Journal of Pharmacognosy and Phytochemistry 2020; 9(6): 1284-1289

r.‘\
LY

“’ Journal of Pharmacognosy and Phytochemuistry

Available online at wvav.phytojournal.com

E-ISSN: 2278-4136
P-ISSN: 2349-8234
www.phytojournal.com
JPP 2020; 9(6): 1284-1289
Received: 25-08-2020
Accepted: 12-10-2020

Nidhi Chauhan

PG Scholars, School of
Agriculture, Lovely Professional
University, Punjab, India

Jyoti Bharti Sharma

PG Scholars, School of
Agriculture, Lovely Professional
University, Punjab, India

Kanchan Rana

PG Scholars, School of
Agriculture, Lovely Professional
University, Punjab, India

Wasif Mir

PG Scholars, School of
Agriculture, Lovely Professional
University, Punjab, India

Manish Bakshi

Assistant Professor (Fruit
Science), School of Agriculture,
Lovely Professional University,
Punjab, India

Corresponding Author:

Nidhi Chauhan

PG Scholars, School of
Agriculture, Lovely Professional
University, Punjab, India

Effects of gibberellins and Promalin on the
growth and development of fruit crops: A review

Nidhi Chauhan, Jyoti Bharti Sharma, Kanchan Rana, Wasif Mir and
Manish Bakshi

Abstract

Gibberellins are the organic compounds which tend to regulate several metabolic processes in the plants.
They play an important role in the enhancement of efficiency of fruit crops in terms of growth, quality
and yield. GAs are naturally synthesized by the higher plants but in insufficient amounts. Therefore, the
exogenous applications of GA at different concentrations and at different stages of growth drastically
increase the seed germination, stem elongation, shoot initiation, flower induction, flower inhibition, fruit
set, fruit development and modify several other vital processes in the fruit crops. Similarly, Promalin is a
mixture of two naturally occurring plant growth regulators: gibberellic acid 4 and 7 (GA4t7), which
causes cell enlargement and elongation, and 6-benzyladenine (6-BA) which promotes cell division.
Promalin has been reported very effective especially in temperate fruit crops like apple, pear, cherry etc.
where it has proven beneficial for increased fruit set.
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Introduction

Gibberellins are the longest phytohormones among the class of all the plant hormones. The
main functions of gibberellins are to increase internodal length of the stem resulting in
reduction of dwarf stature of the plant, enhancing seed germination, breaking seed dormancy
and inducing flowering and fruit set in plants (Reid et al., 1992; Suge, 1985; Karssen et al.,
1989; Brian, 1959; Prang et al., 1997; Jong et al., 2009) [54 69 31.5.50. 291 ' GA is synthesized in
the growing organs of the higher plants through methyl erythritol phosphate pathway (Sponsel,
1995) 61, Initially GA was recognized from a fungus called Gibberella fujikuroi which is the
causal agent of the foolish seedling disease in rice (Tudzynski, 1999; Stowe and Yamaki,
1957) 75881 A Japanese scientist Eiichi Kurosawa (1926) reported that the fungus Gibberella
fujikuroi releases some chemical which acts as a stimulus for the elongation of stem and shoots
in rice (Kalra and Bhatla, 2018; Hedden and Sponsel, 2015) [ 22, In 1930s, Teiijro Yabuta
and Yusuke Sumiki isolated this compound and gave it the name “gibberellin” (Yabuta and
Sumiki 1938) [, Later on, in 1950s, GA was isolated from the plants and identified in all the
plants and microorganism species especially bacteria and fungi (Rademacher, 1994) [,
Various enzymes take part in the biosynthesis of GA namely ent-copalyl diphosphate synthase
(CPS), ent-kaurene oxidase (KO), ent-kaurene synthase (KS), ent-kaurenoic acid oxidase
(KAO), GAz-oxidase, GA: oxidase, GAs oxidase, cytochrome Psso monoxygenase and a-
ketoglutarate dependent dioxygenase (Grennan, 2006) 181, The precursor of gibberellins is
Geranyl diphosphate (GPS), which is a 20 carbon compound (Schie et al., 2007) B8, GA
consists of 2 hydroxyl groups, a carboxyl group and a lactone ring, therefore, these are known
as tetracyclic diterpenoid compounds (Tian et al., 2017) 31, More than 125 gibberellins have
been isolated from the higher plants, bacteria and fungi out of which GA1, GA2, GAs, GA4 and
GA; are widely studied and used all around the world (Hedden and Sponsel, 2015) [?21, In
addition to these, Promalin is a synthetic derivative of gibberellins which is the mixture of GA4
and GA- and 6-Benzyladenine. It helps in the elongation and enlargement of fruit cells (cell
division), improves the size and shape of fruits and also helps in fruit setting.

