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1., INTRODUCTION

Clove, a trozical tree of medium stature, is widely
acclaimed as a spice of international reputation. It is
traditionally grown in a few isolated locations in Kerala,
Karnataka and Tamilnadu, Clove of commerce 1s the mature,
unopened and sunedried flower buds. The soice, whole or
ground has a number of culinary uses., The buds as well as
leaves yileld essential oil on steam distillation, Those
oils are usaed in perfumery, dentistry and medicine. Clove
buds, apart from their use in seasoning of various foods,
are used as a stimulant and carminmative. In ressarch
laberatories involving microscopy, clove oil is widely us-d
as 2 clearing agsent during staining, due to its low refrac-
tive index. Its principal component, eugencl is easily
converted into vanillin, though the use of augenol for this
purpose has b-en largely “discontinued. One of the modern
uses of clove which was evolved during the sresent century,
{s mixing the shredded soice with tobacco for the manufacture
of 'Krotek' clgareties in Indonesia. Cloves have been used
in India since ancient times for fastening the betel quid
or 'pan patl' of sliced arecanut smearad with lime and
wrapped in a leaf of betel pepper.



Clove trees possess a rdistinct periodicity in flower
bearing habit. The four~year cycle has more or less the
followin: habit of flowering. During the deak year §f 100
ner cent production 1s attained, the production in the
following year will be about 23 per cent and the subsequent
twe years will give about 353 per cent and 73 per cent of
the peak year yleld (Kaat anid Polanja, 1992). The yleld of
clove in a particular ysar may appear to be extraordinasrily
high 1f two driest months of the preceding dry season ree
ceive a2 combined rainfall of 300 mt or less. Cornwversely,
the yield decreases considerably {f the two months under

referaence receive 570 mm or mors rainfall.

Thus, {f the conditions within as well as outside
the nlant are congenial at the time of flower bud diff rene
tiation, majority of the buds in a plant will differentiate
into flovers, Informaticn on the r-le of various environe
mental, nutritional and hormonal factors in flower bud die
fferantiation will provide valuable tips for successfil
cultivation of flowering croon nlants. Thesa basic informa-
tion form tha scientific basis for determining the cultural,
manurial an? irrigative requirements and for schoduling them
in such a way that factors within as well as outside the
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plant could be manipulated favourably for bringing about
maximum flower bud differentiation. Such information h:s
been put to practical aponlication in sciaentific culture
of other crop plants like grapes, apple, orange, mango,

apricot, nlum amnx! black pepper,

Information on the ontogeny of flower develonsment and
the site ant time of flower bui differantistion in cren
plants will aid in scheduling farm ogerations like manuring,
frrigation and pruning to the best of advantages. Such ine
formation collected from histological sturiies on flower bud
differantiation has been put to practical use in a nusbar of

eroo plants,
The present study had the following objectivest

1) to find out the time of flower bud differentiation

in clove:

11) to study the site of flower initi:ticn and morshow
genesis of thoe floral parts;

111) to examine the relationship betweeon weather parameters
(rainfall, temperature an’ relative humidity) on one

hari, and flower bui differentiation on the other,
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2, REVIEW OF LITERATURE

Flower initiation marks the transition from vegetative
to reproductive growth in seed plants, It {s a significant
event in the life cycle of these plants. Flowers are metamore
phosad shoots which are produced by modifisd ghoot meristams,
the flower orimordia. The inform:tion regarding blossom bud
differentiation is highly valuable for guiding the actual time
of cultural operations upon which depend ultimately tha yi»ld

and returns of a farmer.

2.1.1 Climatic factors

The role of different climatic factors on flowering of

important crops has been investigated by several workers. /nae
lysis of weather data to examine their possibla impact on
flowaring of plants was conducted by Pickering (1916) who obw
serve:! that the weather of England tended to form a biennial
cycle. He, therefore, considerei! this factor as the main
reason for blennial bearing in apile. ~ccording to Cibbs and
Swarbrick (1930), the variation in time of flower bud “i{fferen-
tiation depended upon the climatic conditions. Okada and
Konakahara (1931) reported that due to fluctuation in climatic



conditions, the average yleld of Sastuma oranges in most
years deviated by about five per cent from the estimated
yield., Inhibition of flowering of Mexican and Guatemalan
type avocados was observad under tropical conditions by
Sedgley and Scholefield (1998)., At 33°C/23°C temperature
regime, the trees had faewer flowers and shorter flowering
period than at 23°c/15%.

2.1.1.1 Iemperature

Apple flower buds formed more readily during warm dry
weather than during cool weather (Gribanovskji, 1960). Cox's
Crange Pinpin apile trees maintained at 24°C in growth cham
bers grew more vigerously than those kept at 17°C continously;
but flowering behaviour was similar at these two temperature
regimes (Tromp, 19M). Lowaring the temperature during the
periocd before harvest did not influence shoot growth, but
markedly reduced flowering of both spur-buds and apical shoot
buds. The findings postulated by Glanfagna amnd Mehlenbacher
(1939) suggested that late flowering in apple resulted from
high hoat and high minimum temperature requirements for bud
growth., Spurs containing flower buds were collected after
completion of the chilling requirement and forced at 19, 19
and 20°C. Bud developmant occurred en all the samoles at 20°C,
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Several studies havae been conducted on grapes on
thess lines., The rnumber of flowers initiated in the bud was
closely relatoad to the temperature during the thrasewesk
period in which the node subtending the buds changed in
position from the apex to ten nodes below (Buttrose, 1969),
Fruitfulness was related to the maximum temperature recorded
over a period of four hours per day (or night) rather than
the tomperature summation., At a temderature of 13°C, there
was little infitiation; but initiation increased to a maximum
at 30 to 29°C., Durquety gt al. (1932) suggested a model based
on a2 Tm (sum of mean daily temperatures) of 24°C for the fore
mation of floral primordia and 14 to 13°C for the abortion
of floral primordia.

Effect of temperature on flower bud differentiation of
various specios of citrus has been investigated thoroughly.
High mean temperature was found to induce differentiation of
flower bwcis in the different species of citrus (Abbot, 1935
Randhawa ani Disna, 1947; Singh and Dhuria 19603 Bajoail am!
Maurya 1963), Mishra ani Yamadagni (1963) found that a warm
season favoured blossom bud iifferentiastion in gripefruit and
as thetemperature rose, the number of differentiated buds ine
creased, On tha other hand, Moss (1969) reported that more

inflorescances were produced at low temperatures in sweoet lime.



The influence of air and soil temperatures on the flowering
of several citrus soecies was studied by Hall gt 3l. (1977).
The bud break was increased by warm soils at 23°C than by
cool soils at 13°C. 1In contrast, the initiation of flowers
on the new shoots was more in cosler days (20°C at day and
13°C at night) than in warmer days (30°C at day ami 15°C at
night).

Singh (19%3) reported that waorm ssason was conducive
for flower bud differentiation in mango. Ravishankar g% al.
(1979) found that a low temperature regime of 19°C/13%C stimue
lated the formation of axillary flowers of mango, while a
high temperature regime of 31°C/25°C had an inhibitory effect
on flowering. Zhu and Shean (1937) found a negative relation-
ship between the number of axillary buds ani temperature.
Axillary flower induction was greatest on trees subjected to
a low temperature treatment of 19°C/13°C for two or more weeks.

Shukla ani Bajpai (1974) showed that floral initiation
fn three Indian €ultivars of litchi occurred about three to
four weels after the fall of daily minimum temporatures below
a level of 10°C. Sedgley g% al. (1993) reported th-t in
avocados grown in controlled envirommental conditions, floral

initiation and early development appeared normal; but further



davelonmant was generally halted at a stage just prior to
the develooment of stamens in flowers, It was, thaeraefore,
presumed that the differentiation of sax organs in avocado

may be sansitive to high temperature regimes.

Smeets (1932) found that in strawberry, flower initiae
tion was comparatively delayad {n the chilled plants than in
the frosh nlants,

Magambo ani Othiano (1933) raeported that early flower-
in? in tea in the exposad containers was due to the interaction
batwaen high day time soil temperatures ani a marked droo in

temparatures at night,

Nalini (1993) observed a ricse in mean temperature at
the »eak period of flower bud differentiation in black pepper,
Subsequently, Rajan (1933) reperted that the maximum and minie
mum temperatures in the preceding summer ani subsequent monsoon
showers, nlayed important roles in triggering the flower bud
differontiation activity. Vasanthakumar (1796) found that a
period of high temperature triggered thas flowering mechanism
in cardamom, which was in turn carried forward during the

rainy period,



2,1.1.2 Rainfall and humidity

In apple, Wiggam (1913) observed that blossom showers
were needed for obtaining a good erop. Collison and Harlan
(1927) an! Degman gt 3l. (1933) pointed cut the influence of
rainfall on flower bud formation in apole.

In citrus, a moisture stress condition was created to
induce flowering. During ths period of stress, initiation of
flower orimordia occurred ani flowering followed on resumoe

tion of irrigation (Monselise and Halevy, 1964),

Perold (1927) observed that in grapas, warm and dry
conditions in the precedin: season favoured flower bud initiase-
tion, Balasubramanyan (1971) found that a temorary water
stross promoted flower bud differentiation in grapes.

