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I IRTROVICTION

0llsesed erops play an important rolae in the natioconal
econutyy of India and rank sceoond after foo. jrains as a farm
camrodity groidp. The olls not only form the essential part
of the human diet, but also serves as an important raw
material for the agro hased industrics to nanufacture various

produm -

The per capita conswnption of wegetable otls in
India is only 6.97 k3 as sgainet 22 kg in develops! ecuntries.
The prosent production of wejotable oils in India is aiout
4.%9 m tongs which is in short of the total reuirenemt of
about S.13 m ¢ {Anom., 1990). This wide gap between damand
an? supply of vegetalle oils is being met antwally Yy importing
edible oil worth of Ps.X20 erores (Anon., 1990) thus oeusing
2 sevoye drain on feoreign sxchange. The damand for wvagetable
oils {3 jJoin) to increase stoadily in the conming years, and
it is asstimated that India would require about 6.6 m t of
odible ¢il by the end of this century. The need to bulld sels
sufficiency in ail front necessitates the fdentification
of waricus saurces for augmenting the vegetable oil supply in
the country and cultivation of shert duration and high yielding
ollseed erons like sunflower.

sunflower is an important cilseed crop in the worid
and ranks third, next only to soybean and cotton, with an ares
of 15,24 m ha producing 22.02 m ¢t {(Anon., 1991). In India,



1t is cultivat™d ov'r an area of 1.05 m ha with a produetion
Of CedO m t {Anon., 199C). Amcng the imortant sunflower -jrow-
in] states in the country, ¥Xarnataka is onc, vhore it socurdes
an ares of more than 0,58 m ha with an annual production of

Te2 m t {Anon., 1990).

sunflower pronises a brijht future during the present
oil crisls and is distinetly superior to other oilseod cropse
due to {ts year lonj adaptaiility to waried soll and cliratic
oconditions, higzh degraee of droujht tolorance and short duratiosn.
Belng photoperiod insensitive, it is able o mubstitute season
bound crops like seasarnyn and groundmat. Seeds contain i th
gquality edikle oil including oleic and linoleic acid. Apart
from baing rich scurce of gqualicy odikle oil, it slso contains
apprceiable quartitics of protcins, vitamine A, 5 an 2.

Low productivity in India geems to be &6 to non
cnifornm £111in; of seeds in the head which i3 a common problem
in most of the sunflower genotypes and it has leen estimated
that seod filling occurs in only 40 to S0 per cent of the head,
particalarly in the periphoral region. Tt is ~xpooted that
there tay 2 sounree lirmitation particularly, st later stajrs of
the arop growth, during which the leawes are affocted b, lesf
spot osusing the senescence and sghedding of thes loaves.
Usually, the photoaynthetic rate {n the loavos of sunflower
plant Sesclines after dev-lopment of the reproductive organs
e to ayeing of the leawss (Srivastava and Zalrsm, 198Cr 1983).
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The growin; capitulum thus suffers a limitation on the
svatlaxtlity ef photosynthates for its devoloping seeds.

At this stage, the demand for assimilates is largely met

by the lvacts proximste to the head (Srivastaws et gl.. 1977).

sunflowsr, though deing a determinant plant,
vagetative growth eontinaes leading to an increase in the
plant height and leaf area, which have men found not
eonduchive for letter gsesd yield (Rhanna, 1972). Purther,
it is Qaly top 4 to 6 fully deweloped leaves that play a
significant role in seed filling (Srivastava gt gl.. 1977).

Thus, it appears that more photosynthates probakbly oould be
made available for seed f£illing, if the plant size is reduced.

It has also been speculated that the auxins are
congentrated at the tip where, thay are produced and there is
no dowrnard tramslogation of suxine. The appliostion of growth
retardants particularly, cycooel and TIEA are known to enhance
the downward translooetion and helps in the better redistrilut-
1on of auxins in the plants. The application of growth
retardants may snhance the chlorophyll synthesis in the leeves
and may help to retain the leaf area for s longer period and
improve the partitioning efficiency lsading to increased
productivity. There is hardly any precise and eonclusiwe
information awailabdle in this regard. Therefore, studies
ware inttiated to estaklish useful effects of tho appliestion
of growth retardants on sunflower genotypes with the following
objectives,
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To £ind cut the eff~et of growth retardents on the
phttorn of growth and developmant in sunflower

genotypas.

To £ind ocut the effect of growth petardants on dry
matteyr partitioning and Mosproductivity in sunflower.

To £ind out the physiolagical besis of yield wvariation
in sunflower genotypes as influenged Ly growth
retardants.

To find cut the effect of growth retardants on seed
yisld, oil content and seed protein content.
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IX WEVIEW OF LITEMATURE

sunflowar 15 one of the important oilseod crops and is
eing widely cultivated in India. Though, it has several
advantajos ower othar oflsecd crope, poor seed setting and
high par oemt of hollow saods 4in {ts aapitulum, which adversly
affect the producticn potentisl is a sericus ecnoern. sSoveral
reasons like, decrease in the photosynthetic activity at the
time of sead £1llin; (Srivastava and Sairem, 1983), limiting
sink capacity (Prassd et al., 1977) and imielanee in the
saurce-gink relationship due to poor translocation (sStarck,1966)
have beon sttriluted to poor sead set im sunflower. Tt has baen
obscreved that nost of the midlle leaves and fow top leaves stare
senosein) when secis at the oentral portion of the ocapitualum are
SYoveloping (Srivestave and “airam, 1983). It may be possilble to
remulato the notdilisation of metabolites during grain £111ing
stage by shortaning the plant size and dlaying the loat
annescance, thare Ly increasin; the yield. sSeverzal attenmts
hawv? hoon mmde to regulate the crop growth and yfeld by applyling
jrowth rotardants, and the discovery of a new jroup of growth
requlators, growth retardants by Ritchell ot 81.(1949) gave an
impetus to the research on tha control of plant jrowth and
develonent. Cathey (1964) dsfincs a jrowth retardant as a
chemical that deecrcasas the cell division and ovll elongation
in the shoot apex and rejulates plant heijht physioclojioslly
without formative effacts. The effects of jrowth retardamts
vary with plant spocies, variety, concentration used, method of



application, frequency of application and various other factors
which influence the uptake and translocation of the chemicals.
Plants treated with growth retardants generally have a thick
and dark green leaves and delayed leaf senescence. The results
of the earlier investigations on the effect of TIBA (2, 3, S-
tri-iodobenzoic acid), Maleic hydrazide (MH) (6 hydroxy=3«(2H)-
Pyridzinone), chlormequat (CCC) (2 chloroethyl) trimethyl
ammonium chloride) and Mepiquat chloride (DpC)(1,1 dimethyl-
piperdinium chloride) on growth, yield and kiochemical aspects

of sunflower and other crops are reviewed here under.
2.1 GROWTH PARAMETERS

Although suﬁflower is a determinate crop, the vegetative
growth continues even after heading to an increased plant height
and leaf area, which have been found non conducive for increased
seed yield (Khanna, 1972). Purther, due to leaf senescence and
greater distance between the source and sink, only top 4-6 fully

developed leaves play a significant role in seed filling.

The effect of TIBA on growth of plants has been reported
by several workers. Galston (1947) reported that TIBA suppresses
the activity of endogenous auxins in avena curvature test and
inhibits both internode elongation and apical dominance in
soybean. Later, similar responses were reported in cotton,
groundnut, pigeon pea and fabs beans (Dastur and Prakash, 1954;s
Santelmann, 1977; Newaz and Lawes, 1980 and Deshpande, 1983).



Greer and Anderson (1965) noticed that foliar application
of TIE in soybean showed a reduction in plant height ranging
from 4.5 to 22.2 per eont with different conocentrations
(O¢ 10 and 50 ppm). stimilarly, application of TIIA (1 ow/asre)
during early tlosaom period of soyksan veduced the plant height
Yy 16 per esnt, increased branching, shortened the leaf petiole
and profuced a conioal shape row nrofile {(Barton and Curley,1966).
Mnile, TIEA applied to soybean grown at high fertility lewels
degresasad plant heiht by 33 per cent dues to its shoreey
internodes, leaf area ly 20 per cemt and produced thicker leawss
with short and ereet peticles (Hicke et gl.. 1967). Such
alvarations in the leaf and plant marphelogy allowed botter
utilization of sunlijht. Similar vesults were mpoma ty
wax and rendleton (1968) snd Bewer @t 3l. (1969).

Mipp and Cowley (1969) reported that the plant height
was reduced from 47.7 em in conmtroel to 41.2 @ in the plants
treated with TISA. while in flax, TIBA applied at seven weoks
after planting reduced the height from 80.4 as in gontrol to
$7.9 en in trested plants (verter et al., 1970). Clepp (1973)
reported a reduction in plant height by 13.3 per cent from two
yoars experiment on soydean with TIEA applisd sither at four or
six trifoliate jgrowth stage. The maximum reduction'ss the plant
height was within the range of 10«13 per esnt when TIEA was
applied one month prior to hloon in sorghunm and a further decrease
in plant heiht reduced the yield (Hatley, 1995). Oa the other
hand, Samelmann (1977) reported that in groundmut none of the



six growth reqlatora applied st various concentratfons ax!
different crop growth stajes increased secd yield, ut 5A™M
1.1 or 2.2 x3/Ma) or TI5A (0.6 ky/ha) reduced the plamt height.

TIBA, degpite roducing the plamk height, wes also
responsilile for increase in the total dry weli it of th soybean
plants (Barthakur, 1950). Similarly, faba beens wore reported
to have hijhor dzy cstter with short stature in response to
TIBA (15«60 mg/1) applicd at 15 days after bud staje
(Eleaawily st 3l., 19685). 1In a field trial of soylwan, Zappl
and Salaszs (1950) olserved that the foliar applicetion of TIEA
(5C g/ha) at the begining of flowering resulted in jreater
reduction of dry ratger.

TIBA has been used in the investijation of florel
development in ceortain plants. “immerman and "ietchcock (1942)
found that the axillary buls of tamato plants wore indueed to
Jqrow flower cluster instead of the norval leaf shoots when
troated with TIBA., While, 3alston (1947) showed that we jotative
soybean plants wers not induold to flower by TIEBA? howawer,
photo=induced plants set more flowers when treatad with “IiA.
Anderson ot al. (1965) roportod that pre=flowering treatnants
with TI. dalayed naturity wvherees, treatment at flowering or

after flowsrin; hastensd maturity.

™a jrowth inhiiitin; property of ralelic hydreside (MH)
was reported by Schome and ‘loffman (1949) for the first time and

later sev:-ral workers have re;orted the similar action of MH in



suppression of apieal dorinance in iferent crops run as
Jasmine, Chrysanthomam and chana aster. Moore {(13%0) has
sunmarised the offacts of M1 an plant Jrowth as? a temporary
suspansion of stem clongation from torminal ud and adjacent
tissua, alternation in the axpansion of lataral il and the
terminal ud, logalised sccumilation of anthocyanins, narrowing
of leav-g and lsaf chlorosis, suppression of nodule formation
in :ush beam and fnductioan of terporsry nale steorility.

Pakowe and Minar (1970) reported that the tyeatmant
with K resulted in retarded vegetative growth of psa plants.
T™he lower concentrations of M (O.l=imy/l) accelcraved the
growth of plant, whoervas, hijhar concentrations (10 ¢o 20 m/1)
retarded the —rosth and roduced the dry natter accusalation.
Similarly, Patel and Srivagtowa (1971) obeerved the reduction
in plant hai;ht of poeas espoctally at hi heg concentration of
M (400 prm) when asprayed on 3=4 weeks old plants.

In a stuldy to know the sffect of dlifferent growth
myulators such as 32, TIBA, MM, 2,6=0 and NAA on groundnut,
M1 showed 24 nificent inhikition in the plant Jrowth during
toth kharif and gaii seesocns. Wheroas, NaA, GA and 2,4«D
stim:latad the plant growth (suryanarsyang 1977). Lin et al.
{(1977) also reported that MR reducod the plant heliht by
reduciny the mumber of nodes.

Gomsande and Zode (1987) demonatrated that the foiiar
applioation of 10C ppm of ™ at 30 days after aowin; in sorjhm
decraased the plant height and inovease:l the leaf ares. simllar



results were oktained when 400 ppm of MA was spreycd (Jode

ant Murge, 1983}, Similariy, the foliar application of 41 Lo
Calondula secdlinis reducsd the plant hei it at all the
concentrations used (5, 25, 350 and 100 pom) and the maximan
reduction was olsorved at 10C prm (Srivestava and bBoj pai ,1964).

Sen and 2en (1963) reported that the applieation of
't at 1000 pom recordsd a significant reduction in plant heit
an nodal lemjth of chrysanthems and retunia. Later, Sen and
#aharana (1971) noticed the reduction in plant hei mt of
chrysanthemsn in all the econcentrations of M2 uesd (2150 to
1000 prm). shammuyan ot 2l.(1973) olserved the suppreasion of
jrowth in ehrysamhemur due to spraying of M thrice after
planting (30th, 45th and s0th day) at 1000 and 2000 prm.
ihareas, %0C pym of MR fnoreascd the shoot dry wat fit.

Harayvanreddy (1377) dcuonatratod the effoect of jrouvth
salstances on ciina sster in wintor and surmer S0asons sprayed
the Mt wicth 500, 780 anmd 1000 ppa at 25th, 40th and 535th days
aftayr trarsplanting, reapectively and the sppligation of Mt st
1000 ppin significantly reduced the plant hel tit, dry weiihet of
the plant, leaf area, leaf avea index and leaf area Juration at
all the stap@a. 3Similarly, the applieation of i st 1000 and
2000 ppm resulwed in the roduckion of plant h2i ht, leaf sumder
an? leaf area in enrysanthemmm (3em and Svaik, 1977).

More nunker of flrwering laterals wore oisoyved in
ehryeantherum plamts treated with 60C prm of PY and with an



inorease in the eoncentration of ¥ (500 to 1000 ppm) drlayed
the flowering {(Powell and Andersom, 1957}, Whereas in
Calendiula, ™' dalayed the flowering at all concentrations
{5«10C pp) ar the oaximan dslay of !imrin;z w8 cisorved

2t 10C pom of 11, by about 12 days a8 conpared to control.

The nunber of flowors were fncreased at all the concentrations
of t1, the taximx: {ncrease was 'oticed at 50 ppn and {ncrease
in the concentration of FH decressed the dilamwter of flowers
{irivastava and Bej pal, 1964). Delayed flowerin; wes alec
oiserved in felianthus sprayed with M at 1000 ppn (Sen and
sen, 1968). However, the flowering wes sijnificantly hastoned
in Zinnis at both the lovels of M (100 and 1000 ppm), whereas,
delayed flowerin; oceured with hiyh lewel of M, sSimilarly,
in nehlia, S00=1000 por of M adwanced the flowsring by &4-% daya
{ Bhattacharjre, 1904). Sowda and Jowda (1990) reported that
foliar spray with 1000 or 2000 prm of ™ applied mafore pruning
and 15 days later, advanced the flowering in Jmsain anxi they
further concluded that 1000 pre was most effeative. Similarly,
in sorghum, 2°C pra of M (Sawande and Zode, 1987) and 40C pwm
of MR (ZoJe and Jurge, 1588) delayed the S0 per cent flowering
ty 243 days when applisd to a moath old orope.

Effect of OCC, was first Mscriind by Tolbert (1960)
and reportsd that plant hei ht, ranching, {iowerin; and
fruleing are sge of the inportant paraceters which are
influenced iy CCC. Thomos (1964) oiserved the reduction in

alonjation of the main sten and fruiting branches of ootton
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plant. Similerly, ssumell (1972) reported that oc (0.8 kg/ha)
reduces the plant hei Mt in sunflower.