Effect of gibberellins in breaking seed dormancy and inducing seed germination in
temperate fruit crops

Seed dormancy is a resting stage in which seed is viable but is not able to germinate even if all
the environmental conditions are favorable. Seed dormancy is sometimes an undesirable
character and possesses many reasons which include the hard seed coat (External factor),
presence of immature embryo or higher concentration of Abscisic acid (ABA) in the seed
(internal dormancy) etc. Seed dormancy is most commonly found in temperate fruit crops after
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the ripening of fruits (Campoy et al., 2011) [6. Scarification is
a mechanical method of reducing the seed coat dormancy,
whereas internal seed dormancy can be overcome by the
stratification (Usberti and Martins, 2007; Gusano et al., 2004)
[76. 201 But there are certain limitations of both methods. In
mechanical scarification, there are higher chances of embryo
damage whereas, stratification is a time intensive process
(Rostami and Shasavar, 2009; Webb and Dumbroff, 2011) %6
81, Apart from these, treatment of seeds with gibberellins
have also been found effective for terminating the seed rest.
GA counteracts the effect of ABA and maintains the balance
between GA-ABA in the embryo (Skubacz and Golec, 2017)
(631, Stratification takes more time (minimum 2-3 months) to
break the dormancy, whereas GA induces the seed
germination earlier than it. However, GA is less effective if
the seed coat is intact with the seed but when the seed coat is
removed, it accelerates the germination process rapidly
(Nekrasova, 1960) 2, Some important temperate fruit crops
for which the gibberellin is used for breaking dormancy and
enhancing seed germination have been described below.

Apple

For breaking the dormancy in apple (Malus domestica B.)
seeds, stratification in moist sand at 4-7°C for 3 months is
most commonly practiced. Seed stratification combined with
seed treatment with GA gives better results and reduces the
chilling requirements (Pipinis et al., 2015) “°. Treatment of
apple seeds with GAs (500 ppm) for 40 hours resulted in
higher germination percent, better seedling growth and
saplings survival (Wani et al., 2014) ¥, GA in combination
with other growth hormones has also reported very effective
in enhancing the seed germination. During seed stratification,
application of a mixture containing gibberellic acid (GAs),
salysylic acid (SA), jasmonic acid and 6-benzylaminopurine
(BAP) in addition with breaking seed dormancy, stimulate the
seed germination and seedling growth, enhance the
chlorophyll content as well as increase the PSII efficiency to
the maximum rate (Gornik et al., 2018) [l Similarly,
combination of GAs (5x107° M), BA (5x107¢ M) and ethephon
(10 mg/l) has also reported to enhance the germination of
embryos, excised from the dormant or partly stratified seeds
of apple (Sinska, 1989) [¢2,

Cherry

Among all the species of cherry, sour cherry (Prunus cerasus)
requires the longest duration for stratification which is about
90 to 150 days at a temperature range of 33-41° F (Carroll,
2017) 1, Also, poor seed germination is a major problem
particularly in early maturing varieties of sweet cherry which
is a major concern for the breeders and nurserymen.
Therefore, both chilling requirement and poor germination
can be reduced by soaking the cherry seeds (Mazzard and
Mahaleb) in 100 ppm gibberellin solution (Pillay et al., 1965)
1481, Centinbas and Koyuncu (2006) ! recorded the higher
germination percentage of Mazzard seeds (without seed coat)
upto 80% after 120 days of stratification with 500 ppm GAs.

Peach

About 60 to 100 days are required for the stratification of
peach (Prunus persica) seeds at a temperature range between
4°C and 7°C. GAs applied before the seed stratification
increases seed germination percentage when the seeds are
incubated for at least 35 days at 5°C (Thomas and Rachmiel,
1986). With the application of GA in a moist medium, the
stratification period in Elberta variety has been recorded only
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35 days at a temperature near to the freezing temperature
(Donoho and Walker, 1957) [*2, Combination of seed soaking
in water and seed treatment with 2000 ppm GAs has also been
found to increase germination rate and seedling growth in
peach, plum and apricot (Shah et al., 2013) 59,

Almond

The standard time period required for the stratification of
almond seeds is about 2 months at 4°C (Reddy, 2020) [,
This long duration of time was significantly reduced and
higher percentage of seed germination was achieved within 5
days under in vivo and 10 days under in vitro conditions by
treating the seeds of wild almond species with GAs + H.0:
combination (Zeinalabedini et. al., 2009) 7],

Effect of gibberellins on flower induction and flower
inhibition in fruit crops

GA has the utmost importance in the induction as well as in
inhibition of flowering in various fruit crops. As per the
demonstration of Lord and Eckard (1987) %, it was proved
that as long as the sepals have not developed, GA prevents the
flower formation. Although, the inhibitory action of
gibberellins is more evident as compared to flower induction
but during vernalization, GA acts as florigen and is highly
responsible for inducing the flowering in the fruit crops.
Gibberellins induce the flowering mostly in long day plants
and have the capacity to replace the environmental conditions
which favour the flower induction (King et al., 2006) 21, In
most of the fruit crops, the phenomenon of flower induction
through GA is not much clear but it largely contributes in
prevention or delaying the flowering in various fruit crops.

