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CHAPTER -1

INTRODUCTION

Tulip (Tulipa gesneriand..), the premier ornamental flowering bulb,
belongs to the familjLiliaceae. The genus comprises of 100-150 species
and is grown in areas from Morocco and Western pgito Western China
(Hoog, 1973). Generally the tulip is found in hidyeas upto 4000 m in the
Himalayas (Rees, 1972). Tulip is believed to berthive of Mediterranean
region and china but the natural origin of gardeliptseems to be lost,
though many workers believe that it is derived fr@esneriana (Hall,
1940). It is one of the commercially important buils ornamental plants

owing to its unsurpassed beauty and economic value.

Tulips are forced to use as cut flowers, pottedhtgland popularly
grown as bed flower. Owing to large number of ealts available, there
are tulips for all uses and for all climatic zorfPathania and Sehgal, 1997).
Tulips rank high among garden flowers and are blatbor naturalization in
grass under the trees and shrubs (Swarup, 199lipsTare flowers of rich
brilliant colours and of good substance. It is thest showy spring flower,
and the habit and shape of the plants are so foam@ldefinite that it is

adopted to the vicinity of buildings and to paresr{Bailey, 1949).



Bailey (1949) describes tulip as a plant origingitirom tunicated
bulbs with fleshy scale leaves; having stem likapgcwhich is leaf bearing,
solitary and simple, sometimes branched; threeite feaves; flower
hypogynous, erect, campanulate to saucer shapedgganth segments in
two whorls; six stamens included, basi-fixed; stytee or lacking; stigma

three lobed; fruit three-valved loculicidal capsaland seeds numerous.

The total area under flower production in differeountries of the
world is about 3,05,105 ha. of which the total are&urope is 44,444 ha,
North America 22,388 ha, Asia and pacific 2,15,386 Middle East and
Africa 5,282 ha and central and south Africa is @05 ha (Bhattacharjee
and Lakshman,2003). The largest area of any tritedyop in the world is
that of Tulipa, followed byNarcissusand thenris, HyacinthusandLilium.
However, this order is not always maintained fodividual countries
(Anonymous, 1985). Tulips were first brought to &ue in 1554 by O, de
Busbeeq (the Austrian Ambassador to the sultanuokdly). He acquired a
few bulbs ‘at great price’ and took them to Vienaad suddenly their
cultivation spread across Europe to the Netherlavitere the Dutch really

took them to their hearts (Perry, 1972).

In Netherlands it is the top most flowering geoghytith over

10,000 ha area under production in the world (Fashand Sehgal, 1997).



Tulip has consistently ranked behind rose, chrysamtum and carnation in
the world cut flower trade but ahead of gladiolasHolland (Negi and
Raghava, 1986). Tulip is the national flower of ldot and is the largest
producer of tulip flowers and bulbs (Scott, 200The Netherlands
produced 2,224 million bulbs in 1983 which is 86 pent of total world
production followed by Japan, United Kingdom, Fenbenmark, USA
and Germany together which produced 124, 75, 6525(nd 16 million
bulbs which is 5, 3, 2.5, 2, 1 and 0.4 per centotdl world production,

respectively (Le Nard and De Hertough, 1993).

The international trade in cut flower is growingaatate of 15 per
cent while India’s share in the world market isdhagrowing at 1 per cent
(Dharmaraj, 1996). Floriculture is one sector wherdia has very good
opportunities to boost up exports. The floriculturglustry has annual
growth potential of 25 to 30 per cent and is capatfl earning foreign
exchange 25 to 30 times more than cereal or angr @gricultural crop

(Swarup, 1997).

The production capacity of cut flower in India wasound 6,806
lakh stems in 1999-2000. Export in floriculturedeahas increased from
Rs.18.83 crores in 1993-94 to Rs. 123.12 crore2000-01 and the major

share has come from cut flower category (Kazi, 2002India tulips thrive



well in hilly areas of Jammu and Kashmir, HimacRabdesh and Uttar
Pradesh but do not grow satisfactorily in plainsg. Himachal Pradesh,
quality cut flowers are grown in glass houses wherer bulb production

planting in the field is economical (Raj, 1999).

Kashmir valley has an added advantage that tulipa b©e
successfully and economically grown here for ‘offason’ cut flower
production and can be readily marketed to plains thaving a very good
potential of this trade. Presently, there are @agw growers in the trade of
tulip cut flower in the valley. Evidently tulip oapies a premier position in
the Kashmir valley among other ornamentals avald exploitation on a
commercial scale. Recognizing this fact Jammu aadhikir Government
has recently started a project on tulip by impgrtabout twelve (12) new
varieties of tulip from Netherlands for bioasthetand commercial

propagation aspect.

The valley of Kashmir serves the most congeniahatic conditions
for economic exploitation of tulip. It is gainingpularity among the flower
growers in Kashmir valley because of ever increagsiemand of its cut
flowers and bulbs. Therefore, in order to incretisgeproduction of tulip, it
IS necessary to bring improvement in its productiechnology. Various

attempts have been carried out in this regard aedsach attempt is the use



of plant growth regulators. In fact, the floricuku sector has made
extensive use of growth regulators in commerciapgoroduction than any
other segment of agriculture. Growth regulatorsehnst been studied and
used on floriculture crops rather than on food srophe high economic
value of floriculture crops have also made themptimg targets for growth

regulator applications.

Studies on plant growth regulators in relationuips have received
attention only during the past three decades. Eenmgs-auxins, abscissic
acid (ABA), cytokinins, ethylene and gibberellinavie been identified in
tulips. The basic information on the precise us@laht growth regulators
in improving the performance of tulip crop is laggiin the country in
general and in the valley particular. Thereforepkeg this fact in view, the
present study was planned to study the effectaiftpjrowth regulators on
vegetative, floral and bulb production of tulip Kashmir valley with the

following objectives.

1. To find out the suitable plant growth regulator ¢powth,

flowering and bulb production.

2. To find out the optimum concentration of the plgriwth

regulators.

3. To workout the economics of tulip production.



CHAPTER - 2

REVIEW OF LITERATURE

Tulip (Tulipa gesneriand..) is a unique ornamental flower crop,
wonder of nature and gift to mankind. Plant growgigulators are being
extensively used for controlling plant growth ancvelopment in
floriculture to improve quality and acceptabilifgvidence for involvement
of the different plant growth substancésna and in combination is
based on the correlation of their concentratiomgh specific
developmental stages and the relationship antpbgrowth substances to
metabolic activity. Studies on plant growth regats in relation to tulips
have received attention only during last three desaVarying levels of
endogenous auxins, gibberellins, cytokinins, alstigcid (ABA) and
ethylene had been identified in tulip. However, basic information on the
precise use of plant growth regulators in tuliplasking. The recent
literature pertaining to the use of plant growggulators on tulip has
been reviewed critically and presented in tlpart of thesis. The
information available regarding the effect of grbwtegulators on
vegetative growth, flowering and bulb productiors Heeen summarised as

under.

Bragt and Dekker (1973) applied chlormequat (Ogiot) to soil



when tulip shoots were about 3 cm above the sall @ported that the
number of days to flowering and flower duration wast affected by
chlormequat, but stem length at flowering time #rallength of lowest and
highest internodes and of perianth were all reduicgafoportion to amount

applied.

Hanks and Rees (1977a) reported that stem lemgtiulip was
increased by applying indole acetic acid (IAA). Bamy, Saniewskiet al.
(1990) found that the stem elongation was markeatiyuced when 1AA

(0.1%) was applied to the site of the removed flolued.

In another separate experiment, Shanmugam and uslwtmy
(1974) reported that TIBA at all levels increasddnp height and flower
size inChrysanthemum indicurav. White but lessened it in cv. Yellow.
Further, it was found that all treatments excef #Ppm TIBA hastened
flowering in White and delayed it in Yellow. On tlkentrary, Mohariyaet
al. (2003) reported that TIBA (100 ppm) reduced trenpheight, increased

the size of flowers and delayed flowering in chntb@mum.

Bulbil production from twin scales cut from nasus bulbs was
investigated by incorporating plant growth regulatimto the vermiculite in
which the twin-scales were incubated and it wasonegd that IAA

(1-10 ppm) increased the weight of bulbils produbgdstimulating their



early sprouting (Hanks and Rees, 1977b).

El-Shafie and Hassan (1978) while studying theeaff of
chlormequat on the growth and flowering of gerberaserved that
chlormequat produced fewer but heavier florets evagkedly reduced the
number of leaves per plant and increased the flaieemeter. Similarly,
Nair et al. (2002) reported that chlormequat @ 800 ppm gage flower
diameter (8.22 cm) and CCC @ 600ppm gave the longse lives (14.86

days).

Sharmeet al. (1978) sprayed IAA on the plants of chrysanthemum
cv. Marguerite and observed that IAA @ 20ppm gaest results with
regard to plant height, stem diameter, number afds, time taken to

flower (69 days) and flower longevity (9.2 days).

Castroet al. (1979) determined the effect of growth regulatons
development oLilium longiflorum and they reported that flower quality
was improved when bulbs were soaked for 12 h in IEAR00 ppm).
Similarly, Ashutoshet al. (2000) while investigating the effect of IAA on
growth and flowering of football lilyHHaemanthus multiflorusv. Martyn)
reported that plant height and number of leavefzeit were increased as

compared to control.

Sharga (1979) observed that best results withesdp sprouting



(100%), plant survival (100%), time taken to spr(@ii7 days), time taken
to flower (92.85 days), duration of flowering (16.8ays) and spike length
(59.95 cm) were obtained by application of NAA (BPm) in gladiolus.

Similarly, gladiolus corms soaked for 24 h in IA200, 500, 1000 or 2000

mg/litre) hastened the differentiation of floralrpordia (Tonecki, 1980).

Mohamed and Fawzi (1980) sprayed tulip cv. Goldediofd with
chlormequat and reported that weight of mother dadghter bulbs was
greater at 400 and 200 ppm, respectively. Howemedduble flowered
variety of Polianthes tuberosaghlormequat (1000, 2000 or 3000 ppm)
significantly decreased leaf weight and, especi&ibjb fresh weight and at

the higher rates it delayed flowering (Hassan aguh&, 1980).

Biswaset al. (1983) reported that leaf emergence in tuberose wa
quickest (11 days) when rhizomes were soaked in (FAppm). Similarly,
Bhattacharjee (1984) reported marked improvementdldwering and
cormel formation of gladiolus with IAA (100 ppmpatment and found that

application of CCC generally increased the flowees

Banasik and Saniewski (1985) compared the actidAAf(0.005 or
0.2%) with NAA or 2, 4-D (both at 0.05 or 0.2%) BIBA (0.2%) on the
growth of stalks in tulip cv. Gudoshnik by applyimgixins to different

internodesyiz. top of stem, middle internode, third and secandrnode or



upper part of first internode. It was observed tlatauxins induced stem
growth when applied to stem apex and applicatiohAdf or NAA to the

middle of internode promoted stem growth in basipdirection. On the
other hand, 2,4-D or IBA promoted stem growth bothbasipetal and

acropetal direction.

In another study on bulbous crops, Flint and Alderqg1986)
reported that treatment of chips in narcissus WiBA and CCC resulted in
an increased number of bulbils per chip, but irdirl bulbil size was
generally reduced and TIBA (1000 ppm) resulted ewdr and smaller

bulbils than in the untreated controls.

Mugge and Richter (1988) reported in their studyt tpplication of
chlormequat (CCC) on tulip cv. Oxford immediatefyea harvesting of the
flowers improved the bulb yield and obtained 74%bafbs that were of
sufficient circumference to be forced in secondry8anmilarly, spraying the
foliage of tulip cv. Oxford with CCC (0.5%) immedtidy after flower

harvest increased the size of bulbs recovered (Rlaggl Richter, 1989).

Application of IAA (0.19%) as a lanolin paste tdipustem, after
excision of all leaves and flower bud, promoted &lengation of stem

(Kawa and Saniewski, 1989; Kawaal, 1998 and Saniewskt al.,1999).

Hetmanet al(1992) reported that tulip cv. Polka plants whesated



with CCC (0 or 1.0%) as an aqueous foliar spralyeeiat the green bud
stage, immediately after heading or 10 days aftadmg increased the bulb
yield compared with control. They also found thatstneffective treatment
was chlormequat (0.1%) applied at the green bugkstahich increased the

yield of bulbs with a circumference greater tharcrby 56%.

In another separate experiment, Leena Ravedaa. (1992) while
studying the effect of foliar application of growtlgulators on the growth,
flowering and corm yield of gladiolus cv. Friendsheported that greatest
corm weight (70.20 g) and size (71.00%mvas obtained with NAA at 100
ppm and the greatest number and weight of corn@3s38 and 17.57 g,

respectively) was obtained with CCC at 500 ppm.

Saniewski and Wegrzynowicz (1993) reported thattinaous
supply of auxin is necessary for stem growth bydemting an experiment
on tulip cv. Gudoshnik in which flower buds weremm@/ed at various
stages of growth and replaced by lanolin pasteawainig IAA (O or 0.1%)
for 1-4 days. It was further noticed that removihg exogenous supply of

auxin caused induction of stem growth only during next 24 h.

Aswathet al. (1995) found that among various pre-harvest spodys
cycocel (500, 1000 or 1500 ppm) and TIBA (100, 0200 ppm) on

Callistephus chinensisthe vase life was increased by two days by



application of cycocel at a concentration of 50énpp

Hetmanet al. (1996) sprayed tulip cv. Polka with CCC (0, 0.15 0
and 1.0%) at three stagesz. green bud stage, heading stage and 10 days
after heading and observed that best results wektained by spraying

plants with CCC (1000ppm)when buds were green.

Saniewski and Okubo (1997) reported that IAA (0.l#o)anolin
paste applied to the cut surface of the top intdenaf non pre-cooled (kept
at 17°C) and pre-cooled (5°C), derooted and rodi@gp (cultivars
Apeldoorn and Gudoshnik) bulbs after decapitatiggromoted the
elongation of entire stem. They further noticedt thpplication of auxin
transport inhibitor, 2,3,5-triiodobenzoic acid otBR (0.5%) in lanolin
paste to the middle of last internode, after IA&atment, promoted the
elongation of top half of the last internode buarded the elongation of the
lower half of the last internode and lower intereedThus it was suggested
that auxin controls stem elongation in tulip. Sarly, TIBA inhibited IAA-
and NAA-induced elongation of pre-cooled rootedptTulipa gesneriana
cv. Gudoshnik) bulbs above and below the pointedtment. In an another
experiment, reapplication of IAA to the middle betthird internode at one
day after TIBA treatment stimulated growth of tivstfthree internodes, but

internode length did not recover to reach thatraifé\ treatment alone



(Saniewski and Okubo, 1998).

Weryszkoet al. (1997) observed that application of chlormequat or
CCC (0, 0.5, 1.0 and 1.5%) on tulip increased ttensdiameter and
showed an increasing trend in stem thickness witrease in concentration

but had no effect on leaf thickness.

