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The story of growth regulators is one of 
the fascinating chapters in the modern agriculture* Many 
interested workers in the field of agriculture are employ
ing the knowledge of the growth regulators for the improve
ment of crop production. New methods for the control of 
plant growth and development through the use of growth 
regulators constitute one of the most spectacular agricultural 
applications in recent times. Flowering, fruit set, fruit 
drop, dormancy, root formation and even the suppression of 
undeslred plants can all he controlled by a judicious 
selection and application of the growth regulators. Many 
workers carried out their works for the study of the physio
logical effect of growth regulators dn cereals, vegetable 
crops, fibre yielding crops, sugar yielding crops and many 
horticultural plants, either as seed treatment or spray 
applications. In many casesthey found the general growth 
stimulation of the growth regulators.

In recent years it has been known that 
glbberellic acid, a white crystalline substance produced by 
culturing the soil fungus Gibberella fu.1ukurol. has held 
out good prospects in stepping up of crop plants. Hence 
considerable attention has been devoted by many workers 
on the effect of glbberellic acid in growing plants. Some 
of the Important responses of glbberellic acid are stem 
elongation and growth increase, induction of early flowering
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and fruiting fruit set etc. Available results indicate 
that gibberellic acid is a potent tool for increasing pro
duction in several sub tropical fruits. But investigations 
regarding the utility of this plant growth regulator in 
the Improvement of cereal crop production is still inadequate.

In the present investigation the study of 
the plant growth regulator namely gibberellic a d d  is confined 
on rice. Bice is the most Important single article of food 
in India. India's annual requirement of rice exceeds her 
production and the deficit is met by Imports. Hence efforts 
are being made in various direction to increase the production 
of rice. Here an effort is made to evaluate the effects df 
gibberellic acid on the morphological growjth as well as yield 
of Orvza eatlva.L.
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REVIEW OF LITERATURE

The emergence o f g ib b e re l l ic  ac id  a s  a 

p o te n tia l  p la n t growth s tim u la to r  was f a r  from sudden# 

Japanese re search  from 1926 to  1959 had taken the g ibbe- 

r e l l i n  s to ry  to  q u ite  an advanced s ta g e , A r i c e  d ise a se , 

one symptom of which was the ex c ep tio n a lly  t a l l  growth o f 

in fec ted  seed lin g s  was found in  1926 by Kurosowa, to  be 

caused by a s o i l  borne fungus e ib b e re lla  fa iilk u ro i. which 

i s  now known as  th e  p e rfe c t s tag e  o f an im perfect fungus 

Fusarium M onlllform e, Yabuta (1959) had is o la te d  an  a c tiv e  

c r y s ta l l in e  substance from cu ltu re  f i l t e r a t e s  of th is  funginj 

and th ey  c a lle d  t h i s  growth promoting substance g ib b e re l l in  

A. There i s  a gap in  sequence of even ts u n t i l  approxim ately 

th e  1950*s, when B rian  in  Im p eria l Chemical In d u s tr ie s  

re sea rch  in  B r i ta in  and independent re sea rch  by Stodala in  

U ,S. Department of A g ric u ltu re , both  Iso la te d  a p u re r sub

s tan ce  from c u ltu re s  of t h i s  fungus. The B r i t is h  i s o la te  

was ca lle d  as g ib b e re l lic  a c id , and the  U,S« i s o la te  a t  

f i r s t  c a lle d  g ib b e re l l in  X, was l a t e r  proved to  be gibbe

r e l l i c  a c id .

Thus f a r  n ine d i s t in c t  g ib b e re l l in s  have 

been is o la te d ,  s ix  from th e  m etabolic products of th e  fungus 

e ib b e re lla  fu ,1 lkuroi. A l, A2 , A5* A4, A7» A9 and fo u r from 

the immature seed of Phaseolus m u ltif lo ra s  Lan, A l, A5, A6 ,



A8 according to  S tu a rt and Cathey (1961) and Bappaport and 

Singh. (1961)« The d iffe re n t members d i f f e r  s l ig h tly  in  

s tru c tu re  and &ow s lig h t d iffe ren ces  in  physiologies! effec t*  

G ibberellin  A3 was found to  be the most a c tiv e  and g ib b e re llin  

A2 the le a s t  under any circumstances according to  S tuart and 

Cathey ( l* 6l)*

The h is to ry  of the g ib b e re llin s  and rep o rts  of 

th e ir  physio logical a c t iv i t i e s  had been reviewed by Stowe and 

Yamaki (1951); Fhinney and West ( i 960) Datta ( i 960) S tu a rt 

and Cathey (1961) and Bappaport and Singh (1961) Wittwer and 

Bukovae (19198) evaluated the general e f fe c ts  of g ib b e re llin  

on growing plants*

The physiological ac tio n  of g ib b e re llic  acid 

on growing p lan ts has been studied in  many p a rts  of the world 

by many workers* I t  has been reported th a t in v ariab ly  a l l  

kinds of p lan ts  responded to  the treatm ent with g ib b e re llic  

acid* but of th is  voluminous m ate ria l, only those rep o rts  

which are d ire c tly  re la ted  to  the present in v es tig a tio n  are  

discussed in  th i s  review*

\SEED^GEmiHATION

Since the discovery of g ib b e re llic  acid many 

workers have studied i t s  e f fe c ts  on germination of various 

seeds* I t  has been frequen tly  observed th a t  seed germination



time i s  reduced by g ib b e re llin  trea tm en t. Haysshi (1940) 

found th a t barley  and r ic e  germinated more rap id ly  as  gibbe

r e l l i n  concen tra tion  increased , but s ince  f in a l  germ ination 

percentage were n ea rly  completion in  a l l  cases, no e f fe c t  

on to ta l  germ ination can be d ioerned . Kahn, Goss ana Smith 

(1957) observed the e f fe c t of g lb b e re llic  acid on th e  germi

n a tio n  of le t tu c e  seeds and proved th a t  g ib b e re llin  can sub

s t i tu t e  the red l ig h t  treatm ent required  to  break dormancy 

w ith seeds of le t tu o e .  This e f fe c t was not reversed by 

exposure to  f a r  red l ig h t  su f f ic ie n t to  rev erse  the red 

l ig h t  e f f e c t .

Mcvey and W ittwer (1959) obtained increased 

r a te  and percentage of germ ination in  blue g ra ss  by soaking 

the seeds in  100 or 1000 ppm g lb b e re llic  acid  so lu tio n .

P isa n i (1959) found th a t  the ap p lic a tio n  of 

10 ppm g ib b e re llin  in  w ater so lu tio n  to  the seeds of le t tu c e ,  

sp inach, egg p la n t, ra d ish , marrow, bean, c a rro t and onion 

had favourable e f fe c ts  on the speed and amount of germ ination,

P ie r i  (1959) observed th a t  th e  treatm ent of 

vine seeds by 10 days immersion in  10, 25* 50 or 100 ppm of 

g lb b e re llic  acid induoed seed lings to  grow f a s te r  than  the 

co n tro ls  fo r about a month. But before the end of growing 

season they  were overtaken by the c o n tro l.

* *5~



Pollock (1959) found that gibberellic acid 
. stimulated the germination of dormant barley gram and 
showed a synergestic effect with hydrogen sulphide.
Lpw concentration of gibberellic acid increased the 
rate of germination of non dormant dehusked gram.

Herich (1960) observed that when seeds of 
Cannabis gativa were soaked for 24 hours m  solutions 
containing 5, 10, 25 and 100 ppm of glbberellic acid 
and increased percentage of female plants were obtained, 
the highest increase being caused by 10 ppm concentration.

Nekrasova (1960) found that cherry seeds soaked 
in 0.025& gibberellic acid for 48 hours and peach seeds 
for 24 hours, had no effect on the germination of unstra~ 
tified seeds from which the whole seed coat was not 
removed; but advanced germination by 3 to 4 days m  peach 
and sour cherry seeds from which the whole seed coat 
was removed.

Pauli and Stickler (1961) found that the seeds 
of Midland and Westland grain Sorghun were germinat ed 
in the laboratory in solutions containing 0, 25, 50, 75 
and 100 ppm gibberellic acid. The rate of germination 
of all varieties was uneffected by gibberellic acid.

Zujagina (1961) found that germination of freshly 
harvested seeds from seven species of Nieotiana and from a



hybrid of N ieotiana species x N icotians tobacco was g re a tly  

improved by placing them in  p e trid ish es  moistened with 0,02$ 
g ib b e re llic  ac id .

Vinodhini Vasudevan and Moosa S h erif (19S3) 

studied the e ffe c t of g ib b e re llic  acid on the germination 

and I n i t i a l  growth of paddy seeds of v a rie ty  TKM6, The 

f in a l  germination percentage was not a ffec ted  by any con

cen tra tio n  of g ib b e re llic  ac id , w ith the exception of @0 

and 40 ppm concentration which almost completely inh ib ited  

germination* But regarding the i n i t i a l  growth, the pre 

soaking of paddy seeds in  the various concentrations of 

g ib b e re llic  acid s ig n if ic a n tly  proved superio r to  seedlings 

grown from w ater soaked and unsoaked seeds w ith regard to  

increase in  the i n i t i a l  shoot height which increased with 

increasing  concentration of g lb b e re llic  a c id ,

STEMJSLOMTION

The most ty p ica l and s tr ik in g  plan t response 

to  treatment w ith g ib b e re llin  is  stem elongation. Elongation 

i s  mainly due to  l in e a r  extension of c e l l s .  C ell m u ltip lica 

t io n  i s  a lso  p a r tly  responsible fo r  i t*  Earesloop (1961) 
observed th a t the c e ll  number across the p ith  was not affected  

by g ib b e re llic  acid  treatm ent; but the f in a l  number of c e lls  

in  the long itud inal a x is  was g re a tly  increased. I t  was eonclu-
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ded th a t  g ib b e re llic  acid  increased the r a te  of c e l l  elonga

tion*

Sachs and Lang (1931) found th a t the stem 

elongation  in  Hyosoyamus is  the re s u lt  of a g rea t increase  

in  the number of c e l l  d iv is io n s  in  the sub a p ica l region of 

the stem; thus proving th a t g ib b e re llin  may fu n c tio n  a s  a 

re g u la to r not only of c e l l  e longation  but a lso  of c e l l  

d iv ision*

Phinney (1956) observed th a t a p p lic a tio n  of 

very low concen trations o f g ib b e re l lic  acid to  dwarf Corn 

p lan ts  re su lted  in  p lan ts  in d is tin q u ish ab le  from g e n e tic a lly  

t a l l  p lants*  In  4 dwarf mutants of Maize, g ib b e re llin  brou

ght growth ra te s  up to  th a t  o f tre a te d  normals* When t r e a t 

ment was stopped th e  mutants slowly re turned  to  a dwarf 

growth ra te*

M arth, Audia and M itchell (1956) studied th e  

e f fe c t  of g ib b e re llic  ac id  on growth and development o f 49 

p lan t species* The h e ig h ts  of snap beans, soyabeans, ground 

n u ts , peppers, egg p la n ts , maize and barley  were in  most 

cases doubled and in  some case tr ib le d *  Stem elongation  

was induced in  most p lan ts  being s l ig h t  in  c o n ife rs , n i l  in  

onions and g la d io l i  and very  marked in  young growth o f beans, 

orange seed lings geranium, Japanese maple, Capsicum, Poln- 

s e t t i a ,  some rhododendrons, Sugar cane, tomato and tu l ip  tree*



Bukovac and W ittwer (195b) observed th a t  

g ib b e re llic  ac id  stim ulated  stem elongation  o f pea, bean, 

tomato, c e le ry , capsicum, sweet corn , squash, cucumber, 

le t tu c e  and cabbage grown in  n u tr ie n t so lu tio n  o r s o i l  in  

the  green house. Dwarf peas grew t a l l e r  than  norm ally t a l l  

ty p es . Bush beans were changed to  tw ining forms. Cabbage 

and le t tu c e  responded by rap id  elongation  o f in ternodes 

w ithout head form ation . Capsicum grew to  double or t r ib le  

th e i r  no rural h e ig h t. Squash and Cucumber p lan ts  increased 

in  h e ig h t,

B rian and Hemming (1957) found th a t  stem 

extension o f  dwarf peas was acce lera ted  by g ib b e re llic  acid* 

But stem extension  of t a l l  peas was not a ffec te d  by gibbere

l l i c  ao id ,

Hudson (1958) observed the elongation  in  

R aspberry, I f  weekly treatm ent of g ib b e re llic  ac id  a t  low 

concen tra tions a re  applied  to  the stem ap ices immediately 

a f t e r  the t r a n s f e r  from 18° to  10°, th e  in ternodes continue 

to  e longate . Moreover, i f  g ib b e re llic  ac id  i s  applied a f te r  

ro s e tte s  have formed, the stems w il l  s ta r t  to  elongate again 

a t  once. The g ib b e re llic  acid changes the re ac tio n  of the 

p lan t to  i t s  Environment, in  th is  ease causing a shoot to  

grow under weather Conditions which would norm ally prevent 

i t  from elongating .
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Morgan and Mees (1998) sprayed a v a r ie ty  of 

