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ABSTRACT

The study entitled “Effect of Ca, B and Zn on grbwflowering and bulb
production of Tulip Tulipa gesneriand..) cv. Apeldoorn” was carried out in the field at
the Research Farm, Division of Floriculture, Medatiand Aromatic Plants, SKUAST-
K, Shalimar during 2008-2009 & 2009-2010.The expent was laid out in factorial
RBD with three levels of Calcium (0.00, 5.00 and0DOkg hé), three levels of Boron
(0.00, 0.50 and 1.00 kg Hrand two levels of Zinc (0.00, 8.00 kghan 18 different
combinations with three replications. The studyesded that Ca at 10.00 kg ha
recording maximum bulb sprouting per cent (99.8p)ant height (37.10 cm), wrapper
leaf area (232.35 ci) leaf Boron (27.52 ppm ), Ca (5.52 %) and Znteat (26.77 mg
g") and minimized malformed leaves per cent (0.14 mmaximum number of bulbs
(57.27), weight of bulbs (783.41 g) and highedblpwoduction ratio of (1.43).

Moreover, minimum days to flower opening (7.02) amalximum vase life (7.85
day) was recorded in vase by 10.00 kg of C& ha

Boron at 1.00 kg hhalso had a significant influence on bulb sproutieg cent
(99.09), plant height (36.03 cm), wrapper leaf g2@6.27 crf), leaf B (25.77ppm), Ca
(5.13%) and Zn content (26.38 mg)@nd minimized malformed leaves per cent (0.50),
maximum number of bulbs (54.02), weight of bulb85B9 g) and bulb production ratio
(1.35) were highest during both the years.
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It was found that with 1.00 kg B Ravas superior in recording minimum days to
flower opening (7.36) and maximum vase life of 7days.

Zn at 8.00 kg hd was found significant in increasing bulb sprogtper cent
(98.60), plant height (35.47 cm), wrapper leaf df&&9.09 crf), leaf boron (25.21ppm),
Calcium (5.00%) and Zinc content (26.28 mY gnd minimized malformed leaves per
cent (0.59). Maximum number of bulbs (53.38), weigh bulbs (757.39 g) and bulb
production ratio (1.33) during both the years.

Better results were obtained in respect of eastine days to flower opening
(7.42) and maximum vase life (7.65 day) by the impfibn of Zn 8.00 kg h&

Interaction effect ofCa and B at (10.00) & (1.00) kg haecorded maximum
plant height (38.03 cm), wrapper leaf area (17%#f), leaf B (28.19 ppm), leaf Ca
(5.79%) and Zn content (26.92 mg)gand minimum malformed leaves per cent (0.00)
and highest bulb production ratio (1.49). The samatment recorded minimum days to
flower opening (7.00) and maximum vase life of 702§.

The interaction between Ca (10.00 kg'hand Zn (8.00 kg ha) recorded
maximum plant height (37.26 cm), wrapper leaf g&%1.37 crf), leaf B (27.74 ppm),
leaf Ca (5.60 %) and Zn (26.80 mg)gand minimum mal formed leaves per cent (0.05).
Highest bulb production ratio (1.49) and maximurseséife of 7.86 days were recorded
under the same treatment combination. Boron (1@h&") and Zinc (8.00 kg h
interaction also exhibit better results.

Combined effect of Ca, B and Zn on growth, flowgri bulb production and
vase life of tulip during both the years was fougperior in increasing plant height
(38.18 cm), number of leaves per plant (4.84), weapleaf area (179.86 &n leaf
chlorophyll content (0.56 mg™, leaf boron content (28.30 ppm), leaf Ca content
(5.85%) and leaf Zn content (26.96 m¢).gThe highest petal membrane stability
(56.25%) and minimum number of days to appearah@ieral bud (99.38), days to color
break (7.13) and days to flower opening (5.00) ves®rded significantly by treatment
combination of Ca (10.00), B (1.00) and Zn (8.k@ha'.

Maximum flower diameter (8.96 cm), scagagth (25.88 cm) and scape
thickness (6.84 mm) was found with 8, Z; treatmenttombination. While, minimum
was with control. Maximum number of bulbs (61.6Ggight of bulbs (790 g /) and
bulb production ratio (1.54) during both the yeaes with the highest dose of Ca, B and
Zn. Moreover, earliness in flowering (7.00 day),xmaum fresh weight (13.88 %),
maximum water uptake (18.39 g/scape) and minimurtenass (10.38 g/scape) and
maximum vase life (8.00 day) were recorded withhkgl dose of Ca, B and Zn.
Maximum net return Rs. 7569100 with a cost bemafib of 1.47 was obtained with Ca
(10.00 kg ha), B (1.00 kg hd) and Zn (8.00 kg h8 treatment combination.

Key words: Ca, B, Zn, Tulip, Physiological behavior, Floweape, Bulbs.
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CHAPTER -1
INTRODUCTION

Floriculture is increasingly regarded as a viablesification from the
traditional field crops due to increased per ueitirns and the increasing habit of
“saying it with flowers” during all the occasion§&lobally, more than 140
countries are involved in cultivation of floricufal crops. India is the second
largest flower grower after China. The domestiaustdy is growing at an annual
growth rate of 10 to 20 per cent. The area undwwdl production in India is
around 1.61 lakh hectares concentrated mostly milTdadu, Andhra Pradesh,
Karnataka, Maharashtra and West Bengal with a mtomiu of 8.70 lakh metric
tonnes of loose and 4.30 million numbers of cuivlies. The floriculture exports
have gone upto Rs. 350 crore during 2007-08 frarmmeagre amount of Rs. 14.80
crore in 1991-92 (Anonymous, 2008).

Tulip (Tulipa gesneriand..) is a monocotyledonae belongs to family
Lilaceae and is believed to be the native of Mediteean and China but the
natural origin of garden tulips seems to be Idgiugh many workers believe that
it is derived from Gesneriana (Hall, 1940). Tulgpmainly Asiatic centered with
hilly countries of Asia minor, the Southern Canegstiurkistan and Bukhara
petering out in northeast Asia. The richest gendreeis in the north western
spurs of Himalayas, where there are about 50 spemié of total of 100-150
species (Hoog, 1973; De Hertoghal, 1983; Rees, 1972, 1992). Diversification
took place from the region of Tien-Shan and Panai-£d the north and northeast
(Siberia, Mongolia and China), South Cashmere dialand West to Afghanistan,
Iran, the Cancasus and Turkey (Bailey and Bail®y61 Rees, 1985; Le-Nard and
De-Hertogh, 1993).

Among all the ornamental bulbous plants, tulip espnts the largest
geophyte crop worldwide. The species are perenfials bulbs, the tunicate
bulbs are often produced on the ends of stolonscawdred with glabrous to
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variously hairy papery coverings. The species uhelshort low growing plants to
tall upright plants, growing from 10 to 70 cm td#lants typically having 2 to 6
leaves, with some species up to 12 leaves. Theneatdliage is strap-shaped,
waxy-coated, usually light to medium green andra#itely arranged. The blades
are somewhat fleshy and linear to oblong in sh@pe.large flowers are produced
on scapes normally lacking bracts. Typically spetiave one flower per stem but
a few species have up to four flowers. The colduafud attractive cup shaped
flowers have three petals and three sepals, whiehmmst often, termed tepals
because they are nearly identical. The six petaépdls are often marked near the
bases with darker markings. The flowers have ssifisad, distinct stamens with
filaments shorter than the tepals and the stigmasliatrictly 3-lobed. The ovaries
are superior with three chambers. The 3 angledsfrare leathery textured
capsules, ellipsoid to subglobose in shape, canginumerous flat disc-shaped

seeds in two rows per locule.

Tulip is the first ranking ornamental bulbous plamtthe world and has
gained popularity due to its beauty and economlaevarlulips are excellent for
cut flowers, garden display and pot culture. lihis top most flowering geophytes
of the Netherlands and occupies second positionngmiop ten cut flowers in
global floriculture trade (Jhoet al., 2007). The Netherlands is the centre for
world bulb production. Production of tulip takesag® in some 15 countries
world-wide, with the largest production area in tNetherlands with 10,800
hectares (88%). The next 5 main countries are J@idhhectares, 2.5%), France
(293 hectares, 2.4%), Poland (200 hectares, 1.6%)mnany (155 hectares, 1.3%)
and New Zealand (122 hectares, 1%). The Netherlarathices 4.32 billion tulip
bulbs, of which 2.3 billion (53%) are used as thart;\g material for the
cultivation of cut flowers. No fewer than 1.3 kolfi of these (57%) are grown in

the Netherlands as cut flowers (Buschman, 2010).

Tulips thrive well in temperate regions of Jammud &ashmir, Himachal

Pradesh and other similar hilly regions. The butlam grow best under the
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temperature ranging between 5-10 and 20-Z5. Large varieties of brilliant
shades can turn its cultivation into a great butbwing industry (Desh-Raj,
1999).

However, the quality production of bulbs and cuipgiare prone to many
disorders like stem topple, bud abortion of varysayerity, caused by various
agencies like water logging, drought, changes imperature. Application of Ca,
B, Zn etc have been reported to improve the plaoivth and flower quality of
bulbous ornamentals (Nelson and Niedziela, 1998mnK 2000; Kumaet al.,
2001 and Nath and Biswas, 2002). Calcium has amwitapt role in the structure
and permeability of cell membranes. Claims havenbeade that topple disorder
of tulips is due to Ca deficiency (Rasmussen, 19BYron plays an essential role
in the development and growth of new cells, caligion and cell wall formation
and integrity. Boron deficiency causes symptoms tésult from plant cells that
are not properly “stuck together”. Zinc is assamiatwith the formation of

tryptophane, the precursor of auxin (IAA).

Since very meager work has been conducted on itulipis country, the
present investigation was, therfore, planned tam#ertaken with the following

objectives:
> To ascertain the effect of Ca, B and Zn on growthd a
physiological characters of tulip.
> To ascertain the effect of Ca, B and Zn on flowgrand bulb

production.

> To study the effect of Ca, B and Zn on post harbestaviour of

cut tulip.

> To determine the optimum level of Ca, B and Zn domality

flower and bulb production.

> To find out the relative economics.
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CHAPTER -2

REVIEW OF LITERATURE

The literature relating to Ca, B and Zn on growjhhysiological
characters, bulb production and post harvest quafitulips is briefly reviewed

here under:
2.1 Effect of calcium on biometric characters

Reeset al (1972) found the glassy water-soaked area iridhenternode
just below the flower, shrinks and leading to t@pprhe internodes contain less
calcium, application of calcium nitrate 2-3 timesvaek at 2lb (908 g) /100 gal
(380 1) can control this problem. They also repwbrtieat Dutch iris is prone to

stem topple caused by calcium deficiency.

Rasmussemt al. (1972) reported the effects of storage tempezatund
nutrition on topple disease of forced tulips; thalaay was due to Ca deficiency.
The application of 100 g calcium nitrate in 10 ditwater was an excellent

preventive measure.

Boon-J-Van-deret al. (1974) studied that the forcing tulip cv. Lustige
Witwe using 0, 2, 4, 8 or 10 kg Emkal (53.2 % CaQ®’) in addition to NPK
and trace elements. Plants lined at lower leveleevbrowner than where higher

levels were used. Optimum liming was 2 to 4 Kg fior forcing.

Rasmussemt al. (1974) observed that application of calcium mérand
urea as a nitrogen source on tulips at 69.8 kg N mereased total plant yield

and the number of top grade bulbs suitable forifgy.c

Munk et al. (1975) reported preharvest conditions on the gualf cut
tulip flowers, including shortened stems, flowedkalast, greening and “topple”
can be regarded partly as after-effects and pditbct effects of environmental

conditions during bulb storage, transport and ghoawtring forcing.
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De Hertoghet al. (1978) found that Ca (N{) fertilizer decreased flower
abortions, flower topple and increased flower sind fresh weight of tulips.

Hoogeterpet al. (1979) observed that bulbs with a low N conteetev
more susceptible to topple disorder, but was nlated to bulb Ca content. The
disorder was also associated with poor rootingciGal requirement of flower
primordial during the development has been foungetery high.

In Hippeastrum, the bent neck was associated withCa, rather high K
content (Carrow and Rober, 1979).

Calcium is relatively immobile in the plant, itsntmmuous supply through
soil is very essential in order to prevent blindnestulips (Klougaret al.,1980).

Klougart et al. (1980) described that Apeldoorn tulip bulbs cobilel

successfully forced into flower in water containi@g ions preferably Ca (N®.

Le Nard (1993) concluded that a complete nutriehiteon containing a
fertilizer (13-4-19) produced 40 per cent of ‘topgl in ‘Apeldoorn’ tulips
compared with no ‘topple’ in 50 ppm of calciumrate solution. He further
reported that nitrate form, was found to be thet Isemirce of calcium while
sulphate form showed very poor response and swggyestminimum calcium
uptake of 11 mg per plant for obtaining the bestlitpflowers.

Narayana and Nage (1990) found that calcium sudphat a significant
influence on vase life of gladiolus. It has alscetbaeported that Asters top
dressed with calcium and Fe-EDDHA, reduced Fusamvith (Skrzypczak and
Orlikowski, 1996). Calcium at 12 kg fancreased bulb production in tulips
(Bakker, 1991).

Calcium applied at a dose of 12.5 m mol/litre odbswatum significantly
increased the number of healthy bulbs and theld yretulip (Orlikowski et al,
1997).



Nelson and Niedziela (1998a) observed that topale prevented by Ca
(NO3); in a low temperature regime (Z1days and 1€ night). A rate of 0.18

mg ancymidol/pot + 5 mM Ca (N prevents Ca deficiency symptoms in tulips.

Nelson and Niedziela (1998b) observed thatipa gesnerianaforced
hydroponically in distilled water developed Ca di&fncy symptoms, including
topple and flower bud abortion. Prevention of Chctlency and uptake of Ca was
greater when Ca was supplied in the Nf\@rm. A 5mM solution of Ca (Ng),

prevented Ca deficiency during all forcing periods.

Wawrzynczak and Goszczynska (2000) reported tleavaise life of tulips
was improved by using 0.1 mM GA0.4 mM BA and 2mM Ca (N§)..

Leeet al. (2001) observed that tulips with physiologicaladders showed
abnormal characteristics in height, leaf and pelurand petal growth. The
growth disorder appeared to be a stem topple cdmsseinperature, humidity and
inhibition of Ca absorption in the green house diors.

Nelsonet al.(2003) reported thakulipa gesneriandorced hydroponically
in distilled water developed Ca deficiency inclwglitopple and flower bud
abortion. Uptake of Ca was greater when Ca supptiede NQ form rather than
as Cl or SQ?. They further observed that 2.5 m M Ca @iGolution prevented

Ca deficiency symptoms in tulips.

An increase in spike length, number of florets peike, width of floret,
size of corm and weight of corms were increasedladiolus under 0.5 per cent
CaSQ (Kumaret al, 2003).

Unal and Cavusoglu (2005) recorded maximum plamghten saffron

with the application of calcium ammonium nitrate.

Applicating calcium nitrate at 1% at monthly inter recorded less
number of days for flowering and highest floweripgr centage in gladiolus
(Kumaret al, 2006) and further reported that applicatiorsalicylic acid (100
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ppm) and calcium nitrate (1%) caused flower indutin gladiolus cormels, and
recorded less number of days for flowering and ésgflowering per centage.

Naik et al. (2007) observed that the water content of orckigswed a
positive correlation with P, K, Ca and Mg and negatorrelation with N and S
content and were significantly influenced by K, &a Mg content at the level of
41.74, 65.67 and 21.44 per cent.

Choi et al. (2010) investigate that fertilizer solution 3405 and 6.0 mM
resulted in increased dry weight of Oriental hyliig ‘Casa Blanca’, the tissue
Ca contents were 2.8, 2.9 and 3.0%, respectivAlyplication of 0, 3.0, 4.5 and
6.0 mM Ca in fertilizer solution resulted in 189225.3, 337.9 and 285.0 mg'L

respectively, of soil Ca concentrations at the ésiing stage.
2.2 Effect of boron on biometric characters of tulp

Ikarashi and Baba (1977) reported that the absehftewer pigments and
a transverse break in the flower stem disorderg waused by boron deficiency in

tulips.

Rasmusseset al. (1975) reported widespread leaf tip burn in foraddgs
cv. Rose Copland. The cause could be excess bdesinus rates of B as borax
or solubor were applied to tulips, tip burn sympsowere induced with 5.4 kg
B/ha as 15 kg borax plus 2 sprays of 8 kg soluli@isappearance of anthocyanin
in the flowers (Ironuke), transverse fracturingtloé stem (kubiore), stunted stem
and abnormal root were observed mainly due to Bigeicy (Ikarashi and Baba,
1971).

Rose cv. Celebration produced best quality flonaerd gave high yield
when treated with boron at 1000 ppm (Maharana aadHan, 1977).

According to Peterburgskii and Lyashko (1977) the-planting treatment
of boron induced earlier emergence and a more sugostart of growth in tulips.
They further reported an application of slow reteasron produced remarkable

increase in yield of tulips.
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Muller et al. (1984) described several symptoms of boron defogian
tulips particularly stem cracking, flower splittingpugh stem base and fading of

the flower color.

Valk and Brulin (1989) reported that a low soil tamt of B was
responsible for a loss in quality of tulip bulbscieasing organic matter in the soil
without adding trace elements adversely affectedbilb yield, bulb contents of

Cu, B and dry matter.

Sidhu and Tiwari (1993) reported an increase inlthi yield of onion,

when 1 ppm Cu + 3 ppm Zn + 0.5 ppm B + 100 ppm &e applied.

Foliar application of B in combination with 300 ppOs increased the
number of florets spikeand the per centage of eugenol and farnesol coemten
in the essential oil (Mostaft al, 1996).

Lee and Choi (1998) reported that tulip cv. Apeldoexhibited reduced
growth (shorter lead length, narrow petal widthsd a@lecreased aerial dry
weight) with higher concentration of B (> 0.4 %).oMover, the chlorophyll
content of leaves, anthocyanin content of flowerss wdecreased and colour

changes in flowers were also observed.

According to Khan (2000) that B at 0.2% stumilatedximum plant

height, stem diameter, leaf area and branchingimial

Maximum plant height, number of leaves and width ledves was
increased with 100 ppm boron. Also boron had g@sganse to the reproductive

characters of the tuberose (Nath and Biswas, 2002).

Length of leaf and floret, spike length, numbefflofets per spike, width
of floret, size of corm and height of corms in gtdds were increased under 0.2
per cent borax (Kumaat al, 2003).

Kumar et al. (2003) observed that spray of borax, Ca®@d ZnSQ at

0.2, 0.5 and 0.75 per cent induced early flowemmgl maximum number of
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corms and corm weight in gladiolus.

Halderet al. (2007) reported that interaction effect of B (Rgpha') and
Zn (4.2 kg hd) significantly contributed to the vyield of indéial corm weight
(26.07 g and 27.5 g) and number of cormels (917@ 14.43) and weight of
cormels plant (31.94 g and 51.67 g) in gladiolus.

2.3 Effect of zinc on biometric characters of tulip

Maharana and Pradhan (1977) reported that ros€edebration produced
best quality flowers and gave highest yield whewas treated with Fe, Mn, B,
Cu, Zn and Mn at 1000, 700, 1000, 8000, 5000 anplp®d, respectively.

Foliar application of Zn produced the earliest amalst profuse flowering

in tulips (Peterburgskii and Lyashko, 1977).

Eminoet al (1980) reported that zinc application on shrultsgased the
growth and plant quality. Omraat al (1984) reported an increase in bulb weight,
leaf number and length of bulb in onion when thé&afoapplication of 200

ppm/AA and 0.05 per cent Zng@ere given.

Dwivedi and Dwivedi (1991) found that 20 kg zinclghate in
combination with copper and boron recorded the dsghpotato tuber yield of 14

tonnes per hectare.

Tiwari and Dwivedi (1991) reported that the apiima of 5 kg zinc per
hectare increased tuber yield by 21.9, 7.5 andp@r7cent in low, medium and
high zinc status soils respectively and zinc cotregion in potato tuber ranged
from 22.3 ppm with application to low zinc stategisto 10.2 ppm.

Foliar spray of micro-nutrients with Zng@n Polianthes tuberosav.
Single at 60 days interval at 0.25 per cent redutiehighest number of leaves per

clump and flower spikes/plot (Barman and Pal, 1993)

An increase in the bulb yield of onion was reponédten 3 ppm Zn was
applied (Sidhu and Tiwari 1993).
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Khan (2000) observed that Zn at 0.4 per cent $titad maximum plant
height, stem diameter, number of leaves, leaf angldbranching in Dahlia.

Spike length, number of florets, weight of spiked asize of florets were
significantly increased with FeQG- ZnSQ each at 0.2 per cent while longest
duration of flowering was observed under 0.4 pentdeeSQ + 0.2 per cent
ZnSQ, and maximum number of corms was noted under OcZ@eat ZnSQ in

gladiolus (Kumar and Arora, 2000).

Prabhat and Arora (2000) reported that the appdicadf 0.2 per cent
FeSQ + 0.2 per cent ZnSOncreased spike length, number of florets, weight o
spike and size of florets. Flower duration was kEsigwvith 0.4 per cent FeS@
0.2 per cent ZnSO

Singhet al (2000) studied the effect of various levels o5y (0, 10 and
20 kg h&d) on the corms and cormlets production of gladiolpplication of
highest level of ZnS©caused the highest increase in weight of cormstpla

diameter of corms and average weight of corms.

Soumenet al (2000) observed that Zng@t 500 ppm exhibited good

performance for enhancing the vase life of gladiolu

Kumar et al (2001) reported that foliar application of Znthe form of
ZnSQ, (1000 ppm) showed better results in respect tavroflowering and other

yield parameters and quality parameters of gladiolu Mirela.

Foliar application of Zn at 1000 ppm increaseddhawth, flowering and
yield attributes and quality parameters@adiolus grandriflorus(Mukeshet al.
2001).

The application of 15 kg Zn Hagave the best values for plant height,
number of leaves per clump, number of bulbs pemplunumber of nots per

clump, root length ifGladiolus grandiflorugMukeshet al, 2001).

Spraying ZnS@ at 0.75 per cent induced early flowering, increased
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number of corms and corm weight in gladiolus (Rajival. 2003).

Katiyar et al. (2005) observed that Zn and Cu at 0.2 per ceneased
plant height and mixture of both sprays increadssl ‘egetative growth and

enhanced the floral characteristics in gladiolus.

FeSQ and ZnSQat 0.5 per cent concentration significantly enlegnicon
and zinc content in the leaves of gladiolus cvdéraHorn at % and &' leaf stage
(Pratapet al.2005).

Khanet al. (2006) studied the effect of two levels of zincaftd 5 kg hd)
on tulip. Application of Zn at 5 kg Hawas found most suitable dose for obtaining
better growth, quality flower and bulb production.

Bala et al (2007) in their experiment on gladiolus studibd effect of
preharvest sprays of Zng(@®, 0.5 and 1 %) on flowering, flower quality avake
life. Flowering was delayed with the increased em@ation of ZnS@ The
maximum fresh weight, minimum water loss to uptedtso, maximum vase life
and minimum number of florets opened per day veasnded due to preharvest
sprays of ZnS@® 0.5 per cent. Enhanced Zn content in the leaves was als

recorded in gladiolus by spraying with ZnsS& 0.5 per cent.

Halder et al. (2007) reported that Zn 4.2 kg haignificantly increased
corm weight (27.5 g), number of cormels ( 14.43) areight of cormels plaftt
(51.67 g) in gladiolus.
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CHAPTER -3
MATERIALS AND METHODS

The present investigations entitled “Effect of aate, boron and zinc on
growth, flowering and bulb production of tulipflipa gesnerianalL.) cv.
Apeldoorn” were carried out in the experimental did® of Division of
Floriculture, Medicinal and Aromatic Plants, Shek&shmir University of
Agricultural Sciences and Technology of Kashmiral8har, Srinagar during two
consecutive seasons (2008-09 and 2009-10).

3.1 Geographical features

Srinagar, the summer capital of Jammu and Kasl8tate is situated
between 3%’ to 347 north latitude and 78 to 749 east longitude at an
altitude of about 1575 m above mean sea leves. flanked on the southeast and
northeast by the lofty Himalayan ranges. At theebaifsthese ranged towards the

north is the University Campus, Shalimar about dbffom main city.
3.2 Climate

The climate, in general, is temperate-cum-Mediteean and of
continental type. Winter is severe extending fromddie of December to early
March, when the temperature sometimes goes belsrifig point and whole of
the valley remains snowbound. June to August wezenbttest months during the
period of investigation with an average temperasireoting up to 28°C. The
average recorded annual precipitation was 944.6 (anarage over past thirty
years) with more than 80 per cent being receivethfwestern disturbances. The
meteorological data pertaining to the period ofestigation are presented in
Appendix-I.

33 Soil characteristics

Soil of the experimental plot was silty clay loamtexture possessing

good water holding capacity.
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3.4

Experimental details

The details are given as under:

Treatments

1)

2) Boron (B) in the form of borax
i) 0 kg ha'
i)  0.50 kg hd
i) 1.00 kg ha'
3) Zinc (Zn) in the form of zinc sulphate:
i) 0 kg ha'
i)  8.00 kg hd
Design
Replications

Calcium (Ca) in the form of calcium nitrate: I@8els

i) 0 kg ha'
i)  5.00 kg hd

i)  10.00 kg h&

Number of treatment combinations

Plot size

Planting density

ﬂ

03 levels

02 level

Factorial RBD
03

18
Imx1m

40 bulbs per plot



3.5 Layout plan of the experiment
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Plate-1 : A field view of experimental plots



3.6 Preparation of the land

Land was ploughed twice with a tractor followed dgd breaking with
disc plough, weed removal, field leveling and pragian of beds as per layout

plan.
3.7  Application of fertilizers

Well rotten farm yard manure at 10 t“halong with basal dose of
nitrogen at 75 kg haphosphorus at 50 kg fhaand potassium at 50 kg ha
through urea, diammonium-phosphate (DAP) and nwriat potash (MOP)
respectively, were applied fifteen days before ftanof bulbs. Boron at 0.5 and
1.00 kg hd, calcium at 5.00 and 10.00 kg hand zinc at 8.00 kg Hawere

applied through borax, zinc sulphate and calciutmatg, respectively.
3.8 Methods of soil analysis

Soil samples of the experimental field were takefote planting of bulbs
and after harvest. Samples were air dried and gronra wooden morter and
pestle and passed through a 2 mm sieve. Prepaiteshsples were analyzed for
nitrogen (Jackson, 1973), phosphorus (Olseral., 1954), potassium (Jackson,
1973), calcium (Piper, 1950), boron (Berger ando@ful939) and zinc (Piper,
1950) as per the standard procedure.

