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INTRODUCTION

The trade in Indlan splces dates back to the dawn
of civiligation. It pleyed an important role in shaping
the history of India and the West. In olden days, pepper=-
the king of spices had to travel long distance on land to
reach the countries in Europe. Indian spicaes nowy travel
to all the nooks and corners of the world to flavour foods
and beverages and sooth and heal through medicinal
preparations. Thus they are indeed the ambassadors. of
taste and good living from India.

During 1977~178 India exported 81,227.7 tonnes of
spl.ces va.'!.uéd at Ise1,418.85 million.‘ This included 6,3 tonnes
of nutmeg valued at 251 thousand rupees. Nutmeg and mace
ere the ingredients of curry pouder, the export of which is
increasing year by years During 1977~178, 1,929.9 tonnes of
curry powder valued at 3,19.% million was exported as against
14552 tonnes valued at 13.4 million rupees during the previous
year*. The anmual world production is estimated to be 7,000
tonnes of mutmeg and 1,000 tonnes of mace, sixty per cent of
vhich is being produced in I_ndohesia._ Grenada is the second
largest exporter of nutmeg.

The spices such as mutmeg, clove and cinnamon are
quite suitable undér Kerala conditions especlally as en

*Source: DGCIS, Calcutta.



intererop in coconut and arecamut gardens. The demand for
spices is increasing both for interndl consumption and for
export due to the increase in standard of living. This
demand resulted in hish prices for the spices wvhich gave
encouragement for large scale planting of mitmegs The area
under rutmeg 1s estimated at around %00 ha during 1975
(Sriram, 1977). Bub the same has incressed considerably

and it 1s estimated t0 be around 1,000 ha at present.

Though mtmeg was known in India during the first centuxy

B.C for medicinal purpose, the crop has galned popularity
only durlng the last two decades because of its higher demand
and consequent higher prices, The present internel demand is
gstimated et around 130 tonnes and even to meet the internal
demand the cultlvation should be more extensive and intensive.
Additionally, the demand in the world market is also increasing.
The uses of mutmeg and its products are quite wvide and there
is ample scope for further exploitation.

The profitabllity and acceptability of crops like nutneg
by the cultlivators depend upon the edvanced technology that
can be constantly supplied to them in $ime. Belng a new
commercial crop, no serlous attempt has been made to tackle
the field problems of mutmeg cultivatlon in India. The work
on this crop is rather negliglble even in other countries of

the world, considering its importence. Few workers (Prestoe, 1948;



Flach, 19663 Flach and Crulckshank, 1969) had studied
certein aspects of flowvering and sex éxpression. To
significant studies on any aspect have so far been made
in india except certain scientific observations. Iong
pre<bearing age, the dioecious natura, low set; heavy
drop, wide varlability in the produﬁtion potential anmong
‘the progenies etc are some of the most important problems

in nutmeg which require immediste attention.

In peremnial crops the lmportance of growth studies
need hardly eny emphasis., They ere of fundamental nature
and will facilitate the understanding of the complex
processes leading to successful crop production, Thoge
who are inberested in the Lroader problems of blology will
be concequ with the laws of growth, while those interested
in the art of Horticulture may gather from such study
something that is fundementel to frulh production, The
success of fruib production depends upon several factors
of which the gi'owth of shoot, flowering habi‘b, mode of
pollination, pollen ‘viabil_i{‘.y;, frudt set and fruit drop
are qulte importants

In view of the above facts, the present investigation

has been undertaken in nutmeg with the following objectives.

To study (i) the pattern of growth and flowering
(1i) the floral biology and frult set
(12i) The frult drop and developiment
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REVIEW OF LITERATURE

The gemus Myrigtics was established for the nutmeg
tree by Iinnaeus (1742). He placed 1t under a spocial
appendix 'fragmenta varia' apparently because Linnasus
could not determine on the basis of the availlable

material, whether the plaont was dloecious or monoeclous.

Nutmeg (Myrilsties fragrang Hout.) a native of
Foluccas lslands belongs to family Myristilcaceas
(Guenther, 19523 Flach and Cruilckshenk, 1969). Joshi (1946)
and Rendle (1971) indicated the closc relationship between
Myristicaceae and Annonaceae, Garret (1933), Smith and
Woodehouse (1938) and Eames (1961) indicated its better
relationship with Iauraceac.

Eventhough mitmeg belongs to one of the primitive
families, very little attention has been given to 1t and

the works to be reviewed is very scanty.
T e GROWTH STIUDIES

Gustafson (1926), Reed (1929), Barned (1932) and
Melunn (1939) working on decilduous fruits have stressed
the velue of growth studies in relation to flowerlng and
fruiting.,.

The relationship between vegetative growth and
fruitfulness 1s evident from the vorks of Barnard and
Reed (1933), Nailt and Rao (19%2), Raimmund (1949), Spencer



and Kennard (1955), Nakasone gt gl. (1995), Sundararajen (1961),
Krishnemirthl et sl. (1960, 1961), Renchava and Sinhe (1963),
Randhawe and. khanna (1963), Paulas (1964); Aravindokshan (196%),
Knanal (196%4), Singh and Ghose (1965), Teobia gt pl. (1970)

and Hariazno and Morioko (1975) on different fruit trees such

es epple, citrus, mango, guave, sapota, Annons spps and jack.

Among tropical treesy the mango and ecltrus specles had
been gtudded for growbth behaviour in great detall. In mango
growth in a particulay season decides the capacity for flower
production in the succeeding season, Nalk and Reo (1942) and
Krishnemirthi eb al. (1961) have described the nature of shoot
growth in mango as cyclic l.e., & period of growth altemated
with a period of quiseence, Five cycles of shoot were recorded
during the course of one year. IThe March growth c¢ycle was morc
importent both in durabion and intensity of growth. Paulas (196%)
studied tho growth and flovwvering of different clesses of shoots.
Works by Teobia et al. (1970) revealed the use of the tree

vigour as a criberia for yileld in mango.

The growth flushes and thelr importance had been studled
by Halma and Compton (1936) in citrus. Krishnemurthi et al.
(1960) had given a detailed aceount of the cyclic behavaiour
of the shoot, root and radial growth. Five dlstinet cycles
of shoot growth had been noted for one years The meximun
total growth was in the month of March, followed by July,



August and September in the descending order, This was
supported by Rendhawa end Sinhe (1963) and Singh and
Ghose (1965). They had reported significant variation in
extension grouwth, sizge, rmumber of leaves and leaf area per
shoot in growth of dlfferent flushes and among varietlos.
The leaf area, extenslon growth, and leaf size were more

on bearing shoots.

Saur (1951) classificd the cltrus shoots in relation
to its flowering as (1) shoots bearing flowers but no leaves
(2) shoots bearing flovers and few leaves (3) shoots with
leaves and soliﬁary flovers (&) shoots with several flowers
and several large leaves (5) vegetative shoots with no
flovers. H&hemed (1962-64) reported the shoots of medium
size and vigour as more frultful then wesk or highly
vegetative shoots, In mango Naik and Rao (1942) classified
shoots inbo flowered leaders, nonflowered leaders end current
year's laterals, In guava Dasarathy (1951) classed the
current season shoots into flowering and vegetative typaes.
Aravindakshan (1960) classed them into three as, shoots
which produced flowers and ceased growth, shoots which
contimed growth producing flowers and shoots puvely

vogetative.

Kutmeg may be ceonsidered a slow grower. According to
TFlach end Cruickshank (1969) a good growing plantation in



New Guinea reached in four years an average helght of
approxinetely three metres and a girth of 15.7 cm above
ground level at 40 cé.height. Growth contimed very long
upto 60 0 80 years. Flents differed much in growth,

vigour, productivity, sex of flowers, size and shape of
leaves. Flach (1966) found a strong correlation (r =+0.05)
between tree girth at 40 cm above ground level and production
of fruits. He found g slight difference in tree size betwseen

female and male treese

24 SEX AND SEX RATIO

Erenthough the dloeclous nature is widely accepted‘
quite a few sclentists such as Warburg (1897), Janse (1898),
Deimum (1949) and Guenther (1960) have given their opinion
about sex in nutmeé. Accordlng to Flach (1966) there are
two different sexes; female and male, The latter being
subdivided into four different groups i.e., male, bilsexual
male, blsexual and bisexual female.

There had beon an attempt to correlate the sex of nutmeg
trees with some morphological characters. Janse (1898) stated
that male trees have smeller leaves and less horizontal
branches. Young trees showed these characters much less
clearly and hence it was not possible to determine the sex of
the trees by this method, Flach (1966) did not agree with
him, Prestoe (1948) claimed that the loaves of female plants
were nearly ellilptical with more or less stralght velns, while



the leaves of male plants were nearly obovate, with thelr
veins rounded to the more vroncunced point of the leaf.
Phadnis and Ghoudhari (197%) reported some colour
difference between the leaf extracts of male and female
mitmeg plants vhen treated with ammonium molybdate. |

Talr b gk» (1977) postulated a method for distinguishing
the sex by examining the shape of calcium oxalate crystals
in the epldermal cells of the leaves of two year old plants.

Investigations of the chromosomel mechanism of sex by
Flaeh (1566) showed that mutmeg 1s having h&+ heterokinetic
chromosomes. Hils hypothesls is that, mubtmeg may possess a
nechendsm consisting of four pairs of sex chromosomes. The
female gex is sdipposed’ to be hetierogenatie to the effech
that four of the eight sex chromosomes show faculbative
mucleolar properties which especlelly show up in female
meiosis, when the micleolus orientates these four chromosones
to one side, ‘The different male flowering tree types would
then have to ke explained by partial feilure of the mechanism
of orientation.

3. FIOWER PRODUCTION AMD BLOSS0M sTUDIES
No work has besn done on flower bud differsentiation
and floral blology of rutmeg. However, detailed investigations
on these aspects were undertaken in several fruit crops,
3ingh (1960) studied the fruibt tud differentiation in mango



as affected by some climatological factors. His works
in 1961 revealed that leaves in mango play an important
and immediate role in fruit bud differentiation and their
effact may be localised more particularly brenchwise.

In citrus, Singh and Dhuria (9960) studied the
blossom bud dlfferentistion of sweet lime, The capacity
for flowering and fruiting in Washington Naval oranges
has boen worked out by Ito gt al. (1976). They have
classified the inflorescence into four types and it was
reported that flovers were produced most abundantly on

poorest grouth,

In guava Seth (4962) hes given a detailed account
on the :E';I.oral biclogy., He dlstingulshed two seasons of
flover production with mexirum initigl set in rainy
gepson and in summer, with no fruit set in certaln cases.
Bimilar studies have been made by Sehgal and Singh (1967)
end Teotia gt al. (1970).

According to Thakur and Singh (1965) flovering in
21l the species of Annona a close relabive of Myristica
sfarte_d on current seasons growth simalbancously with the
sprouting of vegetative bLudss The flowvering intensity was
high ecnly in the early summer, after which it gradually
slowed down. The species took 27 to.35 days for complete
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floral development from bud initiation to ankhesis stage.
Stigmatic receptivity was highest at anthesis tlme. Studies
in Annons by Ramimmar end Singh (1977) revealed that
flowering continued from March to Augush with 2 maximum in
Aprile-Msy.

The mutmeg tree usually flowers throughout the year.
with some pesks in fixed months, The elimetic factors are
responsible for such variations slthough it is not possibia
to pin point any factor (Flach and Cruickshank, 1969): The
inflorescence of mitmeg is deseribed by various workers.,
It is consldered to be an axillary receme by Joshi (19%6),
d receme in the male and e cyme in the female by Nair and
thl (1956); Umbellate cyme by Sinchleir (1958) and Talbot (1976)
cymnesy unibel"s‘ or fascicles from the axlis of the leaves by
Gamble (1967). Kirtikar gt al., (1979) described the male
inflorescence as supra exillaxy recemes of 2.5 to § en
Flach (1966) have described the flowers as drooping unisexual
or occasionally blsexuals According to Gamble (1967) the
nunber of flowers per inflorescence varied from 3 to 5 in
male and fewer in fomales Nair and Bahl (1956), Gamble (1967)
end Parry (1969) described the flowers as smally flesiy, pale
yellow and fregrant wlth bract and bracteole; Laslia (1963)
reported the female flowers as larger thon the male and the
calyx tube more oval in shapes He reported the nectar
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production from a nectary at the base of the calyx tube

in voth male and female flowers, Flach (1966) distingulshed
the pale and female flowers by the narrowing of the perianth
towards the base of the male flowers vhich was absent in

femnales.

Wilson and Maculans (1967) have described the
structure of the androecium end gynoecium in M. fragrans.
The androeclum conslsts of a s01id colurn or androphore to
vhich is attached 1% to 22 bllocular anthers. The anthers
are adnate to the androphore by a thia ridge of tissus,.
Each anther has a longitudinael extrose dehiscence with the
stoma quite deeply sunken between the microsporangie.
There is a single wverticel row of microspore tetrads and
a single layer of tapebal cellss Rendle (1971) gave the
number of stamens as 3 to 18, wnited togethor by their
filamernis into a conbral column which may become axpanded

above inbto a disc.

The single pistii in the female flower is more or
iess flask shaped with a very short to non existent style
and bilobed stigma. The groove bilsecting Yhe stigma
continues'dewn on one side of the pistil as an evident
subure, giving the sppeearance of a conduplicate pistil,

Among the two grooves rumning opposite to each other, one
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is more promlnent than the other (Nair and Plllal, 1959).
Male trees may sometimes produce femele flovers and frults
and occasionally bisexual flowers. Flach and

Cruickshaenk (1969) have reported that female flowers on
male trees are usually hard to detect but the shape of
perianth may help in the detection.

The placentabion in Myristica is variously @escribed
as sub basol by Nair and Bahl (1956), marginel by Seunders
(1937), parietel and somebimes seemingly basal by
TLavrence (1951).

There is no consensus on the naturs of unlovulaete
carpel in Myristica. Seunders (1937), Neir and Bahl (1956)
and Nair end Pillel (4959) considered gynoecium of Myristica
as bicarpellate and nobed that the junctlons of two carpels
were indicated externallf by two opposite longltudinal
furrows. Sastri (1954, 1999) and Wilson and Maculans (1967)
‘treated the gynoecivm of M. fragrans as mono carpellate,
Corner (1976) exﬁlained the ovule as anatropus and having
two integuments. The inner intsgument surrounded micropyleé.

3.1 Anthesis

Flach (1966) reported that both pistillate and
sbaminate flowers opened from 1800 to 1900 hours. Anther
dehiscence occurred between 0600 and 0700 hours 1.e.,
12 hours shead of the opening of flower.
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3.2 Stigmatic receptivity

Heslop and Shivemna (1977) have made a detalled
study on the characteristics of angiosperm stigma, covering
almost 1000 sbecies of plants, The major subdivision
according to them are stigmas which dry at nmaturity having
a hydrated layer but no free flowing secrstion and those
which remain wet bearing such & fluid in the receptive
stage, Sporophytic self incompabibillty was reported to
be associated with dry papillate stigma. Irimucleate
polien not readily germinated jin yltro tend to be associated
vith dry stigma while wet stigme forms tend to have
bi nucleats pollen, easily germinated in liguid or semisolid

medis.

In mtmeg, Leslia (1963) reported a nectary secretion
+to be present at receptive time. Flach (1966) reported the
stigna of mutmeg flower to be receptive about 12 hours
ahead of opening and it retalned receptivity till 14} hours
on the day after flower opening.

L, POLLEN S7TUDIES

Study of pollen grains has attracted the attention
of research workers in recent years in view oi its great
significance in floral biolegy and in interpreting texoncmic
relét:!.-onélﬁp and the origin of plants. The storage and
geimination Of pollen grains play an important role in

assisted pollination and hybridisation prograrmes.
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%,1 Follen production
A method for evaluating pollen production has been

given by Oberle and Geortzen (1952) and Rao and Khadar (1962).
They have suggested the use of a haemocybtometer in
estimating the pollen produced per anther. Pollen

production is seen to depend on various factors.

sajtan (1952) reported pollen fram southern and western

sides of the apple tree to be more potent than from North

and East} In epple, apricot and peach, pollen of flovers
bhorne towards the base and middle of the branch were of
better quality than those borne on upper end. Chira (1966)
supported this view, aftor his works in Pinug.

Brooks and Puri (1963) reported atmospharic
conditions to influsnce pollen production. This was
backed by the results obtained by Sherms and Singh (1970)
in mango. Higher btempcrature and drier climate,
especially the former appeared to be associated with
increased pollen production per anther. Stanley and
Iinskens (19?%) suggested that for any one specles at a
given location, a regresslion coefficient could be derived
to predict the day of mazirmum pollen shed from the 'degree
hour heat sumsy if sufficlent data is availabloe.

4.2 FPollen morphology
The close assoclation betweaon appiled palynology

and plant taxonomy has been emphasised by varilous vorkers.
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According to Woodhouse (1935) the form of pollen grains
were as useful as any other characteristlc in the
clessification of plants. &£s o general rule, they served
best in distinguishing between and showing the relationships
among higher groups of planbts such as tribes, families,
geners and some species, This view was backed by the
recent works of foglg (5977) and Yaas (1977). They have
suggeéted pollen ulbtrastructure as a means to identify the

tree fruit species and oven clones within species.

4,3  Follen viebility

Stanley end Idnskens (197%) have suggested various
methods for testing the viability of pollen grains,

ineluding both germination and non germination assays.

4,3,1 Staln tests

Zirkle (1937 ) had deseribed a method of mounting
pollen grains in acebocarmine, The grains vhich stained
well, locked plinmpy and well shaoped vere taken by him as
fertile and tﬁe unstained, shrivelled ones as nomviable or
sterile. Balgsubramaxnyzm (19%59) in guave, Hirmelendunath
and Rendhawa (19Y9) in pomergranate, Singh (1961) in mango,
Singh (1962) in libehi, Nalavadi gb al. (1975) in Apnong
and Nalawvadi et al. (1977) in sapota; have followed this
method to find oub.the perecentage fertility.,
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The staining property of various other compounds
such as iodine, reported by Barnett and Carver (1967)
and Brooks and Brooks (1967), tetrazolium salts, reported
by Aslam et gl. (196%) and propinocarmine, reported by
Deshmukh gg'g;. (1978) were suggestive of pollen
fortility.

Stenley and ILinskens (197%) explained the principle
behind the use of stains as their specifie steining
property, Acatocarmine preferentially stains chromosone,
iodine stains starch and tetr?zolium gsalts change their
colour in presence of engymos present in the viable pollen.
Thay suggested the use of stains as not sufficiently
accurate, when compared to germination tests as the immaturo
and aborted pollen greins contain levels of constitutive
chemicals sufficicent to yleld positive results in the gbain
test.

4,3.2 Pollen germination
lost of the pollen grains germinated successiully in

sugar solutions. Two main views on this question concerning
the endogencus or exogenous utilisation of nutrients have
cmerged, Qne school, believed that the externally supplied
sugars have only an osmotic role and wvere not utilised by
the tube for any mutritional purpose (Jost, 1905

lartin, 1$13; Anthory and Harlan, 1920; Visser, 1955).
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Others pointed out that apart from having an osmotic role,
the externally supplied sugars in the medium or in the
style definitely served as a nutrient materiel for the
growing tubes (Brirk, 19243 O'kelly, 1955; Vasil, 1958).

There is a general unenimity of opinion on the role
of sugar in conbtrolling osmotlec concentrations during
germination of pollen, However, géermination was not an
osmotic or turgor phenormenon nelther, as shown by the vork
of O'kelly (1955) nor did¢ swgar serve merely as a source of
mtrition.

Adams (1916) has reported good pollen gormination
at varlous concentrabion of cane sugar for different cropé -
2.5 to 10 per cent for gpple, 4 to 8 por cent for pear, eight
per cent for strawberry, 9ix per cent for raespberry and
16 per cent for black currants. tore recent reports on
pollen germinablon include 20 per cent sugar and 1.9 per cent
agar for plum (Randhowe end Nair, 1960), 25 per cent sucrose
and 0.5 per cent ager for mango (Singh, 1961), 16 per cent
sucrose and 0.7 per cent agar for sapota (Hao and Khadar, 1960),
30 per cent sucrose for cashew (Damodaran gt al., 1966),
25 per cent sucrose for Amnong (Nalawadl et al., 1975), 15
per cent sucrose for -plum (Ghanshyamsud gt 2l., 1977) and

15 per cent sucrose for cocoa (Ravindran, 1977).

Addiott (1943) and Visser (1995) have reported pollen
germination and polien tube growth as two distinct physiologiceal
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processes independont of each other.

Brink (192%), obgerved that when pollen wag cultured
in sugar or sugar agar medium, the pollen tubes vere as long

or even longer than those formed in nature.

