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PREFACE

In ' . .
included t/iﬁjﬁﬁ;ﬁ/ﬁﬁéﬁfi tz'fl/e‘-ﬁOIl?ured'zTad;'t ion of the RGURY, this issue has
technology. The papers are th w’i[l a wide variety of subjects ranging from history to
on empirical studies. True t/iizfrz' vets of serious re:searcﬁ and most of them are based
them carry information which is lé papers are of high academic interest but some of

of high practical value.

The pape ; :
different confrnir;f?;?z}’ .’;\‘fzﬁrg hisa tnudy of the traditional agrarian practices of
iy fiow e tradisiont g ast India. Its specific thrust is shedding light on the
t0 preserve the enviromn l};fatct;ces create an agr?-environmeu tal symbiosis which tends
paper concludes, should 6 ntal resources over time. UL these symbiotic practices, the
agfo-en'm'ronme;z e : .tfd;ls'[@tec{ to tﬁ'e new technological regime in order to ensurt
spans the entire North Ea.:: ‘II ml{l . While the research concern of Majumder et at
being limited to Arunactial @rad tf:pap ors by Neogi and Saikia fiave a specific focts
inequality in the State. #is o Y Neogi's study is the growing socio-economic
with the district forming the f p-:m.c i not structuro-aggregative, rather it is spatiol
inequality in most oft/igff nit of analysis. The study shows a growing inter-district
e e've[opment md'zcators, sometﬁz'ng which is unp,»ece([gnted' mn

tﬁ S ate Weogisu 4 ] = ct ga t 58 ledu“‘
. gges L) tﬁat tﬁe mnter distfi ] :
4 ft ' ' . g p n ({e’VB&)p’nent mus .

Saikia’ ] - .
idont l.ﬁ.esatléf':‘;r:tz ;nul? is on the tecﬁno&?gzca[ induction in Arunachal a griculture. He
The paper by Ali co’:n[t ofuie a‘{‘-)p-tl?n of high yielding variety paddy in the state.
T e o S e et
. . . , /L sheds light £ ) ’
iction gl Yol oy st
e status of inflow of foreign investmeny in J ndia which Z‘g}:‘aafua[@ getiing

d’ ; ' .
more and more globalised. History comes alive in Singh's stud of the different types of

republics in ancient Indi ;
a. The paper by Lingfa carries technical information which

has a high practical utility — i
ty — it shows £
using non-edible vegetable oil, ot the problem of ruralenergy can be sofved by

Chicf Editor

Traditional Practices of Agriculturc in North East India and its Options for
Sustainable Management

M. Majumder', A. Arunachalam?, A. K. Shukla’*and R. Sarmah’

Abstract

The tribal farmers of North East India since immemorial have been using thousunds of
locally adapted genotypes of major and minor crops in their various traditional agricultural
practices. This region is the native home of about 160 domesticated and 325 wild relatives
species of cultivated crops. The yield and efficiency of different agricultural practices vary greatly
depending on crop composition and their management practices. The efficiency was found 1o
vary between 1.7 to 75.2 and 0.7 to 8.8 respectively from ecological and economic view point.

The maximum energy efficiency was recorded for Aji system practised by Apatani in Arunachal
Pradesh whereas, the Homegarden system of Karbi was found most efficient economically.
1Y

Introduction

The North East India, covering an area of 255083 km? of hills, valleys and
plateaus is ethnically and culturally very distinct from the rest of the country. The region
comprises seven states of which Arunachal Pradesh is largest with an area of 83743
km? and Tripura is the smallest with an area of 10486 km? (Table 1). The North East
India occupies 7.8 per cent of the total geographical area and is the homeland of 3.7 per
cent of the total population of the country. The diversity among ethnic groups (100
major tribes with many sub-tribes, indigenous and immigrant communities), culture,
topography (150 mslto 7300 msl)and environmental conditions (temperature varies
from below freezing point to 37°C, monthly rainfall from Oto 512.68 mm) has contributed

to the rich and unique biodiversity of the region. The remoteness and inaccessibi}ity has

contributed to the thinner population density (15 1 persons per sq km), which
facilitates the local people to maintain their traditional agricultural practice, agrobiodiversity
and knowledge. Shifting cultivation (slashand burn) s the traditional agricultural practices
of most of the tribes of the region. In shifting cultivation and other agro-ecosystem the
farmers maintain high species diversity, which contributes to the agro-ecosystem stability
(Ramakrishnan, 1992). With high crop diversity it would be possible to combine the
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E?:d mi‘;rsl?g;et:‘:d hﬁlrvestable food production with the need for maintaining high organic
o booom n::nces: systemasa Whol.e. Without this high organic matter production it
- oy ary to COnStal-ltly-mput costly inorganic fertilizers, which arc hard

come by and whose effectiveness in high temperature and heavy rainfall is questionable.

(324p eigﬁ:la;i.on (li(emnsng of the region is lower than that of the country as a whole
(31.18% durirI: ];qg] 22)’ ut the dccada! growth rate of the northeast is much higher
If this continuesg then s;n 01 )thﬂrle;a: the national rate of 21.35% (1991-2001) (Figure 1).
H{this continues then serous theats may vsittherichagrobiodiversity and sustainablil
to fo h dg.r cosystems of the risk-prone hilly region. Here an attempt is taken

cus on the diverse agricultural practices, their productive capability, strength of

agrobiodiversity, their traditional manage - : :
use strategies for the region. gement practices and the viable sustainablc land

Natural resource atilization and their traditional management practices in NE

finked land s ctviic for i vk amem dependent upon bodml
. eir concerns. The forest is an indispensable
g:ip?gzgte cr)fr:}::dr‘m.mntaﬁ:n societies of North East India, which provide supplgmcmaf}’
hous;hom 0} 1lc1;1’e,- e.l wood and gther livelihood resources. For example, cach
househ aboutpzc?p ¢ zllng in the adjoining areas of Namdapha national park collected
otal,about quintals of bamboo and timber, 52 quintals of fuel wood, one quintal
g . secundaleaves for roofing and one quintal of wild vegetables and med"cinal lants
uring the year 2002 ( Arunachalam et al., 2004). e

eool?at'caluralk;:i?lge utilizations of the lrac.litional societies are based on their traditional
o hﬁlman - ec%‘3(1131()- The mountain areas of Northeast have a variety of natural
for cultural ana:llagr ecosysterns, and even sacred groves or sacred landscapes protec
e re 1glous reasons. The sacred values of Mesua ferra, Ficus religiosd,
9.s;gmz scalolarls have })een recorded among the Buddhists of Srila’nka (Withanage
lamc)l}l a?care :se;);lﬁ :;ehe:/; that God will punish them if the natural habitat of thos¢
an sacred groves s cor:tf ¢ temple areas) s disturbed. Concept of the sacred values
et al.; 1998; Khumbongm on in Meghalayaand Manipur and are widely studied (Tiwar!
duri;g the \,Ninter and 30 :3:?;&122 l?:r)vge Peoplg harvest the forest products mostly
i arvesting made during the summer season. This
P“;‘:::; Of:a:’ est:ng Sh_OWs the traditional conservation mgethod. Mosetrosfthe species
?t? the thv egs tﬁ(:;ai: ;:g;g;z:’iiummﬂ season and the young shoots will be destroyed
; . g summer. Thus the indigenous people play rathet
unknowingly the conservation and natural regeneration practices tragitic?nal{;. ’
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-. Mid tropical plain (<200 m). The agro-climatic and socio-cultura
+ diversified the agricultural system

The complexities of a variety of agro-ecosystems maintained by traditional societies
are due to TEK-based biodiversity management, both in space and time. This forms the
basis for their ability to cope up with uncertainties in the environment and maintain a
sustained production level. The TEK of mountain socicties also plays a vital role in
conservation of crop diversity as well as soil fertility (Box 1). The spiritual beliefs and
cosmologies are playing a vital role in cultural aspects of natural resource management.
Indigenous knowledge of natural resource management about their environment and
manipulation for better needs were studied by Richards (1985). It shows that this
knowledge is not only a function of utility but also an intellectual process for the better
management of environment. For example, the village council of Changki village in
Mokokchung district of Nagaland has certain conservation-oriented measures to be
followed by the community (Choudhury, 1998). Some of the important measures include:

Conservation of 1and surrounding the village as Reserve Forest.
A ban on the use of fish poison (both chemical and herbal).
Not allowing the trapping of nesting birds.
Prohibition of hunting during the breeding seasons of animals, or of female
animals.

® Strictly prohibiting the cutting of edible, wild fruit trees.

Agricultural Practices

The northeast India falls under the agro-climatic sone-1I (Eastemn Himalayan
Agro-climatic region, as identified by the Planning commission, Government of India, in
1989) with five different agro-climatic zones, viz. Alpine (>3500 m), Temperate subalpine
(1500-3500 m), Sub-temperate (1 000-1500 m), Mid tropical hill (200-1000 m) and
| variations have

of the region. Jhum is the predominant form of

agricultural practice among the farmers of upland communities of northeast India and
ies practise jhuming.

" over four lakh families comprising almostall the major communiti
Average land holding under jhum cultivation varies from 0.16 hato 1.29 ha per family
and covers about 3,86,900 ha annually under this practice throughout the region
(Choudhury and Sundriyal, 2003). Mixed cropping with a fallow period of 3-10 years

is the main characteristic features of the system. However, fallow length of up to 60

years has been reported in remote areas and less than 3 years in the densely populated
lation pressurc there has been a shift

areas of the region. As a result of increasing popu

from more extensive to more intensive systems of landuse. Under shorter fallow agriculture
(1-2 years) the weed biomass is slashed in January and organized in parallel rows
covered by thin layer of soil and allowed to decompose. The crops are sown on these
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ridges in March. Double cropping is done in a year, one between March and June and
another between August and November (Mishra and Ramakrishnan, 1981). The

;(l)an;gosmon of crop mixture varies from communities to communities and from placeto

IactisedA]ﬂ:gng different §eﬁled _cultivation systems wet rice cultivation is predominantly
gradesh ugl{lout thehill terrain, both at low and high elevations. Apatanis of Arunachal
known a:{;“l’? ’ﬁl:f:‘)x?,pracunonc?rs of modi.ﬂed version of wet rice cultivation locally
on the bundi s;: arati ji’ system with a combination of rice and fish together with millet
and efficient a P | ing cach plot has been fefened to as one of the most productive
also practise %l’lzu tural systems of t’he region (Ramakrishnan, 1994). The Apatanis
of jhuming (hﬁ:?khdr}-, far(ljnm& growing millets, maize and vegetables and some extant
Arunachal Pradesh ml.l nd Ramaktishnan, 1950). The Monpas and Sherdukpens of
exclusively de enc,lp ain tnb'es and c-:om'mumtles of Assam, Tripura and Imphal valley
facilities mon(scr orf wet rice cultlva}tlon. In the valley arcas lacking water storage
where seeds are d.opplx ng as well as mixed cropping of scasonal crops are practiscd,
indigenous pe ]1 rectly broadcast instead of plantation as in wet rice cultivation- The
Arurachal PP ople resxd}ng in the adjoining villages of Namdapha national park in

radesh practise double cropping in this system. The first cropping is from

May to August using paddy an i
! y and maize, and the second fi wi
monocropping of mustard or any of the winter vegetable:Om Octoberto Jansay

order to gf;:ﬁ:gucl tfla‘;:rtllon 1\} ‘as introduced in the region by Government agencics in
labour (2478 MJ ha'! i :;S ;Omjhummg- However, due to higher input in the formo
inorganic fertilizer 60nk ; 1]r " }:’ear and 984 MJ ha"' during subsequent years) and
could not get wid s(60kgha'yr! N, 30kgha' yr! P and 30 kg ha' yr* K) this system
Pradosh (s svators o tability among the farmers (Ramakrishnan, 1992). In Arunachl
esh thus system was practised in small scale in Lower SUbansi,ri district (Gangwar

and Ramakrishnan, 1987) and i X
Meghalaya. )and in some parts (Bumihat, Shillong and Nayabuglow) of

Along withj .

home gardcn§ Vavxllt(li1 -]l)}llau:l"tlaa:?d valley Cuk.wat.lon systems somg secondary forms such 5
region. Throu,gh these the i?n crop cultivation are also practised by the farmers of the
effectively incorporated armer haslinked his family to forest ccosystem and als9
Gomestio sub-sytoms ofe:?llme}: husbandry. Thus agriculture, animal husbandry and
providing food, fodder, fuel evi l"?ge are all closely linked with the forest ecosystem
Home gardens arc.c > , Wooc!, tlmb?r, medicine and other day-to-day requirements-

omplex and highly diversified systems, an interesting Zgr:-ccosystcm
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from the point of view of resource management for sustainable agriculture (Gliessman,
1989). The home gardens have rich plant species diversity, dominated by woody
perennials and are stratified forming a multistoried structure and resemble natural forest.
In some of the areas with continued shortening of the jhum cycle, ashiftto plantation of
cash crops has evolved. Broom grass (Thysanolaena maxima) and bamboo
(Dendrocalamus hamiltonii) have been harvested from the wild or from cultivated
areas. Citrus species and Cinnamomum obtusifolium have been established frequently
with understorey of ginger (Zingiber officinale), banana (Musa sp.) o pincapple
{(Ananas comosus). Other crops recently introduced by the government agencies onan
experimental basis include tea (Camellia sinensis), coffee (Coffea sp), rubber (Hevea
sp) and cashew-nuts (Anacardium occidentale), etc.

With the help of Government and different development organizations the
traditional system and agroforestry has been modified recently. Land with 80-90% slope
and with soil depth greater than one metre has been brought under mixed cropping
system (e.g. agri-horti-silvipastoral system). The system comprises agricultural use of
the foot-hills, horticulture in the mid portion and silvipastoral crops in the top portion of
hill slopes. Counter bunds, bench terraces, half moon terraces and grassed ways are the
major conservation measures. But this system is slightly labour intensive. For instance,
about 190 man days per hectare is required (Verma ef al.,2001).

Status of agrobiodiversity and management practices

Agrobiodiversity is a fundamental basis for agricultural production and food
security, as well as a valuable ingredient of environmental conservation. The wide
variation in geo-climatic conditions and variations of agricultural and management
practices within the region have contributed torich diversity of agricultural crops. This
region is also rich in diversity of wild relatives of cultivated crops. Out of 355 wild
relatives of cultivated crops reported from all over India, 132 (37.18%) occur in this
region (Table 2), which indicates the richness of the area in terms of agrobiodiversity.
The northeastern Indian Himalayas is the centre of origin of more than 20 major agricultural
and horticultural crops (Vavilov 1950). This region is the native home of about 160
domesticated and 325 wild relatives species of cultivated crops (Upadhayay and
Sundriyal, 1998). The wild relatives of rice (e.g. Oryza granulata, O. rufipogon, O.
Jeyporensis, O. malampuzhaensis, and O. sativa var spontanea), Digitaria, Coix,
Panicum, Setaria, Elusine, Zingiber, Circuma, Cinnamomum, Elettaria,
Gossypium and of legumes (such as pigeon pea, rice beans, green gram, winged beans,
broad beans, Dolichos, and sword beans) are available in this region (Borthakur 1992).
According to an estimate of NBPGR about 50000 land races of paddy exist in India of
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Yvhich 5000inthe .north.eastem Indian Himalayas. The genetic diversity of rice is found
in our survey of tribal inhabiting in the far remote arca of Arunachal Pradesh, where

they are cultivating 41 different varieties in their diverse agricultural systems of which22 -

were upland varieties and 18 were wetland varieties. One variety of rice locally known
as “Begun bichi” can be grown in both conditions. There is wide variability in the rice
germplasm collected from different parts of northeastern region, but glutinous and japonica
forms fiqminate the endemic types. Out of 37 reported citrus species of India 17 (with
52 varieties) are in Assam (Bhattacharya and Dutta, 1951). This region is also home 10
many sub-tropical fruits such as Garcinia, Artocarpus, Phylanthus, Anond,
Averrhoea, Persia, Aegale, Flacourtica, Passiflora, Avocado, Actinidia, Dillenia
laeocarpus, Eugenia, Ficus, Juglans, Vitis, Spondias, and Syzygium. A number of
species belonging to the genera Malus, Prunus, Pyrus, Sorbus, Docynia, Rubus,

Cotoneaster, Ribes, Fragaria, and Actinidia grow in the wild. The wild relatives of
Abelmoschus, Alocasia, Alpinia, Amomum, Brassica, Camellia, Canavalia, Cilrus,

Colocasia, Corchorus, Cucumis, Curcuma, Digitaria, Dioscorea, Docynia,
Erianthus, Eurya, Hedychium, Hibiscus, Mangifera, Momordica, Morus, Mucund,
Musa, Oryza, Prunus, Rubus, Setaria, Sorbus, Trichosanthes and Vitis are endemic
to the northeastern India (Upadhyay and Sundriyal, 1998).

Until recently, the immense agro-biodiversity of the region was safe as people
used to practise mixed cropping of wide indigenous crop cultivars in their traditional
shifting cultivation system and in home gardens. In jhum cultivation system 5-45 species
of traditional crops are mixed together, where the number of species decline drastically
with the shortening of the jhum cycle. A total of 59 edible plant species have been
documented from different agricultural systems of Chakmas in Arunachal Pradesh. Almost
all the species (51) are grown in home gardens, thirty-three species in different jhum
fields and fifteen in valley cultivation system. The selection of crop species under different

jhum cycles is based on the traditional ecological knowledge of the farmer S
(Ramnakrishnan, 2001). Different traditional practices also play an important role inthe
conservation of agrobiodiversity and soil nutrients (Thurston et al., 1999) (Box 1)-
Yield patterns of different agro-ccosystems

depending
S. The crop
986 - 3743
akrishnafh
dis291°

The crop yield differs markedly in different agricultural practices
upon the crop components, number of crops mixed and mode of practice
yield from different jhum cultivation systems has been estimated between
kg ha'! yr' of jhum cycle length between 5 to 60 years (Maikhuri and Ram
1990; Ramakrishnan, 1992). In case of 3 year jhum cycle of Chakmas the yiel

kg ha'' yr', (Table 3) which is higher than that of 5 year cycle of other communitics. This
may be due to emphasizing more on seed and fruit crops (paddy, maizc and chillies) and
out of that about 62% of total yield is obtained from paddy, 28% from maizc, 6% [rom
chillies and the remaining 4% from other crops. Different studies show that the yield
from jhum system gradually declines with the shortening of the cycle length; however,
exceptional cases were also recorded. The terrace cultivation of Solungs in Arunachal
Pradesh is the lowest productive system with an annual yicld of only 1172 kg ha’!

(Gangwar and Ramakrishnan, 1987).

The Aji system (paddy + millet + fish) is highly productive in comparison with
jhum and other valley system of the region, where the production is recorded as 3456 kg
per hectare with early varieties of rice and 4046 kg ha yr' with late varieties of rice
(Table 4). The yield from wet rice cultivation system of Chakmas is estimated 2932 kg per
hectare. The Agro-ecological Rescarch Centre at Jorhat, Assam reported an average
paddy yield in the hill region of northcast as 800-900 kg per hectare. Mishra and
Ramakrishnan (1981) also reported 900 kg per hectare yield of paddy from valley
cultivation system in Meghayala. However, Aurora ef al. (1977) have reported about

1200 kg per hectare paddy yield from Tripura. The paddy production in different agricultural
systems of Chakmas was higher than that of other communities in the region, however, the
overall production of the systems was lower in comparison with the jhum system under

longer fallow periods (10- 60 years).

From paddy + maize mixed cropping system of Chakmas in the valley, the yield
was estimated as 2468 kg per hectare and during second cropping (i.c mono-cropping qf
mustard) only 597 kg per hectare yicld was obtained. Theyicld in home gardens of Apatanis
in Arunachal Pradesh was estimatcd 5811 kg per hectare (Kumar and Ramakrishnan,
1990), which is the most productive in the northcast. However, the yield from homegafdcns
of Mikirs in Meghalaya was estimated only 2590 kg per hectare (Maikhuri and
Ramakrishnan, 1990). The total output from the home gardens of Chakmas is3454kg
per hectare that includes 1116 kg ginger, 1550 kg vegetables, 430 kg fruits and 25 kg
tobacco.
The yield from different cash crop systems varies greatly depending upon the
crop components. The yield from pure cultivation of broom grass of Khasis from
Meghalaya was reported 620 kg per hectare, 1095 kg per hectare and ISQO kg per
hectare respectively from first, second and third year cultivation, whereas in mixed
cropping system the yield of broom grass was estimated 390 kg per hectare,.66q kg
per hectare and 660 kg per hectare respectively for first, second and third year cul'tlvauon.
In case of thatch grass and bamboo of the same community the estimated yield was
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4133 kg per hectare and 3695 kg per hectare respectively.

