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PREFACE



PREFACE

Shifting agriculture (locally called jhum) is the
chief land use system of the tribals of the north-eastern
ﬁill region of India. This is a land use system still
prevalent in the humid tropics all over the world. With
rapid deterioration in this 1land use practice with
shortening of the shifting agriculture cycle (length of the
fallow phase between two successive croppings on the same
site), there is need, not only to look at possibilites of
redeveloping this system through agricultural inputs and
through diversion to other land use practices such as valley
cultivation‘ which depends upon nutrient wash-out from the
hill slopes and therefore is self sustainable.
Diversification to plantation/cash crop systems is another
possibility. During the present study, therefore, all these
land use systems have been evaluated considering shifting
agriculture of the hill Miris, highly sophisticated wet rice
cultivation of the Apatanis and the Government sponsored
Plantation/cash crop cultivation introduced for the Khasi

tribe in north-east India.

The thesis starts with a General Introduction
surveying the literature pertaining to the work. The

results are presented in the subsequent six chapters, two



dealing with ecology of plantation/cash crops of the Kkhasis
of Meghalaya, the next three chapters deal with the ecology
of wet rice cultivation of the Apatanis and the one
following deals with the shifting agriculture system of the

hill Miris, both of Arunanchal Pradesh.

Though the key element in all the six chapters is
the land use system, it was most appropriate to link it with
the functions of animal husbandry and domestic sector of the
village. Each of these six chapters has its own Dicussion
of results followed by summing up done in a following
chapter on General Discussion. The literature cited is all

presented towards the end.



GENERAL INTRODUCTION



Tropical rain-forests of the world constitute
an important heritage for prosperity and have both
academic and applicational values (Gomez-Pompa
et.al., 1972; Raven, 1981). Apart from the fact
that there are still a considerable proportion
of biota which are yet to be identified and
catalogued from the humid tropics, and that we know
so little about the ecosystem functioning of tropical
rain-forests, the rich germ plasm reserve which
they harbour could form the basis for future
development of food plants, of both conventional
and unconventional kinds. The need is accentuated
increasingly by the rapid growth of human population

particularly in the tropics (Raven, 1976).

The tropical rain-forests of India are
restricted to two major geographical zones of the
country, the western Ghats of south~western
peninsular India and the nérth-eastern region
(Ramakrishnan et.al., 198la; Toky and Ramakrishnan,
1983a). However much of these forests have already
been damaged considerably. The destruction is
chiefly related tos (i) excessive timber
extraction, (ii) agricultural practices and,

(iii) other developmental activities.



Half of the world population is engaged in
agriculture, the vast majority is in the tropics
and the sub=tropics. Their agricultural practices
are highly diverse, ranging from peasant and tenant
small plots (shifting cultivation through to wet
rice culture) to plantation export crops (Grigg,
19693 1974; Duckham and Masefield, 1970y Manshard,
1974; Ruthenberg, 1928). From an ecological
prospective, farming entails a rearrangement of
the ecosystem, usually leading to increased
productivity of useful materials. Its origin can
be traced back at least to 8,000 years (Helback,
19593 Mac Neish, 1964; Ucko and Dimbleby, 1969),
There were at least five, and probably more,
independent centres of origin of farming systems
(Zeuner, 1963; Sauer, 1965; Chang, 1970; Harlan,
1971). Most agricﬁlture practices involve
clearing of land and the establishment of such
less mature ecosystems as annual crops (Anderson,
1952; Smith, 1974). Productivity depends on
modification of the environment (e.qg. soil
preparation, irrigation and weeding) and on
genetic changes that accompany domestication of
animals and plants (Parodi, 1938: Epstein, 1955;
Schwanitz, 1966),



Choosing policies for agricultural
development requires the use of information
about the existing farming situation. The
collection of information presupposes the
ordering of the great number of phenomena which
can be observed in a given rural area into
entities which are meaningful in terms of
development, and these entities are systems,
i.e. sets of related elements. System theory
is therefore employed as the guideline for farm=
system description and analysis (Dent and
Anderson, 1971; Emery and Frist, 1971; Bertan-
lanffy, 1973).

LAND USE PATTERNS

AgroecosystemsS:

Shifting agriculture (slash and burn
agriculture locally called ‘Jhum') is the chief
land use indigencus to the humid tropics of
Africa, Asia and Latin America (Harrory, 1949;

Schlippe, 1956; Worthington, 1958; Carneiro,
1960; Nye and Greenland, 1960). More than 240
million people living at or near the gubsistence

level practice shifting agriculture. They



cultivate small patches of cleared land in the
tropical forests, which are for the most part
located on the poorer soils (UNESCO, 1978).
Fields are cutAout of secondary (usually) or
primary forests leaving only the largest trees
standing. Felled vegétation is burnt at the
onset of rains, and the crovs (seed and root)

are planted with a minimum soil preparation.
After one or two harvests, the plot is abondoned,
or a third cropping may take place before the
site is allowed to regenerate a vegetative cover
(FAQ, 1957). Although the vearly plots of
shifting agricultures are small (1-2 hy) the
total land tied up in shifting agriculture is
enormous because of lengthy follow period (time
lag between two successive cropping on the same
plot). It is estimated that shifting agriculture
in the tropics tie up twice the area (33 million k)
used by temperate continuous cropping systems

(Manshard, 1974).

Shifting agriculture in the north-east
India is by far the most important facter in
the conversion of tropical rain-forests. This
oractice though with many subtle variations
(Toky and Ramakrishnan, 198la; Mishra and
Ramakrishnan, 1981; Ramakrishnan, 1983, 1984a),

basically involves slashing of the forest often



by clear=-felling, burning dried slash and raising
crops for one or two years on the temporarily
nutrient rich soil. The plot is abondoned far
natural regrowth during fallow phases before

returning to the same plot after a few years.

Under biologically stable conditions, a
shifting agriculture plot may not be reutilized
for upto 70 years, but under increased pressure
of limited land and increasing populations, fallow
period have decreased to generally unacceotable
levels, averaging perhaps less than 5 years
(Bertlett, 1956; Corner, 1960; Brown, 1971).

In the north-eastern region of India this has
come down toO 4-5 years from original 30-40 years
(Ramakrishnan et.al., 198la;b, Ramakrishnan,
1985a). This in turn has further accelerated
the environmental degradation leading to
desertification (Ramakrishnan, 1985b), limited
recovery of soil fertility (Ramakrishnan and
Toky, 198l1; Mishra and Ramakrishnan, 1983a) and
deminished economic returns (Toky and Ramakrishnan,
198la; Mishra and Ramakrishnan, 1981)., Stripoed
of their vegetation cover, the soils of these
shorter fallow fields are often highly erodable,

particularly immediately after abandonment



(Cook, 1921; Cclarke, 1966; walter, 1971). Therefore,
even though shifting agriculture traditionally is
based on sound scientific principles (Ramakrishnan,
1984a) distortions have made this system untenable

in the present form.

With a view to arresting and reclaiming the
degraded forest areas the Governmental agencies in
northe-east India have introduced and encouraged
terrace cultivation. Terraces are one of the oldest
and most common type of soil conservation practices
used for erosion control. They intercept run-off
water before it becomes erosive and they conduct
the water at a non-erosive veloclty to a stable
outlet., Terraces fill a niche in cropland conser-
vation system that no other practice can, by
controlling sheet, rill and gully erosion and
channel erosion caused by concentrated flow on
steeper and longer slopes.

However, particularly in the north-eastern
region of India, replacement of shifting agriculture
ry intensive agricultural practices is probably not
a realistic solution to this problem. As a solution
to the problem, the Indian Council of Agriculture
Research Station at Shillong has sucgested partial
terracing with horticultural and forestry develop-
ment on upper two-thirds of the slopes (Rorthakur

et.al.,1978). They claim that run-off would be



reduced from 144 mm to 8.1 mm and sediment loss
reduced from 40.9 t ha @ to 5.8 t na through
terracing. But even if run-off losses of soil

and nutrients are reduced by terracing, as the soil
is loose and porous the leaching of nutrients
through percolation is high (Mishra & Ramakrishnan,
19834). With respect to nitrdgen and phosphorus,
the fertility depletion is very rapid as was
observed during the second year of cropping on the
same plot in Meghalaya (Mishra & Ramakrishnan, 1983).
In fact, the physical and chemical qualities o~

the soil may cet so much adversely altered that
the farmer very often has to leave the terrace
plots after 6-8 years of continuous cropping, as
land tends to become totally desertified. The
maintenance cost for the terraces are heavy apart
from the input need for heavy dose of inorganic
fertilizers. Besides this, weed potential under
terrace cultivation gets intensified when compared
to a l0=-year shifting agriculture cycle in the same
area, adversely affecting crop returns (Mishra &
Ramakrishnan, 1981).

Valley cultivation of rice is a viable land
use practice since the valleys are self-sustaining
systems, they are natural sinks for nutrient flow
from the hills (Mishra & Ramakrishnan, 1981: Toky &

Ramakrishnan 1982). Most of the irrigated land in



the tropics (particularly most of the wet-rice
areas) is still cultivated year after year without
much manuring because rice like rye, cotton,

maize and sugarcane is self-fertile so that

even under permanent cultivation, yields rarely
drop further after a minimum level of soil ferti-
1ity has been reached (Rutherberg, 1967). According
to Angladette (1966), soils improve their quality
for wet-rice production with time because of the
impounding of water and its influence on chemical
processes in the soil, Recently it was found that
rice rhizosphere ¢could also fix condderable
amounts of atmospheric nitrogen under flooded
condition (Dart & Day, 1975). Valley lands are
relatively more extensive in the north-eastern
hills than in the Himalayan 2zone because of the
more prevalent rolling hill topography, but still

limited by topography.

In areas where rice fields retain water
for 3 to 8 months in a year, rice=-cum=fish culture
has often provided an additional supply of fish
crop. The antiquity of rice field fish culture
in south-east Asia has only recently been
established (Ardiwinata, 1957; Pongsuwana, 1962;

Coche, 1967)., In India rice-cum-=fish culture has



been described in detail by Hora (1951), Chacko and
Ganapati (1952) and Iyenger (1953, 1962). Iyenger
(1953) through his experimental studies at
Hasserghata fish farm, Karnataka, and Visweswaraya
canal farm reported an average fish yield of 112 kghd’1
after 3-4 months of rearing in rice fields. Experi-
ments on rice~-cum=fish culture at Hebbal, Karnataka
(Muddanna et.al., 19703 cited by Jhingran, 1982)

and at Arupatkiodai, Tanjore district, Tamil Nadu
(Devaraj and Natarajan, 19733 cited by Jhingran,
1982) resulted in varying yields ranging from 17.5

Linm days and 240 kg ha~l in 9

to 152.5 kg ha~
months, respectively. Hickling (1961) reported
that in Java and Madaga{par the fish yield from

rice field was 28 to 50 kg ha~1l in 100 days.

Economic Yield and Weed Problem Under Agricultures

The immediate cause for the rotation of
fields under shifting agriculture in the successive
yvears of cultivation was decrease in economic yield.
In the British Honduras, Charter (1941) found the
yield of maize on peasant milpas was about 1000-800,
800-600, 600-400 kg ha~! in successive years.
Steggerda (1941) estimated that the yield in second

year, in the Yucatan Peninsula (Mexico), is only
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about 80% as high as in the first year. Grist
(1953) estimated that the yield of paddy in
successive years of cultivation was to the tune
of 1500-2000, 1200-800 kg ha~>. 1In the central
Peten, Cowgill (1961) found second year milpa —
yields to be only 71% as high as compared to the

first year.

In north-east India there was much confusion
regarding the yields of crops from hill agroeco=-
systems, until work was initiated by Ramakrishnan
and his co-workers (Toky and Ramakrishnan, 1981a;
Mishra and Ramakrishnan, 1981). The Agroeconomic
Research Centre, Jorhat (Assam) conducted surveys
on shifting agriculture yvield of rice and concluded
that the average yield of 800-900 kg ha~! in Garo
hills, Mizoram and Arunachal Pradesh. On the other
hand, the rice yield under shifting agriculture in
Tripura was reported to be around 1200 kg ha~1
(Mishra, 1976). 1In a recent survey of the socio=-
economy of the shifting agriculture, Aurora et.al.
(1977) concluded that the yield of rice under
shifting agriculture and dry land cultivation on
terraces are not significantly different under
comparable situations. A study from Burnihat
(Sahu, 1978) on rice yield gave yearly outputs

under terrace cultivation 738 kg ha~1l and with
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shifting agriculture 853 kg ha'l. According to

Indian €ouncil of Agricultural Research (Borthakur
et. al., 1978) the yield under shifting agriculture

is very low (190 kg ha~l) comvared to terrace
cultivation (1860 kg ha-l). However, more precise
comparative estimates of the yield under different
shifting agriculture cycles at low and high dr eleva-
tions of this land use vis-a-vis sedentary farming
such as terrace and valley cultivation (Toky anad
Ramakrishnan, 1981a; Mishra and Ramakrishnan, 1981 )
showed that (i) a longer cycle gives better yield
than a short cycle, (ii) a 10=year cycle is
economically viable, (iii) though terrace cultivation
gives as much as return to the farmer as shifting
agriculture under 10 year cycle, a major fraction

of input for the farmer is through inorganic

fertilizer while labour is the chief input into

shifting agriculture,

Weeds are a major cause of declining yield
under shifting agriculture in many parts of the

world. and include Eupatorium odoratum in Thailand

(Zinke et.al., 1978) and Imperata cyclindrica in

Sarwak (Freeman, 1955) and all these and others in

north-east India (Saxena and Ramakrishnan, 1984).
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Cutting g&.gl.,(1959) estimated that the vield of maize
Nyasaland was 4284 kg ha_1 when weeded four week

after germination, but attain only 3217 kg ha~1
when weeded six weeks after germination. Toky and
Ramakrishnan (198l1a) and Mishra and Ramakrishnan
(1981) reported that under shorter shifting
sgriculture cycles the weed problem was severe

due to arrested succession by exotic weeds in

north-east India.

Recently weeds have been viewed as an useful
component in agroecosystems and may be expected to
play an important role in agricultural management
of the future. Obviously one of the important roles
of the weeds in the cropland is related to reduction
in soil erosion, protection of the soil surface from
solar radiation and imoroved soil micro-climate
(Moody, 1975; Tripathi, 1977; Chacon and Gliessman,
1982). Swamy - (198§), from north-
east India have reported that traditional weeding
(involves retention of a certain proportion of weed
biomass in situ) and this has little effect on the
economic yield potential of the crop mixture. On
the other hand, it could contribute to conservation
of soill resources upto about 20% as compared to a
total weeding regime. Indeed, harvested weed biomass
put back into the system is an efficient way of

recycling of resources under stress,

in
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Plantation/Cash Crop System 3

It has been suggested that with the
application of modern technology the potential
for food production in the humid tropics is
almost unlimited, but the exploitation of this
potential will take place only as fast as the
necessary guarantees of profit are made to
farmers (Buol & Sanchez, 1978; Meerman &

Cochrane, 1982).

Coincidental with this particular trend
in scientific thinking, significant changes in
agricultural policy in the humid tropics are
now taking place on a local scale. Spurred by
social pressures byl%% S&%%i%% increase on the
one hand, and by the adverse consequences of large
scale deforestation on the other, politicians
and developmental agencies are becoming more
concerned with the need for rational land utiliz-
ation (Donaldson, 1978; Davison, 1982). The
most encouraging aspect of this development is
a growing appreciation of perennial tree crops
as a major and profitable component in any
cropping system, and of the need to involve
local communities in development planning
(Ssanger, 1977; Adeyoju, 19803 Doyen, 1980;

Kaul, 1980; Wiersum, 1980)., The potential
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value of trees as multiuse components of
tropical agricultural systems has been
appreciated for many years (Douglas and
Hart, 1976) while, in developed countries,
the integration of trees with agriculture

is common, and concerns farmers, feresters,
planners and even landscape artists (Cunni-
ngham et.at., 1978; Pierre, 19803 Stewart,
1978) . In the humid tropics, trees represent
the climax vegetation and traditionally, they
have provided food, shelter and fuel (Earl,
1976). Since they do not require soil
cultivation, and can continue photosynthesis
virtually throughout the year, tree food crops
are far more 'energy efficient' than annual
crops (Bowers, 1982)., Stands of economically
useful local or exotic species can be used

as stable successors to native forests, or to
rehabiliate 1and that has been degraded
through inappropriate cropping (Weaver, 1980;
Nair, 1982),

Agroforestry Systems may vary widely
in both intensity and species composition,
depending upon local soil and climatic

circumstances (Maydell, 1979; Nair, 1982),.
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If shifting agriculture is to be replaced

by a life style based on agrogorestry,

there are many traditional multicropping
systems, involing tree crops, that can serve
as models(Watson, 1983 ). They are typified

by the Kandy Gardens of Sri Lanka (Mc Connell
& Dharmapala, 1978), the Indonesian homesteads
(Harwood & Price, 1976), the Nigerian Compound
farms (Okigbo & Greenland, 1976) thesSouth
Indian home gardens (Sundarraj & Mitchell, 1987)
and many others (Rea'tegui, 1979; Eden, 1980).
Each of these systems is rased on multistorey
tree canopy that may produce timber, fruits
and food crops. Such systems provide varied
income and food supply, and have supported

a stable and satisfying lifestyle ﬁﬁé

generations.

In the noth-eastern region of India
a shift towards plantation/cash crop system
have been suggested to reduce the pressure

from shifting agriculture ( Ramakrishnan, 1984

a; 1987 a). Apart from providing export-
oriented economy( Ruthenberg 1976 ? Andreae
1980), the perennial plant cover would protect soil

more effectively.

/57"]_0;9
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NUTRIENT BUDGETING UNDER DIFFERENT

LAND USE PATTERNS.

The long term success of shifting
agriculture depends upon the recovery
and maintenance of soil fertility. If
the nutrient lost or displaced during the
short period of cultivation are approximately
balanced by those replaced during the fallow
period, the system could continue indefinetly.
The maintenance of soil fertility in hot,
humid and high rainfall area is a serious
problem and is more severe in situations
where the cycle becomes short, due te poor
recovery of soil fertility and increased
intemsity of weeds. This in turn results in
reduced crop yield under short cycles (Nye &
Greenland, 1960; Watters, 1971 Toky & Rama-'

krishnan, 1981 a; Mishra & Ramakrishnan, 1981).

#hen the forests are cleared and the
debris is burnt, all the cations are released
on the surface soil as ash. Hecavy losses of
carbon, nitrogen and sulphur occur due te
volatilization during the burn (Nye & Greenland,
1960; De las sales & folster, 1976 RrRamakristnan
& Toky, 1981, Mishra & Ramakrishnan, 1983 b, 1984).

For phosphorus though, there are no obvious



1%

mechanisms of volatilization, losses, are

reported through convenction via particulates

to the atmosphere (Freedman, 1981). There are
conflicting reports on additien of phesphorus
through fire (Nye & Greenland, 1960; Stark 1971;
Stromgaard, 1984) and others suggesting some

losses from the system (Harwod & Jacksen, 1975;
Ashton, 1976; Mishra & Ramakrishnan, 1983J).

Liyod (1971) reported massive losses for

phospherus through fire. Swamy and Ramakrishnan (1987
reported that the nitrogen and phoshorus losses due
to fire under a 5 year shifting agriculture cycle

1

at lewer elevation ef Meghalaya was 550 kg ha~

-1
and 7.2 kg ha respectively.

The total concentration of cations in the
soil solution depends upen the total concentration
of anions. A high level of nitrate ion due to
increased biological activity (Ahlgren & Ahlgren,
1965; Wel's, 1971) balances a corresponding
concentration of nutrient cations in the soil
solution and therefore heavy losses through water
occur (Bormann et.al, 1968; Lewis Jr. 1974).
According to Bormann et.al. (1968) and Likens et .al.
(1978), quantitative importance of nitrification
would determine the qua%ity and quantity ef cations

flushed from the deforested —
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system. The amount of nutrient losses also
largely depemd upon the quality and quantity
of nutrient release from litter (Singh &

Ramakrishnan, 1982a; Ram 1986.), .

The loss of water through run-off and
percolation, and consequent loss of sediment,
increases with the shortening of shifting
agriculture cycle. This may be partly related
to poor physical characteristic of the soil,
and also particularly to poorer crop-cover
(Toky& Ramakrishnan, 1981b). Toky and
Ramakrishnan (1981b) reported that the short-
ening of shifting agriculture cycle to 4-5 years
in north-east 1India does not permit the
recovery of soil fertility and has adversely
affected the vegetation cover, biogeochemical

and hydrological cycles.

Hydrological studies under terrace
agroecosystem showed that run-off and sediment
losses were mafkedly reduced due to terracing
(Mishra & Ramakrishnan, 1983a ) but percolation
losses were found to be high. During the second
year of cropping on the same terrace rapid deplet-
ions of the soil fertility were okserved (Mishma

& Ramakrishnan, 1983b).
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Plantation are simplified versions of
forested ecosystems. The total ecosystem
approach for guantifying nutrient budget and
cycling in the northern hardwood forest has
been successfully done by Bormann and Likens,
(1967). Several studies have demonstrated
that rainfall may remove substantial amounts
of nutrients from the foliage in horticultural
plants (Leclere & Breazeale, 1908, Mes, 1954;
Tukey & Amling, 1958). Others have reported
that rain water which passes through the tree
crown contain higher quantities of various
nutrients than the rainfall collected in adjacent
openings (will, 1955, 1959; Voigt, 1960; Rahman,
1969; Cole et.al. , 1967; Singh & Ramakrishnan,
1982). Measurements of nutrients in throughfall
and stemflow water have been done by many workers
(Madgwick & Ovington, 1959 Likens et.al., 1971;

BEaton et.al., 1973). Most of the studies sugcest that
throughfall contribution to nutrient cycling have
received much attention than the contribution by

stemflow.

The amount and quality of litter has long
been considered to be of vital importance for
exchange of organic and inorganic materials

between living organisms and the soil. In tropical
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forests of Africa, nutrient contents of litter

have been studied by many workers (Laudelaout &
Meyer, 1954; Bernehard, 19703 Egunjobi, 1974).
Studies on mutrient contents of litterfall in

humid sub=tropical montane forests are available
from narth- east India (Singh & Ramakrishnan, 1982a;

Das & Ramakrishman, 1985).

