanazzi and Feliziani (2014) 
found that B. cinerea influences fruits 
in the field, during storage, during 
transportation, and in the market. Al-
so, it was reported that the gray mold 
disease is the most often cause for 
rejection of fruit shipping and expor-
tation (Petrasch et al., 2019). During 
the growing season of the strawberry, 
the gray mold or B. cinerea prefers 
moderate temperatures and high hu-
midity, and strawberry fruits may be 
contaminated with higher amounts in 
marketplaces and during shipment 
(Elad and Stewart 2007 and Choquer 
et al., 2007). 

Synthetic fungicides are now 
employed in combination with natu-
ral or chemical treatments to control 
the gray mold disease because of the 
significant risk of fungus resistance 
(Romanazzi et al., 2016). Several 
compounds and strategies, including 
promotion of plant defense levels of 
resistance, can help strawberry fruits 
fight the gray mold diseases (Fu and 
Dong, 2013; Walters et al., 2013; 
Zhou and Wang, 2018). For example, 
in strawberry tissues, treatments with 
chitosan and a calcium-organic acid 
mixture reduced pathogen develop-
ment and increased expression of en-
zymes connected to defensive mech-
anisms (Landi et al., 2014). Salicylic 
acid (SA) one of the compounds that 
gave good results to suppress diseases 
caused by B. cinerea on different 
hosts (Terry and Joyce, 2004). Plant 
defense mechanisms were activated 
by SA in response to a variety of abi-
otic and biotic physiological, bio-
chemical, and morphological altera-

tions (War et al., 2011). Phosphite 
also known to has an impact on se-
verity of the plant pathogens (Ribeiro 
Junior et al., 2006). Effects of toma-
to-juice and KH2PO4 on the infection 
of tomato gave noticeable results to 
control B. cinerea (Hyun, et al., 
2011). The gray mold severity can be 
determined by biochemical changes 
in infected strawberry plants or fruits. 
The polyphenol oxidase (PPO) and 
peroxidase (PO) activity in strawber-
ry fruits infected with B. cinerea were 
found to be enhanced by a mixture of 
chemicals (El-Ghanam et al., 2015). 
Furthermore, treatment with SA en-
hanced PO and PPO activities as well 
as phenols induction (War et al., 
2011).  

As mentioned above, the exces-
sive usage of chemical fungicide to 
control B. cinerea causal pathogen in 
strawberry and other fruits develops 
fungal resistance, environmental 
problems, and health hazards 
(Hauschild, 2012; Leroch et 
al., 2013). Therefore, finding safe and 
eco-friendly fungicide alternatives is 
very important (Sylla et al., 2015). 
The aim of this investigation was to 
evaluate efficiency of treatment with 
potassium phosphite, potassium 
phosphate, and SA as fungicide alter-
natives to control B. cinerea the caus-
al pathogen of gray mold and pre-
serve postharvest quality of strawber-
ry fruits.  
Materials and Methods 
Materials  

Strawberry fruits of Fortuna cul-
tivar were harvested at mature-
green stage in March 2020 from 
Fortuna cultivar, cultivated in Plant 
Pathology farm of Faculty of Agricul-
ture, Assiut university, Assiut, Egypt. 
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Fruits were uniform in shape and 
size, and free of injuries, wounds, 
scratches, insect infestation, fungal 
infection, and mechanical harms. 
Fruits packaged randomly in steri-
lized polypropylene punnets and 
stored at 25◦C for subsequent 
analyses at 0, 3, 6 and 9 days of 
storage periods. Treated fruits sur-
face was disinfected with 70% etha-
nol. Chemicals and reagents used in 
this study were of analytical grade 
and purchased from El Nasr Co. 
Egypt. 
Fungal Isolation and identification  
Fungi were harvested from naturally 
infected fruits and grown on potato 
dextrose agar (PDA) for 3 to 9 days 
at 22 to 25°C. Using hyphal tip and 
single spore isolation techniques, a 
pure culture was generated. Isolates 
were identified based on their mor-
phological and cultural characters as 
described by Khazaeli et al. (2010) 
and Dowling et al. (2017). Each plate 
received ten mL of sterilized distilled 
water, and the colonies were scraped 
using a sterile needle. The suspension 
was determined with a hemocytome-
ter    and adjusted as required with steri-
lized distilled water to approximately 
2×105 CFU/mL the conidial suspen-
sion mixed with carborundum as de-
scribed by Mansfield et al. (1974). 
In vitro treatments  

Effect of treatments by SA, po-
tassium diphosphate and potassium 
phosphite at concentrations of 125, 
250, 500 ppm on mycelial growth of 
B. cinerea were performed on PDA 
medium. The plates were inoculated 
with 5 mm in diameter mycelia discs 
of 7 days old of B. cinerea, four petri 
dishes were used for each replicate, 
incubated at 25°C and compared with 

the control. Mycelial growth diame-
ter length was taken and the reduc-
tion in growth diameter was meas-
ured as follows:  