Laskowskaet al. (1998) observed that chlormequat caused the
shortening of flower stem in tulip and found thptag/ing the plants with
chlormequat solution (0.25%) increased the yieldnairketable bulbs by
33.7 per cent and yield of first grade bulbs by55der cent. Moreover in
another study on tulip, foliar sprays of chlormeg(i200 ppm) increased
the bulb yield by 48.2 per cent, bulb weight by P1er cent, bulb
circumference by 19.3 per cent, bulblet productiyn29.1 per cent and
bulblet weight by 56.8 per cent compared with tha&reated plants

(Mukherjeeet al.,1999).

Devendra et al. (1999) observed that foliar application of
chlormequat (4000ppm) on tuberose significantlyucedl the plant height
(47.13 cm) as compared to control (49.80 cm). I Wather reported that
clump weight and shelf life of cut flowers were gest (427.3 g and 14.06

days, respectively) when bulbs were treated witbratequat (4000ppm).

Meheret al. (1999) carried out a field experiment in chrysantiam



and reported that plants treated with IAA (20ppkt least number of

days to 50 per cent flowering from planting.

Al-Humaid (2001) reported thaGladiolus gandavensisplants
sprayed with CCC (800 ppm) flowered about 17-25sdiyer and stem
thickness was increased by 45 per cent compareatnol. Moreover, new
corm and cormel production was markedly increase@@C concentration

increased compared to control.

Tawaret al. (2002) reported that number of days before emergenc
of spike, number of days before the opening offitst floret and number
of days to flowering in gladiolus was decreasedhwiricreasing dose of

IAA up to 250ppm.

Dantuluriet al (2002) conducted an experiment to study the effec
of IBA (200 and 300 ppm) and chlormequat (1500 &390 ppm) on
Asiatic hybrid lily Lilium maculatuncv. Corrida). They observed that IBA
at both concentrations improved the plant heightneds, CCC at a
concentration of 3000ppm reduced the plant heigkhibited maximum
number of days to bud formation and flowering, proed maximum
number of leaves and increased the vase life. Hewesnzyme linked
immunosorbent assay (ELISA) showed that IAA levereased constantly

during vase life and could induce ethylene produrctihereby, causing



premature leaf wilting, yellowing, and shortenede/dife (Guo Wei Ming

et al, 2003).

Chauhan and Chauhaat al. (2002) observed that gladiolus corms
dipped in IAA (150 and 200 ppm) exhibited early@ging and IAA at a
concentration of 200 ppm accelerated the emergehapike (77 days)
compared to the untreated corms (85 days). Theaéents were found to
enhance spike length, the opening of first basaets, number of days in-
between emergence of spike and blooming of ternfioedt and fading of

terminal floret.

Low IAA concentrations improved the plant heightyber and size
(width and length) of leaves, promoted earlinessspike emergence,
enhanced colour break in the first floret and flawg, increased the length
of spikes and diameter of corms and cormels iniglasl (Gaur et al,

2003).

Yet in another experiment, Geng-Xing Mgt al. (2005) while
investigating the effects of 2,3,5-triiodobenzootd(TIBA) in combination
with gibberellic acid (GA) on the growth and flowering of non pre-cooled
tulip cv. Oxford bulbs, reported that GApartly replaced the cold
requirement of bulbs and when TIBA was applied gWoith GA;, growth

and flowering were promoted even more. Further, |#ter the treatment



with GA; or GA; + TIBA, the earlier the flowering and longer tHewer

stalks.

In another experiment, Kawet al. (2005) while studying the effect
of auxins (IAA) on tulip stem and leaf senescenogeoved that senescence
was greatly delayed after application of IAA. Il ekperiments, it was
reported that auxin retarded the chlorophyll degtad and high
concentrations of IAA (1.0 or 2.0%) were more efife Even 34 days
after treatment, stems were still stiff and grdéemas, therefore, concluded
that auxin (IAA) applied exogenously, is an impattanti-senescence

factor of tulip shoot.

Kurtar and Ayan (2005) carried out an experimendeétermine the
effect of indole-3-acetic acid (IAA) on flower anoulb yield of tulip
(Tulipa gesnerianavar. Cassini) by spraying the plants with four
concentrations of IAA (500, 1000, 2500 or 5000 ppfrhey observed that
lowest number of earlier flower (5.56 flowers pef)nwas obtained by
application of IAA at a concentration of 5000 ppdm the contrary, highest
bulb yield (671.7 per f) and bulb weight (6.25 g) was recorded by IAA at
a concentration of 5000 ppm.Thus these resultglglegadicated that high
dose of IAA application was detrimental but bullelgiand individual bulb

weight were increased.



Bulb and bulblet production from medium sized tuser bulbs
increased with increasing rates of chlormequat, amhtment with
chlormequat (200 ppm) resulted in highest bulb balblet production of

small and large tuberose bulbs (Satya Prakash ankl&52006).

Haqueet al. (2007) reported that chlormequat chloride (1000 and
2000 mg/l) increased the single flower weight aretrdased the plant

height in chrysanthemum.



CHAPTER -3

MATERIALS AND METHODS

The present study on effect of plant growth reguiabn vegetative,
floral and bulb production of tulip was conductegridg 2007-08 in the
experimental farm of Division of Floriculture, Methal and Aromatic
Plants, Sher-e-Kashmir University of Agriculturati&ces & Technology
of Kashmir, Shalimar. The details of the materiaé®d and methodology
adopted during the experiment to achieve the abgstof the study are

described as under:
3.1 Experimental site

The investigation was conducted at the experimeplats of
Division of Floriculture, Medicinal and Aromatic &lits at main campus of
Sher-e-Kashmir University of Agricultural Sciencasd Technology of
Kashmir, Shalimar, Srinagar which is situated 16d&may from city centre
and lies between 845 N latitude and 7498 longitude at an altitude of

1587 meters above the mean sea level (Plate-1).



Field in full bloom

Plate-1 : Overall view of research trial of tulip



3.2 Climate

The climate is temperate-cum-mediterranean andireanttl type
characterized by hot summers and severe wintersingpuwvinter the
temperature sometimes goes below freezing poinwdrade of the valley is
covered with snow. The average annual precipitas®44.6 mm (average
over past 30 years) and more than 80 per centemfiptation is received
from western disturbances. The mean monthly melegical data
collected during the growing season is appendefippendix II. It can be
observed from the data that mean maximum temperatamged from
0.83°C to 19.41°C and minimum temperature rangemnfr2.61°C to
6.32°C in January and April, respectively. The tieéa humidity ranged
between 85.63 percent in January to 65.30 percempril, during the
entire growing season. The total rainfall receidedng the entire growing
season of tulip (Nov, 2007 to June, 2008) amoutde286.30 mm. Highest
rainfall of 108 mm was received during the monttpfil, 2008. The snow
fall was encountered in the early week of Febrdatpwed by light rain

fall. The span of dry spell was observed in the thaf March.
3.3  Saoil characteristics

The soil of the experimental plot was silty clayato in texture



having organic carbon 0.98 per cent, pH 6.93, albéel nitrogen 335.71 kg

ha', phosphorus 15.38 kg hand potassium 198.28 kgha
3.4  Varietal description

Apeldoorn — Darwin hybrid group tulip bearing chered flowers with
signal-red margins. Insides are signal-red withoyelbordered black marks

and black anthers. Mid-spring flowering.

Golden Oxford — Darwin hybrid grou-tulip producipgre yellow flowers,
sometimes narrowly margined red, with black anthensid-Spring

flowering.

Bulbs of the above two cultivars, approximately @0 cm

circumference or size were used as planting méteria

3.5 Experimental details

l. Treatments
a) Varieties
1) V Apeldoorn
2) ¥ Golden oxford
b) Plant growth regulators Concentration
1) Indole acetic acid (IAA)
Al 750 ppm
A, 500 ppm
Az 250 ppm
2) Cycocel (CCC)
C 750 ppm
C, 500 ppm

Cs 250 ppm



3) Triiodobenzoic acid (TIBA)

T1 200 ppm
T, 150 ppm
T3 100 ppm
c) Control (s)
S (For Vy) Distilled water
S, (For V) Distilled water
Il. Treatment combinations : 20 (Twenty)
lll.  Design Randomized Block Design
IV. Replications : 3 (Three)

V. Number of bulbs/ treatment/ replication : 30 ifTy)

VI. Net plot size 1.0 x 0.9
VII. Spacing :15x20cm
VIIl. Duration of bulb dip : 2 hours

3.6 Field/ Cultural operations
3.6.1 Preparation of Land

The land was ploughed two times with the help of tractor
followed by planking and deweeding. The field was then leveled and

sixty plots were prepared as per the desired layout plan.

3.6.2 Application of manure and fertilizers



The organic manure in the form of well decomposadnyard
manure was applied and thoroughly mixed with thitam weeks before
the planting of bulbs. The recommended basal do$¢ & and K @ 120,
100 and 100 kg hathrough urea, single super phosphate and murate of
potash, respectively were applied a week beforeplaeting of bulbs. Top
dressing of nitrogen @ 30 kg havas given during the third week of

February.
3.6.2 Cultural operations

The experimental plots were kept free from weeds by regular
hoeing-cum-weeding and experimental field was flood irrigated as
per the requirement. Timely pest and disease control measures were
adopted and the details about the different cultural operations

adopted throughout the growth period are presented in Table-1.

Table-1:  Calendar of operations

S. Operation 2007-08
No.
1. Land preparation and layout October 29, 2007
2. FYM application November 05,
2007
3.  Fertilizer application
Basal dose (N, P, K) November 12,
2007
Top dressing (N) February 21, 2008
4.  Planting of bulbs November 20,

2007



5. Hoeing-cum-weeding

Ist March 01, 2008
2 March 24, 2008
3" April 19, 2008
6. Irrigation
Ist March 10, 2008
2 March 22, 2008
3" April 02, 2008
4™ May 18, 2008

7.  Plant protection measures
Fungicide  spraying (Carbendazim March 20, 2008
@ 0.05%)

8. Harvesting of bulbs June 06, 2008

3.7  Preparation of Plant Growth Regulator solutions

Before planting the tulip bulbs were soaked inetight plant growth
regulator solutions for about two hours. First bfthe volume of growth
regulator solutions required for dipping of thitylbs was determined by
dipping the thirty tulip bulbs in a measured quigntif tap water. With the
help of this the stock solution of IAA and TIBA wpsepared by dissolving
the weighed quantity of the growth regulators iralwalcohol or 2N alkali.
Subsequently the stock solution of these two chalsieand CCC was
diluted with distilled water to prepare the reqdireoncentration and
volume. These solutions were poured into the coatai of suitable
capacity and were divided into two sets in which bulbs of two varieties
(Apeldoorn and Golden oxford) were dipped for twaurs. After dipping

the bulbs for stipulated period of time, they wiaikeen out and then planted



in the field.

Two sets of controls were used for the two différearieties in

which only distilled water was used.
3.8 Observations recorded

The biometrical observations were recorded on five randomly
selected plants to asses the effect of treatments on growth, flowering
and bulb production. In each experimental plot from the middle rows,
to avoid border effect, five randomly selected plants were tagged for
recording the following biometric observations and the mean values

for different characters were subjected to statistical analysis.

3.8.1 Vegetative characters
3.8.1.1 Days taken to sprouting

Days taken from planting of tulip bulbs to sprogtior shoot
emergence were recorded in each replication of aalment and average

number of days taken were calculated.
3.8.1.2 Plant height (cm)

Plant height of five representative plants was m@ed in centimeters
with a metre rod by measuring the scape length ftebottom of the plant

(touching soil surface) to the top of the flower.



3.8.1.3 Number of leaves per plant

Number of leaves from each representative plardaich treatment
was counted and average was worked out. Data omerai leaves were

recorded at the time of maturity of the plant.
3.8.1.4 Leaf area (cf)

Fresh leaves were taken treatment-wise from eaplesentative

plant, their leaf area was measured and the dat&aweeorded
3.8.1.5 Leaf area index

Leaf area index was calculated by dividing the Itteaf area by

ground area.

3.8.2  Floral characters
3.8.2.1 Days taken to the appearance of floralid

Dates of floral bud visibility were noted from fivepresentative
plants and days taken to appearance of floral bexe walculated from the

date of bulb sprouting.
3.8.2.2 Days taken to colour break

Date of full colouration of the outside of periandegment was
recorded and days taken to colour break were dtailfrom the date of

visibility of floral bud.



3.8.2.3 Days taken to flower opening

Dates of full flower opening were recorded and dajen to flower

opening were calculated from the date of colouakre
3.8.2.4 Flower diameter (cm)

The flower diameter from each representative plaas measured
with the help of measuring scale when it was fupen in east-west and

north-south direction and mean values were workgd o
3.8.25 Scape length (cm)

Scape length from five representative plants was measured
from just above the base of wrapper leaf to the top of scape and

mean value was calculated.
3.8.2.6 Scape thickness (cm)

Scape thickness was measured with the help of Vernier

Calliper and the mean values were recorded.
3.8.2.7 Weighof flower scape (Q)

The fresh weight of flower scape in each treatmiaim each

replication was recorded on a balance and averagemsrked out in grams

3.8.2.8 Duration of flowering (day)



The duration of flowering was calculated by recogdihe number of

days taken from full flower opening to flower fadin
3.8.2.9 Vase life (day)

The scapes were harvested from the plants otherttiuse used for
recording biometric observations. The uniform clawers in terms of
developmental stage were harvested from each teedtand were carried
fresh to the laboratory. The cut flowers were pthde conical flask
containing 200 ml distilled water. Vase life in dayas determined at room
temperature under natural light conditions. The&iahipoint for recording
vase life was chosen when flower bud just openedrtip end of the vase

life was depicted when the flower lost its decamtialue.

3.8.3 Bulb characters
3.8.3.1 Lifting of bulbs

The bulbs were lifted during the first week of Jumieen most of the
foliage had dried up. Bulbs were shade dried, @ddaand then various

observations regarding bulb production charactenewecorded.
3.8.3.2 Number of bulbs per plant

Total number of bulbs harvested per plant per imeat were

counted and recorded from five representative plant



3.8.3.3 Weight of bulb (g)

Bulbs were picked up from representative plantattnent-wise and

their weight was recorded individually on balance.
3.8.3.4 Size of bulb (cm)

Size of the bulb was recorded with the help of i@rpaliper across

two ends and average value was worked out.

3.8.3.5 Number of bulblets per plant

Number of bulblets other than daughter bulbs werented per plant

and recorded.
3.8.3.6 Weight of bulblets per plant (g)

Bulblets per plant per treatment per replicatiomrevmeeighed with

the help of a balance and average weight was redord
3.8.3.7 Bulb production ratio

Bulb production ratio was calculated by dividingetmumber of

bulbs harvested by the number of bulbs plantedrpatment.

3.9 Statistical analysis



The statistical analysis was carried out in R ardlUS software
packages which is the implementation of Bet al. (1978). For
meteorological data the help was sought from Davisof Agronomy of

Shalimar Campus SKUAST-K.



CHAPTER -4

EXPERIMENTAL FINDINGS

4.1 Vegetative characters

Perusal of data (Tables 2-4) on vegetative chasotwealed that all
vegetative characters were significantly influendsd growth regulators
and varieties except number of leaves per plantvé¥er, no significant
interaction effect of growth regulators and vaestiwas observed on all
vegetative characters. The corresponding analysiamance is presented
in Appendix-I.

