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PREFACE 

Shifting agriculture (locally called jhum) Is the 

chief land use system of the tribals of the north-eastern 

hill region of India. This is a land use system still 

prevalent in the humid tropics all over the world. With 

rapid deterioration in this land 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 
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dealing with ecology of plantation/cash crops of the khasis 

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 r a i n - fo r e s t s of the world cons t i t u t e 

an important her i tage for prosper i ty and have both 

academic and app l ica t iona l values (Gomez-Pompa 

e t . a j . . , 1972; Raven, 1981)* Apart from the fact 

t h a t there are s t i l l a considerable proportion 

of b io ta which are ye t to be iden t i f i ed and 

catalogued from the humid t rop ic s , and tha t we know 

so l i t t l e about the ecosystem functioning of t rop ica l 

r a i n - f o r e s t s , the r ich germ plasm reserve which 

they harbour could form the basis for future 

development of food p lan t s , of both conventional 

and unconventional k inds . The need i s accentuated 

increas ing ly by the rapid growth of human population 

p a r t i c u l a r l y in the t ropics (Raven, 1976). 

The t rop ica l r a in - fo res t s of India are 

r e s t r i c t e d to two major geographical zones of the 

country, the western Ghats of south-western 

peninsular India and the nftrth-eastern region 

(Ramakrishnan e t . ^ . , 1981a; Toky and Ramakrishnan, 

1983a). However much of these fores ts have already 

been damaged considerably. The destruct ion i s 

ch ie f ly re la ted t o j ( i) excessive timber 

e x t r a c t i o n , ( i i ) a g r i c u l t u r a l p rac t i ces and, 

( i i i ) other developmental a c t i v i t i e s . 



Half of the world population i s engaged in 

a g r i c u l t u r e , the vas t majority i s in the t ropics 

and the sub - t rop ic s . Their a g r i c u l t u r a l prac t ices 

a re highly diverse* ranging from peasant and tenant 

small p lo ts (shif t ing cu l t iva t ion through to wet 

r i c e cu l tu re ) to p lan ta t ion export crops (Grigg, 

1969; 1974; DucTcham and Masefield, 1970; Manshard, 

1974; Ruthenberg,.1938). From an ecological 

prospect ive / farming e n t a i l s a rearrangement of 

the ecosystem, usual ly leading to increased 

p roduc t iv i ty of useful ma te r i a l s . I t s origin can 

be t raced back a t l e a s t to 8,000 years (Helback, 

1959; Mac Neish, 1964; Ucko and Dimbleby, 1969). 

There were a t l e a s t f ive , and probably more, 

independent centres of or igin of farming systems 

(Zeuner, 1963; Sauer, 1965; Chang, 1970; Harlan, 

1971). Most ag r i cu l tu re prac t ices involve 

c l ea r ing of land and the establishment of such 

l e s s mature ecosystems as annual crops (Anderson, 

1952; Smith, 1974). Productivity depends on 

modification of the environment (e .g . s o i l 

p repara t ion , i r r i g a t i o n and weeding) and on 

gene t ic changes t h a t accompany domestication of 

animals and plants (Parodi, 1938; Epstein, 1955; 

Schwanitz, 1966). 



Choosing p o l i c i e s f o r a g r i c u l t u r a l 

d e v e l o p m e n t r e q u i r e s t h e u s e of i n f o r m a t i o n 

a b o u t t h e e x i s t i n g fa rming s i t u a t i o n . The 

c o l l e c t i o n of i n f o r m a t i o n p r e s u p p o s e s t h e 

o r d e r i n g of t h e g r e a t number of phenomena which 

can be o b s e r v e d i n a g iven r u r a l a r e a i n t o 

e n t i t i e s which a r e mean ing fu l i n t e rms of 

d e v e l o p m e n t , and t h e s e e n t i t i e s a r e s y s t e m s , 

i . e . s e t s of r e l a t e d e l e m e n t s . System t h e o r y 

i s t h e r e f o r e employed as t h e g u i d e l i n e f o r fa rm-

s y s t e m d e s c r i p t i o n and a n a l y s i s (Dent and 

A n d e r s o n , 1971/ Emery and F r i s t , 1 9 7 1 ; B e r t a n -

l a n f f y , 1 9 7 3 ) . 

LAND USE PATTERNS 

AgroecosystemSs 

Shift ing ag r i cu l tu re (slash and bum 

a g r i c u l t u r e local ly cal led 'JhumM i s the chief 

land use indigenous to the humid t ropics of 

Africa, Asia and Latin America (Harrory, 1949; 

Schlippe, 1956; Worthington, 1958; Carneiro, 

1960; Nye and Greenland, 1960). More than 240 

mi l l ion people l iv ing a t or near the subsistence 

l eve l p rac t i ce sh i f t i ng a g r i c u l t u r e . They 



c u l t i v a t e small patches of cleared land in the 

t r o p i c a l fo res t s , which are for the most par t 

located on the poorer s o i l s (UNESCO, 1978). 

Fields are cut out of secondary (usually) or 

primary forests leaving only the l a rges t t rees 

s t and ing . Felled vegetat ion i s burnt a t the 

onset of r a ins , and the crops (seed and root) 

are planted with a minimum so i l prepara t ion . 

After one or two harves t s , the p lo t i s abondoned, 

or a t h i rd cropping may take place before the 

s i t e i s allowed to regenerate a vegeta t ive cover 

(FAO, 1957). Although the yearly p lots of 

s h i f t i n g agr icu l tu res are small (1-2 ha) the 

t o t a l land t i ed up in sh i f t ing agr icu l tu re i s 

enormous because of lengthy follow period (time 

lag between two successive cropping on the same 

p l o t ) . I t i s estimated tha t sh i f t i ng agr icu l tu re 

in the t ropics t i e up twice the area (33 million kn?) 

used by temperate continuous cropping systems 

(Manshard, 1974). 

Shif t ing ag r i cu l tu re in the nor th-eas t 

India i s by far the most important factor in 

the conversion of t r o p i c a l r a i n - f o r e s t s . This 

o r a c t i c e though with many subt le var ia t ions 

(Toky and Ramakrishnan, 1981a; Mishra and 

Ramakrishnan, 1981; Ramakrishnan, 1983, 1984a), 

ba s i ca l l y involves slashing of the fores t often 



by c l e a r - f e l l i n g , burning dried s lash and ra i s ing 

crops for one or two years on the temporarily 

n u t r i e n t rich s o i l . The plot i s abondoned for 

na tu r a l regrowth during fallow phases before 

re turning to the same p lo t a f ter a few years . 

Under b io log ica l ly s tab le condit ions, a 

s h i f t i n g agr icu l tu re p lo t may not be r eu t i l i z ed 

for upto 70 years , but under increased pressure 

of l imited land and increasing populat ions, fallow 

period have decreased to generally unacceptable 

l e v e l s , averaging perhaps less than 5 years 

( E e r t l e t t , 1956; Corner, 1960; Brown, 1971). 

In the nor th-eas tern region of India t h i s has 

come down to 4-5 years from o r ig ina l 30-40 years 

(Ramakrishnan e t . a j . . , 198la;b, Ramakrishnan, 

1985a). This in turn has further accelerated 

the environmental degradation leading to 

d e s e r t i f i c a t i o n (Ramakrishnan, 1985b), limited 

recovery of s o i l f e r t i l i t y (Ramakrishnan and 

TOky, 1981; Mishra and Ramakrishnan, 1983a) and 

deminished economic returns (Toky and Ramakrishnan, 

1981a; Mishra and Ramakrishnan, 1981). Stripped 

of t h e i r vegetation cover, the s o i l s of these 

sho r t e r fallow f ie lds are often highly erodable, 

p a r t i c u l a r l y immediately af ter abandonment 



(Ccok, 1921; Clarke, 1966; Walter, 1971). Therefore, 

even though sh i f t ing agr icu l tu re t r a d i t i o n a l l y i s 

based on sound s c i e n t i f i c p r inc ip les (Ramakrlshnan, 

1984a) d i s to r t ions have made t h i s system untenable 

in the present form. 

With a view to ar res t ing and reclaiming the 

degraded fores t areas the Governmental agencies in 

nor th -eas t India have introduced and encouraged 

t e r r a c e c u l t i v a t i o n . Terraces are one of the o ldes t 

and most common type of s o i l conservation prac t ices 

used for erosion c o n t r o l . They In te rcep t run-off 

water before i t becomes erosive and they conduct 

the water at a non-erosive ve loc i ty to a s t ab le 

o u t l e t . Terraces f i l l a niche in cropland conser­

va t ion system tha t no other p r ac t i c e can, by 

con t ro l l i ng sheet, r i l l and gully erosion and 

channel erosion caused by concentrated flow on 

s t eeper and longer s lopes . 

However, p a r t i c u l a r l y in the north-eastern 

region of India, replacement of sh i f t ing agr icu l tu re 

by in tens ive ag r i cu l tu r a l p rac t i ces i s probably not 

a r e a l i s t i c solut ion to th i s problem. As a solut ion 

to the problem, the Indian Council of Agriculture 

Research Stat ion a t Shillong has suggested p a r t i a l 

t e r r a c i n g with h o r t i c u l t u r a l and fores t ry develop­

ment on upper two-thirds of the slopes (Porthakur 

e t . a l . , 1978). They claim tha t run-off would be 



reduced from 144 mm to 8.1 mm and sediment loss 
-1 -1 

reduced from 40.9 t ha to 5.8 t ha 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, 

1983a). With respect to nitrogen 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, l983b). 

In fact, the physical and chemical qualities o* 

the soil may get 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 10-year shifting agriculture cycle in the same 

area, adversely affecting crop returns (Kishra & 

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 
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the t rop ics (pa r t i cu la r ly most of the wet-rice 

areas) i s s t i l l cu l t i va t ed year a f t e r year without 

much manuring because r i ce l ike rye, cotton, 

maize and sugarcane i s s e l f - f e r t i l e so that 

even under permanent cu l t iva t ion , y ie lds rarely 

drop fur ther a f te r a minimum level of so i l f e r t i ­

l i t y has been reached (Rutherberg, 1967). According 

to Angladette (1966), so i l s improve t h e i r qua l i ty 

for wet - r ice production with time because of the 

impounding of water and i t s influence on chemical 

processes in the s o i l . Recently i t was found t ha t 

r i c e rh izosphere could also fix con3.derable 

amounts of atmospheric nitrogen under flooded 

condit ion (Dart & Day, 1975). Valley lands are 

r e l a t i v e l y more extensive in the nor th-eastern 

h i l l s than in the Himalayan zone becaus-e of the 

more prevalent r o l l i ng h i l l topography, but s t i l l 

l imi ted by topography. 

In areas where r ice f ie lds re ta in water 

for 3 to 8 months in a year, r ice-cum-fish cul ture 

has often provided an addi t ional supply of fish 

c rop . The ant iqui ty of r i ce f i e ld f ish cul ture 

in south-eas t Asia has only recent ly been 

es tab l i shed (Ardiwinata, 1957; Pongsuwana, 1962; 

Coche, 1967). In India rice-cum-fish cul ture has 
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been described in d e t a i l by Hora (1951), Chacko and 

Ganapati (1952) and lyenger (1953, 1962). lyenger 

(1953) through his experimental s tud ies a t 

Hasserghata fish farm, Karnataka, and Visweswaraya 

canal farm reported an average fish y ie ld of 112 kgha" 

a f t e r 3-4 months of rearing in r i c e f i e l d s . Experi­

ments on rice-cum-fish cul ture a t Hebbal, Karnataka 

(Niuddanna e t . a l . , 1970x ci ted by Jhingran, 1982) 

and a t Arupatkiodai, Tanjore d i s t r i c t , Tamil Nadu 

(Devaraj and Natarajan, 1973» c i t ed by Jhingran, 

1982) resul ted in varying yields ranging from 17.5 

to 15 2.5 kg ha" in 71 days and 240 kg ha" in 9 

months, r e spec t ive ly . Hickling (1961) reported 

t h a t in Java and Madag^^ar the f ish y ie ld from 

r i c e f i e ld was 28 to 50 kg ha" in 100 days. 

Economic Yield and Weed Problem Under Agriculture* 

The immediate cause for the rota t ion of 

f i e lds under sh i f t ing agr icu l tu re in the successive 

years of cu l t iva t ion was decrease in economic y i e l d . 

In the Br i t i sh Honduras, Charter (1941) found the 

y ie ld 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), i s only 
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about 80% as high as in the f i r s t year . Gris t 

(1953) estimated t h a t the y ie ld of paddy in 

successive years of cu l t iva t ion was to the tune 

of 1500-2000, 1200-800 kg ha" . In the cent ra l 

Peten, Cowgill (1961) found second year milpâ ,̂,̂ -̂ — 

y ie lds to be only 71% as high as compared to the 

f i r s t year . 

In nor th -eas t India there was much confusion 

regarding the y ie lds of crops from h i l l agroeco-

systems, u n t i l work was i n i t i a t e d by Ramakrishnan 

and h is co-workers (Toky and Ramakrishnan, 1981a; 

Mishra and Ramakrishnan, 1981). The Agroeconomic 

Research Centre, Jorhat (Assam) conducted surveys 

on sh i f t ing ag r i cu l tu re yie ld of r i c e and concluded 

tha t the average y i e ld of 800-900 kg ha" in Garo 

h i l l s , Mizoram and Arunachal Pradesh. On the other 

hand, the r ice y ie ld under sh i f t ing agr icu l ture in 

Tripura was reported to be around 1200 kg ha" 

(Mishra, 1976). In a recent survey of the soc io-

economy of the sh i f t i ng ag r i cu l tu re , Aurora e t . a l . 

(1977) concluded t h a t the y ie ld of r i ce under 

sh i f t i ng agr icu l tu re and dry land cu l t iva t ion on 

t e r r aces are not s i gn i f i can t ly d i f f e ren t under 

comparable s i t u a t i o n s . A study from Bumihat 

(Sahu, 1978) on r i c e y ie ld gave year ly outputs 

under t e r r ace cu l t i va t i on 738 kg ha" and with 
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shifting agriculture 853 kg ha" . According to 

Indian Council of Agricultural Research (Borthalcur 

et. £^.» 1978) the yield under shifting agriculture 

is very low (190 kg ha" ) compared to terrace 

cultivation (1860 kg ha" ), However, more precise 

comparative estimates of the yield under different 

shifting agriculture cycles at low and high BIK eleva­

tions of this Ian d use vis-a-vis sedentary farming 

such as terrace and valley cultivation (Toky and 

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 et.al.»,(l959) estimated that the yield of maiee in 

Nyasaland was 4284 kg ha" when weeded four week 

after germination, but attain only 3217 kg ha" 

when weeded six weeks after germination. Toky and 

Ramakrishnan (1981a) and Mishra and Ramakrishnan 

(1981) reported that under shorter shifting 

agriculture 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 j.n 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 soil 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. 
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PIantatiOn/Cash Crop System t 

I t has been suggested t h a t with the 

app l ica t ion of modern technology the po ten t i a l 

for food production in the humid t ropics is 

almost unlimited, but the exp lo i ta t ion of t h i s 

p o t e n t i a l wi l l take place only as f a s t as the 

necessary guarantees of p ro f i t are made to 

farmers (Buol & Sanchez, 1978/ Meerman & 

Cochrane, 1982) . 

Coincidental with th i s p a r t i c u l a r trend 

in s c i e n t i f i c th inking, s i gn i f i can t changes in 

a g r i c u l t u r a l policy in the humid t ropics are 

now taking place on a local s c a l e . S|iurred by 
engendered 

s o c i a l pressures by^populatlon inc rease on the 

one hand* and by the adverse consequences of large 

s c a l e deforesta t ion on the other, p o l i t i c i a n s 

and developmental agencies are becoming more 

concerned with the need for r a t i ona l land u t i l i z ­

a t ion (Donaldson, 1978; Davison, 1982). The 

most encouraging aspect of t h i s development i s 

a growing appreciat ion of perennial t r e e crops 

as a major and p r o f i t a b l e component in any 

cropping system, and of the need to involve 

loca l communities in development planning 

(Sanger, 1977; Adeyoju, 1980; Doyen, 1980; 

Kaul, 1980; Wiersum, 1980). The po ten t i a l 
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value of t rees as multiuse components of 

t r o p i c a l ag r i cu l tu ra l systems has been 

appreciated for many years (Douglas (XndL 

Hart , 1976) while, in developed count r ies , 

the in tegra t ion of t r e e s with ag r i cu l tu re 

i s common, and concerns farmers, fo res te r s , 

p lanners and even landscape a r t i s t s (Cunni­

ngham a t . . a t . , 1978; P ie r re , 1980; Stewart, 

1978) . In the humid t rop i c s , t r ee s represent 

the climax vegetat ion and t r a d i t i o n a l l y , they 

have provided food, s h e l t e r and fuel (Earl, 

1975)* Since they do not require s o i l 

c u l t i v a t i w i , and can continue photosynthesis 

v i r t u a l l y throughout the year, t r e e food crops 

are far more 'energy e f f i c i e n t ' than annual 

crops (Bowers, 1982) . Stands of economically 

useful local or exot ic species can be used 

as s t a b l e Successors to nat ive fo r e s t s , or to 

r e h a b i l i a t e land t h a t has been degraded 

through inappropr ia te cropping (Weaver, 1980; 

Nair , 1982). 

Agroforestry Systems may vary widely 

in both i n t ens i t y and species composition, 

depending upon local s o i l and c l imat ic 

circumstances (Kaydell, 1979; Nair, 1982). 
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If Shif t ing a g r i c u l t u r e i s to be replaced 

by a l i f e s t y l e based on agrogorestry, 

t he re are many t r a d i t i o n a l multicropping 

systems, involing t r e e crops, t h a t can serVe 

as models(»fatson, 1983 ) . They are typif ied 

by the Kandy Gardens of s r i Lanka (Mc Connell 

& Dharmapala, 1978), the Indonesian homesteads 

(Harv/ood & Price, 1976), the Nigerian Compound 

farms (Okigbo & Greenland, 1976) the south 

Indian home gardens (Sundarraj & Mitchel l , 1987) 

and many others (Rea' tegui , 1979; Eden, 1980). 

Each of these systems i s based on multistorey 

t r e e canopy tha t may produce timber, f ru i t s 

and food c rops . Such systems provide varied 

income and food supply, and have supported 

a s t a b l e and sa t i s fy ing l i f e s t y l e f / r 

generat ions , 

In the no th -eas tem region of India 

a s h i f t towards p lanta t ion/cash crop system 

have been suggested t o reduce the pressure 

from sh i f t ing ag r i cu l tu re ( Ramakrishnan, 1984 

a; 1987 a ) . Apart from providing export-

or iented economy( Ruthenberg 1976 f Andreae 

1980), the perennial p lan t cover would protec t s o i l 

more effect ively . 

I ^Xo7~o 
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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 t« poor 

recovery of soil fertility and increased 

intercity 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). 

/fhen the forests are cleaj^ed and the 

debris is burnt, all the cations are released 

on the surface soil as ash. Heavy losses of 

carbon, nitrogen and sulphur occur due to 

volatilization during the bum (Nye & Greenland, 

196 0; De las sales & fblster, 1976 Ramakrisl-nan 

& Toky, 1981, Mishra & Ramakrishnan, 1983 b, 1984) 

For phosphorus though, there are no obvious 
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mechanisms of v o l a t i l i z a t i o n , los ses , are 

reported through convenction via pa r t i cu la tes 

to the atmosphere (Freedman/ 1981). There are 

con f l i c t i ng reports on addition of phosphorus 

through f i r e (Nye & Greenland, 196 0; Stark 1971; 

Stromgaard, 1984) and others suggesting some 

losses from the system (Harwod & Jackson, 1975; 

Ashton, 1976; Mishra & Ramakrishnan, 1983«) . 

Liyod (1971) reported massive losses for 

phosphorus through f i r e , Swamy and Ramakrishnan (I987t) 

reported tha t the ni t rogen and phoshorus losses due 

to f i r e under a 5 year sh i f t ing agr icu l tu re cycle 

a t lower elevation of Meghalaya was 550 kg ha~ 
-1 

and 7.2 kg ha r e spec t i ve ly . 

The t o t a l concentration of cat ions in the 

s o i l solut ion depends upon the t o t a l concentration 

of anions . A high level of n i t r a t e iOn due to 

increased b io logica l a c t i v i t y (Ahlgren & Ahlgren, 

1965; Wei's, 1971) balances a corresponding 

concentrat ion of nu t r i en t cations in the s o i l 

so lu t ion and therefore heavy losses through water 

occur (Rormann et . ^ , 1968; Lewis J r . 1974). 

According to Bormann ^ ^ . ^ . (1968) and Likens e t , a l . 

(1978), quan t i t a t ive importance of n i t r i f i c a t i o n 

would determine the qua l i ty and quant i ty of cat ions 

flushed from the deforested 
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system. The amount of nu t r i en t losses also 

la rge ly depend upon the qual i ty and quanti ty 

of n u t r i e n t re lease from l i t t e r (Singh & 

Ramakrishnan, 1982a; Ram 1986. ) , 

The loss of water through run-off and 

perco la t ion , and consequent loss of sediment, 

increases with the shortening of sh i f t ing 

a g r i c u l t u r e cyc l e . This may be pa r t l y re la ted 

to poor physical c h a r a c t e r i s t i c of the s o i l , 

and a lso p a r t i c u l a r l y to poorer crop-cover 

(TokySi Ramakrishnan, 1981b). Toky and 

RamakriShnan (1981b) reported t h a t the shor t ­

ening of sh i f t ing agr icu l tu re cycle to 4-5 years 

in nor th -eas t India does not permit the 

recovery of s o i l f e r t i l i t y and has adversely 

af fec ted the vegetat ion cover, biogeochemical 

and hydrological cycles , 

Hydrological s tudies under t e r r ace 

agroecosystem showed tha t run-off and sediment 

losses were markedly reduced due to terracing 

(Mishra & RamakriShnan, 1983a ) but percolat ion 

losses were found to be h igh. During the second 

year of cropping on the same t e r r ace rapid deple t ­

ions of the s o i l f e r t i l i t y were observed (Mishra 

& RamakriShnan, 1983b). 
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Plantat ion are s implif ied versions of 

fores ted ecosystems , The t o t a l ecosystem 

approach for quantifying nu t r i en t budget and 

cycl ing in the northern hardwood fo res t has 

been successfully done by Boznrann and Likens, 

(1967). Several s tudies have demonstrated 

t h a t r a i n f a l l may remove subs t an t i a l amounts 

of nu t r i en t s from the foliage in h o r t i c u l t u r a l 

p l an t s (Leclere & Breazeale, 1908, Mes, 1954; 

Tukey & Amling, 1958). Others have reported 

t h a t ra in water which passes through the t r ee 

crown contain higher quant i t i es of various 

n u t r i e n t s than the r a i n f a l l co l l ec ted in adjacent 

openings (wil l , 1955, 1959; Voigt, 1960; Rahman, 

1969; Cole ejt.a_l. , 1967; Singh & Ramakrishnan, 

1982). Measurements of nu t r i en t s in throughfall 

and stemflow water have been done by many workers 

(Madgwick & Ovington, 1959; Likens ejt.a^l./ 1971; 

Eaton e t . a d . , 1973). Most of the studies sucoest that 

th roughfa l l contr ibut ion to n u t r i e n t cycling have 

received much a t t en t ion than the contr ibut ion by 

stemflow. 

The amount and qual i ty of l i t t e r has long 

been considered to be of v i t a l importance for 

exchange of organic and inorganic materials 

between l iv ing organisms and the s o i l . In t r o p i c a l 
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fo r e s t s of Africa, n u t r i e n t contents of l i t t e r 

have been studied by many workers (Laudelaout & 

Meyer, 1954; Bemehard, 1970; Egunjobi, 1974). 

Studies on n u t r i e n t contents of l i t t e r f a l l in 

humid sub- t ropica l montane fores ts are avai lable 

from na r th - eas t India (Singh & Ramakrishnan, 198 2a; 

Das St Ramakrishnan, 19S5) . 

Among the s o i l nu t r ien ts taken up by the 

co££ee p lan t , ni t rogen i s the most important. 

S tudies are ava i lab le on nilrogen cycling 

(Bornemisza, 1982) and nilrogen losses in coffee, 

p l an ta t ions ( Carvajal , 1959; Cooil & Pukunaga» 

1959; Kupper, 1976), Role of organic matter and 

e f fec t of plant cover on so i l conservation 

p r ac t i c e s in coffee p lanta t ions have also been 

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

However, information on nu t r i en t budgeting in 

p l an t a t i on crop systems i s l imi t ed . The p lanta t ion 

crop introduced in to the h i l l areas of nor th -eas t 

India has received l i t t l e a t t e n t i o n . 
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ENERGETICS 

Agroecosys te rns t ' 

The u s e f u l n e s s of e n e r g e t i c a n a l y s i s 

i n a g r i c u l t u r e has been q u e s t i o n e d by many 

r e s e a r c h e r s . For i n s t a n c e , t h e p o l i c y recommend­

a t i o n s of an e n e r g y a n a l y s t w i l l o f t e n c o n f l i c t w i t h 

t h o s e of an e c o n o m i s t . Th is h a s l e d t o a long 

s t a n d i n g d i s a g r e e m e n t be tween t h e e c o n o m i s t 

and t h e ene rgy a n a l y s t as t o t h e v a l i d i t y of each 

o t h e r ' s approach (Georgescu - Roegen, 1 9 7 9 ) . 

O t h e r s , more f a v o u r a b l y d i s p o s e d c o n s i d e r t h e 

e n e r g e t i c view as c o m p a t i a b l e w i t h a •system* 

a p p r o a c h and t h e r e f o r e a s o u r c e of p r o m i s e f o r a 

b e t t e r u n d e r s t a n d i n g of r u r a l d e v e l o p m e n t 

p r o b l e m s (Morse, 1 9 8 2 ) . 

The i n c r e a s i n g a g r i c u l t u r a l y i e l d s of 

t h e l a s t few d e c a d e s were p o s s i b l e t h r o u g h 

i n d u s t r i a l i z a t i o n of a g r i c u l t u r e i n v o l v i n g l a r g e 

f o s s i l ene rgy s u b s i d i e s , heavy f e r t i l z e r a p p l i c ­

a t i o n t o t h e s o i l and s o p h i s t i c a t e d chemica l c o n t r o l 

m e a s u r e s t o r e d u c e p e s t and d i s e a s e i n f e s t a t i o n 

and above a l l h i g h y i e l d i n g c r o p v a r i e t i e s . Such 

a g r i c u l t u r a l sys tems a r e e f f i c i e n t i n te rms of 

human t i m e and l a b o u r i n p u t s b u t a r e h i g h l y i n e f f i ­

c i e n t from o v e r a l l e n e r g y p o i n t o f v i ew , as 5 t o l 0 
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u n i t s of fuel energy are required to produce 

one u n i t of food energy (Steinhart & s t e inha r t , 

1974) . Where as sh i f t i ng agr icu l tu re has been 

he ld up as a model of productive efficiency 

where 5 to 50 un i t s of food energy are harvested 

for each uni t of energy input i n to the system 

(Rappaport, 1971; S te inhar t & Stci i ihar t , 1974; 

Mishra & Ramakrishnan, 1981; Toky St Ramakrishnan, 

1982). Rappaport (1971) provides r e l a t i ve ly 

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 ca lo r i e s for each ca lo r i e 

human energy expenditure during fairming which 

may go upto 20 under more favourable condi t ions . 

I t has been suggested t ha t i t i s poss ib le to have 

increased crop production without departing too 

much from th i s t r a d i t i o n a l system (Greenland* 

1975; Revelle, 1976; Mutsaers e t . _al. , 1981; 

Ramakrishnan, 1985c), which has been considered 

as the most evolved syst«n for the forested 

areas of t h e humid t ropics (Conklln, 1957; Carneiro, 

1960; Nye & Greenland, 1960; Walters, 1971; 

Ramakrishnan, 1984a). 

Terrace cu l t i va t i on in no r th -eas t India 

was found to be energe t ica l ly i n e f f i c i e n t (6.7) 
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(ToTcy & Ramakrlshnan, 1982) due to heavy Input 

of f e r t i l i z e r s every year besides Igbour Input 

for t e r r a c i n g . This system Is comparable to 

comparatively more modem Indian agr icul tural 

systems where 9 un i t s of food energy Is 

harvested for each u n i t of f o s s i l fue l energy 

input i n t o the system (Mitchell , 1 9 7 9 ) . 

However, terrace c u l t i v a t i o n was found t o be 

b e t t e r than most ind i i s t r ia l i z ed western a g r i c u l t ­

ura l systems, where only 1 or 2 un i t s of food 

energy i s harvested for each ixnit of input 

(Spedding, 1975; Spedding & walsingham, 1976; 

Leach, 1976; Pimentel & pimentel, 1979) . 

Val ley c u l t i v a t i o n * which needs very 

l i t t l e nutr ient input because of natural drainage 

i n t o these systems from adjoining h i l l s lopes , 

i s e n e r g e t i c a l l y e f f i c i e n t in nor th -eas t India 

(Mlshra & Ramalcrishnan, 1981) . 
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Animal Husbandry System: 

Population growth rates i nd ica t e tha t by 

year 2000, 60% more food wi l l be required to 

meet the requirement of the world population 

(FAO 1977). In a world already suffering from 

widespread malnutr i t ion and indeed facing large 

s ca l e s tarvat ion in the years to come, c ruc ia l 

dec is ions regarding the or ien ta t ion of protein 

production must now be taken by developmental 

p l a n n e r s . Since food products of animal origin 

are r i che r in high qua l i ty p ro t e ins , animals 

have an important and well defined ro le to play 

in a r a t iona l and balanced food production system 

(Vandemaele, 1977). At present animal production 

accounts for 25% of world protein needs (Pimentel 

e t . a^; 1975). 

Trad i t iona l farmers consider animal hus­

bandry as an e s sen t i a l a c t i v i t y along with 

a g r i c u l t u r e for the pers is tence of the system and 

welfare of the family (Rappaport, 1971; Ramakrishnan, 

1984a^Queire2 et.aJLj 1986). The energy efficiency 

of c a t t l e (for meat) was found to be very low 

( l e s s than 1) (Leach, 1976). This i s because 

animals need more food energy i npu t . Since ruminants 

a re able to graze in remote areas unsui table for 
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crop production due t» topography, cl imate, e t c . , 

extensive rs^hing systems consume very l i t t l e 

support energy and may therefore be considered 

ene rge t i ca l ly e f f i c i e n t (Wilson & Brigstocke, 1980). 

Several s c i e n t i s t s have adopted a pos i t ive approach 

to evaluating ruminants as producers •£ human food 

(Blaxter, 1975; Pimentel e t . a ^ . , 1975, Wedin e t . a l . , 

1975) . Rappap«rt (1971) has discussed the importance 

of Tsembage swine husbandry as a p r ac t i ca l way to 

s t o r e excess of food energy harvested during some 

of the productive years , with an energy expenditure 
2 

of 18 .8 X 10 MJ over a 10-yr period for ra is ing a 

s i n g l e pig under TseMbaga system and with ©nly 1,5% 

of re turn on food energy feed to pig meat energy, 

according to the ca lcu la t ions iif Pimentel and Pimentel 

(1979), t h i s system i s n«t very e f f i c i e n t , Mc Arthur 

(1974), a leading Austratian n u t r i t i o n a l anthropologis t , 

suggested tha t k i l l i n g of swirte.. in shialler numbers 

a t more frequent i n t e r v a l s w«uld be more e f f i c ien t 

from a n u t r i t i o n a l and ecological point ©f view. 

