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Abstract

Gibberellic acid (GA) serves as a multifaceted modulator with profound implications
for plant growth, development, and stress mitigation in fruit crops. Through its
multifaceted actions, GA promotes cell elongation, seed germination, and flowering
induction, enhancing growth and reproductive success. Additionally, GA aids in stress
mitigation by enhancing plant resilience to adverse environmental conditions such as
drought, salinity, and extreme temperatures. Its strategic application not only improves
fruit yield but also enhances quality attributes, meeting consumer preferences for
premium produce. Hence, GA emerges as a valuable tool for optimizing fruit crop
production, enhancing productivity, resilience, and market competitiveness in
sustainable horticultural practices. Overall, this review effectively communicates the
essential role of GA as a versatile tool, where the strategic application of GA offers
opportunities to improve fruit quality attributes, including size, uniformity, and

nutritional content, meeting consumer preferences for high-quality produce.
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1. Introduction:

Plants encounter a wide range of stresses during their growth and development phase, broadly divided
into abiotic or biotic stresses. Abiotic stresses, such as limited water availability, salinity, and
fluctuating temperatures,etc.serve as primary environmental constraints that adversely impact the
physical, physiological, and biochemical processes in plants, impacting the overall production (Zhu
2016; Shah et al., 2021,2022*").Biotic and abiotic stresses impact the metabolic processes,
physiological structure, and productivity of plants (Temgireet al., 2023).

Apart from these inherited mechanisms, the application of plant growth regulators (PGRs) has
become a widespread method to enhance the yield and quality of both horticultural and agricultural
crop production, besides alleviating the impact of abiotic stresses occurring to the plants (Shah et
al.,2023). PGRs work as tiny chemical messenger molecules, influencing the growth, physiological,
and biochemical characteristics of plants in addition to the genotypic functions of plants
(Rademachar,2015; Sabaghet al.,2022).

Among all the PGRs, Gibberellic acid, a significant phytohormone, playsa key role in
adjusting and controlling numerous growth and developmental processes. Gibberellins, commonly
referred to as gibberellic acid (GA), were first discovered by Western scientists in the 1950s.
However, In Asia, awareness related to GAs began with the outbreak of a fungal disease named
bakanae disease, or foolish seedlings in rice (Gupta and Chakrabarty 2013; Taiz et al.,2015). Even so,
the first identified gibberellic acid (GA,) was discovered inrunner bean seeds in the year 1958
(Schwechheimer, 2008). GAs plays a crucial role inthe stimulation of growth and developmental
processes in different agricultural and horticultural crops, encompassing activities like cell expansion,
cell division, seed germination, utilization of endosperm storage reserves, elongation of internodes,
progression to flowering, sexual expression, and fruit development (Othman and Leskovar,
2022).Furthermore, the application of GAsprolongs the post-harvest lifespan of fruits, vegetables, and
flowers by retarding senescence, impeding chlorophyll breakdown, and enhancing the antioxidant
system (Kuchi et al.,2017). besides, mitigating the effects of environmental stresses (Elahi et
al.,2022).GAscan also interact with other plant growth regulators, influencing metabolic processes
through both synergistic and antagonistic mechanisms (Abbas et al.,2022).GAs, as a natural growth
promoter, enhance nutrient absorption and utilization efficiency while also improving tolerance to
both biotic and abiotic stresses (Chitra et al., 2022). Considering the varied and significant roles of
gibberellic acid throughout the plant life cycle, the current article seeks to provide a timely review of

biosynthesis, signaling pathways, and the impact of GAs on the growth and development of plants.

1. Biogenic Synthesis:

Gibberellins occur naturally in several plant parts, such as germinating and developing seeds, young

leaves, and internodes. However, the synthesis and breakdown of gibberellin (GA) hormones are
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intricately regulated, under strict genetic control maintaining the even distribution and synthesis of
hormones in a tissue-specific and developmentally mediated manner (Taiz et al.,2015). The
biosynthesis of GA starts with the synthesis of geranyl-geranyl diphosphate (GGPP) from isopentenyl
diphosphate (IPP), a central 5-carbon intermediate for numerous isoprenoids and terpenoid

compounds(Kasahara et al.,2002; Hedden and Thomas, 2012) (Fig. 1)

—
= cPs
= GGPP [, — Ent-kaurene
i ks
o
— P450 | | oxidation
=
% i GA:2 S GAiz
g
oG =
G _ U -
g GAs: =
= GA:z =
— - =
o 3 =
3 g.. =
5| 22 s
= =
=F GAs GAz0 =
G20 =
- W =2
g[ Ga-
<
2=
S S GA