Among the soil nutrients taken up by the
coffee plant, nitrogen is the most important..
Studies are available on nilrogen cycling
(Bornemisza, 1982) and nilé::en losses in coffee,
plantations ( Carvajal, 1959; Cooil & Fukunaga,
1959 Kupper, 1976). Role of organic matter and
effect of plant cover on socil conservation
practices in coffee plantations have also been

studied by Suarez de Castro & Rodriguez (1955a,b).

However, information on nutrient budgeting in
plantation crop systems is limited. The plantation
crop introduced into the hill areas of north-east

India has received little attention.
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ENERGETICS

Agroecosystems 3°

The usefulness of energetic analysis
in agriculture has been questioned by many
researchers. For instance, the policy recommend-
ations of an energy analyst will often conflict with
those of an economist. This has led to a long
standing disagreement between the economist
and the energy analyst as to the validity of each
other's approach (Georgescu- Roegen, 1979).
Others, more favourably disposed consider the
energetic view as compatiable with a ‘'system!'
approach and therefore a source of promise for a
better understanding of rural develooment

problems (Morse, 1982).

The increasing agricultural yields of
the last few decades were possible through
industrialization of agriculture involving large
fossil energy subsidies, heavy fertilzer applic-
ation to the soil and sophisticated chemical control
measures to reduce pest and disease infestation
and above all high yielding crop varieties, Such
agricultural systems are efficient in terms of
human time and labour inputs but are highly ineffi-

cient from overall energy point of view, as 5tol0
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units of fuel energy are required to produce

one unit of food energy (Steinhart & Steinhart,
1974) . Where as shifting agriculture has been
held up as a model of productive efficiency
where 5 to 50 units of food energy are harvested
for each unit of energy input into the system
(Rappaport, 1971; Steinhart & Steinhart, 1974;
Mishra & Ramakrishnan, 1981; Toky & Ramakrishnan,
1982). Rappaport (1971) provides relatively
complete information on the energy expenditure
of the Tsembaga people of new Guinea highlands.
According to him, the farmers obtained an
average of 16 food caleories for each calorie
human energy expenditure during farming which
may go upto 20 under more favourable conditions.
It has been suggested that it is possible to have
increased crop production without departing too
much from this traditional system (Greenland,
19753 Revelle, 19763 Mutsaers et. al. , 1981;
Ramakrishnan, 1985¢c), which has been considered
as the most evolved system for the forested

areas of the humid tropics (Conklin, 19577 Carneiro,
1960; Nye & Greenland, 1960; Walters, 1971;

Ramakrishnan, 1984a).

Terrace cultivation in north-east India

was found to be energetically inefficient (6.7)
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(Toky & Ramakrishnan, 1982) due to heavy input
of fertilizers every year besides labour input
for terracing. This system i8 comparable to
comparatively more modern Indian agricultural
systems where 9 units of food energy is
harvested for each unit of fossil fuel energy
input into the system (Mitchell, 1979).
However, terrace cultivation was found to be
better than most industrialized western agricult-
ural systems, where only 1 or 2 units of food
energy is harvested for each tnit of input
(spedding, 19757 Spedding & Walsingham, 1976:

Leach, 19763 Pimentel & Pimentel, 1979).

Valley cultivation, which needs very
little nutrient input because of natural drainage
into these systems from adjoining hill slopes,
is energetically efficient in north-east India

(Mishra & Ramakrishnan, 1981).
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Animal Husbandry System:

Population growth rates indicate that by
year 2000, 60% more food willJbe required to
meet the requirement of the worlad populatibn
(FAO 1977). In a world already suffering from
widespread malnutrition and i;deed facing large
scale starvation in the years to come, crucial |
decisions regarding the orientation of protein
production must now be taken by developmental
planners. Since food products of animal origin
are richer in high quality proteins, animals
have an important and well defined role to play
in a rational and balanced food production system
(Vandemaele, 1977). At present animal production
acccounts for 25% of world protein needs (Pimentel

Traditional farmers consider animal hus~
bandry as an essential activity along with
agriculture for the persistenqe of the system and
welfare of the family (Rappaport, 1971; Ramakrishnan,
19844, Queirez et.al: 1986). The energy efficiency
of cattle (for meat) was found to be very low
(less than 1) (Leach, 1976)., This is because
animals need more food energy input. Since ruminants

are able to graze in remote areas unsuitable for
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crop production due te topography, climate, etc.,
extensive r%?hing systems consume very little

support energy and may therefore be considered
energetically efficient (wilseon & Brigstoecke, 1980).
Several scientists have adopteé a positive approach

to evaluating ruminants as progucers of human food
(Blaxter, 19757 Pimentel et.al., 1975, Wedin et.al.,
1975) . Rappapert (1971) has discussed the importance
of Tsembage swine husbandry as a practical way te
store excess of food energy harvested during some

of the preductive years. With an energy expenditure
of 18 .8 x losz over a 10-yr period for raising a
single pig under Tsembaga systgm and with enly 1.5%
of return on feod energy feed te pig meat energy,
according te the calculations ®f Pimentel and Pimentel
(1979), this system is net very efficient. Mc Arthur
(1974), a leading Austratian nutritional anthropelogist,
suggested that killing of swine: in smaller numbers

at more frequent intervals weuld be more efficient

from a nutritional and ecological point ef view.

Swine husbandry 1is an 1ptegra1 part of shifting
agriculture in north-eastern region of India (Mishra
& Ramakrishnan, 1982). In fact the tribal farmer of
this region consume pigs not enly as part of his
normal diet but makes a feast of it during celebrations
related te shifting agriculture procedures. Again the
main region why swine husbandry is part of shifting
agriculture system is because’of its in expensive

maintenance costs.
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VILLAGE ECOSYSTEM . -

The way many societies have evolved in
the past in harmony with low levels of energy
supply to the society would provide clues as
to how modern societies could adapt to the
limitations imposed by energy. input-output
analysis of a single tribe illustrating their
responses to their énvironment, the work of
Lee (1966) Rappaport (1971),“and Mishra and
Ramakrishnan (1982) are important. In Lee's
study, the input-output approach to subsistence
has shown that Kung Bushman in the Dobe area
can éerive an adequate living from only a
modest expenditure of their time and effort.

He estimated that the per capita yield of food=-
stuff was 8,95 MJ which was in excess of 0,69 MJ
to their energy requirement per person per day.
Rappaport (1971) described the importance of
swine husbandry to the Tsembaga farmers in New
Papua Guinea. Makhijani and Poole (1975) studied
enefgy flow in a number of prototype villages in
developing countries. (ﬁ;)concluded that farmers

in developing countries often use more energy
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per hectare than those in industrialized nations.
His data showed that gross energy input per capita

varied from 1.5x104 MJ per year in India to

6.5x104 MJ in Mexico. The efficiency of converting
gross energy input into useful work was about 5%
in India and 25% in Mexdco, as a result of which
twenty times more useful energy was available

per person in a typical Mexican village. Revelle
(1976) tabulated the use of énergy in rural._India.
According to hinm, enérgy use per person in 1971

was 29.7 MJ day"1

» 3.3 times the energy in food
consumed. More than 89% of this energy was from
local sources, and less than 11% was from
commercial sources. Briscoe (1979) through his
study on a Bangladesh village. (Ulipur) showed
that about 10% of the totél food intake of the
population is accounted for by useful work. The
most important sectoral activities are household
work, agricultural wofk, and fishing which
accounted for, 45%, 28% and 15% reSpéctively of
the total output of useful work. Although the
energy system in Ulipur is frugal, with virtually
all products and by-products being used for some
purposes, the use of energy is inefficient,

Sundarraj and Mitchell (1987) on the basis of
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detailed analysis of ecosystem function of a south
Indian village concluded that this village operates
very close to biological limits for biomass
production, with a high intensity of biomass use
(90%) which attests to the sophisticated management
techniques followed by some of the rural communities
in the region. One of the first few studies on
village ecosystem from north-east India (Mishra

and Ramakrishnan, 1982) showed that the per capita
food production in the village exceeded the food
energy consumed by the people (Khasis) by 16.64

MJ day~l. rThis energy efficient village ecosystem
is closely linked to their natural forested

environment.

For over a third of the world's population
located in the developing countries, fuelwood
which is a scar% commodity, is a major problem of
daily life., According to Eckholm (1975), no less
than one and a half billion pecple in developing
countries derive atleast 90% of their energy needs
from wood and charcoal; another one billion depend
upon this for atleast 50% of their energy needs.
Excessive use of fuel wood and ever increasing
demands for it have caused fuel wood shortage in
many developing countries (Pasca, 1981; Montelam=-

bert and Clement, 1983; Baidy, 1984). Most of



FIG. I. The area dominant under shifting

agriculture in north-east India.
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the studies that have been done on deforestation
in developing countries have indicated quite
clearly that fuel wood extraction is one of the
major causes for depletion of forests. Ramakrishnan
et.al. (1981b) from north-east India reported that
one of the major cousequencéé of the shortening

of the shifting agriculture cycle has been fast
depletion of fuel wood resources in the region.
This is aggravated due to low efficiency of
utilization of fuel wood energy in the developing
world (Leach, 1976), where per capita consumption

of energy for cooking is considered to be between

two=and=-a-half times more than in the west,

The Present Works

Shifting agriculture (locally called

Jhum) is a predominant form of agriculture in the
north-eastern hill region of India (Figure 1).
After cultivation for a year or two, the land

is left fallow, again to be cultivated after a
few years. This time lapse before cultivation

of the same site is called a shifting agriculture
cycle. Formerly, the shifting agriculture cycle
was fairly long, ranging from 20«30 years, which

ensured that the system was self~-sustaining and



Fig. 1I. Distribution of tribal groups in
Arurchal Pradesh in north-east
India.
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in harmony with nature. However, under the present
day conditions of increased population pressure

and reduced acreage, the shifting agriculture cycle
has been reduced to 4-5 years. This, in turn, has
adversely affected the quality of the environment
both in terms of soil fertility and forest cover
(Ramakrishnan et.al., 1980; Ramakrishnan, 19854,

with a view to arresting and reclaiming the degr-
aded forest areas the Govermmental agencies have sugg-
ested varied alternatives; like terrace cultivation
and/or a shift towards plantation/cash crops.
Pineapple is one of the traditional plantation crop
crown by the khasis. Besides this Apatani tribe of
Arunachal Pradesh, surrounded by several other tribes
practising shifting agriculture, have developead

permanent and sustainable wet cultiva tion of rice(F@IE}

The present comprehensive study on the varied
land use patterns at Naya bunglow (25°45'N 91°54'g )
in Meghalaya, 2Ziro (27%36 ' 93°49'E) and Raga
(27°44'893°%51E) in Arunchal Pradesh are part of a
broader study on the ecological implication analysis
of these land use patterns in the north-eastern hill

region of India,

While dealing with these varied land use
patterns in Meghalaya and in Arunachal Pradesh, the

linkages between land use, animal husbandry and
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domestic sectors have also been looked into in
order to obtain a wider ecological prospective

oﬁ the implications of the land use activities.

It is hoped that this study would help in designing
ecologically and economically viable land use

systems in the region.



CHAPTERS



CHAPTER 1

ECONOMIC YIELD AND ENERGY EFFICIENCY
OF PLANTATION/CASH CRCP ECOSYSTEMS 1IN

MEGHATAYA IN NORTH-EAST INDIA.
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INTRODUCTION

Though shifting agriculture is the chief
land use system in the north-eastern hill regien
of India (Ramakrishnan et.al.,1981 a ; b;
Ramakrishnan, 1985 a), the shortening ef the
shifting agriculture cycle (time lag Petween two
successive cropping at the same site), because of
population pre-sure and reduction in the land area,
has resulted in distortions in terms of ecology
(Ramakrishnan, 1985 c¢) and economic returns to
the farmer (Toky & Ramakrishnan, 198la ; Mishra %
Ramakrishnan, 1981). Therefere, there has been
attempts to have a shift in land use towards planta-
tion and ‘rash cropg (Ramakrishnan, 1985c)..

Of the crops considered here, tea and ceffee are
new introductions whereas ginger and pineapple are
traditional creops under shifting agriculture.
These are raised on bench terraces. Since these
cash crops are important as an alternative te
shifting agriculture (Ramakrishnan, 1984a,1935c),
the present study deals with comparative analysis
of this economic and ecological efficiencies, in

Meghalaya 4in north-eastern India.
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STUDY AREA AND CLIMATE

The present study was done around Naya-
bunglow (25045' N and 91054' E) at an altitude
of 910 m in the Khasi hil's of Meghalaya, about
30 km north of shillong. The climate is typically
monso~nic with more than 80% of the total annual
rainfall of 180 cm occurring during May to
September. The monsoon is followed by winter:
March and April represent a brief diry period.
The mean monthly maximum and minimum temperatures
during the monsoon were 28.60c and 17.1Q: respecti-
vely, and for the winter they were 21.30c and

3.90c, respectively.

DISCRIPTION OF THE LAND USE SYSTEMS

Coffee (Coffea arabica) plantation was done
on terraces in early sixties by Governmental agenciecs.
The plantation was raised with a spacing of 3x2 m is

not very successful. Schima wallichii and Bauhinia

purpurea are two important shade tree species used.
Average plant height of coffee is 1.5 m. Seed
picking (dark reddish) is dcne in December- January.
Pruning of the plant is done soon after. Weeding
is done once, follewed by aprclication of pesticides
in September- Octcber. 1Inorganic fertilizocr

( N&P - 5:3) is applied twice in a year at the

rate of 155 kg ha-1.
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Transplantien of tea (Camellia sinensis)
was done on slopes (60x90 cm distance) during
the year, 1978 using one year old saplings.

Albizzia odoratissima is the important shade

trece species along with Albizzia chinensis,

planted at distances of 3x5 m. Trimming ef the
bush at 75 cm height is dene in February.

Plucking of tea leaves is done during April-
October, at 10-day intervals. Weeding is done
three times during the rainy season. Apart

from weedicides/pesticjides applications, inorganic
fertilizer (NPK-23132) is used twice in a year

1, The freshly plucked

tea leaves are sold at the rate of Rs. 1.50 kg-l.

at the rate of 555 kg ha~

Ginger (2ingiber officinale ) is traditionally

cultivated en terraces. After preparatien of the
land into ridges and furrows and after repairing

the o0ld terraces, sewing is done in April at
distances of 20x30 cm following an aprlication ef
organic manure at the rate of 720 kg ha'lbefore crop
sowing. 1Inorganic fertilizer (NPK -1:1:1) is
applied twice in a year at the rate of 500 kg ha~l,

Harvesting of the ghizomeis done in December- January.

Pineapple (Ananas &omosus) plantations are




being cultivated on terraces for the last six
years. This alongwith rhizome and tuber crops

(Colocasia antiquorum  Curcuma longa and

Manihot esculentus)are sown in March and harvested
during the following December. Two harvests of
pineapple are done from the same field, once in
July-August (monsoon variety) and another in
December-January (winter variety). Weeding

is done twice in June and December. Weed biomass

and old pineapple plant biomass -are put back into

the plot as organic manure.

METHODS OF STUDY

Coffee, tea, pineapple with other crops
and ginger plantations were selected at
Nayabunglow, in Meghalaya in north-east India.
In each plantation, three plots of 50 m2 were

identified.

Vegetation analysis was based on twenty
1 m2 quadrats for herbs and twenty 10 m2 quadrats
for shrubs and trees placed at random in each plot.
The importance value indices (IVI) which is an
integrated measure of relative frequency, relative
density and relative basal area of the species and

calculated (Curtis, 195e9),
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Labour cost was calculated on the basis
of prevailing rates (&. 12 day-l). The
cost of manure, chemical fertilizers, seeds,
pesticides and weedicides were calculated
according to the prevailing market price. The
monetary eutput was calculated en the basis eof
the prevailing market price fer each item. The

economic efficiency was measured as monetary

cutput/input ratie.

The labour hours expended for each activity
was recorded sSeparately. The total energy
consumed was apportioned to each activity (Leach,
1976), according te the relative duration or the
basis eof grauping, involving either sedentary,
moderate or heavy werk. Per hour energy expendit-
ure was calculated as (i) 0.418 MJ for sedentary
work, 0.488 MJ for moderate work and C.679 MJ
for heavy work for an adult male and (ii) 0.331MJ
for sedentary work, 0.383 MJ for moderate werk
and 0.523 MJ for heavy work for an adult female
(Gopalan et.al.,1978). Energy input threugh
chemical fertilizers was calculated on the basis
of fossil fuel enerqy that is required te manufactore
the fertilizer (Takle 1.1). The fossil fuel

equivalents given in Table 1.1, were used to calcul-ate
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Energy Values (VMJ kg"1 dry
weight) for different component
considered in the plantation/
cash crop eccsystems.

Items Moisture Average enerqgy
(%) value
Coffee seed’ 25.7 17.03
Leafy materia152 46 .8 13.77
Pineapple fruit? 60.0 2.20
Rhizome and tuber
crops? 70.0 13.77
Production cost3
N - 76 .98
P,0¢ - 13,95
K50 - 9.66
Weedicides? - 148,11
PesticidesS - 100.00
Replacement cost
Organic manure6 80,0 1.28

6'Percentage of N,

iMitchell, 1979,

’Gopalan et.al., 1978
’pimentel et.al., 1973
“Aviani and Chancellor, 1975
>Leach and Slesser, 1973

and K

P20 2
1.2 and 1.2 respectively.

0 in organic
manure was 1.3,
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the replacement cost of orgcanic manure in terms

of fessil fuel energy. The input of energy through
seed was calculated en the basis ef total energy
expended to produce that fraction of cror yield.
Fer calculating the output eof energy under the

four land use systems, the total eccnomic yield

of the various crops was converted inte megajoules
of energy by miltiplying with standard values of

various crops as given in Table 1.1 .

The energy efficiencies were calculated as
the output/non-solar input ratio, output/solar
input ratio and output/labour hour ratie. Twe
energy intensitiess: latour input/yield ratio
(minutes kg'l) and yield/non-sclar energy input

ratie (kg MJ‘l) were alse calculated.

All the results were compared and contrasted
with shifting agriculture under a 10-year cycle,

based on the data of Toky & Ramakrishnan (19810&1982).
RESULTS

A total vegetation analysis of the weeds
and crops done together at the peak period of
August (Table 1.2) surgests that ginger, followed
by pineapple with other crops had more weed

intensity compared te tea ; coffee had the lezxst
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Table 1.2. Important Value Indices (IVI) of
Vegetation in Different Plantation/
Cash Crop Ecesystems,.

Pineapple With.,. .

Species Coffee Tea ,ther crops. Cinger
Weeds ,

Ageratun Conyzoides L. 18.8 40.1 43.1 95.0
Bidens pil®sa Hook.F - - 5.8 7.4
Borreria articularis

(L.F.) wWill. 20,2 64.1 81.8 80.9
Commelina nudiflera L. 11.4 12.6 5.5 11.5
g%%;%g%gfggél%%enth)L.

Cynoden dactylon L. - - - S.4
Cyperus glebesus All. - - 9.3 12.6
Eupaterium oderatum L. 36 .3 - 6.0 -
Galinsoga parviflera Cav. - - 5.0 5.8
Impersta cylindrica

P. Beauv. - - 5.6 -
Mimeosa pudica L. - - 6.0 -
Panicum maximum jacqg. 15 .3 7.0 40,1 -
Pteridium equilinm (L)

¥Yuhn ex Decken 9.7 8.0 - -
Saccharum 3arundinaceum

Hoek F. 10.9 15.9 - -
Respective crop 89.5 95.7 75.01 48 .2
Trees.

Alrizzia ederatissima

Benth - 32.76 - -
Bauhinia purpurea L. 20.3 - - -
Erythrina indica L. 6 .6 - - -
Schima wallichii (DC)Korthlé,.3 - - -
Others? 38.0 23.0  11.0 19.0
1

65.4 fer Pineapple and 9.6 feor rhizome and tuber crops.

2 IVI below five,
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Table 1.3. Cost of Production (®s. ha-lyr'l)
of Different Plantation/Cash Crop
Ecesystems.

Inputs Coffee Tea Pine- Ginger
apple
wiHB,gther

1. Labeur 1694 11844 2896 8745

(1) Fiela

preparatien - - - 2200

(ii) Sowing : - - 325 1100

(iii)Fertilizer

application 525 880 - 825
(iv) Weeding 320 1320 1625 3520
(v) Plant protection

(Chemical Spray)165 220 - -

(vi) Harvesting 200 9072 946 1100

(vii)Pruryxing 484 352 - -

2. Organic manure - - - 2500

3. Inorganic

manure 760 1725 - 1375

4. Pesticides/

weedicids 300 745 - -
5. seed - - 2000 6225
Total 2754 14314 3096 18845

1,
Cost of rhizome "and tuber crops.
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Table 1.4. Econoemic Efficiencies eof Different
‘Plantatien/Cash Crop Ecesystems 2and
a 10-year shifting agriculture ecosystem.

Ceffee Tea Pineapple Ginger 10-year

with ether shifting
creps agriculture
Input 2754 14314 3096 18845 1830
Output 4560 37125 12090° 42435 3354
Net return 1806 22811 8994 23590 1524
Output/
input ratie 1.66 2.59 3.90 2.25 1.83
1

Teky and Ramakrishnan, 1981a.
2.83093 v pineapple and Re. 2997 for Other cvops.
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weed intensity. The weed intensity in tea
plantation is checked through weedicides and
in coffee, it is biologically suppressed teo
some degree by the dense canopy ef the coffee
plant and shade trees. Amongst the weeds,

Borreria articularis and Ageratum coayzeoides

were two mere doeminent weeds.

Cost of productien was maximum fer ginger
follcewed by tea (Table 1.3). Of the inputs,
labour cost was the highest for tea follewed by
ginger. Since tea,coffee and pineavple with other
crops field preparations are done once when cultiva-
tion starts, the cost is not recurring. It may be
mentioned that tea is raised en the slopes but
pineapple cultivation is done on terraces. Except
for pineapple with other crops inorganic fertilizer
was applied and this was minimal for coffee. Seed

input was required every year for zhizome and tuber

—

crops in pineapple and ginger only.

