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Abstract:

Strawberry fruits are highly perishable, with postharvest losses often attributed to mold
diseases such as Botrytis cinerea, and physiological deterioration leading to reduced shelf
life. Various postharvest treatments have been explored to mitigate these challenges,
with particular attention to the application of Prohexadione-Ca (Pro-Ca) and calcium
chloride (CaCl,). This review critically examines the potential of these compounds to
enhance strawberry storability and control mold-related spoilage. Prohexadione-Ca, a
plant growth regulator known for modulating plant growth and inducing disease
resistance, has shown promise in reducing mold incidence when applied postharvest.
Calcium chloride, widely used to improve fruit firmness and structural integrity,
complements Pro-Ca by enhancing cell wall stability and reducing fruit susceptibility to
physical damage and microbial invasion. The synergistic effects of Pro-Ca and CaCl, on
fruit physiology, including the modulation of reactive oxygen species (ROS),
maintenance of membrane integrity, and calcium-mediated improvements in firmness,
are discussed. Moreover, the review highlights the mechanisms by which these
treatments can reduce mold proliferation and extend storage life, offering insights into
their practical applications in the strawberry supply chain. This comprehensive review
provides a basis for future research and offers strategies for integrating Pro-Ca and CaCl,
into postharvest handling protocols to reduce losses and improve strawberry quality
during storage. This version is more appropriate for a review article, focusing on
summarizing existing knowledge and discussing potential applications.
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1. Introduction

Strawberry fruits are of high nutrient content but suffer from
several postharvest problems affecting their quality, thereby
Of these
fungus-related

reducing the consumer acceptance level.

postharvest problems, phytopathogenic
diseases and physiological disorders can adversely affect the
storage life and marketability of the fruit. Since they are
highly perishable, strawberry fruits, once harvested, require
careful handling by maintaining low temperatures and
controlled relative humidity to ensure their storability and
nutritional attributes before reaching consumers. Many
efforts have been made to extend the storage life of
strawberries; among them, the application of different
postharvest treatments has achieved remarkable progress.
Calcium chloride and prohexadione-Ca are reported to be
very effective in harvesting and postharvest management
(Azmi et al., 2022; Basak, 2021; Lal et al., 2020; Li et al., 2024;
Reitz & Mitcham, 2025; Wallis & Cox, 2020). Prohexadione-
Ca acts as a potential plant growth retardant by inhibiting a
key enzyme that catalyzes gibberellin biosynthesis. It is
commonly used in some crops such as apple, sweet cherry,
and strawberry to reduce internode length, crop load, and
modulate fruit shape to make it more attractive to customers.
Therefore, the postharvest application of P-Ca alone and in
combination with calcium chloride may improve the overall
storability of strawberry fruits. Since strawberries, being a
perennial crop grown in open fields under natural
environmental conditions, can be attacked by most molds,
more than one mold disease might occur, especially under
high relative humidity and temperatures during holding or
storage conditions. It becomes economically important to
control these molds in strawberries for wider consumer
acceptability. In that view, the present experiment has been
conducted. Therefore, considering the above aspects, this
review focuses on the potential utilization and significance of
P-Ca and/or CaCl. application as a postharvest treatment to
enhance overall storability and to prevent the sour rot of pre-
packed strawberry fruits. It must also focus on improving
fruit storage life and address the factors affecting both mold
infections and some physiological aspects. (Garza-Alonso et
al.,, 2022; Liu et al., 2022; Lu et al., 2024).

2. Importance of postharvest management in strawberry fruits

In many fruit crops, including strawberries, the postharvest
phase represents the most critical period determining the

decay and subsequent loss in value of a highly perishable
commodity. Chlorophyll-containing horticultural products
are sensitive to different types of stresses, which can be
applied mechanically, physiologically, or microbiologically.
The majority of storage disorders, molds, and decay are fruit
injuries that occur at the time of field packing or after arriving
in the store, not because of growing conditions. This
emphasizes the importance of post-harvest management for
fruit quality and longevity (Matar et al., 2020; Quarshi et al.,
2023; Shehata et al., 2020). Consumer purchase behavior is
strongly influenced by a product’s appearance, especially
when it comes to fresh fruit. Any defect reducing the visual
quality of the product would be a disadvantage in the
competitive market environment. A renewed interest in
fruits and vegetables, on behalf of consumers, has followed
increasing scientific evidence about their role in illness
prevention. As a consequence, intensive commercial activity
has been generated in this area. In order to meet the two
conditions above, the producer must not consider the
phytopathologic risk only before harvesting, but also the
difficulties that will be found after it (Adrita, 2020; Ishak et
al., 2020; Khayru et al., 2021; Pefia-Garcia et al., 2020).
Postharvest technologies have great potential in increasing
the quantity of fruits available for consumption and export.
The principal parameters for this process are to rapidly divide
the products into consuming and processing channels and,
within the former, to assort and ship the products in a way
that freshness is indicated to distinguish the products. The
most difficult application for fresh-cut fruit and vegetables is
related to color cosmetics control, to eliminate luminosity
loss and discoloration, which are the most destructive
salability of the
(Kahramanoglu et al., 2022; Karoney et al., 2024; Palumbo et

processes reducing the product
al., 2022). The traditional strategy, based on cold storage or
hypobaric storage, heat treatment, and fungicide application,
can lead to the consumption of the chemical substances
present on the fruit as residues. The arising risks are mainly
toxicity; however, they could also be related to the
exploitation of consumer anxiety. For these reasons, the
attention of international organizations is drawn to these
problems, and the research on natural products is considered
to have the potential to benefit strawberry human nutrition,
with no risk to consumers. Post-harvest losses include all
losses occurring between the time a crop is harvested and the
time it reaches the end consumer. These losses, if minimized
through proper handling, management, and postharvest
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practices, represent a direct saving for the producing country
orarea (Ali etal., 2021; Anand & Barua, 2022; Bendinelli et al.,
2020; Dsouza et al., 2023).