Fig. 1. Biosynthesis mechanism of GA;in plants

The biosynthetic pathway of gibberellin (GA) can be classified into three distinct phases i.e. initial
phase occurs in plastid where GGPP is converted into ent-kaurene, catalyzed in the presence of two
enzymes: ent-copalyl diphosphate synthase (CPS) and ent-kaurene synthase (KS) (Van etal.,2007;
Taiz et al. 2015).Whereas, the second phase occurs in the endoplasmic reticulum (ER), where ent-
kaurene undergoes oxidation to GAj,-aldehyde, facilitated by cytochrome P450 monooxygenases,
which include ent-kaurene oxidase (KO).Further, GA,-aldehyde undergoes conversion to GAj,
(Hedden etal.,2002; Davidson et al. 2006). The third phase is carried in cytosol where GA;; and GAs;
act as precursors for both the non-13-hydroxylation pathway and the 13-hydroxylation pathway. This
process leads to the formation of GAg and GAy, respectively, catalyzed by GAy-oxidase (GA0X).
Finally, thelast phase in the biosynthesis process involves the 3B-hydroxylation of GAg and GAy,
facilitated by GAs-oxidase (GA30x), resulting in the formation of bioactive GAs in plants, namely
GA, and GA; (Cerezo et al.,2018; Hedden 2020).Thereafter, the bioactive substances GA, and GA;
undergo inactivation through the action of GA,-oxidase (GA,0x). During the complete biosynthesis
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process seven genes, namely GA,0X;, GA0X,, GA0X3, GA0X;, GA0Xs, GA0%7;, and GA,0Xs,
encode for GA,-oxidase enzyme that plays a crucial role in regulating the concentration of gibberellic
acids (GA’s) throughout plant growth and development, while also responding to unfavourable

environmental conditions (Li et al.,2019).
2. Gibberellic acidSignalling:

Gibberellins control various aspects of plant physiology by influencing both transcriptional and post-
transcriptional alterations within the cells (Schwechheimer,2008). The signalling process of
Gibberellins (GA’s) in plants encompasses a delicate equilibrium between the gene expression
controlling GA production, the presence of GA receptors, and the concentration of enzymes
responsible for deactivating active GA (Sun and Gubler,2004; Daviere and Achard,2013). One of the
most essentialparts in GA signalling is the GA receptor, i.e., GID1 (gibberellin insensitive., dwarf 1)
is a soluble protein found in both the cytosol and nucleus, featuring a C-terminal domain responsible
for binding to Gibberellins (Griffiths et al.,2006; Ueguchi-Tanaka etal.,2007). Whereas DELLA
proteins serve as inhibitors of Gibberellinsignalling in numerous plants, controlling and limiting
different plant functions (Yoshida et al.,2014). such as seed vigor, plant height, plant biomass, the
antioxidant system, and photosynthesis of plants under fluctuating environmental conditions(Ramesh
and Kumar, 2006;Hamayunet al., 2010 and Saleem et al. 2020). Gibberellins (GAs) are a significant

group of plant hormones that trigger numerous metabolic processes (Negi and Sharma, 2022).
4. Effect of Gibberellins on abiotic stresses.
4.1 Gibberellic acid for salinity stress mitigation

Salinity poses a significant risk to contemporary agriculture by hindering and damaging the
growth and development of plants (Isayenkov and Maathuis, 2019). Salinity is a significant abiotic
stress affecting approximately 6% of the land surface area (Parihar et al., 2015). The distribution of
minerals, membrane stability, and permeability, carbon and nitrogen metabolism, and chlorophyll
production are all disrupted by salinity stress (Hakkemet al., 2012). It has been reported, that GAs can
reduce the negative impacts of salinity by improving plant production through increasing chlorophyll
content, nitrate reductase activity, carbonic anhydrase activity, and nitrogen-use efficiency (Criado et
al., 2017).In the presence of higher concentrations of salt stress, GAs increase the germination
percentage by enhancing starch reserve transitions and increasing amylase activity in cotyledons
(Kaur et al., 1998;Macneillet al., 2017). Gibberellins provide the ability to the plants to alter their
biochemistry and physiological processes when faced with adverse conditions (Franklin, 2008). Plant
hormones that are smaller in size and possess low concentration in cells play a crucial function in

regulating plant growth processes and responding to stress conditions (Colebrook, 2014).

