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Role of public funded Agricultural Scientists on
Indian agriculture of 21st century

M. R. Sethuraj

India has attained a comfortable position of food security
although nearly 30% of its population still live below
poverty line. This country has proved certain earlier
western predictions of food scarcity during 1980s wrong
by ushering in ‘green revolution’ and our agricultural
scientists have played a significant role in this
achievement. The major components of 'green
revolution’; such as selecied high yielding varieties
‘representing a narrow genetic base and high chemical
input and irrigation requirements, have however
resulted in a situation of long term adverse impact on
sustainability of natural resources and on environment.
This post-green revolution effects are being increasingly
felt by stagnant or even dedlining trend in yield in these
areas. This experience, as well as other environmental

“considerations and resource limitations discourage .

extension of green revolution technology to other areas.
- which represent about 65% of our arable land. In recent
years there had been vigorous demand for a paradigm
* shift towards sustainable crop production systems. The
older models of susiainable agriculture which our
ancestors have followed are inadequate to increase unit
" productivity to meet the growing demands. Though
“much have been said and written about the new
alternative technology for sustainable agriculture, the
fact remains that appropriate and efficient technology
for high levels of productivity under different agro-
ecological situations is far from being perfected.
Meanwhile, the philosophy of agri-productions has
undergone substantial change with the signing of the
World Trade Agreement and related norms for
intellectual property rights. Monetary and intellectual
, investments in agriculture have gained momentum with
the entry of private multinational companies. There is
a fast transition from traditional agriculture to agri-
business, and the strategies involved in the process
may aifect the food and sodal security of the poorer
sections of the sodiety.
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In this context, the public funded agricultural sdentists

. have a special role to play. They have to evolve a
 balancing strategy to adopt sustainable tectnologies

and ensure social and environmental security on the
one hand and integrate frontier sciences such as
molecufar biology, information technology efc. to acnieve
high productivity to match the emerging agritusiness
environment. Identification and characierisation of
agronomically valuable genes present in our traditional
crop-sotieties-can contribute substantialiy in evoiution
of new [ocation specific high yielding crop varietes which
would respond to sustainable systems of acricuiture.
Our agricultural students should address the croblems
posed by the terminator gene technology by =voiving
matching high vielding crop varieties and relezse them’
to the public domain.



Biodiversity —~ An over view

'P. Pushpangadan,

Introduction

The rapid depletion of the world's biodiversityis one of
the most pressing issues of our time. There is currently
enormous cancern over the increasing threats to global
biodiversity, for it is upon this precious natural heritage
depends the very sur-vival of humanity. The emerging
realization of the underlying causes and possible
ecologic, evolutionary, -genetic and economic
consequences of the biodepletion crisis was one of the
promptine factors which in 1992 led to the eventful
Earth Summit at Rio de laneiro and culminated in 1993
(29 December 1993} in the ratification of a global
agreement on biodiversity - 7he Convention on
Biological Diversity. The Convention lays an unequivocal
emphasis on the need to conserve and utilize
sustainably the ecosystems, species and genetic
diversity on the Earth for the benefit of the present
generation and posterity as well. It also sanctions
adequate provisions to ensure the sovereign rights of
each country/ state over its biological wealth and to
share equitably the benefits arising out of sustainable
utilization of its biological and genefic resources.

The intrinsic potentials of biodiversity as a key resource

for evalving new kinds of food. medicine. cosmetics and -

several other value added products of industrial
importance have now been increasingly realised, thanks
to the recent advance-ments in biotechnology,
particularly in the field of genetic enginecring. This
growing realization of the significance of bioprospecting
through biotechnological innovations has prompted
many countries, particularly those located in the
biodiversity rich areas of the tropics and subtropics, to
initiate multidisciplinary scientific researches aimed at
long-term protection, maintenance, evaluation,
conservation and sustainable utilization of biological
diversity.

Tropical Biodiversity - The Current Scenario

It is well known that the greatest biological diversity is
in the tropical regions of the world, with large
concentrations in tropical rain forests - the most complex
and diverse hiome on the Earth. Even though tropical
rain forests accupy only 7% of the Earth's land area,
they contain more than half of the estimated 5 million
species of plants, animals and microorganisms in the

K. Narayanan Nair

and M. Santhosh

world. For example. about two - thirds of the estimatzad
2,50.000 species of higher plants in the world occur in
the tropical forests of America, Africa and Madagascar,
and tropical Asia including New Guinea and tropical
Australia, Similar estimates of spedes richness as in
the case of insects, birds and mammals also exemplify
the high assemblages of species diversity in the tropical
forests. This is further augmented by the fact that it is
in the tropical region (and subtropical) where the world's
twelve megadiversity countries and as many as
megagene centres are located (Zeven & de Wet, | 982;
Mc Neely ez 2/ 1990). Given with high spedies richness
and diversity, the tropical forests represent nature’s
treasure trove of myriad potential resources of great
economic and industrial value 'such as basic food
supplies, fuels, fodder, fibres, drugs, essential ofls, edible
oils, gums and resins, dyes. tannins and other raw
materials for perfumes, flavours, soapsetc. - -

Nevertheless, it is these biodiversity &ch areas or the
trop-ics that are the worst affected of the increasing
incidences of biediversity loss. The number of spedes
that are driven to extinction due to tropical defbrestation
and other human activities is estimated to be 27.000
per year in the tropici forests alone (Myers, 1993). As
pointed out by Michael Soule 1990. noted Conservation
Biologist, these facts - the unsuspected vastness of
biological diversity and its current vulnerability in the
tropics - are the major challenges which the humanityis
currently confronted with. What appears to be far more
star-tling is the fact that scientists in the world over has
just begun to take stock of the existing biological diversity
of our planet. and completing the inventory of the worlds
biota amidst the escalafing crisis of biological extinctions
is indeed an uphill task. -

‘The Indian Scene

India is marked by remarkable ecologic. biologic and
cul-tural diversity. This has bestowed upon her the
unique distinction of being one among the tweive
megadiversity countries in the world (Mc Neely e a/
1990). The country has over 1,26,188 spedes of fungi.
plants, animals and microorganisms already identifed
and classified (Khoshoo, 1995) Table I.

In India species richness is often accompanied by enar-
mous genetic diversity found within individual spec=s.

CROP RESQURCE MANAGEMENT IN HUMID TROPICS



Table . Biological spectrum of India

Taxon Number of  Percentage
spedics

Bacteria 850 0.67
Algae 2.500 2.00
Fungi 23.000 18.23
Lichens 1.600 1.30
Brvophyte 2.700 2.14
Pteridophyte 1.022 0.80
Gymnosperms 64 0.05
Angiospcrms 17.000 13.50
Protozoa 2.577 2.04
Mollusca 5.042 4,00
(rusustaceas 2.970 2.35
Insects 50.717 40.00
Other invertebrates

includine hemichordata 11.252 9.00
Protochordata 116 0.10
Piscis 2546 2.02
Amphibia 204 0.16
Reptile 428 0.34
Ayes 1228 1.00
Mammalia 372 0.30
Total 126.188  100.00

Sourct TN Khoshoo (1 995)

This makes India one of the Vavilovian Centres of
diversity and origin of about 167 crop plants and the
primary or secondary centre of domestication of a few
animals. This rich biodiversity is also matchied with
equally rich cultural diversity and a unique wealth of
indigenous knowledge systems embodying a plethora of
useful information on the multifarious uses of biological
resources by tribal and traditional communities
Anonymous. 1994},

Due to increased human activities. India’s biodiversity.
as in any other part of the tropical region. is in peril.
Several of the country s major biomes arc being

irrcparably degraded. leading to virtual decimation of

several spedes and depletion of genetic diversity. Over
10% of the vascular tiora of India is fadng serious threats
of rarity, endangerment and extinction due to various
reasons. Nayar & Sastry (1987, 1988. 1390} have
catalogued about 600 species of vascular plantsin India
under various threat categories. More than 150 speces
of the fauna arc also under serious threats of extinction.
These include 81 species of mammals, 47 birds. 15
reatiles. 3 amphibians and several spedies of buttertlies,
moths and bestles. Out of the eighteen global hot spots'
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of biodiversity which represent high areas of
endemism and significant threat of imminent
extinctions, two lie in the incian subcontinent viz, the
Western Ghats and the East H?malayas (Myers. 1990).
These two areas together contain about 5330 endemic
species of higher plants. memmals, reptiles, amphibia
and butterfiies.

The Western Ghats - A “Global Hot Spot” of
Biodiversity

Lying along the west coast of peninsular India (8°20 -
20°40" N & 73°- 77°50" E} in the north-south direction
from the mouth of Tapti River in Gujarat to Kanyakumari
in Tamnil Nadu, the Western hats form a continuous
relief (except the 30km wide Palakkad gap which
separates the Nilgiri Hills frem the Anamali Plateau)
constituted of a series of hills attaining an average
height of 1500m above msl. Anamud, which towers
upto 2694m, is the highest peak in the ghats south of
the Himalayas. The geologiczl antiquity of the 1600
km long mountain chain is marked by the occurrence of
Pre-Cambrian Archaean crystalline rock types like -
charnockites . gneisses and schists. The main types of
soils found in the ghats are laterites, red and black
soils.

The western side of the Western Ghats. which lies on
the south-west monsoon path, receives abundant annual
rainfall (2000-7000mm} during the months from June
to September. and is hence supported by luxuriant
vegetation. The eastern side of the ghats is on the
leeward side receiving only poor annual rainfall and the
vegetation here is dominated by scrubs and dry
deciduous forests. The mean annual temperature of the
Western Ghats ranges from 20"-24°C.

Vegetation and biogeography

Influenced predominantly by the gradient of rainfall,
the Western Ghats are known for their vegetational
exuberance and biological diversity. Depending up on
the rainfall regime. temperzature, altitude and soil types.
they feature remarkable diversity in the composition
and structural attributes of diiferent forest biomes, the
main types of which indude Topical evergreen, semi
evergreen, moist deciduous and dry deciduous forests,
besides montane sholas. sz/annas. grasslands and
lowiand scrub jungles. The most outstanding feature of
thc vegetation of the Western Chats is thc development
ot tropical rain forests. especzily on the windward side
of the southern Western Ghzzs, usually betveen 500-
1500m (Subramanyam & Nziar, 1974).



Characterized by a unique blend of geographic. geclogic.
edaphic and climatic gradients. the Western Chats
represent a distinct biogeographic zone in India and
are known for their biotic richness vith high incidence of
endemism. The geological antiquity. evolutionary history
and biogeographic patterns with special emphasis on
endemism in the flora and fauna of the Western Chats
have been-discusscd by seveal earlier au-thors [Blasco,
(1970); Krishnan (1974). Mani 1974). Subramanyam
& Nayar (1974). Nayar ({977, 1980a. 1980b).
Ahmedullah & Navar (1987), Rao (1978). Pascal
(1988). Nair & Daniel (1986). Nair (1991 )]. Though
not exhaustive, all these studies point to the uniqueness
of the biodiversity of the Western Ghats. while the
present authors attempt here to highlight the scope of
preserving the precious biotic wealth of the West-ern
Chats for conservation and sustainable utilization.

Phytogeographically. the Western Chats correspond to .

the erstwhile “adia aguosa’or ‘Malabar’ province of
Prain (1903) and Hooker (1907) respectively. The
region supports a rich and varied flora, which according
to Subramanyam & Nayar (1974), shows characteristic
distributional patterns in four such well defined
phytogeographic segments as (1) Wesrtern Ghats from
the River Tapli to Goa (2) Wesrtern Ghats from the
River kalindi to Coorg (3) The Nilgiris and (4) The
Anamalai. Cardamom and Palni Hills.

.Biotic wealth

Itis estimated that the flora of the Western Ghats contains
about 4000 species of flowering plants, of which 51
genera and 1600 species are endemic to the region. [t
" isinteresting to note that out of the 51 endemic genera
of flowering plants in the W. Ghats, 43 are monotypic.
The occurrence of a large number of paleoendemics
and the remarkable affinities of the extinct and extant
flora to that of the Indo-Malaysian and Afro-tropical
realms suggest the early history and evolution of the

Western Ghats flora as originated from the ancient

Gondwanaland.

The faunistic pattern and its endemicity also reflect the
biogeographical significance of the Western Ghats
(Mani, 1974). The ghat region is notable for several
genera and spe-cies of amphibia, reptiles,birds and
mammals that are unique to the area. Fighteen species
of frogs are endemic to the Western Ghats; so also the
mammalian species like the lion tailed macaque. Nilgin
langur and the Nilgiri tahr.

_ The Western Chats represent a' primary or secondary
cen-tre of origin and diversification of wild progenitors

and wild relatives of several cultivated plants and
domesticated ani-mals. As regards plant genetic
diversity, the Western Ghats are rich in supporting about
145 wild relatives of crop plants be-longing to 66 genera
(Arora & Navar, 1984). The important plant genetic
resources of the region include among others rice,
pepper, cardamom, ginger. turmeric, dnnamon jack fruit.
mango and pigeon pea. Blessed wit:h diverse
agroclimauic zones embracing varying altitudinal,
latitudinal and edaphic gradi-ents, the Western Chats of
peninsular India are unique in harbounng remarkable
genetic polymorphisms. especially in terms of chemical
polymorphisms as found in medicinal and aromatic
plants. The unparalleled genetic wealth of the Western
Chats constitutes a potential resource base for
sustainable agriculture and genetic upgradation of
important crop plants.

Despite such high richness and diversity, no exhaustive
study on the complete spectrum of biota and their

. biogeographic pattern in the Western Chats has ever

been attempted. The extent of biological diversity in
the lower group of plants and animals, espedially the
microflora and microfauna of the Western Chats is not
fully known. Therefore, the productive potentials of such
invaluable but imperfectly known biota remain either
unexploited or underexploited. The rain forests of the
Western Ghats are expected to be rich in microbial weaith
which might prove excellent biological /genetic materials
for chemical, indusnial, pharmaceutical and gene pros-
pecting. '

Kerala’s Biodiversity - Current Status and Tasls
Ahead

In many respects, Kerala represents an epitome of the
Western Ghats. Located in the west coast of penjnsular
India between latitudes 8°18" & 12°48".north and
longitudes 74%4' & 77°50" e ast, Kerala is remarkably
well known for her luxuriant vegetation and rich biological
diversity. Perhaps no other state in India with simifar
geographic and physicgraphic conditions has been so
blessed with an immensely rich natural resource base
as in Kerala. The geographical isolation of this state -
bordered in the west by the Arabian Sea and in the east
by the Western Ghats, and its peculiar, physiographic,
edaphic and climatic gradients have contributad
significantly to the development of diverse types of
ecosystems, each supporting unique assemblages of
biological communities with an impres-sive array of
species and genetic diversity. '

An undulating narrow strip of land with varying altitude
ranging from below mean sea level (msl) to 2694m

CROP RESOURCE MANAGEMENT IN HUMIC TROPICS



above msl, Kerala is sprawled over an area of 38,863
sq.km. Based on the topography; altitude and. soil types,
the state is divisible into three natural 2ones- lowland,
midland and highland. The low-land region is demarcated
by its 580km long sea coast and beautiful backwater
systems (lakes, rivers, lagoons, canals etc.) extending
to an area of about 500 sq.km. The occurrence of
wetland, estuarian and mangrove ecosystems in the
ecotone areas is a characteristic feature of the lowland
region. The high-land represents the mountainous or
rocky terrain in the Western Ghats, exceeding altitude
of 900m. The windward or rainfed part of the Western
Ghats in Kerala is endowed with lush green vegetation
comprising different types of pristine or climax forests
like the tropical rain forests. The midland zone
constitutes the low or medium hills and hillocks in the
Vlestern Ghats. This area also supports extensive forest
tract. but is lso known for the cash crops iike cardamom,
rubber ctc. :

The Western Ghats have a profound influence in
maintaining a tropical climatic regime for the entire
state of Kerala. The location of Kerala on the windward
side of the Western Ghats helps receiving copious rainfall
(average annual rainfall ranges from 1000-7000mm)
from two distinct spells of monsoon. the south-west
monsoon during June-September. and the north-east
monscon from September to December. Consequently;
there is high incidence of atmospheric humidity with an
average of 70%. The temperature is moderate and
ranges from 19 to 37°C, often with less diurnal variation.
The geological antiquity of the State is also equally
interesting. The presence of andent rock types (around
2500 million years old) like charnockites, gneisses and
schists in the Western Ghats of Kerala supports the
above. Geology, geography, climate and hydrology have
helped Kerala in supperting a rich biological heritage,
the finest expressian of which is found at three major
levels- ecosystems, speciesand genes.

Ecosystems diversity

The ecodiversity of Kerala is featured by the
development of different types of ecosystems, each
characterized by distinctive structural and functional
components. The major types of ecosystems found in
Kerala can be classed under forests, wetlands,
mangroves and aquatic ecosystems.

Forest diversity Forests account for 24% (9400 sq.km)
of the total geographic area of Kerala. They are home
to a wide array of plants, animals and microorganisms.
and are mostly confined to the mountainous tracts of

the Western Ghats. Depending upon the altitudinal
range. rainfall regime and sc types, the forests of Kerala
are further classified into Cfierent sub-types (Table 2).
The most outstanding feature of the forest vegetation
in Kerala is the occurrenca of ‘tropical rain forests',
which represent one ¢f the ‘climax types’ of forests
noteworthy of their bioloZical exuberance. The rain
forests in the southern Western Ghats, particularly in
Kerala. are unique in featuring characteristic
phytoassociation of two cr three dominant species.
Chandrasekharan {1962) in a series of paper has
discussed in detail the ecology, classification and
phytogeographical affinities of the major forest types of
Kerala.

Table 2. Classification and extent of major forest types
in Kerala

(lassification Area (in sq.km)
Tropical wet evergreen an

semi evergreen forests 3449
Tropical moist deciduous {orests 4100
Tropical dry deciduous fcrests 100
Montane subtropical and

temperate sholas 70
Grasslands 130
Forest plantations 1551
Total ' 9400

Source - Forest Statistics. 1954 - Kerala Forest Dept.

Typical of any tropical forest ecosystem, the forests of
Kerala represent a dynamic repository of a wide array
of invaluable resources such as timber (teak. rosewood,
sandal wood etc.) and important non-timber forest
produces like medid-nal and aromatic plants, bamboos
and reeds, canes, wild ec3le fruits, orchids, edible
Dioscareas. honey, wax, resics and gums, and wild game,
besides wild progenitors and related spedes of several
cultivated plants includirg rice, pepper, ginger,
cardamom, jack fruit, mango. plantain etc. ltwasin fact
the astoundingly rich biotic wealth that lured many
Greek, Arab and European traders into Kerala,

The Malabar coast’, as Kerz'a was known in the past, is
the legendaryland of spices. It has played animportant
role in shaping the histcry of human divilization,
exploration, trade and commerce. Black pepper (Pjper
nigriin)is perhaps the oldest spice known to the world.
Ginger. turmeric, cardamorr. sandal wood, lemen grass
oil and ivory were other czmmodities sought out by
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traders of the western countries. The only source of
these much preferred spices and other aromatic plants
was the west coast of India. particularly Kerala. In the
past when there was absolutely no refrigration or
preservation technologies spices. particularly pepper
and ginger, were the only items used by people in the
Old World for preserving focd materials, In the
temperate countries of the West, pepper and salt used
to be essential requisites .for preserving and improv-
ing the palatability and digestibility of their winter foods,
especially fish and meat. Historically these spices have
been responsible for the rise and fall of empires, and
they still continue to play a crucial role in maintaining
the traditional linkages between the East and West
through trade and exchange.

Forests of Kerala are still a repository of invaluable
germpiasm of some of the commerdallyimportant spices

like pepper, ginger. cardamom and turmeric. The gene -
pool of these spice @ops comprises innumerable cultivars

and several wild relatives. For example. Kerala is
remarkably rich in Piper germplasm which has a large
number of cultigens of the black pepper and ten wild
species related to it. The genetic variability in
Cymbopogen (Lemon grass}) is equally rich with six wild
species and more than 3000 strains. Similarly, Zingiber
(6 spedes), Cinnamomum (15}, Curcuma (18) and
cardamom (1) also contribute much to the crop plant
genetic diversity in Kerala.

Apart from herimmense wealth of spices. Keraia is also
notable for plantation crops like teak, sandal wood, rose
wood etc. The Conolly's teak plantation set up in Kerala
in | 840s was the first organised plantation in India.
The State today grows a good number of plantation
crops of both indigenous and exofic species like rubber.
Eucalyptus, Wattle, Acada, Artocarpus, Mahoeany, Rose
wood, Sandal wood etc.

The faunal wealth of Kerala is equally rich and diverse
with animals like elephant, tiger., gaur, Niigiri tahr,
spotted deer, barking deer, panther etc. The pristine
forest ecosystems in Kerala are also home to some of
the endemic and endangered specses like the fion-tailed
macaque. Niigiri langur, Malabar Gvet, the giant squirrel
etc.

The sacred groves found along the coastal villages and
midland region represent the living testimony of the
conservation ethos upheld by our forefathers. These
isolated forest patches, which represent the relicts of
the once luxuriant rain forests, act as refugia of many
endemic and threatened plants and animals and a
repository of plant genetic resources.

Wetlands The wetlands of Kerala constitute yet another
productive ecosystem which supports unique aquatic
flora and fauna including the waterfowd, fish, shell fish
and other wild-life. Ecologically they constitute a
transitional ecotone between dry land and open water.
Besides supporting unique biota, the wetlands perform
several ecological functions. Never theless, the ecoiogic
and socioeconomic potentials of the coastal wet-land
system in Kerala have not been properly understood.
Lack of realistic assessment and inventory on the -
wetlands and their produciive potentizls has been largely
responsible for intensive and indiscriminate redamation
ot wetland areas in Kerala. So there is an urgent need
to initiate indepth study on the extent ot natural and
man-made vetlands occurring in Kerala and to preserve
the ecoloizical resilience of such fragile areas for
conservation and rational utilization.

Manaroves The mangrove forests of the coasta zone.
represent highly productive ecosystems and spedalized

" ecological niches for a unique assemblages of plants

and animals. The mangrove vegetation in Kerala was
spread over zn area of about 700 sq.km. which has now
been reduced to a few isolated patches covering less
than 50sq.km. They render a good breeding ground for
fish, shell fist and prawns and are therefore idezily suited
for sustainatle pisciculture and shrimpculture. The flora
and fauna supported by mangrove vegetation also serve
as a source of [ivelihood for the peaple who lnhab[t near
these areas.

Aquatic ecosystems The aquatic systems in Kerzla
consist of fresh water rivers, lakes, ponds, estvaries and
a chain of brackish waler lagoons.

The drainage system of Keralais perfected by 44 rivers,
all originating from the Western Ghats, of which 41 are
west flowing and joining ultimately in to the Arabian
Sea while 3 are east flowing and draining to the adjoining
states of Tamii Nadu and Karnataka,

The marine zone and backwater systems represent
highly productive ecosvstcms which harbour unique
wealth of plants and animals, and are notable for rich
fisheries and mineral wealth.

Species diversity

The various ecosystems in Kerala support rich flora and
fauna. However, there is no comprehensive account that
would give a realistic estimate of the number ¢i spedes
and their tiogeocraphic distribution in Keraia.
Extrapolation of available data indicates high richness
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and diversity in the flora and fauna of the State. Recent
floristic studies carried out in some districts or
phytogeographical divisions of the State reveal high
incidence of species diversity [Manilal & Sivarajan
(1982), Vajravelu (1990), Manilal (1988),
Ramachandran & Nair (1988) Mohanan & Henry
(1994)]. The tropical forests of Kerala far exceed in
their biolgical wealth and this is substantiated by the
pattern of floristic diversity supported by pristine areas
like the Silent Valley which harbours about 1000 species
of angiosperms in an area of 90sq.km (Manilal, 1988);
Nayar (1995) in a recent review provided a concise
account on the history of botanical studies, floristic
diversity, endemism and conservation aspects of the
forest flora of Kerala.

In all probability it would be a reasonable estimation
that the flora of Kerala comprises as many as 3700
species of vascular plants .(Flowering plants - 3500,
Picridophytes - 200). Phytogeographical analysis shows
that 8 genera (seven of them monotypic) and about
110 spedies of flowering plants are endemic to Kerala.
Many of this endemics have very narrow distributional
range and are threatened with extinction due to habitat
destruction and other anthropogenic factors. Thirty
species of flowering plants from Kerala have already
been appeared on the Red Data list compiled by Nayar
and Sastry (1987, 1988, 1990). Among fern and fern
allies, as many as thirty species are considered to be
extremely rare and endangered in Kerala
{Madhusoodanan, 1991).

However, our knowledge on the diversity of the lower
plant groups like algae, fungj, lichens, mosses and liver
worts as well as the microfirea of Kerala is disappointing,
despite their economic. horticultural, medicinal,
industrial and ecological potentialities. No serious
attempts have ever been made for understanding the
taxonomy. ecology, distribution and produciive potentials
of such invaluable biclocical resources. The tropical
forests of Kerala, as of the Western Ghats in general,
might be rich in ferns, lichens, mosses and micro and
macro fungi. Concerted efforts are therefore necessary
to survey, inventorize and document the diversity of the
lower plant kingdom and also the micro fauna of Kerala.

From a resource utilization point of view the species

spectrum of the wild plant resources of Kerala flora can
be classified as shown in Fig.1. About three fourths of
the estimated 3700 vascular plants constitute a
potential resource base with actual or potential values.
These estimates arc rather tentative based on actual
survey or extrapolation of data eathered through
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Fig. 1. Wild pla{nt resources of Kerala vith actual /
potential uses

Ornamental Plants {1000)
Medicinal Plants (530)

Wild Edibles (450)

Gum, Resin & Dys {175}
Timber / Woeod (183)

Spices (150)

Bamboos & Reeds (14)

Canes (11)

Useful Plant Resources - 2885

ONGmbhWN

economic and ethnobotanic crogrammes carried out by
various research institutions, including the Tropical
Botanic Garden and Resezrch Institute (TBGRI).
Thiruvananthapuram. The potential of utilization
pattern of the listed plant resources often overlap as
one species can often be fourd useful for two or more
purposes. Hardly 10-15% of these plant resources have
been well exploited while the rest remain as potential
gene pool as yet untapped.

Genetic diversity

Keraia has been famous for her rich heritage of plant
genetic resources for centuriss. Being an integral part
of the Western Ghats. the tropical forests of Kerala are
equally rich in supporting an mpressive array of crop
plants and their wild relatives. Kerala is the land of

_spices and is an original home of the “black gold" (black

pepper) ginger. turmeric, czrdamom ang dnnamon. It
is also a notable centre of diversity and crigin of rice,
plantain, jack fruit, mango. pigeon pez and edible
Dioscoreas. The important iznt genefic -esources of
Kerala along vith their poterZz] wild relztes are listed
in Tatle 3.



Table 3. Genetic resources of important crop plants and their wild relatives in Kerala

Cereals and millets
Oryza meyeriana subsp. grannulata
Oryza afficinalis supsp. malampuzhensis
Oryza rufipogon
Oryza sativasubsp. (100's of land races)
Paspalum scrobicufatum (Khodo millet)
Sefaria italica (Fox tail millet)

Tubers (yams)
Amorphaophallus campanulatus (Elephant foot yzm)
Colocasia esculenta
Dioscorea bulbifera (Air potato)
-Dioscorea esculenta
Dioscorea hispida
Dioscorea oppositifola
Dioscorea pentaphyla

Dioscorea spicala
Pulses 7
Caanus cajan (Pigeon pea)
Dolichos uniforus (Horse gram)
Dolichos lab-fab
FPhaseolus vulgar’s (Kidney bean)
Fruits

Artocarpus heterophyllus (Jack fruit)

Embiica officinalis {Indian goosberry)

Ficus benghalensis

Ficus giomerata _ + 20 other spedies
ficus religiosa

Ficus retusa

Mangifera indica (Mango)

Musa acuminata (Plantain)

Medicinal and aromatic plants and spices
" Acorus cafamus (The sweet flag)
Cinnamomun zeylanicum (Gnnamon) + 14 refated species
Curcuma amada (Mango ginger) + 15 related species
Curcuma longa (Turmeric)
(ymbapogan caesius
Cymbopogon citratus (Lemon grass)
Cymbopogn fexuosus + 3000 wild strains
Cymbopogon marini
Cymbapogon nardus
Cymbapogon iravancorensis
Glettaria cardamom (Cardamom)
Gloriosa superba (Malabar glory [illy)
Gymnema sylversire
Kaemferia galanga
Ocimum americanum (Basi)

................. reritstereer e eennness s ansneseneenennnees CROP RESCURCE MANAGEMENT IN HUMID TROPICS



Table 3. (Contd....)

Ocimum canum

Ocimun gratissinum

FPiper fongum (Long pepper)
Fiper nigrum (Pepper)
Rauvolfia serpentina (Rescrpine)
Santalum album (Sandal)
Terminalia arjuna
Terminalia bellerica
Terminalia chebula
Zngiber macrostachym
Zingiber nimmoni

Zingiber officinale (Ginger)
Zingiber roseunm

Zingiber wighitanum
Zingiber zerumber

+ 9 related spices

+ 4 related spedies

In a state like Kerala with high population density and
low per capita income, the pressure on bicdiversiy has
been so much so that several species have been criven
to the verge ot extinction. Studies on the flora, fauna
and fragile ecosystems of Kerala would show that there
has been increasing incidence of loss of species.
depletion of genetic base of important crop plants and
their wild refatives and dergradation of pristine eco-
systems aqoss many parts of the State. This irreversible
loss of biodiversity warrants more appropriate mezsures
of conservation so as to ensure the protection of enes.
populations, species and ecosystems that are of critical
importance to the survival and sustenance of human
kind.

Strategies for Conservation, Bioprospecting and
Evaluation of Biological and Genetic Resources
of Kerala

The most widely accepted scientific techniques of
biodiversity conservation are the /7 sitv and ex-situ
methods.

‘In Sit’ conservation

It has been well established that the best and cost-
effective way of protecting the existing biologiczel and
_genetic diversity. is the %7 s/tu’ or on the site
- conservation wherein a wild species or stock of a
biological ccmmunity is protected and preserved inits
nafural habitat. The prospect of such econcentric’, rather
than a ‘specics centered’ approach is that it would prevent
spedes from becoming endzngered by human actvities
and reduce the need for human intervention to prevent
premaure extinctions. Establishment of bioszhere
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reserves, national parks, wild lifé sanctuaries, sacred
groves and other protected areas forms examples of-i
situmethods of conservation. The idea of establishing *
protected area network has taken a central place in alf
policy-decision processes related to biodivesity -
conservation at naiional, international and global level.

Qut of 9400 sq.km of forests in Kerala, 77,19 sqkm
constitute ‘protection forests” where any kind of logging
is prohibited. There are 2 national parks and 12 wildlife
sanctuaries which account for 2315 sq.km, ie., 24.6%
of the total forest area of Kerala. Such conservation:
area, if managed scientifically, can contribute
significantly towards conservation of biological resources
of Kerala.

However, experiences have amply demonstrated that in

a densely populated State like Kerala, where a sizeable
human population are living in close proximity to forests,
dedclaring protected areas will not entirely be sufficient
to ensure the conservation of the fast ereding biclogical
diversity. The success of any conservation programme
vests solely on the efficient management of protectcd
areas. The involvement of local and tribal communities
in conservation activities has now been increasingly
realized. A people-nature-oriented approach thus
become highly imperative so that it will help generate a
sense of responsiziity among the local people about
the values of biodiversity and the need to use it
sustainably for theér own prosperity and the maintenance
of ecosystem resiience. Involving the local mass in all
phases of conservation programmes, such as the
clanning, palicy-Gadision process. implementation etc.
wil be a significast component ini achieving efiicient
management and Ldiization of biologicai resources.



§Ex-site’ conservation

In situ’ conservation of biodiversity can be
complemented by the ‘ex-sifv’ method through
cultivation and captive breeding of plants or animals in
botanic gardens, arboreta, zoos, biclogical parks, and
through long-term preservation of organism / partsin
bio banks (seed, pollen, semen, egg, embryo, genes
etc.) and tissue culture repositories (Cryopreservation}

Botanic gardens play a key role in the ex-situ
conservation of plants, especially those facing the
imminent threat of extinction. The Tropical Botanic
Garden and Research . Institute (TB GRI),
Thiruvananthapuram is one of the leading botanic
gardens in India and South East Asia, which has
accomplished tremendous progress in both ex-sifzand
in situ conservation of plant diversity in India,

particularly of the Western Ghats of peninsular India. -
The garden today has a remarkable collection of over

10000 tropical wild plant spedies, induding 2750 spe-'
cies {with genetic variants of over 100 spedies) of
medidnal plants from alf over India, particularly from
the Western Ghats. The TBGR! has also initiated several
integrated multidisciplinary research programmes
focussing on cultivation, evaluation, conservation and
sustainable utilization of plant genetic resources. These
programmes are being carried out by a transdisciplinary
forum comprising systematists. phytochemists.
pharmacologists, conservation biclegists, plant
biotechnologists and economists.

Gene bank : The concept of establishing gene banks
(DNA libraries and genetic gardens) provides ample
options for long-term preservation of the genetic
variability (infraspecific variability) of species that are
critically endangered or those with immense, economic,
medidnal or aesthetic importance.

In order to achieve the ultimate goals of biodiversity
conservation, there is however a definite need of effective
net-working and co-ordination from various sectors
involving biologists. forestry experts, pharmacolocists,
pharamaceutical manufacturers, economists, policy
makers and the general public. International co-
operation and global action plans are significant factors
that can orient our conservation efforts in a much more
meaninaful way.

Heed for bioprospccting and valuation

The potential of nature’s generic tibrariesin providing
us with new kinds of food, madicine and industrial
products is enormous (Ehrilch:& Ehrilch, 1992). The

unknown potential of genes, species and ecosystem
represents a never ending biological frontier of
inestimable value. The prime focus of genetic
conservztion in the past was centred around the do-
mesticzted biodiversity (agrobiodiversity, animal
husbzrcry) and their wild relatives. Today about 80%
of the wild genetic resources remain untapped. The
scope of tapping the latent and patent potentials of
tens and thousands of wild species or plants. animals,
and micreorganisms has bezn realized only in recent |
times, tzking lessons from the Costa Rican Eperiment
ie.. Merck - In Bio collaboration, the Australian Plant
Evaluzgtion Programme etc.

Bioprespecting is the most efficient means;ito explore
and eveluate the economic, genetic and chemical
poteniizls of biological resources through modern
technciogical intervention. \iith recent advances in
instrumentation and enzyme technology scientists can
now unczrtake screening of plants on a massive scale
for identifying and isolating potential bioactive

- compoeunds. Appropriate plant extracts can be screened

for their biological activity by employing ‘through put’
techniuues using #7 witro enzyme methods followed by
isolation of active principles by modern chromatographic

‘technicues such as HPLC (High performance Liguid

Chromatecraphy), GLC Gas Liguid Chromatography),
MPLC (Medium Pressure Liquid Chromatography) and
LCMS (Licuid Chromatoeraphy Mass Spectrometry) aided
by ccmputer and robotics. Applying such innovative

" techniques hundreds of plant samples could be screened

in a day where as it used to take almost 7 to 8 years to
isolate biodynamic compounds from a single plant usine
conventional techniques. Further the modern
techniques require only bare minimum quantity (2-3
gm) of iresh plant samples when 20 to 30 kq of plant
samples &re used in conventional chemical screening
programmes. '

DNA fnger printing technology using Random Amplified
Polymorghic DNA (RAPD) has emerged as a powerful
tool to assay diversity of the locus, chromosome and
whole ¢enome of an organism. The versatility and over
all information of a finger print system determine its
sprezd and range of application. This is fast emerging
as a very innovative technology in bioprospecting in
generzl. and pharmaceutical and gene prospecting in
particuier. Biomedical and biochemical research teams
in the worid over are pioneering into the new frontiers
of pharmaceutical prospecting based ‘on natural
resources 2articularly plants and mia’oorgar;isms. There
can t2 no two opinion that cene and drug prospecting
arce czinz 10 be the wo seliing technologies in the coming
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. 21st century. Because, it is these two challenging areas
that hold key to human welfare through industrial and
economic prosperity.

The efficient use of bioresources in consort with innova-
tive genetic tcchnologies like DNA cloning, DNA finger
printing, gene mapping, preduction of transsgenic
organisms efc. can go long way to ensure conservation
of rare and threat-ened biota in ‘DNA Ubraries”, and
open up newvistas of sustainable use of genctic rescurces
with increased bioproductivity.

For many countries of the world, espedially of the tropics,
biodiversity represents the last remaining natural
heritage. While the biodiversity poor but technologically
rich countries of the North acquired high capabilities by
making the best use of their biotechnology, the
biediversity rich but technologically poor countries of
the South are far behind in framing efficient methods
and strategies for better utilization of their biological
wealth. So there is an urgent need to inventorize and
evaluate the direct economic values of biodiversity in

the Third World Countries including India. India's rich’

biodiversity, constitutes a potential resource base for

alf kinds of chemical, industrial, pharmaceutical and

gene prospecting. This can be one of the most
challenging areas for efficient utilization of Keral's
biodiversity too.

Bioprospecting and economic evaluation of indigenous
fiora and fauna, including micraorganisms occurring in
Kerala will be highly rewarding in terms of industrial
and economic progress. Besides helping to evolve new
industrial, pharmaceutical and biochemical products,
bioprospecting and evaluation of biodiversity will help
significantly in framing efficient policies, plans and
programmes for conservation and sustainable utilizetion
of biodiversity. However, bioprospeeting is not an easy
task. Setting up sufficient infrastructural facilities and
strengthening technology base in biotechnology.
biochemistry, molecular systematics and other related
fields are the most essential requisites for a State like
Kerala in venturing into such promising fields as
bioprospecting and economic evaluation of biodiversity.
Such high-tech capabilities will help a biodiversity rich
State like Kerala in achieving more self refiance and

acquiring better bargaining power while buying and

seiling biotechnology and its products.
Conclusions

Some of the basic issues inflicted upon bioressurce
management programmes in Kerala are (i) lack <i a
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realistic estimate of biotic wealth including microflora
and fauna (i) absence of an integrated approach
bridging ‘ecologic resilience' and ‘economic
sustainability’ into biodi versity policies (iii)
conservation movements without people's par ticipaticn
at the grassroot level and (iv) failure to address
bicdepletion issues from socioeconomic perspectives.

It is imperative to streamline a dynamic ‘system
approach’ in which biologists, ecologists, economists,
administrators, policy makers and representatives of
local and ethnic communities should work together to
evolve an efficient strategy to achieve realistic goals of
conservation and sustainable development, This would .
envisage strengthening of inter-institutional
collaboration between R&D organizations involved in
biodiversity research, evolving new socioeconomic
rezlms of biodiversitv management with people’s
particpation and integrating science, industry and
people to achieve sustainable human development.
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Rice productivity improvement in the =

coastal wetland ecosystem

Prof. (Dr.) V. G. Nair

The humic tropical zone in India comprise of the coastal
plains of ihe peninsula running through the Arabian
coast (the western coastal plains comprising of the
Malabar znd Konkan coasts) and the Bengal coast (the
. eastern cSastal plains including the coramandal coast
and the northern dircars). The low lands in this coastal
belt are some what discontinuous and in certain areas
are place= at below mean sea level. These areas which
are in cormiinuity at several places with the coastal lagoon
system ccx transformed through human interference
" into the ~r=sent coastal wetland ecosystem.

‘ (The princal crop of this ecosystemis rice. In different
situations.. therice crop forms the major component of
different ‘=rming systems such as rice with pulses and
oil seeds. rice with fish culture, rice alternating with
flooded f=iiows etc. This coastal wetland ecosystem
charactersad by different abiotic and biotic stresses

. such as ood, poor drainage, salinity, alkalinity, acidity,
disease, z=sts, weeds etc. at different locations have
already te=n identified as problem areas. Inspite of the
fact that oifferent farming systems have come to stay
and contimuing, these coastal wetland problem areas
are low i, productivity and hence have become non
sustainatie. These areas are therefore facing the threat
of extinction through either redamation as new upland
areas or ~2cession to their original coastal lagoon
system. s such, improvement of productivity and

. thereby r=storation of their economic sustainability as
wetland ric= based farming systems is the need of the
dayfrom in= point of view of increasing food production
and maime=nance of ecological balance in the region.

The tradittconal rice growing areas in India are included
-in this coasal wetland eco system. Rice productivity in
this regiom, limited by one or more stress factors
enumerarez above can be effectively improved through
development and adoption of high productivity varieties
tolerant tc e stress or through correction of the spedific
stress in ==ach situation through ecology management.
Stress mamipulation through the adoption of tolerant
varieties s the easiest, effective, economical and
ecofrienci» and hence is an accepted priority approach.
Inspite or "2 HYV programme in operation for the last

three deczaes, the acceptance and adoption of such-
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varieties in these regions is poor because of their low
realised productivity consequent to sensitivity to the
stress. Hence adapted high productivity location spedific
varieties have to be developed to reassure the
sustainability of the rice based farming system in these
problem areas.

Now let us look at the problem from a different angle.
Food grain production in India has substzntially increased
from the level of 51 million tons of 1550-51 10 203
mitlon tons of 1998-89 ie., a four fold increase over a
period of five decades. During this period our country’s
population increase was only three folds from 360 to
980 million and hence we have moved up from the
begging bowl to the bread basket. Contrary to seven
Indians sharing a ton of food grains in a year during the
post independence period, only five of us need share a
tonat present. India has become not only self suffident

in food grains but also reached a stage of food security -

through building up of sizable buffer stocks in recent
years.

Inspite of such spectacular achievements in food grain
production, there is a conspicuous disparity in the
production increase in the two major cereal crops viz.,
rice and wheat which together contribute about 75 per
cent of the total food grain production in India.

Food grains (Hillion tons)-

Year Total Rice  Wheat
Food grains
1950-51 50.8 20.0 7.0
1970-71 108.4 420 24.0
1990-91 176.5 74.3 55.1
1996-97 199.3 813 093
1697-98 19341 82.1 66.0
1998-99 203.0 (Provisional)
2006-07 243.0 (Requirement)

It czn be seen that wheat preduction increased to nearly
10 folds in S0 years whereas rice production increased
to cnly four folds during this period. Tre main reason
for this is a higher realised productivity in wheat as

.



compared to that in rice eventhough there was an
increase in wheat area to almost double in contrast to
the area increase in rice by only one fourth. The wheat
crop is usually grown in well managed situations in the
subtropical region of India whereas the rice crop is largely
cultivated in the coastal wet land problem situations in
the tropical region where good management is not
practicable. The HYVs of rice now available are best
suited for the well managed situations and they do not
withstand the stress characteristic of the problem
areas, resulting in a dismal gap between potential yield
and realised yield. Rice productivity improvement in
the coastal wetland ecosystem thraugh development of
high yielding stress tolerant varieties can enable an
overall increase in production in the problem areas
leading to a further substantial increase in rice
production in the country.

The rice based farming systems in the coastal wetlands
of Kerala could be taken as a good example for the
stress dominated problem areas and low productivity of
HYVs. Eventhough the full length of the Malabar coast
can be considered as a problem regior, the specific
situations identified for intensive technological
interference are Kuttanad, Onattukara, Kari,
Orumundakan, Pokkali, Kole and Kaipad regions. Several
HYVs have been evolved and recommended for the
different regions and seasons in the state but their
acceptance and adoption by the farmers is very low.
Moreover, the realised productivity of these varieties in
real farming situations is much lower than their potential
productivity. In a consumer state lke Kerala where the
sates annual production of 8.85 lakh tons food grains s
able to meet only about a quarter of its requirements
and the per capita food grain production is only 30 kg.
against the national average of 207 kg. per annum, the
poor impact of HYVs on rice production is a really grave
situation.

Though the average yield of rice in Kerala is slightly
better than the national average, the yield of high
yielding varieties is lower at 3028 kg. grains/ha against
3465 kg at the National level and very much lower than
their potential productivity of five to six tons/ha. This
low realised productivity amply justifies the poor
coverage of HYVs in the state at 36 per cent inspite of
efforts made during the last three decades. The low
realised yields and poor adoption of the recommended
HYVs in the problem regions necessitate the
identification of new varieties tolerant to the different
stresses and adapted to the différent situations and
systems under which rice is grown in the coastal wetfand
ecosystems.

The technological approaches in rice varietal
improvement for the problem areas may be outined
here under.

i) Conservation and utilisation of local germplasm

The diversity of rice growing situations in the ceastal
wetlands has lead to the evolution of several local
varieties through natural selection. Some of them are
being grown extensively because of their tolerance to
the stress conditions. These local cultivars are already
endangered consequent on efforts to spread the HYVs
and hence have to be collected and conserved. The
more promising ones have to be initially impraved
through selection. The genes for stress tolerance
retained in these local cultivars could be later-expleited
for developing high yielding stress tolerant variefies.

ity Developing new plant types for strese situations
The high productivity plant type of the present day HYVs

may have to be redefined to satisfy the requirements of
the problem areas. Specifications for developing new

" plant types will depend ar the crop' growing situzticns

in the different regions and seasons. Genetic sources
for this may be identified from the available germplasm
resources or could be induced by employing approg-iate
breeding technology such as induced mutations.

iif) Back cross breeding

Most of the HYVs in India have been evolved through
recombination breeding adopting the pedigree method
utilising the DGWG dwarfing gene. It is probable that
desirable genes conferring adaptability to the problem
situations and resistance to stress contained in the loczl
varieties used as parents have segregated out curing
the several selfed generations that followed
hybridization. The selection pressure in favour cf the
plant type and associated characters conierring figh
productivity under favourable situations is fikely to have
hastened such eliminations. The derivatives logically
will have high productivity under favourable situations
but do not perform up to expectations is real stress
situations.

In this context, the backcross breeding method becomes
more appropriate in the recombination breeding
programme. The chosen plant type variety may be used
as the donor and focal adapted variety as therecurrent
parent. Repeated backerossing with the loca variety
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. followed by selection for the donor plant type wil lead
' to derivatives combining adaptability to local stress
situations with high productivity.

iv) Biotechnology

Genetic manipulations in crop plants through molecular
approaches have assumed great importance in recent
years. Several economic traits in field crops have been
incorporated through genetic transformation.
. Resistance to disease, pests, salinity, flood, herbicides,
iron toxicity etc. are some of the traits amenable for
* manipulations in rice. Exploitation of somaclonal
* variation in combination with in vitro mutagenesis and
" genetic transformation for acquiring resistance to the
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various stress factors will be effective molecular
approaches worth persuing. Itis graftifying to note that
such investigations in rice have already gained
momentum in India. : .