W,342.1 Effect_of boric acld end calcium nitrate
Sehumucker (1935) discovered that boric acid (1 to

10 ppm) was a stimilent to pollen germination and tube
growth in Nympphaea and in marny other specles, The element
was found to occur in the tissues of the plstil of the
species studied by him., The role of boric acid and boron
in the germination of pollen and pollen tube growth had
since been studied by various vorkers in many plants,
Thompson and Batjer (1950) in their studles on the pollen
of different speciles of fruit trees found that boron or
boric acid in low concentration, such as 25 to 40 ppm
stimulated pollen germination and polien tube growth.

They also observed that higher concentrations inhibited
the pollen germination and tube growth, HResnilk (1956)
obtained 10 to 15 per cent increased pollen germination
in '"Mayer"' lemon by addition of boric acid at concentrations
ranging from 10 to 100 ppm. He dbtained ginmiler results
with many other varieties and gpecles of citrus. |

Studies by Munzer (1960) revealed that 1 to 90 per cent
bori¢ acid stirulated pollen germination and pollen tube



19

grouth in more than 60 species of anglosperms. &ingh (1961)
recorded increased pollen germination and tube elongation in
mango with 20 ppm boron or boric acid. Reo and Khadar (1960)
found that germination of pollen of sapota could be enhanced
appreclably by the addition of 100 ppm of boric acid to the
suerose-agar medium., Jose and Magoon (1972) recorded higher
pollen germination and tube length when 200 ppm beric acld was
added to § per cent sucrcse medium. Ravindran (1977) elso
emphasised the need of boric acid (100 ppm) for proper pollen
gernination and tube growth in 15 per cent sucrose medium in

cocoa.,.

Calcium nitrate, eventhough not as effective as boric
acild is reported by various workers to influence the pollen
germination and tube growth, It has been found that the
addition of electrolytes to pollen cultures hinder growth or
inhibits it entirely. Iddforss (1896) and Brink (1924)
observed that calcium nitrate even in gmall amounts were
toxic to pollen. But in contrary to this, works by Brewbaker
and Kvack (1963), Kveck ond Brewbaker (1963), Kwack (1965 ),
Jose and Magoon (1972) and Ravindran (1977) have revealed the
essential. role of calcium in pollen germination and tube
growth., The action of calcium appeared to be based on the
non metabolic incorporation of calcium into pectic substances
‘of the polleén wall., follen geérmination studies are not
reported in nutmeg.



L, Pollen storage

Pollen belng a very dellcate materialy its handling
requires great care., Methods of collecting pollen were
described in detall by various workers (Flectecher, 19063
Barrett and Arisuml, 19523 and Steniey and Iinskens, 197%),

King (1962) proposed a new term 'pollinlcuration'
which referred to such procedures as collection, drying,
testing viability, storage and shipment, particularly as
these inclusive in the technigques of plant breeding.

The storege life of the polien grains of several
hundred genere.has been recorded in verious reviews made |
by Pfundt (1910), Knouwlton (1922), Doroshenko (1928),
Nebel and Ruttle (1937), Hahéswari (194%), Visser (1955),
and Singh gt al. (1961). A proper combination of factors
such as low temperature, relative mmidity ond light have
. great bearing on pollen storaga,

k.1 Storegze by copbroliing temperpture ond humidity
King and Hesse (1938) studied the pollen storage

requirements of as many as 16 declduous fruits and found
the optimum temperaturc for storing polilen to be about 30°F.
Nebel (1939) was able to store the pollen of apple, pear,
plum, peach and apricot for 2 to 5% years in desicecator
over sulphuric acid with 50 per cent R.H at 28°C,
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Gollmick (1942) could koep grape pollen alive for a year

at 1°C and 40 to 50 per cent R.H, Similar pollen

longlvity sbudies were conducted in relation to temperamture
and humidity in papaya by Traub end 0'Rork (1936), in

cocormt palm by Iiyanage (1949),in olive by Nicolaissen (19%53)
in stone fruits by Remy (19%3), in litchi and mengo by

Singh (1962), in grapes by Nagarajen gt gl. (1965), in jack
by Sinha (4972) and in lime by Shukla and Misra (1975).

%.\+,2 Storase by freezing

Griggs ot al. (1993) successfully stored the pollen
of plum, peach, almond, apple, pear, cherry and olive for -
1 to 3 years in & home freeger at -18°C, They aid not find
mach difference in the germination percentage of pollen at
the time of collection and almost after one year of storage.
singh (1962a) have reported mango pollen to be stored in
deep freeze conditions in a dessicator for 4% months, Iitchl
pollen gave a longivity of 31 months under deep freeze at
-23%C (Singh, 1962). In citrus, Sachan and Patro (1970)
have reported 50 per cent viability after 90 days storage in
deep freeze. Shukla and Migra (1975) have reported 40 to 64
per cent frult set in kagzl lime with pollen stored in deep
freeze for 19 days. Iyophlligation or freeze drying of
pollen hes been reported to be one of the efficient methods
of pollen storage by Stenley and linskens (197%) and
Nair (1977).



44,3 Storege by drying end dehydration
Sedov (1955) found that shade dried pollen of apple

gave betber germination than sun dried, Pollen dried in
shade and stored in a desiccagtor over calciuvnm chloride

in darkness was found o be most viable, Good storage

1ife over calciunm chloride had been reported in various
fruit crops by Taterincev and Ostrowhova (1950, 1956),

Soost and Cameron (795%), Singh (1960, 1961, 1962) end
Sejtan and Kleova (1964). In apple Sajban end Kleeva (1964%)
have reported that, sventhough pollen stored in desiccator
for one year did not germinate in artificial media showed
germination in the stigmatic surface.

1;-4.1#.’4- Storage in orgavic solventsg

Iwanami (1972a, 1972b, 1973) and Ivanaml and
Nakamura (1972) tested the efficacy of storing pollen of
pany texe in organic solvents such as benzene, petroleum
ether, ethanol, acetone and chloroform, Iwanami (1975)
suggested thls technique as one of the best methods of
gtorage for 3 celled bazon which loose germinablility very
rapidly after shedding.

With regard to mutmeg, Flach (1966) reported the
pollen to be trimucleste and hence could nob be saved for
later pollination.

5,  POLLINATION
Riabov (1930) have given a most comprehensive survey
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of the literature on the pollination of trees comtaining
about 800 references. He stressed the possible influence
of enviromment on the mode of pollination and physiologlcal
conditions of .the plant on fruit set.

Inadequate pollination or conditions existing after
pollinstion vere.reported as one of the main reasons
responsible for poor fruit set in mango (Mukherjee, 1953),
in Annong and jack (Krishnamcorthi and Rao, 1965) and in
apple {(Teskey and éhoemal:ar, 1972)..

Ivaski (195%) found that, in Satsuma orange vollination
with pollen from mature bud resulted in better frult set than
pollen from flowers, JAccording to Carlone (1958) cited by
Krishnemoorthi and Reo (1965), pollination beforg enthesis
wag better than during anthesis or with a fully open flow%ex'
in apple.

According to Deinum (19%9), poliination in mutmeg is
usuelly effected by e moth. Leslla (1963) felt thatb
pollinetion in mitmeg is effected either by siall insects
or by wind, For effective poliination in mutmeg, the mala
‘and female ratio reported is 1310 (Cruickshank, 1973).
Perrl (1938) concluded that s fragrang may be able to
produce seeds without pollination vhereas Flach (1966) was
of the view thab cross pollination in M. fragrans is
obligatory. Dl}nean and Pergusen (1967/1968) after detailed



gtudies of the embryo sac and svents leading upto fruib
forpation suggested that an incompetibility mechanism may
be operating to ensure cross pollination in mtmeg.

Deirum (19%9) reported artificisl pollination in
nutmeg to be very simple and easy. Flach (1966) vas of
the view that ertificiel pollination inereased the chances
of shedding, He also suggested the influence of polllination
on the off springs. According to him, progemies of freoly
pollinated blsezuunl trecs will be more female than that"‘ of
frecly pollinasted famele trees. He explalned the reason
for the higher female progenies by the fact that, in case
of monoecious trees, the chances of self pollination was
rpore than thet of dioescious plants - The chances of such
self pollihation wae increased in case of monoeciocus trees
with more male flowers, resulbing in ess production; but
with more female progeny, ZThe reverse was true in case of
monoeclous trees with more female floyers.

6.  FRUIT SET AND DEVELOPMENE

In most of the horticultural crops, flowering could
not: be taken ms an index for estimabing the finol crop.
Low production was not due to low flower productions but
due to the low percen'iiage of set and further retainment.

Mukherjee (19%9) reported the ultimate set in mango
as one per cent, Korrigs and Kester (1959) reported the
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set in almond as L0 per cent, Ib was 0.2 per ¢ent in
Washington Naval orange as reporbed by Erickson and
Brannaman (1960). Singh (196%) concluded high per cent
of female flowers, defective pollination, web weather
ceusing pollen loas and vegebative growth at the expense
of fruiting as couses of poor set in mango.

in nutmeg, many of the female flowers are shed
after flowering.' Flach (19656) reported the initigl seb
t0 ba 50 per cent in New Guinea, According to him, the
percentage set vas still lower in artlficial pollinations,
He found nineteen artiilcially pollinated flowers oub of 20
shed vwithinm foy days exnd the solibary one left was dropped
within three months. According to him, fruit sebt was
influenced by the prozimity of the male trees and also the
availebility of both staminabe and pistillate flowers at
the same time, The bigger the flower, the greater was the
set. Trees in which the flowers were borne on largexr
pedicels recorded increased fruit set. Fruilt seb was 10 .to 27
per cent in plents with wlder opening of the perionth, whereas
it was only 1 to 9 per cent in flovers with narrow opening.

With regard to fruit development, 1llttle has been
vorked out in mutmeg. Sainl gf gl. (1971, 1972) have made
reports on frult development in Hango, Their studies



revealed the fact that growth of the frults wvere
comparatively'slou'upto 21 days, becare rapid between 21
to 64 days and thereafter it again slowed down lasting
t411 maturity. Sigmold growth pattern was characteristic
to both fruit and seed., Ilighest per cent increase in
grovth of fruit and seed was found in April followed by
May, Seced development promoted thé growth of frult by -
its oun development. <The slowing dowm of growbh after a
particular period from anthesis was associated with the
hardening of endocarp and stopping of the growth by the
seed., Initially, the growth of the frult was mainly dus
to cell division accompanied by cell enlargement. Once
the cell division had stopped, other factors which
contribute to the fruit growth were cell enlargement and
increase in size and mumber of laciferous canals, Similar
studies had been previously carried out infcitrus
(Motilal, 196%) and in carambola (Nand, 1971).

In mutmeg the time required for the fruilts to attain
maturity from flowering ls reported to be five to six months
in England by Leslia (1963), nine months in Grenada by
Flach and Crulckshank (1969) end Cruickshank (1973).

7.  FRUIT DROP
Hot much work on fruit drop of mutmeg is available
although it 1s a major problem. DIut this phenomenon,
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typical in many frult crops has long been subjected to
mich studies as by Coit and Hodgson (1916, 1918 and 1919),
Marneek (1933), Harrold (1935), Srivastava (1938),
Nauriyal (1955), Korrigs and Kester (1959), Singh (1960
and 1961), Chadhe and Singh (19634 1964%), Singh (1965),
Palmer et al. (1968), Pollard and Biggs (1969,

Wilson (1969), Rogers (1971), Jawanda gt al. (1972)

and Hariom et al..(1975). -However, our knowyledge
concerning the intensity and periodicity of shedding of
developing fruits 1is essentially limited..

According to Lewis (1946), the relative post
fertilisation production of hormones by the developing
embryo determined the further retaimment, If embryo failled
to develop, the ovulary tissues ebscised. If 'they developed
the ovulary remain attached until maturity. In mango,
degeneration and abortion of ovule as early as at the four
nucleate stage of embryo sac was responsible for the drop
of 40 to 50 per cent. of fruits (Singh,.1965).

Chandler (1925) recognised three waves of dbscission
of young fruits of deciduous fruit trees as (1) at blooming
time or shortly after flowering pistal abortion (2) two
weeks after bléom flowering following failure of fertilisation
and (3) June. drop following competition for nutrients and
failure of embryo development.



Addicott and Iynch (1955) reported that fruit
drop vwas lnfluenced by en gbsclssion mechanism. The
phenomenon of abscission layer formation was supported
by various workers as Chadha and Singh (1963) and
Randhewa. (1971). Leuty and Bukovac (1968) reported a
relabtionship between endospar¢ and embryo development
and fruit abscission, ¥Fruits about to abscise and those
considered pobtential drops were characterised by a smaller
perdcarp or no embryo or an aborting embryo or more than
one of these facltors. Persisting frults contained secds
with a rapldly developing cmbryo and endosperm. Among
the external factors reporis have been mostly made on
temperature (Yemaguchl, 1954) and molsture status of the
soil (Cérns, 1951).

Among the internal factors reportced, hormones are
the most important. Auxin-gbscission relationship has been
supported by several workers (Addicott and Iynch, 19553
Coyne and Al-Yosurd, 196%; Bardwaj, 19753 Hariom et al., 1975;
Varme, 19763 Addlcott end Wiater, 1977). The influence of
gipberellins, absecisin, cytokinin and ethylene on abscission
had also been discussed by varlous workers (Gustafson, 1960j
Cooper and Henry, 1971; Varma, 19763 Addicott and Wiater, 1977).

After a detailed study, Berdwed (197%) concluded that
the interaction between various growvth regulators determine



the ultimate abscission. The auxins and gibberellins
produced in the seed and the abscisin in the pericarp may

be transported to and interact at the absclssion zone
located at the base of the pedicel, If auxin and gibberecllin
were not available in sufficient amourtts so as to neutralise
the effect of abseisin, the flower or fiuit shed. Thus
ultimately, the relative balance between varlous plant growth
reguiat;ors determine the retention and abscission,

741 Maves of drop
The absclssion of partlally developed fruibts subsequent

to bloom is not. ordinerily continuous but proceeds in more or
less definite waves, According to Rendhawa (1974%) the period
olapsing from patal fall to the first wave and between
successive waves and their intensity depead upon several
factors such as species, variety, occurrence of fertilisation,
position of flower and prevalling weather conditions. The

waves of drop have been worked out in different crops.

Howlett (1927 ) recognised two abscission periods in
apple. One termed as first dropy which was heavy and
beginning shortly after petal fell contimued for two to three
weeks and the other, the so called June drop, which began a
fev days after the completion of the first drop contimued
for two to four wecks. This view was later supported by
¥ecowm (1938), Vyvyan (1946) and Randhewa (1971). ALl of

them were in a generel agreement of an abscission layer
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formeitlon vhich uvltimately resulbted in the fruit drop.

singh (1960) observed an arresting of growth of fruits
one week in advance of drop in mengo. Chadha and Singh (1964)
rocorded three waves of drop in mango i.e., pinhead drop, post
gsetting or April drop and unrips frullt drop or Hay drop.
. Randhawa (1971)‘fbund.mﬁximum drop just after setbing in
mango; In citrus also, three waves of drop weﬁe recorded by
Randhava (1971). The waves were during the month following
full bloom; June drop and prcharvest drop.

In nutmeg,'81aff (1950) reported a drop of about 60
per cent from fertilisation to harvest. According to several
workers quoted by him, it is possible that the drop is
influenced by geneticel factofs to certain extent as they
found individual trees free from drop and also an increasoe
in drop vhen the age of plant increassed, A heavy cropping)
limited water supply, heavy root competition éue to inter-
planting and heavy shade were found to be other contributory
factors, Affected mibs were also found to be infected with
Sorynoum mypistigeg. Ramakrishnan and Demodaran (195%) and
Plerrie (196k) have also reported the occurrence of various
diseases which likely inereased the percentoge drop. Dub
such diseases were not found te cause fruit drop and th§y

atbributed the drop to'a physiologleal disorder,
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8. YIEID

In Bast Indies, the trees bear fruibts more or less
all through the year round; but in most places, the crop
is obtained in May-~dune and again in August~September.
In West Indies, the tree produced fruits all the year
round, though most heavily in.August and Septembep
(Guenther, 1960). In Greneda, there exist two distinct
production peaks, Jamary-Aprll and September-October
(Cruickshark, 1973). The harvest calendar given by
GATT (1977) showed the peak season of harvest as AprileJdune
for Indonegia, February«April and August-Septeomber for West
Indies and FebruaryeHarch for Srli lanka, In India, though
the éroﬁ is available through out the year, the peak
harvesting period is June~iugust (Mair gt al., 1977).

According to Flach (1966) in Grenade, the beskt
plantation showed an average production of 1500 fruits per
tree. In a new and adequately spaced plantation, the
production reached 700 kg mutmeg and 140 kg mace per year
(the mumber of trees per hectare = 100 females), Shanrmghavelu
and Rao (1977) stated that a 10 year old tree ﬁay-bs expaected
to yleld 500 to 800 fruits and & 20 year old tree, 2000 to
3000 fruits 4in India. According to Nair (1977), on an
average, a good tree yields about 1000 fruits per year,
though yields may very from 500 upto 10,000.
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MATERIALS AND METHODS

The investigations were conducted on the nutneg
trees at the District Agricultural Farm, Manmuthy, during
a period of 12 months commencing from 30th March, 1978.
Four mature bearing female trees, four flowering‘male
trees and one hermaphrodite tree (bearing both male and
female flowers; but predominently male) were selected for
the study. The trees (raised from seedlings) were of the
same ago (17 &aars) and vere under uniform cultural and
ramiriel treatments as per the package of practices of the
Kerala Agricultural Univerzity. They wvere irrigated from
November to April gt weekly intervals. On each tree, one
square metre area within a height of two mebtre was selected

on four Espects (East, West, South and North) and the

following observations were mades:

1. Bxtension growth of shoots for a period of
one year
2. Flower characters

3. Frult set, frulb drop and fruit development

The detalled procedurces for the study of each character
wvare as follows:
1. EXTENSION GROWIH

Twenty five lateral shoots on cach aspect were selected

at random from the one square metre area of the four female
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trees (T1 to Iy}, one male (T5) and one hermaphrodite (T6)
tree. The shoots wore tagged and mmbered serielly. Thus
extension growth was measured in cm at fortnightly intervals
starting from 5th April, 1978 to 18th April, 1979.

5,  FIOWER CHARAGIERS

The studies were conducted in four male and four
female trecs in respect of flowering pattern, flower
development and fioral biology (anthesis, anther dehiscenca,
stigmatic receptivity, pollen studies and mode of pollindtion).

2.1 Petterp of floweri
To study the flowering pattern of male and female

trees, observatlions were made for a period of one year for
the nmunber of shoots flowered and the mmmber of flovers per
flovering shoot by taking 100 shoots at random on each trec.

2.2° Flover development

In an sttempt to. find out the exact time of visual
emergence of flower buds, the shoots tagged for shoot
extension studies were observed at weekly intervals, To
study the progressive stages of flower bud development, 100
buds each of mele and female were tagged at random on four
trees. Tagging was done soon after the emergence of the
bud on the new flushes, as a light green protuberance with
a blunt tip. Observations were madg at weekly intervals;
The developing buds were noted and drawings were made to



34

sbudy the stages of development, The length and glrth were
measured for the pedicel and the bud separately.

2.3 TFloral blolo
To study the floral biology flowers were collected

from thé mele, femele and the hermaphrodlte trees separately.

The flowers were described and drawings were made,

2+3+1 Anthesig

To know the exact time of anthesls, 25 mature buds
(buds with cresmy perianth) were separately tegged on the
rale and female trees, Observations wers made twice dally
in the morning and evening. Initial. observations showed
that anthesis occurred during the late cvening, Iater,
shoots of male and female trees with mature buds were
plucked at 1700 hours and kept with thelr baszl portion
imnmerzed in water; The shoots were observed at bihourly
intervals, The results were then confirmed by field

observations,

243.2 Anther dehlscence

The period of anther dehiscence was studied by tagging
100 ivmature buds of uniform silze having light green perianth
partsy ZThe observations vere initially made by forclng open
the perisnth paprts tuwice daily ia'the morning and evening and
checking the anthers with the help of a hand lens. Iator,

‘Observations were made at bihourly intervals from 1700 hours
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onward selecting mature buds with creamy perianth which
hed not dehisced.