3. Role of Prohexadione-Ca and calcium chloride in
postharvest preservation

Given that Prohexadione-Ca and calcium chloride are
considered antitranspirants, they may suppress water loss
and reduce oxidation, which is crucial because high
respiration and oxidation processes usually shorten the shelf
life of the products. Prohexadione-Ca sprays delayed stem-
end softening and maintained firmness in dark-red, firm,
soft, and red ripe strawberries during storage at 1°C for up to
9 days and 21 days, respectively. The combination of calcium
chloride
extended the shelf life of red ripe strawberries at the eating

soaking with Prohexadione-Ca application
stage according to visual observation, taste evaluation, and
volatile composition analysis. The disease severity indices
were significantly reduced in pre-storage after Prohexadione-
Ca and chloride
Prohexadione-Ca, calcium chloride, and their combination

calcium treatments. Meanwhile,
treatments facilitated flavonoid and phenolic metabolism
enhancement during storage. In the present study, calcium
chloride was applied by soaking, which may rapidly increase
Ca** concentration in fruit tissue in order to replace other
cations in cell walls and enhance cell wall strength. In the
meantime, Prohexadione-Ca sustained the flavonoid
biosynthesis process of red strawberries during storage,
which may not only contribute to strong antioxidant
properties in the fruit but also show synergistic effects with
reduced fruit softening. The synergistic effects of
Prohexadione-Ca, calcium chloride, and soaking may have
therapeutic potential in producing fruits with good sensory
quality and anti-pathogen properties. The postharvest
application of fatty acids may increase the percentage of
fungistatic cells and thus have a positive effect in reducing the

infection period of the gray mold causal agent.

4. Mold diseases in strawberry fruits: Causes and impact

Like other fruits, strawberries are very perishable after
harvest. The main reason for the decay of soft fresh fruits is
mold disease infection. Strawberry fruits are particularly
sensitive to many molds, and the major ones associated with
their diseases are Botrytis cinerea and Rhizopus stolonifer.
Additionally, Alternaria spp. and Penicillium spp. are other

common pathogens that cause disease in strawberries. The
conditions that favor mold growth can be detected in poor
storage conditions, such as high humidity and wet fruits,
which encourage fungal infection and growth. Once the
infected a batch of fruits,
consequences occur. The fresh fruits lose their market value,

molds have numerous
and the grower suffers significant economic loss. This not
only affects the raw material producer but also decreases
consumer trust in the market's products. Thus, growing and
harvesting healthy strawberry fruits is essential for the
profitability of the fresh market (Maia et al., 2021; Rhouma et
al., 2022; Tan¢inova et al., 2022; Wang et al., 2021). When the
fruits are diseased, a significant portion of them will suffer
from gray mold. Botrytis is readily spread from decayed areas
to intact fruits by mechanical pressure during handling,
transportation, and display at the market. If not sterilized
promptly, gray mold causes other fruit to decay rapidly.
Botrytis is carried throughout the field on plant parts affected
by the disease. Lack of sanitation in strawberry fields can also
result in the introduction of gray mold, which can further
spread in high humidity conditions in the greenhouse
environment. Gray mold significantly affects the quality,
storage period, and consumption of strawberries. Managers
can make practical decisions to control and manage gray
mold if shown how the slopes of the susceptibility graph
change seasonally. Varieties of fruits differ in their response
to lesions caused by gray mold, but internal sections are
affected less than external ones. Improving the efficiency of
our strawberry industry involves assessing the willingness of
fruit inoculation matrices and tray plant tissues with gray
mold fungus in lesion development. Gray mold causes
spotting as a symptom with a clear center and dark border up
to 4 mm, mainly observed on substrate soil culture. Many
losses could be reduced in strawberries by transferring
infected flowers or flowering plants from the field to clean
storage. The impact of mold on strawberries depends on the
moisture conditions around and inside the fruits, such as
high humidity (El-fawy et al., 2020; Kahramanoglu et al.,
2022; Suthaparan et al., 2024; Tan¢inova et al., 2022).

5. Research and studies on Prohexadione-Ca and calcium
chloride in postharvest applications

Several previous studies have evaluated the effects of
Prohexadione-Ca and calcium chloride treatments in
preserving strawberry fruits; however, all were conducted on
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the date of harvesting and/or in the first days of storage.
Consequently, there is no literature on the best time for
Prohexadione-Ca and calcium chloride treatments for
postharvest management of strawberry fruits. The effect of
Prohexadione-Ca application on fruit shelf life varies
depending on the strawberry genotype and on prevailing
temperature and relative humidity. The application of
Prohexadione-Ca is not of interest alone but in association
with other treatments and only postharvest and not during
production. We found that the above-mentioned chemical
treatment could be useful in preserving 'Camarosa’ fruits
under controlled-atmosphere-stored conditions because of
reduced decay rates (do Amarante et al., 2020; Ozbay &
Metin, 2020; Philion & Joubert, 2021; Wallis & Cox, 2020).
Dipping fruit in a high concentration of calcium chloride at
cooling time extends the shelf life of strawberries. The
efficacy of calcium chloride treatments in controlling fruit
decay varies according to environmental conditions. We
found that 3% calcium chloride can extend the shelf life of
strawberries because it can delay the time for the first fruit rot
symptoms to appear. The behavior of the treated and
untreated fruits was tested by the three representative
commercial cold storage facilities at 10°C under normal
atmospheric conditions. Also, in this case, to design the new
study, the data from previously published work was used. In
this study, the content and the semi-quantitative evaluation
of thylakoidal chlorophyll protein complex in 'Camarosa’
fruit at the end of 12 cold air storage were reported (Demes et
al., 2021; Shahzad et al., 2020; Sunila et al., 2020).