Neither high humidity and rain at the time of bleom
nor late rains, influenced the fruit bud 4Aifferentiation
during the following year in mange (Singh, 19697). Chacko and
Randhawa (1971) observed that heavy rains during the seried
of flower bul initiation stimulated vegatativas growth at the
expense of fruit production, Ravishankar gt zl. (1979) obser-
ved that drop in th» night temperature and humidity enhance
flower bud initiation.
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In coffee, a gregsrious flewaring plant, detailed
studies have bean conducted on the ecoshysiclogical aspects
governing flowering (Alvim, 1957). Based on his studies in
the coastal humid regions of Peru, where tnternal water noten-
tial of the plant {s not controlled by transoiration but by
the available soil moisture, he opined that flowering srima=
rily depended on rainfall distribution followed by a paried
of stress. He found that under conditions fivouring high
transpiration rate, the moisture stress coul?d not be controlled
either by irrigation or by keeping the plant in nutrient solue
tion, Rees (1364) observed flowaring in coffee after the
receint of the first showers in plants kept watered in dry
season., Alvim (1973) further observed that the water noten-
tial of coffee nlants were controllad by humi{ity; but ratne
fall incroaset the relative humidity and {nfluanced the water
potential, thus influencing flowering indirectly.

Alvim gt 3al. (1972) observed that a moisture stress
inhibited flowering in cocoa. Two tynes of flowering were
observed i{n cocoa, the 'normsl' one {n March to July and a
‘crazy' flowaring or lean flowering, at the ond of the dry
period,

The influence of rainfall on the productivity of c-shew

was evident from the investigations of Veer-:raghavan ant



Vasavan (1979) who stated that a well distributed rainfall
during October an+ November months was resquired for the

optimum flowering and fruit set in cashew,

In pepper, Nalini (1933) observed flower bud initia-
ion to be triggered by tha receint of pre-monsoon showers,
after a long spell of dry weather. Subsequently, Rajan (1373)
also confirmed the beneficial effect of rainfall on the

flower bud differentiation nrocess in pepper,

2.1.1.3 Light

There is enough evidence for suggesting a quantitative
rola of light on flower bud initiation. Many raports iniica=
ted that shading of apple trees reduced flower bud initiation
(kraybill, 19233 Auchter gt al. 1926; Jackson and Sweet, 1972)
and thers was evidence that the same effect occurred in

apricot (Jackson, 1969) and also in peach (Kraybill, 1923).

There was more initiation of flower buds in Vitis sn.
under high light conditions (Baldwin, 1964). Mcre orecisely,
May (1963) had shown that eventhough shading of Vitis leaves
did not reduce flower initiation in the buis situated in the
axils of shadad leaves, sha'‘ing of the individual buls reduced
the number and size of inflorescence primordia., Koblet (193%)
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reported that shading during fruit bud differentiation caused
reduction in the number of infloresconces and delayed bud
break in the following year,

2,1.2. Nuteitional factors

Fisher (1903) was the first to establish the relatione
ship of carbohyidrate and nitrogen as one of the most fimportant
factors resoonsible for fruit bud fermation, Subsequently,
Krasus an! Kraybill (1913) reported that the concentration of
sugars sho:uld be greater than that of nitrogenous compounds
for successful flowering in tomatc. They stuiled the seasonal
changes in carbohydrate reserves and nitrogen content of

various crop slants.

In apple, as early as in 1929 Murneek rsported that

. flewering was charactaerised by a marked increase in all active
forms of carbohyirates and nitrogen in the organs of bearing
spple trees. Total sugar and soluble nitrogen contents were
very high at full blecom. Total nitrogen also attained the
maximum level at flowering time. Hooker (1930) observed
higher amounts of total nitrogen in the spurs of bearing

trees as compared with\thoso of non=bearing trees and osronosed
that the ratio of starch te nitrogen was a better initication
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of the tendancy of apple tress tc form flower buds than the
ratio of carbohydrate to nitregen. Faby an® Nauman (1995)
found that when N reserves were high, flower buds of apple

opened early and the percentage fruit set was also imorovad,

In some preliminary stuiles concerned with the ohysioce
logy of flowering in mango, emchasis was laid on the importance
of a high CNN ratio as a causative factor for flowering (Naik
and Shah, 1937; Sen, 1946 and Mallik, 1933). Later resear-
chers also attemplted to establish a correlation betwesn high
carbohydrate accumul stion and flowering,

singh (1960) found a high level of total nitrogen in
the defoliated shoots of Dashehari variety of mango and a
low level, in the fruited shoots. Chacko (1993) found high
level of nitrogen prior to frult bud differentiation, which
was observed in the case of carbohydrates also., Suryanarayana
{1990) obsarved that though there is a general increase in
the CN ratio of the leaves from April to November, its peak
level did not synchronise with the time of flower bud differens
tistion in the six varietioss stuiied, Ravishankar and Rao
(1932) found that with regard to carbohydrate’/nitregen ratio,
when the soluble carbohydrate fraction showed a marked incraase
during the period of fruit bud differentiation, the ratic in
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respect of insoluble carbohydrate fraction rejistered a
decline, The U/ ratic in respect of total carbohydrates
also declined during the period of fruit bud differentiation,
Experiments conducted on grapes showad that axillary buds
which developed after pruning differentiated into flower
buds within 40 to 90 days, when the C/N ratio was optimum
(Thom=s an’ Baernard 1937; Shantha, 1963; Rao and Suryanarayana,
1978). Chadha and Cheema (1371) observed that in Perlette
cultivar of grapes starch accumulation favoured flower bud
{nitiation. Bajua ani Bindra (1992) reported that reducing
sugars were high in 'Perlette' before full bloom; but in
Thompson see'less' they ware high during berry develosment.

Harding gt al. (1962) in sweet oranges and Alyappa
at al. (1963) in mandarin oranges observed that thes leaf
nitrogen content was high in the none=fruiting branches than
in the fruiting branches. Jones g% al. (1977) correlated
the alternate bearing behaviour of Valencia orange with the
carbohydrate reserves of the trees and found that these
reserves in the trees were reduced by an ‘'on' croo. In an
toff' cron following this, the carbohydrate levels wers not
found to be consistent.



Gopal gt al. (1973) found that in coffee, uniform
flower bud enlargement and opening inteo normal flowsrs wers
positively correlated with the starch i{ndex (reserve carboe
hydrates) on the wood,

Bai and Ramadasan (1976) reported that in coconut,
the changes in carbohydrate fractions in the leaves followed
a definite pattern year after year, under rainfed comditions.
In young palms, they found a sharp increase in the soluble
fractions beyond July which, in turn, was found related to
the commencement of flowering. Ramadasan and Mathow (1977)
found that the commencement of first flowering in coconut is
preceded by a high CN ratio. Thareafter, Bal and Ramadasan
(1982) observad that neak female flowsr oroduction occurred
during the summer months when the starch contant &{n stems

and leaves ware the maximum,

Nalini (1933) observed that in black pepper, the total
soluble carbohydrates, nitrogen ant! CAN ratio of two tyoves
of lateral branches ani new shoots varied considerably during
different growth cycles. Howsver, the C/H ratio exhibited
two peaks, the first synchronising with the differenti:tion
of flower buds and the secornri, with the step-up of flower
bud differentiation activity. Rajan (1933) 444 not observe



any significant correlation between the carbohydrate content
and C/N ratio with flower bud differentiation in black pepper.
However, an accumulation of carbohydrates and a build us of

C/N ratio were recordes prior to fseak differentiation,

Vaganthakumar (1996) observed a hich status of carbo-
hydrates at the panicle initiation and flower bul develooment
stages of cardamom., This helned the accumulation of carbohye
drates, thus favouring the ieveloiment of flower budis in

cardamom,

2.2 Histoloaical basls of flowor bud Alfferentiation

In its gross details, *he morshology of flower initiz-
tion exhibit certain specific features characteristic of a
species of nlant. In some plants, the shoot apex having
functioned as vegetative meristem for sometime, directly
transforas into flower srimordium, In others, flower primordia
are initiated laterally, while the terminal meristem of the
shoot remains in the vegatative phasa or ceases active func-
ticn. In yet another group, which produce inflorescence
primerdium, individual flower Hrimordia are formed at a
1ater period on the inflorescence srimordium in a spatial

sequencae (Lang, 1963). GEventhough cartain details vary from
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species to specles, the principal features which distinguish
a flower primord;um from a vegetative orimordium remsin more

or less the same in many seed planmts,

In many crop plants, the vegetative anex is characte-
rised by a conical shaps, as observed in mange (Singh, 1969),
grapes (Chadha and Cheema, 1971), strawberry (Pathak and
$ingh, 1977) and jasmine (Subramenian and Shanmugavelu, 1990),
Shukla an? Bajpal (1974) found that orior te differentiatien,
the apical bud of a vegetstive shoot is dome-shaped in litchi,
with a uniform curve and surrounded by leaves, Nalini (1933)
observed three distinct stages in the development of vegetae
tive buds in black pepper. In the initial stage, the vegeta-
tive primordium was conical, undiffarentiated and surrounded
by leaf sheaths, which elongated as growth progressed. Rajan
(198%) also found that the vegatative bud was conical in
dlack pepper surrounted by leaf srimordia.

