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INTRODUCTION



INTRODUGTION

Sesemum indicum L. (Syn. S.orienmtsle IL.) known

as sesame or gingelly beiongs to the family gédaliéééae. It

is en oil seed which furnishes one of the most important oils
of aomestie}gonsumptien in India. An ares of about six mill-’
ion acres ié now under sesame eul#ivatien. The average pro-
ductien.per sere is 185 1b. In respect of totel world pro-
duetion, Indie étands next only to>dhina, witﬁ alﬁroducticn

of 26,14% (A.B.. Joshi, 1961). | |

Considering the,fotal world produetien of oiln
seeds sesame is placed next to other important oil yielding
erops, soybean, ground.ﬁut, eottohpseed,llinseed and rape-
seed. But it pla&s_a eonsiderable part in the economy of the
- priggiéal producing countries, as & rich and vaiuable‘seuree
of edible'vegétqble‘fat. Besides, gingelly seeds sre used
.§irectly ag‘human food in Indian household. Sesame oll is. -
| used in ﬁedieine as aiearrier>rar fat soluble substances.
Sgsame plant is considered veluable also as a medieinal herb.
In India, the méin oil seed‘éréps in order of importance, are
-groundnut, repeseed and mustard, sesame, linseed and castor,

(A.B. Joshi, 1961).

Before the second world war India used to export

some guentities of sesame, but after the war, these exports




5écome negligible. More recent figures show,'("Vegetable'
0ils and Oilseeds, London, 1958"), that in the year 1955
‘India expoﬁted three thousand tons of sesame seed and about
four thousand tons of sesame oil. In the year 1956 there was
| agéin a sharp fall in exports. But nbw the internal consump-
. tion has increased much without cerresponding inerease in

:production, and the - export has now practieally ceased.

Researeh in India on this crop has been directed
_mainly towards intreduetion, hybridisation, selection, cultu-
ral and manurial requirements and eontrol of pests and disea-
8es. Reeenﬁly trials with gibbereliic acid have also been
caﬁduc#ed'inrthis Eropt ”

Application of growth regulators in plant tis-
‘sués, either by seed treatment or by spraying at different
sﬁageS'of»growth has been found %o;héve striking effect on
growth, developmént; generalivigour and final pfoduetion of
the plant, whether root, leaf, seed or fruit. Growth regu-
lators applied to plants either on roots or on ahoots are
absorbed by the plante end when suitable concentrations are
used they provoke Qharécterestie.growfh respénsés of practi-

eal significance.

' Bxteneive work has been carried out for studying

the effecfvof growth regulatore'on erops like dear,'wheat,



paddy, cotton, sugarcane, tomato, tobaeeo, grapes, pesa,
cumin, 1inseed, safflewer, lettuce etc., either by seed

_ treatment or by epraying gt different stages of the plant'
.grewth. In many instances grewth regulators have been found
to be useful as general grewth stimulsnte. ' Their applica-
tion have also hastened and increased flower production and .

fruit—set leading to higher crop yields.

Investigationé on the effect of gibberellic
acid on éeééﬁﬁﬁ\sbhfar'conduotéd were chiefly confined %o
.the stuﬁy of gérminafion; flowerihg andfmorpholdgical chars-
cters. But ite effect on the total yield of the crop, fruit-
-set, seed-set and oil content has néf b;en studiéd.' Besides
gibberellie aci&, there are many éther grewth regulators
- which have also been f@und to be useful es general growth

gtimulants in other erops.

The present investigation has been undertaken
to study the effect of gibberellic acid and two other growth
‘regulators —-naphthalene“aeetic acid (HAA) and 2, 4-dichlorc-
. phenoxy acetic acid (2, 4—D)on germination, growth and oil

content of ééééﬁuﬁ iﬁéiéﬁm L;
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REVIEY OF LITERATURE

The field of plgnt—growth regulators is ﬁow,at
theAstage of rapid development. Within the lasf thirty years
' “growth regulating substances ceme o be knmown in the agri-
cultursl and horticultural fields, in both seientific-and .
popular literature alike, Originaliy‘the main emphasis
regarding'the research on growth regulators ﬁad been laid
on a study of its biological and physiological role end its
funetion as a chemical messenger. These fundamental studies
finally led to botanical, agrieultural and horticultural
applications of growth regulato£:h;:ve revealed that they
can be put to varied uses for improving crop production.

Néw methods for #he controllof plant growth and development
through the uée of growth regulators constitute one of the
most Speetaculér agricultural-applieationelin recent years.,
'Fiowering; fruitpset, fruit drop, dormancy, root formation'
an& even the suppreésion of undeairable plants ean all be
controlled to advantage in certain crops through the use |

of plant growth regulators. Besides, plant growth regulators_
are useful in accelerating the germination of seeds, and even

pollen grains in artificial media.

A gréat deal of work has been done on the above



'

lines in various erops, in different eeuntries. But sinece
tmeh of these information is not dirsctlyrelated to the
prelent investigation, they are. not discussed in this re-
view. Only those which are directly related to the present
1nvextigation are dealt with.
 Soed trestments | ‘
'Numerbds reports hed been published cencerning

the . treatment of seeds of . many plants with growth regulators.
These treatments varied from harmful, no effect to beneficial
effects. Beneflelal eifects of synthetie growth substances

on seed germinstion were first in?estigated by @holodny (1936),
Grace (1937, 1941), Stier and DuBuy (1939), Tang and Low .

' (1940), Mo Blroy (1942) and Thimana and Lane (1946).

Hsueh and Iou (1947) obtained stimulation of -
\ seed gefmination by 0.01% solution of 2, 4—D, but o0.07% so-

L 1ution completely inhibited barley‘germination and delayed

germination of rice. Randhawa and Hamner (1949) reported
| that germination of bean seeds soaked in growth regulators
' were greatly delayed, but when soaked in a mixture of anti-
biotics and growth regulator, germination was eoneideraﬁly
" improved. Kuﬁsre Pillsi (1963) eﬂsefved‘that when seeds of
: bitfergoﬁfd representing hard coated seeds and green grems |

Fepresenting soft coated seeds were soaked for 24 hours be-



fore sowing in 0,02% T A A, I B A end N A A, the germina-
tion of both hard and soft coated seeds were inhibited.

‘ ‘Nargsimhé Rao éﬁ él), (19575'by pre-soeking \
in different»eoneentratiens of -indole acetie_acid and néph—
“thalene acetic acid found that germination pereemtage of
vvground-nﬁt.kernals variety T.M.V.1 eéulﬂ be incressed by
66.0~to:94;4%, Phe yields‘of pods could also be improved
by the use:pfAthfése growth regulating chemicels, though
‘ flewéring méturity'pefiodiana 0il content remained unaffec-
ted. Chatterjee (1960) in Aleurites fordii obtained increa-.
sedlpereehfage-bf germination and healthy seedlingé bj‘pre-'

sowing trestment with IAA, IBA, NAA IPAend PAA
| at 50 and«5004ppm.'bﬁt.2, 4-D and T C P reduced them espe-

gially at 500_§pm,‘eonee#tration. Narayanan and Vasudeva

. Menon (1960)uobtaiﬁ;d févou?able resqits by pre-soaking the
seeds of paddy and ragi in N A A end I A A. But the influ-
ence of pre-soaking treatments on the growth of riée plants .
varied at Coimbatore and Adathursl. In the case of ragi

I A A troted plants were teller in the eerly stages and in-
ereased the mumber of tillers snd leaves. In the cose of
¥ A'A no difference in plént height has been observed. But
boﬁh the treatments improved the yield of ragi. Gandhi and
Bhatnager (1961) reported the effect of N A A, I A A and
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100 -ppm.. on éermination, flowering, fruiting, branching

v.hand yieid of éﬁdindi'eiminnﬁ, Germinatibn of cumin seed
“has been enhanced at the eoncent:ation‘of 10 ppm. of the
“horticnes and'the total yield was increased by all the con-

" centrations.

Since the diecevery.of gibbereliie‘acid many'
workers have etudied_its effect on germination of various
seeds. Helgeson and’Green3(i957) could promote the germi-
-nationjpercentage ef'wild oate with gibberellic acid. Kahn,
i ,’eoss and Smith (1957) studied the effect of gibbersllic
acid on the germlnation of lettuce seede and proved that
.gibberellin caﬁ substitute the red light treatment required
~to break dormancy with seeds of lettuce. Thie effect was
not reversed by exposure to far-red light sufficient to re-
verse the red 1ight effect. Tool and Cathey (1959) found
Vthat a solution of gibberellin in water caused 11ght requi-
g Ting seeds of lettuce to germinate in totel darkness. - De
Leon and Derafols (1959) observed in Kok-saghys seeds and
broed bean'seeds‘that'G A at & ppm. greatly_accelerated ger-
‘mination, but the effect was progressively less marked when -
' the'concentration was increased. Me Vey and Wittwer (1959)

,obtained increased rate and percentage of germinstion in



', blue grass by soaking the seeds in 100 or 1000 ppm. G A

solutiqn.v Pieani (1959) observed that. the applicatlon of
10 ppo. gibberellin in water solution to the seeds of lettuce,
:: spinach, eggplant, radish, ﬁarrow, bean, carrot and onion.

" had favourable effects.on the speed and emount‘of germind;
tion. Skinner, Talbert and Shive. (1959) obtained 11 and 15%_
increased pereentege of germination in lettuce: by soaking
L'the“aeeds in a gibberellic acid soluﬁion_of}ooncent:ation

20 and 100 mg./L. Ikume and Thimenn (1960) observed that
‘ shaking the seeds of lettuce witﬁ a G Aleolution et éo ppm.'
throughout the period of imbibition and germinatlon induces
'Vmaximnm germinatien.- Zujagina (1961) found that the germi-
nation of freehiy harvested seeds from 7 species of Nicotiapa‘

| and from a hybrid of Nieefieﬂe sp.-i'N;TeBaceuﬁ was greatly

: improved by pleczng them in petri dishes moistened with
0.02% G A.

Gray (1956) ebserved that seediiﬁgs of cherry

, from seed treated with gibberellie acid-methyl cellulose

- came up faster and grew taller than seedllnge from untrea- -
1 ted ‘seeds. Baker and Jobn (1958) studied the action of

" gibberellic acid, 2, 4-D end I A A on seed germination and
epicotyl and radiele elongation of intermediate’ and pubes-

,ent wheat grass,' They, observed that none of the ehemieals



‘inereased radicle elongation over the eontrel. But at 200
: prm. of G A radlcle elongation was- greatly increased in
_gg_gyron intermedium.while in.ggggnx;on trichgpherue the

response to G A Wa8~net very marked, Moore (1958) observed
: ‘that when the seeds of pee ane‘eatnreted‘with's A”solution
“of 1.0 mgm./L the main axie of the stems exhibited markedly
increased elongation.\ But the stems of treated seedlings
were merkedly thin compared with the contrel. Tod (1958)
- obtelned inereased pereentage of germination of Anemone

. eetoneaster and Primula seeds, by soaking for 20 hours in

" gibberellic acid solution, but in no case was any stimule-
~ tion of growth visible in the seedlings grown from treated
seeds. Pieri (1959) observed that the treatment of vine

" seeds by.lo days immersien’in 10, 25, 50 or 100 ppm. of G A
indueed seedlings to grow faeter than the controls for about
a month. - But before the end of growing eeaepn, they were
' overtaken by the control. Herich (1960) observed fhat'when

seeds of Cannabie sativa were soaked for 24 hours in solu-

‘ tione containing 5, 10, 25 and 100 ppm.- of & A en increased

. percentage of female plants were obtained, the highest in-

| creaee Being caueed by 10 ppm. conoentratien. Vinodhini
‘J‘ Vaeudevan and Mbosa Sherifs (1965) studied the effect of
gibberellic acid on the germination and initial growth of
peddy seeds. Paddy seeds of variety,TKM.G were germ;nated “
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in petri dishes on filter paper moistened with solutions of
5, 10, 20, 40, 80, i60, 200 and 400 ppm. G A in lsboratory

- conditions., Gibberellic acid treatment of paddy seed dec-
reased germination. The final éerminétion percentage was

not affected by any concentration of &ibberellic acid with
the‘exeeption of 80 and 40 ppm. concentrations which almost
completely inhibited germination. But regerding the initial
growth, the pre—seaking of paddy seeds'in the various, con-
centrations of gibberellic acid\signifieantly proved superior
to seedlings grown from water sosked and unsoaked seeds with
regard to increase in the initiel shoot height which increa-

sed with indreasing concentrations of gibberellic acid.

Ghakravarthi (1958) observed that seed treat-

ments of Braeeica campestris, Gieer arietinum and Lens ee—

" culenta with G A failed to produce earliness in flowering,
&Application of gibberellic acid to growing plants however
was effective in inducing earliness in Brassics. Mezzani
‘and Gonzales (1959) reported the effeect of G A on sesame,
bean, tomato and papaw. Germination of sesame, bean, tomato
and papawﬂseeds was‘unalter;d by seed treatment with gibbe-
rellin, but seedling growth was accelerated and seedling

~ heights were roughly‘proportional to the concentration of

gibberellin which ca&ged elongation of the internodes, but
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repeated treatments haed cumlative effects and very high

concentrations were phytotoxic.

~ Choudhury end Singh (1960) studied the effect
of seed treatment with plant growth regulators such as NOA
(25, 50, 100 and 150 ppm.) CIPA (10, 20, 30 and 40 ppm.),
2, 4—3 (0.5, 1, 2 and 2.5 ppm.) and ¢ & (5, 10, 15 and 20
: pm.), for 24 hours on the growth and yield of Lxcopersicum

esculentum. Observatlons revealed that when tomato seeds

soaked with proper concentrations resulted in‘better germi-
nation, éuicker growth and\higher Yield of fruits. But the
higher congéntrations of 2, 4-D (2 and 2.5 ppm.) and C TPA
(30 and 40 ppm.) resulted in some what adverse effect on
growth and yield of tomato.plents. NOA at‘25 and 50 ppm.

G A at all concentrations (5, 10, 15 and 20 ppm.) snd CIPA
at 10 and 20 ppm. gave significantly higher growth of the‘
mein stem and yield of the fruit than the comtrol. 2, 4~D
at 1 and 2 ppm. though: géve better growth, did not give
higher yield of fruit.

Spray spplications:

Effeet on morpholeg;gal charecters such as leaf abnormalities,

eight, branching, total nnmber ef nodes and fresh weig

and dgy weight of plentst

Studies with the growth reguletors have revealed



- 12 -

that they have a profound effect on the morphological che- -

racters of plants.

Murneek, Wittwer and Hemphill (1944) reported
the effect of spray applications of growth regulators on
snap-beane. By spraying naphthalene‘acetamide and naphthoxy
acetic acid at ooncentration@rahging from 5-25 bpm. the
‘volume and yield of the ercp was increased considerably.
Krishnamurthy and Beeranna Bhandari (19575 obtained modifi-

eations in the leaves of Ghilli (Capsieﬁh fruteeeens) by

epraying the whole plant withuhigh concentrations of peta—
naphthoxy acetic acid and 2, 4-D. Singh (1957 ) recorded -

that in tomato and Goleus seedlings spray application with
1000 ppm. naphthoxy acetiec acid showed.inereased-grewth.

