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I INTRODUCTION

We are fortunate to have a wide range of oilseed crops grown during kharif and
rabi seasons in different agroclimatic conditions. India is one of the largest producer of oilseeds
in the world, accounting 10 per cent of the global oilseed production but uses 20 per cent of the
world land area to produce it. Over years, though, the total production has considerably increased
from 9.3 million tonnes in 1980-81 to 21.4 million tonnes in 1994-95, but it has not kept pace
with its increasing demand. The edible oil requirement is met from imports and the increase in
production has essentially come from an increase in area than an increase in yield per unit area.
Now, there is a growing optimism that, if this tempo of progress in production is maintained, the
target of 26 million tonnes set for 2000 A.D. could be met and the country could be in a position

to phase out the import of edible oils rather completely.

Among nine major oilseeds produced in India, sesamum (Sesamum indicumL.)
1s one of the oldest and the third most important oilseed crop next only to groundnut and
rapeseed mustard. Its area and production in India (1994-95) stood at 2.6 million hectares and
0.81 million tonnes as against the global area and production of about 6.68 million hectares and
2.3 million tonnes, respectively (Anon., 1995). InIndia, Maharashtra, Gujarat, Karnataka, Madhya
Pradesh, Andhra Pradesh and Rajastan are the states where sesamum is béing cultivated
extensively. In Karnataka, sesamum is cultivated over an area of 1.8 lakh hectares with a
production of 0.8 lakh tonnes (Vikas Singhal, 1995) covering Bidar, Gulbarga, Bijapur, Dharwad,

Raichur and Belgaum which are important districts where it is cultivated extensively.

Sesamum, a short day plant with indeterminate growth habit, belongs to family
Pedaliaceae and is commonly known as ellu, gingelly, tal, til, yelly, etc. in different places.
Sesamum is considered as the "Queen of oilseed crops" by virtue of its excellent oil quality and
its importance in the domestic use. Among oilseed crops, sesamum ranks first for having highest
oil content (46-64%) and 6355 kcal kg dietary energy in seeds (Sanjaykumar and Goel, 1994).
Seed is also arich source of proteins (20-28%), sugars (14-16%) and 5 to 7 per cent minerals

(Kuldip Singh and Gupta, 1973). Its oil is having about 80 per cent unsaturated fatty acids,
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mainly oleic and linoleic acids. Indian output comprises different varieties like white, black and
brown seeds. The natural white seed with hi ¢h purity has desirable taste and is used in making

sweets and confectionery products.

Though sesamum is rich in oil content, its productivity is very low as compared to
other oilseed crops. The main reason for low productivity of this energy rich crop is due to large
scale cultivation under the energy starved conditions under rainfed agriculture, which is
risk-prone and almost a gamble with the rains. The main physiological reasons for low productivity
could be poor source-sink relationship, low translocation efficiency at later stages of crop growth

and the shedding of flowers and other reproductive parts.

/ Plant growth regulators may be considered as a new generation of agrochemicals
after fertilizers, pesticides and herbicides. These are the chemical substances, when added in
small amounts modify the growth of plants usually by stimulating or inhibiting part of the natural
growth regulatory system. About 60 plant growth regulators are now commercially available
and several of them have reached considerable importance in crop production. The growth
regulators include both growth promoters and growth retardants which have been shown to

modify the canopy structure and other yield attributes.

Growth retardants are known to reduce internodal distance, thereby enhancing
source-sink relationship and stimulates the translocation of photoassimilates to the seeds
(Luibet al., 1987). The growth promoters like NAA and cytokinins enhance harmone modified
translocation of photosynthates which will help in better seed filling at the later stages of the
crop growth/. There is hardly any precise and conclusive information availble in this regard in
sesamum. Therefore, studies were initiated to find out the effect of plant growth regulators (both

promotors and retardants) on productivity potential in sesamum genotypes with the following

objectives.

. Tofind out the physiological and biochemical changes due to the application of growth

regulators in sesamum genotypes.



2. To find out the influence ofgrowth regulators on partitioning efficiency in sesamum

genot}'pes.

3. To find out the effect of gro\\1h regulators in regulating the phenological stages and

flowering efficiency in sesamum genotypes.
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I REVIEW OF LITERATURE

The role of plant growth regulators (PGRs) in various physiological and biochemical
processes in plant is well known, which enables a rapid change in the phenotype of the plant
within one season to achieve desirable results. The plant growth regulators are known to affect
right from seed germination to senescence either by enhancing the growth (growth promoters)
or by reducing the plant height (growth retardants), flowering, fruit and seed development, fruit
ripening and yield. Sesamum often produces more vegetative growth than is needed for maximum
capsule production and seed yield, especially when climatic conditions favour vegetative growth,
thereby directing the nutrients and photoassimilates towards the vegetative growth rather than
reproductive growth. This chapter emphasizes the recent work on the synthetic plant growth
regulators in sesamum and related oilseed crops and their effects on morphological, physiological,

biochemical parameters and yield attributes.
2.1 MORPHOLOGICAL CHARACTERS

Sesamum is an annual herb having erect green angular stem with opposite or
alternate leaves and lower leaves tend to be broad, some times lobed. The opposite arrangement
ofleaves encourages multiple flowering and flowers arise in the axil of the leaves, on the upper
portion of the stem and branches. In some Indian varieties, flowers may occur singly in the leaf
axil on the lower part of the stem, but at two to three per axil on the higher part of the stem and
branches. Basically, sesamum is a short day plant with a ten hour day length enhances the
flowering. The fruit is a capsule and the number of capsules per plant is directly related to the

number of flowers per plant.
2.1.1 Plant height and number of branches

Plant height and number of branches are influenced by the interaction between
the environmental conditions and genetic make-up of the plant. Planofix is a growth promoter
which increases plant height, whereas cycocel is a growth retardant which reduces the plant

height when applied at bud formation stage in sunflower (Kene et al., 1993). The repeated foliar
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application of benzyladenine at 50 ppm was found to result in increased plant height in sunflower

(Goswami and Srivastava, 1987).

Bora (1988) worked on the effect of triazoles (Paclobutrazol and XE-1019) on
growth and yield attributes of sesamum and reported a decrease in plant height. Treatment of
triazole growth retardants such as triapenthenol, flurprimidol and BASH at the beginning of the
stem extension reduced stem length and increased lateral bud outgrowths which led to increased

branching in rape (Child et al., 1989). Similarly, foliar application of hymexazol gave the highest

number of nodes and branches per plant in sesamum (Jung, 1991).

The effect of growth retardants vary with plant species, variety, concentration
used, method of application and various other factors which influence the uptake and
translocation of chemicals. Ogilvy (1985) reported that the foliar application of Cycocel
(chlormequat), Cerone (ethephon) and Terpal (Mepiquat chloride and ethephon) at the start of

stem extension resulted in retarded vegetative growth in rape, but none of the growth regulators

affected the branching pattern.
2.1.2 Number of flowers per plant

Jain et al. (1985) identified high rate of bud, flower and capsule abscission as the
cause of low yields in sesame. Abscission of these organs can be prevented with the help of

various synthetic plant growth regulators such as benzathiadiazole, morphactin and ethephon

(Bora, 1981).

Li et al. (1987) reported that the treatment of Pix (mepiquat chloride), CCC
(chlormequat) increased the flower number in sesamum. Similarly, Bora (1988) observed reduced

abscission of flowers in sesamum with the application of growth retardants.

2.1.3 Number of capsules per plant

The number of capsules per plant is determined by the number of flowers which

ultimately form the yield contributing parameter in sesamum. Whatever the flowers produced

Ui
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will not set into capsule, some ofthem get lost prematurely thereby reducing the total number of
capsules per plant. The number of fruits per plant can be increased by using growth regulators
which reduces pre-mature flower and fruitdrop. Bora (1988) while studying the elfect oftriazoles
on growth and yield attributes in sesamum noticed increased number of capsules per plant by

preventing the abscission offlowers and capsules.

The effect 0f0.01 percent Pix(Mepiquat chloride) and 0.1 ml of50 per cent
CCC on sesamum seed treatmentwas demonstrated by Li etal. (1987) and noticed an increased
flower and capsule number per plant. Similarly, Budzynski and Ojczyk (1995) reported reduced
lodging ofplants with 15 per cent increased siliqua in rape when triapenthenol was applied atthe
rosette stage. When terpal (chlormequate + ethephon) was treated during vegetative growth
with 1.5 litre, increased the total dry weight ofthe plant in rape along with more number ofpods

perplant (Megale etai, 1990).

The yield components responded well to applied plant growth regulators such as
1ppm ABA, 1ppm GA"® 0.01 ppm epibrassinolide and 5 ppm kinetin and yield increase was
due to increased number of pods per fertile nodes in soybean (Kamal etai. 1995). Similarly,
the number of immature pods per plant were decreased when 125 ppm Mepiquat chloride was
sprayed at 70 days after sowing in groundnut (Chandrababu etal, 1995). The effect o fgrowth
regulators depends on the concentration, application dates and whether the crops were growTi in
monoculture or intercropped. Lee etal. (1986) showed that application 0fB-9 and GA” before
flowering and after flowering increased capsule number per plant in sesamum and shortened the

maturity period when grown after barley in sesamum.
2.2 PHENOLOGICAL STAGES

Sesamum having indeterminate growth habit, both vegetative and reproductive
growth occur simultaneously and after some period, the number ofreproductive parts get reduced
resulting in reduced/lack ofsmk. Maintenance ofhigher level ofchlorophyll, proteinand RNA
inrape for longer duration would delay the senescence of leafwhen treated with CCC and

SADHat40DAS(Kare/a/,, 1989).



Anderson et al. (1965) reported that pre-flowering treatment with TIBA delay the
maturity whereas, treatments at flowering or after flowering hasten the maturity in soybean.
Delayed flowering was also observed in Helianthus sprayed with MH at 1000 ppm (Sen and
Sen, 1968). A spray solution of 10 ppm of cytokinin applied to safflower at the 1st true leaf stage
delayed the senescence (Patil e al.,,1980) whereas, 3 per cent paraquat + 25 ppm of ethephon
accelerated leaf drop, drying of stems and capsules and shortened the maturation time in sesamum
(Rojus and Salinas, 1981). Similarly, the application of folcysteine at flower initiation and
15 days later, increased the seed yield from 0.75 t0 1.25 tha™ due to increased flower retension

in sesamum (Salinas and Rojus, 1981).

Polowick and Sawnhey (1991) conducted ir vitro studies on the growthand -
development of young inflorescence of rape and concluded that cytokinin is required for normal
maturation of floral buds, including the completion of microsporogenesis and BA was most effective
of the cytokinins tested. More vigorous growth of seedlings and flower bud differentiation was
due to higher carbohydrate content and plant dry weight when 400 ppm paclobutrazol was sprayed
ontorape (Shyenez al., 1990). .

23 DRY MATTER PRODUCTION AND ITS PARTITIONING

Total dry matter production and its partitioning is the integral part of the growth
over the entire growing period and is related to seed yield. Sesamum often puts on lot of vegetative
growth when climatic conditions favour and whatever the dry matter accumulated will not be
utilized for reproductive development due to lack of translocation efficiency to different parts.
The application 0of 250 or 500 ppm IAA increased the non-reducing sugars in leaves at flowering
stage while 100 or 200 ppm of GA increased it at pod formation stage thereby increasing the
seed yield to 0.55 and 0.58 tha" as compared with the untreated control (0.35 tha™') in sesamum
(Sontakey et al., 1992).

Pando and Srivastava (1985) reported that the application of cycocel was found to
increase the RuBP carboxylase enzyme activity, photosynthesis and dry matter partitioning in

both rabi and summer sunflower, while the combination of N-triacontanol with paras or planofix



increased the dry matter accumulation inBrassicajuncea (Ghosh etal.,\99\). However, the
spraying oftriapenthenol increased the number of leaves per plant, reduced plant height and

shootweight in rape (Bury and Kozak, 1993).

Accordingto K.ettlewell etal. (1984), 1.36 kg ha™ chlormequat treated rape
produced maximum dry matter as compared to untreated control. The dry matter production and
seed yield ranged from 1.29 to 2.28 kg m”*and 244 to 538 g m'” respectively. Photoassimilate
distribution is under harmonal control and the maximum seed yield was achieved in sunflower
with the application ofBenzyladenine (150 or 250 mg litre ') and GA (150 mg litre ) at 40 days
after emergence and which was due to an improvement in photoassimilatory distribution (Beltrano
etal., 1994). The effectofcycocel and planofix on growth and yield ofsunflower was studied
by Kene etal. (1991b) and reported that the plant height was decreased by cycocel but increased

by higher rates ofplanofix and dry matter yield was increased more by cycocel than planofix.

Lovett and Orchard (1977) reported that CCC not only reduces the plant growth
but also there was a reduction inthe accumulation ofdry matter in stems, leaves and petioles of
sunflower, besides reduction in leafarea. Whereas, the application of 125 ppm of mepiquat
chloride recorded the maximum leafweight, haulm weight, total plant dry weight and total pod

yield in groundnut (Chandrababue”a/., 1995).
2.4 GROWTH AND GROWTH PARAMETERS

The division, expansion and differentiation ofplant cells are the fimctions ofthe
plant growth and are not only affected by environmental factors but are also controlled by plant
growthregulators. Study on leafparameters is very important since they are the major assimilatory
organs ofthe plant. Sahod et al. (1989) reported that the foliar application of20 ppmNAA
(planofix), GA or LAAat 25 and 40 days after sowing increased RGR, NAR and plant dry weight
insesamum. However, 0.3 or 1.0 ppm paclobutrazol or Uniconazole applied to the soil at 200 ml
pof' decreased the plant height, RGR, NAR and seed yield, but increased the leafarea ratio
(Bora, 1988).



Pando amd Srivastava (1985) studied the effect of CCC on leaf area,
photosynthesis and translocation and observed reduced plant size and leaf area when 3000 ppm
of cycocel was applied at pre and post flowering stages but the translocation of sucrose from the
leaf'to the capitulum was increased in sunflower. Similarly, Liet al. (1987) noticed increased
leaf area index in sesame when treated with 0.01 per cent Pix (Mepiquat chloride) and similar

results were also obtained by Child et al. (1989) in rape.