Intensive efforts have to be made for increasing Erop
productivity in the coastal zone and this has been given
due emphasis under the National Agricultural
Technology Project. Agricultural Scientists working in
this area may avail this opportunity to develop location
specific varieties and other relevant technologies for
better management of rice productivity in the coastal
wetland ecosystem so that rice production in this country
can be lifted to the anticipated requirement of 103.5
million tons making possible to achieve the target focd
grain production of 243 million tons by 2006-2007.
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Recent concepts in soil producitivity management

R. Vikraman Nair

Soils of humid tropics are characterised by the acidic

-nature, coarseness of texture and low fertility status. -

These soils also have dominance of gravel in many cases.
These basic factors decide the management of soil
fertility in these soils. Emphasis was initially on
amelioration of soil acidity and subsequently on
management of soil fertility. '

1. Soil acidity

The pH of Kerala soils which are taken as the example
of humid tropical regions is normally in the range from
5t0 6.0. In scme problem soils like the *Aar/, pH of
dried soil samples may go down to as much as 2-3. The
very low values are attributed to be due to the
presence of large amounts of sulphur and production of
sulphuric acid through microbial oxidation of this
element.

Based on the documented information on amelioration
of soil acidity, early attempts were directed towards
estimating the lime requirement and trying to amend
the soil to varying pH levels. Advantage to such a liming
practice was not very impressive and yield responses,
when observed, were noted only upto very low levels of
around 500 kg/ha which was much lower than the lime
requirement values, It was generally concluded that
raising pH of soils to near neutrality may not be
necessary for most of our crops. The responses noted
were often attributed to be because of the involvement
of calcium as a nutrient.

Soil fertility management

Upto the 1960°s fertilisers were not in common use
and all the fertility management was through the
conventional methods of manuring, green manuring and
crop rotations. With the introduction of fertilisers, they
became theimportant inputs and many of the traditional
practices gave way to it,

The early fertiliser recommendations were made based
on crop removal, fertiliser trials and soil test results.
Recommendations on nitrogenous, phosphatic and
potassic fertilisers were made primarily based on soil
test data which showed that our soils were rated low for
N, Pand K. Experience over the years on fertiliser rate
trials had shown that response to nitrogen was

widespread and common, that to potassium was not
uncommon but the response to added phosphorus was
scanty. Recommendations on the three nutrients are
continued even now on the justification that phosphorus
added to the soilis practically not lost. One modification
that was made in the 1980’s is that we may skip
application of phosphatrc fertilisers for some hme if
levels in soils are high.

With large-scale use of fertilisers, there was neglect on
the conventional methods like manuring. Though these
did not result in immediate decline in productivity, the

- disadvantage arising out of this neglect became apparent

later. Results of long-term fertiliser trials also éupported
this and indicated strong advantages of combined
application of manures and fertilisers.

Secondary and micronutrients
Deficiencies of these were never noted as widespread

and the only nutrients who deficiencies were noted
atleast in some locations and for some crops were

" magnesium among secondary nutrients and zunc among

micronutrients.
Toxicities of nutrients

fron and aluminium toxities are reported in submerged
soils. The basic reason is the high contents of these two
elements in the soils. Toxicities arising from H,S toxicity
in rice soils of acid sulphate soils are common. Drainage
is the suggested solution for all these. ;

Methods of increasing efficiency of fertilizers
Ameng the three groups of fertilisers, methods of

increasing efficiency were made only in the case of
nitrogenous and phosphatic fertilisers.

1. Nitregenous fertilisers

A. Integrated nutrient management .
i) Use of the blue-green algae

Mixed cultures from IAR] were experimentally tested in
rice soils of Kerala starting from the 1960's. The resulis
were not impressive and adoption of the practlce had -
been poor.
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" ii) Use of Azolla

Trials were taken up in the 1980's on the use of Azoff2
pinnata used both as organic manure and also through
dual culture. Both these practices were found to be
highly useiul and varying quantities of fertifiser nitrogen
for rice could be substituted. However, adoption of this
practice also was poor because of the cost factor.

iif) Use of biofertilizers

Cultures containing symbiotic nitrogen fixing organisms
of genus Bradyrhizobium and those of non-symbiotic
nitrogen fixers of genera Azofobacterand Azospirifum
were tested in the field since 1960's. There was
emphasis on such field trials especially in the 1990's.
The advantage to the use of such biofertilizers had

been marginal in terms of nitrogen supplementation. -

However, use of such materials was of advantage in
some crops like pepper the advantage arising mainly

from better root growth. Such effects, when noted, were '

attributed to be either because of production of growth
hormones or suppression of pathogenic organisms.

iv) Use or organic manures, green manures,
green leaf manures and cropping systems

Al these practices were found to be beneficial both
directly and also indirectly by increasing the efficiency
of fertiliser nutrients. However, there was neglect of
these practices ever since fertilisers came to be the
agricultural scene. Resuits of long-term experiments
have consistently indicated the necessity for maintenance
of organic matter status of soils to get the best crop
performance and also best benefit from fertilizers.

B. Modified forms of fertilisers and treatment
of fertilisers

i) Use of nitrification inhibitors

This practice with neem cake as the agent testedin the
1960's and 70's was of limited advantage eventhough
substantial gain from this practice were expected arising
out the heavy rainfall pattern and coarseness of soil
texture. There are indications that the basic factor
involved is the inherent lack of nitrification in the: soils.

if) Incubating urea with soil

This recommendation of mixing urea with five times the
weight of soil and incubating for 24 to 48 hours was
made to reduce loss of nitrogen through leaching in the

form of urea prior to mineralisation. This
recommendation was made based on theoretical
considerations and limited experimental observations
and its field advantage was not evaluated. Adoption of
this practice also is poor and the main deterrent is the
extra cost involved which does not often commensurate
the extra cost of nutrient through fertilizer.

ili) Use of modified forms of urea

Modified forms of urea like granules, super granules
and briquettes were made and tested. These were
generally of advantage but adoption is poor mainly
because of cost factor.

iv) Coated urea

Ameng the coated fertilisers, shell-lac coated urea was
tested in some field trials and this material was generally

. found to be useful. However, the extra cost involved
* often did not match the benefit and the material did not

take off on a commercial scale.

One novel material under testing now is the 'root contact
packet' which is suitable for tree crops that need large
quantities of fertilisers to be applied in plant basins.
Such packets can be useful both for nitrogenous and
potassic fertilisers. Initial trials for standardising packets
for targetted release rates are in progress.

2. Phosphatic fertilisers
i) Use of powdered insoluble fertilisers

This is a practice often used as a substitute to the use of
soluble fertilisers considering the acidity of soils
espedially for perennial crops. Exact assessment of the
advantage to this practice was handicapped by the lack
of response to this nutrient. Estimates of available
phosphorus and crop removal have indicated parity of
insoluble powdered fertilisers like Mussoriephos and
Raiphos with soluble fertilisers.

ii) Use of biofertilisers

One of the major advantages of the use of arbuscular
mycorrhizal fungi is considered to be the increased
availability of phosphorus. In general, field use of AMF
was found to be of some advantage. Separating the
effects into its components had not been done, However,
recommendations on combined application of insoluble
phosphatic fertilisers dlong with AMF are made based
on theoretical considerations. @
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Weather forecasting’ and contingency crop planning

for aberrant weather situations

Dr. V. Muraleedharan Nair and  Smt. L. Girija devi

Weather forecasting

Spedialized weather forecasting for agriculture refers
to forecasting weather elements viz., sunshine hours,
occurrence of relative humidity, rainfall, drying
conditions, temperature, wind etc, which are important
in agriculture and farming operations. This is a
specialized field to serve an important segment of a
nations economy. Weather forecast/meteorological
information is becoming more important for making

many operational decisions in agriculture both strategic

or long-range and tactical or short-range dedsions.. Thus
development of this service is essential since modern
day agricultural operations are becoming increasingly
dependent upon detailed and accurate information of
meteorological elements. o '

Out of all the factors which control the agricultural
production, weather is the only factor over which man
has hardly any control and hence it has dominance over
the success or failure of agricultural enterprises. [t is
an accepted fact that food production is intimately linked
with climate and weather. 1t is also reported that the
weather induced variability of food production is more
than 10%. In order to reduce risks of loss in food
production due to vagaries of weather, weather should
be taken as one of the major inputs in agricultural
planning. Thus, forecast of weather parameters plays a
vital role in agricultural production. These also help to
minimize the crop losses to a considerable extent. Itis
estimated that about eight per cent of the total crop
losses can be avoided through improved weather
‘forecasts. The weather forecasts zlso provides
guideines for long range seasonal plarining and selection
of crops most suited to anticipated climate condition. -

By forecasting of anticipated heavy rains, the irrigation
from wells can be avoided by which we can save electricity;
the harvesting could be advancedif the crop is in maturity
stage: threshing of the harvested produce could be dene
before rains by which crop losses can be avoided. The
losses in seed, diesel, labour and time can be avoided
by not sowing the crops, if anticipated weather is not
suitable for the operation. Saving of fertilizer by
avoiging losses through leaching, gaseous loss and
fixation loss could be achieved if farmers are informed

well in time that the coming weather may not be suitable
for fertilizer application. A sizable wastage can be
mirimized in the use of plant protection chemicals also.

Types of weather forecasts

Weziher forecasts for agriculture can be divided into
thre= categories viz., (i) short range forecast (upto 48
hours), (ii} medium range forecast (3 to 10 days) and
(iii} lang range forecast (above 10 days). Each has got
a role to play in farm operaticns and planning of
agricultural activities. However, the reliability of a
forecast decreases with increasing period of its validity
and decreasing area. Thus planning made well in

. advance has to be revised on the availability of the

short range forecasts.
Short range forecasts

The short range forecast is based on synoptic situation
prevailing at the time of forecast and is valid upto next
48 rours. ltis issued twice a day based on synoptic
conditions. Forecasts are normally issued for the
following meteorological elements.

& Distribution of rainfall and warnings for heavy -
rainfall :

<@~ Day and { or night temperature and heat / cold
wave conditions -

@ Important special hazardous weather like
thunderstorm, hail storm, sand/dust storm, squal,
tornado, snow, frost etc.

& Forecasts are also used for important atmospheric
systems affecting the agrociimatic zones such as
tropical depression / storm, mid-latitude systems
and their induced vertices of the tropical latitudes.

In 22Zition to the synoptic methed, numerical weather
pre<iction method is also used for short-range forecast
in scme countries. The use of computer technigues has
macz short range weather forecasting for agricultural
operations potentiaily one of the more effective
mezzzrological services. Such forecasts include in
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addition to the above mentioned elements, expected '

doudiness, probability of rain and expected rainfall, vind
speed and direction, dew duration and intensity and
range of high and low temperatures. These forecasts
are used jointly by agricultural scientists and agro-
meteorologists to prepare explicit interpretive guidance
for agricultural operations.

Medium range forecasts

Forecasting of meteorological elements over different
agro dlimatic zones for periods ranging from 3-10 days
is most important for agricultural operations znd

. management of multi-purpose water management
projects. Inmany countries, the medium range forecast
aims at predicting the departures or anomalies of the
weather elements (like rainfall, temperature etc.) from
the long term averages, rather than the instantanecus
weather. Such forecasts are operational in nature znd
in quantitative terms as well. Medium range weather
forecasts can be used in scheduling farm work ie., in
dedding whether to pre-pone / post-pone cultivation,
sowing, cultural operations, harvesting etc. These
dedsions which would be realistic, limit the uses of
resources to optimal levels, ie., there need be no over-
supply of labour, power, water, chemicals, machinery
etc.

Long range forecasts

In some countries, weather forecasts valid for more than
ten days are issued by Metearological services. In some
other countries, weather outlook are also issued for a
month sometimes, a season ahead. These outlooks are
usually expressed in the form of expect deviation from
normal conditions. Forecast emphasises on abnormalty
of temperature and precipitation. Long range forecasts
can be used to decide on soil moisture management,
irrigation, scheduling, selection of crop etc.

Agricultural weather forecasts

Weather forecasts for agriculture would involve the
weather requirements for growing the crop and also
weather requirements for carrying out the day-to-day
farming operations. Forecasts need to be formulated
by the agrometeorologial services and suitable advisories
given in co-operation with the agricultural experts.

Elements of Agricultural Weather forecasts

Farm planning and agriculturai operations are grezzy
infiuenced by the past, present and expected weaihzr.

Thus weather forecast should refer to ail weather
elements immediately affecting them. These elements
are:

. Sky cover, cloud and sunshine percentage

. Rainfall probability

. Temperatures

. Winds

. Humidity

. Dew duration

. Drying conditions

. Drought

CO ~J O U B WM —

Generalized weather forecast for agriculture

Agriculture weather forecasts should include all
elements in the same relative position in each forecast.
This enables the farmers to become accustomed to a
given flow of information. A commonly accepted forecast
formatis shown in Annexures 1 and 2; this forecast was
based on consideration of the various parameters as
follows: oo

. i) Sky conditi;ms

Actual Forecast - day Forecast -
coverage night
(average)
<2110 Sunny with more Fair

than SO per cent -

sunshine

2/10to 3/10  Mostly sunny with Fair

more than 75 per cent

sunshine

4/10to 6/10  Partly cloudy with ~ Partly
more than 50 per cent  doudy
sunshine

7/10t0 9/10  Mostly cloudy with Mostly
less than 50 doudy
per cent sunshine

> 9/10 Cloudy with less Cloudy
than 10 per cent
sunshine

ii) Temperatures

Maximum and minimum temperatures covering the
highest maximum and lowest minimum espedally under
hot and cold wave conditions respectively are important.
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ifi) Winds

Many high cost agricultural operations depend on
direction and speed of wind. Thus forecasts on wind
direction and speed (in Beaufort scale) and expected
changes should be given.

iv) Rainfail

The probability of getting a certain amount of rain for
each of the standard week s important for planning
various agricultural operations.

v) Humidity

Relative humidity forecasts should include afternoon
minima and night time maxima. Such forecasts are
useful for many agricultural practices.

vi) Dew duration

The duration of dew occurrenceis primarily used for
estimating periods of leaf wetness for plant disease
control and also for determining perieds for applying
chemical dusts. Thus the duration of dew should be
indicated.

vii) Drying conditions

Expected drying conditions should be referred to in
- forecasts, this information is used to détermine crop-
curing conditions.

viii) Drought

The prolonged dry weather condition often leads to
deficient soil moisture in the root zone reduces growth
and development of crop and causes yield reduction.
Drought forecasts would be of much use for irrigation
planning and other cop management purposes.

Special Agricultural Weather forecasts

Weather forecasts in making certain special high-cost
decisions are of great importance in agricultural
operations. These forecasts are so spedific in nature
that they vary from crop to crop, from season to season

-and even during the season. They are normally issued
for planting, applying agricultural chemicals, cuftivating,
harvesting, curing, cipping as well as for servidng other

~weather related agricuitural preblems associated with
the crop and its locztion. ’

Agricultural Advisories and Dissemination

General agricultural weather forecasts provide
information to the farmers so that they make their ovn
decisions. This special type of advice is given only in
advisories issued by agricultural meteorologists in co-
operation with the agricultural experts. These advisories
may recommend implementation of certain practlces or
the use of special materials to help effectively prevent
or minimize possible weather related crop damage or
loss.

Distribution of agricultural weather forecasts and
advisories depends upon the available, communication
facilities, eg. radio, television, automatic recorded
{telephone) reply which is related at regular intervals,
low cost pocket size battery operated radios.

Preparation of agro advisory bulletin

The weather forecast based agro advisory bulletin must
contain :

& Medium range weather forecast information

% (rop management advisory consisting of standard
- agrenomic management practices under normal
weather conditions

@ Suitably modified agronomic management advisory
under forecast transient weather conditions.

& Any other crop related information benefited to
the farmers.

Formation of agro advisory

Comparing the preceding periods, actual weather data
with the weather normals, and combining with it the
weather forecasts for next few days (as received from
Super Computer Centre of NCMRWF) the agroadvisories
are to be convinced about whether it is appropriate to
formulate the agroadvisory under norm:al weather
conditions or under transient weather conditions.
Accordingly the following exercises are to be made to
raise the final agroadvisory for communication to the
farmers:

& Under normal weather conditions

Phenology-wise standard agronomic management
pracices
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@ Under transient weather conditions

Phenology-wise suitably modified agronomic
management practices

&~ Qther crop related informations of economic
benefit to the farmer are also to be included in the
agro advisory bulletin which will make it more
acceptable, palatable and popular.

Agro Advisory Bulletins (English & Malayalam) prepared
and issued from Vellayani Centre is shown in Annexures
3and 4.

CONTINGENCY CROP PLANNING FOR ABERRANT
WEATHER SITUATIONS

Several plantation crops and rice crop require special
crop planning to combat the aberrant weather situations
like drought, flood, chilling temperature etc. in Kerala.

Agricultural droughts

Agricultural drought occurs when the rainfall and stored
soil moisture are not adequate to meef the water
" requirements of crops. . '

. Early season droughts

The early season droughts occur either due to failure of
rains after the early occurrence of sowing rains or due
to delayed start of the rainy season. f a prolonged dry
spell occurs immediatelv after sowing the crops, the
seedling may wither and adequate crop stand cannot be
established. In such cases, itis better to resow the crop
otherwise gap filling has to be carried out to maintain
adequate plant population to realise economically
acceptable yield. ™

In the event of delayed start of the rainy season,
traditional aops may have to be replaced by alternate
crops / varieties. In case of cereals, it is better to raise
a nursery and transplant the seedlings with the start of
rainy season to compensate for the delay in sowing.
Transplantation is a labour intensive operation.

Mid season droughts

Mid season droughts may occur due to break monsoon
conditions aiter the establishment of crop stand. Inthe
event of mid season drougnt. mulching will help in
reducing soil evaporation and conservation of moisture
in the top layers of soil. Mulching may ot be effective

after the crop canopy develops to the extent of shading
the ground completely. Land configurations may be
useful to conserve moisture to encounter mid season
drought.

Terminal droughts

Terminal droughts occur due to early cessation of rainy
season resulting in severe moisture stress during the
reproductive and physiological maturity stages. In the
event of terminal drought, the crop will continue to grow
under receding soil moisture conditions. Therefore, the
crop requires supplementary irrigation which may not
be possible without generating additional water
resources through rain water harvesting and recycling.

Flood

The heavy spells accurring particularly when the soil is
fully charged with water irom the previous spell of rain,
canleadto floods. Flood management and prevention
would require accurate rainfall measurements. In
Kerala, rice in the first crop season is affected by flood
in the middle or later stages, since the South-West
monsoon is concentrated in June and July.

Low temperature effect
Weather conditions prevailing in the high altitude has

significant influence on the growth and productivity of
plantation crops such as rubber, coffee, tea, cardamom

“efc.
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Annexure 1

EXAMPLE OF AN AGRICULTURAL WEATHER FORECAST
(India Meteorological Department, Pune)

Sky condition Partially cloudy

Temperature Maximum 29-32" North to 32-350 South
Wind : Southerly statewide with speeds ranging from 10to 19
_km/h in the South-East to 29tc 40km/h and gusty in
the North-West
Precipitaton Scattered showers and thunderstorms will occur over

the State today through Saturday and will be more
numerous over South-West and Central sections to-
day. Rainfall amounts will average from 6 to 19 mm
with local amounts up to 38 mm. Probability of rain
will vary from 40 per cent in the South-West io 20 per
cent in extreme East. :

Drying conditions Outside shower areas over the East fair to good during
morning hours otherwise good to excellent over the State,
minimum relative humidities will range from 40 per cent
to 55 per cent in the South-East both today and Saturday.

Dew Light in the West and Light to Moderate in the Ezst drying
off around 10 hours both today and Saturday.

Sunshine 7 to 9 hours today and 9 to 11 hours saturday

Outlook Parily cloudy and continued warm Sunday through Tues-
day with scattered showers and thunderstorms. ‘Winds wiit
remain southerly with light to moderate speeds.
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Annexure 2
(National Council for Medium Range Weather Forecasting, New Delhi)

EXAMPLE OF AN AGRICULTURAL WEATHER FORECAST
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Annexure 3

EXAMPLE OF AN AGRO ADVISORY BULLETIN (ENGLISH)

fpll"ln,’

KERALA AGRICULTURAL UNIVERSITY
DEPARTMENT OF AGRICULTURAL METEOROLOGY

AGRO ADVISORY
BULLETIN No.13/98

(ISSUED ON 15/09/1998 FOR VELLAYANI)

(Prepared by the AAS Project, KAU and Department of Agricullure, Kerala State}

WEATHER INFORMATIOR
Weather summary of the preceding weak :

The highest maximum temperature observed was 31.10°C and the lowest
minimum temperature pbserved was 22.97°C. The average wind speed was
6.28 kmv. Relative Humidity was high during the wesk. Monsoon was heavy
and the total rainfall during the week was 20.4 mm in three days. The mean
evaporation was 4.46 mm/dsy. The sky was cloudy during tha week,

Forecasi valid uplp 17.9.1988

Sky will be cloudy. Light rains are expectes in and arotnd Yelzyanl Changein
maximum and minimum temperature is expected. Winds cf average speed are
expected,

CROP INFORMATION

Paddy (Virippu) is in harvesting stage. Basin opening and crganic manuring is
progressing in coconut. Vegetables are at different stages,

Agro adyizary for the coming thras days

Ingidence of bud rot, coreid bug, red paim weevil and stem bleecing on coconut
and psevdoslemn weevil on banana are noticed. [n cucurbiGceaus vegatables
incidence of mite and fruit flies are noticed. Lea! spot diseass is chserved in
amaranthus. Fruitand shoot barers are also chserved in Bhindi and solanaceous
vegetables. When the past and disease incidence exciads tyesnold level, adopt
control measures in consuliation with bocal Kiishi 8havan sif.

CONTROL MEASURES
Coreid bug on cotonut

Apply carbaryl 0.1% or Endosulfan 0.1% suspension on tha newly opened
inflorescenca after the receptive phase of the femate flowers and spray the entire
crown excluding the leaves and older biunches.

Red palm weavll

1. Feld sanitation shoud be given prime importance,

2. Avoid making steps or any other injury cn the tres trunks o redice tha fogi
of infestation.

3. Leat axil tiling as suggested under Rhinocergs beatls will be useful against
the Red palm weevil zlso.

4. Y¥hen green leaves are cut from the pa'ms, stumps ¢f not lass than 120 cm
may be left on the trees in order 1o prevent successtd ivward movement of
the grubs through the cut end.

5. Inject sttacked palms with Pyrocone £2/20 cr Carbaryl at 1% concentraticn
{Pyrccons 10 ml or 209 of Carbaryl 50%, WP in one e ¢f waler/palm) or
Trichlozphon D.2% Suspension at 1 lite/palm, using 3 funnel.

6. Asanaltemative, apply 1% DDVP or Alumirium phosarica af 1-2 {abAres
as a curative measure. |

7. ‘When iha pesi infestation is {hrough the crown, clean Cie crown and slowly
pour the insecticidal suspension.

B. Coconut tog traps with fermenting teddy andl pineadpe of sugarcane
activated with yeast or molasses can be set in coconut prantlion to attract
and trap the (ree foating popufations of red palm weevi. Incorperate any
of the insecticide to each trap to kill the weevils trzoped,

Bud rol of coconul

1. Inearty stages of the disease (when the heart [exd starrs weiharing) cut and
remove all atfected tissues of the crown and apply Borceaux pasta and
protect it from rain till normal shoot emerges.

2. Bum all disease atfected tissues removed from the paim.

3. Spray 1% Bordeauwx mixture on spindie leaves and crown of disease affected
as well as neighbouring palms, as a prophylactic measure.

Slam blasding of coconnl

1. Remove complelely aHected tissues Ly chisailing and Serzatier dress tha
wounds with hot coal tar or Bordeaux-paste. Avoud any mechanical injury
to tne same.

2. lmprove general condition of palms throuch proder manuring, scil
management ang other cultural prachices.

3, Application of Calixin @ 25 ml per 25 Jtres of water 25 56i dr2achivg once
in four moaths.

Banana pseudostem weevil

1. Field sanitalion [s the most important facicrin the cropaytaciiz ang curative
contiol of this pest.

3) Remove such plants along with the chizeme in fa1 and cesoy Tem by
burning the lifs stages of the insect using karosine or by burrying te —acerial
in deep pits in soil.

b) Destroy the parts of rhizome and pesudostem of harvestsd %iar's in the
field and destroy them as descrived 2bove,

2. Remove the dry outer sheaths o! tis pseudosiem of all infec<sd and
uninfested plants in the endemic reis and sprey asy of e ‘=fowing
insecticides. Drenching all the leaf ax!s, rirzome 24 surrounding szil and
alt round the entire pseudostem inserting the noxis *wcugh he sz2oe Roles
made by the larvze if any and alsa w.thin the outer sheains zy stightly
ralsing the same at different spots s also atfective. -

Inszcticides lo be used {any one)

Quinalphos 005%
Chloropyrifos 003 %
Carbaryl 029 %

Rapeal the traatment after three weeis if whe infastation parsists.

Fruil {lies {Bltlargourd, Snakegourd)

Apply carbaryl 0.1% DP in pits before s&wirg of seeds o destioy T8 mae. In
homestead gardens the fruits may be covered with pa'ythens, clam or peper
bags to ensurs mechaniczl protection. ln large garcens azply Carvaryl 2.2% ar
Malathion 0.2% suspension containing sugar and jagyery 3t 13 ¢A at tzrmightly
intervals atter fruitset initiatian. Spray zs coarss droplets on the ventra' surface
of leaves. Remove and destroy affectsd and decayed ‘rats,

In snakegourd infestation of fruit fiy can be edfectively controlled by t2 use ol
banana fruit iraps or oscimum traps with tha removal and “estruction of riested
fruits. [t is more efficient than two sprying with inseczcides. The trap is
prepared by applying Carbofuran granvies at the cut encs of ripe tanaa fruits
(variety Palayankodan). Traps are set 3f a distances of 2m after 3 borzar row
and they may be replenished atter 7 to 3 2ays. S'ant S trapping juz telore
fiowering.

Leafspo! disease (Amaranthus)

Destroy immediately if the spot appears ca gne or tws leaves of ore or two
plants. Besides spray both sides of leaves with 10 Etres of clear z=wdung
salution containing 40 Dithane M45.

Fruit and Shoot berers (Bhindi)

Remove all droeping sheots and damaged fruits. Spray carbaryd 2.13% at
intervals ot 15-20 days or spray neem sed extract of 5% concentratixi in the
initial stage itseif,

Copy lo:

1. The Pringipal Agricutiural C¥icer, Degarrnem of Agneulture, Gowt. of Karata, Trivandrum
2. The Direcior, NCMRWF, Ceparment of Saence and Techaslogy, Technolgy Bhavan, New Mehraui Read, Hew Dewy - 110 048

3. Assistant Director of Agncutture, Pallichar & Neyyattinkara

4. Krishi Bhavan Cificers

5. Progressive Farmers
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Remote sensing — a tool for

natural resource management

K. Abdul Samad

Introduction

Population pressure and the consequent higher demand
of life systems have led to the over exploitation of natural
resources. Systematic and optimum land use planning
is essential not only for improving the social conditions
of the area but also for conservation of the environment
for future. In the process of land use planning
conservation, development and management of the
available natural resources play an important role. This
can be exercised at domestic, regional, national or inter-

national levels Any successful developmental activity

needs a comprehensive inventory of human, economic
and physical resources, an appraisal of the present
situation, an analysis of the cultural and physical
problems in resource development and also an estimate
of their resource potentials in spatial and temporal
terms. These are the basic aspects in the pracess of
land evaluation of Land Use Planning, which helps to
take up proper decision for future land use enabling a
permanent ecological balance.

Proper resource management system needs timely and
reliable information, which can be achieved by
undertaking intensive inventories on the present “State
of affairs”. The future also deserves more importance,
espedally for those entrusted with the task of designing
and implementing suitable plans for the conservation,
development and management of the resources. Hence,
forecasting is essential to evaluate whether the future
state of affairs will be in accordance with the aspirations
and objectives. Itis of prime importance for any nation
to formulate and develop a suitable National Natural
Resource Management System. This will help in
gathering reliable information about natural resources
sdentifically and disseminating the same to decision
makers speedily and timely. Hence Natural Resource
Information System is a vital component of the
Management System. The data gathered through the
information system can be utiised in the process of
effective management of the natural resources.

An optimum land use plan is a prerequisite for proper

Natural Resources Management. Scentific land

use planning is of paramount imporiance especially for
a nation like India in order to maximize the productivity

of land to meet the needs of the growing population far
food, fibre, fodder, fuel, etc. Eventhough land suit'abilityH
studies may establish relative suitabilities of diffarent
developmental programmes, their implementation has
to be based on the impact and effects of impertant
spatial factors such as population density, distribution,
social factors, physical infra-structure, present
utilization of land, etc. Hence, to prepare an optimum
land use plan for proper management of the natural
resources, reliable and timely information of the
available natural resources is a must.

Inventory of the resources include acquiring of reliable

" and timely information of the existing resources as well

as the spatial distribution like distribution of forests,
present land use, data on surface water, etc. By
exploration of resources, we mean acquiring of data on
resources such as oil and natural gas, minerals, ground
water, etc. These are resources which are mainly seen
underground and not distributed on the surface of the
earth. Their location, distribution and quantification,
etc. has to be done through indirect methads, i.e.,
relating it to certain surface features such as vegetation,
faults, fractures, lineaments, etc.

2. Remote Sensing

Remote Sensing is the acquisition of information about
an object which is not in intimate contact with the
information gathering device. The human eye s one
such remote sensing system. Camera, Spectro-
radiometers, Radar, Seismographs, etc. are examples
of remote sensing.

Remote Sensing is a sdentific tool for acquiring reliable
and timely information of the available natural

. resources. [t helps in the inventory, exploration,

exploitation and also the monitoring of the resources.

In natural resource management this is achieved mainly
by detecting the reflected or emitted portion of EMR.
This is obtained with the help of aerial cameras or wei!
developed sensors mounted on airerafts or sateliitzs.
This technique is based on a fact that each object on
the earth’s surface has a unique spectral signature. In
addition, it gives temporal and spatial informations.

CROP RESCURCE MANAGEMENT IN HUMID TRCPICS



Remote Sensing also provides information on the -
renewable and non-renewable resources. This technique

also helps in the evaluation of the natural resources

management system. Hence, remote sensing yields

reliable and timely information for proper land use-
planning which is a must for effective natural resource

management. :

In addition to aerial surveys conducted for specific
purposes, a number of satellites such as LANDSAT, SPOT,
IRS, etc. belonging to different countries provide
information about natural resources on different
resolution, scale and periods. The data can be visually
or digitally analysed to generate valuable information
of the resources. '

3. Application of Remote Sensi.ng for natural

Resource Management

Application studies for resource management using
remote sensing techniques have been conducted
successfullyin the different parts of the world as well as
in many parts of India, a brief outline of few applications
in the field of land and water resources is given below.

3.1. land Use/Land Cover Mapping

Information on the present land use/land cover such as
agriculture lands, forest lands, wastelands, mining areas,
etc.is essential for preper fand use planning. Knowledge
 of the present extent and distribution of the different
forms of land useflard cover and information on their
changing properties are required by administrators and
planners to take dedsion on land use policy, urban
- development, establishment of human settlements,
providing adequate transportation facilities as well as
to implement effective plans for regicnal development.
Comprehensive land use/land cover data will also help
_ in solving the competing and conflicting demands of the
natural resources. Remote Sensing data on different
scales and resolutions yield valuable information.

3.2 Water Resources Mapping

The conventional methods for identification,
" investigation, assessment, planning and utilisation of
water resources are rather slow and are almost difficult
for inaccessible areas. Perspective planning for the
optimum utilisation of the available water resources
calls for reliable methods of identification and utifisation
of the potential resource3. In this context remote sensing
provides synoptic three dimensional view which provides
*an over all picture of the terrain facilitating the location
-of probable and suitable areas with ground water

CROP RESOURCE MANAGEMENT IN HUMID TROPICS

potgntial, prominent 3zuits, lineaments, fractures, etc.
from the remote sensi-g data which helps in locating
probable ground water zones.

Besides, the repetitivz coverage of the satellites is
advantageous to obszrve the same area at periodic
intervals and thereby zcoviding the information at fixed
intervals of time.

3.3 Geology/Geomorphology/Mineral and
Natural Gas Exploration Studies

Geological/Geo-morph:iogical studies carried out in
India so far by the Gesigical Survey of India and other
organizations have ba=: able to project the scope, utility
and limitations of this i=-nique. The capacity of viewing
the terrain over large zrza, helps the geologist or geo-
scientist for better urcerstanding of the geological
conditions. Small scalz regional thematic maps, useful
for reconnaissance piz-ning and execution of various
geological surveys, cz- be prepared by adopting this
technique. The addriznal information obtained thus
can be used for updatir; the already available data and
to provide a firm datz 2ase. Experience in different
parts of the world hzs shown that the application of
remote sensing techricues in the field of geology/
geomor phology is more zdvantageous in terms of time,
cost, coverage, conterr: znd scope.

Mineral and natural gzs deposits are the resultants of
geological processes. *n expression of the geological
processes gets reflec= in a geological map without
which any exploratior. zrogramme is hardly possible.
This technique has -w been. widely used in the
preparation of maps which project the basic geo-
morphological features. distribution of rockout crops,
etc. Mapping of the «zrth's magnetic field was also
attempted from the sz=llite based systems. A well
known project of ‘Mazszt’ has yielded information for
understanding the su-surface geological features of
intercontinental magnizude. Similarly certain data
relating to the gravizZonal field of the earth was
gathered from the satelize mounted sensors - ‘Avisat'.
The data yielded from i-e above two prospects help the
geologists and gez-scientists to have better
‘understanding of globa ectonics. The tectonic features
do host mineralisaticn and thereby helping the
exploration of targets vrich prima fade are indicative
of resources.

3.4 Matural Disaster Studies

Many types of disasters zre recurring in the world every
year possibly due to rzzural reasons or by deliberate



human intervention or by beth. Some of the common
disasters are earthquakes, ficods, fandslides, drought,
and the like, Studies on the types, distribution,
movement, temperature and height of the clouds from
the sateflite data help in quantifying the anticipated
rainfall over an area for which conventional methods
are not found to be feasible or efficient. Similar is the
case with the forecasting of cydones and lzndslides for
which meteorological satellites supported by Radar data
provides useful and reliable information.

3.5 Urban Planning

Though more than 70 per cent of India’s population live
in villages, urban and urban dependent population is
increasing rapidly. This suggests the immediate necessity
for proper.and realistic urban development plans.

An appropriate data base is a pre-requisite for regicnal
and urban planners/administrators at the different
stage of planning. This is very essential for finalisation
of the objectives, fixing up priorities for development,
allocation of funds, etc. It is in this context that aerial
photography, satellite remote sensing and computer
assisted information systems play animportant role for
suitable urban development programmes.

Urban study includes both dynamic and static
phenomena, The dynamic phenomena are population,
traffic flow, socio-economic condition, etc. while the city
size, water bodies, institutions, vegetation, distribution,
etc. can be grouped under static. Different thematic
maps showing the existing :nfrastructure drainage
network, road network, residential and non-residential
distribution, vegetal cover, etc. can be prepared using
aerial photographs and proper teciiniques. Even
measurements can be taken using suitable instruments,

Madras Metropolitan Agency was the first in India to
use aerial photographs for urban planning. Most of the
important cities are covered bylarge scale photographs.
Karnataka and Andhra Pradesh have also adopted this
technique. Studies on slums, encroachments and
unauthorized structures can be made using very large
scale aerial photographs, Vfith proper and systematic
study of large scale photographs it is possible to make a
fairly good estimate of even the population of aties,
attempts on which have been done in Coimbatere and
Ujiain. =

The recently available high resolution satellite data base
such as, SPOT, PAN, etc. yield ré!iable and valuable
informations for urban planning. With the availability of

better resolution data in future, satellite remote sensing
will have an important role in area,

3.6 Studyon Coastal Management and Marme
Resources

Studies on coastal management and marine resources
have been undertaken using satellite imageries and
aerial photographs. This is gaining momentum in our
country. Studies on share line change, coastal land
forms and morphology, sediment distribution, dispersal
and movements, coastal erdsior, ecological studies of
coastal vegetation,etc.

Satellite (e.g. US NOAA) imageries are able to provide
synoptic view of the area where field surveys are not
possible.

Attempt to estimate the marine resources have also
béen carried out through the technique of remote
sensing. There are instruments such as ocean colour
radiometers with suitable bands in the visible - near
infra-red regions. With this, estimation of phytoplakton
pigment (Algal bloom) and suspended sediment
distribution is possible. Airborne thermal scanners help
for sensing sea surface temperatures. Studies using
SEASAT data had shown encouraging results in the use
of this technique for marine resource estimations. Many
parameters, viz. Sea-state, chlorophyll, sea-surface
temperature, sea-surface-wind, atmospheric water
vapour, oceanic rainfall rate, ocean wave current, etc.
have to be studied for estimating the marine resource.
The recently launched Indian Satellite namely IRS-P4
(OCEANSAT) is mainly for this purpose.

3.7 Agricuiture and Soil Studies

The major step in this direction is preparation of crop,
soil water and other natural resources inventories.
Presently space borne remote sensing data are being
regularly used to study crop, soil and water resources.
Remotely sensed data from space borne sensors, viz.
LANDSAT MSS, THM SPOT and IRS are being used
for this purpose especially by digital analysis techniques.
Major emphasis in arop studies is to develop yield models
based on spectral indices (Vegetation Indices) of crops
and agro-meteorological parameters. In India similar
studies are being carried out in SAC Ahmedabad and
NRSA Hyderabad for cotton, wheat, soyabean, sunflower,
etc. and results are provided to user well before the
harvest of the crop. To avercome the problem of cloud
cover during Kharif season, R&D experiments by using
microwave (SAR) remote sensing data'is being
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attempted. Attempts are also being made to use
remotely sensed datain the study of horticultural craps,

Remotely sensed data was found to be extremely useful
in mapping the soils on operational basis. This has
been successfully used in India also by various national/
state level organisations. Mainly visual interpretation
technique is used which is supported by required field
studies. Physiographic analysis is the best method for
the purpose. Satellite data were found to be extremely
useful in mapping and monitoring various degraded
lands like saline soils, eraded soils, etc.

. In addition to the above, this technique can be effectively
used for the following studies also.

a) Assessment of potential arable lands, wastelands
and rockout crops
b) Classification of agricultural lands
¢) identification of ciiferent crops
d) Acreage estimation of crops
e}  Assessment of peradic changes in arops or farming
patters
f)  Detection of crop camage and crop vigour
- g) Evaluation of different types of erosion
~h)  Watershed managament studies

3.8 Integrated Studies

Integrated managemen: of the natural resources is the
* best way to achieve a sustainable development process.

Sustainable development means development of the

natural resources to meet the immediate needs of the
. present population and also the needs of future

generation without endangering the ecology and
 environment. Remote Sensing technique can play an

effective role in this direction. Studies are being carried
out in different parts of the world.

In India, a project termed as ‘Integrated Mission for
' Sustainable Development’ (IMSD) was launched in 1992
by Department of Space. The project aims at integrating
the remote sensing data obtained from satellites with
the data generated by conventional means and also
socio-economic data. Different resource maps such as
land usefland cover, soils, slope hydro-geomorphology,
surface water resources, drainage and watersheds and
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transport network are generated. Then these data are
integrated with meteorological and socio-economic data
for the generation of an Integrated Land And Water
Resources Development Plan.

4. Geographic Information System (GIS) *

This is a technology concerned with the representation
and manipulation of geographic data which has physical
dimension, geographic locations and qualifying
parameters. [t is basically an integrated data base
management system in_which large volume of geo-
referenced data are stored, organised, manipulated,
retrieved, analysed and displayed with the objective of
efficient and sustainable management of the natura
resources. The data generated through remote sensing
can be effectively used for this technology.

5. Conclusion

Remote Sensing technology is found to be an effective
tool for the generation of reliable and timely information -
on the available natural resources problems, potentials
and problems of the area which is very essential for the
proper conservation, development and management of
the natural resources. This technology is successfully
operationalised in ground, space and in various
application areas.

The future advances especially with better spatial and
spectral resolution will not only help in the sustainable

~ management of natural resources but also shall address

some of the challenging areas such as real time disaster
management, bio-diversity, 3D modeling, etc.
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Biotechnology as a tool for crop improvement

Dr. K. Rajmohan

Biotechnalogical tools can be very effectively utilized
for crop improvement. They can be integrated into an
existing breeding programme for the improvement of
new genotypes. Possibility exists to alter the nature of
future crop species. The various fields of application of
biotechnologyin cropimprovement include the following:

Exploiting somaclonal variation

Callus cultures are potent sources of structural and
numerical chromosomal variations. The method permits
regeneration of plants with altered phenotypes
(somaclonal variation) which can be used to increase
the existing variability through sexual crosses. Desirable
variants can be recovered and used directly. The prospect
of obtaining limited changes in well adapted plant types
without resorting to hybridization is attractive to plant
breeder. The most desirable somacional variants are
those which provide improvement in characteristics such
as yield or resistance to stresses, not already available
or not easily transferable to the existing lines. Plants
shoving resistance ar tolerance to stress conditions like
salinity, drought, herbicide toxiclty etc. can be produced
by this method.

In sugarcane several useful somaclones were recovered,
including those with high sucrose yield and resistance
against several diseases. Protoclones were recovered
in potato varieties for growth habit, tuber colour, fruit
production, maturity date, tuber uniformity, photoperiod
requirements and resistance against early and late
blight. Somaclonal variation has also been observed in
rice for tiller number, height, improved seed protein and
yield. In tomato and wheat also several desirable
variants for yield traits could be recovered..Attempts
are under way to apply the technology in crops like
pepper, ginger, banana and ornamental plants.

Among the mechanisms for the origin of somacional
variation are karyotypic changes, cryptic changes, gene
amplification, transposable elements, somatic gene
rearrangements, epigenetic events and regulatory gene
action. Somaclonal variation occurs at a higher rate
than spontaneous variation.

Gametoclonal variation represents the variation in plants
regenerated from haploid ceil cultures, derived from
gametes. It has been employed for development of new
varieties in rice and wheat. Gametoclonal variation is

useful in the isolation of homozygous diploid from inter
and intra-specific hybrids. ’

In yitro mutagenesis

Callus cultures can be exposed to physical or chemical
mutagens for increasing the genetic variability. Then
the cultures are placed under conditions which allow
the rapid screening of mutants, The main types of
mutations are: (a) heterotrophic, which require nutritinal
supplements for normal growth, (b} resistant, which
resist specific drugs, anti-metabolites or abnormal
envirenmental / nutritional conditions and {c)
autotrophic, that grow in defidient media and are capable
of synthesising some substances normally required for
the wild lines. Other kinds of mutants exhibiting specific
characteristics may also be selected.

Mutants that are useful to agriculture include those
resistant to pathogenictoxins, pathogens and herbicides
and tolerant to salt and drought. Resistant mutants for
funga! and bacterial toxins are selected using disease
including toxins in cell cult::-z. Cell suspension cultures
are first prepared. These m. e subjected to physical
(9amma rays, UV rays etc.) o: -hemical (ethy! methane
sulphonate) mutagens at half lethal doses. The cells
are then washed and grown for several cycles before
subjecting to selection. Crude toxin extracts from cultured
pathogenic bacteria are filtered, sterilised and
incorporated into the selective medium. Resistant
mutant cells are screened by continuous increase in the
concentration of toxin. Plantlets regenerated from the
resulting cell lines are further subjected to screening
for resistance.

In vitro fertilisation

In vitrofertilisation could be resorted to bring poliination
and embryogenesis under ar tificiat conrol. It is useful to
produce interspecific and intergeneric hybrids which
otherwise would not be formed in nature. It can also ke
used when seeds are difficult to be obtained under
unfavourable environmental conditions. Thus, there is
scope for obtaining novel and useful hybrids. In vitro
fertilisation including that of pistil, ovule and placenta
helps in overcoming the various types of sexual
incompatibility. The pollen and ovules used should be at
suitable developmental stages and the optimal culture
medium should be selected to ensure normal growth of
the pollen tube and fertifisation of ovule. /7 vitro
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pollination and fertilisation have been successfully
employed in crops like ginger.

Embryo culture

Embryo deneration is.commonly observed in crosses,
involving distantly related parents. This may be due to
inhibitors, immature embryos or degenerated
endosperm. Although, successful fertilisation and early
embryo development may occur, a number of irreqular
events follow which cause the eventual death of the
embryo. Culturing the embryos in vitro helps in their
rescue by eliminating the inhibitory factors of pre- and
post- zygotic incompatibilities, The problem of improper
development of the endosperm (as in orchids) can also
be overcome through embryo rescue. It is also useful to
combat seed dormancy and related phys:ologlcal
problems.

In order to meet the progressively changing nutrient
requirement to the developing embryo it is necessary
to transfer the embryo from one medium to another.
Several basal media fike MS, White's, Heller's, Nitsch
and Knudsons's are useful for the culfure of embryos.
Coconut milk has a promotive role.in embryo culture, in
a number of cases. Cytokinins, auxins and gibberellic
acid are also used. Growth and survival of cultured
embryos are favoured by the addition of sucrose (0.5 to
3.0 per cent) in the medium. Embryo culture has been
tried successfully with interspedific crosses in crops like
tomato, cotton, rice, cabbage and melons and
intergeneric crosses in wheat & rye and barley & rye.

Haploid culture and production of homodiploids

Germ cells, usually the immature pollen, are cultured to
produce new plants. Since the germ cells are haploid,
the derived callus or plants are also haploid. Such callus
or plants can be treated with colchicin and made diploid.
Buring the process, the plants become homozygous at
allthe lodi. Plant breeders often have to self poliinate

their strains for many generations to produce true

homozygous lines in a single step. This is especially
valuable in perennial crop breeding. Haploid culture, in
combination with conventional breeding helps the
breeding process and enhance selection efficiency.

Protoplast culture and somatic hybridisation

Plant céll can be treated vith cell wall degrading enzymes
(pectlnase, cellulase and hem:cel[ulase) to dissolve the
rigid cell wall, and obtain naked cells called protoplasts.
These protoplasts under appropriate conditions can
regenerate the cell vall and divide again. Protoplasts
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can be genetically manipulated and used for
regenerating whole plants with altered g=notypes.

The simplest wayto combine genetic information of two
cellsis through fusion of their protoplasts. The resulting
product is the sum of the two nuclear ard cytoplasmic
genomes. Somatic crosses are useful in overcoming
asexual incompatibility between related spedes. It is
possible, through somatic hybridisation, to make crosses
wider than that can be made by conventional means.
The cytoplasm also contains genetic information which
is located in sub-cellular bodies such as chloroplasts
and mitochondria. Usually-the cytoplasm of pollen is not
transferred to the egg during fertilisation. During
pratoplast fusion, cytoplasm in the nudlet of the parents
is mixed. This method enables the transfer of
cytoplasmic traits such as male sterility, from one plant
species to another.

