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INTRODUCTION



IRTRODUCTIOR

Nutmeg, Myriatica fragrans Houtt is an important
tr2e splce belonging to the family Myristiosceas, It

is a naiive of Moluooas, East Indies and is now grown
in a number of tropioal countries of the world. The
total area under this orep in India is estimated to

be 2062 heotares, produsing 180 tons of matmeg and 14
tona of mage while the anmual world produotion of nutmeg
is about 7000 tonnes and 1000 tonnes of mace, aixty

per eent of whioh is produced in Indonesia,

The cultivation of this crop in India, is mainly
oonfined to the Southern States of Keramla (134 ha) and
in Courtallam -~ Burliar region in Tamil Nadu. In Kerala,
it is mostly grown in small numbers in home-steads
in the distriots of Ernakulam, Kottay-m and Irichur,

In Tamil Nadu, it is oultivated in the hilly regions
of Xanyakumari, Tirunelveli and Wilgiri distriots.

It is estimated that, nearly 14,500 trees are in
bearing stage at present in the country, though large
scale planting has besn initiated only during the

lagt 3 to 4 years in view of inoreassd return obtained



from this crop. 7The entire quantity produced in
India is oonsumed looally and it is estimated that
India imports about 40 tonnes of nutmeg and mage
annually. But the recent reports showed that, India
exported small quantities of mace to other ocountries.

Myrlatioa fragrana yields two produotis of

commercial valus, mutmeg and mace, The nutmeg of
commeroe is the ovoid kernsl whioch is hard and brown,
covered with 2 thin brittle shell. Surrounding this
shell is the axil, searlet in ocolour - which is the

mace of sommeroe,

Mace is used as & culinary spice, largely as
a flavouring agent, It contains the volatile oil,
"magine”, It is used for flavouring cigarettes and
for chewing to counteraect foul breath (“osengarten,
1973 and Lewis and Lewis 1977). Mediocinally, nutmeg
acts as 8 stimlant carminative and astringent,
It 18 used in tonios and elescturians and forms a
constituent of preparations presaribed for dysentry,
flatulence, malaria, rheumatism and early stages of
leprosy. Its use as an abortificient is also reported.



An essential oil is extraoted from nutmeg,
It contains 25 to 40 per ocent of fixed oil known as
Qlaun Myristicas sxpressu. The aromatic oil has
butter~like consistenoy and is orange in colour. It
contains 73 per cent trimyristin, 12,5 per oent
volatile oil and 3.5 per cent fat of glycenrl oleate
and linefdate, The esaential oil is used for
flavouring cookies, oakes e%0. and in medioines,
Nutmeg butier is used in the manufacture of soented
oils, perfumes and as flawouring agent in cooking
and confeotionary. The volatile oil from the learl
has weedioidal properties, it may also be used in
dentifioes, chewing gums etc, (Xhan and Krishnagwamy,
1953). The fleshy pericarp of the fruit is used for
pickles and jelly (Abraham, 1957),

Nutmeg is a diceclous or ocoaaionally
monoecious, evergreen aromatio tree; usually 10 - 20
meteys high. The tree oomes to bearing within 6 to
8 years of planting and the fruiias are ready for
harvest in about nine months after flowering., On an
average, a good tree yilelds about 1000 fruiis per ysar,
though the ylelds may vary from 100 - 10,000.(Nair,1978),
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Though the crop is available throughout the year, the
peak harvesting periods are between Marech - April and
Aungust - September,

The main problem in nmutmeg cultivation ia its
propagation, The existing trees are almogt entirely
raised from seeds and these present wvide variation in
produotivity and other eoconomic oharasters, Another
major problem is with regard to the sex of the tree
whish cannot be determined before the tree flowers in
4 - 8 years time, This means that the unproductive
male trees have to be retained and maintained at
considerable expense till the tree flowers, A number
of workers have studied these problems, but have not
suceeeded in finding out a method of identifiocation
of male ohicks in early stage (Janse, 1898; Dienum,
1949 and Gunther, 1960).

Nioholas and Prywcle (1958) after reviewing
the literature on the subjeot came to the oconclusion
that female and male treces were prodused approximately
in equal numbers, Flach (1940) has stated that
apparently there were two different sexes, first a



female only flowering sex and secondly, a male
flowering sex. The latier oan be subdivided into
iour different groups, as male, bisexual males,
bisexuals and bisexual females.

The possibility of determination of sex at
the seedling stage based on vegetative characters
has been reported by several worimrs im the past.
Prestie, 188/ and Jamnse, 1898 have reported that

the sex of the plant at seedling stage can be

identified bagsed on the lsaf form and venation,
Phedois and Choudhari (1971) have claimed that the
sex oan be determined from the colour of the leaf
extract. Wair gi al. (1977) have suggested that
the shape of the calclum oxalate orystals in the
leaf epidermis can help in the identifioation of
sex in nutmeg seedlings,.

Flach and Cruiokshank (1969) suggested that
ocontrolled ocrosses between highly producing mother
trees and various types of male flowering trees
held posaibilities of diminishing the peroentage
of male trees in the offspring. But none of the

cn



above methods have proved to bz reliable and
completely successful. The only alternative that
can be relied upon is to adopt vegetative
propagation of female and male trees and oonverting
the exoess of mals trees into produstive females.

The present research work was undertaken
to standardise an effective msthod of vegetative
propagation, which can be adopted for the
perpetuation of high yielding female trees and
will also ensure the determination of the sex
of the progeny, thereby avoiding the substantial
cost of maintaining excess numbar of male trees
until the flowering stage.



REVIEW OF LITERATURE



REVIEW OF LITSRATURE

In perennial orop produotion, the system of
propagation adopted is of vital importance, beocause
many of them are highly heteroszygous and the genetio
make up of the progeny largely depends upon the
system of propagation adopted., Most of these crops
are amenable to both seed and asexuml methods of
propagation, The work done on the propagation of
nutmeg snd some related orops are briefly reviewed

here,

1. Seed Propagation:-

Nutmeg is gensrally propagated through seed,
Well matured sceds are collected and the pericarp
and aril are removed, Seeds are sown immediately
after extraction, as the germination deoreases
subsiantially when the sowing is delayed aftei
extiraction, Sowing within 24 hours of extraction
wags found to be the best at Kallar., They are sown
in raised beds. In Malaya, sometimes seeds are
sown insitu (Shanmughavelu and Rao, 1977).



In clove, the common method of propagation is by seeds,
Seeds are extracted from ripe fruits and sown immediately.
Viability of seeds 1s short and it can be maintained for

about two weeks if they are stored under moist conditions,

Cinnamon is propagated by seed. When the seed
ripens, they ,re gathered, dried and heaped in a shady
place till the skin and the pulp inside rots and turns
black. After separation of the pulpy mass, the seeds are
dried in shade gnd sown in raised beds,

1.1. Sowing
Nutmeg seeds are sown in raised beds. In Malaya,

some seeds are sown in gitu. (Shammghavelu and Rao, 1977).

In Kerala it is observed that some of the cultivators
sow the deeds vertically with about 1/3rd of the micropylar
end up. Otherwise the stem gets bend and twisted during

the process of germination.



Naik (1941) reported that sowing mango
seeds with the plumule up helps to avoid the common
distortion of the seedlings,

1.114 Germination:

Perll (1938) investigated the germination of
nutmeg seeds from female irees growing at various
distances from male flowering trees and Hund that
gernination percentage was more in seeds of female
trees grovwing nearer to the mals trees. Ilach 1966
stated that the germination percentage would be

less if the seeds were sown, 3 days after harvest.,
1.1.2 Time taken for germination:

In nutmeg the maximum percentage of germination
wags between 50 and 80 days after sowing (Eannan 1971),
Acocording to Nair at al. (1977), germination took
place in about 60 to 90 days. Nair (1978) alao
revorted more or less similar resulis, Problems
of seed propagation in other aspice orops like
ocardamom, clove, cinnamon have been investigated

by a number of workers,



Sowing of oardamom geeds soon aficr collection
was found to be more advantageous than sowing after
a lapse of 15 days. Germination was completed in
about 6 weeks after sowing (Anon 1950-51).

In oinnamon, the seeds started germinating
within 15 -~ 20 days and generally it would be
completed in about 45 days (Anon 1952). It is
raported that seeds of allapioe require 15 to 45
days to complete germination (Nair and Nair 1969).

Nair (1970) reported that in olove,
germination of seeds started from 20th day and
extended upto 120 days,

1.13 Seed sige and germination:

Experiments oconducted so far revealed that
in many orops seed sige showed additive effscts
on germination,

Hume and Cobin (1946) conduoted experiments
10 determine the effeot of sise of sseed on
germination, survival and subsequent growth of
mangosteen geedlings, Perocentags of seed germination
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inoreased with each 0.1 g inorease in seed weight
from 0.2 to 1 g,above which there was little or

no effect,

Son Walker (1951) reported that most of the
jack seeds weighed from 3 to 6 g sach., And those
smaller than this is unsatisfactory for propagation.
Larger seaeds recorded better germination.

Burris and coworkers (1973) conducted a
number of experiments to know whether the weight ¢ Svjebrev
¢: seed has relationship with plant performance.
They stated that higher proportion of small sceds
would adverssly affect the orop stand.

1.2 Storage media and viability:

The prime object of seed storage 1is to
preserve the seeds with the minimum reduction in
viability when exposed to higher temperature and
humidity obtaining in the planting medium. High
temperature and humidity aoccelerated the life
proocesses going on in the seeds and shortened the
storags 1life of seeds, Burns and Pramg(1921)) studied
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the viability of stored mango seeds and found that they
retained their viability for a short period only. They
obtained 8¢, 84 and 20 per cent germination in mango when
the seed stones were sown 30, 38 and 71 days after harvest
respectively. According to Singh (1938), the seed stones
of mango were viable for about 100 days,.

Evans (1950) opined that the conditions required to
preserve viabllity in mango seeds are free air and low rate

of loss of water for seeds,

In cardamom the viability was lost to the extent of
50 per cent within one and a half months and 90 per cent
within four months time (Anon 1950-51).

Clove seeds also lose viability in short time after
harvest. But the viability can be retained for about one
week by storing them in a coocl dark place in moist sand or saw
dust, Winters and Rodriguez-Colon (1953) stated that the
seeds of mangosteen retained its viability at room temperature
for four weeks or if stored in moist charcoal dust or

peat mossj about twice that time.
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Casao seeds loose viability in a short period.
Seeds could be kept viable for two months provided
they have a moisture content of 50 per ocent and a

storage temperaturs of 8 - 13°C (Hunter 1959).

According to Simao (1959) ths best method
of storing mango sseds is by kseping the whole fruit
at room temperaturz, Under this condition, the seeds
remained viable for 70 days. Larger seeds stored
better than small ones, But Singh (1960) is of the
opinion that they lose viability in 4 to 5 weeks time,

Bajpail and Trivedi (1961) condusted am
experiment to determine the viability of mango seed
stones under different storage conditions, They

stored mangp seeds in 1, Oharooal powder in an
atmosphere of 50 per ocent R.H., maintained in a
desgcoator by the method suggested by Wilson (1921),
2. Paoked in polythene bags, 3., Allowed to remain
in the fruits. 4. Stored in a desicoator over oalojum
chloride (0 per oent R.H.) and 5. Kept in an open jar,
0f all the methods tried, storage in charcoal dust in
a desicoator (50 per cent R.H.) was the best and



retained 80 per ocent viablility even after 70 days,

storage over oalcium ohloride turned out to be the

worst of all the ireatmenta 2nd this emphasises the
need of moisture for mango seed storage,

Chacko and Singh (1968) reported that seeds o J\-bc
stored in molat sand or savw dust rotained high per
cent of viability than those stored in polythene bags.

Experiments were conducted on cacao seed
viability at Kallar and Burliar Fruit Sta‘.t.ion in
Nilgiris during 1966-69., The following were the
ireatments (Anon 1969),

a) OSeeds extracted with attached pulp and
stored in finely ground charseoal,

b) 5Seeds retained in pods stored in finely
ground charcoal,

¢) Seeds retained in pods stored in polythene
bags and finely ground charasoal and

d) Control.

Pods stored ag such in polythens bags and dry
charcoal powder retained the viability upto a period



of 30 days with a fair paercentage of germination,
Cacao seeds oan be stored as such in polythene bags
(200 gauge) without muoch loass of viability of seeds
upto a period of five weeks from harvest.

