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Abstract: Strawberry (Fragaria spp.)belongs to the genus Fragaria and Rosaceae family (Staudt, 1989) is native to Europe,
Asia, and some others to North and South America, and has 20 recognized species. The cultivated strawberry is a
hybridbetween two species, Fragaria chilonensis and Fragaria virginiana. The botanical name of the commonly cultivated
strawberry is Fragaria x ananassa. The strawberry is an attractive, luscious, tasty, aggregate, nutritious fruit. Strawberry is
commercially grown in temperate regions, but there are varieties, that can be cultivated in subtropical climate. Plant growth
regulators or phytohormones are organic substances produced naturally in higher plants, controlling growth or other
physiological functions at a site remote from its place of production and active in minute amounts. Control of gene
expression has been demonstrated for the phytohormones at both transcriptional and translational levels. The paper reviews
the influence of various phytohormones on strawberry growth, developmentand fruit yield. Plant growth regulators were
found to be very effective in increasing the vegetative growth, flowering and yield of berry fruits in temperate, tropical as
well as subtropical regions. In most of the studies, a high concentration of gibberellic acid increased vegetative growth and
runner production in strawberries whereas Cycocel, a growth retardant was very effective in improving fruit quality.
Naphthalene acetic acid is an auxin, which is very effective in controlling and directing a number of plant metabolic
processes.Effects of ethylene and 1-MCP treatments on strawberry fruit quality have been analysed at the commercial

ripening stage.
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INTRODUCTION

trawberry (Fragaria x ananassa Duch.) is one of

the most delicious and nutritious soft fruits in the
world (Singh et al. 2007). It is an herbaceous
perennial and short-day plant cultivated in more than
75 countries. The juicy flesh of strawberry is used in
the production of alcoholic beverages and fruit
wines. A change in the chemical and physical
properties of strawberry fruits and products is chiefly
related to the processing operations (Hendawi et al.
2013). The modern cultivated strawberry is a hybrid
crop evolved by crossing two species, Fragaria
chilonensis and Fragaria virginiana. Strawberry is a
member of the Rosaceae family with an octoploid
chromosome number of 2n= 56 (Vishal et al. 2016).
Among the fruit crops, it gives quick returns in the
shortest possible time with very high returns per unit
area on the capital investment. Nutritionally,
strawberry is a low-calorie carbohydrate fruit but a
rich source of vitamin A (60 1U/100g of edible
portion), vitamin C (30-120 mg/100g of edible
portion), fibre and also has high pectin content
(0.55%) available in the form of calcium pectate.
Water is a major constituent (90%) of strawberry
fruit. Ellagic acid is a naturally occurring plant
phenol that has been found to inhibit cancer disease
and asthma through regular consumption (Kumar et
al. 2015). In India, Maharashtra is a leading state in
the production of strawberry fruit. It is also
commercially grown in Haryana, Punjab, Uttar
Pradesh, Jammu and Kashmir, Uttarakhand and
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lower hill of Himachal
Saravanan 2012).

Plant growth regulators are plant hormone enhancers
or disrupters that are man-made or naturally derived.
Gibberellic acid (GAs) is a growth regulator which
stimulates the effect of long day lengths in short-day
plants by improving vegetative development and
increasing runner production. 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. Gibberellic acid
initiates early flowering and thus early fruit
development and harvesting occur. It also increases
the truss heights, the number of flowering trusses per
crown, fruit set percentage, total number of fruits per
plant but consequently fruit size and fruit weight
decreased (Kasim et al., 2007; Paroussi et al., 2002;
Sharma & Singh, 2009). It also enhanced the number
of runners in all strawberry varieties by specifically
stimulating the stolon forming systems during long
days. It is also responsible for increasing the number
of runners per crown at higher rates of application.
(Hytonen et al., 2009). Gibberellic acid also
increases the fruit quality by producing firmer fruit
with high ascorbic acid and total soluble sugars,
whereas, inducing no significant effect on titratable
acidity (Usenik et al., 2005; Sharma & Singh, 2009;
Ouzounidou et al., 2010).According to one study,
Gibberellic acid induces stem and internodes
elongation, seed germination, enzyme production
during germination, and fruit setting and growth. The
application of gibberellic acid (GA3) is reported to
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increase leaf size, petiole length, whereas the
application of auxins is also known to impart similar
effects (Vishal et al. 2016).

Chlorocholine Chloride (CCC) is gibberellins
biosynthesis inhibitor involved in the inhibition of
cyclization of geranylgeranyl pyrophosphate to
copalylpyrophosphate. Chlormequat [CCC, Cycocel]
chlormequat chloride was discovered during a
screening program of quaternary ammonium
compound  for  growth  retardant  activity.
Chlormequat chloride is highly mobile in both xylem
and phloem tissue and rapidly absorbed and
translocated. It is highly water-soluble and passively
absorbed by all plant tissues, allowing it to be
effectively applied as a spray or drench. Application
of chlormequat chloride to crops results in plants
with shorter internodes and thicker, darker green
leaves. The chemical control of the plant growth to
reduce the size through the use of plant growth
regulators is a common practice to make a plant more
compact and commercially more acceptable.
Application of Naphthalene acetic acid (NAA)
increases fruit size and delays ripening and increases
anthocyanin accumulation in strawberry fruits. It also
increases the duration of flowering, improves the
yield and quality of fruits.

Benzyl adenine as a plant growth regulator, enhances
the size and shape of fruits, lateral bud break, and
lateral shoot growth, leading to improved branching
in fruit trees. Probably benzyl adenine as a cytokinin
compound delays the senescence stages of buds and
increases the entrance of photosynthetic compounds,
hormones and other metabolites to inflorescence
buds which are so important for preventing bud
abscission and increasing the fruit set.