Citrus

There is a contention about the actual role of gibberellins on
floral induction and floral differentiation in citrus. During the
expected period of flower induction and differentiation, it was
reported that, environmental conditions (Late autumn-early
winter decreasing temperature) were the actual reasons behind
the flower induction, not GAs and on the other hand, several
experiments were conducted and reported that GAs and GAa+
mixture are responsible for inhibiting the flowering in citrus
rather than inducing it (Monselise and Halevy, 1964) 4,
Guardiola et al., (1982) [*°], reported that, inhibitory action of
GAs is found significantly high in late summers and early
autumns whereas, Monselise and Halevy (1964) 4, reported
the maximum flower inhibition during January. Studies
indicate that application of GA before flowering also
counteracts the floral induction in citrus (Garmendia et al.,
2019) (431,

Strawberry

Gibbrellic acid has a potent reported role in growth, flowering
and yield in strawberry (Fragaria x ananassa Duch.). GAs
application at a concentration of 50 mg/l resulted in early
flower emergence, hastened the flowering and number of
flower buds in the strawberry cultivars, whereas, the higher
concentration of GAs (>200 mg/l) resulted in flower
inhibition and formation of malformed berries consequently
lowered the yield (Paroussi et al., 2002) [*3],

Apricot

GAs @ 100 to 1000 ppm prior to pit hardening stage
significantly delays the flowering and inhibits the flower bud
as well as vegetative bud development in apricot along with
cherry and almond (Bradley and Crane, 1960) [“. Spraying
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higher concentration of gibberellic acid (300 mg/l) at the end
of September had also been found to inhibit flower opening
and fruit set and delayed full bloom upto 10 days in
Shahroudi cultivar of apricot (Moghadam and Mokhtarian,
2006) 01,

Effect of gibberellins on fruit set and fruit development
Fruit set

After successful pollination and fertilization, ovary of flower
is developed into fruit, resulting in fruit set. Sometimes fruit
set also occurs in the absence of pollination and fertilization,
consequently give rise to parthenocarpic or seedless fruits.
Initially auxins were widely used for fruit setting but now
gibberellins are reported to give better results than the auxins.
GA successfully replaces the fertilization process in flowers
and induces the parthenocarpy in fruit crops.

Guava

Mahmood et al., (2016) B concluded in their study that,
foliar application of 200 ppm concentration of GA resulted in
better fruit set of parthenocarpic fruits in guava with
improved growth of fruits, high ascorbic acid and better TSS
than the B-NOA which significantly failed to produce any
parthenocarpic fruit in guava. Similarly, parthenocarpic fruits
were also obtained from emasculated guava flowers with the
application of 8000 ppm potassium salt of GA mixed with
lanolin paste (Shanmugavelu, 1962) 69,

Mango

Non-pollinated mango flowers treated with 500 ppm GAs +
prohexadiona (0 to 100 ppm) resulted in setting of
parthenocarpic nubbins which survived better than the seeded
fruits (Ogata et al., 2009) 3. Highest flesh yield of Srisaket
cultivar of Kaewmang (Mangifera indica L.) with the
application of GAs @ 1953.25 ppm per hectare has been
achieved (Benjawan et. al., 2006) [,

Cranberry

GA application in cranberry (Vaccinum macrocarpon) has
shown mixed results. Fruit set shows an increment with the
application of gibbrellic acid but the similar results are not
observed vis-a-vis vegetative growth. Application of GAj;
resulted in a rise in fruit set in cranberries cv. Early Black
with application of 300 mg/l GA at 25%, 50%, and 100%
blooming but it also resulted in formation of abnormal shoots
in the vines of cranberry (Devlin and Demoranville, 1967) 14,

Fruit development

Fruit development refers to the enlargement of the cells
resulting in increased fruit size after the fruit has been set
successfully on the tree. Application of gibberellins during the
developmental stages gives the best outcomes in terms of
increased fruit size and yield. Larger and firmer fruits of
cherry are obtained with application of gibberellins 20 to 30
days before harvesting (Looney and Lidster, 1980) 4.