Theugh the output from ginger was maximum
cempared te other crops, followed by tea, the
input fer these twe crops are also high (Table 1 .4).
Aith low input inte pineapple with other cron and

a relatively high return from it, the efficiency is

maximum for this crop. A comparison of the output/

input ratio of the plantation crops with a shifting

agriculture under a l0-year cycle suggests that all



Fig. 1.1

Monthly labour energy distribution
pattern in different plantation/
cash crop ecosystemss: (a) Tea;
(b) Ginger; (c) Coffee; (d) Pine-

apple with other crops.
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Table 1.5. Energy Input (MJ ha”
Different Plantation/Cash Crop
Ecosystems.
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1

Yr

-1

) in

s e Ty, o
L crops
1. Labeur 574 3537 808 2776 ~
(i). Field preparation - - - 781
(ii) .Sowing - - 81 348
(iii)Fertilizer :

apr lication 180 283 - 268
(iv) Weeding 99 385 459 1014
(v) Plant protection

(Chemical Spray) 59 78 - -
(vi) Harvesting 54 2666 268 365
(vii)pruCning 172 125 - -
2. Organic manure - - - 922
3. Insrganic fertilimer8261 14978 - 9958
4. Pesticides/

weedicides 20 910 - -
5. Seed - - 165 198

Total 8855 19425 973 13854

1‘energy value for rhizome

and tuber crops.



Table 1.6. Energy Sources and Efficiencies of Different Plantatien/
Cash Crop Ecosystems and a l0-year shijting agricoulture  ecoeysiem.
Labour Hour Expended is Given in Parenthesesg. '

Production system Ceffee Tea Pineapple ‘ Ginger  10O-year = _
with other. Sh'\l\-)t\na mjt\w\‘u'(a
_ crops. _
-1 =1
Input ha “yr 6
1. Solar incident? 33x10° 33x10%  33x10° 33x10 33x10°
2. Nen-solar energy 8855 19425 973 13854 1302
3. Lakour energy 574 3537 808 2776 569
(1232) (8616) (1784) (6760) (1220)
Output ha-lyr:"1
Crop energy harvested 8450 181310 17085 33392 56655
vield, Kg. 496 13167 31643 2425 3305 o
Efficiencies S
_~Energy output/solar _ - - - 1 P
output 2.6x10%  s54.9x10% 5.2x10% 10.1x10% 17.2x10
Energy output/nen-
solar input 0.95 9.33 17.56 2.41 43.51
Energy output/labour
hour 6 .86 21.04 9.48 4.94 46 .44
Intensities
Labeour inpu}{yield
(minutes Kg *) 148,98 39.26 33.83 167.25 22.15
Yield/non-solfr energy .
input (Kg.MmJ™%) 0.06 0.68 3.25 0.17 2.54

Teky and Ramakrishnan, 1782.

> 2+ spedding, 1982.
4 3. 2290 kg pineapple fruit and 275 kg rhizome and tuber crcps

L
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of them favourably compare with the latter except

coffee,

More labour energy was expended for tea and ginge:
than for coffee and pineapple with other crops (Fig.l.1l)
Further, in the former two, the contribution by the
female was much more (69% for tea and 43% for ginger)
than the males, unlike in coffee and pineapple with
other Crops..

Energy input for tea was maximum and that for
pineapple with otﬁﬁt»crOps was minimum. For coffee,
tea and ginger, the major energy input was thrcugh
inorganic fertilizers, followed by labour input
(Table 1.5).

The energy efficiency (output/input ratio),
considering non-=-solar input was maximum for pineapple
with ©other crops but much less than for cropring
under a l1l0-year shifting agriculture cycle (Table 1.,6).
If solar energy input is considered tea was more
efficient than shifting agriculture system, coffee being
least efficient in both cases. Energy output per unit
labour input was maximum for shifting agriculture
followed by tea plantation. Labour input for unit
production was maximum for ginger followed by coffee
and the least for shifting agriculture agroecosystem.

Yield per unit non-solar energy input was high for pine-

apple with other crops followed by-shifting agriculture.



DISCUSSION

Shifting agriculture which is the most
prevalent land use in north-east India, is
becoming more and moere untenable in view eof
the distortions that have come about due te
shortening ef agriculture cycle in the recent
pnst, with adverse effect en the eccnomic
returns te the farmer (Ramakrishnan, ( 1984a,1985a).
It is in this context that the introduction of
plantation/ cash crops became important
for the north-eastern hill regien (Ramakrishnan,
1985 ¢). The result presented here fer the yielad

plantation

patterns under four different/cash creps and their
ccmparison with mixed cropping under shifting
agriculture with a 10-year shifting agriculture
cycle suggests that the monetary output frem the
latter was low, which was even more se froem the
point ef view of net return. Economic efficiency
in terms of monetary return per unit rupee invested
is an important facter fer the success of any
agroecosystem. It has been suggested that with the
applicatien ef modern technology, the petential feor
food preductien in the humid trepics is almost

unlimited, but that expleoitation eof this petential
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will take place only as £ast as the necessary
guarantees of profit are made to the farmers

(Buol and Sanchez, 1978 Meerman and.Cochrane,

1982). However, the biological productivity in

the humid tropics may drastically go down on a

long term basis after conversion of natural
vegetation into crop-lands (Dickinson, 1972; Leith,
1976). It ic in this context the feasibility of
plantation/cash crop economy with substantial input
of inorganic fertilizers has to be viewed. A shift
towards permanent cultivatién should consider,
therefore, combining food crops with tree species

as part of an agroforestry system (wWatson, 1983;
Ramakrishnan, 1987a,b).‘ A generally poor return for
coffee at this elevation is suggestive of its
unsuitability for the ecological conditions prevailing
here. Ginger and tea obviously are cash crops which
are well suited for the region. One way of improving
the economic efficiency of the system may be through
mixed cropping, which would 2l1lso ensure sustained
yield on a long term basis (McConnell and Dharmapala,

1978; Okigbo & Greenland, 1976).

While monetary output/input analysis is
sugcecstive of the economic efficiency of this system,
energy output/input analysis is an indication of the

ecological efficiency of the system (Rappaport, 1971;
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Ramakristnan, 1987 b): Though the efficiency ef

the shifting agriculture system in terms ef non-
solar input is much higher than in all the
plantation/cash crops considered here, the energy
efficiency of the shifting agricuture system

connot be considered in isolatien but need te be
discussed in relation te land use pattern, er else
energy efficiency values per se. could lead te distor-
ted eomparison. If land is not a limiting resource,
then the greater selar input to a lérge area eof
shifting agriculture system with a large cycle could
be used te eoffset imported energy ané this would
ensure harmeny ef the leng cycle with the envirenment,
at the same time ensuring rational returns fer the
farmer. The 10-year cycle, therefore, would need

a correctien facter eof 1/10 te make comparisons

valid with ether systems censidered here. Thus the
effective output frem shifting agriculture would
decrease drastically (Teky and Ramakrishnan, 1982).
Theugh the energy ocutput frem ginger 1is very 1lew,

the economic return are very high suggesting that
energy efficiency has te be considered aleng with
economic efficiency of the system fer its effective
evaluation. With a high inerganic fertilizer invut into

all plantation/cash crops except pineapple with other
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crops the efficiency ef these sedentary systems,
have come down drastically. However, efficient
recycling of reseurces wikh emphasis en erganic
manure would centribute tp better ecological
efficiency of these planéation/cnsh crops.

A majer disadvant%Le of the plantatioq/cash crops
such as tea and ginger i; the heavier labeur
input that often involves, employed labeur frem
outside the village ecosystem boundary. This is
often cestly and has alse, implications ef impert
of labour even frem eutside the regien. Given the
socie-economical and secie-political framework in
which the traditional seciety operates, it may be
desirable te stabilize shifting agriculture with
a l10-year cycle or even redevelep shifting agriculture
under a 5-year cycle se as te ensure self-sufficiency
in the village (Ramakrishnan 1987 a). It may net be

plantation

desirable te consider/c¢ash crops, at this stage, that
cennot be handled by the family unit with labour input
from within. It is in this context a mixed lanad
use pattern which considers redeveleped shifting
agriculture along with small units ef plantatien/

horticulture crops fer a family organized en a

cc-eperative basis (Ramakrishnan, 1984b) beceme relevent.



SUMMARY

The present study deals with the economic
and energy analysis of coffee, tea, ginger and
pineapple with other crops, and these are
contrasted with shifting agriculture under a
10-year cycle in north-eastern India. Though
ginger gave maximum monefary return, followed
by tea, the output/input ratio was higher for
pineapple with other crops. Coffee is not
successful in the area. Shifting agriculture
had a high energy efficiency of 43.5 with least
efficiency for coffee. The implications of
these results for land use redevelopment in

the region are discussed.



CHAPTER 2

MUTRIENT BUDGET OF PLANTATION/CASH
CROP ECOSYSTEMS IN MEGHALAYA IN NORTH-

EAST INDIA.



INTRODUCTI ON

In north-east India, shifting agriculture
(Thum) is the traditional land use system of the
tribval communities (Ramakrishnan, 1985a). With
shortering ef the shifting agriculture cycle
(time lag between two successive cropping on the
same site) frem a longer 20 years er mere te a
shorter 4-~5 years, partly because eof pepulation
pressure and partly due te reduced land availability
for agriculture (Ramakrishnan, 1985b) this land
use system has beceme disterted and less tenable
in the present form. Therefore, there have been
attempts frem varieus Governmental agencies te
intrecduce plantation/cash crops as a replacement
te shifting agriculture. These alternatives have
had only a limited acceptance amongst the triral
communities, partly for ecological reasens
(Ramakrishnan, 1984a) and partly for secial reasons
(Ramakrishnan, 1985b). The viability ef any land
use, system would be partly based upen its economic
efficiency (Chapter 1) and partly for sustainable
soil fertility fer continued use of the land. 1In
this context, an analysis of the nutrient budget eof
the land use becomes important. This study, therefore,

is a comparative study ef feur plantztion/cash crcp
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systems, coffee, tea ginger and mixed system of

pineapple withOther creps,
METHODS OF STUDY

Ceffee, tea, pineapple with other crops
and ginger plets were identified at
Nayabunglew, in Meghalaya in north-eastern India.
In each plantation three replicate plots were
identified soil (0-7cm) was sampled on two occassions,
\_\
in March 1985 and in December, 1985, (February

1986 in case of coffee).

The amount of erganic and inoerganic fertilizer
used, material removed frem the ecesystem as economic
yield threugh crop harvest, biemass removed through
pruning and weed removal and gﬁgge twe compenents
put back inte the system were calculated en the

basis of three 10 m2 guadrat samples frem esch plet.

Litterfall in coffee and tea plantations were

ectimated using ten randomly placed lm2

litter traps
in each plot (Newzpould, 1967). Menthly estimation
of litterfall (except during monseoon when collection
were made at 15 days intervals) was made by crllecting

the litter and serting out intec leaf and nen-leaf

{



components . The litter was even-dried at 800c

and stored feor chemical analysis.

Stemflow of shade trees in coffee and tea
]
|
plantations was sampled (with three replicates fer each
|
tree species) using a spiral polvthene gutter of 6 cm

diameter fitted on each stem and sealed with paraffir-

-
o

5

wax, at a height of 1.5 m gbove the ground level

on the tree trunk. A plastic funnel was attached te
the twe cut ends of the ggﬁﬁgr and connected te a
polythene container ef 5 { capacity. A nylen filter
lmm mesh size was placed en the mouth of the funnel te

prevent entry of extraneous matter.

Throughfall from coffee and tea plantations
alone (nine replicates) and incident rainfall were
ccllected in polythene containers, the mouth eof each
being fitted with 20 cm diameter funnel which was
provided with lmm mesh nylen filter te prevent entry

of foreign matter.

For studies pertaining to sediment and water
loss due to erosion and run-off, the less from a
confined area of 1x10m was ccllected in large
coellecters and sampled periedically fer chemical

analysis. For the study eof percclation loss ef



oy
o

water, Zero-tensien lysimeters were employed
(Fuckman and Brady, 1960). Soil was cut vertic:lly
in each plct te expose the prefile. A small tunnel
was excavated at a depth ef 40 cm (the depth te
which most roots penetrate) and the lysimeter
(30x30x15cm3) was placed inside it by pressing from
below, the rim of the lysimeter was firmly inserted
in the undisturbed soil above. The perc-lated

water was tapped out from the lysimeter from time to
time for analysis. The results are based en

twelve observations in each plet.

After analysing the fresh soil/water samples

for N@B-N and PO,-~P seon after col'ection, the

4
water samples were preserved in polythene jars for

suksequent analysis.,

Air dried soil samples were passed through
2 mm sieve and kept in glass jars for subsequent
analysis. Ovefﬁéried and grennd plant samples.
were ctored in glass jars. The samples were
analysed by standard procedures (Allen.§£,2;,1974).
Thus NO3-N was estimated by phenol- disulphonic acia
method and PO4aP and total phosphorus were
estimated by molybdenum-blue methed. Total nitrecgen

was estimated by micro-kjhldahl method. Calcium



Table 2.1. Mean concentration of nutrientss # S E in o0-7 cm soil
profile of different plantation/cash crop ecosystems .
Values in parentheses represent nutrient concentration
after crop harvest,

Elements Coffee Tea Pineapple with Ginger
other crops.

C (%) 4.5 + 0.09 3.9 + 0.07 2.1 + 0,07 2.0
(3.5 * 0.10) (3.2 * 0.07) (1.8 #* 0.06) (1.9

N (%) 0,3 +#0.,00 0,2 #+ 0,01 0.4 + 0.02 0.2
(0.3 % 0.02) (0.2 ¥ 0.007) (0.3 % 0.01) (0.3

P (mg 100 g"}) 0,07 + 0.005 0.18 + 0.01 0.06 + 0.002 0.11
(0.10-% 0.008) (0.22 ¥ 0.01) (0.05 % 0.004) (0.17

K (mg 100g"1) 1255 + 0.8 16.0 + 0.10  15.5 + 0.15 20.0
(9.0 % 0.06) (16.0 ¥ 0.08)  (15.5 % 0.10)  (21.5

ca (mg 10031) 48.5 + 1.2 57.6 + 2.5 34.9 + 1.6 67.8
(38.0 % 0.9) (46.0 ¥ 1.1) (23.3 ¥ 0.8) (50.2

Mg (mg 100g-1) 20.8 + 2.0 46.0 + 2.2 15.5 + 0.8 35.3
(0.9 % 1.8) (35.0 ¥ 1.3) (15.5 ¥ 0.6) (44.3

404 14 1414 1404 Ly 1404




Table 2.2.

Weed biomass + S E (kg ha”
different plantation/cash crop ecosystems.

1

yr~1l) recycled into

Weed species Coffee Tea Pineapple with Ginger
Oother crops.

Borreria articularis 136 + 13 1288 + 101 895 + 86 2688 + 175
Ageratum comyzoides 116 & 11 532 & 44 784 + 75 5406 + 371
Eupatorium odoratum 562 + 43 0 33 + 4 0
Panicum maximum 135 + 10 41 + 4 1319 + 116 0
Others 258 + 25 %7 + 88 947 + 86 931 + 78
Total 1207 & 102 2828 + 237 3978 + 361 9025 + 624

N
)



and magnesium were analysed by EDTA titration
methed while potassium was analysed by flame-
emission methed. Soil extraction for cations was

carried eut with 1IN ammonium acetate at pH 7.

Input and esutput ef the nutrients in
the water were calculated en the basis ef the
amount of input/output through water and

concentration ef nutrients in it.

RESULTS

The concentratien in the surface soil
layers vary considerakly from ene system te another,
both just before (March) and seon after harvest ef
the produce (February in case of a ccffee and

December in case ef ethers) (Table 2.1).

Weed biomass recycled was significantly
higher (P {0.05) under ginger compared te ethers:
this was least under coffee (Table 2.2). The
centribution by Berreria articularis and Ageratum

Eonyzoides was more than that by other weeds.

The nutrient input through weeds foll-~wed

the general pattern as the biomass (Table 2.3),



Table 2.3, Total input of nutrients + S E (kg ha’lyr'l) through
weed biomass recycled into different plantation/cash
ecosyStems.
Elements Coffee Tea Pineapple with Ginger
other crops
N 26.2 + 2,29 91.75 + 7.69 100.9 + 9.05 295.7 + 20.18
1.97 + 0.18 7.49 + 0.61 7.55 * 0.73 19,1 + 1.31
K 13.6 + 1,17 44.6 + 3,74 54.5 + 4.94 123.8 + 8.52
Ca 12.9 + 1.09 32.4 by 2.7 49.0 + 4.44 136.3: 9.30
Mg 9.8 + 0.86 26.6 + 2.2 32.6 + 2.96 98.3 + 6.75




Fig. 2.} Monthly litter production in coffee plantation.

O0———=0, Coffee leaf; O=meB, Coffee stem;

6  a——as (9. wallichii leaf; &A—a,

S. wallichii
stem; Ob—1{1, Bauhinia purpurea leaf; m—W,

B. purpurea stemy O-----0, other trees,
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Fig. 2.) Monthly litter production in tea plantation.

O~-==~-0, tea leaf (young)s O~——0, tea leaf

(mature)s ©

0, tea stemi&H—4

A. odoratissima leaf;4——4& A. odoratissima

stem.
s
G
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Table 2.4.

Litterfall + S E

n (xg haf’1 yr-l) and nutrient input * S E
(kg ha’lyr- ) through it in coffee plantation.

Plant component Litterfall N P K Ca Ma
Coffea arabica leaf 13374157 40.040.16 1.440.16 10.8+41.26 15.7+41.83 11,041.29
non-leaf 53474 13.341,.73 0.26+0.03 2.440.33 5.1+0.71 3.440.47
Schima wallichii leaf 756+87 16.5+1.89 0.6+0,07 4.840.55 3.940.44 1.140.12
non-leaf 189+20 2.740.28 0.1140,01 1,040.11 2.840.29 0.440.04
Bauhinia parpurea leaf 496467 14.141.90 0.940.12 4.140.55 8.0+41.08 4.440.59
non-=leaf 172416 1.7+40.15 0.01+0,00 0.740.06 2.340.21 1.340.11
Other trees leaf 401+34 8.3+40.70 0.6+0.05 2,620,222 5.540.46 2.740.23
non-leaf 90+9 1.140.10 0.0340,00 0.3#0.03 0.5+0.05 0.5+40.05
Total 34944464 97.7+¢11.4 3.940,.04 26.743.1 43.845.1 24.8+42.9

66



Table 2.5. Litterfall 4, S f (xg ha"lyr'l) and nutrient input

+ S E (kg ha ) through it in tea plantation.

Plant component Litterfall . N P K Ca Mg

Camellia sinensis 1205 + 143 40 .6 + 4.83 2.2 + 0,26 7.9 # 0.94 12.5+41.43 10.3+1.23
leaf (young)

leaf (mature) 895 + 86 25.1 + 2.40 1.3 + 0.12 4.3 + 0.41 7.840.75 5.4+0.51
non-=leaf 475 + 46 13.0 + 1.24 0.5 + 0.04 4.9 + 0.46 3.540.34 3.5+0.34
A. odoratissima 576 + 59 17.2 + 1.75 0.5 + 0.05 6.3 + 0.64 7.7+0.78 3.440.35
leaf.

non-leaf 202 &+ 20 4.2 + 0.42 0.2 + 0.02 1.8 +# 0.17 2.1+0.21 2.1+0.21
Total 3353 + 354 100.1 + 10.64 4.7 + 0.49 25.2 + 2.62 33.643.51 24,742 .64

09


http://10.3-H.23

61

with maximum nutrient input through weeds inte
ginger and least fer coffee. The input under
ginger was 9 te 11 times more (11 .3times for N,
9.7 times for P, 9.1 times fer K, 10.6 times fer
Ca and 10 times fer mg) than under coeffee. The
inputs of nitregen, petaszium and calcium were

very high under all plantatien/cash creps.

Monthly littérfall in coffee (Fig.2.1) and
tea (Fig. 2.2) plantations peaked during February-
March, with an additicnal peaking in ceffee in
September~- October. In tea plantations yeung leaf

fall peaked in April during the plucking time.

The litterfall from coffee bushes and nutrients
released te the soil through it was mere compared te
Schima wallichii eor Bauhinia purpurea, that are inter-
grown (Table 2.4). However, the litter and nutrient
contributien by all the total tree components

inter-grown between coeffee was higher than that

through the ceffee plants.

The contributien ef litter in the tea plantation
threugh tea leaf was higher than that threugh Albizzia

edoratissima, a shade plant (Takle 2.5). Nutrient

input through Albizzia edoratissima represented




- -
Takle 2.6. Input of nutrients + S E (kg ha lyr ) through
stemflow, throughfall and precipation in coffee and
tea (in parenthesis) plantation.

Category Nater input N03-N Po4-P K Ca Mg
Cm,
Stemflow 13.2 + 1.2 0.08 + 0.01 0.01 + 0.00 0.84 + 0.08 0.37 #0.03 '0.18 + 0.02
(6.8 + 0.6) (0.03 + 0.00) (0.00 - ) (0.33 + 0.03 (0.11 +0.01) (0.11 + 0.02)
Throughfall 125.7 + 11.3 0.56 + 0.05 0.06 + 0.05 4,52 + 0.41 2.63 ¥0.74 2.39 *+ 0.21
(142.3 + 9.4) (0.49 * 0.03) (0.04 =+ 00 (4.26 + 0.28) (2.13 +0.14)(3.13 *+ 0.14)

1

Directfall 176 0.44 0.04 1.76 0.79

0.97

1

For pineapple with ccher crops and ginger.

¢9
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15% to 32% eof the tot:l (21.3% fer N, 14.9% for
P, 32.1% fer K, 29.2% for Ca and 22.5% for mg)
through litter. The nutrient input through

small twigs was substantial being about 1/5

of the total leaffall for tea and about ;; of the

total leaffall of Albizzia oderatissima.

Theugh litterfall under coffee was more
than under tea, the latter had slightly high
nitrogen and phosphorus input te the seil through
litter compared te the farmer as shown by a

comp-rision between Table 2.4 and 2.5.

About 21% of the total rainfall for coffee
and 15% fer tea were intercepted by canepy (Table
2.6). The stemflow under coffee plantation was more
than under tea and due reverse was true for throughfall.
while this difference in stemflow between the two
plantation crops is reflected in the nutrient quatity,
the threoughfall nutrient levels were net significantly
different between tea and ceffee. The direct fall input
occurred only in ginger and pineapple with®h®x crooe,
but net in coffee ynd tea and the guantity ef
nutrients were generally much lower than that reached

the ground level under coffee and tea plantations.



