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10.1 INTRODUCTION
Phytohormones Or Plant

Hormones
The plant growth may be regulated by several factors such as light te
; Aturg

and growth regulating substances.
Phytohormone is an organic substance produced naturally in plants ¢o
ons at a site remote from its place of production and 2::]1“‘8

growth and other functi
minute amounts.
As a result of experiments it has been observed that plants tissues ha
1 Ve SOmg

chemical substances which have a profound influence on the g '
ent of plants. It has also observed that even the small a;ﬂggwnt?m

developm:

substance are effective. These substances are quite different from food materi,

enzymes. Plants physiologist called these substance variously as hormon enal and

hormones, phytohormones. Tes, growth
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_ohysiolog) Process.
4 Growth hormones : These regulate plant grow
Most of our knowledge about plant | E Wih. Hormone Concept
- rinwmal work on the seeding of grasses C:O!‘T_"n“" has been derived from
._on of oat-a hollow cylindrical Stlll}C1-llI:‘;L]d?ia Avena sativa (oat) - During
shoot apex and first foliage leaf which ::;Itl a conical tip-develops and
gtructure 1S called coleoptile. imately breaks through it. The
E.xpcrimcfnts have s._:hown that when the Avena coleoptile tips
light coming from one side, coleoptile bends towards the dp;re;_:% are exposed 1o
1880). If a coleoptile tip is discapitated and separméd by a cu: :1;:; hﬁgh.t o
the growth rate is retarded immediately Bapsen Jque: :f;f‘;“l m.m.
: sen (1913). If the

pelow the apex
tip is again rf;placed, resumption of growth takes place. RE. Went (1928
this hormone In an agar blocks and termed auxin. : ) colical®

10.2 DEVELOPMENT ROLES OF PHYTOHORMONES
A. THE AUXINS

. The existence of auxins was realised as early as in 1S&T7, when
rancis Darwin demonstrated that canary grass (Phalaris
ic response when the tip was either
10 and 1930 investigations
agent which perceived light

Discovery
Charles Darwin and his son F
coleoptiles did not show phototrop
a foil cap. Between 19
demonstrated that the

canariensis)
removed or covered Wwith
conducted by various scientists

stimulus in a phototropic response Was of chemical nature. The first § |
isolation of the chemical was carried on in 1926 by a Dutch botanist, F.W. Went. He
found that oat coleoptile tips contained a chemical which was mvnlm n
phototropic curvature of the coleoptile; The chemical was also 1pv0hrall n
endogenous control of growth rates. The chemical which was called auxm (&mth&
Greek auxin meaning to grow), by Kogl, Hagensmit and Went, was later on e
from a varicty of materials including human urine (Kogl and K“Ste.mmplw
malt and corn meal (Hagensmit et. al, 1942). Now we know that gquSTﬁ;: " of
although only ift small quantities. 1e¥ e

fundamental importance in the physiology of growth and differentiatictt
Kogl and others

Chemical Structure 3 e}
_ The first crystalline auxin was obtained from human WORE & L ri
in1934. Chemically it was shown 10 be indole 3-acetic acid (abbwvmted %
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Fig. 2. Diagrammatic representation of the effect of auxins on plant gm\uﬂ-.
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Auxins are organic ¢
@npgntration (below 10-3
mhibition of elongation of ro
The auxing i l
Mmay be isolatltlsd Ogrzl:':: 131(: eri" e qua_ntities and are of wide dismwml;inﬁg
(C13H1205)» Auxin plants material and has been grouped as AY

‘b’ (C A enc acid
3H30,N), 843005) and heteroauxin or indole-3-3¢

. 1 w
ompound - characterized by its capacity mll::d

M or 0.001 M) to induce elongation in shoot cel!
ot cells, '



suxin 8¢ f"“'ml present in the clagg

"‘;prﬂ and tyxc.d auxins. ”IIC AUXINSG are
pﬂ“T‘!_l"‘ll1t._qisc;l e the metabolic process, Usug
" mslneatcd in other organs. The nuxinx.ur
o~ b ;]hlllldiml in lower portion,
an I;Il\r'""l acetic, alpha naphthalene acetic qoid
pot 4_dicl'da.n.npln:11nxy acetic acid {2_4_‘:;0. indol
s"“'-ﬁ:) are same synthetic substances, which l!an;]. ;
( ;1;:!3'11 (0 POSSESS the properties of auxing when

istry of Auxins

Auxins rcscmtfle- !llndﬁl'e Ac:ctic Acid (IAA, C.H 0 ‘

They are usually acids with unsaturateq cydi::n n:clei:}dln- physl(:'mgical
erivative of such

€ most

C . 1 N 1

rict;:icllt acid, indole butyric

o lorophsnoxy acetic acid
pplied externally have been

m-"ol'lb'

acidﬁ.
ole of Auxin in Plants

R . .
(1) Auxins promote growth in stem by promoti ‘
) Atixins inhibit the ErowihioF fong ing cell elongation.

2y Auxins causes the divisi . Xy

3) iy tons of cells in adventitious roots, limits and

(4) Alpha naphthalene acetic acid prevented thei :
resulted in the formation of dwarf shoot. “Ir nomial, S

(5) Alpha napthyl acetamide prevents longing and causes them of grow stiff
woody and erect.

(6) The app{icatioq of indole butyric acid is used to faciliate the development
of roots in cuttings of plants during vegetative reproduction.

(7) Alpha-naphthalene acetic acid and Malic hydrazine inhibit the sprouting
of potatoes and are used in U.S.A., Holland and Germany in the treatment
of stored potatoes. This save much valuable food from waste.

OH

HC =~ C———‘C——CH COOH
Qk/l \
HC'X (&

C N
H H

‘Srowy,

(8) Alpha chlorof)henoxy propionic acid causes inhibition or flowering
vegetable drops.