Effect of GA3 on growth and yield of strawberry-
Effect on vegetative growth-

The plant growth in terms of plant spread (27.72 cm)
was noted maximum in the plants which received
foliar spraying of 100 mg I-1 GA;. The leaf with
larger leaf lamina (122.75 cm?) and maximum length
of petiole (11.50 cm) were also recorded from the
same set of plants. This treatment had also found to
be the best for producing the highest number of
leaves (28.53), crowns (2.93) and runners (3.93) in
strawberry. All the above parameters were recorded
minimum in control plants. The exogenous
application of plant growth regulators failed to
influence any significant effect on days taken to 50
per cent flowering in strawberry. However, the plants
received 100 mg I-1 GA; exhibited earliest flowering
with significantly maximum number of flowers in
strawberry. A minimum time (15 days) for the
initiation of runner and minimum time (24.00 days)
for initiation in rooting in runner were found in
treatment- GA; 75ppm. Whereas, maximum time
(31.66 days) for the initiation of runner, maximum
time (44.45 days) for initiation in rooting in runner
was observed in control. It might be due to the fact
that GA; perhaps stimulated redistribution of

gibberellins in greater concentration in the crown
region which later induced the runner emergence
earlier (Palaei et al., 2016). Paroussi et al., (2002)
and Sharma and Singh (2009) found that GA3
increased the total leaf area per plant. GA; was found
most effective in terms of the vegetative growth of
strawberry. The maximum plant height (22.38cm),
plant spread (31.10cm), petiole length (11.62cm),
leaves (15.10) and runner per plant (4.66) were
recorded with GA; @ 80 ppm. These results are in
close agreement with Singh and Randhawa (1959).
GA; application to one-year-old strawberry plants
promotes vegetative growth and runner production.
This may be due to inhibition of the flowering and
corresponding  increase  in  epidermal  and
parenchymatous cell growth (Denis and Bennett,
1969).An increase in height by GA was supported by
Khokhar et al. (2004) that who found taller plants
with a higher dose of GA; (75 ppm) over other
treatments.An increase in plant height may be due to
the fact that GA regulates the growth of the
strawberry plant by causing cell elongation and
synthesis of endogenous auxin-likesubstances in the
plant system.The maximum number of trifoliate
leaves (25.20 at 100 Days after transplanting) was
observed in GA; 150 ppm. The minimum number of
trifoliate leaves per plant was observed in control
(20.16 at 100 Days after transplanting). The increase
in the number of leaves may be due to the
corresponding increase in length of epidermal and
parenchyma cells, higher rate of cell division and cell
elongation in sub-apical meristems of strawberry
shoots which might lead to production of higher
number of leaves. The research findings are in line
with the results obtained by Uddin et al. (2012) and
Khalid et al. (2013) in strawberry crop.

Effect on reproductive growth

Gibberellic acid induced flowering earlier in
strawberry plant as compared to other treatments by
minimizing the days required to open first flower.
Similar results were shown by many researchers who
found that early flowering occurred in strawberry
(Paroussi et al., 2002; Sharma & Singh, 2009).
Maximum firmness was attained in fruits from plants
treated with gibberellic acid (Usenik et al., 2005;
Cline &Trought, 2007; Ozkaya & Dundar, 2008;
Canli & Orhan, 2009; Khan et al., 2012). The
application of gibberellic acid (GA) increased the
number of flowers and developed 50 to 66% of the
total number of flowers between Nov and Jan, while
the control had initiated only 40% (Kirschbaum,
1998). Gibberellic acid application alone, proved to
induce the early reproductive growth and a greater
number of runners. GA have effect in cell division
and cell elongation in strawberry fruit so length of
fruit increases linearly but not diameter, hence
maximum length:diameter ratio (1.92) was recorded
in GA; 75ppm. GA; at all concentrations produced
significantly more flowers as compared to the
control. However, the highest number of flowers
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(20.54) was observed in plants treated with GA; 50
ppm. Enhancement in flowering by GA3 application
is possible due to its effect on hastening flower truss
growth when applied at floral initiation stage.
Sharma and Singh (1980) also stated that application
of GA after fruit bud differentiation helps in
hastening the flowering in strawberry.Higher number
of flowers (28.00) and fruits per plant (19.08) was
recorded in the plants treated with in GA3; 150 ppm
and the minimum number of flowers (20.84) and
fruits per plant (14.30) were observed in (control).
Highest number of flowers and fruits per plant was
due to the fact that gibberellins cause the production
of large number of flowers with rapid elongation of
peduncle, leading to full development of flower buds
having all reproductive parts functional thereby
accelerates development of differentiated inflores-
cence, which increases fruit set and number of
berries per plant. The research results are in line with
the findings of Pathak and Singh (1979) in
strawberry crop.the maximum berry set was obtained
in GA; 75 ppm (46.68) and it was at par with the
GA; 25 ppm.The increased berry set in GA; treated
plants might be due to the fact GA; induced the
production of enzymes attributed to improved fruit
set by playing a role in post fertilization stage. In
addition, exogenous application of GA; shifted the
endogenous balance between promoters and
inhibitors in favour of fruit forming metabolic
process (Sharma and Sharma, 2006). GA; 75 ppm
recorded highest yield (33.71 t ha-1). The lowest
yield of (17.83 t ha-1) was recorded in control. The
increase in yield with GAz; might be due to increase
in flower number, better fruit set and maximum
number of fruits with maximum weight beside better
vegetative growth.The increase in yield with GA;
might be due to increase in flower number, better
fruit set and maximum number of fruits with
maximum weight beside better vegetative growth. In
fact, the enlargement of strawberry fruit is dependent
on the auxin produced by the developing achenes and
if the flowers remain un-pollinated, the cells fail to
elongate. GA; might have helped in elongation of
cells in the un-pollinated region of fruit, as well
affected the auxin metabolism which might have
indirectly helped in fruit enlargement and also higher
number which ultimately increase the yield.

