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FOREWORD

India is a traditional produccr, exporter and consumer of a variety of spices. The
oriental spices, which were traded from this subcontinent, have influenced the
world history, besides adding quality and flavour to the food consumed by mankind.
With a varicty of spices in its inventory, about one third of global demand of spices
is met by the Indian exports. In terms of value, spices exports from India have
grown US $ 133 million in 1990-91 to US $ 430.2 million in 2003-04. However,
the spice production and trade in the country is facing stiff challenges ever since
the globalisation of agricultural cconomy has come into vogue. High production
costs and declining cxports arc the problems of the day.

It is needless to say that ali-out efforts are needed to revive, sustain 2nd develop

anomy in the country, which supports a sizeable proportion of smafl

tarmers. The book titled is a guide in all respects, which throws light

and post harvest processing methods of several important spicces.

This book covers ten important spices crops excluding sced spices grown in
different parts of the country.

The book is presented in a popular and lueid style with appropriate regional
references. It is also a blend of practical insights of all processes and methods,
from the seed to the consumer, as well as vast amount of scientific knowledge
accumulated through more than two decades of rescarch by many pioneering
institutions. It will be of immense use to all practitioners in spice sector
including farmers, cxtension functionarics and academicians.

I take this opportunity to appreciate the editors, Dr. V. A. Parthasarathy,
Director, 1ISR and Dr. P. Rajeev for cxccllent editing. All the contributors
of this valuable reference guide have taken carnest cfforts to highlight a multi
disciplinary perspective of scientific publishing.
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SPICES RESEARCH AND DEVELOPMENT -
AN OVERVIEW

V.A. Parthasarathy, M. S. Madan

India is the land of spices. The flavour
and fragrance of Indian spices had a magic
spell in human civilization and culture since
very ancient days. In the middle ages taxes
and rents were frequently paid in pepper
and the term “pepper corn rent” was very
much in vogue in those days, as indicated
in the literature. Spices was also an icon
of love as Queen of Sheba chose spices to
express her love to King Solomon. The lure
for spices attracted the Greeks, Turks, Arabs,
Romans, Chinese and Europeans to India,
ultimately lcading to colonial rule. The British
colonial ruic came to its end in 1947 with
the Indian independence movement. The
spices trading history is thus entwined with
world history itself. Annals of history reveal
the importance of Indian spices growing at
a magnificent pace across the nations.
Indian spices have carved out a niche of its
own in the spices world, over lhe years.
There are 109 spices listed in the 1SO, the
international organization of standardization
(table 1).

India is the largest spice producer and
consumer of spices. Over the years, the world
trade in spices has made a quantum jump
to more than 4.5 million tonnes valued at
US $ 1, 500 million. India contributes to
about 45-50 per cent of the world demand
with a total area of around 2.5 million under
spices cultivation. India produces around
2.8 million tonnes of spices annually, of this
10 per cent of the total produce is exported
to over 150 countries. The USA, Europe,

Australia, Japan, Middle East and Oceanic
Countries are the major importers of Indian
spices.

'ndia has been a radilional producer,
consumer and exporter of spices. An esti-
mated quantity of more than 9.9 million
tonnes of spices and herbs valued at US$
20 billion are being traded globally every
year. With variety of spices in its inventory,
almost one third of the world demand is
being met by Indian exports. In terms of
value, spice exports from India has grown
from $133 million in 1990-91 to US$ 430.2
million in 1999-2000, registering an average
growth rate of more than 25% per annum.
Spice exports contributed about 19.37% of
the total export eamings of all agricultural
commeodities valued at Rs.7270.76 crores
(1997-98) and the unit valuc earned by spices
(Rs.61546/ton) is 3.6 times more than that
of other horticultural exports. In recent years
under the WTO regime, the country has to
face many challenges both in production
and export marketing of spices. India has
lost its monopoly supply to new entrants in
the world trade for spices. There is a falling
exports and increased imports of spices.
During 2000-2001, the export has shown a
decline of 3% in terms of quantity and 20%
in rupee value. In dollar terms the decline
is 2b%. The trend continued during the
post-QRs free trade period i.e. during 2001-
02. Exports declined by 12%, both in terms
of guantity and value. Our failures have
arisen mainly from poor marketing strategy,
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non-campetitive pricing and absence of
quick, flexible respanse to the changes in
the international market; i.e. absence of a
‘market ariented production’ strategy to
name some weaknesses of the Indian spice
industry. table -2 indicates the position of
India in international spice trade.

Production

Spices, being the low volume and high
value commercial crop, play an important
role in the agricultural economy of the
country. Almost all States in the country
produce one or other spice. The total value
of spices exported was about Rs.2200 crores
during the crop year 2002-03. About 8% of
total spices production in the country is
exported. Share of export in totat produc-
tion varied from mere 0.19% in cardamom
to 41.13% in chillies during 2002 - 03
(table 3).

Export

Spice export was consistently moving up
during the last one decade with an increase
of 210% in quantity and 622% in value. The
country commands 46% in global trade in
terms of quantity and 28% in terms of vaiue.
Export during 1999-2000 made an all time
record in terms of value. Compared to this
previous year, export has registered an in-
crease of six per cent in rupee value and
the increase was three per cent in terms of
dollar value. However during 2002-03, the
export has shown a decrease. In the total
spices export earnings during 2000-01,
pepper contributed about 46 per cent fol-
lowed by spice oils and oleoresins {15%)
and chilli (13%). The value added products
in the export basket constituted 37% of the
total event. During 2000-01, export of pep-
per, small cardamom and garlic registered

Major Spices - Production and Processing

a positive change hoth in terms of quantity
and value of exports as compared to pre-
vious year. In all other commodities there
was a negative growth both in terms of
guantity and value. In terms of quantity,
overall, there was a decrease of 9.75%
during 1999-2000. The decrease in guan-
tity was more pronounced in large carda-
mom (29.78%), ginger (-11.14%), turmeric
{11.70%), and curry powder {-16%). Unit
value realised was more pronounced in black
pepper {Rs, 205.46/kg), small cardamom
(Rs.501/kg), and oils and olecresins (Rs.
1010.49/kg). Overall export realisation was
only 96% of the target fixed for 1999-2000
in quantity and 106 % in rupee and 105%
in dollar terms of value. Export target of
spices for the year 1999-2000 was 2.178
lakh tonnes valued Rs. 1780 crores (US $
408.4 miilion). Targeted growth rate was
6% in rupees terms and 3.5% in doliar terms
for the period. During eighties, except black
pepper, all other commodities have regis-
tered a negative growth rate in volume
exported. But oils, oleoresing and the value
added spice products’ export achieved the
maximum growth rate of 42.93% in volume
and 25.91% in value terms. Overall, there
was a negative growth rate of 3,6 recorded
for total spices during the period between
1978-79 to 1987-88. During the period
from 1988-89 to 1997-98, except in car-
damom (small), exports of all other com-
modities achieved a positive growth rate
both in volume and value terms. Chilli and
ginger performed well. Unit price rise was
more for pepper than for alt other commodi-
ties exported. During this decade almost
all the crops have recorded a positive growth
rate in terms of value because of the con-
tinued rising trend in prices.
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Qver the twenty years period (1978-79
to 1997-98), on an average around 5.77%
and 13.27% growth rate was estimated for
spices export both in volume and in value
terms. There was a better performance by
‘hot spices’ like pepper, chilli and ginger
apart from oils and oleoresin export.

Over the years, India's share of world
spices market has not appreciated much as
it shouid be and its monopoly as a supplier
of spices is threatened by countries like
China, Brazil, Vietnam, Pakistan, Egypt, Tur-
key and other African and Caribbean coun-
tries. India also faces shortage of ex-
portable surplus because our domestic
demand for spices is admittedly high result-
ing in supply fluctuations. Sharp fluctuations
in the quantum and value of exports and in
the unit value realization have character-
ized the spices trade in recent years. The
problem is further made complex due to
low productivity of spice crops resulting in
Indian spices priced high, rendering them
uncompetitive in the international markets.

Under the influence of WTO regime there
is a fall in exports of many spices from India.
Spices export during the post-QRs free trade
period, i.e. during April-March, 2001-02,
decline in export was 12%, both in terms
of guantity and rupee value, It is notewor-
thy that during the last three years, import
of spices has increased considerably
whereas, export from india has declined
quantitywise during this period even though
there was a growth in earnings. During 1997-
98 the qguantity exported was 240863
MT,and the figure came down 1o 230000
MT in 2000-0C1.

3

New Developments
Opportunities:

and Emerging

There are some positive developments
world over promoting the growth of the
spice industry, which needs immediate con-
sideration as given below:

# Increasing awareness about the
naturality of spices and its substitution
for synthetic colouring and flavouring
agents.

@ Emergence of ‘nature food’, 'yogic
faood’, ‘organic food’, and emphasis on
‘back to nature’.

# Increase in use of spice oils, oleores-
ins, pigments and flavourants etc.

# Increasing demand for spicy ethnic food
items from countries like India, China,
Mexico etc.

# The multinational food chains have
spread ali over the world, and are
changing the taste of the world through
their spicy menus.

€ The long established health claims for
spices and herbs in countries of origin
are being accepted by consumers in
the West - Eg:- products based on
garlic, turmeric as well as cloves, car-
damom etc.

