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1. Introduction 
 

Strawberry (Fragaria × ananassa Duch.) is a 
herbaceous perennial plant having a soft and 
delicious exotic taste that belongs to the family 
Rosaceae. It is growing in the most arable areas of 
both Southern and Northern Hemisphere [1]. 
Strawberries are excellent source of vitamins, 
potassium, fiber, sugars, and widely appreciated 
for their bright red color, juicy texture, sweetness. 

Besides their attractive color and taste [2], as 
compared to other berry fruits, it is also a good 
source of ascorbic acid and other antioxidant 
compounds such as phenolics and flavonoids [3]. 
In recent years, strawberry is becoming the 
favored food in the diets of millions of people 
worldwide and cultivated at least in 74 countries, 
and growing areas increase year after year.  

The area occupied by the strawberry in the 
world is about 395,844 hectares and the total 
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Abstract 
 
This research was conducted in a greenhouse at a private orchard in the village of Bawamarda in the 
Iraqi province of Sulaimani to determine the effects of spraying the leaves of strawberry plants with 
5% pomegranate peel extracts (PPE), 5% rosemary leaf extracts (RLE), 3% potassium metabisulfite 
(KMS), 3 mmol.L-1 salicylic acid (SA), with their combinations and 0.15% pristine fungicide on 
strawberry growth and yield. In addition, the qualitative changes in fruits during storage in the cold 
room at 2°C with a relative humidity of 85–95% were measured. Thereafter, by traditional and 
molecular methods, the types of fungi on strawberry fruits were identified. Spraying with 5% PPE + 
3mmol.L-1 SA caused a significant increase in the number of leaves.plant-1, chlorophyll intensity in the 
leaf, and yield using 5% RLE + 3% KMS (T10) registered the highest records and maintained berry 
firmness before and after storage of strawberry fruit compared to the other treatments. The maximum 
contents of total sugar after storage and ascorbic acid before storage were also detected with (T10). 
Spraying strawberry plants with 5% PPE + 5% RLE significantly increased TSS before storage, ascorbic 
acid after storage, and TTA% before and after storage of strawberry fruits. The lowest value of 5.29% 
was obtained from foliar application of pristine on fresh weight loss of strawberry fruits, while the 
highest value of this trait was obtained under untreated conditions 9.94%. After storage, the only 
isolate Botrytis cinerea Pers (1794) was found on the strawberry fruits using morphologically and 
molecularly. 
 
Keywords: plant extracts, quality of fruits, cold storage, fungi. 
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annual production is estimated as 922, 3815 tons 
in 2017 [4]. 

Strawberry is a non-climacteric fruit, one of 
the most perishable fruits, although have a short 
postharvest life with rapid spoilage, reflecting 
high susceptibility to mechanical injury, excessive 
texture softening, physiological disorders and 
infection through several pathogens during 
transport, storage and processing [5].  

The pre and postharvest practices are 
aimed at slowing the respiration rate and water 
loss, maintaining fruit firmness, and minimizing 
the growth of pathogens.  

Subsequently, the development and use of 
alternative postharvest control options, involving 
biological agents or natural plant extracts, have 
become important since it is perceived as being 
environmentally safer and more acceptable to the 
general public health [6]. Therefore, to reduce 
damage and losses in strawberry production, 
various conservation techniques have been 
conducted, such as cooling, natural substances, 
edible covering and nutrition, which are 
increasingly being used as alternatives [7].  

Fungal disease after harvest is one of the 
main factors limiting the marketing and shelf life 
of strawberry fruits, which also results in severe 
economic losses worldwide [8]. 

The reason for its relatively short harvest 
period requires the producer to immediately sell 
its production, which clearly compromises its 
reduced price due to its large volume sales [9]. 
Nowadays, the post-harvest life of strawberries 
may be prolonged by natural substances, such as 
rosemary extract (Rosmarinus officinalis L.). 

Consequently, it is edible, inexpensive, 
environmentally friendly, antioxidant, 
antimicrobial, and anti-inflammatory, and has 
health benefits. It may extend the shelf life of 
strawberries by reducing gas exchange, loss of 
moisture, respiration rate and oxidative reaction 
by providing a barrier to the hazards [10, 11]. 
Also, pomegranate peel which has medicinal 
qualities such as antibacterial, anti-fungal, 
antiviral, and antioxidant, have been investigated 
in recent years [12].  

Optimum storage conditions for strawberry 
fruit are (0°C and 85-90% relative humidity - RH). 
In such conditions, strawberries may be stored for 
7 to 10 days [13]. 

There are a few scientific studies on the 
strawberry fruits about the storage and decay 
control in Kurdistan Region-Iraq.  

The important aims of this study are to 
investigate the effects of foliar spraying, with 
potassium metabisulfite (KMS), salicylic acid (SA) 

and two plant extracts, on vegetative growth, 
yield, quality, prolonging storability of strawberry 
fruits, to observe the qualitative changes in fruits 
during storage and isolation and identification of 
associated fungi during storage by morphological 
and molecular methods. 
 
2. Material and Method 
 

Location of the field experiment. This 
study was conducted during the growing season 
2018 - 2019 in a plastic house located in 
Bawamarda, Sulaimani Governorate, Kurdistan 
Region, Iraq at 794 m above sea level with latitude 
35°35 46 north and longitude 45°17 47 east.  

Plastic house trails. A plastic house with a 
length of 45 m, width of 9 m and a height of 3 m, 
with a total area of 405 m2, was used for this study. 
It was divided into three blocks, with three 
replicates; each replicate was divided into twelve 
plots, resulting in a total number of 36 plots. The 
area of each experimental unit was 4 m2.  

Each experimental plot included 20 rows of 
2 m length and 2 m width with 0.40 m between 
rows, and 0.2 m within rows between individual 
plants. The total number of plants by each plot 
was 40. Rubygem strawberry (Fragaria x 
ananassa Duch.) cultivar was used in this 
experiment as shown in Fig. 1. Plants were 
planted in October 28, 2018, and the soil was 
covered with black polyvinyl chloride (PVC) to 
prevent weed growing’s.  

The field was irrigated with a drip system as 
needed, which was approximately at every 2 days. 
Cultural practices such as hoeing, weed control, 
pest control, and chemical fertilization were 
carried out annually for all treatments during the 
fall and spring seasons.  

This experiment included twelve 
treatments on strawberry plants under plastic 
house conditions (Table 1).  

Spray materials were used before flowering 
on March 14. Fruits were harvested early in the 
morning (4:30 - 5:00) every 2-3 days, from April 
20 to June 15, 2019. Fruits showing surface 
defects, and damage were discarded.  

The cold chamber sterilized by 3 mL.L-1 36% 
formalin and 2% sodium hypochlorite.  

After harvesting, fruits were placed in shad 
at room temperature for short period before 
transferring to the cold room at the Horticulture 
Department, College of Agricultural Engineering 
Sciences, University of Sulaimani.  