Under dry conditions, increased transpiration is the main constraint and that can
be avoided by applying 4000 ppm of chlormequat to sunflower, which was mainly due to reduced
leafarea (Orchard and Lovett, 1980). Accordingto Kulkarni (1993), LAD and SLA decreased
significantly with a significant increase in SLW at all the stages except at 40 and 55 days after
sowing. Whereas, AGR, CGR, RGR and NAR decreased at 55 days after sowing and increased

at maturity when two sunflower genotypes were treated with 1000 ppm of mepiquat chloride.

2.5 BIOCHEMICAL PARAMETERS

Apart from the morphological and physiological alterations, growth regulators

also influence various biochemical parameters thereby bringing alterations in quality characters

in various crops.
2.5.1 Chlorophyll content in leaf

Among various functions of growth regulators, they also cause induction of greening
in plants. Ina study to know the effect of cycocel on growth and metabolism of sunflower,
cycocel not only reduced the plant height at 0.4, 0.6 or 0.8 per cent concentrations, but also
increased the chlorophyll, protein, amino acids, total soluble sugars and starch content in leaf

(Kumari et al., 1990). According to Kumari and Bharti (1992) while workingon the effect of

cycocel and FAP on photosynthesis in sunflower under stimulated drought conditions, reported
that cycocel and 6 Furfuryl amino purine (kinetin) treated plants showed increased relative water

content, total soluble protein and chlorophyll content with decreased protease activity.

Goswami and Srivastava (1988) reported that the application of BA with 50 or

99
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100 ppm in sunflower decreased protease enzyme activity in the lower leaves at later stages,
while it increased slightly in the younger leaves and delayed the loss of chlorophyll in both older
and younger leaves. Similarly, Srivastava and Goswami (1988) opined that repeated application
of benzyl adenine (50 ppm) increased leaf chlorophyll contents, chlorophyll a:b ratio and ribulose
1, 5-bisphosphate carboxylase acitivity. Whereas, at early growth stage, BA had no effect in
sunflower. Bai énd Kastori (1990) reported that cytokinin treatment (50 mg litre™') over the
“surface of the mncreased the chlorophyll 'a’', chliorophyll 'b' and carotenoid

contents in the chloroplasts of sunflower. Synthesis of chlorophyll 'a' and 'b' was stimulated by

50 ppm chlorflurecol but not by higher concentrations (Lord et al., 1985).

In a study to know the effect of paclobutrazol on growth and metabolism of
soybean, Sankhla et al. (1985) noticed retardation of senescence with enhanced concentration of
chlorophyll and protein in plant tissues. Similarly, the application of paclobutrazol to Brassica
carinata had higher total chlorophyll content than those of control plants and had decreased

chlorophyll 'a' and 'b' ratio (Setia et al., 1994).
2.5.2 Chlorophyll content in capsule

In sesamum, capsule wall also contain chlorophyll which contributes assimilates
for grain development. Biswas and Ghosh (1989) worked on monocarpic senescence in relation
to vield of Sesamum indicum during source-sink alteration and reported that smearing of kinetin
increased the chlorophyll content in capsule wall and seed weight per capsule. The smearing
was more effective than injection, whereas, ABA delayed the senescence of leaves and capsule

walls and increased the seed weight per capsule when applied to the capsule wall, but not when

injected.
2.53 Nitrate Reductase Activity (NRA)

Assimilation of nitrate involves a series of enzymatic reactions catalyzed by the
enzyme nitrate reductase which is cytoplasmic, containing molybdenum and flavin co-enzyme,

FAD. Repeated application of benzyladenine keeps the sunflower leaves functional for a longer
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period and thereby maintains high nitrate reductase activity during the reproductive development
in order to supply the nitrogen for the synthesis of enzymes and maintenance of higher

photosynthetic rate in the leaves (Goswami and Srivastava, 1989).

——

Bashist (198_8) reported that GA reduced the sugar level, chlorophyll and Hill-
reaction activity t};ereby GA ﬁeated sesamum seedlings showed reduced nitrate reduction and
uptake. Similarly, the foliar application of cycocel with 3000 ppm to sunflower at 33 and 53 days
after sowing decreased the nitrate reductase activity during early growth stages, while 5000 ppm
chlormequat decreased throughout all the growth stages (Pando et al., 1988). Accordingto Yang
et al. (1994) treatment 0f 0.05-1.00 ppm S3307 (uniconazol) to rape increased the activities of
SOD (superoxide dismutase), CAT (catalse) and NR (nitrate reductase) by 7.5-10.6, 56-90 and

156.4-69.2 per cent, respectively.
2.54 Protein content in seed

Lietal. (1987) found increased protein content in sesamum seed when seeds
were treated with 0.01 per cent Pix (mepiquat chloride), 0.1 ml of 50 per cent CCC. U,EPE Ed
Kulkarni (1989) studied the effect of nitrogen and growth regulators on seed yield and quality 0;-——”
sunflower and found increased 1000 seed weight, protein and oil contents due tothe application

of 250 ppm TIBA, 15 ppm kinetin and 2500 ppm cycocel and the maximum increase was in
TIBA than CCC and kinetin.

Setia et al. (1994) reported that paclobutrazol treated Barssica carinata plants
showed 218.1 mg g dry mass increased the seed protein content as compared to control

(180.2 mg g dry mass) whereas oil content was slightly decreased.

2.5.5 Oil content in seed -

Sesamum is a rich source of oil which contains about 80 per cent unsaturated fatty
acids, composed mainly of oleic (18:1) and linoleic (18:2) acids. In general, white co+loured
seeds contain more oil depending upon the gentoypes and environment. Al-Gh_arbi and Yousif

(1989) recorded increased seed oil content with CCC treatment whereas, GA increased the
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seed protein content in sunflower. Effect of some growth regulators on seed yield and oil content

of sunflower was studied by Parmilsingh e al. (1990) and reported highest seed yield and oil

content when 2 pg triacontanol/ml was spréyéd.

According to Nagarjun ez a/. (1980), 500 ppm of MH had no effect on seed protein
content in groundnut whereas, 500 ppm and above concentrations of MH significantly increased
the oil content. However, Gurubakshsingh and Sharma (1982) noticed increased pod protein

content with MH while it had little effect on seed oil content in sesamum and groundnut.

Higher (40 ppm) and lower (10 ppm) concentrations of NAA neither affected oil
content nor influenced oil yield of sesamum (Garai et al., 1990). Increased oil content in oilseeds
due to the application of growth regulators were also noticed by Pando and Srivastava (1987),

Uppar and Kulkamni (1989) and Kene et al. (1992).

2.6 YIELD AND YIELD ATTRIBUTES

Under good crop management conditions in the rainfed areas, the highest yield
levels obtained through improved package of practices, aproached 11.1 g ha! in sesamum (Rai,
1994). The difference in the yield levels with improved package of practices and farmers practice

showed greater potentility of achieving productivity equals to groundnut and sunflower.
2.6.1 Seeds per capsule and test weight (1000)

According to Bora (1988), the application of paclobutrazol and uniconazole
decreased the plant height along with 1000-seed weight in sesamum. Similarly, the application
of triapenthenol reduced the number of seeds persiliqua but 1000-seed weight was not affected
(Natt, 1990) in rape. In a study to know the effect of gibberellic acid and benzyladenine upon
yield components in sunflower, Beltrano et al. (1994) found increased achene wei ght, 1000-

achene weight and achene number in the inner portion of the capitulum.

In a trials with winter rape, Svaton and Palka (1988), reported decreased seed

weight per capsule and 1000-seed weight when paclobutrazol and triapenthenol were treated.
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However, the application of planofix (60 ppm) and 1500 ppm ot cycocel increased the number
of filled seeds per capitulum, percentage of filled seeds and 1000-seed weight in sunflower
(Keneetal., 1991a). Similar results were obtained by Kulkarni (1993) with 250 ppm maleic
hydrazide, 50 ppm TIBA, 1000 ppm cycocel and 100-1000 ppm mepiquat chloride in sunflower.

2.6.2 Seed yield (q ha'')

Sontakey et al. (1991) reported that the application of IAA (100 ppm), abscissic
acid (250 ppm) and gibberellic acid (500 ppm) increased the seed yield in sesamum from 0.46 to
0.58 t and decreased from 0.47 t0 0.36 t and from 0.49 t0 0.35 tha! with an increase in the rate of

these chemicals from 100 to 500 ppm, respectively.

Similarly, Liang et al. (1994) found increased seed yield in groundnut when PP333 (Paclobutrazol)
was given at flowering stage. Whereas, Tripathy et al. (1996) noticed highest seed yield of

1.43 tha' and 1.36 tha' in sesamum when 25 ppm of IBA and 20 ppm NAA were sprayed,

respectively .

Cytozyme (containing cytokinin, auxin, enzymes and chelated micronutrients)
recorded the maximum seed yield in safflower (789 kg ha') when applied as foliar spray, but
same chemical as seed treatment (2.5 ml per kg seed) with recommended doses of fertilizer
gave seed yield of 888 kg ha'! in safflower (Ingole and Puranik, 1992). Similarly, Mimbar and
Wardhani (1993), recorded 2.3-2.4 tha of yield with 0-900 ml of cytozyme as against 2.1 tha’

(control) in soybean.

Impact of drought can be offset by treatment with growth regulators. In a field
experiment where, the plants were subjected to drought conditions and treated with chlormequat
(10-2 glitre") sunflower seed yield was increased by 12.6 per cent over control (Zafirovaet al.,
1987). Whereas, Kar et al. (1989) reported that when dikegulac sodium (100, 250 or 500 pg
ml') and CCC (500, 1000 or 2000 ug ml-' ) were applied at 40 days after sowing to safflower,
increased the seed yield along with number of branches but low concentration of both retardants

found effective. Similarly, Deotale et al. (1994), found increased seed yield by 25 (100 ppm) to

13
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75% (with 600 ppm) over the untreated control in safflower when crop was sprayed with 100-

1100 ppm of TIBA at 40 days after sowing.

While studying the effect of TIBA under different plant population levels in
sunflower, it was observed that the foliar application of TIBA in combination with Navaras or
planofix at higher plant population gave seed yield similar to that of hand pollination crop

(Subbaiah, 1983).



MATERIAL AND METHODS




III MATERIAL AND METHODS

Plant growth regulators play an important role in agricultural and horticultural
crop production both by enhancing shoot growth and reducing the unwanted shoot elongation.
These chemicals are now used extensively at almost every stage of development of the plant to
modify the canopy architecture and other quality and yield attributes. Several possible reasons
may be attributed for low productivity in sesamum such as, pre-mature flower and fruit dropping,
imperfect relationship between vegetative and reproductive growth and imbalance in
photoassimilatory distribution. However, information on the effect of growth regulators in sesame
is inadequate. Hence, the present experiment was conducted to study the influence of growth

regulators on productivity potential in sesamum genotypes.

A field experiment was conducted during kharif, 1995 to study the "influence of
growth regulators on productivity potential of sesamum (Sesamum indicum 1.) genotypes". The

details of the materials used and techniques adopted during the course of investigation are

described in this chapter.
3.1 EXPERIMENTAL SITE

The experiment was carried out in plot No 126 A of E block on medium black

soils of Agriculture College Farm, University of Agricultural Sciences, Dharwad.

3.2 CLIMATE

The College of Agriculture, Dharwad is situated in the transitional tract at 15°26'
N latitude, 76°07' E longitude and at an altitude of 667 m from the mean sea level. The total
rainfall during the experimental year was 779.0 mm., which was distributed from April to

November with a peak in July.

The meteorological data of previous 45 years and the year of investigation recorded
at the Meteorological Observatory, Agricultural College Farm, Dharwad are presented in

Table 1. The mean maximum temperature during 1995 varied from 37.4°C (May) to 26.2°C
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(July). The mean minimum temperature varied from 21.4°C in June to 13.5°C in December.

The relative humidity was highest (87%) during July and lowest (60%) during April 1995.

3.3 SOIL AND ITS CHARACTERISTICS

The experiment was laid out on medium black soils. Composite soil samples
were collected from the experimental area and analysed for various physical and chemical

properties. The data on soil analysis along with methods employed are furnished in Table 2.
3.4 PREVIOUS CROP

During summer 1994, Chickpea was raised on the experimental site.
3.5 EXPERIMENTAL DETAILS

The experiment was laid out in a factorial randomised block design with three

replications and the details of which are discussed under the following sub heads.
3.5.1 Design and Layout

The experiment was laid out in a factorial randomised block design with three

replication and the plan of layout of the experiment is given in Fig. 1.

352 Plot size
Gross : 3.2mx1.8m
Net :3.0mx15m

3.5.3 Treatment details

There were 14 treatment combinations with two genotypes and seven treatments

in each replication.

3.5.3.1 Genotypes
\Y%

1

\Y

2

DS-1 (White seeded variety)

CO-1 (Black seeded variety)
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Table 2. Physical and chemical properties

Particulars

PHYSICAL PROPERTIES
Coarse sand (%)

Fine sand (%)

Silt(%)

Clay (%)

Textural class

Bulk density (g cc)
Field capacity (%)
Wilting co-efficient (%)

CHEMICAL PROPERTIES
Total Nitrogen (%)

Available phosphorus ( Kg ha™)
Available potassium (Kg ha-")
Soil pH (1:2.5 Soil :water)
Total iron (ppm)

Available iron (ppm)

Total zinc (ppm)

Available zinc (ppm)

18

of the soil of experimental site

Values obtained

5.80
14.20
28.00
51.90
Clay loam
1.20
32.50
16.30

0.051

40.00
320.00
7.50
18.40
2.00
36.30
2.00



Genotype :

Treatments :

LEGEND

vV, - DS-1

vV, - CO-1

T - Planofix (1000 ppm)

T, - TIBA (100 ppm)

T, - Mepiquat chloride (1500 ppm)
T, - Cycocel (1000 ppm)

T, - Cytokinin (25 ppm)

T, - Cytozyme (1000 ppm)

T, - Control (water spray)
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3.5.3.2

3.6

3.6.1

19
The salient features of these genotypes are given in Table 3.
Treatments
T = Planofix (1000 ppm)
T, = TIBA (100 ppm)
T, = Mepiquent chloride (1500 ppm)
T, = Cycocel (1000 ppm)
T, = Cytokinin (25 ppm)
T, = Cytozyme (1000 ppm)
T, = Control (water spray)

The details of each of these growth regulators are given in Table 4.