% Reduction= (A – B/A) 100 
Where A is the control radial growth 
and B is the treatment radial growth  
In vivo treatments  

For in vivo artificial infection, 
strawberry fruits were sprayed with 
spore suspension of B. cinerea at 
about 2x105 cfu/mL, packed in poly-
propylene Punit, and stored at 25 °C 
and 85-95% relative humidity for 24 
hours and tested at 0, 3, 6 and 9 
days of storage period. Disease 
severity measured as Romanazzi et 
al. (2000)  

Where d is the category of rot 
intensity scored     on the fruit, f is the 
frequency, N is the total number of 
examined fruits (uninfected and in-
fected),  and D is the highest category 
of decay intensity present on the em-
pirical scale, using scale 0-4, where 0 
= healthy fruit, 1 = decayed area of 
the fruit ranging from 1 to 25%, 2 = 
decayed area of fruit ranging from 26 
to 50%,  3 = decayed area of fruit 
ranging from 51 to 75% and 4 = de-
cayed area of fruit ranging from 76 to 
100%. and used the followed equa-
tion  
Disease Severity (%) = (∑ (d × f)/ 
(N × D)) 100 

The experiment was randomly 
designed, and each treatment group 
was sprayed with compounds imme-
diately after harvesting. The control 
plants were sprayed with distilled wa-
ter. The fungicide switch was applied 
at concentration of one mL/L. 
Total phenolics content (TPC) 

One gram of treated and un-
treated strawberry fruits was cut into 
small pieces and extracted with 95% 
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ethanol alcohol for 10 min. The total 
phenolic content was measured ac-
cording to Folin-Ciocalteau method, 
and the absorbance of measured at 
765 nm using a spectrophotometer as 
described by Ough and Amerine 
(1988). Measurements were per-
formed in duplicate and the mean 
values were expressed as g of gallic 
acid per kg of the sample using a 
standard gallic acid curve. 
Peroxidase (POD) activity assay  

The POD activity was assessed 
according to Vicente et al. (2006). In 
a total volume of 3.0 mL, the reaction 
mixture contains 100 μL of extract, 
0.024 mol H2O2, 0.1 mol phosphate-
buffered saline and 0.008 mol guaia-
col was prepared. At wavelength of 
460 nm and 30°C, the enzyme activi-
ty was measured with guaiacol as 
substrate, the results were reported as 
U/g min. 
Measurement of total soluble sol-
ids  

Tissues (50 g) from 4-8 fruits 
were homogenized and centrifuged 
for 20 min at 10000 x g. The superna-
tant was collected, and a refractome-
ter was used to determine the total 
soluble solids concentration. 
Determination of ascorbic acid 
content  

The content of ascorbic acid 
(AA) in strawberry was determined 
according to 2, 6- dichlorophenolin-
dophenol titration method. Briefly, 
tissue from fruits was homogenized 
in 50 mL of 0.02 g/mL oxalic acid 
solution. The mixture was centrifuged 
for 15 min at 15000 × g and 4 ◦C. A 
total of 10 mL supernatant was titrat-
ed with 0.1 percent 2,6-
dichlorophenolindophenol to get a 
persistent pink color. The AA con-

centration was estimated using the 
titration volume and the results were 
reported as mg per 100 g of fresh 
weight. 
Measurement of titratable acidity 
(TA) 

Using phenolphthalein indica-
tor, the TA % of the treated and un-
treated strawberry fruits was meas-
ured by titrating 10 mL of clear 
strawberry juice 0.1 N NaOH. The 
TA% was calculated as malic acid 
according to the following equation 
of AOAC (1980) 
Statistical analysis 

The obtained data were statisti-
cally analyzed using MSTAT-C ver-
sion 2.10 (1991) software. The least 
significant difference (L.S.D.) was 
used for the comparison between 
means as described by Gomez and 
Gomez (1984). 
Results and Discussion  
Fungal isolates sources 

Data in Table 1 shown that iso-
lates were collected from Naturally 
infected strawberry, Fortuna straw-
berry cultivar grown in El Behira 
governorate (El Nubaria and Badr ter-
ritories) with symptoms of gray mold. 
B. cinerea 1, 2, and 3 were collected 
from El Behira-El Nubaria, while B. 
cinerea 4, 5, 6, and 7 were collected 
from El Behira-Badr. These results 
are consistent with those reported by 
Wagih et al. (2019), who investigated 
the pathological diversity related to 
51 B. cinerea isolates those infected 
grapes and strawberry in Egypt. In 
another study, fifteen B. ciner-
ea isolates were obtained from differ-
ent vegetables cultivated in various 
Egyptian locations and identified by 
Gaber et al. (2020). Furthermore, 
four isolates of B. cinerea were col-
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lected and tested for fenhexamid- re-
gardless of host plant, location, and 
plant organ by Wahab (2015).  
Pathogenicity  

