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Abstract

To determined chemical and physical properties for pomegranate fruits (cv. ‘Salakhani’)
over postharvest treatment with three Salicylic acid (SA) concentrations (0, 2 and 4 mM) and
four storage periods (25, 50, 75 and 100 days) at 2-3°C with 85-95% relative humidity, fresh
pomegranate juice of every treatment was evaluate for TSS, TTA, TSS/TTA, Total sugar,
Anthocyanin, Vit. C, pH and Juice percentage. Fruit physical disorder such as weight loss,
chilling injury, chilling injury index, decay, scald, aril and peel moisture content were also
investigated after each treatment.

The results showed that the TSS, TSS/TTA ratio, Total sugar, Anthocyanin and Vit. C
increased significantly (p<0.05) throughout the treatment 2mM SA, however, the pH value for
complete fruit increased as a result of TTA (1.02 %) decreasing, despite the change within the
chemical properties of the juice, the percentage of juice didn’t differ significantly after
treatment fruits with (2 and 4mM) SA compared to the control, for decreasing weight loss,
chilling injury, chilling injury index, decay and scald 4 mM SA was more affective comparing
to control.

The results showed that most of chemical and physical disorder properties increased during
storage with increasing storage duration exception of peel moisture content.

The interaction between treatments with different concentrations of SA then storage fruits for
various periods led to the improvement of these characteristics, especially the concentration 2
mM and storage periods 25 and 50 days. Contrariwise, there have been decreases in (TTA)
throughout the storage duration 100 day at 4 mM SA.

Furthermore, aril and peel moisture content significantly change at majority of the storage
period 100day and 4 mM SA.
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Introduction

Pomegranate (Punica granatum L.), also goes by the common name in Kurdistan “Hanar”
belongs to the Punicaceae family. Its commercial famous fruit plant in Kurdistan Region/ Iraq,
which is one of the world’s producers of pomegranates, especially Halabja governorate is
extremely famous for its high quality pomegranate cultivars. Pomegranate is native to Persia
and widely cultivated in the Mediterranean region, it is a fruit of tropical and subtropical regions,
however the pleasant nice pomegranates are located in which cool winters and warm dry
summers (Akhtar et al., 2013).

Pomegranates should be harvest when they are fully ripe and have the right size and color. Fruits
cannot continue the ripening process once detached from the plant. To increase its market value,
the fruit is stored at temperatures below 10°C for several months. Several post-harvest disorders
can occur during storage (Ghafir et al., 2010). The edible part (aril) of the pomegranate is about
55-60% of the total weight of the fruit and consists of about 75-85% juice and 15-25% seeds.
Pomegranate is consumed both as a fresh fruit and as a fruit juice. It is also used to make jams,
wines, liqueurs, food colorings and flavor enhancers. Various parts of its tree (leaves fruit and
bark) are traditionally used for purposes such as medicinal properties and tanning (Rania et al.,
2007).

There are over 23 cultivars of pomegranate grown in Iraq, Salakhani which known as Hawraman
pomegranate (Hanary Hawraman) is one of the well-known pomegranate cultivars in Halabja
and Sulaimani governorates. It could be a nearby pomegranate genotype of quality developed
naturally and well adapted to the local climate and development in private ranges is an

imperative source of income.

A number of significant exterior and internal characteristics are used to evaluate the quality of
pomegranate fruit. Fruit size, shape, and skin condition (color, free of cracks, sun scalds, and
bruises) are considered external characteristics. Internal characteristics include Total soluble
solids, Titratable acidity and TSS/TTA, because of this, the selection of postharvest handling and
storage procedures should take into account delivering harvested fruit to consumers in the best

condition for acceptable nutritional, and antioxidant properties (Kader, 2008).

Salicylic acid (SA) is a plant hormone that performs critical roles in numerous physiological
processes, from seed germination to flowering to fruit maturation, however its maximum studied

function is in diverse biotic and abiotic stressors (Koo et al., 2020). After harvest treatment with
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salicylic acid has been reported to increased shelf life of strawberry (Babalar et al., 2007),
pomegranate (Sayyari et al., 2009), postharvest application of SA were effective to reduce water
loss, fungal decay, fruit softening rate, delayed rachis browning, and enhanced the increase of
total phenolic content of berry skin cv. Thompson Seedless and reduced spoilage (Ranjbaran et
al., 2011). Post-harvest treatment with salicylic acid has been reported to reduce spoilage and
cold damage in a variety of fruits and to improve other quality attributes such as appearance,

texture and nutritional associations (Glowacz and Ree, 2015).