4.1.1 Days taken to bulb sprouting
4.1.1.1 Effect of growth regulators on days taketo bulb sprouting

The data on days taken to bulb sprouting as infednby plant
growth regulators is interpreted in Table-2 andpgreally presented in
Fig.1. Among various growth regulators, indole acedcid was most
effective in promoting the bulb sprouting as conegato other growth
regulators. 1AA-500ppm recorded significantly minim days to bulb
sprouting (86.97 days) followed by IAA-750ppm (87 @ays) as compared
to other treatments including control. CCC-750 pprok significantly

maximum days to bulb sprouting (90.00 days) folldwsy CCC-500ppm



(89.27 days) as compared to control (88.30 daykgwise, TIBA-200ppm

was significantly inferior to control in reducingyb taken to bulb sprouting
(89.23 days). However, TIBA-150ppm and TIBA-100pprare observed
to be ineffective in reducing days taken to bullbogging as they were

statistically at par with control (88.30 days).
4.1.1.2Effect of varieties on days taken to bullpsouting

Perusal of the data (Table-3), significant impattvarieties was
observed on days taken to bulb sprouting. Apeld@dihtook significantly
minimum days to bulb sprouting (88.00 days) whieGolden oxford (Y)

took relatively maximum days to bulb sprouting (82days).

4.1.1.3 Interaction effect of growth regulators andvarieties on days
taken to bulb sprouting

The interaction of growth regulators and varietiéd not cause any
significant variation on days taken to bulb spnogtiHowever, Apeldoorn
(V,) treated with IAA-500ppm took minimum days to bslrouting (86.73
days) followed by treatment with IAA-750ppm (86.€ays) and Golden
oxford when treated with IAA-500ppm (87.20 daysyrther, maximum
days to bulb sprouting (91.47 days) was recordet @plden oxford ()
when treated with CCC-750 ppm followed by treatmenth TIBA-

200ppm (90.07 days) and CCC-500ppm (89.73 days).



4.1.2 Plant height (cm)
4.1.2.1 Effect of plant growth regulators on plantieight

Data on mean plant height of tulip recorded at #dng time as
influenced by growth regulators is presented inl@@&band graphically
given in Fig. 2. Among various growth regulatorgjale acetic acid (IAA)
recorded maximum plant height while as cycocel (C€xhibited retarding
effect on plant height. IAA-500ppm being statisliigaat par with IAA-
750ppm recorded significantly maximum plant heigd0.98 cm) as
compared to other treatments. Whereas, CCC-750 ppwoorded
significantly minimum plant height (26.00 cm) foNed by CCC-500ppm
(29.58 cm) and both treatments were significamtfgrior to control (33.33
cm) in inducing higher plant height. Like wise, AER00 ppm recorded
slight decrease in plant height (32.32 cm) as coetpb&o control (33.33
cm). TIBA-150ppm and TIBA-100 ppm did not cause mumpact on
plant height (34.37 cm and 35.44 cm, respectivahg were statistically at

par with each other as well as with control (3388.
4.2.2 Effect of varieties on plant height

The data in Table-4 depicted that significant iotpaf varieties was
observed on plant height. Apeldoorn;J\Yecorded significantly maximum

plant height (35.43 cm) as compared to Golden ax(®k) which recorded



relatively minimum plant height (32.64 cm).

4.1.2.3 Interaction effect of growth regulators andvarieties on plant
height

The difference between the growth regulators ancktias on plant
height was not significant. However, Apeldoorn,\\treated with IAA-
500ppm recorded maximum plant height (41.25 cmpéatd by Golden
oxford (V,) treated with IAA-500 ppm (40.70 cm) and Apeldodivy)
treated with 1AA-750ppm (39.17 cm). Golden oxford,) treated with
CCC-750ppm recorded minimum plant height (25.04 dailowed by
Apeldoorn (\y) treated with CCC-500 ppm (26.96 cm) and Goldeforak

treated with CCC-500 ppm (29.46 cm).

4.1.3 Number of leaves per plant
4.1.3.1 Effect of growth regulators on number of laves per plant

The data pertaining to number of leaves per pdaninfluenced by
plant growth regulators has been presented in Tabled graphically given
in Fig. 3. Perusal of data, plant growth regulatdid not cause any
significant effect on number of leaves per planawdver, indole acetic
acid (IAA) was superior in recording higher numloéieaves per plant as
compared to other growth regulators. IAA-500 pproorded maximum
number of leaves per plant (4.66) followed by IAB&2ppm (4.33), CCC-

500 ppm (4.33) and TIBA-150 ppm (4.33) as compaoexbntrol (3.33).



4.1.3.2 Effect of varieties on number of leaves p@fant

Data (Table-3) indicated that the effect of vaeieton number of
leaves per plant was not significant. However, Apeln (\;) recorded
highest number of leaves per plant (4.13) as coethés Golden oxford

which recorded relatively minimum number of leapes plant (4.09).

4.1.3.3 Interaction effect of growth regulators andsarieties on number
of leaves per plant

The perusal of data (Table-4) revealed that theas mo significant
difference between growth regulators and variegiesiumber of leaves per
plant. However, maximum number of leaves per p{dri6) was recorded
in both varieties when treated with IAA-500ppm wehils, minimum
number of leaves per plant (3.33) were recordeceunespective controls

of two varieties.

4.1.4 Leaf area (crf)
4.1.4.1 Effect of growth regulators on leaf area

The data pertaining to mean leaf area as influenmgdyrowth
regulators is interpreted in Table-2 and graphycptesented in Fig. 4. An
elucidation of the data indicated that effect ajwgth regulators on leaf area
was significant. Indole acetic acid was observedetmrd maximum leaf
area as compared to other growth regulators. IAB-56pm being

statistically at par with 1AA-750ppm and IAA-250 pp recorded



significantly maximum leaf area (93.07, 84.20 afd58 cnf, respectively)
as compared to control (66.28 YmwWhereas, CCC and TIBA at all doses
were observed to be ineffective in recording sigaiitly higher leaf area as
compared to control. However, minimum leaf area.Z86cnf) was

recorded under control.
4.1.4.2 Effect of varieties on leaf area

Perusal of data (Table-3) revealed that there ugsfisant impact
of varieties on leaf area. Apeldoorn j\fecorded significantly maximum
leaf area (88.34 cth as compared to Golden oxford which recorded

relatively minimum leaf area (64.29 &n

4.1.4.3 Interaction effect of growth regulators andvarieties on leaf
area

Perusal of data (Table-4) revealed that the intenadetween plant
growth regulators and varieties had not causedsagyificant impact on
leaf area. However, Apeldoorn when treated with 18@0ppm recorded
maximum leaf area (103.40 &rfollowed by treatment with IAA-750ppm
and IAA-250ppm which recorded a leaf area of 10@86and 96.94 cf
respectively. Further, minimum leaf area (55.51%cmas recorded with
Golden oxford when treated with CCC-750ppm folloviogdtreatment with

CCC-500ppm (58.27 cthand distilled water (58.47 dn



4.1.5 Leaf area index
4.1.5.1 Effect of growth regulators on leaf area ithex

An inquisition of data in Table-2 revealed thajrsficant impact of
growth regulators was observed on leaf area indewever, indole acetic
acid was observed to be most effective in recordiggificantly maximum
leaf area index as compared to other growth regndatAmong various
treatments, IAA-500 ppm being statistically at paith 1AA-750ppm
recorded maximum leaf area index (0.31) as comparezbntrol (0.22)
Whereas, CCC and TIBA at all concentrations weedf@ctive in inducing
significantly higher leaf area index and were fotode statistically at par

with control (0.22).
4.1.5.2 Effect of varieties on leaf area index

Perusal of data (Table-3) depicted that there sigsificant impact
of varieties on leaf area index. Apeldoorn ) \fecorded significantly
maximum leaf area index (0.29) as compared to Goloeford which

recorded relatively minimum leaf area index (0.21).

4.1.5.3 Interaction effect of growth regulators andvarieties on leaf
area index

Perusal of data (Table-4), the interaction betwgmwth regulators
and varieties on leaf area index had not causedsgmyficant impact on

leaf area index. However, ApeldoornfMvhen treated with 1AA-500ppm



recorded maximum leaf area index (0.34) followedreptment with 1AA-
750ppm which recorded leaf area index (0.33). Furtminimum leaf area
index (0.18) was recorded with Golden oxford,)Wvhen treated with

CCC-750 ppm followed by treatment with CCC-500p@11i.9).
4.2  Floral characters

Data (Tables 5-7) revealed that all floral chaeest were
significantly influenced by application of growtkgulators except flower
diameter and scape weight. Significant effect afetees was observed on
floral characters except days taken to colour brélakver diameter and

scape weight

4.2.1 Days taken to appearance of floral bud

4.2.1.1 Effect of growth regulators on days takenot floral bud
appearance

Data on days taken to appearance of floral budfassnced by plant
growth regulators is interpreted in Table-5 andpbreally presented in Fig.
6. An inquisition of data reveals that days takerfloral bud appearance
were observed to be significantly influenced by lmagpion of growth
regulators. Among various growth regulators, indmtetic acid (IAA) was
observed to be superior in recording minimum dags floral bud
appearance as compared to other growth reguldfoks500 ppm recorded

significantly minimum days to floral bud appearan(@5.60 days) as



compared to other treatments. This was followedA%-750 ppm which

took 26.50 days to appearance of floral bud as emetpto control (27.73
days). Contrary to this, CCC-750ppm recorded sicgiitly maximum days
to floral bud appearance (30.50 days) followed BBAF200 ppm (29.50
days). Both these treatments were significantlenof to control (27.73
days) in recording minimum days to floral bud appeae. Although,
CCC-500ppm and TIBA-150ppm slightly delayed the ordl bud

appearance (28.50 and 27.97 days, respectivelynbusignificantly as

they were statistically at par with control.
4.2.1.2 Effect of varieties on days taken to florddud appearance

Perusal of data (Table-6) revealed that there veggsfisant effect of
genotypes on days taken to floral bud appearanpelddorn (M) took
significantly maximum days to floral bud appearar{28.76 days) than

Golden oxford (26.87 days).

4.2.1.3 Interaction effect of growth regulators andvarieties on days
taken to floral bud appearance

Perusal of data (Table-7), significant impact demaction between
growth regulator treatments and varieties was oeseon days taken to
appearance of floral bud. Minimum days taken toeapgnce of floral bud

(24.13 days) were significantly recorded with Goldexford treated with



IAA-500 ppm which is statistically at par with Geld oxford treated with
IAA-250ppm (25.33 days). However, maximum days fipesarance of
floral bud (30.80 days) were significantly recordedh Apeldoorn when
treated with CCC-750ppm which is statistically ar gvith Golden oxford
when treated with CCC-750ppm (30.20 days) and Golodord treated

with TIBA-200ppm (29.66 days).

4.2.2 Days taken to colour break
4.2.2.1 Effect of growth regulators on days takerotcolour break

An elucidation of data (Table-5 & Fig. 7) revedisit application of
growth regulators had caused a significant impactiays taken to colour
break. Indole acetic acid was observed to be sagmfly superior in
recording minimum days to colour break as compareather growth
regulators. Among various treatments, IAA-500 ppaswnost effective in
recording significantly minimum days to colour kke&.63 days) as
compared to rest of the treatments. This was fahblwy IAA-250 ppm and
IAA-750 ppm recording 7.40 and 8.23 days to colo@ak, respectively as
compared to control (8.40 days). On the contra@C&750 ppm recorded
significantly maximum days to colour break (10.7dys) followed by
CCC-500 ppm (9.53 days) as compared to controlO(8alys). Similarly,

TIBA-200 ppm was significantly inferior to contr(8.40 days) in recording



minimum days to colour break (9.23 days). AlthougBA-150 ppm and
TIBA-100 ppm had slightly extended the days takercélour break but

were not significant and were found to be sta@diycat par with control.
4.2.2.2 Effect of varieties on days taken to colodoreak

Perusal of data (Table-6) for days taken to colwerk revealed that
the two genotypes did not differ significantly. Hever, Apeldoorn (V)
took maximum days to colour break (8.66 days) wh#eGolden oxford

(V) took relatively minimum days to colour break. 5@days).

4.2.2.3 Interaction effect of growth regulators andrarieties on days
taken to colour break

Perusal of data (Table-7) revealed that, effechtgfraction between
growth regulators and varieties on days taken toucobreak was not
significant. However, minimum days to colour bre@k40 days) were
recorded with Apeldoorn treated with IAA-500ppmIdeved by Golden
oxford when treated with IAA-500ppm (6.88 days) dAé-250ppm (7.35
days).Whereas, maximum days to colour break (1da3@) were recorded
with Apeldoorn treated with CCC-750ppm followed Bolden oxford
treated with CCC-750ppm (10.33 days) and Apelddorated with CCC-

500ppm (9.80 days).



4.2.3 Days taken to flower opening
4.2.3.1 Effect of growth regulators on days takerotflower opening

An inquisition of data (Table-5 & Fig. 8) depictéldat significant
effect of growth regulators was observed on dalsrtao flower opening.
Indole acetic acid (IAA) at all doses was obsertedbe significantly
superior in accelerating the flower opening procés4-500 ppm recorded
significantly minimum days to flower opening (3.8/ays) followed by
IAA-250 ppm (3.93 days) as compared to rest ottbatments. Contrary to
this, cycocel (CCC) at all doses significantly geld the flower opening
process. CCC-750 ppm recorded significantly maximiays to flower
opening (7.58 days) as compared to control (4.§8)d@llowed by TIBA-
200 ppm (6.67 days). Similarly, CCC-500ppm and TiB30 ppm being
statistically at par with each other significangiytended the days to flower
opening (6.10 and 5.83 days, respectively) as eoetpto control (4.87
days).
4.2.3.2 Effect of varieties on days taken to flowespening

The data in Table-6 clearly indicated that daysemako flower
opening were significantly influenced by varietié§ridoorn (Vi) took

significantly maximum days to flower opening (5@8ys) while as Golden

oxford (V,) took relatively minimum days to flower opening98 days).



4.2.3.3 Interaction effect of growth regulators andvarieties on days
taken to flower opening

Data (Table-7) indicated that difference betweeowgn regulators
and varieties on days taken to flower opening waseoved to be
significant. Minimum days to flower opening (2.8ayd) were recorded
significantly with Golden oxford treated with IAAGBppm followed by
Apeldroon treated with IAA-500ppm (3.87days) anddga oxford treated
with 1AA 250 ppm (3.90 days).Whereas, maximum diyfiower opening
(8.10 days) were significantly recorded with Aplsdan treated with CCC-
750 followed by Golden oxford when treated with AH200ppm (7.20

days). The later two treatments were statisticatlgar with each other.

4.2.4 Flower diameter (cm)
4.2.4.1 Effect of growth regulators on flower diameer

Perusal of data (Table-5 & Fig. 9) revealed tHatyér diameter was
not significantly influenced by application of ptagrowth regulators.
However, cycocel recorded maximum flower diametec@mpared to other
growth regulators. Among various treatments, CCG-fpm recorded
maximum flower diameter (7.36 cm) followed by CC&37pm (7.30 cm)
and 1AA-250ppm (7.22 cm) as compared to controlX6cm). Similarly,
TIBA at all doses induced higher flower diametercampared to control.

The minimum flower diameter (6.11 cm) was recordeder control.