Genetic transformation

Plant transformation provides the epportunity to
introduce any gene from any source ito plant cells.
These cells then can be. regenerated to produce
transgenic plants that contain the new genetic
information in every cell. Over the past 20 years, it has
become possible toisolate genes from miaobes, plants,
and animals and to insert them into a range of plant
spedes. Most transgenic plants produced so far have
been obtained using two general methods which are
Agrobacterium-mediated and direct DNA uptake, the
latter including such specific methods as particle
bombardment; electroporation and PEG
permeablization. The commercialization of plant
transgene-based products is on the increase. A number
of transgenic products have been commercialised.
Tomato with delayed-softening and ripening, canola and
soybean lines with low linclenic acid content, high aleic
acid content and high palmitic and stearic acid content;
canola with high laurate and increased phosphorus
availability; corn and soybeans with improved amino
acid content; and potatoes with increased starch content
are some of them. Transgenic products with novel
agronomic traits include: resistance to herbicides Iike
glyphosate, phosphinothricin, bromoxinil, and the
sulfonylureas and imidazolinones; crops carrying B.
thuringiensis genes for insect resistance, genes
conferring resistance to viral, fungal and nematode
pathogens; and nudear male-sterile crops used to create
inbred lines for hybrid-crop production. Future products
are anticipated to include plants developed as sources
of modified enzymes, industrial feed stocks,
biopharmaceuticals, antibodies and antigens for

vaccines.
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‘Recent trends in plantation crops research

" Dr. KU.K. Nampoothiri

Plantation Crops occupying an area of 4.11 million
hectares (2.2% of the total cropped area) and
generating an annua! income of Rs. 1,29,042 million
form animportant group of cropsin India. The research
support for the overall development of the crop is
provided by Research Institutes under various Ministries
of Government of India and State Agricultural
Universities. Salient attempts made to improve the
production technology of plantation crops such as
coconut, arecanut, cocoa, oil palm and cashew are
discussed in this paper.

COCONUT (Cocos mucifera)

Coconut occupies a unique position in the socio-
economic scenario of india and is related to prosperity
of avery large number of small and marginal growers.
About 10 million people in the country are engaged in
coconut cultivation, processing and marketing.

India with an annual production of 13,963 million nuts
is the largest producer in the world. The area under the
crop increased from 0.626 million ha during 1950-51
to 1.716 million ha during 1996-97. The projected
demand for coconut by the end of IX Plan is 24,000
million nuts. The gap of 10,000 million nuts between
demand and supply can be bridged only by i increasing
the production and productivity of coconut.

The basis of every improvement in crop productivity is
good planting material. Systematic evaluation of various
cultivators and long term hybridisation programmes
have resulted in release of 1 5 improved types/hybrids.
They give as much as 90% more yield'than the local
West Coast Talls. Special types for tender nut purposes
like Chowghat Orange Dwarf have'also been released
for cultivation. The seedlings of selected and prepotent
local tails are also in great demand In view of the low
muitiplication rate, seed gardens areraised to increase
availability of quality planting materials.

Possihilities of breeding drought tolerant types were
indicated by identifying desirable trails for tolerant ones
under field conditions. Among these criteria,
accumulation of epicuticular wax on leaf surface, low
stomatal frequency, low stomatal resistance and leaf
water potential are important. WCT x WCT, Federated
Malaya State, Java Giant, Andaman Giant, Laccadive

Ordinary x Chowghat Orange Dwarf and lLaccadive
Ordinary x Gangabondam are found to be' drought
tolerant. The reduction in overall yield during drought
affected years is only 15-44% in drought tolerant
coconut hybrids compared to 75% in drouaht suscepthbie
hybrids, -

Realising the advantages of clonal propagation various
attempts were made in tissue culture. Although clonz!
plantlets could be produced from spindle leaves,
plantlets could not be obtained when adult palm
ext: .nls are used. Embryoculture technique has beea

- standardised and has been successfully used i

germplasm collection of 15 accessions from Indizn
Gcean Islands. Protocols have been standardized fer
DNA extraction and PCR amplification. A partial genomric
library of coconut has been constructed and 130
recombinant clones have been identified by colony
hybridization. Future lines of work will include
characterization of coconut genotypes using molecular
markers invitro conservation of coconut embryos, and
tagging of genes for resistance to root (wilt) disease in
coconut.

Coconut is a perennial crop which exports nutrients ta
the parts above ground level continuously from a rrited
volume of soil throughout its life. 56 kg of 1, 12 kg R 70
kg K, 34 kg Ca and 12.5 kg Mg are estimated to ke
removed from a hectare of coconut plantation. The order
of importance of nutrients is K>N>P>Ca>Mg.
Fertilizer application has been recommended based on
long term experiments. However it will be necéssary to
judiciously apply them based on sofl and leaf analysis.

- Coconut based cropping/farming systems involving

cultivation of compatible crops in coconut gardens and
its integration with other enterprises fike dairy, pouliry
etc. leads to considerable productivity increase by
efficient utilization of sunfight, water and labour,

In coconut, initiation and differentialization of vegetative
and reproductive primordia and enlargement of ceils
are very sensitive to moisture stress. Drooping of leaves,
breaking of petioles and even death of palms are noticed
under drought conditions. Even inwell managed gardens,
drought reduces the yield upto 30 per cent. A coconut
palm removes 30 to 45 litres of water per day. The
yearly irrigation requirement is estimated to be 465
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" litres per palm spread over the non-monsoon months.
Irrigation experiments indicate that drip irrigation with
atleast 66 per cent of EQ (32 1 palm day) is sufficient,

Integrated control measures are available for the major
pests like rhinoceros beetle (Gyster rhinoceros) and
Leaf eating caterpilar {Opisina arenoselts). Bud rot
(Phytophthora palmivora), Stem bleeding disease
(Thielaviopsis paradoxa) and Thanjavur wilt
(Ganoderma lucidum and 6. applanatum) are also
controllable. However there is no curative treatment for
root (wilt) disease since it is of phytoplasmal etiology. A
strategy for containing and managing the disease
espedially through proper agronomic practices and
resistance breeding is envisaged.

In the present International trade scenario with stiff
competition among various countries, India is at a
disadvantageous position because of International
prices of many of the plantation crops and their products
are below compared to domestic prices. To overcome
this, long term strategies are to be evolved for product
diversification and higher productivity. Coconut being a
palm of multivarious uses there is great scope for coconut
based economy if product diversification is attempted
integrating the whole processing for fuller utilization of
its byproducts.

ARECARUT (Areca catechu)

Arecanut palm is an important cash crop in India
sustaining nearly six million people. The economic
procuce is its fruit called betel nut or supari which is
mainly used for masticatory purposes. The estimated
area and production of areca are 2.64 lakh hectares
and 3.13 lakh tonnes respectively. lts cultivation is
concentrated in the Southern States viz., Kerala,
Karnataka and Tamil Nadu. Arecanut provides immense
scope for intensification of cropping systems which
provides not only for ecological sustainability of land
but also ensures economic stability to the farmers..

The research on the crop has resulted in development
of technologies for increasing production and productivity
through which India became self-sufficient and
production is always on the increase. Six varieties have
so far been released with yields upto 4.60 kg chali per
palm. In order to overcome the difficulties of height of
the palm efforts are undenway to breed dwarf types, the
source of dwarfness being the Hirehalli Dwarf which is a
natural mutant. ’

Agrotechniques for seed production, nursery, spacing,
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Fertilizer application and intercropping have been
standardised. High yielding varieties have been found
to favourably respond to double the fertlizer dosage.
Several areca based multiple cropping systems have
been recommended, the most viable of them being
arecanut-cocoa-pepper-banana combination for West
Coast, arecanut-pepper-coffee-acid lime-betelvine in
maidan parts of Karnataka and areca-betelvine-pepper-
cocoa-banana-gingerfturmeric/dioscorea in north-east.

The major pests and diseases are controfiable. However
Yellow Leaf Disease prevalent in Kerala and some of the
districts in Karnataka still eludes a satisfactory control.

Betel nut is used mainly for chewing purposes. Butit is
necessary to have alternative uses and utilise the
byproducts fully. Tannins in areca can beused inleather
industry as well as in manufacture of plyboard. The nut
fat (8-12%) can be made edible after alkaly-refining.
Activated charcoal, husk, hard boards, boxes and
disposable cups and plates from husk and leaves are
other uses which can be exploited for maximum returns.

COCOA (7heobroma cacao)

Cocoa was introduced to South India during early 20th
Century as anintercrop in coconut and arecanut gerdens,
Even today it continues to be an ideal intercrop giving
encouraging yields and net income. The requirement of
the domestic industry is expected to be about 15,000
to 20,000 tonnes as against the present grinding
capacity of 9,250 tonnes. The area and production
targets for 2002 are 24,000 hectares and 20,000
tonnes respectively.

Evaluation of 136 exotic accessions for yield and bean
characteristics led to the identification of 11 high
yielders of Malaysian origin with more than two kg of
dry bean weight/treefyear. The clonal progenyhas been
established for hybrid seed production. A few drought
tolerant hybrids have also been identified.

Since grafts are more uniform and better in productivity,
grafting techniques are adopted for large scale
production of quality planting material. The diseases to
be reckoned with are the black pod disease and recently
reported Vascular streak disease.

CASHEW (Anacardium occidentale)
India, with a production of 4.30 lakh tonnes of raw nuts/

year, is the largest producer (43%) in the world. During
1997-98 Rs. 1390.64 crores was éarned from the




export of 76,323 tonnes of cashew %ernels and 4,181
tonnes of cashewnut shell liquid. India is the largest
producer, processor, exporter and second largest
consumer of cashew kernels in the world. The bane of
the industry is the acute shortage of raw cashewnuts
within the country. We have a processing capacity of
over, seven lakh tonnes of raw nuts as against a production
of less than four lakh tonnes per year forcing us to resort
to imports. The crop is mainly grown in Kerala,
Karnataka, Andhra Pradesh, Tamil Nady, Orissa,
Maharashtra and Goa,

From commercial point of view, the ideal cashew plant
should have dwarf and compact canopy with intensive
branch habit, short flowering and fruiting phase, more
than 20 per cent perfect flowers, 8-10 nuts/panicle,
medium to bold (8-10 g} size, more than 28 per cent
shelling with high potential yield of more than 20 kg/
treefyear and it should preferably be resistant to major
pests and diseases.

Twenty three selections and 11 hybrids have been so
far released for cultivation. In 1970's and 1980’s the
seed propagated planting materials were used for area
expansion programme. During 1990's the commercial
viability of vegetative propagation was confirmed.
Consequent to this a number of nurseries were
established many of them vith Government of India
assistance. Replanting of the low productive orchards is
considered to be a better aption to achieve an yield of 2
tonnes/ha for which quality planting material is now
adequately available.

The quaiity of fertilizer to be applied to an adult tree as
per the present recommendation is to supply 500 g N,
125 g P,0g and 125 g K;0 per treefyear. The farm
yard manure application at the rate of 4 T/ha {25kg/
tree) is also recommended. Though it is essentially a
rainfed crop irrigation increases the yield by 30%. The
main problems in cashew cultivation are the incidence
of Tea mosquito bug and Stem borer,

- The growing demand for kernels ininternational market
and the availability of cheap, skilled labour (mainly
women) in India are important favourable factors for
rapid growth of cashew processing industry in India.
Optimization of every processing'step has become
urgent. Efficiency in production of unscorched kernels
and maximum recovery of CNSL are very important.
Simple mechanisation to increase the whole nut yield,
without creating social upheaval, is the most ideal.

OIL PALM (Elaeis guineensis)

The increasing gap between demand and production of
vegetable oil made it imperative for us to look for an
alternate ol crop. Qil palm is a preferred crop because
ofits high oil production potential of 3 MT to 5 MT per
hectare. Although introduced and cultivated in the
country since 1964, a pelicy on its expansion was taken
onlyin 1988 consequent to the report of the Government
of India Team: |t was estimated that a total area of 7.96
lakh hectares are suitable for the cultivation of this crop.
At present more than 40,000 hectares is covered under
oil palm mainly in Andhra Pradesh, Karnataka, Kerala
and Tamil Nadu. The main constraints are the
requirement of irrigation and necessity for a processing
unit in the vicinity of the plantation.

Palm oil of commerceis obtained from the mesocarp of
the fruit whereas the kernel gives kernel oil. Only tenera
hybrids are planted commerdially. Till 1982 the seeds
had to be imported. Now four to five lakh seeds are

produced indigenously through establishment of seed

gardens. The paim needs copious irrigation during
summer months since water deficit leads to increased
male inflorescence production resulting in low
production. A pollinating weevil (£laedobius
kamerunicus) has been introduced to increase fruit set
and yield.

Polybag nursery technigue has been standardised. The
recommended nutrient doze for adult palm is 1200 g
N, 600 g P205 and 1200 g K20 per palm per year.
Intercrops can be raised during the first three years.
There are no serious pests or diseases recorded in India
so far. However avian pests take a high toll of the fruits
and spear rot disease of phytoplasmat etiology is
reported from Kerala state.

The most important factor to be taken care of in palm
¢il inustry is the processing requirements. The fruits
should be processed at least within 24 hours after

. harvest lest the free fatty acid content goes beyond the

permissible limit due to action of lipase enzyme. The
processing involves sterilization, stripping, digestion,
pressing and classification. Small scale processing units
of one tonne FFB/hr are suited fer smaller plantations
of 200 ha while palm oil mills which can process 20 to
30 tonnes of fruits/hour are available which can produce
refined palm oil. Oil palm cultivation offers scope at
least in certain states since it gives high oil yield per
unit area, it is ecofriendly, offers sustainable steady
income, and enjoys buyback guarantee under

Government support.
f
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Future strategy for spices development in India

E. Velappan and K. Sivaraman

India occupies a predominant position in the production,
consumption and trade of spices since time immemorial.
The present annual production of spices in the country
is around 25 lakh t valued at Rs 7000 crores, Over 90
per cent of the production is consumed within the
country and the rest being exported. During the year

1397-8 the country earned foreign exchange worth -

Rs 1352.10 crores by exporting 2,18,750 tonnes of
spices as vhole, powdered or value added items, The
world export of spices is estimated at 4,50,000 tonnes

" valued at $ 1600 million. The annual growth rate in the

*world import s in the order of 3 ber cent to 4 per cent.

+ Pepper and capsicum account for 57 per cent of the
total quantity, seed spices 17 per cent, cinnamon and
cassia 7 per cent, turmeric 7 per cent and ginger 4 per
cent. '

Presently over 50 spices are grown in India, although

International Standards Organizations (IS0} catalogued
" 109 spices and condiments. In India, Kerala, Tamii Nadu,
' Karnataka, Maharashtra, Guj rat, Rajasthan, Orissa,
--Madhya Pradesh and West Bengal are the important
- Spices growing states.

:Spices production was very stagnarit in the pre-
independent and early post independent years.
Initiatives for spices developments were taken from the
IV Five Year Plan onwards with the allocation of some
funds. A Centrally Sponsored Scheme for the
development of spices mainly pepper and to a small
extent ginger, turmeric and chillies was drawn up and
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implemented in the VIl Plan. As a result of this initiatives
taken an dnnual growth rate of 4% in producticn was
achieved during the VIl Plan period. Considering the
trend’in demand in domestic consumption and export
an annual growth rate of 8% was fixed in the VIl Plan.
A Centrally Sponsored Integrated Programme for the
Development of Spices (IPDS) was implemented in tha
VIl Flan in 25states and two Union Tertitories covering
27 commercially important spices grown in the country
vith a financial allocation of Rs. 125 erores. The impact
on production and productivity through the
implementation of the scheme was quite encouraging
and the target could be frilly achieved.

Considering the growing demand for spices within the
country and abroad for culinary, cosmetics,
pharmaceutical and other uses and the country's
potential for production of spices an average annual
growth rate of 10 per cent has been envisaged in the IX
Plan as against the achievement of 8 per cent in the
VIl Plan. Based on the experience gained, the research
inputs and infrastructure developed the future strategy
for spices development in the country on a wider
perspective are : identification of varieties suitable for
different end uses, production of better quality disease
free planting materials using bio control methods,
adoption of integrated crop management technologies.
encouraging export onented production, programme for
the control of major diseases, on-farm processing, beiter -
aftention for spices development in the NE Region,
creating a strong data bank on spices statistics etc.
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Medicinal and aromatic plants - Problems and Prospects

J. Thomas

Introduction

Qver 30% of the world's plant species have at one time
or another been used for medicinal purpose. Of the
2,50,000 higher plant species on earth, more than
80,000 are medicinal. Two third of plant species used
for medicinal purpose comes from developing countries.
The products relating to about 20,000 higher plant
species are being marketed world .over. About 120
chemical compounds of plant origin have been developed
into modem pharmaceuticals. The natural essential olls -
and their fragrance are perhaps the most remarkable
products of plant metabolism and these products have
influenced human thoughts and' emotions since the
beginning of our civilisations. A realisation of the
therapeutic value later made use of these materials in
medicine as curative, cooling, antiseptic and
preservative,

It is estimated that world market for plant derived drugs
may account for about Rs.2,00,000 crores. Presently,
Indian contribution is less than Rs.2000 crores. Indian
export of raw drugs has steadily grown at 26% to
Rs.165 crores in 1994-"95 from Rs. 130 croresin 1991
* -'92, The annual production of medicinal and aromatic
plants raw materials is worth about Rs.200 crores. This
is likely to touch US $1150 by the year 2000 and US $5
trillion by 2050, In' respect of essential oils, aroma
chemicals, natural flavaurs and fragrance, the demand
projections of industrial raw material are valued at US$
12 billion. In the world-wide flavour and fragrance
market, essential oils constitute about 17 per cent,
The estimate of world production of essential oils varies
from 40,000 60,000 t/annum. The world essential oil
production at raw material level was around US$ 1 billion
in 1994, of which 55-60% goes to food flavours and
15-20% to fragrance.

" The world population is likely to reach 11.5 billion by
the year 2020. Assessing the culTent status of health
care system, inadequacies of synthetic drugs are likely
to be more glaring in the corning years. Increased
emphasis on the usage of plant material, as a source of
food, medicine, fragrance and flavors, dyes, and other
items of daily use will be imminent.

India is known for its plant resources from time
immemorial and is one of the world's 12 bio-diversity

centers sheltering over 45,000 different plant spacies.
India’s diversity is unmatched due to the presence of
16 different agroclimatic zones, 10 vegetation zones,
25 biotic provinces and 426 biomes, Of these, about
15,000-20,000 species have good medicinal value.
However, traditional communities use only 7000-7500

. species for medicinal purpose. The trade of medicinal

plants in India is estimated to be to the tune of Rs. 550
crores/annum. Total turn over of ayurvedicand herbal
products is around Rs. 2300 crores. About 1300 spedies
of plants native to the country are known to possess
aroma. However, India produces limited items of
commercial value both from wild and cultivation. Export
of essential oils from India during 1996-97 is Rs. 27.7
crores. Total production of fragrance in the country was
to the tune of 8400 tonnes in 1997, Domestic demand
for fragrance and flavours is increasing in tune with the
increase in the purchasing power. The internal demand
for flavours during 1996 was 33188 tonnes. It is
predicted that India is growing to be one of the world's
largest economies in the next millennium. Our plant
genetic resources and technological skill will play a
significant role in attaining this enviable position.

Constraints in development
Market flexibility

In spite of regular internal demand and growing export,
the trade in this sector is largely unorganised. This is
largely because of fluctuations in the national and
international prices on account of variable supply and
demand that bring into conflict the interest of the growers
and user industries. So far, India has been involved in
the export of only large volume of raw materials. To

- achieve competitive advantage, we need to resort to

low volume high cost trade through value addition to
the raw kind unfinished products.

With respect to raw drugs, the market demand continues
to be fed fargely from wild though isolated cultivation
has taken off due to the concentrated efforts of various
governmental and non-governmental organisations.
China, which has taken lead in utilising its plant genetic
resources and traditional system of medicine, has
already eliminated the dependence on the supply from
wild, whereby demand and supply of raw materials could
be favourably adjusted. .
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Deforestation

The treasure house of medicinal and aromatic plants is
undoubtedly the forests, In India, a forest cover of 71
.803mha during 1950-'51 is at present disappearing
at an annual rate of about 1.5 million ha/year. What is
left now is only 8% as against thelmandatory 33% of
the geographical area of 328.73 million hectares. It is
estimated that with the present rate of destruction of
tropical forest, 20-25% of the world's plant species will
be lost by the year 2000. It is also reported that 10%
of India’s flowering plants come under threatened
categories. The “Red Data Book of Indian plants” gives
bare passport data on 620 species. About 1080 spedies
under threat require enlisting and categorizing in the
new LUCN. red list. If this destruction of plant resource
is continued unabated, it would undoubtedly undermine
our indigenous systems of medicine which cater to the
health care of over 80% of our rural mass.

Lack of modern approacﬁ :

Harnessing the plant resources for the benefit of
humankind was taught to the world from the time of
Indian civilisation, which dates back prior to 6000 BC.
About 8000 herbal remedies have been cadified in
ayurveda. The Rigveda (5000 BC) has recorded 67
species, Yajurveda (5000-4500 BC) 81 species,
Atharvaveda (4500-2500 BC) 290 species, Charak
samhita (700 BC) 1100 species and Sushrut samhita
(200 BC) described 1270 species of medicinal value.
The art of perfume making was first conceived and
employed in the East, especially in India, Egypt, Persia
and China. '

We ourselves are to be blamed for losing the traditional
knowledge passed on to us by our ancestors. Local
communities hold the utilisation of bio-diversity in
different languages and in their diverse epistemalogical
frameworks. Lackof proper documentation; verification,
conservation and short-sighted policies and laws
resulted in this state of affairs. There has so far not
been an over all guiding frame work to bring harmony
and coherence in the protection of our plant resources
and utilisation of our indigenous knowledge systems.
China has demonstrated the best use of traditional
medicines in providing health care. China has
pharmacologically validated and improved many
traditional herbal medicines and eventually integrated
them in formal health care systems. -
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Challenges Ahead

The burgeoning population, limited natural resources
and expanding biotic and abiotic stresses to the
environment have made it imperative to boost
agricultural productivity continuously using
environmentally sustainable technologies. Sustainable
agriculture should involve the successful management
of resources for agriculture to satisfy changing human
needs while maintaining or enhancing the quality of the *
environment and conserving natural resources.
Accordingly, the research and development on medicinal
and aromatic plants should be reoriented, infrastructure
developed, short, medium and long term result oriented
action plan chalked out and skilled man power developed
for meeting the emerging challenges in the new
millennium,

Bio-conservation

Bio-diversity is the vital factor for improving biological
productivity. To ensure availabifity of raw materials of
medicinal and aromatic plants in future, its intra-specific
genetic resources must be conserved. For effective
conservation, it is vital to identify the plants, outline
their distribution and assess the scarcity or abundance.
Steps should be taken to reintroduce the highly depleted
species into those areas vhere they once grew wild.
Priority for ex-situ conservation should be given to
species whose habitat has been destroyed or cannot be
safeguarded. Considerable traditional knowledge (both
documented and undocumented) on use of these plants
for human benefit is available but needs revitalization.
Comprehensive data,base is to be generated with all
the pertinent data for judicial use and conservation,
like scientific/vernacular/trade names, geographical
distribution, status of availability, description of plant
part used, method of collection, uses, major chemical
constituents and biclogical activity, pharmacological/
toxicological data, source of planting materials, demand/
supply status etc. The gene banks thus created have to
be put to in-depth characterization from conventional
taxonomy to cellular and molecular levels. Future
exploitation and utilization of genetic diversity of
conserved resources mainly depends on the level of
characterization and comprehensive understanding of
genetics. The main components of such analysis include
genetic identity (molecular fingerprints), relatedness
(molecular diversity), structure (genotype) and gene
location (DNA sequence). Techniques using “molecular
markers” has direct utility right from identification,
documentation to IPR protection and management of
biological wealth. '



Bio-praduction

The conserved genetic variability of commercially
potential medicinal and aromatic plants may be utilized
for evolving better varieties for higher production of
superior quality raw drugs. Conventional genetics and
plant breeding methods are to be further supported by
genomics research, which seeks to unravel the structure,
. function and evolution of whole genomes. Application of
genomics in medicufiurewould make imetabolic pathways

for the synthesis of pharmaceuticals, industrial and |

agricultural chemicals more efficient in host plants.
Mediculture genomics will provide plant genotypes for
economic production of a spectrum of valuable
compounds through cropping in the field or tissue culture
in bio-reactors. Appropriate production technology with
emphasis on organic and eco-friendly farming should
be developed in term with Good Agricultural Fractices
(GAP). Safety limits of pesticide residues, heavy metals
and microbial and radioactive contaminants for all plant
materials used in herbal medicines should be laid down
conforming to these guidelines. Each plant including its
parts, which are being used in formulation of herbal
drugs, should be standardized using modern scientific

tools. Emphasis on cultivation of medicinal and aromatic -

plants in homesteads, wastelands, avenues, public
places, creation of groves, etc should be integrated with
social and cultural life. Domestication and cultivation
form the most formidable challenge for the use of
medicinal plants as many species are still gathered from
the wild and continued exploitation can endanger the
survival of the species.

Rio-prospecting

_ It is high time that we initiate a concentrated attempt
- for bio-diversfty prospecting (bic-prospecting) for
meeting the challenges of health care systems and
natural product based industries in the coming years.
Bio-prospecting integrates the systematic research of
new sources of economically valuable products. This
will help in the sustainable use of genetzc resources and
their conservation and help the socio-economic
development of the bio-diversity rich India. This would
help to create requlations on access to our genetic
resources, to develop technologies for value addition to
our genetic resources and create new sources for
industrial utilization. Plants, especially those related
to traditional systems of medicine need to be screened
for pharmaceuticals. Biosynthetic pathways for the
formation of secondary metabolites have to be studied.
The structure and functions of spedific enzymes involved
in the synthesis of secondary metabcllles will have to

....................................................................

be investigated. The emerging information will be useful
for the manipulation of the genetic control mechanisms
of biosynthetic pathways to obtain higher yields of
economically important metabolites. :

Isolation of natural food colorants, fragrance and flavors
hold an exciting industrial utilization of our bio-diversity.
The research will lead to identification of high yielding
natural resources of aroma, flavour and dyes and
development of economically viable and efficient process
technologies. This potential area of development needs
substantial input from biotectinolody and phytochemistry
and the infrastructure are to be developed accordingly.
Market Intelligence

To ensure continued supply of raw materials to meet

. the growing market demand, constant surveillance is

inevitable. The market intelligence agencies should be
able to provide demand-supply projections, sourcing,
internal and international pricing and liaison between
the producer and the end user. Qut of the large number
of species being used in indigenous systems of medicine
and perfumery, only less than 60 species have been
introduced for cultivation. This situation has to be
changed whereby major share of raw materials should
come from cultivation. It should be ensured that the
cultivators’ interest is protected without prejudice to
the industry.

Quality Assurance

This is one area where much attention needs to be
given in order to push our natural products to
international market. Quality control quidelines for raw
malerials with respect to their collection, storage,
packaging etc for maintaining international standards
should be strictly laid down. Quality control parameters
(both physical and chemical) right from raw material
stage, through processing stage, to final product stage
have to be standardized, This involves modernization
of processing procedures and phytochemical screening
of raw materials and final products. The most modern
analytical tools should be used in line with ISO standards
for strict quality control,

Technology Manegement

In the coming millennium, nature, humanity and
technology must work in harmony. Proper linkage
between every ring of the production system is to be
assured through effective technology management. The
fruits of research are to be finked with farmers who are

the producers of raw material to the industry vho are
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its end users. The management system should ensure
fair sharing of profits, build mutual trust and effective
multidirectional flow of information. This involves
resource generation for resedrch and development,
patenting of technology and marketing of technologies
developed. This is further enabled by the great
information technology advancements allowing
- systematic assimilation and dissemination ‘of relevant
+ and timely information and dramatically improving the
ability to access the universe of knowledge and
communicating through low cost electronic networks.

" Scientific man power development

A multi-disciplinary team should be built up at the
* national and regional levels involving plant taxonomists,
agronomists, phytochemists, bictechnologists,
. pharmacologists, industrialists, practitioners and
* technology managers. They should work out areas of
* collaboration with other Research and Development
~institutions and industries for commercialization of
technologies and resource sharing. The team should
.ensure continuity of the Research and Development
efforts by grooming future generations of multi-
disciplinary teams [aying out short term, medium term
*and long term policies in judicious management of our
plant genetic resources. The team should be able to
“stop bigpiracy and intellectual piracy and evolve a
foolproof protection system for bio-diversity and
indigenous knowledge systems

Intellectual Property Rights

It is a reality that the economic future of any country
lies in the number of patents it holds. In fact it is the
number of patents and not the quality of patents that is
going to add value to the market oriented research.
There is an urgent need for public debates and
educational programmes involving the scientists,
judiciary, legislature and the people to bring in patent
literacy and to establish ownership rights of the
biclogical resources of the country. The decision of the
World Intellectual-Property Organization (WIPO) to
explore the intellectual property needs, rights and
expectations of holders of traditional knowledge,
innovations and culture is an important step in widening
the concept of intellectual property. Principles of ethics
and equity demand that this invaluable component of
Intellectual Property Rights (IPR) gets included when
the Trade Related Intellectual Property Rights (TRIPs)
agreement of the World Trade Organization (WT0)
comes into force. Food and Agriculture Organization
(FAQ) has been a pioneer in the recognition of the
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contributions of farm families in genetic resources
conservation and enhancement by promoting the
concept of “Farmers Rights”, Like WIPO, the Union for
the Protection of New Varieties of Crops (UPOV) should
undertake the task of preparing an integrated concept
of breeders’ and farmers’ rights. In a unipolar world,
patent literacy is going to decide the economic winners
of tomorrow. ‘

Seed Security

Today genetic engirleering is capable of introducing
genes for desirable traits transgressing spedes barriers.
Significant progress has been made in developing
transgenic plants with the desired characters like
resistance to pests and diseases. Simultaneously,
‘terminator gene’ technology- a concept in recombinant
DNA technology gave birth to ‘terminator seed’ which
does not produce viable seed for the farmer to raise the
next crop. Recently, Traitor seed technology has surfaced.
Traitor seed will not produce economic yields without
using the input packet supplied by the multinational.
This is obviously a means to make the farmer dependent
on multinational forever for seeds. It is a common
phenomenon observed in practise that unexpected shoot
up in market price of a plant raw material is always
succeeded by a shortage and rise in market price of
seeds for the succeeding crop. Unscrupulous trades take
advantage of the situation, making the seeds beyond
the reach of common farmers. For farmers, the right to
seed Is a fundamental right, not a concession. To
overcome such difficulties, a system should be evoived
to take care of such contingencies to help the real
cultivators.

Emerging opportunities
Biocides

Biocide preparations from herbs, extraction and
production of plant growth regulators and allelo-
chemicals, etc are other areas of utilization of our
indigenous knowledge and bio-diversity resources. The
failures and non-sustainability of the chemical route to
agriculture and health care provides an opportunity to
re-evaluate our traditional knowledge systems on safe
use of plant extracts for pest and disease management.
Use of neem, other non-edible oils and extracts of many
medicinal plants are weli known.

Aromatherapy

It is gaining importance alf over the world. It is an



alternative system of medicine visualizing the use of
aromatic essential oils to prevent and cure diseases in
man and animals. Bucheur (1994) has proposed a
universal definition of Aromatherapy: “The therapeutic
use of fragrances or volatile substances to cure and to
mitigate or to prevent diseases, infections and
indisposition only by means of inhalation.” This can easily
be integrated with eco-tourism and will help to find
domestic market for indigenous essential oils thus
gearing up cultivation and production sectors.

Eco-technology

The ecological foundations essential for sustained

advances in biological productivity and the atmosphere

are experiencing gradual degradation or depletion.

There is much to learn from the past in terms of the

ecological and social sustainability of technologies. New

developments have opened up new opportunities for
developing technologies, which can lead to high

productivity without any adverse effect on the natural

resource base. Blending traditional and frontier

technologies leads to the birth of eco-technologies with

the combined strength of economics, ecology, equity,

energy and employment. There is need to conserve

traditional wisdom and practices which are often tending -
to become extinct. Eco-technologies enable adoption

of 150 9000 and ISO 14000 standards of environmental

management.

Eco-tourism

Australia is the first country to have an eco-tourism
strategy and Malaysia has followed suit. The diverse
ecological zones of India offer tremendous scope for
developing eco-tourism in the country. Development of
eco-tourism can generate substantial foreign exchange
without the usual disastrous ecological degradation
associated with general tourism. It will help to promote
and popularize the various indigenous systems of
medicine, take people closer to nature and above afl
premote the overall well being of the people.

Conclusion

Diversity and pluralism are the characteristics of Indian
environment and Indian society. The rich bio-diversity
of plants and diverse knowledge systemsin harnessing
the plant bie-diversity provide an opporiunity to meet
the future challenges in agriculture, health care systems,
fragrance, flavours and allied areas. The failures and
non-sustainability of the so-called modem approaches
to agriculture and health care systems could be re-
assessed through our knowledge neritage and natural

resources. If information technology holds today's fate,
biotechnology will determine the future of the coming
miltennium. Qur rich bio-diversity will provide the base
for the revolution to take off.
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Spice production — Problems and prospects

S.N. Potty

+ Spices valued for their pleasant flavour and aroma are
» essential components of food preparations of almost all
. segments of people world over. Apart from usein culinary
. preparations and as a food colouring material, spices
find placein medicinal applications, cosmetics and beauty
products, perfumery industry, botanical pesticides and
though to a limited extent in religious rites. Even in
 spite of the varied uses of spices, they are required
. only in very low quantities and therefore the average
* daily consumption is far less than other consumables.
109 plant species and their produces are listed as spices
by the International Standards Organisation of which
63 are produced in India. Currently 52 spedies have
been enlisted by India and a few more are being added.

Global Scenario

" The global production of all the spices put together is

estimated to be around 90- 100 lakh tonnes per

- annum.

| Nameoispice ~ Major Producing Countries

| Pepper India, Indonesia, Vietnam,
Malaysia, Brazil, Sri Lanka,
Thailand

Chilli India, Pakistan, China,

Bangladesh

‘| Ginger India, Bangladesh, Nigeria,
Jamaica

| Turmeric India, China, Peru, Thailand

| Cardamom Guatemala, India, Sri Lanka,
Tanzania., Papua New Guinea

Large cardamom  India, Nepal, Bhutan

| Garlic India, Korea, Spain, Thailand,

: Egypt.

| Saffron India, Spain, Iran

| Vanilla Madagascar, Indonesia.
Comoro islands, Reunion.
Uganda,
Tongo, Mexico, French
Polynesia, India
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Out of the nearly 100 lakh tonnes of spices produczd
globally, the volume of international tracz is limited ‘o
only around 4.5 Iakh tonnes. Only 5 perce=: of the gichal
production is exported by the produding countriss. In
terms of value, the global export is estimzted at 1500
million USS. The growth rate of world impart has bzen
2-3 percent per annum,

The major importers of spices are North American
countries {USA, Canada), European Urion(Germzny,
France, The Netherlands, UK) and lapan.

Indian Scenaric

India has a unique position as a major suppiier of spices
in the international trade. Blessed with varied agro-
climatic conditions, perennial water source, different
altitudes, humid subtropics and nearly temzerate zones,
India is in advantageous position as a producer of a
large variety of spices. No other country in the world
has such a broad supply base. 52 spices hz/ing difierent
agro-climatic requirements are grown in the couniry.
India is not only the largest producer of spiczs, producing
around 27-30 lakh tonnes per annum, but aksa the largest
consumer of spices. Out of the nearly 30 izh tonnes of
spices produced, India exports only 7-8 zercent of s
production which is estimated at a little cver 2.1 Jakh
tonnes during 1998-99, the balance beng domes:ic
consumption. It is worth pointing out that even vith this
7-8 percent export of the total production, India
contributes to about 45 percent of the gichal trade in
spices which as mentioned earlier is 4.5 tzkh tonnes.

It is difficult to get a precise estimate of the area and
production of various spices in India. The data relzting
to major spices collected from Spices Board for
cardamom and from Directorate of Eccnomics and
Statistics, New Delhi, State Agricultural end Statistics
Departments are frirnishied in Tables 1 & 2. The area
under all the spices put together is estimated to be
around 22.5 lakh ha. It could be seen that the area
under spices remained almost static and minor shiit in
the area has been seen only in the case of annual spice
crops. Chillies alone accounts for nearly 42 percent of
the area under all the spices put together . Seed spices .
account for another 35 percent of the tcial area, the
major crops being coriander (5.2 lakh kz} and cumin
{2.89 lakh ha). The area under cardarcm has bzzn
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Table 1. AREA OF MAJOR SPICES IN INDIA
{Area in Hect.)
SPICES AREA AREA AREA AREA AREA AREA
‘ 1992-93 1993-94 1994-95 1995-96 -1996-97 1997-98
PEPPER 1,89,390 1,90,990 1,93,270 1,98,030 1,80,260 1,81,550
CARDAMCM SMALL 82,392 82,960 83,651 83,802 73,593 72,444
CARDAMOM LARGE 26,430 26,645 26,131 26,130 26,129 26,358
~ CHILLIES 9,62,100 9,30,000 8,29,000 8,83,700 9,44,200 8,31,500
GINGER 59,870 61,090 66,890 70,290 67,200
TURMERIC 1,30,200 1,48,400 1,49,400 1,39,300 1,35,200 1,24,600
GARLIC 85,500 76,200 9é,900 1,14,800 94,300 98,500
CORIANDER 4,02,600 4,64,300 4,30,400 4.07;600 4,52,700 521,600
CUMIN 3,13,895 4,20,755 2,82,027 2,20,343 3,07,045 2,88,832
FENNEL 14,700 11,100 16,687 12,821 25,107 26,807
PENUGREEX 24,629 35,778 45,173 38,321 38,455 33,590

SOURCE : CARDAMOM

OTHERS

: SPICES BOARD.

DTE. OF ECONOMICS STATISTICS, NEW DELHI / STATE AGRICULTURAL OR STATISTICAL DEPTS.
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Table 2. PRODUCTION OF MAIOR SPICES IN INDIA

{In Tonnes) .

SPICES 11992-93 1993-94 1994-95 . 1995-96 1996-97 1997-98
Production Production Production Production Production Production

PEPPER 50,760 51.320 ,60.'74‘0 " 61,580 55,590 . 52,720
| CARdAMOM ‘SMALL | 4,25‘0 6,600 7,000 7,900 6,625 7,900
CARDAMOM‘ LARGE 3,550 3,725 3,600 4,750 5,150 5,265
CHILLIES 8,62,100 8,00,100 7,94,700 809,700 10,66,000 8,21,800
| ClNGER 2,01,630 1,86,200 1,97,650 | 2,19,300 2,32,510 2,33,660
TURMERIC 4,07,700 7,07,400 6,22,000 4,62,900 5,28,900 4,87,400
GARLIC 3,55,800 3,06,000 4,03,300 4,90,000 4,37,900 4,64,000
CORIANDER 1,91,200 2,03,700 1,93,000 1,96,100 2,55.;500 3,08,100
CUMIN 1,35,189 1,66,524 1,18,877 75,250 117,122 1,15,344
FENNEL 19,000 13,100 17,438 15,696 28,§80 36,581
PENUGREEK 25,372 37,872 56,846 46,668 49,968 31,413

SOURCE :  CARDAMOM

OTHERS

: -SPICES BOARD. ,
: DTE. OF ECONOMICS STATISTICS, NEW DELHI / STATE AGRICULTURAL OR STATISTICAL DEPTS.



shrinking steadil'y from 82,392 ha in 1992-93 to
72,444 hain 1997-98, Though the area under pepper
has been showing a marginal reduction from 1996, large

. scale planting of this crop is noted in recent years.

L

The total production of the major spices has been
showing marginal increase from about 22,55 lakh tonnes
in 1992-1993 to 24.98 lakh tonnes in 1997-98.
Chillies account for nearly one third of the total
production. Other major contributors are ginger,
turmeric, seed spices (mainly coriander and cumin} in
terms of volume of production. Evenin spite of a gradual
shrinkage of area under cardamom, the production of
this crop is showing a steady increase over the years,
obviously because of the Increase in productivity . In the
case of large cardamom, the area remained at a little
over 26,000 ha through the last 6-7 years, but the
production has increased from 3,550 tonnes in 1992-
93 to 5,265 tonnes in 1997-98.

Inthe export front, India has been performing well during
the last five years. In terms of volume, the export
increased from 1.55 Jakh tonnes in 1994-95 to 2.29
lakh tonnes in 1997-98, Curing 1998-99, however, the

. quantity reduced marginally to 2.10 lakh tonnes.

However, there has been a quantum jump in export
earning both in terms of rupee and US dollar. During
1598-99, india exported spices worth Rs. 1650 crores
(3 93.4 lakh US3). '

Till a decade back, India was exporting spices in raw
form and in bulk, mainly as bulk packing. The trend has
now changed and export of spices in value added form
has now a share of 30 percent of the total export of
spices from India which was only around 5 percent a
decade ago. This is also one of the reasons for the
phenominal increase in value of export in comparison
to quantity exported. Spice oils and oleoresins, curry
powders, different spice blends, dehydrated green
pepper, pepper in brine, frozen green pepper etc are
some of the important value added items of spices
exported from India at present. ’

Problems

Even though the export performance in the spice sector
has been given a rosy picture, the spices production and
export scenario faces a series of problems. The
increasing export performance has been due to the
advantage our country could tap due to short supply of
one commodity or other in the international market,
The best example is that of pepper, which became dear
in the global market for the last tivo years because of

the low production in the competing countries, mairiv
Indanesia. So is the case of India during 1996-97 and
1988-99. However, in order to establish as a requlz
supplier of spices, the countrywill have to address itse'f
to meet the challenges ahead. A brief account of thz
current problems are given below.

1.Exportable surplus

As mentioned earlier, India is the largest producer,
consumer and expor ter of spices. Consequent to larg2
domestic demand for meeting the requirement of near’y
one bilfion people, the export surplus becomes a hurc’a
in boosting export of spices. For the last two years
inadequate exportable surplus of pepper was a majcr
concern of our exporters. A shift towards more and
more natural products in Western countries and
simultaneous search for new foods and ethnic foods offers
great potential for increased spice consumption world
over. lt is estimated that international demand of spices_
may go up by about 4 per cent per annum. Increase in
domestic population to the extent of 1.2 per cent per
annum coupled with improved purchasing power of tha
people would also substantially increase the domestic
demand. Therefore inadequate supply of spices would
be of' a major concern in the years to come.

2.Price competitiveness

India is not in a position to offer spices in the globzl
market at competitive prices. The high unit cost cf
production and the large domestic demand have resulted
in relatively higher domestic prices for most of the spices.
Therefore India is in a portion only to exploit the

" situation when one commodity or other isin short suppiy

in international market. In order to offer steady supg?y
and constantly compete in the global trade, India v
have to offer spices atinternationally competitive rates.
This can be achieved only by increasing productivizy
through use of high yielding varieties and better agrc-
techniques. '

3.Productivity gap

There exists a large gap between potential and achieved
productivity in almost all the spices. Even though morz
than 70 high yielding varieties of varicus spices havz
been evolved throughout the country to suit differe-it
agro-climatic situations, not even 5 per cent of the arez
has been covered with these high yielding varieties.
Programmes for multiplication and distribution cf
improved varieties to growers by the developmental
agencies are also quite inadequate.
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4. Rising cost of production

Cost of labour and other inputsis raising day by day and

- there appears little scope to reduce the cost of

production of any spice crop,substantially. A lot of

~ researchis required for evolving cost effective | PM, and

| DM, to reduce crop lass due to pests and diseases so

. that optimum preductivity can be ensured.

Mechanisation of farm operations, taking care of social

* concerns etc. appezr to be other potential areas of

. researchtoface the challenge of rising cost of production.

5. Quality -

; The intrinsic quality of most of the spices is accepted as

" superior or at par with those of the other global

suppliers. However, ungradation of quality by introducing
varieties with supericr intrinsic qualities is essential for

. at least some of the spices like coriander, fennel,

fenugreek, ginger, paprika etc.

 Another important aspect of the quality is freedom from

- physical, microbiological and chemical contamination.

Consumers world over are becoming more and more
conscious of the quality. The physical contaminants like
extraneous matter, fith, animal exereta etc. can very
well be avoided at farm level itself by appropriate post
harvest operations. Proper storage and hygenic handling
would lead to low microbial load. Lack of concern on

* pesticide residues due to indiscriminate usage of

pesticides has been one of the problems. The steps
taken by the Spices Eoard in the direction of upgrading
-the quality have improved the quality of Indian spices

" substantially. On post harvest improvement, supply of

 polythene sheets and bamboo mats for drying spices,
. construction of drying yards and quality improvement
training programmes have helped in reducing the
‘physical contaminants and enhancing other quality

parameters. Another step taken in this direction is the
introduction of Spice Logo and Spice House Certificate,
The Logo is awarded by the Spices Board for consumer
of institutional packs only to units that conform to the
stipulated standards prescribed in terms of quality,
hygiene and sanitation; right from raw material stage
to the point of export. The spice house certificate
denotes that the unit has facilities of prescribed high
standards for cleaning, grading, packaging, ware
housing and quality assurance.

Potential for Exp;rt of Indian Spices

As mentioned elsewhere, the international demand for
spices is expected to grow to the tune of four percent
per annum. This increased market can be captured by
India if we take timely steps in the following direction

®  Make Indian spices competitive in the international
market

®  Produce exportable surplus to match the
increased demand

(® Value additicn

& Adoption of improved technologies for extraction,
sterilization, micro-encapsulation, dehydration,
cryogrinding, super critical extraction.

®  Production of organic spices

®  Production of clean spices at farm level through
improved post harvest operations

®  Lower pestidde residues through good agricultural
practices, forceful implementation of rules and
requlations on pesticides.

®  Extensive quality awareness campaigns for
producers, traders and consumers.



Production of traditional vegetables in the humid tropics

Dr. L. Rajamony

Vegetables comprise a complex group of edible plants
with diverse forms of breeding systems and propagation.
There is universal recognition that vegetables are
important food considering them as the natural sources
of fiber, trace minerals, vitamins, carbohydrates and
proteins. Economic trends suggest that vegetables will
increasingly contribute to the improved diets of the
developing countries.

India is the second largest producer of vegetables next
to China. Though, Kerala produce only 5.70 lakh tonnes
of vegetables annually, its present total requirement is
15.0 lakh tonnes in a year considering 135 g as the
requirement / day / head. This requirement is met
exactly by importing vegetables from the neighbouring
states (PPM.C, 1996) . This will never continue as such
considering the political and geographic situations.

Vegetable wealth of the humid-tropics

Kerala, the humid-tropic state of India has its own unique
system of homestead farming, a special type of
agricultural production system around the home with
muitispecies of annual and perennial crops with livestock
and poultry (Jose and Vasanthakumar, 1994).

Kerala is unique both in terms of crop and varietal
specificity. This is more experienced in the case of
vegetable crops. The humid-tropic ecosystem favours
the adaptation of a number of vegetable crops in the
family viz, Cucurbitaceae, Solanaceae, Papilionaceae
and amaranthaceae, and other vegetables like bhindi
and perennial vegetable like drumstick. A list of
traditional and popular vegetable crops of Kerala with
their features is furnished below.

Cucurbitaceous vegetab]es

1. Melon/Vellari

This is one of the popular and profitable cucurbits grown
throughout the state especially as a summer crop both
in the rice fallow and in open garden land (Rajamony, ef
al, 1985). The traditional vellari (oriental melon) is
the non-dessert or culinary form of the Cucumis melo
where the popular muskmelon, cantaloupes, netted
melons and longmelons are included (Rajamony, 1996).