All treated fruits were stored for 20 days in 
a cold room at 2 °C and 85 - 90% RH, with 
continuous monitoring. 
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Figure 1. Strawberry plants cv. Rubygem grew under the greenhouse (Original) 

 
Plant materials and chemicals used  
in the study  

Extract preparation from rosemary leaves 
and pomegranate peel. The rosemary leaves, and 
pomegranate Salakhani Var. were collected from 
Sulaimani public garden at Sulaimani, and 
pomegranate fruit from Halabja governorates, 
from December 2018 to January 2019. The 
samples were washed thoroughly 2-3 times with 
running tap water to eliminate the excess of 
impurities, then disinfected by immersion in a 2% 
sodium hypochlorite solution for 30 seconds, and 
rinsed twice with distilled water to remove 
residual hypochlorite [14].  

Afterwards they were dried in the oven at 
40°C for 48 hours. The operation was repeated 
until a constant weight was obtained. The dried 
material was stored in an airtight glass container 
for further use, and stored in plastic containers 
under dry condition for extraction [15]. 
Preparation of samples were done by aqueous 
extraction [16]. 

The reagents used in the study are: Salicylic 
acid (99.9%, Alfa Aesar Company, Germany), and 
potassium metabisulphite (99.9%, Brupaks 
Company, England). Pristine fungicide 38%WG 
was used. It is a large spectrum fungicide with 
active components Boscalid 25.2% and 
Pyraclostrobin 12.8%, produced by BASF 
Corporation (the United States and Italy), with 
Registration Number of the Ministry of 
Agriculture Iraq (1421), Supplement and 
Distribution Dabana Company for Limited 
Modern Agriculture. The treatments used in the 
experiment are presented in Table 1. 
 

Characteristics 
1 - Vegetative growth and yield parameters. 

The vegetative growth was performed under 
plastic house condition, The number of 

leaves.plant-1 was recorded for five plants from 40 
plants per plot [17]. The leaf area (cm2) was 
measured using a Placom Digital Planimeter 
(Kolzumi Placom Planimeter Inc., Model KP-
90/Japan) [18]. The leaf chlorophyll intensity 
(SPAD units) was measured using a hand-held 
SPAD-502 (Portable chlorophyll meter) [19], and 
fruit yield g·plant-1 was performed by harvesting 
fruits was after they reached the ripening stage, 
and then the total fruit yields were taken from 
each plot divided by an average number of plants 
per experimental unit. 

2 - Quantitative and qualitative parameters 
of fruits. The qualitative and quantitative 
parameters were measured in two different 
periods (at the time of harvest and after storage 
for 20 days in a cold room) and they are 
represented by fruit weight (g), and fruit firmness 
(Newton), which was determined by a Texture 
Analyzer (TA) (Brookfield Engineering Labs 
INC./U.S.A) as described by Horwitz (2002) for 
strawberry fruits [20]. 

3 - Chemical parameters of fruits. The 
chemical parameters were measured twice at 
harvest time and after storage for 20 days in a cold 
room included. The following parameters were 
measured: Total Titratable Acidity (TTA%) was 
calculated by titration with NaOH and 
phenolphthalein index [21], Total Soluble Solids 
(TSS%) were measured using a Portable Hand 
Refractometer Erma Japan [21], the pH of the 
strawberry juice samples was determined using a 
microprocessor pH meter (model-pH 211-HNA 
Com. Italy) [22], total sugars (%) according to 
Joslyn (1970) [23]. Ascorbic acid (mg/100g fresh 
weight) according to Elgailani et al. (2017) [24], 
and anthocyanins (mg/100g fresh weight) 
according to Ranganna (2011) [25]. 

4 - After storage the fruits in cold 
chamber for 20 days, three critical parameters 
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including; fresh weight loss (%) [26], disease 
incidence% and disease severity% [27] were 
recorded.  

The attack severity was recorded according 
to an empirical scale with six degrees (0: No 
symptoms on the fruits, 1: 1–20%, Fruit surface 
infected%, 2: 21–40% Fruit surface infected%, 3: 

41–60% Fruit surface infected%, 4: 61–80% Fruit 
surface infected%, 5: ˃81% Fruit surface 
infected% as described by [28].   

Isolation of fungus from decaying naturally 
infected strawberry fruits of "Rubygem" cultivar 
during the storage period was performed by 
directly plating the inner fallen tissue [29].  

 
Table 1.  The treatments used in the experiment 

No. Treatments 

T1 Control (distilled water) 

T2 Pomegranate peel extracts (5%) 

T3 Rosemary leaf extracts (5%) 

T4 Salicylic acid (3 mmol·L-1) (SA) 

T5 Potassium metabisulphite (3%) (KMS) 

T6 Pomegranate peel extracts (5%) + rosemary plant extracts (5%) 

T7 Pomegranate peel extracts (5%) + salicylic acid (3 mmol·L-1) 

T8 Pomegranate peel extracts (5%) + potassium metabisulphite (3%) 

T9 Rosemary leaf extracts (5%) + salicylic acid (3 mmol·L-1). 

T10 Rosemary leaf extracts (5%) + potassium metabisulphite (3%) 

T11 Salicylic acid (3 mmol·L-1) + potassium metabisulphite (3%) 

T12 Pristine fungicide (0.15%) 

 
Identification of the isolated fungi. The 

fungi were identified by using two methods: 
morphologically and molecularly. Morphological 
characteristics of Botrytis cinerea Pers (1794) 
depend on the colony's morphology, color, and 
growth habits, in addition to the appearance of the 
colony. The pure, isolated fungi were identified 
and compared with the documented key provided 
by Elad et al. (2004) [30].  

To examine hyphal growth, Motic 
microscope Model 1802 LED, and Microscope 
Digital Camera (AmScope, 18MP USB 3.0, Model 
MU1803) for images captures, were used.  

Molecular identification. In order to confirm 
the accuracy of morphological identification, all 
isolated species were subjected to molecular 
analysis with fungus-specific universal primers 
ITS1 (5’- TCCGTAGGTGAACCTGCGG-3’) and ITS4 
(5’-TCCTCCGCTTATTGATATGC-3’) [31]. Sodium 
Dodecyl Sulfate (SDS) method was used for 
genomic DNA extraction of fungi, following the 
methodology previously described by [32]. The 
genomic DNA of the fungi were used for PCR 
amplification. All amplification reactions were 
carried out in volumes of 50 µl containing 20 μl 
master mix, 4 μl of each pimer, 10 μl DNA 
template, and 12 µL of nuclease free water. PCR 
was carried out using the following condition: 
initial denaturation at 94°C for 5 min; 37 cycles of 

denaturation (94°C for 10 min., 1 cycle), 37 cycles 
at a melting temperature of (95°C for 1 min.), 
annealing (55°C for 1 min.), and extension (72°C 
for 2 min.); and a final extension step at (72°C for 
10 min., 1 cycle) [33]. The quality and quantity of 
DNA extract was checked by Nanodrop 
spectrophotometer (Nano Plus/ Maan LB., 
Sweden). PCR products were detected in 1% 
agarose stained with ethidium bromide gels in 
1×TAE buffer, the electrodes of the chamber were 
connected to the power supply and run was 
achieved at 84 V for 90 min (RUNVIEW-S, CS 
CLEAVER Scientific Ltd/ the UK), finally, the bands 
in the gel were visualized by the gel 
documentation system (ENDUROTM GDS Touch, 
LABNET). PCR amplicons were purified by the 
Addbio Qucik Gel Extraction Kit and sequenced by 
Sanger sequencing method performed by 
Macrogen (South Korea).  