Investigations on the physiology of flowering in
gcardamom by Vasanthakumar (1996) showed that the apical meri-
stem appeared broadly conical during the initial stagaes, with
prominently nucleated cells,

Transition stage
Broadening and flattening of ths apical meristem with



two lateral orotuberances, one on either side of it, was
established as the phonomenon of blossom bud differentiaw
tion in citrus (Abbot, 1733; Randhawa and Disna 1947; Singh
and Dhuria, 1960 and Mishra snd Yamadagni, 1963),

Fruit bud initiation and differentiation in grapes cv,
Anabwe=Shahi was studied by Rajaram gt 3l. (1964)., They
found that the apical primordium of the bul, consisting of
the apical meristem, elongated and inturn produced several
lateral cutgrowths viz., the primordia of leaves, bud scales,
inflorescences and tendrils, Chadha ani Cheema (1371) obser-
ved that the leaf nrimordium of grapes was pointad whoreas

the cluster s>rimordium appeared broad in shane,

In mango, Singh (1953) observed high meristematic actiw
vity marked by the origin of bread conical protuberances in
the axils of scales, as the sign of fruit bud differentlation,

Mishra an’ Bajpail (1973) observed flattening amd broaden=
ing of the crown during fruit bud differentiation 4in jamun,
After this, a rapid elevation on both the sides of growing
peint was observed, In litchi, Shukla and Bajpai (1974) ob-
gserved that the bud flattens and broadens with a rapid eleva-
tion on both the sides of the growing point. In strawberry,
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the initiation of fruit bud differentiation was found to de
accompanied by flattening as well as broadening at ths too
and by the appearence of an irregular outline of the growing
point (Pathak and Singh, 1977),

Buban and Faust (1982) narrated the histology of
flower bud Adifforentiation in apole, employing the tunicae
corpus theory, Whsn the vegetative apex received a stimulus
for diffarsntiation into a flower bud, the mitotic activity
became rapid in the entire apex, thereby chanqging the histo-
logical structure of the apex.

| In black papper, two undifferentiated conical srimordia
appeared which was seen surrounded by leaf sheaths (Nalini,
1933), This was suggested as the first sign of flower bud
inftiation. Later, Rajan (1793%) observed a change in shape
from conical to hamispherical as the transition from vegeta-
tive to floral phase in black pepper which was accompaniad

by hich meristamatic activity in the primordial apex.

Histological studies on the flower bud differentiastion
of cardamom by Vasanthakumar (1936) showad that the nanicle
(inflorescence) meristem was a flattene! zone. Later, this

assumad an arcelike structure. The raceme initials that
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sppeared on thsa panicle primordis were larger than those of
the leaf arimordiz that apneared on the shoot meristems.

Develooment of floral orimordias

During the transition, the shoot maristem was reducad
in size and 1t induced devalonment of sepals, petals, stamaens
and carpels, in nlace of leavas. Th2 pattern an? timing of
flower initiation varied from species to sorecies. Thus, the
flowers devaeloped in terminal or axillary positions and they

wers eithar single or grouped into inflorescence.

The characteristic mode of growth followed by the
{nfloresceance orimortium in grapes, as observed by Thomas
and Bernard {1937), showed a tandency to originate numerous
growing apices., The primordium was 2 comolex branched system
whereas the branchos elongated slowly but continued to Aivide
raplidly, Almost the same mode of growth was observed in
grapss, cv. Perlette, by Chadha and Chesma (1971).

The whole process of develooment of flower primerdia
in strawberry, cv. "usa Zarly Dwarf was divided into four
stages by Sharma ant Singh (1930), First, thaere was broaden-
ing and flattoning of the undiifferentiated primordia. Soon
after this, the growing point began to elengate with simulta-
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neous lengthening of the stalk., New growing points were
observed at the bases. Appearance of sepals and petals in
the primary flowers was the next stage, followed by the deve-
lopment of rudimentary stamens and pistils on the receptacle.

The fruit bud differentiation in mango could be divie
ded into four stages (Sen, 1943; Gunjate gt al. 1977 2nd
Ravigshankar g% al., 1979). After the hich meristematic
sctivity which marked the baginning of differentiation, the
buds became plump and conically protruded. The main axis
slongated, while the »rimary and secondary branches showed
loding indicating the formation of a flower cluster. In the
fourth stage, the scalas loosened indicating the "bud break”
stage. PFurther elongation of the axis and loosening of the
sgales rendered the bud to enter the "bud burst® stage, which
marked the most advanced stage of fruit bud differentiation,
}ﬂu floral parts developed in tho order of sepals, petals,

stanens anl carpels,

Histological studies on the flowering behaviour of
coffee, Alvim (1973) observed flattening of tha apical grow.
ing point with subsequont development intc two flower primor-
dia. Thay developed intc two lateral dome~shaped growing
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points which produced aiditional lateral flower buds result-

ing in an opoosite decussate inflorescence.

Mishra and Bajpal (1973) reported that in jamun the
salyx primordia initiated at an early stage which further
elongated and differentiated into calyx lobes. At this stage
the centre appeared as a semicircular mass of tissue, Later
on, the primordia of corolla lobes differentiated 4in the
anils of calyx. After 2 time lag, the primordia of stamens
sppeared from the base of corolla lobes. The carpels diffe-
rentiated at the end from the central mass of tissuas, Thus,
the floral sarts developed in acropetal succession.

Experiments on the blossom blology of black penper,
Nalini (1983) fdentified five distinct stages in the develoo=
ment of flower buds, Two undifferentiated conical nrimordia
surrounded by leaf sheath were observed in the first stage
which indicated the bacginning of flower bud Aifferentiation.
One of these nrimordia broadened and flattened during the
lstter half of tho first stage. Tho second stage was charace
terised by the appearance of 2 doma=-shaped structure at the
spex of the broadened orimordium which indicated the spike
initiation stage., In the third stage, a structure ressmbling
the spike was observed which denoted the floral initi:tien,
Differantiation of floral parts were observaed in the next



stage. Stamen and pistil primordia were recognisad towards
the end of the fourth stage. Appearance of stamens and
ovaries in the fifth stage marked the end of flower bud
differentiation process.

Subsequently, Rajan (1993) observed that during the
transition stage in black pepper, the vegetative apex apprie
red flat which later transformad into a convex hemispherical
structure with the configuration of a mantle core, During
the naxt stage, spike initiation was noticed. Tho meristem
then devaloped into a dome.shaped structure and the solke
primordium {nitiated. The next stage was characterised by
the initiation of nrimordial bracts ani flowers on the sides
of the cylindrical srimordium 4in acropetal succession. He
observed that the floral ontogeny of tha female/h>rmoohrodite
flowers and that of the male /hermoohrodite flowers were quite
distinct in black pepper. In the former tyne, the ovary
wall developed from the peripheral area and inside this
structure, ths differentiation of integuments took place.

In the male/hermophrodite flowers, the flower primordial
developmont lod to two to four short stamens.

Vasanthakumar (1996) reported that in cardamom, the

raceme initials em-rged in spiral whorls at the panicle apex.
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They were seen encircled by floral bracts. The floral
initials developed further,

2.3 Time of flower byi differentistion

The tima of flowsr bud differentiation varios depend-
ing on the cultivar, location and environmental factors.
Flower bui differentiation in swest orange took slace during
Jamuary in the northern hemisphere (Abbot, 193%; Ayalen and
Monselise 1964). Under Dalhi conditions, the blossom bud

differentiation in sweet lime (Citzus lla~tioldag) was also
observed in January, as reported by Singh amd Dhurtia (1969).

Bergh (1933) reported that in apsla, ev. Starking,
the differemtiation of reproductive structures initiataed
during the first week of January whereas Tanura gt al. (1997)
obsexved that flower bud initiation occurred betwesn the
mdddle and ond of June,

Flowar bud differsentiation in grapes has been resorted
to take slace during the period sreceding the fruiting season
(Bernard, 1932; Rajaram gt al., 1964 and Chadha and Cheema,
1971). Krishnamurthy gt al. (1762) observed that fruit bud
fnitiation in grapes, cv. Anabea.Shahi{ was found to bs about
sixty days from the d:ote of oruning. Undar Australian
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sonditions, the first evidence of the differentiation of
floral parts was observed {n the sprin;g fo- Sultana grape
vines (Scholefiald, 1973).

In mango, wide variations have been raported in the
tine of flower bud differentiation from year to year, place
to placa and cultivar to cultivaf (Singh, 1933), Under the
soastsl climate of Konkan, Gunjate gt al. (1977) observed
saximum frutt bud diffarentiation in Alphonso variety of
mango during September-Cctober period. Ravishankar gt al.
(1979) reported that in Dharwad which had a savannah climate,
the inltiazion and A1fferentiation of Alphonso’reached a
peak in mideNovember. They observed that in Totapuri, a
regular-bearing mango cultivar, tha time of fruit bud initia-
tion and differentiation was about a fortinight earlier when
cempared to the cultivar Alphenso.

Nalini (1993) reperted that in black pepper, flower
bud differantiation eccurred only in the new shoots that
arose from the laterals. A spurt of flower bud differentia-
tion activity was observed immaediately after the receiot of
the pre-monsoon showors and maximum flower bud differentia-

sion occurred during June-July. Rajan (1993) observed that



4he total time taken for differentiation of the flower buds
in black pepper was about 2% days,

2.4 Microtechnigue

Differont mathods of killing amd fixing, dehydration
and infiltration have been suggested for nrocessing plant
materials for microtome sectioning., Bernard (1932) and
Snyder (1933) used FAA (Formalin Aceto Aleochol) for killing
grape buds, Johansan (1940) also describsd FAA as the most
widely used fixative in which plant soecimens could be kept
indefinitely without appreciable damage. The same was used
by Randhawa and Disna (1947) and later by Mishra and Yamatagni
{1963) in citrus., Further svi-ences for the affeciiveness
of FAA as an 1deal fixative was cleoar from the works of
Mishra and Bajpal (1973) in Jamun, Gunjates gt al. (1977) in
mango, Pathak and Sinch (1977) and Sharma and Singh (1990)
in strawberry and Subramonian and Shanmugavelu {1931) in
Jasmine,

Among the different methois of dehydration studied by
various authors, graded series of tertiary butyl alcchel
(TBA) -isoprooyl alcoholewater mixture was found %o be >romnise

ing. The odour of TBA was also found quite agreeable for its
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wide sprea? use in experiments involving microtechnique
(Sass, 1931), Ethyl alcohol, which was used widely earlier,
was found to cause shrinking and hardening action on the
tissue (Johansen, 1940). Sass (1951) suggested that isoe
propyl alcohol, which can ba nurchased without restrictions,
could be used in exactly the same mamnmer as rather scanty
ethyl alcohol for the purposes of dshydration, along with
TBA,

Johansen (13490) and Sass (1751) reported that Saffranin
and Saffranin combinations were the most impertant and
suitable stains for morohelogical and cytological studies,
They found that Saffranin stained the lignified, cutinized,
suberized and chitinised structures as well as tha chromosomes,

micleol!d and centrosomes,



MATERIALS AND METHODS




3. MATERIALS AND METHODS

Investigastions on flower bud difforentiation in clove
were carried cut at the College of Agriculture, Vellayani fron
August 1996 to Dacenmber 1937, Bearing clove traes (seven
years old) at the Instructional Farm, 2ttached to the College
wera utilis~d for the stuly, These clove trees recelived
uniform cultural practises as per the packags of nracticss

rocommendationg of the Kerala Agricultural University (19335).

