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EREFICIL 

The t h e s i s embodies the r e s u l t s of a comprehensive 

s tudy on the ' S l a s h and b u r n ' ag r i cu l tu r e ( Jhum) a t h igher 

e l e v a t i o n s of Meghalaya t ak ing i n t o c o n s i d e r a t i o n s , a g r o -

ecosystem s t r u c t u r e and func t ion and a l s o va r ious aspects 

l i k e vjeed M o l o g j , s o i l f e r t i l i t y changes , l o s s e s from the 

sys tem, hydrology, biomass end n u t r i e n t c y c l i n g in a g r o -

ecosystem and the communities develooing subsequent ly dur ing 

f a l l o v p e r i o d . This s tudy a l s o cons ide r s the socio-economic 

a s p e c t s of the v i l l a g e - e c o s y s t e m under jhum. These aspec t s 

form p a r t of a l a r g e r s tudy on t h e e c o l o g i c a l impact a n a l y ­

s i s of jhura i n the Nor th -Eas t e rn Begion of I n d i a . The 

t h e s i s s t a r t s w i th a Genera l I n t r o d u c t i o n followed by seven 

c h a p t e r s on d i f f e r e n t a spec t s of jhum mentioned above. The 

t h e s i s concludes w i th General C o n s i d e r a t i o n s and Befe rences , 

The seven chap t e r s (Chao te r2 -8 ) d e a l i n g w i t h the d i ­

f f e r e n t a spec t s of jhum have been prepared i n the form of 

r e s e a r c h papers for o u b l i c a t i o n . Consequently some o v e r l a p p ­

ing i n the v r i t i n g was unavo idab le . 

I t i s hoped t h a t t h i s comprehensive s tudy on the 

ecology of 3hum a t h igher e l e v a t i o n s of Meghalaya would 

he lp in des ign ing proper land use p a t t e r n for t h i s r eg ion 

and for conserving t h e environment i n the h i l l r eg ions of 

the Nor th -Eas t e rn I n d i a , 



CHAPTER 1 

(li3)JERAL INTRODUCTICN 
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More than 250 million people, thinly scattered over 

300 million ha of forest land of the tropics, still follov 

an ancient form of agriculture which involves the slrshing 

and burning of vegetation, followed by the cultivation of 

crops(Goodland, I980). Rapid deoletion of the fertility of 

the fields, which are often too steep to hold soil, water 

and nutrients compels the farmer to shift to a fresh site. 

After cultivation for only a short time, the land is left 

a fallow again to be cultivated after a few years. Thus 

this system of agriculture is characterised by the rotation 

of fields rather than the crops, and is most commonly known 

as 'Slash and burn' agriculture. 

Historical and geographical background: 

'Slash and hum' agriculture is frequently called 

as shifting agriculture because the farmer changes his 

field every year. The anthropologists prefer the term 

•Swiddening' for this practice, after an old English dialect 

word Swidden ( a burned clearing), resurrected by Ekwall 

(1955)^ This agriculture is also referred to by a number of 

local names, among which Conuco, Milpa, Roza y tumba or 

Agriculture noraada from Latin America, Zande from Africa, 

Jhum or Chena from Middle Asia, Honunoo or Kaingin from 

South-East Asia, Tsembaga from New Guinea highlands are 

most common in the literature (Conklin, 1957). In India 

this system of agriculture is variously called in different 

tribal belts. While 'Jhum' is the common name in the entire 



North-Eastem h i l l region of Ind ia , t h i s pract ice i s knovn 

as Podu in Orissa, Deppa in Bastar , Dahia in Madhyapradesh 

and Watra in Western Ghats, 

Africfa i s the l a rges t among the three great con t i ­

nenta l regions of ' s l a sh and burn ' agr icu l tu re in the 

t r o p i c s , v i t h the g rea tes t var ie ty of annual conditions and 

c u l t u r a l p a t t e r n s , and has received comparatively adequate 

s c i e n t i f i c study (Nye and Greenland, I96O). This system 

of agr icu l tu re h^s heen discussed against a wider background 

of the conservation and develooment of na tu ra l resources 

of Africa by severa l workers (Harroy, 1 9 ^ ; ^or th ington, 

1958), Hailey (1957) h&s discussed th i s agr icu l tu re in 

i t s socio-economic s e t t i n g . Several otheis have given 

regional accounts of the nat ive cu l t i va t i on prac t ices i n ­

volving cu t t ing and borning of forests before p lanta t ion 

of a mixture of crops (To t h i l l , 19^+0; Toth i l l ,19^8; Waldock 

e t a l . , 1951; Tondeur, 1956). Among the study of 'Slash 

and burn' agr icu l ture i l l u s t r a t i n g the varied responses of 

various t r i be s to d i f ferent types of s o i l and vegotat.i on 

in the African cont inent , the work of de Schlippe (1956) 

on the Zande t r i b e in the border of the Sudan and the 

Congo, of Bergeroo -Campagne (1956) on the N'Dranouas t r i be 

in the high-grass savanna of the Ivory Coast, and tha t 

of Richards (1939) on the Bemba t r i b e in Northern Rhodesia 

are the most important ones. Allan(1965) has presented 

an excel lent study of some African forms of ' s l a sh and b»mi» 

a g r i c u l t u r e . 



Cook (1921) i s probably the f i r s t man to describe 

the 'Milpa* system of agr icu l tu re in the humid forests 

of Latin America where maize i s grovn extensively af ter 

c lear ing the s i t e by s lashing and burning the vegeta t ion . 

Watters (1971) has wr i t t en the best general account of 

sh i f t ing agr icu l ture in Latin America with spec ia l r e f e r e ­

nce to the cu l t i va t ion prac t ice in Venezuela, Mexico and 

Peru. 

Pelzer(19if8) has given an account of the 'Slash and 

burn ' ag r i cu l tu re in South-E.ast Asia, and Gourou(l9^0) 

has described the prac t ice in Indo-China. Freeman(l955) 

and Conklin (1957) have given accounts on the a g r i c u l t u r a l 

p rac t ices of the Iban in Sarawak and Hanunoo in the 

Ph i l ipp ines , r espec t ive ly . 

May (1978) has made a study on the socio-economics 

of the peasants of Chitagong h i l l t r a c t s of Bangladesh, and 

some preliminary work in *he North-Kast India has been done 

by Aurora eit a l . ( l 9 7 7 ) . Recently,a de ta i l ed s tu . y involving 

the agro-ecosystem s t ruc tu re and function, hydrology, s o i l 

f e r t i l i t y changes, secondary succession p a t t e r n s , biomass 

and nu t r i en t circling, microbial and s o i l animal ecology 

s tud ids , and socio-economic aspects of people involved in 

' s l a s h and burn' agr icu l tu re in the North-Eastern India 

has been completed of which t h i s study forms a par t (Rama-

krishnan e t a l . , I98O; Ramakrlshnan and Toky, I98I; Toky 

and Ramakrishnan, I98I; Mishra and Ramakrishnan,198l; 

Kushwaha e t a l . , I98 I ) . 



Regional differences: 

'Slash and burn' agriculture is practised on such 

a wide range of soils under so many types of vegetation, 

and by peoole of such videly varying origin and culture 

that it shows great variations in the crop combination, 

methods of cultivation, productivity, technology, ecologi­

cal, economic and socio-cultural features. However, all 

these variant forms show a great similarity in their, cha­

racteristics and conform to the minimum definition, invol­

ving a periodic shifting of site and a cycle of cultivation 

that includes clearing of forest by slash and burn method 

and the abandoning of the field for the natural regenera­

tion of vegetation. To avoid over generalization on the 

topic on the one hand and excess of details on the other 

we shall pick up only some example of this agriculture in 

the forest and savpnna regions of the tropics of the world 

for consideration. 

The native subsistence agriculture practised by the 

Hanunoo in Philippines (Conklin, 1957) and the Garo in 

lower elevation of Meghalaya in the North-Eastern India 

(Ramakrishnan and Toky, 1978) are the best example of 

'Slash and burn' agriculture in humid tropical forests. 

In these areas, the story begins with a piece of forested 

land which the farmer has been allotted by his tribal 

chief for clearing. The entire vegetation, including 

large and small trees, are felled by the farmers during 

the dry season. Larger boles and branches are removed 
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from the site and used as firewood. The slash is allowed to 

dry <Xi the ground during the winter months which are rainless 

and burnt during March-April, Dried leaves and small branch­

es are burnt in situ, where as larger logs may be heaped up 

(1957). During 

and burnt a few times. After the first few showers in April-

May, weeding is done followed by the sowing of a mixture of 

crops by dibbling the seeds using a digging stick. While 

8-13 crop species are grown together on a single field by 

the Garos, an extreme example of mixed cropping including 

^>-50 differenjt crop species has been reported by Conklin 

weeding, soil in between the planting holes 

are not disturbed as the farmer weeds the young crop by 

slashing with a cutlass. Crops are harvested successively 

as the season ])rogress. In the second year, crops like 

sesamum, tapiaja, banana and a few cucurbits are grown. The 

land is usually left a fallow after 1-2 years of cultivation, 

occassionally :Lt may be used for another couple of years for 

banana cultiva":ion. The devclooing brush springs from the 

stumps and large roots left after clearing the previous 

fallow, and also from the germination of seeds already 

present in the soil or transported in from adjoining areas 

of forest, Reg]'owth is rapid and the secondary forest may 

well be 3-^ m liigh after about 5 years and 8-10 m after 

10 years. Forest regeneration is generally allowed to con­

tinue for 20-30 years. At this stage, the secondary forest 

is hardly distinguishable from the original one. When a 

fresh clearing is made the boundaries of the new patch 



may not neeess 

there axe no c 

be discerned, 

and others are 

middle categorjf 

regrowth of foi'es 

rily^coincide with those of the old. Thus 

ear boundaries, individual fields can scarcely 

^nd while some patches of land are under crops, 

under a thick regrowth of forest, there is a 

in which perennial crops survive amidst a 

t which is gradually choking them. 

Example of 'Slash and burn' agriculture in the semi-

deciduous forest regions of Ghana (Nye and Greenland, I960) 

also fall under the category described above where cropping 

is started with maize plantation. When maize comes to its 

developing stag;e, or shortly after it has been harvested, 

casspva, and as a rule, other long growing tuber crops such 

as cocoyam and plantain are planted. Small patches of land 

may be reserved for vegetable crops. During the second year, 

plantains and siome of the cassava and cocoyam is harvested, 

while the remai.nder arc left to grow further into a third 

or fourth year to be harvested as needed, or left to the 

natural regrowth of forest. In this case, the developing 

secondaty forest is soon dominated by the light loving 

species, among which Musangr cecrooioides^ Trema guineense. 

and Macaranga barter! are more common. 

avanna 

The besi 

savanna region^ 

the moist s 

species which 

and burnt , £.oi 

bed than in th^ 

es* In a typic 

t example of 'Slash and burn* agr icu l ture in 

i s given by Nye and Greenland ( i960) . Under 

of West Africa, except a few valuable• 

n|iay be preserved, most of the t r ees are slashed 

under these areas i s more thoroughly d i s t u r -

fores t to get r i d of the roots of the grass-

1 cropoing secuence, the s o i l i s scraped i n t o 
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mounds of about -J- m high with the help of hand hoes, vhile 

it is still moist at the end of the rains. The climbing 

yam(Dioscorea sp.) is planted on the mounds, and a variety 

of side crops; such as maize, nquash ani beans are added 

at the beginning of rain. The follov;ing year yam mounds 

are destroyed, and maize and sorghum ere planted on the 

narrow ridgesi. The next year ground nuts, inter-planted 

thinly with millet, comoletes the cropoing phase of the 

cycle. Weeding is comparrtively a labourious job than in 

the forest, particularly if Imperata cylindrica is present. 

When the land is left a fallov;, it is often dominated by 

Pennisetum sp, along with other herbs if it is clean, or by 

I,cylindricfc if it is not. In a couple of years the tall 

perennial grass soecies, Andropogon gayanus apoears and 

when this completely replace I,cylindrica in about 10 years 

or so, the farmer considers the land is fit to be cleared 

again. If it is not cleared, the A,gayanus is replaced by 

other tall members of the Andropogoneceac, such as Hyparr -

henia rufa, to form a fire-climax which is established 

within 20 years. 

The pattern of 'Slash and burn' agriculture in the 

entire lover elevations of the North-Eastern hill zones of 

India is basically same and is practised in the typical form 

described earlier (Ramakrishnan and Toky, 1978). However, 

the practice followed by the Khasi tribe in the higher 

elevations of Meghalaya in this region is a modified version 

of its typical type in that normally only the lovrer branches 

of the sparsely distributed pine trees are cut instead of 
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the whole tree. Further, unlike in its typical form vhere 

the slash is burnt in situ and the seods are dibbled direct­

ly into the soil-ash complex, in the latter case the slash 

is place in parallel rovs running along the slope covered 

over by a thin layer of soil forming the elevated seed 

beds(ridges) alternating with narrow gaps(furrows) and arc 

subjected to a slow burn. Planting of crops is confined only 

to the ridges. While fertilizer is not used in the former, 

in higher elevations both organic and inorganic fertilizers 

may be used. This, system can be best compared with the 

' Chitemene'system of agriculture of Northern Rhodesia(Nye 

and Greenland, 19^0), where branches are lopped over a 

large area and piled and burnt before cultivation, though 

there are signjCficant differences between the two. 

Yield aspect and weed problem: 

The immediate cause of rota.tion of the fields under 

'Slash and burn 'agriculture is the declining yields in the 

successive years of cultivation. In the British Honduras, 

Charter(19^1) found the yields of maize on peasant milpas 
-1 

as about I00O-8OO, 80O-60O, 600-^00 kg ha in the successive 

years. Steggerda (19^1) estimated that the yield in the 

second year, in the Yucatan peninsula (Mexico), is only 

about Sofo as high as in the first year. In Mplaya, Grist 

(1953) estimated that the yield of paddy in successive 

years of cultivation was to the tune of ,1500-2000, 1200, 

-1 
800 kg ha . At Yambio Experiment Sta t ion (Southern Sudan), 
Anthony and Willimot(1956) estimated tha t the yields of 
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cot ton , groundnuts and Eleuslne drooped s ign i f i can t ly 

a f te r 3 years of cropping. Tondeur (195^) repor ts th?t 

in Belgian Congo aree the yie lds in the second year c u l t i ­

vat ion was reduced sharply and th i s reduction vas to the 

extent of 76^, 86^ and 33^ for paddy, groundnuts and 

cassava re spec t ive ly . The yield of maize in the second 

year of cu l t i va t i on in t heUor th Guptemal? was reduced to 

about half compared to the f i r s t year cvopi'Popenoe, 1957)? 

and so, too, in the humid fores ts of Ghana reported by IJye 

and Stephens (I96O). In the c c n t r r l Peten, Cowgill(l96l) 

found second year milpa yie lds to be only 7^% as high as 

compared to the f i r s t year y i e l d . 

Another cause forcing the peasant to abandon the 

land and culti\Gate elsewhere i s the rapid invasion of 

weeds (Steggerda, ^<)^•^r, Joachim and Kandiah, 19^8; Freeman, 

1955; Bergeroo-Capagne, 1956; Watters, 1958). In a s i t u a t ­

ion where there i s plenty of lend, and l i t t l e motive to 

produce a surolus for s a l e , i n fes t a t ion with weeds does 

not h v<j to be so severe tha t i t i s impossible to c o n t i -

inue croDping, but simply suf f ic ien t to make i t eas ier 

to obtain subsistence by clearing, a new s i t e . The timing 

of operations a lso plays an impcrtant role(Nye and Green­

l and , i960) . Clearing i s mostly done in the dry season when 

the ffrmer has l i t t l e work to do and by c lear ing a new 

s i t e the farmer reduces the work of weeding a t a busier 

time of the year , and so d i s t r i b u t e s his labour more 

evenly. 
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While various workers heve discussed the influence 

of weeds in reducine, the (grop yield, others (Cowgill, I962) 

found no significant relationship between the density of 

weeds and the years of cultivation or the subsequent yield. 

After analysing these examoles, Nye and Greenlend(1960) 

concluded that the extension of cropoing with annuals is 

undesirable and is rrrely practised because of increasing 

difficulty in controlling glasses, rnd the weakening of 

the woody regrowth. Where a succession of crops is grown, 

weeds seen to be the main cause for declining yield, 

Charter(19^3) has described that the infestation of 'alang-

alan^CImperfcta cyllndrica)is the reason of declining 

yield of maize in the forests of Latin America. Emerson 

(1953) has related the influence of weeds in decreasing 

the î ields of maize in the successive years of cultivation 

under the milpa sysiP m of agriculture of Latin America. 

Cutting et al.(1959) hns given the best example of the 

importance of timely weeding of annual crops in Nyas aland. 

They hpve reoorted that maize yielded about 3816 kg hS. when 

wedded four weeks after germination, but only 2866 kg 

when weeded six «eeks after germination. 

Energetics J 
e . . >J 

In formation on the en- rgetic/ of 'Slash and burn' 
( V 

agr icu l tu re i s scant and indequate (Black, 1971;Normsn, 1978> 

However, Rr-ppaport(1971) provides relrtive__Ty complete 

information on the major energy inputs for groving crops 

under the 'Swidden' system of agr icu l ture of the New 
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Guinea highlands. According to his estimates, the peasant 

harvest 16,5 units of food energy for eech unit of energy 

input, vhich may go up to 20 food calories under more 

favourable conditions. As mentioned earlier, 'Slfsh and 

burn* agriculture is chiefly dependant on the rencv£ble 

resources of energy, the plant biomass developed during 

the fallow period. Thus, this system of agricultuc is 

based on solar energy supplemented with human labour in 

contrast to modern agriculture based on high fossil fuel 

energy inDut. 

The work of Pimentel et al.(1973) end Leach (1976) 

have compared the energy efficiency of different agricul­

ture systems in the light of dwindling fossil fuel energy 

resources. The increasing cost of fossil fuel and petrole­

um products, and the fast depletion of this n on-renewable 

commodity, essential for the modern agriculture, has led 

to analyse the relationship between fossil fuel incut 

and the output of food of the vorld's diverse food pro­

duction systems to measure the energetic efficiency of 

these systems or their v ulnerability to the external 

costs of the fosiSdLl fuel. The way many societies have 

evolved in the past in harmony with low levels of energy 

supply to the society would provide clues as to how modern 

societies could adapt to the limitations imposed by 

energy scarcity. Among the detailed accounts of energy 

input-output analysis of single tribes illustrating their 

responses to their environment, the work of Lee (I966) 
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and Rappaport(1971) are vorth mentioning here. In Lee's 

study, the Input-output aporoach to subsistence hrs shown 

that Kuna Bushmen in the Dobe area can derive an adequate 

living from odly a modest expenditure of their time and 

effort. He estimated that the per capita yield of food-: 

stuff vas 21W^ k cal which was in excess of lC5 k cal to 

the energy requirement ;̂ er person per day, Raopaoort 

(I97I) hrs discussed the importance of Tsembaga S-vine 

husbandry as a practical way to store the excess of food 

energy harvested during some of the productive years. Bes­

ide this, according to him it formed a connecting link 

in the detritus food chain by consuming the garbage, the 

unassimilated food content of the human fae-ces and other 

materials that would have otherwise been wasted. Further, 

the pigs converted the carbohydrates of cheap origin to 

high quality protein. During this sjsudy, Rappaport esti-

mated an energy expenditure of ̂ ,5 x 10 k cal over a 

10 year period for rearing a single oig. On the basis of 

this data and the calculations of Pimentel et al;(1975) 

that 65 k cal of energy are required to produce 1 k cal of 

pork for human consumption, Pimentel and Pimentel(1979) 

calculated that the return from ^.5 x 10 k cal of pig 

feed would be 69230 k cal of pork, which is only 1.5^ 

return on the food energy fed to the pigs. This led them 

to conclude that the Tsembaga Swine husbandry system is 

not very efficient one from an energetic view .point. 
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Fertility aspects: 

A good depl of evidence suggests that a signi­

ficant change in the physico-chemical characteristics 

of the soil under 'Slash and burn' agriculture results . 

in low yield per unit area vhich cdanpel the farmer to 

abandon the land for fallow development (Popenoe, 1959; 

Nicolas, 1959 Nye and Greenland, I96O; Cowgill, I96I; 

Walters, 1971; Watters and Bascones, 1971). Popenoe 

(I959) has given an excellent account on the soil changes 

that occurs throughout the shifting agriculture cyclein the 

Polochic river valley of Northern Guatemala. He re­

ported that changes occurred in the top ̂ -0 cm of soil 

only.The cutting and burning of the forest resulted in 

an increase in the soil bulk-density, pH and percent 

base saturation, and decrease in calcium and magnesium 

in the 0-5 cm layer of soil; calcium and magnesium 

incrcaFed in the 5-̂ 0 cm dopth. Rapid restoration of 

the physico-chemical properties occurred during the 

fallow development stage. However, additions of organic 

matter under secondary growth had a high carbon to 

nitrogen ratio end consequently immobilized much of the 

nitrogen. Nitrate that percolated down the profile was 

absorbed rapidly into the developing vegetation. Thus, 

although the organic matter increased in the surface 

layer during the first five years of forest regeneration, 

it continued to decline in 5-15 cm layer. While working 

on the ailpaa of ko peasants in the central Peten, 

Cowgill(196l) reported an increase in potassium and 
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magnesium and decrease in all other nutrients due to burning. 

Cultivation had the effect of decreasing nutrient status in 

the soil pool:second year of cropoing under this, system cau­

sed a decline in pH by ^,3%^ organic matter by 6-8^,nitrogen 

5-9%i phosphorus ^ .8% and the exchangeable cations by 3.5-

30%, During the fallow development all elements improved 

markedly except pH; potassium vas more or less stabilized 

after about 10 years. 

The vork of Watters and Bascones (1971) in the hilly 

areas of Altamaria-Calderas(Kstado de Barinas) on the lower 

elevation flanks of the Andes, reports that the main limita­

tions to crop oroduction v̂ ere the low nutrient levels; 

physical properties were probably not limiting to crop 

growth. Soil acidity was pronounced and there was a marked 

deficiency in available phosphorus. Potassium was rather 

poorly suoplied. The total cations was low. Jenny et al. 