~ Kiermayer (1959) found thatAapplication.of
XAA at higher concentration in toﬁate produced morpholo-
glcal effects sechaas abnormal flower formation, the forma~
tion of lateral shoots and morphological changes in the
leaves. But N A A°in combinatien’ﬁith T I B A prevented
these\merphelogicel changes.. '

Brian et al.,(1955, 1958) reviewed the effect
‘of gibberellic acid on varioas pla:ats in full. Marth Audia
and Mitohell (1956) reported the effect of gibberellic acid
on gfewth and development of plenge‘ef various genera and

species. In general,tfeatedeplants developed temporarily



peler .leaves either narrower or broader than the normal.

_De Leon and Derafole (1959) observed that in Kok-seghye

| and broad-bean plants spray application of G~A at 5‘ppm.,

| resulted in inoreeeed number and size of 1eaves. . '
Ghakravarthi (1958) reported the eﬂfeot of

G.A at eoncentrations 1, 10 and 100 ppm. on 10 days seed-

lings of Sesamum indioum. Most treatments resulted in

( elongation of internodes, the degree of which was direetly

: proportional to the concentration. The high concentration
of G A changed the ehape of 1eaven. Bonde and Moore (1959)
found that single spre&e of increasing ooncenfratiOns of

G A in the range of 0,0015 to 15. 0 ng./L had increasing sti-
muleting effeet on. the stem elongation of dwarf telephone |
peas., Inereasing ooneentrztion‘of G meinereaeed the number
of nodes and flowers, but the time of flowering was not, af-
fected. Doljakofs - Mayber end Mayer (1959) obsérved that-
in lettuee prolonged applieation of ¢ A affects the. inter—
nodes resulting in elongation and cauees earlier flower for-
metiong But single application or seed treatment is inef-
fective. Yoda and Ashida (1959) reported the effect of gib-
berellin on the extensibility of pee stem ,extensibility

being effected in the ‘internodel eells, but I A A had oppo-‘ |
site effect. Wellensiek (1960) observed that in long day
conditions a eonsiderable stem elongation of" Meryland Mammofh
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tobacco could be‘obteined by G A treatment of 100 ppm. |
concentration. jAfter transfer to sport éay conditions 6ne
“eontrol plant’formed flower bude after 54 days, Qére as

' two plants treated with G A did mot do so until after 71
days. Hence stem elongation would appearlto have retarded
flower bud initietion, Lawrence Rappaport and Singh (1961)
: observed in vegetable crops that the most reeognizeble

1 effect of gibberellin is stem elongat1en. Steyens, Roberts
end Williems (1961) found thst in hops (Humilue lupulus I.)
epray applicetiqr‘of Gek at 12.5 ppm{ resﬁlted in paler
green 1eavee, erteﬁsien of ihternoaes.in laterals G A spréye
at eotyleden stage at concentration of 1, 5 and 10 ppm. |

resulted in eonsiderable elongation of the eeedlinge.

| ‘Brian and Hemming (1956) obtained inereased
growth rate, height and weight of dwarf varieties or pea
by application of 0.01 mg. of G A per plant to the leavee‘
at seedling stage. Bukovae and Wittwer (1956)'made a de-

' tailed study of general growth responses of gibberellic
“acid on higher plants. They again in 1957 studied tee ge-
- ‘neral effect of gibberellin_en the,grewth\habit of many
crop plants. Treatment with gibberellin had produced

. significant increase in both fresh weight and dry matter

in celery, and has hastened flowering and meturity in beans.
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' Méselov4and Mosolova (1959)~studied the éffeet‘of gibberellin
on the growth and develepment of agrieultural CYOpSs, lettuee,
celeriac, parsley, onion and garlic.G A sprayed at 50 and
100 mg./L increased the uptake and assimilation of mutrients
with eensequent inereases in thelr fresh and dry weight.
Thorup (1959) observed that treatment of young plants with

G A stimnlated eell elongatian in stems, shoots and petio—
1es, inereased fresh weight, advanced flowering and. favo&-
red fruit-aet. In a Goleus variety, spraying with 25—100
Prm. G A pro&ueed‘the.maximum number of lateral shoots of-

| theﬁfiyst;erder; Inlébgféédﬁé sp. drop treatments of la-
teral Shoots/résuited in compaet growth. Gongzalez and |
Gjerstad (1960) observed morphologic and metabolic changes
‘induced by G A on épearminx, by an increase inAdry matter
content and deerease in volatile oil eontent. Kryskov aﬁd
Skurat (1961) studied that G A epplication at 0.0001% end
0.01% to peppermint resulted in better growth but had less
_deﬁéé foiiage and 1ower'e55ential oil content, Ogzewalla
(1961) observed that spray application of G A at 10 and

100 ppm. re&aced fresh weight, dry weight and oil. yield of
Peppermint. . }
| Singh, Rendhewe and Jain (1960) studied in de-
tail the responses to the application of G A in strawberry.

!
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. They found that G K sprays increased the height and spread
- of plants, number and length of iunners, hastened flower
formation and fruit maturity and incfeased the total yield
and quality of fruits. Appalanaidu and Satyanarayans Murthy
(1962)’etudied the‘effeet of giﬁberellic acid on growth and
yield of four varieties,of Mesta undqr pot culture condi-
tions by spraying agueous solut;ons,ofle A at 0, 1, 5, 25,
50 and 100 ppm. for four times at»ﬁeekly intervals. Growth
- of manchigogu,énd re&-pusa gogu is stimlated markédly
while koﬁdagogu and white Pusagogu have not responded.

The increase in shoot extension is‘hbstly due to inerease
in internodal elongation and‘nof due to production of moré
1nternodes. The differential behaviour of 4 ?arieties

seem to depend on succulence of the shoot rather than the
fallness or dwarfness of the variety, the stimulation in

" ghoot extension is associated with malformation of leaf

and reduction in leaf_size._ Production of more branches,
less fruits, and delayed flowering ococurred witkh the rise

in concentration of G A in the varieties that have responded.

| ganardi (1956) observed that spray application
of 2, 4-D at 6 ppm. to capsicum planﬁq resulted in-dwarfed
‘and deformed leaves, abortion of flower buds and melforma-
tion of fruits. Appalanaidu (1959) studied the morphological
and histeldgieal effects of sprays'and’injeetieﬁ of.z,‘4-B
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at concentrations ranging from 100-5000 Ppm. en-Bféésiéé
and Qggé.v-ln'ﬁréésiéé even the lowest concentration proved
to be lethel. Okrs responded rapdily, the floral orgems

: becoming‘abnprmal and;tqotsldevelqping from internal stem
tiesues: In both, leaf and petioles beceme twisted end
the blades épinasﬁie. The growth of the axillary ‘buds

was inhibited by'uﬁecting 2, 4—D into decapitaxed stem.

Effeet'bn flowering:
‘Evidence is being aecumu}atéd that the growth

regulators could be employed te control and accelerate

flowering in many crop plante.

Clark‘aﬁd Kérns és éarlj‘as-lgéz, Goepei (1942)
(elted by Skoog) and subsequently Van Overbeek (1946) re-
ported that flewering in pine apple ean be induced with
certain synthetic g:owth regulators, such as 50 millilitres
of N K‘A‘or 2, 4-D at a cqncentration of 5 ppm. Leopald
| and Thimann (1949) were abie,to iﬁcre/as'e. by as much as 35%
the mumber of flowers in barley by applying a weak -solu-
tion of N A A, through‘the eﬁt surface of leaves.

Gibberellic meid also behaves similarly to
N A A in its effect on flowering. Chakreverthi aﬁd Abraham



2:(1959) studied ‘the effect of G A on the flewering of
Sesamum indieum. Applieations of aqueena eolutiens of

¢ A in concentratiens of 1, 10 and 100 Ppm. a8 & pre—soak ‘
treatment ef seeds, as foliar sprays, and as drops for .
different durations at 3 etages ef life eycle of Sesamum
1ndicum'were made. Flower induction‘was not hastened by
any of these treatmenta. However 1nduetion was signifi-
cantly delayed when plants 10 and 24 days old received a
repeated treatmenﬁ ‘with 100;ppm. of G A. Therup (1959)
found théf"tfeatmsnt of G A_advanced f;owering,in g;gggg

" monophylla, Tagetes patule and Pelargonium gonele and

. favoured fruit-set in Ricimis commuis. Itakurs, Shiveki,¥
and Shirski, 5.(1959) reported thst vegstetive growth was
stimlated and flowéring~was aceelérated 1ﬁ'hert1eulfural |
plante like petunia;-pansy{ eyeiamon; hydrangis, nareissus,:
| Primula malacoides, and égggig amurensis by spray applica~ '

tion of G A at 25, §0 and 100 ppm.

Effect anfruit-seti'seed-set.anﬁ.oii ¢§££§Q£z

Growth regulators hed been found to be useful
in qupplemenking or substituting normel pollination in the . .

settihg.of‘fruits.l

Iuckwill (1953) reported that naphthalene acetic
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. aeld is useful in efféeting fruit-éet'in epples. Grane and
_Bradley (1956) ebserved that in- stewart apricots agueous
spreys containing 100 ppm.-of N A A, 2, 4—D and 2, 4, 5-7,
.hastened fruit maturity by about one. week, increased the
‘fruit size and controlled pre—harvest drop of fruits. TUeno .
(1956) working in straberries observed that X A A applied

at higherIQOncentrétion before ;IGWer‘formation inhiﬁited
flowering and fruiting eohsiderably but was nof‘go effective,
when‘épplied éfter flower formation. Kepkowa (195§) found
tﬁat applieaﬁiop of beta¥naphthoiy‘acet1é:aeid and alPha~ 

, naphthalene'acetie acid in'teﬁateAingreaaed'eonsiderably,

the early yields and éercenfage of small fruit wae conside-

~ rably, reduoed, but the epray had only slight favourable
effect on the tetal Yield of tomatoes. Randhawg, Sharma

and Jain (1961) studied the effect of NAA (25; 50 and 75 - ‘
: ppﬁ.) 2, 4-D (55*10 and 15 ppm.) and 2, 4, 5-T7 (10, é@ and
30 ppm. ), when sprayed after fruit-set with a'view o eve-
duating their effect on fruit-drop -1ze and quality of

three sweet orange “varieties (Jaffa, pineapple and mosambi)é,
Treatmente with 2, 4-D at 10,gnd 15 ppmannd 2y 4y 5T at

VSG ppm..in g#neral improved the averasge ﬁéight of fruits.
Fruit drop was also redueed to a censiderable extent by

the treatments. D



Takashime, Izuts and Kiteo (1957) obtained &
considerable incerease in seed production in cueurbits and
tomato, resulting from praying the stigmas with N A A at
flowering time immediately before pollination. Narsh,
Southwick and Weeks (1961) found thet sprays of N A A and
Na~ aeetami:&e after petel fsll can reduce fmit&-set in
apples without any‘ significa.nt-effeét on the number of -
viable or aborted seeds in either‘the‘ dropping or persist-
ing fruits. L o

Wittwer and Bukovae et a.l., (1957 ) reported
‘the effect of gibberellic acid on crop produetion. Thgy
observed that tregtment with gibberellin has hastened
'floweriqg ‘and maturity in beans and tomato. Gibberallin
also proved to be very effective 'in the setting of tomato
fruits. Rappaﬁor’c (1957) observed that in tomato, simple
or.repeated epplication of 25, 50 and 100 mg. of gibberellin .
hastened flowering by 3-10 days without affecting node num-
ber up to first infloreseence. Setting of normal and par—
thenoecarpic fruit was :anreased_by repeated florsal -sprays.'
Krimbas, Davidas end Micheilidis (1959) found that sprey
é.ppliéatiqn of G A at 10, 20\, or 30 ppm. to black ecorinth
gré.pes 3 deys after full bloom incressed fruit size and
approximately doubled the ~yie1d of fresh fruits és ceompared
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with control vines, but the sultenia vines sprayed with 20,
30 or 50 ppm. G A solution gave no c¢lear ppéitive response
but the raisins produced from their fruit were tougher and

darker. Krishnamurthi, Reandhawe and Singh (1959) observed

that in Pusa seedless variety of grapes (Vitis vinifers. L.)
| G A at -concentrations of 10 and 25 ppm. sprayed to the flo—
wer clusters increased fruit-set by 76.5% and 59.1% respe-~
ctively, and at 50 ppm. redﬁeed fruiﬁ-set by 15.41%. Ren-
dhawa, Singh and Khanﬁ (1959)’obtained increased fruit-set

- in phalsa by sprey application of 10 ppm. G A. Randhawa, |
' Bingh and Dhuria (1959) working with sweet lime found that
@ A at 10 ppm. and 2, 4-D at 10 and 15 ppm. increased fruit-
set éqnsiderably and reduced fruit-drop. Bukovec, Larsoen
and Bell (1960) found that.in concord grapes fresh and dry
welight and number of berries per cluster were pot-signifi-
cantly affected by @ A_sprays of 10, 25 and 100 pﬁm.
Guetefeon (1960) in tomato observed that 35 and 70 ppm.

G A;sprays on flower élﬁsteré4enhénced setting, buﬁ thé 4
total weight of fruits was lower. Lawrence Rappaporf and
Singh (1961) observed that in tomato flower sprays contai-
ning 1-8500 mgm/L. G A resulted in parthenocarpic fruit-set,
early fruiting and increased yield.

Bukovee end Wittwer (1956) found that gibberel-

lin accelerated flowering and seed production in several
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\
_yafietiéé er letfuée; mistard and redish end improved
setting of fruite in tomatoes. Seed production in several
varieties of mustard and radish was aceompanied by marked
elongation of seed stalks. Muromcev and others (1960)
reperted thet 6 A epplication to seedlings and iﬁfleree- |
‘cences of mature tomate plant accelerated ripening of fruit
and increased yield by 25~66%. Seedlings of carret, turnip
and radish sprayed with ¢ A also predneed flower stalks

and flowers 1n their first year although no seeds were set.

e

| Singh and Randhewa (1959) studied the effect
of G Llagd‘é I P A (Parechlorophenoxy acetic acid) on growth"
and frult fulness in strewberry. A at 5 and 10 ppm. in-
ereased'the height o£>plant, 1bﬁgth of peduncle and*fruit\
end totel yield per plant by 46 and 62% respectively. G K
 was much more effective in iﬁereasing total yield then |
CIP K; glthough it inereased the éarly f?uit?maturity.
Yermsnos and Knowles (1960) studied.the effect of G &
treatnent on safflower. lpﬁlieaiien of G A at 10 and

100 ppm. before flowering 1ndueed rapid internede elonga-
tion and chlorosis. &bnormalities in the development of

- inflorescence resulted in var10ns degrees of sterllity.