24343 Stigmatio recepblvity

The recepi;ivity of stigma was judged by the'fresh,-
whitish cr_eaniy colour, the shiny eppearance and the nectar
llke sceretion on the stipma. Thls was again confirmed by
pollination studies. DMature female buds bagged with muslin
bags were observed ab 0906 hourss, Tﬁe buds and {lovers
were then pollinated wilth the pollen collected from dehlsced
male buds with the help of a needls, ' Pollingtlion was done
daily between 0900 and 1000 hours on 25 flowvers each at
different stages starting from one day prior to entheslsg to
seven days after anthesis. Twenty five buds vere left
bagsed without pollinatidn to observe whether frulb set
vas possible in mutmeg without pollination.

2.3.,% Pollen studies

Sevéra.l aspects of pollen such as morphology, fertility,
mpber of pollen per anther, pollen germination, pollen
viability and mode of polliration were studied. The pollen
utilised for the studies were collected between 0800 and
0900 hours f{rom mature buds; maturity being initlally
judged by the bright creemy colour of the perienth, the
colour of the open iflover. The maturibty was later confirmed

by removing the perlsnth and checling the anthers for



36

dehiscence. Only debisced snthers were utilised for the
study. Open ﬂot-:érs were avoided for tho reason thab
'ant.hesis being at night, a good rumber of pollen would
have been lost by next day morning: The detalled procedure
carried out is described belois:
2431+« Morphology end fertllit

| Twenty five well sheped mature buds were selected
from the male trees for the study. FPollen from each bud’
were separately collectad -ﬁ.n acetocarmine and glycerine,
képt on a clean slide. A clean coverglass was placed ov_@ar
that and the slides verg kept for ahout 30 minuntes to 'alllow
.t,h_e pollen grains to teke the stain properly before
examiﬁing under a microscope., <The diameter of pollen
graifis vas measured using an occular micrometer and thelr
average was taken as the diameter of each pollen grain.
The diameter of 100 normal, well sheped and wall stained
pollen gra‘.in abt random was recorded from each slide.
Fertility ves calculated from the total mumber of well
stained polien grainé. The cxperiment was ropeated m.tb;
potagsium lodide lodine solution (0.1 per cent iodine in

2 per cenb potassium lodide) as the. staine

24302 Estimatio pollen production
The number of pollen per flower was estimeted using
haemocytometer as adopted by Bao and Khedar (1962). Creamy
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mele flower buds were collected, The perianth parts vere
carefully removed and the anther column was observed under
the hand lens for non dehiscence. Such anthers which were
almost mature and straight bubt not yet dehisced were marked
out, Ten such anther column were selected from cach tree.
They were kept in viels and then stored in deslccator over
calecium chloride for six hours to faciiitate dehiscence.
After the dehiscence, 2.5 ml water conbaining 0,25 per cent
calgon (Oﬁerla and Gfeortzen-,‘ 19%52) was added and the contents
thoroughly stirred in order to obtain an even dispersion of
the grains in the suspension. 4 drop of this suspenslon
dravn in a fine pipette was transferred to each of the two
counting chambers of a HNew bauner improved double haemocytonmeter.,
Each chamber had an area of nine square millimeter ruled into
square millimeter areas. Bach of the four corner square
millimeter areas were ruled into 16 while other five square
miliimeter areas were ruled into smaller divlisions. The
counting chambers were 0.1 mm in depth so that the volume
of solution over a mm® was 0.1 umS, The number of pollen
per flower was calculated as,

If N = average mumber of pollen counted per
corner squarey

X = mumber of pollen/flover

N:X = 0413250 1e€ey 01X = 250 K

e e X = 2506 ie|
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The pollen grains in each of the four corner squeres
of each counting chamber vere counted with the help of a
hend telly counter and by using the low power objective of

the microscopa.

For each tree, ten such estimates were made and the

total flover exemined per tree was 100 numbers,

2.+.3 BEffect of sucroge in pollen germinabion

Sinece the optimum medium for pollen germination in }
rutmeg had not been studied, initlally different
concentrations of sucrose (10, 15, 20 and 25 per cent)
with 1.5 per cent agar were tried by incubating in a moist
chamber, &ince there was no germination even upto 48 hours,
the experiment was répeaﬁad with'ﬁ,_3o; %0 and 50 per cont
sucrose with bebtter resulis in 5 per cent sucrose media.
The experiment was repeated with 0, 2, %, 6, 8 and 10 per cent
sucrose With 1.5 per cent agar, where satisfactory germination

vas observed.

To know the optimwm time for incubation, observatlons
were mpde at hourly intorvels in six per cent suecrose agar

media.

2.3.+ Bffect of borle geld and celclum mitrate in pollen
germination

Effect of boric geid and calcium nitrate was tegted at
different 1lovels of suerose with 1.5 per'éent agar.
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Observations were made after five hours incubation in a
humid chamber after which the growth was arrested with
Carnoy's fluid (JoMnson, 19%0). Tho different levels
tried wére, OI, 2, %y 6 and 8 per cent in case of sucrosd
and 25, 50, 75 and 100 ppm in case of borie acid and
calci"umh nitrate with 1.5 per cent agar. The independent
effects of borie¢ acid and galc_ium nitrate at different
concentrations of sucrose agar and their combined

offects were also studied.

On an aversge 750 pollen grains were counted for
germlnation from twenty microscﬁpic fields and ‘for tube
length, 100 pollen tubes were measured, Germination vas
expressed in percentage and tube length in pe The
experiment was repeated three times and the aversge was
taken,

2,345 Bollen storasg

Hature buds were collected f{rom male trees. The
perienth was removed emd the anther column was tested for
dehiscence, with the help of a hand lens. The dehisced
anthers were collected and treated in different ways as
followss

1. Mature buds kept intact wlthout any treatment

2, The anther column slong with pollen grains and

the pollen grains alone were kept at room

temperature without any treatment.



40

3+ The anther column along with the pollen grains
end the pollen grains alone vere placed in a
desiccator over calclum chloride at room
temperature and at 4% °C

%. The anther column along with the pollen greins

; and the pollen grains alone wers placed gb %.9C ,

5+« The pollen grains were soaked in organle solvents,
such as petroleum other, acetone and benzene and
stored ab kﬂpcg

The viabllity and tube length of pollen were recorded
each treatment at daily intervals in six per ecent sucrose

agar media after five hours incubation in moist chamber.

2.3,5 Mode of pollination

To study the node of pollination, the male and female
trees were closely observed during the flowering season. To
trap the insects if any visiting the flowers during the
night, the inflorescences on mele trees in one gquare metre
area vere sprayéd with 0.1 per cent sumicidine at 1800 hours.
A saquare wodden frame with muslin cloth fitted on it was
suspended to collect the insects vhich mizght fall down,
Obsexrvations were made Jjust after the spréy, next day mornilng

and 2% hours later,

The same treatment was repeated thrice at different.

sldes of the uree.
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To observe the extent of alr horne pollen, slides
coverad with cellophane tape with the gstlcky side exposed
were guspended at different sites nsar the ﬁale and fenale
treeg at 1700 hours. HNext day morning, pbllen counts were
made from the slides at different mlcroscopic fields for
the mutmeg pollen and foreign matters.,.

3. FRUIT SET, FRUIT DROF AND FRUIT DEVELOPMENT
3.1  Eruit_set

To know whether there was any apomictic fruit set, 100
mabufe female buds vere bagged with muslin bag. The bagged
flowers were examlned at weekly intervals for a period of one
month without opening the bag. The mumber of flovers dropped

and those retained was recorded.

The percgntage of natural get was assessed Ly tagging
100 female flowers cach on four female trees and observations

were made at weekly intorvals for a period of one month.

To study the effect of artificial pollinntion 100
flovers were pollinated with pollen eollected from mature,
dehisced buds with the help of a needles. The pollinated
flowvers were tagged and observatlions made at weekly intervals

for a period of one month.

3.2 Frult drop
To study the extent of post set drop, young fruits
of 15 to 20 days old (marble stnge) were tagged and observed
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at wedkly intervels. The muber dropped was recorded,
Twenty five fruits on each aspoct of the four female
troes 1.6y o tobel of 400 young fruits were aken for
the study.

3,3 Fruit deyelopment
To study the developmental stages of the fruit on

the tree 25 young Ifruibts of marble stage were tagged on

four aspects of each tree.

The tagged fruits vere observed at weekly intervals
and the girth was measured using o thin, narrow, non elastic
tuine and scaele. The observations were contimied upto the

harvest stagee.

3. Yield

Tumber of fruits obtained in daily harvest from each
tree were recorded for the main harvest season (March to
Septénmber) and the total yield was calculated,

I, STATISTICAL ANALYSIS

Suitable methods of analysis had been employed in
cases where it was found necessary following the procedure
given by Snedecor and Cochran (1967). TFor the percentage
values, anelysis vere done after engular transformation.



RESULTS



43

RESULLS

The results of the detailed study on the growth,
flowvering, fruit set and fruibt development in nutumeg
are presented below. The snalysis of varience tables
for the different characters are given in appendices III
to XII.

1. SHOOT GROWIH

The shoot growth was measured as the extension in
growvth of the shoot recorded for a period of one year from
April 1978 to March 1979. The data presented in Table 1
indicate that, there was growth in all the months although
the extent of growth verled from ronth to month significently
at one per cent level. The maximum mean growth was recorded
during the month of September (4.06 cm) which accounted 35.9%
per cent of the total growth for the year. This was closely
followed by growth in May and June with no significant
difference between the two. Mean extension growth in reast
of the months showed no significant variation. However,
growth wvas mindnum during the month o_i__' April (0.03 cm) which
accounted 0.25 per cent of the total growth. The totml

extension growth for the year was 11.31 cm.

The percentage of shoots that showed growth in
different months olso followed the same trend as for the

mean growth (Table 1). Maximum porcentage of shoots showed



Table 1. Hoan monthly grouth of rmbmeg shoots

R B W T --.---.—-u--.-—--u-—-ﬁ—---Dh‘-‘--—-wﬂﬂw---uuﬁ-—-'—Il—h L2 X r I ¥r 3 X}

Honths A B ¢ )
1978 April 0.03 . 025 2.16 (5.62)
May 247 21,84 73,33 (59.90)
June 2.40 21428 66,00 (55:46)
July 040 3.5 27.60 (31.06)
August 1,01 8,04 . %0.83 (39.38)
September 4,06 35.9% 75,00 (62.,60)
October 0.12 1407 6.33 (10.,u42)
November 0411 0.9% 3.00 (6.,67)
December 0+2% 2.16 5433 (11.98)
1979 Jemary 0418 1.63 7450 (13.00)
February 0423 2,00 7.33 (11.52)
tarch | 0405 047 3416 (8,07)
F. Value 25,35 " 64 ,81™"
CD 074 ? «86

- '
T -4l et D P e B T G P WD A R AT A Sy P M e R G T T B B S Y WY W AL i SIP A G e A B S PO gk A T gar gaip 5D me O S W G W 4ty A T e - SO

A = Maon exbtension in cm

B = Growth expressed as percentage of the total
C = Percentage of shoots showlng growth

Values in the parenthegis denote the means of the
trangsformed data,

¥* = Significantat 1 per cent level
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growvth in September (75%) and minimum in April (2.16%).
Bhoot growth in relation to temperature, rainfall and
relative humidity 4s illugtrated in rig 1.

In general, two peak seasonus vere observed for shoot
growth.. The first in May-~Jdune and the second in Septcmber,
During these two peak seasons of growth the temperature
averaged between 29,85°C and 26.25°C and the total rainfall
during the above two periods were 287.5 m to 848.5 rm and
68.3 rm (Appendix T). It con elso be seen that the rainfall
during Septembor-October was rather scanty while the shoot
grovth wvas meximum. The relative humidity within the main
season of growth was 71.5 to 83.0 and 79.0 per cent. During
the summer months (December to March), vhen the growth was
very lov, the temperature varied only between 26.35°C and
29,50°C. The relative mmidity during the sumser months
ronged betwveen 66,5 and 70.5 per cent. In effect, it can
be seen that there is not much difference in the temperaturs
during the main growth seeson and in summer; but the
verdation is only in the rainfall and the relative humldity.

The aspect vise difference in growth is presented in
Table 2. Eventhough thére was slight variation in the mean
extension of shoot ond percentage of shoots thalt showed
growth, statistleal englysis showed the variation to be not
significant,
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Table 2. Mean growth of mutmeg shoots -on different aspects

Aspocts - | T A B

Eagt . 0.83 25,49 (27.26)
Soubh ' 1.02 31435 (31.60)
Wogt 1,03 29.00 (28,91)
North 0487 26,60 (27.75)
F valus 1.38% 2,257

Tgble 3. Mean growth of mitmeg shoots on different trees

Trees . A 5 '"
1(p) 0470 23416 (23.6%)

2 (Q) 1420 29.58 (28.37)

3 (Q) 095 28466 (27.68)

¥ (9) 0.89 32,16 (32.03)

5 (8) 0499 26,75 (26.3%)

6 () 0..92 18475 (19.76)

F velue | 0.78%° 17.97""
CD 5.56

W S s D Y S G B gy S S gy e G A TS S i s S et SN T G -5 e P e Qe B QD T un . o A7 G dP GI B Se - S gt SN P i T BN LD AxS Juh gpy = g

A = NMean extension in cm

B = Percentoge of shoots showing growth

Values in the parenthesis denote the means of the
transformed data

** = Significant at 1 per cent levol

HS = lot significant
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The mean growth for individuel trees is presented
in Table 3. Statistical analysis showed the variation in
mean shoot extension to be not significant but the mean
percentage of shoots that had shown growth in each tree

varied significantly.

Hexdmum percentaze of shoots shoued growth in e
female tree, T) followed by T, and T3 which were also
fomales, with no slgnificant difference between the throe.
The varietlon between I,, T3, T5 (male) and T, (female)
were also not significant. Again, T, and T6 (hermaphrodite)
were on par with no significant variation between the two.
Thus, eventhough the trees veried significantly, no
significant difference was noted between the mole, female

and hermaphrodite trees.

The data of individual shoot growth showed that in
mitmeg, growth was not continmuous bubt in flushes (Table 4).
Eventhough the tree shoved growth in all the months, 1t wos
on different flushes that the growth occurred. lio flushes
vere observed after September. The duration in growth of
each flush is given in Fig 2. 5ix flushes were observed in
an year. Thus, the growth in mutmeg was found to be cyclic-

a period of growth followved by a qulescence.
2. FLOWER CHARACILRS
The results of the detalled studies on floral

charageters are described below under different heads.



48

Table %, Mean shoot growth per month in different flushes (cm)
T T ""Eiﬁ's'ﬂ'é;m"‘"""““""'
Mean growth ~ecccwmcmccoce. oo - —~————
April ' May’ June Ju_y August September
1678 April 3
May 1 5.2
June 0 2.8 2.5
July 0 0 3 L
August 0o 0 o 0 4
' September 3.5 5.5 1.5 6 0 2.5
October 2 1.2 0O G 5 4
November 0 0 0 0 1.5 0
December 0 0 0 2 0 | O.
1979 Jamary 0 28 o0 1.8 0 0
- Febxuvary 0 1.0 0,8 0 1.9 0
March 0 6 07 O 0 2
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2.1 Flowering pattern
The data on flowering of mele and female nutmeg treeés

is presented in Table 5. Male and female trees showed
variation in the pattern of flowering. The male trees

showed flowering throughout the year at varylng intensities.
Maxirmm percentage of shoots flowered in July (72.757)
folloved by October (60,50%), November (40.25%), March (39.00%),
June (35.00%) and April (30.00%). During the remeining months
the percentege of shoots flowered was below 30.00. Ieast
flovering was recorded in December (7.,50%). Sbatistical
analysls showed that the values for MNovember and March were
on par. The varigtion betwecn May, February, September,
Augusi and Jamiary were also not signifilcant. The data for
mean mumber of flowers per flowering shoot showed maxirum

in April and July (16.98%) and ninimum in December (6.,80%).
The nmonths dliffered significantly for the mumber of flowers
per flowering shoot.

The flovering patbtern of femole trees was entirely
different from that of male., Flowering was observed
contirmuously from June to October and then in Jamuary and
February (Table 5). Maxirum percentagé of shoots flovered
in July (2%.50%) followed by October (18.25%), June (11.50%),
August (5.75%), September (%.50%), Jexmery (2.50%) and
Fobruary (1.75%). However, no significant variation was
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Table 5, MNonthly flowering of nutmeg trecs

W . e S S Bain B Y B O i i b i e AT Sy G - O 4 e G S E P e A P A G D e O B IS Y el e A~ W TS B

Male Female
Fonths e e e e 1 o o e e e ————————
A B A B
1978 April 30,00 (33.,18) 16.98 0400 0400
ey 1625 (23.78) 9.65 000 0400
June 35,00 (36426) 970  11.50 (19.72) 1.15
July 72,75 (5B.5%) 16,98  2%.50 (29.35) 1.50

August 13,00 (21.07) 8,83 5475 (13.77) 1.05
September 13,00 (21.,10) 7,63 %.50 (12.10) 1.00
October 60,50 (51.07) 15,25 18,25 (25,21) 1.28
November %0425 (39.37) 13,00 0.00 0.00
Decenber 7.50 (15.85) 6.80 0.00 0.00

1979 Jamary 11,50 (19.73) 9,08 2450 (7.76) 1.00
February 14,75 (22450)  9.63 175 (5.26) 1.00

F value 297.60"" 12,19 50.70™"
CDh 2425 3 «03 3473

- e B mp e en L A s PO om0 S e P S = D PO P -

A = Percentaze of shoots flowored

B = lean mumber of flowers per flowering shoot
Values in the parenthesls denoto means of the
trangdrmed deta

%% = Significant at 1 per cent level
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observed for August and September as well as for Jamiary
and February. The mean rumber of flowers per flowering
shoot also followed the same pattern, with the meximm in
July (1.50%) and minirum in February (1.00%).

Flowering of individual trees is presented in
Table 6. In males, T, and T3 recorded slgnificantly higher
flowering than T2 and T1 both in percentage and mean
number. In femeles also, significant tree to tree difference
was noted. $3 shoved maximum percentage followed by T,, T)
and T2 with no significant difference between T1 and Th’

2,2 TFloyer bud developmend

Steges of bud development was studied by teking the
buds inltiated on 'Mpy! flush. The whele period from bud
energence to flower opening was divided into six stages.
The period under each stage for male and female flowers l1s
presented in Table 7. The male and female flower bud
development could be described as follows:

2.2.1 Halg flover

Stage 1. 3Small light green blunt protuberances
1.0 to 2,0 mm long were noted on the leaf axils of the now
flush (Plate I - Fig 1). This stage contimed for one month.

Stage 2. Tho bud attained a length of 0.75 cm with
the tip portion covered by & bract distinguished by a light
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Table 6, Extent of flowering in individual trees

- Y e Svan s e R Y e WY D ae VR Gl e b BT o G i @R TS N S W GR. TT Ak W TN S G R GF W o S B e S5 We S5 g 55 B B T SB WD A G G4 S g

, ¥ale Female
TPEES = eescrcccaececcesmcccm s e e e S e ———————— ———
A B A B
1 27.50 (30.3%) 1041 6,00 (17.20) 1.16
2 28.75 (31.37) 10.23 3.58 (11.80) 1.12
3 30.75 (32.66)  12.73  8.00 (20.58) 1.2k
b 30.83 (32.81) 12.78 5,33 (35.08). 1.03
F value 6.52"" 5,36™" 15,05
CD 030 .75 .82

A = Percentagze of shoots flowered

B = lean number of flowers per flowering shoob
Values in the parenthesgis denote the meéans for the
transformed data

** = Significant at 1 per cent lovel



Table 7. Chionology of stages from bud emergence to flower opening in mibtmeg

"""" T T T Days required for passing from the one poc.t  Dave for the
- ays for the
%ex of ﬁgmgggs . _________dtage to another  nympep of'%nfloreicgnce
he plant ‘ . ' days - ~ to'complebe
observed ;Islg to ggg t0 ;Eg to ggg to 2}:& 0 required anthosis
Male 100 3042 8 M 12.6 284 56 84,2 . 9.5

Female 100 64 .2 303 157 351 8.8 154.1 .s

i
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PLATE -1

STAGES OF MALE FLOWMER DEVELOPMENT

N NULUTMEG
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brown demarcabion (Plate I - Fig 2). This stage contimied
for 7 to 9 days.

Stage 3. The tip portion showed signs of btud
sepavration. The peduncle attained a length of about 0.8 em.
The bract fell off leaving = scar behind. The elder bud
attaired a length of 0.2 to 0.3 cn (Plate I - Fig 3). The
duration of this stage was 10 to 15 days. The leaf on the
axil of which the tud was borné attained full size; but iras
light green in colour. |

Stege %, All the buds in an inflorescenca vere
clearly seperated, The buds vere light green in colour,
with the peduncle 0.7 to 0.9 ecm, pedicel of the eldest
Bud 0.3 to 0.8 cm and the porianth 0,2 t0 0.3 cm in length
(Plate I - Fig %), By this time, tho leaf attalned dark

green colour, This stege lasted for aboubt one month. .

