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Introduction

Now a days, spices sector is gaining overwhelming response from Indian farmers for being one -
of the agriculture sectors wherein assured profit could be achieved in most of the crops. Attracted

by high return, low management requirements and agro climatic suitability, the area under peren-

nial spice crops especially nutmeg has registered an increasing trend during the last pentinnium in
South India.

Perennial spices such as black pepper. nutmeg, cinnamon, cambodge and tamarind are integral
part of our life and consumed one or the other way in daily life. Area and production of these
spices during 2013-14 were 123,810 ha and 50,870 t; 18,900 ha and 12,780 t; 330 ha and 50 t;
58,590 ha and 188,130 t; 58,720 ha and 191,750 ¢, respectively, except cambodge for which
official data on area and production arc not available. Concentration of these spices is mainly in
Western Ghats and adjoining areas and to some extent in Eastern Ghats and North Eastern hill
regions. Non-availability of adequate quality planting material is always felt as one of the impor-
tant production constraints in these spices. Vegetative propagation is much preferred compared
to seed due to segregation of seedlings, long gestation period etc. In this paper the planting
material production technigues of the above mentioned spices arc discussed.

1. BLACK PEPPER

Black pepper (Piper nigrum L.) is a climbing vine, which
shoot is called ‘main shoot’ or ‘leader shoot’, botanically ‘orthotrope’, have long internodes; the
side branches grown from main shoot are ‘laterals’, botanically ‘plagiotrope’, have shorter inter-
nodes which bears the spike. The buds present in the base of the main shoot will sprout and creep
on the ground (if it is not trained to grow erect along the support) and are called ‘runners’ which
are commercially used for the production of planting material (2 or 3 pode cuttings) in India and

elsewhere. The ‘terminal shoot’ or ‘top shoot” with a few laterals also serve as planting material.

The advantage of using this as planting material is that it will have Jaterals while planting itself
compared to cuttings made from runners wherein laterals will be produced only after 12 to 18
months of planting. This method of production of planting material is common in Malaysia,

h out and hang and such shoots are

Indonesia and Vietnam. A few terminal shoots may branc
terial production. When ‘laterals’ or

called ‘hanging shoots’ which are not used for planting ma
‘side branches’ are used for production of planting material, the resultant plant will not be a vine,

it will grow as a bush and is called ‘bush peppet’.

requires support t0 trail. The climbing
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Black pepper can be
propagated through seeds as well. S Lo :
hetero well. Seed propagation is not i
g Wiil};%ous nature c?f crop. _Plants produced from seeds take more gthan five nzzans‘l fv Og; e
» eas, vegetative cuttings produce first spike during second or third ygarrof (I))Iia li'St bear-
nting.

Conventional method

Runners from pre-selected healthy mother plants of re i i
s fi i gular high yielders are ke i
EZ%_;;;‘;% at:;ltleintt’?)s?w(g Vm;i to prevent the nodes to contact with soil. Runr?:rzoizdc?ﬁlt:i?::li TE
bags filled ’with bottin m(j)rtur eefnode' cutt}ngs that are planted either in sand beds or polythene
for planting as it estab%i x Xt ;:d after trimming the leaves. Farmers also use orthotropic top shoots
large mumber, The cutti quackly an(.i flower early, however, it may be difficult to get the same in
atmosphere. i{egular i rllfligs tgre kel?t in protected place under shade to maintain a humid and cool
broduce new sprouts Witﬁ‘a 1(;n4w1th rose can 0}‘ sprinklers are also essential. The cuttings will
with sufficient roofs and ins i weeks of planting and are ready for field planting in May-June
times under 50 per cont sk —d eaves. .Sen.anayke and Kirthisinghe (1983) found that pepper cut-
st nimber of T00LS, Iar;e:t Te;li :;Eiitéo?h:v;zai Sctlac}lfs pro@uc}:led longest shoots, had the high-
next , ry weight at 95 days afl '
nzdcz?:tigzztg}eré :Z?S 35 1per cent Sl:lade with daily irrigation. Hegde (198?) obt:;rfiznttll:;%thi;hz
al. (1985) reported thalglg pepper vine roofed better than 1 or 2 noded cuttings. Seneviratne iz
s and high dry weight afnmyur 1 cuttings produced longest shoots with larger leaf, better root-
days after planting Nglatho' rOOt? and 3 - 4 leaves under 50 per cent and 75 per cent shade at 84
tings were planted.in Juna1 e;;a. (1974) observed maximum sprouting of 75 per cent when cut-
ing was done from M t;:l. owever, increased sprouting and rooting were noticed when plant-
arch and June. Datta et al. (2003) reported that the second fortni;)htnof

.

Rooting media

p g
] 7 n a

FYM/Com in 2:1: i i

combinatigizs(t) fn;l ié;;n:atm is recommended. However, researchers found that either single or

soil + leaf mold (73 component woul‘d serve as potting media. FYM, sand, soil (1:1:1) and

percentage of 90_10'0 w‘:efe repogt(?d to give better rooting (Yufdi and Hayani, 1991).' Iiootin

1985), Suidbar ef al. (1 s reported in medium (A:onsisting of perlite + sand mixture (Mustafa :
al. (1989) reported that the highest rooting percentage was obtained with }s’;g’

(Thankamani '

e s ponE e e o e

compost, granite powder an]c.lee ngL?[n-ced the growth of cuttings. A medium consisting of coir pith

has been recommended for th dl n 2:1:1 proportion with Azospirillum and Phosphobacteria

scarce (Thankamani € production of vigorous rooted cuttings in places where sand i
1 et al., 2007a). Miniraj ef al (2014) reported better rooting and root characte::Z

in the medi ir pi i
_ um coir pith compost+soil (0.25:1). Thankamani and Streekala (2008) reported the

beneficial ; ,
skl et o i <ol s ik i, Psmors s
planting the cuttings. Solar icorrhiza) in nursery. Potting mixture should be disinfected before
For solarization bed-s e energy can be effectively utilized for solarization of potting mixture
after removing ;hc - meter W%dth, 20-5?0 cm height and convement Jength may be pre areci
be incorporated t111) les present in the soil surface. Adequate quantity of organic m g

1n the soil after digging and irrigate the beds at the rate of 5 1/m?. The beznsurrga;lﬁz

covered with '
: polythene sheet of 300 gauge thickness. Edge of the sheet should be sealed with soil

keep it i iti
in positio intai i
p n so as to maintain the required temperature. Adequate soil moisture is neces

sary during solarizati
ariz . o
ation to increase the thermal sensitivity of the target organism, to improve heat
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conduction in the soil and to enable biological activity. Solarization should be done during March
to May under Indian conditions when the solar radiation is most intense and the soil should be
covered for 45 to 60 days. Solarized pofting mixture in combination with nutrient solution con-
sisting of urea, super phosphate, potash and magnesium sulphate in 4:3:2:1 produces vigorous

rooted cuttings (Thankamani ef al., 2007b).