crops including  g rass wheat, p o ta toes, tu rn ip s , c a r ro ts ,  

peas, runner beans, le t tu c e ,  e e le ry , blaok c u r re n ts , kale 

and maize a t  a r a te  of 2 ounces per acre# In  a l l  th e  

oases growth s tim u la tio n  was observed* Pronounced stimu

la t io n  of vege ta tive  growth was a lso  observed in  peas, 

runner beans, black cu rra n ts , p o ta to es , c a r ro ts ,  tu rn ip s  

and le ttu ce*  Stoddart (1958) found in ternode elongation  

in  red c lo v er when i t  was tre a te d  w ith g ib b e re llic  acid*

Kuppuswami and Narayanan (1998) observed 

th a t  h igher concentrations o f the chemical a t  50 and 100 

ppm brought about increased v eg e ta tiv e  growth o f  Arabics 

coffee seed lings mainly through th e  ex tension  of internodes* 

The optimum concen tra tion  appeared to  be 50 ppm*

Chakravarthi (1958) reported  the e ffe c t of 

g ib b e re llic  a c id  a t  concen tra tions 1 , 10, 100 ppm on ten  

days seed lings of Sesamum indieum* Most trea tm en ts re su lted  

in  elongation  of in te rn o d es, the degree o f which was d ir e c t ly  

p roportional to  the concentration*

Bonde and Moore (1998) reported  th a t s in g le  
sprays o f  increasing  concen tra tion  of g ib b e re llic  acid in  

the range of 0*0019 to  19*0 mg/L had in creasin g  stim u la to ry  

e f fe c ts  on stem elongation  o f dwarf telephone peas* Height 

increases a t a l l  concentrations were reported  to  be g re a te r



in  p la n ts  tre a te d  a t  20 days age than  in  those tre a te d  a t  

10 days.

Bench -  Anderson ( I f f ! )  observed stem elonga

tio n  in  aza lea , chrysanthemum, co leu s, d h a lia , geranium, 

stock , sunflower, bean, maize, pea, p o ta to , g la ss  house and 

outdoor tomatoes and v in e , The ooncentrations used were 50, 

100 and 200 ppm, G ib b ere llln  applied  in  la n o lin  induced 

elongation  in  hydrangea, h o lly , jumper, 1i l i a c ,  rose and 

viburnum,

P isan i (1953) observed s ig n if ic a n t lengthen

ing of in ternodes in  growing Zuchinls (a sm all type o f 

marrow) when the seed lings were tre a te d  w ith  aqueous so lu

tio n s  o f g ib b e re llin  a t  50 o r 100 ppm, Stem len g th  avera

ged 29*5 cms a t  50 ppm, 35 cms a t  100 ppm and only 11 cms 

w ithout trea tm en t,

Simao e t  a l  (1953) reported  th a t  a t the 10 

or 50 ppm concen tra tions stem at leaves elongated ra p id ly

in  tomato p lan ts  during the 10 days follow ing treatm ent s .  

They were d e f ic ie n t in  supporting t is s u e s  and became 

p e n d u lo u s at the s h o o t  t i p s .

Mezzani and Gonzalez (1958) observed th a t  

germ ination of Sesame, bean, tomato and papaw seeds was
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unaltered  by seed treatm ent w ith g ib b ere llin *  which caused 

elongation  of the in tern o d es, Repeated trea tm en ts  had 

cumulative e f fe c ts  and very high concen trations were 

p h y to -to x ic ,

B oljakoff -  Mayber and Mayer (1959) observed 

th a t  in  le t tu c e  prolonged a p p lic a tio n  o f  g ib b e re llic  acid 

e f fe c ts  the  in ternodes re s u lt in g  i s  elongation  and causes 

e a r l i e r  flow er form ation,

Thakur and Negi (1959) found th a t  an increase  

of 29,5 oms in  heigh t of the main shoots in  tre a te d  sugar** 

cane. Each main shoot had 4 ad d itio n a l in te rn o d es. The 

t i l l e r  growth was adversely  a ffec ted  both in  number and 

development. The average height of the t i l l e r  was lower 

by 4 cms,

S toddart (1959) stud ied  the response o f S,123 

ex tra  l a t e  flow ering red c lo v er in  the  year o f  sowing to  

th re e  sprayings of g ib b e re llic  acid a t  28 days in te rv a ls .  

Fewer stems were formed on the tre a te d  p lan ts*  but th e i r  

th ickness a&d the number and leng th  o f  the internodes were 

increased ,

Sundersen (1959) observed th a t  g ib b e re llic  

acid  promoted elongation  of Begnonla stem p a r tly  by c e l l  

w all elongation  and p a r tly  by ac ce le ra tio n  of c e l l  d iv is io n .
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Soost (1^59) stud ied  the e f fe c t  of gibbere

l l i c  acid  on tomato p lan ts  of a gametic dwarf v a r ie ty  and a 

normal varie ty*  G ib b ere llic  ac id  app lied  in  amounts of 30 

and 60 mg/plant to  4th  expanding le a f  produced s ig n if ic a n t 

increases in  stem elongation* The 30 mg treatm ent produced 

a re la t iv e ly  g re a te r  response in  the normal v a r ie ty  than in  

the dwarf varie ty*  The in crease  in  p lant heigh t was mainly 

produced by elongation  of nodes below the point of ap p lica 

tion*

Staut (1959) found th a t 100 ppm of gibbere

l l i c  acid  sprays increased the h e ig h t, internode number and 

in ternode length  o f H ibiscus Cannablnus. Oorohorus c l l f o r iu s . 

Cannabis Saflva and Zebrlna pendula.

A lder e t  a l  (1959) tre a te d  maize v a r ie ty  

p ioneer No*395 w ith  1 o r 3 mg g ib b e re llic  ac id  p r io r  to  

tasselling  a t  30$ ta s s e l l in g  or a t  complete ta s s e l l in g  in  a l l  

combinations* G ib b ere llic  acid  increased the height of a l l  

p lan ts  t re a te d , treatm ent a t  30$ ta s s e l l in g  was found to  

have th e  g re a te s t e ffec t*

Coleman e t a l  (1959) found th a t a p p lica tio n  

of g ib b e re llic  acid  in  d if fe re n t concen tra tion  to  the growing 

sugarcane p lan ts  increased th e i r  height but reduced s ta lk  

diam eter and t i l le r in g *



T o rrl ana Nakagawa (1959) observed growth 

promoting e f fe c t  of g lb b e re llln  on the tea  shoots* Consi

derable growth stim ulus was observed In  the young shoots 

of tea  p lan ts  sprayed w ith g ib b e re llic  acid* The main 

e f fe c ts  were longer in ternodes and th in n e r and more f r a g i le  

stems* The optimum concen tra tion  appeared to  be 50 -  100 ppm 

and although 3 * 9  sprayings were made, 2 - 3  a re  thought to  

be adeqsiate*

Ho vey and Wittwer (1959) studied th a t  a 

f o l i a r  spray o f 100 ppm applied  to  3 weeks a f t e r  the emer

gence of blue grass re su lted  in  increases in  growth a week 

a f t e r  treatm ent which was equivalen t to  th a t  made by the 

c o n tro ls  in  3 weeks,

Nickerson (1959) stud ied  the ©ffeet of gibbe

r e l l i c  acid on f iv e  d if fe re n t kinds of maize. Maize of the 

w ell defined ra ce s , parker F lin t and Z -apalote Chico and the 

inbred v a r ie ty  span cro ss were grown in  the f ie ld  and tre a te d  

with d i s t i l l e d  w ater or aqueous so lu tio n s  con tain ing  5 ppm, 

or 25 ppm or 125 ppm or 625 ppm of g ib b e re llic  acid* iv e ry  3 

days through out the growing season 1 ml o f appropria te  solu

t io n  was applied  to  the  a p lea l le a f  c av ity  of each plant* 

Increases in  p lan t height re su ltin g  from g ib b e re llic  acid 

treatm ent did not occur in  the same nodes in  d if fe re n t  v a r ie 

t i e s  of maize or to  the same ex ten t fo r p a r tic u la r  nodes in  

p lan ts  of the same v a r ie ty  receiv ing  d if fe re n t  le v e ls  of gibbe

r e l l i c  acid* G ibberellic  acid a ffec ted  inbred v a r ie ty  to  the



A llan e t a l  (1959) s tu d ied  the growth 

responses of 6 wheat v a r ie t ie s  in je c te d  a t  6 weekly in te rv a ls  

w ith  co n cen tra tio n s o f  g ib b e re llio  ae id  ranging from 0 to  

1000 ppm under g la ss  house conditions*  The v a r ie t ie s  were 

(a) Dwarf Tom Thumb (b) Semidwarf Sen* Seun 27, N orin 1© x 

Brevor 2238 and Korin 10 x Brevor 14; (e ) Standard h e ig h t,

Burt and Kharkof MC.22. The e f fe c t  of the treatm ent on 

p lan t h e ig h t, s iz e  o f  in ternode and spike emergence o f the 

6 v a r ie t ie s  was determ ined and compared* The dwarf and 

semi dwarf v a r ie t ie s  were not induced to  grow to  normal 

heigh t by treatm ent w ith g ib b e re llio  acid* Standard heigh t 

v a r ie t ie s  were stim ulated  s ig n if ic a n t ly  more th an  sho rt 

v a r ie t ie s .

Jan h a ri e t a l  ( i 960) observed a marked 

improvement in  the growth of sp inach w ith  d if fe re n t  concen

t r a t i o n  of g ib b e re l lio  ac id*  The maximum average heigh t was 

observed under 10 ppm*

T o r ii  and Nakagawa ( i 960) found th a t  spraying 

w ith  g ib b e re llio  ae id  increased  the growth o f  te a  shoots from 

2*5 and 3*5 mm per day in  th e  f i r s t ,  second and th i rd  plucking 

seasons to  3 *9, 3*9 and 6.3 mm resp ec tiv e ly *



SI re a r  and Roth in  C hakravarthy ( i 960) 

pointed  out th a t  th e  e f fe e t  of g ib b e re llio  acid on ju te  

p lan t is  l i k e ly  to  be of considerab le  economic importance* 

The tre a te d  p la n ts  showed increased  h e ig h t in  comparison 

w ith  the c o n tro l a f t e r  one week of ap p lica tio n *  The basa l 

0 ireum feranee was a lso  increased  by g ib b e re llio  ac id  t r e a t 

ment, 10 ppm (w ith  la n o lin  p as te ) showed the best e f fe c t  as 

the q u an tity  and percentage of f ib r e  ex tracted*

F ish  F ( i 960) observed th a t  g ib b e re llio  aoid 

in je c te d  in to  growing D atura Stramonium p la n ts  increased  

in ternode len g th  e s p e c ia lly  on the t re a te d  s id e  w ith  some 

a x ia l  s p l i t t in g *

Singh, Randhawa and J a in  ( i 960) stud ied  in  

d e ta i l  the responses to  th e  a p p lic a tio n  o f g ib b e re llio  acid 

in  straw berry  v a r ie ty  "Pusa Dwarf E arly ” # They found th a t  

g ib b e re l l ic  ac id  sprays increased  th e  heigh t and spread of 

p la n ts ,  number and len g th  o f  ru nners, hastened  flow er forma

tio n  and f r u i t  m a tu rity  and increased  the  t o t a l  y ie ld  and 

q u a l i t y  of f r u i t s *

Narasimham ( i 960) t r i e d  d if f e re n t  doses of 

g ib b e re l lic  acid  were app lied  to  the apex o f tobacco shoots 

by the microdrop method* Responses were noted w ith in  one 

week even a t  th e  low est dosage while a f t e r  4- weeks shoots
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rece iv in g  500 mg per p la n t had increased  in  heigh t about 

200$ compared w ith  the c o n tro l;  m ainly because o f longer 

in te rn o d es.

