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I. INTRODUCTION

Calendula (Calendula officinalig., I<) popularly known
as pot marigold, is one of the important cut flowers
belonging to the family Asterceae. Calendula is a native of
South Europe. Calendula are hardy and free blooming annuals
with beautiful crowns, grown for garden decoration and for
cut flowers. Calendula's are of diverse colours anJ used in
making bouquets, garlands and for vase arrangement. It is
used as bedding plant, for growing in pots, window boxes and
other garden places where enhancement of colour in garden is

required.

Calendula grow§ to a height of 30-45 cm with a green
stem which are succulent, hispido-pubescent oblong leaves,
some what - succulent, margins entire, flower heads are
terminal and solitary upon each branch. The heads contain
many flowers each with single ovary, and the ovary is boat
shaped. Florets at the centre are sterile and tubular.
Colours vary widely ranging from deep orange, canary yellow,

dark yellow, apricot and orange red.

Increased flower production, improved quality of
flowers and perfection in the plant form are the important
objectives to be reckoned in commercial flower production.

Though the quality is primarily a varietal trait, but can be



influenced by the application of growth regulators. Large
compact flowers with straight stalks are considered ideal
for the cut flower industry, while for making garlands, the
thickness of flower is of vital importance. Plants treated
with growth retardants are generally compact and sturdy and
have typically shortened internodes, dark green leaves and
shortened petioles. Treated plants usually remain dwarf
under optimal growing conditions. Systematic investigation
to assess the effect of growth regulators on growth
flowering, flower production in Calendula has not been made

under field conditions.

Considering the.importance of this crop, the present

study was taken up with the following objectives :

1. To study the effect of mepiquat chloride and maleic

hydrazide on growth and flower yield.

2. To determine the influence of varying concentrations of

gibberellic acid on growth and flower yield.

3. To increase the longevity of cut flower with chemical

preservatives.
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II. REVIEW OF LITERATURE

Cultivation of Calendula (Calendula officinalig, L )

has received less attention and information available on use
of growth regulators is very meagre. Hence such information
in respect of other closely related flower and ornamental-:

plants has been reviewed in this chapter.

The review of 1literature is presented under the

following headings :-

2.1 Growth retardants and their effects
2.2 Growth promoters and their effects
2.3 Delay in flowering

2.4 Early Flowering

2.5 Retarding plant growth

2.6 Increasing plant size and yield
2.7 Apical dominance and growth retardants
2.8 Prolonging the vase life of cut flowers.

2.1 Growth retardants and their effects :

Growth retardants are chemical substances that slow
down cell division and cell elongation in shoot tissues and
regulates plant height without formative effects. Growth
retardant treatment chanées the morphology and physiology of

plants. The anatomical changes may also influence increased



drought and heat tolerance. The growth retardants also
provide protection from pollutants. Cathey and Heggestad
(1973) reported that ancymidol and chlormequat provide
protection to poinsettia from ozone and Sulphur-di-oxide.
The ethylene diurea protected petunia plants exposed to
ozone more effectively than daminozide (Cathey and
Heggestad, 1982). Johnsen et al., (1978) reported that
ancymidol at 0.6 .and 0.48 mg a.i/2.5 cm pot reduced

sulphur~di-oxide damage in Chrysanthemum (Chrysanthemum

morifolium Ramat c¢v Shastha.

Anatomical changes that provide protection against
penetration by pollutants might also provide protection
against insects and disease organisms. Halevy et al.,
(1970) found that ethephon dip for 30 minutes partially

protected gladiolus corms from fusarium infection.

Tauber et aly(1971) reported that daminozide prevented

an increase in the population of white fly (Trioleurodes

vapararium) on petunia plants. Fisher and Shanks (1979)

noted reduced whitefly populations on Chrysanthemum and
poinsettia when plants were treated with 0.72 mg ancymidol
or 1500 mg clormequat per 13cm pot. Bruckef and Wiggans
(1969) reported that repeated applications of maleic
hydrazide and Alar reducéd effectively the low temperature

injury in chrysanthemum



Growth retardants manifest their activities
morphologically, anatomically and physiologically, so it is
not surprising that growth may decrease the severity
of some physiological disorders. The effect of growth
retardants vary with plant species, variety, concentration
of the retardant used, method of application and various
other factors that influence the uptake and translocation of
the chemical. Plants treated with growth retardants
generally have thick and short stem with short internodes
and thick and dark green leaves. Cathey (1964) reported a
number of chemically di&erse classes of compounds like
nicotiniums, gquarternary ammonium carbonates, hydrosine,
phosphoniums substituted cholines, succinic acids and a
number of other compounds tested and used as growth

retardants.
2.2 Growth promoters and their effects :

Plant growth promoting substances promote cell
elongation and cell enlorgement. The physiology and
morphology of plants are changed by these substances. Dahab
et al., (1987) reported that gibberellic acid increased the
fresh weight, dry weight, Chlorophyll and Carotenoid

contents but decreased fresh weight of inflorescence in

Chrysanthemum frutescens. Exogenous GA spray 15 days after
3

planting increasedYsot numbers and the activity of growth



promoting substances in the basal part of cuttings of

r & - . - A}

chrysanthemum - S Ce Gibberllin

applications does not influence the low temperature injury

in chrysanthemum (Bruckel and Wiggans, 1969).
2.3 Delay in flowering :

Jauhari and Amarjit (1960) reported that a drench spray
of maleic hydrazide at 500 ppm increased the average number
of 1lateral shoots and flowers per plant while plant height
was reduced with delayed flowering. Higher concentration of
1000 to 2000 ppm markedly reduced height, number of laterals
and delayed blooming in china aster. Powell and Anderson
(1957) recorded the effects of maleic hydrazide at 1200 ppm
completely stopped terminal growth. Maleic hydrazide
induced stimulation of laterals, retarded growth of lateral
and promoted production of large number of abnormal flowers
delay in flowering and reduction in yield due to maleic
hydrazide application has been reported in flowering annuals
(Sen and Sen, 1968) and in chrysanthemum (Sen and Maharana,

1972).

Armitage et al.(1987) showed that Daminozide did not
induce differences in flowering time in Calendula

officinalis cv. Mandarin, when applied at (0,1500, 3500, or

5000 ppm) 3, 4, 5, 6 or 7 weeks from sowing or once at 5



weeks apd once at visible bud stage. Maleic hydrazide spray
delayed the flowering time in china aster cv. Powder puff
mix, maximum number of days taken for flower bud appearence
(120.43 days ) was with 1500 ppm MH as against control of

108.33 days (Aswath, 1991).

Narayana Gowda (1990) reported the delay in flowering
owing to cycocel spray in china aster, Adriansen (1985)
reported that application of growth retardants (ancymidol,
piproctanyl bromide and Daminozide) resulted in delayed
flowering by few days in chrysanthemum. Application of
paclobutrazol delayed flowering in chrysanthemum cv. Bright
Golden Anne. The paclobutrazol exhibited delay in flowering
to ancymidol and daminozide and piproctanyl bromide were 2-4
days greater (Menhenett, 1984). Delay in 50 per cent
flowering by application of maleic hydrazide was noted by
Nagarjuna et al., (1988) in chrysanthemum. Further reported
that ﬁhe spraying of maleic hydrazide was more effective

than dipping.

Narayana Gowda and Jayanthi (1992) observed delay in
flowering of African Marigold owing to cycoel and
Maleichydrazide sprays. McConnell and Struckmeyer (1970)
studied the response of marigold to daminozide and two

different day 1length treatments. They observed darker



coloured foliage two days after plants were treated with the

'growth retardant with shorter internodes and delayed

flowering.

Armitage et al., (1981) found that three to four
applications of ancymidol and or daminozide to Zinnia
seedlings = delayed flowering and reduced fresh weight.
Srivastava and Bajpai (1964) reported 100 ppm of maleic
hydrazide spray delayed flowering in Calendula (Calendula

offi zinalis).

Flowering was delayed by as much as one week with some
ancymidol treatments, particularly at highest
concentrations, but only one to two day delay in flowering
was caused by daminozide treatment of potted chrysanthemum
(Larson and Kimmins, 1972). Shanmugam and Muthuswamy (1974)
revealed that spray of CCC and TIBA each at 5000, 10,000 and

15000 ppm on chrysanthemum yellow delayed flowering.

The flowering in case of china aster was delayed by 14
days at 1000 ppm maleic hydrazide spray as compared to
control (Narayana Reddy, 1978). Delayed flowering of china
aster due to application of 1000 ppm cycocel and pinching
(Narayana Gowda, 1985). Maleic hydrazide at 1000 or 2000
ppm delayed flowering in.chrysanthemum (Shanmugam and

Muthpswamy , 1974),



Maleic hydrazide’ and CCC delayed flowering in
chrysanthemum at 50 and 75 ppm.(DUtta. et al., 1993),

Nagarjuna et al., (1988) reported that 250 and 500 ppm

MH delayed flowering in chrysanthemum.

2.i# Earliness in flowering :

Dahab et al., (1987) reported in  g¢chrysanthemum

florescens that Gibberellic acid at 500 and 1000 ppm

accelerated days to flowering. Nagarjuna et al,, (1988)
observed that when Gibberellic acid at 100 and 200ppm

sprayed on chrysanthemum (Chrysanthemum indicum L.) hastened

50 per cent flowering. Dutta et al,, (1993) reported that
when Gibberellic acid was sprayed at concentration of 50 and

75 ppm on chrysanthemum (Chrysanthemum indicum. L) hastened

the flowering.

Gibberellic acid at 500 ppm on marigold (Tagetes
erecta. L) hastened days to flowering (Singh et al, 1991).
Narayana Gowda and Jayanthi (1992) observed delayed
flowering in African marigold owing to cycocel and maleic
hydrazide sprays. Shanmugam et al., (1975) reported that in

chrysanthemum (Chrysanthemum indicum L.) Gibberellic acid

induced earlier flowering at 100: ppm.

Shanmugam and Muthuswémy (1974 reported that CCC and

TIBA each at 5,000, 10,000 and 15,000ppm induced earlier
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flowering in chrysanthemum cv. white.

Reddy and Sulladmath (1972) reported that in china
aster gibberellic acid at 100, 200, 300 ppm resulted in
earlier flowering. When gibberellic acid at 100 and 200ppm
sprayed on chrysanthemum hastened 50 per cent flowering.
Dutta et al,, (1993) reported that when gibberellic acid was
sprayed at 50 and 75 ppm on chrysanthemum hastened the

flowering.

Gibberellic acid at 500 ppm on marigold (Tagetes
erecta L) hastened the days to flowering (Singh et al.,
1991). Narayana Gowda and Jayanthi (1992) observed delayed
flowering in African marigold owing to cycocel and maleic
hydrazide spray. Shanmugam et al,, (1973) reported earlier

flowering at 100-400 ppm in Chrysanthemum.

Shanmugam and Muthuswamy (1974) reported that CCC and
TIBA each at 5000, 10,000 and 15000 ppm induced earlier

flowering in chrysanthemum cv. white.

Reddy and Sulladmath (1972) observed earlier flowering
with gibberllic acid at 100, 200 and 300 ppm resulted in

china aster.

2.5 Retarding plant growth

Growth reduction due to cycocel has been observed in
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chrysanthemum (Lemper, 1964) and in Dahlia (Bose, 1965).
Maleic hydrazide alone reduced the plant height, but in
combination with GA there was no reduction in Zinnia (Saha,
1966). Narayana Reddy (1978) reported in china aster that
application of maleic hydrazide at 750 and 1000 ppm resulted
in significant reduction in internodal length and increased
number of branches with no influence on flowering. Further
he noticed that maleic hydrazide at all concentrations
reduced peduncle 1length, flower diameter, thickness of
flowers and number of flowers. Narayana Gowda (199D)
reported retardation in plant height with internodal

reduction owing to cycocel in china aster.

Sen and Naik (1977) observed the maximum reduction in
growth of chrysanthemum with 200 ppm maleic hydrazide and
cycocel at 1000 ppm. Cycocel at 0.25, 0.50 and 1.0 per cent
and maleic hydrazide at 250, 500 and 1000 ppm decreased the
final height of cultivar early white' (Sen and Maharana,
1972) Chrysanthemum plants treated with chlormequat were 6-
16 cms shorter than untreated plants, their leaves were
darker, larger and thicker and they were less likely to wilt

under water stress (Lindstorm and Tolbert, 1960).

Sachs and Kofranek (1963) demonstrated that retardants

reduced the number of cell divisions in the apical meristem
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of chrysanthemum plants and there_ by caused shorter stems.

McConnel and Struckmeyer (1970) noticed in marigold
that alar spray at 500 and 1000 resulted significantly
shorter plants than the controls because of shorter

internodes.

Application of Daminozide at 3500 ppm twice once at
sowing and again at visible bud stage resulted in excellent

height control of Calendula officinalis cv. mandarin by

reducing both peduncle and internodal length (Armitage et

al., 1987).

B-nine sprays applied to pot chrysanthemum reduced
plant height and flower weight (Buxton and Culbert, 1967) B-
nine when sprayed at 5000 and 10000 ppm significantly

reduced the plant height (Bhattacharjee et al, 1974).

Reddy and Sulladmath (1972) noticed in china aster

(Callistephus chinensis ) that maleic hydrazide at 500, 750

or 1000 ppm reduced the peduncle length, flower diameter and
flower thickness. Narayana Gowda (1992) reported that
reduction in flower peduncle length, when sprayed at nursery
stage with cycocel. Maleic hydrazide at 50 ppm spray

reduced plant height significantly in calendula (Srivastava
and Bajpai, 1964). Powel) And Andveasenliqase) found in dvrgfa'o)hcmbm
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that cessation of terminal growth was with 1200 ppm spray
and 900 ppm drench with maleic hydrazide. Stem length was
reduced at 1000, 2,000 or 4000 mg/lit of daminozide on

chrysanthemum (Hicklenton, 1990).

Bhattacharjee (1974) reported that TIBA at 2000 ppm or
maleic hydrazide at 500 ppm markedly reduced the plant
height in Dalhia cv. Kelvin Rose. Maleic hydrazide at 150
ppm was effective and retarded the plant height in both
‘aster and marigold (Lal and Mishra, 1986).

Daminozide was most effective in producing optimum size
petunia plants (80mm height) at 1250, 2500 or 5000 mg per
litre. However at higher concentration and more number of
applications reduced plant height below optimum of 80mm and
further noticed that paclobutrozol was least effective
chemical (Poll et al., 1990).

Aswath (1991) observed the reduction in plant height
owing to foliar sprays of maleic hydrazide, cycocel and Alar
at 1500 ppm in china aster cv. powder puff mix, Narayana
Gowda (1992) reported in chinﬁgster the reduction in plant
height due to pinching and cycocel spray both at nursery and
after transplanting in the main field.

2.6 Increasing plant size and yield
Plants of 'Spvereign' and F1 cultivars of Tagetes

erecta growing under both short and long days were given
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weekly foliar sprays of SADH of 500, 1000 or 2000 ppm where
short day control plants were shorter, flowered earlier and
had shorter 1leaves than long day plants. SADH delayed
flowering of treatéd plants upto eight days in each
photoperiod compared with the respective control. However,
the terminal flowers of the short day plants were of the
same size as those of control. SADH sprays also resulted in
shorter plants. denser foliage and wider leaf,_ _-lets

(McConnell and Strucmeyer, 1970).

Srivastava and Bajpai (1964) observed that maleic
hydrazide sprays reduced the mean height of hain shoot,
increased the number of days taken for first flower and
increased the number of flowers per plant upto 50 ppm in

calendula.

Novosalova et al.(1985) reported that application of
cycocel at 2-5 per cent as drench increased inflorescences
and intensity of greeness in leaves of marigold.

Gibberellic acid as a foliar spray of 200 ppm on
marigold and china aster increased the number of flowers
per plant (Syamal et al., 1990).