Different landraces are seen deslributed in the humid

tropics in terms of yield and yield attributes, colour,
size and shape, keeping quality and even resistznce to
pests and diseases {Seshadri and Chatterjee, 1896).

2. Cucumbers-

Though it is not a traditional vegetable in Kerzla, the
same has been inireduced in the farming system rzcently:
The crop is highly suitable to grow in the rice fallow and
the garden land during the rain free pericd (November
- February). Since the plant is a mild shade loving ones,
cultivation is possible even as an intercrop in coconut
garden (Gayathri, 1997). Considering the export
potential, both the salad cucumbers as well as the
gherkins are grown in Kerala.

3. Bittergourd

This is the most popular cucurbit of Kerzla. Unike to
different parts of the country, bittergourd is grown on
pandal in Kerala. Similarly, the consumer preferencein
Kerala is also unique. Varieties with medium long and
white fruits with broken ridges are preferred as an
exemption (Vahab and Gopalakrishnana, 1993).
Considering the steady demand, the crop is grown both
as the irrigated {in the rice fallow) and the rainfzd (ln ,
the garden [and) crops. .

- 4. Snakegourd

It is grown giving impor tance equal to bittergourd. When
the green cloured or green striped fruits are preferred
more in majority of the states, here in Kerala the demand
is found more for the white fruits. The crop is more
suitable for growing during the summer sezson than in
the rainy season. Medium long fruits get priority over
the [ong ones.

5. Pumpkins

Cucurbita moschata is the traditional pumpkins
distributed in the humid-tropics. Variabifity is rich in
Kerala for this crop in terms of size, shape, skin colour
and keeping quality of fruits {Gopalakrishnan ef 2/,
1980). The fruits with light brown colour skin has got
more shelf life than those with green coloured skin. Small
size fruits are preferred now largely by the housewives
in most of the nucleus family.
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6. Ashgourd

~ This is also a traditional cucurbit of Kerala. Giant size
fruits with ashy coating, long fruits without any ashy
coating and small size fruits with ashy coating are the

 landraces that can be seen in this crop. The crop s well

 adapted in various sacred groves and other undisturbed
areas (Roy, 1972). Growing ashgourd upto the height
of a coconut, jack and other perennial trees is a common
scene in the rural places.

7.Coccinia

+ Though coccinia is a crop highly adapted in Kerala, this
. perfectly an under-exploited one. The humid-tropical
+ parts of South India is considered as the secondary
. centre of origin of this crop (Varghese, 1973). Coccinia
. has got more medicinal, social and historic importance
* among the people of Kerala. A wide variability has been
recorded in most of the places and the crop is seen
flourishing well even in the neglected areas of the cities
" and towns. Intensive cultivation can be seen in rice
fallow of central Travancore and the coastal ecosystem
of the north Kerala,

8. Bottlegourd

" Many traditional varieties were growm in the uplands of
Kerala both as rainfed andirrigated crop. However the
-crop is out of place as for as the vegetable cultivation is
"concerned probably because of the introduction of many
" new vegetables in the farm sector.

9. Luffa

' Boththe sponge/smooth gourd and ridge gourd is'seen
in Kerala. When the sponge gourds are distributed in
many parts of Quilon, Allappey, Kottayam, Idukki and
‘Ernakulam, the ridgegourd is proved as a potential
vegetable of the north Kerala where tremendousm
.variability is seen {Anitha, 1998).

10, Chow-cho

Though it s a native of humid-tropical regions of Central
America and Caribbean { Seshadri, 1989), commerdial
level cultivation is recorded in the Wynad areas. The
'vegetableis highly adapted as a summer crop and grown
after clearing the scrub jungles. Since it is shade-loving
‘plant, it comes very well under the filtered light of the
forest. Most of the harvested produce is sold in the
markets of Calicut,

11. Watermelon

- Thisis the one and only dessert vegetable crop of Kerala.
_ Though the demand for this fruit is very high in Kerala
" during the summer months, its cultivation s seen limited
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in districts wiz, Malappuram, Calicut, Cznnanore and
Kasargode. The crop is traditionally crownin large scale
in the Thelicherry, Cannanore district. Prefiminary trials
showed that variety Sugar Baby pesforms very well in

- the northern and southern regions of Kerala

(Shibukumar, 1995).
Solanaceous vegetables

1. (hillies

This is one of the popular vegetable creps throughout
the state. All the forms viz,, medium pungent, pungent
and highly pungent chilies are cemmon. The most
pungent type, bird eye pepper (Capsicurm fruitescense) .
and the shade loving types (Capsicum chinense) are
traditional to Kerala (Heiser and Pickersgill, 1969).
Among these, the fruits of € ciiense are chiefly
exported to the Maldives.

2. Brinjat

Brinjal or eggplant is also popular in the humid-tropics.
The crop s grown throughout the ysar eher as annual
or as a semi-perennial plant. VariabZzy of brinjal is rich
in Kerala in terms of size, shape and colour and the
giant cultivar of the Wyand has been used as aparent
in many improvement programme {Viayagopal and
Sethumathavan, 1973 and Gopimeey, 1983).

3.Tomato

Though tomato is a crop with high patential in Kerala,
the incidence of bacterial wilt caused by Ralstonia
solanacearum can be stated as the cnly field problem
limits the cultivation (Sreelathzkumari, 1983;
Narayanankutty and Peter, 1986). Th= crop can be fitted
into the farm sector of Kerala either s a pure crop in
the rice fallows or as an intercrop in th= coconut garden.

Papilionaceous vegetables
1. Yardlong bean

The cowpea is a well adapted crop ef humid-tropical
India and Kerala is considered as t:= fand of yardlong
bean, Vigna unguiculata var. sesquipedzafis (Summerfield
et al, 1974). This is the most popuizr pulse vegetable
of the humid tropics and the chief source of protein to
all classes of people. The variabifity s rich in terms of
size, shape, colour, and reaction tcwards pest and
diseases.

2.Winged bean

This is protein rich vegetable also k~cwin as goa bean,
four angled bean and asparagus ea. Portuguese
travelers through Goa introduced = crop, native of

.47



South PacificIslands, Papua New Guinea in India (Indira
and Peter, 1988). The crop grows well in the highlands
of Kerala.

3. Dolichos bean

The crop is traditionally grown in many parts of Kerala
especially in the central region. Planting of this crop is
a regular agricultural practice during the period of May
- lune in many homesteads of Trichur. Many landraces
are seen distributed in the highland (Pandey and Dubey,
1972).

Other vegetables

1. Amaranthus

This is the most pepular annual leafy vegetable of Kerala.
Its cultivation in rice fallows is a common practice during
the summer months. Though many species are
adapted in the humid - tropics, red types (Amaranthus
triclor} is preferred over the others {Priya, 1998) . The
cropping is practiced either as direct sowing or by
transplanting.

2. Bhindi

Bhindi is also a traditional vegetable of Kerala where
cultivation is possible throughout the calendar year.
Traditional varieties are mostly vith long and white fruits.
As this genotypes are highly susceptible to the yellow
vein mosaic virus disease (Rajamony et af, 1995), the
farmers shifted to cultivate the varieties with green and
small fruits surrendering the consumer preference.

3. Agathi

Agathi a native of Malaysia is grown in parts of Punjab,
Delhi, Assam, Tamil Nadu and Kerala (Oomen and
Grubben, 1978) This is a tropical tree crop valued for
its leaves and flowers. This quick growing, soft wooded
tree has ornamental food and fodder values. Itis grown
as a standard for pepper and betlevines, as shade plant
for coconut seedlings an as a wind-break for banana
plants,

4, Chekkurmanis

The plant a native of India and Burma, is found in the

Sikkim, Himalayas, Khasi, Abor and Arka hills at 1200
m elevation and in the Western Ghats of Kerala from
Wynad northwards at altitudes of 300-1200 m. {Indira
and Peter, 1988). Itis small shrub, popularised as a
leafy vegetable. Due to its high nutritive value, it is
commonly known as “multivitamin and multimineral
packed leafy vegetable". The crop is highly shade and
drought tolerant.

5.Clove beap

This is an annual fruit vegetable grown in isolated parts
of Kerala. The name clove bean is given for its
resemblance of cloves of tree spice. Itis *michi’ in Hindi,
‘garayo’ in Gujarathi, *Kattuthaii’ in Tamil and *nithya
vazhuthana' in Malayalam. The clove bez grows from
sea level as in Western coasts of Kerala to an elevation
of 1700 m i~ the Himalayas (loseph ef &/, 1952).

6. Drumstick

- Muringa '(drumstick), Monhjqa olfera’s a vitamin rich,

mineral packed nutritious vegetable of the tropics and
subtropics. The tree is indigenous to India and found
well adapted in the humid tropical regions. This Is one
of the traditional as well as popular vegetables of Kerala
(Ramachandran ef 2/, 1980).

7.Jack

Though jack is dlassified as a fruit vegetable originated
in the Western Ghat, it served always as a potential
vegetable during the famine period. The tenders as
well as the unripe fruits are used as vegetables.
Developing protocol on the post harvest aspect and
processing in jack has got tremendous scope.

*

Tuber crops
1.{assava

Cassava or tapioca is a perennial shrub, which produces
a high yield of tuberous rootsin one o thre= years aiter
planting. Among the tropical staples, it produce
exceptional carbohydrate yields much higher than those
of maize and rice and second only to yams {de Vries ef
al, 1967). For a long time research on the crop was
neglected but its exeptional capacity to produce high
yields of calories is now recognised and the crop is
receiving appropriate attention from breeders and
agronomist (lennings, 1976). .

2.Sweet potato

The sweet potato is basically a starchy vegetable,
subsidiary or complementary to the Solanum potato in
most of the diets. The cultivation is restricted mainly to
tropical and sub-tropical regions. Agronomically, there
is a striking difference between subtropical and tropical
practices. In the first, the plant is treated as an annual
with winter storage of tubers for consumption and of
seed for subsequent vegetative reproduciion while in
the tropics, it is virtually perennal, stem cuitings being
made from standing crops in a continucus planting
procedure (Yen, 1976).
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3.Coleus

-Coleus, Chinese potato is an important tropical tuber
arop in Kerala. Coleus believed to have originated in
. Africa, is widely grown in India, Sri Lanka, Malaysia,
_China, Indonesia and parts of Africa. In India, Kerala
leads in the production. Main cultivation has been seen
.In north Kerala {Rajmohan, 1978).

‘4.Colocasia -

Colocasia (taro, cocoyam, and dasheen) belongs to
Jfamily Araceae. Itis grown mainly for its underground
corms and cormels. In Kerala the leaves are also used
" as a vegetable (Indira and Peter, 1988). Itis commercial
crop in Egypt (Purseglove, 1975). Asthe crop is shade
loving, the cultivation is so traditional in the coconut
gardens. There are many local cultivars in colocasia
- deffering in petiole colour, tuber flesh, tuber size etc.

‘5. Yams

Yams are mainly natives of Asia and Africa. They are
“cultivated throughout the warm humid tropics (Coursey,
‘1967). In India yams are mainly cultivated in Kerala,
Tamil Nadu, Karnataka, Maharashtra, Uttar Pradesh,
Bihar, West Bengal and the whole of north-eastern India
(Onwevme, 1978). Similar to colocasia, yams are
adapted well in the coconut garden as a homestead
vegetable because of the shade ioving nature.

Location specificity in crops

.Though a number of warm season vegetable crops
deserve consideration, few of them receive location
specific attention. When the cucurbits like vellari,
bittergourd and snakegourd get more priority throughout
the state, watermelon, coccinia and ridgegourd receive
special attention in Kannur and Kasargode. These crops
are so popular in the vegetable sector of the northern
region. (Cultivation of watermelon in Edakkad (near
* Thalasseri) and cocdnia in Kasarkode are the traditional
practices in the farming sector of this region.

Coccinia deserves few more considerations. This is a
crop originated in the Western Ghat region and a rich
ig‘enetic viealth is seen in Kerala. It is well adapted
throughout the length and breadth of the state and the
cultivation is seen increased. Moreover, the vegetative
means of propagation practiced in coccinia favour the
easy multiplication of the hybrids once developed.

Spedial attention can also be given to chow-chow (in

Wayanad) and dolichos bean (in Thrissur). Cool season- -

vegetables vz, cabbage, cauliflower, carrot, radish and
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beans deserve special attention exclusively for Wayanad
and eastern parts of Idukki (Vattavada, Marayur, and
Kanthalur).

Priority for variety

Location-specific varietal preference is common and rigid
in majority of vegetable crops in Kerala. A blanket
recommendation of a hybrid of a particular vegetable
crop throughout the state will be a meaningless
programme. A number of varieties are found popular
and recommended for cultivation throughout the state.
A thorough analysis on the location-spedificity in terms
of vegetable variety is a pre-requisite in evolving and
popularising hybrid vegetables in Kerala.

Variety of vellari with green mixed cream coloured fruits
is preferred in Thiruvananthapuram, whereas variety
with yellow coloured fruit (kanivellari) preferred in all
other places of Kerala. When the round or oval shaped
and purple coloured fruits of brinjalis preferredin south,
variety with long white fruits liked in the centra! Kerala.
Specific demand is noticed in Thrissur and Palakkad for
purple coloured yardlong bean (vegetable cowpea).
Similarly, extra long white bittergourd has got special

preferencein Kannur and Kasargode areas (Rajamony,
1999).

R & D programme

Although, research activities on vegetable and tuber
crops were initiated in the mid 70's by the Kerala
Agricultural University and the Central Tuber crops
Research Institute respectively, systematical
developmental programmes for the farm sector was
framed on in late 90's. The state Department of
Agriculture, Kerala is also giving importance to
vegetable crops equal or above to any of the crops. A
number of varieties have been identified by the Kerala
Agricultural University in vegetable crops for
popularising the cultivation. However location specific
vegetable varieties are not available in various zones of
Kerala. )

A clear understanding on the problems and prospects is
a must in developing high yielding/hybrid vegetables so
as to formulate a sound strategy for Kerala. Special
attention has to be given for evolving vegetables with
genes for tolerating the stress situations. Resistance
to pests and diseases and stress situations like shade
and high rainfall deserve special attention.

A high yielding/hybrid vegetable with extra yield
potential (at least 25% more yield to the prevailing
local cultivar) without any resistance to pest and



diseases may get only the initial attraction among the
farmers of Kerala. However a hybrid with good yield
potential (at least 10% more yield to the prevailing
local cultivar) coupled with resistance to pest and
diseases will definitely get the long-term attraction

among the growers, The farmers of Kerala will surely
give a whole heart support for popularising the latter
ones considering both their economy and environmental

safety. In the case of bhindi, it has been proved beyond
doubt. Most of the farmers presently grow the bhindi
varieties with small and green fruit, surrendering the
traditional consumer preference of long and white fruit.

This is exactly because of the tolerance nature present
in the bhindi varieties with small green fruits. A’
systematic collection and characterisation of the
available vegetable wealth of the state in terms of yield,

quality and resistance to biotic and abiotic stresses

should be considered as a pre-requisite for evolving

production technology exclusively to the farming sector

of Kerala,

Locating land for vegetable production in Kerala

Genetic manipulation alone can not be treated as a tool
to increase the vegetable production in Kerala. An ideal
blend of research and developmental activities is the
need of the hour in this context to reach the target
production at least in the near future. A balanced
approach by increasing the present area to 2.0 - 3.0
lakh ha by multiple cropping and achieving a potential
productivity of 15-20 tonnes per ha (Fig. 1) can only be
recommended as the available strategy for Kerala.

Though the per capita land available in Kerala is very
low, some of the following lands that are not in full use
can be utilized for vegetable and tuber arops.

1. Rice fallow

In most of the rice growing tracts of Kerala, the land is
left as fallow during the second and/or third crop season.
This can be utilized effectively for groving summer
vegetables like cucurbits, chilli, bhindi, amaranthus etc,

2. Homesteads of urban and sub-urban areas

A homestead is the.traditional farm model evolved in
Kerala for a particular agroclimatic situation to meet
the fundamental requirement of the farm family in the
urban and semi urban areas. This is a potential area
that can be utilized for growing vegetables both during
the summer as well as in the rainy seasons. Concept of
the ‘nutrition garden' and ‘roof gardén’ can be effectively
implemented in most of the homesteads.

3. Interspace of coconut palms

Eight lakh ha of coconut garden is reported in Kerala
(FLB, 1998). The peculiar crop geometry and the
growth pattern of coconut permits the growth of annual
floor crops in the interspaces of the paim especially
during the initial seedling stage and the period after 35
years {Nelliat, 1979). This land can effectively be
utilized for growing a number of shade loving vegetables
like chilli, tomato, amaranthus, chekkurmanis and other
minor tuber crops.

4. Coastal sandy belt

This is an additional land that can be attempted for
growing vegetables. This sandy land belt is virtually
out of any cultivation. However thisis a new area where
most of the cucurbits and solanaceous vegetables can
be attempted provided it is supplemented with organic
manures. Utilization of the sandy coastal areas of the
Kanchangad and Kasargode for growing watermelon,

» coccinia and other cucurbits during the summer months

along with tobacco is a clear evidence in this regard. .
Farmers growvegetables in this leased land arid harvest
bumper crop with heavy fertilizer application. .

5. River beds and river banks

After the cessation of monsoon and cosequent of
inundation, riverbeds are formed in most of the rivers in
Keraia. The cultivation of vegetables is an ideal one

 that can be adopted in this area for getting good profit.

Cucurbits are spedifically suited to this indigenous
technology because of the long taproot, which can reach
the subterranean moisture levels underr.eath the sand
(Seshadri and Chatterjee, 1996). A number of farmers
practice this system of vegetable cultivation in pamba,
Manimala, Achankovil and Bharathapuzha rivers OF
Kerala (Rajamony, 1999). ’

6. Sub-tropical zones of high ranges

Consumers demand for the cool season vegetables iz,
carrot, beet, cabbage, cauliflower and beans is getting
increased tremendously in Kerala during the recent
years (RP.M.C, 1996). However most of these
vegetables reaching our market from the neighbouring
states is of poor quality with residue of toxic chemicals.
Hence the necessity arises now, to locate some of the
tand for growing this vegetables at least in small scale.

The availability of fertile land in the high ranges of
Wayanad and eastern parts of Idukki (Vattavada,
Marayur, and Kanthalur) attracts a number of farmers
to grow many cool seascn vegetables. Cultivation of
tropical strains of the cool season vegetables has to be
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popularised in this region. An effective cropping schedule
should be formulated to utilise this sub-tropical area
profitably for growing vegetable crops.

Summary

Though paddy and coconut are the prominent crops in
the farming system of Kerala, a number of traditional
vegetables like bhindi, brinjal, bittergourd, snakegourd,
culinary melons, pumpkins, ashgourd, amaranth,
cowpea, muringa and minor tubers like colocasia and
elephant foot yam have occupied an important place in
most of the homesteads. Since the vegetable production
in Kerala is far below to the requirement, priority is
given to strengthen the research and developmental
programmes in vegetable crops equal to any major crops
of the state. A clear understanding on the location
specific problems and prospects with special emphasis
. to consumer preference is a must in developing
vegetable production technology to suit the humid
tropical environment. A systematic collection and
" characterization of the available vegetable wealth of
the state in terms of yield, quality and resistance to
biotic and abiotic stresses should be considered with
priority so as to restrict the cultivation of varieties
released for other states. Vegetable cultivation in the
areas viz., rice fallow, coconut interspaces, river beds,
and coastal sandy belts etc can be considered as the
ad-hoc steps to increase the area under vegetable crops.
The concept of ‘nutrition garden’ or 'kitchen garden’ has
gotrelevance not only in the homesteads buit also among
the housewives of the urban areas.

Table 1. List of vegetable varieties recommended for
cultivation in Kerala

MName of Vegetable Varieties

Bittergourd Preethi, Priyanka, Priya
Snakegeurd Kaumudi, TA 19

Melans Mudicode [ocal, Saubhaghya
Ashgourd Local

Cucumber Sheetal, Poinsette

Pumplins Ambil

Watermelon Sugar Baby, Arka Jyothy
Ridgegourd Pusa Nasdar, (o 2

Cowpea Sharika, Malika, Vafjayanth
Chill ’ Iwalamukhi, fvalamuhi, Upwala
Brinjal Surya, Swetha, Neelima
Tomato Sakthi, Mukthi

Okra Arka Anamika, Arka Abhay, Kiran
Amarantus .| Arun, Kannara local

Winged bean Revathy

Datichos bean Pusa Early Frolific, Arka Vijay
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Tuber pro:cluctién : Problems-and prospects

Dr. S. Edison

Tropical root crops are regarded as the third most
impor tant food item of human beings, the first two being
cereals and lequmes. They are estimated to meet the
calorific requirements of about 500 million people of
the tropics. Owing to the preponderance in the global
area and production, cassava and sweet potato are the
most impor tant among tuber crops. Tubers of cassava
and sweet potato find application 'in the food, feed and
industrial sectors. Cassava is produced mainly from
Africa, Asia and South America, while sweet potato
production is confined mainly to China, Japan, Vietnam,
Indonesia and India. Other tuber!crops like yams and
aroids are considered as vegetable crops only and their
industrial potential remains to be exploited. In addition
to the tuber crops which find application as food or feed
source, there are also-a number of minor tuber crops
many of which possess medicinal'and pharmaceutical
applications.

Generally, tuber crops have wide agro-ecological
adaptability and tolerance to biotic and abiotic stresses.
Nevertheless, they are labour-intensive crops and 30-
64% of the total production cost af various tuber crops
is accounted for by the labour cost alone. This is one of
the factors contributing to the shrinkage in the area of
cultivation especially in states like Kerala. Among other
factors area well-organized public distribution system
for rice and wheat, increased purchasing power of the
people of Kerala due to influx of gulf money, rapid change
in the life style and replacement of the area under

tuber crops by more cash earning crops like spices of .

rubber.

A change from the present paradigm is possible only
though creating an awareness about the vast utilization
potential of tuber crops. An organized marketing system
for tuber crops s also necessary to ensure remunerative
and assured prices to tuber crop farmers. In order to

. sustain the tuber crops like cassava and sweet potato in
the agricultural system of Kerala, some of the vital issues
related to production and utilization have to be
addressed. Realizing the challend:es ahead, CTCRI has
developed several p'rodu_ctidn and utilization
technologies for tuber crops. These technologies are
popularized though several extension activities like the
Lab to Land, Institution Village Linkage Programme,
training programmes, exhibitions; etc.

Production constraints for tuber crops

‘Cassava is cultivated in India in about 13 states with

major production from Tamil Nadu and Kerala. Whilst
cassava is mostly cultivated as a rainfed crop in Kerala
with a productivity of 18.73 tfha, it is an irrigated crop
in Tamil Nadu, with a productivity of 33.7 t/ha. The high
productivity of cassava in Tamil Nadu could be achieved
mainly through the introduction of the two high yielding
cassava varieties, H 765and H 226, released by CTCR
in 1971 coupled with the efficient management of the
crop though irrigation. Despite the high productivity,
there are several specific production constraints for
cassava which include the low multiplication rate, high
butk of planting material needed, rapid drying of stakes
and high susceptibility to cassava mosaic disease (CMD)
and scale insects. Whilst one hectare of rice and corn
can generate seeds for 1600 ha, one hectare of cassava
¢an generate stakes for only 10 ha. One of the emerging
trends to overcome the low multiplication rate in cassava
is the true cassava seed programme (TCSP). The
programme, initiated in India, a decade ago has several
advantages viz., the propagation rate is enhanced by
150 times, the propagating material (seed) has longer
viability than stakes and possibility of containing cassava
mosaic disedse is more as TCS is not known to transmit
(MD. The biggest advantage of TCSP is that it can
substantially reduce the quantity of planting material
needed; 1.5 kg of cassava TCSiis only needed for planting
one ha of land while 1000 kg stakes are needed for the
same area. TCSP offers scope as one of*the rapid
techniques to spread cassava cultivation in poverty-
stricken areas of india eg. Bihar.

Cassava mosaic disease, though not a devastating
disease from the point of view of yield reduction, is
gradually reaching alarming proportions in Kerala and
Tamil Nadu. Integrated management strategies are
needed to contain the disease. These indude production
of disease free planting material through meristem
culture, multiplication of sett material in vector free
zones, periodical review to eradicate fresh infection,
mass scale multiplication of healthy stakes with
participation of farmers etc. Studies conducted at CTCRI
have indicated some resistance in the crosses between
Manihot escufenta and M caerulescence. These are
being further studied by the grafting technigue.
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Simultaneously, attempts are also made to characterize
the virus and develop anti-serum and finally transfer
genes that can impart resistance to CMD. The poor post
harvest life of cassava, lack of awareness about low cost
appropriate technologies and extension support are
specific utilization constraints for cassava.

(assava is a major industrial crop of Tamil Nadu and is
fetching importance in the adjoining State of Andhra
Pradesh as well. There are a number of problems faced
by the starch sago industrialists of Tamil Nadu like the
poor shelf life of tubers, non-availability of tubers round
the year, poor performance of age-old equipment that
need to be modernized with more efficient machines,
hrgh labour involvement in the peeling operation,
effective disposal of the toxic effluents discharged by
the factories, etc. These are being tackled through
research interventions wherever needed. Two imminent
problems faced by the traditional starch sago
manufacturers of Tamil Nadu are the disposal of the
primary and secondary effluents and the quality
assurance of the starch sago produced by them. In this
context, CTCRI has developed a low cost effluent
treatment system which is being tested at the starch
factories at Salem.

As different from cassava, inconsistency in tuberisation
and seasonal instability in yield are major production
constraints for sweet potato. Lack of weevil resistant
lines and non- availability of planting material of high
yielding varieties are complementary constraints.
Among the tuber crops, sweet potato is the most
amenable and can be moulded to a number of food
products that can be made on a home level or cottage
level. However, creating awareness about such potentials
is a major task in the successful dissemination of research
know-how.

The dioceous nature of plant and non-synchronization
in flowering are major production constraints for yams.
Presence of acridity in several accessions and erratic

flowering behaviour are stumbling blocks in the -

improvement of aroids. Appropriate technologies to
enhance the utilization potentlal are also lacking in
these crops.

Prospects for tuber crops
Improved production technolagies
The CTCRI has a rich collection of germplasm of all

tuber crops which has provided the base material for
the development of several improved cultivars. Twenty
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nine new varieties of tuber crops have been released
from the Institute, comprising 9 in cassava, 8 in swest
potato, 3 each in greater yam and white yam, 2 each in
lesser yam and taro and one each in elephant foot yam
and chinese potato. The recently released short duration
varieties, Sree Jaya and Sree Vijaya are ideal for planting
in paddy (fallow) fields. Sweet potato varieties, Sree
Nandini, Sree Vardhini and Sree Bhadra with high yield
and quality are ideal for north Kerala, Sree Dhanya, is a
highly promising dwarf yam which eliminates the cost of
staking, due to the non-climbing nature. Sree Shilpz, is
thé first hybrid in greater yam with high yield. Sree
Padma is a newly released variety of elephant foot yam
with a yield potential of 41 t/ha.

Integrated production systems have been evolved for
all the major tuber crops at CTCRI. These include
intercropping, multiple cropping and sequential
cropping. Profitable lequmes that can be intercroppad
with cassava include groundnut, french bean znd
vegetable cow pea. Soil loss and run off in cassava fields
can be effectively controlled by growing multiple crops
like banana and coconut. Yam and elephant foot yam
are ideal as intercrops in banana fields. Two-thirds the
fertilizer dose can be saved by growing elephant foot
yam as an intercrop in coconut garden. Organic manuring

" using coir pith compost, press mud, mushroom spent
compost, etc., mycorrhizal inoculation to enhance
phosphorus uptake in tuber crops and # sitv green
manuring with cowpea are emerging management
strategies.

The major pests of tuber crops are spider mites, white
flies and scale insects on cassava, weevil on sweet
potato, defoliators, aphids and mites on taro, scales
and mealy bugs on yams and elephant foot yam. Crop
rotation studies in the management of sweet potato
weevil have shown that paddy - sweet potato - cowpea
can minimize weevil damage. A very effective 1PM
package using synthetic sex pheromone as the mejor
component has also been evolved at CTCRI for the
control of sweet potato weevil. A recent finding at CTCRI
that boehmery! acetate, a pheromone present in the
periderm of sweet potato can attract both male and
female sweet potato weevil offers immense scopeinits
control. Nematode, which is a major pest of yams and
chinese potato, can be controlled by growing sweet
potato variety, Sree Bhadra, in between the crops.

Fhytophthoraleaf blight tolerant varieties of taro Jhankri
. and Muktakeshi, identified at CTCRI Reglonal Centre,
Bhubaneswar, have scope for improving taro cultivation.
Integrated disease management strategy for three



diseases of elephant foot yam incfude use of virus free
seed material, mulching with paddy straw/polythene
sheets to reduce collar rot and foliar sprays with
Mancozeb (0.2%) and monocrotophos (0.05%) at 90
and 120 days after planting.

Utilization technologies

Tuber crops offer immense scope as food, teed and
industrial raw material. A wide variety of instant and
ready-to-eat food products viz., cassava rava & porridge,
sweet potato energy drink, sweet potato jam, pickle and
sauce, etc. can be prepared from cassava and sweet
potate which can enhance market appeal for tuber crop
products. Likewise, there are several food products like
cutlets, puffs and samosas, etc., where tuber crops can
be substituted for potato. Industrial technologies
enhancing the utilization potential include alcohol from
cassava, qums, dextrins, cold water soluble starch, etc.
Cassava ensuing technology developed at CTCRI is
expected to become popular as an /7 sif utilization
technigue as cattle feed. Besides, byproduct utilization
of cassava fibrous waste (thippi) as broiler feed can
help to combat the problem of disposal of the solid
waste at Salem & nearby districts. Of late, the
biodegradable plastics developed at CTCRI from cassava
starch have received wide scale media attention, due to
its ability to reduce the pollution load frem plastics.

Extension activities to enhance the prospects
of tuber crops cultivation

Creating awareness about the prospects of tuber crops
production and utilization is essential to raise the status
of these crops and to sustain them in the cropping system
of marginal farmers. CTCRI has organized several
outreach programmes like Lab to Land, Institution Village
Linkage Programme and On-Farm Trials. Tuber crop
technologies are also popularized among tribal farmers
by conducting On-Farm Trials of cassava, sweet potato

and yam varieties in tribal settlements. Popularizaticn
of tuber crop varieties is also done through multi locaticn
trials conducted at the District Agricultural Farms
through the cooperation of the Department of
Agriculture, Government of Kerala.

Expansion of cassava cultivation to non-traditional arezs
is a major mandate of CTCRI during IX Plan. As a part of
this, a technology upgradation programme called
‘PROJECT UPTECH' has been launched in Andhra
Pradesh in collaboration with State Bank of India. Under
this programme, technical exper fise will be provided to
medernize the starch factories, to instal low cost efffuent
treatment systems etc. Farmers' Day and exhibitions
organized from time to time also help in the effective
disseminaticn of the tuber crop technclogies.

Export Promotional Research

Thisis almost a neglected area of tuber crops research
in India. Market survey and assessment of export
prospects/demand are planned to promote the
utilization avenues for tuber crops.

Perspective planning for future

CTCR! has developed a number of production
technologies that can fit into the existing cropping
system, Several programmes have been planned for the
next two decades which are certain to expand the
production and utilization of tuber crops in India. Soma
of these include expansion of cultivation to non-
traditional areas, development of CMD resistant varieties
through gene transfer and other means, integrated
management strategies to enhance production,
compatible and profitable cropping systems for tuber
crops, diversification for value addition and export
promotion research. These approaches are expected to
create a proper arena for tuber crops development in
the coming decades.

-
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_ Cashew Plantation - establishment and management

-~

Dr. M. Abdul Salam

INTRODUCTION

Cashew (Anacardivm occideniale L., Family,
Anacardiacea) is one of the mostimpor tant commerdial
aops of our country, that has not received the required
attention so far. It continues to be a neglected crop for
years, primarily due to lack of awareness regarding its
economic, ecologic and biological potential. The internal
production of raw cashew nuts meets only about a third
of the requirements of the processing industry. On an
average, India produces 4,17,830 t of raw cashew nuts
per annum. The present level of productivity of cashew
is extremely low (658 kg/ha all India}. To enhance the
production and productivity of cashew it is necessary to
encourage establishment and management of
commercial plantations. Attempts are meagre to
establish cashew plantations in a scientific manner.

Plantation management in cashew is an area that has
not recéived attention so far. In this paper, an attempt is
made to compile the critical inputs, operations,
technologies and managemént strategies that are
essential for the successful establishment and
maintenance of commercial cashew plantations so that
it may help the cashew planters at large to gain more
productivity and income from this crop.

A. CRITICAL DECISIONS IN PLANTATION
MANAGEMENT ;

a. Site selection-climatic factors

Selection of suitable sites considering its agronomic,
climatic and ecologic requirements is very important in
the success of commercial plantations. Performance of
cashew is much.-affected by the climate and soil.
Therefore, while going for commercial plantations, site
selection is to be done very carefully giving due
consideration to the optimum soil and climatic
requirements of this crop. The important climatic factors
thal are to be considered are listed below.

1. Altitude

Performance of cashewis generally good upto an altitude

of 450 metres and satisfactory upto an altitude of 700

metres from MSL. Thereiore :sites at altitudes above

700 m are to be avoided for commercial cultivation of
cashew '

2, Temperature

Cashew is able to bear seasonal and daily changes in
temperature to a greater extent. Areas receiving
extremely low (less than 18°C } and high temperatures
(more than 40°C) for prolonged periods are also less
suitable. (Prasada Rao and Gopakumar, 1994).

3. Humidity

In areas with less than 60% relative humidity, the
performance of cashew vl be low.

4. Rainfall

An average annual rainfall of 1300-2000 mm is
necessary for rainfed cashew culture. In areas with less
rainfall cashew requires irrigation to obtain good
performance.

5. Water-logging and drought

Cashew is Sensitive to water [ogging and tolerant to soil
moisture stress to a greater extent. Areas prone for
water logging may be avoided for commercial
plantations.

b) Site selection - soil factors
1, Texture of soil

Cashew grows in almost all types of soils. However, it
performs well in well drained red sandy loams and light
coastal sands. Heavy clay soils and poor drainage
conditions are unsuitable for cashew. Sites prone to
excessive alkalinity and salinity are to be avoided.

2. Soil pH

Soils with pH more than 8 are not suitable for commercial
cashew plantations. -

¢) Variety selection - a crucial decision -

Successful Cashew cultivation depends ﬁp on the
selection of the best varieties stited for the agro-ciimatic
condition and adoption of right package of practices
recommended for the region. Varietal selection is the
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most critical decision in plantation management. The

crop improvement work done in India under the ICAR

and at the various State Agricultural Universities led to

the development 30 high yielding varieties of cashew
" suitable for different regions,

B. CRITICAL INPUTS IN CASHEW PLANTATIONS

1. Planting material

Planting material is one of the critical inputs in cashew
cultivation. Soft wood grafts are the best planting
materials i in cashew.

2. I‘_Iitrogen‘

Amang the fertilizer nutrients, nitregen is the one to
which cashew responds to the most universally. Beena

- et al (1995)° quantified the annual offtake of major

and micro nutrients through harvested dry matter

(apple, kernel and shell}, While harvesting a kg of nut,

the'tree looses through apple and nut 64.1 g N, 2.05 g
P247gK 4.19g(a, 1.57 g5, 5257mgl’e 63.6mg
Mn, 87.8 mg Znand 26.5 mg Cu. This means that a tree
yielding on an average 10 kg nut removes 641 g of N,
20.5 g P and 247 g K. Considering 50% efficiency of
the applied nutrients, double the quantity of removal is

- to be applied. These results indicate that a productivity

based nutrition strategy would be more rational than a
uniform dose disregarding the prodctivity of trees.

‘Potassmm comes second in order. Generally cashew is

* shy towards phosphorous in terins of response.

Therefore it is essential to apply sufficient quantities of

N and K to cashew depending on the age of crop and the

fertility status of the soil. To balance the nutrition

-phosphorous and other micro nutrients may also be
" applied at recommended quantities.

" 3. Water

Irrigation water is a critical input capable of increasing

cashew yiélds considerably. It has been realised that
_ cashewyields can be doubled by applying irrigation water
during summer moniths. '

€. CRITICAL MANAGEMENT PRACTICES IN
. CASHEW

]
1

1. Season and method ofplantmg -
___——'——"'__'__ -

The season of planting is veiny lmportant for the
_ establishment of a good plantation. In Kerala, the best
planting season is June-luly or September—October
coinciding with the monsoons. Planglng is done in pits

(60 cm cube), filled with top soil and organicimanure
(5-10 kg) to 3/4 of the pit capacity. The grafis are
planted after carefully removing the polythene Bag Care
should be taken to see that the graft union |s at least

* 2.5 cm above the ground level.

2. Pit size .

Pit size influences considerably the growth of the crafis,
The generally recommended pit size is around 69 cm
x 60-cm x 60 cm. Enhanced growth and pen‘c")rm“nce
were observed with plants grown in larger pits. (snza 90
cm x 90 cm x 90 cm or more) :

3. Planting density

Planting density differ within the agro-climate, soil
nutrient status and level of management adogted.
Selection of an optimum population is an impertant
dedision making in the success of commerdial plantzzons.
For this purpose, an assessment of the soil fertility
evaluation and a decision regarding the type of
agriculture to be followed (rainfedfirrigated) are
necessary. The normal spacing recommended for cashew
for Keralais 7.5 mx 7.5m {177 plants in square system
of planting and 204 plants in triangular system of
planting) for poor and 10 m x 10 m (100 plants in

. squaré system of planting and 116 plants in triangular
. system of planting) for rich and deep soils and sandy

coastal areas (KAU I 993}

" 4. High density planting |

High density planting is a technique capable of erthancing
the productivity of cashew plantations to a.greater
extent. This involves planting of more number of graits
per unit area initially'and thinning out at later stages.
Instead of 177 plants per hectare (spacing 7.5m x 7.5
m ) 312to 625 plants are planted per hectare (spacing
of4mx4mor8mx4mor7mx4m). Considerirg the
soil fertility status, climate, and the level of management
in terms of fertilization, irrigation etc. the initial plant
population is to be decided carefully, for every
agroclimatic environment. During later years, as the
canopy develops, plant population is to be reguiated by
selective felling in order to minimise competiticn so
that there will be 625 or 312 plants initially. This
population can be retained for a period of seven to nine
or ten years dependmg upon the canopy expansxon rate.
High density planting technique would be more useful
in poor sails where the rate of canopy expan5|on is slow.
When the plants attain full growth, the spacing between

.the plants can be regulated at 8 mx 8 m or 7 mx 8 m.

Uniform management practices must be adopt%:d toall
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the plants. During early years, the per tree nut yield will
+ be more or less the same with all the trees, irrespective
of the density of planting. But the per hectare yield will
be more from high density plantations (due to higher
plant population. Later, when the plant population of
high density plantation is equalised to that of the
conventional system of planting, the productivity of both
the plantations would be more or less the same. The
bonus yield obtained from high density plantations duting
the early years would be substantial. Large quantities
of firewood can also be obtained while cutting excess
plants which may fetch additional revenue. The weed
growth in the plantation can also be checked effectively
to a greater extent.

At (RS, Madakkathara, the total yield obtained from a
high density plantation (312 trees per hectare 8 m x 4
m } for a period of five years (5th to 9th year) was the
highest (5874 kg/hectare). The yield level obtained
from the spacings of 8 m x 4 in (312 plantsfhectare)
and 4 m x 4 m (625 trees / hectare) were on par. The
productivity of cashew was the lowest with the
conventional spacing of 8 m x 8 m (156 treesfhectare).

5. Chemical weed control

Weeds are one of the most important pests of cashew
plantations. Considerable expenditure is required to keep
the plantation weed free. Effective chemical weed control
methods are available for cashew plantations {Abdul
Salam et a/, 1993). Depending upon the type of weeds
and intensity of weed growth, weeding is to be done
during June-July and September-October, either

chemically or manually. Application of Paraquat @ 0.4-

kg/ha twice at bi-monthly intervals starting from July
will effectively conirol all types of weeds. Application of

Glyphosate @ 0.8 kg/ha, in June-July can also control -

the weeds effectively (Abdul Salam ef &/, 1993).

Chemical weed control is economical than manual weed
control, espedially in areas where the labour wages are
high . Application of Paraquat twice costs Rs. 1600/-
per hectare (@ 0.4 kg ai per hectare per weeding i.e.,
2 litres of Paraquat per hectare, @ Rs. 250 per litre,
500 litre of water per hectare, five men per hectare for
spraying, wage Rs. 60 per day) whereas manual weed
control twice costs Rs. 3000 per hectare (@ 25 women
per hectare per weeding, labour wages @ Rs. 60 per

day).
6. Time and method of fertilization

It is-generally recommended that fertilizers are to be
- applied twice a year, coinciding with the Southwest
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monsoon and Northeast monsoon. About 72% of the
total active roots of cashew reside within an area of 2 m
radius around the tree (Wahid efa/ 1593). These resutts
suggested that in shallow lateritic soil, surface
broadcasting of fertilizers within an area of 2 m radius
around the tree would result in the most effective
utilization of applied nutrients. Fertilizer
recommendations are available for cashew for different
states. The root activity of cashew in relation to four
phenological phases was studied by Beena ef al,
(1995)2 employing 32P soil injection technique. Highest
root activity and peak absorption of N, P and K were
observed during the “flushing and early flowering phase’
which extended from September to December. It is
suggested that the onset of this phase is the most
appropriate time for fertilizer application in cashew
orchard. Instead of applying fertilizers twice a year the
frequency can be restricted to once an year coinciding
with 'flushing and early flowering phase”, which may
enable to save the application cost to some extent.

7. Method of irrigation

Drip irrigation is the most common method that is being
followed. Recently flow-tech irrigation, an improved
method over drip irrigation is being adopted. Application
of water @ 200 litres/tree, once in a fortnight, is
recommended by National Research Centre for Cashew,
forincreasing cashew yield (Bhaskara Rao etaf, 1994)

8. Fertigation

Fertigation (combined application of irrigation water
and fertilizers) is another management practice which
can save water as well as nutrients to a greater extent.
While adopting irrigation in cashew plantations care
should be taken to see that irrigation is cut during the
nut development period in order to suppress the
vegetative growth amid to enhance nut maturity.

9. Intercropping

Cashew seedlings or grafts are normally planted at a
spacing of 7.5m x 7.5 m. The wider interspace available
in between trees offer opportunities for raising other
crops, as a source of additional income to the growers.
During first year, about 90% of the area is available for
intereropping whereas during second and third years
80 and 70 percentage of the plantation is available for
intercropping. During these years a systematic inter
cropping system involving compatible crops having
varying micrphological frame and rooting habits vall be
desirable, Biennial Horticultural crops like pineappis
and papaya and annual food crops fike cowpea and
tapioca, are suitable inter crops in cashew (iandai,



1992). One advantage of inter cropping with annual
crops is that it keeps the ground free of weeds and thus
reduces the cost of weeding. While selecting intercrops
care should be taken to avoid competing pzrennials. In
moisture stressed areas under rainfed agriculture
intercrapping may depress the growth of cashew.,

10. Harvesting and drying

For getting a better crop harvesting is to be done at the
right time and the nuts are to be dried properly and
stored well. Unripe fruits should not be harvested. The
ripened fruits will fall down which can be collected
manually. The nuts can be extracted from the apple,
dried in sun (to a moisture level less than & per cent)
for about two days and stored temporarily till marketing.
While drying nuts frequent turning of nuts in the drying
floor is necessary to ensure uniform drying of the kernel,
to maintain the quality.

D. CRITICAL OPERATIONS
1. Removal of polytapes from time graft joint

. Removal of polytape present in the graft joint is essential
lest, it may cause girdling and breakage of the plants at
the graft joint. About 90% of the grafts were last by
breakage at the grait joint from a farmer's field in Tamil
Nadu due to failure in removal of the polytape from the
graft joint.

2. Staking

Staking is an important operation especially in wind
prone areas. About 40% loss of planted grafis were
noted when grafts were left unstaked.

3. Mulching

Mulching at the plant base with organic waste resuits
considerable improvement in plant growth. This is mainly
due to the conservation of soil moisture, prevention of
weed growth in the plant base, maintenance of sail
temperature, activation of soil microflora and addition
of mineral nutrients and arganic matter through the
__ mulch materials applied.

4, Trenching

Digging trenches at the centre of four plants, especially
in plantations of sloppy lands helps considerably to
conserve soil and water and to enhance the plant growth.
This is very useful in rainfed agriculture where availability
of rainfaltis less. The pits act as a sink to cellect run off
water and soil which enable to maintain soil healh. The
sub soils of such plantations will have mare soil moisture

especially during summer months which helps to enhance
plant growth.

5. Pruning

Pruning is an important practice in cashew. Pruning
facilitates proper light penetration and helps in
production of vigorous productive laterals to enhance
nut production.

6. Control of tea mosquito

Among the major pests of cashéw, tea mosquito is
considered to be most notarious. Effective methods of
tea mosquito control have been developed for different
states. It was reported that spraying against tea
mosquito results yield increase ranging from 59 to 80%
compared to the unsprayed control, in different states
(Mandal, 1992). The young plantations (1 to 3 years)
are more susceptible to tea mosguito damage, and
therefore they are to be sprayed regularly. Studies
conducted by Mini Abraham (1994) revealed that spray
applied nutrient absorption was the highest through
the lower side of the younger leaves suggesting that the
spray solutions may be directed accordingly to obtain
high efficiency. For spraying it is essential to obtain
chemicals which are not expired. Application of right
quantity of spray solution in right concentration at right
time adopting an insecticide rotation, is important.

E. ECONOMICS OF CASHEW CULTIVATION

1, Cost of establishment of a cashew plantation

Based on current prices, time cost of establishment of
one hectare of cashew {200 trees) during first year is
Rs. 14819. Its maintenance cost is Rs. 9318 during
second year, Rs. 11187 during 3rd year, Rs. 12118
during 4th year, Rs. 13549 during 5th year, Rs. 14980
during 6th year, Rs. 16411 during the 7th year and Rs.
17042 from 8th year onwards.

The costs of manuring of cashew per tree is worked out
to be Rs. 12.89 during 1st year, Rs. 17.78 during 2nd
year and Rs. 22.82 from the 3rd year onwards. The
plant protection cost per tree is worked out to be Rs.
5.21 during the 1st year, Rs. 10.41 during the 2nd
year, Rs. 15.62 during the 3rd year, Rs. 18.77 during
the 4th year, Rs. 21.93 during the 5th year, Rs. 25.08
during the sixth year, Rs. 28.24 during the 7th year and

Rs. 31.39 from the 8th year onwards. '

i

2. Input requirements of cashew

Based on the recommendations of the Kerala
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Agricultural University the input requirement -per
hectare of cashew plantation during the first year, 200
cashew grafts, 200 bamboo baskets, 4000 kg of organic
manure, 108 kg of urea, 134 kg of mussoriphosphate,
99 kg of muriate of potash, 300 ml of Endosulfan, 400
gram of Ekalux, 400 gram of Carbaryland 5 kg of Sevidol
are required. This requirement increases with age.