Misra and Sahu ( i 960) found th a t  treatm ent 

w ith  g ib b e re l l ic  ac id  stim ulated  e lo n g a tio n  of an e a r ly  

v a r ie ty  o f r ic e  No, 136. The trea tm en t co n sis ted  of soaking 

seeds before sowing fo r  72 hours, followed by a post sowing 

f o l i a r  spray  w ith  vary ing  co n cen tra tio n  1 , 10, 100, 250,

500 ppm of g ib b e re llio  a c id . The spraying commenced w ith  

28 days old seed lin g s  and continued once a week t i l l  the 

time of e a r  emergence, G ib b e re llic  acid  brought about a 

decrease in  the production  of t i l l e r s  and leav es along w ith  

a conspicuous e longation  o f  the main shoot and t i l l e r s  in  

comparison w ith  the c o n tro ls .  The promotion or in h ib it io n  

w ith  regard  to  the v eg e ta tiv e  c h a ra c te rs  s t r i c t l y  followed 

the co n cen tra tio n  g rad ien t o f the chemical w ith in  a range 

1 to  500 ppm.

Frey ( i 960) observed th a t  putnam oat p la n ts  

were sprayed w ith  g ib b e re l l ic  acid in  co n cen tra tio n s  of 10, 

100, 1000 and 2500 ppm a t 24 hours before and 24 hours a f t e r  

an th e s is  caused 10 -  50$ e lo n g a tio n  of the upper in te rn o d es.

Gopalachari and Naidu (19&1) found a marked 

in c rease  in  the heigh t o f tobacco p la n ts  t re a te d  w ith  g ibbe-



rellic acid at 50 micro grain, 100 mg and 150 mg levels.

Gardner and Kasperbauer (1961) studied the 
effect© of gibberellic acid as a seed treatment and a© a 
foliar spray on dwarf grain sorghum under glass house and 
field conditions. Concentration of 10 or 100 ppm gibbere- 
llic acid hastened emergence and increased initial height 
of the plantsf hut both of these effects were short lived.

Mupsingh Sandhu and Akhtar Husain (1961) 
studied the effect of gibberellic acid as a seed treat
ment on the growth of Bajra (Pennisetum tynholfles). They 
observed that the concentration of 100, 250 and 500 ppm 
of gibberellic acid showed significant increase in seedling 
height at 5# level of significance.

Rabindrakrishna Mukherjee and Datta (1962) 
found increase in final height of brinjal plants to 32$ 
and 62$ over control in 100 and 1000 ppm gibberellic acid 
respectively. This was mainly due to the extension of 
intemodes, which did not however increase the basal 
diameter of the stem.

Sekhara Rao (1962) observed that treatment 
with any concentration of gibberellic acid above 200 ppm 
caused considerable injury to Bermuda grass. At a



concentration of 10 ppm the action of gibberellic acid 
was manifested in visible lengthening of the internodes. 
Concentrations of 50 and 100 ppm resulted in a lengthening 
of the intemodes; the 5th internode from the apex being 
0.5 cm longer than that of the controls. Gibberellic acid 
at 200 ppm caused some injury to the leaves visible 3 days 
after application. At all concentration used response of 
Bermuda grass to gibberellic acid was visible within 48 to 
60 hours.

Appala Naidu and Satyanarayana Murthy (1962) 
reported that gibberellic acid bad no effect on the elonga
tion in two of the 4 mesta varieties treated. But the 
other two varieties which were more succulent than those 
that had not responded showed a significant increase in 
stem elongation. The increase in shoot extension is mostly 
due to increase in internodeal elongation and not due to 
production of intemodes. Hie differential behaviour of 
4 varieties seem to depend on succulence of the shoot 
rather than the tallness or dwarfness of the plant in its 
responses to treatment with gibberellic acid.

Paul Thomas, Krishnamurthy and Madhava Ba® 
(1963) found that treatment with gibberellic acid at 10,
50 and 100 ppm increased the height of mango seedlings by 
56.0, 71.3 said 80.8 percent respectively within six months, 
compared with a corresponding increase of 29.0 percent in
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the untreated plants. Concentration of 200 and 300 ppm 
similarly produced significantly taller plants, the higher 
the concentration, the taller the seedling. Three appli
cations of gibberellic acid at 10, 50 and 100 ppm were 
found t© be mere effective than one of two applications 
at 10, 50 and 100 ppm. They also noted that the grape 
fruit seedlings treated with 100 ppm gibberellic acid 
recorded increase in height over control with propor
tionately smaller increase in the lower ooncentratiins.

EFFECTS ON FOLIAGE

Marked changes in leaf shape, size and 
number have resulted in several plants from gibberellin 
treatment.

Yabuta (1941) found the leaves of the 
treated tobacco to be on the whole smaller and paler thaa 
the control. But the largest single leaf was found on 
treated plants. Also the number of leaves in two of the 
4 tobacco varieties was more than doubled.

Marth et al (1956) reported that treated 
plants belonging to various genera and species developed 
temporarily paler leaves either narrower or broader than 
normal.

Pllet and Wurgler (1958) observed that



elongation of the petiole was the most obvieus reaction 
to treatment with gibberellin. There was also an increase 
in length and in total leaf area in Trifolium ochroleucum.

Morgan and Me as (1958) found that 
the stimulation caused by gibberellin treat was accompa
nied by yellowing of the grass, but recovery to a normal 
green colour was speeded up by the application of a 
nitrogenous fertilizer at the same time as the gibbere
llic spray.

Humphries (1958) in his studies on the 
effect on the growth of Majestic potato observed that 
gibberellic acid increased l&af area. The treatment 
caused a persistant chlorosis of the leaves which never 
became as dark green as an untreated plant.

Pisani (1958) found that treatment 
with gibberellin in growing Zuechinis resulted shorter 
leaves with longer petioles than the controls. The 
untreated plants had the maximum number of leaves.
Treated plants were chlorotic. A month after the last 
treatment normal chlorophyll content was restored.

Slmao (1958) sprayed tomato plants 
twice (19 and 25 days after transplanting) with 0, 1, 10, 
or 50 ppm solution of gibberellic acid. Treated plants



became chlorotic to an extend depending on the concen
tration used, but partially recovered the green colour 
within 4 days of treatment. The new leaves are longer 
and narrower with much less indented margins than usual 
and the texture was softer.

Thakur and Negi (1959) observed that 
gibberellic acid increased the leaf area in sugarcane 
plant by 243*1 squire centimers. The treatment adversely 
affected the leaf development in the tillers. The average 
leaf number in tillers was lower by 2.6 and leaf area by 
368.8 squire centimeters in treated plants.

Stoddart (1959) found that gibberellic 
acid brought about an increase in petiole length and a 
parallel increase in leaf area in late flowering red 
clover. Secondary branching was not significantly 
increased, but the gibberellic acid treated plants produ
ced a large number of tertiary branches from axillary 
buds on the secondary branches. Cauline leaves showed 
an increased length/breadth ratio at each node with 
treatment, the ratio tending to be most marked at those 
nodes where leaf formation coincided with gibberellic 
acid spraying. Leaf thickness was also increased by 
gibberellic acid treatment.
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Staut (1959) recorded observations on



the e f fe c t8 of 100 ppm. of g ib b ere llic  acid on Hibiscus 
Cannablnus. Corchorus o l i to r lu s . Canabis sa tiv a  and 

Zebrina pendala. Changes In le a f  shape, p e tio le  length 

and au x ilia ry  shoot length were recorded fo r some of the 
p lan ts .

Soost (1959) observed th a t a reduction 
in  the number of le a f  l e ts  per le a f  and a change to e n tire  

ra th e r than se rra te  le a f le ts  occured in  a l l  g ib b ere llic  

acid trea ted  tomato p la n ts . The g ib b ere llin  applications 

produced leaves and in i t ia te d  indeterminate growth on 

the g enetica lly  non-leafy determinate in florescences.

Movey and Wittwer (1959) reported a 
s lig h t reduction in  the blade within the spring sown 

Merlon blue grass consequent on the application  of 
g ib b ere llic  acid but i t  induced ch lo rosis . This would 

be p a r t ia l ly  a llev ia ted  by the addition of one or two 
lb s . of nitrogen per 1000 sq. f e e t .

Scarascia - Venezian (1959) reported 
th a t the g ib b ere llic  acid trea ted  tobacco p lan ts produced 

s ig n ifican tly  longer leaves, but no increase in  number of 
leaves. The leaves of the treated plants were narrow and 
had irre g u la r margins.



Fiachnich et al (1959) applied 
gibberellic acid with the concentration ranging between 
5 and 100 mg on the apices of potato plants. They 
observed elongation of intemodes and a paler green 
colour of the leaves.

The universal effect 0f gibberellin 
observed on the foliage is chlorosis. But the results 
of an investigation carried out by Wolf and Haber (1960) 
demonstrated that chlorosis does not necessarily accompany 
growth stimulated by gibberellic acid. The paleness 
observed in the treated wheat seedlings was accounted 
for by a failure of chlorophyll synthesis to keep pace 
with the increased cell expansion. Beside the simple 
dilution of chlorophyll the apparent chlorosis in older 
plants must also result from delayed effects of malnutri
tion, not to direct action of the acid on formation of 
destruction of chlorophyll. Stimulation of growth by 
gibberellic acid without direct effect on chlorophyll 
metabolism in consistent with the finding that the acid 
does not directly affect photosynthesis.

Sircar and Rothin Chakravarthy (1960) 
observed t h a t  g i b b e r e l l i c  a c i d  treatment increased the 
number of leaves m  Jute plant. There was the change in 
the shape and size of leaves after gibberellic acid 
treatment, but leaf fall was earlier than in control pi"
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Razumov (1960) found that gibberellic 
aoid treatment at day lengths above 6 hours most of the 
leaves produced by Hemp plants were simple as against 
the usual production of compound leaves in short days.

Miera and Sahu (1960) observed that 
gibberellic acid brought about a decrease in the pro
duction of leaves in an early variety of rice No.136.

Gropalacharl and Naidu (1960) found 
a marked increase in the number and size of leaves of 
wrapper tobacco under gibberellic acid treatment.

Torii and Nakagawa (i960) observed 
that the number of shoots and leaves were not increased 
nor were the total N; caffeine, tannin and crude fibre 
contents of the leaves. The chlorophyll content 
however was reduced. The quality of the black tea 
made from the sprayed leaves was higher than that of 
the controls.

Haresloop (1961) found that the 
gibberellic acid treated Lvconersicum esueulantum 
showed slight leaf chlorosis, the formation of entire 
margined leaves and an increased rate of leaf formation.

Lai and Singh (1961) observed that



while gibberellic acid did not inhibit or inactivate 
the leaf curl virus, it reversed its stunting effect 
on tomato plants by stimulating their growth and 
suppressing the symptoms of leaf curl.

Bose and Hammer (1961) observed 
that leaves of gibberellic acid treated tomato plants 
showed chlorosis? and while patches. In the size of 
the largest leaf no significant difference existed 
between the treatments.

_ Williams (1961) observed that the 
gibberellic acid treated Hop plants had a larger total 
leaf area than the controls, but their leaves were 
chlorotic, being very pale green in colour. This may 
have indicated a lower photosynthetic capacity than 
the controls; where the leaves were normal in colour, 
and may have been responsible for the gradual decline 
in the rate of elongation of the treated plants.

Appala ITaldu and Satyanarayana 
2&irthy (1962) found that the leaf output in 4 different 
Mesta varieties Manchigogu, red pusa gogu, Kendagogu 
and white pusa gogu - subjected to gibberellic acid 
treatment remained practically the same as that in 
control plants. But those varieties that showed 
stimulated stem elongation exhibited perceptible



changes in leaf shape or area. The length of the petiole, 
length of lamina, leaf breadth and leaf let width were 
reduced considerably.