Energy and cconomic efficiencies of different agricultural practices

. The efficiencies of the jhum cultivation gradually increase with the reduction of
the J.hum <.:ycle period up to ten years and start declining with shortening of the cycle
(Maikhuri and Ramakrishnan, 1990). The net return under a ten-year cycle was higher
than al! other jhum cycles, because of reduced labour costs involved in slash-and-burd
operatlons under this cycle than under longer cycle: on one hand, and the poor crop
ylelq due‘: to reduced soil fertility under shorter cycles. The energy and economic
eﬁigenmes of 3 year jhum cycle system of Chakma were 5.5 and 1.6 respectively. The
eﬂg;:le;lcies of jhum system of different tribes with varied fallow length are summarized in
table 3.

The Aji system of Apatanis was the most efficient with energy efficiency values

of 75.2 and 61.8 respectively for late and early varieties of rice and the respective
monetary efficiencies were 3.65 and 2.79. In case of wet rice cultivation systcm of
Chakmas the respective energy and economic efficiencies were 5.6 and 2.0. From
s.everal studies the energy efficiency of valley culivation among different com m.unitics
like Garos, Karbi, Nepalis and Khasis in Meghalaya, and Nyishi and Apatanis in
Arunachal Pradesh was reported in between 2.7 to 17.8. whereas for the same system
of these communities the monctary cfficiency was reported in between 1 14{0 3.4
(Gangvs{ar and Ramakrishnan, 1989; Patnaik and Ramakrishnan, 1989: Maiichuri an'd
R{ima]mshne_l, 1990, 1991; Kumar and Ramakrishnan, 1990). In case of’ rice and maizc
pnxed cropping system of Chakmas the total cnergy invested was 7416 MJ ha! which
is less than that of both wet rice cultivation and the jhum cultivation systems. The total
energy output was 36634 MJ ha'. The energy output - input ratio of the system was
4.9 and the mf)nctaxy efficiency for this system was 1.42. During second cropping (with
mono-cropping of mustard) total energy investment was around 3219 MJ ha".. The
energy ou‘tput was about 14806 MJ ha'! and the energy output-input ratio was 4.6,
which is higher than any other cropping system practised by them. Here the economic
output was found to be Rs. 5376 per hectare in retum of the total input of Rs. 3259 pet
hectare 1.¢. thé monetary efficiencyis 1.7.

.'l he energy and monetary efficiencies of home gardens of Apatanis were reCo"ded
respectively as 33.‘2 .and 3.3 (Kumar and Ramakrishnan, 1990). Though the hom®
gardens are less efficient than Aji system and 10 year jhum cycle systems of differe?
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communities of the state, yet they provide a variety of food items meeting their day-to-
day requirements. From view point of energetics, the homegarden system of Apatanis is
more efficient than that of Karbi (23.5), whereas from monetary point of view Karbi
system (8.8) is much more efficient. The economic efficiency of homegardens of Khasis

was estimated 1.8.

The terrace cultivation system has the lowest efficiency among the di iferent
existing systems of the region. In terrace cultivation, the energy and monetary efticiency
was recorded respectively 22.5 and 1.39 of the Solungs’ system (Ramakrishnan, 1992).
The energy efficiencies for terrace cultivation systems from Meghalaya were estimated
between 1.7 and 21, whereas the monetary efficiencies were found in between 1.4 and

2.1

The economic efficiency of broom grass cash crop system as estimated by
Karki (2001) shows a gradual increase upto 4" year of plantation and then starts declining
as the plants grow older (Table 5). The total monetary return upto 6" year was estimated
at Rs. 35600 per hectare in return for investment of Rs. 9450 per hectare with an
efficiency value of 3.8. Gangwar and Ramakrishnan (1989) estimated the economic
efficiencies for pure cultivation of broom grass as 0.7, 1.5 and 2.1 respectively for 1%,
2" and 3-7*% year and from mixed cropping with Cinrnamomum obtusifolium, the
respective values were 1.3,2.0 and 2.8. Inthe same study the economic efficiency for
thatch and bamboo based cash crop system was estimated 2.2 and 1.9 respectively.
For tea, coffee, pineapple (mixed cropping) and ginger based cash crop systems the
economic efficiencies were estimated between 1.7 (coffee) and 3.9 (pineapple) and
energy values between 1(coffec) and 43.5 (ginger).

Soil nutrients in different agricultural pracﬁccs

Nutrient losses arc greater in the agricultural ficlds than in the forest ecosystem
and that their replenishment is very low, which reduces soil fertility (Sarmah et al.,
2001). The major cause of depletion of soil fertility in agricultural system is the removal
of plant cover. The depletion through run-off water and leaching processes could be
substantial under situations of uneven lopography and poor physical qualities of soil in

northeast, In slash-and-burn agricultuic the burning of slashed plant materials is done in

order to releasc the plant nutricnts in a single flush after fire (Table 6) and to capitalizc on
a year or two after which

the nutrients released by growing mixturc of crop species for
the land is reverted to its natural vegetation so as to restore soil chemical fertility and to
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improve its physical properties. However, during the process of cultivation a number of
perturbations take place due to slash, fire, hoeing and ploughing, introduction of crop
species, weeding and crop harvest, which causes rapid depletion of nutrients and this
process continues through the early and secondary successional phases. The major
physical causes of loss of nutrients from jhum fields of northeastern region are blown
off, run-off and percolation (Table 6). The burning also causes loss of carbon and nitrogen
due to volatilization (Ramakrishnan, 1992). The decrease of organic carbon content on
burning is more pronounced particularly when the temperature exceeds 150°C during
burning. The pH, K and exchangeable calcium and magnesium content of the soil
increases after burning (Table 7). However, the available phosphorus content does not
change appreciably (Chauhan, 2000). The data on the loss of organic carbon, phosphate
and potash in jhum cultivation showed that the loss of these nutrients in the first year
cropping was 84.70, 0.08 and 1.60 kg ha™*, respectively (Table 8). During second year
cropping the loss of these nutrients was found to be 1321.00, 0.21 and 12.50 kg per
hectare, respectively (Chauhan, 2000). The loss of these nutrients from jhum cultivation
suggests that the practice is detrimental to soil fertility, particularly in case of shorter
jhum cycle. During the cropping phase the nutrients are taken up by crops and weeds,
some of which are recycled back into the system as plant residues and substantial
quantities are removed through crop harvest and weed removal from the plots. The net
consequence of these input/output events is often a net loss from the system and a
decline in soil fertility at the end of the cropping period. The recovery of the loss would
take place during the fallow phase and the extent of recovery depends on the length of
the fallow phases.

Our studies on different agricultural practices of tribal in the adjoining villages of .

Namdapha national park indicated that the field soil under wet rice cultivation had rich
nutrient as compared to other systems including the jhum field. The C/N ratio vari¢
between a narrow range of 12.9to 15.7 (Table 9). The highest C/N ratio during must&”
cultivation could be due to greater rates of microbial immobilization of soil nitrogen 3%
to increasing surface area for microbial colonization by the incorporation of residucs 0
the previously harvested crops (paddy + maize).

Option for sustainable land-use development: Recommendations

. . urd
Overall, for improving the land use and sustainable management of nat caf
resources, the following strategies have been prescribed by different workers an
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be implemented.

® With wide variations in cropping and yield patterns under jhum practised in diverse
ecological situations, the transfer of technology from one area to another could improve
Jhum, valley land and home-garden ecosystems. Thus, for example emphasis on potato
at higher elevations has led to a manifold increase in monetary efficiency (Ramakrishnan,
1992).

® When the jhum cycle length cannot be increased beyond five-year period, redesigning
and strengthening the agro-forestry system by incorporating ecological insights on tree
architecture should be done. During fallow period the regeneration could be accelerated
by introducing fast growing native plants such as Alnus nepalensis, Flemingia vestita,
Clarodendrum collebrookenum, Albizia lebbeck, Cassia stipulate, etc. and suitable
fodder grasses having social and ecological values.

® Arunachalam et al. (2002) compared shifting cultivation with agroforestry based on
few socio-biological principles which suggest better acceptance of balanced agroforestry
both ecologically and economically.

® The Sloping Agricultural Land Technology (SALTs) developed in Philippines can
also be a viable alternative to jhuming in the northeasten India, where cropping, livestock,
horticulture and forestry can be incorporated on farmers’ will as SALT-1 (Sloping
Agricultural Land Technology), SALT-2 (Simple Agro-livestock Technology), SALT-3
(Simple Agro-Forest Land Technology) and SALT-4 (Small Agro-fruit Livestock
Technology). SALT can be established on farmland with slopes between 5-25% or
more (Caleda and Esteban, 1981). The salient features in terms of design of different
SALTs are summarized in table 10.

@ Since citrus, pineapple and banana are the major fruit crops of the region, pure
horticultural land use can be developed with plantation of mandarin orange at a distance
of 5m and pineapple (semi-shady species) may be planted in between the orange plants
in the same row and the space between the rows can be used for vegetable cultivation.
Here various tree species can be grown as wind breaks, shelterbelts or fillers in this
System to protect the orange plants from the high velocity winds (Verma et al., 2001).
Salix sp., Populus sp. and Anlus nepalensis have been proved successful around the
fruit farms without any adverse effect on the fruit production.

® Improving the nitrogen economy of jhum in the cropping and fallow phase by the
Introduction of nitrogen fixing leguminous and non-legumes. The farmers have already adopted
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?: c;glizug nepalensis and Albizia species in the agricultural systems based on their traditional
edge to meet modern needs. Another such example is the less known food crop
legume Flemingia vastita (Ramakrishnan, 1 992).

t:ib:;;pc?ar:lant bamboo species (e.g. Dgndrocalamus hamiltonii), highly valued by the
(Rao a,nd R:;)rflaclf;iltrate and conserve important nutrient elements such as N, P,andK

. Shna}n, 1989). They could also be used as windbreaks to the loss of
ash and nutrient losses in water.

® In i .
nuuie;?:%(égil;fiﬁerégu-rn cl))'cle burning should be avoided to prevent volatilization of
herbaceous weeds rg id ring burning (Ramakrishnan and Toky, 1981). The crops and
manner. In this conteqt e be recycled in the systems in a scientific and well managed
and residue mana vermicompost may prove an able strategy to improve agriculture
materials requiref T;;l: ?}tleII: 2?1?;,2?; :ﬁgﬁ?&i;gaz 9?(;’A: (t) dtla(cj:%mposition of foliage
105 kg ha' nitrogen, 7-14 kg ha eSie uos could be recycled, then 53-
recycled into the system (ijumdglrlzf I;l;%rgg;)n d 18-36 kg ha"' potassium could be

® Redeveloping village ecosystems through the introducti 1

‘ . uction of appropriate technol
to reduce harq work and improve energy efficiency (cooking stof/)es 'agricul(iL(l)ri}l,
implements, biogas generation, small hydroelectric projects, etc). )

® Strengthening conservation measures bas iti
. . _ s based upon the traditional knowl -
value system with which the tribal communities can identify, e.g. the revival of tflceiEZcﬁg

grove concept based on cultural traditi i A
forest. tradition, which enabled each village to have a protected

® Encouragi : )
ofbasket,u:ggeufﬂ: mgve foorts for carrying out forest based activities, i.e.making
> and processing of minor forest produce, honey collection,

etc. This will not only decre ;
also help them monetzrily. ase dependence of farmers on shifting cultivation but will

Land i : . . .
use 1n agriculture is in conflict with other types of land use such as

conservation of fo ;
rests, recreation areas, protected areas, and so on. Despite traditional

culture and local

people are eXCIud(l:(Ii1 %Vlledﬁe to manage and conserve the forest resource, the local
be managed but no a. ;)m tatk e utlhza.tlon and management as part ofprotect’ed areato
to introducea participatosy a el;gldir.m the prolectedarea management. There isance
areas. pproachn land use planning in the management of protected

Acknowledgements

Th - .
o iy Gt Commision and UNESCO
Ramakri v o : support. Academic support oi f.PS

rishnan, Prof. K. Gi. Saxcna and Prof Uma Melkania ils)l;(:kn%)l:vf:dl;}ég "

14

References

Anonymous (2001). Census report. Government of India.

Arunachalam, A., Khan, M. L. & Arunachalam, K. (2002). Balancing traditional
jhum cultivation with modem agroforestry in eastern Himalaya- A biodiversity hot
spot. Current Science. 83 (2), 117-118.

Arunachalam, A., Sarmah, R., Adhikari, D, Majumder, M. & Khan, M. L. (2004).

Anthropogenic threats and biodiversity conservation in Namdapha nature rcserve
in Indian Eastern Himalayas. Current Science, 87 (4): 447-454.

Bhattacharya, S.C. & Dutta, S. (1951). Citrus Varieties of Assam. Ind. Jour.
Genet. & PL. Br. 11 (1), 57-62.

Borthakur, D. N. (1992). Agriculture of the North Eastern Region with Special
Reference to Hill Agriculture, Guwahati: Beecee Prakashan. 265p.

Caleda, A. & Esteban, L. D. (1981). Agroforestry in the Phillipines. Proc.
Environmentally sustainable agroforestry and fuel wood production with
first growing, nitrogen fixing, multipurpose legumes. Env. And Policy Inst.

East-West center, Honolulu, USA (Mimeograph).

Chauhan, B. S. (2000). Economics of Ecosystem Degradation due to Shifting
Cultivatin in North Eastern Region, India. Journal of Assam Science Society,
141 ( 3), 145-162. '

Choudhury, D. & Sundriyal, R. C. (2003). Factors contributing to the
marginalization of shifting cultivation in north-east India: micro-scale issues. Outlook
on Agriculture, 32 (1), 17-28.

Choudhury, D. (1998). Conservation by local communities in north-east India.

In: Communities and Conservation of Natural Resource Management in Soyth
and Central Asia. Ed A. Kothari, UNESCO- Sage Publications, New Delhi.

Gangwar, A. K. & Ramakrishnan, P. S. (1989). Ecosystem function in a Khasi
village of the desertified Cherrapunji area in north-east India. Proc. of Indian

Academic of Sciences. (Plant Sciences), 99, 199-210.
Gliessman, S. R. (1989). Integrating trees into agriculture: The home garden agro-

ecosystems as an example of agro-forestry in the tropics. Pp. 160-168. In: Agro-
ecology: Researching the Ecological Basis for Sustainable Agriculture, (Ed.

S. R. Gliessman). Springer-Verlag, New York.

15




Juo, A. S..R. &lal,R. gl 977). The effect of fallow and continuous cultivationon
the chemical and physical properties of an alfisol in Western Nigeria. Plant and
Soil, 2,267-272.

Karki, M: (2001). Institutional and socioeconomic factors and enabling policies
for non-timber forest products-based development in northeast India. in IFAD
Report No. 1145-IN, Rome. 23p.

Khumbongm:ayum A. D. (2004). Studies on plant diversity and regeneration of
gzv; tree species in sacred groves of Manipur, Ph. D. thesis NEHU, Shillong.
p-

Kumar, Y. & Ramakrishnan, P.S. (1990). Energy flow through an Apatani village
;(i(;s%s:?’tgm of Arunachal Pradesh in north-east India. Human Ecology, 18,

Maikhuri, R.K. & Ramakrishanan, P. S. (1990). Ecological analysis of cluster of
villages emphasizing land use of different tribes in Meghalaya in north-east India.
Agriculture, Ecosystem and Environment, 31, 17-37.

Maikhuri, R.K.and Ramakrishanan, P.S., (1991). Comparative analysis of the
village ecosystem function of different tribes living in the same area in Arunachal
Pradesh in north eastern India. Agricultural Systems, 35, 377-399.

Majpmdcr, M., Arunachalam A., Melkania U., Adhikari D. an

Agriculture as a Component of Village Ecosystem Functiog:sgimk;l:é (I%lcw’gtsl)g
ArOl.md Namdapha National Park, Arunachal Pradesh. Pp. 207-276. In: Shifting
% grzcultyl'ﬂe and Sustainable Development of North-Eastern Ina’ic.r' Tradition
in Transition, (Eds. P. S. Ramakrishnan, K. G. Saxena and K S Ra.o) Oxford
& IBH Publishing Co. Pvt. Ltd.. New Delhi T

Mishra, B. K. & Ramakrishnan, P. S. (1882). Energy flow through a village

ecosystem with slashand b ' : : : :
Systems. 9, 57-72. urn agriculture in North-Eastern India. Agricultur al

Mishra, B. K. & Ramakrishnan, P. S. (198 1). The economic yield and energy

efficiency of hill agro-ccosystems at higher elevati i
. - ations of Meghal rth-eastermn
India, Acta Oecologica-Oecol. Applications, 4,23 7-23?3 A

I;amaik, S & Ramakrishnan, P. S. (1 989). Comparative study of energy flow
t roug_h village ecosystems of two co-existing communities (the Khasis and the
Nepalis) of Meghalaya in north-east India. 4 gricultural Systems, 30, 245-267-

'Ramakr‘ishnan, P. S. & Toky, O. P. ( 1981). Soil nutrient status of hi.“
agroccosystems and recovery pattern after slash-and-burn agriculture (jhum) ™
north-castern India. Plant and Soil, 60, 41-64.

16

Ramakrishnan, P. S. (1992). Shifting agriculture and sustainable develobment,
(Man and Biosphere series: V.10), The Parthenon Publishing Group, Paris. 424p.

Ramakrishnan, P. S. (1994). The Jhum agro-ecosystem in north-easten India: A
case study of biological management of soils in a shifting agricultural system. Pp.
189-207. In: The Biological Management of Tropical Soil Fertility, (Eds. P.
L. Woomer & M. J. Swift) Wiley-Sayce Publications, Chichester.

Ramakrishnan, P. S. (2001). Increasing population and declining biological
resources in the context of global change and globalization. Journal of Bioscience,

26 (4), 465-479.
Ramakrishnan, P. S., Toky, O. P, Mishra, B. K. & Saxena, K. G. (1978). Slash
and burn agriculture in North-Eastern India. Pp. 570-586. In: Fire Regumes and

Ecosystem Properties, (Eds. H. Mooney, J. M. Bonnicksen, N. L. Christensen,
J. E. Lotan & W.A. Relners) USDA Forest Service General Technical Report.

Washington. D.C.

Rao, K. S. & Ramakrishnan, P. S. (1989). Role of Bamboo in nutrient conservation
during secondary succession following slash and bumn agriculture JHUM) in North

East India. Journal of Applied Ecology, 26, 625-633.

Richards, P. (1985). Indeginous agricultural revolution. Hutichinson and
Company, London. 192p.

Sharma, E., Rai, S. C. & Sharma, R. (2001). Soil, water and nutrient conservation
in mountain farming systems: Case study from the Sikkim Himalaya. Journal of

Environmental Management, 61, 123-135.

Thurston, H. D., Salick, J., Smith, M. E., Trutmann, P., Pham, J. L. & McDowell,
R. (1999). Traditional management of agrobiodiversity. Pp. 211-243. In:

: Agrobiodiversity: Characterization, Utilization and Management, (Eds. D.

Wood & J. M. Lenne) CABI Publishing, Wallingford, UK.

Tiwari, B. K., Barik, S. K. & Tripathi, R. S. (1 998). Sacred groves of Meghalaya
in Conserving the sacred groves: Pp. 253-263. In: Biodiversity management,
(Ed. P. S. Ramakrishanan) UNESCO and Oxford and IBH, publ., New Delhi.

Toky, O. P. & Ramakrishnan, P. S. (1981). Cropping and yields in agricultural
systems of the north-eastern hill region of India. Agro-ecosystems, 2, 127-132.

Toky, O. P. & Ramakrishnan, P.S. (1982). Run-off and infiltration losses related
to shifting agriculture (Jhum) in north-east India. Environment Conservation,8,

313-321.