SA role in controlling fungal decay may be through activation of antioxidant defense responses
(Xu and Tian, 2008) or its direct antifungal effects on fungal development (Amborabe et al.,
2002). Tiwari et al., 2017 and Koo et al., 2020 have been shown that Salicylate postharvest
treatments to prevent decay and chilling injury in some fruits while also enhancing other
qualities like appearance, texture, and nutritional content (Asghari and Aghdam, 2010; Glowacz
and Ree, 2015). Accordingly, SA, ASA, or MeSa applied as postharvest treatments resulted in
higher quality attributes in kiwifruit (Zhang et al., 2003), mango (Ding et al., 2007), sweet
cherries (Valero et al., 2011) and peaches (Tareen et al., 2012), with additional effects on
delaying the postharvest ripening process, apricots (Wang et al., 2015) and increased the content

on anthocyanins and other bioactive compounds in blood oranges (Habibi et al., 2020).

Annual demand for pomegranate fruit is met by post-harvest storage (Kahramanoglu and
Usammaz, 2016). The limited post-harvest life of pomegranate fruit is a major challenge limiting
its consumption. Fruit storage under ambient conditions is limited to a few weeks (Fawole and
Opara, 2013).

Cold storage is often used to preserve post-harvest quality and extend fruit shelf life,
pomegranates are very susceptible to cold injury when stored at recommended temperatures,
mold and burns are also common post-harvest problems during cold storage. Opara et al., (2015)
showed that, cold storage is often used to preserve post-harvest quality and extend fruit shelf life,
pomegranates are highly susceptible to cold injury (CI) when stored at recommended
temperatures, and also develop mold and scald as post-harvest problems during cold storage. The
loss of pomegranate physical, chemical, and sensory characteristics was shown to be lower under

cold storage than at room temperature (Patil et al., 2022).

What happens to the fresh produce's nutritional quality criteria while it is being stored is one of
the main problems. These are useful in determining how long fresh produce may be kept without

losing quality. Thus, the aim of this research is to study the effect of different concentrations of
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salicylic acid and storage periods, either separately or in combination, on quality and storage life

pomegranate fruits cv. ‘Salakhani’.
1. Materials and Methods

This research was carried out in the laboratory of Horticulture Department, College of Agricultural
Engineering Sciences, Salahaddin University-Erbil. Healthy pomegranate fruits cv. ‘Salakhani
were obtained from a private orchard in Sian village, Dinarta, Duhok governorate, Kurdistan
region. In 23 October 2021, commercially ripe fresh fruits with TSS 16 % were picked by hand
with assisting of pruning clipper from trees of 11-years old, then immediately transferred to the
laboratory. Healthy fruits free from surface defects with uniform weight (350- 400 g) and
appearance were selected then divided randomly into three groups (each group contain 72 fruits)
and dipped in three concentrations (0, 2 and 4 mM) of salicylic acid (Extra pure, Scharlab S.L.,
Spain) for ten mint.

1%t group dipped in distilled water
2" group dipped in 2 mM Salicylic acid.
3 group dipped in 4 mM Salicylic acid.

After dipping, fruits were air-dried at ambient temperature, and then packed in perforated white
polyethylene bags (each bag contain 4 pores 5 mm diameter). The bag includes 6 fruits and
represented as experimental unit. At last, they were stored in refrigerator at 2-3°C with about 85-
95% RH for 100 days.

The experiment is arranged in factorial in Complete Randomized Design (C.R. D), include three
Salicylic Acid concentrations (0, 2 and 4 mM) and four storage periods (25, 50, 75 and 100 days)
with three replications. The data was analyzed using the SAS statistical tool (SAS 2003), and when
distinction is made, the means were suitably isolated and mean values were examined using

Duncan's Multiple Range Test at P<0.05 significant level (Mead et al., 2017).

After harvest and at the end of each storage duration (25, 50, 75 and 100 days) fruits for each

replicate were used for quality measurements.