Similar increase in strawberry yield following GA3
application has also been reported by Paroussi et al.,
2002.

Effect of GA3 on yield and fruit quality

Maximum ascorbic acid (63.41mg/ 100g fruit) and
acidity (0.75%) were noticed with GA3 @ 80
ppm.Thakur et al. (1991) and Dwivedi et al.
(2002).Maximum TSS (10.61°Brix) was recorded in
GA3 75 ppm. The improved TSS with GA; treated
plant can be attributed to fact that stress might have
caused cell elongation (Syamal et al., 2010). The
highest number of berries per plant was recorded in
GA3 75 ppm (46.68), while control recorded the

lowest (32.00). The marked influence of GA; on
number of berries may be attributed to its effect on
better pollen germination and fruit set (Sharma and
Singh, 2008).The maximum vyield per plant (299.36
g) was recorded in GA; 150 ppmfollowed by GA3
100 ppm and minimum (173.45 g) was recorded in
control. This increase in fruit yield per plant in
gibberellins treated plants might be due to increased
vegetative growth (plant spread, number of crowns
and leaves etc.) which enables higher fruit set and
fruit weight. The yield attributes on the sink capacity
of crop are determined by its vegetative growth
throughout the life cycle of plants. Vigorous growth
is associated with higher sink capacity of a crop. The
higher yield might be also related to formation of
more metabolites by large leaves and high rate of
photosynthesis. This result is in conformity with the
findings of Saima et al. (2014) in strawberry crop. In
conclusion, results obtained in the present
investigation shows that foliar application of GA;
(150 ppm) has shown better growth and maximum
yield ratio in strawberry followed by GA; (100 ppm).
Effect of auxin on strawberry

Effect of auxin on vegetative growth

The maximum growth in terms of plant height (18.19
cm) was observed with NAA 400 ppm. Thakur et al.
(1991) applied NAA at 5, 10 and 20 ppm in the first
week of April on strawberry cv. Tioga and observed
significant increase in vegetative growth when
compared with the control. Adaki and Pekmezci
(2011) evaluated the effect of different auxin types
and activated charcoal levels on plant growth and
development at the acclimatization stage in different
strawberry cultivars and reported that activated
charcoal 11 usages at the rooting stage had a positive
effect on plant growth and development during
acclimatization whereas NAA and IBA hormones
had a negative effect.
Effect of auxin on
attributes

Zielinski and Garren (1952) recorded 30% increase
in fruit size by the spray of 50 ppm of - NAA made
at half-grown stage. The maximum fruit length
diameter ratio (1.47cm) and juice content (94.67%)
were recorded with NAA @ 30 ppm.Thakur et al.
(1991) and Dwivedi et al. (2002). The TSS and sugar
content of strawberry fruits were the maximum with
the foliar application of 125 mg I-1 NAA. The plant
received no sprays produced fruit with lowest TSS
and sugar content. Fruits with the highest ascorbic
acid (Vitamin C) content were produced in plants
treated with 125 mg I-1 NAA.Both skin toughness
and the hardiness of the underlying flesh determine
the firmness of strawberry fruit (Hietaranta and
Linna, 1999). In strawberry, the skin toughness is
directly linked to hard achene development and auxin
is known to regulate the process of achene
development and perhaps resulted in hardiest fruit in
NAA treated plants (Archbold and Dennis,
1984).The application of NAA in strawberry plants

reproductive and yield
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might have increased the concentration of volatile
compounds along with hydrolysis of starchy
compounds which ultimately raised the TSS level.
Paleiet al. (2016) also recorded higher TSS of
strawberry fruits with the application 50 ppm
NAA.The total sugars content which account for
more than 60 per cent of TSS percentage. The higher
enzymatic activity like o amylase and invertage with
the application of NAA might be responsible for
higher total sugar content and non-reducing sugar
content of strawberry fruits. Improvement in the
ascorbic acid content of strawberry fruits might be
due to increase level of metabolites that stimulate the
precursor of ascorbic acid biosynthesis in plants
which received NAA. Increased level of ascorbic
acid with the application of 200 ppm NAA has also
been reported in guava (Singh et al., 2017).

Effect of Cycocel on strawberry

Chlormequat chloride is highly mobile in both xylem
and phloem tissue and rapidly absorbed and
translocated. It is highly water soluble and passively
absorbed by all plant tissues, allowing it to be
effectively applied as a spray or drench. Application
of chlormequate chloride to crops results in plants
with shorter internodes and thicker, darker green
leaves. The chemical control of the plant growth to
reduce the size through the use of plant growth
regulators is a common practice to make a plant more
compact and commercially more acceptable (Rakesh
Kumaret al.,2017).

Ascorbic acid content was increased with Cycocel
(CCC) treated strawberry plants (Singh and Phogat,
1983). Foda et al. (1979) also found higher berry
yield with CCC at 1000 ppm concentration. The
increase in berry yield was obviously due to the
increased fruit set, higher number of fruits per plant,
greater berry size and weight under GA3 at 100 ppm
and CCC at 1000 ppm treated plants. The minimum
days taken to produce first flower (54.77days) and
fruit bud development (58.11days) were noticed with
Cycocel @ 700 ppm.The Cycocel @ 500 ppm
enhanced the number of flowers (22.76), fruits
(18.10) per plant and yield (20.44t/ha). The induction
of early flowering, fruit bud development and
number of flowers per plant with application of
Cycocel in the present study are in conformity with
Barritt (1975) and Dwivedi et al. (2002). m. The
maximum specific gravity (1.16), T.S.S (9.33%) and
total sugar (9.06%) were recorded with Cycocel @
500 ppm. Thakur et al. (1991) and Dwivedi et al.
(2002).Treatment of plants with CCC 500, 1000 and
1500 ppm also gave a higher yield of berries as
compared to control. Fodaet al. (1979) also found
higher berry vyield with CCC at 1000 ppm
concentration.