Tarvis and Tarvis (1972) notiesd retardation effact
of chloswaguat slong with thickening of stem in hoth carly and
late seturing cultiveys of sunflower. Sperying with suecinie
scid and OOC at Tth lesf stage in sunflower reduced the plant
hedght by 25 and 15 per sent, respectively and both the cwmicsls
lead to a slight meduction when applied at bud stage (Dorell ,
1973). Similar results were noticed by Orghard (1976) with the
apolication of COC (4000 pm) durin) susreyr sesson. The reduction
 tn stem Jrowth was duc to retardation in traneverse cell division,
particularly in steslar ammbiun (Eleshasrewvi, 197¢).

™e shorter plant eaise could also be achieved by
spreying ethrel alone or in comiination with OCC (Cuardia, 1977).
Lovett and Orchard (1977) reported that CCC not only reduced the
plant growth but also there was a reduction {n the ascsmilation
of Adry matter in stem, leaves and petioles of sunflower, hkesides
reduekion in leaf area.

Agcording to Dovell (1977}, the lag phass of growth
in sunflower bogine 15 days after sowing and the spplieation of
CCC during this phase inhihits stem growth without affecting the
yield. Im 8 pot culture study, sunflower (ov. EC-80414)
seedlings wers sprayed with co¢ (100, 800, 1000, 3000 and 3000

ugfel) during the lag phase and the rosults oitained 33 days
atter scwing indicated that only the higher eonsentrition
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(%000 wug/ml) had significant inhilitory effect on plant hedght,
total dry matter and lesf arca (Shattacharjee and Qupta, 19681).
In contrast to earliar rosults obktained by Tarvis and Tarevis
{1972 ), the use of hi hor conc ntrations of CCC resulted in the
formation of thin ster, whereas lower conoentration of CCC
resulted {n the formation of thiek aton (Bhattachar jee and
Jupta, 19a1).

™o effact of OTC was further Jdemonstratad by Loyett
and nrchard (1971) and indiceted that the reduction in plamt
hini it of sunflow r was due to the inhikition of cell division
at storm apax. Thus, it was concluded that O0C reduced the plam
hagight by inhibiting the cell division at suk apionl rejion.

Asushcbs @t al. (1984) noticed that OrC in comkinati-n
with loric aeid whan apraye:d at 35 days after sowin) resulted {n
shorter plant (154 20 96 on) with thick stam {2.01 to 3.1 =),
inereased loaf area (3%.2 to 43.2 dnzfp.lam) particularly at
i jher conenntrations of CCC (2000 or 300C ppm). "he epr:licaci n
of XX was also found to inorease the Pullr earbox; lase activity,

photosyntheals and dry matter partitioning in Loth gald arci Q.

scagons (rardo and Srivastave, 19685). ‘“toweveyr, OCC treatnent
delayed the flowering proctss in sunflower (sawnall, 1972) and
soybear (Morandi et al.. 1981), wheyeas, hastened i{n Jasin
{(Zaynd et al., 1985 and Sowda and “owda, 199C]).

Mapigquat Chloride (7pC), a growth rejlator is known
to sunpress yveetative grovth {n cotten (Cothren, 19793 willard,
1979 and York, 19A81)., pC 135 relatively & new chonical smnxd the



literature availabl~s on the effoet of this chemieal on crops
athsy than cotton is vory réaor.

In cotton, the apoligstion of IPC (0.6 1/ha) at the
onset of flowerin) docreased the plant hei it iy 20 or and
further increase in the rate of DPC Aid not produce any sffect
(megie, 1980). M :1%or et 81.(1981) reported that sprayiny of
DPC (50, 7%, 100 or 50+2%  a.i/ha) at an early reproductive
staje of cotton reduced the plant hed jht sli ;hely at all
concantrations. As cotton producos profused growth, YPC has
teen found to reduce leaf area (Stusrt st gl.. 1960) ana
inerease loaf thickness (Gaussan et al.. 1990). In an
experinent, YpC applied at firat bloom staje in cotton, reduced
plant hoi it ky 18 per cont, leaf area Ly 17 por o°nt and
{ncreassd the leaf thickness Ly 16 per cent, and increased the
photosynthesis therely increasin) the dry matter production
(valtor ok §l., 1980). Varela and vsllejo (1981) reported that
the appliontion of DPC, twice (25, 30, 75 or S0 + 25 g/ha) at
60 days after sowiny and 15 days later rosulted in the vreduction
of plant heijht, daily growth rate, {ntere-nodal length and mumber
of fruiting lragties espocgially, in lower parts of the plants,
whareas, nunber of leavos was uneffoctod with an incyeese in

leaf arse.

DpC, ~hen treats:l te crops Eencrelly inhikits the
growth in both lenjth an? width. In cotton, treatment with 5pC,
resulted in thin and apparontly nore ri 4. stem. «hersas in

arreals, resulted in thicker culns, more resistant to lodjing



{(3ahott and Ritting, 1332), reducced lesf arca but not the leaf
voluxs therely increasing the infiltretion of liht (Sehoot and
Ritting 19 ).

In a groan “nuse study, Pix (7pC) apnlied at the
onset of flowering (n cotton reduoad the wejetatie: growth Ly
20~30 par oent (Xhafajs, 1973). According to Rerdy (13%83),
when treated with pC, the averare lint yicld wes not affeoted,
whereas the plant hel Mt and numker of nodes ware reduced by
1% per eent and 4 per oont, rospectively, cCanorand prado (19:3)
reported that the application of DpPC (1.0 £/ha) st flowering
stage reducnd the plant Ml it ly 31 on and {ncreased the loaf
retention as exmpared to spraying infore or after flowarin;.
Sirilar delay in leaf genescoico was noticed Ly Sausman gt al.
(1981 ).

T™he application of 50 g of PC to cotton cv. PAymasSLer
303 durin) early sgquare fometion sta e resultod in ¢w reduction
of plant hefi ht ly 17 days after treatment, ihercas, shoot by
dry weiht and leaf arca index warce si mificantly lower only at
31 days atter the tr-atuent. The treatsd plants rainta!md
hizher leaf watar potertial and solute potemntisl {Wendt ot al.,
1964). It was clserv-d that the foliar applieation of pix (VeC)
on cotton at flowering or split application at early flowering
(57 2l/mu) and at peak floweriny (33 nl/mm) result~d in 22«24.8
per cent decrease in plant height than thet of the control.
Upper, middle aud lower fruiting beanches were 41.4-5C per ocant,
23.1=32 per cent and 12.6=20,8 per cent shortor, respsotively.
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leaf area was 202,6=3%,7 per cont saaller than that of control

(mrh&' ﬁ 3_1_00 1968).

™n rapce seed, the application of Toral {(HpCeethephon |
resulted in the reduction of plant heiht (Detiels et al., 1902
and chapme g6 2l.s 1983). Ngilvy (1985) reported that,
troatmant wit™ Terpal at stonm oxtansion staye, reducod the plant
heighe by 10 om to 20 oma. According to @nittel and tang (1974),
rodoection in nlant helight mng~d from 10 to 20 per cont and was
aceompanind by an ineveass in flower shoddingy when treatod with
Tearpal. Maize ciltivars tolerated the application of 1=3 l/ha
of Terpal at 4 to 11 leatf staje and thare was a reduction in
plant height.

In a pot culture study, there was a roduction in the
length cf atem and hranchos wiwreas,the musler of nodes ronainid
unaffactad in soybkean with DpC. Further, the appliestion of
500 andd 1000 g of 2PC modifiad the growth pettern vy lowerin)
the tranch to main ster: lenjth ratio {(Morandl et al., 1983).

It was alasc fourk! that there was hi tho+ specific stom wel ht
with lower main storm len th, There vas a lo grithic relations
ship betwaon the reduction in stam length and DPC or OCC doee
in both jreen house and £iold conditions (Morandl gt al., 1904).
T™ey found that DrC was more active than OCC in reduginy the
gten longth, namb r of nodes and maduedin: the gtom iry wai-ht,
espraially in groeen house erndfition.

Application ~f Pix rasulted in the (kelayve? flowering
and hastened the maturity in Brinjfal. wWherees in Okra, Pix



hagtened the flowering (Zayed et 8l., 1953). Accordin; to
York (1983), the appliostiocn of DPC to cotton reduced the
crop cyele and these results are in accordance with the
results reported hy Xerby (1983). It was notioed that tho
appliostion of CCC (0.1%) at fruit formation staje aceslaratad
the maturity in cotton (Ckhotnik gt §l., 1984). Sinilarly
rix {D9C) application initated earliness when seasonal length
less than 2400 haat units (Xerby et sl., 1983). later,

Sawan and Sakar (1930) reported that cotton natured early with
an inercase in the concentration of DPC as well as nunibor of

spplications.
2.2 YYELD AND YYZLD COMpOMNTS

Jufficien: scuren, A stren; sink and bottnr
translooation batweon scuree and sink are easgential for hither
seed sotting and yield in sunflower. It has beon roported that
only top aix leaves havc the most important role in the yicld
formation and ofl synthesis in sunflower (Dhopte and Upadhyay,
197%). It has alsec bkren reportad that thare is no lateral
rovemant of metalolites fron leav:s to head anxi the leawves
translooate metabolitos only to ths those parts which are
directly councctad (Udaykumar @t al., 1976).

Trammloeation of matalkolitea was more to the soeds
of outer rezion in the eapitulum, as thay are in the sdwanced
stam of development due to early set and sink sise was directly
relate’ to the andoyenous jrowth hormonmss like auxins: which are
essential for enlarjement an’® development of ovary in to fruit



{Salisturry and Poss, 1959). In sunflower, after pollination,
the synthesized aixina haye the tondency to mows in basipotal
direction and honee the tranalocation of metabolites to the
oapitulum will bn limited. Translocation of photoaynthates
from soures to sink depends on the endogennus jrowth harnones,
and henes the application of jrowth regulators induees totter
treanslooation of metabolitos in sunflower.

wWhtle studying the cffact of TIGA on cotton, it was
noticad that "ISA treste! plants out ylelded the control plants
due to incrcase in the numuor of bolls (Pastur and rrakssh,
1954). In bengaljran, 100=secd weight focreased from 5.9 g in
oonRtrol to S.3 g in the plants treat®d with 10 pym of TIEA at
50 por cent flowering (Sreer and Anderson, 1948). Stinha and
Ohilaiyal (1973) reporte’ that the apoplicatios of 300 ppm TIBA
inorcase! the mambar of eeeds per plant by 72 per cent and yislad
by 66 to 108 per oent ow'r ocontrol plants.

Applieation of TIBA ghanged the morpholoyy of sgybsan
plants, making thes photosynthetioally more sctive and thoreby
incressing the seed yleld (Anderson et al., 1965 and Jackson,
196%9). The response of detorminate varietics of soybesan to
TIBA was mor: erpatic than the indeterminate types. MHatley
(1974) reporte.’ that the application of TIBA (32 g/h) one month
prior o bloom eonsistently produced higher yicld as compared to
control in ‘Lec’ and ‘*Harpton 166° varietiss. 2 also reoported
that yislds were redueed Ly hijher concontration of TIBA spplied
when plant had ;ht was roduced more than 10=15 per cent. On the



other hand, stulte and Pudolph (1971) found no sijnificent
increase in yisld when TIBA was applied aix weeks tefore bloom
to the varieties 'loe 88¢, ‘Oavis'® and *Strajj'. ‘hereas, in
alfalfa and sorjhun, TIBA applieation increase! the sead ylald
by 67 and 20 per eont, respectieely (Heavor, 1972).

It was found that the foliar application of FAA and
TTBA increased the seed setting by .3 per cent and 76.2 per -
cent, respectively as ooepared to control (Anon.,1978). In
another study, the foliar spray of the enmtination of TIBA and
FAA gave higher yiald (376 k3/ha) as compared teo control
{261 kx3/ha) in sunflower (Anoh., 1976). rrasad et al. (1977)
reported that the applicetion of TIEA (240 ppm) alon; with NAA
(50 ppm) increased the proportion of £illed saeds, 1000«-seod
woight and sood yiold as corpared to control. They alsc reported
that, TIEA bainj an auxin tzansport inhibitor, provented the
basipetal movement of auxin. Consequently, the concentration of
auxins and jibicrelins 4in the head increased, thereiy incr-esing
the aink cospacity of the head :lue to mohilization of

photosynthates fr-om other parta of the plant to hoad.

™e aoad yield of sunflower was increasad by 12«22
per cont ue to the arlicstion of TIBA alone or in emikdnation
with ehlormaquat and the exposure of plants to TIZA slone at
15=20 loat gtaje was 1idely to produce the oaximun soed yiald
(Suardia et al., 1977}. Aceordinj to Srivastava gt 8:.(1979),
the oorlination of pre=scaking hardeninj, higher dose of
fertilizer application and spraying of TIBA (120 ppr) gave
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ni her yleld in sunflower over the planta troated sopcrstaly
and these poegults are in confirmation with those of

While stuldyin; the effoct of TISN under {ffopent
plant population lewels in sunflaower, it wvas oiperved that
the foliar appliecation of TIEA in comidnation with ‘Navaras'
at higher plant population jave seed yicld similar to that of
hand pollinated erop, where, hand pollinated erop produced
TS5 per cent secd set 88 compared to 50.3 per cent in control
(Subbsiah, 1933).

Uppar and Wulkarni (1989) aiservsd that the apnlication
of TIPA (230 ppm) produced hithast processed goed yield followed
by inetin (13 pem} and COC (2300 poen)e  evendrapps (1949)
rerortad that an applicetion of TIBA (75 pm) at O flowering
and at scod £1118ng staje increascd the seed yield simifioantly,
which was asaociatad with higher 1000wsend wright, nomier of
£111~d goeds and 'Y,

Troatmont with M1 was foun! to have considerable
impact on the yiold and yiceld componenta of £161d crope.
Choudhari and Singh {1969) renorte that thwe foliar appliostion
of 'H (1C oym) on seasame resulted in hi jher seed yield per plant
due to increase in nambder of pods and 1007 geed weizht. dhereas,
in fabe baars, 1000 pren of M1 signifiecantly reduced the mmber
of mends par pod and the seod weight, while therc wes no
si-mifieant effect on mwber of pods and number of seeds por
pod (Masaib et al., 1971).



ratel and Srivastava (1971) {n an investigation

reporte: that pta plants of 3 to 4 wek ol sprayad with M
and GA indiosted that ™ (400 ppm) resulted inm 31 per oent
hiyher yisld while, GA resulted in poor yield than comtrol.
The incrcease in scod yicld wae mainly Jue to increase in the
mmber of pois per plant.

Suryanarayanc{(1977), in a stud, to kicw the effact
of difforent jrowth rejulators wise, 71, RAA, TIBA, IBA, GA
and 2,40 on pod yleld of jroundmit reportad that the highest
pod and cil yield was oiRainad by M (100 prm) followed Ly HAA,
F rther, the hiher yi~ld was associate] with an increase in
the total nurler of pods and filled seods por cont. 1In a
similar experiment, Surulaksh 3&ngh e 3l. (1978) reported that
M (2%0 ppe) gawe hiher yield due to increase in the weiht of
xia por plant, wheraas GA (250 ppm) and planofix (10 prm)

Jave more yicld due to incrcase in the total numboy of rods
rer plant, Yowewer, the yicld data of two vrars (1975=76)
showed that M9 {250 ppm) was the most offective.

Ourulaksh Sinth and sharma (197°2) re-orted that twe
foliar sprays of M (250 ppm) or CCC (1000 ppm) at 40 and 30
days after souing, respectiv-ly inercased the mmber of
gynophores and pods while dry pod yleld, 100-soed weight end
shelling porosntaje wore not affected.