CULTURAL OPERATIONS
Land preparation

The land was ploughed and harrowed twice after the harvest of the previous

crop, followed by planking to bring the soil to a fine tilth, suitable for sowing. The plots were laid

out according to the plan given in Fig. 1.

3.6.2

3.6.3

Seed rate and spacing

Seed rate : 4kgha'
Inter-row spacing : 30cm
Intra-row spacing : 10cm

Seed source and sowing

Seeds were obtained from the AICRP on oilseeds, Main Research Station,

Dharwad. Healthy and bold seeds weré mixed with sand in 1:4 proportion for uniform distribution

of seeds. Sowing was taken up by hand dibbling in the furrows opened at 30 cm apart to a depth
of4 cmon 11th July, 1995.
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3.6.4 Thinning operation

After 20 days of sowing, seedlings were thinned out by maintaining only one

plant per hill.
3.6.5 Fertilizer application

The fertilizer dose prescribed for sesamum was applied in the furrows of 5 cm
deep opened at 5 cm apart from seed rows immediately after thinning. The recommended doses
of nitrogen (37.5 kg N), phosphorus (25 kg P,O;) and potassium (25 kg K, O) per hectare were

applied in the form of urea, diammonium phosphate and muriate of potash, respectively.

3.6.6 Treatment imposition

Foliar application of growth regulators at different concentrations as described in

3.5.3 was done at 45 days after sowing in both the genotypes.

3.6.7 Plant protection

To keep the crop free from weeds, two hand weedings were carried out at 20
days interval and the first operation was done on 6/8/1995. There were no disease and insect
pestincidence in the early stage of the crop. After 55 days of sowing, Endosulfan (@ 3 ml. per

litre of water) was sprayed to the crop for the control of sesamum spinx moth and capsule borer.
3.6.8 Harvesting and Threshing

The genotypes differed in their maturity period and hence harvesting was done at

physiological maturity of each genotype as follows.

Harvesting was done when leaves and capsules turned yellowish and defoliation
started. The plants in each treatment were cut at the base close to the ground level (five labelled
plants in each treatment were separated from the net plot). The bundles were stacked erect on
the threshing floor for 5-7 days for drying of capsules. After complete drying, the stacked

bundles were inverted upside down and tapped gently with a stick to separate the seeds.
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The same operation was repeated three days after the first beat. Similarly, the remaining plants
from the net plot were harvested, bundled and threshed. After threshing, the seeds were cleaned
and weighed separately and the seed yield of each treatment was calculated on plant basis

(gplant!) and hectare basis (kg ha') from five plants and net plot area, respectively.

3.7 COLLECTION OF EXPERIMENTAL DATA

Five plants at random from each plot were selected and tagged at 35 days after

sowing for the purpose of recording various morphological, growth and yield parameters at 40,

55,70, 85 days after sowing and at harvest.
3.7.1 Morphological characters

3.7.1.1 Plant height (cm)

The plant height was measured from the ground level to the growing tip of the
main shoot. Measurements were taken from five plants in each treatment tagged earlier and the

average height was calculated and expressed in cm.
3.7.1.2 Number of primary and secondary branches per plant

Total number of primary branches arising from the main stem and secondary
branches on primary branches were counted in five tagged plants in each treatment separately

and the average was worked out and expressed as number of primary and secondary branches

per plant.
3.7.1.3 Number of flowers per plant

The number of flowers were counted in five tagged plants in each treatment and

the mean was worked out as number of flowers per plant.

3.7.1.4 Days to first flowering

The date of first flower initiation in each treatment was recorded and expressed

as days to first flowering.
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3.7.1.5 Days to 50 per cent flowering

One meter row length of crop was selected in each treatment for recording this
observation. The number of days required for the flower to appear in 50 per cent of the plants in

the selected row length was recorded and expressed as days to 50 per cent flowering.
3.7.1.6 Days to capsule initiation

The first capsule formation in each treatment was noted and expressed as days to

first capsule initiation.
3.7.1.7 Days to cessation of flowering

The number of days required for flowers to wither in 100 per cent of the plants to

each treatment was considered as days to cessation of flowering.
3.7.1.8 Days to physiological maturity

The indication of physiological maturity in sesamum is the yellowing of leaves
and capsules. The number of days required for such a change in at least 50 per cent of the total

population in each plot was recorded as days to physiological maturity.
3.7.1.9 Dry matter production and its distribution in different plant parts .

Three plants were uprooted at random in each treatment and partitioned into their
component parts viz., stem, leafand reproductive parts. These were air dried and then transfered
to hot air oven at 80°C for 72 hrs (until constant weights were obtained) and their dry weights
were recorded. The sum of the mean dry weight of all the plant parts was taken separately. The
dry weight of different plant parts and total dry weight was recorded at 40, 55, 70, 85 days after

sowing and at harvest and expressed on per plant basis.

3.7.1.10 Measurement of leaf area

Leaf area per plant was worked out by leaf disc method (Vivekanandan et al.,

1972) on dry weight basis at 40, 55, 70, 85 days after sowing and at harvest. Twenty leaf discs
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having a known diameter (1.8 cm?) were collected randomly from fully expanded leaves
throughout the plant canopy by avoiding midrib of the leaf. The discs thus collected and rest of

the leaves were oven dried separately at 80°C for 72 hrs. The dry weight of the leaf discs and

rest of the leaves was noted and leaf area was calculated using the following formulae.

axWw 1
Leafarea = X —-- dm’plant’
b 100

where,

a = leafarea(cm?)of20 circular discs

b = dryweightof20discsing

W = dry weight of the rest of the leavesin g
3.7.2 Growth parameters

Various growth parameters were worked out from the data obtained on dry weight

of different plant parts and the leaf area as described below.

3.7.2.1 Leaf Area Index (LAI)

The LAI was calculated by dividing the leafarea per plant by the land area occupied
by that plant (Sestak et al., 1972).

Leafarea (dm? plant™)
Land area (dm? plant™)

LAl =

3.7.2.2 Leaf Area Duration (LAD)

LAD for various growth periods was worked out as per the 1ormuiae o1 Power

etal. (1967).

L +L
LAD = = —cemeeee- X (t,-t)
‘ 2
Where,
L = LAlattime t
L, = LAlattimet,

(t,-t) = Timeinterval between the two consecutive stages
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3.7.2.3  Absolute Growth Rate (AGR) ‘ 26

The AGR expresses the dry matter accumulation per unit time and was calculated

by using formulae suggested by Radford (1967) and expressed in g plant’ day.

AR = W)
(tz - tl)
Where,
W,andW, = Total dry weight ofthe plant(g) at timet, andt,
t andt, = Time interval in days

3.7.2.4 Relative Growth Rate (RGR)

It indicates the rate of increase in dry weight per unit of dry weight already present

and was calculated by the formulae given by Blackman (1919) and expressed in g g day™'.

log W,-log W,

RGR =
L4
where,
W, = Dryweightofplantattimet,
W, = Dryweightofplantattimet,

3.7.2.5 Crop Growth Rate (CGR)

Crop growth rate is the rate of dry matter production per unit of ground area per

unit of time (Watson, 1952) and was worked out by formulae,

Where,
W, = dryweightoftheplantattimet,
W, = dryweightofthe plantattimet,
A = Landareacovered by plant in dm’
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3.7.2.6 Net Assimilation Rate (NAR)

Net assimilation rate is the rate of dry weight increase per unit leaf area per unit

time (Watson, 1952). It was calculated by using the following formulae,

NAR — (W,-W) (log L,-logL,) gdm?day’
(tz' tl) (Lz' Ll)

where,

L,andW, = Leafarea(dm’)and dry weight of the plant (g) attimet,
L,and W, = Leafarea(dm?)and dry weight ofthe plant (g) attimet,

3.7.2.7 Leaf Area Ratio (LAR)

The LAR was worked out by using the formulae suggested by Radford (1967)
and expressed interms of dm?® g' day.

(LAL-LAL)(log W,-log, W)

LAR =
(W,-W ) (log LAL -log LAl )
Where,
LAl andW, = LAlanddry weightofplantattimet , respectively
LALLandW, = LAlanddry weight of plant at timet,, respectively

3.7.2.8 Specific Leaf Weight (SLW)

It indicates the thickness of leaf and was calculated by the method given below,

Leaf dry weight (g)
SLW = g dm?

Leaf area (dm?)

3.7.2.9 Specific Leaf Area (SLA)

It is the inverse of SLW and was calculated by the following relationship,

Leafarea (dm?)
SLA = dm? g!
Leaf dry weight (g)
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3.7.3 Yield and yield components

Yield and yield components were recorded on five plants

tagged earlier at different stages.
3.7.3.1 Number of capsules per plant

The number of capsules produced per plant were observed at 55, 70, 85 days
after sowing and at harvest on plants which were labelled earlier in each treatment (five plants)

and the average was taken as the number of capsules per plant.
3.7.3.2 Capsule length and width

Ten capsules were collected from each treatment and length and width each

capsules was measured and average was taken as the capsule length and width in cm at harvest.
3.7.3.3 Number of locules per capsule

From the selected ten capsules from each treatment, the number of locules were

counted and mean was expressed as number of locules per capsules at harvest.
3.7.3.4 Number of seeds per capsule

The seeds from ten representative matured capsules were separated and counted

and the mean number of seeds per capsule was calculated.
3.7.3.5 Thousand seed weight (g)

From the seed yield of each treatment, 1000-seeds were randomly collected and

their weight was taken as thousand seed weight in g.
3.7.3.6 Seed yield (q ha')

The capsules from each net plot were threshed, cleaned and seed yield was

recorded. From this, seed yield per hectare was calculated and expressed in g ha''.
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3.74 Physiological parameters

The following physiological parameters were estimated at different stages of crop

growth.
3.74.1 Estimation of chlorophyll content in leaves

Total chlorophyll, chlorophyll'a' and chlorophyll 'b' contents were estimated at

40, 55,70 and 85 days after sowing and at harvest by following the procedure of Armon (1949).

Fresh leaf sample (sixth) from the top of the canopy in each of the treatment were
brought to laboratory in an ice box from the field. About 200 mg of leaf was weighed from each
sample and was cut into small pieces. Weighed sample was homogenised with pure acetone,
extract was filtered through Whatman No.1 filter paper and washed twice with 80 per cent
acetone. The final volume of the extract was made to 25 ml and the absorbance of the extract
was measured at 645 and 663 nm in spectrophotometer (Systronics, UV-VIS Model CL-54).
The total chlorophyll, Chl.a and Chl.b contents were calculated using the following formulae and

expressed as mg g fresh weight' ofleaf.

V
Total Chl hyll = (202xA_)+(8.02xA
arLhorophy (2023 A * (02X Aa) X - X 600
Chl hyll ‘a’ 12.7xA_.-2.69xA M
(0] a = JX -4
orophy ™ 07 X s X T W % 1000
\"/
Chlorophyll'd' = 22.9xA,,-4.68x A, X
' axWx1000
Where,
\ = Absorbance of the extract at 663 nm
5 = Absorbance of the extract at 645 nm

= Path length of the light in the cuvette (1 cm)
= Volume ofthe extract (25 ml)

< )
= S &

= Fresh weight of the sample (0.20 g)
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3.7.4.2 Estimation of chlorophyll content in capsule 30

Uniform sized capsules from each treatment were brought in an ice-box. The
capsule wall in sesamum is differentiated into two layers, outer layer was peeled out and about
250 mg was weighed for the estimation of chlorophy!l content in capsule wall as per the method

of Amon (1949) at 55 and 70 DAS and as described in 3.7 4.1.

3.7.5 Biochemical parameters

The following biochemical parameters were estimated at different stages of crop

growth.
3.7.5.1 Nitrate Reductase Activity (NRA)

The nitrate reductase activity determines the nitrogen utilization efficiency in plants.
NRA in sesamum leaves was measured by the method of Saradhambal et al. (1978) at 40, 55 and

70 days after sowing.

Fresh, fully expanded leaves from the top of the canopy were brought in an ice-
box, 25 discs 0f 0.8 cm diameter were weighed and suspended in 25 mi flasks containing 5 ml of
solution having 0.1 m phosphate buffer (pH 7.6), 0.02 M KNO,, 5 per cent propanil and to that
two drops of chloromphenicol (0.5 mg ml*) was added. The flasks were incubated at 30°C for 30
minutes, after which, the reaction was stopped by adding 0.1 ml of 1.0 M zinc acetate and 1 Sml
of ethanol (70%). The contents were centrifuged at 3000 rpm for 10 minutes and the supernatant |
was collected. The supernatant was transfered to test tubes and 1 ml of 1 per cent sulphanilamide
and 1 ml 0f0.02% N-1 napthyl ethylene diamine dihydrochloride were added. The absorbance
of the pink colour developed was measured at 540 nm after incubating the contents of the tube at
room temperature for 20 minutes. The activity of nitrate reductase was determined from a standard

curve of KNO, and expressed as p moles of NO, formed g fresh wei ght hour.
3.7.5.2 Seed protein content in per cent

The crude protein content in seed was determined by knowing the amount of
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nitrogen present by adopting Micro Kjeldahl technique (Yoshida et al., 1972). Total nitrogen

content in seed was multiplied by the factor 6.25 to get crude protein content.