Growth regulator

In general, pepper cuttings are prepared from one year old shoots. The use of growth regulator
would improve the rooting and establishment. Leite and Infrozato (1966) subjected softwood and

hardwood cuttings to 15 h treatment by immersing their bases in distilled water or in 50 mg/l

solution of either IAA or NAA and obtained the highest rooting of 62.5 per cent in NAA. Larcher
(1970) observed that three node pepper cuttings dipped in 2 per cent IBA before planting im-
proved rooting percentages with respect to root number and root lengih compared to untreated
cuttings. Choudhary and Phadnis (1971) obtaincd best result in rooting of leaf buds of pepper
cuttings with Seradix B, IBA+ IAA at 25 or 50 ppm and IBA at 50 ppm. Pillai et al. (1982)
indicated that the cuttings dipped in IBA solution (1000 ppm) for 45 seconds is the optimum
treatment for early inducement and better development of roots in pepper cuttings. Aboa and
Solidum (1991) reported that IAA at 150 ppm enhanced rooting in black pepper nodal cuttings.
Sasikumar and Johnson (1992) found that single node cuttings planted in poly bags and kept in

pits covered with poly sheets with frequent water sprays gave about 90 per cent rooting without

any hormone treatment. Application of 25 per cent cattle urine gave the same effect as 2000 ppm

IBA in terms of fresh and dry weights of toots and the number of roots per cutting (Superman et
al., 1990). Kandiannan ef al. (1994) reviewed the uses of growth regulators in black pepper
production and reported beneficial effects on establishment of cutiings. Sujatha (1997) obtained
90 per cent rooting in 2 node cuttings dipped in 1000 ppm IBA and kept in poly tent, with regular
watering. Yufdy and Ernawati (1987) found that cuttings soaked in 25 per cent coconut water for
12 h increased shoot and root length, number of roots and shoot diameter of black pepper rooted

cuttings. However, Sujatha ez al. during 2004 noted that IBA had no positive influence on rooting
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solution consisti

magnesiun?r;ilfglllr;%eo(f) 31"5351‘( (1 kg), super phosphate (0.75 kg), muriate of potash (0.5 kg) and

2 month with 250 ml/ .lant 2) pﬂl 250 .htres of water may be used for drenching the vi'ne once in

month also encoura esp Tant ternatively, drenching the vines with cowdung solution once in a

reach the top of the l%amll))oon tl%;.‘cggtzhﬁ; 1?11% :ﬁ;;?& (Oligndiiannaril et al., 1998). When the vines

N ’ and crus i

ﬁoi;ltoii ;r:;ln :)lifea cglgr;und, ;0 activate the‘ buds. After 7-10 days, tl:él ililrfe:l::ea;? Z? :}?: 21:113;:10;

D s are sooatated i o1 t ¢ bamboo w1.th the roots intact and with the adhering soil. Th .
parated into single nodded pieces. Plant each cutting in a polythene %ag fi‘lledew‘illr

potting mixture consisting of soil, sand
. . ) and far e .
with biocontrol agents. myard manure (1:1:1) or solarized soil enriched

g

T . 1 . s

good root system leading to more than 90 per cent establishment in the field

Serpentine method

Anoth . . .
afozotg4;10}1’*ile prl;)otiagatlon' techmquf% in black pepper is the serpentine method (Thankamani
pn;ssed in.to be 01eth cuttings kept n pc?lythene bags are trailed horizontally and each nod:: .
pressed into th H}:adi ie?e \t;agshwﬁh potting mixture arranged one after another with midribs CI);
nto V” shape. Once twenty nodes i i
cocony : . get rooted in the bag, i
anI:i Ji'?e;f il;yS(;lut:ilmgf at the inter nodes. The cut ends will be pushed back into iﬁe ;];Stiilio W_ﬂl be
et on aI?. ae; ero;giuglaer %tr.owth .The cuttings would be ready after three 1'[1011thsgfg:r1 };‘gfz
ting. , 00 cuttings will be obtained in a i

planting : year by this method fi

g. Serpentine method can be followed throughout the year, it is simple chea;manfia(;}:lirct?the;

, an

HH‘J of pepper. Minirgj et al. (2014) reported early sprouting along with better root and shoot charac-

| I ters when the cuttings were dipped in charcoal paste prior to planting.
Pit method

I Bamboo method of Rapid multiplication
Pit meth i ilizi
oped st I(ig }{01;; pr(i)tpz%a;nlg béack peppet 1}t1hzllng single nodes of field grown vines was devel-
odes having 3_1% - le)lil )t(h 5 thm dlI'.IleHSIOI-l is to be prepared under a cool shaded area. Single
e to be pimted o tgh w1b thelr. leaf mtac‘:t taken from runner shoots of field grow;n vh%es
111 proportion oo 3 Sh); u;:{n; aaglf with a potting mixture having soil, sand and cow dung in
of plintine. Aot s e taken to keep the leaf axil above the potting mixture at the time
chould b around hﬂp )'zhene bags can be accommodated in a pit of above size. Then the pit
oy with rose oo W%thig t\;f;t polythene sheeF. Cutt.ings should be watered at least five timesp a
' Wateting may. oo oo et:hweeks, the cu!;tmgs will start producing roots. When rooting starts
nerging o the o Z ree to fo_ur. tlme:s a day. After one month, healthy shoots star;
23 S that the cutts. w'lﬁ t this stage it is advisable to keep the pit open for about one hour per
Sonths o tonting. ¢ fe Clt 'not suffer from any shock when they are taken out of pit. After tl\:;vo
nd may by wa[eréd t cu tl'ng can be taken from the pit and they can be kept in a shaded pl
wice in a day. These cuttings will be ready for field planting after szili

In order to mect the large scale demand, a rapid multiplication method was developed and popu-
larized and first demonstrated by Bavappa and Gurusinghe (1978), and later modified by Sivaraman,
(1988). The cuttings from primary vines and runners had almost similar rooting ability. Single
node cuttings taken from ground runners are multiplicd under bamboo method would produce
more cuttings for commercial planting. A suitable leveled arca having good drainage is needed
for rapid multiplication. Overhead shade may be provided by using 50 per cent shade net or with
coconut leaves. The semi-permanent shed size may be 24 x 6 m (or suitable size). Four trenches
of 30 cm wide, 45 cm deep and of convenient length may be taken. Trenches are filled with soil,
sand and farmyard manure in 1:1:1 proportion. Bamboo poles of 8-10 cm diameter are selected
and cut into 1.25-1.50 m long pieces and split into halves keeping the septa intact. Coal tar is
smeared to prolong the life of bamboo splits. The split bamboos are arranged at an angle of 45°
alternatively either side on straight wooden poles or strong supports fixed on small supports from
ground and tied each other with coir rope at the free end. Rooted cuitings are planied in the _'_'I'lother 2.5 months. By this method, 80
trench, one for each bamboo split. As the cuttings start growing, bamboo should be filled with imple, cheap and quick Cuttings Sm; re;g; tIz)eE)lcertlt‘sut(;lce?fS fctl)uld be obtained. This method is
g ant in the fields after about 4-4 2 months com-

rooting mixture composed of farmyard manure, cOir dust and sand in equal proportion. Each : ared to six months in bamboo method )
tender node is carefully tied to the bamboo using banana fibre, so that every node is in contact : 1 od and well suited to small and marginal farmers. Since

ingle node is used i

; sed instead of three nodes i :

with the rooting medium. For rapid growth daily irrigation through rose can 1s essential. Nutrient ¢ produced from uni odes in conventional method, more number of cutti

. s nit length of runner. Pit ) , er of cutfings can
. method is not common
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Bed method