(19^8) have reported that although nitrogen and organic 

matter levels are likely to be higher in areas receiving 

high rainfcll such as in the sub-tropical zones, the rate 

of humus destruction is characteristically more rapid in 

these wormer areas than in the higher cooler temperate zones, 

and this would aopear to be a significant factor in forcing 

fallowing. The work of Herrera (quoted by Watters, 1971) on 
t 

Kankab soils suggests that the rapid loss of organic matter, 

probably through leaching, is a basic reason for inducing the 

peasants to shift their cropping areas. He has also reported 

that the quantity of total nitrogen, and carbon to nitrogen 

ratio, in general shows increasing tendency with increase 

in the rainfall. 
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In the tropical semidesiduous forest of Ghana, 

Cunningham (I963) found that clear felling of the vegetation 

decreased the total nitrogen by about 30^ in a period of 

3 years, while the nitrogen level was maintained more or 

less in the same level over 100 years of cropoing in a tempe­

rate climate at Rothamsted, England. These differences 

appear to be primarily due to the difference in mean te'iioer-

ature (Daubenmire and Prusso, I963; Madge, 1966)thus it 

appears that the macroclimotic factors are important among 

the significant reasons of the different soil processes of 

humid tropical and tempcrâ -c regions, and largely explain the 

occurrence of 'Slash and burn' agriculture in the former 

and more stable agriculture systems in the latter. 

Secondary succession, and related changes in biomass, 
litterfall and nutrient cycle: 

Although information on the process of secondary 
> 

succession on abandoned land are vast in the literature, 

that on abandoned sites subsequent to 'Slash and burn' 

agriculture is rather scant rnd are often inadequate. While 

studying the process of secondary succt̂ ssion in moist 

evergreen forest, Richards(1952) have reported that the 

early phases of succession was dominated by weeds, inclu­

ding grasses, which are short lived and ephemerals rather 

than a-nnuals. In the next phase, shrubs dominated the 

community. Shifting of dominance directly from^ 

trees in the comnunity have also been mcntj 

only in some cases. The young secondary fqrests tei 
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to be even-aged and was often dominated by a single species. 

In due course of time the secondary forest became more mix­

ed in age-structure and floristic composition till it re­

ached the conditions of a mature forest, 

Bern?rd (19^9) at Yangambi and iJ:in. (1958) in South-

West Ghana have worked on the early stages of secondary 

succession. In Nigeria and Congo basin, Nye and Greenland 

(i960) reports the process of secondary succession and 

the importance of gain in dominance by the Umbrella tree 

(Musanga cecropioides). This is r fast growing light loving 

species which dies out after about 20 y-̂ ars or so, and 

during this period it was reported to accumulate a high 

prportion of Potassium in its plant body and thus help in 

potassium conservation in the ecosystem. 

There have been very few studies on the changes in 

biomass, litter fall and nutrient cycling in the secondary 

successional communities developing after 'Slash rnd burn' 

agriculture. Data on the amount of nutrient stored, rate 

of accumulation and cycling in these successional comunities 

is rather scant and often inadequate than that for biomass 

and productivity. However, Barthelomew et al, (1953) have 

given relatively complete information on the nutrient 

cycling and its subsequent changes during the secondary 

succession upto a period of 18 years at Yangambi in the 

Belgian Congo, They have reported that the storage capacity' 

of leaves and twigs gets saturated at an early stage, there­

after the total storage increases more slowely and in the 
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voody materials and roots only. They have also obser­

ved that a relatively high amount of potassium accumulation 

occurred in the early stages of fallow develoonent due to 

the dominance of Umferella tree(Musansa cecropioides) in tho 

community' at that stage, Nye (1958) reports onl> the avera­

ge nutrient composition of 1^ dominant species in a mixed 

fallow of about 2u years at Kumasi in Ghana. Using the nu­

trient data of Nye (1958) and the biom?ss values obtained 

by Barthelomev et al,(l953) for a 18 year old secondary 

forest at Congo basin, Nye and Greenland (i960) have esti­

mated the approximate, amount of various nutrients stored 

in the vegetation compartment of the forested eco-system 

at Yangambi. 

While literature on nutrient cycling in temperate 

forests is too vast to be reviewed here (Remezov ct al., 

196̂ +; Rodin and Bazilcvich, I967; Whittaker et al., I979 ), 

little is known about tropical and sub-tropical forests 

(Greenland and Kowl, I96O; Nye, I96I; Jordan and Klinge, 

1972; Golley et al., 1975)* Certain patterns are neverthe­

less suggested by these studies. Uptake and return of 

nutrients may be greater per year in tropical forests than • 

in others and a larger proportion of the entire chemical 

inventory of the ecosystem may be held up in the vegeta­

tion comparatment (Rodin and Bazilevich, ^^67), 

The present work: 

'Slash and burn' agriculture (locally called as 

Jhum) is a predominant form of agriculture at higher 
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elevations of the Khasi h i l l s of Meghalaya pnd i s also 

a common feature of the en t i r e North-Eastern regions of 

Ind ia . i4i'ter cu l t i va t ion for a year or tvo , the land i s 

l e f t fallow, again to be cu l t iv? ted af ter a few years . 

This time lapse before cu l t i va t i on of the same S i t e i s 

ca l l ed a j.hum cyc le . Formerly, the jhom cycle vas f a i r l y 

long, ranging from 20-30 years , which ensured that the sy­

stem vas se l f sus ta in ing and in hcrmony with the na tu re . 

However, under the present d?y conditions of increased 

population presure and reduced acreage, t h e jhum cycle 

has been reduced to V-5 years . This, in turh, has adversely 

affected the qua l i ty of the envir.onment both interms of 

s o i l f e r t i l i t y and forest cover (Ramckrishnan e t a l . , 

I98O; Ramakrishnon, I980), 

The present comprehensive study on the 'Slash and 

b u m ' agr icu l ture a t higher elevat ions (1500 m) of Meghalaya 

around £hi l long (25.3^°N, 9 1 . 5 6 ^ ) ^ i g . 1 . 1 ) i s p r r t of a 

broader study on the ecological impact analysis Ctf th is 

system of agr icu l tu re in the North-Erstern India , In the 

•absence of many such studies of B comprehensive na ture , i t 

i s hoped tha t t h i s would yield Information or vca.np both 

from the point of view of the ecology of the region, land 

use p r a c t i c e s , ps well as from a conservetional view ooint . 

This study, there fore , deals with agro-ecosystem yield 

p a t t e r n s , energet ics of ag r i cu l t u r e , v i l l age ecosystem 

function, s o i l f e r t i l i t y pa t terns during agr icu l ture and 

subsequent fallow developiient, end the ecology of the 

developing communities subsequent to jhum. 



Fig .1 .1 The area under 'Slash and burn* agr icu l tu re (Jhura) 

in North-Eastern India , ^ , under jhum; # 

study s i t e . 
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CHAPTER 

THE ECONOMIC YIELD AND ENERGY EFFICIENCY OF HILL AGRO 

KCOSYSmMS AT HIGHER EIEVATIONS. OF ME,GHALAYA IN NORTH­

EASTERN INDIA. 



: 19 : 

INTRODUCTION 

One of the ancient forms of agr icu l tu re vhich i s 

s t i l l prac t i sed in d i f fe ren t t r op i ca l and sub- t rop ica l 

regions of the world involves ' s l a sh and b u r n ' . Here a 

na tu ra l forested fallow i s slashed and the dried s lash i s 

burnt t o add to the f e r t i l i t y of the s o i l and then abandon 

ed for the na tu ra l regenerat ion of the fo re s t . A few year£ 

niay laPse (one cycle) before the sajne piece of land i s 

again cu l t i va t ed . This agr icu l tu re i s extensively prac t i sed 

by a large number of t r i be s inhpbi t ing the nor th-eas tern 

h i l l regions of India and i s l oca l ly referred to as ' jhum'. 

In i t s t r a d i t i o n a l form the jhum cycle used t o be 20-30 

years , but has now been reduced to as shor t as U—5 years 

due t o increased population pressure and reduced acrage 

avai lable for ag r i cu l tu re , Alongvrith t h i s , va l ley c u l t i v a ­

t ion of r i ce i s a lso prac t i sed by the loca l t r i b e s . Further 

in recent t imes, the loca l so i l -conservat ion and ag r i cu l tu re 

departments have introduced t e r race cu l t i va t i on in some 

se lec ted a reas . 

The present study on the economic y ie ld and energjr 

eff iciency pa t t e rn of the high elevat ion agroec©systems of 

th i s region was undertaken because of considerable confu­

sion in the l i t e r a t u r e regarding the y ie ld pa t t e rn of the^e 

systems. The Agroeconomic Research Centre^ Jorhat(Assam), 

conducted surveys on J hum yie ld of r i c e and concluded tha' t 

the annual average yield ranges between 800-900 kg ha, 
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which is comparable to the average annual yield of 11^5 kg ha 

for the country as a whole' for 1971-72, On the other hand, 

the rice yield under J hum in Trioura was reported to be around 

1200 kg he yr (Misrp, l97o). In a rc-cent stuJy of the sooio-

economy of shifting cultivation, Aurora et al., (1977) con­

cluded that the yield of rice under jhum and dry-land culti­

vation on terraces are not significantly different under com­

parable situations, A study at Burnihat (Sahu, 1978) on rice 

-1 

yield gave an annual output of 3H-28, 738 and 853 kg ha res­

pectively under valley cultivation, terrace cultivation ajid 

jhum cultivation. According to a report of the Indian Council 
of Agricultural Research (Borthakur et al., I978), the yield 

-1 
under jhum was found to be very low (I90 kg ha ) compared to 

-1 
terrace cultivation (i860 kg ha ). Unfortunately, none of 

these studies specify the amount of fertilizer inputs und.er 

terrace cultivation nor do they indicate the ĥura pattern , 

the cycle of which determines the yield. Also none of the 

above studies specify whether yield from other crops are 

included in the final figures. This study, along with that 

already done for the lover elevation agro-ecosystems (Tokj" 

and Rampkrishnan, I98I) would compare the'different agri­

cultural systems of this region from the yield and efficien­

cy point of view. 

This study was done around Shillong(25.3^°N,91.56*^ ) 

in the Khasi hills of Meghalaya, at an altitude of 1500 meters. 

The climate is monsoonic with most of the annual rainfall of 

18^3 ™2 occurring during the monsoon season from May to 
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Septeoiber, 1!he average maximum temperature during this season 

vas 23«7 C and the average minimum was I6.3 c. The humidity 

is very high during this period (8^,1^). Winter is cold with 

occasional showers, extending from November to February with 

an average minimum temperature of 7.6 C. Frosts are common 

during December and January months. The brief summer which is 

warm and dry extends from March to April and is accompanied 

with strong winds (fig.2.1). 

The entire area is characterised by Pine forests with 

Pinus kesiya as the only dominant species. The terrain is 

hilly with steep slopes, the angle average being 30 ~ho , 

Soil is podsolic and since erosion outstrips the weathering 

process, the soil cover is scant. 

EESCRIPTIdJ OF AGRCECOSYSTEMS 

Slash and bum agriculture: 

Slash and burn agriculture (Jhum) is extensively 

practised by the tribal population of the north-eastern hill 

region of India, In its typical form, as is the case of lower 

elevatitsns, this practice consists of slashing of the second­

ary forests end burning of the dried slash before growing a 

mixed crop on the hilly slopes. Cropping is generally done 

for one or two years before the land is left as a fallow for 

the forest to develop. The jhum cycle (the intervening 

fallow period after which the same forested land is again 

cultivated) is often short, ranging from h-^ years, but in 

its traditional form the cycle may be as long as 20-30 years 



^H. ..1 O..rot.e™ic .,a,ra. Tor t.e stua. area(average 
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as vas the case when the population pressure was not much 

(Ramakrishnan and Toky, I978; Eamakrishnan et al., I980). 

More than 85% of the total land area under cultivation is 

used for jhum. The average size of the ^hum plots are about 

1,5 - 2 ha for a family of 5 members consisting of two adults 

and three children. 

The prttern of jhum at higher elevation of Meghalaya 

is a modified version of the typical type as outlined above. 

To start with pine trees are rather sparsely scattered with 

considerable undergrowth vegetation consisting chiefly of 

species like Eupatorium adenophorum. Imperata cylindrlca, 

LantP.na camara, Osbeckir crinita. Rub us elliptlcus ̂  Rubus 

micropetalus ̂  various fern species like Pteridium eauillnum 

and Dlcranopteris linearis and tree seedlings like Goultheria 

fragrantissima, Myrica esculenta, Quercus griffithii, etc. 

The pine trees arc not felled except for a fevr of the lower 

branches which are slashed. Slashing is done in December, the 

plant biomTOs is arranged in parallel rows running down the 

slope and then is allowed to dry. In the month of March, 

soil is placed on top of the slash so ?s to make ridges and 

furrows running alohg the slope. Consequently, the burn of 

the slpsh is controlled. A fire' line to chack its spread is 

made around the field by clearing the vegetation.. 

A mixture of crops are groxm together in the same 

field. Soon after the burn and a few weeks before the onset 

of monsoon, the tuber crops like Solanua tuberoaum. Ipomoea 
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"batPtus and Colocasia anticaorurn rre planted on the ridges. 

Sowing of cereal (Zca mays), legume (Phaseolus vulpgris) 

and a few cucurbits (Cucurbita mBxirao and Cucumls sativus ) 

are done just after the onset of monsoon. Along each ridge, 

three distinct rovTS of soving is done through dibbling with a 

mixture of both Solanum tuberosum and Zc? mays mixed together. 

Planting of Colocasia antinuorum is confined generally to the 

top and bottom part of each ridge and the cucurbits are sovm 

at random, but widely scattered on the ridge. Phaseolus 

vulgaris is sown around pine trees which provide support to 

it. After the harvest of the tuber croDs in July-August, a 

winter crop of Solanum tuberosum is sown along the ridges. 

Harvesting of Zea mrys ?nd Phaseolus vulgaris is done in 

September-October, after which Brassica oleracea seedlings 

are planted alongwith the winter crop of Solanurn tuberosum, 

Hrrvesting of the second crop of potato is done during 

November and then the field is left uncultivated between 

December-March, If a second year of cultivation is done the 

same procedure^are followed; otherwise the field is abandoned 

for regeneration of natural vegetation. 

Smphasis on the mixture of crops may vary according 

to the jhum cycle. Under 15 ^nd 10 year cycles, all the crops 

mentioned above may be included during the cropping. However, 

cropping is done only for one year after which the land is 

left a fallow for natural regeneration of vegetation. Further, 

under a 15 year cycle, no fertilizer is applied during 
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cropping. A 10 year cycle, however, may receive organic 

fertilizer in the form of pig dung and vegetable origin 

-1 -1 
manure rt the rate of 60C kg hr yr (oven dry wt).Under a 

5 year jhum cycle croDping may be done for 2-3 years after 

slash and burn end then the Innd is fallov̂ ed for natural re­

generation of vegetation. Sol"num tuberosum^ Zea mays and 

Brassica oler^cop are the only croos grovm here. This reduct­

ion in the number of species cultivated under a 5 ycf̂ r cycle 

is relPted to poor soil fertility and increased veed problem. 

During the cropoing period both organic (oig dung and vegeta­

ble origin) rnd inorĝ n̂ic (NPK - 1:1:1) fertilizers are appli­

ed at the rate of 1000 kg M and 10 kg ha respectively in 

the first year of cultivation and 1850 kg Ha and 20 kg ha 

respectively in the second year. 

With the onset of monsoon, weeds pose a serious 

problem particularly under a short jhum cycle of 5 year. 

Herbaceous weeds arise through seeds, rhizomes or as root 

sprouts. Eupatorium adenophorum. vrhich is a noxious weed, 

may arise chiefly through seeds or through root sprouts. 

Regeneration of Imperata cylindrica is mainly through exten­

sive, fire resistant underground rhizomes alongwith others 

like PteridiuD eguilinum and Dicranopteris linearis. These 

along with root or stem sprouts of tree and tree seedlings 

may be kept under control through freouent slashing. Hand 

hoeing along the ridges mry also be done 2-3 times during 

the season. 
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Valley Cultivation: 

Wet cultivation of Oryza sativa is done in the flnt 

lands of valleys. Upland vrriety is grown year after year in 

the srme field, because the land is comparatively fertile due 

to drp̂ inage of water and nutrient from the adjoining hills 

into the valley. Hence normally no fertilizer is apolied to 

these fields except for a small amount of cow bone meal. This 

is a complementary system in selected favorable sites rather 

than an elternrtive to the jhum. Land is prepared thoroughly 

before sovring the seeds by broadcasting in June, after the 

first few showers. Weeding is subsequently done from time to 

time. Harvesting is done in November after which the land is 

left uncultivated until the following May-June, Weeding, 

harvesting, threshing and milling of rice is all done manually 

both by male ond female members of the family. The average 

size of land under valley cultivation for a family of 5 m&si-

bers consisting of tvro adults and three children is 0,5-0.75 

ha , Not more than 10-15^ of the cultivated land area would 

be under this agriculture practice. 

Terrace Cultivation: 

In recent times, there has been an attempt by the 

governmental agencies like the local Soil Conservation 

Department to provide an alternative to jhum in the form of 

bench terraces for agriculture. The land is initially terraced 

by the Soil Conservation Department and handed over to the 

farmer. The same plot of terraced land is put into cultivation 
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continuously for 6-8 years after which it may be abandoned 

probably duo to decline in physical characteristics of the 

soil. The terraces are preprred into elevated seed beds alter­

nating with furrows. The croDoing pattern'in terrace culti­

vation is similar to that in the 5 ycpr jhum cycle where 

Solanurn tuberosum. Zca mays and Brassica oleracca are grown. 

Cropping is done twice a year as in Jhum cultivrtion. This 

agriculture is chp-racterised by heavy inout of fertilizers 
-1 

with 3000 kg ha of organic manure (pig-dung and vegetable 
-1 

origin) and some 74-1 kg ha of inorganic NPK (1:1:1) fertiliz­
ers. 

'Terrace cultivation is rather rare in this region and 

is not a normal land use practice except on an experimental 

basis. The average size of terraced plots for a family of 

5 members consisting of two adults -̂̂nd three children where-

ever it is practised is about 1-1.5 ha. The reduced number of 

crops grown under terrace cultivation rary be more related to 

the work power available in relation with working times as 

land preparation and weeding are major oroblems under this 

practice, rather than related to fertility problem since 

heavy fertilizer apolication is done in this ca^c. 

METHOD OF S.TUDY 

Agricultural systems under three jhum cycles of 15> 

10 and 5 years were identified around Shillong taking care to 

ensure the snme tooogrr̂ phic conditions. Sites under terrace 

cultiva-tion and valley cultivation were also identified in 



27 

the same area. Detailed observations were made on the various 

ag r i cu l t u r a l operations in ea.ch of these s i t e s . Al l observa­

t ions are bosed on two years of study during 1978-1979 using 

7 f ie ld s i t e s under each system. The en t i r e f ie ld under c r o ­

pping vas taken i n t o considerat ion for ca lcu la t ing yield data 

and therefore refers to t h e hectare e f fec t ive ly cu l t i va t ed . 

The s o i l was srmplcd from ^ depth of 0 -1^ cm on two 

occasions in the case of agro-ccosystera under 15 and 10 year 

jhum cyc les , once in i>pril j u s t before seed sowing and again 

in December af te r one year of cropuing^ These two sampling 

were a lso done under 5 yenr jhum cycle rnd t e r r r c e cu l t iva t ion 

except that a th i rd sampling WPS done a t the end of tvo years 

of cronping in the follovang December. The s o i l analysis data 

represents r̂  mean of 10 r e p l i c a t e s , S o i l analysis was done by 

standard procedures obtained by Allen (197^). Thus carbon was 

determined by the Walkey-Black method, Organic ni trogen by 

the micro-kjehldahl method, N03-N by the phenol-di-sulphonic 

acid method and Polf-P by the phosphomolybdate blue method, 

both co lo r ime t r i ea l ly . Among ca t ions , calcium and magnesium 

was determined by the EDTA t i t r a t i o n method rnd potassium by 

the flame emission method a f t e r ex t rac t ion of the samples in 

I N Ammonium aceta te a t TDH 7. The concentrat ion of nu t r i en t s 

upto a depth of 1^ cm were converted i n to g m using bulk 

densi ty va lues . 

The various weed species which came up during the 

cropping were analysed at t h e i r peak growth before f i r s t 

weeding in June for freriuency, densi ty and basal area using 
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I m quadrats following standard procedures given by Mlsra 

(I968) and Kershav (1973). The r e s u l t s are based on 20 

observations in each s i t e . 

For the cos t -benef i t ana lys i s , labour cost for m n 

and vomen vorkers were calculated on the bas is of the present 

dai ly wngc r a t e s of Rs 9 and Rs 7 respec t ive ly . Cost of 

mnnure, chemical f e r t i l i z e r s rnd seeds vera calculated as 

per the current market p r i ce . The monetary re turn for ench 

of the a g r i c u l t u r a l systems was also calculated on the basis 

of the prevai l ing market pr ice of each coramercializable 

commodity. The economic s u s t a i n a b i l i t y of these systems were 

measured in terms of re turn per rupee invested or the mone­

ta ry output: in ' jut r a t i o . The economic yie ld of d i f ferent 

crops was a lso ca lcu la ted . Economic yie ld refers only to the 

coramercializable pnrt which i s ed ib l e . 

The ca lo r i c values for the seeds of d i f ferent crop 

species sown and the economic yield harvested were estimated 

af te r burning the samples in a bomb-calorimeter. The ca lor ic 

values thus obtained (Table 2.1) were then expressed in terras 

of the seed sown or yield harvested per hec tare . The ca lor ic 

values given in the t ab le are on the basis of the weight 

including the moisture content ind ica ted . 

For ca lcu la t ions on energy expenditure' on labour, a 

man-hour under sedentary labour was considered equal to 0.1 

hp and a worn-in-hour under moderate labour as 0.09 ^P (Singh 
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lahlQ 2»1. Caloric values for different croos/fertilizers 

Category Moisture 
c on ten t 

( % ) 

Energy va:|.ue 
k c a l kg" 

Heat of combustion: 

Seed/ 
Grain 

Leaf 
vege ­
t a b l e 

Zea nays 
pryza s a t i v a 
Phase J IUS v u l g a r i s 
Cucumis s r t i v u s 
Cucurb i ta nrxima 

B r a s s i c a o l e r a c e a 
Colocas ia antiauoruni 
Iporaoe? b a t a t u s 
Solanum tuberosum 
Cucurbi ta maxima 

Roots Solanum tuberosum 
& Colocas ia antlouorum 

Tuber jipomoea b a t a t u s 

S-tera Colocas ia antiauorum 
vege- Ipomoea b?^tatus 
t a b l e 

F r u i t Cucumis s a t i v u s 
vege- Cucurb i ta fflaxlmg 
t a b l e 

Cucurb i ta mexlmaCflover) 
Others B r a s s i c a o l e r a c e a ( s e e d l i n g ) 

Ipomoea batatusCStem c u t t i n g ) 

Produc t ion cost^ 
N 
P2O5 
KoO 

(2) 
Replacement c o s t 

Manure(oven dry) 
Bone racal(oven dry) 

1^.30 
13>^2 
10.15 

8.97 
8.20 

89.95 
80.20 
80.00 
85.00 
82.00 

72.20 
71.80 
70.00 

92.80 
62.00 

96.50 
93.00 

91.00 
89.00 
62.00 

3397 
3^29 
3357 
2830 
5823 

277 
. 738 

625 
if28 
600 

962 
979 

1188 

168 
220 

130 
257 

^00 
262 
220 

I8if00 

% 

332.01 
IMD3 

U ) From Piraentel e t 01,1973 , 
(2) Percentage of N,P205 and K2O i n the manure sample was 1 .M-, 

1 ,M- and 1.2 r e s p e c t i v e l y . Percentage .of N and p20^ i n the 
bone meal sample was h and 20 r e s p e c t i v e l y . 
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and Chance l lo r , 1975 and Gopalan e t a l , , 1978) . Conversions 

of the horse pover va lues thus obtPined vas done by consivier-

ing one horsc-pover hour as e q u i v a l e n t t o 6^1,5 k i l o - c a l o r i e s 

of energy ( M i t c h e l l , 1979). 