3.9 Planting of bulbs

Bulbs were planted on #60ctober, 2008 and $90ctober, 2009 at the
experimental plots of Research Farm of DivisionFadriculture, Medicinal and
Aromatic Plants, SKUAST (K) Shalimar Campus.

3.10 Cultural practices

Uniform cultural practices were followed throughetlgrowth period.
Irrigation, weeding-cum-hoeing and plant protectmeasures were carried out as
and when required. Bulbs from representative plamse harvested and bagged

separately for recording observations.
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3.11 Biometrical observations

Observations were recorded from five representadiaats per replication
during both years. The mean values for differerdrabters were subjected to

statistical analysis. Following characters werelist :
3.12 Growth and physiological characters
3.12.1 Days taken to bulb sprouting

Number of days taken to bulb sprouting were couritech the date of

planting of bulbs in plots till they were visible@ve soil in the plots.
3.12.2 Bulb sprouting (%)

Number of bulbs that sprouted were divided byttital number of bulbs

planted per treatment and then per centage waslatdd.
3.12.3Plant height (cm)

The plant height of the representative plants wassured from ground
level up to the apical floral bud with a meter aidhe time of anthesis.

3.12.4 Number of leaves plant

The number of leaves plahtvas counted from all representative plants in

each replication.
3.12.5Malformed leaves (%)

The number of leaves that failed to expand norma#ye counted and per

centage of malformed leaves calculated.
3.12.6 Wrapper leaf area (cnf)

Wrapper (lower most) leaves were taken from reprasiwe plants was

measured with a leaf area meter (Systronics).
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3.12.7 Leaf chlorophyll content (mg g*)

Total chlorophyll content of the leaves was detesdias per the method

given by Hiscox and Israelstam (1979).

Leaf samples from each treatment, detached in mg@riiours were
brought to laboratory and stored &lCOto avoid degradation of chlorophyll
pigment. Leaves were washed and chopped to firepiender subdued light and
250 mg of chopped leaf samples were placed in walstaining 10 ml of
Dimethyle Sulphoxide (DMSO). The contents of thalviwere incubated at &5
temperature for half an hour and then extract wassterred to test tubes and the
final volume was made to 20 ml with DMSO. The ogtidensity (OD) values of
the above extracts were recorded at 645 and 668awalengths against a DMSO
blank by spectrophotometer. The total chlorophgtitent was calculated by using

following formula:

20.2 Agss+ 8.02 Ages

Total chlorophyll (mg @) = 2 1000 x W XV
Where,
\Y = volume of the extract made
a = length of the light path in cell (usually 1)cm
w = weight of the sample (g)
Agss = absorbance at 645 nm wavelength
Ages = absorbance at 663 nm wavelength

3.12.8 Leaf Ca (%), B (ppm) and Zn (mg g) content

The plant samples collected were washed by taprv@tewed by dilute
Hcl, single distilled water and double distilled tetlaoven dried at 65C for 4
hours and then grounded. The crushed material \@ased through mesh size

sieve and preserved in polythene bags for subséghemical analysis. Leaves of
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five randomly selected plants were taken separatatiyCa, B and Zoontent was
checked on atomic absorption spectrophotometer.

Calcium content of plants samples was determinedidpgsting the sample
with HNO; and Hcl reading was taken with atomic absorption spectrapheter
(Piper, 1950).

Boron content of plants samples was determinediggotiition of ashed
material and its analysis for boron with a spediaipmeter (Berger and Truog,
1939).

The plant samples were digested in triacid mixamd analysed for total

zinc by atomic absorption spectrophotometer (Pip@50).
3.12.9 Membrane stability index (%)

Membrane stability index (MSI) of petals was detieed according to the
method described by Health and Parker (1968). Tleenbane stability index
was calculated once in each year. The MSI was ledémli from the per cent ion
leakage in petal cells. Flower petals were rinsedl w tap water and then in
deionised water prior to keeping them for incubati®ne gram of petal tissues
was submerged in test tubes containing 25 ml ididtivater. After incubation for
3 hours at room temperature the conductivity) (& the solution was measured
by conductivity meter. After the petals were boifed 10 minutes to kill all the
tissues. After cooling at room temperature the cetidity (C;) of the solution
was again measured with conductivity meter. ThenMembrane stability index
was calculated with the following formula:

Ci

C, X100

MSI (%) = 1 -
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3.12.10 Leaf N, P and K content (%)

Leaves of five randomly selected plants were takeparately and N, P

and K content was estimated.

Nitrogen content of plant samples was estimated/bgified Kjeldahl's
method (Jackson, 1973).

Phosphorus content was determined by Oslen’s mefslenet al,
1954).

Potassium content was determined by flame pho&madter extraction

with neutral normal ammonium acetate (Jackson, 1973
3.13 Floral characters
3.13.1 Days taken to appearance of floral bud

The number of days taken from bulb planting tetfuisible floral bud was
recorded and the average number of days taken ftanting to visible bud was
worked out.

3.13.2 Bud blasting or malformed buds (%)

Number of floral buds that failed to open were dedrand per centage of

blasted flowers calculated.
3.13.3 Days to colour break

Date of full colouration of the outside of the @&h segment was

recorded and days to colour break calculated fiardata of visible floral bud.
3.13.4 Days to flower opening (anthesis)

Date of color break and full opening were recorfteth the representative

plants and days from colour break to full openiraswalculated.

il



3.13.5 Flower diameter (cm)

The size of the flower was measured across thesflawcentimeters when
it was fully open with the help of a digital Verni€allipers and average worked

out.
3.13.6 Scape length (cm)

The length from each representative scape was meshdu centimeters

with the help of scale and average worked out.
3.13.7 Stem thickness (mm)

The stem thickness was measured at the middleeo$tem (stalk) at the
time of the anthesis of the flower.

3.13.8 Stem topple (%)

Number of floral buds in which stem collapses a f@mtimeters below

the base of the flower was counted and percentilglasted flowers calculated.
3.13.9 Field life (day)

The time in the field from planting until floweringas over was recorded.
3.14 Bulb characters
3.14.1 Number of bulbs lifted n¥

The number of bulbs obtained per meter square eareted at harvest.
3.14.2 Weight of bulbs lifted nf (g)

Weight of bulbs was recorded from each represemtggiant by a digital

electronic balance.
3.14.3 Weight of bulblets lifted rf (g)

The bulblets harvested from the representativetplarere weighed in
grams and the average weight per square meter wasedv out by a digital

electronic balance.
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3.14.4 Bulb production ratio

Bulb production ratio was calculated by dividinge thumber of bulbs

harvested by number of bulbs planted per treatment.
3.15 Vase life studies

Laboratory temperature and relative humidity wasorded during the
period of investigation in cut tulips as under.

2008-09 2009-10
Room temperaturéq) 15.5-18.8 16.7-19.6
Relative Humidity (%) 30-35 42-46

The vase life observations were recorded accortirige procedure given
by Venkatarayappat al (1980). Data was recorded after placing the scapthe
distilled water. Vase life of the cut scapes wassttered to be terminated when
tepals showing sign of wilting. The observationsoreded were:

3.15.1 Days taken to flower opening

Date of flower opening was recorded and then daysutated from the
date of placing in the distilled water in vase.

3.15.2 Fresh weight changes (% of initial weight)

The difference between the weight of flask + soluti scape and weight
of flask + solution represented the fresh weightdigthe scape on the particular

date.
FW=(C+S+F)-(C+5)
Where,
FW = Fresh weight
C = Container (flask)
= Solution
F = Flower scape
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After this, the per cent fresh weight change wasutated by the formula :

Fresh weight of a particular day — initial
Fresh weight change (%) = fresh weight x 100
Initial fresh weight

3.15.2 Water uptake (g/scape)

The difference between consecutive measuremerttedfask + solution

(without scape) represented the water uptake.

Wy (C+S)-(C+S)

Where, W,

Waster uptake
3.15.3 Water loss (g/scape)

The difference between consecutive measuremenfiasif + solution +

flower scape represented the water loss.
W, (Transpirational loss) = (C+S+HH(C+S+HR
Where, W = Water loss
3.15.4 Water balance (g/scape)

Water uptake minus transpirational loss of watepresented water

balance.
Wg =Wy —-WL
Where,WW, = Water balance
3.15.5 Water loss/water uptake ratio

Transpirational loss of water divided by uptakerespnted the water

loss/water uptake ratio.

WL
Wy

Ratio =
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3.15.6 Flower diameter (cm)

The size of the flower from each representativgpscaas measured in
centimeters when it was fully open with the hel@aoheasuring scale and average

worked out.
3.15.7 Vase life (day)

Number of days was counted from the date of opemilhgepals till

senescence was taken as the vase life.
3.16 Physico-chemical characters of experimentabil
3.16.1 Soil pH {before and after experiment}

The pH of the soil was determined in 1:2.5 soilevauspension with the

help of glass electrode pH meter.
3.16.2 Electric conductivity (ds/m) {before and dér experiment}

The electric conductivity of the soil was estimatedl1:2.5 soil water
suspension with the help of solubridge conductimister.

3.16.3 Sail N, P, K, B, Ca and Zn contents (%) {before ana@fter experiment}

Prepared soil samples were analyzed for nitrogeosghorus, potassium,
calcium , boron and zinc as per the standardepia® as mentioned under
heading 3.8.

Year
Soil characteristics 2008-09 2009-10

Before After Before After
pH 7.95 7.93 7.94 7.92
Electric conductivity (ds i) 0.52 0.54 0.54 0.55
Nitrogen content (kg H§ 210 212 211 212.05
Phosphorus content (kg Ha 49 49.81 50 51.00
Potassium content (kg Hia 84 84.72 84.2 84.91
Boron (%) 2.5 2.6 2.54 2.61
Calcium (%) 10.5 11.0 10.57 11.21
Zinc (%) 1.1 1.21 1.3 1.41
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3.17 Relative economics

The cost benefit ratio of the experiment was woratlby calculating the
cost of each treatment used. The cost : benefib rmas calculated with the

following formula.
Cost benefit ratio = Net income (Rs)/Total costuwoltivation (Rs)
3.18 Statistical analysis

Experimental data were subjected to statisticalyaisain randomized
block design as per the procedure described byePams$ Sukhatme (1985). The
levels of significance used “F” and “T” tests wagye= 0.05 as given by Fisher
(1970). The standard error of mean between anytieaiment means and critical

difference have been worked out accordingly.
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CHAPTER - 4
EXPERIMENTAL FINDINGS

The results obtained during the present investigaéntitied “Effect of
calcium, boron and zinc on growth, flowering andbbproduction of tulip Tulipa
gesneriand..) cv. Apeldoorn” are presented in this chapldre silent features of

various parameters studied are given as under :
4.1 Growth and physiological character
4.1.1 Days taken to bulb sprouting

The data with regard to the individual effect of 8aand Zn on days taken

to bulb sprouting are presented in Table 4.1.1.

A close perusal of the data indicates that appiinabf Ca, B and Zn
slightly reduced the days taken to bulb sprouthigwever, statistical analysis of
the data revealed that the differences in timertakebulb sprouting among the

different treatments were non significant.

The interaction effects of Ca x B, Ca x Zn and Enxare presented in
Table 4.1.2. Data revealed that the days takerutio §prouting was decreased
with increasing levels of nutrients but the deceeasms found to be negligible
when analysed statistically. It is further to beeubthat all possible interaction of
two factors could produce only non significant eiffnce so far as days taken to

bulb sprouting is concerned.

The combined effect of Ca, B and Zn on days takebulb sprouting is
presented in Table 4.1.3. Inspection of the dath wgard to combined effect of
Ca, B and Zn reflect that differences in days tateeiulb sprouting was again
non significant and hence these treatments wereffattive for getting the early

sprouting in tulip.
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4.1.1.2 Bulb sprouting (%)

It was interesting to note that during both thergesd study, calcium had a
significant influence on bulb sprouting per cent. f&r as the individual effects
are concerned, the application of each individudtient markedly increased the
bulb sprouting per cent. However, the maximum sjnguper cent was obtained
with calcium 10.00 kg h§99.89%) followed by boron 1.00 kg hé99.09 %) and
Zn 8.00 kg h# (98.60%) (Table 4.1.1 and Fig. 1).

Perusal of the data with regard to interactionatféé Ca x B, Ca x Zn and
B x Zn on bulb sprouting per cent revealed thatrattion between different
levels of calcium and boron caused a significamgrowement in bulb sprouting
(%). The maximum bulb sprouting (100.00%) was olsgrunder application of
10.00 kg of Ca ha and 8.00 kg of B H§C,B,) and minimum (95.59%) was
recorded under By (control) (Table 4.1.2).

The magnitude of superiority of,Z; (100%) over @Zo, and other Ca and
Zn interactions with regard to bulb sprouting pentcis also clear from the data
presented in Table 4.1.2.

Various treatment combinations of boron and zincthier resulted
significant variations in bulb sprouting per ceifttis vivid from the data (Table
4.1.2) that maximum (99.11%) and minimum (97.68%ibbsprouting was
recorded under &, and BZ, treatment combinations, respectively.

The data about the interaction effects betweeniuwalcboron and zinc
revealed that the bulb sprouting per cent increasgudificantly from 95.58 to
100.00 per cent with enhancement of calcium, bamh zinc dose from 0.00 to
10.00, 0.00 to 1.00 and 0.00 to 8.00 ki @spectively (Table 4.1.3).

4.1.1.3 Plant height (cm)

The data on the plant height as influenced by wffe nutrients during

investigation are presented in Table-4.1.1 and Eig.
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Perusal of data indicates that plant height is @actfon of different
nutrients and is influenced significantly by varsotreatments. The maximum
plant height (37.10 cm) was recorded with Ca (1&§®a') followed by B 1.00
kg ha'(36.03 cm) and Zn 8.00 kg ™85.47 cm), whereas the minimum plant
height was recorded under untreated controls.

The interactive influences of two factors togethex presented in Table-
4.1.2. Effect of Ca x B showed that the maximumrmplaeight (38.03 cm) was
recorded in calcium (10.00 kg Hawith boron (1.00 kg h3 followed by 36.93
cm in GB; and 36.34 cm in £Bo, whereas the minimum plant height (33.49 cm)

was recorded under control.

The second highest plant height (37.26 cm) was rdecb under the
interaction between calcium (10.00 kg*hand zinc (8.00 kg h.

The interaction of the highest doses of B (1.00hkg) and Zn (8.00 kg
ha') resulted a plant height of 36.20 cm which wasusitty inferior to few other

treatments of Ca x B as well as Ca x Zn.

Perusal of data (Table-4.1.3) on plant height riekdhat interaction
between calcium, boron and zinc also had a sigmfieffect on plant height
during both the years of investigations. The maximpiant height (38.18 cm)
was recorded with the interaction of (10.00 kg ha), B, (1.00 kg hd) z; (8.00
kg ha'), which was followed in descending order by 37c87 in GB,Z,, 37.10
cm in GB;1Z; and 36.77 cm in £§B:Z, whereas, the minimum plant height was
recorded with lowest level ofCBy and % and that was 33.43 cm.

4.1.1.4 Number of leaves plarit

The perusal of mean values for number of leavestplérable 4.1.1 and
Fig. 1) under the influence of three nutrients aatied that highest number of
leaves plant (4.84 ) was noted with Ca (10.00 kg'hdollowed by 4.66 leaves
in Ca (5.00 kg hd) and the lowest (4.36 leaves pidnin Ca (0.00 kg hj). Itis
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Table 4.1.1: Effect of Ca, B and Zn on growth anghysiological characters of tulip cv. Apeldoorn (208-09 to 2009-10)

Number of days taken to bulb Bulb sprouting Plant height
Treatment sprouting (%) (cm)

2008-09 | 2009-10f Pooled  2008-09 2009 Pooled  2008-02009-10 | Pooled| 2008-09 2009-10 Poole

Number of leaves per plant

Calcium (kg ha')

Co(0) 69.62 | 68.41| 69.02f 97.22 97.23 97.23 3333  34483.9 4.48 4.24 4.36
C1(5.00) 68.84 67.65 68.24 97.7\7 98.80 98.29 34/49 .6535 35.07 4.74 4.58 4.66
C,(10.00) 67.78| 66.56] 67.17 99.86 99.93 99.89 36/527.68| 37.10| 4.83 4.86 4.84
C.D(p<0.05) NS NS NS 0.98 0.29 0.62 0.18 0.18 0.01 0.08 0.05 .06 0
Boron (kg ha')

Bo (0) 69.006| 67.81| 68.40 9750 98.22 97.86 34/22 ®B5.334.81| 4.61 4.46 4,53
B1 (0.5) 68.82 67.59 68.20 98.33 98.58 98.46 34.66 35|82 243%. 4.67 4.56 4.61
B2 (1.00) 68.42| 67.22| 67.82 99.02 99.16 99.09 35/46 .6 36 36.03 | 4.77 4.66 4.71
C.D(p<0.05) NS NS NS 0.98 0.29 0.62 0.18 0.18 0.01 0.08 0.05 .06 0
Zinc (kg ha®)

Zo (0) 68.82 | 67.63| 6823 98.14 9854 98.34 3466 35835.24 | 4.64 4,53 4.58
Z; (8.00) 68.67 67.45 68.06 98.4P 98.717 98.60 34/89 .0536 35.47 4.74 4.59 4.66
C.D(p<0.05) NS NS NS 0.80 0.24 0.50 0.15 0.15 0.15 0.06 0.04 .05 0

NS = Non-significant
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Table 4.1.2 :

Interaction effect of Ca x B, Ca ¥n and B x Zn on vegetative and physiological chacters of tulip cv. Apeldoorn (2008-09 to 2009-10

Treatment Number O;S%ﬁi%ken to bulb Bulb sprouting (%) Plant height (cm) Number of leaes per plant
2008-09 | 2009-10] Pooled] 2008-09 2009-10 Pooled  20®9- 2009-10| Pooled| 2008-09 2009-10  Poolg
Ca x B (kg ha')
CoBo 69.83 68.63 69.23 95.00 96.19 95.59 32.91 34.08 4m3] 4.35 4.15 4.25
Co By 69.70 68.46 69.08 97.50 97.03 97.27 33.28 3445 8733] 4.45 4.25 4.35
Co B, 69.35 68.15 68.75 97.50 98.73 98.12 33.79 349 3534/ 4.66 4.33 4.50
C:Bo 69.15 67.96 68.55 97.92 98.6 98.30 34.40 35.17 .584| 4.70 4.45 4.57
C, B, 68.95 67.71 68.33 97.92 99.00 98.46 34.34 35.561 .9334| 4.76 4.58 4.67
C. B, 68.43 67.26 67.85 99.17 98.5(0 98.83 35.13 36.28 .7135] 4.76 4.71 4.74
C, By 68.03 66.83 67.43 99.58 99.8(0 99.69 35.76 36.93 .3436] 4.80 4.80 4.80
C, B, 67.81 66.60 67.20 100.00] 100.00  100.00 36.35 37/5236.93 4.81 4.86 4.84
C, B, 67.50 66.26 66.88 100.00] 100.00  100.00 37.45 386 38.03 4.90 4.93 4.91
CD(p<0.05) NS NS NS 1.71 0.51 1.07 | 0.73 0.73 0.53 0.14 0.09 .110
Ca x Zn (kg ha')
CoZo 69.67 68.46 69.07 97.22 97.46 97.34 33.07 3441 .8433] 4.37 4.21 4.29
CoZy 69.57 68.36 68.97 97.22 97.02 97.12 33.38 3454 9633] 4.60 4.27 4.43
CiZ, 68.92 67.74 68.33 97.50 98.73 98.12 34.37 35.564 9534] 4.74 4.55 4.65
CiZ, 68.76 67.55 68.16 98.06 98.89 98.47 34.61 35.77 .1W5| 4.74 4.61 4.67
C.Z, 67.87 66.68 67.28 99.72 99.87 99.79 36.35 37.562 .9436] 4.80 4.83 4.81
C,Z, 67.68 66.44 67.06 100.00] 100.00  100.00 36.69 37/8437.26 4.87 4.90 4.88
CDp<0.05) NS NS NS 0.78 0.42 0.87 | 0.59 0.14 0.43 0.11 0.07 .090
B x Zn (kg ha)
Bo Zo 69.02 67.84 68.43 97.22 98.14 97.68 34.14 35]3 7284] 455 4.44 4.50
BoZy 68.98 67.77 68.38 97.77 98.30 98.03 34.41 3548 .8W4| 4.63 4.54 4.58
B: Zo 68.91 67.71 68.31 98.05 98.41 98.23 34.58 35.74 .1635] 4.67 4.48 4.58
B:Z, 68.73 67.47 68.10 98.61 98.76 98.68 34.74 35.01 .335] 4.72 4.58 4.65
B, Zo 68.54 67.34 67.94 08.88 99.26 99.07 35.28 36.43 .85 4.73 4.61 4.67
B,Z, 68.31 67.11 67.71 99.16 99.06 90.11 35.63 36.77 .2B6] 4.82 4.71 4.76
CD(p<0.05) NS NS NS 0.78 0.07 0.87 0.14 0.59 0.43 0.11 0.07 .090

NS = Non - significant
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Table 4.1.3:

Combined effect of Ca, B and Zn on giwth and physiological characters of tulip cv. Apeloorn (2008-09 to 2009-10)

Treatment Numgﬁlrbolggﬁi;agken to Bulb sprouting (%) Plarzérr:]c?ght Number of leaves per plant
2008-09| 2009-1 Pooled 2008-09 2009410 Pooled 20®$-2009-10| Pooled] 2008-09 2009-10 Pool

Co By Zy 69.83 68.63 69.23 95.00 96.17 95.58 32.84 34,01 3.433 4.10 4.13 4.11
CoBo 2y 69.83 68.63 69.23 95.00 96.20 95.60 32.98 34,14 3.563 4.20 4.56 4.38
CoB1 2 69.73 68.50 69.11 96.67 96.50 96.58 33.27 34,44 3.853 4.23 4.33 4.28
CoB1 2y 69.66 68.43 69.05 98.33 97.57 97.95 333 3446 .8833 4.26 4.56 4.41
Co B2 2 69.46 68.26 68.86 100.00 98.40 99.20 33.69 3417934.24 4.30 4.66 4.48
CoB, 2y 69.23 68.03 68.63 98.33 98.73 98.47 33.88 35,02 4.453 4.36 4.66 4,51
C.By Z 69.16 68.00 68.58 97.50 98.60 98.08 33.98 35/14 4.563 4.43 4.70 4.56
CiBy2Zy 69.13 67.93 68.53 98.33 98.67 98.52 34.02 35/19 4.613 4.46 4.70 4.58
C.B; 7 69.10 67.90 68.50 97.50 98.70 98.12 34.28 35,44 4.863 4.53 4.76 4.65
C.B,Zy 68.80 67.53 68.16 97.50 98.60 98.12 34.41 35,58 4.9 4.63 4.76 4.70
C:B, Z, 68.50 67.33 67.91 97.50 98.78 98.15 34.86 36,03 5.453 4.70 4.76 4,73
C.B,7Z; 68.36 67.20 67.78 98.33 98.73 98.77 35.40 36,54 5.973 4.73 4.76 4.75
C, By Z 68.06 66.90 67.48 99.17 98.80 99.38 35.59 36,76 6.173 4.80 4.76 4,78
C,Bo Z4 68.00 66.76 67.38 100.00 99.20 100.00 35.93 37.136.51 4.80 4.83 4.81
C,B; 7 67.90 66.73 67.31 100.00 99.60 100.00 36.18 37{3536.77 4.83 4.76 4.80
C, Bz, 67.73 66.46 67.10 100.00 98.40 99.20 36.52 37/6837.10 4.86 4.80 4.83
C,B, 27, 67.66 66.43 67.05 100.00  100.00  100.po 37.29  638[4 37.87 4.86 4.83 4.85
C,B,7Zy 67.33 66.10 66.71 100.00  100.00  100.po 37.62  538/7 38.18 5.03 5.03 5.03
C.Dp<0.05) NS NS NS 2.42 0.73 1.52 1.03 1.03 0.7 0.20 0.13 .150
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Fig. 1:

Effect of Ca, B and Zn on growth and physiological character of
tulip cv. Apeldoorn (2008-09 to 2009-10)




further to be noted that the increased levels efitidividual nutrients caused a

significant increase in the number of leaves panpl

The interaction effects of Ca x B, Ca x Zn and B on number of
leaves per plant are presented in Table 4.1.2iffheence of interaction between
calcium and boron levels in terms of number of é&saper plant was significant.
Maximum number of leaves per plant (4.91) was oleskin Ca (10.00 kg 3
and boron (1.00 kg H3. Whereas 4.25 leaves per plant was recorded mdth

application of calcium and boron.

The interaction between calcium and zinc also erfred the number of
leaves per plant significantly (Table 4.1.2). Highaumber of leaves per plant
(4.88) was recorded under the influence of calcatm0.00 kg h& and 8.00 kg
ha' zinc, whereas, the lowest number of leaves pent429) was recorded
under calcium at 0.00 kg Hialongwith Zn at 0.00 kg Ha

Data further revealed significantly maximum numioérleaves plant
(4.76) under the influence of boron at 1.00 kg had zinc 8.00 kg ha whereas,
the minimum number of leaves per plant (4.50) weorded under boron and
zinc at 0.00 kg ha

Interactions between calcium, boron and zinc (Table3) revealed that
maximum number of leaves plan(5.03) was recorded under the influence of
calcium at 10.00 kg Ha boron at 1.00 kg Faand 8.00 kg ha of Zn, while
minimum number of leaves (4.11) was recorded ul@@sZ,. The interaction
between @B,Z,, C,B1Z1, C:B1Z, and GByZ; were statistically at par.

