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Strawberry (Fragaria x ananassa Duch.), is a small fruit that has great importance. It is triggered by a
number of physiological, genetic and biochemical processes. Plant growth regulators or the phytohormones
are organic substances produced naturally in plants, controlling growth or other physiological functions.
Various plant growth regulators perform different function in strawberry. Therefore, PGR’s such as Gibberellins,
NAA (auxin), tricontinol and plant growth inhibitors chlormequat chloride are essential for ripening, maturity
indices and determine the quality of fruits. Various PGRs like auxin, gibberellin and cytokinin are used in
strawberry in order to increase the fruit size, enhance fruit set, growth and yield. This paper reviews the
influence of various phytohormones on growth and yield of strawberry. The application of PGRs were found
to be very effective in increasing the vegetative growth, flowering and yield of berry fruits under temperate,
tropical as well as subtropical regions where strawberry is grown commercially as well as in new areas of
cultivation.
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ABSTRACT

Introduction
Strawberry (Fragaria x ananassa Duch.) is soft,

luscious, nutritious, tasty and perishable fruit which is
grown in temperate climatic conditions where the plant
behaves like a small perennial herb and also grown in a
sub-tropical climate where plant behaves as an annual
herb. It is a short-day plant belonging to the family
Rosaceae. Strawberry is a non-climacteric fruit and
characterized by a high softening rate, short post-harvest
life and fast decay (Bustamante et al., 2009). Strawberry
is a small fruit crop of great nutritional and medicinal
value. It contains antioxidant, anti-inflammatory, anti-
neurodegenerative and anti-cancer component called
ellagic acid. It is rich source of vitamin A, B, C, niacin
and minerals like phosphorus, potassium, calcium and iron
and has a tantalizing flavour and aroma (Karakara and
Dwivedi, 2002). Higher pectin contains (0.55%) in the
form of calcium pectate serves as an excellent ingredient
for making jelly. In addition to fresh consumption, the

strawberry is in special demand by the fruit processing
units for preparing jam, ice cream, syrup, quick freezing
and canning.

Plant growth regulators (PGRs) are organic
compounds that, when applied to plants in balanced
amounts, inhibit, promote or change physiological
processes (Arteta et al., 2022). PGRs also play a positive
role in regulating secondary metabolites in strawberry
plants. They influence biosynthetic pathways, enzyme
activity and signalling networks, thereby controlling the
production and accumulation of secondary metabolites
(Hilal et al., 2023). This regulation enables plants to adapt
to their environment, defend against pathogens and
perform various physiological functions that improves crop
yield. Plant growth regulators (PGR’s) are organic
compounds other than nutrients that we apply on plants
to cause any physiological response. In general plant
hormones can be divided into plant growth promoters
(substances which improve the overall health, growth and
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development of plants) and growth retardants (group of
chemicals which have common physiological effect of
reducing stem growth by inhibiting cell division of sub
apical meristem). According to scientific findings, the
strawberry plant responded positively to the application
of a growth regulators (Sharma and Sharma, 2004).

Role of plant growth regulators
Gibberellic acid (GA3)

Gibberellic acid progressively increased the plant
height, canopy spread, leaf area, number of leaves, petiole
length and induces stem elongation when applied
exogenously to strawberry plants (Kasim et al., 2007,
Sharma and Singh 2009). Plant height, number of runners,
number of flowers, fruit set percentage, number of fruits,
fruit size, fruit weight and fruit quality are all influenced
by gibberellic acid (Kumra et al., 2018). Exogenous
application of Gibberellic acid (GA3) promoted the
flowering in non-chilled strawberry plants, shortened the
cropping season and increased vegetative growth and
fruit number (Paroussi et al., 2002). It controls the growth
and development of plants in numerous ways at different
stages. GA3 influences vegetative growth in strawberry
plants through a well-defined molecular mechanism.
(Verma et al., 2022).
Naphthalene acetic acid (NAA)

NAA is a synthetic version of auxin that aids in cell
elongation, cell division, vascular tissue differentiation,
root initiation, apical dominance, leaf senescence, leaf
and fruit abscission, fruit setting ratio, fruit dropping
prevention and flower sex ratio promotion (Mehraj et
al., 2015). Application of NAA increases fruit size and
delays the ripening and increases anthocyanin
accumulation in strawberry fruits. It promotes growth
parameters, slows ripening and enhances anthocyanin
accumulation. It furthermore enhances the blooming
period and improve fruit output and quality (Mir et al.,
2004). NAA is a synthetic auxin that is most commonly
employed in the production of high-quality strawberries
in terms of total sugars, ascorbic acid content and titratable
acidity percentage (Bhople et al., 2020).
Benzyl Adenine (BA)