Shanmughavelu and Rao (1977) stated that
nutme g seeds stored in polythene bags or moist sand
remained viable for 15 days.

1.2.1 Pactors affesting longevity of stored seeds:

The major fastors known to influence the
longevity of aseed in storage are temperature, moisture
content and oxygen pressure, (Owen 1956, Barton 1961,
James 1967 and Roberts 1972). Numercus expsriments
have been conducted to delineate parameters that
affect longevity of seeds, The relationship between
temperature, moisture content =ad period of viabilitiy
has been definsed quanﬁtatively by various workers
for most of the orop seeds, Roberts (1973 ) devised
ejuations to determine the half-viability period for
various orops. eeds and also published a series of
monographs tc predict szed storability at given

temperatures and sced moisture eontents, Such



evaluations are affected by genotypie variations,
seed maturity, mechanioal damage, micro-organisms
etc, Nevertheless, they offer guidelines for
storage and longevity of seed lots,

In tropios, the aiorage of seeds to preserve
viability presents greater problems dus %o the
gensral adversity of the olimate, Ambienti relative
humidity is sufficient to oause increase in sgeed
moisture with resultant deterioration in wiability.

Bass (1972) has delineated the storage
conditions, packaging materizls and seed moisiure
oonditions suitable for optimum longevity of tree
crops,  agricultural and vegetable seaeds, 3Sub-freesing
temperatures (~18°C was best) and moisture contents
at 2 to 7 per ocent were seemed besi for long-term
storage in moisture proof oontainers,

Deloushe gt al. (1973) stressed proper
prestorage handling coupled with conditioning of
the storage environment as means of preserving viability,
Harrington (1972, 1973 b) disoussed the problems of
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seed storage with regard to moisturs and temperature
conirol to minimize deterioration. Proper drying
and packaging of seeds in moisture proof containers
are necessary to prevent rehydration and to maintain
viability during transit and storage periods,

Fungi and bacteria often cause adverge effects
on seed viability. (Anderson gt 8l. 1970) Christensen
(1973) oconducted extensive studies on influenoce of
moisture content, temperaturs and storage tine on
changes in fungal organiem and seed viability., Seeds
that are free of fungi maintained high germinability
and when such seeds were inooulated with fungl at
the time of storage, complste loss of viability ocoured,

The physical and biological prooesses in the
drying of seed were examined by Nellist and Hughes
(1973). They reported that the loss of seed quality
is due to respiration and or moulding. Apart irom
the environmental faotorsy genstiocal traits also
affect seed longevity (James 1969).

1.3 Effeot of gibberellic acid on germination of
seedss

In a number of trials oondusted, plant regulators
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have been shown to promote germination of sceds., Most
of the dubious resulis have been obtained using auxin,
Much clearer effects have been obtained by external
application of gibberellins and gibberellic acid.

Lona (1956) and Xahn gt al. (1956) were among the
first to show that gibberellio acid stimulated the
germination of Laotucs sativa and L. gaariols seeds in
the dark, The effect of gibberellic acid secemed to be
aimilar to that of light in promoting germination,

However, the resulis of a number of experiments
oconducted lead to the general oconclusion that gibberellic
acid and light (red) act only partially in the same way
and that their mode of action is mot identical (licuma
and Thimann, 19603 Fujii gt al. 1960).

The stimulatory effeot of applied GAs on the
germination of seeds has becen widely reported (Lang,
,965' Sukﬂ" 1965)-

Givberellin seed treaiments have been found to
be effective in promoting germination of amall grain
orops, fruit orops and vegetable orops. (Hayashi, 19403
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Wittwer and Bukovac, 1957p Morgan and Mees, 1958;
Stowe and Yamaki, 1959; Nekrasova, 1960).

Jigzans and Martin (1961) oonducted an
experiment on this sgpect. Ths resulis showed that
by inorsasing the soaking time in gibberellic aoid
solution the germination was earlier,

Expariments with grape seed by Yeou-Der gi al.
(1962), iandhawa and Negi (1964), Chadha (1365),
Chadha and Menon (1967), landhawa and Pal (1967) have
conclusively shown the usefulness of G4 in geed
germination., According to them, applications of GA
stimulated and improved seed germination., It was
found that all concentrations of GA gtrikingly
increased ths peroentage of germination,

Shanmugavelu (1965 and 1969) reported the
effecis of plant growth regulators on sesd germination.
Acoording to him, oaghew seeds soalkad in 100 ppm GA
solution recorded about 100 per osent gaermination. But
ag the oconcentration inoreased further, the per oent

of seed germination deoreased,

Srivastava (196G) reported the influence of
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Presowing treatment with GA on the seed germination. Singh
and Motial (1970) conducted an experiment to study the

effect of gibberellic acid and temperature on seed germination
of Rguvolfig serpentina. They found that under field
conditions, GA 500 ppm increased germination from 40 (control)

to 89.5 per cent and survival was 100 per cent in both cases,

Farooqui et al (1971) studied the effect of growth
regulators on the germination of sapota seeds. Even though
all the growth regulators tried hastened and improved the
germination percentage, maximum germination percentage was
obtained by soaking the seeds in gibberellic acid in indoleacetic
acid (25 and 50 ppm).

Shant and Rao (1973) reported that GA promoted seed
germination in acid lime by soaking the seeds in 500 ppm.
GA solution for 12 hours before sowing.

Bmujbal (1975), 6Gasianl and Salvadori (1975) and
Ballington et al (1976), reported that gibberellic acid
stimulated and increased the per centage of germination in
fruit crops blueberry, ziziphus, aonla etc.
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1.3.1 Effect on seedling growth:

Gibberellins are oconsidered as a group of
plant hormones with an astion clearly distinguished
from that of auxins. Treatiment of a variety of
plants with gibberellic acid (GA) was found to
inorease the shoot growth a&s a result of ocell
elongation (Nelson, 1957; Audus 1963; Devlin, 1966
and Singh 1967).

An inorease in total plant height when the
pecan seeds were dipped in GA solution was reported
by Wiggans and Martin (1961)., Yeou-Der et al. (1962)
also reported that seedlings from grape seeds treated
with GA were maoch taller than plants from untreated
seeds, Kannan and Madhava Rao (1964) recorded the
marked influsnce of GA on the stem height and the
girth of the seedlings obtained from treated mango

stones,

Aocording to Shanmughavelu (1967, 1969)
seedlinga sprouted from GA soaked seeds of
Peltophorum sp registersd inoreased shoot length
but the primary root length was comparatively less
than that of the control in general,



Shant and Rao (1973) reported that gradual
inoresse in plant height and girth were recorded with
the increase in concentration upto 300 ppm GA in
acid lims, Further inoreage in concentration of GA
resulted in long md narrow leaves, die-back of
apiocal portion and chloroasis of the leavas,

1.4 Effeots of other growth regulators on seed
germination and further growth:

The effeocts of Indoleasetic aoid (IAA) on seed
germination have bean in dispute for a long time.
Numerous workers have investigated the effsot of IAA
and similar substances on seed germination, and have
obtained conflioting results-stimalation or inhibition
being obtained, depending on the concentration of IAA
and the type of the seed treated,

Shanmighavelu (1965) reported that treatment
with both IAA and IBA (Indole butyric acid) resulted
in a fairly high percentiage of seed germination,
5inha gt al. (1973) reported that 1000 ppm IAA induced
highest germination and also produced longest ahoots

than control (Seeds).



Annther plant hormone, eytokinin, was also
found to affect germination of seeds. Miller (1958)
showed that kinetin promotes germination of seeds,
The natural kinetin-zeatin, also aots in the same
way (Letham g% al. 1964).

Cytokinins are involved both in the process
of radiocle elongation (Haber and Luippold, 19603
Pinfield and Stobemrd 1972) and cotylsdon expansion,
(Ikumma and Thimann, 19633 EKursanov et al. 1969),

Thomas gt al. (1975 &) explained that very
low concentrations of gibberellins which were normally
ineffective on pecd germination beocame effective when
oytokinins were applied in combination.

cthylene stimulates the germination of seeds
with primary or secondary dermancy. But Haber (1926),
Balls and Hale, (1940) reported that if seedswith
high moisture content are soaked in ethylene -
saturated wvater, germination of the seeds inoreased.
Tao @t 8l. (1974) showed that Kinetin plus ethrel
synergistically enhanced germination,

Sinha gt al. 1977 reported that tSthrel 1000 ppm
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wvas the best dose for obtaining highest per ocent
of seed germination in Walmuts,

1.5 Effeot of GA on Metabdlism,

Gibberellins are now omsidered as a group of
plant hormones with an action clearly distinguighed
from that of auxins, The work of Varnmar and his
coworkers (1965) led to the discovery that gibberellio
acid controlled the synthesis of alpha amylase in
the aleurone layer which led to the hydrolysis of
starch in the endosperm.

But Chen and Park (1973) reported the two
sites of aotion of GA3 - one in the embryo and one
in the aleurone layer of the endosperm. Thus the
astion of GA in the embryo is related to germination
and the effeots of GA on the aotivity of the enzymes
in the ocotyledons or in the endosperm are all post
germination phenomena (Marriott and Northoote, 1975
and Van Onokslen et al. 1975).

2. Yegetative propagation:-

Vegetative propagation is the most common
method adopted in most of the perennial orops, as it
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is the only way of maintaining varietal characteristiocs,
besides rsducing the pre-bearing period. In nuimeg,

the absence of any reliable method of idsencification

of sex of the tree until it flowers, ths standardisation
of an effective method of vegetative propagation has

an added importiansce, Approach grafting wes tried in
nutmeg as early as 1848 by Oxley (1848),

Ridiey (1912) stated that the method of inarch
grafting is both tedious and expensive, Deimum (193f)
has mentioned that as early as 1894, grafting

experiments were undertaken in the botaniocal garden
at Bogor and Indonesia,

The teohnique of inaroh grafting originally
used has been described by Nicholas and Cruiockshank
(1964). Potted seedlings of abhout 18 inches tall
and about the thickness of a penecil at the collar
region were inarched to soions (twigs) of similar
thiokness by removing very thin seotions of the
bark, about 4 cm long on both stock and scion., These
were then securely bound together with clear plastie
tape, the ssedling stock being tisd to the female
tree for support., The graft takes about four months



to unite, after whioh the socion is severed below

the union,

In India, inarching or approash grafting

was successfully done on root-stocks of

Myristica fragranas and M, haddomaidl.

Sundararaj and Varadarajan (1956) cbtained
60 per oent sucoess in approach grafiing. The value
of the trees odbtained has besn under investigation,
S0 far there is no lurther report on this,

Grafts on M. haddomaii and M. malabaricg in
an observational trial developed into low, spreading
trees whereas nutmeg seedlings generally developed
into tall trees. The grafts come io flcwering in 4
to 5% years of planting as sgainst 6 - 8 years taken

by the seedlings (Anon, 1964).

Rasalam (1964) has olaimed 100 per osnt
success in approaoch grafting on seedlings of
cultivated and wild species of Myriatica. Besides,
grafts from chupona of female nutmeg trees as scions
flowered in the second year after grafiing.

Shanmaghavalu andRao (1977) reported 60 - 100
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per cent sucoess in inarohing, at Kallar and Burliar
Fruit Stations, Other methods of vegetative propogation

were not suocessful,

Qther oropa.

Experiments oondusted at Kallar and Burliar
Fruit Stations revealsd that inarching in cacao and
olove were highly successful., (70 to 100 per cent).
Current season's shoots proved betier as soion material

than past season's terminal shoots.

One field experiment was ocondusted at the
Agriocultural Research Station, Taliparamba, Xerzla
for a period of six years to study the performance
of mango inarohes on both polyembryonio and
monoembryonic root-stooks (George and Nair, 1969)
It was observed that inarches of Bennet Alphonso
and Baneshan on polyembryonic rocot-stocks of
Chandrakaran and Bappakail were superior it those
on Monoembryonic root-stook of 'Puliyan’ both ia
vegetative growih and in yield.

Acocording to Kroohmal (1972) inarching has
been used as a sucocessful method of propagating
tropical fruit trees like mango, avooado, sapodilla ate,



xe!