Energy i n p u t s through chemical f e r t i l i z e r s was c a l ­

cu l a t ed on the b a s i s of the f o s s i l fue l energy t h a t i s r e ­

qui red t o manufactuier the chemical f e r t i l i z e r s (Table 2 . 1 ) . 

The f o s s i l f ue l e-- u i v r l o n t s given in t a b l e 1 were used t o 

c a l c u l a t e the repineer .cnt c o s t . o f the organic manure i n terms 

of f o s s i l fue l energy, 

HSSULTS 

S o i l f e r t i l i t y s t a t u s of d i f f e r e n t agro*ecosystem: 

A comparat ive s tudy of t h e n u t r i e n t s t a t u s of t he ^ 

s o i l under jhum agro-ecosystems sugges t s t h a t carbon s t a t u s 

i n the s o i l i n i t i a l l y was h igher under a 10 year cyc le c o ­

mpared to o t h e r s . However, a t the end of one year of c u l t i ­

v a t i o n under a 5 year cyc le the l e v e l was much lower though 

t h e r e was a s l i g h t imrovement a t the end of the second year 

of c u l t i v a t i o n . Ni t rogen s t a t u s i n the s o i l was lowest under 

a 5 year cyc le a t the beginning of c u l t i v a t i o n bu t imorovcd 

a t the end of c ropo ing , more so under 10 and 15 year c y c l e s , 

PO^-P was maximum under a 10 year cyc le i n i t i a l l y as v e i l as 

a t the end of 1 year of c ropp ing . In g e n e r a l , the c a t i o n s 

were markedly lovrer under a 5 year cyc le and very low va lues 

ajb the end of second year of c ropo ing . While the i n i t i a l 

va lues given under t e r r a c e c u l t i v a t i o n was obtained before 
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f e r t i l i z e r appl ica t ion vhich accoants for the markedly lov 

levels of nu t r i en t s compared to jhum agroccosystems, the v a l ­

ues obtained a t the one/two years of cropping show a general­

ly sharper decline in f e r t i l i t y compared to even the agro-

ecosystem under a 5 year jhura cycle (Table 2 ,2 ) . 

Phytosociology of veeds in d i f fe ren t agro-ecosystems: 

The data on veeds studied in jhum agroecosystems under 

1 j and 5 y'^ar cycle suggest (Table 2.3) that the weeSds are 

generally more vigorous under the l a t t e r . Thus species l i ke 

Alternanthera phi loxeroidcs . Erigeron l in i fo l ium. Eupatorium 

adenophoruj-a, Gaa^halium hypolencum. Gn?ohalium luteoalbum 

and Impcrata cyl indr ica arc a l l more vigorous under the s h o r t ­

er jhum cycle , A comparision of the vced problem under te r race 

cu l t iva t ion suggests t h r t the veeds are in genernl more v igor­

ous here compared to thn^ under r 10 year jhum cycle (Table2,3) 

Crop yield and economic re turn under d i f fe ren t agro-ecosystem: 

The input of seed/seedlings in to the agro-ecosystems 

d i f fer to some extent (Treble 2 . ^ ) . Ze? mays and Brassica 

oleracea vas emphasized more with the shortening of the jhum 

cycle though the input of tubers of Solanum tuberosum were 

a lso scraewhat higher under a 5 yea-r cyc le . The seed in'^ut of 

vegetable crops l i ke Cucurbita maxima and Cucumis sat ivus 

a lso was higher under a 10 year cycle than under 15 ye^r 

cycle , Under t e r race c u l t i v a t i o n , only three crops were 

grown RS in a 5 ycrr jhu i cycled of which Solanum tuberosum 
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_2 
Table 2 .2 . Nutr ient s t a tus (g m ) of the s o i l ( 0 - 1 ^ cm) before 

sowing and at the end of 1 year/2 years of cropping. 

Jhum cu l t i va t ion Terrace 
Nu t r i - -—- —— — cu l t iva t ion 
ent i5yr 10 yr 5 yr 

cycle cycle cycle 
C 2075 -2315 2182 -2333 2168 - 1973 2518 - I952 

(2058) (1818 ) 
N 29^ - 326 295 - 33^ 259 - 278 291 - 258 

(298) (178) 

po^ -p 0.379 -0.387 0.38^-0.^26 0.376-0.387 0.^0-:-0.3^5 
( 0,367) (0 .3^) 

K 66.5 -17.3 60.8-2J.1 56.0 - 12.9 17.0 - 6.1 
(9.5) (6.2) 

Ca 39.2 -16.6 32.^-18.6 25.6 - 6.!+ 17.7 - 9.9 
( 3-7) (7 .0) 

Mg 25.9 - 9.7 27.0- 9.7 2lf.3 - 10.0 12.5 - 3.8 
(7.3) (2 .3) 

values in the parentheses indicate nutrient st'tus at 

the end of second year of cropoing. 
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Table 2-3 Intensity of weed problem under different ag agro -

Weed spec ie s 

Frequency {% ) 
Jhum t e r r a c e J hum 

10 yr " ? yr 
cyc le cyc l e 

ecosystems before manual weeding, 

Ageratum conyzoides L. 6o 

A l t e r n a n t h e r a p h i l o x e r o i d e s C r a i . 20 

Chrysanthemum c inera r l fo l iumCTrev) 30 
V i s . 

"prymaria c o r d a t a ( L, )Wild. ex Roem 20 
& Schul f . 

D i c r a n o p t e r l s l i n e a r i s Burm.f. 

E r i g e r o n l i n i f o l i u s VJilld. 

Eupatorium adenophorum Spreng. 

Gal insoga par-^' iflora Cav, 

70 

50 

90 

60 

90 

50 

60 

70 

60 

100 

100 

100 

Ijhum 
10 yr 
cycle 

Densi ty ^ 
( i n d i v i d u a l s m" ) 

J hum t e r r a c e 

180 

60 

^0' 

50' 

100 

100 

100-

7,1 

0 .8 

1.0 

1.3 

1.5 

2.0 

29.0 

3.0 

5 yr 
cyc le 

Gna-Dhaliuffl hyoolencum D.C. 

Gnaphalium iu teoa lbum L. 

Hypochaeris r ad ica ' t a L. 

Imperata c y l i n d r i c a P.Beauv. 

Oxalis l a t i f o l i a H.B.K, 

P lantago ma,ior L, 

P te r id ium aqui l inum (L.)Khun ex 
Decken 

-

-

80 

66 

100 

70 

100 

60 

50 

100 

100 

100 

100 

100 

^0^ 

50 

80 

100^ 

100' 

.70 

70^ 
1 

1.8 

11.0 

17.3 

2 0 

3 ,2 
1 

6.5 

1.9 

1.5 

2.5 

1.3 

9 .5 

3.1 

1.0 

0.9 

3>.3 

16.1 

28.6 

2.9 

2.6 

7,5 

1.0 

0 .6 

0.9 

1.6 

13.0 

27.Q 

2.8 

0.7 

0.8 

3.2 

6.1 

13.1 

7^2 

2.1 

Basa l^a rea 
("cm m"^-) 

J hum 
10 yr 
cyc le 

2.8!+ 

O.^Q 

0.20 

0 .13 

0.^5 

0.80 

5.80 

0.6o 

0.5'^ 

2.20 

1.73 

0.50 

1.19 

Jhtim 
5 yr 
cyc le 

3(50 

1 5A 

0 

0,, 

0, 

h 

^5 

375 

325 

\75 

i 6,5+8 
1 

. 0'.62 

t e r r a c e 

^-5 

•0.8 

0.18 

0.135 

0 . ^ 

9.1 

5.56 

0.56 

0 . 1 ^ 

0.16 

9.6 

1,83 

1.965 

2.56 

1.^7 
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Table. 2.^. Seed sovn (k£ ha yr oven dry vt) and the number of 

Category of seed/seedling 

Root & Tuber crops: 

Solanum tuberosum 

Ipomoea batatus 

Colocasia antaTquorum 

Cereals; 

Zea mays 

Oryza satlva 

Legume: 

Phaseolus vulgaris 

.Vegetables: ^ 

Gucurbita maxima 

Cucumis sat ivus 

Brafesica oleracea 

Jhum cultivatiOTi 
r 

15 yr cycle 
(iTiean+S E ) 

55.6+0.52 

I9 .0 t0 .23 

0.^9+0.03 

2.1^+0.1 

1.35^0.07 

0.09t0.01 

0.23+0.02 

1 200+^ 

10 yr cyple 
(mean+ S E ) 

55.6+0.^4:^ 
5 

23.9^+0.27 

if.23+0.|11 

8.57+0.21 

1.12+0.0.9 

0.55to.03 

0.36+0 .,02 

1 k-k-o+k-7 

seedling plantei in d i f ferent agi o-ec;osystem. 1 

ijyr cycle 

I yr|^rop 
(mean+'i E) 

~ i 

62.55+0.6; 

12.85+0.221 

- 1 

26if0+^2 

I l y r crop 
(mean+ S E ) 

63.^0^6 

13.3+0.27 

2700+^8 

Terrace 
cultivation 
(mcan+iS E ) 

j 

i 

Valley 
cultivation 
(mean+ S E ) 

139+1.26 

^2.8510.56 

i' 

2610+h^ 

13.2+0.33 

http://I9.0t0.23
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v̂ as the major croo, Inout of Solanum tuberosum tubers and 

Zea mays seeds were more here comparable to that for J hum 

cultivation. 

The economic yield of different crops declined mar­

kedly with the shortening of the jhum cycle, this being pnr-

ticularly evident in the crse of tuber crops like Solanum 

tuberosum which are emphpsize-"" most on these sites (table2,5)» 

The yield of Zee miys improved under a 5 year jhum cycle(first 

year chopping) but this is chiefly due to the emphasis laid 

on this crop. Similarly, Brasslca oleracer also shov̂ ed higher 

yield under a 5 year cycle for the same reason. The number of 

different crop species cultivetcd under a 5 year jhum cycle 

were fewer in comoprison to that under long jhum cycles of 

15 or 10 yc"̂ rs and the yield here was markedly reduced in the 

second year of cultivrtion compared to the first year. 

The yield of Solnnum tuberosum was lover under terrace 

cultivation than under a 15 year jhum cycle, though the yield 

of Zea mays and Brpssica olcracea was higher in this casedue 

to greater emphasis placci on these two croDs. Valley culti­

vation, on the otherhand was r monoculture of Oryza satlva, 

the yield of which was comparable though somewhat lower than 

the national average of 11^5 kg ha yr for 1971-72 (Misra,-!976), 

Labour input accounted for a major proportion of the 

cost for inputs followed by that for seed inout under all 

jhum cycles (Table 2.6). The cost of orgt?nic manure accounted 



: t l36 : 
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Table 2 ,5 Economic y i e l d of crops (kg ha yr oven dry ^'t ) 

Jhumi 
Crop spec ie s Mois ture 1 5yr 

content cycle 
( % ) (mean+a E) 

lOyr"! 
cyclef 
(mean+^ E ) 

i 

Root & Tuber crops: 

Solanum tuberosum 

Ipomoea batatatus 

Col ocas l a a n t i q u e • 
rum 

7 2 . ^ 

70.00 

71.80 

C e r e a l s : 

Zea mays 1^.30 

Oryza s a t i v a 13.^2 

Legume: 

Phaseolus v u l g a r i s 10 .15 

Fruit vegetables: 

Cucurbi ta . laaxima 93.00 

Cucumis s a t i v u s 9^.50 

Leafy vegetables: 

B r a s s i c a o l e r a c e a 89 .95 

Colocas ia ar.tiouorum8o.20 

Cucurb i ta maxima 82,00 

Ipomoea b a t a t u s 80.OO 

Other v e g e t a b l e s : 

Co locas ia antiouorum92.80 
(s tem) 

Cucurb i ta maxima 9I .00 
Cflover) 

By-produc t s : 

Ofyza s a t i v a ( s t r a y ) 1.0.73 

1579.95+23.75 

i+^-'+.78t7.85 

^ .87+0.27 

^2.35+1.07 

6.66+0.27 

272.1+3+3.67 

9.08+0.58 

76. if 8+2., 11 

2.38+0.13 

3.09+0.2if 

0,98±0.07 

0 .^W0.O2 

0.^1+0.02 

1099 ..1Q+5.55 

1^8.26+2.10 

5.57+1.91 

59.29t1 .92 

3.99.10.26 

r 

257.55+1.95 

6.31I +0.-35 

27.^1+1.29 

2,^Wo.l5 

2.7^+0,27 

t.i;3to.i5 

\ 

0.^1±0.02 

O.W+0.03 

I" 

under d i f f e r e n t agroecosystem 

J c u l t i v a t i o n 

5yr cyc le 

lyr crop 
(mean+S E, ) 

7^8.76+2.29 

61.62+1.39 

163.99+1.^2 

Terrapq 
cultivation 

Valley 
cultivation 

I I yr crop 
(mean+S E ) (mean+ S B ) (meant S. E, ) 

^1+9.25+1.86 

8.57±0.31 

50.25+1.88 

1 236. ̂ 8+2. If 1 

12,2.82+1.2^ 

855.75+2,71 

17c.85+3.09 

2118+1+.08 

http://59.29t1.92
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Table 2 . 6 . C o s t - b e n e f i t a n a l y s i s for d i f f e r e n t agro-ecosystems I -1 -1 
(Rupees ha yr ). 

Production measures 
15 yr 
cycle 

Input costs: 

L̂abour 2220 

Organic manure 

Fertilizer 

Seed 1061 

Interest on working capital 
(r2% ) 39^ 

Outputs : 

Root & tuber crops 1^711 

Cerea l g ra in s 6^ 

Legumes 16 

F r u i t & otfe^r vegetablf .s ^220 

Leafy vege tab le s 778 

Ey-product 

Cost of p roduc t ion (a ) 3^75 

Gross r e t u r n ( b ) 1q790 

Net r e t u r n ( b - a ) 16115 

Return per rupee i n v e s t e d ( b / a ) 5.*+ 

± 
Jhum 

10 yr 
cycle 

2 0 ^ 

175 

1206 

t 

9871 

9( 

i 
39081 

289I 

38V2 

1 if 171-

10329! ' 

3.7 

*During the f i r s t year of t e r r a c e c u l t i v a t i o n 
c o s t worked out to Rs.6239 

c u l t i v a t i o n 

l y r crop 

5 yr cyc le Terrace « 
c u l t i v a t i o n 

1613 

287 

19 

1235 

378 

^^63 

9^ 

1631 

3532' 

i8l88 

^656 

2 . 3 

I I yr crop 

160^ 

537 

39 

125^ 

U•^2 

391^ 

13 

500 

1022* 

870 

1^31 

2681 

720 

10675 

• 186 

1700 

38^6 

kh27 

581 

1.2 

672̂ + 

' 1256I 

5837 

1.9 

Valley 
cultivation 

1522 

10^ 

^5 

201 

2822 

339 

1872 

3161 

1-289 

1.7 

the t e r r a c i n g 
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for another input into 3hum and this markedly increased with 

reduction in cycle time from 10 to 5 yesrs; this was oven more 

during the second year cropoing under a 5 year cycle. Tuber 

crops accounted for e major monetary outout and this declined 

with shortening of the cycle. Vcgetatable like Brassica olera-

ceay Cucurblta maxima fnd Cucumis sativus accounted for another 

major monetary output frôii the jhum under 1^ and 10 year cycles 

only, Eventhough the cost of inputs-vxere more or less the same, 

the monetary outout for jhum cycles of 15 and 10 year were 

2-h times more than that of the first year cropoing under a 

5 year cycle. The not return from the system declined sharply 

with shortening of the cycle and the return during second year 

cropping under a 5 year cycle v/as too meagre. Similarly return 

for a rupee invested followed the same pattern. 

In terrace cultivation, labour cost for terracing 

alone worked out to Its 6239 ha which WPS more than half of 

the total cost of inputs. Labour for weeding and hca.vy cost 

of manure rnd fertilizers contributed to one of the major 

nonetary inputs into the system, /-s in Jhum, Solrnum tuberosum 

accounte,̂  for a major monetary out outs from the system. The 
-1 

net profit vas only Rs 5837 ha which was a little more than 

that from a 5 year jhum cycle during the first ycrr cropping. 

The return per rppco invested also was not high (Table 2.6), 

For valley cultivation too, the Irboir cost fox weeding 

was high, Or̂ p̂.rdc manure inout cost was very low comprred to 

other systcnp, Cryza sativr accounted for the only monetary 
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output frou the system both in the form of grain and •by-products 

l i k e s t rav and husk. The net re turn from t h i s system and the 

m t re turn per rupee invested was very low (Table 2 .6 ) . 

Energy budget of d i f fe ren t agro-ecosystems: 

The Khasi women performed most of the operations 

involved in jhum and val ley c i l t i v r t i o n ( F i g . 2 . 2 ) . Figure 

2.2a which shows the a l loca t ion pa t t e rn of labour between male 

and female for a 5 year J hum cycle , which wrs general ly the 

same as for a 15 .and 10 yerr cycle , showed tha t more than 

6^% of the t o t a l vork was done by the female members of the 

fac i ly . However the work done by both male and female for the 

i n i t i a l operation of s lashing of understory Vegetation was 

more or l e s s the same. While oreparat ion of lajid i n to r idges 

and furrows along with burning ajnd seed sowing operation was 

an exclusively female operat ion, weeding and maintenance of 

the f ie ld was almost equally shared between male and female 

members. Tra.nsport of harvest a.nd sa le was exclusively done 

by the male members. On the other hrnd under te r race c u l t i ­

vation the land preparat ion was done by male members of the 

family rjid other operations l i k e sowing, weeding and f ie ld 

maintenance, harvesting, e t c . was mostly done by the females 

(F ig .2 .2b) . Under val ley c u l t i v r t on also thef«males cont r ibu­

ted some 63% of the t o t a l labour inout (F ig .2 .2c ) . 

Much of the energy inout for jhum cu l t iva t ion was in 

the form of labour energy. The s l ash and burn procedures i nc lu ­

ding the land preparat ion involved an energy expenditure of 



Fig ,2 .2 Allocation pa t te rn af labour betveen male and 

female members of the family unde^r d i f ferent 

a g r i c u l t u r a l system(a,5 year jhum cycle; b , t e r r a ­

ce cu l t i va t ion ; C, Valley c u l t i v a t i o n ) . Hatched 

coluriyi,Male labour; open colimr^,Female labour, 

1,clearing the vegetat ion; g, Land preparat ion; 

3,Burning; 4-,£eed soving; 5>Weeding and f ie ld 

idaintenance; 6, harvest ing; 7, Transportat ion; 

8, Threshing and mi l l ing . 
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12.6 16.8 21 
k.cal.xlO^ 
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211^3 and 986I k c ? l ha yr for a 15 and 5 year cyc le , r e spec t ­

ive ly (Table 2.7) vhich i s 17.5^ and ^0•5% of the t o t a l labo­

ur input i n to the system. Seed sowing by dibbling on the h i l l 

s'lopes vrs qui te ? laborious job . This operation involved 

19.05^ in the cese of a 15 year cycle and 21.36^^ in the case 

of a 5 year cycle out ^f the t o t a l labour inout tha t went i n ­

to the systems. Seed inout was to the extent of 6^,56^, ^5.32^ 

ana 37*93% -̂ f the t '^tal energy in^ut in 15»10 and 5 year cy­

cles respec t ive ly , VJeocting anc" fit Id maintenance ooerations 

reouircd maximum energy expenditure for any s ingle operation 

and i t consumed 30.52/0,33.92^ ?nd if2.67,^ of the t o t a l labour 

input in CSC of 1^,10 and 5 year jhum cycle respec t ive ly . 

This operation was more laborious uiider a 5 year short cycle , 

p a r t i c u l a r l y so during the second yepr of c u l t i v a t i o n . For 

harvest ing of crops 17.7^ of energy was required under a 15 

year cycle compared to 18,7^ only under a 5 year cycle . 

Transport and sa le of per t of the harvest involves more ener ­

gy expenditure with increase in length of the jhum c y c l e , I t 

may be noted tha t a l l the cereals and legume, but only pa r t 

of the tuber crops and vegetables are consumed by the farmers. 

Use of organic manure and inorganic f e r t i l i z e r s form­

ed another important source of energy input i n to the agro-

ecosysttras under 10 rnd 5 yerr jhum cycles only. This inout 

accounted for 3k-,k-fo and U-8.9f respec t ive ly , of the t o t a l 

energy input i n t o these two jhum cyc les . 
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,-1 -1 Table 2 . 7 . Energy inou t (k c a l ha yv ) under d i f f e r e n t agro-. pcosysterns. 

, A g r i c u l t u r a l opera t ions 

15 y^ 
cyc le 

(A) Labour input total 

1.Clearing understory vegeta­
tion. 

2.Preparation of land 

3.Burning 

.̂,Seed soving 
'^ 

5.Weed and maintenance of the 
field 

6.Harvesting 

7, Transportation 

B.Threshing and milling 
1 

(B) Seed input total 

(C) Organic maf?c[re input total 

(D) Fertilizer inout total 
(E) Total energy input 

12051B 

17088 

1997 

2058 

22969 

36778 

2130^ 

t832i+ 

219621 
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Converting a secondary forest into a terrace agro-

ecosystem wrs very laborius and more than 79% of the labour 

energy vas expendel for this. In the subseouent years energy 

reguiremcnt for field preparation vps only 1^27 k cal ha. 

Another major inout into the terrace system was in the form 

of org'̂ nic manure ?nd inorganic fertilizers and this accoun­

ted for 76.8^ of the total energy input and 70.8?̂  if the 

initial Imd preparation cost alongvitr. the underbrush clear­

ing cost arc included in the final figure. Labour input need­

ed for seed sovdng, hprveeting and transDortation was more 

or less the same comp'̂ rable to a 5 yecr jhum cycle. Taniit for 
-1 -1 

weeding vas less (11128 k cal ha yr ) compared to 36778-^15^ 
-1 -1 

k cal ha yr for jhum egriculture (Table 2.7). 