BA, as a plant growth regulator, that enhances the
size and shape of fruits, lateral bud break and lateral shoot
growth, leading to improved branching in fruit trees and
flowering (Shouming et al., 2007). It also increases the
fruit size and delay chlorophyll break down and fruit
ageing. BA also decreases loss in firmness, delay ethylene
production, decreases respiration rate and induces
mechanical resistance which reduces the senescence rate
after harvest. Among the most important physiological

effects of cytokinins is to stimulate cell division and
elongation and the growth of stems, roots and side shoots
as they work to end the apical dominance induced by
auxin and break the dormancy of seeds and buds (Al-
Taey DKA and Majid ZZ. 2018) .
Brassinosteroid

Brassinosteroids (BRs) are a class of plant steroidal
hormones that play a crucial role in the regulation of
growth, development, and stress responses in various
plant species, including strawberry (Clouse et al., 1998).
BRs have also been implicated in plant responses to abiotic
stress. Despite the correlation between abiotic stress and
BR levels in higher plants, the physiological rationale for
such alteration in BR levels is still not known. These
hormones are also known to change in plants responding
to biotic stress. (Krishna 2003). In strawberries, BRs
have been found to significantly influence vegetative
growth, fruit set, fruit enlargement, and quality attributes
such as color, sugar content, and shelf life (Li et al.,
2020)

Role of plant growth inhibitor
Chlormequat (CCC)

Chlormequat chloride, also called cycocel (CCC), is
rapidly absorbed and easily translocated in the xylem and
phloem tissue. Chlormequat chloride, soluble in water and
absorbed by all plant tissues, is effective when applied as
a drench or spray method. Chlormequat chloride indirectly
promotes flowering and improves fruit sets by controlling
excessive vegetative growth. Chlormequat inhibits
gibberellin biosynthesis, leading to reduced stem
elongation. This results in shorter and sturdier plants that
are less prone to lodging. The chlormequat and
triacontanol in strawberries work together to optimize
plant growth, flowering and fruit development, leading to
increased yield and improved fruit quality in cultivar
Chandler (Bhat et al., 2012).
Influence of plant growth regulators on strawberry

Influence of gibberellic acid on growth and
quality of strawberry: The growth and quality features
of the strawberry fruit are modified by the use of GA3.
Gibberellic acid regulates the early flower initiation and
earlier fruit set in strawberry plants which is responsible
for vigorous growth of plant in all the vegetative stages,
where they can store sufficient amount of photosynthates
for producing a greater number of flowers and also known
to overcome the endogenous dormancy factors and
promotes flowering by causing rapid growth of flower
primordia thereby initiating the early flower in plants
sprayed with gibberellins. It influences on early flowering,
increased duration of flowering, harvesting and yield, helps
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in cell elongation and cell enlargement, increases
vegetative growth and minimizes time of maturity and
increases fruit set (Sharma and Singh 2009).  The
maximum numbers of runners produced from strawberry
plants with the application of GA3 which is due to GA3
stimulated activity that redistributed the gibberellins in
greater concentration in the crown region which later
induced the runner emergence (Eshghi et al., 2012).
Gibberellic acid @ 75 ppm at 30 and 45 DAP caused the
production of maximum plant height, plant spread, petiole
length, leaf area and number of leaves per plant, due to
the fact that gibberellins regulated the growth of
strawberry plants by causing cell elongation and increased
cell division. This might be due to the fact that gibberellins
cause the elongation in internodal length (Saima et al.,
2014). At the highest concentration of GA3 @ 150 ppm,
maximum number of crowns per plant were obtained
because of GA3 regulation increases the cell elongation
and enhanced photosynthates which forced plant to
produce maximum number of crowns per plant (Ruchitha
et al., 2020).