The obtained nucleotide sequences were 
trimmed using SnapGene ® software (GSL 
Biotech, Version 3.2.1, available at snapgene.com), 
and compared with those already stored in the 
National Center for Biotechnology and 
Information (NCBI) sequence database, using of 
the Basic Local Alignment Search Tool (BLAST). 

Experimental design and statistical 
analysis. The experimental design was a 
randomly complete block design (RCBD) with 
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three replicates. The analysis of variation 
(ANOVA) and Duncan’s multiple range test (P≤ 
0.05) were used to compare the means [34]. Data 
were analyzed using XLSTAT [35]. 
 
3. Results and Discusions 
 

Effect of some treatments on vegetative 
growth and yield of strawberry grown under 
plastic house conditions. Results shown in Table 
2 indicate that the highest value of leaf area 
190.53 cm2 was obtained in control (T1) 
treatment, while the lowest value 138.91 cm2 was 
shown when pomegranate peel extracts 5% + 3% 

KMS (T8) were used. The same table shows that 
the highest number of leaves·plant-1, fruit yield 
(g·plant-1), and leaf chlorophyll intensity (SPAD 
unit) of cv. Rubygem strawberry, was noticed 
when the pomegranate peel extracts 5%+ salicylic 
acid 3 mmol·L-1 was used, Thus in T7 are reported 
the highest mean values 27.83 leaves·plant-1, 
590.74 g·plant-1, and 57.27 SPAD units, 
respectively. The lowest values were 19.75 
leaves·plant-1, which corresponds to the rosemary 
plant extracts 5%+ salicylic acid 3 mmol·L-1 (T9) 
treatments, and 490.36 g·plant-1 and 47.77 SPAD 
units, which corresponds to the pristine fungicide 
0.15% (T12), successively (Table 2). 

 
 
Table 2 Effect of some treatments on growth and yield of strawberry grown under plastic house 
conditions 

Treatments † Leaf area cm2 Number of leaves·plant-1 
Leaf chlorophyll intensity 

SPAD unit 
Yield g·plant-1 

T1 190.53a * 23.75abc 56.20ab 520.13ab 
T2 146.7b 22.16bc 55.26abc 550.09ab 
T3 164.10ab 26.83a 47.80e 500.72ab 
T4 146.47b 21.66bc 51.29d 560.95ab 
T5 143.91b 24.83ab 53.00bcd 570.37ab 
T6 154.22b 24.50ab 52.39cd 540.80ab 
T7 140.13b 27.83a 57.27a 590.74a 
T8 138.91b 23.75abc 55.80abc 560.11ab 
T9 142.95b 19.750c 54.39abcd 500.93ab 

T10 149.21b 27.00a 56.44ab 590.43a 
T11 148.71b 25.00ab 53.77abcd 560.40ab 
T12 162.46ab 23.50abc 47.77 e 490.36b 

† T1: Control (Distill Water), T2: Pomegranate peel extracts (5%), T3: Rosemary plant extracts (5%), T4: Salicylic acid (3 
mmol·L-1), T5: Potassium Metabisulphite (3%), T6: Pomegranate peel extracts (5%) + Rosemary plant extracts (5%), T7: 
Pomegranate peel extracts (5%) + Salicylic acid (3 mmol·L-1), T8: Pomegranate peel extracts (5%) + Potassium Metabisulphite 
(3%), T9: Rosemary plant extracts (5%) + Salicylic acid (3 mmol·L-1 1), T10: Rosemary plant extracts (5%) + Potassium 
Metabisulphite (3%), T11: Salicylic acid (3 mmol·L-1) + Potassium Metabisulphite (3%), and T12: Pristine Fungicide 0.15% 
*In a column, means followed by the same letter are not significantly different according to Duncan’s multiple range tests at (p≤ 0.05). 

 
Leaf area gives a fairly good idea of the 

photosynthetic capacity of the plant. Positive 
association was found between leaf area and total 
yield of fruits, meaning that with leaf area 
increased the sugar content and TSS of the fruits 
[36]. Recent reports also suggest that SA has a role 
to play in photosynthesis as it influences 
chloroplast and leaf carotenoid, chlorophyll 
content, stomatal closure, and enzymatic 
activities. Even under the availability of low 
concentrations of SA, photosynthesis and carbon 
dioxide assimilation were improved dramatically 
[37]. Furthermore, when plants were sprayed 
with lower SA concentrations, fruit yields 
improved significantly [38].  

Our results are in accordance with the 
findings in which the availability of used plant 
extracts and SA improved the most studied 
parameters as displayed in Table 2.  

Effect of different treatments on some 
physical properties of strawberry fruits grown 
under plastic house conditions and stored for 
20 days in cold room. Before storage under 
control conditions (T1), the lowest value of fresh 
weight was of 13.69 g while in the same storage 
conditions, this value increased by using the 
different treatments in which the maximum fresh 
weight was of 17.70 g (T4) followed by the values 
of 17.48 g in T9 and 17.24 g respectively in T6 
(Table 3). After storage, as it was expected in all 
treatments conditions the fresh weight decreased 
compared to the weight before storage. The same 
phenomena were observed in control conditions 
after storage for fresh weight, as the lowest value 
12.43 g again was observed in T1, while the 
highest values in T9 (16.14g), T4 (15.90g) and 
T11 (15.86 g). No considerable change of firmness 
was detected between control and T4 conditions 
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before storage as same value were observed 4.90 
Newton, while the T10 conditions improved the 
firmness under these particular conditions as the 
highest value were recorded was of 6.03 N.(T10) 
followed by 5.77 N in T7 conditions. After storing 
the materials under cold conditions, T10 

treatments achieved the superiority in 
maintaining the firmness compared with other 
treatments.  

For this treatment (T10) the maximum 
firmness value was eported, 4.27 N respectively 
(Table 3). 

 
 
Table 3. The effect of some treatments on some physical characteristics of strawberry fruits grown 
under plastic house condition (before storage), and stored at 2°C and 85-90% RH for 20 days (after 
storage) 

Treatments † 
 Fresh weight (g) Firmness (Newton) 

Before storage After storage Before storage After storage 
T1 13.69e * 12.43e 4.90bc * 4.16ab 
T2 14.83cde 13.77cde 4.68c 3.52ab 
T3 15.08cde 13.83bcde 5.09bc 4.10ab 
T4 17.70a 15.90a 4.90bc 3.94ab 
T5 14.30de 13.25de 5.32abc 3.74ab 
T6 17.24ab 15.76a 5.02bc 3.44ab 
T7 16.43abc 15.33ab 5.77ab 3.94ab 
T8 15.26bcde 14.58abcd 5.35abc 4.11ab 
T9 17.48a 16.14a 4.73c 3.39b 

T10 16.37abc 15.27abc 6.03a 4.27a 
T11 16.69abc 15.86a 5.30abc 3.80ab 
T12 16.18abcd 15.53a 5.05bc 3.77ab 

*In a column, means followed by the same letter are not significantly different according to Duncan’s multiple range tests at (p≤ 
0.05). 