Singh et al.,(1991) noted that 500 ppm of GA  increased
growth, flower yield, number of flowers per plgnt, flower

weight and duration of flowering in African marigold

(Tagetes erecta L.)
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Highest number of laterals were observed in china aster
plants with drench spray (one month after transplanting) of

500 ppm of maleic hydrazide (Jauhari and Amarjit, 1960).

Gibberellic acid at 100, 200 or 300 ppm increased the
peduncle length of china aster flowers (Reddy and

Sulladmath, 1972).

Narayana Gowda (1985 and 1990) reported that the
increased number of branches, nodes and leaf area due to the
application of cycocel (ccc) 1000 ppm in china aster cv.

Ostrich Plume.

Narayana Gowda (1992) reported increased number of
laterals and flowers per plant owing to pinching and cycocel
sprays in china aster However, Aswath (1991) reported in
chinaaster cv. Powder puff mix a spray of 1500 ppm cycocel
on 25th, 40th, and 55th day after sowing increased the
number of branches (24.43) and resulted in maximum number of

flowers per plant (65.23)

When bench grown chrysanthemums were sprayed or

drenched with maleic hydrazide of 900, 1200, 1800 and 3000

ppm significantly produced more laterals in all the

treatments (Powell and’Anderson, 1956).

Sen and Maharana (1972) observed in chrysanthemum that

UNIV RSITY OF ACRIC U;(-:\.!Zr;jgls*,IENCES Th. 3423

prver vy
GKVK, BANGA! ©nE - EGO 085.
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gibherellic acid spray caused hyper elongation of stem and

internodes and also increased leaf area and petiole length.

Nagarjuna et al., (1986) observed that a spray of 100,
200 ppm of gibberelic acid on chrysanthemum resulted in
increased plant height, number of 1laterals, number of

suckers per plant, flower size and weight of flowers.

Gibberellic acid at 500 and 1000 ppm increased plant
height, diameter of stem, number of shoots per plant and

length of shoots in Chrysanthemum frutescens. (Dahab et al.,

1987).

Higher flower diameter (5.92-5.99cms) was recorded with
the spray of 200 ppm of gibberellic acid in chrysanthemum
(Nagarjuna et al., 1988).

Holcomb et al,(1991) observed in chrysanthemum that

folar spray of 20mg GA /lit increased the plant height and
3
peduncle length.

Dutta et al., (1993) reported that Gibberellic acid at

——
150 ppm on 45 day old chrysanthemum plants resulted in
higher yields of 0.682 Kgs per plant as against control

(0.253 Kgs per plant).

2.8 Apical dominance and growth retardants

Apical dominance is encountered in the production of
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most floricultural crops,the removal of shoot apices to
overcome apical dominance and to promote lateral shoot
development is referred to as pinching. Pinched cut flower
crops usually are more productive than single stem plants.
Pinching of chrysanthemums, carnations, china aster
and marigold is not a major task, each plant has only one
major axis and removal of shoot apices can be done rather
quickly. Pinching requires more labour. In some instances,
chemical pinching has improved lateral branching, justifying

its use, even though man ual pinching was not necessarily

labori@i$.

Beach and Leopold (1953) reported that a spray of 100
ppm maleic hydrazide resulted in as good or better pot plant
than pinch treated plants in three varieties of
chrysanthemum. The varietal responses to the various
treatments were similar and the flower quality and
salability of sprayed plants were in no way inferior to the

pinched ones.

Menhenett (1978) used 2,3 dihydro - 5,6 - diphenyl 1-
l, 4 - oxathin at 0.4-0.8 per cent active ingradient to
chemically pinch chrysanthemums. The chemical was applied
to shoot apices a few‘ days after | planting. Its
effectiveness as a pruning agent was influenced by time of

application as it is for disbudding.
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Dikegulac was developed in mid 70's (Anonymous, 1976)
and immediately showed potential for pinching several
ornamental plant species. It has successfuly promoted
lateral branching of herbaceous plants such as Begohia,

Calceolaria, Kalanchoe and Peperomia.

In Salvia and Verbena a spray of 0.05-0.16 per cent
dikegulac reported to be adequate for herbaceous plants,
further reported that more woody species such as
bougainvillea, fuchsia, clerodendron and ficus require
higher concentrations of 0.1 - 0.3 per cent (Anonymous

1979a).

Carpenter et al., (1971) when applied PBA(200 and 300
ppm) and BA (500 and 1000ppm) to poinsettia cultivars noted
an increase in lateral branching. Shanks and Purohit (1978)
tried numerous chemicals to promote lateral branching of
poinsettia and found that 3000 ppm, dikegulac was most

effective on cv. Eckespoint c-1 Red plants.

Cathey (1970) discussed the plant characteristics that
help to determine the effectiveness of chemical pinching
agents. Plants in a vegetative state with elongated stems
and with foliage that readily absorbs and responds quite
readily to chemical pinching agents, on the other hand,

plants in the reproductive state with waxy foliage and in
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which growth occurs in flushes do not respond well.
Environmental factors can also affect the response. For
o)

example, chemicals may be more effective at 30 C than at 13-
o

29 C because penetration is delayed at temperatures less
o

than 13 C and greater amount of pinching agents might be

required to produce the same effects obtained at higher

temperatures.
2.8 Prolonging the vase life of cut flower

Culbert (1965) reported that a single application of
0.5 per cent B-nine to potted chrysanthemum plants 2-3 weeks
after subjecting the plants to short days, shortened the
internodes most effectively and prolonged the life of the
flowers as compared with untreated control. Buxton and
Culbert (1967) demonstrated that spraying chrysanthemum cv.
yellow delaware with SADH increased flower life upto five
days. The longest flower life resulted from an application
of SADH at 2500 ppm applied three weeks after commencement

of shortdays.

Shawareb (1987) reported that application of alar
increased chlorophyll content of leaves and shelf life of

flowers of chrysanthemum.

Shawareb and Qrunfleh (1988) observed delayed flowering

from 2~-4 days and increased shelf 1life of the pot
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chrysanthemum plants due to application of 1250 ppm alar as
spray. Dutta et al., (1993) reported that application of
150 ppm gibberellic acid on chrysanthemum resulted in

longest cut flower shelf life of 20.0 days as against 8.67

days in control.

2.9 Effect of sucrose

Sugars play an important role in flower development and
opening either as energy source for respiration or as
osmotically active substances which aid in maintaining the
turgidity of the expanding corolla. Sugars also have
beneficial effect on maintaining higher fresh weights in cut
flower shoots by inducing stomatal closure in the leaves and
thus reducing water loss. The optimum concentration of
sugar varies with the treatment and the flower. Generally
for a given flower the longer the exposure to the chemical
solution the 1lower the concentration required and vice-

versa.

Flower senescence during vaselife is correlated with a
reduction in sugar content of the flower (Bruszewki, 1970;
Nowak, 1979; Ferreira and Swardt, 1980) whicﬁ resulted in
wilting (Belynskaja, 1964; Gambkoto et al., 1968; Nichols,
1973, Lukaszewska, 1980). Supplying .cut flowers with

exogenous sugar maintains the respirable substrates in the
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flower (Nichols, 1973, 1975, Lukazewska, 1986) promotes
respiration (Wilkins, 1965 and Coorts, 1973) encourages
prdtein synthesis (Paulin, 1986) and delays the onset of
excessive protein degradation (Paulin, 1971, Coorts, 1973,
Parups and Chan, 1973) and thus extends the longevity of cut

flowers (Coorts, 1973 and Rogers, 1973).

Sucrose improves water balance in cut flowers (Aarts,
1957 ; Bravdo et al., 1974, Halevy and Mayak, 1974 and
Borochov et al., 1976. Acock and Nichols, 1979 and Narayana
Gowda, 1990). This was attributed to the effect of sugars
on the closure of stomata and reduction of water loss
thereby increasing the fresh weight of the flower
(Marousky, 1971 and Narayana Gowda, 1990). The translocated
sugars accumulate in the flowers increasing their ability to
absorb water and maintain turgidity (Halevy and Mayak, 1979
and Halevy, 1976). The improvement of water balance was
also associated with reduced endogenous level of ABA
(Borochov et al., 1976) which is a typical response to
reduction of water stress, reduced (Wilkins, 1965) or

delayed (Dilley and Carpenter, 1976) production of ethylene.

Sucrose enhanced the effect of cytokinin in delaying
senescance of flowers and reduced the effect of ethylene in
promoting it thereby increasing the vaselife of the flowers,

(Mayak and Dilley, 1976).
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The supplied sugar may also reduce naturally occuring
starch hydrolysis and lipid degradation in roses (Molhar and
Parups, 1977), it prevented an undesirable accumulation of
free amino acids in the flowers (Lukaszewska, 1986) which is
a symptom of flower ageing (Ferreira and Swardt, 1980, and
Lukaszewska, 1980). The main effect of applied sugar in
extending longevity is to maintain mitochondrial structure

and functions (Kaltater and steponkus, 1976).

Sucrose in the vase solution has been found to increase
the vase life of gladiolus (Anserwadekar and Patil, 1986,
Bravdo et al., 1974, Choi and Roh, 1980, Narayana Gowda and
Nage Gowda, 1990, Lukaszewska, 1981) daffodils (Piskornik

.and

¥y

and Piskornik, 1980) tuberose (Balakrishna, 1987
Narayana Gowda, 1986) confirmed that sugar improveéhbtﬁg
water balance and osmotic potential of flowers. Mantur .and
Nalawadi, (1989) reported that in chin%aster a maximum vase
life of 8.0 days and 8.3 days in Kha;if and Rabi
respectively at 2.0% sucrose against control 5.0 days and

7.4 days in Kharif and Rabi respectively.

In china aster cut flowers, longest vase life at 133.17
to 14.63 days was observed with 0.4% Aluminium sulphate + 2%
sucrose (Narayana Gowda, 1986). Pulsing of cut
chrysanthemums in 50mg/1  silver nitrate + 200mg/l HQS +

5% sucrose for 20 hours had longest vase life of 7.5 days
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(Ketsa, 1989). Pulsing of cut gerbera inflorescences in
silvernitrate (200 mg/l) or 8-HQC (200 mg/l with sucrose
(100mg/1) for 24 hours at 20°C reduced the number of bent
or folded stalks (Nowak, 1989). Placing of calendula
and zinnia cut flowers in 10 per cent sucrose after silver
nitrate dipping enhanced their longevity (Awad et al.,
1989).

Accati and Jona (1989) reported that mixture of 300 ppm
8 - HQS, 300 ppm sodium benzoate, 10_4m aminoxy acetic acid,
10-4m 3,4,5-T and 20g/1 sucrose is best vase solution to
increase longevity of cut gerberas. Saradhi and Ram (1989)
reported that 1longer vase life of cut chrysanthemums was
obtained with cobalt chloride (12-14 days) 7 days in

sucrose and 3-4 days in IAA and cobalt chloride + sucrose

(22-24 days).
2.11 Effect of metallic salts

Shobha (1992) working on post harvest life of calendula

observed that increased vaselife with Cu(so ) at 0.75 m
4 2
and silver thio sulphate at 0.5 mg and Al (so ) at 1 m for

2 4 3
2-3 days as compared to control.

Shobha (1992) observed increased vase 1life of cut

calendula flowers by Cu(so ) by 3 days. Extended post
4 2



24

harvest 1life was recorded at 0.75 m Cu(so ) (7.33 days)
4 2

are compared to control 4.33 days. The increased vase life

was with increased concentrations of various metallic salts

tried in the study.
2.12 Water relations

The termination of vase life of many cut flowers is
characterized by wilting and therefore many studies have
been made at evaluation of events leading to this phenomena
(Halevy and Mayak, 1981). A high 1level turgidity is
necessary for development of flower buds to full bloom
maturity, it is also necessary for the continuance of
normal metabolic activity in the cut flower, turgidity in
plants and flowers is dependent upon a balance between the
rate of water loss or utilization and water supply (Rogers.

1973).

Simultaneous measurement of water uptake and water loss
were determined in some cut flowers (De stigter, 1980 and
Mayak et al., 1974). These two parameters certainly
influence each other and their interactions determine the
water balance (Halevy and Mayak, 1981) which inturn
influences flower turgidity (Rogers, 1973). In cut flowers
loss of water from all tissues depends on environmental and

internal factors. In roses and other cut flower water 1loss
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decreased sharply due to stomatal closure (Mayak et al.,
1974), water loss then paralleled water uptake (Halevy gpd
Mayak,1974) and finally an increase in water 1loss occured

before wilting (Halevy gnaiﬁqu&1974).

Water uptake and water loss may fluctuate cyclically
with an over all declining trend (Carpenter and Rasmussen,
1973, Mayak et al., 1974 and De stigter, 1980). However
the balance of two processes affect the fresh weight change
(Halevy and Mayak, 1981). Typically cut flowers initially
increase and subsequently reduce in fresh weight (Rogers,
1973 and Narayana Gowda, 1990). Decreased rate of water
uptake led to the loss of petal turgidity and fresh weight
(Durkin and Kuc, 1966 ) which ultimately reduced the flower
vaselife (Faragher et al., 1986). Increase in fresh weight
can occur only when the rate of water absorption is greater
than the transpiration rate (Rogers, 1973). Water uptake
and flower abscissions are the major physiological factors
which 1limit vase life (Faragher, 1986). Stem plugging and
reduced water transport capacity have been related to the
presence of micro-organisms in holding solutions (Ford et
al., 196l1) which can result directly from the physical
plugging action of masses of microbial cells clustered
around the base of the flower stem or indirectly from the

accumulation of plugging substances released into the water
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by microbial contaminants (Aarts, 1957).

The reduction in water uptake coupled with continuous
transpiration 1leads to water deficit and reduced turgidity
in the cut flower (Halevy and mayak, 1981). Water deficit -
water potential relations of the petals change with age
resulting in a lower water holding capacity (Van meeteren,
1978, 1979. Acock and Nichols. 1979). A decline in water
conductivity seems to be a general phenomenon in many ageing
cut flowers (Halevy and mayak, 1981). The redution in stem
conductivity is apparently caused by several factors. The
major factor contributing for the rapid deterioration of cut
flowers 1is vascular blockage, which begins at the cut end
and moves upward in the stem with time (Chandrashekaraiah,

1973 and Sacalis, 1975).

In treatments where microbial growth was greatest (as
-observed under microscope) water flow through the stems was
least 1in carnation (Laurie, 1936). Germicides controlled
microbial growth and partially reduced the resistance to
water flow- when used as vase solution for tuberose
(Narayana Gowda, 1990) thereby helping the flower stems to
maintain a higher rate of water transport and enhanced

vase life (Laurie, 1936).

Bacterial plugging appears to be a much greater
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practical problem in naturally long 1lived flowers life
of tuberose and gladiolus than in short 1lived ones 1like
roses, since there is more time for 1large population of
microorganisms to buildup in the former (Rogers, 1973).
Therefore micro-organisms were considered to be one of the
main causes of reduced water uptake by cut flowers (Halevy

and Mayak, 1977).

Cut flowers kept in solutions containing only
bactericidal chemicals often keep no longer than those in

plain water (Wiggins and Pyne, 1963).

-In addition to microbial induced stem plugging, there
are instances of physiological stem plugging that ocur even
under aseptic conditions (Rogers, 1973). Vascular blockage
is of oxidative nature resulting either from substances
secreted by damaged cells (RAarts, 1957) or harvesting
injury (Durkin and Kuc 1966).

0
Cut chrysanthemums placed in water at 20 C their water

balance became negative from the first day of vaselife.
This was due to distkybed water uptake due to air coming
into the vessels of the stem after cutting. Water loss of

the flowers had no influence on the water balance during

vaselife. (Meeteran, 1989).
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The field trial was conducted at the floriculture unit
of the Division of Horticultural Sciences, Gandhi Krishi
Vignana Kendra, University of Agricultural Sciences,

Bangalore~560065 during 1993-94.