Stege 5. The inflorescence hed 2 to 6 buds, each
vith & bracteols. The peduncle attained 1 0 1.3 cm in
length, and the eldest bud had a pedicel of 1 to 1.3 em
-greenish white perienth of 0.7 to 0.9 om lenghh and 1.6 cn
girth (Plate I « Fig 5). It took six-days for the bud to
-enter the next stage.

Stage 6. The anthesis of the first flower commenced,
The open flower was with a grecnish pediccl of 1.2 t0 1.7 cm
.length'and 0.2 cm girth, a lobed cremmy white perlanth of
0.8 to 1.2 em langth and 1.5 to 'f.B cnm girth. In some
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flovers, bracteocle persisted. The peduncle bearing the
flovers was groen, 1.0 to 1.3 om in length and OW cm in
girth (Plate I - Fig 6). Tho anthesis in an

inflorescence ¥as comploted in 7 to 11 days (Plate I - Fig 7).
On an average, it took 84 days‘ from the bud emergence to
complete opening of all the buds in an inflorescence in one
season, After anthesls, the inflorescence axls remained
dormant, with a bud at ths tip; which again followed the

same paittern of flower development in the next seas‘;oxi

(Plate I - Fig 8).

2.2,2 Femgle flower

3tage 1+ The first stage of male and female bud
resembled each other. The young bud appéaréﬁ on the leaf
axil of new flushes as a light green blunt protuberance of. 1
to 2 mm length (Flate II - Fig 1)» The bud remained as such
for two months,

Stage 2. The young tud clongated slightly to a length
of 2 to ¥ mm. The tip portion, "coveréd with the Uract,
appeared brownish. -The leaf on ﬁi}é axll of which the bud was
borne fully developed and turned dark green (Plate II - Fig 3).
This stage vas. of about one momth durgtion,

stage 3. The bud atbained 5 to 7 mm length. The
brounlsh tip portion of the second stage eﬁmgatad further.
The, bract was dropped leaving a scar behind (Plate II - Fig 3).



PLATE - I STAGES OF FEMALE FLOWER DEVELOPMEMNT IN NUTMEG
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This stage lagted for about 15 days.

Stage %. The young bud was with a short, grecn
peduncle and a pedicel dlstingnished by a bulging tip.
The whole bud abttained a length of 1,0 to 1,2 ci
(Flate II - Fig 4). It took 35 days for the bud to pass
to the fifth staée.

Stage 5« The tud became fully developed with a
wall demarcated greenlsh peduncle of 0,3 to 045 cn
length, 0.4 cm glrth together with a greenish pedicel
of 1.3 cm length, O cm girth and a gresnish white
perianth 0,5 to 0.7 ¢m in length and 1.3 to 1.6 cm in
girth (Plate II - Fig 5). This stage vas of 7 to 10 days
duration.

Stege 6, Anthesis was observed, The flowor vas
with a greenish peduncle of 0.3 to 0.5 cm length and 0.k en
girth together with a greenish pedical of 1,0 to 1.5 cm
length and O cm girth. A trilobed creamy white periantn
of 0.75 to 0.90 cm length and 1.7 to 1.9 em girth was also
visible. Thoe bracteolo persisted in certain caszes (Plate II -
Fig &),

The average muber of days between bud emergence and
flover opening was 15%, By the time the flower opened, new
flushes had started on tho same shoot.,
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2.3 Floral biology
lutmeg is generally treated as dicecious; tut

occurrcnce of nalc agnd famale flowers on the same tree

is also seen.

2+3.1 Male flover

Usually produced on shoots up to one year old in
panicled cymes of 2 to 6 flowers on leaf nxils. When
all the flowers were shed, the axls was, zlgzag.in naturs
(sympodium - Flate III). After one seascnts flowering
new buds arose from the same axis in the nexb season.
Flowers were fragrants peduncle pale green, unbranched
140 to 1.5 em in length, 0.% om in girthy pedieil drooping,
1.0 to 1:5 cm in longth, 0,2 cm in girth, bract small and
deciduous; bractecle present, oblique at the base of the
perianth; perianth ball shaped, croamy vhite, three lobed,
valvate, 0.70 to 0.95 cm in length, 1.8 cn in girth;
androecium stalked, filements and connectiveés commate in
a column, usually produced beyond the anthers, anthers
elongate, dehiscence longitudinal; pollen grains were
abundent, spherical, pale yellow and poudery. The details
of the flover are given in Flate IV.

2.3.2 Fepale flover

Usually one flovered or a new flowered cyme vas sden
‘on the leaf axilg of last season's growth., Flowers werg
fragrant; peduncle green, unbranchéd, 0.35 cm in length,
0.t cm in girth, pedicel green, d;*ooping, sturdier than
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that, of male,; 1.2 cm in length, Ol cm in girth;y bract

small and deciduous; bracteole present, oblique at the

base of the perianthj perianth creamy white, bell shaped,

2 to 3 lobed, valuate, 0.75 cm in length, 1.8 cm in girth;
carpel solitary and freeg ovary sessile, ovoid, poborulo*hs;
ovule single, basal, anatropus; style very short or obgolate;
stigma bllobed and triangular. The detalls of the flower
are glven in Flate V,

2.3.3 Femrle flowers of the hermaphrodi Atg _treo

There were. two types of female flowers on'hemaphrpd'ite
trees = the normal females and the ebnormel ones which were
found rarely. The flowers were borne solitary on leaf axlls
or on an otherwise male inflorescence. They externally
resembled the male flowers of the tree but with stouter and
more greenlsh pedicels, Usually the pisi;il ddd not resemble
that of normel female flower. Carpels 2 to 3j ovary anghlar;
stigma 3 to 6 iabed, lobes corraosponding to the number o"f
carpels. OStaminodes were 1 to 2 often present. The details
of the flowsr are given in Flate VI,

2.3: Anthesig

The data in Teble 8 give the anthesis time of male and
femele flovers., In mele the anthesis started botween 1700
and 4900 -hours and contirmed upto 0700 hours of the next
day. lMeximm rmnbor of flowers opened betweon 1900 hours



ENTIRE FLOWER

LS oF TRHE FLOWER

_—~PERIANTH

- —PISTIL

//FEch.F‘.L.

T.S. OF OVARY

PLATE -V FEMALE FLoOWER (x4)

o]

PisTi

FLORAL PDlAGRAM




ENTIRE FLOWER
PlsSTil

e —— STIGMA

—

T gTYLE

—
——

T - STAMINODE

L.S. OF THE FLOWER
FLORAL DiAGQRAM

..-—-—— PERIANTH

= —— OVARY

e ———— PEDICEL

T.-S. OF ©OVARY

PLATE_ V] FEMALE FLOWER OF MALE TREE (x.4)




39

and 0100 hour of the next day. In female, anthesis
started betweén 1900 and 2100 hours and contimued upto
0700 hours of the next day with a maximm between 2100
and 0300 hours of the next day.

2 +3+.9 Anther dehiscance
From initiel observations, it wes noted that anther

dehiscence took place much earllier to antheslas. Buds
which were t0 open in the night hours vere seen to have
dehlsced 12 hours in advanée . ter obhgervations at
bihourly intervels ere presented in Pable 8, The data
showed that, dehiscence started by 1900-hours and continued
upto 0500 hours of the next day i.e,, in & male flower,

anther dehigseence occurred about 2% hours prior to anthesis.

243,06 Stlgmatic recoptivity

The whitish cream, shiny stigmabic suxrface was found
30 be retained upto 3 to 9 days after anthé&is » Pollination
studies prosented in Table 9 showed that fruit set occurred
when poliinated from the day of anthesis upto six deys.
afber anthesls, Moximum fruit set was recordsd for the
first three days vhere the set ranged from 80 to 82 por cent,
The set was only 60, 32 and % per cent on fourth and fifth
and sixth day respectively after anthesls. The set was
preactically nll there after,
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Teble 8. Anthesls and dehiscenco period of male and female

flovwersy
Tt T Anthesis " Dehiscencer
Time e e e
owr) S PELE e e
A B C A B c A B C
1700 108 O 61 0 &7 0
1900 15 13,88 0 1 1.4
2100 LO  37.0% 8  13.11 28 41,79
2300 23  21.30 12 19.67 21 31.3%
0100 15 13.89 30 3299 6 8.96
0300 10 9,26 13 21.31 8 11.94
0500 3  2.78 6 9,8 3 kN8
0700 2 1.85 2 3,28 0 0,00
0900 0  0.00 0 0,00 0 0,00
Total 108 400.00 61 100,00 67 100,00

A = Number observed
B = MNumber opencd/dehlsced
C = Percentaose of tho total
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Table 9. Percentage of fruit set on hand pollination at
different intervals

) mww Sul iy Sub e e S  d ey SR PN G G P B I St TR D WD 4P R G40 B8 0 0 Sp S e D (ED mL P 6 U S S e S WU B A gy U g an tar T 0 @D g Ml S AP

Fotitnated jumbes  Mamer  Eegoentage
One da;'r before anthesis 25 0 0
First dey of anthegls 25 20 80
Second day after anbhesis 25 21 82
Third day after anthesis 25 21 82
Fourth day after anthesis 25 15 60
Fifth day after anthesis 25 8 32
Sixth day efter anthesis 25 "] %
Seventh ddy after anthesis 25 0 0
Eighth day after anthesis 25 0 0

No pollination 25 0 0

e D B0 et Al B I i DN T G SRS D fut S e Nk P A B G D SR TED G PR PP WA WD S G A5 pe S gy G S G dun --;— e G o W Bk M P B e St G S0 R A |



62

2,3.6 Pollen studies

The results of different aspects of pollen studles

are desceribed under the following heads:

2.4.3.6,1 Morphology and fertility
Pollen appeared as a yollowish powdery mass to the

naked cye, I’iigroseopic examinatlon shovwed them as
yellouwish spherdical mass with a well demarcated exines
A single pollen grain measured %0 to Ly p in diometer
wvith & mean reaching 42,6 k. The fertility recdrdod by
stain test was. 98.2 per cent (Table 10).

24+3.6.2 Pollen produchion

The recorded anther number per flower ranged from
8 tq-1‘3 and the m:mbe;' of pollen per flower ranged from
3250 and 23000 (Table 11) with a mean of 10.03 anthers
and 11843.75 pollen., Stotisticel enalysis of the mean
number of anthers per flowver apd the mean murber of pollen
per flower showed that there ezlst significant variation.
at one per cent level for both the number of anthers and
nuzier of‘ pollen per flower awong the trees, In both the
cases, T3 recorded the meaxivum followed by T1’ ), and I,
Eut thore vas no significant difference between T, and T),

end also T, and T, with regard to mumber of anther per

flower, IThere was no significant differonce betueen TB

and 11 and T1 and also ‘.E1 and Tu with regard to mumber

of pollen per flowar,
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Table 10. Follen morphology and fertility

S e a0 G Ty by B o O e e S g - e g e e - i Wy B0 o LT - om

Kunmber of Percentare Average
Staln used ollen Viable Nomviable ercoiroo® gigze of
¥ gbsewed . Fertility pollen
Acetocarmine 1268 1260 28 97 .33 L 80
Iodine (0,9%) 1193 1176 17 98.58 %0 40,
Total 2481 2436 45 196 4141 85 .20

Table 11. Veriation in anther and pollen rumber of malc flovor

- on o e ay - - -, ez Be b e e U5 T tn G A W v

Mumber of Number of anther/flower Tumber of pollen/flower
I26C  flOWOPE crmmmmc e o e e e e e o o o e e e e

Ihmbeyr obsgerved Mean Range Mean Range
1 100 10,15 812 12975 7000~
18500
2 100 9,25 8«10 6825 3250-
. 12000
3 100 11.25 10-13 15875 9500«
23000
Y 100 9.470 9«12 11700 6000
. o . 19500
Total %00 4%0.15 47375
Moan 100 10.03 11843.75
ravk ¥
F valuo 1712 9.86
CD 0,59 3447.09

* = Significant at 1 per cent level



2.3.6.3 Effect of gucrose in pollen germingtion
Results of the pollen gem:l.nation} in dlfferent

sucrose concentrations are given in Table 12. Maxirum
germination (76G.64} was observed in six per cent sucrose
followed by eight, four, two and zero. There was no
gernination in ten per cent sucrose media. Statistical
analysis showed significant d@ifference between cach
treatnent at one per cent level, The data in Tgble 13
showed that the percentage germination in six per cent
sucrose agar media reached the moximum of 76.6 per cent
in five hours after planting at room temperature in humid
chamber, 7TIube growth was found to increase length upto
ten hours after incubation., Ho significant dlffercnce
in germination was observed for pollen from different
trees (Table 1&).

2364 Effect of borlic aeid gnd caleium nitrate
The data on,perqentege'pollen germination and tube

length in 1.5 per cent sgar medla with varied concentrations
of sucrose, boric scid and calcium nitrate are presented in
Takles 152 to 1%e. The separate effects of boric acid and
calcium nitrate at different sucrose concentrations are

given in Table 16 and 17 respectively. Table 16 revealed
the fect that, addition of boric acld at all concentrations

of sucrose increased pollen germination and tube length,



Table 12. Pollen gemination in sucrose agar media

"'Sucrose'éoncf """ Peroontage  Mean tube lemsth
gernination

0 2.8 67
2 27 .6 165 1
% 43,8 272.6
6 76,6 304,6
8 6349 2304
10 0 0

.Table 13. The durabion of optimum incubation for
meximum germination in 6 per cent sucrose

agar media.

$1.  Hours after Percontogé  Tube lemgth
Fo. pollen planting germination ( nl

1- 1 31 11 5 1 30 Q\GO
2 2 46,435 143436
3 3 5733 213.76
b 3 6525 236,80
5 5 7662 304 .64
6 6 76 .60 421,412
7 8 76 40 Li0,72
8 10 7620 490450
9 12 76450 490.20
10 2k 76 .80 489 .60

- T G e O e A gy, S e e ] W S ey G e W A P POy A 0% e R i P I D TOe iy (R B M B Y e s - - -t =
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Table 1%. Pollen gormlnation of different trees in 6 per
cent sucrese agar media

--..--“-—---—-.--ﬂ-u-m-'.-l---.-.u--~ﬂ_.-l——~.b"‘—*--—-**&u---h-ﬁﬂ--?

Tree Percentage Mean tube growth
number germination | ( pl
T, 74418 (59,490) 289,60
Ty 75.58 (60.45) 272.00
T3 7643 (60.,95) 315%.10
&y, 74,93 (59.98) 325.70
P value “ 0.48318 |

ga%ues in pdrenthesis denote the means of the transformed
ata.

NS = Net significant.
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Teble 15a. Mean pollen germination (%) and tube length ( F)
in 1.9 per cent agar media vwith variled
concentrations of suerose borle acld and Ca POB

T - - - ---p—--———--n———_--—-------u----—n—-pn——a‘-n—-.-----h-——o--o--ﬂ——-

Ca NO .Boric acid concentration (prm)
CONCERLIALLON  wmmmemcmmom o m oo oo - - e e e
pprm 0 25 29 75 100
‘%&.\ ..............................................................
- 0 2.8 1549 21.
b (61%.,0) (62.0) (83.59 (102 E) (110,?)
-]
o (81.9) (88.6) (99.8) (111.3) (114.7)
o
50 11 M 17 Mt . 24,9 27 .8;
g (10%.9) (110.1) (11.7.8) (122.8) (122.7)
o
0 75’ 16.!# 18.2 s 26011'
B (111.36) (121,6) (129.2) (139.45) (140 g)
100 8.9 22l 27 .8 1.
(119.2) (130.6) (14#.6) (148.) 137.2)
Table 15bo
0 27,6 38.8 B 55.6 1.8
R (165.1) (13 &) (250.8) (267.5) (131 5)
- 25 33,9 50,1 57 .8
g (285.7) (259 7)) (282.8) (292 o) (2& .8)
4 50 3749 58,8 66 .8 67 L 6
& (302.1) »(308.?) (33%41) (358.%) (23213')
o .
75 9.6 56. 61. 62.5 8
§ (33493) (320.0) (335 lk) (348.1) (22 .71
8 100 32,1 04 8.2 48
a ' (195.8) (31%.1) (356.8) (325.1) (220.?)

Sy S e O By g e B dud A U s SN G B S e S W G G Gt sy (A G (R TGP G A R G el YRS DR VRN Y G f e et A A W A T T AN G
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Table 1500
""""" Ga W03 Boric acid concemtration (ppm)
concentration ~---cmdrsmm e e e e e e e e e e
(ppm) 0 29 50 75 100
P o e e e i e e e e e e e e
< 43,8 82.9 92 .7 85,1
f 0 (273 6) (2&.1) (300 8) (30%+.6) (281.6)
<4 2 5 9549 96 49 8547
o ’ (2;'?.2) (354 5) (359:6)  (352.0) (287.8)
=
; 0 690 92- 8"".5
:é-’: >0 (30‘+;2) (350.‘7) (326 E,) (320.0) (309.72
o 7 0.6 59 Q 88. 81 ’."I‘I!
& 5 (3%6.2) (345.0) (339.2) (330.2) (307.2)
100 "66 .8 81.8  83.7 79,
(308 &) (335.3) (321 .3) (312 8) (30%.3-)
Tablg 15d.
0 76,6 ° B4,7 - 88.6 21. 89 9
b (_301+.~6) (31 8) (46.1) (47. (%16.,0)
T 25 81.1 = 86.6 ol .2 3.0 85,6
4 (35604 (4i6:0) (uB6TD  (48313) (386.7)
]
0 82.8 7506 83.7 8 02 8"'"'1
%;’5 o (h35.2) (423.6) (478.7) (11-62.6) (38%.0)
o 75 7640 9746 " 91, 83.2 78.3
g (350+3) (408.3) (387.g) (%37.8) (353.3)
100. 69 6 75.0  87.1 82.5 649 |
Z (321.3) (393.9) (307.2) (431.3) (326.6)

W S s gl n—-.—-‘-mu‘-ﬁ---uﬂ-—--ﬁ—ﬁm— G i e S s D g g e SRS 3N IS W Jus g A TP B SN G S e e -u——----uu-p-
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Table 150.

- T - s g e T O s T G T - -f——a&-ﬁpwq-———-- e b 0 e G oA B S e i O e A A58 B B . e S Y S 0 S S P R B i S

Ca -NO: - Boric acld concartration (prm)
ConCENtrabion eommcccccrccome e e e
{ppm) - 0 25 50 75 100
0 63+ 68.5 71 ?1 e ?0.8
R (230 2) (256.0) (281 2) (obheB) (256.0)
- 25 65.0 85,6 8842 84,00 70,00
Y (270.1) (315.8) (363.5) (300.8) (275.2)
< 5 659 80.1 864 784 6840
gg.", (304.6) (317.h) (320.0) (330.2) (252.2)
7 62,8 63,9 %3, 73,0
gj 2 (29311) (2?1.3) (311.0) (320.0) .456 3)
] 100 59 46 61.5 74«2 6840 594
& 131.8) £260.2) (25005) (313:6) (217:2)

CD for marginel mean = 0,316
CD for combinations = 04707

The values in parenthesis denote the meéan tube length
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Table 16. Effect of boric acid on pollen germination (%) and tube
length ( P) at different sucrose concentrations

Goncentratlon ef boric acid (ppm)

Sucro s a (% ) oot o —T——-uw—'-‘--—q--!-x----ﬂ-n q--‘-'—.-;'— o g T 0040 S et 0 o T
0 - 25 . 50. 75 100
0

(61-)} (63.0) (8&.5) (108 E) (1‘10.1)

2 7._ 808 ] . 1'0 ,
(165,0) (1894 (256:8) (257.5.) (151:9)

il!‘ 1"3-8 82 e 92 [} 81" n1
(272_.—8) (28#-:?) (300 8; (30%.%) (28%7.‘6)

53 76 46 84,7 88 .6 81.7 89,
(324.6) (341:7) (460.8) (471.0) (mg..g)

8 1.8 1.6 0.8
(230 2) (256.%) (2% +6) (2%8.8‘) (2%6.0)

The values in.parenohes*s denote the mean
tube length.,
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Table 17.. Effect of Ca N0, on pollen germination (%) and tube
length (p) at aifferent sucrose concentrations

Conyentration of baric acid (ppm)

Sucrose (%) e o 3 e 0 b O e O
| 25 - 50 75 N 400
0 28 9.2 11 ol 16 18.9

(6144) (81.9) (i04+.9) (111.’-&)« (116.5)

2 2? '06 3 3?& ‘o
(165.1) (23 «7) (302.1) (3£2 «3)  (195.8)
L %3,.8 . 70.6- 66
(272.8) (275.3‘) (303 5) (306.2 ) (298 %)
(32%.6) (368.4%) (’-:-35;:2) 7(353-3) (321.8)
8

65.0 62.8.
(230 E-) (27041) (302.6) (293:1) (1%.8)

Values in parenthesis dencteé the mean tube
length in P
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This was true for all the levels of boric acid comcentrations
tried for zero per cent sucrose. HHowever, the maxirum
gerpination percentage (92.7%) was recorded in four per cent
sucrose with 7% ppm boric acid., It was found that, in the
presence of sucrose, boric acld at 100 ppm decreased pollen
geréination and tube length than the other levels.

