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GENERAL ACCOUNT AND ROLES OF AUXINS 

 
                                             Phyto/hormone 
 
                                         Plant                           Signal molecules 
 

 The term phytohormone means the hormones present within the plants. 
 Hormones produced by plants that control or regulate germination, 
growth, metabolism or other physiological activities are called 
phytohormone.  It is synthesized at one place and translocated at other 
place for action. 

 It occurs in extremely low concentrations. 
 

                                                       Growth Hormone 

 
 
                                Growth Promotor                      Growth Inhibitor 
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AUXIN 
 
 

 Auxin is first plant hormone to discover as a growth promoting chemical 
in the tip of a plant. It is plant hormone produced in the                                                                                                                                               
stem, buds and root tips that promote cell elongation. 

 It is natural or synthetically derived. 
 Auxin moves to the darker side of the plant, causing the cells there to 
grow larger than corresponding cells on the lighter side of the plant. This 
produces a curving of the plant stem tip towards the light, a plant 
movement known as phototropism. 

 Auxin also plays a role in maintaining apical dominance. Most plants have 
lateral buds ( axillary buds) located at nodes. Buds are embryonic 
meristem maintained in a dormant state. Auxin maintains this dormancy. 
As long as sufficient auxin is produced by the apical meristem, the lateral 
buds remain dormant. 

 If the apex of the shoot is removed, the auxin is no longer produced. This 
will cause the lateral buds to break their dormancy    and begin to grow. 

 In effect, the plant becomes bushier. When a gardener trims a hedge, they 
are applying apical dominance principle. 
 

 
 
                   Figure: movement of curvature due to auxin 

 



 

 

Discovery of auxin: 
Experiment # 1: Charles Darwin and Francis Darwin discovery 
Selected Plant : Canary grass 
The discovery of auxins dates back to last quarter of the 19th century when 
Charles Darwin was studying tropisms in plants. He exposed grass coleoptile to 
unilateral light and observed it to bend towards light. He covered the coleoptile 
tip with tin foil or cut it off so that it was not acted upon by light and observed 
that the coleoptile did not bend towards unilateral light. Thus he concluded from 
his experiments that some ‘stimulus’ is transmitted from upper to the lower part 
which induced bending of the coleoptile. These observations are recorded in his 
famous book on the “Power of Movement in Plants” (1880). 
Conclusion: Coleoptile of canary grass has a chemical which is receiving or 
responding  to the light. 
 

Experiment # 2: Boysen and Jensen discovery 

In 1913, Danish scientist Peter Boysen-Jensen demonstrated that the signal was 
not transfixed but mobile. He separated the tip from the remainder of the 
coleoptile by a cube of gelatine which prevented cellular contact but allowed 
chemicals to pass through. The seedlings responded normally bending towards 
the light. However, when the tip was separated by an impermeable substance, 
there was no curvature of the stem. 
Conclusion: Auxin is synthesized in the darker region ( opposite to light) and 
shows bending because of accumulation and elongation of cells present in dark 
side. 

 
 

Figure: Darwin and Boysen-Jensen work 
Experiment # 3 : F. W. Went discovery 



 

 

Selected Plant: Avena  sativa  

 
 
 

In 1928, the Dutch botanist Frits Warmolt Went showed that a chemical 
messenger diffuses from coleoptile tips. Went's experiment identified how a 
growth promoting chemical causes a coleoptile to grow towards the light. Went 
cut the tips of the coleoptiles and placed them in the dark, putting a few tips on 
agar blocks that he predicted would absorb the growth-promoting chemical. On 
control coleoptiles, he placed a block that lacked the chemical. On others, he 
placed blocks containing the chemical, either centered on top of the coleoptile 
to distribute the chemical evenly or offset to increase the concentration on one 
side. 