3.7.5.3 Oil content in per cent

The oil content in seed was determined with the help of NMR (Nuclear Magnetic

Resonance) spectrophotometer installed at Regional Research Station, Raichur. The oil content

was expressed in per cent.
3.8 STATISTICAL ANALYSIS

Fisher’s method of analysis of variance was applied for the analysis and
interpretation of the experimental data as given by Panse and Sukhatme (1967). The level of

significance used in the ‘F’ and ‘t’ tests was of P =0.05. The results are presented and discussed

in the text at this probability level.

Correlation co-efficients between seed yield and other morphological, growth,
phenological, physiological and biochemical parameters were worked out as per the procedure
outlined by Snedecor and Cochran (1967). The level of significance was tested at P=0.05 and
P=0.01 for n-2 degrees of freedom.

3.9 ECONOMICS

Additional cost involved and returns obtained by applying different growth
regulators was worked out, taking into consideration, the market rates of all the applied inputs

during experimentation on per hectare basis.
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IV EXPERIMENTAL RESULTS

A field experiment was conducted during kharif, 1995 to study the influence of
growth regulators on various morphological, phenological, physiological, biochemical
parameters and productivity potential of two sesamum genotypes at Agriculture College Farm,
University of Agricultural Sciences, Dharwad. The crop was sprayed with different growth
regulators at 45 days after sowing to evaluate the impact of both growth retardants and promoters
on the regulation of phenological stages and flowering efficiency, physiological and biochemical

changes and partitioning efficiency in sesamum genotypes. The results obtained in the present

investigation are described hereunder.
4.1 MORPHOLOGICAL CHARACTERS

4.1.1 Plant height

Itis evident from the Table 5 that the plant height increased continuously from 40
DAS till harvest. Among the treatments, planofix (1000 ppm) recorded significantly higher plant
height over other treatments, except cytozyme (1000 ppm) at all the growth stages. The treatments
TIBA (100 ppm), mepiquat chloride (1500 ppm) and cycocel (1000 ppm) in CO-1 and TIBA
(100 ppm) and mepiquat chloride (1500 ppm) in DS-1 were on par with each other at 70, 85
DAS and at harvest. Significantly lower plant height was recorded with cycocel (1000 ppm) in
DS-1 at 70, 85 DAS and harvest, whereas, no significant difference was observed between the
growth regulators at 40 and 55 DAS in both the genotypes.

Among the genotypes, CO-1 recorded significantly higher plant height at all the
growth stages as compared to DS-1. However, the interaction effect between the genotypes

and growth regulators was non-significant at all the growth stages.
4.1.2 Number of primary branches and flowers per plant

The data on the number of primary branches and flowers presented in Table 6

indicated that they increased due to growth regulator treatments at all the growth stages, but the



e
./9,
SN 61 SN 0¢ SN 0¢C SN [ SN L't uonoeId U]
6¢ £l oy vl I'y vl SN ¢l SN 6’1 $10)e[N331 Yymo1n)
e L0 4 8’1 (a4 80 v'e 80 SN 01 sadfyouan
%Ss 18 dD FWHS | %S dD FWHS | %S 18 dD FUWIS | %S dAD FWHS | %S dd FWHS
6'+11  L'SIT  O'€IT | OvII L'SIY  TTIL| TOIL #3211 0801| 6°¢6 L'S6 (A4 LS SLS 6'9S , UB3A
LI S8I1 LSUL | 8SIT S9Il  USIL| vvIT 8SIT  O¢I] 856 856 656 p'8s  TLS L6S (Aeids 1a1em) [O13U0)) L
vFeIl  60Z1  O8IT| v6I1 €0ZI ¥8II|I'SIT 6611 €911] 796 €Le 16 6'LS ¢$'8S VLS (wdd 0001) swkzoik) 9
SEIl VLIT Sell | 8YIT SLIT  TTIU| LTIIT SEIl 6601 Lgs 6'v6 $'T6 SLS LLS £LS (wdd ¢7) utupyoik) S
§'90T €600 L€01 | 9%0I €601 0001) 6€0T 6L0L 866 S'16 1'v6 638 v'LS 78S LSS (wdd 0001) 1200040 v
60T  SIIT  €0Il | 601 6801 00I1]|6L01 6L01 $L01| I'b6 L'S6 v'Z6 LSS 8¢S 9°sS (wdd 005 1) apriojyo senbidapy €
601l  1°CIT 9780l | LOIT O€IT L80I| €80T €601 ¢L01| €76 §'S6 ['68 £€LS  £'8¢ 1A (wdd 001) valL [4
€Tl §°9C1  T'ITL | LTel  L'vZ1  L0ZI| 9811 6021 €911 6°¢6 €96 ) I'9s  L9¢ 1499 (wdd 0po1) xyyoueyq I
UBIIN  1-OD I-SA | UBAl  1-OD I-SA | UBdA  [-0D [-Sd UBSIN [-OD  1-Sd | uBdA  [-0D  I-Sq
1S9AleH S8 0oL 99 . Oop "ON
: JUIWIBIL ], S
umog 1ayVy ske(g
sad£)ous3 wnwesas ur safe)s ymoas JudI0331p 38 (Wd) 3yS1ay jueld uo siojenSoa yYymoisd Joaduanpuy -gIqelL




34

et
[ o]
SN Tl SN 80 SN zo | sN €0 | SN €0 SN €0 uaijIBIAU]
Ve 80 SN 90 SN 70 | SN 70 | SN 0 SN 70 s10)8|n331 Y019
SN 0 | 60 €0 | €0 10 | €0 10 [€0 i'0 SN | 1'0 sadfjouan
%S 18 dD FWIS | %sieadd  FWIS |%SIAD  FWIS PSILdAD FWIS |%SIIEaD  FWIS [%SIEAD  FWIS
(A4 S b4 B | ss 0§ 09 8T ¢ st| 8¢ I'e v | 9T 6T v | r AR b AN ueagy
68 16 98 vy 6€ 6v 6T S¢ €Tl 61T S'¢ €| 8T ¥e 1T 't €T 6 (Keads 12e8) jonuo) L
6Tl L€l TTl 8s S¢ 9 6T S¢ vz | 6T $'¢ vz | 8T veE €T 0T 1T 0¢C (wdd gpo1) dwzo1) 9
el LT vl Ls S§ 6'S 87 8¢ L) 8T 6T Lt | vt €T 9T 0z 0T 07 (wdd ¢7) ururyoi{y S
vel vEl SEI s €€ 'L e ve LT et 't Ltz | 6T 0f LT §T ST st (wdd 0001) 1230249 v
1174 S 08 B ¥ 4 6s 8¢ 19 87 1t vz | Lt 3 €z | st 8T Tt 't Tt 1t (wdd g 1) 2puojyd 1enbiday £
o S A N B 79 €9 19 6T ¢ st| tt re vz 9T 0¢ €T S AR Ar AR 4 (wdd go1) vty T
TvElL 6Tl vl s 6Y 9°¢ §T 9T sT| vt 4 vt | Tt TT £1T 61 L1 1T - (wdd gp01) xyoueld |
uealy [-0D I1-SA | uedW 1-0D 1-Sd [Ued  1-0D I-SA| ueN [-0D I-Sa| uvaN 1-0D I-SA| YN 1-0D 1-Sd ;
99 oy 8 0L ss oy ‘ON
I- wueid s1omol) Jo JaquinN I- wepd sayouelq Arewid jo aquinN juouneal], ‘IS
Buimog 1YY sheq
sad£)ousd winuresas ur sade)s
Y3043 judaayyip e yuepd 1od S13M0[) Jo JIqUINU PUE SIYIULI] Axewinad Jo Jaquinu uo si03eindod yyaoa3 jo duInpuj ‘9 3qe L




33

extent of increase was non-significant with respect number of branches per plant. The number
of tlowers per plant was increased significantly in all growth regulator treatments over control at
55 DAS. Whereas, among the genotypes, significantly higher number of pimary branches were
produced in CO-1at 55,70 and 85 DAS and at harvest as compared to DS-1. Similarly, the
number of flowers were significantly higher in DS-1at40 DAS as compared to CO-1. However,

at 55 DAS, non-significant differences were observed between the genotypes.
4.1.3 Number of capsules per plant

Spraying of growth regulators significantly increased the number. of capsules per
plant at all the growth stages except at 55 DAS over the control. However, there was not much
variation due to growth regulators at all the growth stages (Table 7). The treatments planofix
(1000 ppm), TIBA (100 ppm), mepiquat chloride (1500 ppm), cycocel(1000 ppm) and cytokinin
(25 ppm) in DS-1 and planofix (1000 ppm), TIBA (100 ppm), mepiquat chloride (1500 ppm),
cycocel(1000 ppm), cytokinin (25 ppm) and cytozyme (1000 ppm) in CO-1 were on par with
each other at 70, 85 DAS and at harvest, but there was no significant difference among the
growth regulators at 55 DAS in both the genotypes. However, at harvest, the treatment

cycocel(1000 ppm) in both the genotypes had the maximum capsule number.

Among the genotypes, DS-1 showed higher capsule number at all the growth

stages, but differed significantly only at 55 and 85 DAS over CO-1. Interaction between the

genotypes and growth regulators was non-significant at any of the growth stages.
4.2 PHENOLOGICAL STAGES

The data on phenologiéal stages indicated significant difference due to growth
regulators and genotypes for days to 50 per cent flowering, cessation of flowering and physiological
maturity (Table 8). Whereas, days to initiation of first flower and first capsule did not differ
significantly between the growth regulatrs. In none ofthe phenological stages studied, interaction
effect was significant. It was also observed that the days to initiation of first flower and first

capsule were more in CO-1 as compared to DS-1.

88
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The data with respect to days to 50 per cent flowering indicated that CO-1 took
more number of days (54.2) in all the treatments including control as compared to DS-1(30.5).
In all the growth regulator treatments, significantly less number of days required for 50 per cent
flowering as compared to control, but these were non significantly differed among themselves.
A similar trend was observed with respect to cessation of flowering and physiological maturity
wherein, no significant differences were observed between the growth regulator treatments.
However, all the growth regulator treatments took comparatively more number of days for both
cessation of flowering and physiological maturity as compared to control. Further the genotype,
CO-1 took significantly higher number of days for cessation of flowering and physiological

maturity. However, none of the phenological stages showed significant interaction effect.
4.3 DRY MATTER PRODUCTION

4.3.1 Leaf dry weight

The leaf dry weight increased from 40 to 70 DAS in all the treatments and in both
the genotypes and decreased thereafter until harvest (Table 9). Significant difference in leaf dry
weight was observed among the treatments at 70, 85 DAS and at harvest. The treatment cycocel
(1000 ppm) maintained higher leaf dry weight at all the growth stages and which was superior
over planofix (1000 ppm) at 70 DAS, mepiquat chloride (1500 ppm) and cytokinin (25 ppm) at

85 DAS. However, all the remaining treatments were on par with each other.

The genotype CO-1 recorded significantly higher leaf dry weight over DS-1 at
all the growth stages. Among the treatments, cycocel (1000 ppm) recorded the maximum (9.95
g plant™) leaf dry weight in DS-1, whereas, the treatment cytokinin (25 ppm) recorded the

maximum leaf dry weight (10.46 g plant') in CO-1 at 70 DAS. Interaction effect was found to be
non-significant at all the growth stages.

4.3.2 Stem dry weight

The data on stem dry weight revealed that it increased from 40 to 70 DAS and

reduced slightly thereafter in all the growth regulator treatments in both the genotypes. Treatments
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differedsignificantly at 55, 85 DAS and at harvest and the treatment cycocel( 1000 ppm) maintained
higher stem dry weight at all the growth stages except at 85 DAS where planofix (1000 ppm)

was leading. The interaction effect between the genotypes and growth regulatrs was non-

significant at all the growth stages.

Among the genotypes, CO-1 recorded significantly higher stem dry weight at all
the growth stages over DS-1. However, the treatments planofix (1000 ppm) and cycocel(1000
ppm) reéorded the maximum dry matter accumulation in CO-1 and DS-1, respectively at
70 DAS. The pattern of dry matter accumulation in stem remained same throughout the growth

stages in all growth regulator treatments and in both the genotypes.
4.3.3 Dry weight of reproductive parts

The dry weight of reproductive parts increased continuously from 40 DAS till
harvest in all growth regulator treatments (Table 11). Significant differneces among the
treatments were noticed at all the growth stages, except at 40 DAS. The treatment TIBA (100
ppm) recorded higher dry weight of reproductive parts except at 85 DAS, where cycocel(1000
ppm) recorded the maximum. Similarly, all the growth regulator treatments were on par with

each other and found significantly superior over control (water spray) at all the growth stages,

exceptat40 DAS.

s
p—t

Significant differences between the genotypes were observed at all the growth

stages. However, DS-1 recorded significantly higher dry weight of reproductive parts at all the
growth stages over CO-1. The treatments TIBA (29.24 g plant') in DS-1"and cytozyme
(28.73 gplant')in CO-1 registered maximum values. Whereas, the least dry weight was obtained
in control in both the genotypes. The interaction between the genotypes and growth regulators

was not significant at all the growth stages.
4.3.4 Total dry weight

Total dry weight increased from 40 DAS to harvest in all the treatments

(Table 12). The maximum total dry weight was noticed at harvest in all growth regulator treatments
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and the increase was very high from 55to 70 DAS. Tlie treatment cycocel (1000 ppm) recorded

significantly higher total d>*weight over planofix (1000 ppm), mepiquat chloride (1500 ppm),
c¢)lokinin (25 ppm) and control (water spray) at har\'est, w'hereas cycocel( 1000 ppm), TIBA
(100 ppm) and cytozyme (1000 ppm) were on par with each other. Similarly, the treatment
cycocel( 1000 ppm) maintained higher total dry weight at all the growth stages except at 85 DAS

where TIBA (100 ppm) was leading.