In treated plants matur;ty was hastened. Yleld and oil
content was_dﬁpresséd, but seed weight snd iodine number

ﬁas ﬁet affected.
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Stewart and Parker (1954) reported that in
grapes 2, 4-D is effective for increasing yield, size and
éuality of grape fruit. .Krisﬁnamurthy end Subramoniyan
(1954)'invyrinjal‘(sbiéﬁﬁﬁ méigggéﬁé)_found that applica-
_tion of 2, 4-D as & paste'at 0,0@25—0.é1% or as water ’
; spraye &t 0.0005% increased fruit-set as a whole by 50-60%.
Tagaehi‘and:Nishiri (1955)'observad that coneeﬁtratiohs
of 0.0007,,©.0605% of 2, 4-D ﬁave proved useful in 1mpro-

4 ving the seed set qf varietal crosses, inApetato varieties;
that are otherwise difficult te effect. Krjackov (1956)
found that at 2037 m. abo#e sea level 0.001% 2, 4-D sprayed
on tomaté_verieties six times dnring;flqwering advanced
ripening and increased both fru;§ size end yield.
Muthukrishnan (1957) found that en applicetion of 2, 4-D

at 5 ppm.’ as weter spray to the flowers of brinjal resul-
ted in\én jnereased fruit-set of 25% more than the control

and reduced the blessom drep to 66,4%.

| Abdul Revoof (1963) studied the effect of
N‘A A, 2, 4—5, G~A and borie aeid}on fruit-set, maturity
‘and composition in sapota fruits.‘ He observéd that N A A,
2, 4-D and boric seid increased the fruit-set, while G A
ahd‘mii A feiled to sﬂow any. response. ~ﬁa1f mature fru;t
- of the varieties 5aramasi and kritabarti were treated with
N A A, 2-4D, end G A at concenmtrations of 100, 150 and 200
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gppm., 25,75 and 125 ppm. and 100, 200 and 400 ppm. respec-

-,‘tively. Maturity was hastened by 46 days 1n baramasi, with

25 ppm. of 2, 4-D. The lower eeneentrations appeared to
. be more desirable. However reduetiens in the size and .weight
of fruits were assoeiated with the treatments and the result
‘ varied gyen-within_the‘same coneentratiengf The. nnmber end ‘
: we}ght‘of'seeds were not influenced by the different treat-
ments, Regardlesa of the. eonéentrations“df groith’fegula~
rtors used, the percentage of total soluble aelids, total
'sugars and reduelng sugars decreased as eempared with the
'gntreated control. The aeid eontent, however aid not show.
-dny eonstant'éfféet. Srinivasan, Meenakshi and Jambnlingam
~ (1963) studied the effect of phyto hormones on pod set in
B Dolichos lab-1lab var. typieus. ,The.growdh-regulazors G A,
¥ A A and I‘E A were;appliéd-a3~aqﬁéous éﬁrays'at 10 ppm.
and 50 ppm.;drespéc%ively'at twd‘staged éf fleﬁering. In

; the ease of G A 10 ppm. a second treatment was also given.

Increale on the percentage of podrset was observed among
‘the treated racemes. The G A foliar-cumeinflorescence
: spray gave thé maximam pod—set of 34.6%, while the untrea-

ted control registered_24.4%.

', The effeet on the oil sontent and iodine nuhh

“ber of the oil eentent in flax has been investigated by
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‘Pandon (1949)}_Kiosterman and Olagett (1948) and Paatela
(1949) (eited by R.S.Dunham, 1§51). -Tandon (1949) found
that oil pereentage and iodine number were reduced by amine
and- sodium salts of 2, 4—D applied at 4, 8 and 16 oz. ‘per
acre. ?eatela (1949)1reported & reduction in oil upto
2.3% when rlax'wasesprayed with morpheline salt of 2, 4-D
in the bud stage and a reduction in the iodine nnmber, when
treated in the eotyledon stage. Klosterman and Clagett

' (1948) sprayed 0.175 pounds of 2, 4~D per acre in the
form of alkano smine salt. No eignifioant aifferences
“were found in oil percentage while the iodine number was
significantly inereasead. Largest reductions in oil pereenp
vtage resulted from spraying in prebud and late bud stages,
»the firet stages representing the approxlmate end of vege-

-tative growth.
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MATERIALS AND METHODS

, The investigations reperted here were carried
out in the year 1962-63 at the Agrlcultural College- and
Research Institute, Vellayani. An,parly meturing variety
of three months durationv(local variety of Vellayani) pro-

\v1éed the'experimental materisl for the present,studies.

Since eufficient attention is not paid %o
- 8eed material of sesamum in Vellayani, seeds were ebtained
from 5 different sourges and i# was £ound that the percen-
 tage of germination among thé different lots was pighly
variable. The seed lot which gave the highest germination

percentage was seleetéd_for the present studies.

The following grewth'régulators were used for

the studiess

(1) Naphthalene aeetie acid (NAA) supplied by
Eastman, Grganic chsmicall, Roehester, U.S.A.
.'(2) Gibberellic acld (GA) supplied by B.D.H. Bombay.-
(3) 2, 4—dichlerophenoxy acetic aciad (2, 4-D) supplied
by B.D.H, (horticultural quality),-Bembay.

Preliminary studies were eondueted to fix thev

different eoncentrations of the chemieals. These growth



regulators a$ varying ooneentrations were- sprayed on a
,erop raised from the abeve leed. HAA at a eencentratien ,

of 50 ppm. and . above caused abnormalities and 100 ppm.’
\proved to be 1ethal. Gibberellic aecid at 100 ppm. and 2,
4-D at 10 ppm. also eansea abnormalities in the growth ‘
© of the plant. Hence the different eoncentrations of the

growth regulators used for the experiment were fixed as

followss- =
’ e
(1)
o ‘ i:‘ - 0
44 - 15 ppm.
T iii - 30 ppm.
(2) Ga
i- 0 '
. ii - 25 ppm.
- '4i1 - 50 ppm.. - -
(3) 2, 4D
_ 171_-; 0 L
i1 - 2 bpm;/'

114 - 5 ppm.

. The solutions ‘were prepared by first dlaeel-
| ving the required quanxity of ehemieal in 2 ec, of 95%
aleohol and then diluting by adding water to obtain the
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required concentrations.

hpplications of the above growth fegulatingi

substances were made at three different stages, in the

life cycle of the: plant.

(1)
(2)

- (3)

_Beed. (Seea treatment) .
Seedling. (Seedling sprqf) Treatment was given When
.the seedlinga were 20 da.ys old. ,

At the- t1ime of flowering {flower spray' The time
of flowering had been fzxed as the time, when~a11 _
the plants receiving treatment had produoed at

least two flewers.

Statistical layout of the experiment

Iay‘out - Randomised block design

. Replication - &

 Treatments - 27

1, ‘ﬁAA> . 0 level seee treatment
2, B LV O lefel Yseodling spray!
" 3. NAL 0 level 'flower spréy"
4, ~NAA'A 18 ppm. seed treatment

B. KAA 15 ppm."seedling spray'

6. NAA 15 ppm; '£lower spray’



. 30 ppm{t
‘ —a;'_NLA. ‘: 36 ppm:
9., NAAL = 30 ppm.
10, GA .- 0'level
11.. Gk - O level
12. G4 0 1level
13, 'GA" - 25 ppm.
14, Gh 25 ppm.
| 15; G@ ; ‘; 25~ppmf
16. @A 50 ppm:-
’173i*ea 50 ppm;
18, GA | 50 ppm.
19. 2, 4-D 0 level
20. 2, 4D O level
21, 2, 4D O level '
22, 2, 4D 2 pm.
, 'wzs"‘z; 4-D 2 ppm.
24,72, 4D 2 ppm.
25, 2, D 5 ppm.
26. 2, 4D 5 pom.
{é7.“ 2, 4;D':5lppm.'

- 29

seed treatment

’ééedliﬂg‘spray;

éeédﬂtreatmant,

'eeedling spray’

‘flower spray’

seed treatment

‘'flower sprey’ -

! flower spray’

V!seedling spray’_

s6ed. treatment

*seedling sprey’

7ffleﬁér_§prqy§\"

seed treatment

'seedling epray': N

'flewer spray'
sged treatment ~

*seedling spray’

'flower spray'
seed treatment

Y geedling spréyﬁ

'flower spray'

Iggpargtion ef ths Exgerimental pot 88

12“ diesmeter were'selected for the purpose,

One hundred’ and thirty five earthern pots of

A

- Pots were fil-



1

" led with equal smounts of- 131:1 mixture of sand, red earth '

_and eewdung.

", Preatments

1. ééédT¥;;£%mentzf

The seeds reeeiv1ng treatments were soaked

*':in the growth regulators for 12 hours before sewing.

4 Treatmenxs ' A; ‘ Tt. Ne.
NAA 0 level R 1
AL 15 ppm.‘ 4
N NAI: 30 ppm. ‘ v

GA 'i;;ﬁlleve1A  ‘ f : 10
A mEm 1

,Gh 50 ppm, ) _ ,161 \
2, 4D O level . 19

2,°4-D 2 ppm. 22

‘2, é-p«sfppp.~ - TR

Sowings

| Seeds_were éoWn~on)29-11-1962. In each pot
four holes wete taken and 10 Seedé per hele-were gown at
a depth"of_i". After eight days thinning was ea:r;edlqat
retaining only four-plantéwin a pot with a spaéiﬁg of 44,

-
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Spray trestments:

Spraying was carried out with an atomiser un—

ti1 a thorough wetting of the plant was accomplished.

2. ‘Seedling sprayi -

Seedlings were sprayed on the 20th day after

sowing.
| Trestments ot. Ho.
WAL 0 level 2
NAA 15 ppm. 5
NAA 30 ppm. 8
| GA : 0 level - . | 11
G‘-A. .. 25 ppm.': 14
GA v 50 ppm. 17
2, 4D 0 level 20 . ,
.2, 4D 2 ppm. 28 |
2, 4D 5ppm. . . 26

3. 'Flower gpray!s
The treatment was given on the 44th day after

owing.

Jmi;e“atmerit. : Tt. No.
NAA 0 level 3

NAA 15 ppm. 8
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NAA 30 ppme 9

GA 0 level 12
GA 25 ppm. 15 '
T 50 ppm. . 18 I

2, <D 0 level 21
2, 4-D . 2 ppm, 24
2, 4~D 5 ppm. . 27

Observations 'recorded
The fo;lowing aspects were studied:

S 1. Germination perceﬁtage
2. Height of ﬁlants |
3o Numbér of branches:
4. Total mumber of nodes
5. Fresh weight of stem
6. Nuﬁber of flowers |
7. Number of fruits
8. Percentage of fruit,set‘
9. Yield of seeds
10. 0il cénxent'

B Géfﬁinatibﬁ Bérdentages

The gpfmination percentage waé studied sepa-

rately, under labofafofy cbnditioné with 7. treatments re-
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‘ ﬁlicated 4 times. The séedé were kept for germination in

petri-dishes wifh :iitér paper, moiétened at :egulaxgintér—
vals with equal quantitiés of distilled water.. Every pos-
‘sible eare was taken to keep the filter paper moist dﬁ;ing

the course of the experiment,

' Preatments:

; 1. Gontrol - soaked 1n distilled water |
2. NAA 15 ppm.
3. NAA 30 ppm.
4. @ 25 ppm.
5{ GA 50 ppm.
| 6. é, 4‘3, 2 ppm.
7. 2, 4-D‘ 5)ppm; o
. The germinated seeds were removed and counted
af 12 hour intervais for 11 days‘after'which'no seeds ger-

minated. The observations were analysed statistically.'
2. ﬁéighf of ﬁlantés

' Height of plants was recorded by measuring |
the height of main stem, one week after sowing at 7 day
intervals till the time of harvest and the final ‘height |
. of the plants were analysed stat1stieally.
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3. Number "si-""s;aaaae;;

The number of branehes produced was counted
at the time af harvest.and the results were: statistically

anaglysed.

4. Bumber of modess

At the tiie of harvest the number of nodes in
branches‘and main stem was counted and the data wére sub-

jected to statisticel analysis.

5.  Presh weight of stems:

\ Due to abscission 6f_older‘léaves it was hof-

. possible to determine the fresh weight of the plant. There-
vufére the fresh wéight of the'stem alone ﬁithout ieavés, ;
flowers and fruits was recorded after harvest and statisti-

cally‘ahalysed. » - S o

-6, Number of flowers:

~ Opened flowers were counted daily in the mor-
ning from 4-1-1963 to 13-2—19§3,.when'flower production al-
most ceased cémpletely. _Thé total mumber of flowers pro-

duced were statistically analysed.
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7. Number of fruite:

The total number of. fruits set, in each plsnt,
was eounted and the dats were subjeeted to statistieal

‘analysis.
8.  Pereentege of fruit-sets
‘ _ From the number of flowers produeed and the

,number of fruits set the percentage of fruit-set was cel-

culsted and was analysed statistically.

. 9, Yield of seedss

o The seeds- from plants of each pot were eol-
lected separately, sunsdried, weighed and the data were

subjeetsd to statistioal anslysis.

10. 011 coment:

. "Colad percolation method" for repid gravime- -
tric estimation of oil seeds developed by Kartha and Sethi
(1955) was adopted, for estimating the 0il content, in the .

present study. The experimental procedure is detsiled

belowy

6.2 gms. of seed was accurately weighed by a

chemieal balanee end transferred to a gless mortar. 2.0 gms.
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_each of glass powder (Pyrex glass bowder washedlwith hydro—l
chloric acid)'and enhydrous sodium sulphété (Na2804) were
added and the mixture pe&deed>to fiﬁe\powdef; - The mixture
was trsnsferred to a sﬁall glass percolafer, 20 ems. leng
and 1.5 cms, in diaﬁeter,'and packed over & 0,3" thick
‘lsyer df coarsel& powdered’qnhydroué sodium_sulphate.
Filter bédlof sodinm.su;phéte was supporped on a thiﬁ‘wad-
_of cotton-wool placed over the-perfprdted glass plate kept
within the gless percolstor. The mortsr and pestle were
washed twice with 0.5 gms. of anhydrous sodium-sulphate and
the washings were also paekéd over the mixture of seedz
powder..'Fihally the morter and pestle were‘wasﬁed with
" 3-4 cc, of carbon tetrachloride (boiling:point 70-90 0)
and this wag transferred to the packed meal powder. This '
initial 3~-4 oc. of the solvent served to wet the mass.
This was allowed-té rémaid as suech for 5 mihuteé and then
" percolation started by adding 20 ceC. of the - solvent on the
top of the meal eolumn. The solvent was collected in a
" weighed dish conteining 4-one inch square strips of filter
. . paper and was evoparated by keeping the dish in an oven at
- 98-105°C for helf an hour. The weight of the dish was
} agein determined. The difference in weight gave the weight
of the oil in 0.2 gms. of seed.. .
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‘The 0il content of the samples from 18 treat-
ments and one control were determined by the above method.
The estimation was repeated with another set of samples

and_the mean was taken‘.‘
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EXPERIMENTAL RESULTS

. The effeet of the three growth regulators,
‘NAA, GA and 2, 4-D on Sesamum indiéﬁﬁ»was studied by
observing the germination percentage, height of plants,
number of branéhes, total number of nodes, fresh weight -
of sten, mmber Qf flowers, nﬁmber of fruits, percentage
‘of fruit-set, yield of seeds and percentsage of o0il comn-
tent. The data so obt§ined were sfatistieally analysed.