(9) Auxins may prove a
solution of these auxins sprayed O

means, they produce a good devasta
of bilogical warfare.
(10) The auxins also play an importan
(I1) Application of auxin prevents the
(12) épplication of auxins also help in the
arthenocarpy).
(13) The spray orfp:l)lxins i crease number Of female flOWELS

e when highly concentrated

great weapon war, becaus :
n enemy land by air or some othe
tion of crop plants and form of basis

 role in movement of plants.

abscission of leaf fall.

production of seedless fruits

in cucurbits.
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process is as foilows
on growth process
Auxin
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o tis:s ceﬂ:::ly related to auxin action. Pro

auxins. In tissue eultufs
sl llt'sc';:'n ﬁmc?zauxm Seasonal activity of ca
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shortening of internodes is also due to-
root initiating growth regulator. The pnlar
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[ndole acetic acid, the princip
omatic amino acid tryptoph:
i!]l’f § : i i - (.ln. En- 2 EII_I)“ 16 o
ryptO han to IP&A.“ha&:l been isolateq o :Y_mt, system C:.}; Synthesized from,
P iso l:n. syn 1i:,h!ze ﬁ.um tryptomine «1‘Pln;1ch leaves , Pable of Convertine
o e leaf extracts from pine apple save and indoje py
: S

a
1 nalurally OCCurrip
g

¢
st e e _
fﬂ'. stomine: Indole acetaldehyde ig i I through ind
.qctions involved are : converted ¢
o :

(1) Conversion of tryptophan 1
1.ransmfnat1onA reaction and ig
transminase. Ammonia of t Yy the

S : to ; enzyme { >
which 1n turn is converted t?En Ehan ryptophan

2) Conversion of in : :
decarboxylation (of side chain) r Ole acetaldehyde involyes

iole pmiratsleal o caction and is catalysed by the enzyme

(3) Conversion of tryptophan

: . to tryptomine i .
chain) reaction and is cataly Typtomine is a decarboxylation (of side

sed by the enzyme try

i - ptophan decarboxylasi

(HHEONVELSION of tryptomine to indole acetaldehyde ‘;ar xyt;a:e :
determination process catalysed by the enzyme amine Oxidases oxidative

(5) (r;dat]onhof .mc‘l;)le acetaldehyde to indole acetic acid is the final step in
IAA synthesis from tryptophan. It is catalysed by th i
acetaldehyde oxidase. > Yo e cozyERERt

Auxin Inactivation Degradation

Auxin inactivation and degradation : Inactivation and degradation of IAA
plays an important role in the regulation of plant growth and metabolism. IAA may
be inactivated by binding with protiens or carbohydrate derivatives [AA glucoside,
[AA arabinose and IAA inositol-arabinose glycosides have been [discovered from
several plant tissues. ]

IAA can be oxidised by the enzyme IAA oxidase. The enzyme was first isolated
by Y.W. Tang and 1D. Bonner from pea seedlings in 1947. Subsequently, the

enzyme has been isolated from several other systems and it seems (o be ubiqpim}&
The enzyme has the property of peroxidase and uses H,0, and O, for the oxidation
of IAA to 3-methylene oxindole. C arbon dioxide is evolved in the process.

Answer the following :

(i) Name the principal auxin i

n most plant species. gl
nsive 10
(i) Which kind of stem/coleo Spo ]

ptile segment {s more ¢

auxins etiolated or green? i o
: ‘ hich they cause S
(iif) What is the usual concentration range of auxins 10 W Y
elongation : i
oM 102M, 107°M 10 Moo 2
l : : o be a rooting hormone:

ally considered {
extruded from €

ytoplasm in auxin induced

(iv) Which plant hormone is gen¢t
(v) Which ion is believed to be

cell wall g:rowth?
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o ing may aci as a second m
: : ne of the followir W e
34 W[?:;h-t;z\.‘\ polyamines, Metallothioneins, D.N.A.?
ac ¥ 5

iy Name the enzyme involved in the conversion
(\-’Il] 3_‘:1“:”1},[‘_“1c nxil'ldnk‘.

Mm“-ﬂ-:(i) Indole acetic acid, (i) Etiolated, . (iii) 10 % M, (iv) Aux
(v)H", (vi) Polyamines, (vii) IAA oxidase]

B. GIBBERELLINS

Gibberellins is another group of plant hormones discovered recently, v,
Japanese scientists led to the dlsc(_wery of Glbberell_ms Y in 19th Century of
Japanese farmers found that called it Bakana§ or foolish seedling disease, Fo, o
disease fungus Gibberella juikuroi was responsible. e FO fhie

Kurosawa (1926) found that the fungus in its culture growth give
substance which has some effect on growth as fungus itself. In. 1938 Yabmam g

Chger for
i Xy
of indole aceri, aciq
i
ey

ing'

‘i finally succeeded in isolating a per crystalline chemica ! aleuron® lay!
éljlgl;]::clﬁn. II?I( 1950 Gibberllin remaingof g?eat ixl;{erest among scim:ti:?: e i ﬁcg"esuch f’ffg
Six Gibberellins were isolated by Cross et al., (1961) from fungus Gibbere| E'Wﬁesis
Jjuikuroi McMillin (1961) also isolated three Gibberellins from bean seeds, ;t cazy synth .
present there are yearly 32 new stains of Gibberellins. Chemically these compoung fonowmgpaﬂglap
are all of the tetracyclic type of ring compounds. : -e Induc
Main effect of the Gibberellins is in promoting the elongation of the intermnodes M Several plan
of the shoots,. Besides -this Gibberellins are also effective in promoting fhe Rﬂﬂ? : .;mboxylas
expansion of leaf inhibition of lateral buds, increase in diameter of the steam ang by gibbe
initiation of flowering, etc. “ﬂnc._ e ted tha
Corcoran and Phinney 1962, told that Gibberellins are involved in seed gﬁmﬁﬁﬁun. GA
maturation process. Gibberellin treatment can induce parthenocarpic development of increase in enz
seedless fruits. transcription) anc
Chemically the gibberellins are different forms of gibberellins acid containing During GA
gibbonic skeleton. Structure of some common gibberellins is as follows : proteins, indicati
o) 0 of ibonncleotide
W] Membrane |
~ Some effec
cellular and org:
i Gibberelli
OH ok,

CH; COOH

GA

Physiological effect of gibberellins are :
(1) Stem elongation : The internodes increase in length.

| (2) Promotior of following in long days plants. s of 11101"“"J

l . (3) Dwarf plants : They convert genetically dwarf plants into plantm into st
height. Addition of GA to cabbage plant converts the head or dwarf st€ ¢ dwarfis™
which is 608 feet tall. Rosette plant of sugar beet is an extreme case 0
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: S howed that such a s :
l fiy) B ia5s0) SEot 7 STem can Undergs tapid growth i il
4 5 : L'l[-;hl.‘-l't‘”m' g i¢ fruits : Th i With
%‘h g% 4y parthenocarprc tLES : Ihey cause parthenocarpy §
i It has improved fruit in tomatoes, PY In tomatoes, apples and
per ! sgfS: A+ . i
pe eaking of Dormancey : Thesge h;
5) Brea ; ave been i
rd I ln-‘t:""“:-'" in potato tubers and in tree buds. observed effective in breaking