4.1.1.5 Malformed leaves (%)

Individual effects of different nutrients and thedievels depicted a
significant differences in malformed leaves (Table.4). There was a significant
decrease in per cent malformed leaves when nudri@ate applied. Application
of Ca at 10.00 kg Waresulted in lowest per cent of malformed leaved 1)
followed in ascending order by application of bominl.00 kg ha (0.50%) and
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zinc at 8.00 kg hHa (0.59%) against maximum per cent of malformed ésav
(1.08) in control. It was further to be noted tiatreased levels of each nutrient
caused a decreased per cent of malformed leavekeamug there was an inverse

relationship between dose of nutrients and per wetfiormed leaves.

The interaction effects of Ca x B, Ca x Zn and Emon per cent of
malformed leaves is presented in Table 4.1.5.

Under the interactive influence of calcium and mpnminimum (0.00 %)
and maximum (1.25%) malformed leaves were obsefoedalcium (10.00 kg

ha') plus boron (1.00 kg & and control, respectively.

The interaction between,B;, C,By and GB; were statistically at par with

each other at 5 per cent level of significance.

Data on the interaction effect between calcium zind revealed that the
minimum malformed leaves (0.05%) was recorded Wifh; against the highest
malformed leaves of 1.11% in untreated contr@iZ(L

Interaction of B and Zn further revealed a sigmifit difference in
malformed leaves in nutrient applied plots and tieimum malformed leaves
per cent was recorded with highest doses of B (kgdi@a’) and Zn 8.00 kg ha

Various treatment combinations of calcium, borom amc resulted a
significant variations in malformed leaves. It isig from the data (Table-4.1.6)
that significantly lowest (0.00%) and highest (283malformed leaves were
recorded under B,Z; and GByZ, treatment combinations, respectively.
However, the interactions between treatment contioins of GB,Z,, C;B1Z; and

C.B1Z, were at par at 5 per cent level of significance.
4.1.1.6 Wrapper leaf area (crf)

The three treatments tried in this study, reveaigdificant variations in
the wrapper leaf area (Table-4.1.4 and Fig. 2). iMar leaf area (232.35 én

was recorded in calcium 10.00 kg“hand minimum leaf area (145.42 9nin
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calcium 0.00 kg h& Application of B at 1.00 kg Raresulted in second highest
leaf area (205.27 cinfollowed by a leaf area of 189.09 temder the application
of Zn at 8.00 kg Ha

Data with regard to two way interactions are presgimn Table-4.1.5. A
favourable interaction of different levels of cailei with boron was also observed
in the present study. Largest leaf area (278.08) emas recorded with highest
level of calcium (10.00 kg i3 and boron (1.00 kg Ha and the lowest leaf area
134.91 cri with lowest level of calcium and boron (0.00 kg*ha

The interaction between calcium and zinc levelduericed the wrapper
leaf area significantly, maximum wrapper leaf af241.37 crf) was found with
calcium (10.00 kg h9 and zinc (8.00 kg K8 and lowest wrapper leaf area
(141.39 crf) was observed with 0.00 kg haach of calcium and zinc. However,
the interactions between treatment combinatieh; @nd GZ, was statistically at
par at 5 per cent level of significance.

The interaction data (Table 4.1.5) further reveasgghificantly higher
wrapper leaf area (210.63 &runder the influence of boron (1.00 kg*hand
zinc (8.00 kg h3).

It is evident from the Table-4.1.6 that combinefketf of calcium, boron
and zinc had a significant influence on wrappef &aa. Treatment combination
of C,B,Z; recorded maximum wrapper leaf area of 179.86, awhich was
followed by GB,Z, (179.08 crf) and GB:Z; (176.85 crf). Minimum leaf area
was, however, recorded by&Z, (164.79 crf).

4.1.1.7 Leaf chlorophyll content (mg @)

Different treatments tested in the present invattgs depicted
significant differences in the leaf chlorophyll ¢ent (Table 4.1.4 and Fig. 2).
Maximum chlorophyll content (0.5ing g') was recorded in calcium 10.00 kg
ha'), whereas lowest chlorophyll content (0.37 mY) was recorded in calcium
(0.00 kg hd).
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Perusal of mean values (Table 4.1.4) for leaf dgbyll content under
different boron levels reflected that applicatioh mron caused significant
increase in leaf chlorophyll content, however, @ase in application rate of boron
from 0.50 to 1.00 kg Wadepicted significant increase in leaf chloropirghtent.
The highest leaf chlorophyll content @ mg g') was observed under boron at
1.00 kg hd (B,) and the lowest leaf chlorophyll content (0.41 mi§ was
observed under boron at 0.00 kg'H#®,). Increase in zinc application rate from
0.00 to 8.00 kg haregistered a positive impact on leaf chlorophglhtent while
the maximum leaf chlorophyll content @ mg ") was recorded under 8.00 kg
Zn ha'. Minimum leaf chlorophyll content (0.43 mggwas recorded under 0.00
kg Zn ha' (Table 4.1.4).

Data presented in Table-4.1.5 revealed that therdotion between
calcium and boron levels proved to be beneficiatiproving the leaf chlorophyll
content. The treatment combinationBg recorded the highest leaf chlorophyll
content (0.55 mg 9 whereas the lowest leaf chlorophyll content of3® mg ¢")

was recorded underBy treatment combination.

Leaf chlorophyll content altered significantly dt different levels of
calcium and zinc as well. Tulip plants receivingQiDkg calcium haand 8.00 kg
zinc ha' showed maximum chlorophyll content (0.6%y g*) followed by GZ,
application which produced (0.50 mgYgleaf chlorophyll content whereas
minimum chlorophyll content (86 mg ¢') was recorded under 0.00 kg'heach

of calcium and zinc.

Among the interactive influences of B and Zn, thaximum chlorophyll
content (0.47 mg Y was recorded under,B;, whileas, the minimum leaf
chlorophyll content (0.40 mg ™y was observed under B treatment

combination.

The interaction between different levels of calcjumron and zinc also

produced a significant variation in this charac{@able 4.1.6). Maximum
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chlorophyll content (0.56 mg ™y was observed under ,B,Z; treatment
combination followed by €B,Z, (0.53 mg &) and GB:1Z; (0.52 mg ) while
minimum leaf chlorophyll content (0.34 mg'gwas recorded under BoZ.

However, the interaction betweenBgZ, and GB,Z; were statistically at par.
4.1.1.8 Leaf boron content (ppm)

Analysis of variance indicated that individual effe of calcium, boron
and zinc levels and their interactions thereof lteduin significant variation in

leaf boron content.

Data pertaining to individual effects (Table 4.4dd Fig. 2) indicate that
leaf boron content produced by different calciuwele differed statistically at 5
per cent level of significance. Maximum boron contg27.52 ppm) was recorded
in calcium (10.00 kg h3 followed by 25.13 ppm in 5.00 kg calcium hevhile
minimum boron content (25.13 ppm) was recorded wundero nutrient

application.

Perusal of mean values for leaf boron content udd#rent boron levels
revealed that application of boron had a signifigaositive impact on the leaf
boron content. The highest boron content (25.77)ppas observed under 1.00
kg ha' followed by 0.5 kg hd and lowest (24.11 ppm) boron content was
observed under 0.00 kg ha

Application of zinc at 00.0 to 8.00 kg haegistered a marked increase in
leaf boron content (25.21 ppm) against the mininfnaron content of 24.66 ppm
recorded under 0.00 kg zincha

The two way interaction effects data (Table 4.k®grly indicated that
with the increase in rate of application of calciamd boron there occurred a
corresponding increase in leaf boron content. Baé lboron content was highest
(28.19 ppm) under 4B, followed by 27.53 ppm under,B; and minimum (21.19

ppm) was recorded undepks.

Though the leaf boron content was influendsdinteraction between
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Table 4.1.4: Effect of Ca, B and Zn on growth anghysiological characters of tulip cv. Apeldoorn 2008-09 to 2009-10)

Malformed leaves Wrapper leaf area Leaf chlorophyll content (mg Leaf Boron content
Treatment (%) (cnm?) g (ppm)
2008-09 | 2009-10| Pooled  2008-09 2009-10 Pooled 20®§- 2009-10| Pooled| 2008-09 2009-10 Pooled
Calcium (kg ha™)
Co(0) 1.05 1.11 1.08 145.81 145.08 145.42 ¢ 35 0.39 0.37 25.0 25.1 25.13
C,(5.00) 0.94 0.55 0.75 174.26 177.85 176.06 g 42 0.46 0.44 25.0 25.1 25.13
C,(10.00) 0.22 0.00 0.11 231.7( 233.01 232.835 0.49 530. 0.51 27.4 27.5 27.52
C.D(p<0.05) 0.23 0.21 0.16 1.04 0.98 0.83 0.00% 0.005 0.005 06 0. 0.06 0.06
Boron (kg ha™)
B, (0) 0.88 0.77 0.83 165.40Q 169.65 167.92 040 0.44 0.41 24.0 24.1 24.11
B; (0.5) 0.72 0.50 0.61 179.38 182.71 181.05 .42 0.46 0.44 24.8 24.9 24.93
B, (1.00) 0.61 0.38 0.50 207.01 203.53 205.27 (.45 0.49 0.46 25.7 25.8 25.77
C.D(p<0.05) 0.23 0.21 0.16 1.04 0.98 0.83 0.00% 0.005 0.005 06 0. 0.06 0.06
Zinc (kg ha™)
Z, (0) 0.81 0.59 0.70 180.21 180.06 180.14 41 0.45 0.43 24.6 24.7 24.66
Z, (8.00) 0.66 0.51 0.59 187.64 190.53 189.09 43 0.47 0.45 25.1 25.2 25.21
C.D(p<0.05) 0.19 0.17 0.13 0.85 0.80 0.67 0.004 0.004 0.004 050. 0.05 0.05
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Table 4.1.5 : Interaction effect of Ca x B, Ca x & and B x Zn on vegetative and physiological chacters of tulip cv. Apeldoorn (2008-09 to 2009-10)

Malformed leaves Wrapper leaf area Leaf chlorophyll content Leaf boron content

Treatment (%) (cm?) (mg g% (ppm)

2008-09 | 2009-10] Pooled] 2008-09 2009-10 Pooled  20®9- 2009-10| Pooled| 2008-09 2009-10  Poolg
Ca x B (kg ha')
CoBo 1.16 1.33 1.25 134.13 135.70 134.91 0.33 0.37 0.35 21.16 21.22 21.19
Cy B; 1.00 1.00 1.00 145.97 146.35 146. 16 0.35 0.39 6 0.3 22.06 22.13 22.10
Cy B, 1.00 1.00 1.00 157.34 153.04 155.19 0.37 0.41 0.39 23.16 23.22 23.19
C:Bo 1.00 1.00 1.00 166.31 172.72 169.51 0.40 0.44 0.41 24.26 24.36 24.31
C,B; 1.00 0.50 0.75 174.60 177.67 176.14 0.42 0.46 0.44 25.11 25.20 25.16
C. B, 0.83 0.16 0.50 181.89 183.17 182.53 0.44 0.48 0.46 25.90 25.97 25.93
C, By 0.50 0.00 0.25 195.75 200.52 198.13 0.46 0.50 0.48 26.78 26.88 26.83
C,B; 0.16 0.00 0.08 217.56 224.11 220.84 0.49 0.53 0.51 27.46 27.60 27.53
C; B, 0.00 0.00 0.00 281.79 274.39 278.09 0.53 0.57 0.55 28.11 28.27 28.19
CD(p<0.05) 0.40 0.38 0.28 1.81 1.70 1.43 0.009 0.009 0.009 110. 0.11 0.10
Ca x Zn (kg ha')
CoZo 1.11 1.11 1.11 142.55 140.23 141.39 0.34 0.38 0.36 21.80 21.86 21.83
CoZy 1.00 1.11 1.05 149.08 149.88 149.45 0.3 0.39 0.37 22.46 22.52 22.50
CiZo 1.00 0.66 0.83 172.66 178.69 175.68 0.41 0.45 0.43 24.82 24.91 24.86
CiZy 0.88 0.44 0.66 175.86 177.02 176.44 0.43 0.47 0.45 25.36 25.44 25.41
CxZo 0.33 0.00 0.16 225.43 221.26 223.34 0.48 0.52 0.50 27.24 27.34 27.29
CZy 0.11 0.00 0.05 237.98 244.7% 241.37 0.51 0.55 0.52 27.66 27.82 27.74
CD(p<0.05 0.33 0.03 0.23 1.48 1.38 1.17| 0.007 0.007 0.007 0.09 0.09 0.09
B x Zn (kg ha)
Bo Zo 1.00 0.77 0.88 161.42 166.36 163.89 0.39 0.43 0.40 23.83 23.89 23.86
Bo Z; 0.77 0.77 0.77 169.38 172.98 171.15 0.40 0.44 0.42 24.31 24.42 24.37
B, Zo 0.77 0.55 0.66 175.44 177.78 176.61 0.41 0.45 0.43 24.62 24.72 24.67
B, Z; 0.66 0.44 0.55 183.32 187.64 185.48 0.438 0.47 0.45 25.14 25.23 25.19
B, Zo 0.66 0.44 0.55 203.78 196.04 199.91 0.44 0.48 0.45 25.41 25.50 25.45
B, Z; 0.55 0.33 0.44 210.23 211.08 210.63 0.46 0.50 0.47 26.04 26.13 26.09
CD(p<0.05) 0.33 0.03 0.23 1.48 1.38 1.17 0.007 0.007 0.007 09 0. 0.09 0.08
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Table 4.1.6: Combined effect of Ca, B and Zn on gmth and physiological characters of tulip cv. Apeldorn (2008-09 to 2009-10)
Malformed leaves Wrapper leaf area (cnf) Leaf chlorophyll content Leaf boron content
Treatment (%) (mg g (ppm)

2008-09| 2009-1 Pooled 2008-09 2009410 Pooled 20®3-2009-10| Pooled 2008-08 2009-10 Pool
CoBo Zo 1.33 1.33 1.33 163.53 166.06 164.79 0.32 0.36 4 0.3 20.86 20.90 20.89
CoBoZy 1.00 1.33 1.16 164.47 166.8/  165.67 0.34 0.38 50.83 21.46 21.54 21.50
CoB1 2 1.00 1.00 1.00 165.23 167.93 166.58 0.34 0.38 6 0.3 21.86 21.93 21.90
CoB1 2y 1.00 1.00 1.00 166.35 169.38 167.86 0.35 0.39 7 0.8 22.26 22.33 22.30
Co B2 2, 1.00 1.00 1.00 167.69 170.82  169.25 0.37 0.41 8 0.3 22.66 22.73 22.70
CoBx 2y 1.00 1.00 1.00 169.17 171.97  170.57 0.38 0.42 9 0.3 23.66 23.70 23.69
C.Bo 2 1.00 0.66 0.83 169.6¢ 172.40  171.09 0.39 0.43 0 0.4 24.06 24.13 24.10
C.ByZy 1.00 0.66 0.83 170.01 172.81 171.41 0.41 0.45 20.4 24.46 24.60 24.53
C.B1 2, 1.00 0.66 0.83 170.42 173.2p  171.82 0.41 0.45 30.4 24.86 24.97 24.92
C.B:Z; 1.00 0.33 0.66 171.7C 174.3f  173.03 0.43 0.47 504 25.36 25.44 25.40
C.B, Z, 1.00 0.33 0.66 172.19 174.86  173.52 0.43 0.47 50.4 25.53 25.63 25.58
C.B, 7, 0.66 0.33 0.50 172.94 175.6f 174.30 0.45 0.49 7 0.4 26.26 26.30 26.29
C, By Z 0.66 0.33 0.50 173.92 176.58 175.25 0.46 0.50 7 0.4 26.56 26.63 26.60
C.Bo Z; 0.33 0.00 0.16 174.09 176.76  175.43 0.4{7 0.51 9 0.4 27.00 27.14 27.07
C,B1 Z, 0.33 0.00 0.16 174.81 177.48 176.14 0.48 0.52 00.b 27.13 27.27 27.20
C, B Z; 0.00 0.00 0.00 175.52 178.18 176.85 0.50 0.54 20.b 27.80 27.93 27.87
C, B> 2, 0.00 0.00 0.00 177.91 180.24  179.08 0.51 0.55 30.b 28.03 28.14 28.09
C, B, 7, 0.00 0.00 0.00 178.56 181.16 179.86 0.55 0.%9 6 0.6 28.20 28.40 28.30

C.D(p<0.05) 0.57 0.78 0.57 1.84 1.66 1.71 0.01 0.0 0.01 0.16 0.16 0.15
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calcium and zinc, the maximum (27.74 ppm) and mimm(21.83ppm) boron

content was recorded undegAgtreatment combination.

The interaction between boron and zinc affectedl¢aé boron content.
Highest leaf boron content (26.09 ppm) was recondieder BZ; followed by
25.45 ppm under &, and 25.19 ppm unden B;.

The interaction effect data (Table 4.1.6) revedlet different levels of
calcium, boron and zinc caused significant varraiio leaf boron content (Table
4.1.6). Interaction of £B,Z; (calcium 10.00 kg x boron 1.00 kg x zinc 8.00 kg
ha') recorded the maximum boron content (28.30 ppniipied by GB»Z,
(28.09 ppm) and £B:Z; (27.87 ppm), whereas, the untreated plotsB(Zo)
recorded the minimum leaf boron content (20.89 pprhg interactions between

C.B1Zpand GByZ; were at par with 5 per cent level of significance.
4.1.1.9 Leaf Ca content (%)

Perusal of data on individual effects of Ca, B aid(Table 4.1.7 and
Fig. 3) indicate that leaf calcium content attaitieel maximum value (5.52 %) in
calcium 10.00 kg Hawhereas the lowest Ca content (4.47 %) was redoirde
control. Application of boron from 0.5 to 1.00 kgihcaused a significant
improvement in leaf calcium content. Highest calticontent (5.13 %) was
recorded with boron (1.00 kg g whereas lowest calcium content (4.75 %) was
recorded with 0.00 kg Haboron. Similarly, increase in application of ziflom
0.00 to 8.00 kg ha& also registered improvement in leaf calcium contmd

resulted in calcium content (5.00 %).

The two-way interaction effects of data (Table &)lrevealed that
different combinations and levels caused significeariation in leaf calcium
content. Calcium (10.00 kg Basupplied with boron (1.00 kg Harecorded the
maximum leaf calcium content (5.79 %), whereas, rthieimum leaf calcium
content (4.38 %) was recorded with contraj Bg).

The interaction between calcium and zinc also eisignificant impact

39 |



on leaf calcium content. Calcium (10.00 kg*happlied with zinc (8.00 kg Ha
recorded significantly highest content of calcius6Q %) against the lowest leaf

calcium content (4.41 %) in untreated contrqj4gJ.

Boron in combination with zinc resulted in maximisaf calcium content
(5.18 %) in a treatment combination of boron (1kgoha') and zinc (8.00 kg
ha') which was significantly superior tooB, treatment combination producing

lowest leaf calcium content of 4.67 %.

Calcium, boron and zinc interaction effect datab(éat.1.9) revealed that
different levels caused significant variation iraflecalcium content. Calcium
(10.00 kg hd) supplied with boron (1.00 kg firand zinc (8.00 kg h8 recorded
the highest content of calcium (5.85 %) in leawa®ied by GB,Zy (5.73 %),
C.,B1Z; (5.58 %) and €B1Z, (5.46 %) whereas, calcium, boron and zinc applied
at 0.00 kg ha recorded the lowest content of calcium in leave@y %). The
interactions between 180Zp and CoB,Z; were at par at 5 per cent level of

significance.
4.1.1.10 Leaf zinc content (mgH

The data on leaf zinc content in tulips as infllehby different calcium,
boron and zinc nutrition are presented in Table74anhd Fig. 3 Application of
these nutrients in individual significantly influeed the leaf Zn content.
Increasing the level of calcium from 5.00 to 10Kpha' increased the leaf Zn
content. The highest content of zinc (26.77 iy was recorded under calcium
10.00 kg ha, followed by 26.20 mg§under 5.00 kg h&of Ca treatment.

The application of boron also proved to be benaffici enhancing leaf Zn
content. The highest content of leaf zinc (26.38gngwas recorded under 1.00
kg boron (B) followed by 26.20 mg ‘g with 0.50 kg boron ha(B,) and lowest
content of zinc (25.94 mg™y was recorded under 0.00 kg boron application
(control). However, B and B were statistically at par with each other (Table
4.1.7).
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Application of zinc (8.00 kg K9 caused a significant improvement in leaf
zinc content with a value of 26.21 mg ggainst the 21.13 mg'gn untreated
control (0.00 kg hd).

Data pertaining to the interaction effects of CB,xCa x Zn and B x Zn
are presented in Table 4.1.8 revealed that differatrient and their levels caused
marked variation in leaf zinc content. Calcium (Dkg h&') supplied with boron
(1.00 kg hd) recorded the maximum leaf zinc content (26.92gMy whereas,
calcium (0.00 kg hd) applied with boron (0.00 kg Harecorded the minimum
leaf zinc content (25.23 mg'yy The interactions between®; and GB, were at
par with each other.

The interaction between calcium and zinc also eisignificant impact
on leaf zinc content. Calcium (10.00 kg'haapplied with zinc (8.00 kg Ha
recorded significantly highest content of zinc 86mg ¢'), whereas, calcium
(0.00 kg hd) applied with zinc (0.00 kg Ha recorded the lowest leaf zinc
content (25.50 mgY). However, GZ; and GZ, were statistically at par with each
other (Table 4.1.8).

Boron in combination with zinc resulted in maximamc content (26.42
mg g') in a treatment combination of,B, which was significantly superior to
BoZo treatment combination producing minimum leaf zeuntent of 25.89 mg

-1

g-.

The interaction between calcium, boron and zinoneed a similar trend
with regard to the leaf zinc content (Table 4.1@B,Z; treatment combination
resulted in maximum zinc content (26.96 mt which was significantly superior
over GBoZo treatment combination producing minimum leaf ziantent of

25.14 mg §. However, GB1Z; and GB1Z, were statistically at par.
4.1.1.11 Petal membrane stability index (%)

Data presented in Table 4.1.7 and Fig. 3 reflecked the membrane

stability index ( MSI) responded to calcium apgtion significantly. It appeared
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in the table that petal membrane stability incrdasih increasing level of Ca and
attained the maximum value (55.34%) with the additf calcium (10.00 kg Ha
whereas, the lowest petal membrane stability (3@)5/as recorded with calcium
(0.00 kg hd).

Application of boron also caused a significant ioy@ment in petal
membrane stability. Maximum membrane stability 8546) was recorded with
1.00 kg boron hH3 whereas minimum membrane stability (53.31%) veasnded
with 0.00 kg B h&. Similarly, application of Zn at 8.00 kg halso registered an
improved petal membrane stability (53.97%) agadinstapplication of Zn at 0.00

kg ha' which resulted in minimum petal membrane stab{§.74 %).

It inferred from the study (Table 4.1.8) that irietion between any two
factors resulted in a marked variation in MSI. tatgions of calcium and boron
levels caused significant variation in petal membratability. Calcium (10.00 kg
ha') supplied with boron (1.00 kg Harecorded maximum membrane stability
(56.10%), whereas, calcium (0.00 kg*hand boron (0.00 kg Ha resulted in

minimum petal membrane stability of 52.04 per cent.

The interaction between calcium and zinc also a@Esignificant impact
on petal membrane stability. Calcium (10.00 kg)hwith zinc (8.00 kg hd)
recorded significantly maximum membrane stabil®p.49%), when compared
with a 52.55 per cent MSI recorded under contrZ¢C

Boron in combination with zinc resulted in maximyretal membrane
stability (54.39%) in a treatment combination ofZB which was significantly
superior to BZ, treatment combination with least petal membrarabilsty
(53.15%) (Table 4.1.8).