4.2.4.2 Effect of varieties on flower diameter

Perusal of mean value (Table-6) revealed thatwtevarieties did
not differ significantly regarding flower diametétowever, Golden Oxford
(Vo) exhibited slightly maximum flower diameter (6.%m) while as

Apeldoorn (\{) exhibited relatively lower flower diameter (6.Z6)).

4.2.4.3 Interaction effect of growth regulators andvarieties on flower
diameter

Data (Table-7) indicated that the effect of growtegulator
treatments and varieties on flower diameter did differ significantly.
However, maximum flower diameter (7.44 cm) was rded with
Apeldoorn treated with 1AA-250 ppm followed by Geld Oxford when
treated with CCC-750 ppm and CCC-500 ppm (7.40 each) where as,
minimum flower diameter (5.75 cm) was recorded w@blden Oxford
treated with IAA-750ppm followed by control (6.00nE within Golden

Oxford.

4.2.5 Scape length (cm)
4.2.5.1 Effect of growth regulators on scape length

Data pertaining to mean scape length recorde@waefing time was
significantly influenced by application of plantogvth regulators (Table-5;
Fig.10). Among various growth regulators, indolestar acid (IAA) was

observed to have a promoting effect on scape lenbile as, cycocel had a



retarding effect on scape length. IAA-500 ppm bestatistically at par
with 1AA-750ppm recorded significantly maximum seapength (37.98
cm) as compared to other treatments. On the othed,hCCC-750ppm
recorded significantly minimum scape length (23c@t) followed by CCC-
500ppm (26.58 cm) and both treatments were sigmflg inferior to

control (30.33 cm) in inducing higher scape leng#ithough, TIBA-

200ppm induced a slight decrease in scape len§B8ZZm), it was found

to be statistically at par with control (30.33 cm).
4.2.5.2 Effect of varieties on scape length

The data in Table-6 depicted that scape length swgsificantly
affected by varieties. Apeldoorn () recorded significantly maximum
scape length (32.35 cm) as compared to Golden @xfdrich recorded

relatively minimum scape length (29.97 cm).

4.2.5.3 Interaction effect of growth regulators ad varieties on scape
length

Perusal of data (Table-7) reveals that interaceéfiect of growth
regulators and varieties on scape length was mptifiant. However,
Apeldoorn treated with 1AA-500 ppm recorded maximweape length
(38.25 cm) followed by Golden Oxford treated withAF500 ppm (37.71

cm) and Apeldoorn treated with IAA 750 ppm (36.17)avhereas, Golden



Oxford treated with CCC-750 ppm recorded minimurapgclength (22.04
cm) followed by Apeldoorn treated with CCC-750pp&8.06 cm) and

Golden Oxford treated with CCC-500ppm (26.46 cm).

4.2.6 Scape thickness (mm)
4.2.6.1 Effect of growth regulators on scape thicless

An elucidation of data (Table-5 & Fig. 11) revealdtht scape
thickness was observed to be significantly inflleshby the application of
plant growth regulators. Cycocel (CCC) was found b superior in
inducing higher scape thickness as compared tor gfeevth regulators.
Among various treatments, CCC-500 ppm followed 3750 ppm and
CCC-250 ppm recorded significantly maximum scapekttess (5.70, 5.00
and 4.86 mm, respectively) as compared to othatrirents. However I1AA
and TIBA at all doses were significantly ineffeeiin increasing the scape

thickness as compared to control.
4.2.6.2 Effect of varieties on scape thickness

The data (Table-6) revealed that the two variet@iffered
significantly regarding scape thickness. ApeldoofN,;) recorded
significantly maximum scape thickness (4.57 mm)levhs, Golden Oxford

recorded relatively minimum scape thickness (4.08)m



4.2.6.3 Interaction effect of growth regulators andvarieties on scape
thickness

Perusal of data (Table-7) depicted that the impEctnteraction
between growth regulators and varieties on scapekrtbss was not
significant. However, maximum scape thickness (61086) was recorded
with Apeldoorn treated with CCC-500ppm followed KBolden oxford
treated with CCC-500ppm (5.35 mm) and Apeldoorn wkeated with
CCC-750ppm (5.27 mm). Minimum scape thickness (3mf) was
recorded with Apeldoorn treated with IAA-750ppmldoved by Golden
oxford treated with TIBA-100ppm (3.44 mm) and disd water

(3.45 mm).

4.2.7 Fresh weight of flower scape (Q)
4.2.7.1 Effect of growth regulators on fresh weighof scape

The data on fresh weight of flower scape as inteehby plant
growth is interpreted in Table-5 and graphicalleganted in Fig.12.The
statistical analysis of data revealed that, infbeenf growth regulators on
fresh weight per scape of tulip was not significaHowever, cycocel
(CCC) induced higher weight per scape as compaoedther growth
regulators. Among various treatments, CCC-500 ppoonded maximum
fresh weight per scape (22.02 g) followed by TIB33Ippm (21.02 g) and

CCC-250 ppm (20.36 g). While as, lowest fresh weggT scape (16.50 g)



was recorded under control followed by TIBA-200ppnd TIBA-150ppm

which recorded a scape weight of 17.30 g and 18, T&spectively.
4.2.7.2 Effect of varieties on fresh weight per spa

Perusal of data (Table-6) depicted that the efiéetrieties on fresh
weight of scape was not significant. However, Apeith (V;) recorded
higher weight per scape (20.26 g) as compared tdeBooxford which

recorded minimum weight per scape (18.13 Qg).

4.2.7.3 Interaction effect of growth regulators andsarieties on fresh
weight per scape

The data (Table-7) indicated that impact of int@cec between
growth regulators and varieties on fresh weight geape was not
significant. However, maximum fresh weight per saf25.57g) was
recorded with Golden oxford treated with TIBA-150ppfollowed by
Apeldoorn when treated with 1AA-750 ppm (24.93 giddaCCC-250ppm
(24.38 g). Whereas, minimum fresh weight per s¢afe30g) was recorded
with Golden oxford when treated with IAA-750ppmitted by treatment

with IAA-500ppm (14.55 g) and TIBA-200 ppm (15.28 g

4.2.8 Duration of flowering (day)
4.2.8.1 Effect of growth regulators on duration oflowering

An inquisition of data in Table-5 & Fig. 13 revedlthat duration of



flowering was significantly influenced by appliaati of growth regulators.
Out of the three growth regulators, cycocel (CC@&swnost effective in
enhancing the duration of flowering as compared otber growth
regulators. Among various treatments, CCC-500ppmgbstatistically at
par with CCC-750 ppm significantly prolonged theration of flowering
(13.93 days) as compared to rest of the treatmkikis wise, IAA-250 ppm
was significantly superior to control in prolongitige duration of flowering
(12.40 days). Further, all doses of TIBA, viz. TIEA0 ppm, TIBA-
150ppm and TIBA-100 ppm were not significant in aetng higher
duration of flowering (12.60, 12.00 and 12.20 daysspectively) as

compared to control (11.30 days).
4.2.8.2 Effect of varieties on duration of flowerig

Perusal of data in Table-6 depicted that the twoetias differed
significantly regarding duration of flowering. Aplelorn (Vi) recorded
significantly maximum duration of flowering (12.d&ys). Comparatively,

Golden oxford (\$) recorded minimum duration of flowering (12.06 day

4.2.8.3 Interaction effect of growth regulators andrarieties on duration
of flowering

Data (Table-7) indicated that interaction effectgodwth regulators

and varieties on duration of flowering was not figant. However,



maximum duration of flowering (14.20 days) was reea with Apeldoorn
treated with CCC-500ppm followed by Apeldoorn teshtwith CCC-
250ppm (13.86 days) and Golden oxford treated @TC-500 ppm (13.66
days). On the other hand, minimum duration of flang (11.00 days) was
recorded under control within Golden oxford,(\followed by Apeldoorn
treated with I1AA-750ppm (11.20 days) and Goldenoocdtftreated with

TIBA-100ppm (11.23 days).

4.2.9 Vase life (day) of cut tulips
4.2.9.1 Effect of growth regulators on vase life

The critical analysis of data (Table-5 & Fig.14)r fgase life
indicated that significant impact of growth regolatwas observed on vase
life (Plate-2). Cycocel (CCC) at all doses recordgphificantly higher vase
life as compared to other growth regulator treatisierCCC-500ppm
followed by CCC-750ppm recorded significantly maxim vase life (9.08
and 8.33 days, respectively) as compared to resiteatments. Similarly,
TIBA-200ppm induced significantly higher vase lif8.25 days) as
compared to control (7.20 days). Although, IAA-2p6p had induced a
slight increase in vase life (7.37 days) but nagnsicantly and was
statistically at par with control. However, IAA-75@pm recorded

significantly minimum vase life (6.58) as compatedontrol (7.20 days).



Plate-2 :

a)
b)
<)

Study of vase life under laboratory condions

Stage at which scape was cut for vase lifgystu Apeldoorn.
Stage at which scape was cut for vase liféysin Golden oxford.
Flower opening stage of cut tulip.



4.2.9.2 Effect of varieties on vase life

The data (Table-6) on vase life revealed that tfexeof genotypes
on vase life was significant. Apeldoorn 4}V recorded significantly
maximum vase life (8.08 days) while as Golden akfg¥,) recorded

relatively minimum vase life (7.16 days).

4.2.9.3 Interaction effect of growth regulators andarieties on vase life
of cut tulips

Perusal of data in Table-7 revealed that the diffee between
growth regulator treatments and varieties on va#seadf cut tulips was
significant. Longest vase life (9.67, 9.33 and 8J&$s) was recorded with
Apeldoorn (M) when treated with CCC-500 ppm, CCC-750 ppm an€CC
250 ppm, respectively and all these treatments wstatestically at par with
each other. Contrary, lowest vase life (6.00, 6z8@l 6.67 days) was
recorded significantly with Golden oxford when teshwith IAA-750 ppm,
and TIBA-100ppm and IAA-500ppm, respectively andevstatistically at

par with each other.
4.3  Bulb production characters

Data (Tables 8-10) revealed that all bulb charactevere
significantly influenced by growth regulators. Sigrant effect of varieties

was also observed on all bulb characters excepbauwf bulbs per plant



and bulb production ratio. Further, interactioneetfof growth regulators
and varieties was observed to be significant onbwmof bulbs per plant

and bulb production ratio.

4.3.1 Number of bulbs per plant
4.3.1.1 Effect of plant growth regulators on numbeof bulbs per plant

The data pertaining to number of bulbs per planbtisenced by the
plant growth regulators is presented in Table-8 gnagbhically presented in
Fig.15. Cycocel induced significantly higher numioérbulbs per plant as
compared to the control and other growth regulat&xSC-500ppm being
statistically at par with CCC-750ppm was most dffec in recording
significantly maximum number of bulbs per pland(). On the other hand,
IAA at all doses was not effective in inducing heglmumber of bulbs per
plant as compared to control. Similarly, TIBA-208mp and TIBA-150 ppm
were significantly ineffective in increasing themmoer of bulbs per plant as
compared to control. However, TIBA-100ppm was obsédr to be
significantly effective in increasing the numberhbefibs per plant (1.30) as

compared to the control (1.15).
4.3.1.2 Effect of varieties of number of bulbs peplant

The data (Table-9) revealed that there was no fignt difference

between the two genotypes for number of bulbs gantp However,



Apeldoorn (M) exhibited maximum number of bulbs per plant (].28
compared to Golden oxford §V which exhibited comparatively lower

number of bulbs per plant (1.20).

4.3.1.3 Interaction effect of growth regulators andrarieties on number
of bulbs per plant

Data (Table-10) revealed that difference betweea trowth
regulator treatments and varieties on number obdyer plant was
significant. Apeldoorn (Y) treated with CCC-500ppm and TIBA-100ppm
registered a significant increase in the numbdaudibs (1.50 each) followed
by Golden oxford (Y) treated with CCC-750 ppm (1.40). On the other
hand, Apeldoorn treated with CCC-250 ppm and TIBX®-ppm registered
a significant decrease in the number of bulbs (1e@6h) followed by

Apeldoorn (\4) treated with TIBA-150ppm (1.09).

4.3.2 Weight per bulb (g)
4.3.2.1 Effect of growth regulators on weight per blb

The data (Table-8 & Fig.16) on weight per bulb aaded that there
was significant influence of plant growth regulaten weight per bulb. All
the growth regulators were observed to be effectivecreasing weight per
bulb. IAA was found to be most effective in indugia significant increase
in weight per bulb as compared to other growth l&gus. Among various

treatments, IAA-500 ppm recorded significantly nrmaxim weight per bulb



(17.83 g) followed by IAA-250 ppm (16.68 g) as cargd to rest of the
treatments. Similarly, CCC at all doses increasgdifscantly weight per
bulb as compared to control (12.17 g). MoreoverBA-ROOppm and
TIBA-150 ppm also induced a significant increasewsight per bulb

(16.05 and 15.06 g, respectively) as comparedntralo(12.17 g).
4.3.2.2 Effect of varieties on weight per bulb

Significant impact of varieties was observed onghieiper bulb.
Maximum weight per bulb (15.75 g) was recorded ificemtly by
Apeldoorn (M) while as minimum weight per bulb (13.95) was releal by

Golden oxford (V).

4.3.2.3 Interaction effect of growth regulators andsarieties on weight
per bulb

Data (Table-10) revealed that interaction effecg@wth regulators
and varieties on weight per bulb was not significdiowever, maximum
weight per bulb (18.80 g) was recorded within Apeldh (V;) when treated
with IAA-500ppm followed by IAA-250ppm (17.70g) andBA-200ppm
(17.50g). Golden oxford (N treated with distilled water and TIBA-
100ppm recorded minimum weight per bulb (11.95 ab2l07 g,
respectively) followed by Apeldoorn (Y treated with distilled water

(12.40 g).



4.3.3 Size of bulb (cm)
4.3.3.1 Effect of growth regulators on size of bulb

The data pertaining to size of individual bulbiaffuenced by pant
growth regulators is presented in Table-8 and gcaflls presented in Fig.
17. All growth regulators were observed to be eifecin increasing the
bulb size. IAA was found to be most effective icrigasing the size of bulb
as compared to rest of the growth regulators (FatdAA-500 ppm
recorded significantly maximum size of bulb (11&8) followed by IAA-
250ppm (11.08 cm) as compared to control (9.05 tike wise, TIBA-200
ppm being statistically at par with TIBA-150 ppns@lnduced a significant
increase in size/circumference of bulb (10.71 crmm)campared to the
control (9.05 cm). CCC-250 ppm also recorded sigaiitly higher bulb
size (10.37 cm) as compared to the control (9.0%. ¢however, CCC-
750ppm and CCC-500ppm were significantly ineffegtia increasing the
bulb size as they were statistically at par witbheather as well as with the

control (9.05 cm).
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B) Large size attained by bulbs after treatment with IAA-500ppm in Golden oxford

Plate-3 : Effect of growth regulators on bulb sizen tulip



4.3.3.2 Effect of varieties on size of bulb

Perusal of data (Table-9) indicated that there wwasignificant
impact of varieties on size or circumference ofbbupeldoorn () was
significantly superior to Golden Oxford §V/in recording the maximum

size of bulb (10.67 cm).