Table

2.7. Total loss of water (cm) and sediment (mt.ha”

1 -
yr

from different cash crop ecosystems + S E values.

1y

Category of loss Coffee Tea Pineapple with Ginger
other crops
Run-off water 33.6 + 1.70 73.6 + 3.86 47 .6 + 2.94 58.9 * 2,53

Percolation water

Sediment

21.1 + 1.03

1.37 0.09

I+

13.4 + 0.89
2.52 + 0.19

17.1 + 0,97

0.54+ 0.04

35.9 + 2.39
20.84 + 1.49

Annual precipilation =

176 cm.

IR



(kg ha~lyr-1) in

Table 2.8. Total loss of nutrients + S E
run-off and percolation water from different cash
crop ecosystem. Values in parentheses are for
percolation losses,
Element Coffee Tea Pineapple with Ginger
_ other crops
(3.80 + 0.17) (2.20 + 0.14) (2.28 + 0.13) (8.38 + 0.4¢
po4 -P 0.59 + 0.03 2.56 + 0.15 0.61 4+ 0,04 1.68 & 0.07
(0.22 + 0.02) (0.30 + 0.02) (0.19 + 0.01) (1.0 + 0.05)
K 22.01 + 0,96 54,67 + 1.61 15,15 + 0.68 41.03 + 1.57
(9.45 + 0.35) (5.90 + 0.35) (3.80 + 0.22) (15.86 + 1,02)
Ca 10.83 + 0.64 26.0 + 1.36 8.01 + 0.48 12.94 &£ 0.56
(3.84 =+ 0.17) (3.0 + 0.21) ( 2.33 4+ 0,12) £.36 + 0.40
Mg 8.97 #+ 0.41 36.94 + 1.95 6.32 + 0.40 1086 + 0.49
(2.33 + 0.11) (4,55 % 0.25) (1.62 =+ 0.17) (5.58 + 0.35)
op)



Table 2.9. Total loss of nutrients + S E (kg ha lyear™!)
through sediment from different plantation/cash crop ecosystems.

Element Coffee Tea Pineapple with Ginger

- other Crops

NO,-N 0.01 #+ 0,001 0.02 + 0,002 ND 0.19 + 0.01

Total N. 0.24 + 0.02 0.58 + 0.04 0.06 + 0.003 3.74 + 0.26

POz P 0.02 + 0.001 0.02 *+ 0.001 0.005 + 0 + 0.22 + 0.002
K 0.78 + 0.06 2.68 + 0.12 0.45 + 0.03 16.41 + 1.12

Ca 1.53 + 0.11 l1.19 + 0.08 0.30 + 0.02 13.46 + 0.95

Mg 0.96 + 0.07 2.13 + 0.18 0.24 + 0.02 9,10 + 0.64

39




Fig. 2.3 Pattern of water and sediment loss
. during the monsoon season from a
hectare of land under different
plantation/cash crop ecosystems.
B - Coffee; i Teay E Pine-

apple with ather crops; [) Ginger.
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Run-off water was maximum in tea (P 0.05)
fellowed by ginger, pineapple with other crops and
least for coffee (Table 2.7). On the ether hand,
percolation water was maximum in ginger and
minimum in tea (P<0.05). Sediment loss was very
high in ginger (P <0.05) compared to all other crops,
with lew~st value for pineapprle with cgkher c¢rops.

The loss pattern clesely followed the monthly rainfall
pattern with maximum values between June- August and

with decline en either side (Fig. 2.3).

The run—off loss of nutrients was maximum in
tea and minimum in pineapple with other crops, the
other twe falling in between (Table 2.8). On the
other hand, nutrient lead in the percelatien water
was maximum in ginger and minimum in pineapple with
other creps. The monthly pattern of nutrient eutput
through run- off and percolation water did not chow
any clear-cut pattern but only suggested that the
losses increased sharply after fertilizer additien.

Therefore the detailed data is net presented here.

Nuirient leosses through sediment was )
et
significantly high (P 0.05) in ginger compared to

all others (Table 2.9). Least losses occurred in

pineapple with other crops.



Takle 2.10. Crop yield (kg ha'lyr-l) and nutrient output
* S E. (kg ha=lyr-1) from crop harvest.
Values in parentheses are for losses due to pruning.

Crop Yield N P K Ca Mg

Coffee 496 <+ 35 11.9 + 0.84 0.2 + 0.07 8 .940 .63 2.0+ 0.14 3.7+40.26
(875 + 62) (53.7 + 3.80) (1.0 + 0.05) (16.2+1,30)(22.5% 1.03) (12.1+0.21)

Tea 1316 4956) 316 +22.94) 10.7 * 0.77 123.849.1 154.1+11.85) 125.149.08
(437 + 38) (28.0 &+ 2.52) (1.7 + 0.88) (9.640.40)(11.54 0.73) (9.040.28)

pineapple with-3165 +267 90.2 + 7.61 4.1 + 0.35 46 .5+43.92 17.4+ 1.47 16.8+41.42

other crops.,

Ginger 2425 + 186 72.5 + 5.56 1.9 # 0.15 34.742.7 10.2+ 0.78 17.041.30

89



Table 2.11. Input-output analysis of nithgen and phosphorus
(in parentheses) (kg ha” ) in plantation/cash
crop ecosystems.,

Coffee Tea Pineapple with Ginger
other crops

Input
Precipitation 0 0 0.44 ( 0,04) 0.44 ( 0.04)
Stemflow and through-
fall. 0.64( 0.06 ) 0.52( 0.03) 0 0
Fertilizer 96.64(58.88) 160.0 (80) 0 108.36 (107.64)
Weed put back 26.2 (1.97) 91.75 (7.49) 100.9 ( 7.55) 295.7 (19.1)
Litterfall 97.7 (3.9) 100.1 (4.7) 0 0
Crop residue 0 0 50.6 (4.5) 12.01 (0.76)
Pruning 15.66 (0.57) 28.0 (1.7) 0 0
Total (a) 236.8 (65.4) 380.4 (53.9) 151.9 (12.1) 416 .5 (127.5)
Output
Run-off 3.03 (0.59) 6.61 (2.56) 1.05 (0.61) 6.1 (1.68)
Percolation 3.80 (0.22) 2.28 (0.30) 2.28 (0.19) 8.38 (1.0)
Sediment 0.24 (0.02) 0.58 (0.,02) 0.06 (0,005) 3.74 (1.22)
Crop removal 11.90 (0.94) 316(10 .66) 90.20 (4.14) 72.50 (1.92)
Litterfall 97.7 (3.9) 100.1 (4.7) 0 0
Weed removal 26.2 (1.97) 91 .75 (7 .49) 100.9 (7.55) 295.7 (19.1)
Pruning 53.67 (1.01) 27 .95 (1.65) 0 0
Total (b) 196.6 (8.7) 545.3 (27.2) 194.4 (12.5) 386.4 (23.9)
Di fference (a-b) 40.2 (56.7) = 164.9 (66.7) - 42.5 (-0.4) 30.) (103.6)
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Table 2 .12. Input-output analysis of cations (kg ha’lyr‘l)
plantation/cash crop ecosystems.
Coffee Tea Pineapple with © Ginger
T other crops
K Cca Mg K Ca Mg K Ca Mg. K Ca Mg
Inputs
1, Precipitation ° o 0 0 0 0 1.76 0.79 0.97 1.76 0.79 0.97
2. Stemflow and
throughfall 5.36 3.0 2.57 4.59 2.24 3.24 - - - - - -
3, Fertilizers - - - 160 - - - - - 107,6 10.1 12.2
4. Weed put back 13.6 12.9 9.8 44.6 32.6 26.6 54.5 49.8 32,6 123.8 136.3  98.3
2" éi§§°§§:}§ue 26.7  43.8 24.8 28,8 336 28.7 33,7 12.3 11.3  7.09 2.37 4772
) 7. Pruning 9.2 803 800 9.6 11 045 800 - - - - - -
*  Total (a) 54.9 68.0 45.2 244 79.9 63.5 78.7 62.9 45,1 240.3 149.8 116.2
Output
1 RUn-off 22.01 10,83 8.97 54.67 26.0 36.94 15.15 8.01 6.32 41,03 12.94 10.86
2. Percolation 9.45 3s84 2.33 5.90 3.0 4.55 3.8 2.33 1.62 15.86 6.36  5.58
3. Sediment 0.78 1.53: 0.96 2.68 1.19 2.13 0.45 0.30 0.24 16.41 13.46  9.1C
4. Weed removal 13.6 12,9 9.8 44,6 32.6 26.6 54.5 49.8 32.6 123.8 136.3  98.3
5. Crop removal 8.9 2.0 3.7 123.8 154.1 125,1 46.5 17.4 16.8 34.7 10.2 17.0
6. Litterfall 26.7 43,8 24.8 25.2 33.6 24.7 - - - - - -
7 Pruning 16.2 12,1 12.1 9.6 11.45 9.0 - - - - - -
*  Total (b) 97.6 87.4 62.6 266.4 261.9 229.1 120.4 77.8 57.6 231.8 179.2 140.8
Difference -42.7 «19.4 =-17.4 22,4 - 182.0 -165.6 - 41,7 -14.9 =12.,5 + 8.5 -29.4 -24.6
(a-b)

1
o
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The total quantity of nutrients removed
due te crop hirvest was markedly higher (P <0.05)
under tea plantation, followed by pineapple with
other crops (Table 2.10). 1In ceffee plantatien, the
nutrient lost due te pruning was about one and half

te twe times more than in tea.

The input/output analysis ef cropping systems
with respect te nitrogen and phospherus are shown in
Table 2.11. Tea and pineapple with other croos shecwed
greater output ef nitrogen compared te input whereas
the reverse was true for ceffee and ginger.

Phosphorus input was generally higher than due ouatput
in all systems excert pineapple with other crors

where input and eutput almost equalled.

Cations input/cutput pattern showed that the
outrut always exceeded input in all the systems
except ginger where potessium output was less than
input (Takle 2.12). Net loss was minimal fer
potassium under tea and maximal for coffee, clocely
followed by pineapple with other crops . Less eof
calcium and magnesium was maximum under tea

plantation than in ethers.
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DISCUSSION

All the plantation/cash crops (coffee, tea
ginger and pineapple with othexr crops) are raised
on terraces except tea that is raised en slopes.
Except for pineapple with other creps, all the
other three crop systems receive inorganic
fertilizer. Ginger, in addition, alse received
organic manure as an additional input. Pineapple
with other crops en the other hand received nonj
Due te differences in cultural practices and
alseo because of use of weedicides in tea, weed
potential in the cror ecosystems differed
significantly. Dense canopy with heavy shade under
coffee and absence of fertilizer use under pineapple
with ether creps, both caused reduced weed
potential in these compared to ginger which with
heavy fertlizer application of the scil promoted

weed growth.

In traditional shifting agriculture system
weed biomas< is recycled into agroecesystem after
removal thus contributing te nutrient c~nservation
in the system (Chacen & Gleissman, 1982; Mishra &

rRamakrishnan, 1984; Swamy, 1986). Fellewing this
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raditi~nal use of weed by the shifting agriculture
farmers, even in these sedentary plantation/cash
crop csystems, the weed biomass is put back as mulch,
which was more in ginger than in others. Apart freom
nutrient release during decompesition eof the weed
biomass the surface mulch alse helps in preventing
soil and nutrient lesses through run-eff (Teky &

Ramakrishnan, 1981b; Mishra & Ramakrishnan, 1983a)

Nutrient recycling in coeffee and tea
plantation is alse because of litte:fall from there
two species as well as from the shade tree species

such as naturally eccurring Schimawallichii and

Bauhinia purpurea in coffee plantation and planted

Albizzia odoratissima in tea plantatien.

Leaffall in coffee is largely frem mature
leaves occurring thrcocugh out the year with maximum
fall during Februsry-~ March. Leaffall in Schima

wallichii and Bauhinia purpurea alse peaked during

February- March. On the ether hand, leaffall in tea
was both threugh yeung leaves during plucking (maximum
in April) and threugh mature leaffall which peaked
during February. A ﬁeasonal trend where litterfall
veaked during the dry reasen was ‘alse found in other

tropical rain ferests (Nye, 1961; Klinge & Redrigues,
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loss. Even in ceffee and tea plantations the

losses ceuld be substantial, This weuld seem to
suggest that a multiple creppring system with a
vertically layered crop mixture as in home gardens
(Maikhuri, 1987) may be more apprcpriate te

conserve nutrient in the system. With a high
concentratien of nutrients in the leaves, the output
of nutrients frem tea was substantial,comp.red te others.
Ceffee plantatien is net very successful in this arez
and therefore the eccnemic yield was lew (Chapter- 1)

and the censequent lew eutput eof nutrients through

crop harvest.

Nitregen and phespherus budgets in plantatien/
cish crop systems shewed differences frem the shifting
agriculture thus, the less ef nitrogen after a year
of crepping w:.s far less than under shifting agriculture
(Mishra & Ramakrishnan, 19843 Swamy & Ramakrishnan,
1986a). Ceffee even shewed a net gain in nitrogen.
Except in pineapple withother crcps, a net gain in
phespherus eccurred in all the systems whilst under
shifting agriculture lesses were shewn (Swamy &
Ramakrishnan, 1986a). Unlike under shifting agriculture
where a net g3in in catioens eccurred (Swamy & Ramakrishn

1986b) because of its release through ash, under the

o
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1968). However the contribution ef nutrient by
the young leaves of tea was more than through

mature ones.

Precipitatien is an impertant source eof
nutrient input inte ferested ecosystem (Nye, 1961;
Likens et.al., 1977; Swank and Henderson, 1976).

The amount ef water ceming as threughfall and stemfloew
would depend largely on the canepy structure.

Thus, coffee plantatien had m~re gquantities of water
channelized through it than tea. Apart from canopy

structure, the ceffee plantatien was older (25years)

than tea (6 years).

The total ameunt of nutrients in stemflow
in both was relatively lew despite the higher
cencentrations, than in threughfall. This is due
te the fact that the stemflew water was enly a
smaller proportion ef the precipitation and hence
its role as pathway fer nutrient transfer was
relatively miner (Menokaran, 1979). Such a higher
threughfall percentage was alse reperted by ether

workers (Ovingten, "1962; Eaton et.al., 1970; Fester

and Gessel, 1972).

Amongst all the elements petassium, a mene-

valent catien, was mere mobile (Tokey et.al.,1958;
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Gesz et .al., 1975). The erder of leaching ef
elements through threughfall and stemflew was

K}f;%a-. > NO3-N)PO4—P.

Wwith coffee, pineapple withother crops
and ginger being grown on terraces, the lesses
through run-off water was relatively lower than tea
grown on slepes. Hewever, lesses from ginger grown
on terraces prepared inte ridges and ﬁg;fyws was more beca-
use of the poor physical quatity ef the soil which
was frequently disturbed. Frequent disturbances
also eccured in pineaprle mixed with Othex creps.
However, since the pineapple plants were clesely
planted aleng the margin of the terrace, and the

other creps in middle, the fermer acted as a check

to less of sediment and nutrients.

In earlier studies en shifting agriculture
system dene on steep slopes eof 30-400angle, it was
shown that percolatien lesses of nutrients frem the
system could be substantial geing upte as much as
50% ef the total (Mishra & Ramakrishnan, 1983a; Teky
& Ramakrishnan, 1981b). With terracing under mixed
cr-pping with pineapple er under ginger the percolatiocn
losses of nitregen, phospherus and potassium could

vary from %— te as high as two times of the run-eff
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plantation/cash creps there was censistently net

loss frem the system. The ultimate nutrient status

of the soil in March befoere the crep growth phase and

in December (February in case of coffee) after crop

harvest is a ceonsequence ef the balances achieved

after acceunting
system. That is
patterns in seil

between the crep

the inputs and eutputs from the
ene ef the reasons why ne distinct
nutrient levels could be receognized

systems er foer the different elements.

With weed biemass being put back inte the system,

not only the nutrient{are conserved but the weed

biomass also protected the nutrients from los:s

through water.

ation/cash crop

A major difficulty with the plant=-

ecosystems, however, is the need for

a heavy input of inorganic fertilizers.
possibilities of effective recycling of

in there ecosystems need to be explored.

The

resources
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SUMMARY

The four plantaticn/cash crop systems had
differening weed potential related te cultural
practices ., The input of nutrients into these
ecosystems differed depending upon the weed
bi-mass put back, the litterfall and input of
nutrients from external sources. In the case
of ccffee and tea, throughfall and stemflow
inputs also occurred. The losses from the
system v.ried depending upen the plant cover,
harvesting procedures snd the fertilizer
inputs, with gain or lcss from the system at

the end of a cropping year. The significance

of theré results are discusseqd.



CHAPTER 3

ECONOMIC YIELD AND ENERGY EFFICIENCY OF
AGROECOSYSTEMS OF THE APATANI TRIBE OF

ARUNACHAL PRADESH IN NORTH-EAST INDIA,



79

INTRODUCTION

Small farmers in the wet tropics concen-
trate upon rice cultivation to obtain their
basic food needs because rice, like sugarcane,
maize and tuber crops is one with aparticularly
high calorie content (Finck, 1970). These
traditional systems based on technology developed
over many, generations (Schultz, 1964) are often
energy efficient as shown through many studies done
in different parts of world (Rappaport, 1971;
Steinhart and Steinhart, 1974) and as alsoc shown

through many of /our)studies in north-east India

—

(Mishra and Ramakrishnan, 1981; Toky and Ramakrish-
nan, 1982). Though mechanization of agriculture

has increased production potential of site

(Pimentel et.al., 1974; FAO, 1977).(f§ey are
inefficient in terms of energy use aéd are based
largely on fossil fuel energy inputs and less labour
intensive, and therefore could l?§E§>to unempl-oyment
or underemployment in developing countries where

labour is cheap and abundant (National Productivity
Council , 1973).

Wet cultivation of rice in irrigated valleys and
on slightly terraced land around the valleys is a

traditional and important land use system along with
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dry cultivation of millet on rolling dry hill

tops practised by the Apatanis in Arunachal

Pradesh iﬁxgbrth-east India. These agroecosystems
are fundamentaly different from those of other

tribes of north~east India who practice traditionally
shifting agriculture (Ramakrishnan et.al.,198la;
Ramakrishnan, 1984a) This settled form of agriculture
has often been quoted by the Governmental agencies

in the region as an example for adoption by the
shifting agriculture farmers of the region and as

an alternative land use system. However this

agriculture has not found acceptance from other

tribal communities as a possible alternative sirxategy.

The present study, therefore was initiated
in this context to evaluates
(i) The organization of the cropping system,
(11) The econlogical and economic efficiencies of the
system through energy and monetary analysis,
(1i) The factors that make this land use system
sustainable on a long term basis and, (iv) The
inapplicability of this as an alternative land use

for shifting agriculture.
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STUDY AREA AND CLIMATE

This study was done at 2ziro (27036'N 93'49 E)
of the lower Subansiri District at an elevation
of 1572 m in Arunachal Pradesh. The climate is
typical monsoonic with about 75% of the total
annual rainfall (1758 mm) occurring during May
to Septemher. Monsoon is followed by a
relatively dry winter. March and April representing
the brief dry summrer season. Average monthly
maximum and minimum temperatures during the

summer months were 24.1'C and 12.7'C where as

- N

EBS!JQeref17.0'C and 2.8'C respectively during

N
the winter.

DESCRIPTION OF ARGOECOSYSTEMS

Wet rice cultivation:

Two varieties of rice are grown by the
Apatanis as part of the wet cultivation of rice
in the valley system. Late variety of rice alone
but mostly associsted with pisciculture as an
integrated system is located in the valleys closer
to the village. Along the periphery of the valley
with slightly formed terraces early rice variety

but without pisciculture could occur. Millet
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(Eleusine coracana) grown along with rice is

confined to bunds (partitions) between the plots

or in plots on hill tops.

Preg#ration of the land in the Apatani
village starts from February with surface
application of rice husk derived from the previous
cropping year. The existing water channels are
repaired by the community as a collective effort.
Water from the hill slopes and from the village
itself is channelized. Handtilling is followed
by levelling ground after filling up the plot
with water, only where early variety of rice is sown.
Rice seedlings are transplanted in April- May from
nursery beds raised separately during March-April.
Simultaneously, Seeds of millet (Eleusine coracona)
are dibtled along the bund (partitions) between the
plots . Fish fingerlings are intreduced into the
plots if it is a part of the agricultural system,
Weeding is done at regular monthly intervals and

water flow is controlled through manipulation of

rtamboc sluice.

While early variety of rice and millet are
harvested during August-September itself, The late
variety where grown is harvested only in October.
However, fish culture along with late rice variety

is harvested in August.
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Dry millet cultivations

Millet cultivation on hill tops recieve
an application of organic manure. Before the
seed is dibbled at regular intervals in the
month of May. Weeding is done twice, first
after 15-days after sowing and then once again
in June-July. Harvesting is completed by

August-September.

Kitchen garden:

A mixture of crops are grown together in
the kitchen garden. After an initial application
of organic manure in the plect in February, potato
is sown while other tufger crops are sown in March.

Zea mays and Eleusine coracana seeds are dibtirled

in May after the onset of monsoon whereas

vegetable and fruit crops are planted in June-July.
Weeding is done 2-3 times during the cropping season.
A seguential harvesting of crops starting with the

harvest of potato in May extended upto November-December,
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METHODS OF STUDY

Agriculture plots with cultivation of
e -rly and late variety of rice located within and
outside the village boundary were selected. Millet
cultivation under dry land cropping and kifchen
garden plots were also selected. Each of these

different categories had three replicate plots.