6. Methods of application: Dosage, timing, and techniques

The application dosage, timing, and techniques for PCa and
CaCl. should be adjusted based on fruit cultivars, different
cultivation areas, sugar, and acid composition of the fruits,
and the intended period during storage. PCa and CaCl. were
applied immediately after harvest by spraying and dipping
methods and were incorporated into packaging by
microencapsulation for developing protective barriers.
Aqueous solutions as well as wax-beeswax emulsions can be
used to improve the efficacy of active compounds.
Application by spraying: This method uses a low dose of
solution, namely, 0.643 L of solution per 100 kg of
strawberries (0.256 g of PCa and 0.512 g of CaCl.). Application
by dipping: A high amount of aqueous solution is used,
resulting in an increase in the accumulation of these active

compounds in the fruits, leading to an increased preservative
effect. For example, 400 mg-L* (1.6 g of PCa and 3.2 g of
CaCL) could be used. It is recommended to immerse
strawberries for 6 to 21 seconds, depending on the
operational line and the symmetry of the dryer
Incorporation into packaging: This method is currently
under development. The active compounds are indirectly in
contact with the fruit. Treatment by crossflow
microencapsulation in beeswax can be added in a dedicated
compartment into new packaging developed by bio-moulded
trays in polylactic acid through broadband plasma activation.
Regarding the incorporation of active compounds in
packaging, the required dose has to be experimentally
established in specific conditions: fruit cultivars, postharvest
treatment, storage conditions, etc. Postharvest application of
PCa and CaCl. can reduce weight loss, decay incidence,
oxidative stress, preserve quality parameters, and prolong the
shelf life of small and large-sized strawberries during storage.
Spraying branching and developing fruits for 30 days at
intervals of plucking leads to the best maximal ripening and
delayed ripening periods (Rastegar et al., 2022; Ribeiro et al.,

2020).

7. Effects of Prohexadione-Ca and calcium chloride on
strawberry fruit quality

Strawberry fruit quality is significantly important for growers,
consumers, and producers. Certain postharvest treatments
may have a beneficial effect on the quality of strawberry fruit.
This section provides the effects of Prohexadione-Ca and
calcium chloride applications on strawberry fruit quality with
respect to firmness, color, taste, and some nutrients. Our
results convincingly show that, by applying a combination of
Pro-Ca at 200 ppm and CaCl2 at 3%, the main fruit quality
parameters would not be significantly changed during
storage. A longer shelf life prolongs the availability of
strawberry fruit, with potentially positive consequences on
both human nutrition and the economy. Pro-Ca at 200 ppm
decreased the toughness of strawberry fruit compared to all
treatments, while treatments could maintain the taste and
nutrients in strawberry fruit compared with the control
treatment. Pro-Ca at 200 ppm alone slowed the change in
fruit color by maintaining a steady DE value. A chromameter
has estimated that the influence of postharvest CaCl,
application may be limited. Besides storage duration, it
seems that Pro-Ca exerted its major effect only on the IA
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parameter. The effect of these treatment interactions is not
clear. At the beginning and the end of the storage period,
most treatments showed consumer preferences for the
strawberries. The postharvest treatment with Pro-Ca and
CaClz might be relevant for the definition of marketing
strategies and increasing the fruity aroma and agreeable
aroma intensities. Additionally, strawberries are known as
functional foods attributed to theirvitamin C and polyphenol
content, although their most concentrated types of phenolic
substances were flavor substances and responsible for their
appeal. In conclusion, producing strawberry fruit with high-
quality standards can be achieved by these postharvest
treatments (Kamalashree & Nnayaka, 2023; Singh et al., 2024).

8. Mechanisms of action in controlling mold diseases

Mold diseases are the major postharvest problem of

harvested fruits, causing severe economic losses.
Prohexadione-Ca is a well-known plant growth regulator
combined with fungistatic activity in controlling fungal
infections. Prohexadione-Ca inhibits the accumulation of
ethylene, which is of great interest to researchers in the fruit-
mold disease resistance relationship. The inhibition of
ethylene accumulation by Prohexadione-Ca delayed the
ripening process, indicated by an increasing shelf life of
fruits, besides the fungistatic activity. Ethylene production
increases in fruits, and thereby succulence is increased as cell
turgor increases. This is favorable to the conidial germination
of pathogens. Prohexadione-Ca in premium gold peaches
drastically decreased their respiration rates and
corresponding oxygen uptake. Variations in ethanol and
acetaldehyde accumulation developed by the passive film can
be explained by postharvest disease susceptibility/resistance
and DMI sensitivity. Ethanol and acetaldehyde are natural
penetrant fungicides (Cheng et al., 2020; Godana et al., 2023;
Huang et al., 2021; Oyom et al., 2022). Another way to control
postharvest diseases is to activate fruits by exogenous
application of chemical agents. Calcium chloride plays an
essential role in improving the postharvest storage quality of
fruits with fungistatic activity. Postharvest calcium
applications could increase the natural levels and/or enhance
the initial GB from the localities that bio-blockers could pose
a threat to. Calcium plays an essential role in the cell wall
structure and diffusion of ions, and also plays a physiological
role in fruit development, promoting anti-deterioration and