Salakhani is a local cultivar of pomegranate mostly their fruits are medium in size and the diameter
is greater than the length., color of peel is red to brassy, arils are dark red in color, high juice with
sour sweet taste and ripened at late October (AL-Jabary, 2007). Salakhani cultivar is one of the

most important commercial pomegranates in Kurdistan especially in Halabja governorate.
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2.1 Chemical Measurements

Juice (%): Pomegranate fruits were cut in to two halves and extracted the juice by using a hand
manual press fruit juicer. Juice (%) was calculated by knowing the weight of juice divided by the
weight of the fruit for each replication (Karomi, 2001)

Juice (%) = (juice weight in fruit/fruit weight) x 100

Total Soluble Solids (TSS) and Total Sugar (%): Total sugar and Total soluble solids (TSS)
were measured in duplicate in the same juice by using a digital hand held “Pocket” refractometer

(Atago PAL-3, Tokyo, Japan) (Maria et al., 2020).
Titratable Acidity percentage (TTA) (%0):

Titratable acidity was performed by taking 10 ml of juice and adding 2-3 drops of
phenolphthalein as indicator and titration with 0.1N NaOH, the acidity was determined as citric
acid (g/ 100 ml Juice) according to (Feldsine et al., 2002).

Volume of NaOH (ml)* Normality of NaOH*V*Milliequivalent

Vi * Vs *1000

Vi = Initial Volume of the juice before diluting
Vs = Volume of the juice used in the correction

TSS/ TTA ratio: The ratio of TSS/TTA calculated by dividing Total soluble solid percentage by
Titratable acidity percentage.

Total anthocyanin (mg .100g* F.Wt): Total anthocyanin content in fruit arils was determined by
blend 5g of fruit arils with 50 ml of ethanolic HCI (85:15): 95% Ethanol + 1.5 N HCI, and left for
24 hours in a refrigerator at 4°C, then filtered through filter paper (watman 0.1N) and added 75 ml
ethanolic HCI. Finally, it estimated by using Spectrophotometer at wave length of 535nm (Al-
Kwami et al., 2002) and calculated by the following equation:

Anthocyanin (mg.100g™ fresh weight) = Abs535 x Ve x Tv/ Vu xWts x 100
Where:

Abs 535 = Reading of spectrophotometer at 535nm.
Ve = Volume of extracts which is used for color measurement.

Tv = Total volume. Vu = Volume of extracts.
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Wts = Weight of the sample.

Vitamin C (Vit.C) (mg.100 ml* juice): Taking 20 ml of juice and added to it 25 ml of distilled
water and 1 ml of starch as indicator. After filling the burette with iodine solution, the juice was
slowly titrated until the appearance of blue color. These steps were repeated three times and the
average volume of iodine needed for the titration process was recorded (Suntornsuk et al., 2002).
pH: pH values were determined with digital pH meter.

2.2. Physical disorders

Weight loss %: It was measured in relation to storage time, six uniformly sized fruits were
randomly selected and weighed after each 25 days (Arendse, 2014). The loss in weight was

calculated as:

Weight loss %=[( Wi-Ws) / W] x 100

Wi= initial weight (g) of the fruit at the beginning of storage

Wi= final weight (g) of the fruit at the time of sampling during storage

Chilling injury and chilling injury index (Cl): Was individually evaluated in each fruit with a 4
point hedonic scale based on the percentage of husk surface affected by Cl symptoms (dehydration,
browning and pitting): 0 ( no symptom), 1 (1-25% of damaged area), 2(26-50% of damaged area)

and 3(>51% of the damaged area). Results were calculated using the following formula:

CI=Y, (value of hedonic scale) x (number of fruit with the corresponding scale number) / (4xtotal
number of fruit in the sample) (Sayyari et al., 2009).

Scald%: The incidence of decay, fruit browning, cold injury, and skin burn was recorded for each
storage time and replicate. The percentage of fruit discarded was calculated based on the total

number of fruits using the following formula (Abd-Elghany, 2012):
Scald (%) = (Number of discarded fruits at each sampling date / Total number of fruits) x 100

Aril and peel moisture content (%): 10 g kernel and 25 g husk sample was placed in a glass petri
dish, , dried in an oven at 80 °C for 24 h, and then weighed on an electronic balance) (Arendse,
2014).
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3. Results and Discussion