The various quality parameters were monitored with
the application of GA3 like maximum total sugar, reducing
sugar and non-reducing sugar were found in the
strawberry plants treated with GA3 @ 75ppm. This
increase is due to the quick metabolic transformation of
starch and pectin in to soluble compounds and rapid
translocation of sugars from leaves to developing fruits
(Kumar et al., 2022). The highest TSS, sugar content
and pH of fruit at lower concentration of GA3 @ 50 ppm
and highest vitamin C was obtained with GA3 @ 100
ppm (Saravanan et al., 2013). The maximum specific
gravity, pH value and total soluble solids were reported
with application of GA3 @ 100 ppm. The quality
parameters like total sugar and anthocyanin content were
highest and acidity was found lowest with the treatment
of strawberry fruits at higher concentration of GA3
(100ppm), which rapidly converted into sugar, increased
respirational demand and adequate supply of nutrients,
synthesis of invertase and starch splitting enzymes
decrease the acidity in fruit and also affect the
physiological processes such as respiration and
photosynthesis, which improved the supply of dry matter,
minerals and carbohydrates towards the developing fruits
(Lad et al., (2025). The quality responses of strawberry
fruits (Winter Dawn, Sweet Sensation, Florida Beauty)
to exogenous gibberellic acid at various concentrations
like 50, 75, 100 and 125 ppm under protected condition.
The physicochemical analysis revealed that the maximum
TSS (8.62 °Brix) with 100 ppm GA3 and the minimum
TSS (7.34 °Brix) was recorded in plants treated with

125 ppm @ GA3. A higher amount of antioxidants
(71.10%) was observed in Sweet Sensation and a
minimum in Winter Dawn (67.02%) (Shrestha et al.,
2025)

Influence of Gibberellic acid on yield of
Strawberry: Uddin et al., (2012) stated that fruit weight
increased with gibberellic acid application. They stated
that this increase was more in optimum dose i.e.75 ppm
than the 50 and 100 ppm dose. In another study, fruit
weight was increased in strawberries cv. Chandler cultivar
applied 50, 75 and 100 ppm GA3 and the maximum
increase was determined in the application of 75 ppm
GA3 (Saima et al., 2014). The enhancement in  number
of fruits per plant, fruit weight, fruit length, fruit diameter
and fruit yield by GA3 is due to that promotes more
vegetative growth, increased flowering and more fruit
set. Additionally, GA3 improved the better supply of
nutrients and other compounds to the fruits that are vital
for their proper growth and development, which resulted
in improved fruit size and ultimately higher yield. GA3
resulted in the significant increase in marketable yield
and fruit size of strawberry cv. Camarosa (Roussos et
al., 2009). Application of GA3 recorded the maximum
fruit weight per berry. This might be due to fact that such
treatment-induced good vegetative growth and flower
bunch hence initiated a higher number of flowers and
percent berry set. This could also be attributed to the
improvement in the water, which might increase the
photosynthetic rate causing maximum fruit weight (Nor
et al., 2014). The very higher concentration of GA3 (125
mg l-1) resulted slightly stunted growth in strawberry
plants. Since, application of GA at high concentrations is
reported to have an inhibitory action in plants (Hedden
and Sponsel, 2015). In addition to promoting vegetative
growth, GA3 also regulates runner formation, flower
development, stolon formation, fruit set percentage, fruit
size, and fruit weight, destroys rosetting, and slows down
flower initiation (Katel et al., 2022).

 Influence of NAA on strawberry on growth and
yield: Generally, auxin and particularly NAA induce
flowering by stimulating florigen which moved from petiole
to growing tip and convert vegetative bud to flowering
bud. Minimum days taken to produce first flower by the
application of NAA to strawberry plants (Thakur et al.,
1991). The maximum fruit length diameter ratio obtained
from NAA @ 50 ppm. Recently, molecular analysis have
confirmed the prominent role played by auxin signalling
in triggering and coordinating the transition from flower
to fruit. The growth of the ovary is blocked before
pollination and that auxin is involved in depression of ovary
growth after fertilization, so fruit size increases with



exogenous application of NAA with a particular
concentration ( Khunte et al., 2014)

NAA influences on minimum days taken to first
flower, it is due to auxin particularly NAA induces
flowering by stimulating florigen which moved from petiole
to growing tip and converts vegetative bud to flowering
bud and fruit set refers to the change in the ovary leading
to the development of the fruit. These changes are usually
induced after pollination and fertilization which is triggered
by NAA (Kumar et al., 2011). NAA improved the output
of berries with greater width and length, as well as weight
(Wang et al., 2015). The maximum number of flowers
obtained from NAA @ 100 ppm treated plants. The
numbers of flowers per plant were obtained more in NAA
treated plants due to more number of flowering stocks
arisen from those plants as the stimulus (florigen) convert
vegetative bud to fruiting bud with the help of exogenously
applied NAA (Palei et al., (2016). Spraying strawberry
cv. Tioga with 400 ppm of NAA resulted in the greatest
yield viz., width, weight, volume and plant stature, spread,
number of leaves per plant, petiole length, leaf region
records, days to first blooming and days to fruit bud
advancement, fruit yield per plant, maximum fruit yield
per hectare (Emam et al., (2020)