# There is a ‘hot trend’ in spice consump-
tion world over; i.e. an increased con-
sumption of hot spices like pepper, gin-
ger, chillies etc. Demand for organic
spices is increasing in developed coun-
tries.

# The prevailing trend for convenient foods
and that too highly flavored, signaling
the enormous potential for increased



use of spices.

An increased demand for spice oils and
oleoresins and spices in other firms,
such as encapsulated spices, in recent

Table 1. 1SQ list of plant spices
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years.

In the European market there is a shift
towards ready mixes like curry pastes,
ketchups and sauces which reduced the

intake of curry powder.

Botanical name of the plantFamily

Common name

Name of plant part

used as spices

oo W

10.

11.
12
13.
14,

15.
16.
17.

18.
19.

20.
21

Acorus calamus Araceae
Aframomum angustifolium Zingiberaceae
Aframomum hanburyi Zingiberaceae
Aframomum koranima Zingiberaceae
Aframomum melegueta Zingiberaceae
Allium ascalonicum Lilaceae
Allium cepa Lilaceae
Allium cepa var. Liliaceae
aggregatum b

Alttum tuberosum Liliaceae
Allium fistulosum Liliaceae
Allium porrum Liliaceae
Allium sativum Liliaceaee
Allium schoenoprasum Liliaceae

Alpinia galanga

Alpinia officinarum

Zingiberaceae

Zingiberaceae

Amomum aromaticum Zingiberaceae
Amomum kepulaga Zingiberaceae
Amomum Kkrervanh Zingiberaceae

Amomum subulatum

Amomum

tsao-ko

Anethum graveolens

Zingiberaceae

Zingiberaceae
Apiaceae
{Umbelliferae}

Sweel flag, myrile flag
calamus, flag root

Madagascar cardamom
Cameroon cardamom
Korarima cardamom
Grain of paradise. Guinea
grains

Shallot

Onion

Potato onion

Indian leek, Chinese chive
Stony leek, Welsh onion,
Japanese bunching onion
Leek, winter leek

Garlic

Chive

Greater galangal,
Longwas, Siamese ginger
Lesser galangal

Bengal cardamom

Round cardamom,
Chester cardamom,
Siamese cardamom,
Indonesian cardamom
Cambodian cardamom
Greater Indian cardamom,
large cardamom, Nepalese
cardamom

Tsao-ko cardamom

Dill

Rhizome

Fruit, seed
Fruit, seed
Fruit, seed
Fruit, seed

Bulb
Bulb
Bulb

Bulb, leaf
Leaf and bulb

Leaf and bulb
Buib

Leaf

Rhizome

Rhizome

' Fruit, seed

Fruit, seed

Fruit, seed
Fruit, seed

Fruit, seed
Fruit, leaf, top
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22,

23.

24,

25,

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37,

38,

39.

40.

41.

42,

Anethum sowa

Angelica archangelica

Anthriscus cereifolium

Apium graveolens

Apium graveolens var.
Rapaceum
Armoracia rusticana

Artemisia
dracunculus
Averrhoa hilimbi

Averrhoa
Carambola
Brassica junceae
Brassica nigra
Bunium persicum

Capparis spinosa

Capsicum annuum

Capsicum
Frutescens
Carum
bulbocastanum
Carum carvi

Cinnamomum
Aromaticum
Cinnamomum
Burmanii
Cinnamomum
Loureirii
Cinnamomum
Tamala

Aptaceae
{Umbelliferae)}
Apiaceae
(Umbeliiferae)
Apiaceae
{Umbelliferae)
Apiaceae
{(Umbelliferae)
Apiaceae
{(Umbelliferae)
Brassicaceae
{Cniciferae}
Asteraceae
(Compositae)
Averrhoaceae

Averrhoaceae
Brassicaceae
Brassicaceae
Aplaceae
(Umbelliferae)
Capparidaceae
Solanaceae
Solanaceae
Apiaceae
(Umbelliferae)
Apiaceae
(Umbelliferae)
Lauracea
Lauraceae

Lauraceae

Lauraceae

Indian dill

Garden angelica
Chervil

Celery, garden celery
Celeriac

Horse radish
Tarragon, estragon
Belimbing, bilimbi
cucumber tree
Carambola, caramba
Indian mustard

Black mustard

Black caraway

Caper, common caper,
caper bush

Capsicum, chillies,
paprika

Chillies, bird's eye chulli
Black caraway
Caraway, blond caraway
Cassia, Chinese cassia
Indonesian cassia

Vietnamese cassia

Tejpat, Indian cassia

Fruit

Fruit, petiole

Leaf

Fruit, root, leaf

Fruit, root, leaf

Root

Leaf

Fruit

Fruit

Seed

Seed

Seed, tuber

Floral bud

Fruit

Fruit

Fruit, bulb

Fruit

Bark, leaves

Bark

Bark

Leaf, bark



43.

44,

45,
46.

47.

48.

49.

50.

51.

52.

53.

54.

55.
56.

57,

98.
59,

60.

61.

62.

63.

Cinnamomum
Zeylanicum
Coriandrum
Sativum
Crocus sativus
Cuminum
Cyminum
Curcuma longa
Cymbopogon
Citrates
Cymbopogon
Nardus
Elettaria
cardamomum
Elettana
cardamomum
1 Ferula assa-foetida
2 Ferula foetida
3 Ferula narthex
Foeniculum
Vulgare
Foeniculum
Vulgare
Garcinia cambogia
Garcinia indica
Hyssopus
Officinalis
{llicum verum
Juniperus
Communis
Kaempferia
Galangal
Laurus nobilis

Levisticumn
Officinale

1 Lippia graveolens
2 Lippia berlandieri
Mangifera indica

Lauraceae
Apiaceae
{(Umbelliferae)
ridaceae
Apiaceae
(Umbelliferae)
Zingiberaccae
Poaceae
Poaceae
Zingiberaccae

Zingiberaceae

Apiaceae
{Umbelliferae)

Apiaceae
Apiaceae
Clusiaceae
Clusiaceae

Lamiaceae

Dliciaceae
Cupressaceae

Zingiberaceae

Lauraceae

Apiaceae

Verbenaceae

Anacardiaceae
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Sri Lankan cinnamon,
Indian cinnamon
Coriander

Saffron

Cumin

Turmeric
West Indian lemongrass

5Sri Lankan citronella

Small cardamom

Sri Lankan cardamom

Asafoetida

Bitter fennel

Sweet fennel

Garcinia, Camboge
Garcinia, Kokum

Hyssop

Star anise, Chinese anise
Common juniper

Galangal

Laurel, true laurel, bay
leaf, sweet flag
Garden lovage, lovage

Mexican oregano

Mango

Bark, leaf

Leaf, fruit

Stigma
Fruit

Rhizome, leaf
Leaf

Leaf

Fruit, secd

Fruit, seed

Rhizome

Leaf, twig, frut
Leaf, twig, fruit
Pericarp of the fruit
Pencarp of the fruit

Leaf

Fruit
Fmit

Rhizome

Leaf

Fruit, leaf
Leaf, terminal
shoot

Immature fruit
{rind)
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65.

66.

67.

68.

69.

70.
71

72.

73.

74,
75.

76.
T,
78.
79.

80.

81.

82.
83.
84.
85.

86.

87.

Melissa officinalis

Mentha arvensis

Mentha citrata

Mentha x piperita

Mentha spicata

Murraya koenigii
Myristica argeniea

Myristica fragrans

Nigella damascena

Nigella sativa
Ocimum basiiicum

QOriganum majorana
Onganum vulgare
Pandanus
amarylifolius
Papaver
Somniferum
Pelroselinum
Crispum

Pimenta dioica

Pimenta racemosa
Pimpinella anisum
Piper guineense
Piper longum

Piper nigrum

Punica granatum

Lamiaceae

Lamiaceae

Lamiaceae

Lamiaceae

Lamiaceae

Rutaceae
Myristicaceae

Myristicaceae

Ranunculaceae

Ranunculaceae
Lamiaceae

Lamiaceae
Lamiaceae
Pandanaceae
Papaveraceae

Apiceae

Myrtaceae

Myrtaceae
Apiaceae

Piperaceae
Piperaceae

Piperaceae

Punicaceae

Balm, lemon balm,
melissa

Japanese mint, field mint,
corn mint

Bergamot

Peppermint

Spearmint, garden mint

Curry leaf

Papuan nutmeg

Papuan mace
Indonesian type nutmeg,
Indonesian type mace,
Siauw type mace
Damas black cumin,
love in a mist

Black cumin

Sweet basil

Sweet marjoram
QOregano, origan
Pandan wangi

Poppy, blue maw,
mawseed

Parsiey

Pimento, allspice, Jamaica

pepper

West Indian bay

Aniseed

West African or Benin
pepper

Long pepper, Indian long
pepper

Black pepper, white
pepper, Breen pepper
Pomegranate

Leaf, terminal
shoot

Leaf, terminal
shoot

Leaf, terminal
shoot

Leaf, terminal
shoot

Leaf, terminal
shoot

Leaf

Kernel

Aril

Kernel

Aril

Secd

Sced

Leaf, terminal
shoot

Leaf, floral bud
Leaf, flower
Leaf

Seed

Leaf, roct

Immature fruit, leaf

Fruit, leaf
Fruit
Fruit

Fruit

Fruit

Seed (dried with flesh)



88.
89.
90.
91.
92.
93.