3.1. Effect of Salicylic acid concentration, storage period on chemical properties of
pomegranate cv. Salakhani fruits:

3.1.1. Effect of Salicylic acid:

Results in Table (1) revealed that the average of Total soluble solid (TSS), TTS/TTA ratio, Total
sugars and Vitamin .C (Vit.C) in fruits were affected significantly when fruits treated with Salicylic
acid (SA) compared with control, The effect of the 2 mM SA treatment was more apparent in
increasing TSS (16.69 %), TSS/TA ratio (16.36) Total sugar (16.59 %) and Vit.C (5.84 mg .100g™
F.Wt) , while the lowest contents were noticed in the control (water) ( 16.46 %), ( 12.96 ), ( 16.36 %)
and (5.60 mg .100g™* F.Wt) respectively. The TSS/TA ratio, based on changes in Total soluble solids
and Titratable acidity (TTA) of fruit during storage, determines the characteristic flavor and aroma of
fruit (Zarei et al., 2011). Titratable Acidity is a critical quality of pomegranate juice (Shwartz et al.,
2009). Citric acid is the major natural products in pomegranate fruits, TTA of pomegranate fruits was
decreased with SA treatments as presented in (Table 1) the lowest value was obtained in 2 mM SA
(1.02 %), the heights value in control (1.27 %). Moreover, anthocyanin (10.66 mg .100g™ F. Wt), pH
(3.48) also increased in the same treatment, while juice percentage in fruits were not affected
significantly.

Table (1). Effect of Salicylic acid concentrations on chemical properties of pomegranate cv.
Salakhani fruits*.

Parameters
Salicylic TSS TTA TTS/ Total Anthocyanin Vit.C pH Juice
acid (%) (%) TTA sugars (mg .100g* (mg.100 (%)
(MM) ratio (%) F. Wit) ml? juice)
0 16.46ab |1.27a |12.96b |16.36b 9.13b 5.60b 340ab |39.25a
2 16.69 a 1.02b | 16.36a | 16.59a 10.66 a 5.84a 3.48a 40.50 a
4 16.57 ab 124a |1336b | 16.40ab 9.90 ab 5.83a 34lab |39.10a

*Values within each column followed by the same letter are not significantly different from each
other according to Duncan’s Multiple Range Test at < 0.05 level of probability

3.1.2. Effect of storage period:

The results of the chemical characteristics of the fruits (Table 2) showed highest values of TSS
(16.90 %), TTS/TTA ratio (17.07) and Total sugars (16.70 %) in 100 day storage period and the
lowest values were detected (12.26%), (12.31) and (16.11 %) when fruits stored 25 day

respectively. The key factors affecting pomegranate flavor are juice TSS and the ratios of TSS to
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TTA and have been used to describe taste with regards to the sweetness and acidity (Zarei et al.,
2011).TSS values were generally increased in the fruits during the cold storage that could be due
to the reduction in fruit weight then fruit juice concentration (Khademi and Ershadi, 2013).

However, TTA and Vit.C content in pomegranate fruit decreased initially with the advancement
of storage period, the highest values of TTA (1.32 %) and Vit.C content ( (7.47 mg.100 ml*
juice) determined in fruits stored 25 day and the lowest in fruits stored 100 day (0.99% ) and
(4.29 mg .100 mlI? juice) respectively. These results are similar to those of Arendse (2014) who
reported a decrease in TTA during storage of Wonderful pomegranate fruits at 5 and 7.5 °C for 5
months. pH value (3.47 %) increased after decreasing TTA, fruits stored for 100 days may have
less overall acidity because the acid is converted to sugars and used by the fruit's metabolism
(Rathore et al., 2007)., anthocyanin in fruits was not affected by different storage periods. Our
finding is in agreement with the result of (Lopez-Rubira et al., 2005) that there was no
significant change in anthocyanin content of pomegranate fruits after 13 days of storage period.
A decrease in anthocyanin content of pomegranate was founded with increasing storage time
(Caleb et al., 2013). Our results suggest that the depletion of Vitamin C in pomegranate fruits
during storage may slow biosynthesis and slow the rapid degradation of vitamin C in MAP
stores (Abd-Elghany et al., 2012 and Barman et al., 2014), result of this decline (Khan and
Singh, 2008). Opposite result, a critical amount of Vit. C was founded in ‘Assaria’ and Mollar de
Elche’ pomegranates fruit when stored at 5 °C for 4 months. Due to its oxidation during storage,
Vit.C is more susceptible to degrading than other nutrients (Veltman et al., 2000). Ascorbic acid

is highly vulnerable to oxidation, either directly or via enzymes (Sanmartin et al., 2007).