Effect of Cytokinin on strawberry

Fruit weight (16.69g) was observed better in
treatment BA 75ppm and minimum fruit weight
(8.32g) was recorded from treatment GAz75ppm. An

increase in weight of fruit by BA might be due to
either

marked increase in a number of leaves/ plants which
gave a chance to the tree to carry more flowers and
fruits or marked increase in the photosynthetic
pigment content which could lead andto increase in
photosynthesis, resulting in the greater transfer of
assimilates to the fruits and causing an increase in
their weight (Abou et al., 2011).The number of
fruit/plant (18.97) and fruit yield (225.60g) were
found maximum in treatment (GA3 25ppm + BA
25ppm). The minimum number of fruit/plant (10.11)
and fruit yield (96.00g) observed from treatment GA;
75ppm (Ramteke et al., 2015).Application of
different growth regulators and nutrients resulted in
significant variations in yield per plant between the
different treatments.

Effect of ethylene on strawberry

Ethephon treatments did not increase in the length of
leaf petioles but rather plants were shorter than in the
control treatment. This is due to the fact that
Ethephon behaves as growth retardant or at least not
growth promoter in some vegetative parameters.
Ethephon at 500 ppm showed significantly more
leaves as compared to the control and this result was
on line with Choma and Himelrick (1982) who also
found increase in a number of leaves with the
application of ethephon 500 ppm. However, 1000
ppm ethephon showed least number of leaves; this
level of ethylene might have reduced both the
synthesis and amount of auxin in leaves.

In strawberry, an increase in PAL activity is
necessary for the accumulation of anthocyanins
during ripening. Manning K detected an increase in
anthocyanin content and PAL activity in all fruit
after 48 h of incubation at 22 °C, in comparison with
the values found in fruit at the initial white stage.
Fruit treated with ethephon accumulated more
anthocyanin than the corresponding controls, while
the opposite was observed in fruit treated with 1-
MCP. In grape berries, other fruit considered as non-
climacteric, it has been reported that treatments with
exogenous ethylene were also able to stimulate
anthocyanin accumulation and the expression of
genes related to anthocyanin biosynthesis (EI
kereamyet al.). The increase in anthocyanin content,
strawberry fruit ripening is accompanied by a
decrease in chlorophyll levels. Degradation of these
pigments in fruit incubated for 48 h at 22 °C.
Moreover, the decrease in total chlorophyll levels
was more pronounced in fruit treated with ethephon
with regard to controls, and the opposite situation
was observed in 1-MCP-treated fruit.

REFERENCES
Abou Aziz, A. B., Hegazi, E. S., Yehia, T. A,

Kassim, N. E. and Thanaa M. M. (2011). Growth,
flowering and fruiting of Manzanillo Olive Trees as



JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 14(6)

affected Benzyladenine. J. Horticultural Science and
Ornamental Plants, 3(3): 244-251.

Google Scholar
Adak, N. and Pekmezci, M.(2011). Effects of
different auxin types and active charcoal levels on
plant growth and development at the acclimization
stage in different strawberry cultivars. Anadolu
Journal of Agricultural Science,26(2): 91-100.

Google Scholar
Asadi, Z., Jafarpour, M., Golparvar, AR.
andMohammadkhani, A.(2013). Effect of GA3
application on fruit yield, flowering and vegetative
characteristics on early yield of strawberry cv.
Gaviota. Int. J. Agri. Crop Sci., 5(15):1716-1718.

Google Scholar
Archbold, D.D. and Dennis, F.G. (1984).
Quantification of free ABA and free and conjugated
IAA in strawberry achene and receptacle tissue
during fruit development.Journal of the American
Society of Horticultural Science,109: 330- 335.

Google Scholar
Barritt, B.H. (1975). Effect of gibberellic acid,
blossom removing and planting date on strawberry
runner production. J. Hort. Sci.,9 (1): 25-27.

Google Scholar
Canli, F.A. and H. Orhan.(2009). Effects of pre-
harvest gibberellic acid applications on fruit quality
of ‘0900 Ziraat’ sweet cherry. Hort. Tech., 19(1):
127-129.

Google Scholar
Cline, JA. and M. Trought.(2007). Effect of
gibberellic acid on fruit cracking and quality of
‘Bing” and ‘Sam’ sweet cherries. Canadian J. of
Plant Sci., 87(3): 545-550.

Google Scholar
Choma, M.E. and Himelrick, D.G.(1982). Growth
and flowering of Day -neutral and everbearing
strawberry as affected by ethephon. Hort.
Sci.,17(5):773-774.

Google Scholar
Dennis, F.G. and Bennitt, H.O. (1969). Effect of
gibberellic acid and deblossoming on flowering,
runner and inflorescence development of strawberry.
J. Amer. Soc.,94: 558-560.

Google Scholar
El-Kereamy, A., Chervin, C. and Roustan, J.P.
(2003). Exogenous ethylene stimulates the long-term
expression of genes related to anthocyanin
biosynthesis in grape berries. Physiol
Plantarum,119:175-182.

Google Scholar
Foda, S.A., Nassar, H.H. and Nansour, S.A.(1979).
Effect of some growth regulator on runner
production and yield of strawberry. Horticulture.57:
119-125.