The isolated and identified fungi 
isolates used to conduct pathogenicity 
test and the results are shown in Ta-
ble 1. The pathogenicity test was 
conducted using 7 isolates of B. ci-
nerea on strawberry plants of the For-
tuna cultivar, eighty days after plant-
ing in the first stage of maturity and 
the start of red discoloration on the 
fruits next to the uninfected control. 
The infection with B. cinerea 1 iso-
late resulted in incidence of 75% and 
disease severity of 58.40%, which 
were the highest percentages among 
the seven isolates, followed by B. ci-
nerea 2, while the lowest percentages 
of disease severity and incidence 
were found for B. cinerea 6. On the 
other hand, no disease symptoms 
were found are the infection with the 
isolate B. cinerea 7. The B. cinerea 

infection was found to take place 
very rapidly on strawberry fruits, the 
germination starts within 90 min of 
infection (Hennebert and Gilles, 
1958) and the penetration occurs after 
20 h of inoculation. Additionally, it 
was reported that the first symptom 
can appear in two days of strawberry 
fruit ripening (Guillon, 1906). Fur-
thermore, Jarvis (1968) found that 
only about 1% of infections of rip-
ened intact strawberry with B. ciner-
ea occurred conidia germinated in a 
persistent drop of water. Valiuskaite 
et al. (2010) investigated pathogenici-
ty traits of B. cinerea isolates on 
strawberry fruits and found different 
degrees of virulence on strawberry by 
the three isolates of B.  cinerea. Red-
dy et. al. (2000) tested the pre-harvest 
and post-harvest infection by B. ci-
nerea decay incidence under storage 
period and temperature that recorded 
increasing in disease incidence by 
time over 10 days. 

 

Table 1. Isolates of strawberry gray mold, sources and their pathogenic capability.  

Isolates number  Source of isolate Gray mold  
Incidence % Severity % 

B. cinerea 1 El Behira-El Nubaria 75.00 58.40 
B. cinerea 2 El Behira-El Nubaria 43.75 36.50 
B. cinerea 3 El Behira-El Nubaria 37.5 12.25 
B. cinerea 4 El Behira-Badr 25.00 10.40 
B. cinerea 5 El Behira-Badr 22.60 10.85 
B. cinerea 6 El Behira-Badr 18.75 8.25 
B. cinerea 7 El Behira-Badr 0.0 0.0 
Control - 0.0 0.0 
L.S.D. 0.05  8.85 8 

 
Antifungal effect of chemical con-
centration in vitro   

In vitro, the effect of chemical 
compounds on B. cinerea growth was 
performed with three concentrations 
of each chemical compound and the 
results are shown in Table 2. Three 
compounds were used including po-

tassium phosphite and potassium 
phosphate at concentrations of 125, 
250 and 500 µg/L as well as SA at 
concentrations of 250, 500, and 1000 
µg/L, compared with fungicide 
(Switch) and control infected with the 
fungal strain B. cinerea 1. The treat-
ment with potassium phosphate did 
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not reduce the mycelium growth of 
the fungus as well as the treatment 
with SA at concentration of 250 
µg/L. However, a reduction in the 
growth of the mycelium was found 
after treatment with SA at 500 and 
1000 µg/L. Growth reductions were 
also found after the treatment with 
potassium phosphite at concentrations 
of 125, 250 and 500 mg/L. Estrada-
Ortiz, et al. (2013) found that treat-
ment with phosphite enhanced quality 

of strawberry fruits and plant re-
sistance. Also, phosphite was found 
to have effect against oomycetes (Or-
bovic et al., 2008). Volatile substanc-
es and plant extracts have been 
shown to have antifungal effects. For 
example, benzaldehyde, acetalde-
hyde, ethanol, benzyl alcohol, ethyl 
benzoate, methyl salicylate, and 
isothiocyanates inhibited the B. ci-
nerea infection on a laboratory scale 
(Tripathi and Dubey, 2004). 

 
Table 2. Effect of chemical compounds on in vitro radial growth. 

 

Preharvest treatments on straw-
berry plants  
Antifungal effect of chemical 
treatments  

Treatments in vivo were carried 
out on strawberry plants of Fortuna 
cultivar to investigate the effect of 
chemical treatments against the fun-
gal strain B. cinerea 1 under green-
house conditions, the results are pre-
sented in Table 3. A reduction in se-
verity of the disease and significant 
differences were found after treat-
ments with potassium phosphite, po-
tassium phosphate, and SA. The low-
est reduction percentage in the infec-
tion with the causal pathogen were 

found after treatment with SA at 250 
mg/L, potassium di phosphate at 125 
and 250 mg/L, and SA at 500 and 
1000 mg/L, and potassium di phos-
phate 500 mg/L. However, the treat-
ment with potassium phosphite at 
concentrations of 500, 250 and 125 
mg/L resulted in the higher diseases 
reductions than other treatment, but 
lower that of treatment with fungi-
cide. Estrada-Ortiz et al. (2013) re-
ported that adding 20% phosphite to 
the nutrient solution improved the 
quality of strawberry fruits. They also 
found that the addition of 30% phos-
phite to the nutrient solution triggered 
defense systems in plants and im-