E b oS 1
ks ¥ G SLﬂ”ml-“ S iR 3 R
.III, 193 ﬁ"e > setivity ©Of indole acetic acid oxidase, the enzyme responsible for JAA degradation
mo&] vy oy pase donhese observations, it was suggested that GA affects plant process through
lgielni&n_d I"I:*d JUXinS: However, several effects of glbher_ellins are independent of auxins, the
%, \ axins, the auxins can not replace gibberellins. For example, application of GA to
i f“"aus parely aleurone layers causes a rapid increase in a-amylase activity, white auxins do
Om G not have such effect. _

» dt
the of Action

werellins seem to affect plant growth
Gibberellins see growth and development in a vari
G . . iet
L any cases, it has been found that the GA stimulation of plant growtﬁ ?rf 3:3;;

is associated with increase in auxin cont
8 ¢ ent. Further, GA
s suppresses the

It appears that most of physiological effect of GA are mediated via increased

Cony enzyme synthesis and membrane permeability. These aspects are described in the
ltiop, p%d’ following paragraphs.
e inof'hﬂiuﬁ,% [l Enzyme Induction
ster pmm‘"ﬁng b Several plant enzymes such as o- and B-amylases, proteases, ribonuclease,
Of the Steag RuBP carboxylase, B-1,3-glucanase and nitrate reductase, etc. are known to be
N induced by gibberellins. J.E. Vainer, G.R. Chandra and MJ. Chrispeels in 1960’s
'€ involyeq i demqnst;ated that GA caused de novo synthesis of hydrolytic enzymes during seed
arpic devel germination. GA seems to increase both transcription as well as translation, as the
Velopmenty increase in enzyme activity is inhibited by actinomycin D (an inhibitor of
transcription) and cycloheximide and fluorophenyl alanine (inhibitors of translation).
Ilins acid containing During GA treatment, more of radioactive phenylalanine was incorporated mto
Mlows : proteins, indicating an increased translation. Theré is also an increased incorporation

-

of ribonncleotides into RNA during GA treatment.
[l Membrane Permeability
Some effects of gibberellins seem to be mediated via increased permeability the

cellular and organellar membranes.
Gibberellins may affect the permeability of plant membranes either by affecting
the synthesis of molecules involved in membranes or by changing their organization.

The enzymes choline transferase and pbosphatyl choline glyceride .
increase b2 to folds after 2 to 12 h GA treatment (Johnson and Kende, 1971). These
thzymes are involved in the synthesis of lecithin, a major phospholipid membrane

SR - 14 e
€omponent. Further, GAS treatment increases the incoiporation of ""C Choline in
(partially purified endoplasmic reticulum preparations).

[ll] Gibberellin Interaction with DNA

I & Gibberellins and possibly auxins and
s eera\ct with DNA and change is physical
. Melting points of DNA. GA has been shown to

cytokinins as well, have been reported to
properties. GAS, IAA and kinetin change
bind with adenirie-thymine rich
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178 n vitro conditions (Kessler and Snir, 1949
segments ﬂfthcr Ch interactions of GA with DNA are nc;:esowe"ef :
k“"@l gi};:aland biochemical responses. Yl
phys10© ima
with An =1 ; :
(vl Anal*;?:al similarities Of GA with steriod hormones, (of i
Stuctur®  tions that GA may have & mode of action that yeq, Migin
os of animals. Accordingly, the hormone may bing toemhles “\uh'
.mbrane of the targe_t cell (the cell where the hﬂrma SPecip. 1
tructural change m.receptor protein as a regy| ‘;ne is mte;',h.
hinds to the chromatin DNA? thig bing
dnd act ng
tiys,

r “N | |
Vi
"oy, §

| Hormones

'rec(.‘p'[l}r 5
{ ). There 1S @ 8

responss n to the nucleus,

which then moves 0

transcription.

Bio synthesis of Gi
Bios_vnthesis 3

However, the '
he biosynthetic steps

bberellins

Biosynthesis of gibberellins has been examineq i, .

re are evidences in favour of gibberellin SYﬂthesisn- '%;
take place inside the palstids. By ’um () IL

oactive isotopes) it has been shown that acetate js tz?g tagy .I

seeds.
well. Most of t

technique (use of radi ( _

precursor of gibberellin synthesis. The synthesis of various gibberelling ﬁ.ompn% _
may be considered to involve four groups of reactions : ACRtiaye

!

:

(1) Synthesis of linear chains of geranyl pyrophosphate from acetate.

(2) The cyclization to form Kaurene.

(3) A series of oxidation steps, including contraction of ‘B’ ring to forp e |
presumed first synthesised 20-carbon gibberellin, GA, and g =
19-carbonGA ;.

(4) Inter conversions of various GAs.

Commercial Use of Gibberellins.
Commercial uses of Gibberellins : GAs have found extensive use n
horticulture and food industry. They are often on vienyards to increase the numbe

and size of grapes in the cluster. GA ; has been also used to produced “Thompson's
sciedfess’ grapes. Improvement in the size, colour and quality of apples, pears ail
nfanly other fruits is also achieved by spray gibberellins. In these cases, the hormo
stimulates bud formation and fruit set. =
Gibberellins are also used to increase o-amylase activity in germinating bark)
seeds which is used for malt production in beer industry.
B (%1; of the most notable uses of gibberellins is their application fo sugar &
contént %hpromotfa thle eIQHgathn of cane internodes without decreasing the S
o - This application is particularly important to Indian sub continent, WHE®
cane Is an important cash crop and foreign exchange earner. |

Answer the following :

(i) Name the disease of rice
associated,

plant, with which the discovery of Sibbew“i“s s

i) D : e '.
(ii) Dwarf pea seedlings are often used in the bioassay of plant hormon?

o aux!nl,-1 gibberellins cytokining, abscissic acid

Whic j

o 3? of thf; plant hormones, (auxin, GA, cytokinin a0
¢n considered as a flowering hormone

tisSue-
tissue-
,'me?' ® Lethani (1

abSCisS'c

Y

e one enzZyme
V) A

(& GA-

-‘bberellins not «

(v) 1 release from b

jch cell org
gibberellins?

e the two ¢
piosynthesis.

s ich plant bv

(vii) ::::11:: in'ft;nodes

(v) Tme, {"i’i) ]

discovery ¢©

e ist, G- Haber

pl_lysiowlgcl factor, whic

lo
gkoog and Jab
T‘he'y DOth ths
A Miller (19
This substar

now used for the sub
Chemically the

_Cytokinins
s ie., the cc
and Sm\'ﬂh, stim



ound CXtensive g, :

| 10 increase the Aty
' Pfﬁduced "Thumpw;
Ty OT Apples, pean &

Rese cases, the homa!

v) Gibberellins not only induced the

its release from barley aleurone “’synthesis of t-amy

which cell organelle is Pl‘ima:ﬁ;rs‘j" True or falge.
in

gibbercllins‘?