4.3.3.3 Interaction effect of growth regulators andvarieties on size of
bulb

Perusal of data (Table-10) on the differences ttuenteraction
between growth regulators and varieties on sizeireumference of bulb
was not significant. However, maximum size of bll1.98 cm) was
recorded within Apeldoorn (N when treated with IAA-500 ppm followed
by treatment with 1AA-250 ppm (11.66 cm) and TIBAE ppm (11.00).
Moreover, minimum size of bulb (8.70 cm) was reearcunder control
within Golden Oxford (YY) followed by treatment with TIBA-100ppm

(9.00 cm) and CCC-500 ppm (9.23 cm).

4.3.4 Number of bulblets per plant
4.3.4.1 Effect of growth regulators on number of blbblets per plant

The data (Table-8 & Fig. 18) on number of bulblger plant
indicated that there was a significant effect avgih regulators on number
of bulblets per plant. Among various growth regoitat cycocel (CCC) was
superior in inducing higher number of bulblets pé&ant as compared to

other growth regulators. However, IAA at all dosd#igd not cause any



significant effect on number of bulblets per plast compared to control.
CCC-500 ppm induced significantly higher numberbotblets per plant
(3.33) followed by CCC-750 ppm (2.94) as comparedantrol. Similarly,

TIBA-200 ppm being statistically at par with TIBAQppm registered a
significant increase in number of bulblets per plgh75) as compared to
the control (2.00). Significant decrease in numbgrbulblets per plant

(1.46) was recorded with TIBA-100 ppm as compacedantrol.
4.3.4.2 Effect of varieties on number of bulbletsgr plant

Perusal of data (Table-9) indicated that signifitcampact of
varieties was observed on number of bulblets pantplApeldoorn (V)
recorded significantly maximum number of bulble&s plant (2.40) while
as, Golden oxford recorded relatively minimum numbé bulblets per

plant (2.20).

4.3.4.3 Interaction effect of growth regulators andrarieties on number
of bulblets per plant

Data (Table-10) revealed that interaction effecgmwth regulators
and varieties on number of bulblets per plant watssignificant. However,
maximum number of bulblets per plant (3.58) wasréed with Apeldoorn
(V) treated with CCC-500 ppm followed by Apeldooreated with CCC-

750 ppm (3.15) and Golden oxford fMreated with CCC-500 ppm (3.08).



On the other hand, Apeldoorn treated with TIBA-1pPm recorded
minimum number of bulblets per plant (1.42) follavby Golden oxford

when treated with TIBA-100 ppm (1.50) and I1AA-256np (1.75).

4.3.5 Weight of bulblets per plant (g)
4.3.5.1 Effect of growth regulators on weight of biblets per plant

Perusal of data (Table-8 & Fig. 19) revealed tha® growth
regulators had a significant impact on weight olblais per plant. Among
various growth regulators, IAA was most effective inducing higher
weight of bulblets per plant. IAA-500ppm being &atally
at par with IAA-750 ppm recorded significantly maxim weight of
bulblets per plant (9.44 g) as compared to otheattents. However, CCC
and TIBA at all doses were observed to be ineffectin inducing a

significant increase in weight of bulblets per plas compared to control.
4.3.5.2 Effect of varieties on weight of bulbletsqr plant

The data in Table-9 indicated that the two varsetidiffered
significantly on weight of bulblets per plant. Adebrn (\4) recorded
significantly higher weight of bulblets (6.37) wibs Golden oxford Y

recorded lower weight of bulblets per plant (5.7 g



4.3.5.3 Interaction effect of growth regulators andvarieties on weight
of bulblets per plant

Perusal of data (Table-10) revealed that, the mdiffee between
growth regulators and varieties on weight of butbleas not significant.
However, maximum weight of bulblets (7.93 g) wagoreled within
Apeldoorn (M) when treated with IAA-500ppm followed by treatrherith
IAA-750 ppm (7.53 g) and IAA-250ppm (7.47 g). Fuath minimum
weight of bulblets (5.17 g) was recorded with Galdeford (\%) treated
with CCC-500 ppm followed by Apeldoorn treated wi@CC-500ppm

(5.23g) and Golden oxford treated with CCC-250ppag).

4.3.6 Bulb production ratio
4.3.6.1 Effect of plant growth regulators on bulb poduction ratio

Perusal of data (Table-8 & Fig. 20), bulb productimtio was
observed to be significantly influenced by the agtlon of plant growth
regulators. Cycocel induced significantly highedboproduction ratio as
compared to the control and other growth regulat6SC-500ppm being
statistically at par with CCC-750 ppm recorded Bigantly maximum bulb
production ratio (1.40). On the other hand, IAAalitdoses was ineffective
in inducing higher bulb production ratio as complare control. Similarly,
TIBA-200 ppm and TIBA-150 ppm did not have any #igant effect on

bulb production ratio as compared to control (1.19pwever, TIBA-



100ppm recorded a significant increase in bulb petidn ratio (1.30) as

compared to control (1.15).
4.3.6.2 Effect of varieties on bulb production rai

The data (Table-9) revealed that there was no fsignt difference
between the two genotypes on bulb production ritimyever, Apeldoorn
(V1) exhibited maximum bulb production ratio (1.22) esmpared to
Golden Oxford (V) which exhibited comparatively lower bulb prodocti

ratio (1.20).

4.3.6.3 Interaction effect of growth regulators andrarieties on bulb
production ratio

Perusal of data (Table-10) on the difference dueinteraction
between growth regulators and varieties on bulbdgection ratio was
significant. Apeldoorn (Y) treated with CCC-500ppm and TIBA-100ppm
registered a significant increase in bulb producti@tio (1.50 each)
followed by Golden Oxford (Y treated with CCC-750 ppm (1.40). On the
other hand, Apeldoorn treated with CCC-250 ppm &@h8A-200 ppm
induced a significant decrease bulb productiorr@tiO0 each) followed by

Apeldoorn (\)) treated with TIBA-150ppm (1.09).
4.4  Economics of production of tulip

Treatment-wise comparative economics of producti@s worked



out for tulip. Perusal of the Table-11 revealed thighest cost benefit ratio
of 1.67 was recorded by treatment with IAA-500 pfotiowed by C-B
ratio of 1.62 in treatment IAA-750 ppm. Similar rick was observed in

gross income as well as net income.



Table-2:

Effect of growth regulators on vegetativeharacters in tulip

Days
Teament KN o lees  Leafarea Leafarea
sprouting (cm) plant

IAA-750ppm 87.20 38.54 4.00 84.20 0.28
IAA-500ppm 86.97 40.98 4.66 93.07 0.31
IAA-250ppm 87.80 35.42 4.33 80.68 0.26
CCC-750ppm 90.00 26.00 4.00 66.27 0.22
CCC-500ppm 89.27 29.58 4.33 72.16 0.24
CCC-250ppm 88.93 33.90 4.00 74.99 0.25
TIBA-200ppm 89.23 32.32 4.00 72.61 0.24
TIBA-150ppm 88.79 34.37 4.33 75.37 0.25
TIBA-100ppm 88.78 35.44 4.33 77.47 0.25
Control 88.30 33.33 3.33 66.28 0.22
LSD at 5% 0.75 2.75 NS 14.08 0.02
+SEqits 0.37 1.36 NS 6.96 0.02

IAA = Indole acetic acid; CCC = Cycocel; TIBA =325 triiodobenzoic acid



Table-3: Effect of varieties on vegetative characts in tulip

Variety tI)Du ?g SS;?EEQJS Plarz;[:rf:gight Nobgr:??ves Leaf area (cnf)  Leaf area index
Apeldoorn 88.00 35.43 4.13 88.34 0.29
Golden Oxford 89.06 32.64 4.09 64.29 0.21
LSD at 5% 0.33 1.23 NS 6.30 0.02
+SEqif 0.16 0.61 NS 3.11 0.01




Table-4 : Interaction effect of growth regulators and varieties on vegetative

characters in tulip

Treatment Variety Days Plant No. of  Leaf Leaf
taken to height leaves area  area
bulb (cm)  plant® (cm® index
sprouting
IAA-750ppm  Apeldoorn 86.93 39.17 400 100.66 0.33
IAA-500ppm  Apeldoorn 86.73 41.25 466 103.40 0.34
IAA-250ppm  Apeldoorn 87.47 38.79 466 96.94 0.32
CCC-750ppm  Apeldoorn 88.60 26.96 400 77.03 0.26
CCC-500ppm  Apeldoorn 88.80 29.71 4.33 86.05 0.29
CCC-250ppm  Apeldoorn 88.47 35.87 400 90.28 0.30
TIBA-200ppm  Apeldoorn 88.40 33.46 400 7513 0.25
TIBA-150ppm Apeldoorn 88.33 35.67 4.33 88.32 0.29
TIBA-100ppm Apeldoorn 88.27 37.13 4.00 91.47 0.30
Control Apeldoorn 88.00 35.08 3.33 7410 0.25
IAA-750ppm  Golden Oxford 87.47 37.92 4.00 67.74 20.2
IAA-500ppm  Golden Oxford 87.20 40.70 4.66 82.74 70.2
IAA-250ppm  Golden Oxford  88.13 32.04 400 6443 10.2
CCC-750ppm  Golden Oxford ~ 91.47 25.04 400 5551 80.1
CCC-500ppm  Golden Oxford 89.73 29.46 4.33 58.27 90.1
CCC-250ppm  Golden Oxford ~ 89.40 31.92 400 59.70 00.2
TIBA-200ppm Golden Oxford ~ 90.07 31.18 400 70.09 230.
TIBA-150ppm Golden Oxford 89.25 33.08 4.33 62.43 210.
TIBA-100ppm Golden Oxford 89.30 33.46 4.33 63.48 210.
Control Golden Oxford  88.60 31.58 3.33 5847 0.19
LSD at 5% i NS NS NS NS NS
+SEyi NS NS NS NS NS

IAA = Indole acetic acid; CCC = Cycocel; TIBA =325 triiodobenzoic acid



Table-5:  Effect of growth regulators on floral characters in tulip

Days to Days to Days to Flower Scape Scape Scape Flower Vase life
Treatment floral bud colour flower diameter length (cm) thickness  weight (g) duration (day)
appearance break opening (cm) (mm) (day)
IAA-750ppm 26.50 8.23 4.20 6.12 35.54 3.69 19.16 301 6.58
IAA-500ppm 25.60 6.63 3.37 6.52 37.98 3.89 18.83 .831 7.00
IAA-250ppm 26.67 7.40 3.93 7.22 32.50 4.18 19.38 402 7.37
CCC-750ppm 30.50 10.77 7.58 7.30 23.00 5.00 18.64 3.631 8.33
CCC-500ppm 28.50 9.53 6.10 7.36 26.58 5.70 22.02 9313 9.08
CCC-250ppm 28.27 8.70 5.87 6.99 30.90 4.86 20.36 .0613 7.92
TIBA-200ppm 29.50 9.23 6.67 6.77 29.32 4.33 17.30 2.6Q 8.25
TIBA-150ppm 27.97 8.80 5.83 6.40 31.37 4.09 21.02 2.00 7.50
TIBA-100ppm 27.17 8.57 4.63 6.56 32.44 3.79 18.77 2.2Q 7.00
Control 27.73 8.40 4.87 6.11 30.33 3.70 16.50 11.30 7.20
LSD at 5% 0.89 0.76 0.38 055 027 NS NS 276 1.36 0.6830 NS  1.02 0.50 0.48 0.24
+SBai 0.44 NS

IAA = Indole acetic acid; CCC = Cycocel; TIBA =35 triiodobenzoic acid



Table-6 : Effect of varieties on floral charactersn tulip

Variety

Days taken

Days taken

Days taken Flower Scape Scape Scape Flower Vase life
to floral to colour to flower diameter  length (cm) thickness  weight (g) duration (day)
bud break opening (cm) (mm) (day)
appearance
Apeldoorn 28.76 8.66 5.60 6.74 32.35 4.57 20.26 782. 8.08
Golden Oxford 26.87 8.59 4.98 6.73 29.97 4.08 18.13 12.06 7.16
LSD at 5% 0.39 NS 0.25 NS 1.24 0.30 NS 0.46 0.18
+SEgix 0.19 NS 0.12 NS 0.61 0.15 NS 0.23 0.21




Table-7:

Interaction effect of growth regulators and varieties on floral characters in tulip

Treatment Variety Days taken Days Days Flower Scape Scape Scape Duration Vase
to floral bud taken takento diameter length  thickness weight of life
appearance to flower (cm) (cm) (mm) (9) flowering  (day)
colour  opening (day)
break

IAA-750ppm Apeldoorn 27.58 8.26 4.40 6.50 36.17 43.9 24.93 11.20 7.17
IAA-500ppm Apeldoorn 27.06 6.40 3.87 6.44 3825 (4.3 23.12 12.23 7.33
IAA-250ppm Apeldoorn 28.00 7.45 3.97 7.44 3596 04.6 17.00 12.87 7.33
CCC-750ppm Apeldoorn 30.80 11.20 8.10 7.20 23.96 275. 17.57 13.60 9.33
CCC-500ppm Apeldoorn 29.00 9.80 6.27 7.33 26.71 56.0 24.20 14.20 9.67
CCC-250ppm Apeldoorn 29.06 8.60 7.13 6.89 32.87 24.7 24.38 13.86 8.83
TIBA-200ppm Apeldoorn 29.33 9.20 6.13 6.83 30.46 674. 19.32 13.07 8.50
TIBA-150ppm Apeldoorn 29.00 8.66 6.07 6.04 32.67 454. 16.48 12.07 8.00
TIBA-100ppm Apeldoorn 28.86 8.60 5.07 6.53 34.42 134. 20.13 13.17 7.67
Control Apeldoorn 28.93 8.40 5.13 6.22 32.07 3.95 5.5Q 11.60 7.00
IAA-750ppm Golden Oxford  25.42 8.20 4.00 5.75 34.92 3.43 13.38 11.40 6.00
IAA-500ppm Golden Oxford  24.13 6.88 2.87 6.60 37.71 3.49 14.55 11.43 6.67
IAA-250ppm Golden Oxford  25.33 7.35 3.90 7.00 29.04 3.77 21.77 11.93 7.40
CCC-750ppm Golden Oxford 30.20 10.33 7.07 7.40 22.04 4.73 19.72 13.66 7.33
CCC-500ppm Golden Oxford 28.00 9.26 5.93 7.40 26.46 5.35 19.83 13.66 8.50
CCC-250ppm Golden Oxford 29.66 8.80 4.60 7.11 28.92 5.00 16.33 12.27 7.00
TIBA-200ppm  Golden Oxford  29.66 9.26 7.20 6.72 28.18 3.99 15.28 12.13 8.00
TIBA-150ppm  Golden Oxford 26.93 8.93 5.60 6.77 30.08 3.72 25.57 11.93 7.00
TIBA-100ppm  Golden Oxford 25.46 8.53 4.20 6.60 30.46 3.44 17.40 11.23 6.33
Control Golden Oxford  26.53 8.40 4.60 6.00 28.58 3.45 17.50 11.00 7.40
LSD at 5% 1.26 NS 0.78 NS NS NS NS NS 0.68
+SEqir ) 0.62 NS 0.39 NS NS NS NS NS 0.34

IAA = Indole acetic acid; CCC = Cycocel; TIBA =325 triiodobenzoic acid



Table-8:

Effect of growth regulators on bulb charaters in tulip

No. of bulbs Weight per Size of bulb  No. of bulblets ~ Weight of Bulb
Treatment plant™ bulb (g) (cm) plant™ bulblets plant  production
! ratio
IAA-750ppm 1.19 14.35 10.10 2.25 6.83 1.19
IAA-500ppm 1.23 17.83 11.50 2.04 7.40 1.15
IAA-250ppm 1.15 16.68 11.08 1.75 6.65 1.15
CCC-750ppm 1.39 14.13 09.82 2.94 5.32 1.39
CCC-500ppm 1.40 13.46 09.65 3.33 5.20 1.40
CCC-250ppm 1.10 15.20 10.37 2.50 5.62 1.10
TIBA-200ppm 1.10 16.05 10.71 2.75 6.02 1.10
TIBA-150ppm 1.10 15.06 10.52 1.87 5.90 1.10
TIBA-100ppm 1.30 12.88 09.45 1.46 5.72 1.30
Control 1.15 12.17 09.05 2.00 5.53 1.23
LSD at 5% 0.08 1.12 0.41 0.38 0.60 0.08
+SEgir 0.04 0.55 0.20 0.18 0.30 0.04

IAA = Indole acetic acid;

CCC = Cycocel; TIBA =35 trilodobenzoic acid



Table-9 : Effect of varieties on bulb charactersn tulip

Variety No. of bulbs Weight per Size of bulb  No. of bulblets Weight of Bulb
plant™ bulb (g) (cm) plant™ bulblets plant  production
! ratio
Apeldoorn 1.22 15.75 10.67 2.40 6.37 1.22
Golden oxford 1.20 13.95 9.77 2.20 5.67 1.20
LSD at 5% NS 0.25 0.18 0.17 0.25 NS
+SEqix NS 0.50 0.09 0.08 0.12 NS




Table-10 : Interaction effect of growth regulators and varieties on bulb characters in tulip

Treatment Variety No. of bulbs Weight per  Size of bulb No. of Weight of Bulb
plant™ bulb (g) (cm) bulblets bulblets production
plant™ plant™ ratio
IAA-750ppm Apeldoorn 1.23 15.17 10.56 2.25 7.53 31.2
IAA-500ppm Apeldoorn 1.22 18.80 11.98 2.08 7.93 51.1
IAA-250ppm Apeldoorn 1.17 17.70 11.66 1.75 7.47 71.1
CCC-750ppm Apeldoorn 1.38 14.90 10.26 3.15 5.33 81.3
CCC-500ppm Apeldoorn 1.50 14.07 10.07 3.58 5.23 015
CCC-250ppm Apeldoorn 1.00 16.27 10.93 2.75 6.00 01.0
TIBA-200ppm Apeldoorn 1.00 17.50 11.00 3.00 6.38 001.
TIBA-150ppm Apeldoorn 1.09 16.97 10.97 1.92 6.20 091.
TIBA-100ppm Apeldoorn 1.50 13.70 09.90 1.42 5.83 501.
Control Apeldoorn 1.15 12.40 09.40 2.08 5.77 1.22
IAA-750ppm Golden Oxford 1.15 13.53 09.63 2.25 6.13 1.15
IAA-500ppm Golden Oxford 1.24 16.87 10.02 2.00 6.87 1.15
IAA-250ppm Golden Oxford 1.14 15.67 10.50 1.75 5.83 1.14
CCC-750ppm Golden Oxford 1.40 13.36 09.36 2.73 5.30 1.40
CCC-500ppm Golden Oxford 1.30 12.87 09.23 3.08 5.17 1.30
CCC-250ppm Golden Oxford 1.20 14.13 09.80 2.25 5.23 1.20
TIBA-200ppm Golden Oxford 1.20 14.60 10.43 2.50 75.6 1.20
TIBA-150ppm Golden Oxford 1.12 14.35 10.07 1.83 05.6 1.12
TIBA-100ppm Golden Oxford 1.10 12.07 09.00 1.50 05.6 1.10
Control Golden Oxford 1.15 11.95 08.70 1.92 5.30 241.
LSD at 5% i 0.11 NS NS NS NS 0.11
+SEgite 0.05 NS NS NS NS 0.05




Table-11: Economics of production in tulip using pant growth regulators (per 500 nf basis)

Treatment Gross Scape Bulb income Bulblet Gross Net income B:C ratio
expenditure  income (Rs.) (Rs.) income (Rs.) income (Rs.) (Rs.)
(Rs.)
IAA-750ppm 990663.60 46665.50 95197.62 5008.54 174656 56208.06 1.62
IAA-500ppm 89999.20 46665.50 98397.54 5426.53 1918 60490.37 1.67
IAA-250ppm 89334.79 46665.50 91997.70 4876.54 19358 54204.95 1.61
CCC-750ppm 89467.67 46665.50 92664.35 3901.23 14623 53763.41 1.60
CCC-500ppm 89201.91 46665.50 93331.00 4121.23 74431 54915.82 1.61
CCC-250ppm 88936.15 46665.50 87997.80 3813.24 BB47 49540.39 1.56
TIBA-200ppm 89916.01 46665.50 87997.80 4414.56 T3BH 49161.79 1.55
TIBA-150ppm 89603.34 46665.50 87997.80 4326.56 8985 49386.52 1.55
TIBA-100ppm 89292.36 46665.50 86664.50 4194.56 23756 48232.20 1.54
Control 88670.39 46665.50 76664.75 4055.23 127835.4 38715.09 1.43

Scapes sold @ Rs.3.5/scape; bulblets @ Rs.55/kg.

Bulbs above 10cm size were sold @ Rs.6/bulb anoshdlow 10cm size were sold @ Rs.5/bulb
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CHAPTER -5

DISCUSSION

Among various ornamental crops, tulips are onetld most
researched genera in the world. Research has lmwluated on tulip by
several workers to obtain higher economic benéitsnanipulating growth
and flowering. In the recent past, plant growth utatprs have
revolutionised various garden practices and havenbsuccessfully
employed for improving growth and yield. Howeveng tinformation on
precise use of plant growth regulators is limiteithwegard to vegetative,
floral and bulb production of tulip. As such theepent investigation was
undertaken to study the effect of plant growth fegus on vegetative,
floral and bulb production of tulip. The results@bed are discussed in this

chapter.
5.1 Vegetative characters

The results obtained in the present study on tridieals that the
vegetative characters under investigativan, days taken to bulb sprouting,
plant height, leaf area and leaf area index weggifstantly influenced by
plant growth regulators. However, number of leapes plant remained

unaffected by the application of plant growth regois.



Out of the three chemicalsjz. indole acetic acid (IAA), cycocel
(CCC) and 2,3,5 triiodobenzoic acid (TIBA) testedthe present study,
IAA was most effective in improving plant growth asmpared to other
chemicals. Among various treatments, IAA-500 pprmdestatistically at
par with IAA-750 ppm took significantly minimum dsayo bulb sprouting

(86.97 days) as compared to other treatments imguzbntrol.

Auxin increases the activity of apical bud memstehereby,
promotes metabolism and has an inhibitory effectbscissic acid which
causes bud dormancy. Moreover, auxins have beatvew in elongation
of apical bud also. These factors might be the gbtdb cause for early
sprouting. Similar results were reported in glaasol(Sharga, 1979 and
Chauhan and Chauhan, 2002). Besides, inductiomrbf sprouting by the
application of IAA in narcissus was reported by Kamand Rees (1977b).
In contrast to IAA, CCC delayed bulb sprouting; ab@C-750 ppm took
significantly maximum days to bulb sprouting (90d#ys) as compared to
other treatment including control. Similarly, TIBAlso delayed bulb
sprouting at higher concentrations but was obseteelie ineffective at
lower concentration as compared to control. Theibitibn of the
cyclization of Geranylgeranyl pyrophosphate to digpayrophosphate is

the primary mode of action of cycocel leading thilaition of gibberellin



formation which is an important bud dormancy bragkfactor (Arteca,
1997). This could be the possible reason for rediygkant growth by
application of cycocel. Similar results were repdrby Kiradet al. (2001)

in gladiolus.

Data presented in Table-2 reveal that IAA recordekimum plant
height as compared to other growth regulators. Agnovarious
concentrations, IAA-500 ppm being statisticallypatr with IAA-750 ppm
recording significantly maximum plant height (40.8&) as compared to
control. IAA promotes the elongation of cells irethpical region of shoot.
Besides, it exhibits the phenomenon of apical damte also. This may be
the probable reason for excessive elongation obtshy IAA application.
Similar results were obtained by Banasik and Saske@l985), Kawa and
Saniewski (1989), Saniewsgt al. (1990) and Saniewskit al. (1999), who

reported elongation of stem by application of |AAtulip.

In comparison to IAA, CCC has a retarding effentmant height
and it was observed that CCC-750 ppm recorded feigntly minimum
plant height (26.00 cm) as compared to control. ey, TIBA at all doses
did not cause much impact on plant height as coeaptr control. Cycocel,
a gibberellin biosynthesis inhibitor, decreases tbencentration of

gibberellins in plants and inhibit cell expansionlbwering the gibberellin-



dependant cell wall relaxation (Cosgrove and Sasordunford, 1989).
These results were in agreement with Bragt and Brekl973), Laskowska

et al (1998) and Saniewski and Okubo (1998) in tulip.

Data in present study reveals that, IAA was supenanducing all
growth parameters as compared to other growth aeaysl. The best results
among various treatments were obtained with IAA-590mM which
recorded maximum number of leaves per plant (4f6Qwed by IAA-
250ppm. Minimum number of leaves (3.00) per plaaswecorded under
control. IAA-500ppm being statistically at par withA-750ppm registered
maximum leaf area (93.07 &rand leaf area index (0.31) as compared to
control. However, CCC and TIBA at all doses wefective in recording
higher leaf area and leaf area index as comparedrtol. Minimum leaf
area (66.28 cf) and leaf area index (0.22) was recorded undetraon
These results were in close agreement with variwagkers in various
bulbous crops (Mahesh and Misra, 1993; Dantwdtal, 2002 and Gauet

al., 2003)

Perusal of data (Table-3) on vegetative charactergealed
significant impact of varieties on bulb sproutipdant height, leaf area and
leaf area index. However, number of leaves wassigstificantly affected

by varieties. Apeldoorn (Y recorded significantly minimum days to bulb



sprouting (88.00 days), maximum plant height (3548, maximum leaf
area (88.34 cf) and leaf area index (0.29). Comparatively, Gol@esford
recorded maximum days to bulb sprouting (89.06 Qaysnimum plant

height (32.64 cm), leaf area (64.29%mnd leaf area index (0.21).

Further perusal of data (Table-4) reveals thairteraction between
growth regulators and varieties did not cause agwyifscant impact on all
vegetative characters. However, Apeldoorn treateth WAA-500 ppm
recorded minimum days to bulb sprouting (86.73 ylagsaximum plant
height (41.25 cm), number of leaves (4.66), leahdt103.40 cf) and leaf
area index (0.34) whereas, Golden Oxford treateth VACC-750 ppm
recorded maximum days to bulb sprouting (91.47 Qaysnimum plant

height (25.04 cm), leaf area (55.51%m@nd leaf area index (0.18).
5.2  Floral characters

The data on floral characters in the present stedgals that the
floral characters under investigationz. days taken to appearance of floral
bud, days taken to colour break, days taken todtawpening, scape length,
scape thickness, flower duration and vase life veggnificantly influenced
by application of plant growth regulators. Howeviower diameter and
scape weight remained unaffected by the applicabbrplant growth

regulators.



Perusal of data (Table-5) depicted that IAA was thedtective in
reducing days taken to floral bud appearance, tagslour break and days
to flower opening as compared to other growth ratgus. The best results
among various treatments were obtained with IAA-B@®n which took
significantly minimum days to floral bud appearar{2é.60 days), colour
break (6.63 days) and flower opening (3.37 daygjoaspared to rest of the
treatments. The improvement in floral charactersraaponse to indole
acetic acid is due to its favourable effects onetative growth. These
results are in agreement with several workers irioua flower crops
(Sharmaet al, 1978; Meheet al, 1999; Chauhan and Chauhan, 2002 and

Gauret al.,2003).

In contrast to IAA, CCC-750ppm took significantlyasimum days
to floral bud appearance (30.50 days), colour b(@8k77 days) and flower
opening (7.58 days) as compared to control. Thaltsees the present study
are supported by the finding of Al-Humaid (2001)daDantuluriet al.
(2002), who reported that application of cycocalssd delayed flowering
in gladiolus and Asiatic lily, respectively. Simil, TIBA at a higher dose
of 200 ppnsignificantlydelayedlowering byexhibiting29.50 days to floral
bud appearance, 9.23 days to colour break anddas to flower opening.

Delayed flowering due to growth retardants is appty the result of



growth inhibition rather than direct effect upoovilering stimulus. These
results were in consonance with the findings ofesalv workers who
worked on various bulbous crops (Mohargtal, 2003 and Genegt al,

2005).

Plant growth regulators were observed to be ingffean causing a
significant effect on flower diameter. However, G6A0 ppm recorded
maximum flower diameter (7.36 cm) followed by CC&37pm (7.30 cm)
as compared to control. Minimum flower diameterl{&m) was recorded
under control. These results are in conformity wita findings of Nairet
al. (2002) who reported that application of CCC gaaegést flower

diameter in gerbera.

Perusal of data in present study reveals that, Ws& observed to be
superior in recording highest scape length as cosdp#o other growth
regulators. Among various treatments tested, IAA-50pm being
statistically at par with 1AA-750 ppm recorded sigrantly maximum
scape length (37.98cm) as compared to rest of remtntients including
control. These results are in close conformity with findings of Banasik
and Saniewski (1985), Kawa and Saniewski (198Mjevaskiet al. (1990)
and Saniewsket al. (1999), all of whom reported increased shoot le iyt

application of IAA in tulip. On the contrary, cycalceffectively retarded the



scape length and CCC-750 ppm recorded significamtigimum scape
length (23.00 cm) as compared to control. HoweV&#BA at all doses did
not exhibit any significant impact on scape lenddmilar results were
reported by Bragt and Dekker (1973) and Laskowetkal. (1998) in tulip.
The results get further support with the similandfngs of Devendrat al.

(1999) in tuberose.

Data depicted that CCC was observed to be mostte#e in
increasing the scape thickness. Among variousnreaits, CCC-500 ppm
recorded significantly maximum scape thicknessQ%nfm) as compared to
other treatments and control. The increase in sdhmpikness may be
attributed by the decreased scape length induceaybgpcel. Besides,
cycocel may enhance the activity of 6-benzyladebunedo not behave like
cytokinin alone (Werbouck and Debergh, 1996) whicturn may promote
the cell division. The results obtained are in elesnfirmation with those
reported by Weryszkaet al. (1997) in tulip. Similar results were also
obtained by several workers in other ornamentgds(®&harmat al, 1978;
Al-Humaid, 2001 and Datat al, 2001). IAA and TIBA at all doses were
observed to be ineffective in influencing the sctipekness as compared to
control. However, IAA at low concentration was obh®el to have a

favourable effect on scape thickness.