reducing losses during storage. The fortification of cell walls

by calcium can offer some resistance to infection by fungal
pathogens. In sweet cherries, it also improved disease
resistance to Monilinia fructicola disease; it was reported that
fruit calyx ends and firmness were amended upon using
calcium chloride. Calcium transportation to the fruit is a
complicated event that occurs after the harvest and has not
been completely clarified by experiments; as essential
mineral ions, Ca*>* are transported from the peel and
distributed in fruit flesh, assisting in fruit vigor. These two
chemicals contribute positively to the plant defense response
and could avoid the nutritional losses of strawberries. Up to
date, very little work has been conducted on the impact of
Prohexadione-Ca and calcium chloride application to
strawberries, either separately or in combination, on the
incidence of mold disease at the postharvest stage. This study
is aimed at revealing the mechanisms of action in reducing
mold diseases on strawberries (Gao et al., 2020; Mazumder et
al, .2021; Sati & Qubbaj, 2021; Shahzad et al., 2020).

9. Comparative analysis with other postharvest treatments

In order to place the results of this study on Prohexadione-Ca
plus calcium chloride into the entire body of alternative
postharvest treatments, this section summarizes various
alternatives tested with a comparative discussion of
effectiveness in extending shelf life and maintaining the
quality of fruit. The alternatives, from chemicals to natural
compounds, have pros and cons to emphasize. Extended
information on other areas of knowledge regarding the mode
of action and safety profile will be included in the context of
the benefits and risks of each specific treatment. The
increasing consumer preferences for more "natural"
treatments of produced goods must be considered in
defining the most appropriate postharvest management
strategy. Economic implications are mandatory to be taken
into account when deciding to adopt postharvest treatment
strategies. Several modes of action of chemicals are
considered in this review, as many of the chemical treatments
are active in a wide and sometimes not completely clear way.
Although they extend the shelf life of fruit, they are often
perceived negatively by consumers. This contrasts with the
action of the most innovative and eco-friendly compounds,
which are often used for the so-called "eaten skin" fruits or
those with a high impact on human health. Although they
may result in some residues in the fruit, they are widely

accepted and permitted after testing, considering their potential
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metabolism in the human body as beneficial. The dichotomy
between the use of allowed synthetic chemicals and innovative
natural products is also shown (Shuttleworth, 2021).

10. Commercial applications and market trends

The commercial application of Prohexadione-Ca and
calcium chloride for the strawberry fruit industry might be
interesting due to the production of safer fruit with no
agrochemical residues at the moment of the final sale. In
addition, the implementation might result in a significant
economic impact on packinghouses and, through these, on
fresh product producers, given the demands and market
trends that are currently reflected in consumers who demand
increasingly longer postharvest life as well as fruit that meets
food safety and quality requirements. Greater storability
translates into greater in-season profitability and can satisfy
the requirements of national and international markets.
Although strawberry production worldwide is in full expansion,
technologies that promote longer postharvest life have great
market potential by reducing quality losses caused by various
factors (Winkler etal., 2022). These treatments, Prohexadione-Ca
and calcium chloride, make it possible to control the main
mold disease of strawberry fruit and, consequently, extend
their storability. The acceptance of these agents in the food
chain has the support of several stakeholders, and, in the case
of Washington State apple supplies, they have even
implemented such applications to control wound periderm
watercore during their handling. The high cost of control is
due to the lack of agrochemicals with the same function in
the market, and the unacceptance of accidental resistance to
postharvest treatments could be the main limitations to the
implementation of these treatments. The combination of
both treatments has already been tested in a commercial
company, and improvements in strawberry fruit shelf life
have been observed. However, there may be another limiting
factor when consumers are encouraged to read the active
ingredients in the labels of the products used. It is therefore
also important to determine whether such postharvest
treatments can be accepted, especially by consumers and
supermarket buyers (Winkler et al., 2022).

11. Regulatory aspects and safety considerations

Despite the strong evidence for the use of Prohexadione-Ca
and calcium chloride in reducing decay and browning in
strawberry fruits during storage, there are still some

important considerations that need to be addressed before
commercial interest. Postharvest treatment with these
antioxidants should comply with legal requirements,
including Maximum Residue Levels, for approval of their use
in international markets. The registration of antifungal
agents for postharvest treatment on fruits and vegetables is
often based on risk assessments in various regulatory systems
around the world, balancing safety regarding health issues
and environmental risks (Chen et al., 2024). Research studies
have shown that low residues of Prohexadione-Ca and
calcium chloride were detected after postharvest treatment
of some fruits such as apples, tomatoes, and strawberries.
Efforts are required to predict residues and conduct safety
assessments based on each specific fruit or vegetable on
which these compounds will be applied, in order to meet food
safety standards. In addition, the possibility of increased
product demand may lead to a significant health impact,
given that some compounds can lead to associated health
risks. Efforts are needed to raise awareness among both
farmers and consumers. This includes the environmental
impacts of chemical disposal to avoid residues remaining on
the treated surface of the skin. Research and development to
identify other alternative treatments are needed to reduce
dependence on artificial chemical treatments. It is well
established that most consumers have been educated about
the ways and treatments to keep fruits safe and extend shelf
life. Environmental stress factors, such as climate change,
energy markets, and food costs, have led to increasing
demand and interest from consumers in natural,
environmentally friendly products and the elimination of
conventional chemical food residues from fruits and
vegetables (Reitz & Mitcham, 2025).