Swine husbandry i s an i n t e g r a l par t of sh i f t ing 

a g r i c u l t u r e in nor th-eas tern region of India (Mishra 

& Ramakrishnan, 1982). In fact the t r i b a l farmer of 

t h i s region consume pigs not only as par t of his 

normal d i e t but makes a feast of i t during celebrations 

r e l a t e d to sh i f t ing agr icu l tu re procedures . Again the 

main region why swine husbandry i s pa r t of sh i f t ing 

a g r i c u l t u r e system i s because of i t s in expensive 

maintenance costs . 
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VILLAGE ECOSYSTEM . 

The way many s o c i e t i e s have evo lved in 

t h e p a s t i n harmony wi th low l e v e l s of energy 

s u p p l y t o the s o c i e t y would p r o v i d e c l u e s as 

t o how modem s o c i e t i e s cou ld adapt t o the 

l i m i t a t i o n s imposed by energy, i n p u t - o u t p u t 

a n a l y s i s o f a s i n g l e t r i b e i l l u s t r a t i n g t h e i r 

r e s p o n s e s t o t h e i r environment, t h e work of 

Lee (1966) Rappaport (1971) , and Mishra and 

Ramakrishnan (198 2) are important . In Lee 's 

s t u d y , t h e i n p u t - o u t p u t approach t o s u b s i s t e n c e 

has shown t h a t Kung Bushman i n t h e Dobe area 

can d e r i v e an adequate l i v i n g from only a 

modest expendi ture of t h e i r t ime and e f f o r t . 

He e s t i m a t e d t h a t t h e per c a p i t a y i e l d of food­

s t u f f was 8 .95 MJ which was in e x c e s s of 0 .69 MJ 

t o t h e i r energy requirement i>et person per day. 

Rappaport (1971) d e s c r i b e d the importance of 

s w i n e husbandry t o thie Tsembaga farmers in New 

Papua Guinea. Makhijani and Poo le (1975) s t u d i e d 

e n e r g y f low in a number of p r o t o t y p e v i l l a g e s i n 

d e v e l o p i n g c o u n t r i e s . ^He/concluded t h a t farmers 

in d e v e l o p i n g c o u n t r i e s o f t e n u s e more energy 
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per hectare than those in i n d u s t r i a l i z e d na t ions . 

His data showed that gross energy input per capi ta 
4 

var ied from 1.5x10 MJ per year in India to 
4 

6.5x10 MJ in Mexico. The e f f i c i e n c y of converting 

gross energy input in to useful work was about 5% 

in India and 25% in Mexico, as a r e s u l t of which 

twenty times more use fu l energy was avai lable 

per person in a t y p i c a l Mexican v i l l a g e . Revel le 

(1976) tabulated the use of energy in rura l - India . 

According to him, energy use per person in 1971 

was 29.7 MJ day" , 3 .3 times the energy in food 

consumed. More than &9% of t h i s energy was from 

l o c a l sources , and l e s s than 11% was from 

commercial sources . Briscoe (1979) through h i s 

study on a Bangladesh v i l l age^ (Ulipur) showed 

that about 10% of the t o t a l food intake of the 

population i s accounted for by u s e f u l work. The 

most important s e c t o r a l a c t i v i t i e s are household 

work, agr icul tural work, and f i sh ing which 

accounted for, 45%, 28% and 15% respec t ive ly of 

the t o t a l output of use fu l work. Although the 

energy system in Ulipur i s frugal , with v i r t u a l l y 

a l l products and by-products being used for some 

purposes , the use of energy i s i n e f f i c i e n t . 

Sundarraj and Mitche l l (1987) on the bas i s 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 

(9056) which attests to the sophisticated management 

techniques followed by some of the rural correnunities 

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 16,6 4 

MJ day" • This 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 scare commodity, is a major problem of 

daily life. According to Eckholm (1975), no less 

than one and a half billion people in developing 

countries derive atleast 90% of their energy needs 

from wood and charcoalj 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 shif t ing 

agriculture in north-east India. 
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the s tud ies tha t have been done on deforestat ion 

in developing countr ies have indicated qui te 

c l ea r l y tha t fuel wood extract ion i s one of the 

major causes for deplet ion of f o r e s t s . Ramakrishnan 

e t . a ^ . (198lb) from nor th-eas t India reported t ha t 
,1, 

one of the major consequences of the shortening 

of the sh i f t ing ag r i cu l t u r e cycle has been fas t 

deple t ion of fuel wood resources in the region. 

This i s aggravated due to low eff ic iency of 

u t i l i z a t i o n of fuel wood energy in the developing 

world (Leach, 1976), where per cap i t a consumption 

of energy for cooking i s considered to be between 

two-and-a-half times more than in the west. 

The Present Work* 

Shift ing ag r i cu l tu re ( loca l ly called 

Jhum) i s a predominant form of ag r i cu l tu re in the 

nor th-eas te rn h i l l region of India (Figure I ) . 

After cu l t iva t ion for a year or two, the land 

i s l e f t fallow, again to be cu l t i va t ed af ter a 

few y e a r s . This time lapse before cu l t iva t ion 

of the same s i t e i s c a l l e d . a sh i f t ing agr icu l tu re 

c y c l e . Formerly, the sh i f t ing ag r i cu l tu re cycle 

was f a i r l y long, ranging from 20-30 years , which 

ensured tha t the system was se l f - sus t a in ing and 



Fig. I I • Distribution of t r i b a l groups in 

Arunchal Pradesh in north-east 

I n i i a . 

Apatani and h i l l Hir is 



ARUNACHAL PRADESH 
DISTRIBUTION OF TRIBAL GROUPS 



30 

in harmony with n a t u r e . However/ under the present 

day condit ions of increased population pressure 

and reduced acreage* the sh i f t ing agr icul ture cycle 

has been reduced to 4-5 yea r s . This, in turn, has 

adversely affected the qual i ty of the environment 

both in terms of s o i l f e r t i l i t y and forest cover 

(Ramakrishnan ^ . a j L . , 1980; Ramakrishnan» igSfi'i), 

with a view to a r re s t ing and reclaiming the degr­

aded fo res t areas the Governmental agencies have sugg­

ested varied a l t e rna t ives? l ike t e r r a c e cu l t iva t ion 

and/or a sh i f t towards p lanta t ion/cash crops. 

Pineapple is one of the t r a d i t i o n a l plantat ion crop 

crown by the khas i s . Besides t h i s Apatani t r i b e of 

Arunachal Pradesh, surrounded by several other t r i be s 

p rac t i s ing sh i f t ing agr icu l tu re , have developed 

permanent and sus ta inab le wet cu l t i va t i on of rice^P^gHj 

The present comprehensive study on the var ied 

land use pat terns a t Naya bunglow (25°45'N 91°54'E ) 

in Meghalaya, Ziro (27°36'N 93°49'E) and Raga 

(27^44•N93°5 IE) in Arunchal Pradesh are par t of a 

broader study on the ecological implicat ion analysis 

of these land use pa t t e rns in the nor th-eastern h i l l 

region of India, 

While dealing with these varied land use 

pa t t e rns in Meghalaya and in Arunachal Pradesh, the 

l inkages 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 

on the implicat ions of t h e land use a c t i v i t i e s . 

I t i s hoped tha t t h i s study would help in designing 

eco log ica l ly and economically v iab le land use 

systems in the reg ion . 



CHAPTERS 



CHAPTER 1 

ECONOMIC YIELD AND ENERGY EFFICIENCY 

OF PLANTATION/CASH CROP ECOSYSTEMS IN 

MEGHALAYA IN NORTH-EAST INDIA. 
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INTRODUCTION 

Though sh i f t ing agr icu l tu re i s the chief 

land use system in the nor th-eas tern h i l l region 

of India (Rama)<rishnan et .^_l. , l981 a ; b ; 

Ramakrishnan, 19B5 a ) , the shortening of the 

sh i f t i ng agr icu l ture cycle (time lag between two 

successive cropping a t the same s i te )# because of 

populat ion pressure and reduction in the land area, 

has resu l ted in d i s t o r t i o n s in terms of ecology 

(Ramakrishnan, 1985 c) and economic returns to 

the farmer (Toky & Ramakrishnan, 1981a ; Mishra ^ 

Ramakrishnan, 1981). Therefore, there has been 

attempts to have a s h i f t in land use towards planta­

t ion and 'Cash crops' (Ramakrishnan, 1^85c). . 

Of the crops considered here, tea and coffee are 

new introductions whereas ginger and pineapple are 

t r a d i t i o n a l crops und'?r shi f t ing ag r i cu l t u r e . 

These are raised on bench t e r r a c e s . Since these 

cash crops are important as an a l t e r n a t i v e to 

s h i f t i n g agr icu l tu re (Ramakrishnan, 1984a,1935c), 

the present stvidy deals with comparative analysis 

of t h i s economic and ecological e f f i c i enc ies , in 

Meghalaya in nor th-eas tern I n d i a . 
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STUDY AREA AND CLIMATE 

T h e p r e s e n t s t u d y was d o n e a r o u n d Naya-

b u n g l o w ( 2 5 ^ 4 5 ' N a n d 9 1 ° 5 4 ' E) a t an a l t i t u d e 

o f 910 m i n t h e K h a s i h i l ^ s of M e g h a l a y a , a b o u t 

3 0 km n o r t h of S h i l l o n g . The c l i m a t e i s t y p i c a l l y 

m o n s o o n i c w i t h m o r e t h a n 80% o f t h e t o t a l a n n u a l 

r a i n f a l l o f 180 cm o c c u r r i n g d u r i n g May t o 

S e p t e m b e r . The monsoon i s f o l l o w e d by w i n t e r ; 

March and A p r i l r e p r e s e n t a b r i e f d r y p e r i o d . 

T h e mean m o n t h l y maximum and minimum t e m p e r a t u r e s 

d u r i n g t h e monsoon w e r e 2 8 . 6 c a n d 1 7 . 1 c r e s p e c t i ­

v e l y , and f o r t h e w i n t e r t h e y w e r e 21 .3 c and 

3 . 9 c , r e s p e c t i v e l y . 

DISCRIPTION OF THE LAND USE SYSTEMS 

C o f f e e ^Cof fea a r a b i c a ) p l a n t a t i o n was d o n e 

on t e r r a c e s i n e a r l y s i x t i e s by G o v e r n m e n t a l a g e n c i e s 

T h e p l a n t a t i o n was r a i s e d w i t h a s p a c i n g of 3x2 m i s 

n o t v e r y s u c c e s s f u l . S c h i m a w a l l i c h i i and B a u h i n i a 

p u r p u r e a a r e two i m p o r t a n t s h a d e t r e e s p e c i e s u s e d . 

A v e r a g e p l a n t h e i g h t o f c o f f e e i s 1 .5 m. S e e d 

p i c k i n g ( d a r k r e d d i s h ) i s d o n e i n D e c e m b e r - J a n u a r y . 

P r u n i n g of t h e p l a n t i s d o n e s o o n a f t e r . Weed ing 

i s d o n e o n c e , f o l l o w e d b y a p r . l i c a t i o n of p e s t i c i d e s 

i n S e p t e m b e r - O c t o b e r . I n o r g a n i c f e r t i l i z e r 

( N&P - 5 : 3 ) i s a p p l i e d t w i c e i n a y e a r a t t h e 

r a t e o f 155 kg h a ~ ^ . 
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Transplantion of tea (Camellia s inensis) 

was done on slopes (60x90 cm dis tance) during 

the year , 1978 using one year old sap l ings , 

Albigzia odoratissima i s the important shade 

t r e e species along with Albizzia chinensis , 

planted a t distances of 3x5 m. Trimming •£ the 

bush a t 75 cm height i s dene in February . 

Plucking of tea leaves i s done during Apr i l -

October, at 10-day in t e rva l s . Weeding i s done 

th ree times during the rainy season. Apart 

from weGdicides/pesticj,des app l ica t ions , inorganic 

f e r t i l i z e r (NPK-2:lx2) i s used twice in a year 

a t the r a t e of 55 5 kg ha" , The freshly plucked 

t e a leaves are sold a t the ra te of Rs. 1.50 kg" , 

Ginger (Zingiber of f ic ina le ) i s t r a d i t i o n a l l y 

c u l t i v a t e d •n t e r r aces . After preparat ion of the 

land in to ridges and furrows and a f te r repair ing 

the old t e r r aces , sowing i s done in April a t 

d is tances of 20x30 cm following an applicat ion of 

organic manure a t the ra te of 720 kg ha" before crop 

sowing. Inorganic f e r t i l i z e r (NPK -1:1:1) i s 

applied twice in a year a t t h e r a t e of 500 kg ha~ . 

Harvesting of the rhizome i s done in December- January 

Pineapple (Ananas fcomosus) plantat ions are 
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b e i n g c u l t i v a t e d on t e r r a c e s f o r t h e l a s t s i x 

y e a r s . T h i s a l o n g v i i t h rh izome and t u b e r c r o p s 

( C o l o c a s i a an^tiquorum Curcuma long a and 

M a n i h o t esculentua"^ a r e sown i n March and h a r v e s t e d 

d u r i n g t h e f o l l o w i n g December . Two h a r v e s t s of 

p i n e a p p l e a r e done from t h e same f i e l d , once In 

J u l y - A u g u s t (monsoon v a r i e t y ) and a n o t h e r i n 

D e c e m b e r - J a n u a r y ( w i n t e r v a r i e t y ) . Weeding 

i s done t w i c e i n J u n e and December . Weed b iomass 

a n d o l d p i n e a p p l e p l a n t b iomass are p u t back i n t o 

t h e p l o t as o r g a n i c m a n u r e . 

METHODS OP STUDY 

Cof fee , t e a , p i n e a p p l e w i t h o t h e r c r o p s 

a n d g i n g e r p l a n t a t i o n s were s e l e c t e d a t 

Nayabunglow, i n Meghalaya i n n o r t h - e a s t I n d i a . 
2 

I n each p l a n t a t i o n , t h r e e p l o t s of 50 m w e r e 

i d e n t i f i e d . 

V e g e t a t i o n a n a l y s i s was b a s e d on t w e n t y 
2 2 

1 m q u a d r a t s f o r h e r b s and t w e n t y 10 m q u a d r a t s 

f o r s h r u b s and t r e e s p l a c e d a t random i n each p l o t 

The i m p o r t a n c e v a l u e i n d i c e s ( IVI) which i s an 

i n t e g r a t e d m e a s u r e of r e l a t i v e f r e q u e n c y , r e l a t i v e 

d e n s i t y and r e l a t i v e b a s a l a r e a of t h e s p e c i e s and 

c a l c u l a t e d ( C u r t i s , I 9 5 f ) . 
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Labour cost was calculated on the basis 

of preva i l ing ra tes (te. 12 day" ) , The 

cos t of manure, chemical f e r t i l i z e r s , seeds, 

pes t i c ides and weedicides were ca lcula ted 

according to the prevai l ing market p r i c e . The 

monetary output was calculated on the basis of 

the prevai l ing market p r ice f»r each item. The 

economic efficiency was measured as monetary 

ou tput / input r a t i e , 

The labour hours expended for each a c t i v i t y 

was recorded s epa ra t e ly . The t o t a l energy 

consumed was apportioned to each a c t i v i t y (Leach, 

1976), according to the r e l a t i v e duration or the 

bas i s of grauping, involving e i t h e r sedentary, 

moderate or heavy work . Per hour energy expendit­

ure was calculated as (i) 0.418 MJ for sedentary 

work, 0.488 MJ for moderate work and 0.679 MJ 

for heavy work for an adult male and ( i i ) 0.331MJ 

for sedentary work, 0.383 MJ for moderate work 

and 0.523 MJ for heavy work for an adul t female 

(Gopalan e t . a l . , 1 9 7 8 ) . Energy input through 

chemical f e r t i l i s e r s was calcula ted on the basis 

of f o s s i l fuel energy th^at i s required to manufacture 

the f e r t i l i z e r (Table 1 .1) . The f o s s i l fuel 

equivalents given in Table 1 . 1 , were used to calcul^.te 
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Table 1 . 1 . Energy Values (yj kg" dry 
weight) for d i f f e r e n t component 
c o n s i d e r e d in the p l a n t a t i o n / 
cash crop ecosys tems . 

I tems 

Coffee seed 

2 
Leafy ma te r i a l s 

2 
P ineapp le f r u i t 
Rhizome and tuber 

2 
c r o p s 

Moisture 
(%) 

2 5 . 7 

4 6 . 8 

6 0 . 0 

• 

7 0 . 0 

Ave r a g e e n e r g y 
v a l u e 

1 7 . 0 3 

1 3 . 7 7 

2 . 2 0 

1 3 . 7 7 

3 

P r o d u c t i o n c o s t 

N - 7 6 . 9 8 

P2O5 - 1 3 , 9 5 
K2O - 9 . 6 6 
W e e d i c i d e s * - 1 4 8 , 1 1 

5 
P e s t i c i d e s - 1 0 0 . 0 0 

R e p l a c e m e n t c o s t 

O r g a n i c manure 8 0 . 0 1 . 2 8 

^ M i t c h e l l , 1975 • 

•^Gopalan e t . a j . , 1978 

^ P i m e n t e l e t . a l . , 1973 

' ' A v l a n i a n d C h a n c e l l o r , 1975 

'^Leach and S l e s s e r , 1 9 7 3 

P e r c e n t a g e of N, Pj^B ^ " ^ ^5*^ ^^ o r g a n i c 
m a n u r e was 1 , 3 , 1 .2 a n d 1 .2 r e s p e c t i v e l y . 
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t h e r e p l a c e m e n t c o s t of o r g a n i c manure i n t e rms 

of f o s s i l f u e l e n e r g y . The i n p u t ©f ene rgy t h r o u g h 

s e e d was c a l c u l a t e d on t h e b a s i s of t o t a l e n e r g y 

expended t o p r o d u c e t h a t f r a c t i o n of c r o p y i e l d . 

F o r c a l c u l a t i n g t h e o u t p u t of e n e r g y unde r t h e 

f o u r l a n d u s e s y s t e m s , t h e t o t a l economic y i e l d 

of t h e v a r i o u s c r o p s was c o n v e r t e d i n t o mega jou les 

of e n e r g y by i r u l t i p l y i n g wi th s t a n d a r d v a l u e s of 

v a r i o u s c r o p s as g i v e n i n Tab le 1 ,1 , 

The energy e f f i c i e n c i e s were c a l c u l a t e d as 

t h e o u t p u t / n o n - s o l a r i n p u t r a t i o , o u t p u t / s o l a r 

i n p u t r a t i o and o u t p u t / l a b o u r h o u r r a t i o . Two 

e n e r g y i n t e n s i t i e s : l a b o u r i n p u t / y i e l d r a t i o 

( m i n u t e s kg" ) and y i e l d / n o n - s o l a r energy i n p u t 

r a t i o (kg MJ~ ) were a l s o c a l c u l a t e d . 

A l l t h e r e s u l t s were compared and c a n t r a s t o d 

w i t h s h i f t i n g a g r i c u l t u r e unde r a 1 0 - y e a r c y c l e , 

b a s e d on t h e d a t a of Toky & Ramakrishnan (1981^&1982) 

RESULTS 

A total vegetation analysis of the weeds 

and crops done together at the peak period of 

August (Table 1.2) sucgests that ginger, followed 

by pineapple with other crops had more weed 

intensity compared to tea ; coffee had the le^st 
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Table 1.2. Important Value Indices (IVI) of 
Vegetation in Different Plantation/ 
Cash Crop Ecosystems. 

Species coffee Tea other crops. ^^"9^^^ 

Wê eds . 

Aqeraturr, Conyzoides L. 18.8 40 .1 43.1 95.0 
Bidens p i l o s a Hook.F - - 5.8 7.4 
B o r r e r i a a r t i c u l a r i s 
lL.FTT~Wil l . 20.2 64 .1 81.8 80.9 
Commelina nudif l®ra L . 11,4 12.6 5.5 11.5 
Cr»ssocephal lum 
c r e p i d i o i d e s (Benth)L . 
Cynod»n dac ty lon L. - - - 5.4 
Cyperus qlobosus A l l . - - 9.3 12.6 
Eupatorium odoraturn L. 3 6 . 3 - 6.0 
Ga l inspqa p a r v i f l o r a Cav. - - 5.0 5.8 
Imperata c v l i n d r i c a 
P . Beauv, - - 5 .6 -
Mimosa pudica L. - - 6.0 

Panicum maximum jacq. 15.3 7.0 40.1 

Pteridium equilinm (L) 
Yuhn ex Decken 9.7 8.0 
Saccharum arundinaceum 
Hook F . 10.9 15.9 
Respective crop 89.5 95.7 75.0 48.2 

Trees. 

Albizzia odoratissima 

Benth - 32.76 

Bauhinia purpurea L. 2 0 . 3 -
E r y t h r i n a i n d i c a L. 6.6 -
Schima w a l l i c h i i (DC)Korthl6.3 _ - -
Others^ 38.0 23.0 11.0 19.0 

^ 65.4 for Pineapple and 9.6 for rhizome and tuber crops 
^ IVI below five. 
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Table 1.3. Cost »f Production (^, ha" yr~ ) 
of Different Plantation/Cash Crop 
Ecosystems , 

Inputs 

1. Labour 

(i) Field 
preparation 

(ii) Sowing 

(iiDPertilizer 
application 

(iv) Weeding 

Coffee 

1694 

-

-

525 

320 

(v) Plant protection 
(Chemical Spray)165 

(vi) Harvesting 

(vii)Pruning 

2. Organic manure 

3 . Inorganic 
manure 

4. Pesticides/ 
weedicids 

5, Seed 

Total 

200 

484 

-

760 

300 

-

2754 

Tea 

11844 

•> 

-

880 

1320 

220 

9072 

352 

-

1725 

745 

-

14314 

Pine- Ginger 
aople 

2896 

> 

325 

-

1625 

— 

946 

-

-

~ 

.m 

200^ 

3 096 

8745 

2200 

1100 

825 

3520 

-

1100 

-

2500 

1375 

• 

6225 

18845 

1 . 
Cost of rhizome and tuber crops 
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Table 1.4. Economic Eff iciencies of Different 
Plantation/Cash Crop Ecosystems and 
a 10-year shitt ing agriculture ecosystem 

Input 

Output 

Net return 

Output/ 
input ratio 

Coffee 

2754 

4560 

1806 

1.66 

Tea 

14314 

37125 

22811 

2.59 

Pineapple 
with other 
crops 

3096 

12090^ 

8994 

3.90 

Ginger 

18845 

42435 

23590 

2.25 

10-y^ar 
shifting 
agriculture 

1830 

3354 

1524 

1.83 

Toky and Ramakr ishnan, 1 9 8 1 * • 
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weed i n t e n s i t y . The weed i n t e n s i t y in t e a 

p l a n t a t i o n i s checked through weedic ides and 

i n c o f f e e , i t i s b i o l o g i c a l l y suppressed to 

some degree by t h e dense canopy of t he coffee 

p l a n t and shade t r e e s . Amongst t h e weeds, 

B o r r e r i a a r t i c u l a r i s and Ageratum ooayzeides 

were two mere dominent weeds , 

C«st of p roduc t ion was maximum for g inge r 

fo l lowed by t ea (Table 1 . 3 ) . Of t h e i n p u t s , 

l abour c o s t was the h i g h e s t for t e a followed by 

g i n g e r . Since t e a , cof fee and p ineapp le with o t h e r 

crops f i e l d p r e p a r a t i o n s a re done once when c u l t i v a ­

t i o n s t a r t s , the c o s t i s not r e c u r r i n g . I t may be 

mentioned t h a t t e a i s r a i s e d on t h e s lopes bu t 

p ineapp le c u l t i v a t i o n i s done on t e r r a c e s . Except 

f o r p ineapp le with o the r crops i n o r g a n i c f e r t i l i z e r 

was app l i ed and t h i s was minimal f o r c o f f e e . Seed 

i npu t was requ i red every yea r for zhizome and tube r 

c r o p s in p ineapp le and g inger o n l y . 

Though the ou tpu t from g inge r was maximum 

compared to o the r c r o p s , followed by t e a , the 

i n p u t fo r these two crops are a l s o high (Table 1 .4 ) . 

With low inpu t i n t o p ineapple with o t h e r crop and 

a r e l a t i v e l y high r e t u r n from i t , t he e f f i c i ency i s 

maximum for t h i s c r o p . A comparison of the o u t p u t / 

i n p u t r a t i o of the p l a n t a t i o n crops with a s h i f t i n g 

a g r i c u l t u r e under a 10-year c y c l e sugges ts t h a t a l l 



Pig . 1,1 Monthly labour energy d i s t r i b u t i o n 

pa t t e rn in d i f fe ren t p l a n t a t i o n / 

cash crop ecosystems i (a) Tea; 

(b) Ginger; (c) Coffee; (d) Pine­

apple with o t ^ e r c rops . 
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- 1 - 1 
Table 1 .5 . Energy Input (MJ ha y r ) in 

D i f f e r e n t P l an t a t i on /Cash Crop 
Ecosystems. 

T ,.^ Coffee Tea Pineapple Ginger 
^ P ^ ^ s wi th o the r 

^ ; c rops 

1 . Labour 574 3537 808 2776" 

( i ) . F i e l d p r e p a r a t i o n _ - _ 781 

( i i ) .Sowing - - 81 348 

( i i D F e r t i l i z e r 

apr l i c a t i o n 180 283 - 268 

( iv ) Weeding 99 385 459 1014 

(v) P l a n t p r o t e c t i o n 

(Chemical Spray) 59 78 -

(vi ) Harves t ing 64 2666 268 365 

(v . iDpruJning 172 125 

2 . Orqanlc manure _ - _ 922 

3 . Ino rgan ic f 6 r t l l i 8 e r 8 2 6 1 14978 - 9958 ^ 

4 . P e s t i c i d e s / 
weedicides 20 910 

5 . Seed - - 165 ^ 198 
Total 8855 19425 973 13854 ^ 

'energy value for rhizome and tuber crops. 
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T a b l e 1 . 6 . Energy Sources and E f f i c i e n c i e s • f D i f f e r e n t P l a n t a t i o n / 
c a s h Crop Ecosystems and a 1 0 - y e a r $hî +>*>3 OL̂ r'tcul-fcu-re. e.caSjvjs.Viwi 
Labour Hour Expended i s Given in P a r e n t h e s e s . 

P r o d u c t i o n sys tem 

I n p u t ha y r 
1 . S o l a r i n c i d e n t 
2 . N o n - s o l a r energy 
3 . Labour ene rgy 

- 1 - 1 O u t p u t ha y r 
Crop e n e r g y h a r v e s t e d 

Y i e l d , Kg. 
E ^ ^ ^ c i e n c i es 
Energy o u t p u t / s o l a r -
o u t p u t 

Energy o u t p u t / n o n -
s o l a r i n p u t 

Energy o u t p u t / l a b o u r 
h o u r 

Cof fee 

33x10^ 
8855 

574 
(1232) 

8450 
496 

2 .6x10* 

0 .95 

6 .86 

Tea 

33x10^ 

19425 

3537 
(8616) 

181310 
13167 

S 4 . 9 x l 0 ' ' 

9 . 3 3 

2 1 . 0 4 

P i n e a p p l e 
w i t h o t h e r 
c r o p s 

33x10^ 
973 

8 08 
(1784) 

17085 

3164^' 

5 . 2 x 1 0 * 

17 .56 

9 .48 

I n t e n s i t i e s 

G i n g e r 1 0 - y e a r _ 

33x10^ 33x10^ 

13854 1302 

2776 569 
(6760) (1220) 

33392 56655 
2425 3305 

l O . l x l B * 17 .2x10* 

2 .41 43 .51 

4 .94 46 .44 

Labour i n p u t / y i e l d 
(minu te s Kg" ) 148.98 39 .26 3 3 . 8 3 1 6 7 . 2 5 22 .15 

Y i e l d / n o n - s c l a r ene rgy 
input (Kg.KJ-1) 0.06 0.68 3.25 0.17 2.54 

Toky and Ramakrishnan, l'~>82. 
T ̂ * Speddlna, 1982. 
3. 2 290 kg pineapple fruit and 275 kg rhizome and tuber crops 
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of them favourably compare with the l a t t e r except 

cof fee . 

More labour energy was expended for tea and gingei 

than for coffee and pineapple with o"th«rcrops (Pig. 1 .1) 

Fur ther , in the former two, the contr ibut ion by the 

female was much more (69% for tea and 43% for ginger) 

than the males, unl ike in coffee and pineapple with 

other crops* 

Energy input for tea was maximum and tha t for 

pineapple with o*th%r crops was minimum. For coffee, 

t e a and ginger, the major energy input was through 

inorganic f e r t i l i z e r s , followed by labour input 

(Table 1.5). 

The energy efficiency (output/ input r a t i o ) , 

considering non-solar input was maximum for pineapple 

with othfir crops but much less than for cropping 

under a 10-year sh i f t ing ag r i cu l tu re cycle (Table 1.6). 

If so lar energy input i s considered tea was more 

e f f i c i e n t than sh i f t ing ag r i cu l tu re system, coffee being 

l e a s t e f f i c i en t in both ca se s . Energy output per unit 

labour input was maximum for sh i f t ing agr icu l tu re 

followed by tea p l an ta t ion . Labour input for un i t 

production was maximum for ginger followed by coffee 

and the l eas t for shif t ing agr icu l tu re agroecosystem. 

Yield per un i t non-solar energy input was high for pine­

apple with other crops followed by-shifttng agriculture. 
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DISCUSSION 

S h i f t i n g a g r i c u l t u r e which i s the most 

p r e v a l e n t land use in n o r t h - e a s t I n d i a , i s 

becoming more and more un tenab le in view of 

t h e d i s t o r t i o n s t h a t have come about due to 

shor tenincj of a g r i c u l t u r e cyc le in t he recen t 

p- i s t , with adverse e f f e c t on the economic 

r e t u r n s t o t h e farmer (Ramalcrishnan, ( 1984a, 1985a) . 