In an {rrijated trial of groundmat, the apnlicetion
of MEferent Jrowth rejyulators increased the yield components



viBes pod yield, shellin; percemtag2 and HI (Pao, 198C). The
mont effective toing Mt (30 pom) followed by HAA (50 ppm)
oo (SO0 prm) and SATH (1000 ppm)e Simdlar results were
noticed fn Emglf and akl osossons (Peddy and Shah, 1974).

m £1i21d and pot trials with spring heat, spraving
of Mt (8 x 10-3I|), 15 or 2C days after flowering increased
the grain yield significantly due to increase in the 1000=-jrain
vai it (Sobolev and Mutko, 1905).

simificance of qrowth retardants, particularly of
OO in growth and yicld of soweral crops has een reportaed
durinj the past (G111 gt al., 1976s Padner, 1976 and Lowett and
orcherd, 1577). In the plants, where exoessive vegetative jrowth
causes low secd yield duwe to poor emrbon partitioning, OCC has
men found to e useful in reducing the foliage and croate retter
conduelw: amwiromment for saed formation and its growth.

Loaf somscence is one of the oonnon tanifesto for
poor sead yiald in sunflowey and COC (4000 ppm) has boen found
as a sonesoanc® rotarding factor and thus tay indirectly have a

positive effoct on peed yleld (nrchard, 1976).

Treatment of sunflow~r plants with COC at 10 leaf stage
resule~? {n remarkacle inersase in the dey weight of mature
heads and subsogquently the seod yield (Lovett and Nrchard, 1977},
rroutt ot al. (1978) reported that sunflower exposed to CCC
{0, S or 10 k1/ha) at two leaf stage d3id not have any effect on
yleld., uwhile, the erop exposed to CCC (500 wug/nl) at flowering
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stage under dry soil conditions resulted in higher seed and
oil yield, while under reaic soll condition, yield was lower
than control.

The main Ffuncti-n of CCC s the rojulation and
alloeation of photosynthates for various jrowth purposos.
The excessive diwerzion of photosynthates for elongation of
stoem was arrested and was redirected for £11ling up of the
seeds, which rasglted in jreater f£4{lled seed per cent, seod
index and waliht of secds per plamt (Patel and Sinjh, 1979).
rarther, they reported that the gontrol of LAY and lodging
incidence was Lrousit abtout by the appliomtion of COC (0,03 =
per eont) and it was alsc reasponsible for hi hwer socd yield.

Lowett and Orchard (1933) demonstrated the effect of
CCC (4000 ppm) at differont plant densities viz., 12,500,
25,000, 50,000 and 1,00,000 plants per ha and olwerved that
QCC gave higher yield in all the plant populations. Howewer,
at hi her plant population, the nunier of seads while at lower
plant population, koth mmier of sccoda and thelr size conkrisutec
for the yield.

Lowar concantration of OCC (0=2000 ppm) did not have
any effect on head diacaeter and secd yield (Akoushobn gt gl..
1984), Mile, hajher concentration of CCC (3000 pprm) efther
of pre or post=flowerin; staj® increased the head diamoter
(S84 tn 7.66 am), sead wel ht (8.69 to 10.4 g/plant) and MY
(016 to 0.21) (rPando and sSriwastava, 1983). Further, they
noticed that the rate of carbon ddoxide fixation was not much



atfected, but the tranalosation of sucrose from loaf to tha
capitulon was enhanced by the application of OCC. T™he 100-
seed waiht also increased from 3,218 g to 4.05 g (Pando and
Seivastave, 1987), Under simmlated droujht gonditions at
yejatative, anthesis or schene=f£illing period, the spplieation
of 0CC (20 or 40 ) increassd the secod sizse and 100 secd
weljht in sunflower {Xunart snd Bharati, 1988).

The tolliar applieation of OPC (15, 50, 75 or

SC & 28 g/Ma) at 60 days aftor sowin) or with split spplication
at 60 and 75 days after sowin; incroased the 11ag wai it boll™t
by 10 por cont, total 00l cotton yield by 28=30 per cent and
lint yleld 1y 27=80 per cent (Varcla and Yellejo, 1982). 7he
most effective range was begweon SO and 75 g of OPG/w. In
ontton ater, the xylem was axpanded and the increase i{n the
trargportakility accountos for the heavier bkolls produced

(Wt and “1tum. 1982),

tader A&ifforent plant population study of cottan,
W was found to incrosse the kapas yield by 10, 22 and 11
per cent under plant densities of 37,000, 1,384,000 and 2,3%,000
plants/ha, respactively (York, 1983). T™we fancrease in yield
was due to chanes in the maturity pattern. Hutchinson (1983},
in the comparaties studr of Jrowth roulators an? fertiliasors
reported that pix (0PCe 1 pint/ae) had little effoct on yleld
as compared to nitrogen treatoent.
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It was okeorved in green house study that pPIX (DPC)
applied at the onset of flowering increased the ripened bolls
(Plant™l) 1y 2023 per eent snd boll weighe Ly 10=20 per cent
{(xhafage, 1983). Further, he noticd a differontial response

of cotton genotypes in vhich Jeosgypium witifolioum reacted

more strongly then ‘aswirrlom hirsutum. Similarly, pot
exparinont rezults indicated that the foliar applicstion of

CeCl ply eont pix at fl-werin:; starge increased the Moll woight
from S.6 to 7.7% and seod cotton yicld from 132 ¢o 163 g/plant
(Pak and Xupenataowa, 1983}, ‘owever, results were {nconsistant
during the years 1977 and 1979, York (1983) in USA reportaed that
Dee (49. 3/ha) shortensd the crop cvele, inoreased boll woi -t
and secd wolijzht.

Troatoent of cotton plants Jarisng the fruit fommation
staga with C.l per omnt COC 0,01 per cent rix {(IPC) or 0.25 -
per cemt Forfonol (retardant) increased the secd cotton yield
in first and gacond pickings and aloo the total yleld
(Okhotnik ot al.., 1964). In most clroumstances, yicld was
incrcascd due to DPC treatrent. Kosmidow {(190%5) noticed that
the split spplioetion was less effactive as comparad to the
single spraying, while {n some of the treasted plots, there was
& tendency to increase boll wef Mt and lint per cent.

According to Pol and Thombre {(199%), the applicetion
of two follar aprays at 150 or 150 ppm Pix, at the first square
Eormation staye and 1%=20 days later aimificantly Iincreased
the geed cotton yinld of the hyhrid, varalammi an? Jacreased
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that of the hyirid, Savitri. 'Mmile studyin] the res;ponsc of
short duration and full season types, full ssason types were
mors flexible than short season typos in thelir response to PC.

It was revealed that eltiwr CCC or pix (2PC)
aspplication at lower concentrations did not hawve any off- ¢t on
sead weight and mmbesr of bolls (Lala-iuwendia, 1989). hercas,
spraying of lower concontration of DPC {(§.3»12.3 g/ha) to
vigourously growing cotton more than twice at 14 days intogwal
inereased the total yield by S per cent and {t was necessary
that intrrevals letween suplimentary applicoation of PC be
ad juste: acrording to the exrected yrawth rate of cotton
("ippenad et al., 1990). !hile, the apnlicstinn of DPC to
rap® 34 not have affoct on mmber of pods, 1000-gecd weight
and vield (Manie]l ot al.. 19823 leniels and Searis 'rick, 1983
Champins @t al., 1983 and Enittel and lang, 1984).

In sovbean, it was reported that par cent flower pot
and par cent of developad seeds wers inecrcagsed with S0C and
100C my/1 of rCr renroductive efficicncy was incrcascd for both
the dosos as a consagquenes of the accumulatol effects of PC
ovcr each of the partial reproductive efficlences (Morandi gt al..
1993)s WC also increased the HI, probably due to the
partitionin- of aasimilatos favourin; fts accumulation in the

snoado.



2.3 EBINCTTTTTICAL PARANETTRS

2.3.1 Chloggohyll gontemt

Among varions functions of Jrowth retardants, in
addition to the inhibition of oell division, they osusge
induction of greening and initiate the dzwlopment of
chloroplasts. In a study to know the affect of ¥’ on
chlorophyll content of fasnmin leaves, the follar applicstion
of M (2000 prm} incrcase. the chlorophyllsd and total
ehlorophyll contents (Sowds and Sowda, 193C).

The applicatiaon of COC produces dark jreen lesves
(Cathey, 1961). In sunZlowr, the a-plieation of CCC at 500 ppm
increasced the chlorophyll content in the top leavos by 15-3C
paer cemt (tiofner, 1977).

In anothor oxparinent, degreaening at hi pher
concentrations (S000 wug/ml] followed by weeening sug psted
that GO applieation at seadling staje produ-~ed an initial
chlorotie effect which was, howewer, not persistent durinj; the
active lag phase of growth (Bhattacharjoco and Gupta, 1981 ).
Aoushola ot al. (1984) oltaerv~d that COC upto 100C ppm 41d not
affact chlorphyll &, b and carctancid contents, while, hither
concentration of CCC reduced to lower lavol for one to three
wanks aft~y treatmant, and the rovarse effoct was found during

next thrae o #ieve wooks,

DPC is known tc increasc the chlorophyll ecantent in
the leaves. OSaustan gt al. (1973) reported that chlorophyll
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ocontemt in cotton was increased when sprayed with DPC (40 and
60 g/ha) while, the chlorophyll ad ratioc was docresssd with
an increase in the coneentration of DPC 4in §P-37, bt increased
in av. Stonewill 213. Gsusman gt gl. (1961) noticed that the
application of DPC (10=-100 g/ha) increased the leatf chlorophyll
oomtant in cotton. S3imilarly, Stein st gl. (1983) noticed

an incressa in ehlorcphyll content of cotton leaf when DPC was
sprayed st 7th lsaf stage. The increase in chlorophyll eontent
was 24-38 par osnt over gontrol when Pix (DPC) was sprayed at
flowering state in cotton (Jiang and Deng, 1906). £1d gt al.
{(1986) also reportad that DPC (50 g/ha) spplied onos or twice
incressed the leaf chlorophyll eontent in cotton.

Choudhari and Singh (1969) reportod that the foliar
spray of M1 (10 ppm) inoreased the protein nitrogen content of
shoots and pods of seseme plants. ®hile, in Calimintha
officinalig, Dehab ot 2l1.(1983) cbwaerved that three foliar sprays
of M1 (500=2000 pym) ineressed the plant nitrogen content.
Similarly in ckva, Mt increased the leaf nitrogen content when
applied st five weeks after planting (Zayed gt al.,1988).
Gowda and Cowda (1990) odkained higher leaf nitrogen oontent in
eenin by spraying Mt (1000-2000 prm) once before pruning and
again at 15 days after pruning.

Zayed ot 3l. (198%) found that the applicetion of OCC
at five weeks after planting incresased leaf nitrogen content in
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in okra. Similarly, in pes, CCC wes found to incroase the
nitrogen content of leaf and seed (Sheng et gl., 1987). Ina
study with jesmine, 1000 pom of COC uas tha wmost effective 88
conparad to 2000 prma in incressing the aitrogeon content of
leaf (Gowda and Sowda, 1990). Aecording to Dushkowve (1977},
under stress eonditions, the application of CCC to maise aeither
a8 srted treatmont or as & foliar spray maintained the leaf
protein content simflar to that of control plants and its offect
was core pronounced under stress conditions thanm under normal
conditions. In & similar experiment, Ximenow 8% 3l. (1977)
reported that OOC applied ac seed treatment or as a foliar

speay decroased the protein content in maime lesves under
moderate soil molsture stress (400 of field capacity) and
inaressed under stress of 3C par cemt.

Like OCC, LPC also increased the nitrogen content
of Okra lesves (Zayed gt gl., 198%). The foliar application of
DPC at the rate of 1250 or 2500 ppm incressed the crude protein
content of lesves in folmbsens (Sawson and El-Hyetenium, 1984 ).
Whereas in cotton, the leaf protein content deoreased with an
increass in the concentration of OCC {0.10C g/ha)(Stein gt al..
19423).

2.3.3

In mung bean altivars, foliar applicetion of TIBA
at pre=tiooming stage resultoed in highoer seed protein comtent
ag compared to treatment with NAA, Urea and mo3 (Xandagal, 1988),
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Uppsr and Rulkarni (1989) reporta:! that the application of
TIBA (250 ppm) gave hijhost protain and oll caontont {17.89 and
40.05 per oant, reepectivoly) in sunflower eseds followed Ly
¥inotin {16.31 and 33.64 per cect, raeapectiwvely) an. CcC
{(15.10 andt 38,33 per cent, rospectivelyl.

Altheujh, ™1 incrcased the pod protein content it
had little effect on seed oll content of gesane an! jroundnut
(Choudhar! and 3ingh, 1969 and Surubaksh Singh and Sharma, 190 ).
It has een reported that Mt {25100 prm) az a follar spray to
groondnat Jave higher oil content and furthor SO o of M ues
the most effective (RMao, 1980). Accordinj to Najerjun gt gl.
(1980), O=300 ppy of MM had no effect on scrd protein conteant
in groundnut whereas, $C0 ppm and sLowve concentrations of MM
signifieantly increased the seadenil content. In a similar
investization, MH at 100-200 prin was found to incroase the sced
0il comtent in groundmut (Roddy and 3hah, 1984 ).

Undey 4ry soll comiitioms, CCC at the ratc of 500 uy/ml
applied at 79 days after sowin; increased the se-d cil ocomtent
of sunflemer, ¢t under mesic scil condition, the all content
was reduged and 3063 protein gontent wWae incroassl as o Ared
to eonirol (Oreutt gt Jl., 1978). In a study with sunflowor,
OCC alony with boric actid solution sh-wed decreasing trend in
seed protein content and sijnifioantly inoreasad the seed oll
contont with increasin; concentration of O viz., 500, 4000
and 2000 ppm, rospactively {(Akoushobs ot al., 1987). The oil

oontant of sunflowor seeds was increased vy ©CC {3000 p-m) when



applia? efther at pre or post-=flowaring stame, howrvrr, no
siynificant Jifference was noticed betweon the two appliestions
{rando and Srivastava, 1907).

In a study to kXnow the effect of UPC on quality of
maizce seeds, it was obserwad that .XCP increasod tho seed
protein content ly 1l=3 par eant ower comrol (Sruzder, 1964).
Similar results were obtained in falabrans with PC applieation
(Sswson and Cleityatemy, 1384). Abdel et al. (19u6) reported
that the appllication of JPC (50.0 /ha) to .arbmionse cotton

resultad in an increased sead protein anl oil contents.



MATERIAL AND WEIHODS




IIT MATEPIAL AND METHOOS

A field experiment uas conducted during sunmmer 1992
{(Jamary=-April), to study the effect of dfferent jrowth
retardants on the production potential of sunflouwer, The
details of the mateorials used and teghniques ad-opted during
the ocourse of invastijgation are Mmscriied.

3.1 EXPFRIFIMNTAL SITH

Tho experiment was conducted in plot YHoes 125 of *c°
block at thes Ajricultural Colleje Farm, Univrsity of
Agricultural Sedonces, Dharwvad.

3.2 CLIFVATE

The College Farm is situated in the transitiomal
tract of Zarnataka at 15° 12* 1 latitude, 75° O7*" longitude
and an altitude of €78 m a.ove the mean gea lavel. The averaje
annual rainfall during the crop Jrowth period was 797.4 .