When the growth-promoting chemical was distributed evenly the coleoptile 
grew straight. If the chemical was distributed unevenly, the coleoptile curved 
away from the side with the cube, as if growing towards the light, even though 
it was grown in the dark. Went later proposed that the messenger substance is 
a growth-promoting hormone, which he named auxin, that becomes 
asymmetrically distributed in the bending region. Went concluded that auxin is 
at a higher concentration on the shaded side, promoting cell elongation, which 
results in coleoptiles bending towards the light.  

https://en.wikipedia.org/wiki/Frits_Warmolt_Went


 

 

Conclusion: The chemical is present in tip which is responsible for responding to 
light. 
# tips was placed on agar block , so chemical was diffused to that agar block. 
#Auxin is present in the tip of the plant. Went isolated this chemical from 
seedlings and gave the name  auxin. 
 

Chemical Nature: All auxins are compounds with aromatic ring and a 
carboxylic acid group. 

Natural native auxins: Indole-3-acetic acid (IAA) 

• Due to extremely small amount of this growth substance in the Avena 

coleoptile tips and lack of accurate methods of separating the 

constituents of the cells, it could not be possible to chemically analyse this 

growth substance at that time. This probably led to the exploration of 

other sources, chief of which are human urine, Rhizopus cultures, malt 

and corn-grain oil. 

• Kogl and Haagen Smit (1931) isolated an active substance from human 

urine which was called as Auxin-A (or Auxen triolic acid). Later on in 1934, 

a similar active substance was isolated from malt and corn-grain oil and 

was named as Auxin-B (or Auxenolonic acid). Neither of these two auxins 

has ever been isolated again and there is considerable doubt regarding 

their existence. 

                                             

• Re-examination of human urine by Kogl etal. (1934) and examination of 

Rhizopus culture by Thimann (1935) led to the isolation of a different 

substance which was named as heteroauxin (or other auxin). It appeared 

to be identical with an earlier known chemical compound called Indole-3-

Acetic Acid (IAA). 

• Indole-3-acetic acid (IAA) has now been identified in a great variety of 

higher plants including the Avena coleoptiles by using chromatographic, 



 

 

chemical and colourimetric methods, and is considered to be the only true 

natural auxin of the higher plants. 

Synthetic auxins: 2,4-Dichlorophenoxyacetic acid (2,4-D), Nepthaleneacetic 
acid (NAA) etc. 
 
 

•  

2,4-Dichlorophenoxyacetic acid (2,4-D); active herbicide and main auxin in laboratory use 

  

•  

α-Naphthalene acetic acid (α-NAA); often part of commercial rooting powders 

  

  

•  

4-Amino-3,5,6-trichloropicolinic acid(tordon or picloram); active herbicide 

  

•  

2,4,5-Trichlorophenoxyacetic acid (2,4,5-T) 

 

Distribution or location: Shoot apical meristem, seeds, root tips, young 

leaves and fruits. Its relative concentrations differ in different parts of plant. 

 
 
 

https://en.wikipedia.org/wiki/2,4-Dichlorophenoxyacetic_acid
https://en.wikipedia.org/wiki/1-Naphthaleneacetic_acid
https://en.wikipedia.org/wiki/4-Amino-3,5,6-trichloropicolinic_acid
https://en.wikipedia.org/wiki/2,4,5-Trichlorophenoxyacetic_acid
https://en.wikipedia.org/wiki/File:2,4-Dichlorophenoxyacetic_acid_structure.svg
https://en.wikipedia.org/wiki/File:Kwas_naftylooctowy.svg
https://en.wikipedia.org/wiki/File:Picloram.svg
https://en.wikipedia.org/wiki/File:2,4,5-T.svg


 

 

Biosynthesis of auxin: 
Tryptophan dependent pathway: In 1935, Thimann demonstrated that a 
fungus Rhizopus  suinus could convert an amino acid tryptophan into Indole-3-
acetic acid. Since then,it is generally held that tryptophan is primary precursor 
of IAA  in plants. 