Data in Table 17 showed that the presence of calcium
nitrate in the media increased thé pollen germination
percentage at all levels of sucrose. The increase was
peximm (82,5%) at 50 ppm in six per cent sucrose medias

However, the mexium percentage of pollen germination
(96,99 ) was observed for 75 ppm boric acid and 25 ppm calcium
nitrate in four per cent sucrose and 1.5 per cent agar media
(Table 15¢).

Statistical esnalysis of the data for pollen gormination
shoved that the treatments veried significantly. The individual
‘effects and the combined effects of 21l the breatments were
found to be significant at 1 per cent level. Hormal pollen
grains and tube grouth in sucrose sger media are illustrated
in Plates ViI and VIII respectively.

2.3.4.5 Pollen storage

The perdenpage viability and mean tube length of pollen
grains updér different treatments were recorded at deily
intervals and presented in Table 18. The data showed thal
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Table 18: Pollen viebility under different conditions

Gt S WA DT A S T D s D e Sup G S W G U W gud et SIS S G S g See e G SN gu W ST e S D S cn O
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Ton Ireatments
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1
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1

g

-}

~~
W
~

2
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Day; after collection

2 3 L 5
8 5 § 8 8 § £ 3§¢8
2 4 2 3 B o3 B3 B
G~ B8~ G5 B~ 53 B. 53 8A SA
SR ‘,8-""%?‘.8“5533‘

® T8 o a
78 ¢ o2 § 583

Buds kept in _tact at room
temperature .

Anther column at 4°

Anther colurm over calclum chloride
at 4SC-

Pollen soaked in petroleum cther
ab 4OC

Anther columm in tacht at room
temperature

Anther column over caleium chloride
at room temperature

Pollen soaked in Benzene at 4°C
Pollen at 4°C
Pollen over celcium chloride at 4°¢

Pollen over calcium chloride at
room temperature.

Polleon at room temperature
Pollen soaked in acetone ab 49¢

73.36

60.20

27 .27
26.05
56+

18.60
8:36
I 5

3423

0.96
0
0

267 48,30 185 3WMH0 120 640 9% O O
230 53.10°198 33.4%0 200 O O

158 4,31 66 2.60 53 0O O
%0 20,17 69 1.98 58 0 O
224 40.50208 0 O

5% 9,98 101 0 O

0 0 0

109 O 0
86 0 0
6 0 ©
O 0 o
0




T4

the storage capacily of the pollen vhen once detached from
the anther column was very low (0.to 26.05%) under dlfferent
treoabtments. The detached pollen lost viability within a day
except in petroleum cther (26,05%) which was comparatively
low against a renge of 18.60 to 73.36 per cent in caus of
non detached pollen. Treatments at low temperature and at

low humidity gave no betier results.

¥ature buds kept Intact at room temperature, without
removing the perdanbh parts gave better results aunong the
treatmgnts tried. Such pollen gave 73.36 per cent
germination with mean tube length of 267 R next day aftoer
collection and were viable upbo four days after collection
with 6.+ per cent germination and a tube length of 94-p.on
the fourth day. UNext to this anther columm kept at 4°C
followed by anther columm over calcium chloride at 4°¢ and
pollen soaked in petroleum ether and keph at 4YC gave better
results, Pollen remained viable for three days under these
treatments with a germination of 33.40, 2.60 and 1.98 per cent
respectively and g mean tube length of 201, 53 and 58 B
respectively. Anther column intact at room temperature and
- gnther coclumn over calclum chloride at room temperature gave
next better results and were vighble for two days after collection.
They recorded 40,50 and 9,78 per cent germination and a tube
length of 208 and 101 B respectively. Anther colurn kept ab

roon temperature and at 4°¢ ware seen to be subjected to fungus
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abttack after two and three days respectively after

collection.

Pollen soaked in benzene and kept at 4OC followed
by pollen at 4°C, polien over caleium chloride at 4°C and
pollen over celeium chloride at room temperature remained
vieble for one day afber collection with a germination
of 8.36, Lelt5, 3423 and 0.96 per cent respectively and s
tube length of 10‘11-, 105, 86 and 78 }1 respectively.

Pollen stored at room temperature gnd pollen soaked
in acetone lost viabllity even on the next day after

collaction,

'Therefore 1t was found that polien graing attached
to the anther column recorded better viabllity than when
detached., Iow btemperature treatment was better than low
humidity and a combination of lov temperature and low
humidity, Among the organic solvents, petroleum ether gave
better results than the others tried. |

Henee the pollen of mutmeg could be storeg as the
mature buds intact for one to two deys with 73 .36' to 48,30
pér cent germination, This indicates that the best time
for pollination in the field is the day of male flower
opening. About 48 per cent success couid be expected during
the second day and the effect of pollen for germination was
very low during thé next two days., Ib was ‘practieelly nil

thereafter,
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2.3.7 Yode of pollination

The modo of pollination in mitmeg was studied by
trapping the insects visiting the flower and by collecting
the pollen dispersed by wind, No insects were trepped
except the spiders, ants and rice bugs (Ieptocoryza oryzae).
Alp sampling showed {:hat, there oxist 2,08 polien grains per
microgcopic field (Table 19). 'Sq, pollination in rmtmeg
could be through wind., The axbent to which the pollen could
be carried by wind depend upon seversl factors such as wind
veloclity and directién,« rainfall, barrier plents, position

of male tree stcy

3 FRUIT SET, FRUIT DROP AND FRUIT DEVELOPMERL
The results of gtudies carried out sro presented

beloir:

3.1 vult sg

The porcentage of fruits set under different conditions
wvere recdrded (Table 20). Tﬁe data showed s%gﬂii’icant
difference at one per cent lavel for the percentage set by
open pollination and hand pollingbion. The percentage sot
was nil for the flowers which _xf:ére excluded from pollindtion.
Open pollinatian' recorded 33,70 per cent sot vhereas hand
pollination recorded a much higher percentage i.c., £8.75.
The results of frulb set showed no possibiiity for apomictic
fruit development in mitmeg. |



Table 19. Intensity of atmospheric pollen

e D0 MM Of per morossopte Sitla (108)
' observed “ytmeg pollen  Foreign matier

9 25.,10,1978 10 142 048

2 27 :10.1978 10 2.3 042

3 29:10,1978 10 1,6 0.7

B 1.11.1978 10 1.7 1.2

5 3.11.1978 10 2.2 0.5

6 541141978 10 2.5 0.6

7 71121978 10 2.7 Q.3

8 941141978 10 2.0 0.2

Total 16.60 %450

Mean 2,08 0456

A S i S G gy SR G i AR S i @ e e S S G5 o Gy TR s (G Gute WY gy G U e R O S e e Y A A A i e S S e G5 T i PO un IO g D Gy gy
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Table 20, Frult set under different conditions

..... o g T TS D ey, i g O e NS A gy P S e Gt T PR D iy B B WP St T hrﬂﬂ--’-ﬁﬁﬁ T W g e Gk N g ek e e e S gt ez
. Momber =~ Numbep Parcentage
Troabments obgerved  smeb seb |

No pollination 100 il Wil
Open pollination %56 157 33.1
Hand pollination 8o 71 88,7

f - 86 .83 .

#% Significant at 1 per cent level
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The data for percentage fruit set on different treecs
and on different aspects_; are presented in Table 21. There
existed both aspect wise and. troe wise difference in fruit
set. Statistical analysis shoved variation at one per cent
level in both the cases. I, recorded maxirum set followed
by T, T, end T). Among tho. aspects, set wes maximm on
wost, followsd closely by Bast, South and North. There
was no significant difi‘erepce boetween tl!2 and T1, ond aspects

west and east and plso. between south and north,

Therefore the data clearly indicate that hand
pollination with dehlsced pollen (pollen collected from
mature bud that is to open on the same doy night) counld
increase frult set by 2,5 times than that of natural
pollination, The chances of netural set was also found to
be more in the wostern and eastern aspects than that of the

other two aspectsg.

3«2 Eruit drop

The percentage fruit drop after. set presented in
Tables 22 and 23 vere formilated from the data on the fruit
drop recorded at weekly intervals (given in appendix II).
The drop at forinightly intervals is presented in fig 3.
The data showed that, there wags drop in &1l the months
comueneing from the first to the last, with varying
intensitlies. The moximum was recorded dﬁring the period
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Table 21. Variation in fruitset on different trees and aspects

gy T S Gk g S0 o T g Sey it A G N0 s SN R D (D WPl S e S g B s e S A G P G W Gup =t Aus b Sin B . S gun SID 5 Qup O D A GO -msk . Gl (e P S GNP A gt . VO

Tree number  Percentage fruitsed Agspects Percentege fruitset

B 39,00 (3863 Bast 36463 (.16)
Ty 41460 (40.19) South 30.50 (33.%3)
g 29450 (32.86) Hest, 3760 (37:71)
T, 25,00 (29.90) liorth 30.38 (33430)

F value 38,32** | 9‘31**

CD 2448 248

Values in parenthesls denobte the means transformed data
= Significant at 1 per cent level
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Table 22, NMean monthly increase in frult girth and percentage

fruilt drop
"""""""""" Increase in girth T
Iffogths ————————— Er?fff--.. jS_ ________ --= Parcentago
af b Mean ezpressed as  drop
5@ lisan percentage of tha
- total
1 229 15.38 348 (10.71)
2 2.80 18.66 195 (7.97)
3 4,59 30.21 2k.75 (29.79)
L 3.38 2k.37 31490 (3%:37)
5 0.88 6,29 8417 (16.60)
6 0,45 3,17 &465  (2435)
7 0,28 1,92 1.50 (7.02)
Total 14,63 100 70
F value 7’*’ ._2*'** 2?6 0"5'2
CD 0456

Values in parenthesls denote the means for the transformed data
wx Signipicant 2t per cent level



Table 23. lean fruit girth and percentage drop

T Ef;itlgirth - P;;EEBEEEBEEEBB ----- T o Fruit girtﬁrﬁ-ggrcqagéée‘drop o
Number Total for the Total for the Total for the Total f{or the

: month month month month
1 .30 2.0%  62.90  8.99 (1k.71) Bast 14,60 2,08 75 10.71 (16.73)
2 15 2.4% 58,90 8.4 (1h.34) South 180 2.11 72 10.23 (16.21)
3 14,70 2.0 9%.5 13.50 (19.26) Vest 14,40 2,06 7310 1014 (16.38)
b 14,90 2.13 874 12.4%9 (17.82) North 14410 2,01 77«50 11.07 (16.89)
F value 0.11" 25.98" " 0.1 BEETLE
CD 1«0

IG = Fot significant

*% = Significant a¥ 1 per cent level

Values in parenthesls givs the means for the
tronsformed data

¢8
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between eighth and sixzteenth weeks after frult set (fiz 3).
Statistical anslysis shoved no significa.ni'. aspect wige
difference (Table 23) tut the variation betveen months
(Table 22) and betueen treeg (Table 23) vere significent
at one por ceni levely leximum drop was recorded during
the fourth month which accounted to 31.90 per cent drop
folloved by thirdy £ifth, first, sixth, second and lastly
the seventh month (1,50%). Bub values for first and sixthj

gixth and second; second and seventh month weyeon par.

Among the trees, third tree showed maximum drop which
accounited for 94,50 per cent followed by fourth, first end
lastly the secord (58,90%). EBubt there was no significant

difference between the first and the second tree.

Thug it was seen thaeb, eventhough the flowers produced
in a tree was considerdbly high, the muiber that was. carried
upto harvest were very low. The initisl set was recorded to
be 33.10 per cent were (Table 20) in case of open pollination,
After set-, the mean percenbage drop accounted to 74,40 per
cent, The rumber harvested thms accounted for orly 8.1=-'7. per
cent of the total flowers produced,

The freshly dropped flowers and fruits were subjected
to thorough examinétioxl for the presence o;i‘ ey pests or
diseases with no positive resulits, The fruits were found 1130
detach at the base of the.pedicel_. The portion exposed by
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detachment were dry-and light brown in colour, whereas

in healthy fruits 1t was greenish white in colour. Tha
cross scctlon of the dropped fruits just after the drop
revealed a browning at the basal end of the frult covering
the pericarp and seed whereas for frulbts retained on the
tree, Ait vas pure white (Flate IX).

Some of the fruits dropped during £ifth and sixth
months after set were found to be splitted before reaching
naturity (Plate Xa), The seeds in such case were whitish
- with a whitish tut fully developed mace (Plate Xb).

In hermaphrodite trees, no immature splitting was
noted, In them the splitting was found to be delsyed for
the reason that, most of them possessed more than two
grooves, representing-the stigmatic lobes. The fruits in
such cases were either of normal shape or irregular with

one or more sceds (Plate Xk & b)s

3.3 Fruit development

IMean increase in fruit gilrth wvas recorded at weekly
intervals (Appendix II). Mean monthly increase in girth is
presented in Table 22, Statistical analysis of the data
showed 'significant difference at one per cent 1ével for the
mean monthly growth., The growth was found to increase
gradually from second week after set. The dgvelopment was
quicker during the period between sizth and sixbteenth week
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after sebt (Fig 3) and thereaficr it decreased gradually
till eighteenth week., The increase in growth was very low
between 18th and 25th wveek and there was no grouth
thereafter. The fruits started spliéting'in 20§ to 237
dﬁys (seven to eight months) after set, No significant
differecnce was nbted between trees and botween aspects
(Table 23), 'The daifferent stages of fruit development per

month after flowver oponing are 1llustrated in Plgte XII,

The mutmeg tree bear fruits more or less all through
the year round,

The harvest season was found to extend mainly for
seven months (March to September) in an year with maxirum
during April to July (131.00 to 216,25). The mean yleld
. recordéﬁ for cach month and for each tree are presented in
Table 24a and b, The date showed that the rumber of frults
harvested varied significantly from month to month., The
yield during the months April, HMay, June and 3uly vere on
par, No significant difference wes noted'for the number
harvested dgring March, August and September._

Significant difference at one per cent level was noted
for frults harvested from individusl trees, Maxirmunm was
recorded for first tree followed ﬁy second, fourth and third.
The yleld for the year ranged batween'56 to 1238.






Table 24a. Monthly yield of mitmeg (during 1979)

¥onths Mean number of fruits harvestod

e e A S B e ekt S Gt IO o e e A S e B My SR e ST T D Sy Gl G G W D ST e e S e I s g T S QT S e g e S i e S

March 1150
April 131400
ey 136425
June 113.00
July 216,25
August 38.25
September 2.7%
F value 5453
CD 11%,08

Table 2Wb. Variation in yield of different trees

T T T T T Rumber of fruits harvosted
Iree mmber e 2 e i s 4 e i 2
Total Fonth

1 1238 1‘76 86

2 717 102,%3

3 56 8.00

L 589 83457
I" Vc".‘.lue' 7.62:“*
CD 80,68

= Significant at 1 per cent level
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DISCUESION

1. SHOOT GROWIH

The shoot growth in mtmeg was found to be cyclics
a perlod of growth followed by a period of quiescence.
There were six flushes during one year. Growth wag not
geen in all the shoots during all the flushes, However,
when the entire tree was consldered, continuous growth was
observed in all the monthsg; though it was negligible in
sunner months. These were two main peak season of exbtension
growth (Yay-June and September), In September alone, 35.94
per cont of the total growth was recorded. This was closely
followed by the growth in May (21.84%) and June (21.183)
wilth no significant differcence between the latter two.

Several workers (Sen and Malldlk, 19413 Naik and
Rao, 19423 Krishnammrthi et al., 19613 Randhawa and Sinhn, 1963
and Singh and Ghose, 1965) have reported cyclic growth in’
perennial, trees. Similar cyclic pattern of growth was
observad in nutmeg also. The higher growth during September
and May-June 1s quite reasonsble considering the high soii
moisture.level and optimum temperature during the periodss
The low molsture level in summer, coupled with comparativéxy
low relative humidity mey be the possible reason for the
abscence of growth or poor growth during the summer months.
The climatic factors such as temperature end relative humldity
nmay not be the only limibting factors for the growth of nutmeg
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under the humid tropical conditions of Kerala. . The molsture
lavel of the soil and the internsal physiologicel conditlon
of the tree may be the controlling factors, as the data
clearly indicate Shat the growth is possible through out the
year, The flower production, being on the leaf axll of the
current season's growth ls elso possible through out the
year depending upon the moisture level and physiological
condition of the trec.

Compared to many other perennial crops, the mean
extension grovth of shoots in nﬁtmeg for a period of one year
wag found to be low. This is in conformii:y with the findings
of Flﬁch end Cruickshank (1969) who have also reported that
the nutmeg is a slow grower, IFlach (1966) found a slight
difference in tree size between female and male trees. Bubt
in the present investlgation, no such varigtion was noted in
the mean extension and percentage of shoots that showed growth.
The -dilfference in the tree size noted might be due to the bearing
habit of the female tree as a result of which the branches will
appear more drooping thaon those of the male tree,

2, FLOWER CHARACTERS

2.1 Floweripg pattern

The flowering patiern of male and female trees in mtmeg
was found to vary much, The male trées flowered through out
the year in varying intensitles with a maxirum in July and



89

minimum in December: In female trees, flowerlng was confined
to seven months (June to October, Jamuary and February) with
mdximm in July and minimum in Februery. The wvarlation in

the percenbtage of shoots flowered and mean rmumbeér of flowers
per flowering shoot was significant for different months and

for different treas,

The year round flowering of mubmeg tree with peaks in
certain months has been mentioned by Flach and Cruickshank {1969)
They have attrihuteci the reason to the prevelling climatié
factors, The posslible regson for the veriation in flower:?.ng
pattern of male and female trees may be the fruit bearing. hablt
of the female tree for which & good amount of stored food is
utilised. For male tree which is non pi-oduct.ive but receiving
similer culbural practices as the female, the tendency for
increased flowering illli be reasonable. In addition, in 'male
tres the inflorescence axls, after cne season of flowering is
retained on the tree and is capable of producing flovers
contirmously for one year.- The striking difference in the
durgtion of nale and female flowers to develop may be anocther
regson for the increased flowering of male trees. Tree to
tree variation in fiower:i.ng may be due to the physiological
conditions of the plant, Seagonal variation in flowering
could be attribubted to the cyclic growth behaviour and
. 8Seasonal varliation in the growth of mele and female trees
coupled with the climatic chenges. This being the first study

on the flowering pattern of mutmeg, no comparison is possiblo.
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2.2 Flover bud development
In nutmeg, flower buds were first seen along with the

sprouting of the vegetabive buds, The..fllcl)uer developrent
from bud emergence to anthesis was found to follow differcnt
stages. iz such stages were identificd (Plates I and II)
for both male and female. The total rumber of days taken
for anthesis of male flower from the bud emergence was 84.2
on an average, while for the female it was 15%.1. In femaie
flowers the first two stages took compara‘civély more time
than that for the mgle. The male flowers were found to vary
from two to gix per inflorescence and it took on an average
9.5 days to complete the anthesis. The female flowers were
generally solitary, INo work has been reported on these lines
in mutmeg. However, in Annong spp., a close relative of
Pyrigtica, flowering has been reported to start with sprouting
of the vegetative buds. The perlod taken for complete bud
development was reported to be 27 to 39 days ('lf\blnzr and
Singh, 1965).

The flowers will not be strikingly visible along uwith
the new growth flushes as 1t will take about 90 days (in
females) to complete the first two stages when it will be
easlily v:l.s:_l.bié on the leaf axils, By the time the flowers
fully develop, the second flush would heve already appeared.
gimilar observations were also made by Thakur and Singh (1965)
in Annona sppe
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2.3 Floral blology

IThrea types of flowers - normal melesy .normal females
and females on hermaphrodite trees wero observed in matmeg.
All the three could b distinguished by the morphological
characters. Similar rﬁpérts have been made by Flach and
Cruickshank (1969) és woll as Shanmugavelu and Rao (1977).