“he mawimom and sminimum temperatures during the crop jrovth
period vore 33,9°C and 17.8°C respactively. “he relatiw
humidity rangad from 64=111 per cent. Tha metoarclojicsl dats
for the yoar 199192 and the mean of previous 41 yoara wan
collectad fram the meteorolojicsl okservatory, Colleje of
Aqriculture, Mharwed and is given in Taile 1.

3.3 5OTL ARD IT3 CHARACTETISTICS

The experinental slte oconsisted of medium bhisok
clay losm soil. Compsaite soil sanples from the experimental
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Table?2 : Physical and Chemical properties of the soil of

. experimental site

?articular

Values obﬁained

Method employed

1.

Physical properties

Coarse sand
Fine sand
Silt

Clay

Chemical properties

Total Nitrogen (N)

Avallankle
Phosphorus (P,0.)
275
Availarlle
Potassium (Kzo)

Soil pH (1:25 soil
water suspension

5.82

14.23

28.00

B1.95

0.051

0.004

0.0249 per cent

per

per

per

per

per

rer

7.5

cent

cent

cent

cent

cent

cent

Puri's method
(sankaram, 1966)

Purit's method
(Sankaram, 1966)

Puri's method
(sankaram, 1966)

puri's method
(Sankaram,

Modified kjeldhahl's
method:t

(Jackson, 19567)

Olsen's method
(MUhr _e__‘l"._ _a_;l-_op 1965)

Flame photometer
(Muhr et al., (1965)

pH meter
(Piper, 1966)
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site were analysed for warious physicel and chemical properties.
The data of soil analysis and the methods employed are jiven in
tatle 2.

3.4 BDOYEPIMETITAL DETAILS

3.4.1 Dnesign and layoug

T™he experirent ues 1aid out 4{n a factorial rendorised
blook design with threec rrplications and the plan of lay out is
3iven in Fi3. 2.

3.4.2 21“ aize

Srose plot = 4,0 x 2.0 m

Net plot o 1.2.8 I 20 N

3.4.3 Tomiiplts Seryslin

Thers wer: 16 trmatient compirations conprisinm; of

two wnoty:-os and aijht treatments as shown slows

Jenotypes 1t Vy = Modkien {Open pollinated variety)
Vy = KisH=1 (Sinjle eross hyirid)

The salirrt featurms of the Jencotypes are given in

Table 3,

Tyeatmonts @ '!‘1 = Control {('ater spray)
T; = Malelc hydrexide (280 ppm)
Ty = TIBA (SO pmn}
T4 = Cycoesl {100C prem)
Tg = Hepiquet chloride (10C ppm )
Tg = Mepiquat ehloride (250 ppm)
T, = Mapiquat chloride {500 pup)

Ty = Mepiquat chloride {1000 ppn}



Is

LEGEND

Morden
KBSH-1
Control

lalelc hydrazide (250 ppm)

TIBA ( 50 ppm)
cee (1000 ppin)
Mepiquat chloride (100 ppm)
Mepiquat chloride (250 ppm)
Meplquat chloride (500 ppm)

liepiquat chloride(1000 ppm)



vTg | vy, VT | v, v, T | v,T,
v,Ty | vy VoTg | v, T, v Ts |v,T,
ViTs | V4T Vits | V,T, VaTs | VT,
ViTy | 1T, ViTg | VoTg VT | V1T,
VaTg | V, T, VaTy rV2T7 ViTy | VaTe
VT3 | VT, ViTa | VT VaT1 | VoTy
VoT | vy, VT, | VT, VoTy | V,T,
VoTq | viTy VaTa | VT, ViT7 | V1Tg
R-I R-1T R=IIT

Fig. 2. plan of layout of the experiment
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Foliar spprlication of growth retardants at different
goncentrations as described in 3.4.3 was done at 45 days
after sowing in both the genotypes.

3.9 CULTURAL PRACTICES

3.5.1 land pgeparation

T™he land wes ploughed and harrowed twice and then
smoothened with a wooden plank to kring it to & finoe tilth
to fecilitate uniform sowing. Plots ware prepared as per the
plan jiven in Flj.2.

3.3.2 geed ecurge

Seeds were oltained from the sSenior Scientist (oilseeds),
Main Ressargh Station, Dharwad and Assoclete Director of
ressarch, Pejgional Regearch Station, UAS, Dharwad.

A 2004 rats of 8 kg/ha was used and sowing was taken up
by hand Aibhliing with inter-row spacings of 45 and 60 em for
rorden and XBSHe]l resrectively, Intre-row spacing of 20 em was
maintained in the two genotypes. Thinning ves done 15 days
after powing to maintain one seedling per hill. The seeds vere
dibbled on 28 January 1992.



3.5.4 Feryilise; guollimptiol

Furrows ware rade with the help of a marker at a
distance of 6C an. Pecommendad doee of 62.5175162.5 kg
HpR/ha was applied. 90 per osnt of nitrojen alony with
full dose of p:o, and l,o was applied st the time of
sowin) and tha mmat 50 per cent of nitrogen was applied
S omaway an? S en plow the soil at 3C days aftor

sowing (DAS},

3.5.7 ALtrr qave

only one hand weeding and two interculture operations
at 20 and 40 OAT wer> don® in order to leep the ploes fmme
£rom wecds, Mancozel spray ? 2 ol/1 was under takne at 30,
55 and 65 TMAL to control loaf spot discase. Endosulfon 2
ml/1l spray was taken up at flower mud {nitiation stax and
13 days aftor ft, to control loaf cating estterpillers.

3.3.8 Wggymoting

The genotypoes dfiffered in their saturity period and
heneoe the erop was harvested at physiolojicsl waturity of

each of tha jenotypos as followss

Horden~ 27 April 1992
CHH - 9 May 1992
3.6 COLLFCTION OF EXPERIMONTAL DATA

Five plants from each plot wore tajyjed randomly on
3Seh day after sowing for recording various morpholojicsl
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olgorvations and yield attrilutes.

3.6.1 MOEPMOLOGICAL CHARACTERS

3.6.1.1 [plsns nedgy

rlant hoi ;ht was moasurcd from the Lasa of the plang
to the tip of the sten at 30, 55, 65, 75, 85 UAS and at
harvest. Meaguresents wore taken fyrom 5 plants in esech
tr-atmont tarxd earlier and the average heijht was calculated

an? ex-ressad in or.

3.6.1.2 Juem digmeter

The sunflower atrr is tarering both upwords and
IeaTIOT 18, Axe3pt in the certre. To maintatin uniformity, the
stor jirth was measured at the middla internocds of the plant

usinng a verrier caliporse (Chidananda, 1774) and given in om.

3.6.1.3 Smiex gd _gxeen lodvey

The mmloer of jrecn leaves fron top to boktas of the
plants wes counted in the tajjed plants at 3C, 55, 65, 75,85
A5 and at harvest, the averajge was worked out and expressed

as no. of jreen leaves por plant.

3.6.1.4 [mys %o 30 pur oant floworipg

Oone row was sclocted in each plot for regording this
otservation. The munler of davs reguired for the tlorets to
sppear in S0 per cant of the plants {n the salectsd row was
rocorded as days to S0 per osnt flowerinj.
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3.6.1.3 Days to physiologicel meturity

The indication of physiolojgical maturity in sunflower
4s the appearance of lemon yellow colour on the Lback side of
the head. The nunber of days required for such & change ina
at least 30% of the total population was r~corded and
indicated as days to physfologicsl maturity.

Pive plants were uprooted at ranionm 4in sach treatment
and soperated in to leaf, stom and reproductive parts. These
sanples were ailr dried and then dried ({n hot air owen at 80°C
to a constant weight and their dry weijht wes recorded. 7The
dry weight of different plant parts wers recorded at 30, 55,
6%, 73, 85 DAS and at harvest and expressed on per plant basis.

3.8.1.7 Mesgurement of leaf arcy

Laaf arca was Jdetermined usin; leaf dise method.

Twenty leat discs havin; a known diameter were collected
randomly fran top 4«8 fully expandsd loaves of the plant. As
far as possible, th~ mid ril was avoided. The disos thus
collocted and rest of the leaves were dired sepssmtly in hot
aty oven at 80° for 72 hrs. The Ary weight of lesf discs
and rest of the leaves was recorded and the leaf srcs was
aaloulated using the followin; formula.

a x w 3

Loaf aros » x -ﬁzlylut
» 100
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Where,
a = leaf area (aa’) of 20 circular discs
b = dry weight (g) of 20 cireular dlsce
¥ u dry waigt (g) of rest of the leaves.

—

3.6.2 ORONTH PARANETERS

Various growth parametors were calculated from the
data ottained on Ary welight of different plant parts and
the leaf area as described below.

3.6.2.1 Leef syes index (IAY)

T™The LAI was ealculated by using the formula,
Iesf srea/plant
Land area/plant

Al »

3.6.2.2 laaf sres durstion (LAD)

LAD for wvarious growth periods wes worked ocut as per the
forzula of power ot 8l. (1967)

L, ¢ (L, ¢ %)
LAD @ wmad {1 (t,~t,) days
IAD = Lea? avea duration (days)

LY = LAY at 1" seage

L,ole tAX ot (2 + 1) seage
txnnatz-umtutamlutmimna»l)“m



3.6.2.3 Apgelstc prwly e (AGR)

It expresses the dry weight incresse per unit tioe
and was oalgulated by using the following formula of

VA Rl | o/dny
“- oYy

Whare,
Htandiﬂzaﬂmodzymighuetmplmum

%, and 4.
3.6.2.4 Relacive growth gate (RoR)

It {8 rate of increase in the dry wimt per unit
dry weiht slready present and was ealoulated ly the formuls

of .
(ty = %)

mhare,
w!-waimo!tMplmumﬁ
lzunrynlqhtdtmphmattmt’

3.6.2.3 GCrgo groweh gete (com)

Crop growth rate is the rate of dry natter production
per unit jround aresa par unit time (natson, 1952). It wes
osloulated Ly usin; the formula,

‘“: - wl’ 3 N
CON = x g/oml fomy

ttz--tli A




hare,
Wy = Dry waiht of the plant (g} at timu’tl

Wy = Dry weight of the plant (3) at time t:
A = Land area (chz)

3.6.2.6 |y sggivilavlol Fwl (fA°

Eet assimilation mate is the rate of dry weiht
increase per anit leaf aroe per unit time (“iatson, 1952),
It vas oalculatad as follows,

(g = W) (logg Iy = Logg ly)

- - x 3/and faay
(t = &) 1y = 1y)

where,
Ly and ¥y = lodf ar-a (cluz} and dry weight of the
plant (3) at time t
Ly and Hy = toaf aroa {anz) and dry weiht of the
plane {3j) at tire tz

3.6.2.7 sgepific leat wefgyt (St)

The specific leaf welsht indicetes the legf thickness
and was determined by the method of

Lenf 4ry weight (g} 2
SLY - - T 5 m

tleoaf area {m )

3.6.2.8 spactflc leef myws (SLA)

The inverss of specific leaf wefjht is the apoeelfic
loaf area and wes calculated by uaing the followin; formula.
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Lesf ayea hhz)

SlA w = ‘3/9
lLeaf dry weimt (g)

3.6.2.9 Hapyegs index (MI)
The harvest index was calculated by using the fomula

of Donald (1961) and expressed as percentage

| Scononmie yleld
"I® “Woloilel yield > 100

3.6.3 YIELD AND YIELD COMPONENIS

Five plants tagged earlier and used for wvariocue
morpholojical characters were separated and used for regording
yield and other yield camponents.

3.6.3.1 Meed Qiameter (am)

The distance botween the two dlagonally cprosite edges
of the hesad was recorded as the head diamoter at different

stages of crop growth.

3.6.3.3 geed weight per plamt

The dried heads were threshed to seperate the seads and
the weizht of the seeds was recorded and expressed as g/plant.

3.6.3.3 100-ewed weighy

100=g00ds wers counted from the sacples drawm from seed
yield of each plot and the weight of 100-se8de was recorded
and expressed in ge.



3.6.3.4 par smet of Fillcd sesdy per head

Far etrt of filled seeds per head was eorputed y the
fnrrmyla,
No. of £1i1led geada/head

seed £111lip] () w x 100
Totsl No. of secds/head

v e,

Total Moe of secds/wad » £1lled goads + unfilled poeds

J.6.3.% Seed m

™e air dried heads from gach net plot were thrashod,
cleaned and the weitht of secds was rocorde’ and expressed
in 3. OoDased on the seed yileld per net plot, the geod yield

Per hoetare was cslculated and cxpressed in C/ha.

3.6.3.6 nil gield

~11l yi~1d per hactare was workad out by multiplying
o0il eontent and sesd yield por hactare and exyressed in ky/ha.

3.6.4 PRIOCCHEMICAL SITIMIEI

3.6.4.1 Dpplmation of ehleweghwll swewes

Total chlorophyll, Chl.a and Chl. b contants waere
detarninad follouin the mnthou of Arnon (1549) at 55, G5,
78 and 85 MG,

Fresh leaves fronm top of the capopy were brou ht in an

io® box fronm the f£ield and were cut in to ;all riecea. Alout
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200 &3 of loaves were weijhed fr-m each sarple and were
homogjonized with pure agetone. “he extract was filtered
through hatman Ho.1 filter paper and washed twioe with 80
Per cant acetons. The final wolume of the axtract was rade
to 25 rl. The alwmorbence of the extract uas Deasured at
643,652 and 653 mn in ultraspec doulble eem spoetrophotometer
(Model CL.5§}. The total ehlorephyll, Chlorophyll ani
chlorophyll L contents were esleulated uvaing the forrula,

(202 x A )+ (8,02 x )
Total chlorophyll » . - - aﬂ m3/q frewt.
axlxw -

Chl.a 12.7 (Aggq) =269 (Agq) ¥ mii_—u:“ my/g £re wt.

25
Chle b 22,9 (A i .68 (A ’ x Wq fr.wt.
645 663" 7 1000 x Ce25

~hare,
N ges ™ Absorbance of the oxtract at 645 ma
.\“3 = Absorbance of the extract at 663 mn
A a = path length of 1§ ht in the cuvette (1 an)

a = voluw of the =trast (2% ml)

w = Fresh velitht of the sarple (0,25 ¢

The total nitrogen wes estirated by 'tcrokgeldhal
dijestion wethod (Yoshida gt al.. 1972). To & pre-digosted
plant material, the mixture of potassium sulphate, copper
sulphate and selenium powder wore added and heated on hot
plate until the clesar solutior was notiecad. After ropeated
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washings, the yolume was nalo up to 23 ml with distilled water
and from this, 1C ml of the aligquat was transferred to a
distillation assemily.  ononis was distillied by using 10 al
ef 40% narit and it was collected in boric seid mixed indicator
solution, Nitroyen was estimated by titrating the liberated
amronia againet standard sulphuria acid and expressed in
percentage on dry waight essis.

™he orudo protein was ealculated by multiplyin the
nitrogen per esnt with correction factor 6.2% (Jackaon, 1.67).
T™he cruds protein eontent wea oilculated by usin; the following

formule,

rrude protein () = Nitroyen per cent x 6.25

3.6.4.2 Eghizacion ot m]ui‘uf 2

Solulble protein content of the leaf matorial was
extractod by uainy chillrd rhoaphate tuffer solution (pH 6.6)
anl eertrifuling the extract for 3C nimutes at 4000 rpm st 4°C.
Then, 1 ml of 0.5 I Har and S ]l of resgent A (li.e. soidun
carionate{l%) + Nas1 + gopper reajent) were added to the 2«3 ml
aliquat of the ~xtract. After allowing it to stand for 10
mimites, 0.5 ml of roagent B (Folineciocultsau reagont) was
addad rapidly while stirrin; constantly. Then, aftor 3C mimtos,
the aksorkance of the sclution was measurcd at S70 mx 4in a
speckrophotometer (Hodel CleS4)., Protefn content was calculated
from standard curve prepared ky using Bovine serum allamin (&5A).
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3.6.4.4 Satlpavion of ofl

“he seel oil content was determined by Nuclear Magnetie
rosonance (M) instrument. It is a repid and non=deatructive
mathod of oil Jetectron. By TP *H' gontant in tho seed {a
mrasurcd. In an atomic nucleus, protons, the charjyed particles
(+) Are assoclated uwith rnajnetic field, and protona tehave like
small ramet and are moving Loth Clockwise and anti=elockwise.