Tn this method, raised beds with height of 10 to 15 ¢m, 1.5 to 2.0 m width and convenient length
d vermicompost at 3:1 ratio) under protected

can be made in suitable medivm (coir compost an

polyhouse (Anandaraj et al., 2014). The bed has to be treated with bio-control agents like Tricho-
derma spp. The cuttings are planted onc side (width side) of the bed and vines are allowed to
creep on the bed so that each node strikes root and when it reaches the end of the bed, entire strip
is harvested and each node with a leaf and root are separated individually and planted in protray
or ploy bags for further establishment. The separation of each node could be done when the entire
vine is trailing on the bed. After a week when the bud is activated, it can be taken out and planted

in protrays.
Vertical column method

The continuous demand for quality planting material created a novel idea of producing orthotrope
on vertical 2m column having one foot diameter made with half an inch plastic coated welded
wire mesh filled with composted pasteurized coco peat and vermicompost @ 3:1 ratio fortified
with bio-control agent T. harzianum in hi-tech poly house of fan and pad system with temperature
of 25 to 28°C and relative humidity 75 to 80 per cent. Eight fo ten cuttings can be planted around
each vertical column. The cuitings are allowed to trail on the column and it takes four to five
months to reach the top and produce more than 20 nodes. Each vine invariably produce laterals
¢ branches) within four to five months time at 12%to15" node, whereas, vines allowed

(plagiotropi
to grow horizontally on the bed with same medium also produce similar number of nodes but will

not produce plagiotropic branch. The advantage of vertical column method is that three types of
cuttings f.e., normal single node cuttings, top shoots with lateral branch and laterals (plagiotropes)

for making bush pepper can be produced (Anandaraj et al., 2014).

Trellis method of Rapid multiplication

Comparatively o_p_en areas are good for this method. Take trenches of 30 cm width and 50cm
depth and fill with dried and powdered farm yard manure and top soil. Plant rooted cuttings at
closer spacing. Irrigate regularly. After the cu
vines on wire trellis erected at 45-50° slope. As they grow further, tie the vines to the trellis. Vines
planted in June will grow to a length of 2m by February by which time they can be cut retaining
3-4 nodes. The vines will again sprout and continue to give cuttings. The vines thus obtained are
cut into 2-3 noded pieces and kept for rooting (Sujatha and Nybe, 2012).

Bush pepper

Bush pepper is becoming popular now a days in homestead farming and urban horticulture.
Scarcity of labour for harvesting is another factor which has prompted farmers to go for intercrop-
ping of coconut and other perennial plantation crops with bush pepper. Lateral branches are used
for bush pepper production. One year old laterals with 4-5 nodes are planted in poly bags filled
with potting mixture and kept in mist chamber for rooting. Leaf blades on the cuttings are half cut
before planting. Rooting is slow in bush pepper, which may take 2-3 months after which the
cuttings are shifted from mist chamber to shade net house. After onc month they can be used for
planting. Bush pepper can also be made by grafting lateral shoots on P colubrinum. Bush pepper
starts yielding from first year onwards. When grown in the field as inter crop in coconut, spacing
of 2m x 2m is to be provided which will accommodate 2500 plants/ha. Studies at Kerala Agricul-
tural University has shown that varieties P 2, P 5 and Pournami are good yielders as bush pepper

in coconut plantation (Sujatha and Nybe, 2012).

ttings are established, give NPK@10:5:5. Trail the -
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Grafting

In areas i : .
ot an\;ﬁ’h}:ls‘t; atmhcrer ;;t wate; logglng and incidence of foot rot (Phytophthora capsici) as in
marshy species res,is%anti 0; o rO-OtStOCk has been recommended. P colubrinum is a
the resultant graft is f Od hytophthora capsici. When P. nigrum is grafted on to P colubrinum
plant will also be vigo(sgﬂs gg ?’Scjflj;;;}}; ; nilytgpéz;?;;a. infection through roots. The growth of
. . : . L rinum cuttings are rai i
fflii;ma?ltg ;‘;fs:;tlélgs fa;l/be used as rootstocks for grafting. Sciongis taken EZ?nlieﬁgﬁig:azEd
per cent. After twoymc c Lwedge method with slight modification. Success of grafting is 90—9§
planted directly in the ?‘n tlds’ grafts can be planted in the main field. P colubrinum can also be
rent of the bearing o lle anId grafting done in situ on two to three shoots to get faster develop-
compensato of evei 0 Lgnn f anyone of the grafted shoots are damaged, the other shoots will
used for making bushgra ng ;:an I?e done on fresh shoots. The same grafting technique can be
growing grafted peppefeggricuzzrglel?np;:;l tlnglas well as for poly house cultivation. Farmers are
: grafted black pepper plantations inyKeralacgi\?iggtzzzgs}’lirtl?,l{diamataka' There are 10-15 year old

In Brazil, there are reports th i i
P at the resistant grafts died after 4" year (Alconeroet al., 1972) and in

i Sarawak, Malaysia, ‘Kutching’ i
y , g ’ g’ grafted to resistant ¢  di .
; ing stage (Purseglove et al., 1981). istant ‘Balancotta’ did not survive beyond the fruit-

Plant protection measures in the nursery

Maintenan ; : .

healthy aniledgie};zzltge?d hfhglene- is of at most importance in black pepper fursery. Select only

mother vines ao mof Vimrsn?nfertvglneé .for 5:011ec{t10n of runners and laterals. Make sure that the

{0 2 great oxtent. Provision fec e(i irus 1pdeX1ng before starting nursery can eliminate viruses

o o B . of goo ventilation, adequate sunlight and drainage in the nu .
p importance as the activities are concentrated in the rainy season e

Solarisati il i

derma haigizrfz;r?: lall?dﬂll?e S};J mmer months followed by enriching the potting mixture with Tricho-

todes. The nurser shoulzcboma chlamydospora can take care of the soil born fungi and nema-

vals as 2 proph la\)i:ti ¢ sprayed with 2 per cent Pseudomonas fluorescence at weekly inter-

be given if reqiire dc g:) casure. One or R foliar applications of 1 per cent Bordeaux mixture can

of mnlos gt e .b Pper oxy chlonde at 0.02 per cent may be used alternatively. Infestatio
caly bugs are sometimes noticed in the nursery. Foliar application of Quinalphog

0 .05% will control these in
sects. i ici i i i
coray 019 Mosos s. If magnesium deficiency is noticed as interveinal chlorosis,

Micro propagation

Micro propagation protocol has been st i i
indireey : andardized in black pepper . Techniques i
.explantso‘;geizof%;r;e?: hgve been standardized (Shylaja and Nair,ZOOO)).Shoci)t tipfognglfaircg lilzg
resalied in apeodio ?bﬁ }lhe best explants for in vifro culture. MS medium with 10 ppm BA
ontaining Spom NA;:;, aA Lsu ment of cultures. Bettt'er rooting was observed in Knudson medium
rrent of plaiers AW 1‘(ture Qf INAY \iermlculite and sand was found good for establish-
er sterilizing with 0.1% emisan. The TC derived black pepper plants success-

fully established in i i
. the field with more than 80 i i
was reported from saiie Cultures_(ghylajaflggg .survwal. High amount of somaclonal variation

NUTMEG

tmeg (Myristi )
‘a Hlajof ail ;Ctlll ij‘;rgzgr;:;i Houtt..) yields two spices viz., nut and mace. Among the tree spices
unerative spice crop. In Indi i . . ’
parts . P ndia, nutmeg is mostl
of Karnataka, Tamil Nadu, Maharashtra, Andaman and Nicobar Y cultivated fn Kerala
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Nutmeg is an evergreen tree with dense foliage. It is usually dioecious, though occasionally maie
and female flowers are found on the same tree. Nutmeg being a strictly cross pollinated crop,
plants differ in growth, vigour and yield. The height, spread, number of secondary branches,
crown volume and crown surface arca revealed the variability in nutmeg fruit yield positively
(Haldankar ef al., 2004). Miniraj et al. (2014) have reported considerable variation among the
genotypes with respect to growth and production in the nutmeg growing tracts of Kerala. Further,
they also observed that, the range of fruit weight from 69.75 g t0107.92 g, seed weight from 11.0
g to 15.0 g and mace weight from 2.13 g to 4.68 g under Kerala conditions. Since nutmeg and

mace are of economical importance, elite trees possessing both these economic traits would help
in increasing the productivity to a great extent.