Rao (1975) suggested a new method for inarching
mango whioh was useful for both propagation and
rejuvenation. Instead of using a soion shoot on a
growing tree, the soion shoot, excised under water
was kept in a water-filled polythene bag during
inarohing to a seedling root-stook. Another polythene
bag was placed over the top of the asoion shoot while
union took place,

Time, age and ocost of inarching,

Acoording to Nailk (1941), the optimum time of
inarching the mango seedlings was from February to
July in South India, This was found true even for
Punjab (Mukharjee, 1953). In Florida, Fahmy (1952)
found a positive correlation hetween the amount of
carbohydrate in the tissues and the degree of suococess
in grafting and that early spring was ths best time
for gpod suoceas was grafting, The rainy season was

reported to be the best time for grafting (Hayes,1957).

Anammad (1366) reported that inarching was
80 per oent succeasful in two autumn sessons and 60
per ceni znd 84 per cent successful in $wo spring
seasons in ithe case of guava, Stock—-scion union was

peripheral after 45 days, but oomplete after 75 days.



There is difference of opinion as to the age
at which the stock should be grafted. Burns and
Prayag (1929) held that 14 to 2 years old seedlings
were the best as atook seedlings for mango. Pope ancd
Storay(1933) suggested that the stook should be
6 - 8 months old., 6 to 8 weeks old seedlings were
successfully grafted by Verma (1942) to equally tiender
shoota, Sen (1939, 1941 and 1942), Naik (1941), Singh
(1951) and Roy (1952) got good sucoess with 3 tw 4
month old seedlings,

Giri (1966) reported that in mango, the
percentage of suscess with seedlings of vigorous
growth (1,3 - 1.6 om girth) was signifio=ntly higher
than those of medium (1.0 - 1,29 om) and low girth
(0.7 - 0.99 em),

Daily watering, which forms the largest single
item of oost in produsing inarch grafts could be
largely eliminated by the use of polythsns film,

The cost of inarching in alkathene brand of polythens
£ilm, hag been reported to be only %.0.41/gaft by
Garg (1954), and %,0.25 only by ‘angacharlu and
Venkatarao (1956) as against B,2;00 8ensrally oharged
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by nursery men, Rao gnrd.FKao(1957) reported that in
caghaw inarch grafts, the eost could be reduced by
using root-stoocks potted in alkathene wrapping.

Aocording to Majhail snd Singh (1962),
inarohing in alkathene was found to be much inferior
10 inarching in pots. Ths youngest seedlings suffered
the greatest losaes,

- 5ide grafiing,.

Side grafting of nutmeg hae. been reported io
be sucoeasful at different places. Burns and Prayag
(1920), Bailsy (1327), and Pope and Storsy (1933)
have reported that side-tongue grafting is sucoessful

in mango.

More than 80 per oeat success was obtained when
side~grafting was done during July - Augusti in South
India, Chevalier (1936) and Stoffles (1933) have
reported that in Java, only grafted (side-grafiing)
plants gave commsrolial susoess in quining production.
Lrug anl.Celin(1946) obiaiaed good results in side
grafting with ginohkona .ugdiryhlra stook,

Naik (1949 .) reporied almost 100 per cent
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success in side grafiing in the case of mangosteen.
In avooado, side grafting wes possible Gandhi (1952 u).

S5ide grafting was more satisfastory than
erown grafting in avooado (Vogel, 1962),

Kanwar and Bajwa (1974) reported that mango .
seedlings of 8 - 18 months o0ld were satisfactorily
side~grafted with undefoliated scions of 7.5 om long,
And grafting in March = April or June - Osctober gave
the best results,

Gopimani (1978) had olaimed some sucoess in
slotted side grafting in nutmeg with male tree as
the root stook and defoliated branch of the famale

tree as solon.

Studies at Kerala Agriocultural University,
Vellaniickara showed 60 - 80 per cent sucocess by
slde~grafting in cashew during the months of July
and August,

2e¢3 Venser graftings

Veneer grafiing has gained importance in
recent years beocause of its manifold advantages over



inarching. Lynch (1941) and Rushle (1948) first
reported this technique in mango and guava respeotively.

Nelson (1955 ..) recommsnded veneer grafting in
guava with scions 1,5 - 2,5 inches long from terminal
flushes, with well developed axillary buds., The grafts
were wrapped in vinyl plastis film, with 2 small
opening at the top through which the bud can emerge.

Mukherjee and Majumdar (1961, 1962) reported
that veneer grafting is a superior method of vegetative
propagation in mango and the beat time is during Maroh -
April,

After oonduoting an experiment to determine
the suitability of venser graftiing, Thapar and Panwar
(1963) suggested veneer grafting is a successful

propagation msthod in mango.

Mukherjee and Majumder (1964) reported that
veneer grafting was found to be susoessful in all
months between March to July in mango. The soion
growth was maximum in the grafis prepared during
March - April., If grafting was carried out with
soion stiocks wnich were neither foroced by defoliation
nor enlarged normflly, the sucocess was very poor,
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According to Jagirdar and Bhatti (1968) the
percentage of take was inoreased by the use of maiure
scion wod, ocompared with immature wood in mango.

Bhandary and Mukherjee (1970) reported that
maximum sucoess in veneer grafting guavas was
obtainad in July, compared with that in Maroh, Aprii,
June and August, with 1 t0 2 month 014 solons shoots,
The take was 85 per cent during July, but with older

scions, it was leas successful.

Studies at Ahamed Nagar indicated that veneer
grafting wvas advantageous on oashew seedling root-
stoocks of not more than five months o0ld and below
50 om in height and having a girth of 4 - S om
(Phadais, 1971).

Kar, Chadha and Singh (1973) tried various
propagation methods in olive, Of the various methods,
veneer grafiing was oconslidered to be the besti method
with 78 - 87 per cent sucoess. There were no
signifioant signe of graft incompatibility on
Oles guapidats root-atook in the nursery beds, Time
taken by scion to sprout afier grafiing varied from
20 - 30 days.
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Pragad, Singh and Sirohi (1973) conducted an
experiment for two years to study the comparative
performance of veneer grafting and pateh budding in
two varieties of mango, The results indicated thut
veneer grafting was significantly superior in respeot
of the peroentage of sucoess and vigour of sprouts
ag compared to patoch budding. In the oase of veneer
grafting, minimum suocess was recorded in May and

inoreasing trend was observed in June and July.

Rao and Kaul (1977) reported that July grafts
were most suoocessful (77 per cent take) in guava and
their subsequent growth and leaf production were also
greatest., Dipping the soion in kinetin (0-15 ppm)
before grafting was detrimental to grafti-take and
made little difference in subsequent growth.

2.4 Wedge grafting:

Stoke, H.:'s (1962) reported that green wood
grafting wae: successfully adopted in Persimon and
Blaock walnuts. Wedge grafting in oashew tried at
the College of Agrioulture, Bangalore had proved

successful, 21 days old seedlings were used as



root-stooks and the terminal current seagson's shoot
were ugsed as soion shoots (Bhandary at al. 1974).

Amin (1978) advocated that in situ soft wood
grafting wvas highly successful in mango. Sucoess
in grafting was obtained only when the grafting was
done when the leaves were bronge in colour,
Defoliated scion shoots were used for grafting, If
the graft was sucocessful, the new bronse coloured
shoots would re-emerge within about one months time,

2.5 Budding:

The use of this techniques in the propagation
of nutmeg was demonstrated as early as 1848 by
Oxley (1848) and the efforts of Ridley (1912),
Postama(1935) and Deinum (1949) were also recorded.
Postama(19735) gave an acoount of budding expsriments
on root-stooks of Myriatias auocedans in Indonesis,
There was 30 per cent auccess, Deinmum (1949) reported
that the trees were healthy, but some what stunted.

Unsuccessful trials were made in 1956 in

shield budding young nuimeg ssedlings approximately
1/8 inches in diameter at ihe collar region., In



Wew Guinsa, budding experiments were tried with
Myristica fregrans and M. argenta as root-stooks,

but they were not successful in the long rufx. Ochse
reported that success in budding may be achieved only
by using young root stooke and bud soions,

Other oropss

Chase (1947) and Gowda (1952) recommends shieldd
budding in Walnut and avooado respeotively. Gandhi
(1952 :) found that forkett method is posaible in avocado.
Thapar and Rana (1361) reported some success in walnut
budding.

Acocording to Gur and Samish (1962) sucoess in
mango budding in the nursery deoreassd with age and
reduced vigour of the rootstocks used., Bud take was
better with root~-astoocks budded at the time of a growth
flugh, than during the rest period between two flushes,
with the exception of 4 year o0ld trees, where no
differenoce was found ocovering the raffia, used for
ty ing the buds, with paraffin improved bud-iake under
gsevére climtio oconditions,

SinghiSingh (1954) reported fair sucoess by budding in
'situ' at Sharanpur (U.P.). ZThey tried budding in April



and June by different methods and they recommended
patoh budding as a better method when done in the

month of Juns,

Hiyadatullah and Sadiq Ali (1955) while reviewing
the work on mango budding in ‘situ' in Punjab oonoluded
that the spring mdding season 1is superior to autum

season with a maximum sucoess of 84,5 per oent.

Gandhi (1955) advocated that ‘Forkert method
of budding was found to be ths best method when done
in the months of July and Augnst in mangp.

Acoording to Singh and Srivastava (1962) in
mango July budding was the best with 100 per cent
sucocess.(Forkart method). The percentage of success
and the time taken by the buds to aprout were affeoted
by the factors like temperature, humidity and rainfall,
Davis (1963) reported some sucoess on budding of walnut.

Srivastava (1964) reported that Forkert budding

was 100 per centi suoccess in guava, Jagirdar and All
(1965) reported that in mango, bud take was more in
9 month 0ld seedling stoocks than in two year old stooks,

Patoh budding had been proved to be quite
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suoceasful in oashew at different places (Anon 1966),
Hamilton and Nakasons (1967) obtained sucoess in
Forkert method of budding in guava,

Acoording to Teaotia and Maurya. (1970), patoch
method of budding was superior when compared to the
other methods of vegetative propagation in mango.
Studies also revealed that activated bud resultsd in
significantly higher percentage of bud sprout than
dormant buds,

Among the various vegetative propagation methods
tried in mango, budding gave the best final results
in mango eventhough the stock thiockness was inferior
to inarching (Singh and Sirohi 1972). Prasad, Singh
and Sirohi (1973) obtained 60 per cent success in
patoh budding during the month of May ia mango.
Pathak and Srivastava (1974) advooated that for geiting
maximum suscess in walmat budding, invigorated buds
should be used for budding pariioularliy in s months
of June and July.

Ear, Chaclha and Singh (1975) reported that in
olive also, patoh budding gave 75 per oent suoccess while
that of shield budding gave only 46,67 per cent bud take,
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Palaniswany ond [{aee-{ 1976) had réported 71
psr ocent success by patoh budding oaghew in July.
In March, April, September and Ootober 50 = 58
per oent suoccess was obtained, The buds sprouted
after about 25 days and grew vigorously.

Singh at al. (1978) reported that patch
budding is superior to ohip budding in guava and
maximum take wag obtained during the monih of August.

Other propagation methods in nutmeg,

Propagetion by suttings was reported by
Cheesman and Spencer 19%6. In an experiment conduoted
at Trinidad, Nicholas and Pryde (1936) obtainsd about
50 per cent sucoess with hard wood or semihard wood
cuttings of nutmeg. The outiings were initially
treated with 05 per cent IBA solution following a
gecond treatment eight weeks later, This method of
propagation was time consuming, as it took at lsast
six months to root.

Peelden and Garner (1940) quoting a kew report,
note that wounded outtings will root quicker,
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Nioholas and @ruiokshank (1G64) reported that
only 10 per oent ultimate succeas was there with
suttings in Grenddyg. The growth of the cuttings was
slow., Flagh (1966) reported that in asome experiments
in a hot house under a mist humidifier, it was proved
possible to root various types of cuttings,

Air layering,

Denium (1949) raported about air-layering in nufmsg
Moluceas. Macmillan (1954) oited air layering as 2
method of propagating nutmeg. Nicolas (1956) desoribed
an 0ld method used in Trinidad, In Grenada air layering
had developed into a practiocal method of vegetative
propagation (Wicholas and Crulokshenk, 1964).