3. Input cost of cashevr

During first year an amount of Rs. 4411 is required for

purchasing grafts, Rs. 1000 for purchasing basket, Rs.’

1280 to purchase organic manure, 366 to purchase
urea, 268 to purchase mussoriphosphate, 149 to
purchase muriate of potash, Rs. 69 to purchase
Endosulfan, Rs. 104 to purchase Ekalux, Rs. 98 to
. purchase Carbaryl and Rs. 250 to purchase Sevidol. In
total an amount of Rs. 7984 is required towards input
cost during the first year. This requirement increases
with age.

4. Labour requirement

For one hectare of cashew during first year it requires
21 labourers for land clearing, 17 labourers for pit
making, 7 labourers for planting, 6 labourers for organic
manuring, 3 labourers for fertilizer application, 9
labourers for pest contral, 50 labourers for weed control
and 3 labourers for pruning. In total it requires 114
labourers to complete the work of the first year. This
requirement of labour decreases during the 2nd year
and increases thereafter, with the commencement of
harvest,

5. Labour distribution

During the first year, labour required is maximum during
May-lune, August to October and December for various
operations. In an adult plantation peak requirement of
labour is during June, September-October, and
December to April. '

6. Yield expected and net income

On an average a nut yield of 100, 400, 800, 1200 and
1600 kg of nuts per hectare is expected during the 3rd,
- 4th, 5th, 6th and 7th year respectively. Thereafter a
minimum yield of 1600 kg nuts per hectare is expected
irl all the years. A net income of Rs. 52.26, Rs. 105.1,
Rs. 158, and Rs. 154.8 per tree is expected during 4th,
5th, 6th and 7th year respectively. From the 8th year
onwards a net income of Rs. 154.8 per tree is expected.

7. Cost of production per kg of nut

The cost of production per kg of nut is estimated to be
R!s. 30.29 during 4th year, Rs. 16.94 during 5th year,
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Rs. 12.48 during 6th year, Rs. 10.26 during 7th year
and Rs. 10.65 from the 8th year onwards.

F. ECONOMIC ANALYSIS OF A PROJECT FOR THE
ESTABLISHMENT AND MAINTENANCE OF 100
HECTARES OF CASHEW PLANTATION

The economic viability of a project for the establishment
and maintenance of 100 hectares of cashew plantation
is prepared following the techniques suggested by Pitale
(1987). The Benefit-Cost Ratio (B-C ratio) and Internal
Rate of Returns were worked out based on the following
assumptions.

1. The cashew plantation is raised and maintained
scientifically as recommended by the Kerala
Agricultural University

2. (Cashew grafts are purchased at the rate of Rs. 20/
- per graft and Rs. 2/- per graft is provided for
transportation, loading and unloading

3. Provision is made for 10% gap filling during second
year,

4, High yielding varieties recommended by the

university is cultivated (October 96).

5. The cost of cultivation is estimated based on the
prices of October 1996, for inputs (fertilizers,
pesticides, organic manure etc.)

6. The wage of labourer is assumed as Rs. 60/- per
day.

7. Thecropis raised rainfed.

8. The price of raw cashew nut is assumed as Rs. 30/
-perkg

9. Inflation rate both for cost of cultwatlon and price

of raw cashew nut is assumed at the rate of 6%.

10. The project is implemented in own lands.

11. The project is financed by borrowed funds at an
interest of 18%

12. The crop has a gestation period of two years and
the crop starts yielding from the third year onwards.

13. All the investments are incurred at the beginning
of the year,

14. Discounting factors is assumed as 18%

15. The economic life span of cashew is assumed as 20
years.

16. The yield level assumed is around 50 per cent of

“the yield realised in the research station under

rainfed conditions. .

17. The residual value of cashew tree is calculated
assurning a current price of Rs. 200 per tree with
an annual inflation @ 6% per annum.

1. Non recurring expenses

Non recurring expenses to the tune of Rs, 10 lakhs is



provided to meet thé costinvolved in:hand development,
purchase of tools, implements etc. (@2 Rs. 10000 per
hectare).

2. Recurring expenses

In addition to the cost of cultlvatlon provision is made

for meeting the pay of staff (Rs. 3 lakhs per year with an _
annual inflation @ 10% to -meet the salary of three

farm managers (a) Rs. 2500 per month, six field

assistants @ Rs. 1500 per month and six watchmen @

. Rs.-1200 per month and to meet the TA and DA) and

office expenses (@ 0.3 lakh per year, with an annual
inflation @ 10%. .

3. Cash flow

The details of the cash flow, showing the non-recurring
and recurring costs involved in the establishment and
maintenance of 100 hectares of cashew. During the first
year, an amount of Rs. 14.82 lakhs is required for the
establishment of 100 hectares of cashew, purely for
cultivation purposes. For a period of .20 years, the cost
involved for the establishment and maintenance of 100
hectares of cashew is estimated to be Rs. 596 lakhs,
considering an annual inflation in cests @ 6%.

The total Non-Recurring Costs (NRC) of the project is
worked out to be Rs. 10 lakhs. The Net Present Value
(NPV) of NR investments at 18% discount rate is
estimated to be Rs. 8.48 lakhs. The total receipts during
the project period (20 years) is Rs. 1648 lakhs leaving
a net profit of Rs. 867.4 lakhs. The NPV of the net
receipts is Rs. 107 lakhs.

a) Benefit costratio

The'benefit cost ratio of the project is arrived as a ratio

of the NPV of net receipts (Rs. 107 lakhs) to the NPV of

non-recurring investments (Rs. 8.4§ lakhs) and it was

éstimated to be 12.61. The benefit cost ratio indicate

that the investor can expect Rs 12.61 per every Rupee

invested, suggesting that the prolect is ecenomically
- viable.

b) Benefit cost ratio-capitalised

In order to test the tolerance of the project, the total
investment (recurring and non recurrlng) upto the end .
of fourth year, were capitalised at 1 8% interest and its
NPV worked out (Rs. 38.82 Iakhs) The BC ratio
capitalised was them worked out as; the ratio of NPV of
net receipts (107) to the NPV of capitalised investments
uptotime end.of 4th year, (38.82) and it was estimated
to be 2.76. ‘

¢) Internal Rate of Returns (IRR)

Aim attempt was also made to estimate the linternal
rate of returns of the project following the procecure
described by Pitale (1987). The IRR of the projec: was
estimated to be 37.27%. This means that the:ear':ing
power of the investments of the prOJect is @ 37. 27
annually.

The price leve'l_assumed for time cashew nutiis cuite
realistic (Rs. 30/kg) and less than time current mzrket
prices. The price trend of cashew in time pasf decade
show a stéady increase and the same can be expeciad
in future also. On an average there was about 15 per
cent annual increase in price during the past five YEars.
In the present project, an annual price increase of only
6% was considered for calculating time econonfiics. The
cost escalation was also assumed at 6% annually. The
yield level assumed is also reasonable. As such, the
estimates are realistic and modest and profits zre
attainable. The data on B/C ratio (both non-capitatsed
and capitalised) and IRR gives ciear indications that
the project is economically viable.

d) Sensitivity analysis

Any agricultural enterprise would be liable to
uncertainties, mainly due to the involvement of
Unpredlctable weather conditions. As such ther= is
possibility of yield reductions mainly due to aberrant
weather conditions. Moreover, price fluctuatiors of
products may also cause concern. To asséss this
sensitivity of the project in terms of its economlc vizkilky,

a sensitivity analysis was done assuming 4 leve's \.1
yield reductions (10%, 20%, 30% and 40% yield
reductions compared to the yield assumed for calcuia:mg
the economlcs)

The BC ratio decreased from 12.61 to 9.67 when 10%
yield reduction was assumed from the normal: The BC
ratio further decreased to 7.42, 6.19 and 4.05 when
yield reductions were assumed in the order of 20%.
30% and 40% respectively, from the normal. The
sensitivity analysis gives clear indication that this prciect
can tolerate natural calamities and possible yield
reductions to the extent of 40% from time normal. Thus
the economic potential of the project in terms of risk
tolerance is well indicated.

e} Summary of expenses and receipts

The abstract of the cash flow statement is given bzlow

1. Totalcost of establishment and maintenance of 100

hectares of cashew for 20 years (RC) = Rs. 526 '
lakhs
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Table 1. Hfgh yielding varieties of cashew released by different state Agricultural Universities / ICAR and their yield

potential (kg [ tree)

Varieties released by Kera[a“AgricuIturaI University

Anakkayam-1 (BLA 139-1)
Madakkathara-1 (BLA 39-4)
Madakkathara-2 (NDR 2-1)
Kanaka (HI 598)

Dhana (H! 1608)

Priyanka (H 1591)

H-3-17 (Dhanasree)
K-10-2 (Sulabha)

Varieties released by Tamil Nadu Agricultural Univesity

Vrindhachatam-1
Vrindhachalam-2
Vrindhachalam-3

Andhra Pradesh

BPP-1 (H 2/11)

BPP-2 (H 2/12)

BPP-3 (3 /3 Sch) _
BPP-4 (9 / 8 EPM) !
BPP-8 {Hybrid 2 / 16)

Karnataka

Ullal-1 (8/46)

Ullal-2 (3/67)

Ullal-3 37 (Hajjery-Kerala)
Chinthamani-1 (B/46)
NRCC-Selection-1
NRCC-Selection-2

QOrissa

BHB-1 (WBDC.V)

West Bengal
Jhargram-1 (BLA-39-4)

Maharashtra

V-1 {Ansur-1)

V-2 (WBDC-VI)

V-3 (Ansore-1 x Vetore-56)

V-4 (Midnapore Red x Vetore-56)
V-5 (Ansur early x Mysore Kotekar)
V-6 {Vetore-56 x Ansur-1)
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12.1
13.0
17.0
12,8
A0.7.
16.9
18.6
21.6

7.1
8.1
14.2

17.0
19.0
16.0
13.0
215

19.0
18.0
15.0
1.2
10.0
9.0

16.0

10.0

23.0
24.0
14.0
14.0
21.0
16.0



2.7"Tot_a| receipts from 100 hectares for 20 years =
Rs. 16.48 lakhs :

3. Total Netreceipts from 100 hectares for 20 years

= Rs. 867.4 lakhs

4, NPV of NR investments with 18% discount = Rs.
8.48 lakhs

5, Net Present Value of the net receipts = Rs, 107
lakhs

6. B-Cratio =Rs. 107/ 8.48 = 12.61 lakhs

7. The NPV of total capitalised investment upto the

end of the fourth year (beginning of yield) = Rs. -

38.83 lakhs

8. B-C Ratio based on capitalised investment upto the
end of the 4thyear (beginning of yield) = Rs. 107/
3883 =276

9. IRR =Rs.32.27 %
Conclusions

Scientific establishment and management of cashew
plantations involves certain vital decisions and skilful
integration of efficient management strategies. In this
paper an attempt has been made to identify the critical
decisions, involved in selection of plantation sites, critical
inputs, operations and management practices involved
in the scientific establishment and management of
cashew plantations . The cost of establishment and
maintenance of cashew over years, and the economics
of scientific cashew cultivation are also worked out and
analysed. The input requirement, the input cost, the
labour requirement and distribution for one hectare of
cashew plantation are estimated and presented. The
expected yield and net income from cashew plantations
are also worked out. The economic analysis of a project
for the establishment and maintenance of 100 ha of
cashew plantation is also presented. The B-C ratio
(12.61) and Internal Rate of Returns (37.27%) from
cashew plantations suggest that it is an economically
very viable venture, The sensitivity analysis gives clear
indications that projects on cashew plantation can
" tolerate natural calamities and possible yield reductions
to the extent of 40% from the normal. The economic
potential and risk tolerance of cashew plantations are
well indicated.
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Modern crop pro&uction techniques for fruit crops

Dr. C.S. Jayachandran Nair

By the turn of this century, world population is estimated
to touch 6.2 billion. In order to meet the demand for
food, current agriculture production is to be enhanced
by 40 per cent. A carresponding increase in production
of fruits is expected since they are sources of protective
principles for maintenance of good health. Development
of modern technologies for increasing production and
productivity is therefore the need of the hour. Some of
the achievements in these lines are discussed below:

l. Development of varieties for specific
situations

Crop improvement is one of the identified tools to
enhance production and productivity. In recent years,
remarkable achievements have been made in the
development of varieties of fruit crops for meeting
spedific problems. Some of the achievements are high
fighted in Table 1.

Table 1. Improved varieties of fruit crops

Variety Improved characters

MANGO

Varieties from [AR]

Amrapalf Dushehari x Neelum, Dwarf,
reqular, suited for close planting
(1600 trees/ha)

Mallika Neelum x Dushehari. Regular,
good quality

Varieties from IIHR

Arka Aruna Banganapally x Alphonso.
Regular, dwarf, suited for close
planting, free from spongy tissue

Arka puneet' Alphonso x- Banganapally.
Reqular, prolific, free from -
spongy lissue

Arka Anmol Nphonso % Janardhan Pasand.

Regular, free from spongy tissue,
suitable for export
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Arka Neelkiran Alphonso x Neelum. Regular,

suited for close planting
varieties from THAU
PKM-1 Chinnasuvarnarekha x Neelum.
Regular, cluster bearing
PKM-2 Neelum x Mulgoa. Very sweet,
fibreless
Paiyur-1 Selection from Neelum. Dwarf,

suited for close planting (400
trees/ha)

Varieties from FRS, Vengurla

Ratna Neelum x Alphonso. Regular,
precious, attractive colour and
quality, free from spongy tissue

Sindhu Neelum x Alphonso. ‘Seedless’,

free from spongy tissue

Varieties from FRS, Sangareddy

. Manjira ~ Rumani x Neelum. Regulaf.
precocious, high yield, dwarf
Au Rumani Rumani x Neelum. Regular,

prolific

Varieties from FRS, Pariya, Gujarat

Neelphonso Neelum x Alphonso. Dwarf,
superior quality
Neelshan Neelum x Baneshan
- Neeleshwari Neelum x Dushehari
variety from Parbhani
Niranjan Regular, off-seasonbearing
GUAVA
Varieties from [IHR
Safed lam Allahabad safeda x Kohir

Large fruits, few soit seeds



Kohir safeda

Arka Mridula

SAPOTA
Varieties from THAU

C0-1
C0-2
PKM-1
PKM-2

PKM-3

Kohir x Allahabad safeda

Large fruits, white fresh, few soft
seeds, high yield, suited for
semi-arid tropics

Seedless x Allahabad safeda
High yield, white flesh, few soft
seeds, good keeping quality

(ricket Ball x Oval. Large fruit,

. granular pulp, few seeds

Selection from baramasi. Soft
and juicy pulp, high yield

Selection from Guthi. Dwarf,
high yield, buttery pulp

. Guthix Kirthi Bharti. High yield,

large fruits

Guthi x Cricket Ball. Upright
growth, suited for high density
planting, large fruits, cluster
bearing

Varieties from UAS, Dharwad

DHS-1
DHS-2

POMEGRANATE

lyothi

Ruby -
Mridula
P-23

P-26

Kalipatti x Cricket Bal
High yield, granular and mellowy
pulp with orange colour

Kalipatti x Cricket Ball
High yield, orange brown pulp,
granular and mellowy

From UAS, GKVK. Large fruit,
deep red aril, soft seeds.

From lIHR., Medium to large
sized fruit, Dark red aril, soft
seeds, high TSS

From MPKV, Rahuri. Large fruit,
blood red aril, soft seeds, high
1SS

From MPKV, Rahuri. Large fruit,
light pink aril, medium soft
seeds.

From MPKY, IRahuri. Large fruit,
light pink aril, soft seeds.

(0-1

Yercaud-1

PAPAYA
Yarieties from THAU

C0-1

(0-2

0-3

C0-4

C0-5

(0-6

From TNAU, Soft séed, good
yield

Easily peelable rind, soft seed
deep purple aril

Selection from Ranchi, Free

from papain odour
Dual purpbse variety. Good for
papain production
C0-2 x Sunrise Sole.

Gynodioecious, high sugar
content.

C0-1 x Washington. Suited for
home garden

Selection from Yfashington.
Good Papain yield

Selection from Pusa Majesty.
Owarf, high yield, dual purpose
variety.

Varieties from FRS, Pusa, Bihar

Pusa Delicious

Pusa Majesty
Pusa Giant

Pusa Dwarf

Pusa Nanha

Variety from 1THR

; Surya

BANANA

Dessert varieties

Nendran

Gynodioeceous. High yield

Gynodioeceous. Low bearing,
high yield, good keeping quality

Suitable for vegetzble purpose

and canning

Dwarf, low bearing, suited for
high density planting and home
garden

Dwarf, low bearing, tolerant to
water logging, suited for high
density planting.

S'unrise_solo x Pink Flesh Sweet.
Gynodioeceous, good yield

quality

Dual purpose variety. Suited for
making chips and banana flour.
Commercial variety of Kerala
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Njalipoovén

Mysore
(Palayankodan)

Karpooravally

Robusta

Dwarf cavendish

Gold Finger

Grand Nain

Svited for homestead
cultivation, intercropping in
coconut garden

Suited for rainfed cultivation and
semi-perennial system.
Resistant to panama wilt.

Heavy yield, tolerant to bunchy
top

Suited for intercropping in
coconut garden and ratooning
and high density planting.
Resistant to panama wilt.

Dwarf, good vield and quality

Resistant to burrowing
nematode, some races of
fusarium, black sigatoka. Fruits
ripen slowly

Less duration than other
cavendish varieties, medium
tall, high vield, good quality.

Culinary varieties

Monthan, Chetty, Peyan, Batheesa, Razavazhai,
Kanchikela {tolerant to bunchy top)

PINEAPPLE

Kew For large scale commercial
cultivation suited for processing

Queen Good fruit qualities suited for

: dessert purpose

Mauritius For general cultivation. Good

yield and quality
Il. Leaf analysis for nutrient management

Leaf analysis technique has emerged as cne of the most
efficient method for monitoring the nutrient requirement,
especially of the perennial crops. The techniqueis based
on the logic that within certain limits, there is positive
relation among the dose of nutrient applied, leaf content
of the nutrient yield and quality. The time of sampling,
sample tissue etc. have been standardised in major fruit
crops. These details are furnished in Table 2.

Table 2. Tissue sampling techniques in fruit crops

Crop Index tissue Stage of sampling Type of tissue for sempling
Grapes Petiole Bud differentiation Fifth petiols from base for yield
Bloom Petiole apposite to bloom for quarter
Banana Middle portion Bud Third open leaf from apex
of lamina differentiation
Ber Leaf Two months Sixth leaf from the apex of secondary
after pruning or terfiary
Acid lime Leaf June 3-5 months old leaf irom new flush.
First leaf of the shoot
Papaya Petiole 6 months Sixth petiole from apex
after planting
Sapota Leaf September Tenth leaf from apex
Pomegranate Leaf Bud differentiation _
In April for February crop Tenth leaf from apex
In August for June crop
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Il. High density orcharding Crop ' Rootstock

The method consists of planting size controlled plants Apple ENA, P-series
in higher population per unit ared, diverting energy to Sweet cherry Mahaleb Cherry
the eonomic parts. " Plum ot .Juhan. Py

~ Pear ~ Quinee
The advantages are ' ' Citrus Flying Dragon

Mango (Alphenso) - Vellaikolamban

Better utilization of solar radiation interception
3. Use of chemicals Alar, CCC, PBZ
Increase in fruit bearing area :

o 4. Development of dwarf varieties
Decreasein distance of translocation ’ -

. . 5. Other methods Bark inversion, double
Increase in productivity ‘ grafting, inte:'lrstocks.
Early returns o root pruning *

Easiness in cultural operations Modern systems of high density pfanting :

Less injury in harvest L . )
_ 1. Medium high density planting
Better quality of produce : 500 to 1500 plants/ha
ibility of mechanisati
Possibilty of mechanisation 2. Optimum high density planting ,
: 1500 to 10,000 plantsth
Practices followed : ° plants/ha

3, Ultra .high density planting

1. Pruning : , ] (Meadow orcharding)
2. Use of dwarf root stocks ' ' 20,000 to 1 lakh plants/ha
Performance of fruits ?n high density planting'j
Crop ' Plant/ha Yield Varieties Rootstocks
{t/ha)

Mango o 1600 - Amrapali
Apple | - 2222 68 lonathan - MM106
Sweet cherry 1250 10 . Regina GM-61
Pear ‘ 2500 33 Contessa-de-Paris Quinee
Peach ‘.. 1110 35 Yanco Queen

. Orange 2020 40 Valencia Rubidous:
Banana r 4444 120 Robusta
Pineapple--- - _6!3.3'00 . 60 Kew
Papaya - _ ' 4262 146 Coorg Honey dew
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IV. Use of root stocks for specific situations
Root stock studies in fruit crops have lead to development
of stocks for tackling various crop growing situations.

Some of the results are highlighted in table 3.

'Table 3. Use of rootstocks in important fruit crops

V. Use of growth regulators
Growth regulators are effectively utilized in fruit plants
for various manipulations. Some of the important uses

of growth regulators are furnished in Table 4.

Table 4. Use of growth regulators in fruit crops

Problem Important rootstocks Purpose Growth regulator used
Grapes Rooting of cuttings IBA 2500 ppm in softvood
: - - cuttings of quava
Phylloxera Vitis aes{ivaﬁs, Vriperia, IBA 5000 ppm in lanolin -
V’f ypestris Juvenile cuttings of mango
Nematode Y rotundifolia, ¥ longi, ¥ IBA 5000 ppm for 10-20
a@ndicons seconds in semi hard wood
cuttings of pomegranate
Salinity Dogridge, Salt Creck, IBA 2500 ppm for 15
No.1613 seconds in hardwood
cuttings of grapes
Citrus

Salt and Cold tolerance  Cleopatra mandarin for

sweet orange

Tristeza, light sandy sl Rough  lemon  for
mandarins, lime, sweet
orange and grape fruit

Heavy soil, cold tolerance  Sour orange for sweet
orange, grape fruit and
mandarins

Cold tolerance, tristeza  Trifoliate orange for grape

fruit, sweet orange

Seab, tristeza Sweet orange for lemon,

grape fruit
Mango
Owarfing Totapuri red small,
Vallaikolamban
~Semi dwarfing Neelum, Bombay Green
Apple
Dwarf trees M-9, M-8, M-26
_ Dwarfing interstock M-7, M-8, M-9

.Resistance to wooly aphis Northern spy, Merton-778
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Rooting of layers IBA 1000 ppm in bread

fruit and quava

IBA + NAA 106,000 to
15,000 ppm in equal
concentration

IBA 10,000 ppm in mango

IBA 5000 ppm for
pomegranate

IBA + NAA 3 to 5 per cent
in 1anolin for branches of

papaya

Induction of flowering 25 ppm ethenon, 2 per cent
urea and 0.04 per cent
calcium carbonate in

pineapple

200 ppm ethephon and
0.1 per cent urea in 5
sprays from mid September
at monthly intervals for
mango

Increase of fruit size Dipping of bunches in 60

ppm GA for 10 seconds in
grapes
Spraying 2,4-D 15 ppm at
flowering in valeneia
orange

NAA 10 ppm in Apple



NAA 10-30 ppm second
week after fruitset in mango

Control of fruit drbp

GA 10-15 ppm in
. mandarins

GA 10 ppm in sweet
oranges

50 ppm GA on panicles 5-
6 days after blooming in
grapes decrease shot berry
formation

Improvement of quality

15 ppm GA at full bloom
decrease bunch
compactness in grapes

2500 ppm ethrel on bunch
at colour breaking stage
helps in uniform ripening of
grape bunches

. 100 ppm GA enhances -

storage lifé of pineapple

GA 100 ppm’ on bud
decrease seed content and
improve quality of guava

V. Biotechnology in fruit crops

Plant biotechnology is a potential tool for faster
development of fruit growing industry through production
of novel cultivars by genetic engineering and
development of newer crop production technologies.

The main objectives are :

+  Production of new strains of plants
*  Rapid propagation of plant materials _
~+ More efficient and selective plant protection
chemicals and improved fertilizers
¢+ (loning technology for improvement of resistance
to adverse situations.

The various applications of biotechnologyin fruit crops
include tissue culture, genetic engineering, molecular
biology and microbial exploitation. .

A. Tissue Culture

The current and future appllcation of tissue culture are
the following.

Applied technology

Micto propagation, virus elimination, embryo rescue,
haploid production, germ plasma storage and transport,

production of secondary metabolities, somatic
embryogenesis and ploidy manipulations.

Developing technologies

Modification by soma clonal variation, protoplast fusion
for gene transfer and gene introduction by agrobacterium
and other means.

HMicro propagation

Rapid clonal propagation is now possible in banana
sweet orange, grapes, dates, papaya, pineapple, pear,
strawberry, avocado etc.

Yirus elimination

Virus and systemic diseases often do not penetrate the
extreme shoot tip. Virus free plants can be obtained
using these tissues as explants. Works in these lines
are in progress in banana, citrus etc,

Embryo tescue

Barriers fike embryo abortion in distant crosses can be
broken by culturing embryos. In crops like papaya,
grapes, mango {crosses of mulgoa and neelum) this is
being tried.

Haploid production

Haploid plants can be produced from anthers, immature
polten grains, isolated_ovules ete. This is achieved in
abaut 50 species of plants including fruits like papaya,
lime, banana, custard apple and cape gooseberry.

Similarly triploids can be developed by endosperm
culture (endosperm develops through fusion of one male
and tvo haploid female nucleii) in fruits like ditrus, apple
and peach,

Germplasm storage and exchange

In vitrostorage of germpiasm in banana, grapes, papaya
at -190°C could be done. Germplasm transportation
and exchange is easy and more successful in this way.
Short to medium term storage techniques have been
developed in grapes and strawberry.

Modification of soma clonal variation

Tissue culture regeneration through callus culture, cell
culture, protoplast culture etc. can bring out minor or
major changes in plant phenotypes. This is called soma
clonal variation. Variations can be induced in witro by
using mutagens. These variations.can have ut:hty in
crop improvement.
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Modification by protoplast fusion - To break the
crossability barriers, protoplast of one species may be
fused with other species. This allows mixing of nuclear
and cytoplasmic genetic traits. Disease resistant root
stocks of citrus have been developed by this technique.

Gene introduction

Transfer of desirable genes to cells using agrobacterium
and other agents helps in transfer of specific trait.

B. Genetic engineering

Genetic diversity can be increased by DNA transfer from
one cell to the other. The strategies involved as
agrobacterium mediated transfer and direct gene
transfer. There are 50 species in which gene transfer
was successful. This includes fruits [ike citrus,
strawberry, grapes, papaya, apple, pear, kiwi fruit,
cramberry etc. This technology was useful in developing
resistance to diseases (potato virus X and Y,
Fseudomonas sp., Rhizoctoni sp.) and pests
(Lepidoptera, Coleoptera).
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Engineered herbicide resistance helps safe use of
herbicides with less harm to the crops.

Research works to impact resistance to heat, cold, sait,
heavy metals efc. on tobaco and Brassica arein progress.

Improvement of storage, cooking and nutritional
quaiities of fruits in another field worth mentioning.
Bruise resistant and slow ripening tomato, production
of waxins and albumin in potato and banana etc. are
some of the achievements.

C. Molecular biology -

The available techniques are molecular diagnostics, DNA
cloning, /7 vitrotranslation, gene screening, iso enzyme
finger printing etc. Molecular diagnostics is useful in
early detection in viral infection and iso enzyme finger
printing is systematics (Apple, raspberry).

D. Microbial exploitation

This field has practical utility in production biofer tifizers,
bio insecticides etc.



Future strategy for forage production in India

Dr. G. Raghavan Pillai

Forages are the mainstay of animal production. India
has the largest cattle population in the world of about
15% of world's livestock population with only 2% of the
world's geographical area. The main concern in
developing dairy industry in India is to feed the high
milk yielding animals economically on herbage based
ration. As a result of continuing degradation of the
forests and grasslands, dry fodder production in the
form of grass is expected to decrease further. The
opportunity of increasing dry fodder production from
agricultural area is also fimited. Hence it is important
to put enough emphasis on alternative resources for
forages from degraded waste lands.

-For economic milk production availability of good quality
forage in adequate quantity is a must. The availability
of forage in sufficient quantity is assured through
intensive forage production systems. These production
technologies give high yields. Also these measures will
maintain the flow of green fodders round the year,
enhance the utilization of land resources and ensure
efficient recycling of crop - livestock wastes.

Carbohydrates, Protein, fat, minerals and fibre are the
important constituents present in feeds and after
digestion become available to the animal's body
building and production processes. These are called
total digestible nutrients. Protein occupies the prime
position among them. The average major nutrient
contentsin feedstuffs can be as shown below:

Feed stuffs " Digestible.  Digestible
protein nutrients

Fodder grasses 1-2% 13-14%

Fodder lequmes 8-10% 50-60%

Concentrate cattle feeds - 14-16% 65-70%

Low productivity of livestock in the country is mainly
due to poor fodder and feed resources. The animal
pressure on limited land resources is tremendous.
Nutritious, balanced and adequate feeding of animals
is a major limiting factor in realising increased livestock
production. Some of the major feed resources are
cultivated fodders, grazing from grasslands, and crop
residues. The cattle in intensively cultivated areas
"obtain only 25% of their feed from grazing in woodlands

and uncultivated areas. The balance comes from aop
residues unsvitable for human consumpiion.
Roughages, hay, stover and silage are unsuitabie for
human consumption. These non edible materiz's are
converted by animals into high value products of huznan
food and other use.

The livestock population in the country has teen
projected as 420 million heads. Density of livestock
population varies from 0.22 per capita in Kerala t0 0.5
in Gujarat and Tamil Nadu, 0.54 in West Bengal, 0.6 in
Karnataka, 1.16 in Himachal Pradesh and to 1.44 in
Rajasthan. This indicates a relative pressure in dizrent
areas. An estimated requirement of fodder"till 2000
AD is given in the table below.

Projected Fodder Requirement in India

Year  Estimated Fooder requirement  Totzl

(million tonnes) Fodder
' on dry bzsis

Dryfodder  Green fodder {miflicn

tonnes)

1985 780 932 1013
1990 832 992 1089
1995 890 1064 1155
2000 949 1136 - 1233

(Source : C.R. Hazra)

This indicates an overall availability of forage of only
60% of the requirement.

It is further reported that the area under cultiveted
fodder crops in the country is 8.3 m.ha which produces
319 million tonnes of green fodder. Sorghum, berszem,
lucerene, Hybrid napier, guinea and para grass are the
major cultivated crops. The gap between the demand
and supply will increase still further if adequate si2ps
are not taken immediately. Even for mesting the
projected green fodder requirement (1136 mt) by the
turn of the century, about 10% of the cultivated erea
(14 m.ha) needs to be diverted for fodder cultivation
which itself is a difficult task to achieve. However the
productivity of forages could be substantially increzsed
by adopting suitable fodder production technology
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The area and productivity of some of the important fodder crops in the country are given below.

Forage crops grown in India with area and productivity

Name Botanical name Area Green.
000 ha fodder vyield
T/ha
1. Berseem (Egyptian clover) Trifolium alexandrinum 1900 60-110
2. Llucerne = (Alfa alfa) Medicage sativa 1000 60-130
3. Cowpea (Lobia) Vigna unguiculata 300 .25-45
4, Guar (Cluster bean) Cyamopsis tetragonaloba = ~200 15-30
5. Qats (laie) - Avena sativa 100 35-50
6. Sorghum (Chari) Sorghum bicolor 2600 35-70
7. Bajra’ (Pearl millet) Pennisetum typhoides 900 20-35
8. Maize {Makka) Zea mays 900 30-55
9. Napier (Elephant grass) Pennisetum purpureum 100 70-100
10. Guinea grass Panicum maximum - 100 100-190
11. Paragrass’  (Angola grass) ‘Brachiaria mutica 100 100-190
12. Anjangrass  (Buffel grass) Cenchrus ciliaris 200 15-40
13. Sewangrass Lasiurus hirsutus 100 7-25
14, Sudan grass Sorghum sudanense 100 50-80

(Source : C.R. Hazra)

; Appropriate production technologies for

. intensive fodder production round the year
. have been developed to suit each locations

~ Improved crop culture

A large number of fodder crops varieties are available
now to suit the different agroecological and farming
situations. Chaice of the crops and varieties are more
. important for cbtaining high quality forage with high
yield.

' Food-fodder chain

Technology have been developed for suitable crop re-
" orientation. This integration depends on soil and climatic
conditions and the cropping pattern of the region

. eg 1, Maize + Cowpea — Bajra + Cowpea — Maize
2. Hybrid Napier + Cowpea — Hybrid Napier +
Cowpea — Hybrid Napier + Cowpea

Forages from existing cropping systems

Inclusion of forage crops also in the existing cropping
system is very relevant especially when land space is
" not available for forage sole cropping. Forage catch
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cropping is practiced in rice cropped area with cowpea,
stylosanthes hurilis, pillipesara, sunhump, moth etc.
with residual moisture after rice harvest. Intercropping
of maize, sorghum etc. with crops like cowpea and guar
is also to be popularised. '

Forages from degraded grasslands

India has about 12 m. ha under permanent pastures,
15.45 ha under cultivable wastelands and 22.8 m ha
under faflow lands offering varied degrees cf grazing
resources. It is necessary to rejuvenate these grazing
areas espedally permanent pastures and forest grazing
lands for their enhanced productivity. Application of
improved production technology through vegetation of
trees, shrubs, grasses and legumes is to be popularised.
Through silvipasture practices the productivity of these
lands can beimproved 4.5 folds and crude protein yield
byotimes.

Hon-conventional forage resources

In our country the highest number of crossbred cattle
are reported to be maintained in Kerala. But the
progress achieved in feed and fodder development is
not much appreciable. During scarce period several
nutritious non conventional materials are available for
cattle feeding.



Forages from agroforestry production system

Agroforestry aims at integration of woody species with
agricultural crops, pasture grasses and legumes in the
same piece of land. This will conserve and improve the
productivity of the site and optimise the combined
production. The infiuence of tree species on grasses
are well marked.

Several trees grown in homesteads are also utilized for
feeding. The miracle tree, viz, Subabul (/eucaena
leucocephalia) is recognised as the number one fodder-
cum-green manure cum-fuel-cum-timber tree. It
contains 15.5% Digestible protein and 54% TDN. The
tender stems and leaves of Mulberry are excellent feeds.
The energy supplied from this is very efficient. Another
nitrogen fixing tree Vaka - which supplies apart from
protein, about 2.57% calcium and 0.15% phosphorus.
The leaves and other parts of many such plants are
excellent cattle feeds.

Forages from forests

The area under forests in the country accounts for about
40% of the total area. The degradation of forests has
resulted in the total destruction of vegetation under
the forest floor. Or it is composed of shrubs unsuitable
for forage purpose. A concerted effort is needed to
revegetate such areas. Dinanath grass (Pemnisefum
pedicellatum) and Stylosanthes gracilis in open forests
and newly cleared forests are stitable.

Forage production in problem soils

InIndia the possibility of extension of area under fodder
crops is limited. The problem soils accounts for 25 m.
ha in the country which can be exploited for fodder
production. The productivity of crops depend upon the
relative tolerance to soil salinity and alkalinity. Several
crops are identified for their suitability in saline and
sodic conditions.

Use of biofertilizers

Microbial activities stimulate nutrient mobilization in
soil thereby enhancing their absorption by plants. 14
to 50% yield increase has been reported in the case of
legumes such as Lucerune, Berseem, Cowpea, Guar etc.
due to Rhizobium inoculation. Non, symbiotic nutrient
fixers like Azospirillum and Azotobactor have increased
yields from 14 to 30% in Maize, Sorghum, Bajra etc.

Forage seed production

One of the factors limiting the popularisation of fodder
crops is the availability of quality seeds at the

appropriate time. The forage seeds production needs
to be thoroughly augmented. Areas suited for forage
production may not be ideal for the seed production du=
toits climatic or other reasons. Hence stitable locations
for each crop and variety need to be identified for seed
production. Forage seed testing laboratories are to be
established and modern scientific techniques are to bz
followed in seed production. '

Research of;tions

a. Application of biotechnology for Resistance
breeding in forages

Improvement of prominent conventional forages using
modern approaches of plant improvement will be taken
up Resistance breeding for abiotic and biotic stresses
whereby crops and varieties suitable for specific
situations will be evolved and used.

b. Forage genetic resources

Introduction, collection, augmentation, documentation
and diversification of forage germ plasm and
conservation will be done.

¢. Forage crops protection

Integrated disease and pest management will be
practiced. ldentification and use of bio-pestiddes in
forage farming to be popularised.

d. Forage production system

A system approach is to be developed. Forage based
cropping systems using multicut and dual purpese (food-
fodder) forage crops are to be developed. eg. Sivipasture
and agroforestry systems.

e. Forage quality

Characterization of forage quality, Establishment of
quality indicators, utilization of roughages and residues.

Technology transfer

Technology of forage production adoptable to different
locations are available in research stations. Extension
of thesetechniques to needy farmers is very urgent in
the ensuing periods. Awareness is to be created on the
importance of forage cropping and production. All the
available media can be utilized for this, Demonstrations,
trainings, visits and seminars need be undertaken for
the benefit of extension workers as well as dairy farmers.
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Modern crop Production techniques for sugarcane

Dr. A. Alexander

* Sugar is a universal sweetening agent and sugarcane is

' a primary age old source of it. It is a very important
“industrial crop accounting for about sixty per cent of

sugar production in the world. In India, it is considered
as a safer cash crop under the dimate vagaries that

«form a peculiar feature of Indian Agriculture. Sugarcane

cultivated in 38 fakh hain India and the cane production

© comes to 2493 lakh tones. Of the total cane produced.

* 45 per cent cane is used for the manufacture of white

sugar while 43 per centis used for jaggery making. For

+ the use of set as a feed and chewing purpose, 11 per

cent of the cane produced is used. The by products of

* sugarcane ie., bagasse, molasses and press mud are

also used for different useful purposes.

:-' In Kerala, Sugarcane cultivation is confined to four
districts, ie., Palakkad, [dukki, Pathanamthitta and

Alleppey. At present sugarcane occupies above 4500
hain Kerala. While the cane produced in Palakkad area
is used mainly for sugar production, the cane produced
in the other districts are exclusively used for jaggery

" making.

Sugarcane is a hot sunny weather loving crop cultivated

. in 35N and § latitude and upto a elevation of 1650 m.

It is an excellent solar energy utilizing plant. At peak

" period of growth, 5 tha'! day™! of drymatter per ha per

day is produced. The potential of the crop is 475 t ha™
! millable cane in the tropics. The sugar formed in the
leaves are stored in the parenchymatous cells of the

. stalk. Cooler and drier dimate following growth cessation

encourage sugar accumulation.

Normally sugarcane grows to a height of 3-3.5 m with
aninternodal length of 10-20 cm and 25-35 internodes

* with 2.5 cm diameter are formed. On an average, 2-4

internodes per month. The stalk contains 8-14 per
cent fibre and 10-17 per cent sugar. The millable cane,
the economical part of sugarcane consists of 55 per
cent of ground shoot. -

Because of the versatile nature of the crop thereis no
substitute crop to replace sugarcane where it is now
cultivated. Even in waterlogged fields and droughty

condition sugarcane survives because of its hardy
nature. Scope of using sugarcane in companion -
" cropping, its ratooning ability, possibility of erganic

= recyding, scope as a source of fodder and the profitability
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make a versatile crop. The wide fluctuation in the price
of jaggery and scarcity of labour are the majer problems
affecting the area under sugarcane.

Though the potential of the crop is 475 t ha'! the
average yield of the.cane in the state is only 71 ¢ ha'!
due to a variety of reasons. The production potential
can be significantly improved by adopting modern crop
production techniques and improved varieties of
sugarcane.

Time of planting

When sugarcane planting is taken up during june and
October in Palakkad area, December-January is the
best planting time in south. A delay in planting by one
monith from January 15th in the south cause a reduction
of 21 per cent in cane yield. The delay also affects the
millable cane count and quality of cane.

Plant density and method of planting

Pit method of planting is practiced in certain areas while
ridges and furrows taken at 90 cm apart are practiced
in other area. When the ridges and furrow method
accommodate 45000 three budded setts/ha, pit method
cannot accommodate such a population. As a result
miflable cane count and the yields are lowin areas where
pit method of planting is followed. Adoption of ridges
and furrow method of planting in the planes and gap
filing in the plant and ratoon crop are necessary to
have a desired millable cane count of 1.25 lakh/ha.

Organic recycling and integrated use of
nutrients

Nearly-12 tha™! of dryleaves are added, in'a'sugarcane
field apart from the contribution of roots and stubbles.
Instead of burning the trashes it should be recycle to
enrich the organic matter status of the soil.

Sugarcane crops yielding 120 t ha! removes 83 kg of
N, 37 kg of P,0; and 168 kg of K,0/ha. In the absence
of a soil test data a general recommendation of
165:82.5:82.5 kg, ons and K0 is recommended in
the south. In the field balanced application of nutrients
is seldom done. The time of application of the nutrients
is also important. Use of press mud (@ 4t/ha as well as
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trash mulching @ 5 t/ha can rediice the fertilizer dose
by 25 per cent.

Weeding

Weeds are a problem till 45th day after planting. Pre
emergent application of Atrazine followed by 2,4-D or
pre-emergent application of Goal will effectively check
the weeds and reduce the cost of production.

Irrigation

Sugarcane spents 50 per cent of its growth period during
the summer month. Due to lack of irrigation, growth
and yield is affected. Studies have revealed that
irrigation at fortnightly interval during summer menth
can increase the cane yield by 27 t/ha.

Detrashing and earthing up

Lodging of cane offset vertical growth and stimulate
nodal growth. ‘When partial lodging reduce the cane.
yield by 13.5 per cent complete lodging can bring 32
per cent reduction. Lodging also reduce the sugar yield
from 14 to 43 per cent. Timely earthing up and
detrashing will prevent such losses.

Timely harvest and speedy processing
A midlate variety comes to maturity by 11th month

after planting. When field brix is 18 or more the caneis
considered to be mature. Delay in harvest will result in

the reduction of sucrose per cent and will inlﬁrease the
pith content. '

The cane harvested should be processed with in 24
hours after harvest. Delay in crushing by one day will
result in a'reduction of 0.6 per cent of sugar and 2 per
cent of juice. Purity also is reduced by 3 to 5 per cent .
for each days delay.

Ratooning in sugarcane

After the-harvest of the plant, crop buds on the left over
stubbles germinate to give another crop. In India ratoon
crop occupies 40 to 70 per cent of the cropped area
under sugarcane. Profitability and-higher yield / urit
area f unit time encourage farmer's to raise more number
of ratoon crop from the same field. Though farmers
raise more than 4 ratoons only 2 ratoons are scientifically
recommended.

Ratoon decline

When more number of ratoons are raised teduction
in cane yield is a common phenomenon. This is one
of the reasons for the low average yield of sugarcane.
Nutrient depletion in the root zone, soil acidity,
accautnulated disease intensity, varietal reaction and
degeneration of clumps are the reasons for the yield
reduction in ratoon crop. Adoption of gap filling,
proper manuring, proper irrigation and timely
harvest can improve the cane yield and sugar

recovery of ratoon crop.

CROP RESOURCE MANAGEMENT IN HUMID TROPICS



Modern crop pro&uction techn_iqueso of rubber

Dr. K. I. Punnoose

Rubber (Hevea brasiliensis) is the most important
commerdal source of natural rubber. Traditionally
rubber is cultivated in Kerala and parts of Tamil Nadu
. and Karnataka. Later, its cultivation was extended to
Andaman Nicober [slands, Maharashtra, Orissa, West
Bengal and North Eastern States. In India, rubber is
cultivated in abeut 5.33 lakh ha.

Important rubber cultivars

The important cultivars now cultivated in India are RRIl
105, RRIM-600, GT!, PB 28/59, PB217, PB 235 etc.
Of these, RRII 105, a clone evolved by the Rubber

" Research Institute of India enjoys maximum popularity
among cultivators due to its outstanding yield potential.
Extensive contiquous belts of this clone have come up
during the last two decades with a near total
predominance of this clone in the rubber plantations in

_India. In order to avoid the potential risks involved in
such monoclone culture, it is now recommended that in
place of the single clone RRII 105, as many clones as
practicable out of a select list of desirable clones shoutd
be planted.

Propagation and planting

Seedling stumps, budded stumps, advanced planting
materials like stomped budding. and polybag plants can
be used for planting. Seeds collected are germinated in
germination beds and are planted in nursery. Nurseries
are established for raising seedling stumps, budded
stumps, polybag plants, stumped budding and soil core
plants. Mother plants or source bushes for the
multiplication of budwood are also grown in nurseries.
Germinated seads are planted in the beds prepared in

the nursery when the young rootis less than 2 am. long.

*The conimon spacing adopted for raising seedling
stumps is 30 x 30 cm. To produce green budded stumps,
the spacing adopted is 23 x 23 ¢m. and for brown budded
stumps, the spacing is 30 x 30 cm or 60 x 23 cm. The
spacing adopted for bud wood nuriery is 90 x 60 cm or
120 x 60 cm.

Nursery beds should be kept free of weeds. Weeding can
be done either manually or using herbicides. Generally
three rounds of weeding are needed. First weeding is
done just before application of the first dose of ferilizers
and the second weeding before the second dese. Third
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round of weeding is dene just before commencement of
budding. Application of pre-emergent herbicide, Diuron
@2 a.i kg per ha in 700 | of water-after preparing the
nursery beds will control the weeds till the first round of
frrtilizer application.

Before the beginning of the summer season, ie., aiter
the second round of fertilizer application nursery beds

~ should be mulched with dried plant materials te retain

“soil moisture and to reduce weed growth. During the
summer season, nursery should be irrigated. In large
nurseries, sprinkler irrigation is found to be ideal.
Manual watering is convenient and cheap for small
nurseries.

Generally, the nutrient requirement of a nursery s 500,
250 and 100 kg per ha for N, P,0 and K,0 respectively.
Application of Magnesium (@ 37.5 kg per ha is necessary
when the soil is deficient in Magnesium. Preferably,
manuring should be carried out after ascertaining the
specific requirements of individual nurseries by soil
analysis. Seedlings raised in nurseries are used as stock
plants for green budding at 4 to 5 month’s stage or
brown budding at 8 to 10 month’s stage.

Polybag nursery

Polybagged plants are advanced planting materials which
contribute to reduction in immaturity period. They can
be transplanted to the main feld at 2 to 3 leaf whor!
stage or 6 to 7 leaf whorl stage.

Green budded stumps are planted in black polyethylene
bags of size 55 x 25 am or £5x% 35 am and are alfowed
to grow to the required size. Powdered rock phosphate
@25 g for small bags and 75 g for [arge bags is mixed
with the top layer of soil, at the time of filling the bag.
NPK Mg mixture {10:10:4:1.5) is applied at the rate of
10 g during the first month and gradually inaeased to
30 g in four months. Irnigation, weeding, partial shading

* and plant protection measures should be adopted in

the polybag nurseries.
Planting
The best season for planting in India is June-luly. The

spacing adopted on slopy land is 6.7 x 3.4 m (445
plants per hectare) and on level lands is 4.9x 49 m



(420 plants per hectare}. The pif size recommended
for planting rubber is 75 cm3. Pits should be refilled
before the onset of the monsoon season and refilling
should be done with fertile top scil as far as possible.