For studying the carbohydrate and nitrogen reserves in
relation tc flower bud differentiation, leaf samplos were
collacted from five clove trees salscted for this purirose,
From each tree, four sam>les woras collected for chemical znaw
lysis st fortnightly intervals frem 15th April 1937 o 33th
Decomber 1937, The leaf samples were labelled, dried in an
oven at 69°C for 43 hours and powdered, using a grinder to a
fineness of 14 mesh. The tetal soluble carbohydrates and
nitrogen content {in the powdared plant materi:l were sstimated
and correlated with flower bu! differentiation,
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Total soluble carbohydrates in the sampleos wera detere
mined colorimetrically as per the method suggested by Deiraz
(1961). Nitrogen in the sam>lses were =stimatad by the micro-
kjeldhal method,

%.1.2 Glimatde factors

The data on the meteoroloqical paramotars were collectad
dally from the mataorological observatory in the campus. From
the dally mean data t:bulated, fortnightly averages ware Come
puted for mean temperature, relative humi-iity, rainfall and
sunshins hours. These parameters were correl:ted statistically
with the data on flower bui differantiastion.

3,13 Ce

The influsnce of climatic and nutritional factors
on flownr bud diffarentistion ware a28s»ssed by correlate
fng the data obtalnet durin- e:ch fortnisht with that of
the data on flower bud differentiation (lag zero). In
sddition, the climatic factors Hturing tha fortnicht imme-
diately preceding (lag 1) were correlated with the data
on flower bud differentiation during a particular fortnicht,
Similarly, the climstic factors during two fortnights before
the period of flower but differentiation Auring a particular
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feztnight were also correlated (lag 2). Likewiss, analyses
were sonducted upto lag 16,

%.2 Histelogical studies

3.2.1 gSelection of matexisl

Fer studying the site and stages of flowsr bud diffe-
rentiation, five tress were salected, Seventy five branches
were tagged separately on each tree. From the tagged branches,
four shoot-tips per plant were collected randomly at forte
nightly intervals, commencing from the first fortnight of
April, 1997 to the second fortnight of December, 1937. The
specimens (shoot tips) were collected during the morning
hours snd they were then separated, labelled and processad
as per the standard microtechnique procedures (Johansen, 1949),

3.2.2

FAA (FormalineAcetoeAlcohol), a2 widely used fixaltive
(Sass, 1940), was used for killing and fixing the plant specie
nens, The plant spocimens wers keot imnersed in glass specimen
tubes (1.5 cm x 7.0 em). Tha tubes were then laballed, closed
with tight fitting corks and stored under room temperaturae.
FermalineAceto-Alcohol (FAA)

Ethyl alcohol (99%) - 30m

Glacial acetic acid - 35m



Formaldehyde (40X) - 17 ml
Distilled water - 35 nml

32,3 Dehviration

The specimens were stored for one week in FAA and the
gseries of dehydration started subsequently. Two methods of
dehydration were tried, The killad spocimens were passed
through a graded series of ethyl alcohol=xylene sclution as
{ndicated below:

Spacimens from FAA

Necanted and flooded with Selution I (12 hrs,)
Decanted and flooded with Solution II (12 hrs.)
Decanted and flooded with Solution III (12 hrs,)

Dacanted and flooded with Solution IV (12 hrs.)

Grade Number Absolute Xylene
ethyl alcohol ml)
(=)
Solution X i) 25
Solution II 30 3
Selution IIX 29 ™
Solution IV 0 130

A seconi set of spacimens were passed through a graded
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series of Lsopropyl alcohol-tertiary butyl alcohecl solution as
indicated delows

Mhtm from FAA

- Desamted and flooded with 30X isopropyl aleohol (3 hrs,)
Desanted and flooded with solution I (3 hrs.)

Pesanted and flooded with solution IXI (12 hrs.)

Decanted and flooded with solution III (3 hrs.)

Desanted and flooded with solution IV (3 hrs,)

Decantad ani flooded with sclution V (12 hrs.)

Rinsed with three changes of tertiary butyl alcohol (TBA)

Flooded with THBA in the last change (12 hrs,)

Grade Isopropyl Tertiary Water
NHumber alcoho butyl alcchol
(ml) (ml) (md)
I 30 10 40
11 50 20 0
111 %0 a3 13
v 30 50 —
v 2% B -—

Based on the two methods of dehydration tosted, the
TBA (tertiary butyl alcohol) method was found suitable for




the specimens of clovae, in terms of firmness of tissues,
absence of shrinkage of tho orotoplasm and absance of dise
tortion of cell walls and contents. Consequently, the TBA
series was aropted for further dehydration of all the speci-

3.2,4 Paraffin infiltration

Immoediately after the last stage of daehydration
series, infiltration was started, Chips of paraffin wax
containing ceresin (m.p.38-60°C) were added to the specimens
in tertiary butyl alcohol. The addition of paraffin was
contimuad till a layer of undissolved wax remained on top of
the solution. The specimen tubes were then corked and nlaced
in an oven at a temperature of 53°C. The specimen tubes were
then taken cut, one-~half of the solution decanted, an equal
quantity of paraffin added and the tubes were replaced into
the oven quickly. The melted paraffin in the soecimen tubes
were partially replaced as described above at intervals of
four hours. The melted paraffin was then poured ocut and
replaced complately with pure paraffin. After keeping for
four hours 2t 60°C in the oven, another comnlete replicement

of paraffin was done to remove all the traces of the solvent.



3.2.3 [imhedding

Paraffin wex with ceresin (m.p.53-60°C) was used
for embedding the specimens. Embedding was done in boats
wade of 7.0 cm x 4.5 cm pleces of stiff paper with slightly
glazed surface. The paraffin wax containing the spscimens
were then poured into the boats. The specimens were arrane
9d in a proper order with 2 heated needle before the soldie
ficstion of wax, A distance of 1 cm was given between the
neighbouring soecimens. The identity of different specimens
weze noted, After hardening of the wax, the paper boat was
stripped out and the paraffin blocks containing the specimens
were separated.

3.2,6 Microtomy

The paraffin blocks were cut into oieces such that cne
plece contained one spacimen, The aedges of the siosces were
trimmed to make the surfaces flat and uniform,

For microtome sectioning, the paraffin blocks were
fastened to metal mounting blocks. Hot paraffin was added to
the top of each mounting block to form mounds and was allowed
to solidify. The bottom of each embedded plece was then
heated, pressed firmly on the top of the mounting blocks and

held in contact till the wax coolaed down, A fillot of paraffin



‘Whs also made around the embedded specimen bleck to provide
& {irm basement. Excess paraffin was then removed and the
#ides of the block, levelled. Sections were cut from the

~ paraffin blocks at a thickness of 1012 Mo using a rotary

sierotome.

3.2.7 Affixing paraffin gactions %o the slides

The sections were obtained in the form of ribbon., The
ribbon was cut into suitable size of about 5 cm and floated
in lukemwara water., The slide was then brought bensath the
section{s) so that the section{s) stuck on to the slide. The
eeess water was drained off,. The slides were then immersed
- 4n coplin jars filled with xylene ani the sactions were doe
waned,

32,8 §taining
Soctions affixed to the slides were stainod by {mmerse

ing in staining jars containing various preparations of stains.
Saffranin and SaffranineFast Creen combination wers tried,

Saining chart for Saffranin

Pre-staining
Xylene (3 min.)

Abselute alcohol (5 min,)




93% aleohol (3 min.)

70X alcohol (9 min,)

30% alcohol (9 min.)

30X alcohol (3 min,)

Distilled water (2 min.)

Aquecus Saffranin (2 hrs.)

Distilled water (3 min.)

30X alcohol (2 min.)

30X alcohol (2 min,)

70% aleohol (2 min,)

99X alcohol (2 min.)

Absolute alcchol, first change (2 min.)
Absolute alcohol, second change (2 min.)
Clove oil (2 min.)

Xylene, first change (2 min.)

Xylene, second change (2 min.)

Balsam and coverglass
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Staining chart for Saffranin-Fast Green

Pre=staining operations an+ time {ntervals givan for
various reagents were the same as adooted for Saffranin
”l‘niﬂgo

Aqueous Saffranin (12 hrs,)

Three changes in distilled water (2 min, each)
39% alco!;ol (2 min.)

1 74 alcoxol (2 min.)

T0% alcol:ml (2 min.)

95% alcohol (2 min.)

Fast Green in 934 aleohol (30 sec.)
Absolute l’alcohol. first change (2 min,)
Absolute 2lcohol, seacon? change (2 min.)
Clove oil (2 min,)

Xylene, flirst change (2 min,)

Xylene, second change (2 min,)

Canada balsam an? coverglass
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Tho slides were examined through a binocular monoe
objective microscose (Clympus KIC Bl) with 10X/3X objectives
snd 10X eyenisce. Critical examinations were done at higher
magnification using a binocular research microscopse (Nikon
Optiphot) available at the Central Instruments Laboratory,
National Agricultural Research Project, Vellayani.