I t i s in t h i s c o n t e x t t h a t the i n t r o d u c t i o n of 

p l a n t a t i o n / cash crops became impor tant 

fo r t h e n o r t h - e a s t e r n h i l l r eg ion (Ramakrishnan, 

1985 c ) . The r e s u l t p resen ted h e r e for the y i e l d 
p l a n t a t i o n 

p a t t e r n s under four d i f f e r e n t / c a s h crops and t h e i r 

comparison with mixed cropping under s h i f t i n g 

a g r i c u l t u r e with a 10-year s h i f t i n g a g r i c u l t u r e 

c y c l e sugges t s t h a t t h e monetary ou tpu t from the 

l a t t e r was low, which was even more so from the 

p o i n t of view of n e t r e t u r n . Economic e f f i c i ency 

i n terms of monetary r e t u r n per u n i t rupee i n v e s t e d 

i s an impor tan t f a c t o r for the success of any 

agroec6sys tem. I t has been sugges ted t h a t with t h e 

a p p l i c a t i o n of modern technology, t h e p o t e n t i a l for 

food product ion in t h e humid t r o p i c s i s almost 

u n l i m i t e d , bu t t h a t e x p l o i t a t i o n of t h i s p o t e n t i a l 
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w i l l t ake p lace only as f a s t as the necessary 

g u a r a n t e e s of p r o f i t a re made t o the farmers 

(Buol and Sanchez, 1978; Meerman and Cochrane, 

1 9 8 2 ) . However, the b i o l o g i c a l p r o d u c t i v i t y in 

t h e humid t r o p i c s may d r a s t i c a l l y go down on a 

long term b a s i s a f t e r convers ion of n a t u r a l 

v e g e t a t i o n i n t o c rop- l ands (Dickinson, 1972; Le i th , 

1976) . I t ir- in t h i s contex t t he f e a s i b i l i t y of 

p l a n t a t i o n / c a s h crop economy with s u b s t a n t i a l inpu t 

of i no rgan ic f e r t i l i z e r s has t o be viewed. A s h i f t 

towards permanent c u l t i v a t i 6 n should cons ide r , 

t h e r e f o r e , combining food crops with t r e e s p e c i e s 

as p a r t of an a g r o f o r e s t r y system (Watson, 1983; 

Ramakrishnan, 1 9 8 7 a , b ) . A g e n e r a l l y poor r e t u r n for 

c o f f e e a t t h i s e l e v a t i o n i s s u g g e s t i v e of i t s 

u n s u i t a b i l i t y for t h e e c o l o g i c a l cond i t ions p r e v a i l i n g 

h e r e . Ginger and t e a obviously a re cash crops which 

a r e wel l su i t ed for the r e g i o n . One way of improving 

t h e economic e f f i c i e n c y of t h e system may be through 

mixed cropping, which would a l s o ensure s u s t a i n e d 

y i e l d on a long term bas i s (McConnell and Dharmapala, 

1978; Okigbo & Greenland, 1976) . 

While monetary o u t p u t / i n p u t a n a l y s i s i s 

s u g g e s t i v e of t h e economic e f f i c i e n c y of t h i s system, 

energy o u t p u t / i n p u t ana lys i s i s an i n d i c a t i o n of the 

e c o l o g i c a l e f f i c i e n c y of t he system (Rappaport, 1971; 



48 

Ramakrisl-inan, 1987 b) . Though the efficiency of 

the sh i f t ing ag r i cu l tu re system in terms of non-

s o l a r input is much higher than in a l l the 

p lan ta t ion /cash crops considered here, the energy 

eff ic iency of the sh i f t i ng agr icuture system 

connot be considered in i so l a t ion but need to be 

discussed in r e l a t i on to land use pa t te rn , or e l s e 

energy efficiency values per s e . could lead to d i s t o r ­

ted eomparison . If land i s not a l imit ing resource, 

then the greater s o l a r input to a large area of 

sh i f t i ng agr icu l tu re system with a large cycle could 

be used to offset imported energy an* th is would 

ensure harmony of the long cycle with the environment, 

a t the Same time ensuring ra t iona l returns for the 

farmer. The 10-year cycle , therefore , would need 

a cor rec t ion factor of 1/10 to make comparisons 

v a l i d with other systems considered he re . Thus the 

e f f ec t ive output from shif t ing ag r i cu l tu re would 

decrease d r a s t i c a l l y (Toky and Ramakrishnan, 1982). 

Though the energy output from ginger i s very low, 

the economic return are very high suggesting t h a t 

energy efficiency has to be considered along with 

economic efficiency of the system for i t s e f fec t ive 

eva lua t i on . With a high inorganic f e r t i l i z e r input in to 

a l l p lan ta t ion /cash crops except pineapple with other 
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crops the efficiency of these sedentary systems, 

have come down d r a s t i c a l l y . However, e f f ic ien t 

recycling of resources with emphasis on organic 

manure would cont r ibute t» b e t t e r ecological 
i 

eff ic iency of these p lan ta t ion /cash crops. 

4. A major disadvantage of the p lan ta t ion /cash crops 

such as tea and ginger isj the heavier labour 

input t ha t often involves, employed labour from I 
outs ide the v i l l age ecosystem boundary . This i s 

often cost ly and has also, implicat ions of import 

of labour even from outside the reg ion . Given the 

socio-economical and s o c i o - p o l i t i c a l framework in 

which the t r a d i t i o n a l society opera tes , i t may be 

de s i r ab l e to s t a b i l i z e sh i f t ing agr icu l tu re with 

a 10-year cycle or even redevelop shi f t ing agr icu l tu re 

under a 5-year cycle so as to ensure se l f -suf f ic iency 

i n the v i l l a ge (Ramakrishnan 1987 a) . I t may not be 
p lanta t ion 

des i r ab l e to consider/Cash crops, at t h i s s tage, tha t 

connot be handled by the family u n i t with labour input 

from wi th in . I t i s in th i s context a mixed land 

use pa t te rn which considers redeveloped sh i f t ing 

a g r i c u l t u r e along with small un i t s of p l an t a t i on / 

h o r t i c u l t u r e crops for a family organized on a 

co-opera t ive basis (Ramakrishnan, 1984b) become relevent, 
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SUMf-lARY 

The p r e s e n t s t u d y d e a l s w i t h t h e economic 

and e n e r g y a n a l y s i s of c o f f e e , t e a , g i n g e r and 

p i n e a p p l e w i t h o t h e r c r o p s , and t h e s e a r e 

c o n t r a s t e d wi th s h i f t i n g a g r i c u l t u r e unde r a 

1 0 - y e a r c y c l e i n n o r t h - e a s t e r n I n d i a . Though 

g i n g e r gave maximum mone ta ry r e t u r n , fo l lowed 

by t e a , t h e o u t p u t / i n p u t r a t i o was h i g h e r f o r 

p i n e a p p l e w i t h o t h e r c r o p s , Cof fee i s n o t 

s u c c e s s f u l i n t h e a r e a . S h i f t i n g a g r i c u l t u r e 

h a d a h i g h energy e f f i c i e n c y of 4 3 . 5 w i th l e a s t 

e f f i c i e n c y f o r c o f f e e . The i m p l i c a t i o n s of 

t h e s e r e s u l t s f o r l a n d u s e r e d e v e l o p m e n t i n 

t h e r e g i o n a r e d i s c u s s e d . 



CHAPTER 2 

^7UTRIENT BUDGET OF PLANTATION/CASH 

CROP ECOSYSTEMS IN MEGHALAYA IN NORTH­

EAST I N D I A . 
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INTRODUCTICN 

In n o r t h - e a s t I n d i a , s h i f t i n g a g r i c u l t u r e 

(Jhum) i s t h e t r a d i t i o n a l l and u s e s y s t e m ©f t h e 

t r i b a l communi t ies (Ramakr ishnan, 1985a) , With 

s h o r t e r i n g ef t h e s h i f t i n g a g r i c u l t u r e c y c l e 

( t i m e l a g between two s u c c e s s i v e c r o p p i n g on t h e 

same s i t e ) from a l o n g e r 20 y e a r s ©r more t© a 

s h o r t e r 4-5 y e a r s , p a r t l y b e c a u s e ©f pepu la tLon 

p r e s s u r e and p a r t l y due t© r educed l a n d a v a i l a b i l i t y 

f o r a g r i c u l t u r e (Ramakr i shnan , 1985b) t h i s land 

u s e s y s t e m has become d i s t o r t e d and l e s s t e n a b l e 

i n t h e p r e s e n t form . T h e r e f o r e , t h e r e have been 

a t t e m p t s from v a r i o u s Governmenta l a g e n c i e s t o 

i n t r o d u c e p l a n t a t i o n / c a s h c rops as a r e p l a c e m e n t 

t o s h i f t i n g a g r i c u l t u r e . These a l t e r n a t i v e s have 

had on ly a l i m i t e d a c c e p t a n c e amongst t h e t r i b a l 

c o m m u n i t i e s , p a r t l y f o r e c o l o g i c a l r e a s o n s 

(Ramakr i shnan , 1984a) and p a r t l y f o r s © c i a l r e a s o n s 

(Ramakr i shnan , 1985b) . The v i a b i l i t y ©f any l and 

u s e , s y s t e m would be p a r t l y based up®n i t s economic 

e f f i c i e n c y (Chapter 1) and p a r t l y f o r s u s t a i n a b l e 

s o i l f e r t i l i t y f®r c o n t i n u e d u s e of t h e l a n d . In 

t h i s c o n t e x t , an a n a l y s i s of t h e n u t r i e n t budge t ©f 

t h e l a n d u s e becomes i m p o r t a n t . T h i s s t u d y , t h e r e f o r e , 

i s a c o m p a r a t i v e s t u d y ©f f o u r p l a n t a t i o n / c a s h c r o p 
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systems, coffee, tea ginger and mixed system of 

pineapple with®"^*^^^ creps , 

METHODS OF STUDY 

Ceffee, tea, pineapple with othei' crops 

and ginger plets were identified at 

Nayabunglow, 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 organic and inorganic fertilizer 

used, material removed from the ecosystem as economic 

yield through crop harvest, biomass removed through 

pruning and weed removal and there two components 

put back into the system were calculated on the 
2 

basis of three 10 m guadrat samples from each plot. 

Litterfall in coffee and tea plantations were 
2 

e s t ima ted using ten randomly p laced Im l i t t e r t r a p s 

in each p l o t (New^bould, 1967) . Monthly e s t ima t ion 

of l i t t e r f a l l (except dur ing monsoon when c o l l e c t i o n 

were made a t 15 days i n t e r v a l s ) was made by c o l l e c t i n g 

t h e l i t t e r and s o r t i n g out i n t o l ea f and non- leaf 
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components . The l i t t e r was «verydried at 80 c 

and s tored for chemical ana lys i s . 

Stemflow of shade t rees in coffee and tea 
! 
I 

plan ta t ions was sampled (with three rep l ica tes for each 

t r e e species) using a sp i r a l polvthene gut ter of 6 cm 

diameter f i t t e d on each stism and sealed with pa ra f f i r -
1 vJ^ 

wax/ at a height of 1,5 m above the ground level î , 

on the tree trunk. A plastic funnel was attached to *̂-̂^ 

the two cut ends of the guth^r and connected to a 

polythene container of 5 £ capacity. A nylon filter 

1mm mesh size was placed on the mouth of the funnel t© 

prevent entry of extraneous matter. 

Throughfall from coffee and tea plantations 

alone (nine replicates) and incident rainfall were 

collected in polythene containers, the mouth of each 

being fitted with 2 0 cm diameter funnel which was 

provided with 1mm mesh nylon filter to prevent entry 

of foreign matter. 

For studies pertaining to sediment and water 

loss due to erosion and run-off, the loss from a 

confined area of IxlOm was collected in large 

collectors and sampled periodically for chemical 

analysis. For the study of percolation loss of 
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wate r . Zero- tens ion ly s ime te r s were employed 

(Fuckman and Brady, 1960) . So i l W=JS cu t v e r t i c t i l l y 

in each p l o t t© expose t h e p r o f i l e . A smal l tunne l 

was excavated at a depth ©f 40 cm ( the depth t e 

which most roots p e n e t r a t e ) and the lys imete r 
3 

(30x30xl5cm ) was p laced i n s i d e i t by p ress ing from 

below, t h e rim of t he ly s ime te r was f i rmly i n s e r t e d 

in the und i s tu rbed s o i l above. The pe rco la t ed 

water was tapped out from the l y s i m e t e r from time t o 

t ime fo r a n a l y s i s . The r e s u l t s a re based on 

twelve obse rva t ions i n each p l o t . 

After ana lys ing the fresh s o i l / w a t e r saoiples 

for NO-j-N and PO.-P s»on a f t e r co l^ ' ec t ion , the 
•i 4 

water samples were p rese rved in po ly thene j a r s for 

subsequent a n a l y s i s . 

Air dr ied s o i l samples were passed through 

2 mm s i e v e and kept in g l a s s j a r s fo r subsequent 

a n a l y s i s . Over*-dried and grcnnd p l a n t samples, 

were s t o r e d in g l a s s j a r s . The samples were 

ana lysed by s t anda rd procedures ( A l l e n , e t . a l . 1 9 7 4 ) . 

Thus NO^-N was e s t ima ted by pheno l - d i su lphonic acid 

method and PO.-tP and t o t a l phosphorus were 

e s t i m a t e d by molybdenum-blue methed. Tota l n i t rogen 

was e s t i m a t e d by mic ro -k jh ldah l method. Calcium 



Table 2 .!• Mean c o n c e n t r a t i o n of n u t r i e n t s s *SE i n o-7 cm s o i l 
p r o f i l e o f d i f f e r e n t p l a n t a t i o n / c a s h c r o p ecosystems , 
Values i n paxentheses r e p r e s e n t n u t r i e n t c o n c e n t r a t i o n 
a f t e r crop h a r v e s t . 

Elements 

C (%) 

N (%) 

P (mg 1 0 0 g"-^) 

K (mg lOOg"^) 

Ca (mg lOOg^) 

Mg (mg lOOg-^) 

C o f f e e 

4 . 5 
( 3 . 5 

0 . 3 
( 0 . 3 

0 . 0 7 
( 0 . 1 0 

1 2 . 5 
( 9 . 0 

4 8 . 5 
( 3 8 . 0 

2 0 . 8 
( 2 0 , 9 

+ 
+ 
+ 
+ 

+ 

_+ 
1; 
+ 

+ 
+ 

0 . 0 9 
0 . 1 0 ) 

0 . 0 1 
0 . 0 2 ) 

0 . 0 0 5 
0 . 0 0 8 ) 

0 . 8 

o.oer 
1 . 2 
0 . 9 ) 
2 . 0 
1 . 8 ) 

Tea 

3 .9 
( 3 . 2 

0 . 2 
( 0 . 2 

0 . 1 8 
( 0 . 2 2 

1 6 . 0 
( 1 6 . 0 

5 7 . 6 
( 4 6 . 0 

4 6 . 0 
( 3 5 . 0 

+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 

0 . 0 7 
0 . 0 7 ) 

0 . 0 1 
0 . 0 0 7 ) 

0 . 0 1 
0 . 0 1 ) 

0 . 1 0 
0 . 0 8 ) 

2 . 5 
1 . 1 ) 

2 . 2 
1 . 3 ) 

Pineapple i w i t h 
o t h e r c r o p s . 

2 . 1 
( 1 . 8 

0 . 4 
( 0 . 3 

0 . 0 6 
( 0 . 0 5 

1 5 . 5 
( 1 5 . 5 

3 4 . 9 
( 2 3 . 3 

1 5 . 5 
( 1 5 . 5 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
5 

0 . 0 7 
0 . 0 6 ) 

0 . 0 2 
0 . 0 1 ) 

0 . 0 0 2 
0 . 0 0 4 ) 

0 . 1 5 
0 . 1 0 ) 

1 . 6 
0 . 8 ) 

0 . 8 
0 . 6 ) 

G i n g e r 

2 . 0 
( 1 . 9 

0 . 2 
( 0 . 3 

0 . 1 1 
( 0 . 1 7 

2 0 , 0 
( 2 1 . 5 

6 7 . 8 
( 5 0 . 2 

3 5 . 3 
( 4 4 . 3 

+ 
• 

• 

+ 
+ 
+ 

+ 

+ 
+ 

0 . 1 0 
0 . 0 9 ) 

0 , 0 0 6 
0 . 0 1 ) 

0 , 0 1 
0 . 0 1 ) 

0 . 6 
0 . 0 8 ) 

3 . 5 
3 . 3 ) 

3 . 3 
2 . 7 ) 

C I 



Table 2,2. Weed biomass ̂  S E (kg ha'^yr'^) recycled into 
different pla'ntation/cash crop ecosystems . 

Weed species Coffee Tea Pineapple with Ginger 
other crops. 

B o r r e r i a a r t l c u l a r i s 136 * 13 1288 * 101 895 * 86 2688 * 175 

Aqera tum c o n v z o i d e s 116 ^ 11 532 • 44 784 • 75 5406 + 371 

E u p a t o r i u m odoratum 562 + 4 3 0 3 3 + 4 0 

Panicum maximuwi 135 + 1 0 4 1 + 4 1319 + 116 0 

O t h e r s 2 5 8 + 2 5 96 7 + 8 8 947 + 86 931 + 7 8 

T o t a l 1207 + 102 2828 + 237 3978 + 361 9025 + 624 

CI 
cf: 
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and magnesium were analysed by EDTA titration 

method while potassium was analysed by flame-

emission method. Soil extraction for cations was 

carried out with IN ammonium acetate at pH 7. 

Input and output of the nutrients in 

the water were calculated on the basis of the 

amount of input/output through water and 

concentration of nutrients in it. 

RESULTS 

The concentration in the surface soil 

layers vary consider^ibly from one system to another, 

both just before (March) and soon after harvest of 

the produce (February in case of a coffee and 

December in case of others) (Table 2.1). 

Weed biomass recycled was significantly 

higher (P<0.05) under ginger compared to others; 

this was least under coffee (Table 2.2). The 

contribution by Borreria articularis an* Aqeratum 

eenv7Qides was more than that by other weeds. 

The nutrient input through weeds foil-wed 

the general pattern as the biomas? (Table 2.3), 



Table 2.3. Total input of nutrients ± S E (kg ha~^yr~^) through 
weed biomass recycled into different plantation/cash 
ecosystems « 

Elements Coffee Tea Pineapple with Ginger 
other crops 

N 2 6 . 2 + 2 . 2 9 9 1 . 7 5 J- 7 . 6 9 1 0 0 . 9 • 9 . 0 5 2 9 5 . 7 ^ 2 0 . 1 8 

P 1 . 9 7 • 0 . 1 8 7 . 4 9 + 0 . 6 1 7 . 5 5 • 0 . 7 3 1 9 . 1 + 1 . 3 1 

K 1 3 . 6 + _ 1 . 1 7 4 4 . 6 + _ 3 . 7 4 5 4 . 5 J- 4 . 9 4 1 2 3 . 8 J- 8 . 5 2 

Ca 1 2 . 9 + 1 . 0 9 3 2 . 4 + 2 . 7 4 9 . 0 + 4 . 4 4 1 3 6 . 3 + 9 . 3 0 

Mg 9 . 8 + 0 . 8 6 2 6 . 6 ^ 2 . 2 3 2 . 6 • 2 . 9 6 9 8 . 3 + 6 . 7 5 

CO 



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

0 O, Coffee leaf; »———•, Coffee stem; 

es^ A A*(j^* wallichii leaf; Â  A., S. wallichii 

Stem; • Q # Bauhini a purpurea leaf; • •« 

B . purpurea stem; 0-——0, other trees , 
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Fig. 2 ,X Monthly litter production in tea plantation. 

Q 0, tea leaf (young); o — — o , tea leaf 

(mature); • •# tea stem;^i d ,. 

A, odoratissima leaf; A Ar ̂ . odoratissima 

stem. 
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Table 2.4» L i t t e r f a l l + S E (kg ha" yr~ ) and nu t r i en t input + S E 
(kg ha~ yr" ) through i t in coffee p l a n t a t i o n . 

P l a n t component 

Coffea arab ica l e a f 
n o n - l e a f 

Schima w a l l l c h i i l e a f 
n o n - l e a f 

L i t t e r f a l l 

1337+157 
53+7 4 

756+87 
189+20 

Bauhinia parpurea l e a f 496+67 
n o n - l e a f 

Other t r e e s l e a f 
n o n - l e a f 

T o t a l 

172+16 

401+34 
90+9 

3494+464 

N 

4 0 . 0 + 0 . 1 6 
1 3 . 3 + 1 . 7 3 

1 6 . 5 + 1 . 8 9 
2 . 7 + 0 . 2 8 

1 4 . 1 + 1 . 9 0 
1 . 7 + 0 . 1 5 

8 . 3 + 0 . 7 0 
1 . 1 + 0 . 1 0 

9 7 . 7 + 1 1 . 4 

P 

1 .4+0 .16 
0 . 2 6 + 0 . 0 3 

0 .6+0 ,07 
0 .11+0 .01 

0 . 9 + 0 . 1 2 
0 . 0 1 + 0 . 0 0 

0 . 6 + 0 . 0 5 
0 . 0 3 + 0 . 0 0 

3 . 9 + 0 . 0 4 

K 

10 .8+1 .26 
2 .4+0 .33 

4 .8+0 .55 
1 .0+0 .11 

4 .1+0 .55 
0 .7+0 .06 

2 .6+0 .22 
0 .3+0 .03 

2 6 . 7 + 3 . 1 

Ca 

1 5 . 7 + 1 . 8 3 
5 .1+0 .71 

3 . 9 + 0 . 4 4 
2 .8+0 .29 

8 . 0 + 1 . 0 8 
2 .3+0 .21 

5 .5+0 .46 
0 .5+0 .05 

4 3 . 8 + 5 . 1 

Ma 

1 1 . 0 + 1 . 2 9 
3 .4+0 .47 

1 .1+0 .12 
0 .4+0 .04 

4 . 4 + 0 . 5 9 
1 .3+0 .11 

2 . 7 + 0 . 2 3 
0 .5+0 .05 

2 4 . 8 + 2 . 9 

cn 



Table 2 .5 . L i t t e r f a l l ^- S E (kg ha~ yr" ) and nutrient input 
^ S E (kg~ ha" y ) through i t in tea p l a n t a t i o n . 

Plant component L i t t e r f a l l 

Camellia s inens i s 1205 ± 143 
l e a f (young) "" 

l e a f (mature) 

non- lea f 

A. odoratissima 
l e a f . 

non- leaf 

Total 

895 ± 86 

475 + 46 

576 + 59 

202 • 20 

3353 • 354 

N 

40 .6 + 4 . 8 3 2 .2 + 0 . 2 6 

25 .1 + 2 . 4 0 1 .3 ^ 0 . 1 2 

13 .0 ^ 1 . 2 4 0 . 5 + 0 . 0 4 

1 7 . 2 ••• 1 . 7 5 0 . 5 + 0 . 0 5 

K Ca Mg 

7 .9 + 0 . 9 4 1 2 . 5 + 1 . 4 3 1 0 . 3 - H . 2 3 

4 . 3 + 0 . 4 1 

4 . 9 + 0 . 4 6 

6 . 3 + 0 . 6 4 

7 . 8 ^ . 7 5 

3 .5*0 .34 

7 .7+0.78 

5 . 4 ; t 0 . 5 1 

3 . 5 + 0 . 3 4 

3 . 4 + 0 . 3 5 

4 . 2 + 0 . 4 2 0 . 2 + 0 . 0 2 1 , 8 + 0 . 1 7 2 . 1 + 0 . 2 1 2 . 1 + 0 . 2 1 

1 0 0 . 1 _+ 1 0 . 6 4 4 . 7 + 0 . 4 9 2 5 . 2 ^ 2 . 6 2 33.6_+3.51 2 4 . 7 + 2 . 6 4 

CD 

http://10.3-H.23
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with maximum nutrient input through weeds into 

ginger and least for coffee. The input under 

ginger was 9 to 11 times more (11 .3times for N, 

9.7 times for P, 9,1 times for K, 10.6 times for 

Ca and 10 times for mg) than under coffee. The 

inputs of nitrogen, potassium and calcium were 

very high under all plantation/cash crops . 

Monthly litterfall in coffee (Fig .2.1) and 

tea (Pig. 2.2) plantations peaked during February-

March, with an additional peaking in coffee in 

September- October. In tea plantations young leaf 

fall peaked in April during the plucking time. 

The litterfall from coffee bushes and nutrients 

released to the soil through it was more compared to 

Schima w allichii or Bauhinia purpurea, that are inter-

grown (Table 2.4). However, the litter and nutrient 

contribution by all the total tree components 

inter-grown between coffee was higher than that 

through the coffee plants . 

The contribution of litter in the tea plantation 

through tea leaf was higher than that through Albigzia 

odoratissima, a shade plant (Table 2.5). Nutrient 

input through Albizzia odoratissima represented 



T a b l e 2 . 6 . I n p u t o f n u t r i e n t s + S E (kg ha" y r ) t h r o u g h 
s t e m f l o w , t h r o u g h f a T l and p r e c i p a t i o n i n c o f f e e and 

t e a ( i n p a r e n t h e s i s ) p l a n t a t i o n . 

C a t e g o r y Water i n p u t NO,-N POj^ K Ca Mg 
Cm, 

O 4 

S t e m f l o w 1 3 . 2 • 1 . 2 0 , 0 8 + 0 . 0 1 0 . 0 1 + 0 . 0 0 0 . 8 4 + 0 . 0 8 0 . 3 7 j^0 .03 0 . 1 8 • 0 . 0 2 

( 6 . 8 • 0 . 6 ) ( 0 . 0 3 ^ 0 . 0 0 ) ( 0 . 0 0 - ) ( 0 . 3 3 + 0 . 0 3 ( 0 . 1 1 + 0 . 0 1 ) ( 0 . 1 1 + 0 . 0 2 ) 

T h r o u g h f a l l 1 2 5 . 7 ^ 1 1 . 3 0 . 5 6 ^ 0 . 0 5 0 . 0 6 _̂  0 . 0 5 4 . 5 2 ^ 0 . 4 1 2 . 6 3 ^ . 7 4 2 , 3 9 ^ 0 , 2 1 

( 1 4 2 . 3 > 9 , 4 ) ( 0 . 4 9 + 0 . 0 3 ) ( 0 . 0 4 + 00 ( 4 . 2 6 + 0 . 2 8 ) ( 2 . 1 3 ^ 0 . 1 4 ) ( 3 . 1 3 + 0 . 1 4 ) 

1 
D i r e c t f a l l 176 0 . 4 4 0 , 0 4 1 . 7 6 0 , 7 9 0 , 9 7 

For p i n e a p p l e w i t h e t h e r c r o p s and g i n g e r . 

to 
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15% to 32% ef the t o t ^ l (21.3% for N, 14.9% for 

P, 32.1% for K, 29.2% for Ca and 22.5% for mg) 

through l i t t e r . The nu t r i en t input through 

small twigs was subs t an t i a l being about 1/5 

of the t o t a l l e a f f a l l for tea and about • - of the 

t o t a l l e a f f a l l of Albizzia edora t i ss ima. 

Though l i t t e r f a l l under coffee was more 

than under tea , the l a t t e r had s l i g h t l y high 

nitrogen and phosphorus input to the s o i l through 

l i t t e r compared to the farmer as shown by a 

comp-=rision between Table 2.4 and 2 . 5 . 

About 21% of the t o t a l r a i n f a l l for coffee 

and 15% for tea were intercepted by canopy (Table 

2 . 6 ) . The stemflow under coffee p lan ta t ion was more 

than under tea and due reverse was t rue for throughfall . 

While th i s difference in stemflow between the two 

p lan ta t ion crops i s r e f l ec ted in the nu t r ien t qua t i ty , 

the throughfal l n u t r i e n t levels were not s ign i f i can t ly 

d i f f e r en t between tea and coffee. The d i rec t f a l l input 

occurred only in ginger aî d pineapple with t̂t̂ wsE crons, 

but not in coffee gnd tea and the quant i ty of 

n u t r i e n t s were general ly much lower than that reached 

the ground level under coffee and tea p l an t a t i ons . 



Table 2.7. Total loss of water (cm) and sediment (mt .ha~ yr~ ) 
from different cash crop ecosystems + S E values. 

Category of loss Coffee Tea Pineapple with Ginger 
other crops 

Run-off water 

P e r c o l a t i o n water 

Sediment 

33.6 + 1 .70 

21 .1 ± 1 .03 

1 .37 i- 0 .Of 

7 3 .6 + 3 .86 

13 .4 + 0.89 

2 .5 2 * 0 . I f 

47.6 * 2.94 

17.1 + 0.97 

0.54+ 0.04 

58.9 + 2 .53 

35 .9 ± 2.39 

20.84 • 1 .49 

Annual p r e c i p i l a t i o n = 176 cm. 

C5 



T a b l e 2 . 8 . T o t a l l o s s o f n u t r i e n t s + S E (kg h a ' ^ y r - ^ ) i n 
r u n - o f f and p e r c o l a t i o n w a t e r from d i f f e r e n t c a s h 
c r o p e c o s y s t e m . V a l u e s i n p a r e n t h e s e s are f o r 
p e r c o l a t i o n l o s s e s . 

E l e m e n t C o f f e e Tea P i n e a p p l e w i t h G i n g e r 
o t h e r c r o p s 

NO. -N 3 . 0 3 + 0 . 1 8 6 . 6 1 + 1 . 2 0 1 . 0 5 + 0 . 0 8 6 . 1 0 + 0 . 3 5 
•̂  ( 3 . 8 0 ^ 0 . 1 7 ) ( 2 . 2 0 + 0 . 1 4 ) ( 2 . 2 8 + 0 . 1 3 ) ( 8 . 3 8 + 0 . 4 ^ 

PO. - P 0 . 5 9 + 0 . 0 3 2 . 5 6 + 0 . 1 5 0 . 6 1 + 0 . 0 4 1 . 6 8 + 0 . 0 7 
^ ( 0 . 2 2 + 0 . 0 2 ) ( 0 . 3 0 + 0 . 0 2 ) ( 0 . 1 9 ^ 0 . 0 1 ) ( 1 . 0 + 0 . 0 5 ) 

K 2 2 . 0 1 + 0 . 9 6 5 4 . 6 7 + 1 . 6 1 1 5 , 1 5 + 0 . 6 8 4 1 . 0 3 + 1 . 5 7 
( 9 . 4 5 + 0 . 3 5 ) ( 5 . 9 0 + 0 . 3 5 ) ( 3 . 8 0 + 0 . 2 2 ) ( 1 5 . 8 6 + 1 . 0 2 ) 

Ca 1 0 . 8 3 + 0 . 6 4 2 6 . 0 + 1 . 3 6 8 . 0 1 + 0 . 4 8 1 2 . 9 4 + 0 . 5 6 
( 3 . 8 4 + 0 . 1 7 ) ( 3 . 0 "+ 0 . 2 1 ) ( 2 . 3 3 % 0 . 1 2 ) 6 .36 ^ 0 . 4 0 

Mg 8 . 9 7 • 0 . 4 1 3 6 . 9 4 + 1 . 9 5 6 . 3 2 _+ 0 . 4 0 1 0 . 8 6 + 0 . 4 9 
( 2 . 3 3 "+ 0 . 1 1 ) ( 4 . 5 5 + 0 . 2 5 ) ( 1 . 6 2 + 0 . 1 7 ) ( 5 . 5 8 + 0 . 3 5 ) 

CD 



Table 2.9. T o t a l l o s s of n u t r i e n t s ^ S E (kg ha" y e a r " ) 
through sediment from d i l f e r e n t p l a n t a t i o n / c a s h crop ecosystems 

Element 

NO^-N 

T o t a l 

P O T P 4 

K 

Ca 

Mg 

N . 

c o f f e e 

0 . 0 1 _• 

0 . 2 4 + 

0 . 0 2 ^ 

0 . 7 8 * 

1 . 5 3 ± 

0 . 96 • 

0 . 0 0 1 

0 . 0 2 

0 . 0 0 1 

0 . 0 6 

0 . 1 1 

0 . 0 7 

T e a P i n e a p p l e w i t h G i n g e r 
a j U l & r - g r o p s 

0 . 0 2 + 0 . 0 0 2 NO 0 . 1 9 ± 0 . 0 1 

0 . 5 8 ^ 0 . 0 4 0 .06 Jh 0.003 3 . 7 4 ^ 0 . 2 6 

0 , 0 2 • 0 . 0 0 1 0 .005 + 0 + 0 .22 * 0 . 0 0 2 

2 . 6 8 ^ 0 . 1 2 0 .45 + 0 . 0 3 1 6 . 4 1 ^ 1 . 1 2 

1 .19 •»• 0 . 0 8 0 . 3 0 + 0 .02 13 .46 • 0 .95 2 

2 .13 • 0 . 1 8 0 .24 + 0 .02 9 .10 • 0 . 64 



P i g , 2.^ Pa t te rn of water and sediment loss 

during the monsoon season from a 

hec ta re of land under d i f ferent 

p lan ta t ion /cash crop ecosystems. 