17




Upadhyay R. C. & Sundriyal R. C. (1998). Crop Gene Pools in the Northeast
Indian Himalayas and Threats. Pp. 167-173. In: Managing Agrobiodiversity-
Farmers’ Changing Perspectives and Institutional responses in the Hindu
Kush-Himalayan Region, (Eds. T. Partap & B. Sthapit). ICIMOD & IPGRI,
Kathmandu, Nepal

Vavilov, N. 1. (1950). “The Origin, Variation, Inmunity and Breeding of Cultivated
Plant’. Chron. Bot. 13: 364.

Verma, N. D. Satapathy, K. K. Singh, R. K. Singh, J. L. & Dutta, K. K. (2001).
Shifting Agriculture and Alternative Farming Systems. Pp. 345-364. In: Steps
Towards Modernization of Agriculture in NEH Region, (Eds. N. D. Verma & B.
P. Bhatt). ICAR Publication, Meghalaya, India.

Withanage, H. (1998). Role of sacred groves in conservation and management of
biodiversity in Sri Lanka. Pp. 169-186. In: Conserving the Sacred for
Biodiversity management (Eds. P. S. Ramakrishanan, K. G. Saxena & U. M.
Chandrasheekara) Oxford and IBH, publishing Co., New Delhi.

Box 1: There are various practices traditionally followed by various commu-
nities in northeast India which favour to conserve the agro-biodiversity and
management of agricultural practices

Multiple cropping (intercropping; mixed cropping; homegardens) - Maintains
biodiversity as interdependent crop variability. Often reduces damage from pests and
diseases favouring maintenance of agrobiodiversity.

Varictals mixtures - Maintains interspecific crop variability.

Crop selection- Cultivation of cereal crops under long jhum cycle of 30-years or
more whereas tuber and vegetable crops under shorter cycle of 5-years or less is to

emphasize upon the nutrient use efficient species under shorter cycle, which in turn
also conserve agrobiodiversity.

Crop. ro.tation - Decreases insect pests and pathogen damage and increascs
agrobiodiversity. Help in soil nutrient amendment.

Fallowing and rotation - Maintains soil biodiversity and fertility. Manages soil

pathogens and pests (through interruption of life cycles) and soil nutrient amendment
favouring crop health and maintenance of agrobiodiversity.

_—/
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Organic amendmenté ~Soil ennichment favours soil biodiversity. Development of
suppressive soils. Manages soil pathogens and pests favouring crop health and
maintenance of agrobiodiversity.

Flooding - Nutrient enrichment favours soil biodiversity. Reduces damage frqm weeds,
pests and diseases favouring crop health (especially in paddy field) and maintenance
of agrobiodiversity.

Burning - Slash and burn systems maintain considerable agrobiodivesity._ Co-ntribfltes
to pest and disease management, Crop health and maintenance of agrobiodiversity.

Mulching - Lowers soil temperature, protects against erosion, improve soil texture,
provides nutrients and organic mattet, reduces weed problems and suppresses soil
borne pathogens contributing to crop health and maintenance of agrobiodiversity.

Raised beds - Improve drainage, fertilization, frost control and irrigation, supports
management of soilborne pathogens and pests contributing to crop health and
maintenance of agrobiodiversity.

Site selection - Avoids diseases, pests and weeds associated }Nith previous cropii
matches soil fertility and drainage to crop and variety contributing to crop health an
maintenance of agrobiodiversity.

Manipulating shade - Maintains biodiversity as interdependent multiple crop
variability, e.g. in coffee, cocoa and tea cultivation systems. Manages pathogens and
pests favouring crop health and maintenance of agrobiodiversity.

Selective logging in agricultural fields (agroforestry) - The Jhumias of northeast
India of northeast India conserves various tree species in their jhum field, which pr.otect
the field from soil erosion and wind. The tree species like Alnus nepalensis, species of
Albizia, Flemingia vestita etc. are specially conserved if present in the field, as the'y
are natural nitrogen fixer. Some of the bamboo species (€.8. Dendroclamus hamiltoniiy

are also conserved which can concentrate and conserve N, P and K.

———
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Table 2: Distribution of wild relatives of cultivated crops in India and as a whole in the northeast- Table 4: Yield and efficiencies under other land use systems of northeast India
P ) —
crn hill region Practices Yield Input Output Efficiencies
‘ Energy Monetary Energy Monetary Energy -Monetary
Crop Number of Species (MJ ha') (Rsha')  (MJ ha') (Rs ha')
NE Himalaya India
c | 6 o Arunachal Pradesh
ereals ‘ Valley cultivation .
SWet ri 7518 6474 42271 13194 56 2.
Legumes ¢ 3 Mixed croppin oy 7ale 061 36634 10012 49 14
Fruits -1 - 109 ' 3 3219 3259 14806 5373 46 1.7
Vegetables 7 & Mustard 1
SAji
Oil seeds 1 12 Early variety 3456 946 2798 58480 7817 61.8 28
: (Paddy + millet)
Fibre crops ‘ 5 A Late variety 4046 907 2753 68182 10062 752 37
SplceS and Condlments 13 27 (Padd +millet+ﬂsh)
Miscellancous 13 2% “Homegardens ssi G 3@ SET o lesd 32 32
Total 132 (37.18%) 355 *Terrace cultivation (1 172 | ?2;160) 1894 19058 2637 22. .
: 75
Source: Upadhyay and Sundriyal, 1998 \l\,‘leghalaya
alley cultivati
Table 3: Yield and efficiencies under different jhum cultivation systems of northeast India ‘ 55::1,1': ?:l'l(‘)):ping NA 2843 4843 50596 5565 17.8 l'}:
’Single cropping NA 11601 2388 41938 3876 3.6 1.
ienci i-d NA 3479 1316 43172 4460 124 34
Practices Yield Input Output Efficiencies Homeg(;d
(<) 1
- 8
Ener Monetary Ener, Monetary Energy Moneta ¢ NA NA 13093 NA 23155 NA 1
gy Ty 34 s 34 ry, ? 2590 1140 1650 26794 14667 23.5 8.8
n n n n vati
(MJ ha!) (Rshad) (MJha'} (Rshal) Terrsace cultivation NA 6509 o542 3602 3658 6.7 1.4
Arunachal Pradesh - NA (8003) (4544) (54 (08) . -
'60-years cycle s 2855 468 67171 0 M 16 “ - A v G o
130-years cycle 3125 2294 3888 60839 6657 27 1.7 | NA 2846 6217 101525 11791 21 1.9
120-years cycle 3215 159 3016 51660 5634 R 19 Cash crops (Broom grass)
215-years cycle 2069 1062 2435 B4 N R 30 -year 620 NA 4670  NA 3348 NA 07
110-years cycle W5 194 26 SITM 6a64 4 23 2.year 1055 NA 3930  NA B RA g
'S-years cycle 150 853 215 35474 4336 4 20 3-year 1500 Na 3870  NA 8100 ’
33.years cycle 2915 8579 10671 41626 16585 S5 16 31‘_3‘;", 30 NA 4995  NA 6474« NA 13
. ' at NA 7953 . NA 2.0
£Vleghalaya g,:_;::rr ggg :2 gggg NA 9250 NA 28
s30-years 3460 1665 2616 56766 5586 a1 2l Coffee NA 8855 2754 8450 43‘3 s ;2 52
20-years 430 1688 NA . 6277 NA 357 NA T NA o los a4 BBI0 ST N 22
. ‘
7-30- 262 1352 NA 48985  NA 362 NA pachgrass R NA 3695  NA 6850 NA 19
-do- ' 178 1043 NA 32978 NA 316 NA Pineapple
: ! ‘ 12090 176 39
£15-years 243 3675 19790 Cs4 Cnixedcropping)  NA - T s 3se @5 18
*T0-years 3366 1191 1830 6601 3354 415 18 s —
7'32' :gg; ’1;20 10548 52142 18370 26 II\'Z\ Systems practised by "Nyshis; *Sulungs; ’Chakmasl; ;/?patanis, sGaros, *Khasis, "Mikirs, sNepali -Values in |
il NA 23158 ' NA 20 Parenthesis are for the first year; NA- data not available . 9: Toky and 1
’5-years 1584 810 896 w758 1524 . 552 M9 Source for table 3 and 4: Miakhuri and Ramakrishnan, 1990; Gangwafdm;f R;ﬂ;?g;f:;a;;g? m;;‘:: and
*-do- 159 1470 7431 %686 750 181 1O Ramakrishnan, 1981; Patnaik and Ramakrishran, 198% Gangwar &3¢ T4 T ~
Tdo- 986 516 NA 1582 NA 200 NA amakrishnan, 1981, 1982; Kumar and Ramakrishnan, 1990.
53-years NA 90 ' : 1ot 21
. 54 8986 41030 12006 *+ 45 7
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Table 7: Changes in surface soil before and after burningin different jhum cycle

Table 5: Cost and Return (000Rs ha™) Analysis for Thysanolaena maxima
i
Yoar . Properties 15-year 10-year 3-year
Item T e 3 e T e Total Before After Before After Before  After
Revenue 30 52 96 124 45 09 356 pH R SO e 1
Production cost 37 14 155 155 08 04 945 Carbon (%) 19 : ' e ' '
Labour Nitrogen (%) 026 025 026 025 0.21 0.20
- Site Clearance 10 10 Phosphorus (%) 35 36 34 w 313 35?
- Weeding (2x per year) 12 12 12 12 065 025 57 K (mg 100 gm" soil) o :; ; 9 21
- Pitdigging &rhizome planting 03 : Ca(mg 100 gm sonl_) 10 2 9 20
08 Mg (mg 100 gm" soil) 8 23 10 21
- Transportation to godowns 02 0.2 035 035 02 015 145 Mishra and Ramakrishnan, 1992
];Ar::;ltilsls & implements 0s ) ) ) ) ) 05 Table 8: Loss of organic carbon and plant nutrients in jhum cultivation
Efficiency 08 37 62 80 53 23 38 Year Organic C P,0, KO
Source: Karki, 2001 (kg ha') (kg ha™) (kg ha'")
Table 6: Nutrients accumulated (kg ha'yr*) through burning and their loss form different jhum "
fields and different cash crop plantation ¥ year 84.70 0.08 1.60
Cash — — 2" year 1321 021 12.50
Jhum cycle ash crop plantation B Average 702.90 0.15 710
e 30-ycars 10-ycars S-years Coffee Tea  Pineapple Ginger Source: Chauhan, 2000
S . . . 3
Released 174 13.8 69 — — — — Table 9: Physico-chemical properties of soil during cropping period in different agricultural
Blown off 82 82 19 — - - — _Systems
P Released 7130 Valley cultivation Jhum
clease . 2622 150.7 — _— — — jvati
Blown off 147.1 1556 427 — - — Properties : Wet rice Paddy+maize ~ Mustard cultivation
Run-off 11 13 09 059 256 06l 1.68 _Textural class Loamysand  Sandy loam Sandyloam  Loamy sand
Percolated 0.1 0.1 0.1 022 030 0.9 10
K .o Clay (%) 1224 14.52 14.52 1030
Released 17390 20700 6850 — @ — @ — — Silt (%) 1402 2104 2104 12
Blownoff 8170 12285 1940 — — — ° — Sand (%) 69.73 6444 B a0
Run-off 64.7 912 510 201 5467 1515 4103 Moisture (%) 24774130 66816 1440:138 zzsg'ﬁ
Percolated  15.1 212 137 945 590 380 1586 PH(I25wvHO0) 517003 5672025 SOl e
Ca Organic C (%) 243+0.03 2.190£0.06 203006 L?sio'm
Released9565 1932 1165  —  —  —  — . Total N (%) 0184:002 0171002 precantl
Blown off 494 1147 BO 0 —  — - - EN 1321 1288 g 79 30174145
Run-off 15.1 159 138 1083 260 80l 1294 Ammonium-N (ngg’) 36234214 33182152 R alo 147010
Percolated 53 49 46 384 30 233 65 Nitrate-N (ng ) 23372017 11.04+0.14 Ny 2486:0.15
Mg . : : . : Available P (ug g) 35.03:0.04 22.78+0.40 20.88+0.12 86+0.
Released 208.7 1518 1137 — - — -
Blown off 98.0 90.1 22 - = — 086 —_
Run-off 63 54 95 897 3694 637 105'8
Percolated 2.5 21 23 233 455 162 5 23
Source: Toky and Ramakrishnan, 1981 & 1982 | '
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Table 10: Land use characteristics of different SALT systems

Production system SALT-1 SALT-2 SALT-3 SALT-4

1. Base staple crops fodder trees horticulture

2. Major product food grains meat/milk/  fuelwood/timber plantation crops
manure

3. Planting area (%)

° Staple crops 75 20 20 40

® Food/cash crops 25 20 20 60

Perennials/trees

» Forage/fodder - 40 : -

ePrivate forestry - 20 &0 -

Source: Conceived, tested and recommended by

. Mindanao Baptist Rural Life Conter (MBRLC)!
Asian Rural Life Development Center (ARLDF), P ife Center (

1961; @- 1961 1971; Ry
; = TN 1971-1987.

nentjg| growth rate (1951_2001)_ E;I‘ih,‘ 19981.1991

andAssam(]961.197 > e

Dare not available, OWth rate of Arun
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f Arunachal Pradesh : An Analysis with Select In
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has tremendous impact on its overall develop

; ent of the re-
lop-sided developm
: t only lead to a HUCH: ic importance
‘o ities i io-economic status no n its strategi
ment. Disparities dm S;'cwaffrfes further. For Arunachal P;ades;i, iwiha; o onty needed. The
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information asymmetry is a hurdle. Policy formulation without taking proper stoc;k of
the existing disparity may lead to further augmentation of the problem. Formulating2
too pro-rural policy, for example, may transfer too much burden to the urban sector

offsetting the consequent relative gains to the rural area. Thus, the policy will not aug-
ment net social benefit.

Apart from inter-state disparity in India, the intra-state disparity is also found in
equal footing. Any state level study in India is likely to produce divergent results in terms
of extent and causes of socio-economic disparities in different states. For Arunachal
Pradesh the difficult geographical location along with its geo-political identity has ren-
dered it a special status, where even distribution of the fruits of development has conno-
tations for its strategic sensitivities. The present paper intends to find the level of dispar-
ity among the districts of the state. It is also a caveat to the policy makers as it makes @

modest attempt to find whether the disparity is on convergence or divergence, espe-
cially between 1993 and 2004.

Data and methodology

At present, Arunachal Pradesh has 16 districts. However, for the present study,
mostly those districts are selected whose data are available for both 1993 and 2004-
These are Tawang, West Kameng, East Kameng, Papum Pare, Lower Subansiri, Up-
per Subansiri, West Siang, East Siang, Dibang Valley, Lohit, Changlang and Tirap, though
f9r 2004, one additional district, Upper Siang, is also considered. For the purpose of
time-specific comparative analysis, a few selected indicators of socio-economic devel”
opment are chosen. These indicators reveal the relative position of the districts indevel

opment. The indicators include sex ratio, overall literacy rate and female literacy. TH®
(s;;; ;atlo indicates whether the society is balanced or ithas discrimination against 8

are the length of road per unit of area and proport.ion of people connected with drmklrlul ag_
water facility, The student-teacher ratio in the primary schools and the average pop

tion per doctor represent social infrastructure.

The present study analyses the dispaﬁty ip the economic fievelo(i)rr}er::) ::
Arunachal Pradesh in 2004 in comparison to that in 19?3: The entire stuAy 1nsac}1d
ducted with the secondary data available mostly in the Statistical Abstract of Aru

Pradesh, 1993 and 2004 issues.

The study has used coefficient of variatior_l and the Gim Coefﬁaci.leril: ;S:)liz;t:i
for the indicators suggests the relative concentration. To make the an: syits sty
fect, the paper has also used Lorenz consistent g.ene.ral entropy m;asu;en the analysis.
to both upper and lower parts of the data series is also consl ere.: lal developmert
Composite indices with respect to agricultural development and reglona aninsight
are constructed for the indicators for both 1993 and 2004. Th?se mdr::ues gl;,c‘:'-economic
into the relative positions of the districts in agriculture as also n OVeratiSO°
perspective.

Results

First the relative performance of indicators across the state is consutietr:(ill.1 '1;21)912
1 shows these indicators in 1993. The largest share of population in the state ! e
was in Lohit district while Tawang had the lowest share. In sex ratio, thc;]ci ;; o
difference. East Siang had 961 females per 1000 males, which was pretty
the state average of 859.

. : (=]

The scenario in literacy rate was very poor in the state I 1993 vgnﬂ: &Tl}e,eat",;:a]ge

being 32.8 per cent. The highest literacy rate wasn Lohitat 3847 perc the state. In the

education was, however, not so grim, given the overall literacy rafe i section were

entire state, 42.88 per cent of the total students enr.olled in 'the prlsne?:tl;i’m as in East
female. The highest proportion of female students in the primary

Siang (47.71 per cent).

1 ameng:
The student-teacher ratio in primary schools was th(:}:m::z;cliz “v,;es;tli(ameng
[t stood at 27 as compared to the state level figure of 33. In other »
had fewer students per teacher in primary education.
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Table 1
- : 1993
Selected Indicators of Socio-Economic Development of Arunachal Pradesh: 19
R c 5 2 3 |2¢ L 2
£lel IEEITIEERE 252 |22 | 5%
- w = =1 S a8l <s 855‘8 298 |ea g T
£ el @ |se5%% EZZ|82ES|R2 ] (558 23
- B4 t= N b = = y = B = o z S
5 125l F|525 85558 aaad|zTe 27| 53
0 I 2<E B 7 |& X B |82
% 2 % -
536
Tawang | 3.27| 844 24.14 84 | 0.08 85 29 35.93 91 3336
West 0
Kameng | 6.53| 8223648 | 79 | 0.17 38 27 4262 | 13 967
East ,
K::neng 5.83] 9612081 | 48 | 0.15 23 31 3954 | 20 | 5599
Papum
p:feu 8.42| 830| 43.06 7 | 0.08 45 28 42.08 14| 2697 |
Lower
Subansiri| 9.62]| 956| 2424 | 24 | o025 28 39 42.06 14 | 27172
Upper
Slfbansiri 5.79| 867] 30.83 29 |0.13 12 4 44,4 1 3578
West | a
Siang 1040| 872] 355 | 28 | o024 89 36 46.01 15 3331
East 4
Siang 11.53| 861] 35.29 51 1027 52 30 47.71 14 2214
Dibang .
Valley 498]| 788[36.88 | 30 | 0.3 70 30 44.49 6 |38
Lohit 1269) 19713847 55 |o13 60 31 41.65 12 2676
Changlang) 11.05| 8623353 | 37 0.14 25 40 44.14 17 5028
Tirap 989| 86212518 33 014 41 32 3389 39 2072
ArP. 110000] 859 328 | 499 0.17 48 33 42.88 17 3179

*In percentage
Source: Government of Aru

1993.

' | z
nachal Pradesh, Statistical Abstract of Arunachal Prades

The population-doctor ratio is lowest in East Siang, where one doctor treats, on ave"”
age, nearly 2214 people. This is lower than the state Jeve] figure of 3179.

N T

, e
As faras the agricultura| development is concerned, the relative positions of
districts i

28

. . est
espect of all the three Parameters are different, Use of fertilizer is the high

- in 1992-93. The highest per capita
. fowang, where 84]222:1;?;:;32?12:;: ;§/ lIllsef::ctlalre). Itis nqu-ch }ﬁgher th;r; ;hiz zt:rt:
average of0.17 . Interms of availabiliy of rrgation facilty in 3037, having this
:Z:;:ge\(;/esi Siané isin the best position, with 89% Ofotitvs;j;iisger cent.
facilityj At the state level this figure is, however, pretty

hin 1993

mpare the socio-economic profile 9f A:runacfltlhal Psra;lcetsto S chof

ith th ir:)?;c(l)(g;ov::/: mllalst find out the positions of the d ls-mcttsr‘sNiln 21:):05. As per 2001

tlv:le indiacators in2004. Table2 provides data on e 1:1;151 (1:? v(:as in 1993. This district

census the largest share of population is in Lohit dlSI:lf rms of position, East Kameng

had 12.69 per cent of total population of the state.0 : eales which was higher than the
had the highest sex ratio. It had 985 females per 1000 males,

State average of 901.