3.2.10 Ehetemicregraohy

Photomicrographs of the selected sections were taken
using a ohotomicrographic system (Nikon Cptiphot with FX«3%A),
Black and white negative film of 120 ASA (CRWO) and colour
negative film of 100 ASA (Kodak) were used for taking the

phetomicrographs.,



RESULTS



4, RESULTS

The results of the investigations conducted on flower
bud Aiffasrentiastion in clove are oresentai heare. The study
- consisted of two narts, one on the factors influencing flower
but! diffarantiztion ani the othor on the histological as»acts,
The observations were recorded over a nine-month seriod, from
April 1937 to Decenbar 1937 (Fig. la). Thae climatolenical
factors during sixtesn fortnights srior to the dseriod of study
were also racorded (Fig. 1b) ant axamined to find out their
influonce on flower bud differentiation,

ba fj‘f ara

4,1.1 Tawperaturs

4.1.,1.1 Maximym temperatyre

During the period of study, the maximum temperature
(Table 1) ranged between 29,77°C (2nd fortnight of August
1997) to 34.19°C (2nd fortnight of Aoril, 1937). The miximum
temperatura recorded during April and May 1937 ware slightly
hicher than that registered during the other nericds of the
year. Tha peried from June to Dacember, 1737 ravealsd a
more or less stexdy nattern with regard to the daily maximunm
temparature,
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Table 1. Weather data and mutrient status of leaves during the period of study

Pertod Maxi- Mini Raine lela= Sune Carboe Nitro- o, |

aum mum fall tive shine hydrate gen ratie

Honth and Year Fort- temne- tempe~ humi- hours

night rature rature dity
% % (mm) (%) (%) (%)

April 1997  § 33.76 23,50 2.00 73,16 9.87 9,11 1.50 6.07
2 34.19 23.03 43,00 73.% 3,06 3,23 1.60 3.1%
May 1987 1 33.33 23,60 3.30 73.30 10.63 9.34 1.95% 6.04
2 32.64 23.67 77.20 74.31 3.74 9.18 1.5 3.26
June 1987 1 32,19 22,95 117.70 79.36 5.63 9.23 1.22 7.59
2 30.21  22.29 105.40 S1.9% 6.43 9.04 1.36 6.67
July 1997 1 30.91 23,19 20,00 31.66 3.%3 3.70 1.74 4,99
2 31.13 22,60 0.40 77.06 9.23 7.64 1.77 4,32
Auqust 1997 1 30.79 23.99 35,20 73.20 3.2 7.94 1.01 7.9
2 29.77 23,10 237,40 34.63 3.73 7.99 1.54 5.20
September 1937 ) § 31.97 24,44 2.00 31.33 92,94 7.9 1.4% 5.32
2 30.99 24,09 125.7 75.90 5.10 7.29 1.99 4,59
Cictober 1937 1 39.84 23.7M 126,00 91,20 7.20 7.63 1.22 6.32
2 32.26 24521 167,09 36.4% %.02 3.02 1.82 4,39
November 1937 1 30.26 23.63 143,30 81,72 7.36 13.33 1.63 S.10
2 30,66 23.% 33,30 31,90 6.76 3,24 1,44 3.72
December 1937 1 30.69 23,31 135,30 202.% 5.61 7.34 1.90 4,07
2 31.03 22,66 77.70 .29 9.94 3.17 1,66 3.04

b



The lag period (2nd fortnight of March 1237 to first
fortnight of August, 1996) gave a trend slmost similar to
that of the period of stuldy. Here, the highest value was
observed (Table 3) during the first fortnight of March, 1937
(33.81°C) and the lowest, during the secon’ fortnight of
August, 1936 (30,21°C),

4.1.1.2 Minlgua tempaerature

Regarding ainimum temperature, the lowest reading of
22,29°%C was observed during the secont fortnight of June,
1987, The seak reading of 24.44°C was recorded during the
first fortnight of Sentember, 1937 (Table 1l). With tle onset
of the South-West monsoon during the first fortnight of June,
1987 a comparatively low value (22,99°C) was recorded. During
the second fortnight of Decaember, 1797 alsc the minimum tem-
perature recorded (Table 1) was rather low (22.66°C). The
other months registered a more or less uniform tren! for the
mean minimun temperature.

During the lag period, wide fluctuations of minimum
temperature ranjing from 19.29°C during the 2nd fortnight of
Nevember, 1996 to 23,69°C during the 2nd fortnight of March,
1987 wore saen (Table 3),



Table 3. Westher dats during the lag peried of experiments (March 1987 to August 1998)

Period Haximum Merd omen Rainfall Relative Sunshine
tenmpara~ tampera- (men) humidity hours
¥onth and Year Forte ure ture (%)
night o o
March 1987 2 32.09 23.63 4. 72.%0 10,9
1 33.31 22.91 0.0 77.00 10.%2
February 1937 2 31.73 20,534 0.00 77.60 10.22
1 32,12 2,77 2.00 77.43 10.2%
January 1997 2 32.05 21.9 0.00 73.40 10.46
1 31.03 21.60 0.60 73.96 3.37
December 1996 2 31.65 22.7 24,90 63.21 7.97
1 31.23 20.17 4,% 63,46 7.19
November 1996 2 0.7 19.23 6.00 70.75 %.49
) 3 30.53 21.47 177.40 73.00 5.2%
October 1996 2 30.66 22.9 47.% 77.20 7.53
1 30.37 22,97 32.40 76.40 7.9
Sendtember 199 2 3.3 21.20 92.69 76.2% 7.73
) § 31.40 21.39 9.30 77.16 8.32
August 1936 2 30.21 22,9 0.00 74,63 3.42
1 30.9 22.43 406,50 79.50 9.42

cb



4.1,2 Rainfall

Rainfall showed wide variation, recording nil during
the first fortnight of April, 1937 and reaching a peak of
237.40 mm during the secomd fortnight of August, 1997
(Table 1). The South-West monsoon shrowers started during
the first fortnight of June and rainfall wzs rather scanty
during July which otharwise is considered as a heavy rainy
month of the locality. Total rainfall recoried wag 1474, 30mm
which is a low figure compared with the total rainfall of
Kerala, ragistered during tha past several years,

Rainfall during the lag peried was generally scanmty
with a dry pertod intervening between the second fortnight
of January, 1737 and the first fortnight of March, 1997
(Table 3). During the lag period, maximum rainfall was
Feceived during the first fortnight of August, 1936 (406,%0ma).
Tetal rainfall recorded during the lag phase was 307,%0mm for
8 period of sight months.

4.1.3 Relative humidity

The relative humidity recorded during the peried of
Study, did not show wide variations. The lowest value of
73,30 per cent was recorded during the first fortnight of
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May, 1997 and the highest (36,43 per cent), during the second
fortnight of Cctober, 1937. The second fortnight ef August,
1987 which registered the maximum rainfall during the study
period also registered comparatively hich relative humidity
(84.63 per cent). The months of November and December 1937
were relatively humid, registering values 31,72, 31,00, . %0
and 90,29 per cent resoactively,

During the lag period, relative humidity ranged bet-
ween 63.46 per cent during the first fortnight of December,
199 and 79,30 per cent during the first fortnight of August,
1984, Hore again, the maximum for relative humidity and
rainfall coincided d xing the first fortnight of Auqust,

4.1.4 Sunshine hours

During the stuwdy period, the duration of sunshine
hours (Table 1) was m ximum during the first fortnicht of
May, 19387 (10.68) which declined to 3,63 during the first
fortnight of June whon the Southwliest monsoon started. The
duration of sunshine hours was minimum (3.73) during the
second fortnight of August, when rainfall obtained was the
maximum,

During the lag phase peried from January to March



1987 (Table 3) higher values for sunshine hours were
fogistered, Maximum sunshine (19.52 hrs.) wis obtained
i Muq the first fortnight of March, 1737 during which
period the maximum temperature recordsd was slso the
hiohest. Sunshine hours was mintmum (3.42) during the
setond fortnight of August, 1736,

@8

)
Data on fortnightly variation of total soluble ¢arboe

~ hydrates, nitrogen and CAN ratio in clove leaves during the
- perfod of study sre oresentsd in Table 1.

During the period of observation, the total soluble
'urhhydrnm 414 not show wide variation. Carbohydrate

_ somtent ranged between 7.2) per cent (during the second forte
night of September, 1937) to 9.34 per cent (during the first
fortnight of May, 1997). Tha carbochydrate content recorded
during the months of Asril to June were relatively hi-h (3.13
$ 9.34 per cont). Carbohydrats levels in the leaves wers
Somparatively low during the months of fugust (7.94 and 7.93
per cont) and September, 1937 (7.2 and 7.99 per cent).



~ Maximum nitrogen content in the leaves was recorded
m the secend fortnight of Cctober 1937 (1.32 per cent)
o0 the mintwum, during the first fortnight of August (1.01
” eent). Nitregen content was rather high during the two
fortnights of July (1.74 ani 1,77 per cent, respectively).

, The earbohydrate - nitrogen ratio ranged between 4,37
.Guring the first fortnight of December 1937 to 7.3 during
‘IDO first fertnight of August (Table 1), A well-defined
80Mhly variation for C/N ratio was not seen from the data
Bosemded for the study perioed,

The weather parameters and the nutritionsl factors
#eserded during the period of study were correlated with
M bud differentiation. In additien, correlation was
wirked out between tho weather parameters recorded during
ﬁo different fortnights preceding the period of flower bud
&mlumuauoa and the percentage of flover bud differentia=
400 observed during a particular fortnicht of the study
m. The fertnight just preceding the fortnicht of the
M period was considered as "lag 1' and the second forte
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mght sreceding the fortnight of the stuly pariod was cone
sidered as 'lag 2'. Likawise, analysis was conducted usto
"lag 16' (15 fortnights sreceding the fortnight of the study
period), The correlation coefficlents arxe presented in
Table 4,

During the lag zerc or the fortnight corresyonding o
the observation, neither the climatic factors nor the nutri.
tional factors showed significant corralation with flower
bud Aifferantiation,

vaximum temperature during the 5th fortnight orior to
Alfferentiation (lag 6) and the 7th fortnight prior to diffe=
rentiation (lag 7) showed significant sositive correlation
with flower bud A1ffarentiation (r = 7.6424" and 0.3116
respactively). A similar trend was found in the fortnights
eicht tc ten alsc (1ag 3, © = 0.3420**3 lag 72, r = 0.7059“*
and lag 19, ¢ = 0.5038’). The highast correlation batween
the maximum temperature and flower bud Jifferentiazion was
noted during the eighth fortnight orior to flower byt diffae-
rentiation (lag 3, r = 0.3420*“).