 
Fruit firmness is one of the most important 

traits after harvest for strawberry growers, 
consignors, and consumers. Firmer fruits have a 
greater potential to withstand transport and are 
less likely to break down [39]. The softening is one 
of the most characteristic developmental events of 
the fruit ripening process. In soft fruits, such as 
strawberries, the melting texture characteristic of 
ripe fruits is highly appreciated by consumers. 
Nevertheless, it poses a major problem for 
strawberry producers, determining the short 
postharvest shelf life of this fruit and limiting its 
storage and postharvest transport [40]. Softening 
of the fruits during post-harvest storage may be 
related to changes in the pectic materials, 
cementing cell walls. The insoluble protopectin 
may break down during storage and it will get 
converted into soluble proteins [41]. These results 
are consistent with those obtained by Gonchikari 
(2020) who found that leafy use of SA 200 ppm + 
potassium silicate 0.2% was found to improve 
fruit quality and firmness during the storage 
period of mango fruit [42]. 

Effect of some treatments on some 
chemical properties of strawberry fruits 
grown under plastic house conditions and 
stored for 20 days in cold room. The data 
relating to the total soluble solids and the total 
sugar of strawberry fruits affected by various 
treatments of plant extracts with chemicals are 

given in Table 4. The data indicated that the TSS 
and total sugar increased significantly in all 
treatments in which fruits were stored for 20 
days, compared to the harvest time when TSS% 
was between 7.40 (T8) and 9.10 (T6). The total 
sugar range between 3.31% (T9) and 5.26% (T2), 
but the maximum percentage of TSS and total 
sugar values after storage were 12.45% (T8) and 
6.07% (T10), respectively, while the minimum 
value of 10.08% (T7) and 4.54% (T6), 
respectively. Increased TSS% and total sugars % 
may be due to the treatments applied to T8 and 
T10 experimental variants. The results presented 
in Table 4 show that the foliar application of 
various treatments on strawberries significantly 
reduced the quality of fruits in terms of total 
titratable acidity (TTA%) and pH, compared to the 
harvesting time in which TTA% and pH varied 
between 0.70% and 0.92% and 3.11 and 3.74, 
respectively. According to the results of our study, 
T8 and T1 treatments after storage treatment 
significantly improved the quality parameters of 
the fruit, with the highest values of TTA (0.93%) 
and pH (4.44), respectively. The smallest values of 
the same parameters   are 0.76% for TTA and 4.19 
for pH, recorded in T4. Also, the data presented in 
Table 4 reveals that the leaf spray with plant 
extracts and chemicals had significantly reduced 
the ascorbic acid, and anthocyanins of the 
strawberry fruit during 20 days of storage. Among 
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the various treatments, the maximum content of 
ascorbic acid of 43.53 mg/100g fresh weight is 
reported in T6, and anthocyanins of 53.94 
mg/100g fresh weight is reported in T9, 
respectively, while the minimum contents of 
ascorbic acid of 30.98 mg/100g fresh weight (FW) 
is reported in T11, and anthocyanins of 24.95 
mg/100g fresh weight) is reported in T2.  

This study showed a mean ascorbic acid 
content reported at harvest, which varies from 
36.47 mg/100g to 66.18 mg/100g as shown in 
Table 4. This study also showed an average 
anthocyanins content at harvest, which vary from 
38.57 mg/100g fresh weight to 58.93 mg/100g 
fresh weight as shown in Table 4. In the end of 
storage, both ascorbic acid and anthocyanins 
values decreased as mentioned formerly. 

The increment in total soluble solid up to 20 
days could be caused by the conversion of 
reserved starch and or other polysaccharides to 
the soluble form of sugar. 

The values of TSS obtained as consequence 
of the different treatments are within the range 
set forth by Roudeillac and Trajkovski [43] who 
give values of between 7 and 12% as acceptable 
for strawberries. Acidity is an useful organoleptic 
quality when determining strawberry flavor, and 
sweetness intensity, and it is the primary factor 
contributing to an overall liking for the consumer 
[44]. TTA is directly related to the concentration of 
dominant organic acid that might be utilized 
slowly in respiration, which is an important 
parameter in maintaining fruit quality [45]. 
Strawberry fruits are rich in phenolic compounds 
such as anthocyanins [46]. Strawberry fruit 
storage at the ambient temperature caused a 
significant loss of the anthocyanin content, and 
loss of anthocyanins can be due to their 
degradation in plant tissues by enzyme systems 
such as glycosidases, polyphenol oxidases, and 
peroxidases [47].  

Ascorbic acid is rather unstable and 
therefore it is also an indicator of the freshness of 
the fruit  [48]. Among the vitamins, ascorbic acid 
is less stable and very sensitive to degradation 
during the storage and processing, after harvest 
[49]. Results similar to those reported in our study  
were found by Khan et al. [50] with strawberry 
storage in air at 2oC. Pe rez et al.  [51]  and Sanz et 
al. [49]  who studied strawberry cultivars ”Dorit” 
and ”Selva” had mentioned the loss of ascorbic 
acid at the end of the storage, in terns in which 
”Dorit” showed a greater decrease compared to 
”Selva”.  

Effect of some treatments on fresh 
weight loss, %. Fig. 1 shows fresh weight loss (%) 

of strawberry fruits which were stored for 20 days 
in a cold room. There were significant changes in 
fruit weight loss. The highest percentage of 9.64% 
weight loss was recorded in T1, while the lowest 
of 5.29% is reported in T12. Weight loss in fruits 
and vegetables during storage is due to water 
exchange between the inner and outer 
atmospheres as the rate of transpiration is 
accelerated by cellular degradation [52]. The 
results reported in our study are similar to those 
of Martínez-Romero et al. [53] who found that the 
highest weight loss was achieved in the end of the 
storage period. They assume that the higher 
microbial destruction of control strawberries, not 
treated with fungicides, would lead to tissue 
disruption and be responsible for the reported 
higher weight loss. In this respect, they also 
assume that the physiological role of fungicide in 
declining metabolism in strawberry tissue could 
be suggested. Chemical fungicides are the most 
commonly used means to control gray mold on 
strawberry fruits, but the repeated use of 
synthetic fungicides can develop fungal resistance 
and be harmful to consumer health. However, the 
residue and toxicity concerns may limit their use 
[54]. Furthermore, weight loss of approximately 
10% was observed after 21 days at 0oC [55],  
meanwhile Sanford et al. [56] reported 5.3% and 
7.6% weight loss mean values when blueberries 
were stored for 14 days at 0oC, or 5oC, 
respectively. Gonchikari et al. [42] found that the 
foliar spray with salicylic acid + potassium silicate 
improves fruit quality and reduces physiological 
weight loss during the storage period of 
Mangifera indica L. fruit cv. Alphonsoin. The 
application of rosemary plant extract at highest 
concentration of 6% decreased the fresh weight 
loss (%) and decay (%) on strawberry fruits cv. 
Rubygem stored for 30 days in a cold room [57].  