Density and basal area of crop plants were
measured before crop harvest using twenty randomly
placed 1m2 guadrates for rice and millet and sz
for the kitchen garden. Economic yield measurement
are based on an average of 15 individuals of each
crop srecles. Econpmic vield per hectare was then

computed using the density values o?;ained for each

crop species,

The monetary input-output analysis was done
on the basis of prevailing rates of wages for labour,
2t the rate of Rs. 9 for the female and Rs. 11
for the male. The total econcmic yield was
ccnverted into rupees on the basis of prevailing
market price. Econcmic efficiency was evaluated

pul”

as out/input ratio.
N



Larour inout in man . hours was recorded

under each agroecosystem., Total food energy
consumed was apporticned to each activity (Leach,
1976) according to relative duration on the basis
of groupings involving either sedentary, moderate
or heavy work. Per hour energy expenditures of
0.418 MJ for sedentary work, 0.488 MJ for moderate
work and 0.679 MJ for heavy work for an adult male
and 0.331 MJ for sedentary work, 0.383 MJ for
moderate work and 0.523 MJ for heavy work for an
adult female, were used to calculate the labour
enercy input into the system (Gopalan et.at.,1978).
The input of energy through seeds was calculated
on the basis of total energy expended to produce
that fraction of crop yield. The fossil fuel
equivalents given in Table 3.1 were used to calculate
the replacement cost of the organic manure in terms
of fossil fuel energy. For calculating the out-
put of energy under different agroecosystems
the total economic yield of the various crops
was converted into megajoules of energy by
multiplying with standard values of various edible
parts of crops as given in Table 3.1. The energy
efficiency was calculated as the output/input
ratio.

Plant components (edible and non-edible)

were sampled separately during harvesting for



Takle 3.1. Energy value for different items
considered in agroecosystem.

Items Energy value
( MJ )

. 1

Grains 16 .31

Fruits 14.94

Leafy vegetasble 13.77

Tuber and rhizame crops 13.77

Fish 4.7

Cost of production2

N 79 .99

9205 13.95

KZO 9.97

Replacement cost3

Rice husk 1.0

Organic manure 1.4

iGOpalan et.al., 1978,

rimentel e et. al., 1973

Percentage of N, and K,0 in the
rice husk and orgaaié manure“was 1,0.2
and 1.8 and 1.4, 1.2 and 1.2 respectively.
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chemical analysis. Soil (0-7 cm) was also

sampled from ten random points after the crop
harvest., Available phosphorus was measured in
fresh soil sample, colorimetrically, by ammonium
molybdate.method after extraction with Bray and
Kurtz's solution (1945). The soil was air dried,
ground and passed through a 2 mm sieve, and stored
in polythene jars for subsequent analysis. Ele-
mental analysis was done following standard proce-
dures (Allen et.al.,1974). Thus, organic carbon
was determined by wiihsz:plack method, nitrogen

was estimated by micro-Kjeldaul method. Cations
were extracted with IM ammonium acetate solution

at PH 7. Potassium was estimated with flame-
emmission method and calcium and_ngQesium by

EDTA tritration. Oven dried plant samples were
ground to powder and passed through a 0.5 m m sieve.
After wet digestion with triple acid (Allen et. al.,
1974) nitrogen, phosphorus and potassium were

analysed as soil samples.



Table 3.2, Mean concentration of nutrients + S.E. in
O0=?7 com so0il profile of different agroeco-
systems of Apatanis in north-east India.

Elements Rice Kitchen garden ' Millet
Within the Outside the
vi}lage village
c (%) 2.3 ¢ 0.2 1.4 + 0.09 2.2 + 0.2 1.5 + 0.09
N (%) 0.3 + 0.02 0.2 + 0.02 0.3 + 003 0.2 * 0.01
P (mg100g ™~ 1) 0.11+ 0.01 0.09+ 0.01 0.11+ 0.01 0.07 + 0.007
K (mg 100g%) 25.0 + 1.2 15.0 + 0.8 17.5 + 1.3 15.0 + 1.0
Ca(mg 100g%) 112.5 + 9.4 67.5 + 3.2 97.5 + 6.8 57.5 + 1.4
Mg (mg 100g™ 1) 32.5 + 1.2 27.5 + 0.8 42.5 + 1.9 17.5 + 0.8

88
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Tarle 3.3. Density, basal area and mean economic yield + S E
of rice agroecosystem of Apatanis in north-east
India. Values in parentheses are for Eleusine

coracama.
AgroeCOSystem1 Density Basal area Mean economic vield
(plant m-z) (amzm-z) AQplm'xt-1 kg ha:I
Within the villages
Rice (late var.)2 32 (112) 400 (25.7) 12.7+0.4(2.840.1) 4064+141(102.543.7)
Outside the villages )
Rice (early var.) 48 (104) 216 (23.9) 7.230,3(2.410,1) 34564163 (129,5+45.9)
Rice (late var.)z 44 (112) 374 (25.7) 8.840.3(2.8+0.1) 3872+4152(102.5+43.7)

i 2

Average bund area ha~! rice plot was 519 m? and 327 m
respectively in early and late varieties.
1

2pish production where it was involved was 48 kg ha .

68
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RESULTS

A comparative study of soil nutrient status
under different agroecosystems of the Apatani
tribte showed significant differences depending
upon the agroecosystem type (Table 3.2). The
rice plots closer to the village were nutritionally
richer (P¢0.05) than those oufside. The soil
under kitchen garden was also nutritionally rich
but only next to plots under rice closer to the
village. The plots under millet cultivation had
lower soil nutrient status (P(0.05) compared to

kitchen garden.

Rice plots closer to the village had lower
density and higher basal area compared to those
outside (Table 3.3). The former had significantly
higher (PL0.05) economic yield per plant as
compared to those in plots outside the village.
Total economic yield of the late variety of rice
was not significantly different in plots within and
outside the village. However, economic yield
differed significantly (P<0.05) between early and
late varieties., Economic yield of Eleusine

coracana from bund was comparatively more in the

plot of early variety of rice as compared to late

variety. Pisciculture did not affact the yield of
rice.



Takle 3.4, Density, kasal area and mean eccnoric yield + S.E.
of kitchen garden and millet agroecosystem of
Apatanis in north-east India.

Crop Density Basal area Mean economic vield
- - - -1
(plants m 2) (cm2 n 2) g plant 1 kg ha
Kitchen garden
Grain and seed
Eleusine goracana 12 3.7 3.6 + 0,2 432 + 24
Z2ea_mays 3.6 12.6 66.4 + 3.2 2390 + 115.2
Leafy and fruit vegetables
Brassica olerxa 0.3 0,01 65.6 + 6.2 196.8 + 18.56
Capsicum frutesence 0:3 0.23 3.4 + 0:2 10.2 + 0.6
Cucurbita maxima 0.03 0.05 115.6 + 8.4 34.7 + 2.5
Cucumis sativa 0.03 0.05 98.9 + 8.9 29.5 + 2.7
Dolichos lablab 0,02 0.02 270 + 22 54 + 4:4
Lycopersicum esculentam 0.07 0.05 10.5 + 1.0 7.4 £ 0.7
Solanum melongena 0.01 0.02 112 + 8.6 11.2 + 0.9
Tuber and rhizome crops
Colocasia antigquorum 0.08 0.16 98.2 + 5.4 78.6 + 4.3
Manihot esculentus 0:04 0.02 546 + 38.6 218 + 15.3
Solanum tuberosumL// 0.6 1.06 46 + 2.2 275_+ 13
Zingiber officina 0.01 0.04 40,3 + 1.3 4.3 + 0.1
7
Millet Cultivation
Eleusinecoracina 70 38.5 2.9 + 0.2 2030 + 140

16
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Table 3.5. Cost-benefit analysis (Rs. ha"1 yr-l)
of rice agroecosystem of Apatanis in

north=-east India. Values in parentheses
are for net return.

Production measures Within the village OCutside the villa-
Late var. F&rly var. late For
Input totals Rice 2481 2677 2899
Rice + millet 2551 2798 2969
Rice + millet + fish 2753 - 3171
Labour & Rice 2163 2337 2349
Millet 67 116 67
Fish 102 - 102
Organic manure 250 250 450
Seeds Rice 68 90 100
Millet 3 5 3
Fish 100 - 100
Output totals Rice 8941 (6460) 9603 (4946) 8518
(5619)
Rice + millet 9102(6551) 7817 (5039) 8679
(5710)
kice + millet + fish 10062(7309) - 9639
(6462)

Economic efficiency
Rice 3.60 2.84 2.94
Rice + millet 3.57 2.79 2492
Rice + millet + fish 3.65 - 3.04




Takle 3.6, CoOst- renefit analysis (=,

ha'lvr-l)

of kitchen garden and millet
agroecosystem of Apatanis in north-
east India.

Production measures Kitchen Millet
garden ~cultivation.

Inout Total 3162 2212
Labour 2550 1922
Organic manure 350 100
Seed 232 120

Output Total 10524 3350
Grain and seed 7882 3350
sgggiagggsfruit 1081 -
Tuber and rhizome 1561 -
crops

Economic efficiency 3.33 1.51




Fig.

3.1 Allocation pattern of labour for different

activities under different agroecosystems
of Apatanis in north-east Indias a, rice
(late var) cultivation outside the village;
b, rice (early var) cultivationoutside the
vil'age; ¢, kitchen garden and 4, millet
cultivation. 1, Field preparation;

2, Nursery; 3, Fertilizer; 4, Sowing; 5,
Irrigations 6, Weedings 7, Harvesting and
threshing; 8, Millet cultivation on bund

[
of rice plots and 9, Pigiculture,
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The chief emphasis in the kitchen carden
was on grain and seed crops, accounting for about
75% of total yield (Table 3.4). Mean economic

yield per plant of Eleusine coracana was signi-

ficantly lower (PZ0.05) under monoculture
than in the kitchen garden.

Late variety of rice grown within the
village had lesser organic manure inout, whereas
the input was higher for the late variety cultivated
outside the village (Table 3.5). Millet and fish
are additional outputs from this system. The
economic efficiency of rice cultivated within the
village was higher than that outside.

The economic output from kitchen garden was
very high and was coméarable to rice cultivated
with pisciculture within the village (Table 3.6).
The yield from millet cultivation was lower, with
lower economic efficiency. The economic efficiency
of kitchen garden was comparable with rice cultivated
within the village.

Labour energy input by females was generally
more than py males (Fig.3.1). Weeding done by
females contibuted to akout 30-40% of the total
energy input. Energy input for land preparation
was higher for the early variety of rice involving
hand ploughing; Fencing by males involved higher

labour input for kitchen garden. Energy expended



Table 3.7.

Energy input-output pattern

(MJ ha'lyr'l) and efficiency
of rice agroecosystem of Apatanis
in north-east India.

Production meassures.

Within the
village

Late vgr. rarly var. Iate '

OCutside the
village

Input totals: Rice 846 .5 904.5 1027.5
Rice+millet 870.2 946 .0 1051.5%
Rice+millet+fish 906.6 - 1227 .9

Labours Rice 713 769 785
Millet 23 40 23
fish 36 - 35
Crg:nic manure 125 125 225
Seed : Rice 8.5 10.5 16.%
Millet 0.7 1.5 1.0
Fish 0.4 - .4
Output total : Rice 66284 56367 63152
Rice+millet 67956 58480 64824
Rice+millet+fish63182 - £5050
Energy efficiency
Output/input ratio
Rice 78.3 62.3 61.=
Rice+millet 78.1 61.8 51 .6
Rice+millet+fish 75,2 - 59 .8
Output/labour hcur
Rice 35.6 27.6 31.2
Rice+millet 35.4 27 .4 31.2
Rice+millet+fish 34.1 - 30.1




Table 3.8. Energy input-output pattern
MT ha-lyr-l) and efficiency of
kitchen garden and millet agroceco-
cystem of Apatanis in north-east

India.

Production measures Kitchen garden Millet cultiv
Energy input: Total 1774 1037

Labour 687 643

Organic 1050 336

manure

Seed 37 58
Energy output: Total 58873 33109

Grain and

seed 46027 -

Leafy and

fruit 4906 -

vegetables

Tuber and

rhizome crops 7940 -
Energy efficiency

Output/input 33.2 31.9

ratio.

Output/labour 19.5

hour.
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for harvesting was more for the early variety
with total contribution through females where
as the contribution for the harvest of the late
variety was almost the same between males and
females,

With lesser energy input for rice culti-
vated within the village, the output from it
equalled that of the late variety outside the
village but was higher than that for the early variety
(Table 3.7). With additional output through
millet in all cases and through fish in late
varieties of rice cultivated both within and
outside the village the energy output improved.
The energy efficiency of rice cultivation was
very high (60-78) and this declined only slightly,
when millet and fish are included. The energy
efficiency of rice cultivated within the village
boundary was higher than that of others. The
output per laktour hour, however, was minimal
for early varlety grown outside the village.

For a marginally higher energy input into

kitchen garden the output was relatively more

compared to millet (Table 3.8). While the energy



Table 3.9

Nitrogen Phosyhorus and potassium loss
(Kg. ha~* yr.=l) due tc Crop harvest in
different agroecosystems of Apatanis in
north-east Indaa

Within the
village Rice
(late variety)

early variety

Kitchen gargen Millet cultivation

late variety

N P K N P K N P K N P K N P K
Inputs
Non-~-edible 51.9 4.3 49.2 69.8 5.8 94.1 42.5 3,4 39.6 80 12.1 199.,2 57.1 7.7 84.4
Rice husk 1.0 0.8 2.3 1.0 0.8 2.3 2.3 1.8 4.1 0 0 0 0 0 0
Organic manure O 0 0 0 0 0 0 10.4 9.0 9.0 3.4 2.9 2.9
Total (a) 52.9 5.1 51.5 70.8 6.6 96.4 44.8 5.2 43.7 90,4 21.1208.2 60.5 10.6 87.3
Output
do
Crop harvest = o]
Edible 41.0 3.4 46.6 34,4 2.9 39.5 39,0 3.2 44.3 40.3 8.5 151.5 31.2 3.2 44.7
Non-edible 61.6 5.1 57.9 69.8 5.8 94.1 50.1 4.0 46.6 100.2 16.4 221.,3 67.2 9.1 112.5
Total (b) 102.6 8.,5104.,5 104,2 8.7 B3, 89,1 7.2 90,9 140.5 24.9 372.8 98.4 12.3 157.2
Net 1loss |
(a=b) 49,7 3.4 53.0 33.4 2.1 37.2 44,3 2.0 47.2 50,1 3.8 164.6 37.9 1.7 69.9
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efficiency was more or less similar, the output
per labour hour was higher for the former.
Nitrogen, phosphorus and potassium
budgets of the agroecosystems are given in
Table 3.9. The non-edikle component of the
crop in all cases and rice husk in the case of
rice cultivation alone, are recycled as inputs
into the systems. Input of nutrients through
organic manure was only for millet cultivation
and kitchen garden. The net loss through crop
harvest was maximum through kitchen garden for
nitrogen, phosphorus and potassium followed by
rice cultivated within the village, the
exception to this was potassium where the net
loss throuch crop harvest was higher for millet

than that for rice cultivated within the village.

DISCUSSION

Unlike most of the other tribal communities
of north~east India, Apatanis have evolved sedentary
agriculture chiefly in the form of wet rice culti-
vation in their extensive valley lands. Valley

land agriculture is one of the important land use
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system even amongst tribals with shifting agri-
culture (Jhum) as the major land use, though this
is restricted elsewhere because of topography.
The chief advantage of this land use is because
of the nutrients wash-out from the hill slopes
during the rains. When crop is harvest considerable
quantities of nutrients are lost through economic
vield (Rosswall and Paustian, 19843 Swamy and
Ramakrishnan, 1978a3b) and must be replaced for
sustainable yield. One of the ways in which this
is done by Apatanis is through recycling of crop
residues (Jones, 1976), as shown here. Moreover the
washe-out of nutrients from hill slopes and
from organic wastes generated in the village
also contribute to replenishment of the lost
nutrients before the next cropping. Thus about
30-50 kg. of nitrogen lost during one cropping
season may be replaced through soil nitrification
procegses (Patrick & Mahapatra, 1968). The amount
of potassium lost from rice cropping is substantial
(about 40-50 kg.), even more in the kitchen garden
system (165 kg). Perhaps only input from outside
during the fallow period could replaﬁe whatever
is lost.

Irrigation faming such as wet cultivation

of rice require cooperation of several farmers and
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communal work to maintain,and improve the water
delivery system (Ruthenburg, 1976). In the absence
of a disciplined schedule and scale of water
distribution among the beneficiaries, very often
economic returms could decline drastically. The
Apatanis with cooperative management of the water
delivery system under the overall supervision

of the village head man, have optimized water

use in their rice fields,

Apatanis make best use of their irrigated
land bty planting early and late ripening varieties
of rice. Early ripening variety is sown farther
away from the village where disturbance by animals
and poorer irrigation facilities could be maior
constraints. On the other hand, closer to the
village where conditions are more favourable late
ripening variety is preferred. The yield from
rice is supplemented by cultivation of Eleusine
coracana on the elevated bunds bétween the rice
plots and through pisciculture along with late
variety of rice because of more assured water
supply. With a production of about SO0 kg of fish
providing additicnal income of arout %,1000 - which
is equivalent to the cost of about 450-500 kg. of

ricé, pisciculture compares favourably with similar
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systems from Java and Madagaskar (Hickling, 1961).

Kitchen garden is an important component
of the Apatani village in that it meets all
the varied food requirements of the community
throuch mixed cropping. In the traditional
societies of north-east India under shifting
agriculture this function is performed through
mixed cropping under shifting agriculture itself
(Toky and Ramakrishnan, 198la; Mishra and Rama=-
krishnan, 1981).

With human labour as the major input and
with very little organic manure use, the Apatanis
obtain high energy output as crop yield. The
efficiency of the system expressed as output/
input ratio is very high (60-78) for rice culti-
vation unlike what was reported earlier for the
Khasis (Mishra and Ramakrishnan, 1981) and the
Garos (Toky and Ramakrishnan, 1982) in Meghalaya
in north-east India (3-48) and a value of about
9 for traditional Indian agricultural system
(Mitchell, 1979) and traditional rice cultivation
elsewhere in the Philippines (Nguu and Palis, 1977).
Compared to the energy efficiency of millet culti-

vation and kitchen garden the values are more than
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double for rice. Such a high energy efficiency
with a reasonable monetary efficiency of about

3 makes the rice system of the Apatanis one

of the effective models of traditional agri-
culture, particularly when it is realised

that human labour is a free input being largely
obtained from within the family itself and for
specific tasks through cooperative effort. A
high energy efficiency obtained here is ever
greater than what has been recorded for shifting
agriculture in north-east India (Mishra and
Ramakrishnan, 1981; Toky and Ramakrishnan, 1982)
and elsewhere (Rappaport, 1971; Steinhart &
Steinhart, 1974). With 27-35 MJ units of
energy output per labour hour, this system
compares favourably with similar systems of
China (Dazhong and Pimentel, 1984) and even more
modern agriculture of industrialised societies
(Leach, 1976) such as United Kingdom with an

output of 40 MJ units.
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SUMMARY

Apatanis of Arunachal Pradesh in north-
east India practice valley cultivation of rice which
also extends along the periphery through gently
formed terraces. Close to village late variety
of rice is grown where as outside the village

boundary it may either be early or late variety.
Late variety of rice is often associated with
pisciculture. With minimal inputs of organic
manure as rice husk the quantity of which is
higher in the peripheral plots and with tight
recycling of domestic liquid waste into the
plots within the village boundary, this cystem
is self sustainable and have exceptionally
high energy and economic efficiencies. Dry
land cultivation of millet and mixed cropping
in kitchen wardens contribute towards diverse

needs of this community.



CHAPTER 4

ECONOMIC AND ENERGY EFFICIENCY OF ANIMAL
HUSBANDRY SYSTEM OF THE APATANI TRIBE OF

ARUNACHAL PRADESH IN NORTH-EAST INDIA.
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INTRODUCTION

Although a considerable attention has
gone into identifying new plant species for
food and fibre, animals (other than cattle)
as a source of protein are often overlooked
in developing countries (De Vos, 1977).
Domestic animals provide several very import-
ant links in a predominantly solar economy .
They function well on light energy, feeding
mostly on plant tissues unsuitable for
human consumption- grases and crop by-products
-supplemented with only small amount of grain
(0dum,1971); they deliver the essential power
for many farm tasks, recycle the valuable
nutrients and finally are a critical source

of protein for the population,

Animal husbandry system of Apatains

comprising mithun (Bes frontalis), cattle,

swine and poultry and fish culture is import-
ant, in their culture and diet. Though to a
lesser extent than for the other traditional
societies (Mishra & Ramakrishnan, 1982;

Maikhuri, 1987). This is because of the emrhasis
on a better organized and efficient sedentary

agriculture system. The objective of this
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study, therefore, 18 to access the role of ani-
mal husbandry in this tribal society and its

role as a productien system in the village.
METHODS OF STUDY

This study is based upon observations
made on an Apatani village.Hari at an elevation
1572 m in Arunachal Pradesh in north-east India
for detailed observations on the economic and
ecological budgeting of each category of animal,
observations were made on 15 randomly identified

families,

The total feed energy requirement of each
category of animals till the age of slaughter
was calculated on the basis of standard values
given by Ranjhan (1977) (Table 4.1). The values
thus obtained were divided by the age of animals
to calculate the average feed energy intake per
vyear. For grazing, it was assumed that energy
consumed through this activity would be equal teo
the total energy requirement minus food energy

given from home.

paily dung production was measured thrice
for each category of animals and based on three

replicates. Chemical analysis of dung for nitrogen,
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Table 4.1. Energy requirements for mithun and
cattle (MJ day-l): swine and poultry
(MJ kg-lfeed). (Ranjhan, 1977).
|

i

Animals Body wt/age Energy requirement
Mithun 800 kg 101.3
500 kg 69.4
150 kg 36 .4
Cattle 300 kg 57.3
150 kg 35.1
Swine 5-20 kg 14.4
20 kg)more 13.3
Poultry 0-8 week 10.0
8 -20 week 10.6

20 week ;more 11.5
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Table 4.2 Concentration (%) of nitrogen,

phosphorus and potassium and

energy equivalents (MJ kg-1)

of animal dung.

N P K Energy equivalent

Mi thun 0.85 0.26 0.88 0.8
Cattle 0.76 0.26 0.83 0.7
Swine 1.2 0.57 1.2 1.1
Poultry 1.5 1.2 1.2 1.4
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phosphorus and potassium was done by standard
procedures given by Allen (1974). The fcssil

fuel equiralents given by Pimentel et.al.(1973);

1 1 1

80 MJ kg~ "for N, 13.9 MJ kg~ for P and 9.7 MJ kg~
for K, were used te calculate the replacement
cost of dung in terms of fossil fuel energy

equiralent (Table 4.2).