Name the two carbon molecule, which
biosynthesis. » Which i
which pli’ll’lt hormone is often el
cane internodes? in

(vi)
volved in the biosynthesis of

{\"’ll) |
§ primary precursor of gibberellin

(\.’l‘,l]} |
: pPromoting the growth7 of sugar
(Answers : (i) Bakanae, (ii) Gibberellins. (iii i

s, (iii) GA, (iv) o-amylase,

(v) True, (vi)Plastids, (vii) Acectate, (viii) Gibberellins}
mns
C. CYTOKININS

The discovery of cytokinins da
pysiologist, G. Haberlandt discovered ieasscz?:rk ti;:u 1921'1 when Austraian plants
R wsable factor, which stimulated cell division. es:ol plant containing ke

Skoog and Jablonski (1954) discover ‘. : :
issue. They noted that a specific cell divi:?oﬁy;:ck;orlrlﬁaiu;ngtr?slmgng el
tissue. A Miller (1956) crystallized and identified his factol: as‘;tef ;};a Vascu.lar
arine. This substance was found to be specific on cytokinesis l::n, ryl amino
kinetin. Lethani (1963) proposed the term cytokinin for kinet;n an? :;’Ees -
substances. Zeatin is another type of kinetic found in maize embryos. C ohmgqusns
now used for the substances which can stimulate cell division. e

Chemically the cytokinins are mainly 6 substituted purine derivatives.

CH—CH
7|

NH—-CHz-- CH

C N
N//;\\C/Q\\CH

[7 e
g
N N
H
KINETIN
division, stimulate cell enlargement, interacts with
nins are helpful in shoot elongation
s root Cambial activity. They are
germination. They delay the

activities. Physiological roles

Cytokinins stimulate cell
auxins i.e., the control of Morphogenesis. Cytoki
and growth, stimulate root initiation and increase
helpful in breaking dormancy of seeds and promote
senescence and also control several other physiological
of cytokinins are as follows :

1. Cell Division : It is capable of causing cell

synthesis. It possess a ‘true cell division’ factor.

2. Cell enlargement : Cytokinin cause en
T00ts upto four times their normal s1ze.

division and DNA and RNA

largement of cortical cells of tobacco
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.« + [t may cause organs formation ;
3. Moljph"g;';;th; frm)r: protoplastids, diffcrz?'.tligt?o‘:rie
o Sl qul'm;:?: bios}’mhesis, induction of flowering and induct;
action Oéoi;gu[eracfi“" of apical dominance.
:. Breaking dormance : These have been tested in break;

3 A iSs
i 3
ods and some otber plant GFEENS. This not only break ¢ d%,lhe d%% ynthe® pivement ¢
i germination of seeds. .

I'

3 spec]
romote the ey p %y 0 gesides:
p 6. Delay of senescence : In detached leave of Xaﬂthium i b'fn\ M m;‘;fs h]::
proved this fact ' i : “957“, A ""nti increa
Mechanism of Action ki 5ctio? = mplc.X-
The most important aspect of cytokinin action ig increageq - . The pinding

division) which involves increased synthesis of nucleic acids anq Brcte tosis, )
some other physiological effects a'n‘: not eagily explained through dil ';,’S. qu% R :
Some possible mechanisms of cytokinin action are as follows : : me"—% ' ger in T
[1] Increased nucleic acid and protein synthesis "

) : 2 : |

All maturity occurring cytok.m'ms are purine derivatives, This cher ' nins
structure relationship between cytokinins are nucleic acids has prompted %t GY“’I_d i
to suggest that cytokinin action in some way is exerted through jnﬂuﬁffamh‘ml m’- xylen
protein metabolism. The nucleic acid metabolism can be influence PIE il sho'S

e : d 1 2 yarow o8 t_ha.nﬂf‘
ways. Some cytokinins are known to intercalate with DNA. Such ol o

i : r. lecule

modify the template action of DNA and hence is replication and nangn]';tg;c_mn " :Tlmt:}iyﬁdw
Increase in nucleic acid and protein content during cytokinin treatment hash| -+ TibOSE SUSAL
re.pox:ted in several systems. In- developing rice grains and in leaves of tobay on it, step by
kmpt_xqe causes marked increased DNA, RNA and protein. This inmulatinnﬁ monophosphal
activities in leaf discs, has been suggested to be a factor in the deferml i (GMP)orader

senescenece by kinetin. This cytokinin action is inhibited by the inhibitors of R¥A

The five
and protein synthesis. nucleotides.
Cytokinin treatment may induce protein synthesis by increasing one or me s pentenyl p
aspects of transcriptional and translational activities. These are : s ?m - {;Ed A
(1) _Cytokim:ns may increase m-RNA and t-RNA content, which are involi! l;hmco t::st:
In protein synthesis. As described in the earlier paragraphys, cytokinis mevalonate |
: 1ncrea§e' nearly all components of nucleic acids in many systems. _ @abIe of ir
(2) iﬁO!anlns—are known to bind with some specific ribosomal proteins. Toe Mucleotides
; ay Ir-lcTease the translational efficiency of ribosomes. : Answer the
) Eﬁ;‘zk:i“'“ isopentenyl adenosine or its hydroxylate derivative, zeat ° .(i) W
t-RN; E;S athl'mdlﬁEd nucleoside, adjacent (3-end) to anticodon It p (i) W
LRNA m" ;:Nfonn, they may affect the covalent linking of Cd : %
e (1966311]1 A during protein synthesis. In fact, F. Fit.tler ?nentl 6 :_nﬂ
tion Savel observed that the presence of a c}’wkin.m ad];li::e;isiﬂ (1] :
thatiaiaty ryl t-RNA from yeast, is essential for protein syn '_1) ::I
] In iv)
[y S‘Z’:;sfd Enzyme Activity o (iv) v
al enzymes are kp : : A t, THe )
ﬁmgm]es include, those catalvsz ;.t?,...l.?ffa_sf 1dur1pg-cyt0k§nln i furé

o 2laavce N8
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r ﬂ‘ - ol . s S
n,aﬂ*,‘“l " ced enzyme activity may be the Ome enzymes of thiam:
.reas A resy ' lamine synthesis

o re . e : : .
1 ;:1':" as discussed in the earlier section, 1t of increaged R
.-‘r[ﬂ 3 protein
a‘ll] IIWOWOT“E“' of receptor protein and a seconq
5 . ene -1 fic . a1 3 i r me
f B,_‘s:dcv-. .\Iptulflt protein l‘i'lltllh“gﬁltc:-,' in ribosome ssenger
lei has also been isolated, which tnL d{ncs. a protein from tobacco and
ediatey an

pean NUC :
Ay Laly el " - A g . E 2 :
S07° gynthests: It 1: ;l‘;;l}:‘hui that such a protein qervethc kinetin stimulation of
{ increase » RNA synthesis is due to lhi: as the’site of cytokinin
: e action of this he