3.1 Geographical location of the experimental site
o}
Horticultural Research station is situated at 12 58!
o
North latitude and 77 35' East longitude with an elevation

of about 930 meters above the mean sea level.
3.2 Soil and its character

In the experimental site the soil was red sandy loam
with PH range of 5.5 to 6.0. The available nitrogen content
and phosphorus content were 94 k¢ /ha and 18 kg ‘ha
respectively and exchangeable potassium content was 132

kg/ha. (Appendix-I and II).
3.3 Plant Material

Calendula cv. Orange King used for the study is an
annual herb with succulent stem, sessile leaves with

alternate phyllotaxy, erect growing and branching, bracteate

with inflorescence being the captilum.

Experimental Details
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3.1 Experiment - I

Effect of Maleic hydrazide, Mepiquat chloride and

Gibberellic acid on growth and flowering of Calendula.

Crop : Calendula (Calendula officinalis L) cv. Orange
King
Design : Randomised complete block design.

Treatments : 15
Replications 3

Gross plot : Im x 1Im
spacing s 30 x 20 cms

Treatments :

T - Control

T0 - Maleic hydrazide 50 ppm
T1 - Maleic hydrazide 100 ppm
T2 - Maleic hydrazide 250 ppm
T: - Maleic hydrazide 500 ppm
T - Mepiquat chloride 50 ppm
T5 -  Mepiquat chloride 100 ppm
T6 - Mepiquat chloride 250 ppm
T7 - Mepiquat chloride 500 ppm
T8 -  (@Gibberellic acid 50 ppm
T9 -  Gibberellic acid 100 ppm
T10 - G@ibberellic acid 200 ppm

'—l
|
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T - Gibberellic acid 300 ppm
12

T - gibberellic acid 400 ppm
13

T - Gibberellic acid 500 ppm
14

The freshy prepared growth regulators were sprayed on the
plants as outlined in the treatment details on 50 and 65

days after sowing.
3.3.2 Nursery operations

Good quality seeds were sown in the seed pans
containing mixture of sand and FYM (1l:1) and as a
prophylactic measure the seed pans were drenched with 0.1

percent captan.

Seed germination was observed within 5-6 days and were

protected from insect pests and diseases in nursery stage.
3.3.3 Preparation of experimental plot

The plot where the experiment was proposed to be
conducted was brought to fine tilth after ploughing.,
digging and levelling. The experimental plot was divided
into plots of size 1m x 1lm with 30 cm bunds between the
plots. Irrigatioﬁ‘ channels of size 0.5 m were provided
in between two rows. To each plot lb kgs of well
decomposed farm vyard manure was incorporated before

transplanting the seedlings.



3.3.4 Transplanting

30 days old seedlings were transplanted with a spacing
of 30 x 20 cm and irrigated 1lightly immediately after

transplanting.
3.3.5 Application of fertilizers

NPK at the rate of 180:120: 60 kgs per hectare
applied in the fofm of urea , Single super phosphate and
murate of potash respectively. The entire quantity of
phosphorous and potassium and 50 percent of nitrogen were
applied as a basal dose, the remaining 50 per cent nitrogen

was applied as top dressing 30 days after transplanting.
3.3.6 Irrigation

Irrigations were given once in a week depending on the

soil moisture conditions.
3.3.7 Plant protection and weed control

The crop was sprayed with 0.2 per cent dimethoate as
a prophylactic measure against leaf eating caterpillar and

head borer, Hand weeding and cleaning of channels was

regularly done to keep the plots weed free.

3.3.8 Collection of experimental data

Five plants were selected at random and tagged in each



treatment plot for recording the growth parameters.
3.3.9 Growth parameters

Plant height was measured from the ground level to the
growing tip of the plant. This observation was recorded at
60, 75, 90, 105 and 120 days after sowing. The total
number of leaves produced in each plant was counted in the
same five labelled plants at 60, 75, 90, 105 and 120 days
after sowing. The number of branches arising from the main
stem were counted in five plants and the average value was
recorded as number of branches per plant. This observation
was recorded at 60, 75, 90, 105 and 120 days after soeing.
The total number of nodes on the main stem were counted and
recorded as number of nodes per plant. Average internodal
lengths were obtained by random selection of nodes and
internodes for measurement. Total leaf area of all leaves
in a plant was measured using licer leaf area meter after

defoliation at the time of flowering.

3.3.10 Flowering parameters

i) Number of days taken for flower bud appearance

This observation was recorded by counting the days from
the date of sowing till intiation of flower bud in each

treatment plot. The first five flower buds that were
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intiated in each plant were tagged. The average of these
five termed the mean number of days taken to bud initiation

for each plant.

ii) Flower longevity on the plants

Average number of days from the date of anthesis to the
date of flower withering formed the mean longevity of the

flower on the plant.

iv) Total flowering period

Average number of days from the flower bud opening to

the last flower withering in the particular plant.

v) Number of flowers per plant

From the same randomly selected plants number of
flowers per plant was counted and recorded as number of

flowers per plant.

. vi) Flower diameter

From each plant five fully opened flowers were randomly

selected and their diameter was measured.

vii) Number of days for 50 per cent flowering

The number of days for 50 per cent flowering was
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recorded after a continous visual observation of the plots

and regular flower counts were taken. Then finally the
number of days with 50 per cent of the flowers possessed was

recorded.

viii) Yield of flowers per plant

As and when the harvesting was done the fresh weight of
the flowers from the five plants were recorded. Then the
yield of flowers per plant was obtained by dividing total

weight of flowers from the number of plants.

ix) Peduncle length

The distance between the basal end of the pedicel and
the bottom end of the flower was noted. The peduncle length
was measured in five flowers selected and average value was

calculated.

x) Dry weight of the flowers per plant

The earlier harvested flowers for yield purpose were
. o
used and dried in oven at 70 ¢ till a constant weight was

obtained.

xi) Dry weight of the plant

The five plants were harvested and dried in an oven at



35

o
70 ¢ till a constant weight was obtained. The average value

of five plants was noted as dry weight of the plant.

xii) Method of statistical analysis

Fischer's (1963) method of analysis of variance was
adopted for the analysis and interpretation of the data.
'F' and 'T' tests were conducted and the results were

tabulated.
EXPERIMENT - IA :

Effect of growth regulators and Sucrose on postharvest

life of cut flowers of Calendula.

Design ¢ Randomised Complete Block Design
Treatment : 15
Replications 3
Treatment Details :
Maleic hydrazide 50, 100, 250, 500 ppm
Mepiguat chloride 50, 100, 250, 500 ppm

Gibberellic acid 50, 100, 200, 300, 400, 500 ppm

Flowers were harvested when they were fully opened.
The stems were cut to a uniform length, removal of lower
leaves cleaning the stems and recutting the base bhefore
placing them in the solution were done. After recording the

fresh weight of the flowers each cut flower was placed in
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100 ml conical flask containing 2 per cent sucrose solution
freshly prepared by using distilled water and sucrose.
Observations were recorded on uptake of vase solution, fresh

weight of flower water balance and vase life.

3.4.1 Uptake of vase solution (ml)

The amount of vase solution in the bottle was measured
daily. The difference between the consecutive volume of
vase solution represents the uptake of vase solution and

recorded in milliliters (ml).

3.4.2 Fresh weight of flower
The weight of flower, weighed before keeping for vase
life studies and weighed daily represents the fresh weight

of flowers and expressed in grams.

3.4.3 Water balance
The difference between the uptake of solution and the
transpirational 1loss which is the water balance in the

flower was recorded.

3.4.4 Vase life in days

The point of termination of vase life varies from the
first sign of wiltﬁgg or fading to the total death of all
flowers, with all Qhe intermediate values between these

points (Halevy and Mayak, 1979). Withering and senescence
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of more than 50 per cent of the flowers were considered to
be the end of the potential useful longevity of the flower
and the number of days taken to reach this stage was
recorded by observing the flowers daily , observation of

flowers till they were found unfit for continuing in the

vase.

EXPERIMENT II.

To increase the longevity of cut flower with chemical

preservatives.

Design ¢ Randomised complete Block Design
Treatments s 20

Replications : 3

Treatment details : Sucrose 0, 0.5, 1.0 2.0%.

Al (So ) 0, 25, 50, 75, 100ppm
2 4 3

The above chemical preservatives were tried alone, also
in combination. The procedure and the observations recorded

remained the same as in experiment IA.
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IV. EXPERIMENTAL RESULTS

The results of the investigation conducted to study the
'Effect of growth regulators on growth and yield of
calendula are presented below.

Experiment I : 'Effect of maleic hydrazide, mepiquat
chloride and gibberellic acid on growth and yield of

calendula'.
4.1 Vegetative parameters
4.1.1 Plant height

The data on plant height as influenced by different
growth regulator treatments recorded 60, 75, 90, 105, 120,
135 and 150 days after sowing are presented in Table-I and

fig 1.
At 60 days after sowing

The plant height at 60 days after sowing differed
significantly due to different growth regulator treatments.
The lowest plant height was recorded with maleic hydrazide
at 500 ppm (8.33 cm) followed by mepiquat chloride at 100ppm
(8.43cm). The highest plant height was recorded with
gibberellic acid at 500 .ppm (11.36 cm) followed by
gibberellic acid at 400 ppm (10+93cm). However in control

the plant height recorded was 9.76 cm.
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Plate 1 : General view of the crop at pre-blosom stage

Plate 2 : Plants treated with 100 ppm maleic hydrazide
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At 75 days after sowing

There was significant difference among the different
growth regulator treatments. The lowest plant height was
recorded with mepiquat chloride at 500 ppm (16.79cm)
followed by maleic hydrazide at 500 ppm (18.47cm) and
mepiquat chloride at 250 ppm(19.01 cm). The highest plant
height was recorded with gibberellic acid at qoo ppm
(40.63cm) and significant differences 1in height of plants

due to various treatments were evident (Table-I).
At 90 days after sowing ‘

Plant height differed significantly among the different
growth regulator treatments at 90 days after sowing. The
lbwest plant height was recorded with maleic hydrazide at
250 ppm (30.64cm). The maximum plant height was recorded
with gibberellic acid at 400 ppm (45.16cm) followed by
gibberellic acid at 500 ppm (42.03cm). However plant height

in control was 35.56 cm.
At 105 days after sowing

Plant height at 110 days after sowing differed
significantly oweing to different growth regulator
treatments. The highest plant was recorded with gibberellic

acid at 400 ppm (49.10cm). The lowest plant height was



41

recorded with maleic hydrazide at 250 ppm (33.0cm), and next
best retardant in order to reduce the plant height was
maleic hydrazide 500 ppm (33.71 cm) followed by mepiquat
chloride at 500ppm (34.62 cm).

At 120 days after sowing

The plant height recorded at 120 days after sowing
differed significantly among the different growth regulator
treatments. The lowest plant height of 33.69cm was recorded
with maleic hydrazide 250 ppm followed by maleic hydrazide
500 ppm (34.78 cm).The maximum plant height (50.80cm) was
recorded with gibberellic acid 400 ppm followed by

at 300 ppm (47.49 cm).
At 135 days after sowing

The plant height recorded at 135 days after sowing
differed significantly among different growth regulator
treatments. The lowest plant height was_of 34.97 cm was
recorded with maleic hydrazide at 250 ppm followed by maleic
hydrazide at 500‘ppm (36.60cm). The maximum plant height

(53.33cm) was recorded with gibberellic acid 400 ppm

followed by gibberellic acid at 300 ppm (50.39cm).
At 150 days after sowing

The final plant height recorded at 150 days after
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sowing differed significantly among the different growth

regulator treatments.

The highest plant height was recorded with gibberellic
acid at 400 ppm (55.20cm) followed by gibberellic acid at
300 ppm (52.31cm). The lowest plant height was recorded
with maleic hydrazide 250 ppm (36.29cm) followed by maleié
hydrazide at 500 ppm (37.28cm). The plant height in

untreated (control) was 42.65 at 150 days after sowing.
4,1.2 Number of branches per plant

Data on number of branches per plant as influenced by
different growth regulator treatments are presented in

At 60 days after sowing

All the different growth regulator treatments differed
significantly. The highest number of branches were recorded
in gibberellic acid 50 ppm(8.8) followed by gibberellic acid
500ppm (8.13) and gibberellic acid 100ppm (9.56).

At 75 days after sowing

The number of branches differed significantly due to
different growth regulator treatments at 75 days after

sowing. The maximum number of branches were recorded with
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500ppm gibberellic acid (14.26) and the minimum number of

branches were recorded with control (8.16)..
At 90 days after sowing

All the growth regulator treatments recorded higher
number of branches as compared to control (9.03). The
highest number of branches per plant was with mepiquat
chloride 500 ppm (16.80) and was closely followed by
gibberellic acid 500 ppm (15.50) and mepiquat chloride 250

ppm (14.50).
At 105 days after sowing

The number of branches at 105 days after sowing
differed significantly owing to different growth regulator
treatménts. Spraying mepiquat chloride at 500 ppm resulted
in the highest number of branches (18.00), followed by
gibberellic acid at 500ppm (16.10) and mepiquat chloride
250ppm (15.00). The least number of branches were recorded
in control (9.36). The number of branches produced as a
result of growth regulator treatments ranged from 10.13 to

18.00.
At 120 days after sowing

All the growth regulator treatments differed

significantly. The highest number of branches‘were recorded



45

with mepiquat chloride 500ppm (18.03) followed by
gibberellic acid 500ppm (16.40). The number of branches

recorded in control was 9.43 (Table 2).
At 135 days after sowing

All the growth requlator treatments recorded higher
number of branches ranging from 10.80 to 18.53 as compared
to control (9.86). The highest number of branches per plant
was with mepiquat chloride 500 ppm (18.53) followed by
gibberellic acid 500 ppm (16.83) and mepiquat chloride
250ppm (15.50).

At 150 days after sowing

The number of branches differed significantly due to
different growth regulator treatments at 150 days after
sowing. The maximum number of branches were recorded with
S00ppm mepiquat chloride (18.73), followed by gibberellic
acid at 500ppm (17.13). The least number of branches were

recorded with control (10.13).

4.1.3 Number of nodes per plant at flowering and internodal

length at flowering

Data on the number of nodes at flowering and internodal

length at flowering as influenced by different growth
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Table-3. Number of nodes and internodal length per plant
at flowering as in Calendula as influenced
by growth regulators.

S - N " S e R e - D S A A S G EEN e D S G D U GRS UER ED G D EEE W Sl TES S GES Eep A MR G S D Smb S S0 s S e TED GED WP TEN Smp W GNP TN R NS WS UES W WS Nes Wy

Treatments Number of nodes Internodal length
' at flowering at flowering (cm)
Maleic hydrazide 50 ppm  17.40 1.3
Maleic hydrazide 100 ppm 17.80 1.65
Maleic hydrazide 250 ppm 16.66 1.
Maleic hydr;zide 500 ppm 18.16 1.73
Mepiquat chloride 50 ppm 15.26 2.05
Mepiquat chloride 100 ppm 17.06 1.76
Mepigquat chloride 250 ppm 17.23 1.68
Mepiquat chloride 500 ppm 16.30 1.79
Gibberellic acid 50 ppm 17.50 : 1.93
Gibberellic acid 100 ppm 17.10 2.16
Gibberellic acid 200 ppm 17.10 2.25
Gibberellic acid 300 ppm 18.26 2.18
Gibberellic acid 400 ppm 17.20 2,52
Gibberellic acid 500 ppm 19.43 2.26
Control 14.50 2.08
'F' - Test NS *
S.Em - 0.1658

C.D at 5% - 0.4803



Plate 3 : Plants treated with 100 ppm Gibberellic acid

Plate 4 : Comparison of plants treated with maleic hydrazide
{100 ppm) “and Gibberellic acid (400 ppm)
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regulator treatments are presented in Table-3.
Number of nodes per plant

The maximum number of nodes were recorded with 500 ppm
gibberellic acid (19.43) closely followed Dby 300ppm
gibberellic acid (18.26) and 500ppm maleic hydrazide
(18.16). The minimum number of nodes among the growth
regulator treatment were recorded with 50ppm mepiquat
chloride (15.26). However, the number of nodes per plant in
case of o¢ontrol was 14.50. The number of nodes as
influenced by differeent growth regulator treatments ranged
from 15.26 to 19.43. There was no significant difference

in the number of nodes per plant at flowering.
Internodal length per plant at flowering

Significant differences were found in internodal length
due to different growth regulator treatments. The
internodal 1length decreased with maleic hydrazide and
mepiquat .chloride treatments while it increased with

gibberellic acid treatments.