94.
95.

96.

97.
98.

99.

100.

101.

102.

103.

104.

105.

106.

107

108,

109.

Rosmarinus
Officinalis

Salvia officinalis
Satureja hortensis
Satureja montana
Schinus molle

Schinus
terebenthifolius
Sesamum indicum
Sinapis alba

Syzygium
Aromaticum
Tamarindus indica
Thymus serpyllum

Thymus vulgaris

Trachyspermum
Ammi

Trigonella
Foenumgracecum
Vanilla planifolia
syn. Vanilla
Fragrans

Vanilla tahitensis
Vanilla pompona
Xylopia aethiopica

Zanthoxylum
Bungei
Zanthoxylum
acanthopoedium
Zanthoxylum
Piperitum

Zingiber officinale

Lamiaccae
Lamiaceae
Lamiaceae
Lamiaceae
Anacardiaceae

Anacardiaceae

Pedaliaceae
Brassicaceae

Myrtaceae

Cesalpiniaceae
Lamiaceae

Lamiaccae

Apiaceac

Fabaceae

Orchidaceae

Orchidaceac

Orchidaceac

Annonaceae

Rutaceae

Rutaceae

Rutaceae

Zingiberaceae

Major Spices - Production and Processing

Rosemary

Garden sage
Summer savory
Winter savory
American pepper,

‘Brazilian pepper’

Sesame, gingelly
White mustard, yellow
mustard

Clove

Tamarind

Mother of thyme, wild
thyme, creeping thyme
Thyme, common thyme

Ajowan
Fenugreek
Vanilla

Vanilla

Pompona vanilla

Negro pepper, Guinean

pepper
Chinese prickly ash

pepper, Sechuang pepper

Chinese pcpper

Japanese pepper

Ginger

Terminal shoot,

leaf

Terminal shoot, leaf
Terminal shoot, leaf
Leaf, twig

Fruit, walil (rind)
Califomian pepper tree
Fruit

Seced
Seed

Flower bud
Fruit

Terminal shoot,
leaf

Terminal shoot,
leaf

Fruil

Seed, leaf
Fruit (pod)
Fruit {pod)
Fruit (pod)
Fruil

fruit

Fruit

Fruit

Rhizome
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Table 2. Average World import of spices and India’s contribution

Period 8:’:;""“)’1 ?/L?éu;‘million) Indian export’
Qty. (mt}) % Share

1970-75 220 000 3006 57748 26.25
1978-80 311 500 737.5 104084 33.41
1981-85 350 000 1000.0 78597 22.46
1991-93 450 000 1600.0 151725 33.72
1993-95 500 000 1750.0 180247 36.05
1995-98 992 580 2135.7 227907 22.96
1999-00 1196912 2716.8 235764 18.70
2001-02 1381152 25345 253655 18.36

Source: 1. International Trade Centre, UNCTAD/WTO (ITC) estimates
2. Estimates based on Spices Board of India data.

Table 3. Crop-wise World import of spices and India’s share (2001)

World: (Q: tons, V: ‘000 US$)
india: {(: tons, V! Rs. Lakhs)

World (2001)' India {2000-01Y°

Item

Q V' Q \'d
Pepper whole 224948 482472 18475.6 32140.0
Fepper ground 20760 70918 1556.2 3041.5
Capscum* 294368 424034 62447.7 229733
Vanilla 4412 240183 222 505.1
Cinnamon whole 68874 107165 166.8 108.5
Cinnamon, crushed, ground 10961 16380 15.7 9.0
Cloves whole/stem 53256 209716 154.6 216.3
Nutmeg/mace/cardamom 39883 253381 24014 10098.2
Spice sceds 182619 249314 53414.0 81687.3
Ginger 231383 190280 6288.0 2682.1
Spice mixtures 237613 296105 5841.0 4299.6

Source: 1. Global Spice Markets Imports 1998-2002, International Trade Centre, UCTAD/WTOQ,
2. Spices Board, Ministry of Commerce, Govt. of India.
Note: * For India- Chilli

Value added spices: product and during 1970s the focus shifted

During 1960s curry powder emerged as [0 Spice oils and oleoresins including mint
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Table 4. Production and export of spices in India

Share in Total

oo proc Production (2002-03)(P) 205’;?5’5”(& Export
Area Production  Yield Qty. Value Qty.  Vvalue
(ha) (mt) (Kgtha)  (mt) (Rs. Lakhs) (%) (%)
Black Fepper 223080 70600 317 14150 12140 422 552
Cardamom (§ 73125 11920 218 650 2390 019  1.09
Cardamom (L) 30008 5300 209 950 1134 028 052
Chill 831630 846160 1017 138000 49901 4113 2268
Ginger 85930 307370 3577 13000 5950 387 270
Turmeric 149410 527960 3534 43000 15650 1282 7.11
Coriander 282530 172350 610 33750 8266 10.06 376
Cumin 521250 - 134753 259 13750 10190 410 483
Celery 2940 4500 1531 4100 1301 122 059
Fennel 22898 27602 1205 7100 2530 212 1.15
Fenugreek 50596 64221 1269 13750 2661 410 1.21
Other sceds’ NA NA NA 11100 2614 3.31 1.19
Clove 2127 1374 646 . - - -
Garlic 107150 136130 4070 2250 560 067 025
Nutmeg 8675 2184 252 1250 22356 037  1.02
Saffron 2880 6.53 2.27 . - - .
Cinnamon 718 1661 1028 - - - -
Other spice§ 13920 14310 1028 8500 3960 253 180
Vanilla 2545 257 101 38 2759 0.01 125
Curry powder - - - 7750 6610 231 3.00
Mint products’ - - - 9300 40777 2,77 18.54
%L‘;iegﬁ’;]s & - - 5600 46375 167  21.08
TOTAL 2500030 3023200 - 335488 220000 100 100

Source: DASD & Spices Board, Govt. of India. NA = Not Avalabie, P= Prowvisional and £ = Estimate
Note :

1. Includes mustard, aniseed, bishops weed (ajwan seed), dill seed, poppy seed etc.

2. inciude tamarind, asafcetida, cambodge, cassia, saffron spices (nes) etc.

3 Mint oils, menthol & menthol crystal

4. 2001-02 Total.
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contributors in value terms. The [ndian spice
industry has achieved 45% of its total spice
exports in the form of value added spices
during 2000-01, compared to just 4%
achieved during 1976-77. Indian spice in-
dustry is on the move to adopt latest inno-
vations in technology. Super Critical Fluid
Extraction for spice oils and oleoresins,
Cryogrinding process for spice powders and
mix masalas were introduced by several
leading manufacturers in order to upgrade
the quality of the product.

Spice oleoresins

Oleoresins are natural isolates obtained
by extracting the comminuted (powdered)
spice with suitable solvents and recovering
the solvent mostly by evaporation, The
residue is called oleoresin. The type of sol-
vents used to extract oleoresin includes
hydrocarbons, chlorinated hydrocarbons,
alcohols, ethers, ketones and carbon diox-
ide. Oleoresin is a blend of volatile and
nonvolatile components that are soluble in
the solvent. The volatile part called as es-
sential oil consists of several compounds
with varying boiling points. The volatile part
of olecresin imparts flavour and aroma to
the product.

The non volatile part of oleoresin con-
sists of several group of chemical compounds
such as carotenoids, steroids, alkaloids, an-
thocyanins, glycosides etc. The non volatile
part contribute towards taste, colour, pun-
gency, texture and antioxidative properties
of the product. Oleoresins are commercially
important because of the consistency in
flavour, taste, antioxidant properties, in-
creased shelf life and less storage space as
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it is a highly concentrated product. Some
of the commercially important spice oleo-
resins prepared in India are from chilli,
paprika, black pepper, ginger, turmeric, cin-
namon, cassia, coriander, cumin, fennei,
fenugreek, pepper mint etc.

Properties of oleoresins

Oleoresin consists of volatile and non
volatile part., The concentration of voiatile
part range between 10 and 20%. The gen-
eral standard of black pepper oleoresin is
25% volatile oil and 35% non volatile pip-
erine and other alkaloids. The volatile pat
i.e., the essential oil, consists of aliphatic
compounds, isoprenoids, benzenoids, and
miscellaneous compounds.

Aliphatic compounds

They are generally derived from fats or
amino acids. They consists of alcohols or
aldehydes which relate to the odour of the
oil. In many essential oils aliphatic esters
are important flavour and fragrance com-
pounds occurring widely in nature.

Terpenoids

Isoprencid is the basic compound from
which terpenoid, carotenoids, steroids and
rubber are formed. Isoprene is formed from
acetyl-CoA via mevalonic acid and dimethyl
allyl pyrophosphate. The terpenoids are built
from two isoprene units (monoterpenoid) or
three isoprene units (sesquiterpenoids).
Some of the terpenes of importance are
myrcene, ocimene, limonene, a and b-
pinene. The quantitatively most important
monoterpene hydrocarbons are limonene
and the pinenes.