Effect of gibberellins on fruit thinning

Fruit trees of temperate fruit crops (mostly pome and stone
fruits) bear the flowers heavily which yield the fruits of
reduced size with inferior quality thus, resulting in poor
marketability. To maintain the adequate number of the fruit
producing flowers, hand thinning is most common method but
is time and labour intensive. Therefore, gibberellins are
reported to successfully replace the hand thinning without
damaging the fruit producing flowers. Initially, the effect of
GA on the fruit thinning was studied in Prunus sp. by Hull
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and Lewis in 1959. In peach, flower initiation is proved to
anticipate by the application of GA during floral induction
period (Clanet and Salles, 1976) . Sprays of 1000 ppm GA
significantly reduces the flower numbers in apricot, peach,
nectarine, plum and prunes and promotes the fruit set and
yield (Southwick et al., 1995) %31, Numbers of flowers of
Redskin peach variety are reduced with the sprays of 75 ppm
GAs, when applied during flower initiation and just before the
leaf fall (Painter and Stembridge, 1972) [ 4. Significant
depreciation in the flower numbers of sweet cherry was
achieved with the application of 100 ppm GA, when applied
43 DAFD (Proebsting and Mills, 1974). Similarly, decreased
terminal flower numbers have been found in sweet cherry
with 20 ppm GA, when sprayed 19 days before the harvesting
(Facteau et. al., 1989) 4. Application of GA (50 ppm) in
early June caused the reduction in the flowers of Patterson
cultivar of apricot upto 50% (Southwick et al., 1997).
Inhibition of flower bud formation in one and two years old
apple plant (Cox’s Orange Pippin) has been achieved with the
application of 500 ppm GA and GA4~ whereas, GAs showed
lesser effect and GA4 & GAs had no effect on the floral buds
(Tromp, 1981) [, Similarly, Luckwill, (1979) %8, described
that the formation of flower buds is diminished with the
application of 550 ppm of GAs in Golden Delicious apple
cultivars whereas, daminozide resulted in increased number of
floral buds.

Effect of promalin on fruit crops

Promalin, a synthetic derivative of gibberellin has recorded to
promote various growth and developmental mechanisms
especially in temperate fruit crops which include,
enhancement in fruit size and shape, russeting control,
promoting shoot numbers and spurs in fruit trees. In addition
to GA4 and GA», promalin also contains one more ingredient
i.e. 6-Benzyladenine, by nature which is a synthetic derivative
of cytokinin. Cytokinins are subjected to promote cell
division in plants while, the gibberellins help in the elongation
of cell and growth of the plant organs (Westfall et al., 2013)
(811 Several positive effects of promalin have been found
mostly on the pome fruits (apple & pear) in terms of enhanced
fruit quality, increment in lateral shoots and branching,
reduction in fruit russeting etc.

Control of fruit russeting

Fruit russeting is a serious problem in apples caused by
several bacterial species (Erwinia herbicola, Pseudomonas sp.
etc.). The symptoms of this disease are corkiness of lenticels
and formation of tan markings, shaped like rain splashed
water droplets on the epidermis favored by cool weather and
wet fruits. Fruit russeting can be controlled by application of
gibberellins to the infected fruits (Taylor, 1978) ["l. GA4+,
doses (62.5, 125 and 250 mg/l) significantly declined the
russeting in Golden Delicious cultivar of apple (Eccher and
Boffelli, 1981) [*31. Similarly, not only does GA has its effect
on fruit russetting, but it also enhances the quality of the fruits
by making the fruit skin smoother (Pesteanu, 2012) [,
Application of promalin (1.25 L/ha) at pink bud stage or at
full bloom resulted to increase the fruit size and significantly
decreased the russeting in Fuji and Imperial Gala apple
cultivars growing in the moderate winter conditions of the
southern Brazil (Leite et al., 2005) [*31,

Effect on branching and shooting

Application of promalin mixed with brown paint on one-year-
old wood of sweet cherries near to bud burst stage gave rise to
lateral shoots and increased the spur numbers as well as
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exhibited some localized effect on the plant which led to the
emergence of new lateral branches above the area where it
was applied (Miller, 1983) 8, Similar effects were obtained
by Jacyna and Lipa (2008) ?" on the two cultivars Regina and
Schneider of sweet cherry with the application of 5g/l of
promalin mixed with acrylic paint on the beheaded leader,
resulted in the induction of new lateral shoots followed by
increased flowering and fruiting in the cherry.

Promalin along with PPss; @ 250 ppm when applied to pear
cv. Gola at petal fall stage has reported to reduce the terminal
growth of tree, increase shoot numbers and canopy spread
while the PPsss treatments enhanced the spur numbers on the
tree (Bist, 1989) 1. Likewise, Gola pear cultivar treated with
250 ppm promalin and 1000 ppm SADH resulted in
controlled enormous upright tree growth while promalin alone
reported to induce lateral shoots and improved fruit quality
when compared with SADH (Rai and Bist, 1991) 52, Highest
branching percentage with the application of promalin @
1000 ppm from Morettini pear cultivar was found while the
highest shoot length was obtained with 750 ppm promalin
(Yildirim et al., 2010). Three applications of promalin on
Gala, Fuji, MclIntosh and Empire cultivars of apple induced
the lateral branches significantly with acute angles and had