Propagation

Nutmeg can be propagated by seeds as well as vegetative means. The percentage of success in

the vegetaiive methods of propagation is between 38 to 80 per cent.

Propagation by seeds

The first step is to select high yielding female trees. A female tree in the age of 15-20 years
| weight of above 10 g and single dry

yielding above 3000 fruits per year with a single dry kerne
mace weight of 2 g can be considered as an elite tree. The seeds are collected from such regular
bearing and high yielding trees during the peak period of fruit bearing (Flach, 1966).Tree split
fruits are collected and seed separated from the fruit and mace. Seeds are to be sown immediately
after extraction as the germination falls when sown three days after extraction. They can be pre-
served in moist sand or moss for 3-7 days in poly bags or other containers having suitable rooting

medium (Madhusudhanan and Babu,1994; Gunasekaran ef al., 2000).

Small and immature seeds have low germination (Shanugavelu and Rao, 1977). Seeds may be
sown in nursery beds, baskets, ploythene bags of other containers having suitable rooting me-
dium (Krishnamoorthy, 1987). Seed germination will begin after about four weeks and maximum
germination could be seen between 50 to 80 days (Kannan, 1971a). A higher percentage of
germination was observed in nuts collected from female trees growing nearer o male trees (Perrl,

1938).

¢ acid recorded 75 per cent germination (KAU, 2001}

while, seed treatment with thiourea recorded 88.28 per cent germination (Haldankar et al., 2007).
Maharashtra, higher germination percent-

In a study on germination of nutmeg seeds at Dapoli,

age was recorded in seeds sown in rice bran (82.3%) followed by sand (82%) and sand+iice bran
(81.7%). Same medinm also recorded minimum time for the first emergence. In rice bran, sand-+rice
bran and sand, emergence started at 21.17 days, 28.10 days and 28.50 days respectively {Khandekar
et al., 2006). Abirami et al. (2010) studied seed germination and seedling growth in nutmeg using
the different media. The potiing mixture, soil: sand: coir dust: vermicompost in a ratio of 1:1:1:1
gave better results and also, that supports seed germination and seedling growth in nutmeg. Sprouted
seeds are transplanted immediately to polythene bags since delay may cause damage to root
system (Krishnamoorthy, 1987); they are potted and allowed to remain in the pots for about 12 to

18 months prior to planting in the main field.

genotypes for germination (Haldankar et al., 2005).The vatia-

Variation exists among the nutmeg
tions recorded for germination percentage, period required for germination and seedling growth

parameters were significant. The selection traits of nutmeg genotypes at seedling stage on the
basis of vigour of number, length and breadth of leaves, collar thickness and petiole length would

help to identify genotypes for propagation .

Seeds treated with 200 ppm gibberelli
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Seed nursery

Miniraj ef al. (2012) have given the seed nurs i

o e . ery techniques to be followed in n

shac 3{ Applyofﬁ zﬁrzzrgc.mi{alseg nursery beds of about one meter width and c:onveilllit:;fgl.m;g el:llfcé .

e sen. APpY well feo abitzez anddpowdgred cattle manure and sand and mix well with tl%e soirle

S oo hat oW about 01;1‘ eep with the flat portion facing down. Cover thinly with sanci

60-50 dags. At ihe neédle g? e daily, seeds sprgut in 45 days and germination may extend up t

bags fillod arith potti mis ?ge (before unfurling of leaves) the sprouts are transferred to polo

nting m the o figld X lflre. The grown up seedling at appropriate stage can be usedpf d
eld or for vegetative propagation. The seedlings will segregate into ma(I);

" Vegetative propagation

;

it also helps in the multiplicati i
plication of super
become popular now a days. perior types. For these reasons, clonal propagation has

Cuttings

g g' I

y

.Air layering

In New Guinea, about 60 i
( ) per cent rooting was re d in a peri i
layers s ut | . ting ported in a period of six th
repomedl ; tol sustain in the filed (Deinum, 1949). A very low rate of succemonf S5 et pomt
y Nichols and Cruickshank (1964) in Grenada ' e 0F B per cent was

Budding

Budding is the m. ;
 Fragrans haveogisgi?:; Il’cneﬂ;Od O_f vegetative propagation in nutmeg. Rootstocks other than
cdano wore e o oo korf udding in nutmeg. M. beddomei, M. malabarica and M. su
uccedunea (Postms. 1955 3& s for M. fragrans and a success of 26 per cent was obtained ;)n A;’_
o Korala with vary,i 0s i .re . frc;gmnce, M. beddomei and M. malabarica are used as rootstocks‘
low the bud wan hfer esst of success. Budded plants on M. beddomei exhibit enlargement
tjl?}(fjlthater siress and heavy Wisg:s.th Eeie;ei}flg;glh the.wild rootstocks possess capacity to with-
ence : 3 ance 18 not uniforml i i
tmog (Miﬁf;:}li rt%rlc;uolliural University recommends M. fmgmm)f ags0 Eeazdc:gezgtt 1t0 Cilons
. 4). In a study at TISR, Kozhikode, M. malabarica exhibites S:latfx(')fr;

france to water str
: _ ess and M. fra '
ceptlble(KnShnamurthy ot é‘) grans and Gnrema canerica appeared as drought
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Nursery budding

Both patch budding and forket budding are commercially adopted in nursery budding of nutmeg.
Budding is done at the green as well as brown stage of the bud stick. Beena (1994) has reported
maximum success of 66.66 per cent with forket budding on M. fragrans and M. peddomei rootstocks
during the month of December. In another study, both brown and green patch budding gave high
success percentage on various rootstocks. Maximum success was for green budding on M.

beddomei (T0%) followed by brown budding on M. beddomei (60%) (Lissamma et al., 2012).

The technique of budding standardized at Kerala Agricultural University is as follows: Healthy
seedlings of 8 months to two ycars can be used for budding. Take straight shoot bud sticks from
elite mother trees; scparate the bud carefully without any bruises. Remove carefully a slightly

m the rootstock and do the budding. Both the rootstock and scion should

larger patch of skin fro
be in the active growing stage and the budding is to be done immediately after the separation of

the bud wood. Bud wood taken from the apical region of the tree will be more vigorous (Miniraj
et al., 2012).In the case of green budding, the leaf supporting the bud can be retained on the bud
patch for easiness in the budding process. The bud union is fastened with polythene ribbon and

der good care and management. SUCCESS of bud union can be

the plants are kept under shade un
ascertained after 45 days after which the rootstock is bended down above the bud union for
ut above the bud union. The

facilitating early bud sprouting. After sprouting, the rootstock is ¢
sprouts after reaching single tier stage are ready for field planting. Best season for budding in

Kerala is July to September. In summer the success is below 25%.

Field budding

In situ budding standardized by Kerala Agricultural University, is now being followed by nutmeg
farmers, to solve the problem of dioecy and the long juvenile phase. Forket method of budding is
done on brown trunk above the first whorl of branches (Beena, 1994) on 2-5 year old seedlings in
the field. Best season for in sifu budding is July with about 30 to 50 per cent success. Budding on
brown trunk could be done with maximum success in three year old plants followed by four year

er cent of sprouting reduced. Sprouting percentage was maxi-

old ones. As the age advances, p
mum in 3 to 5 years aged plants. Field budded plants grow fast primarily because of their well

developed root systei. Tt has also been observed that retaining a branch of the rootstock (which
happens to be male plants) for production of male flowers is good for improving the fruit set.