The most important sesquiterpene hy-
drocarbon (C H.,) quantitatively occurring
in spice oils is caryophyllene which is present
in clove oil upto 20% and in black pepper
up to 28%.

Some of the other flavour imparting
monoterpene compounds are linaloo},
terpinene-4-ol, a and b-thujone etc.

Benzenoids

Some of these compounds are very sig-
nificant due to their spicy odours. Major
among those are cumic aldehyde, carvac-
rol, thymol, cinnamaldehyde, anethole,
eugenol, myristicin etc.

Miscellaneous compounrds

Nitrogen and sulphur compounds also
play an important role for the organoleptic
quality of oleoresin.

Non-volatile constituents

As described earlier oleoresin is a blend
of volatiles, non-volatiles and pungent prin-
ciples. Apart from the volatile isoprenoids
and benzenoids there are the non volatiles
such as pigments, alkaoids etc, Some of
the major pigments are a-carotene,
capsanthin, capsocrubin, zeaxanthin and
criptoxanthin of paprika oleoresin. In tur-
meric oleoresin a series of benzenoid pig-
ments such as curcumin, demethoxy
curcumin and bis-demethoxy curcumin as-
sume great importance.

Major alkaioids in black pepper and
capsicum oleoresin are piperineg, chavicine,
iso piperine, iso-chavicine, capsaicin,
homocapsaicin, dinydrocapsaicin, nordihydro
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capsaicin, homo capsaicin, homo dihydro
capsaicin, piperyline, piperittine, piperanine,
piperolein A, piperolein B, Zingerone etc.

Oleoresing and essential oils are compli-
cated mixtures of hundreds of chemical
compounds, most of them occurring in parts
per million or even less. Many of the minor
naturally occurring compounds are not com-
mercially available. It is not easy to substi-
tute these natural products with synthelic
reconstituted incomplete products. Major
olecresins extracted from various spices and
herbs, plant parts used for extraction and
the oil content in the oleoresis are depicted
in table 5.

The oleoresin scenario in india is very
bright, We export almost all spice oleores-
ins. -

The export scenario of Indian oleoresin
is displaycd in Table 6. The consistency and
flavour of oleoresin depends on the quality
of raw material. There are cultivars / vari-
eties rich in oleoresin and oil in all the major
spices. In black pepper CV. Kottanadan,
Kumbhakodi, Aimpiriyan and the new IISR
Malabar excel are some examples. Agro
climatic conditions and cultural practices also
influence the recovery oil and oleoresin to
great extent. A good example is the Cur
cumin content of turmeric, Great difference
to the extent of up to 40-50% difference
is observed between different parts of the
Country.

Indian Institute of Spices Rescarch lo-
cated at Calicut, Kerala has good repaository
of high oleoresin spice varieties or cultivars.



Major Spices - Production and Processing

Table 5. Major oleoresin, oil content in oleoresin and plant parts used for extraction

Cieoresin Plant Parts Yield of oleoresin {%) Qi content (%)
Anis Dried seeds 12-16 10-14
Caraway Dried seeds 5.7 13-15
Carrot seed Seeds B-12 3-5
Conander Fuits 7-10 7-8
Cumin Seeds 5-7 30-35
Fennel Seeds 7-10 16-21
Fenugreek Fruits 3-4 ~25
Laurel Dried leaves 7-10 5-7
Marjoram Dried |eaves B-12 9-14
QOriganum Dried leaves - 10-16 7-9
Pepper mint Dried leaves 5-8 18-20
Sage Dried leaves 10-16 9-12
Thyme Dried leaves 8-11 8-9
Lemon peel Dried peel 25-3 75-80
Orange peel (kitter) Dried peel 2-2.5 70-80
Qrange peel (sweet}) Dried peel 3-5 70-80
Cassia Bark 6-8 N.A
Cinnamon Bark 8-10 N.A
Clove Buds 10-12 70-80
Ginger Rhizome 4-10 21-30
Mace Avril 27-32 8.5-22
Nutmeg Seed 18-26 10-80
Black pepper Fruits 10-15 15-25
Turmeric Fhizome 8-12 3.7
Vanilla Beans 30-60 -

Source: Zachanan and Parthasarathy, 2006 Chemical Industry digest Annual January 2006



Major Spices - Production and Processing

Table 6. Export of spice ¢leoresin from India

Product (s) Quantity (mt) Value
{In Rs. Lakhs)

Pepper oleoresin 988.16 7029.65
Cardamom oleoresn 2.13 195.08
Chilli oleoresin 10.95 17811
Paprika oleoresin 1305.82 13290.01
Ginger oleoresin 125.60 . 1363.54
Turmeric oleoresin 265.22 2751.31
Coriander olecresin 8.64 79.01
Cumin olegresin ) 10.58 114 50
Fennel oleoresin ) ' 5.4 | 45.81
Nutmeg oleoresin 105.55 — 860.29
Mace oleoresn 23.26 335.40
Cinnamon oleoresn 0.07 2.82
Casda oleoresin 21.65 475.66
Ciove oleoresin 4.29 89.45

Zachariah, T.J. and V.A.Parthasarathy. 2006. Spices oleoresins - Prospects and polen-
tial. Chemical Industry digest Annua!l Sanuary 2006 . Pp. 153 - 158,



BLACK PEPPER

S. Devasahayam, M. Anandaraj, C. K.

1.0. INTRODUCTION

Black pepper of commerce is produced
from the berries of the vine Piper nigrum L.
Black pepper is one of the most ancient and
historic crops of India and is native to the
forests of Western Ghats. OQld Sanskrit and
Tami! literature show that the spice was
highly valued from very ancient times. Black
pepper from the Malabar region of India is
known for its quality and has been the main
item for trade between India and Europe
for more than 3,500 years. From time
immemorial, trade in spices of Malabar was
the monopoly of Arabs. They collected valu-
able spices including biack pepper and sold
them in the Mediterranean ports from where
they were distributed all over the Europe.
The Arabs had kept the source of these
precious commodities as a trade secret and
many European countries frantically tried to
find out the source of spices. The voyages
of Vasco-da-Gama and other great naviga-
tors such as the Chinese Admiral Zheng He
of 15™ and 16" centuries had their primary
chjective of discovering a direct route to the
land of spices, namely, India. In olden days
spices were considered as valuable as gold
itself. In England, throughout the medieval
period, ‘pepper rent’ was exceedingly com-
mon and the tenant was obliged to supply
his landlord with a fixed quantity of black
pepper as rent. The consumption of black
pepper grew phenomenally in the days of
Roman Empire and it became the most
typical spice in medieval Europe. It was a
status symbol of fine cookery and descrip-

Thankamani, K. V. Saji, E. Jayashree

tion of a lavish feast invariably mentioned
black pepper, if not other spices. Black
pepper reigned as a paramount spice for
several centuries. The rise of French cuisine
during the 17" century put an end to over
spicing of food and milder spices and herbs
slowly replaced black pepper. The price of
black pepper dropped dramatically with the
decrease in demand. Despite the drop in
price black pepper continues to remain as
favourite spice all over the world today.

1.1. Area and production

Black pepper is grown in about 26 coun-
tries including India, Indonesia, Malaysia, Sri
Lanka, Thailand, China, Vietnam, Cambo-
dia, Brazil, Mexico and Guatemala. The total
global area under black pepper is around
404,000 ha producing about 180,000
tonnes/year. In India black pepper is culti-
vated in around 223,060 ha with an annual
production of 70,600 tonnes (tables 1 & 2).
In India, black pepper cultivation is mainly
confined to Kerala, Karnataka and Tamil
Nadu, and to a certain extent in Andaman
and Nicobar Islands and North-Eastern
states. Kerala alone conlributes about 95%
of total production of black pepper., How-
ever, the crop has a great potential to be
grown in non-traditional areas such as Andhra
Pradesh, West Bengal and also in north-
eastern states such as Assam, Meghalaya,
Manipur, Tripura and Arunachal Pradesh. The
crop has great scope for arca expansion
especially in Assam where every rural house-
hold has a homestead garden with shade
trees and arecanut palms that can be ef-
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fectively utilized for trailing black pepper
vines. Black pepper is mostly cultivated in
Upper Assam in Upper Assam, Jorhat,
Sibsagar and Kamrup districts in Recent
estimates indicate that Assam has 2685 ha
under cultivation producing 3690 mt of
black pepper annually.