Total meat production for each category
of animal was divided by the age of the animal
to calculate average meat production per year.
Labour cost for annual maintenance was
calculated at the prevailing annual rates of wages
Rs, 300 and Rs.200 respectively for mithun and
cattle. The economic yield of meag/,egg based
on the prevalling market rates. Economic

efficiency was calculated as output/input ratio,

Lakour energy input in man hours was record-
ed for each category of animal, Total food energy
consumed was apportioned to each activity (Leach,
1976) according to relative duration on the basis
of involving either sedentary or moderate work.

Per hour energy expenditures of 0.418 MJ for
sedentary work, 0.488 for moderate work for an
adult male and 0.331 MJ for sedentary work,

0.383 MJ for moderate work for an adult female,
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were used to calculate the labour energy
input into the system (Gopalan et .al.,1978).
For calculating the energy ocutput through
meat and egg, the total quantity of each item
was converted into megajailes of energy by

multiplying with standard vajues given by Gopalan

1,

et.al., (1978) for mithun and cattle meat (17.2MJ kg~
poultry meat (4s5cMJ kg-l),and egg (7.2MJ kg-l).

These values were multiplied by 1.149 to calculate
the heat of combustion (Mitchell,1979). A value

of 17.1 MJ kg~! was used for the plg meat (Ranjhan,
1977) . The energy efficiency was calculated as

output/input ratio.

Protein output from meat of each categery
of animal was calculated on the basis of standard
values given by Gopalan et.al. (1978) for mithun
and cattle (79.2%), poultry (18.5%), egg (13.5%)
and that given for pig meat (12%) by Ranjhan (1977).
Protein energy output was then calculated by multi-

1

plying the quantity by 16.7 MJ kg~ protein.



Fig. 4.1 Animal distribution pattern in
an Apatani village in north-east

India.
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Table 4.3 Production and consumption pattern of meat
and egg in an Apatani village in north-east
India, values in parentheses represent for
Juvenile animals

Anima umb Meat/eqg_production angd consump-
Animals Total Died Slaughtered kg yr‘l MJ yr'1 tion.
Mi thun 394 ( 262) 2 (6) 12 (8) 7224 (2112) 142746 (41733)
Cattle 76 ( 142) 6 (8) 36 (9) 9054 ( 945) 178997 (18673)
Swine 275 ( 177) 12 (3) 260 (16 0) 13780 (2160) 235638 (36936)
Poultrys
meat., 2418 (6910) 87 (2974) 1426 (3341) 2495 (655) 13074 (3484)
eggl 65705 - - 3811 31692

188

lbut of total egc production 1514 kg was exported
from the village.



Table 4.4. Quanitity of njitrogen, phosphorus and patassium

1yr-1) from animal dung of an Apatani

village in north-east India. Value§ in parentheses
represent total production (kg x107) of the village.

(kg animal”

Animal Dung N P K
Mithun - Mature 1587 13.5 4.1 13.9
Juvenile 941 8.0 2.4 8.3
(872) ( 7.41) (2.26) (7 .67)
Cattle Mature 931 6.9 2.9 7 .7
Jivenile, 602 4.5 1.9 4.9
(156 . 44) (1.18) (.40) (1.29) -
Swine Mature 156 1.8 0.9 1.8 p—e
Juvenile 11 0.1 0.06 0.1 D
(52.9) (0.63) (0.30) (0 .63)
Poultry egg layers 16 .4 0.3 0.2 0.2
non-egg layers 4.8 0.07 0.05 0.05

(25.2) (0.38) (0.30) (0.30)




113

RESULTS

Mithun, swine and poultry are three major
animal husbandry systems of Apatanis (Fig. 4.1).
A larger number of farmers have 1 or 2 mithuns,
pigs and about 10-30 bkirds. Cattle is not

very common.

Though the average slaughtering age for
mithuns, cattle, pigs and poultry was 7-yrs,
S-yrs and 6 to 12 months, respectively, some
juveniles may also be slaughtered earlier
(Table 4.3). Among the larger animals mithun
were present in more numbers than pigs.
However pigs contributed more towards meat
production per year, followed by cattle and mithuns.
While meat is consumed within the village, only ecgs

(about 40% of the total production) were exported.

With maximum dung production through mithun
followed by cattle, pig and poultry the quantities
of nutrients in them also followed a similar trend
(Table 4.4) Per animal dung production of mithun

was 1.65 times more than that by cattle.

The cost of maintaining animal husbandry
was minimal and was chiefly as labour alone (Table
4.5). On an individual animal basis. mithun gave

more monetary output followed by pig. The monetary



Table 4.5, Cost-benefit analysis (ks. animal'lyr'l) of
mature and juvenile (in parentheses) animals
of an Apatani village in north-east India.
Poultry
Production Mithun Cattle Swine egg
measures, layers non-egg layers
Input total 300 (300) 200 (200) 190 (30) 19 6 (o)
Labour 300 (300) 200 (200) 0 0 0
Feed o (0) 0 (0) 190 (30) 19 6 (o)
Output: Meat 1290 (1320) 750 (787) 1070 (297) 0 35 (5.0) -
—
Egq o 0 0 120 o] .
Economic
efficiency 4.30 (4.40) 3.75 (3.94) 5.63 (9.90) 6 .30 5.80 (5.0)
(output/input

ratio)




Table 4.6. Energy lnput-output pattern (MJ animal‘lyr‘l) of
mature and juvenile (in parentheses) animals of
an Apatani village in north-east India.

Poultry
Production Mithun Cattle Swine egg non-egqg layers
measures layers
Input total 28789 (21912) 21226 (14768) 8112 (763) 418 137 (4.27)
Labour 61 (61) 47 (47) 60 (5) 13 4 (0.4)
Food 28728 (21851) 21179 (14721) 8052 (758) 405 133 (3.8)
Outpat tota) 2969 ( 2492) 1640 (1459) 1083 (243) (81.2) 16 (1.6)
Meat 1699 ( 1739) 988 (1037) 911 (231) 0 7.9 (1.3)
0 . 0
Egg 0 0 58.2 -
Dung 1270 (753) 652 (422) 172 (12) 23.0 8.1 (0.3) E;
Enerqy
efficiency
Output/input 0.10 (0.11) 0,08 (0.10) 0.13 (0.32) 0.1% 0.12 (0.38)
Output (m+e)/
Labour 7.9 (28.5) 21,0 (22.1) 15.2 (46.2) 4.5 2.0 (3.3)

energy




Table 4.7. *®Protien production (xg P animal"1 r'l) and
efficiencies (MJ kg P-land kg hr~™") of mature
and Juvenile (in parentheses) animals in an
Apatani village in north-east India.
Protien output Protien efficiency
Animal kg MJ input/prftien Protien/labour hr kg hr"1
- MJ kq P~
Mithun 68.1 (69.5) 1610 (1643) 423 (315) 0.54 (0.55)
Cattle 39.6 (41.5) 936 (981) 536 (356) 0.41 (0.43)
Swine 6.4 (1.6) 151 (38) 1268 (477) 0.04 (0.12)
Poultry-eqgg. 0.93 22 449 0,03 -
P
Meat. 0.4 (0.07) L (2) 456 (84) 0.03 (0.05) o
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value for dung is excluded here as it is never
sold out. Swine husbandry and poultry had higher
monetary efficiency foellowed by mithuni cattle
had least efficiency.

Apart from labour energy, the feeé input
for the animals varied (Table 4.6). Mithuns
and cattle were maintajined exclusively threugh
grazing and pigs depend upon domestic and human
waste. Poultry had 60% grain feed from
agriculture and the rest was through séavenging.
With meat/egg as output aleng with dung, the energy
efficiency was maximum for poultry and swine and
least fer cattle. However meat output per unit
labour enerqgy was maximum for mithun and minimum

for poultry.

Protein output per animal varied depending
upon size of animals, with maximum for mithun and
minimum fer poultry (Table 4.7). In terms of energv
input per kg of pretein production, mithun and poultry
were more efficient than others the efficiency of
swine husbandry was least. Efficiency in terms of
protein production per labour hour expended was maxi-
mum for mithun and cattle and minimum for swine hus-

randry and poultry.
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DISCUSSION

The Apatanis ef Arunachal Pradesh, like
other traditienal farmers in north-east India
(Mishra & Ramakrishnan, 19827 Maikhuri, 1987)
and elsewhere in Latin America ( . Queirez et.al.,
1986) consider animal husbandry as an important
activity along with agriculture. It is not only
important as an economic activity but alse is
related te their social and religious life
(Rappaport, 1968; Harris, 1966, Chavanduka, 1976).
The slaughtering of traditional animal such as
mithun, pig and poultry may often related to festi-
vities and religious rites unlike cattle (as an
introduction from outside in this area) that ceuld
be slaughtered at any time of the year. Unlike the
tribes involved in shifting agriculture (Maikhuri,
1987), Apatanis emphasize lesser on animal husbandry,
perhaps because of their emphasis upen a highly well
organized and efficient wet rice cultivatioen as an

sedentary agricultural activity (chapt. 3).

In any case, the animal husbandry system of
the Apatanis is a minimal input system. The emphasis
u
is more on mithuns becase it i8 a highly priced

animal and is socially important. Mithuns are cheap
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to maintain as leng as forest resources are

plenty fer grazing. Under such a situation the
economic efficiency is very high and the

maintenance cost is8 almost absent, the mithuns freely
grazing and living in the forest.  Since these
animals have strong territoriality they need no

special care.

Swine husbandry i8 an important traditional
husbandry practice as it is a detritus based system
with minimal cost to the farmer. Waste material
including human faeces and agricultural produce
unfit for human consumption are used as feed for
them. The traditional poultry system is partly

based upon scavenging and partly by grains from

agriculture.

Societies with large population densities
and/or small portion of grazing lands emphasize
confinement feecding of swine and poultry. These ani-
mals require a much greater portien of grain in
their diets than the ruminants and thus are more
competetive with humans, but they have reasonable
feeding efficiency (over 30% of plant protein is
converted into animal protein with 80% of human

edible returns) (Loomis, 1984). Confinement feeding
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provides some advantage like the energy (feeding)
cost of foraging and disease recycling are eliminat-
ed : 'least cost' rationing allows optimum use

of other food stuffs (by-products and wastes)

(Dean et .al.,1972). Like swine husbandry,

poultry alse has high economic and energy efficiencies,

The economic and energy efficiencies of
larger animals are alsov related to the slaught-
ering age of the animals. 'Thus pigs maintained
by Apatanis are slaughtered at yearly intervals.
Therefore the cost of maintenance is reduced.

This is unlike Tsembaga swine husbandry the new
Guinea highlands (Rappaport, 1971) with only 1.5%
return on feod energy feed to pig meat energy,
according te calculation of Pimentel & Pimentel
(1979) . This is because of a 10-yr slaughtering
interval in case of the Tsembaga farmer. Thus
pigs, poultry, pisciculture and the domestic
sector of the villszge ecosystem all form an integr-
ated and efficient recycling net work of system
(Grau & Klein, 19573 Bolton, 1970; Loosli, 1974;
Braude, 1976; Rao, 1977). Many animal production
system tends toe aggravate competetien for food
between man and animals (Reid, 1973). But fer the
Apatanis the animal husbandry is complementary

rather than competetive.



SUMMARY

Animal husbandry system of Apatanis of
Arunachal Pradesh in north-east India involves
githun, cattle swine and- pqultfy-r Mithun and,
cattle graze in the forest with minimal labour
cost pigs and pegultry of the village consume
agricultural by-products and do s¢avenging.
Swine husbandry and pOultry are more efficient
than mithun and cattle hustandry. However,
mithuns are important for social and religious
reasons and are tenable if forest resources
are abundant. Pisciculture is integrated into
wet rice cultivation based on nutrient recycl-

ing of village waste.,



CHAPTER 5

ENERGY FLOW THROUGH AN APATANI VILLAGE
ECOSYSTEM OF ARUNACHAL PRADESH IN NORTH-

EAST INDIA.



INTRODUCTION

Energy flow through a society or an
ecosystem is a useful measure to describe
ecosystem properties (Loucks & D' Allessio, 1975).
In many traditionul societies rural ecosystem
function 1is based upon a tight recycling of
resources within the village. However, only a
few studies are available on energy flew through
village ecesystems (Rappaport, 1971; Leach, 1976;
Briscoe, 1979; Sundarraj & Mitchell, 1987).
Revelle (1976) in his study on rural India suggest-
ed that energy use efficiency here is low and attri-
buted this te the extreme poverty. Much of this
energy use in rural India is for domestic cooking
and heating (Makhijani & Poole, 1975). Wood and
other vegetable matter, crop residues and cattle
dung are the main domestic fuels. Sundarraj and
Mitchell (1987) on the basis of detailed analysis
of ecosystem function of a south Indian . village
concludes that this village operates very close
to biolegical limits for biomass production, with
a high intensity of biomass use (90%) which attests
to the sophisticated management technicues followed

by some of the rural communities in the regien.



The north-eastern hill region of India is
inhabited by a variety of 1inguistica}1y insulated
communities of diverse socio- economic and cultural
backgrounds whose village ecosystem is closely
linked to their natural forested environment. These
communities largely depend unoen forest farming,
variously termed slash and burn agriculture,
shifting agriculture or locally known as jhum. Some stud-
tes in enerav flow through societies pracé}ng shifting agr-
iculture (Jhum) are available (Mishra & Ramakrishnan,
1982) . However, the Apatanis of north-east India
constitute one of the very few tribes who tradition-
ally practise only sedentary agriculture in the
form of wet cultivation of rice in the valley lands.
This self-sustaining agricultural system is largely
based upon tight recycling of resources within
the village itself. This study, therefore, looks
ats (i) the linkages between agriculture, animal
husbandry and domestic sub-systems in the village,
(i1) the efficiency of resource use and recycling
of resources within the village ecosystem, (iii) the
eccnomic efficiency of the village ecosystem and the
extent to which it is self-sustainable and, (iv) the
possibilities of improved management practises that

are ecologically viable.



Table S.1. Apatanl Village Ecosystem
Structure at Hari in north-
‘east India (1984-85)

Number of households 418
Total population 2021
Adult male 626
Adult female 646
Adolescent 12-21 year 304
Children below 12 year 445

Total area under cultivation (ha)

Rice cultivation 356
¥itchen garden 24
Millet cultivation 5
Bamboo garden 47

Total animal population

Mithun 656
Cattle 218
Swine 452

Poultry 9328
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VILLAGE STRUCTURE

'Hari is a large village situated in the

0 0 '
49 E) at an elevation

Apatani plateau (27°36'N, 93
of 1572m with 418 families and a total population
of 2021 (Table5l). The average size of a family

is about five, living in a 1§rge bamboo hut of
15x4 m floor area. The climate is mcnsoonic with
over 75% of the total rainfall 1758 m m occurring
during the monsoon period from May to September,
The average maximum and minimum temperatures during

the summer was 24.100 and 12.7OC and that during the

winter was 17OC and 2.80C, respectively.

Wet cultivation of rice is the chief agriculture
practice of the Apatanis. However, on raised bunds
along the margin of the rice plots, millet ( Eleusine

¢oracana) 1is grown. On well drained soils are -

raised kitchen gardens with a variety of 8-12 crop
species. The emphasis in the kitchen garden is on
maize through other grain yielding crops /d;h as

Eleusine coracana, vegetable crops such as

Cucurbitz: maxirma, Brassica oleracea and Colocasia

antigquorum are 31so included. Apart from recvcling
the non-edikle biomass before the next crop is raised,
the village waste as well as dung from the animal

husbandry system



126

provide soil nutrients for sustainable yield.
Bamboo gardens maintained by individual farmers
provide material fer house constructien and
meet part of the fuel weod needs. Apart from
pisciculture included in wet cultivation of rice,
the animal husbandry system consits of mithun

(Ros frontalis) and cattle maintained in forest

grazing lands, swine and poultry that are largely

detritus bssed and maintained within the village.

METHODS

For the present study fifteen randomly
selected households of village Hari were analysed.
Inputs of energy due te tools/implements were negli-
gible. Other basic requisites of te villagers such
as clothing and medicine, have been excluded from
the study due to difficulties in accounting the
energy values for them. Solar energy which is
primary source of enerqgy, does not enter inte the
calculations for energetic efficiency as this is

considered toé be'free' input and no svecial effort

goes into cbtaining it.

The amount of seed sown in the olot, as well
as economic yield, were based on three replicate

observations of each agroecosystem "Selected randomly
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Table. 5.2 Energy Values (MJ kg'l) for
Different Items Considered
in the Village Ecosystem.

Items Energy value
Food itemé1
Crains 16.31
Fruits 14,94
Leafy vegetables 13,77
Tuber and root crops 13.77
Fish 4,70
Local beverage (rice+millet)2 4,95
(31 ~/xg rice+ millet)
Cost of Production3
N 79.99
P,0g 13,95
K20 9.97
Feplacement Cost4
Rice husk 1.0
Organic manure 1.4

}Gopalan et.al. 1978
2gohli, 1983
%Fimentel et.al., 1973.
'‘feircentage of N, P,05 and K,? in rice
husk and organic manure was“1.,0, 0.2
and 1.82 and 1.4, 1.2 and 1.2, resvectively.



from the fifteen households. The energy values
for the economi¢ yield of crops were based on
standard values given in Table 5.2. Energy input
through seed was calculated on the basis of the
total energy expended to produce that fraction of
crop yvield. Energy input through organic mamure
and rice husk was calculated on the basis of the

replacement cost values in terms of fossil fuel

Fimentel et.al., 1973).

Labour hour expended for each category of
workjiicorded. Total food energy consumed was
apportioned to each activity (Leach, 1976)
according to relative duration on the basis of
groupings, involving either sedentary, moderate
or heavy work. Per hour energy expenditure of
0.418 MJ for sedentary work, 0.488 MJ for moderate
work and 0,679 MJ for heavy work for an adult male
and 0.331 MJ for sedentary work, 0.383 MJ for
moderate work and 0.523 MJ for heavy work for an
adult female, were used to calculate the labour
hour energy input into the subesystems (Gopalan

_gsoélo' 19’8).



Takle 5.3. Protein Contents o€ Various
Food Items Consumed by Apatani
Tribes 1n North-East India
(Gopalan et.al., 1978).

e e —

Category Protein
Content (%)

— - —

Crops -~ Grains

Qryza sativa 8.5
Eleusine Coracana 7.3
Zea mayvs 11.1
Leaf & Frust & vegetatles
Brassica oleracea 5.9
Capsicum frutescens 2.9
Qugurbita maxima 4.6
Lucumis sativa 0.4
Dolichos ,l1arlab 3.8
LxcoDe;?égm_esg_;entum 1.9
Solanum melongena 1,4
Tuber and root crops
Lolocasia antiguorum 3.0
gfnihot esculeutus 0.7
Solanum_ tuberosum 1.6
z2i er officinale 2.3
veat/eao
Mithun 79.2
Cattle 79.2
Pork 12,0
Fish . 19.7
Poultry 25.9
Ecg (hen) 13.3
Local beveragei(rice & millet) 27,0

(3 1 /xq)

—— Y ittt i bt s = et s ———— -

Kohli, 1983.
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rotal meat production (kxg) from.-slaughtered animals
of each category was multiplied by 17.2 MJ for mithun
and cattle 4.56 MJ for poultry and 7.2 'MJ for eggs
(Gopalan et.al., 1978) to calculate their nutritive
‘values. These values were multiplied by 1.149
(Mitchell, 1979) to calculate the heat of combustion
of meat and egg. A value of 17.121 MJ was used to

calculate the same for pig meat (Ranjhan, 1977).

Cost-benefit analysis of agriculture and
animal husbandry sub-systems was calculated on the
basis of the prevailing market rates., Thus, labour
wages for agriculture were calculated at the rate
of Rs.9 and 11 per day for female and male labour
respectively. The annual cost of Mithun and cattle
maintenance was Rs, 300 and 200 respectively.

Economic efficiency was calculated as output/input

ratio,.

Estimation of actual amount of food/fuel
ccnsumed by humans was based on regular measurements
made in the village and the energy equivalents of
the food items (Gopalan et.al., 1978) and 19,7 ¥J kg"1
for fuel wood (Mitchell, 1979). The protein
equivalents of the food (crop and meat) harvested
and that part of it consumed by the villagers was
determined by multiplying the quantities of food

and their respective protein contents (Table 5.3).
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For calculation of grazing and scavenging
animals it was assumed that the energy equivalent
for this would be equal to the values obtained after
substracting the energy values of the actual feed
consumed (basedon regular observations) for their

standard food energy requirement (Ranjhan, 1977).

For calculating the food energy/protein
requirements of humans, the total consumption units
(adult man values) for the whole village was calcue
lated from the energy consumption scale suggested
by Gopalan et.al., (1978): One adult male, 1 unit;
one adult female, 0.9 unit; children aged 5-7 years,
7-9 years, 9-12 years 0,6, 0,7 and 0.8 units
respectively. The total number of units for this
village works out at 1788 (930 + 581.4 + 93.6 +
59.5 + 124). This was then multiplied by food
enerqgy equivalents of an adult (1 unit) of 10.142
MJ day"1 and protein equivalents of an adult
(1 unit) of 55 g day ™+ (Gopalan et.al., 1978).te
calculate daily food energy/protein requirement
of different categories of humans. To find
energy equivalent of fuel wood needed per day
for cooking purpose it was assumed that the
potential energy required for one adult man
(1 unit) would be 15.76 MJ (Mitchell, 1979).

This was then multiplied by the total units

obtained for the whole village.



Fig. 5.1 Energy flow (MJx103) through the
agricultural sub-system of an

Apatini village in north-east India.
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Fig. 5.2 Energy flow (MJx103) through the

bamboo garden of an Apatani village

in north-east India.
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Fig. 5.3 Energy flow (MJx103) through the
animal husbandry sub-system of an
Apatani village in north-east India,.
Percentage of animals died ( WM ),

slaughtered( \\) and stocked ( 01 ) .,
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RESULTS

Labour energy is the major input into
agriculture followed by organic manure and
seed (Fig. 5.1) of the total labour energy input
40% was expended for weeding. Sowing and
harvesting required about 43% ; 10% was expended for
field preparation and 7% used for irrigation.
Female members of the family contributed 78% of
the total labour energy input. About 93% of the
total energy harvested from agriculture came
from wet rice cultivation and 1% through pisciculture.
The overall energy efficiency (output/input ratio)

of the agriculture was about 61,

Bamboo gardens are maintained by the Apatanis
(within the village boundary (Fig. 5.2). Labour for
maintenance and harvest is the only input. The
output is used largely as fuelwood and some of it is

also used for hut construction and exported out of

the village.