Genotypes, D S-1registered higher total dry weight as compared to CO-1at
70 and 85 DAS, but CO-1was found to be significantly superior over DS-1at 40 and 55 DAS.
At harvest, there was no significant difference between these two genotypes. The treatment
cycocel (1000 ppm) recorded higher total dn’matter accumulation in both the genotjpes athan'est.
How'ever, all the growth regulator treatments were significantly superior over control in both the
genotypes throughout the crop growth except at 40 DAS. The interactions of genot\'pes w'ith

growth regulators were not found significant at any ofthe growth stages.

435 Leaf area

The data on leafarea indicated that it increased from 40 to 70 DAS and declined
thereaftertill at harvest (Table 13). Significant difference between the treatments was noticed at
all the growth stages except at 40 DAS. However, the maximum leafarea was noticed at 70
DAS in all the growth regulator treatments and least at harvest. Among the growth regulator
treatments, cytozyme (17.08 dnf plant') recorded the maximum leafarea, which was significantly
superior over all the treatments except planofix (1000 ppm) and cytokinin (25 ppm) at 70 DAS.
The treatment cycocel (1000 ppm) registered the higher leafarea at 40 and 55 DAS, while

cytozyme (1000 ppm) recorded the higher leafareaat 70 and 85 DAS, but at harvest, cytokinin
(25 ppm) was leading.

The genotype CO-1recorded significantly higher leafarea at all the growth stages
exceptat40 DAS. However, treatment planofix (1000 ppm) recorded higher leafarea in CO-1
at 70,85 DAS and at harvest, but cycocel(1000 ppm) recorded higher leafarea at 40 and 55 DAS

inCO-1 InDS-1, higher leafarea varied among the growth regulator treatments at different
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growth stages. Interaction effect was non significant with respectto leafarea at any ofthe

growth stages.
4.3.6 Leaf Area Index

Itwas clear from the Table 14 that leafarea index (LAI) increased from 40 to 70
DAS and reduced drastically thereaftertill harvest. Significant differences were noticed among
the growth regulator treatments at all the growth stages exceptat40 DAS. Maximum LAI was
recorded at 70 DAS in all the growth regulator treatments, butthe treatments cytokinin (25 ppm)
and cytozyme (5.68) were found to be statistically superior over TIBA (100 ppm), mepiquat
chloride (1500 ppm), cycocel (1000 ppm) and control (water spray). Treatment cycocei
(1000 ppm) recorded higher LAl at40 and 55 DAS, while treatment planofix (1000 ppm) recorded
higher values at 85 DAS and at harvest and which was significantly superior over TIBA
(100 ppm), mepiquat chloride (1500 ppm), cycocel (1000 ppm), cytokinin (25 ppm) and control
(water spray) at 85 DAS and at harvest.

Both the genotypes showed increasing trend from 40 to 70 DAS and decreased
thereafter. Genot\’pe CO-1accounted significantly higher LAI value at all the growth stages
over DS-1, except at40 DAS. Treatment cytokinin (25 ppm) in DS-1recorded significantly
higher value over TIBA (100 ppm), mepiquat chloride (1500 ppm), cycocel( 1000 ppm) and
control (water spray) whereas in CO-1, the treatment planofrx (5.90) had highest LAl and which
was found to be superior over TIBA (100 ppm), mepiquat chloride (1500 ppm), cycocel
(1000 ppm) and control (water spray) at 70 DAS. However, the interaction effect was non-

significant at all the growth stages.
4.3.7 Leaf Area Duration

The data pertaining to leafarea duration (LAD) presented in Table 15 indicated
that LAD increased from 40-55 to 55-70 DAS and showed decreasing trend with an advancement
in growth in both the genot>pes and growth regulator treatments. Maximum LAD was noticed

at 55-70 DAS and the minimum at 85 DAS-harvest in all the growth regulator treatments.
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Significant differences were registered among the growth regulator treatments, except at 40-55
DAS and the treatment planofix (1000 ppm) recorded significantly higher LAD values over
TIBA (100 ppm), mepiquat chloride (1500 ppm), cycocel(1000 ppm) and control (water spray)

at55-70 DAS and similar trend was maintained at other stages except at 40-55 DAS, where no

significant differences were observed.

Itwas also obser\'ed that LAD maintained peak in CO-1 at all the growth stages
over DS-1 and it was statistically superior, except at 40-55 DAS. However, the treatments
cytozyme (77.7 days) in DS-1 and planofix (82.3) in CO-1recorded higher LAD among all the
growth regulator treatments at 55-70 DAS and least LAD was noticed at 85 DAS-harv'est in

control (water spray). The interaction between the genotypes and growth regulators was found

to be non-significant at all the growth stages.
4.4 GROWTHPARAMETERS

441 Absolute Growth Rate

The absolute growth rate (AGR) increased from 40 to 70 DAS and then declined
drastically thereafter in all growth regulator treatments (Table 16). The maximum AGR was
noticed at 55-70 DAS in all growth regulator treatments, whereas, the least was recorded at 85-
harvest. Among the growth regulator treatments, cycocel(1000 ppm) at 40-55 DAS and 85
DAS-harvest, TIBA (100 ppm) at 55-70 DAS and planofix (1000 ppm) at 70-85 DAS recorded
higher AGR values. Itwas also observed that the treatment TIBA (100 ppm) was found to be
superior over planofix (1000 ppm), cytokinin (25 ppm) and control (water spray) at 55-70 DAS.
At 70-85 DAS, planofix (1000 ppm) was found to be superior over mepiquat chloride (1500
ppm) and control (water spray) and were on par with other treatments. At 85 DAS-harvest,
cycocel (1000 ppm) significantly differed over cytokinin (25 ppm), cytozyme (1000 ppm) and
control (water spray). The interaction between the genotypes and growth regulators was found

non-significant atall the growth stages.

Amongthe genotypes, DS-1 recorded higher AGR at40-55 DAS and 55-70DAS
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and later CO-1maintained peak, while there was no significant difference between the genotypes
at 70-85 DAS and 85 DAS-harvest. In both the genotypes, the treatment TIBA (100 ppm)
registered highest values at 55-70 DAS.

4.4.2 Relative Growth Rate

The data on relative growth rate (RGR) indicated that there was a decrease in
RGR as the growth stage advanced (Table 17). Significant differences were noticed in all the
growth regulator treatments at all the growth stages. However, the maximum RGR was noticed
at 40-55 DAS inall the growth regulator treatments and the least at 85 DAS-harvest stages.
Among the growth regulators, planofixand TTBA(0.081 g  day") recorded the maximum RGR
at40-55 DAS and which were on parwith all other treatments, except control (water spray) at all
the stages. Tlie treatment cytozyme (1000 ppm) registered higher RGR at 55-70 DAS and at

70-85 DAS, while cycocel (1000 ppm) recorded higher RGR values at 85 DASrharvest stage.

Genotypes differed significantly with respectto RGR at all the growth stages.
D S-1recorded significantly higher RGR at 40-55 DAS and at 55-70 DAS, but the treatment
cytokinin (25 ppm) recorded higher RGR in DS-1 at 40-55 DAS and treatment cycocel
(1000 ppm) at 55-70 DAS. In genotype CO-1, the treatment planofix (1000 ppm) recorded
higher RGR at 40-55 and at 70-85 DAS. However, the interaction effect between the genotypes

and growth regulators was non-significant at all the growth stages.
4.4.3 Crop Grovth Rate

Table 18revealed that crop growth rate (CGR) increased from 40 to 70 DAS and
showed decreasing trend till harvest in all the growth regulator treatments and the maximum
CGR values were obtained at 55-70 DAS. Among the growth regulator treatments, cycocel
(1000 ppm) recordedhigher CGR at40-55 and 55-70 DAS. Significant differences in growth
regulator treatments were appeared at all the growth stages, except at 40-55 DAS. However,
significantly lo\\er CGR\\as registered in control over all other treatments except at 40-55 DAS.

None ofthe growth stages showed significant interaction effect.
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At55-70 DAS, both the genot\pes show'ed higher CGR values, but the treatments
c}'cocel (0.036 gdm™day')inDS-1and TIBA (0.034 gdm'*day')in CO-1recorded the maximum
CGR and these values were significantly superior over cytokinin (25 ppm) at 55-70 DAS in
DS-1and planofix (1000 ppm), TIBA (100 ppm), CNtokinin (25 ppm), cytozyme (1000 ppm) and
control (water spray) in CO-1, respectively. None ofthe growth stages show'ed significant

difference, exceptat 55-70 DAS.
4.4.4 Net Assimilation Rate

Itwas observed from Table 19 that the net assimilation rate (NAR) decreased
from 40 DAS to harvest and the maximum was obtained at40-55 DAS, while the minimum at
har\'est. Significantdifferences were noticed among growth regulatortreatments at all the growth
stages, exceptat40-55 DAS. Among the growlh regulatortreatments, TIBA (100 ppm) recorded
the maximum N AR at40-55 and 70-85 DAS. UTiereas, treatments TIBA (100 ppm) andmepiquat
chloride (1500 ppm) registered the maximum NAR at 55-70 DAS and 85 DAS-har\'est,
respectively. Treatmentcontrol (water spra>") accounted the least net assimilation rate at all the

growth stages and itwas statistically inferior over other treatments.

Treatment cycocel (1000 ppm) was found to be significantly superior over planofix
(1000 ppm), mepiquat chloride (1500 ppm), cytokinin (25 ppm), cyt02yme (1000 ppm) and control
(water spray) at 55-70 DAS, while at 70-85 DAS, all the growth regulator treatments were on par
with each other except cytozyme (1000 ppm) and control (water spray) and except control
(water spray) at 85 DAS-harvest. None ofthe growth stages recorded significant interaction

effect between growth regulators and genotypes.

Among the genotypes, DS-1registered significantly higher NAR over CO-1at
40-55 and 55-70 DAS. However, at 70-85 DAS, CO-1 recorded higher value, but was statistically
non-significant over DS-1. But at 85 DAS-harvest, these two genotypes showed the same values
(0.016 gdm®day"'). Thetreatment mepiquat chloride (0.095 gdm“ day') recorded the highest

value in DS-1,while the treatment TIBA (0.085 gdm'~day"') accounted highervalue in CO-1at
40-55 DAS.
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4.45 Leaf Area Ratio

Tlie data on leafarearatio (LAR) indicated a gradual decline from 40-55 DAS to
85 DAS-harvest (Table20). Higher LAR was reported at 40-55DAS and least at harvest.
Significantly differed LAR was registered at 70-85 DAS and at 85 DAS-harvest stages in growth
regulator treatments. However, the treatment cytokinin (25 ppm) maintained higher LAR at
40-55 DAS and 55-70 DAS, while the treatment cytozyme (1000 ppm) at 70-85 DAS and
treatments planofix (1000 ppm) and cytozyme (1000 ppm) at 85 DAS-harvest maintained peak
LAR values. Treatmentcytozyme (1000 ppm) maintained significantly higher LAR values over
TIBA (100 ppm), mepiquat chloride (1500 ppm), cycocel (1000 ppm) and control (water spray)
at 70-85 DAS. Whereas, at 85 DAS-harvest, treatments planofix (1000 ppm) and cytozyme
(1000 ppm) were statistically superiorover TIBA (100 ppm), mepiquat chloride (1500 ppm),

cycocel( 1000 ppm) and control (water spray). None ofthe growth stages recorded significant

interaction effects.

Among the genotypes, CO-1 registered significantly higher LAR values over
DS-1atall the growth stages, except at40-55 DAS, where D S-1showed higher value. Maximum
LAR value was existed in CO-1with mepiquat chloride (1500 ppm), but the same treatment
recorded the least LAR in DS-1 at40-55 DAS. Similarly, the treatment cytokinin (25 ppm) had
higher LAR in DS-1while the same treatmentrecorded the least LAR at 40-55 DAS. Treatment
planofix (1000 ppm) in CO-1 and cytozyme (1000 ppm) in DS-1 showed significantly higher
values over TIBA (100 ppm), mepiquat chloride (1500 ppm), cycocel (1000 ppm) and control
(water spray) at 70-85 DAS. However, the treatment planofix (1000 ppm) was significantly
superior over TIBA (100 ppm), mepiquat chloride (1500 ppm), cycocel (1000 ppm), cytokinin
(25 ppm) and control (water spray) inD S-1and over treatments TIBA (100 ppm), mepiquat

chloride (1500 ppm), cycocel( 1000 ppm) and control (water spray) inCO-1at 85 DAS-harvest

stage.
4.4.6 Specific Leaf Weight

Specific leafweight (SLW) as influenced by the application ofdifferent growth
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regulators at various grow th stages is presented in Table 21. There was an increasing trend in
SLW from 40 DAS to harvest in all the growth regulator treatments. Non-significant differences
due to growth regulators were noticed at all the growth stages, except at 70 DAS. However at

harvest, all the growth regulator treatments registered higher values.

Among the genotypes, DS-1 recorded higher SLW at 85 DAS and at harvest.
Whereas, CO-1 maintained peak at 40, 55 and 70 DAS. Significant differences with respect to
SL'W were noticed at 40 DAS however, the increase in SLW was non-significant at the remaining
growth stages between these two genotypes. The interaction effect was non-significant through

all the growth stages.
4.4.7 Specific Leaf Area

The specific leafarea (SLA) decreased continuously from 40 DAS until harvest
in all the growth regulator treatments (Table 22). Highest and lowest values were noticed at 40
DAS and at harvest, respectively. Significant differences among growth regulator treatments
were recorded at 70 DAS, wherein the treatment planofix (1000 ppm) differed significantly
over TIBA (100 ppm), mepiquat chloride (1500 ppm), cycocel(1000 ppm) and control (water
spray).

It was observed that DS-1 recorded slightly higher SLA at 40, 55 and 70 DAS,
while, CO-1 recorded higher values at 85 DAS and at harvest. Significant differences between

these two genotypes were noticed at 40 and 85 DAS. The growth regulators and genotypes

interaction was found to be non-significant at all the growth stages.
4.5 PHYSIOLOGICAL AND BIOCHEMICAL PARAMETERS

4.5.1 Chlorophyll ‘a’ content in leaf

The data on the influence of growth regulators on chlorophyll ‘a’ content in leaf at
different growth stages indicated an increase in chlorophyll ‘a’ content from 40 to 55 DAS and

declined continuously until harvest in all the treatments (Table 23). In all the growth regulator

84
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treatments, significant differences were noticed at all the growth stages, except at 40 DAS.
Maximum chlorophyll ‘a’ content was recorded at 55 DAS whereas, the minimum at harvest in

all the growth regulator treatments.