Treatments B. cinerea Growth 
Diameter mm eduction 

K2HPO4 500 mg/L 70.0 0.0 
K2HPO4 250 mg/L 70.0 0.0 
K2HPO4 125 mg/L 70.0 0.0 
KPhi 500 mg/L 22.0 68.57 
KPhi 250 mg/L 46.0 34.28 
KPhi 125 mg/L 60.0 14.28 
SA 1000 mg/L 64.0 8.57 
SA 500 mg/L 65.0 7.14 
SA 250 mg/L 70.0 0.0 

Switch 100 mg/L 0.0 100 
Control (untreated) 70.0 0.0 

L.S.D. 5 8.2 6.4 
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proved the quality of fruits and an-
thocyanins accumulation. In another 
study, Kamal et al. (2008) found that 
treatment with di-potassium phos-

phate can reduce the infection of on-
ion plants by Stemphylium vesicari-
um.  

 

Table 3. Effect of treatments with chemical compounds at different concentrations 
against the infection of strawberry with fungal strain B. cinerea. 

Compaunds Strawberry gray mold  
Disease severity (%) Reduction (%) 

K2HPO4 500 mg/L 39.2 28.7 
K2HPO4 250 mg/L 42.4 22.9 
K2HPO4 125 mg/L 46.8 14.9 
KPhi 500 mg/L 10.6 80.7 
KPhi 250 mg/L 14.6 73.5 
KPhi 125 mg/L 18.8 65.8 
SA 1000 mg/L 40.6 26.2 
SA 500 mg/L 40.8 25.8 
SA 250 mg/L 48.6 11.6 

Switch 100 mg/L 2.5 95.5 
Control1 (infected) 55.0 0.0 

Control 2 (uninfected) 0.0 100.0 
L.S.D. 0.05 10.4 9.6 

 

Biochemical changes as response to 
infection and treatments  

Changes in the phenolics con-
tent and peroxidase activity of straw-
berry after 6 days of treatments with 
different concentrations of chemical 
compounds are presented in Table 4. 
Generally, the total phenolics content 
and peroxidase activity significantly 
increased in the infected control with 
chemical treatments as compared to 
the uninfected control. On the other 
hand, the phenolics content and pe-

roxidase activity of the uninfected 
and chemically treated strawberry are 
lower than those of the infected and 
chemically treated strawberry. Also, 
the total phenolics content and perox-
idase activity of the infected and 
chemically treated strawberry are 
lower than those of the infected con-
trol without chemical treatments. 
These results indicate that the chemi-
cal treatments have inhibition effect 
against B. cinerea 1. 
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Table 4. Effect of different compounds on total phenolic contents and peroxidase 
activity of the untreated and treated strawberry plants after 6 days of treat-
ments. 

 Compaunds Phenolics  
(mg galic acid equivalent/g) 

Peroxidase  
(U/g. min) 

K2HPO4 500 mg/L+B 6.55 1.40 
K2HPO4 500 mg/L 2.45 0.84 

K2HPO4 250 mg/L+B 7.35 1.48 
K2HPO4 250 mg/L 2.24 0.80 

K2HPO4 125 mg/L+B 8.24 1.64 
K2HPO4 125 mg/L 2.24 0.80 
KPhi 500 mg/L+B 4.35 0.62 

KPhi 500 mg/L 2.34 0.32 
KPhi 250 mg/L+B 4.68 0.75 

KPhi 250 mg/L 2.46 0.58 
KPhi 125 mg/L+B 4.98 0.88 

KPhi 125 mg/L 2.65 0.68 
SA 1000 mg/L+B 6.98 0.90 

SA 1000 mg/L 3.48 0.72 
SA 500 mg/L+B 5.95 0.88 

SA 500 mg/L 3.22 0.70 
SA 250 mg/L+B 5.65 0.95 

SA 250 mg/L 2.98 0.70 
Switch 100 mg/L+B 3.46 0.68 

Switch 100 mg/L 3.20 0.42 
Control1 (infected) 8.94 1.84 

Control 2 (uninfected) 2.31 0.16 
L.S.D. 0.05 0.32 0.18 

 
Postharvest treatments and chang-
es in biochemical attributes of 
strawberry fruits 
Antifungal effect of treatments  

