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Abstract

The process of flowering involves various hormones produced and translocated endogenously by plants.
Exogenous applications of synthetic hormones have revolutionized the horticulture industry. In
Spathodea campanulata floral part development occurs within water calyces, under watery fluid which is
unique among flowering plants. The present study was carried out to identify plant hormones and
quantify them from water calyx fluid, corolla and calyx tissues of S. campanulata in order to establish the
role of water calyx and the bathing fluid as the exogenous source of hormones for floral development.
Phytohormones viz., IAA, Kinetin and GAs were identified and quantified by using RP-HPLC and were
found to be present and occur in varying concentrations in the bathing fluid and in the floral tissues,
exhibiting quantitative correlation to the process of flowering. It can be concluded that the flower
development and flower opening in S. campanulata is also due the influence of phytohormones present in
the calyx fluid besides the endogenous concentrations of tissues as an exogenous source of hormones.
The present work provides the first preliminary evidence for the water calyx fluid as nature’s exogenous
source of hormones for development of floral parts.
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Introduction

The vegetative-to-reproductive transition is a milestone in entire plant life cycle and the
phenomenon of flowering is the exciting cum integral aspect of plant biology ™. Flower
opening is a process involving sequences of elongation and expansion varying from plant to
plant 1. The whole phenomenon of flowering includes initiation of flower primordia and
development of primordia into mature flowers till anthesis controlled by various factors like
photoperiod, temperature, plant age and growth enhancing hormones. Plant-environment and
gradation in endogenous biomolecules of plants govern flowering . Organic substances like
phytohormones influence various physiological process at low concentrations mainly on
overall growth, differentiation and development . As plant metabolism provides power and
necessary building blocks, it is the plant hormones which govern and accelerate the process of
growth thereby integrating the plant organs. Phytohormones are usually classified as auxins,
cytokinins, gibberellins, abscisic acid, ethylene and epibrassinolide [l Of which auxins,
cytokinins, gibberellic acids and ethylene have been well correlated with flowering © 71, Plant
hormones operate flowering temporally and spatially by varying their concentrations [l. These
small molecules produced through secondary processes by plants regulate many cellular
processes either singly or influences single process as a whole 1. The concentration of the
compounds does not merely control the regulatory developmental processes but it is the
sensitivity of the tissues [, These facts clearly state that the flower structure and flowering
process is the most complex part of any given plant [%, In case of Spathodea campanulata it is
much more complex, peculiar and unique where the floral whorls differentiates and develops
completely immersed in watery fluid secreted by the glands of calyx. The bud liquid is proven
to be beneficial and obligatory for floral development. The fluid is found to be in alkaline
containing various organic compounds, salts and essential osmotyles thus serving as optimum
metabolomics by nourishing the developing floral whorls [ 2 Thus, identification and
quantification of plant hormones during flowering in S. campanulata in the water calyx fluid
and tissues will be providing information on the role of water calyx, the fluid and its contents.

Materials and Methods

Flower collection and sample preparation

Flower buds of S. campanulata were collected from in and around the city of Bengaluru. The
healthy buds were selected and grouped into small, medium and large sizes based on the size
of intact flower buds.
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Hundred ml of the water calyx fluid from each different stage
of buds was collected by using sterile syringe. The collected
fluid was evaporated to dryness by incubating at 60° C in a
hot air oven for 5 days. The evaporated residue was used for
hormonal studies. The calyx and corolla were also collected
separately at different stages of bud development and shade
dried. The dried, powdered material was used for hormonal
studies.

Sample preparation for HPLC analysis

1 gram of each sample was homogenized with 10mL of 0.1M
Phosphate buffer (pH 7). The homogenate was centrifuged at
6000 rpm for 10 minutes at 4°C. The supernatant was
transferred to a clean bottle and evaporated until dry. 10mg of
the sample was used for the further analysis.

Estimation of Auxin

Auxin analysis was done using Reverse Phase-High
Performance Liquid Chromatography (RP-HPLC), C-18
column (Make: Waters, Model: 550; Waters Corp., Milford,
MA, USA, column symmetry with 4-6mm*250mm) at a flow
rate of 1 ml/minute in isocratic mode. Methanol and water in
ratio of 6:4 were used as mobile phase. The standard 1AA
(Indole-3-Acetic Acid) sigma grade with a concentration of
0.4mg/mL was dissolved in mobile phase and a concentration
of 10 mg/ml of the extracted sample was dissolved in mobile
phase. The sample and standard of 20pL was injected and the
elution was monitored at 254nm. The amount of IAA present
in the sample was estimated using the formula,

Sample area x standard amount x dilution x mean
weight/standard area x dilution standard x sample amount

Estimation of Gibberellic acid

Gibberellic acid analysis was done using Reverse Phase-High
Performance Liquid Chromatography (RP-HPLC), C-18
column (Make: Waters, Model: 550; Waters Corp., Milford,
MA, USA, column symmetry with 4.6mm*250mm) at a flow
rate of 1 ml/minute in isocratic mode. Acetonitrile and 0.01%
ortho-phoshphoric acid in the ratio of 6:4 were used as mobile
phase. The standard GA3 sigma grade with a concentration of
0.4mg/mL was dissolved in mobile phase and a concentration
of 10 mg/ml of the extracted sample was dissolved in mobile
phase. The sample and standard of 20uL was injected and the
elution was monitored at 206nm. The amount of GA3; present
in the sample was estimated using the formula,

Sample area x standard amount x dilution x mean
weight/standard area x dilution standard x sample amount