It was also inferred that combination of calciumgrdn and zinc
contributed more than their single applicationsb{&a4.1.9). Calcium (10.00 kg
ha), boron (1.00 kg b8 and zinc (8.00 kg 8 combindly resulted in maximum
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Table 4.1.7: Effect of Ca, B and Zn on growth anghysiological characters of tulip cv. Apeldoorn 2008-09 to 2009-10)

Leaf Ca content Leaf Zn content Petal membrane stability index
Treatment (%) (mg ) (%)

2008-09 | 2009-10 Pooled 2008-09  2009-10 Pooled @8- 2009-10 Pooled
Calcium (kg ha')
Co(0) 4.42 452 4.47 25.53 25.59 25.55 52.51 52.58 .5/2
C1(5.00) 4.78 4.88 4.83 26.17 26.25 26.20 53.76 53.66 53.66
C2(10.00) 5.44 5.60 5.52 26.72 26.85 26.77 55.28 $5.83 55.34
C.D(p<0.05) 0.006 0.007 0.006 0.05 0.07 0.05 0.26 0.24 0.24
Boron (kg ha')
Bo (0) 4.70 4.81 4.75 25.91 25.99 25.94 53.30 53.31 .3153
B, (0.5) 4.88 5.00 4.94 26.17 26.26 26.20 53.74 53.92 53.91
B, (1.00) 5.06 5.20 5.13 26.35 26.45 26.38 54.51 54.35 54.35
C.D(p<0.05) 0.006 0.007 0.006 0.05 0.07 0.05 0.26 0.24 0.24
Zinc (kg ha®)
Zy (0) 4.82 4.94 4.88 26.11 26.19 26.13 53.66 53.75 .743
Z; (8.00) 4.94 5.06 5.00 26.18 26.28 26.21 54.04 53.98 53.97
C.D(p<0.05) 0.005 0.006 0.005 0.04 0.05 0.04 0.21 0.20 0.20
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Table 4.1.8 : Interaction effect of Ca x B, Ca ¥n and B x Zn on vegetative and physiological clacters of tulip cv. Apeldoorn (2008-09 to 2009-

10)
Leaf calcium (Ca ) content Leaf Zinc ( Zn) content Petal membrane stability index
Treatment (%) (%) (%)
2008-09 | 2009-10 | Pooled 2008-09| 2009-1Q Pooled 208-| 2009-10 |  Pooled
Ca x B (kg ha')
CoBo 4.28 4.38 4.33 25.22 25.27 25.23 52.03 52.04 52.04
Co By 4.45 4.55 4.50 25.61 25.68 25.63 52.35 52.71 52.67
Co B 4.55 4.65 4.60 25.77 25.82 25.78 53.15 52.99 52.99
CiBo 4.63 4.73 468 25.91 26.01 25.94 53.29 53.30 53.30
C. B 4.76 4.86 4.81 26.18 26.27 26.22 53.70 53.71 53.71
C. B, 4.95 5.06 5.00 26.42 26.49 26.44 54.29 53.97 53.96
C, By 5.18 5.31 5.25 26.60 26.69 26.64 54.59 54.60 54.59
G B 5.45 5.60 5.52 26.71 26.85 26.75 55.16 55.34 55.34
G B, 5.70 5.88 5.79 26.86 27.03 26.92 56.09 56.10 56.10
CD(p<0.05) 0.01 0.01 0.009 0.08 0.12 0.09 0.45 0.43 0.43
Ca x Zn (kg ha?)
CoZo 4.36 4.46 4.41 25.49 25.54 25.50 52.32 52.56 52.5%
CoZy 4.48 4.58 4.53 25.58 25.65 25.60 52.69 52.60 52.58
CiZo 4.74 4.84 4.79 26.13 26.21 26.16 53.59 53.49 53.48
CiZ, 4.82 4.93 4.87 26.20 26.29 26.24 53.93 53.83 53.83
CyZo 5.36 5.52 5.44 26.70 26.81 26.74 55.07 55.20 55.19
CZ, 5.562 5.67 5.60 26.75 26.90 26.80 55.48 55.50 55.49
CD(p<0.05) 0.008 0.01 0.007 0.07 0.09 0.07 0.37 0.35 0.35
B x Zn (kg ha)
Bo Zo 4.62 4.73 4.67 25.87 25.93 25.89 53.03 53.15 53.1%
BoZy 4.77 4.88 4.83 25.95 26.05 25.99 53.54 53.78 53.77
B: Z, 4.84 4.95 4.90 26.13 26.23 26.16 53.57 53.47 53.47
B2, 4.93 5.05 4.99 26.20 26.30 26.24 53.93 54.07 54.04
B, Z, 5.01 5.14 5.07 26.32 26.40 26.34 54.41 54.32 54.31
B,Z, 5.12 5.25 5.18 26.38 26.49 26.42 54.60 54.39 54.39
CD(p<0.05) 0.008 0.01 0.007 0.07 0.09 0.07 0.37 0.35 0.35
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Table 4.1.9:

Combined effect of Ca, B and Zn on gmth and physiological characters of tulip cv. Apeldorn (2008-09 to 2009-10)

Leaf calcium (Ca ) content

Leaf zinc (Zn) content (mgy Petal membrane stability index (%)
Treatment (%)
2008-09 2009-10 Pooled 2008-09 2009-1 Poole 2008-| 2009-10 Pooled

CoBo Zo 4.20 4.30 4.25 25.13 25.17 25.14 51.78 52.13 52.1
CoBoZ1 4.36 4.46 4.41 25.31 25.38 25.33 52.12 52.46¢ 662.4
CoB1Zo 4.40 4.50 4.45 25.56 25.63 25.58 52.28 51.96 %1.9
CoB1Z; 4.50 4.60 4.55 25.66 25.73 25.68 52.58 52.96 %2.8
Co B, Zg 4.50 4.60 4.55 25.77 25.84 25.79 52.97 52.98 862.9
CoB2Z; 4.60 4.70 4.65 25.77 25.81 25.78 53.07 53.09 83.0
C1Bo Zo 4.60 4.70 4.65 25.90 25.97 25.92 53.22 52.90 %2.8
Ci1BoZ; 4.66 4.76 4.71 25.91 26.04 25.96 53.57 53.58 3.5
Ci1B1Z 4.73 4.83 4.78 26.13 26.23 26.17 53.61 53.62 53.6
CiB1Z; 4.80 4.90 4.85 26.23 26.30 26.27 53.84 53.8% 568.8
CiB> Z, 4.90 5.00 4.95 26.37 26.44 26.39 54.23 53.91 (63.9
Ci1B,Z; 5.00 5.13 5.06 26.47 26.54 26.50 54.34 54.36 54.3
C, By Zo 5.06 5.20 5.13 26.57 26.64 26.61 54.35 54.03 54.0
C,Bo Z3 5.30 5.43 5.36 26.64 26.74 26.67 54.83 54.84 454.8
C,B1 7 5.40 5.53 5.46 26.71 26.87 26.77 54.94 55.29 85.2
C,B1Z; 5.50 5.66 5.58 26.71 26.82 26.74 55.38 55.39 %5.3
C, B, Z, 5.63 5.83 5.73 26.82 26.96 26.87 55.94 55.95% %5.9
C,B,Z; 5.76 5.93 5.85 26.90 27.10 26.96 56.24 56.2% 5%6.2

C.D(p<0.05) 0.01 0.01 0.01 0.12 0.17 0.12 0.64 0.60 0.60
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petal membrane stability of 56.25 per cent followsd GB,Z, (55.95 %) and
C,B1Z; (55.39 %) against the minimum stability of 52.12%corded in control.

4.1.1.12 Leaf nitrogen content (%)

Analysis of variance indicated that individual effe of calcium, boron
and zinc and their levels thereof resulted in digant variation in leaf nitrogen
content (Table 4.1.10 and Fig. 4).

Application of calcium significantly increased tlevel of leaf nitrogen.
Calcium at 10.00 kg Rarecorded maximum (2.80%) nitrogen content followed
by 2.75 per cent leaf nitrogen in Ca (5.00 kghhavhile minimum nitrogen
content (2.68%) was recorded under calcium (0.0Bay.

Perusal of mean values for leaf nitrogen contertteurdifferent boron
levels revealed that application of boron had aigant positive impact on leaf
nitrogen content. The highest nitrogen contentq%)y was observed under 1.00
kg ha® and lowest (2.72%) leaf nitrogen content was ofeeunder 0.00 kg Fa

of boron.

Application of zinc (8.00 kg hY registered a significant increase in leaf
nitrogen content. The leaf nitrogen content of zAapplied plots was observed as
2.75 % against the 2.74 % leaf nitrogen in untitatmtrol plots.

The interaction effect data of two factors (Tablé.#1) clearly indicated
that there was a marked increase in leaf nitrogenent and with the increase in
rate of application of calcium and boron there ol a corresponding increase
in nitrogen content. The leaf nitrogen content kaghest (2.82%) under .8,
followed by 2.80 per cent under;B; and minimum (2.65%) recorded under
CoBo. However, the interactions betweesBg C,By and GB, were statistically at

par with each other.

The interaction between calcium and zinc signifigaaffected the leaf

nitrogen content. Highest nitrogen content (2.8M&s recorded under,Z;
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followed by 2.79 per cent undepZs and minimum nitrogen content (2.67%) was

recorded under §Z,.

Though the leaf nitrogen content was influenced thg interaction
between boron and zinc, yet these interactive emibes were statistically at par
with each other (Table 4.1.11).

Pooled data of three way interaction (Table 4.1r&Rpaled that among
different calcium, boron and zinc levels, combiraggplication of calcium (10.00
kg ha®) x boron (1.00 kg hY x zinc (8.00 kg ha) registered significantly higher
nitrogen content (2.83%) in leaves against the robr(R.66 %). The highest
nitrogen content (2.83 %) in,B,Z; was followed in decreasing order byB3Z,
(2.81%), GB1Z, (2.80%) and €B;1Z,(2.79%).

4.1.1.13 Leaf phosphorus content (%)

The data on leaf phosphorus content in tulipsnfleanced by different
nutrients are presented in Table 4.1.10 and Fibp glants treated with calcium at
10.00 kg h# indicated highest leaf phosphorus content (0.748) the lowest

(0.67%) was recorded in untreated plants.

Application of boron produced similar effects, d#jmg maximum leaf
phosphorus (0.72%) with the application of boronl#&0 kg hd followed by
(0.71%) with 0.5 kg B dand minimum (0.70%) was with boron 0.00 kg*ha

The influence of zinc on leaf phosphorus contenpiated that leaf
phosphorus was also affected significantly withczand maximum content of
0.72 per cent was recorded with 8.00 kg Zn' tegainst the & (0.70%)
(Table 4.1.10).

The interaction effects of any two factors are enésd in Table 4.1.11.
The influence of interaction between calcium andohdevels in terms of leaf
phosphorus content was significant. Maximum con{ert6%) was observed in
C,B; i.e., 10.00 kg haof calcium and 1.00 kg Heaof boron. Whereas, minimum
content of 0.66 per cent was recorded with calciunu boron at 0.00 kg HaThe
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interactions between8; and GB, were statistically at par with each other.

The interaction between calcium and zinc also erfted the leaf
phosphorus content with highest content (0.75%9red under calcium (10.00
kg ha') plus zinc (8.00 kg hY, whereas, the minimum (0.67%) was recorded
under Ca and Zn at 0.00 kgha

Data further revealed that significantly maximumogphorus content
(0.72%) was recorded under the influence of intewadbetween boron (1.00 kg
ha') and zinc (8.00 kg K followed by 0.72% under .

A favourable interaction of different levels of allutrients was also
observed in the present study (Table 4.1.12). Higleaf phosphorus content
(0.76%) was recorded with highest level of calci(i.00 kg h&), boron (1.00
kg ha') and zinc (8.00 kg h3 followed by GB1Z, (0.75%) and @BoZ; (0.74%)
as compared with the lowest leaf phosphorus comEfOt66 per cent with zero
level of Ca, B and Zn. However,B»Z, and GB1Z; were statistically at par with
each other (Table 4.1.12).

4.1.1.14 Leaf potassium content (%)

Data on leaf potassium content as influenced Wferdnt levels of
calcium, boron and zinc are summarised in Tablel@.iAnd Fig. 4. Maximum
leaf potassium (3.00%) was recorded under the @i of calcium (10.00 kg
ha') whereas the minimum leaf potassium content (2)90&6 recorded under,C

(control).

The application of boron had a significant impact leaf potassium
content. Maximum leaf potassium content (2.97%) masluced under boron at
1.00 kg h& whereas, the minimum potassium content (2.93%) measrded
under boron at zero kg igTable 4.1.10).

Zinc applied at 8.00 kg Haregistered a marked increase in leaf potassium
content (2.96%) as compared with a leaf potassiomtenit of 2.94% in untreated

control.

ﬂ



The interaction of Ca x B, Ca x Zn and B x Zn als significant
influence on leaf potassium content in tulip (Taklel.11). The combined
application of calcium and boron levels proved éobeneficial in improving the
leaf potassium content. The treatment combinatigB, @Ca 10.00 kg hax B
1.00 kg hd) recorded the highest leaf potassium of 3.02 pat.cThis was
followed by the application of calcium at 10.00f¥gs boron at 0.5 kg Hawhich
resulted in a leaf potassium content of 3.01 peat.dglinimum leaf potassium

(2.88%) was, however, recorded at zero K diacalcium and boron each.

The interaction between calcium and zinc levelsimgaoved to be
instrumental in improving the leaf potassium contdine treatment combination
C,Z; (Ca 10.00 kg hax Zn 8.00 kg ha) recorded the highest content of leaf
potassium (3.01%) whereas, the lowest content @@ per cent was recorded

under @Zy treatment combination.

Leaf potassium altered significantly due to diffégréevels of boron and
zinc as well. Tulip plants receiving 1.00 kg borba® and 8.00 kg zinc ha
showed maximum leaf potassium content (2.97%) viehd by 0.5 kg ha boron
application which produced 2.96 per cent leaf ptas content, whereas, lower
content (2.92%) was recorded under 0.00 k§dfeboron and zinc.

Most of other interactions of two factors were, lever, statistically at par

with each other in respect of leaf potassium cdnfEable 4.1.11).

The interaction effect data (Table 4.1.12) cleanlgicated that with the
increase in rate of application of calcium, boramd azinc these occurred a
corresponding increase in leaf potassium contdmd. [&af potassium was highest
(3.03%) under ¢B,Z; followed by 3.02 under 4B,Z, and 3.01 per cent under
C.,B1Z;, whereas, lowest potassium content (2.87 %) wasrded under gBoZo
treatment combination. However, the interactionsvben GB,Z;, and GB1Zg

were statistically at par at five per cent levesnificance.
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Table 4.1.10: Effect of Ca, B and Zn on growth anghysiological characters of tulip cv. Apeldoorn (R08-09 to 2009-10)

Leaf Nitrogen content Leaf phosphorus content Leaf potassium content
Treatment (%) (%) (%)

2008-09 | 2009-10 Pooled 2008-09  2009-10 Pooled @8- 2009-10 Pooled
Calcium (kg ha)
Co(0) 2.63 2.64 2.68 0.67 0.68 0.67 2.90 2.91 2.90
C1(5.00) 2.70 2.72 2.75 0.71 0.72 0.72 2.9 2.95 2.95
C,(10.00) 2.79 2.81 2.80 0.73 0.75 0.74 3.0¢ 3.01 03.0
C.D(p<0.05) 0.009 0.01 0.009 0.007 0.005 0.004 0.009 0.014 1 0.(
Boron (kg ha?)
Bo (0) 2.67 2.69 2.72 0.70 0.71 0.70 2.93 2.93 2.98
B1 (0.5) 2.71 2.72 2.74 0.71 0.72 0.71 2.95 2.96 2.95
B, (1.00) 2.74 2.76 2.77 0.71 0.73 0.72 2.96 2.97 2.97
C.D(p<0.05) 0.009 0.01 0.009 0.007 0.005 0.004 0.009 0.014 1 0.(
Zinc (kg ha®)
Zy (0) 2.70 2.72 2.74 0.70 0.71 0.70 2.94 2.95 2.94
Z; (8.00) 2.72 2.73 2.75 0.71 0.73 0.72 2.95 2.96 2.96
C.D(p<0.05) 0.008 0.008 0.008 0.006 0.004 0.003 0.007 0.005 0080.
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Table 4.1.11 : Interaction effect of Ca x B, Ca ¥n and B x Zn on vegetative and physiological chacters of tulip c v. Apeldoorn
(2008-09 to 2009-10)

Leaf Nitrogen content

Leaf Phosphorus content

Leaf Potassium content

Treatment (%) (%) (%)
2008-09 | 2009-10 | Pooled 2008-09] 2009-1Q Pooled 208-| 2009-10 |  Pooled

Ca x B (kg ha')

CoBo 2.60 2.70 2.65 0.67 0.66 0.66 2.88 2.88 2.88
Co By 2.63 2.73 2.68 0.67 0.68 0.67 2.91 2.91 2.91
Co B, 2.66 2.76 2.71 0.67 0.69 0.68 2.92 2.92 2.92
C,B, 2.68 2.78 2.73 0.70 0.71 0.70 2.93 2.94 2.93
C, B, 2.70 2.81 2.76 0.72 0.73 0.72 2.94 2.95 2.94
C, B, 2.72 2.83 2.78 0.72 0.73 0.72 2.96 2.97 2.97
C; By 2.73 2.84 2.78 0.73 0.75 0.74 2.98 2.98 2.98
C, B, 2.74 2.85 2.80 0.73 0.75 0.74 3.00 3.01 3.01
C; B, 2.77 2.88 2.82 0.75 0.77 0.76 3.01 3.03 3.02
CD(p<0.05) 0.06 0.14 0.10 0.01 0.009 0.01 0.01 0.02 0.01
Ca x Zn (kg ha?)

CoZo 2.62 2.72 2.67 0.66 0.68 0.67 2.89 2.90 2.90
CoZ, 2.64 2.74 2.69 0.67 0.68 0.68 2.91 2.91 2.91
CiZ, 2.70 2.80 2.75 0.71 0.72 0.72 2.94 2.95 2.94
CZ, 2.70 2.81 2.76 0.71 0.72 0.71 2.95 2.96 2.95
C.Zo 2.74 2.85 2.79 0.73 0.75 0.74 2.99 3.00 3.00
C,Z, 2.75 2.86 2.81 0.74 0.76 0.75 3.00 3.02 3.01
CD(p<0.05) 0.05 0.11 0.08 0.009 0.007 0.006 0.01 0.02 0.01
B x Zn (kg ha')

Bo Zo 2.66 2.77 2.72 0.69 0.70 0.69 2.92 2.92 2.92
By Z, 2.67 2.78 2.73 0.70 0.72 0.71 2.94 2.95 2.94
B, Z, 2.69 2.79 2.74 0.70 0.71 0.71 2.95 2.97 2.96
B, Z; 2.70 2.80 2.75 0.71 0.73 0.72 2.95 2.95 2.95
B, Z, 2.71 2.82 2.76 0.71 0.72 0.71 2.96 2.97 2.96
B,Z, 2.72 2.83 2.78 0.72 0.73 0.72 2.97 2.98 2.97
CD(p<0.05) NS NS NS 0.009 0.007 0.006 0.01 0.02 0.01
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Table 4.1.12: Combined effect of Ca, B and Zn on gwth and physiological characters of tulip cv. Apadoorn (2008-09 to 2009-10)

Leaf nitrogen content Leaf Phosphorus catent Leaf Potassium content
Treatment (%) (%) (%)
2008-09 2009-10 Pooled 2008-09 2009-10 Pooled 008; 2009-10 Pooled

CoBo Zo 2.59 2.60 2.66 0.66 0.66 0.66 2.87 2.81 2.87
CoBoZy 2.59 2.60 2.64 0.67 0.69 0.68 2.90 2.91 2.90
CoB1Zo 2.62 2.63 2.67 0.67 0.69 0.68 2.90 2.89 2.90
CoB1Z4 2.64 2.65 2.70 0.67 0.68 0.67 2.91 2.92 291
Co B 7, 2.66 2.67 2.71 0.68 0.70 0.69 2.92 2.93 2.92
CoB. 72y 2.67 2.69 2.73 0.68 0.66 0.67 2.92 2.92 2.92
C1BoZo 2.67 2.68 2.72 0.69 0.70 0.70 2.93 2.94 2.94
CiBoZy 2.68 2.70 2.74 0.71 0.71 0.71 2.93 2.94 2.93
C.B1 7, 2.70 2.72 2.75 0.72 0.73 0.73 2.94 2.95 2.94
CiBi1zZ; 2.71 2.73 2.76 0.72 0.73 0.72 2.94 2.95 2.94
CiB; Z, 2.72 2.74 2.77 0.72 0.73 0.72 2.95 2.97 2.96
C.B, 7z, 2.73 2.75 2.78 0.72 0.73 0.72 2.97 2.96 2.97
C;Bo Zo 2.74 2.76 2.78 0.72 0.73 0.72 2.97 2.98 2.97
CBo 24 2.76 2.78 2.79 0.73 0.75 0.74 2.99 3.01 3.00
C,B1 7, 2.78 2.80 2.79 0.73 0.76 0.75 3.00 3.01 3.00
C;B17Z; 2.81 2.83 2.80 0.74 0.75 0.74 3.00 3.02 3.01
C, By 72 2.83 2.85 2.81 0.74 0.77 0.76 3.01 3.02 3.02
C.B,Z, 2.85 2.86 2.83 0.75 0.77 0.76 3.02 3.03 3.03

C.Dp<0.05) NS 0.20 0.14 0.01 0.01 0.01 0.02 0.03 0.0
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Effect of Ca, B and Zn on growth and phyislogical characters of
tulip cv. Apeldoorn (2008-09 to 2009-10)




4.2 Flowering characteristics
4.2.1 Days taken to appearance of flower bud

The time taken to appearance of flower bud afterplanting of bulbs as

influenced by calcium, boron and zinc are presemédable 4.2.1 and Fig. 5.

Days taken to appearance of flower bud was markiediyenced by the
application of different nutrients. Less numberdafys (104.11) was taken for
flower bud appearance in calcium (10.00 kihhas compared with 113.76 days
in calcium (0.00 kg 3 treated plants.

An examination of the data further indicated tha tifferences in days
taken to flower bud appearance due to various dewél boron were highly
significant. Minimum days (107.69) required for appance of flower bud were
noticed under 1.00 kg Heof boron application followed by 0.50 kg hé&110.18)
while maximum days (111.18) was recorded undeddivest level of boron i.e.
0.00 kg h&. The application of zinc at 8.00 kg heesulted in significantly less
number of days taken to appearance of flower b08.{®) in comparison to days
required by plants supplied with 0.00 kg'taf zinc (110.17 day).

The interaction between two factors of these nuotsieand their levels
exhibited a significant variation in days takerflawer bud appearance. So far as
interaction of Ca and B is concerned, the highashlver of days taken to
appearance of flower bud (114.8) was recorded By @reatment as compared
with the minimum number of days taken (100.47) und®B, treatment
combination (Table 4.2.2).

The interactive influence between calcium and 4eels on the days
taken to appearance of flower bud was also sigmficLesser number of days
(103.05) was recorded undesZ; treatment combination, whereas, more number
of days (114.19) was required for appearance afdiobud in GZ, treatment

combination.

Interaction of boron x zinc were also significantharegard to appearance
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of flower bud. Minimum number of days (106.79) wasorded under &;
treatment combination and the highest number ot day1.82) was recorded

under BZ, treatment combination.

The interaction between various levels of calcidmaron and zinc also
exhibited a significant variation on the days takerappearance of flower bud
(Table 4.2.3). The highest number of days (114t8¢n to bud appearance was
noticed under gByZ, treatment combination, whereas, the lowest (9888 was
recorded under B,Z; treatment combination. The lowest number of daken
to bud appearance inB,Z; was followed in ascending order byB3Z, (102.42
day), GB1Z; (104.73 day) and £B1Z,(104.82 day).

4.2.2 Bud blast (%)

Perusal of the data pertaining to bud blast rede#itat Ca, B and Zn
applications had remarkable influence on this palér character in tulip
(Table 4.2.1 and Fig. 5). So far as Ca is conceited minimum bud blast
(1.09%) was recorded in calcium 10.00 kg féhile maximum bud blast (6.00%)

was recorded under calcium 0.00 kg'ha

The per cent of bud blasted plants registered uddérent levels of
boron differed statistically at 5 per cent levelsggnificance. The lowest per cent
of bud blast (2.66%) was observed under boron kgdba® and highest (4.66%)
was recorded under 0.00 kg haf boron which was almost double than boron
1.00 kg h&.

Application of zinc produced similar effects, depig minimum per cent
of bud blast (3.60%) with the application of zint &00 kg h&. This was
statistically lower than zinc 0.00 kg havhich recorded (3.81%) bud blast.

Table-4.2.2 reflects the two-way interaction eféeof Ca, B and Zn on
bud blast per cent in tulip. The interaction betwealcium and boron levels in
terms of bud blast were significant. No bud blaaswecorded with the interaction
between calcium 10.00 kg hand boron at 1.00 kg H4C,B,) while 7.50% bud
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blast was observed under calcium and boron atkyy0@i* each (GBy).

The interaction between calcium and zinc also erfired the bud blast per
cent significantly. Minimum bud blast (0.83%) wasorded for calcium at 10.00
kg ha' and zinc at 8.00 kg Ha(C,Z;) and the maximum bud blast (6.58%) was
observed in calcium 0.00 kg hawith zinc 0.00 kg ha However GZ; was
statistically at par with Z,.

Data further revealed significantly minimum buddtlé2.80%) under the
influence of boron 1.00 kg Haand zinc at 8.00 kg Ha(B,Z;) whereas, the
maximum bud blast (5.16%) was recorded under batdh00 kg ha along with
zinc 0.00 kg ha (BoZo).

Perusal of the data (Table-4.2.3) revealed thatbooea application of
calcium, boron and zinc at 10.00, 1.00 and 8.00:&Y respectively recorded no
bud blast. Influence of fB,Z, and GB1Z; also showed no bud blast whileas,
maximum bud blast (6.50%) was recorded under tbeatrtrent combination of
CoBoZo.

4.2.3 Days taken to colour break

The perusal of mean values for days to colour bf@akle-4.2.1) under
the influence of three nutrients indicated a sigaifit variation in days taken to
colour break. The minimum number of days to cologak (7.38) was recorded
in calcium at 10.00 kg Faand maximum days to colour break (7.76) in calcium
at 0.00 kg ha.

Boron application also influenced the days to coloreak significantly.
Increase in the application of boron from 0.50 #©01kg h& decreased the days
taken to colour break from 7.58 days to 7.47 dayscpared to 7.65 days under
zero level of boron application.

Application of zinc produced similar effects, depig minimum number
of days (7.53) to colour break with the applicatiwnzinc at 8.00 kg h& This
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was statistically different from the lowest level zinc (0.00 kg hd) with 7.60
days to colour break.

Data on interaction effects of two nutrients arespented in Table-4.2.2.
The influence of interaction between calcium antbhdevels in terms of days to
colour break were significant. Minimum days to ecolbreak (7.25) was observed
in treatment combination of 8, with calcium 10.00 kg Kaand boron 1.00 kg
ha* followed in ascending order by 7.44 days WBC7.45 days in €Bpand 7.49
days in GB, whereas, maximum days (7.88) to colour break wegrded under

treatment combinationdB, with 0.00 kg h& each of calcium and boron.

Perusal of data revealed that application of calcl®.00 kg hd with zinc
8.00 kg h# resulted in minimum days 7.33 to colour breakdmparison to €Z,

which took 7.80 days to colour break.

Boron in combination with zinc further revealed rsfgcantly minimum
number of days to colour break (7.41) with treatmeombination of BZj,
whereas maximum (7.68 day) were taken to colouakneith the treatment

combination of BZ,.

The influence of interaction between different levef calcium, boron and
zinc in terms of days to colour break were alsonificant (Table 4.2.3).
Minimum number of days (7.13) was observed withatireent combination of
C,B»Z; with calcium 10.00 kg h boron 1.00 kg hd and zinc 8.00 kg ha
whereas, maximum days (7.93) to colour break wasrded under the treatment
combination of @BZo at 0.00 kg ha calcium, boron and zinc each, respectively.

4.2.4 Days to flower opening

The time taken to flower opening after the appesgant flower bud in
tulip as influenced by calcium, boron and zinc presented in Table-4.2.1 and
Fig. 5.