Of all the labour input required for valley cultiva­

tion, land preparation ond seed sovring cost 20.2^ of energy 

expenditure. Hand hoeing for weeding purposes and processing 

of the hprvested crop (threshing rnd milling) were two mrjor 

labour inouts which accounted for 28,3^ rnd hO,^% of the total 

labour energy. Organic manure used in this cultivation was 

only a small fraction compnrable to the other systems of 

agriculture. The pattern of labour distribution throughout 

the year for different jhum cycles was similar and therefore the 

the pattern for a 5 year c^cle plonc is given in l'ig.2,3. 

Labour inout is more or less uniformly distifcuted throughout 

the yerr though the imut may be greater ?t certain times 

like during slash rnd burn,irn'l preparation rnd harvest time. 

Maximum labour input wrs during July when the first crop is 



Fig.2.3 Distribution pattern of labour over the year under 

different agricultural systems (Dark column, 5 year 

3hum cycle; Hatched column, Terrece cultivation; 

Open column, Valley cultivation). 



JAN 

FEB yyyyyyyyyyyyyyyyyyyyA ^ ^ 

MAR 2 

APR 

MAY 

"^^yyyyy^yyA 

. « . H i l l W t . L » » ' ' ^ . " . . . 1 I . ' . . . W H 
• : v ' ' ^ ' ' . - » ' • • . • ' , • • • • - % - : • • • - • . •• ' . • , > • {.".•••.•1 

] 
r.v;..-..'jiv:.-;-.v;.'j 

JUN ^ 
] 

JUL ^ ^ ^ ^ ^ ^ 

Ems^ji^sssi 
AUG vyy?yy/?y??A 

SEP 

OCT 

NOV 

E^^SM? 
^ : 

v-» > • • • • " . ' ' J 

V/??/?7//?//A 

DEC a 

FIG 2.3 

0-8 
J-4A 
1-6 16-6 31-6 

k.calxlO 



: ^3 : 

harvested and the second crop of Solanum tuberosun is sown. 

Another peali season for Ipbour vas in the month of Any for 

weeding f̂nd repair of the ridges washed out by heavy rain. 

For terrace cultivation, maximum labour in^ut goes durint: 

February when the land is terraced. In subseouent months the 

labour input was uniformly distributed except in July vhen 

the first hrrvest of Splanum tuberosum is done and in November 

\ihen the second crop is taken out. Weeding is done throughout 

the crooping season. Under valley cultivation, more labour 

input went in June at the time of land preparation and seed 

sowing. With the soiling of Oryza sativa in June, the v̂ ork was 

uniformly distributed for hrnd hoeing and we ding for the 

rest of the year uoto harvest in il 5vcmber, Threshing and 

milling during December-January required maximum labour. 

Between February-April there was no work as the land was left 

a fallow, 

Elnergy equivalents of the various crop harvested under 

different agricultural systems are shown in Table 2,8. Under 

a 15 year jhum cycle, the total caloric yield due to all the 

crops harvested was mea.sured to be more than that for a 5 year 

cycle, the 10 year cycle falling in between the two. of this, 

the energy outDut through Solanum tuberosum was proportionate­

ly more than that of others, It may be noted that under 5 year 

jham cycle where cropning is done for the second year, the 

total energy output was drastically reduced to almost half. 

file:///ihen
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11,7 and 2 times more caloric yield was obtainr-̂  for 

tubers and cereals respectively, under terrace cultivrtion 

compared to the first year of the 5 year jhum cycle. Total 

caloric output from terrace cultivrtion was closer to a longer 

jhum cycle vjhcre as valley cultivation approximate:! to thr̂ t 

of the first year crooning under a 5 year cycle only. 

In Trble 2.9, the energetic efficiency for the differ­

ent agricultural systems in terms of the energy output; input 

ratio is presented. The efficiency of the 15 year jhum cycle 

worked out to be 25.6 an:": was drastically reduced under 10 

and 5 year cycles. This ratio was e-vcn lower during the second 

year croppinr under a 5 yea.r cycle. The ratio for terrace 

cultivation was also very low rnd was the same as for the 

second year cropoing unĉ er a 5 year cycle. Valley cultivation 

gave higher ratio though lower than under a 15 year cycle. 

DISCISSION 

Mixed cropping accompanied by successive harvesting 

of the crops is r typical feature of slash and burn agricul­

ture practised" in different parts of the world (f̂ chlipoe, 

1956; Conklin, 1957; Nye r-nd Greenland, i960). A much more 

complex pattern of mixed cropping where rs many as I3 crop 

species are sown together at the srme time and successively 

harvested at different times so th^t more soa.cc is created 

for the remaining species at the peak of their growth, has 

been shown for low elevation jhun] in Meghalaya(Toky and 
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Table 2.8. Energy output (k cal ha yr ) under different agro-

ecosystems 

Crop s p e c i e s 

15 yr 
cyc le 

(A) Tuber crops t o t a l : 72^5593 

Solanum tuberosum 5^67335 

iDomoea b a t a t u s 1761329 

Colocas ia antinuorum 1693^ 

(B) C e r e a l g ra ins ' i f eo ta l : I67880 

Zea mays I67880 

Oryza s a t i v a 

(C) Legumes t o t a l : 2^885 

Phaseolus v u l g a r i a 2^885 

(D) F r u i t vege t ab l e s t o t a l : 1033928 

Cucurbi ta maxima 1000199 

Cucumis s a t i v u s 33729 

(E) Leafy vege t ab l e s t o t a l : 233032 

Bra s s i ca o le racea 2 lo8 l6 

Colocas ia antiquorum 8808 

Cucurb i ta maxima " I03I9 

Ipemoea b a t a t u s 3089 

(F) Other vege t ab l e s t o t a l : 283^ 

Colocas ia antlquorum(stem) 1025 

Cucurb i ta maxima(flover) 1 809 

TotaX food energy output : 8708I57 

Jhum c u l t i v a t i o n 

10 yr 
cyc le 

1^931 

1^93^ 
\ 

969035 

9^55^5 

2 3 ^ 5 Q 

9727^' 

75291 

9118' 

9311 ;, 

3552 \ 

3035 

959; 

2076 

57291131 

5 yr cyc le 

l y r crop 

1+^09826 

3803163 

587110 

19353s 
j 

235032 

235032 

25910^1 

2591 cVl 

-

-

2^44265 

2Mf265 

if 517^^ 

^51/^8 

• 
328705^ 

I I yr crop 

155^625 

155^625 

33970 

33970 

138500 

138500 

1727095 

Terrace 
c u l t i v a t i o n ' 

^278781+ 

^27878^ 

^86851 

^86851 

^70913 

^70913 

52365^8 

Valley 
cultivation 

338922!+ 

338922^ 

338922^ 
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Table 2.9 Energy output^input r a t i o for d i f fe ren t agro-
ecosystems. 

Agro-ecosystem 
-1 -1 Energy k ca l hs yr Efficiency 

r a t i o 
Input t o t a l output t o t a l (output : input) 

(A) Jhum cu l t i va t i on 

15 yr cycle 3^139 

10 yr cycle 581200 

5 yr cyc le ( I yr crop) 709857 

" " ( I I yr crop) 1013120 

Average for 5 yr cycle 

(B)Terrace cu l t i va t ion 308o952 

(C)Valley cu l t i va t ion 208877 

87081^7 

57'i^^l>^ 

328705^ 

1727095 

-

52365^8 

338922V 

25.60 

9.85 

i f . 63 

1.70 

3.17 

1.7 

16.22 
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Ram?krishnan, I 98 I ) . The main advantage of th is system l i e s 

in thot the f a s t deplet ing resources in shor t supply are 

u t i l i s e d more e f fec t ive ly by the species in the mixture. I t 

a lso provides the farmer nn ' insurence p o l i c y ' , as some crops 

are l ikely to give R good re turn even i f there i s p a r t i a l or 

complete fa i lure of o thers . Further , the frrraer gets a l l his . 

diverse requirements of c e r e a l s , vegetables , tubers, e t c . from 

the same f i e l d . 

While the t o t f l yield of croos under a ? year J hum 

cycle i s markedly lower than t h r t under a 15 pr 10 year cyc le , 

the yield of the indivi-^ual crops obtained i s dependent to 

a considerable extent on the amount of seeds sovn. Thus a 

number of crops l i k e x^haso^lus vu lga r i s . (;:!ucurbita maxima^ 

Cucumis s-^tivus, Ipomooa batatus and colocasia antiauorum 

are no"C at a l l sovm under a 5 year cycle , whereas the intJut 

of seedlings of Brassica oleracer i s double t h a t under a 15 or 

10 year cycle . One of the nsjor causes for the lovr yield under 

a 5 year J hum cycle i s the Door f e r t i l i t y build up during the 

intervening fallow per iod. This becomes more obvious during 

the second year of cropoing under a 5 year cyc le . This de­

c l ine in f e r t i l i t y under T shor t jhum cycle of 5 years i s 

more obvious for potassium, calcium and magnesium though c a r ­

bon, ni trogen and phosohoru? levels a t the end of the cropn-

ing Deri or! general ly vas lower than under longer jhun cyc les . 

Tĵ e increase in carbon and ni t rogen l eve l under ^'~ given s y s t ­

em may-be re I n t e l to th ' i n i t i a l ef fec t 01 iire. 'vjiich volat:^^-

l i zc s r major f ract ion of these two elements which recover 
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ra ther rapidly during the follovTing non hs (Ahlgren and Ahlg-

reit, 1965, Rarap.krishnpn anJ Toky, I98I ) . Even phosphorus may 

be volata l lzed due to f i r e but may recover subscouently as 

seen from tho present study nnd also suggested by Nye ond 

Greenland (i960) and Zinke e t a l (1978). 

I t has been shown by Ramr^krishnan and Toky(198l) 

tha t four to five yen,rs i s not suf f ic ien t time to res tore the 

s o i l nu t r i en t s t a tus and improve the physical conditions of 

the s o i l . During the f i r s t few y c r s of na tura l regenerat ion 

of a forest fallow rapid dcDietion of nu t r i en t s occur due to 

uptake by f a s t developing vegeta t ion; re lease of the n u t r i ­

ents held up in tho l iv ing biomass s t a r t s only af ter t h i s 

phase of depic t ion . Besides, high r r i n f a l l on the s teep c u l ­

t iva ted slopes r e su l t s in severe nu t r i en t losses during c r o ­

pping through erosion, surface runoff and leaching (Ramakri-

shnan et al , ; i93o). According to Matters (I97I) agro-ecosystems 

under shor t fallow period suffered declining yie ld in the 

case of three major s tap le croos in Venezuela; maze decreased 
-1 _i 

from 803 kg ha to 6ifO kg ha and yield of yucca and bean was 
reduced by 60^ and 100^ respectively. 

Weeds are recognised to be another important cPtUse 

for declining yie ld under s l a sh and burn pgr icul ture in many 

par t s of the world and include Euoatorium odofatum in Thai.--

land (Zinkc e t a2,,1978), Imperata cv l indr ica in Sarawak 

(Freeman, 1955) -"nd these woei species along with a few others 

a lso doninatc a t lo\ 'er elevations of Meghalaj'a ?nd other par ts 
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of the north-eastern India (Ramekrishnsn et al.jigSo). Eupatorium 

adenoohorum and Imperat̂ î cyllndrica are important weeds in the 

present study pnd a minlmoni of 10 years is needed for natural 

elirninetion of vecds like Eupatorium adenophorum and Imperata 

c.ylindrica (Ranakrishnan et al., 1980) and as the lands are cul­

tivated frcqaciitly at intervals of h-^ years, the secondary 

succession gets.arrested at the vecd strge over VpSt areas, 

aggravating the veed problem. 

Although a he"vy imut of fertilizers goes into terra­

ce cultivation, the yield is not very high. This mry be due to 

the hefvy losses through leachinr vhich rar:y be ^s high â  50% 

of the total losses from the system (Ra^makrishnm et 01,^1980). 

The yield of Oryza sativa in monoculture Einder valley culti­

vation is comparable to the national average for 1971-72 of 
-1 

11^5 kg ha (Misra, I976). 

The cost benefi t analysis for d i f ferent jhum cycles 

shows that apar t from monetary input for seed, one of the 

mpjor inputs goes towards labour. Though th i s cost i s higher 

under 15 and 10 year cycles osorapered to a 5 yerr cycle , a 

large proportion of the labour under the 5 year cycle goes 

for weeding as seen from the energet ic study. This is due to 

the acute weed problem under a short jhura cyc le , as discussed 

e a r l i e r . This i s ref lec ted in the net re turn from the d i f f e r ­

ent 3hum systems where the re tu rn gets d r a s t i c a l l y reduced 

with the shortening of the cyc le , i. second year cropoing 

under a 5 year cycle i s not a t a l l economical insp i tc of heavy 
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inputs of fertilizers. For this region, terrace cultivation 

is also not profitable an>-i hence ĥ s not been vidcly acccptc' 

by the local tribes. It may also be interesting to mention 

here that even under teiracing the same piece of lanr' is not 

cultivated for more than 6-3 years after viiich it is abandon­

ed. "Valley cultivation, which needs very little nutrient . 

inputs because of natural drainage of these, is sustainable 

economically year after year. 

The information on the energetics of 'Slash and burn' 

agriculture is rather scant and inadequate. HoweveryR^^poaport 

(I97I) provides relatively comoletc information on the major 

energy inputs for raising various croos under the Tsembaga 

'Slash .and burn' agriculture (£.viddening) of Nev Guinea 

Highlands. According to his figures the Tsembaga people har­

vest 16.5 food colories for each calorie of energy input, 

vhich may go up to 20 food calories under more favo'irable 

conditions. This ratio is comparable to that obtainc'' for a 

15 year C3̂ cle which is drasticaly reduced with its shortening. 

A comparison of jhum with the more modern sedentary terrace 

cultiva,tion tends to suggest the greats r energetic efficiency 

of jhum particularly under longer cycle (Conkin, 1957; 

Carneiro, I96O; Wye and Greenland, I96O; Raooaport, I968 & 

1971; Steinhart and Steinhart, 197^; Bodley, I976). Valley 

cultivation is one form of sedentary agriculture that seems 

to be efficient from an energetic point of view, S'.ince slash 

and burn agriculture is chiefly dependent upon renewable 

resources of energy due to fixation of Bun's energy by plants 
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during the fallow period, it is unrealistic to include this 

as one of the inputs into the system es vas done by Ramboo 

(I978) vhilc calculating an energetic efficiency ratio of 

0.11 for this system. On the other hand, as in the present 

study, evbn the labour is in a vay free as it comes from the 

members of the family practising jhum and if this is not con­

sidered as one of the inputs into the system, the efficiency 

may go even higher. 

Comparing all the different systems of agriculture 

discussed above with the tyoical model for Indian agriculture 

with an energetic efficiency of 1 :-9 (Ilitchcll, 1979), a 10 

year jhum cycle is favourably comparable to this where as a 

15 year jhum cycle and sedentary valley cultivation are by 

far superior. 
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Three agro-ecosystems, namely, s l a sh and burn ag r i cu l ­

ture (Jhum), te r race cu l t iva t ion (both of which involve mixed 

cropping) and val ley cu l t i va t ion of a monoculture of Oryza 

s a t i va , as pract ised in the higher deviations of Meghalaya, 

are compared and contrasted for t h e i r economic yield and 

energetic eff ic iency pa t t e rn s , A comppiratively longer jhum 

cycle of 15 year was contrasted with two others of 10 and 

5 year. Froii an economic point of view, a 15 year cycle was 

most e f f i c i en t followed by a 10 yepr cycle ; a 5 yepr cycle was 

extremely i n e f f i c i e n t , t h i s being further aggravated in the 

second year of crooning. While the yield from val ley c u l t i ­

vation \ms reasonable, te r race cu l t i va t ion gave poor re turns 

due to Irbour cost for ter rpcing and maintenance and a lso due 

to heavy cost iBor f e r t i l i z e r s . Comparing the three jhum cycle 

from an energetic eff ic iency point of view, a 15 year cycle 

which i s very r^re now due to incre'^sed oooulation pressure 

ajid roduced acreage was found to be the most e f f i c i en t with an 

outout: input r a t i o of 25.6 compared to 9.85 for a 10 year 

jycle and only -f^.63 for a 5 year cyc le . While the energy 

efficiency of val ley cu l t i va t ion vras high (16.2) a s i t needs 

fewer inpu ts , thr.t of te r race cu l t i va t ion was very low (1 .7) 

due to the heavy labour and f e r t i l i z e r inputs required t o 

sus ta in t h i s . I t i s suggested tha t only a long jhum cycle of 

1C years could be sus ta inc i alongwith val ley c u l t i v a t i o n , 

both froTi an economic and energetic point of view. 
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INTRODUCTION 

Incorporation of irreversible resoonses into a 

human society's system structure and organization reduces 

its flexibility making it difficult to adjust to any changes 

that may be imposed on it. The industrialized societies of 

today face such a problem ovang to their strong dependence 

on petroleum and other fossil fuel products vhich are be­

coming scarce. The vay many societies have evolved in the 

past in harmony vith low levels of energy supply to the 

society may provide clues as to hov modern societies could 

adapt to the limitations imposed by energy scarcity. 

Apart from examining the relationship between 

food and energy, the present study on a tyoical Khasi village 

ecosystem under at higher elevations of Meghalaya in north­

eastern India aims at:(i) an analysis of the range of 

incuts to produce different kinds of food, (ii) an understand­

ing of the relations between energy, labour and land use 

pattern in food production, (iii) a study of the primary 

production, as the population lives close to the land, and 

relate it to secondary production, (iv) a consideration of 

the fuel recuirements and the way in which it is presently 

met and (v) cost-benefit analyf=!is from an economic point 

of view as it may be helpful in understanding the self-

sufficiency of the system. Very few studies on energy flow 

through village ecosyrterns under subsistence farming 

(Rappaoort, 1971; Odura, 19715 Leach,I976) are available. 



Hence, d u r i n g ' t h i s s t u d y , the energy f lov p a t t e r n s through 

v a r i o u s compartments of the v i l l a g e ecosystem under - s l a s h 

and b u r n ' a g r i c u l t u r e ( l o c a l l y c a l l e d Jhum) has been a n a l y ­

zed as t h i s i s a s o c i e t y adapted t o lov-energy i n o u t s . 

VILJVGL ECOBYSTELM 

This s tudy v&s done a t Set th l ie \v v i l l a g e (25 .25 N, 

91 .52%,) , 25km south of S h i l l o n g m the Kahsi h i l l s of 

Meghalaya, a t an ele-^-ttion of 15^0 m, where ' s l a s h and b u r n ' 

a g r i c u l t u r e i s p r a c t i s e d by the l o c a l Khasi t r i b e . The 

climat-e here i s monsoonic v l t b most of the average r a i n f a l l 

of 18^3 Sim occur r ing dur ing t h e monsoon oeriod from May t o 

September, The average maximum temoera ture da r ing t h i s 

season i s 23*7°C and the average minimuTi tempera ture i s 16.3°C' 

The humidity remains very high dur ing t h i s per iod ( 8 ^ , 1 ^ ) , 

Winter i s co ld v i t h occa s iona l showers , ex tending from IJov-

ember t o Februery w i t h an r"verac,e minimum tempera ture of 

7 .6^ C. During December - February , f r o s t s a re very common. 

The b r i e f summer which 1P verm and dry extends from March 

t o A p r i l and i s accomoanied bj s t r o n g wind. The e n t i r e a r ea 

i s c h a r a c t e r i s e d by pine f o r e s t s w i th Pimjis kesi.ya as the 

only dominant s p e c i e s . The t e r r r i n i s h i l l y w i th s t e e p 

s l o o e s , the average angle being 30° - ko^. The s o i l cover 

i s s can t as e ros ion o u t s t r i p s the wea ther ing process and 

i s Dodsol ic . 

S e t t h l i e w i s a sma l l v i l l a g e wi th 5 f ami l i e s and 

a t o t a l p e c u l a t i o n of 20, v i t h 12 a d u l t s and 3 c h i l d r e n . 
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The families are of an ."^verage s ize of k- members and l ive 

in huts made of local ly avai lable s tone , bamboo and thatching 

grass ( laperato cy l l nd r i ca ) . Agriculture with Splanum tubero­

sum as the major croa and animal husbandry with emphasis 

on svine forms the main economy of the v i l l a g e . For conve­

nience of study, the s t r u c t u r a l organization of the Setthl iew 

v i l l age ecosystem can be described under the following sub­

systems: ( i ) agr icu l ture under jhum, ( i i ) t ha t utider val ley 

cu l t i va t i on , ( i i i ) animals cons t i tu t ing animal husbandry 

and ( iv) humans forming the domestic sub-system. 

The .ihuffl sub-system; 

Jhum is extensively p r rc t i sed throughout the 

nor th-eas tern h i l l region of India . In i t s t yp ica l form 

th i s agr icu l ture in the nor th-eas t region cons is t s of 

c lear ing the fores t and burning the dried s lash before c u l -

t i va t i nn of cfops for a y^ar or two. However, in the higher 

e levat ions of the Khasi h i l l s , as in the present case, t h i s 

a g r i c u l t u r a l oract ice i s a modified version in that normally 

only the lower branches of sparsely d i s t r ibu ted t rees are 

fe l led instead of the whole t r e e s . Slashing i s done in 

December. Further , unlike the system pract ised a t lower 

e levat ions where croooing i s done d i r e c t l y on the s.lor>es 

by dibbl ing, at higher elevations the land i s prepared in to 

ridges and furrows running along the slooe of 30 -^0 • While 

the s lash i s burnt d i r e c t l y on the surface of the s o i l in 

i t s typ ica l form, in the present case the s lash is placed 

along the r idges , covered over by a th in layer of s o i l 
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before slow and controlled burning during March, Before cro­

pping, organic manure of vegetable and oig dung origin is 
-1 

apolled at the r?te of 6̂ 0 kg ha (dry weight basis). 