Influence of NAA on strawberry on quality: NAA
at different concentrations applied at 2 to 3 leaf stage on
strawberry cv. Sweet Charlie increased in quality
parameters of the strawberry fruits like total soluble solids,
total sugar and decreasing the acidity (Mir et al., 2004).
Plants treated with NAA at a concentration of 19.97 mg/
l produced berries with the highest total soluble solids,
total sugars (Kumar and Tripathi, (2009). The highest
juice percentage was found in the fruit taken from the
plants which were sprayed with NAA @ 50 ppm. This
might be due to the increased vascularization in the pedicel
or due to the increased sink strength and reduced
senescence and respiration from the fruit (Kumar et al.,
2011, Khunte et al., 2014). The highest TSS of strawberry
fruits with NAA, the total sugars content which account
for more than 60% of TSS percentage is due to the higher
enzymatic activity like  amylase and invertase with the
application of NAA which is responsible for higher total
sugar content and non-reducing sugar content of
strawberry fruits (Palei et al., 2016).  Due to increase
level of metabolites stimulate the ascorbic acid biosynthesis
in plants which received NAA (Singh et al., 2017).
Preharvest treatment with NAA has an impact on
strawberry with the greater ascorbic acid concentration.
Moreover, treating strawberries with NAA restrains aging
and anthocyanin amassing (Ali et al., 2021). NAA at
higher concentration produces maximum TSS, ascorbic

acid, reducing sugars, reducing sugars, and total sugar in
strawberry (Rathod et al., 2021). NAA showed  the best
result in terms of total soluble solids, acidity of the fruit
and ascorbic acid in strawberry (Kharjana et al., 2022).

Influence of BA on growth and yield of
strawberry: Benzyl adenine (6-benzyl amino purine) is
one of the most important groups of synthetic cytokines,
which are plant hormones naturally produced by plants,
derived from adenine its molecules contain a nitrogenous
base (Purine) (Hamza and AL-Taey, 2020). With the
spraying of plant growth regulator benzyl adenine to
strawberry plants led to the significant increase in the
average number of flowers, total fruits, fruit set
percentage, average length, diameter, size of fruit,
average fruit weight, average yield per plant and yield
per area. The reason for this is that application of benzyl
adenine treatment may stimulate the synthesis of nucleic
acids and that proteins and help to transport nutrients
and hormones, including auxins, to the treated area. In
addition to the role of cytokinin in stimulating division,
cell elongation, growth of lateral buds and breaking
dormancy of buds, it is one of the main determinants of
fruit growth and reaching the final size, as the addition of
synthetic cytokinins increases the effectiveness of
cytokinin-like compounds in plant tissues, which stimulates
the growth of fruits in some plants. (Wilkins, M.B. 1979
and AL-Taey DKA, 2021).

BA resulted in significant increase in number of flower
trusses per plant and total number of flowers per plant in
cv. Sweet Charlie (Singh and Singh, 2005). BA is also
reported to promote growth by increasing plasticity of
cell wall followed by hydrolysis of starch into sugar which
reduces cell wall potential, resulting in the entry of water
into the cell and causing its elongation thereby increasing
in fruit length of strawberry plants (Richard, 2006). BA
influences the runner growth, number of runners
production in strawberry (Li et al., 2020). The higher
number of marketable fruits were produced as a result
of the exogenous application of BA, which indirectly
affected the benzylidene metabolism and increased the
fruit yield (Rathod et al., 2021). Combination of
benzyladenine and gibberellic acid resulted in maximum
number of leaves and runners/mother plant, highest plant
growth as height, plant spread and number of crowns/
plant (Momenpouret al., 2009, Hazarika et al.,2015, Kour
et al., 2017)

Influence of Brassinosteroid on strawberry:
Brassinosteroids are new plant growth regulators that
plays an important role in cell elongation, cell division,
vascular differentiation, flowering and pollen formation
and on fruit ripening (Clouse, 2011). Castasterone, a
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brassinosteroid precursor, remains constant at basal levels
during strawberry ripening (Symons et al., 2012), leading
to the belief that there is not a direct influence in
strawberry ripening. However, subsequent studies have
shown that inhibition of brassinosteroid delayed red colour
in ripe strawberry fruits (Chai et al., 2013), indicating
that this regulator may have influence on specific attributes
of strawberry maturation, however, evidencing that there
is little knowledge about the role of brassinosteroid in
strawberry ripening.