T LE 7€i—;.-

Analysis of veriemce teble

Germination percentage transformed to degrees

A

Source s. s. : d. fc\ Var. F
Totel 297.85 27 _
Block 4.49 3 1,50 0.31
Treatment 207.83 6 34.59 . M. 25%
Error 85,87 - 18 4,77

!

weSignificant at 1% level



e
1 7
2 6
3 2
4 5
5 4
6 1
4 )

" PABLE II

Awergge germinétieh pefcentagé

Deteils of  Aversge ~  Difference
trestment  Scrcemisge.  comerol
2, 4-D 5 ppm. 66.50 10. 50
2, 4-D 2 ppm. 63.50 7.50
NAA 15 ppm.  62.50 6.50
GA 50 ppm. 60.75 4.75
'GA 25 ppm.  60.00 4,00
Control 56,00
" NAA 30 ppm.  51.26 - 475

Criticel difference = «559

7 6 2-5 4 1 3
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GERMINATION PERCENTAGE

The germination percentage was transfermed

R to degrees by the Sin -1 trensformation snd the date were
1.analy§ed statisticelly.- The analysis bf variance\tablé

1é given in Teble No.I. : The>treatméntg ere feuné‘to -
be significent indicating that germination was sffected
by the growth regulators;'.The‘averagetgermination ‘

_ correspending to different treatments is given in

Table No, II.

_ Treatmenﬁs with:2,-4;D:gqve the highest
percentaée.qf germinstion. coﬁpériﬂg two levels of
2, 4-D it ie found thet the effect of 5 ppm. is sig-
nificantly superior to that of 2 ppm. Treatments with
15 ppm. NAA, though igrefior'to 2, 4-D is superior tql
GA 50 ppm.,,Gﬂ 25 ppm., coﬁxrol and NAL~5O pPpm., the
differences being significant. 'Of the two levels of
GA, 50 ppm. gave better results than 25 PPm. which
itself was superler to the eontrol, the dlfferences
being signlficant. It was found that 30 ppm. NAA
‘significantly reduced germination, when eomparedIWith
the control. The highest percentage of germinatidn
wes noted with treatment No.7 foilowed'b& others in
the order 7 6 2 5 4 1 B R



TABLE

1L

Analysis of variance table

Height of plants

A,

~ Source - - S.8.
Total 92126,10
Block 38101
Treatment - .51764.20
NAA, GA, 2, D -

and Contrel 36363,20
Levels of NLA '

and Control - 12808, 30
Lévels of GA

and Control 5914,42
Levels of 2, 4D

and Control - 30814.98
Stages of epplice- |
- tiens and Contreol 34754,60
Steges of applicas - '

tions of NAA and : '

Control 13644.70
- Stages of applioa47 4

tions of GA and '

Oontrel 20799.40
Stages of.appliéér

“tions of 2, 4~D
" and Control - 30994.95
Error |

39981,10 *

vé:ro‘ o Fo
134 | |
Y 95,25 0.26
18 12875,78 8,01+
8 1212.06 33.95%
2 6404.15  17.93%e
2 2957.21 8, 28%#
2 15407,49 - ' 43, 16%*
'3 11584.86 32, 4544
2 6822.35  19.16%k .
2 10399.70 29, 13%#
2 16497.48  43.41%+

112

- 356,97

. .
- gw -

*e8ignificant at 1% level




mEE I

ﬁ§éﬁ Héiégﬁ of pléﬁfs;in:eehtiﬁetéig'

T Stages of ;B}IZE;%E;Z""" |

. Growth regulatprs Saad Seedling Flg:ering Megp
Gomtrol - 61,06 61.06 6106 - 61.06

NAA 15 ppm. ”eg.agl 72.40 66,40 68.38
NAA 30 R 62.80  68.50 86,60 65.96
Mean . 64,57 .70:48 = 66,50 67,17
GA 25 ppm. \és;oo» | ~74.1o 70,90 69.33
GA 50 ppm. . 72.65 "f_wsgt4s, . 65,30 . 69.15
Meen 67.87 21112' éé;ig- . 69.23
2, 4D 2 ppm  69.056°  69.75 . 72.60 70,46
2, 4-D 5 ppm. 76,40 72,60  67.60 72,20

: General_ﬁean'~. 68. 39 71.13 68524: L

Critical difference

~ 1,  between treatment cecombinations - 1.4§'j
ii. between differend stages of appli- .
L tions , = 0.604
iii, between growth regulaters S - 0.604
iv. between different levels of & .
; growth reguletor: - 9.852

Te ‘between different .stages of appli— S
cations within growth regulator - . 1.049



 HEIGHT OF PLANTS

. The height of plants corresponding to dif-
. ferent treatments was analysed and the analysis of vew
| rianee teble is given in table Nq.III. A1l the treat— |
' ments are found to be significant. Mesn height of the
mein stem. is giveh in table"No.IV.‘ | |

» Y ¢ study of the table reveals that the growth
‘regulators inereased height of plant' significently. The
" most vigorous. response vas produced by 2, 4—D, followed
. by GA and. then NAA, the difference in effect among the

~

',growth regulators being signifieant.

. Of the two levels of 2, 4-D applied viz.
5 ppm. end 2 ppm. the higher eopeentration pfodueed grea~
ter peight, the difference in effecf-bétween the two being
sigqificant. Both the levels of.GA'appliéd viz.‘25 Ppm.
‘and 50 ppm. 1g¢reased height of plents sighificantly, '
but the diffeéence in effect between the two levels of
GA epplied is not significent. However, it is seen that
25 ppm. of GA produced better response than 50 ppm.
Application.of:15 ppm. and 30 ppm, NAA.resnitgd in sig-
nificant iﬁcreases in the height of plants, 15 ppm. being
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'more effective. The difference in effect between the )
two treatments is also found to be signifieant. R
Plants at all the stages of applications
studled, responded to growth regulators with signlfleant
_inereases in height.- Comparing the effect of applioa-r
tions at the éifferent -tages, it -is found that the eeed-.
I ling spray gave signlflcantly better 1ncreases in height
than others: 'Of the other two treatments seed oreatments
geve_elightly be%ﬁer resolte‘then;'flower spray', but
the difference betoeeo_these’teo treatments,is not sig-
nificsmt, B - |
Applioation of 2, 4-D to seeds, seedllngs,
end plantn at flowering time produced significantly fa-
vourable effects in promotlng growth in height of plants.
_Seeds responded moet favourably to epplieation of 2, 4-D
‘and the response was signlfioantly superior to thoee
of seedlings and plants-at flowering‘time. The effeet
‘of‘2; 4-D on eee§1inge wes\found toibevbetter than that
produced on plents trested at £1¢oering time, the dif-
fervente in effect between thé two being significant.
Applications of GA at all stages etudied had resulted
in significant increaees in'height. Beedlings showed
‘ significantly better response when eompared ‘'with seeds )
and plants at flowering time.- ‘The differenee in effect
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of application of GA on seeds and plants at the t1me‘ _

of flowerlng is net signlfieant. NAA is seen to

‘ haVe significant effects in promoting growth in height

at plants at all the three etages studied. Seedlings

. responded best followed by plante at flowering time and

seeds in the order of their_superiority. ‘The differences

in effeet emOng all the stages are significant.
Weekly observatioms of height of plants
receiving the different treatments are plotted as‘a eurve

in Pigs. 1, 2 and 3, showing the effect of NAA, GA and’

‘2, 4-D respectively.

From PFig. 1, it is seen that an application
of 15 ppm. of NAA to seeds, pro&uced greater height than
30 ppm. . throughout the growth period. Application of.

30 ppm. NAA to seedlings produced greater grewth than

- 15 ppm. upte about 5% weeks, after whlch plants treated A

with 15 ppm. showed greater height. Growth curve of

plante receiving 15 and 30 ppm. is more or less identi-

- eel, 15 ppm. causing better growth.

' Application of 25 ppm.  GA to seedlings
produced the best response ihen cempared with other
treatments with GA and this response was maintalned

throughout. (Fig.2). Seed treatment with 50 ppm. GA -
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T gave better growth in height when oompared with 25 ppm.
| GA._ The superiority of the higher concentration is
j meinteined throughout. Seedlings sprayed w1th 25 ppm.
GA responded with increqéedﬁheight when oomﬁg&ei'with
50 ppm. Growth is accelerated by the application of
'25 ppm. and this acceleration of growth is maintained
throughout. ‘ |
Atplieation of & ppm.iof 2, 4-D %o seeds
resulted in better growth in height throughout when eom-A
pared with sll other trestments with 2, 4-D (Fig.3). .

'_Seedlings relponded with~inereased height throughout,

f to spplicetions of 5 ppm., 2, 4-D when compared with :
‘ applioation of 2 ppm. However, it is found that 2 ppm: ‘

*}A2, 4-D applied at the time of flowering was superior
‘,to S ppm. in increasing»height of Qlants.



TABLE ¥

Anslysis of variance table

Number of branches

.
- - o

k.

Source 8.8.  a.f, Var.
Total | 2431.76 134
Block 54.26 4 - 13.55 1.52
' Treatment 1390. 50 18 75.36 8,240

NAA, GA, 2, 4D | f o 1
and Control 1091.07 : 3 363. 69 40.86#*
Levels of NAA - \ _ '

and Control 381,92 2 190.96 21.45%%
Levels GA and - o .
Control 292,30 2 146.15 16, 42%%
Levels of 2, 4-D ) '

and Control 1061.91. 2 530,956 59.65%%*

 Steges of applica- | |

tions and . oo
Control : 752, 60 3 250, 86 28,18%¥%
Stages of epplica- .
tions of NAA and '

Control - . 373.11 2 186.5%5 20.96*?
Stages of applica- ,

tions of GA and -

Control 249.91 | 2 124.95 14, 03%*
Stages of applica~ )

tions of 2, 4-D '

and Control ‘1050.21 2 525.10 59,03 %*
Brror - 991,01 . 112 8.85

#* Significant at 1% level
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TAELE VI

oo o

Stages of applications

dfificéi diffeféﬁéé

.1; 'befween treatment combinatiéns

ii.
iii.

iv.

v. Dbetween different gtages of appli-
- cations within growth regulator

cations

between growth regulators
between different stages of appli-

growth regulstor

4

between different levels of a -

Growth'regulators Mean
. : Seed seedling Flgggzing
Gontrol 3.27 3.27  B.27 3,27
FAL 15 prm. 4585 3.60 4.45 4,20
EA '§0Appm. 4.55 4.80 4,45 4,60
Mesn 455 420 445 4040
GA 25 ppm. 4,40 4,60 4,65 4,55
6h 50 ppm. 3.00 - 3.65 4,35 " 3.67
2, 4-D 2 ppm. 4.85 5.5 5,75 5.87
‘2, 4D 5 ppm. 5.25 5,06 4.70 5,00
Gemeral meen 445 4.53 a2 |

bt Oo 234

-~ 0,096
- o,ogét
- 0,135
- 0,166
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NUMBER OF BRANCHES

The number of branches corresponding to dif-_
ferent treatments was analysed and the analysis of ve~.
rience tablq'ia given in table No.V. Kll the treatments
ere found to be significant in inereaéing;the number of
branches. Mean number of branches is given in table

No. Vi

From the table it is seen that the number
of branehes has been significantly increased by the growth
regulators. The greatest numher of branches wes produ—
ced by 2, 4-D treatments followed by NAA and GA, the dif-
ferences in effect among the'grewth regulators being
significent. ( |

Of the two levets of 2, 4-D applied, the
'lowéat concentration vig. 2 ppm. has produced greater
number of branches,thah the higher‘ecncentration viz.
S ppm, the difference in effect between the treatments |
being significaht.' Comparing the different levels of
GA 25 ppm. has produced greater number of branches than
50 ppm. the difference in effect between the two being
significant. 0f the two levels of NAA 30 ppm. gave sig-

nificantly superior results, than the lower concentration
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.. Vize 15 ﬁpm, K . ‘ |
’,‘ - Gomparing the effect ef applieatiene of the A
H‘ grewth regulators at different eteges, it is seen that

.'flower spray"' gave signifieantly better resulte than others.r
| 'Of the other two treatments ‘seedling spray'is. found to

be better than seed treatment, the difference between the

. two belng eignificant.

: cemparing the three different stagee of '
-applieatiens of 2, 4—B, it is feund that seedlings had
given better respense than the ether two treatmente, but
.” the difference between the spray appliee,tion at seedling
7stage and at flewerlng time is not’ significant., 0f the

different stages at whlch G& haﬂ been applied, epplica-

tion at flowering time produeed greater number of bran-

' ches and was 31gnificantly superior to application at

' ether‘stages. Application of 50 ppm. GA to seeds resul-
‘ted in deereased nnmber of branehes than the eentrol,
'1theugh the differenee 1n effeet is’ neteeignifieant._ of
.'theoﬁherntworﬁtagesistndied seedlingsggave signifieantly
better’resbonselthen seeds; App;ieationsﬂef NAA to seede
and plants at~f1ewer time:were~signifieantlyleuperier to
.;that‘given te>eeedlinge,yiﬁ'iﬁereasing the nemberiot

branches.:
/ . ) )



PABLE = VII

Analysis of variance table -

Number‘of ﬁodeé-

Source

Error

5. 8. d.£.  Var.
Total 145510.00 134 |
Block 16179.00 4 4044.75 -
Preatment 63530. 80 18 ' 3529.48
NAA, GA, 2, 4-D and g - |
Control : 45908, 70 3 15302.90
Levels of NL&-and -0
Control . 17051,00 2 8525.00
_ Levels of GA and :
Oontrol 5123,00 2 2561.00
' Levels of 2, 4-D and-
Control 44134,00 2. 22067.00
Stages of applica-
tions and Control- 30886.30 3 -102985. 40
Stages of applieca-
tions of NAA and ' :
Control 16036, 30 2 8018,00
. Stages of appliéaw
tions of GA and o
Control 9684.70 2 4842.00
Stages of applica- )
tions of 2, 4D :
and Control 44824.50 2 22312,.00
65800.20 112 567,50

F.

6.86%%
5.08%*

26.06#*
14,51%%
4,34%

37.56%*

17 50#*

13,810%

8. 24**

37,97 %%

* Significant at 5% level
## Significant at 1% level



TABLE  VIII

 Mean number of nodes per plant.

- Growth regulstors

Stagesof applications :

Seed Seedling Flewering .