A mixture of 6 root and tuber croDs, like £planum tuber­

osum., Colocasia anti^ uorum and Ipomoea batatus., Cereal like 

Zea mays ̂  legumes such as Phaseolus vulgaris and vegetables 

like Cucurbita maxima are grovn together. However, major 

emphasis is placed on S.tuberosum. After burning and a few 

weeks before the onset of monsoon, the tuber crops are planted 

on the ridgos and the rest of the croos are sov;n on the ridges 

after the first few rains. Along each ridge, three distinct 

rows of sowing are done by dibbling the seeds of both S.tuber-

osuffl and Z.mays mixed together. While sowing of C.antiquorum 

is confined to the top and bottom oart of the ridges, C.maxima 

is sown at random, but widely scattered on the ridges. P.vul­

garlŷ  is mostly planted around the oine trees which orovide 

supoort to this climber. After the first harvest of tuber croos 

in July-August, a second crop of winter ootato alone is sown 

along the ridges. Harvesting of Z.mays and P.vulgaris is done 

in feptember-October and that of the winter potato is done 

in November after which the land is abandoned for forest re­

generation. The ;3!r-um cycle (the time lapse before the same 

piece of land is cultivated again after a fallow period during 

which time natural regeneration of vegetation is allowed 

to take place ) in the present study site was 10 years. While 

a longer cycle of 15-20 years in the region is extremely rare, 
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a 1+-5 year cycle i s most conraon. After 'Slash and bu rn ' , 

croooing is done for 1-2 ^-ecrs o i ly before the land is 

abandoned. In Rct th l icv v i l l age 5 ha of lend wes under 

jhum ag r i cu l tu re . T 

In jhum, the major inauts arf̂ - seed, organic manure 

and manpower. Seed i s obtained from the previous years s tock. 

Manure is generated in t he comoost 3it \Tithin the v i l lage 

i t r e l f from croo residues and animal dung, the by-products 

of agr icul ture and animal husbandry. Manoover i s also 

generated from within th'-̂  v i l l age ccosyste^i i t r e l f . Other 

power such as draught animal oover, gssoline or e l e c t r i c 

engine pover i s not at a l l used. Tools and imolements used 

for various ag r i cu l t u r a l oocrations ar very simolc and of 

orlmitive type, e i the r made within the v i l l age or ,rnrely, 

iniDorted ; in e i the r cr-g'e the cost i s n e g l i g i b l e . 

Part of the s lash i s burnt Ln s i t u for agr icu l ture while 

the r e s t i s used as fuel in the domestic sub-system described 

belo-^'. Part of the croo yield i s consumed within the v i l l age 

and a p - r t is exoorted. A major f ract ion of the by-nrodacts 

from jhum go i n t o the como^st p i t , some may be used by the 

animals while a small f ract ion goes in to the domestic sub­

system for fuel . 

The val ley sub-system; 

The val ley lands of th^ v i l l age (2 ha in the present 

case),under c u l t i v a t i o n , arc included in th i s sub-system. 

file:///Tithin
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t cultivation of Oryza satj-ya is done in the flat lands 

of the norrov valleys situated in between the hills. Except 
-1 -1 

for a small quantity of imoorted bone meal (65kg ha yr ) , 

other f e r t i l i z e r s arc not used here. The val ley receives 

na tu ra l drainage of nu t r i en t s from the adjoining h i l l s 

and this sustains continued cu l t i va t ion year a f te r year. 

Labour is the major in:)ut for a l l the ag r i cu l t u r a l opera­

t ions l ike f ie ld orcparat ion, soving, vceding, harvest ing, 

processing of the harvested croos ( threshing and mi l l ing) , 

e t c . as i s also the cas., for jhuia. Unlike at lov/er elevations 

vherc two crops of O.sativa may be ra ised (Toky and Ramakri-

shnan, I98I ) , only one cferop of O.sativa is obtained a t 

higher e l eva t ions . 

The only simolc imple-iients us .d f o r val ley cu l t iva t ion 

of r i ce are hand hoes and s ick les vhich are imported, the 

cost of which is neg l ig ib l e . The outout u t i l i z a t i o n pat tern 

i s s imi ls r to that described for jhum. 

Hhe animal husbandr;/ sub-system: 

Animal husbandry' cons is t s chief ly of oig oroduction, 

which i s the chief prote in source for the v i l l a g e , but 

par t of which i s exported. In addi t ion, some goats are. kept 

exclusively for cxoort and looultry may be ra ised for i n ­

t e rna l usL and also for cxoort . The juvenile animals gre 

imported, S.tuberosum and I .ba ta tus of ooorer qual i ty 

not consumbcd by hamans may Dc fed to oigs , but th^ ve­

getable waste in the comoost o i t of the v i l l age i s the 
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chief source of food for svine husbandry. Poultry are fed 

prrtly on maize grains but they too depend uoon vegetable 

Vcstc. Go'̂ ts arc allov̂ ed free to browse on plants. The co-

fnoost Dit v'hich is the main source of food for the animals 

also generrtes about-368^ kg yr (dry weight bssis) of orga­

nic meanurc used for agriculture. 

The domestic sub-system: 

Agriculture and animal husbandry form the main occu­

pation of the inhabitants of Setthliev village, Consumotion 

of food energy generated within the village ecosystem pro­

vides the manoovcr rc-uireo for production. The food pro­

duction system of the village (agriculture and animal hus­

bandry) is basically labour intensive requiring large innuts 

of man-power and thus allowing little time for other rcti-

vities. Energy required for coocking comes from the renewa­

ble biological sources such as fuel wood and crop residues. 

However, a major part of this comes from the forest outside 

the villa.gc. Other basic recuisities of the villagers such 

as clothing aad medicine PISO come from the market outside 

the village ecosystem, 

METHODS OF STUDY 

For this study, all the five households of Setthliew 

village with their agriculture and animal husbandry sub­

systems were taken into consideration (Table 3-1)• All 

observations related to the energy flow study through the 
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Table 3.1. A Khnsi village ecosystem structure at 
Setthliev ( 1978-79). 

Number of households 5 

Total populn.tion: 20 

Adult male ' 5 

Adult female 7 

Children 5-7 year old h-

Children7-9 jz^v old 2 

Children 9-12 ytsr old 2 

Total area under cultivation (ha): 7 

Under jhum(ha) 5 

Under valley (ho) 2 

Total animal population: ^5 

Pigs, 16 

Goats 9 

Fowls 20 
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village ecosystem arc based on two-year study period. Inputs 

and cutouts of diverse types (hc&t of combustion, nutritive 

value, replacement cost in terms of fossil fuel, etOare 

assumed to be homogeneous. Inputs of energy due to tools/ 

implements vas negligible. Other basic requisites of the 

villagers like clothing and medicine arc excluded from the 

study due to difficulties in accounting the energy values 

for them. 

Solar energy vhich is the primary source of energy 

as veil as slash burnt during agriculture do not enter the 

calculations for cner, etic efficiency as they are considered 

to be 'free* inputs and no special effort goes into obtaining 

these. 

Amount of seed/seedlings sovn in the field and eco­

nomic yield vere based on 7 observations in each of the 

5 fields. The energy values for the seeds of different crops 

sovn and the economic yield of various crop/fodder harv-ested 

were estimated after burning the samples in a bomb calori­

meter. The value thus obtained (Table 3*2) were then expre­

ssed in terms of the seed sovn or the yield harvested per 

ha and also for the total cultivated area. The energy values 

given in the table are on the basis of the oven-dry weight 

of the samples at oCXD. Calculations of the amount of slash 

burnt in Jhum was based on 7 observations in each field and 

the calculation of the fuel wood collected from the 3hum 

field was based on the observation that 1/10 of the total 
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Table 3.2. Energy value of crops and manure. 

Category 

Av.water Energy 
content value 

MJ kg 
-1 

a) Heat of combustion; 

Solanum tuberosum 

Root/Tuber Colocasla anticuorum 

Ipomoea batatus 

Zea mays 

Oryza sstiva 

Phaseolus vulgaria 

Cucurbita maxima 

S>e e'd/Grain 

Fruit, vegeta- Cucurbita maximg 
ble 

Others 

72.20 1^.if78 

71.80 1^.525 

70,00 16.570 

1if*30 J6 .585 

13.if2 16.571 

10.15 15.633: 

8.20 26.539 

93.00 15.357 

62,00 2,*+21 Ipomoea batatus(stem 
cut t ing) 

Slash 18.11 17.1^2 

Solanum tuberosum(leaf & 67.61 17.^25 
stem) 

Zea maysCleaf,stem & cob)2^.73 

By-products Oryza sativa(hu5k) 

Oryza s a t i va ( s t r ay ) 

1 
t ) Production cos t : 

If 

P2O5 

K2O 

10.13 

10.73 

17.99^ 

18.390 

13.831 

76.986 

13.95^ 

9 .665 

( c o n t d . . . ) 
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C) Replacement cost: 

Pig dung - 1.318 

Goat dung - 1.996 

Fowl dung - ^.782 

Manure(dung and vegetable 
matter) - I.M^^ 

Bone meal - 5.870 

1, after Pimentel et al.(l973)* 

2. percentage of NjPpO^ and K2O in various items was as 

follows: in manure, 1.5,1.^ and 1.2; in pig dung, 1,^, 

0.83 and 1.3; in goat dung 2.2,0.8 and 1.97; in fowl 

dung, 5.1^) ^.19 and 2.5; in bone meal, ̂ , 20 and 0. 
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s l a sh produced i s used as f i r e wood. The values vere then 

expressed in terms of the i r energy equivalents using the 

vElue of 17,1^2 MJ kg for s l a sh , calculated using the bomb 

calor imeter . Energy in lut through organic manure vas calcu-

cated on the bss i s of t h e i r replacement cost values in terms 

of fo s s i l fue l . Foss i l fuel equivalents for N,P20^ and KpO 

given in Table 3.2 vere used to ca lcu la te the replacement 

cost of the organic manures. 

For ca lcu la t ion on energy expenditure on l?bour, a 

man hoijir under sedent.^ry labour vas considered equal to 0.1 

hp and a womrn hour under moderate labour as 0.09 hp (S-ingh 

and Chancellor, 1975;Gopalan e t a l . , 1978). Conversion of 

the horse oover values thus obtained ves done by considering 

one horse oover hour es equivalent to 2.68^5 ^ of energy. 

Calculat ion of the energy exoenditure on cartage i s based 

on the vork perloimed by the nunber of horses employed. 

For thv estimation of annual fneat production, the veight 

gained by each category of anirnnl at the time of sl3,gghter was 

ca lcula ted pnd the vrlucs thus obtained vere corrected using 

a dressing percentage of 75j56 and 70 for oig, lamb and fowl, 

r espec t ive ly , es suggested by Ranjhan (1977). Using the 

energy values of 'f.937, ^-.^60 and 7.238 MJ" kg for goat meat, 

chicken and egg rcsoect ive ly (Gopalan et a l . ,1978) and 

17.121 MJ kg for pork (Ranjhan, 1,977), the energy equivalent 

of secondary production of meat and poultry vas ca lcu la ted . 
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Estimation of the ac tu? l amount of food/fuel consumed 

by humans was done on the basis of regular observations in 

the T i l l age , and the energy er l iva lent of a l l the items con­

sumed vere calculated using t h e i r respect ive energy values 

given in Taole 3 .2 . The est imftion of the feed/fodder con­

sumed by the l ive-s tock was b ' sed on the dai ly ra t ions given 

to the animals by each household. For c r l cu l a t i on of browsing 

by the animrls i t WPS assumed that the energy equivalent for 

t h i s would be enual to the value obtained af te r subst ract ing 

the energy value of the actual feed consumed (bpsed on our 

observation) from the i r standard food energy requir^-ment 

(Ranjhan, 1977). 

The protein e-»uivalcnt of a l l food (crop and meat) 

harvested and tha t pai t of i t consumed by the v i l l a g e r s was 

found out by multiolying the quant i t i es of food and t h e i r 

respect ive orotein contents (Table 3«3)5 estimated c a l o r i -

met r ica l ly by the standard method followed by Lowry et a l . 

(1951). 

For ca lcu la t ing the t h e o r e t i c a l food energy/protein 

requirement of humans, the t o t a l consumption unit (adul t man 

value) for the whole v i l l age was calculated as per the en.ergy 

consumption scale suggested by Gopalan et a l . (1978): 1 adult 

male, 1 un i t ; 1 adult female, 0.9 un i t ; chi ldren of 5-7 years , 

7-9 years and 9-12 years , 0 .6 ,0 .7 and 0,8 un i t , r espec t ive ly . 

The t o t a l number of uni ts for th i s v i l l age works out a t 

l6(5+5.6+2,l+-f1 .Wl , 6 ) , This was then mult ipl ied by the food 
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Table 3,3 Protein content of various food items 

(dry weight b a s i s ) . 

Category Protein 

(g kg^ ) 

Crops; 

Solan am tuberosum ^6,8 

Colocasla antiquorum 99.3 

Ipomoea batatus ^3.3 

I 2 8 A 

83.2 

237.0 

21if,3 

Zea mays 

Oryza sativa 

Phaseolus 

Cucurbtta 

Animal products; 

Pork 

Goat meat 

Chicken 

Bgg 

vulgaris 

maxima 

* 

831 

839 

935 

500 

•Pork,goat meat and chicken contain 11 ,%<,'?h,% and 
72.3^ moisture. 
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-1 
energy equivalent of an adult (1 unit) of 10.0'+2 HJ day 

-1 

and the orotcin equivalent of an adult (1 unit) of 55 g day 

(Gopalan et al,.,1978) to ca lcu la te the da i ly food energy/ 

prote in roquiremcnt of the d i f fe ren t categories of humans. 

The values of food energy thus obtained ( n u t r i t i v e values) 

vere then corrected to the hea.t of cembustlon by iiiultlolylng 

with the co-ef f ic ien t of 1.lif9 (Mitchel l , 1979). To find the 

energy equivalent of fuel vood needed per day for cooking 

ourposes i t \'as assumed tha t the Dotential energy reauired 

for 1 adult man (1 uni t ) would be 15.759 I^ (Mitchel l ,1979). 

This was then nr-ultiplicd by 16 uni ts obtained' for the whole 

v i l l a g e . 

For the economic inout : outout analysis of the v i l l age 

ecosystem, labour coats for men and women workers were c a l ­

culated on the basis of the present dai ly wage ra tes of Rs 9 

and Rs 7 respec t ive ly . The cost of organic manure, seed, 

l ive - s tock and the food, fuel and fodder used in t he v i l l age 

were c§J.culated a t the i r current market o r i ce s . The monetary 

re tu rn in terms of croo, fodder, meat and eggs from ag r i cu l ­

ture and anlriial husbandry were calculated from the prevai l ing 

market orice of each commodity. 

RESULTS. 

The Jhum sub-sys tem: 

The jhum i s a ipw energy i n p u t system invo lv ing 

l a b o u r , manure and seed as the only i n o u t s . Of the t o t a l 

l abour energy inpu t of 2872 MJ(11263 man hours) of energy 
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'J'^'7 l̂iJ of energy is expended in clearing the f allov and field 

prepcration vhile 9̂ 7 M; is expended in weeding operations 

alone. The rest goes for se..d sowing, harvesting and trans­

port of the crops. Slash which is burnt during jhum account­

ing for 326.7 X 10"̂ MJ of energy is in a way 'free' to the 

farmer and therefore is not considered as an input. 

The output from jhum is chiefly economic crop yield 

fnd the Dlant by-oroducts. Out of 99.6 x 10"̂  MJ of energy 

yield from croos, 69,1 x 10 I^ is obtained from potato alone, 

â'ith other crops forming minor components of the system, ' 

The butouts inout ratio works out to 6.82 to 10.01 deoending 

uoon Vhethcr the crop yield alone or other secondary outputs 

are el5o considered. For every unit labour energy inout into 

the system, 3^ units of energy was harvested as economic crop 

yield. The results are oresented in Fig,3,1a. 

The valley sub-system: 

Apart from labour end seed, small quantities of bone 

merl go into vr-lley cultivation of rice, which otherv̂ ise 

receive nutrition from hill slopes through drainage. Because 

of very low energy inout anfi due to high energy output thro­

ugh grain yield and by-oroduc^. such ?e straw and husk, the 

outputI inout ratio is very high, ̂ or every unit of labour 

energy inout, the economic crop yield works out to 86 units 

(Fig.3.1b). 



Fig.3»1 Energy input:oatout pattern and efficiency ratios. 

a, jhum sub-system; b, valley sub-system. 
3 

Unit = FJ X 10. 
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The animal husbandry sub-system: 

A major f ract ion of the t o t a l energy input for animal 

husbandry i s the feed; cDops accounted for about k-,9% vh i le 

the crop residues plus brovsing accounted for t h e r e s t of the 

iiiput. Besides j'-^'venile animals, l?bour for rear ing animals 

ves another input in to the sub-system. Apart from meat, dung 

wes an important cutout from the system. The output; input 

r a t i o i s low i f by-products and grazing pre included :̂ F 

inputs i n to t h e system but higher i f they are excluded 

( F i g . 3 . 1 c ) . 

The domestic sub-system; 

Food and fuel for cooking are t^o inputs i n to th i s 

sub-system vhich generates man-power(^.2 x 10 MJ) used for 

agr icu l tu re and animal husbandry. The energy eff iciency 

(output : input r a t i o ) of t h i s system works out to a low 0.03 

(Fig.3.1d).„, 

The v i l l age ecosystem: 

A large f ract ion (98^) of the inout in to the v i l l age 

ecosystem comes as fuel wood of vhich only a par t i s obtained 

from within the v i l l a g e . The major outout exported out of 

the village, are croos accounting for about 85? ,̂ mert and 

eggs contr ibut ing the r e s t . The energetic eff ic iency(outout : 

input r a t i o ) worked out to be low (1.57) compared to bther 

sub-systems, except the domestic one (Fig . 3 .1e) . I t roay ^^ 

noted here that other inouts l ike clothing and medicine are 



Fig.3.1 Energy inout:output pat tern and efficiency r a t i o s . 

c , animal liusbandry sub-system; d, domestic sub­

system. Unit = MJ X 10-^. 
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Fig.3.1 Energy inputsoutout oattern and efficiency ratio, 

e, village ecosystem. Unit = MJ x 10 . 
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also imported i n t o the v i l l a g e but have not heen included 

in th i s study. 

About JOfo of the pro te in yield i s of plant orij^in 

and the r e s t i s of aniiial o r ig in . Kice Cory2a s a t i v a ) i s the 

s t ao l e d ie t of the people. This, along with Zea meys accoun­

ted for over 70% of the t o t a l food energy and about 67% of 

the protein consumed by humans. Pork i s the only form of 

meat consumed and th i s account for about 13^ of the t o t a l 

food energy consumed by the v i l l age (Table 3 . ^ ) . 

Table 3«5 presents the f i r e vood consuTiption pa t te rn 

in the v i l l age ecosystem. Energy for cooking i s mainly in 

the form of f i r e vood and r i c e husk. 3060 kg of f i re vood 

(52^55 MJ) i s iraoorted i n to the v i l l age in a year , accounting 

for about ^%% of the t o t a l consumption of th i s commodity. 

The fuel consumed is close to the standard requirement for 

coo^cing under Indian conditions (Mitchel l , 1979). 

Of the t o t a l food energy exported out of the v i l lage 

ecosystem, about Q^% vas from croos of which potato (Solcnum 

tuberosum") alone accojinted a major f rac t ion . About <^2% of the 

meat export out of the v i l l age î 'as in the form of :)nrk 

(Table 3 .6 ) . 

F ig .3 .2 whicn represents the economic pat tern for 

the v i l l age ecosystem shovs tne various inouts in to the 

v i l l age as comoarcd to outouts . The net income of a s ingle 

household cons is t ing of h members vas Rs 963. The monetary 

output; input r a t i o for th i s v i l l age is f a i r l y high coming to 

19.62. 
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Table 3.̂ -. Annual food and protein cons amotion in the village 

ecosystem. 

Category 

Quantity 
(kg) 

Solanum tuberosun 88.96 

Colocasia anticuorum ^3.^0 

Ipomoea bs ta tus 360.00 

Zea mays 3^2.80 

Oryza sa t iva 2567.00 

Phaseolus vulgar is 10.78 

Cucurbita maxims 28.00 

Food 

Energy equiva­
lent (MJ) 

1288 

629 

5965 

5685 

^2538 

169 

if30 

Protein 

equivalent 

(kg) 

i f . l 6 

^.23 

15.59 

^^.02 

213.57 

2.55 

6.00 

Pork 112 .50 8560 93.^ 

Total 2 6526lf 
( 67383) 

383.61 
(321.20) 

Values in parentheses are the standard requirements. 
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Table 3 ,5 . Annual fuel consumotion for cooking in the 
v i l l age ecosystem. 

Category Quantity(kg) Energy equivalent(MJ) 

F i re vood 5o33 86276 

Rice husk 328 6u32 

Tota l : 92308 
(92033 ) 

Value in p t ren thes i s i s the standard requirement. 
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Table 3,6.Annual energy expor t from the v i l l a g e eco-system, 

Category Energy (14J) 

sPlanum tuberosum 

iDomoea b a t a t u s 

Zea mays 

Cucurb i t a maxima 

Crop expor t total^; 

Pork 

Goat meat 

Chicken 

E-gg 

61821 

I6if0 

51^ 

6772 

707^7 

12259 

933 

63 

78 

Meat and egg exoor t t o t a l 1333 R 

Grand t o t a l ; 8if035 



Fig.3.2 Monetar7 inputs output pattern and efficiency ratio 

of the village ecosystem. Unit = Rupee. 
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The de ta i led economic input:outout analysis for the 

various sub-S3'StGm of the v i l l age ecosystem Is shovn in Table 

3.7 vhich ind ica tes that the net re turn of jhum i s 10 times 

more than that of val ley sub-system and the net re turn from 

ani nal husbandry- i s somevhat less than the re turn from jhum. 

Hovever, the re turn pei rupee Invested i s more than double 

for animal husbandry compared to jhum. The monetary oat:>\it: 

input r a t i o for the val ley sub-systems i s much less (1.8^) 

compared to the other tvo sub-systems. In the domestic un i t , 

there vas a net loss of Ks 5307 per year and thus the outout: 

input r a t i o vorked out a t u .76. 

DISCUBSi:)W 

Land use; 

S.lash and burn agr icu l tu re (jhum) vhich i s the most 

important land use p rac t i se in the nor th-eas tern h i l l regions 

of India , in the present case has a 10 year jhum cycle which 

make i t not onl^ economically sustainable as shoi n for the 

low elevat ion s i t ua t i on (Toky and Ramakrishnan, I98I) but 

a l so permit su f f i c i en t time for nu t r i en t recovery during the 

fa l lov period (Ramakrishncn and Toky, I98I ) . One of the chief 

advantages of jhum i s that i t orovides an a l l - c roo d i e t for 

the people out of the same land (Leach, I976), As labour 

i s the chief input and i s based on the simple way in vhich 

so la r energy i s harvested through fo res t , the system is 

e f f i c i en t from an energetic point of viev. Thus i t has been 

held up as a model of productive eff iciency vhere 5 to 50 
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Table 3.7 The monetary input :output pa t tern in various 
sub-systems of the v i l l age ecosystem(rupees 
per annum). 