Paul Thomas et al (1963) found increase 
in the number of leaves following gibberellic acid treat
ment in mango seedlings. The shape and size of leaves 
were not affected. They found increase in number of 
leaves, theleaf surface area and the petiole length? 
but the shape of the leaf was not affected in gibberellic 
acid treated grape fruit seedlings.

HOOT GROWTH

Almost sill the workers found either 
no effect of gibberellic acid on root growth or decreased 
length, number and weight• But exception to this have 
been observed by some investigators.

Brian et al (1954) reported consistent 
decrease in root weight in the treated peas and wheat.

Bench - Anderson (1953) observed that 
an increase in top root ratio is usually associated with 
the treatment. In the case of root crops the treatment 
proved to be Injurious to the storage roots.

Kuppuswami and Narayanan (1953) obtained
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an increase in the weight of both shoot and root without 
any undue disturbancein the ratio with 100 ppm. spray of 
glbberellic add on Arabia Coffee seedlings.

Gunderson (1959) observed that root 
growth of Slnanls alba seedlings was unaffected by 
glbberellic acid treatment, but root formation in Salix 
purpurea was considerably depressed.

Dyens (1960) found that roots of 
Phaseolus vulgaris showed a growth response to glbbere
llic acid aconcentration in the nutrient solution which, 
however, did not have any effect on the shoots. When 
equivalent concentration applied to the shoot apex or 
primary leaves there was a top growth stimulation but 
the roots were unaffected. When mature bean plants were 
treated with 1 ppm. occurred, but there was no stimulation 
of top growth. However the tops increased in dry weight 
with this treatment.

Gopalacharl and Naldu (1961) observed 
a slight Increase in ihe weight of the roots of the treated 
tobacco plant at 50 microgram level. But with higher 
concentrations, root weight correspondingly decreased.

Haber et al. (1961) reported less dry 
weight of the root system in the treated wheat plants.



Sekhara Hao (1962) observed an increase 
in the top/root ratio of cynodon dactylon pera, conseqeat 
on gibberellio acid treatment. The plants that received 
200 ppm of gibberellio acid had a few roots, only one to 
two inches long.

gLOffBSINS

One of the most striking effects of 
gibberellio acid on certain vegetable crops is stimula
tion of flower formation. Treatment with gibberellio 
acid replaces the cold requirement of certain biennial 
plants grown on short days. Oibberellie acid stimulates 
flowering only m  some long day plants and delays flowering 
in ahort day plants.

liarth et al (1956) observed no evidence 
of increased flower bud initiation in treated plants of

W  |geranium and petunia. But existed flower buds developed
^  imore rapidly as a result of treatmwnt with gibberellio 

acid. On theother hand flowering wasr delayed in Capsicum.

Bappaport (1956) reported that seed 
treatment, repeated foliage sprays, injections into the 
bulbs and feeding gibbereilin down the cylinders of 
detipped leaves were all ineffective in onion, in stimu
lating either growth or flowering. He in 1957 recorded 
hastened flowering by three to 10 days in tomato without 
affecting node number upto the first inflorescence.



-30™

Chakravarthy i1958) studied the effect 
of gibberellic acid on the flowering of both vernalized

rs
and normal plants of Brassica campestris 1 and Leua

i

esuculanta moench. Seed treatments of all the fourr 
plants with gibberellic acid failed to produce any earliness 
in flowering. It was hence concluded that the chemical 
did not replace 'vernation*. Just like the effect of 
vernalization in gibberellic aeed treatment also stem 
elongation and flower initiation were two separate functions.

Pisani (1958) observed that im treated 
plants of Zucchinis there was no change in flowering date.
But the petals were longer, narrower and paler than the 
normal; and deformities m  Stamens and pistils were common.
A month after the first treatment normal flowers began to 
develop.

Takura et al (1958),studied the effects 
of gibberellins on the growth and flowering of the follow
ing crops. Solutions of gibberellic acid were applied.to 
pot plants at rates of 25, 50 and 100 ppm. Flowering of 
treated cyclamen was about 20 to 25 days earlier than that 
of control plants. Vegetative growth was stimulated and 
f l o w e r i n g  w a s  a c c e l e r a t e d  i s  P e t u n i a  a f t e r  g i b b e r e l l i c  a c i d  

treatment. Flowering of Freisia, Narcissus and Dutchiria 
was accelerated about 3 to 7 days, but Easter lily was not 
affected by gibberellic acid. In both nancy and Prumula -



malacoldes flowering was accelerated and pedunele length 
was also increased. Flowering in Adonis amuseusls was 
hastened. The viability of pollen grains from Cyclamen 
and Prumula malacoldes was not damaged by glbberellic 
acid treatment.

Thoroup (1959) observed that treatment 
with glbberellic acid advanced flowering in Cleoma mono- 
phylla Tagetes patula and Palangodlum zonale. Treatment 
was also found to favour fruit set in Blsinus communis.

Hazumov (i960) observed that Sun flowers 
treated for 30 days with 0.1# glbberellic acid flowered 
in 24 hour days, Perilia plants flowered after 35 days in 
9 hour days following treatment with glbberellic add. 
Flowering did not occur at all in untreated plants.

Singh et al. (1960) reported that 
flower formation in Strawberry variety pusa dwarf early 
was hastened by 26-31 days and fruit maturity by 19 to 
23 days after glbberellic add treatment.

Bappaport and Bonner (1960) reported 
that endive, a winter annual that flowers faster after 
seed is vernalized, and grown under longs days, flowered 
with glbberellin treatment in the absence of vernalization 
and on short days. In this plant glbberellic add 
succeeded to replace vernalization and long day require
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ments for flowering.

Misra and Saha (1960) observed that 
gibberellio acid at all concentrations induced a signi
ficant earlinees in flowering in the treated plants of 
rice No.136. Maximum earlinees was obtained with 100 ppm. 
of the chemical concentration. Higher or lower than 100 ppm. 
produced a lesser degree of earliness.

Gopalacharl and Naldu (1961) found an 
earliness in flower formation in treated tobacco plants.
But the seed production was considerably reduced.

Appala Naldu and Satyanarayana Murthy 
(1962) reported that gibberellio acid sprays had no effect 
on flowering in two mesta varieties. But in other two 
varieties the flowering was delayed and at 100 ppm. there 
was practically no flowering.

FERTILITY AND SEX EXPRESSION

Gibbereilin Induced male sterility was 
reported by many workers. Nickerson (1959) observed that 
some gibberellio acid treated maize plants developed tassels 
exhibiting male sterility and containing some pistillate 
florets. In Spancross variety of maize given 125 ppm. 
gibberellio acid the tassels had a jointed rachls and bore 
paired pistillate spikelete below the Staminate spikelets.
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Bose (1959) Reported the effect of 
gibberellic acid on the growth of pollen tubes. Germina
ting pollen of Pisum sativum was treated with gibberellin. 
Gibberellic acid increased tube growth ab 0.05/mg/1 to 7 times 
that of the control; but had leas ef effect at higher 
concentrations. Higher concentrations also caused broaden
ing of the grains. Gibberellic acid had no promoting effect 
on germination. Gibberellic acid however stimulated the 
generative cell to divide and in rare cases the male gametes 
divided again to produce 4 sperm cells.

Atal (1959) sprayed Cannabis sativa plants 
at weekly intervals from the 4th leaf stage to flowering 
with 100 ppm of gibberellic acid. Treated female plants 
at first produced male flowers and only in later formed 
axils did female flowers appear. On male plants gibbere
llic acid did not affect sex, but increased the number of 
flowers formed. ^

Paterson and Alinder (1960) clearly 
demonstrated the induction of stammate flowers on gynocious 
Cucumbers by gibberellic A3* This has the practical advan
tage of permitting the development of F1 hybrids.

FHUITING AND YIELD
Many of the workers reported that gibberellic 

acid is effective for increasing fruit set, fruit size and



induction of parthenocarpy In a large number of crops.

Wittwer and Bukovac (195?) found that 
glbberellic acid was very effective In setting tomato 
fruits without pollination. Cucumbers and egg plants showed 
similar responses to glbberellic acid. Glbberellic acid 
was found to be about 500 times more effective than indo
lence tic add In Inducing parthenocarpy of tomatoes.

Bappaport (1957) observed that setting of 
fruit was Increased by repeated floral sprays containing 
1 to 500 micro gram per litre. There was no significant 
change in fruit diameter, and weight. But the size was 
decreased by about 50$ at an optimal temperature for growth, 
flowering and fruiting in tomato*

Gustafson (I960) observed that only 0*5 and 
1.0$ glbberellic acid Induced the formation of partheno- 
carpic fruits In tomato. When flowers and flower buds of 
the first three clusters were sprayed with 35 to 70 ppm. of 
glbberellic add fruit setting was enhanced, but the total 
weight of fruits produced lower.

Ogzewalla (1960) reported that In plants 
sprayed weekly with 10 and 100 ppm. of glbberellic add the 
fresh weight yield of peppermint herb was reduced; but the 
dry weight yield of peppermint was similar to that of 
controls. After harvest a second crop of mint was grown,



without further gibberellio acid treatment. In this 
case the yield of oil waa reduced on both a fresh and 
dry weight basis in the plots previously treated with 
gibberellie acid.

Sebank (1960) observed that tomatoes trea
ted in the seedling stage with gibberellio acid set more 
fruit. But excessive stimulation of the plant resulted 
in retarded development and delayed ripening of the fruits.

Morgan and Meas (1958) conducted field 
trials with gibberellio acid on wheat, potato, turnips, 
carrots, peas, runner begns, lettuce, celary, leala and 
maize. They failed to record any increase in yields. In 
no case the crop yield Increased, decreases were recorded 
in the case of potatoes and carrots. Grass was the only 
crop to show yield Increase from the application of gibbe- 
rellic acid. Bepeated applications led to a progressive 
thinning of the sward.

Gaskins (1958) reported that spraying with 
aqueous solution of 10 ppm gibberellio acid, early yields 
of snap beans could be increased by 25#. But the treatment 
f a i l e d  t o  r e c o r d  a n y  increase in the total yield, and higher 
concentrations decreased yields.

Alder 41959) observed that gibberellio acid
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had no effect on the weight of maize plants pioneer 
No*395 cut for silage four weeks after treatment. There 
was no effect on the yield of grain also at maturity.

Singh and Bandhava (1959) reported that 
glbberelllc acid at 5 and 10 ppm. concentration Increased 
the total yield per plant in the strawberry variety 'pusa 
dwarf early' by 48 and 62# respectively over control.
The fruiting period was also extended by 8-10 days.

Sircar and Chakravarthy (1960) found that 
glbberelllc acid Increased the quantity of fibre in jute 
plants. KK ppm. with lanolin paste gave the best effect 
as the quantity and percentage of fibre extracted were 
greater than with other treatments.

Krishnamurthi et al. (1959) observed that 
application of 1CT and 25 ppm. of glbberelllc add on flower 
clusters of pusa seedless variety of grapes increased the 
fruit set by 76.5 and 59.11# respectively. But the use of 
50 ppm. concentration resulted in the thinning of flowers 
and reduction of fruit set by 15.41#.

Spina (i960) reported no significant 
Influence on yield, refractive index or size of fruit in 
four different varieties of vlnce subjected to glbberelllc 
acid sprays at 50 ppm. three times at 10 day intervals.
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Weaver (1960) observed that gibberellin 
increased size of the seedless fruit in Yitia Vinifera. 
but had little or no effect on seeded grapes. He found 
that high concentrations (100 and 1000) ppm wore nontoxic 
to the seedless varieties, although far lower concentrations 
(5, 20 and 50 ppm) were highly toxic to the seed varieties.

Singh and Handhava and Jain (1960) 
observed that the strawberry variety 'Pusa Dwarf Early* 
hastened flower formation by 26 to 31 days and fruit maturity 
by 19 to23 days compared to control, when treated with 
gibberellio acid at 25, 50, 75 and 100 ppm twice as whole 
sprays. Duration of harvest was also prolonged to 34 to 
38 days against 22 days in untreated plants. At 75 ppm 
this chemical increased the total yield by 144.3# over 
control. With higher doses of gibberellio acid (75-100 ppm) 
there appeared to be slight improvement of quality.