Google Scholar
Dwivedi, M.P., Negi, K.S., Jindal, K.K. and Rana
H.S. (2002). Influence of photoperiod and
bioregulators on vegetative growth of strawberry.
Adv. Hort. & Forestry, 7: 29-34.

Google Scholar
Ahire, D.B. Gaikwad, S.P. and Rajput,

S.G.(2017). Effect of Plant Growth Regulators on
Growth, Yield and Quality of Strawberry (Fragaria x
ananassaDuch) cv. Sweet Charlie.Trends in
Biosciences,10(42): 8817-8819.

Google Scholar
Kasim, A.T.M., AM. Abd El-Hameid and N.H.M.
El-Greadly.(2007). A comparison study on the
effect of some treatment on earliness, yield and
quality of Globe Artichoke (Cynare scolymus L.).
Research J. Agri. and Bio. Sci., 3(6): 695-700.

Google Scholar
Kirschbaum, D.S.(1998). Temperature and growth
regulator effects on growth and development of
strawberry (fragaria X ananassaduch.). A thesis in
partial fulfillment of the requirements for the degree
of Master of Science. University of Florida, USA.

Google Scholar
Khalid, M.Q., Saman, C., Usman, S.Q., Nadeem,
A.A. (2013). Impact of exogenous application of salt
and growth regulators on growth and yield of
strawberry. Pakistan J Bot.,45(4):1179-1185.

Google Scholar
Khokhar, U.U., Prashad, J. and Sharma,
M.K.(2004). Influence of growth regulators on
growth yield and qulity of strawberry Cv. Chandler.
Haryana. J. Hort. Sci.33 (3&4): 186-188.

Google Scholar
Kumar, N., Singh, H.K. and Mishra, P.K.(2015).
Impact of organic manure and bio-fertilizers on
growth and quality parameters of strawberry Cv.
Chandler. Indian Journal of Science and Technology,
8(15): 1-6.

Google Scholar
Hietaranta, T. and Linna, M.M. (1999).
Penetrometric measurement of strawberry fruit
firmness: Device testing. Hortechnology. 9(1): 103-
105.

Google Scholar
Hendawi, M. Y., Romeh, A. A. and Mekky, T
M.(2013). Effect of food processing on residue of
imidacloprid in strawberry fruits. Journal of
Agricultural science and Technology, 15: 951-59.

Google Scholar
Nitsch, J.P. and Nitsch, C. (1961). Growth factors
in tomato fruit. Plant growth regulators, Klein. R. M.
(Ed.) Lowa State University Press, America. pp. 687-
705.

Google Scholar
Ozkaya, O. and Dundar, O. (2008). Chemical and
physical determination of gibberellic acid effects on
postharvest quality of sweet cherry. Asian J. of
Chem., 20(1): 751-756.

Google Scholar
Paroussi, G., Voyiatzis, D.G.,Paroussis, P. and
Drogoudi, P.D. (2002). Growth, flowering and yield
responces to GA3 of strawberry grown under
different environmental conditions. Sci. Hort., 96:

103-114. Google Scholar


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Abou+Aziz%2C+A.+B.%2C+Hegazi%2C+E.+S.%2C+Yehia%2C+T.+A.%2C+Kassim%2C+N.+E.+and+Thanaa+M.+M.+%282011%29.+Growth%2C+flowering+and+fruiting+of+Manzanillo+Olive+Trees+as+affected+Benzyladenine.+J.+Horticu
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Adak+N+and+Pekmezci+M.+%282011%29.+Effects+of+different+auxin+types+and+active+charcoal+levels+on+plant+growth+and+development+at+the+acclimization+stage+in+different+strawberry+cultivars.+Anadolu+Jou
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Asadi+Z%2C+Jafarpour+M%2C+Golparvar+AR%2C+Mohammadkhani+A.+%282013%29.+Effect+of+GA3+application+on+fruit+yield%2C+flowering+and+vegetative+characteristics+on+early+yield+of+strawberry+cv.+Gaviota.+In
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Archbold%2C+D.D.+and+Dennis%2C+F.G.+%281984%29.+Quantification+of+free+ABA+and+free+and+conjugated+IAA+in+strawberry+achene+and+receptacle+tissue+during+fruit+development.+Journal+of+the+American+Soci
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Barritt%2C+B.H.+%281975%29.+Effect+of+gibberellic+acid%2C+blossom+removing+and+planting+date+on+strawberry+runner+production.+J.+Hort.+Sci.%2C9+%281%29%3A+25-27.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Canli%2C+F.A.+and+H.+Orhan.+%282009%29.+Effects+of+pre-harvest+gibberellic+acid+applications+on+fruit+quality+of+%E2%80%980900+Ziraat%E2%80%99+sweet+cherry.+Hort.+Tech.%2C+19%281%29%3A+127-129.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cline%2C+J.A.+and+M.+Trought.+%282007%29.+Effect+of+gibberellic+acid+on+fruit+cracking+and+quality+of+%E2%80%98Bing%E2%80%99+and+%E2%80%98Sam%E2%80%99+sweet+cherries.+Canadian+J.+of+Plant+Sci.%2C+87%252
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Choma%2C+M.E.+and+Himelrick%2C+D.G.+%281982%29.+Growth+and+flowering+of+Day+%E2%80%93neutral+and+everbearing+strawberry+as+affected+by+ethephon.+Hort+Sci.%2C+17%285%29%3A773-774.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dennis%2C+F.G.+and+Bennitt%2C+H.O+%281969%29.+Effect+of+gibberellic+acid+and+deblossoming+on+flowering%2C+runner+and+inflorescence+development+of+strawberry.+J.+Amer.+Soc.%2C94%3A+558-560.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=El-Kereamy%2C+A.%2C+Chervin%2C+C.+and+Roustan%2C+J.P.+%282003%29.+Exogenous+ethylene+stimulates+the+long-term+expression+of+genes+related+to+anthocyanin+biosynthesis+in+grape+berries.+Physiol+Plantaru
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Foda%2C+S.A.%2C+Nassar%2C+H.H.+and+Nansour%2C+S.A.+%281979%29.+Effect+of+some+growth+regulator+on+runner+production+and+yield+of+strawberry.+Horticulture.+57%3A+119-125.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dwivedi%2C+M.P.%2C+Negi%2C+K.S.%2C+Jindal%2C+K.K.+and+Rana+H.S.+%282002%29.+Influence+of+photoperiod+and+bioregulators+on+vegetative+growth+of+strawberry.+Adv.+Hort.+%26+Forestry%2C+7%3A+29-34.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ahire%2C+D.B.+et+al.+%282017%29.+Effect+of+Plant+Growth+Regulators+on+Growth%2C+Yield+and+Quality+of+Strawberry+%28Fragaria+x+ananassa+Duch%29+cv.+Sweet+Charlie.+Trends+in+Biosciences%2C+10%2842%29%3A
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kasim%2C+A.T.M.%2C+A.M.+Abd+El-Hameid+and+N.H.M.+El-Greadly.+2007.+A+comparison+study+on+the+effect+of+some+treatment+on+earliness%2C+yield+and+quality+of+Globe+Artichoke+%28Cynare+scolymus+L.%29.+Res
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kirschbaum%2C+D.S.%2C+1998.+Temperature+and+growth+regulator+effects+on+growth+and+development+of+strawberry+%28fragaria+x+ananassa+duch.%29.+A+thesis+in+partial+fulfillment+of+the+requirements+for+th
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Khalid+MQ%2C+Saman+C%2C+Usman+SQ%2C+Nadeem+AA.+Impact+of+exogenous+application+of+salt+and+growth+regulators+on+growth+and+yield+of+strawberry.+Pakistan+J+Bot.+2013%3B+45%284%29%3A1179-1185.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Khokhar%2C+U.U.%2C+J.+Prashad+and+M.K.+Sharma.%2C+2004.+Influence+of+growth+regulators+on+growth+yield+and+qulity+of+strawberry+Cv.+Chandler.+Haryana.+J.+Hort.+Sci.+33+%283%264%29%3A+186-188.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kumar+N%2C+Singh+HK+and+Mishra+PK.+2015.+Impact+of+organic+manure+and+bio-fertilizers+on+growth+and+quality+parameters+of+strawberry+Cv.+Chandler.+Indian+Journal+of+Science+and+Technology%2C+8%2815%29
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hietaranta%2C+T.+and+Linna%2C+M.M.+%281999%29.+Penetrometric+measurement+of+strawberry+fruit+firmness%3A+Device+testing.+Hortechnology.+9%281%29%3A+103-105.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hendawi+M+Y%2C+Romeh+A+A+and+Mekky+T+M.+2013.+Effect+of+food+processing+on+residue+of+imidacloprid+++++++in+strawberry+fruits.+Journal+of+Agricultural+science+and+Technology%2C+15%3A+951-59.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nitsch+J.P.+and+Nitsch%2C+C.+%281961%29.+Growth+factors+in+tomato+fruit.+Plant+growth+regulators%2C+Klein.+R.+M.+%28Ed.%29+Lowa+State+University+Press%2C+America.+pp.+687-705.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ozkaya%2C+O.+and+O.+Dundar.+2008.+Chemical+and+physical+determination+of+gibberellic+acid+effects+on+postharvest+quality+of+sweet+cherry.+Asian+J.+of+Chem.%2C+20%281%29%3A+751-756.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Paroussi%2C+G.%2C+D.G.+Voyiatzis%2C+P.+Paroussis+and+P.D.+Drogoudi.+2002.+Growth%2C+flowering+and+yield+responces+to+GA3+of+strawberry+grown+under+different+environmental+conditions.+Sci.+Hortic.%2C+9

540 SURESH KUMAR AND MAYA LAMBA

Palaei, S., Das, A. K., Sahoo, A. K., Dash, D. K.
and Swain, S.(2016). Influence of plant growth
regulators on strawberry (Fragaria xananassa) cv.
Chandler under Odisha condition. International J.
Recent Scientific Research,7 (4): 9945-9948.

Google Scholar
Pankov, V.V.(1992). Effect of growth regulators on
plant production of strawberry mother plant. Sci.
Hort.52: 157-161. Google Scholar
Paroussi, G., Voyiatzis, D.G.,Paroussis, P. and
Drogoudi, P.D. (2002). Growth, flowering and yield
responces to GA3 of strawberry grown under
different environmental conditions. Sci. Hort., 96:
103-114. Google Scholar
Phatak, R.K., Singh, R. (1979). Effect of GA3 and
growth retardants on vegetative growth of
Strawberry. Indian J Hort.25:43-45.

Google Scholar
Qureshi, K. M., Chughtai, S., Qureshi, U. S. and
Abbasi, N. A.(2013). Impact of exogenous
application of salt and growth regulators on growth
and vyield of strawberry. Pak. J. Bot.45(4): 1179-
1185.

Google Scholar
Kumra,Rakesh; Reena, S. Saravanan; Bakshi,
Parshant; Kumar, Anil; Singh, Manpreet and
Kumar, Vijay (2018). Influence of plant growth
regulators on strawberry: A review. International
Journal of Chemical Studies,6(1): 1236-1239.