Category 

I n p u t s : 

L a b o i j 

Manure 

Bone meal 

Seed 

J u v e n i l e animal 

Food 

Feed 

Fuel wood 

I n t e r e s t on work 
Ing cap i t a lC12^) 

Tota l s 

Outpu ts : 

Crop 

By-product 

Meat and egg 

Manure 

Manoower 

T o t a l : 

Net r e t u r n 

lie t u rn per rupee 
i n v e s t e d ( o u t o u t : 
i n o u t r a t i o ) 

Jhum 

10926 

928 

-

6if37 

-

-

-

-

- 2195 

20^+86 

51030 

-

-

-

-

51030 

3 0 5 ^ 

2M 

Val ley 

2801 

-

208 

180 

-

-

-

-

383 

3572 

6000 

581 

-

-

-

6581 

3009 

^,Sh 

Animal Domestic 
husbandry 

3285 

-

-

-

630 

-

118 

-

hSk-

If 517 

-

n. 

27^89 

1068 

-

28557 

2 ^ ^ 0 

6 .3 

-

-

-

-

-

13782 

-

562 

2321 

21665 

-

-

-

-

16358 

16358 

-5307 

0,76 
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units of food energy arc harvested for each unit of input 

(Raapapo t, 1971; Steinuart and Steinhart, 197^; Toky, I980) 

compared to the energy-intcrnsivc agricultural systems of 

the \'e?tern countries (Daniel, 1956; Bl?ck, 1971; Pimental 

ct al., 1973; Spcdding and Walsingha'-a, I976; Pimental and 

Pinentalj 1979), 

Valley cultivation has many Pdvmtagc? over jhum in 

thrt soil and nutrient losses are he.'vy from the slopes from 

land under jhu:i (Ramakrishnan et al., I980). The former is 8 

nutrient sink vithout any major losses from the system. This 

makes the system 3-^ times more energy efficient than Jhum. 

From a monetary point of view jhum is more farourably placed 

due to diversification of croos and the higher returns from 

potato compared to rice. However, land use under this system 

in the hilly terrain is restricted for want of suitable sites. 

But, a distinct advantage that valley cultivation of rice has 

over ihum is that the re-use factor for the former is 1 whereas 

that for the latter is 0.1/0.2 (ie.the land is cropped only 

once or twice in 10 years). The energy output:input per ha per 

year for both the systems work out similar to that discussed 

by Lê ach (1976) for pre-Indus trial far'̂ aing with Jhum shoving 

up badly due to the low re-use factor. 

Animal husbandry: 

Viith an energy exDcnditure of 18,8 x 10 MJ over a 

10 year period for raising a single pig under Tsembaga swine 

husbandry in New Guinea highlands (Raopaport, I97I) and with 
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only 1,5/̂  return on the food energy feed to pig as per 

calculatiDns of Pimentrl ?ni ?imcntal (1979), this system 

is not very efficient though it Is c practical vcy of storing 

excess food energy. The efficiency of the system studied 

here is, hovever, much better beer use of the lighter demands 

on the fptmev. Thas the animrls are chiefly deoendent upon 

vegetable waste and browsing besides checo feeds like poor 

quality tubers unfit for human consumotion. Further the 

slp.ufehter of pigs every year as they mature rather than 

every 10 years during festival time as in the Tsembaga system 

also help in bringing down the energy cost for rearing. • 

Apprt from this sub-system forming an important link 

in the detritus food chain, it provides a protein rich diet, 

nutrient rich manure and a subsidiar:> source of income as 

excess mert and poultry oroducts arc sold in the market. 

In fact, animal husbandry from its economic angle, is marked­

ly suoerior to agriculture vith high returns per rupee invest­

ed because very lov monetary input and high selling price of 

meat. 

Fuel vopd: 

Fuel for cooking i s an important need of the domestic 

sub-system, more than 50^ of vhich are imported from outside 

the v i l l age ecosyste... One of the consequences of shortening 

of the jhum cycle (Ram-krishnan et a l , , I980) has been a 

fas t depict ion in the fuel wood resources of the region. 
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This is agrPvated due to lov efficiency of utilization of 

fuel vood energy in the developing world (Leach, I976), 

where the per capita consumption of energy for cooking is 

considered to be 2,5 to 5 times more than in the v«est. 

Village ecoc.'vstem function; 

The schemotlc presentation of energy flov through 

the village ecosĵ stcm (Fig.3.3) brings out the intricate 

relationships existing between the agricultural, animal 

husbandry and domestic compcitments. Utilization of re­

newable resources of the forest in the form of slash alone 

forms the basis for the functioning of the system. The 

comoost oit is an important comooncnt of the syste.ii as it 

pro\idcs food for secondary oroduction and generates organic 

manure vjhich is cycled back into agriculture. The annual 

manure outout in termp of N, P and K ̂ orks out 55.26, ^^ ,^1 

and Mf,21 kg, respectively which is significpnt. 

The per caoita food oroduction in the village exceeded 

the food energy consumed by the people by 16,6^ f4J oer day. 

A small frr-ction only of this extra energy was utilized for 

maintaining pig rnd oaultry, some kept as seed so thst the 

3 
rest (8^ X 10 MJ per yeor) is exported out of the village. 

Twhile developed countries use hecvy inputs of commercial 

energy for food production (Leach, 1976^tout et al., 1979), 

develooing countries depend on large inputs of humrn labour. 

Thus Hevelle (1976), in a study of rural India, estimated 



Fig.3«3 Energy flow model for the village ecosystem at 

Setthliew. Values vithin parentheses refer to 

the replacem;ent cost in terns of fossil fuel. 

Unit = HI X 10^. 
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that over 50% of vorking hours are spent directly in agricul­

ture rnd 39^ in other domestic activities rel- ted to food 

preparation. In this context, quantification of the inter­

dependence' of energy resources and supplies in a village eco-

syste 1 such as the present one is significant. 

It mty he concluded that the h4gh energy efficiency 

of the villFge ecosystem in Cetthliev as a vhole is relrted 

to:(i) high labour inout, (ii) exoloitation of a large rrea 

of land around the village under a 10 year Jhuu cycle (with 

5 ha in a ,_ivcn year) ̂ -hich permits sufficient r-covery of 

nutrientc for jhum, (iii) 2 hp of valley rgriculture which 

gives a sustained yield due to enrichment of nutrients from 

adjoining hill slopes, (iv) efficient re-cycling of food 

wastes and crop residues in manure pits and (v) svine husbandry 

which is sustained through a, ricultural waste inputs at prrct-

ically no cost to the f?rmer. 

Fuel v7ood production within the village ecosystem thro­

ugh fastgrowing native trees and more efficient utilizrtion 

as through biogas technology would help in conserving the 

forest resources. In a hilly terrain as this with liigh in­

tensity rainfall confine: to a few months during monsoon, 

horticulture and plantation crops seem to be an attractive 

alternative to annual cropoing through jhum on steep slopes 

.(Hamakrishnan, 1980)» These oossibilities for self sufficiency 

in fuel wood and more diversified primary production should 

be considered f or an integrated rural development in this 

region, which is currently receiving our attention. 
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aUMMAHY 

The pa t te rn of energy flov through four major sub­

systems (Jhuffly Valley, Animal and Domestic) of a t y p i c a l 

Khasi v i l l age ecos;ystem v i t h ' s l a s h and burn* agricultui-e 

(Jhum) at an e levat ion of 15^0 ra in t h e nor th-eas tern h i l l 

region of India was studiG'3, The energetic efficiency 

(output : i m u t r a t i o ) of jhu'ii in 5 ha of land vorked out to 

7.53 and that of val ley cu l t iva t ion on 2 ha of land worked 

out to ^ . 1 ^ . The animal husbandry sub-system had swine 

husbandry a.s i t s predominant comoonent. This had an energet ic 

eff iciency of 3.0^. The v i l l age ecosystem rs a whole, however, 

had an eff iciency of 1.57. Animal husbandry formed an impor­

t an t l ink in the d e t r i t u s food chain by u t i l i z i n g the garbage 

and vegetable waste of the agr icu l tu re system. The forest^ 

apar t from providing the bas is for agr icu l ture also meets 

pa r t of the fuel requirement of the v i l l a g e . The comoost 

o i t i s a very imoortant component in the functioning of the 

v i l l age ecosystem as i t provides feed for secondary product­

ion and generates organic manure both of plant and animal 

or ig in which i s cycled back i n to agr icu l tuce . The i n t r i c a t e 

r e l a t ionsh ip ex is t ing between the production and consumption 

compart7]ents of the v i l l age ecosystem has been worked out 

both from economic and energet ic points of view and discussed. 
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SEDIMEI'JT ,WATLR MD NUTRIENT LOSSES UNDER SLASH MD 

BURN AGRICULTURE (JHU14) AT HIGHER SIEVATIONS OF 

MEGHALAYA IN NORTH-EASTERN INDIA. 
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INTRODUCTION 

Slash and burn agriculture (locally knovn as »Jhum*) 

vhich involves slashing the natural vegetational cover, 

burning the dried slash and cultivating the land for a few 

years before it is atDandoned for natural regeneration is 

a predominant form of agriculture in the north-eastern hill 

region of India. The jhum cycle which is the time interval, 

when forest fallow development occurs due to natural re­

generation, before the same site is again cultivated has in 

recent times been reduced from a more favourable 20-30 

years to as short as 5 years. Further, in the recent past, 

terracing of land has been introduced into this region as 

an alternative to jhum, 

Jhum is practised along the steep slopes of the 

hills (slope angle being 30°- ifO°) and therefore large 

losses of too soil, ̂ 'ater and nutrients occur during the 

cropping period due to run-off and infiltration. Some 

losses may also occur during various stages of the fellow 

development deop-nding uoon the vegetational cover. Losses 

of nutrients, chiefly through infiltration of water are 

also likely to occur under terrace cultivation. The present 

work done at Shillong (25.3^°N and 91.56° E. ) is an attempt 

to study the hydrology and the pattern of sediment and 
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nutrient losses through water that may occur under jhum at 

the time of cropoing as veil as during the subsequent fallovr 

development and to compare it with the pattern under terrace 

cultivation. 

STUDY AREA M D lESCRIPTION 
OF THE SYSTEM 

Shillong located in the Khasi hills of Meghalay is 

at an altitude of 1^00 meters. The climate is monsoonic 

with most of the annual rain-fall of 18^3 mm occurring dur­

ing the monsoon period, from May to September. The average 

maximum temperature during this season was 23.7°C and the 

average minimum temperature was 16.3°C. The humidity percent­

age r.amalnad -vsryhigh during this period (8^.1^). Winter 

is cold with occasional showers, extending from November 

to February with an average maximum temperature of 16,8 C 

and a minimum of 7.6 C, Frosts are -very common during December 

and January. The brief summer which is warm and dry extends 

from March to April with a maximum temperature of 23 C, 

'Slash and burn' agriculture (jhum) is extensively 

practised by the local khasi tribe at higher elevations of 

Meghalaya and is also a common feature of the entire north­

eastern hilly states of India. While at lower elevations in 

the subtropical forests, the entire forested cover is slashed 

which is the typical and more common form of jhum (Toky and 

Raraakrishnan, I98I), at higher elevations the lower branches 
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of trees alone (chiefly Pinus kesiya). which already are 

spars3ly spaced due to previous land use practice, are 

slashed. Further, unlike at lower elevations where slash 

is burnt in situ and seeds of the crop mixture are planted 

directly on the soil-ash complex hy dibbling, in the present 

case the slash is placed in parallel rows running down the 

slooe, covered over with a layer of aoil placed on the 

dried slash so as to make ridges and furrows. Thus the 

slash is burnt under more controlled conditions and the seeds 

of the crop mixture are planted on the ridges. While ferti­

lizer is not used in the typical form of jhum at lower ele­

vation, in the present case both organic (pigdung and 

compost) and inorganic (NPK-1:1:1 ) fertilizers are used 

depending upon the type of jhu© cycle. Agro-ecosystems 
-1 -1 

under a 10 year jhum cycle generally receive 600 kg ha yr 

( oven dry weight) of the organic fertilizer only and that 

under a 5 year cycle may receive both organic and inorganic 
-1 -1 -1 -1 

fertilizers at the rate of 1000 kg ha yr and 10 kg ha yr 

respectively in the first year and I850 kg ha yr and 20 kg 
-1 -1 
ha yr respectively in the second year of cropping (Mishra 

and Ramakrishnan, I98I), 

A mixture of 8 crops consisting of root and tuber 

crops like Solanum tuberesum. Golocasia antiquorum and 

Ipomoer-. batatm , cereals like Zea mays ̂  legumes like 

Phaseolus vulgaris and vegetables like Brassica oleracea^ 

Cucurbit a maxima and r, ucumis sativus are grown together 



83 

in the same s i t e . Emphasis on the mixture of crops may 

vary according to the type of jhum cycle imposed on a given 

s i t e . Thus, while a l l the crops mentioned above may be grown 

together in the same f ie ld during cu l t iva t ion un'der a f a i r l y 

long-Jhura cycle of 10 years , only three crops l i k e S.tuberosum, 

2.mays and B.oleracea are grown under a short jhura cycle of 

5 years . While cu l t i va t i on i s done only for one year in the 

case of a long jhum cycle , under a 5 year cycle cropoing may 

be Aone for 2-3 years before the land i s fallowed for n a t u r a l 

regeneration of vegeta t ion. S.tuberosum^ however, i s the 

major crop in both the cases . After the burn and a few weeks 

before the onset of monsoon, the tuber crops are planted 

on the ridges ^ h i l e the r e s t of the crops are planted a f te r 

the f i r s t few showers. Along each ridge three d i s t i n c t rows 

of plant ing i s done by dibbling the seeds of l>.tuberosum; 

Z.mays seeds are dibbled a t i n t e r v a l s . While C.maxima and 

C.sativus are planted a t random, but widely sca t te red on 

the r idges , p lant ing of C.antiquorum i s confined mostly 

to the top and bottom of the r idges . Likewise, the p lant ing 

of P.vulgaris i s confined around the pine t rees which may 

provide support . During July-August the f i r s t crop of tubers 

are harvested and then a second crop of winter potato i s 

ra ised alongwith B.oleracea on the r i dges . Harvesting of 

the cereals and legumes i s done in September-October, The 

harvesting of winter potato and B.oleracea i s done in 

November a f t e r which the land i s l e f t uncult ivated between 

December-March, I f a second year cu l t i va t i on i s done the 
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same procedures are followed; otherv«dse the field is left 

abandoned for natural regeneration of forest. The jhum 

cycle studied during the present investigation are of 10 

and 5 years. It may be mentioned here that, while the longer 

jhum cycles of 15-20 years are extremely rare in this area, 

a 5 year cycle is more common. Soil of the present study 

arta is podsolic and since the erosion outstrips weathering 

process, the soil cover is scant. The soil is sandy, loose 

and highly porous with a pH of ̂ -6, 

In recent times, terrace cultivation was introduced 

to this area by governmental agencies. Either a mixture of 

crops as in jhum or a monoculture of one crop species, namely 

S,tuberosum or B.oleracea may be raised on bench terraces. 

The terraces have a width of 3-^ meters. This involves heavy 
-1 -1 

inputs of organic (3000 kg ha yr ) and inorganic fertilizer 
-1 -1 

1:1:1 of NPK (7̂ - kg ha yr ), The crop mixture in the present 

study under terrace had S.tuberosum. Z.mays and B.oleracea. 

METHODS OF STUDY 

Sites under jhuTi under a 5 and 10 year cycle and 

that under terrace cultivation were identified at Shillong 

taking care to ensure similar aspects and topographic con­

ditions (the average slope angle in these sites was hO ). 

One five and ten year old fallows developed after cropping 

under a 10 year jhum cycle, under natural vegetational 
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cover were also identified taking care to ensure similar 

aspect and toDograohic conditions. Each of the site selected 

covered an area of about 2 ha. 

For studies partaining to sediment and water loss 

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

of 2 X 20 m along the slope was collected in large collect­

ors and sampled periodically for chemical analysis. For the 

study of percolation loss of water, 'Russian' type lysi-

meters were employed (Buckman and Brady, I96O). Soil was 

cut vertically in each site to expose the TDrofile. A small 

tunnel was excavated at a depth of MD cm (the depth to 
3 

which mo«t roots penetrate) and the lysimeter (30 x 30x15cm) 

was placed inside it. By pressing from below, the rim of 

the lysimeter was firmly inserted in the undisturbed spil 

above. The percolated water was tapped out from the lysimeter 

from time to time for analysis. The observations are based 

on four rcDlicatcs at each site. 

After analysing the water/soil samples for N03-N and 

?Q^-P, soon after collection, the water samples were pre­

served in polythene jars for subsenuent analyses. Soil 

samples were air dried, ground and after passing through 

0.2 mm sieve, it was stored in glass jars. The samples were 

analysed by standard procedures(Allen, 197^). Thus, N03-N 

and Po^-P were estimated colorimetrically by the phenol-

di-sulphonic acid method and the molybdenum blue method 

respectively . Organic nitrogen was estimated by the 
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microkjehldahl method. Calcium and magnesium were analysed 

"by the EDTA titration method and potassium was analysed by 

the flame emission method. Soil extraction for cations vas 

done with 1 N Ammonium acetate at pH7, 

EESULTS 

Sediment and water losses: 

Table +̂.1 presents the total loss of sediment and 

water from the agro-ecosystems and the fallows of different 

ages. The sediment yield due to erosion was significantly 

more (p/0,01) in the case of jhum fallows. When the sediment 

loss due to erosion during the first year of cropping under 

a 5 year jhum cycle was compared with that of the second 

year, the differences were not significant. Sediment loss 

during croooing under terrace cultivation was significantly 

lower than that under jhum (P/o.01) and this reduction was 

to the extent of 38.3^ and 2^,9^ in t he first and second 

year of cropping respectively compared to first year cropp­

ing under a 5 year jhum cycle. During the second year of 

terrace cultivation, the sediment loss increased significant­

ly (P/O.OD by 25.1^ compared to the total sediment loss 

that occurred daring the first year of cropping on terraces. 

The run-off water loss significantly increased 

(P/0.05) in the agro-e(fosystem under a 5 yerr Jhum cycle 

compared to a 10 year one. The shortening of jhum cycle, 

however, does not seem to hpve any effect on the loss of 
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percolat ion water. The run-off loss dropped s ign i f i can t ly 

(P/0.01) during the fal low development per iod, whereas the 

percola t ion loss was higher. While during the f i r s t year 

of cropping under a 5 year jhum cycle , 38^ and 8.6^ of the 

annual p rec ip i t a t i on of 156,1 cm was l o s t through run-off 

and percola t ion respec t ive ly , these losses changed s i g n i ­

f icant ly (P/0.05) to U-6,^% and '^,8% during the second year . 

Compared to 3hum agro-ecosystem under a 5 year cycle the 

run-off losses was s ign i f i can t ly reduced (P/O.O^) by 16,7^ 

and 25.35^ during the f i r s t and second year of cropping on 

t e r r a c e s . Percolat ion losses under t e r race agro-ecosystem 

was s ign i f i can t ly higher (P/0.05) compared to tha t under 

jhuni agro-ecosystems (Table ^ . 1 ) . 

The sediment loss due to erosion during the monsoon 

showed two d i s t i n c t peaks one in May and another in Septem­

ber . However, the loss from the jhum agro-ecosystem was 

greater than under ter race system. The run-off losses of 

water, however showed one major peak during the monsoon in 

May-June with a sharp decline on e i the r s i d e . Percolation 

losses of water showed a sharp increase in June which was 

maintained at a s l i g h t l y lower l e v e l during the subsequent 

months. The losses of water through run-off and percola t ion 

are re la ted t o the r a i n f a l l pa t t e rn ( F i g , ^ , 1 ) . 

Nutr ient losf 'es: 

The concentration of various nu t r i en t s l o s t during 

the monsoon through eroded sediment and through run-off 



Fig.^.1 Pattern of sediment and \;cter loss during crooping 

from a hect£re of land under jhum and terrace cul­

tivation. Stipp].ed bar, 10 year jhum cycle;̂  open 

bar, 5 yesr jhum cycle; hatched bar, terrace culti­

vation 5 O--. O , rainfall. 
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water generally declined during the l a t t e r par t of the 

monsoon, both in the case of jhum and t e r r ace agro-ecosyste- ' 

ms. The concentrat ion of nu t r i en t s l o s t through ps'rcolation 

water also followed a s imi lar pa t te rn though the concentra­

t ion of some of the nu t r i en t s l i ke N03-N, organic-N, Po^f-P, 

K and Ca under jhum increased in June-July compared t o 

April-May. The concentration of a l l the nu t r i en t s remained 

higher in the sediment and water l o s t during cropping under 

a 10 year jhum cycle compared to tha t under a 5 year cycle 

except for N03 - N, The concentration of a l l the cations in 

sediment and water was markedly lover under te r race (P/0.05) 

compared to tha t under jhum. However, No3-N and pO^-P losses 

often wps s l i g h t l y higher under te r race c u l t i v a t i o n . Compared 

to the agr icu l tu re systems the nu t r i en t losses from 5 ?nd 

10 year fallows were low or in some cases no detectable 

leve ls could be observed. In general , in the fallows, the 

concentration of nu t r i en t s in the eroded sediment was much 

higher than in the run-of f and percolated water (Table ^ . 2 ) . 

Table ^ , 3 presents the losses of No3-N, organic-N and 

Po^-p through sediment and wa te r . While the t o t a l loss of 

these nu t r i en t s through sediment and run-off water were s i g ­

n i f i can t ly higher (P/0,05) during c u l t i v a t i o n under a 5 year 

jhum cycle compared to a 10 year cycle , the shortening of the 

jhum cycle had no s ign i f i can t e f fec t ( p ^ 0 , 0 5 ) on the pe r ­

cola t ion loss of N03-N and Po^f-P, The t o t a l loss of No3-N 

under jhum and te r race agro-ecosystems was a lso s ign i f i can t ly 
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higher (P/0,01) through run-off, folloved by tha t though 

percolat ion water and was l e a s t through eroded sediment, Or-

ganic-N and ?o^-? losses were s ig i i i f icant ly hlgher(p/O.Ol) 

through eroded sediment followed by run-off and percolat ion 

water. The values for losses during the second year of 

cu l t iva t ion given in parentheses for a 5 year jhum cycle 

often show tha t the loss of nu t r i en t during the second year 

of cropping may be s ign i f i can t ly higher or lower (P/0,05) 

depending upon the nu t r i en t and the type of loss N03-N loss 

through run-off water under te r race cu l t i va t i on however, was 

not s ign i f i can t ly d i f ferent during the second year of cropoing. 