1.2. Composition and uses
1.2.1. Composition

The aroma, flavour and medicinal prop-
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erty of black pepper is attributed to the
volatile oils. Pepper oil contains a range of
organic compounds, which belong to the
group of terpenes and hydrocarbons. The
major aroma compounds of black pepper
are f3- caryophyllene, sabinene, myrcene,
limonene and linalool. The non-volatile part
of bilack pepper which is extracted using
organic solvents is called black pepper olec-
resin. The major pungent alkaloid present in
Dlack pepper is piperine. In general, black
pepper contains about 3-5% volatile oil, 8-

Table 1. Area and production of black pepper in India

Year Area (ha) Official estimate of Yield (kg/ha) Trade estimate of
production {mt}) production (mt)
1991-92 184,200 52,010 282 60,000
19982-93 188,390 50,760 268 60,000
1553-94 190,850 51,320 ; 265 50,000
1995-96 168,870 70,230 - 353 60,000
1896-57 180,260 55,590 308 650,000
1957-98 181,530 57,330 316 65,000
1998-99 189,840 70,180 370 75,000
1855-2000 208,670 50,120 23% 58,000
2000-01 213,860 63,670 298 79,000
2001-02 218,220 61,460 282 80,000
2002-03 (P} 223,060 70,600 317 65,000
(P)=Provisional
Scurce: Spices Board {www.indlanspices.com)
Table 2. Area and production of black pepper in India in major states
Sate 1998-99 1999-2000 2001-02 2002-03
Area Produ- Area Produ- Area Produ- Area Produ-
ction ction ction ction
Kerala 230,890 64,340 184,370 56430 203,960 58,240 208610 67,360
Karnataka 4390 10340 6850 1650 9700 2220 9990 2260
Tamil Nadu 4100 300 610 120 4110 910 4000 870
Fondicherry 110 10 10 10 NA
Andaman & 430 80 430 80 45 90 550 110
Nicobar Idands
Al India 239,920 75670 192,270 58,290 218,220 61460 223,180 70600
Area=ha; Production=metric tonnes

Source: Spices Board (www.indianspices.com)
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16% oleoresin and 2-6% piperine. However,
starch is the predominant constituent rang-
ing from 35% to 40% in black pepper.

1.2.2. Uses

Black pepper is the most widely used
spice in the world and has occupied a proud
place in the cuisines of both East and West.
Black pepper is used either as a whole as
dried berries, or in powdered form, and as
oils and oleoresin extracted form the ber-
ries. It is an indispensable item in the prepa-
ration of sauces, soups, curry powders and
pickles. Black pepper is preferred in the
USA while mild-flavoured white pepper is
generally consumed in Europe. Consider-
able amount of black pepper is used in the
preparation of processed meat of all kinds
in many countries. The oleoresin fraction of
black pepper has bactericidal and fungicidal
properties, I is much employed in indig-
enous medicine systems as an aromatic
stimulant for enhancing salivary and gastric
secretions and also as a stomachic. Oil of
black pepper, obtained by steam distillation
of crushed black pepper, is used in the
flavouring of sausages, canned meat, soups
and beverages. Black pepper hulls, recov-
ered after the preparation of white pepper,
is used for flavouring tinned foods.

2.0. BOTANY AND IMPROVEMENT
2.1. Botany

P. nigrum belongs to the family
Piperaceae. Black pepper is a perennial
climber which can grow to considerable
height, even up to 40-60 m, on large trees.
Black pepper has two types of branches
namely, orthotropic branches and plagiotro-
pic branches. Orthotropic branches are
straight, upward growing , with monopodial
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growth habit and after climbing on a sup-
port they become woody with a thick bark
and form the central axis of the vine col-
umn. The nodes are swollen and each node
has a leaf. At each node there may be 10-
15 shart adventitious clinging roots which
adhere to the support while climbing. At the
axil of each leaf of the orthotropic branches
there is an axillary bud which develops into
a plagiotropic branch. The pfagiotropic
branches are laterally growing with sympo-
dial growth habit and produce flowers and
fruits. The plagiotropic branches do not
produce aerial roots and the leaf size and
shape are slightly different from that of the
orthotropic branches. The leaves of black
pepper are variable in size (15-21 ¢cm x 6-
15 ¢m) and shape and serve as major fea-
tures for distinguishing various cultivars.
Black pepper is a shallow rooted plant with
the root system within 30-60 cm of the soil
surface. It consists of about 6-7 main roots
with a network of side roots. June after the
receipt of a few mansoon rains. In localities
where South West Monsoon rains are not
considerable, the vine may flower with the
North East monsoon rains. The flowers are
very small and are borne on pendulous
spikes which have a catkin like appear-
ance. The fruit is small, usuaily globular bul
sometimes slightly elongated or oval, dark
or pale green turning to red or orange rcd
when ripe.

One of the most interesting features of
the cultivated black pepper vine is that it
may be male, female or bisexual. However,
purely male vines occur very rarely in na-
ture. A majority of the cultivated black
pepper vines are bisexual. The percentage
of bisexual flowers ranges from 85 to 99 in
improved varieties. But in some cultivars
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Table 3. Black pepper diversity in Yerala

SI. No.
A. Central and South Kerala

1.

SR

10.

11.
12

13.

14.
15.
16.
17.

18.
19.
20.
21.
. North Kerala
22.
23.
24,
25,
26.

27.

28.

Cultivar

Remarks

Aimpirian

Arakulam munda
Balankotta
Chengannurkodi
Cheppakulamundi
leerakamundi

Karimunda

Kottanadan
Kuthiravally
Kuttianikodi

Malamundi
Narayakodi

Neelamundi

Nedumchola
Neyyattinkaramundi
Perumkodi
Poonjaranmunda

Thommankodi
Thulamundi
Vattamundi
Vellanamban

Cheriyakaniakadan
Kalluvally

Kottan
Manjamundi
Perambramunda
Vadakkan
Valliyvakaniyakadan

High yielding, performance excellent in higher clevations, good In quality,
but late maturing, vigorous vines,

Moderate and regular bearcr. medium in quality, well adapted.
Cultivar with large droopy lcaves, moderate and irrcgular bearing.
Moderate yiclder from South Kerala, medium in quality.
Moderate yielder from Central Kerala, medium in quality

Cultivar with small leaves and short spikes, alternate bearing nature,
smali berries.

Most popular cultivar suitable for most of the black pepper growing
areas, high yiclder and medium in guality, shade tolcrant.

A high yielding cultivar from South Kerala, drought tolerant type.
A cultivar with long spikes, high yield and good quality.

A moderate yiclder from Central Kerala with rciatively long spikes and
good spiking intensity.

A moderate yielder, medium in quality.

Popular in South Kerala, moderate yielder with medium quatity, not eastly
affected by foot rot.

4 good yielder from Central Kerala, medium in qualty, tolerant to
Phytophthora infection.

A cultivar with small leaves and short spikes, modecrate yiclder.
A cuttivar from Central Kerata, medium in quahty and yicld.
A cultivar from Central Kerala, moderate in yield and guality.

A cultivar originally from Central Kerala, sporadically found in gardens of
MNorth Kerala, moderately good in yicld and qualty.

A cultivar from Central Kerala, moderately good in yicld and quality.
& Central Kerala cultivar, medium in yield and gquaity.

A modecrate yielder from Central Kerala.

Moderate yielder, medium in quality.

Moderate and early bearing cultivar,

Good yielder, medium quality with high dry recovery, drought tolerant.
Moderate yielder, medium in guality.

Moderate yielder, medium in quality.

Modcrate yielder, medium in quality.

Medium in quality and yield with relatively large berries.

& cullivar with large lcaves, medium in vield and quality.
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like Cheriyakanniakadan, bisexual flowers
are only 1.64% and 98.36% are female
flowers. Cultivars like Mundi,
Perambramunda and Perumkodi also have
a higher percentage of female flowers.

2.1.1, Cultivar diversity

Cultivar diversity (tables 3, 4 & 5) is one
of the principal features of diversity in black
pepper. The cultivars are evolved directly
from wild P. nigrum. Natural selection and
conscious selection by human endeavor for
various traits have created diversity in cul-
tivars. Most of the vernacular names of

Table 4. Black pepper diversity in Karnataka
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black pepper cultivars indicate a specific
feature of the vine such as colour or ap-
pearance of the vine, leaf shape, spike
features or the place from which the vine
originated initially. More than 100 cultivars
are known today and 60-65 of them are
being cultivated commonly in various re-
gions. There can be some duplicates in the
number of cultivars exisling since many of
them are known by different names at
various places. Some of the local varieties
are confined to only smail pockets and arc
considered as cultivars of less importance.

SL. No, Cultivar Remarks
Bilimallegesara Moderate yiclder with light green spikes.
Kurimalat Moderate yieider with medium quality.

Karimaratta
Karimalligesara

W W N

Moderate yielder with uniform bearing.
Mederate yielder with dark green spikes.