Crane et al (1961) induced parthenocarpy in 
prunus. Aqueous solutions of 50, 250, 500 ppm of gibbere- 
llic acid applied as sprays to the almond, apricot, cherry 
plum and peach to promote partheno-carpy. Sprays were 
applied to full bloom. Gibberellie acid at 500 ppm 
increased 11.8# in almond and 15-4# in apricot produced 
partheno-oarpic fruits produced with 500 ppm of gibberellio 
acid, were not greatly different m  size to controls.
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Stuart and Cathey (1961) reported that 
gibherellic acid increased vegetative growth of cotton.
But this response was offset by reduction in boll size; 
and later maturation of the crop. The increased growth 
rat© did not affect yields of plants grown in lighter 
aoili* It was observed that gibberellm did not increase 
yield of plants growing under fabourable conditions.

S.N. Hao and Subba Sao (1963) observed 
that the fruit set was reduced in the treated phalsa (Gra- 
vica asiatica L) trees when compared to the untreated trees. 
However, the reduction was not statistically significant.
In the whole tree sprays, gibberellic acid 1000 and 200 ppm 
were effective in inducing partheno-carpio fruits upto 
18.4 and 24.5 percent respectively.

S.N.Bao and Bhaskara Hao (1963) found that 
gibberellic acid at 400 and 600 ppm increased the fruit 
set to 80.00 and 96.67% respectively in Hibiscus rosa sinensis; 
and all the fruits were retained till harvest. It was 
also observed that as the concentration increased from 200 
to 600 ppm there was a gradual increase in average weight 
and length of the fruits from 0.65 to 0.95 gms and 1.60 to 
2.06 CMS respectively.
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materials a nd methods

Th® investigation reported here was to 
study the effect of gibberellic acid on the growth 
and yield in rice (Oryza SativaL). Th© experiment 
was conducted at the Agricultural College and 
Research Institute, Vellayani during 1963-64*

SEED MATERIAL

Th© seed material used is an early maturing 
rice variety icnown as Koohuvithu. The duration of this 
variety is 85 to 90 days. This is a local variety 
popular among cultivators In Vellayani and the seeds 
were supplied from the Agricultural College Farm, 
Vellayani. Th© germination percentage of the seed used 
was tested and found to ho cent percent.

GROWTH REGULATOR USED

The growth regulator used was gihherellic 
acid. This was obtained from British Drug House, Bombay.

The different concentrations of gibberellic 
acid used for this experiment were fixed as follows:
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G ribberellic acid : i  -  o ppm* 

ii - 25 ppm. 
iii - 50 ppm. 
lv - 75 ppm. 
v - 100 ppm. 
va - 125 ppm.

Preparation of the solutions:

At first the 200 ppm gibberellie acid solution 
was prepared by dissolving 200 milligrams (0.2 gm) of 
gibberellie acid in a few drops of Isopropyl alcohol 
and diluted with distilled water making upto one litre 
of solution. Prom this the different concentrations 
of solutions were made by adding required quantities 
of distilled water to the stock solution prepared.

Method of application:

Application of this growth regulator at 
different concentrations was made at three different 
stages of the growing rice seedlings.

1# Foliar spraying once in a week starting 
with the 21 days old seedlings till the 
emergence of ear head.
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2. Foliar spraying once in two weeks starting with the 21 
days old seedlings till tie emergence of ear head*

3. Foliar spraying once in three weeks starting with 
the 21 days old seedlings till the emergence of ear head.

Statistical lay out of the experiment

lay out —  Randomised Block Design.
Replications —» Five.
Treatments —  18.

1. G-A 0 ppm foliar spray once in a week.
2. GA 0 ppm foliar spray once in two weeks.
3. g a 0 ppm foliar spray once in three weeks.
4. GA 25 ppm foliar spray once in a week.
5. GA 25 ppm foliar spray once in two weeks.
6. GA 25 ppm foliar spray once in three weeks.
7. GA 50 ppm foliar spray once in a week.
8. GA 50 ppm foliar spray once in two weeks.
9. GA 50 ppm foliar spray once in three weeks.
10. GA 75 ppm foliar spray once in a week.
11. GA 75 ppm foliar spray once in two weeks.
12. GA 75 ppm foliar spray once in three weeks.
13. GA 100 ppm foliar spray onoe in a week.
14. GA 100 ppm foliar spray once m  two weeks.
15. GA 100 ppm foliar spray once in three weeks
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16* GA 125 ppm foliar spray one© in a week.
17o GA 125 ppm foliar spray onee in two weeks.
16® GA 125 ppm foliar spray once in three weeks.

Preparation of pots

For this experiment 90 earthem pots of 
12” diameter were selected. Five sets of pots were 
numbered 1 bo 18 in each and they were arranged in a 
random order. They were filled with a well prepared 
potting mixture of red earth, sand and cowdung in 
the ratio 1:1:1.

Sowing:-

Sowing was carried out on 4-11-1963.
The seeds had been soaked in water for 12 hours 
before sowing, in each pot 4 pits were made and m  
each pit 4 seeds were sown at a depth ©f one inch. 
After 10 days thinning was carried out detaining only 
4 plants per pot with a spacing of 4”.

Spray Treatments:

Spraying was carried ©ut with an 
atomiser and it was done with utmost care to obtain 
a thorough uniform wetting of the plant.



First spraying was done on 6-12-1963 on 
the following treatments.

Treatments Treatment Ho.

Gibberellic acid 0 ppm 1 2 3
Gibberellic acid 25 ppm 4 5 6
Gibberellic acid 50 ppm 7 8 9
Gibberellic acid 75 ppm 10 11 12
Gibberellic acid 100 ppm 13 14 15
Gibberellic acid 125 ppm 16 17 18

Second spraying was carried out on 
13-12-1963 on the following treatments.

Treatments Treatment Ho.

Gibberellic acid 0 ppm 1
Gibberellic acid 25 ppm 4
Gibberellic acid 50 ppm 7
Gibberellic acid 75 ppm 10
Gibberellic acid 100 ppm 13
Gibberellic acid 125 ppm 16

Third spraying was done on 20-12-1963 on 
the following treatments.
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Treatments Treatment No.

Gibberellic acid 0 ppm. 1 2
Gihberellic acid 25 ppm. 4 5
Gibberellic acid 50 ppm. 7 8
Gibberellic acid 75 ppm. 10 11
Gibberellic acid 100 ppm. 13 14

oH3<Uu acid 125 ppm. 16 17

fourth spraying was carried out on 
27-12-1963 on the following treatments.

Treatments Treatment No.

Gi'b'berellic acid 0 ppm.
GiW>erellic acid 25 ppm.
Gib-berellic acid 50 ppm.

acid 75 ppm.
G i ^ r t U ^ a c i d  100 ppm.
Gi^erellic acid 125 ppm.

1 3
4 6
7 9

10 12

13 15

16 18

0Sgerv^ions_m2£deds
The following aspects were studied.

1. Height of plants.
, 2. Number of tilled0• 
n3. Time of flewrmg.
\ T?r..ah weight of stem.



5. Dry weight of stem.
6. Humber of leaves.
7. Dry weight of roots.
8. Length of penicles.
9. Yield.

1. Height of -plants:

Height of plants was recorded by measuring 
the height of the stem from 24 days after sowing at 
7 days intervals. Measurement was recorded in 
centimeters from the base of the plant to the base 
of the terminal leaf. Different stages of measwre- 
ment used in the present study were as follows:

(a) 24 days after sowing.
(b) 31 days after sowing.
(c) 38 days after sowing.
(d) 45 days after sowing.
(e) 52 days after sowing.
(f) 59 days after sowing.

The results were analysed statistically.

2. Humber of tillers:
The number of tillers produced was counted at 

the time of harvest and the results were analysed 
statistically.
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3* of flowering:

The ear keada were counted daily in the 
aoming from 30-12-1963 to 7-1-1964* when emergence 
almost ceased completely.

4* ffresh weight of sterna;

The fresh weight of the stem including 
all the tillers without ear heads was recorded after 
harvest and statistically analysed.

5* Dr.v weight of stem?

After the harvest the stems were sundried 
and weighed. The results were recorded and analysed 
statistically.

6. Humber of leaves:

The number of leaves in the tillers were 
recorded and statistically analysed.

7. Dr.v weight of roots;
After the harvest the root system was 

pulled out and their dry weight was recorded. The 
roots were sundried and weighed. The results were 
statistically analysed.
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8. Length of penieles:

The penicles were cut at the base and 
measured from the base to the tip. .Results were 
analysed statistically.

9. Yie3d:

The ear heads were harvested, when the 
grains were ripened. Then the following observations 
were made:

^a) Total number of grains per plant.
(b) Weight of grains per plant.

The results were finally analysed 
statistically.

10. Visual observations:- were mad© on the colour of 
the leaves and the general growth of plant under each 
treatment.

= sssss

\



e x p e r i m e n t a l  r e s u l t s



experimental results

The e f fe c t of g lb b e re lllc  acid  In r ic e  

was studied  by observing the height of p la n ts , number of 

t i l l e r s ,  time o f flow ering, fresh  weight of the stem, 

dry weight of the stem, length of ea r heads, number 

of leaves, dry weight of the roots and the y ie ld . The 

data  so obtained were s t a t i s t i c a l ly  analysed.



TABLE I  A 

Analysis of variance tab le

Height of p lan ts  

24 days a f te r  sowing

Source SS DF Variance F

Total 460.49 89

Block 29.94 4 7.49 2.2

Treatment 205.72 15 13.72 4.1*

Treatment Vs 
Control 158.19 1 158.19 47.1*

Between treatm ents 66.23 4 16.56 4.6*

D ifferen t stages I 
of app lica tion  I 
of 25 ppm* i

4.34 2 2.17 0.7

H 50 ppm. 14.41 2 7.25 2.1

" 75 ppm. 8.57 2 4.29 1.28

" 100 ppm. 2.57 2 1.28 0.5

'» 125 ppm. 18.03 2 9.01 2.67

E rror 234.83 70 3.35

* S ign ifican t a t  6% level*
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Analysis of variance tab le  

Height of p lan ts  

81 days a f te r  sowing

Source SS DP Variance F

Total 2145.19 89

Block 56.62 4 14.15 1.7

Treatments 1489.89 15 91.92 10.8*

Treatments Vs 
Control 1104,46 1 1104.46 129.1*

Between treatm ents 2670.96 4 667.74 77.8*

D ifferen t stages 1 
of app lica tion  |  
of 25 ppm. I

38.41 2 19.21 2.3

0 50 ppm. 64.17 2 32.08 3.9*

~ ” 75 ppm. 189.77 2 94.88 11.1*
" 100 ppm. 32.91 2 16.45 1.9

" 125 ppm. 598.68 70 8.55

* S ign ifican t a t  5% le v e l.
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A nalysis o f Variance Table 

Height o f p lan ts  

38 days a f te r  sowing

i Source SS DP Variance F
be/
/ T o tal 9403.05 89

Block 115.73 4 28.93 0 .7

Treatment 6342.39 15 422.82 9.7*

Treatment' Vs
C ontrol 2853.68 1 2853.68 65.61*

f Between treatm ents 3995.81 4 998.95 21.59*

Between d if fe re n t  I
s tag es of app ll-jf 403.00 
ca tio n  of 25 ppm I

2 201.5 4.6*

Ĵ y " 50 ppm 428.42 2 214.21 4.9*

" 75 ppm 1050.83 2 525.41 12.81*

» 100 ppm 913.09 2 456.54 10.49*

> " 125 ppm 693.43 '2 346.22 7.95*

■r E rro r 3044.93 70 43.49

S ig n if ic an t a t  5% le v e l .
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A nalysis of variance Table 

Height of P lan ts  

45. days_afta£^2wlng

Source SS DP Variance P

T otal 17214.56 89

Block 223.95 4 55.99 0.77
Treatment 11984.20 15 798.95 10.95*
Treatment Vs 

Control 8320.21 1 8320.21 114.05*
Between treatm ents 6282.36 4 1570.59 21.67*

D ifferen t stages 
o f ap p lica tio n  
of 25 ppm.

II
I

397.70 2 198.85 2.72

11 50 ppm. 286.30 2 143.15 1.96

0 75 ppm. 823.10 2 411.55 5.64*
" 100 ppm. 1288.30 2 644.15 8.83*
" 125 ppm. 772.63 2 386.32 5.29*

E rror 5106.41 70 72.95

* S ig n ific an t a t  5% le v e l .