43 on Wi t of its people
In literacy Papum pare had the highest position Mt,lllt’]';‘}f:::::ario in female
being literate compared with the state average.of2 50-46 gifvz 1;)93.
education in the state had improved markedly in

-1 in both West Kameng

The student-teacher ratio in 2004 was the lowest atti%:nTs l\)i:l)ere taught by one
and East Siang districts. At the state level, on average, 35 S-n le doctor was lowest in
teacher, The agverage number of people attended by one il40gO people. The situation,
Upper éiang district, where a doctor usec 1o tlreathI::I tgle population-doctor ratio was

. level, w
here, was better than the figure at the state
2364:1. ol b road
unication by

As far as infrastructure development s concemed, witzz?g;velopmem ofany
is an important ingredient. As amatter of fact, itisa pre.reqlllss with all weather road
Iegion pIn Arunagcrhal Pradesh there are still manydplae‘:'el 00 sq km was meagre at
comml.mication. At the state level, the le%‘gtl;sé lr:;?j ﬁlfe I argest’ of 35,58dkm ple(l;(i gg
16, the districts, Iaw: of road per
q lzlik:ll;illol\:;:\;errbailg:sggv alley had the lowest of only 6.96 km
km,
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Table 2

c 2

ing connected
eople being
) Papum-pare had 15 per 100 p ep where Arunachal
3 lephone connections, Papum-| ater is another area, opulation
S people had telep ility. Provision of drinking w nly 54% of the total popul: had
N ith telephone facility. Pr overed. Overall, only 5 Upper Subansiri
< | - Wi . ound left unc the dlSmCtS, P
3 Qv sl Pradesh has still some gr . ter. Among .
(o) auy Auaé\od e 2 © ~ % T ¥ 9 3 39 _§ fthe state had access to drinking wilrix;kin g water facility.
wolsq uoneindod | 0o @ A +|s of'the s ion having : r
= 2 %8 8 85 93| 97.57% of the total population ffertilizer has increased ove
88 I R P Qg o w a 3 e8 I3 interms of use of fertilize) nsumption —
et 88 8 X N M o © - ™o o S entin te. . fertilizer co
M- QO N N N = . the advancem hlghest ¢ Pradesh
2| Jopod-uoneindog | 2 2« cowls In the field of agriculture icts, West Kameng had the ilizer used in Arunachal district
Al SO D<|s districts, tal fert ] alley dis
(%) Aoey Qi © © s 3 N ~owld the years. Among the 14% of the to ) Dibang Valley
SubuLp Y| 10 oy g S8 g e 2 &g 53 : ich was over estin Upper aSOWn,
o [popncid uonandan or @ =85 858 8¢ T 4; 264 tonnes in 2004, Whl::ta net area sown was the la;lgy 0.19 ha. Out of the net?r;% of the
- : _ -] © -~ . The per cap: e was 0 : 1 over
5 2 2 @ 2 o N Sel= inthat year, el, the figur \ T Changlang : ricts in the
oe0u 10 bssog% 85 S’: 3 8 o 5 ® 2 5 Fd 9¢ s (040ha.), while at the state lezem had irrigation facility. tIn among all the districts in
0 Yibu 0no - e v - * ;o T S
- sad peoy jo y MAN -~ o o ..5 mthe entire state, only 19 fg imgation_ It was the large
© 0 w0 ad access o
o uoge[:dod KO ¢ 2 ¢ v o0 ow 3 net area sown h inrespect of all the mdlc?tgg;
| oot sed suoydasy @ 3 e ggle state. isting in the state in ient of varia
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Table 3
Coefficient of Variation & Gini Coefficient of Indicators in

Arunachal Pradesh for 1993 & 2004

Indicator Cocfficient of variation Gini cocfficient
1993 2004 1993 2004
Sex ratio 6.21 7.48 0.03165 0.03821
Literacy rate 21.64 1763 0.11586 0.65089
Fertilizer used (in
terms of
materials) (M.T.) 54.66 51.55 0.28346 0.03528
NetArea
Sown/population 37.05 44.45 0.19731 2.08326
Net Irrigated
Area/NetArea
Sown 51.90 76.33 0.28144 0.23549
Pupil-Teacher
Ratio in Primary
Section 14.85 25.91 0.07981 0.18235
Percentage of Girl
student enrolled
in total enrolled
in primary 9.47 6.12
Lengthof Roa}d 0.04922 0.11616
per 100 sq km
area 114.30 4827
Population - 0.45541 0.52259
provided with
drinking water
facility (%)
- 13.
Population-Doctor \339“ — 0.00015
ratio
28.40
Population Beigw——————|-2379 | 0.14600 0.00218 __~
Poverty Line
— 1
100 population
— 60.97 —_ w
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N
GE =3 O(Y).[([/Ir-1], c=0,1

1=1

N
> O(Y). [(L/D)log (I/D)], c=1

1=1

N ,
GE=—>  O(Y).log(L/D], c=0

i=1

GE =

Where ®(Y )= population share of districti

. =value of the indicator in district i
i = mean value of the indicator considered at the s}a}te level
,When ¢ =0, the mean logarithmic deviation is more sensitive to lower va
Index, which means lower part of the distribution.

lues of

. o, ﬂ) e
The Thei) Entropy measure i.e. putting c = 1, we have G E measure sensitive to
ehtire part of the distribution.

distribution. In the

Ife=0, GE measure becomes sensitive to the middle part of the the results of these

Present analysis, the assigned value of ¢ is 2. In Table 4, we have
Measures for all the indicators.
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Table 4

Results of General Entropy Measure of Inequality
c=0 c=1 c=2
1993 2004 1993 2004 1993 2004
Sex ratio -0.0684 | -0.2206 0.0722 -0.0229 0.610307 | 0.95079
Literacy rate 0.1480 | 0.5090 1.9203 | . 1.7647 3.734461 2.113l1_§—
Fertilizer used
(in terms of
materials) (M.T.) | -8.9287 | -3.9771 | 26050 | 5.5321 10.19506 | 26.13274
NetArea
Sown/population | 0.5420 | 45614 | 6.3252 | 1.9181 11.7119 15.72089
Net!rrigated
Area/NetArea
Sown -5.2502 | -11.8069| 4.6905 | 12.7042| 1457001 | 61.56257
Pupil-Teacher 1
Ratio in Primary
Section 0.1124 | -1.3333 | 0.9228 | 1.7470 3231598 | 3651683
Percentage of —
Girl student
enrolled in total
enrolled in
primary 0.2238 | -0.7105 -
Length of Road . 0.5966 05608 | -1.27395 | -1.40675)
per 100 sq km
area -18.2864 -
Population 36895 | 11.7646| 54808 | 3405777 | 98.45004
provided with
drinking water . ,
facility (%) —_ '
Population- 20.5828 0N | — __1_1912@
Doctor ratio -2.7506 | -
Population 04522 | 05251 | 13056 | 2479140 |. 1381042
Below Poverty
Line — | -397 737
Telephone per 5764 | — 17422 | — _____1_2-,79/
100 po i
population |—— 33342 | — 11,6019 46.1139
Forc=0,the GE : _ :
) 5 measure, which is e —butio™
shows improvement over the sensitiveto the lower part of the disTt 'y

decade, i PO mn
nse i wn .
’ X T1atlo, in per-capita net area SOW™ Juc?

dent-teacher ratio in pr;
TTatio In primary education and i share of girl students in primary °
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lengthof road

tion. Increased disparity is found in case of literacy rgte, use of fertilizer,w
per 100 sq km and population-doctor ratio. -

 The Theil index, sensitive to the whole part Ofthe-dismb‘%nonﬂgfo:g‘cl—rr:a)r’gsil;:lvlv;

reduction in disparity in sex ratio. In literacy rate there was reduction, tho sportonof
The decrease in disparity was substantial in per-capita net area sol\znn, P[‘he disparity
girls enrolled in primary education and length of road per 100 sq -

ilability of irrigati <Tity in net sownarea, in
i ili ailability of irrigation facility In net SO
aggravated in case of use of fertilizer, av ty o -

student-teacher ratio in the primary section and in the pop ula§ -bution, the
. i on,
For ¢ =2, the G E which is sensitive t0 the middle part of-th: :fl ;tr; sltlu:ients in
improvement was noticed in case of overall literacy rate, pl:opocl’ltl 2tor ratio. However,
primary section, length of road per 100 sq km and poPUIanon-'t: net area SOWI, avail-
the disparity has gone up for sex ratio, use of fertlizer, per ¢2P"

- . tio.
ability of irrigation facility in net sown areaand student-teacherratio.

districts by
On the basis of the above-mentioned par ameters, We cﬁmkh ;1;;3 and 2004.
constructing Composite District Development Index (CDDI) 10

IND StI'UCting the
While formulating the index we partly follow the norm (()lf catomi}t;zrs:ﬁ?or construct-
Human Development Index. However, the number of in lthe year 1993 and 12 for the

ing HDI s three. In the present study, this number is 10 for 0 ctondevel-
year 2004, For those parameters, where lower figures indicate better 1mp

gt ot verty line popY
Opment, like student-teacher ratio; population-doctor ratio aﬂt‘; bei:,%‘;?o In erzh case, the
lation, we use rank in ascending order as the component of the ) '

. oiven the highest
largest value that is the worst case is ranked one and t‘l;e k;itsvﬁ: :alligl into consider-
rank. However, for other parameters, the concernec va of all the indices.

ation. The development index is computed by simple average

oy

1 N | '.(Aij—Li) -
N i=l i~ i a  ericti
Where C,= Composite District Dévelopment Index (;f district)
- A =Actual Value of the ith indicator in district) ssticts
'H,= High 0+ gicator among all the €1
H, = Highest Value of the ith indicator

istricts
L. = Lowest Value of the ith indicator amOI;%‘ *11191;1;3 o |
- =10 in case
N =Number of parameters = 12 in case of 2004

. H 'ndex along WIth
The rankings of the disticts of Arunachal Pradesh on the D255 of this

® Values of indices are given in Table 5
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Table §

Composite District Development Index and Ranks of Districts of
Arunachal Pradcshiin 1993 and 2004

1993 ? 2004 j
District DevelopmentIndex | Rank | Development Index Rank |
Tawang ‘ 0.5162 4 0.5576 3
West Kameng 0.56374 3 0.3832 8
East Kameng i 0.3692 10 0.2970 12
Papum pare ¥ 0.4448 7 0.5369 4
Lower Subansiri 0.4434 ] 8 0.3553 10
Upper Subansiri 0.2898 1" 04184 7
West Siang - 0.6033 2. 0.5620 2
East Siang - 0.6874 1 0.6024 1
Dibang Valley 0.4577 6 0.3371 11
Lohit 0.4748 5 0.3556 9
Changlang 0.2877 12 0.4570 6 ]
Tirap 0.3770 9 0.2390 13_
Upper Siang - — 0.4982 §__.-

N a
high improvement over the decade.In 1993, g lopment of Papum pare had shown
rank of 7, and it increaseq significan s

with largest share of population cantly 10 0.5369 in 2004 with rank elevated to 4. Lohit

that it will have keyrolein the reduction 050urq,e of occupation in this state it is nat-.u‘dl

e development index was 0.4448 withd

o . i e
indication of the extent of disparity existing in this specific field. Applying the sam

method used for computation of CDDI, the Composite A:gn.culttral ?et‘;t(‘ilfsmef: Lflntldl:;
(CADI) can also be found out by incorporating the three in cators e z} " ir;gted o
viz fertilizer consumption, per-capita net area sown and proportion 011 e ol
inthe net area sown. Table 6 has the computed CAD! for different districts

Pradesh both in 1993 and 2004.

Table 6

istricts in
Composite Agricultural Development Index and R;4nks of Dis
Arunachal Pradesh for 1993 &20

1993 2004 Rank
——— = tIndex
__ District Development Index | Rank Develo%rg:“ 7 |
Tawang 0.67 3 535 8 |
| West Kameng 0.58 4 0.20 10
[ Eost Kameng 0% 0 X 2_|
___Papum pare 0.15 12 0.33 :
|_Lower Subansiri 0.45 ! 0.18 n_
Mubansiri 0.18 111 0.50 3 |
Mng 0.71 0.50 ._...2_-—
Dibang Valiey 0.55 J — o6,
%ﬂg 0.28 19 0.09 ...153’--
irap 0.35 -

-_LPer Siang _  tricts improved, insome

The CADI shows a mixed trend. While some ?ilm'?hd:;ils;icts with high CDDI
Ofthe districts the development in this front was sluggish- he field of agriculture also.
like Eaq Siang and West Siang possess higher ranks l:,led alot when itsrank in !
. 11ong the rest of the districts, Dibang Valley had tmpro the index. However, Papurm

Mereaseq from 5 to 1, but faced a downfall in the value of

Pare remained backward in agriculture. o
' in

There is no denial of the fact that overall disparity

incre«'vlSed over i some of lyins
: aperiod of 11 years. Though are really ins
Yel given the spalx)xe oftime cogsidered in the present stud)’; tgef%i all the districts show @
Oreover, the Composite Development Indices compute
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variation within a range 0f 0.6874 and 0.2877 in 1993 and within 0.6024 and 0.2390in
2004. Here one pertinent question is whether this development has any bearing on the
level of poverty found across the state, Theoretically, of course, a negative relation m“?‘
be there between these two variables. In order to know the extent of influcnce of this
development, we regress poverty level existing in all the districts, represented by
percentage of population below poverty line on development indices (CDDI) of'the
districts. To find out the impact o_f agriculture on the level of poverty, we also rcgress

Table 7

Results of Regression of Population Below Poverty Line on Composite
District Development Index & on Composite Agricultural Development

Index for 2004 )
Dependent Independent | Constant | Coefficient R?
Variable Variable -
CDDI 110.63 -128.07 0.4862
Population (6.27)* (-3.23)*
Pozilt;)‘;:ine AP (ZISE?* (-.4 161199) o113
(Figures in brackets represent t- —

statistics; * denotes significance at 99%, level)

. districts,
Conclusion ang policy implicatiopg

While underfakip, an
perspective, the Goy §any develo

vernment mugst en
evenly across the district

gional disparity, a5 5 neg,
Tepercussions, which may shake
lted by a large number of tri ;

have often differences, though not ths:: si,tfibes, The people belonging to these 1!

Pmentinitiative, especially in the socio-economi®

sand the peim'le ﬂt}at the frui?s of development should SP; ";i_

ative offet Ple tor whom it i5 meant. The existenc€ 0%
Shoot of unbalanced de\'clopment, has long fa-“gm%

€ €conomic stabjlj This state is inh2
bes and sub ty of the statc. This stat s

arp, in behaviour, food-habits, clothing an
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* Very much necessary, givenﬂlatﬂlepnm‘uvemOdeo P

<,

 intemet fucilityisa

. : t-
; i tribal sentiments @
. :2 Taking into consideration the trid '
other socio-economic paraphermaliz. gblzr:lanced footing is what 1S always sought

pached to thelr lifestyle® deve.loprf_lte § :(l: ZOIitical identity and strategi.cl.importance’
Moreover, for such a state, given 11 ge0~ oo nolitical stability.
evenly spread developmentiss prereis® - mamw:m agrlp; onalargescale exists in
dy, disp : + years.
i from the present study, QISP over the ye
l?a(l)‘l:‘:;:r’ lisll?i(;ﬁg:t of the indicators, deteriorationis noticed
Arunac radesh.

. : tiliza:iono
inefficiency inthe u d
i tonly create In¢ ishment an
Th erty, though varied, ROLOMY SIS - | . " dernouri
resf)::c:ler: f\ﬁf;fs? lead the er%tire economy into V1C10US circle Index is found to

. c ot lopment
underdevelopment. The computed CompOS‘telDll;tl!:\::/ I;:::n;line.
have high correlation with the number of peopi€

‘o ofh ;culture. But
. radesh is still agrcu!t
The main source of occupation 1t Arunache' P d_there are deprivations and

tehoo iv-
Srenafter completion of eatly T dfg?:;:r?ésft:u:ld in the state after tﬂ;ﬁ;;?;n:‘f:ga
?l;s?:nty - ﬂ::lﬁnltt i?éﬁ;’gf;ﬁ; 10 find such alow level of develop
ihagnc ' ative
pold, where the state is supposer 1 ha}:lf cor'gilatflre is te of such in-
huge dependence on and attachment Wi Tl?eg;dicy maker has to take 1o
outcome of mal-allocation of resources- 1 redress. The :
. . risre .
cquality and make necessary arrangemem%g;s of advancement 1 ag\jllf revalentinthe
availability of irrigation facility are the sym sstllp :

AR it will not o
state, If such advancement is restricted to limited plgces, t r sectors of the society-

. H the ith
: increased inequality In © k along Wi
n agriculture, but also lead to in nctwm;lat * dissermi-

L . roper tel?phol.‘le

Inthisage of mfoﬂufil:itt‘:gggslalggﬁlyézt%f the sg:lﬁ;gzg develop-

nation of knowledgl:fl:;gnds alotonit.In Il}dlaszléi%gup%f"mage ko

Ment invariably incorporates the proposition 107 S% e o ipated.
ere knowledge is acquired ﬁ‘m“i%lh m;?me. ini

le-connectivity is one of the main pillars d areas. FIOWX" " - .
urban areas antg also between remote a’?d Z?-::ch:gal Pradesh emstegl 1srcly.
Noted that till 2004 the largest disparity in fret

k into the m&
ephone connectivity. The Government needs to 100

thereal ,
Given the present crisis faced by the State’traditional sector, agric palanced
assive reform programme. On the one side, ﬂ?eﬁveliho
Tore attention. Since most of the people £¢¢ .th?;onomic tais -y of more telephone
Pread of its benefits will enhance the SO0 © o oilability OF P
€1 side, the information system needs up-gra

. : com . ed av
SOMnections and other electronic modes in f-:ver');l also usherind balan®
ton in communication and information. This W1
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of the socio-economic capabilities of the people of Arunachal Pradesh.
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Determinants of HYV Paddy Adoption in Arunachal Pradesh
Bedabrat Saikia

Abstract

ini. d fion o_f [4 & i

. . 1 [+)
Arunachal agriculture. The specific technology studied is the Zdoit;?: th]; agro—climalic condi-
(HYV) of paddy. It is found that in the diffusion of the HYV pa by
tions and the Government's policy play an‘important role.
_——-‘—-——-—.-_;_-‘--

——

Introduction

.. ; er a new
Although the new technology in Indian agncum}renslfyrli?ﬂlfczgunder the
Phenomenon, yet it has got a significant relevance for the r?l%l ; s culture of Arunachal
embryonic stage of agricultural development. For example, hi ty bﬁ;ﬁt from the fruits of
Pradesh lying under conditions of backwardness has yet o f;ulre 111950s, the practice
technological innovation. In the jhum-basedAm"a"hal agnelt™ = foothillsand the

. ; leysand
of settled cultivation was concentrated mainly na fewriver valley er tillers, H

. tors, pow .
Application of new farm inputs such as wooden plough, trac Overthe Peno.ds ’

Seeds, chemical fertilisers, pesticides, etc. were almost non—fxt;g' settled cultivation
€ State agriculture has experienced some dynamic changes duction approach.

and has opened up the horizon of technology-onented 1:11'0 oW

farmers have shifted from jhum to settled cultivationand a OI;nroa ds thoughitis much
Pplication of new farm technology has made progr essIve

OWer compared with the agriculturally developed Stales®

duﬁng 2002-03, the area under high yielding variety 0fricé; ded by 947 P cent

ich increa
oocupy 37.28 per cent of area under these cToOpS Whl;th olf Arunachal pradesh)- Tl}e

OVer 1985.86 (Department of Agriculture, Governme . 23 yearsending
Sverall gl”OWth( ot? trl)me al:'leznundergh?gh yielding variety seec? d;rlsmu%nption of fertilizers
2002-03 isaround 11.60 per cent per annum (Table 1 A).Thect ring 1980-81, the

] : sition. es,
Plant protection chemicals, however, isnotina rosy po dtoonly 124 tonn

: 1 unted i
SOnsumption of different types of chemical feﬁ‘lfzerssrmin; 86-87 the 2%%0;
While jt Tose to 720 tonnes during 2002-03. Lilfe“fls_e’ 17tonnesd gh By
. Plant Protection chemical was 16 tonnes while it increas progressed el

0 . has not
+In Tespect of irrigation also the state agl1°‘§lture
\

Col""’slil)ndence : Handique Girls College, Guwahati
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1995-96 only 25.66 per cent of its net sown area was irrigated. The adoption of ‘ncw
agricultural technology is a matter of infrastructure facilitics, socio-cultural institutions,
security of the returns of the new techniques and other different institutions. The studics
by Iran (2001), Bhagat (1983), Behera and Sahoo (1975), Roy(1960), and J aiswal
and Singh(1968) reveal that the adoption of new agricultural technology depends on the
availability of infrastructures such as irrigation, cducation, clectrification, transport and
communication, etc. Many a time; it is the social framework rather than the other factors
such as education, demonstration, ctc. that hinders the adoption of new innovations-
The socio-cultural factors play a vital role in accepting the new technologies in any type
of production activity. Traditions and customs vary between and within the regions and
accordingly the degree of acceptance of technology among the regions and within the
area varies considerably (Turare, 1998). The study by Mahapatra (1978) also pointed
that innovation of techniques, their diffusion, acceptance and proper utilization are all
linked to sociological questions, the structure of the society and its value and the
personality structure. A comprehensive study incorporating the aspects of adoption of
new agricultural technology in the hilly and tn'ba! agriculture is necessary to get an integrated
view. Thus, the present study, confined to hilly and triba] agriculture of West Siang

district of Arunachal Pradesh, is an attempt to examine the f; i jon
of high yielding variety of paddy. 1¢ factors affecting the adopt!