Malligesara Common cultivar, . goed in yield.
Uddagara Goed in yield and medium in guality.
Table 5. Less important black pepper cultivars of Kerala and Karnataka

Kerala Karnataka
1 Annarvarayan 24. Karuthakaniakadan 1. Arasinagunda
2 Aralumuriyan 25. Karuthapirimunda 2. Doddigai
3  Aranavalan 26. Kothamangalamkodi 3. Doddalae
4 Arimulaku 27. Kumbhakkodi 4. Giddaghere
5 Arikotta 28. Kurialmundi 5. Ghanthuvaii
6  Arivally 29. Kuzhivelikodi 6. Kudhirugunda
7 Cheruvally 30. Kottiyanikodi 7. Kumpta local
§ Chettanvally 31. Maramaodiyan 8. Nastigunda
9. Chankupazhuppan 32. Marankodi 9. Palulauta
10. Chumalakodi 33. Mund 10. Shimoga local
11. Cholamalkodi 34. Natesankodi 11 Sullia tocal
12. Irumaniyan 35. Orumaniyan 12. Scuth Kanara local
13. Kallukbalankotta 36. Padappan 13. Sagar local
14. Kanjirakkodan 37. Qerumkanmunda 14 \okkalgunje
15 Kaplanganmundi 38. Frimundi 15. Vokkalu
16. Karimkodi 39. Thekkan
17. Karimkotta 40. Thottamundi
18. Kumbanadan 41, Uthirankkotta
19 Kottaram 42 \ellamundi
20. Malabar 43. Veluthakaniyakadan
21. Malanadan 44, Velutha pinmunda
22. Karivilanchi 45, Wayanadan
23. Karivally 46. Yohannankodi
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2.2. Improvement

Cultivated black pepper, unlike wild P.
nigrum, is bisexual. Clonal selection, hybrid-
ization and open pollinated progeny selec-
tion are the methods commonly used for
breeding new varieties of black pepper.
Black pepper is a predominantly self polli-
nated {geitonogamy) perennial vine propa-
gated by stem cuttings. Pepper Research
Station {Kerala Agricultural Unijversity),
Panniyur (Kannur District, Kerala) as well as
Indian Institute of Spices Research, Calicut
are the pioneers in black pepper breeding
in the country,

2.2.1. Selection

Wide variability for yield and quality
characters, occasionally even within a cul-
tivar, is common in black pepper. Clonal
selection in highly popular cultivars like
Karimunda and Kottanadan have resulted
in identifying superior varieties such as
Sreekara, Subhakara, PLD-2, etc.

2.2.2. Hybridization

Hybridization procedure involves the
removal of the anther lobes of the female
spike (female parent) before the emergence
of the stigma with a fine needle. Usually
only the upper 2/3 part of the spike is re-
tained and the rest is removed. Emascu-
lated spikes are covered with butter paper
bag or finely perforated polythene cover.
Un-dehisced anthers from the spikes of male
parent are collected on the previous day
evening prior to pollination and kept in a vial
in a desiccator. Next day morning, the an-
ther lobes are taken out, gently crushed,
and the dehisced pollen grains are mixed
with a drop of water. The pollen suspension
is then applied on the stigmas of the emas-

Major Spices - Production and Processing

culated spike with a small camel hair brush,
after removing the bag/cover from the spike.
The spikes are again bagged/covered after
pollination. Pollination is repeated for 3-4
days. The bag/cover is retained till the de-
velopment of the berries. !'n some vari-
elies, where the female phase matures
much earlier to the male phase (protogyny),
emasculation may not be necessary and
direct repeated pollinations will be suffi-
cient to produce hybrids. Panniyur-1, the
first high vielding hybrid variety of black
pepper released from Pepper Research
Station, Panniyur, has gained much popular-
ity among the farming community

2.2.3. Open pollinated progeny selection

Two black pepper varieties, namely,
Panniyur-2 and Panniyur-5 have bcen re-
leased, so far, through open pollinated prog-
eny selection. ISR Sakthi, an open polli-
nated progeny of Perambramunda tolerant
to foot-rot disease, has been proposed for
release by ISR, Calicut. The varieties devel-
oped/released through the above strategies
and their salient features are given in table
7.

2.2.4. Breeding for pest and disease

resistance

Root knot nematode (Meloidogyne in-
cognita) is a serious problem in some black
pepper tracts and a nematode tolerant
cultivar, Pournami, has been developed
through germplasm selection. Phytophthora
foot rot is another very serious disease of
black pepper. Coll. 1041, a clone of
Thevanmundi, is highly tolerant to foot rot
disease at Valparai (Tata Tea Ltd., Tamil
Nadu), a highly disease affected area. This
has been proposed for release as IISR
Thevam. Fouraccessicons of cultivated black
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Table 6. Improved varieties/hybrids of black pepper and their salient features
i Yield [ Oleo-| Pip- Esen.
Name Pedigree Released from (kg/ha) | resin erine ?" Remarks
(%) (%) (%)
Panniyur-1 F, of Uthirankotta x Fepper Research 1242 11.8 5.3 3.5 Suited to all black
Cheriyakaniyakadan [ation, Pannryur pepper growing
{Kerala regions, Not suited to
Agriucuitural heavily shaded areas.
Universty)
Panniyur-2 Open polinated progeny -do- 2570 1049 38 34 Shade tolerant
slection of Balankotta
Panniyur-3 F, of Uthirankotta x -do- 1953 127 5.2 31 Late maturing. Surted
Chenyakaniyakadan to all black pepper
growing regions,
Panniyur-4 Clonal selection from -do- 1277 92 44 2.1 Ferforms well under a
Kuthiravally vanety of conditions.
Stable yieider.
Panriyur-3 Open pelinated progeny -do- 1098 123 56 38 Tolerant to nursery
salection of Ferumkod: diseases and shade
Panniyur-6 Clonal selection of -do- 2127 83 4.9 13 Surted to all black
Karimunda pepper tracts
Fanniyur-7 Open polinated progeny -do- 1410 1086 5.6 1.5 Suited to all black
of Kalluvally pepper tracts.
Subhakara Clonal selection from Indian Institute of 2352 124 3.4 8.0 Suited to all black
Kanmunda Spices Research, pepper growing
Calicut regions.
Sreekara Clonal selection from -de- 2677 13.0 5.1 70 Quited to all black
Karimunda - pepper growing
reglons
Fanchami Germplasm selection -da- 2828 125 47 34 Late maturing type
suited to all black
pepper growing areas.
Fournarmi Germplasm selection -do- 2333 128 4.1 3.4 Tolerant to root knot
nematode
(Mefodogyne
mncogmita)
AD-2 Clanal selection from Indian Inslitute of 2475 155 3.3 35 Quited to
Kottanadan Spices Research, Thiruvananthapuram
Calicut and and Kollam disirids of
Central Aantation Kerala.
Crops Research
Inslitute, Research
Centre, Palode.
* ISR Thevam Clonal selection of Indian Institute of 21481 52 16 31 Tolerant to
Thevanmundi Spices Research, Fhytophthora foot rot
Calicut disease Quted to high
altitudes and plains.
IR Malabar | F, of Cholamund x -do- 1440 13.5 30 32 Suited to high
Bxcel Panniyur-1 altitudes and rich in
oleoresn
ISR F, of Narayakodi x -to- 2880 97 22 3.4 Suited te high
Ginmunda Neelamundi altitudes
" ISR Sakthi COpen pollinated progeny -do 2253 10.2 33 37 Tolerant to
of Ferambramundi Fhytophthora foot rot
disease,

Proposed for release
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pepper namely, Accs. 816, 841, 1084 and
1114 are relatively resistant to poliu beetle
and are being used in breeding programmes
to develop resistant varieties.

2.2.5. Breeding for drought tolerance

Screening of germplasm against mois-
ture stress has resulted in identifying few
promising Karimunda lines namely, KS-69,
KS-51 and KS-114. These drought tolerant
lines are under yield evaluation at ISR,
Calicut.

2.2.6. Breeding for high altitude areas

Most of the black pepper varieties are
not specifically bred for high altitudes.
Evaluation of 100 hybrids at Valparai at 3000
ft above MSL {Tata Tea Ltd., Tamil Nadu) led
to the identification of two hybrids namely,
HP-813 and HP-105, which are proposed
for release as ISR Malabar Excel and IISR
Girimunda, respectively. ISR Thevam is
another proposed variety performing well
at higher altitudes.

3.0. SOIL AND CLIMATE
3.1. Soil

Black pepper grows successfully between
20° North and 20° South of Egquator and
from sea level up to 1500 m above mean
sea level. Black pepper plantations are
established on a wide variety of soils, their
texture varying from sandy loam to clayey
loam. Moisture availability is a major factor
that governs the suitability of establishing
black pepper plantations. Well-drained deep
loamy soil, rich in organic matter with good
water holding capacity and pH ranging from
5 to 6 are adequate for growth of the plants.
Well-drained soil with near neutral pH, high
organic matter and high base saturation
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enhances productivity. The major black
pepper growing soils in India can be broadiy
classified into four major orders namely,
moilisols (forest loam), alfisols {red loam),
oxisols (laterite), entisols (alluvium} and
alfisols (red ioam). Soils of high yielding black
pepper gardens are generally sandy to loam
textured with near neutral pH, high in ex-
changeable bases, organic carbon and mi-
cronutrients, especially zinc. The soil condi-
tions ideal for plant growth and develop-
ment are adequate drainage, good water
holding capacity of soil, and absence of
rock or hard substratum within 1 m of the
soil surface.

3.2. Climate

Black pepper is crop of humid tropics
requiring 2000-3000 mm rainfall with a
relative humidity of ©60%-95% with little
variation in day length throughout the year.
The black pepper growing tracts in India
receives rainfall during monsoon seasons
namely, South West monsocon {(June to
September) and Neorth-East monsceon (Oc-
tober-November) and the pattern of rainfall
is bimodal. The rainfall is received in 120
to 135 rainy days and the summer months
are dry. The distribution of rainfall, drainage
and moisture holding capacity of the soit are
more important than the total quantum of
rainfall. Once the flowering process sets in,
there needs to be continuous though not
heavy rainfall for proper fruit set. A dry speli
for a few days during this critical period will
result in spike shedding and reduction in
yield. Though the crop comes up even in
low rainfall areas, uniform distribution of
rainfall is important for obtaining higher yield.
Black pepper does not tolerate excessive
heat and dryness. Long spelis of dry pericds
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are harmful. The crop tolerates tempera-
ture between 10%-40°C. Optimum soil tem-
perature for root growth is 26%28°C. A hot
and humid climate is good for growth and
development though continucus high hu-
midity encourages the incidence of diseases.