TABLE I  E 

A nalysis o f variance Table

Height of P lan ts  

52 days a f te r  sowing

Source SS DP Variance F

T otal 37726.84 89

Block 1568.60 4 392.15 1.11
Treatment 11213.96 15 747.54 2.09*

Treatment vs
Control 32369.78 1 32369.78 90.83*

Between trea tm ents U 6 iQ 5£ l 4 29101.32 81.38*

D ifferen t s tag es I
of ap p lica tio n I 710.56 2 355.28 0.99
of 25 ppm. I

" 50 ppm. 6998.08 2 3499.04 9.83*

•• 75 ppm. 469.52 2 234.76 0.65

w 100 ppm. 8268.81 2 41.34 11.6*

* 125 ppm. 18.73 2 9.37 0.03

E rror 24944.28 70 356.35

* S ig n ific an t a t  5% le v e l .



TABLE I  F 

Analysis o f variance tab le  

Height of P lan ts 

59 days a f te r  sowing

Source SS DF Variance F

T otal 7872.98 89

Block 417.80 4 104.45 8.1

Treatment 4056.38 15 270.42 5.5*
Treatment Vs 

Control 3711.45 1 3711.45 76.45*
Between treatm ents 4188.24 4 1047.06 21.4*

D ifferen t stages I 
of ap p lica tio n  I 
of 25 ppm. I

92.84 2 46.42 0.9

'» 60 ppm. 97.20 2 48.60 1.1

** 75 ppm. 290.57 8 * 145.28 2.9*

” 100 ppm. 388.44 2 194.22 3.9*

'• 125 ppm. 55.87 2 27.93 0.7

E rror 3399.80 70 48.57

♦S ignificant a t  5% le v e l.



Mean height of plants in Centimeters
24 days after sowing

Stages of ap p lica tio n

G lb b ere lllc
Acid

once in  
a 

week

Once in  two 
weeks

Once in  
th ree  
weeks

Mean

Control 14.3 15.1 13.6 14.3

25 ppm. 16.7 17.5 16.3 16.8

50 ppm. 17.5 17.9 19.7 18.4

75 ppm. 18.2 16.5 17.9 17.5

100 ppm. 18.9 17.6 17.5 17.9

125 ppm. 18.8 18.4 16.3 17.8

Mean 17.3 17.2 16.9

Critical difference 2.19.



TABIE.ILB 

Mean heigh t o f p la n ts  in  cen tim eters  

31 days a f te r  sowing

G ib b e re llic
A d d

Stages o f ap p lic a tio n

Mean
once In  

a
week

Once In 
two 

weeks

once in  
th ree  
weeks

C ontrol 18.0 19.4 17.5 18.3

25 ppm. 25.7 22.5 22.2 23.5

50 ppm. 28.1 23.0 25.3 25.5

75 ppm. 32.3 23.9 26.2 27.4

100 ppm. 33.5 26.6 25.4 28.5

125 ppm. 33.2 29.3 25.2 29.2

Mean 28.4 24.1 23.3

C r i t ic a l  d iffe re n c e  3 ,6 8 ,



M BL-ILP
Mean height of plants in centimeters

38 days after sowing

Stages of app lica tion

G lbberelllc  Mean
A dd once In  once In once In

a  two three
week weeks weeks

Control 23.8 24.7 23.2 23.9

25 ppm. 38.4 30.8 26.0 31.4

50 ppm. 42.7 37.1 30.5 36.8

75 ppm. 49.9 39.4 29.4 39.6

100 ppm. 49.9 38.6 30.1 39.5
125 ppm. 43.9 43.2 29.1 38.7

Mean 41.3 35.6 28.1

Critical difference 8.25.
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Mean height of plants in centimeters
45 days after spying

G ib b ere llic
A dd

Stages o f ap p lica tio n

Mean
once in  

a 
week

Once in  
two
weeks

Once in  
th ree  
weeks

C ontrol 36.3 39.7 34.2 36.7

25 ppm* 55.8 45.7 44.3 48.6

50 ppm* 67.4 50.2 50.8 56.1

75 ppm. 69.5 58.0 51.6 59.7

100 ppm. 73.5 62.0 50.8 62.1

125 ppm* 68.7 67.4 52.9 63.0

Mean 61.9 53.8 47.4

Critical difference 3.68,



TABLE I I  E

Mean height of p lan ts  In centim eters 

52 davs a f te r  sowing

Stages of app lica tio n

G ibherelllc
Acid once in  

a 
week

once in  
two

weeks

once in  
th ree  
weeks

Mean

Control 63.9 63.6 60.6 62.7

25 ppm. 85.2 70.6 70.7 75.5

50 ppm. 93.8 82.4 85.3 87.1
75 ppm. 91.2 74.8 90.1 85.4

100 ppm. 101.2 85.3 83.1 89.8

125 ppm. 88.6 91.2 89.1 89.6

Mean 87.3 77.9 79.7

Critical difference 8.73♦



Mean height of p lan ts  In centim eters 

59 days a f te r  sowing

Stages of app lica tion

G lbberelllc
Acid Once in  

a
week

Once in  
two 
weeks

Once in  
th ree 
weeks

Mean

Control 96.5 92.9 96.8 95.4

25 ppm. 107.8 105.5 10 i  .7 105.0
50 ppm. 111.8 106.5 107.6 108.6

75 ppm. 112.1 102.5 111.5 108.7

100 ppm. 116.2 109.1 105.7 110.3

125 ppm. 113.1 108.5 109.7 110.4

Mean 109.6 104.2 105.5

Critical difference 8.73.
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Helefat o f p lan ts

The height of p lan ts  fo r the d iffe re n t 

treatm ents was measured a t  weekly in te rv a ls  from 24 days 

a f te r  sowing (3 days a f te r  the f i r s t  spraying) to  59 days 

a f te r  sowing. The data  were analysed s t a t i s t i c a l ly  and 

the analysis  of variance tab le s  are given in  Tables I  A to 

F. A ll the treatm ents are found to  be s ig a if le a n t over the 

c o n tro l. Mean height of the p lan ts  i s  given in  Tables 

I I  A to  F.

These tab le s  c le a r ly  show th a t  gibbere- 

111c acid  Increased the height of the p lan ts  s ig n if ic a n tly . 

The most vigourous response was obtained from 100 ppm. 

concentration; the d iffe rence in  e ffec t among the lev e ls  

of g lb b e re llic  acid  being s ig n if ic a n t.

I t  was found from the general mean 

height of the p lan ts  tre a te d  with g lb b e re llic  a d d  th a t ,  

of a l l  the 5 lev e ls  of g lb b e re llic  acid ap p lica tio n , 

the h e ig h ts t response was shown by the p lan ts  tre a ted  with 

50 ppm. on the 24th day a f te r  sowing. (Table I I  A), 

while 125 ppm. showed the maximum response on the 3 ls t  

and 45th days (Tables I I  B and Table I I  D). 75 ppm.

showed the maximum response on the 38th day (Table I I  C) 

and the 100 ppm. showed the maximum response on the 52nd 
day. (Table I I  E) But the mean Mght of the p lan ts



rev ea ls  th a t p la n ts  receiv ing  100 ppm. concentration  applied  

a t  weekly in te rv a ls  showed the maximum response to  g ibbere

l l i c  a c id . Another in te re s t in g  fe a tu re  i s  th a t  the  response 

from weekly spraying o f the so lu tio n  i s  s ig n if ic a n tly  superio r 

to  those of spraying once In two weeks and once in  th ree  

weeks (Tables I I  A to  P ).



TABLE I I I  

Humber of T i l le r s  

Analysis p f .v a r la n ce .tab le

Source SS DF Variance F

T o tal 179.70 89

Block 4.24 4 1.06 0,»5

Treatments 24.15 15 1.61 0.7*

E rror 151.31 70 2.15

♦Hot s ig n if ic a n t

TABLE IV

Mean number of t i l l e r s  per p lan t

Stages o f ap p lica tio n

G ibbere llic
Acid once in  

a
week

once in  
two 
weeks

once in  
th ree  
weeks

Mean

Control 9 .4 8 .7 9.3 9.1

25 ppm* 7.0 7.3 7 .4 7.2

50 ppm. 5 .4 6 .5 7.1 6.3

75 ppm* 5.9 6.5 6 .7 6 .4

100 ppm. 5 .9 6.2 7 .2 6.4

125 ppm. 6 .1 5.9 5.8 5 .9

Mean 6.6 6 .8 7.2

Critical difference 1.84.
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The number of t i l l e r s  corresponding to 

d if fe re n t  treatm ents was analysed and the an a ly sis  of 

variance ta b le  i s  given in  Table N o .II. No treatm ents was 

found to  be having any s ig n if ic a n t e f fe c t  in  in creasin g  the 

number o f t i l l e r s .  Mean number of t i l l e r s  i s  given in  

Table No.IV. I t  was found from th is  ta b le  th a t the  maximum 

number o f t i l l e r s  was obtained in  the co n tro l p la n ts .  Thus 

i t  was observed th a t  none of the  le v e ls  of g ib b e re llic  a c id , 

o r the method of ap p lica tio n  adopted, was capable of p ro 

ducing any increase  in  the number of t i l l e r s .  Even thougi 

the trea tm ents a re  not s ig n if ic a n t s t a t i s t i c a l l y  the mean 

ta b le  shows th a t  th e re  i s  c le a r  d iffe ren ce  between t r e a t 

ments. Of th e  f iv e  le v e ls  of g ib b e re llic  ac id  used the 

maximum number of t i l l e r  was from the  25 ppm. g ib b e re llic  

ac id  tre a te d  p lan ts  and minimum from the  125 ppm. concen

t r a t io n .  There d iffe ren ce  between o th er concentrations 

th a t i s ,  fo r  50 ppm., 75 ppm., and 100 ppm. i s  n e g lig ib le .

I t  i s  a lso  found th a t  the  p lan ts  rece iv ing  g ib b e re llic  

ac id  once in  th ree  weeks produced more number of t i l l e r s  

than spraying a t  weekly in te rv a ls  and once in  two weeks.

- 5 1 -



M L E ..V

A nalysis of variance Table 

Pg£e.of..fl0Wj>EfoK

Scarce SS DP Variance F

T o tal 376.72 89

Block 25.11 4 6.28 3.9*
Treatment 238.19 15 15.89 9.7*

Treatment Vs 
C ontrol 104.73 1 104.73 64.6*

Between treatm ents 262.31 4 65.56 40.4*

D ifferen t stages I 
o f ap p lica tio n  I 
o f 25 ppm. I

7 .0 2 3.5 2.2

" 50 ppm. 6 .4 2 3 .2 2 .0

w 75 ppm. 19.7 2 9.85 6.1*

H 100 ppm. 22.5 2 11.25 7.0*

B 125 ppm. 8 .2 2 4 .1 2.5

E rro r 113.42 70 ,1 .62

S ig n ific an t a t  5# le v e l .



TABLE_VI

Mean number of days of flowering

Stages of app lica tio n

G ibberellic
Acid Once in 

a
week

Once in  
two

weeks
once in  

th ree  
weeks

Mean

Control 51.8 51.8 51.6 51.7
25 ppm. 48.8 50.4 49.2 49.5
50 ppm. 47.6 49.2 48.4 48.3
75 ppm. 46.0 47.6 48.8 47.5

100 ppm. 46.2 48.8 48.8 47.9
125 ppm. 49.4 48.4 50.2 49.6

Mean 48.3 49.4 49.0

Critical difference 1.68.
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The data  on the date of flowering observed 

as and when each p lan t came to  flower were analysed and the 

ana lysis  of variance tab le  I s  given In the Table No.V. A ll 

the treatm ents had s ig n ific an t influence on the  flower i n i 

t i a t io n .  Mean number of days of flowering i s  given in  Table 

No.VI. Maximum e a rlin e ss  was obtained with 75 ppm. of 

chemical concentration followed by 100, 50, 25 and 125 ppm. 

concentrations. The p lan ts  receiv ing g ib b e re llic  ac id  *■“ 

weekly showed e a r l ie r  flow ering than those receiv ing  g ib

b e re ll ic  acid  once in  two weeks and once in  th ree  weeks.



im zjiii
Fresh weight of the shoot 

Analysis of  variance tab le

Source SS DF Variance F

T otal 5226*48 89

Block 268.73 4 67.18 1.4
Treatment 1457.78 15 97.18 1.8*

E rror 3499.97 70 49.9

*Not s ig n if ic a n t

TABLE VII

Mean Fresh weicht o f the  shoot

Stages of ap p lica tio n

B lb b ere llic
Acid Once in  

a
week

Once In 
two 

weeks

once In 
th ree  
weeks

Mean

Control 34.9 36.9 37.4 36.4

25 ppm* 30.9 36*2 37.6 34.9

50 ppm* 27.1 31.8 35.7 31.5

75 ppm. 29*4 29.6 34.3 31.1

100 ppm* 25.4 24.8 36.2 28.9

125 ppm* 32.7 31.8 27.8 30.6

Mean 30.1 31.8 34.6

Critical difference 8.9.