Grafting

Various grafting techniques like approach grafting, soft wood grafting and epicotyl grafting are

successful in nutmeg.

Epicotyl grafting

g is the most widely adopted propagation technique in nutmeg (Mathew and Jo-
seph, 1982). Epicotyl grating is being done on M. fragrans (Krishnamoorthy and Mathew, 1985)
and also on wild species, M. beddomei and M. malabarica (Mathew and Joseph, 1982). However,
M. fragrans was found to be the most ideal rootstock. Though grafting could be carried out
during all the seasons, on M. fragrans, the best result of 80 per cent success was recorded during
the month of August in 20 to 30 days old seedlings (Krishnamoorthy and Mathew, 1985). Prior
defoliation is not a prerequisite for this technique in putmeg. Tt is essential to provide a cover of
polybag on scion stick especially in non rainy season, whereas it is not essential when high

humidity prevails (July). The location of scion stick did not influence the success of epicotyl

grafting. September was found to be the most favourable season for epicotyl grafting in nuimeg

(Haldankar ef al., 1999a).

Epicotyl gratin
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In Maharashtra, Karnatak: i
- ) a and in some parts of ;
tropic or side sho parts of Kerala, epicotyl grafts are i i
appearance. Speégls.trgllfis;ggi:ﬂsl ;r]t: slow growing during the iﬁitial Yearls)r;sscsr?llulilenlga Pllilgl?—
ould be required t ushy 1n

only advantage of t : 9 o get canopy development i

Operations I;go “;J hese grafts is the short stature which Facilitates e’asl)l-l:rl'lt in these grafts. The
. ever, on a commercial scale side grafts are not desir ybl vest and other cultural

able.

Seftwood grafting

Softwood grafting i iced i
: g is practiced in nutmeg in Mah
S ool e . ! g : arashtra. It was revealed
oy (50 . F({); ;cinﬁ:dti)gd grafting with maximum success (80 %) follcfwetclllaé ﬂ}e b
o T he grafﬁlngagrfd tt.o fully matured scion sticks of 4 to 6 mobrrltht,nzlc(l54 o
/ . Retention of one terminal i i -3 75 pos
ferr [tir . nal leaf
nt success, Prior defoliation of scion sticks, except the temliz:.l tll:zlfscflc?rna;s)?ccﬁsbr?ordii o
\ ud swelling was

advantageous and recorded 70
: per cent success. The retenti
influence the success of softwood grafting (Haldanka: :;lt:z(;n ;)ggl’;;‘, feaves on rootstocks did net

R ST s

- The success in softwood grafting differs a i

somotypes o st _ ccording to the scion variety. Th iati
Benorypes | Strolil : n;rglzgl;i 3?;;?11 al}d grqwth parameters was statistica.lfy sig?li;iiralzm'l{lhamong
it Taster producion o e € at10n. with leaf width. Maximum graft sprouting wa assor gl’aft
i eav;,s with less breadth and longer petiole (Haldankar e: al? SOZCIated
oo of grafts. Khandes conducted to understand the influence of rootstock e etfon
ekar et al. (2006) studied softwood grafting in nutmeg too?intille pte r‘tfor-
out best

time (IIIOIlth) for Sproutin ival h
g, surviva and growt] i W 1
Jlll}‘ and August months followed 1 g of grafts. Maximum sprouting as recorded in

Approach grafting

The approach grafts on n
utmeg can be prepared
take was recorded i prepared through out the year. High
mutmeg (M malabafir;al;oth, cultivated nutmeg (M. fragrans) rootstock (iO foe r;gn;i ge of gr:aft
rootstock (30 to 100%). The mortality after separation of thO) anfd wild
e grafts was

high as 30 per cent o i
n cultivated nutme
et al, g stock and 50 per ¢ .
» 1999b). In Kerala too, approach grafting is Prgcticzgtl;m n nutmeg stock (Hald

multiply their elite trees. y a few progressive farmers to

.I_froduction of orthotropic scions

Nutmeg tree exhibi
: ibits branch dimorphi
. straight growing orth ; tphism. The tree produces two different t -
hoots or the frﬁiﬁtrlg %trr;f 1; shoots or the vegetative shoots and the side gzé)\:rsjngf S{l oc?ts. Tl}e
hoots and very few numl:ereifThfhtree 1%f:ls a tendency to produce large number (;gf 1;1281_0';1?0;){0
hysical as well _ orthotropic shoots. Attempts to ind I plagiotropic
as chemical treatments h ' pts to induce orthotrops in nutmeg b
nt orthotropic shoots i i s have not yielded positive results, U oy 1 g by
o orhe is a major limiting factor in budd; results. Unavailability of suffi-
ted scion bank wil g factor in budding/grafting of nut isi
2). Rema ez al ‘EIZIJOZI;S:;;#Z&?’HSUPPW of straight shoot bud stifks yearrf:l:i'lc}{ ?;ng p closle
! . . iniraj et a
rafis, it was abse ied different measures to induce orthotropi ’
‘ , rved that the frequ : otropic shoots from plagiotro-
cumbersome, In certai quency of occurrence of orthotropi
: tain cases, producti - pic shoot was low and is
1c grafts of 7-10 + P ction of orthotropic shoots
: year old. As this phenom . i was observed from plagio-
converting the grafl architecture, P enon is rare, this cannot be a confirmatory method

working

fication of sex i th ai rmation
€X 1n the seedling st i i
ex of the troes og : g age in nutmeg is not possible with the avai i i
the tr n be identified only after 6-7 years when they start fKJ\::?ilr‘:gmg) anl(; -
v . Generally,
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male and female trees are produced in 1:1 ratio. Since one male tree is sufficient for every 10
female trees for pollination, the rest of the male trees available in the plantation can be made
productive by converting them to temale trees by top working. Top working can be done by
budding (Beena and Kurian, 1996) or by grafting (NRCS, 1990). The top worked trees yield from
the third year onwards. One or two branches of the female trees can also be top worked with male
scions so as to avoid planting of male trees. Unproductive female trees can also be made produc-
tive by top working. Trials on topping of male trees indicated that cutting the trees above the first
tier during August was found to be the best with regard to sprout productioﬁ and reducing the
time for sprouting. Successful graft union was obtained by wedge grafting during March with
scion shoots having mature leaf and full green stem and stock having two months growth (Rema

ef al., 2000; Rema et al., 2009).
Micropropagation

Micropropagation of nutmeg would be an ideal method for rapid propagation of male or female
trees. In vitro experiments are in progress at ISR, Calicut, Kerala Agricultural University,
Vellanikkara and Indian Cardamom Research Institute (JCRI), Myladumpara 10 develop proto-
cols for multiplication of nutmeg. Nutmeg is highly recalcitrant to tissue culture especially owing
to the heavy leaching of phenolics and literature on its in vitro propagation is scanty. Direct
somatic embryogenesis was achieved in leaf explants of juvenile plants and also from intact and
fragmented zygotic embryos in MS media with kinetin, 2,4-D, NAA and activated charcoal 0.3-
0.5% (lyer et al., 2000; Iyer, 2007; Iyer et al., 2009). AM medium at half strength of major
nutrients and full strength of micronutrients with a hormonal combination of BAPNAA and 2,4,D
at 1mg/l and 0.5 mg/l respectively was found to the best for initial culture establishment of seed-
ling explants. Phloroglucinal (40mg/l) in combination with IBA (2mg/!) gave superior results in
the induction of roots in established shoot tip cultures (KAU, 2001). Micro grafting using in vitro
produced shoots as scion and two month old invitro ot invivo seedling as root stock was found

successful in nutmeg (KAU, 2001).
3. CINNAMON

Cinnamon (Cinnamomum Verum Bercht. & Presl.) is the oldest known spice by man. It is also
known as ‘Ceylon cinnamon’ or ‘true cinnamon’. The true cinnamon is a native of Sri Lanka and
was introduced in to India by the British in the 18" century. Sri Lanka produces the largest
quantity and the best quality of quills of true cinnamon. C. verum is a moderately sized, bushy,
evergreen tree growing up to 18 m tall, low branching, trunk stout up to 60 cm diameter; bark thin

pale brown, up 010 cm thick and strongly aromatic.