Further,gibberellins are essential plant growth hormones that enhance a plant's resistance to abiotic
stresses. Thereby, contributing to the enhanced antioxidant capabilities of plants in ROS scavenging

linked to the enzymes responsible for H,O,-detoxification. During photosynthetic cycles, the
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endogenous form of GA; improves the characteristics of photosynthesis, including stomatal
conductance, net photosynthesis (PN), photosynthetic oxygen evolution, and carboxylation efficiency.
Moreover, during the cell cycle, GAscan impact the division and enlargement of cell growth in plants
experiencing stress. This results in enhanced growth of radicle cells in a meristem, ultimately leading
to an increased germination rate and longer root lengths in stress-affected plants.Exogenous
application of GA; can stimulate the production of SA (salicylic acid), leading to increased levels of
SA. This, in turn, enhances the plant's defense response to abiotic challenges in the environment
(Emamverdianet al., 2020).

Soil salinity poses a significant environmental challenge, hindering the growth and progress of crop
plants through various mechanisms including osmotic stress, ionic imbalance, oxidative stress,
metabolic disruption, and nutrient deprivation (Isayenkov and Maathuis, 2019; Islam et al. 2021).
There is substantial evidence indicating that GA; shields plant species from harm caused by salt stress
by preserving membrane integrity, balancing ion levels, enhancing the activity of antioxidant
enzymes, regulating the concentration of compatible solutes, safeguarding photosystems, and
stimulating the expression of genes responsive to stress (Shah et al.,2023).

Soil salinity greatly hampers the growth, development, and yield of field crops. It also reduces seed
emergence and germination rates (Gill,2013; Saade 2016). According to Kaur et al., GA; when
applied at a dose of 6 pM, stimulates improved seedling growth in the presence of salt stress. The
exogenous application of GA; may lead to the reduction of salt stress by activating specific enzymes

involved in RNA and protein synthesis, resulting in various advantages (Bejaoui,1985).
4.2 Gibberellic acid to mitigate water stress

The importance of studying the interaction between horticulture plants and their environment is
well recognized, particularly considering the current climate change situation. These plants provide
substantial nutritional content and can function as a principal food supply for both developed and
developing nations (Manzoor et al.,2023). Various factors affect the plant response among which
water stress is a significant environmental factor that adversely impacts various plant processes,

resulting in decreased crop productivity globally (Kaur and Asthir, 2017; Seleimanet al. 2021).

Water stress induces a range of interconnected physiological and biochemical disorders that harm
plants by disturbing cellular metabolism and causing cell damage through ionic and oxidative stress.
The most significant consequences of water stress involve the gradual or rapid loss of water through
stomata, resulting in cell dehydration and eventual cell or tissue death.\Water stress triggers a range of
physiological, biochemical, and molecular mechanisms in plants, mostly through osmotic stress
(Witcombe et al., 2008). Research indicates that GA; plays an important role in enhancing plant
performance during periods of drought or water stress (Li et al.,2010; Al-Shasheen and Soh, 2016;
Khan et al. 2016).
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When GA receptors are mutated or when GA activity is inhibited, water loss is decreased through
several tactics, such as reducing leaf area, suppressing the production of xylem, or closing stomata
(Nir et al. 2014).Water stress resulted in a decrease in leaf area by lowering the quantity and size of
cells. Application of GA; results in enhancement of leaf development via stimulating growth
processes. Monosaccharides significantly increased in concentration under water stress, and GAz; may
have further enhanced this accumulation (Alhadi et al., 1999).

4.3 Gibberellic acid to mitigate temperature stress

Temperature stress is one of the main issues for plant scientists worldwide because of the frequent
variation in climate. Whereas, the fluctuations in temperature caused by global warming serve as
significant environmental stimuli. Both high and low temperatures pose a considerable challenge to
various physiological, biochemical, and metabolic processes in plants. These include seed
germination, seedling growth, photosynthesis, protein integrity, enzyme function, membrane integrity,
and cell/tissue viability (Mathur et al., 2014; Szymanska et al. 2017). Low-temperature stress reduces
a plant's capacity for photosynthetic energy and efficiency by changing gas exchange and the

synthesis of chloroplast chlorophyll fluorescence (Anwar et al., 2018).