Male flowers were seen as panicled cymes bubt appeared
as recemes due to the pigegzag nature of the inflorescence
axis. Howaver, the male inflorescence was described as a
receme by Joshi (1946) and Kirtiker et al. (1975). The zlg-zeg
nature of the inflorescence axis could have led Joshi {(1046)
and Kirtiker gt al. {(1975) to clasgsify the male inflorescence
as o receme. This observation ig in conformity with the ¥ievs
of Sincldir (1958), Gamble (1967) and Talbot (1976) .

Female flowers were one to three flowered cymes,
Nair and Bahl (1956), Sinclair (1958) and Talboh (1976) also
made sizilar record. Flowers were with bracts and bracteéles
as reported by Parry (1969).

The normal femele flowers were with solitary carpels
gésalile ovary, sihgle, basal, anatroyﬁs ovule, very shOrt%or
obsolate style and & bilobed trianguler stizma. The
observations are inﬂagreemenb with those of Wilson and
Maculans (1967). However, bicarpellate ovary has been
reported by SeundZers (1937), Lawrence (1951) and Nair and
Pillai (1959).
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Temale flowers were seen on male trees also. They
externally resembled the mele flowors but hed stouter
pedicels. Usually pistll did not resemble that of the
normgl females. Difference was observed with respect to
carpels, ovary, stigma and stamnoides (FlatevIi).
Eventhough Flach (1966) had reported the occurrence of
female flowers on mele trees, the differences were not
recorded. The structural difference of a female flower
on a male tree with those of a normal female flower could
be expiained by the partial failure of the mechanism of
the orientation of sex chromosones as postulabed by
Flach (1966).

2,3.1 Anthesis and dehilgcence
In male flowers, anthesls was observed between 170b

hours and 0700 hours on the next day, with a meximun betireen
1900 hours and 0100 hour, In female, enthesis sterted
between 1900 and 2100 hours and contimued uvpto 0700 hours
on the next day, with the pesk between 2100 hours and

0300 hours on the next day day. Anther dehiscence occurred
about 2k hours prior to anthesis.

The anthesis and dehiscence period have been reported
in nutmeg by Flach (1966). According to him, both stamigte
and plstillate flowers opened hetveen 1800 and 1900 hours

in Grenada. Anther dehiscence occurred 12 hours ahead of



93

the opening. Variation in anthesis and dehiscence period
observed on the presert investigation may be ettributed to
the climatic variations between Grenada and Kerala.

2.3,2 Stigmgtic receptivity
Stigmatic receptivity commenced from the day of

anthesls and lasted upto six days after anthesis, with

80 to 82 per cent sct on the first three days. Receptivity
was not observed during the pre anthesis stage. Flach (1:966)
has reported stigmatic receptivity between 12 hours beforé
and 1%.5 hours after anthesis. The variation in the result
may be due to the climatic factors and differences in the
method adopted. Flach had taken the opexn-male flowers which
would have dehlsced about 12 hours in advance, while the -
pregent Investigation was done with the pollen taken from
dehisced buds,

24303 Pollen gtudies

Nutmeg pollen appeared as a yellowlish powdery mass.
Individuel pollen grain was spherdcal, measuring within a
range of 40 to 45 u in diemeter with a mean of 42.6 u, Stein
tests recorded 98,2 per cent fertility. Trees showed
significant variation for the number of anthers and mmber
of pollen grains per flower. The anther number per flower
ranged from 8 to 13 with a mean of 10.03. Pollen rmumber per
- flower ranged from 3250 to 23000 with a mean of 11843,75.
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Wilson and Maculens (1967) have recorded the mumber
of antﬁers as 1% to 22. Rendle (1971) has reported the
rmober of stamens as 3 to 18. Variation in pollen
production per anther has been reporteﬂ'in different crops
(Sajtan, 1952 1n.appie; Chira, 1966 in Finug; Sharma and
Singh, 1970 in mango), They have attributed the variation
to climatic factors ospecially temperature and also to
position of flowers, Variation in the anther and pollen
mmber found in the present study in nutmeg mey be duc to
the climatlc and genetlcal factors. This requires further
study. The variation ln anther mumber will also he a

contributing factor for the varigtion of pollen per flover.

Pollen germlnation studies showed that sucrose, horic
aclid and calcium nitrate had profound influence on
germination of mnutmeg pollen. Pollen germination was
observed in gero to eight per cent sucrose with 1.5 per cent
agar with a meximum (?6,6%) in gix por cent sucrose sgar:
Optimum time for incubation was found to be five hours. ‘In
the presence of sucrose and borlce acld, meximum germination
(92.7%) wes recorded in four per cent sucrose with 75 ppm
boric acid. With caleium nitrate, maximum (82.8%) was
recorded for 50 ppm calcium nitrate in six per cent sucrose
pgar medie. With regard to the combined effects of the
three, meximum vas observed for 75 ppm boric acid end 25 ppm
calcium nitrate in fouf per cent sucrose and 1.5 per cent.

agar (96,9% germination)
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Pollen germination in sucrose media has been reported
in several crops, the concentration of vhich varled according
to crop such as 25 per cent sucrose and 0.5 per cont agar for
mango (Singh, 1961), 16 per cent sucrose and 0.7 per cent
aegar for sapota (Rzo and khadar, 1962}, 30 per cent sucrose
for cashew (Damodaran gt al. 1966), 25 per cent sucrose for
Annona, (Nalawadl eb gl., 1975) and 19 per cent sucrose for
cocoa (Ravindren, 1977). The effect of sucrose in pollen
germination may be elther mutritive or due to the osmoticé or
turgor pbenomené. of sugar or it may be a combination of
various factors as postulated by O'kelly (1955).

The stimwlative influence of borie acid on pollien
gérmination has been reported by various workers such as
25 to 40 prm by Thompson and Batjer (1950) :Ln various fruit
crops; 10 to 100 ppm by Resnik (1956) in citrusy 20 ppm By
Singh (1961) in mangoy 200 ppm by Jose and Magoon (1972) in
sapota and 100 ppm by R&ﬁindran (1977) in cocoa. The‘res;‘ults
of the present investlgation are in agreement with the algove
workers except in the concentration, vwhich was found to vary
from crop to crop. Tho beneficisl effect of boron could §~be
explained from its natural occurrence in the stigmatic fluidas
and tissues of the pistil as suggested by Schumucker (1955).

Calcium nitrate has been described both as sn inhibitor
(Lidforss, 1896; Brink, 192%) and as a promoter (Kwack and
Brewbacker, 19633 Jose and Magoon, 1972 and Ravindran, 1977)
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of pollen germination: The promotive actlon found in the,
present investigation may be due o the non-metabolic
incorporation of calcium with pectic substances of the
pollen wall as suggested by Jose and Magoon, 1972«

Studies on pollen storage showeq. that pollen gra:insf-
attached t0 the anther column recorded better viability
than when detached (Table 18), ILow temperature treatment
wag better than low humidity or a combination of both,
Among the organic solvents tried, petrolcum ether gave
better results. The studies also indicated the storage
capaclty of mutmeg pollen to be low. It could be stored
ag mature intact buds upto three days. However there was:
‘rapld deteriorétion ag evidenced by 73,30 per cent .
germination ons day after collection to 34,40 per cent
germination three days after collection,

Different methods for efficient storzge of pollen
have been reported in several plants. Dut in nutneg, the
reviev of the extant literature showed no such studies.
Howoger, ﬁaclx (19G6) has reported an incidental observation
that the pollen of rutmeg could not be seved for later
pollination. The present investigations demonstrated tha;;
ratmeg pollen could be gtored for upto three days with
acceptable germination. Better vigbility observed in the.
‘present studies (when stored in the bud condition) may be
due to the humid and naturel conditions prevailing inside



97

the bud. The possibility of storing pollen eventhough
for a shorter period, indlcated the scope of agsisted
poXlination for better set in nutmeg.
24  Pollination

The pollination in mbmeg was found to be effected
by wind as no particular insect was found to visit the
flower, The fact that mutmeg pollien was present in the
alr samples near the female trees confirmed the above view.
This differed, with the observations of Deinum (19%9) whe
found that certgin moths were responsible for pollinatlon -
in matmeg. The present result is partially in conformlty
with those of Leslia (1963) uho has reported that the
pollination in mutmeg is effected by insect or wind.

The fragrant flowers of Myristica may be attractive
to cerbain insects which may be absent in the particular
climatic condition in the ares or perhaps in the entire
state, the confirmation of which require further studies

in different arcas. ‘
3a FRUIT SET, FRUIT DROP AND FHUIT DEVELOPMEND
3.1 Fruit set

Hend pollination with pollen from mature buds recorded
88.75 per cent set as against 33.10 per cent for open
pollination. The absence of fruit set and frult developient
when pollen was excluded, indicated that there was no
possibility for apomictle frult development in nutmeg.
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The observations of Flach (1966) and Crulckshank (1973)
have indicated that pollination is obligatory for fruitsot
in mitmeg. The present observation of no fruitset without
pollination dlsproved the observation of Perrl (1938) who
was of opinion that Myristice frasreps might be able to
produce seeds wibhout pollination., Flach (1966) had reported
the initisl sebt as 50 per cent in New Guinea. According to
him, the set was still lower by arbificlal poliination.
This 8ilffers with the results obbtained in the present
investigation, This may be due to the fact that he had:
utilised the open male flowers for pollination, in which the
pollen would bhe very scanty whercas pollen from mature buds
ensured good pollen planting on the stigmatic surface, The
lover percentageé of natural seb observed mey be dus to the
difference in c¢limatic factors especially the heavy rain
experienced at the time of flowering in Kerals., The
" possibllities of variation in netursl set are also likely in
the same area in dlfferent seasons depending upon the weather
conditions as wind is the agent of poliination.

3.2 [Eruit drop

Frulb drop was recorded in 211 the months after set,
at varying intensitics. The maximm vas recorded during the
period between second znd fourth month after set (Fig 3)..
The variations in fruit drop between the -months and between

trees were significant at one per cent level, The mean
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percentage drop before set accounted to 66.9 per cent.
0Of the 33.1 per cent. flovers set, 7.+ per cent were
dropped which meant that only 25.6 per cent were carrled
to maturity. Thus, the actual porcentage of frults
retalned upto harvest was only 8.7 per cent of the total
flovers produced. The dropping pattern of matmeg was
similer to the waves of drop observed in different crops
such as in apple by McCown (1938), Vyvyen (1046) and
Randhava (1971); and in mango by Singh (1960) and Chadhg
and Singh (1963). In mutmesg, éloff (1950) had reported
about 60 per cent drop from fertilization to harvest.
This is almost in conformity with the result obtained in

the prescnt studiese.

The posgible reason for the drop before set may be
lack of fertilizetion. The varying intensities of post~set
drop can be attributed to different reasons. The fruit
drop mey be the result of an abscission mechanism as regported
by Addicott and Iynch (1955), Chadha and Singh (1963) and
Randhawa (1971) in d@ifferent crops. The brown colouration
found at the tip of tho pedicel of the abscised frult
indicated the abscission layer formation. The frult
abscisslion may be related to thd relative production of
hormongs by the developing embryo,; as stated by Lewis (1946).
The feilure of embryo development could account for the
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browning of the embryo snd the surrounding tissues
visuslised in abscised frults, Another possible reason

for fruib drop could be the imbalence between various

plant growth regulators as suggested by Bardwaj (1975).
According to him, the auxinsg and gibberellins produced

in tho seed and the absclsin in the pericarp might be
transported to and interact at the abscission zpone

located at the base of the pedicel., If: auxin and gibberellin
were not avallable in sufflclent amounts so as to neubralise
the offect of abselsin, the flower or frult shed. The fact
thet the peak for the fruit drop curve and the peak for the
curve for rate of grouth of frults occur at just about the
same period (Fig 3) indlcate that competition for mutrients
might. be the ceuse for the observed drop. The significant
variation in frult drop among different trees could be
explained by the increased production of flowers in T3
(Table 6) in vhich meximum drop was recorded (Iable 23).
Production of larger murber of flowvers might lead to
compebltion among the young developling frults resulbing in
shedding of the frults,

The drop of abnormel fruiits of hermaphrodite tree
could be attributed to their inability to split, as the
number of grooves present on such frults djffered from
that of the normal ones (Plate XIn), In. addition to gll



by climatic and genetic factors tQ some extent, as reported
by several workers quoted by Sloff (1950).

3.3 Fruit development

In mutmeg the time required from anthesis to maturity
of frults has been found to range betwecn 206: and 237 days
(about seven to eight months). The rate of development varied
sié,nificant:;.y from month to month.' A peak vas observed
between the latter half of second month to the end of fourth
month, with 30,21 per ‘cent in the third month. No significant

difference was noted between trees and beitween aspects.

Signmoid growth patfern with a pesk in certain months
has been reported in various crops Like citrus (Motilal, 1964),
cavazbola (Nand, 1971), end mango (Saind gt al., 1971, 1972).
The growth in mutmeg fruits was alow in:!.tiallj, became rapid
for about two months and thereafier azain slowed down t1ll
paturity. The sloving dovn of growth after a particuler
pericd may be due to the hardening of the endocarp and
stopping of the growth of the seed, as reported by
Seinl gt 2%.(1971 and 1972) in mango.

In mutmeg, the period required for the frults to
attain maturity has boeen reported to be five 0. six months
(Leslie, 1963). Flach end Crulckshank (1969) and
Cruickshank (1973) estimated the above period to' be nine



102

mbhths in Grepada. The period obscrved ln the present
investigation ceameé within the range reported by the above
workers, The variation in the poriod taken for the frults
to attgin maturlty could be attributed mainly to the
climatic' differences.

%, YIELD

The yield was found to vary significantly in
@ifferent months and in different trees. The harvest semson
ranged from Mavch o September with a pegk between April and
July.

The harvest seasom has been reported gs May-June and
August-September in the BEast Indlesj all the year round,
wvith peak in August-September in the West Indies (Guenther,?1960);
Jenuary~Aprll and September-October in Grenada (Cruickshank,1973)
and AprileJune in Indonesia (GAIT, 1977). In India, Nalr et ol.-
(1977 ) have reported the crop as avail.ablé throughout the year
with tho peak hervest period in June-August. The preseni':
results are more or less on the seme imes. The variation in
the peak harvest is alsc likely to be changed slightly frjom
year to year and from place to place depending upon the
variation in rain and t:f.amperature and consequent chenges :Ln
grovth and development. |



SUMMARY
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SUMMARY

The present invoestigations wvere qgrried out at
the department of plantation crops, Colleoge of Horticulture
on mutmeg trees located at the District Agricultural Farm,
Mannuthy durdng a perdiocd of 12 months comwencing irom
larch, 1978 with the following objectives.

To study (i) the pattern of growth and flowering
(11) the floral blology and (iii) the fruit set, fruilt drop
and frult development.

The following conclusions were made based on the

present investigations.

1+ Shoot growth in mutmeg was found to bo c¢yclics
with siz flushes during the period of one year.

2. All the flushes were not seen in all the shoots.
Therefore growbh was observed in gll the months though it

was negligible in summer months,

3. Significant difference was observed for the mean
extenslon growth in different months, Two peaks were
observed in May and in September. The percentage of shoots

that showed growth per month alsoc followed the same trend.

4. Mo significant difference was noted for the meen

growth in different trees.
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5» The groyth of mitmeg trees was found to be very
slow with a mean extension of 1131 em for a peried of one

Jears

6. The malo and femole trees differed in thelr
flowvering pattern, There was monthly variation in the
extent of flowering of both nale and female trees, In females
floweriyng svas constrained to seven months i.e.4 contiymous
from June to October and then in Jomiary-February. In malé
trees flowering was cbserved in all the months at varying
intensities,

7. The pattern of flower btud development was specific
for male and female trees. 8ix stages of development were
identii:ied for both male and femele flowers. The pericd from
visible induction to anthoesis was only 8%,20 days on an
average for male flowers where as it was 154%.10 days for

female flowers,

8, Three type of flowers were observed iy mimeg -
normal male, normal female and female on hermaphrodite trees.
They resecmbled each other to a great extent; but differed

in the characters of stawen and pistil,

9. Anthegls in male trees started hebtween 1700 and 1900
hours and contimued upto 0700 hours of the next day. The
peak was recorded between 1900 hours and 0010 hour. In femelc
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trees, anthesis started between 1900 and 2100 hours and
contimed upto 0700 hours of the next dey with the maximum
between 2100 and 0300 hours.

10, The flowers were found to be receptive from the
day of anthesis upto six days aftoer anthesls with the
maximm seb (80 to 825) for the first three days.

1%« Anther mumber end pollen production per flover
varied significently from tree to tree. Sucrose, boric
acid and calc;i.um nltrate were found o have profound
influence.on polien germination et specific concentrations.
Without boric acid and calcium nitrate six per cent sucrose
gave maximum germination (76.6%). A germination of 82.8
per cent was recorded in six per cent sucrose with 50 prm
calcium nitrate, Boric acid showed mexirum germination
(92.7%) in four per cent sucrose medias, abt a concentration
of 75 ypm. However, a combination of the three was found
to be the best. Maximm germination -of 96.9 per cent was
recorded in the media conteining four per cent sucrose, 25 ppm
caleium nitrate ond 75 ppm boric acid.

12« The pollen was found to be'viabi'e-fdr only two
days with 48.3 per cent germinption in siz per cemt sucrose
media. The storage condition was in the mature md stage

stored as such at room temperature.

13. The chief agent of pollination was found to bé
wind.
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1L+, Iand pollination increased the percentage set
from 331 to 88.7 comﬁared to open pollination,

Parthenocarpic fruit set was not observed in mitmey .

15. The percentage set varied from tree to tree and

also for different aspects wibth a mean of 33,1 per cent.

16. The mean percentage drop after set was 7k 4 per
cent. The drop was maxirum for second to fourth month after
set, ZThe pe&cenﬁage drop varied from tree to tree, The
harvested fruits accounted to B.47 per cent of the total

‘flovers produced,

17« The fruits atteined maturity in 206 to 237 days
(scven to eight months) after fruit sch.

18. The developing fruits folloved a sigmold growth
pattern with maxirum inerease in growth between sixth and,

sizteenth waeek after set.

19. There was variation for the rumber of fruits
harvested from cach tree.  The peak harvest season ranged
bebween April and July.



REFERENCES:



BI}I‘ERL’NCES

Adamg, J. (1916). On the germination of poJ_len of apple
and other fruit trees. Bot. Geze. 01 3 131 47,

Addicott, F.I. (19%3). Pollen germination and pollen tube
growth as influenced by plant grouth substances. :
. Plant Physlol. 18 @ 270-79. ,

Addicott, I’. T (1954}, Plant grouvt remlators in grg,culturg.
John Wiley & Song, New York.

Addicott, F.T., and Iynch, R.S5. (1955). Physlology of
Absclssion. _&1_1_13 Rove Bl. BPayglol. § : 78-82,

Addicott, F.1l., and bu.e.tter. (1977). Hormonal control of

!Lbscission. nt growith and rezulston. Jpring Verlag.
New York : 22 0.

Aha.med, C. (1962=64), Relation o:€' growth to fruitfulness 111
grape fruit. Iunisb Fruit. d. 26/27 ¢ 1768-97.

— . s e

*Anthony and Harlaen. (1920). FPhysiology of pollen. ZIhe Dot.
.« 22 (3) : 325-381. .

Aravindakshen, M. (1960). Studies on certoin aspects of '
growth and flowering in some var. of guava vith gpecial
reference to. the influence of pruning on flowering and

fruit set. Ihesls submitted for M.dc.(Az.) in Hopticulturo.
Agriculture College & Research Institute, Colmbatore.

Aravindakshen, M. (196%). Studles on certain aspects of, gv’outh
and flowering in some varleties of guava with spoecial
reference to influcnce of pnming on flowering anad i‘ruit
seb. lMadras. agric. J. 51 (11) @ L82.

Aslam, M., Brown, H.5., and Kohel, R.J. (19C%). Evaluation of
gseven Tetrazolium salts as vital pollen stains in cotton.
Gogsypium hirsutupm Crop Sei. & (5) 3 508.

Balasubramanyamn, V.R, (1999), 3tudies on the blossom b.l.ology
of guava (Psidium gaajava. L). Indian J. Hort. 16 & 69-75.



Bardwaj, SeN. (1975). Boll Shedding in Cotton. Indian J.
Plont. Physiol. 18 (2) : 9-13.

*Barnard, C. (1932). Studies on growth and fruit bud
~ formatlon. 1. A year'!s observation on victoria apples.

d. Agric. Victoria (Augtralin) 30 ¢ 349=361 .