The juice content of the fruits was affected significantly, the effect of the storage 100 day was
more apparent as compared to another treatments in decreasing the juice content (30.33 %), the
highest content was noticed in fruits stored 25 day (43.96 %).
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Table (2). Effect of storage periods on chemical properties of pomegranate cv. Salakhani

fruits*.
Parameters
Storage TSS TTA TTS/ Total Anthocyanin Vit.C pH Juice
period sugars (mg.100 (%)
(%) (%) TTA (%) (mg .100g™ ml
(day) _ F.Wt) juice)
ratio
25 16.26 ¢ 1.32a 12.31b | 16.11b 1091 a 7.47 a 3.36b | 43.96a
50 16.61ab | 1.26 ab 13.18ab | 16.40 ab 10.75a 6.76 b 347a | 428la
75 16.52 b 1.14 bc 14.49 ab | 16.34 ab 9.51ab 450 c 346a | 41.36 a
100 16.90a | 0.99c 17.07a | 16.70a 8.41 ab 429 ¢ 3.43a | 30.33b

*Values within each column followed by the same letter are not significantly different from each other

according to Duncan’s Multiple Range Test at (P< 0.05) level of probability.

3.1.3. Effect of interaction:

The effect of interaction between Salicylic acid concentration and storage period on chemical
characteristics of pomegranate cv. Salakhani fruits are presented in Table (3).

All concentrations of SA and storage periods were not effect on TSS %, total sugar and pH
values, while a significant decrease in TTA% was obtained by 4 mM SA and 100 day storage
period treatment (0.94 %), the maximum value (1.76 %) was record when fruits treated with
2mM SA and 50 day storage period, the low percentage of TTA led to a high TSS/TTA ratio
(16.59).

The incidence of Anthocyanin concentration decreased with increasing pomegranate fruit
storage, regardless of treatment, it was low after 50, 75 and 100 day of storage, highest in 2 mM
SA treated fruits and 25 day of storage period (12.60 mg .100g F. Wt) and lowest in 0 mM SA-
treated fruits and 100 day of storage period (7.62 mg .100g™* F. Wt) (Table 3).

Vit.C content decreased with long-term storage, but 2 mM SA minimized the decrease of Vit.C
content when fruits were stored for 25 day (7.67 mg.100 ml? juice) and the lower value was
recorded by 0 mM SA and 100 day storage period (3.92 mg.100 ml* juice).
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Table (3). Effect of interaction between Salicylic acid concentration and storage period on chemical

properties of pomegranate cv. Salakhani fruits*.

Parameters
Salicylic | Storage | TSS TTA TTS/ Total | Anthocyanin Vit.C pH | Juice
acid periods | (%) (%) TTA sugars | (mg.100gF. | (mg.100 (%)%
(MM) (day) (%) Wt) ml*
juice)
25 16.70 1.19 | 14.03 16.36 12.36 7.44 3.37 | 3247
a ab b a a a a c
50 16.10 | 1.00 16.10 16.83 9.83 6.94 3.40 | 43.35
0 a b ab a ab ab a a
75 16.47 1.00 | 16.47 16.29 8.72 4,12 3.47 | 41.91
a b ab a bc c a ab
100 16.50 1.07 | 1542 16.41 7.62 3.92 3.37 | 39.27
a ab b a C c a b
25 16.37 1.13 | 14.49 16.24 12.60 7.76 3.47 | 29.89
a b b a a a a cd
50 16.83 1.67 | 10.08 16.70 7.66 6.10 3.43 | 44.80
a a c a a b a a
2 75 16.70 1.22 | 13.69 16.46 9.22 4,90 3.50 | 43.39
a ab b a ab c a a
100 15.93 0.96 | 16.59 15.81 10.60 4.59 3.50 | 43.89
ab b a a a c a a
25 16.77 1.45 | 11.57 16.60 12.27 7.46 3.23 | 28.62
a ab bc a a a a d
50 16.77 1.37 | 12.24 16.59 9.96 7.23 3.57 | 41.92
4 a ab bc a ab ab a ab
75 16.40 1.20 | 13.67 16.28 10.59 4.49 3.40 | 43.12
a ab b a a c a a
100 17.10 0.94 | 18.19 16.12 0.82 4.36 3.43 | 42.68
a b a a ab c a a