Effect of some treatments on incidence 
(%) and severity (%) of disease produced by 
Botrytis cinerea Pers (1794) on stored 
strawberry fruits. The impacts of some 
treatments on disease severity (%) and disease 
incidence (%) of gray mold   produced by Botrytis 
cinerea Pers (1794) on strawberry fruits cv. 
Rubygem stored at 2 °C and 85-90% RH for 20 
days were shown in Fig. 2. 

According to the analysis, the treatment T9 
caused the maximum reductions of appearing the 
studied isolate on strawberry fruits as the disease 
incidence was only 1.72 % followed by the 
treatments T8 and T12 with values of 1.78% and 
1.83% respectively. The fungicide used in T12 had 
great influence on the severity of disease, in this 
case only 0.71% incidence was reported.  
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Table 4. Effect of some treatments on some chemicals properties of strawberries cultivated under plastic 
house (before storage), and stored at 2°C and 85-90% RH for 20 days (after storage) 

Anthocy
anin  

mg/100 
g fresh 
weight 

After 

3
4

.8
cd

 

2
4

.9
e 

3
5

.3
cd

 

4
2

.3
b

c 

2
8

.0
d

e 

4
2

.0
b

c 

4
4

.6
b

 

4
0

.8
b

c 

5
3

.9
a 

4
0

.6
1

 
b

c 

2
5

.8
e 

3
6

.0
2

c
d

 

Before 

4
4

.0
4

d
e 

* 

3
8

.5
e 

5
0

.0
ab

cd
 

5
8

.9
a 

5
1

.3
ab

cd
 

4
8

.9
b

c
d

 

5
6

.0
ab

 

4
3

.9
d

e 

5
4

.9
ab

c 

4
8

.6
b

c
d

 

4
4

.9
d

e 

4
5

.4
cd

e 

Ascorbic 
acid  

mg/100
g fresh 
weight 

After 

3
8

.6
ab

c 

4
1

.7
a 

4
1

.7
a 

3
1

.7
c 

3
8

.4
ab

c 

4
3

.5
a 

4
1

.9
a 

3
7

.8
ab

c 

4
0

.5
ab

 

3
7

.6
ab

c 

3
0

.9
c 

3
2

.3
b

c 

Before 

4
4

.1
ef

g
 

5
7

.2
ab

c 

6
2

.0
ab

 

3
6

.4
g

 

5
5

.2
b

c
d

 

4
9

.4
cd

ef
 

5
3

.7
b

c
d

e 

4
6

.0
d

e
fg

 

5
8

.5
ab

c 

6
6

.1
a 

4
1

.1
fg

 

5
2

.1
b

c
d

e 

pH 

After 

4
.4

5
a 

4
.4

0
ab

 

4
.2

4
cd

 

4
.1

8
d

 

4
.2

6
cd

 

4
.2

5
cd

 

4
.2

2
cd

 

4
.3

0
b

c 

4
.3

3
b

c 

4
.2

7
cd

 

4
.2

4
cd

 

4
.3

0
b

c 

Before 

3
.4

7
ab

 

3
.1

1
b

 

3
.1

6
b

 

3
.3

7
ab

 

3
.5

8
a 

3
.3

6
ab

 

3
.3

4
ab

 

3
.1

3
b

 

3
.1

4
b

 

3
.3

7
ab

 

3
.3

3
ab

 

3
.7

4
a 

TTA % 

After 

0
.8

3
ab

 

0
.8

1
ab

 

0
.8

6
ab

 

0
.7

6
b

 

0
.9

1
a 

0
.9

1
a 

0
.8

4
ab

 

0
.9

3
a 

0
.8

4
ab

 

0
.8

8
ab

 

0
.8

5
ab

 

0
.9

0
a 

Before 

0
.7

6
ab

  

0
.7

8
ab

 

0
.7

2
b

 

0
.7

9
ab

 

0
.8

6
ab

 

0
.8

6
ab

 

0
.7

2
 b

 

0
.9

2
a 

0
.8

3
ab

 

0
.7

5
ab

 

0
.8

4
ab

 

0
.7

0
b

 

Total 
sugar% 

After 

5
.3

4
ab

 

5
.3

1
ab

 

5
.2

4
ab

 

5
.4

6
ab

 

5
.3

2
ab

 

4
.5

4
b

 

4
.6

0
b

 

5
.3

9
ab

 

5
.6

3
ab

 

6
.0

7
a 

5
.2

5
ab

 

5
.3

3
ab

 

Before 

3
.3

7
c 

5
.2

6
a 

5
.1

6
a 

4
.3

5
ab

 

3
.5

5
b

c 

4
.8

4
a 

3
.5

1
b

c 

3
.3

8
c 

3
.3

1
c 

4
.5

7
a 

5
.0

7
a 

5
.1

3
a 

TSS% 

After 

1
0

.6
cd

 

1
0

.8
cd

 

1
0

.6
cd

 

1
0

.5
cd

 

1
1

.0
b

c 

1
1

.8
ab

 

1
0

.0
d

 

1
2

.4
a 

1
0

.5
cd

 

1
0

.7
cd

 

1
0

.5
cd

 

1
1

.7
ab

 

Before 

9
.0

3
a 

7
.8

3
ab

 

8
.4

3
ab

 

8
.9

7
a 

8
.6

0
ab

 

9
.1

0
a 

8
.8

0
ab

 

7
.4

0
b

 

8
.7

0
ab

 

8
.8

3
a 

8
.2

7
ab

 

8
.8

0
ab

 

Treatments 
† T

1
 

T
2

 

T
3

 

T
4

 

T
5

 

T
6

 

T
7

 

T
8

 

T
9

 

T
1

0
 

T
1

1
 

T
1

2
 

*In a row, means followed by the same letter are not significantly different according to Duncan’s multiple range tests at (p≤ 0.05). 

 
Beside using the fungicide, T11 also caused 

lowering the severity of the disease (90 %).  These 
results are in line with those obtained by Sunil 
[58], who carried out pre-and post-harvest 
applications of SA (treatment of young strawberry 
plants, then during the fruit development stage 
and later treatment of harvested fruits), 

effectively controlled decay and increased fruit 
durability against having disease.  

The application of salicylate derivatives 
induced resistance to Botrytis cinerea Pers (1794) 
spoilage. A preharvest treatment with SA 
decreased postharvest disease caused by Botrytis 
cinerea Pers (1794), this probably due to 



 MIRZA Avin Noori et al. /ProEnvironment 16/56(2023) 249 – 262 
 

257 
 

increasing levels of phenolic compounds and the 
antioxidant activity [39]. On cherry fruits, 
pomegranate peel extracts, foliar administered, 
reduced the infection with Botrytis cinerea Pers 

(1794), by 95.6% while in our investigation the 
administration of T8, let to the value of 1.78 % 
indicating the effectiveness of using this treatment 
[59]. 