Since then, it is generally held that tryptophan is primary precursor of IAA in 

plants. 

The indole-3-acetic acid (IAA) can be formed from tryptophan by 4 different 

pathways: 

(a) TAM (Tryptamine) pathway: 

Tryptophan is decarboxylated to form tryptamine (TAM) followed by 

deamination of the latter resulting in the formation of indole-3-acetaidehyde 

(lAld). The enzymes involved are tryptophan decarboxylase and tryptamine 

oxidase respectively. lAld is readily oxidised to indole-3- acetic acid (IAA) by the 

enzyme lAld dehydrogenase . 

(b) IPA (Indole-3-pyruvic acid) pathway: 

Tryptophan is deaminated to form indole-3-pyruvic acid (IPA) followed by 

decarboxylatin of the latter resulting in the formation of indole-3-acetaldehyde 

(lAld). The enzymes involved are tryptophan transminase and indole pyruvate 

decarboxylase . 

One of the above two methods (sometimes both) is most common pathway of 

formation of IAA in plants. 

(c) IAN (Indole-3-acetonitrile) pathway: 

It occurs in some plants especially those belonging to families Brassicaceae, 

Poaceae and Musaceae. 

Tryptophan is converted into IAA in the presence of the enzyme nitrilase. Indole-

3- acetaldoxime and indoIe-3-acetonitrile (IAN) are the intermediates . 

(d) Bacterial pathway: 

In some pathogenic bacteria such as Agrobacterium tumefaciens and 

Pseudomonas savastanoi, tryptophan is first converted into indole-3-acetamide 

(IAM) in the presence of tryptophan monooxygenase. IAM is then hydrolysed to 

IAA in the presence of the enzyme IAM hydrolase . The auxin (IAA) produced in 

this way often causes morphological changes in the host plant cells. 



 

 

(B) Tryptophan Independent Pathways: 

In recent years, experimental evidences for the existence of tryptophan 

independent pathway/s of IAA biosynthesis in higher plants have been obtained 

from mutants of maize and Arabidopsis (family Brassicaceae). The branch point 

for biosynthesis of IAA may be either indole or indole-3-glycerol phosphate with 

IAN and IPA as the possible intermediates. However, neither the immediate 

precursor of IAA in this pathway has yet been identified, nor relative importance 

of tryptophan dependent and independent pathways is clearly understood. 

 
             

                                                 
 
            Figure: Tryptophan dependent pathway 

 
 
 
Bioassay of auxins: It is testing of a biological activity like growth 

response of a substance. 



 

 

Avena curvature test: The Avena curvature test is a bioassay for auxin that 
measures the angle of curvature of a decapitated coleoptile after placing an agar 
block containing auxin on one side. 
 

 
Figure: Avena curvature test 

Functions of auxin: 
 

a) Cell enlargement 
b) Cell division- Auxin is known to promote division in the cells of vascular 

cambium. 
c) Root formation 
d) Apical dominance 
e) Inhibition of abscission- Auxin delays abscission of young leaves and 

fruits by non-formation of abscission zone below a leaf or fruit. 
f) Tropic movements-Differential distribution of Indole-3-acetic acid  

produces tropical plants responses like phototropism and geotropism. 
g) Parthenocarpy- Application of auxins (IAA,IBA)  to unpollinated pistils 

make them develop into seedless fruits or parthenocarps. 
h) Tissue culture- The development of callus ,rooting and shooting were 

promoted by different  concentrations of auxin. 
i) Flowering- NAA and 2,4-D  employed for inducing flowering in litchi and 

pineapple. 
j) Storage- Methyl ester of NAA prevents the sprouting of potato tubers 

kept in storage 
k) Sweetening of fruits-Auxin enhances sweetening of fruits e.g. IBA. 
l) Dwarf shoots- In apple, flowers and fruits are formed on dwarf shoots. 

Application of NAA increases the number of shoots as well as number of 
fruits. 

 
 
                                              