*Barnard, C., and Reed, F.M. (1933)., Studies on growth and
fruit bud formation. J. Dep. Agric. Victoria (Austraiia)
31 t 37-39. ' "

Barnabtt, HeCe, and Arisumi, T. (1952)¢ MHothods of pollen
coilection enasculat;ion and pollinatlon in fruit
breeding, £roc. Ajier. Sog, Horte SCi. 92 & 259~263.

Barnett, L.F.L.é and Carver, H,F. (1967). lMolosls and pollen
5

stainablllty in Swltchgrass. Panciug virsgatum Crop. Sci.
Z (&) : 301-313, :

Bradbury, D, (1925). Notes on the dropping of immature sour
cherry frults. Prog. Amer. Sog. Hort. Scis 22 3 105-110.

Bradbury, D. (1929). A comparative study of the developing
and aborting fruiting prumg cerasus. Amer. J. Bot.
16 (7) & 52b=542,

Brevbaker, J.L,, and Xwack, B.H. (1963). The essential role
of Ca 1n pollen germination and pollen tube grovth.
Amer, J. Bot. 50 : 859-865.

Brink, J. (192%). Germination of pollen grains of apple and
other fruit trees. Bot. Gas. § : 131-147.

Brooks, J.8., and Brooks, N.H, (1967). Follen abortion in
relation to cybtoplasmic male sterllity in sorghum,
Crop. Sci. Z (1) : k7-k9,

Brooks,fiS,N.,ia.nd Pzzﬁi, YﬁP. a§196%); . H‘gi:mos.pl'na;r‘:!.c conditions
influencing pollen shedding ps. Hurmlug lupuwing Crop.
Sei. 3 (6) @ 56-57,

Campy AJFe, Haroldmownry, and Ioacks, K.W. (1933). The effect
of soll temperature on germination of citrus seeds,
Amer. J. Bot. 20 3 348«357.



*Carns. (1951). Some effects of water and oxygen in
absclsgsion in vitro, Plant Ehysiol. 26 : 212-21%.

Chadha, K.L., and Singh, K. (1963). Studies on fruit
drop in mango. 1. Inddan J. Hort. 20 : 17«85,

Chadha, K.L., and Singh, K.K. (196%). Fruit drop and its
;{S%ag%?n to fruit growth. Ihe Indian J. Hort. 21 (3&%) 1

*Chendler, W.A. (1925). Fruit growinz. Houghton Miffin, 777 -

*Chira. (1966). Bilolozia. DBratislava. 22 (68) 3 260,

*Coit, J.E,., and Hodgson, R.H. (1916). The causes of June &
of Naval oranges. Calif. Univ, J. asric. & (8-10) ? (21;?-29

*Coit, J.E., and Hodgson, R.W. (1918). The Juns drop of
Washington Naval oranges. Golle; . Fop of
Berkley Bull. 290, anges. Gollege of Aeri. Expt, Sta.

*Coit, JeE., and Hodgson, R.¥. (1919), An investigatlon of the
abnormal shedding of young frults of Washington Naval.
oranges. Upiy. Calif. Pub. Agri. Sci. 3 ¢ 283.

*Cooper, W.C., and Henry, W,H. (1971). Absclssion chenlecals
in relation to citrus fruit harvest, J. Agric. Pd. Cher.

19 ¢ 559~563.
Corner, F.J.H. (1976). The sceds of Dicotyledons: 1 and 2.

Cambridge University Press.

Coyne, D.P., and Al-Yasuri, S. (196%). Effect of growth
regulators in delaying pod abscission and embryo ebortion

in the interspecific cross. Crop. scl. b (W) 3 435,

Cruickshank, A.M. (1972). The mtmeg investigation programme

in Greneda. W.I. Internationsl Conference on splces
organised Tropicel Products Institute, Ilopdon.

Cruickshank, A.M, (1973)¢ Some aspects of mitmeg investigation
;I)ggg?ﬁxme in Greneda. Irop,. Prod. Inst. Proc. Splces.



Damodaran, V.Ke., dbrabem, J., and Alexander, K., (1960).
The morphology and bLlology of cashew flover. fZ. Reg.
JLe Kepala. &t (2) s 78-85.

Dasarathy, T.Be (1951). The guave (Psidilum gujave L.)
Madrog geric. 4. 38 3 521-527.

*Deimr, H. (1949). Nootmuskeat enfoellc (liutmeg and mace)
Iﬁm.b.- E’_—Slo _:_[_1_'_1}_3;' _ﬁ_r_@,h- gg H 655-683.

Deshmukh, J.K., Routt, R.S., and Manekar, A.G. (1978),
Studles on pollen viability in Diploid and colichicine
induced tetraploid sponge gourd. Scil, and Cult.

Wy (3) : 126-129,

‘Doroshenko, A.V. {1928). Physiology of pollen., Eulli. Appl.
Bot. PL. Breed, 18 : 217=34k,”

*Duncan, BuJ., and Fergusen, T.V. (1967-68), Hoport of the

Dept e of erop scienca. University of West Indies.
Faculty of Agriculture,

Eames, JeA. (1961). Yorphology of Anglosperms. MeGraw Hill
t':ompany, New York,

Erickson, L.C., and Brannemsn, B.L. (1960). Abscission of
reproductive structures and leaves of orange. fErogc.

Amer. Soc. Hopt. Sci. 29 3 222-229.

*Flach, M. (1961), Nutmeg production in lletherlends,
fiew 'Ghinep. South. Pac. Bull 11 & 50-52.

Flach, M. (1906}, Nubmeg cultivatio, d its se oblen .
iled. Land bvonwhogeschool, Wagemingers. QQ 1) 2 1=874
Flach, M., and Cruickshanit, A,M, (1969). Iutmeg - Myristica

fragrans .and Myristica argentis outlines of perennial
crop breeding in the tropigs. lMlsc. Paper Ho.b, Hay
Landbouvhogeschool, Washington, Netherlands. 329-338,

Fletcher, S.W. (1906), Methods of crosging -fruits. Proc.
Amer. Soc. Horb. Sci: 29«40,



Fogle, HeW. (1977). Identification of clones within tree
' frult species by r;3011811 exine pattern, dJ. Amer. Soc.
HO;:t. bc * 192 : 552.—560- '

Garble, Je3. (1967): Elora of the ngsigeng% of Madras,
Botanical Survey of India, Celcutta,. 210=22%.

Garret, G.A, (1933). Bearing of wood anatomy on the
relationships of Myristicacepe, Iroplcal woods. 36 3 20-kk,

*GATT (1977 ). Spices = g survey of the world market
International trade centre, Geneeva, 1 & 2,

storage of hand eollocéed and bee eollect'.ed pollen in

a home freegers PEroc, Amep. Sogs lort. Sci. 62 s 304-305.

Ghanshymsud, Chadha, T.R., and Dhar, R.P. (1977). Studies on
po%lj).nat%gngﬁequirements of santa rosa plum, ZFros, Hort.
9 1) ¢ -0l »

*Gollmick, F. (1942). The longivity of grape pollen. Agnew..
. ‘Bob . a’- 3 221232,

Guenther, E. (1952). Thg Essenti 1s. D ¥Yan Nostrand co.
INC, New York. 9 ¢ 59«81, -

Guenther, E, (1960). Nutmeg a.nd I.ace in’ Greneda. Cofee mnd tea

Gustafson, Jg g72(1926). Growth studies on Fruits, Plont Physiol.
- $ 265- .

Gustafsan, F.G, (1960). Influecnce of Gibberellicacid on
' gettin%6a?godevelopment of fruits in tomato. Flant Fhysiol.
) - - 'y

Halma, FeF., and Compton, C. (1936). Grouyth of citrus trees.
$X0C s Amer‘ So 'Hozu. Sc . é_ : 0'83‘



Hariano, S., and Morioko, S. (1975). Influence of fruit
load on the growth and fruit yield in citrus trees,
Ie dap. Sog. Hort, Scl. i (2) = 99-106.

Hariom, Srivastave, R.De, Misra, R«S., and Bana, DS, (1975).
Effeet of growth substances on drop, further retention
and quality of apple. Prog. Hort. _é (1) ¢ 57«60,

Harrold, J«7. (1935). Comparative study of the developing

and aborting fruits of prunug persica. BoL. Gaz.
96 ¢ 505=520.

Haoyes, WeBa €(1958). ZFrult growips in Indie. Vanguard Press,
A11ahabad, ‘

*Hermens, A.Hd. (1920). Do noot mmkoat culture in Hed. Indlias
Sedert_de _opheffing Van het moropoiis. - Acpds Eroefschr.
Isiden: 111.

Hoslopy He¥., and Shivanna, K.R. (1977). The receptive
gurfacg of the anglosperm stigma. Apnels of Botary.
41 (176) 3 1233-1258.

Howlebt, FeS. (1927). Some factors of importance in fruit
seg.ting studies with apple varleties, Proc., Am, Soc.
Hort. Sci« 23 1 307-315.

*Ito, H,., Inoe, H., and Funakoshi, T. (1975), Cepacity for
flovering and frulbting in Washington Navel orange trees.

eti £ the Collese of Ar, & Vet cdd. Nihom
University. %335 s Eliéég.' '

*fuanaml, Y. (1972a). Viability of gollen grains in organliec
solvents. Dotanigus. 3 : 61-68.

*Twanaml, Y. (1972b), Viability of pollen grains in organic
solventse Pls Sell. Fhysiol. 13 3 1139=11l1.

""Iwanami, Y, @1973)._ Seed set of peluma hybrida pollinated by
' ﬁtorgg gg:i._;!.en grains ln organic solvents. Bobtamgue,
+ 2 23=200« '



*Tyanami, Y. (1975): Absolute dormancy of pollén induced by
goaking inorganic solvents. Emj:,qp;g_sgla_"% : 181-184,

*Tyanaml, Y., and Nokamra, N, (1972). Storege in organic
solvents as a neans for preserving viability of poilen
grains. Sbain Technol. 7l & 137-139,

*Tyaski, T, (195%). Bud pollinetion of satsuma.orange.
3. 'Hopk, Abst. 923.

*Janse, J:M. (1898). De noot muskaat culture inde linahassa
¢en op de Banda ellenden (Nutmeg growing in the :
i%nah?ssaomd the Banda islands), Medig lLands Plantent.
g_ : 1=120.

Javanda, J.3¢y Sinha, H.K,, and Hippal, D.K. (1972). Studies
on nature and periodicity of preharvest fruit drop in
sweet orange. .29 (3&%) & 269=-277.

Johangony D.A. (1940). Plant Microteghnioue, MeGraw Hill
Book Coe INC, New York,

Jose, J.5., and Nagnoon, M.L. (1972). Studies on pollen -
gégrmination in gioscoria. Ihe Ipdian J. Jort. 29 (1)
=93 ) = ‘

*Joéhi, A.C. (1946), A note on the devalopment of pollen of
' Hyristica fracrang Houtt. and the affirmlties of the
Tanily Myristicoc. J. Indian Bot. Soc, 25 & 139~1%3,

Jost, B.A. (1905). Fhysiology of pollen. The Bot. Rove
"22 (3) " 325-381.

Khanal, M, (196%). A study of the varictal growth and
fruiting .chorscters in some Amnons selections,
Madrag gurdc. J. 21 (11) & 482,

King, J«Re (1962), Pollintcuration - A proposed new term;
South Indlen Hort. 19 16k,



King, J.R«, and Hesso, C.0s (1938). Pollen longivity
studies with deciduous fruits. Proc, Amer. Soc, Hort.

Sci. 3¢ + 310-313.

Kirtiker, KeR., Basu, B«D,, and An, I.CsS. (1975). Indign
Medicinal Plants. /s Bishensingh lishendra Pal Singh,
Dchra Pun. '

Studles in pollen with gpecial

Kiowliton, HB. (1922).
Yem. Corngll. Agric. EXp.

refercnce to longivity.
sta. 52 1 751-793.
Korrigs, W.H., and Kester, D.B. (1959), Fruit setting in
Almond, .The pattern of flover and frult drop. Erog.
amg;:‘ _S__O__C_". HOI':."‘_ SQ » .g_z_l' H 21 . .

Krishnarurthi, S., Randhawa, G.Se, and Hair, P.C,5. (1960).
Growth studies in some cltrus species under subtropical

conditions. Zhe Indign J, Horb., 17 (3~4) ¢ 171-184,

P.CeS.e (1961).

Krishmamurthi, S., Randhava, G.S.y and Ralr
Growth studies in mango ( 1 fera indd ) under Dolhi
conditions, ZThe Indian J. Hort. 18 (2) 1 106~118.

Hecent trends

KPiShnalmlrthi, Se and Rao’ V.N.M, (1965)0
in the techniques of artificial. polliination in fruits
cultural Sclences gnd

and vegetables, Advances in A

their application, Ed. Krishnomurthi, S., i:hr?:ricultural

College & Research Institute, Coimbatore : lLkl-hig,
Krishnan, T.5.8., and Damodaran, A.P.S. (1954), Fruit rot
of l’\rutmeg. indign Fhybopath. 1 ¢ 7«15,

Kwack, B,H. (1965). The effect of Ca on pollen germination,
.!‘Oc‘. Amgl:n _8‘_0_99 g_I_QK‘t. SCi » i!ﬁn 3 818"'823.

Kwack, B.H., and Brewbeker, J.L, (1963). The protective .
action of calelun in relation to survival and growth
inhibition of pollen. Plant Physiol. 38 (22) : 32«34,

Iawrence, G.H.M, (1951). Tegonory of Vascular plants.
Oxford & IBH publishing Co. New Deihl 3 212-218.



leslia, G.S. (1963). An introduction to_the botony of crops.
- The English language Book Soclety: 20 286,

“Louty, Se«Je, and Dukovac, M«J. (1966). A comparison of the
growvth and anotomlcal development of naturally
abscising, non abscising and naphthalene acetlc acld
treated peach fruits. Ehybto morphology. 18 s 372-379.

*Iinnageus, C. (1742), Gonera plgnbprum, 2nd Ed: Cornad
Wishoft Iagdoni. Balavorums 527.

*Iidforss, B. (1896), Zur 'Biolgle despollens. gJeharb. Wiss.
' _f}__o_ﬁ- gg - 1-38,

*I1yanage D.V._. (1949 ), Preliminery studies on the floral
bioiogy of the cocorut palm. Irop, Agric, 171 : 75-83.

*Ioomls, W.E. (1953). Growth and differentiation in plants.
A monograph of plant physiologists, The Iowa State
College Press. Sb=112,

Faas, JeLe (197724 Pollen ultra struct.ﬁre of stravberry
and other smell fruib crops. J. Amer, Soc. Hort. Sci.
102 (5) 3 560-571.

Faheswari, P, (194%). On the longivity of pollen,  Indien J.
EQLE- _2_ " 82"870

Maheswori, P, (1950). An introduction io the embrvology of
pnzilosperms. e Garaw Hill Book Co. New Yorlk,

¥artin, Oe (1913). Fhysiology of pollenm., The Bot. Rev.
27 (3) 3 325387,

McCown, M. (1938), Absclission of flowers and frults of the
apple. Proc. Amor. Sog. Hort. Sci. 3¢ 3 320-321.

MeMuann, R.Ls (1939). Growth increment in apples., Eroc. Amor.
SOc. Hort. Sei. 36 * 379-383. PRIESs SR

Motilal, V.3e (196%), Fruitset and fruit drop studies in some
non commerclal citrus frults. ZFunjab. Horb. J. 4 3 2733,



Mukherjee, S.K, (1949), The tazonomleal value of the
anatondal structures of the inflorescence axis of
mangifera. Ind. d. Bot. Soge 28 &+ 161=171.

Mukherjee, S.K, (1953). Mango - its boteny, cultivation,
uses and future improvement. Econ. £. 2 & 130=1624

Minzer, R, (1960). Investigations on the physiology of
pollen germination with speclal reference Lo the
effect of boric acid. 3Biol. Series. 79 ¢ 59-8%,

*Ml:lrneek; AL, £1933)s The nature of shedding immature
apples. EQO Agric, E;Eo Stn _l:i_gg. :E_ul-__i 201,

Nagarajan, CeRe, Krishnamurthl, S., end Rao, V.N.M, (1965),
Storage studies with grape pollen., S. Indian Hort.
_1_3_ (1(“2) : 1-1)‘1‘-

Naik, K.C., and Hao, M.M, (1942), Some factors governing
frult bud formation in mengoe (Mangifera indica ILinn.)
11. Relation between growth and flowering. Madres
Agrice 2. 30 (11) 3 365-37%,

Nair, BeK., Ral, R., and Vatsala, P. (1977). Simple
‘morphological ‘Eechnique for distinguls the sex of
‘mutmeg seedlings. Curp. Sci. 46 (5) 3 156=157.

Nalr, M.K,, Kumar, T.P., and Ratnambal, M.J. (1977).
Prospects anc’i prob:[ems of tree splces cultivation in
India. " Indisn Spices. iy (243) s 2-9.

Nair, N.C., and Bahl, P.N, (1956). Vascular anatomy of the

flowver of Myrist palgbarica. Fhyto porpholozy.
6 & 127=13%. '

Neir, N.C., and Pillai, N,V. (1959), Morphology of the flowor
agd(‘agil 1111 Myristica fragrons. Sci. and culb,
29 (3) : 211-213,

Nair, P.K.K, (1970). Pollen morpholory of ggrlosperms. Barns
and Noble INC. Hew York. '

Nair, P .I*f.K, (1977). Advances in pollen spore rasesrch. Today
and Tomorrows printers and publishers, Nears Delhi.



I‘I&kasoneg H'oY‘,, BOWG.’.’S, FQA.I., and Beamount, T.Ho (1955)-
© - Termingl growth and flowering behaviour of pierie
mango in Heweld. 'Proc. Amep. Soc. Hort. Scl. 69 1 183,

Nélawad:!., V-;G., Dasappa and Sulikeri, G.S. (1977). Florsl
bi?lo)gy %17‘ some varietles of sapota. ZFrog. Hort,
g 1) w2l o

Nalawadi, V.G., Sulikeri, G.S., ond Singh, C.D. (1975).
Floral biologleal sﬂudies of Apnong s 03g under
Dharvar conditions. ZErog. HBort.Z (1) s 19-25,

Nend, D. (1971). Pollination fruit sét end fruit development

in carambola. Averrboa cargmbola, IThe Indiesn J. Hort,
28 (&) : 278-287, ' -

Nauriyal, J«F, (1955)s A study of gremature fruit drop in
citrus, Indien Ja Hort. 12 (2)-3 39-52.

Nebel, B.Re (1939). Iongivity of pollen in applo, pear, -
. plun, peach, apricot and sour cherry. ZProc. Amer, Sog.
Hort.__S_Qi- éz H 130-1320

Nebel, B,R., and Hv.t’cle)3 HelLe (1937). Storage experiments
- 'with pollen of culvivabed frult trees. dJ. pomol.
1k & 347-359.

*Nicolglssen, H. (1953). Follen - the preservation of its
'gjﬁg’:;. Lty by cold storage. Industr. Refrig. (Oct.) s

Nirma]i‘gnduaxju’agl; ﬁnd Raizxzdhawa, 'G.S,.L(1959). Studies on
£flor ology in pome granale.. gigijga : bum,
1L & 11X, The Indign J., Horf. 16 (3) 3 121-11:1.

Oberle, G.D., and Geortzen, K.L, (1952), A method for
graluating pollen production of frult varieties.,
Eroce Amer. Sog. Hort. Scle 53 : 263-266,

0'Kelly; (1955). Physlology of pollens The Bobe. Rev.
: QZ".(B) 1 325-38% « Ihe Eot. Rey

Palmer’ RQLQ Hield’ qud’ ang Lems, L-W. (1968)l Citrus
leaf and frult absclssion. Proc. ist. Int. Clbrus.
Svmp. 3 3 1139=1143.



Parry, JeH. (1969). Spices - 1. Chemlcal Publishing Co, INC.
New Yvorkd .

Paulagif?. (119;614-).- Studi._eshontgrowth‘and flgueri?‘g of
erent classces of shoots in mango = Mangdferg indicg.
Madrag Agzl. de 31 (11) s UB1-LBY,

Peltiery G.L. (1920). Influence of temperature and humidity
on the growth of Pse cityri and its host plant.

J. Asrig, Bes, 20 : '7m500,

*Porrl, W.0., (1938), Selection Van het zaandgoed Van de
mskaato root (selection of mitmeg seed). Alg. land

bueeln ble Ipd. 22 @ 589=500,

*Pfundts Ms (1910). Einflugs der Iuflfewcht - igkelt anf die
‘ Lobensdener des Blutensteubes. Jber. ¥lss. Bot. 42 s 1«40,

Phadnis, N.A., and Choudhari, K.G. (1971). Sex determination
in ‘the se% stage of mutmeg. " Lyristica fragrans.
?_EQE: S,Qi- 1“3 ,'1') : 265-27)4'0 C

Plerrlie, He (196%). Preliminagry assessment of discases of
mutmeg in Grenada. IMscellanecus. Fubl. Unlversity of
Wegt Indies, Trinidad. 12=-16, ‘

Pollard, J.B., and Biggs, R.H. (1969} Relation of cellulose
to abscission of citrus. Plant. Fhysiol. 4t s 31-35.