H , Coffee; ^ Tea; HZ Pine­

apple with Other crops; Q Ginger . 



Sediment loss (mt ha-') Percolation Water! cm) Run—off Water (cm ) 

( UUO) | |OJ - u i D y 
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Run-off water was maximum in t ea (P<0 .05 ) 

followed by ginger/ p ineapp le with o the r crops and 

l e ^ s t f o r coffee (Table 2 . 7 ) , On t h e o the r hand/ 

p e r c o l a t i o n water was maximum in g inge r and 

minimum in tea ( P < 0 . 0 5 ) . Sediment l o s s was very 

h igh in g inger (P<C0.05) compared t o a l l o the r c rops , 

with lei^'St va lue for p ineapp le wi thokher c r o p s . 

The loss p a t t e r n c l o s e l y followed t h e monthly r a i n f a l l 

p a t t e r n with maximum va lues between June - August and 

with d e c l i n e on e i t h e r s i d e (Fig . 2 . 3 ) , 

The run-off l o s s of n u t r i e n t s w^s maximum in 

t e a and minimum in p ineapp le with o t h e r c rops , t h e 

o the r two f a l l i n g in between (Table 2 , 8 ) . On the 

o the r hand# n u t r i e n t load in the p e r c o l a t i o n water 

was maximum in g inger and minimum i n p ineapple with 

o the r c r o p s . The monthly p a t t e r n of n u t r i e n t output 

through run-, off and p e r c o l a t i o n wate r did not show 

any c l e a r - c u t p a t t e r n b u t only sugges ted t h a t t he 

losses i nc r ea sed s h a r p l y a f t e r f e r t i l i z e r a d d i t i o n . 

Therefore the d e t a i l e d da t a i s no t p resen ted h e r e . 

N u t r i e n t l o s se s through sediment was 

s i g n i f i c a n t l y high (P< 0.05) in g inge r compared t o 

a l l o t h e r s (Table 2.9) . Least l o s se s occurred in 

p ineapp le with o t h e r crops . 

t^y"^^' 



T a b l e 2 .10- Crop y i e l d (kg h a ' ^ y r " ) and n u t r i e n t o u t p u t 
+ S E. (kg h a ^ ^ y r ' ^ ) from c r o p h a r v e s t . 
V a l u e s i n p a r e n t h e s e s a r e f o r l o s s e s due t o p r u n i n g . 

Crop Y i e l d N P K Ca Mg 

Coffee 496 + 35 1 1 . 9 ^ 0 .84 0 .9 ^ 0 .07 8 . 9 + 0 . 6 3 2 . 0 + 0 .14 3 . 7 + 0 . 2 6 
(875 + 6 2 ) ( 5 3 . 7 ^ 3 . 8 0 ) ( 1 . 0 + 0 . 0 5 ) (16 . 2+1 . 30 ) (2 2 .5+ 1 . 03 ) ( 1 2 . l 5 o . 2 l ) 

Tea 1316 +956) 316 +22 .94 ) 1 0 . 7 + 0.77 1 2 3 . 8 + 9 . 1 1 5 4 . 1 + 1 1 . 8 5 ) 1 2 5 . 1 + 9 . 0 8 
(437 "±38) ( 2 8 . 0 ^ 2 . 5 2 ) ( 1 . 7 ^ 0 . 8 8 ) (9 . 6^0 . 40) (11 . 5_+ 0 . 7 3 ) (9.0^+0.28) 

p i n e a p p l e w i t h - 3 1 6 5 J-267 9 0 . 2 + 7 .61 4 . 1 ^ 0 .35 4 6 . 5 + 3 . 9 2 17.4^- 1.47 1 6 . 8 j t l « 4 2 
o t h e r c r o p s , "" "" 

G i n g e r 2425 + 186 7 2 . 5 + 5 .56 1.9 + 0.15 34.7_+2.7 1 0 . 2 + 0 .78 1 7 , 0 + 1 . 3 0 

CO 



Table 2.11. Input-output ana lys i s of^nitrogen and phosphorus 
(In parentheses) {leg ha~ yr~^) in p lan ta t ion /cash 
crop ecosystems. 

I n p u t 
P r e c i p i t a t i o n 

S t e m f l o w and t h r o u o h -
f a l l . 

F e r t i l i z e r 

Weed p u t b a c k 

L i t t e r f a l l 

Crop r e s i d u e 

P r u n i n g 

T o t a l (a ) 

O u t p u t 

R u n - o f f 

P e r c o l a t i o n 

S e d i m e n t 
Crop r e m o v a l 
L i t t e r f a l l 
Weed r e m o v a l 
P r u n i n g 
T o t a l (b ) 
D i f f e r e n c e ( a - b ) 

C o f f e e 

0 

0 . 6 4 ( 0 . 0 6 ) 

9 6 . 6 4 ( 5 8 . 8 8 ) 

2 6 . 2 ( 1 . 9 7 ) 

9 7 . 7 ( 3 . 9 ) 

0 

1 5 . 6 6 ( 0 . 5 7 ) 

2 3 6 . 8 ( 6 5 » 4 ) 

3 . 0 3 ( 0 . 6 9 ) 

3 . 8 0 ( 0 . 2 2 ) 

0 . 2 4 ( 0 . 0 2 ) 
1 1 . 9 0 ( 0 . 9 4 ) 
9 7 . 7 ( 3 . 9 ) 
2 6 . 2 ( 1 . 9 7 ) 
5 3 . 6 7 ( 1 . 0 1 ) 

1 9 6 . 6 ( 8 . 7 ) 
4 0 . 2 ( 5 6 . 7 ) -

Tea 

0 

0 . 5 2 ( 0 . 0 3 ) 

1 6 0 . 0 ( 8 0 ) 

9 1 . 7 5 ( 7 . 4 9 ) 

1 0 0 . 1 ( 4 . 7 ) 

0 

2 8 . 0 ( 1 . 7 ) 

3 8 0 . 4 ( 5 3 . 9 ) 

6 . 6 1 ( 2 . 5 6 ) 

2 . 2 8 ( 0 . 3 0 ) 

0 . 5 8 ( 0 . 0 2 ) 
3 1 6 ( 1 0 . 6 6 ) 

1 0 0 . 1 ( 4 . 7 ) 
9 1 . 7 5 ( 7 . 4 9 ) 
2 7 . 9 5 ( 1 . 6 5 ) 

5 4 5 . 3 ( 2 7 . 2 ) 
1 6 4 . 9 ( 6 6 . 7 ) 

PineapF 
o-ther c 

0 . 4 4 

0 

0 

1 0 0 . 9 

0 

5 0 . 6 

0 

1 5 1 . 9 

1 . 0 5 

2 . 2 8 

0 , 0 6 
9 0 . 2 0 

0 
1 0 0 . 9 

0 
1 9 4 . 4 

- 4 2 . 5 

) l e w i t h 
:rops 

( 0 , 0 4 ) 

( 7 . 5 5 ) 

( 4 . 5 ) 

( 1 2 . 1 ) 

( 0 , 6 1 ) 

( 0 , 1 9 ) 

( 0 , 0 0 5 ) 
( 4 , 1 4 ) 

( 7 . 5 5 ) 

( 1 2 , 5 ) 
( - 0 . 4 ) 

Ging 

0 . 4 4 

0 

1 0 8 . 3 6 

2 9 5 . 7 

0 

1 2 . 0 1 

0 

4 1 6 . 5 

6 . 1 

8 . 3 8 

3 . 7 4 
7 2 . 5 0 

0 
? 9 5 . 7 

0 
3 8 6 . 4 

3 0 . J 

l er 

( 0 . 0 4 ) 

( 1 0 7 . 6 4 ) 

( 1 9 . 1 ) 

( 0 . 7 6 ) 

( 1 2 7 . 5 ) 

( 1 . 6 8 ) 

( 1 . 0 ) 

( ' ) . 2 2 ) 
(1 . 9 2 ) 

( 1 9 . 1 ) 

( 2 3 . 9 ) 
( 1 0 3 . 6 ) 

<J5 
CD 



1 , 
2 . 

3 . 
4 . 
^ • 
5 . 
6 . 
7 . 

1 . 
2 . 
3 . 
4 . 
5 . 
6 
7 . 

I n p u t s 
P r e c i p i t a t i o n 
S t e m f l o w and 
t h r o u g h f a l l 
F e r t i l i z e r s 
Weed p u t back 
L i t t e r f a l l 
Crop r e s i d u e 
P r u n i n g 
T o t a l (a) 
Output 
R u n - o f f 
P e r c o l a t i o n 
S e d i m e n t 
Weed r e m o v a l 
Crop r e m o v a l 
L i t t e r f a l l 
P r u n i n g 
T o t a l (b) 
D i f f e r e n c e 

( a - b ) 

K 

0 

5 . 3 6 
-

1 3 . 6 
26 .7 

9 . 2 
5 4 . 9 

2 2 . 0 1 
9 . 4 5 
0 . 7 8 

1 3 . 6 
8 . 9 

26 .7 
1 6 . 2 
97 .6 

- 4 2 .7 

T a b l 

C o f f e e 

Ca 

0 

3 . 0 
• 

1 2 . 9 
4 3 . 8 

8 .3 
6 8 . 0 

1 0 , 8 3 
3»84 
1.53-. 

1 2 . 9 
2 . 0 

4 3 , 8 
1 2 . 1 
8 7 . 4 

- 1 9 . 4 -

e 2 . 1 2 . 

Mg 

0 

2 .57 
— 

9 . 8 
24 .8 

8 . 0 
4 5 . 2 

8 .97 
2 . 3 3 

• 0 . 9 6 
9 . 8 
3 . 7 

2 4 . 8 
1 2 . 1 
62 .6 

. 1 7 . 4 

I n p u t - o u t p u t a n a l y s i s o f c a t i o n s (kg 
p l a n t a t i o n / c a s h 

Tea 

K 

0 

4 . 5 9 
1 6 0 

4 4 . 6 
2»^8 

9 . 6 
2 44 

5 4 . 6 7 
5 . 9 0 
2 . 6 8 

4 4 . 6 
1 2 3 . 8 

2 5 . 2 
9 . 6 

2 6 6 . 4 
- 2 2 . 4 -

Ca 

0 

2 . 2 4 
— 

3 2 . 6 
3 3 . 6 

1 1 . 4 5 
7 9 . 9 

2 6 . 0 
3 . 0 
1 . 1 9 

3 2 . 6 
1 5 4 . 1 

3 3 . 6 
1 1 . 4 5 

2 6 1 . 9 
1 8 2 . 0 -

c r o p e c o s y s t e m s . 

Mg 

0 

3 .24 
. 

2 6 . 6 
2 4 . 7 

8 . 0 
6 3 . 5 

3 6 . 9 4 
4 . 5 5 
2 . 1 3 

2 6 . 6 
1 2 5 . 1 

2 4 . 7 
9 . 0 

2 2 9 . 1 
- 1 6 5 . 6 -

h a ' ^ y r " 

P i n e a p p l e w i t h 
o t h e r 

K 

1 . 7 6 

_ 
— 

5 4 . 5 

2 2 . ? 
-

7 8 . 7 

1 5 . 1 5 
3 . 8 
0 . 4 5 

5 4 . 5 
4 6 . 5 

-
-

1 2 0 . 4 
. 4 1 . 7 -

c r o p s 
Ca 

0 . 7 9 

— 
-. 

4 9 . 8 

1 2 . 5 
-

6 2 . 9 

8 . 0 1 
2 . 3 3 
0 . 3 0 

4 9 . 8 
1 7 . 4 

-
-

7 7 . 8 
- 1 4 . 9 

Mg-

0 . 9 7 

• 
-

3 2 . 6 

1 1 . 5 
— 

4 5 . 1 

6 .32 
1 .6 2 
0 . 2 4 

3 2 . 6 
16 .8 

-
-

5 7 . 6 
- 1 2 . 5 

• 1 ) 

G i n q e r 

K Ca 

1 . 7 6 0 . 7 9 

. . — 
1 0 7 . 6 1 0 . 1 
1 2 3 . 8 1 3 6 . 3 

7.'09 2 . ?7 
— — 

2 4 0 . 3 1 4 9 . 8 

4 1 . 0 3 1 2 . 9 4 
1 5 . 8 6 6 . 3 6 
1 6 . 4 1 1 3 . 4 6 

1 2 3 . 8 1 3 6 . 3 
3 4 . 7 1 0 . 2 

- -
- -

231 .8 1 7 9 . 2 
+ 8 . 5 - 2 9 . 4 

Mg 

0 . 9 7 

— 
1 2 . 2 
9 8 . 3 

4T72 
— 

1 1 6 . 2 

1 0 . 8 6 
5 . 5 8 
9 . 1 c 

9 8 . 3 
1 7 . 0 

— 
-

1 4 0 . 8 
- 2 4 .6 

^ 
0 
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The total quantity of nutrients removed 

due to crop hdrvest was markedly higher (P<.0.05) 

under tea plantation, followed by pineapple with 

other crops (Table 2.10). In coffee plantation, the 

nutrient lost due to pruning was about one and half 

to two times more than in tea. 

The input/output analysis ©f cropping systems 

with respect to nitrogen and phosphorus are shown in 

Table 2 .11 . Tea and pineapple with otier crops showed 

greater output of nitrogen compared to input whereas 

the reverse was true for coffee and ginger. 

Phosphorus input was generally higher than due output 

in all systems except pineapple with otl^r crops 

where input and output almost equalled. 

Cations input/output pattern showed that the 

output always exceeded input in all the systems 

except ginger where potdssium output was less than 

input (Table 2.12). Net loss was minimal for 

potassium under tea and maximal for coffee, closely 

followed by pineapple with other, crops . Loss of 

calcium and magnesium was maximum under tea 

plantation than in others . 
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DISCUSSION 

Al l the p l a n t a t i o n / c a s h crops (coffee, t e a 

g i n g e r and p ineapple wi th oth«jf c rops ) are r a i s e d 

on t e r r a c e s except t e a t h a t i s r a i s e d on s l o p e s . 

Except f o r p ineapple with other c r o p s , a l l the 

o the r t h r e e crop systems r ece ive i n o r g a n i c 

f e r t i l i s e r . Ginger, i n add i t i on , als© rece ived 

organic manure as an a d d i t i o n a l i n p u t . Pineapple 

with other crops on t h e o t h e r hand rece ived n o n ^ 

Due t« d i f f e r e n c e s i n c u l t u r a l p r a c t i c e s and 

a l s o because of use of weedicides in t e a , weed 

p o t e n t i a l in the crop ecosystems d i f f e r e d 

s i g n i f i c a n t l y . Dense canopy with heavy shade under 

co f fee and absence of f e r t i l i e e r use under p ineapple 

wi th <»^her c rops , both caused reduced weed 

p o t e n t i a l in these compared t o g inge r which with 

heavy f e r t l i z e r a p p l i c a t i o n of t he s o i l promoted 

weed growth . 

In t r a d i t i o n a l s h i f t i n g a g r i c u l t u r e system 

weed biomas'- i s r ecyc led i n t o agroecosystem a f t e r 

removal thus c o n t r i b u t i n g to n u t r i e n t conserva t ion 

i n the system (Chacon & Gleissman, 1982; Mishra & 

Ramakrishnan, 1984; Swamy, 1986) , Following t h i s 
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t r ? d i t i o n a l u s e of weed by t h e s h i f t i n g a g r i c u l t u r e 

f a r m e r s , e v e n i n t h e s e s e d e n t a r y p l a n t a t i o n / c a s h 

c r o p s y s t e m s , t h e weed b i o m a s s i s p u t b a c k as m u l c h , 

w h i c h w^.s more i n g i n g e r t h a n i n o t h e r s . A p a r t f rom 

n u t r i e n t r e l e a s e d u r i n g d e c o m p o s i t i o n of t h e weed 

b i o m a s s t h e s u r f a c e m u l c h a l s o h e l p s i n p r e v e n t i n g 

s o i l a n d n u t r i e n t l o s s e s t h r o u g h r u n - o f f (Toky & 

R a m a k r i s h n a n , 1 9 8 1 b ; M i s h r a & R a m a k r i s h n a n , 1 9 8 3 a ) 

N u t r i e n t r e c y c l i n g i n c o f f e e and t e a 

p l a n t a t i o n . i s a l s o b e c a u s e o f l i t t e i f a l l from t h e r e 

t w o s p e c i e s as w e l l a s f rom t h e s h a d e t r e e s p e c i e s 

s u c h as n a t u r a l l y o c c u r r i n g Sch ima v# a l l i c h i i and 

B a u h i n i a p u r p u r e a i n c o f f e e p l a n t a t i o n and p l a n t e d 

A l b i ? z i a o d o r a t i s s i m a i n t e a p l a n t a t i o n . 

L e a f f a l l i n c o f f e e i s l a r g e l y from m a t u r e 

l e a v e s o c c u r r i n g t h r o u g h o u t t h e y e a r w i t h maximum 

f a l l d u r i n g F e b r u a r y - M a r c h . L e a f f a l l i n Sch ima 

w a l l i c h i i and B a u h i n i a p u r p u r e a a l s o p e a k e d d u r i n g 

F e b r u a r y - March . On t h e o t h e r h a n d , l e a f f a l l i n t e 

was b o t h t h r o u g h y o u n g l e a v e s d u r i n g p l u c k i n g (maxi 

i n A p r i l ) and t h r o u g h m a t u r e l e a f f a l l w h i c h p e a k e d 

d u r i n g F e b r u a r y . A j ^ e a s o n a l t r e n d w h e r e l i t t e r f a l l 

o e a k e d d u r i n g t h e d r y r e a s o n was a l s o f o u n d i n o t h e r 

t r o p i c a l r a i n f o r e s t s (Nye, 1 9 6 1 ; K l i n g e & R o d r i g u e s , 

a 

mum 
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loss . Even in coffee and tea plantations the 

losses could be substantial. This would seem to 

suggest that a multiple cropping system with a 

vertically layered crop mixture as in home gardens 

(Maikhuri, 1987) may be more appropriate to 

conserve nutrient in the system. With a high 

concentration of nutrients in the leaves, the output 

of nutrients from tea was substantial,comp_ired to others . 

Coffee plantation is not very successful in this area 

and therefore the economic yield was low (Chapter- 1) 

and the consequent low output of nutrients through 

crop harvest. 

Nitrogen and phosphorus budgets in plantation/ 

cish crop systems showed differences from the shifting 

agriculture thus, the loss of nitrogen after a year 

of cropping w is far less than under shifting agriculture 

(Mlshra & Ramakrishnan, 1984; Swamy & Ramakrishnan, 

1986a) . Coffee even showed a net gain in nitrogen. 

Except in pineapple with other crops, a net gain in 

phosphorus occurred in all the systems whilst under 

shifting agriculture losses were shown (Swamy & 

Ramakrishnan, 1986a) . Unlike under shifting agriculture 

where a net gain in cations occurred (Swamy & Ramakrishn 

1986b) because of its release through ash, under the 
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1968). However the contribution of nutrient by 

the young leaves of tea was more than through 

mature ones . 

Precipitation is an important source of 

nutrient input into forested ecosystem (Nye, 1961; 

Likens et.ajL., 1977; Swank and Henderson, 1976). 

The amount of water coming as throughfall and stemflow 

would depend largely on the canopy structure. 

Thus, coffee plantation had m-re quantities of water 

channelized through it than tea. Apart from canopy 

structure, the coffee plantation was older (25years) 

than tea (6 years) . 

The total amount of nutrients in stemflow 

in both was relatively low despite the higher 

concentrations, than in throughfall . This is due 

to the fact that the stemflow water was only a 

smaller proportion of the precipitation and hence 

its role as pathway for nutrient transfer was 

relatively minor (Monokaran, 1979). Such a higher 

throughfall percentage was also reported by other 

workers (Ovlngton, • 1962; Eaton et.a^., 1970; Poster 

and Gessel, 1972). 

Amongst all the elements potassium, a mono­

valent cation, was more mobile (Tokey et .al.,1958; 
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Gosz et .al ., 1975). The order of leaching •f 

elements through throughfal l and stemflow was 

^ > ^ > N 0 3 - N ; > P 0 4 - P . 

With coffee, pineapple with o ther crops 

and ginger being grown on t e r r aces , the losses 

through run-off water waS r e l a t i v e l y lower than tea 

grown on s l o p e s . However, losses from ginger grown 

©n t e r r aces prepared in to ridges and farrows was more beca­

use of the poor physical quat i ty of the so i l which 

was frequently d i s tu rbed . Frequent disturbances 

also occured in pineapple mixed with other crops . 

However, since the pineapple plants were closely 

planted along the margin of the t e r r a c e , and the 

other crops in middle, the former acted as a check 

to loss ©f sediment and n u t r i e n t s . 

In e a r l i e r s tudies on sh i f t ing agr icul ture 

system done ©n steep slopes of 30-40 angle, i t was 

shown t h a t percolat ion losses of nu t r i en t s from the 

system could be subs t an t i a l going upto as much as 

50% of the t o t a l (Mishra & Ram^rishnan, 1983a; Toky 

& Ramakrishnan, 1981b) . With t e r rac ing under mixed 

cropping with pineapple or under ginger the percolat ion 

losses of nitrogen, phosphorus and potassium could 

vary from j— to as high as two times of the run-off 
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p lan ta t ion /cash crops there was cons i s ten t ly net 

loss from the system. The ul t imate nu t r i en t s t a tus 

of the s o i l in March before the crop growth phase and 

in December (February in case of coffee) af ter crop 

harvest i s a consequence of the balances achieved 

af ter accounting the inputs and outputs from the 

system. That is one of the reasons why no d i s t i n c t 

pa t te rns in s o i l n u t r i e n t levels could be recognized 

between the crop systems or for the d i f ferent elements. 

With weed biomass being put back into the system, 

not only the nu t r i en t^a re conserved but the weed 

biomass also protected the nu t r ien ts from loss 

through water . A major d i f f i cu l ty with thePl*nt-> 

a t ion/cash crop ecosystems, however, i3 the need for 

a heavy input of inorganic f e r t i l i z e r s . The 

p o s s i b i l i t i e s of e f fec t ive recycling of resources 

in there ecosystems need to be explored . I 



78 

SUMI-1ARY 

T h e f o u r p l a n t a t i c n / c a s h c r o p s y s t e m s h a d 

d i f f e r e n i n g weed p o t e n t i a l r e l a t e d t o c u l t u r a l 

p r a c t i c e s . The i n p u t o f n u t r i e n t s i n t o t h e s e 

e c o s y s t e m s d i f f e r e d d e p e n d i n g upon t h e weed 

b i - m a s s p u t b a c k , t h e l i t t e r f a l l and i n p u t of 

n u t r i e n t s from e x t e r n a l s o u r c e s . I n t h e c a s e 

o f c o f f e e and t e a , t h r o u g h f a l l and s t e m f l o w 

i n p u t s a l s o o c c u r r e d . The l o s s e s f rom t h e 

s y s t e m v a r i e d d e p e n d i n g upon t h e p l a n t c o v e r * 

h a r v e s t i n g p r o c e d u r e s ;nnd t h e f e r t i l i z e r 

i n p u t s , w i t h g a i n o r l e s s from t h e s y s t e m a t 

t h e e n d o f a c r o p p i n g y e a r . The s i g n i f i c a n c e 

o f t h e r « r e s u l t s a r e d i s c u s s e d . 



CHAPTER 3 

ECONOMIC YIELD AND ENERGY EFFICIENCY OF 

AGROECOSYSTEMS OF THE APATANI TRIBE OF 

ARUNACHAL PRADESH IN NORTH-EAST INDIA . 
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INTRODUCTION 

Smal l f a rmers i n t h e wet t r o p i c s concen­

t r a t e upon r i c e c u l t i v a t i o n t o o b t a i n t h e i r 

b a s i c food needs b e c a u s e r i c e * l i k e sugarcane^ 

m a i z e and t u b e r c r o p s i s one w i t h a p a r t i c u l a r l y 

h i g h c a l o r i e c o n t e n t (P inck , 1 9 7 0 ) , These 

t r a d i t i o n a l sys t ems b a s e d on t e c h n o l o g y d e v e l o p e d 

o v e r many/ g e n e r a t i o n s (Schul tz* 1964) a r e o f t e n 

e n e r g y e f f i c i e n t as shown t h r o u g h many s t u d i e s done 

i n d i f f e r e n t p a r t s of w o r l d (Rappapor t / 1971 ; 

S t e i n h a r t and S t c i n h a r t , 1974) and as a l s o shown 

t h r o u g h many o f - f o u r ) s t u d i e s i n n o r t h - e a s t I n d i a 

(Mish ra and Raraakr ishnan, 1 9 8 1 ; Toky and R a m a k r i s h -

n a n , 1982) . Though m e c h a n i z a t i o n of a g r i c u l t u r e 

has i n c r e a s e d p r o d u c t i o n p o t e n t i a l of s i t e 

( P i m e n t e l e t . a l . , 1 9 7 4 ; FAO, 1 9 7 7 ) , /They a r e 

i n e f f i c i e n t i n t e rms of ene rgy u s e and a r e b a s e d 

l a r g e l y on f o s s i l f u e l energy i n p u t s and l e s s l a b o u r 

i n t e n s i v e , and t h e r e f o r e c o u l d l e ^ e ^ t o unemployment 

o r underemployment i n d e v e l o p i n g c o u n t r i e s where 

l a b o u r i s cheap and a b u n d a n t ( N a t i o n a l P r o d u c t i v i t y 

C o u n c i l , 1 9 7 3 ) . 

Wet c u l t i v a t i o n of r i c e i n i r r i g a t e d v a l l e y s and 

on s l i g h t l y t e r r a c e d l a n d around t h e v a l l e y s i s a 

t r a d i t i o n a l and i m p o r t a n t l and u s e sys tem a long wi th 
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dry cu l t i va t ion of mi l l e t on r o l l i n g dry h i l l 

tops prac t i sed by the Apatanis in Arunachal 

Pradesh in nor th-eas t India . These agroecosystems 

are fundamentaly d i f fe ren t from those of other 

t r i b e s of nor th-eas t India who p rac t i ce t r a d i t i o n a l l y 

s h i f t i n g agr icu l tu re (Ramakrishnan e t . a l ./1981a; 

Ramakrishnan, 1984a) This s e t t l ed form of agr icu l tu re 

has often been quoted by the Governmental agencies 

in the region aS an example for adoption by the 

sh i f t i ng agr icu l tu re farmers of t he region and as 

an a l t e r n a t i v e land use system. However th is 

ag r i cu l tu re has not found acceptance from other 

t r i b a l communities as a possible a l t e rna t ive s t ra tegy 

The present study* therefore was i n i t i a t e d 

in t h i s context to evaluate* 

( i ) The organization of the cropping system, 

( i i ) The ecological and economic eff ic iencies of the 

system through energy and monetary analysis , 

(iii) The factors t h a t make thife land use system 

sus ta inab le on a long term Dasis and, (iv) The 

i n a p p l i c a b i l i t y of t h i s as an a l t e r n a t i v e land use 

for sh i f t ing a g r i c u l t u r e . 
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STUDY AREA AND CLIMATE 

T h i s s t u d y was d o n e a t Z i r o ( 2 7 ° 3 6 ' N 9 3 ' 4 9 E) 

o f t h e l o w e r S u b a n s i r i D i s t r i c t a t an e l e v a t i o n 

o f 1572 m i n A r u n a c h a l P r a d e s h . The c l i m a t e i s 

t y p i c a l m o n s o o n i c w i t h a b o u t 75% of t h e t o t a l 

a n n u a l r a i n f a l l (1758 mm) o c c u r r i n g d u r i n g May 

t o S e p t e m b e r . Monsoon i s f o l l o w e d by a 

r e l a t i v e l y d r y w i n t e r * March a n d A p r i l r e p r e s e n t i n g 

t h e b r i e f d r y sumnner s e a s o n . A v e r a g e m o n t h l y 

maximum a n d minimum t e m p e r a t u r e s d u r i n g t h e 

summer m o n t h s w e r e 2 4 . 1 ' C and 1 2 . 7 ' C w h e r e a s 

t h e y j w e r e ' 17 .O 'C and 2 . 8 ' C r e s p e c t i v e l y d u r i n g 

t h e w i n t e r . 

DESCRIPTION OP ARGOECOSYSTEMS 

Wet r i c e c u l t i v a t i o n : 

Two v a r i e t i e s o f r i c e a r e grown by t h e 

A p a t a n i s aS p a r t o f t h e w e t c u l t i v a t i o n of r i c e 

i n t h e v a l l e y s y s t e m . L a t e v a r i e t y o f r i c e a l o n e 

b u t m o s t l y a s s o c i a t e d w i t h p i s c i c u l t u r e as an 

i n t e g r a t e d s y s t e m i s l o c a t e d i n t h e v a l l e y s c l o s e r 

t o t h e v i l l a g e . Along t h e p e r i p h e r y o f t h e v a l l e y 

w i t h s l i g h t l y f o r m e d t e r r a c e s e a r l y r i c e v a r i e t y 

b u t w i t h o u t p i s c i c u l t u r e c o u l d o c c u r . M i l l e t 
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(E leus ine coracana) grown along with r i c e i s 

conf ined t o bunds ( p a r t i t i o n s ) between the p l o t s 

o r i n p l o t s on h i l l t o p s . 

P repa ra t ion of the land in the Apatani 

v i l l a g e s t a r t s from February wi th sur face 

a p p l i c a t i o n of r i c e husk der ived from the previous 

c ropping y e a r . The e x i s t i n g water channels are 

r e p a i r e d by the community as a c o l l e c t i v e e f f o r t . 

Water from the h i l l s lopes and from the v i l l a g e 

i t s e l f i s c h a n n e l i z e d . H a n d t i l l i n g i s followed 

by l e v e l l i n g ground a f t e r f i l l i n g up the p l o t 

w i t h water , only where ea r ly v a r i e t y of r i c e i s sown 

Rice seed l ings a r e t r a n s p l a n t e d in A p r i l - May from 

n u r s e r y beds r a i s e d s e p a r a t e l y dur ing March-Apr i l . 

S imul taneous ly , seeds of m i l l e t (Eleusine coracona) 

a r e d ibbled along t h e bund ( p a r t i t i o n s ) between the 

p l o t s . Fish f i n g e r l i n g s a re in t roduced i n t o the 

p l o t s i f i t i s a p a r t of t he a g r i c u l t u r a l sys tem. 

Weeding i s done a t r e g u l a r monthly i n t e r v a l s and 

wate r flow i s c o n t r o l l e d through manipulat ion of 

bamboo s l u i c e . 