Cover cropping

Covercrops should be established in the interspaces of
planting strips along with planting rubber. Leguminous
creepers are usually grown as cover crops m rubber
plantations. The common cover crop. growa in rubber
plantations are Pueraria phaseoloides, Mucuna
bracleata, Calapagonivm mucunoides, Centrosema
pubescens and Mimosa invisavar. inermss.

Soil conservation

On sloping and undulating lands, rubber is planted on
terraces which are cut along the contour. These terraces
will have a width of 1,25 to 1.50m and an inward drop of
20 to 30cm. Terraces will reduce the length of slope
‘and reduce velocity of rim off and soil erosion. Silt pits
are also taken in between planting lines to reduce erosion
and conserve water. Trenches of about 120 cm length,
45 ¢m width and 60 cm depth are taken along the
contours at suitable intervals depending on the degree
of slope. About 100 to 150 pits are desirable for a
hectare of plantation. Construction of stone pitched
retaining walls (edakayyala) is another effective method
of soil conservation especially when the slope is very
steep, Contour terraces and edakayyala should be
periodically repaired.

Growing of leguminous covercrops in the interspaces of
planting strips will conserve soil and waler to a great
extent. Covercrops cover the ground completely and
reduce the beating action of the falling raindrops. They
will reduce the velodity of run off and act as a hindrance
to the flow of water, Moreover, they add large quantity of
organic matter to soil improving soil structure and thus
reducing erosion. Adequate drainage should be provided
for proper aeration and root development.

Rubber growing soils

The soils in rubber growing tracts are highly weathered
and consists mostly of laterite and lateritic type. Red
and alluvial soils are also seen in some areas. The
faterite and lateritic soils are found to be very porous,
well drained, moderate to highly acidic, deficient in
available P and variable with regard to available
potassium and magaesium. The average annual rainfall
in the rubber growing tracts varies from about 2000 to
4500 mm.

Fertiliser requirement

Response of rubber to nutrition is influenced by the
nutrient supplying capacity of the soil, clonal variation,
stage of growth, intensity of exploitation and ground
cover management Optimum growth and yield of rubber
can be achieved through adequate supply of nutrients
as well as maintenance of proper balance among the
nutrients.

Discriminatory fertilizer usage

Manuring after assessing the nutritional requirements
of plantis referred to as discriminatory fertilizer usage.
Thisis accomplished by considering the soilfleaf analysis
data and case history of the area represented by the
sample.

DRIS

For further improvement of the foliar diagnosis, the
Diagnosis and Recommendation Integrated System
(DRIS) approach developed by Beaufils (1973} is being
attempted. DRIS is a comprehensive system which
involves calibration of plant tissue composition,
environmental parameters and management practices

as a fimction of plant performance yield and quality.

In case, the discriminatory approach is not possible,
general recommendation can be followed.

Immature phase

The unproductive period of Hevea can be reduced at -
least by one year through proper manuring. The general
fertilizer recommendation schedule upto 4th year is as
follows.

Incorporation of 12 kg compost or well rotted cattle
manure and 175 g rock phosphate in every pit at the
time of filling. In the first year, 225g of 10:10:4:1.5
NPK Mg mixture is applied during September-October.
From 2nd year onwards, the fertilizers are applied in
two equal splits during April-May and September-
October, the quantities being 900g of 10:10:4:1.5
NPKMg mixture during 2nd and 4th year and 1100g
during third year.

The fertilizer requirement of rubber during the
remaining period of immaturity depends on cultivation
practices such as mulching and establishment and
maintenance of leguminous ground cover. For
plantations where no mulching was carried out during
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initial years and no lequme ground covers were
maintained, application of 15-10-6 NPK mixture is at
. the rate of 400 kg/ha in two splits of 200 kg each
during the 5th and succeeding years till the plants
become ready for tapping.

For areas where the plant bases were mulched during
the initial years and where leguminous cover crops were
established, discriminatoy fertilizer usage is preferred.
When it is not practicable application of 12-12-12 NPK
mixture at the rate of 250 kgfha in two splitsis

Mature phase

Application of 10-10-10 NPX mixture at the rate of
S00g per tree (approximately 300 kg per ha) every
year during April-May or in two split doses during April-
May and September-October is recommended where
discriminatory approach is not possible.

Weed management

Rubber plantations in both immature and mature phases
are infested by various weed species. The dominant
weed species encountered are Borreriasp., (hromolaena
odorata, Mikania micranta, Pennisetum sp., Panicum
repens, Digitaria sp. etc.

Maintenance of luxuriant ground cover in the early phase
can minimise weed infestation to a great extent Weeds
can be controlled by adopting either manual methods
alone or by the use of chemicals. However, an integrated
approach, combining these two methods in an
appropriate manner is more desirzable.

The commen post-emergent herbicides used in rubber
plantations are Gramaxone (2.25 Ifha), Fernoxone
(1.25 kg/ha) Glyphosate (2 Ifha). For the control of
weeds in seedling nursery applicaticn of a pre-emergent
herbicide Diuron at 2 kg/ha was found to be effective.’

Intercropping

Rubber has got a-long immaturity period and requires
around six to seven years to reach the productive phase.
The farmer therefore has to struggle a long period for
subsistance without income from his rubber crop. During
the initial years of a rubber plantation, the land area is
not fully occupied by the rubber plants and iner spaces
are available in the plantation. These interspaces can
be utilized for growing intercrops which will help the
farmer to generate some subsidiary income.

The topography of the rubber plantations vary from
level lands to gentle, moderate and steep slopes. The

high rainfall in the rubber growing regions and the
undulating topography in many situations make the soil
vulnerable to erosion hazards. Growing of intercrops
necessitates soil disturbing tillage operations of various
kinds. This will predispose the top soil to erosion losses
in steep and undulating lands. The growing of intererops
has, therefore, to be restricted to levellands and gentle
slopes. The general practice of growing leguminous
ground covers has to be strictly followed in plantations
of moderate and steep slopes.

A variety of annual,~short duration and long duration
crops are suitable for being grown in rubber plantations.

1. Banana

Though many varieties are available, the non-ratoon
type viz. nendran variety is ideally suitable for the initial
two years. A net profit of Rs.20,000/- per hectare can
be obtained in two years. Ratoon types like
Palayankodan, and Poovan are also cultivated.

2. Pineapple

This is grown in contour trenches dug along the inter
rows of rubber. Fruits will be available upto four years
from planting after which the plants will die out due to
want of sunlight. A net profit of Rs.35,000/~per hectare
can be obtained.

In addition to Banana and pineagple, ginger, turrneric,
tuber crops and a variety of vegetables also can be
grown with rubber during the initial years of immaturity.

3. Coffee

This can be grown in both young and mature rubber
plantations. It has been observed that the yield of coffee
in rubber plantations is considerably low compared to
pure plantations. However a small subsidiary income
can be realised without affecting the growth and yield of
rubber.

4, Medicinal plants

Many shade tolerant medicinal plants also can be grown
in both young and mature rubber plantations.

When intercrops are grown in rubber plantations, care
should be taken to see that each intercrop is separately
and adequately manured and that only the optimum
plant population is permitted.

Harvesting

Latex is obtained from the bark of the rubber tree by
tapping. Tapping is a process of controlled wounding
during which thin shavings of bark are removed. Budded
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plants are regarded as tapbable'l when they attain a

girth of 50cm at a height of 125 ¢m from bud union.

The tapping cut should have a slope of about 300 to the
horizontal and should be high left to low right Hevea
latex contain 30-40 per cent of rubber. Latexis a
hydrosol in which the dispersed particles are protected
by a complex film. Besides rubber particles, the latex
contains certain other particles also namely lutoids and
Frey Wyssling particles. Lutoides are associated with
the process of latex vessel plugging, which stops the
flow of latex a few hours after tapping.

The best yield is obtained by tapping to a depth of less
than 1 mm. close to the cambium. It is necessary to
commence tapping early in the morning as late tapping-
will reduce the exudation of latex. Trees are usually
tapped using the “Michie Golledge” knife which is well
adapted for a high standard of tapping with minimum
bark consumption.

In general, budded trees are to be tapped on half spiral
alternate dally (sf2 d/2) system and seedlings on half
spiral third daily {s/2 df3) system. But in clones
susceptible to tapping panel dryness; it is recommended
to adopt d/3 tapping frequency to ward off the indidence.

There are other tapping methods like high level tapping,
controlted Upward Tapping (CUT), Runcture tapping etc.
- done under different situations. .

Bark application of Ethephon (a yield stimulant) thrice
in a year is recommended for trees tapped on first
renewed bark of the second panel.

Processing

The erop harvested from rubber plantations are highly
susceptible to bacterial action du€ to contamination on
keeping. Therefore, it is essential to process it into
forms that will allow safe storage and marketing.

The important forms inwhich the crop can be processed
and marketed are (1) Sheet rubber (2) Crepe rubber
(3) Preserved field latex or. latex concentrates and (4}
Block rubber or Crumb rubber.

Preserved fleld latex

Field latex preserved with a swtab]e preservative is
termed as preserved field latex. Ammonia (1%) is the
most popular latex preservative.

Latex concentrates

_ latex is processed into latex concentrates either by
creaming or by centrifuging.

Sheet rubber

Latex is coagulated in suitable containers into thin slabs
of coagulum and sheeted through a set of smooth rollers
followed by a grooved set and dried to obtain sheet
rubber.

Crepe rubber

“When coagulated latex or any form of field coagulum is

passed -several times through a minimum of 3 milis
with heavy rolls, a crinky lace-dike rubber will be obtained.
This lace-like rubber when air dried is crepe rubber.

Diseases and pests

The most important diseases of rubber are abnormal
. leaf fall, powdery mildews, pink and Corynespora lezf
.spot. Qut of these, most destructive one is abnormal

leaf fall caused by Phytophthorasp. which occurs during
the SW. Monsoon season. Yield loss to the extent of 38
to 56 per cent is reported when the Ieaves are left
unsprayed for one seasen. For the control of this disease,
prophylatic spraying of the foliage prior to the onset of
monsoon with Bordeaux mixture or copper oxychloride

" is recommended.

Powdery mildews caused by Odlum is predominantly
noticed on newly formed tender flush during the
refoliation period of January to March. The.disease is
controlled by dusting 11 to 14 kg 325mesh fine sulphur/
ha at weekly or. fortnightly interval.

Pink is a common stem disease caused by Corficium
salmonicolor: Infection occurs during the S.W. monsoon
season. Prophylatic application of Bordeaux paste in
susceptible clones is desirable. In the infected plants,
the diseased portion is scraped off and Bordeaux paste
is applied.

Corynesporaleaf spotincidence occurs during November
to May period. It is predominantly noticed in nursery.
Recently a severe outbreak of this disease was noticed
in Nettana area of Karnataka. Repeated spraying with
Bordeaux mixture 1% or Dithane (Indofil) M45 0.2%
or Bavistin {0.02%) is recommended for the control of
this disease. '

Other common diseases are secondary leaf fall, Bird's
eye spot, patch canker, Brown root disease etc.

Im‘portant pestsinfesting rubber are scale insect, mealy
bug, termites, bark feeding caterpillar etc.
@
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Bree&ing‘ for new hybrids in hightech flower crops

Dr. S. T. Mercy'

i The global view in agricultural production is changing.
: Advances in conventional technology will be inadequate
. to sustain the demands that will be placed on agriculture
~ inthe near future. In the case of Kerala, self sufficiency
“in food is something we can never hope to attain. Itis
also not necessary in the background of global economy.
- The World Trade Organisation directs that each country
. should utilize its capabilities and resources in those
+, fields where it can most efficiently used. So it may be
‘ more profitable if, instead of trying to intensify rice
cultivation at exorbitant cost, Kerala exploits its
- excellent climatic conditions to develop those fields of
. agriculture which are spedially suitable to it such as
producing high value agriculture products like
. vegetables, fruits (banana, pineapple and mango} and
" cut flowers.,

" Cultivation of flowering plants for using their flowers as
" economic product is floriculture. The hot and humid

agroclimatic conditions of our state have indicated two
. high value flower crops as most suited for commercial

cultivation in Kerala ie., Anthurium and Orchids. These
', two crops need a high tech approach to their cultivation
“ie., micropropagation through mericloning for production

of plant materials and green house cultivation for

+ producing flowers,

Anthurium and Orchids are highly heterozygous crops
so that to maintain the genetic purity of the cultivated

-varielies, vegetative multiplication is needed. Natural =

‘vegetative multiplication through suckers and keikis are
.slow processes. So tissue culture of apical or leaf
" meristem, ie., mericloning is resorted to for the
‘production of planting materials in both crops. This
makes a large number of genetically uniform plantlets
available to growers. Anthurium needs 75 per cent
shade while sympodial orchids need 50 per cent shade.
_-Hence these two crops can be cultivated only under
.artificial shade in agronet shaded green houses. These
-' operations make their cultivation an expensive process
but the high returns can more than compensate the
high input.

Anthurium

~The genus Anthurivm with about 500 species is a

" ‘monocot belonging to family Araceae. A. andreanum
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Linden is the most important commercial species and
has recently come into economic prominance in Kerala
as a cut flower crop. Itis a native of Columbia and the
warm tropical climate of our state can easily be adapted
for its wide spread cultivation.

The Anthurium varieties cultivated locally in Kerala
have mostly been derived from Hawaiian varieties
brought to Kalympong, West Bengal, a number of years
ago and are now known as Kalympong varieties. These
are supplemented by new highly improved commercial
varieties imported from Netherlands at prices ranging
from Rs. 100/- to 150/- per plant. Among the most
serious constraints facing the prospective Anthurium
growers today are these high price of plantlets and the
lack of their avaitability in sufficiently large numbers.
These can be solved if Kerala could develop a vigorous
breeding programme to produce our own suitably
adapted, novel and quality hybrids which can compete
in the international Anthurium markets.

Hybridization is the proven method of Anthurium
breeding which is being practiced continuously by the
best known Anthurium growing countries of the world
like Netherlands, Mauritius, Hawaii, Philippines, Sri
Lanka etc. A long term breeding programme is
absolutely essential to establish-a wide base of new
hybrids from which novel elite: hybrids could be
continuously selected, multiplied and distributed to
growers at reasonable prices.

A commerdially viable Anthurium plant type must have |
certain spedcial attributes. The plant must be compact
with short internodes and medium sized leaves which
help in accommodating more number of plants within a
given area, The inflorescence must be straight, strong
and long, holding the spadix above the leaf canopy. The
spathe should be heart shaped and medium thick with
symmetrical halves, overlapping basal lobes and
wrinkled. The angle of candle to spathe must be less
than 45° which is better for packing the flowers. These
characters should be kept in mind, during selection of
new hybrids.

Mature plants of 4-5 years old can be used as mother
plants for hybridization. As Anthurium is protozygous,
no emasculation is necessary. Hand pollination is done



by lifting pollen from selected plant functioning as the
male and dusting the pollen on the candle of the mother
plant in female phase. The fruit which is a berry takes
5-7 months to mature. They should be hand picked and
sown immediately on clean wet cotton or sand. After
six months growth in the community pot, seedings at
four leaf stage can be transplanted to individual thumb
pots. Periodical transplanting should be done to larger
pots at six months intervals. The hybrid will start
flowering in two and a half to three years and floral
characters take another year to stabilize. Elite hybrids
can be selected at this point. They need agronomic
evaluation, registration and naming. Then they should
be meridoned, and plantlets hardened before distribution
to growers. : '

Orchids

Orchids are the royalty among ornamental flowering
plants and tropical floriculture itself. is primarily
concerned with these exotic flowers. They belong
to the family orchidaceae comprising over 800
genera and 35,000 species. In"addition there are
over 100,000 man made hybrid varieties grown In
the world today. The range of variation in size,
shape and colour that exists. among orchids in
tremendous and the majority of them are dlstnbuted
in the tropics and sub-tropics.

Orchids are perennial monocots and may be sympodial
or monopodial in growth habit.. Monopodials have
unlimited grovth and popular examples are Arac/inis,
Vanda, Renanthera, Aerides, Phalaenopsrs etc.
Sympodials are of limited growth and widely cultivated
sympodials are Jendrobium, caltieya and Oncidium.
Intervarietal, inter spedific and intergeneric hybrids of
these genera are now cultivated all over the world,
-Among the monopodials, hybrids such as Arachnis
Maggie Oei ({'spider'), Vanda Miss Joachim, Aranda
christine, Arantfrere Annie Black and among sympodials
Dendrobium hybrids such as Senia, Emma White,
Promote, Renapa Red, Nagoya Pink, Sakura, Pratoom
Red etc. are suitable for commerdial cultivation in
Kerala.

The key factors that control successful orchid cultivation
are temperature (18°- 30°C), hurnidity (75 per cent),
light (50-25 per cent shade), aeration and watering.
Propagation is by culture of apical or leaf meristem.

Hybrid production

Orchid breeding has certain specific breeding objectives

such as improved flower size, improved or correct
blending of flower colours, increased numbers of
flowers per spike, longer flower spikes, correct moce

“of flower display, longevity of flowers etc. Cross

pollination between orchid genera is reasonably easy
and this may be because evolution in Orchidaceae
was far too rapid for the effective establishment of
successful genetic barriers to hybridization. The
production of the multigeneric orchid nybrids with
two or more orchid genera as their parantage such
as Mokara (Arachnis x Ascocentrivm x Vanda),
Holtumara (Arachnis x ‘Renanthera x Vanda),
Kagawaara (Ascocentrivm % fenantherax Vandz),
Laeliocattleya (Laelia x  CLattleya),

© Brassolaeliocattleya {Brassavola % Laelia x

Cattleya), Miltonida (Miftonia x Cochliods), etc. has
vastly broadened the environmental range of
orchids.

Cross pollination mechanisms is simple. Usually the
middle flowers in a spike selected as female or pod
parent and pofiination is done after the fiowers have

‘been open for a few days. Pollinated fiowers are just

tagged with light weight labels and never bagged. The
pod or capsule ripens in 3-12 months. In orchids the
embryo develops only upto the globular stage in the
seed and they are non-endospermous. They cannot
germinate in nature unless assisted by the action of
mycorrhiza. So embryo culture is the ususal method of
hybrid seed propagation. Protocorms czvelop within
45 to 90 days and the master flasks are subcultured
again and again for thinning the over crowded plantlets
till flasks with 8-10 plantlets each are obtzined. When
plantlets inside the flasks are well grown and rooted,
they are deflasked, hardened and planted out in green
houses.

Due to heterozygosity of parent varieties, Irybrids derived
from the same cross are different from each other. Hence
each individual hybrid must be raised to 3owering and
evaluated for the desired objectives before it is selected
and developed into a new variety suitable for commercial
cultivation.

Conclusion

There is tremendous scope for the export of the exodit
flowers in Anthurium and Orchids. Commerdal floriculture
of these two crops must be urgently developed as a
remunerative self employment programme of the
educated and unemployed youth and housewvives of

Kerala.
- @
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Ag‘ricultural chemicals and soil health

Dr. Thomas George

- Soil, probably the most important resource of a countly
represents a complex and dynamic system. The
cumulative effect of the activities of host resident
microorganism, invertebrates and plants contribute to
the dynamic role of soil as a living environment and

“determine the soil health, With the advent of high .

yielding varieties, pest problems have become more
acute, adversely affecting the crop yields. Pesticides
are therefore one of the major inputs in the improved
technology for improving crop production through crop
protection. The chemical control of insects was
revolutionised with the discovery of DDT in 1539. Bue
to its low cost, broad spectrum contact action, high
persistence and ease of formulating it, it has become
the most widely used insecticide ever manufactured. A
‘major portion of the pesticides used for crop protection
finds its way to the soil or aquatic systems. On reaching
the soil, pesticide or its degradation product may disrupt
the activity of diverse microorganism in the soil and
thereby alter its biclogical equilibrium and may
deteriorate soil'health. The impact of these process on
soil health and fertility is gaining importance as a vartety
rof agrochemic'als are readily available belonging to
different groups which are applied with more frequency
and at heavy doses. The present discussion focusses on
the effect of pesticides on some of the major processin
soil, soil enzymes and on its transformations.

a. Ammonification

There are various reports available on the adverse and
favourable effect of agrochemicals on ammonification.
Herbicides like 2,4,5-T, 2,4-D, MCPA simazine and
atrazine do not have acdverse effect on ammanification,
while Amitrole and Pentachlorophenols had adverse
effect. Insecticides like Thimet Disyston and Carbofuran
had adverse effect on ammonification. Fungicides like
benlate,maneb and mancozeb were found to be
inhibitory to the process of ammonification.

b. Hitrification

Nitrate ions produced during nitrification is the major
source of assimilable M for crop plants. Out of the
herbicides carbamate herbicides are more toxic to
nitrification than others. Propanil posses inhibitory
action than paraquat and was.more when the soil PH
was below 7. Nitrification was highly inhibited by HCH

and carbofuran. Among the fungicides Benomyl was
synergistic to nitrification while Thiram was inhibitory.

¢. Denitrification

When the Nitrate ions formed in the oxidised upper
layers is leached down toTower levels of soil, in oxygen
deficient zones; denitrification occurs. 2,4-D and
2,4,5-T stimulated denitrification process. Atrazine and
simazine were also stimulatory to denitrification.
Propanil and MCPA decreased the population of
denitrifiers. Among the insecticides, HCH and
chlorpyrifos inhibited denitrification, while carbaryl,
carbofuran and malathion had no effect on denitrification.
Among the fungicides, Nabam and maneb were powerful
inhibitiors of denitrification. Among dialkyl
dithiocarbamates, Ferbam is more toxic than thiram
and Ziram, to denitrification.

d. H fixation

Among the N-fixers, blue algae are the most important
group affected by agrochemicals. Propanil, HCH and
2,4-D decreased the N-content and dry weight of B.G.A,
Bipyridilium herbicides and phenolic compounds caused
over 75% reduction of N-fixation and N-reductase
enzyme activity in Anabaena. Propanil, butachior and
bendiocarb inhibited the N-fixing capctiy of Azofa sp.
while carbofuran @ 2.5 kg ha™! increased the growth
and N-fixing capacity in Azolla-Anabaena association.
In flooded alluvial soil, lindane stimulated the N-fixation.
Carbofuran and benomyl also synergised N-fixation
especially by Azospirillum,

Soil enzymes

Soil enzymes, whether intracellular or extracellular have
been considered as an index of soil fertility. Of the more
than 50 enzymes in soil, attention was given to
Nitrogenese and dehydrogenase enzyms which gives
an estimate of N-fixation and respiratory activities in
soil, respectively

Most of the herbicides stimulated soil enzyme activities
while fungiddes in general are inhibitory. For eg, 2,4-D,
atrazine, Nitrofen, haloxyfop etc. stimulated the urease,
dehydrogenase and phosphatase in soil at recommended
doses. However Atrazine and metalachlor interfered with
acid and alkaline phosphatase.
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Fungicides like Fenamiphos and Benomyl inhibited the
dehydrogenase, urease and phosphatase enzymes.
Insecticides showed a mixed effect to enzymatic activity.
O.F insecticides like fenitrothion, malathion and phorate
inhibited soil urease activity and carbofuran a carbamate
insecticide has stimulatory effect en soil enzyms while
its metabolite 3- Keto carbofuran inhibited

 dehydrogenase enzymes in floaded soil. HCH, when
applied to flooded soil inhibited dehydrogenase activity
in soil.

Transformations of agrochemicals in soil

A pesticide applied to crop or soil will undergo various
types of .transformations generally referred to as
metabolism, which is mediated by biotic and abiotic
factors. Ininsects and plants, the degradation is possible
by enzymes while, in soil it is effected mainly by microbial
activity and physical chemical condition of the soil. The
transformation can be either an activation or
degradation of the parent compound. In degradation, a
less toxic derivative of the parent compound is produced,
while the compound get converted to a more potent
one in case of activation.

Metabolism of a pesticide can be grouped into two
different phases, viz., Phase  and Phase II. In Phase |,
free metabolites are produced by biochemical reacticns
like oxidation, reduction, dehydration etc., which can be
extracted by organic solvents. in Phase Il Metabolism,
the metabolites react with natural components to form
either conjugates or bound residues. In the case of
conjugates, the free metabolites combine with sugars,
amino acids etc. and are more water soluble than the
free metabolite. Hence they can be extracted by polar
solvents, These residues which cannot be extracted either
by organic or polar solvents are bound residues.

Important enzymes in Phase | metabolism are
Hydrolases ° {carboxyesterases, Amidases,
Phosphatases) Glutathion. S-Transferases (dealkylation,
dehalagenation etc.) and Microsomal oxidase(Oxidation
and reduction). As aresult of the action of these enzymes,
the free metabolite produced is more polar than the
parents compound hence more water soluble and less
toxic.

In the case of Phase Il metabolism, it is a synthetic
process in which the OH, COGH, NH,0H, NH,, SH groups
of the Primary metabolite combine vith sulphate group,

glucose, glucoronic acid or amino acids to form the .

corresponding conjugates.Of the amino acids, glycine,
Glutamine and cysteine are important for conjugate

formation. For the formation of conjugates, Coenz,mes-
and AIP are utilised.

In the case of microbial degradation of pesticiczs in
soil, the important mechanisms by which degraczson

‘occur are Beta-oxidation, oxidative dealkylation, thio-

ether oxidation, Decarboxyfation, Epoxidation, Ring
clevage and Nitroreduction. Of the bacterial spedes
the important ones include Azetobactor, Arthrobactor,
Achromobacter, Pseudomonas and Bacillus. Among the
fungi, Aspergillus, Pencillium, Fusarivm and Trichocrma
are important.

The Abiotic factors responshle for pesticide degracztion
includes sunlight, temperature, relative humidity,
moisture regime, pH organic matter etc.

Bound residues of pesticides

The residues of pesticides that remain in soif and piants
even after exhaustive solvent extraction are termed

- bound residues. A sizeable portion of pesticide resiiues

remain non-extractable or bound in soil as well 2s in
plants, which cannot be detected by routine analytical
procedures, which are chemically unldennf able and
posses no pesticidal action,

In soil, 20-70% of residues of applied pesticides could
resultin bound residues. Acczmulation of bound resicues
increases with time. Bound residues are regardsd &s
important if the amount estimated after one year is
higher than 10% of the original dose. Using radio
labelled (14C) materials, the extent of formation of boend
residues in soil was estimated. In the case of DDT, appied
at 1 kg/ha 13 and 8% of the applied dose was found in
the form of bound residues after 28 days. In the czse cf
lindane 8.4 - 13.8% of its applied dose was detecied as
bound form after one month. Also the extent of bound
residues increases with time.

The organic matter and dzy fraction of soil play the
most important role in the formation of bound resicues.
The mechanisms include adsorption and chemical
reaction. The pesticide get bind with soil colloics by
different physical forces and will get linked with the
phenolic and benozocarbozylic groups of Humic
materials by Hydrogen bonds, of considerable stzhity
With the passage of time, this will get firmly fixed & the
soil matrix and become more resistant to degraczaticn
and extraction, known as ‘agsing of bound residves'.

The bound residues can be estimated by tsing *C
labelled materials, either by total combustion methed
or by High Temperature Distiffation (HTD} Process.
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In Total combustion, soil and plant samples centaining
bound 'C residues are combusted in a biological
oxidiser to produce €0, which is adsorbed and radio
assayed. In HTD process 100-200mg of sample
containing *C residues is heated in a quartz tube to
800°C for 15 minutes. Volatile products are trapped in
various traps. The materials trapped are analysed by
radio assay.

Significance of bound residues

Significance of bound residues in soil is often addressed
in terms of its bio-availability, persistence and mobility
in soif. These bound residues at a later time be re-
mebilised by biochemical or enzymatic process making
them available to successive crops and soil fauna. It can
thus cause direct food contamination or can contaminate
ground water. A strain of psendomonas was identified
which can release bound residues of atrazine. The bound

CROP RESOURCE MANAGEMENT IN HUMID TROPICS

residues formed can prolong the persistence of
pesticides in soil and were detected even after nine
years of application. The stow minerasiation of bound
residues could be the reason that these do not increase
indefinitely with time.
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Prospects, pro]alems and new trends in

weed management

Dr. C. T. Abraham

 Control of weeds is one of the major problems faced by
man ever since he started settled farming. Weeds, the
unwanted {olt of place) plants é:re ecclogically more
adapted to a locality than the crop plants. Hence, if
proper protection is not given by man to his crop, the
weeds will invade the field, compete with crop and finally
take over the area. Nature has provided the weeds
ability to ‘compete with crops due to some characters
known as characters of weediness, uncommon in crop
plants. These indude prolific seed production, variable
dormancy and considerable longevity for the seeds, rapid
seedling growth and establishment, tolerance to
variation in the environment, adaptations for long and
short distance dispersal, good p;éwers for vegetative
reproduction a nd strong competiive ability.

_ Losses caused by weeds

The most important concern to the farmer is the
reduction in crop yields due to competition from weeds
for nutrients, water, light and spac'e. The yield loss in
some of the important crop plants'are.given in Table 1.

Table 1. Yield loss caused by weeds in some crops

Crop Yield loss (per cent)
Rice (drilled) 70-80
Rice (transplanted) 30-40
Maize 50-70
Wheat 20-30
Sorghum 50-70
Pulses (Kharif). 40-60
Pulses (Rabi) '20-30
Soybean 40-60
Groundnut 40-50
Cotton 40-50
Sugarcane 20-30
Potato 30-60

Bhan (1992)

Yield loss is higher in cereals, compared to the pulses.
It is higher in kharif crops than in the rabi crops. In
general, weeds reduce crop yields by 31 per cent [22.7
per cent in winter (rabf) and 36.5::per cent in summer
and rainly {rabi) season]. However, as farmers adopt

some kind of weeding on their fields, a conservative
estimate of 10 per cent loss in crop yields may be taken
as more realistic (Bhan and Susilkumar, 1998).

Problem weeds in Indian Agriculture

The surveys conducted under the AICRP on weed cantrol,
covering ail .states in india, had identified the major
weeds in different crops and cropping systems. The
important weeds are listed in Table 2.

Table 2. Major weeds in Indian Agriculture

Weed Crop / situation
a. Grasses

Echinochloa crusgali Rice

F. colona Rice, kharif crops
Cynodon dactylon All crops
Sorghum halepense Kharif arops
Digitaria sp. Kharif aops
Dactyloctenium aegyptivm  Kharif aeps
Imperata cylinderica QOrachargs,

' Plantatien crops
Avena fatua, Rabi crops
Fhalaris minor Wheat
b. Sedges
Gyperus rotundus Moops
C ina Rice, Vegetables
Fimbristylis miliacae Rice
c. Dicots
Amaranthus sp. Garden lznd crops

- Phyllanthus niruri Garden land crops

Celosia argentea Garden land crops
Euptorbia firta Garden land crops
Trianthema portutacastrum Gardeniznd crops
Leucas aspera Garden iznd crops
lantana camara Waste lzrds, orchard
Parthenium hysterophorus Waste lands, orchard
Chromolaena odorala Waste lanids, orchard

d. Aguatic weeds

Rice and aquatic areas
Rice and zquatic areas

Eichhornfa crassipes
Salvinia molesta
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Hydrila verticilata Shallow ponds
Typha angustata Aquatic areas, ponds

e. Parasitic weeds

Strigasp. Cereal crops
Orobanche cernuva Tobaco
Cuscuta chinensis Vegetable, Garden plants
Dendropthoesp. Mango, teak and
other trees

Impact of weed control on agriculture and
environment

A. Impact on agriculture
a. Benefits
1. Requirement of human labour

Before 10000 B.C. weeds were removed from crops

by hand. One person could hardly feed himself and
starvation was common. By 1000 B.C., man used
animals to drag the hoe (as a crude plough) thus
reducing human [abour. Still one person could
produce encugh food for two people. After 1731,
when growing crops in rows with horse hoeing was
intreduced, each person could provide food for four ~ +
persons.

In 1920, tractors were beginning to be widely used,
enabling a farmer to produce food for eight people.
In 1947. herbicide use began to be a common
practice and at that time one farmer could produce -
food for 16 people. In the subsequent years many
new herbicides were developed and widely used.
Many other improvements in agricultural technology
also contributed to increased foed production. In
1990, one farmer could feed 75 people. This means
that the requirement of many people working on
the farm could be utilised for other activities..

2. Change in the source of energy for agriculture

Along with the changes in the method of weed control
there was a gradual shift from human energy to
animal power, mechanical power (tractors) and
chemical energy (herbicides) for weed control. At
present an integrated approach involving more than
one of these forms is practiced. The animal power,
which was the major source of energy during the
first half of this century has completely given way to
herbicides. Similarly there is increasing dependence
on herbicides to replace the scarce and costly human
labour.

CROP RESQURCE MANAGEMENT IN HUMID TROPICS

. Maintenance of yield potential

Effective control of weeds by herbicides increased
the yield of crops, as the competition from the weeds
is excluded.

Conservation / minimal tillage made possible

Tillage is reduced to only those operations essential
for sowing the seeds at proper depth. Minimal tillage

_ isfollowed on ong third of the crop areain U.SA. It

helps in conserving soil meisture, preventing soil
erosion and maintaining proper soil structure.

In Kerala also tillage operations are reduced in rice
farming by spraying paraquat or glyphosate to dry
and kill the existing weeds before land preparation.

In areas where tillage is not possible, weeds can be
controlled by herbicides. For weed controlin factory
sites, concrete constructions and walls, railway
tracks, play grounds etc., herbicidal weed control is
better.

For eliminating poisonous and thorny plants,
herbicides use is more convenient.

Farm income will be more by timely and less labour
intensive weed control using herbicides.

i
v

h. Problems

1.

Shift in weed flora

Continuous use of same herbicide may result in shifts
in the flora to weeds tolerant to that herbicide.

Herbidde residues in soil

Application of herbicides with long residual life in
soil may restrict the choice of the crops in the rotation.
Only crops tolerant to that herbicide can be induded
in the rotation. )

Development of herbidde resistant biotypes of weeds

Continuous application of some herbicide has lead
to development of resistant biotypes of many weeds.
Isoproturan resistant biotypes of Phalaris minor
reported recently from Punjab and Haryana are such
Cases.

Although development of herbicide resistant weed
biotypesis recent in India, this problem was notices
about 30 years back in western countries. !More



than 100 weed species have been documented with

* biotypes resistant to herbicides. Of these biotypes,
more than half are resistant to triazines (Gressel,
1993, Holt and Le Baron, 1990). Thisis due to the
repeated use of these herbidides with comparatively
higher soil persistence, restlting in high selection
pressure in the soil.

In India, Isoproturon was being used by farmers for

- successful control of Phalaris minorin wheat fields,
from early 1980s. However, recently farmers have
reported about the poor efficiency of isoproturon.
Studies conducted at the CCS HAU, Hissar revealed
that the resistant biotypes from Karnal and Ambala
required 4-6 times more |soproturon than the
susceptible biotype from Hissar, indicating problem

" of herbicide resistant biotypes in the wheat belt of
India. Further studies have indicated that the
resistant biotypes were also cross-resistant to
pendimethalin, methabenzthiazuron and
oxyluorfen (Malik ef af, 1996}.

4. Impact on environment

The physical and molecular rate of herbicides in the
environment determines its environmenttal impact.
The major impact is usually a beneficial biotic
response, controlling the target weed species
without any detrimental effects. However problems
may arise with extensive movement of a herbicide
away from the target site. These usually occur due
to drift (spray or volafility), leaching or soil erosion
" bywind or water run off.

Water run off from pesticide treated land is the major
source of pesticide contamination of surface waters,
Some surface water contamination may occur by
lateral movement through shallow ground water.
Local contamination can occur from procedures like
aquatic weed control, where the herbidde is applied
directly to surface water and when water retention
procedures are inadequate.

Ground water contamination is lesser since the
pesticides are generally bound and / or degraded as
"they pass through the soil profile with water.

New trends in weed management

1. Biological control of weeds

Because of the increasing concern about the adverse
effects of widespread use of herblodes moreimportance
is now given to the biolagical methods of weed control,
which are more ecofriendly in nature,

a) Classical approach

This involves the traditional biological control of weeds
using insects, fishes, disease causing micro organisms
etc.

Examples of successful biological control are :

Weed Insect

1. Crocidosema fantana
.2-Agromyza lantanae
3, Teleonema scrupulosa

1. Lantana camarad

2. Opuntia sp. 1. Cactobdastus cactorum

1. {yriobagous salvrniae
2.C Singularis

3. Salvinia molesta

1. Meocheting eichlornize
2N, bruchi

4, Fichhornia crassipes

1. Fareuchaetus
pseudoinsulatus

5. Chromolaena odorala -

Preparations containing microbial plant pathogens can
be applied on weeds, the same way as chemical
herbicides to cause disease and kill the weed. Fungiare
more useful for this and hence the term ‘mycoherbicide’
is also used to refer bioherbicides. De vine (Abbot
Laboratories Illincis) containing a formulation of the
soil borne funqus (Phytophthora palmivora) is a
bicherbicide for controlling strangler vine milk weed
{Morrenia odorata) in Florida citrus groves. Another
bioherbicide ‘Collego’ containing spores of
Colletotrichum gloeosporoides (Penz) Sac. and sp.
Aeschynomenean antbracnose fungus, is used against
northern joint vetch (Aeschynomene virginica) in rice
and soybeans in US.A.

2. Naturally occurring herbicides

Many microbial toxins and secondary plant producis
(allelochemicals) have been found to possess good
herbicidal property. They are safer to the environment
as they are of natural origin. Bialophos is the first
herbicide developed by this method, and is commerdially
marketed in Japan under the trade name ‘Herbiace’. it
isisolated from the fermentation broths of Streptomyces
hygroscapicus and S. viridochromogenes and exhibits
herbicidal activity against wide spectrum of grasses and
broad leaf weeds following foliar application.

Another approach is the biorational synthesis of more
stable and selective anologues based on the noval
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' chemistries provided by the allelo chemicals and
 microbial toxins. Methoxyphenone, marketed in Japan
(Nihan, Japan) as a selective herbicide for control of
~barnyard grass (£chinochloa crus-gallj) in rice is a
synthetic analogue of the microbiat toxin anisomydin.
‘The commercial herbicide Basta (Hoechst Scherring
* Agr Evo) contains ammenium glyfosinate, an analogue
+ of phosphino thricin, which is the active ingredient in
the microbial herbicide bialophos discussed above.
" Other commercial herbicides based on chemistry of
- .natural products are dnmethylin (based on cinecle),
Benzamin (based on Benzoxazinone) and Quindorac
: (based on Quinaloic acid).
Iy
' 3. Genetic engineering of herbicide resistant
crops

Advances in biotechnology has made it possible to
develop crop varieties having tolerance against broad
spectrum herbicides. These crops would provide more
zeffective, less costly and more environmentaly safe weed

- control. Considering the promise of this approach, a
+ large number of organisations have launched research
programmes directed towards developing herbicide
_tolerant crop varieties of major weed crops and some
successes have been obtained (Abraham et af, 1993).

List of the herbicide resistant crop varieties bemg
. marketed are given below (Table 3).

“Table 3. Genetically modified herbicide resistant crop
varieties

| Herbicide resistant  Herbicide to which
variety resistant

'} IMlcorn " Imidazolinone
Sethoxydim

Post protected corn
Liberty link corn Glufosinate ammonium

IMI / Liberty hybrid Imidazolinone and

' glufosinate
Roundup ready soybean  Glyphosate
Roundup ready corn Glyphosate

STS soybean (sufanylur ~ Sulfonyt urea

tolerant soybean)

.CROP RESOURCE MANAGEMENT IN HUMID TROPICS

These herbicides tolerant varieties are b= grown by
farmers from 1396 onwards. In 1997 cembined sales
of imidazolinone and [iberty link corn se=Zs added to
about 5 million acres in the U.S. in additicn zbout 8-10
million acres of Roundup ready soybean zn six million
acres of STS soybean were expected to T2 planted.
Qutside U.S., Argentina emerged as the primz supporter
of this technology, planting more than 25,000 acres of
roundup ready soybeans during 1996 (Xz-z, 1997).
Canada, Australia and China also grow consczrzble areas
with genetically modified crop varieties.

4. Soil solarisation

Soil solarisation or solar heating of the sod 's based on
covering the soil with transparent polyziizyizne (TPE)
films which would trap the heat inside resug in raising
of soil temperature to a level lethal to many soil -
pathogens including weed seeds. It is Easzd on the
principle that light received from the sun is i the form
of electromagnetic short waves which wouid easily pass
through the TPE. The re-radiation from e earth is
however, as long waves which are not permizizd through
TPE, resulting in trapping of heat.

The field is irrigated and brought to fine iz The PE
fims are laid close to soil surface and th= sides are
tricked in the soil to prevent any heat loss. 1t is best
practiced in summer months (April-june} when solar
radiation is high, the sky is clear and more nportantly
the landis vacant. A duration of 2-6 weexs s sufficient.

Soil solarisation is a pre plant treatment and planting
or sowing could be undertaken only after removing the
PE films. The soil disturbance fallowing solarisation
should be kept to the minimum for best resuiis.

Trials conducted at IARI, New Delhi have shown that the
effect of weed control lasted for more than tuo seasons
(Yaduraju, 1993). It has proven to be effecive against
Orofanchein tobacco and vegetable crogs where other
methods have failed. It is ecologically safe and
environmentaly friendly. However the zpphication is
limited, due to high cost of PE films, to higher value
crops, floriculture and nursery beds.

5. lmprdved application of herbicides

The application technology for herbicides have
undergone lot of change from the primitive Srooms and
wricks {used in 1883 to spray copper suiphate for
controlling dicot weeds in cereals). With theriroduction
of hormonal and systemic herbicides, sprzyers were



developed for application by farrﬁ:ers. During 1970s
significant developments were made by means of special

metering and control devices, which will adjust the -

nozzle output in relation to speed. This system s known
as automatic volume regulation (AVR). Many AVR
systems are electronic computer systems which will give
information regarding the sprayer performance. The
output from each nozzle is monitored and recorded, so
that faults can be defected and corrected.

a. Controlled droplet application I(CDA}

The CDA technology offers huge savings in amount of
herbicide used, time and efforts, Compared to the
conventional sprayer which used about 500 litres of
spray fluid per hectare the COS sprayer needs only about
10 Ifha. The CDS sprayer, which is also about 10 Ifha.
The CDS sprayer, which is also known as ULY (ultra low
volume) sprayer, produce droplets in the range of 150
to 250 microns in diameter which are ideal for maximum
effect on the target. The droplets are produced by a
battery powered rotary atomiser which has a spinning
disc with serrated edge, revolving;at a speed of 2000
rpm. ' '

CDA sprayers are ideal for application of herbicides in
plantation crops, orchards and other crops is large areas
and the requirement of spray fluid is considerably
reduced.

b. Direct contact application DCA

The herbicide is placed, wiped, rubbed or smeared on
to the plant surface. This helps in applying the herbicide
only to the target plants (weeds), Examples of CDA
applications are:

1. Recirculating sprayer
2. Rope which applicator
3. Herbicide glove and
4. Roller applicator

6. Integrated weed management

Considering the crop, the weed problems, available
control measures and their imp_att on the ecosystem

and the environment, integrated approach for weed
control, involving the different metheds has to be
selected. The prime concerns is effective and
economical weed management without adversely
affecting the sustainability of the system. The methods
selected should include preventive methods, cuftural
methods and biological methods and should restrict the
use of herbicides to the minimum.

References -

Abraharn, C.T, Sarin, N.B. ang Jain, M. 1993. Application
of biotechnology for weed management. Proc.
Int. Symp. Indian Soc. Weed Sci., Hissar, Nov. 18-
20. Vol. | : 200-219

Bhan, VM. 1992. National weed problems and their
control. In. David B.Y. (ed) Pest management
and pesticides : Indian Scenario. Namratha
Publications, Madras - 600 040 p. 82-94

Bhan, M. and Sushilkumar. 1998. Weed science
research in India. Indian 1. agric. Sci. 68 (8 spl-
issue) : 567-582

Gressel, J. 1993. Evolution of herbicide resistance in
, weeds : causes, prevention and ameliorative
management.- Proc. In Symp. Indian Soc. weed

scl., Hissar, Nov. 18-20Vol. |, : 173-188

Holt, 1.S. and Le Baron, H.M. 1990, Significance and
distribution of herbicide resistance. Weed
Technology. 4 : 141-149

Krantz, B. 1997. Enhanced seed hits global market.
Farm chemicals international. Sep. 97 p. 73-74

Malik, R.K., Yadav, A., Malik, Y.5,, Balyan, R.S. and Singh,
S. 1996. Management of resistance in Phalaris
minoragainstisoproturon. Indian Fmg. Feb 1995,
p. 9-10

Yaduraju, N.T. 1993. The role of soil solarisation in
weed management. Proc. Int. Symp. Indian. Soc.
Weed Sdi., Hissar, Nov. 18-20, Vol. | : 343-34¢9

@)

e

CROP RESOURCE MANAGEMENT [N HUMID TROPICS



Basic principles of In‘ceg’rate& Pest P’Ianag’ement

and their adoption in rice ecosystem

Dr. T. Nalinakumari

Pests have plagued agriculture ever since people began
. domesticating plants and animals. Over the centuries,
. farmers have developed a wide range of methods to
' combat these pests, but with varying degrées of success.
I. In the 20th century, however, the introduction of
commerdial pesticides revolutionised pest control. These
: modern pesticides have helped to control and reduce
+ crop losses to a remarkable degree. The use of these
pesticides has, created some of today's major
. environmental and health problems. It reduced the
abundance and diversity of wildlife, resulted in human
health hazards, associated with acute or chronic
; exposure to dangerous products in the workplace and
i contaminated air, food and water (Conway and Pretty,
, 1991, Gips 1987 and Pimbert, 1985). Most of the
* sodial costs are unevenly distributed within and between
countries. About half of all pesticide poisoning of peaple
" and 80 per cent of the pesticide related deaths are
. thought to occur in developing countries, even though,
 this is where, only 15-20 per cent of pesticides are
consumed.
The self-defeating nature of the chemical control
* strategy that dominates today's crop protection efforts
“has also become more apparent in recent years.
Repeated application of synthetic pesticides have
-selected pesticide resistant pests world wide and there
‘are now at least 450 spedies of insects and mites, 100
spedies of plant pathogens, 48 species of weeds resistant
:‘ to one or more products. In addition, the death of natural
enemies has allowed previously harmless organisms to
reach pest status.. The impression is that more and
.more pesticides have to be used to achieve less and
less.
'For these reasons, crop protection specialists are
:‘increasingly being asked to develop pest control methods
; that are more compatible with the goals of a sustainable,
productive, stable and equitable agriculture. To meet
these aims, research must seek to integrate a range of
- complementary pest control methods in a mutually
enhancing fashion, namely, integrated Pest Management
(IPM). Geler and Clark first propounded the concept of
IPM. Geier (1966) used “pest management” in
"preference to “pest control".