The minimum internodal length was rec¢orded with maleic
hydrazide (l;kicm) and the maximum internodal 1length was
recorded in 400 ppm gibberellic acid (2.52cm) followed by

500 ppm gibberellic acid (2.26cm). However internodal
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‘Table-4. Number of leaves and leaf area at flowering
in calendula as influenced by different levels
of growth regulators.

G S T G SIS SAS MR TR CUD S WD USSP GOV S G G D GO GRS IS D SED W M S G EES G G Nl G G GFD G GED G TS G GMS GEP GAS NS SED SEP GED SN GED GEN GED SED GED W/ W GED S GES GHF NS GED W i UV WU T WU W G 40 I S

Treatments Number of leaves Leaf area Average
at flowering cm2 leaf area
(cmz)

Maleic hydrazide 50 ppm  144.43  3664.36  25.37
Maleic hydrazide 100 ppm 165.53 4235.14 25.58
Maleic hydrazide 250 ppm 154.39 4132.86 26.76
Maleic hydrazide 500 ppm . 171.86 4416.29 25.69
Mepiquat chloride 50 ppm 138.22 3878.74 28.06
Mepiquat chloride 100 ppm 132.00 3728.96 28.24
Mepiquat chloride 250 ppm 190.75 4654.03 24.39
Mepiquat chloride 500 ppm 219.12 4815.92 21.97
Gibberellic acid .50 ppm 155.36 4308.16 27.73
Gibberellic acid 100 ppm 157.58 4447.47 28,22
Gibberellic acid 200 ppm 148.00 4107.09 27.75
Gibberellic acid 300 ppm 162.21 4202.43 25.90
Gibberellic acid 400 ppm 155.24 - 4253.10 27.39
Gibberellic acid 500 ppm 203.54 4620.28 22,69

Control 118.03 3448.13 29,21
'P' - Test * *
S.Em 4.8716 _ 67.8766

C.D at 5% 14.1096 196.5918
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length in control was 2.08cm.
4.1.4 Number of leaves per plant at flowering and leaf aréa
per plant at flowering

Data on the number of leaves per plant at flowering and
leaf area per plant at flowering as influenced by different
growth regulator treatments are presented in the Table-4.
Number of leaves

The number of leaves per plant differed significantly
owing to different growth regulator treatments tried.
However, the maximum number of leaves per plant was recorded
with 500ppm mepiquat chloride (219.12) and minimum number of

leaves per plant (118.03) was with control.

Leaf area
Significant differences were found in leaf area due to

different growth regulator treatments. The minimum 1leaf
2

area was recorded with control (3448.13cm ) followed by
2
maleic hydrazide at 50ppm (3664.36 cm ) and the maximum leaf

area was recorded with 500 ppm mepiquat chloride (4815.92
2 . 2
cm ) followed by 250 ppm mepiquat chloride (4654.03 cm ).

4.2 Flowering characteristics

Number of days taken for first flower opening and for

50 per cent flowering

Data on number of days taken for first flower opening
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Table-5. Number of days taken for first flower opening and for
50 per cent flowering in calendula as influenced by
different levels of growth regulators.

Treatments Number of days Number of days for
for firgt flower 50 per cent
opening

Maleic hydrazide 50 ppm  80.53 111.06 i
Maleic hydrazide 100 ppm 83.90 112.43

Maleic hydrazide 250 ppm 81.82 111.56
Maleic hydrazide 500 ppm 83.87 116.10
Mepiquat chloride 50 ppm 82.86 112.06
Mepigquat chloride 100 ppm 84.86 114.96
Mepiquat chloride 250 ppm 85.06 117.80
Mepiquatychloride 500 ppm 81.73 110.60
Gibberellic acid 50 ppm 79.10 113.43
Gibberellic acid 100 ppm 79.00 113.43
Gibberellic acid 200 ppm 77.53 112,50
Gibberellic acid 300 ppm 76.30 112,93
Gibberellic acid 400 ppm 74.86 113.43
Gibberellic acid 500 ppm 72.46 : 112,23

Control 79.85 118.80
'F' - Test * *
S.Em 1.0333 0.9477

C.D at 5% 2.9928 2.7447



SUIUVTIT I HiAMIHD A §TEATT NS TS AT AT TZINFT T SV DU Td 8 60 o BNV DNNGAD) 6 T U LMo 04 SAVT AION T D4

S ETETETEEBEBTE B ETETH BT
S CRIHIEIEIEIBIEIEIEIEIEIE1E
SO P TEHEE R B BB HIETHE
R SO - iy S | [
= || : RERE mﬂ~m~m_~twﬁ.mm agialt
: «. .»_ M”,, [ .w [ | | “.. §
R =R =R =R N =N N
S A A S A A (O (Y SN NN S SN SNV SN SN AN SN S SO SN SO S B | ! i
O O A (A (N AN A N A S SN AN (NN WY NN S SN SN SN SN SRS NN S S 5
S T D I T A R O S R O A A O B O S O O O O D O
S { P { {1 {4 | Py i | P! P { i 4
S T T I T T O N I U 6 T O A
S T S A O O T O T O S A S
A 1 T R O NN A O S O N I N O S O A B !
[} il [ ] i l} [ | | G

SR T T N T O IS T S O O O N U I I
WT A T S A A SRR S SRR SN SN SRR SN SRR A SN AN SN (Y ST S SN S SN m
S S A A A A A A |
T A A A A T O Y Y S A '
AT T O T T O T T O I A I B B
BEREER RN EENEER=EE AR EARE
i [ _., (. L )
m SNPIC RIS WY SO0 [ ) m M - ~_

! . sgcgti;sr“,-ctrtzz [ v w



51

and for 50 per cent flowering .as influenced by different

growth regulators treatment are presented in Table-5.
4.2.1 Number of days taken for first flower opening

The growth retardant treatments delayed the first
flower opening while gibberellic acid has reduced the time
to first flower opening. Maximum number of days taken for
first flower opening (85.06 days) was with ﬁepiquat chloride,
'84.86 days' twithl100 ppm maleic hydrazide.

Minimum number of days taken for first flower opening (72.46
days) was recorded with 500 ppm gibberellic acid followed by
gibberellic acid 400 ppm (74.86 days) and gibberellic acid
300 ppm (76.30 days). However days taken for first flower

opening in control was 79.85 days.
4.2.2 Number of days for 50 per cent flowering

The number of days taken for 50 per cent flowering was
influenced significantly by different growth regulator
treatments, The maximum number of days taken for 50 per
cent flowering was with control (118.70 days) and the
minimum number of days taken for 50 per cent flowering was
with mepiquat chloride 500 ppm (}1C 60 days). The days
taken for 50 per cent flowering due to different growth

regulator treatments ranges from ]09.46 to 117.80 days
(Table"’s ) .
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Table-6. Number of flowers per plant and flower yield per plant as
influenced by different levels of growth regulators.

T S D D W S e P T T D D SIS TS D G0 GuS (A Y EED i S GUS WU FUD GE GED NP Gmb S SN S G S (I GED NP SR G S GOF SUS GED GED EAD G D GED 00 GND S QU D D GMD TN GEE S NS GAL GED SN S

Treatments Number of flowers Yield of flowers
per plant per plant (g)

Maleic hydrazide 50 ppm  22.56 63.10
Maleic hydrazide 100 ppm 23.63 66.18
Maleic hydrazide 250 ppm 23.56 65.98
Maleic hydrazide 500 ppm 18.24 51.08
Mepiquat chloride 50 ppm 24.70 ' 69.16
Mepiquat chloride 100 ppm 24.23 67.84
Mepiquat chloride 250 ppm 21.24 59.47
Mepiquat chloride 500 ppm 23.17 64.18
Gibberellic acid 50 ppm 18.91 52.99
Gibbereliic acid 100 ppm 21,81 61.06
Gibberellic acid 200 ppm 23.85 66.79
Gibberellic acid 300 ppm 23.35 65.37
Gibberellic acid 400 ppm 23.54 65.91
Gibberellic acid 500 ppm 23.88 66.88

Control 18.49 51.76
'F' - Test | * *
S.Em 1.0966 3.0715

C.D at 5% : 3.1761 8.8959
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4.2.3 Number of flowers per plant and yield of flowers per

plant

The number of flowers produced per plant and the yield
of flowers per plant owing to different growth regulator

treatments are presented in Table-6.

Number of flowers per plant

All the growth regulator treatments tried increased the
number of flowers‘per plant in Calendula. Plants sprayed
with mepiquat chloride at 50 ppm recorded thevhighest number
of flowers (24.70) followed by mepiquat chloride at 100 ppm
(24.23) . However the 1lowest number of flowers were
recorded with maleic hj&razide at 500 ppm (18.24) and in

untreated control (18.49).

Yield of flowers

There was significant difference in flower yield per
plant owing to growth regulators application. The maximum
flower yield was recorded with mepiquat chloride at 50 ppm
(69.16g/plant) followed by mepiquat chloride at 100 ppm
(67.84 g/plant) and gibberellic acid 500 ppm (66.88
g/plant). The minimum floWer yield was fecorded with maleic

hydrazide at 500 ppm
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4.2.4 Stem length, peduncle length, flower diameter, dry

weight of flowers per plant and dry weight of plant

Data on stem length, peduncle length, flower diameter,
dry weight of flowers per plant and dry weight of the plant
as influenced by different growth reulator treatments are

presented in the Table-7.
Stem length

Growth retardant treatments were effective in
decreasing the stem length while growth promoter increased
the stem length. The maximum stem length was recorded with
gibberellic acid at 300 ppm (34.8lcm) followed by
gibberellic acid 200 ppm (32.35cm) and gibberellic acid 400
ppm (32,20cm), While the minimum stem length was recorded
with mepiquat chloride at 500 ppm' (15.82cm) followed by
maleic hydrazide at 500ppm (16.39cm) and maleic hydrazide
- 250 ppm (16.60cm). However is untreated (control) the stem

‘length was 24.13 cm.
Peduncle length

There was significant difference in peduncle 1length
owing to growth regulator spray. The maximum peduncle
length was recorded with 500 ppm gibberellié acid (7.06cm)
followed by 400 ppm Ggibberellic acid (6.73cm) and
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gibberellic acid 300 ppm (6.70cm). The minimum peduncle
length was recorded with mepiquat chloride at 250 ppm
(3.83ppm) followed by mepiquat chloride 500 ppm (4.00cm) and
maleic hydrazide 250 ppm (4.l6cm). However in untreated

(control) the peduncle length was 5.36cm.
Flower diameter

There was significant differeﬂce in the diameter of the
flower awing to growth regulator spray. The maximum flower
diameter was recorded with maleic hydrazide 100 ppm (6.93cm)
spray followed by maleic hydrazide 250 ppm (6.53cm). The
minimum flower diameter was recorded with maleic hydrazide
at 500 ppm (5.66cm) followed by 100 ppm mepiquat chloride

and 50ppm gibberellic acid (5.23cm).
Dry weight of flowers

There was significant difference in dry weight of
flowers per plant due to growth regulator spray. The
highest dry weight of flowers per plant was recorded in
100ppm mepiguat chloride (9.52g/plant) followed by
9.46/plant both in 100 ppm maleic hydrazide and 50ppm
mepiguat chloride. The lowest dry weight of flowers per
plant was recorded in 300 ppm gibberellic acid (6.86g/plant)

followed by 50ppm gibberellic acid (6.90g/plant).
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Dry weight of the plant

Significant difference in dry weight of plants was
observed due to the influence of different growth regulator
treatments. Maximum dry weight was recorded with mepiguat
chloride a 500 ppm (36.30g) followed by mepiquat chloride at
250 ppm (29.35g) and gibberellic acid at 500 ppm (28.55q).

Lowest dry weight was recorded with control (15.68).
4.2.5 Flower longevity and total flowering period

Data on the influence of different growth regulator
treatments on longevity of flower and total flowering

period are presented in Table-8.
Flower longevity

There was significant difference in flower longevity
owing to growth regulator treatments. The maximum flower
longevity was recorded with 500 ppm maliec hydrazide (5.80
days) closely followed by 500 ppm mepiquat chloride (5.70
days). The minimum flower longevity was observed in 250ppm

maleic hydrazide (4.26days) followed by control (4.73days).
Total flowering period

The total flowering period varied due to growth

regulator application and significantly differed, the



Table-8. Flower
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longevity and total flowering period as
influenced by different levels of growth regulators.

—— G T S S G S G S S S S S S S S S G S P S GED S SN G D GED G AP GO Ge Gus S GEN GES SES EP WA GF SNV SIS GED GED Gub UG GED SIS GER GEP GHS GED s G SED S SUS G

Treatments Longevity of flowers Flowering period
on the plant (days) (days)

Maleic hydrazide 50 ppm  5.13  51.93
Maleic hydrazide 100 ppm 5.30 55.40
Maleic hydrazide 250 ppm 4.26 58.00
Maleic hydrazide 500 ppm 5.80 58.73
Mepiquat chloride 50 ppm 4.93 57.23
Mepiquat chloride 100 ppm 5.60 57.23
Mepiquat chloride 250 ppm 5.40 59.13
Mepiquat chloride 500 ppm 5.70 50.96
Gibberellic acid 50 ppm 5.30 61.26
Gibberellic acid 100 ppm 5.30 69.96
Gibberellic acid 200 ppm 5.63 69.26
Gibberellic acid 300 ppm 5.46 57.66
Gibberellic acid 400 ppm 5.23 54.16
Gibberellic acid 500 ppm 5.46 55.33

Control 4.73 53.33
'F' - Test * *
S.Em 0.2984 0.6347
C.D at 5% 0.8642 1.8384

. - P GNS T TR CED P W) WD IR GED GER GES G AER e SED (M GEn GH EER GUR SN GND GNS D G GNP GRS GUD GHR GFD GHN GNP G5 SN GNP SIS WL GRS GOA WS SR D EAS UEL VML SES SN GRS SEE G SIS G SR SR SND A GV GEB
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maximum flowering period was recorded with 100ppm
gibberellic acid (69.96 days) which closely followed by 200
ppm gibberellic acid (69.26 days). The minimum flowering
period was with 500 ppm mepiquat chloride (50.96 days)
followed by 50 ppm maleic hydrazide (51.93 days). However
total flowering period 1in control was 53.33 days. The
increase of total flowering period ranged upto 15 days owing

to the application of growth regulators.
4,2.6 Vase life of cut flowers of Calendula

