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                                  Gibberellins (GAs) 

   
 

• Gibberellins (GAs) are plant hormones that regulate various 
developmental processes  including stem elongation, germination, 
dormancy, flowering, flower development, enzyme inducton and leaf and 
fruit senescence.  

• GAs are one of the longest-known classes of plant hormone.  

• Gibberellins have different effects on plant growth and the stem 
elongation is the most dramatic amongst all.  The stem starts to grow 
when it is applied in low concentration to a bush. The internodes grow so 
long that the plants become indistinguishable from climbing. The 
Gibberellins overcome the genetic limitations in different dwarf varieties. 

• There are more than 70 gibberellins isolated. They are GA1, GA2, GA3 and 
so on. GA3 Gibberellic acid is the most widely studied plant growth 
regulators. 
 

Discovery of Gibberellin:                                                                                                                                                                                

The effect of gibberellins had been known in Japan by E. Kurosawa  since early 

1800 where certain rice plants were found to suffer from bakane or bakanae 

(foolish seedling) disease. 

He observed that such rice plants were thin, pale green, spindle shaped, 

abnormally tall than the healthy plants and which never bore seeds. The disease 

was found by Hori (1918) and Kurosawa (1926) to be caused by a fungus, 

Gibberella fujikori, perfect stage. The Conidial stage is Fusarium moniliforme. 

Kurosawa also found that a chemical produced by the fungus Gibberella fujikori  

is responsible for this bakane disease.The active substance was separated and 

named gibberellin by Yabuta and Sumiki (1935). Yabuta (1938) also prepared 

crystalline form of gibberellin (it actually consisted of six gibberellins). 

Gibberellic acid or GA3 was isolated in pure form by Brian et al in 1955. Cross 

(1961) worked out the structure of gibberellic acid, GA3. 

 

Bioactive GAs: 



The bioactive GAs are GA1, GA3, GA4, and GA7. The presence of GA1 in various 

plant species suggests that it is common bioactive gibberellins. 

There are two classes based on the presence of either19 or 20 carbons. The 19 
carbon forms are biologically active form of  gibberellins .There are certain 
structural requirement for gibberellins activity. A carboxyl group at C-7 is a 
feature of all biologically active gibberellins.GA3 is one of the most intensively 
studied gibberellin. It is chemically C19H22O6. 

        

Gibberellin A1 (GA1) 

  

 

Gibberellic acid (GA3) 

  

 

ent-Gibberellane 

  

 

ent-Kaurene 

 
Chemical nature: 
 All known gibberellins are diterpenoid acids that are synthesized by the 
terpenoid pathway in plastids and then modified in the endoplasmic 
reticulum and cytosol until they reach their biologically-active form. All 
gibberellins are derived via the ent-gibberellane skeleton, but are synthesised 
via  ent-kaurene. The gibberellins are named GA1 through GAn in order of 
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discovery. Gibberellic acid, which was the first gibberellin to be structurally 
characterized, is GA3. Gibberellins are tetracyclic diterpene acids. There are two 
classes based on the presence of either 19 or 20 carbons. The 19-carbon 
gibberellins, such as gibberellic acid, have lost carbon 20 and, in place, possess 
a five-member lactone bridge that links carbons 4 and 10. The 19-carbon forms 
are, in general, the biologically active forms of gibberellins. Hydroxylation also 
has a great effect on the biological activity of the gibberellin. In general, the most 
biologically active compounds are dihydroxylated gibberellins, which possess 
hydroxyl groups on both carbon 3 and carbon 13. Gibberellic acid is a 
dihydroxylated gibberellin.  
 

Distribution of Gibberellins in Plant: 
Gibberellins are found in all parts of higher plant including shoots, roots, leaves, 

flower, petals anthers and seeds. Gibberellins activity has also been shown in 

plastids. In general, reproductive parts contain much higher concentrations of 

gibberellins than the vegetative parts. 

Gibberellins Transport in Plant: 
Gibberellins have been found from both phloem and xylem exudates from a 

variety of plants. Unlike auxins, the transport of gibberellins in plants is non-

polar. It is believed that gibberellins are translocated through phloem according 

to a flow pattern which is similar to those of carbohydrates and other organic 

solutes. 

However, gibberellin transport may also occur in xylem due to its lateral 

movement between the two vascular tissues i.e., xylem & phloem. The gib-

berellins are not translocated in plant as free molecules but probably in their 

bound form as gibberellin-glycosides. The movement of gibberellins from 

scutellum to the cells of the aleurone layer in the germinating cereal seeds is 

well established. 

Biosynthesis of Gibberellins: 

The gibberellins which are chemically related to terpenoids (natural 
rubber, carotenoids & steroids) are thought to be formed by the 
condensation of a 5-C precursor—an isoprenoid unit called as isopentenyl 
pyrophosphate (IPP) through a number of intermediates to give rise to 
gibberellins. The primary precursor for the formation of this isoprenoid 
unit and synthesis of gibberellins is however, acetate. 
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Biosynthesis of gibberellins in plants is shown schematically in Figure: 

                                                                                                                                                                                                  

 
                   Figure: Biosynthesis of Gibberellins 

In plants GAs are biosynthesized in apical tissues and there are three main 
sites of their biosynthesis, (it) developing seeds and fruits, (ii) young leaves 
of developing apical buds and elongating shoots and (iii) the apical regions 
of roots. The pathway of GA biosynthesis can be divided into three stages 
each of which is accomplished in a different cellular compartment. 