 

  
 

Figure 1. Effect of some treatments on fresh weight loss (%) of strawberry fruits cv. Rubygem stored at 
2°C and 85-90% RH for 20 days 

 

 
 

Figure 2. Effect of some treatments on disease incidence (%) and disease severity (%) of gray mold   
produced by Botrytis cinerea Pers (1794),  in strawberry fruits cv. Rubygem stored at 2 °C and 85-90% 

RH for 20 days 
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Isolation and identification of Botrytis 
cinerea on stored strawberry fruits. In the 
present study, one fungus was isolated from 
strawberry fruits during the storage which was 
identified as Botrytis cinerea Pers (1794), 
according to the characteristics of colony  during 
microscopic observation (Fig. 3-A, and conidia Fig. 
3-B).  These results are consistent with the 
findings of Leyronas et al.  [60] . Postharvest 
losses caused by Botrytis cinerea Pers (1794) and 
other fungi are particularly severe because they 
may include accumulated costs of harvesting, 
packaging, cooling, and transport, while markets 
can also be depressed as a result of consumer 

dissatisfaction. Botrytis cinerea Pers (1794) 
infection can develop in the field and can also 
cause postharvest decay or remain latent until 
storage.  

Spore germination and infection are most 
rapid at temperatures of 22-25 oC. Botrytis cinerea 
Pers (1794) is also active at relatively low 
temperature, however, it can cause considerable 
damage to flowers and plants stored at 
temperatures ranging within the interval 0 oC – 10 
oC. Thus, in cold storage, it leads to the 
development of gray mold symptoms, and this 
disease spreads rapidly among fruits in the same 
packaging [61]. 

 

 
 

Figure 3. Images of Botrytis cinerea Pers (1794) colonies, plate 1:7 days old,  plate 2:12 days old showed 
the seclerotia) grown on PDA (A), and conidia  (400 x) (B) (Original)  

 
Molecular based Identification. The 

molecular techniques using PCR applied in order 
to identify the Botrytis cinerea Pers (1794) variety 
showed that the sequence of the extracted isolates 

had the highest similarity 97% with the sequence 
from the database. The PCR product of the fungi 
ITS region on gel electrophoresis appears as 
having 540 bp band size (Fig. 4).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Agarose gel showing  PCR product (540bp) of ITS1 and ITS4 DNA of Botrytis cinerea Pers (1794),  
(M) DNA Lader (100 bp) (Original) 
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Figure 5. Partial sequence of Botrytis cinerea Pers (1794), internal transcribed spacer 1, 5.8S ribosomal 
RNA gene, and internal transcribed spacer 2 (Original) 

 

 

 

The partial sequence of Botrytis cinerea 
Pers (1794), that are shown in Fig. 5. These results 
are in accordance with the results concerning 
Botrytis cinerea Pers (1794) reported by Behr et 
al. [62]. 
 
4. Conclusions 
 

The treatment combination of pomegranate 
peel extracts + salicylic acid had a significant 
effect on leaf number, leaf chlorophyll intensity, 
and yield of strawberry cv. Rubygem. The spray 
application of SA has a significant effect on the 
physical property of strawberry fruit's weight. 
Due to the combination of rosemary plant extracts 
+ KMS with 20 days storage, high properties of 
firmness are recorded.  

The maximum TSS (%) and total sugar (%) 
were obtained when pomegranate peel extracts + 
rosemary plant extracts were used in under 
plastic house conditions. However, in conditions 
of storage for 20 days, the maximum value of TSS 
is reported when pomegranate peel extracts + 
KMS treatment is applied, and the maximum value 
of total sugar when SA + KMS is applied.  

Total soluble solids and total sugar (%) 
were increased with advanced cold storage, 
regardless of the used treatments. The spray 
application with rosemary plant extracts + SA and 
Pristine treatments were the most effective 

treatment in reducing diseases incidence, 
severity, and fresh weight loss in the cold room. 

Acknowledgement. The authors would 
like to express their gratitude to the Department 
of Horticulture at the College of Agricultural 
Engineering Sciences for their assistance and 
support. We express our sincere gratitude to the 
Razga company for the financial support which 
made this conference possible. 
 
 

References 
 
[1] Potter D., T. Eriksson, R.C. Evans, S.O.J. Smedmark, D.R. 
Morgan, M. Kerr, K.R. Robertson, M. Arsenault, T. A. 
Dickinson, 2007, Phylogeny and classification of Rosaceae, 
Plant Systematics and Evolution, 266(1), 5-43. 
 
[2] Sharma V., R.R. Sharma, 2004, The strawberry, ICAR, New 
Delhi (India). 
 
[3] Häkkinen S.H.A., R. Törrönen, 2000, Content of flavonols 
and selected phenolic acids in strawberries and Vaccinium 
species: influence of cultivar, cultivation site and technique, 
Food research international, 33(6), 517-524. 
 
[4] FAO, 2017, FAOSTAT Agricultural Statistics Database. 
http://www.Fao.Org'. 
 
[5] Vu K., R. Hollingsworth, E. Leroux, S. Salmieri, M. Lacroix, 
2011, Development of edible bioactive coating based on 
modified chitosan for increasing the shelf life of strawberries, 
Food Research International, 44(1), 198-203. 
 

http://www.fao.org'/


 MIRZA Avin Noori et al. /ProEnvironment 16/56(2023) 249 – 262 
 

260 
 

[6] Janisiewicz W. J., L. Korsten, 2002, Biological control of 
postharvest diseases of fruits, Annual review of 
phytopathology, 40(1), 411-441. 
 
[7] Amal S., M. El-Mogy, H.Aboul-Anean, B. Alsanius, 2010, 
Improving strawberry fruit storability by edible coating as a 
carrier of thymol or calcium chloride, Journal of Horticultural 
Science & Ornamental Plants, 2(3), 88-97. 
 
[8] Feliziani E., G. Romanazzi, 2016, Postharvest decay of 
strawberry fruit: Etiology, epidemiology, and disease 
management, Journal of Berry Research, 6(1), 47-63. 
 
[9] Islam M., M. Hossan, M. Ahsan, H. Mehraj, A. J. Uddin, 2013, 
Evaluation of Growth and Yield of Four Strawberry (Fragaria 
x ananassa) Genotypes, The Agriculturists, 11(2), 104-108. 
 
[10] Genena A.K., H. Hense, A. Smânia Junior, S.M. d.Souza, 
2008, Rosemary (Rosmarinus officinalis): a study of the 
composition, antioxidant and antimicrobial activities of 
extracts obtained with supercritical carbon dioxide, Food 
Science and Technology, 28(2), 463-469. 
 
[11] Pour A. R., S.S. Mirzargar, M. Soltani, H.A.E. Mousavi, A. 
Seyed, 2014, The antibacterial effects of Cuminum cyminum 
L. and Rosmarinus officinalis extracts and essential oil 
against Lactococcus garvieae in laboratory conditions on 
rainbow trout, European Journal of Experimental Biology, 
4(1), 456-463. 
 