Flaoch (1966) reported that in New Guinea
air-layering was proved to be quite posaible, provided
young water-shoots were chosen and the marcots were
made just before the trces begin a fluash period, about
60 per cent rooted within aix months. The marcots
proved succesaful only when the basal wound ocloeed
rapidly with callus.

Cruiokshank (1973) explained the method of



air-layering developed in Grenada. Rooting ocoured

in about 4 to 8 months' time, Then they were severed
from the iree and potted. They are then hardened off
in closed concarete bins, covered with clear plastic
and watered thrice daily for a period of 6 to 8 weeks.
After this period the bin covers were gradually lifted
until the plants were fully exposed, Further root
developnent took place during hardening which lasted
for 2 - 3 monthe, depending upon the weather, Rooting
efficiency was inoreased from about 30 to 43 per ocent.
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MATERIALS AND METHODS

The investigations were carried out at the
Instruotional Farm of the Cellege of Hortioulture
and at the Distriot Agriocultural Parm, Mannuthy.
iepressentative samples were taken for the different
studies and the data were ocolleoted during the period
from April 1978 to July 1979. The methods adopted
far the different investigations are briefly desoribed
belows -

1. Seed Propagations

Only seeds from mature fruits as indicated by
the splitting of the pericarp were taken for sowing,
The periocarp and aril were removed before sowing,

The weight of the seeds were determined and they were
grouped under two ocategories viz,, heavy, welghing 9 g
and above and light, weighing less than 9 g.

Seed beds, 90 to 120 om wide, 15 om high and of
convenient length were prepared and pandals were
errected to provide shade, Seeds were sown either
vertiocally or flat with the mioropylar end up. A layer
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of sand was then spread over the geeds, Watering was
done daily with a rose can, The sprouted seeds were

trangferred from the seed beds 1o polythene bags soon
after sprouting.

1.1 Germination as affeoted by tha time of sowing
and the tims taken for germinations-

Ten seeds from heavy and light groups were sowm
on 9th May 1978 and the trial was repeated at monthly
intervals till August and then in the months of
November and Decembar, No sowing was dons during the
remaining months, as fresh seeds were not available
during those months.

The number of days taken from commencement to
completion of germination and the percentage of
germination in each of the above ocategories obtained

under each month of sowing were recorded,

1.2 Germination as affected by different methods
of storages -

The aseeds from eaoh group were stored in moist
sand and metalic tins for 15 and 30 days. The following



five treatments were included in this study.
Treatmentss

1. Sowing seeds immediately after harvest,

2. Sowing 15 days after storage in moist aand.

3. Sowing 15 days after storage in metalio tin,
4, Sowing 30 days after storage in moist sand.

5. OSowing 30 days after storage in metallic tin,

The germination peroentage and number of ‘ays
taken for sprouting were recorded seperately for the

two classes of seeds as deseribed abovs,

1.3 Effect of treatment of seeds with gibberellio
acids -

Fully matured seeds werse colleoted in Apri’
1979 and soaked in gibberelliec acid solutions of 0, 50,
100, 200, 500 and 1000 ppm conoentrations for 0, 6, 12,
18 and 24 hours. The number of replications was six,
Seed soaking treatments took place at room temperature,
30 + 3°C, Twelve geeds were used for each treatment
which were sown on raised beds under shade, The data
on per cent of seed germination and number of days
taken for germination wers recorded seperately for

saoh treatment.



1.4 Relationship between the weight of seeds and
growth of the seedlings in the nursery:-

The following growth parameters of the seedlings
were measured at monthly intervals (for two montha) in
heavy as well as light groups and were oompared,

1.4.1 Heigat:~

The height of each seedling was measured from
collar region to the tip.

104.2 Gi.!_'tm"

The girth of eaoh seedling was measured at one
centimetre above the ground level,

1.4.% ¥Yumber of leavess:-

The number of leaves produced in each seedling

was counted,

1.5 Effect of gibberellic acid treaiment on the
growth of the seedlings:-

The growth parameters as indicated above were
recorded for eaoch treatment at 30 and 60 days after
transplanting.
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2. JYegatative Propagation:

Nutmeg is a dioecious tree in whioh the sex
cannot be identified until flowering., Besides, an
effective method of vegetative propagation will enable
the production of progenies possessing all the
beneficial characters of superior selections.
Vegetative progenies also ocommence bearing earlier
than seedling trees, as in ths case of many other
vegetatively propagated plants, With the above
objective, the following methods of vegetative
propagation were tried.

2.1 Inarching:

The studies were initiated in the month of
April 1978 and repeated at monthly intervals for ten
months,

Nutmeg seedlings of about t1¥ - 2 years in age,
having a stem thiokness of about 20 - 25 mm were used
as rootstook plants. Twenty grafts were prepared in
each month. A half ocut was made after about one and
8 half months of the operation., Suoccessful grafis
were seperated at the end of about three months. The



top portion of the rootstook plant wes cut off at the
time of seperation, The seperated grafts were placed
under shade and watered regularly, Some grafts dried
up after separation, The final ocounts were taken two

month after seperation., By this time the unsuocessful

grafts could be identified,

The growth data of the grafis were compared
with that of seedling plants of sams age and were
recorded two weeks after seperation and itwo months
after establishment, The mean height, girth of ithe
stem, mean number of branshes produced and the mean
mumber of leaves of successful grafts were recorded
and compared with mean values of the above parameters
of ten seedling plants.

2.2 Side grafiing:

The trials were initiated in June 1978 and
completed in January 1979. Ten grafts were prepared
in every month, using Myriation fragrana sceedlings
of 8 -~ 12 months age as rootatooks, The twigs used
for side grafiing were of about nine months old.
These were preocured by cutiing off the major portion
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of the leaves, about two weeka prior to the date of
grafting. Thias was done 10 activate the dormant buds,

Two parallel, outs of about one inoh long was
made on the bark of the stook. Then & horizontal
ocut was made in the upper end of the parallel ocuta.
This would enable the peeling of the bark at the time
of grafting, The seion shocots of about 10 - 15 on
long were inserted into the lifted baxk, after giving
a wedge shaped ocut corresponding to the length of the
bark on the stoock. The solon and the root-stook were
bound together with a polythene tape, (Pig.1.a).

The grafted plants were kept in an enclosed
polythene chamber to provide a humid atmosphere %o
the grafts., The humidity inaside the chamber was
majintained at saturation point by spraying watar into
the chamber thrice a day by lifting polythens fronm
ons side of the ohamber, After the apray, the loose
ends of the polythane sheets were plastered with
wetted soil.

The grafted shoots began to sprout in about
a months time and they were taken out from the humidity
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ochamber, The top portion of the stook plants were
cut off and the grafts were then hardened by taking
them out of the humid ohamber for short periods
initially and by inoreasing the time of exposure
gradually for a period of about two weels,

2.3 Veneer grafiing:

The trial was started in May 1978 and repeated
at monthly intervals for a period of eight months.
Seedling plants of about 1% - 2 years o0ld were used

as rootstoock,

Selection of scion stick ias wvery importamt for
the success of this method. The soion stioks used
waere terminal or lateral shoots of 7 - 12 om long and
usually of penoil thickness, The degree to which the
terminal bud nas developed gives the best indication
a8 to its suitability. A swollen terminal bud that
will burst in 10 to 15 days is ideal, This is secured
by cutting of three quarters of the leaf lamina of

one season old dormant shoots about two weexs before

grafting,
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Two types of shoots used as soion were - (1) those
arising from the adventitious buds on the stems or main
branches of the mother tree and growing vertically and
(2) those growing as lateral branches,

Having seleoted the right type of root-stock
and scion, a slanting ocut of about 2,5 om long was
given on one side of the stem of the stook and the
bark along with wod is rcmoved by giving another oblique
out. (PFig,1b). Corresponding cuts were made on the
soion shoot at the boitom so that 1t will fit in the
out made on the stock., The scion is then placed in
such a way that the cambia of both stook and soion
come in olose contact, It was then wrapped tightly with
alkathene tape of 200 - 300 gauge thickness,

These grafts were also kept in humid chamber
made of polythene film and watered regularly.

yhen the sclion begins to sprout in about thrée
weeks, the top portion above the graft union of the
root-stook was removed, thus foreing the buds to grow
more rapidly. The plastic wrapper is removed after

about ong to two months.
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The sprouted plants were hardened in the same

manner as in the case of side grafis,
2.4 Wedge graftings

The trial was initiated on 3rd Jamuary 1979
and repeated six times at fortnightly intervals, Ten
grafts were prepared on each occasion,

Seedlings of about one year in age, vwnioh are
in astively growing stage, as indicated by pale green
colour of the shoois at the terminal portions were

used ag root-stocks.

Soion shoots were seleoted from healthy growing,
disease free female trees., Lateral branches of about
one centimetre girth with dormant bud were used, All
the leaves were removed from the selected branch
keeping one centimetre of the petiole attached to tne
btranch, These branches were allowed to remain as such
on the tree for 8 to 10 days.

Method of grafting:

The top portion of the fresh growth developed
on the stook plant was decapitated with a knife, at a



height of 6 - 8 om of the fresh atem, The stump
wag split into two to a length of about 3 om from
the tip., The out portien will look like a fork or
the letter 'V'. Pre-cured seion shoots of the same
thiokness as the stock stump and about 8 - 10 om long
are used for grafting., The lower @and of the sclon
stiok is ocut into wedge shape of about 3 om long by
glving slanting outs from both sides (Fig.1c¢). ihe
golon wedge was then inserted into the oleft on the
stook and seocured firmly with trangparent polythens
strip, 2 em wide and of about 200 gauge thickness,
The prepared grafts were kept in humid chamber made
of polythene film and watered regularly.

After fifteen days, the grafts were examined,
If the scion remained green, it meant that the graft
wag a sucecess, However, new flush will re-emerge
within about a month's time from whioh only one is
retained, The sprouted plants were hardened in the

gams manner as in the oasze of side-graft.

One month after the production of new flushes,
the length, girth and number of leaves were noted
along with the percentage of survival of grafis,
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3. Budding:

The trial was done during a period of six
months, starting from May 1978, Nuimeg seedlings
of one year in age and uniform in growth were used
as root-stook and the bud wood (Scion) was taken
from one season 0ld shoots of vigorous female trees
having unsprouted dormant buds, The budding was
done by Forkert method as desoribed bdbelow.

A horizontal cut of about 0,5 om was made in
the bark at a height of 15 om on the root-stook, At
the two ends of the cut, two parallel vertiocal outs
were made upwarda aso that the flap of bark can be
carsfully peeled and lifted for insertion of the bud,
Immediately after this, the buds were taken out from
the scion stick just leaving & small portion of the
petiols., The prepared bud piece to fit into the
lifted bark portion was inserted in the stook, The
bud was covered with the bark flap made previously
on the stook, whioh covered the whole bud. The whole
of the operated portion was covered with polythene
tape of about 200 gauge (Fig.1.4).
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After about three weeks, the polythene covering
was unwrapped, the flap of bark was lifted and the
bud was examined, In the case of successful bud union,
the bud plece remained green in oolour, in which case,
the bark was out off and the bud plece seoured to the

stock by polythene tape.
Statistical analysis:

Statistiocal analysis of the data was oconducted
using the analysis of varidnce technique as suggested
by Snedecor and Cochran, (1967). For the ocomparative
study of growth parameters of grafis and seedlings the
students’' 't' test was applied (Snedecor and Oochran,1967).
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BXPERIMENTAL Rowlnis

The different aspeots of propagation of nutneg
whioh were studied during the courss of thase
inveatigations are presented belows~

1. .gad Zropagation:

lne different factors whioch affeot ths suooess
in sesd propagation arse germinaiion undsr differant
conditions suoch aa the itime of sowing, the time takon
for gernminution and the period of storage, IThe effeots
of treatment with A were also studied. .tuiies were
2lao made regarding the relationship betwsen ths weight
of ths geed and ihe growih parameters liks height of
the seedling, girth of ths asten and the numder of
leaves produced whioh were indicative of assedling vigour,

1.1 Germination ag affeoted by the time of sowing
and the time taken for germinations

The main periods during which nutme; sssds are
availabls for harvest ars f{rom May to ‘ugust and
Yovenber - Decombsr, As already indisatad sarlier,
the seeds wurs grouped into two main ontejories; namely



hsavy sesds weighing 9 g and more and light seeds
having a weight of less than 9 g. The perosntage
of garmination under the above two groupe and the
time taken for sprouting during 4ifferent montha
of sowing are pressnted in Table 1 and Pig. 1.