Data onlfresh weight of flowers, uptake of solution ;
transpirational 1loss, water balance and vase 1life as
influenced by different growth regulator <treatments along
with 2 per cent sucrose solution are presented in Table-9

and 10.
Fresh weight

In general the fresh weight of flowers was found to
increase upto 3 days and thereafter a declining trend was
observed. The different growth regulator treatments along
with 2 per cent sucrose differed significantly in fresh
weight during first day later on there were no significant
differences in fresh weight from third to seventh day. On
the first day maximum fresh weight was recorded with ®

gibberellic acid at 300 ppm (7.45g) followed by 50ppm
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gibberellic acid (5.35g). The lowest fresh weight was
recorded with gibberellic acid 400ppm (2.55g) followed by
250 ppm mepiquat chloride (2.70g). On the third day the
maximum fresh weight was recorded with 300 ppm gibberellic
acid (6.15g) and the minimum fresh weight was recorded with
gibberellic acid at 400ppm (2.85g). On the fifth day the
maximum fresh weight was recorded with 300 ppm gibberellic
acid (4,60g) and the least was with 400ppm gibberellic acid
(2.20g). On the seventh day the maximum fresh weight was
recorded with 300ppm gibberellic acid (3.45g) field spray
and the 1lowest fresh weight was recorded with 400 ppm

gibberellic and (1.70qg).
Uptake of solution

There was increasing trend in uptake of solution by
the cut flowers in the beginning and later declining trend
was observed. However, there was no significant decrease in
uptake of solution. On the first day the uptake of solution
was maximum in 300ppm gibberellic acid (3.55ml) followed by
100ppm maleic hydrazide (3.20ml). The minimum uptake was
found in 250ppm mepiquat chloride (1.45ml) followed by
400ppm gibberellic acid (1.65ml). On the third day ' maximum
uptake of solution was  recorded with 180ppm maleic

hydrazide (5.20ml) followed by 50ppm gibberellic acid The



minimum uptake of solution was recorded with 50ppm mepiquat
chloride (2.55ml) followed by 400ppm gibberellic acid
(2.75ml). on the fifth day the uptake of solution was
maximum with 50ppm gibberellic acid (2.40ml) followed by
50ppm maleic hydrazide (2.15ml). The minimum uptake was
with 250ppm mepiquat chloride (1.40ml) followed by S50ppm
mepiquat chloride(1.55ml). On the seventh day the maximum
uptake was with 50ppm gibberellic acid (2.30ml) followed by
500ppm gibberellic acid (2.25ml). The minimum upﬁake was
with 250ppm mepiquat chloride (1.40ml) followed by 50ppm

mepiquat chloride (1.55ml).
Transpirational loss

The transpirational loss was high in the first three
days of the study and thereafter a declining trend was
noticed. The different growth regulator treatments along
with 2 per cent sucrose differed significantly in
transpirational 1loss during first three days of the vase
life. On the first day maximum transpirational 1loss was
found in 300ppm gibberellic acid (2.60 ml) followed by 100
ppm mepiquat chloride (6.91ml) followed by 400 ppm in 250ppm
mepiquat chloride (0.90ml) followed by 400ppm gibberellic
acid(1.05ml) and 50ppm mepiquat chloride (1.10ml). On the
third day the maximum trénspirational loss of water observed

in 300ppm gibberellic acid (5.95ml1) and was followed by
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100ppm mepiquat chloride and 50ppm gibberellic acid
(5.50m1). The minimum loss was with in the field spray of
50ppm mepiquat chloride (3.00ml) and was followed by 400ppm
gibberellic acid(3.65ml) and 250 ppm mepiquat
chloride(3.15ml1). On the fifth day the transpiraﬁional loss
was maximum in SOppm and 300ppm gibberellic acid(3.50ml)
followed §by 100 ppm maleic hydrazide (3.30ml) and 250ppm
malei¢c hydrazide(3.20ml). The minimum loss resulted owing
to 250 ppm mepiquat chloride (2.00ml) followed by 2.35ml
loss.in control and gibberellic acid‘sprays. On the seventh
day the maximum transpirational loss was recorded in 500 ppm

gibberellic acid (3.25ml) followed by 500ppm gibberellic
-acid and 250 ppm maleic hydrazide (2.85ml). The minimum
loss was recorded in 250 ppm mepiquat chloride (1.95ml)
closely followed by 50ppm mepiquat chloride (2.00ml) and 400

ppm gibberellic acid (2.10ml) sprays in the field.
Water balance

There was positive water balance on the first day
thereafter a negative water balance was observed. On the
first day maximum water balance was recorded with 50ppm
maleic hydrazide and 200ppm gibbergllic acid (0.95ml)
followed by 100ppm maleic hydrazide (0.90ml). The minimum

water balance was recorded with 100ppm mepiquat chloride
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" (0.55ml) followed byd50 ppm mepiquat chloride and 300§pm

gibberellic acid (0.66ml).

On the third day a postiive water balance was
maintained only in mepiquat chloride 50ppm (0.50ml) and in
control (0.20ml), however, negative water balance‘was noted

in other treatments.
Vase life (days)

The 1longest vase life of 4.0 days was recorded with
field spray of 50 ppm gibberellic acid and 2 per cent
sucréSe vase solution followed by 500ppm mepiquat chloride,
and 100, 300, and 500ppm gibberellic acid (3.66 days).
'However there was not much influence of field spray of
growth regulators on vase life in other treatments tried.
An increase of vase life by 1.0 day (25 per cent) was
recorded owing to gibberellic acid at SO0ppm field spray and
with 2 per cent sucrose as vase solution. The least §ase
life of 3.0 days was recorded in control and other

treatments tried.

4.3 Experiment -~ II

vVase 1life of cut flowers of Calendula as influenced by

different chemical preservatives.

Data on fresh weight of flowers, uptake of solution,



e€geL” c
£€992°0

»*
90°¢

ov°¢
£G°¢
9€°¢
0L°T
9v°c
9v°¢
98°1
£€8°0
08°1
0T°T
€870
00°T
99° 1
eET°T
91°1
99°1
06°0
£€6°0

996S° 1 mwmw T

0 9T95°0 698S°0

»*

»*

wddooT
wddgy,
wddgg
wddgz
wddoQT
wddgy
wddgg
wddgz
uddogT
wddgy
wddpg
wddgz

00SE°T €TL0°C <CTo6¥S°T
TL8%°0 €LVL°0 68GG°
% * ¥*
ov°¢ 9% °9 0L°T
9€°g 90°L oZ°¢
96*¢ E1°L £6°C
08°¢ €C°9 €ET°€
92°¢ 99°¥p 96° 1T
98°¢ €€°¢ 971
0T"S 158 2 A £€6°€
€6°¢ 9L"9 0oT°¢
96°1 £C°E €E T
£€6°¢ 09°L 00°¥
91°¢ 98°9 9b°€
£€2°¢ €€V 98°1
£e"¢ 08°¥ 90° 1T
€8°¢ 0€°L £6°¢C
90°¢ 08°S 06°¢
€9°¢ 98° ¥ 96° 1
£0°¢ €L*S €1°¢
€E° 1 €L ¢ 0T°T
€e°1 9T*¥ €6°0
9¢°1 99°¥v €ET1°T
£ T S
s&eq
(Tw)uotTynTos
Jo 9ywadn

08°c 09°¢
€0V 9e° ¥
00°Vv oe*v
oL°€ €TV
0s°¢ 08°¢
90°¢ 09°¢
9LV €6°¥
£€8°€ 0E°"¥v
£€6°1 ge°¢
0s°¥v 28 A
0T°v 0C°v
08°¢ 01°€¢
0c°¢ 08°¢
0¥ 0€°s
9G6°¢ 9€° ¥
98°¢ 0G°€
€EE"E 06°€
€1°¢ oL°¢
06°T €6°¢
€e*¢ 98°¢
€ 1
skeq
(b) sasmoTx

FOo 3ybTOM Ysoayg

%S I 4°D

ug-s

Iso3 .4,

TOIx3U0D

o3eydins umTuTUMIY + %0°Z 9soxong
93eydins umTuTUNIY + %0°Z 9S0oIonsg
o3eydins umTuTUMIY + %0°Z 9S0IO0NS
93eyding wWNTUTUNTY + $0°Z 9SoIons
93eydins wunTutuMIY + 30°T 9Soxong
o3eydins untTuTUMIyY + %0° T 9soxons
ojeydinsg umTuTUMIY + %$0° T ©S0xong
o3eydins umtutumiy 4+ %0°1 osoxong
o3eyding umTuTUMIVY + %5°0 °©so0oxonsg
o3eydins umtutumiy + %G°(Q 9Ssoaong
o3eydins umTuTUMIY 4+ $5°0 9Soxonsg
o3eydinsg unTUTUNTY + $5°0 2Soxons
uddpggT 93eydins wnWIUTUNTY
wuddgy 93eydIns wnuIUTUNIyY
wddpg 93eydns WNWIUTUMTTY
uddgz 93eydIns UNWIUTUNTY

$0°C
$0°T
$G°0

asoxong
osoxong
@soxons

sjusuIleaa],

- v - o —— — T S D Ty Gu T I S D S S G G S S S S S S S ST s S G Gnb G S S WS W D S G A S s e Y S e S G D S " - - —

*S9ATIRAISSSId JUSISIFTP

~&q poousnTur se uorINTos Jo ayeidn ‘sIoMOTF FO IYBTOM ysaid

*TIT STIA®L



67

transpirational 1loss, water balance and vase life  are

presented in the Table-1ll and 12.
Fresh weight

With the addition of chemical preservatives there was
in fresh height from the first day onwards. On the first
day the maximum fresh weight was recorded with sucrose 0.5
per cent + Aluminium sulphate 100 ppm (5.43g) whereas the
minimum fresh weight was recorded in sucrose 1 per cent +
Al (So4) 25 ppm followed by 2.53 g in sucrose 1 per
ceﬁt‘ alone however in control the fresh weight was 3.60q.
On the third day the maximum fresh weight (4.76g) was
recorded with sucrose 1 per cent + Aluminimum Sulphate 75ppm
followed by sucrose 0.5 per cent + Aluminium Sulphate 100
ppm (4.50g). The minimum fresh weight was recorded with one
per cent sucrose alone (1.90g) and closely followed by
sucrose 1.0 percent + aluminimum sulphate 25ppm (1.93g). On
the fifth day highest fresh weight was recorded with sucrose
0.5 per cent + Aluminium Sulphate 100 ppm (4.00g) followed
by Sucrose 1 per cent + Aluminimum Sulphate 75ppm (3.93g).
The minimum fresh weight was recorded with one percent
sucro—se alone (0.93g) which was followed by sucrose 0.5 per

cent + Aluminium sulphate 25 ppm (1.06g). However, in

control the least fresh wéight was recorded (1.70g).
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Uptake of solution

With respect to the uptake of solution by flowers
a decreasing trend was observed. On the first day of vase
life the uptake of solution was highest in treatment with
sucrose 0.5 per cent + Aluminium Sulphate 100 ppm (7.60ml)
and was closely followed by sucrose 1.0 per cent '+
Al (So ) ) 100 ppm (2.33ml) followed by sucrose 1.0 per cent
+ 2Al ?Sg ) (3.23ml) and sucrose alone at 2.0 per cent
(3.733\1).4 30n the third‘day the maximum uptake of solution
was recorded with sucrose 2.0 per cent + Al (So ) 75 ppm
(5.10ml). The minimum uptake of solution wgs witg sucrose
1.0 and 2.0 per cent (1.33ml) followed by Sucrose 1.0 per
cent + Al (So ) 25 ppm (1.96ml). On the fifth day of the
study the2 highgst uptake of solution was recorded Qith

sucrose 2.0 per cent + Al (So ) 75ppm (2.53ml) followed by

2 4 3
sucrose 1.0 per cent + Al (So ) 75ppm and sucrose 1.0 per
2 4 3
"cent + Al (So ) 100ppm (2.46ml).
2 4 3
Transpirational loss
In the Postharvest treatments of chemical

preservatives, there was decrease in transpirational loss of
water. On the first day the maximum transpirational 1loss
was with Aluminium sulphate alone at 100 ppm (7.16ml)

followed by sucrose 0.5 per cent + Al (So4) 100ppm
2 3 ,
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(6.56ml) and control (6.50ml). The minimum transpirational

loss was recorded with sucrose 1.0 per cent + Al (So4)
(2.20m1) followed by sucrose 1.0 per cent + Al (go#)é 103
ppm (2.20ml) followed by sucrose 1.0 per cent +2A1 (So4)
25 ppm (3.40ml) and sucrose 2.0 per cen£ + il (So )3
(4.10ml). On the third day the maximum tfanspirationil 1gs:

was recorded with sucrose 2.0 per cent + Al (So4)

75ppm (5.86ml) followed by sucrose 2.0 per cent + Alz(So )3
100ppm (5.76ml) and sucrose 1.0 per cent + Al (So ) : 7sgpi
(5.33ml). on the fifth day the highest transpiratioial loss

was recorded with sucrose 1.0 per cent + Al (So ) (2.66ml)
2 4 3
followed by control (2.30ml) and sucrose 2.0 per cent +

Al (So ) 100ppm (2.23ml). The lowest transpirational loss
2 4 3 '
was recorded with Al (So ) alone at 75ppm (0.94ml) followed

2 4 3 !
by sucrose 0.5 per cent + Al (So ) 100ppm (l.26ml) and
2 4 3
sucrose 0.5 per cent + Al (So ) 75ppm sucrose 1.0 per cent
2 4 3
+ Al (So ) 25 ppm and sucrose 1.0 per cent + Al (So ) 50
2 4 3 2 4 3

ppm (1.33ml).

Water Balance

In generai a negative water balance was oObserved in

different treatments. On the first day highest water

balance was recorded with sucrose 1.0 per cent + Al (So )
- 2 4 3
50ppm and sucrose 2.0 per cent +Al (So ) 50 ppm (1.06ml).
2 4 3 .
Lowest water balance was recorded with Al (So ) alone at
2 4 3 '
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75ppm (-0.63ml) the different imn—the  treatments tried

exhibited a negative water balance ¢én the first day,

thereafter all the treatments showed negative water balance

during the study.

Vase life (days)
The Vase life of flowers were not much influenced by

the chemical preservatives. The maximum vase life of 4.33

days was recorded with sucrose 1.0 per cent Al (So ) 75ppn,
2 4 3
sucrose 1.0 per cent + Al (So ) followed by sucrose 1 per
2 4 3
‘cent + Al (So ) 50ppm and sucrose 2 per cent + Al (So )
' 2 4 3 b 2 4 3

Z5ppm (3.0 days), However in other treatments alone and in
combinati .on there was not much différence in vase 1life
period owing to the different concentrations and
preservatives tried. The least vase life (2.66) days was
recorded with control and other treatments. The chemical
preservatives tried.did not influence much in extending vase
'1ife of cut calendula. However the enhanced-vase life was

50 per cent more than control.
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V DISCUSSION

Growth regulators play a significant role in modifying
growth and flowering of plants, they change both the
morphology and physiology of plants. Their effects vary with
plant species, variety, concentration used, frequency of
application and various other factors which influence the
uptake and translocation of the chemical. Growth
regulators are extremely important and valuable in
industry manipulating growth and flowering of many

ornamental plants.

A popular use of growth regulators is to modify the
plant growth which is  particularly important in
floricultural crops. However, other plant processess .and
traits can be influenced by the application of exogenous
growth regulators. Annuals need stem elongation control
under the following conditions, vigours cultivars, generous
fertilization programmes, successful disease control,
optimum night temperatures ample water and possible crowding
of plants, to increase production for financial reasons.
Howeve?, there are instances where in growth promoters are
employed to increase the stem length and peduncle length

particularly in crops grown for cut flower purpose.

The results of the present investigation on 'Effect of
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growth regulators on growth and yield of Calendula cv.

Orange King' are discussed in this chapter.

5.1 Growth attributes

The various growth regulators tried in the present
study have successfully influenced the plant height in
comparison to control. A steady decrease in plant height
was recorded with retardants and an increase in plant height
was recorded with increased <concentrations of growth
promoter. The highest reduction in plant height was
obtained at various stages of plant growth with 250 ppm
maleic hydrazide followed by 500ppm of mepiquat chloride.
The lowest height (36.29cm) reduction was caused by 250ppm
maleic hydrazide. The reduction in height seems to have
released the lateral buds from apical dominance and hence an
increase in number of lateral branches was observed.
Similar results were recofded in chrysanthemum Lemper, 1964,
Sen and Naik ., 1977; Sen and Maharana, 1972; Lindstrom
and Tolbert, 1960; Menhenett, 1977; 1985; Dipnar, 1986;
Shawreb and Qrunleh,.1988), in Calendula, China aster (Bose,
1965) in China aster (Jauhari and Amarjit, 1960; Narayana
Reddy, 1978; Narayana Gowda, 1985 and Lal and Mishra, 1986),

in marigold (McConnel and Struckmeyer, 1970).
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in Calendula (Jauhari and Amarjit, 1964; Srivastava and

Bajpai. 1964 and Armitage et al, 1988.)