Mean

: , time
'! Control 54.60 54,60 /34.60*- 34.60
NAA 15 ppm.  40.20 36,40 41,60 40,10
FAA - 30 ppm. 46,30 ' 42,70 42.30  43,70
NMean T 43.25 40, B5 . 41,90 75;;29
6A 25 pom. 39,10 41,20 38,10 39. 50
GA .50 ppm. 29.50 '42;10 42010 37.90
2, 4D 2 ppm. 50;70‘ 51,90 42,30 48,30
2) 4D 5 pom  44.30  45.30 46,30 45,30
General mesn 41.70. 43,58 42.10 |
" Criticel difference |
i, Dbetween treatment combinations 1.936
11.‘2.between growth regulators : 0.790 ,
jii. between different stages of appli-" -
catione . 0.790
ive .between different levels of grawth
regulator 1.118
v. between different stages of appli- |
cationg within a growth regulator

1.373
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TOTAL NUMBER OF NODES -

The total number of néées eerrésponding to
differeﬁt treatments was analyséd and the analysis of
variénee‘table is given in table Né;UVII. The treatments
are feuné/te'be signifieant. The mean number of nodes
..éorrespénding to different treatménts is giveh in table'_
No. VIII. ”

_ From the table it is. seen that treatments
with grpwﬁh fegulaters have preducéd eignificant results
in inéreasing the number of nodes. .The iargest number
of nodes was produced by applicatien of 2, 4-D followed .~
by those of NAA snd then GA. The differences smong these

trestments were found to be;signifieant,

of thb two levels of 2, 4-D applied viz. -
2 jﬁﬁ. and 5 ppm.vthe lower concentration produced gféar
ter number of nodes, the difference between the levels
being significant. Gémpafing the two levels of NAA,30 ppm.
A ﬁr@duced bet#ér'response than 15 pﬁm. the difference ie—
'1’tween the levels being sigﬁifiéant. Both the leveis of ,
GA inegeased the number of nodes significantly. GA 25 ppm.
is sgen,to be significantly superier to 50 ppm.



- 47 -

Oompariﬁg the effect of app;ications of the
gréwth regulators ét different stéges seedling sprey has
produced greéter number of nodes fol}owed'by.applieatien
at the time of flowering, the difference between the 'two
being significant. But the difference between seed treat-
ment and spray at flqwering’time'is not significent.

Lmong the three different stages of applice~
tions with 2, 4—D seedllngs responded best in increasing
mmber of nodes followed by seeds and plants at flowering
time. The differences in effect among treatments were
significant. Comparing the different steges at which
NAA had beeh applied it is found that seeds responded best
in increasing the number of‘hodes. Of the other two '
spraying at the time of flowering is better than qpra&ing
_ ai the seedling stage. But the-difference in effect“be-
‘tween the two treatments was not significant. Of the
fhree different'stageé of applications of GA, seediings
.pradueed largest nnmbe¥ of nodés, followed by plants et A
flowering time, the difference between the two being sig- -
nificant. Application of GA to seeds resulted in decrea-
ses in node mumber. The difference in effect being mnot
significant.: But applicatioh of 60 ppm. GA to seeds re-
‘sulted in a significant decrease in effect.



TABLE IX

R ——

Analyeis of variance table

Fresh weight of stems

Var.

F.

Error

2707, 27

24.17

Source S. S. d. f.

Total 7138.27 . 134 |
Block 27,60 o 6.90  0.28
Treatment 4155.01 18 230.88 9, 54%¥
NM’ G’A’ 2) 4-D and ’ : .

Control 3321.61 3 ' 1107.20  45,75%*
" Levels of NAA and . ,

Gontrol 505,32 2 252.66. 10.48%%
" 'Levels of GA' and o | ‘ |

Control 294,71 2 47,35 1.96
Levels of 2, 4~D and o

Control 3100, 50 2 1550.25  64.05%*
Stages of applica-

tions and Control 1483.90 3 494.63° 20,43%»
- Stages of applica-

tions of NAA and : '
- Control 516.12 2 268,05 10, 66#%

_ Stages of applicar | ‘

tions of GA and "

Control - 485,60 2. . 242,80  10,08%#%
- Stages of applica-

- tions of 2, 4~D and ‘ :

Control 3267.70 2 1633.85  €7,79%#

112

*# Significant at 1% level



TAELE

i

Mean fresh weight of stems.

. St&gés of applications .
~ G@Growth reguletor ———— ~ Mean
e ' ’ seed seedling flowering :
Gontrol | 5,50  5.50 5.50 5,50
NAA 15 ppm.  6.88  7.73 - - 6.28 6.96
NAA 30 ppm.  6.456 6,80 7.25 = 6.83
Mean | 6.66  7.26 6.76  6.89
GA 25 ppm.  5.45 730 5.84 .6.19
GA 50 ppm.  5.60 7,45 5,25 6.09
ean | 5.52  7.36 5.54 6.1t
2, 4-D 2 ppm. 9,23 . '85&5 8.48 8,72
2, 4-D 5 ppm. 10,00 - . 8,35 820 8.85
. Meen 9,61 8,40 8,34 - 8,78
General mean 7.24 7,50 6.88
Criticel @ifference
i. between treatment combingtiéns - 0,384
ii. between growth regulators - 0,187
iii. Dbetween different stages of ‘
applieations - 0.187
iv.  between different levels of , :
a growth regulator ’ - 0.222
Ve between different stages of appli- _
' cations within a growth regula- ‘ '
tor v 0,272



FRESH WEIGHT OF STEMS

The fresh weight of stems corresponding to
'different treatments was analysed and the analysis of .
varisnce table is given in table No.Ix. A1l she treat-
ments are found to be gignificent except thosemade with
GA on seeds and plants at flowering time. Mean fresh
weightecf the stem correspohding-tc different”treatmente

" is given in table No. X. . - -

Steeying the teble.it'ie found that growth
reguiators had a'significent effecf“in inereasing fresh
| welght of the stems of plents. Among the three growth
‘ regulators 2, 4—D prcduced a better response followed by\
' NAA and GA in the order of their effect, the differences

-iﬂhéffecr_ﬁeing significant. |

Comparing the different levels of 2, 4-D
-applied 5. ' PP gave slightly greater fresh welght than
2 ppm. though the difference in effect between the two

o ,1evels was not significant. Of the two levels of NAA

applied 15 ppm.-gave significantly ‘better increases in
fresh weight then 30 ppm. The difference in effect be-
tween the two was not significent. Of the two levels of
GA 25 ppm. produced slightly bettcr results, though the ,

difference in effect is not significant.
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Comparing the- three different stages of
'applicatione the response of seedlings is significantly
superior t0 others in increasing fresh weight, followed
by ‘those of eeeds and plants at flowering time in the -
order of their importance. The differencee in effect

among all the stages were significant.

/

. Among different stages bf\epplicetions of -
_2; 4-D, seeds reSpon&ed signifieantly with gfeater fresh’
weight, followed by seedlings and then piants at ilower—l
ing time. The diffeiences iﬁ‘effeet among freatmehts
'were significant.‘ of the;different stages of applications
of NAA seedlings responded best with the highest fresh
veiéht followed by plants at flowering time and seeds in
the order of tﬁeir response. The difference in response

' exhibited by seedlings and plants at flowering time was
significant. However the differenee in response .shown by :
seeds ‘and plants at flowering time was not significant.

of thelthree different ategea of applicetions of GA seed-
lings geve eignificantly better reeponee than the other
two. The responee shown by seede and plants at flowering.

time was not eignificantly different.



PABLE XI

Lnalxsis of variance %ﬁg;é

Number of flowers -

Source 8.8,  a.f. Var. .

Total - 102418.00 134
Block , 482,00 4 120,50  0.22
Treatment 42303.00 18 2350.00  4.41%%
NAA, GA, 2, 4-D and

Control 22723, 80 3 7574.53  14.23%+
Levels of NAA and | . . S ‘

Control  8320,10 2 4160,50  7.82#%
Levels of GA and 3792.40 7,138

Control. . 7584.80 2 ~
Levels of 2, 4-D and -

Contpol - 22139.00 2 11069.50 20.80%x

Stages of applications ‘
and Control ' 22419,50 3 7473.10  14.04%+

Stages of applications :
of NAA and Control -17997.80 -2 8998.,70 16.,91u##

Sfages of applications : :
of GA and Control . . 7458, 10 2 3729,00 . 700

Stages of applications
of 2, 4-D and ‘ :
Control S 22173, 40 2 11086.70 20.84%#

Error : 59663.00 112 - 532,00

*# Significant at 1% level -
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Mean mimber of flowersper plent -

, - _ ' : Stages of applicatlons :
Growth regulators: =-—----- - ——— Mean
: fSeed yseedling. flowering
: | time
Control 36,5 36,5 36.5 ' 6.5
NAA - 15 pm. 413 44.6 41.4 42.¢
NAA 30 ppm. 29.6 . 46.9 7.2 41,8
Nean ~ 35.5 . 48.8 44.3 41,8
GA 25 ppm. 38.8 - 40,7 41,9 40.4
GA 50 ppm. 42,5 . 42.3 - 43,1 42.4
Mean 40,7  4L5 42.5 4L
2, 4~D ~ 2 ppm. 46,7 . 45.0° 41.5 44.6
2, 4D . 5 Dppm. 44.8 46.3 47.3 45.7
Mean | ' 45.8 45. 44,4 - 45,2 =
General mean 45,8 45, 4.4 |
_ Critical difference
i, between trestment combinations . . - 1.808
ii. Dbetween growth regulators L~ 0,738
‘iii. between different stages of appli- ,
- - eations - - 0.738
iv. between different levels of a L
growth regulater - " 14043
V. between different stages of eppli- '
cations within a growth regulator. - 1,282
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Number of Flowers

The number of flowers corresponding to dif-
ferent treatments were analysed and ‘the analysis of va=-
rianee table is given in 'table No. XI. A1l the treat-

ments are found to be significant._ Mean number of flo-

. wWers produced under different treatments is given in

table Yo. XII.

X From the table, it is seen that the appli-
oation of the growth regulators had a striking effect in
produeing greater nnmber of flowers. 0f the three growth
regulators 2, 4—D’erokes'a-better'response by producingrl
more ‘flowers tnen NAA or GA the differenoe in effect
among “these being significant. However, there_is an in-

dication that NAA is better than GA, but the superiority

- ie not significant.

\

Comparing the different levels of 2, 4-D,
5 ppm. is found to be significantly superior to 2 ppm.'
in flower production. Of the two 1evels of NAA, 15 ppm.
gave signifioantly superior results than 30 ppm. 0f the
different levels of GA, plants reoeiving 50 ppm. showed
significantly better response by produsing more flowers
than 25 PpM. ’



/ Examining the table it is seeﬁ that the
application of the growth.regulators at different stages
had inereased the number of flowers significantly. Seeds
' responded with the production of the largest number of
 flowers and was followed by geédlings.' But the difference
in{response shown by seeds and seedlings was not signifi-
cant. Plants at these two stages responded significantly
better than plants at flowering time. |

0f the different stégeg ;:f gplication af L
2, 4-D seeds résponded better with greafest mamber of
flowers followed by seedlings and plants at flowefing
_time. But the differences in effect among the treate
ments were not significant., Of the different sfaggs .
of applications of NAA spray at seedling stage produced
greatest number of flowers, the effect being sighifieant.
Spfay at flewering.timé had élsp increased the number of
" flowers significantly. Seed trestments had slightly
decreased the number of flowérs, though the effect was
not significant. But NAA 30 ppm. applied to seeds had
_éignificantly decreased the mimber of flowers. Of the
 different sesges 6f‘app11eation of GA application at
flowering time éave a slightly better effect than that
at seedling stage which was followed by application to
seéés, but the differences in effect among the treatments

" were not significant;-
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Analysis of variance table

Number of fruits

46700,00

417.00

Source 8. S. d.f. . Var, P,

Potal 105383,°00 134 SRR
Block 240.00 4 _ 60,00 0.14
Treatment 58444, 80 18 3247.00  7.78%%
NAA, GA, 2, 4-D and , |

Control 39968.40 3 13322.80 31,94ux
Levels of NA& and | . -

Control 11409,00 - 2  5704.50 . 13,67#»
Levels of GA and . ' ~

Control 14606, 00 2 7308.00 17.51w¥
Levels of 2, 4-D and ' ’ , -

Control . . 37665,00 2 18832.00 45, 169%
'Stages of appliecations - _

and Coantrol ) 4654,40 3 1651.46 3, 72%
Stages of applications .

of NAA and Control 16269.00 2  8134.00 19,57
Stages of applications :

of GA and Control 6371.00 2 3185, 50 7.63%%
Stages of applications

of 2, 4~D and ' . '

Control 38569, 00 - 2 19284.50 46, 274
Error 112

* Significant at 5% level
#% Significant at 1% level



| DABLE  XIV

Mean number of fruits per plent

Stages of epplications

cations within a growth regulator - 1,136

‘Growth regulators - \ Mean
, : " - Seed ©Seedling X flowering B
‘ time
Gontrol 27,2 27.2. 27,2 27.2
NAA 15 ppm. 34.8 36.5 32.5 34,6
NAA 30 ppm. 21.4 36,0 37.4 31.6
QA . 25 ppm. 32.1 34.0 34.6 33.5
GA 50 ppm. 32.6 4.8 36.9 34.8
Mean 32,4  34.4 35,8 34,1,
2, 4-D 2 ppm. 36,6 . 40.9 37.2 38.2
2, 4~D 5 ppm. - 36.8 36.6 '43,0 38,8
Genersl mean T 32,3 36,5 36.9
Griticsl difference
i. Dbetween trgatment~eonbinations - 1,601
ii. between growth regulators - @;654
iii.’ 5etween different stages of eppli-
cations ' - 0.654
iv. between different levels of &
growth regulator - 0.924
v. between different stages of appli-
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umber of Pruite

The humber of fruits corresponding to dif-
.ferent treatments was analysed and the analysis of va--
riance table is given in table No., XIII. All the treat-
ments are found to be significant. Mesn number #f fruits

set under eaeh-treatment is given in table No. XIV.

From the table it is seen that the applica~
tion of growth regulators increased the number of fruits.
The greatest increase was produced by 2, 4-D followed by
GA and NAA in the order of their effect. The differences

in effect among treatments were . significant.

Comparing the effect of the two levels of
2, 4-D viz. 5 ppm. and 2 ppm., it is found that 5 ppm.
was superior to 2 ppm. in inereaging the number of frﬁits
set, but,theld;ffe;ence in effect between the levels was
not significant. Of the two levels of GA 50 ppm. is
significantly superior to 25 Ppm. eomparing‘the'diffg-
reﬁt leveis of NAA it is‘found that 15 PPR. has produ~
ced greater number of fruits than 30 ppm. the difference’

in number of frults set , being slgnificant.

\ Gomparing the effect of‘applicatlons of  the
_grewth regulators at different stages it is found that
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the greatest mumber of fruits has been obteined from
plants receiving treatment at flowering time, followed
by plantsé receiving treatments at seedling stage and

gseeds in the order of their response.

1Géﬁpa£ing the different stages of applica~
tions of 2, 4-D spray at flowering time produced a better
response than seedling spray, which is followed by seed
treatment. The @iffereheesgameng treatuments were signi—
ficant. Ggﬁparing the different stages of applications
of GA, spray at flowering time gave better efféets,'fhan‘
efher freatments. Qf the,othér two stages the effeét.ef
applieation afrseedling stage is superior to seed treat-
ﬁént.' Phe differences in effect among all three treat-
ments were sigﬁifiganf.‘ Comparing the different stages
of applieationé 6f NAA/spray at seedling stagé was signi—
fieantly éuperior t0 other treatments, Seed treétment
had slightly favourable effect bt this was not signifi~
.cént. But HAA 30 ppme. applied as;a pre—éoﬁing treatmentA
haa significantly reduced the number of fruits.
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TABLE XV

s

Analyeis of veriance table

Percentage of fruit-set

8.8, d. f.