Less number of days (5.00) was taken for flowemamge under Ca 10 kg

ha' compared to as high as 5.97 days under zero déwallcium.
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Table 4.2.1: Effect of Ca, B and Zn on floral chaacters of tulip cv. Apeldoorn (2008-09 to 2009-10)

9%

Treatment Days gkf?gv\}grag)up;arance Bud (k())/loa)lsting Days to colour break Days to flower opening
2008-09| 2009-10 Pooled 2008-09 2009{10 Pooled 20®8-2009-10, Pooled 2008-09 2009-10 Pool

Calcium (kg ha)
Co(0) 113.49| 114.03 113.76  6.69 5.30 6.00 7.70 7.83 .76 7| 6.00 5.94 5.97
C1(5.00) 110.81] 111.54 111.18 4.44 3.601 4.02 746 676 7.56 5.66 5.16 5.41
C,(10.00) 104.22 103.99 104.11 1.28 0.95 1.09 7.7 497, 7.38 5.00 5.00 5.00
C.D(p<0.05) 0.50 0.49 0.35 0.40 0.46 0.29 0.08 0.03 0.05 0.200.18 0.11
Boron (kg ha')
Bo (0) 110.74| 111.61 111.18 5.0Q 4.38 4.66 7.57 7./3 657 5.66 5.50 5.58
B: (0.5) 110.16| 110.21] 110.18  4.53 3.03 3.78 7.48 7.68 7:585.55 5.33 5.44
B> (1.00) 107.63| 107.7% 107.69 2.83 2.50 2.66 737 675 7.47 5.44 5.27 5.36
C.D(p<0.05) 0.50 0.49 0.35 0.40 0.46 0.29 0.08 0.03 0.05 NS NS NS
Zinc (kg ha®)
Zy (0) 109.92| 110.42 110.1fy 4.2§ 3.34 3.81 7.51 769 607 555 5.37 5.46
Z; (8.00) 109.10 109.29 109.19  3.96 3.24 3.60 744 2716 7.53 5.55 5.37 5.46
C.Dp<0.05) 0.41 0.40 0.28 0.13 0.18 0.2(¢ 0.06 0.03 0.04 NS NS NS
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Table 4.2.2 : Interaction effect of Ca x B, Ca x# and B x Zn on floral characters of tulip cv. Ageldoorn (2008-09 to 2009-10)

Treatment Days takﬁgrg gggearance of Bud (t;/loe;stmg Days to colour break Days to flower opening
2008-09 | 2009-10 Pooled] 2008-09 2009-10 Pooled  20®8- 2009-10] Pooled| 2008-09 2009-10  Poole

Ca x B (kg ha')

CoBo 114.27 115.33 114.80 7.50 7.50 7.5Q 7.88 7.98 7.88 6.00 6.00 6.00
Co By 113.70 114.55 114.12 7.41 6.00 6.70 7.66 7.83 7.75 6.00 6.00 6.00
Co B, 112.68 113.23 112.95 5.25 5.00 5.17 7.60 7.73 7.66 6.00 6.00 6.00
C,B, 111.83 112.38 112.10 5.08 5.00 5.04 7.56 7.70 7.63 6.00 6.00 6.00
C, B, 110.90 111.73 111.31 5.00 4.16 4.58 7.46 7.66 7.57 6.00 5.83 5.91
C, B, 109.52 109.63 109.57 4.16 2.91 3.54 7.36 7.61 7.49 6.00 5.83 5.91
C; By 108.23 106.68 107.45 2.91 2.50 2.7Q 7.38 7.58 7.45 6.00 5.50 5.75
C, B, 104.17 104.08 104.12 1.20 0.36 0.78 7.38 7.55 7.44 5.66 5.00 5.33
C; B, 100.27 100.67 100.47 0.00 0.00 0.0Q 7.16 7.35 7.25 5.33 5.00 5.16
CD(p<0.05) 0.45 0.82 0.60 0.82 0.94 0.59 0.14 0.06 0.1D N$ N5 0.008
Ca x Zn (kg ha?)

CoZo 113.79 114.59 114.19 6.77 6.38 6.59 7.78 7.86 7.80 6.00 6.00 6.00
CoZ, 113.31 114.16 113.73 6.66 5.94 6.30 7.66 7.80 7.73 6.00 5.88 5.94
CiZ, 111.03 111.86 111.44 4.77 4.16 4.47 7.51 7.66 7.58 5.66 5.22 5.44
CZ, 110.47 110.64 | 110.55 4.72 3.88 4.3Q 7.42 7.65 7.53 5.66 5.11 5.38
C.Zo 105.00 104.97 104.98 1.91 1.07 1.49 7.31 7.55 7.43 5.00 5.00 5.00
C.Z, 103.44 102.66 103.05 0.83 0.83 0.83 7.24 7.43 7.33 5.00 5.00 5.00
CD(p<0.05) 0.42 0.67 0.49 0.67 0.76 0.48 0.11] 0.06 0.0B N$ NS 0.01
B x Zn (kg ha')

Bo Zo 111.71 111.93 111.82 5.33 5.00 5.16 7.6 7.75 7.68 5.66 5.55 5.61
BoZ, 111.18 111.00 | 111.09 5.00 5.00 5.0Q 7.58 7.72 7.62 5.66 5.44 5.55
B: Z, 109.83 110.68 110.25 4.96 3.85 4.41 7.51 7.70 7.60 5.55 5.33 5.44
B.Z; 109.34 109.57 109.45 4.11 3.16 3.63 7.46 7.66 7.56 5.55 5.33 5.44
B, Z, 108.28 108.80 | 108.54 3.16 2.77 2.97 7.4 7.63 7.52 5.44 5.33 5.38
B,Z, 106.70 106.89 106.79 3.11 2.50 2.80 7.38 7.50 7.41 5.44 5.22 5.33
CD(p<0.05) 0.42 0.67 0.49 0.67 0.76 0.48 0.11] 0.06 0.0B N$ NS 0.01

NS = Non - significant
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Table 4.2.3: Combined effect of Ca, B and Zn on ftal characters of tulip cv. Apeldoorn (2008-09to 209-10)

Days taken to Bud blasting Days to colour break | Days to flower opening
Treatment | appearance of floral bud (%)
2008-09 | 2009-10| Pooled| 2008-09 2009-10 Pooled  2W®§- 2009-10| Pooled| 2008-09 2009-10  Poole
Co Bo Zo 11453 114.13 11433 7.50 5.50 6.50 7.93 7193 3 7.96.00 6.00 6.00
CoBo2Zy 113.77| 11553 11465 7.50 5.50 6.50 7.73 7160 6 7.66.00 6.00 6.00
CoB1 2o 113.40| 114.97 114.18 7.50 5.50 6.50 7.66 773 0 7.76.00 6.00 6.00
CoB1 2 113.23| 112.2Q0 112.72 7.33 5.338 6.33 7.66 7186 6 7.76.00 6.00 6.00
Co B2 2o 113.07| 115.13 114.10 5.33 5.00 5.16 7.60 7183 1 7.76.00 6.00 6.00
CoB22z; 112.97| 112.23 112.60 5.00 3.33 4.16 7.60 7190 5 7.76.00 5.66 5.83
C1Bo 2o 111.93| 113.17 11255 5.00 3.33 4.16 7.60 7(70 5 7.66.00 5.66 5.83
C1Boz; 111.73] 113.20 1124 5.00 5.00 5.00 7.53 7(70 1 7.66.00 5.33 5.66
C1B1 2 111.47| 112.03 111.76 5.00 5.00 5.00 7.53 7(70 1 7.65.66 5.00 5.33
C:B1z; 110.67| 111.87 111.2f 5.00 5.00 5.00 7.40 7166 3 7.55.66 5.00 5.33
C:B; 2 110.03| 111.03 110583 3.33 2.50 291 7.40 7166 3 7.55.33 5.00 5.16
C:1B,z; 109.00| 107.97 108.48 3.33 2.50 291 7.83 7163 8 7.45.33 5.00 5.16
C.Bo Zo 108.67| 107.97 108.32 2.50 2.50 2.50 7.83 7160 6 7.45.00 5.00 5.00
C.Bo 21 107.80| 102.13 104.9f 2.50 2.50 2.50 7.83 7160 6 7.45.00 5.00 5.00
C.B1 2 104.53| 105.1Q 104.82 2.40 0.73 1.56 7.83 7/56 5 7.45.00 5.00 5.00
C:B1Z; 103.80| 105.67 104.73 0.00 0.00 0.00 7.83 7/53 3 7.45.00 5.00 5.00
C., B, 2 101.80| 103.03 102.42 0.00 0.00 0.00 7.26 7/50 8 7.35.00 5.00 5.00
C:B,z; 98.73 | 100.03 99.38 0.0C 0.00 0.0 7.06 7.20 7(11%.00 5.00 5.00
C.Dp<00s) | 0.73 1.16 0.86 0.99 1.15 0.78 0.20 0.09 0.14 NS INS0.02
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Colour breaking stage Initiation of flower opaing

G Y S NS

NE
Flowering opening A fully open tulip flower
Plate-2 : Flowering stages of tulip



Boron deficiency

Horizontal cracking due to boron deficiency

Plate-3 : Physiological disorder occurring due to @lcium and boron deficiencies



Further examination of the data indicated thatdifferences in days taken

to flower opening due to various levels of bororreveon-significant.

The differences recorded in days taken to floweenopg in different

levels of zinc was also statistically non-significa

Interaction effects of two nutrients are presenitedTable-4.2.2. The
interaction between calcium and boron levels exédba significant variation for
days taken to flower opening. Highest number ofsdken to flower opening
(6.00) was recorded ingBy treatment combination and the lowest (5.16 day§ wa

recorded with @B, treatment combination.

The interactive influence between calcium and Zeels on the days
taken to flower opening was also significant. Lessgmber of days (5.00) was
recorded under £Z; treatment combinations whereas more number of (G9)

was required for flower opening innZy, treatment combination (Table-4.2.2).

Interaction of B and Zn was significant with regdal flower opening.
Minimum number of days (5.33) was recorded undgh Breatment combination
and the highest number of days (5.61) was recousder BZ, treatment

combination.

An examination of the data (Table-4.2.3) indicatieat the differences in
days to flower opening due to various levels ofcicath, boron and zinc
interaction were highly significant. Minimum day5.@0) required for flower
opening were noticed undernB;Z; while maximum days (6.00) were recorded
under the lowest level of calcium, boron and z©Q kg ha).

4.2.5 Flower diameter (cm)

Different nutrients tested in present experimenpicted significant
differences in the flower diameter (Table 4.2.4 &nd. 6). Maximum flower
diameter (8.76 cm) was recorded under calcium (LRPh4"), whereas, lowest
flower diameter (7.66 cm) was recorded in plantated with zero level of

calcium.
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Perusal of mean values for flower diameter und#éemint boron levels
reflected that application of boron caused sigaificincrease in flower diameter
however, increase in application rate of boron i@ to 1.00 kg ha depicted
significant variation in flower diameter. The highdlower diameter (8.40 cm)
was observed under boron at 1.00 k If8,) and the lowest flower diameter
(8.05 cm) was observed under boron at 0.00 Kg(Bg). Although the application
of zinc at 8.00 kg Ha (Z;) recorded maximum flower diameter (8.26 cm)
compared to minimum flower diameter (8.18 cm) wviltle application of zinc at

0.00 kg hd (Zo), yet the differences were statistically non-sigant.

The interaction between calcium and boron showsigficant variation
in flower diameter. The maximum flower diamete©O@cm) was recorded under
C.B, treatment combination followed by.&; (8.75 cm), GBo (8.59 cm) and
C1B2(8.40 cm), whereas, minimum (7.52 cm) was obseweter GB, treatment
combination (Table 4.2.5). Different combinatioriscalcium and zinc levels also
caused significant variation in flower diameter.eThest flower diameter was
recorded under £Z;, C,Zo and GZ; treatment combinations in comparison to
C1Zo, CoZ; and GZ, treatment combinations. The interactive influenetween
boron and zinc levels on flower diameter was algaifcant. Maximum flower
diameter (8.48 cm) was recorded undeZBtreatment combination whereas
minimum flower diameter (8.05 cm) was observed un@gZ, treatment

combination.

The perusal of data from Table-4.2.6 revealedtti@interactive influence
of calcium, boron and zinc, highest (8.96 cm) aodedst (7.51 cm) flower
diameters were observed for calcium 10.00, bor6A and zinc 8.00 kg Haand
calcium, boron and zinc with 0.00 kg harespectively. The highest flower
diameter was followed in descending order bB&Z, (8.93 cm), GB1Z; (8.80
cm) and GB1Z,(8.70 cm).

The interaction between ,B,Z,, CB1Z1, CBiZg, CByZi were

statistically at par with each other at 5 per dewe¢l of significance.
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4.2.6 Scape length (cm)

Data on scape length as influenced by differentrienit levels are
summarised in Table- 4.2.4. and Fig. 6. Individefécts of calcium showed that
largest scape length (21.69 cm) was recorded wadeium 10.00 kg hawhileas,
smallest scapes (19.25 cm) were observed undds fpp&ated with zero level of

calcium.

The application of boron had a significant impactscape length. Longest
scapes (21.09 cm) were produced when boron wasdiedt 1.00 kg hd This
was followed by the application of boron at 0.5Haj which resulted in scape
length of 20.31 cm as compared with shortest steapgh (19.75 cm), recorded at
0.0 kg ha of boron.

Scape length altered significantly due to differlavels of zinc as well.
Tulip plants receiving 8.00 kg zinc hiashowed maximum scape length (20.54
cm) where as smallest scapes (20.23 cm) were redander 0.00 kg zinc Ha

Among the interactive influences of two factors wbd a significant
variation with regard to scape length (Table 4.2Th)e longest scapes (22.96 cm)
were recorded under,B; while as the shortest scapes (18.57 cm) were woixer
under GBo treatment combination. Most of the interactionsravéowever,

statistically at par with each other.

The interaction between different levels of calciand zinc also produced
a significant variation in this character. Maximwrape length (21.93 cm) was
recorded in @Z;, whereas lowest scape length (19.07 cm) was redard GZ,

treatment combination.

Perusal of means values for scape length and tieeadtion between
boron and zinc levels proved to be beneficial iproving the scale length. The
treatment combination £, recorded highest scape length of 21.19 cm whereas,
the smallest scape length of 19.67 cm was recondwh 0.00 kg h boron and

zinc was applied.
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Various treatment combinations of calcium, borom amc resulted in
significant variations in scape length (Table 42I6is vivid from the data that
significantly highest (25.88 cm) scape length wasorded with @B,Z; followed
by C,B2Z, (25.60 cm) and @B:7Z; (25.17cm). The lowest (21.28cm) scape length
was recorded underoByZ, treatment combination. However, the interactions
between treatment combinationsBzZ, and GB1Z; were statistically at par at 5

per cent level of significance.
4.2.7 Scape thickness (mm)

Data pertaining to scape thickness influenced Wferdint nutrients are
presented in Table 4.2.4. Data exhibited a sigmificvariation for calcium
application. Increasing levels of Ca caused anesmed scape thickness and
maximum (6.69 mm) was recorded with Ca at 10.0(h&Gwhileas, the lowest

value (5.81mm) was recorded under control.

Boron levels caused insignificant variation in terwf scape thickness.
Boron at 1.00 kg h& depicted maximum scape thickness 6.38 mm while
minimum scape thickness (6.11 mm) was record udi kg boron ha Zinc

had insignificant influence on the scape thickressvell.

Combination of two factors showed a significantiaton with regard to
scape thickness (Table 4.2.5). The scape thickmass maximum under 8,
(6.79 mm) followed by €B1 ( 6.75 mm) and &B, (6.53 mm) and minimum scape
thickness 5.66 mm was recorded undgB4C

Calcium and zinc interaction effect revealed thidfecent calcium and
zinc levels caused significant variation in scapiekiness. Calcium at 10.00 kg
ha' and zinc at 8.00 kg Harecorded the maximum scape thickness (6.75 mm)
followed by GZy (6.63 mm) while as minimum scape thickness (5.7i) iwas
recorded under §Z,. The interaction between boron and zinc affect 4bape

thickness significantly, where maximum scape theden(6.41 mm) was record
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with B,Z; treatment combination and minimum (6.11 mm) urBigf, treatment

combination.

The interaction between Ca x B x Zn significantlifeets the stem
thickness (Table 4.2.6). Maximum stem thicknes8.84 mm was recorded under
the treatment combination of,B»Z; followed by GB.Z, (6.81 mm) and &B1Z;
(6.77 mm) and minimum 5.54 mm scape thickness natthiunder @BoZo

treatment combination.
4.2.8 Stem topple (%)

The three levels tried in this study, revealed ifiggmt variations in stem
topple (Table 4.2.4 and Fig. 6). Increasing lewdI€a significantly decreased the
stem topple per cent and there was no stem toppl€a 10.00 kg ha as

compared to 4.65% stem topple under control.

Perusal of data revealed that application of b@bh.00 kg ha resulted
in minimum stem topple (1.25%) while boron appla&d).00 kg ha resulted in
maximum stem topple (2.40%). The table indicateg the application of zinc
also influenced the stem topple significantly witlwest stem topple (1.63 %)
under 8.00 kg H4 whereas, the highest stem topple recorded uratgrat was
1.92 per cent.

Interaction data of two factors (Table 4.2.5) aésthibited a significant
variation in terms of stem topple per cent. Inteasc of Ca and B had a
significant influence on this particular paramet@ihe interaction between
treatment combinations:B,, G,B;1, C:By and GB, resulted in no stem topple
against the maximum stem topple of 5.33% was recbrchder @B, treatment

combination.

The interaction between Ca x Zn levels influendexidtem topple per cent
significantly. Minimum stem topple i.e. 0.00 % wascorded under £Z;
treatment combination and maximum 4.80 % was rexwbrudhder Zo with 0.00

kg ha' of calcium and zinc each.
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Data further revealed significantly minimum stenppte (1.25%) under
the influence of boron 1.00 kg haand zinc 8.00 kg hain opposed to 2.66%

stem topple recorded under boron and zinc atlegQa™.

A favourable interaction of different nutrient lésevas also observed in
the present study (Table 4.2.6). Highest stem ®pl33%) was recorded with
lowest level of calcium (0.00 kg), boron (0.00 kegid zinc (0.00 kg Ky whereas
no stem topple was recorded under treatment conitnn&,B,Z,. However, the
interactions between treatment combination8,Zy, C,B1Z;, C:B1Zo, C:BoZ3,
C.BoZo, C1B2Z1, CiB2Zo and GBiZ; were statistically at par with zero stem
topple per cent.

4.2.9 Field life (day)

The field life is a function of different parameteand is influenced by

calcium, boron and zinc levels are presented ir€Fal2.4.

The field life as influenced by different calciulevels revealed
that less number of days (142.59) was significatdlyen in the field under
untreated control compared to 5.00 and 10.00 K§ dfacalcium application
where 147.77 and 151.50 days were recorded, resglgct

An examination of data revealed that applicatioh boron
increased the field life significantly. Boron amaliat 1.00 kg Harecorded the
maximum number of days (148.31) while B at 0.00 ha&' produced the
minimum number of days (146.16).

Similarly with the application of zinc the fieldfd tended to
increase, maximum days (147.61) was observed wild Bg hd zn and the
minimum (146.96 day) under Zn applied at 0.00 kg.ha

Under the interactive influence of two factors Iflea4.2.5),
maximum field life (152.83 day) was recorded incaath (10.00 kg hd) with
highest level of boron (1.00 kg fir whereas the minimum field life (141.66 day)

was recorded for 0.00 kg haf calcium and boron each.
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Table 4.2.4: Effect of Ca, B and Zn on floral cheacters of tulip cv. Apeldoorn (2008-09 to 2009-10)

Flower diameter Scape length Scape thickness Stem topple Field life
Treatment (cm) (cm) (mm) (%) (day)
2008-09 | 2009-10 Pooled  2008-09 2009-10 Pooled  20®§- 2009-10| Pooled| 2008-09 2009-10 Pooldd  2008{09 092D | Pooled
Calcium (kg ha')
Co(0) 7.61 7.72 7.66 19.03 19.48 19.25 511 5.91 5/815.19 4.11 4.65 141.73 143.44 14259
C.(5.00) 8.11 8.36 8.23 19983 20.48 20.21 6.17 6.37 .276| 0.97 0.41 0.69 147.17 148.38 147)77
C,(10.00) 8.68 8.84 8.76| 2135 2204 2169 6.64 6.746.69 0.00 0.00 0.00| 150.88 152.13 151{50
C.D(p<0.05) 0.11 0.14 0.11 0.35 0.28 0.27 0.3 0.36 0.36 0,290.27 0.20 0.63 0.58 0.12
Boron (kg ha™)
Bo (0) 7.97 8.13 8.05 19.52| 1999 19.75 6.03 6.20 6.112.63 2.16 2.40 145583 146.79 146.16
B, (0.5) 8.14 8.27 8.21 20.01| 20.61 20.31 6.2Q 6.36 6.28 61.8 1.52 1.69 146.77 148.01 147.39
B, (1.00) 8.30 8.51 8.40 20.79 21.4 21.09 6.29 6.46 386.| 1.66 0.83 1.25 147.48 149.14 14831
C.D(p<0.05) 0.11 0.14 0.11 0.35 0.28 0.27 0.07 0.07 0.0y 0.290.27 0.20 0.63 0.58 0.12
Zinc (kg ha™)
Zy (0) 8.10 8.25 8.18 19.95| 20.51 20.28 6.16 6.38 6.242.12 1.72 1.92 146.38 147.59 146.96
Z; (8.00) 8.17 8.35 8.26 20.26 20.82 2054 6.19 6.35 .276 | 1.98 1.29 1.63 146.86 148.37 147/61
C.D(p<0.05) NS NS NS 0.28 0.23 0.22 0.06 0.06 0.06 NS 0.2 60.1 NS 0.47 0.42

NS = Non-significant
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Table 4.2.5 : Interaction effect of Ca x B

Cax @ and B x Zn on floral characters of tulip cv. Aeldoorn (2008-09 to 2009-10)

Flower diameter (cm)

Scape length (cm)

Scape thickiss (mm)

Stem topple (%)

Field life (day)

Treatment 2008-09 | 2009-10] Pooled  2008-08 2009-10  Pooled  2m@d- 2009-10] Pooled| 2008-09 2009-10  Pooldd  2008[09 0920 [ Pooled
Ca x B (kg ha')

CoBo 7.48 7.56 7.52 18.39 18.7¢ 18.57 5.56 5.76 566 15|14 5.25 5.33 | 140.93 142.38 141.66
Coy Bs 7.60 7.63 7.61 19.09 19.54 19.31 5.69 5.89 5[/9 165 4.58 487 | 142.10 143.42 143.81
Coy B, 7.76 7.96 7.86 19.61 20.15 19.88 5.87 6.07 507 005 2.50 3.75 | 142.17 14452 142.79
CiBg 7.93 8.15 8.04 19.76¢ 20.26 20.01 6.06 6.26 6.16 502, 1.25 1.87 | 146.20 147.28 146.74
C; B 8.15 8.38 8.26 19.89 204y 20.17 6.20 6.40 6.30 410} 0.00 0.20 | 147.17 14840 147.y8
C: B, 8.26 8.55 8.40 20.17 20.71 20.44 6.27 6.47 6.37 000} 0.00 0.00 | 148.13 149.45 148.F9
C, By 8.50 8.68 8.59 20.41 20.96 20.68 6.48 6.58 6.53 000} 0.00 0.00 | 149.45 150.70 150.p7
C,B; 8.68 8.81 8.75 21.0§ 21.83 21.45 6.70 6.80 6.7/5 000} 0.00 0.00 | 150.98 152.22 151.60
C; B, 8.86 9.03 8.95 22,57 23.34 22.96 6.74 6.84 6.79 000} 0.00 0.00 | 152.20 153.47 152.83
CDp<0.05) 0.20 0.24 0.20 0.60 0.49 0.47 0.017 0.97 0.07 0470.51 0.35 1.09 1.01 0.95
Ca x Zn (kg ha?)