least negative impact on the tree (Robinson and Sazo, 2013)
1551

Effect on fruit quality

Two sprays of promalin @ 125 ml/hl and 140 ml/hl on two
apple cultivars Golden Delicious and Red Delicious at 80%
blossoming resulted in a remarkable increase in the fruit size,
improved fruit shape and reduced the number of seeds in the
fruit respectively (Icka and Robert, 2009) 24, Similarly, two
sprays of promalin @18 mg/l on Tsugaru cultivar of apples
after complete opening of king bloom drastically enhanced
the leaf area, leaf weight, fruit weight and decreased the
number of seeds/fruit (Youn et al., 2001) [8 Two
applications of promalin (100 & 150 ppm) at weekly intervals
incremented the fruit weight, length, diameter and fruit shape
of the Fuji cultivar of apple (Yildirim et al., 2015) 1, spray
of yeast extract at concentration of 200 ppm along with 50
ppm promalin significantly enhanced the fruit set, physical
properties (fruit weight, volume, juice content etc.) and
chemical properties (juice TSS% and acidity/TSS ratio) in the
Jaffa cultivar of orange (Bakry 2007) [4,

Conclusion

Among all the gibberellins, GAs has wider applications in
order to control different growth and developmental processes
in the fruit crops and imparts relatively no phytotoxic effect.
However, some amount of endogenous GA naturally occurs
in plants but the exogenous applications of gibberellins at
various stages of growth modify several phenomena in plants
including seed germination, stem elongation, flowering
control, fruit set etc.

References

1. Bakry KA. Response of Jaffa Orange Cultivar to Spray
with Yeast Extract and Promalin. Egypt. J. Appl. Sci
2007;22(10A):195-210.

2. Benjawan C, Chutichudet P, Chanaboon T. Effect of
Gibberellin (GAs) on Fruit Yield and Quality of Kaew
Mango (Mangifera indica L.) cv. Srisaket 007 in
Northeast Thailand. Pak. J. Biol. Sci 2007;9(8):1542-
1546.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

~ 1287~

http://www.phytojournal.com

Bist LD. Influence of PPsss, Alar, CCC and Promalin on
Macronutrient Status of Pear Leaf. IS on Diagnosis of
Nutritional Status of Deciduous Fruit Orchards
1989;274:43-50.

Bradley MV, Crane JC. Adverse Effect of Gibberellin on
Bud Development in some Stone-fruit Plants. California
Agriculture 1960;14(10):12-12.

Brian PW. Effects of Gibberellins on Plant Growth and
Development. Biological Reviews 1959;34(1):37-77.
Campoy JA Ruiz D, Egea J. Dormancy in Temperate
Fruit Trees in a Global Warming Context: A Review. Sci.
Hortic 2011;130(2):357-372.

Carroll B. Propagation of Fruit and Nuts by Seed.
Oklahoma Cooperative Extension Service 2017, HLA-
6211.

Centinbas M, Koyuncu F. Improving Germination of
Prunus avium L. Seeds by Gibberellic Acid, Potassium
Nitrate and Thiourea. Hort. Sci 2006;33(3):119-123.
Clanet H, Salles JC. Chemical Thinning of Peach: New
Prospectes, Use of Gibberellic Acid. Pomol. Fr 1976,
175-184.

Deckers T, Schoofs H. Improvement of Fruit Set on
Young Pear Trees Cultivar Conference with Gibberellins.
Acta Hortic 2002;596:735-743.

Devlin RM, Demoranville IE. Influence of Gibberellic
Acid and Gibrel on Fruit Set and Yield in Vaccinium
macrocarpon cv. Early Black. Physiologia Plantarum
1967;20(3):587-592.

Donoho CW, Walker DR. Effect of Gibberellin in
Breaking of Seed Rest Period of Elberta Peach. Sci. Hort
1957;126:1178-1178.

Eccher T, Boffelli G. Effect of Dose and Time of
Application of GA4son Russeting, Fruit Set and Shape of
‘Golden  Delicious’  Apples.  Scientia  Hortic.
(Netherlands) 1981;14(4):307-314.

Facteau TJ, Rowe KE, Chestnut NE. Flowering in Sweet
Cherry in Response to Applications of Gibberellic Acid.
Sci. Hortic 1889;38:239-245.

Garmendia A, Beltran R, Zornoza C, Breijo FJG, Reig J,
Merle H. Gibberellic Acid in Citrus spp. Flowering and
Fruiting: A Systematic Review. PLoS One 2019;14(9).
Ghosh S, Halder S. Effect of Different kinds of
Gibberellins on Temperate Fruit Crops: A Review. The
Pharma Innovation Journal 2018;7(3):315-319.

Gornik K, Grzesik M, Janas R, Zurawicz E, Chojnowska
E, Goralska R. The Effect of Apple Seed Stratification
with Growth Regulators on Breaking the dormancy of
Seed, the Growth of Seedling and Chlorophyll
Fluorescence. Research Institute of Horticulture
2018;26(1):37-44.