Food and labour energy are the two inputs
into the animal husbandry sub-system (Fig. 5.3).
Mithun and cattle are totally dependent upon
forest grazing while swine and poultry are largely
maintained through domestic wastes and crop by-pro-

ducts. A small fraction of grains are fed to poultry.
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Table 5.4. Monetary (fs. x 1O3yr°1) Input/
Output Pattern for Agriculture,
Bamboo Garden and Animal
Husbandry Sub-systems of an,
Apatani Village in north-east India.

Category Agricul- Bamboo Animal
ture carden husbandry
Input total 1134.4 69.3 345.4
Labour 234.9 69.3 240.4
Organic manure 13%.9 - -
Seed 59.6 - -
Juveniles (pig litter) - - -12.3
Food - - 92.7
Output total 3564.9 378.8 990.6
Bamboo and fuel wood - 378.8 -
Meat and egg - - ¥ 990.6
Net return 2231 309.5 645.2

Economic efficiency
(output/input ratio) 3.14 5.47 2.87




Table 5.5.
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Annual f~od production (kg yr-l)
in an Apatani village in north-east
India. Values in p:srentheses showed
number of animals involved.

Category
Crop vield (dry
Grains and

Vegetables

bProduction
weight)
seed 1497010

and tuber crops 22096

Meat/egg yvield (fresh weight)

Fish
Mithun and
Twine

Poultry

EQg {(hen)

9840
cattle 19335 (65)
15940 (420)
3160 (4767)

3811  (548)




Much of the village labour went into maintaining
mithuns followed by swineg. Over 90% of the

swine# raised in the vill.ge were slaughtered every
yvear and this contributed te gout 40% of the total
me at energy oeutput from the village. Mithuns were
most sparingly slaughtered (3%) but cattle
slaughter was more (21%). These two animals
contributed 57% of the total meat energy output.
Overall energy efficiency fer the animal husbandry
sub-system of the village was very low (0.07).

Edible energy output per unit labeur energy input,

however, was 9,

Monetary input into agriculture was about
3 times more than that put inte animal husbandry
(Table 5.4). Monetary output from agriculture was
also much higher for the village as a whele.
However the monetary output/input ratic for bamboo
garden was much higher than agriculture or animal

hustandry of the village as a whole.

Out of total food production in the village
about 97% was of plant origin and the rest was of

animal origin (Table 5 .5).

Rice is the staple diet of the Apatanis and
much of it is consumed alongwith Eleusine coracapa

as an alchoholic beverage (Table 5.6). These two
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Table 5.6 Annual food and protein consumption
(x103) in an Apatani village, Values
in parentheses indicate per capita
consumption .
Food item Quantity Protein
Kg MJ equivalent
Kg.
plantlorigin 542,2 (0.30) 6886.1 (3.9) 36.6 (0,02)
Eofal
Polished rice 296.6 (0.17) 4835.1 (2.7) 25.2 (0.1)
Maize 57.1 (0.03) 931.1 (0.5) 6.3 (0.004)
Beverage (rice
+ millet) 167.7 (0.09) 830.2 (0.5) 4.5 (0.002)
Leafy and
fruit vege-
tables 9.1 (0.004) 115.,9 (0,06) 0.4 (=)
Tuber and
root crops 12.6 (0.,007) 173.9 (0.1) 0.2 (=)
Animal origin
totals 48.6 (0.03)  794.5 (0.44) 21.7 (0.012)
Meat/eggq
Mithun 9.3 (0.005) 184.5 (0.10) 7.4 (0.004)
Cattle 13.2 (0.007) 260.5.(0.15) 10.4 (0.006)
Swine 17.5 (0.01) 299.0 (0.17) 2.1 (0,001)
Poultry 3.2 (0.,002) 16.6 (0.009) 0.8 (=)
Ecg (hen) 2.3 (0,001) : 19.1 (0,01) 0.3 (~-)
Total (Plant + '
animal origin) 7680.5 (4.3) 58.3 (.03)
Standard - 7529.3 (4.2) 35.9 (0.02)

LDry weight,

2

‘Fresh weight.



Table 5.7.
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Daily fuelwood

consumption in

an Apatani village in north-east
India. Values in parentheses
represent per capita consumption.

Dry weight
(xg &wrl)

Energy equivalent
MIx10>

November~ February 12514 (7.0)

March - October

€tandard

6019 (3.37)

247 .3 (0.14)
118.9 (0.07)
0.0l6




Fig. 5.4 Energy flow (MJIx103) through the

domestic Sub-system of an Apatani

village in north~east India.



Fie 5"{

FUELWOOD 58633.8

629.1 LABOUR
A —_——

FOOD 7680-5 DOMESTIC

ENERGY EFFICIENCY= O-OlI



Table S .8.

138

Annual export/import (m.x103)
pattern in on Apatani village

in north-east India.

values

in parentheses represent per
unit export/import.

Items

Monetary value

Export total 1449.1 (0.81)
Rice 1247.9 (0.70
Fish 135.6 (0.08)
Exg 26,1 (0.01)
3 amboo 39.5 (0.02
Import total 352.0 (0.206)
Meat 3 Cattle 47.2 (0.03)
Swine 34.0 (0.02)
Juvenile (Swine) 12.3 (0.006)
Tea leaf 8.8 (0.005)
Cchillé 3.6 (0,002)
Sugar 10.3 (0.006)
Salt 6.1 (0.003)
Kerosene oil 9.7 (0.008)
Clothing 138.6 (0.08)
Medicine 16.7 (0.009)
Others 64.7 (0.04)
Export/Import ratio 4,12
Stock tstal 1723.4 (0.96)
Rice 430.9 (0.24)
Animals 1292.5 (0.72)
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together accounted for over 73% of the food
energy and about 51% ef the protein consumed.
Tubers and root crop species form an important
compositien of the diet. Fork was an important
compomntent of the food ef animal origin followed

by cattle and mithun,

Per capita fuellweod consumptien was more
than twice during November-February compared te the
rest of the year (Table 5.7). The actual fuel wood
consumption was more than five times of the standard
requirement worked out fer India. Forest provided
74% of the fuel wood needs and the rest was provided

by bamboo cultivated as part of the home gsrden.

/\
Food and fuel wood are the energy inputs
into the domestic sub-system which generated man
oower (629.1x103MJ) used feor largely to suppert

agriculture and animal husbandry (Fig 5.4).

Food related items such as tea, chilli,
sugar and salt are the major import items along with
medicine and clothing (Table 5.8). Some meat is
also precured from outside. Rice is the chief export
item. Apatanis tend to keep in reserve large
quantities eof rice, Besides, riet all the animals are
slaughtered. The export from the village for exceeded

the import.



Fig. 5.5 Energy flow through an Apatani

village in north-east India,
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Fuel_wood to the extent ef 74% of the total
consumptien comes from the forest eutside the vill-
- age. boundary (free of cost) alongwith feod items
purchased frem the market (Fig 5.5). With rice
and bamboo as majoer outputs going outside the
village voundary the omtput/invut ratio worked out

to be 0.3,

DISCUSSIOR

Wet rice cultivation is the main land use
system of the Apatanis. Only about 8% of the total
cultivable land is under mixed cropping under
kitchen gsrden. Twe different vyrieties eof rice
based on colour and Crep maturatien time are

broadly categorised inte early and late varieties,

Intréspecific vériagieﬁ under rice cultivation and
interspecific diversity under kitchen garden ensure
harvest security of the agreecoesystem (Chang, 1977;
Colson, 1979; Clawson, 19845 ) of this relatively more
advanced community (Furer-Haimendrxof, 1962,1985).
One of the chief advantages of valley cultivation

is its self-sustainability as valleys are natural
sinks for nutrient flew from the hill slopes

(Toky & Ramakrishnan, 1981). Fish culture as part
of the rice agroecosystem not only maximises

productivity but alse provides valuable animal protein.
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Such a complimentary system of agriculture and
animal husbandry are commen in India (Iyenger,
1953, 19627 Alikunhi, 1960; Tripathi, 1963) and
elsewhere in Java and Madagaskar (Hickling, 1961).
Apatani recycle all the non-edible bimass of the
previous crop inte the following cropping system.
Such a recycling of nen- edible crop . biomass
(Jones, 1976; Evan, 1980) helps in maintaining a
low input for maintenance agriculture system, on a
long term basis. Further, these low input systems
give comparatively higher yields making them highly
yields making them highly energy efficient. With
an overall energy efficiency of 1361 which fer wet
rice cultivation alone may be as high as 1378
(chapt.3) the energy output/input ratio is better
than some of the shifting agricultural systems
studied by us (Mishrg& Ramakrishnan, 19817 Toky &
Ramakrishnan, 1982), let alone the low energy
efficiency of modern agriculture (Spedding, 1975;:

Spedding & Walsingham, 1976; Pimentel & Pimentel,1975).

Mithun as an animal husbandry system is popular
with the Apatanis as this is a pathway te gain status
within the society, just as the Tsembaga farmer
tries te raise larger pig herds which is considered

to be a status symbol in their society (Rambo, 1983).



This cultural attitude of the Apatanis prevents

them from slaughtering the animals at frequent
intervalsy some times the slaughtering frequency may
be a very long 10-15 years eor more. This maxes this
animal husbandry system very inefficent from energy
point of view with only 1% edible energy return,
unlike swines and poultry husbandry which gave
14-17%. returns. Though animal husbandry system

of the Apatanis has an overall energy éfficiency
only 0.07, the only energy expended that cost the
farmer is labour, as these animals largely depend
upon grazing and waste products frem agriculture.

If this is adjusted inteo the calculatiens the energy

output ef animal husbandry was 9 units per unit labour

input.

Though animal husbandry system was worked out
to be economically and energetically more efficient
when considered on an idividual animal basis (chap 4)
but when this system was less efficient fer the village
as a whele. This is because of the fewer animals

s laughtered out of the total maintained at a given time.

The diet of the Apatanis is rich both in terms
of energy and protein compared te other tribes such

as the khasis (Mishra & Ramakrishnan, 1982) who
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often have an energy consumption somewhat lower
than the per capita standard requirement worked

out fer an Indian village (Gopalan et.al.,1978).
Rice as the major dietary component has particul-
arly high calorie content (Finck,1970). Further,
the protein consumption is very high and is 63%
above the standard requirement (Gopalan et.al.,
1978). Particularly significant is the fact that
33% of the pretein consumed is of animal erigin
which compares very well with the world censumption

of 25% (Pimentel et.al. 1975)

FuelTwood consumption pattern was determined
by the availability of this resource, the energy
efficiency of the ceoking steves and the need for
winter heating of the hut. Apatanis cellect as
much as 74% ef the fuel weod from the forest which
is rather close te the village at a distance of
not m~re than 3-5 km. The remaining, about 25% is
raised within the village in their bamboo gardens.
The consumptien ©of this resource within the villige
is about 5.7 times more than the standard per capita
requirement for a typical Indian village (Mitchell,
1979). This is because of the high inefficiency of

the cooking stoves (Leach, 1976) which dissipates



Fig. 5.6 Energy flow (MIx103) through the
various sub-systems of an Apatani

villiage in north-east India.
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outside, a large amount of energy which is convini-
ent for home heating during the winter months.

Much of the fuel wood consumption is related to
distillation of the local alchoholic beverage.

Any contemplated imprevement in the cooking stoves
should not only consider the energy efficiency of

the stove but also the need for smeking the meat.

The economy of the Apatani society is based
upen intensive valley cultivation of rice. Though
the village ecosystem efficiency (eutput/input ratie)
is lower than that for shifting agriculture farmers
in the region (Mishra & Ramakrishnan, 1982;:

Maikhuri, 198/) the net per capita monetary return
to the farmer through sale of excess preduction is
substantial with 40% rice productien being sold to
the economically weaker neighbouring tribes such

as the Nishis and the hill Miris.

The schematic presentation of energy flow
through an Apatani village ecosystem (Fig.5.6)
emphasises the intricate relationships existing bet-
ween agriculture, animal husbandry, domestic and forest
sub-systems . The dependence on the forest is largely
for fuell{wood for the domestic sector and for grazing
by cattle and mithun. In return, the dung produced
by the grazing animals gets recycled back into the

3
forest ecosystem providing about 8.59x10 kg, 2.66x103
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and 8.96x103 kg of N,P and K, respectively.
Wwith swine and poultry raised in the village
boundary the dung from these two animal

husbandry systems provide 1.01x103,o.6x103 and

3

0.93x10° kg of N, P and K, respectively and gets

recvcled into the agroecosystems.

The overall low energy efficiency (0.3)
of the Apatani village, in spite of the except-
ionally high energy efficiency of the agroecosystem
may largely be related te s (i) the tendency te
conserve mithuns as a status symbol with a long
s laughtering frequency and the consequent low
energy efficiency of the animal husbandry sub-system
as a whole and (ii) the low energy efficiency of the
domes tic sub-system because of high fuel’weod consum-
ption at low energy efficiency levels. Apart from
the possibilities for improving the energy efficiency
of the animal husbandry and the domestic sub-systems,
even the agroececsystem could be intensified threugh
appropriate crop rotation during the winter geason,
In spite of these possibilities the Apatani village
ecosystem is- good example ©f economic self-sufficiency
of an traditioenal agricultural society that practices
sedentary agriculture with ecolegical considerations

in the nerth-eastern hill region of India.
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SUMMARY

This study deals with the energy flow
through a typical Apatani village ecosystem
predominant under wet cultivation of rice at
an elevation of 1572 m in Arunachal Pradesh in
north-east India. The energy efficiency of the
agroecosystem is very high with an output/input
ratio of 61. The high economnic efficiency permits
export of rice after meeting local needs. Animal
hustandry system with swine hustandry and poultry
is an important link in the detritus food chain
by utilizing the by products and food wastes of
agricultural sub-system., The forest apart from
providing shelter and food for the mithuns and
cattle, also meets part of the fuelwood recuirements
of the village. Extensive bamboo gz2rdens ~aint:ined
by this community meets the rest (25.) of the
fuelwood neéds and also provides material for hut
construction. The overall economnic efficiencvy of
this relatively more advanced tribal society of
north-east India is about 4 and the chief input for

the operation of the village eccsystem is human labour.



CHAPTER 6

ENERGY FLOW THROUGH A HILL MIRI VILLAGE
ECOSYSTEM OF ARUNACHAL PRADESH IN NORTH-

EAST INDIA.
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INTRODUCTION

Energetic studies of traditional agriculture
would provide insight inte how one may imprcve the
quality of rural societies by utilizing local
energy resources more efficiently. Energy flcw
data for rural ecosystems in developing ccuntries
are often fragmented. From the data compiled eon
a number of prototype villages in developing
countries, Makhijani and Poole (1975) observed
that the total amount of energy, including animal
and human labour, going into farming is surprisingly
high. It is often suggested that developing
countries often use more energy prer hectare than
in industrialized nations (Stout, 1979). 1In any
case, indigenous agricultural societies of Asia,
Africa and South America have functioned as nearly
independent agroecosystems (Calavan, 1977;

Moerman, 1968; Norman, 1979).

Shifting agriculture is an important
traditional agricultural practice still widely
used over an estimated 36 million km2 of land
(about 30% of the world's exploitable soils),

prcducing food for about 250 million people
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(FAO, 1974). There are few studies on energy flow
through village ecosystems under subsistence farming
(Rappaport, 1971; Leach, 1976; Sundarraj and
Mitchell, 1987)., Mishra and Ramakrishnan (1982)

in a study in north-east India showed that tight
recycling of natural resources makes the village
energetically efficient., The present study is an
analysis of the village ecosystem function of the
hill Miri tribe of Arunachal Pradesh in north-east
India. Apart from examining the relationships
between food and enerqgy, the study aimss: (1) to
analyse the energy efficiency'of agriculture and
animal husbandry of the village, (ii) food
production and consumption patterns, (iii) eccnomic
efficiency of the village ecosystem, (iv) fuel

wood consumption pattern and forest denendency

for fuel{wood and hunting and, (v) interrelation-
ships between food production systems of the

village and the natural forest ecosystem.

- VILLAGE STRUCTURE

'Dokhum' is a small hill Miri village
situated at Raga (27° 44'n 93® 51'E) at an
elevation of 1060 m with 33 families and a total

population of 419 (Table 6.1). The average size
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Table 6.1, Hill Miri village ecosystem
structure at Dokhum (19%4-85)
in north-east India.

Number of households 33
Total population 419
Adult male 110
Adult female 146
Adolescents 3 12-21 yr. 72
Children below 12yr. 92
Total area under cultivation. ha, 36

(7-yr. shifting agriculture)

Total animal pooulation

Mithun 198
Cattle 110
Swine 183

Poultry 891
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of family is about 12-13, living in ramboo house
of about 19mx5.0m flocor area.,. The climate is
monsoonic with over 75% of the total rainfall of
511 mm occurring during the monsoon period from
May to September. The average maximum and minimum
temperatures during the summer was 28.7°C and
16.1%°c ang that during the winter was 19.7°Cc and

5.4.C, respectively.

Shifting agriculture locally known as jhum
is the only land use practice of hill Miris,
During the winter months (December-January) the
total ground vegetation is slashed and allowed teo
dry. Before the onset of monsoon, in the month of
March=April the dried debris is burnt in situ,

The jhum cycle of 7 years in the village was
about 10=-12 crop species in the mixture. Grains

such as Oryza sativa, Eleusine coracana, Setaria

italica, Zea mays constitute the major component

of the crop mixture along with vegetable:. - °

crops such as Cucurbita maxima, Cucumis sativa,

Celocasia antigquorum, Sowing starts after burning

of debris in the plots, with vegetables and tuber
crops. Rice is the main crop sown after the onset
on monsoon in the month of April-May. Weeding was
done twice, once during May-~June and again in

July=-August. Harvesting starts in the month of
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August with Zea mays and continued upte December
for tuber crops. Rice was harvested in the month

of Octcber=-November.

Animal husbandry system of the hill Miris

consists of mithun (Bos frontalis), cattle, sSwine

and peoultry. Mithun and cattle are maintained in
the forest and they are totally derendent upon
forest grazing. Swine and poultry which are

largely detritus based are maintained within the

Villageo

Agriculture and animal husbandry form the
main occupation of the hill Miris, The foed
production system of the village is labour intensive,
requiring large inputs of man-power; however, a
part of the total man~power was exborted also.
Energy required for cooking food and heating the
houses come from fuel_wood, largely extracted

from the forest.

METHODS

Six randomly selected households of the
village 'Dokhum' were selected for this study.
All the activities in the village were closely

monitored and guantified over a one year period.



Table 6.2 Energy value (MJ kg'l) of
various food items consumed
by hill Miris in north-east

India.

(Gopalan 2323}" 1978) .,

Food items

Energy values

(MT kg-l)
Grains 16 .31
Pulse 16 .24
Sesamum 26 .60
Fruits 14.94
Leafy vegetables 13.77
Tuber and root crops 13.77
Beverage1 (Rice+Millet) 4.95

(3 1 kg-l)

1koh1i, 1983
2Ranjhan, 1977



The observations of agriculture were based on three

replicate plots selected randomly from the six
households. The energy values for economic yield

of crops were based on standard values given in
Table 6.2. Energy input thrcugh seed was calculated
on the basis of the total energy exvended to »roduce

that fraction of crop yvyield.

Labour hour expended for each category of
work was recorded. Total food energy consumed was
apportioned to each activity (Leach, 1976) according
te relative duration on the basis of groupings,
involving either sedentary, moderate or heavy wcrke.
Per hour energy expenditure of 0,418 MJ for
sedentary work, 0,488 MJ for moderate work and
0.679 MJ for heavy work for an adult male and
0.331 MJ for sedentary work, 0,383 MJ for moderate
work and 0,523 MJ for heavy werk for an adult
female, were used to calculate the labour energy

input inte the sub-systems (Gepalan et.al., 1978).

Energy output per kg of meat of the
s laughtered/hunted animals of each category was
cdlculated on the basis of 17.2 MJ for mithun and
cattle, 4.56 MJ for poultry, 7.2 MJ for eggs,
4.66 for deer, 5 MJ for rats, 3.94 MJ fcor frog,
5.88 MJ for wild birds (Gepalan et.al., 1978).
These values were multiplied by 1.149 (Mitchell,

1979) to calculate the heat of combustion of meat
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Table 6.3. Protein contents of various food
items consumed by hill Miris in
north-east India. (Gopalan et.al.,

1978).

Food items

Protein
content (%)

Elant crigins
Oryza sativa
Eleusine goracana
zea mays
“getaria italtce
Sesamum indicum

Phoseolus mungo

Capsicum frutescence

Cucurbita maxima

Cucumis sativa

Musa sapientum

Colocasia antiquorum

Manihot esculentus
Beverage (Rice + millet)?}
Animal origin:

Mithun angd Cattle
2

Swine
Poultry
Egg (hen)
Deer

Frog

Rat

Wild birds

N e e
NOO WO DN D SN
. . . . . L) * .
0 O W W H wWwm

L ] Y [ ]
~N 9 O s O

79.2
12,0
25.9
13.3
21.0
19.6
23.6
23.8

.1koh1i, 1983,
mnjhan. 1’770
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and eqg. Hewever, the heat of comcution of pig
=
meat was directly calculated as 17 .121 MJ_&T

ef meat (Ranjhan, 1977).

Cost-benefit analysis of agriculture, and
animal husbandry sub-systems was calculated en the
basis of the prevailing market rates. Thus labour
wages for agriculture were calculated at the rate
eof RS, 12 and 15 per day for female and male labour,
respectively. The annual cost of maintenance fer bPer

(per family)
mithun, cattle, pig and poultry,was & 175, 100, 60

and 40, respectively. Economic efficiency was cal-

culated as eutput/input ratie.

Estimatien ef actual amount of food/fuel
weod censumed by humans was rased on regular
measurements made in the village and the energy
equivalents ef the food items (Gopalan et.al.,1978)
and 19.7 MJ kg'lfor fuellwoed (Mitchell, 1979).
The protein equivalents ef all feod produced and
that part of it censumed by the villagers was
determined by multiplying the quantity of food and

their respective protein ceontents (Table 6.3).