The horticultural crops cultivated in tropical and subtropical areas face a serious storage issue due to
chilling injury. Chilling stress increases the formation of ROS and the ability of plants to scavenge
ROS during and after treatment reflects their resistance and adaptation to low temperatures (Zhao et
al., 2011). Fruits treated with paclobutrazol (GA biosynthesis inhibitor) experienced a reduction in
natural GA; content aggravating chilling injury (Ding et al., 2015). Plants use growth repression as a
key strategy towards abiotic stress tolerance by producing bioactive GA to encourage the breakdown
of DELLA (Achard and Genschik, 2009).

Exogenous GA increases stress tolerance by inducing the ubiquitin-proteasome system to degrade
DELLA proteins (Achard et al.,2009).GA; applied exogenously minimized chilling injury by
preventing electrolyte leakage, decreasing MDA concentration, raising proline content, and increasing
antioxidant enzyme activities which eventually helped to postpone fruit ripening, promote firmness,
and extend the shelf life of peach fruit in cold storage (Dagar et al., 2012). Nowadays, GA is used to
mitigate the symptoms of chilling injury symptoms in horticultural crops and fruits under low-

temperature storage (Hu et al., 2018).
5. Importance of gibberellic acid for flower and fruit development
5.1 Gibberellic acid in seed emergence

A seed holds a dormant embryo that awaits the right environmental cues to sprout and grow into a
plant, thereby completing its life cycle (Bewley, 1997). Seed germination is an important event in the
lifecycle of seed plants which is influenced by numerous environmental and internal factors such as

light, moisture, temperature, endogenous plant hormones, etc. Gibberellic acid promotes seed
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germination, whereas abscisic acid (ABA) is responsible for the maintenance of seed dormancy (Kim
and Park, 2008; Ravindran and Kumar, 2019).

Gibberellic acid facilitates seed germination by enhancing the proteasome degradation of RGL2 (a
DELLA repressor) that inhibits germination (Piskurewiczet al., 2008). The influence of gibberellic
acid (GA) manifests in two ways: firstly, by enhancing the growth capacity of the embryo, and
secondly, by triggering the activation of hydrolytic enzymes (Ogawa et al., 2003; Kucera et al., 2005;
Leubner, 2006). During seed germination, embryonic gibberellic acid (GA) is emitted, initiating the
softening of the seed coat by activating gene expression associated with cell expansion and alteration
(Finkelstein et al., 2008). The findings from the above studies suggest that GA; serves as a natural
regulator in the complex mechanisms of seed germination by promoting the activity of hydrolytic

enzymes essential for overcoming seed dormancy (Shah et al., 2023).
5.2 Gibberellic acid for flowering and reproductive morphology

Gibberellins are the plant growth hormones that regulate growth and enhance many developmental
processes including leaf and fruit senescence, sex expression, stem elongation, germination,
dormancy, flowering, and enzyme induction (Ghosh and Halder, 2018). Gibberellic acid (GA’s) plays
a crucial role in controlling the onset and progression of flower formation, and they are essential for
both female and male reproductive functions in plants (Shah et al., 2023). GA is essential for
controlling the later stages of stamen development (elongation of filaments, the opening of anthers,
and the maturation of pollen) While GA governs the initial development of anthers (Song et al.,
2013).

Gibberellic acidcan replace certain specific environmental factors that control flower formation.
Application of GA; blossoms most of the long day and cold requiring plants. It also enhances
flowering in specific long-short-day plants when it is replaced for the long-day requirement.
Gibberellin typically boosts flower development in short-day plants under conditions that promote
flowering, but its impact tends to be unfavorable when these plants are cultivated under conditions
that do not promote flowering (Ghosh and Halder, 2018). The reduced germination rate could be
attributed to the absence of embryos in the fruits, resulting in parthenocarpy (Sharma, et al.,
2022).The application of paclobutrazol through soil drenching to tissue culture plants during the
Ambe Bahar season resulted in fruits with the highest weight. This outcome could be attributed to
reduced utilization of tree reserves for vegetative growth, potentially eliminating limitations on

assimilate availability (Hussain et al., 2021).

During vernalization, gibberellic acid acts as a florigen it is primarily responsible for flowering in
fruit crops, even though its inhibitory effects are more prominent than its role in flower induction.
Gibberellic acid (GAs3) can serve as a substitute for environmental conditions that promote flowering,
especially in long-day plants, and is primarily employed to initiate flowering in these types of plants

(Khinchi and Mondal, 2024).GAspossesses an ability to serve as an alternative to the environmental
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factors that promote flowering, primarily used to initiate flowering in long-day plants (King et al.,
2006).