Cinnamon is a cross pollinated crop (Joseph, 1981) and wide variability has been observed in
yield (Ponnuswami et al., 1982; Krishnamoorthy e? al., 1992), quality of produce
(Krishnameoorthy et al., 1988), oil content (Krishnamoorthy et al., 1991; Paul and Sahoo, 1993)
and other morphological characters in the seedling progenies (Krishnamoorthy e? al., 1992).

Being a cross pollinated crop, vegetative propagation is necessary for producing homozygous

‘high yielding population and for propagation of elite lines. Cinnamon could be propagated casily

through cuttings and layering. No other conventional method of vegetative propagation has been
reporied in cinnamon.

Propagation

Cipnamon can be propagated from seeds and cuttings of young three leaved shoots. However,
propagation by seeds is easier and is the most common practice even though it is not advisable

due to the heterozygous nature of the free.
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Ripe seeds ar§ collected from mother plants with desired characteristics such as:
1. Erect stem with smooth bark |
2. Vigorous growth
3. Ease of peeling the stem bark

4. Resistance towards pests and diseases

( ) .

Propagation by seeds

Common method of cinnamon ion i
_ ) . propagatio
] from ripe fruits from the selected rrl:otgher t?e:zss txl;i.lil fllés'sei)dls (Jlfseph, 50 Seeds are extracted
ol ! ‘ ‘Tmott irable characters. Seed i i-
afli ﬁej(fi B;f:ﬁ; (;ollf?ctlon, otherwise viability gets reduced. Seeds are sown in nur:e?)rfebi?lv:?);medl
1967 obut IIII;::lxttlllqre of s:fmd, cattle manure and soil in the ratio 2:2:1. Kannan and Balakrlin hpOtS
Loen ovune A; mfszImum germination percentage (94) by sowing seeds on the thirtsi (Iilan
e germinati- . ht?r days, the‘re was complete loss of viability. Under normal conditi o
ool &t .w1t in 20 days (Krishnamoorthy and Rema, 1988). Seeds may be sown i e
O v tha?%fltylrzon;rserytbeqlsl an covered with thin layer of soil. Radhakrishnan (?919“2)1.00‘1,‘;S
ugust will be the best time for sowi A
should be provided durin wing. Beds may be watered and shad
g early stages, From beds, seedli ags
when th ' , seedlings are transplanted to

farmn a:g 1f]ll":::rsu:hed the height of 15 cm. Polythene bags of 30 cm x lg cm size f?ﬁ?{ilth\zﬁ; bags
y anure and sand (3:3:1) are used (Krishnamoorthy and Rema, 1988) th sotl

AT

SRR I

Vegetative propagation

Cutting

As the ¢ iti
o przzﬂciriggfses g?hgndant adventitious roots, single nodded cuttings with 1 or 2 leaves
cohsnood by e oat (\}1 in 4:1(1) days under humid conditions (CPCRI, 1985). Rooting can be
i Tan o oo e of Brow fregl'ﬂators. Rem.a and Krishnamoorthy (1993) reported that IBA
Scces, respectivellap Sv;ere e fectnfe for rooting of terminal shoots with 73 and 65 per cent
rooting wherces har)é. 0 (;:wooc‘l cuttings treaFed with NAA 500 ppm resulted in 22.5 per cent
Ve e lggl)w?[(;l cuttl.ngs treated with IBA 2500 ppm resulted in 45 per cent rootin
oletad cuttings.,Etiolat’d e rooting could .be further increased by hormonal treatment of the eti(bi
1990). Wit \.;ariabﬂi cutt.mgs'treated Wlﬂ'l TAA 200 ppm resulted in 82 per cent success (NRCS
Krishmamoorihy 1993)y \P}m‘sts. in .the rogtmg response of various cinnamon lines {(Rema an(i
- ould e aSSOCi;ted Wi.th ?Irllatlon in rooting during different seasons and among different lines
irogen, carbotcuate, N e ‘endogenous level of auxins, reducing and non reducing sugars
L (2000) founs 50 , C:N ratio, Phenols, etc (Purushotham et al,, 1986; TISR, 1996). Nageswari :
per cent rooting when hard and semi-hard wood cuttings were trefted \irrilslr

AA 100 p -
; pm, while Ananthan and C i
tings with NAA at 2500 pprm. nd Chezhiyan (2002) reported 82.6% rooting of hard wood

\ir layering

mi-hardw i i
Remaoa?ﬂj[ cglt;rlllg was found to be 1c.1ea1 for air layering in cinnamon (Ranaware ef al
namoorthy, 1993). Air layering of cinnamon using gallic acid (100 ppmj,
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¢ cent rooting (Banergee ef al., 1982). Rooting can also be

a phepolic compound, resulted in 80 pe
obtained in non girdled shoots treated with NAA 2500 ppm or in combination with IBA 100 ppm

(Bhat et al., 1989). Application of IBA 3000 ppm resulted in 70 per cent rooting in semi hard-
wood cuttings (NRCS, 1990). Girdling enhances physiological activity which is manifested by
increased starch and IAA in the girdled region (Poll ef al., 1991).Various rooting material can be

used for layering depending upon their availability and capacity to retain moisture. Evaluation of
was ideal (89 % SUCCESS)

different rooting media for layering indicated that sphagnum moss
followed by soil (Ranaware et al., 1994). Seasonal variation was also observed in rooting, of air
layers. A rooting of 68 per cent was observed in July followed by 65 per cent in June in Maharashtra
with no rooting duting January and February (Ranaware et al., 1995). Air layers treated with TBA
250 ppm registered 90 per cent rooting in the month of August (KAU, 2001). Rooting medium
sphagnum moss was found better than sand and saw dust in equal proportions. According to
Ananthan and Chezhiyan (2002a), IBA 4000 ppm registered magimum percentage of rooting

and survival of cinnamon layers.

4. CAMBODGE (MALABAR TAMARIND)

The dried fruit rind of cambodge or Malabar tamarind (Garcinia gummigutic) is hard and dark

brown in cotour. It is rich in acids and possesses marked antiseptic properties. The principle acid
in the fruits of Malabar tamarind is identified as (-) hydroxy! citric acid 51 to 55 per cent. Cambodge
ized tree with round, hemispherical, copical or pyramidal crown with

is a small to medium 8 i
thorizontal or drooping branches which are orthotropic and plagiotropic. The tree is dioecious
ated through seeds; seeds of

exhibiting male and bisexual types. Cambodge 18 commonly propag
cambodge are dormant and take a long time for germination.