It may be sesn from Table 1 that thers 1is
siznifioant difference in the germination percentage
batween ths heuvy and light seeds and 2ls0o between
the different months of sowing in the case of heavy
geeds., There is aignifioant difference bstwean the
nunber of days taken for germination in both the

heavy and light groups.

“he highest perceniags of geraination in both
the groups were obtained during the month of June
and tho niniman was during the months of Augist and
Yeoembaer, In reapect of the time taken for germination,
it wvas quiociksr during the month of June and the
maximum number of days taken was 60.9 during the month
of Dscembder in the heavy group and 64.76 in August
sowing in ths oase of light group. Thus the data
revealed th:t the best time for sowin: seaeds was in



Table 1, Msan perventags of germination and the nmamber of days taken for germination
during different montas.

Peroesntage of fumber of dayas taken Mean percentage

Yonth of sowing germination for geraination of gerainatione

Heavy Light Heavy Light Heavy Liznt

May 1378 00 45 59.00 00,60 4..15 31.58

Juns 1978 05 52 55463 5762 49,89 34,29

Novenber 1978 52 40 57.80 62.80 36,66 29.95

Deoczmber 1978 51 35 60450 63,10 35,84 27.18
F teat Sig S1g 18 NS
30 0,057 2.61 269 2.02 -

*.he data were tranaforsed for statiaiical anilysis by using angular transformation.,

LS
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June whan the percentage of germination was highest
and the number of days taken for germination was ihe
minimun,

1.2 Sermination as affeoted by different mesthods
of astorage:
seeds wers sown soon after harvest and after
atorage in moist sand and metalio tins for 15 and %0
days raespactively. The percentage of germination
obtained under the above methods of storage in both
neavy and light groups are given in Table 2,

Ihe data shov that the MQQ percentage of
germination was obtained under treatment 1 (Sowing
immediately after harvest). GStorage under moist sand
was next best in both the groups, giving 46,7 per ocent
germination in the oase of hsavy seeds and 31,7 per oent
in the oase of light seeds, Under storage in metalio
container;, the germination peroentage was considerably
leas, being only 35 per oent in the heavy group and
20.7 per oent in the light group. Under treatmsnt 5
(Sown 30 days after storage in metalllo tin) the
peroentage of germination was very low (Pig.2).

o



Table 2. Mean percentage of germination under different methods of storage and the
musbar of daya taken for germination.

Ireat- Percentage of Number of days Mean percentage of
aent Ireatment germination takan for ger- geraination
Number mination _____
Heavy Light Heawy Light Heavy Light

1. sown immediately after

harvest 60.0 42,0 57.28 60.84 43,89 45.15
2e Jown 15 days after

storage in moist sanmd 46,7 31.7 50401 55 .08 43,08 34.21

storage in metalile tin 35.0 21.0 62,40 65.75 364,22 26.32
4. Sown 30 days after

storags in moiast sand 35.0 20,7 52.77 56 .88 36,22 264,32
Se Sown 30 days after ‘

storage in metalio tin 23,3 14,0 65.92 68.92 28,78 22450

F test 548 31g 3ig Sige

0D 0.05¢ 2.38 2.46 1.86 4.78

*ihe data were transformed for statistioal analysis by using angular transformation.
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Therefore, it is best t0 sow the seeds soon after
harveat., If this is not possible due to any reason,
the next best method is to store the seeds in moist
sand by whioh the viability can de retained for about
15 days without maoh redustion in germination, The
storage in metalisc iins results in substantial
redustion in germination percentage and therefore it
cannot be reccummended as an effeotive method of ssed

storage for nuimeg.

It may also be sesen from the alove table that
the number of days taken for germination was minimum
(50.01) in treatment 2 (sowing the seeds 15 days after
storage in moist sand) as ocompared to 65,92 days in
the case of treatmsnt 5 (Sown 30 days after storage
in metalic tin) in the heavy group. In the light
group also, treatment 2 took the minimum number of
days (95,08) for germination ag compared to 68.92 in
troatment 5 (Fig.2).

It was also seen that the msan number of days
takan for germination in the oase of treatment 1
namely sowing immediately after harvest was slightly



bl

more than in the oase of treatment 2 ie, storags in
moist sand for 15 days. This is perhaps dus to the
fast that storing under moist send 1s providing =more
or les3 the same or better conditions for germination
a8 in the seed beds of freahly harveated seeds,

1.3 sffect of treatment of seeds with gibberellio

aoids

Treatment with the plant growth regulators have
baen found to be effeoctive in obdtaining beiter
germination and also in the initial stages of growta
in the oase of many plants, Among the different
growvth regulators used, gibberellic acid treatment vas
found to be the most effective in seed treatment,
Therefore the following studies were undertaken,

1.3.1 Effeot of soaking seeds in gibbersllic acid
solution on germinations

Samples of freshly harvested geeds were soaked
in gibberellio aoid solutions of 50, 100, 200, 500
and 1000 ppm for 6, 12, 18 and 24 hours. The percentags
of garmination obtained under different treatments
were oompared with the control (gero hour of soaking).
The datn are preaented in Table 3.



Table 3., Mean peroentage of germination under different conoantrations for different
period of soaking.

Perosntage of germination under different conoentrations

Treatment Hours of Qf Cohs -—
Ro. soaking 50 ppm 100 ppm 200 ppm 500 ppm 1000 ppm
1. 6 31.0 (33.78) 36.5 (37.09) 39.3 (38.80) 48,7 (44.23) 59.5 (51.50)
2, 12 30.3 (38.82) 39.3 (38.82) 44.7 (41.93) 54.0 (47.30) 43.2 (41.50)
3. 18 48.9 (44.23) 51.3 (45.77) 54.0 (47.3) 48,7 .44,23) 33.7 (35.51)
4. 24 59,6 (50.61) 61.0 (51.38) 75.0 (60.1) 44,7 (41.93) 29.1 (32.848)
? test Sig sig 51g o 5ig
CY 0,05% 4,48 4,05 4430 - 5.01

Iranasformed data are given in bracketis.
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The data showed that the highest percentage of
germination was obtained (75) vhen the seeds wers soaksd
for 24 hours in 200 ppm gibberellic acid as ocompared
to the mean per cent germination of 51 obtained in
the oase of direot sown seeda without any plant growth
regulator treatment (vide T-1 in Table 2), Minimum
germination of 29.1 per cent wias reocorded in the oase
of treatment .ith 1000 ppm gibberellio apnid, the
soaking time being Z: hours (Fig,3). The data also
anow that the percentage of germination was inoreased
as the time of socaking was inoreased in respeot of
50, 100 and 200 ppm concentrations, while it was
reduosd in the case of 1000 ppm coneentration,

1e3.2 LEffeot of gibberellic asid on the time taken for
germinations
It wag found that the time taken for germination
was also affected by glbberellic acid atment, The
namber of days taken for germination in the oase of
seed. treatment for different periods in daifferent

conoentrations are presentad in Ieble 4,

It may be geen from Table 4 that the minimum



Table 4.

Nunmber of days taken for germinatiion under different
oconoentrations for different periods of soaking.

Hours Conoentrations of gibberellic acld
Treat- of
mnt soak~
Fo. ing 50 ppm 100 ppm 200 ppm 500 ppm 1000 ppm
1 6 53.23% 50,16 48,67 49.78 49.33
2 12 50.37 48,88 47.68 48,67 47.75
3 18 44,82 47.93 45,13 45.00 44,67
4 24 46,80 47.08 44,00 47455 45.65
P test Sig hy 2} Sig o Sig
S {)-05% 3.62 - 2.7‘ - 3077

4%



time taken for germination was in ths oase of soaking
seeds for 24 hours in 200 ppm gidbderelilic asid (44,0)
followed by 44,07 days in the oase of 1000 ppm
&lbberellioc aoid, the soaking time being 18 hours,

In freshly soun secds without GA treatmant the
minimup time taken for germination was 59,06 days
given in Table 2 . The mean value of T, (of heavy
and light seeds).

It may be geen that the seeds socaked in 200 ppm
gibberellioc acid solution for 24 hours si;nificantly
reduoed the time taken for germination,

1.4 Relationship betwsen weight of seeds and growth
of seedlings in the nmarsery:

The growth of seedlings obtained from heavy
as well as light gseeds was studied and oompared.
Tne heignht of the seedling, girth of the stem and
the number of leavea of the seedlings, 30 days and
60 days after tranaplanting were reoordaed and the
data ars presented in Table 5(a) and 5(b) respeotively.

The date show that on the 30th and 60th days
after transplantiing, the height of the seedlings wvas

bo



maximm under treatment 2 in the ocase of heavy seeds
and in treatment 1 in the oase of light seads,
Howaver the differsncea were not atatistically
significant, The minimum height was recorded by
treatnent 5 at the end of 30 days and at the end of
60 days in respect of haavy seeda., In the light
group, treatment 3 and treatment 4 registered the
minimum height on the 30th and 60th days after
transplanting respeotively (Pig.4),

1t may also bs seen from the tables 5(a) and
(b) ithat in respeot of the girth of the siem, there
was aignificant difference between ihe seedlin:s
from heavy and light group of seeds, Sut within
the group, the differences ware not statistiocally
gignificant, TIreatment 1 recorded the maximum girth
at the end of 30 days as well as 60 days after
transplanting in both the groups. The minimam girth
waa roocorded by treatment 5 in hecvy and light group
of geads both at the end of 30 and 60 days after
transplanting (Pig.75).

The data showaed that the treatments did not



Table 5(a). Height, girth of stem and nmumber of leaves of sesdlings on the 30th

day of transplenting.

Heavy

Light

ireat~

Girth Yo, of
(on) leaves*

He Cirth No, of
(om (om) leaves

ITreatment Helght

- (o)
1 Sowing immediately after

harvest 14.51
2 Sowing after 15 days

storags in moist sand 14.74
> Sowing after 15 days

storage in metaldic tin 14,31
4 Sowing after 30 days

atorage In moist sand 14.55
5 Sowing after 30 days

storage in mstalic tin 13.68

P test Rs

1.04 <%:2§>

1.02 %lzg)

2.6
1.02 (1.6;)

1.00 (1.63)

Ns Hs

14.22 0.99 <%;Z§>

2.

14.08 0.98 (1;2?)
2.

13.54 0.99 (1.03)

2.7
13.58 0,98 (1n’é§)

2.23
13.74 0.98 (1.65)

Na Na s

*The data were transformed by using square root transformation and are given in the

hrackets
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Table 5(b). Height, girth of stem and number of leaves nf geedlings on 60th day of

tranaplanting,
Treat- Heavy _ Lignt
Rent Treatment Height Girth Wo. of delght Girth No. of
¢ (om) (om) leaves* (om) (om) leaves*
1 Sowing immediatsly after } 3+50 353
harvest 20.51 1,70 (1.86) 20,22 1.53 (1,82
2 Sowing after 15 days J3e32 3.33
storage in moist sand 20,98 1.67 (1.82) 20,08 1.50 (1.82)
3 Sowing after 15 daye 3.42 Be33
storage in metallic tin 20,36 1.64 (1.89) 19.54 1.48 (1.82)
4 Sowing after 30 dayas ) 3.17 3.g
storage in moist sand = 20.05 1.67 (1.7 19.50 1,50 (1.B4)
5 Sowing after 30 days 317 3¢33
storage in metallio tin 19,64 1.01 (1.78) 13,76 1.43 (1,82
P test N5 S N3 RS T qs

*Ihe data were transformed by using square root tranaformation and are given in ths

brackats.
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Sowing seeds immediately after harvest.

Sowing 15 days after storage In moist sand,

Sowing 15 days after storage in metaldic tin,

Sowing 30 days after storage in moist sand,

Sowing 30 days aftsr storage in metallle tin,
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63

differ significantly in both the groups with regard
to the number of leaves at the end of 30 and 60 days
of transplanting.

There was no significant difference in reaspect
of height and number of leawves during the first two
months of marsery growth. 3eedling vigour was however
reflsoted in reapect of the percentage of germination,
time taken for germination and the girth of the
seedlings at the end of 60 days bdetween the haavy
and light group of seeds.