Methodology

From each of the sample circ] Chal Pradesh. The sample size totaled 80 househ®
within the domain Ofthenmcche’ tv.\:;)}llages Were selected. The sample villages© is
characterized by the annual “mid agro-climatic zone (mid hill angd valleys) WI'"

Celsius. Primary information on ¥ ol
farm technology were collected t.hf TH

d USing well-s e.
-Structured jonnall
ral year 20073 and pre tested questi

conventiong] Survey methg
data pertain to the agricylry,

In order to identify the factors affecting the adoption of HYV of paddy, a linear
regression function, taking the proportion of area under Hwof paddy to permanent
land as dependent variable and a few independent variables whnfh are f:xpected to har\;
a bearing on the adoption of new innovation is taken into consideration: The gene
adoption function is modeled as

H=b, +b, X +b,X +bX,+bX+bX,

where,

H= proportion of area under HYV of paddy to permanent land.

U=random variable with E (U)=0and ¢? ,a constant.

X p - Proportion of area under permanent paddy land to total land

X;=proportion of area under jhum land to total land
i~ Tatio of irigated land to total permanent land

X=educational level of the household head.

X, dummy variable for demonstration programme. (‘

attended) .
i : ¢ factors.
b isthe intercept, b, b, b, b, b, are the regression coefficients of the respectiv

. . c1? HI1H te, P for
2¢ literacy index of the household head is scored by scaling as I tf%gdlllg:l:eco ndary.
Primary, <3 for secondary, ‘4’ for higher secondary and *5" for posti

Results and Discussion

. ki f co-efficie
The regression analysis, having a comparatively high valueo

: ionship between
ination (R? = 0.70), gives information about the nature,of r_;';?:;;ffveals that
adoption of yy of paddy and its determinants in the study area. Ta

- i iculture
Inthe Study area the permanent paddy land playsa signiﬁcant role'm ??tll?f:?r:nanen t
200 has facilitated the adoption of HYV of paddy. The coefficlento o e
Paddy land is 0.77 and significantat 1% level (Table 24). Onthe other’ tofjhum land
OLjhum lang op adoption of HYV of paddy is insignificant. The coef.ﬁm:it; o hedly
5 0.0008 and t valye is 0.994. By its very nature, the jhum Cultl\r’:ilon of permanent
?ccommOdate new farm inputs. A farmer’s ownership of higher prop(;nt for adoption of
and lower proportion of jhum land has created the SnVItOR P ey of

of paddy and thus the relationship between jhum land anc a2

. ennanent and
iy may be negative, On he ot way, a frmer soWnesPOTCRCL o
jh land also facilitate for adoption of HYV of paddy antive. [tis interesting o note

and and the application of HYV of paddy may be pos!

1’ for attended and ‘o’ for not

nt of

determ
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that the increase in the level of adoptionl of HYV paddy is positively corrclated wlglu‘:;
permanent paddy land. This clearly confirms that the permanent paddy land hasa
bearing on the level of adoption of HY V of paddy in the study arca.

Table 2A depicts that other variables have played a peripheral role in influencing
the adoption of HY'V of paddy. All the variables except demonstration programme
attended by the farmers were positively associated with the adoption of HYV 0 [ paddy.
This indicates that improvement in these major factors might be leading to higher level of
technology adoption. In the regression analysis, the impact of irrigation on adoption of
HYV of paddy in the study area is insignificant (0.163) during the study period whiled
good number of studies in different parts of the country had shown the significant role of
irrigation on adoption of HYV of paddy.

Table 2A further reveals that the co-efficient of educational level of family head
is 0.084 and has not come out as a significant factorin influencing the extent of use of
HYYV of paddy. In their study in Arunachal Pradesh Saikia et al. (2004) found that the
literacy rate has positive correlation with the rural nonfarm employment. Generally, thé
educated people prefer to activities other than agriculture and hence, increasing literacs

doesn’t mean availability of skilled manpower in the agriculture secto
the increasing literacy,

force who depend on
adoption of HYV of

r. Thus, inspite©
agriculture has to go with the illiterate people and unskilled labo
agriculture. The impact of educational level of family head on the
rice in West Siang district appears insignificant.

Effective and quick transfer of technology depends on systematic and retraini®®

Opportunities for extension workers (Joshi et al, | 979). In our study area, the coefficie?
of the dmy variable, the demonstration programme attended by the sample farme™
takes negative sign for adoption of H

le
: YV of paddy. As reported by some of the sarm?

farmer§, adoptionof HYV of paddy and chemical fertilizers in previous years cal::;e
only the victim farmers but also others don’t want 10t

. ddy extensively
reasons cited by some of the sample farmers for not usmgfthedeY 1Vo?:res}i,5tance ofthe
are lack of taste, risk and uncertainty of success of HYV of paday;

: itable to prepare local
crops to pest attacks and diseases, and HYV paddy belr;g ngésma;a: pernrlljanent paddy
beer ‘4pong’. In the context of the adoption (.)fHY.V " oZio-cultural tradition,
land in the study area, the physiographic, ¢ l-lmateifa;n inputs and availability of
commercialization of agriculture, subsidized provision °fth ratelc))f adoption of mode
agricultural labourers from other states have alsoaffected the

w strategy of

: call for anew SHE™E
agricultural technology to a great extent. These findings thus ercialization

tivation, comm
etfed ul the farmers by proper
ffusion of nEW
higherineore

agricultural development which includes extension ofs e onof
of agriculture, crop insurance to cover risk and moti - lure by di
demonstration. This would lead to more dynamic ]air(;urpl‘o ductivity,
technology. Its outcome is sustained growthiin land and 12

from agriculture and reduction of jhumming.

Appendix
Table 1A

eds
Growth Rate of Area under HYY sé

Period Estimated Equatio”

0.1160t
1980-81 to 2002-03 log H=3882231%

heatand
R rising padd)', Wi
N-B. () H is for area under high yielding variety seeds comp
maize. h
(i) It is time in years. Naharlagan Arunachal Pradesh-

(1ii) Data source: Department of. Agriculture,
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Table 2A

Regression of arca under HYYV of paddy on different factors

—
Independent vanabics Cocflicient R
Constant - -0.494 ]
(-2.132)
Permanent paddy land 0.774 )
' (T2. 111y
Jhum tand 0.0008 -
‘ (0.994)
Trrigation ratio 0.163 |
(1.060)
Literacy 0.084
(T.335) —
Demonstration programme -0.030
. ‘ (-0.230) |
g 0.70 ]
80 o

N.B. (1) The parenthesized figures re
(2)* Significant at | percent level.

(3) The dependent variable:

(4) nisthe no, of obscrvations,

present { values

Arcaunder [1YV of paddy.

(5) Daa source: Field survey,
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Improved Rice Technologies in West Bengal
What Prevent Farmers from Accepting the Recommendations

Dr. N. Ali
Abstract

In recent past much has been talked about the performance of agricultural arowth i

West Bengal under the Left Front Government. The underlying factor that made it possible is the
constant expansion of summer paddy cultivation during eighties and early nineties with the
improvement of irrigation and intensive application of all the production inpuls like Sertilize
and pesticides in appropriate quantity which resulted in less technological gap and consequent ly
less production gap and hence more closer the production efficiency frontier. But this does no!
mean that the rice farmers in the State are operating most efficiently. Farmers may otherwisé
apply all the necessary inpuls as recontm ended by the adoptive Research Farm in the region bi
due 1o some reasons they are not using them in the form of a package and at the level recr;mmeﬂfff"
by the agricultural experts. The present paper is an attempl 1o identify the factors responsible fO'
technologies as recommended.

non-adoption of recommended modern rice
_____-——"‘/
Introduction ;
. . . . N 3 -_'C
roductivity is associated with the so called ‘g}r;gis
gk

The growth of agricultural p ity is:asS0C]
revolution’ which was initiated in the country 1n mid-sixtie

was given to bring the land under modern improved varieties h ¢ Jicatio
hectare from the traditional varieties without much concern about the level ot app

of other associated inputs such as irrigation, fertilizer, and pesticides. Despite f’iﬂ & orif
to expand the adoption of modernrice technologies total rice croppet_i area chnga .
season has not been possible to bring under the high yielding varieties In yes I.uctufﬂj
This is because of a large number of socio-economic, technological anf:i infr asziop o
problems. Several studies have been conducted to identify the constramtsdto f{:: lize
the lack of irrigation facilities, non-availability of quality inputs like 2 ks fs;e (e
pesticides and lack of credit were reported to be Impor tant problems fakrlowledgg
farmers (Adgaonkar, 1978). Ballav and Prasad (1985) observed that lack € ion T o
of the farmers about improved technologies was the main reason for ﬂon'a.doaere pig!
other impediments of transfer of technology as pointed out in many Stqd;(e(irientatjoj
‘(:Igls'lt;sifmputs (Marothia, 1985), lack of capital (Sinha, 1978) and r:jso tion f Gd
Hce tecilaf;lcl)ll'an'd Pravee{la, 1982). The technological cor?s.traint_s of 11'11'3937 7)pdiscasc o
pestEE ogles as noticed are the lack of irrigation facility (Singh. ’
rol (Tripathy, 1977).
S —
orrespo . ;
Pondence : E-myj] - nursadh(@yahoo.co.in

s. In the beginning CITJP
aving higher y1€
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fmodemn improved rice

than, 1994. Gawant and
larly rice

technol??spite the problems associated with the adoption 0
Achuth; o SOme studies (CMIE 1993: Saha and Swaminatiat 5
produc A, 1?93) have shown that the performance of agriculture par}ltl: B
the m .‘ilon iIn West Bengal in the mid 1980s and early 1990s ha§ bt?en hig 1‘651‘:%“ O:i‘
and rgor States of the country. It is argued that besides successful rmplcntun '(nallvm
199g) 0r1"r15 programme rapid expansion of boro paddy arca (Ra\lx-'al anld S.“ zuml | 1:)\{-
during this period has been the reason behind this splendid achievement.

arland ‘vity has been
and reforms ha ; - oricultural productivit

v wth of agricultural P .
g contributed 1o 16 £ o ere is no doubt about the

si ersial and hence needs a close examination but there | L

exgmf.ic,emt role of boro cultivation to the growth in the State’s agricultural jii;?;c;?;l:;:

an jpy g the inter-districts variation of agricultural growth De(l 999) ﬁ?tllinin yield of rice

' variogam.)n were two factors responsible for higher and‘loWer grg“ctivity tas indeed

blayeg . istricts of the State. According o Pilla (2001) inputProce & roductivy

in Westag ‘Mportant role in the growth performance and thismprOVe' ™ in the presence
cngal has been brought about both by efficien

cy and technology
1atig vt
N8 across seasons and seed varieties.

U 1 3 - -
. nder S'LlCh a situation it is important t iy
Cpr Dl‘odqcmg on the optimum production frontier. Thi
"eQuireg Oductlvity growth in the State which is almost %tagﬂff}l o
Cientil ; -?\Xaminati()n of resource us efficiency of t?; f’lilce _
i ' veals that the
y. Arecent study (Ali. 2005)re e mer paddy

are
nOt eff .
ic : _
e f,, . ontand efficiency varies across the seasons: 1177 yié
producers ive Researc

. oHndt :
;arle wasofbe more efficient than kharif season Eo ppi i
a ound to be close to potential output achieVee " = - jq o fertilizer @
~ean of productior inpu o Conomicail}-'

ailabil® t l.acccpt

; : inthe
he rice farmers Y
ther the 11 1 for

o find whe ely crucia

tﬂte ar

S¢ of narrow gaps in the application

reco
e ient
®fficie Aded (op cit). This implies that in spit® of sufficient ¥ cepta al :
pﬂl‘tialm “Chnologies, far do not accept them and if they ° yield: 1
1 , farmers do no dedto obtain maxim L {mprove

Migy, ¥ While th :
th ¢ whole package is recommen . nting , _
PraCtics d_ue to 'SOme consngj s h%ndering the farmers ﬁ'O.m lmplen:]i ” t; examine the
;mp()rt Stl? f'equired proportions The present papel'dls Eil_loitffa“ the mo
e ac - optl
N Chng Ogieg ai()rs that obstruct the farmers from the adop

Anp the leve] of recommendation.

ing ¢ .

o I;g the:h“'qlle and methodology
msp"nsi . Lresent paper, an attempt has b
U:"dem Fice?s Perceived by the cultivators "
g the threee_z}?nologif?& The study 18 anﬁ“?d t[flockss villages an
tage stratified random sampling W'
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ver, identifying the fac-

as the firs
. a : .
Ir\)/lun}::;rs inther CSPC:l(iivl hird stagcs respecti
of improved ri dministratjve Bl . were sclected fron ; PI'Oporuonal tothe! and th,
specially st rice varictics were ock. Primarydatao 1 ].O villages scattered it tors € whole matri
the res ructured and collected th n various aspects of the adoptio® responsib X was processed thr
cac}:cspondcms were asirc'tcsted qucstion r(.)ugh conventional survey method using Brees of freeq le for non-adoption of ough computer Howe
) . n T ' <. 0 . .
for rizonSUamt was percei\(/::dto ln‘.jicatc ona Z;Lcr l © measure the degree of constraint® dividya| cat(;rn as the number of va:izil;ezategory was ot visibledue 0 ock ofde-
o e c3rop recommended ?s hindering the ado-r:pmt continuum the extent 1 whi¢ T]j Analytical toicl)ry. Hence, all the size gou;za\ilgreater ]th calm thesimplesize® “F
. A 1 : . . re po i i
agricultur;]much - 2, not so Omr thim' T'he scorli)ng l;,(:(f lm(fm"’cd package of Pl‘aC(lC:; ® Variables inclug pooke inasingle group 0 apply
uch - cedure was followe as vé Cluded
househ year 2000-0] 1 and not as follow¢ X in the mod
0] . . at , . 1 = odel are:
(1 - lelds were divided im(l)s?scd on the cxisting aall 0. The data relat€ 1o the X; = lack of ownership of land
acres). * ss than 2.5 acre our categorics - ¢ g arca of holdings {he whol€ far® X, = fragmentation ofllJ d i
s). The nu , S), catego category I (le h 1eg00’ X lack . lan holding
mbers of sam gory 1 (2.5-5 ss than 1 acre)- €3¢ s X - of moisture retention capacity of 1and
Inorder to ple of the groups we acres) and category abo® x :la-d( of irrigation facility pacity 7
an adoption ind measure the level of : re 14,26, 40 and 20 respectivel)’- X igh irrigation charge
formul ex of individ ofadoption of : ;= Honavalability of irrigation inti
a 1dual farmers was d lnew technology for rice cuhivatloﬂ; X, - occurrenc l lglof'mgaﬂoﬂ in time
eve . i = e of flood
Snymy oped with the help of the fOl]O‘”mg ig = LOW rainfall >
r 1o = rought
Al = ( AHji PAjk_ §. . = :ack of capital
PRI —_ ' = ack of easi i .
Wh i=j j=1 k= + Xu = asily available credit
ere . k=1 CA b ) X'J = lack of adequate credit
i=123,.. ' Ry, X! o of timely credit
j g n, and n =total XIs = ack of statutory price of rice
A J : numb _ lack .
. ,m, and m =total numbe ;(:)f;.ilail;:cr S | o ;(:: _ lack g;';:;iettlgg facu(:tyf
=1,2,3 " yielding rice variett® - l et demand of rice
X p AAARARAE ,r,and r=tot ;)lrz(«tlcgd by the farmers X:: X lif:‘;itl:fmponaﬁ(m facility
. - A umber of . d X = rket price of rice
j > practices su h as arm yar _ availahili
e I, F, : cha Xz? = :g: availability of farm yard manure
Where pisthe n X, = no“':“,':}lla:llllty of seed treatment chemical
f: umbe X = -availability of fertilize
actors and | are f; r of factors retai ) 3 = non-availability of tilizer )
number of us actors loadi . nedandF (r=1,2 n mo? X, hich | ity of skilled farm worker
same inf; useful factors with ing of the original 12.3,.. ...,p) represents co™ . od X! = . gh labour wage
ormation. eigen values more th variable Xj on factor F.. i e x> T I ot profitable
Alarge num ¢ than one are retained t0 a6¢0 of ' X: N ga::ilc(l of technical knowledg® of skilled application
....... X,)490 fthenl:er of constraints we §28 : lack z‘f{:‘i’ t'ilw i}d.Option of r.leigbourers_ J intire
gg :—te;ting of the Schgg different types v::rselCCted initially. The following X Xy ﬁz x® = inadequatzlt:z:lr::ntyg()fgenume product” i
endi ul e retained in thi . i
Ing upon the farme:; The adoption inde ned,m this study after comp! cnﬂigﬂf x® = lack of advise and guidanc®
s degree of adopti 0nx which varies from 010 100", b X;' = zon'a"a"ability of quality seeds
was considered as deper e vart X;j = ir?r;ava“ability of plant protectidn chemicals
= ina equate supply of HYV seeds
adequate supply of fertilizer
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2 inadequate supply of plant protecion chemicals
3 = non-availability of HY V seeds invime
2 = non-availability of fertilizer invime _
37 = non-availability of plant protection chemicals in time
e = non-availability HYV seeds at fair price
non-availability of fertilizer at fair price
non-availability of plant protection chemicals at (air price
non-availability of agricultural machinery on hire
high prices of inputs '
complicated process
lack of own bullock
lack of family labour
lack of knowledge about proper recommendation
lack of agro-service centre
lack of good road for transportation
lack of soil testing facility
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Analysis of findings

Theresult of the investigation hag
out 0f 49 variabj

€s considered 12 factor

. . -« thal
been presented in table 1 which shows e
value of each factor

¢ about proper rccommcnda;
perceived by the lel‘l‘l‘lCl'S.fO1
hnologies at recommended level. In every et
. A experts recommended certain | Nyb: "
npats and time of application for Obtamm%
M variety 1o variety of rice. In cases \thl'rlc
process and amount that epiProved package, they do not follow !

: - tlag€
“1€nted in (o1, This is so because, in V‘“ag,

dependi'ng upon the land situation agricultura|
more st.utable with specified doses of other

. This varieg fro

. ost inflyeng; . . hi
considéred as the key factor 0: tn}:;ail).f?itor 1 tfhe lack of iy gation facility (X,) whlch;
“cxage of moder ri.e Ja
armers coy| ¢mrice technology. Due to 13¢%
onof othgrl:ztpt:[]:e the decision of adoptigg c(:fg t}ll1e high yicld"ﬁ
gether ; - “PPropriate raqe The first two factors
Xplained 7| I'per cent variation.

-

varieties and applicatj

eigen-valyes more thap 4 and to
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. e into
: in foreign exchang
Conversion of non-repatriable equity invested by NRIS & gﬂﬂ investmer!

. ided the ori i
repatriable equity allowed under the automatic routehprr?a?notiﬁe under th ¢ Fpr}flt%g
Wwas made in(tl’oreign exchange under thle g?r}ssgng the sector/activitjt’hl;l ::Il?cl;l:’natic
E FEMA)regula : ity ison
in);igageixgtcg);rgseelg {:(‘;)te( <onverted into repatriable €quity
Toute of FDI.

. ‘ e
FDIin post globalised India: an evaluation ark a radical departur

1991 mark a (e, - onomy.

