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DISCOVERY

 In 1940s, scientists isolated a

substance from Sycamore leaves

called Dormins. (Hemberg)

 In the early 1960s, Eagles and Philip

Wareing confirmed that application

of a dormin to a bud would induce

dormancy

 F.T. Addicott (1963) discovered a

substance stimulated abscission of

cotton fruit. He named this substance

as abscisin II

 In 1964, it became evident that the

three groups had discovered the

same plant hormone. Later on the

name was changed to abscisic acid

(ABA).

Platanus occidentalis

(Sycamore)
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CHEMICAL STRUCTURE OF ABA

The orientation of the

carboxyl group at

carbon 2 determines the

cis and trans isomers of

ABA.

Nearly all the naturally

occurring ABA is in the

cis form, and by

convention the name

abscisic acid refers to

that isomer.

FIG. 1: The chemical structures of the S (counterclockwise 

array) and R (clockwise array) forms of cis-ABA, and the (S)-

2-trans form of ABA. The numbers in the diagram of (S)-cis-

ABA identify the carbon atoms.
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OCCURRENCE OF ABA

Abscisic acid has been found to be a

ubiquitous plant hormone in vascular plants.

It has been detected in mosses but not in

liverworts.

Some fungi make ABA as a secondary

metabolite (Milborrow 2001).

A 15-C compound called lunularic acid has

been found in algae and liverworts.
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ABA is synthesized in all types of cells

that contain chloroplasts or other plastids.

It occurs predominantly in mature green

leaves.

ABA has been detected in all major organs

or living tissues from root caps to apical buds.

Phloem sap, xylem sap and in nectar.
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PHYSIOLOGICAL ROLES OF ABA

1. Promotes stomatal closing. 

2. Induces bud dormancy and seed dormancy. 

3. Promotes desiccation tolerance in the embryo. 

4. Promotes the accumulation of seed storage protein. 

5. Inhibits precocious germination and vivipary. 

6. Promotes root growth and inhibits shoot growth 

at low water potentials.
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Growth inhibitor

ABA is growth inhibitor hormone. It inhibits the growth of root, stem, leaf and coleoptile. Even its very 

low concentration is effective. Gibberellin reverses the effect of ABA. Thus plant resumes normal 

growth. Therefore, abscisic acid and gibberellic acid have opposite effects on plants.

Role in apical dominance

ABA makes the apical bud dormant in temperate species like Betula. Morus and fig. The growth a 

shoot apical bud ceases. It is eovered with scale leaves. These leaves are small, non green and 

membranous.

Role in seed dormancy

ABA also makes the seeds of several species dormant. Such seeds fail to germinate even under 

favourable conditions. Its affect can be reversed by the application of gibberellic acid.

Dormancy of bud

The shoot buds of temperate tree species become dormant in autumn season. Similarly, freshly 

harvested seeds of apple and peach do not germinate. The potato tubers fail to sprout soon after 

harvesting. All these are caused by accumulation of large amount of ABA in these organs. The 

concentration of ABA decreases and concentration of gibberellins increase in spring. Therefore, shoot 

buds sprout and the seeds start germinating in spring.

Effect of Drought

A large quantity of ABA accumulates in plant during drought or water deficiency. It has a biological 

advantage for the plant. ABA closes the stmnata. It prevents further loss of water,. Thus plant is able to 

conserve

available moisture and withstand the drought.

Promotion of abscission

Application of ABA promotes the abscission of leaves, flowers and fruits
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STOMATAL CLOSING
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1. ABA binds to its receptors.

2. ABA-binding induces the formation of reactive oxygen species, 

which activate plasma membrane Ca2+ channels.

3. ABA increases the levels of cyclic ADP-ribose and IP3, which 

activate additional calcium channels on the tonoplast.

4. The influx of calcium initiates intracellular calcium oscillations 

and promotes the further release of calcium from vacuoles.

5. The rise in intracellular calcium blocks K+ in channels.

6. The rise in intracellular calcium promotes the opening if Cl– out 

(anion)

channels on the plasma membrane, causing membrane 

depolarization.

7. The plasma membrane proton pump is inhibited by the ABA-

induced increase in cytostolic calcium and a rise in intracellular 

pH, further depolarizing the membrane.

8. Membrane depolarization activates K+ out channels.

9. K+ and anions to be released across the plasma membrane are 

first released from vacuoles into the cytosol.