The fre sh  weight of shoot was recorded 

immediately a f te r  harvest and analysed s t a t i s t i c a l l y  and 

the an a ly s is  o f variance ta b le  i s  given in  Table No.VII.

The treatm ents were found to  be having no s ig n if ic a n t 

e f fe c t  on th e  w eight. Mean fre sh  w ei^ it of the shoot co r

responding to  d if fe re n t  treatm ents i s  given in  ta b le  No•VIII. 

Control p la n ts  showed maximum fre sh  w eight. This d a ta  rev eals  

th a t  the fre sh  weight o f th e  shoot of the  p la n t ,  tre a te d  

w ith 25 ppm. g ib b e re llic  ac id  had only s l ig h t  d iffe ren ce  

in  weight from the co n tro l. The fre sh  weight of shoot fo r  

d if fe re n t  treatm ents s te a d ily  decreased w ith in c reasin g  

concentration  of g ib b e re llic  ac id  u n t i l  100 ppm. But the 

fre sh  weight a t  125 ppm. showed an upward trend  giving 

more fresh  w eight.



SABLE, .!£,
Dry weight of the shoot 

Analysis of variance tab le

Source SS DF Variance F

T otal 957.88 89

Block 56.87 4 14.22 1.3
Treatment 142.85 15 9.52 0.87*
E rror 758.16 70 10.8

* Hot s ig n if ic a n t.

table X

Mean dry weight of the  shoot

Stages of app lica tion
O ibberellic

A dd Mean
Once in  once in Once in  th ree
a  week two weeks weeks

Control 13.4 14.1 13.8 13.8

25 ppm. 13.9 15.1 15.8 14.9
50 ppm. 11.9 13.6 13.3 12.9

75 ppm. 13.7 12.3 13.0 12.9

100 ppm. 12.2 11.9 13.6 12.8

125 ppm. 13.5 13.0 11.3 12.8
Mean 13.1 13.5 13.6

Critical difference 4.07.



Dry weight of the shoot corresponding 

to  d iffe re n t concentrations was analysed and the ana lysis  

of variance tab le  I s  given In Table No.XI. This shows 

c lea rly  th a t there  was no s ig n ific an t d iffe rence between 

the treatm ents and the co n tro l. Bat the mean dry weight 

o f the shoot corresponding to d iffe re n t treatm ents pre» 

sented In the Table No. XII reveals th a t dry weight 25 ppm. 

g ib b e re llic  acid  tre a ted  p lan ts  gave higher dry weight 

than the co n tro l. There I s  no marked d iffe rence between 

o ther concentrations or between the d iffe re n t stages of 

ap p lica tio n  of g ib b e re llic  a c id .



I

TABLE XI 

Number of Leaves 

A nalysis of variance tab le

Source SS DF Variance F

T otal 21.09 89

Block 0.83 4 0.21 0.84

Treatments 1.94 15 0.13 0.52s"

E rror 18.32 70 0.25

* Hot s ig n if ic a n t .

TABLE XII

Mean number of leaves

Stages of ap p lica tio n

G ib b ere llic
A dd Once In 

a
Ureek

Once in  
two 

weeks

Once in  
th ree  
weeks

Mean

Control 5 .4 5.6 5.8 5 .6

25 ppm* 5.5 5 .7 5.6 5 .6

50 ppm* 5.6 5 .6 5.3 5 .5

75 ppm* 5.6 5.7 5.5 5.5,

100 ppm. 5 .5 5.5 5.6 5 .5

125 ppm. 5.5 5.5 5.6 5 .5

Mean 5.5 5 .6 5.5

Critical difference 0.63,



The t o t a l  number o f leav es corresponding 

to  d if fe re n t  trea tm en ts  was analysed and th e  a n a ly s is  of 

variance ta b le  I s  given In  Table No.XI. The trea tm en ts  mere 

found to  be having no s ig n if ic a n t  e f fe c t  on th e  number of 

le a v e s . Mean number of leaves I s  given in  Table No.XII. 

These ta b le s  show th a t  n e i th e r  th e  co n cen tra tio n s  o f g ib - 

b e r e l l ic  a d d  nor the s tag es  o f a p p lic a tio n  Influenced  the 

number o f leav es compared to  th a t  o f th e  c o n tro l.
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Dry weight of ro o ts  

Analysis of variance tab le

table XIII

Source SS DF Variance F

T otal 91.26 89
Block 12.48 4 3.12 3 .5
Treatments 17*15 15 1.14 1.4*
E rror 61.63 70 0.88

* Not s ig n if ic a n t .

SABLE XIV

Mean dry weight o f ro o ts

Stages of ap p lica tio n

Gib&erellicAcid Once la  
a 

week

Once in  Once In  
two th ree  

weeks weeks

Mean

Control 4 .4 4 .4 4 .1 4 .3

25 ppm* 3.9 3 .4 4 .4 3 .9

50 pp®* 3 .7 4 .0 4 .8 4 .2

75 ppm- 3 .1 3 .5 4 .2 3 .6

lOO ppm. 3 .6 3.7 4 .0 3 .8

125 ppm* 3 .4 3 .8 3 .8 3 .7

Mean 3.6 3.8 4 .2

Critical difference 1.6.
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The dry weight of the ro o ts  was analysed 

s t a t i s t i c a l l y  and the an a ly s is  variance ta b le  i s  given in  

Table No.XIII and the mean dry  weight of the ro o ts  co rre s 

ponding to  d if fe re n t  concentrations i s  given in  Table No.XIV. 

These d ata  show th a t  th e re  was no s ig n if ic a n t d iffe ren ce  in  

dry weight between treatm ents and c o n tro l. However th e re  

was a s l ig h t  in crease  in  the  dry weight a t  25 and 50 ppm. 

compared to  o ther concen tra tions. Boots of p lan ts  receiv ing  

g ib b e re lllc  a d d  weekly showed the minimum w eight.



MBL-g
Length of ea r head 

A nalysis o f variance ta b le

Source SS DF Variance F

T o tal 209.21 89

Block 19.94 4 4.98 2.1
Treatments 27.46 15 1.84 0.9*

E rro r 161.82 70 2.31

* Not s ig n if ic a n t .

M l

Mean leng th  of ea r head

Stages of ap p lica tio n
G ib b ere llic

Acid Once In Once In 
a two 

week weeks

once in  
th ree  
weeks

Mean

Control 19.7 19.2 18.7 19.1

25 ppm. 19.0 18.4 17.9 18.1

50 ppm. 18.2 18.3 18.9 18.5

75 ppm. 17.9 17.9 18.6 18.1

100 ppm. 18.7 18.2 18.3 18.4

125 ppm. 19.1 17.8 17.7 18.2

Mean 18.6 18.4 18.3

Critical difference 1.9.



The length  of the ea r heads was measured 

a f te r  h a rv es t. The date were analysed and the an a ly sis  

variance tab le  I s  given In Table No. XV* and the mean length  

of ear head i s  given In Table No.XVI* The treatm ents were 

found to  be producing no s ig n ific an t e ffec t on the length 

of ea r heads. Thus i t  was observed th a t n e ith e r the con* 

cen tra tions nor the method of app lica tion  adopted was capable 

of producing any s ig n ific an t change In the length  of ear 

heads.



Mgjnm
Number of grains 

Analysis of variance tab le

Source SS DF Variance F

Total 1435052.9 89

Block 80689.0 4 20172.25 1.9
Treatments 353824.3 15 23588.3 1.6*
Error 1000539.6 70 14293.4

* Not s ig n if ic a n t.

mm-mm
Mean number of g ra ins

Stages of app lica tion

G ibberelllc
Acid Once In once In 

a two 
week weeks

Once In 
th ree 
weeks

Mean

Control 843.4 842.0 822.4 835.6

25 ppm. 807.8 788.0 785.6 783.8
50 ppm. 764.4 741.0 736.9 748.6

75 ppm. 740.8 668.2 684.0 697.3
100 ppm. 661.2 709.8 688.4 686.4
125 ppm. 729.2 682.2 573.6 661.7
Mean 758.3 738.5 713.6

Critical difference 149.59.



Number of g rains was counted and analysed. The 

ana lysis  of variance tab le  and the mean number of g ra ins 

(Table XVII and XVIII) showed th a t  there  was no s ig n ific a n t 

d iffe rence between treatm ents and con tro l In f ie ld .  The 

maximum y ie ld  was obtained from the contro l p la n ts . There

fo re  d iffe re n t concentrations of g lb b e re lllc  acid  were found 

to  be In e ffec tiv e  In Increasing the y ie ld  more than the 

co n tro l. But th ere  was s ig n ific an t d ifference between the 

y ield  of d iffe re n t trea tm ents. Out of f iv e  lev e ls  of g lb

b e re l l lc  acid  applied 25 ppm. showed maximum y ie ld  and th ere  

was a steady f a l l  In  the y ie ld  with Increasing concentration 

with the stages of ap p lica tio n . Weekly ap p lica tio n s  gave the 

maximum y ie ld  and app lica tion  once in  th ree  weeks gave the 
lowest y ie ld .



..TA W Jff i l .
Weight of g ra ins 

A nalysis o f variance ta b le

Source SS DF Variance F

T o tal 1384.92 89

Block 78.32 4 19.58 1.3

Treatments 284.60 15 18.97 1.2*

E rro r 1022.00 70 14.60

* Not s ig n if ic a n t .

table XX
Mean, y e ig h t.p £ ^ p a in s

Stages of ap p lica tio n

Q ibbere lllc
Acid Once in  

a 
week

Once In 
two 

weeks

once in  
th ree  
weeks

Mean

C oatrol 20.5 £0.6 21.1 20.7

25 ppm. 20.4 19.5 18.8 19.6

50 ppm. 17.7 18.5 18.8 18.4

75 ppm. 16.7 18.5 17.5 16.6

100 ppm. 16.8 16.9 16.0 16.5

125 ppm. 17.4 16.3 14.7 16.2

%San 18.5 18.1 19.0

Critical differeace 4.79.



Regarding the weight of g ra ins a ls o , the 

an a ly s is  o f variance ta b le  and mean weight of g ra in s  (Table 

XIX and Table XX) rev eal th a t th e re  was no s ig n if ic a n t d i f 

ference between the treatm ents and co n tro l.

V isual observations

The response to  g ib b e re llic  ac id  was mani

fe s te d  by an Increase  In  the  leng th  of in ter-nodes and leav es . 

The e f fe c t  on shoot elongation  became apparent on the 3rd day 

a f te r  the f i r s t  spraying. The leaves of t re a te d  p la n ts  were 

longer and narrower and p a le r  in  co lour.



DISCUSSION



DISCUSSION

She results presented in the preceding 
chapter show the response of rice to gibberellie 
acid. Sheifindings recorded are discussed belows

Height of the plantst-

In the present investigation it was noticed 
that the height of the plants was significantly 
increased by gibberellie acid treatment. The maximum 
height was obtained in 100 ppm concentration followed 
by 75 ppm concentration of gibberellie acid.

The outstanding effect of gibberellie acid 
in plants ie., the elongation of the stem was obtained 
m  the present study, also* The plants which had been 
tPiated with 100 ppm concentration at weekly intervals 
showed an increase in height of 37.2 cms above the 
controls on the 45th day after sowing, while the increase 
in height was only 17.7 cms at the time of ear emergence, 
increased shoot elongation by spray application of 
gibberellie acid had been reported earlier in four 
dwarf varieties of rice by Kaehroo 0961) and in an 
early variety of rice N.136 by Misra and Sahu 
(1962).