In general an increase in plant height was recorded due
to increased concentrations of gibberellic acid. The
highest plant height was obtained at various stages of plant
growth with 400 ppm, followed by 300 ppm of gibberellic
acid. Similar results were observed in Chrysanthemum
(Bruckel and Wiggans, 1969; Dahab et al,1987; Nagarjuna et
al, 1988; Holcomb, 1991; Sen and Maharana, 1972; Shanmugam,
et al; 1973), in china aster (Reddy and Sulladmath, 1972)

and in marigold (Singh et al., 1991).

Highest number of branches (18.73) were produced due to
the application of 500ppm mepiquat chloride followed by 250
ppm mepiquat chloride dug to the release of apical
dominance. Similar results were obtained by several earlier
workers (Cathey, 1967; Jauhari and Anmarjit, 1960; Lemper,
1964; Sen and Maharana, 1972; Powell and Anderson, 1957;
Narayana Reddy , 1978; Narayana Gowda, 1985; Lal and Mishra,

1986; Kumara, 1987; Shawareb and Qrunfleh, 1988}

Giberellic acid spray also resulted in more number of
branches compared to control . The highest number of

branches (17.23) were found in 500 ppm gibberellic acid.
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Similar results were obtained in china aster (Reddy and
Sulladmath, 1972;) in marigold (Singh, et al., 1991) in
chrysanthemum (Nagarjuna et al., 1988; Dahab, et al., 1987;

Shanmugam, et al., 1973;).

Various concentrations of growth regulators tried did
not influence the number of nodes significantly, however
highest number of nodes were recorded with 500 ppm

gibberellic acid (19.43) and lowest with control (14.50).

The height in Calendula was reduced due to a reduction
in the ‘internodal length. The 1lowest internodal 1length
(1.48cm) obtained with maleic hydrazide at 250 ppm field
spray, 1t is more effective followed by 100 ppm maleic
hydrazide (1.65cm). The internodal length reduction with
mepiquat chloride 250ppm (1.68cm) was maximum. Similar
results of reduction in internodal 1length due to the
application of growth retardants have been recorded by
Culbert (1965) and Bachthaler and Jansen (1985) in
Chrysanthemum, Armitage et al., (1987) in calendula, Lal and
Mishra (1986), Narayana Reddy (1978) and Narayana Gowda

(1985) in China aster and Kumara (1987) in marigold.

The height was increased in calendula due to increase
in the intersnodal length due to application of gibberellic

acid. The highest internodal 1length was (2.52cm) was
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obtained with 400ppm gibberellic acid followed by 500ppm
gibberellic acid ( 2.26). Similar reports of internodal
elongation have been reported by Dahab et al., (1987),
Nagarjuna et al., (1988), Holcomb et al., (1991), Sen and
Maharana (1972), Shanmugam et al., (1973) in Chrysanthemum,
Reddy and Sulladmath (1972) in China aster, Singh et al.,

(1989) in marigold.

A significant increase in number of leaves was recorded
due to the application of different concentrations of maleic
hydrazide, mepiquat chloride and gibberellic acid. Highest
number of leaves were obtained due to 500ppm mepiquat
chloride followed by 400ppm gibberellic acid. The number of
leaves decreased with 250ppm maleic hydrazide while number
of leaves in 100 and 200 ppm were on par, However,
untreated plants (Control) recorded least number of leaves
per plant (118.03). Similar results of increase in number
of 1leaves due to growth regulator treatments were reported
by Kumara (1987) and Mcconell and Struckmeyer (1970) in
marigold, Masterterz and Campbell (1956), Sen and Maharana
(1972) in chrysanthemum, Narayana Reddy (1978) and Narayana

Gowda (1985) in China aster.

Spraying growth regulators increased the leaf area

significantly. Although 500ppm mepigquat chloride recorded



77

highest number of leaves, the maximum leaf area was recorded
with 250ppm mepiquat chloride followed by Q50 ppm
gibberellic acid. Similar results of increase in leaf area
due to growth regulators were obtained by Dahab et al.,
(1987), Nagarjuna et al., (1988); Holcomb, et al., 1991, Sen

and Maharana (1972), in chrysanthemum.
Flower attributes

The growth regulator effects are also seen 1in the
flowering behaviour 1like enhanced flowering or delayed
flowering, 1Increase in number of flowers, flower diameter,
increased flowering period. However, increase in number of
flowers, -duration of flowering, longevity of flowers are

also desired traits.

Application of 250ppm of mepiquat chloride delayed the
time for first flower opening by 5.21 days followed by
100ppm mepiquat chloride (5.0l1days.) Application of 100ppm
of maleic hydrazide delayed flowering by 4.05 days. Delayed
flowering was apparently the result of growth inhibition
rather than direct effect upon flowering stimulus. Similar
results were obtained in china aster (Jauhari and Amarijit,
1960; Narayana Gowda, 1985 and Lal and Mishra, 1986, Reddy
and Sulladmath, 1972), . in marigold (McConnell and

Struckmeyer, 1970; and Kumara, 1987) in chrysanthemum (Sen



and Maharana, 1972, Larsen and Kimmins, 1972, Shanmugam et

al., 1973 and Shawareb and Qrunfleh, 1988).

In the present study gibberellic acid at 500 ppm
enhanced flowering by 7.39 days followed by 400 ppm
chrysanthemum (4.99 days). Siﬁilar results were also
reported by Maharana (1972), Nagarjuna et al., (1988),
Shanmugam et al., (1973), Dahab et al., (1987) in
Chrysanthemum, Reddy and Sulladmath (1972) in China aster,

Singh et al., (1991) in marigold.

Number of days taken for 50 per cent flowering was
influenced by different concentrations of growth regqulators

tried.

The least number of days for 50 per cent flowering was
recorded with 500ppm mepiquat chloride followed by 50 ppm
maleic hydrazide. In gibberellic acid 50 ppm the 1least
number of days for 50 per cent flowering evident which
was followed by 500ppm gibberellic acid. Similar results of
50 per cent flowering enhancement by gibberellic acid was

reported by Nagarjuna et al., (1988) in Chrysanthemun.

Highest number of flowers per plant was obtained due to
spray of 50ppm mepiquat chloride (24.70) followed by 100ppm
mepiquat chloride (24.33). The number of flowers produced

per plant in case of maleic hydrazide 500 ppm was 18.2%
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which is the least, fol;owed by control 18.49 . Similar
result was found in Chrysanthemum (Sen and Maharana, 1972).
Similarly decrea§e in number of flowers at the highest
concentration was.obseryed'in Chrysanthemum with 1000ppm and
2000ppm maleic hydraéide, 5000 ppm and 10,000 ppm cycocel

and 100 ppm and 200 ppm TIBA (Shanmugam, et al., 1973).
However 1in general with gibberellic acid spray treatments

the number of flowers increased upto 500ppm.

Mepiquat chloride 50ppm recorded highest yield per
plant (69.16g) followed by mepiquat chloride 100 ppm
(67.84qg). Similarly 50 ppm of maleic hydrazide enhanced
yield 1in calendula (Srivastava and Bajpal, 1964). The
lowest yield per plant was recorded with 500 ppm maleic
hydrazide (51.08g) followed by control (51.76g). In. the
present study with increase in gibberellic aéid
concentration increased the yields were increased, similar
such results reported in Chrysanthemum (Dutta, et al., 1993,
Shanmugam et al., 1973), concentration of maleic hydrazide
(500 ppm) reduced the yields in calendula. Similar result

was recorded in Chrysanthemum (Shanmugam, et al., 1973).

There were significant differences in the stem 1length
in all the growth regulator treatments. The longest stem

length was with 300 ppm gibberellic acid (34.8lcm) followed
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by 200ppm gibberellic acid (32.85cm). Similar result was
obtained earlier in Chrysanthemum (Dutta, et al., 1993,
Dahab, et al., 1987 Sen and Maharana, et al., 1972). This
makes the flower suitable as a cut flower because of its
long stem. The shortest stem length was with 500 ppn
mepiquat chloride, Which makes the plant dwarf, compact and

suitable for as a bedding plant.

The peduncle length differed significantly owing to
different growth regulater treatments. In general increase
gibberellic acid concentration increased the  peduncle
length. Similar résult was earlier recorded in marigold
(singh, et al., 1991) Chrysanthemum (Nagarjuna»gg al., 1988,
Holcomb, et al 1991) China aster (Reddy and Sulladmath
1972). The peduncle 1length decreased with the growth
retardant treatments. Lowest peduncle length was recorded
with 250 ppm mepiquat chloride (3.83cm). Similar results
were earlier recorded in China aster (Narayana Gowda, 1990,
Reddy and Sulladmath, 1972) and in calendula (Armitage, et

al., 1987).

The diameter of the flower was also influenced by
different growth regulator treatments. Though maleic
hydrazide 100 ppm yielded 1less number of flowers, the
diameter was highest (6.93cm). Similar observation was

recorded in Chrysanthemum (Sen and Maharana 1972). Growth
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retardants wusually increase the diameter of the flower as
in Chrysanthemum (Shanmugam and Muthuswamy, 1974), China
aster (Narayana Gowda, 1992). But contradicting results of
reduction of flower diameter with growth retardants was
found in China aster (Reddy and Sulladmath, 1972) calendula

(srivastava and Bajpai, 1964).

The dry weight of flowers per plant differed
significantly owing to different growth regulator
treatments. Highest dry weight of flowers per plant was
recorded with 100 ppm maleic hydrazide and 50 ppm mepiquat
chloride (9/|46 ) and the lowest dry weight of flowers .per

~plant was recorded with 300 ppm gibberellic acid (6.86g).

In the present study the dry weight of the plant
differed significantly due to different growth regulater
treatments. The highest dry weight of the plant was
. :ecorded with 500 ppm mepiquat chloride but contradicting
result was obtained in China aster (Narayana Gowda, 1992).
gibberellic acid treatments showed higher plant dry weight
- compared to control such result was reported in

chrysanthemum (Dahab, et al., 1987).

The longevity of flowers on the plant significantly
improved with the application of growth regqulators. Among

the different growth regulator treatments tried maleic
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hydrazide at 500 ppm spray was found to prolong the life of
flowers to the maximum exfent with an increase by 1.07 days
over control which was closely followed by mepiquat chloride
500 ppm (0.97 days). The pfolonged longevity due to 500 ppm
gibberellic acid was 0.73 days over control. Similar
results were reported by Reddy and Sulladmath (1972) in
china aster, Shanmugam et al(1973), Shamareb and Qrunflech
(1988), Buxton and Culbert (1967). Dutta et al (1993) in
chrysanthemum, Sen and Sen (1988) in Zinnia and Singh et al.

(1989) in marigold.

The total flowering period was extdded over a period of
69.96 days due to the application of 300 ppm gibberellic
acid, followed by gibberellic acid at 300 ppm (69.26 days)
as compared to control (53.33 days). Earlier workers
reported such increased flowering periodvin marigold (Singh
et al, 1991) china aster (Reddy and Sulladmath, 1972)

chrysanthemum (Shanmugam et al 1973, Dutta, et al., 1993).

Among growth retardants 250 ppm mepiquat chloride
recorded 1longest flowering period (59.13 days) The use of
these results have a practical value in bedding and potted

calendula.

vase life of cut flowers of Calendula

The use of preservative solutions to promote the
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quality and to prolong the life of cut flowers has been well
known. Flower preservatives are composed mainly of sugars,
germicides and acidfiers. Flowers held continously in sugar
solutions develop better and have longer life (Aarts, 1957;
Marousky, 1971) those in water contribute to deterioration
(Faragher et al., 1986). Sucrose fortified flower
preservatives have been shown to maintain turgor and
prolonged the life of cut flowers (Narayana Gowda, 1986),
and also prevent vascular blockage to allow greater flow
of solution (Mukhopadhyay, 1980 and Narayana Gowda, 1989).
With this idea in view, the present study was taken to
determine the effect of different growth regulators on vase
life of calendula with 2 per cent sucrose. The different
growth regulators in the field spray and two per cent
sucrose as vase solution differed significantly in ffesh
weight only on first day. Initial fresh weight was high in
gibberellic acid at 50ppm (5.35g). Greater fresh weight was
retained by the flowers obtained from gibberellic acid at
300 ppm (5.35 g). But on third day there was decreasing
trend of fresh weight, Similar observations have been
reported by Marousky (1971), Rogers (1973) and Narayana
Gowda (1990) in china aster. From the fifth day all the

treatments showed a decreasing trend in fresh weight.

The uptake of solution was not influenced by the field
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spray of growth regulators and sucrose as vase solution in
the present vase life study. But the maximum uptake of
solution was in 300 ppm gibberellic acid (3.55ml) 250 ppm
mepiquat chloride(1.45ml) P owing to the spray

application.

There was significant difference among the treatments
in the transpirational loss of water for the first three
days. The minimum transpirational loss was observed in
250 ppm mepiquat chloride (0.90ml)field spray followed by
400 ppm gibberellic acid (1.05ml) on the first day, while on
third day the minimum transpirational loss of water was
recorded in 50ppm mepiquat chloride(3.0ml). Thereafter the
~ water loss due to transpirtion was on decreasing trend.

because of less water uptake.

The water balance remained high on the first day of
vase life because of high water uptake and low
transpirational 1loss of water. The highest water balance
was recorded with 200ppm gibberellic acid and 50ppm maleic

hydrazide (0.9fml).

On the third day, in general the water balance became

negative owing to high transpirational loss of water similar
such result in chrysanthemum was reported by Meeteren V.Van;

989) the highest water balance was retained with 50 ppm
, p
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maleic hydrazide (0.50ml). From fifth day onwards the water

balance decreased further due to low water uptake.

The 1longest Vase life of 4.0 days was resulted due to
field spray of 50 ppm gibberellic acid and two per cent
sucrose as Vase solution followed by 3.66 days with
field sprays of 500 ppm mepiquat chloride, 100 ppm, 300,
500, ppm gibberellic acid and two per cent sucrose as vase
solution. The extension of vase life was due to the
effect of gibberellic acid, mepiquat chloride spray in the
field which may be the result of the influence of pre-
determined 30 per cent potential lasting qualtity of
flowers at harvest and the condition under which the crop is
‘'grown. Similar results were reported Ain chrysanthemum
(Culber, 1965; Buxton and Culbert, 1967; Shawareb, 1987; and

Shawareb and Qrunflech, 1988).

The second investigation was conducted to know the
effect of chemical preservatives on the post harvest life of

calendula cv. orange king.

In this study sucrose and Aluminimum Sulphate were used
at low concentrations to extend the post harvest 1life of

cut calendula flowers.

The primary function of sugars is to supply

energy for metabolic processes , in the absence of
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photosynthetic sucrose the flowers depend externally

on applied sugars for their metabolic requirements.

The effect of sucrose on water uptake by the cut
flowers may be species and cultivar specific. The main
pre\requistic for long life of cut flowers is on undisturbed

water uptake (Aarts, 1957).

Aluminium  Sulphate acidfies the holding solution
(Halvey and Mayak, 1981; Narayana Gowda; 1986) and keeps it
free from micro-oraganisms and helps in preventing the
plugging of conducting tissues (Doom et al, 1990) resulting
in greater solution uptake (Morousky, 1971) and thereby

maintaining freshness of cut flowers for a longer period.

In the present investigation there was steady decrease
in fresh weight of flowers. The maximum fresh weight was
resulted with the treatment. Sucrose 0.5 per cent +

2
sucrose 1.0 per cent + Al (So ) .25ppm (2.3g). Similarly on

2 4 3
the third day maximum fresh weight was obtained with sucrose

Al (So ) 100 ppm (5.43g) and the minimum was recorded with
4 3

1.0 per cent + Al (So ) 75ppm (4.76g) and the minimum was
with sucrose 1.0 ;er :egt alone (1.90g). On the fifth day
of vase 1life a further decrease in fresh weight was
recorded. The maximum fresh weight was recorded with

sucrose D.5 per cent + Al (So ) 100 ppm (4.0g) and the
2 4 3
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minimum fresh weight was recorded with sucrose 1.0 per
cent alone. In the present study the chemical preservatives

did not increase the fresh weight.