10. Turgor of the guard cell decreases.

11. Stomatal closer.
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Water deficit in plants – water stressed plants.

1.Hydropassive control.

2.Hydroactive control.

Mutants that lack the ability to produce ABA

exhibit permanent wilting and are called wilty

mutants because of their inability to close their

stomata.
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CHANGES IN WATER POTENTIAL, STOMATAL           

RESISTANCE AND ABA CONTENT- water stress

As the soil dried out

water potential – leaf

ABA content 

+

Stomatal resistence
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DORMANCY OF SEEDS

Growth of the seed suspended -“dormant seeds”.

 Primary dormancy and secondary dormancy.

 Contolled by the ratio of ABA to GA

 Plant hormones and environmental factors alter

the germination process and in strict correlation

with this either promote (+) or inhibit (-) class I

ß-1,3-glucanase induction.

 ß-1,3-glucanase B gene (Glb)
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DORMANCY OF BUDS

 Dormant bud - shortened internodes and specially modified 

leaves – “BUD SCALES”

Most of the trees - buds formed late summer and remain 

dormant throughout winter.

 Levels of endogenous ABA is high.

 Herbaceous plants - eg. Potato

Potato – EYE (bud)                                         WOODY PLANT- BUD
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DESICCATION TOLERANCE IN EMBRYO

 An important function of ABA -developing seed -
desiccation tolerance.

 Levels of ABA in seeds peak during
embryogenesis.

 During the mid- to late stages of seed
development, specific mRNAs accumulate in
embryos.

 These mRNAs encode so-called late-
embryogenesis-abundant (LEA) poteins.

 Synthesis of many LEA proteins induced by ABA
treatment.
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PRECOCIOUS GERMINATION AND VIVIPARY

When immature embryos are removed from their
seeds and placed in culture midway they germinate
precociously.

ABA added to the culture medium inhibits
precocious germination.

This result, in combination with the fact that the level
of endogenous ABA is high during mid- to late seed
development, suggests that ABA is the natural
constraint that keeps developing embryos in their
embryogenic state.

Continued….
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 The role of ABA in preventing precocious

germination has been provided by genetic studies

of vivipary.

 During seed development , embryos of monocot

and dicot plants may fail to complete maturation

and germinate while the immature seed is still

attached to the maternal tissue. This phenomenon

is referred to as vivipary or preharvest sprouting.

 In maize, several viviparous (vp) mutants have

been selected in which the embryos germinate
directly on the cob while still attached to the plant.
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 Several of these mutants are ABA deficient (vp2,
vp5, vp7 and vp14) one is ABA insensitive (vp1).

 Vivipary in the ABA-deficient mutants can be
partially prevented by treatment with exogenous
ABA.

Precocious germination

in the ABA deficient vp14

mutant of maize. (The

VP14 protein catalyzes

the cleavage of 9-cis-

epoxycarotenoids to

form xanthoxal)
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SHOOT AND ROOT GROWTH

 ABA has different effects on the growth of roots and shoots, and the

effects are strongly dependent on the water status of the plant.

 Maize :

Two types of  seedlings were used     

(1) wild-type seedlings with normal ABA levels

(2) an ABA-deficient, viviparous mutant.
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 Abundant water supply (   )                               Limited water supply (    )

WILD TYPE                        MUTANT

Shoot growth

Root growth 

This suggests the following :
1. Endogenous ABA promotes shoot growth in well 

watered plants.
2. Endogenous ABA acts as a signal to reduce shoot 

growth only under    water stressed conditions.
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LEAF SENESCENCE

 The deteriorative processes that naturally terminate

their functional life referred to as “senescence”.

 Expression of senescence associated genes (SAGs)

increases.

 Hydrolytic enzymes- proteases, ribonucleases,

lipases.
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ABA TRANSPORT IN PLANT

 Externally applied ABA – distributed in all directions.

Cell to cell transport is slow.

 ABA synthesized in root cap transported to central

vascular tissue.

 Transported mostly in its free form.

 Transported in a conjugated form as ABA - ß- D-

glucosyl ester.
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SUMMARY

 ABA is a 15-carbon Sesquiterpenoid compound derived from the

terminal portion of carotenoids.

 ABA is synthesized in all types of cells that contain chloroplasts or

other plastids

 Abscisic acid plays major roles in seed and bud dormancy, as well as

responses to water stress.

 The level of ABA fluctuates dramatically in response to

developmental and environmental changes.
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