Among the growth regulator treatments, TIBA (100 ppm) and cytozyme (1.742
mg g fr. wt.") registered higher chlorophyll ‘a’ content, which were on par with all other treatments
except control (water spray) at 55 DAS. The treatment TIBA (100 ppm) recorded higher
chlorophyll ‘a’ contentat 55, 85 DAS and at harvest but the treatments mepiquat chloride (1500
ppm) and cytokinin (25 ppm) maintained higher chlorophyll ‘a’ content at 40 and 70 DAS,

respectively.

Genotypes differed significantly with respect to chlorophyll ‘a’ content at all the
growth stages except at 40 and 70 DAS. DS-1 recorded higher chlorophyll ‘a’ content at 40 and
55 DAS whereas, CO-1 recorded at 70, 85 DAS and at harvest. Treatment TIBA (100 ppm)
registered higher chlorophyll ‘a’ content in CO-1 at 40 and 55 DAS, similarly, mepiquat chloride
(1500 ppm) in DS-1. Here also the interaction effect between the genotypes and growth regulators

was non-significant at all the growth stages.
4.5.2 Chlorophyll ‘b’ content in leaf

It was observed that chlorophyll ‘b’ content in leafincreased from 40 to 55 DAS
and declined further until harvest in all the growth regulator treatments (Table 24). Si ghiﬁcant :
differences were observed in growth regulator treatments with respect to chlorophyll ‘b’ content A
at all the growth stages except at 40 and 55 DAS. However, the maximum values were obtained
at 55 DAS and least at harvest in all the growth regulator treatments. Among the growth regulator
treatments, cytokinin (0.701 mg g fr. wt.") recorded higher chlorophyll ‘b’ content at 55 DAS.
At 70, 85 DAS and at harvest, treatment planofix (1000 ppm) recorded higher values and which

was statistically superior over control (water spray) at 70, 80 DAS and at harvest.

Significant differences with respect to chlorophyll ‘b’ content were noticed between

the genotypes at all the growth stages. The genotype DS-1 was found to be significantly superior
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64+
at40 and 55 DAS, while CO-1 was statistically superior over DS-1 at 70, 85 DAS and at harvest

with respect to chlorophyll ‘b’ content.

Treatment planofix (1000 ppm) registered higher chlorophyll ‘b’ content at all the
growth stages except at 55 DAS in CO-1, whereas in DS-1, cytokinin (25 ppm) and cytozyme
(1000 ppm) recorded higher chlorophyll ‘b’ content at 55, 70 DAS and at 85 DAS and at harvest,
respectively. The interaction effect between the genotypes and growth regulators was found to

be significant with respect to chlorophyll ‘b’ content at 85 DAS and at harvest.

15.3 Total chlorophyll content in leaf

The data pertaining to total chlorophyll content in leafrevealed that it increased
upto 55 DAS and declined progressively thereafter in all the growth regulator treatments (Table
25). Similarly growth regulator treatments differed significantly at all the growth stages except at
40 DAS and the highest total chlorophyll content was observed at 55 DAS and the least at
harvest. All the growth regulator treatments were on par with each other at all the growth stages

except at 40 DAS. However, differed significantly over control.

Among the growth regulator treatments, the maximum total chlorophyll content
was recorded by cytokinin (2.426 mg g fr. wt.') at 55 DAS. The growth stage 70 DAS alone

registered significant interaction effect between genotypes and growth regulators.

Genotypes differed significantly with respect to total chlorophyll content in leaf
atall the growth stages. However, DS-1 differed significantly over CO-1 at 40 and 55 DAS and
atremaining growth stages CO-1 maintained significant difference with DS-1. At55 DAS, both
the genotypes recorded highest total chlorophyll content with variation among growth regulator
treatments. Treatment mepiquat chloride (2.395 mg g fr. wt.!) in CO-1 and cytokinin (2.496 mg
g fr. wt.”') in DS-1 registered higher vélues at 55 DAS.

4.5.4 Chlorophyll ‘a’, ‘b’ and total chlorophyll contents in capsule

Table 26 revealed that chlorophyll ‘a’ and total chlorophyll increased from 55 to
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70 DAS and chlorophyll ‘b’ maintained similar values at 55 and 70 DAS. Significant differences
were noticed with respectto Chlorophyll ‘a’, ‘b’ and total at 70 DAS. Maximum chlorophyll ‘a’
content in capsule was observed in treatments mepiquat chloride and cycocel (0.432 mg g fr.
wt."") and in cytokinin (0.560 mg g fr.wt.") at 55 and 70 DAS, respectively. But, treatments
planofix (0.163 mg g fr. wt."") and planofix and cycocel (0.613 mg g fr. wt."") maintained higher
chlorophyll ‘b’ contentat 55 and 70 DAS, respectively. Similarly, the highesttotal chlorophyll
contentwas recorded inthe treatments cycocel (0.589 mg g fr. wi;. ') and cytokinin (0.699 mg ¢

fr.wt.”) at 55 and 70 DAS, respectively.

At 55 DAS, genotype DS-1was found to be statistically superior over CO-1with
respectto chlorophyll ‘a’ content in capsule. Similar trend was maintained with respect to
chlorophyll ‘b’ and total chlorophyll contents at 55 and 70 DAS. The treatment cytokinin
(25 ppm) recorded higher chlorophyll ‘a’contentat 70 DAS in both the genotypes, but chlorophyll
‘b’ contentvaried among growth regulator treatments in both genotypes. Treatments cytokinin

(25 ppm) and cytozyme (1000 ppm) registered higher total chlorophyll contentin DS-1and

CO-1, respectively.

The interaction effect between the genotypes and growth regulators was not found

significantwith respect to chlorophyll ‘a’, ‘b’ and total chlorophyll contents in capsule at 55 and

70 DAS.
4.5.5 Nitrate Reductase Activity in leaf

The nitrate reductase activity (NRA) increased from 40 to 55 DAS and declined
drastically thereafter in all the growth regulator treatments (Table 27). Maximum NR activity
was found at 55 DAS and the leastat 70 DAS. Significant differences among the treatments
existed at 55 and 70 DAS, the treatment cycocel (1000 ppm) recorded the maximum NR activity
which was statistically superior over cytokinin (25 ppm) and control (waterspray) at55 DAS and

over control (water spray) at 70 DAS.

Genoty'pes differed significantly with respect to NH activit>'at 40 and 55 DAS

6/\
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and the treatment cycocel (1000 ppm) recorded higher nitrate reductase activity at all the growth

stages in both the genotypes. The interaction effect was not found significant at all the growth

stages.
45.6 Protein and Oil contents in seed

The data pertaining to protein and oil content presented in Table 27, show”ed
significant differences due to growth regulatortreatments. All growthregulatortreatments w'ere
on par with each other except control in both the cases. The maximum protein and oil contents

w'ere noticed intreatments TIBA (100 ppm) and planofix (1000 ppm), respectively.

4.6 YIELD AND YIELD ATTRIBUTES

The data on the influence ofgrowth regulators on yield and yield attributes is

presented in Table 28.
4.6.1 Number of seeds per capsule

Itisevident from Table 28 that significant differences were noticed both in growth
regulatortreatments and genotypes with respect to number ofseeds per capsule. However, the
treatment TIBA (100 ppm) recorded the maximum seed number per capsule, which was
significantly superior over mepiquat chloride (1500 ppm) and control (water spray) treatments
and similartrend was maintained in both the genotypes. Genotype D S-1found to be significantly
higher over CO-1 with respect to number of seeds per capsules. The interaction of growth

regulators and genotypes was not significant.
4.6.2 Test weight (1000-seed weight)

The data on the testweight indicated significant differences between the genotypes
and growth regulator treatments (Table 28). Genotype D S-1was found to be significantly superior
over CO-1, whereas, the treatments cycocel( 1000 ppm) and TIBA (100 ppm) maintained higher
1000 seed weightin DS-1and Co-1, respectively. However, the treatment cycocel( 1000 ppm)

recorded statistically superior test weight over planofix (1000 ppm), mepiquat chloride
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(1500 ppm), cytozyme (1000 ppm) and control (water spray) and here also interaction was non-

significant.
4.6.3 Capsule length and width

The capsule length and width remained non-significant due to growth regulator
treatments but the genotypes differed significantly with respect to capsule width where DS-1

was found to be superior. Similarly, the interaction affect was non-significant in both the cases

(Table 28).
4.6.4 Number of locules per capsule

Since the number of locules per capsule remained as four per capsule in both

genotypes, data related to locule number was ignored.
4.6.5 Seed yield per plant

The seed yield per plant showed significant differences due to growth regulator
treatments. However, the treatment cycocel (1000 ppm) maintained significantly higher values
over treatments planofix (1000 ppm), cytokinin (25 ppm) and control (water spray). Genotypic

differences and the interaction of genotypes with growth regulators were not significant.
4.6.6 Seed yield (q ha?)

The data related to seed yield indicated significant differences among growth |
regulator treatments (Table 28). However, the treatment cycocel (1000 ppm) maintained
statistically higher value over all the growth regulator treatments. Among the genotypes, DS-1
recorded the maximum seed yield over CO-1 without significant difference. Similarly, the
treatment cycocel(1000 ppm) registered higher seed yield in both the genotypes. The interaction

effect between the growth regulator treatments and genotypes was found to be significant.

4.7 ECONOMICS

The data on economics of growth regulators use in sesamum is presented in
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Table 30. Among all the gro\\th regulators, planofix (1000 ppm) followed by cytozyme
(1000 ppm) and mepiquat chloride (1500 ppm) gave the maximum net returns. Ho\\ever, TIBA
(1000 ppm) and cycocel (1000 ppm) being costly, showed negative values with respect to net

retums (-1062.0 and -850.0 Rs. ha*', respectively). The treatment, cytokinin (25 ppm) was also

found beneficial interms ofnet retums.
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Kuchenbuch and Jung, 1988). Similarly, Pando and Srivasta\'a (1985) while studying the effect
of CCC on sunflower observed an increase in seed yield by reducing the plant height and leaf

areawith increased photosynthesis and translocation ofphotoassimilates towards the capitulum.

With this background, the present investigation was designed wdth two sesamum
genotj”es to evaluate the influence o fdifferent growth regulators on morphological, phenological
gro\\th, biochemical parameters and yield and yield components. The results obtained on these
aspects are discussed hereunder in light ofthe work done by others on sesamum and other

oilseed crops.
51 MARPHOLOGICAL CHARACTERS

The influence of growth regulators on various morphological characters such as
plantheight, number ofbranches, number offlowers perplant, number ofcapsules per plant, dr\'
matter production and its distribution into different plant parts and leafarea indicated that the
growth regulatortreatments differed significantly with respectto all the above parameters. Among
the growth regulator treatments, cycocel responded better than any other chemical in both the
genotypes. Both the genotypes differed significantly with respect to all the morphological
characters in all the growth regulator treatments, butnone ofthe morphological characters showed

significant interaction between growth regulators and genotypes at all the growth stages.

Basically, plant height is a genetically controlled character. But, several studies
indicated that plant height is either increased or decreased by the application ofsynthetic plant
growth regulators. Initially (40 DAS), none ofthe growth regulator treatments in both the
genotypes showed significant difference with respect to plant height because, at this stage,
treatments were notimposed. Similarly, at 55 DAS, treatments did not show significant differences
in plant height, which could be due to slow action ofapplied growth regulators. However, both

the genotypes differed significantly atthis stage and this difference is due to tall growing character

ofCO-1 variety.

Significant difference in plant height was noticed among growth regulator
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treatments from 70 DAS to harvest. The plant growth regulator treatments planofix (1000 ppm)
and cytozyme (1000 ppm) increased plant height over control and other growth regulator treatments.
Since these two growth regulators are auxin and cytokinin derivatives, are involved in cell division,
cell differentiation and cell expansion, thereby leading to enhanced growth and development.
Increased plant height may probably be due to stimulating action of auxin which softens the cell
wall by increasing its plasticity (Tagawa and Bonner, 1957). Another probable reason may be
the oxidative decarboxylation of synthetic auxins which could not be catalyzed by the enzyme
peroxidase (Reinecke and Bandurski, 1987). Similarly in sunflower, Xene et al. (1991) observed
increased plant height with planofix. Though cytokinin is a growth promoter, it had no effect on
plant height. '

Significant reduction in plant height was noticed in treatments TIBA (100 ppm),
mepiquat chloride (1500 ppm) and cycocel (1000 ppm) and cycocel was more effective in reducing
the plant height than the other two growth retardants in both the genotypes. Similarly, almost
equal reduction in plant height was recorded by these three growth retardants in both DS-1 and
CO-1 and these two significantly differed with respect to plant height from 55 DAS until harvest.
The mechanism of redution in plant height appears to be due to slowing down of cell division
and reduction in cell expansion. It has been suggested that cycocel and mepiquat chloride are
antigibberellin dwarfing agents, leading to a deficiency of gibberellin in the plant and reduced
growth, that is, blocking the conversion of geranylgeranyl pyrophosphate to copalyl pyrophosphate
which is the first step of gibberellin synthesis (Moore, 1980). Thus, the reduced plant height is
due to retardation of transverse cell division particularly in steelar cambium, which is the zone of

meristematic activity at the base of the internode (Grossman, 1990).

However, TIBA is also a growth retardant, but its mode of action is different from
the other two, which inhibits polar transport of auxins from apex to the base of the plant (basipetal)
leading to decreased plant height (Hopkins, 1995).

The data on the number of primary branches revealed that none of the growth

regulator treatments showed significant differences, which is probably due to ineffectiveness of
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these growth regulating chemicals in the induction of lateral bud initiation. However, the genotype,
CO-1 recorded significantly higher branching over DS-1 due to branching habit of the genotype.
Similarly, Ogilvy (1985) reported ineffectiveness of cycocel, ethephon and mepiquat chloride +

ethephon in increasing the number of branches per plant in rapeseed.