Seed propagation

The seeds of cambodge of Malabar tamarind are recalcitrant and.loose viability fast. They do not
ed. This necessitates the collection of fresh seeds for immediate sowing. The
fruits of Malabar tamarind ripe in June- July during the monsoon season, when seeds can be
collected from the fruits. Collected seeds are washed and spread on a floor under a roof for 20
days and sown afterwards in bags (2 seeds/bag) ot in beds. This is. done in the months of August-
September. The best way to keep seeds viable is to keep them in moist sand under shade and may
be kept intact upto one year. Natural regeneration 18 quite common along the river banks because
the seeds get protected by moist soil conditions. The seed remain dormant for about 8 to 9 months
and take 10 months for germinatjon. Seeds sown with seed coat intact and removal of seed coat is
the best method compared t0 chemicals to get enhanced germination in 7.3 months time (Sara ef
al., 2000). The author further reported good germination with GA, and 10 to 20 per cent poly-
embryony but advised sowing in beds and transplanting at 2 leaf stage to avoid tap root injury.Seed
dormancy is a major problem in cambodge. Joseph et al. (2007) reported that soaking cambodge

seeds in hydrogen peroxide (30%) for 30 minutes was effective in breaking the dormancy.

germinate once dri

The following seed treatments are recommended by Kerala Agricultural University for ensuring

good seed germination.

1. Remove seed coat without injury to cotyledon and sow 3 cm deep. Germination starts in
20 to 25 days. _

2. Remove seed coat, soak in GA, (250 ppm) for 6 min, as well as soak in macozeb (4 g/
litre) for 2 min and sow in bags, water daily, germination starts in 16 to 20 days.

3. Transfer seeds to a 2025 cm size poly bag with 30-50 ml water. Tie the bag tight with
ajr using rubber band. Keep for germination for 10 to 12 days. Sow germinated seeds in
bags or beds. One bag will hold about 500 to 750 seeds.
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t L

nga\x:;o; g;%f(t}l(;lg is found best for propagation of Malabar tamarind (Haldankar et al., 1993;

e .t,,e usegul:hfoug;)' the use of root.suckers has been suggested (Shinde et al. ZOOiS Bu31;

B e otapic Shoo(t);: ar1gh derflrsuy féantlng and back yard planting in kitchen garde,n To a‘chieffe
, ic § jsing from the main stem (Sara ef al arisi

the base of yielding tree may be used (Shinde et a(l., 200"31;’ » 2000) ox oot suckers wising from

In Malabar tamarind, June to October i i
. , er is the best time for graft success coincidi i
1, Ju . oincid. i
gi:élzgi ;houfgl;sgraftmg is poss1.ble throughout the year (Sara et al., 2000) ’lihlrtéi ?c{)lt? e
ole 5ot Er: - cm length of light green colour was found to be the best '(Sara et al O;B(;g()mths
ing nor covering scions with poly covers had i o i
w any effect in graf i
s?ir:lllmer gont}lis unfler poly shed conditions (Mathew et al., 2004). It is fezc:nf;gfszde‘tien o
primary branches with whorled leaf arrangement, 6 to 10 cm long and leaves partly remov?aduSe
as

scion. The age of seedling suitable fi ing i .
2000). g e for grafting in Malabar tamarind is 12 month old (Sara et al.,

e TR T

Top worki ind i
P ng of Malabar tamarind 1s suggested to convert non-bearing trees in which the trees are

pruned in February- March and the newl i
. emer, i i
desired trees during rainy period (Sara et zl., 200%1;?’ shoots are clefl grafied with seions from

4. TAMARIND

Tamarind is a hardy tree;
; grows well under w jmati o -
countries. arm climatic conditions of tropical and subtropical

Tamarin : .

. Wastelan(il :fIIZS IZI‘; ageil:;a;? ;alﬁed on ro.ads1des, in backyards or on the bunds of the field and in

camarind plantation; . ;{)11 .as been in commercial demand since long time. At present, the
nated crop, it does mot mdui E"11; the country are mostly seed propagated. Being a cross p,olli-
fraits. This nocessitates t};]e o alrue: to type plants., resulting in variation in size and quality of
gation have been ¢ I Pf'Opagatlonl of elite trees. Various vegetative methods of propa-
the reported in tamarind and high yielding varieties are being distributed thp;ofgh

amarind i
: ZngSiql{sSigg::x:}alliyﬂ%ropagated through §eeds. It does not produce true to type, due to het-
o oiatod with tamv\;t;rsdare Cross Polhnated. Prolonged juvenile phase is one of the prob-
of supetior genotypes 1'11 propagation (Karle e{t al., 1997). Therefore, vegetative propaga-
wing (rees an to zé)sur 1st11116cessa}ry for shortening juvenile phase, production of uniformly
e e the quality c')f_ produce. Non conventional methods of propa atio
ques are also gaining momentum recently. M

d .
2d propagation

hould b e
o th:tfglzieiefrmmt high yielding tree in March- April month. The petioles that hold
10 avoid damage 1o thgf:u#tmi :nd the pods should, therefore, be removed by clipping in
ved from the palp ma alll (NAS, 1979). The pods should be dried in the sun and the seeds
nny bags or p manually. Seeds are washed and dried in the shade, stored in well- i
paper bags in a cool place. ’ well-ventt-
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The seeds are exalbuminous and consist of an outer hard brown testa. The seeds are normally

sown directly in sand and germination comMmences within 3 to 10 days. The young plant grows
best in porous soil in shade; very sensitive 0 frost. Generally, no pre treatment is found necessary
for germinating the seed. Some ef al. (1990) scarified seeds using 7 per cent H,So,, washed and

dried, and then stored in sealed containers for 52 weeks at 49C. The germination percentage after

20, 28 and 52 weeks was satisfactory, but showed little improvement over untreated seed (Some

et al., 1990). Seeds soaked in cow urine and cow dung solution increased germination
(Sankararayanan et al., 1994). At times the ends of the seeds are sliced off to enhance the germi-

nation.

DIRECTORATE OF ARECANUT AND Sp1cEs DEVELOPMENT

Germination is found to be maximum in heavy seeds than light seeds due to rich nutrient contents
in the former. Seedlings attain plantable size of 30 ¢m and above within three 0 four months.
Seedlings are raised in the nursery and are transferred to deep bamboo or other deep containers.

Two years old transplants are better than one year old.

The behaviour of tamarind seed is orthodox (Ridley, 1981; Hong et al., 1996). Fresh seeds retain
viability for at least six months when kept at ambient terperature in dry conditions. Under field
conditions, viability is more than a year when the seeds are well dried, mixed with sand and kept
in air tight containers. Seeds could be stored for several years in air tight packs at 10°C with 7 to

15 per cent moisture content (Hong ef al., 1996).

The germination of fresh or well preserved seed may vary from 65 to 75 per cent. In Malawi,
than 80 per cent germi-

seeds thoroughly cleaned and soaked in water overnight resulied in more
nation (Prins and Magehembe, 1994). -

The best medium for seed germination is sand or soil mixed with cow dung. Chattopadhyay and
Mohanta (1988) reported that seed germination could be encouraged by using cOw dung and
sand in the propagation medium. However, a nursery potting mixture coniaining three parts of
top soil, one part of sand -and one part of compost can be successfully used for germinating
tamarind seed. Seeds may be sown in deep polythene nursery bags in order to accommodate the

tap root without casing and distortion and abnormality.

Seedlings grow rapidly in the early stages and produce a long tap root which may attain 30 cm or

more within two months of germination (Troup, 1921).