In the sarple, threre are *Y* molecules and the saple containing
‘He 18 kept in the majnetic field. ihen put in to atron) electro-
magnet (MR}, a stronj slectramametic £ield is creased in poles
and the sample is kept between the polos, ~he sample *H* is
foreed to move in the ddrection of Majnetic forea. Most of the
mclefl follow cagnetic field, while few nove in opposite
direction which are at hijh emorgy level. More protons arv with
low epergy. The differenos in the enoryy leowel is proporticnal

to the mmber of protons.

™e oil fs in the lijuid phase. The °*H®* is relatively
mokile ir the liguid phase than in solid phase that reduces the
contribution of sclid °*H* andt water fis avolded by taking
further len; distance. The sa rlo should s yought to 4%

maisture, bafore taking reaiinys on WM,

9.7 STATISTICAL ANALVSIS

FPischer’s mothod of analysis of woriance was apnlied for
the analysis of the data and the S(nterpretation of results as



o
[ ]

sujjested by Panse and Sukhathe (1967) and Sunlaraj 2t al.
{(1972). The lewel of si jnificance used {n *F* and *t' tosts
was pe 0,08. Critfical differcnca(Ci) valucs ware caleulated

at per oot rolabllity lawel, uwerav r 'F' tost was si mifieant.



CHAPTER-1V

EXPERINENTAL RESULTS
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I¥ EXPERIMENTAL RESULTS

A fleld experimant was conductad Juring gummey 1932
to study the influenoa of jrowth retardants on various
morpholojionl, kiochemieal, physiolojieal parameters and
vi~rld potenktality of sunflowaer genotypes. The aror vas
sprayed with dtfferent growth retardants at Uffer-nt
concentrations at 45 NM3. The vesponse of gonotyres wae
studied for various rorpholoiieal, growth, physioclojieal,
phenclojical, hiochermical parameters at different jro-th
stajyes, The gesults otaind are presen}’ad in this chapter.

4.1 OCCURRERCE OF PHENOLOGICAL STASTS

The data indicated that both days to 50 por cent
floweriny and physiolojtecal cmaturity Jdifferad gignificantly
amon ] yonotyras, vhareas, treatments differod sinificeantly
only with respect to days to physloloijical naturity, and
their {nt raction affects were found to by nonesijnificant
in both the paraceters (Talle 4). Anmcnj tho genotypas,
KpSHe] took maximum days for S0 per comt flowerin; and days
to physiolojicel maturity. Days to physiolojfecal naturity
was simificantly reduced Ly the treatment Ts in oth the
genotypes ap compared to other treattments and rest of the

tysatrents were found to @ nonesinificant with sach other.

4.2 POPPHOLOSICAL PAPAVETEDNS

4.2.1 plant heggwg

Tha plant helsht increased contimiously from 30 DAS
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until harvest in all the treatmonts and in both the genotypcs
{Table %). Yt was oboervod that there was a narzinal incroase
in the plant hetf ;ht botwecn the stayes in KiSHel as cokpared
to Mordemn. sanotypos and treateants differed significantly
at all the Zrowth stages axcept, for the txcatments at 30 and
5% DAS. Yowewver, the fntorsction effect was non-sijnificent
at all the jrowth stajys.

Among the genotypes, the rlant hel ht was naximon in
RizsHe]l at 811 the growth stajzes and in all the trosthents over
rordan. Amoni the trestronts, Ts recordsd a sijnicfeant
retuction in plant heiht over all the treatments at 8%, 75 DAS
and at harvest. At €% Das, Ta recorded the least plant Ml gt
(109.9 om) followed by T, (1191 on) and T, (11R.8 orl.
Howewar, no significant differences were oiserved lotweonh the
craainonts Tz. '1'3. '1". '!‘,, '!" and T,. A similar cren) was
obsarerd even at 75 045 and at harvost. The per cent reduction
in plant heiht wvas maximum at all stajzes in hoth the jenotypes.
The least reducticn in plant hoi it was obseryad in the
treatment Ts in ooth the jonotynca et all tho stages.

6.2.2 Tamins of Jpews lmpeey

The munier of jroen lecaves increased from 30 o 85 DA
im morden and €111 75 DS in "ISYel in all the treatments
{(Table -}, Yt was olmerycd that there was & narginal increase

in the minber of leav: s .~twean the stajes in XiSH-]1 as

compared te Morden. senotyrra differed significantly at all
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tha rowth stams vhereas, treatments differed simificantly
only at 55, 6% and 73 A3, ‘lowewer, the intorsction offoct

was non aiqnificant at all the qJrowth stasjes,

Ay the genotvpes, the pumirr of leaves wars hi jher
in XBSH~l a2t all the jrowth stages and in all the treatmonts

ower Morden. At S5 and 75 DAS, the treatment, T_ recordad a

8
simificant reduction {n msrber of leaves ower rest of the
trestrants exesst T‘ and T.. uhile at 65 Das, T, recordad a
simificant reduction In manber of leaves ower all the

traaticenta, At 55 DAS alac, T. recordsd the least musior of

o
leaves (13.9) followed Ly '1”4 (15.0) and T, (15.2). towevor,
no simnificant differ-nces were olserved betwean '1'2. Tys Teo
Tge TG and T, treatments. A sinilar trend was notieod even at
65 and 75 MAsS. The per cent reduction i numier of leaves was

raximer in '1‘8 at all the growth atagea in both the ganoty;es.

4.2.3 Sy S geway

The maximum stem diameter was olaorved at 8C UAS ip sll
the treatments and in both the jenct rcs (Takle 7). Senntyres
differed significantly with respect to aten Jiaceter at all
the grewth stages, whersas trestoents and intersction effects
were found to be nonesignificant. liowuwer, at §0C DAs, the
trestment T, had the least sten diameter (1.46 om) followed iy
Ty {259 em) end T, {1.58 en). A sirilar trend vas observ-d
sven at harwest. The par cont decrease in aten lammter was

iz In Ta at both 80 DAS and at harvest in Goth the
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Jenotypes. Tho loast decrease was noticed in the treatmonts

'r3 and 'rs in both the jancty;2s and at oth 60 DA and at

harvest.

4.2.4 Pesd dlameter

The data on head dameter rovealed an {ncresasing trend
from 535 DAS until harvest in all the treatments and in both
yonoty~nes (Table 8), Thare was no siMmificant differenae
atween tha genotyres with reapect to head diameter at all the
stagjes except at 35 DAS, whare Morden had significsntly higher
head diameter over XESte)l, None of the treatrents and
interaction effocts were sijnificant at any of their growth
stagze, Mowever, at harvest, the treatment Te had maximam head
dlameter (14,1 on) followed Ly T‘ {135 om) and T., {13.3 o).
mile Tz roduced the hoad dManetaer at all the stages and in

both genctypes. The naximum per cont increase in head diasmeter

was notioad in ”1‘8.

4.2.%

Taitle 9 revealed that the stem dry weizht increasced from
30 DAS until 65 TAS in NMorden and ti1ll 75 DAS 4in UBSH=1l and
reduced aslishtly theroaftar. oOnly the genotypes and treatnents
diffored s{mifiomntly at all the pouth stajys except for
treatmonts at 30 and 35 DAS, The {(nteraction effoct was non-
sijnificant with respoot to dry mattor accurulacion ir the atem

at all the growth atages.
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Amony the jgenotypes, ¥XiSHe]l prec rided hiher gtan dry
wei Mt oyer Morden at all the growth stages., Ancon; the
treatments, TB recorded & simificant reduction in stem dry
waidht owrr reast of the troatoents at 65, 75 A3 ami at
harvest. At 65 DAS, Ty had the least stem dry weight
(19.11 g/plant) followed by T, (21.9 g/plant) and T, (21.93
g/plant)}. Howewer, no sijnificant 3ifferonces were noticed
betwenn '1'2, TS‘ Ts, ’I“ and 'r., troatments. The same trond

was econtinued at 75 JAS an at harvest,

4.2.6 Leaf drv weight

The leaf Ary waiht incressed from 30 to 55 UAS in
Mordan and 40 to 63 DAS in ®oSHel in all the treatments
(Table 10). Significent differonces in leaf dry i jht anong
the Jenotyres arx] troatents were notioed at all the groweh
stawms oxcept at 40, 85 DAS and at harvest for treatsonts.
Fo interaction effect was found simifieant with rospok to
dry matter accunulation in leaves at any jrowth stage.

The enotype TidH-1 recorded hi her leaf dry weiht
over Mordan at all thoe jrowth stages and in all the treatnonts.
Axonj the treatments, 1‘8 rejilatored a significant reduetion in
leaf dry weljht over all the treatwents at 85 apni 75 JAs. At
55 DAG, 'ra registared the lcast leaf dry weisht (14.29 y/plant)
followed .y T, (15.13 g/plant) and T, (15.48 g/plant).
However,the treawrents To, '1'3 Tee Tye Tq and T, were sll on par
with each other. A siniilar trend was noticed in subsaquent

growth stajes,
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4.2.7 Besd dry weighy

Table 11 revsaled that head dry weiht increased
contimously frar 5% DAS till harvest in both the jenotypes
and in all th~ treatswnts. It was obscrecrd that only genotyoes
and treati nts Aifferad aijnificantly exeept for the treatments
at 85, 65 and 7% DAS. The intoraction offect wvas not
simificant with respect toc dry matter accumulation in the
head at 811 the growth staze.

Morden rocorddd significantly hijher head wei jht at
55, 65 and 75 DAC as oompared to <iSHel and thereafter a
reverse trend was olscrved. During 85 DA3 s at harvest, the
trestiont '1‘8 rejistorel simiffioant increase in hea dJdry woight
ovity all other tremtments, At 83 DAS, the maxitunm head dry
w2l jht was recorded by 'rg {48.7 g/plant) followrd by 'r‘
(4540 3/plant) and T, (45.82 g/plant). ‘lowev:z, trestments
Tqe TJ' T‘. Tge T‘ and ‘.l'? 414 not Siffer stognificently with
sach other. A sirnilar trand was observed eveon at harvest.

$.2.8 Topy] Jfy meptop secoelybiel

The total dry matt-r incrosso’ continmously from 30 to
75 DAS in Morden and till A% DA 4in XIiSHe]l {n all the treatrents,
an? reduced thereafter a8t harvest (Takle 11). It was o.sorvod
that there was a margimal increase in tw total dry weimt
tetween the stajes in KRSl as compared to Morden. “enotypes
differed st mnificantly at all the growth stajges, while troatmonts
differ~d sl ;nificantly only st 55 DAS and the inteoraction affect
vas non=aijnificant at all the jrowth stages.
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It was roticed that the total Cry mattor production
was caximun in UGHe] at all the growth stajzes and in all
treatments as coparcd to Morden. Jshile, among the treatments
'E'B ragorded simificantly lower dry woi Mt as ocoipared to
othar treatments at 55 D75, 8o sl mifioant difforences were

oitalinad atueen 'I‘z. Tx, 1“. 1‘5. 'r‘ and ‘1'7 tr atments.

4.2.9 leaf arce

The leaf arca measired at different growth stages
indicat~d that 1t increasod from 30 ¢to 5% DA3S {n Morden and
from 40 to 65 DA3 in XBESHel and -eclined thereafter in all
treatrents (Talble 13). Senotypes differed aimificantly at
all jrowth atajes excernt at 40 DAS. Whtle sfi mnificant offoots
on leaf ares por plant due to treatments were coserved only
6% and 75 133. Howewer, the intoraction offect was not~
sinificant at all the growth stages.

Among tha gsnatypes, XESH-! produced maxima: lcaf aroa
as ocobhpared to Morden in sll the treatients and at all the
growth stages. During 65 and 75 ang, the least loaf area ;er
plasnt was registered in the treatment Tg which was significantly
lowor over a1l tho treatments. At 65 DAS, the loast aroa -er
plant vas recordsd by Tg (21.57 da'/plant) followed by T,

(25,02 an'/plant) and T, (25.81 &/plant). Mowever, trestssnts
Tge Tyo Tqs Tge Tg and T, wore on par with esch other. At

7S TAS3 also, the laast leaf arca was regordsd in Ts in both
Morden (0.59 dwi/plant) and TuTdel (24.33 &W/plant).
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The maxinmurn lecaf ares was rocorded in control of ioth the

varioctie: followr? L 'r3 and Ts.

4.2.10 imaf ares index

The dats on LAI (Takle 14) indicated that the loaf
area indax ues naximum at S5 and 85 OASG in Morden and KiSHe],
rogpactively and decroascd thorceatfter in all the troatoents
of both the jenotypes. Jenotypes differed simificantly at
all the growth stayes oxcept at 55 DAS, 34i7nificant effects
on leaf area indax Jue to treatments were orsorvd only at
65 anxt 7% LAG. Howewver, the intoraction offcet was non-
sinificant with respoct to lasf area irxiex at all the growth

sta r@s.

Tt was olgarvad that the genotype Morden had higher
lea? aree index at 30 and 55 DAS ower XESHel and thereafter a
revarse trend was obtained in all the treatments. During
€% and 75 DAg, ‘I‘a recordad significantly lower leaf areca
index over all other treatments. At 65 DA3, the lcast laaf
index was reecoried in '!'. (W6), and normsiynificant differences
wore observad Latwaen Tye 230 Tes TgeTg and T, treatments.
A aimiiar trend waas noticed at other  rowth stagzes alsocs

¢.2.10 Lol awme SMenklE

The loaf arca duration deserceased continuously froo
30-5% as until harvest in both the genoctypes (Talle 1S).
Jenatypes and treathonta differad significantly at all jrowth
stages exce-t for the tr-atronts at 30=-55 nas. The inter-

action effect was sinificant st any of the jJrowth stages.
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Tt was obscryed that the sjenotypns RES-1 had higher
leaf area duration ower tiorden at all the growth stajcs
axcopt at 3035 MAS, The troatment 1'8 rocordnd a signifioamt
redugtion in leaf srea duration over all the trestments et
all the growth stajes oxcept at 30«55 DAS where 1t 414 not
differ stnificantly with T‘ and Tae At 55=8% DAS, Ta
rezistored the minimuc: leal arca dugetion (21.83 days)
followed Ly ‘!" (24,12 days) and T., (24.79 days). There werc
no significent differcnces botweon '!‘z. T), '1". Ts. T‘ and T.,
treatnents and similar trend continued at other growth stages.