4.0. NURSERY MANAGEMENT

Black pepper can be propagated through
seeds and by vegetative means. Owing to
its heterozygous nature, seedlings will not
breed true to types. Hence black pepper is
propagated vegetatively mainly from stem
cuttings.

4.1. Production of planting material
4.1.1. Mother plant selection

The mother plants selected for produc-
tion of planting materials should possess the
following desirable attributes: regular and
fhigh yleid, heaithy vines free from pests and
diseases and prefcrably 5-12 years of age.

4.1.2. Conventional method

Mother plants possessing desirable at-
tributes mentioned above are selected during
October-November, Runner shoots from
these vines are kept coiled on wooden pegs
fixed at the base of vines to prevent shoots
from coming in contact with soil. The runner
shoots are separated during February-March
and 2-3 nodal cuttings of 20 cm length are
made. These are planted either in nursery
beds or polythene bags filled with potting
mixture (made of seil, sand and farmyard
manure in 1:1.1 ratio) after trimming the
leaves. Dipping the lower cut end in IBA
1000 ppm solution for 45 seconds will sub-
stantially increase rooting. Sufficient holes
are to be provided at the base of polythene
bags to ensure good drainage. Three node
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cuttings should be planted by keeping one
node below the soil. The cuttings after plant-
ing should be kept under shade. Light ir-
ripation is to be provided daily to maintain
a humid and coo! atmosphere around the
cuttings. The cultings will strike roects and
become ready for planting in May-June
when 4-5 leaves are produced.

4.1.3. Rapid multiplication method

Rapid multiplication technigue also called
as Sri Lankan method utilizing bamboo splits
is recommended for large scale production
of planting materials. A suitable area hav-
ing good drainage is selected and leveled.
Overhead shade is provided by using 50%
shade net. Coconut leaves can also be used
for roofing. Trenches of 30 cm width, 45
cm depth and of convenient length are taken
and filled with soil, sand and farmyard
manure {1:1:1). Bamboos of 810 cm di-
ameter 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
bamboo splits are arranged at an angle of
45° alternatively either side on straight
wooden poles ar strong supports fixed on
small supports from ground and tied to each
other with coir rope at the frec end. Rooted
cuttings are planted in the trench, one for
each bamboo split.

As the cuttings start growing, the bam-
boo splits are filled with rooting mixture
composed of farmyard manure, coir dust
and sand in equal proportions. Each tender
node is tied carefully to the bamboo using
banana fibre, so that every node is in con-
tact with the rooting mediem. For rapid
growth, daily irrigation through rose can is
essential, Nutrient solution consisting of urea
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(1 kg), super phosphate (0.75 kg), muriate
of potash (0.5 kg) and magnesium sulphate
(0.25 kg) in 250 litres of water can be applied
as foliar spary for good growth. Alterna-
tively, spraying the vines with cow dung
solution 0.1% once in a month alse encour-
ages plant growth, When the vines reach
the tor of the bamboo, the tip is nipped off
and the vine is crushed at the base of 3"
or 4" node from the ground, to activate the
buds. After 7-10 days, the vine is cut at the
crushed point and removed from the bam-
boo with the roots intact and with the
adhering soil. The vine is cut into single
nodded pieces and each cutting is planted
in a polythene bag filled with potting mix-
ture of soil, sand and farmyard manure
{1:1:1) or mixture with solarized suil forti-
fied with biocontrol agents or vermicompost.

After planting in the bamboo, the first
harvest of cuttings can be done after 3-3%%
months and the subsequent harvest at every
2-2Y% months. Each rooted vine can give
about 10 cuttings in one harvest and about
40 cuttings will be obtained in a year. A
shed of 6 m x 24 m would accommodate
600 bamboo splits. On an average 20,000
cuttings can be produced annually by this
method. The method is thus advantageous
for producing a large number of rooted
cuttings within a shont period, throughout
the year. The cuttings are also robust due
to the abundance of roots leading to more
than 90% establishment in the field.

4.1.4. Serpentine method

This is the best propagation technique
for black pepper. Three node cuttings planted
in polythene bags are kept in a corner of the
nursery. When the plant develops two leaves
they are trailed horizontally in polythene bags
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containing pctting mixture kept below each
tender node. Each node should be pressed
into the mixture in polythene bags with 'V’
shaped midribs of coconut leaves. As new
shoots arise, these are to be trailed hori-
zontally in polythene bags containing potting
mixture. Once 20 nodes get rooted, the first
10 polythene bags wilth the rooted nodes
should be separated by cutting at the inter
nodes. The internodal stub should be pushed
back into the potting mixture. These stubs
also produce a secondary root system. Daily
irrigation is to be given using a rose can.
After 3 months these cuttings are ready for
planting in the field. On an average, 60
cuttings can be obtained in a year by this
method from each mother cutting. The
serpentine method is simple, less costly,
guick and can be adopted by small and
marginal farmers. The recovery percentage
is higher compared to rapid multiplication
technique.

4.1.5. Pit method

Apitof 2 mx1mx 05 m dimension
is dug in a cool, shaded area. Single node
cuttings 8-1C c¢m long and their leaf intact,
taken from runner shoots of field grown
vines are planted in polythene bags of 25
tm %X 15 cm {200 gauge) size. Sufficient
drainage holes are to be provided at the
bottom of the bag. Soil, sand and farmyard
manure in equal proportion (1:1:1) are mixed
and used for filling the bag. The single nodes
are to be planted in the bags in such a way
that leaf axil rests above the potting mix-
ture. The bags with the planted single nodes
should be arranged in the pit. Approximately
150 bags can be kept in a pit. After keeping
the bags in the pit, the pit should be cov
ered with a polythene sheet. This sheet may
be secured in position by placing stones or
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weights on the corners, The cuttings should
be watered at least five times a day with a
rose can. ‘

After two 1o three weeks of planting, the
cuttings will start producing roots. After
initiation of rooting, watering may be re-
duced to three to four times a day. After 1
month, shoots start emerging from the leaf
axil. At this stage it is advisable to keep the
pit open for about 1 hour per day so that
the cutting will not suffer from any shock
when they are taken out of the pit. Two
months after planting, the cuttings can be
taken from the pit and kept in a shaded
place and watered twice a day. These
cuttings will be ready for field planting after
about another two and a half months. By
this method, 80-85% success can be ob-
tained. ’

This method is simple, less costly and
guick. The cutlings are ready 10 be planted
in the field after about 4-4% months as
compared to 6 months in bamboo method.
This method is suited to small and marginal
farmers. Saving of planting material is also
possible since single nodes are used instead
of three nodes in the conventional method.

4.2. Management of diseases and
pests in the nursery

Various diseases, ncmatodes and insect
pests occur in the nursery ang affect the
growth of cuttings.

4.2.1. Phytaophthara infectigns

Phytophthora fungai infections are no-
ticed on leaves, stem and roots of cuttings
in the nursery. Dark spots with {fimbriate
margins appear on the leaves, which spread
rapidly resulting in defoliation. The infec-
tions on the stem are seen as black lesions
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which result in- blight, The symptoms ap-
pearing on the roots are rotting on the entire
root system.

Spraying Bordeaux mixture 1% and
drenching nursery soil with copper
oxycloride 0.2% at monthly intervals pre-
vent the disease. Alternatively, metalaxyl
0.01% or potassium pnosphonate 0.3%
could also be used. The potting mixture may
be sterilized through solarization. To the ster-
ilized mixture, biocontrol agents such as VAM
@ 100 cc/kg of soil (containing 500 infec-
tive propagules) and Trichoderma harzianum
@ 1g/kg of soil {containing 10® cfu/g) may
be added at the time of filling of nursery
mixture in polythenc bags. Pseudomonas
fluorescence (lISR-6) may also be added
the potting mixture @ 1 g/ kg of soil (con-
taining 10% cfu/g) to enhance growth of
cuttings. Since the biocontrol agents pro-
tect the root system only, the aerial portion
should be protected with chemicals. If Bor-
deaux mixture is used, care must be taken
to prevent dripping of the fungicide to the
soil. Alternatively, systematic fungicides such
as metalaxyl and potassium phosphonate
which are compatible with T. harzianum may
be used.

4.2.2. Anthracnose

The disease is caused by the fungus
Colletotrichum glocosporioides which infects
the leaves causing yellowish brown to dark
brown irregular leaf sports with a chlorotic
halo. Spraying Boardaux mixture 1% alter-
nating with carbendazim 0.1% is effective
against this disease.

4.2.3 Leaf rot

The diseasc is caused by the fungus
Rhizoctonia solani and is often serious dur-
ing April-May when warm humid conditions
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prevail. The fungus infects both leaves and
stems. Grey sunken spots and mycelial
threads appear on the leaves and the in-
fected leaves are attached to one another
with the mycelial threads. Cn stems, the
infection occurs as dark brown lesions which
spread both upwards and downwards. The
new flushes subtending the points of infec-
tion gredually droop and dry up. A prophy-
lactic spray with Bordeaux mixture 1%
prevents the disease.