While e a r l y v a r i e t y of r i c e and mll")et a re 

h a r v e s t e d during August-September i t s e l f . The l a t e 

v a r i e t y where grown i s ha rves t ed only in October . 

However, f ish c u l t u r e along with l a t e r i c e v a r i e t y 

i s ha rves ted in August . 
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Dry mi l l e t c u l t i v a t i o n ! 

Mil le t cu l t i va t ion on h i l l tops recieve 

an applicat ion of organic manure. Before the 

seed i s dibbled a t regular i n t e rva l s in the 

month of May. Weeding i s done twice, f i r s t 

a f t e r 15-days a f t e r 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 i n i t i a l appl icat ion 

of organic manure in the p lo t in February, potato 

i s sown while other turber crops are sown in March. 

2ea may^ and Eleusine coracana seeds are dibbled 

in May af ter the onset of monsoon whereas 

vegetable and f r u i t crops are planted in June-July. 

Weeding i s done 2-3 times during the cropping season. 

A sequent ia l harvest ing of crops s t a r t i ng with the 

harves t of pota to in May extended upto November-December 
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METHODS OF STUDY 

A g r i c u l t u r e p l o t s w i t h c u l t i v a t i o n of 

e . r l y and l a t e v a r i e t y o f r i c e l o c a t e d w i t h i n and 

o u t s i d e t h e v i l l a g e b o u n d a r y w e r e s e l e c t e d * M i l l e t 

c u l t i v a t i o n u n d e r d r y l a n d c r o p p i n g and k C t c h e n 

g a r d e n p l o t s w e r e a l s o s e l e c t e d . Each of t h e s e 

d i f f e r e n t c a t e g o r i e s h a d t h r e e r e p l i c a t e p l o t s . 

D e n s i t y and b a s a l a r e a o f c r o p p l a n t s w e r e 

n- ieasured b e f o r e c r o p h a r v e s t u s i n g t w e n t y r a n d o m l y 

p l . i c e d Im ^ U ' H d r a t e s f o r r i c e and m i l l e t and Sm'̂  

f o r t h e k i t c h e n g a r d e n . Economic y i e l d m e a s u r e m e n t 

a r e b a s e d on an a v e r a g e of 15 i n d i v i d u a l s o f e a c h 

c r o p S p e c i e s . Economic y i e l d p e r h e c t a r e was t h e n 

c o m p u t e d u s i n g t h e d e n s i t y v a l u e s o b t a i n e d f o r each 

c r o p s p e c i e s . 

The m o n e t a r y i n p u t - o u t p u t a n a l y s i s was d o n e 

on t h e b a s i s o f p r e v a i l i n g r a t e s o f wages f o r l a b o u r , 

•?.t t h e r a t e o f Rs . 9 f o r t h e f e m a l e and Rs . 11 

f o r t h e m a l e . The t o t a l e c o n o m i c y i e l d was 

c o n v e r t e d i n t o r u p e e s on t h e b a s i s o f p r e v a i l i n g 

m a r k e t p r i c e . Economic e f f i c i e n c y was e v a l u a t e d 

a s o u t / i n p u t r a t i o . 
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Labour inout in m^n.hours w^s recorded 

under each agroecosystem. Total food energy 

consumed was apportioned to each a c t i v i t y (Leach, 

1976) according to r e l a t i v e duration on the basis 

of grouping^ involving e i the r 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 

adu l t female, were used to ca l cu la t e the labour 

energy input in to the system (Gopalan e t . a t . , 1 9 7 8 ) . 

The input of energy through seeds was calculated 

on the basis of t o t a l energy expended to produce 

tha t f ract ion of crop y i e l d . The foss i l fuel 

equivalents given in Table 3.1 were used to ca lcu la te 

the replacement cos t of the organic manure in terms 

of f o s s i l fuel energy. For ca lcu la t ing the out ­

put of energy under d i f fe ren t agroecosystems 

the t o t a l economic y i e ld of the various crops 

was converted in to megajoules of energy by 

mult iplying with standard values of various edible 

par t s of crops as given in Table 3 . 1 . The energy 

ef f ic iency was ca lcula ted aS the output/ input 

r a t i o . 

Plant components (edible and non-edible) 

were sampled separa te ly during hairvesting for 
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T a b l e 3 . 1 . E n e r g y v a l u e f o r d i f f e r e n t i t e m s 
c o n s i d e r e d i n a g r o e c o s y s t e m . 

I t e m s E n e r g y v a l u e 
( MJ ) 

G r a i n s 16 .31 

F r u i t s 1 4 . 9 4 

L e a f y v e g e t a b l e s 1 3 . 7 7 

T u b e r a n d rhizyame c r o p s 1 3 . 7 7 

F i s h 4 .7 
2 

C o s t o f p r o d a c t i o n 

N 7 9 . 9 9 

P^O^ 1 3 . 9 5 
2 b 

K2O 9.97 

Replacement cost 

Rice husk 1.0 

Organic manure 1.4 

•^Gopalan et .al ., 1978. 
^Fimentel et.al., 1973. 
^Percentage of N, Pj,Og and K^O in the 
rice husk and organic manure was 1,0.2 
and 1.8 and 1.4, 1.2 and 1.2 respectively. 



87 

chemical ana lys i s . Soi l (0-7 cm) was also 

sampled from ten random points a f t e r the crop 

h a r v e s t . Available phosphorus was measured in 

fresh s o i l sample, co lo r ime t r i ca l ly , by ammonium 

molybdate.method a f t e r extract ion with Bray and 

Kurtz ' s solution (1945). The s o i l was a i r dr ied, 

ground and passed through a 2 mm s ieve , and s tored 

in polythene j a r s for subsequent ana lys i s . Ele­

mental analysis was done following standard proce­

dures (Allen e t . a l . , 1 9 7 4 ) . Thus, organic carbon 

was determined by Walkey-Black method, nitrogen 

was estimated by micro-Kjeldaul method. Cations 

were extracted with IM ammonium ace ta te solution 

a t PH 7. Potassium was estimated with flame-

emmission method and calcium and rn^gnesium by 

EDTA t r i t r a t i o n . Oven dried p lan t samples were 

ground to powder and passed through a 0.5 mm s ieve . 

After wet digestion with t r i p l e acid (Allen e t . a l . , 

1974) ni t rogen, phosphorus and potassium were 

analysed as so i l samples. 



Table 3 .2, 

Elements 

Mean c o n c e n t r a t i o n of n u t r i e n t s jh S .E . in 
0-7 cm s o i l p r o f i l e of d i f f e r e n t ag roeco-
systems of Apatanis in n o r t h - e a s t I n d i a . 

Rice 
Within the 
village 

Kitchen garden M i l l e t 
Outs ide the 
v i l l a g e 

c 
N 

P ( 

K 

(%) 

(%) 

mglOOg 

(mg 10 

-h 
o5^) 

Ca (mg lOOg ) 

Mg (mg lOOg""'-) 

2 . 3 ± 0 . 2 

0 . 3 + 0 . 0 2 

0 . 1 1 + 0 . 0 1 

2 5 . 0 + 1 .2 

112 .5 + 9 .4 

3 2 . 5 + 1 .2 

1 . 4 + 0 . 0 9 

0 .2 + 0 . 0 2 

0 . 0 9 + 0 .01 

1 5 . 0 + 0 . 8 

6 7 . 5 + 3 .2 

2 7 . 5 + 0 . 8 

2 . 2 + 0 . 2 

0 . 3 + 0.03 

O . l l j t 0 .01 

1 7 . 5 + 1 .3 

9 7 . 5 + 6 .8 

42.5 + 1 .9 

1 ."̂  + 0 .09 

0.2 + 0 .01 

0.07 • 0 .007 

15 .0 + 1 .0 

57 .5 + 1 .4 

17.5 + 0 .8 

CO 
cc 



Table 3.3* Dens i ty , basa l area and mean economic y i e l d + S E 
of r i c e agroecosystem of Apatanis in n o r t h - e a s t 
I n d i a , Values in paren theses a r e fo r E leus ine 
coracawa. 

Agroecosystem Density Basal a rea _ Mean economic y i e l d 
-2 2 - 2 -T —T (p lan t m ) (cm m ) q p l a n t kg ha 

Within t h e v i l l a g e i 
Rice ( l a t e v a r . ) ^ 32 (112) 400 (25.7) 12 .7+0 .4(2 .8+0 .1) 4064+141(102.5+3.7) 

Outs ide t h e v i l l a g e s 
Rice ( ea r ly v a r . ) 48 (104) 216 (23.9) 7 .2+0 .3 (2 .4+0 .1 ) 3456+163(129,5+5.9) 

Rice ( l a t e v a r . ) ^ 44 (112) 374 (25.7) 8 .8+0 .3 (2 .8+0 .1 ) 3872+152(102.5^3.7) 

1 - 1 2 2 
Average bund a r e a ha r i c e p l o t was 519 m and 327 tn 
r e s p e c t i v e l y i n e a r l y and l a t e v a r i e t i e s . 

•'Tish product ion where i t was involved was 48 kg ha 

CD 
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RESULTS 

A c o m p a r a t i v e s t u d y of s o i l n u t r i e n t s t a t u s 

u n d e r d i f f e r e n t a g r o e c o s y s t e m s of t h e Apa t an i 

t r i b e showed s i g n i f i c a n t d i f f e r e n c e s depend ing 

upon t h e a g r o e c o s y s t e m t y p e (Table 3 , 2 ) . The 

r i c e p l o t s c l o s e r t o t h e v i l l a g e were n u t r i t i o n a l l y 

r i c h e r (P<.0.05) t h a n t h o s e o u t s i d e . The s o i l 

u n d e r k i t c h e n g a r d e n was a l s o n u t r i t i o n a l l y r i c h 

b u t on ly n e x t t o p l o t s u n d e r r i c e c l o s e r t o t h e 

v i l l a g e . The p l o t s u n d e r m i l l e t c u l t i v a t i o n had 

l o w e r s o i l n u t r i e n t s t a t u s (P<0,05) compared t o 

k i t c h e n g a r d e n . 

R i c e p l o t s c l o s e r t o t h e v i l l a g e had lower 

d e n s i t y and h i g h e r b a s a l a r e a compared t o t h o s e 

o u t s i d e (Table 3 , 3 ) , The fo rmer had s i g n i f i c a n t l y 

h i g h e r (P<10,05) economic y i e l d p e r p l a n t as 

compared t o t h o s e i n p l o t s o u t s i d e t h e v i l l a g e . 

T o t a l economic y i e l d of t h e l a t e v a r i e t y of r i c e 

was n o t s i g n i f i c a n t l y d i f f e r e n t i n p l o t s w i t h i n and 

o u t s i d e t h e v i l l a g e . However, economic y i e l d 

d i f f e r e d s i g n i f i c a n t l y (P<0,05) between e a r l y and 

l a t e v a r i e t i e s . Economic y i e l d of E l e u s i n e 

c o r a c a n a from bund was c o m p a r a t i v e l y more i n t h e 

p l o t of e a r l y v a r i e t y of r i c e as compaied t o l a t e 

v a r i e t y . P i s c i c u l t u r e d i d n o t a f f a c t t h e y i e l d of 
r i c e . 



T a b l e 3,4 Dens i ty , basa l a rea and rrean ecf',noTic y i e l d + S.E 
of 'kitchen garden and m i l l e t ag roecosys tem of 
Apatanis in n o r t h - e a s t I n d i a , 

Crop Densi ty 
(p lan ts 

-2v 
Basal area 
, 2 - 2 . 
(cm Ti ; 

Mean economic yield 

g plant kg ha 

Kitchen garden 

Grain and seed 

Eleusjne coracana 

Zea mays 

Leafy and fruit vegetables 

Brassica olera:% 

Capsicum frutesence 

Cucurbita maxima 

Cucumis sativa 

Dolichos lablab 

Lycopersicum esculentam 

Solanum melonqena 

Tuber and rhizome crops 

Colocasia antiquorum 

Manihot esculentus 

Solanum tuberosum 

Zingiber officinal 

Killet Cultivation 

Eleusinecorac ana 

12 

3.5 

0*3 

0*3 

0.03 

Oi03 

0*02 

0.07 

0.01 

O . O R 

0*04 

0.6 

0.01 

70 

3.7 

12.6 

0,01 

0.23 

0.05 

0.05 

0.02 

0.05 

0.02 

0-16 

0.02 

1.06 

0.04 

3.6 

66.4 

65.6 

3.4 

115i6 

98.9 

270 

10.5 

112 

98.2 

546 

46 

40.3 

_+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

_+ 

+ 

+ 

+ 

+ 

0.2 

3.2 

6i2 

0i2 

8.4 

8.9 

22 

1.0 

8.6 

5.4 

38.' 

2.2 

1.3 

38.5 2.9 + 0.2 

432 + 24 

2390 + 115.2 

196.8 + 18.6 

10.2 + 0.6 

34.7 + 2.5 

29.5 + 2.7 

54 + 4i4 

7.4 + Oi7 

11.2 + 0.9 

78.6 + 4.3 

218 + 15.3 

21^_± 13 
4.3 + 0.1 

2030 + 140 

CD 



Table 3.5 

92 
Cost-benefit analysis (Rs. ha~ yr" ) 
of r i ce agroecosystem of Apatanis in 
nor th-eas t Ind ia , Values in parentheses 
are for net r e t u r n . 

Production measures Within the v i l l a g e 

Late Var. 

Outside the villa-

g<̂  rlv var. Late var 

Input total! Rice 

Rice + millet 

Rice + millet + fish 

Labour : Rice 

Millet 

Fish 

Organic manure 

Seed: Rice 

Millet 

Fish 

Output total: Rice 

Rice + millet 

2481 
2551 

2753 

2163 

67 

102 

250 

68 

3 

100 

8941(6460) 

9102(6551) 

2677 

2798 

2337 

116 

250 

90 

5 

9603 (4946) 

7817 (5039) 

Rice + millet + fish 10062(7309) 

2899 

2969 

3171 

2349 

67 

102 

450 

100 

3 

100 

8518 
(5619) 

8679 
(5710) 

9639 
(6460) 

Economic efficiency 

Rice 3.60 

Rice + millet 3.57 

Rice + millet + fish 3.65 

2.84 

2.79 

2.94 

2<92 

3.04 
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Table 3.6. Cost- benefit analysis {^, ha" yr" ) 
of kitchen garden and millet 
agroecosystem of Apatanis in north­
east India, 

P r o d u c t i o n m e a s u r e s 

I n o u t T o t a l 

L a b o u r 

O r g a n i c manu re 

S e e d 

O u t p u t T o t a l 

( 3 r a i n and s e e d 

L e a f y and f r u i t 
v e g e t a b l e s . 

T u b e r and r h i z o m e 

K i t c h e n 
g a r d e n 

3162 

2580 

350 

232 

10524 

7882 

1081 

1561 

M i l l e t 
c u l t i v a t i o n . 

2212 

19<?2 

100 

120 

3350 

3 350 

-

crops 

Economic efficiency 3.33 1.51 



Fig. 3.1 Allocation pattern of labour for different 

activities under different agroecosysterns 

of Apatanis in north-east India* a# rice 

(late var) cultivation outside the village; 

b, rice (early var) cultivation outside the 

village; c, kitchen garden and d, millet 

cultivation . 1, Field preparation; 

2, Nursery; 3, Fertilizer; 4# Sowing; 5, 

Irrigation; 6, Weeding; 7, Harvesting and 

threshing; 8» Millet cultivation on bund 
c 

of rice plots and 9, Pi^iculture, 
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The chief emphasis in the kitchen garden 

was on grain and seed crops, accounting for about 

75% of total yield (Table 3.4). Mean economic 

yield per plant of Eleusine ooracana was signi­

ficantly lower (P^O.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 

econonnic efficiency of rice cultivated within the 

village was higher than that outside. 

The economic output from kitchen garden was 

very high and was comparable 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 Dy males (Fig.3.1). Weeding done by 

females contibuted to about 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 
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Table 3 .7 . Energy input-output pattern 
(MJ ha" yr" ) and efficiency 
of r i ce agroecosystem of Apatanis 
in north-eaSt I nd i a . 

P r o d u c t i o n measures . 

I n p u t t o t a l : R ice 
R i c e + m i l l e t 

Rice+mi.l l e t + f i s h 

Labour : Rice 
M i l l e t 

f i s h 
Organ ic manure 
Seed : Rice 

M i l l e t 

F i sh 
O u t p u t t o t a l : R i c e 

R i c e + m i l l e t 

R i c e + m i l l e t + f i s : 
Ene rgy e f f i c i e n c y 

O u t p u t / i n p u t r a t i o 
Rice 

R i c e + m i l l e t 

R i c e + m i t l e t + f i s h 

O u t p u t / l a b o u r h o u r 

R i c e 
R i c e + m i l l e t 

R i c e + m i l l e t + f i s h 

W i t h i n t h e O u t s i d e t h e 
v i l l a a e v i l l a q e 

L a t e v ^ r . 

846 .5 
8 7 0 . 2 
9 0 6 . 6 

713 

23 
36 

125 

8 . 5 

0 .7 
0 .4 

66284 
67956 

h63182 

7 8 . 3 

7 8 . 1 
7 5 . 2 

3 5 . 6 

3 5 . 4 

3 4 . 1 

F.arlv v a r . I ».te ' 

904.5 
946 .0 

<̂  

769 

40 

125 

10 .5 

1.5 

56367 

58480 
«• 

6 2 . 3 

6 1 . 8 
-

27 .6 

27 .4 

1027 .5 
1051. '^ 
10S7 .9 

786 

73 
36 

225 

16.5 

1 .0 
0.4 

63152 

64824 

65050 

61.=^ 

61.6 

59.8 

31 .2 
31 .2 
30 .1 
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T a b l e 3 .8 . E n e r g y i n p u t - o u t p u t p a t t e r n 
- 1 -1 (MJ h a y r ) and e f f i c i e n c y of 

k i t c h e n g=»rden and m i l l e t a g r o e c o -

s y s t e m o f A p a t a n i s i n n o r t h - e a s t 

I n d i a . 

P r o d u c t i o n m e a s u r e s K i t c h e n g a r d e n M i l l e t c u l t i v 

1037 

643 

336 

58 

3 3 1 0 9 

Enei-gy i n p u t . x T o t a l 

L a b o u r 

O r g a n i c 
m a n u r e 

Seed 

E n e r g y . o u t p u t j . j Q t a l , 

G r a i n and 
s e e d 

L e a f y a n d 

1774 

687 

1050 

37 

5 8 8 7 3 

46027 

4 9 06 
f r u i t 
v e g e t a b l e s 

T u b e r and 
r h i z o m e c r o p s 7 9 4 0 

E n e r g y e f f i c i en.cy 
~ " O u t p u t / i n p u t 3 3 . 2 3 1 . 9 

r a t i o . 

O u t p u t / l a b o u r 1 9 . 5 
h o u r . 
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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 labour hour, however, was minimal 

for early variety 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 Ni t rogen , Phosphorus and potassium loss 
(Kg. ha-^ y r . ~ ^ ) due to Crop h a r v e s t in 
d i f f e r e n t agroecosysterns of Apatanis in 
n o r t h - e a s t Ind ia 

I n p u t s 

N o n - e d i b l e 

R i c e h u s k 

W i t h i n t h e 
v i l l a g e R i c e 
( l a t e v a r i e t y ) 

N P K 

5 1 . 9 

1 . 0 

O r g a n i c m a n u r e 0 

T o t a l ( a ) 

O u t p u t 

C r o p h a r v e s t 
E d i b l e 

N o n - e d i b l e 

T o t a l ( b ) 

N e t l o s s 
l a - b ; ' 

5 2 . 9 

4 1 . 0 

6 1 . 6 

1 0 2 . 6 

4 9 . 7 

4 . 3 

0 . 8 

0 

5 . 1 

3 . 4 

5 . 1 

8 . 5 

3 . 4 

4 9 . 2 

2 . 3 

0 

5 1 . 5 

4 6 , 6 

5 7 . 9 

1 0 4 . 5 

5 3 . 0 

- cmr i 

e a r : 

N 

6 9 . 8 

1 . 0 

0 

7 0 . 8 

3 4 . 4 

6 9 . 8 

1 0 4 . 2 

3 3 . 4 

J t t t e -••-Lne v i l l i g - J 

Ly v a r i e t y 

P 

5 . 8 

0 . 8 

0 

6 . 6 

2 . 9 

5 . 8 

8 . 7 

2 . 1 

K 

9 4 . 1 

2 . 3 

0 

9 6 . 4 

3 9 . 5 

9 4 . 1 

1 3 3 . 6 

3 7 . 2 

5, W . c e 

l a t e v a r i e t y 

N 

4 2 . 5 

2 . 3 

0 

4 4 . 8 

3 9 , 0 

5 0 , 1 

8 9 . 1 

4 4 . 3 

P 

3 . 4 

1 . 8 

0 

5 . 2 

3 . 2 

4 . 0 

7 . 2 

2 . 0 

K 

3 9 . 6 

4 . 1 

0 

4 3 . 7 

4 4 . 3 

4 6 . 6 

9 0 . 9 

4 7 , 2 

K i t c h e n g a r g e n 

N 

8 0 

0 

1 0 . 4 

9 0 . 4 

4 0 . 3 

1 0 0 . 2 

1 4 0 . 5 

5 0 . 1 

P 

1 2 . 1 

0 

9 . 0 

2 1 . 1 

8 . 5 

1 6 . 4 

2 4 . 9 

3 . 8 

K 

1 9 9 . 2 
0 

9 . 0 

2 0 8 . 2 

1 5 1 . 5 

2 2 1 . 3 

3 7 2 . 8 

1 6 4 . 6 

M i l l e 

N 

5 7 . 1 

0 

3 . 4 

6 0 . 5 

3 1 . 2 

6 7 . 2 

9 8 . 4 

3 7 . 9 

! t c u l t i v a t i < 

P 

7 . 7 

0 

2 . 9 

1 0 . 6 

3 . 2 

9 . 1 

1 2 . 3 

1 . 7 

K 

8 4 . 4 

0 

2 . 9 

8 7 . 3 

4 4 . 7 

1 1 2 . 5 

1 5 7 . 2 

6 9 . 9 

3n 

CO 
00 
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e f f i c i e n c y was more o r l e s s s i m i l a r , the output 

pe r l abour hour was h ighe r for t h e former. 

Ni t rogen , phosphorus and potassixam 

budge ts of t he agroecosystems a r e given in 

Table 3 . 9 . The n o n - e d i b l e component of the 

c rop in a l l cases and r i c e husk in t h e case of 

r i c e c u l t i v a t i o n a l o n e , a re r ecyc led as inputs 

i n t o t h e sys tems. Inpu t of n u t r i e n t s through 

o r g a n i c manure was only for m i l l e t c u l t i v a t i o n 

and k i t c h e n garden . The ne t l o s s through crop 

h a r v e s t was maximum through k i t c h e n garden for 

n i t r o g e n , phosphorus and potassium followed by 

r i c e c u l t i v a t e d wi th in the v i l l a g e , the 

excep t ion to t h i s was potassium where the n e t 

l o s s through crop h a r v e s t was h i g h e r for m i l l e t 

than t h a t for r i c e c u l t i v a t e d w i t h i n the v i l l a g e , 

DISCUSSION 

Unl ike most of the o the r t r i b a l communities 

of n o r t h ~ e a s t I nd i a , Apatanis have evolved sedentary 

a g r i c u l t u r e c h i e f l y in t he form of wet r i c e c u l t i ­

v a t i o n in t h e i r e x t e n s i v e v a l l e y l a n d s . Valley 

land a g r i c u l t u r e i s one of the impor tan t land use 
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system even amongst t r l b a l s with s h i f t i n g agr i ­

cu l ture (Jhum) as the major land use, though th i s 

i s r e s t r i c t e d elsewhere becatuse of topography. 

The chief advantage of t h i s land use i s because 

of the nutr ients wash-out from the h i l l s lopes 

during the r a i n s . When crop i s harvest considerable 

quant i t i e s of nutrients are l o s t through economic 

y i e l d (Rosswall and Paustian, 1984; Swamy and 

Ramakrishnan, 1978a;b) and must be replaced for 

sus ta inable y i e l d . One of the ways in which th i s 

i s done by Apatanis i s through recycl ing of crop 

residues (Jones, 1976), as shown h e r e . Moreover the 

wash-out of nutrients from h i l l s lopes and 

from organic wastes generated in the v i l l a g e 

a l s o contr ibute to replenishment of the l o s t 

nutr ients before the next cropping. Thus about 

3 0-50 kg. of nitrogen l o s t during one cropping 

season may be replaced through s o i l n i t r i f i c a t i o n 

processes (Patrick & Mahapatra, 1968) . The amount 

of potassium l o s t from r i c e cropping i s substantial 

(about 40-50 k g . ) , even more in the kitchen garden 

system (165 k g ) . Perhaps only input from outside 

during the fal low period could replace whatever 

i s l o s t * 

I rr iga t ion faiming such as wet c u l t i v a t i o n 

of r ice 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 returns 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 by 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 between the rice 

plots and through pisciculture along with late 

variety of rice because of more assured water 

supply. With a production of about 50 kg of fish 

providing additional income of about te.lOOO - which 

is equivalent to the cost of about 450-500 kg. of 

rice, pisciculture compares favourably with similar 

/0)p€^?€ 
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systems from Java and Madagaskar (Hickling, 1961), 

Kitchen garden i s an important component 

of the Apatani v i l l a g e in tha t i t meets a l l 

the varied food requirements of the community 

through mixed cropping. In the t r a d i t i o n a l 

s o c i e t i e s of nor th -eas t India under shif t ing 

ag r i cu l tu re th i s function i s performed through 

mixed cropping under sh i f t ing ag r i cu l tu re i t s e l f 

(Toky and Ramakrishnan, 1981a; Mishra and Rama-

krishnan, 1981). 

With human labour as the major input and 

with very l i t t l e organic manure use* the Apatanis 

obtain high energy output as crop y i e l d . The 

eff ic iency of the system expressed as output/ 

input r a t i o i s very high (60-78) for r i ce c u l t i ­

vat ion unlike what was reported e a r l i e r for the 

Khasis (Mishra and Ramakrishnan, 1981) and the 

Garos (Toky and Ramakrishnan, 1982) in Meghalaya 

in nor th -eas t India (3-48) and a value of about 

9 for t r a d i t i o n a l Indian a g r i c u l t u r a l system 

(Mitchell , 1979) and t r a d i t i o n a l r i c e cu l t iva t ion 

elsewhere in the Phil ippines (Nguu and Pal i s , 1977), 

Compared to the energy efficiency of mi l le t c u l t i ­

vat ion and kitchen garden the values are more than 
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double for r i c e . Such a high energy efficiency 

with a reasonable monetary eff ic iency of about 

3 makes the r i ce system of the Apatanis one 

of the effect ive models of t r a d i t i o n a l agr i ­

c u l t u r e , pa r t i cu l a r l y when i t i s rea l i sed 

t ha t human labour i s a free input being largely 

obtained from within the family i t s e l f and for 

spec i f i c tasks through cooperative e f fo r t . A 

high energy eff iciency obtained here i s ever 

g rea t e r than what has been recorded for shi f t ing 

ag r i cu l tu re in nor th -eas t India (Mishra and 

Ramakrishnan/ 1981; Toky and Ramakrishnan, 1982) 

and elsewhere (Rappaport, 1971; S te inhar t & 

S te inhar t , 1974). With 2 7-35 MJ un i t s of 

energy output per labour hour, t h i s system 

compares favourably with similar systems of 

China (Dazhong and Pimentel, 198 4) and even more 

modern agr icu l tu re of i ndus t r i a l i s ed soc ie t ies 

(Leach, 1976) such as United Ktngdom with an 

output of 40 MJ u n i t s . 
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SUMMARY 

A p a t a n i s of Arunacha l P r a d e s h i n n o r t h ­

e a s t I n d i a p r a c t i c e v a l l e y c u l t i v a t i o n of r i c e which 

a l s o e x t e n d s a long t h e p e r i p h e r y t h r o u g h g e n t l y 

formed t e r r a c e s . C l o s e t o v i l l a g e l a t e v a r i e t y 

of r i c e i s grown where as o u t s i d e t h e v i l l a g e 

boundary i t may e i t h e r be e a r l y o r l a t e v a r i e t y . 

L a t e v a r i e t y of r i c e i s o f t e n a s s o c i a t e d w i t h 

p i s c i c u l t u r e . With minimal i n p u t s of o r g a n i c 

manure as r i c e husk t h e q u a n t i t y o f which i s 

h i g h e r i n t h e p e r i p h e r a l p l o t s and w i t h t i g h t 

r e c y c l i n g of d o m e s t i c l i q u i d w a s t e i n t o t h e 

p l o t s w i t h i n t h e v i l l a g e b o u n d a i y , t h i s system 

i s s e l f s u s t a i n a b l e and have e x c e p t i o n a l l y 

h i g h e n e r g y and economic e f f i c i e n c i e s . Dry 

l a n d c u l t i v a t i o n of m i l l e t and mixed c r o p p i n g 

i n k i t c h e n ^ r d e n s c o n t r i b u t e t o w a r d s d i v e r s e 

n e e d s of t h i s 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 a t t en t ion has 

gone in to ident i fying new plant species for 

food and f ibre , animals (other than c a t t l e ) 

as a source of pro te in are often overlooked 

in developing countr ies (De Vos, 1977). 

Domestic animals provide several very import­

ant l inks in a predominantly so la r economy . 

They function well on l i gh t energy, feeding 

mostly on plant t i s sues unsui table for 

human consumption- grasses and crop by-products 

-supplemented with only small amount of grain 

(Odum,1971); they de l ive r the e s s e n t i a l power 

for many farm t a sks , recycle the valuable 

n u t r i e n t s and f i na l l y are a c r i t i c a l source 

of pro te in for the populat ion. 

Animal husbandry system of Apatains 

comprising mithun (Bos f r o n t a l i s ) , c a t t l e , 

swine and poultry and fish cu l tu re i s import­

ant , in t h e i r cu l tu re and d i e t . Though to a 

l e s s e r extent than for the other t r a d i t i o n a l 

s o c i e t i e s (Mishra & Ramakrishnan, 1982; 

Maikhuri, 1987). This i s because of the emphasis 

on a b e t t e r organized and e f f i c i en t sedentary 

a g r i c u l t u r e system. The object ive of th i s 
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study* t h e r e f o r e , i s t o a c c e s s t h e r o l e of a n i ­

mal husbandry in t h i s t r i&a l s o c i e t y and i t s 

r o l e as a p r o d u c t i e n system i n t h e v i l l a e i e . 

METHODS or STUDY 

T h i s s tudy i s based upon o b s e r v a t i o n s 

made on an Apatani v i l l a g e Hari a t an e l e v a t i o n 

157 2 m i n Arunachal Pradesh i n n o r t h - e a s t India 

f o r d e t a i l e d o b s e r v a t i o n s ©n t h e economic and 

e c o l o g i c a l budget ing o f each c a t e g o r y of animal, 

o b s e r v a t i o n s were made on 15 randomly i d e n t i f i e d 

f a m i l i e s , 

The t o t a l f e e d energy requirement of each 

c a t e g o r y of animals t i l l the age o f s l a u g h t e r 

was c a l c u l a t e d on t h e b a s i s of s tandard va lues 

g i v e n by Ranjhan (1977) (Table 4 . 1 ) . The v a l u e s 

thus o b t a i n e d were d i v i d e d by the age o f animals 

t o c a l c u l a t e the average feed energy i n t a k e per 

y e a r . For g r a z i n g , i t was assumed t h a t energy 

consumed through t h i s a c t i v i t y would be equal t o 

t h e t o t a l energy requirement minus food energy 

g i v e n from home. 