The number of flowers per plant depends on the environmental conditions and
genotypes and it is also influenced by synthetic plant growth regulators. It is clear from our data
that the number of flowers significantly increased due to growth regulator treatments as compared
to control at 55 DAS, but increase was non-significant at 40 DAS. Maximum flower number was
recorded with planofix (13.2) at 55 DAS. Similarly, Liet al. (1987) noticed increased flower

number per plant in sesamum with mepiquat chloride and cycocel.

Shedding of pre-mature reproductive organs is a major constraint in sesamum,
which is due to the formation of special layer of cells, called the abscission layer near the base of
the petiole. Increased flower number per plant with planofix (1000 ppm) was due to reduced
ethylene concentration which is being the major abscission zone promoting chemical, leading to
cell wall breakdown by increasing hydrolytic enzyme activity (Huff and Dybing, 1980). The
growth retardants like TIBA, cycocel and mepiquat chloride may also be involved in balancing
of endogenous growth substances and reducing the concentration of abscission inducing chemicals,

thereby more number of flowers are retained per plant as compared to control (Clifford

etal., 1992).

The number of capsules per plant increased significantly due to the application of
growth regulators at 70 DAS and continued until harvest. However, at 55 DAS, none of the
growth regulator treatments significantly enhanced the capsule number which is due to slow
action of applied growth regulators. Since, the number of capsules depends on the number of
flowers retained and it is clear from data that increased capsule number per plant could be due to
higher flower retention with the following increased assimilate availability for flower bud initiation
due to application of growth regulators. Another probable reason for higher capsule number

with applied chemicals may be because of reduced abscission of pre-mature capsules by balancing
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endogenous growth regulators in the plant. These results are in accordance with those ofBora
(1988) whose work provide ample evidence that triazol treated sesamum plants exhibited higher
capsule number per plantby preventing the abscission o fflowers and capsules. Both the genotypes,
D S-1and CO-1 responded very well to applied growth regulators and retained higher capsule

number without any significant difference.
5.2 PHENOLOGICAL STAGES

The influence ofgrowth regulators on various phenological stages indicated that
treatments differed significantly with respectto days to 50 per cent flowering, cessation of
flowering and physiological maturity. Similarly, CO-1recorded significantly higher values with

respectto all the phenological stages as comparedto DS-1.

Due to early striking of flowers, none o fthe growth regulators were found to
have influence on days to initiation o f first flower. Similaly, days to initiation offirst capsule had
shown non-significant difference in all the growth regulator treatments because at the time of

capsule initiation, no growth regulators were applied.

The number ofdays taken for 50 per cent flowering, indicated statistically .superior
values with growth regulator treatments over control, which could be due to availability ofmore
assimilates for flower bud intiation. Since CO-1being a long duration genotype, ittook 4 days

more for 50 per cent flowering as comparedto DS-1

Cessation of flowering was delayed significantly in all the growth regulator
treatments over control, which could be due to longer duration of flowering by maintaining
optimum rate ofboth promoters and retardants endogenously, thereby, enchancing flower bud
differentiation and continuous supply ofphotoassimilates during flowering period (Shyen
etai, 1990). Similarly, both the genotypes differed significantly with CO-1having longer duration

as compared toDS-1.

The influence ofgrowth regulators on physiological maturit>' indicated significant

difference over control with all growth regulator treatments maturing late in both the genotypes.
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This delay in physiological maturity could be attributed to increased period for flower cessation

and delayed leaf senescence due to the application of growth regulators.
5.3 DRY MATTER PRODUCTION AND ITS PARTITIONING

Indeterminate growth habit of sesamum that sets in competition for
photoassimilates among simultaneously growing leaf, stem and reproductive leads to insufficient
availability of assimilates. This constraint can be overcome by applying synthetic plant growth
regulators to improve canopy structure, synchronous flowering and fruit set. The application of

different growth regulators enhanced the accumulation of dry matter in different plant parts over

control at different growth stages.

During early stage (40 DAS) of crop growin, no significant differences were
noticed among the treatments with respect to leaf and stem dry weight. This is because, at 40
DAS, no growth regulators were sprayed to the crop. However, even at 55 and 70 DAS, no
significant differences in dry matter accumulation in leaf and stem were obtained between the
treatments which may be due to slow to moderate action of applied chemicals. Upto 70 DAS,
dry maater accumulation in leaf and stem maintained increasing trend, thereafter, declined till
harvest in all the growth regulator treatments. The declined leaf and stem dry weight could be
due to translocation of stored photoassimilates towards the development of reproductive organs.
These results are in accordance with Kulkarni (1993), who demonstrated decreased stem and
leaf dry weight from 65 DAS to harvest in sunflower with growth retardants due to rapid
mobilization of photoassimilates from source to sink by shortening the distance between them.

Similarly Morandi et al. (1984) reported a decrease in stem dry weight of soybean in response to

mepiquat chloride treatment.

Amongthe growth reguiators, cycocel (1000 ppm) exerted more positive influence
on the accumulation of dry matter in leaf and stems as compared to other growth regulators. This
could be attributed to enhanced functional capabilities of leaf for longer duration by maintaining
optimum leaf area and increase in chlorophyll and photosynthetic enzymes activity. Similarly,

Pando and Srivastava (1985) reported decreased leaf area along with increased activity of Ribulose

=~
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bisphosphate carboxylase enzyme in the leaves under the influence ofcycocel at 3000 ppm in
sunflower. Increased leafdry weight with mepiquat chloride in groundnut was also noticed by
Ciiandrababu etal.{\99S). Since, the genotype CO-1 produces more branches and leaves,

differed significantly over DS-1with respectto leafand stem dry weight at all the growth stages.

The dry weight ofreproductive parts exhibited increasing trend throughout the
growing period due to growth regulators. The enhanced dry weight ofreproductive parts by
both growth promoters and retardants is due to increased capsule number per plant and efficient
translocation ofassimilates from leafand stem to reproductive parts. Similar inferences were
made in sunflower by Kulkami (1993). Improvement in dry weight ofreproductive parts due to
growth regulators application was also recorded by Goswami and Srivastava (1987). Among the
growth regulators, cytozyme and cycocel maintained higher dry weight ofreproductive parts
due to increased capsule number per plant. Similarly, genotype DS-1 recorded significantly

higher dry w'eight ofreproductive parts throughout the growing period due to increased number

of flowers and capsules per plant.

The data pertaining to total dry weight per plant indicated that, it increased from
40 DAS to till harvest in all the growth regulator treatments. Upto 70 DAS, the increase in TDM
was at increasing rate which may be due to higher rate of CO” fixation and Ribulose bisphosphate
carboxylase activity in the early stage ofthe crop growth as has been obser\*ed by Pando and
Srivastava (1985) in sunflower. Similarly, Setia et al. (1994), while testing the effect of
paclobutrazol on Brassica carianata noticed considerable dry matter accumulation during post

anthesis period till harvest in both vegetative and reproductive structures.

At later stages ofcrop growth (70 DAS to harvest), the dry matter accumulated at
decreasing rate, which could be attributed to decreased dry matter accumulation in leafand
stems. Several workers re\'ealed that after the initial contribution by leaves towards early plant
growth, the stem, which is the major storage organ, becomes the major organ ofassimilates
supply. Dry Meeightofthe above ground parts ofthe plant during different stages ofcrop growth

and developmentwas significantly increased with the application ofbenz)iadenine insunflow™er
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(Goswami and Srivastava, 1987) due to longer functioning period ofthe leaves. In contrastto

the above observations, Child et al. (1993) reported that the growth retardant, triapenthenol
resulted in larger reduction ofstem dry weight in oilseed rape. However, Kene etal.{\99\)
demonstrated increased dry matteryield in sunflow'er under the influence ofcycocel than planofix.
Among the genotypes, CO-1was found statistically superior over DS-1which may be due to
quickerresponse to applied growth regulators and tall growing as well as branching habitof
CO-1 Similarly, cycocel was found more effective in increasing the total dry matter accumulation

in both the genotypes, because ofincreased number of reproductive structures than other

chemicals.

In general, leafarea increased upto 70 days after sowing and decreased thereafter
till physiological maturity, which was due to ageing ofleaves. Significantdifferences were noticed
with regard to leafarea among the selected growth regulators at all growth stages except at 40
DAS, since atthis stage, treatments were not imposed. However, growth retardants, cycocel
(1000 ppm), TIBA (100 ppm) and mepiquat chloride significantly reduced the leafarea as
compared to cytozyme (1000 ppm), planofix (1000 ppm) and cvtokinin (25 ppm). This variation
in leafarea could be attributed to differential mode ofaction of the growth regulators used inthe
study. The growth retardants cycocel, TIBA and mepiquat chlroides inhibit cell elongation resulting
inreduced leafexpansion without any anatomical changes in leafthereby increasing the leaf
thickness (Lovette and Campwell, 1973). Reduction ofleafarea due to application ofcycocel in
sunflower was noticed by Pando and Srivastava (1985). Similarly in cotton, the application of
mepiquat chloride resulted inthe reduction ofleafareaby 28.6 to 35.7 per cent (Jiang and Deng,
1986). Decreased leafarea in sunflower was also demonstrated by Starman era/. (1990) with

ancymidol (growth retardant) which inhibited cell elongation.

Growth promoting substances such as planofix, cytokinin and cytozyme are having
positive effect on cell division and cell elongation leading to enhanced leafexpansion. This isin
accordance with Goswami and Srivastava (1987) who obtained significantly higher leafarea due

to benzyladenine treatment in sunflower.

d:



Since leafsenescence is one ofthe most obvious constraints during peaic grain
filling period. The application of growth regulators arrested the chlorophyll degradation and
protease activity and promoted the synthesis ofsoluble protein contentand photosynthatic enzymes
(Goswami and Srivastava, 1987) resulting in more assimilatoiy surface area for longer period.
That is why, significantly higher values were obtained with respect to leafarea in all growth
regulator treatments over control. Due to differential growth habit, CO-1recorded significantly
higher leafarea over DS-1. Leafareaindex followed the same trend as that ofleafarea in all the
growth regulator treatments in both the genotypes.

Another parameterwhich is determined by the leafarea index oftwo consecutive
growth stages is leafarea duration (LAD). As CO-1was having maximum leafareathan DS-1
during all the growth stages, and it showed significantly higher LAD values over D S-1except at
40 DAS due to its initial slow growth. The LAD inall the treatments was significantly superior
over control which could be attributed to the retention of green leaves for a longer duration.
However, among the treatments planofix, cytozyme and cytokinin (growth promoters) have been
found superior over growth retardants which could be ascribed to increased leafarea index.
Similarly, Karei al. (1989) recorded higher chlorophyll, protein and RNA contents for longer
period in safElower when crop was treated with CCC and SADH due to delay in leafsenescence.

Itwas observed that leafarea ratio (LAR) decreased from 40 DAS to till harvest
with higher values under the influence of growth regulators. Similarly, Bora (1988) recorded
increased LAR with troazoles in sesamum. Similarly, specific leafweight (SLW) increased with
adecrease in specific leafarea (SLA) in treated plants ofboth the genot\'pes. This variation
could be attributed to increased leafthickness due to growth regulator treatments. Among the
growth regulators, cycocel, TIBA and mepiquat chloride were more effective in increasing the
leafweight. Whereas, planofix, cytokinin and cytozyme were efficient in increasing specific
leafarea because ofincreased leafarea than leafthickness. Gausmane/al. (1978) reported that
the application of mepiquat chloride at different concentrations increased leafthickness by 29
per cent due to longer palisade and strong spongy paranchyma cells within the leafmesophy 1L
and had more chlorophyll per unit area in cotton. Results pertaining to SLA are in comfirmity

with Reddy etal. (1990).
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5.4 GROWTHPARAMETERS 23

The computation of various growth parameters indicated differential response of
genotypes and treatments at different growth stages because of their differential crop duration
and growth habit. Growth regulator treatments were found to have significant effect throughout
the crop growth period except at early stage (40-55 DAS) over untreated control. This was
mainly because of higher total dry matter and assimilatory surface area due to growth regulators.
Net assimilation rate (NAR) as well as relative growth rate (RGR) differed significantly between
the genotypes throughout life cycle except at physiological maturity. During the early growth
stage, DS-1 maintained higher values because of early vigorus growth habit. Since these growth
indices are the measure of the extent to which the rate of dry matter accumulated from stage to
stage, applied growth regulators showed higher values by accumulating more dry matter with
the enhancement of photosynthetic efficiency and translocation of photoassimilates. Similarly

Sahod et al. (1989) reported that the foliar application of 20 ppm NAA (planofix) increased RGR
and NAR with plant dry weight in sesamum.

5.5 PHYSIOLOGICAL AND BIOCHEMICAL PARAMETERS

The effect of growth regulators on cholrophyll ‘a’, ‘b’ and total chlorophyll contents
in leaf exhibited significant differences due to growth regulators at all the growth stages except
at40 DAS. The chlorophyll content increased upto 70 DAS and declined later in all the growth

regulator treatments.

The variation due to growth regulators may be attributed to decreased chlorophyll
degradation and increased chlorophyll synthesis. These results are in accordance with Starman
et al. (1990) who explained that the application of ancymidol (growth retardant) to sunflower
resulted in higher chlorophyll content without the modification of leaf anatomy and decresed
chlorophyll degradation. The delay in leaf senescence could also be attributed to higher chlorophyll
content. Similarly, Goswami and Srivastava (1988) also found that the application of benzyladenine
to sunflower plants maintained higher chiorophyll content in both lower and upper leaves till 80

_days after sowing. They also concluded that BA stimulated the soluble protein content,
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amino nitrogen contentand chlorophyll and decreased the protease level in the older leaves of

sunflowerwhich senescence early.