While the t o t a l N03-N loss in the sediment and percola t ion 

water under te r race agro-ecosystem was not s ign i f i can t ly 

d i f ferent from t h a t under jhum, t h i s loss in the run-off 

water under t e r race was s ign i f i can t ly reduced (PZO,O5) by 

5*7% in the f i r s t year and ^7,3>% in the second year compared 

to tha t under a 5 year jhum cyc le . 

Organic-N loss through sediment and through water 

during both the years of cropping was s ign i f i can t ly reduced 

(P/0.01) under te r race cu l t i va t ion than under a 5 year jhum 

cyc le . In fac t , in the t e r race agro-ecosystem the run-of f 

loss of organic-N was not detectable a t a l l . While the 

losses of %^-P in eroded sediment decreased s i gn i f i c an t l y 

(p/0.01) under t e r race compared t o tha t under a short jhum 

cycle of 5 year , the reverse case was observed for run-off ' 

loss (? /0 ,01) and the difference was not s ign i f i can t for 

percolat ion l o s s e s . 
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In general , the loss of a l l the nu t r i en t s in the jhura 

fallows of 1,5 and 10 years gradually decreased with increase 

in i t s age, end t h i s was markedly low compared to the J hum 

agro-ecosystem. The only exception to th i s was N03-N vhere 

the loss of th i s nu t r i en t through percola t ion increased in a 

5 year jhum fallov; compared to the agro-ecosystems(Tabled. 3). 

While c u l t i v r t i o n under 0 5 year jhura cycle r e su l t ed 

in greater ca t ion ic loss through sediment and run-off v a t e r 

compare! to tha t under r 10 yerr cycle , the percola t ion 

losses of these were not s ign i f i can t ly d i f fe ren t ( ? > 0 . O 5 ) 

except for Mg the loss of which was high under a 10 ycaT cycle 

( j /0 ,05)» Both under t e r race and jhum ngro-ecosystem, tftie loss 

of K was much higher than tha t of other ca t i ons . In geneeral , 

the losses of cat ions through the eroded sediment was s i g ­

n i f i can t ly higher ( r /0 .01) than tha t in the run-off and p e r ­

cola t ion wate rs . The cat ion l o s t from the jhum agroecos;ysterns 

was s ign i f i can t ly higher (p/O.OI) compared to the t e r r a c e 

agro-ecosystem, Howeurer, the loss of Ca through percolr- t ion 

was more (j'>/0.01) in t e r race compared to jhum agro-ecosystems. 

While in the agroecosystera i^der 5 year jhum cycle the various 

types of losses of cat ions during the second year of cronping 

may increase or decrease, under t e r race agro-ecosystem the 

nu t r i en t loss was higher during the second year except for 

percola t ion loss where a reverse trend was observed(Table ^- .^ ) . 

The nu t r i en t l o s t from the d i f fe ren t fallows wrs 

s ign i f i can t ly low compared to jhum agro-ecosystems. This v 
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Table U-,k- Cation loss (Kg ha Yr ) through sediment̂ , run-off and 

Category 
of loss 

N u t r i e n t 
Agro-ecosystems under ..fhum 

p e r c o l a t i o n , 

Sediment 

K 

Ca 

Mg 

Run-off 
water 

K 

Ca 

Mg 

10 j r Cycle » 
(mean+SE ) i 

5 y r Cycle ' 
(mean+ SE, ) ' 

- I ! 

Jhum f a l l o y s of d i f f e r e n t age iTerrace 

1yr 
(mean+SE.- ) 

] 5 yr 
(me antSE ) 

36.109+0.205 110,636+0.2211' 
(101.826±0.237) 

1̂ +. 650+0.113 

8.-62710.0^2 

16.^88+0.1281 
(17.313+0.132) ' 

9.789*0.0^0 
(9.118+0.0^8] 

10 yr 
(meant SE ) 

lagro-ec ©system 

'(meant SE ) 

3.882+0.050 

1.320+0.036 

0.829+0.026 

1.157+0.029 

0.537+0.027 

0.215+0.016 

1.067+0.011 

0.112+0.13 

0.102+0.12 

88.163+0.228 

10.263±0.079 

3.075±0.033 

10^.621+0.353 
(109.633+0.360) 

10.576±0.08^ 
(12 . 7 2 5 t 0 . 1 2 1 j 

3.616±0.030 
(1.979+0.022), 

25.962+0.103 19.550+0.07-2 2 .318 t0 .055 

3.576+0.037 2.161++0.029 0 . 2 6 l + a . 0 l 1 

ND IID ND 

27.316+0.073 
(28.819+0.065) 

^ .79^0 .037 
(6.^78+0.0^2) 

2.561+0.023 
(3.283+0,028) 

33.068+0.167 
(if6.695+0.173) 

9.80910.027 
(11.365+0.108) 

ND 
( ND ) 

P e r c o l a t i o n 
wa te r 

j \ 

Ca 

Mf 

25.820+0.203 

2.259+0.033 

1.082+0.022 

25.363+0.3^9 
(20.7^3+0.314:) 

2.282+0.027' 
(1 .787+0.023) 

1.001+0.013-
(0.593+0.011) 

ND 

1. 68U±0.03^ 

ND 

ND ND 

2.100+0.018 0 . ^ 6 0 t 0 , 0 l 1 

ND ND 

Values v i t h i n the pa ren theses i n d i c a t e s the t o t a l l o s s dur:j.n^ 
the second year of c ropp ing . i 

ND= Not d e t e c t a b l e . 

8.109+0.052 
(6.if5W0.06if) 

3.^85-t0.0.27 
(2.6li+h0.022) 

ND 
( ND ) 
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decrease in loss under a 10 ye^r jt'allow compared to tha t 

under an agro-ecosystem of 5 yearl jhura cyiele vas t o the 

order of s maximum of about 1/lU<| for Mg,1/70 for K and 

1/35 for Ca (Table h,h). 

Discussicai 

Slash and bitrn agr icu l ture involving cu t t ing down of 

branches of sparsely d i s t r ibu ted t r ee species and slashing 

of herb and shrub community in areas at higher elevation i n 

Meghalaya before burning and cropoing for a year or more 

r e su l t s in d r a s t i c changes on the hydrology end nut r ient 

cycling processes involving considerable losses from the 

system. Nutr ients are removed along with sediment through 

run-off and percola t ion water. These losses are maximum 

during the cropping phase but as the fallows develop with 

na tu ra l regeneration of vegetat ion the losses tend t o be 

gradually reduced. 

The observed sizepble increase in sediment and water 

loss during the ear ly par t of the nonsoon fron the agro-

ecosystems under jhura c u l t i v a t i o n ^ Z H c a n be a t t r ibu ted 

chief ly as due to lack of crop cover. These losses decreased 

gradually in the l a t t e r months of the monsoon, due to the 

development of an effect ive crop cover and a lso due to the 

decrease in the i n t e n s i t y of r a i n f a l l . The s teep r i s e in 

the sediment loss during September i s c lose ly re la ted to 

s o i l disturbance during the harvest of the tuber crops, m 
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the agro-ecosystem under a short jhurn cycle of 5 year the 

loss of sediment vas more than that under a 10 year cycle 

which may be related to the poor physical characteristics 

of the soil due to shorter jhum cycle and thinner crop cover 

during the time of cultivation. This is confirmed from the 

results of the second year of crop )ing under a 5 yc-ar jhum 

cycle (Mishra and Ramakrishnan, I98I). During the second 

year of cropping the run-off loss of water increased while 

percolation loss decreased which could be related to the 

sealing of the soil pores by the fine particles suspended in 

the run-off water (Lowderrailk, 1930; Auten,193^; Weaver and 

Harmon, 1935). 

In a single pulse, fire releases the nutrients parti­

cularly the cations in the slash material so much so that 

its availability exceeds the retention capacity of the jhum 

agro-ecosystems. Hence, much of the nutrients are lost through 

sediment and run-off and percolation water before they gouM 

be incorporated into the plant biomass. The large amount of 

cations released after the burn increases the soil oH which in 

turn may promote nitrification(G:fanhall and Hendricksson, 

1969), This along with increased concentration of the bicar­

bonate . ions results in increase in aiions which are balanced 

by the free cations so that the rate of nutrient loss through 

water may increase (Borman et aL, 1968^ Lewis Jr., 197^-). 

The greater loss of potassium through percolation water co­

mpared to the percolation loss of divalent cations under the 
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Jhum confirms the findings of some others (Allen, 196^; 

Lloyd, 1971) where it vas shown that potassium was much more 

readily dissolved than calcium and 'nagnesium ions following 

a burn. Heavy erosion loss of the nutrients was chiefly due 

to higher concentration of nutrients in the eroded sediment. 

In the latter months of the monsoon, the nutrient losses was 

checked to some extent by an effictive vegetation cover of 

crops and associated weeds. In general, the concentration of 

various nutrients in the sediment and water lost from the 

agro-( cosystcm under a 10 year jhum cycle was higher compared 

to a ^ year cycle. This may be due to the low nutrient status 

of the soil, lesser quantity of the slash burnt and also 

qualitative differences in the nutrient content of the 

slash in the agro-ecosystem under a 5 year jhum cycle compa­

red to that under a 10 year cycle. However, the total quantity 

of nutrient lost from the agro-ecosystem was generally higher 

under a 5 year jhum cycle compared to a 10 year cycle which 

may also be related to poor physical quality of the soil in 

the former case and the lesser vigour of the crop cover. 

This is more evident for the loss of nutrient through sedi­

ment and run-off water than for the loss due to percolation. 

During second year of cropping under a 5 year cycle the losses 

increase further which further strengthens the argument gi-

iren above. The reduction in nutrient loss through percolation 

in the second year of cropping may be related to lesser volume 

of percolation water discussed earlier. 
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I t i s qui te reasonable to suppose that the reduction 

in sediment, va te r and nu t r i en t losses ra tes from the agro-

ecosystems a f te r the jhum cu l t i va t i on depends on how quickly 

the vegetal cover i s r ees tab l i shed . So i l system of the 

nor th-eas tern h i l l India possess a var ie ty of s t ra tegy such 

as rapid growth and expansion of stumps, rhizomes and root 

sprouts , and germination cf buried and transported seeds 

for the fas t development of a good olant cover. Under a 

forested ecosystem, much of the r a i n f a l l reaching the fores t 

f loor i s f i r s t in tercepted by the canopy cover and branches 

of the fores t species %nd then by the l i t t e r layer on the 

s o i l surface. This ac tua l ly reduces the h i t t i n g force of the 

rain-droos and thereby the erosion i s minimized (Lowdermili, 

I93O; Rowe, 1955; Langbein and schumm, 1958). With development 

of the fallow, the sediment and loss of run-off va te r d ra ­

s t i c a l l y reduced. The increp.se in percola t ion loss of va te r 

in a 1 year fa l lov compared to tha t under the agro-ecosystem 

m.ay be due to b e t t e r physical s t ruc tu re of the s o i l and 

a l so due to a decline in the run-off l o s s e s . Percolat ion loss-

reached i t s peak in a 5 year fa l low' to decl ine again in an 

older 10 year falloi-, This decline in the l a t t e r case may 

be re la ted to increased evaoo-t ranspira t ion/absorpt ion by 

the vegeta l cover, "With fa l lov development, t h e concentra­

t ion and t o t a l amount of nu t r i en t s a l so decreased d r a s t i ­

ca l ly so much so tha t some of the element l i ke organic-N, 

Po^-P, K and Mg could not be detected at a l l in the run-off/ 

percola t ion v a t e r . This i s in general agreement v i t h the 

r e s u l t s obtained for jhum under lover e levat ion 

http://increp.se
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of Mcghalaya (Toky and Ramakrishnan, unpublished) expept 

thrt the reduction there is more marked than that reported 

here due to faster development of vegetal cover due to 

higher temperature and humidity. 

The fast accumulation of various nutrients in the 

plant biomass depletes them in the soil mineral pool and 

this also accounts for Seduction in nutrient loss across the 

eco-systems boundaries reported here(went and Stark, I968; 

Odum, 1969;Jordan et al., 1972; Valentine, I976). The increa­

sed* leachability of the nitrate ions in a 5 year old fallow 

dominated by Imperata cylindrica and Eupatorium adeQopborum 

compared vith jhum agro-ecosystems see'ns to be contrary to 

the finding of some of the ee.rlier studies that suggest that 

acidifying grass vegetation dominated by I.cylindrica may 

repress the nitrification process (Nye and Greenland, I960). 

This also is contrary to the results obtained by one of us 

(Toky and Ramakrishnan, unpunlished) for lower elevations 

in Meghalaya, 

Eventhough the sediment loss under terrace cultivation 

was reduced by 38.3^ compared to that occurred in the first 

year of cultivation under a 5 year jhum cycle, during the 

second year terrace cultivation the loss got accelerated by 

25.1^ more compared to the sediment loss during the first 

yeat. Further, eventhough the percolation loss vas more under 

terrace cultivation which is related to the highly aoroois 

nature of the soil, the total water loss due to both run-off 
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and percolat ion vrs reduced by 9.8^ in the f i r s t year and 

20.2^ in the second year compared to that under a 5 yef^r 

Jhum cycle . Beside t h i s , the nu t r i en t losses were a lso 

reduced hy 2 ^ . 1 ^ -S2.2^ depending upon the nu t r i en t 

compared to the loss from jhura under a 5 year cyc le . The 

reduction in percola t ion va ter i n the second year of t e r r a ­

ce cu l t i va t ion compared to tha t under f i r s t year of te r race 

cu l t iva t ion and the consequent reduction in the nu t r i en t 

losses from th i s agr icu l ture system may be accounted rs due 

to ciogging of the cores of the s o i l discussed e a r l i e r . 

Inspi te a l l t h i s , there i s evidence of a s igni f icont decrease 

in crop yield in the subsequent years of te r race cu l t iva t ion 

(Mishra and Ramakrishnpn, unpublished) vhich may be re la ted t o 

s o i l f e r t i l i t y reduction and increased weed oroblem (Mishra 

and Rpraakrishnan, Unpublished). For t h i s reason the farmer 

often discard the terraced f ie lds af ter about s ix years of 

cu l t i va t i on as the l?nd become uneconomical to maintain. 

I f the t o t a l loss of nu t r i en t s l i k e N and K are calculated 

as a percentage of the t o t a l input of these through inor ­

ganic f e r t i l i z e r , th i s would work out to ^6% for N and 

27,7% for K.This loss would further increase i n the second 

year of cu l t i va t ion due to decline in the physical charac t -

e r i s t i c s of the s o i l , th i s workitig out to 6k-% of N and 332^ 

for K.Thus, t e r rac ing c'ocs not seora to be a viable a l t e r -

mative to jhuza though the l a t t e r as prac t i sed in the p r e ­

sent form with a reduced cycle of about 5 years a lso 

do not seem to be susta inable on ccologio-1 rnd economic 

considt-rations. . 
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SUMMARY 

The hydrology, and pa t t e rn of sediment and nu t r i en t 

losses through w^ter that may occur under ' s l a sh and burn' 

agr icul ture (Jhum) ?t the time of crooping as v e i l as during 

the subsequent fallow development was studied at higher 

elevations of Meghalaya in the nor th-eas tern India and com­

pared M t h te r rpce c u l t i v a t i o n . A comparison of an agro-

ecosystem under a 10 year jhum cycle with t h f t under a 5 

year cycle auggests that the losses of sediment and va te r 

and a lso nu t r i en t s l ike ni trogen and phosphorus are more under 

the l a t t e r , though ca t ionic losses show a reverse t rend. All 

type of losses were markedly reduced during fallow development 

during secondary suflcession. Terrace cu l t i va t ion resu3.ted in 

a general reduction of water and nu t r i en t l o s s e s . However, 

these losse j tended to increase a f te r continuous cropping 

year af ter year . While jhu":! cannot be sustained with a 

reduced cycle as i s the case in the present t imes, t e r rac ing 

does not seem to offer an a l t e r n r t i v e t o t h i s . 

'IV in 



CHAPTER 

SOIL FERTILITY CHANGES DURING AND AFTER SLASH AND 

BURN AGRICULTURE(JHUI'l) AT HIGHER ELEVATIONS OF 

IffilGHALAYA H.̂  NORTHEASTERN INDIA. 
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INTRODUCTION 

•Slash and burn' agriculture (locally knovrn as Jhum) 

extensively practised by local tribes in the north-eastern 

hill region of India involves clearing of a patch of forest 

by slash and bum, growing of a mixture of crops for a year 

or two and then reverting the land back to natural forest 

regeneration. After a few years the same piece of land is 

again cropped. This time lapse before cultivation of the same 

site is called a jhum cycle. When this cycle was fairly Idng 

(more than 10 years), this system of agriculture was in 

harmony with nature. However, under the present conditions 

of increased population densities and reduced acreage, the 

jhum cycle has been reduced to as short as ^-5 years vrhich 

has drastically reduced crop yield, increased rate of losses 

of soil, water ?nd nutrients with the consequent infertility 

of the soil and aggrevated the weed problem in this area 

(Ramakrishnan et al., I98O; Mishra and Ramakrishnan, I98I; 

Toky and Rakakrishnan, I98I; Ramakrishnan and Mshra, 193-1). 

The present study is an attempt to understand changes 

in the nutrient status of the soil pool during jhum culti­

vation under three different jhum cycle of 15, 10 and 5 

years (15 and 10 year cycle are very rare, while 5 year 

cycle is more common in this region) and the recovery pattern 

during fallow development up to a period of 15 years. This 

study is significant firstly because it will provide clues 



103 

as t o vhy the crop y i e l d dec reases d r a s t i c a l l y under s h o r t ­

e r jhum cyc le of 5 ye^Ts compared t o comprat ively long jhum 

cyc le s of 10 or 15 y e a r s . This s tudy i s a l s o hoped t o a c h i ­

eve an unders tand ing of ootimum 3hum cyc le vh ich would ensu ­

r e s a t i s f a c t o r y rocov t ry of the s o i l f e r t i l i t v v i t h l e a s t 

damage t o the s o i l system. Such an a n a l y s i s has been compar­

ed and c o n t r a s t e d v i t h t ' i r r a c e c u l t i v a t i o n whicjh has been 

t r i e d to some e x t e n t as an "alternc-tivc t o jhum. 

STUDY APE/\ Ai']D EESCRIPTIOl-I OF THE SYSTEM 

This s tudy wrs done a t S h i l i o n g ( 2 5 . 3 ^ N and 91.56 B) 

i n the Khasi h i l l s of Meghalaya, a t an e l e v a t i o n of 1500 

meters vhere ' s l a s h and b u r n ' a g r i c u l t u r e i s p r a c t i s e d by 

the l o c a l Khasi t r i b e . Th a r ea supoor t s s u b - t r o p i c a l 

montajie evergreen oine f o r e s t s v i t h Pin us kes i y a as the 

dominant s o e c i e s . The t e r r a i n i s h i l l y v i t h s t e e p s lopes 

( t h e average angle ranging from 30 - ^0 ) . The s o i l cover 

i s t h i n i^s the process of e ro s ion outs t r i o s wea ther ing and 

i s oodso l ic v i t h a pH range of ^ - 6 . The c l ima te i s monsoonic 

w i t h 90^ of the annual average r a i n f a l l ( 1 8 ^ 3 mm)occurring 

dur ing the monsoon per iod from May t o Seoteraber, The a v e r a -
o 

ge maximum tempera ture dur ing t h i s season i s 23.7 C and t h e 

average minimum tempera ture i s I 6 . 3 C, The humidity remains 

very high dur ing t h i s per iod (3k;1% ) . Winter i s co ld w i th 

o c c a s s i o n a l showers , ei^tending from November t o February/ 

vith an average maximum temperature of 16.8 C and a minimum 
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temperature of 7,6°C. Frosts are very common during 

December-Janupry. The brief summer which is wsrm and 

dry extends from March to April (the maximum temoerature is 

23°C and the minimum is 12.3 c) end is accompaincd with 

strong wind. 

.In its tyoicPlfOTm, Jhum in the entire north-eastern 

India consists of clearing the entire forest and burning of 

the dried Dlant biomass before growing a mixture of crops 

on the hilly slopes for one or two years (Toky and Ramakrish-

nrn, I98I), Hovjever, in the higher elevations of the Khasi 

hills of Mcghnlaya, jhun ppttern is significpntly different 

from its typical tyae in that normally flinly the lower bra­

nches of the sorrsely distributed trees ore slashed instead 

of the whole tree. Further, unlike at lover elevations 

where the slash is burnt in situ and the seeds are dibbled 

directly into the soil-ash comolex, in the present case the 

slpsh is plrced in oarallel rov.'s running '̂long the slope 

covered .over by a thin layer of soil forming the elevated 

seed beds(ridges) with alternating gar>s (furrows) and 

subjected to a slow burn. The seeds are planted, in the 

present case, only on the ridges. While fertilizer is not 

used in the tyoical J hum, at the higher elevation both 

organic (oig dung and comoost) and inorganic (NPK-1:1:1) 

fertilizers are used in various proportions depending upon 

the tyoc of jhum cycle at a given site (llishra and Rama-

krishnsn, I98I). 
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Cropping is done for one yeer only under 10 or 15 

yesr cycle, but under e 5 year cycle cropping may be done 

for a year or tvo. In the recent past, terrace cultivation 

vhich tiecessiates heavcy fertilizer inout has been tried as 

an alternative to jhum. A detailed account of land use and 

cropoing pattern are discussed elsewhere (Mishrs and Rama-

krishnrn, I98I). 

METHODe OF STUDY 

Sites under 3hum and terrace cultivation vere selected 

at Shillong taking care to ensure simLlrr aspects (south 

facing slopes) and tooographic conditions. For the studies 

pertaining to jhum, deforested sites under 15>10 and 5 year 

cycle were identified vithin the same area on the basis of 

local records. In each site soil wrs sampled at 10 rrndom 

Doints from a depth of 0-^0 cm, at intervals of 0-7 cm,7-1^ai, 

1^-28 cm rnd SB-'+O cm of the profile. Soil sampling was done 

on the five different occassions in the sites under 15 ̂ nd 10 

year J hum cycle: (i) after slashing of the vegetation and 

just one day before burning, (ii) immediately (1 day) after 

burning, (iii) 30 days after burning during early monsoon, 

(iv) 100 days after burning during the mid-monsoon,and(v) 

365 days after burning rt the end of cropping when the land 

was just left a fallow. All these samolings were also done 

under a 5 year jhum cycle except that a sampling was also 

done at the end of 730 days (after two years of crooping). 

In the site under terrace cultivation, soil was sampled 
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once before the onset of monsoon before seeds vere sov-n 

follovGd by 30,100, 365 pnd 730 days from the time of f i r s t 

spmoling. 