5.3 Gibberellic acid impact on fruit initiation and fruit growth

Gibberellin promotes cell expansion, leading to increased size. Additionally, it retards ripening,
allowing fruits more time to mature and consequently grow larger. Fruit development occurs when the
ovary of a flower transforms into a fruit after successful pollination and fertilization. Initially, auxins
were commonly utilized for fruit sets, but gibberellins are now regarded as providing more favorable
results. Flowers can effectively utilize gibberellin (GA) to substitute for fertilization, and fruit crops
can employ it to trigger parthenocarpy (Shah et al., 2023). Promalin, a synthetic derivative of
gibberellins (GA; and GA;), has been discovered to augment various growth and developmental
processes, particularly in temperate fruit crops. Gibberellins assist in cell elongation and the growth of
plant organs (Westfall et al., 2013).

Apple fruits that are encouraged to develop without seeds through gibberellin induction typically yield
significantly more elongated fruit compared to regular seeded fruits. The use of GA; has also been
noted to enhance the depth of the stem cavity in 'Mclintosh' apples. The application of gibberellins
leads to the development of parthenocarpic peach fruits that closely resemble those produced through
pollination (Ghosh and Halder, 2018).

5.4 Gibberellic acid influence on sexual specification.

Gibberellin, a prominent phytohormone, not only supports typical growth and development but
also influences the expression of sex in numerous plant species (Khryanin, 2002). Severe deficiency
in gibberellin results in female sterility (Nester and Zeevaart, 1988; Goto and Pharis, 1999). In
mutants with severe gibberellin deficiency, no functional pollen forms, and the sepals, petals, and
pistils are stunted in growth, occasionally causing premature termination of the flower (Nester and
Zeevaart, 1988; Goto and Pharis, 1999; Koornneef and Veen, 1980). The normal development of
flowers can be restored by applying either bioactive gibberellins (GAs) or the gibberellin precursor
GA, (Goto and Pharis, 1999).

Gibberellic acid (GA) plays a crucial role in both pollen germination and the growth of pollen tubes
(Chhun et al., 2007; Singh et al. 2002) In mutants lacking gibberellic acid (GA), pollen grains fail to
germinate unless supplemented with exogenous GA (Chhun et al., 2007). The development of
stamens in the later stages, including filament elongation, anther dehiscence, and pollen maturation, is
governed by gibberellic acid (GA) in coordination with jasmonic acid, while GA alone controls the

early stages of anther development (Song et al., 2013).
6. Importance of gibberellic acid for yield.

6.1 Gibberellic acid for yield attributing characters.
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The fruit yield typically relies on both the individual fruit's weight and the number of fruits per tree,
collectively known as overall fruit development. This refers to the process wherein cells enlarge to
produce larger fruit after the fruit has been successfully set on the tree. Gibberellins are most effective
when administered during the stages of fruit development as they enhance both the size and yield of
the fruit (Khinchi and Mondal, 2024). The application of GA; contributes to enhancements in the
number of fruits per cluster, fruit set, and the number of marketable fruits per plant, as well as
prolonging the time to maturity and extending the harvest period (Gelmesaet al., 2012).The addition
of 75 ppm GA; affected the floral development per plant, total fruit production per plant, fruit set, and
overall yield of fruit in Fragaria ananassaL. (Sharma and Singh, 2009). The foliar treatment of
50 mg/L GAg;zimproved the number of buds, fruit set, average fruit weight, and yield

in Syzygiumsamarangense L. (Moneruzzamanet al., 2011).

Nawaz et al., (2011) discovered that the highest fruit weight per plant (96.14 kg) was recorded
with a 5 mg/l concentration of GA;. Huang and Huang, (2005) noted that applying GA; at a
concentration of 50 mg/l on citrus resulted in favorable outcomes, including the protection of fruitlets
and enhanced yield in the 'Nanfengmiju' mandarin variety. Likewise, Saleem et al., (2008) noted that
treating 15-year-old 'Blood Red' sweet orange plants with 45 mg/l of GA; at the full bloom stage
resulted in a higher yield (71 kg/tree) compared to the control group (48 kg/tree). Fruit diameter holds
significant commercial value in citrus fruit marketing and trade. Nawaz et al., (2008) discovered that
the largest fruit size, measuring 71.20 mm, was achieved with a 10-ppm concentration of GA;. Nawaz
et al., (2011) studied that exogenous application of GAsresulted in a greater increase in fruit size. The

fruit with the largest diameter (73.63 mm) was observed with a concentration of 10 mg/l GA.
7.Importance of gibberellic acid for post-harvest management.
7.1 Gibberellic acid for quality enhancement