D a i l y dung product ion was measured t h r i c e 

f o r each ca tegory of animals and based on t h r e e 

r e p l i c a t e s . Chemical a n a l y s i s of dung for n i t r o g e n . 



107 

Table 4 . 1 . Energy requirements for mlthun and 
c a t t l e (MJ day" ) ; svrlne and pou l try 
(M J Tcg"̂  feed) . (Ranjhan, 1 9 7 7 ) . 

Animals Body w t / a g e Energy requirement 

Mithun 

C a t t l e 

Swine 

P o u l t r y 

800 kg 
5 00 kg 

150 kg 

3 00 kg 

150 kg 

5-20 kg 

20 kgJ more 

0-8 week 

8-2 0 week 
or 

2 0 week^more 

101 .3 

69.4 

36.4 

57.3 

35.1 

14.4 

13.3 

10.0 

10.6 

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 Energy equivalent 

Mlthun 

C a t t l e 

Swine 

P o u l t r y 

0 . 8 5 

0 .76 

1 .2 

1 . 5 

0 .26 

0 .26 

0 .57 

1 . 2 

0.88 

0 .83 

1 . 2 

1 . 2 

0 . 8 

0 . 7 

1 . 1 

1 . 4 
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phosphorus and potassium was done ty standard 

procedures given by Allen (1974) . The foss i l 

fuel equira lents given by Pimentel e t . a l . (1973) ; 

80 MJ kg"^for N, 13.9 MJ kg"^for P and 9.7 MJ kg" 

for K, were used t« ca lcu la te the replacement 

cos t of dung in terms of fos s i l fuel energy 

equ i r a l en t (Table 4 . 2 ) . 

Total meat production for each category 

of animal was divided by t h e age of the animal 

to ca l cu l a t e average meat production per yea r . 

Labour cos t for annual maintenance was 

ca l cu la t ed a t the prevai l ing annual ra tes of wages 

Rs. 300 and Rs.200 respec t ive ly for mithun and 

C a t t l e . The economic y ie ld of mea t / egg based 

on the prevai l ing market r a t e s . Economic 

ef f ic iency liras ca lcu la ted as output / input r a t i o . 

Labour energy input in man hours was record­

ed for each category of animal. Total food energy 

consumed was apportioned to each ac t i v i t y (Leach, 

1976) according to r e l a t i v e duration ©n the bas i s 

of involving e i t he r sedentary or moderate work. 

Per hour energy expenditures of 0.418 MJ for 

sedentary work* 0.488 for moderate work for an 

adul t male and 0,331 MJ for sedentary work, 

0.383 MJ for moderate work for an adul t female. 
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were used to c a l c u l a t e the labour energy 

input in to the system (Gopalan e t .al ,#1978)« 

For ca l cu la t ing the energy cmtput through 

meat and egg, the t o t a l quantity of each item 

was converted in to megajaiiles of energy by 

mult ip ly ing with standard values given by Gopalan 

^t .a l^. , (1978) for mithun and c a t t l e meat (17 .2MJ kg" ) , 

poul try meat (*c56MJ kg" ) , and egg (7,2MJ kg" ) . 

These values were mult ip l ied by 1.149 to c a l c u l a t e 

the heat of combustion (Mi tche l l , 1979) . A value 

of 17.1 MJ kg" was used for the pig meat (Ranjhan, 

1977) . The energy e f f i c i e n c y was ca lculated as 

output/ input r a t i o . 

Protein output from meat of each category 

of animal was ca lcu la ted on the bas i s of standard 

va lues given by Gopalan e t , ^ . , (1978) for mithun 

and c a t t l e (79.2%), poultry (18.5%), egg (13.5%) 

and that given for pig meat (12%) by Ranjhan (1977). 

Protein energy output was then ca l cu la ted by m u l t i ­

p ly ing the quantity by 16.7 MJ kg" prote in . 



Fig . 4,1 Animal d i s t r ibut ion pattern in 

an Apatani v i l l a g e in north-east 

I n d i a . 
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T a b l e 4 .3 Production and consumption pattern of meat 
and egg in an Apatani v i l l a g e in north-east 
Ind ia , values in parentheses represent for 
Juveni le animals 

Animals 

Mithun 

c a t t l e 

Swine 

P o u l t r y * 
m e a t . 

1 egg 

Animal number 
T o t a l Died 

394 ( 262) 2 

76 ( 1 4 2 ) 6 

275 ( 177) 12 

S laughtered 

(6) 12 

(8) 36 

(3) 260 

2418 (6910) 87 (2974) 1426 

6 5'3HJf5 -

( 8 ) 

( 9 ) 

(160) 

(3341) 

Meat /eoa oroduct ion and consump-

Icg 

7224 

9054 

1378 0 

2 495 

3811 

y j . - l 

(2112) 

( 945) 

(2160) 

(665) 

MJ y 

142746 

178f®7 

235638 

13074 

31692 

- 1 t l o n . 

(41733) 

(18673) 

(36936) 

(3484) ^ 

1 Out of t o t a l egg production 1514 kg was exported 
from the v i l l a g e . 



T a b l e 4 . 4 Q u a n l t i t y o f n i t r o g e n , phosphorus and p o t a s s i u m 

(kg a n i m a l " y r " ) from a n i m a l dung o f an A.patani 

v i l l a g e i n n o r t h - e a s t I n d i a , V a l u e s i n p a r e n t h e s e s 
r e p r e s e n t t o t a l p r o d u c t i o n (kg x lO ) o f t h e v i l l a g e 

Animal Dung N 

Mithun - Mature 
Juvenile 

Cattle Mature 
Jivenile 

S w i n e Mature 
J l i v e n i l e 

P o u l t r y egg l a y e r s 
non>e^^ l a y e r s 

1587 
941 

(87 2) 

931 
602 

( 1 5 6 . 44) 

156 
11 

(52 ,9) 

1 6 . 4 
4 . 8 

( 2 5 . 2 ) 

1 3 . 5 
8 . 0 

( 7 . 4 1 ) 

6 
4 

( 1 . 

9 
.5 
1 8 ) 

1 . 8 
0 . 1 

( 0 . 6 3 ) 
0.3 
0.07 

( 0 . 3 8 ) 

4 . 1 
2 .4 

( 2 . 2 6 ) 

2 . 9 
1 .9 
( . 4 0 ) 
0 . 9 
0 . 0 6 

( 0 . 3 0 ) 

0 .2 
0.05 

( 0 . 3 0 ) 

1 3 . 9 
8 . 3 

(7 . 6 7 ) 

7 .7 
4 . 9 

( 1 . 2 9 ) 

1 .8 
0 . 1 

( 0 . 6 3 ) 

0.2 
0 .05 

( 0 . 3 0 ) 

ro 
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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, 

pios and about 10-30 birds . Cattle is not 

very common . 

Though the average slaughtering age for 

mithuns, cattle, pigs and poultry was 7-yrs, 

5-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. Cos t -bene f i t a n a l y s i s (Rs. animal" yr" ) of 
mature and Juveni le (in parentheses) animals 
of an Apatani v i l l a g e in north-east India . 

Production 
measures. 

Mithun C a t t l e Swine 
Poultry 

layers non-egg lay».rs 

Ijnmt t o t a l 

Labour 

Peed 

Output* Meat 

Egg 

Economic 
e f f i c i e n c y 

( o u t p u t / i n p u t 
r a t i o ) 

300 

300 

0 

129 0 

o 

4 . 3 0 

(300) 

(300) 

( 0 ) 

(1320) 

( 4 . 4 0 ) 

200 

200 

0 

750 

0 

3 . 7 5 

(200) 

(200) 

( 0 ) 

(787) 

( 3 . 9 4 ) 

190 

0 

190 

107 0 

0 

5 . 6 3 

(30) 

(30) 

(297) 

( 9 . 9 0 ) 

19 

0 

1 9 

0 

120 

6 . 3 0 

6 

0 

6 

35 

0 

5 . 8 0 

(0 ) 

( 0 ) 

( 5 . 0 ) 

( 5 . 0 ) 

M 



Table 4.6. Energy input-output pattern (MJ anlmal-^yr*^) of 
mature and juveni le (in parentheses) animals of 
an Apatani v i l l a g e in north-east Ind ia . 

Production 
measures 

Mithun Cat t l e S\«ine 
Poultry 

egg non-egg layers 
layers 

Input t o t a l 28789 (21912) 21226 (14768) 8112 (763) 

Labour 61 (61) 

Pood 28728 (21851) 

Outpat t o t a l 2969 ( 2492) 

Meat 

Egg 

Dung 

1699 ( 1739) 

0 

1270 (753) 

Energy 
efficiency 
Ou tpu t/i nput 0.10 (0.11) 

Output (m+e)/ 
Labour 27.9 (28.5) 
energy 

47 (47) 60 (5) 

21179 (14721) 8052 (758) 

1640 (1459) 1083 (243) 

988 (1037) 911 (231) 

0 0 

652 (422) 172 (12) 

0.08 (0.10) 0.13 (0.32) 

21 .0 (22.1) 15.2 (46.2) 

418 

13 

405 

(81.2) 

0 

58.2 

23.0 

137 (4.27) 

4 (0.4) 

133 (3.8) 

16 (1.6) 

7.9 (1.3) 

0 

8.1 (0.3) 

0.19 0.12 (0.38) 

4.5 2.0 (3.3) 

CI 



Table 4.7. •Protien production (kg P animal" yr" ) and 
e f f i c i e n c i e s (MJ kg P-land kg hr~^) of mature 
and Juveni le (in parentheses) animals in an 
Apatani v i l l a g e in north-eas t Ind ia . 

Animal 

Protien output 

kg MJ 
Protien efficiency 
input/prptien Protien/labour hr kg hr 
MJ kQ P"-*-

-1 

Mithun 

cattle 

Swine 

Poultry-egg 

Meat. 

68.1 (69.5) 

39.6 (41.5) 

6.4 (1.6) 

0,93 

0.4 (0.07) 

1610 (1643) 

936 (981) 

151 (38) 

22 

9 (2) 

423 (315) 

536 (356) 

1268 (477) 

449 

456 (84) 

0.54 (0.55) 

0.41 (0.43) 

0.04 (0.12) 

0.03 

0.03 (0.05) c: 
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va lue for dung i s excluded here as i t i s never 

so ld out . Swine husbandry and poultry had higher 

monetary e f f i c i ency followed by mithun; c a t t l e 

had l e a s t e f f i c i e n c y . 

Apart from labour enerfy# the feed input 

for the animals varied (Table 4 . 6 ) . Mithuns 

and c a t t l e were maintained e x c l u s i v e l y through 

grazing and pigs depend upon domestic and human 

w a s t e . Poultry had 6 0% grain feed from 

agr icu l ture and the r e s t was through scavenging, 

with meat/egg as output along with dung, the energy 

e f f i c i e n c y was maximum for poultry and swine and 

l e a s t for c a t t l e . However meat output per un i t 

labour energy was maximum for mithun and minimum 

for p o u l t r y . 

Protein output per animal varied depending 

upon s i z e of animals, with maximum for mithun and 

minimum for poultry (Table 4 . 7 ) . In terms of energy 

input per kg of prote in production, mithun and poultry 

were more e f f i c i e n t than othersf the e f f i c i ency of 

swine husbandry was l e a s t . Ef f i c iency in terms of 

prote in production per labour hour expended was maxi­

mum for mithun, and c a t t l e and minimum for swine hus­

bandry and poul try . 



118 

DISCUSSION 

The Apatanis of Arunachal Pradesh, l i k e 

o t h e r t r a d i t i o n a l farmers in n o r t h - e a s t India 

(Mishra & Ramakrishnan, 1982; Maikhuri , 1987) 

and e l s ewhere i n Lat in America ( . Queirez e t . a1.# 

1986) c o n s i d e r animal husbandry as an important 

a c t i v i t y along wi th a g r i c u l t u r e . I t i s not o n l y 

important as an economic a c t i v i t y but a l s o i s 

r e l a t e d t o t h e i r s o c i a l and r e l i g i o u s l i f e 

(Rappaport, 1968; H a r r i s , 1966, Chavanduka, 1 9 7 6 ) . 

The s l a u g h t e r i n g of t r a d i t i o n a l animal such as 

mithun, pig and p o u l t r y may o f t e n r e l a t e d t o f e s t i ­

v i t i e s and r e l i g i o u s r i t e s u n l i k e C a t t l e (as an 

i n t r o d u c t i o n from o u t s i d e i n t h i s area) t h a t c o u l d 

be s l a u g h t e r e d at any time of the y e a r . Unl ike the 

t r i b e s i n v o l v e d i n s h i f t i n g a g r i c u l t u r e (Maikhuri, 

1 9 8 7 ) / Apatanis emphasize l e s s e r on animal husbandry, 

perhaps because o f t h e i r emphasis upon a h i g h l y w e l l 

o r g a n i z e d and e f f i c i e n t wet r i c e c u l t i v a t i o n as an 

s e d e n t a r y a g r i c u l t u r a l a c t i v i t y ( c h a p t . 3 ) . 

In any c a s e , t h e animal husbandry system of 

the Apatanis i s a minimal input s y s t e m . The emphasis 
u 

i s more on mithuns b e c ^ e i t i s a h i g h l y p r i c e d 

animal and i s s o c i a l l y i m p o r t a n t . Mithuns are cheap 
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t o maintain as long as forest resources are 

p lenty for grazing. Under such a s i tua t ion the 

economic efficiency i s very high and the 

maintenance cost i s almost absent, the mithuns freely 

grazing and l iving in the fores t . . Since these 

animals have strong t e r r i t o r i a l i t y they need no 

spec ia l c a r e . 

Swine husbandry i s an important t r ad i t i ona l 

husbandry prac t ice as i t i s a d e t r i t u s based system 

with minimal cost to the farmer. Waste mater ial 

including human faeces- and ag r i cu l tu ra l produce 

u n f i t for human consumption are used as feed for 

them. The t r a d i t i o n a l poultry system i s par t ly 

based upon scavenging and pa r t ly by grains from 

a g r i c u l t u r e . 

Societ ies with large population densi t ies 

and/or small portion of grazing lands emphasize 

confinement fe*=:ding of swine and pou l t ry . These ani ­

mals require a much grea te r port ion of grain in 

t h e i r d ie t s than the ruminants and thus are more 

competetive with humans, but they have reasonable 

feeding efficiency (over 30% of p lan t protein i s 

converted into animal protein with 80% of human 

ed ib le re turns) (Loomis, 1984). Confinement feeding 



120 

provides some advantage l ike the energy (feeding) 

c o s t of foraging and d i sease recyc l ing are e l iminat ­

ed ; ' l e a s t c o s t ' rat ioning allows optimum use 

of other food s t u f f s (by-products and wastes) 

(Dean e t . a ] . . , 1972) . Lilce swine husbandry, 

poul try a lso has high economic and energy e f f i c i e n c i e s 

The economic and energy e f f i c i e n c i e s of 

larger animals are a l so re lated to the s laught­

ering age of the animals * ThUs pigs maintained 

by Apatanis are s laughtered at year ly in terva l s . 

Therefore the cos t of maintenance i s reduced. 

This i s unlike Tsembaga swine husbandry the new 

Guinea highlands (Rappaport, 1971) with only 1.5% 

return on food energy feed to pig meat energy, 

according to c a l c u l a t i o n of Pimentel & Piroentel 

(1979) . This i s because of a 10-yr slaughtering 

i n t e r v a l in case of the Tsembaga farmer. Thtis 

p i g s , poultry, p i s c i c u l t u r e and the domes t i c 

s e c t o r of t h e v i l l a g e ecosystem a l l form an i n t e g r ­

ated and e f f i c i e n t recyc l ing net work of system 

(Grau & Klein, 1957/ Bolton, 1970; Loosl i , 1974; 

Braude, 1976; Rao, 1 9 7 7 ) , Many animal production 

system tends to aggravate competetion for food 

between man and animals (Reid, 1973) . But for the 

Apatanis the animal husbandry i s complementary 

rather than competet ive . 
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SUMMARY 

Animal husbandry system of Apatanis of 

Arunachal Pradesh in north-east India involves 

§iithun, c a t t l e swine and-poultjfy^ MLthun, and. 

c a t t l e graze in the f o r e s t with minimal labour 

c o s t pigs and poultry of the v i l l a g e consume 

agr i cu l tura l by-products and do scavenging. 

S-wine husbandry and poultry are more e f f i c i e n t 

than mithun and c a t t l e husbandry. However, 

mithuns are important for s o c i a l and r e l i g i o u s 

reasons and are tenable i f fores t resources 

are abundant. P i s c i c u l t u r e i s integrated into 

wet r i c e c u l t i v a t i o n based on nutr i ent recycl­

ing of v i l l a g e waste . 



CHAPTER 5 

ENERGY FLOW THROUGH AN APATANI VILLAGE 

ECOSYSTEM OF ARUNACHAL PRADESH IN NORTH­

EAST I N D I A . 
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INTRODUCTION 

Energy flow through a soc ie ty or an 

ecosystem i s a useful measure to describe 

ecosystem proper t ies (Loucks & D' Al less io , 191S) . 

In many t r a d i t i o n a l s o c i e t i e s ru ra l ecosystem 

function i s based upon a t i g h t recycling of 

resources within the v i l l a g e . However, only a 

few s tud ies are ava i lab le on energy flow through 

v i l l a g e ecosystems (Rappaport, 1971; Leach, 1976; 

Briscoe, 1979; SundarraJ & Mitchel l , 1987). 

Revelle (1976) in h i s study on ru r a l India sugges t ­

ed t h a t energy use efficiency here i s low and a t t r i ­

buted t h i s to the extreme pover ty . Much of t h i s 

energy use in ru ra l India i s for domestic cooking 

and heating (Makhijani & Poole, 1975). Wood and 

other vegetable mat ter , crop residues and c a t t l e 

dung are the main domestic fuels . SundarraJ and 

Mitchel l (1987) on the bas is of de ta i l ed analysis 

of ecosystem function of a south Indian v i l l age 

concludes t ha t t h i s v i l l a g e operates very close 

to b io log ica l l imi t s for biomass production, with 

a high in t ens i ty of biomass use (90%) which a t t e s t s 

t o the sophis t ica ted management techniques followed 

by some of the rura l communities in the region. 
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The nor th-eas te rn h i l l region of India i s 

inhabi ted by a v a r i e t y of l i n g u i s t i c a l l y insula ted 

communities of d iverse socio- economic and c u l t u r a l 

backgrounds whose v i l l a g e ecosystem i s closely 

linked to t h e i r na tu ra l forested environment. These 

communities largely depend upon fores t farming. 

Variously termed s l ash and bum agr icu l tu re , 

s h i f t i n g agr icu l ture or local ly known as jhum. Some stud-

is 

I P S in enercy flow through soc i e t i e s pract^nq shif t ing agr­

i c u l t u r e (Jhum) aî e avai lable (Mishra & Ramakrishnan, 

1982) . However, the Apatanis of nor th-eas t India 

c o n s t i t u t e one of the very few t r i b e s who t r a d i t i o n ­

a l l y p rac t i s e only sedentary ag r i cu l tu re in the 

form of wet cu l t i va t ion of r i ce in the val ley lands . 

This se l f - sus t a in ing ag r i cu l tu r a l system i s largely 

based upon t i g h t recycl ing of resources within 

the v i l l a g e i t s e l f . This study, therefore , looks 

atx ( i ) the linkages between ag r i cu l tu re , animal 

husbandry and domestic sub-systems in the v i l l age , 

( i i ) the efficiency of resource use and recycling 

of resources within the v i l l age ecosystem, ( i i i ) the 

economic efficiency of the v i l l a g e ecosystem and the 

ex ten t to which i t i s s e l f - sus t a inab le and, (iv) the 

p o s s i b i l i t i e s of improved management prac t i ses t ha t 

are ecological ly v i a b l e . 
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Table S .1, Apatani 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 4 ^ S 

Total area under cultivation (ha) 

Rice cultivation 356 

Kitchen garden 24 

Millet cultivation 5 

Bamboo garden 47 

Total animal population 

Mithun 6 56 

Cattle 218 

Swine 452 

Poultry 9328 
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VILLAGE STRUCTURE 

• H a r i i s a l a r g e v i l l a g e s i t u a t e d i n t h e 

A p a t a n i p l a t e a u (27 36 N, 93 49 E) a t an e l e v a t i o n 

o f 1572m w i t h 418 f a m i l i e s a n d a t o t a l p o p u l a t i o n 

o f 2021 ( T a b l e S ' l ) . The a v e r a g e s i r e o f a f a m i l y 

i s a b o u t f i v e , l i v i n g i n a l a r g e bamboo h u t o f 

1 5 x 4 m f l o o r a r e a . The c l i m a t e i s m c n s o o n i c w i t h 

o v e r 75% o f t h e t o t a l r a i n f a l l 1758 m m o c c u r r i n g 

d u r i n g t h e monsoon p e r i o d f rom May t o S e p t e m b e r . 

The a v e r a g e maximum and minimum t e m p e r a t u r e s d u r i n g 

t h e summer was 2 4 . 1 C and 1 2 . 7 C and t h a t d u r i n g t h e 

w i n t e r was 17 C a n d 2 . 8 C/ r e s p e c t i v e l y . 

Wet c u l t i v a t i o n of r i c e i s t h e c h i e f a g r i c u l t u r e 

p r a c t i c e o f t h e A p a t a n i s . H o w e v e r , on r a i s e d b u n d s 

a l o n g t h e m a r g i n of t h e r i c e p l o t s , m i l l e t ( E l e u s i n e 

c o r a c a n a ) i s g r o w n . On w e l l d r a i n e d s o i l s ^ a r e 

r a i s e d " k i t c h e n g a r d e n s w i t h a v a r i e t y of 8 - 1 2 c r o p 

s p e c i e s . The e m p h a s i s i n t h e k i t c h e n g a r d e n i s on 

m a i z e t h r o u g h o t h e r g r a i n y i e l d i n g c r o p s y<ich as 

£ l e u s i n e c o r a c a n a , v e g e t a b l e c r o p s s u c h as 

C u c u r b i t s m a x i r m a , B r a s s i c a o l e r a c e a and C o l o c ^ s i a 

a n t i q u o r u m a r e a l s o i n c l u d e d . A p a r t from r e c y c l i n g 

t h e n o n - e d i b l e b i o m a s s b e f o r e t h e n e x t c r o p i s r a i s e d , 

t h e v i l l a g e w a s t e as w e l l as dung from t h e a n i m a l 

h u s b a n d r y s y s t e m 
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provide soil nutrients for sustainable yield. 

Bamboo gardens maintained by individual farmers 

provide material for house construction and 

meet part ©f the fuel wood needs , Apart from 

pisciculture included in wet cultivation of ricor 

the animal husbandry system consits of mithxin 

(Bosfrontalis) and cattle maintained in forest 

grazing lands, swine and poultry that are largely 

detritus based and maintained within the village. 

METHODS 

F o r t h e p r e s e n t s t u d y f i f t e e n randomly 

s e l e c t e d h o u s e h o l d s of v i l l a g e H a r i were a n a l y s e d . 

I n p u t s of ene rgy due t o t o o l s / i m p l e m e n t s were n e g l i ­

g i b l e . Other b a s i c r e q u i s i t e s o f the v i l l a g e r s such 

as c l o t h i n g and m e d i c i n e , have been exc luded from 

t h e s t u d y due t o d i f f i c u l t i e s i n a c c o u n t i n g t h e 

e n e r g y v a l u e s f o r them . S o l a r e n e r g y which i s 

p r i m a r y s o u r c e of e n e r g y , does n o t e n t e r i n t o t h e 

c a l c u l a t i o n s f o r e n e r g e t i c e f f i c i e n c y as t h i s i s 

c o n s i d e r e d t o b e ' f r e e * i n p u t and no s o e c i a l e f f o r t 

goes i n t o o b t a i n i n g i t . 

The amount of s e e d sown i n t h e p l o t , as w e l l 

a s economic y i e l d , were b a s e d on t h r e e r e p l i c a t e 

o b s e r v a t i o n s of e a c h a g r o e c o s y s t e m " s e l e c t e d randomly 
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T a b l e . 5.2 Energy Values (MJ kg" ) for 
D i f f e r e n t Items Considered 
in t h e V i l l a g e Ecosystem. 

Items Energy va lue 

Food i tems 

Gra ins 16.31 

F r u i t s 14.94 

Leafy vege tab les 13.77 

Tuber and roo t c rops 13.77 

Fish 4.70 
2 

Local beverage (rice+millet) 4,95 

(31 -/kg rice+ millet) 

Cost of Production 

N 79.99 

PjO^ 13.95 
K2O 9.97 

4 
Replacement Cost 

Rice husk 1 .0 

Organic manure 1 .4 

^Gopalan et .aj. ., 1978 
•^Kohli, 198^ 
^•Fimentel e t . ^ . , 1973. 

Peicentage of N, P^^S and K^O in r i c e 
husk and o rgan ic manure w a s ' l . O , 0.2 
and 1.8» and 1.4, 1.2 and 1.2, r e s p e c t i v e l y 
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from the fif teen households. The energy values 

for the economic y ie ld of crops were based on 

standard values given in Table 5 .2 . Energy input 

through seed was ca lcu la ted on the basis of the 

t o t a l energy expended to produce t h a t fraction of 

crop y i e l d . Energy input through organic m'anare 

and r i c e husk was ca lcula ted on the basis of the 

replacement cost values in terms of foss i l fuel 

Fimentel ei^.al ., 1973). 

Labour hour expended for each category of 
was 

work/recorded. Total food energy consumed was 

apportioned to each a c t i v i t y (Leach, 1976) 

according to r e l a t i v e duration on the basis of 

groupings, involving e i t h e r 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 

adul t female, were used to ca l cu la t e the labour 

hour energy input i n to the sub-systems (Gopalan 

e t . a l . , 1978). 
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T a b l e 5 . 3 . P r o t e i n C o n t e n t s of Va r ious 
Food I tems Consumed by Apatan i 
T r i b e s i n N o r t h - E a s t I n d i a 

(Gopalan e t .j^l .# 1 9 7 8 ) . 

C a t e g o r y 

Crops - G r a i n s 
Oryza g,£itiva 

E l e u s i n e Corag^na 

Z&A mays 
Leaf & F r u i t & v e g e t a b l e s 

B r a s s i c a o l e r a c e a 

Capsicum f r u t e s c e n s 
Cyjgurbi ta maxima 

Qicumls ^.^iv.^ 
D o l i c h o s y lab lab 
—————— 1 ivcoper j jcum e s c u l e n t u m 
Solanum jriej.j)noeria 

Tuber and r o o t c r o p s 
Co locas l , ^ antiauoj^um 

Maniho t e s c u l e u t u s 
Solanum tyberosum 
Z i n a i b e f o f f i c i n a l e 

"''f^^-at/eaa 

Mithun 
C a t t l e 

Por^k 
F i s h 

P o u l t r y 
Egg (hen) 
L o c a l b e v e r a g e ( r i c e & 

(3 1 , 
mi l l ( 

A g ) 

P r o t e i n 
C o n t e n t (%) 

8 . 5 
7 . 3 

1 1 . 1 

5 . 9 

2 . 9 

4 . 6 

0 . 4 

3 . 8 

1 .9 

1 .4 

3 . 0 
0 . 7 

1 .6 

2 . 3 

7 9 . 2 
7 9 . 2 

1 2 . 0 

1 9 . 7 

2 5 . 9 
1 3 . 3 

5 t ) 2 7 . 0 

i K o h l i , 1 9 8 3 . 
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Total meat production (Teg) frotn-slaughtered animals 

of each category was mul t ip l ied by 17.2 MJ for mithun 

and c a t t l e 4.56 MJ for poultry and 7.2'MJ for eggs 

(Gopalan et._al. , 1978) to ca lcu la te t he i r n u t r i t i v e 

v a l u e s . These values were mul t ip l ied by 1.149 

(Mitchell , 1979) to ca lcu la te the heat of combustion 

of meat and egg. A value of 17.121 MJ was used to 

c a l c u l a t e the same for pig meat (Ranjhan, 1977). 

Cost-benefi t d^nalysis of agr icu l tu re and 

animal husbandry sub-systems was calculated on the 

bas is of the prevai l ing market r a t e s . Thus, labour 

wages for agr icu l tu re were ca lcu la ted a t the r a t e 

of Rs.9 and 11 per day for female and male labour 

r e spec t ive ly . The annual cost of Mithun and c a t t l e 

maintenance was Rs. 300 and 200 respec t ive ly . 

Economic efficiency was calcula ted as output / input 

r a t i o . 

Estimation of actual amount of food/fuel 

consumed by humans was based on regular measurements 

made in the v i l l age and the energy equivalents of 

the food items (Gopalan ^ . a j , . , 1978) and 19.7 WJ kg" 

for fuel wood (Mitchell , 1979). The protein 

equivalents of the food (crop and meat) harvested 

and t ha t par t of i t consumed by the v i l l age r s was 

determined by multiplying the quan t i t i e s of food 

and t h e i r respect ive 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 (basedÂ n regular obseirvations) 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 calcu­

lated from the energy consumption scale suggested 

by Gopalan et.aj^., (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 nurriber of units for this 

village works out at 1788 (930 + 581.4 + 93.6 + 

59.5 + 124). This was then multiplied by food 

energy equivalents of an adult (1 unit) of 10,142 

MJ day" and protein equivalents of an adult 

(1 unit) of 55 g day" (Gopalan £t.^., 1978).to 

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. 



r i g . 5,1 Energy flow (MJxlO ) through the 

agricultural sub-system of an 

Apatini village in north-east India. 



ri^-5.1 

VILLAOE BOUNOARY 

LABOUR BIj i 'J 
ZM 

OROANIC MANURE6SS 
T 

SEED 

I 

RICE 1 EARLY VAR) s 41 ho. 

RICEl LATE VARI s llOho. 

RICE VLATE V A R ; + P I 8 H » « 0 5 | , » , 

23146 M CROP 

40-7 PISH 

S4.2 

LABOUR 16-9 

OROANIC MAMUfK aS<̂  

SEgP O B 
KITCHEN 

OAROEN 

I4ll.3 CROP 

NON EO«LE CROP BIOMASS 

LABOUR S.2 

OROANIC MAHUplE 1-7 

SEED OS 
MILLET 

les 

MOW EDIBLE CROP BIOMASk 

5 CROP 

I 
I I 

ENEROY EFFICIENCY' or AOROEC0SYSTEM« BO-9 



F i g . 5.2 Energy flow (MJxlO^) through t h e 

bamboo garden of an Apatanl v i l l a g e 

In n o r t h - e a s t I n d i a . 
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F i g . 5 .3 Energy flow (MJxlO ) through t h e 

animal husbandry sub-sys tem of an 

Apatani v i l l a g e i n n o r t h - e a s t I n d i a . 