Prestoe, (1948). Sexes of mutmeg trees, Gard. Chrop.

Pruthl, J.5, (1976). Spices and condiments. - Netional Bool
trust «~ India. New Delhi.

Raimund, H. (194%9). Citrus growth studies. J. Horb. Sog.
29 3 50-59.

Remakrishnan, T.5., and Damodaran, S.8.D. (195%). Fruit rot
in nutmeg. JIndlan Fhytopath. 1 & 1-17.

Ramlm%axi NN '% Ei.ldlSingh, ?9}{- (1977). Studies on the floral
lology of cuslard apple. Apnona souemosa. ZIhe Indlgn d.
Hopte 3% (3) & 252+257., :



Randhava, GeSs (1971). Use .of plant growth regulab
Gibverelliing in Horticulture. ICAH, New Delhl.

Randhava, G.S., and Xhanna, R.C. (1963). Fruibing in
rolation to growth in citrus. ZThe Indian J. Hort.
a_g (2) k| 93-1015‘. :

Rendhewa, G.S,, and Nair, P.K.K (1960). Studies on f£loral
b:l.oiogy of plum grown under sub tropical conditions. .

Randhaway Gesey ond Singh, J.P, (1963). FRature of fruit
drop in mandarins.  Citrus reticulstm. The Indign .
Hort. 20 (3&+) : 191-200,

Randheva, GeS., and Sinha; R.B. (1963). Fruiting in relation
to growth in citrus. The Indiep J. Horta. 29 (1) : 1«12,

Rao, V.N.M,, and Kopdar, J.B.M. (1960). Pollination and
Follen germination studies in some fruit crops. Egpor

presented at the Acadery of Agrl. Sclences, Colmbatore.

Rao, V.N.., and Khadar, J.B.M, (1962). Estimation of polisn
gggd}lzggion in frult crops.  ladrags Agrige de }__?_9_ (5% 3

Rao, V.N:i., end Khadar, J.B.M. (1962e). Effect of G.A on
germingblion ‘and tubc grovth of pollen in saﬁota. var.
Iong oval. M %1‘100 _J_.. ;@ (12) H !{‘12- 150

Ravindran, P.N. (1977). Inyitre germination and growth of
cacao pollon. J. Pln. crops. 2 (2) 3 109-111.

Heed, H.3, (1929). Correlation between grouwth end fruit
pgodugﬁ%.o& <9>:f‘ epricot, ZXProc, Amer. Soc. Hopt. Sci.
22 ¢ =249,

*Remy, P. (1953). A contribution to the study of pollen of
stone frult trces. Ann. Amel. planbtos. 3 : 351-388.

Rendley AJB. (1971). ZIhe classificatlon of flowering plants.
11 5 131-135,



*Resnilk, H.E.,t 51956 % . iléifi'ect g{ growth substances on the
germination of citrus pollen. Bull. Reg. Copac.
Ioragl. Bots § 3 223-20%, '

Riabog‘, .173 il]i_i (%?.30).:{_ %ggigrgblems(of pollination and
er zation o rees (Russian English Sumpa .
e Bot. 140 3 1259, e )

*Rogers, B.J, (1971). Scanning electron microscopy of
absclssion zone surfaces of Valenia Orange fruilt.
Plonta. 97 : 358. '

Rosengarton, R. (1969). ZIThe book of spices. Idv sﬁon
Publishing Co, Fhiladelphia. T ine

Sachan, B.P,, and Patro, K,D. (1970), BStudies on pollen
storgge of some cltrus species. Prog. Hort. 3 (&)
13=16,

Salpi, S,S«, Singh, Re, and Paliwval, G.5. (1971). Growth and
development of mango fruit. HMorphology and cell
division. Zhe Indian J. Hort. 28 (%) : 247,

Saini, SQSQ, Singh, R., and Paliwal, G.S, (1972)0 Growth aﬂd
development of nmungo (M, indica L,) frult. II. Anatorny
The Indian J. Horts 29 (1) s '5-519._

sajtan, L.Me (1952), Matual interaction betwcen individual
components of pollen mixtures. FPl. Bz. Abss 146,

*Sajtan, I.0{., and Kleova, R.F. (196%), The viability of
pollen of some frult crops (Russian). Bjull. glow. Bot.
Sada (55) s 38-41, '

Sastrl, R.L.N. (1954). On the vascular anatomy of the fomnle
flower of Myristice fragrons. Erocs Mighk Ind. Sc« Cone.
Part. IIX 1 132~733, ‘

Bestrl, R.LsN., (1959). Vascularization of the carpecl of
Mypistica fresrans. -Bok. Goz. 121 (2) & 92-95,

*Saunders, B.R. (1937). Eloral morphology = g ney_outlock with

gpecigl reference to the interpretation of the Gynoegium,
University Press, Cambridge.



Saurs MeR. (1951). Growth of orange shoots. Augt. d. of
&m‘ g_eﬁ* g H 105"1170

*Schurmclkter. (1932). Uber dem Einfluss von Borsaure any
Pflenzon insbasondere Keimole pollen Korner., Xlanta.
23 3 264=283.

*Sedov, Eelis (1955). The viability of the apple pollen as
effected by methods after ripening and storage.

Arobiologia 3 ¢ 134-136,

Sehgal, O.P., and Singh, R. (1967). Studles on the blosson
i’.oloe;y’of £Uava.. %. Indian J. Hort. gg (3&4+) ¢ 118-122,

Saen, P«e., and Mallik, P.Cs (19%1). The time of differentiation
of theh‘f%ower bud of the mango, Indign de. Azric. Sci.
11 ¢ 74=81.

Seth, J.N. (1962). Florel blologicael studies in psidium. II.
Hort. Adv. ¥I ¢ 110-113,

Shanmughavelu, K.G., and Rao, V.N.M. (1977). Spices and
Plantgtigg’ Crog’s. Pop ar Book Depot,.Madras.

Sharma, D.K., and Singh, R,N. (1970).  Studies on some
pollina%ion problems in mango. Jndlan J. Hort. 22 ¢ 1-15.

Shukla, K.S5., and Misra, R.N. (1975). Studies on the -
effectiveness of sgored pollen and fresh pallen graing
in the frult set of Kagzl lime C. aurpntifolia. FProg.
Hort. 2 (3) : 77-B0.

*§inclair, J. (1958). A review of the Malayen Myristicaceas.
Singapore cargeng Bull. 16 @ 205-472,

Singh, J«P., and Dhuria, ‘HS, (1960). Studies ond blossom
bud differentiation in sweet lime (cibrus limetioldes)
Zhe Indien g. Horb. 17 (2) : 102-106. -

Singh, J.P., and Ghose, S.F. (1965). Studies on the growth
behaviour of different citrus spp. and cultivars in
mursery, The Indian J. Hort, 22 (3) : 266~277,



Singh, L.B. (1965), Mango in India, Problems and
achievements. Advances in Agriculbural Sciences
and their 'gpplications. Agricultural College &
Hesearch Ingstitute, Colmbatore: 31231k,

Singh, R,H, (1960). Fruit btud differentiation in mango
ag affected by some climatological factors., ZIThe
Indien J. Hort. 17 (3&%) : 18%-188,

Singh, R.,. (1961). Studies in the differentiation and
development of fruwit buds in mango (Mangiferas indica).
The Indien J. Hort. 318 (1) & 1=12.

Singh, RN, (196%), Sex, pollination and post fertilization
problems in mangd. "Horld Crops. 16 : %12,

Singhy R.N., Bandhava, G.S., and Sharma, DKe (1961),
, follen storage and pollen germingtion in fruit crops.
A reviey, Ihe Indicn J. Hort. 18 (1) : 85-104. "

Singh, S.N. €1961), Studies on the morphology and viability
- of the pollen grains of mango. Hort. Adv. ¥ : 121-12k,

Simsh, S.N, (1962), Btorage of ILitchi pollen. Hort.
é_dl.t VI 78~é0¢ P

Singh, S.N. (1962a). Studies on the pollen storage of
mengo. IThe Indien J. Hopb. 19 (3 & W) 3 92~103.

Singh, U.R. (1960), Studies on the fruit drop of mango.
{Mengigera indica) II, Nature and. cxtent of frult
drop. Hort. Adv, IV 2 143,

Singh, U.R. (1961). Studies in the frult drop of mango.
IV, kmbryo development, 1ts degeneration and studies
g:f' fgl%tggﬁdicel .and absecission gone. Hort. Adv,
N H - 'Y

Sinha, Na M. (1972)., Pollen viability and pollen storage

studieg in jack fruit (Artocarpus heterophylla).
Prog. Horb. &+ (3&4+) & W5-53, -



%S1off, W.Cs (1990). Het livége stand point inzele het open
springen ven de onrdjpe noot mus kaat vrucht (The
present pogition concerning the dehdscerice of unripe
mitmeg fruit). JIand bound. 22 3 Wi1=415.

*Smith, A,C., and Woodhouse, RF, (1938)s Americen spicos of
I?-Jyristioa.ceae; Br;ﬁonj,g. 9 3 50-90.

Snedecors GiW., and Cohran, W.G. (1967). Statistical methods.
Oxford and IBH publicshing Co. Few Delhi. . ,

Soogt, R.K.s and Cameron, J.\W. (1951:-). Production of hybrids
o thé use of stored trifolliate orange pollen. Proc.
Aper. Soc. Hort. Sgi. 63 ¢ 234%=-238.

Spencer and Kennard, HeL. (1955). Studics on mango fruit set
: in ruerte Rico. ZIrope. Agric. 32 3 323.

Sriram, T.A. (1977). Treo spices:~ retrospect and research

needs. Arecamt ond splces Bulletin. YIII (&) : 97-100.

srivatsave, D.N. (1938). . Studles on the non setting of
PRAZPSs 1o e Boie and Hoxbe Scle Q : '39';"{?2_ .

Stanley, R.G., and Iinskens, M.JF. (197%). Pollen Biclogy.
" Biochemistry and Manppement. Springer - Verlag Dulin
Hiedelburg, Hew York.

Sundararajan, 8. (1961): Studies op certain aspects of
growth, flovering and fruiting in some wvarletles of
ﬁgpota. (Achrag zapota). Medrag aszdce. 4+ 51 (1) 3

3=40G.

Talbot, W WA. (1976), Forest flors of the Dombay Presidency
and sind Bishen Singh Mahendrepal Singh. Dehra Dun ¢ 378,

#Patarineav, -AsS., and Ostrowvhova, H.V. (1950} storing
pollen of tree and bush fruibs, Sadil ogorod. 3 : 23-28.

#*Tatarincev, A.S., and Ogtrovhova, N.V. (1956), Prolonged’
goll?gsst?%:age of fruit trees. Friroda.  Leningrad.
2 ] n1 Py



Teotla, S¢Sé¢y Bhati, D,R., end Phogat, K.,P.S, (1970),
Use- of' {’.rae vig,our as a criteria for yield in Mango
var, Dashehrli. Proge gng. 2 (1) 1 5=134

Teskey, BeJoBs, and Shoemsker, J.S. (1972)., Ir g frult

production. The avi publishing company INC
Connecticut.

Thekur, D.R., and Singh, R.M. (1965). Studies on floral
biology *of Annonas The Indian J. Hort. 22 (3&:)

Thompson, A.H., and Babjer, L.P, (1950)s The effect of |
boron in %he germinat:{ng medium on pollen germination
and tube growth for several declduous tree fruits.

_I_)LO_QQ Ame & _-»-‘:_:__E. HOI'tQ _&i 5§ 22?-30)0

Tyreub, H,, and O'Rork, Jr, (1936), ' Papaya pollen
gg;minaulon angd. storage. Proc. Amer, Sogc. Hort. _gi
3% 1 18,

Varma, S.K. (1976). Role of GA in the phenomenon of
abscission in flower buds and bolls of cotton. iIndian
d. plant. physiol. ¥IX (1) : 12-16.

Vasil, J .h. (1958). Storage experiments with pollen of
cultivated frult trees and vegebables. Scl. Cuit.
2 (5) 3 233-236.

*Wisser, T. (1995), Germination and stor "e of pollen.
Heded, lapd Hogepsche. Waitningen. 99 468

Wyvyan, H.C. (1946)s TFruilt fall and its control by synthetic

owrth substances, ZIech, Comm. (18), « Bur. Hort. &
%’kmtgt.iog Cropge 62«70, —

Marburg, O. (189?). Dle Masia tumisz. Thre Geschlchte
Bot'; Kultur Bendel and Verwerking sowleihre
surroga Ce eich ein Do ltrs t

Benda Irigein. KWihatm Engel. 656-670,

Wllson, T.K., and Moculans, L.Me. (1967). The morphology of
Im'isticacae. I. flovers, Amere d+ Bot. & 3 214=220,



*iilson, WeCe (1969). Four yoars of zbseigsicn studics on
oranges.. Erogc. Flg. St. Hort. Sog. 82 : 75-81.

Woodhiouses,. (1935). Pollen groips: MeGraw-Hill, New Yorik.

*Yamoguchli, S. (195%), Some inber relations of oxygen,
carbondioxide, sucroge and ethylene in abscigsion.

Doclorat IThesis. Unlve Calige
| Zirklg% 0.5%937). Acctocarming mountins media. .Science.
5 3 .

* Originals not. seen.



APPENDICES



APPENDIX I.

Weather data (monthly average) for the perilod from March 1978 to March 1979
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Month Temperature l}fﬁﬁﬁge Windgpeed T%%ell hrs .?ine
March 29,80 60.0 10,9 52 945
April 30,46 69 .5 6 1949 9.0
May 29.85 715 742 287.5 7.5
June 26,15 83.0 5.3 848,5 349
July 25,55 8% .0 749 790 M 5.6
August 25,80 85.0 9.0 679.5 ‘3.1
September 26,25 79.0 6.k 68.3 842
October 27450 79245 747 11% .1 7 .6
November 25.20 67 .0 114 . 28,2 G5
December 26,99 70.5 18,3 %3.9 849
- 26,35 67.0 212 w1 9.3
February 28,35 66.5 13,7 22,0 9.0
¥arch 29 .50 67 40 120 3.2 9.2
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APPERDIX II.

Percentage increase in fruit girth and frult drop at weeldy
invervals. .
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in fruit drop
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APPENDIX III
Ané.'lysis of variance for monthly growth of different trees

g oS S a W T - - . [ = Gy Yl G S e G e SIS Ay S G S T G e P e PUN

Mean squares
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Source 8 fF  poan Percentage of shoots
growvth showving growth
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Total 71

Months 11 104390 2990,015

Trecs 5 0.319 820,010

Error 55 0.410 46,138
APPENDIX IV

Anelysis of varlance for monthly growth on different aspects

"""""" T T e squares T

souzeo & e Forcantage of sheots
grovth showing growth

Total by |

Months - 1 5 39 1746 ,790

Aspects | | 3 0.126 L5 240

Error 33 0.091 20.110
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APFENDIX V
Anglysis of varience for the flowering of nutmeg trees
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""""" " Moen squares  lean squares

Source ar m:mber Tlumber of d f Kunber of shoots

of shoots flowers per floyered

flowered flowering

shoot
Total 47 - 27
Months 11 72%.292  53.992 6 320,128 -
Tree 3 15.879 23.756 3 95.059
Error 33 2.3 L300 18 6,31
APPEINDIX VI

Analysis of variance for anther and pollen number per flover

, Mean squares _
Source A f womvommn e e e tmm
Anther number  Pollen numbepr
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Total 39
Tree 3 74338 142464062 ,50
Error 36 0.429 14420881 9%
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APPENDIX VIX

Analysis of variance for the pollen germinatlon in agar medium
with varied concentrations of sucrose, boric acid and calclun
nitrate
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Source df _ Mean squares F values
Tobal 37

Sucrose (5) A 52806418 5467803
Bordc acid (B) N B137.02 477 .87
SxB 16 %02 469 %16.97" "
Caleiuvm nitrate (C) Y 709479 73%:95"
$xC 16 266,58 276.03" "
Bx¢C 16 97,68 10194
SxBxC an 4% .08 3 et

Error 250 0.97
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APFENDIX VIII

Anplysis of variance for the germdination of pollen from
different trees in 6 per cent sucrose agsr medie
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Source af Mean squares

Iree 3 1.566
Ervor 12 3242
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AFPENDIX IX

Analysis of variance for fruli set.

Source. df "Vean squares

Total 15

Tres 3 91.967
Aspect 3 22.312
Error 9 2.400
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APPENDIX X

Analysis of variance for megn monthly increase in fruit girth
and fruit drop on dlfferent trees

T S T heen squares T
Source G f crmmrccmmmccrcenmcrann————

_ I‘mit girth Porcentage f‘ruit drop
Total 27
Months 6 104105 548.638
Trees '3 0:013 %0.491
Error 18 04123 1 646

. t .
iy P W S gkt e G Sy AR G B el Y S SV S S SN S e, g S A pe S SD ot el e the U TID o AV dey S T D (U -OR B s SR Y Y -
.



APPENDIX- XI

Anplysis of variance for mean monthly increase in frult girth
and frult drop on different aspects

Mean squares

Source d £ eccmmducrrcmccncen- e e e -
Eruit girth Percentage fruit drop
Total 27
Months 6 - 10,788 495,620
Aspacts 3 0.021 0.559
Error 18 0,145 1,802
APFENDIX XIX

Anelysis of varliance for monthly yleld from different troos

Source B 33 Moan squara o
Total 27

Trees 3 3368047

Error 18 Yoo ,81
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ABSTRACT

The present investigations were carried out in the
College of Horticulture, Kerala Agricultural Univoersity
during the year 1978-179, The object was to study the
pattern of growth and flowering, floral biology, fruit set,
fruit drop and fzﬁ:it development in mitmeg.

The studies vere conducted on male and fenale trees
of about 17 years old recelving culbtural practices ag
recormended by Kerals Agricultural University.

Shoot growth in mitmeg was found to be cyclic, a period
of growth folloved by a q,u:?.escence. Six flushes were obsgerved
during the period of one year., All the flushes were not seen
in all the shoots which resulted in contirmous growth in
nutneg., The meen growth varied significantly from month to
month, with minimum in summer months. Two peaks were observed
in May, June and September. Iutmeg treecs were fom t0 be
slow growers when compared to other perennial trees. Flowering
pattern of male and fomale trees differcd. There was monthly
varigtion in the extent of flowering of both male and female
trees, In femples, flovering vas constrained to seven months
whereas in male, flowvering was obgerved through out the year.
Maximum'flowering in both the cases was in July followed by
October.

The flower tud dovelopment in mnole and female trees



followed specific pattern. The male flowers took only aboutb
half the period taken by the female flowers o develop. Ihe
female flowers toolk 15% days for complete devolopment. Thrae
types of flowers ware observed in matmeg which resembled and
differed each other for different characters. In malec flowers,
peak anthaesis was between 1900 hours and 0100 hour and in
females, it was between 2100 hours and 0300 hours. Anther
dehiscence occurred about 2% hours prior toe anthesis. The
stigmatic receptivity lasted for six days after anthesis with
the maximm for the first three days. The chlef azent of

pollination was wind.

Anther number and pollen production per flower varied
from tree to tree., Sucrose at concentrations of 2, &, 6 and
8 ﬁer cent, boric acid and calcium nitrate at concentrations
of 25, 50, 75 and 100 ppn each were found to promote pollen
germination. A combination of the ﬁ?eé (4% sucrose, 25 pro
calcium ritratg«md 79 ppm borie acid) gave moxirum
germination (96.9%). Follen was found to be viable for three
days in the dehisced bud condition end the viability was
greatly reduced thereafter,

Thé percentage set varied for dlfferent trees and for
different. aspects with maxirmum sot on western and eastern
aspects. -Hand pollination increased the percentage set than
open pollination, indicating the possibilities of assisted
pollination for better production. There was no apomictic

frult developnment.



The mean percentage drop after set was 74 % per cent,
The number of fruits harvested accounted to oniy 847 per cent
of the total flowers produced, The period of maximm drop
after set coinc:':ded with the period of maximum developnent of
the frulb.

The fruits atteined maturity in 206 to 237 days aftor
fruit set, The developing fruits followed a sigmold growth
pattern, The .peak_ harvest season ranged betwecen April and
July. The trees varied for the percentage drop and rmber of
frults harvested,
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