1.5 Effeoct of gibberellio asid treatment on the
grovth of the seedlinge:

The effest of gibberellic ascid treatment on
three growth parameters, - namsly height of the
saedlings, girth of the stem and the number of lsavas
produced at the end of 30 days amd 60 days after
tranaplanting were recorded whioh are presented in
Tables 6a, b and o,

1t may be seen from Table 6(a) that the maximum
height of 16,62 om and 24.52 om at the end of 30 and
60 days of transplanting was recorded in the ocase of
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gibberellic acid treatment at a conventration ef

1000 ppm for soaking of 6 hours, olosely followed

by 16,37 om and 24,38 om respsotively in the oase

of 24 hours soaking in 200 ppm gibberellio aoid (Pig, '/
However it may be pointed out that in respeot of the
percentage of germination, and the time taken for
gernination, socaking for 24 hours in 200 ppnm
gibberellioc aocid was the besat. Therefore thati
treatment is to be preferred rather than the treatment
with 1000 ppm gibberellic acid solution, as the
difference bctween the two treatments in respect of
height was insignifiocant,

The data presenisd in Tables 6(b) and (o)
revealed that thers ware no significant differences
between the different treatments in reaspset of the
girth of the seedlings and the mumber of leaves per
seedling at the snd of 30 and 60 days of growth in
the nurgery. In reapeot of dboth these charaoters,
soaking for 24 hours in 200 ppm gibberellic acid
solution ranked first or vere on par with the treatment,
goaking for 6 hours, in 1000 ppm gibberellic acid
(Pig. © amda 9 ).
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Table 6(a)., Effect of different oconcentrations of gibbarellic acid on the height of the
| seadlings at 30 and 60 days of tranasplanting.

Height of the seedlings (om)
Jonoentrations of gibberellio aoid

- - - - -

31, Hours of 50 ppm 100 ppm 200 ppm 500 ppm 1000 ppn
Wo. goaking -
30 60 30 60 30 60 30 60 30 690
daya days days days days days days days days daya

1 6 14,12 22,12 14,67 22,70 14,29 22,79 15.23 23,07 16,62 24.52
2 12 14.36 22,38 15,62 23,45 15.57 23,20 16,01 24,36 16.10 23.95

3 i8 14.38 22,68 15,75 23.92 16.30 24,29 15,81 23.81 14,83 22,88
4 24 15,06 23.13 16,04 24,15 16.37 24.38 15.25 22.57 14.21 22.38
? tast Sig 51g 3ig  sig sig  Sig 45 NS S1g  Sig

3D 0.05%  0.47  0.55  0.87 0.47 0.36 0.64 - - 0.85 0,77

T4
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Table 0(b). krffect of different concentrations of gibberellic 20id on the girth of the
stem of seedlings, 30 and 60 days after transplanting.

Girth of the seedlings (om)
Jonoentrations of gibberellioc acid

51. iours of 50 ppm 100 ppm 200 ppn 500 ppn 1000 ppm
“o. soaking -
' 60 30 60 30 60 30 00 30 60
days days days dayas days days days days days days
1 6 1.02 1.70 0.99 1.70 1.01 1,68 1.02 1,09 1.01  1.76
2 12 1.02 1.76 1.01 1,70 1.01 1,69 1,01 1.7 1.02 1,72
3 18 1.00 1.68 1.00 1,69 0.99 1,70 0.99 1.7 0.98 1,67
4 24 1.00 1.74 1,01  1.74 1.02 1,76 1.00 1.7 0.93 1,63
F tagt "o NS {3 i 1 Ho NS NS s s NS
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Table 6(o). Effect of different concentrations of gibbarelliec acid on the number of leaves
of the seedlings, 30 and 60 days after transplanting.

Yumber of lsaves
Concentrations of gibberellic zecid

31. Hours of 50 ppm 100 ppm 200 ppm 500 ppm 1000 ppm
No. soaking — ‘
30 o0 30 e0 30 60 30 60 30 o0
days days daya days ‘ days daysa dz2ya days days days
1 6 2,12 3.24 2.08 3.24 1,90 330 2.00 Je24 2.00 3.42
(1.46) (9.80) (1.44) (1.80) (1.,38) (1.82) (1.4 (1.80) (1.41) (1.85)
2 12 2,00 3,12 2,00 3,30 2.00 3,38 1.90  3.14 1.90  3.24
(1.41) (1.77)  (1.41) (1.82) (1.41) (1.84) (1.38) (1.77) (1.38) (1.80)
3 i8 2,08 3.06 2.00 3.24 2,08 3430 2,08 3.3¢ 1.90 3.24
(1.44) (1.79) (1.41) {1.80) (1.44) (1.82) (1.44) (3.82) (1.38) (1.80)
4 24 2,00 3.42 1.90 J.12 2.08 380 2,00 }‘14 1.82 2,90
(1.41) (1.85) (1.28) (1.77)  (1.48) (1.84) (1.41) (.77 (1.35) (1.70)
F test ¥ kit N H3 NS NS ] NS S Ng

The data ware transformed by using square root iransformation for statiatical analysis and are
given in pareathesis,
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Oonsidering all the important factors affecting
seed germination, period of viadbility and the growth
characteristics, it may be comoluded that soaking the
seeds for 24 hours in 200 ppm gibbesrellic =20id solution
ranked first =nd was significantly superior ito all the
other treatmenta,

The resultis of the different investiiaiions on
vegetative propagation of nutmeg are presented bhelows=-

2.1 Inarch graftings

This method of grafting is successfully adopted
in many horticultural plants., Therefore, this method
vag tried in the case of nutmeg in the present studies.
1% to 2 year old nutmeg seedlings were used as the
stock plants for inarching. In order to standardize
the time of grafting, monthly trials were carried out
from April 1978 to January 1979, The remaining two
months were left out as the season was too hot and dry,
for any propagation work, Twenty grafts were made in
every month during the above period and the percentage
of successful grafis are presented in Table 7,



Table 7. Percentage of success of inarch grafting, obtained
in different months.

No. Ro.

Month grafted survivea  oreentage
April 1978 20 15 75
May " 20 16 80
June " 20 19 95
July " 20 18 90
August " 20 17 85
September " 20 18 90
October " 20 17 85
No vember " 20 16 80
December " 20 14 T0

January 1979 20 13 65




The date ashow that 95 per oent sucocess was
obtained during the month of June and 80 to 90
per oent suoceas was obtained during the months of
May, July, August, September, Ootober =nd November,
Therefore it may he seen that the inarching was highly
suococessful during the peried from May to Novembar
(Pig. 10 ).

Growth of inarched grafts as compared to that of seedlings:

Average height, girth of the stem, number of
leaves and number of lateral branches of the grafts
were ocompared with those of the seedlings of the same
age as that of root-stocks., The comparative growth
characters of both the grafts and seedlings are given
in Table 8.

It is evident from the table that the average
height of the seedlings were signifioantly higher than
that of the grafts -~ both at two weeks after seperation
and two months after establishment, With regard to the
girth of the stem, there waa no aignificant difference
between the seedlings and the grafis,

Regarding the productiion of leaves, the seedlings
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Table.g Comparative growth parameters of successful inarch grafts as compared to the seedlings.

- e am R S BN e G G S o T B e g A S S B WY e G GUR GAD TR AP IS W A M6 G P e S e RS s e et W TN G G G A A SWR S Gie e G SN e G T G e S5 que G 4S9 G S an AR e S e TV G U TP e T e S W SR T B M 40 RS M E e e W G O R s T aen

Two weeks after separation Two months after separation
, D Number of Number of ;... .  cioep Mumber of Number of
Month H?ég%t G%ggg leaves  branches H?ﬁg%t %i;gh leaves  branches
S* G¥* S8 G S G 3 G S8 G S G S G S G

April 1978 L2 33 2.4 2.4 21 1 5 L W4 36 2,5 2.4 20 15 5 L
May ys 40 31 2.4 2.2 18 12 5 1 43 36 2.6 2.1 15 13 5 3
June ' 38 30 1.6 1.8 16 12 3 ¥ 40 33 1.8 2.0 16 1k 3 L
July ,, 32 25 2.0 1.8 1% 16 L L 35 284 2.1 1.9 15 17 L L
Avgust ,, 36 28 1.51.6 12 14 3 3 39 32 1.5 1.6 13 1% 3. &
September 1978 L3 32 2.6 2.2 18 16 3 2 Y 35 2.6 2.2 19 17 3 P
October sy 38 29 1.81.6 20 13 L 3 ¥ 32 2.0 1.7 20 13 L 3
November ,, L0 31 2.6 2,0 18 12 5 1 43 36 2.6 2.1 15 13 5 3
December ’s 33 26 2,01.8 13 14 3 L 35 30 2.0 1.8 13 15 3 L
January 1979 34 27 1.6 1.5 1 10 2 3 37 231 1.6 1.8 15 11 3 L
t test Sig Sig Sig Sig Sig Sig Sig Sig
* Seedling
**raft

1L
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rank:d first at the tims of establishment and the
grafis were significantly inferior to the seedlings
in this respect. But in two months time, the number
of leaves of the grafts ocame upto the standard of
seedlings,

In respeot of the number of lateral branches,
both the grafts and se2dlings recorded mors or less
same number, Iwo weeiks after establishment. Iwo
months after the first observation also the number of

lateral branches produced were one par in both
seedlings and grafis,

2.2 Side-grafting:

Side-grafting was tried dﬁring a period of 8
monthg from June 1978 to the following January 1979.
The number of grafis done, the number suoceeded and
the peroentage of success are given in Table 9.

It may be seen from Table 9 that the maximum
peroentage of sucoess was obtained during the month of
July (407) followed by Juns giving 30 per cent sucoess.
The sucoess was relatively poor during the remaining
months,



Table 9, Percentage sucoess of side-grafts obtained during
di fferent months.

Month Number Fumber Percentage of
grafted survived suoocess
June 1978 10 3 30
July " 10 4 40
August ? 10 2 . 20
September " 10 2 20
October " 10 1 10
November " 10 2 20
December " 10 1 10

January 1979 10 L 10

i
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Growth of side grafts as compared to the seedlings:

Average height, girth of the stem, number of
leaves and number of lateral branches of the side-
grafts were oompared with that of ths seedlings of
the same age as the root stooks, The comparative
growth characteristics of both the side-grafits and
seedlings are given in Table 10,

It may be seen from Table 10 that in respeot
of the average height and girth of the stem, the
seedlings were significantly better than that of the
grafis both tw weeks after and two months after

geparation.

Regarding the number of leaves and the number
of lateral branohes, the grafts were significantly
inferior to those of the seedlings, two weeks after

separation as well as two months after separation.
243 Veneer graftings

Veneer grafting was done at monthly intervals
during a period of eight months, starting from May 1978
to December 1978, The number of grafts done, the number
succeeded and the peroentage of suooess are given in

Table 11,



Table 10.

Comparative growth paramsters of successful side-grafts as compared to the sesdlings,

Two weeits after seperation

Two months after seperation

No, of No. of
Month Height Girth No. of Dbran- Height Girth No, of bran-
s’(cg‘)“ o (om) leaves ghuG o (emé éom) g".egvea ghea
June 1978 21 13 1.6 1.1 3 3 1 - 23 18 1.7 13 4 3 1 -
July " 19 14 1.5 1.2 4 2 = = 21 18 1.6 1.4 5 3 = =
August " 22 13 1«4 1,2 5 2 1 - 25 16 1.5 1.5 5 2 2 1
September 8 1 1.5 1.t 4 2 - - 21 15 15 1.2 5 3 1 1
October " 20 12 1.3 1.0 4 1 - - 21 16 1.5 1.2 4 3 1 -
November " 18 16 1.5 1.1 6 2 2 - 20 19 1.6 1.3 6 4 2 -
December " 19 13 14 1.2 5 2 1 - 20 17 1.6 1.3 5 2 1 -
January 1979 21 14 16 1.3 5 2 1 - 23 18 1.6 1.5 5 3 2 1
¥ test Sig 5ig Sig sig sig Sig sig sig
* Seedling
** Graft

TR



The data presented in Table 11 show that the
month July was the most congenial time for veneer
grafting, giving 30 per oent sucocess, It is followed
by June and September, glving 20 per ocent success,
The succes3 was relatively poor during the remaining
months .