[12] Dahham S.S., M.N. Ali, H. Tabassum, M. Khan, 2010, 
Studies on antibacterial and antifungal activity of 
pomegranate (Punica granatum L.), American Eurasian 
Journal Agricultural Enviromental Science, 9(3), 273-281. 
 
[13] Deák S., V. Füstös, 2009, Skladištenje i očuvanje svežine 
sorti jagoda', Časopis za procesnu tehniku i energetiku u 
poljoprivredi/PTEP, 13(3), 229-231. 
 
[14] De Rodrıguez D.J., D. Hernández-Castillo, R. Rodrıguez-
Garcıa, J. Angulo-Sánchez, 2005, Antifungal activity in vitro of 
Aloe vera pulp and liquid fraction against plant pathogenic 
fungi', Industrial Crops and Products, 21(1), 81-87. 
 
[15] Arslan D., M.M. Özcan, 2008, Evaluation of drying 
methods with respect to drying kinetics, mineral content and 
colour characteristics of rosemary leaves', Energy 
Conversion and Management, 49(5), 1258-1264. 
 
[16] Rusin C., I.C.R. Oliari, C.D. Leite, C.M.D.R. Faria, R.V.  
Botelho, M.A.K. Almança, 2016, Antifungal activity of plant 
extracts on Phaeomoniella chlamydospora', Social Sciences 
Journal, 7(01044),1-3. 
 
[17] Aguyoh J., W. Audi, M. Saidi, L. Gao-Qiong, 2010, Growth, 
yield and quality response of watermelon (Citrullus lanatus 
[thunb] mansf. & nakai) cv. crimson sweet) subjected to 
different levels of tithonia manure, International Journal of 
Science and Nature, 1(1), 7-11. 
 
[18] Demirsoy H., L. Demirsoy, S. Uzun, B. Ersoy, 2004, Non-
destructive leaf area estimation in peach', European Journal 
of Horticultural Science, 69(4),144-146. 
 
[19] Coste S., C. Baraloto, C. Leroy, É. Marcon, A. Renaud, A. D. 
Richardson, J.C. Roggy, H. Schimann, J. Uddling, B. Hérault, 
2010, Assessing foliar chlorophyll contents with the SPAD-
502 chlorophyll meter: a calibration test with thirteen tree 

species of tropical rainforest in French Guiana, Annals of 
Forest Science, 67(6), 607-607. 
 
[20] Horwitz W., 2002, Instructions for inserting: Official 
methods of analysis of AOAC International. AOAC 
International. 
 
[21] Cao S., Z. Hu, B. Pang, B.Wang, H. Xie, F. Wu, 2010, Effect 
of ultrasound treatment on fruit decay and quality 
maintenance in strawberry after harvest, Food Control, 
21(4), 529-532. 
 
[22] Nunes M., J.P. Emond, 1999, Chlorinated water 
treatments affects postharvest quality of green bell peppers', 
Journal of Food Quality, 22(3), 353-361. 
 
[23] Joslyn M., 1970, Analítico: Methods in food analysis. 
Physical, chemical, and instrumental methods of analysis. 
Academic Press, New York.  
 
[24] Elgailani I.E.H., M. Elkareem, E. Noh, O. Adam, A. 
Alghamdi, 2017, Comparison of two methods for the 
determination of vitamin C (ascorbic acid) in some fruits, 
American Journal of Chemistry, 2(1), 1-7. 
 
[25] Ranganna S., 2011, Handbook of analysis and quality 
control for fruit and vegetable products. Tata McGraw-Hill 
Education. 
 
[26] Garuba T., O. Mustapha, G. Oyeyiola, 2018, Shelf life and 
proximate composition of tomato (Solanum lycopersicum L.) 
fruits as influenced by storage methods, Ceylon Journal of 
Science, 47(4), 387-393. 
 
[27] Wheeler B.E.J., 1969, An introduction to plant diseases, 
Taylor & Francis, Ltd, 62(3), 617-619. 
 
[28] Romanazzi G., E. Feliziani, M. Santini, L. Landi, 2013, 
Effectiveness of postharvest treatment with chitosan and 
other resistance inducers in the control of storage decay of 
strawberry', Postharvest Biology and Technology,  75, 24-27. 
 
[29] Chliyeh M., E. Achbani, Y. Rhimini, K. Selmaoui, A. 
Touhami, A. Filali-Maltouf, C. El Modafar, A. Moukhli, A. 
Oukabli, R. Benkirane, 2014, Pathogenicity of four fungal 
species on fruits and leaves of the olive tree (Olea europaea 
L.), International Journal of Pure and Applied Bioscience, 
2(4), 1-9. 
 
[30] Elad Y., B. Williamson, P. Tudzynski, N. Delen, 2004, 
Botrytis: biology, pathology and control, Springer. 
 
[31] White T. J., T. Bruns, S. Lee, J. Taylor,1990, Amplification 
and direct sequencing of fungal ribosomal RNA genes for 
phylogenetics, PCR protocols: a guide to methods and 
applications, 18(1), 315-322. 
 
 
[32] Niu C., H. Kebede, D.L. Auld, J.E. Woodward, G. Burow, R. 
J. Wright, 2008, A safe inexpensive method to isolate high 
quality plant and fungal DNA in an open laboratory 
environment, African Journal of Biotechnology, 7(16), 2818-
2822. 
 
[33] Visagie C., J. Houbraken, J. C. Frisvad, S.B. Hong, C. 
Klaassen, G. Perrone, K. Seifert, J. Varga, T.Yaguchi, R. Samson, 
2005, Identification and nomenclature of the genus 
Penicillium, Studies in mycology, 53(1), 53-63. 



 MIRZA Avin Noori et al. /ProEnvironment 16/56(2023) 249 – 262 
 

261 
 

 
[34] Al-Rawi K.M., A.A.M. Khalafullah, 1980, Design and 
Analysis of Agricultural Experiments. Ministry of Higher 
Education and Scientific Research, Mosul. Iraq, University of 
Mosul. 
 
[35] Addinsoft, 2016, XLSTAT 2016: Data analysis and 
statistical solution for Microsoft Excel. Paris: Pentraeth: 
https://www.xlstat.com. 
 
[36] Potel A., A. Ançay, C. Carlen, 2007, Influence of leaf/fruit 
ratio of strawberry plants on the sensory quality of their 
fruits', XXVII International Horticultural Congress-IHC2006: 
International Symposium on Advances in Environmental 
Control,  Automation and Cultivation Systems for 
Sustainable, High-Quality Crop Production under Protected 
Cultivation, 13th August 2006, 121-126. 
 
[37] Fariduddin Q., S. Hayat, A. Ahmad, 2003, Salicylic acid 
influences net photosynthetic rate, carboxylation efficiency, 
nitrate reductase activity, and seed yield in Brassica juncea, 
Photosynthetica, 41(2),281-284. 
 
[38] Kadir S., E. Carey, S. Ennahli, 2006, Influence of high 
tunnel and field conditions on strawberry growth and 
development, HortScience, 41(2), 329-335. 
 