*Values within each column followed by the same letter are not significantly different from each
other according to Duncan’s Multiple Range Test at < 0.05 level of probability

3.2. Effect of Salicylic acid concentrations, storage periods on Physical disorders of
pomegranate cv. Salakhani fruits:

3.2.1. Effect of Salicylic acid:

Fruit physical disorders, such as weight loss, chilling injury, chilling injury index, decay and

scald percentage in the 4 mM SA treated fruit was significantly lower (P <0.05) (2.31 %),
(15.83%), (2.03) (9.72%) and (10.24%) compered to control ones (2.63%), (17.64%), (4.57),

(22.58%) and (14.86%) respectively, no significant effects were observed for Salicylic acid

concentration in aril and Peel moisture content(Table 4).

SA improved resistance to cold stress and reduced losses. These results also showed that SA

concentrations less than 4 mM were less effective in improving physical damage capacity of
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pomegranate fruits, while 2 mM SA was very effective in reducing chilling damage and chilling
damage index of pomegranate fruits (Sayyari et al 2009). Commercially, for extend the shelf life
pomegranate fruits are stored at 5 £ 1 °C. Below these conditions, the fruit is exposed to cold
damage such as discoloration of the pericarp and arial. Application of antioxidant compounds,
such as SA can reduce the activity of cell wall-degrading enzymes, increase the activity of
antioxidant enzymes that prolong postharvest fruit longevity, and delay fruit maturation (Vlot. et
al., 2009). When fruit was treated with Salicylic acid, likewise saw less indications of chilling
injury, and the effectiveness increased with increasing concentration. Likely due to its
conversion to Salicylic acid, Acetyl salicylic acid also decreased chilling injury in "Mollar de

Elche" pomegranate (Sayyari et al., 2011b).

Table (4). Effect of Salicylic acid concentration on Physiological disorders of pomegranate cv.
Salakhani fruits*.

Salicylic Parameters
acid Weight Chilling Chilling Decay Scald Aril Peel
(mM) loss injury injury (%) (%) moisture moisture
(%) (%) index content content
(%) (%)
0 2.63a 1764 a 457 a 22.58a 14.86 a 77.58 a 72.89a
2 2.39ab 17.36 a 2.98b 18.82a 10.28 b 77.66 a 72.86 a
4 231b 15.83b 2.03b 9.72b 10.24 b 7747 a 72.76 a

*Values within each column followed by the same letter are not significantly different from each other
according to Duncan’s Multiple Range Test at (P< 0.05) level of probability.

3.2.2. Effect of storage period:

The data for weight loss, chilling injury, chilling injury index, decay, scald percentage and aril
moisture content pomegranate fruits are presented in (Table 5), In all the treatments, studied in the
present investigation, Physical disorders increased with increase in the storage period, The
minimum values were founded in 25 day of storage, (1.15 %), (0.00), (0.00), (0.00), (0.00 %)
and (76.39 %),while, the maximum values was observed in 100 day of storage, (3.60 %), (28.15),
(8.66), (30.94), (31.55 %) and (78.53 %) respectively. This may be due to weight loss and water
loss from the fruit, under cooling conditions in the fruit tissues the cell membrane lipids change
their physical state from a liquid crystal to a gel state solid, increasing membrane permeability and
ion outflow and can be related to damage in cellular membranes, specifically lipid peroxidation,
being more intense in peel (Gomez-Galindo et al., 2004 and Schele et al., 2018). Another major
cause of postharvest losses limits the shelf life of pomegranate fruits is decay, when stored at

temperatures above those that cause chilling injury (Palou et al., 2007). Results in same table
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revealed that there was no significant difference between storage periods on peel moisture content.

Table (5). Effect of storage period on Physiological disorders of pomegranate cv. Salakhani

fruits*.
Storage Parameters
Period Weight Chilling Chilling Decay Scald Aril Peel
(day) loss injury injury (%) (%) moisture moisture
(%) (%0) index content content
(%) (%)
25 1.15¢c 0.00b 0.00c 0.00c 0.00c 76.39b 72.19 a
50 2.16b 0.00b 0.00c 741D 0.93¢c 77.63 a 72.58 a
75 2.85ab 26.30 a 412b 29.83 a 1470 b 77.74 a 73.02 a
100 3.60a 28.15a 8.66 a 30.94 a 31.55a 78.53 a 73.57 a

*Values within each column followed by the same letter are not significantly different from each
other according to Duncan’s Multiple Range Test at < 0.05 level of probability

3.2.3. Effect of interaction:

The interaction effects of SA concentration and storage period on weight loss values were
significant (Table 6), highest loss was observed in fruits treated with 2 mM SA and 100 day storage
(3.91 %), while the weight loss in pomegranates fruits treated with 0 mM SA stored for 25 day
gave the lowest (1.03 %).