4.2.12 35pogific loef arog

Specific laaf ares (SlA) as influenced Ly the applicstion
of jrowth retazdsnta at warious growth stape s nrosented
in Taklo 18. The data indioatod thet SIA reduced contimucusly
from 30 to 75 DAS in Morden and from 30 €o 85 DAS ({n KaSWwl.
senotypes Aifferad simifteantly only at 55 and 78 DA, while
troatments differed sigrnifioantly at 65, 7S, 88 "AS at peturity
ant their interaction offect was non simificant at all tho
Jromth stayos,

Among the genotypes, ['orden rocorded 8 slight inoresss
in SLA at 81l the growth stajos exca;t a4t harvest, where KiSH-l
had hijher SLA. Amonj the treatments, T, Tegistered &
sijnificent reductios in speci:ic leaf area over rest of the
troatsnts at 8%, 75, 95 DAS and at harvest. It did not

dift~r simifieantly with T‘ and ‘5‘.’ at all the stay@es axcoest
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at 7% DAsG. During 6% Das, T rejistorel loast #LA (1.43

e
an’/g) followsd by T, (1.52 ax'/g) and T, (1.56 ani/g).
Aoueyer, 'r:. 1'3, 'r‘, 'rs. 'l" and '!‘7 trastnonts were non-

significant with each other,

4.2.13 3pocifiq lea? eighy

T™ve data indicated that the sxcific leaf weiyw
(5L1) increas2’ from 30«75 DAS {n Morden and 30=-85 DAS {n
“ESHel (Table £7). Genctypes &id not differ significantly
with roapact SL¥W at any grewth stajye axcept at 55 and 7% Das,
while, troawments differsd significantly at all the growth
stajos axcept at 40 and 5% DAS, Tho inteoraction offoct was
found to be non simificant at all the growth stagos.

I: was oiserve:d] that KagHe]l roecorded slightly higher
SLY over Morden st all growth stagos oxoupt st G5 DAS and at
harvest, vhore Mordon showed slight increase in SLi¥ ower RiGHe)
in all the trostments. Trostment Tg recorded an increass in
SN which was significant over all the treatments at all tho
growth stages oxeept at 30 and 55 DAS, and at 65 UAS ft did not
aifter atgnificantly with ?‘ and T, and T, recorded the maximun
1N (0,71 g/ca’) followsd by T, (0.60 3/an%) and T, (0.66 g/a’).
And no al-mifioamt difforences ware olmeree:? betwesn the
treatmonts T., 1‘3. 'r‘. 'rs. ‘r‘ and Tye A sim{lar troni wes
olserved at other stages also.
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It is seen from the table that XiSH=! recorded the
maximum ATY over Morden at all the growth stajes in all the
trsatmonts. At 35 DA, the plants trested with the treatment
Ty rojistered significantly lower AR as compared to rast of
the treatrenta including 'r‘ and 'r., and they also showod
significant roduction ower Ty ‘!'3. Ts and T,. The leoast
AGR was recorded by T, (108.78 x 1072 g/day) followed by T,
(1224 x 1™ g/day) and Ty (122.5 x 10™F g/aay). rowever,
no signifioant differences were olserved hatucen ’I‘z. Ts. T‘.
'rs. TG and 'r., traattwnta.

Although, no signifigant differenccs war: ols rvid
betwaen the treatments at 65 DAS, genotypes showe) jfferential
rasponse to the treatmants. Morden recorded lower AR, wheroas
XgH=1 reccrdsd higher AS® in a1l the treatrments as compared

to control.

At matority, both the ganotypes showed inercasing;
trend in response to treatrents. Amonj the troatments, maXximsn
A3° wes recordod by T, which wes significent ower rest of the
treatments. The trestnant T, had maximum AR (206,15 x 1070
3/8ay) followed by T, (170.4 x 107 g/day) and T, (165.1 x 167
3/3ay). Howewar, no significant differencss ware noticed
botwsen Ty, Tys Tge Tge Tg and T, treatmenta.

4.2.1% Epep goowth megs (OOR)

The data on C3” rewealad that the naxdran and mintioum

CoP values were meordad at harvest and at 30-55 Das,
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respectively £{n all the treatnents of both the genctypes
{Table 19). sSimificant fferences were notiosd at 55 and
€% DAS for jyenotypes and 55 U\5 and maturity for treatnents.
Rowewer, none of the intcraction effects were sinificant
4t any of the jrowth stage.

The genotype, Morden produosd the maximurn CGR during
all the growth stagos ovor *B3H-1 in all tho trostmoents.
Among the treatmenta, Ta proiend afgnificant roduetion in
€37 (16,32 x 107 g/amP/day) ovor all tha treatnents exeept
with T, and T,. Treatronts T, (11.69 x 10 g/ae?/day) ena T,
(11.7¢ x 1072 g/an’/day) also produced eonsidersble roduction
in CGR. Fo sijnificant dffervnoss were ohsorved batweon the
troatronts Ty, Ty T, Tye Tg and Tye

Althoush, no significanmt difforoncos were obtained
botwoen thao treatienta at 65 LUAS, janotypes differcd in their
responsd towards the tyaatmants. Horden showd increasing
and Ri5H=-1 showod decreasin) values of CGR 4n rosponse to

treatments as ooopared to control.

At mazurity, both the genotypes showrd increasing
trend in response to treatrents. Anong the troatoents, TB
register-d the maximum COP, which was simificent over rest
of the treatments, (15.27 x 1070 g/and/dey) and T, (15.83 x16™2
q/cht’/dl?). T™e troeatments Tz' '7‘3. T‘. TS' Ts and T, were all

on par with sach other.
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4.2.16 Delsuiwe gEoweh gage (RGR)

Unlike AGR and CiR, R3R walucss ware in lecreasinj
trand from 30=-9% DAS to maturity in all the treatments and
in both the genotypes (Takle 20). It was okservod that only
traatmnts differed aignificently at 55 LAS and at maturity,
vhoraas, ¥notypes and their interaction effects were non
si mificant at all the growth stajges,

uring 30-5% DAs TB rocorded significantly lower
ovey ochtrol bat was oh par with other treatments. The laast
PI® was recorded by T, (3.31 x 10™ g/g/day) followed by T,
(5.68 x 1072 g/g/day) and T, (5.71 x 10™2 g/g/day). Althoush,
no significant diffarences wore observed botween any of the
troatnents, there ves differential responsas letween Jenotypos
batwaen the traatments, Horden showed increasing trond
whareas, “iEH-1 showed Jecrcasing trend in response to
tragtoents in oxparison with control.

At maturity, tho treacment TB had sl ;nificantly
hijhar POR walues ower rest of the troatmerts. The vaximun
was recordod by Ty (3.02 x 107 g/g/day) followed Yy T
(2.40 x 107 g/g/day) and Ty (2.36 x 1€ g/g/day). %o
simificant intersction effect was olserved ketwoen T,, '1"3.

-r‘. '1'5, Tﬁ and ‘1‘7 treatmnnta at any of the growth asteges.

4.2.17 pet assipllation EmeE (SAR)

T™he data on MAR revealed maximum and mindmun TAP
values at maturity and $5«58 OAS, ressoctively in oase of
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Hordsn, Whereaz, in ease of XiH-1, maximus was oboserved at
30-3% DAS and minimun at 35«45 DAS in all the trestasests
{Table 21). Significant Aifferences in MR values among the
genotypes were noticed at 35«45 DAS and at maturity. Shile
thes treatments produced significant differences only at
asturity and the intersction effocts were found non signifios
at all the growth stages.

Amon; the genotypes, Forden rogorded Jreater MAR in
all the treatments at 55«65 DAS and at maturity. Although,
no simificant differences wers found between the treatsents
&t 30=55, NAR was found to be low in all the troatments a8
carparod to gontrol. During S-S DAS, Morden showed
manericelly hizher NAR $mlues in respouse to sll the
treatments, whereas KESHel showed only for the trestments Tg
and Tne

At maturity, loth tho genctypes ware found to hawe
TRk values in all the traastments as compared o control.
Amoryy the troatoents, '!‘s regorded a signifieant inecrecso in
AR ower all other treatments. The maxims: AR was rocorded
by (Tg (14,53 x 107 g/an®/asy) followed 1y 7, (10.5 x 107
@8l 7any) ana Ty (968 x 102 g aB/sy). However, ne
significant Alfferences were obtsinod botwesn Ty, Tey T eTge

T‘ and 'r? Lreatmants.
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The data on the influence of growth retardants on
sunter of £1lled and unfilled sceds por head, total mumber of
100=-gead waight, seed yield par hactare and NI are presented
in Takble 22 & and b

Signifioant difforsnces in the msler of seeds per
head were oheerved among the genotypes and tzestments snd the
intorsction effect was found to e non significant (Table 22s8).
T™he maximan walues were yrecorded (n XiSHel as compared to
Mordem in all the troatments. Mmm&mm.%
recorded sijnificantly hizher mumber of f£illed seeds per head
mrultmmmw?‘m‘r’. The saximes mamber
e:nnﬁaamwmmm%m%:mmm
Ty (565.4) and T,y (359.7). There was mo significant difference
between the trestments Tye Tye Tou Toe Tg and Toe

4.3.3

The dsta indicoved signiftosnt differences in the
number of uafilled seeds per head amon; the genotypes and
troatments, and their intersction was found to be non significant
(Tatle 22a). The minimum mmber of unfillcd seeds per head was
noticed in XiSH-1 as compared to Fordem in all the treatments.
™e trestnment T, ragistered significently lower mmler of
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unfilled geeds per head over all the trestmants. The lesst
mmbter of unfilled seeds in T; was 168.6 followed by T,
(202.8) and T4 {203.0). Bowevrr, the treatments '!.'3‘ ‘!‘,, t‘,
r!,r‘mr,unmmdmmm.

44303

The data on the mmber of seeds per head indiceted
sinificant differences only letweon the genotypos (Table 22a).
Among the genotypes, the maximum nunker of seeds per hesd wes
wotioed in KBSH-]l &8 compared to Horden. The trestments snd
intovaction A1d not ahow any significant differonces. However,
Tg P4 the nmdmum mumsber of sesds per head (783.1) followed Iy
T, (768.6) and T, (766.8).

Significant Aifforences in seed f1lling per est
were olmerved ameony the genotypos and treatment, whereas the
interaction effects were found to e nonesignificant (Talle 22a).
™e genctyp? KiiRel registered the saximue seed f£illing per eent
as compared to Norden. Among the treatments, T, had
sionificarkly higher seed £illing per eent over all the
treatments. The maximum seed £11ling per cent was schiewed
in Ty (75.00) followad by T4 (T2.6%) and Ty (7241%}s

T™he genotypes and treatmants recorded significant
aifferences in seed waight per plant, and the interaction
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affont was nNon=simifioant {Table 22b). Amony the genotyras,
BSH=]l registored the maximem seed wmiht per onlant as comared
to Morden. The treatoemt ‘!‘s recorde’ significemly higher
seed waight per plamt. ower all the trestmerts. ‘iowever, the
trestnents T,, Tye Tqs Tge T and T, Aid not Alffer
significantly with each other. The Daximm per cent incresse
in sedd welght per plant in hoth the genotypcs were recordsd
in T4 and the lesat was with T, and T4 in the genctypes Horden
and X5SH-1, reg;cotively.

4.3.6 100-gecd weight

The Jata on 100=gaod wol ht indieated significant
differences only amon) the jerotypes anxi treatments, bat
interaction offects were nonesignificent Tallde 22b). The
naximen 100-eeed wright was noticsd {n 7Bl as corpared to
Horden in all the treatmants. Anony the treatments, Ta
registored stignificantly “isher 100ws~ed weligit owr all the
treatmonts, which was found to have 3,96 3 £ollowed b T‘

and 'l‘., (3.71 g).

4.3.7 jeed yimld puy hophmpt

The a~ed yinld ‘ata revceled signifficant difforences
amon; the jepotyres and trearments at thelir interaction affoct
wag foun to b& nonesimificant (Takle 22b). Anom; the
Fanotypes, RidH-]l recordod the naximum seed yiald par hectave
ap compared to Morden. Amnonj treatmonts, 'r8 (23.0 0/ )
registored sijnificantly hi jher sced yicld over all the
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treatmonts followed by T‘ (21.8 O/ha) and Ty (21.69 0/ha).

4.3.8 Harvest index (RI)

Significant differences in the MY was olwerved
among the genotypes, treatments and their intoraction offecks
were non-gsignificant (Teble 12b). The genotype KEENmL
registered the naximum MY oeer Morden. ihile, among
treatments, !’8 (31.68%X) rejistered significently higher NY
over all the treatments and in both genotypes folluwad Yy
Te (17.95%) and T, (27.79%). Nowever, no significant
differences were obesrved betweon the treatmests T,, Ty Tee
Tge Tg ond Tyo

4.4 DBIOUHEMICAL PARMIETENG

Various biochemical parameters such as Chles, Chl.h
total chlorophyll, ssluble protein seed protein and seed oll
oontants studied in responsa to different growth retardants
age given in takles 22 o 26,

Solel

T™e saxisum Chl.s content wes rocorded at 4% end 78
DAS in Morden and XiSHel, respectively, and the Chl.a gontent
dscreased gradually thegeafter till harvest in all the
treatments (Table 23). JGenoctypes differed significently with
sach other only at 75 and 93 DAS, wvhile the treatments alffered
significantly durin; all the growth stages exoopt at 5% DAS
However, the interaction effect was not significent.



o o}
L

Aaong th: Jenctypos, K<iESHwl had the maxinmun Chl.a
eont:nt o axpared to “oren. Jhile, amon; the treatmems,
'1'B had sinificantly hijher waluca ac all the stajyos exgipt at

3% *M3, AL 8% and 75 Das also T, recorded simnifieantly higher

8
Chl.d content over all tho tyzatments exce;.t Te 814 Tye The
Thl.f content was naximme: in Ta (1.218 m3/3 Ere.wt) followed Ly
Te (133 my/g frewk) and T., {132 m3/ g fr.wt) Bt 65 OAS. A

simtiay trand waa obzerw’d in other jrowth stages also.

4.4.2 Ohigreetwl) b il

“he Thleb contirnt Incroansd fram 55 to 88 AL in
Yordan ard 7% v, (e ¥iGHel , and {t deorsasc.) theresfter
Jrafally t1l]l harvest in boch the varieties of all the
trratrnnts Tatle d4). Zenotvpes and treatmants differed
significently at all the jrowth stajea exoent for the
Jenctyoas at harvest and for the troatients at 5% OAS and
harvest. The interaction effect w88 not sfi nificant at

any jrowth ataje.

Tt was obearvtl tLthet KEGH-1 had nijher Chl.o
gontant at all the jrouth atsos exoopt at harvest. Amonyg
treatments, T, rogistered significently hijher Chleb content
at 6% (D.448 :3/7 frewt) 75 (D.429 mg/; Zyr.wt) and 35 JAs
(0284 m3/g fre.wt} over other treatments exept T, T, and T,
at 8% DASp ‘!‘,. T‘. TG and ‘l'., at 75 UAS.
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4.4.3 Togal chlorophyll content

Table 25 rewrala? that the total ahlopophyll content
increass:l upto 8% and 7% UAS A{n Morden and Kigtel, res-cctivoly,
an? decrsazed theraaftar in all the treatmants and 4{n Loth
the genctypes. The genotypes diffsred significontly only at
65 and 78 23, while the troatments dlffer~d sinificantly at
all the jrowth stagos axcept at %5 DAS, YHowover, the

intaraction effoct was no=-aijniifionnt at all the routh stas.

The zenotyps XESH-1 recorded the maximum total
Chlorophyll content ow-y Horden at all the jrowth sta ;08 oxcept
at harvoest, whore both the jenotypas had equal amocunt of total
chlorophyll. Amon; the troatments, Ty rejistered the :aximur
total chlorophyll content which was significantly superior owver
all the trcatmants at 65 DAS, At this stage, the troatments
Ty A ‘!'., #lso rocorded significantly hiyher chlorovhyll
content as compared to control. At TS DAf5, ‘!‘6 recnrded the
naxicum total chlorophyll eontent {1.879 my/q fre.wt) followed
by '!'7 {1,581 my/g fr.wt). Howaver, the troatmenmts T’. '1'3. ‘rs.
and T 414 not differ significantly with sach othaer X sindlar

6
trend was oisoreed 4in other growth staes.