Fruits play an important role in human nutrition and are highly recommended for maintaining a
healthy diet. They are a rich provision of energy, minerals, vitamins, antioxidants, dietary fibers, and
various phytochemicals. Whereas, Improper management after harvesting, such as inadequate storage
and transportation facilities, due to unfavorable weather conditions, has led to substantial economic
losses on a global scale (Yahia and Carrillo-Lopez, 2018). To overcome this issue, it is preferable to
sustain the quality and quantity of consumable goods using a range of sustainable and

environmentally friendly post-harvest preservation methods.

The exogenous application of GA; is an effective method that extends the shelf life of fruits (Kuchi et
al., 2017). Gibberellic acids (GAs) have shown efficacy in enhancing the quality of fruit during
storage, notably by substantially elevating flesh firmness, decreasing respiration rates, suppressing the
production of natural ethylene, and effectively impeding fruit softening and ripening processes (Zhang
et al.,, 2023). ‘Sweetheart’ cherries Cherries of the 'Sweetheart' variety treated with GA; at

concentrations of 10 or 30 ppm exhibited notably higher firmness and revealed comparatively less
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stem browning (SB) at the end of cold storage compared to untreated fruit (Horvitz et al., 2002).
When 'Bing' cherries were treated with a combination of GA; and Prohexadione-Ca (P-Ca), they
displayed a notably increased proportion of green and turgid pedicels in comparison to those treated
solely with P-Ca (Zhang and Whiting, 2011). It can also enhance both the inherent and external
aspects of fruit preservation by refining fruit shape, controlling colour, postponing the decline in

soluble solids, fostering sugar accumulation, and delaying the loss of vitamins.

GAs also contribute to postharvest resilience against both biotic and abiotic stresses. GA treatment
efficiently diminishes the cold damage index, decreases the generation and build-up of superoxide
anion (O2-), enhances the antioxidant capacity of fruits, and preserves the integrity of cell
membranes during storage at low temperatures. Additionally, GAs demonstrate effective control over
certain postharvest fruit diseases. In summary, GAs hold significant importance in the physiological
regulation of postharvest fruits and offer promising prospects for their application in this context
(Zhang et al., 2023).

7.2 Gibberellic acid for shelf-life enhancement.

Preserving natural products for extended periods without deterioration is a widespread necessity.
While every fruit or vegetable has its lifespan, there's often a desire to extend it beyond expectations.
Various preservatives are employed for this purpose, but some are avoided due to lingering side
effects. Instead, coatings that can delay degradation and prolong shelf life are favored (Panigrahiet al.,
2017). Yadav et al., (2022) investigated the use of various concentrations of GAsfor enhancing the
fruits' ability to maintain freshness for extended periods, ranging from 4.25 to 7.17 days, by delaying
their ripening. This approach has the potential to prolong the shelf life of mangoes. In contrast,
mangoes treated with 400 ppm gibberellic acid demonstrated superior performance in preventing

postharvest quality deterioration and extending the shelf life of mangoes.
Conclusion

Gibberellic acid (GA) exhibits remarkable versatility as a regulator of plant growth, development, and
stress responses in fruit crops. Its multifaceted functions, including promoting vegetative growth,
optimizing flowering and fruit set, and enhancing stress tolerance,ultimately contributing to enhanced
yield potential in fruit crops underscore its significance in horticultural practices. Furthermore, GA
exhibits remarkable efficacy in mitigating the detrimental effects of abiotic stresses on fruit crops. By
modulating plant responses to environmental cues, GA helps plants withstand adverse conditions such
as drought, salinity, and extreme temperatures. Its involvement in stress tolerance mechanisms equips
fruit crops with resilience, ensuring sustained productivity even under challenging circumstances.
GA-mediated interventions hold great potential for meeting consumer demands for premium-quality
produce. Utilizing GA strategically holds great promise for maximizing fruit yield, quality, and
resilience in the face of environmental challenges, thereby offering valuable opportunities for

sustainable fruit crop management. Gibberellic acid emerges as a valuable asset in the pursuit of
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sustainable and high-yielding fruit crop production growers can unlock the potential for ensuring both

economic prosperity and nutritional security in a dynamic horticultural landscape.
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