CoZo 7.58 7.64 7.61 18.85 19.29 19.07 5.7 5.87 5[f7 275 4.33 480 | 141.58 142.91 142.p2
CoZs 7.64 7.80 7.72 19.21 19.6y 19.44 5.74 5.94 584 115 3.88 450 | 141.98 143.97 142.95
CiZ, 8.07 8.31 8.19 19.8§ 20.48 20.16 6.16 6.36 6.26 111, 0.83 0.97 | 146.96 148.11 147.53
CiZ; 8.15 8.41 8.28 19.99 2052 20.26 6.19 6.39 6.29 830, 0.00 0.41 | 147.38 148.64 148.p1
CyZ, 8.65 8.82 8.73 21.11 21.8 21.46 6.58 6.68 6.63 0 0{0 0.00 0.00 | 150.49 151.76 151.12
CZ; 8.71 8.86 8.78 2158 2228 21.93 6.70 6.80 6.7/5 000} 0.00 0.00 | 151.2y 15250 151.88
CDp<0.05) 0.16 0.20 0.16 0.49 0.40 0.3¢§ 0.1D 0.10 0.10 0,380.42 0.28 0.89 0.83 0.77
By Zo 7.95 8.15 8.05 19.44 1991 19.67 6.02 6.19 6.11 662, 2.66 2.66 | 145.34 146.39 145.87
By Z; 7.98 8.11 8.05 19.6 20.0Y 19.84 6.03 6.20 6.12 12/6 1.66 2.13 | 145.71 147.19 146.45
B1 Zg 8.12 8.22 8.17 19.72 20.32 20.02 6.19 6.36 6.27 052, 1.66 1.86 | 146.48 147.11 147.09
B, Z; 8.16 8.33 8.25 20.3 20.91 20.6 6.2l 6.37 6.29 1/661.38 152 | 147.007 148.31 147.69
B, Z, 8.21 8.44 8.32 20.69 21.3 20.99 6.26 6.43 6.5 61/6 0.83 125 | 147.16 148.68 147.92
B, Z; 8.38 8.58 8.48 20.88§ 21.49 21.19 6.33 6.49 641 661, 0.83 1.25| 147.80 149.1 148.f1
CDp<0.05) 0.16 0.20 0.16 0.49 0.40 0.3§ 0.1p 0.10 0.10 0,380.42 0.28 0.89 0.83 0.77
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Table 4.2.6: Combined effect of Ca, B and Zn on ftal characters of tulip cv. Apeldoorn (2008-09 to 209-10)

Treatment Flower diameter Scepe length Scaye thickness Stem topple Field life
combination (cm) (cm) (cm) (%) (day)
2008-09 2009-10 Pooled 2008-09 2009-1 Poolet 2098-| 2009-10 Pooled 2008-09 2009-14 Pooled 2008-0p 0920 Pooled

CoBo 2o 743 | 7.60| 751 209Y 2159 2128 544 5p4 5/54.335 533 | 5.33| 140.80 142.77 141.}8
CoBo 2y 753 | 753 | 753 21.71 2233 22.02 5.67 587 5[77.505 5.16 | 5.33| 141.07 142.00 141.53
CoB1 2 753 | 7.70| 7.61 22.02 2264 2233 571 5P1 5/81.335 5.00| 5.16| 141.73 142.97 14235
CoB1 24 756 | 7.83| 7.70 2259 2321 229 5.68 5.88 5[78 005. 3.33 | 4.16| 141.80 143.797 142.y8
Co B, 27 766 | 756 | 7.61 22.72 23.34 23.03 584 6.04 5/94.005 3.33| 4.16| 142.40 14527 143.83
CoB, 2y 7.93 | 8.13| 8.03 229 2359 2328 590 6.10 6/00.005 2.50 | 3.75| 142.60 143.87 143.23
CiBy 2 7.93 | 8.16| 8.05 23.09 2371 2340 6.02 6.22 6/12.502 250 | 250| 146.00 146.90 146.45
CiBy2Zy 7.96 | 8.10| 8.03 23.24 239 2357 6.10 6.80 6.20 502. 0.00 | 1.25| 146.40 147.7 147.03
CiB1 7 8.10 | 8.30| 8.20 23.28 2394 2361 6.24 644 6/34.83Q 0.00| 0.41| 146.87 148.10 147.48
CiB,zy 8.20 | 8.46| 8.33 23.28 2394 2361 6.16 6.36 6,26 .00Q 0.00 | 0.00| 147.47 148.70 148.08
CiB, 7, 8.20 | 850 | 8.35 23.30 2396 23.63 6.22 642 6/32.00Q 0.00| 0.00| 148.00 149.33 148.67
CiB,z; 8.33 | 8.60| 8.46 23.52 2428 239 6.32 6.p2 6.42 000. 0.00 | 0.00| 148.27 149.57 148.92
C, By 2 8.50 | 8.66 | 8.58 2358 2433 2395 6.42 6.52 6/47.00Q 0.00| 0.00| 148.97Y 150.27 149.62
C,Bo Z4 8.50 | 8.70| 8.60 24.08 2481 2442 6.54 6p4 6/59.00Q 0.00| 0.00| 149.93 151.13 150.53
C,B1 7 8.60 | 8.80| 8.70 2414 2492 2453 6.62 6.2 6/67.00Q 0.00| 0.00| 150.83 152.07 151.45
C,B,zy 8.76 | 8.83 | 8.80 2478 2556 25.17 6.72 6.82 6/77.00Q 0.00| 0.00| 151.13 152.37 151.}5
C,B, 27, 8.86 | 9.00| 8.93 2522 2599 2560 6.76 6.86 6/81.00Q 0.00| 0.00| 151.67 152.93 152.30
C:B,z; 8.86 | 9.06 | 8.96 2550 26.27 2588 6.79 6.89 6/84.00Q 0.00| 0.00| 152.73 154.00 153.37
C.D(p<0.05) 0.28 | 0.35| 0.28 0.35  0.57 0.5¢ 0.18 0.18 0.18 0{73.67Q 0.49 1.54 1.43 1.34
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The interaction between Ca and Zn levels causedifisignt impact on
field life. Maximum number of days (151.88) in texrof field life was recorded
under Ca (10.00 kg H with application of boron (1.00 kg Haand minimum
days (142.22) was recorded in Ca (0.00 k§)heith B (0.00 kg hd).

Perusal of the data presented in Table-4.2.5 resetlat the interaction
between B and Zn caused a significant variatiofield life. Maximum field life
(148.71) was recorded under B (1.00 kghhm combination with Zn (8.00 kg
ha') and minimum field life (145.87) was observed unl€0.00 kg hd) and zn
(0.00 kg hd).

Perusal of data (Table-4.2.6) on field life reveaieat interaction between
calcium, boron and zinc had a significant effectrimty both the years of
investigation. Maximum field life (153.37 day) waescorded with highest level of
Ca (10.00 kg hd), B (1.00 kg h&) and zn (8.00 kg h§ followed by GB,Z,
(152.30 day), e€BiZ; (151.75 day) and £B:Zy (151.45 day), whereas, the
minimum field life (141.78 day) was recorded witimimum level of Ca (0.00 kg
ha'), B (0.00 kg h&) and Zn (0.00 kg hY.

4.3 Bulb characters
4.3.1 Number of bulbs lifted per n§

The data on number of bulbs lifted pef i tulips as influenced by
different levels of calcium, boron and zinc areserged in Table-4.3.1 and

graphically illustrated in Fig. 7.

The number of bulbs ™ recorded under different levels of calcium
showed significant variation. Increasing the lestkalcium from 5.00 to 10.00
kg ha® increased the number of bulbs?’nthe highest number of bulbs (57.27)
was lifted n¥ under high dose of calcium 10.00 kg*had lowest number of
bulbs (48.00) was lifted under low dose of calciu®0 kg h&.

The application of boron also proved to be benaffizi enhancing bulb
production. The highest number of bulb& 54.02) was recorded under 1.00 kg
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boron (B) followed by 52.25 with 0.50 kg boron h4B;) and lowest number of
bulbs n* (50.80) was recorded under 0.00 kg boron apptingfrable 4.3.1).

Plots treated with zinc at 8.00 kg hproduced the maximum number of
bulbs m? (53.38) whereas, minimum 51.33 number of bulbsnpetre square was
recorded under zinc at 0.00 kgha

Data on two way interaction (Table 4.3.2) revedledt the interactive
influence of calcium and boron also had a signifidenpact on number of bulbs
m?. Calcium at 10.00 kg Haalong with highest level of boron (1.00 kg'ha
recorded highest number of bulbs (59.753, svhereas minimum number of bulbs
(46.41) n¥ was observed with calcium and boron at 0.00 K (aBo).

The interaction between calcium and zinc levelsitetdd a significant
variation with regard to number of bulbs lifted peeter square. The treatment
combination of GZ; produced the highest number of bulbs (59.61) petem
square which was significantly more than that @Z{treatment combination
(47.66) which produced the lowest number of bukasmeter square.

Under the interactive influence between boron amt the maximum
bulbs n¥ was found to be maximum (55.00) withZB and minimum number
(49.94) with BZ, treatment combination.

The interaction between calcium, boron and zincwsb significant
difference in the production of number of bulb Table 4.3.3). The treatment
combination of GB,Z; produced the highest number of bulbs? (61.66)
followed by GB»Z, (60.33), GB1Z; (57.83) and &B1Z, (56.83) whereas, the
lowest number of bulbs per square meter was redovdth GBoZo treatment
combination (46.16).

4.3.2 Weight of bulbs lifted nf (g)

Bulb weight differed in different nutrient levelssted in the present study
(Table 4.3.1 and Fig. 7). Calcium (10.00 kg'hproduced heaviest bulbs (783.41
g m?) while calcium at 0.00 kg Harecorded lightest bulbs (723.51 {)n

Application of boron also influenced the bulb wdighnd maximum
(765.99 g rif) was recorded with an application of 1.00 kg'Hallowed by
755.72 g and 743.11 g with the application of Oa8@ 0.00 kg ha of boron
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respectively. Application of zinc also resultedsignificant improvement in the
weight of bulbs. The highest weight of bulbs (7897¢3m?) was obtained under
8.00 kg h& and lowest weight of bulbs (752.50 ¢’hwas obtained under 0.00 kg
ha' of zinc (Z).

Data pertaining to the interaction between two irats are presented in
Table-4.3.2. The interaction between different icac and boron levels
manifested its effect on the weight of bulbs. Maxm bulb weight (788.47 g
m?) was noticed under 8, combination and minimum (705.65 g4nunder

CoBg treatment combination.

The interactions between calcium and zinc showat treximum weight
of bulbs was recorded undepZ; (784.84 g nf) and minimum (720.94 g f)

was recorded with calcium and zinc at 0.00 kg.ha

Under the interactive influence of boron and zimejght of bulbs per i
was found to be maximum (768.75 g) withZB combination and minimum

(742.10 g) with BZ, treatment combination.

Three way interactions of the data (Table-4.3.3)licate that the
interaction between calcium, boron and zinc levelhibited a significant
influence on the weight of bulbs M The treatment combination of,BZ;
produced the highest weight of bulbs (790.00) mhich was significantly more
than that of @BoZ, treatment combination (704.63 g3n The highest bulb
weight was followed by éB,Z, and GB;1Z; and were statistically at par with each

other.
4.3.3 Weight of bulblets (g rif)

Bulblets weight of tulip under the influence offdifent nutrient treatments

are presented in Table 4.3.1 and Fig. 7.

Perusal of data indicate that bulblets attainedibhgimum weight (387.88
g m?) in calcium at 10.00 kg Ha whereas the minimum weight (298.42 &)m
was recorded at 0.00 kg Ca‘ha
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Application of boron from 0.00 to 1.00 kg “hacaused a significant
improvement in bulblet weight. Highest weight (356g) was recorded with 1.00
kg ha' of boron, whereas, lowest bulblets weight (322.0879 was recorded
with 0.00 kg h&. Similarly, application of zinc 8.00 kg faalso registered
significantly bulblet weight (344.84 g) as comparedh untreated control
(334.73 g rif).

Data on two way interaction effect (Table 4.3.2ye@ed that different
calcium and boron levels caused significant varmain bulblets weight. Tulips
supplied with calcium at 10.00 kg hand boron at 1.00 kg Harecorded the
maximum bulblet weight (411.38 g), followed byR; (388.47 g), @By (363.77
g) and GB; (347.88 g nf), whereas, calcium 0.00 kg happlied with 0.00 kg
ha' boron recorded the minimum bulblet weight (28250572).

The interaction between calcium and zinc also @Ewsignificant impact
on bulblets weight. Calcium at 10.00 kg“happlied with zinc 8.00 kg Ha
recorded significantly highest bulblet weight (3881g), whereas, calcium 0.00 kg
ha' applied with zinc 0.00 kg Harecorded the lowest bulblets weight (293.37¢g
m2).

Boron in combination with zinc resulted in maximuoolblet weight
(360.76 g) in a treatment combination gZBwhich was significantly superior to
BoZo treatment combination produced the minimum bulbketight of 315.70 g

per square meter.

Under the three way interactive influence of caltjuboron and zinc
(Table 4.3.3), weight of bulblets permas recorded maximum (417.33 g) with
C.B2Z; treatment combination followed byB:Z, (405.43 g), @B1Z; (396.57 Q)
and GB1Z, (380.38 g rif) whereas minimum (271.80 g) withyBZ, treatment

combination.
4.3.4 Bulb production ratio

Data related to bulb production ratio as influenbgddifferent nutrients
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are summarised in Table-4.3.1 and Fig. 7. Theresigsficant increasing trend
in the bulb production ratio with the increase e ttalcium level. Highest bulb
production ratio (1.43) was recorded underv@th calcium at 10.00 kg Ha

which was followed by 1.29 recorded undey, Gowever, significantly lowest

bulb production ratio (1.20) was recorded wheniagalcwas not applied.

The application of boron also proved to be benafidihe highest ratio of
bulbs (1.35) was recorded under 1.00 kg boronh &ad lowest ratio of bulbs
(1.27) was recorded under 0.00 kg of boroti.ha

Data pertaining to bulb production ratio in tulig afluenced by the
application of zinc revealed a widest ratio of 1i8Zinc at 8.00 kg hhwhereas,

narrowest ratio of 1.28 was observed in zinc ab @@ha’.

The interaction effect data (Table 4.3.2) clearidicated that with the
increase in rate of application of calcium and pocombindly there occurred a
corresponding increase in bulb production ratioe Thtio was highest (1.49)
under GB; followed by 1.42 under 8, and only 1.16 underdBo.

A similar trend was observed with regard to théuerfice of calcium and
zinc interaction. Data indicate significantly higheulb production ratio (1.49)
under calcium 10.00 kg Haand zinc 8.00 kg Ka compared with lowest ratio

(1.19) under 0.00 kg Heof calcium and zinc, respectively.

Perusal of interaction effect data revealed thaerattion between
different levels of boron and zinc caused a sigaiit increase in bulb production
ratio. The maximum ratio (1.37) was observed withom 1.00 kg ha and zinc
8.00 kg h& whereas, minimum ratio (1.24) was recorded un@gg Bith zero kg

ha' of boron and zinc.

The interactive influence of calcium, boron andczievels were also
significant (Table 4.3.3). Bulbs with a maximum guction ratio of 1.54

was noticed in a treatment combination oB4£Z;, while GByZy resulted in
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Table 4.3.1: Effect of Ca, B and Zn on bulb chacters of tulip cv. Apeldoorn (2008-09 to 2009-10)

D

Number of bulbs lifted Weight of bulbs lifted Weight of bulb lets lifted m' . ,
Treatment 2 m2(g) 2(9) Bulb production ratio

2008-09| 2009-10 Pooled 2008-09 2009{10 Pooled 20®8-2009-10f Pooled 2008-09 2009-10 Pool
Calcium (kg ha')
Co(0) 4550 | 50.50| 48.00 722.26 724.y6 723|51 274.622.20| 298.42] 1.13 1.26 1.2@
C1(5.00) 49.00| 54.61] 51.80 755.649 76013 757.91 310.355.57| 333.05 1.25 1.36 1.2
C2(10.00) 54.16| 60.38 57.27 780.86 785/96 783.41 9®6R.412.77| 387.88 1.35 1.50 1.43
C.D(p<0.05) 0.84 0.54 0.50 2.19 2.24) 2.21 7.38 5.92 5.10 0.020.01 0.01
Boron (kg ha?)
Bo (0) 48.33 | 53.27| 50.80 741.25 744.98 74311 299.344.83| 322.09 1.20 1.33 1.27
B, (0.5) 49.22 | 55.27| 52.25 753.76 757.69 755/72 317.45 86B3.240.32| 1.23 1.38 1.30
B, (1.00) 51.11| 56.94| 54.02 763.719 76819 76599 331.382.53| 356.94 1.27 1.42 1.3%
C.D(p<0.05) 0.84 0.54 0.50 2.19 2.24) 2.21 7.38 5.92 5.10 0.020.01 0.01
Zinc (kg ha®)
Zy (0) 4859 | 54.07| 51.33 750.49 75451 752|50 310.888.5F | 334.73 1.21 1.35 1.28
Z, (8.00) 50.51| 56.25] 53.3§ 755.38 759.39 757.39 R]1.268.46| 344.84 1.26 1.40 1.31
C.D(p<0.05) 0.68 0.44 0.41 1.79 1.83 1.8( 5.99 4.83 5.10 0.010.01 0.009
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Table 4.3.2 : Interaction effect of Ca x B, Ca ¥n and B x Zn on bulb characters of tulip cv. Aveldoorn (2008-09 to 2009-10)

Number of bulbs lifted m* Weight of bulbs lifted m?(g) Weight of bulb lets lifted m? Bulb production ratio
Treatment (9)

2008-09 | 2009-10] Pooled] 2008-09 2009-10 Pooled  20®9- 2009-10| Pooled| 2008-09 2009-10  Poolg
Ca x B (kg ha')
CoBo 44.00 48.83 46.41 704.77 706.58  705.65 25902  804.1282.05 1.10 1.22 1.16
Co By 45.50 50.50 48.00 727.70 730.33  729.02 278113 2325. 301.67 1.13 1.26 1.20
Co B, 47.00 52.16 49.58 734.30 737.4p 73586  285)88 2B37. 311.54 1.17 1.30 1.23
C:Bo 48.00 54.00 51.00 742.95 74733 74514 29668 2344. 320.45 1.20 1.35 1.27
C, B, 48.83 54.50 51.66 752.93 756.95  754.94 30942 2357, 330.83 1.22 1.36 1.29
C. B, 50.16 55.33 52.75 771.18 776.1p  773.65 32552 2570. 347.88 1.25 1.38 1.31
C, By 53.00 57.00 55.00 776.03 781.07 77855 34152 (038f. 363.77 1.32 1.42 1.37
C, B, 53.33 60.83 57.08 780.65 785.78  783.22  364/80 151J. 388.47 1.33 1.52 1.42
C, B, 56.16 63.33 59.75 785.90 791.08 788.47 382)63 1840. 411.38 1.40 1.58 1.49
CD(p<0.05) 1.45 0.94 0.87 3.80 6.05 3.83 12.71 10.26 10.82 010.] 0.02 0.02
Ca x Zn (kg ha')
CoZo 45.22 50.11 47.66 719.76 722.1p 72094 26853 231d. 293.37 1.13 1.25 1.19
CoZy 45.77 50.88 48.33 724.76 72740  726.08  280[76  182f. 303.47 1.14 1.27 1.20
CiZ, 48.33 54.44 51.38 752.28 756.90  754.59  307)09 6B5J. 329.84 1.20 1.36 1.28
CiZ, 49.66 54.77 52.22 759.10 763.37  761.23  313/99 5354. 336.26 1.24 1.36 1.30
C.Z, 52.22 57.66 54.94 779.44 78451  781.98  357)03 8904. 380.96 1.30 1.44 1.37
C,Z, 56.11 63.11 59.61 782.28 787.41  784.84 36893  6620. 394.79 1.40 1.57 1.49
CDp<0.05) 1.19 0.76 0.71 3.10 3.17 3.12 10.37 8.38 8.88 0.02 0.01 0.01
B x Zn (kg ha)
Bo Zo 47.33 52.55 49.94 740.19 744.01 74240 292]14 2839. 315.70 1.18 1.31 1.24
BoZy 48.22 53.77 51.00 742.31 745.94 74443 30660 3350. 328.48 1.20 1.34 1.27
B: Zo 49.33 54.00 51.66 750.18 75417 75247  313)82 9856. 335.36 1.23 1.35 1.29
B:Z, 50.22 55.88 53.05 757.34 761.21  759.28 32108 586Y. 345.29 1.25 1.39 1.32
B, Zo 50.22 56.77 53.50 761.11 765.36  763.23 32669 5379. 353.12 1.25 1.41 1.33
B,Z, 52.00 58.00 55.00 766.48 771.0p  768.Y5  336/00 5385. 360.76 1.30 1.45 1.37
CD(p<0.05) 1.19 0.76 0.71 3.10 3.17 3.12 10.37 8.38 8.88 0.02 0.01 0.01
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Table 4.3.3: Combined effect of Ca, B and Zn on Bhlcharacters of tulip cv. Apeldoorn (2008-09 to 2(310)

Number of _k%ulbs lifted | Weight of_zbulbs lifted Weight of b_glb lets Bulb production ratio
Treatment m m™“(g) lifted m™(g)

2008-09 | 2009-10/ Pooled| 2008-09 2009-10 Pooled 20ME- 2009-10| Pooled| 2008-09 2009-10  Poold
CoBo Zo 43.66 | 48.66| 46.16 703.1305.53| 704.63|247.47| 296.13| 271.80| 1.09 1.21 1.15
CoBoZy 4433 | 49.00f 46.66 705.80r07.53| 706.67|272.37| 312.23| 292.30| 1.10 1.22 1.16
CoB1 2o 4533 | 51.00| 48.16 726.5(0r29.13| 727.82| 274.23| 322.67| 298.45| 1.13 1.27 1.20
CoB1 2y 45.66 | 50.00f 47.83 728.90r31.53| 730.22| 282.03| 327.77| 304.90| 1.14 1.25 1.19
Co B2 2o 46.33 | 51.66| 49.00 729.0¥31.70| 730.37|283.90| 335.83| 309.87| 1.15 1.29 1.22
CoB2 2y 47.33 | 53.66| 50.50 739.57743.13| 741.35|287.87| 338.57| 313.22| 1.18 1.34 1.26
Ci1Bo 2% 47.66 | 52.66| 50.16 741.6(0r46.33| 743.97|293.40| 343.07| 318.23| 1.19 1.31 1.25
CiBo2Zy 48.33 | 54.33| 51.33 744.3(0r48.33| 746.32| 299.97| 345.37| 322.67| 1.20 1.35 1.28
Ci1B:1 2 48.66 | 54.33| 51.50 745.3(0r49.50| 747.40| 305.87| 348.63| 327.25| 1.21 1.35 1.28
CiB1 2y 49.33 | 54.66| 52.00 760.57764.40| 762.48| 312.97| 355.83| 334.40| 1.23 1.38 1.30
CiB2 Zo 49.33 | 55.33| 52.33 769.9374.87| 772.40| 322.00| 366.10| 344.05| 1.23 1.36 1.30
CiBx 2y 50.66 | 57.00| 53.16 772.4377.37|774.90| 329.03| 374.40| 351.72| 1.26 1.42 1.34
C,Bo Zo 51.00 | 55.33| 53.16 775.2%80.17| 777.70| 335.57| 378.57| 357.07| 1.27 1.38 1.32
C:Bo 21 51.00 | 55.33| 53.83 776.8381.97| 779.40| 347.47| 393.50| 370.48| 1.27 1.38 1.32
C,B:1 2o 55.00 | 60.66| 56.83 778.73%83.87|781.30| 361.37| 399.40| 380.38| 1.37 1.46 1.42
C:B1 2y 55.00 | 58.66| 57.83 782.57787.70| 785.13| 368.23| 424.90| 396.57| 1.37 151 1.44
C, B2 2 56.00 | 64.66| 60.33 784.37789.50| 786.93| 374.17| 436.70| 405.43| 1.40 1.61 1.50
C:Bx 2y 57.33 | 66.00| 61.66 787.4%92.57|790.00| 391.10| 443.57| 417.33| 1.43 1.65 1.54
C.Dp<0os)y | 2.06 1.33 1.23 2.37 3.24 2.55 2.49 2.05 1.95 0(00.02 0.02
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4 : Tulip bulbs
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comparatively minimum ratio of 1.15. Other treatineambinations resulted in

bulb production ratio between these two extremes.
4.4  Vase life characters
4.4.1 Days taken to flower opening

The time taken for flower opening after the flovsmapes kept in vase
containing distilled water under the influence ak planting application of

various nutrients are presented in Table-4.4.1Fagd8.

The differences recorded in time taken to floweerupg in different
calcium levels was statistically significant. Calti at 10.00 kg Ha recorded
minimum (7.02 day) to flower opening while maximym91 day) was recorded
at Ca 0.00 kg ha Although application of boron at 1.00 kg™(B.) recorded
lesser days (7.36) to flower opening compared teimam number of days (7.55)
with the application of boron at 0.00 kg h#By). Yet the differences were

statistically non-significant.

Various levels of zinc also did not effect the namlof days taken to

flower opening significantly.

The two way interaction data (Table 4.4.2) revedlet the interaction
between calcium and boron levels exhibited a sicgmit variation. Lowest days
to flower opening (7.00) was recorded inBg treatment combination and the

highest (8.00 day) was recorded fgBgtreatment combination .

The interactive influence between calcium and #vels on days taken to
flower opening was also significant. Lesser numifedays (7.00) was recorded
under GZ; treatment combinations whereas more number of da@t) was

required for flower opening indZy treatment combination.
Interaction between boron and zinc were found tadresignificant.

An examination of the three way interaction datal€ 4.4.3) indicated

that the differences in days taken to flower opgnilue to various levels of
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calcium, boron and zinc were significant. Minimurmayd (7.00) required for
flower opening were noticed under calcium (10.00hkg), boron (1.00 kg H3
and zinc (8.00 kg Y. While maximum days (8.00) were recorded under th
lowest level of Ca (0.00 kg H B (0.00 kg h&) and Zn (0.00 kg hY. However,
C.B,Zy, CB1Z: and GB1Zp were statistically at par at five per cent levél o

significance.
4.4.1.2 Fresh weight change (%)

The data pertaining to the fresh weight changenfiseinced by calcium
are presented in Table-4.4.1. Different calciumelswresently tested depicted
significant differences in fresh weight change. Maxm fresh weight of 13.21
g/scape was recorded in calcium (10.00 kg)havhereas minimum fresh weight

(11.16 g/scape) was however, recorded by calciuf®®g ha).

Perusal of mean values (Table 4.4.1) for fresh teichange under
different boron levels reflected that applicatioh mron caused significant
increase in fresh weight change, however, incréasspplication rate of boron
from O to 1.00 kg ha depicted significant variation in fresh weight nga. The
highest fresh weight (12.69%) was observed undesrbat 1.00 kg Ha (B) and
the lowest fresh weight (11.81%) was observed ubdeon at 0.00 kg Ha(By).
Increase in zinc application rate from 0 to 8.0Chkg registered a positive impact
on fresh weight while the maximum fresh weight 2B%) was recorded under
8.00 kg zinc ha (Z1). Minimum fresh weight (12.12%) was recorded un@l€0
kg Zn h&'.

Various treatment combinations of two factors (Ea#l4.2) revealed that
calcium and boron interaction resulted in significaariations in fresh weight
change. It is vivid from the data interaction tlsagnificantly highest (13.73%)
and lowest (10.69%) fresh weight changes were decbunder ¢B, and GBy

treatment combinations, respectively. However, timteractions between
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treatment combinations ,.B; and GBy, were at par at 5 per cent level of

significance.

The interaction effect data clearly indicated théh the increase in rate of
application of calcium and zinc there occurred aasponding increase in fresh
weight change of tulips. The fresh weight change Wwahest (13.29%) under
C,Z; and only 11.04 per cent undegZs.

Interaction between boron and zinc were also fotmde significant.
Maximum fresh weight change (12.75%) was recordedeu BZ, followed by
B.Zy (12.62%), BZ1(12.21%) and BZ¢(12.00%) whereas, minimum value

(11.74%) was recorded undegZgtreatment combination.

The interaction between calcium, boron and zingulted significant
difference in the fresh weight change (Table 4.4T8)e maximum fresh weight
was recorded under ,B,Z; and minimum fresh weight was recorded under
CoBoZo with a fresh weight of 13.88 and 10.59 per ceedpectively. However,
C.B1Zo, C:BoZ; and GBoZowere statistically at par with each other.