The antifungal effect of treat-
ments of harvested strawberry fruits 
with different concentrations of po-
tassium phosphite, potassium phos-
phate, and SA was investigated, and 
the results are presented in Table 6. 
The untreated and treated strawberry 
fruits were stored at room tempera-
ture for 9 days, and samples were 
taken for analysis every 3 days of 
storage period, It can be seen that the 
treatment of strawberry fruits with 
potassium phosphite at concentration 
of 500 mg/L resulted in the highest 
disease reduction, followed by treat-
ment with SA at concentration of 
1000 mg/L, while the treatment with 

potassium phosphate resulted in the 
lowest disease reduction percentage 
after storage to up to 9 days com-
pared with infected control. Addi-
tionally, the obtained results indicate 
that the treatment with potassium 
phosphite is the best and comparable 
to the treatment with the recommend-
ed fungicide. These results match 
previous studies for other researchers, 
Rebollar-Alviter and Ellis (2005) 
mentioned that potassium phosphite 
reduced the leather rot in strawberry 
fruits. In another study, to minimize 
botrytis and anthracnose rot, potassi-
um phosphite was recommended as a 
supplemental ingredient to strawberry 
in the field during prolonged wetness 
conditions (Rebollar-Alviter et al., 
2010).  
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Table 5. Effect of different compounds and storage periods on strawberry gray 
mold disease severity caused by B. cinerea under ambient conditions.  

Compounds Concentration

Storage periods 
3 days 6 days 9 days 

DS 
(%) 

reduction 
(%) 

DS 
(%) 

reduction 
(%) 

DS 
(%) 

reduction 
(%) 

K2HPO4  500 mg/L 6.8 59.0 22.2 36.2 52.4 22.9 
KPhi  500 mg/L 4.2 74.7 12.0 65.5 18.6 72.6 
SA  1000 mg/L 10.2 38.6 19.4 44.3 26.8 60.6 

Switch  100 mg/L 2.6 84.3 8.2 76.4 10.0 85.3 
Control1 (infected) - 16.6 0.0 34.8 0.0 68.0 0.0 

Control 2 (uninfected) - 0.0 100.0 0.0 100.0 0.0 100.0 
L.S.D. 0.05  2.24 6.41 2.61 4.78 7.20 6.62 

 
Total phenolic content  

Changes in the content of total 
phenolics in the untreated and treated 
strawberry fruits during storage at 
room temperature for 9 days are pre-
sented in Table 7. The total phenolic 
content of the untreated strawberry 
fruits significantly decreased as the 
storage time extended to up to 9 days. 
However, the total phenolic content 
of the postharvest B. cinerea 1 infect-
ed and chemical compounds or fungi-
cide treated strawberry fruits signifi-
cantly increased as storage prolonged, 
especially during the first 3 days of 
storage. Also, a significant increase 
was found in the total phenolic con-
tent of B. cinerea 1 infected strawber-
ry fruits without potassium phos-
phate, potassium phosphite, and SA 
treatments. The increase in the total 
phenolic content of the infected 
strawberry fruit during storage may 
be attributed to stress effects caused 
infection (Coltro et al., 2014). The 
pathogen infection stress may lead to 
physiological disturbances and acti-
vation of certain phenylpropanoid 
metabolism proteins, increasing the 
phenolic compounds accumulation. 
Additionally, the damage of cells by 

pathogen may be contributed to the 
increased phenolics, which released 
from vacuoles and oxidized to qui-
nones (Thipyapong et al., 2004). 
Kamal et al. (2008) found that treat-
ment with di-potassium phosphate 
enhances peroxidase and total phenol 
contents when fungal infection occurs 
on onion plants by fungal strain of 
Stemphylium vesicarium. On the oth-
er hand, slight changes were found in 
the total phenolics content of unin-
fected and potassium phosphate, po-
tassium phosphite, and SA treated 
strawberry fruits. Recently, it was 
found that calcium chloride and SA 
treated strawberry fruits showed an 
increased phenolic content during 
cold storage, while the phenolic con-
tent of the untreated fruits decreased 
as storage prolonged (Shahzad et al., 
2020). Nguyen & Nguyen (2021) 
found a reduction in the total content 
of phenolics in strawberry fruits 
stored at different temperatures (2, 5, 
10, and 25C). The decrease in the to-
tal phenolic content can be attributed 
to oxidation of polyphenols by poly-
phenoloxidase and partial degradation 
of anthocyanins during storage.  
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Table 6. Effect of different compounds and storage periods on total phenolic con-
tents of strawberry fruits infected with B. cinerea under ambient conditions.  

Compaunds Concentation 
(mg/L) 

Storage periods 
Total phenolics contents (mg galic acid equivalent/g) 

0 days 3 days 6 days 9 days 
K2HPO4 +B 500 1.25 4.26 5.84 5.82 

K2HPO4 500 1.23 1.32 1.30 1.40 
KPhi +B 500 1.24 3.14 2.08 1.42 

KPhi 500 1.22 1.25 1.25 1.39 
SA +B 1000 1.20 4.26 3.44 2.64 

SA 1000 1.14 1.85 2.18 2.24 
Switch +B 100 1.26 2.42 1.90 1.22 

Switch 100 1.23 1.34 1.34 1.22 
Control1 (infect-

ed)  1.24 4.62 6.20 5.06 

Control 2 (unin-
fected) - 1.22 1.02 0.81 0.42 

LSD  0.05 - - 0.48 0.62 0.31 
 

Peroxidase activity  
Peroxidase activity was meas-

ured for the untreated and treated 
strawberry fruits and the results are 
presented in Table 8. Peroxidase ac-
tivity of the uninfected and untreated 
strawberry fruits significantly de-
creased as the storage time pro-
longed. However, the postharvest B. 
cinerea 1 infected strawberry fruits 
without chemical compounds treat-
ment showed increased peroxidase 
activity as storage time extended to 
up to 6 days. A significant increase 
was also found in peroxidase activity 
of B. cinerea 1 infected and chemical 
compounds or fungicide treated 
strawberry fruits during 6 days of 
storage. On the other hand, slight 