The sweeping changes that took place afctlzrforeign capital In mdﬁa {0 Indian

from the past and reflect a positive approach towards, vestors tomake debul 4 market
€ structural changes facilitated frecdom to foreigh lncaPital, technolog. &% conomy
industry. Since then the emphasis has been on o cgration of the domeStie COPEL
Morder to induce greater industrial efficiency an " includes refining 20 itali
Wlth global economy. The enlarged FDI sphere now 1o i man

. 1215
! unications, L= . . in Indial
Ng, oil exploration, power generation, te}fﬁg‘;‘:;e nt liber?hsauon policy
the 1EImlny more. The most striking feature 01 t ion. FDIisnom
[

, inati - ally approved 0
tech Eifdom provided to the level of ;qmt)’e‘;ra{;?%?)l isnOw autorzaltlcgl er (};)ent equity
“Chnolg ; ato ' . Eve ides, Cen
listed pﬁ%i"ittrya:rsgzg ggécgyn?:rﬁgﬁwa?e developmif:;heitgdusuies- Beshdi:;s (NRIs)
SPemitted jn power sector and wholly export or¢ Js Non Resident I'ning 0
Go"emment has liberal and friendly aPPrf’?Ch towtzzreen imposed on ra;SForeign Cur-
* Promoting foreign investments. No ceiling has Receipts Rs radi
Depository Receipts (GDRs), American Depﬁg?igmalisaﬁon mark1s1:s e v
i Onvertible Debentures (FCCBs)- Thus, he past years, Fhel:C (WTO) for €0
tone 20N to FDI entry in the country. Over the P on

i rimary

de OrganiZZt oy 1y Thepri
i S @ intemational framework under Worlgn’trgan Investier.  eign choice ™" ﬂ:tz
c Oncg NVestment through Multilateral Agreem reise Of SOVET¥'2 . ate, expO
em SC¢©

the exerc

1 for our country is impact of MAI on U s ininv
reg“.latIOn of FDI, 'I:l 12,301 foun%ation of compet‘u:en;s T. K?a‘-'n.eyh?f
Congyfronts- The latest Confidence Index, prepare” tnation ;n ‘
Chinall1 gna“t puts India as the second best 1nve 2003)-

Sney ¢

ov-
: of FDI2pp"
ahead of the US (table 1) (Hill 2.005’ Jobalisation: ql Nadu, Kamatall?klg’l
aly, Table 2 depicts the FDI approvals SInce g 1 the

; : wed by Dells e onally beet it
ang o‘gzr‘éirﬁ/laiharastra topped dtl‘;fa‘{f,tafg;% which lazivtf;‘ﬁ‘;resenﬁpﬁﬁtﬂca.
e S ogh competiton rom i 50 €0 o Nadh 2 s
In tgt b Japan is limited mostly to Haryan, M arts of UP and I;(;lryper centof e
Ea :an ;{-‘I’\fl‘the destinations of FDI gcogsuDgcl:t:l(l),u%ted for almost However
. a i 1 r. Y%
) lnﬂowS%;{loTé?;l. and Daman ) India’s maj Ofu%lar?::share n
Malll‘iti& is ?videm (table 3) that US still remains Jennium-
Sis Ing;

. w i
nthene
S India’s largest investment par tner !
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approvals has gone up from 12.57 per cent during 1991-99 t0 25.67 percent during

2002-03. In the past we had to depend largely on'US for capital inflows. The libcrali§aut?1’;
and new millennium have witnessed adrastic change in the sourcé of f orcign funds in

uity investment valued at US § 3.7 billion in 2004-05, as
* compared with US $ 2.2 billion in'2003-04. What i i

atis worth noting is that unlike in the
gerdepends on developed countri oreign

As perthe lat ilabl } DI
appeovals il Noverber 200, oy 5 1261 T2 the umvlative amount of
06 (up to November 2

i 237,952 crore (US $69 billion), Dyring 2005
have been approver, IntSSl FIzIs toAthe.tux}epf Rs. 5,(,347 crore (US$ 1,351 million)

‘ 11s geographic origin, Mauritius
ng for37.2 per cent.of tie total inﬂgowg%)s A wagl?econd w;th
shows that electrical equip-
. . OWs (table 5)
In terms of investiye

- entin project, Syt Korean stee] o ] Com-
i il o, PP Dl oy ilion O e o
. in the w Y, osco S proposed Investment in Opicen v e single
orld during 7005 ' _JT1ssa was the bigges
In fact, in thj '
is felt that aggreser,.> 12C¢ fora

: fracting more ppy i Tndia 12 I

geressive DIno state iy to go slow.
enhance the ix?ﬂow ofl?lg?ture by Severa] States in altracting foI?e?;l;lr(:rsestrgents may
of homewori before j oming days, However,' the states need to do a 10t
- A.concerted Strategy at the Central an
Camore ¢

Quitable regional distribution of SU¢

Umping jpy i?n ; Y
S Into FDp
ﬂ:)a‘ig.level needstobeevolve toe iy

d0ns
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Significance of FDI

ity. Its
: lobal necessity.
Globalisation and economic development is ﬂo“;:m %gie;n:hi direction of more
Potential relevance is also evident when policy changes Z :srg “eterminant is best illus-
Orless openness. The significance of FDI policy regim

- jnto a
trated by the fact that FDI cannot take place unless it 1“;121111 t of policy chang€§1:l
“Ountry. The liberal FDI approach has become the dOr?scientiﬁc and technologic
*Xtemal investment sector. In order to utilize the benefits 0

ta] formation
v r s ive that capital f
Movatigng indifferent sectors of the economy, itisimperative

. an help
: : ecially FDI can

ould take place at a higher rate than before. Foreign capital esp

Mmensely ;

- . M forelg]‘l Sa\’inf__’:s
YInthisregard. FDI plays two important rolcs: firstly ltcsssgll;ist provides tradi-
fo SUpplement the invesiment needs in the host country and se estic credit mark?l and
10nal gaing from trade to home country. FDI vitalizes the doir:monant vehicle for the
Provige Positive gains. Studies have revealed that FDI (l)S;t?l of the host country (IME
200§fer OfteChnology thus contributing to the faster gr

i the economy and supple-
Mengg g . Pearheads the increasing rate of investment in
the "Vestment needs in following ways:
L}

It gives access to latest technology and ldeiihsé worldand
* Itinvites foreign capital investments across
o \technical) collaborations, e
cry importantly, it generates competitive p N
o Omestic trade and investments, and drising expl oitation 0

lows further utilization of idle capacity an
1l resoyrees.

reva:.
o ing Dolicies on B
gy gy 1991

ved
. : as been appro
With the simplification procedures, FDI in Indiah Investment
Matj

) d Foreignl!
UCapproval by the Reserve Bank of India (RBl)]agvithin a period of two
kS (proy o X4 (FIPB). RBJ accords automatic approva volving:
o o oVided ce in parameters are met) to all proposals l-n o activities (List 2)-
. FOrei'gn SQuity up to 50% in 3 categories relating to mﬁ?;tn 38)_
. Fgre!gn ®Quity up to 51% in 48 specified ind.ustneS (
Teign SQuity up to 749, in 9 categories (Llst 4)~(y o
The liStSere List4 includes itemns also listed in List 3, 4% tgrest to
Invees SMPrehensive and cover most industries of I anjcs prim
in e MSin high-priority industries or for trading C‘l’mp
spec'pomng are given almost automatic approva DI, are as follows:
FD lcﬁ Measyres, which have been taken to boost F ce
eap N the'domestic ajrlines sector has been e“hgg er cent
ina. et Rlinvestment is permitted upto 100p

ty participation by the foreign airlines.

facilitates foreign

for dynamic change o1
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icipation would apply.
foreign compamesi
imarily engag

by the RBI. Some of the

er cent t0
d from:,? tﬁ no direct




1°DlIs in further pursuit
in IFDI ((iovcmmcm 0
the automatic route n

As a measure t
activities have

d for
ind construction 0

been reducedto
1ilt up arcd of

1)1 cap up —
p up to 100 per cent under the automatic routc is now permitte

t ol township. housing. built up infrastructure:
arca requirement has
1 50.000 square metres bt

developmen
dcvclnpm‘cm projects. The minimum
hectares for serviced housing plots anc
construction —development projects.

| []);] cap has been increased from 49 per cent up to 74 per c¢
cellular telecom services. The revised caps include both D

nt in basic and
| [ and port olio
In\rl_‘_\;m]t:n['

-1 has been permitted in IF'M Radio Broadcasting up to @ maximuim of 20 per

cent.
'I'his 1S inclusivc of FDI, Non Resident Indians (NRI), Persons
(P10) and Foreign [nstitutional Investors (FII) (Table 4).

(}Lfld_cllr_lcz_s for approval of foreign/ technical collaborations for p
existing joint venture Jcollaboration in the same field have been reviewed.

svernment of India took several measures in
of its alrcady committed policy of transparency and liberalisation

{India 2001-2005). FDI up to 100 per cent is now permitted 08
sectors/ activities excepl:
ndustrial license under the industries (Dev

of Indian Origin

rojects with

The g¢

all
elopment and

Activitics requiring i

Regulation Act),

where the foreign investor had an existing joint v
{in the same field of activity,

n/trade mark agreemen
n of shares inan Indian company in the financial services

cnturcftechnical

proposals
collaboralio

proposals for acquisitio
sector and where SJ:BI Regulations, 1997 are attracted, and
All proposals falling outside notified sectoral policy/caps or under sectors in
ermitted. :
owing

which FDIisnotp

owards simp
been placed on the ge

lifications of the existing procedures in FDI, the foll
neral permission route of RBI:

isting Indian company from residents to non-residen®
he financial scctor and where SEBI code s attracted):
rovide

wings (ECB)/loaninto equity, P r
te and the foreign equity afte

fshares Inan cx
and vice-vcrsa (except int
ofexternal commercial borro
red under the automatic rou
suchcon version lalls within the scctoral gap;

1ol prelerence shares into equity
ihin the sectoral cap and

Transfer o

Conversion
(he activity 1s cOVC

3 - . - : igh
Clanyersio! provided the increase 11 fore1&”
cquity parlicipulinn 1S W the activity is under thed

roulc: and

.
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External Capital Inflows in Post-Globalised India
Dr. Rama C. Parida

Abstract
ot DIy Incdia. .ﬂ':rc'fi

j"}.l : 3 3 Sy . : :
o Industrial Polic 199 ushered i dramatic changes to atird
-m:-‘m.\':’ I

DIy and technology pransfer have
world of ntensi/ying compeliion
pcularhy m a vast cowntry
wtors (o make debut 10

o depends on deve
¢ Ccoane

hoeen it
ol i}..’ft"‘

ypen door policy towards
he

ol J.r"-‘!\”f'-t tl'”\'!r f
o earlier restrictive approach fact.in the
T AN LERR R fenretdn :d‘f’HtIf (yovery ‘,“!"_‘L'IHH.\ f?d."
sornctural changes facilirated freedont 1o foretgn B
is that unlike m the past. Inddia no longe
[ capital mflow Many developing nations hav
rosent Indiats adpudged as the second best nves

LJ'HIII.‘U&
“;\'L’ h.‘ﬁsf t’
[ricdian ndustry:

What s worth noting doped countries
f'r'muuw’ 10

pment u’c.m’n.:{f'frﬂ

for her forctli pavesinicil dh
pavestng thetr funds v Indra Aty

m the waorld holund China nd ahead of the LS

[ntroduction
have stimulated the development of closer II-

oped and developing countrics. Many dever
h widespread reduction and re-
d liberalisation
nts have trig-

liberalisation
gst devel

ds market throug
wrkets. pri vatization an

Globalization and
nancial and trade relations amon
oping countrics have moved towar
moval of trade barricrs. deregulation of internal mé
of foreign capital in {Tows. Our economic reforms and structural adjustme
1; {riendly fore1g investment cnvironment with liberalized and simpli-

< There have been significant changes inour external sector through
15, Forelgn Direct Investment (FDI). ete. The open-
ing up of various sectors to foreign i.nvcslors I}as helped to remove huge trade deficit.
The [ndustrial policy. 1991 ushered in dramatic changes to attract FDI in India. Sucha
posi{i\'c and open Jdoor policy towards FDIs and technology transfer isn contrast ¥
our carlier restrictive approach (Chopra 2003, Bhalla 2004). Various policy measures
have been adopted 1O liberalise foreign investment regime through multilateral and bilat”
eral initiatives: Following the liberalization, there has been unprecedented growth @’
FDI inflows in the economy. An cconomy. which wants o raise its growth ratc.
rcquircd {o enhance its efficiency and productive capacity at faster pace cspcc@“}"“f
post liberalised environment. [t seems. therefore, that how developing countrics ""ﬂ
spond 10 challenges and opportunitics thrown by developed countrics depends upe
] ign investments consisting of FDI. Foreign Institutional Investors juliest

reforms 11 fore
.ollaborations. capital market reforms. etc. o
Itanéig*‘r'

gered 1
fied pmccdurc.«; '
;- XIM Policy. foreign collaboraticl
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intly explained

Lack of capi
ca ; 5 ey o o ,
17.2 per cent vari aif;;al .O\ ) and non-availability of irrigation atume XJo
nin the adoption of modem technology in its full package with eigen-

htly observed asone of

value
an
3 in cach case. Shortage of capital has beenTig
e technology because

€ major pr

SMallanq pmzrlzfn?ls ffaCCd by the farmers in transferring the new ric

1{?;1131;35 aconistant S?lr;;(l:;s:;i ;}E)l(tlo‘rgvhile new inpu?s are c.apital intensive. Rice cuhi’\'a‘iion

abify 1Sacommon feature ofnglcl }11 ?UC 'fo po‘c_vr 1.1'r1g.at1on system (su.Ch as canal 1mga- '

relate;ince to adoption of impr 1:3; al abl-hty oi_ ujnganon water atthe time of .ne.Cd \j\-’hl(?h is
0 the application ofog: ove practices of rice. So assurance of timely irrigauion 1s

er inputs and practices such as fertilizer and weeding.
Table 1

raints i : . .
s in the adoption of Recommended Rice Technologies

m perceived by the Farmers
C
0
Proper relc-low €dge about Communality Eigenvalue |% of variance Cumulative %
om . 0.45
Lack of irp; TT.lendélil(\)l‘l (X.) 49105 19749 |
ack of 'gation facility (XAA S
ST Capital (X ) | 049694 7102686 030|210
2 1 - 10 o ———'——-____————__'_--————__—_ —
In tj Vallability o 0.43451 3.66439 9.40 30.50
Me (X ) f‘ﬂ"lganon __________—________—-—-
Lack or A"d 0.40737 3.04092 7.80 38.30
uidal'lCe ()zlce and
ack of 2) 0.59482 166157
3 4
ngh -l'ate nd OWl’lership X ) -
Nom—r1abour v 030471 1.50030
Hyy —ilabil; ages (X,)] 052711 01
& — 138052 0
ack S Of the § . )
Not p:fadeq“ate clrnpl‘ltS (X | 0.55664 | 136702 3.50 - 51.30
I Ofitab] edit (X ) 0 ______._._.___________,_;__.--——____._._.-———-—-"
0K of ) = 88863 719561 o
3 _——._'__.--—_—_—————__—'
Droducﬁo‘;allability o s 0.57737 1.07798 2.80 63.20
_ !
3 npu e | 0. - —— 5
:;;Elgen > in time (X3 32387 101711 260 | 06580
ke -l
ng eight factors individually is greater than one and they together

aria i . . . .
tion; 67.80 per cent of the {otal variationis explamed by _the
straints adoption

S¢]

Cet “t per

Derf €d Cent vy

1gn0r“han0e 5t ableg which indi _
the icate that by controlling these con

d 5 labg farme ; ; :
Ruigaye 2t the neyy te;slca“ be improvedtoa significant extent. SIn¢® farmers are
0 iney nologies and their method of application, they need advice

rof non-

Case th -
e rate of diffusion as it has been observed asa facto
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(a;i(oﬂ:gg l;rel t:}rllefpres(eint studyandina smfiy conducted by Singh (1980). Land ownership
reason behind tﬁimf Zs another constraint and this is supported by Sagar (1983) The
improvement fs Inding is that the farmers generally take more interest for permanent
i provement of cultivable land and they can take independent decision regarding the
adoption and level.of adoption of new rice practices in case of own land only- High
::ngs(;s ()%3.) and high prices of labour inputs (X,,) also appear to b obstacles for
p 974c;r (')I‘ll]::c:tze;hmf)‘l\())vgles In farmers’ field. This is consistent with the finding ?f Smgh
ofqual.ity HYV sy Od aghmare and Waghmare (1985) reported that non-aVa‘l.ablllty
one ofthe findi e? ﬂ: (Xyy) was a factor responsible for non-adoption whicl] 15 a.ll.s y
) andmon, ag: 91 bt? present study. Lack of availability of credit (X, ,). oW Pr?“wb'my
pe;;icides o thal ability of genuine production inputs (X,,) such as fertilizers a.ﬂe
hehnolog other problems faced by the farmers in accepting the imprOV‘acl e

Conclusion

West B el:l;:? gsgzlnlly be envisaged that the growth in the agricultural -
preventing the glast 20 years or so could have been even hi gher, had th'e o od
The findings o f;ﬂners from. optimal application of modern rice inputs been e.ln.nmez, o’
bad shape gThe ; study point out that the extension of the State’s agriculfure 1511 fint in
he adOpti;m Ofre (;re, more attention is called for to make the farmers moré efficie y
recommended (;go em rice technologies by addressing the problems they facetoapP
the Stat - ses of m.Puts to harness optimum rice production in their fields sO
€ canraise the agricultura) growth in future. '
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Utilization of FDI : shed fact
FDI is a promoter of an economy’s economic growth. Itisan egﬁ:Ziae India

that China’s record in foreign investment and trade s far SUpenor tothato backlogs
is considered as underachiever in FDI and foreign trade. Howevet, caie investors
freClllently lead to long procedural delays. There is lack of enthusiasm 3‘_“0 d f veloped a
due to procedural delays. The reason is that after independence In ladimenlswere
,gh])' protected, semi-socialist economy. Structural and b‘fmaucmuc unpseem climate in
vigorously fostered, along with a distrust of foreign business. The iPre ion investment
dia has seen a sca change in smashing barriersand actively Sqehngdocrlf:xl%gnging atthe
Inflows. Indian condition is often considered to be both frustrafing o of difficulties,
zame ti,me. There is a considerable flow of FDI in Ind} alln Sepz::\e growing, wages
Ontradictions and challenges, because Indian middle classis aI%l Developing 1?/1 balS(l;

ar

ar i ish.
€ low, many workers are well educated and fluent in Englis ddeveloping?@

Understandin e : visaging an the
g of potentiality of the Indian market, €nvi> aily entering
ohiry Strategy (I\EES) andtiymplementing these strategies, Wieh actua’y = hereare

. ia, However,
gtﬁlrset’ are three basic steps to make a successful entry 1nto Indi
Ome problems as given below: ' few
h of the last 1€ nin
growt erexpansio

Infrq .
Structurq] . i micC

he ral hassles: The rapid econo! NITIS

teavy Stress on India’s infrastructural facilities. The Pfoligggnui]ess massive pro and

0 eireas could snap the already strained lines of transportﬁ ll msinclude power dem '

OrtfP ansion and modernization are put in place- Prob ens © palfofthe counry

roads gy port traffic capacity mismatch, poor roa conditio N

¢ surfaced), low telephone penetration. cte. ware0 need 10

ent is well V& slow_movmg

hdiq i
Tefo " Bw’eaucracy: Although the Indian gpvemm | has 10 deal W1

wren 214 is pushing ahead in this area, business st
al,lcrac forei gn lnveStOfS-

o Y. Itis an area of concem for

he .. directi

libe:aﬁ'on Economic Policies: The general econo-mlcodlrand tardy " er whethe?
°0nsidlzatl.°“ and globalization. But the process 155 cess cove there ar¢
Roveryrations. Before jumping into the markel i nea of businesS &%t hasto
Politica) ce Nt policies exist relating to the Pa“icmfn?re ¢ Goverr™

bllild oncerns which should be taken mto'acf%(;eigl'l mvesﬂ“e“ts‘

Co
Nfidence among investors for upsurge n

S ds
onin India 1 to‘)‘{ifrc

H

js the ve oee
Qeve In oy increasingly deregulated economy FD de inves entsslzzompeunve-
Mope, SPTENL. With the WTO negotiation the global 13e oy utmS o fareand
Hoypg SXible. The oatizat entof 012 Fadesf
bri SVer, the ] ° process of globalization o is jmprover® oneand al ? kentp
timate aim of economic relo aﬁerb Vigorously

. even
globaligaf nefit to all citizens. But it is not up 0 markrms areto ¢
'00. The foreign trade and investmen

6]




AS Oan“r : .