Initial uptake of solution was highest with sucrose

0.5 per cent + Al (So ) 100ppm (7.60ml) followed by
2 4 3
sucrose 1.0 per cent + Al (So ) 75 ppm (7.43ml). Oon the
2 4 3
third day the maximum uptake of solution was recorded with

sucrose 2.0 per cent + Al (So ) 75ppm (5.56ml) followed
2 4 3
by sucrose 2.0 per cent + Al (So ) 100 ppm (5.36ml). On
2 4 3
the final day of vase life the maximum fresh weight of cut

flowers was retained with sucrose 2.0 per cent + Al (So )
2 4 3
75 ppm (2.53ml).

Water loss due to transpiration differed significantly
due to chemical preservatives. On the first day the maximum

water loss due to transpiration was recorded with Al (So )
2 4 3
100 ppm (7.16ml) and the minimum with sucrose 1.0 per cent +

Al (So ) 100 ppm (2.20ml). The maximum water loss due to
2 4 3 :
transpiration on the third day was recorded with Sucrose 2.0

per cent + Al (So ) 100ppm (5.76ml). The minimum loss was
2 4 3
recorded with sucrose 2.0 per cent alone followed by sucrose

1.0 per cent. The final day of vase life the highest water

loss was noted with sucrose 1.0 per cent + Al (So ) 100 ppm

2 4 3
(2.66ml1) and in control (2.30ml). The minimum water loss

was with Al (So ) 75 ppm (0.93ml) alone. It is clear that
2 4 3
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chemical preservatives have not increased the
transpirational loss of‘water since with increase in water
loss there is beter uptake of solution. This is clear with
negative water balance of cut flowers there is increased
transpirational loss of water but accompanied by decrease in
uptake of solution there by negative water balance exists
right from first day of vase life. Similar such result was
reported in Chrysanthemem (Meteeren, V.Van, 1989).

The influence of chemical preservatives on the
extention of the vase life of cut calendula flowers was
very minimal. An extension of 1.67 days was recorded with
sucrose 1l.o per cent + Aluminium sulphate 75 ppm. Similar
report on extension of vase life with sucrose and Al (So )
was reported in gerbera (Accati and Jona, 1989) China2 aszei
(Mantur and Nalawadi, 1989).

The beneficial effects of a growth retardants on
calendula plants in the field are seen in height reduction
and thus making the plants suitable for bedding purpose,
more number flower blooms at a time with increased flower
diameter and flower longevity on the plants. While spray of
gibberellic acid on calendula plants in the field has
benefitted in increased peduncle and stem length making the
flower suitable as a cut flower, also resulted in increase
in number of flowers, flbwering duration and 1longevity of

flowers.
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Investigations on the effect of growth regulators on

growth and yield of Calendula (Calendula Officinalis. (L))

cv. Orange King were carried out during the year 1991-92 at
the Division of Horticultural Sciences , University of
Agricultural Sciences, Candhi Krishi Vignana Kendra,

Bangaloxe-560065.

The experiment was carried out in the field adopting
randomiged complete block design with an objective of
assessing the effect of growth regulators on different
attributes consisting of both vegetative and flowering
characteristics. The results obtained in present

investigations are summarised below.

Plant height decreased with an increase in the
concentration of growth retardants. Maleic hydrazide at 250

ppm was the most effective in controlling plant height.

Increase in number of branches was obtained with 500
ppm mepiquat chloride, while the lower concentration did not
have any significant effect. The maximum leaf area and leaf

number resulted due to 500 ppm mepiquat chloride spray.

Days to flowering was delayed upté 5.21 days and 4.Q:

days with 250 ppm mepiquat chloride and §00 ppm maleic
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hydrazide respectively. But gibberellic acid at 500 ppm
enhanced flowering by 7.39 days. Days to 50 per cent
flowering was maximum with 500 ppm maleic hydrazide and 250
ppm mepiquat chloride thus the plants were in bloom for
longer period. But gibberellic acid decreased the days to
50 per cent flowering since it produced flowers at the

earlier date.

There was marked and significant increase in production
of flowers due to application of growth regulators, mepiquat
chloride at 50 ppm was more effective in increasing the
number ¢6f flowers per plant followed by 100 ppm mepiquat

chloride.

The number of flowers increased in general with
increase in concentration of gibberellic acid. The maximum
yield was recorded with 50 ppm Mepiquat chloride followed by

100 ppm mepiquat chloride.

Stem length, peduncle length, flower diameter, dry
weight of flowers, and dry weight of the plant was
influenced by the growth regulator treatments. The least
stem length and peduncle length was with 500 ppm mepiquat
chloride making the plants dwarf compact and suitable
for bedding and potting purpose. The longest stem length

was recorded with 300 ppm gibberellic acid thus making the



81

flower suitable as a cutflower for vase purpose. Similarly
the peduncle 1length was maximum with 500 ppm gibberellic

acid making the flower suitable for cut flower.

Flower diameter decreased with the increase in the
concentration of maleic hydrazide. The maximum flowef
diameter was with 100 ppm maleic hydrazide. The maximum dry
weight of flowers per plant was with 100 ppm mepiquat
chloride and the highest dry weight of the plant was

recorded with mepiquat chloride at 500 ppm.

Longevity of flowers in the plant improved
significantly 'with the application of growth regqulators.
‘Maleic hydrazide at 500 ppm prolonged the life of flowers on

the plant to the maximum (5.80 days).

The total flowering period was ' enhanced due to
-application of different levels of gibberellic acid.
Gibberellic acid at 100 ppm resulted in 69.96 days of total

flowering period compared to control of 53.33 days.

In vase life studies the increase in weight of flowers,
uptake of solution, transpirational loss and water balance
was maximum during the first three days due to growth
regulator spray and two per cent sucrosé as'vase solution.
The vase life of cut calendula flowers was increased by 1.0

day with 50 ppm gibberellic acid as field spray and 2.0 per



92

cent sucrose as vase solution, control recorded 3.0 days of

"vase life.

The chemical preservatives tried namely sucrose and
Aluminium sulphate to extend the vase life of cut calendula
flowers did not influence the fresh weight, uptake of
solution, transpirational loss and water balance during the
vase life period. 1In studies to improve the vase life with
preservatives, sucrose 1 per cent and Aluminium sulphate
75ppm in combination increased the vase life of Calendula by
1.67 days as compared to control. gibberellic acid field

spray enhanced vase life by 25 per cent over control.

Based on these results obtained from the present study,
spraying of growth regulators such as maleic hydrazide at
250 ppnm to obtain dwarf plants and bushy plants.
gibberellic acid at 300 ppm to obtain 1long stem making
suitable for floral decoration and mepiquat chloride at 50
ppm for increased number of flowers per plant, can be
recommended. Vase life of calendula flower can be increased
by one day by keeping the cut flower in sucrose one per cent

and aluminium sulphate 75 ppm or 100 ppm.



REFERENCES



93

REFERENCES

* parts, J.F.T., 1957, Over de hand baarheid van Snijbloemen
(on the keepability of cut flowers). Meded. Land
bouwhogeschoot., 57 : 1-6,

Accati, E.G. and Jona, R., 1989, Parameters influencing
gerbera cut flower longevity. Acta Hort., 261 :
63-68.

Acock, B and Nichols, R., 1979, Effects of sucrose on water
relations of cut senescing carnation flowers. Ann.
Bot., 44 : 221-230,.

Adriansen, E., 1985, 'Retardation of pedicel length with
ancymidol, Piproctanyl bromide and daminozide in
nine cutivars of spray chrysanthemum'. Tidsskrift
for planteavl, 89(5) : 435-443,

Anonymous, 1976., Atrinal: Plant growth regulator. Dr.
R.Maag Ltd. CH-8157, Dielsdorf, Switzerland.

Anonymous., 1979a, Atrinal, Plant growth regulator, maag
Agro chemicals Tech. Data sheet. HLR Sciences.
Inc., Vero Beach, Florida.

Anserwadakar, K.W and Patil, V.K., 1986, Vase life studies

on gladiolus (Gladiolus grandiflorum) cv.
H.B.Pitt, 1. Effect of NPK and spacing on vase
life. ii. Effect of different chemicals. Acta

Hort., 181 : 279-283

Armitage, A.M. Bass, R.E., Carlson W.H. and Eweart, L.C.,
1981, 'Control of plant height and flowering, of
zinnia by photo period and growth retardants',
Hort Science. 16 : 218-220.

Armitage, A.M. Bergmann, B. and Bell, E.L., 1987, 'Effect of
Daminozide and 1light intensity on growth and
flowering of Calendula as a potted plant'. Hort
Science. 22(4) : 611-612,

Aswath, S., 1991 'Effect of growth retardants on growth,
flowering and quality of «c¢hina aster'. M.sc.
(Agri) Thesis submitted to the University of
Agricultural Sciences, Bangalore-65 India.



94

Awad, A.R.E, Meawad, A, Dawh, A.K and El-Saka. M., 1989, cCut
flower longevity as affected by chemical pre-
treatment. Acta Hort. 181 : 177-182.

Balakrishna, H.V., 1987 'Post harvest physiology of
tuberoses (Polyanthes tuberosa) as influenced by
metal salts and Sucrose, M.,Sc (Agri) Thesis
submitted to university of Agricultural Sciences,
Bangalore, India.

*Beach, R.G and Leopold, A.C., 1953, 'The use of maleic
hydrazide to break apical dominance of
chrysanthemum morifolium' Proc. Amer. Soc. Hort.
Sci., 1l: 144-149.

* Belynskaja, E.V., 1964 'Delaying wilting in cut tulip
flowers. Bryll. Glav. Bot. Sada., 53 : 47-52.

Bhattacharjee, S.K. Mukhopadhyay, A and Bose, T.K., 1974,
'Experiments with growth retardants on Dahlia’'.
Indian J. Hort., 31 (1): 86-90.

Borochov, A. Tirosh, T and Halery, A.H., 1976, Abscissic:
ac¢id content of senescing petals on cut rose
flowers as affected by sucrose and water stress.
Plant physiol., 158 : 175-178.

Bose, T.K., 1965, 'Effect of growth substances on growth and
flowering of ornamental annuals'. Sci and cult.,
31 : 34-36.

Bravdo, B. Mayak, S and Gravrielli, Y., 1974, Sucrose and
water uptake from concentrated sucrose solution by
gladiolus shoots and the effect of these
treatments on floral life'. can. J. Bot., 32 :
1271-1281.

Bruckel and Wiggans., 1969, 'Effects of Certain growth
regulators on low temperature injury of cultivars
of chrysanthemum morifolium'. Hortscience., 4(3) :
220,

Bruszewki, T.E., 1970, 'The influence of chemical
preservatives on post harvest respiration rates
and biochemical changes in carnation (Dianthus
Caryophvyllus). Diss. Abstr. Seet., B. 29 : 866,




a4

Buxton, J.W and Culbert, J.K., 1967, 'Effects of B-nine on
flower 1longevity and vegetative growth of pot
chrysanthemum proc. Amer. Soc. Hort. Sci., 91 :
645-652,

Carpenter, W.J. and Ras Mussen, H.P., 1973, Water uptake
rates by cut roses (Rosa hybrida) in 1light and
dark. J.Amer Soc. Hort. Sci., 98: 309-313.

Carpenter, W.J. Rodriguez, R.C and Carison, W.H., 1971
'Growth regulator induced branching of non-pinched
poinsettias’'. Hortscience., 6: 457-458,

Cathey, H.M., 1959, 'Poinsettia study'. Flor. Rev. 132
(3426) : 19-20, 83-84.

Cathey, H.M., 1964, 'Physiology of growth retarding
chemicals'. Annu. Rev. Plant. physiol., 15 : 271-
302.

*Cathey, H.M., 1970, 'Modern chemical pruning of plants'
Florist and Nursery Exchange, 153 (15): 6-12,

Cathey, H.M. and Heggestad, H.E., 1973, 'Effect of growth
retardants and fumigations with ozone and
‘sulphurdioxide on growth and flowering of
Euphorbia pulcherrima wild. J. Amer soc. Hort.
Sci., 98: 3-7.

Cathey, H.M. and Heggestad, H.E., 1982, 'Ozone and Sulphur
di oxide sensitivity of petunia : modification by
ethylene diurea'. J. Amer. Soc. Hort. Sci., 107 :
1028-1035.

Chandrashekaraiah, T.S., 1973, Studies on evaluation of the
hybrid tea roses for cut flowers. M.Sc (Agri)
Thesis submitted to University of Agricultural
Sciences, Bangalore, India.

Choi, H.R and Roh, S.M., 1980, Factors influencing the vase
life of cut gladiolus (Gladiolus x hybridum) and
Carnation (Dianthus Caryophyllus) flowers. J.
Korean. Soc. Hort. Sci., 21 : 176-184.

Coorts, G.D., 1973, 'Internal metabolic changes in cut
flowers'. Hortscience, 8 : 195-198,.

Culbert, J.R., 1965, 'Longer life for chrysanthemum flower'.
IITI Res., 7 (3) : 1.



96

Dahab, A.M.A, Eldabh, R.S. and Salem, M.A., 1987, 'Effect of
gibberellic acid on growth, flowering and
constituents of chrysanthemum frutescens;. Acta
Hort. 205 : 129-135,

*De stigter, H.C.M., 1980, Water balance of cut and intact
'Sonia' rose plants. Z. ptlanzenphysiol., 99: 131-
140.

Dilley, D.R. and Carpenter, W.J., 1976, The role of
chemical adjuvants and ethylene synthesis on cut
flower longevity. Acta Hort., 41 : 117-132.

Durkin, D.J. and Kuc, R., 1966, Vascular blockage and
Senescence of cut rose flowers. Proc. Amer. Soc.
Hort. Sci., 89 : 683-688.

Dutta, J.P. Seemanthini Ramadas and Khader, M.A., 1993,
'Regulation of flowering by growth regulators in
chrysanthemum (chrysanthemum indicum. L.) Cv.
Co.l, South Indian Hort., 41(5) : 293-299.

Faragher, J.D., 1986, Effects of cold storage methods on
vase life and physiology of cut inflorescences of
Telopea speciosirsima. Scientia Hort., 29 : 163-
171.

Faragher, J.D., Mayak, S. and Wachtel, E.J., 1986, Changes
in physical properties of the membrances and their
role in senescence of rose flower petals. Acta
Hort., 181: 371-375.

Ferreira, D.I. and Swardt, G.H., 1980, Changes in the
respiration rate, starch concentration, total free
reducing sugar concentration and total free amino
acid concentration in senescing roses (cv. Sonia.)
Agroplantae, 12: 23-28.

Fischer, R.A., 1963, 'Statistical method for Research
workers'. -l4th Edn. Hafner. -

Fisher, S.J. and Shanks, J.B., 1979, Whitefly infestation on
chrysanthemum and poinsettia treated with plant

and insect growth regulators. J. Amer. Soc. Hort.
Sci., 104 : 829-830.

Ford, H.E., Clark, D.T. and Stinson, R.F., 1961, Bacteria
associated with cut flower containers. Proc. Amer.
Soc. Hort. Sci., 77 : 635-636.




97

*Gombkoto, G., Pais, I. and Sambery, I., 1968, The
Biochemistry of cut flower storage. Development
of sugar content during storage. kert. Szol. Foisk
kozlem ., 32 : 53-60.

Halevy, A.H., 1976, Treatments to improve water balance of
cut flowers. Acta Hort., 64:223-230.