Grennan AK. Gibberellin Metabolism Enzyme in Rice.
Plant Physiology 2006;141(2):524-526.

Guardiola JL, Monerri C, Agusti M. The Inhibitory
Effect of Gibberellic Acid on Flowering in Citrus.
Physiologia Plantarum 1982;55(2):136-142.

Gusano MG, Gomez PM, Dicenta F. Breaking Seed
Dormancy in Almond (Prunus dulcis (Mill.) DA Webb).
Sci. Hortic 2004;99(3-4):363-370.

Harris SMWR, Latimer J, Wright R. Effect of Pruning,
Defoliation and Promalin on New Shoot Development of
Boxwood. J. Env. Hort 2004;22:124-128.

Hedden P, Sponsel V. A Century of Gibberellin
Research. Journal of Plant Growth Regulation
2015;34(4):740-760.


http://www.phytojournal.com/

Journal of Pharmacognosy and Phytochemistry

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Hull J, Lewis LN. Response of one-year-old Cherry and
Mature Bearing Cherry, Pear, Peach, Apple Trees to
Gibberellin. Pro. Amer. Soc. Hort. Sci 1959;74:93-100.
Icka P, Robert D. Effect of Promalin on Fruit Shape and
Quality of Golden and Red Delicious Cultivars at the
Region of Korca. Annals “Valahia” University of
Targoviste Faculty Environmental Engineering and
Biotechnology 2009;(4-8):2065-2720.

Jackson DI. Gibberellin and the Growth of Peach and
Apricot Fruits. Aust. J. Biol. Sci 1968;21:209-215.
Jacyna T, Wood DES, Trappitt SM. Application of
Paclobutrazol and Promalin in the Training of ‘Bing’
Sweet Cherry Trees. New Zealand Journal of Crop and
Horticultural Science 1989;17(1):41-47.

Jacyna T, Lipa T. Induction of Lateral Shoots in
Unpruned Leaders of Young Sweet Cherry Trees. Journal
of Fruit and Ornamental Plant Research 2008;16:65-73.
Johann G. Effect of Growth Regulators on Branching
Habit of some Apple Cultivars in The Nursery. ISHS
Acta Horticulturae 1982;137:87-94.

Jong MD, Mariani C, Vriezen WH. The Role of Auxin
and Gibberellin in Tomato Fruit Set. J. Exp. Bot
2009;60(5):1523-1532.

Kalra G, Bhatla SC. Gibberellins. Plant Physiology,
Development and Metabolism 2018;617-628.

Karssen CM, Zagorski S, Kepczynski J, Groot SPC. Key
Role of Endogenous Gibberellins in the Control of Seed
Germination. Annals of Botany 1989;63(1):71-80.

King RW, Moritz T, Evans Lloyd T, Martin J, Andersen
CH, Blundell C et al. Regulation of Flowering in the
Long-Day Grass Lolium temulentum by Gibberellins and
the Flowering Locus T Gene. Amer. Soc. of Plant Biolog
2006;141:498-507.

Leite GB, Petri JL, Basso C. Promalin Effect on Imperial
Gala and Fuji Apple Trees Fructification. X IS Plant Bio.
Fruit Production 2005;727:267-278.

Looney NE. Improving Fruit Size, Appearance and Other
Aspects of Fruit Crop “Quality” with Plant Bioregulating
Chemicals. VII IS on Plant Growth Regulators in Fruit
Production 1992;329:120-127.

Lord EM, Eckard KJ. Shoot Development in Citrus
sinensis L. (Washington Navel Orange). Il. Alteration of
Developmental Fate of Floering Shoots after
GAsTreatment. Botanical Gacette 1987;148(1):17-22.
Luckwill LC. The Effects of Daminozide and Gibberellic
Acid on Flower Initiation, Growth and Fruiting of Apple
cv. Golden Delicious. J. Hort. Sci. 2015,54(3).

Mahmood S, Hasan MN, Ali SMY, Ripa RA, Hossain
MG. Effect of Plant Growth Regulators on Fruit Set and
Quality of Guava. Turkish J. Agri., Food Sci. and Tech
2016;4(12):1088-1091.

Miller P. The use of Promalin for Manipulation of
Growth and Cropping of Young Sweet Cherry Tree
Journal of Horticultural Science 1983;58(4):497-503.
Moeller RG, Shalom L, Shlizerman L, Sanuvls S, Zur N,
Ophir R et al. Effects of Gibberellin Treatments during
Flowering Induction Period on Global Gene Expression
and the Transcription of Flowering- Control Genes in
Citrus Buds. Plant Sci 2013;198:46-57.

Moghadam EG, Mokhtarian A. Delaying Apricot (cv.
Shahroudi) Flower Induction by Growth Regulators
Application. J. Applied Sci 2006;6:66-269.

Monselise SP, Halevy AH. Chemical Inhibition and
Promotion of Citrus Flower Bud Induction. Proc. Amer.
Soc. Hort. Sci 1964;84:141-146.