changes were found in the peroxidase 
activity of chemical compounds and 
fungicide treated strawberry fruits 
without B. cinerea 1 postharvest in-
fection. Asghari and Hasanlooe 
(2016) found that treatment by me-
thyl jasmonate enhanced peroxidase 
and some other defense enzymes ac-
tivities as well as the total antioxidant 
content of harvested strawberry fruits 
during storage. In another study, 
Shahzad et al. (2020) found an in-
crease in the catalase and peroxidase 
activities of calcium chloride and SA 
treated strawberry fruits during the 
cold storage compared to the untreat-
ed ones, especially during the first 
days of storage. 

 
  

  



Assiut J. Agric. Sci., 52 (5) 2021 (191-208)                                        ISSN: 1110-0486 
Website: https://www.aun.edu.eg/agriculture/ar                            E-mail: ajas@aun.edu.eg 

201 

Table 7. Effect of different compounds and storage periods on peroxidase activity 
(U/g. min) of the untreated and treated strawberry fruits at ambient condi-
tions. 

Treatments Concentration 
(mg/L) 

Storage periods 
0 days 3 days 6 days 9 days 

K2HPO4 +B 500 0.32 1.47 1.22 0.80 
K2HPO4 500 0.30 0.38 0.42 0.42 
KPhi +B 500 0.36 0.46 0.58 0.50 

KPhi 500 0.30 0.32 0.48 0.46 
SA +B 1000 0.32 1.25 1.56 1.42 

SA 1000 0.32 0.42 0.70 0.62 
Switch +B 100 0.36 0.56 0.62 0.60 

Switch 100 0.40 0.42 0.44 0.42 
Control 1 (infected) - 0.38 1.82 1.86 1.42 

Control 2 (uninfected) - 0.35 0.30 0.23 0.15 
LSD  0.05 - - 0.11 0.09 0.12 

 

Total soluble solids 
Total soluble solids contents of 

the untreated and treated strawberry 
fruits during storage at room tempera-
ture for 9 days are shown in Table 9. 
Generally, a reduction in the total 
soluble solids content of the posthar-
vest B. cinerea 1 infected and chemi-
cal compounds or fungicide treated 
strawberry fruits was found as the 
storage time extended to up to 9 days. 
The highest reduction rates in the to-
tal soluble solids were found for the 
B. cinerea 1 infected straw berry 
fruits without chemical compounds 
treatments. Also, the decrease rate in 
total soluble solids content was great-
er for the potassium phosphate treated 
strawberry fruits than other treat-
ments. Mandour et al. (2019) found a 

reduction in the total soluble solids 
contents untreated and chemically 
treated strawberry fruits during cold 
storage for 15 days. However, in an-
other study, it was found that treat-
ment with different concentrations of 
calcium chloride and SA effectively 
maintained the total soluble solids 
contents of strawberry during cold 
storage (Shahzad et al., 2020). Re-
cently, a reduction in the total soluble 
solids content of strawberry fruits 
during storage at 25ºC was reported 
by Nguyen and Nguyen (2021). The 
decrease in the total soluble solids 
content can be attributed the higher 
respiration rate and the metabolic uti-
lization of sugars during storage at 
room temperature (Yang et al., 2010; 
and Nguyen and Nguyen, 2021).  

  

Table 8. Effect of different compounds and storage periods on total soluble solids con-
tent (%) of the untreated and treated strawberry fruit at ambient conditions. 

Treatments Concentration 
(mg/L) 

Storage periods 
0 days 3 days 6 days 9 days 

K2HPO4 500 9.2 7.6 7.0 6.4 
KPhi 500 9.2 8.8 8.4 8.0 
SA 1000 9.1 8.8 7.8 7.4 

Switch 100 9.2 9.1 7.9 7.2 
Control1 (infected) - 9.5 8.0 6.2 6.0 

Control 2 (uninfected) - 9.4 9.2 7.4 7.2 
LSD  0.05 - - 0.92 0.55 0.61 
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Titratable acids 
The titratable acids contents of 

the untreated and treated strawberry 
fruits are presented in Table 10. The 
titratable acids significantly de-
creased as the storage time extended 
to up to 9 days for all samples. The 
uninfected and chemical compounds 
untreated strawberry fruits (Control) 
showed the greatest titratable acids 
decrease rate, followed by the infect-
ed and SA treated strawberry fruits. 
Shahzad et al. (2020) found a reduc-
tion in titratable acids percentage in 
the untreated and calcium chloride 
and SA treated fruits stored for 15 

days at 4ºC, which was attributed to 
conversion of acids into sugars. Addi-
tionally, they found that treatment 
with 5 mM SA was effective in main-
taining strawberry content of acids 
compared with other treatments. 
Nunes et al. (2002) found a decrease 
in the content of titratable acids in 
strawberry fruits stored at 20ºC. Also, 
Rahman et al. (2016) found a de-
crease in the content of titratable ac-
ids in strawberry fruits stored at am-
bient temperature (25 ºC). The reduc-
tion in the acidity of stored strawber-
ry may be due to oxidative metabo-
lism of organic acids.  