$ hormone

The pinding with a receptor prglein may also evoke the rel
Bond mctib}‘“ger ?nolecule. As with other plant hormione: rfh:asc o actwase“tion a3
‘ pevin = : se
“he Ca calcium binding protein calmodulin or p(;lyamj CONdTﬂ':S A
nes. e second

Renger in TUITH DAY evoke other biochemical responses

Biosynthesis

okinins

Cy‘tokinins are synthegized in tl_1e roots ’f“rom where they are transported to the
shots V12 xylem tissues. Biosynthesis of purine type of cytokinins is more clearly
gnown than of other types. Various components of a purine are derived from several
small molepules including formyl tetrah}fdro Mate, aspartate, CO ,, glutamin, glycine
and methylidyne tetrahydrofolate. The biosynthesis of purine nucleotide (purine base
+ ribose sugar * phosphate) begins with the ribose phosphate and purine ring is built
on it, step by Step- The first nucleotide to be synthesized by this process is inosine
monophosphate (IMP). IMP is then converted to either guanosine monophosphate
(GMP) or adenosine monophosphate (AMP).

The five carbon side chain attached either to the purine base or to purine
in most cytokinins 18 derived from isopentenyl pyrophosphate.
osphate is derived from mevalonate utilizing the usual pathway of
isoprenoid or steroid biosynthesis; It 18 believed that the adenosine nucleotide (AMP)
is incorporated into {-RNA first and then it is modified; aside ‘chain is added. Using

H. Hall (1969) have demonstrated that

tobacco tissue cultures, C.

mevalonate is incorporated into dimethylallyl and then there is an enzyme system
capable of introducing dimethylallyl side chain into t-RNA. Alteman_vely,pmm@d
nucleotides (as cytokinins) are synthesized first and then incorporated into t-RNA.

Answer the following

(i) Which plant hormone 18 prim

(i) What kind of nucleic acid molecule 18
molecule as one of 1t component nucle

nucleotides,
Isopenteny! pyroph

arily involved in inducing cell division? g
believed to contain & cytokinin
otides (DNA, m-RNA, t-RNA,

r-RNA)? ctes
‘ X on
(iii) Which is the most important plant hormone causing the expanst
t 9
cotyledons’ s od some hormones

proposcd that
of leaves? ‘
tive degradation

(iv) Who for the first time
which delayed the senescence

: : fc tokinins?
(v) Which enzyme catalyses the oxida ok ¢y
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rate reductase activity by cytokinin g

. ’ : y eemﬂ t
(vi) Increase in nit Jormone. Which hormone is that? Obey

. plant | : : :
via am"n;ri;liﬂ“ of cytokinin to the leaf delf.iys. its Senesce "ﬁl‘

(vii) Local E:jPI"O be due to increased rate of respiration by the l::i-h‘h
believed .ytokinin. -"E
ith the cyto A ; i
mnm.i[‘i‘}L‘}'tnkinin. (i) -RNA, (in1) Cytokinin, (iv)A ¢ W‘
;.-ins‘]":-‘_'r”‘ﬂ;m” .(\-')('ytokinin oxidase, (vi) Ethylene, (Vii)Fﬂl-‘iE]

A S s

C. ABA (ABSCISSIC ACID OR TERPLINIC Acip)

sic acid is growth inhibitor substance which causes dorm
e L o " : :
: A:::«;n;cti mes named as dormin. It was first isolated in cry
buds and :

2 stalling ¢ S
w C. Lice and HR. Cairns in 1957) The principal

components of ;...

P. Kefford (1953) w o lhi“)?hy |
jescribed by T A. Bennet Clock and N. P. Kefford ( ) was als, AbA. ]
aesc p

Chemically it is C,sH ;O acid, soluble in organic solvents,

H  CHs
CHi CHI L Ce i H
: N F
= < /
H COOH
OH
7 CH;

ABSCISSIC ACID

Structure and Distribution

Abscissic acid is a sesquiterpene consisting of 15-C atoms. It is u

nique among
plast hormones in having an asymmetric carbon atom. It has a six carbop ting
structure to which a side chaifTis attached)Because of the asymmetric carbon atom

(carbon-T) it occurs in two enantiomorpHi
acid. The naturally
dextrorotatory (+).

¢ forms, R-abscissic acid and S-abscissic
occurring form is S-abscissic acid. This form of AbA i
The degree of optical rotation of + ABA is perhaps the highest
among known biological molecules. Because of this property, ABA is often detected
by optical rotation dispersion technique. The AbA is often detected by optici

rotation dispersion technique. The AbA has been synthesized in laboratory also and
synthesized AbA is generally a racemic (+) mixture.

AbA is cannon in
mg/kg fresh weight,
um. It is of genera]

Generally fruits and

plant materials, ranging in concentration between 0.03 to 4
On molar basis the concentration ranges between 0.001 m‘d}
oceurrence in monocots, dicots, gymnosperms and some fers

seeds contains the highest amount of AbA. However, it is il
transportable to ofhy ¢ unt of b

i €r tissues as well
synthesis, the matyr

] ¥ . ~ d \ 01
- In fruit itself, it comes from its Si€
e leaves.
and xylem,

Most likely the translocation takes place in the phlogt!