Brassinosteroids treatments on harvested fruits of
strawberry marked an improvement on quality parameters
(Nunes and Emond, 2007). It causes a lower brightness
loss. Additionally, when analysing the fruit colour,
evaluated by the chroma parameter (C*), fruits exhibited
a more vivid and intense colour and the latter is a well-
known parameter that correlates positively with consumer
acceptance, as for their visual appearance (Velickova et
al., 2013). Recently it was observed that brassinosteroid
injection in strawberry at pink stage increases the
receptors and transcription factors expression but for
phytochemical characteristics the brassinosteroid
influence mainly starts in the white stage for total sugar
and soluble solid and in addition, there is a positive effect
on vitamin C content and total anthocyanins for the treated
red fruits, suggesting that brassinosteroid is involved in
strawberry fruit ripening, in different stages, mainly in a
phenylpropanoid pathway.(Ayub et al., 2018)

 Strawberry plants with brassinosteroid resulted in
maximum production per plant, minimum number of days
for flower bud initiation to flowering, maximum fruit length
and maximum fruit diameter, maximum fruit weight
(Thakur et al., 2015). Agronomic response of strawberry
plants to the application of brassinosteroid increased
strawberry fruit yield between 9 and 34%, mainly in
marketable fruits (Salazar et al., 2016). Increase in leaf
area of strawberry by application of brassinosteroid (Ali
et al., 2022).
Plant growth inhibitor

Influence of Chlormequat (cycocel) on
strawberry: Chlormequat chloride is a plant growth
regulator commonly used in crops as a growth retardant.
It is a gibberellins biosynthesis inhibitor and prevents the
cyclization of geranyl pyrophosphate to copalyl
pyrophosphate (Xiao et al., 2022). Strawberry vegetative
growth has been found to be aided by GA3 and the use
of cycocel increased the number of flowers, fruit per
plant, yield strawberry yield and quality (Kumar et al.,
2012). Cycocel @ 750 ppm, 1000 ppm led to the increase
in length, diameter, weight and volume of the berries.
This might be due to the greater supply of photosynthates

to the reproductive growth than the vegetative growth
and also due to lower percentage of fruit set and lower
number of fruits which enables fruit growth to its
maximum extent (Rajesh et al., 2012, Saima et al.,
2014). Cycocel is involved in enhancing the rate of
photosynthesis by increasing total chlorophyll content of
leaves which leads to more food production within the
plant thus improves fruit weight and fruit diameter (Rao
et al., 2016). The longer duration of flowering by foliar
spray of cycocel is due to the increased translocation of
cytokinin from roots to shoots, leading to prolonged life
span of floral parts of plant due to its anti-senescence
activity thereby increasing flowering duration and number
of flowers in strawberry (Pourmohammad et al., 2013,
Altintas, 2011 and Khunte et al., 2020). Cycocel has
recorded the minimum titratable acidity. The reduction
due to the conversion of more organic acids and
photosynthates into sugars during the fruit ripening stage
of strawberry. Ghora et al., 2000 revealed the reverse
effect of strawberry fruit yield with the plant growth i.e.
maximum yield was found under the treatment of 500
ppm cycocel where vegetative growth promotion was
least. However, all the cycocel treatments were
statistically at par with each other for fruit yieldtoo
obtained 90% increase in yield without affecting fruit size
while treated with cycocel.

Conclusion
The literature available revealed that plant growth

regulators and inhibitor gives an instant impact on crop
growth. The use of PGRs is increasing day by day mainly
in many horticultural fruit crops. Therefore, the number
of synthetic chemicals is used for the regulations of
growth and development of cultivated plants. Latest
scientific findings showed that GA3 is an effective PGR
for improving vegetative growth, yield, quality and runners’
production in strawberry. Application of NAA improves
the physiochemical properties of strawberry and as
cycocel is a growth retardant, it increases number of
flowers, improve fruit quality and yield of strawberry.
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