Source Var, P,

Total . 54g7.06 134

Block  64.3¢ 4 16.09  0.55
Trotment 2190,76 © 18 121.70  4.24%%
NAA, GA, 2, 4-D and I S
' Control | : -1413.44 . 3 471.14 16.41%%

| Levels of NAA and | ” l

Control 222.00 2 111.00 3.86%
Levels of GA and ’ ‘

Control 704,00 2. 352,00  12.26%%
Levels of 2, 4~-D and - . N
. Control 1216.00 2 608.00 21,18%+%
Stages of applicationé . | : ' .

and centrol 1336.84 3 445.60 15,52#%
Stages of applications 1 | . -

of NAA and Control  165.40 2 182,70  2.,90%#
Stagescsf applications o

of GA and Gontrol / 759.20‘\ 2 - 379.60 13,22%%
Stages of applications '
of 2, 4-D and . | | |

Control ~ 1875,00 2 787,50 27.43%%
~Error 3211.86 112 28,70

# Significent et 5% level

## Significant at 1% level



TABLE XVI

Mean percentsge of fruit-set per plant

-—— A e e S w0 . e - eon

Stages of applicat;ons

Growth regulators 4 -ew=—-- Méan
' Seed Seedling Flowering

‘ _ time
Control - 75,0 75,0 76,0 75,0
NAAL 15 ppm. = 81.4 80,8 81.2 81.1
NAA 30 ppm. 81.2 7.2 79.8 9.4
GA o 834 83.6 8.4 . 83,5
@A . B0 ppm.  77.8 . 7.8 . 82.0 " 79,2
Mean | | 80.6 . 80.7 82.7 81.3
2, 4D 2 pm. " 786 89.6 90.2 . 86.1
2, 4D 5 ppm.. 82.0  81.2 91.2 84.8
Mean = 1 80.3  85.4  90.7 85.5
Genersl mesn . 80,7 81.7 84.6

Critical difference
i. befween treatment combinations - 0.421
.11, between growth regulators : - 0.172

iii. between different stages of appli- -
: cations - 0.172

dv. between different 1evels of a i
growth regulator _ - 0.243

Ve between different stages of appli- .
cations within a growth regulator - 0.299



PERGEHTAGﬁ oF FRUIT—SET

The percentege of fruit4§et eorresponding
‘to different treatments waslealeuiafed‘and by Sin~1 trens-
formation eanverfed into degrees and was analysed. 'The
analysis éf varianée table is given in teble No. XV. |
Treatments were found to be signifigaht. The mean per-

centsge of fruit-set is given in table No. XVI.

Prom the table it is revealed that growth
- regulators had a sign;fieant effect iﬁ increasing the
percentage of fruit-set. The maximum with 85,3% fruit-
set ;;eerreaponds to 2, 4—D‘treatments,ifollowe&vby GA
with and 81.3% and NA& with'86.2%; The difference in
effect eaused by different treatments were significant.

Oemparing the effeet of . applicationa of
the growth regulators at different stagel, spray at the
time of flowering gave the maximum pereentage of setting
ie. 90.7%, followed by spray at ‘the seedling stage.l
‘ie. 81.7% and seed treatment with 80.7%. The differences

in effeet among treatments were significant.

'Gbmparing the different stages of applica~

I3
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)

tions of 2, 4-D, spray at thg t;me of flowering had Tre-
sulted in the maximm peroentage of fruit-set with 90.7%,
which wae signifieantly superior to other treatments.

0f the other two, spray at the time of seedling stage
was significantly better than seed treatment. Compa-
ring the diffqrent stages of applieations of GA the
spray appiieaxion at the time of flowering gave ma#imum
Percentage of fruit-set with 82,7%. This was followed
by seedling spray and then seed treatment.” But the
difference in effeet between Spraj at seedling stage
gnd seed treatment was not significant. Gomparing the
different stages of applications of NAA seeds gave’ signi-
ficantly superior rasults, followed by plants at the
time of flowering and seedlingAin_the order of their
regponse.' Theldiffafences among treatments were eignif

ficant.

Bar diagram (Fig.4):ahowe£ the relative

fruit-set under different treatments.



Anslyisis of veriance table
 Yield of seed ’

Sourece

112

S. 8. d.f. - Var. F.
Total 2246,72 - 134 |
Block 98,17 4 24,54 1,83
Treatment ) 652.32 18 36.24 2o 64%%
NAA, GA, 2, 4—B and ' -~
Control o 300.01 3 100,03 = 7.49%+
Levelse of NAA and o :
Control . 86,50 2 43,25 3o 2384
Levels of GA end ' - s m“
Oentrol ‘ 120.33 2 60,16 4,49
Levels of 2, 4-D and , - ‘
Control -318.43" 2 109.21 B8, 18%¥
_ Stages.ef applications C ‘ ' .
and Control 428.10 3 142,70 - 10, 68%+
Sfageshnf applications _ . : |
of NAA and Control 217.13 2 - 108,56 8,13%#x
Stages of applications : , _
-0of GA and Control 108,03 2 54,01 4.04%
Stages of applications : E - -
of 2, 4-D and Control 356,73 2 178,36 13,36%%
Error 1496, 23 13,365

% Significant at 5% level
## Significant at 1% level -



TABLE -

Mean yield of seed per plant (;

XVIII

ant

;Groﬁ;h regulators ——————

\ e Stagesof applications

Seed

Seedling Flowering
time

. Meen

Gentrél

NAA
NAA
oaz
6A
e

‘Mean

| z.e1
»15 bpﬁo   T3§23
30 ppm. 1,99
0 he

25 ppm.  -3.16

50 ppm. . 3.11

2, &2 -

‘2, 4-D

Mean

RT

2 ppm. . B.4T

"5 ppme 3.43.

3.457

.General meam . 3'97

4.
| 44, -
©didd.

ive

‘2gs1f
3196'

3,88

392
3,33 .
565 -
436
3.57
s
3,84

-y

2.81
J,3.24~;“

3.69

3,48
3,50
3,73
2.61
4.09
4.26
3,76

2.81

.47
3,197

| B.33

. 3.53

3039

3,46

[ ,“ ‘3?97

3,75

- 3.86

Critidel difference

- eations

betweenidifferenf

" between éifferent

4

between growth.regulaters '
. between dmfferent stagee of appli-

: levgls of a
' growth regulstor :

'between treatment eombinations '

stages of appli-
~cations within a growth reguldér

. 0,287
0.117

04117

0,165

- ]
0.204
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| YIBLD OF SEEDS

The yield of seeds,eorresﬁending to different
,trgatments“%as’analyqed‘and the analysis of varianeé table
is gi;en in table No. IVIIZ. The treétménts are found to
be signifiecant. The mean yield of seed, under each treat-
ment is given in table No. XVIII,

‘A study of the table reveals that growth Te-
gulators had signifleantly inereased the yield ef seeds.
The most marked response was evoled by 2, 4-D treatments
with an yield of 3.86 gms./plant fellewed by GA and NAA in
the order of their effect.

Comparing the effect of two levels of 2, 4-D
viz. 5 ppm. and 2 ppm.;the highest seed weight ie. 3.97 gms.
wés cbtained from ﬁlant treated with the lower eéncentratien.‘
of the two levels of GA, 25 Ppm. geve eignifieantly -uperiar
results over 50 ppm. Compering dszerent levels of HAA
15 ppm. gave greater yield of seeds than 30 ppm., the aif-
gference in effect being significant.

» Comparing the effeef of application of the -
growth regulators at the three étages it is found that '
application to the seedlings gave the highest‘yiéld with
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3.84 gms. per plant followed by spray at the time of
flowering, and seed treatment in the order of their
effect. The differences in effect shong the treatmerits

were signifieant.

Comparing the effect of different stages of
applications of 2, 4-D,plents at.fléwering time geve
significantly superior respane\oVer other stages with
an yield of 4.17 gms. felloweé-by seedlings and éeeds
" in the order of their response. Comparing the different
stages of applieation of GA to plants, seedlings gave a
better response followed by spray at flowering and seed’
treatment._ The differenees in effect among treatments
were significant. 0f the different stages of applications
of NAA, seedlings weré found to respond‘best with an yield
of 3.§2 gme. per plant. Spray at flowering was better than.
seed treatment in increesing the yield of seeds. The dif-
féreneee in effect among the three trestments were sighifi-
cant. NAA, 30 ppm. applied to seeds had decreased the
yield of seeds significantly.

Pig, 5 A shows the mean yield of seeds cor-

respording to different treatments.

i



TABIE  XIX

Percentage of oil .édnien£'

-

S.Fo. Tt.No.

Deteils of the treatments

' Mean percentage.

of o0il content

T T T Y
-,mmﬂmmp_mmplo

O @ 9 OO B W D M

13
14
15
16
17
18
22

- 23
24

25
26
27-

I T B S N

2,

Control
 NAL 15
NAA 15
NAL 15
N 30
NAAL 30
NAR 30
GA 25
GA 25
GA 25
GA 50
GA 50
GL . 50
2, 4-D 2
2, 4~D 2
4-D 2
2, 4-D 5
2, 4D 5
2, 4D 5

ppm.

ppm.
ppm.

PP

Ppﬁe
ppm.
ppm.

_bpm.

ppm.
ppo.
ppm.

ppm.
ppm.
ppm.

pbpu.
ppn.

pPpm.

bpm.

seed treatment

!seedling'spray'

"fléwer gprayf

seed‘treatmeqt

'*seedling spray’

'flower spray'

seed jreatment -

}Séedling spraf:

~"J‘?lowae.r;s_pr.say"

seed treatment

"seedlingrepr&y'
Ifloﬁer spray! -
seed treatment

ffseediing spray"J

’flpwer spray’

seed. treatment

‘seedling spray’

fflowe: sprmy{

50. 00
37.88
42,50
43,50
31,25
32,00
37.25
42,75 |
44,50
47,30
40.50
a1.5oi~
40.50
37, 25
39.25
41.50
' 40,00 -
42,13
. 42,75




N

ﬁefdéﬁfége-of'oilleonfénf |

TABLE = XX

in the order of merit

Mean percentage

T G G - T Gun S € T G SR e e S G S G G

Rank. Tt.No. Detalls of the treatments. of o1y sonpok
1 1 Control . 50,00
2 15 GA 25 ppm. ‘flower spray’ 46,13
3 14 GA 25 ppm. ‘seedling spray’ 44,50
4 6 NAA 15 ppm. flower spray’ 43,50
5 136X 25 ppm. seed treatment 42,76
5 27 2, 4-D5 ppm. 'flower spray’ 42,75 -
6 5 NAA 15 ppm.‘aeedling spray’ 42, 50.
7 2é 2, 4-D5 ppm.'éeedling spréy' 42,13
8 17  6A 50 ppm. ‘seedling spray’ 41,50
8 2¢ 2, 4-D2 ppm. ‘flower spray’ 41.50
9 16 GA 50 ppm. seed treatment 40.50
9 18 GA 50 ppm. flower spray’ 40, 50
10 25 2, 46D§ ppms seed trestment 40.00
11 23 - 2, 4-D2 ppm., seedling spray’ 39. 26
12 4 FAA 15 ppm. seed treatment 37.88
13 9 HAK 30 ppm.‘flower spray’% | 37.25
13 - 22 2, 4-D2 ppm. seed treatment 37,25
14 8 NAA 30 ppﬁ.‘seealing spray’ 32,00
15 NAA 30 ppm. seed treatmegt 31.26




OIL CONTENT IN SEEDS

The mean pereentage of oil content in aeeds
is given'in table No. XX. Pig.7 provides ° comparative
~ study of the oil content of the treatments with control.
| It is seen_from‘the table thatapplicatien of
growth regulators at all stagés adversei& affect c¢il con-
tent of seeds. |

The reduction in o0il cdntent was mostly marked
in the case of’applicatiohs of 30 ppm. NAA given to seeds.
The percentage of oil eontent of seeds was as low as 31.25%
whereas in the control it was 50%. This reduction of 18.75%
in 01l content was closely followed by that in plants trea-
ted with 30 ppm. NAA st seedling stege. |

| The lowest reduetion in oil percentage aﬁong

treated plante was obtained from plants treated with 25 ppm.
.GA at flowering time which showed an oil content of 46.13%,
The reduction in o0il content was found to be 3,87%. When .'
eompared with the reduction caused by application of NAA
30 ppm. given to seeds, the above value is low. However
evgn this low value is large enpugh\to be of 1mpﬁrtance.
| All other treatments resulted 'in reducing the
0il content which veried between the two extreﬁes of 31.25%
and 46.13%. : | | o h

Pig. B.B. shows the oil eontenf‘in percentage

corresponding to different treatments.



DISCUSSION



 DISCUSSION

Investigations on the effect of growth regu- !
lators on germination, growth, flowering, fruiting and
final yield in varioué.plants‘earried quf in différept
countries had not shown uniform results. The effecte of.
growth regulators veried from harmful fﬁrengh no effect
. to beneficial effects. '

1. Percentage of germinations

. The first observation made during this inves-
tigation was the signifieéntly higher percentage of ger-
mination produced by all the treatments, except NAA 30 ppm.

which had only an adverse effect.

, The results of the present study show that
application of . NAA 15 ppm. increases the germination
percentage of seeds of Sesemum by 6.50%. But NAA ot a

concentration of 30 ppm.'is found to have retarded the
,pefeentage eflgermination. Promotive gffeets of NhA were
previously reported by Narasimha Rao éﬁrgg;; (1957) in
ground nut, Chatterjee (1960) in Aleurites fordii and

Gandhi and Bhatuagar (1961) also found that NAA at higher

concentrations did not'promete the pereentége of germina-
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tien in éqiinﬂﬁ=ei§;huﬁ. ‘In support of this was the fin-
dings of Kumsra Pillsi (1963) that pre-sosking trestment
of the seeds of bittergourd and green grams with NAA at
still higher concentrations inhibited germination. The
adverse effects of NAA on germination noted mey poseibly

be due to the relatively higher concentration used.