Among the genotypes, DS-1 maintained higher chlorophyll and total
chlorophyll contents at 40 and 55 DAS and at later stages CO-1 dominated. This is because of
early and late growth habitofDS-1and CO-1, respectively. Ithas been suggested that the
application ofgrowth regulators increases the availability ofassimilates which intum may cause
prolonged chlorophyll synthesis (Stoddart, 1965). The results ofour investigation are in confirmity
with the results of other workers (Gausman et al. 1978; Stein et al, 1983 and Abdel-Al

elal., 1986).

hifluence ofgrowth regulators on chlorophyll ‘a’,’b ” and total chlorophyll contents
in capsule wall indicated non-significant differences at 55 DAS, whereas at 70 DAS, the
differences were significantamong the treatments. This increase at 70 DAS could be because of
increased translocation ofphotossimiiates to capsules under the influence ofgrowth regulators.
Similarly, Biswas and Ghosh (1989) reported that the application ofBA on capsule wall both as
smearing and injection increased the chlorophyll content in capsule wall. Among the genotypes

DS-1 had dark green foliage and capsules and also maintained significantly higher values.

It has been observed that, nitrate reductase activit\' in leafwas significantly
increased in growth regulator treatments both at 55 and 70 DAS. Similarly, all the growth regulator
treatments registered higher values over control without showing any statistical superiority in
relation to each other. Among the genotypes, nitrate reductase activity was significantly higher
inDS-1at40 and 55 DAS and later declined slightly over CO -1, which was because ofearly
nitrogen utilization capacity ofD S-1. Since, nitrate reductase is the key enzy”me in nitrogen
metabolism, its activity should always be higher, to have higher nitrogenous compounds in plant.
Itis generally believed that NR activity depends on the availabilitv® ofthe substrate (nitrate) and
proteinaceous compounds, therefore, ithas been suggested that the application ofgrowth regulators
may be attributed to enhanced nitrate uptake by plant (Kuchenbuch and Jung, 1988). Similarly,

uniconazole treated rape crop showed higher NR activity along with increased root activity
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(Yangetal, 1994). Asthereis no information available on direct effects of growth regulators on

enzyme, their involvement in NR enzyme synthesis may not be ignored.

The effects of foliar application of growth regulators indicated significant differences
over control with respect to seed protein content. However, in many cases, this protein content
isinversely related to seed yield. Various approaches may help to improve the protein percentage
inseed, i.e., by supplying nitrogenous fertilizers, breeding of high protein containing cultivars
and applying growth regulators to crops. Thus, by these three means, we can change the inverse
relationship between the grain yield and seed protein content. Our results indicated that the
application of growth regulators can increase the grain protein content without altering the grain
yield. This may be due to delayed leaf senescence which allowed more energy to be available
for processes related to nitrogen uptake, reduction and protein synthesis (Daniel O. Caldiz et al.,
1991). Similarly, Setia et al. (1994) demonstrated increased seed protein content from 180.2 mg
g' dry mass in control to 218.1 mg g dry mass in paclobutrazol (20 pg ml") treated rape seed.

This could be due to rapid assimilate distribution towards seed development.

Oil content in seed differed significantly due to the application of growth regulator
over control, without exhibiting statistical superiority with each other. Increased seed oil per
cent appears to be due to increased accumulation of hexose sugars at the time of triacylglycerol
synthesis resulting in more oil in oleosome (Purohit, 1993). Ithas been demonstrated by Santprasad
and Shukla (1991) that the application of CCC along with nitrogen increased the oil yield and
protein content in rape seed. Similarly, Abdel, et al. (1986) reported an increased oil and protein
contents with the application of mepiquat chloride in cotton. Increased oil content in oilseeds

due to the application of growth regulators was also reported by Pando and Srivastava (1987),
Uppar and Kulkarni (1989), Kene, et al. (1992) and Kulkarni (1993).

5.6 YIELD AND YIELD PARAMETERS

In general, crop yield depends on the accumulation of photoassimilates during
the growing period and the way these are partitioned between the desired storage organs of the

plants. Seed yield in sesamum was strongly influenced by the application of different growth
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regulators in both the genotypes indicating the role ofthese chemicals in the allocation of
assimilates between the vegetative and reproductive organs. Addo-Quayee/a/. (1985) have
demonstrated that paclobutrazol changed the pattern ofassimilate distribution towards reproductive
parts, especially to the terminal and upper branches otBrassica plant, thus, increasing the sink

capacity (more siliqua) leading to 16.9 per cent increase in seed yield as compared to control.

In the present study, the application o fdifferent growth regulators significantly
increased the number ofcapsules per plant, number ofseeds per capsule, seed yield per plant
and test weight, which are the importantyield determining components ofsesamum. Among the
selected growth regulators, cycocel (1000 ppm) was found to have significant effect in increasing
the seed yield as compared to other chemicals. This could be attributed to maximum increase in
capsule number, seed number per capsule, testweight, capsule length and width, which intum
might be due to efficienttranslocation ofassimilates from leafand stem to reproductive parts by

shortening the source to sink distance.

Pando and Srivastava (1985) reported that the application of CCC enhanced the
fixation ofcarbon dioxide, RuBP carboxylase activity and translocation ofcarbon from leafand
stem to capitulum thereby increasing the seed yield in sunflower. Similarly, Kare? al. (1989)
recorded increased seedyield in safQower due to CCC and S.\DH spray. Other growth regulators
like planofix (1000 ppm), TIBA (100 ppm), mepiquat chloride (1500 ppm) and cytozyme
(1000 ppm) also exerted statistical superiority over cytokinin (25 ppm) and control with respect
to seed yield. This could also be due to enhanced chlorophyll contents in leafand capsule wall,
increased total dry matter and leafarea duration along with proportionate increase in yield
contributing characters. These results are in line with Tripathy etal. (1996) who reported that
foliarapplication of20 ppm NAA, 5 ppm tricontanol and 25 ppm IBA insesamum increased the
seedyieldby 16.7,15.1 and 21.6 per cent, respectively over control, mainly due to increase in

number ofsiliqua perplant.

Similarly, Setiaetal. (1994) investigated the increased seed yield in paclobutrazol

treated Brassica carianata plants along with increase inthe number ofsiliqua per plant because of
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enhanced ability ofplantto allocate more assimilates to the development of fruits. Although,
cvlokinin (25 ppm) had numerically higher\'alues o\er control for almost all the >'ield attributing
characters, but seed yield was less as compared to other growth regulators. This may be due to

lower concentration of cytokinin that was used in the experiment, which failed to induce

desired effects.

Itis further confirmed from the present experimentthat chlorophyll content of
capsule wall enhanced under the influence ofdifferent growth regulators. Thereby, capsule
wall became photosynthetically more acti\'e resulting in better seed development by supplying
more current photosynthates. This may be the another reason for increased seed number per
capsule and test weight in growth regulator treatments. Among the genotypes, DS-1maintained
statistically superior values fortestweight and number ofseeds per capsule over CO-1, which

may be due to more assimilates availablit}' during peak grain filling period and having bigger

size capsules.
5.7 CORRELATION STUDIES

The data on correlation coefBcients betvv'eenvarious morphological, phenological,
growth, biochemical, yield and yield components presented in Table 26 indicated that seed yield
showed strong and positive correlation with number ofcapsules per plant, test weight, days to
50 per cent flowering, cessation of flowering, physiological maturity', dry weight of leaf, stem
and reproductive parts, total dry weight, leafarea index, leafarea duration, AGR, CGR, RGR,
SLW, chlorophyll contents in leafand capsule, NRA and protein. Butitwas negatively correlated
with plant height. Similarly, plantheight maintained negative association with all the parameters

except, leafarea, leafarea index, leafarea duration and leafarea ratio.

Ifwe examine the correlation values among growth parameters, it is clear that,
AGR had strong and positive association with RGR and CGR whereas, NAR was negatively
correlated with leafarea, LAl and LAD. Good correlation existed between chlorophyll content
both in leafand capsules wall with NRA, protein and oil contents. Similarly, NRA with protein

had significant positive correlation.
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5.8 FUTURE LINE OF WORK

Based on the results obtained in the present investigation, suggestions for further
studies in the field of plant hormones in the regulation of growth and development and its

subsequent influence on quantity and quality aspects of seed are outlined as under.

1. Indeterminate growth habit of sesamum plant, sets in competition for assimilates among
simultaneously growing stem, newly formed flowers and developing fruits leading to
insufficient availability of assimlates to the developing seeds causing reduction in quantity
and quality of seeds especially in the late formed capsules. Hence, it is needed to develop

a genotype having determinate growth habit.

2. Induction of synchronous flowering and fruit set by restricting flowering period to 10-12

days will help not only in the full development of capsule but their uniform maturity.

3. Several studies indicated that, photoassimilates distribution within the plant is under
hormonal control and hence there is scope for detailed anatomical and histochemical
studies regarding the effect of plant harmones on vascular connections between the

vegetative and reproductive structures.

4. Little is known about the influence of different growth regulators on nitrate reductase

activity and oil synthesizing enzymes, still there is a scope on such studies.

5. Itis also important to study the interaction between the externally applied growth regulators

and endogenous hormones.

6. From the results of net returns it is clear that planofix (1000 ppm), cytozyme (1000 ppm)
and mepiquat chloride (1500 ppm) are more beneficial as compared to cycocel
(1000 ppm) and cytokinin (25 ppm) and hence it is necessary to screen large number of

commercial plant growth retulators than the pure chemicals.
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VI SUMMARY

A field study was conducted to find out the effect of different growth regulators

on sesamum genotypes during kharif 1995 at Agricultural College Farm, U.A.S., Dharwad.

The experiment was laid out in a factorial randomised block design with two genotypes and

seven treatments in three replications. The results obtained are summarised in this chapter.

1.

The plant height increased significantly due to planofix but decreased with cycocel, TIBA
and mepiquat chloride in both the genotypes.

Growth regulators did not have much effect on the number of branches per plant.

However, number of flowers increased significantly over control in all the growth

regulators in both the genotypes.

Number of capsules increased significantly under the influence of growth regulators

throughout the growing period in both the genotypes, but maximum number was obtained

with cycocel at harvest.

It was found that phenological characters responded very well to all the applied growth
regulators. Days to 50 per cent of flowering was found less due to plant growth retulators
in both the genotypes. However, the cessation of flowering and physiological maturity

were delayed due to growth regulators in both the genotypes.

The dry matter accumulation in leaf and stem increased up to 70 DAS armegieclined
thereafter in both the genotypes. Maximum dry weight of leaf and stem was noticed

with 1000 ppm cycocel at 70 DAS, followed by cytozyme and mepiquat chloride.

The production of reproductive parts was significantly higher in all the growth regulator
treatments and TIBA followed by cytozyme and cycocel were very much effective in

the translocation of assimilates from leafand stem to reproductive parts rdsulting in higher

dry weight.



10.

11.

12.

All the growth regulators were found to have significant effect on the accumulation of
total dry weight in both the genotypes and the maximum dry weight was noticed at

harvest. Again cycocel maintained significantly higher total dry weight over control and

other treatments.

The dataonaAGR, RGR, CGR and NAR indicated that, they increased significantly due
to growth regulators as compared to control. Maximum AGR and CGR values were
recorded at 50-70 DAS whereas, the highestRGR and NAR were noticed at 40-55 DAS

in both the genotypes.

Leafarea and leafarea index increased upto 70 DAS and declined thereafter. Planofix
and cytozyme were very effective in increasing leafarea and LAI in both the genotypes.
Whereas, cycocel, TIBA and mepiquat chloride significantly reduced leafarea and LAI

in both the genotypes as compared to growth promoter treatments.

Itis clear irom the data on LAD that itincreased significantly inall the growth regulators

and planofix (1000 ppm) maintained higher values in both the genot\ pes.

Specific leafweight increased significantly with all growth regulators, whereas, specific
leafarea maintained non-significant values except at 70 DAS. Cycocel, TIBA and
mepiquat chloride resulted in higher SLW, whereas, SLA was maximum with planofix,
cytozyme and cytokinin. Similarly, significant differences were noticed with respectto

leafarea ratio due to growth regulators.

Chlorophyll ‘a’, ‘b’ and total chlorophyll contents in leafincreased significantly due to
growth regulators over control and the maximum values were recorded at 55 DAS in
both the genotypes. However, none of the growth regulators showed significant
differences amongthemselves. Similarly, chlorophyll content in capsule revealed that
chlorophyll “a’, ‘b’ and total chlorophyll increased significantly at 70 DAS inall the growth

regulator treatments.
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13. Nitrate reductase activit}’increased upto 55 DAS and reduced later in both the genot}pes.
Significant differences were registered due to growth regulators. Itwas also noticed that

oil and protein contents in seed enhanced with growth regulators.

14. The results ofvarious yield and yield attributes indicated that all the yield contributing
characters viz., seed yield per plant, 1000 seed weight and number ofseeds per capsule
increased significantly due to growth regulator treatments. Among them, cycocel
(1000 ppm) was found to be ver>' effective in increasing the seed yield in both the
genotypes. However, capsule length and w'idth did not differ significantly due to growth

regulators in both the genotypes.

Itis thus clear from our results that the growth retardant cycocel was found to be
more effective in increasing the seed yield in both the genotypes. This could be due to enhanced
translocation ofassimilates from source to sink by shortening the vascular connection betw'een
leafand stem (source) to reproductive organs (sink). Similarl}’,among the growth promoters,
planofix (1000 ppm) in D S-1and cytozyme (1000 ppm) in CO-1were notonly economically
adoptable but also resulted in remarkable improvement ofseed yield. Thiswas mainly attributed
to increased number ofreproductive parts per plant by reducing pre-mature shedding and

maintaining dark green leaffor longer period.

From the point ofEconomics, though, maximum seed yield w'as recorded in cycocel
(1000 ppm) but was not economical due to high cost ofthe chemical. On the contrary, planofix
(1000 ppm) followed by cytozyme (1000 ppm) and mepiquat chloride (1500 ppm) were found

more profitable interms ofnetretums mainly due to low cost ofthese chemicals.
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