Halevy, A.H. and Mayak, S., 1974, 'Improvement of cut flower
quality, opening and 1longevity of preshipment
" treatments'. Acta Hort., 43: 335-347,

Halevy, A.H. and Mayak, S., 1977, Harmonal regulations of
rose petal senescence. Proc. 2nd Intl. Symp. on
plant growth requlators, Sofia, 1975.

Halevy, A.H. and Mayak, S., 1979, Senescence and post
harvest physiology of cut flower : Hort Rev., Part
Io pp. 204_2360

Halevy, A.H. and Mayak, S., 1981, Senescence and post
harvest physiology of cut flowers. Part II, In :
J. Janick (ed)., Hort. Rev., 3 : 59-143.

Halevy, A.H., Shilo, R. and Simchon, S., 1970,'Effect of 2-
chloroethane phosphonic acid (Ethrel) on health,
dormancy and flower and corm yields of gladioli'.
J. Hort. Sci., 45 : 427-434

Holcomb, E.J. Turkey, L.D. and Rose, M.A., 1991, 'Effect of
GA on inflorescence in uniconazole treated
chrysanthemum ' Hortscience . 26(3): 312.

Jauhari, O0.S. and Amarjit, S., 1960,'A note on the effect of
maleic hydrazide on growth and flowering of china
aster (Callistephus chinensis (L.))'. Sci.
and Cult., 25 : 697-698.

Johnson, C.K., Joiner J.N. and Gower, D.N., 1978, Anycimidol
decreases chrysanthemum sensitivity to So
2

fumigation'., Hort Science 13(1) : 35.

Kaltaler, R.E., and Steponkus, P.L., 1976, Factors affecting
respiration in cut roses. J. BAmer. Soc. Hort.
Sci., 101 : 353-354.

*Ketsa, S., 1989. 'The effect of pulsing solutions on the
vase life of cut chrysanthemums ' Kasetsart J.,
natural Sciences, 23 (1) : 1-7.



38

Lal, H. and Mishra, S.P., 1986, Effect of Gibberlic acid and
maleic hydrazide on growth and flowering of
marigold and china aster. Progressive
Horticulture. 18(1/2): 151-152,

Larson, R.A. and Kimmins, R.K., 1972, Response of
chrysanthemum morifolium Ramat to foliar and soil
applications of ancymidol. Hort.Science,7: 192
193,

Laurie, A., 1936,'Studies on the keeping qualities of cut
flowers'. Proc. Amer. Soc. Hort. Sci., 34 595-597.

*Lemper, J., 1964, 'Trials with dwarfting materials on
chrysanthemum'. Gartenwelt, 64: 197-199.

*Lindstrom, R.S. and Tolbert, N.E., 1960, (2-chloreothyl)-
trimethylammonium chloride and related compounds
as plant growth substances. 1IV. Effect on
chrysanthemum and poinsettias. Quart. Bull. Mich.
Agri. Expt. Sta., 42: 917-928.

Lukaszewska, A., 1980, Effect of sucrose in a holding
gsolution on some processes associated with ageing
of cut carnations. Acta Agrobotanica, 33 : 229-
237.

*Lukaszewska, A., 1981, Effect of selected chemical
substances on vase life and quality of gladioli.

Institu of Produkiji Agroduicezes, SGGCO-AR,
Warsaw, Poland.

*Lukaszewska, A.,1986, ' The effect of continous and 24
hours sugar feeding on carbohydrates and free
amino acids in inflorescence of cut dalhias®'.Proce
enstytutu Sadowniotwa i Kwiaciarstwa w
Skiernicuticach, B., 8: 207-214.

Mantur, S.M. and Nalwadi, V.G., 1989,'Effect of chemical
preservatives on vase life of china aster cut
flowers'. South Indian Hort. 37(6): 361-363.

Marousky, F.J., 1971, Inhibition of Vascular blockage and
increased moisture relation in cut roses induced
H,
by P 8- HQC and Sucrose. J. Amer. Soc. Hort.
Sci., 96: 38-41.




99

Mayak, S. and Dilley, D.R., 1976, Effect of slcrose on
response of cut carnation to kinetin, ethylene and
abscisic acid. J. Amer. Soc. Hort. Sci., 101l: 583~
585.

Mayak, S, Halevy, A.H, Sagie, S, Bar-Yoseb.A and Bravdo, B.,
1974 'The water balance of cut rose flowers'.
Physiol. plant., 31 : 815-822,

Mayak, S., Vaadia, Y. and Dilley, D.R., 1977, Regulation of
senescence in carnation (Dianthus caryophyllus) by
ethylene- mode of action. Plant Physiol., 59: 591-
593.

McConnell,D.C. and Struckmeyer, B.E., 1970, 'Effect of
succinic acid 2, =-2- dimethyl hydrazide on growth
of marigold in long and short photo periods'. Hort
science., 5: 391-393.

Meeteren, V.Van., 1989, Water relations and early leaf
wilting of cut chrysanthemums. Acta Hort., 261:
129-135,

Menhenett, R., 1978, Chemical Pinching of pot
chrysanthemums with 2,3-dihydro-5, 6-dephenyl-1,
4-oxathin. Scientia Hort., 8: 81-89.

Menhenett, R., 1984, Comparison of a new triazole retardant
paclobutrazol (pp 333) with ancymidol,
chlorphonium chloride, daminozide and piproctanyl
bromide, on stem extension and inflorescence
development in Chrysanthemum morifolium Ramat.
Scientia Hort., 24 (3/4) 349-358.

Molnar, J.M, and Parups, E.V., 1977., A histo chemical study
of of starch, 1lipids and certain enzymes in
senescing rose stems. Can. J. Bot., 55: 617-624.

Nagarjuna, B, Parthasarathy, V., Rama Rao and Nagabhushana
Reddy., 1986, Effect of growth regulators and
potassium nitrate on growth, flowering and yield
of chrysanthemum. South Indian Hort. 36(3): 136-
140.

Nagarjuna, B. Reddy, V.P., Rao, M.R. and Reddy, E.N., 1988,
Effect of growth regulators and potassium nitrate
on growth, flowering and yield of chrysanthemum

(Chrysanthemum indicum L.). South Indian Hort.,
36(3;: 136-140.




100

Narayana Gowda, J.V., 1985, Investigations on horticultural
practicies in the production of china  aster
(Callistephus chinensis L.). Ph.D. thesis
submitted to the University of Agricultural
Sciences, Bangalore.

Narayana Gowda, J.V., 1986, Post harvest life a china aster
as influenced by chemical preservatives. Curr,
Res., XV(12): 138-139.

Narayana Gowda, J.V., 1987, Effect of chemicals on post
harvest life of cut Rose cv. Montezuma. The Indian
Rose Annual, VI pp. 148.149,

Narayana Gowda, J.V., 1990, 1Influence of pinching and
cycocel on growth and flowering of china aster
(Callistephus chinensis (L.) Ness). Mysore J.
Agri. Sci., 24: 238-245.

Narayana Gowda, J.V., 1990, Effect of sucrose and aluminimu
sulphate on post harvest life of tuberose. curr.
ReS., XIX (l): 14-l6o

Narayana Gowda, J.V. and Jayanthi, R., 1992, Effect of
cycocel and maleic hydrzide on growth and
flowering of African marigold (Tagetes erecta).
Mysore J.agric.sci. 26: 175-~179.

Narayana Gowda, J.V,., and Nage Gowda, V., 1990, Effect of
calcium, aluminium and sucrose on vase 1life of
Gladiolus. Crop Res., 3(1): 105-106.

Narayana Reddy, Y.T., 1978, Effects of growth substances on
growth and flowering of china aster (Callistephus

cginensis(L.)Ness). Mysore J. Agric. Sci., 12(3):
526.

Nichols, R., 1973, Senescence of the cut carnation flowers :
respiration and sugar status. J. Hort. Sci., 48:
111-121.

Nichols, R., 1975, Senescence and Sugar status of the cut
flower. Acta Hort., 41l: 21-30.

*Novosolova, A.N., Sevrova, O.K. and Pyatitskaya, L.I.,
1985, Chlorcholine chloride application for
improving the ornamental properties of Tagetes.
Byulleten Galvnogo Botanicheskago Sada.



101

*Nowak, J., 1979, Carbohydrate contents of gerbera (Gerbera
jamesonii) inflorescence during senescence. Prace
instytutu W. Skiernie Wicach, B., 4: 113-118.

*Nowak, J., 1989, Pulsing and use of floral preservative to
improve keeping quality of cut Gerbera
inflorescences after dry shipment. Rosliny ozdobne
s 14: 169-174.

Parups, E.V and Chan., 1973, 'Extension of vase life of cut
flowers by use of isoascorbate containing
preservative solution. J. Amer.Soc. Hort. Sci.,
98: 22-26.

*Paulin, A., 1971, 'Influence de 1la composition de 1la
sonation Nutrituve Sur la Teneur en Divers Acides
Amines Libres et en Ammoniac des petales de fleurs
cupees.' Ann. Tech. Agri., 20: 283-303.

-*Paulin, A., 1986, Physiology of senescence in cut flowers.
Academic d' Agriculture de France, 71: 1201-1210.

*Piskornik, z. and Piskornik, M., 1980, Effect of
preservative solutions on vase 1life of cut
daffodils. Agro duietwo, 158 : 17-32.

*Poll, D. Vander and Allan, P., 1990, Comparative effects of
daminozide, dikegulac-sodium, paclobutrazol and
uniconazole on plant height of petunia hybrida.
South African J. pl. and Soil, 7(1): 72-75.

Powell, S.N. and Anderson, R.C., 1956, Response of bench
grown chrysanthemum to maleic hydrazide. Proc.
Amer. Soc. Hort. Sci., 70: 482-489,

Reddy, Y.T.N and Sulladmath., 1972, Influence of growth
regulators on flower characteristics of china
aster (Callistephus chinensis). South Indian
Hort., 20: 252-255,

Rogers, M.N., 1973, A historical and critical review of post .
harvest physiology research in cut flowers. Hort
science, 8: 189-194,

Sacalis, J.N., 1975, Sucrose patterns of uptake and some
effects of cut flower senescence. Acta Hort., 4l:
45-46.



102

- Sachs, R.M. and Kofranek, A.M., 1963, Comparative
cytohistological studies on inhibition and
promotion of chrysanthemum morifolium. Amer.
g_'.B__Q_E" 50: 772"779.

Saha, A.K., 1966, Antagonism between GA and MH on the growth
of Zinnia elegans. Sci. and Cult., 32(1) : 51-52.

saradhi, P.P and Ram, H.Y.M., 1989, Prolongation of vase
life of chrysanthemum blooms by cobalt chloride
and its reversal by IAA Acta Hort., 261: 309-312,

Sen, S.K. and Maharana, T., 1972, Effect of some growth
regulators on growth and flowering of
chrysanthemum. Indian J. Hort., 29: 237.

Sen, S.K. and Naik, J., 1977 Growth and flowering response
of pinched and unpinched chrysanthemum to growth
regulator treatment. Indian J. Hort., 34: 86~
90.

Sen, P.K. and sen, S.K., 1968, Effects of growth retarding
and promoting chemicals on growth and flowering
of some annuals. Indian J. Hort., 25: 219-224.

Shanmugam, A. and Muthuswamy, S., 1974, Effect of CCC and
TIBA on Chrysanthemum Indicum. Indian J. Hort., 31
(4): 370-371.

Shanmugam, A., Muthuswamy, S. and Madhava Rao, V.N., 1973, A
study on the effect of growth substances on
chrysanthemum (chrysanthemum Indicum). Madras
Agric. J., 60(1): 1-5.

*Shanks, J.B and Purohit, A., 1978, Chemical promotion of
branching of poinseffia (Euphorbia pulcherrima
wild, exklozsch) and chrysanthemum (Cxmorifolium
Ramat.) in the green house. P.252-259. In.proc.
Sth Annu. mtg. plant growth regulator working
group. Blacksburg, virginia.

*Shawareb, M.N., 1987, 'Effect of cultar and alar on four
cultivars of pot Chrysanthemum.' Dirasat, 14:123-
132.

*Shawareb, M.N. and Qrunfleh, M.M., 1988, Effect of alar on
four cultivars of pot chrysanthemum. Dirasat,
15(11): 54-68.



103

~ Shobha, K.S., 1992, Effect of sucrose pulsing and metallic
salts on the vase life of cut flowers. M.Sc thesis
submitted to University of Agricultural Sciences.
Bangalore-65 India.

singh, M.P., Singh, R.P and Singh, G.N., 1991, Effect of
GA and Ethrel on the growth and flowering of
3
African marigold (Tagetes erecta L.) Haryana J.
Hort Sci. 20(1-2) 81-84,

Srivastava, V.K. and Bajpai, P.N., 1964, A note on maleic
hydrazide treated calendula. Madras Agric. J.,
51(4): 515-516.

Syamal, M.M., Rajput, C.B.S., Upadhyay, R.K. and Singh,
J.N., 1990, Effect of GA and MH on growth,
3
flowering and seed yield of marigold and china
aster. Indian J. Hort., 47(4) : 439-441.

Tauber, M.J., Shalucha, B. and Langhans, R.W., 1971,
Succinic acid-2,2-dimethylhydrazide (sADH)
prevents whitefly population increase. Hort
Science., 6: 458.

Van Meeteren, V., 1978, Water relations and keeping quality
of cut gerbera flowers. II. Water balance of
ageing flowers. Scientia Hort., 9 : 189-197.

Van Meeteren, V., 1979, Water relations and keeping quality
of cut gerbera flowers. III.Water content
permeability and dry weight of ageing petals.
Scientia Hort., 101: 261-269.

Wiggins, S.C. and Pyne, R.N., 1963, Keeping quality of cut
flowers as influenced by antibiotics and various
other agents. Okla. Agric. Expt. Sta. Bull., 607:
1-16.

*Wilkins, H.F., 1965, Factors effecting carbon dioxide and
ethylene gas production in flowers of the
carnation (Dianthus caryophyllus Linn.) cv. 'Red
Gayely'. Diss. Abstr., 26: 2407-2408.

* Original not seen.



APPENDICES



APPENDIX - I

The s8¢il of the experimental plot at the Horticultural
Research Station, Gandhi Krishi Vignana Kendra was red sandy
loam and the physical and chemical composition of the soil

are presented below.

1. Mechanical analysis @

a) Coarse Sand (%) : 35.20
b) Fine Sand (%) : 29.80
c) Silt (%) : 6.55
d) Clay (%) : 26.42
e) Organic matter (%) s 1.35
f) Loss due to acid treatment : 0.68
2. Chemical analysis
a) Available nitrogen content : 94 kg/ha
b) Available phosphorus content s 18 kg/ha
c) Exchangeable potassium content ¢ 132 kg/ha
d) PH : 5.5-6.0
e) Cation exchange capacity

(Meq/100 g) : 8.93
f) Total exchangeable bases

(Meg/100 g) : 2.38



APPENDIX - II

MEAN MONTHLY METEOROLOGICAL DATA FOR THE PERIOD JANUARY

1994 TO OCTOBER 1994.
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TEMPERATURE ( C)

Max

Min

SUNSHINE
HOURS PER
DAY

RELATIVE
HUMIDITY
(%)

TOTAL
RAINFALL
(mm)

January
February
March
April

May

June

July
August
September

October

26.6
28.9
32.9

13.9
16.7

17.0

67
76
61

59.5
61

73.5

2.0
40.4
0.0
32,0
88.3

30.8



APPENDIX III

2-4,D - 2-4 dichloro phenoxy acetic acid

TIBA - 2,3,5,-Tri-iodo benzoic acid

ccc - 2-Chloroethyl trimethyl dmmonium chloride
(Cycocel)

GA ‘ - Gibberellic acid

MH i - Maleic hydrazide

8-HQSi - 8-Hydroxy Quinoline Sulphate

8-HQC - 8-Hydroxy Quinoline Citrate

SADH - Succinic acid-2~-2-dimethyl hydrazide

2-4-5'T - 2,4,5 -Trichlorophenoxy acetic acid

IAA - Indole acetic acid
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