The data reveals that fresh weight of scape was afigcted
significantly by the application of growth reguleso However, all growth
regulator treatments gave higher scape weight aspaced to control.
Maximum fresh weight of scape (22.02 g) was reabrog CCC-500 ppm
followed by TIBA-150 ppm and CCC-250 ppm which rested 21.02 g and
20.36 g of fresh scape weight, respectively. Whereainimum fresh

weight of scape (16.50 g) was recorded under cbntro

Maximum duration of flowering was recorded by CGflldwed by
TIBA and IAA. Among various treatments, CCC-500 ppbeing
statistically at par with CCC-750 ppm and CCC-25pmp recorded
significantly maximum duration of flowering (13.@&ys) as compared to
other treatments. Similarly, 1AA-250 ppm recordedndicantly higher
flower duration (12.40 days) as compared to contdolwever, TIBA at all
doses was ineffective in inducing higher flower ation as compared to
control. The results in present study are in coasoa with the findings of
Sharmaet al. (1978), Sharga (1979) and Mahesh and Misra (1883)f
whom reported increased flower duration by auxmearious flower crops.
These results are further supported by the findimigklassan and Agina

(1980), Kiradet al.(2001) and Maurya and Nagada (2002) in bulbous



crops, who reported increased flowering duration dpplication of

cycocel.

Cycocel was superior in recording maximum vase dgecompared
to other growth regulators. The best result amoagous treatments was
obtained with CCC-500 ppm which recorded maximurnsevéfe (9.08
days) as compared control. Similarly, TIBA at higheoncentration of 200
ppm induced significantly higher vase life (8.25yslaas compared to
control while as, it was ineffective at lower contations. This may be
attributed due to their ability to alter the semgly of plants to a number of
environmental stresses. These have an ability toedse the transpiration
loss either due to their ability to induce smalkaves or fewer or smaller
stomata in the leaves (Steinbexgal, 1991). Besides these also inhibit
ethylene production by blocking the conversion eminocylopropane-1-
carboxylic acid (ACC) to ethylene which is consgttras an important
senescence factor (Kraes al, 1991). These factors might have attributed
for the increased vase life of cut tulips by apgtiien of growth retardants.
Similar results were obtained by several workerbutbous crops (Aswath
et al, 1995; Devendrat al, 1999; Nairet al, 2002 and Dantuluret al,
2002). On the contrary, IAA-750 ppm recorded minmmuase life of 6.58

days as compared to control. This inhibitory effecauxins on vase life is



due to auxin-induced ethylene production. Simiksults were reported by

Guo Wei Minget al. (2003) in chrysanthemum.

Perusal of data (Table-6) reveals that varietiéferéd significantly
with respect to days taken to floral bud appearadegs taken to flower
opening, scape length, scape thickness, duratidlowéring and vase life.
Apeldoorn (M) was significantly superior to Golden oxford incoeding
maximum days to floral bud appearance (28.76), dlowpening (5.60
days), scape length (32.35 cm), scape thickne§3 @m), flower duration
(12.78 days) and vase life (8.08 days). Compargtiv&olden oxford
recorded minimum days to floral bud appearance8{2@lays), flower
opening (4.98 days), scape length (29.97 cm), sttapkness (4.08 mm),
flower duration (12.06 days) and vase life (7.16/9)a However, no
significant impact of varieties was observed onsdtaken to colour break,
flower diameter and fresh weight of scape. Theltesu present study were
supported by Sujatha and Shiva (2003) and Shetedh (2005) in gerbera

and heliconia, respectively.

Further, perusal of data (Table-7) on floral chteesc depicted that
significant impact of interaction between growtlyukators and varieties
was observed on days taken to floral bud appearatags to flower

opening and vase life. However, no significant iotpaf interaction



between growth regulators and varieties was obdeore days taken to
colour break, flower diameter, scape length, sadamkness, fresh weight
of scape and duration of flowering. Apeldoorn teelatvith CCC-750 ppm
recorded significantly maximum days to floral bygpaarance (30.80 days)
and flower opening (8.10 days) whereas, Goldenrdxfieeated with 1AA-
500 ppm took significantly minimum days to floraibappearance (24.13
days) and flower opening (2.87 days). However, Apein treated with
CCC-750 ppm and IAA 500 ppm took maximum days téowo break
(11.20 days) and minimum days to colour break (@ldgs), respectively.
Maximum flower diameter (7.44 cm) was recorded vfifheldoorn treated
with 1AA-250 ppm and minimum flower diameter (5.¢6) was recorded
with Golden oxford treated with IAA-750 ppm. Maximuscape length
(38.25 cm) was recorded with Apeldoorn treated WAtA-500 ppm while
as minimum scape length (22.04 cm) was recordet wiblden oxford
treated with CCC-750 ppm. Maximum scape thickngs85 mm) was
recorded with Apeldoorn treated with CCC-500 pprd amnimum scape
thickness (3.43 mm) was recorded with Golden oxfoedted with IAA-
750 ppm. Moreover, maximum fresh weight of scapé.92 g) was
recorded with Apeldoorn treated with IAA-750 ppmdaminimum fresh
weight of scape (13.38 g) was recorded with Goldeford treated with

IAA-750 ppm. Apeldoorn when treated with CCC-500nppecorded



maximum flowering duration (14.20 days) and vade [{9.67 days).
Whereas, minimum flowering duration (11.00 daysyl arase life (6.00
days) was recorded with Golden Oxford when treatéd distilled water

and IAA-750 ppm, respectively.
5.3  Bulb production characters

The studies on bulb production characters (Taplee8eal that all
bulb charactersyiz. number of bulbs per plant, weight per bulb, site o
bulb, bulb production ratio, number of bulblets g#ant and weight of
bulblets per plant were significantly influenced tye application of plant

growth regulators.

Data indicated that CCC was most effective ineasing the number
of bulbs per plant and bulb production ratio as paraed to other plant
growth regulators. Among various treatments tes&dC-500 ppm being
statistically at par with CCC-750 ppm recorded #igantly maximum
number of bulbs per plant (1.40) and bulb productratio (1.40) as
compared to rest of the treatments. The plantstemleavith growth
retardants might have used less carbohydrate fmytgfrowth and as such
stored more starch, although the starch degraditigitg was not altered
(Yim et al, 1997). This starch accumulation may probably ankd the

realization of yield potential by improving parntiting of dry matter into



harvestable yield. Similar results were obtainedtmkherjeeet al. (1999),
Laskowskeet al. (1998) and Hetmaaet al. (1992) in tulip. These results get
further support from the findings of Al-Humaid (200and Swain (2006) in
gladiolus. On the contrary, TIBA and IAA at all dsswere significantly
ineffective in increasing the number of bulbs pmnpand bulb production
ratio except TIBA-100ppm which recorded a signifitancrease in number
of bulbs (1.30) and bulb production ratio (1.30) casnpared to control.
These results were in contradiction with Kurtar algian (2005) who

reported increased bulb yield by IAA when triechegher concentrations.

Perusal of data revealed that all plant growthulegrs were
effective in increasing weight per bulb and bullzesi IAA recorded
maximum weight per bulb and bulb size followed b\BA and CCC.
Among various treatments tested, IAA-500 ppm reedrdignificantly
highest weight per bulb (17.83 g) and bulb size§@Xm) as compared to
rest of the treatments. Increase in weight per laud bulb size may be
attributed by cell enlargement caused by auxinghag are known to be
involved in cell extension and may also be dudddadvourable effects on
vegetative growth. The results obtained in presamdy are in consonance
with Mahesh and Misra (1993) and Kurtar and Aya@0&) in gladiolus

and tulip, respectively. Similarly, CCC at all cemtrations induced



significantly higher weight per bulb and bulb se&e compared to control.
Moreover, TIBA induced significant increase in waigper bulb and bulb
size at higher dose of 200 ppm recording 16.05 ighteer bulb and 10.71
cm bulb size as compared to control. Minimum weigét bulb (12.17 g)
and bulb size (9.05 cm) was recorded under cornilfifa. positive effects of
TIBA and CCC might be as a result of modificatioh source-sink
relationship. At the end of crop season the phaittsites are diverted
towards the sinke. bulbs due to the strong source-sink relationshapety
improving bulb weight and size. These results wer@ose agreement with
Mohamed and Fawzi (1980), Hetmemnal. (1992), Laskowskat al. (1998)
and Mukherjeeet al. (1999), who reported improvement in bulb productio

characters by application of CCC in tulip.

It can be easily inferenced from the results iespnt study that a
concomitant increase in number of bulbs inducedalamst concomitant
decrease in weight and size of bulb. This may betduantagonistic effect
of bulb number on bulb weight and size, which maythe characteristic of

crop under study.

The data indicated that CCC was most effectivénareasing the
number of bulblets per plant as compared to othewth regulators.

However, I1AA at all doses was ineffective in inseg the number of



bulblets per plant as compared to control. The bestilt among various
treatments was obtained with CCC-500 ppm which ndamb significantly
maximum number of bulblets per plant (3.33) as camag to other
treatments including control. TIBA-100 ppm recordggnificantly lowest
number of bulblets per plant (1.46) as comparedotatrol. These results
are in consonance with Mohamed and Fawzi (1980)Mukherjeeet al.
(1999) who reported increased bulblet productiorapplication of cycocel

in tulip.

IAA was most effective in inducing higher weighit loulblets per
plant as compared to other growth regulators. Amesagous treatments,
IAA-500 ppm being statistically at par with I1AA-75@pm recorded
significantly maximum weight of bulblets per pldit40 g) as compared to
rest of the treatments. However, CCC and TIBA wareffective in
inducing higher weight of bulblets. Minimum weigbt bulblets (5.20 g)
per plant was recorded with CCC-500 ppm. Similadifngs were obtained
by Hanks and Rees (1977b) in narcissus. An increasamber of bulblets
induced an antagonistic effect on weight of bukbhich may be due to

genetic make up of the crop under study.

Perusal of data (Table-9) revealed that the twoetras differed

significantly regarding weight per bulb, bulb sizeimber of bulblets per



pant and weight per bulblet. Apeldoorn J\fecorded significantly higher
weight per bulb (15.75 g), bulb size (10.67 cm)plat number (2.40) and
weight of bulblets (6.37 g) per plant. ComparattyeGolden oxford
recorded significantly minimum weight per bulb @3.g), bulb size (9.77
cm), bulblet number (2.20) and weight of bulblef&s67 g) per plant.
However, the two varieties did not differ signifittly with respect to
number of bulbs per plant and bulb production rafithough, Apeldoorn
(V1) recorded maximum number of bulbs (1.22) and lutiduction ratio
(1.22) as compared to Golden oxford which recoraeidimum bulb
number of bulbs (1.20) and bulb production rati@Q). These results were
supported by the findings of Bicha al. (2002) and Sheikh and Mushtaq

(2006) in gladiolus.

Further, perusal of data (Table-10) reveals tigatificant effect of
interaction between growth regulators and varietress observed on
number of bulbs per plant and bulb production ratitowever, no
significant impact of interaction between growtlgukators and varieties
was observed on weight per bulb, bulb size, nunabdulblets per plant
and weight of bulblets. Apeldoorn treated with C&@ ppm recorded
significantly maximum number of bulbs per plant 5@). and bulb

production ratio (1.50) and when treated with TIRBO ppm, minimum



number of bulbs per plant (1.00) and bulb produrctiatio (1.00) were
recorded significantly. Maximum weight per bulb @@ g) and bulb size
(11.98 cm) was recorded with Apeldoorn when treat@t 1AA-500 ppm

while as, minimum weight per bulb (11.95 g) andbbsilze (8.70 cm) was
recorded under control within Golden Oxford. Maximubulblet number
(3.58) and weight of bulblets (7.93 g) per plantsweecorded with
Apeldoorn treated with CCC-500 ppm and IAA-500 pprespectively.

Minimum number of bulblets (1.42) and weight of ttidats (5.17 g) per
plant was recorded with Apeldoorn treated with THBO ppm and Golden

Oxford treated with CCC-500 ppm, respectively.
5.4 Economics of PGRs application

Benefit cost ratio were estimated in order to idgntan
economically viable treatment among various treatsian tulip under
common management. While the total costs employedhis analysis
include costs on various components like bulbspubals etc. (Appendix-
[ll). The gross benefit includes returns from tladesof scapes, bulbs and
bulblets. The cost, returns and the estimates & Batio for various
treatments is presented in Table-11. The data ledehat higher gross

expenditure (Rs.90663.60) was recorded by using-TABppm followed



by Rs.89999.20 with IAA-500ppm and Rs.89916.01 WitBA-200ppm.

Minimum gross expenditure of Rs.88670.39 was remwraith control.

The benefit ratio was found to show variation foiffedent
treatments with highest B-C ratio (1.67) obtainegblots treated with 1AA-
500ppm followed by IAA-750 ppm (1.62) and CCC-500pp1.61).

Similar trend was observed in gross returns andetetns.



CHAPTER -6

SUMMARY AND CONCLUSION

The present investigation on “Effect of plant growegulators on
vegetative, floral and bulb production in tulip” svecarried out in the
experimental plots of Division of Floriculture, Miethal and Aromatic

Plants, SKUAST-K, Shalimar.
The salient features of investigation are sumredras under:

1. Days taken to bulb sprouting was significantlgcieéased by
application of indole acetic acid. IAA-500 ppm rested
significantly minimum days to bulb sprouting (86.@8ys) where as,
CCC-750 took significantly maximum days to bulbapgmng (90.00
days).

2. Plant height was increased by indole acetic arid retarded by
cycocel. IAA-500 ppm recorded significantly maximuyatant height
(40.98 cm) while CCC-750 ppm recorded minimum plaetght

(26.00 cm).

3. Number of leaves per plant remained unaffectec@pplication of

growth regulators.



Leaf area and leaf area index were significantigreased by
application of IAA. However, CCC and TIBA at all sks were
observed to be ineffective in increasing the leafhaand leaf area
index. 1AA-500 ppm was observed to record maximuwaf larea

(93.07 cm) and leaf area index (0.31).

Early flowering was induced by application oflate acetic acid and
delayed flowering was observed by application otomel and
TIBA. IAA-500 ppm took significantly minimum day® tfloral bud
appearance (25.60 days), colour break (6.63 dawpsl) flower
opening (3.37 days). While as, CCC-750 ppm tookisaantly
maximum days to floral bud appearance (30.50 dayddur break

(10.77 days) and flower opening (7.58 days).

Flower diameter remained unaffected by the appbn of growth

regulators in present study.

Scape length was increased by application aflendcetic acid and
was retarded by cycocel application. However, TI&i4 not show
any significant effect on scape length as comp#&wetbntrol. 1AA-
500 ppm recorded significantly maximum scape lergtB7.98 cm
and CCC-750ppm recorded significantly minimum sckgreyth of

23.00 cm.



10.

11.

Scape thickness was also observed to have semiday application
of cycocel. However IAA and TIBA did not show anigrficant
effect on scape thickness as compared to contrGIC-600 ppm
recorded significantly maximum scape thickness of05cm.
whereas IAA-750 ppm recorded minimum scape thickne$

3.69 mm.

Fresh weight of flower scape remained unaffebtiedpplication of

growth regulators in the present study.