' i
accun?lzieza?nbie” ls?la;fd from ferns, gymnosperms and angisoperms, Wé‘;‘;uls
PPreciable quantiti the
ercoporg rosicolg synthesi o L bas aldo been found toas

ity - ) 2¢s and secretes large amounts of AbA in the CUIlhﬂf
COmpound-] 'S apparently poy present in liverworts. Buf &%
Unularic acid seems to play a ro

le similar to AbA in liverworts.

ancy of :




Phytohormones o 1g3

nous supply of AbA inhibits '
eood e 1::‘1‘111.11\\ E€rMination of most
o bifee k. e umlmunusly present Kb sorae e ot o
- § ‘I-I.‘l 3 0 11 s & . 7= * - » o 3 » o M
on t ‘ die i ]mdugcn“"q Kol A;% 800N ag washing of the
i also inhibitg inati
IS germination

seeds: it of dorms .
: ; mant seeds is hi
e AbA content 0% Wt seeds is high and it decreage furi
-45€ during germinati
nation,

qust!
cav

ADA inhibits grpwlh of the seedlings ;
example: | mM _Abf\.ltlllilﬂils seedling gm‘ftsh 11;;, Z?;;‘St gaics; In Glycine max for
milar growth mI_nlnan 18 observed in almost 2 h Aﬂ % in 48 h. In some cases,
crowth in coleoptile is also inhibited by AbA. It has buxm stimulated clongated
wedling growth by decreasing the water potential as been suggested that inhibits

[il] inhibition of bud growth
Exogenous AbA induces but dorm | |

AbA content in dormant buds is high and it decressen by mestrms o St
the breaking of _dormancy. The hormone inhibits lateral growth r;‘ihw l;c:; po
peen reported in tomato. Plants in which bud growth is int?’bit:i tl:-l ,?5 -
treatment, also have high AbA content. Further, cultivars with hi hla ical dztnln.anft:a‘:'m-_red
contain high ADbA levels. It appears that this high level of AbA ?s mI:xli;tainedby the
JAA content of the tissues, as TAA has been invariably implicated in apn:nl

dominance.

[Iv] Stomatal Closing

The most signiﬁcaqt and best known effect of AbA is its control of stomaml
closing. Exogenous application of AbA to epidermal strips causes stomatal closure.
In fact, factors such as water stress, chilling, etc. which induce stomatal closure, also
increase AbA content of guard cells. The response of AbA on stomatal closing is

very fast and occurs within a few minutes of AbA application.

[V] Geotropism _
There seems to be some involvement of AbA and perhaps other inhibitors as
nts of AbA have been detected in maize root

well in geotropism. Appreciable amou
tips. The accumulation of AbA in the tip appears to require light and gravity. AbA
located basipetally and to stimulate a positive

produced in the cap seems to be trans
geotropic response. Further, the exogenously applied AbA induces positive

geotropism although it inhibits root growth.

[VI] Senescence and Abscission :

Numerous studies indicate that AbA is an endogenous factor involved in

senescene and abscision of leaves and’ other plant organs. Exogenous apphgatlm B
ty of species ranging

AbA induces primary yellowing in leaf tissues in a varie :
deciduous trees to herbaceous plants such as Tropaeolum. 1t also acce erates

abscission in leaves in a number of spegies. In many studies, it has bet?n found that a
of leaves, which accelerates

non-volatile substance is released during senescence
enescence factor (S.F.). Many

ab.s cission. DJ. Osborne has called this substance as s
Sclentists have suggested that this senescence factor is ADA.
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ation of AbA promotes loss of chlornphy“

lic . s
Exogenous app 15 of senescence 1n detached leaves, althoygp, teip, . . sthyler
and promotes s_wnpto‘:t mM) of AbA are required. Further, A Al'l cret?ﬁw';dﬁm; ‘o'ﬁoppm " o mai
I e, By @ " hibit
in

: ] to < 8 ; on ’ at
mnccmmtmn‘ ( -« of detached leaves. For cxz_imple In detacheq tohan B, | A
during senescence o by about 6 folds in light and 22 f,)q, & :;-::i) |e:t; : ﬁﬁfﬂ:‘w  hibi

sk snf INCIEAsCs ! ) : AT : ! :
AbA L“:l;::.n;:ppiic‘“i‘"' of kinetin which inhibits senescence Prevents the in g n\‘i
Fuﬂhcrr- However, the offects of AbA on attached leaves are not clear i Fige ind:i'
content. . . il

Role of Abscissic Acid in I_Jrought .Hesls.tanca _ : “ 5 -
ABA seems to play an 1mportanl‘ role in plant during wate, Stregs " m”a‘f‘::;‘ jong
drought conditions. Following obscrvatfons suggest such a role : q wpﬁ 1990)- B
;{” AbA promotes stomatal closing and thus reduces water loss qye Mf £pin ® oult th

transpiration. . ty % 35 8 a rof =]
(2) AbA content of mesophytic plants increases when the plant i &z ?f’::wﬂf s;i O i to b
water stress and the content decreases when the plant is g longEru y :hﬁ s be o ethyler
tress. ""‘k“ Iy wﬂ:d::,wenng |

(3) In many cases physiological effects of water deficit are similar thog |
ADbA treatments. of
D. ETHYLENE

u(l!)isccwer].f : The history of the discovery of ethylene as a planﬂlﬁrmone ) . -
with: 19th century when plant growes noticed the effect of smoke and namip g’ = " s cthy

lene.
on plants. inch
The first recorded effect can be credited to the Russian botanist Dimitry y .
Neljobow (1901) working in St. Petersburg, who demonstrated that cthylene affecg
C plant growth. )He also established that ethylene was emanated from illumipg;
gases and it kad three types of effects on pea seedlings-stem elongation, st
thickening and horizontal growth. Many, other plants physiologists als
demonstrated the effect of illuminating gases on plants. In 1912, AF. Sievers and
R.H. True demonstrated that the combustion gases from the kerosene stove wer
beneficial in the ripening of lemons. W.C. Crocker and L. I. Knight (1908, 1913)
identified ethylene as the active constituent of both, illuminating gas and tobacw
smoke EM. Harvey (1913) determined that biological responses produced fron
paper could be attributed to ethylene. In 1942, FE. Denny confirmed that ethylex

Wwas active substance in kerosene fumes causing the ripening of lemons.

