The effect of pre-harvest application of arginine and citric acid to reduce
chilling injury in pomegranate ‘Meykhosh-e-Yazd’ fruit during cold storage

ABSTRACT

In this research, the impact of pre-harvest application of arginine (0, 1, 2, 3 Mm), citric acid (0, 1, 2, 3 Mm), and simultaneous
treatment were evaluated on chilling injury of Meykhosh -e-Yazd pomegranate fruit, as the pomegranate fruits were maintained
in cold storage at 4+0.5 °C and 85-90% Relative humidity for 120 days. This research was carried out on 10-year-old
pomegranate trees of Meykhosh cultivar in a commercial pomegranate orchard located in Ardakan city of Yazd province, in a
randomized complete block design with three replications during the years 2020 and 2021. The results indicated that pre-harvest
foliar application of arginine and citric acid significantly improved the quality traits of pomegranate fruit. Treatments with
arginine and citric acid notably increased vitamin C content (by 20-28%), titratable acidity (by 10%), soluble solids content (by
17-20%), and pH (by 10-15%). Conversely, they significantly reduced electrolyte leakage (by 10-60%) and,malondialdehyde
content (by 15-20%) compared to the control treatment, which suggests an improvement in cell membrane integrity of the
pomegranate fruits. Among the treatments, 2 mM arginine, 3 mM citric acid, and the combination of'2,mM arginine with 3 mM
citric acid demonstrated superior effects across most parameters. These findings, confirm the effective role of arginine and citric
acid in enhancing fruit quality and reducing chilling injury during the storage of pomegranate fruits.
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Intruduction

Low-temperature storage is the most important postharvest strategy to preserve horticultural crops, contributing to
extend the shelfilife and maintain the nutraceutical quality. Pomegranate fruit with high economic value, endemic to
subtropical climates, is highly vulnerable to chilling injury (CI), which limits the usage of low temperature storage.
great efforts have been made by researchers to attenuate its chilling injury during low temperature storage by
exerting postharvest strategy such as polyamines, salicyloyl chitosan, modified atmosphere packaging, 1-
methylcyclopropene and heat treatment. An issue that has attracted a lot of attention today is the use of natural
compounds that are compatible with plants, nature and humans in the production and maintenance of products.
Amino acids such as proline, phenylalanine and arginine and organic acids such as oxalic acid, salicic acid,
cinnamic acid and citric acid are natural compounds of interest. Arginine is an essential amino acid and is crucial to
enhance tolerance of horticultural commadities to chilling stress by biosynthesizing signaling molecules such as
polyamines, nitric oxide, proline and agmatine. Citric acid is a weak organic acid that is used as an antioxidant to
improve the yield and quality of fruits. Citric acid has various applications in plant metabolism, one of which is to



neutralize free radicals. Citrate produced in the citric acid metabolism is a precursor for the production of arginine,
proline and thiamine.

Material and methods

This study was carried out as a factorial in a randomized complete block design and three replications over two
successive years on 10-year-old pomegranate trees of the Meykhosh variety in one of the commercial gardens of
Ardakan, Yazd. The foliar application of arginine and citric acid treatments and simultaneous application of arginine
and citric acid were done at three different times at 20 d interval before commercial harvest. Treatments included
arginine (0, 1, 2, 3 Mm), citric acid (0, 1, 2, 3, Mm), and simultaneous treatment of arginine and citric acid
(concentrations of 1 mM arginine with 1, 2 and 3 mM citric acid, 2 mM arginine with 1, 2 and 3 mM citric acid and
3 mM arginine with 1, 2 and 3 mM citric acid.). At commercial harvest, fruits were harvested and transported to the
cold storage And stored at 4 + 0.5 °C (85-90% RH) for 120 d.

Biochemical indices measured were as follows: total soluble solids (TSS), total titratable acidity (T/A), Ph, vitamin
C(ascorbic acid), aril and peel electrolyte leakage (EL) , aril and peel malondialdehyde (MDA)

Result and discution

The results of means comparison showed that TSS content was increased during storage, but'the increase rate was
lower in treated fruits. The increase of TSS during the storage period may be related to the reduction of fruit juice or
the breakdown of cell wall polysaccharides and their conversion into simpler ‘compounds and seluble sugars.
Arginine and citric acid treatments prevent the reduction of organic acidsyandythe increased, of TSS by reducing
respiration and ethylene production. The result showed vit ¢ decreased during'the storage period but citric acid and
arginine treatments prevent the reduction of organic acids by reducing respiration and reducing the speed of cell
metabolic processes. Based on the obtained results During, the stofage period, the pH of the fruit extract increased
due to the process of respiration and decomposition of “organic ‘acid§ but citric acid and arginine treatments
maintained the pH level and prevented its increase during theystorage period. TA content was decreased during
storage, but the decrease rate was lower in treated fruitsTA. The“€oncentration of organic acids has a positive
correlation with TA. It seems that treatments such as citric acid and arginine slow down the metabolism and
respiration process and can reduce or delay the rate of TA ¢hanges during storage. MDA and EL was increased
during storage but citric acid and arginine treatments, prevent the increasion of MDA and EL. It seems that
treatments prevented the peroxidation of membranefatty acids af\pomegranate fruits by active oxygen radicals and
lipoxygenase enzyme. In general, the results of this research showed that the use of citric acid and arginine
improved the traits compared to the control treatment,/The treatments of arginine 2 mM, citric acid 3 mM and
combined treatment of arginine 2 mMand citric acid3mM had significantly less chilling injury than control fruits

Conclusion

The results of this research showed &‘at during storage, the biochemical and physiological characteristics of
pomegranate fruitychange, which leads to a decrease in quality, as well as marketability and a decrease in its
purchase by customers. The /use of different treatments, including arginine and citric acid, which are natural
substances, prevented these @nges to a significant extent.