[39] García-Pastor M.E., M.J. Giménez, P.J. Zapata, F. Guillén, 
J.M. Valverde, M. Serrano, D. Valero, 2020, Preharvest 
application of methyl salicylate, acetyl salicylic acid and 
salicylic acid alleviated disease caused by Botrytis cinerea 
through stimulation of antioxidant system in table grapes, 
International Journal of Food Microbiology, 334,108807. 
 
[40] Paniagua Correas C., 2014, Strawberry fruit softening 
and pectin disassembly: I. Nanostructural characterization of 
fruit pectins by atomic force microscopy II. Role of the β-
Galactosidase gene FaβGal4. Doctor of Philosophy, University 
of Malaga-Higher Council for Scientific Research, Institute of 
Subtropical and Mediterranean Horticultural (IHSM), 
University of Malaga, Publications and Scientific 
Dissemination Service. 
 
[41] Lalel H. J., Z. Singh, S.C. Tan, 2003, Aroma volatiles 
production during fruit ripening of ‘Kensington Pride’mango, 
Postharvest Biology and Technology, 27(3), 323-336. 
 
[42] Gonchikari L., C. Madhumathi, M. Rama Krishna, B. 
Tanuja Priya, 2020, Influence of preharvest application of 
Salicylic Acid and Potassium Silicate on Postharvest quality 
of mango fruits (Mangifera indica L.) cv. Alphonso, Acta 
Scientific Agriculture, 4(4), 11-15. 
 
[43] Roudeillac P., K. Trajkovski, 2003, Breeding for fruit 
quality and nutrition in strawberries', Euro Berry 
Symposium-COST-Action 836 Final Workshop 649, 9th 
October 2003,55-60. 
 
[44] Schwieterman M.L., T.A. Colquhoun, E. A. Jaworski, L.M. 
Bartoshuk, J.L. Gilbert, D.M. Tieman, A.Z. Odabasi, H.R. 
Moskowitz, K.M. Folta, H.J.  Klee, 2014 Strawberry flavor: 
diverse chemical compositions, a seasonal influence, and 
effects on sensory perception', PloS one, 9(2), e88446. 
 
 
 
[45] Shokrollah F.S., J. Hajilou, F. Zare, S. Tabatabaei, H.R. 
Naghshiband, 2012, Effects of calcium chloride and salicylic 

acid on quality traits and storage life of plum cultivar, Journal 
of Food Research (University of Tabriz), 22(1), 75. 
 
[46] Aaby K., S. Mazur, A. Nes, G. Skrede, 2012, Phenolic 
compounds in strawberry (Fragaria x ananassa Duch.) fruits: 
Composition in 27 cultivars and changes during ripening, 
Food Chemistry, 132(1), 86-97. 
 
[47] Shi Z.U., I. Bassa, S. Gabriel, F. Francis, 1992, Anthocyanin 
pigments of sweet potatoes–Ipomoea batatas, Journal of food 
science, 57(3), 755-757. 
 
[48] Sanz C., A. Perez, R. Olias,  J. Olias, 1999, Quality of 
strawberries packed with perforated polypropylene, Journal 
of Food Science, 64(4), 748-752. 
 
[49] Spinardi A., 2004, Effect of harvest date and storage on 
antioxidant systems in pears, In V International Postharvest 
Symposium 682 ', 6th June 2004, 135-140. 
 
[50] Khan A., B. Shamrez, U. Litaf, A. Zeb, Z. Rehman, R. Naz, 
S.H. Khan, A.S. Shah, 2014, Effect of sucrose solution and 
chemical preservatives on overall quality of strawberry fruit, 
Journal Food Processing Technolgy, 6(1), 1-6. 
 
[51] Pérez A.G., R. Olías, J. Olías, C. Sanz, 1998, Strawberry 
quality as a function of the ‘high pressure fast cooling’design, 
Food chemistry, 62(2), 161-168. 
 
[52] Woods J., 1990, Moisture loss from fruits and vegetables, 
Postharvest News and Information, 1(3), 195-199. 
 
[53] Martínez-Romero D., M. Serrano, G. Bailén, F. Guillén, P.J. 
Zapata, J.M. Valverde, S. Castillo, M. Fuentes, D. Valero, 2008, 
The use of a natural fungicide as an alternative to preharvest 
synthetic fungicide treatments to control lettuce 
deterioration during postharvest storage, Postharvest 
Biology and Technology, 47(1), 54-60. 
 
[54] Compean K., R.Ynalvez, 2014, Antimicrobial activity of 
plant secondary metabolites: A review, Research Journal of 
Medicinal Plants, 8(5), 204-213. 
 
[55] Paniagua A., A. East, J. Heyes, 2012, Effects of delays in 
cooling on blueberry quality outcomes, VII International 
Postharvest Symposium, ISHS Acta Horticulturae 1012, 25th 
June 2012, 1493-1498. 
 
[56] Sanford K., P. Lidster, K. McRae, E. Jackson, R. Lawrence, 
R. Stark, R. Prange, 1991, Lowbush blueberry quality changes 
in response to mechanical damage and storage temperature, 
Journal of the American Society for Horticultural Science, 
116(1), 47-51. 
 
[57] Dukani H.A.I., S.A.S. Kasnazany, A.N. Najmaldeen Kakahy, 
2018, Effect of rosemary plant extract and calcium chloride 
sprays on the some fruit quality and storability of strawberry 
(Fragaria X ananassa Duch) grown under plastic house 
conditions', Euphrates Journal of Agriculture Science, 10(3), 
32-48. 
 
[58] Sunil P., 2017, Novel postharvest treatments of fresh 
produce. Novel postharvest treatments of fresh produce. CRP 
Press, London, The UK. 
 
[59] Nicosia M.G.L.D., S. Pangallo, G. Raphael, F.V. Romeo, M.C. 
Strano, P. Rapisarda, S. Droby, L. Schena, 2016, Control of 
postharvest fungal rots on citrus fruit and sweet cherries 

http://www.xlstat.com/


 MIRZA Avin Noori et al. /ProEnvironment 16/56(2023) 249 – 262 
 

262 
 

using a pomegranate peel extract', Postharvest Biology and 
Technology, 114, 54-61 
 
 
[60] Leyronas C., M. Duffaud, L. Pares, B. Jeannequin, P. C. 
Nicot, 2015, Flow of Botrytis cinerea inoculum between 
lettuce crop and soil, Plant Pathology,  64(3), 701-708. 
 

[61] Roberts A., 2003, Encyclopedia of rose science, Boston 
Academic press, Amsterdam. 
 
[62] Behr M., S. Legay, D. Evers, 2013, Molecular 
identification of Botrytis cinerea, Penicillium spp. and 
Cladosporium spp. in Luxembourg, OENO One, Vine and 
Wine,  47(4), 239-247. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

”This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits 

unrestricted use, distribution and reproduction in any medium, provided the original author 

and source are credited.”  ProEnvironment         

Available online at: http://journals.usamvcluj.ro/index.php/promediu 