- _The first report that plant materials evolve ethylene came from H.H. Cousis
;Cl. In }11 9]0 who olbscrved that when oranges and banana were stored togett
b:;::]ga SI ‘Pf'g’;is i’me gas was emanated from oranges which caused fiPe“i_ni:L

- In » R, Gane i i cthylen 'Y
ot provided chemical proof that & ylene was producet
Physiological Effects

germir;a Sgstl fglt;:tr:mation + Ethylene is known to break dormancy and i
that increased cxtcgse;oim;rr;wt' \;’heat, clover, and cocklebur seeds. It also o
i ot ings i nsio
maximum at 0.3 ppm ethylene Th he _seedllngs in cocklebur. The extem a

+ 1€ maximum germination however, is bt

pduce
quses
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_ ‘\,‘ '& lqpk }Q;Qr‘ﬂ I{I—G” l'f A1 l.-.|||}“.lll':.. ‘,}“ ”ll,' llllu_.l. hll[](' y Ohﬂmlmm.\ ) 1
|‘l,< lp{: h, Iy rﬁ about’ : ,-.;nlr'tfl"l in maize, Potentitla i SO, hibition o g -
} Tl | 1 £ 10 Won Cr
ff H’i] l‘lt ’]&t'? ‘ ha® ¢ (.'l‘"n\'lh l“"“’““'" and '"“"I’llul{t-n :”“R : (IH nination by thy n
}!Q. ttll" hl-"] L 'pl]l\'ll‘nl. fl}jlil\lt‘i |1|I1II[ ““‘“"“'”l. In ”t ¢ "l'“ll'l“'! t In r
:(.& : K, k‘i ali“" e ves 1 inhibited, But (he | 08t dicoty g1y OBl Ciney ex e
W Gy (8 and lea el _ 10rMone gy e1"”'b'll.!lnu r Benoy
'L” i|'_ ool o and rool Swell 1 response (o othylena VN o rfadial o Il_li-ull. of 1}
l‘r’ |ﬁ]” hﬂrll slé fy. o1 imlthll'\'li in partially inhil yleng Auxin ind o BIOWIh, g o o :
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F !Ifij : i 3 |"-I?im|st|t' responses @ Exposure (o clhy] o
\ i e y s leaves . l,\" CNE Citiape
: 0 I "hll‘. B ialos a8 @ 1€ sult the leave & h_( nd down, Thig | |. ‘t WSS epinnstic movere
t, Jl'-'lf g pell le of the petiole. Epinasty iy vhechuge of vement in
Ite ., G R or lower 8 ASLY 18 also couged w) MOre growth on yree
Wiy %‘m Oy believed to be due 1o endogenouy ethy) When excess of muxin is gpoliad
F g A " AT ' 1 14 | v e
i I ”T“‘(}ll“l' (o ethylene, a8 i tomato Ehe production, Sen, epinagl i h!'l
) JIUSC " sty is alse
fb(]* ¢ 4 Flowering inhibition and gey expressi f
Ll ; ; , Mon : Lithylene
o plants, although 1t 18 known (o Promote ”nwl-”,w ::hm inhibity flowering in
f viin g [ i 1 1 | ] i
J'Jh“" plumbago indica also, a short day plant, flowering cun |,t1”-mr“ and pineapple. i
kg hn-"l'lj long days: Flowering induction in pineapple witly I't"-l-jnu ki tduced by ethylene in
g i g, My, 1o endogenous ethylene production PPOTRE L0 Certuin auxing has been
i ' WP P |
g g, g, Ripening of fruits © Acceleration of (i Fpening was tl
,]”””“, C”C(I “| t'lll_'y'll'”(' I he hlllllllll-’nt- I8 NOow jkll“\-\'ll 10 e t.Il.-li.”;_ ”‘I: I Il.:ll.lli"lht‘\.'l"ll,(l
LT Y] including banann, apple, tomato, avocid pening of miture (it
s VO \, l'li.' l“ upl‘h. ll”llH. H’IC

i mm Cases
| uith inerenses with the incre
HII"L”””"- ol fru 1E TNETSibe In "”Wl{'"l' . .
concentration, renching

“] [
hag gy, My
aximum o 50 ppmeethylene, Inomost frui, this woftening 18 brought about |

Bl ) 1y

d ”.-[”” . Chig Ilﬂﬂfﬂ
Wi
[ UJH”HJII' i chemical changes in the cell wall materinly
]
h Hegy [ithylene nppeirs (§] [lhlv e rmportant rale imonntural fipening ol frutts “‘”"‘“E

Physiol

0 .

Wl Iy £ ripening of most Truits, the ethylene production inerenses, sometimes by as much as
40 (0 1000 folds, The ripening process of fruits can be delayed by |'cn'.u§mp ethylene

-. .", .'ﬁ'jupci”m

TN WOve yae £ from the vieinity of developing fraits or by maintaining low oxypen lovels around

ght (1908 [0f) ¢ fruits. |

frin and fohug 6. Accelerntion of senescence and abscission ¢ Hthylene 8 an important
hormone governing the senescence and  abrcisnion of plant parts, both natueal

¥ produced fom
el that clhylmr Induced. 1t necelerntes nenescence ol leaves, Nower and (rodte, Endogenous ethylene
othylene  deprades  ehloraphyll

[/
(I
nHa | olhit flso wecelernten chlorophy!l degradation in detnehed lenven,
0 |
“”wd b Absclasion 1n the mont widely demonsirated rosponse ol ethylene, It induces
Lo 1o induee

A pipening ! _ -
d ripel : o B bsciusion of lenves, (rults, petals and Howers (e threshold coneent

merennes  during  senescence Supply ol
Amino-cyclopropine carboxylic neld (ACC), i precurior in olhylene blosynthests,

i low s 0.01 ppm gthylene

Ii—"'rﬂrr
ol 7
W ,mﬂ 18 llhn-:i..ln“ W openerally | ppi, ll“"“”]’-" (11 HOINE CHEEN |
(e nhuelanlon, (nOrenses with ethylens
o 0.8 ppm

(8 111 1oy plove coroln) enn induee 1
t:'um-;-nll.'nluw wturnting ol ahout 1O ppi [ ot (Fudting cotton |1||llllu '.' o
' “"‘lu;-t Olhylope chuses 100% nhuelsgion of Young (il and (ol buadu within - 1\!:.“'4.““
f nﬂl ‘;'ﬂ”':l ||H=-. “'!=|“'F. i is helleved (it ”“. ”1”“” et 0l l'”l\"l'lu' o lowel Illlnll.
!!,u'nl [HOUEHIEN following

i
jol
exte?” oL

hrough

COnte .
I Pithylene  controls  various jllIV“N"”
F"“‘"”ll'[;
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‘ jant Physiology:
1860 P

s : There are reports whi
t on enzymes : There are Which ¢
(i Ethyl"“ﬁ:ﬁfccﬂ‘ccl. on enzyme activity, According t';“"l;"tl-“,,‘l :

has‘w:‘lly‘iwf grypsin is induced by ethylene, ‘
acti . on membranes : Ripeping fruits show many op
(ii) E.j,::,.;-uhilily‘ and retention of soluble components Whicnm' in