Estimation of Cytokinin

Cytokinin analysis was done using Reverse Phase-High
Performance Liquid Chromatography (RP-HPLC), C-18
column (Make: Waters, Model: 550; Waters Corp., Milford,
MA, USA, column symmetry with 4.6mm*250mm) at a flow
rate of 1 ml/minute in isocratic mode. Methanol and water in
ratio of 4:6 were used as mobile phase. The standard Kinetin
of sigma grade with a concentration of 0.04mg/mL was
dissolved in mobile phase and a concentration of 10 mg/ml of
the extracted sample was dissolved in mobile phase. The
sample and standard of 20uL was injected and the elution was
monitored at 270nm. The amount of cytokinin present in the
sample was estimated using the formula,

Sample area x standard amount Xx dilution x mean
weight/standard area x dilution standard x sample amount

Results and Discussion

Hormones in water calyces
1.2
1.1 _
% 1 a
Eo09 —|n
= 0.8 ]
07
= 0.6
= 0.5
< 0.4 O Fluid
2 03
& Ve OCorolla
< 0.2
0.1 [ [ B8 Calyx
[. -
=1 b= - | — | = @ =2 = —| - —
EEE;E;E:‘:E-;EEBM?HH
s T 3 °|la T 5 C|a § 5§ o0
= = =
TAA GAs Kinetin

Fig 1: Graph showing different concentrations of phytohormones in different stages of water calyx fluid, corolla and calyx

The amount of IAA in the calyx fluid decreased linearly
across different stages of bud maturity with 0.225 mg in small
sized bud, 0.1954 in medium sized buds and 0.1839 mg in
large sized buds (fig 1, 2). The higher amount of IAA in small
bud signifies that it might play an active role in bud initiation
and formation 3. The IAA content increased linearly in
corolla tissue with 0.726 mg in small sized corolla, 0.8366 mg
in medium sized corolla, and 1.056 mg in large sized corolla
and decreased in open corolla with 0.8563 mg (fig 3).

Whether 1AA is found endogenously or exogenously, they are
known to induce flowering [ 51, Since, the fluid is also
reported to contain appreciable amount of amino acids
particularly tryptophan, the precursor for IAA formation
could also be a possible reasons for IAA content It 12, In
calyx, maximum amount of auxin was found in large sized
calyx (0.3518mg), followed by small sized calyx with 0.2772
mg, 0.2334mg in open calyx and 0.2139mg in medium sized
calyx (fig 4). The overall increase in amount of IAA
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estimated during the development of water calyces could be
the cause for rapid elongation of floral buds, expansion of
corolla and other inner whorls as IAA is considered to be the
main regulator in flower timing €1,

Kinetin usually promotes cell division and cell enlargement
171 Kinetin has the ability to promote cell division in the
presence of IAA. Endogenous kinetin also contributes to cell
division. Though, major cell division activity is controlled by
IAA, cytokinesis is governed by kinetin 18, Kinetin in fluid
was found only in small and medium sized buds with
0.018mg and 0.0142 mg respectively (fig 1, 5), which is
similar to the findings of Chen [° 201, Kinetin is known to
increase the number of inflorescences and in promotion of
essential whorls in Jatropha when supplemented [,
Application of kinetin exogenously increases fresh weight,
dry weight, nitrogen, potassium, phosphorous, total
carbohydrates in tissues %2, Similar role may be played by the
kinetin present in the fluid by nourishing the floral whorls
during its growth and development. The presence of kinetin
could be one of the reasons for the floral whorls to develop in
completely alkaline medium as they can mitigate and rescue
plant tissues under saline conditions 23, Abscissic acid and
kinetin plays a significant role in plant-water relation in
regulation of stomata. Flower development is itself energy
driven process and as floral development in S. campanulata
requires watery fluid throughout its development the kinetin
identified might play a role in formation of water calyces 24,

Endogenous gibberellins regulate and initiates flower growth
[25-28] GA; content was found to be maximum in small sized
corolla with 0.9131 followed by medium sized corolla with
0.5554 mg, 0.5038 mg in large sized corolla and 0.3238 in
open corolla (fig 1, 7) which is similar to studies conducted
on safflower 13 29 Gibberellins control the growth and
opening of corolla as well as for normal growth of anthers [,
Gibberellin concentration increase as corolla development
takes place similar to the study Y. Corolla elongation and
expansion is also accompanied by production of anthocyanin
pigments. In order for the corolla to produce coloring
pigments gibberellins are also essential 32 3, GA; content
promotes flower development by increasing number of
essential whorls and inflorescences 2%, The inflorescence of
S. campanulata produces 80-120 floral buds under natural
conditions. All the examined floral buds exhibits good growth
of anther filament and brightly colored reddish-orange corolla
which could be because of the higher gibberellin content
reported in the present study. Water calyx fluid also showed
presence of GAs only in small sized bud of about 0.9663 mg
(fig 1, 6) which could be the reason for the anther-filament
development and anthocyanin production in corolla as these
traits were prominently found all examined smaller sized buds
26 In terms of cellular requirement macronutrients and
carbohydrates could also be promoted by GA3 present in the
fluid 22121,
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Fig 2: Chromatograph of IAA in water calyx fluid; A: Standard; B: large bud; C: medium bud; D: small bud
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Fig 4: Chromatograph of IAA in calyx; A: Open; B: large; C: medium; D: small
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Conclusion

The S. campanulata has a regular flowering rhythm with
different concentrations of examined plant hormones.
Decrease in IAA content in calyx fluid and its corresponding
linear increase in corolla correlates with its size increase and
expansion. It is clearly evident that the phytohormones
studied play a major role in bud formation and floral whorl
development and appreciable quantity of the hormones are
contributed externally from the water calyx fluid beside the
endogenous quantity. Hence, the water calyces with bathing
fluid and its constituents, especially the hormones, provides
preliminary evidence, similar to external application of
hormones, a role in floral development of S. campanulata.
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