4.2.4. Basal wilt

The disease is mainly noticed in nurser-
ies during June-September and is caused by
the fungus Sclerctium rolfsii. Grey lesions
appear on stems and leaves, On the leaves
white mycelial threads are seen at the
advancing edges of the lesions. The myce-
lial threads later girdle the stem resulting in
drooping of leaves beyond the point of
infection and in advanced stages the rooted
cuttings dry up. Small whitish to cream
coloured grain like sclerotia bodies appear
on the mature lesions, The disease can be
controlled, if noticed early, by adopting
phytosanitary measures. The affected cut-
tings along with defoliated leaves should be
removed and destroyed. All the other
cuttings should be sprayed with carbendazim
0.2% or Bordeaux mixture 1%.

4.2.5. Viral infections

Vein clearing, mosaic yellow specks,
mottling and small leaf are the most cbvious
symptoms for identifying viral infections in
the nursery. As viruses are systematic in
nature and black pepper is vegetativly propa-
gated, primary spread occurs through plant-
ing material . When infected plants are used
as source of planting material, the cuttings
will also be infected. Hence selection of
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virus-free healthy mother plants is very im-
portant. Secondary Spread of the disease
occurs through insect vectors such as aphids
and mealybugs. Regular monitoring of the
nursery for insects and spraying with
dimethoate 0.05% should be restored
whenever they are seen. Besides, regular
inspection and removal of infected plants
should also be done.

4,2.6. Nematode infestation

Root-knot nematode (Meloidogyne incog-
nita) and the borrowing nematode
{Radopholus similis) are the two important
nematode species infesting rooted cuttings
in the nursery. The damage caused to roots
by nematodes result in poor growth, foliar
yellowing and interveinal chlorosis of leaves.
R. similis causes elongate dark brown ne-
crotic lesions on roots at points of entry,
which coalesce and resull in root rotting.
M. incognita causes elongate thick swelling
on thick primary roots and typical galls or
knots on secondary and fibrous roots. These
galls gradually disintegrate leading to rot-
ting of tissue.

For management of nematode infesta-
tion, the nursery mixture can bhe sterilized
by solarization. The solarized nursery mix-
ture may be fortified with biocontrol agents
such as Pochonia chlamydosporia or Tricho-
derma harzianum @ 1-2g/kg of soil, the
product containing 102 cfu/g of substrate.
A prophylactic application of nematicide is
also necessary to check the nematode in-
festation if serious. For this, three equidis-
tant holes of 2-3 cm depth are made around
the cuttings and phorate 10 G @ 1g/bag or
carbofuran 3 G @ 3g/bag placed in these
holes and covered with soil. A light irriga-
tion should be given to ensure adequate
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soil maoisture,
4.2.7. Leaf gall thrips

Leaf gall thrips infest tender leaves caus-
ing the leaf margins to curt downwards and
inwards resuiting in the formation of mar-
ginal, tubular, hypophyllous galls. As the
infested leaves grow they become crinkled,
malformed and reduced in size and may
also turn chlorotic later at the margins,
Spraying dimethoate 0.05% on new flushes
is effective for managing the pest infesta-
tion.

4.2.8. Scale insects

The mussel scale (Lepidosaphes saphes)
encrusts main stems and mature leaves of
older cuttings resulting in chlorotic patches,
yellowing and drying of leaves and mortality
of cuttings. Spraying ncem oill 0.3% or
Neemgold 0.6% or fish oil rosin 3% twice
at 21 day intervals is effective against the
pest infestation. In case the infestation is
severe, spraying of dimethoate 0.1% may
be undertaken. Frotopulvinaia fongivivata is
observed on mature leaves of older cut-
tings. The pest infestation results in yellow-
ing and wilting of affected plants and the
subseguent attack by sooty mould which
acceierates the deterioration of the infested
plants. The pest infestation can be con-
trolled by spraying dimethoate 0.05%

4.2.9. Mealybugs

Mealybugs such as Planococcus sp.,
Pseudococcus sp. and Ferrisia virgata in-
fest tender shoots and leaves and cause the
plants to wilt. The pest infestation can be
managed by spraying dimethoate 0.05%.
Colonies of root mealybug (Planococcus sp.)
occur at the basal portion of the stem under
the soil and on roots causing yellowing, wilting
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and mortality of cuttings. The pest infesta-
tion is generally more serious on cuttings
affected with Phytophthora and nematodes.
The pest infestation can be controlled by
drenching chlorpyriphes 0.075% and also
by undertaking control measures against
Phytophthora and nematodes.

4.2.10. Gall midge

Maggots of the gall midge Cecidomyia
malabarensis develop within tender leaf
petioles, leaf veins and shoots of cuttings
resulting in swelling of infested tissue. The
pest infestation is more common during the
maonsoon season and can be controlled by
spraying dimethoate 0.05%.

5.0. PLANTING AND AFTERCARE
5.1. Planting
5.1.1. Selection of site

The land that is proposed for planting
black pepper should be cleared of weeds
and undergrowth. in level and low lands
proper drainage channels should be pro-
vided to prevent water stagnation during
periods of high rainfall. Areas having 1%-
3% slope are ideal for planting black pep-
per. Planting in slopes facing south should
be avoided so that the vines are not sub
jected to the scorching effect of the south-
ern sun during summer. In sloppy lands
adequate soil and moisture conservation
measures are to be adopled. The site should
also be fenced with suitable materials to
prevent entry of animais and trespassing by
humans.

5.1.2. Standards

Black pepper vines require a support for
its growth, development and yield. These
supports are called standards. Providing
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ideal supports plays an important roie in
successful establishment of black pepper
vines. Since the black pepper vine is pro-
ductive for more than 15 years, selection
of standards assumes great significance.
The standards used for trailing black pep-
per vines are of two types namely, living and
non-living. The non-living standards include
reinforced concrete posts, granite pillars and
teak poles. Such non-living standards are
more commonly used in Malaysia, Brazil and
Indonesia where climatic conditions are
cooler and cloudy. However, owing to the
high capital investment and also due to
their relative non-availability, they are not
very popular in India. Moreover, some of the
non-living standards like concrete poles get
heated up during prolonged summer-period
under Indian conditions resulting in drying of
clinging roots and, therefore, resulling in
poor crop growth under exposed situations.
The ideal living support should have the
foliowing traits :

a. It should establish easily and grow rap-
idly to provide shade and support for
the establishment of the crop

b. It should tolerate regular and heavy
potiarding/pruning

¢. ltshould not compete for resources and
should not harbour pests and patho-
gens

d. It should have a deep root system with-
ouL being allelopathic in the black pep-
per rhizosphere

e. Itshould have rough bark and be strong
enough to support the clinging roots of
black pepper vine

f. It should provide useful products at the
end of the pepper cropping cycle

A variety of trees are used as living stan-
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dards for black pepper cultivation in India.
In homesteads gardens in Kerala, black
pepper is usually trained on arecanut and
coconut and also on mango, jack, etc. When
intercropped in cardamom and coffee plan-
tations, especially in Kodagu and
Chickmagalur districts in Karnataka and
Idukki and Wyanad districts in Kerala, black
pepper is trailed on various forest trees that
provide shade. It is cultivated both as a pure
and mixed crop along with arecanut in the
plains of Uttar and Dakshin Kannada dis-
tricts in Karnataka. In Andhra Pradesh, which
is a newly emerging black pepper growing
region of India, the vines are trailed on
coconutand oil palm. In north-eastern states
especially Assam, most of the homestead
gardens have arecanut palms where black
pepper vines can be trailed.

However, such standards arc not ideal to
establish large plantations under organized
cultivation as monocrop at a normal spacing
of 2.5 x 2.5 m. Therefore, on a plantation
scate, Erythrina indica is the common live
standard planted for trailing black pepper
especially in Kerala. Other common stan-
dards used are Garuga pinnata, Gliricidia
sepium, Leucaena leucocephala, Ailanthus
malabarica and Grevillea robusia.

For raising living stancdards, seedlings are
preferred to rooted cuttings since seed!ings
have a tap root system and do not compete
with black pepper for resources. Living stan-
dards should be planted 3-4 years in ad-
vance so as to attain sufficient height at the
time of planting of black pepper. In case
stems/stem cuttings of E. indica, G, sepium
or G. pinnata are used, they are 10 be cut
to suitable lengths during March-April and
stacked in shade. The stacked stems start
sprouting in May. After the first rain in May-
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June the sprouted stems are planted at the
edge of the pits dug for planting black
pepper vines. The cuttings of standards are
to be planted in narrow holes of 40 to 50
cm depth. The soil should be well pressed
around the standards to avoid air pockets
and keep the standards firm in the soil.

After establishment, the side branches
are pruned to enable the standard to grow
erect. After complete establishment, peri-
odical pruning is important to allow suffi-
cient light penetration into the black pepper
canopy. Normally pruning of live standards
has to be carried out one week prior to
fertilizer application. At the beginning of
rainy season, heavy pruning is done, leaving
only one or two twigs at the top of the
trees, while at the end of the rainy season
a moderate pruning i