Gibberellic acid treatments incremsed the per-
centage of germination of'Sééamuﬁ»seeds in the present
study. Similar results were obtained by other workers
also. Germination percentage.was inereasgd by GA tieat4
 ments in. seeds of wiid'oéts (Helgeson and Green, 1957),

Anemone cofoneaster and Primuls (Tod, 1958), Kok-saghys

and broad-bean seeds (De Lean and Derafols, 1959), lettuce,
spinach, egg plant, radish, marrow, bean, carrot and
onion (Pisani, 1959), lettuce (Skizner, Talbert and Shive
1959)'and.gigébéfsicuﬁ'éééﬁ}éhtﬁﬁ (Choudhury and Singh

1960). De Leon and Derafols (1959) found that germination
was not aécelerated above & eoneentraiiéh of 5-ppm., G&

in Kekbsaghys and broad bean seeds. - But Mazzani and
Gonzales, (1959)'réperted that germination of Sesame, bean,.
‘tometo, end papew Seeds was unalteréd by seed treatmenf |
withAéibberellin. A general decrease in germin;tigﬁ of
peddy treafed with GA is reported by Vinoéhini ?azudevan _



fand-Moosa Sheriff (1963); They slso state that certéin
concentrations of GA compléteiy preventS'tﬁé germination
of paddy seeds. But the present work on sesemum shows
that the two concentrations of Gk (26 and 50 ppm.) tried

inveriably promoted the percentage of germination., |

In ‘the present study greatest increase in
germination percentage was obtained by 2, 4-D treatments
in both the'eoncentrations, 2 and 5 ppm. used. This is
in agreemenmt with bhe findings of Hsueh and Lou (1947)
in rice and,Barley, and;choudhury and Singh (1960) in -

.é{§6§§fsi¢ﬁﬁ éééﬁiéﬁtam; But these two workers also

observed inhibitory effects when. relatively higher con~

centrations of GA were uged. .

| In the prgsent work higher concentrations of
NAA was found to retard the rate of germination., This is
perhaps in aecordanee of the theory on auxin action pro-
posed by Skoog, 1951. Aedording to this theory the auxin
moleeules act as ce—enzymes and serve as points of attach-»
ment between the enzymes eontrolllng growth and their res-
‘pective substrates. At high eoncentratiens auxin mole—
cules combkne separately with the enzyme and the substrate,
making their proper union aifficult.

The results of past work and the present study
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N
indicate that the effect of growth regulators on germina-
- -tion maiﬁly depeﬁds on factors such as the nature of the

. seed materisl, growth regulator used, znd the concentrs-

."tion of‘thewgrowth'regulators.

.2, Height of plentss
In the present study it was noticed that the
height of plants significantly increased by treatment
with growth regulators at various stages. The greatest

inecrease in height had been obtained by 2, 4-D treatments,
‘followed by GA and NAA. | |

_ hpplieation'of NAA‘at all.stéges‘viz. seed,
seedling and flowering tiﬁe had increased height of plants.
Seedlings respondéé best ﬁo application.of NAA. The in-
'_credse in height follpwing treatments with NAA had been ‘
préviously,reperted by many workers. .Singh (1957) obtai-
ned increased growth in tomato and Coleus seedlings by

" spray epplication with NaA.

But there is difference of opinion regarding
the effect of pre-sowing ireatment with NAA. dhatterjee
(1960) obtained healthy seedlings in Adeurites fordii

~ when seeds were treated with NAA. Contradicting to this

Narsyanan snd Vgsudéva Menon (19605 found;that pré—sow;ng
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treatment with NAA in ragi, did not affect the plant
height. In the present stﬁdy seedifreatment'ef Sesamum
“with NAA had aefenitelj-enhaneed_the growth of the plant,
but not to sueh an extent as in the case of seedling

treatment.

‘The outetending effect of GA on plants, the'
aelongation of the shoot, has also been obtained in the
present study. Plants receiving 25 ppm. GA eprays at
" seedling stage had an inereesed height of 13 cms. above
the céﬁtroliplants. Increased shoot elongation by spray -
application of GA had been reported earlier in Sesamum
indicum (Ghakravarthi, 1956), dwarf,varieties of peas
" (Brian and Hemming, 1956), lettuce (Doljakoff Mayber and
- Mayer 1959), tomato (Rappaport, 1957, 1961), strawberry
(Singh, Randhawa end Jain 1960) and four varieties of .
mesta (Appalanaidu and Satyanarsyanarmurthy, 1962). i.
Aecording to Ghakravanrthi (1956) and Appalanaidu and
Satyangrayanamur@hy (1962) the increased height was eaused
by inférnodal,elbngation. -In the presént investigation -
the numﬁef of nodes were aléb found to inereéee along
with the increase in internodal 1ehgth. Theféfore the
increa.se in height of the plant may pa.rtly be due to the

inorease in numher of nodes also.



Another.strikingvfeatufe noted when GA sprays
: ere given at seedling stage,vwas’thet; there was e sud-
den increase in height of plants for about two weeks im- .
'medlately after the sprey and after that the growth rate
returned to normal. This is represented as growth curve -

of GA treated plants (1n Flg.z)

~ In agreement with'the findings'of Gray.(1956) t
in cherry, Moore (1958) in pea, Mazgzani and Gonzalez- (1959)
in sesame, been, tomato and papaw and Vinodh1n1 Vasudevan _
and Moosa Sherlff (1963) in Paddy, the preeent study re-
“vealed that pre—sew1ng treatment with GA had also resul-
ted in inereased ‘height of the plents. But the increase

“was not eonepicuous as that of the seedling treatment.

: Greateet 1ncrease in height of plants hed been
rreeefdea in the case of 2y 4—Dntreetments. Both the con-
centrations used, 2 and 5 ppm.,pfemeted the shoot length
 significantly. Plants receiving pre—soﬁing treatment -
with 2, 4-D 5 ppm. attained the greatest height and re-v
glstered an inerease of 15 34 cms. oOver the control. Such

effects ef low eoneentrations of 2, 4-D had been reported

by Ghoudhury and Singh (1960) inA_yeopersicum esculentum.
However 2, 4-D at concentration 100-5000 ppm. had been
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found to be harmful in Brassice and Okre by Appalsnaidu
(1959).

It is perhaps interesting o note that the
height attained by GA treated plants was comparatively
less than that of plants treated with 2, 4-D. Although
hyper elongation of internocdes is the most striking effect
'of,GA\it éannot be considered as a geﬁeral rule. Varying
responses exhibited by different plants to gibberellic
~acid treatments might well explain the comparatively
_ feeble response shown by the blants treated.witb-GA, in
this study. . |

. Number of branchess
In the present study- the number of branches
had been significantlj inéreasea by treatment with all

levels of growth regulators except GA 50 ppm. applied as '

pre-sowing treatment.

NAA treatments in general had increased the
number of branches, Greatest inerease. ‘had been produced

by NAA 30 ppun. sprayed at seedling stage. .

| GA treatments increased the number of branches
éxcept in the case of GA 50 ppm. seed tteatment. Greatest
mumber of branches had been produced by GA 25 ppm. when
applied as spray on seedlings and at the time of flowering.'
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Increase in'number of branches by GA had’Been‘repprth
by many.wofkers such as'Thorup.(1959).in Goieus, Singh,
Randhawa and Jain (1960) in strawberry and Appilanaidu
' and Satyanarayanamurthy (1963) in mesta.

Y

The greatest increaee in number of'branehes
héd beep produced by 2,.4-D trqatments,-eépecially at the
lower concentration, 2 ppm.,'wheh sprayed at the seedling

stage and at floWering time.

4  Humber of nodess
In the present eﬁqui:y, the total number of

nodes in plants had been significantly increased by trea-
fing'witﬁ grdwth,regulators Qt different_stageé‘except for |
seeds'treated with GA 50 ppm. The greatest-inorease in
number of nodes had besn obtained by 2, 4-D treatments
followed by NAA and G 1In all the treatments with NAA
mmber of nodes were increased significantly. Greatest
increase was noted in'plants‘réceiving pre—soﬁing treat-
ment with NAA 30 ppm; This ean be amtribﬁted to the in-
creased numbeonf'brancheé in this treatment, eventhough

the height in this treatment is less than those in other

treatmenté.

In the present study the total number of nodes
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nad.been inereaeed by GA‘tfeatments, exeept 50 ppm. seed
-treatment. Greatest increase in number of nodes had been
obtained by spray application of @a 50 ppm. at seedling
: stage and at the time of flowering. This has been suppor—
ted by ‘the findings of Bonde ana Moere (1959) They ob—
‘tained increased number of nodes by GA sprays in telephone

peas.'

The greatest increase-in number of nodes had
been effected by 2, 4D treatments, especially by 2 ppm.

seed treatment.

Increase in the number of nodes denotes inerease
in the nmumber of leaves and the possibility of increase in
the number of flowers, thereby increasing the yield of the

~ plent.

5. Fresh weight of the stems
}Mosteef the treatments employed under the pre-
-sent investigation increased the fresh,weight of the stem:

. The greatest_inerease in fresh weight of stem was obtained

by 2, 4-D treatnente, followed by NAA and GA.

NAA treatments at both the eoncentration- ueed,

viz. 15 ppm. and 30 @pm. increased the fresh weight of
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stem. The greatest fresh wéight of stem was notieced in
| the treatment 15 ppm. "seedling ‘spray-' | This increé.se
. in fresh weight was not due to increase in branchlng, since
. the number of branches in these treatments were found to

bQ less.

In the case of GA, seedllng spray alone had

- increased the fresh weight of the plants signifleantly.»‘
This has been supported by Brian and Hemming (1956) im
dwarfkvarietiés of peas, where increase in fresh weight
had been obtained by spray appliéétion of GA at seedling
stage. Incresse in fresh weight reéulting_froﬁ spray
applicationﬂef.ém had also been reported in celery
(3@kovgc and Wittwer, 1957) and lettﬁce,\parsiey; onion
and garlic (Mosolov and Mosolova, 1959 ). But Ogzewalla
(1961) obtained reduction of fresh welght in peppermint
by spray applieation of GA,

_ Grpa&est increase in'fresh weight of the plants
receiving spray at seedling‘sfage may bé due to the gres-
ter number of branches and increased height than plaﬁté
| feeeiviné other treatments. 'The-lesser fresh wéight noted
in piants receiving other treatménts was also accompanied

by reduction in héight\and number of branches.
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Greatest increase in fresh ﬁeight had‘been pro-
_ duced by 2, 4-D treatments, particularly in plants recei-

. ving pre-Sowing-treatment with 2, 4-D 5 ppm. As the sahe ,
treatment was mbét effective in intréasing the number  -of
branches, as well as, the height of the.piants; this Te-
sult can naturally be extected.' Of the different stages
of applieations of 2, 4-D 1owelt -‘increase in fresh weight
was recorded following the spray treatment at the time of
flowering. ‘In piants receiving this treatment, inecrease
in height and number of branches were not as mueh as in

the case of other treatments with 2, 4-D.

6. ﬁﬁﬁbéﬁ'df"fioﬁérss

Treatment with growth regulators"héd increased
the number of flowers in all treatment except in. plants
reeeiving pre-sowing treatment with 30 ppm. 'NAA, The ‘

greatest increase in number of flowers had been caused by

2, 4-D treatments, followed by NAA and GA.

All the plants reeeiving treatmentrwith HLA“
at different stages, exéept pre-sowing treatment with
30 .ppm. NﬁA, ingrgased the number of flewers over the
eontrolf_:ereatest increase had‘beeh produceé by’treét-

ments receiving a Bpray of NAA 30 ppm., at the flowering
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time. This has been supported by the findings of other
workers. Leopald and Thimann'(1949)‘wefe able to increase.
the nﬁmber of_rlowérs in barley by a weak seluﬁion_§f~NAA.
However, Ueno (1956) in sfréwberfies observed that NAA
applied at hiéher concentration before flowe:Tformation
inhibited flowering. The gréatest number of flowers |
produeed‘by‘the plants receiving NA! 30;ppm. ét flowering

time indicates that NAA promotes flowering in Sessmum.

o

All the gibﬁerellie~acid treatménts'empléyed"
in the present study increased the number of fleweré.‘
The greatest increase in mumber of flowers had been ob-
tained by. the treatments receiving spray at flowéring
time, particuiarlywso ppm. Similar results ef'stimﬁlatibn‘
of flowering had been‘obtainqd by Thor@p(1959)'in|glggg§

monophylla, Tagetes patuls and Pelargonium gonale and by
Itakura Shiraki, Y., and Shireki, S. (1959) in petumis,

pansy, cyelaman, hydrangisa, narcissus,?fiﬁﬁialﬁélaeéiﬁéé

and Adonis smurensis. Chekravarthi and Abraham (1959)

_ found that GA at 1, 10 and 100 ppm. spplied as pre-sowing
treatment of seeds or as foliar sprays did not hasten
flewering,_but repeated treatments with 100Appm. delayéd

flowering. In the present study, there was no hasteping
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of flowering, but the number of flowers hed been increased.

Among GA treatmenﬁe greatest numher of flowers
had been produeed by spray application of GA 50 ppm. at the
time of flowerlng. As the number of branches and height
of plants in these treatmentswere lesser than other G
- treafments;.the'greater number of flowers produced may be

due to the‘effeet of'Gﬁ‘invpromotiﬁg'f;ewering. S

Greatest number of flowers had been produced
by 2, 4-D treatments. This confirms the reports of other
workers. Van- Overbeek (1946) reported that induction of
flowering in pine apple can be made possible by spray ap-l

plication of 5 ppm. 2, 4—D.v

Greatest inecrease in the nnmber of flowers had
been produced by 5 Ppm. , 2, 4D sprayed at flOWerlng time
‘and 2 ppm. treated on seeds. This 1ncrease in the number
of flowers may be due to production‘of'more'branehes,
nodes and inoreased height of plants. But as the mumber
-of branches produced wae:greater for other 2, 4—b treatments,
incfease\ininumber of flowers in this particular treatment’
cannot be ettributed to- the increased number of branches.
| But the effect of 2, 4-D in promotlng more number of

flowers is evident.



From a-perusal'of results, it is seeh that in
generai epray application'at the time of @lowering had_ |
mere effect in production of flowers and setting of fruits,
than proﬁoting the vegetative growth§

7. Number of fruits:

In the present'investigation the number of fruits
had been 1ncreased by treatment with growth regulators -
except in the case of NAA 30 ppm. seed treatment.‘ The

greatest number of fruits was obtained from 2, 4—D treat-

" ments.

NAA treatments increased the number of fruits
over cqntrol,.exeept in plants reeeiving'pre—sowing treate-
ment with 30 ppm. The greatest inereasefemong NAAjtreat—‘
‘ments had been achieved by KAA 30 ppm. when applie& at
\floWering time and by 15 ppm. when arspned as seedling
Aspray. This is in agreement with the findings of Luckw1ll
(1953) in apples, Crane and Bradley (1956) in apricots -
and Kepkowa (1959) in tomato. Ueno (1956) found that
NAA at higher ceneentrations 1nhibited fruking in straw-
berries. Marsh, Southwick and Weeks (1961) found that
-NAA reduced fruit-set in apples. NAA 15 pPpm. seed treat—v
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ment increased the nmumber of flowers over control, while
'30 ppm. decreased. The promotive-effects had been con-

firmed by Gandhi end Bhatnagar (1961) in. Oumlnum dyminum

_ where the total yleld was increased by a 10 ppm. NAA so-

lution as pre-sowing treatment.

. Among NAA treatments.greatest mumber of fruite
were obtained from treatnents.with NAA 30 ppm. spreyed
at seedling stage, and atAfIOWering time and from NAA 15
ppm. applied to seedlings.. This increase in number of
fruits was due to production of more flowers along with -

an increased percentage of setting.

All the GA treatments had inecreased the‘number
of_fruitstoverbcontrol. Greatestvincrease.in number of
fruite had been’obtained from'treatments receiving spray
application at the time of flowerlng and ot seedling stage..
Similar reporte had been publlshed by various workers.