4.4.3 Water uptake (g/scape)

Water uptake (g/scape) as influenced by differasntients are presented
in Table-4.4.1. Perusal of data revealed that waftsiake was significantly
influenced by calcium during whole period of stuaximum water uptake was
recorded by calcium 10.00 kg hé&l17.78 g/scape) followed by 5.00 kg'hd 6.90
g/scape). Minimum water uptake (16.33 g/scape) Wwawgever, recorded by zero
kg ha' of calcium. With boron, there was also a markedatian among boron
levels, with 1.00 kg B hrecorded maximum water uptake of 17.25 g/scape and
zero kg hd recorded minimum water uptake (16.66 g/scape) Zir8.00 kg ha
recorded maximum water uptake (17.06 g/scape) sigdime minimum water

uptake recorded by zero kg of Zri'ha

Perusal of two way interaction data (Table 4.4e®pnled that calcium and

boron interaction had a significant influence ontevauptake of cut tulip
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throughout the period of study. The trend, howedepicted that there was an
increase in water uptake of cut tulip scapes whté increase in the level of
calcium and boron. Maximum water uptake/scape @L§)was recorded by.8,

followed by GB;, CBo, CB, and GB; whereas, minimum water uptake was

recorded under 6By (16.31 g/scape).

The interactions between different levels of caitiland zinc also
influenced the water uptake significantly. The egh water uptake (17.91
g/scape) was recorded undeZCand minimum water uptake (16.31 g/scape) was

observed under ¢Zo.

It is evident from the table that interactions betw boron and zinc also
influenced the water uptake. Highest (17.26 g/scapel the lowest (16.71

g/scape) water uptake was observed wifh;Bind BZ,, respectively.

A favourable interaction of different levels of caim, boron and zinc was
also observed in the present study (Table 4.4.3xiMum water uptake (18.39
g/scape) was recorded undeBgZ;. Minimum water uptake (16.11 g/scape) was
recorded under Ca (0.00 kg HaB (0.00 kg h#) and Zn (0.00 kg Y. However,
C.B2Zy and GB1Z; were statistically at par.

4.4.4 Water loss (g/scape)

Data pertaining to the water loss as affected bgiwga are presented in
Table-4.4.1. There was a decrease in water lossubytulip scapes with the
increase in calcium from 0.00 to 10.00 kg'ha and maximum water loss of
12.33 g/scape was recorded by zero k§Wwhereas, minimum water loss of 10.91

g/scape was recorded under calcium 10.00 Kg ha

Data on water loss as influenced by different bdemels are summarised
in Table-4.4.1. Minimum water loss (11.35 g/scapa} recorded by boron (1.00
kg ha') whereas maximum water loss of 11.89 g/scape eesrded under 8
Data further, depicted that there was an decreasaier loss of cut tulip scapes

with application of Zn at 8.00 kg Ha
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Table 4.4.1:

Effect of Ca, B and Zn on vase life enacters of tulip cv. Apeldoorn (2008-09 to 2009-30

9%

Days taken to flower Fresh weight change Water uptake Water loss
Treatment opening (%) (9/scape) (9/scape)
2008-09| 2009-10 Pooled 2008-09 200910 Pooled 20®8-2009-10 Pooled 2008-09 2009-10 Pool
Calcium (kg ha)
Co(0) 8.00 7.83 7.91 11.32 11.45 11.16 16.41 16|54 .3316 12.55 12.35 12.33
C1(5.00) 7.55 7.33 7.44 12.36 12.49 12.23 16.97 17.1026.90 11.86 11.66 11.64
C,(10.00) 7.05 7.00 7.02 13.24 13.37 13.21 17,87 (8.017.78 11.11 10.91 10.9!
C.Dp<0.05) 0.24 0.26 0.16 0.11 0.11 0.11 0.0b 0.05 0.03 0.050.05 0.06
Boron (kg ha')
Bo (0) 7.61 7.50 7.55 11.92 12.05 11.81 16.73 16|87 .66l6 12.10 11.90 11.89
B1 (0.5) 7.55 7.38 7.47 12.25 12.38 12.10 17.16 17,30 17.101.86 11.66 11.65
B, (1.00) 7.44 7.27 7.36 12.76 12.89 12.69 1735 17.487.25 11.55 11.35 11.35
C.Dp<0.05) NS NS NS 0.11 0.11 0.11 0.05 0.05 0.03 0.050.05 0.06
Zinc (kg ha®)
Zy (0) 7.55 7.44 7.50 12.25 12.38 12.12 17.02 17]15 9516 11.92 11.72 11.71
Z; (8.00) 7.51 7.33 7.42 12.37 12.50 12.28 1714 17.287.06 11.76 11.56 11.54
C.D(p<0.05) NS NS NS 0.09 0.09 0.09 0.04 0.04 0.03 0.04 0.04 0.05
NS = Non-significant
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Table 4.4.2. :Interaction effect of Cax B, Ca x & and B x Zn on vase life characters of tulip cvApeldoorn (2008-09 to 2009-10)

Treatment Days t flower opening Fresh weight change (%) Wateunptake (g/scape) Water loss (g/scape)
2008-09 | 2009-10 Pooled] 2008-09 2009-10 Pooled  20®8- 2009-10] Pooled| 2008-09 2009-10  Poole
Ca x B (kg ha')
CoBo 8.00 8.00 8.00 10.89 11.03 10.69 16.25 16.38 .3116| 12.68 12.48 12.5
Co B, 8.00 7.83 7.91 11.34 11.47 11.13 16.48 16.61 16.54 12.53 12.33 12.3
Co B, 8.00 7.66 7.83 11.73 11.86 11.66 16.5D 16.63 16.66 12.43 12.23 12.2
C.Bg 7.66 7.33 7.5 11.97 12.10 11.86 16.56 16.70 16.63 12.2 12 11.96
C,B; 7.66 7.50 7.58 12.38 12.51 12.17 17.11 17.25 17.0511.86 11.66 11.65
C,B, 7.33 7.16 7.25 12.74 12.88 12.6§ 17.28 17.36 17.06 11.51 11.31 11.31
C, By 7.16 7.00 7.08 12.89 13.03 12.8§ 17.40 17.53 17.3311.43 11.23 11.21
C, B, 7.00 7.00 7.00 13.02 13.16 13.01 17.90 18.03 17.83 11.2 11 11
C, B, 7.00 7.00 7.00 13.81 13.94 13.73 18.31 18.45 18.18 10.71 10.51 10.53
CDp<0.05 0.43 0.45 0.28 0.20 0.20 0.20 0.09 0.09 0.06 0.10 0.10 0.11
Ca x Zn (kg ha?)
CoZo 8.00 7.88 7.94 11.24 11.37 11.04 16.38 16.52 16.31 12.6 12.4 12.38
CoZ, 8.00 7.77 7.88 11.41 11.54 11.27 16.48 16.56 16.35 12.5 12.3 12.28
CiZo 7.55 7.22 7.38 12.33 12.46 12.1§ 16.94 17.07 16.88 11.96 11.76 11.75
CiZ, 7.55 7.44 7.5 12.40 12.53 12.28 17.00 17.13 16.92 11.75 11.55 11.53
CoZy 7.11 7.00 7.05 13.18 13.31 13.13 17.78 17.86 17.65 11.2 11 11.01
CZ, 7.00 7.00 7.00 13.30 13.44 13.29 18.01L 18.14 17.9111.03 10.83 10.81
CD(p<0.05) 0.35 0.37 0.23 0.16 0.16 0.16 0.07 0.07 0.0 0.08 0.08 0.09
B x Zn (kg ha)
Bo Zo 7.66 7.55 7.61 11.87 12.00 11.74 16.77 16.91 16.7112.14 11.94 11.93
Bo Z; 7.55 7.33 7.44 11.97 12.10 11.8§ 16.70 16.83 16.61 12.06 11.86 11.85
B; Zy 7.55 7.44 7.5 12.17 12.30 12.00 17.08 17.16 16.98 11.98 11.78 11.79
B;Z; 7.55 7.44 7.5 12.33 12.46 12.21 17.30 17.43 17.111.74 11.54 11.5
B, Z, 7.44 7.22 7.33 12.71 12.84 12.62 17.38 17.46 17.2511.63 11.43 11.41
B, Z; 7.44 7.33 7.38 12.81 12.95 12.75 17.36 17.50 17.26 11.47 11.27 11.28
CD(p<0.05) NS NS NS 0.16 0.16 0.16 0.07 0.07 0.04 0.08 0.08 0.09

NS = Non-significant
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Table 4.4.3: Combined effect of Ca, B and Zn on vadife characters of tulip cv. Apeldoorn (2008-09a 2009-10)

Days to flower opening Fresh weight change Water uptake Water loss

Treatment (%) (g/scape) (g/scape)

2008-09 [ 2009-10] Pooled| 2008-09 2009-10  Pooled  2m@g- 2009-10] Pooled| 2008-09 2009-10  Poold
Co Bo Zo 8.00 8.00 8.00| 10.83 1096 10.59 16,20 16,33 16.12.73| 12.53] 12.55
CoBoZs 8.00 8.00 8.00| 10.9¢ 11.10 10.80 16.30 1643 16.22.63| 12.43] 12.45
CoB1 2o 8.00 8.00 8.00| 11.18 11.31 1091 1646 166 16.4R.60| 12.40| 12.38
CoB1 2y 8.00 7.66 7.83 1150 11.64 11.34 16,50 1663 116.42.46| 12.26| 12.21
Co B2 2o 8.00 7.66 7.83 11.71 11.84 11.63 16,50 16,63 116.42.46| 12.26] 12.21
CoB2 2z 8.00 7.66 7.83 11.7¢ 11.89 11.68 16,50 16.63 116.42.40| 12.20] 12.18
C1Bo 2o 7.66 7.33 750 1192 12.06 11.82 16,53 1666 516.42.23| 12.03] 11.98
CiBoZy 7.66 7.33 750| 1201 1215 1190 16,60 16.73 516.842.16| 11.96| 11.95
Ci1B1 2 7.66 7.33 7.50 12.33 1247 12.10 17,10 17.23 517.@2.10| 11.90] 11.91
CiBi12Z; 7.33 7.00 7.16 1242 1255 1224 1713 17,26 517.A1.63| 11.43] 11.38
CiB2 Zo 7.33 7.00 7.33 12.73 12.86 12.64 1720 17,33 517.11.56| 11.36| 11.35
CiBx 2y 7.33 7.00 7.16 12.76 12.89 1271 1726 174 17.18.46| 11.26| 11.28
C. By 2o 7.33 7.00 7.16 12.8% 1299 1282 1736 175 17.28.46| 11.26| 11.28
CoBo 23 7.33 7.66 7.50 1294 13.07 1294 1743 17,56 817.31.40| 11.20] 11.15
C,B:1 2o 7.00 7.00 7.00| 1299 13.13 1298 17,53 17,66 8l7.41.26| 11.06| 11.08
C:B1 2y 7.00 7.00 7.00| 13.06 13.19 13.04 186 184 18.33.13| 10.93| 10.91
C. B, 2 7.00 7.00 7.00| 13.69 13.83 13.59 18,30 1843 (18.30.86| 10.66| 10.689
C:B,z; 7.00 7.00 7.00| 1392 14.06 13.88 18,33 1846 918.30.56| 10.36] 10.38
C.Dp<00s) | 0.60 0.64 0.40 0.28 0.28 0.28 0.12 0.12 0.09 0{10.14 | 0.15

il



[2008

g
'E 82009
o
-
g M pooled
o
§]
2
[
[a
Cco Cl c2 BO Bl B2 Z0 Z1
I
7 @ 2008
6 02009
% 3 M pooled
<2 |4
i
g 3
c
(1]
w 2
=]
g 1
®
g 0 1
co Cl Cc2 BO B1 B2 20 Z1
0.8
0.7
.0 2008
§ 0.6
2 _los E2009
= 8 Hlpooled
%80'4 P
W
%"‘QO.B
2 o2
w
2 |01
e
=

Fig. 8 :

Effect of Ca, B and Zn on vase life charaers of tulip cv. Apeldoorn

(2008-09 to 2009-10




The interaction effects of two factors togetherl[€a4.4.2) revealed that
the application of calcium and boron at 10.00 afid kg h&, respectively had a
significant impact on water loss/scape. The treatraembination @B, recorded
the minimum water loss (10.53 g/scape) whereasrtheimum (12.50 g/scape)

water loss was recorded undeBg

The interaction between calcium and zinc levelygdato be beneficial in
decreasing the water loss. The treatment combm&tid, recorded the minimum
water loss (10.81 g/scape) whereas, maximum (If<*@pe) was recorded under
CoZo. The results with regard to B x Zn followed thengatrend with boron and
zinc at highest level of 1.00 and 8.00 kg'heoticed the minimum water loss of
11.28 g/scape whereas maximum water loss (11.92m#$ was recorded under

BoZo with 0.00 kg of B and Zn, respectively.

Perusal of mean values for water loss (Table 44n8r different levels
of calcium, boron and zinc revealed that applicatb Ca (10.00 kg ha), B (1.00
kg ha') and Zn (8.00 kg K8 had a significant impact on the water loss. The
minimum water loss (10.38 g/scape) was recordedeur@B,Z; treatment
combination followed by &B,Z, (10.68 g/scape) and,B:Z; (10.91 g/scape),
whereas maximum water loss of 12.55 g/scape wasrded under €BoZo

treatment combination.
4.4.5 Water balance (g/scape)

Analysis of variance indicated that calcium, boaml zinc levels resulted
a significant variation in water balance (Table-4.dnd Fig. 8).

The water balance produced by different nutrieifteréd statistically at 5
per cent level of significance. Maximum water bakan(6.86 g/scape) was
recorded in calcium (10.00 kg Refollowed by 5.25 in calcium (5.00 kg faand
minimum water balance (3.99 g/scape) was recorddéncalcium (0.00 kg Fa.

Perusal of mean values for water balance undeerdiit boron levels

revealed that application of boron had a significpositive impact on water
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balance. The highest water balance (5.90 g/scaps)olserved under 1.00 kg B
ha' and lowest (4.76 g/scape) was recorded underk® 6@ boron.

Application of Zn 8.00 kg h& increased water balance (g/scape)
significantly and exhibited the maximum water bakrof 5.40 g/scape against

minimum (5.34 g/scape) with 0.00 kg Zn'ha

Two way interaction data (Table 4.4.5) showed thHa interactive
influence of calcium and boron also had a significanpact on water balance.
Calcium at 10.00 kg Waalong with highest level of boron (1.00 kg'haecorded
highest water balance per scape (7.65 g), whergasaom water balance (3.66
g/scape) was observed withBs with calcium at 0.00 kg Faalong with boron
0.00 kg h&.

The interaction between calcium and zinc signifigaaffected the water
balance. Highest water balance (7.1 g/scape) wasded under &, followed
by GZ, and GZ;. However, the interaction between calcium and zin8.00 kg

ha' respectively recorded lowest water balance.

No significant difference in the water balance wesorded under boron

and zinc interaction.

The interaction between calcium, boron and zincelevexhibited a
significant influence on the water balance (Tablel.6). The treatment
combination of GB,Z; produced the highest water balance (7.80 g/scapeh

was significantly more than that ofBsZ, treatment combination
4.4.6 Water loss/water uptake ratio

Data in Table-4.4.4 and Fig. 8 revealed discerni@eation in water
loss/water uptake ratio due to various nutrient imaations. Under the calcium
applied plants (10.00 kg Hathe water loss/water uptake ratio was 0.75 theg w
significantly higher as compared to the water lagstake ratio of 0.61 under
control. The values of water loss/uptake ratio w5, 0.68 and 0.71 undep,B

B1 and B treatments, which were found to be statisticatipsicant.
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However, it is evident from the table that zinc Idounot exert any
significant difference in water loss/water upta&ga.

The interaction effect (Table 4.4.5) revealed tifa interaction between
calcium and boron increased the water loss / waitake ratio significantly from
0.57 to 0.77 with enhancement in calcium and boad@ from 0.00 to 10.00 and
0.00 to 1.00 kg Hj respectively.

Calcium and zinc interaction was found to signifita influence the
water loss/water uptake ratio. With no applicataérCa x Zn, the ratio remained
virtually 0.60, however, with supply of calcium (00 kg h&) and zinc (8.00 kg
ha'), the water loss / water uptake ratio markedlyeéased up to 0.76.

The interaction between boron and zinc did not eaasy significant
variation in water loss / water uptake ratio. Tinéefaction between calcium,

boron and zinc were also found to be insignificant.
4.4.7 Flower diameter (cm)

Data (Table-4.4.4 and Fig. 9) showed that the flodh@meter under vase

was significantly influenced by various treatmemsler study.

Highest flower diameter 10.42 cm was recorded iniwan (10.00 kg ha
1), whereas, the smallest flowers with a diameteB.6D cm were observed in
calcium (0.00 kg hd).

Boron application also affected the flower diametdre tulips receiving B
dose of 1.00 kg hhincreased the flower diameter by 9.76 cm compévedo
application of B (8.55cm). The crop receiving zitwse of 8.00 kg haresulted in

largest flowers (9.37cm) compared to no applicatibminc (9.10 cm).

Perusal of interaction effect data (Table 4.4.5)eated that interaction
between different levels of calcium and boron cdusaesignificant increase in
flower diameter. The maximum flower diameter (11007) was observed in,8;
with 10 kg Ca ha and 8.00 kg of B hwhereas nearly half of this (6.95 cm) was
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noticed in GB, with 0.00 kg ha of calcium and boron, respectively.

The interaction between calcium and zinc levels ewaiso found
significant. Maximum diameter of 10.61 cm was olsedrfor calcium with 10.00
kg ha® and boron with 1.00 kg Hawhileas the minimum flower diameter of 7.72

cm was observed underyLs treatment combination.

Under the interactive influence of boron and zimeaximum flower
diameter (9.95 cm) was recorded with calcium abQ®&g ha with zinc at 8.00
kg ha' whereas minimum flower diameter (8.31 cm) was med with zero kg

ha' of calcium and zinc, respectively.

The magnitude of superiority of,B,Z; over GByZo with regard to flower
diameter was 11.46 cm and 6.31 cm, respectivelyener, GB,Z; and GB1Zy

were statistically at par at 5 per cent level ghdicance.
4.4.8 Scape length (cm)

Discernible variations were observed in scape lengtder vase due to
different calcium levels (Table-4.4.4 and Fig. $he mean values for scape
length in three levels of calcium indicated maximsoape length of 28.93 cm

under G treatment and minimum (26.47 cm) undgrti@atment.

Increase in the application of boron from 0.00 1801kg h& caused an
increase in scape length. The data indicated higitape length of 28.22 cm with
1.00 kg B h# followed by 27.69 cm under;Bnd lowest (27.10 cm) scape length
recorded under $8 Application of zinc produced similar effects, de#pd
maximum scape length (27.86 cm) with the applicatibzinc at 8.00 kg ha

The influence of interaction between calcium antbhdevels in terms of
scape length were significant. Maximum scape le(@#74 cm) was observed in
calcium (10.00 kg hHY with boron (1.00 kg HY whereas (25.65 cm) was
recorded for @B, with 0.00 kg h# of calcium and boron (Table 4.4.5).

The interaction between different levels of calciusmnd zinc also
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influenced the scape length significantly. Highssape length (29.16 cm) was
recorded for GZ; treatment combination with calcium at 10.00 kidred zinc at
8.00 kg h& and the lowest scape length (26.21 cm) was obdéme&,Zo.

Data further revealed significantly maximum scapagth (28.35 cm)
under the influence of &; at 1.00 kg h@& of boron alongwith zinc at 8.00 kg ha
whereas, the minimum scape length (26.88 cm) wasded under §o.

Under the interactive influence of calcium, boramd azinc, maximum
scape length (32.80 cm) was recorded with calcitéh0Q kg), boron (1.00 kg)
and zinc at 8.00 kg Harespectively. Whereas, minimum scape length 09428
cm was observed under treatment combination,BbZy (Table 4.4.6).

4.4.9 Vase life (day)

The vase life registered under different nutri@vels differed statistically
at 5 per cent level of significance (Table-4.4.4 &ng. 9). Maximum vase life of
7.85 days was recorded in calcium (10.00 kg)h@llowed by 7.70 days in
calcium (5.00 kg hd) while minimum vase life of 7.35 day was recordeuier

Co with no calcium applied plants.

Perusal of mean values for vase life under diffelbemon levels revealed
that the boron had a significant positive impacttioa vase-life. The maximum
vase life (7.77 day) was observed under boron (kgdba’) followed by 0.50 kg
ha (7.65 day) and minimum (7.48 day) was recordecetfcdO kg B ha.

Application of Zn 8.00 kg Haregistered a significant increase in vase-life.
Maximum vase life of 7.65 day was observed witt0&@ Zn ha and minimum
vase life (7.61 day) was recorded under 0.00 kg&n

Effect of two nutrients together (Table 4.4.5)wkd that the interaction
between calcium and boron significantly affected ttase-life. Maximum vase
life (7.96 day) was recorded undepBz followed by 7.80 days under;B;.

However, the interactions betweepBs, C,Bo and GB, were statistically at par.
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Table 4.4.4: Effect of Ca, B and Zn on vase lifeharacters of tulip cv. Apeldoorn (2008-09 to 20620)
Water balance Water loss/water uptake Flower diameter Scape length Vase life

Treatment (9/scape) ratio (g/scape) (cm) (cm) (day)

2008-09 | 2009-10[ Pooled  2008-09 2009-10 Pooled  2M@§- 2009-10| Pooled| 2008-09 2009-1|o Pooled ~ 2008{09 09210 | Pooled
Calcium (kg ha)
Co(0) 386 | 4.19| 399 062 | 060 | 0.61 | 8.07 | 7.93| 8.00] 26.16 26.786.47| 7.36 | 7.34| 7.35
C1(5.00) 5.10| 543 | 525 | 0.69 | 0.68 | 0.68 | 9.40 | 9.19| 9.29] 27.28 279x7.62| 7.70 | 7.70, 7.70
C2(10.00) 6.75| 7.08 | 6.86 | 0.76 | 0.74 | 0.75 | 10.37| 10.47| 10.42| 28.54| 29.31 28.93| 7.85 | 7.85| 7.85
C.Dp<oos)y | 0.06 | 0.06 | 0.02 | 0.003| 0.003| 0.001| 0.18 | 0.11| 0.08f 0.24 028 020 0.05 O0pD5 O
Boron (kg ha?)
Bo (0) 462 | 496 | 476 | 0.66 | 0.64 | 0.65 | 857 | 854| 8.55 26.77 27.447.10| 7.48 | 7.48| 7.48
B1 (0.5) 529 | 5,63 | 536 | 0.69| 0.67 | 068 | 9.47 | 9.39| 940 27.3b 28.0x7.69| 7.65| 7.64| 7.65
B, (1.00) 5.79| 6.12 | 59 0.72] 0.0 | 0.712 | 9.80 | 9.72| 9.76| 27.8¢Y 28.3728.22| 7.77 | 7.76| 71.77
C.Dp<oos)y | 0.06 | 0.06 | 0.02 | 0.003| 0.003| 0.001| 0.18 | 0.11| 0.08f 0.24 028 020 0.05 O0pD5 O
Zinc (kg ha®)
Zy (0) 521 | 555|534 | 068 | 064 066 | 9.17 | 9.04| 9.10] 27.1b 27.827.48| 761 | 7.61| 7.61
Z; (8.00) 5.25| 558 | 540 | 0.69 | 0.67 | 0.68 | 9.39 | 9.36| 9.37] 2751 28.2127.86| 7.66 | 7.65| 7.65
C.Dp<oos)y | 0.05 | 0.05 | 0.02 | NS NS NS 0.15| 0.09 0.0¢ 020 0.19 0.6 0J03 (0.0303 (

NS = Non-significant
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Table 4.4.5.: Interaction effect of Cax B, Ca x Zn and B x Znon vase life characters of tulip cv. ApeldoornZ008-09 to 2009-10)

Treatment Water balance (g/scape) Water loss/Water uptake rad Flower diameter (cm) Scape length (cm) Vase lifigm)
2008-09 [ 2009-10] Pooled  2008-08 2009-10  Pooled  2m@d- 2009-10] Pooled| 2008-09 2009-10  Pooldd  2008[09 0920 [ Pooled

Ca x B (kg ha')
CoBo 3.57 3.9 3.66 0.58 0.56 0.57 7.01 6.88 6.95 25,3459 | 25.65 7.06 7.06 7.06
Co B, 3.95 4.28 411 0.62 0.61 0.61 8.43 8.33 8.88 26.326.92 | 26.61 7.46 7.43 7.45
Co B, 4.07 4.4 421 0.65 0.64 0.64 8.76 8.60 8.68 26.887.46 | 27.15 7.56 7.53 7.55
C.Bg 4.36 4.7 4.54 0.66 0.65 0.65 8.98 8.91 8.90 27.187.80 | 27.48 7.60 7.60 7.60
C,B; 5.25 5.59 5.4 0.69 0.67 0.68 9.60 9.48 9.54 27,.287.94 | 27.61 7.70 7.70 7.70
C, B, 5.72 6.05 5.85 0.73 0.71 0.72 9.6[1 9.8 9.45 27.428.12 | 27.76 7.80 7.80 7.8(
C, By 5.97 6.3 6.12 0.75 0.73 0.74 9.71 9.93 9.82 27.828.57 | 28.19 7.80 7.80 7.80
C, B, 6.70 7.03 6.83 0.76 0.74 0.74 10.36 1040 10|38 .4&28 29.24 | 28.85 7.80 7.80 7.80
C, B, 7.60 7.94 7.65 0.78 0.76 0.77 11.05 11710 11j07 .3&9 30.13| 29.74 7.96 7.96 7.96
CD(p<0.05) 0.12 0.11 0.04 | 0.005 | 0.005 | 0.002 | 0.32 0.20 0.14 0.43 0.40 0.4( 0.09 0.09 0.09
Ca x Zn (kg ha?)
CoZo 3.78 4.12 3.93 0.61 0.59 0.60 7.75 7.68 7.2 25.926.52 | 26.21 7.31 7.31 7.31
CoZy 3.93 4.26 4.07 0.63 0.61 0.62 8.38 8.18 8.28 26.427.04 | 26.73 7.42 7.37 7.4Q
CiZo 4.98 5.31 5.13 0.69 0.67 0.68 9.2b 9.42 9.23 27.227.87 | 27.54 7.68 7.68 7.68
CiZ, 5.25 5.58 5.39 0.70 0.68 0.69 9.5¢ 9.16 9.85 27.328.04 | 27.69 7.71 7.71 7.71
CoZg 6.53 6.86 6.64 0.70 0.68 0.69 10.22 106  10j24 .3128 29.08 28.7 7.84 7.84 7.84
CZ, 6.98 7.31 7.1 0.77 0.75 0.76 10.53 10.68 10|61 7728. 29.55| 29.16 7.86 7.86 7.86
CD(p<0.05) 0.09 0.09 0.03 | 0.004 | 0.004 | 0.002 | 0.08 0.16 0.11 0.35 0.33 0.14 0.0 0.97 0.07
B x Zn (kg ha')
By Zo 4.56 4.89 4.68 0.66 0.64 0.6% 8.3¢ 8.28 8.81 26.587.21 | 26.88 7.46 7.46 7.46
Bo Z; 471 5.05 4.86 0.67 0.66 0.66 8.8D 8.40 8.80 26.927.68 | 27.33 7.51 7.51 7.51
B; Z, 5.05 5.38 5.19 0.67 0.65 0.66 9.3 9.40 9.38 27.187.83 | 27.49 7.62 7.62 7.62
B, Z; 5.56 5.89 5.71 0.70 0.68 0.69 9.5p 9.47 9.42 27.588.24 | 27.89 7.68 7.66 7.67
B, Z, 5.7 6.03 5.84 0.71 0.70 0.7( 9.61 9.55 9.58 27.728.43 | 28.09 7.75 7.75 7.79
B, Z; 5.89 6.23 5.98 0.72 0.70 0.71 10.00 9.90 9.95 @7.928.71| 28.35 7.80 7.77 7.78
CD(p<0.05) NS NS NS NS NS NS 0.08 0.16 0.11 0.35 0.33 0.04 070} 0.07 0.07