42,

43.

44,

45,

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

~ 1288~

http://www.phytojournal.com

Nekrasova TV. The Effect of Gibberellic Acid on Seed
Germination and Seedling Growth of Fruit Trees.
Fiziologiya Rastenii 1960;7:106-9.

Ogata T, Tamura H, Hamada K, Hasegawa K. Effect of
Gibberellin on Setting and Growth of Non-Pollinated
Parthenocarpic Fruit in Mango. Proc. XI, IS on plant
Bioregulators in Fruit Production 2010;884:597-604.
Painter JW, Stembridge GE. Peach Flowering Responces
as Related to Time of Gibberellin Application. Hort
Science 2010;7:389-390.

Paroussi G, Voyiatzis DG, Paroussi E, Drogoudi PD.
Growth, Flowering and Yield Responses to GAs of
Strawberry Grown Under Different Environment
Conditions. Sci. Hort. 2002;96:103-113.

Pesteanu A. Effect of Application with Gibberellin
(GA4+7) on Russeting of Golden Delicious Apples.
Bulletin UASVM Hort 2015;72(2):395-401.

Pflanz M, Gebbers R, Zude M. Influence of Tree
Adopted Flower Thinning on Apple Yield and Fruit

Quality  Considering  Cultivars  with  Different
Predisposition  in  Fructification.  Acta  Hortic
2016;1130:605-612.

Pillay DTN, Brase KD, Edgerton LJ. Effects of

Pretreatments, Temperature and Duration of After-
Ripening on Germination of Mazzard and Mahaleb
Cherry Seeds. Proc. Amer. Soc. Hort. Sci 1965;86:102-
107.

Pipinis E, Milios E, Georgiou M, Smiris P. Effects of
Gibberellic Acid and Cold Stratification on Seed
Germination of two Sorbus species. Forestry Ideas
2015;21(49):107-114.

Prang L, Stephan M, Schneider G, Bangerth F.
Gibberellin Signals Originating from Apple Fruit and
their Possible Involvement in Flower Induction. VIII 1S
plant Bioregulation in Fruit Production 1997;463:235-
242,

Rademacher ~ W.
Microorganisms.
1994;15(3):303-314.
Rai N, Bist LD. Effects of Promalin, SADH and
Chlomequat on Tree Growth, Flowering, Fruit Set, Yield
and Fruit Quality of Gola Pear. J Hort. Sci
1991;66(44):443-447.

Reddy J. Almond Seed Germination Time, Temperature
(Badam). Agri Farming 2020.

Reid JB, Ross JJ, Swain SM. Internode Length in Pisum:
A New, Slender Mutant with Elevated Levels of Cio
Gibberellins. Planta 1992;188(4):462-467.

Robinson TL, Sazo MM. Effect of Promalin,
Benzyladenine and Cyclanilide on Lateral branches of
Apple Trees in Nursery. Acta Hortic. XII IS on Plant
Bioregulators in Fruit Production 2013;1042:293-302.
Rostami AA, Shasavar A. Effects of Seed Stratification
on Seed Germination and Early Growth of Olive
Seedlings. J Biol. Sci 2009;9(8):825-828.

Santos PAA. Embryo Rescue of Spondias tuberosa and
Exogenous Application of GA. VII IS Production and
Establishment of Micropropagated Plants 2017;1224:39-
44,

Schie CCNV, Ament K, Schmidt A, Lange T, Haring
MA, Robert C. Geranyl Diphosphate Synthase is
Required for Biosynthesis of Gibberellins. The Plant
Journal 2007;52(4):752-762.

Shah RA, Sharma Arti, Wali VK, Jasrotia A. Effect of
Seed Priming on Peach Plum and Apricot Germination

Gibberellin Formation in
Plant Growth Regulation


http://www.phytojournal.com/

Journal of Pharmacognosy and Phytochemistry

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

and Subsequent Seedling Growth. Ind. J of Hort
2013;70(4):591-594.

Shanmugavelu KG. A Preliminary Study on the
Induction of Parthenocarpic Guava by Gibberelic Acid.
Ind. J. Hort 1962;19:128-129.

Sharkawy IE, She S, Abdulla M, Jayasankar S. Plum
Fruit Development Occurs Via Gibberellin-Sensitive and-
Intensive DELLA Repressors. Plos One 2017,12(1).
Sinska I. Interaction of Ethephon with Cytokinin and
Gibberellin during the Removal of Apple Seed Dormancy
and Germination of Embryos. Plant Sci 1989;64(1):39-
44,

Skubacz A, Golec AD. Seed Dormancy: The Complex
Process Regulated by ABA, Gibberellins and other
Phytohormones that Makes Seed Germination Work.
IntechOpen. Phytohormones-Signaling Mechanisms and
Crosstalk in Plant Development and Stress Responses
2017, 77-100.