Krimbes, Davidas and hichailidis (1959) in black corinth
| grapes obtained‘inereased<jield of:fruits, resulting from
. 8pray applicetion Qf GA. Increased yield of fruits resul—i
ting from a greeter setting had neen reported by Randhawa
" and Sinéh.(1959) in Puea seedless variety of grapes. |
Randhawa, Singh and Khane (1959) in phalsa, Randhawa,
. Singh and Dhuria (1959) in sweed lize, Gustafson (1960)
in tomato and LaﬁreneefRappaport'and §Singh (1961) in
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tomato. But Bukovec, Larsoen and Bell (1960) found that
in concord grapes, total number of fruits was not af-
feeted'by_éx«sprays, in eonfiicting~with the results

obtained here.

Greatest number of"ﬁiuits’among the GA treat-
ﬁents were produced by plents receiving spray of 50 ppm.,‘
GA at the time of flowering, and seedling stage and then
plants receiving 25 ppm. GA sprays at the time of- flowering.
This was due to the production of - greater number of ‘
flowers, along with 1ncreased percentage of" setting in 1
these;treetments. Butkln plants receiving pre—sowing
treaement of GA'SO ppm., the nﬁmbef'of flowers produced
was greater, but the setting eompered with other treetments

receiving spray was less.

In the present investlgatien greatest number

" of fruits had been obtained from plants receiving spray
_applicetion»at the time of flowering and seedling stage.
Similer results had been obtained by Sﬁewerf end'Pafker
(1954) in grapes, Krlshnamurthy and ‘Subrameniyan (1954)

in brinjal, Krjackov (1956) in tomato, Crane end Bradley
(1956)in Stewarad apricots,~mnthukr1shnen (195?) in brinjel,

‘Bandhawa, Sharme and Jain- (1961) in Sweet orange varleties
and Abdul Ravoof (1963) in Sapota. _

]
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_ The greateet number of fruits'amohg 2, 4-D
treatments hed been produced from treatments receiting
spray .of 2, 4-D & ppm. at flerering time and 2 ppm. at
: eeedling stage. The greztest number of fruits in theee
treatments ‘was due to an inerease in flower production
and setting. But in.the case of 2, 4-D 2 ppm., the number
of fruite was less when cempared-with other treatments,
eventhoﬁgh fiower production was greater when compared
‘with ether-treatﬁente. It i& therefore evident, that :;

‘ growth regulators has a striking effect in increasing
the number of frults, when applied as sprays, especlelly4

at flowering time,

i

8. 'Pereentege-ofifruit-setting:

. In the present enquiry, in all the treat—
‘ments the percentage of frult-settlng had been increased
- over control by treatipg with growth regulators. The

.maximnm increase in percentage of fruit-eetting had been

»attained‘in 2, 4~D treetments feiloWed bvaA*and then
NAA, . " |

_In‘NAA'treatments the percentage of fruit—l
setting had been inereaaed in‘ali the treatments. The

meximum inerease was produced in treatments receiving
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pre—sewing treatment and spray at tfie time of flowering.
Greafer production due t0 an increase in the pefcentage
of setting by appiieation of growth regulators at the
“time of flowering had been reported by veriods wofkers.
Tuckwill (1953) in apples reported ‘inereased fruit-set
by an application of NAA. But as opposing to this, re-
duction of fruit-set was noticed‘bf Marsh, Southwick and

Weeks (1961) in apples by NAA sprays.

Effect of NAA in increasing the fruit-set

is an accepted fact and this has beeh eonfirmed here also;

A1l the treatments of GA increased the per-
eentage ef‘fruit-set over contrel; The greatest increase
had been noticed when GA Sprayed at flowerlng tlme. This
is in agreement w1th the findings of varlous other workers.
Krishnamrthy, Randhawa and Singh (1959) in Pusa seedless
variety of grapes (Vltis vinifera L.), Reandhewa, Singh

and Khana (1959) in phalsa, Randhawa, Singh and Dhuria °

- (1959) in sweet lime, Gustafeon (1960) in tomato and
Lawrence Reppaport and Singh (1961) in tometo, obtained
increased percentage_of fruit-set by florei sprays of Gﬁ.

Maximum increase in percentage of frult-settlng
had been obtained when 1N applied as 'flower sprays'

Effect of GA in increasing the percentage of fruit-set is

Torvey
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:.confirmed in the present study also.

Maximum increese in the‘percentage'of fruit-
set had been obtained by 2, 4-D treatments, especially
when applied at the time of flowering. ‘E‘maximum fruit-
set of 91, 2% had been achieved when 2, 4—D 5 ppm. was
'sprayed at the time of flowerlng.

This is in agreement with the findinge of
various workers whe obtained increased percentage of
fruit-set by spray application‘at‘the‘t;ﬁe of flowering,
_\Krishnahurthy'and Subramaniysn (1954) in brinjal, Muthu-
krishnan (1957) in brinjal, Rendhaws, Singh and Dhuris
(1959) in sweet lime, obtalned increased percentage of
-fruit-set by low concentrations of 2, 4-D when applied
at the time of flowering.

Invthe present study both the.coﬁéentfatiens
viz. 2 ppm. and 5 ppm. when applied at the eeedling stage
and as pre—sow1ng treatment, the percentage of frult-set
was increased over the control. Effeet of 2y, 4-D in in-
- creasing fruit-set, when applied to plant at low concen~

- trations has been conflrmed in this study also.
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9. Yield of seeds:

As a result of treatment with growth regula-
tors the yield of seed had been increased in most of the‘
'treatments. Greatest.increase had been ebtained in 2, 4-D

treatments, followed with GA and NAA.

In all the treatments with NAA, except with
30 ppm. seed treatment, the yield of seed had been increa-
sed. An inerease in seed productien in cnrurbits end
‘tomatoes resulting from spraying with NAA at the time of
flowering had been reported by Takashime, Izuta and Kitao,
(1957). 'But Marsh, SouthWick>and Weeks-(1961) reported
that in apples NAA sprays after petal.fall had no effect

in the number of seeds.

The maximum.yield of seeds -among NAA treat—
nments had been obtained in plants receiving NAA 15 ppm.
spray at the seedling stage. But greatest number of fruits
had been produced by plants receiv1ng NAA 15 ppm. spray at |
the time of flowering. ‘Hence there is evidence to be-
lieve- thaﬁ inethis treatmenf‘fhere may belparfhenocarpie

fruit-set also. But in plants receiving pre-sowing treat— A

ment with NAA 30 ppm. the yield was very low and was
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directly related to_the low production of fruits.

The yield of seeds of all the GA treatments,
had inereased over the control. 4The-greatest,1nerease
had been neted in plants recexv1ng_sprey'epplicetion at
the seedling stage and at the'time'of flOWering. In-
'erease in seed production’ had been reported by Bukovae
and Wittwer (1956) in several- varieties of 1ettuce, mis-
tard and radish. But Mnromcev and others (1960) obtained

no seed-set by spray application of GA to seedlings of |

- carrot, turnip and’ radish.

The greatest yield of seed had been obtained
from treatment with GAW25'ppm. to seedling. ' This was due
to the greater number of fruits'pro&uced by this treatment.

' The greatest increase in yield among all
treatments, were from that of 2, 4-D, especially 2 ppm.
when applied to the seedlings and'ﬁyppm. ‘when appliedst
flowering time; -¢aguehi and Nishiri (1956) obtained'seeq-
set.by 2, 4-D . treatmentseven in varietal crosses of

potato._'

Eventhough 2, 4-D 2 ppm. applied to seed-
J”lings gave greater yield of seeds then 2, 4-D 5 ppMm,



~

‘applied to plahts at the time of flqwering,'the greater
number of fruits were produeed by the latter‘treatment.
Hence there is evidence to believe that there may be -
parthenocarplc frult-set. But in the case of seed treat-
ments the yield of seeds was low and was reiated'directly
to the proddction,of less number of fruits,‘combared to

__other 2, 4-D treatments.

10.  Qil-content:

o "It has been found that in all the treatments
ew1th growth regulators, the oil content had been decreased.
-The 1owest value in o0il percentage viz. 31.25% had been
noticed in NAA 30 ppm. seed treatment, where as seeds from
eontrols had 50% 0il. - Plants treated with 25 ppm. GA at

- flowering time which showed an oil content of 46.13% was |
the least affected of all treatments. All the other treat-

‘ments resulted in reduelng the 0il content which varied

‘between 31.25% and 46.13%

Yermanos and Knowles (1960) reported depres-
sion of o0il content in safflower by treating with 10 and
100 ppm. GA at flowering time which is in confirmetion

with the reéulte obtained in the_pfesent study.
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Reduction of oil content in flax by the appll-
cation of 2, 4-D had been reported by Tandon (1949 ), and |
Paatela (1949). These reports are in agreement with the
results obtained in the present étudy. \3utAcontradicting
td this, Kiosterman and Clagett (1948). obtained no svign;'i.-

ficant difference in oil percentage in flax.

Though the oil ébntent had been reduéed by
the treatments the yield had significantly increased.
~ From thé present étudy it is reyéaled that this decrease
in'oillcontent is compensated with the increased yield{
Whether this increased yielad compensates the reduction
in oil content on an acre basis has to be further in-

vestigated.
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SUMMARY AND CONCLUSION .

An experiment was conducted at the Agrieule
tural College ond Research Institute, Vellsyeni during
1962—63, to study the effect of three growth regulstors -
' NAA, GA and 2, 4-D on germination,=growth and oil con~

tent of Sesamum irdicum.

\

NAA, GA and 2, 4-D ot three different levels
0, 15, 30; 0, 25, 50; and O, 2, 5 ppm. respectively, were
tried for the present study. The three different stages
of applieation were seed, seedling and at the time of
flowering. The experiment was conducted as pot-culture
in randomised block design With 5 replications and 27

treatments in factorial combinstions.

Observations on germination; percentage,
height of plants, mumber of branches and nodes, fresh
weight of stem, number of flowers and fruits, percentage
of.fruit—setting, yield and 0il contents of seeds ﬁere
recorded and the data statistically analysed. The follo-

wing results were obtained.

Germination percentage was studied separately

under laboratery conditions with 7 treatments replicated
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4 times. All the treatments except NAA 30 ppm. imcreased
the germination percentage significéﬁtly. Maximum increase
in germinatioh pércentage had been obtained from 2, 4=D

treatment, 5 ppﬁ.

Height of the plants were found to increase
by all the treatments. The greatest increase being ob-

‘served in trestments with 2, 4-D followed by NAA and GA.

Number of branches had been increased by
treatments with growth regulators except in plants
receiving pre-sowing trestment with GA 50 ppm. Greater

number of branches had been produced by 2, 4-D treatments.

' There wae a significent increase in the
number of nodes in all the treatments except pre-sowing
treatment with 50 Ppm. Here also 2, 4-D gave the mexi-

mum number of nodes.

Fresh weight of the stem was found to in-
/"creaée in all treatments except in the case of GA applied
to seeds. Greatest increase 'in fresh weight was noted in
RZ 4—D«tfeatments. .
| Number of flowers were fgund to increase b§
treatments with gfowth regulators except in plants recei-~
viﬁg pre-sowing treatment with NAA 30 ppm. DMNore flowers
were produced by 2, 4-D than by any pther treatmsnts;

DT mece o D Lor IATA DR s Ma



‘ In all treatmentsrexcept the pré-sowing

' treatmenf,'ﬂﬁl 30 ppm. there was a significant increase

in the number of fruits. Greatest'ﬁumber of fruits was
obtained from 2, 4—D treatments, followed by GA and |
NAA. \

Percentage of fruit-set had been incressed
by treatment with growth regqlatbrs. The hlghestiperqenr '
 tage noticed wae 90.7% in plants receiving 2, 4-D spray
at the time of'flowering. |

"The'maxiﬁum yield of eeeds was obtained in
treatment with'z, 4-D. Only in one treatment NAA 30 ppm.
geed treatment, the yield was less than that of the control.
Next to 2, 4-D, @A and NAA were found to promote more
yield of. seeds. ‘ |

A gemeral fell in the oil content of the
seeds of the tregted;plaIWSwasynoticed. The decresse in
oil—éontent_was more conspicuous in seed treatment with

NAA 30 ppm.

The study conducted on the effect of NAA, GA

and &, 4-D on Sesamum 1nd1cum, reveals that growth regula—

tors applied at dlfferent stages of the plant growth, in-



- 85 -

cluding seed trestment increase the germination percentagé,
general vigour,.flowefing and fruit-setting théreby in—
cressing the total yield of the plent. Seed trestment
with comparatively higher conceﬁtration of NAA - 30 ppm.

. alone is found to deteriorate the yield of the plant,

The o0il content of the seeds of treated
plants is found to decreaSé. This decrease in oil-con-
tent is hewever more than compensafed by increased yield

of the treated plants.
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FIGURE 1

Growth curve showing the height of
NAA +treated plants
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FIGURE

Growth curve showing the height of
GA treated plants
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FIGURE 3

Growth curve showing the height of
2, 4-D treated plants
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FIGURE 4

'Flewer production and fruit-set
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PLATE I

_Experimental‘ plot

PLATE II

One block of +the experimental plot
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FLATE L

Comparison between treatment
19 - Control, 4- NAA 15 ppm.

Seed treatment

Goﬁparison between treatments
19 - Gontrol, 7 - NAA 30 ppm.

Seed treatment






PLATE ¥

Comparison between treatments
20 - Control, 5 - FNAA 15 ppm.
-'Seedling spray’

FLATE VI

Comparison between treatments
20 - Control, 8 - NAA 30 ppm.

‘flowar spray'






PLATE VII

Comparison between treatments
3 = Control, 6 - NAA 15 ppm.

* flower spray'

PLATE  VIII

Comparison between treatments
3 = Control, 9 - NAA 30 ppm.

*flower spray’
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Comparison .between . treatments
. 3 = Control, 9 - NAA 30 PPm.
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PLATE = IX

-Gomparison between treatments
19 - Control, 13 - GA 25 PPl
Seed treatment. "

Comparison between treatments
19 - Control, 16 - GA 50 ppm.
*flower spray'






PLATE XI

Comparison between treatments
20 - Contrel, 14 - GA 25 ppm.
Seedling spray

PLATE XII

Comparison between treatments
20 - Control, 17 =- GA 50 PP,
Seedling spray






PiATE | ELID

Comparison between treatments
S = Control, 15 - GA 25 pPpm. .

fflower spray'

PIATE  XIV

Comparison between treafmenté
3 - COontrol, 18 - GA 50 ppm.

+flower spray'






"PLATE XV

Comparison between treatments
19 - Control, 22 - 2, 4-D 2 ppm.

Seed treatment

PLATE XVI

Comparison between treatments
19 - Control, 25 - 2, 4-D § ppm.

Seed treatment






PLATE XVII

Ny

Comparison between treatments
20 - Control, 23 - 2, 4~D 2 ppm.
'seedling spray'

PLATE XVIII
Comparison between treatments
20 - Control, 26 - 2, 4-D 5 ppm.
 seedling sprgy






PLATE  XIX

Comparison between treatments.
3 - Control, 24 - 2, 4-D 2 ppm.

'flower spray!

. PLIATE XX

Compariséon between treatments
3 - Control, 27 - 2, 4-D 5 ppm,

'*flower spray’
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