Growth of veneer grafis as ocompared to the seedlingss

The comparative growth characteristios (mean
height, girtn, no. of leaves, and no., of branches) of
both vencer grafts and seedlings are given in Table 12.

It may be seen from Table 12 that the mean
height and girth of the geedlings were significantly
highser than that of the grafts, both at the time of
establishment and also two months after establishment,

The production of leaves and lateral branches
were also better in the case of seedlings than in the

grafis,
2.4 Wedge grafting:

Wedge grafiing is sucoeasfully adopted in many
hortioultural plants. In the present investigations
also this method of grafiing was tried six times at



Table 1.

Peroentage success of vencer grafis obtained during

different months,

Month No. No. Peroentage of
graftad suoceeded sucoeas
May 1978 10 i 10
June " 10 2 20
July " 10 3 30
August " 10 1 10
September " 10 2 20
Detober " 10 1 10
November " 10 1 10
December " 10 1 10




Table 12. Comparative growth parameters of succesaful veneer grafts as compared to
the seedlings.

At the time of establishment Two months after establishment
Month of grafting No. of No. of
Helight Girth No. of Dbran-~- Height Girth Yo. of bran-
(om) (om) leaves ohes (om) (om) leaves ohes
Of Ges N G S G S G S G 5 G S G S G
May 1978 20 12 1.4 1.0 4 1 - - 22 16 1.6 1.2 4 3 - -
June " 21 13 1.5 1.3 5 1 1 - 24 18 1.6 1.3 o 4 2 -
July " 22 14 1.6 1.2 4 1 - - 25 18 1.7 1.3 S 4 1 1
August - 18 12 1.4 1.1 3 2 1 - 22 16 1.5 1.4 5 3 1 -
September 20 11 1,6 1,0 4 2 1 - 22 17 16 1.2 b6 4 1 1
October " 21 13 1.6 1.4 6 1 1 - 23 18 1.6 1.4 6 3 2 1
Novembe r . 21 13 1.4 1.3 5 2 2 - 24 17 14 1.4 4 4 1 -
December " 20 12 1.5 1.1 5 2 1 - 22 16 1,6 1.4 5 4 1 -
¥ test Sig Sig Sig Sig sig sig Sig Sig
* Seedling
** Graft

PR



fortnightly intervals during the period from 3-1-1979
to 18-3-1979, The percentage of sucoeéss obtained in
this itrial is presented in Table 134 in Fi6 1.

It may be seen from Table 13 that maximum sucocess
of 40 per cent by this method was obtained when graficd
on 18-1-1979, oclosely followed by grafting in the firast
veek of January and in the first week of February, giving
30 per cent suoocess, Wedge grafting done during March
18th gave the minimum peroentage of succesa (107),

Growth of wedge-graftis as oompared to the seedlings:

The ocomparative growth parameters of wedge-grafted
plants and seedlings of same age are presented in Table 14,
It may be ssen from Table 14 that the mean height of the
seed lings were significantly higher than that of grafts

at both times of measurement,

In respect of mean girth, the seedlings were
signifiocantly better than the grafts at the time of first
observation, but the grafis came on par with the seedlings
after two months of establishment,

Seedlings had more number of leaves as well as
branches than those of grafis at both the time of

meagurement,



Table 13. The perocentage suocess in wedge-grafiing.

Date of grafting gz‘igiaﬂ Bnoggc;ded Pem:? °f
January 3rd 1979 10 3 30
January 18th 1979 10 4 40
February 3rd 1979 10 3 30
February 18th 1979 10 2 20
March 3rd 1979 10 2 20
March 18tk 1979 10 1 10

9k
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Table 14,

Comparative growth parameters of successful wedge grafis as compared to the seedlings.

iwo weeks after establishment

Two months after establishment

Height  Girth  Yo. of S ir No. of bosne
e No. of bran- Height Girth o, of bYran-
Period (om) (om) leaves oches (om) (om) leaves ohes
g* G 3 G 3 G S G S G ] G G S G
January 3rd 1979 15 12 1.4 1.0 5 2 2 = 19 17 1.7 1.6 5 4 2 1
January 18th 1979 16 14 1.4 1.0 4 2 1 =~ 20 18 1.6 1.6 5 4 1 1
February >rd 1979 19 15 14 1.1 3 1 1 - 2% 19 1,7 1.6 4 3 1 -
February 18th 1979 18 13 1.3 1.1 5 2 1 =~ 21 17 1.5 1.5 6 4 2 1
March Jrd 1979 18 14 1.3 1.0 4 1 1 =~ 21 18 1.6 1.4 4 3 1 -
March 18th 1979 17 14 1.3 1.0 6 1 2 =~ 20 17 1.4 1,2 5 2 2 -
't' test Sig Sig Sig Sig Sig Sig Sig Sig
* Seedling
#* Graft

LR



Buddings

Porkert budding was done at monthly intervals
during a period of six months, starting from May
1978 to October 1978, The buddings were prepared at
a time and were kept in molist chamber, The buds
remained green during the period of keeping them under
moist conditions, but none of them survived when
taken out of the moist condition., The number of
budding dons and the number of ‘take’ in sach lot are
given belows

Month No. budded No. of 'take’
May 1978 10 2
June " 10 3
July " 10 4
August " 10 2
September " 10 3
Oetober " 10 2

The above results indioate that budding may be
sucoesaful provided the period of keeping them under
moist conditions and the process of ‘hardening' them
are standardised,

8o
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DISCUSSION

The wide popularity, that had been earned by
nuimeg as a money spinning tree sploe among the
cultivators of Ksrala is now diminishing due to
several problems whioh stand in the way of its
sucoessful ocultivation, Poor viability of seeds, high
mortality in the nursery, dicecious nature of the plant,
extreme suoceptibility to hot weather and drought are
some of the major problems experienced by the growers.
The present investigations were undsrtaken to study
the different aspeots of prepagation of the orop and
to find out a solution to the problem of identifiocation
of the sex in the nursery atage itself so as to avoid
the huge expenditure involved in growing the excess
number of male trees upto the flowering stags, It is
also necessary to standerdise the methods of propagation
which are found effective and practicable,

The results of the present studies showed that
the highest peroentage of geramination of 65 per cent
was obtained during the month of June using seeds vhioh
are sown immediately after harvest, It is reported by
Flaoch (1966) that the germination of nutmeg seeds varied

89



from 35 to 70 per oent. Perll (1938) also reported
that the germination of nutmeg seeds vary widely
depending on the oolleotion of seeds from trees of
differsnt yield groups and from females trees which
are situated at different distances from the male
trees, The poassible reasons for these differences
have not been explained by him, No such relationship
were found in the present studies, The atmospherie
humidity and temperature conditions obtained during
the month of June might be more condusive for the
gernination of nutmeg seeds as ocompared to that of
the remaining months,

The data also showed that there was signifiocant
difference betwsen heavy and light seeds both in ihe
per ocent of germination and the time taken for
germination, Hume and Cobin (1943) reported that
smaller seeds gavd lower percentage of germination
ag oompared to the heavier seeds,

Nutmeg seeds lose viability quickly, espeoially
if allowed to 4ry in the sun, The seeds were stored
in two environments viz,., in moist sand and in metalile



bins for 15 and 30 days and then sown to test the
viability. The results showed differences in
germination in the two methods of storage and also

in the period of storags, The germination percentage
was redused to 14 per oent in the ocase of seeds stored
for 30 days in metaliec tin (light group). In the ocase
of seeds stored in moist sand, it was only 21 per cent
at the end of 30th day of storage.

In the case of heavy group also, seeds stored
in moist sand gave much higher germination than those
stored in metalic tin. But the seeds whioch were gsown
immediately after harvest gave ths highest germination
peroentage in both the groups.

Shanmughavelu and Reo (1977) had reported that
the viability of nutmeg sesds was not affeoted when
astored for 15 days in polythens bags or moist sand,
However, the present studies indicated that the
germination percentage is significantly reduced by
storage for 15 days under moist sand, In the case of
cooos seeds, seeds were extracted and stored along with
the pulp in finely ground charcoal, The seeds retained
in pods and stored in finely ground charcoal remained

J1



viable upto a period of 5 weeks after harvest without
much loss in viability,

It appeared from the above results that the most
orucial faoctors determining the viability and germination
of nutmeg seeds were & spuitabdble cemdinaiion of
temperature and moisture., But the effeot of temperature
cannot be readily isolated from that of moisture, The
temperature and moisture comditions obtaining in moist
sand might be more oconducive to keep up the viability
of seeds as ocompared to the 4dry and higher temperature
conditions obtaining in storage in metallio bin,

The resulis also showed that the number of days
taken for germination was less in the oase of seeds
stored in moist sand for 15 days and 30 days than the
direct sown seeda, This may be due to the fast that
storing seeds in moist sand provided more or less same
oonditions as those obtained in seed beds.

The studies on the effeots of soaking the seeds
in gibberellio acid in different ooncentrations and
for different periods of soaking indicated that
treatment with gibberellic asid in consentration of
200 ppm for 24 hours had aignificant effect on
germination and subsequent growth of the seedlings
as compared to the unireated sseds, While the lower



concentrations of gibberellioc acid also indicated
favourable effeots to a lesser extent than that of
200 ppm, the higher concentration of 1000 ppm had an
adverse effect on germination, when the soaking time
was inoreaged for 24 houras. The favourable effeots
of lower concentrations were enhanced with the time
of soaking. The stimalatory effect of gibberellio
acld treatment on the germination as well as the
subsequent growth of the seedlings had bdesen reported
by several workers working on different fruit crops
(Elson, 1954, Kahn et al. 1957, Wittwer and Buckovas,
1957, Fogle and Me Orory, 1960).

It wvag also found that the time teken for
gernination was lass in the ca2as of gibbersllic acid
treated seeds when the conoentration was 200 ppm for
24 hours,

The results of the present studies showed that
the growth of the seedlings obtiained from gibberellio
acid treated seeds was significantly higher than
those from untreated gseeds. The height of the seedlings
at the end of 30 and 60 days after transplanting wes



94

maximun in the case of seeds treated with 1000 ppm
GA and the soaking time was 6 hours., However, the
above concentration was found to be adverse in effeot

in respect of the peroentage of germination,

Considering the favourable sffects on the
perceniage of germination and the growth of the
seedlings, the ooncentration of 200 ppm and the
soaking time of 24 hours were found to be the best,

Studies on the astion of GA on sesd germination
and seedling growth have indicated that the first
step in the gerumination of seeds was the breakdown
of starch by enzyme action and this was acocelerated
by gibberelliec acid, In respect of growth of seedlings,
the effect of gibbersllio a@cid is brought about by
ocell elongation.(Yeou-Der gt al. 1962, Shanmughavelu,
1969)., This may be due to an inorease in endogenous
suxin oontent, I{ may also be possible that ihe
ultimate effect of GA is by indirectly lowering the
activity of IAA - oxidase reaction and to raise the
auxin levels in the plant (Brain, 1959).

The results also showed that wvhen the soaking
time was inorsased (500 and 1000 ppm concentrations)



the plant height was deoreagsed., This may be due to
some injurious effects from the stronger solutions.

In most of the perennial orops, the common
methods of propagation are vegetative, because the
progenies will be true to type, come to bearing earlier
than the seedling trees and are gensrally more productive,
In nutmeg, vegetative propagation if suceessful has an
added advantage of knowing the sex of the progeny
from the very beginning of the growth of the plant.