Google Scholar
Ramteke, V., Paithankar, D. H., Ningot, E. P. and
Kurrey, V. K.(2015). Effect of GA3 and
propagation media on germination and vigour of
papaya cv. Coorg Honey Dew. The Bioscan,10(3):
1011-1016. Google Scholar
Singh, O. P. and Phogat, K. P. S. (1983). Effect of
plant growth regulators on strawberry. Progressive
Horticulture Journal,15: 64-68.

Google Scholar
Sharma, V.P. and Singh, R.(1980). Bud
differentiation in Pusa Early Dwarf strawberry.
Indian J. Hort.,37(1):45-47. Google Scholar
Sharma, S. D. and Sharma, N. C.(2006). Studies on
correlations  between  endomycorrhizal  and
Azotobacter population with growth, yield and soil
nutrient status of apple orchards in Himachal
Pradesh. Indian J. Hort.63:379-82.

Google Scholar
Sharma, R. R. and Singh, R.(2009). Gibberellic
acid influences the production of malformed and
button berries and fruit yield and quality in
strawberry (Fragaria xananassaDuch).Scientia Hort.
119:430-33.

Google Scholar
Singh, J.P. and Randhawa, G.S. (1959). Effect of
gibberellic acid and parachlorophenoxy acetic acid
on growth and fruitfulness in strawberry. Indian J.
Hort.,16: 14-17. Google Scholar
Singh, R., Sharma, R. R. and Tyagi, S.K.(2007).
Pre-harvest foliar application of calcium and boron

influence  physiological disorders, fruit yield and
quality of strawberry. Scientia Horticulturae, 112:
215-20.

Google Scholar
Sharma, R.R. and Singh, R.(2009). Gibberellic acid
influences the production of malformed and button
berries and fruit yield and quality in strawberry
(Fragaria Ananassa Dutch). Sci. Hortic.,119: 430-
433.

Google Scholar
Singh, V. K. and Tripathi, V. K.(2010). Efficacy of
GAS3, boric acid and zinc sulphate on growth,
flowering, yield and quality of strawberry cv.
Chandler. Progressive Agriculture,10(2): 345-348.

Google Scholar
Singh, A. and Singh, J. N.(2009). Effect of bio-
regulators on growth,yield and nutrient status of
strawberry (Fragaria x ananassaDuch) cv. Sweet
Charlie. Indian J. Hort. 66:220-24.

Google Scholar
Singh, K., Sharma, M. and Singh, S.K. (2017).
Effect of plant growth regulators on fruit yield and
quality of guava (Psidium guajava) cv. Allahabad
Safeda. Journal of Pure Applied Microbiology,11(2):
1149-1154.

Google Scholar
Saima, Z., Sharma, A., Umar, |. andWali,
V.K.(2014). Effect of plant bio- regulators on
vegetative growth, yield and quality of Strawberry
cv. Chandler. African J Agric. Res.,9(22):1694-1699.

Google Scholar
Syamal, M. M., Bordoloi, B. and Pakkiyanathan,
K.(2010). Influence on plant growth substances on
vegetative growth, flowering, fruiting and fruit
quality of papaya. Indian J. Hort.,67:173-76.

Google Scholar
Thakur, A.S., Jinda, K.K. and Sud, A. (1991).
Effect of plant growth regulators on strawberry.
Indian J. Hort., 48: 286-290.

Google Scholar
Usenik, V., Kastelec, D. and Stampar, F. (2005).
Physicochemical changes of sweet cherry fruits
related to application of gibberellic acid. Food
Chem., 90: 663-671.

Google Scholar
Uddin, A.F.M., Hossan, M.J., Islam, M.S., Ahsan,
M.K., Mehraj, H. (2012). Strawberry growth and
yield responses to gibberellic acid concentrations. J.
Expt. Biosci.,3(2):51-56. Google Scholar
Vishal, V.C., Thippesha, D., Chethana, K.,
Maheshgowda, B.M., Veeresha, B.G.
andBasavraj, A.K.(2016). Effect of various growth
regulators on vegetative parameters of strawberry
Cv. Sujatha. Research Journal of Chemical and
Environmental Sciences, 4(4): 68-71.

Google Scholar
Zielinski, Q.B. and Garren, R.J.(1952.) Effects of
B-NAA acid on fruit size in the Marshall strawberry.
Bot. Gaz.,114:134-139. Google Scholar