L CROP RESOURCE MANAGEMENT IN HUMID TROPICS

Integrated Pest Management is the intelligent selection
and use of pest-contro! actions (tactics) that will ensure
favourable economic ecological and sociological
consequences (Rabb, 1970). The most comprehensive
and widely accepted definition of 1PM as given by FAO
panel of experts is -“the pest management system that
in the context of the associated environment and the
population dynamics of the pest species, utilizes all
suitable techniques and methods, in as compatible a
manner as possible and maintain the pest populations
at levels below those causing economic injury™. The
overall objectives of IPMis to optimise and not maxmise
pest control in terms of economical, social and
environmental values and to create and to maintain
situation in which insects are prevented from causing
significant damage to crops.

Specific objectives

Development of a scientific understanding of the
significant biological, ecological and economic practices
in the growth of crops, the population dynamics of the
pest and their natural enemies and other facters affecting
them.

Development of alternative tactics, which are
ecologically compatible and can be, expected to reduce
the use of broad-spectrum pesticides and lessen the
adverse effects of their use. '

Developments of better methods of collecting and
interpreting relevant biological, meteorological and arop
production data.

Philosophy or concepts of IPM

The successfulintegration and use of control options in
an integrated pest management programme depends
to a very large extent on the understanding and planning
of the particular agro-ecosystem.

While considering the economics of pest management,

the agriculturist should no longer think solely in terms
- of costs and benefits but must consider environmental

effects as well as the benefit and risks of pest control.
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Mere presence of few insects on the host plant does not-
always cause significant damage. ‘Plants have natural
adaptation to tolerate someé pest population and sustain
the injury to some level without affecting its yield
potential adversely. '

The ecological balances sought in pest management
programmes necessitate th:e wide spread
encouragement of beneficial insects that are effective
natural enemies of the pest species. Survival of some
pest population helps to breed population of natural
enemies uninterrupted, thus maintaining biological
control.

Apestina crop is only a part of complicated ecosystem
‘and those pesticides are always applied to ecosystem -
and not merely to pests. Therefore, pesticides should
be used with great caution and applied “when necessary
and where necessary”.

Acceptance of pest management systems by farmers
and others has been slow for a number of reasons-
insufficient funds, lack of unders'tanding, conflict of
interests and traditions among others. These factors
should be considered while translating IPM into
adoption, -

Components of IPM

Components of IPM are commonly referred as five “P 5",
They are pathogens (parasites, predators and
micraorganisms), policy, people (farmers), plant and
pest.

Methods of IPM
IPM focuses on six control areas

O Mechanical pest control: Collection and destruction
of pest species without destruction to the natural
enemies.

O Cultural pest control: The manipulation of sowing
and harvest dates to minimise damage, inter
cropping, vegetation management to enhance
natural process and crop rotations.

O Host plant resistance: The breeding of crop varieties
that are less susceptible to pests.

O Biological control: The conservation of natural
enemies, manipulation/ augmentation of natural
enemy population and the introduction of exotic -
organisms. ‘

Q1 The wise and judicious use of chemical microbia!,
botanical pesticides.

U] Legal control: The enforcement of measures and
policies that range from quarantine to land and water
management practices.

Thus there will be a need to focus on structural changa
in agro-ecosystems, give great importance to self-
sustaining control methods and draw on the local stocks
of knowledge useful for pest management. -

-~ -

Limitation of IPM

1. Lackof information about pests and agro-ecosystem.

2. IPM strategy is based on scientific approach, which
is often not fully understood by the farmers.

3. Appropriate and feasible technologies vill fail to be
adopted by farmer because communication gap and
social or cultural constraints.

4, Many of IPM programmes are developed in broader
perspective and are not adapted to local farmer's
meals.

5. The awareness of policy makers of IPM principles is
the key for successful IPM implementation.

IPM with special reference to Rice

The earliest concepts of pest control, in rice ecosystems
recognised only the “plant” and the “pest”. The
traditional IPM concept was revolutionary in that it
recognized a third tropic level- that of the natural enemy-
which was shown to be able to control pests “naturally”
in many instances (three tier system)(Fig.1}. But the
scientists were not fully confident about the three-tier
system framework, that in the early season, rice would
be at a higher risk because there would be inherent
delays caused.

Rice ecosystem is unique in the sense that rice is the
only crop, which can grow in standing water. Insucha
situation natural enemies get a head start, early in the
season from the detritivores and filter feeding insects
before pest establishment. The basic energy source of
these insects is, probably, the break dovm of arganic

_ materials originating from the previous crop cyde,

together with materials brought in by irrigation water,
phyto-plankton and algae. These organic residues feed
bacteria, which in turn feed zooplankton. Population of
zooplankton, in turn feed filter feeders such as midges
and mosquito larvae. In another direction, organic
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Fig. 1. Prior concepts of trophic (feeding or energy flow) relationship in rice ecosystems
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Fig. 2. Rice has three separate pathways for energy supporting natural enemies
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Fig. 3. Functional group relationship among the major elements in the rice community
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material goes to directly feed insect decomposers. These
two avenues for energy flow provide a consistent and
abundant source of food for large and diverse population
of natural enemies, upto half way through the season.
That is, there exists three independent avenues for
energy flows to natural enemy pop:ulations exist in the
early season rice fields (Fig. 2 & 3).

Studies conducted at the Kerala Agricultural University
revealed that natural enemies were present in different
fice ecosystems of the State {Reghunath ef a/ 1990;
Nafinakumari, 1996; Nandakumar and Pramod, 1598
and Ambikadevi,” 1998). The natural enemies are
present through out the season but the proportien of
pest and natural enemies are less in the early stages of
the crop (Nalinakumari ef a/1997). Studies have also
revealed that there was no increase in grain yield due to
insecticide application in the rice ecosystem where
tolerant variety was planted but insecticide application
reduced the pest and natural enemy population for a
short period and thereafter the population of pests and
natural enemies increased. Thus the best mix for
integrated pest management in rice is considered as
cultivation of tolerant varieties and conservation of the
existing population of natural enemies in rice ecosystem
(KAU 1997, 1998,1999).

The concepts of IPM in rice has been known for over 30
years in India and it has come to be well recognised but
it is still more of an aspiration than a reality for average
farmers in many crops. But with the efiorts of FAQ
launched programmes on “Farmer Field School” and
“Hands on" training to farmers through the State
Department of Agriculture, rice farmers of the State
are now adopting IPM strategies to their farms and thus
reduced the use of pesticides infrice ecosystems with
KAU released tolerant varieties.

Reference

Ambikadevi,D. 1998. Natural enemies of rice pests in
Kuttanad, Kerala. Insect Environment. 4(3); 81-
82

Conway,G.R. and Prettz LN. 1991. Unwelcome harvest.
Agriculture and Faffution. Earth scan Publications
Ltd. London. 645 pp.

GeierPW1966. AnnRzvEntomol 11:471

Gips.T.1987. Breaking the pesticide habit. Internationz/
Alliance for Sustainable  Agriculture.
Minnesota.372 gp.

Kerala Agricultural Uriversity.1997. Report of the XIX
ZREAC meeting {southern zone).p. 9-12

Kerala Agricultural Uriversity 1998, Report-of the XX
ZREAC meeting (Southern zone).p. 15-17

Kerala Agricultural University 1999.Report of the XXI
ZREAC meeting (Southern zone).p. 10-11

Nalinakumari,T, Rema Devi,L, Sheela, K.R and Achuthan
Nair.M. 1996. Report of FAQ-SEARCA sponsored
training programme on extension cum
demonstration of IPM in rice, Kuttanad, Kerala
Agricultural University. p.10.

Nalinakumari.T., Sheela.K.R. and Achuthan
Nair.M.1997. Integrated pest management in rice.
Paper presented in the 3rd IFOAM- ASIA scientific
conference and general assembly, held at Bangalore
during 1-4 Dec.1997. p.36.

Nandakumar,C. and Pramod, 1.5.1998. Survey of natural
enemies of rice ecosystem. /nsect Fnvi 4:16

Rabb,R.L.1970. Introduction to the conference. In:
Concepts of pestmanagement. (eds)Rabb,R.L. and
Guthrie, FE. North Carolina State university,
Raleigh. pp.1-3.

Reghunath, P, Nandzkumar,C. and RemamonyK.S. 1390,
Natural enemies of rice insect pests in the
Vellayani lake ecosystem. Proc.Kerala Sd. Cong.
1990. 47-48.

@)

*

CROP RESOURCE MANAGEMENT IN HUMID TROPICS



Integrated Pest Management in Vegetables

Dr. K. Sudharma

1. Introduction

The world today is witnessing an over exploitation of
technologies as well as resources for feeding the billions
of people. Significant improvements in pesticide
research could result in spectacular gains in crop
production during the last two decades. But the over
reliance on chemicals for pest control without regard to
the agricultural ecosystem resulted in serious
backlashes like secondary pest out break, development
of resistant pest populations, destruction of other non
target organisms and resurgence of pests, besides
pesticide residues on food materials.

It is well understood that pesticides alone cannot ensure
long lasting pest control and it is now widely accepted
that integration of the various prophylactic and curative
measures suited to specific situations are required for
suppressing pest population.

Integrated Pest Management (IPM) is defind as “a
pest management system that in the context of the
associated environment and population dynamics of pest
spedes utilises ail suitable techniques and methods in
as compatable a manner as possible and maintain the
population below those cause causing economic injury”,
IPM is considered to be the best for managing pests in

a manner compatible with environment and with

praduction economics.

2. Need for IPM in Vegetables
The monitoring of insecticide residues in vegetables
carried out under the All India Co/ordinated Research
Projects in Kerala and other parts of India clearly
revealed that vegetables were highly contaminated
with insecticides [ICAR,1999]. In some cases the
residues were even 4 - 6 times more than maximum
residue levels prescribed by FAQ. This is mainly due
“fothe repedted-application-of instcticites given at
2-3 days intervals to tackle the pests in the fruiting
stage of the crops. The attitude of the public in
getting blemish free vegetables is one of the factors
that prompt the farmers to use pesticides till the
harvest of the crop. In order to reduce the toxic
hazards and to get reasonably good returns it is
high time we adopted IPM in vegetables.
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3. Tactics involved in IPM

IPM necessitates the weaving together of all pest
management tactics whether cultural, biological
behavioural or chemical with the existing components
of the environment so as to be mutually augmentative
and bring about the most effective and least disruptive
pest management possible. The tactics that can be
employed are diverse. An intelligent selection of the
different tactics to suit the different situation is of utmost
importance.

3.1 Cultural control

Cultural control aims at manipulation of the cropping
techniques for alleviating a pest problem.

3.1.1 Sanitation

Sanitation is one of the cultural practices that can reduce
the favourablity of agroecosystem for a pest species.
When fruit flies viz. Bactrocera cucurbitae attack fruits
of plants like snakegourd and bittergourd, the fruits rot
and drop to the ground. These fruits which harbour the
maggots, if not collected and destroyed acts as a source
of infestation and promotes further attack on these crops.

3.1.2 Tillage

Tillage is another cultural practice that affect the
population build up of certain insects. Insects like fruit
fiies spend part of their life cycle ie. the pupal stage in
soil. Tilling the soil exposes the pupae to the hot sun
and also to avian predation. A sound knowledge on the
biology of insect pest and the soil community is required
while adopting tilage operation to suppress insect pests.
Besides it is to be ensured that the tillage practiced is
within the limits of good agronomic practice.

" #34.3 Dizrapting the continvity of food supply

Manipulation of the presence of favourable crop spedes
in the environment disrupts the continuity of insect's
food requisites and this in turn affects the build up of
the pest population as in the case of the Amaranthus
weevil, fypolivus truncatulus. This weevil pest attacks
both wild and cultivated varieties of amaranthus.
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Destruction of wild amaranthus significantly reduces the
pepulation of the weevil,

3.1.4 Crop rofation

Crop rotation is one of the most imporatanit methods for
avoiding contnuity in a pest's requisides. Crop rotation
works, well in the case of soil inhabiting pests [like the
root knot nematode, Melbidogyne incognita. Tomato
is a preferred host of M /ncognita. Following a tomato
arop peanuts can be grown without risk of damage. While
peanuts are grown the nematodes cannot reproduce
and the larvae in the soil die or become non infective.

3.1.5 Trap crop

Planting a favourable crop/plant species near the main
crop reduces the intensity of attack of a pest species.
Interculture of marigold with bhindi and Tomato reduces
. root knot aftack on these vegetables. Growing mustard
as trap crop @ 2 rows per 25 cabbage rows reduces the
attack of diamond back moth on cabbage.

3.1.6 Modification of sowing dates

One of the methods to cause asynchrony between crops
and pests is by modifying the planting dates. An
example for this type of approach is changing the sowing
dates in endemic areas for cucurbitaceous vegetables
as fruit fly population is lowin hot dry conditions and its
peak during rainy seasons.

3.2 Plant resistance

Planting resistant cultivars when available: is one of the
mest effective and environmentally safe tactics, Growing
resistant cultivate Karnataka hybrid reduces root knot
nematode attack in tomato.

3.3 Biological control

Biological control is recognized as one of the promising
and ecologically acceptable methods for suppression of
pests. The role of entomophages in regulating pest

population is well appreciated. One of the goals of IPM -

isto restore the regulatory role of the natural biological
agents.

3.2.1 Parasitoids and Predators

An array of natural enemies occur in vegetable
ecosystem which include parasites as well as predators.
The lady bird beeltes viz. Micraspis crocea, Menochilus
sexmaculatus and Scymnus sps, the syphid,

AXanthogramma saellare;the chrysopid, Grysoperla

" carnea and spiders viz. Lycosa pseudoannulata,

Otyopes, and  Tetragnatha maxifosa are a few of the
predators that occur in the vegetable ecosystem.

The parasitoids that are often encountered indude
Chrysocharis johnsoni; Cotesia sp., Trichospilts spp.,
Trichogrammaspp., Chelonus gpp. etc. Inundative release
of Trichospiles chilonis and T brasifensis in Tomato
fields were found effective in checking the population
build up of the tomato fruit borer, Heficoverpa armigera.

Spider mites are important pests of vegetables but often
their population is kept under check by the enemies
which include both insect and acarine predators. Of the
acarine predators, phytoseiid mites exert a significant
role in the suppression of spider mite populations.
Conservation of these natural enemies by restricting
the use of insectiddes itself will pave way for the full
expression of these bioagents and consequent pest
suppression. '

3.2.2 Pathogens

Pathogens form an important tool in biological control.
Viruses, Bacteria and fungi help to requlate pests without
any cost to the sodety. As these insect pathogenic
microorganism leave to toxic residues and as they have
apparent  specifity for target pests they can be well
fitted in IPM programmes. Application of NPV of
Helicoverpa armigera at weekly intervals from flower
initiation results in appreciable reduction of the fruit
borer A armigerain tomato.

The entomopathogenic fungi, Fusarium palidoroseum
has been identified as a potent pathogen of cowpea
aphids on Kerala. There is ample scope for utilising this
pathogen for the management of cowpea aphids on
vegetables in places like Kerala where the climate is
highty humid (Hareendranath, 1987)

3.4 Pesticides

[PM does not imply complete avoidance of chemical
pesticides. Insecticddes are highly potent and they wil
continue to be an important compenent in [PM. An
analysis of the agroecosystemto assess the status of
the pests and its defenders is highly essential before

pRsorting o insectidde application: - Selection-of:the
appropriate chemical and proper timing of pestidde
application needs spedal attention.

3.5 Botanical pesticides

Utilisation of plant products for pest control was invogue
long before the use of synthetic chemical pestiddes.
The insectiddal, attractant and repellent properties
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possessed by many of the plants/plant products have
been now elucidated. The plants that have potential in
pest control include Azadlirachta indica, Annona
squamose Uerodendron information, Vitex negundo,
Hyptis saveolens, Andrographis paniculata etc.
(Saradamma, 1989, Lilly 1995).

The management of the American Serpentine leaf miner .

Liriomyza trifolifwhich is an introduced pest in India is
difficult with conventional insecticides but sucess has
been achieved by adopting integrated strategy
comprising removal of badly infested leaves in cowpea
and by spraying the neem seed oil emuision at 10%
strength.  Aphis araccivora infesting pulses can be
effectively checked by emulsified leaf extract of Hyptis
saveolens at 10% strength or neem seed oil emulsion
at 10%. (Reghunath and Gokulapalan 1996).

3.6 Behaviour modification

3.6.1 Use of traditional traps

Baits or food lures offer considerable scope for attracting
and killing pests of vegetables. Hanging coconut shells
containing palayamkodan banana poisoned with
carbofuran granules in pandals of bittergourd and
snakegourd substantially reduces fruit fly infestation.
(Pillai etal 1991)

3.6.2 Pheromones

The use of sex phenomones for the survey of insect
pests and management is a new approach in pest
management. Sex lives for melon fly 8. cucurbitaeand
‘H. armigera can be very well integrated in pest
management programmes in vegetables,

Implementation of IPM

IPM is not simply the super imposition of control
techniques but integration of all suitable management
techniques with the natural regulating and limiting
elements of the environment. Atharough understanding
of the pest and the assodated environment is essential
for which agroecosystem is analysis required. The
“éxtension personnél needto’be properly trainéd forthe
successful transfer of the concept of IPM to farmers.
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Modermn- trgn&g in plant disease. management

) C. K. Peethambaran

Indian farmers and agricultural technologist have made
tremendous effects during the last three and a half
decades. This is largely due to introduction of high
yielding crop varieties, fertilizers, assured irrigation
and improved agronomic practices. However, to exploit
the potential of the improved varieties and to ward of
pests and diseases farmers started using very high
doses of pesticides. In recent years concern has grown
regarding the increasing use of potentially hazardous
chemicals. Pesticides that accumulate in the soil and
ground water may interfere with the biotic activity and
food chain. Moreover, intensive use of pesticides has
through natural selection, led to the increase in
pathogens' resistance to those chemicals. These
problems, and others, has instigated the research for
new approaches to plant disease control.

Biopesticides

Bioagents are an integral part of integrated pest
management. Biopesticides as a component of IPM are
cheaper than pesticides by 50 per cent. They are
ecofriendly, have a high cost benefit ratio and do not
pose risk of the pathogen developing resistance. During
the recent years several biopesticides have been
marketed in several parts of India against certain
selected plant pathogens. Talc based formulation of
the fungus Zrichoderma viridefor seed treatment came
as a boon to rainfed crop farmers cultivating ofl seeds
and pulses for managing root rot. Biopesticides against
foot rot of pepper, soft rot of ginger and turmeric and
preemergent damping off of chillies, vegetables and
ornamentals are now avaflable in the market under
different trade names (Antogen TV, Ecofit, etc.)

... diiiegrating biological and chemical contro! seems a very

promising way of controlling pathogens with minimal )

interference with biological equilibrium. Several

biopesticides resistant to common fungiddes have been

developed and are about to be commercialised.

Application of T Aarzianum preparation combined with

the fungidde prothiocarb has shown synergistic effect

in controlling Pythivm apanidermatum infection of
. several aop plants.

Use of YAM fungi for the control of fungal root
diseases

The potential of vesicular arbuscular mycorrhizal fungi
in managing root diseases of several crop plants have
been reported. The severity of diseases caused by
Phytophthora, Fusarium and Thielaviopsis can be
reduced with AM inoculation. The mechanisms of
disease control varies with specific combination of host,
pathogen and AM.

The possible AM effects on disease can be categorized
as either chemical or morphological. In the chemical
category increase of aminoacids, phenolic compounds
and enzymatic activity in the roots of mycorrhizal plants
has been suggested as the possible reasons.
Morphological phenomena noted in mycorrhizal plants
that have been suggested as factors influencing disease
include (1) a greater morphogenic response in cell walls
to the pathogens presence on mycorrhizal roots (2)
increase in wound barrier and an (3) increase in
lignification of cell walls.

Soil solarization

Solarization for the control of soit borne plant pathogens
including weeds refers to a new approach for soil
disinfestation by use of solar energy. The basis process
involved in soil solarization is the heating of soil to
relatively mild levels, usually 35-50°C in the upper 30
cm by tarping wet soil by transparent polythene sheets
and there by inhibiting or killing most of the pfant
pathogens. This is very effective in reducing funga!
pathogens fike Fusarium, Fhytophthora, Fliythium,
Seferotium-verticifium, nematodes like Heteroders,
Meliodogyne, Praty lenchus and several weeds. Apart

* from inhibiting the pests, solarization have also found

to be effective in increasing the yield of several aop

~ plants.

Plant immunization

Immunization as a method of disease prevention is
popular in human and animal medidine. Recently this
method is being tried in the management of several
plant diseases. Reports indicate that cucumbers,
watermelons and musk melons can be systemically
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immunized against diseases caused by viruses, bacteria
or fungi by restricted infection with viruses, bacteria or
fungi. Immunization involves sensitization of plants to
respond rapidly to infection by several different ways.
Immunization is now being practiced in a limited way to
prevent diseases of fruit and plantation crops. Two
aspects of immunization are cross protection and
induced resistance. '

Third generation fungicides

Certain chemical compounds which are inactive as
antimicrobial agents 47 wiroare found to be effective as
elicitors of resistance in susceptible plant hosts. One of
the main advantage of this technique is that it is highly
. sensitive and non toxic to human being and beneficial
micro organisms. These chemicals have been found to
increase the production of phytoalexins and related
. compounds by the plants which in turn inhibit the growth
of pathogenic microorganisms. Fungicides based on
the principle are (eg: Aluminium phosphorate) becaming
popular among the farmers.

Management of abiotic disorders through biotic
means

Management of abiotic disorders using micro arqganisms
is gaining popularity during the recent times. The most
widely practiced technique is the use of ice nucleation
bacteria for the control of frost injury. lce nucelation
deficient strains by Psevdomonas syringae have been
produced by genetic engineering. The biological contrel
of frost damage has several implications. Firstly it is
one of the few biological procedures which have been
patented. Secondlyitis cheaper than chemical or other
means. Thirdly it has become a test case for use of
genetically engineered organisms in agricultural plant
protection.
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Siderophores

These are iron binding proteins excreted by certain
specific strains of bacteria like Psevdomonas
Huorescense. Siderophores can bind iron molecules and
thereby make it unavailable to other soil microorganisms.
This principles have been successively adopted in the
biological control of certain iron dependent soil borne
pathogens like Fusarium oxysporum.

Bacteriocins

A bacteriocin is an antibiotic like substance produced
by certain strains of bacteria which are active against
other strains of the same or closely related strains of
bacterium. A classical example of bacteriocin used in
plant disease control is Agrocin 84 produced by certain
specific strains of Agrobacterium radiobacter which
selectively inhibit the growth and proliferation of
Agrobacterium tumaciens causing crown gall disease in
many dicots.

Transgenic plants

Introduction of certain plant pathogen inhibiting genes
to crop plants through vector mediated transfer is a
modern trend in plant disease management. Tobacco
mosaic virus disease in tomatoes have been effectively
controlled through this method.

Botanicals

Use of plant based fungicides for the control of plant
diseases is becoming increasingly popular. Botanicals
are found to be effective against several fungal, bacterial
and viral diseases of crop plants. Botanical based
fungicides are being marketed by several companies in
India (eg: Wanis, Neemglod etc.)




Planning of Ag‘riculf:ural Projects within the
Overall Plan Frame Work

N Lekshminarayanan Nair

The goal of planning is to provide a desired array of
quality of life elements through physical and social design
of the human environment. This is sought fc be achieved
through optimal utilization of the biophysical resources
within the command of the community for augmenting
the income and employment opportunities of the
dependent population. Five Year Plans are considered
to be the purveyors of development and are formulated
against a long term perspective for 10 to 15 years. In
formulating the five year plant the Planning Commission
co-erdinates the development programmes of the
Central Ministeries and State Governments and
integrate them in a national plan covering both the
public and private sectors. The first step in the process
of formulating a five year plan is the preparation of an
approach paper highlighting the major goals set under
the plan along with the approaches and strategies
proposed for attaining the same. Growth equity and self
reliance are the major goals which invariably received
high priority in almost all the Five Year Plan. Growthis
measured in terms of the annual average increase in
the gross domestic product and the Planning
Commission suggests the rate of growth which is
attainable in every Five Year Plan largely guided by the
past trend. The investment required for attaining the
projected growth rate is also estimated sectorwise on
the basis of the incremental capital output ratio
attained in the past by the different sectors. The
approach paper of the National Development Council
will be circulated to the State Government enabling
them to start the Planning process. Concurrently the
Finandal Resources Division of the Planning Commission
also requests the State Governments to furnish detailed
estimates of resources for the plan induding the projects
for additional resources mobilization indicating the
SQurces.

-.The. State.Governments. {the.State. Planning .Board.in
. the case of Kerala) in their turn come out with approach
papers reviewing the past perfermance projected
growth, future perspectives including thrust areas for
development under the plan. The State Governments
also constitutes Steering Committees for major sectors
supported by task forces for the subsectors nearly one
year ahsad of the launching of a new five year plan.

These advisory bodies comprising of subject matter
experts, policy makers and economists after detailed
deliberations submit their reports to the State
Governments{State Planning Boards incorporating the
policies and programmes for the Five Year Plan. The
recommendations of the Steering Committees will be
primarily on the basis of the past performance and future
needs and the potential for attaining the same, since
they do not have a clear idea of the availability of
resources for financing the plan at that time. The State
Planning Board communicate these reports to the
Administrative Departments in Government and calls
for plan proposals. The Administrative Department
generally go by the recommendations of the committees
and with the approval of the Ministries concerned submit
the plan proposals to the State Planing Board along
with the programme-wise outlays and physical targets.
Concurrently the Planning Commission will be finalising
the size of the State plan in consulation with the Chief
Ministers concerned after a critical assessment of the
resource position. The size of the plan is determined
by aggregating the net revenue surplus fikely to be
available with the State Government at the beginning
of the plan, the additional resources that the State
Governments would be able to mobilise and the share
of assistance for the State from the Central divisible
pool worked out on the basis of the Modified Gadgil
Formula. The modified Gadgil formula gives 60 per
cent weightage on population 25 per cent on percapita
income, 7.5 per cent for special problems and 7.5 per
cent for special fiscal efforts. The State Planning Board
through detailed discussions with the Secretaries to
Government and heads of Departments concerned
tentatively arrive at the sectoral outlays and formulate
the Five Year Plan. The plan proposals thus formulated
is submitted to the State Government and will be
finalised with appropriate modifications by the Cabinet.

- -The.final plan.document.is .submitted.to. the Flanning

Commission and the Planning Commission after detailed
deliberations with the representatives of the State
Government approve the plan.

The Five Year Plan gets operationalised through the
mechanism of Annual Plans. The formulation of the
Annual Pian provides the Planning Commission with an
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opportunity to assess the past performance in the
various sectors and suggest mid course corrections
including reorientation of strategies, The procedure for
the formulation of the Annual Plan is broadly the same
as that adopted for the Five Year Plan. The annual plan
is prepared within the overall frame work of the Five
Year Plan and the size of the Annual Plans are decided
based on the assessment of the resources every year.
The sectoral outlays and the plan programmes are
finalised by the working groups constituted by the
Planning Commission with representatives of the
Commission, Central Ministries and State Governments.

Agricultural Plans

Agricultural planning forms a part of the overall plan for
the economy. Agricultural planning aims at raising the
productivity of agriculture rapidly which can often be
done with relatively modest investment and thus enable
it to provide greater surplus for investment in industry

and generate the foreign exchange needed for the import

of development goods. Agricultural Planning is
particularly difficult not only because the factors
determining the demand are largely exogenous but also
on account of the fact that supply is conditioned by the
biclogical and seasonal nature of agriculture and farmers
are widely scattered usually in small units and often
without much commerdial outlook.

The perspective for agricultural development has also
undergone fundamental changes over the years with
vast changes taking place in the national and
international trade. Planning for agricultural
development in the present day context aims at optimal
utilization of the local resources for providing the
livelihood security for the dependent population through
augmenting the income base and expansion of
employment opportunities. The efficient use of
agricultural resources largely depends on an accurate
inventory of them and a careful assessment of their
potential uses. The various steps in the agricultural
planning process includes inventory of resources, their
current level of productivity and uses, demand
projections with reference to population growth, charges
in end use patterns, improvement in living standards,
changes in the pattern and direction of internal and
external trade, growth of the industrial sector etc.
targetting of agricultural production with reference past
trends, level of technology, efficiency of level of
technology, effidency of input delivery systems and
capability for plan implementation, increases in the
supply of material inputs like land, water etc. and
provision of economic incentives and institutional
reforms.

CROP RESOURCE MANAGEMENT IN HUMID TROPICS

Agricultural plans are operationalised through policy
reforms as well as implementation of schemes and
projects. Schemes are development activities
contemplated on a short term basis with objective of
attaining limited goals. While projects are prepared
with a long term perspective with the objective of creation
of assets capable of generating income over a long
period.

Project

In economic literature a project has been defined in
different ways. One definition is that it is “the smallest
unit of investment activity to be considered in the case
of programming”. Another definition is that it is a
proposal for a capital investment to develop faclities to
provide goeds or services. In agricultural projects we
think of an investment activity where capital resources
are expanded to create a producing asset from which we
can expect to realise benefits over an extended period
of its economic life. It is a well defined activity with a
specific starting point and a specific ending point and
targetted against a definite clientele in a specific
location to accomplish a specific objective. It is
measurable in terms of costs and benefits. The
construction of a dam is an investment under a project
capable of yielding returns over several years of its
economic life.

Steps in the planniﬁg_and implementation of
project

(1} Project identification o
(i) Project formulation

(iif) Project appraisal . % -
(iv) Project implementation . ... Tt S
(v) Project evaluation : "-.""Ln.,-r'f: 7

Choice of projects

Choice of projects have to be made with meticulous core
giving due consideration for the priority it deserves in
the context of national economic objectives, the
alternatives available for attaining the objectives,
finandal viability. of the investment proposed and its
sodial, economical, ecological implications.

Relationship between plans, programmes and
projects

Projects are often linked in one form or another not only

to the development of the sector concerned but also to
the overall development of the economy. A programme

........... 101
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or plan provides useful background data and information
for project planning and selection. They validity of the
basic policies and assumptions embodied in the plant

- or programmes can be tested and firmed up during the
project preparation stage. In fact projects are the basic
elements for achieving the objectives of the programmes
and plan and at the same time they provide useful
information for steering the economy and the
development plan in the right direction.

Project analysis

Project analysis comprising of identification, formulation
and appraisal of investment projects is an integral part
of economic planning. Agricultural projects with their
specific characteristics like seasonal fluctuations in
production and large number of partidpants necessitate
an adopted set of criteria for analysing the technical
feasibility and econemicviability. Project analysis makes
it possible to identify promising opportunities for
development and facilitates rational choices among
alternatives. The emerging agricultural scenario
demands a participatory process for planning of
agricultural projects from the very beginning of the
conceptualisation process.

According to Mr. Price Gittinger (Economic Analysis of
Agricultural Projects, EDI, World Bank) the various steps
involved in the project analysis could be summarised
into the following six broad categories.

(i) Technical
(i) Social

(i) Commercial
(iv) Institutional
(v) Finandial and
(vi) Economical

Project Formulation and Analysis

The first step in project formulation and analysis is to
undertake a feasibility study. Once the projectis found
to be feasible detailed planning and analysis of the
project may begin. By this time the less promising
alternatives would have been eliminated and even at
this stage the selected project will continue to be
redefined and shaped as more and more becomes known.
This is the stage at which detailed studies such as soil
surveys, demand and supply, detailed hydrological
analysis, farmer response surveys etc. would commence.
As already mentioned, project preparation and analysis
would cover six important aspects as detailed below.

(a) Technical aspects

This is concerned with input cutput relationship. [t would
include the study of the soil, rainfall pattern, groundwater
resources, livestock spedies available in the locality,
potential land use pattern, identification of appropriate
species, choice of the technology, input output ratio in
respect of the selected species etc,

(b) Institutional - Organisational - managerial aspests

The basic issue to be considered here is whether the
institutional setting of the project is appropriate. What
will be the institutional arrangement for the
implementation and management of the project ?
Whether new institutions are necessary? Whether the
existing manpower do have the required skill for
managing the project? In this context it would be
appropriate to examine the scope of entrusting the
responsibility for organisation and management with
non-governmental organisations.

{c) Social aspects

Project should be socially acceptable and can be
successful only with the whole hearted co-operation of
the people. While finalising the land use plan and
allocation of land area for the various types of plant
species feasible in the area sodal considerations for
meeting the growing demand for tmber, fire wood, fodder
should receive particular attention. Only through careful
examination of the demand of the society and
propor tionate allocation of land space for various needs
it would be possible to reduce the pressure for over
exploitation of the forest wealth by the society.
Employment potential of the project should also receive
attention.

(d) Commercial aspects

It would include the arrangements for marketing of the -
output and the supply of inputs,

(e} Financial aspects

Through finandal analysis the viability and bankability
of the project are established. It also facilitate the’
nature of incentives and finandal support necessary for
the project induding its sequending and timing. This is
the most important aspect in project analysis and is
done through cash flow projections. The incoming and
outgoing cash flows will be presented yearwise from the
inception covering the entire economic life period of the
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project and the incremental net benefit will be worked
out. The net benefit likely to be available without the
project situation will be deducted from the year-wise
not benefit flow in order to get the incremental net
benefit. In financial analysis the present value of the
cost and benefit streams are compared and the rate of
return provided by the benefit stream over and above
the cost stream, both at their present values, is worked
out using the discounted cash flow technique. Only
those projects which provides for a rate of return of
more than the opportunity cost of capital {@ 12%} is
considered to be financially viable. Cash flow analysis
will have to be done for each spedies, representative
farm models as well as for the project as a whole. The
project overheads are accounted only in the project
* model.

(f) Economicaspects

~ Economic analysis is for determining the net benefit a
project would contribute to the total economy considering
the global situation.

Decentralised Planning

With the introduction of decentralised planning under
the Panchayat Raj System planning process has
undergone tremendous changes in Kerala. The State
Government has taken a policy decision as part of the
strategy for X Five Year Plan to earmark 35-40 per
cent of the State Plan outlay for implementation of total
programmes drawn up by the Local Self Government
Institutions based on the needs that emerged from the
grass rootlevel. The system operationalised by Kerala
is unique in the sense that there is transparency in the
allocation of resources to the various tiers of local bodies
based on a well thought of criterfa. The allocation for
each local body is placed before the State Legislature
as part of the State Plan Budget. The people's campaign
launched by the Kerala Government for the
implementation of the local plan is also novel in the
sense that it is organised through a participatory
approach involving elected representatives of the local
bodies, local resource persons and beneficiaires
concerned. A massive awareness-cum-training
programme has also be launched assodiating nearly
one lakh volunteer workers.

The criteria for devolution of plan funds to the various
tiers of the local bodies and the flow of resources under
the annual plan 1997-98 are given in Tables 1 & 2.
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Table 1. Criteria for devolution of plan funds to local
bodies

Parameters Weightage (%)

GRAMA PANCHAYAT

1. Population (Non SC/ST) 65
2. Agricultural labourers,

people engaged in livestock,

fishing, forestry etc., and

marginal workers 15
3. Area (geographical) 5
4, Areaunder paddy 5
5. Panchayat's own income 10

Total 100

BLOCK PANCHAYAT

1. Population (Non SC/ST) 65
2. Agricultural labourers,

people engaged in livestock,

fishing, forestry etc., and

marginal workers 25
3. Area 10
Total 100

DISTRICT PANCHAYAT

1. Population (Non SC/ST and excluding

municipal/corporation areas) 55
2. Agricultural labourers, livestock,

fisheries etc. marginal workers 20
3. Area (exduding forest,

municipalfcorperation areas) 15
4, Huts, houses without electricity,

houses without latrines 10

Total 100

MUNICIPALITY / CORPORATIONS

1. Population (Non SC/ST) 75
2. Area 5
3.  Houses without latrines and
houses without electricity . 20
Total 100
.................................................................................. 103
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Table 2. Annua! Pian (1997-98) Local plans under decentralised planning finandial flows from different sources

{Rs. in crores)

No.offocal  No.of State Internal State Centrally Loanfrom Loanfrom Voluntary Beneficiary Total
Local Bodies bodies projects  assistance  funds  sponsored sponsored Co-pinst  fininst  contribution contribution  Others Outlay
1 2 3 4 5 6 7 8 9 10 11 12 13
Grama Panchayat 990 20526  424.70 63.27 32.18 23.82 19.81 88.21 43.31 272.44 26.77 994.50
42.71 6.36 3.24 2.39 1.99 8.87 4.35 27.39 2.69 100.00,
Block panchayat 152 8798 108.17 0.70 15.31 84.67 3.01 43.49 6.07 29.28 4.27 295.00
36.67 0.24 5.19 28.70 1.02 14.74 2.06 9.93 4.45 100.00
District Panchayat 14 3360 125.00 0.34 12.14 3.34 1.66 6.27 473 14.60 14.01 152.12
' 68.64 0.19 6.67 1.84 0.91 3.44 2.60 8.02 7.69 100.00
Municipality 55 4214 63.84 27.04 542 5.47 1.67 24.24 8.92 25.31 4.55 166.57
38.33 16.29 3.26 3.26 1.00 14.55 5.33 13.19 2.73 100.00
Corporation -3 889 33.79 9.93 6.14 0.99 1.12 21.33 4,09 15.60 3.49 97.00
34.80 10.23 6.32 1.03 1.13 21.98 1.83 16.07 3.39 100.00
TOTAL 1214 67787 77550  101.28 71.19 118.29 27.27 183.54 67.72 357.23 53.09  1735.28
43.54 5.84 410 6.82 1.57 10.58 3.90 20.59 3.06 100.00




Transfer of Technology for Agricultural Development

Dr. C. Bhaskaran

I. INTRODUCTICH

Slow pace in the transfer of technology is a major hurdle
in the agricultural development process. There is
concern in our country that the time between a research
discovery and its first application averages 13 years.
Implicit in these observations is the urgent need for
* planned intervention for the speedy and effective transfer
of agricultural technology through appropriate
communication strategies. An attempt is made herein

to outline the principles to be considered while

formulating and executing communication approaches
for transfer of agricultural technology among the
farmers,

ll. TRANSFER OF TECHNOLOGY PROCESS

A comprehensive understanding of the Transfer of
Technology (TOT) process is indispensable to be
effective in our communication attempts. The steps in
the TOT process are :

1. Dissemination

The technology generated through the research process,
including the Participatory Technology Development
(PTD), must be assessed and refined before being
disseminated to the farmers. The technology must have
the following characteristics.

i)- Relative advantage

i) Simplicity

iii) Visibility of results

iv) Divisibility

v) Compatibility

vi) Utility

vii) Possibility for group action

2. Assimilation

Once the technology is disseminated to farmers using
various communication approaches, the assimilation
process commences. It is the level of understandability
and popularity of an idea in a sodal system. Sedal
approval of an idea is a major break-through in its
adoption. The spread of assimilation depends upon the
manner and intensity of the communication campaign.
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3. Acceptance

Acceptance is the dedision of an individual to make full
use of an innovation as the best course of action
available. Demonstrations of the usefulness of an
innovation spread its popularity. Formation of favourable
attitude towards an innovation helps in its acceptance.
Since adoption of an innovation by the farmers is the
ultimate aim of all the promoting agencies, it is also
impor tant to know the causes of non-adoption such as
ignorance, low motivation, inability, inappropriate
technology, economic constraints etc.

. EFFECTIVE COMMUNIATION

Effective communiation is sine quo non for transfer of
technology. Communication is effective if it results in
the achievement of the objective. Development agencies
are equally interested in communication efficiency
wherein the emphasis is placed not only an achievement
of the objective but on the cost of communication also.
Therefore, effective communication in the present
context refers to the process by which extension workers
exchange knowledge, attributes and skills with farmers
individually or in groups or through mass media such
that each gains comprehension, understanding and use
of the messages exchanged.

IV. COMMUNICATION STRATEGY

Technology transfer is seldom a spontaneous process.
Rather, it involves meticulous planning to introduce a
technology among the farmers so that they use the
technology and benefit from the same. The steps in
planning a communication strategy are illustrated in .-
Figure 1.

V. COMMUNICATION CHANNELS

To facilitate the extension worker in the technology
transfer process, a variety of communication channels
as in figure 2 are available.

V1. GUIDELINES FOR PLANNING COMMUKNICATION
STRATEGY

1. Principle of Felt needs

Selection of the messages and channel need to be based
on the felt-needs and interests of the people. This




implies that factors like land, crops, economic trends,
social structure, economic status of the people, their
habits, traditions and culture, in fact, every thing about
the area in which the job is to be dong and its people
— may be considered, Message cannot get the desired
results when not in harmony with the culture of the
people. At the same time, it must be in line with the
state and national needs and policies. The needs of
most urgent concern and widespread interest should be
given first priority.

2. Principle of Joint Participation

Planning should be considered as a joint responsibility
of the officials and the public. Strategy should be
developed jointly by the extension staff and the local
leaders. It should be planned with the people and not
for the people. in addition to becoming a people's
programme, it will also serve as an educational process
for identifying problems, planning and executing the
strafegy to solve these problems. Moreover, people
become interested and give better support to the
strategy when they are involved in the planning process.

3. Principle of Multi-Media Approach

The widespread dissemination of messages by different
channels of communication aims to achieve a cumulative
impact ameng those who see and hear them. 1t is to
arouse awareness and to prompt parents and othersto
seek confirmation through the local health worker, school
teacher or other authority with whom audience can
discuss and measure themselves about adopting a new
practice.

4. Principle of simplicity

A good planning is one that will provide possible direction
for a large number of people to move some distance. It
will only be possible if message can be accomplished
through a practice of selective adaptation and by
applying a principle of common sense and value.

Simplicity of the message will also help the change agent .

to handle the message and channel properly.
5. Principle of Co-ordination

Working alone, an extension worker may not be able to
accomplish much. He must obtain the support of local
groups and other organizations. He co-ordinates the
efforts of all interested leaders, groups and agendes
and considers the use of resources. Systematic planning
must allow for planning to be co-ordinated horizontally,

vertically, across time span and by types. Co-ordination
with other supporting institutions and communication
channels (both formal and informal) will make the
execution easy and complete,

6. Principle of Satisfaction

Astrategyis good if it provides satisfaction to the people
who participate in the planning process. Such
programmes promote the growth of the development
programme as well as that of communication. Level of
satisfaction of the people indicates the extent of the
adoption of the message. It also relates to motivation
for action. People must see how they or their
communities are going to benefit from the proposed
solutions,

7. Principles of practicability -

Messages should be such which are attainable with the
economic, social and mental capadities of the people
through their own efforts and with a minimum of outside
help. The planning process must not be complicated so
that it can handle even complex situations in a workable
manner. To get the right resources, in the right quality
and quantity, at the right time and place and at the right
cost should be the main purpose of planning.

8. Principle of comprehensibility

Efforts should be made to have a balanced programme,
taking care of all sections of the society. The message
must be comprehensive enough to embrace all age
groups, creeds and races at all levels and community,
block, state and national problems. It must also be
highly significant economically, sodially, aesthetically or
morally to a relatively [arge number of people in each
place. Unless information contributes to he welfare of

" all the groups, espedially weaker section of the society,

it cannot be fully effective in raising the level of living of
the community.

9. Principle of Achievability

It is always better to focus attention on problems that
are most important. A common weakness of the
development strateqy is that is includes attempts to
solve too many problems at once without making a
significant contribution to any of them. A few successful
projects areate much better impression than making
too many hali-hearted attempts, Message should always
be selected according to the available resources and
the priorities of people's needs.
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10. Principle of Evaluation

Each and every strategy must have provision for
evaluation. [t is, therefore, |mportant to state the
objectives clearly and in terms that can be measured or
evaluated while planning communication strategy.
Continual evaluation is the map chart by which we direct
ourselves. Evaluation helps to measure the progress of
message, its weaknesses and achievements. Results
are the basis for improvement in the future.

VIl. FACTORS AFFECTING
COMMURICATION CHANNELS

CHOICE OF

The following are some of the factors that may influence
the effectiveness and hence choice of communication
methods :

1) The behavioural changes expected in people, ie.,
changes in their attitude, knowledge or skills : We all
know that most mass media methods are good for
eifecting changes in attitude and knowledge of the
people, while most individual and group methods
"are useful for bringing about changes in knowledge
and skills.

2) The number of persons to be covered : individual
and group contact metheds are slow and cannot
- cover alarge population in a relatively short period.
Hence if the population to be covered is large and
- the time available is relatively short, mass contact

* methods may be more efficient.

3) The socio economic and educational leve! of people:

Educated people with a relatively better socio-

- economic level can be reached through mass media

and mass contact methods while reaching poor and

illiterate farmers will require repeated exposure,
individual and group contacts.

4) Availability of mass media to clientele : If farmers
own radios, television sets, and subscribe to farm
and home journals, newspapers and by extension
_publications, they can be effectively reached through
such media. However, if the availability of any or all
such sources of information is limited in any area, it
will be difficult to.communicate with them, unless
the information sources available to them are
utilised.

5} Skill onthe part of extension workers for the use of
~ different communication methods : All extension
workers are not equally efficient in the use of all the
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communication methods. Hence they will tend to
use relatively more of those methods with which
they are familiar.

6) Cost involved : some methods are relatively more
costly to use than others. Hence the initial
investment required and the availability of related
equipment and facilities may encourage or
discourage the use of some methods.

7) Basic facilities needed : Some methods need
electricity, dark room, projection screens, projectors
and so forth. Hence such methods can only be used
if such facilities are available at a place and time
when needed.

8) Nature of communication methods : Each
communication method is unique in itself as well as
possesses some characteristics in common with
several other methods. Hence an adequate
understanding about the nature of each method is
necessary for its effective use,

Methods that may be used to attract attention and
create interest could include photographs,
demonstrations, new stories, hoardings, posters, radio
talks, television programmes, cartoons, exhibits, circular
letters, real objects, conducted tours, media forums,
extension publications etc.

Methods used to teach skills may include
demonstrations, farm and home visits, training meetings,
compaigns, specially prepared movies and tele-
programmes etc. Methods that inspire action on the
part of farmers may indude farm and home visits,
farmer's calls, conducted from tours, peripatetic team
- visits, media forms.

VIII. EFFECTIVE ORAL COMMUNIATION

Extension workers need to improve their oral
communication skills particularly to be effective in
inter personal and group communication situations. The
following are some suggestions to improve the oral
communication skills :

Depend on the outline

Have an emphatic introduction
Avoid excuses

Have appropriate non-verbal signs
Avoid ‘antics™

Avoid ‘Speechtics’

Avoid unnecessary data

Ny wn —



8. Use audio-visual aids in sequence
9. Have eye contact
10. Use acceptable speaking rates
11, Manage time appropriately
12.  Use homour judiciously
13. Have motive appeal
14. Have modulations in speech
15. Listen and answer to questicns carefully
16. Use pleasing conclusions

“Tell what you are going o tell”
IITEIIII
“Tell what you have told"

Effective speaking is rather an "acquirement’ than
‘innate’

A score card for judging speech is furnished herein for
careful scrutiny.