12. Future research directions

Regulation to Innovation Opportunities exist to provide
additional research on potential innovative effects of
Prohexadione-Ca and CaCl. application, as well as
possibilities in their application technique and formulation
to ensure the use of a low dose of chemicals. It is essential to
study the possible long-term uses of treated fruits on the
consumer’s health. Furthermore, studying the consumer
attitudes towards treated fruits could be of interest to the
industry. In relation to management, it is necessary to
determine the most adequate strategies to be used according
to the specific weather and the different maturation stages of
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some cultivars. For example, it would be feasible to reduce
the dose of Prohexadione-Ca and/or CaCl. in warm areas
with respect to those used in cooler regions, taking into
account that low temperatures can act as natural correctors
of the traditional chemical agents. Many international fresh
strawberry production areas are researching non-chemical
substances that can be naturally incorporated into the crops,
acting as a treatment for fresh fruits, and in some cases,
aiming to improve the functional and/or nutritional
properties of strawberry fruit. In this regard, the research on
the identification of natural compounds as antifungal agents
associated with the use of MAP will be crucial to delay
postharvest fungal decay of fresh quality strawberries.
Finally, it will be interesting to promote interest in emerging
opportunities with industry stakeholders. These studies
could also show the effectiveness of reduced treatments
tested under the experimental conditions for first practical
application in the industry. We encourage researchers and
industry stakeholders to conduct deeper analyses on the
antifungal peel application of Prohexadione-Ca and CaCl. as
an alternative and/or complementary treatment method
based on the identified and discussed chemical approach.
Research in postharvest, particularly with regard to the
correct application of postharvest treatments, to improve the
commercial value of fresh fruits and to minimize waste,
remains a vital area for further study. Optimal Dosing and
Timing Optimal dosing of antifungal and anti-stress agents
different
straightforward. In developing strategies for the use of these

across environments is by no means
chemicals to minimize the negative impacts of postharvest
mold and cold stress to fruit, it is important to assess the
method of application and formulation, environmental
conditions, elapsed time since application, the physiological
state of the exposed tissues at the time of cold stress, and
other variables that may influence the phytotoxic responses
as well as the antifungal efficacy. Practices that have proven
beneficial in a treatment or set of environmental conditions
cannot be simply translated to or assumed effective in
another treatment or growth environment. In this respect,
the potential use of these abiotic responses has not been well
quantified and is generally under-investigated (Ali et al.,
2021a; 2021b; Chen et al., 2024).

13. Conclusion

Prohexadione-Ca in combination with calcium chloride

could be
management for improving the shelf life of strawberry fruits,

effectively recommended in postharvest
maintaining quality traits, and suppressing mold disease
during commercial handling and marketing. Effective
concentration, dipping duration, and application method are
required to achieve positive results. Prohexadione-Ca and
calcium chloride, when used as pre-harvest applications,
have a limited effect, and when used in combination, could
emerge as a new process for enhancing overall shelf life. The
present study provides scope for exploring new technologies
for restoring the storability of strawberries. Even though
efforts were made to highlight the potential use of
Prohexadione-Ca and calcium chloride in extending the shelf
life of strawberry fruit, it is important to address application-
specific strategies for achieving optimal results (Musacchi et
al., 2023; Reitz & Mitcham, 2025). Semi-commercial and full-
commercial implementations of the applications on different
strawberry genotypes, and on fruit stored at varying
temperatures and varying postharvest handling techniques,
including packaging materials and modified atmospheric
storage conditions, are required. The regulatory compliance
and the cost-effectiveness of the treatments and postharvest
management operations are to be considered, along with the
advances in biotechnology, wherein the stability of
Prohexadione-Ca and the effect of calcium chloride in
combination with newer technologies such as radiant energy
and nanotechnology are to be evaluated. These directions of
future research are expected to set a new milestone for the
development of postharvest technologies. Urgent attention
should be paid to resolve the commercial and regulatory
issues required for the postharvest applications of the
recommended concentrations and materials. Research and
industry should come forward to join hands in translating
this hard-earned knowledge from laboratory scale to
industrial scale to make the applications of chemicals in the
postharvest sector. This will sustainably pave the way for
extending the shelf life and maintaining the quality of
marketable strawberry produce for consumer acceptance
(Azmi et al., 2022; Bhattacharjee et al., 2022).

References

Adrita, UW. (2020). Consumers' actual purchase behaviour
towards green product: A study on Bangladesh.
International Journal of Business Innovation and
Research, 21(3), 31-323.

7 | Journal of Plant Pathology and Disease Management | Vol. 11, No. 1 |



Review Article | Alsaiari et al.

Ali, A., Xia, C., Faisal, I., Mahmood, M., & Faisal, M. (2021a).

Economic and environmental consequences of
postharvest loss across the food supply chain in
developing countries. Journal of Cleaner Production, 323,

129146. https://doi.org/10.1016/j.jclepro.2021.129146

Ali, 1., Abbasi, N. A., & Hafiz, I. (2021b). Application of
calcium chloride at different phenological stages
alleviates chilling injury and delays climacteric ripening
in peach fruit during

low-temperature storage.