Table 4, Correlation of

weather data (simultaneous and lag periods) and nutritional factors (simultanecus period) vs.

flower bud differentiation

Factors affecting

flower bud diffe=~ lag zero lag 1 lag 2 lag 3 lag 4 lag 5 lag 6 lag 7 lag 8
rentiation
* % * ¥ * 3
1. Maximum temperature -0,4122 -0,3549 -0,2327 -0.0926 -0.0655 0.3367 0.6424 0,8116 0, 8420
*
2. Minimum temperature ~0,0627 -0,4607 -0.4706 -0.2616 ~0,0434 0.1261 0.2752 0,2751 0.2728
3, Rainfall -0.0133 ~-0.0320 -0,1761 -0.1664 0.0115 0.1030 0.0224 -0.1148 -0.2975%
4, Relative humidity 0.1760 0,0768 -~0.0566 -0.0944 -0,1423 ~0,3294 -0.5028* -0.,4281 -0,1888
5., Sunshine hours -0,0185 0,0123 0,1285 0.0704 -0,0545 =0.1224 0.0691 02,2551 N.4531
6, Carbohydrates -1,1308
7. Nitrogen -0.2292
8., C/N ratio 0.3071
—
* Significant at 5% level ** Significant at 1% level 3



Table 4,

flower bud differentiation

Correlation of weather data (simultaneous and lag periods) and nutritional factors (simultaneous

period) vs.

(cont.....2)

Factors affecting

flower bud diffe- lag 9 lag 10 lag 11 lag 12 lag 13 lag l4 lag 15 lag 16
rentiation
1. Maximum temperature 0.7059 «  0.5038" 0.2772 0.1305 ~0.0968  =0.2329  -0.2902 -0.3815
* »*
1, Minimum temperature N,2350 0.1840 -0,0860 -0,3878 -0.5438 ~0,4936 -0,4016 ~-0,4258
¥* * * * 516
3. Rainfall -0,3284 -0.4873 -0.5655 ~-0.5476 -0,4723 =0.2 0,0246 -0,1294
¥* %
4, Relative humidity 0,0237 0,0452 -0,0365 0,0103 =0,0057 -0.1578 -0,3678 -0,.6484
* % *% #*
5, Sunshine hours 0,4689 0.6076 0.6252 0.5518 0,3761 00,0855 ~-0,0372 -0.2197
6., Carbohydrates
7. Nitrogen
8. C/N ratio

* Significant at 5% level

** Significant at 1% level



Significant negative correlation was obtained for
mininum tomperature during the secondi fortnight prier to
differentiation (lag 2, r = -0.4706*). The minimum tempe=-
rature during the thirteenth fortnight prior to differens
tiation {lag 13) and fourteenth fortnight prior to diffew
rentiation (lag 14) were also negatively correlated with
flower bud differentiation (r = =0,3433" and r = =1,4936"),

Rainfall showed significant negative correlation
with the percentage of flower buds differentiated during
the tenth fortnight (lag 10) prior to differentiation
(r = -0.4873'). During the eleventh fortnight prior to
flower bud differentiation (lag 11) also rainfall showad
significant negative cerrelation (r = -0.5655’). The trend
was similar for lag 12 (r = =0,3476") and lag 13 (r= =0,4723"),
Cf these, maximum negative corrslation between rainfall and
flower bud differentiation was in the eleventh fortnight
prior tc flower bud differentiation,

Percentage of flower bud differentiation was negatively
correlated with relative humidity recorded during the sixteenth
fortnight (lag 16) prier to flower bud differentiation (r =
-0.6494'w). Significant negative correlation was also seen
during the sixth fortnight prior to differentiation (r= =0.5023"),
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Sunshine hours during the ninth fortnight prior to
differentiation (lag 9) showed significant positive corre-
lation with the percentage of flower bud differentiation
(r = 0.4689’). Significant positive correlation betweon
sunshine hours and flower bud differentiation was sesn dure
ing the preceding three fortnights also (lag 10, r= 0.6076™";
lag 11, r = 0.6252"" and 1ag 12, r = 0.3813"), Sunshine
hours during the eleventh fortnight had maximum correlation
with flower bud differentiation,

The carbohydrate, nitrogen and C/N ratio were corre=
lated with the data on flower bud differentiation during
the simultaneous fortnight of study period only (simultase
Reous or lag zero analysis). Neither carbohydrate content
nor nitrogen content showed any significant correlation
with the data on flower bud differentiation. CAN ratio
also did not reveal any significant correlation with flower
bud differentiation (Table 4),

4.2 Histoloalcal studies on flowering

The pattarn of flower bud differentiation was stuiied
for 2 nine-month pertod from April, 1937 %o December, 1937,
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Plower bud differentiation, as presented in Table 2,
markedly increased from the second fortnight of May and
sttained a peak (90 per cent) during the second fortnight
of August. Thereafter, flower bud differentiation steadily
declined. No flower buds were seen differentiated during
the months of April, November and December 1937,

4,2,2 Eloxal entogeny

Apical meristems of clove plants collected at forte
aightly intervals were processed as per the standard microm
technique procedures and serial median longitudinal sections
wers taken to obsarve the internal merphology of developing
ergans.

The vegetative shoot apex appears dome-shaped,
surrounied by leaf primordia (Plate 1). The deeply stained
gegion depicts a zone of high meristematic activity.

The apex is seen hidden midway between two leaf
primordia which are larger in dimension and are orcjected
ahove the primordial site,

In the next stage, the apex is seen slichtly raised
shove the primordial site (Plate 2). Vascular strands appear
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Table 2, Flower bud differentiation in clove at fortnightly
intervals from April to December, 1937

Period Differentiation
Fortnight of flower buds
Month anvi Year (%)

-

Aoril 1937
May 1997
June 1937
July 1997

August 1997

September 1937

October 1997

November 1997

Decomber 1997

N B e N e N e N N b R N e N e
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Plate 1 Vegetative primordium of clove (L.S. x 25)

l. Dome=~shaped ajnex
2. Leaaf prinordium



PLATE « 1



Plate 2 Vaegetative orimordium of clove showing
commencemant of vascul:rization (L.5. x 4)

1. Shoot apex
2. Vascular stranis
3, Leaf osrimeriium



PLATE « 2



&t this stage. Leaf primordia are seen emerging, subw
tending the apex at lateral positions.

The dome-shaped asex has elongated above the pri-
mordial site and the shape has become nearly elliptical
(Plates 3 and 4), On either side of the dome, two bud
initials can be seen. Vascular develooment is more pro-
ainent at this stage.

Secretory spaces are seon developed during the
sbove stages (Plates 2 and 3). In clove, the number of
such sscretory spaces ars more in the bracts towards the
periphery. They are fewer in mmber, towaris the lower
region. The spaces are lined with secretory cells, com-
posing the epithelium (Plate 5). These secretory spaces
are schizogenous in origin. The cells oporessing these
spaces, divided and enlarged further thus making possible

their expansion. The schizogenous spaces or cavities are
' observed to be somewhat round,

4,2.3 Flors

In clove, the inflorescence is a terminal corymbose,
trichotomous panicle, shortly pedunculate and branched from
the base (Plate 6) shorter than the leaves and variable in



Plate 3 Vegetative primordium of clove showing
elongation and srominent development of vascular
zones (L.S. x 19)

1. Shoot apex

2. Bud initial

3. Vascular zones



PLATE =« 3



Plate 4 Vegatative nrimordium of clove
in Plate 3 magnified (L.S. % 2%)

1. Shoot apex

2. But {nitial

3. Vascular zones

4, Sncretory spaces



PLATE » 4



Plate 5 Secretory spaces ( chizo onous cavities)
shown in Plate 4 magnified t

l. Schizogenous cavities



PLATE - 5



Plate 6 Inflorescence of clove showing the
trichctomous branching (x 0.9)



PLATE -« 6



the number of flowers ranging from three flowers on a
simple three-forked peduncle to as many as fifty or more
when conditions favour the triple divisions of the pedunele.

The central bud initials end in a flower. Two
more subtending flower bud initials arise on the lateral
sides (Plate 7). This is seen clearly demarcated where
the central bud is seen much raised above the two lateral
{nitials, The lateral initials observed in Plate 7 is
magnifiad and depicted in Plate 3 where the peripheral

cells are observed to be prominently mucleated,

The transformation from the vegetative to reproduc-
tive stage in clove is marked by the appearance of two
lateral protuberances on either side of the apical dome
(Plate 9). Soon after the transformation, initials of
non~essential whorls of flower (sepals and petals) baegin
to appear (Plate 10). Here, the sepal primordia can be
seen overlapping the inner petal orimordia. Sepal drimore
dia are sean more developed, Initials of stamens are
visible, as small dots; but no trace of carpals could be
detacted,



Plate 7 Bud initials {flowmr arimordia) of clove
before transformation (L.S. % 19)

1, Apfical bud
2, Lateral bul
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Plate 3 Lateral bud initial in Plate 7
magnified (L.S, x 30)

1, Bud initial
2. Teenly staine? nuclei



PLATE -« 8



Plate 9 Transformition from vegetative to
floral nhasa in clove (L.S. x 19)

1. Apical dome
2. Lataeral protuberance



PLATE « 9



Plate 10 Initiation of noneessential {loral
parts 4in clove (L.S. x 190)

1. Sepal »rimordfunm
2. Patal primoriium



PLATE » 10



4.2.3.1 Develooment of androecium

Clove flower is protrandrous. The stamens are

mmerous (Plate 11), appearing in clusters of four,

The pollen mother cells are closely packed in their
early stagas of development, Towards the later stage, the
four nuclei of microspores inside the pollen mother cells
round off forming tetrads (Plate 12), This is seen en-
larged &ih Plate 13, Further advancement of anther develope
ment is characteris~? by disintegration of walls, thereby
releasing the microspores (Plate 14),

4.2,3.2 Develooment of gvnoscium

The carpels are short and stalky with a large ovary,
short style and capitate stigma (Plate 15). The carpels
develop balow the androecium. The ovary has two cells, mul-
tiovulate, inferior and is situsted (embedded) on too of
the hypanthium (Plate 16).