NS = Non-significant
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Table 4.4.6: Combined effect of Ca, B and Zn on vadife characters of tulip cv. Apeldoorn (2008-09-@09-10)

Water balance Water loss/water Flower diameter Scape length Vase life
Treatment (g/scape) uptake (cm) (cm) (day)
2008-09 2009-10 Pooled 2008-09 2009-1 Poolegl 2008-| 2009-10 Pooled 2008-09 2009-1( Pooled 2008-0p 0920 Pooled

CoBo Zo 347 | 3.80| 3.56| 0.57 0.5¢ 0.5 6.26 6.86 6.8b3 72 | 2916/ 2894 7-00 7.00 7.00

CoBoZ1 3.67 | 4.00| 3.76| 059 0.57 0.58 7.6  7.40 7.58 £29.80.17 | 29.9 7.13 7.13 7.13
CoB1Zo 3.86 | 4.20| 4.03| 0.60 0.59 06p 833 8.23 8.28 29.B0.26 | 29.99 7.40 7.40 7.4
CoB1Z; 404 | 437 420 064 062 0.68 853 8.43 8.48 29.80.27 | 30.04 7.53 7.53 7.53
Co B2 Zg 404 | 437| 4.20| 0.65 0.63 064 8.6 8.46 8.56 29.80.45| 30.15 7.53 7.46 7.50
CoB,Z; 410 | 4.43| 4.23| 0.668 0.64 06 883 8.86 8.85 &9.80.48| 30.18 7.60 7.60 7.6(
C1Bo Zo 430 | 4.63| 4.47 0.66 0.64 06p 886 8.73 8.80 32.B0.5 | 33.11 7.60 7.60 7.60
Ci1BoZ; 444 | 477 4.60| 0.67 0.6¢ 0.6b 9.13 8.6 8.95 4£8.28.91| 28.42 7.60 7.53 7.56
C1B1Z 5.00 | 5.33| 5.14| 0.67 0.6" 0.6p 9.26 9.80 9.28 4£8.29.92 | 28.73 7.66 7.66 7.66
CiB1Z; 550 | 5.83| 5.67 0.7  0.69 0.6P 953 9.46 9.50 &9.80.12| 29.69 7.73 7.73 7.73
CiB2 Z, 564 | 597| 580 073 0.72 0.72 9.3 9.73 9.68 @9.80.6 | 29.86 7.80 7.80 7.80
Ci1B,Z; 580 | 6.14| 590 073 071 0.72 9.6 9.50 9.58 €0.30.82 | 30.33 7.80 7.80 7.8(
C, By Zo 590 | 6.24| 6.00| 0.79 0.73 0.74 980 10{13 9.6 280.30.88| 30.55 7.80 7.80 7.8(
C,Bo 23 6.03 | 6.36| 6.23| 0.79 0.73 0.74 996 9.26 9.61 £30.31.03| 30.62 7.80 7.80 7.8(
C,B1 Z 6.27 | 6.60| 6.40| 0.79 0.73 0.74 10.83 10{46 104m.463| 31.34| 30.75 7.80 7.80 7.8
C,B1Z; 713 | 7.47| 7.27 0.7 0.74 0.76 10.40 10{33 10.3®.58| 32.32| 30.96 7.80 7.80 7.8
C, B, Z 744 | 7.77| 7.50| 0.7 0.7% 0.76 10.63 10{73 10.68.583| 32.32| 31.93 7.93 7.93 7.91
C,B,Z; 7.77 | 8.10| 7.80| 0.7 0.7¢ 0.7f 1146 1146 114@.42| 33.18| 32.80 8.00 8.00 8.0
C.D(p<0.05) 0.17 | 0.15| 0.06 NS NS NS 045 0.28 0.20 049 0[97.70Q 0.12 0.12 0.12
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Plate-5 : Vase life



Though the vase life was influenced by the inteoacbetween calcium
and zinc, yet the treatment combinations ef@&nd GZywere statistically at par

with each other.

Various treatment combinations of boron and zirsulted in significant
variation in vase-life. It is vivid from the datddble 4.4.5) that significantly
maximum (7.78 day) and minimum (7.46 day) vaseMiéze recorded under.B;

and BZ, treatment combinations, respectively.

The difference recorded in vase life in differenitrient levels was
statistically significant (Table 4.4.6). Variousvéds of calcium, boron and zinc
influence the vase life character significantlyeTdpplication of Ca (10.00 kg ha
) with boron (1.00 kg h8 and Zn (8.00 kg hY recorded maximum vase life
(8.00 day) compared to minimum vase life of 7.0@¢sdaunder the treatment
combination of @BoZo. However, GBi1Z;, CBiZ;, and GBoZ; treatment
combinations were statistically at par with eadteot

4.5 Relative economics

On the basis of pooled data of two years (2008+® 2009-10) cost of
production of various nutrients (treatment wisej pectare basis for Tulip cv.
“Apeldoorn” using best nutrient combinations bas@bn the results obtained in
the present investigation, were calculated undehiar conditions (Table 4.5.1)
and got the maximum returns. Total returns by mglthe flower @ Rs.12/scape
and bulb @ Rs.8/bulb were under treatment comlainatf GB,Z;, which gave
maximum net income of Rs 7569100 with cost : bémafio of 1.47.
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Table 4.5.1 : Relative economics (2008-09 to 2009)1

Treatments Returns from yield/ha ~ Gross Total cost of | Net Cost benefit
Flowers Bulbs Bulb lets income/ha | cultivation/ha | income/ha ratio

Co Bo Zo 3000000 5539200 1350000 9889200 5157500 4731700 95 0.

CoBoZs 3000000 5599200 1440000 10039200 5141300 4897900 0.95

Co B1 Zp 3200000 5779200 1320000 10299200 5140500 5158700 1.00

CoB1 2y 3200000 5739600 1320000 10259600 5148700 5110900 1.00

Co B2 Zy 3300000 5880000 1200000 10380000 5147900 5232100 1.01

CoB22Zy 3600000 6060000 1560000 11220000 5150900 606910 1.17

C1Bo Zp 3600000 6019200 1200000 10819200 5150100 566910 1.10

C1BoZy 3400000 6159600 1200000 10759600 5149400 5&020 1.08

C1 By Z 3700000 6180000 1200000 11080000 5158200 5@r180 1.15

CiB1Z; 3750000 6240000 1200000 11190000 5133900 606610 1.18

Ci1B2 2y 3800000 6279600 1200000 11279600 5159000 612060 1.19

Ci1B,Z; 3800000 6459600 1200000 11459600 5144300 681530 1.22

C, Bo Zo 3800000 6379200 1200000 11379200 5133200 6mM6Q0 1.21

C.Bo Z1 3900000 6379200 1200000 11479200 5151600 682760 1.22

C,B1 Z 4000000 6939600 1200000 12139600 5142100 6997530 1.36

C.B1Zy 4000000 6819600 1080000 11899600 5142700 616690 1.31

C, B, Z 4000000 7239600 1200000 12439600 5134700 780490 1.42

C.B,Zy 4000000 7399200 1320000 12719200 5150100 796910 1.47
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CHAPTER -5
DISCUSSION

Various experimental observations were thoroughlreened and
elaborated in Chapter-4. The most relevant andflogadefindings of the present
study are comprehensively dealt and discussedumeter in the light of available

literature.
5.1  Growth and physiological characters
5.1.1 Days taken to bulb sprouting and bulb sproutig percentage

A critical analysis of the data reveals that thpligation of nutrients have
remarkable effect on growth and physiological pasters of tulip. The most
important factor that affects the bulb sproutinguhps is temperature. As all the
treatment combinations in the present study enesedtsimilar conditions, bulb
sprouting in these would be expected to have takace at around the same time.
This is reflected in the non-significant differescamong different treatment
combinations in terms of days to bulb sproutinge Btudies are commensurate
with the findings of Benschop (1980) who noticediatons in terms of days to
bulb sprouting and bulb sprouting per cent. He dlesd that initial days of
planting until emergence, root growth occurs areititrease of the shoot is low.
However studies on crop (De-Hertogh and Le-Nard)31%eterburgskii and
Lyashkoi, 1997) revealed that preplanting treatm&B and Zn induced an
earlier sprouting with increased sprouting perogai@nd vigour of the tulip plant.

5.1.2 Plant height, number of leaves, wrapper leafrea

Plant height which is the important index of gethegrowth
performance of the plant which was found to beaased by the application of
calcium, boron and zinc with different levels indwally as well as in
combination. Several workers have also reportedsthmelar findings. Calcium

and boron have been reported to affect plant graduié to their role in cell
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division and expansion (Marschner, 1995). In tulilg, deficiency was associated
with a decrease in plant height (Nelson and NiddziE998b), probably because
of Ca activates the enzymes involved in mitosis eytokinesis, as reported by
Gislerod (1999). Boron patrticipates in the synth@diuracil, which is involved in
RNA formation and promotes cell division and diffetiation, thus maintaining
the meristematic activity and vegetative growth {8t¢aner, 1995; Jones, 2003).
The plant height and number of leaves showed aadinecrease with the
application of boron at 1.00 kg hamong all the levels, which might be due to
the uptake of boron in optimum dose at the critidalelopment stage. Boron
performs an essential role in the biosynthesisuafres within the plant meristem,
leading to increased translocation of sugars aswatrof auxin stimulated growth.
Similar observations were made earlier by Rajpttal. (2003) in African

marigold and Karthikeyaret al.(2009) in carnation.

Boron at 1.00 kg hhincreased plant height in tulip, the marked inseea
in plant height treated with boron was recorded wufact that it is attributed to
the enhanced cell division, protein metabolism sald absorption. The findings
discussed above are in conformity with reports mhageNaik et al. (2009) in

gladiolus.

Salazar-Orozco (2010) reported statistically sigaiit differences in
quality variables such as height and leaf aredyofith Ca?*. With the increasing
levels of boron, the plant height and number of/ésaincreased (Khan, 2000;
Nath and Biswas, 2002). It has also been reported length of leaf was
significantly increased with calcium, boron andczin gladiolus (Kumaret al.
2003). The effect of soil applied Zn was slowert iuwas more effective in
increasing plant height and leaf and bud countiliurh and chrysanthemum
(Asif, 1974). Zinc at 8.00 kg Hincreased plant height, might be due to its role in
synthesis of tryhtophan and is essential in nitnogeetabolism which stimulates
growth. These findings are in confirmation with Ban and Pal (1993) in
chrysanthemum, Jauhatal. (2005) and Singh and Singh (2004) in gladiolus.
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Nath and Biswas (2002) and Kumegtral. (2003) recorded linear increase
in plant height, number of leaves and leaf areauimerose and gladiolus,
respectively, which might be due to the fact these nutrients activate several
enzymes (catalase, peroxidase, alcohol dehydrogerasbonic dehydrogenase,
tryptophan synthates, etc.) and involve themseineshlorophyll synthesis and
various physiological activities. Adequate supplfy rotrogen and potassium
improves the quality of leaves and flowers prody@e-Hertough, 1980).
Application of boron increased the number of leawedahlia (Khan, 2000) it is
due to the increased translocation rate of sugadsfierent plant parts which is a
basic material for the growth of particular organs.

5.1.3 Physiological characters

Application of increased rates of calcium, borond amnc had a
considerable beneficial influence upon the chlogdipbontent. Katiyaret al
(2005) also supported the similar findings. Ca I thutrient solution has
produced a positive effect on the chlorophyll cohi@ilivojevic and Stojanovic,
2003).

As far as the leaf nutrient content of tulip is cemed, B, Ca and Zn was
recorded higher with higher doses of nutrient aggion. The increasing trend of
calcium might be attributed to limited mobility tife element in phloem (Smith,
1962) and deposition of calcium as calcium peciatemiddle lamella and
replacement of starch deposits by calcium oxalatgstals which help in
sequestering calcium in the leaves. High Ca contelgaves may be attributed to
increased Ca content in soil solution.

High Ca concentration in leaves was due to an asg®f B in the nutrient
solution (Ganmore-Neumann and Davidov, 1993).

Boron has also been reported to increase the rhobflicalcium in plants.
It was observed that a boron deficiency inhibiteal t@nslocation (Yamauclet
al., 1986). Leaf boron concentration showed a gernawitase with increasing
levels of calcium, boron and zinc. Increased leah Bulip might be due to the
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increased availability of boron in the soil.

The maximum level of zinc content in leaves maydhbe to the fact that
greater accumulation of zinc occurs at leaf emargefEmithet al, 1987).
Secondly, young growing leaves and regions, whefenx is differentiating
actively generally have higher auxin level, whishppsitively correlated with the

zinc concentration.

The results of the present investigation may bepayed with the findings
of Pratapet al. (2004) and Kumaet al. (2003) in gladiolus.

52 Floral characters

Calcium, boron and zinc have been traditionally leygd for
improvement in crop production. The chemical feagits in soil sustainability and
crop productivity has already been emphasized él'esidal, 1985; Katyal, 2000).
Result of the present investigations further coméid that increments in calcium,

boron and zinc application caused a significantroupment in floral parameters.

The increase in crop yield and improvement in watih the application of
Ca, B and Zn has been ascribed to the build upithogen assimilation and

synthesis of protein and also as a catalytic aigethe activation of enzymes.

The calcium nitrate was effective in induction wwering in many plant
species by sensitizing the buds to floral stimyBgschmaret al. 1980). In the
present study, application of boron 1.00 kg khowed early bud initiation and
flower opening. Earliness in flowering might be doeoptimum boron, favouring
storage of carbohydrate and its metabolisum thropgiotosynthesis. The
observation is in concurrence with the findingsSafgh and Bhattacharjee (1997)
in Raktagandha roses and Karthikeyainal.(2009) in carnation.

Khan (2000) reported minimum days taken to firetvéér bud appearance
in dahlia cv Swami Lokeswarananda by foliar application of afid B due to the
fact that Zn helps in the synthesis of tryptophad B involved in development of

reproductive organs, acting as early flower indsicétratap et al. (2004)
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explained that the promotion of early flower iniien in gladiolus due to
micronutrient application is because of their ivashent in the synthesis of plant
hormones. The beneficial effect of boron has bdearly withessed through the
treatment with 1.00 kg Ha which showed increased flower diameter, scape
length and thickness. Boron influences the actigftyjnany essential enzymes and
this might have lead to increased flower qualitheTstrongest scapes might be
due to the contribution of boron in building upa#l walls. The results obtained
are in consonance with the findings of Nak al (2009) in gladiolus and
Karthikeyan et al. (2009) in carnation. The earlier reports of Med{1892)
which suggests potassium, calcium and sulphuridefiees have probable causes

for brittle stems and weak flowers lend suppotthi® present findings.

Kumaret al. (2003) reported that Zn, Ca and B induced eaitlevering,
length of floret, spike length in gladiolus. Zinecorded the lowest number of
days taken to bloom, highest spike length, spikameier, flower diameter
(Kumar, 2001). Zinc might have increased the prtidacof ‘Tryptophan’ a
precursor of IAA which is necessary for healthynplgrowth. There was an
increased flower diameter with the applicationCaf* in lilium (Salazarorozco,
2010).

Calcium has low mobility in tulips, and there is tnanslocation from the
leaves to the daughter bulbs (Schmalfeld and Cardlg65). De-Hertoghkt al,
(1978) and Nelson (1998) reported that applicatb@a (NQ), decreased flower
abortion in tulip. Algera (1968) has also showntth#ere is a localised Ca
deficiency in the area of the topple. Stem toppkes waused by inhibition of
calcium absorption in greenhouse conditions (geal, 2001). The internode just
below the flower elongate faster than the rest aatiog to nearly 43 to 77 per
cent of the total post harvest stems elongatioridgte 1971). This elongation is

shown to be regulated by hormonal balance in thedt stalk.
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5.3.1 Bulb characters

Bulbs is the final test to evaluate and justify ttantribution of various
treatments and their manipulations in the fielde Epplication of nutrientsiz.
calcium, boron and zinc were found to induce stgkvariations in the bulb yield

behaviour in the present study.

Calcium (10.00 kg hY, boron (1.00 kg h§ and zinc (8.00 kg K3
recorded maximum number of bulbs per meter sqbégbest weight of bulbs and
bulblets n¥. This corroborates the findings of several redens (Katiyaret al,
2005; Haldeet al, 2007). Zinc plays an important role in reproduetbiology of
plants (Khurana and Chatterjee, 2002). The incréaseumber and weight of
bulbs and bulblets might have been facilitated tuegreater mobilisation of
photosynthetes to the places where bulbs are fariiean (2000) also reported
the similar findings in dahlia cv. Swami Lokeswaaada . An application of slow
release boron produced remarkable increase in yoéldulip (Le-Nard and
DeHertogh, 1993). Highest number of cormels andimar weight of cormels
were obtained with boron-zinc interaction (Haleétral, 2007). This result was
supported by Jhoat al. (1997). Size of corms and weight of cormels wexmntl
significantly increased with boron, calcium andczapplication (Kumar, 2003).

With regard to nitrogen, phosphorus and potassiontent of tulip leaves
(Table 4.1.1), it was observed that N, P and K @oinincreased with increasing
dose of Ca, B and Zn. This was probably as a re$wtrrent absorption and also
may be due to mobilization of macro-nutrients freaurce (bulbs) in plant taken
up through the roots in gladiolus (Prabhat and &rg000).

5.3.3 Vase life characters

The vase life was expressed as number of days Btarting of the
experiment until the flowers could no longer beximre¢d as cut flowers.

The days taken to flower opening decreased sigmfig with the

application of Zn, this may be due to the rapidpymf photosynthates to the
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flowering buds in dahlia (Khan, 200@e-Hertoghet al. (1978) observed that Ca
(NO3), improved fresh weight of cut flowers and increalleder size. Weight of
cut flowers of oriental hybrid lily was increasedthwthe application of calcium
(Choi et al, 2010). The applied nutrients increased dry matteumulation and
moisture contents, thus the weight of flowers mighve increased. In present
investigation, zinc at 8.00 kg hancreased fresh weight of scapes, might be due
to the fact that supplementary micronutrients atévseveral enzymes (catalase,
peroxidase etc.) resulting in an enhanced fresgiweif the scapes. The findings
are in conformity with reports made by Kumar (2060 Naiket al (2009) in

gladiolus.

Calcium plays an important part in maintaining cefegrity and regulates
water uptake (Marschner, 1995; Gilreyal, 1993). Increase in spike weight was
observed by Kumar (2001) in gladiolus with the &mailon of zinc. Boron
delayed senescence of petals by directing theltreatson of sugar to the corolla

and away from the ovary (Aarts, 1957).

The increased scape length and tepal diameterexignded vase life may
be attributed to an improved tissue water statu$ arailability of respiratory
substrate as these are the prerequisite for namatbolism and growth (Khaat
al., 2007). The diameter of dahlia flowers increaded to the combined effect of
Zn and B might be due to the synergistic effecthise two nutrients (Khan,
2000).

5.3.4 Economics

On the basis of pooled flower and bulb yields aves years and cost of
cultivation, the data presented in Table 4.5.1cawid that the net profit and
benefit cost ratio remained highest (Rs 7569100 Rad..47, respectively) with
treatment combination of B,Z;, the gross returns were highest (Rs 12719200)

with the same treatment combination.
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CHAPTER -6

SUMMARY AND CONCLUSION

The present study entitled “Effect of calcium, borend zinc on growth,
flowering and bulb production of tulig¢lipa gesneriand..) cv. Apeldoorn” was
carried out in two consecutive years 2008-09 and92ID at Research Farm,
Division of Floriculture, Medicinal and Aromatic &lits of Sher-e-Kashmir
University of Agricultural Sciences and Technology Kashmir, Shalimar,

Srinagar.

Important findings of the study are summarized andclusions drawn

from the experimental results and discussion arerghere under :

The soil of the experimental plot was silty clayaro with following
characteristics : pH (7.96), electric conductiv{y.54 ds/m), organic carbon
(1.09%), available nitrogen (212 kgHaavailable phosphorus (50 kgHaand
available potassium (84.2 kg Ha A summarized form of the experimental

findings of the study is presented below.
6.1 Effect of Ca, B and Zn on growth and physiologal characters

Nutritional management produced a visible impactten performance of
tulip cv. Apeldoorn under Kashmir conditions. This discernible in the
improvement in vegetative, floral and bulb prodoticharacters of the crop.
While the stature of the plants registered a linearease from 33.9 to 37.10 cm
due to the graded application of calcium, a simiterease was recorded under
the influence of boron and zinc, wherein, the tylignts exhibited a plant height
of about 36.03 and 35.47cm with the applications.@® kg h& and 8.00 kg hH
respectively. Bulb sprouting per cent was, howewet,influenced significantly.
The foliage parameters also depicted an enhancemiilips showed a
differential response to the applied nutrients. Agall the nutrients tested,
combined effect of calcium, boron and zinc provagperior in vegetative

characters, including height of the plants (38.18),cnumber of leaves (5.03
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plant!), wrapper leaf area (179.86 fmleaf calcium content (5.85%), leaf boron
content (28.30 ppm) and leaf zinc content (26.96gtHg

6.2 Effect of Ca, B and Zn on floral characters

The interaction of Ca, B and Zn outnumbered eveisame important
floral attributes like the number of days takerappearance of floral bud (99.38)
as well as days to flower opening (5.00 day), maxmflower diameter (8.96
cm), scape length (25.88 cm), scape thicknesd ({@/8), minimum stem topple
(0.00%) and maximum field life (153.37 day).

6.3 Effect of Ca, B and Zn on bulb characters

All the nutrients exhibited a wide variability irulb characteristics viz.
number of bulbs ranging from 46.16 fopBgZ, to 61.66 for GB,Z;, weight of
bulbs ranging from 704.63 inoByZo to 790.00 in GB,Z;; weight of bulblets
ranging from 271.80 underoBoZo to 417.33 under §B,Z; and bulb production
ratio ranging from 1.15 in BoZpto 1.54 in GB,Z; treatment combination.

6.4  Effect of Ca, B and Zn on post harvest characte

Vase life attributes in terms of days to flower oijpg, fresh weight
change, water uptake, water loss, water balancesrviass/water uptake ratio,
flower diameter, scape length and vase life wegaifcantly altered due to the
influence of pre-planting soil applied nutrientsa((B and Zn) as compared to
untreated control. Among various treatment doations, calcium (10.00 kg
ha'), boron (1.00 kg h and zinc (8.00 kg hY i.e; GB,Z; emerged as most

effective level in improving the overall vase Igarameters of cut tulip.
6.5 Relative economics

Net returns of various treatments indicated thétiwa (10.00 kg ha),
boron (1.00 kg hd) and zinc (8.00 kg K8 gave highest net return of Rs. 7569100
with benefit: cost ratio of 1:47, followed by calm (5.00 kg hd), boron (0.50
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kg ha') and zinc (0.00 kg F3 with net return of Rs. 7304900 and B:C ratio of
1.42.

CONCLUSION

In the light of the results obtained on various easp and available
literature it may be concluded that the morpholafyaharacteristics exhibited by
tulip under the influence of calcium (10.00 kg'haboron (1.00 kg h and zinc
(8.00 kg hd) was significantly superior in terms of vegetatifleral and bulb
attributes and gave a maximum net return of Rs9¥86 having a benefit: cost
ratio of 1:47 and can be utilized for better growitbwering and bulb production

and getting maximum returns under Kashmir valleyditions.

Therefore nutrient management can go a long waypiafitable
commercial exploitation of suitable tulip crop. Anwp the nutrients tested
presently, using a combination of calcium, borod aimc stands out distinctly in
important characters and hence can be commerdaiiz¢he farmers’ fields to

boost its performance for quality cut flower andijproduction.
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APPENDIX — |

Meteorological data of 2008-2009 and 2009-2010

Relative humidity

Month Temperature (°C) (%) R(?Ti]r;;a)l”
Max. Min. Morning  Evening

2008

October 20.81 4.83 84.67 52.54 1.03
November 14.69 0.37 88.89 58.64 2.06
December 12.01 3.00 86.02 59.00 2.08
2009

January 8.27 -0.03 92.09 70.38 2.76
February 10.42 1.02 87.21 61.50 3.81
March 15.65 3.72 81.93 53.00 1.55
April 19.91 6.93 79.30 51.73 2.71
May 24.94 8.96 74.22 51.12 1.64
June 26.22 11.37 72.53 47.23 2.22
September 28.94 10.19 83.76 47.10 0.90
October 22.71 3.55 86.16 45.12 0.06
November 14.08 0.16 84.23 54.33 1.50
December 13.01 0.12 82.11 50.21 1.10
2010

January 8.90 1.00 8.30 62.45 3.87
February 10.90 1.02 88.34 63.40 3.92
March 19.88 4.65 83.12 42.03 1.80
April 20.83 6.48 86.46 54.60 3.36
May 25.00 9.02 76.45 52.88 2.03
June 27.30 12.00 75.01 48.33 2.89

[Source : Agrometerological Observatory, Division of AgrongnSKUAST-Kashmir]
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