A great number of investigators observed 
stem elongation in several economic plants. Marth,
Audia and Mitchell (1956) noted marked stem elongation 
in Soyabeans, Maize, barley and tulips; Buckovac and 
Wittwer (1956) in pea, sweet corn, and cabbage; Morgan 
and Mees (1958) in wheat andmaize; Anup Singh Sandhu
(1961) in baara and many others m  several plants.
According to Appala Naidu and Satyanarayana Murthy
(1962) Chakravarthi (1962) and Narasimham (1960) the 
increased height was due to interaodal elongation.
The present investigation also agrees with this view.

It is stated by Stowe and Xamaki (1951) that 
in general the elongation of stem is limited to younger 
tissues, andmay be influenced by external conditions. 
Gibberellin applied to any part of the plant will 
apparently affect all grwoing parts throughout the 
plants. However gibberellin does not usually change 
the number of internodes nor is the growth produced 
exceptionally abnormal. The general impression is that 
it produces more rapid and extensive but not uncontrolled 
growth. But Marxh et si (1956) reported that in onions 
and gladioli gibberellie acid had no effect and in eonifers 
there was a slight effect.

She action of gibberellin on stem elongation 
has been inter preted by various workers. Their initial 
interpretation was that the elongation was mainly due 
to linear extension of cells. Haresloop (1961) observed
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that though treated bean plants grew twice as tall 
and produced longer internodes, the pith was smaller 
in diameter resulting m  significantly thinner stems.
The general consensus seems to be that growth promo
tion by gibberellin resulted from both cell division 
and the consequent stem elongation. Sachs and Lang
(1957) found that gibberellin caused increased cell 
elongation andcell division. Gunderson (1959) also 
observed stem elongation in 25©gnonia stem partly by 
the acceleration of cell division. But Boost (1959) 
recorded that the increase was mainly produced by 
elongation of nodes below the point of application.
In the present study the stem elongation may be due 
to cell elongation.

Hyper elongation has been mainly 
reported in dwarf plants and rarely m  tall plants. 
Phinney (1957) found stem elongation in dwarf corn 
plants. Similarly treated bush beans assumed a 
twining pole habit abd elongated more than taller plants. 
But extreme dwarf tomato plants, though responsive to 
gibberellin did not grow as tall as the normal tall 
variety. (Bappaport - 1959). Brian et al (1957) 
observed stem elongation in dwarf plants a n d  n o t  in 
tall plants. They interpreted that the lack of response 
to gibberellic acid in tall plants was due to their 
greater capacity to synthesise a "gibberellic acid like



hormone" than the dwarf beans. But Appala Naidu and 
Satyanarayana Murthi (1962) explained the response as 
being due to the succulance of the stem rather than 
the tall or dwarf character of the plants. In the 
present study the response was probably due to the 
former cause. It was also found that some of the 
treated plants developed thin weak stems due to the 
length of intemodes. The observation of Marth et al 
(1956) also agrees with this present findings.

Results presented in the tables II.A 
to F reveal that the stem elongation observed following 
gibberellic acid application did not persist after the 
©mergence of the ear head. The height of the control 
plants was almost the same as those of most of the 
treated plant®. (Table II.f). The observations of 
several workers like Siamao et al (195b) and Morgan
(1958) and Mees (1958) also agree with the present 
findings. This is probably due to the subsequent 
break down and disappearance of the -acid absorbed by 
the plant, it is quite possible that virtually all 
the absorbed gibberellic acid gets transformed into 
other substances within a few days. This idea is suppo
rted by Stuart and Cathey (1961)



Number of tillers was reduced with 
the gibberellie acid treatment to a great extent. 
(Table. IV). The maximum number of tillers was 
obtained m  the control plants. It is interesting 
to note that the number of the tillers was found to 
be reduced with the increase of the concentration. 
Thakur and Negi (1959) and Coleman et al (1959) 
reported the reduction of tillers m  gibberellie 
acid treated sugarcane plants and Miera and Sahu 
(1960) in rice. But Singh et al (1960) observed 
increased number of runners over the control m  a 
strawberry variety "Pusa dwarfearly".

Number of nodes and Leaf out puts-

In the present study no significant 
difference was obtained an the final number of nodes 
and leaves (Table XII). The leaf out put in both 
treated and control plants remained practically the 
same. This finding is confirmed by the observations 
of several workers like Yabuta (1939) working on 
tobacco, Humphries (1958) in potato, Thakur (1959) 
m  sugarcane and Misrs and Sahu (1960) in rice. But 
Soost (1960) observed a reduction in the number of 
leaflets per leaf and a change to entire rather than 
serrate 3aaf lets m  tomato. Sarcar and Chakravarthy
(1960) observed increase xn the number of leaves in

Lp
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Number o f  t i l l e r s : -



ir

jute plant.

The aoceleratad growth rat© observed 
in the gibberelliG acid treated plants is entirely 
due to intemodal elongation. The production of more 
nodes was not ohserved heaau.se the leaf out put and 
the number of nodes were not different from those of 
the controls (Table XII). In the review of the 
history and physiological action of gibberellin 
usually does not change the number of intemodes, but 
causes the increase of leaf size. This general conclu
sion holds true in the present investigation.

The universal effect of gibberellic 
acid observed on the foliage namely chlorosis was 
found in the present study also. The leaves in the 
treated plants were paler in colour. Appearance of 
chlorosis on gibberellin acid treated plant was 
observed earlier by Yabuta et al (1949) in tobacco, 
Morgan and Mees (1958) in wheat, potato, turnips, 
carrot, peas, runner beans, lettuce, celery and maize, 
Pisani (1958) in zuchnis, Humphries (1958) in majestic 
potato and several other workers m  many plants. Wolf
a n d  H ab eas ( 1960) d e m o n s t r a t e d  t h a t  c h l o r o s i s  w a s  du®  

to a failure of chlorophyll synthesis to keep pace with 
the increased cell expansion. Bishop and Wittingham
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(1961) while explaining the effect of gibberellic 
acid m  causing chlorosis concluded that this was not 
due to a lower chlorphyH content per cell * but due 
to an artefact arising from the effect of gibberellic 
acid on leaf expansion. The appearance of chlorosis 
in the present study majrbe by the failure of 
chlorophyll synthesis to keep pace with the increased 
cell expansion caused by the gibberellic acid 
application. j

FLOWERING-

Results presented in the table 
No. VI. clearly show that gibberellic acid had 
significant influence on the date of flowering.
Ifee results obtained m  the present study is 
confirmed by the works of Singh et al (1960) Misra 
and Sahu (1962) Gopalachari and Naidu (1961) and 
Happaport (1957). But Chakravarthi (1958) found 
no earliness in flowering in Brassica oompestns 
and Leus esuoulanta. It was observed that gibbe- 
rellic acid m  all concentrations induced signifi
cant earliaesa in flowering in the treated plantsi 
in comparison with the contrdte. The maximum earliness 
was obtained with 75 ppm concentration. Higher or 
lower than 75 ppm concentration produced a lesser 
degree of earlmess.



though gibberellie acid appears to have 
no florxgenic properties, on® of the most striking 
effects of gibberellie acid on eertian vegetable 
crops is the stimulation of flower formation. But 
the earlinesa lias to be related to the elongation 
releasing the flowering response rather than to the 
direct effect on flowering. (Jibberellie acid stimu
lates flowering only somelong day plants and delays 
flowering m  short day plants. Biee is a long day 
plant and hence significant earlmeas is explained.

FBBSH AND DRY WBISHT OP THE 31003?

In the present investigation, most of 
the gibberellie acid treated plants did not increase 
the fresh or dry weight of the shoot, (fable Nos.
VII & X). However there was slight increase both m  
the fresh weight and m  the dry weight of shoot at 
25 ppm concentration. Some workers like Brian and 
Hening (1957) Bukovao and fittwer (1957) observed 
fresh weight increase in gibberellie acid treated 
peas and celery. But Ogzewalla (1960) recorded decrease 
of fresh weight m  peppermint plant by spray applica
tion of gibberellie acid; fhe reduction of fresh 
weight and dry weight in gibberellie acid treated rice 
plant is probably due to the reduction of the number 
of tillers.



LENGTH Gif EABHEAft

la the present study the length of the 
pemcles had no significant increase over the control 
(Table No.XVI). Happaport (1958) observed about 5^ 
decrease in the fruit size of tomato. S.N.Hao and 
Bhaskar Bao (1963) found_inereaae in average length 
of the fruits 1.60 to 2.06 cms over the control in 
Hibiscus roaaaineaia.

flELD

Besults in the present study (Tables XIIII 
& XX) show that gibberellic acid had no significant 
influence on the increase of yield either in the 
number or weight of the grains. The maximum yield 
was obtained from the control plants. D.P .Hopkins
(1958) observed reduction of yield in gibberellic 
acid treated wheat plants, and Hayashi et al (1956) 
found 2mg/l gibberellic acid reduced rice grain 
production 32$, although the yield of straw increased 
by 145&. The observations of Gustafson (1960) in 
tomato, Morgan and Mees (1958) in wheat, trunip, 
carrot,ragn«r bean, lettuce and maize and Ballard
(1959) in peas agree with the findings of the present 
investigation. But increase m  yield was obtained
m  peas by Asselbergo et al (1959) in tomatoes, by
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Sebank (1960), m  grapes by krishnamurthi (1959), in 
strawberry by Singh and Randhawa (1960), and increase 
in the quantity of fibre in jute plant by Sircar and 
Chakravarthi (1960).

It is also interesting to note that the 
yield was found to be reduced with the increase of 
concentration. Of the fiv® concentrations maximum yeild 
was obtained from the plant® receiving 25 ppm gibberellic 
acid and the minimum from 125 ppm gibberellic acid. It 
can be assumed that the reduction of yield in the present 
investigation was due to the seduction of tillers.

sssssssssaas



SUMMARY AND CONCLUSION



SUMMARY AND CONCLUSION

The p resen t in v e s tig a tio n  i s  undertaken to  

study the e f fe c ts  of g ib b e re llic  ac id  on the c e re a l, r ic e  

(Oryza s a t iv a . L ). The hormone was used a t  concen trations of 

25,50, 75, 100 and 125 ppm., as spray ap p lica tio n  on the  

21 days old seed lin g s . Three stages of ap p lica tio n s  namely 

spraying once in  a week, once in  two weeks and once in  th ree  

weeks were t r i e d .  A pot cu ltu re  experiment was conducted 

adopting a randomised block design .

The e f fe c t  of g ib b e re llic  ac id  on th e  height 

of p la n ts ,  number of t i l l e r s ,  time of flow ering, fre sh  and 

dry weight of stem, leng th  of ea r heads, number of leav es, 

dry weight of the  ro o ts  and the y ie ld  were s tu d ied . Of these  

only height o f the p lan ts  was influenced s ig n if ic a n tly  by the 

trea tm en ts .

Marked shoot elongation  was observed in  

the g ib b e re llic  ac id  tre a te d  p la n ts .  The maximum response 

was a t  the le v e l of 100 ppm. Weekly spraying i s  b e t te r  than 

spraying once in  two weeks and nnce in  th re e  weeks.

G ib b ere llic  acid  had no s ig n if ic a n t Influence 

e i th e r  on the  f in a l  le a f  output o r on the  node number. The 
leaves in  the tre a te d  p lan ts  a re  p a le r  in  colour and lon g er.



?

G ibberellic  ac id  was fouod to  be having no 

s ig n ific a n t e ffec t in  increasing  the number of t i l l e r s .

E arliness was obtained in  the g ib b e re llic  

a d d  tre a te d  p la n ts . A ll the treatm ents had s ig n ific an t 

influence on the flower in i t ia t io n )  but maximum e a rlin e ss  

was obtained with 75 ppm. of g ib b e re llic  a d d  followed by 

100) 50) 25 and 125 ppm.

Fresh and dry weight of the stem were not 

a lte re d  by g ib b e re llic  a d d  treatm ent.

G ibberellic  acid  fa ile d  to  increase the 

y ie ld . The length  of the ea r head was more or le s s  equal 

in  a l l  p la n ts . There was no s ig n ific a n t increase in  the 

y ie ld  a ls o . The maximum y ie ld  was obtained from the contro l 

p la n ts .
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