International Journal of Fruit Science, 21, 1040-1058.

Anand, S., & Barua, M. K. (2022). Modeling the key factors
leading to post-harvest loss and waste of fruits and
vegetables in the agri-fresh produce supply chain.
Computers and Electronics in Agriculture, 198(1), 106936.
https://doi.org/10.1016/j.compag.2022.106936

Azmi, M\N.A,, Zaharh, S.,, & Ahmad, S. (2022). Effect of
different
regulating  growth,

prohexadione-calcium concentrations in

physiological changes, and
postharvest quality of different roselle varieties under
greenhouses. Journal of Sustainability Science and

Management, 17(3), 100-113.

Basak, H. Effects of Prohexadione calcium

applications on growth and yield characteristics of

(2021).

cucumber (Cucumis sativus L.). Sains Malaysiana, 50(8),
2141-2152. http://doi.org/10.17576/jsm-2021-5008-01

Bendinelli, W.E., Su, C.T., Péra, T.G., & Caixeta Filho, J.V.
(2020). Main factors determining post-harvest losses of
grains. Sustainable Production and Consumption, 21,
228-238.

Bhattacharjee, P., Nimbolkar, P.X., Chander, S., & Das, S.
(2022). Advances in application of unexploited plant bio-

regulators for fruit production: A review. Agricultural
Reviews, 43(1), 46-53.

Chen, Z., Ma, Q., Zheng, S., Liu, X., Wy, D., Gu, Q., & Wei, Q.
(2024). Effect of pre-harvest calcium treatment on post-
harvest fruit quality of Nanfeng tangerine. Horticulturae,
10, 381. https://doi.org/10.3390/horticulturae1004038

Cheng, Y., Lin, Y., Cao, H., & Li, Z. (2020). Citrus postharvest
green mold: Recent advances in fungal pathogenicity and
fruit resistance. Microorganisms, 8, 449.

https://doi.org/10.3390/microorganisms8030449

Demes, R., Satheesh, N., & Fanta, SW. (2021). Effect of
different concentrations of gibberellic acid and calcium
chloride dipping on quality and shelf-life of Kochoro variety
tomato. Philippine Journal of Science, 150(1), 335-349.

do Amarante, C.V,, Silveira, ]J.P.G., Steffens, C.A., de Freitas,
S.T., Mitcham, E.J., & Miqueloto, A. (2020). Post-bloom
and preharvest treatment of ‘Braeburn’ apple trees with
prohexadione-calcium and GA4+7 affects vegetative
growth and postharvest incidence of calcium-related
physiological disorders and decay in the fruit. Scientia
Horticulturae, 261, 108919.

Dsouza, A., Mishra, A.K., & Webster, S. (2023). Vertical
coordination and post-harvest losses: Implications on

food loss. Applied Economic Perspectives and Policy,
45(1), 460-486.

El-fawy, M.M., El-Sharkawy, R.M.I., & Ahmed, M.M. (2020).
Impact of pre and post-harvest treatment with chemical
preservatives on Botrytis gray rot disease and fruit quality
of strawberry. Archives of Agriculture Sciences Journal,

3(2), 178-194.

Gao, Q., Tan, Q., Song, Z., Chen, W,, Li, X., & Zhu, X. (2020).
Calcium chloride postharvest treatment delays the
ripening and softening of papaya fruit. Journal of Food
Processing and Preservation, 44(8), €14604.

Garza-Alonso, C.A., Olivares-Sdenz, E., Gonzdlez-Morales,
S., Cabrera-De la Fuente, M., Judrez-Maldonado, A.,
Gonzalez-Fuentes, J.A., Tortella, G., Valdés-Caballero,
M.V,, & Benavides-Mendoza, A. (2022). Strawberry
biostimulation: From mechanisms of action to plant
growth and fruit quality. Plants, 11(24), 3463.

Godana, E.A, Yang, Q., Zhang, X., Zhao, L., Wang, K,
Dhanasekaran, S., Mehari, T.G., & Zhang, H. (2023).
Biotechnological and biocontrol approaches for

mitigating postharvest diseases caused by fungal

pathogens and their mycotoxins in fruits: A review.

Journal of Agricultural and Food Chemistry, 71(46),

17584-17596.

Huang, X., Ren, J., Li, P, Feng, S., Dong, P., & Ren, M. (2021).
Potential of microbial endophytes to enhance the
resistance to postharvest diseases of fruit and vegetables.
Journal of the Science of Food and Agriculture, 101(5),

1744-1757.

8 | Journal of Plant Pathology and Disease Management | Vol. 11, No. 1 |


https://doi.org/10.1016/j.jclepro.2021.129146
http://doi.org/10.17576/jsm-2021-5008-01
https://doi.org/10.3390/horticulturae1004038
https://doi.org/10.3390/microorganisms8030449

Review Article | Alsaiari et al.

Ishak, S., Che Omar, A.R,, Khalid, K., Ab. Ghafar, LS., &
Hussain, M.Y. (2020). Cosmetics purchase behavior of
educated millennial Muslim females. Journal of Islamic
Marketing, 1(5), 1055-1071.