P e r c e n t a g e of animals died ( • ) / 

s l a u g h t e r e d ( 5»Ĵ ) and s tocked ( CH ) , 
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RESULTS 

Labour e n e r g y i s t h e major i n p u t i n t o 

a g r i c u l t u r e f o l l o w e d by o r g a n i c manure and 

s e e d ( F i g . 5 . 1 ) of t h e t o t a l l a b o u r energy i n p u t 

4 0% was expended f o r w e e d i n g . Sowing and 

h a r v e s t i n g r e q u i r e d a b o u t 43% ; 10% was expended fo r 

f i e l d p r e p a r a t i o n and 7% used f o r i r r i g a t i o n . 

Female members of t h e fami ly c o n t r i b u t e d 78% of 

t h e t o t a l l a b o u r ene rgy i n p u t . About 93% of t h e 

t o t a l energy h a r v e s t e d from a g r i c u l t u r e came 

from wet r i c e c u l t i v a t i o n and 1% t h r o u g h p i s c i c u l t u r e . 

The o v e r a l l e n e r g y e f f i c i e n c y ( o u t p u t / i n p u t r a t i o ) 

of t h e a g r i c u l t u r e was abou t 6 1 , 

Bamboo g a r d e n s a r e m a i n t a i n e d by t h e A p a t a n i s 

( w i t h i n t h e v i l l a g e boundary ( F i g . 5 . 2 ) . Labour fo r 

m a i n t e n a n c e and h a r v e s t i s t h e o n l y i n p u t . The 

o u t p u t i s u s e d l a r g e l y as fuelwood and some of i t i s 

a l s o used f o r h u t c o n s t r u c t i o n and e x p o r t e d o u t of 

t h e v i l l a g e . 

Food and l a b o u r ene rgy a r e t h e two i n p u t s 

i n t o t h e an imal h u s b a n d r y s u b - s y s t e m ( F i g . 5 . 3 ) . 

Mi thun and c a t t l e a r e t o t a l l y d e p e n d e n t upon 

f o r e s t g r a z i n g w h i l e swine and p o u l t r y a r e l a r g e l y 

m a i n t a i n e d t h r o u g h domes t i c w a s t e s and c r o p b y - p r o ­

d u c t s . A s m a l l f r a c t i o n of g r a i n s a r e fed t o p o u l t r y . 
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3 — 1 Table 5 . 4 . Monetary (Rs. x 10 y r ) I n p u t / 
Output Pa t t e r n for A g r i c u l t u r e , 
Bamboo Garden and Animal 
Husbandry Sub-systems of an, 
Apatani V i l l a g e in n o r t h - e a s t I nd i a 

C a t e g o r y 

I n p u t t o t a l 

Labour 

A g r i c u l ­
t u r e 

1134 .4 

234.9 

Bamboo 
ga rden 

6 9 . 3 

6 9 . 3 

Animal 
husband ry 

345 .4 

2 4 0 . 4 

Organic manure 139.9 
Seed 59.6 

Juveniles (pig litter) - - -12.3 

Food - - 92.7 

Output total 3564.9 378.8 990.6 

Crop 3564.9 

Bamboo and fuel wood - 378.8 

Meat and egg - - * 990.5 

Net return 2231 309.5 645.2 

Economic efficiency 
(output/input ratio) 3.14 5.47 2.87 
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Table 5.5. Annual f'̂ od production (kg yr~ ) 
in an Apatani village in north-east 
India . Values in parentheses showed 
number of animals involved. 

Category Production 

Crop yield (dry weight) 

Grains and seed 1497010 

Vegetables and tuber crops 22096 

Meat/egg yield (fresh weight) 

Fish 9840 

Mithun and cat t le 19335 (65) 

Twine 15940 (420) 

Poultry 3160 ( 4 7 6 7 ) 

Egg ( h e n ) 3811 (548) 
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Much of the v i l l age labour went in to maintaining 

mithuns followed by swinei^i. Over 90% of the 

swines ra ised in the vill;3ge were slaughtered every 

year and th i s contr ibuted f * o u t 4056 of the t o t a l 

meat energy output from the v i l l a g e . Mithuns were 

most sparingly s laughtered (3%) but c a t t l e 

s laughter was more (2156) . These two animals 

contr ibuted 5796 of the t o t a l meat energy output . 

Overall energy eff ic iency f«r the animal husbandry 

sub-system of the v i l l a g e was very low (0.07) . 

Edible energy output per un i t labour energy input , 

however, was 9. 

Monetary input in to ag r i cu l tu re was about 

3 times more than t h a t put into animal husbandry 

(Table 5 .4) . Monetary output from agr icul ture was 

a l so much higher for the v i l l age as a whele . 

However the monetary output / input r a t i o for bamboo 

garden was much higher than ag r i cu l tu re or animal 

husbandry of the v i l l a g e as a whole. 

Out of t o t a l food production in the v i l l a g e 

about 97% was of p lan t origin and the r e s t was of 

animal or igin (Table 5 . 5 ) . 

Rice i s the s t a p l e d i e t of the Apatanis and 

much of i t i s consumed alongwith Eleusine.coracana 

as an alchoholic beverage (Table 5 . 6 ) . These two 
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Table 5.6 Annual food and protein consumption 
(X103) ĵn an Apatani village. Values 
in parentheses indicate per capita 
consumption . 

Food item Quantity Protein 
Kg MJ " equivalent 

Kg. 

Plant, origin 542.2 (0.30) 6886.1 (3.9) 36.6 (0.02) 

1°1II 
P o l i s h e d r i c e 296.6 ( 0 . 1 7 ) 4835 .1 ( 2 . 7 ) 25 .2 ( 0 . 1 ) 

Maize 57 .1 ( 0 . 0 3 ) 931 .1 ( 0 . 5 ) 6 . 3 (0 .004) 

Beverage (rice 
• m i l l e t ) 167.7 ( 0 . 0 9 ) 830 .2 ( 0 . 5 ) 4 .5 (0 .002) 
Leafy and 
f r u i t v e g e ­
t a b l e s 9 .1 ( 0 . 0 0 4 ) 115 .9 ( 0 . 0 6 ) 0 .4 (-) 

Tuber and 
root crops 12.6 (0.007) 173.9 (0.1) 0.2 (-) 

Anima1 origin 
t o t a l l 48 .6 ( 0 . 0 3 ) 794 .5 ( 0 . 4 4 ) 21.7 (0 .012) 
Mea t / egg 

Mithun 9 .3 ( 0 . 0 0 5 ) 184 .5 ( 0 . 1 0 ) 7 .4 (0 .004) 
C a t t l e 13 .2 ( 0 . 0 0 7 ) 260 .5 ( 0 . 1 5 ) 1 0 . 4 (0 .006) 

Swine 17 .5 ( 0 . 0 1 ) 299 .0 ( 0 . 1 7 ) 2 .1 (0 .001) 
P o u l t r y 3 .2 ( 0 . 0 0 2 ) 16 .6 (0 .009 ) 0.8 ( - ) 
Ecg (hen) 2 .3 ( 0 . 0 0 1 ) i 1 9 . 1 (0 .01 ) 0 .3 ( - ) 
F i s h 3.2 ( 0 . 0 0 2 ) - ^ 1 4 . 9 (0 .008) 0.6 ( - ) 

Total (Plant + 
animal origin) 7680.5 (4.3) 58.3 (.03) 

Standard - 7529.3 (4.2) 35.9 (0.02) 

'̂Dry weight. 

'̂ 'Fresh weight, 
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T a b l e 5 . 7 . D a i l y fuelwood consumpt ion in 
an A p a t a n i v i l l a g e i n n o r t h - e ^ s t 
I n d i a . Va lues i n p a r e n t h e s e s 
r e p r e s e n t p e r c a p i t a c o n s u m p t i o n . 

Month Dry w e i g h t Energy e q u i v a l e n t 
(kg d^y'^) MJxlO^ 

November- Feb rua ry 12514 ( 7 . 0 ) 247 .3 (0 .14 ) 

March - Oc tobe r 6019 (3 .37) 118 .9 (0 ,07 ) 

S t a n d a r d - O.0I6 



F i g . 5.4 Energy flow (MJxl03) through the 

domestic sub-system of an Apatanl 

v i l l a g e In north-eas t India . 
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Table 5 . 8 . Annual expor t / impor t (Rs.xlO ) 
p a t t e r n in on Apatani v i l l a g e 
in n o r t h - e a s t I n d i a . Values 
in pa ren theses r e p r e s e n t per 
u n i t e x p o r t / i m p o r t . 

I tems Monetary v a l u e 

Export t o t a l 1449.1 (0.81) 
Rice 1247»9 (0.70 
Fish 
Eog 
Bamboo 
Import "total 
Meat : C a t t l e 

Swine 
J i iveni le (Swine) 
Tea leaf 
C h i l l i 
Sugar 
S a l t 
Kerosene o i l 
Clothing 
Medicine 
Others 

Expor t / Impor t r a t i o 4.12 

Stock •tp'iL 1723.4 (0.96) 
Rice 430.9 (0.24) 
AniTials 1292.5 (0.72) 

135.6 
26.1 
39.5 

352.0 
47.2 
34.0 
12.3 

8 . 8 

3 . 6 

10.3 
6 . 1 

9 . 7 

138.6 
16.7 
64.7 

(0.08) 
(0.01) 
(0.02 
(0.206) 

(0 .03) 
(0.02) 
(0.006) 
(0.005) 
(0.002) 
(0.006) 
(0.003) 
(0.005) 
(0.08) 
(0.009) 
(0.04) 



139 

toge ther accounted for over 73% of the food 

energy and about 51% •£ the prote in consumed. 

Tubers and root crop species form an important 

composition of the d i e t . Pork was an important 

component of the food ef animal or ig in followed 

by c a t t l e and mithun. 

Per capita fuelQw©od consumption was more 

than twice during November-Febiruary compared t© the 

r e s t of the year (Table 5 .7 ) . The actual fuel wood 

consumption was more than five times of the standard 

requirement worked out for Ind ia . Forest provided 

7 4% of the fuel wood needs and the r e s t was provided 

by bamboo cu l t iva ted as par t of the home garden . 

Pood and fuel^wood are the energy inputs 

i n t o th6 domestic sub-system which generated man 
3 

DOwer (629.1x10 MJ) used for la rge ly to support 

a g r i c u l t u r e and animal husbandry (Fig 5 ,4 ) . 

Pood re la ted items such as t ea , c h i l l i , 

sugar and s a l t are the major import items along with 

medicine and c lothing (Table 5,8) . Some meat i s 

a lso procured from o u t s i d e . Rice i s the chief export 

i t em. Apatanis tend to keep in reserve la rge 

q u a n t i t i e s of r i c e . Besides, riot a l l the animals are 

s l augh te red . The export from the v i l l age for exceeded 

the import . 



F i g . 5.5 Energy flow through an Apatani 

v i l l a g e in nor th-eas t India . 
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FuelOwood to t h e e x t e n t of 7 4% of the t o t a l 

consumption comes from the f o r e s t o u t s i d e t h e v i l l -

ago baundary ( f r e e of c o s t ) a longwith food i tems 

purchased from the market (Pig 5 . 5 ) . With r i c e 

and bamboo as major ou tpu t s going o u t s i d e the 

v i l l a g e voundary t he ou tpu t / inn iu t r a t i o worked out 

t o be 0 . 3 . 

DISCUSSlOH 

Wet r i c e c u l t i v a t i o n i s t h e main land use 

sys tem of t h e Apatanis . Only about 8% of the t o t a l 

c u l t i v a b l e land i s under mixed cropping under 

k i t c h e n garden . Two d i f f e r e n t V a r i e t i e s of r i c e 

based on co lour and crop matu ra t ion t ime are 

b r o a d l y ca t ego r i aed i n t o e a r l y and l a t e v a r i e t i e s . 

I n t r a s p e c i f i c v a r i a t i o n under r i c e c u l t i v a t i o n and 

i n t e r s p e c i f i c d i v e r s i t y under k i t c h e n garden ensure 

h a r v e s t s e c u r i t y of t h e agroecosystem (Chang, 1977; 

Colson, 1979; CVawson, (9^6) of t h i s r e l a t i v e l y more 

advanced community (Furer-Haimendrof/ 19*2/1985) . 

One of the chief advantages of v a l l e y c u l t i v a t i o n 

i s i t s s e l f - s u s t a i n a b i l i t y as va l l ey s a re n a t u r a l 

s i n k s for n u t r i e n t flow from t h e h i l l s lopes 

(Toky & Ramakrishnan, 1981) . P ish c u l t u r e as p a r t 

of t h e r i c e agroecosystem not only maximises 

p r o d u c t i v i t y but a l so provides Valuab le animal p ro te in 
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Such a complimentary system ©f ag r i cu l tu re and 

animal husbandry are common in India (lyenger* 

1953, 1962; Alikunhi, 1960; T r ipa th i , 1963) and 

elsewhere in Java and Madagas'kar (Hickling, 1961). 

Apatani recycle a l l the non-edible bimass of the 

previous crop in to the following cropping system. 

Such a recycling of non-» edible crop . biomass 

(Jones, 1976; Evan, 1980) helps in maintaining a 

low input for maintenance agr icu l tu re system, on a 

long term basis , Further , these low input systems 

give comparatively higher yields making them highly 

y i e l d s making them highly energy e f f i c i e n t . With 

an overa l l energy eff iciency of l i 61 which for wet 

r i c e cu l t iva t ion alone may be as high as l t78 

(chapt .3) the energy output / input r a t i o is b e t t e r 

than some of the sh i f t ing ag r i cu l tu ra l systems 

s tud ied by us (MishrOu& Ramakrishnan, 1981; Toky & 

Ramakrishnan, 1982), l e t alone the low energy 

ef f ic iency of modern agr icu l ture (Spedding, 1975; 

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

Mithun as an animal husbandry system is popular 

with the Apatanis as t h i s i s a pathway to gain s-tatus 

wi thin the socie ty , j u s t as the Tsembaga farmer 

t r i e s to r a i s e l a rge r pig herds which is considered 

to be a s t a tus symbol in t h e i r soc ie ty (Rambo, 1983). 
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This cu l tura l a t t i t u d e of the Apatanis prevents 

them from slaughtering the animals at frequent 

i n t e r v a l s ; some times the s laughtering frequency may 

be a very long 10-15 years or more. This maVî s th is 

animal husbandry system very i n e f f i c e n t from energy 

po int of view with only 1% ed ib le energy return* 

un l ike swines and poultry husbandry which gave 

14-1796. returns . Though animal husbandry system 

of the Apatanis has a-'n overa l l energy e f f i c i ency 

only 0.07, the only energy expended that cos t the 

farmer i s labour, as these animals largely depend 

upon grazing and waste products from agr icu l ture . 

I f t h i s i s adjusted i n t o the ca l cu la t ions the energy 

output of animal husbandry was 9 un i t s per u n i t labour 

input . 

Though animal husbandry system was worked out 

to be economically and e n e r g e t i c a l l y more e f f i c i e n t 

when considered on an id iv idual animal bas is (chap 4) 

but when t h i s system was l e s s e f f i c i e n t for the v i l l a g e 

as a whole . This i s because of the fewer animals 

s laughtered out of the t o t a l maintained at a given time 

The d i e t of the Apatanis i s r ich both in terms 

of energy and protein compared to other tr ibes such 

as the khasis (Mishra & Ramakrishnan, 1982) who 
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of ten have an energy consumption somewhat lower 

than the per capi ta standard requirement wofked 

out for an Indian v i l l a f e (Gopalan e t .al .»1978 ) « 

Rice as the major d ie tary component has p a r t i c u l ­

ar ly high ca lor i e content (Finck,1970) . Further, 

the prote in consumption i s very high and i s 6 3% 

above the standard requirement (Gopalan e t , a l , , 

1978) . Part icular ly s i g n i f i c a n t i s the fact that 

3 3% of the protein consumed i s of animal or ig in 

which compares very wel l with the world consumption 

of 25% (Pimentel e t . a l . 1975) 

Fuel^wood consumption pattern was determined 

by the a v a i l a b i l i t y of th i s resource, the energy 

e f f i c i e n c y of the cooking s toves and the need for 

winter heating of the hut . Apatanis c o l l e c t as 

much as 74% of the fuel^wood from the fores t which 

i s rather c l o s e to the v i l l a g e at a distance of 

not m-re than 3-5 km. The remaining, about 25% i s 

ra i sed within the v i l l a g e in t h e i r bamboo gardens. 

The consumption of t h i s resource within the v i l l a g e 

i s about 5.7 times more than the standard per capi ta 

requirement for a t y p i c a l Indian v i l l a g e (Mitchell , 

1 9 7 9 ) . This i s because of the high i n e f f i c i e n c y of 

the cooking stoves (Leach, 1976) which d i s s i p a t e s 



P i g . 5.6 Energy flow (MJxlO^) through the 

various sub-systems of an Apatani 

v i l l a g e in north-eas t India. 
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ou t s ide , a large amount of energy which i s convini-

ent for home heating during the winter months. 

Much ©f the fue l^ood consumption i s re la ted to 

d i s t i l l a t i o n 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 smoking the meat. 

The economy of the Apatani society i s based 

upon in tens ive va l ley cu l t iva t ion of r i c e . Though 

the v i l l a g e ecosystem efficiency (output/input r a t i o ) 

i s lower than tha t for sh i f t ing agr icu l tu re farmers 

in the region (Mishra & Ramakrishnan, 1982; 

Maikhuri# 198/) the net per cap i t a monetairy return 

to the farmer through sa le of excess production i s 

s u b s t a n t i a l with 40% r i ce production being sold to 

the economically weaker neighbouring t r ibes such 

as the Nishis and the h i l l H i r i s , 

The schematic presentat ion of energy flow 

through an Apatani v i l l a g e ecosystem (Pig.5.6) 

emphasises the i n t r i c a t e re la t ionships exis t ing be t ­

ween ag r i cu l tu re , animal husbandry, domestic and forest 

sub-systems . The dependence on the fores t i s largely 

for fuelQd/ood for the domestic s e c t o r and for grazing 

by c a t t l e and mithun. In re turn, the dung produced 

by the gra2ing animals gets recycled baCk into the 
3 3 

fores t ecosystem providing about 8.59x10 kg# 2.66x10 
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3 and 8.96x10 kg of N,P and K, r espec t ive ly . 

With swine and poul t ry ra ised In the v i l l age 

boundary the dung from these two anitnal 
3 3 

husbandry systems provide 1.01x10 ,0.6x10 and 
3 

0.93x10 kg of N, P and K, respect ive ly and gets 
recycled in to the agroecosystems. 

The overal l low energy eff ic iency (0.3) 

of the Apatani v i l l age^ in sp i t e of the except­

i o n a l l y high energy efficiency of the agroecosystem 

may la rge ly be r e l a t ed t« * (1) the tendency to 

conserve mlthuns as a s t a tus symbol with a long 

s laughter ing frequency and the consequent low 

energy efficiency of the animal husbandry sub-system 

as a whole and ( l i ) the low energy efficiency of the 

domestic sub-system because of high fuelOwood consum­

ption a t low energy efficiency levels . Apart from 

the p o s s i b i l i t i e s for improving the energy efficiency 

of the animal husbandry and the domestic sub-systems, 

even the agroecosystem could be In tens i f i ed through 

appropr ia te crop ro ta t ion during the winter season. 

In s p i t e of these p o s s i b i l i t i e s the Apatani v i l l a g e 

ecosystem is-̂  good example of economic sel f -suff ic iency 

of an t r a d i t i o n a l ag r i cu l tu ra l soc ie ty tha t prac t ices 

sedentary agr icu l tu re with ecological considerations 

in the nor th-eas tern h i l l region of Ind ia . 
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SUMMARY 

T h i s s t u d y d e a l s w i t h t h e e n e r g y f l o w 

t h r o u g h a t y p i c a l A p a t a n i v i l l a g e e c o s y s t e m 

p r e d o m i n a n t u n d e r w e t c u l t i v a t i o n of r i c e a t 

a n e l e v a t i o n o f 1572 m i n A r u n a c h a l P r a d e s h i n 

n o r t h - e a s t I n d i a . The e n e r g y e f f i c i e n c y of t h e 

a g r o e c o s y s t e m i s v e r y h i g h w i t h an o u t p u t / i n p u t 

r a t i o " o f 61 . The h i g h econo-n i c e f f i c i e n c y p e r m i t s 

e x p o r t o f r i c e a f t e r m e e t i n g l o c a l n e e d s . An ima l 

h u s b a n d r y s y s t e m w i t h s w i n e h u s b a n d r y and p o u l t r y 

i s an i m p o r t a n t l i n k i n t h e d e t r i t u s f ood c h a i n 

b y u t i l i z i n g t h e by p r o d u c t s and food w a s t e s of 

a g r i c u l t u r a l s u b - s y s t e m . The f o r e s t a p a r t from 

p r o v i d i n g s h e l t e r and food f o r t h e m i t h u n s and 

c a t t l e , a l s o m e e t s p a r t of t h e f u e l w o o d r e c u i r ' ^ r r e n t s 

o f t h e v i l l a g e . E x t e n s i v e bamboo g a r d e n s "^a in^- . ined 

b y t h i s c o m m u n i t y m e e t s t h e r e s t (25/:) o f t h e 

f u e l w o o d n e e d s a n d a l s o p r o v i d e s m a t e r i a l f o r h u t 

c o n s t r u c t i o n . The o v e r a l l e c o n o m i c e f f i c i e n c y of 

t h i s r e l a t i v e l y more a d v a n c e d t r i b a l s o c i e t y of 

n o r t h - e a s t I n d i a i s a b o u t 4 and t h e c h i e f i n p u t f o r 

t h e o p e r a t i o n o f t h e v i l l a g e e c o s y s t e m i s human l a b o u r 



CHAPTER 6 

ENERGY FLOW THROUGH A HILL MIRI VILLAGE 

ECOSYSTEM OF ARUNACHAL PRADESH IN NORTH­

EAST I N D I A . 
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INTRODUCTION 

Energetic studies of traditional agriculture 

would provide insight into how one may improve the 

quality of rural societies by utilizing local 

energy resources more efficiently. Energy flew 

data for rural ecosystems in developing countries 

are often fragmented. From the data compiled on 

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 per hectare than 

in industrialized nations (Stout, 1979). In 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 
2 

used over an estimated 36 million km of land 

(about 30% of the world's exploitable soils), 

producing food for about 250 million people 
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(PAO, 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 energy, the study aims: (i) to 

analyse the energy efficiency^of agriculture and 

animal husbandry of the village, (ii) food 

production and consumption patterns, (iii) economic 

efficiency of the village ecosystem, (iv) fuel 

wood consumption pattern and forest deriendency 

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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T a b l e 6 . 1 , H i l l M i r i v i l l a g e e c o s y s t e m 
s t r u c t u r e a t Do'khum (19^^4-85) 
i n n o r t h - e a s t I n d i a . 

Number o f h o u s e h o l d s 3 3 

T o t a l p o p u l a t i o n 419 

A d u l t m a l e 1 1 0 

A d u l t f e m a l e 146 

A d o l e s c e n t s t 1 2 - 2 1 y r . 72 

C h i l d r e n b e l o w 1 2 y r . 92 

T o t a l a r e a u n d e r c u l t i v a t i o n , h a . 36 
( 7 - y r . s h i f t i n g a g r i c u l t u r e ) 

T o t a l a n i m a l p o p u l a t i o n 

M i t h u n 1 9 8 

c a t t l e 1 1 0 

S w i n e 1 8 3 

P o u l t r y 8 9 1 
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of family i s about 12-13/ l i v i n g in bamboo house 

of about 19mx5,0m f l o o r a r e a , . The c l ima te i s 

monsoonic with over 75% of the t o t a l r a i n f a l l of 

511 mm occur r ing dur ing the monsoon per iod from 

May to September, The average maximum and minimum 

tempera tu res dur ing the summer was 28.7 C and 

16.1*C and t h a t dur ing the win te r was 19.7 C and 

5.4 C, r e s p e c t i v e l y . 

S h i f t i n g a g r i c u l t u r e l o c a l l y known as jhum 

i s t he only land use p r a c t i c e of h i l l M i r i s . 

During the win ter months (December-January) the 

t o t a l ground v e g e t a t i o n i s s l a shed and allowed t o 

d r y . Before the o n s e t of monsoon, in the month of 

March-Apri l the d r i e d debr i s i s b u r n t in s i t u . 

The jhum cyc le of 7 years in the v i l l a g e was 

about 10-12 crop s p e c i e s in t he m i x t u r e . Grains 

such as Oryza s a t i v a , E leus ine coracana , S e t a r i a 

i t a l i c a , Zea mays c o n s t i t u t e t h e major component 

of t h e c rop mixture along with vege tab le ; 

crops such as Cucurb i t a maxima, Cucumis s a t i v a , 

C o l e c a s i a ant iquorum. Sowing s t a r t s a f t e r burning 

of d e b r i s in the p l o t s , with v e g e t a b l e s and t u b e r 

c r o p s . Rice i s the main crop sown a f t e r the onse t 

on monsoon in the month of April-May, Weeding was 

done tw ice , once dur ing May-June and again in 

Ju ly -Augus t , Harves t ing s t a r t s in the month of 
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August with Zea mays and continued upto December 

for tuber crops. Rice was harvested in the month 

of October-November. 

Animal husbandry system of the hill Miris 

consists of mithun (Bos frontalis), cattle, swine 

and poultry. Mithun and cattle are maintained in 

the forest and they are totally dependent upon 

forest grazing. Swine and poultry which are 

largely detritus based are maintained within the 

village. 

Agriculture and animal husbandry form the 

main occupation of the hill Miris, The food 

production system of the village is labour intensive, 

requiring large inputs of man-power; however, a 

part of the total man-power was exported also. 

Energy required for cooking food and heating the 

houses come from fuel'^wood, largely extracted 

from the forest. 

METHODS 

Six randomly se lec ted households of the 

v i l l a g e 'Dokhum* were selected for t h i s study. 

All the a c t i v i t i e s in the v i l l age were closely 

monitored and quant i f ied over a one year period. 
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Table 6,2 Energy va lue (MJ kg" ) of 
v a r i o u s food i tems consumed 
by h i l l Mir is in n o r t h - e a s t 
I n d i a . (Gopalan e t . a l . , 1978) 

Food i tems Energy va lues 
(MJ kg"'^) 

Gra ins 

Pu l se 

Sesamum 

F r u i t s 

Leafy vege tab le s 

Tuber and r o o t crops 

Beverage (Rice+Mil le t ) 
(3 1 kg'M 

16.31 

16.24 

26.60 

14.94 

13 .77 

13.77 

4.95 

^Kohli, 1983 
%anjhan,197 7 
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The observations of ag r i cu l tu re were based on three 

r-eplicate plots se lec ted randomly from the six 

households. The energy values for economic yie ld 

of crops were based on standard values given in 

Table 6 ,2 . Energy input through seed was calculated 

on the bas is of the t o t a l energy expended to -produce 

tha t f ract ion of crop y i e ld . 

Labour hour expended for each category of 

worl< was recorded. Total food energy consumed was 

apportioned to each ac t i v i t y (Leach, 1976) according 

to r e l a t i v e duration on the basis of groupings, 

involving e i ther 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 adul t 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 ca lcu la te the labour energy 

input in to the sub-systems (Gepalan et .aj^. , 1978). 

Energy output per kg of meat of the 

slaughteredAiunted animals of each category was 

ca lcu la ted on the basis of 17.2 MJ for mithun and 

c a t t l e , 4.56 MJ for poul t ry , 7,2 MJ for eggs, 

4,66 for deer, 5 MJ for r a t s , 3.94 MJ for frog, 

5,88 MJ for wild b i rds (Gepalan e t . a l . , 1978), 

These values were mul t ip l ied by 1,149 (Mitchell, 

1979) to ca lcu la te the heat of combustion of meat 
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Table 6 . 3 . Protein contents of various food 
items consumed by h i l l Miris in 
no r th -eas t Ind ia . (Gopalan e t . ^ 1 . / 
1978). 

Food i tems 

P l a n t o r i g i n : 
Or^za s a t i v a 
E l e u s i n e coracana 
Zea mays 
^e-fc«xla i t a l ^ o a 
Sesamum indicum 
Phoseolus mun^p 
Cagsicum f r u t e s c e n c e 
Cucurb i ta maxima 
Cucumis s a t i v a 
Musa sapientum 
Colocas ia antiquorum 
Manihot esculent^s 

Beverage (Rice + m i l l e t ) 
Animal o r i g i n : 

Mithun and C a t t l e 
Swine 
Poultry-
Egg (hen) 
Deer 
Frog 
Rat 
Wild b i r d s 

. ^ K o h l i , 1 9 8 3 . 
^Ifenjhan, 1 9 7 7 . 

P r o t e i n 
c o n t e n t (%) 

2 . 5 

7 . 3 

1 1 . 1 

12 .3 

18 . 3 

2 4 . 0 

2 . 9 

4 . 6 

0 . 4 

1 .4 

3 . 0 

0 . 7 

2 . 7 

7 9 . 2 

12 . 0 

25 . 9 

1 3 . 3 

21 . 0 

1 9 . 6 

2 3 . 6 

2 3 . 8 
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and egg . However, the heat of comcution of pig 

meat was d i r ec t ly ca lcu la ted as 17 .121 MJ jcf' 

• f meat (Ranjhan, 1977) . 

Cost-benefi t analysis of ag r i cu l tu re , and 

animal husbandry sub-systems was calculated on the 

bas i s of the preva i l ing market r a t e s . Thus labour 

wages for agr icu l tu re were ca lcula ted a t the r a t e 

of Rs. 12 and 15 per day for female and male labour, 

r e s p e c t i v e l y . The annual cost of maintenance for l«^ 

mithun, c a t t l e , pig and poultry^was Rs 175, 100, 60 

and 40, r e spec t ive ly . Economic efficiency was c a l ­

cu la ted as output / input r a t i o . 

Es4:imation of actual eunount of food/fuel 

wood consumed by humans was based on regular 

measurements made in the v i l l age and the energy 

eqx^ivalents of the food items (Gopalan _et ._al., 1978 ) 

and 19.7 MJ kg '^for fuelC-wood (Mitchell, 1979). 

The pro te in equivalents of a l l food produced and 

t h a t p a r t of i t consumed by the v i l l a g e r s was 

determined by multiplying the quant i ty of food and 

t h e i r respect ive pro te in contents (Table 6 , 3 ) . 