The results of inarch-grafting showed that
ntneg is amenable to inareh grafting. The data showed
that 95 per oent suocesas was obtained during the month
of June and 80 to 90 per eent during July to November
and in April. The reason for the high rate of success
during June lies in the aotive growth of plants in
this part of the year, whish favoured quick union
between stook and scion, Moreover the high atmospherie
humidity that prevailsd during the rainy season kept
the soion shoots green without drying, The high
mortality of grafts after detashment from April,
Deccmber and January may be dus to the unfavourable
seasonal conditions that prevailed at the time of
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gra/ting. Inarch grafting during the nponths of April,
Docanber and Jarmary gave relatively low succe:s poasibly
due to inadequaco Llow of sap in the stock and scion at

this tire of the year. iundarara) and Varadarajan (1956)
had reported C0«100 per cant succeeas in approach graiting on
zeedlings of cultivated and wild spices of nutiiog.
“hormughavelu and Heo (1977) also, claimed 60«100 per .ent
success in mutweg inarching. A muwber of worsers roporved
about the high percentage of success in inareh gra.ting in
frult crops like mango, . uava, avacado and plantation crops
like cacao, clove etc. (ueorge and liair, 1969, Lroehual, 1974,

iiaQ’ 19?5 ) L]

Thus the obiervations recorded sbove revealed that
the method of inurch Jrafting con be cuccessfully sdopied
in the propusgation of mutieg. Howevor, the growih of che
Jrafts vere found to ue relstively poor as conpased Lo tLhe
seedllingse. The reasults of the present scudies also indicate
that che su.cess of operation was lorgely related to the
giovih acoivity of Che plant end the climacic conditions
prevailing at the time of operatioci.
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The resulis showed that side-grafting during

the month of July gave the higheat per oent of success
(40) which was followed by grafting in June, giving 30
per cent success, OSucceas in gide-grafting when done
during the months of July - August and June -~ October
had been reported by Naik (1949a) and Kanwar and Bajwa
(1974) in mango. Gopimani (1978) obtained some sucoesa
in side-grafiing in nutmeg,

The success obtained during the month of July
may perhaps be due to the congenial c¢limatic conditions
that prevailed during that time,

But while considering the growth of the grafis
and seedlings, seedlings were seen batier than that

of grafts,

The suoccess in veneer-grafting of nutmeg depended
mainly on the season, Bhandary and Mukherjee (1970)
reported more success in July than in April or June,
while Mukherjee and Singh (1965) reported more success
in April than in March, May or June. In the present
investigations veneer-grafting in June and September
gave slightly better success then in May, August,
Ootober, November and December with the highest (30 per ocent)
in July.
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Warm and humid weather conditions and aotive
growith of the stook plants in June - July may have
helped the union of the stook and the soion to a great
extent. Other months were seen unsuitable for venser-
grafting. The unsuitability of March and April for
grafting was recorded by Gedara (1960) and Mukherjee
and Singh (1965).

The results on growth of the seedlings showed
that grafts were significantly inferior to that of the
seedlings in the initial stages of establishment,

The data showed that wedge-grafting during the
month of January wags effective wiih 40 per cent suooess,
The month of February waas alaso seen to be suitable,
However, grafting during the month of March vas not
congenial,

Amin (1978) reported that in mango this method
can be adoptsd as a successful vegetaiive propagation
method asinoe it can be done insitu. In nutmeg also
there is ample soope for insitu wedge—-grafting., This
pethod offers much promise as the growth of the grafts
came upto the standard of seedlings of the same age
within about two months time (in respeot of girth of
the stem).



The results disoussed above clearly indicated
that inarch-grafting gave nearly eent per oent suococess,
But the sluggish nature of its growth disoocuraged its
popularisation among ocultivators, Methods like side-
grafting and veneer-grafting have alsoc shown soume
sucoessj but here also the slow growth pattern of
grafis was a disadvantage, But the recently developed
wedge-grafting offers mich scope because of its
reliable succeas and of its appreciating growth pattern
vhen ocompared to the seedlings of the same ags group,
As a reliable, quiok and cheap method (when compared
to inarching), this method has a chanos of becoming
popular among nutmeg oultivators.
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SUMMARY

Studies on the propagation of nutmeg by seed
ag well as vegetative methods were undertaitan at the
Ingstruoctional Farm of the College of Hortioculture
and at the Distriot Agrioultural Farm, Mannuthy during
the year 1973-79. The results of these studies are

summarised belows

The higheat peroentage of germination in hesavy
as well as light seeds was obtained when the seeds were
sown in June (65 per ocent and 52 per cent) and the
minimum was during the months of August (34 per ocent)
and December (35 per cent). The time talmn for
germination was least when the sowing was dne in
June., There was significant difference batween the
heavy and the light group of seeds in respeot of the

groentage of germination and also in the time taken
for germination,

Seeds which were sown immediately after harvest
gave the maximum percentage of germination (60 per cent),
But seeds stored in moist sand maintained the viability
mich better than those stored in metallic oontziners.

It was also revealsd that the number of days taken for
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compared to seeds stored in metalio container,

Sesds soaksd in gibberellioc acid 200 ppm for
24 hours gave quicker germination as well as higher
peroentage of germination as compared to other
ooncentrations of GA and soaking periods,

There was significant difference in the growth
of the seedlings in respect of girth between the two
groups namsly heavy and light seeds., There was no
signifioant difference in respect of height and number
of leaves in the seedlings derived from the two groupé.

Treatment with gibberellic acid had significant
effeot on the height of the seedlings, 3eeds soaked
in GA 1000 ppm for 6 hours gave the maximum height
(24.52 om) which was oclosely followed by the ireatiment
200 ppm gibberellic acid where the soaking time was

24 hours,

In respect of the girth of the seedliings and
the number of leaves produced, eventhough there wvas
no significant difference between different
conocentrations, soaking for 24 hours in 200 ppm
glbberellic acid solution wea the best.
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Inarch grafiing was highly successful in
nutme g, which gave 95 per cent success when done
during the month of June,

The growth of the grafis was also satisfactory.
After two months of separation, the girth and number
of leaves produced by the grafts were on par with that
of the seedlings of ths same age,

The best period for side=-grafting in nutmeg
was during the months of June - July. But the growth
of the grafts were comparatively poor in the initial
stage as compared ito that of seedlings.

Veneer grafting was ales a sucoess in nutmeg
and the maximum percentage of success (30) was obtained
during the month of July.

Wedge grafting on one year old nutmeg sesdlings
gave 30 - 40 per cent sucoess under humid chamber
conditions, Here the growth of the grafts (regarding
the girth) was on par with that of the seedlings at
the end of two months, The method needed further
standardization for adoption on large scale,
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Appendix I. Analysis of varionoe for percentage of germination and the number
of days taken for germination during different months and different

storage conditions.

Mean square

No. of days taken for

Souroce ar % of germination germination

Heavy Light Heavy _Light
Month - 5 42.91%%  34,56%* 21.55%+ 32,73%*
Treatments 4 320.92%* 295.76%* 208.63%*  204,08%*
Storags time (A) 1 306.73%%  246,50%* 0. 735 2. 758
Method of storage (B) 1 306.73* 168,70%* 983.46%*  TTA.0T**
Interaotion ( A xB ) 1 0,53  13,27% 57.75%* 37.26%
otnere T nE TerRes 1. 669.68" 754.47 1,235 3,19%>
Error 20 2.37  15.69 3,92 4.16

Total 29

** Significant at 1% level

NS Not signifiocant



Appendix II,

Analysis of variance for peroentage of germination

Mean squares.
Source af
50 ppm 100 ppm 200 ppm 500 ppm 1000 ppa
Hours 3 313.52%% 259,94%% 5§29 QT**  87,.,28**% 1229,.14**
R‘pli@&tiﬂns 5 1.2 2.02 1 e ¥ 7095 0.48
Error 15 13.24 10.84 12,25 171.93 248.45
Total 23

*%

Significant at 1% level



Appendix III. Analysis of variance for the number of days taken for

germination
Mean squares
Source at
50 ppm 100 ppm 200 ppm 500 ppm 1000 ppm
Hours 3 102.95%*  10,49%* 26,12** 25,15%* 35, g+
Replications 5 2 0.15  5.99  6.21 2,08
Error 15 8.63 3.38 4.84 8068 9.‘1
** Significant at 1% level



Appendix 1V, Analysis of variance for the seedling height of both hea
and light groups (One and two months after transplanting

Msan squares

Source ar Heavy Light
One month Two months One month Two months
Treatments 4 0.995™ 1,43 0,55 0.62™
Month < 5  0.22 0.07 0.36 0.34
Error 20 1.09 0.82 0.69 0.71
Total 29

N3 - Not signifioant



Appendix V., Analysis of varignoce for the seedling girth of heavy and
light groups (One month and tw months after transplanting)

Mean squares
Source af Heavy Light
One month Two months One month Two months

Monthe 5  0.002  0.008 - 0.002

Treatments 4 0.005™ 0.01™ - 0.003™

Error 20 0.0012 0,013 0.00009  0.005
Total 29

N5 - Wot signifioant



Appendix VI. Apalysis of variomse for the number of leaves of heavy
and light groups (One month and two months after

transplanting)
Mean squares
Source af - _Heavy Light _____ __
One month Two months One month Two months
Month- 5 0.0008 0.004 - 0.06
Treatment. 4 0.0019® 0.1 0.07™ -
Zrror 20 0.039 0.02 0.025 0.045
Total 29

N5 - Not signifioant



Appendix VII, Analysis of variance for the height of the seedlings treated with
different concenmt rations of gibberellic acid - one month and two
months after transplanting

Mean squares

Source ar 50 ppm 100 ppm 200 ppm 500 ppm 1000 ppm
(One month after transplanting)

Replication 5 0.11 0.29 0.02 0.79 0.06

’ NS ‘
Treatment 3 1 2.183 5.58%% 6.9438 T.29**
Error 15 0.14 0.52 0.10 0.68 0.48

(Two months after transplanting)

Replication- 5 0.18 0.02 0.33% 0.24 0.14

Treatments 3 1,447 2,337 3.95% 37" 5,93

Error 15 0.20 0.16  0.26  0.55  0.38
Total 23

*#  Significant at 1% level
*  Significant at 5% level
8 - Not signifioant



Appendix VII1, Analysis of variemoe for the girth of the seedlings treated with
different conoentrations of gibberellioc asid - one month and two
months after transplanting

Mean squares
Souroe af 50 ppm 100 ppm 200 ppm 500 ppm 1000 ppm
(One month after transplanting)
Replicationc 0.0004 - 0.0002 0.006 -
Treatment 3 0.0013750.003  0.0007™ 0.001™ 0.003"°
Error 15 0.0018 0.003  0.,0015 0.003 0,003
(Two months after transplanting)
Replication s 5 0.002 0.002 - 0.004 -
Treatment 3 0.007" 0.003%° o0.007" - 0.017"
Error 15 0.014 0.015 0.013  0.011 0,008
Total 23

N5 - Not significant



Appendix IX, Analysis of variamce for the number of leaves produced by the
seedlings treated with different concentrations of gihberellic

acid
Mean squares
Source af 50 ppm 100 ppm 200 ppm 500 ppm 1000 ppm

(One month after transplanting)
R‘plicatiﬂn > 5 0.02 0.01 0.006 0.002 0.0%
Treatmsnt 3 00005Ks OQOOBES OOMNS 00003m 00007!3
Error 15 0.02 0,02 0.02 0.04 0.02

(Iwo months after transplanting)
Replications 5 0.004 0,008 0.01 0.006 -
Treatsents 3 0.01™ 0.003™ 0.003" 0,005 0,04
Total 23

RS - Wot significant
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ABSIRACT

The astudies on the propagation of nutmeg
(Myxiatios Lfragrana Houtt) were oarried out at the
Instructional Farm of the Oollege of iortioculture,
and at the Distriot Agricultural Farm, Mannuthy during
the period from April 1978 to July 1979.

The studies oonsisted of two methods - namely,
the seed propagation and vegetative propagation. The
seed propagation studies invluded viadbility atudies
and the effeot of growth regulatora on germinaiion
and the subsequent growth of the seedlings. Under
vegetative propagation, the main objeotive was to
standardise an economioal and effective method of
vegetative propagation of mutmeg.

ihs studies revealsd that maximam per ocent and
quioker germination was obtained by sowing the sseds
during the month of June and there was aignifioant
difference between the heavy and light group of seeds.
Sseds stored in moist sand remained viable for a
longer period than those stored in metalioc containers.

Gibberellic aocid treatment had aignificant effeot



on the germination of seeds and the subsequent growth
of the seedlings, Seeds treated with 200 ppm GA for
24 hours gave good results as compared to other
treatments,

Among the different methods of vegetative
propagation tried, inarch grafting gave the highest
per oent of success - about 95 per aoent during the
month of June. The growth of the grafts was poor when
compared to the seedlings of same age during the
initial stagss, but the growth was progressive and
satisfaotory after two months (of seperation),

Other methnds of vegetative propagation vis,,
side-grafting, veneer grafting and wedge grafting
wers also successful upto 40 per ocent, but the growth
of the graftas wvas less than that of the seedlings.
However, these methods nsed standardisation for use

on a large soale programme of propagation of nutmeg.
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