For calculation of energy of grazing and
sc'avenging by animals it was assumed that the energy
equivalent fer this would be egqual to the values obtain-

ed after subtracting the energy values of the actual
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feed ccnsumed (based en regular observations)

from their standard food requirement (Ranjhan, 1977).

For calculating standard food energy/protein
requirements of humans, the total coensumption
units (adult male values) for the whele village
was calculated frem the energy consumptien scale
suggested by Goepalan et.al. (1978). One adult male,
1 'unit; one adult female, 0.9 units; children aged
5-7 years, 7-9 years, 9-12 years 0.6, 0.7 and 0.8
units respectively. The tetal number of units
for this village werked out at 373 (204.5+131 .4 +
14,7 + 16.8 + 5.5). Thi8 was then multiplied by
foed energy equivalents of an adult (lunit) of
10.042 MJ day"1 and protein equivalents ef an adult
(lunit) of 55 g day~ > (Gopalan et.zl. 1978) to
calculate daily food energy/ pretein requirement
of different categories of humans. Te find enefgy
equivalent of fuellwood needed per day for cooking
purpeses it was assumed that the potential energy
required for ene adult (lunit) would be 15.76 MJ
(Mitchell, 1979). This was then multiplied by

the total units ebtained fer the whole village.



Table 6.4 Energy (MJ ha'lyr°1) and monetary
(Rs . ha-lyr-l) (in parentheses)
input/output pattern under a 7-year
shifting agriculture of hill Miris
in north-east India.

Prcduction measure Enercy
Inout total 681 .1 (2762)
Labour total 650.1 (1886)
Slash and burn 48.8 (123)
Land preparation 16 .4 (57)
Sowing 161.6 (440)
Weeding and Watching 248.0 (764)
Harvesting and transport 175.3 (502)
Seed 31 (376)
Output total 41886 (5706)
Slash 6304 (80)
Grains 30328 (4532)
Leafy and fruit vegetables 1375 (354)
Turer and root crops 3879 (740)
Net return 41204.9 (3444)

Efficiency.
Output/input ratio 61.5(2.52)

Output/input ratio 52.2(2.49)
( - slash)




Table. 6.5.

Per animal annual energy
(in parentheses)
Miris in north-east India.

MJT x 10°)

and monetary (Rs. x 1039

input/output pattern of animal husbandry of hill

Production measure

Mithun1

Cattle2

3
CSwine

Poultry

4

Meat

€gg

Input total

28.73 (0.17)

8.13(0.11)

1.76 (0,07)

0.62 (0.03)

Larour 0.03 (0.1/) 0.02(0.10) 0.08(0.06) 0.03(0.03) 0.01 (0.01)
Food 28.8 (0) 21.2 (0) 8.05(0.05) 1.73(0.04) 0.61 (0.02)

Output total 3.0 (1.05) 1.88(0.74) 1.1 (0.83) 0.19(0.40) 0.17 (0.16)
Meat 1.73(1.05) 1.22(0.74) 0.9(0.83) 0.08(0.40) -

Eqg - - - - 0.1u (0.16)
Dung 1.27 (0) 0.66 (o) 0.2 (0) 0.11 (0) 0.07 (0)
Qutput/input ratio 0.10(6.18) 0.,09(7.40) 0.14(7.55) 0.11 (5.71) 0.2/ (5.33)
Output/input ratio 52 (6.18) 61 (7.40) 11.3 (7.55) 2.7 (5.71) 10 (5.33)

(Dung and food)
1Slaughtering age of 6 years
Slaughtering age of 5 years
3slaughtering ace of 1 vear bt
Qper family. &
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RESULTS

Labour is 2 majer input inte shifting
agriculture, besides seed under a 7-year cycle
eperating in the village (Table 6.4). Only
about 10% of the tetal labour energy input went
for #lash aad burn eoperation and field preparatien.
About 40% energy was expended for weeding and watch-
ing the plots. Slash used as fuel:yood was one
of the outputs apart frem the harvested crops.
Grain crops were emphasized most, followed by
tuber and root rielding species. The net return
per hectare was Bk, 3444 and with a high energy

efficiency.

Laboeur and food are the enly two energy
inputs inte animal husbandry system (Table 6.5).
Though Mithun and cattle raising required more
total labour energy input because of the higher slaught-
ing age fer these twe, the annual energy input was
lower than fer swines. Annudal labour energy input
was maximum fer swines and minimum for egg-laying
poultry birds. Per year energy eutput from mithun
was more than frem csttle. Energy efficiency of egg~
laying poultry birds was maximum. However, edible

energy output per unit labour input was maximum for



Fig. 6.1 Energy flow (MJxloa) through the
animal husbandry sub-system of a
hill Miri village in north-east
India. Vaiues in parentheses

represents the monetary flow (Rs.x103).
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Fig. 6.2 Food (plant origin) production 3nd

consumption pattern in & hill Miri

village in north-east India.
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Fig. 6.3 Meat consumption pattern in a hill

Miri village in north-east India.
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Table 6,6,

Annual food and protein consumption

pattern in a hill Miri village in

north-east India,

Values

in paren-

theses represent per unit consumption.

Food items

Bnergy(MJx103)

Protein (kgx103)

Plant origin total 1341.9
Grains 1098.8
Pulse 2.5
Sesamum 35.2
Leafy and fruit 36.7
vegetables
Tuber and root 66.8
crops
Beverage 101.9
(Rice+millet)

Animal origin total 126.6
Wild animals 48.0
Domestic
Eggs (hen) 1.6

Total plant+animal 1468.5

origin

Standard 1570.7

(3.59)
(2.94)
(0.006)
(0.09)
( .10)

(0.18)

(0.27)

(0.34)
(0.13)

(0.21)

(0.004)

(3.9)

(4.2)

7.03
6 .07
0.04
0.24
0.06

(0.02)

(0.02)

(0.0C1)
( .008)
(0.C02)
(0.006)
( -

(0.03)

(D.02)




161

cattle closely followed by mithun; poultry birds
were least efficient, Economic efficiency was

maximum fer swine husbandry and minimum for poultry.

Q
In the village as a whole the energy efficien:
N

of animal husbandry systems was low with maximum
fer peoultry. The economic efficiency of swine

was better than that of peultry (Fig.6.1).Ecenemic
efficiency of cattle husbandry was the highest

where as it was minimum for mithun.

Most of the food requirements of the domestic:
sub-syvyctem was met from the rrodnce under chifting agric
- ubure except rice that is imported (Fig. 6.2). Only
a small fractien of the produce was sold in the

market

52% of the total meat consumption by the
hill Miris was ebtained from wild animals (Fig. 6.3)
Only a small fractien ef this was gathered from the
wild in the form of frogs and rats and a large
fraction was hunted deer and wild pig. The
contributien of poultry te the meat/egg censumed

n
from animal husbandry system was oenly a small fractic
A

Out ef the total food energy consumed within
the village, over 90% was of plant origin and the

rest was of animal origin (Table 6 .6) Abeut 30% of
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Table 6.7. Daily fueICwood consumption in
a hill Miri village in north-east
India. Values in ;arentheses
represent daily per unit consumption.

Month Average Energy eguivalent
- K
kg day 1 MJ x 107
November- February 2442 (5.55) 48.10 (0.13)
March - Octolrer 1650 (4.42) 32.50 (0.09)

Standard 0.01%




Fig. 6.4 Energy flow (MJx103) through domestic
sube-system of a hill Miri village in

north-east India.
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Table 6.8.

Annual monetary and energy export/
import pattern of essential items
in a hill Miri village in north-
Values in parentheses
represent per unit exvort/import.

east India.

163

Items Quantgty Monetary Enerqgy
(kgx107) value 3 equivalegt
(Rse x 107) (MJ x 107)
Total export 339.2 (0.909) 380.8 (1.02)
Crops
Tosamun 0.4 3.8 9.3
cucurbita 0.7 3.2 11.0
Tuber crops 2.8 6.2 39.6
Meat and egg
Mithun 7.9 94.5 155 .6
Cattle 5.3 63 .6 104.8
Swine 3.2 47 .7 54.7
Poultry 0.2 6.2 1.0
egg f(hen) 0.1 1.5 1.0
Labour - 112.5 4,0
Total import 158.5 (0.425) 851.9 (2 .28)
Rice 52.2 114.9 851.9
Clothing - 18 .6 -
Medicine - 8.2 -
Miscellaneous - 16 .8 -
Export/import ratio - 2.14 0.45
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the protein consumed was of animal origin and the
rest came from plants. Though the energy consumed
was lesser than the standard requirement for an
average Indian adult, the protein consumption

was much higher.

Per capita fueleood consumption in the
village was over 10 times higher than the
s tandard requirement fer an average Indian (Table 6.7).
Consumption was higher during the winter months than at
other times., Slash from shifting ‘agriculture of the
village contributed abeut 7% of the total fuel

energy needs and the rest came frem the forest.

Food consumed and fueleood for cooking and
for heating houses s3re twe inputs into the domestic

system, with 87.1x103

MJ of the labour energy output
used mainly fer agriculture, animal husbandry and
hunting (Fig.6.4). The energy efficiency of the
domestic system of the village werked out 5t a

low 0.02.,

Meat is the major export out of the village
(Table 6 .8)., A large quantity of rice is imported.
The enerqy import is about 2.2 times more than the
export whilst in economic terms the village export
is about 2.1 times more than the total import. The
hill Miris contributed sukstantial labour outside

the village.



DISCUSSION

Hill Miris, like most of the other tribes
of north-east India depend upon shifting agriculture
with mixed cropping of grain, tuber and vegetable
yvyielding plants, with emrhasis on grain yielding
species, Both human preferences and ecelogy
may gevern the selectien and combination of
cultivars. Grains may be preferred over tuber
crops because these are less bulky and eaisier
to store with less risk of loss (Mitchell, 1984).
Crep preferences may alse be related to soil
fertility status (Ramakrishnan, 1984a). The hill
Miri tribes operating their shifting agriculture
under a short 7-year cycle pre net able to meet
their yearly requirements and have to depend upon
import frem eutside. This is te a certain extent
compensated through income from labour export working
largely for Governmental agencies or private enter-
preneurs involved in develepmental activities and

shiffing agrecullave

through export of meat. The chief advantage of, (Jhum)
lies in that, labour is the only input which comes
from within the family itself and therefore it does
not cest anything te the farmer. Even if the cost
of labeur is included in the calculations as we have
done in our study the energy and economic efficiencies

are high. Very high energy efficiencies for these
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traditional agriculture systems has been shown

by other workers (Lewis, 1951; Nerman, 1978:

uhi & Murphy, 1981) with a reasenably high economic
efficiency (Toky & Ramakrishnan, 198le; Mishra &
Ramakrishnan,1981).

Animal husbandry wilth emphasis on swine
husbandr& and poultry are important activities
linked with shifting agriculture in north-east
India (Mishra & Ramakrishnan, 1982; Maikhuri, 1987)
and elsewhere in the werld (Rappaport, 1971).

The energy and econemic efficiencies ef these twe
systems are generally high. This is largely because
_these twe animal husbandry systems particularly
swine husbandry are detritus based and therefore

it is no input activity.

Apart from these, cattle and mithun maintain-
ed by them depend lérgely on forest land fer grazing
the animals. Mithun is a traditional animal
maintained by the tribes of Arunachal Pradesh, but
this is on the decline with large-scale deforestation.
in the area and the consequent decline in land for
grazing. This decline is in spite of the social
and cultural values attached with Mithuns. It

may be noted here that, apart from determining



the social status of the family these animals
traditionally are also used for gift and barter,
Cattle farming is a recent introduction

into the region by Governmental agencies and
therefore has yet to find large scale acceptance,
However, these animals are used exclusively for
meat and not for milk. This is because milk
consumptien is traditienally net done by the

tribal secieties in the region.

Between swine husbandry, mithun and cattle,
the economic and energy efficiencies of swines
are higher. This is partly related to the
slaughtering frequency ef the animals. With
vearly slaughtering of swines and 5-te 6-year
intervals fer cattle and mithun, the efficiency
of the former ene is better than the later twe.

In the case of swine hﬁsbandry slaughtering ef pigs
at mere frequent intervals gave about 11% edible
energy return per pig which is more than the
Tsembaga system (Rappaport, 1971) where the

slaughtering interval fer swine. is 10 years.

The general reducticn in the energy and
economic efficiencies of the animals of the village,

as a whole, is because of the lesser number Of
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slaughtered animals out of the total maintained at

a given time.,

Hunting and gathering is a common practice
of tribals in north-east India (Gangwar, 1987).
A variety of animals (bush meat) is available to
hunters in the less populated areas, which may
include monkeys, birds, deers, etc. (Ajayi, 1971;
Heyman and Maurice, 1973). 1In some areas today it
is estimated that 50% to 65% of the protein available
to rural pepulation is still deriwed from forest
wild l1ife and fisheries (UNESCO, 1978). Hill Miris
obtain 7 te 8% of the total protein needs from

the wild.,

The food energy consumption of the hill Miiis
is below the standard requirement. With about 90%

of the food energy being met through shifting
agriculture, the shortened shifting agriculture
cycle of 7 years is unable to provide sufficient

food to the farmer as was also shown for the

Khasis in Meghalaya (Mishra and Ramakrishnan, 1982 ).
However with30% of the protein needs coming from
animal husbandry the hill Miris obtain more than

their standard requirement,



Fig. 6.5 Energy flow (MJx103) through the
various sub-systems of a hill Miri

village in north-east India.
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The heavy fuel_wood consumption is due to
low efficiency of the cooking stoves, In general,
the rer capita ccnsumption of fuellwcod in
developing countries worked out te be about two-
and-a~half times more than in the west (Leach,
1976). Most of the fuel-woed by the hill Miris, is
used for heating the huts and for distilling
the local beer. Excessive fuelJwood extraction
from the forest is an important cause for fast
depletion of forest resources (Singh, 1979;

Bowonder, 1982, 1983; Guppy, 1984).

Per capita income of hill Miris is abnut

% of the Apatanis (Chapter 5) and about 1 of
7

the Khasis (Mishra and Ramakrishnan, 1982) of
north-east India. Apatanis have a highly evolvead
wet cultivation of rice that meets all their
requirements where as the Khasis with their
agricultural activity geared to potato cultivatien

obtain better price for the produce in the market.

The schematic presentation of energy flow
through a hill Miri village ecosystem (Fig 6.5)
emphasises the linkages between agriculture,
animal husbandry, domestic and forest sube-systems.
The whole village ecosystem is based upon

recycling of rescurces within and between the
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different sub-systems cconsidered. However, the
village ecosystem of the hill Miris suffer following
deficienciess (i) a short shifting agriculture
cycle of 7 years that is unable to meet all their
energy needs so that import of rice becomes
necessary, (ii) wastage of dung that is nct
recycled into the agriculture system, (iii) poor
efficiency of fuellwocod use, Apart from-agro-
forestry inputs for stabilizing a shert shifting
cycle of a 7 years (Ramakrishnan, 1987c) : better
resource recycling and input of technology for
animal husbandry and efficient use of energy are

aspects that need to be considered.
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SUMMARY

This study deals with energy fleow through
a typical hill Miri village ecesystem under
7-year shifting agriculture cycle at an eleva-
tion of 1060\$ in Arunachal Pradesh in north-
east India. Even though village is not self-
sufficient in their food production, the energy
and economic efficiency (output/input ratio)
of the agreecesystem is very high (61.5 and
2.5 respectively). Animal husbandry system
with swine husbandry and poultry is an import-
ant link in the detritus feod chain that
utilises the by-products and food wastes of
the agriculture system. The forest apart frem
providing shelter and food fer mithun and cattle,
which are a impertant components of animal
husbandry system alse meet over 90% ef the fuel
wood requirément. Hunting and gathering contribute
about 52% ef the total meat consumed in the
village. The intricate relationships between
production and coensumption compartments of the
village alongwith forest dependency have been

discussed here.
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In the north-eastern hill region of India
shortening of the shifting agriculture cycle from
a long 20=-30 years to 4-5 years, has adversely
affected the economic return to the farmer, apart
from large-scale environmental degradation. An
approach towards plantation/cash crop system and
terrace cultivation has been suggested from time
to time. In this context, the economic and energy
efficiencies of tea, coffee, pineapple with other
crops and terrace cultivation of ginger was
evaluated. Coffee introduced into the region has
not been successful, perhaps related to management
practices. This aspect needs further investigation.
Ginger cultivation which is economically profitable
though is widely practised by tribals in the region
needs heavy input of labour and fertilizer and
therefore not very efficient from energy view
point. There is perhaps, possibility for efficient
recycling of resources to reduce the input of
inorganic fertilizers. Tea and pineapple alongwith
other crops, both have higher energy efficiency, at
the same time providing better returns to the

farmer. However, tea cultivation does lesser
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damage to the soll because of reduced disturbances,
In any case, plantation/cash crops have the
intrinsic advantage of reduced losses occurring
through hydrology, compared to annual cropping under
terraces or under shifting agriculture. Traditionally
grown pineapple withother crops was found to be
advantageous in that efficient recycling of crop
residue along with weed biomaés contributed
substantially in conserving nutrients within the
system. However, the long term sustainability

of this cropping pattern is dqoubtful unless

combined with strong agroforestry inputs.

Unlike most of the tribal communities of
north-east India, theApatanis of Arunachal Pradesh
have evolved sedentry agriculture chiefly in the
form of wet cultivation of rice in their extensive
valley lands. Pisciculture along with rice
cultivation not only improves the bioproductivity
of the agroecosystem, but is also found to be
highly efficient both from energy and economic
points of view. A unique feature of the Apatani
wet rice cultivation, is combining it with

Eleusine coracana on the bund areas Separating

rice plots which traditionally in India are
otherwise used as foot path for walking from

one plot to another. In this way the Apatanis
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maximize production per unit land. The rice
agroecosystem is mainly labour intensive and
depend upon tight recycling of organic wastes

from within the village ecosystem. Bamboo gardens
maintained around rice plots besides providing
fuelowood and timber for village consumption, also

provides cash income through export.

A comparative analysis of the village
ecosystem study of the Apatanis and the::hill Miris
indicates that the former are far better organized
than the lesser developed hill Miris who depend
upon shifting agriculture. The Apatanis are not
only self-sufficient in food production and
consumption, but also produce surplus rice for
export, unlike the hill Miris who are not self-

sufficient and have to import rice.

Mithun (BOs frontalis), cattle, swine

and poultry form the animal husbandry practices

of these tribes. With lesser economic efficiency
for. shifting agriculture, the hill Miris emphasi ze
upon animal husbandry and this subesystem of the
villagels more efficiently organized by them
compared to the Apatanis. Therefore hill Miris
are able to export meat to the neighbouring more
affluent Apatanis and purchase excess rice

produced by the latter,



bt
~d
A

Heavy fuellwood consumption in both the
tribes because of energy inefficient cooking stoves
results in heavy dependence upon forest resources

that are fast dwindling.

Even though Apatani rice cultivation is very
sophisticated with high energy effieiency (1378),
provide high economic returns, further intensifi-
cation through modern inputs in terms of cultivars
and through winter cropping which is not done now,
perhaps through mixed legumes/tuber crops is a
possibility. Similarly the shifting agriculture
of the hill Miris under a 7-year cycle could be
further improved upon through more agroforestry
inputs (Ramakrishnan, 198%, 1987a). Better
management practice for cattle and mithun, so
that the waste resources from these two could be
effectively utilized for agriculﬁure, would
ensure better kand use management also, Better
organisation of slaughtering regime for animals
wouldceensure better returns to the farmer since
some of the animals maintained are often not
slaughtered for many years. These efforts
combined with better organization of the domestic
sub-system with appropriate rural technology
inputs (Ramakrishnan, 1984a;by. 1985a) would
ensure developnent based on ecolocgical

considerations.
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Cash crop plantation intrcduced by the
Governmental agencies in Meghalaya in

north-east India.

Plate 1 a. A general view of coffee plantation

b. Coffee bears ready for plucking.

IT a. A general view of the tea plantation.
b. Plucking of tea leaves by the female

lakouresrs,






Cash crop plantation traditionally grown by the khasis -
in Meghalaya in north-east India.
Plate III a. Mixed cropping of pine apple with

Colocasia antiquorum, Curcuma

Jonga and Manihot esculentus,

b. A mature pineapple plant with frunit

ready for harvest,.
IV a. Ginger cultivation on terraces.

b. Ginger ready for sale in the local

market.







Plate V.,

Wet cultivation of rice done by

the Apatanis in the valleys of

‘Arunachal Pradesh, in north-

east India.

An early var (in the foreground)

and a late var., (at the back) of
rice are cultivated by due Apatanis,.
Eleusine coracana cultivated on
bunds reparating two rice plots.,
Harvesting of rice by the Apatanis,
Fish collected from rice plots in
the integrated farming system of

the Apatanis.
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Plate VI,

Animal husbandry of the Apatanis
of Arunachal Pradesh, in north-
east India.

Mithun (Bos frontalis)s a prized

animal of many tribes in the region,
Swine husbandry: an integral component

in traditional societies,.






Plate VII.

Different aspects of the Apatani
{unc+ions

village ecosystem,of the Arunachal

Pradesh, in north-east India.

Bamboo gardens maintained by the

Apatanis around rice plots,

A view of the Apatani village.

Bamboo being prepared for house

construction,.

Bamboo baskets being prepared by

an Apatani couple.
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Plate VIII. Dependency upon forest resource
by the hill Miris of Arunachal
Pradesh, in northe-east India.
a. Shifting agriculture (Jhum) with

mixed cropping with Zea mays, Oryza

sativa, Eleusine coracana & Musa

Sapientum.

b. Fuelwoodi§§§§§§£}39 ifA an important

activity of this trite.
Ce. Skulls of the animals hunted by this
community being exhibited in the hut.
d. Forest degradation around the village

as a result of varied human actlvities.
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Plate IX. Aspects of the village ecosystem
functions of the hill Miris of
Arunachal Pradesh, in north-east India.

a. A typical hut of the hill Miri
Note-the hollowed out tree trunk used
to keep pig feed, outside the hut.
Bamboo baskets used for bringing hunted
animals from the forests are exhibited
outside the hut to indicate the hunting
ability of the family.

b. The hill Miris use open stoves for

R ——
drinking the local bear.

C. A_;III\RTfT/lady bringing fuelwood
from the forest and a young boy with bow
and arrow used for hunting.

d. A young hill Miri couple standing out
in the village.