Flowering duration and vase life was recordetfiave increased by
application of cycocel. CCC-500 ppm recorded maxmflowering
duration and vase life of 13.93 days and 9.08 dagspectively.
Although, IAA and TIBA were observed to be inefiget except
TIBA at 200 ppm concentration which recorded inseean flower

duration and vase life as compared to control.

Number of bulbs per plant and bulb producticatior was
significantly increased by application of cycoc€CC-500 ppm
recorded significantly maximum number of bulbs aidlb
production ratio (1.40 each). However, IAA and TIB#ere

observed to be ineffective except TIBA-100ppm whigtorded



increased number of bulbs and bulb production r$i@ompared to

control.

12.  Weight per bulb and bulb size were observedawe increased
significantly by application of all growth regulaso However,
maximum weight per bulb (17.83 g) and bulb size.§@1cm) was
recorded by IAA 500 ppm and minimum weight per batid bulb

size was recorded under control.

13.  Number of bulblets per plant were significanilycreased by
application of cycocel but remained unaffected Ippliaation of
IAA and TIBA. CCC-500 ppm recorded significantly xm@aum

number of bulblets per plant (3.33).

14. Weight of bulblets per plant was significantlgcreased by
application of indole acetic acid but remained teaed by
application of CCC and TIBA as compared to cont®A-500 ppm
recorded significantly maximum weight of bulblet8.40 g) per

plant.

15. Apeldoorn was observed to be superior over &vol®xford in

enhancing most of the characters.

From the results of present findings, it can bectied that IAA at

a concentration of 500ppm was observed to be muistode for vegetative



and floral production whereas, CCC at a concewoinatf 500ppm was
observed to be most effective for bulb productisncampared to control.

However, highest benefit-cost ratio was recordedsigig IAA-500ppm.
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APPENDIX-I

Analysis of variance for various characters in tulp (Tulipa gesneriana)

1. Days taken to bulb sprouting
> fit2<-aov(sprouting~Replication+GR*variety,data=t ulip)
> summary(fit2)

Df Sum Sq Mean Sq F value Pr(>F)
Replication 2 0.355 0.177 0.4351 0.65040
GR 9 52.313 5.813 14.2613 1.055e- 09 ***
variety 1 16.896 16.896 41.4563 1.427e- Q7 ***
GR:variety 9 7.023 0.780 1.9146 0.07931
Residuals 38 15.488 0.408

2. Plant height
> fit2<-aov(height~Replication+GR*variety,data=tuli p)
> summary(fit2)
Df Sum Sq Mean Sq F value Pr(>F)
Replication 2 12.82 6.41 1.1583 0.3249
GR 9 962.01 106.89 19.3161 1.307e- 17 ***
variety 1 109.15 109.15 19.7240 7.474e- 05 ***
GR:variety 9 50.65 5.63 1.0170 0.4441
Residuals 38 210.28 5.53

3. Number of leaves per plant
> fit2<-aov(leafnumber~Replication+GR*variety,data= tulip)
> summary(fit2)
Df Sum Sgq Mean Sq F value Pr(>F)
Replication 2 5.556 2.778 0.9154 0.4090
GR 9 16.622 1.847 0.6085 0.7819
variety 1 2.773 2.773 0.9139 0.3451
GR:variety 9 17.695 1.966 0.6478 0.7492
Residuals 38 115.3 3.035

4. Leaf area
> fit2<-aov(leafarea~Replication+GR*variety,data=tu lip)
> summary(fit2)
Df Sum Sq Mean Sq F value Pr(>F)
Replication 2 1254 62.7 0.4321 0.65228
GR 9 3590.8 399.0 2.7489 0.01407 *
variety 1 9413.5 9413.5 64.8595 9.692e- 10%**
GR:variety 9 1433.1 159.2 1.0971 0.38790
Residuals 38 5515.2 145.1

5. Leaf area index
> fit2<-aov (lai~Replication+GR*variety, data=tulip )
> summary(fit2)
Df Sum Sq Mean Sq F value Pr(>F)
Replication 2 0.001023 0.000512 0.2681 0.76623
GR 9 0.033375 0.003708 1.9434 0.05474 *
variety 1 0.1118020.111802 58.591 3.258e- Q9+



GR:variety 9 0.016548 0.001839 0.9636 0.48438
Residuals 38 0.072510 0.001908

6. Days taken to appearance of floral bud
> fit2<-aov(budappearance~Replication+GR*variety,da
> summary(fit2)

Df Sum Sq Mean Sq F value Pr(>F)
Replication 2 1.601 0.801 1.3698 0.26642
GR 9 120.677 13.409 22.9392 9.462e-
variety 1 53.771 53.771 91.9902 1.075e-
GR:variety 9 18.376 2.042 3.4930 0.00312
Residuals 38 22.212 0.585

ta=tulip)

13 *k%k
ll *kk
3 *%

7. Days taken to colour break
> fit2<-aov(colourbreak~Replication+GR*variety,data
> summary(fit2)

Df Sum Sq Mean Sq F value Pr(>F)
Replication 2 0.217 0.109 0.2527 0.7780
GR 9 71.016 7.891 18.3474 2.816e-1
variety 1 0.067 0.067 0.1550 0.6960
GR:variety 9 2.027 0.225 0.5236 0.8482
Residuals 38 16.343 0.430

=tulip)

l *kk

8. Days taken to flower opening.
> fit2<-aov(floweropening~Replication+GR*variety,da
> summary(fit2)

Df Sum Sq Mean Sq F value Pr(>F)
Replication 2 1.101 0.551 2.4517 0.09966
GR 9 96.347 10.705 47.6772 2.2e-16
variety 1 5.704 5.704 25.4043 1.171e-0
GR:variety 9 11.024 1.225 5.4553 8.378e-0
Residuals 38 8.532 0.225

ta=tulip)

*k%
5 *kk

5 *kk

9. Flower diameter.
> fit2<-aov(flowerdiameter~Replication+GR*variety,d
> summary(fit2)

Df Sum Sq Mean Sq F value Pr(>F)
Replication 2 0.6262 0.3131 0.4450 0.64415
GR 9 15.526 1.7251 2.4514 0.26030
variety 1 0.0073 0.0073 0.0103 0.91963
GR:variety 9 2.5537 0.2837 0.4032 0.92555
Residuals 38 26.7412 0.7037

ata=tulip)

10. Scape length.
> fit2<-aov(scapelength~Replication+GR*variety,data
> summary(fit2)

Df Sum Sq Mean Sq F value Pr(>F)
Replication 2 12.92 6.46 1.1552 0.3258
GR 9 963.48 107.05 19.1388 1.50le-1
variety 1 110.50 110.50 19.7551 7.394e-0
GR:variety 9 52.71 5.86 1.0471 0.4224

=tulip)

1 *kk

5 *kk



Residuals 38 212.55 5.59

11. Scape thickness
> fit2<-aov(scapethickness~Replication+GR*variety,d
> summary(fit2)

Df Sum Sq Mean Sq F value Pr(>F)
Replication 2 1.393 0.696 2.1597 0.129306
GR 9 43.799 4.867 15.0947 4.759%-1
variety 1 3.543 3.543 10.9893 0.002022
GR:variety 9 5.416 0.602 1.8666 0.087548
Residuals 38 12.251 0.322

ata=tulip)

O *kk

*%*

12. Fresh weight of flower scape
> fit2<-aov(scapeweight~Replication+GR*variety,data
> summary(fit2)

Df Sum Sq Mean Sq F value Pr(>F)
Replication 2 31.11 15.55 0.6692 0.5180
GR 9145.04 16.12 0.6934 0.7104
variety 1 68.07 68.07 2.9290 0.0951
GR:variety 9574.28 63.81 2.7454 0.417
Residuals 38 883.19 23.24

=tulip)

13. Duration of flowering.
> fit2<-aov(flowerduration~Replication+GR*variety,d
> summary(fit2)

Df Sum Sq Mean Sq F value Pr(>F)
Replication 2 0.858 0.429 0.5567 0.577723
GR 954.458 6.051 7.8525 1.975e-06
variety 1 7.392 7.392 9.5931 0.003662
GR:variety 911.034 1.226 1.5910 0.153079
Residuals 38 29.281 0.771

ata=tulip)

*kk

*%*

14. Vase life
> fit2<-aov(vaselife~Replication+GR*variety,data=tu
> summary(fit2)

Df Sum Sq Mean Sq F value Pr(>F)
Replication 2 0.4853 0.2427 1.4360 0.25048
GR 9 31.4007 3.4890 20.6469 4.776e-
variety 1 14.6027 14.6027 86.4153 2.494e-
GR:variety 9 7.9773 0.8864 5.2453 0.00012
Residuals 38 6.4213 0.1690

lip)

27

12 *kk
ll *kk
03 *kk

15. Number of bulbs per plant
> fit2<-aov(bulbnumber~Replication+GR*variety,data=
> summary(fit2)

Df Sum Sq Mean Sq F value Pr(>F)
Replication 2 0.00014 0.00007 0.0143 0.9858
GR 9 0.72107 0.08012 15.9741 2.125e-1
variety 1 0.00913 0.00913 1.8197 0.1853
GR:variety 9 0.42501 0.04722 9.4154 2.372e-0
Residuals 38 0.19059 0.00502

tulip)

0 *kk

7 *kk

16. Size of bulb
> fit2<-aov(bulbsize~Replication+GR*variety,data=tu
> summary(fit2)

Df Sum Sq Mean Sq F value Pr(>F)
Replication 2 0.5760 0.2880 2.3045 0.1136

lip)



GR 9 30.0021 3.3336 26.6728 8.803e-
variety 1 13.0014 13.0014 104.0280 1.967e-
GR:variety 9 0.3737 0.0415 0.3323 0.9587
Residuals 38 4.7492 0.1250

14 *kk
12 *kk

17. Weight per bulb.
> fit2<-aov(bulbweight~Replication+GR*variety,data=
> summary(fit2)

Df Sum Sq Mean Sq F value Pr(>F)
Replication 2 0.305 0.153 0.1648 0.8486
GR 9 176.175 19.575 21.1333 3.348e-
variety 1 48.961 48.961 52.8583 1.062e-
GR:variety 9 6.554 0.728 0.7861 0.6304
Residuals 38 35.198 0.926

bulb3)

12 *kk
08 *k%k

18. Number of bulblets per plant
> fit2<-aov(bulblethnumber~Replication+GR*variety,da
> summary(fit2)

Df Sum Sq Mean Sq F value Pr(>F)
Replication 2 0.6771 0.3385 3.1912 0.5235
GR 9 18.562 2.0625 19.442 1.186e-11
variety 1 0.5042 0.5042 4.7525 0.03552
GR:variety 9 0.6208 0.0690 0.6502 0.74717
Residuals 38 4.0312 0.1061

ta=tulip)

*kk

19. Weight of bulblets per plant
> fit2<-aov(bulbletweight~Replication+GR*variety,da
> summary(fit2)

Df Sum Sq Mean Sq F value Pr(>F)
Replication 2 1.300 0.650 0.7039 0.5010054
GR 933.997 3.777 4.0912 0.0009795 ***
variety 111.284 11.284 12.2210 0.0012192 **
GR:variety 9 1.294 0.144 0.1557 0.9971494
Residuals 38 35.086 0.923

ta=tulip)

20. Bulb production ratio
> fit2<-aov(bulbproduction~Replication+GR*variety,d
> summary(fit2)

Df Sum Sq Mean Sq F value Pr(>F)
Replication 2 0.00014 0.00007 0.0143 0.9858
GR 9 0.72107 0.08012 15.9741 2.125e-1
variety 1 0.00913 0.00913 1.8197 0.1853
GR:variety 9 0.42501 0.04722 9.4154 2.372e-0
Residuals 38 0.19059 0.00502

ata=tulip)

O *kk

7 *kk

Signif. codes: 0 “** 0.001 “** 0.01 **’ 0.05 .
GR = Growth regulator
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Appendix-I|

Climatological data showing weather parameters fronMay, 2007
to June, 2008

Station: Shalimar, Srinagar, Altitude: 1587 m amsl

Month Weather Parameters

Max. Temp Min. Temp Relative Rainfall

(°C) (°C) humidity (%) (mm)

May, 2007 25.10 10.52 65.31 44.50
June, 2007 28.54 14.55 65.53 49.70
July, 2007 29.90 16.86 69.29 57.60
Aug., 2007 29.79 16.53 69.63 46.40
Sept., 2007 26.88 12.35 72.20 23.20
Oct., 2007 24.02 02.71 63.92 00.00
Nov., 2007 17.20 -1.83 65.13 00.00
Dec., 2007 09.60 -2.29 81.47 13.20
Jan., 2008 04.83 -2.61 85.63 85.90
Feb., 2008 08.15 -1.87 92.60 102.5
March, 2008 19.02 03.77 57.53 07.90
April, 2008 19.41 06.32 65.30 108.0
May, 2008 24.97 09.73 65.61 39.10
June, 2008 29.48 16.64 67.20 29.70

Source: Experimental Agromet Advisory Service Annual Reép@007 & 2008; Division of
Agronomy, SKUAST-K, Shalimar, Srinagar.



Appendix-11I
Cost of inputs of different Agro-techniques

A Fixed cost

1 Rental value of land @ 10000/ha 250.00
2 Depreciation of farm implements 41.00
Interest on fixed cost =7.27
Total fixed cost = 291.00
B Variable cost
1 Tractor labour (2 ploughings) =300.00
2 Preparation of beds (3 Mandays) 300.00
3 Cost of bulbs ( 13333 bulbs @ Rs.8/bulb) 79998.00
4 Cost of planting bulbs (2 Mandays) 200.00
5 Cost of manures and fertilizers
Cowdung 6g @ 100/q =600.00
Urea 32.60 kg @ 5.50/kg =179.30
SSP 46kg @ 6.80/kg =312.80
MOP 20kg @ 8/kg =160
6 Cost of weeding cum hoeing (4 Mandays) 400.00
7 Irrigation (4 Mandays) =400.00
8 Plant protection chemicals 200.00
9 Cost of harvesting flower scapes, packing
and transport @ Rs.0.20/flower scape - 2666.60
10 Cost of digging out, cleaning and treatment
of bulbs with fungicides (5 Mandays) = 500.00
Variable cost = 86216.70

Contd...



Appendix-IIl contd...

Total cost of cultivation (Rs.) of various treatmeis

Treatment Cost of variable  Interest on Total Gross
chemical cost (VC) variable variable  expenditure
cost cost (VC=FC)

IAA-750ppm 1944.60 88161.30 2204.03 90365.33 990663.60

IAA-500ppm 1296.40 87513.10 2187.83 89700.93 89999.20

IAA-250ppm 648.20 86864.90 217/1.62 89036.52 893B4.7

CCC-750ppm 777.84 86994.54 2174.86 89169.40 89467.6

CCC-500ppm 518.56 86735.26 2168.38 88903.64 89201.9

CCC-250ppm 259.28 86475.98 2161.90 88637.88 88936.1

TIBA-200ppm  1215.24 87431.94 2185.80 89617.74 89916.01

TIBA-150ppm  910.20 87126.90 2178.17 89305.07 89%%03.

TIBA-100ppm  606.80 86823.50 2170.59 88994.09 8%®2.

Control 86216.70 2155.42 88372.12 88670.39

19 IAA = Rs.70.00; 1g CCC = Rs.28.00; 1g TIBA =F&t
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