For ca lcu la t ion of energy of grazing and 

so avenging by animals i t was assumed that the energy 

equivalent for t h i s would be equal to the values obtain­

ed a f t e r subtract ing the energy values of the actual 
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feed consumed (based on regular observations) 

from t h e i r standard food requirement (Ranjhan, 1977) 

For ca lcula t ing standard food energy/protein 

requirements of humans, the t o t a l consumption 

u n i t s (adult male values) for the whole villaeie 

was ca lcu la ted from the enerfy consumption scale 

suggested by Gopalan ^ .^1 • (1978) . One adult male, 

I u n i t ; one adul t female, 0.9 u n i t ; children aged 

5-7 years , 7-9 years , 9-12 years 0,6, 0.7 and 0.8 

un i t s r e spec t ive ly . The t o t a l number of uni t s 

for t h i s v i l l age worked out a t 373 (204.5+131.4 + 

14.7 •¥ 16.8 + 5 . 5 ) . Thie was then mult ipl ied by 

food energy equivalents of an adul t ( luni t) of 

10.042 MJ day" and prote in equivalents •f an adult 

( l u n i t ) of 55 g daY*^ (Gopalan e t . a i . , 1978) to 

c a l c u l a t e daily food energy/ protein requirement 

of d i f f e ren t ca tegor ies of humans . To find energy 

equivalent of fuel^wood needed per day for cooking 

purposes i t was assumed tha t the po ten t ia l energy 

required for one adul t ( luni t ) would be 15.76 MJ 

(Mitchell , 1979) . This was then mult ipl ied by 

the t o t a l uni ts obtained for the whole v i l l a g e . 
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Table 6 .4 Energy (MJ ha" yr"" ) and monetary 
— 1 —1 (Rs. ha yr ) (in parentheses) 

input /output pat tern under a 7-year 
Shif t ing ag r i cu l tu re of h i l l Miris 
in nor th -eas t Ind ia . 

P r o d u c t i o n measure 

I n p u t t o t a l 

Labour t o t a l 

S l a s h and burn 

Land p r e p a r a t i o n 

Sowing 

Weeding and Watching 

H a r v e s t i n g and 

Seed 

Ou tpu t t o t a l 

S l a s h 

G r a i n s 

t r a n s p o r t 

Leafy and f r u i t v e g e t a b l e s 

Tu>~er and r o o t 

Ne t r e t u r n 

E f f i c i e n c y . 

O u t p u t / i n p u t r a t i o 

c r o p s 

Ene rcy 

681 .1 

6 5 0 . 1 

48 .8 

16 .4 

161 .6 

248 .0 

175 .3 

31 

41886 

6304 

30328 

1375 

3879 

41204 .9 

(2762) 

(1886) 

(123) 

(57) 

(440) 

(764) 

(^02) 

(376) 

(5706) 

(80) 

(4532) 

(354) 

(740) 

(3444) 

6 1 . 5 ( 2 . 5 2 ) 

Output/ input r a t i o 5 2.2(2.49) 
( - s lash) 



T a b l e . 6 . 5 . 3 "5 
P e r a n i m a l a n n u a l e n e r g y (MJ x 10 ) and m o n e t a r y ( R s . x 10 !f 
( i n p a r e n t h e s e s ) i n p u t / o u t p u t p a t t e r n o f a n i m a l h u s b a n d r y o f h i l l 

M i r i s i n n o r t h - e a s t I n d i a , 

Production measure Mithun Cattle' ?wine' 
Meat 

Poultry 
egg 

Input total 

Labour 

Food 

Output total 

Meat 

Egg 

Dung 

Output/input ratio 

Output/input ratio 
(Dung and food) 

2 8 . 7 3 ( 0 . 1 7 ) 2 1 . 2 2 ( 0 . 1 0 ) 8 . 1 3 ( 0 . 1 1 ) 

0 . 0 3 ( 0 . 1 / ) 0 . 0 2 ( 0 . 1 0 ) 0 . 0 8 ( 0 . 0 6 ) 

2 1 . 2 (0) 

1 .88 ( 0 . 7 4 ) 

2 8 . 8 (0) 

3 . 0 ( 1 . 0 5 ) 

1 . 7 3 ( 1 . 0 5 ) 

1 .27 (0) 

0 . 1 0 ( 6 . 1 8 ) 

52 ( 6 . 1 8 ) 

^ S l a u g h t e r i n g a g e o f 6 y e a r s 
• ^ S l a u g h t e r i n g a g e o f 5 y e a r s 
^ ' S l a u g h t e r i n g a g e o f 1 v e a r 
^ p e r f a m i l y . 

8 . 0 5 ( 0 . 0 5 ) 

1 . 1 ( 0 . 8 3 ) 

1 . 2 2 ( 0 . 7 4 ) 0 . 9 ( 0 . 8 3 ) 

0 . 6 6 (o) 

0 . 0 9 ( 7 . 4 0 ) 

0 . 2 (0) 

0 . 1 4 ( 7 . 5 5 ) 

6 1 ( 7 . 4 0 ) 1 1 . 3 ( 7 . 5 5 ) 

1 .76 ( 0 . 0 7 ) 

0 . 0 3 ( 0 . 0 3 ) 

1 . 7 3 ( 0 . 0 4 ) 

0 . 1 9 ( 0 . 4 0 ) 

0 . 0 8 ( 0 . 4 0 ) 

0 . 1 1 (0 ) 

0 . 1 1 ( 5 . 7 1 ) 

2 . 7 ( 5 . 7 1 ) 

0 . 6 2 ( 0 . 0 3 ) 

0 . 0 1 ( 0 . 0 1 ) 

0 . 6 1 ( 0 . 0 2 ) 

0 . 1 7 ( 0 . 1 6 ) 

O . l u ( 0 . 1 6 ) 

0 . 0 7 (0) 

0 . 2 / ( 5 . 3 3 ) 

10 ( 5 . 3 3 ) 

CI 
00 
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RESULTS 

Labour i s a ma jo r i n p u t i n t o s h i f t i n g 

a g r i c u l t u r e * b e s i d e s s e e d unde r a 7 - y e a r c y c l e 

o p e r a t i n g i n t h e v i l l a g e (Table 6 . 4 ) . Only 

a b o u t 10% of t h e t o t a l l a b o u r e n e r g y i n p u t went 

f o r c l a s h « d b u m o p e r a t i o n and f i e l d p r e p a r a t i o n . 

About 40% ene rgy was expended f o r weeding and w a t c h -

i n f t h e p l o t s . S l a s h used as fuel 'jivood was one 

of t h e o u t p u t s a p a r t from t h e h a r v e s t e d c rops . 

G r a i n c r o p s were emphas i zed mos t , fo l lowed by 

t u b e r and r o o t " i e l d i n g s p e c i e s . The n e t r e t u r n 

p e r h e c t a r e was Rs, 3444 and w i t h a h i g h energy 

e f f i c i e n c y , 

Labour and food a r e t h e o n l y two energy 

i n p u t s i n t o an imal h u s b a n d r y s y s t e m (Table 6 . 5 ) . 

Though Mithun and c a t t l e r a i s i n g r e q u i r e d more 

t o t a l l a b o u r ene rgy i n p u t b e c a u s e ©f t h e h i g h e r s l a u g h t -

i n g age f o r t h e s e two, t h e annua l ene rgy i n p u t was 

l o w e r t h a n f o r sw ines . Annual l a b o u r energy i n p u t 

was maximum f o r sw ines and minimum f o r e g g - l a y i n g 

p o u l t r y b i r d s . Per y e a r energy o u t p u t from mi thun 

was more t h a n from C a t t l e . Energy e f f i c i e n c y of e g g -

l a y i n g p o u l t r y b i r d s was maximum. However, e d i b l e 

e n e r g y o u t p u t p e r u n i t l a b o u r i n p u t was maximum fo r 



F i g . 6.1 Energy flow (MJxlO ) through the 

animal husbandry sub-system of a 

h i l l Miri v i l l a g e in north-east 

I n d i a . Values in parentheses 

represents the monetary flow (Rs.xlO ) . 
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F i g . 6.2 Food (plant or igin) production ^nd 

consumption pat tern in a h i l l Miri 

v i l l a g e in nor th-eas t India . 
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Pig. 6.3 Meat consumption pattern in a hill 

Miri village in north-east India. 
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Tab le 6 . 6 . Annual food and p r o t e i n consumption 
p a t t e r n in a h i l l Miri v i l l a g e in 
n o r t h - e g s t I n d i a . Values in p a r e n ­
the se s r e p r e s e n t per u n i t consumption 

Food i t e m s 

P l a n t o r i g i n t o t a l 

G r a i n s 

P u l s e 

Sesamum 

E n e r g y ( M J x l O ) 

1 3 4 1 . 9 

1 0 9 8 . 8 

2 .5 

3 5 . 2 

L e a f y and f r u i t 3 6 . 7 
v e g e t a b l e s 

T u b e r and r o o t 
c r o p s 

B e v e r a g e 
( R i c e + m i l l e t ) 

A n i m a l o r i g i n t o t ^ l 

W i l d a n i m a l s 

D o m e s t i c 
a n i m a l s 

Eggs ( h e n ) 

T o t a l p l a n t + a n i m a l 
o r i a i n 

6 6 . 8 

1 0 1 .9 

1 2 6 . 6 

4 8 . 0 

7 7 . 0 

1 . 6 

1 4 6 8 . 5 

( 3 . 5 9 ) 

( 2 . 9 4 ) 

( 0 . 0 0 6 ) 

( 0 . 0 9 ) 

( . 1 0 ) 

( 0 . 1 8 ) 

( 0 . 2 7 ) 

( 0 . 3 4 ) 

( 0 . 1 3 ) 

( 0 . 2 1 ) 

( 0 . 0 0 4 ) 

( 3 . 9 ) 

P r o t e i i 

7 . 0 3 

6 .07 

0 . 0 4 

0 . 2 4 

0 . 0 6 

0 . 0 7 

0 . 5 5 

3 .05 

0 . 7 9 

2 .23 

0 .03 

1 0 . 0 8 

n (kgxlO-^) 

( 0 . 0 2 ) 

( 0 . 0 2 ) 

( - ) 

( - ) 

( - ) 

( - ) 

(O.OCl ) 

( . 0 0 8 ) 

( 0 . C 0 2 ) 

( 0 . 0 0 6 ) 

( - ) 

( 0 . 0 3 ) 

S t a n d a r d 1 5 7 0 . 7 ( 4 . 2 ) 7 . 4 9 ( 0 . 0 2 ) 
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c a t t l e c l o s e l y followed by mithun; pou l t ry b i r d s 

were l e a s t e f f i c i e n t . Economic e f f i c i e n c y was 

maximum for swine husbandry and minimum for p o u l t r y . 

In t h e v i l l a g e as a whole t he energy e f f i c i e n t 

of animal husbandry systems was low with maximum 

fo r p o u l t r y . The economic e f f i c i e n c y of swine 

was b e t t e r than t h a t of pou l t ry (Fig.6 . 1 ) , Economic 

e f f i c i e n c y of c a t t l e husbandry was t he h ighes t 

where as i t was minimum for mithun . 

Most of t h e food requirements of the domestics 

su.b-sVetera w=!S met from the "-rrodnce under s h i f t i n g ac r i c 
ul4-uft. excep t r i c e t h a t i s imported ( F i g , 6 . 2 ) . Only 

a smal l f r a c t i o n of t h e produce was so ld in the 

market 

5 2% of the t o t a l meat consumption by the 

h i l l Mir i s was ob ta ined from wild animals ( F i g . 6.3) 

Only a small f r a c t i o n of t h i s was gathered from the 

wi ld in the form of frogs and r a t s and a l a rge 

f r a c t i o n was hunted deer and wild p i g . The 

c o n t r i b u t i o n of p o u l t r y to t h e meat/egg consumed 

from animal husbandry system was only a small f r a c t i c 

Out of t he t o t a l food energy consumed wi th in 

t h e v i l l a g e , over 90% was of p l a n t o r i g i n and t h e 

r e s t was of animal o r i g i n (Table 6 .6) About 30% of 
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T a b l e 6 . 7 . D a i l y fuel^wood consumpt ion in 
a h i l l Mi r i v i l l a g e i n n o r t h - e a s t 
I n d i a . Va lues i n r a r e n t h e s e s 
r e p r e s e n t d a i l y p e r u n i t c o n s u m p t i o n . 

Month Average Energy e q u i v a l e n t 
kg day~^ MJ x 10" 

November- Feb rua ry 2442 ("^.55) 48 .10 (0 .13) 

March - O c t o b e r 1650 (4 .42) 32 .50 (0 .09 ) 

S t a n d a r d 0 .016 



3 
F i g . 6,4 Energy flow (MJxlO ) through domestic 

sub-system of a h i l l Miri v i l l age in 

nor th -eas t Ind ia . 
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Table 6 .8 Annual monetary and energy e x p o r t / 
impor t p a t t e r n of e s s e n t i a l i tems 
in a h i l l Vi r i v i l l a g e in n o r t h -
e-.st I n d i a . Values in pa ren theses 
r e p r e s e n t per u n i t e x o o r t / i m p o r t . 

Items Quant i ty 
(kgxio' ' ) 

Monetary 
va lue ^ 
( R s . X l O " * ) 

Energy 
e q u i v a l e n t 
(MJ x 10-^) 

Total export 
Crops 

Sesamum 
indicum 

Cucurbita 
maxima 

Tuber crops 

Meat and egg 

Mithun 

Cattle 

Swine 

Poultry 

egg (hen) 

Labour 

Total import 

Rice 

Clothing 

Medicine 

Miscellaneous 

0.4 

0.7 

2 .8 

7 .9 

5 .3 

3.2 

0.2 

0.1 

-

52.2 

-

-

-

Export/import ratio -

3 3 9 . 2 (0 .909 ) 380 .8 

3.8 

3.2 

6 .2 

94 .5 
63 .6 

47 .7 

6 .2 
1.5 

112 .5 
158.5 

114.9 
18 .6 

8 .2 
1 6 . 8 

2 .14 

9 .3 

11 .0 

39 .6 

155 .6 

104 .8 

54 .7 

1 .0 

1 .0 
4 .0 

(0 .425 ) 8 5 1 . 9 
851.9 

(1 .02) 

(? .2R) 

0 . 4 5 
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t h e prote in consumed was of animal or igin and the 

r e s t came from plants . Though the energy consumed 

was l e s se r than the standard? requirement for an 

average Indian adul t , the protein consumption 

was much higher . 

Per capi ta fuel^wood consumption in the 

v i l l ; ,ge was over 10 times higher than the 

s tandard requirement for an average Indian (Table 6 .7 ) . 

Consumption was higher during the winter months than at 

o ther t imes. Slash from sh i f t ing agr icu l tu re of the 

v i l l a g e contributed about 7% of the t o t a l fuel 

energy needs and the r e s t came from the forest . 

Pood consumed and fuel^wood for cooking and 

for heat ing houses are two inputs in to the domestic 
3 

system, with 87 .1x10 MJ of the labour energy output 

used mainly for ag r i cu l tu re , animal husbandry and 

hunting (Fig . 6 . 4 ) . The energy eff iciency of the 

domestic system of the v i l l age worked out ^t a 

low 0 .02 . 

Meat i s the major exoort out of the v i l l a g e 

(Table 6 , 8 ) . A large quanti ty of r i ce i s imported. 

The energy import i s about 2 .2 times more than the 

export whils t in economic terms the v i l l age export 

i s about 2.1 tiroes more than the t o t a l import. The 

h i l l Miris contr ibuted subs t an t i a l labour outs ide 

the v i l l a f e . 
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DISCUSSION 

H i l l Mi r i s , l i k e most of t h e o t h e r t r i b e s 

of n o r t h - e a s t Ind ia depend upon s h i f t i n g a g r i c u l t u r e 

wi th mixed cropping of g r a i n , t u b e r and vege t ab l e 

y i e l d i n g p l a n t s , wi th emphasis on g ra in y i e l d i n g 

s p e c i e s . Both human pre fe rences and ecology 

may govern t h e s e l e c t i o n and combinat ion of 

c u l t i v a r s . Grains may be p r e f e r r e d over tuber 

c rops because t h e s e a r e l e s s bulky and e a s i e r 

t o s t o r e with l e s s r i s k of loss (Mi tche l l , 1 9 8 4 ) . 

Crop p re fe rences may a l s o be r e l a t e d to s o i l 

f e r t i l i t y s t a t u s (Ramakrishnan, 1984a) . The h i l l 

Mir i t r i b e s o p e r a t i n g t h e i r s h i f t i n g a g r i c u l t u r e 

under a s h o r t 7-year c y c l e ^re n o t ab le to meet 

t h e i r y e a r l y requi rements and have t o depend upon 

impor t from o u t s i d e . This i s to a c e r t a i n e x t e n t 

compensated through income from labour export working 

l a r g e l y fo r Governmental agencies o r p r i v a t e e n t e r -

p r e n e u r s involved in developmental a c t i v i t i e s and 

th rough expor t of mea t . The c h i e f advantage of^^Jhum) 

l i e s i n t h a t , l abour i s t he only i n p u t which comes 

from wi th in the family i t s e l f and t h e r e f o r e i t does 

no t c o s t anything t o t h e farmer . Even i f the c o s t 

of l abour i s inc luded in the c a l c u l a t i o n s as we have 

done in our study t h e energy and economic e f f i c i e n c i e s 

a r e h i g h . Very high energy e f f i c i e n c i e s for t h e s e 
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t r a d i t i o n a l ag r icu l tu re systems has been shown 

by other workers (Lewis, 1951; Norman, 1973; 

Uhi & Murphy, 1981) with a reasonably high economic 

ef f ic iency (Toky & Ramakrishnan, I98|a; Mishra & 

Ramakrishnan,1981). 

Animal husbandry with emphasis on swine 

husbandry and poul t ry are important a c t i v i t i e s 

l inked with sh i f t ing agr icu l tu re in nor th-eas t 

India (Mishra & Ramakrishnan, 1982; Maikhuri, 1987) 

and elsewhere in the world (Rappaport, 1971). 

The energy and economic e f f ic ienc ies of these two 

systems are general ly h igh . This i s largely because 

these two animal husbandry systems pa r t i cu l a r ly 

swine husbandry are d e t r i t u s based and therefore 

i t i s no input a c t i v i t y . 

Apart from these , c a t t l e and mithun maintain­

ed by them depend largely on fo res t land for grazing 

the animals . Mithun is a t r a d i t i o n a l animal 

maintained by the t r i b e s of Arunachal Pradesh, but 

t h i s i s on the decl ine with l a rge - sca le deforestat ion 

in the area and the consequent decl ine in land for 

grazing . This decl ine i s in s p i t e of the soc ia l 

and c u l t u r a l values attached with Mithuns. I t 

may be noted here t h a t , apart from determining 



167 

the soc ia l s ta tus of the family these animals 

t r a d i t i o n a l l y are a lso used for g i f t and b a r t e r . 

Ca t t l e farming i s a recent introduction 

in to the region by Governmental agencies and 

therefore has yet to find large sca le acceptance. 

However^ these animals are used exclusively for 

meat and not for mi lk . This i s because milk 

consumption i s t r a d i t i o n a l l y not done by the 

t r i b a l soc ie t i e s in the region. 

Between swine husbandry, mithun and c a t t l e , 

the economic and energy ef f ic ienc ies of swines 

are h ighe r . This i s pa r t ly r e l a t ed to the 

s laughter ing frequency of the animals , with 

year ly slaughtering of swines and 5-t© 6-year 

i n t e r v a l s for c a t t l e and mithun, the efficiency 

of the former one i s b e t t e r than the l a t e r two. 

In the case of swine husbandry s laughtering of pigs 

a t more frequent i n t e rva l s gave about 11% edible 

energy return per pig which i s more than the 

Tsembaga system (Rappaport, 1971) where the 

s laughter ing i n t e rva l for swine- i s 10 years . 

The general reduction in the energy and 

economic e f f ic ienc ies of the animals of the v i l l a g e , 

as a whole, i s because of the l esse r number of 
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s l a u g h t e r e d animals out of the t o t a l maintained a t 

a given t i m e . 

Hunting and ga the r ing i s a common p r a c t i c e 

of t r i b a l s in n o r t h - e a s t India (Gangwar, 1987) . 

A v a r i e t y of animals (bush meat) i s a v a i l a b l e to 

hun te r s in t he l e s s popula ted a r e a s , which may 

i n c l u d e monkeys, b i r d s , dee r s , e t c . (Ajayi, 1971* 

Heyman and Maurice, 1973) . In some areas today i t 

i s e s t ima ted t h a t 50% t e 65% of t h e p ro t e in a v a i l a b l e 

t o r u r a l popula t ion i s s t i l l de r ived from f o r e s t 

wi ld l i f e and f i s h e r i e s (UNESCO, 1978) . H i l l Mi r i s 

ob ta in 7 to 8% of t he t o t a l p r o t e i n needs from 

t h e w i l d . 

The food energy consumption of the h i l l Miiis 

i s below the s t anda rd requ i rement . With about 90% 

of t he food energy being met through s h i f t i n g 

a g r i c u l t u r e , the shor tened s h i f t i n g a g r i c u l t u r e 

c y c l e of 7 years i s unable to p rov ide s u f f i c i e n t 

food t o the farmer as was a l so shown for the 

Khasis in Meghalaya (Miahra and Ramakrishnan, 1982 ) . 

However with30?6 of t h e p ro t e in needs coming from 

animal husbandry t h e h i l l Miris o b t a i n more than 

t h e i r s t andard r equ i r emen t . 



F i g . 6,5 Energy flow (MJxlo3) through the 

various sub-systems of a h i l l Miri 

v i l l a g e in no r th -eas t India, 
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The heavy fuelQwood consumption is due to 

low efficiency of the cooking stoves. In general, 

the per capita consumption of fuelcwcod in 

developing countries worked out to be about two-

and-a-half times more than in the west (Leach, 

1976). Most of the fuel^wood by the hill Miris, is 

used for heating the huts and for distilling 

the local beer. Excessive fuel';;wood 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 about 

2 of the Apatanis (Chapter 5) and about 1 of 
T 7 

the Khasis (Mishra and Ramakrishnan, 1982) of 

north-east India. Apatanis have a highly evolved 

wet cultivation of rice that meets all their 

requirements where as the Khasis with their 

agricultural activity geared to potato cultivation 

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 sub-systems, 

The whole village ecosystem is based upon 

recycling of resources within and between the 
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different sub-systems considered. However, the 

village ecosystem of the hill N5iris suffer following 

deficiencies: (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 not 

recycled into the agriculture system, (iii) poor 

efficiency of fuelCwood use. Apart from agro-

forestry inputs for stabilizing a short shifting 

cycle of a 7 years (Ramakrishnanv,i987b) : 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 flow through 

a t y p i c a l h i l l Miri v i l l a g e ecosystem under 

7-year s h i f t i n g agr icu l ture cyc l e at an e leva­

t i o n of 1060.m in Arunachal Pradesh in north-

e a s t India . Even though v i l l a g e i s not s e l f -

s u f f i c i e n t in t h e i r food production, the energy 

and economic e f f i c i e n c y (output/input rat io) 

of the agroecosystem i s very high (61.5 and 

2.5 r e s p e c t i v e l y ) . Animal husbandry system 

with swine husbandry and poultry i s an import­

ant l ink in the d e t r i t u s food chain that 

u t i l i s e s the by-products and food wastes of 

the agricul ture system. The f o r e s t apart from 

providing s h e l t e r and food for mithun and c a t t l e , 

which are a important components of animal 

husbandry system a l so meet over 90% of the fuel 

wood requirement. Hunting and gathering contribute 

about 52% of the t o t a l meat consumed in the 

v i l l a g e . The i n t r i c a t e re la t ionsh ips between 

production and consumption compartments of the 

v i l l a g e alongwith f o r e s t dependency have been 

d i s c u s s e d here . 



GENERAL DISCUSSION 
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In the north-eastern h i l l region of India 

shortening of the shif t ing 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 

e f f i c ienc ies of tea, coffee, pineapple with other 

crops and terrace cult ivation of ginger was 

evaluated. Coffee introduced into the region has 

not been successful, perhaps related to management 

pract ices . This aspect needs further investigation. 

Ginger cultivation which i s economically profitable 

though i s widely practised by tr ibals in the region 

needs heavy input of labour and f e r t i l i z e r and 

therefore not very e f f i c i en t from energy view 

point . There i s perhaps, poss ib i l i ty for e f f i c i ent 

recycling of resources to reduce the input of 

inorganic f e r t i l i z e r s . Tea and pineapple alongwith 

otiier 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 s o i l because of reduced d is turbances . 

In any case, p l an t a t i on / ca sh crops have the 

i n t r i n s i c advantage of reduced losses occurring 

through hydrology, compared to annual cropping under 

t e r r a c e s or under sh i f t ing a g r i c u l t u r e . Tradi t ional ly 

grown pineapple with o t h e r crops was found to be 

advantageous in t ha t e f f i c i en t recycling of crop 

res idue along with weed biomass contr ibuted 

s u b s t a n t i a l l y in conserving n u t r i e n t s within the 

system. However, the long term s u s t a i n a b i l i t y 

of t h i s cropping pa t te rn i s doubtful unless 

combined with strong agroforestry i npu t s . 

Unlike most of the t r i b a l communities of 

n o r t h - e a s t India, theApatanis of Arunachal Pradesh 

have evolved sedentry agr icu l tu re chief ly in the 

form of wet cu l t i va t i on of r i ce in t h e i r extensive 

va l ley lands . P i s c i cu l tu re along with r i ce 

c u l t i v a t i o n not only improves the bioproduct ivi ty 

of the agroecosystem, but i s a lso found to be 

highly e f f i c i en t both from energy and economic 

points of view. A unique feature of the Apatani 

wet r i c e c u l t i v a t i o n , i s combining i t with 

Eleuslne coracana on the bund areas separating 

r i c e p lo ts which t r a d i t i o n a l l y in India are 

otherwise used as foot path for walking from 

one p l o t to another. In t h i s way the Apatanis 
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maximize production per un i t land. The r i ce 

agroecosystem i s mainly labour in tens ive and 

depend upon t i g h t recycling of organic wastes 

from within the v i l l a g e ecosystem. Bamboo gardens 

maintained around r i c e plots besides providing 

fuelowood and timber for v i l l a g e consumption, a lso 

provides cash income through expor t . 

A comparative analysis of the v i l l age 

ecosystem study of the Apatanis and the,.hi 11 Miris 

i n d i c a t e s tha t the former are far b e t t e r organized 

than the l e sse r developed h i l l Miris who depend 

upon sh i f t i ng a g r i c u l t u r e . The Apatanis are not 

only s e l f - s u f f i c i e n t in food production and 

consumption, but a lso produce surplus r i ce for 

export , unl ike the h i l l Miris who are not se l f -

s u f f i c i e n t and have to import r i c e . 

Mithun (BOs f r o n t a l i s ) , c a t t l e , swine 

and poul t ry form the animal husbandry pract ices 

of these t r i b e s . With lesser economic efficiency 

f o r . s h i f t i n g ag r i cu l t u r e , the h i l l Miris emphasize 

upon animal husbandry and t h i s sub-system of the 

v i l l a g e i» more e f f i c i e n t l y organized by them 

compared to the Apatanis. Therefore h i l l Miris 

a re able to export meat to the neighbouring more 

a f f luen t Apatanis and purchase excess r ice 

produced by the l a t t e r . 
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Heavy fuel^wood consumption in both the 

t r i b e s because of energy i n e f f i c i e n t cooking stoves 

r e s u l t s in heavy dependence upon fores t resources 

t h a t are fas t dwindling. 

Even though Apatani r i ce cu l t iva t ion i s very 

soph i s t i c a t ed with high energy effieiency (1»78), 

provide high economic returns, fur ther i n t e n s i f i ­

cat ion through modern inputs in terms of cu l t iva r s 

and through winter cropping which is not done now, 

perhaps through mixed legumes/tuber crops i s a 

p o s s i b i l i t y * Similar ly the sh i f t i ng agr icu l tu re 

of the h i l l Miris under a 7-year cycle could be 

fu r the r improved upon through more agroforestry 

inputs (RamaXrishnan, 1989$, 1987a). Better 

management prac t ice for c a t t l e and mithun, so 

t h a t the waste resources from these two could be 

e f f ec t i ve ly u t i l i z e d for ag r i cu l tu re , would 

ensure b e t t e r land use management a l s o . Better 

organisa t ion of s laughter ing regime for animals 

wouldtensure b e t t e r re turns to the farmer since 

some of the animals maintained are often not 

s laughtered for many y e a r s . These effor ts 

combined with b e t t e r organization of the domestic 

sub-system with appropr ia te ru ra l technology 

inputs (Ramakrishnan, 1984a;b>^, 1985a) would 

ensure development based on ecological 

cons ide ra t ions . 
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Cash crop p lanta t ion introduced by the 

Governmental agencies in Meghalaya in 

n o r t h - e a s t Ind ia . 

P l a t e l a , A general view of coffee p lan ta t ion 

b . Coffee bears ready for plucking. 

I I a . A general view of the tea p lan ta t ion 

b . Plucking of tea leaves by the female 

labourers . 





Cash crop p lanta t ion t r a d i t i o n a l l y grown by the kh^si! 

in Meghalaya in nor th-eas t I nd i a . 

P l a t e H I a. Mixed cropping of pine apple with 

Colocasia antiquerum. Curcuma 

longa and Manihot esculentus , 

b« A mature pineapple plant with f runi t 

ready for ha rves t . 

IV a. Ginger cu l t iva t ion on ter races . 

b . Ginger ready for sa l e in the local 

market. 
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Plate V. Wet cultivation of rice done by 

the Apatanis in the valleys of 

Arunachal Pradesh, in north­

east India, 

a. An early var (in the foreground) 

and a late var, (at the back) of 

rice are cultivated by due Apatanis . 

b. Eleusine coracana cultivated on 

bunds reparating two rice plots , 

c. Harvesting of rice by the Apatanis. 

d. Fish collected from rice plots in 

the integrated farming system of 

the Apatanis, 
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P l a t e VI. Animal husbandry of the Apatanis 

of Arunachal Pradesh, in nor th­

eas t Ind ia . 

a . Mithun (Bos f r o n t a l i s ) i a prized 

animal of many t r i b e s in the region. 

b . Swine husbandry: an in tegra l component 

in t r a d i t i o n a l s o c i e t i e s . 
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Plate VII. Different aspects of the Apatani 

village ecosystem/^of the Arunachal 

Pradesh, in north-east India. 

a. Bamboo gardens iraintained by the 

Apatanis around rice plots. 

b. A view of the Apatani village, 

c. Bamboo being prepared for house 

cons truction. 

d • Bamboo baskets being prepared by 

an Apatani couple , 
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Pla te V I I I . Dependency upon fores t resource 

by the h i l l Miris of Arunachal 

Pradesh, in nor th -eas t India . 

a . Shift ing agr icu l tu re (Jbum) with 

mixed cropping with Zea mays, Oryza 

s a t i va , Eleusine coracana & Musa 

sapientum . 

b . Fuelwood-iextractio^ yn an important 

a c t i v i t y of t h i s t r i b e . 

c . Skulls of the animals hunted by t h i s 

community being exhibited in the hu t . 

d . Forest degradation around the v i l l a g e 

as a r e s u l t of varied human a c t i v i t i e s . 
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Pla t e IX. Aspects of the v i l l a g e ecosystem 

functions of the h i l l Miris of 

Arunachal Pradesh, in nor th-eas t Ind ia . 

a . A t y p i c a l hut of the h i l l Miri 

Note-the hollowed out t ree trunk used 

to keep pig feed/ outside the h u t . 

Bamboo baskets used for bringing hunted 

animals from the forests are exhibited 

outs ide the hut to indica te the hunting 

a b i l i t y of the family. 

b . The h i l l Miris use open stoves for 

drinking the local bea r . 

A hilT^^t-fl^l ady bringing fuelwood 

from the forest and a young boy with bow 

and arrow used for huntinq. 

A young h i l l Miri couple standing out 

in the v i l l a g e . 