4.4.4 sojuble laaf grofaln cgntont

The acluble jrotein contont incrsesed from 55 UAs
tce maturity in both the genotypes and in all the treatments
{(Tatle 26). At maturity koth genotypos and treatnent showed
simnificant iffcoronces, while at 55 Dhg, only treatnents
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showed significent differences. However, the interagtion sffect
was not significant in both the stages.

Among the goenotypes, XBSH-l recorded the maximom
leaf protein content as compared ¢o Morden at both the stages
and in all the treatrents emcept Suring 55 DAS RKESHel recorded
8lightly lower leaf protoin as compared to MHorden in the
treatments -r‘ and ‘!‘a- Amony the treatments, ?& showed &°
showed a significant differences over all other treatmems
while, 1'.' also showed significent differences only owver T,
?zmtxuhathtmmfps. kzmmﬁtrgf-,mtmnﬂwha
significantly superior over Tge At 35 DAg, the lsast value
was recorded in T (19.59 mgy/g £r.wt) followed Ly Ty (28,97
8g/g e WR) and 1" (29.73 ng/g fx.wi)s A similar trend was
obeerved during msturity alse.

4.8.8 leaf pitrogen

The effect on the leaf nitrogen of two sunflower
genotypes 4ue to treatments and their interaction with
genotypes 4id not show any significant difference (Takls 26b).
Whersas, the genotypes recorded significent difference at
both the stages. Arong the genotypes, XISHe]l reccrded maxinum
leaf nitrogen in all the trestments at both stages. Although,
treatments 414 not differ significantly with each other, It
mepiqust chloride showed slightly hgher leaf attrogen content
as compared to corntrol.
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4.4.3 Dou cypily jeal o1l Cpileiy

T™he data on sead protein and oil per cont of two
sunflower genotyres as influeneed by different jrowth
retardanta is presanted in cable 27.

rnly génotynes differed significently with respect
to sead proteln and ofl per cent. Among then, ¥iStel had
significantly higher wvalues for loth the _arx.eters as
conpared to Morden. And growth retardants (44 not have sy
siynificant effect on seed protoin and oll per gert. ‘‘owewer,
Mepiquat chlorile (1000 pa) ha?! highrr sesd protein coment
(17.53%) and ofl contemt (31.53%) as compare’ to eantrol
(16.14 and 30.33%, respectively).
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¥ DISCUSSION

plant growth and dewelopmont is dapondomt upon
various intrinaic and axternal factors such as nincral
mtrient status of plants, growth hopmones, 1{7ht
photoreriod, water supnly and COy. Thare are sevoral ways
of modifying the plant jrowth and dewclopmont by manipulating
oth int~rnal and extornal factors. Prlant ;jrowth rejulators
have lecame nore populsr due to manye-fold increase in the
resronge of plamks. Reoently, new typo of organice chanmicals
{ ;rowth raetardants, which rotard the ster elonsmtion, increase
the greanners of lcavoes, aixl indirectly atffoct flowring
without causing nalforation of the plants have loon
extensively studied., ratel and Srivastave {1971) reported
that the spnliioation of talsie hydraxide incroascd tho seed
vinld of peas Dy 30,7 per cent by reducinjy the hef ht of the
plant. Sinilarly, Dppar and Xulkarni (1989) noticed an increasc
in seed yiald and oll contemt of sunflower in response to the
spoliostion of TIBA. iWhile studying with OO in sunflower,
rando and Srivastava (1795) ocheerved an increase in ssod yiold
Iy redueing the plamt heiht, leaf area and incrnase in
photosynthesis and tmanslomation of photosvnthates towards the
usini CCC afither at pre or poat-flowaring sta@. Anothey
chaerieal, Mepiquat chloride has also been reported to have
similar imnact on growth and yield of cotton {)4;permar

et al., 199).



fith this back jround, the present inwestijation ws
undertaken vith two sunflower genotypes to study the effect
of diffrront jrowth rotardants on norphologiosl, phenclojical,
biochemiesl characters, and yield and its ocomponcnts. The
results okkaintd on theee aspects are discussad in this
chapter in 11i Mt of the work done by others on sunflower and
related crops.

2.1 NOPPICLOGICAL CHAPACTERS

The influeneae of Jrowth retardants on various
norpholoiicsl charactors such as plant height, nunbcor of leaves,
aten diameter, hes " diamater, dry matiter production and {ts
‘Hatritation {n to different parts, leaf arsa and other growth
raraeters indicated that the troatmonts differced significantly
with rosrcet to all the paramaters and no signifioant response
was olsorved between gancty as. 3till, the genctyps RikSHel
responded botter than rMorden towords growth retardants. Amon;y
varciis troatments, bopiquat chloride (1000 ppm) performod

bettar than any of the chenieals used.

sasically, plant hei ht is a jenetically controlled
character. at, there are rmany roports which indicate that
the foliar applieation of growth retardants leads to shorter
rlant staturc. Initially (30 Drs), the treated and untreated
plants of both the genotypes did not show any significent
adi tfteronce in plant h=o4 tht. Decause, st this stage growth
retardants wore not spraved. Similarly at 85 A, treatments



did not show simificant Jifferences amony them, This eould
be due to slow agtion of the chenicals. Sinifteam reduction
in plant heiht was noticed in resvonsc to mepiquat chloride
(1000 r-&a) from 65 DAS onwards till harvest. Similarly in
soybsan, Morandi g% 81.(1984) olwerved logarithmic
relationship betweon stem ghortening and Mepigquat chloride or
O doses, and eoncluded that Mapiqust chloride is more active
than OCC in reducin; tha stam lenjth and node mEnber. ooth
the mnotyres, Morden and XisH=1l showod alamost equal reduetion
in plant height in response to Mepiquat chloride (1000 m).
Rowever, XOSHel showed maximum reduction {19.7 on) as canparsd

te Morden {10.3 an) under treatment TB'

The machanisn of redustion in plant heiht sprears
to be Jdue te 8l -win; down of oell division and reduction in
erll 2lonration becaize of inhibitory action of growth
rotardants in the biosynthetic path way of GA {Moore, 1930).

“he Jatas on the number of jreocn leaves revaaled that
ToSH=] was sijnifioantly supesrior over Morden in all the
treatments from 30 DAS till harvest. At 30 DAS, there was
no sl mificant differonce .otween the treatnents, ocsusa,
treatrionts were not inposad at that staje. 3Signifiomnt
roduction in the mmler of laaves was cbeerved anly at 55,
6% and 7% DA3 while, at 83 LAL amd at harvost differonoes were
non-gi mificant. Similarly, shattacharjec and Cupta (1961)
olksarved a reduction in the numb-r of leaves per plant when
the plants were treataed with chlomequat chloride which is
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similar to Moniquat chloride in {tg node of action. Hon-
simificant ifforanoas at 85 A3 and harvest eoild be
agtriluted to the leaf sonescence and leaf fall st ¢his
stage in all the treatmants. Canor and Prado (1903) ealso
notiond an incroasce i~ leaf rotontion in cotton sprayed with
Mepiquat chloride.

Aron the Ynotyros, XiSHea]l recorded simificently
hijher stem lameter ower Morderthroujh-ut the crop jrowth
reriod. At harenst, oth the pnotypes showed slivht
reduetion {n sta Jlametar as evtipared to previous sta ws,
which oxuld o sterilated to the tranaloostion of food towards
repro uetives structures and also dus to desieostiocn of the
ston. The sreseth retardants rosulted (n a sliht roduction of
ston: claretay as oonared to comtral at 50 UAS and at harvest.
The maxipum decroase (10.2%) was notiosd with the plants
troate” with Mepiquat chloridea (1000 prm). “he wosults of
rresent {nvstijation are in accordance with the results
obtainad Ly Schobt and Pitting (1982) and Lalawiuenelia (1999)
in cotton. Similarly in sunflower, Shattachar jec and Gapta
(1971 ) reported a roduction in stom diaceter wheo the plants
were treatad with COC,

e to early setting up of hutton in Morden, the
head wvas significantly bl 70r 88 conpared to XBSM-]1 at 58 DAS,
Bith an advencament in the plant aje, KiSH=l produced sliyhtly
bigyar size head as compared to Morden., Although, o

traatments showsd signifjeant effcet on head ddmwter,



10:

Mepiquat chlorids (1000 prm) produecd kjjer sized capitulum
(9+2%) followed by 1000 ppm COC (3.8:) and 300 ppin of Mepiguat
chloride {3.4%) ower eontrol. The peason for higger sized
eapitulum may i due to bettar translocetion of photosynthates
Iy shortoning the . lant size., The efficlency of tramslomation
depends on the distanem batweoen the source and sink and it s
inv rely related 1,e., shorter the distance, bestter will in
the translocaticn and Vige veorsa. Similar results were obtalned
v pendo and Srivastava (1:8%) {n sunflower sprave ™ with CCC,
who stated that inerease in head diaceter oould @ ue to
attar translooatian of photoaynthates,

™he accumulation of Jry vatter wvas raximur in the
capitulun follow~d Ly sten and ninfmurm 4n leaves of both treated
and untreated plants of Forden and X351 (Talle 20). In
a’dition to thia, both the gaonotypas had meximum {ncresse in
head dry weijzht in the plants trestod with iwepiquat chloride
(1050 ppm) as comparcd to all othor trestments including control.
This incrcase in the haod dry wel Mt cculd ® at the cost of
reduce ster and leaf dry weight ani also due to increase in
the photosynthetic capacity and efficlent transloostion of
photosynthates by shortenin; tha distance betwean the source
and sink. Horandi gt ale. (1984) roported a docrvase in stsc
dry wolht of zoyboan {n response to Mopiguat chloride.
waleer gt al. (198C) reportecd that the application of Mepiquat
#hloride incroascd the oll Jdry weisht oy 16 per cent through
veduoing the plant heijht by 28 per cent, leaf arca by 17 rer

camt. The decrease in T uwas afnificent ~nly at 55 TAS,
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ut at later stamws, the reduction was non sinificant in
resmonase to lepiquat chloride (1000 prm) because of rapdd
inerease in secd £111in7y rate. These results are in
agrecnent with the results oktained by iendt ¢t gl. (1564)
in cotton.

As Morden reachd its peak growth at 85 DA3, {t
projuced naximee leaf whereas, RESHel produoed naximum leaf
arca at 65 DAS and then decreased, vrcausa of ajeing and
senoscence of lemvea. Thase difforonces in the psak leat
areca oould be atirilutod to the differential growth hanit.
T™he folisr sprliecation of Mepiquat chloride (1000 ppa) had
marked sffoct on tho asaimilstory surface araa resulting Ain
the significant reduction of leaf ares in toth the genotypes
st 85 and 75 DAS. This ocould be attriiuted to the reduetion
in the mnber of lesves and as well as leaf expansion rate.
Accordini to Lowett and Campwell (1973), growth retardants
tnhiddt the eell elonjation and thus the leaf axpansion rats.
riedsll and Incett (199%5) denonostrated that seed treatment
with Moriquat chloride yosulted ({n the reduction of leaf
length in maize, 3Similarly in cotton, the apprliostion of
Mapiguat chloride resulted in the reduction of leaf ares by
28+6»35,.7 per ocomt (Jiang anl Donj, 1386). Howewer, at alter
stages, the reductiaon fn leaf arca was non signiftoant, which
could e due to Jdelayed leag sonesconce. Gaustan gt gl. (1385)
rororted that the applicetion of 10-100 ¢ a.i/ha [lepiquat
chlorice, delayed the leaf sonesc'nce and ingreased leaf
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¢hlorophyll contants in cotton,

Though, the leaf arca rer »lant rovealad that KRSl
was surarior over HMordan at all the jrouth stages, the leag
area por unit arca was quite reverse at 40 and 55 TAs.
racause, FDSW-]l being a lony duration variety, 4did not have
its peak jrouth. The least LAI was r2corded by the plams
troated with Mepiquat chloride (1000 prm). Similar yoductionr
of AT was notiond in cottnn at 31 days after treatoont with
Mepiquat chloride by -endt gt al.(1994).

Tha another para eter which is detervin=gd Ly leaf
area index of two consecutive growth stajzes is laaf arcva
dugation (LAD). As XESi=1 was hevin; ueaxirwu: leas area than
Morden during all its growth stages, it showed significamtly
hiyher LAD than Mordan throwfhout fts life coyele except during
I0=55 DAS, sinoe the lecaf area productd in KESHel was loss at
thase stages becomuse of ifnftial alow growth. Mepiquat chlori e

(1000 ppm) reduced the 1AD sureriorly from all treatments during
all the growth stajes. “he extent of reduction in LAY was
raduslly in decreasing trend in responge o treatments. At
harvest, thare use wery lesst raduction in LAD of the treatce:l
plants due ¢to retention of jrecnsr leawws. The stodios of
Canor and Prado (19€3) showed that the appliastion of Mepiquat

chloride atther at pre or posteflowering stage incroasc  leaé

retortion,.
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Tt was oleerved that the 3LA deorcased with an
increase in SL¥Y in treated plamts of Loth the genotypes.
EBSPel recorded significantly higher SL¥ and lower SLA
than Morden indi~ating that the leaves of KEH«l are
thicker bsgause of the accumulation of photosynthatos and
thickening of Meaopiyll oells. In glasa house trial of
eotton, Gausmen 9% 81.(1978) reported that the applieation
of Mepiquat chlorids st different soncentrations inceeesed
the leaf thickness Ly 19 per oent, having lenger plisads
and wmore sponjgy parvanchyna cells within the leaf Mesphyll
and had wore chlorophyll eontent per uait ares. Similarly,
¥alter ot 3l.(1980) reported thet the applicstion of Mepigquat
chloride (7% g a.i/ha) st €irst bloow stage of cotton incressed
the leaf thickmess and tharely tnercased the photoaynthesis.
Pegults pertaining te SLz are in conformity with Rheddy
ot al. (1990).

$.2 QORONTH PARAMETERS

The computation of wvarious growth pasemetera indieosted
differential responee of gonotyposs and treatmonts st different
growth stages becsuss of tholr differential crop duration.
™he maxizun AR, COR and RGR walu2s weye observed at $5 OA3,
Mt at maturity, both the genotypes found to have rapid
incraase in the AOR, COR, RGR and HAR waluss as compared to
provicus stages 1.0. 53 and 65 DAS, due to rapid sesd f£1lling
and their &dwelopment. At 55 DAS, the decrease in AGR, CGR,
PCR and RAR wes maximsum in the plants treated with Mepiquat
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ehloride (1000 prm) followed by COC (1000 ppm), Mepiqust
ehloride (300 ppm) and least in Mepiquat ehloride (100 ppm).
T™his was mainly lacause of tho reduction in the total 4ry
matter and osstwilatory surface arva undar trested plants.
The data also indicated that the par cant decresse in TDM
ranjed from .12 to 13,52 per gent 4in the genolype RKESHel,
while ft was 2.37 to 12.11 per oont in Morden in respense %o
1000 ppm Mepdquat chloride (Table 239).