Vegetative propagation

‘Tamarind can be propagated vegetatively by many methods. Proven methods include stem cut-
tings, air layeting, patch budding or grafting on to seedling rootstocks Vegetative propagation is
preferable to seed propagation as seed propagation does not produce true to type progenies.

Propagation by cuttings

The easiest and cheapest method of propagating tamarind is by stem cuttings. Although vegeta-
tive propagation through rooting of stem cuttings was teported 10 be unsuccessful by Mascarenshas
et al. (1987), a number of other reports have claimed an efficient response. Swaminath ef al.
(1990) developed an effective technique for propagation through mature stem cutting over middle

or basal cuttings for rooting of tamarind. In mature stem cutting, IBA at 1000 ppm was found to
enhance rooting in 10 to 15 days. Navaneetha et al. (1990) reported that semi hardwood cuttings
produced 19.6-per cent rooting followed by softwood cuttings (11.25 %) with 1000 ppm IBA
treatment and more than 48 per cent of them survived..

A technique using softwood terminal cuttings has been developed by Srivasuki et al., (1990).

Shoots bearing new flushes o

f fully turgid leaves are collected and immediately dipped for 10
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seconds in 1000 ppm of indole b i i
g utyric acid (IBA) and i :
were planted iculi : in 50 per cent
E n vermiculite/ perlite (1:1) and placed in a mist propagatois\?v}i)llt.}? p’/‘{)l folcé)(l)l poaoed
per cent

humidity. Use of IBA i
HUTUCILY. was found ¢ i :
itiation. 0 increase the rooting besides reducing the time taken for root

Soft or semi soft stem cutti
i ng (15 to 20 cm) excised
(Swaminath et al., 1 . cised from 1 to 2 years old b i
dippod in BA (1(’}00990) The cuttings are wrapped in moist cloth after removal Izgfr? ‘:}i P
ppm) and planted in a sand bed in a mist chamber. Buds and te ?rée "
. roots initiated

after 20 days, leaves are formed
’ after ab :
hardwood and hardwood cutings. out 45 days. Softwood cuttings are better than semi

Air layering

Air layering or gootee method of propagation i
A gation 1s successful in tamarin
mentl\I;rcl:llrz%(;i\:lf‘cgla0§119a925re§orted the positive influence of hormone ((Ij]éf,a;aii\etzzde;g; oot
e o anddoen ay 01. thavanici:ietha et al. (1991) used wet saw dust or coir fibre to co) tret?lt -
e iy it A r}; :dene_ lm'was wra'pped around the etiolation medium and tied Vell; :
e o numbér o rgn ;res.ctlﬁlatlon' m.edmm, saw dust proved superior to coir fiernROth
e o of the tatm oo 1{1 t'desbegmmng of the rainy season (mid-June to mid-July); io et
e tho gt oot tm1 - epterpber‘ to mid-October). Hanamashetti and Sulikeri’ (1;"9375t
the genotypes i st I;f e to air layering in tamarind. There was significant differenc )
tho genolypes In respect o ‘root parE}meters. The survival per cent of layers varied f 111 por
p nt. Significantly high survival of layers was observed in NTI 660 écl)m;l'l:l I;t;r
-60, 61, 31 an .

(

per cent in different varieties. '

Grafting

Approach grafting

\pproach grafting i i

' Ravin%i i nl’ngl!; 91; ga) reél:ﬁle method and up to 95 per cent success can be achieved (Swami

deal propagation metimd dagoudar a.nd Basavanneppa (1997) found approach grafti aminath

igher establishment rate. S ue to various advantages such as easiness, cost effegcti ng as an

y. Biradar (2001). Higher Pzasona:l IF fluence on success of approach grafting has bezgiess al;ng

88%) £ . r cent o graft success was recorded duri o oporte
e} followed by second fortnight of May (77.77%) and first lgﬁii;;io;? I\fT?)rvtmggt of fune
ember.

neer grafting

neer grafts are made 8 .

‘ . cm high on the r and i :

graft union. This method i ootstock and immediately after th i

ao, 1 n. This method is reported to give about 50 per cent J B e Sioek is cut above
, 1990). p success (Amin, 1978; Purushotham

ood grafting
ood grafting wa
g was shown to be the best grafting method in terms of successful union and
n

‘al rates (Nava
. ancetha ef al., 1990
tioned for 30 d - y ). The age of rootstock is im
avs _ portant for suc i
Y prior to grafting on to 6 and 9 months old rootstocks resu(;;sg -iicégnts p;;
0
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per cent success at 60 days. Grafting success has been attributed to the fact that rootstock of this
age confain a higher proportion of reducing sugars to total sugars than at other ages (Karale ef al.,
1997, Satisha et al., 1997). Karale et al. (1997) concluded that softwood grafting in March- April
on to & months old seedlings of 22 to 32 cm height and 0.3 t0 0.4 cm diameter was highly

successful. Similar results were also observed by Sathisha ef al. (1997).

Age and maturity of rootstock on success of softwood grafting has been reported by Biradar
(2001). Higher per cent of sprouting (93.33%) was recorded when grafting was done on sixX
months old rootstock followed by 5 months old rootstock (43.33%). Patil (2004) studied the age
of rootstock for softwood grafting. Higher per cent of success and survival was poticed in soft-
wood grafting done at the age of 7, 8 and 9 months old rootstocks.

Giri and Lenka (2007) standardized the suitable time for softwood grafting in tamarind. The
highest percentage of success was found in August (73.66%) followed by June (69.00%). Palande
et al. (2005) studied softwood grafting at monthly intervals under Rahuri, Maharashtra condi-
tions. Results revealed that maximum success and growth were obtained when grafting was con-

ducted in May-June and October using 8- t0 10-cm long scions.

In Thailand, a dwarf rootstock has been identified for tamarind based on morphological charac-
teristics, such as internode length and leaf area. These characters were correlated with the number
of stomata on the leaves. An attempt to reduce canopy size by intergenetic grafting on other
leguminous species has not been successful.

Cleft grafting

In green wood cleft grafting studies, Nachegowda (1997) found that grafting during May re-
corded maximum graft success (80%) followed by April (76.7%) and June (70%) and {east
success was in February month of grafting (26.7%). This technique can be very well adopted for
the large scale multiplication of tamarind clones. Shinde et al. (1997) claimed to have produced
thousands of using wedge grafting which were made available to the farmers.

Patch budding

Pathak et al. (1991) reported SuCCess in patch budding (96%) and modified ring budding (94%).
Singh and Singh (2007) studied patch budding and soft-wood grafting round the year to stan-
dardize method and time of propagation in tamarind. Among the two methods of propagation,
patch budding in the month of July-August and soft wood grafting in the month of April-May
may be adopted for multiplication of elite tamarind genotypes.

CONCLUSION

Perennial spice crops such as black pepper, nutmeg, cinnamon, camboge and tamarind can be
propagated by seeds as well as by vegetative methods. The best method suited to each crop and
reglon may be chosen depending on the muliiplication rate, cost effectiveness, gkilled labour
availability, uniformity in the field establishment, pre-bearing period, etC.,. Maintaining pest and
disease free mother gardens for collecting cuttings Of scion is important. Potting mixtare is impor-
tant for any nursery, the composition may vary with availability of components such as compost,
FYM, coirdust, soil, sand etc.,. Good media should free from pest and pathogen, support young
plants in nursery with adequate nutrients, moistare and anchor for good growth. Quality planting
material is very essential for successful establishment of plantations and accredited pursery would

ensure the quality. All those who involved both government and private in the value chain should
put carnest effort to produce and supply high quality material by using efficient production tech-

niques.
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