IX. BARRIERS TO EFFECTIVE COMMUNICATION

Extension workers must be aware of the following

barriers to effective communiation :
1. PRACTICAL BARRIERS

i) People jump to conclusion
ii) Fell off or loss of information
iii} Vertical Vs horizontal communication
iv) Selective processes
v} Meanings in heads and not in words
vi) Levels of interdependence
vii) Types of public Administration
viii) Vested interest
ix) Economic constraints

2. CULTURAL BARRIERS

i) Tradition

ii) Fatalism

i) Ethnocentrism

iv) Norms

v} Relative values

vi) Trait compatibility

vii) Consequence of communication
viii) Habits and patterns

3. SOCIAL BARRIERS

) Mutal obligation
) Small group dynamics
) Public opinion
iv) Conflict and Factions
) Authority
) Caste and Class

) Basic configuration of society

4. PSYCHOLOGICAL BARRIERS

i} Perception
i) Language compatibility
iii) Individual difference

) Problems of learning

v

These barriers must be kept in mind and ways and means
must be designed to overcome them and to ensure
speedy, efficient and sustainable transfer of technology
process.

Strengthening Extension in India-Farrington
et al. (1998}

1. Try out new approaches to Extension relying on less
of face-to-face contact between extension agents
and farmers and more on innovative vehicles (such
as mass media) and on support of farmer-to-farmer
information exchange.

2. Increase flexibility so that extension workers can
focus more on identifying farmer’s requirements and
responding to them.

3. Set up Joing Committees at state and district levels
and representations from SAUs, KVKs and
Department of Agriculture to streamline and
strengthen extension staff training procedures.

4, Introduce more widely innovations in Research-
Extension linkages, including multi-agency
approaches to extension and the wider way of para-
extension workers

Government policy for the future

To enhance the enabling environment for non-
governmental provision of extension services (Diana

Carney, 1998).
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SCORE CARD FOR JUDGING A SPEECH

I. PERSONAL {25)

Appearance

Friendly conversational approach

Poise, confidence, enthusiasm

Gestures, mannerisms, eye contact and homour
Voice, style, fluency and pronunciation

o o0 oo
(S oIS L RS o RSy R & |

1. PRESENTATION (35)

Introduction and objectives

Treatment, highlights, key points and examples

Visuals carefully selected and arranged 1
Summary and Conclusion

Question and answers

Maintaining interest

~ 0 a0 o
ooy oo wUoom

11 SUBJECT MATTER (40)

Relevance to field/current situation

Adequacy 1
Systematic breakup

Balanced coverage

Probiems well brought out and covered

Latest information

o an o oW
oo~ oY~ O U

100

INDEX

Excellent 85-100
Good S 70-84
Fair 50-69 .
Needs improvement 40 and below
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Fig. 1. Steps in Planning a Communication Sfrategy

1,
2.
3.
4,
5.
6.
7.
8.

Available physical resources
Situational factors

Sodlo-political factors _
Values and culture of the social system
Human resources

Infrastructural support

Needs and interests of the people
Existing communication channels
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PRINT
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Newpapers
Magazines
Leaflets
Bulletins
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Figure 2

COMMUNICATION CHANNELS

?é

[

Individual Contact
Group Discussions
Role-Playing
Seminars

Cases

Lectures

o wLN -~

_

Result Demonstration
Method Demonstration

Tours

VISUAL

/
|

l

Exhibitions
Campaigns

NoohkwhN =

— ELECTRONIC

Video-disc & Video-tex
Computer

Radio

Television
Audio-Cassets

Video Technology
Films

SN =

- TRADITIONAL

Puppetry
Folk Theatre
Festivals

Folk Songs



ASSIMILATION

ACCEPTANCE

DISSEMINATION

Fig. 3. Technology Transfer Process

1. Dissemination
2. Assimilation
3. Acceptance
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Fig. 4. Extension: An Essential Component in the Agricultural Development Process

NES - Jack of all., Master of none
BBES - Jack of all., Master of one




Management aspects of proljlem soils of

Kuttanad rice ecosystem

P. H. Latif

Kuttanad region, the rice bowl of Kerala, has a very
unique and highly complex ecology. The region is spread
over the low land of the Alleppey, Kottayam and
Pathanamthitta districts and is separated from the sea
bya narrow strip of land. The paddy fields in the region
lies 1-2 metres below mean sea level (MSL). Four major

rivers, viz. Pampa, Achencoil, Manimala and Meenachil

 course through the region, periodically replenishing the
fields on either banks will rich deposits of silt. They
discharge their flow into the Vembanad lake, the fife
line of Kuttanad, which lies paralle! to the sea coast and
is connected to the sea at its northern end.

The Kuttanad region consists of the deltaic formations
of the four rivers that flow through it, together with the
low lying adjcining areas in and around the Vembanad
lake. The ecology of Kuttanad is intricately interrelated
to the dynamic flux of flood water carried through the
rivers, the water level in the Vembanad lake and its
quality and the sea water that enters the lake by tidal
action when the water level in the rivers fall. Over the
years an ecological balance has been struck with the
plants and animals both on land and water, providing
favourable environment for each in a phased manner.
The rivers flow full throughout the monsoon period from
May to December. By mid December the river flow
dwindles paving the way for entry of sea water through
the Vembanad lake and progressively spread throughout
the Kuttanad region. The Thanneermukkom salt water
barrier constructed in the Vembanad lake, since its
commissioning in 1974, has become an integral part of
the Kuttanad, playing a dedisive role in the Kuttanad
ecosystem. The barrier is scheduled to be closed by
mid December at the time of high tide, retaining
maximum fresh water in the region, to prevent salt water
intrusion and opened by March 15th every year.

The Kuttanad region occupies an area of 1157 sq.km.
It comprises of 66048 hectares of wet land, 31036
hectares of garden dry land and 18623 hectares of
water spread like lake, and back water. Among the wet
tand 53639 ha are identified as Punja land and are
distributed among 1086 padasekharams where rice is
cuttivated. : '

Based on the incidence of flood submergence, saline
water intrusion and soil acidity, the whole of Kuttanad
can be dlineated into seven agro-ecological zones viz.
1. North Kuttanad 2. Upper Kuttanad 3. Lower/Mid
Kuttanad 4. Kayal land 5. Coastal Kuttanad 6. Vaikom

- kari 7. Purakkad kari.

The core of the Kuttanad region consists of two separate
deltaic formations; one at the confluence of the three
river system, namely Achencoil, Pampa and Manimala
and the other formed by Meenachil river located to the
North of the former.

The deltaic formation of the three river system, in the
basin gradually slopes down to the Vembanad lake and
merges with it. Hence the flood incidence and
submergence affects the various parts of the delta
formation differently. Maximum impact of the flood is
felt in the region dose the upland, identified as the
‘Upper Kuttanad', since there is only limited land area

" to contain the flood waters. The flood hazards will be

minimum in the area adjoining the lake and back waters
because of the vast land area available to spread out
the flood water. This area is delineated as the Kayal
lands. The reverse of this is true with the salinity
hazards, Upper Kuttanad being farthest from the lake
and back water system experience the least salinity
hazards, where as the kayal lands will be severely
affected. The area in between the upper Kuttanad and
kayal lands is subjected to moderate impact of both
flood and salinity and is termed the lower Kuttanad or
mid Kuttanad. The upper Kuttanad, Lower Kuttanad
and North Kuttanad together forms the Karappadam.

The deltaic formation of the Meenachil river is located
to the north of former delta, separated by the kayal
lands. This region is subjected to both salinity hazards
and flood submergence and is known as the North
Kuttanad.

The area lying to the west of these two deltaic formations
is formed of undecomposed organic matter and has
intense black colour and high acidity. Since these area
lie closer to the sea, it is subjected to saline water
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intrusion, These soils are called Kariland. Karilands
are located to the North and South of the
Tahnneermukkom barrage. The'Valkom-Vadayar kari is
located to the North and Purakkad kari to the South.

The sand dune formation overlaid on clay and silt, that

separates the deltaic formation and back water system .

from the sea is known as the coastal Kuttanad.
Rice cultivation

The main crop in Kuttanad is known as Punja, and is
raised from September-October to lanuary-February.
The second crop that is taken during the Virippu season
from May-June to August-September is known as
additional crop and is normally limited to less than 30%
of the Punja area because of the risks involved.

Punja lands are devided into identifiable homogenous
physical entities called 'Padasekharam’ or polder. The
punja lands of Kuttanad are classified in to three
categories viz. Kayal land, Karappadam and Kariland
with reference to elevation, geographical formation and
soil characteristics. Karappadams are situated along
~ vith the waterways and constitute the lower and eastern
reaches of Kuttanad, occupying about 33800 ha. The
kayal lands are recently reclaimed lands from the
Vembanad lake and lies 1.5 mto 2.5 m below mean sea
level and is spread over 8100 hectares.

~ The karilands are peaty and marshy in nature and has
an area of 9400 ha.

The land preparation starts soon after the harvest of
the previous crop. The fields are ploughed twice and
waterisletinto the field. During the South West monsoon

period, the padasekharams will be flooded to a depth of

2 m or more, often submerging even the outerbunds.
Then the whole area looks like a sheet of water. At the
commencement of the cropping season in September-
October, water from the field is bailed out using a spedal
pumping device called 'Petti and Para’. 1t is an axial
flow pump with [ow head and high discharge. The field
bunds and channels are also repaired.

Women labourers are employed for the removal of
undecomposed organic residues and the water weed
. named ‘Payal' from the soil surface and the scil prepared
to a fine puddle and levelled by hand. Germinated seeds
are sown on the prepared land either on a drained
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surface or into a shallow depth of water, which is drained
the next day. The field is maintained as such till small
cracks develop on the soil surface. Then water is let in
and the soil is fiushed.

Nutrients (N and K} are applied in 3 equal splits, viz:-
1st at the time of letting in water 2nd at active tillering
and 3rd at pamide initiation stage. P is applied in two
equal splits in water soluble form and completed before
the active tillering stage.

The fertilizer recommendation is 90-45-45 kg/ha of N,
P and K.

The weedicide 2,4-D is regularly used at 15-18 days
after sowing {DAS) to control sedges and broad leaved
weeds. [tis followed by thinning and gap filling around
20-25 days after sowing.

Fields are drained one day before application of
fertilizers and weedicides and reflooded 12 hrs after
fertilizer application and 48 hrs after weedicide
application.

CONSTRAINTS
1. Soil acidity

The soil acidity is inherently high in Karappadam and
Karilands. Liming is to be practiced where soil pH is
below 5.5. Lime @ 600 kg/ha is applied in two splits,

- one at basal and the other one month after the 1st

application. Occasional flushing with fresh water, without
affecting the fertilizer use efficiency is the cheapest
and easiest way to control soil acidity. -

2. Salinity

The Thanneermukham barrier protects the area south
of it by cutting the sea water, from entering into the
kayal. Salinity hazards are to be avoided by timing the
cropping period well within the safe peried.

3. Weed problem

Sedges and most of the dicot weeds are effectively
controlled by 2,4-D. But the grassy weeds, espedally
the Echinochloa and wild rice can not be effectively
controlled by the available herbicides. Hence the cultural
method of weed contro! called ‘Stale seed bed
preparation’ is practiced. in this method the weeds on



the soil surface are allowed to germinate and grow.
Later these weeds are killed by profonged deep
submergence, for 3-4 weeks. Then thé soil is drained
organic residues removed with minimum soil
disturbance. Germinated seeds are sown on the seed
bed to get a weed free crop.

4. Lodging

The direct sown crop usually have poor anchorage and
. hence are liable to lodge. Proper draining of water

during active tillering stage of the crop provide deeper
roots and more number of tillers.

5. Grain loss due to field germination of crop

Usually the harvest period of additional crop encounters

. rainydays. Lodging occurring at this period will induce

germination of paddy especially when varieties with no-
dormant seeds are used. Moncompu varieties Arung,
Makom, Uma and Revathy have seed dormancy and
hence are best suited for additional crop season.

©),
1y,
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Management of Problem Soils of Onattukara tract

Sri. N. R. Nair

The Onattukara region falls in Quilon (Karunagappally

Taluk) and Alleppy (Mavelikkara and Karthikappally

Taluks) districtsaf the State. The total geographical area
 of this situation is 722km®. ltis bounded on the Southern
* side by "Neendakara Azhi" and Ashtamudi lake, on the
northern side by Thottappally Pozhi and Kuttanad
region, on the eastern side by midland laterite belt and
on the Western side by Arabian sea. This situation had
a plain level tapography.

in olden days this region was considered as Onam -
oottukara (meaning ushering plenty). But now it has
become an area of low productivity with many constraints
limiting production.

Onattukara enjoys warm humid climate. The mean annual
rainfall is 2032mm. About 40 percent of the rain is
received during the south-west monsoon period. The
average maximum and minimum temperature in the
situation are 30°C and 25%C respectively.

Onattukara region is mainly located on the coastal belt
and it consists of recent sediments of sand and sandy
loam. The soil is classified as Onattukara alluvium. The
water table is 4.5 metres below the ground level in
uplands, and 1 to 2 metres below the ground level in
the lowlands during summer period.

A typical soi1 profile characteristics of the situation is
given below:

 Typifying pedon cultivated Pallipad SandyLoam

+ Horizon Depth(cm.) Description

4, Range in Characteristics

The depth of the soil ranges from 40-80cm. The surface
texture varies from sandy loam to sandy clay and colour
varies from dark brown in hue to YR, with values [to 3
and chroma 3. The structure of the layer varies from
weak, medium, granular to sub angular, blocky.

The texture of the sub surface layers are genera-lly
sandy loam. The colour varies from very pale brown to
yellowish brown in hue 10YR with values 6 to 7 and
chroma 5to 6. Struciure of the layer weak to moderate,
medium, sub angular, blocky. Soils have moderate
permeability.

5. Land use pattern

The total extent of low land in the situation is 28340 ha
which forms 11.3% of the net area sovn in Quilon and
Alleppey district. Rice is raised in the lowlands during
‘Virippu' and ‘Mundakan'’ seasons, Sesamum is cultivated
in the paddy fields during summer seasen utifis ng the
residual soil moisture. In the uplands two framing
situations can be identified. Coconut based farming
system isin vogue in the garden lands. There s a special
type of land called ‘Tharas', which are situated in
between the lowland and upland in which mixed cropping
of the annual crops is done.

6. [rrigation

The cultivation in the situation depends upon rainfall
during the South West & North East monsoon. The
spread of the monsoons is erratic causing scarcity of
water during the summer period. Pampa and Kallada

1 0-20 Dark brown 10YR 3/3 sandy projects in Quilon Districts, on commissioning was
_ loam. Weak-medium- opanular envisaged to irrigate 20,000ha. in this situation.
loose non stickly and non plastic -
fine roots plenty, moderately 7. Land holding pattern, population and Socio-econamic
rapid permeability, clear
smooth boundary. Characteristics
2 20-55 Very pale brown {l0 YR 7/3) The population in the situation is 10.9 lakhs which is
sandy day loam, weak medium, distributed in the different taluks (1981 census).
sub-angular blocky, very friable, -
slightly sticky, non-plastic, Taluk Popuiation Growth rate
moderate permeability, gradual Karunagappally 377181 1744
wavy boundary. Karthikappally 364357 10.24
3 35-70 Soft laterite mixed with soil. Mavelikkara 352894 9.18
, CROP RESOURCE MANAGEMENT IN HUMID TROPICS 117



Seventy seven pef cent of the poplulation depend upon
agriculture. The per capita land availability is 0.13.
The cultivators possessing land in the range of 0.5 to 1
ha comes to 131470 and only 9960 cultivators own
more than | ha of land. The density of population in the
situation is 1493/km? which is more than double the
state average. The literacy is 74.4% which is much
higher than the state average (69.1%).

8. Major crops and cropping paﬁerns [ systems

The situation faces shortage of water in the early autumn
(virippu season}, floods during the latter period of the
virippu and early winter seasons (Mundakan) and again
waterstress during the summer months. A sesamum
crop is therefore taken after autumn and winter rices
utitizing the residual moisture in the fields.

8. Cropping systems

1. Low lands (wet lands) - Autumn Rice (Virippu)
Winter rice (Mundakan) - sesamum in summer

2. Uplands (Garden land) - Coconut as the main crop
Arecanut, Fruit crops as mixed crop. Banana, Cocoa,
Vegetables and Yams as intercrop.

3. Upland (Thara lands) - Banana, Tapioca, Pulses,
from September-June.

Autumn rice is taken in about 26480 ha during April to
‘August. The average yield for modern rice varieties is
. 2752 kg./ha and for local varieties 1735kg/ha. The

coverage of modern varieties during the season is 75%.

The popular varieties are Ptb-23, Pavizham, Onam,

Bhagya, lyothi, Red Triveni etc.

Winter rice (Mundakan) is taken in about 28340ha.
The average production during the season, 2149 kg/
ha. The modern varieties are grown in about 5% of the
area during this season. The varieties used for the season
are ptb.20, Lakshmi, Dhanya, Sagara, Ocrumunndakan
ete. During the summer months a sesamum crop is taken
in about 7427 ha. Kayamkulam-1, Thilothama, Tilak,
Thilathara etc. are the popular varities.

10. Adoption pattern and production constraint

The main constraints that limit rice production in the
situation are intermittent floods during the monsoon
and severe drought during the summer months,
Frequent floods and impeded drainage make difficult
the application of inorganic fertilizers to virippu crop.
Thereis lack of drainage due to the conversion of paddy

lands and blocking of canals by roads. This can be tackled
only by creating awareness among the farmers on tha
need for providing drainage system for each field.
Flooding during the later stages of the first crop and
early stages of the second crop creates many problems
that reduce the yield drastically. Harvesting of the first
crep is mostly done in standing water and lodging
varieties poses many a problem. Hence farmers are
advised to qo in for short varieties of rice for the first
¢rop. So also the second crop being transplanted the
seedlings should be sufficiently tall enough to overcoma
the flood during the early 'stages. The farmers are
advised to cultivate tall varieties of rice during this
season. So also the lack of rain during the early stages
of the first crop and later stages of the second cop is
another production constraint,

The low productivity of the Onattukara agro-dimatic
zone can be attributed to the low organic matter content
of the porous sandy soil, resulting in low Water holding
capacity. The soil is low in nitrogen and potash status
and medium in Phosphorous content. The organic
carbon content of the soil is also low. Application of
organic manures to these soils is indispensable to
improve the soil structure and nutrient status. The non
availability of organic manures and their productive cest
prevent full adoption of the technology. The clay fraction
of this soil ranges from 4 to 10% which shows that the
nutrient retention and water holding capadity of these
soils are low.

In Onattukara, since the cropping intensity is 300%
with two rice crops and one sesamum, there is no time
gap for growing a separate green manure crop insitu
and incorporating itin the field. Alley cropp-ing of these
green manure crops can be practised during Kharif and
Rabi. An alternative is to grow green manure crops
elsewhere in the garden lands which is mostly coconut
garden and incorporate it into the standing crop before
transplanting, Vermicompost and coir-pith compost cen
also be successfully used as an alternative to FYM.

Micro nutrient defidendies and Fe toxicity is seen in
some pockets of Onattukara. Varities tolerant to iron
toxicity has to be screened out. Management practices
to reduce the ill effects may also be adopted. Suitable
technologies like use of slow release fertilizers, deep
placement of fertilizers, foliar nutrition, use of
nitrification inhibitors etc. have to be developed for
manuring the crop during adverse situations. The
inorganic fertilizers should be applied in as many splits
as possible taking into account the high leaching loss of
the sandy loam soil.
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Enriched compost preparation

Dr. M. Suharban

Compost is the end product of aerobic decompasition
process known as composting in which organic matter
are decomposed by micro-organisms.

Coir pith
Aftér the removal of coconuts, husks are used for

manufacturing coir. During the process of coir
manufacturing fibre dusts along with baby fibres of varied

dimensions are rejected out. On an averace from
10,000 cocenut husks, one tonne coir and onz tonne
coir wastes are okizined. This coirpith is heapedin and
around coir industry and along road side in huge maunds
which results In sciid poliution of the environme:t.

Coirpith -contain zn appreciable amount of Lignin,
Pentosan and Hexzsan compounds which are resistant
to degradation. Besides this it also contain mecro and
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. micro nutrients. A technology to compost this waste
material and convert the same into manure is described
here under.

Materials required

Coir pith One tonne

Urea ‘ 5kg
Oystermushroom spawn 5 bottles @ 250 gm each

~ Select a shaded place having 5 x 3 m dimension. First
spread 100 kg coirpith uniformly in this place. Then
spread one bottle of Pleurotus sajar caju spawn on this
i and cover this with second layer of 100 kg coirpith. On
 the surface of the 2nd layer spread one kg urea uniformly.

. Repeat this sandwiching process of one layer of coirpith
*with mushroom followed by another layer of coirpith
- with urea upto one,metre height. Sprinkle water now
. and then to keep the moisture Jevel approximately to

CROP RESOURCE MANAGEMENT IN HUMID TROPICS

200 per cent. Allow the heap to decompose for 1%
months,

Due to composting the coirpith is being converted into
agood manure. The lignin content is drastically reduced
from 30 per cent to 4.8 per cent. The next important
change that occur is the lowering down in C:N ratio from
112:1 to 24:1.

Due to these changes and content of macro secondary
and micro nutrients this composted material act as a
good source of organic manure and improves crop
growth. -

Coirpith has got the unique property of absorbing and
retaining moisture to about 500-600 per cent. Further
it improves the water infiltration rate. It increases the
moisture retention capacity of the soil which
approximately accounts to 12 per cent. ltalso prevents
the crack formation in heavy textured soils. Results of
experiments conducted in chillies, brinjal. and tomato
showed increased yields.



Layout and Worlzing’ of micro irrigation systems

M. S. Hajilal

I. Micro irrigation

Micro irrigation or Drip irrigation, as it is popularly
known, is the most efficient irrigation method in areas
with water scarcity and salt problems. It is a method of
watering plants frequently and with a volume of water
approaching the comsumptive use of the plants, thereby
minimizing such conventional losses such as deep
percolation. runoff and soil water evaporation. Thisis a
method of irrigation which is characterised by the
following features:

Water is applied at a low flow rate

Water is applied over a long period of time

Water is applied at frequent intervals

Water is applied directly into the plants root zone
Water is applied via a low pressure delivery system .

Do

In this method, irrigation is accomplished by using small
diameter plastic lateral lines with devices called emitters
or drippers at selected spacings to deliver water to the
soil surface near the base of the plants, The system
applies water slowly to keep the soil moisture within the
desired range for plant growth.

Crops like coconut, banana, sugarcane, papaya, guava,
vegatab1es and most other types of fruit frees have
been found to respond well to drip irrigation.

Il. Components of drip irrigation system

A drip irrigation system consists essentizlly of a main
fine, submains. laterals and emitters. The main line
delivers water to the submains and the submains into
-the laterals. The emitters, which are attached to the
laterals distribute water for irrigation. The mains and
submains are usually made of PVC materials and laterals,
microtubes and emitters are made of LDPE. PVC/LDPE
material is preferred for drip system as it can withstand
saline irrigation water and is also not affected by
chemical fertilizers.

The total irrigation system has the following
components: '

awater source
a pumping unit
a fertilizer unit
a flter unit

¢ ¢ ¢ O

+ main lines, submains and laterals
< microtubes, drippers/emitters.

Ill. Design and layout considerations

The following general information are required for the
design and layout of a drip irrigation system,

1. Watersource

The source of water is usually a well, a tank or an
overhead tank.

2. Types of crops

Different crops require different plant spacings and
irrigation requirements. The generdl layout of the system
and especially the emitters will depend on the type of
aop.

3. Topographic condition

It is necessary to know the general land slope to
determine the size and location of the mains and
submains. Pressure compensating type of drippers are
recommended for sloppy lands. '

4, Soils

The soil infiltration rate, water holding capacity, texture,
structure and bulk density must be known for selecting
emitter type, determining spacing and setting up
irrigation schedule.

5. Climatic records

The climatic records will show when and how often an
irrigation is needed in various seasons of the year.

Based on the above mentioned information, an econpmic
system is developed to provide:

Main line design
Submain desin
Lateral design
Dripper details
Filtration requirement

* ¢ ¢ ¢+

Consideration for PYC main and submain

The length and dimensicns of main and submain depends
mairily on the location of available water source, areato
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be irrigated and the water requirements. Basic flow
equations in hydraufics are to be considered for working
out proper dimensions of the mains and submains.

Consideration for lateral design

Because the drip lateral is such a significant component
in regard to pressure variation, proper evaluation of
frictional head loss in the lateral is essential to achieve
optimum uniformity for emitter characteristics.
Considerations for design are:

1. Evaluation consideration

2. Multiple outlets

3. Frictional losses in lateral

4, Emitter discharge versus pressure performance

Consideration for Dripper Selection

There are numerous varieties of drippers available. An
ideal or perfect emitter would meet the four folloving
objectives:

i) Should be compact, serviceable and inexpensive
ii) Should have relatively low discharge
iii) Should not vary significantly with pressure
iv) Should have alarge cross sectional area to avoid

clogging
Considerations for Filtration Requirements

Clogging of drippers or emitters has been a ma.jor
problem in drip system performance. This can be due
to:

i} presence of salts in water.
ii) suspended inorganic clay, silts, etc,
fii) presence organic matters (algae, weeds, bacteria
etc.)

There are two types of filter system commonly available,
they are:

1) Screen Mesh Filters

A sceen mesh filter is useful primarily for removing
inorganic particles in water containing significant
amount of organic matter. Accumulated particles in
screen filters require frequent flushing.

2) Sand filters

Sand media filters are most effective in the removal of
suspended inorganic and organic particles from water.
These filters are capable of extracting and retaining

CROP RESOURCE MANAGEMENT IN HUMID TROPICS

large volumes of suspended soilds while continuing to
deliver the rated flow of filtered water.

IV. Maintenance of the drip.system

Periodic preventive maintenance is the key for the’
successful working of microirrigation systems.

1) General Maintenance

a) Check emitter functioning, wetting pattern and zone,
leakage of pipes, valves, fittings etc.

by Check the placemient of drippers. If the placement is
disturbed, put the drippers in the proper location.

¢) Check leakage through filter gaskets in the lids.
flushing valves., fittings etc.

2) Filtercleaning

Filter failure will lead to the clogging of the entire system.
For sand filter, back-wash it daily for five minutes to
remove the silt and other dirt accumulated during the
previous day's irrigation. For the screen filter, open the
flushing valve on the filter lid so that the dirt and st will
be washed out. Open the filter and take out the filter
element. Remove the rubber seals and clean the filter
element from both sides.

3) Submain and Lateral Flushing

To remove the silts and accumulated particles in
submains. frequent flushings by opening the flush valves
fitted in submains are to be carried out. The lateral
lines are flushed by removing the end stops.

4) Chemical Treatment

Chemical treatment commonly used in micro irrigation
systems include addition of chloride and\or add to the
water supply. The frequency and the rate of the chemical
treatment is to be finalised after conducting detailed
water analysis.

Acid Treatment

Hydrochloric acid (HCl) is injected into drip systems at
the rate suggested in the water analysis report. The
acid treatment is performed till a pH of 4 is observed at
the end of lateral lines, After achieving a pH of 4 the
system is shut for 24 hours. Next day the system is
fiushed by opening the flush valve and lateral ends.

Chlorine Treatment

Chlorine treatment, in the form of .hleaching powder is
performed to inhibit the growth of microorganisms like



algae and bacteria. The bleaching powder is dissolved
in water and this solution is injected into the system for
about 30 minutes, Then the system is shut of for 24
hours. After 24 hours the [ateral ends and flush valves
are opened to flush out the water with impurities.
Bleaching powder treatment is also useful for clearing
salts/slimes created due to bacterial acticn on iron and
sulpher. Copper sulphate is also good for inhibiting
bacterialfalgae growth but water with copper sulphate
is very toxic and should not be consumed by humans
and animals,

V. Advantages of drip irrigation

a) water saving { 30% - 70%)

b) high water application efficieny, upto 90%
c} higher yield

d} lessweed growth

e) operates onlow pressure

f} less labour requirement for operation

q) application of fertilizer along with water
h} reduces salt concentration in root zone

i) best suited for widely spaced crops

j) reduces soil erosion

V1. Disadvantages

a) high initial investment

b) requirement of clean water

¢) dogging of the emitter tubes

d) requires proper maintenance

d) poor water distribution efficiency on steep slopes.

VIi. Cost analysis

The cost analysis for one hectare coconut garden is
given below. This i only a guideline to work out the
expenditure incurred for the installation of a drip system.
The actual cost may vary with the water source available,
the nature and shape of the field and the type of crop.

It is assumed that

(i) the shape of the field is rectangular (200m x
50m),

(i) water source is 150 m away from the field,
(iii) submain line is given for 50 m length,
(iv) 200 coconut palms are there in the field and

(v) 4 drippers are provided for each palm.

Filter unit ¢ Rs.  1500/-

Main line, 40 mm PVC (150 m)

@Rs. 40 perm ‘ : Rs. 6000/
Submain, 25 mm PVC (50 m)

@ Rs. 30 perm ¢ Rs. 1500/
Control valves, 4 nos.

@ Rs. 350/- : Rs.  1400/-
16mm LDPE lateral (1500 m)

@Rs.Bperm : Rs.  9000/-

3mm microtubes (1200 m)
@Rs.2perm : Rs.  2400/-

3mm pin connector (1200 nos.)
@Rs.1 : Rs.  1200/-

Drippers, (800 nos.) @ Rs. 2.5 : Rs. 2000/

~ Other pipe fitting accessories

(bend, coupling, end caps, flush

valveslateral connectors etc.)  : Rs. 3000/
Installation charges

{labour & supervision) : Rs.  2000/-
TOTAL : Rs. 30,000/~

@
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Internet Surfing'

P. Sanjeev

Introduction

Internet is popufar among scientists and is probably the
most important scientific instrument of the late
twentieth century. The powerful sophisticated access

that it provides to specialized data and personal .

communication has sped up the pace of scientific
research enormously. It has become a forum for human
communication in wide variety of disciplines ranging
from computers, medicine, bioscience, social science
etc.

1. Internet

1.1. History

In a remarkably short time, the Internet has evolved
from an academic curiosity to a mass medium. It has
been heralded as the basis of economic salvation for
developing countries, as a new scholarly communications
system and even as an entertainment alternative to
television.

The earliest experiments in what later became the
Internet~began in 1966 with the United States
Department of Defence Advanced Research Projects
Agency (DARPA}. The first nodes in the resultant
ARPANET were created in 1969. In 1977, the TCP/IP
(Transmission Control Protocol / Internet Protocol)
protocols that underlay the Internet were demonstrated
for the first time. In 1986, the National Science
Foundation (NSF) created the first NSFNET backbone
and allowed regional networks, mostly supporting
universities, to feed into the backbone. By 1990, the
Internet was supporting commercial activities. Even
after all this growth and development, some basic TCP/
IP protocols remain in use and still serve to unify the
Internet. in March'1989, the first World Wide Web (WW\WY)
proposal was elaborated and dirculated at the European
Laboratory for Particle Physics (CERN) in Geneva,
Switzerland, and in November, 1990 the first prote-
type web browser was created.

2. Uses
Internet is a world-wide collection of computers. Each

computer is a treasury of information compiled by a
number o

CROP RI

1. Exchange E-mail with any of the tens of millions
of people with E-mail addresses. There are
estimates that about 40 million pecple are on
the Internet.

~2. Search for, retrieve, and read literally millions of
files stored on computers throughout the world.

3. Searchfor and bring to your computer, shareware,
freeware and commercial software.

4. Searchdatabases of governments, individuals and
organizations for files on tens of thousands of
topics.

5. Join specific topic-oriented discussion groups

(known as news groups, about 15,000 to 20,000
of them are there}.

6. Send and receive program data files such as
desktop publishing files, spreadsheets, CAD files
or word processor files, which you or the receiver
can immediately start to work on.

7. Send or receive sound, animation and picture fies
fromvery distant places )

8. Set up temporary or permanent discussion of
work-eriented groups.

9. Browse through resources of private or public
information services that are on the Internet.

10. Communicatein real time, with others connected
to the Internet. :

11. Browse and search 'Catalogues’ of goods and
services, and purchase items on-line.

12. Conduct test marketing
13. Distribute { read electronic publications
14. Sell products and services

Enumerated above are some of the uses of the Internet,
which are commonly known at this time. These are like



3. Surfing

The important thing to realize is that the Internet
permits almost anything. There is in fact goldmine of
information available but problem is knowing what is
where and how to get at it. To a novice, it seems wildly
exciting at first to have a huge array of ‘hits’ to be
scanned. Theworldis at one's feet with a few keystrokes.
When he goes through the ‘hits’, he may feel that
eventhough it is interesting, it is not exactly what he is
looking for, There are usually two result of most searches
performed.

0  One finds something wor thwhile

O Onedoesnot

The latter happens because people do not know how to
search or people are not able to clearly state what they
want.

Searching the net is like searching a library. We can
either browse the library or search for a specific book by
its author or title or by subject. The subject search is
very useful in libraries because of the subject wise order
followed in libraries. But most areas in the web have
not been in an organized manner. Internet is thus a
huge unindexed uncatalogued library.

Internet is not a controlled institution. Mo ‘publisher’
checks for the authenticity of contents. So there is no
guarantee that everything found through the net search
is of value or authentic. Everything on net is not free.
There are some areas which requires payment. URL's
move or change so also the contents. So one finds
today may be difficult to find tomorrow if the site manager
has decided to change the page. Remember, internet is
a great reference source, if searched properly and with
a recognition and awareness of its limitations.

In the web, a search is usually done by putting in a key
word in a search box and getting hits. When the computer
retrieves documents on_the search terms, the hits
contain documents which contain the terms. The
documents may or may not be about the exact search
term because the search engine pulls out and ‘ranks'’
the retrieved documents by the number of times the
word has appeared.

Surfing the net is not easy, there:is a lot of junk out
there, and it can be frustrating to sift through it all.
There are many variables in a web database, and
different types of searches demand different types of
web databases. We can't use the same database for all

of your searching just like we can't use the same reference
baok for all of your questions. You need to select the
proper tool for your searches.

4. Search engines

Web databases, commonly known as search engines or
web directories are currently the most useful way to
search the internet. A web database is an organised
listing of web pages. [ts like the card catalogue that we-
might find in the library. The database holds a surrogate
(like title, holdings etc.) for each page. The creation of
this surrogate is called indexing and each web database
doesitin a different way. Web data bases hold surrogates
for anywhere from 1 to 30 milion web pages. The
program also has a search interface, which is the box we
type words into or the lists of directories we pick from.
Thus each web database has a different indexing method
and a different search interface.

The internet provides a link to many valuable
information scurces with no centralised database for
organisation and searching. Many individual web
databases and their attached search engines accessible
through the World Wide Web compete to provide subject
and keyword access to information available through
the internet. These databases are created by both
humans and automatic computer programs called
‘spiders’ or 'robots’. As thereis no standard (like AACR
followed in libraries) for descriptions of web pages, each
engine provides access in a unique way to a different
database.

The major search engines used in finding out Internet
resources are the following. '

4.1. Yahoo {http://www.yahoo.com)

Afew years ago, Yahoo took on a hip status as the first
place to go to look for something on the web and the two
graduate students who created it have become big time
Internet entrepreneurs. Yahoo has been enhanced,
expanded, enameld and was the first to establish itself
as an Internet Home Companion. Yahoo now offers
Yahooligans for kids and even publishes a magazine in
paper. Yahoo features extensive categories and sub-
categories and under sub-categories. The search engine
finds a simple, easy and straight forward way to locate
web pages others find it a bit tendious espedally since
Yahoo suffers from being lethargically slow to up-to-
date its links. The slowness comes in part from the size

of Yahoo's database and the way it was created Yahoo

relies mainly on user submissions both to add finks.

CROP RESOURCE MANAGEMENT IN HUMID TROPICS


http://www.yahoo.com

And remember that the description of the sites were
created by the people who maintain the site, not from
and independent reviewer at Yahoo.

4.2. Altavista {http://vww.altavista.com)

Itis one of the largest and most popular search engines

of today. It indexes every word on every page of the
records in its database. The searches are exhaustive
and may produce too much rather than too little. So it
is better to use Advanced Search Page for finding exact
matches. Ask Alta Vista is another option. It borrows
technology from ‘Ask Jeeves' that asks for a question in
our own words. Alta Vista's help screen describes many
other search tips. One search techniqueis searching by
the link label.

4.3. Excite Netsearch (http://www.excite.com)

Excite's web searching database is huge, if not quite as
enormous as same of its competitors, and its main page
offers as many extra services as any of the Internet
Home Companions. If we search AOL Net Find or
Netscape Search, we are really using the Excite search
engine.

4.4. Hothot (http://www/hotbot.com)

Hotbot is a comprehensive search engine with an

_enormous database and has a unique menu driven search
system for adding predsion to the searches. Its expert
modes permit us to modify our search even further with
such limits as media types, type of page, or locaticn. fts
direct hit feature anafyzes millions of previous searchers
and presents results based on what sites people have
selected most often after doing similar searches. Hotbot
is powered by ‘Inktomi" which began as a research
prototype database at the University of California at
Berkeley.

4.5, Lycos (http:/fvrww.lycos.com)

One of the oldest and still one of the most precise web
indexing tools. It doesn'tindex the full text of documents,
which may help with predsion, but that also means we
will usually get fewer results than similar searches using
Altavista and Hot Bot. The Lycos site has been
revamped several times since it went from a Carnegie
Mellon site to a commerdial venture. With its latest
major revision, Lycos was greatly improved with the
additional of Lycos Pro. With options to narrow a search
intelligently as well as allowing you to search for sounds,
pictures, or its choice of ‘Top 5 %’ sites.
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4.6, Infoseek (http://wvav.infoseek.com)

This resource both basic and advanced search modes,
plus a directory of channels which serves as a some
what yahoo subject index. Its basic search mode gjves
us more hand-holding. ‘Once we produce a list we can
narrow our search by doing a follow-up search within
the first one. One nicé feature of Infoseek is a separate
page for some spedal searches : images, sites, links
URLS." In addition to its simple search mode, it offers,
‘Ultraseek’ which is supposed to be bigger, faster and
more advanced than'its competitors. A special feature
of Ultraseek is the abzity to enter a queryin plain English.

5. Using a search engine
The four main steps in using a search engine :

1) translation from our search request into search
terms that we type

2) methods of combining the search terms to give the
computer more information about our search request

3) examining the results presented

4) re-searching if needed.

This cycle can be repeated as necessary until we have
found that which we arelooking for or we decide that we -
have exhausted the selection from this search engine
and we move onto another tool.

5.1. Translation of the search request into
search terms

A simple way to conduct a search request to search
term is as follows.

eg:- '] want to get production statistics of tuber crops’
and turn it into a search request. The burden falls to
the user to make their search request as simple and
specific as possible. Here are the steps to do that.

5.1.1. Think through the search request we have, and
vocalize exactly what we are looking for (Instead
of ‘I want to get production statistics of tuber
crops', expand your request to say ‘| want to get
country wise production statistics of tuber areps
espedially cassava'. Come up with as much detall
as we can about our search. To be successful,
we must be specific. Computers cannot read
anything from our tone of voice and will not add
in anything that's not there.


http://vmw.altavista.com
http://www.excite.com
http://www/hotbot.com
http://vrww.lycos.com
http://wvrw.infoseek.com

5.1.2. Break down our search request info its individual
facets. In this example facets would be
‘production’ “statistics’ and ‘tuber crops /
cassava'. If two of cur facets are similar, combine
them. This will simplify our search to focus on
the important ideas. . '

Once we have done this two steps we have the basics of
searching - a handfu! of very spedific facets, which if
combined, make up the whole of our search request.
However these are still something to consider, when
selecting our search terms. Never use articles, pronouris‘,

" conjunctions, prepositions, action:terms and modifiers
in your querties.

5.1.3. Synonyms

It will always help if we will come up with synonyms for
- each facet in our search request. The more synonyms
we can come up with for each facet, the better chance
the computer will have of matching our search request.
CAB Thesaurers is an effective tool in finding out
synonyms, homonyms in the subject of Agriculture and
allied sciences.

5.1.4. Homonyms .

We must be cautions of choosing words that have more
- than one meaning (fike China / china or Polish / polish).
The computer doesn't know the difference and can'ttell
the context of the terms. Just avoid these terms if at all
possible.

5.1.5. English dialects

If our word is spelied differently in our English and other
dialects of English (American, Britain, Canadian etc.)
we need to indlude all variations for,an inclusive search.
 Words like-cobr/colour or catalog/catalogue will allow us
to select pages from one country or the other. If we
“want pages from both countries, we will need to include
both spellings in our search. Similarly being aware of
different teras used will help us with successful searching.
If this is a concern, look at Britspeak, a UK-US and US-
UK dlctlonary for some help.

5.1.6. Truncation :

Trunction involves trying to look at multiple forms of a
word (like woman and women) we:can indicate this with
asymbel (for eg: wom*n). Search e'ngines have different
symbols for truncation. Some englnes fike Lycos only
ailow 'right truncation’ (for eg: ch1|d$for children, child,
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childlike, chiléhood). Try to use the simplest form of
each word in our search fzcet and use truncation

" symbols.

5.2, Combining search terms

By indicating a relationship between our search terms, -
we can help the computer ranx the pages in an order
that is more relevant to us. e can do this through

- phrase searching Boolean logic, pseudo-Boolean logic

and term weighting.

5.2.1. Phrase searching

This is the most powerful of the combination techniques,
and we should ahvays use it if possible. When we are
creating our search terms, if there are words that usually
go together in a phrase, we czn indicate that by placing
them in quotes.

-5.2.2. Boolean logic

This is placing the words 'AND', "OR" and *NOT" to indicate
a relationship between the search terms for the web
database.

'AND' — By putting the word ‘AND' between two terms,
we are tellng the database “| want to find pages that
have both of these terms. The page is not useful to me
if its only got one or the other™. :

‘OR’ — The term 'OR" is used to indicale a broader
search. In the example given above 'tapioca’ or ‘cassava’
we will get all records covering both the terms. Between
synonyms of the same facet we place ‘or’ and to combine
both facets in the same record we use ‘AND’ grouping

- by using parenthesis is also helpful in conducting

searches$ because it groups a facet. Most search engines
automatically put (and / or) between each search term
we enter, if we do not specify 2 connector. This helps al
of the entries first that contain all of the search terms,
and then listing those that contain some of the search
terms. A disadvantage to thiss that we might not know
when entries stop matching alf of the search terms.

‘NOT' — NOT can be used in specific circumstances,

" such as given us away to use a homonym. If we want to

look up things that are Polish (ie. from Poland) and we
do not want anything on ‘Shoe Pofish’ we can use (Polish
NOT Shoe). Notice that we should always use NOT in
parenthe5|s

In short, ‘AND' is used for the combinaticn of facets for

" narrowing search and ‘OR’is used in synonyms terms to

troaden searches.
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+5.2.2.1. Pseudo-Boolean Logic

Many of the search engines allow ‘natural language’
searching, which involves two symbols, + and - for
pseudo-bcolean operations,

If we include a + before a search term of a phrase, it
means that the term must be in all sites that are
retrieved. Itis very simifar to a Boolean AND. If we want
pages about an individual, such + ‘Micheal Johson'. We
would gather all of the pages with the phrase ‘Micheal
Johnson' on them, and then move the pages with the
other terms to the top of the list.

if we include '—' before a search term or phrase, it
means that the term should not be in all sites that are
retrieved. It is similar to the Boalean NOT.

5.2.3. Term weighting

By “Weighting' we are telling the search engine that
some terms are more important to us than other terms.
Different search engines have different techniques for
weighting.

If we have a higher number of synonyms for one search
facet, that facet will carry more 'weight' in the relevance
ranking. Thus if there is a facet of the search that we
feel needs to be brought out, enter more synonyms for
that term.

5.2.4. Advances operators

There are some additional Boolean operators that
provide more control than AND and OR. These operators
are less frequently used and are not all supported by
 search services with baric Boolean capabilities.

1) NEAR operator
2) BEFORE operator
3) AFTER operator

5.2.4.1. NEAR operator

Most search engines that support the NEAR operator
have a set value of a ten word maximum distance.

The NEAR operator is to ensure that your search terms
accur within the same sentence or same paragraph.

5.2.4.2. BEFORE and AFTER operators

This operators work in the exact manner as the NEAR
operator but we can specify which terms or phases need
to come first or second. In the case of BEFORE operator,
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the first term or phrase MUST occur before the secand
term or phrase within the specified word distance. In
the case of AFTER operator, the first term or phrase
MUST occur after the second term or phrase within the
specified word distance.’

Examples for searching the web

Request : | want to find pages on punishment of deaf
children in elementary school.

Facets - Punishment, Deaf,Children, Elementary School
Synomyms for Punishment : - Punish, Spank, Discipline
Synomyms for Deaf : Deaf, hearing impaired, mute
Synomyms for children : Child, children, youth, students
Synomyms for elementary school : Primary school

Here the possibilities of truncation arise ie.,

Punish*, Spank*, discipline*
Child*, youth, student*

Boolean construct

eg: (punish* OR spank* OR discipline*®) AND
(deaf OR "hearing impaired” OR mute) AND
(child* OR youth OR student) AND
(“elementary school” OR “primary school”)

Simpler Boolean Construct

eg: punish® AND deaf AND child* AND schoal (this is
similar and is easier to type)

Pseudo Boolean

eg: + punish*-+ deaf child* school

(This says we definitely want punish and deaf in there,
and then want stuff about children and school near a the
top of the list)

5.3. Examining the resuits

When we get our results, look at 50 listing - and if there
is nothing at all about our topic, try a different search or
a different search engine. The more time we spend on
terms selection and combination, the less time we
should have to spend on result analysis. When locking
at our results, glance at the weav addresses - pages with
similar addresses are probably from the same site, and
can be skipped over once we have seen the site. The
best type of page to look for is one that has other links
on the same topic. Another good term to look for is FAQ



(Frequently Asked Quéstions) for an introduction to a
topic. If we don't find what we are looking for, then we

-must either change our search or more to a different

database

5.4, Researching if we need

If we want to change the search; the best way to do so
is examine pages that are fike what we are wanting, If
we can find one page that's similar to what we are
looking for, read over that pages for phrases, synonyms,
or search facets we could add into our search. Many
times, other pages will jog our mémory for another term
to add. -

IFthe page selection we getis too'broad, we need to add
more terms with 'AND’, [f the selection we get is too
narrow, we need to remove search facets or change

. some AND's or OR's. If there are lots of articles on a

facet thatignore the other facets, remove some synonyms
from that facet. However the fewer search terms we
have, the more pages we will have to go through to find
what we want.

Some search engines such as Excite, Infoseek have a
button we can push to ‘find more pages like this one *,
By using this feature we can narrow down toa group of
relevant documents quickly. This is a good feature when
we are having a lot of trouble coming up with synonyms _
- if we can find one page we like, we can easfly find

others,

6. Conclusions

Search engines are the most common way to access the
data in a web database. The basic steps to using one
are : '

1) Specify and simplify the search request

2) Break the request up into search facets

3) Develop synonym for each facet

4) Create phrases when possibie

5) Link the synonyms for each facet together with OR,
and link the facets together with AND. -

6) Gothroughaleast 50 results before starting again.

~ 7) Use pages that are similar to the one we want for

new synonyms and facets to add.

@
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