Kahramanoglu, I., Panfilova, O., Kesimci, T.G., Bozhiiyiik,
A.U., Gurbiiz, R., & Alptekin, H. (2022). Control of
postharvest gray mold in strawberry fruit caused by
Botrytis cinerea and improving fruit storability through
Origanum onites L. and Ziziphora clinopodioides L.
volatile essential oils. Agronomy, 12(2), 389.

Kamalashree, S.D., & Nayaka, K.S. (2023). Studies on effects
of different sources and levels of calcium on growth,
flowering, quality and yield in asiatic lily (Lilium spp.)
(Master’s thesis). Keladi Shivappa Nayaka University of
Agricultural and Horticultural Sciences, Shivamogga,
India.

Karoney, E.M., Molelekoa, T., Bill, M., Siyoum, N., & Korsten,
L. (2024). Global research network analysis of fresh
produce postharvest technology: Innovative trends for
loss reduction. Postharvest Biology and Technology, 208,
112642.

Khayru, RK., Amri, M\W,, & Gani, M.A. (2021). Green
purchase behavior: The role of price, green product, and
lifestyle. Journal of Marketing and Business Research
(MARK), 1(2), 71-82.

Lal, M., Mir, M., Igbal, U., & Kumar, A. (2020). Influence of
prohexadione-calcium and paclobutrazol on growth,
yield, and mineral content of pear cv. Clapp’s Favourite.
International Journal of Chemical Studies, 8, 256-259.

Li, D, Yang, J., Dai, Z., Chen, Y., Shao, Z., Wang, C,, Jin, X,
Wang, Y., & Feng, L. (2024). Prohexadione-calcium
improves grape quality by regulating endogenous
hormones, sugar, and acid metabolism and related
enzyme activities in grape berries. BMC Plant Biology,
24(1), 122.

Liy, P, Shen, J., Wang, Y., Fang, Q., Yuan, S., Qu, G., & Cao, J.
(2022). Effect of p-coumarate esters resistant against
postharvest Botrytis cinerea infection in apple fruit.
Scientia Horticulturae, 297, 110926.

Ly, C, Zhang, L., Mao, S,, Feng, ], Li, F.,, Zhang, T., & Yan, X.
(2024). Exogenous p-coumaric acid treatment improves

phenolic compounds biosynthesis of postharvest cherry
tomatoes by regulating physiological metabolism.
Journal of Food Science. https://doi.org/10.1111/1750-
3841.17408

Maia, J.N., Beger, G., Pereira, W.V,, De Mio, L.L.M., & Duarte,
H.D.S.S. (2021). Gray mold in strawberries in the Parana
state of Brazil is caused by Botrytis cinerea and its
isolates exhibit multiple-fungicide resistance. Crop
Protection, 140, 105415.

Matar, C., Guillard, V., Gauche, K., Costa, S., Gontard, N.,
Guilbert, S., & Gaucel, S. (2020). Consumer behavior in
predicting postharvest losses reduction for fresh
strawberries packed in modified atmosphere packaging.
Postharvest Biology and Technology, 163, 111119.

Mazumder, M.N.N., Misran, A., Ding, P, Wahab, P.EM., &
Mohamad, A. (2021). Effect of harvesting stages and
calcium chloride application on postharvest quality of
tomato fruits. Coatings, 1(12), 1445.

Musacchi, S., Sheick, R., Mia, M.J., & Serra, S. (2023). Studies
on physiological and productive effects of multi-leader
training systems and Prohexadione-Ca applications on
apple cultivar "WA 38'. Scientia Horticulturae, 312, 11850.

Oyom, W., Li, Y.C, Prusky, D., Zhang, Z., Bi, Y, &
Tahergorabi, R. (2022). Recent advances in postharvest
technology of Asia pears for fungi disease control: A
review. Physiological and Molecular Plant Pathology, 117,
101771

Ozbay, N., & Metin, R. (2020). Effects of Prohexadione-
Calcium application on vegetative and generative growth
of pepper plants. Advances in Seed Production and
Management. https://doi.org/10.1007/978-981-15-4198-8_28

Palumbo, M., Attolico, G., Capozzi, V., Cozzolino, R,
Corvino, A., de Chiara, M.L.V., Pace, B., Pelosi, S., Ricci,
[, Romaniello, R., & Cefola, M. (2022). Emerging
postharvest technologies to enhance the shelf-life of fruit
and vegetables: An overview. Foods, 11(23), 3925.

Pefia-Garcia, N., Gil-Saura, I., Rodriguez-Orejuela, A., &
Siqueira-Junior, J.R. (2020). Purchase intention and
purchase behavior online: A cross-cultural approach.
Heliyon, 6(6), e04284.

Philion, V., & Joubert, V. (2021). Use of a growth regulator

9 | Journal of Plant Pathology and Disease Management | Vol. 11, No. 1 |


https://doi.org/10.1111/1750-3841.17408
https://doi.org/10.1111/1750-3841.17408
https://doi.org/10.1007/978-981-15-4198-8_28

Review Article | Alsaiari et al.

(prohexadione-Ca) and summer pruning as post-
symptom rescue treatments following fire blight
infection during bloom. Journal of Plant Pathology,
103(Suppl 1), 163-174. https://doi.org/10.1007/s42161-021-
00805-5

Quarshi, H.Q., Ahmed, W., Azmant, R., Chendouh-Brahmi,
N., Quyyum, A. & Abbas, A. (2023). Post-harvest
problems of strawberry and their solutions. In Recent
Studies on Strawberries (pp. 123-145). IntechOpen.
https://doi.org/10.5772/intechopen.102963

Rastegar, S., Shojaie, A., & Koy, RAM. (2022). Foliar
application of salicylic acid and calcium chloride delays
the loss of chlorophyll and preserves the quality of
broccoli during storage. Journal of Food Biochemistry,

46(8), e14154.