(a) Stage I. Formation of terpenoid precursors and entkaurene in 
plastids: 

GAs are biosynthesized from a 5-C precursor IPP. The IPP may be 
synthesized either in plastids or cytosol. From IPP, 10-C (GPP), 15-C (FPP) 
and 20-C (GGPP) precursors of terpenoids are formed by condensation of 
5-C units (IPP). After the formation of GGPP, the pathway becomes specific 
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for GAs. GGPP is converted by two cyclization reactions through copalyI 
pyrophosphate into entkaurene. These reactions are catalysed by the 
enzymes cyclases which are located in pro-plastids and not in mature 
chloroplasts and in-fact constitute the first step that is specific for GAs. This 
step of GA biosynthesis is inhibited by compounds such as Amo-1618, 
Phosphon D and CCC. 

 (b) Stage II. Oxidations to form GA12 and GA53. on ER through 
GA12 aldehyde: 
The entkaurene is transported from plastids to ER (endoplasmic reticulum). 
Now a methyl group on entkaurene at 19th-carbon position is oxidised to 
carboxylic group which is followed by contraction of ring B from 6-C to 5-C 
ring structure to form GA12-aldehyde. GA12– aldehyde is subsequently 
oxidised to give GA12 which is precursor to all other GAs in plants. 
Hydroxylation of GA12 at C -13 results in the formation of GA53. 
The enzymes catalysing the above oxidation reactions are mono-
oxygenases which are located on ER and utilize cytochrome P450 in these 
reactions. Activity of these enzymes is inhibited by paclobutrazol and other 
inhibitors before GA12– aldehyde. 
 
(c) Stage III. Formation of all other GAs from GA12 or GA53in cytosol: 
All other steps in the biosynthesis of GAs from GA12 or GA53 are carried out 
in cytosol by soluble enzymes called dioxygenases. These enzymes require 
molecular O2 and 2-oxoglutarate as cosubstrates and use ferrous iron (Fe++) 
and ascorbic acid as cofactors. Activity of these enzymes is inhibited by 
cyclohexanetriones. 
Environmental factors such as temperature and photoperiod are known to 
affect biosynthesis of gibberellins. 

Bioassay of Gibberellins:  
 

1. Dwarf Pea: 

Seeds of dwarf pea are allowed to germinate till the formation of coleoptile. GA 

solution is applied to some seedlings. Others are kept as control. After 5 days, 

epicotyl length is measured. GA stimulates epicotyl growth with a concentration 

as low as 1 Nano gram. 

2. Barley Endosperm: 



Endosperms are detached from embryos, sterilized and allowed to remain in 1 

ml of test solution for 1-2 days. There is a build-up of reducing sugars. The 

content of reducing sugar is proportional to gibberellin concentration. Reducing 

sugars are not formed in control experiment where endosperms are kept in plain 

water. 

 Function of Gibberellin: 

 Seed Germination: Some seeds that are sensitive to light such as tobacco 
and lettuce exhibit poor germination in the absence of sunlight. 
Germination begins rapidly if the seeds are exposed to the sunlight. If the 
seeds are treated with gibberellic acid, the light requirement can be 
overcome. 

 BOLTING: Gibberellins induce sub-apical meristem to develop faster. This 
causes elongation of reduced stem or bolting in case of rosette plants 
(e.g., Henbane, Cabbage) and root crops [e.g., Radish). A weekly doze of 
O.J mg gibberellic acid made cabbage plants to grow taller than 3.5 m. 
Normally bolting occurs at the onset of reproductive phase. It is favoured 
in nature by either cold nights or long days. 
 
  

                   
   Figure: Effect of gibberellins on cabbage, A- Untreated, B- Treated 

 Vernalization: Vernalization or low temperature requirement of some 

plants can be replaced by gibberellins. 

 Dormancy of Buds: The buds that are formed in autumn stay dormant 
until next spring. This dormancy can be overcome by treating them with 
gibberellin. 
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 Root Growth: Gibberellins have almost no effect on the growth of roots. 
However, some inhibition of growth can occur at a higher concentration 
in a few plants. 

 Elongation of the Internodes: Internodes elongation is the most 
pronounced effects of gibberellins on plant growth. In many plants such 
as dwarf pea and maize, the genetic dwarfism can be overcome.For 
example, the dwarf pea plants have expanded leaves and short 
internodes. But the internodes expand and look like tall plants when 
treated with gibberellin. 

  Sex Expression: Gibberellins promote the formation of male flowers on 

genetically female plants of Cannabis. They can also replace female 

flowers with male flowers on monoecious plants of cucurbits. 

  Curvatures:In Sunflower, phototropic and geotropic responses of shoot 

tips are due to redistribution of gibberellins. 

Uses of Gibberellins: 

• Gibberellin is commercially obtained from fungi. It is used to facilitate the 
germination of seeds. 

• It is sprayed on the grapevines and used to enlarge them. 

• It is used on cucumber plants to produce all male flowers. This helps the 
farmers to obtain pollen of desired characteristics to be used for 
hybridization. 

• Biennial plants produce flowers only during low temperatures. When 
gibberellin is applied, these plants will flower irrespective of the low 
temperatures. 

• The dwarf varieties of plants which are genetic mutants can be made to 
grow by applying gibberellins to them. 
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