During 25 and 50 day storage with all SA concentration, no chilling injury, chilling injury index,
decay and scald percentage were recorded, a highest significant increase for the mentioned
properties was at the treatment OmM SA and 100 day storage period (36.11 %, 12.36, 39.89 % and
47.22 %) respectively.

The present results in Table (6) showed that aril moisture content was dependent on storage period,
in 25 day storage period with all SA concentrations the value was between (72.02 to 76.47 %),
while 75 day storage period and all SA concentrations were observed between (78.09 to 78.97 %),
where the highest aril moisture content (78.97 % ) observed in fruit treated with 2mM SA and 75
day storage, while those treated with 4mM and 25 day storage had the least aril moisture content
(72.02 %). Significant increases in peel moisture content was recorded in fruit treated with 4mM
SA and100 day storage period (74.44 %), on the other side, the 4mM SA and25 day storage period
recorded the minimum value (71.61 %). Many fruit crops have previously been reported to benefit
from the positive effects of SA on reducing weight loss, chilling injury, reducing decay, and
improving fruit quality during cold storage (Khademi and Erachidi, 2013; Alejandra et al., 2017,
Ennab et al., 2020; Lokesh et al., 2020; Haggag et al., 2020; Haider et al., 2020).
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Table (6). Effect of interaction between Salicylic acid concentration and storage period on
Physiological disorders of pomegranate cv. Salakhani fruits*.

Parameters
Salicylic Storage | Weight | Chilling | Chilling | Decay | Scald Aril Peel moisture
acid periods | loss (%) | injury injury (%) (%) moisture content (%)
(mM) (days) (%) index content (%)

25 1.03 0.00 0.00 0.00 0.00 76.47 72.65

c c d c d bc ab
50 2.05 0.00 0.00 13.89 0.00 77.77 72.36

0 bc c d bc d ab ab
75 2.65 34.45 5.93 36.56a | 12.22 78.54 72.96

b a bc bc a ab
100 3.51 36.11 12.36 39.89a | 47.22 77.55 72.60

a a a a ab ab
25 1.18 0.00 0.00 0.00 0.00 76.67 72.33

c c c c d bc ab
50 2.28 0.00 0.00 0.00 0.00 77.42 72.85

2 b c d c d ab ab
75 3.12 33.33 3.58 33.48 17.98 78.97 72.63

a ab cd ab bc a ab
100 3.91 33.11 8.33 33.48 22.98 77.58 73.67

a ab b ab b ab a
25 1.24 0.00 0.00 0.00 0.00 76.02 71.61

c c d c d bc b
4 50 2.15 0.00 0.00 0.00 2.78 77.69 72.54

b c d c cd ab ab
75 2.78 11.11 2.83 19.45b | 13.89 78.09 72.47

b b cd bc a ab
100 3.39 12.22 5.29 19.45b | 24.45 78.07 74.44

a b bc b a a

*Values within each column followed by the same letter are not significantly different from each
other according to Duncan’s Multiple Range Test at < 0.05 level of probability
Conclusion

The improvement of science based administration instruments and postharvest care are required for

determination of optimal storage period and postharvest treatments pomegranate product. The

Kurdistan/Iragi pomegranate industry suffers from a significant decline in fruit quality due to lack

of knowledge about optimal storage and handling methods. The cultivar Salakhani is widely

prevalent in Halabja, however to date there is currently limited scientific knowledge on the

postharvest handling and storage requirements. Developing quality standards for export markets

requires knowledge of optimal storage duration to understand post-harvest quality attributes and

consumer perceptions. Postharvest losses in pomegranates during cold storage are caused by

microbial infestation and the emergence of physiological diseases like chilling injury and scald.

Additional research is also required in the areas of pomegranate fruit marketability and postharvest

loss reduction.
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