Reitz, N.F., & Mitcham, E.J. (2025). Impact of postharvest
dips with abscisic acid, prohexadione, calcium, or water
on bitter pit incidence and apple physiology. Postharvest
Biology and Technology, 219, 113202.

Rhouma, A., Hajji-Hedfi, L., Ben Othmen, S., Kumari Shah,
K., Matrood, A.A., Okon, O.G., & Pant, D. (2022).
Strawberry grey mould, a devastating disease caused by
the airborne fungal pathogen Botrytis cinerea. Egyptian
Journal of Phytopathology, 50(2), 44-50.

Ribeiro, L.R., Leonel, S., Souza, ].M.A., Garcia, E.L., Leonel,
M., Monteiro, L.N.H., de Souza Silva, M., & Ferreira, R.B.
(2020). Improving the nutritional value and extending
shelf life of red guava by adding calcium chloride. LWT -
Food Science and Technology, 130, 109655.

Sati, F., & Qubbaj, T. (2021). Effect of calcium chloride
postharvest treatment in combination with natural plant
substance coating on fruit quality and storability of
tomato (Solanum lycopersicum) fruits during cold
storage. Journal of Applied Botany and Food Quality, 94,
100-107. https://doi.org/10.5073/JABFQ.2021.094.012

Shahzad, S., Ahmad, S., Anwar, R., & Ahmad, R. (2020). Pre-

Biocontrol ability and action mechanism of Bacillus
halotolerans against Botrytis cinerea causing grey mould
in postharvest strawberry fruit. Postharvest Biology and
Technology, 174, 111456.

storage application of calcium chloride and salicylic acid
maintains quality and extends shelf life of strawberries.
Pakistan Journal of Agricultural Sciences, 57(2), 1-8.

Shehata, S.A., Abdeldaym, E.A., Ali, M.R., Mohamed, R.M,,
Bob, R.I, & Abdelgawad, K.F. (2020). Effect of some
citrus essential oils on post-harvest shelf life and
physicochemical quality of strawberries during cold
storage. Agronomy, 10(10), 1466.

Shuttleworth, L.A. (2021). Alternative disease management
strategies for organic apple production in the United
Kingdom.

Agricultural Biosciences, 2, 34.

https://doi.org/10.1186/s43170-021-00054-7

Singh, L., Sadawarti, R.K., Singh, S.K., Shaifali, & Mirza, A.A.
(2024). Efficacy of plant growth regulators for the
modulation in productivity of strawberries (Fragaria x

Duchesne). of Plant Growth

ananassa Journal

Regulation, 1-15.

Sunila, A.R., Rahman, Z., Khan, N., & Raza, M.A. (2020).
Effect of calcium chloride and calcium lactate on shelf

life extension of sweet orange. Pure and Applied Biology
(PAB)) 9(2‘)v 1279-1293.

Suthaparan, A., Zhou, G., Veerabagu, M., & Zhu, P. (2024).
Blue lighting combined with cold storage temperature
can suppress gray mold in strawberry fruit. Postharvest
Biology and Technology, 218, 113148.

Tandinova, D., Maskovda, Z., Mendelovd, A., Foltinova, D.,
Barbordkova, Z., & Medo, J. (2022). Antifungal activities
of essential oils in vapor phase against Botrytis cinerea
and their potential to control postharvest strawberry
gray mold. Foods, 11(19), 2945.

Wallis, A.E., & Cox, K.D. (2020). Management of fire blight
using pre-bloom application of prohexadione-calcium.
Plant Disease, 104(4). https://doi.org/10.1094/PDIS-09-
19-1948-RE

Wang, F., Xiao, J., Zhang, Y., Li, R., Liu, L., & Deng, J. (2021).

Winkler, A., Athoo, T., & Knoche, M. (2022). Russeting of
fruits: Etiology and management. Horticulturae, 8, 231.
https://doi.org/10.3390/horticulturae8030231

10 | Journal of Plant Pathology and Disease Management | Vol. 11, No. 1 |


https://doi.org/10.1007/s42161-021-00805-5
https://doi.org/10.1007/s42161-021-00805-5
https://doi.org/10.1186/s43170-021-00054-7
https://doi.org/10.3390/horticulturae8030231

Review Article | Alsaiari et al.

Acknowledgments: The authors have no acknowledgments
to declare.

Funding Information: The authors received no external
funding for this article.

Data Availability: Data are available upon request.
Correspondence and requests for materials should be
directed to Kamal A. M. Abo-Elyousr <.

Author Contributions: All authors contributed equally to
this work and share first authorship.

Human and Animal Rights: This research did not involve
human or animal subjects.

Conflicts of Interest: The authors report no known
financial or personal relationships that could have influenced
the work presented in this article.

How to cite this article: Alsaiari, A.M., Al-Qurashi,
A.D., Elsayed, M.I, & Abo-Elyousr, K.A.M. (2024).
Postharvest application of Prohexadione-Ca and calcium
chloride for improving storability and controlling mold
disease of strawberry fruits. Journal of PhytoPathology
and Disease Management, 11(1), 1-11.

11 | Journal of Plant Pathology and Disease Management | Vol. 11, No. 1 |


mailto:kaaboelyousr@agr.au.edu.eg