At 65 DAS, Morden showsd inoressing trend and REGHel
whowsd Jdecreasing trend in AGR, OGR, BGR and HAR in response
o treatrents, hosuge, the vegetative growth was completely
stoppad and seed £111in; and development wes already initiatod
in Morden, whercas, in Riffel, which {s long duration crop,
the wegetative growth still continucd and seed £111in; and
development had not yet started. But at maturity, Mepiquat
ehloride (1000 ppm) significantly incressed AGR, COR, RGR and
AR ower all the troatments. This eould 1o sttriimted to
inereased photasynthetie offeationcy ly increasing leaf
thickness and retaining chlorophyll content, and efficient
translooation of photosynthatos by reducing the distance bstween
scarce and sink,

T™he data on the nunber of days to 50 per cont
flowering and physiolojicel ssturity revealed thet the
gemkype KESH-] regquired maximum days as compared to Morden.
Zoth the genotypes attaimed phyaiolozioal maturity early by
two days in response to Fepiquat chloride (1000 ppm). This
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€ould be due to inereased photosynthetic cepacity of treated
plants during seed £1lling period (Walter gt al., 1980). The
remults of the present investigetio are in conformity with the
results oltatned by many scientists (Xerby 19837 York, 19833
Abolel-rl ot al., 19087 Rerby ot al.., 19087 and Sawan and
sarker, 1990). Fowever, trestoenta 4id not differ in days to
50 per oant floweriny. Ths roason esuld be, the late
application of the yrowth rotardanta. Agoording to the
ports, the applicetion of gqrowth retasdants in Chrysanthemum
{Cathey, 1939}, Potunia (Cathoy, 1961), tomate (Wilter and
Telkere, 1961) and w@heat (Tolburg, 1960) did not alter the
plants response to photopariod, 1ijzht qualfity or night
temperatures.

5.3 YIZLD AMD YIZLD PARANMETIRS

In genpral, the yleld of orop plants is attrihutad
to total assimlilation ashieved durin; the growing soason and
the way it fs partitioned bstween the desired storage
structures and rest of the plant. Among the Jenblypes,
KESHw]l produend maxitmam: seed yield as compared to Morden,
and among treatments, Mepiquat chloride (1000 ppm) produced
maximun yield. This is attriluted to the superior values of
yie1d corponents vis., higher mumber of.fii1ea sceds, lesst
nunter of unfilled seeds, higher seed £1illing per cent, higher
100=gecd weight, harvest index, se:d yield per plant and seed
yisld por oot plot. It was otservod in the pregent study that
the inecrease in seod yield was highegt in the treatment
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Maniquat chloride (1000 pre) which was signifioantly

superior owrr all other treatnents. Similarly, signifieant
increaso in se~d cotton vield was ohtained ly t'we appliestion
of tepiquat chloride by many solentists (Okhotnik ot gl..,19684¢
Sawson Sl=tHyatary, 19847 pol and Thombre, 198%r Jianj and
Deng, 1908 Thasanor 2% al., 1996 and Dipponaar gt 8l.s 1990 ).
Tt has alss hoen raported that the application of epiquat
chloriide nroduesd shwort statured plants with yeduced lsaf
area in ootton which resulted in fncreased lizht infiictration
ia to the eanoplas {(3ader, 1736), photosynchmetic capsatty of
the cano -ias (dalter 9t al., 1980}, axpansion of t'w xylem and
increased tracsport scdlity and Antrurn procuced hesvier Lolls
{Sahott and P17 *ing, 1502). similarly, Pandc an’ Srivastave
(1985) r-ported that the sprliemtion of COOC onhance: the
photosynthatic caruvon Hoxdde fixation gate, Fulld carboxylase
sctivity an? trarsmlosation of carion towards canitulun and

thoraty inereaning tha gecd yield in sunflomer.

Thereased goad yiol:d lewels in the treated plants s
attribut®d to corresponding increase in head weitht, numbrcr of
fille eseds, seed £411in7] per oent, 1C0wweed weight and
correenondiny drcrease in the meber of unfilled seods.
hereas, the trestmant with 1000 pym Hepigquat chloride 4id not
increas? g~ed nunber sinificantly ot, enhanoed the seod
£111in] process towards the centre, Morandi et al. (1983)
noticed an increase in flower sot and dovelonad seeds vOr cemt
in soyloen Ly applyin; l'epiquat chloride, In a sinilar
axperiment, Mishriky et al. (1930) reportod an increase in
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the munier and weight of pods and the total yleld of poa
when treataed with O0OC.

™e increase in the seed yield oould also ke
astributed to the reduction in partitioning of TO¥ towards
stem and leaves, increased towards capitulum, yaduced leaf
ares, increased SL¥ and ehlorophyll content, which have
direex rearing on the productivity. 7The data on harvest
index (M1) indioated & significent inerease due to the
Spplication of Mepiquat chloride (100C ppm). Our results
are in conformity with the results of Morandi gt 31. (1983)
in soykean, who reportsd that such incoreage in harvest index
was 4ie to increase in the partitioning of dry matter fn to
seeds.

Althsugh, XESHe! had mumerically higher values than
Mordon in almost all thw growth, yield and kiochemiosl
parameters,; btut statistiomlly and on percentage hasis loth
genotypss responded sinilarly towards growth retardants.
Similarly, YWittwer and Tollert (1960) olwurwed that all
eultivars of Tomato had tremendous waristion in their
sensitivity towards qrowth retardants. Of these, short
ealtivars were as rosponsive as tall ones when compared on
per cent basis.

The lack of response for M4 {250 ppm), TIEA (50 ppm),
cce (1000 ppm), Hepiquat ohloride (S50C ppm) might s due to
use of lower concontrations. chattscharfee and Gupta (1%9861)
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report~d that lower concentration of COC did not have effect
on sunflow~r growth, Simtlarly, “atson gt §i. (1970} reported
that spraying of Mepiquat chloride (0.2 oz/ae) had no effoct

on Jjrowth or dry mattey yield,
8.4 BIOCHEMICAL PARAHMETERS

The atudy on chlorophyll content revealed that Chl.a,
Chl.b and total ehlorophyll contents increased in treated
piants of both the genctypes. Chl.a, Chl.b and total
chlororhyll eontants incressed upto §% DAS 4n Morden and till
75 D23 4An YB8Y-]l and decreased theregfter due to aeing of
leaves and senesesnce. YESYw]l recorded significantly higher
Chl, a content and fiffered significantly only at 75 amd
9% .3, becausc of thelir differential orop duration. Similarly,
Ti5H-]1 rocordsd simifieantly higher total chlorophyll content
only at 65 and 75 [AS and at remaining stages it regorded a
8l Mt inorease. hersas, with rospect to Chok content,
RES%=1 recorded significantly hijher values than Sorden in all
the jrowth staes exeapt at harwost.

The caximum contents of Chl.s, Chl.b and total
chlorophyll were rocorded by Mepiquat chlorde (1000 ppm),
which sl mificantly differed from othor treatments at 65, 7%
and 85 DAS. At 65 and 7% DAS, Mepiquat chloride (1000 ppm)
differed signifieantly with all other treatments except with
Mepiquat ehloride (S00 prm) and COC (1000 pym), and at 95 DAS
it differo? significently from rost of the treatmentg. In
regard to hl,.bh, during 65 DAS, Mepiquat chloride (1000 prm)



did not Atffer significantly with Mapiquat chloride (SO0 upm)
also had significamtly hijher Chl,b content as commarcd to
palnts treatsd with Mepiquat chloride (100 ppm) and untreated
plants, Similarly at 75 DAS, Mepiquet chloride (SOC ppm)
showed sigmificant differance only owar TIBA (30 pmm),
tepiquat ohloride (100 ppm) and control plants. ut at 85 oA,
Mepiquat chloride (1000 ppm) differed significently from all
the troatmonta. This clearly indioantes that the effect of
trestments othar than Mepiquat ehloride (1000 ppm) was not
long losting.

itharsas, total chlorophyll content differed
aimifieantly at all the stajes oxeept durini 55 DAS and &
harveat in response to Mopiquat chloride (1000 prm). The
differenong at carlier stajes was Juo to increase in chlosrophyll
synthoais and at lator stago it wes ue to rentainance of
ehloroohyll as comrearad other treatments including control.
The per cont increase in total ehlorophyli content was nactrum
in the plants treatod with Mepiquat chleride (1000 prw) in both
the genctypes. both genotypes responded in a simtlar wey to
growth retardantg. The results of our investigation are in
econifornity with the results of othar workers (Gausman gt sl.,
19787 Stein ot al., 19937 Sausoan gt al.. 1209 244 gt al..
19867 and Abdel-Al gt 8l.,1986). Jiang and Deng (1986) reported
that the foliar application of Nepilguat chloride on cotton
plant increased the chlorophyll content by 14.4-18 per oont.
vasilenko gt sl. {1991) reported that seed treatment with growth
retardants scceleratad the formation of reaction cemtres of

rs Il.
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It has been obeerved that the saoluble leaf protein
was maximy: at maturity i{n both the jenctypes and {n Inth
untreatod and croated plants (Table 26). XOS'=]l recorded
significantly hishor leaf scluble protsin at maturity owv'r
Forden. At hoth stages, soludble leef protein significently
reduccd ky Mepiquat eohloride at 1000 and 500 prm ss comparaed
to Mepiquat chlerfide (10C prea),"ToA (S50 pom) and control. At
maturity, Mepiquat chleride (S0C pran) also reduce’ afjnificantly
from Mepiquat chloridm (25C ppm). Although, there was no
interaction eff ok, the par cent docrease in soluble leaf
protein ranged fron 19.77 to 42.72 por cont in KigHel anc
17.61 to 37.81 par cent in Morien. 3tein ot al. (1983) found
dacreasad lewels of soluble proteins with fncoreasin;
concentrations of Mepiguat chloride in cotton.

As RigH=1 was hih yilelding one, ft has registered
simificantly Mhar sead all and protein contents. There was
nn sionificant difference in ofl and protein contents of
sunflower seeds due o troatmoents. Injemsral, the ofl and
rrotein contonts were increased with increasing ennesntration
of wmepiquat chloride to 1000 prse As thore i3 no information
available to sujjest direet {nvolvement of menigquat chloride
in oil ciceynthesis, its possikble effect on enzymes involwed
in ofl synthesis say not be ignored. Abdel gt al. (1996)
reported that the applieation of mepiquar chloride to cotton
ineveasad Loth secd oil and protein contents.
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5«5 CORRLLATION STUDI:=aS

The correlation co:fficients between ‘{ffarent
charactars are oresentad in table 30. It is evident fromw
the see yield »er >lant showed very strong ~ositive association
with 10.-sesd weaight harvest index, number of filled sesds,
see? filling oercentage, Cays to S0 2:r cent flowaring head
‘ry weight, 3LW. RGR, NAR and total chloroohyl! contente.
But it i{s negatively asnd strongly correlated with cays to
physiological smaturity, plant height, nucber of le-ves, loaf
2ry welght, total fry matter, leaf area, l:af arer index,
leaf area ‘uration epd learf soluble proteine. 3imilarly, 100=-
sead wéight, harvest, index, number of €illed sesds, seed
£:111ing percentage cays to 50 par cent flowering head dry
veight, SLN, KGR, NAR arx! total chloronhyll content hac
stroag nositive sorrelatics anmong thausaelves. wWhersas, Jays to
physislogical maturicy, »lant heiqht, umder of leaves, leaf
iry weight, total dry mstter, leaf arca, l2»f area index,
13af ares duration and lesf sol:ble Sroteln eontent were

strongly an? necatively cor-elated with the above characters.

€.,6 WITURE LINE OF WORK

Iased on the results obtained in the oresent {avestigat-
fion, suggestions for furth r aturles ‘n the fi:l* of hormonel
regilation of olant grovth an? velosnent and it subsenuent

i{nfluence on the Sroluctivity are given below.
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The stufy on the influence of various growth
retariants on the principle <ncymes of photosynthesis

.

vould e useful.

The growth regulators also influence the translocate
ion efficiency within the plants and® hence it is
worth while to stucy the anotomicsl changes brought

14

about by these chemnicalse.

It is also important to stu'y the iateraction of
orowth retar’ants with growth nromoters like, auxins
givberlins 2nd cytokinins and® their ultimzte influence

on the endogenous level of these growth proaoterse.
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VI SUARY

A £ield study was undertaken to find out the roespones

of sunflawer gonotypss to the application 62 different growth
retardants during gumner, 1992 st Agricultursl College Farm,
UAS, Dharwad, The experisent consisted of 18 treatment
coninations with two Jenotypes (Morden and RD3Hwl) laid out
in randonised block design (factorisl) with three replicetions.
The results coktained from the present investigation are
sumarised in this chapter.

) 1

2.

3e

L I

The hylrid, KBESH=1 wvas found to be superior over
Morden in almost all the parameters studied. Among the
treatments, Mepigquat chloride (1000 ppm) was found to
be superior over all other treatments.

The plant height reduce.  significently due to the
appliomtion of jrowth retardants in Loth the gsnotypes
and the extent of reduction was mora in the trostment
Mepiqust chloride (1000 ppnle

T™he nunier of leawes por plant decreased only at

65 and 75 DAS while at later stagos of crop growth
period, no significant differences in the number of
grean leaves ware obssrved botween the growth retardant
treatrents and control {n both the genotypes.

T™he stem and head diameter of both the genotypes 1d
not respond significantly with any of the tveatments.
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Howaver, Mepiquat chloride (100C ppm) reduced the
sten diameter and increased the head Jdiameter
econgiderakly in both the genotypese.

The dsta on phenoclogicoal parsmeters indicated that
Mepiguat ghloride (1000 ppm) resulted in eerly
phyaliclogioal naturity Ly two days and there was no
effect of growth retardants on SO per cent flowering.

It was found that the maximum smount of dry matter
wes acoxmulatod in the head of the plants treated
with 1600 ppm of Mepiquat chlaride as compared to
othey tr-oatments and in this treatment, there was &
siynificant reduction in the stem dry weight from 6%
DAS onwards till harvest. Whereas, the leaf dry
welight ghowed simificant reduction only at 65 and
7S DAS due to Jdelayad leaf sonescence. A significam
reduction in the TOM was obeerv>d only at 55 DAs.

A signifioant reduction in the assincilatory surfaoe
arca and LAY was olserved dus to the applieation of
1000 ppm of Mepigquat c¢hloride only at €8 end 75 DAs
whereas, the reduction was minimum and non sijnificent
at later stages of corop growth in both the genotypose

LAD and SLA decreas~d significantly with a significant
ingrease in S5L¥ ac all the growth stages exgept at
4C and 55 DAS 4in both the genotypos.
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10.

11.

12.

120

The rasults of various growth parameters indiosted
that Asn, COn, ROR and HAR docreased at 5% DAS and
inereased at maturity significantly in both genotypes
treated with Mepiquat ehloride (1000 ppm).

Signlifioant increase i{n yioeld and yield enoponems
ware ottained in the plants trested with NMepigquat
ehlorids (1000 ppm). The harvest index vas also
simificantly higher in this treatment in hoth the
genotypes. Howeyar, thore was no significant
difference in the head dlameter. In both genotypes,
the maxinum increase in yield and yleld componants
ware recorded in the tyestment FMapiguat ehloride
(1000 ppm).

Though, both Chl, & and Chl.D contants increassd due to
the applieation of Mepiquat chloride (1000 ppm) in

both genotypes, the per cent increase in Chl.s was

more as comrared to per cent increase in Chl.be

The lowest incresse in Chl.s, Chl.l and total ehlorophyll
contert was olssrved in case of Mepiguat chloride

{100 prem) and TIBA (50 pom).

Among the trsatments, significantly lower soluble
protain content in the leaf was recorded in the
treatment Mepiquat chloride (1000 ppem) and lesst
reduction was noticed with Mepiquat ohloride (100 prm)
and TIBA (50 ppm) in both the genctypas.
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13, The genctype KGSHel had significantly hijher leaf
nitrogen as conpared to Morden, Whoreas, treatments
dfd not differ sigmificantly.

14. 01 content and seed protein contents vere saxiaum
in the seads of plants tyeated with Mepiquat chloride
{1000 ppm) as compared to vest of the treatments.
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