 

Table 9. Effect of different compounds and storage periods on titratable acids con-
tent (%) of the untreated and treated strawberry fruits at ambient condi-
tions. 

Treatments Concentration 
(mg/L) 

Storage periods 
0 days 3 days 6 days 9 days 

K2HPO4 500 0.83 0.81 0.54 0.46 
KPhi 500 0.82 0.73 0.68 0.62 
SA 1000 0.81 0.62 0.52 0.49 

Switch 100 0.81 0.80 0.62 0.58 
Control1 (infected) - 0.83 0.80 0.63 0.42 

Control 2 (uninfected) - 0.82 0.76 0.58 0.40 
LSD 0.05 - - 0.19 0.06 0.05 

 
Ascorbic acid content 

The Ascorbic Acid content AA 
content is important factor for deter-
mining the quality of stored strawber-
ry fruits (Cordenunsi et al., 2003). 
Changes in the content of AA in 
strawberry fruits during storage at 
room temperature for 9 days were 
measured, and the results are shown 
in Table 11. The AA content signifi-
cantly decreased as the storage time 
extended to up to 9 days for all sam-
ples. The lowest AA content was 
found for the postharvest infected 
strawberry fruit without chemical 
compounds treatment, followed by 
fungicide treated sample. However, 
the potassium phosphite and SA 

treated strawberry fruits showed 
higher AA content at 9 days of stor-
age than that of other samples. Moor 
et al. (2009) found an enhancement in 
synthesis of anthocyanins and AA 
after fertilizing with phosphite. How-
ever, the reduction in the AA content 
of strawberry fruits is mainly attribut-
ed to the increase in level of the oxy-
gen or storage temperature (Sogvar et 
al., 2016). Additionally, Pavlovska et 
al. (2015) found a major reduction in 
the AA content during storage of 
strawberry fruits for 16 days at room 
temperature compared to cold and 
freezing storages. In another study, 
Rahman et al. (2016) found that the 
ascorbic content of strawberry fruits 
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decreased as storage at room tem-
perature prolonged. Also, Mandour et 
al. (2019) found a reduction in the 
AA content of the untreated and 
chemically treated strawberry fruits 
during cold storage for 15 days. Also, 
Khodaei et al. (2021) found a reduc-
tion in the AA content during cold 
storage of strawberry fruits for 16 

days. They also found that edible 
coatings provided protective effect 
against degradation of AA by reduc-
tion of oxygen diffusion and respira-
tion rate. The decrease in the content 
of AA content can be attributed to 
oxidation reaction and degradation 
during storage (Zeb et al., 2015).  

 
Table 10. Effect of different compounds and storage periods on ascorbic acid 

(mg/100 g fresh weight) of the untreated and treated strawberry fruits at 
ambient conditions. 

Treatments Concentration 
(mg/L) 

Storage periods 
0 days 3 days 6 days 9 days 

K2HPO4  500 70 62 42 34 
KPhi  500 76 72 55 46 
SA  1000 74 70 45 39 
Switch  100 69 65 40 25 
Control1 (infected) - 70 50 35 22 
Control 2 (uninfected) - 68 61 53 35 
LSD 0.05 - 2.76 1.25 3.94 2.84 
 

Conclusion  
Under green house and ambient 

conditions, the protective effects of 
pre- and postharvest treatments with 
potassium phosphite, potassium 
phosphate, and SA on strawberry 
fruits inoculated with B. cinerea were 
examined. The treatment with potas-
sium phosphite at concentration of 
500 mg/L significantly reduced the 
fungal growth compared with other 
treatments in vitro. In addition, treat-
ing strawberry plants with potassium 
phosphite at concentrations of 250 or 
500 mg/L led to the greatest disease 
reduction, followed by SA treatment. 
On the other hand, strawberry fruits 
were treated with these chemical 
compounds immediately after har-
vesting and effects treatments on dis-
ease reduction and biochemical char-
acteristics of strawberry fruits were 
evaluated during storage at room 
temperature for 9 days. The gray 
mold disease was significantly re-

duced in strawberry fruits during 
storage for 9 days. Furthermore, at 
the end storage period, the infected 
and potassium phosphate treated 
strawberry fruits had higher phenolic 
content and peroxidase activity than 
the infected and potassium phosphite 
or SA treated ones. However, the to-
tal soluble solids, titratable acids, and 
AA contents of strawberry fruits sig-
nificantly reduced at the end of stor-
age periods for all treatment groups. 
The obtained results indicate that po-
tassium phosphite and SA can be 
used as fungicide alternatives for pre-
serving quality of strawberry fruits. 
Further studies are needed to com-
prehensively characterize the chemi-
cally treated strawberry fruits and its 
postharvest microbial and chemical 
safety. 
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الفطر بوتریتس و تحسین استخدام بعض المركبات لمكافحة مرض العفن الرمادي المتسبب عن 
 جودة ثمار الفراولة