9ok Jdene brings a change in permeakir:
hc}wvi t::;::! clgt’rt'::u resiiration bft recerl:t ﬁf:t?:é? :" ?’M .
:;::?:gc: in membrane propertie§ is an effect of ripenin :
cause. There are many reports in avocado, banana, begy t:"_
which show that ethylene has no eﬁf‘ect on mem.brane pe"mﬁbilityw-
other hand, Guttenberg and Beythien (1951) in Rhoeo leaves -0,“':
that ethylene increased the rate of deplasmolysis but this wag cﬁnpt,”fl\;
Burg (1968). i bl “lsed py
me induction : It is believed that ethylene induces m _
(i) Eeﬁse ethylene treated tissues have been formed to anin_elé‘g:"
concentrations of certain enzymes (protease, inveftase, €1C.) thay 4y
control. 0 the.
(iv) RNA synthesis : Ethylene has been reported to increase RN Asyntes 8
various processes—such as in epinasty of tomato leaves (Turkoya :;
1965), in abscission (Abeles 1973) and in preclimacteric fruit (Chen,
1977). _ i R e
(v) Chromatin activity : Recently Holm et al, (1970) reported that ethyle _-.
retards the growth of apical part but increases the elongating and bag
region of the stem in seedlings of soya bean. This was accompanied by
decrease in RNA levels and chromating activity in apical zone whe
increase in elongating and basal regions, : i e
(vi) DNA-metabolism : Depending on the tissue, ethylene ‘may promote or
inhibit the growth or even may not have any effect on growth. Accordng.
to Burg et al., (1971) ethylene regulates DNA synthesis through some.
action on structure microtubules which is required in formation of spind
during mitosis. ; ' i .
Ethylene releasing chemicals : Ethephon (2-chloroethylphosphonic acid)

BOH (2-hydroxyethyl hydrazine) ethylprophylphosphate and monoethylsulphatt
release by ethylene, X
'Biqsynthesis of ethylene ; In plants ethylene is formed from the ammo Wl
methionine, a constituents of all cells, In addition, certain fatty acids (Linolenic-acidl
°an also serve as precursors of ethylene and this shows the possibility of 1Pt
glfitalzfohsm connected to ethylene biosynthesis. Since ethylene is characterised BY
OESY ’“dthe adueous phase of a cell, it diffuses into the atmosphere. It has bt
erved that synthesis of cthylene and plant response increase with an imﬂsi;\: |
an_optimum level (30°C for g les). On the other hand %
t pples). On the other hand

“Tiperature (0 to/2°() reduce ethylene production and plant response but &o " ..
- eﬂltylcttpe synthesis (but without interfering its action) is also lllhlb‘not.
respond to ethylenl: 1o is low. On the other hand, at high CO, levels plants d0 ™
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f b; ‘?h ay of ethylene : Triple respons ‘
1: onssa) POnse of eticlas.
QP llq'. I l?il,[‘lllt' bioassays of ethylene. In this lriph_.u"‘_)ld"’d Peas has been wid
lqa V1 as on® i different concentrations (.005-.64 ppy résponse the etiolated ne idely Llh{:('.
]b '}a DQ‘ reatet - hibition of elongation, increas ‘l pm) show three differe Pea seedlingg
: r“lq'b wrh-r"m Such finding were'obsetved f\ztt“ N stem  diameter ::Jcﬁlpnnscq of
o1 b1 LU : N pe; » ey ; ransv
N g cnt“::m yassed over with ethylene at a rate erl :{uh germinated in d':rnk“ff:i
ia}:.\‘ 4 : R ieh : b ST tl (%] ce I g L C
8 bll[ ¢ ::hanl]“”"“" NNWET k[;lli::l-l iography assist in mc"‘““'ll'inglc ‘im 47h in treatment
;h\rlcnf“'" low as 1 ppb) from plant organs and tissues ven small amounts of
¢l 3 . 'S,
Jhanis f ethylene ac ' B
lg Mechanism 0 t i U_lt l}jli)n .ll‘thylenc acts by stimulatine «
ln(j by influencing ‘1:.111.*\]1011 of materials through membranes I;]L enzyme synthesis
Th&d Up_es or the observed responses. Recent experiments confirm thatha"-u 11;;;1 In tum account
Iny, to o d Velnplﬂ'?“‘“l_ processes are susceptible to ethylene actio ;‘1 erent growth and
Eﬁ@e b v mechanisms of ethylene action as there are mod n therefore, there are as
&) Ohvinusly CO, is a competitive inhibitor of the enz s ﬂhylene ‘,’pem“"“-
ICre, ethylenc yme reactions activated by
dg e
0 1%:3 commercial uses of Ethylene
| ey :
.hmac S‘ E:.thylcl:lﬁ has been used for synchronised flowering and fruit ripening for
ler, centuries. Since nmetgenth century, Pureto Rican and Philippine pineapple growers
| It bonfire near thelr. plantation, knowing that smoke helped to initiate and
)1 synchronise the flowering of their crops and ripening of fruits. Several chemicals.
e elOl] which re]ease_ethylenc are useq now-a-days for promotion of flowering in pmeawh, =
5w g all over the pine a_pplq producing world. Etherel or Etephpri is the most commoniy
: a? d used chemical, which is 2-chloroethyl phosphoric acid (CI—CH ,—CH,—PO;H,).
dpica| 2on; It rapidly Preaks down in wave at neutral or alkaline pH to produce ethylene, CI=
: and ‘PO__ 3 l'ﬂ;;s and lspmg other uses of ethylene which are related to its
tlene mg physiological effects are listed.
Y promg
On growth, Ag Role of Plant Hormones or Plant Growth substances in Agriculture
nthesis thoy This is one of the most mod;m and applied aspects of plant physiology. Each
1 formation of group of plant hormones (synthetic as well as natural) has played a very important
role in the solution of several agricultural problems. Outlines of their uses in given

below :
1. Rooting and propagation.

d mon 2. Control of dormancy,
; 3. Control of flowering,
from the 4% 4. Sex expression and sex modification.
cids (Lmﬂl 5. Development of parthcnocarpic fruits by use of plant growth substances.
| possih'l]t.y 6. Control of plant senescence.
, is o1 7. Control of abscission.
)sphefﬁ 8. Control of plant size and related phenomenon.
mes:;_ 9. Weed control etc.
e !
(2