Southwick SM, Glozer K. Reducing Flowering with
Gibberellin to Increase Fruit Size in Stone Fruit
Production. Hort. Tech 2000;10(4):744-751.

Southwick SM, Yeager JT, Zhou H. Flowering and
Fruiting in Patterson Apricot (Prunus armeniaca) in
Response to Post Harvest Application of GA. Sci. Hort
1995;60:267-277.

Sponsel VM. The Biosynthesis and Metabolism of
Gibberellins in Higher Plants. Plant Hormones 1995, 66-
97.

Stembridge GE, LaRue JH. The effect of Potassium
Gibberellate on Flower Bud Development in Redskin
Peach. J. Amer. Soc. Hort. Sci 1969;94:492-495.

Stowe BB, Yamaki T. The History and Physiological
Action of the Gibberellins. Annual Review of Plant
Physiology 1957;8(1):181-216.

Suge H. Ethylene and Gibberellin: Regulation of
Internodal Elongation and Nodal Root Development in
Floating Rice. Plant and Cell Physiology 1985;26(4):607-
614.

Suriyapananont V. Breaking Dormancy of Native Peach
Seeds. Acta Hortic 1990;279:481-488.

Taylor BK. Effects of Gibberellin Sprays on Fruit Russet
and Tree Performance of Golden Delicious Apple. J.
Hort. Sci 1978;53(3):167-169.

Thomas J, Gianfagna, Rachmiel S. Changes in
Gibberellin like Substances of Peach Seed during
Stratification. Physiologia Plantarum 1986;66(1):154-
158.

Tian H, Xu Y, Liu S, Jin D, Zhang J, Duan L et al.
Synthesis of Gibberellic Acid Derivatives and their
Effects on Plant Growth. Molecules 2017;22(5):694.
Tromp J. Flower Bud Formation in Apple as Affected by
Various Gibberellins. J. Hort. Sci 2015;57(3):277-282.
Tudzynski B. Biosynthesis of Gibberellins in Gibberella
fujikuroi: Biomolecular Aspects. Appled Microbiology
and Biotechnology 1999;52(3):298-310.

Usberti R, Martins L. Sulphuric Acid Scarification
Effects on Brachiaria brizantha, B. humidicola and
Panicum Maximum Seed Dormancy Release. Revista
brasileira de sementes 2007;29(2):143-147.

Veinbrants N, Miller P. Promalin Improves the Shape of
Delicious Apples in Victoria. Aus. J. Exp. Agri.
1981;21(113):623-630.

Visai C, Failla O, Eccher T. Effects of Promalin and
Paclobutrazol on Cracking and Quality of Neipling
Stayman Apples. ISHS Acta Hortic 1989;239:451-454.

79.

80.

81.

82.

83.

84.

85.

86.

87.

~ 1289~

http://www.phytojournal.com

Wani RA, Malik TH, Malik R, Baba JA, Dar NA. Studies
on Apple Seed Germination and Survival of Seedlings as
Affected by Gibberellic Acid under Cold Arid
Conditions. International Journal of Scientific &
Technology Research 2014;3(3):2277-8616.

Webb DP, Dumbroff EB Sc. Factors Influencing the
Stratification Process in Seeds of Acer Saccharum.
Canadian Journal of Botany 2011;47(10):1555-1563.
Westfall CS, Muehler AM, Jez JM. Enzyme Action in the
Regulation of Plant Hormone Responses. J. Biol Chem
2013;288(27):19304-19311.

Wittwer SH, Bukovac MJ, Sell HM, Weller LE. Some
Effects of Gibberellin on Flowering and Fruit Setting.
Plant Physiol 1957;32(1):39-41.

Yabuta T, Sumiki Y. The Crystallization of Gibberellins
A and B. J. Agri. Chem. Soc. Japan 1938;14:1526.
Yildririm AN, Koyuncu F, San B, Kacal E. The effect of
promalin and heading treatments on lateral shoot
formation in pear nursery trees. Journal of Natural and
Applied Sciences 2010,14(1).

Yildirim FA, Kepenet G, San B, Yildirim AN, Kacal E.
Effects of BA+GA4+ Treatments on Fruit Quality in Fuji
Apple Variety. Turkish J Agri. Nat. Sci 2015;2:1387-
1390.

Youn CK, Kim SK, Lim SC, Kim YH, Yoon T, Kim TS.
Effects of Promalin and Salycylic Acid Application on
Tree Growth and Fruit Quality of Tsugaru Apples. IX IS.
Plant Bio. Fruit Production 2001;653:151-154.
Zeinalabedini M, Majourhat K, Nekoui KM, Hernandez
JA, Gomez PM. Breaking Seed Dormancy in Long Term
Stored Seeds from Iranian Wild Almond species. Seed
Sci. & Tech 2009;37(2):267-275.


http://www.phytojournal.com/