X globalisation oes iQ

is believed to be processisirrevers:bl .
¢ a good place fori sible. India, ¢ i . .

hassles, shonagcsot:l' od place lorinvestment ddspite °ri)rlr'l(')nghl the Furopean inveslors,

for oversecas inves powcr. and infrastructurdl defici political uncertainty, burcaucratic

as investment and is acti rdl deficiencies. Indi . .
the market. No company of s actively encouraging the cnt la presentsa vast potentid

. o et Y \n o “ ] .,
this country which is cz, ) .a?y $17C aspiring 1o be a glob: lmn'cc of forcign players into
Success will depend on thl ceted 10 beecome one o l'l'wfjl i lpldycr can, for long, ignor

i . ¢ correcl estimati ol tic lop three e ‘ol : iCS.
of its complexity or overestim a&l estimation of the cuum{y-s oo 1111"0} fgm% CLO‘?OT.‘:);
take the time and look to Indi ion of its possibilitics can lc;jg { ]n 'lld  underesiil

Vi 14:41s an ( A ad 1o [z : :
profit, the investment will be 1S an opportunity lor long-tc ailure. For thosc W

o will be well worth its cost ong-term growth, not short-tcrm
n the other si o
. S]dc lh Try 40 .
cconomy. the more susceptil cre is widespre:

- U ¢ susceptible it i spread apprehénsi , o 4N
gan(ljla'mdlc Intcrnational n[iw:’l:tl_l Is }0 external Cvcng?/\ppms lgzllhdt]_mo?c gfc L\Bor
olf)ie and developing countries 110-%' at least. There is keen CO};)ﬁ c(t:i{)' o l(;}x,n(r)erll devel
° cn extends to the sub national ;)\duracl.!0"°ign'capilal ‘This dr?v .lm]n -nvﬁstmcm

wn strategies and assembli evel. with diflerent re sional cloure . i thi
ments. In fact well:thought ing their own baskclsol'i:t:c n?’ authorities sty
i ordor (o car e Ftought out and holistic _— entives to attract
What’s r mpete with othcr countrics approuch necds to be taken at central level
por equired is an investor-inves s, meaning(ully in attracting forcign investments
ste on doing business in India st C'.Mmcm-!r'c"d')’ climate. A recent World Bank RE"
ma}i)(s to launch a business over 7 ;"35 that entieprencurs are 'cxpcctcd to go throug !
In faet59 payments, spend 264’h a‘)rs onavcrage. Also, entrepreneurs inIndiam
e isfe’°the World Bank rcport \:I'Lnl'rb' z;nd pay 43.2 percentof gross proﬁt in taxc®
wl%ich nng property, availability of ich is basedon parameters like hiring and firing
ove hranks Indiaat 116 in the 3’ , .I(‘rcqn, lax paying proccdurcs closingabusincs et
o rthe world and FDI is an world. Economic development s, closing, ent ol

roughout the w important instrume . ity
orld. ument o rajsc the overall product!

ust

References
IMLI’, 2003, Forei
¢ ’ i ‘orcign D. > s 1 . . ‘
FDL, Washmgtongl).(jfmq.[n\'“’lmcm Statistics - How Countrics Mcasur
th

Hill. 2005, .

:idi“""?sﬁd?clfr?f.l.' i o mpeting in the global marketplac®™

(;l:);:aAé;) \:(‘)’”d lf'vcstmcm Report, 2003 .

Emerging "Scc%ix’rli:rgcgg‘ﬁjgzcslmml in India: Liberalisation & w101

Bhal!a’ V.K.,2004, 1 l . Deep Publications Pvt. Ltd, New Delhi.

Publications th’ [nttgm :ng?)l;f;?nom}’- Liberalisation Process, An?? ol
i "

Government of Indi
of India (2
(2001-02 10 2005-06), The Economic Survey, NGWD
62

new invest .

Linnemenn
H.
Manufacturin 1992 south-south Trade Prefernces: GSTP & Tradein
Kumar 198 9, Saga Publications, New Delhi.
. 7 . ,
Allahadad Ch Developlng Countries in International Trade Relations
ugh Publications. '

Sen. s. 19
-9. 1999 T
rade & Development, Saga Publications, New Delhi.
nts, Pearson Education.

Caves &

& F

Vasudeva, E}Qk%%é' tlane_s, 2006 World Trade & Payme

ing Corp, New Delhi ndia & WTO : Planning and Development. AP. H. Publish
World Interests,

Singer Hatti
BR o 2t Tandon et : ,
R. Publishing Corp. NZI\INTISZTS the Uruguay Round and Third

Sen R

» 0 -

Regiona}" 38; CRSdaI. 1997 World Trade & developm
s and Non members, Atlantic Publis

Kruger
Anne.O
ress,New Delﬁi? 998 WTO as Internation a Orgranisation, 0]

! arles, C
ationa] Co,}? ona.“‘," 1987 Trade Among Multinationals, Intra-In
Srinivasan TN petition, Britain, The Croom Helm Series.
Cience Press 2002 Trade, Finance and Development in South Asia, Social
ress, New Delhi.
Atiantic publishers and

Supta
Distrir R 20
|strlbut0rs. NeSVODgr?tUdY of World Trade Organisation,
i.

ent, Economi Integration:
hers,New Delhi.
wford University

dustry Trade

Appendix
T Table 1
op ten FDI destinations in the World
Country Ranking___—
LT 200
Ching foo L
\P(’land 12 /5,,/
——Russia 1 —’/6/——‘
[ Drazil 17“"""'"-__,/7’”
T Australia 7 ___,_i/’“
wany 5 /’9//
Oumw Kong T )—A
» .T.
Kearney, The Economic Times, 11® Decembeb 2005
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Table 2

State-wise FDI Approvals

(From August 1991 th Nov. 2004)

— —— e

Source: The Economic Times, Dated 7 July 2003, p-10.
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(Rs in Crore)

d

States Approvals | Amount of FId approved
Maharastra 5.037 37.020 | 1480 —
Delhi 2810 30519 1220 —
‘Tamil Nadu 2,681 nedr | 903 ——
Karnataka 2.639 19.075 7.63
Gujarat 1,236 12.437 4.97
Source: Economic Survey 2005-06, Goy crnmrr:nl of India.
Table 3
Country-wise Break up of FDIs in India ,fz\/“W
I,IHHHHHH?{ ,J”Uﬂ-ﬂj
Country 1991-99 2000 2001 2002 2003  1991-03 t‘?_‘”;’)} ]in %)
uillAprih (in %) LR 500
USA 46184.5 | 419500 | 49215 | 2051.1| 107 [—:7'5____@1’__7—-—3‘*?:[;" ’“/“7
Mauritius | 221987 [ 72340 | 28926 | 18466 2434 | 344149 '“’;q 152
UK 159766 | 4112 | 49942 | 18044 | o664 | 232529 ?'[1'( y
Japan 91077 | 8275 | 7353 | 7a08 | 424 | 114537 -:-1(; 02
S.Korea 96901 | 11 | 668 | o0 | 301 | 98300 L =0 28
Germany | 79033 | 5938 | 4139 | 2531 | 92 | 925833 —2) y"é
| Netherlands| 46955 46 | 36936 | ss24 [ 120 | | 89579 | = —
fmﬁ/
Country — [1991-99] 2000 2007 2003 | 2003 m"ﬁ‘f*’ﬂ?‘ (in %)
‘{lillf\prill (122/21____(_,1_1-@" 048
Australia | 65552 | 617 | 844 | 773 | 48 | 67834 ___jj',/ 320
France | 30354 | 20001 6798 [69 193 | 65595 |_ 2o y
Malaysia | 55606 | 159 | 1058 [3726] 56 | 60605 | > — y
Singapore | 41598 | 3232 | 3799 [3722],680 | 53030 ____,2_39/ o.?«f
Italyd W75 [ 1073 s [ 703 | 81 | 48050 | 2o 12
Belgium | 739187 | 791 | ool [3a96 | 18 | @113 | 22—t 00
Israel 42347 [ 01 57 1 o1 [ oor | az#a6 | 240 08
Switzer]and ;'2739,5 7]_—;'_“_' 107.5 145.1 659 _3T2'—9_6__—_’__1__5,5/' ],ﬂ"“ P
Canada 2819 | 1544 | 538 |2s61 | 013 | 28763 | ”-/GU/
China 7129 17000 [ 000 [ 001 [ 024 ﬁ”‘,_f(w""y
Russia 267.60 | 000 030 | 012 | 0.00 LSO_]_,.-Q'L"

Table 4

NK. Singh Committee Report on Sectoral Caps in FDIs

_ —
Sector Existing limit
?' Recommended for 100% FDI o
- Drugs 2
i- Pc?troleum refining y
4- 0{1 marketing "
< Il))namcmd. precious stone e
s etroleum exploration 0
> Coal & lignite 2
i CfJa! Washery i
5 Airports 5
16 Tota] bandwidth o
1 pelceom geay :
i 'Pel!nes for gas & oil .
13. lankmg -
14: ﬂn\;estment companies s
B 5 en}et Service providers g
ls. ar;lflll & voice mail iy
17, Adyeirging i
18 Vemslng +
lg, .ding s
20, :)’::lrler Service :
él‘ . iv:gef‘CIal complexes :
) - ual housing;’buildings
L. Basicmme-nded for 74 % FDI Y
Mobile telephone services
C . ' Sector
1 “Commep ..
: gmanscaTZ?;;’ for 49 % FDI 24
D ustri
;1‘ Bm“;(? e 23
] Casting (1 2
Planggiy "€ (DTH, kv) 0
S\c'l]ree\\\\ I .
.ll’ldia'r d Sannana




.‘ Table 5
Sectors acti o
attracting highest FDI inflows

(Amot ]
it in Rs. C
. Crore & | )
ore & in US S in million i s
ion in pmwnlm‘f.s)
__.——--'.p’-

R| Sectors
a
2002- =
;: 12-03| 2003-04|2004-05| *0 0> Cumulative [ gparcof
(.f.\pril— inflows(from|f jpflows
1. | Electri : Nov:) Augl991- | (in %)
| Electrical Equipments o Sept. 2005) R
(lnf;]udlng computer 3,075 2449 .
software and clectronics) (644) (532) (a;}?]l] ?;687 20.898 16.02
2. | Transportati “ ) 223)  [4862)
sportation i '
ion industry 2173 —_— ____________‘___..../
—1— 3 815 3
T services S (455) 2 741 13.073 10.39
2 ervices Sector - ) (179)  |(168) (3j‘|{3:.1"]
(financial & non-financi 1l 1,235 2,106 | 1.742 = "ol |
-financi a % 742 98 953
Y [T ——— 1al)  [(326) (269) e 11981
: ns 35
(radio paging, celluar mobi 1,058 2 | 3 (398) |[2908)
basic telephone ser rmobile((223) | (116) ssg | 763 [12070 940
vices) 0 (129 o
oy ’ ) lase)  [2.863)
s(power & oil refinery) - -
521 : —— [ s
6.| Chemic: (118) | e 8 [10678 849
oiisbntae [ a1y |ase a9 et
Pl ( S Q7
7. | Food (129) 0o |83 |74 i
ro ovs (20 :
processing industries = ) (198) (191) (1.887) /
511 = 3.72
o (37) 174|158 4677 A
gs and pharmaceuticals S (58) (36 73
icals 192 ) (,1173) /
- 502 . 121
9 (40) 1343 [ 485 4047 a
- .
Cement & gypsum products (109) (292) (11) (946) /
101 44 0 P e 157
10| Metallurei 21) I 1967 3229 2.5
urgical industri L) (00 S "
tries S e e e
222 | M0 ) 513
@ 46 | ss1 |54 267 2P
(32) 192 702 =
(192) |22 |62 L

Source: E
: L.conomic Surve
rvey, Government of India. 20
ia, 2005-06, p-140
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T . .
ypes of Ancient Indian Republic
Dr. Oinam Ranjit Singh

Abstract

The
aristo present paper
Ccracies paper deals wi ;
- and d, , vith different ; .
I;an of political J democracies e bef; i types of ancient Indian republic. Oligarchies,
Ofgove,.nmem - wistory of ancient ndia. Mo a ez"fd as republics. Republics form very important
i . ancie . . Monarchy : g
8efarchfes- demo cient India. The non-monarchi iy e republic were the two preva:hngforms
dfﬁ‘e?‘aﬂy as S}'HOQ acies or republics. In a If.c‘h'c;:f gorms of the state are known as aristocracies
lcy Ynonym A ncient Indi , s
Ol i to d.r'su'ngr.-'v y: ous. In fact, the line of di an contex, all these 1TV were described
e 8archy is q ish one from the other. ifference between them is so thin that it is very
hxc!“&‘ive pl Jorm of government i wer However, republic may pe distinguished from o;‘:‘gnrchjf
‘vands of enz? or body. Wh ere(:” .m which the supreme power is p:’aced in the hands ofa m:af.!
o g ‘ _
c:;[ Indig, r(_,! ci”_““?Priv;‘zege dn::; ":;e republican state, the supreme power is placed in the
timg ept of repi !;) {‘Cﬂn States were nbers of the community or in the whole community. In north-
?’ePZSE.J OWevey -hc‘g' oligarchies or ”;””J’ and oligarchical states Wers very few. The ancient
li IR cas - democraci ;

can or olio e of north-west India we es are totally different from that of the modern
garchical character i we find that some non-monarchical states had both
in terms of their jorms, constitutions, administrative
ct from the oligarchical

p?‘o
Ced,
H}"e
Stateg a”dﬁ‘”ﬂfonj,
4 1
g, and some republican states were quite distin

gix times in

mentioned forty-

s Rig- Gana, t
{]22‘:‘3 eene?n%t, Nine limC};eiI:e;]hen:a] word for the republic, is
by a;e]d - eerpreted in the sens th?:‘,a Veda, and at several places in the Brahmanas.
the ¢ \:e y a;;udy of ancient Inj - assem‘bl}:" or “troops”. K.P- Jayaswal, 2 pioneer in
Gayp, iffereny Was strongly i _fepubilc, translated itasan assembly Of govemmem
) Nt forms of 0}, supported by E.W. Thomas. The gana and samgha denote
government. In the states having the gana form of govemment
fpeople- Ancient

.
Indigy Yya), po
anq R Qhgq sta Wer was vested ;

o State not in one person but i

s
e, or re :
the & 1l'ldividuas been rigl;l:};l'cs are more or less simi
a lua| y ointed ¢ w : :
DOWertes aVing NOrina Smaﬁ ted out that “Sovereignty in these
Wac . 0g the s5q number of persons, but in a fairly num
ngha form of governmer’lt (S
amg

f(}r 2 |
mj S Joi

ng cope MUY shared b
D¢ In Cderac y the representati i
al, Mq y atives of two differen
gqnas rge num
veSIed wi?er 0
as ith

r cop

Oyp: fed

n gana or group 0
lar to the ancient st

hardjya or ¢
¢ communiti

the whole €
The leaders of the

enerally forme

abhérarg

£ Peogl?\ifta”ds er the whole body politic,

POwer haye a}o managed the affairs of tjle

Cracies ', | 2 been referred to therein™. T
It is also clearly stated in t

states -

he same text t :

>The Astadhydyi © .
pout the republics:

out th
e fif
th century BC) contains valua
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Panini has used gc - : -
He Spe.aks oflhcx\:;fdzli:::()i’é‘::{?(fiﬂr fIS,IdL.‘m'm! words (Sutra. 111, 3. 86)6 for a republic
as a gana on their coins in ‘zhc plo;‘E L;)l}il;ib}.fw d '\"fm'u"?“' ) h_“l_[h‘“'-‘ refer to themseh®
and samgha but also to “member stat ”-]fd” p'crmd, Panini refers not only m.‘ﬂmu
case of Trigartta-Shashtha (V.3. | }‘( :;S of a union. leagues or confederacies 8 in the
which represents a corporate bod f)i}\ - He has also used the term samgha for a Nika
(1113.42) y where the distinction of upper and lower does not exist
Katyayana (ascribe : I
— (lV,I_]yég) im_((;]S;SFIE:(:hI;)t l:;:- 10u.rth c’umul'_\" BC) in his commentary on |1;11]i[]||5
constitutions, monarchies and s " ‘Tlllmg Kshatriya tribes were governed by 1\‘\-0-101_
government distinct from Ekarfmghus or republics. He takes samgha as {orl?l l)
and not in the many as in thé}aj where sovereignty bl i1 vested in one (t”""”mﬂai
(Mahdbhdsya, V.1.59) ", the tcrm“""”’g']}"f (}?’ﬁf”ff dhina)' . According 10 patan)?
the state. The two terms’ gana and)i{r.;um signified the form of government an
not be equated with the E)thcr = ra:tan];g‘ha‘ have wide connotation. [Towever: 0{ s
state with two different forms Ofgov(;r;]r;};,iﬁl}mc two different types of the repu?

o The
Q(H.'.’N!'-‘-U.“" :

The state rul

ed by the gan’as or group of people was called
[\'1{1111\"11”"‘“

S T

noted gan?a states in - i
e g A]exande]r‘lgrti:\/\:c.st India were those of the Yaudheyas and the
unitedly against the invader. .f\lr?g I[hcy formed a confederacy or sam?ghd 1 e of
sam?ghardjya . In fact thc‘ su T;CHCC. ““S-[S also an example Of‘co11]'¢:dcralcr-1_“
states. The union of'lhc’Tri an:??(% ™ stands for confederation of the lI'ihUS_il:;,u cy !
el g ‘a- Shashthas of Paninian pcrind and the C““]'"‘LILI‘I y
e il Of‘t}?.s. of /\Iu.‘mndcrian period arc noted examples of the ﬂ';m
At g ¢ republican states joined together and forme “"(C[.;.lmcr‘i‘-‘-r‘
SNl L il £ securlty, greater military strength and all-rou” p-)slt (hey
maintained sovereignt o?ghu?b lor < short period to avert an imminent danger “lcl.ihctf
ganardjya as a “gOchrn ‘ e constituent parts. K.P. Jayaswgal has correctly ¢ ‘~I H;
categorically stated that hm('nt by assembly or parliament™ . J.E. schwartzbiio,
at the state followed both oligarchical and republican consti™™” s
ass

Kautily:

rdjaziabdopaﬂvf:sgi? U;;HT century BC) has divided samgha into tWO : {bl'mcf
class the Madrakas anﬁ fféhand @astropajivin samghas. He has placed under th€ jed ©
be called rajas. The {Ba.s'tOt Gt rep ublics whose elected leaders or chiefs were ¢! cln y by
the ity bEofsssion bropaﬂvms (who did not bear the title of the raja) l1ve not %" yne
Kéambhojas, the Kshatri ut also by th_c profession of trade and agriculture. He ha> 7> [is
classification of the sg,yai;th‘? Srenis and others under the latter class o FPY 0 ublic:
Kautilya’s wastropajiv 'ng. as is based on the two different characteristics © c;}:a.s' of
Panini. The @astro :;--f’_? “‘amghas corresponds cxactly to the ayudhajivin -“f‘”fl‘(’_ ( the
latter (V. 3.91) "lféé,”v;"“ of the former is absolutely identical with ffyudf?fff""”"-“ hetl
military skill The P ¢ free or independent communities were the most famoY® f{/'.“'f”

. The Punjab and the Indus Valley were two noted centres of the AV 1
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samghas. Only

social class. B\m[tl: ifsahﬂgar?s and Kslja(riyas belonged to this samghas and notany other
only Kshatriva and BC of Sindh. we find that the republican communities belonged to not
classical writers. pa -rE-llmmm_]a class but also to a class of Sudra called Sodrai by the

(tht_3 Punjab an d. S?"(;El mentions that the Brahmans and Rajanyas of the Vihika rcglﬂ'l

anls region is said t’:} a)vz&‘b men:bers of the dyudhajivin samghas (Sura, V3. 114) .