  ٣عبدͿعبد الحق  اسامةو ٢صالح موسي حلاأحمد ص ،١حسینعبد المنعم محمد محمد 
  جامعة أسوانالموارد الطبیعیة و قسم أمراض النبات كلیة الزراعة  ١

  قسم الصناعات الغذائیة كلیة الزراعة  جامعة أسیوط٢
  عة جامعة أسیوطقسم أمراض النبات كلیة الزرا ٣

  الملخص 
أجریѧѧت ھѧѧذه الدراسѧѧة بھѧѧدف التعѧѧرف علѧѧى تѧѧأثیر المعاملѧѧة بفوسѧѧفیت البوتاسѧѧیوم، وفوسѧѧفات 

، والѧѧذي یسѧѧببھ فطѧѧر فѧѧي الفراولѧѧة البوتاسѧѧیوم، وحѧѧامض السالیسѧѧیلیك علѧѧى مѧѧرض العفѧѧن الرمѧѧادي
Botrytis cinereaطبیعیة. تم ما قبل وبعد الحصاد، وذلك تحت الظروف المناخیة ال تي، فى مرحل

خُدمت العزلѧѧة  المسѧѧبب فطѧѧرالجمѧѧع سѧѧبعة عѧѧزلات مѧѧن  مѧѧن نباتѧѧات الفراولѧѧة المصѧѧابة طبیعیѧѧًا، واسѧѧت
الأكبر قدرة على إحداث المرض لإجراء الدراسات المختبریة والحیویة. أظھرت النتائج أن المعاملة 

عنѧوي مقارنѧة ملجѧم/ لتѧر أدت إلѧى خفѧض نمѧو الفطریѧات بشѧكل م ٥٠٠بفوسفیت البوتاسیوم بتركیز 
بالمعاملات الأخرى فѧي المختبѧر. كمѧا أدت معاملѧة نباتѧات الفراولѧة بفوسѧفیت البوتاسѧیوم بتركیѧزات 

ملجم / لتر إلى الحد من المѧرض بدرجѧة كبیѧرة، تلتھѧا المعاملѧة بحمѧض السالیسѧیلیك.  ٥٠٠أو  ٢٥٠
ض بعد الحصاد، وذلك عن إضافة إلى ذلك، تم تقییم تأثیر المعاملة بتلك المركبات للحد من شدة المر

أیѧام علѧى درجѧة  ٩طریق تقییم التغیر في الخصائص الكیموحیویة لثمار الفراولة أثناء التخزین لمدة 
حرارة الغرفة، وقد أوضحت النتائج أن أكبر نسبة خفѧض فѧي إصѧابة ثمѧار الفروالѧة بѧالمرض كانѧت 

إلѧѧى جانѧѧب ذلѧѧك، وجѧѧد أن محتѧѧوى المعاملѧة بفوسѧѧفیت البوتاسѧѧیوم، وذلѧѧك عنѧѧد نھایѧѧة فتѧرة التخѧѧزین. ب
الفینولات ونشاط البیروكسیداز في نھایة فترة التخѧزین لثمѧار الفراولѧة المصѧابة والمعاملѧة بفوسѧفات 
البوتاسیوم أعلى من تلك المصابة والمعاملة بفوسفیت البوتاسیوم أو بحامض السالیسیلیك. وفي نھایة 

للمѧѧواد الصѧѧلبة الذائبѧѧة، والأحمѧѧاض القابلѧѧة فتѧѧرة التخѧѧزین، وجѧѧد انخفѧѧاض فѧѧي المحتѧѧوى الإجمѧѧالي 
للمعѧѧایرة، ومحتѧѧوى حѧѧامض الأسѧѧكوربیك فѧѧي ثمѧѧار الفراولѧѧة لجمیѧѧع المعѧѧاملات. بنѧѧاءً علѧѧى النتѧѧائج 

فوسفیت البوتاسیوم وحمض السالیسیلیك كبѧدائل للمبیѧدات استخدام تحصل علیھا، یمكن التوصیة بمال
  لحصاد والحفاظ على جودتھا.الاكثر ضررًا لإطالة عمر ثمار الفراولة بعد ا

  البیروكسیداز، حامض الأسكوربیك. العفن الرمادي،الفراولة؛ بوتریتیس سینیریا، ،الكلمات الدالة: 