The flower bud of clove which is green in the young
stage (Plate 8) develops a pinkish tinge before and after
anthasis (Plates 17 and 13). The four calyx lobes turn
fleshy and attain a triangular shape which are slightly
incurved (Plate 17) as the fruits advance to maturity,



Plate 11 Develoomant of androacium in clove
at an early stage (L.S. x 10)

1. Stamens



PLAVE - 11



Plate 12 Develooment of androecium in clove
at a later stage (L.5. x 10)

l, Cutar stamens
2. Anther



PLATE «» 12



Plate 13 Anthers shown in Plate 12 mignified
(L.S. x 199)

lo Tﬂuads
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PLATE « 13



Plate 14 Digintagration of anthers, releasing
microsporas (L.3. x 19)
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Plate 1% Development of gynoecium in clove

(L.Se x 19)

Hypanthium
Locule
Style
Stioma
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PLATE «» 13



Plate 16 Cvary of clove flowsr bud in Plate 13
magnified (L.5. x 19)

1. Ovule



PLATE - 16



?latad" Flower hu!l of clove bafore anthesis
X 26
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PLATE w 17



Plate 17 Flowar butl of clove after anthesis (x 2.6)



PLATE « 13



Plate 19 Fruit of clove at a maturing stage (x 2.9)

1. Calyx lobes
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PLATE ~ 19



DISCUSSION



3. DISCUSSION

For obtaining steady and optimum yield in any perennial
crop, the various cultural practices will have to be timed 4n
relation to the cycle of flower bud differentiation. It is
known that flower buds may be differentiated a few days to
several months prier to the bud burst., With srecise informae
tion on the site and time of flowsr bud differentiation, the
aoplication of fertilizer can be timed to help the build up
of carbohydrats and nitrogen reservaes as well as favourable
C/N ratio. By withholding irrigetion at the apsropriste time,
the ohysiological maturity of fruiting branches/shoots can be
brought about, The nature and quantity of vegotative portion
to be removed by way of pruning can be dacided only with a
clear understanding of the site and time of flower bud diffe-
rentiation, and on the basis of an estimate of the expectad
cron, In short, orecise information on the various aspects
of flower bui difforentiation will aid in the scientific manae

gemant of any c¢cron including perennials,

5.1 Fagt,




Sel.l.l Maximum temoerature

During tha period of observation, the moximum tamera=
tura varied from 30,26% during the sacond fortnight of
November, 1937 to 34,19°C during the secon! fortnight of
Anril, 1937, The maximum temperature remained high during
the summer months of Mareh to May, till the onset of the

Southe%est monscon in Juna,

The neak flower bud differentiation was rocqorded 4n
Augquzt, Tho maximum tamoerature registered during six to
ten fortnishts orier to 1ifferantiation showed significant
dositive correlation with the number of buds Aiffarentia-
tel, Se from thase observations 1t could be elucidated
that relatively high levsls of temparature that srevailed
during the period from the second fortnicht of March to
tho secord fortnight of May mi-ht have triggered the sro-
cass of flowar hud differentiation., The temparature ree
cordad during the second fortnight of April (34.19°C), the
hichest racorded temperature during the study period showed
the maximum correlation with flower bud differentiation,
Sinch (1733) resorted that a warm season was conducive for
flower bui 4ifferenti tion in mango., Mishra and Yamadagni

(1753) found thst a warm saason favoured blossom but A1ffew



rentiation in grapefruit and as the temperature ross, the
number of buds differentiated osroportionately increase,
In jamun also, a warm season was found to be conducive for
the initiation of floral buds (Mishra and Bajpat 1973),

Studies conducted in pepper showed a more or less
similar trend with regard to flower bud Aifferentiation,
Nalini (1933) observed a rise in mean temporature at the
peak period of flower bud differentiation in black pepper.
Subsequently, Rajan (1935) reported that the maximum and
minimum tomperatures in the precading summer, and the sube
saquent showers played major roles in trigoering flower bud
differentiation activity. Vasanthamular (1936) found that
3 period of high temperature promots? the flowering mechae
nism in cardamom. So in clove also, a similar possibility
could be exorected since the temperature that srevailed
during six to ten fortniohts osrior to peak differentistion
was relatively high,

3.1.1,2

“inimum temperature recorded during the study period
ranged from 22,29°C during the second fortnight of May to
24,44°C during the first fortnight of Sentember. A negative

correlstion was foun! for minimum temperature (Teble 4) Auring
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the sacond fortnight (July second half 1997) prior to maxie
mum differentiation (22.60°C) and also during ths 13th
fortnight (February first half 19497) prior to peak differen-
tiation (32,12°C) and the l4th fortnicht (January second
half 1997) prior to maximum differentiation (21.93°C).
Alvim (1991) observed that low temperature had a derressing

effoct on flowering in cocoa,

5.1.2 Rainfall

From the data, a step up of flower bud differentiae
tion could be seen with an increase in the rainfall., Flower
bud differentiation reached the maximum level (99%4) when the
rainfall received was maximum (237,4 mm), Following the dry
spell from January 1937 to April 1997, pre-monsocn showers
were obtained during which peried flower buds were initiated.
The absaonce of rain during the above period might have brought
about a ohysiological ripening of the shoots, which is a
pre=requisite for initiation of flowar buds,

The commencement of flowsr bud diffaerentiation immnedia=
tely aftor the summer showers and the maximum diffarentiation
of flower buds recorded 4during the neriod of maximum rainfall
indicate that rainfall could be a predominant factor in influe
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oncing flower bud differentiation in clove., This is further
confirmed by the correlation analysis wharaein a significant
negative correlation was obtained for rainfall received :lur-
ing 10 to 13 fortnights preceding flower bud differentiation,
From Table 3, it could be seen that during 10 to 13 fort-
nights (the second fortnight of March to the first fortnight
of Fabruary 1937) prior to the fortnight of maximum flower
bud differentiation, rainfall was rather scanty or nil.

Based on the studies on coffee in the cozstal humid
regions of Peru, Alvim (1960) opined that flowering srimarily
depended on rainfall, followad by a period of stress.

Veeraraghavan and Vasavan (1979) stated that a2 wolle
distributed rainfall during October and November months was
requirad for eptimum flowering ani! fruit set in cashew. In
pepper, Nalini (1983) observed flower bud intitiation to be
triggered by the receipt of pre-monsoon showsrs after a long
spell of dry weather. Subsequently, Rajan (1993) confirmed
the beneficlal effects of rainfall on flower bud riffaren~

tiation process in pepper,

3.1.3 Relative humidity

Rolative humidity recorded during the period of maximum
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flower byl differenitiation (August, 1937) was comparitively
high (34.63%) indicating a favourable effect of humidity on
flowar bud differentiation., Relative humidity during 5th
fortnight (May second half 1937) prior to pealk differentis.
tion (74.31%) and 16th fortnight (December secon! half 1926)
prior to peak Aifferentiation (69.21%) showed significant
negative correlation with percentago of flower bud differen-
tiation. This nagative correlation ecould be attributed to
the lower humidity during the above periods, It further
establishes the positive relationshin between humidity and
flower bul differentiation in clove. Vasanthakumar (1996)
found that a high status of relative humidity improved the

capsule setting in cardamom,

S.1.4 gSunshine hours

During the period of observation, the mean duration
of sun shine ranged from 3.73 hours per day during the second
fortnight of August to 10.63 hours per day during the first
fortnight of May (Table 1). There was a decline in the durae
tion of sunshine received during June with the onsst of
South-=West monsoon. Sunshine hours coinciding with flower
but A1fferentistion 44d not show any significant correlation,
The correlation between sunshine hours during 9 to 12 forte
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nights prior to differentiation and the percentage of
flowsrbuds differentiated was positive. Fruitfulness can
also be attributed to the hours of sunshine receive! amd
the light intensity that prevailed during 9th te 12¢h
fortnights prior te flower bud differentiation,

A similar observation was made by Rajan (199) ¢n
Papper. Sunshine hours during four to six fortnights prior
to differentiation was positively cerrelated with flower bud
differentiation in black pPeoper, Balasubramoniyan (1971)
found that fruitfulness in grapes was affected positively
by sunshine hours during the period preceding flower bud
differentiation.

5.1.5 Nutritional facters

Data on the levels carbohydrate an- nitrogen in the
leaves ani the C/N ratio (Table 1) revealed that accumulae
tion of carbohydrates and nitrogen were erratic. Carbohydrate
content showsd an increase from the first fortnight of May
to the second fortnight of June with the exception of the
second fortnight of May. Nitrogen content of the leaves did
not show any defintte pattern with regard to flower byd AL €1 g
Tentiation. It showed alternate Peaks an! falls (Table 1),



The C/N ratioc also showed a similar trond, But there was
an increase in CAN ratie during the fortnight precading
maximum 4ifferentiation. Then it showed 2 decline. The
CN ratio 414 not show any correlation with flower bud
differentiation. Peak accumulation of carbohydrates has
been reported in mango (Naik and Shah, 1937; singh, 1960;
Sen gt al, 1963), grapes (Chadha and Cheema, 1971) and
coconut (Bai and Ramadasan, 1932) prior to or at the time
of flower bud differaentiation. These reports further {ndi-
cated that C/N ratio will be lowsred after the flower bud
differentiation process.