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Palaei%2C+S.%2C+Das%2C+A.+K+%2C+Sahoo%2C+A.+K+%2C+Dash%2C+D.+K.+and+Swain%2C+S.+2016.+Influence+of+plant+growth+regulators+on+strawberry+%28Fragaria+%C3%97ananassa%29+cv.+Chandler+under+Odisha+conditi
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pankov%2C+V.V.+1992.+Effect+of+growth+regulators+on+plant+production+of+strawberry+mother+plant.+Sci.+Hort.+52+%3A+157-161.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Paroussi%2C+G.%2C+D.G.+Voyiatzis%2C+P.+Paroussis+and+P.D.+Drogoudi.+2002.+Growth%2C+flowering+and+yield+responces+to+GA3+of+strawberry+grown+under+different+environmental+conditions.+Sci.+Hortic.%2C+9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Phatak+RK%2C+Singh+R.+Effect+of+GA3+and+growth+retardants+on+vegetative+growth+of+Strawberry.+Indian+J+Hort.+1979%3B+25%3A43-45.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Qureshi%2C+K.+M.%2C+Chughtai%2C+S.%2C+Qureshi%2C+U.+S.+and+Abbasi%2C+N.+A.+2013.+Impact+of+exogenous+application+of+salt+and+growth+regulators+on+growth+and+yield+of+strawberry.+Pak.+J.+Bot.+45%284%29
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kumra%2C+Rakesh%3B+Reena%2C+S.+Saravanan%3B+Bakshi%2C+Parshant%3B+Kumar%2C+Anil%3B+Singh%2C+Manpreet+and+Kumar%2C+Vijay+%282018%29.+Influence+of+plant+growth+regulators+on+strawberry%3A+A+review.+Inte
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ramteke%2C+V.%2C+Paithankar%2C+D.+H.%2C+Ningot%2C+E.+P.+and+Kurrey%2C+V.+K.+2015.+Effect+of+GA3+and+propagation+media+on+germination+and+vigour+of+papaya+cv.+Coorg+Honey+Dew.+The+Bioscan.+10%283%29%3A
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Singh%2C+O.+P.+and+K.+P.+S.+Phogat+%281983%29.+Effect+of+plant+growth+regulators+on+strawberry.+Progressive+Horticulture+Journal%2C+15%3A+64-68.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sharma%2C+V.P.+and+R.+Singh%2C+1980.+Bud+differentiation+in+Pusa+Early+Dwarf+strawberry.+Indian+J.+Hort.+37%281%29%3A45-47.&btnG=
https://scholar.google.com/scholar?q=Sharma,+S.+D.+and+Sharma,+N.+C.+2006.+Studies+on+correlations+between+endomycorrhizal+and+Azotobacter+population+with+growth,+yield+and+soil+nutrient+status+of+apple+orchards+in+Himachal+Pradesh.+Indian+J.+Hort.+63:379-
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sharma%2C+R.+R.+and+Singh%2C+R.+2009.+Gibberellic+acid+influences+the+production+of+malformed+and+button+berries+and+fruit+yield+and+quality+in+strawberry+%28Fragaria+xananassa+Duch%29+Scientia+Hort.+
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Singh%2C+J.P.+and+Randhawa%2C+G.S.+%281959%29.+Effect+of+gibberellic+acid+and+parachlorophenoxy+acetic+acid+on+growth+and+fruitfulness+in+strawberry.+Indian+J.+Hort.%2C+16%3A+14-17.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Singh+R%2C+Sharma+R+R+and+Tyagi+SK.+2007.+Pre-harvest+foliar+application+of+calcium+and+boron+influence+++++physiological+disorders%2C+fruit+yield+and+quality+of+strawberry.+Scientia+Horticulturae%2C+
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sharma%2C+R.R.+and+R.+Singh.+2009.+Gibberellic+acid+influences+the+production+of+malformed+and+button+berries+and+fruit+yield+and+quality+in+strawberry+%28Fragaria+Ananassa+Dutch%29.+Sci.+Hortic.%2C11
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Singh%2C+V.+K.+and+Tripathi%2C+V.+K.+2010.+Efficacy+of+GA3%2C+boric+acid+and+zinc+sulphate+on+growth%2C+flowering%2C+yield+and+quality+of+strawberry+cv.+Chandler.+Progressive+Agriculture.+10%282%29%3A
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Singh%2C+A.+and+Singh%2C+J.+N.+2009.+Effect+of+bio-regulators+on+growth%2Cyield+and+nutrient+status+of+strawberry+%28Fragaria+x+ananassa+Duch%29+cv.+Sweet+Charlie.+Indian+J.+Hort.+66%3A220-24.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Singh%2C+K.%2C+Sharma%2C+M.+and+Singh%2C+S.K.+%282017%29.+Effect+of+plant+growth+regulators+on+fruit+yield+and+quality+of+guava+%28Psidium+guajava%29+cv.+Allahabad+Safeda.+Journal+of+Pure+Applied+Micr
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Saima+Z%2C+Sharma+A%2C+Umar+I%2C+Wali+VK.+Effect+of+plant+bio-+regulators+on+vegetative+growth%2C+yield+and+quality+of+Strawberry+cv.+Chandler.+African+J+Agric.+Res.+2014%3B+9%2822%29%3A1694-1699.&bt
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Syamal%2C+M.+M.%2C+Bordoloi%2C+B.+And+Pakkiyanathan%2C+K.+2010.+Influence+on+plant+growth+substantances+on+vegetative+growth%2C+flowering%2C+fruting+and+fruit+quality+of+papaya.+Indian+J.+Hort.+67%3A1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Thakur%2C+A.S.%2C+Jinda%2C+K.K.+and+Sud%2C+A.+%281991%29.+Effect+of+plant+growth+regulators+on+strawberry.+Indian+J.+Hort.%2C+48%3A+286-290.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Usenik%2C+V.%2C+D.+Kastelec+and+F.+Stampar.+2005.+Physicochemical+changes+of+sweet+cherry+fruits+related+to+application+of+gibberellic+acid.+Food+Chem.%2C+90%3A+663-671.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Uddin+AFM%2C+Hossan+MJ%2C+Islam+MS%2C+Ahsan+MK%2C+Mehraj+H.+Strawberry+growth+and+yield+responses+to+gibberellic+acid+concentrations.+J+Expt.+Biosci.+2012%3B+3%282%29%3A51-56.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vishal+VC%2C+Thippesha+D%2C+Chethana+K%2C+Maheshgowda+BM%2C+Veeresha+BG%2C+Basavraj+AK.+2016.+Effect+of+various+growth+regulators+on+vegetative+parameters+of+strawberry+Cv.+Sujatha.+Research+Journal+o
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zielinski%2C+Q.B.+and+R.J.+Garren%2C+1952.+Effects+of+%CE%B2-NAA+acid+on+fruit+size+in+the+Marshall+strawberry.+Bot.+Gaz+114%3A134-139.&btnG=