Sa”as a way of life™!® pan :i:?n 1‘1:0 Cmc’i!c»lanq of n‘mrtlal trihe§ who cultival_eg militar.)'
llszjglha,'gihc Vrika, Dz‘amanil llnl_ 1{1dcs in the list of the republlcar'l communitics of this
he li?) The Ksikd (on § s ¢ !‘lgdflta-Shashlha, Yaudheya, Paruava, etc. (Sira VS
2 list concerned. The 4 uira, _V_-J.114) has added the Kshidrakas and the Malavas in
(Oama“)’adi, Parsx'qd' dyudhajivin  samghas_mentioned in the Gana-Pdtha include
; d:ﬁ?“f?kai), Mal a;a; a(';fli;lf:“{dhe)’adi g’rou;‘)s"“ . The Kathas (Kathaians), Kshidrakas
Ethlluol-ed by some SCho];rgm).‘: l/\g.rEbUr’m?is (Agalassians), Sibis (S.iboi)_. Yaudhe.yas
IiSIOrial) of the Punjab and B \flll 1'Ossadlol). Ambashth?s (Abastanql) and Kshatriyas
Well.o, ils of Blexiider gl rafumnas (Brach{nans) of Sindh as mentioned by the Greek
Stateg \fa“lSed armed forci:s 0,] _ail under the ayudhajivin samghas. Some loflthe.m ha.d
States aaS.COm which faced Alexander’s army. The military training in thei‘r
Ing; 8aINSt the ayiar arms to defend their
1a con iny external (langer Tl A - Fiud h-west
ed to exic . The numerous ayudhajivin th-wes

1stdown to ¢. 300 BC.

Anc;
fepubie. 1 ot Indian repupli :
publics stand in comparison to the ancient Greek

Cs. |
- the ¢
c Ody of City-states of Athe :
Ouncj) ens and Sparta in Greece power was not v

Ol the ¢jt;
s i Citizen o ;
like ¢ s but in a small class of full fledged citizens. Their asse

pulsory f
ry for both men and women. They took up the
samghas in nor

and Roman
ested in the
mblies or

Qse

Cle Ora ‘he ROT?]ZEOS]:: a'_TCiL‘Hi Indian republic were not represented by the whole
o N Smal] ariStocratial% was f’cprescnted only by some privileged memb_ers of the
toajo,-i N ome, the franccl f«lass like the aristocratic republics of ancient India. In both
Co the lf)dne Of them poss hise was confined to a small minority, who govemed a vast
pl “Cemney . - cloped den esqu full democratic character. They stand in sharp contrast
ace fq are describeg 10cracies of the modern type. Nevertheless, their city-statcs
as seats-of democracies. Greece is €ven considered as the birth

aﬁ CI‘ac

o er Y. In .

s, L all cont : ICCts
“Utugeg t ot Cemra]ize;a.dlch@“ to the monarchies, in all ancient republics the powers
in the hands of one individual, but in a group of persor® This
of powers

n feat AP

. ¢ -bone ature of all the republics. The decentralization
S With the (i, of these republics.

e m €of Al

g 01’1‘ . CX¢ . . ) : _ . r

a:thenes ‘fc 1Cs ip nor?l?der s invasion, a large number of republics existed side by

“Ringg o - OSt of the c?v-vem India, which can best be qualified in the statement of

ities adopted the democratic form of 89 ernment, though

Whigy eki
olg . Much N, unti the :
t " |
! nd;arger than th e Invasion of the country by Alexander”” . These republics
A € city states of ancient Greece. The republican states of the
s where the

€ cat i
Cgories <
¢s (a) free, independent or autonomous state
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sovereignty was vested in the whole tribal community and popularly known as soverel
democratic republic: (b) some states were governed by a body or council of members
clected or unclected: (c) there were confederate states also where the rCPrcscmmivcso
two different states jointly shared political power: (d) the states which were ruled by ¢
members of aristocratic family and known as aristocratic democracy: (¢) in some Sl’alc‘S
the executive power was held by the members of a few familics on hereditar Pfi"""ph'
but with circumscribed authority.

west India

V.A. Smith. while making obscrvation about the republics of nortl 1 large
ind e

stated that ... ancient India exhibited a greater variety of political constitutions o SOME
arcas werc occupied by nations, tribes or clans who ... governed themselves ul'ldt"bcsq
form of aristocratic or democratijc constitution. The Greek writers gave s 'g""“f” e
sych corpmunities .-~ in the Punjab during the fourth century BC and Iutcr}umcs ~i_.n0“'
The testimony of contemporary Greek writers shows that there were maiy fOnﬂls? .
monarchical states in ancient India. In the Punjab, in the days of Alc.\'andCf.“", ones

- H . . ~hicd
f‘f’" monarchical states were more extensive and powerful than the m,%"a“'l, Josere
I'he accounts of Greek writers hay = they

¢ not been attached the importance - idud

.. R. Fick’s view that “the autonomous states of the Greck writcrs were m((i)lf"reat
cities or small states that maintained their independence in the ncighbourho? vidud!
n?qnarchics like that of the Magadha’é can only be partly accepted- Because I"' for ned
cities mentioned by Greek writers belonged to ihdcpcndcnt sovereigns and the) u:|l’dcd
parts of kingdoms not autonomous states. The autonomous states of course ! gof

ar s 0 | ¥ Ourho
small sta.tcs Or city states that maintained their independence in the neight
monarchical statcs.

o cluded
In the time of Alexander, some republican states of north-west md‘la rlln e
both towns and villages, Some independent villages had more or less repub“ci rl'lf‘ql‘ﬁ
government. J.W. McCrindle has clearly sfated that the Greek t ok cach 0 " asw? j
village units to be an independent republic“% which A.S. Altekar 6 and K.P. Jay villd

. the ™' s
have not accepted on the ground that the Greck authors have not me"“o.nCde re Ub“csl
government and did not mean by the independent or autonomous states the villog ent 1 "
But we on the basis of ourres state™” . As

earch into the subject find that McCrindle'$ 1t
totally wrong because s ig vi ) ~govert™ " (e

ome big villages h ican system of & ceh
a matter of fact, the Greel g ges had also a republican sy betW

.  ginction rib®?
. | writers have not made a clcar cut distin® ec!
cities and villages or betwe

L ; en the two systems of government. In fact.
living in both villages and cities were under the republican form of governme

€
&

»
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Jrom kq
ranja oil v, getable oif s of
% produc (pongamia pifarg) h(z“/[’)elr ol U/;lm-ha.\'ed fossil fucl In the
s been chosen for the work Biodiesel

Use of .
non-edible vegetable oil (bio-diesel)

The
use of vegetable oil as a substitute for diesel helps
rural people,

to provide employment and inco f I
vehicular

:(0) reduce expenditures on health problems arising outo
) protect environment, re il import, a0
o neutralize the effects of ra
about their supply.

Mater
aterials and Methods of productio

Biodiesel is a fatty acid or meth
. yl ester
S};‘;t;:dlblq and non-edible) and animal’s fats.
ble oil. They are as follows:
.‘ ; Direct use or blending in diesel fuel
) Micro emulsions
] | > Thermal cracking (pyrolysis)
. > Transesterification

YVVVY

pid increase In price

nof biodicsel from no

made from virgin 0 uS
There are four primary

atio
here aré

esterication of vegeta le oil i

Produce vegetable oil fort

!
¥ because of the following reasons:
Greater than 90 percent of all bio-diesel is prod
Low temperaturc sure (1 atmosphere ) ar
* High conversion (greater than 98 % can be obtained).
Minimum side reactions.
Direct conversion without intermediate steps
Require only ordinary materials of constructi

Transesterification process
CH2-00C-R1 . . catalyst
CH2-00C- 2 +3ROH

. CH2-OOC-"R3 R3-COOR
Triglyceride Alcohol Esters (Bio-diesel) Glycerol

R1,R2,R3,are long chain alkyl group and R, short chain alkyl group

ved in the production of biodiesel using medium' capa

on of the setup

VYVYVVVY

R2-COOR +

Steps invol
reactor .

The productionof biodiesel through transesterification of veg

the viscosity of vegetable oil and makes it comparable with that ofpure d

il canbe converted into biodiesel through transesterification using

vegetable 0
methanol-
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to provide energy security to the
me generation t0 rural people, .
emission.
duce emission, cutotl! )
.1 price of petroleum and uncertaimnty

n-edible vegetable ol

ed vegetabl
ways to pro

n is one of the most popular and best W&y to
i two basic routes 10

Out of these, transesterific
he use of the diesel engine. T
1;.¢. based catalyst and acl

is method.
required

produce biodi
Catalys: biodiesel by trans
Based catalyst is the easiest, popular and most commercial used process
uced by thi

R1-COOR CH20H
CHOH

CH20H

city biodiesel

etable oil redhces
iesel. Any
ethanol or




Inthe production of biodiesel the following steps are involved:
1. Mixing of alcohol and catalyst

‘ed in required propor-
The alcohol (methanol) and catalyst (NaOH) were mixed inrequ

; SCd to
e 9% catalyst was i
tion to study the effects on transesterification process. The 1% cataly
complete the reaction,

2. Reaction

.n the
. . reactor. then
The non-edible vegetable o] (karanja) was charged into the reac
required amount of alcoh

» reactor.
. . added to thered
ol and catalyst (Molar ratio 12:1) were ddc;%céj 0°C. Itwas
Now the mixture was heated for 3 hours at a constant temperature Oeachc d a constant
then stirred vigorously, with electric stirrer until the temperature I
value,

2. Separation

duClS}
. isted of two pro
After the completion of reaction, the mixture mainly consisted 0
namely, biodiese] and gl

. e tWO Jayers
yeerol. Then, it is separated by using ﬁl.nnel.IS::”c‘;z L m:o
are formed, the upper layer being methyl ester and the rest being g }i[he darker Jayer
layers are clearly seen, The I ghtlayer on the top is the biodiesel while
is glycerol,

3. Bio-diesel after Water Washing thyl ester
- ing funnel the MY~
. After dlscardmg the glycero] layer from the separating
Was mixed with, distilled

. tes-
0mInt= of
water, shaken gently and allowed to settl'e forl cthy] ester 0
Procedure wag fepeated for 3 10 4 times, The product obtained is the ™
the Karanja o)

Ekperiment set-up

. ds
Karanja tree with s€€
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Experment

. Lvk: gl

set-up

. vvashing
Biodicsel after water \was
'l( L .- (e

Tabic 1 st
.anerties of bt
Observation for physical prope! “i, — 5
SLNo, Name of | CV Viscosity S,p:-lll\w

oils Mi/Kg | at 40°C | gravit
Karanja 0il| 36.00 |20.18
Bio-dicsel [38.00 | 4.7
Diesel 4347 |4.2

Table 2

Point

+a and diesel
odiesel, karan)a and

loud
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el table Gil
. Tiocel and vVESe
f commercial diesel, blodl?z) Temperaturcl
()bscrvatinn for distillation 0t ¢ Temperature . _diese
¢ °o(C)Bio
LN Temporature [ TmDerie ™ | o pipdies
\o‘r\u\,(\,ﬁl::lc(v y| (°C) diesel vess 136 —60
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20 e e 3
— J //_.
4 248 50| e
30 4_____—-—*//3”_’/
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O [ 350



Si i
ngle cylinder four stroke diesel engine

The aim
ofthe enoj i
produced ngine test is to -
engine anﬁ%? rflmilll-scale biodiese] ?{;Cl?;ﬂ feasibity of using bio-diesel (karanja oil)
ral anplicat rasa fal e 2 "
pplications. Hence the perfofri:;il bub;tltute of diesel oil in €1
¢ and emission test were ¢

ried out usin
s gblends i
at diff; s pure bio-dj X
erent load conditions. tesel and diesel in single cylinder 4-stroke diesel engint

Observations

Table 3

stics of ¢ . i
0 ; e
" pure diesel oil (D100) ngine when runniiE

Perf
0
Fmance an( emissigp o

|
|
|
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Perfi .
ormance and emission characteristics of the

Table 4

running on B-10

engine when
s (10% bio-diesel: 90% diesel)

T TalsTe 171 8 |9 |10]11]12
1320] 1729665 | 21|23 |334 | 26 | 21.57| 001 010
11178 :iz 7839 | 21125 |485 | 31 | 19.59 2.7 | 009 | 108
- ;05 6052 | 21] 23 539 | 48 | 18.80]3.75 {0.13 | 275
_1.3.[.]; ;08 4404 | 20124 [754 | 59| 172]562]012 15
1303| 208{3323 | 19|24 |955 | 68 | 1637]5.90]0.14 | 427

1308 -~
L 208]30.06 | 18] 24 |98.6 |112] 1508] 7.1 102 438
Table S

Perf
ormance and emission characteristic

1 pure bio-dicscloil(BlOO)
IEARERE 61 7 sﬂg 1011]12 13]14! Ew
0 | 0 78 o0

1
0

ing on

s of the engine when runn

un

30e s

% ——'—_———

__"|12]7522|2 28| 19 Rooz[22s | 06| 55 | O 1183
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Table 6 ]
cs of the engl

88588801

3142022703 1

Pe _
rfo el soti ing on B-3
'mance and emission charactenstl ne when running

o/ hio-diesel: 95%0 diesel) [ —
?-——L 3 1415 ('(,5/0 l-;m dslcseg To 12113 14 [ 15161 17
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WE 8744} 27|23 |40.1 /|34 1941233 o10]4]| 0 949| O {20 ;gé U
TE-E?_ a2 |3 (s |2 |19 ]2% o1 | |04 TTa6| 0937|230 | 208 ° 7
311203 56.13| 21 731808 |48 [1831 3.83] 0.14 | 207 T07|1478| 0497 530 p57 [17.23
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|°101209]4253] 21 |23 [856 |55 061 58] 012 [ 38| - oo a7 2949
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¢
Sults and Discussion : opertics of pure biodiesel, raw
)  Measurement and comparison of physical and chemical proP
The detailed measurement ofphySiC’dl and chemical plopu.rtlr..s ofp _
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is, it was observed that
karanja oil and diesel oil were carried out. From the apal)ims, gomd:a?ablc-
physical and chemical propetties of pure biodiesel and diesel are
b) Engine test results fbrake nower | .
i ke thermal efficiency o brake pow. ) ——
- Eg;f :ho;el:)sﬁe:ults itis observed that initially with lncreaj{ltlgbt;g 5:3‘; E)ncl'c SCS.
brake thermal efficiency of the diesel fuel and bio-diesel and i bslcnds of biodiesc]
But there was a considerable increase in efficiencies with the brake thermal effi-
as compared to the efficiency of diesel fuel alone. The lower i erease in fuel
ciency for B100 could be due to reduction in calorific value an
consumption when compared to diesel, B10 and BS.

ii. Effect on specific fuel consumption of brake power with increase
Itis observed that specific fue] consumption of all the fiiel declreacsi';’s0 fbiodiesel at
in brake power. Very little difference can be seen for all theb e{r-‘luel consumption
higher load; however, as brake power increases the specific | consumption 0
decreases for all fuels, pure as well as blends. The specific fue

the B100 is higher than th

) : lue.
atof diesel because of its lower calorific va

sion, Moreover, minim

iv. Effect of oxygen in Exhaust
As the brake Power increased
diespl fuel

tended to redyc

at higher loads,

V. Effecton carbon dioxig, on brake power
!t was observed that, C

ith
. uels w1
A content in the exhayst gas increased for all fi
Increasing brake power. Max;

. r was
aximum CO, content at maximum powe
nearly the same,
vi. Effect on CQ inE
The car

of brake power

iodiesel, neat
the oxygen content for all blends Ofli)::ﬁll'%slel ratio
e significantly. This was due to reduction

! 5t NO, emission of brake power
NCreases with brak

10n thigher
€ power. This js probably due to formatio
chamber temperapyy

©and presence of oxygen inl biodiesel-
Smoke opagj xhaust Smoke Opacity of brake power

e
imurm brak

>¢S as the brake Power is increased, but at maxim

€ Opacity js nhearly sam,

- eel
1 . dlesc :
¢ forall fuels. Smoke opacity of the lc)lil(::ed by
- 'é‘;]? FLesence of high moismure in the fuel. But this may be re
ecty
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FIG. 4: EFFECT ON OXYGEN CONTENTS OF
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BRAKE POWER

500 ‘J'-'.':—’,’i ——
& o3 -
2 400 3 s A 1 Tle-- D1oa
= . P //a —a— 8100
2 [—-d00 " £ b e —-py—- 010
= ’ — - -85
b k ;} o - e -~ 85
= 260 i
g s -,‘.
P .l U
ol
-2 o 2 4 () 8
BRAKE POWER (KW)
FIG. 8: EFFECT ON SMOKE CAPACITY
BRAKE POWER
e voo -
< Ty
L .B . e
it b . p3 T o D100
:é' R - B100
60 r - e e — - a— B10
jlx‘ —eer-—85
O [ Pt et
L
-2 - o 2 4 e 8
L BRAKE POWER (KW) [

Economics of biodiesel production

The cost of biodiesel can be reduced if we consider non-
N "anja, jatropha, neem, mahua, etc, which are availab !

°nt in conversion technology. For biodiesel production, the costmvo
Production, crushing and esterification.

E Total costof biodiesel litre, :
Conomics of bio-diesel produced from small-scale capacity
10-diesel reactor

edible oils of plants suc}:;s
. India and its iMprove-
e jved include seed

Calculations

Yearly fixed cost
a) Cost of plant = Rs 22000/-
b) Care and maintenance (6% of the fixed cost)”™
¢) Lifeofplantis 10 years

d) Interestisnegligible

Rs 1200/~
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. = 0=Rs
So the yearly fixed cost: Depreciation+maintenance+interest = 2000+120
3200/- .

Yearly variable cost

" ' od/day @
a) Seed requirement per day fqr 10 litre = 32.6 Kg, so the cost of seed/day
rate of '

Rs 5/-Kg=32.6 X Rs. 5 = Rs 163/-

So cost of seed per year = 300 X Rs. | 63 =Rs 48900/- ]
b) Cost of extraction of oil/year =32.68 X 0.90 X 300 = Rs 8803/010/’
¢) Costof transesterification peryear=300X 10X 6.67=Rs 20,
d) Costofchemicals:

) Methanol required/year = 3000 X0.2X30=Rs 18000/- _ 20X 500
i) NaOH required/year =300 X 10 X 10 = 30000gms = 30Kg = 30

= 15000/-

e) Cost of labour for

) ies, stor-
processing like, water washing, studies of properties, S
age, etc. are neglected.
Total cost/year - .
3200+48900+8802+20010+1 8000+15000 = Rs. 1,13,912/-
Income of farmer

)  Quantity of oilcake produced per year @ Rs 5/- perKg
223X 10X300X 5=Rs 33450/- ar @Rs
i) Glycerol produced for 3000 Jitre of bio-diesel (10% byproduct) per y&
60/- per litre,
- 60X300X 10X 0.1 =Rs 18000/-
Totalincome of farmer/year

133,450+18,000 = Rs 51450/.

So,
Total expendityre - income of the farmer
113912 - 51450 = R 62462,/
Therefore, bio-diese) per litre:
= 62462/3000 =Rs 20.8/kg and Rs 18,2/. per litre.
Other benefis ‘
dlon thFe abﬂners ofgood agricultural Jand can gjso benefit by planting “"n‘e‘::;t cal
0 stfxct air/(;undaxy f eir fields, Non-edible o] trees are not a large plant ain croP
om0 e AN Crop, In adition being non-edible it will protect 12 _ Ly
rearon then:ia 8. Moregver biodiese] cropping will provide income to farm™
Cgraded Japg and are facing economic hardship.
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Conclusion

. ions are drawn:
o investigations the following conclusions drecov-
Onthe bﬁlstif?reie?g;:)vzigsg;n\sgss produced from non:eci;ble vegetable an
ster bio- O '
l.gldyeOf);nzre than 84 percent bio-diesel was obtaine

i after esterification. )
iscosi il drastically reduced : _—
g. ;[}1116 VISCO.Slg’ gf::fgg‘g; rLethyl ester (bio-diesel) and diesel were
. The physic
be comparable.

o itute of bio-
.y itability for substitu
: ance indicates the sut 1 diesel oil.
4?‘ hor: te“:dir::%gl:'rzg t:::a‘l'lll-scale bio-diesel reactor with diese
iesel pr

. mparable.
5. The cost of bio-diesel and diesel per litre are also comp
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