Nalini (1933) observed that C/N ratio exhibited two
peaks, the first synchronising with the commencement of
vagetative growth and the second with the step up in flower
bud diffarantiation activity. Rajan (19%) observed an
accumulation of carbohydrates and a build u of CN ratie
prior to peak differentiation in pepper,

Winkler gt al (1937) and Chitkara ek al (1972) in
'Anabee=Shahi ' and Khajuria 2t al (1979) 1in Gulabt variew.
ties of grapes could not find any significant correlation
between C/N ratio and flowering,
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Vasanthakumar (1996) observed high status of Carbom
hydrate at the panicle initiation am flower byd development
stages of Cardamom,

three to fifty,

3.2,1 m-!tmmxum

The vagetative pex was found to be WMOre or less
domeeshaped ant Surrounded by leaf srimordia that in turn
initiated from 1t (Plate 1), 1n Many crop plants the Vogow
tative apex i tharacterised by a conicai shape as observed
in mango (singh, 1960), grapes (Chadha and Cheena, 1971),
strawberry (Pathsk and Singh, 1977) and in Jasmine (Subra.
monian and Shanmugavely, 19m),

During leaf initiation, the size and shape of the
IpexX vary consideradly from dome=shaped %o nearly conical
Plates 1 and 2). It can be Aresumed that leas initiation
ould continug from the apex, as long as it remained in the
egetative stage. Naling (1983) obgerved in black pepper




that in the initial stage, the vogetative srimordium was

conical undifferentiated and surreunded by leaf sheaths,

Rajan (1995) also found the vegetative apex to be conical
in Black pepper, surrounded by leaf primordia.

Transition stage

As growth advances, the apex 1s seen slightly more
raised above the primordial site (Plate 2). Following this
stage, the shape of the apex changes and become somewhat
elliptical (Plate 3), Broadening and flattening of the
apex 1is also noticed at this stage (Plate 4). Broader
expanse of the meristematic tissue and flattaning of the
ajpex have been reported as the histological foatures of the
apical meristam, on transition from vegetative to floral
phase (Janick, 1972).

Development of secretory sp-ces were observed during
these stages in clove (Plstes 2 L 3). The number of secre-
tory spaces were more in the bracts towaris the perinshery
and fower towards the lower region., The secretory spaces
are schizogenous in origin and roundish (Plate %). tsau, as
early as in 1933, reported that the glandular canals of some
members of Myrgiceag are schizogenous in origin with round

‘h@p‘o
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In elove, the inflorescence {s 2 terminal corymbose
trichotomous panicle, Thres flowers on a simnle three-forkad
peduncle 1s the simolest unit (Plate 6), Among these three
flowers, the contral bud initia) arises earlier and thus s
sean much raised above the two lateral buds (Plate 7)e 1In
the magnified view of the lateral bud, 1t can be seen that
the outer layer of cells, constituting the mantle ars small
and densely stained while the cells at the cantral zone cone
stituting the core are larger in size and 11 “htly stained
(Plate 3), This ohenomenon indicates that the mantle regton
was in an actively dividing stage. Popham and Chan (1999)
introduced the ternm mantle for all the outerlayers of the
apex which can be distinguished histolooically from the inner
cell mass, the core, without taking into accout the nlane of
divisions in these layers. Rajan (1993) mada similar cbsere
vation i{n black papper where a few deeply stained outar layers
of cells and comparatively less stainad inner mass of cells
could be distinguishad,

Transition {s clearly demarcated {n the next stage
(Plate 7) wheretn the broad flat apex gives rise to two latew
ral srotuberances on either side of it (Plate 9). Identical
features of apical meristems with initiation of lateral
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protuberances are well @stablished >henomena associated with
blossom bud differentiation in citrus (Abbot, 1935; Ranthawa
and Disna, 1947; Singh and Dhuria, 1950; and Mishra amd
Yamadagni, 1948), Anatomical invastigations on Jamun by
Mishra and Bajynat (1973) revealed flattening and broadening
of the crown during fruft bud differentiation stage. This
was followed by a rapid elevation on both sides of the Grows
ing point. In litehi, Shuklas and Bajpat (1978) cbserved
that the growing point flattens and broadens with a rapid
elevation on both the sides,

Transition from Vegetative to floral phase 18 {mmedi.
stoly followed by initistion of the noneessential whorls of
flower (Plate 10). 1In the euter whori, sapal primordia ara
seen an just bolow this, the initials of petals. Stamens
daeveloped during the next stage (Plates 11 and 12), Develose
ment of stamens was followed by the development of ovary in
the succeading stage (Plate 13), The ovary could be observed
below the androecium. From the sequence of floral ontogeny
observad, it may be presumed that differsntiation of floral
organs took place i{n the order of sepals, Petsls, androecium

and gynoecium,
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5. SUMMARY

Investigations on flower bud differentistion 4in clove
weres carried out at the Collegs of Agriculture, Vellayani
from ‘ugust, 1936 to December, 1937, Stuiias were conducted
to find out the role of climatoloyical factors on flower bud
differentiation and the histclogical basis of flowering in

Cclove,

The weather narameters an- the mutritional factors
recorded Huring the noriod of study were correlated with
flowar bu- A{ffarentistion., In atdition, correl-tion was
workad out between the weathor darameters recorded during
sixteen fortnights drecading the neriod of flower bud Aiffew
rentlation observed during a particular fortnicht of the
study period,

8.1 During the lag zero, the fortnight of study, nefther
tha ¢limatic factors nor the nu'ritional faictors showed
significant correlation with flowar bud differenti tion,

6.2 Manimum temperature uring the sixth fortnight »rior
to 4ifferentiation to the tenth fortnight srior to diffew
rentistion showed significant positive correlation with
flower bud differentistion.



5.3 Significant negative correlation was obtained for
ainimum temparature during the second, thirtesnth and
fourteanth fortnights prior to difforantiation.

5.4 Rainfall showed si-nificant nagative correlation
with tha percentage of flower buds Hfferentiated 4dur {ng
the tanth, eleventh, twelfth and thirteenth fortnights
prior to 1fferentiation,

5.5 Percentage of flower bud differenttfation was Naga=
tively correlated with the rel:tive humidity during the
sixth and sixteenth fortnichts nrior to d1fferentiation,

5.8 Sunshine hours during the ninth fortnight orior to
differsntiation showed significant positive correlation
with the percentage of flower bud differentiation, In
the oreceding three fortnights also (Lag 19, 11 and 12),
slanificant positive correlation was obtained betwesn the
sunshine hours and flower bud differentiation,



tlatfon. CAN ratie also i1d not Teveal any stignificant
correlation with flower bud difforcntlation.

6.8 Flower bud diffnrontlatlon Commenc ed during the month
of May, increased during the months of June and July and

6.9 The vegetative shoot apex appaar@damo~shapod, SUrTOUN.

to Teproductive stage in clove 13 marked by the 3Ppearence

of two latera) dProtuberances on eithar gide of the apical
dome. 1In clove, the Cantral byd initial s 880N much raggoed
above the two lateral initials, imdicating that the central
bud develops earlier than the lateral ones, Immodiatoly after
transfornaticn, the initiaslg of sepals and patale begin to
appear., The androecium develops @arlier than the dyncecium,
The flower byud of clove which s gresn in the Young stage,
devalons a pinkish tinge just before and after anthestsg,
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ABSTRALT

Investigations on flower bud A4fferentiation in clove
wera carriad out at the College of Agriculture, Vellayani
from Auqust, 1996 to Decamber, 1937. Bearing clove trees
(seven years old) at the Instructional Farm attached %o the
College were utilised for the study.

The plant specimens were stored in FAA (Formalineaceto-
alcohol) and then dehydrated through tertiary nhutyl alcohol -
1so oropyl alcchol series. Thae specimens were infiltrated
and embedded in paraffin wax (m.p. 53.60°C) and sectioned in
2 rotary microtome, The sections were then dee-waxed, stalned
and examined for the anatomical features and photomicrogra=
ohed,

The weather paramaeters and the nutritional factors
recorded during the period of study and those during sixteen
fortnights orior to di{fferentiation, wers correlated with the
data on flower bud differentiation.

s¢gnificant positive correlation was obtained between
the maximum temperature during the sixth to tenth fortnights
bofore differantiation and the nercentage of flower buds
differantiated., Sunshine hours during ninth to twelfth forte
night orior to differentiation showed a positive corralation ~
with the percantage of flower bud d4fferentiation.



Significant naegative correlation was obtained for
the minimum temperature during the second, thirteenth and
fourteanth fortnights orior to flower bud differentiation >

and also for the relative humidity during the sixth and
sixteanth fortnights prior to differentiation.

A nagative correlation was obtained for the rainfall
received during the tenth, elaevanth, twelfth and thirteenth
fortnights before differantiation and the percentage of
differentiation.

v

Neither ths carbohyirate content nor the nitrogen
content showed »ny si{onificant correl:tion with flower bud =~
44 ff2rontiation. Ths C N ratio also 44d not reveal any

sinificant correlation with flower bud differentiation.

Flower bud Adifferentiation was maximum during the
month of August,

The vagetative shoot apex vhich appeared dome-shaped
initially was characterised by the appearsnce of two lateral
protuberances during tts transition t-> the floral phase.

The floral organs appeared in the order of sepals, petals, ,

androecium and gynoecium,
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