S i t e s under 1,5j10 and 15 ye-'̂ r jhum fallows were also 

iden t i f i ed on the basi'^ of l o c r l records , v i t h i n th i s area 

with compprrble asoccts and tooographic s i t u a t i o n . These 

ffllows were develooed in s i t e s under P 15 year jhum eyelet 

Samoliag v^s done only once ( in Mrrch ) and i s also based 

on 10 random col lec t ions through " depth of 0-^0 cm of the 

s o i l profile as discussed e a r l i e r . 

Available ohosohorus was estimated on frfish samples. 

The srmples were Pir dr ied , ground, screened through 0.2 mm 

sieve md stored in Jprs for ana lys i s . The samples were ana­

lysed by standard orocedures (Allen, 197^). Thus phosphorus 

was estimpted co lor imet r lca l ly by the molybdenumblue method. 

The s o i l carbon wrs estimated by the Walkey-iilfick method and 

t o t a l n i t rogen wrs analysed by the micro-kjehldahl method. 

Calcium and magnesium were determined by EDTA t i t r p t i o n me­

thod and potassium by the flame-enission method. The s o i l 

ex t rac t ion for cat ions was done with IN Ammonium acetate a t 

pH 7. The s o i l pH was determined in a s 3il-water suspension 

of 1:5 r a t i o using a pH meter. The s o i l bulk density - ietrr-

minations were made using a core samoler and the values vere 

used for subsecuent conversion of ana ly t i ca l data to f ie ld 

weight per uni t Prea. 
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RESULTS 

Soil changes during cropping 

pH: 

The pH values given for ridges and furrows separately 

on jhum sites (Table ^,^) show that this is generally higher 

on the ridges compared to the furrows, at all depths. Only 

in some cases the v̂ -̂lues are almost the same for these two 

situations, pH in all the sites declined with increase in 

soil depth. Immediately after the burn, pH increased (P/0,01) 

under all jhum cycles and this increase was more obvious in 

the surface layers of the soil profile. Further, this increr-

se in surface soil pH after the burn was more marked under 

a 15 year cycle compared to 10 and 5 year cycles. During 

cultivation, the pH declined markedly(P^0.05) starting from 

30 days after the burn up to 3^5 days and this also was 

pronounced in the surface layer of the soil, 730 days after 

crooDing, under a 5 year jhum cycle, the pH was even lesser 

(P/0.05) than that after 365 days. The pH of the soil under 

terrace cultivation increased slightly(P/0.05) after 100 

days of cropping only at a depth of 0-1^ cm but declined 

afterwards reaching a level as the original one present at 

the beginning. At lover depths, however, pH did not change 

with passage of time. Under terrace system too, pH declined 

with increase in soil depth. 

Carbon: 

The concentration of soil carbon was significantly 

higher(P/0.01) at all depths under longer jhum cycles of 10 
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and 15 years compared to that under a 5 year cycle. At all 

sites carbon concentration vas significantly lov (p/O.OI) 

at a 28-iK) cm depth compared to the profile above. Burning 

of the slash on the ridges caused a significant reduction 

(PZ0,05) in the carbon concentration in the soil at 0-7 cm 

and 1^-28 cm depths and more markedly (P/O.Ol) at a depth 

of 7-lh- cm only under 10 and 15 year jhum cycles. Under a 

5 year cycle no significant difference was observed (? )>0.05) 

for the surface layer of the soil before and after the burn. 

Here significant reduction v s noted(l>/0.05) only at 7-1^ cm 

deoth subsequent to the burn. While ridges and farrows did 

not shov any difference at the pre-burn stage, after the 

burn caj'bon concentration was significantly higher (?/0»05) 

in the furrows than on the ridges, except for most of the 

samples from 28-^0 cm depth under 10 and 5 year cycles. The 

percentage of carbon under terrace system decreased signifi­

cantly (?Z0.01) only at a deoth of 28-1+0 cm at a given time. 

Further at the end of 730 days, carbon level declined 

sharply (?Z0*01) at all deoths. Soon â fter the burn, carbon 

concentration declined up to 100 days at all depths; at 

0-1^ cm deoth alone it ''-as significantly reduced (?/0.05) 

after 100 days (Table 5.2). 

At the pre-burn stage, carbon content was significantly 

higher (F/0.05) under 10 year cycle followed by 15 and 5 

year cycles. This trend was maintained after the burn also. 

Under all jhum cycles, the decline in carbon content was 
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marked s dry after the barn (P/0.01) and further continue-I 

to decline, uo to 365 d£ys. Thus fluctuation was more pro­

nounced in the surface layei's of the soil. Under a 5 ye' r 

cycle the cprbon content at 730 days -was not different from 

th?t after 365 'IPĴ S {?> >0.05). A similpr oattern was also 

observed under terrace cultivPtion except that the observa­

tions pertein to the cropping period only (Fig.5.1)» 

Nitrogen: 

Nitrogen concentration was generally higher in the 

surface layers of the soil n̂d declined with deoth both on 

ridges end furrows. While the nitrogen concentr'tion in the 

soil on the ridges under a 15 year jhum cycle was close to 

that under a 10 year cycle, it was significantly low (P/0.05) 

under a 5 ye^r cycle. After the burn, the nitrogen concentra­

tion at a dcDth of 0-1^ cm declined sharoly in the case of 

15 and 10 year cycle; under a 5 yerr cycle this reduction 

was confined to 0-7 cm dei)th only. On the ridges, the nitrogrn 

concentration further declined up to 100 days at a depth 

of 0-1^ cm under ell Jhua cycles and then improved subsequent­

ly while in the deeper layers it declined gradually upto 

365/730 deys. In the furrows too, the nitrogen concentration 

was simil-i under 15 -̂ nd 10 yerr jhum cycle where as it wcs 

low under a 5 yeov cycle. Nitrogen concentration did not 

fluctueto with time in the furrows. The nitrogen concentra­

tion ic the soil pooi of the terrece system was fo'ond very 

close to that of a 5 yeor jhum cycle (T̂ ible 5.2). 



Fig,5 .1 Changes in t o t a l quanti ty of cTbon(v i th in a s o i l 

prof i le of ko cm depth) during the various stages 

of jhum and te r race cu l t i va t i on . A, 15 year jhum 

cycle; b , 10 year jhum cycle; C, 5 year jhum cycle; 

D, t e r r a c e . Dark column, 0-7 cm; hatched column, 

7 -1^ cm; s t ippled column, 1^-28 cm; open column, 

28-M} cm depth of s o i l . 
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While the total amount of nitrogen b fore burning in 

the soil pool uotj ? dcoth of ^0 cm wrs not significanti.:' 

different unier 15 and 10 ye?r jhum cycles (? >0.05), this 

wrs m?̂ rke-'ly low ( ~/0.01) un.-̂ cr 5 ŷ'-̂r cycle. Soon pfter 

the burn, it -wPs rc>:'ucerl by 6%, 9,k-% aiid h.2% in the cnsc of 

15^10 and 5 ye;-̂r jhura cycles respectively. After 100 days of 

jhum, the nitrogen content was reduced by 15-17^ of the 

initial level under 15 and 10 year jhum cycles. At the end 

of 365 days about 3^% of the nitrogen lost during the ini­

tial 100 drys of crooking under 15 "nd 10 yerr cycles vas 

recovered. Under a 5 yerr cycle, however, the nitrogen 

content declined up to a period of 100 days and then stabli-

zed at this level. At the end of 730 days under a 5 year 

cycle, this level of nitrogen was maintained. Under pll 

jhum cycles, the fluctuation in nitrogen content was pro­

nounced in the surface layers of the soil only. During 

cropping under terrace system, the nitrogen content in 

the soil pool dccrerscd significantly (Pĵ O.Ol) upto 730 

days so that about 35^ of the nitrogen was lost from the 

soil pool (Fig.5.2). 

Available phosohorus: 

At the pre-burn stage, the available ohosphrus concen­

tration in the soil pool up to a depth of ̂ 0 cm was signi­

ficantly higher (P/0,05) under 15 year J hum cycle compared 

to 10 and 5 year cycles with le?;st values under the latter, 

both on ridges rnd furrows. In all cases, ohosohorus 



Fig ,5«2 Changes in t o t a l quan t i t y of n i t r o g e n (v/ i thin a s o i l 

p r o f i l e of ^0 cm depth) du i ing the va r ious s t ages of 

jhum and t e r r a c e c u l t i v a t i o n . A, 15 year jhu-Ti c y c l e ; 

B, 10 year jhum c y c l e ; C,5 year jhum c y c l e ; D, t e t r a c e . 

Dark colu:Bn,o-7 cm; hatched column,7-1^+ cm; s t i p p l e d 

column, li+-28 cm; open colum, 28-^-0 cm deoth of s o i l . 
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concentration declintjj. vlth increase in depth of the 

soil. The concentration on the ridges incrersed only 

significantly (PZ0«05) 1 ^^7 after the burn but improved 

significantly (^/_0.0^) 30 days after cropping, folloved 

by a :=',ecline upto 365/730 days unler all cycles. The 

change in phosphorus concentration vlth time vas not 

very m;..rked ia the furrow?. Further, both on the ridges 

and furrows, difference in concentration with time was 

more oronounced in the surface layers of the soil. Under 

terrace system also the concentration of phosphorus increased 

after 30 days of cropping followed by a decline subse.;uently 

which was more pronounced in the surface la.̂ êrs of the 

soil only. Here too, the concentration declined with depth 

of the soil (Table 5.2). 

Phosphorus content in the soil pool under different 

jhum cycles declined significantly (PZO.05) soon after the 

burn with a marked recovery after 30 days under 15 ̂ nd 10 

year cycles and after 100 days unler 5 year cycle followed 

by a gradual decline during subsequent time period. Under 

all the cycles, phosphorus level fluctuated sharply in the 

surfa.ce layers of the soil only. In general; phosphorus 

content was significantly lower (P/0.05) under a 5 year 

jhum cycle than under 15 and 10 year cycles. During cropo-

ing under terrace systeî , phosphorus content increased 

sharply after 30 dâ -s follovred by a significant decline at 

the end of 365 days (./C.QI) (Fig.5.3). 



Fig.5«3 Changes in totp.l quanti ty of avai lable ohosohorus 

(within a s o i l prof i le of -̂0 cm depth) during the 

various stages of 3hum and te r race cu l t i va t i on . A, 

15 year ihum cycle; n, 10 ye?r jhun cycle; C,5 year 

jhum cycle; D, t e r r ace . Dark column,0-7 cm; hatched 

column, 7-l'+ cm; s t ipp led column, 1^-28 cm; open 

column, 28-^0 cm depth of s o i l . 
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Exchangeble cations: 

A-t the pre-burn stage no significmt difference 

(P ̂ 0.05) of the cations vera observed between the three 

jhum cycle, on the ridges rnd in the furrovs. However, a 

dry after the burn significantly higher levels of cations 

were observed under all the cycles on the ridges only rnd 

this was more pronounced in surface layers of soil only up 

to ?•. ScDth of 1^ cm/28 cm. During subsequent days of cropp­

ing the concentration of cations on the ridges declined 

gradually upto 365/730 days. During the post-burn period, 

concentration of cations on the ridges was higher under 

15 year jhiDj cycle and least under a 5 year cycle. During 

cropping under terrace system cations declined significantl^^ 

(P/0.01) with passage of time. Under all situpjtions cation 

concentration also declined with increase in depth (Tabic 5'3) 

The level of all the cations increased sharply soon 

after burn (P/0.01), under all jhum cycles, this bring more 

pronounced under longer jhum cycles. During the croooinô  

period there was a drastic decline (?/0,01) in the amount 

after 30 days follov;cd by a gradual decline (P/0.01) during 

the subsequent period. Generally, during the oost-burn 

period, the amount of cations vss found to be maximum under 

a 15 year cycle and lê ŝt under n 5 year cycle. Potassium 

level at the end of the 365 d§ys after cropping was higher 

f/0.01) in the soil pool compared to the pre-burn oeriod 

under 10 and 15 year cycles and was significantly lovrer 
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Table 5.3 Chpnges i n c o n c e n t r a t i o n of the ca t ions(mg/100 g 
s o i l ) dur ing c ropp ing . * 

i 

Cat ions 

t 1 

( 1 

\ 1 

'Sampling ' 
'time ' 
' (days) • 
1 1 

f 1 0 -7 

1*? 

S o i l depth (cm) 

7 - 1 ^ 1^-28 2 8 - ^ ; 

• - ^ • „ - — — 1 . ^ — 1 . - . — • y -

1 
0-7 : 7 - 1 ^ -

1 
Jhum c y c l e ( y r ) 

10 • 5 
f 

S o i l depth(cri) S o i l depth(cm) 

1 
1 

i 

! 

1 

Terrace^ 

• 

S o i l depth(cm) 

Potassium 

-1 

1 

30 

100 

365 

730 

13(13) 9(9) 6X6) 5(5) 

61(13) 39(9) 9(6) li,^) 

29(11) 22(11) 10(6) 6(5) 

21(8) 17(7) 18(7) 9(5) 

15(6) 10(5) m 5 ) 13(3) 

11(1l)t 7(^) 

56(11). 3 ^ 7 ) 

32(9) , 20(7) 

,22(7) 

13(6) 

16(6) 

li+(^) 

l^r^28 2 8 » ^ ' .0-7 y.-tlj.- llf-28 2 8 - ^ 0 ' 0-7 7 - 1 ^ 1^-28 28-^^) 

Calcium 

-1 

1 

30 

365 

730 

10(10) 11(11) 7^7) 3(3) 12(12)' 1O(T0:) 

32(10) 27(11) 19(7) 5(3) 28(12), 20(1d) 

23(10) 16(11) 11(7). M 3 ) 19(12) 18(10) 

19(10) 11(11) .8(,7) 3(3) 16(12) i H l f ) ) 

15(8) 9(11) %1) 2(3) 13(.8) 12(10) 

7i5) 7{5) 

9(5) 7(5) 

13(5) 11(3) 

11(5) 16(5) 

12(12) 7{7) 

51(12) 32(7) 

27(8) 17(7) 

16(6) 

1l(i+) 

8(if) 

10(9) 

7(6) 

5(^) 

6(6) 

7(6) 

6(6) 

5(6) 

3 (^ ) 

3(3) 

6(6) 

6(6) 

5(6) 

5(^) 

7(3) 

9(2) 

-

13 

11 

7 

5 

3 

-

10 

7 

6 

3 

5 

Magnesium 

-1 

1 

30 

100 

365 

QiQ) 

23(8) 

1if(8) 

9 (7 ) 

7(7) 

1(7) 

16(7) 

10(7) 

9(7) 

7(5) 

7i.7) 

9(7) 

7(-7) 

6(7) 

•5(7) 

7 {.7) 5i5) t o d 00 6(6). 

7(5) 2 1 ( t o ; 19(6) 

5i5) 13(10) 12(6) 

%5) 11(8) 10(6) 

5(5) 7 (7 ) | 6(6) : 

- I 
Value i n pnrentheses r e f e r to the changed chemical c h s rac . t e r i c s 
under furrovs of the jhum s i t e . * 

6(6) hih) 

15(6) 6(if) 

13(6) 6(if) 

11(6) !+(if) 

9(6) 3(^) 

9(9) 8(8) 8(8) 3(3) . -

21(9) 17(8) 13(8) 6(3) 13 

16(9) 15(8) 13(8) 6(3) 12 

8(6) 6(6) 5(8) 6(3) 8 

5(3) M5) 5(8) 5(3) 7 

3(3) 2(3) 5(8) ^ 3 ) 5 

11 

9 

7 

6 

Hh) 2i2) 9(9) 6(6) 5(5) 3(3) ^ -

9 ( ^ ) 3(2) 20(9) 16(6) 8(5) 3(3) ' 10 

8(i+) 3(2) 15(9) 13(6) 7(5) 3(3) ' 7 

7^+) ^ 2 ) 11(9) 9 (6 ) 6(5) 3(3) " ^ 

5(^) 5(2) 8(7) 6(6) \{5) 2(3) 1 2 

6(6) if(6) -^ (5) 2(3) k^D 

7 

if 

3 

_3_ 

7 

5 

9 

5 

5 

5 

7 

9 

5 

5 

6 

5 

5 

if 

3 

5 

h 

3 

5 

5 
If 

2 

2 

3 

3 

3 

2 

2-
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(x/.0.01) under a 5 year cycle . P'or crlcium and magnesium, 

a significant decline (p/0.01) in the level of these nutri­

ents at the dnd of 365/730 days compared to the pre-burn 

stege could be observt-r! only under a 5 year jhua cycle. 

The fluctuations in the level of these cations v?s marked 

in surface soil layers only. In general, under terrace system 

the cation level in the soil vas significcjitly lower (̂ >/0,01) 

at the end of 365/730 days of cropoing compared to the ini­

tial level (Fig.5.*+,5*5? 5.6). 

Recovery pattern during fallow development. 

Soil pH in the surface layers of the soil declined 

vith fallow development, the flucturtion was not marked in 

the deeper layers of the profile. Percentage of carbon in 

the soil declined initially up to 5 yerrs of fallow dcveloo-

ment and then recovered in older fallows in the surface lay­

er of the soil only vrhere as in deeper layers r grsdû l̂ 

increase in carbon was noted beyond 1 year fallow period. 

Nitrogen and phoschorus concentration throughout the soil 

profile, in general, leclined in the initial stages of 

fallow development rnJ then imoroved later. Cations in the 

soil shoved a marked drop after one year of fallow develo­

pment fallowed by recovery in the surface layers only arou­

nd 5 to 10 years. The cation concentration in deeper layers 

of the profile was not very much affected (Table 5 A ) . 
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F i g . 5 . 6 Change^ in t o t a l q u a n t i t y of magnesiua (wi th in a 

s o i l p r o f i l e of ^0 cm deoth) dur ing the var ious . 

s t age s of jhun and t e r r a c e c u l t i v a t i o n . A,15 year 

jhura c y c l e ; LS,10 y e r r jhum c y c l e ; C,5 year jhum 

c y c l e ; D, t e r r a c e . Dark column, 0-7 cm; hatched 

co lumn,7-1^ cm; s t i j o l e d column, 1^-28 cm; open 

column, 28-̂ 1-0 cm dep th of s o i l . 
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Fig.5.5 Changes in totcl quantity of calcium (vithin a soil 

profile of ko cm dcotn) during the various stages 

of jha.i and terrace cultivatiDn. A, 15 i-ear jhum 

cycle; D,10 yerr jhum c-cle; c,5 year jhu'E cycle; 

D,terrace. Dars column, 0-7 cm; hatched column, 

7-1^ cm; stip lied column, 1^-28 cm; open column, 

28-^0 cm de,3th of soil. 
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F i g . 5 ' ^ Changes in t o t a l quanti ty of potassium (within a 

s o i l p rof i l e oj ^0 cm depth) during the various 

stages of jhuii: and terrace c u l t i v a t i o n . A, 15 yerr 

jhum cycle ; B, 10 year jhum cycle ; C,5 year jhum 

cycle; D, t e r r a c e . Dark column, 0-7 cm; hatched 

column, 7-1^ cm; s t ipo led column, 1^-28 cm; open 

coluim, 28-1+0 cm depth of s o i l . 
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l a b l e 5.^« Changes i n physlco -chemical c h a r a c t e r i s t i c s dur ing f a l l o v 
development a f t e r jhum, ( 

Age of j hum fal low XYr ) 
5 10 O l 

S o i l depth(cm) 
0 
0 1 S o i l depth(cm) 

0 
S o i l deptfci (cm) S o i l depth (cm) 

.OrZ. 7 - 1 ^ 1^-28 28-^0 
0 
0 0-7 ^ - 1 ^ 1^-28 28-^0 0-7 7 - 1 ^ 1^-28 t8-^-0 0-7 7-1)+ 1^-28 28-^+0 

?.M5A) 5.1(!5.1) 5.2(5.2) 5.0(5.1) 5.5(.5.5) ^-2(5.1) 5.K5.1) 5. i (5.o 

( 
1.79 
( 1 . 8 3 ) 

1.18 
(1 .31) 

0.81 
(0..8if) 

0.07 
(0 .07 ) 

1.65 
(1 .65 ) 

.81 1 . ^ 9 ' " 0- .1^ 

.81) (1.i+9) ( 0 . 1 ^ ) " 

0.217 0.200 0.069 
(0 .221) (0 .205) (0 .069) 

b%) 
6(5) 

10(11.) 

6(7) 

1.09 
(1 .05 ) 

5(5) 

8(8) 

6(8) 

1.13 
(1 /^1) 

5(5) 

. 6(6) 

H^) 

0.04-7 
(0 .0^6 ) 

0.50 
(C .5 I ) 

0.216 0.190 0.105 0.091 
(0 .221) (0 .19^ ) (0 .105) (0 .093) 

I f (^ ) 

3<:3) 

3.33 

(3 .31 ) 

11(9) 

9(11) 

9 (9) 

2.11 
(2 .10 ) 

k?) 
k6) 

1.09 
( 1 . 1 0 ) 

6(5) 

8(8) 

6 (6 ) 

0.50 
(0 .50 ) 

5i5) 

5(5; 

3(3) 

5.3 5..I 5.1 

1.85 2.65 1.55 

0.260 0.218 0.122 

3.^1 2.25 1.16 

11 6 5 

12 11 6 

10 5 ^ 

0 

0.17 

5.1 

1.93 

5.0 

2.10 

5.0 

1.60 

0.62 

i 

5 

3.^^ 2.29 1.22 

^ . 9 

.0.22 

0.1^11 0.257 0.215 0.121 0.111 

0.57 

13 

11 

8 

9 

i l 

7 

6 

8 

7 

5 

5 
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In general, the curaul?tivc values for carbon, nitrogen 

anJ phosohorus followe P similar trend in the recovery pa­

ttern of nutrients during fallow development. To start with, 

the level of all these three elements was low in a 0 year 

fallow after 1 year of croooing which further declined 

after 1 year of fallow development. In 5 and 10 yc?r fallows 

the recovery of these elements was marked though in a 15 

year tallovi. it slightly declined. In the case of cations, 

the nutrient capitpl in a 0 year fallow was comparatively 

higher and was maximum in the crse of potassium followed by 

magnesium. In a 1 yer«r fallow there was a drastic decline in 

the cr.sc of potassium and magnesium where as it occurred 

only in a 5 year fallow for calcium. In 10 and 15 year 

fp.llows, steady nutrient revovery wcs observed for all the 

three cations (Fig.5.7). 

DISCUSSION 

'Slash and burn' agriculture involving slashing of 

the underbrush along with the lower branches of the sparsely 

distributed pine trees end burning the dric,d slash along 

the ridges before grovang a mixture of crops on the hilly 

slooes at the higher elevations of Mcghalaya, brings about 

a number of changes in the physico-chemical properties of 

the soil. Burning of the plant biomass in a forested ecosy­

stem is known to alter the availability of at lerst a few 

nutrients imoort?nt for plant growth (Ahlgren and Ahlgren, 



Fig.5»7 Changes in cumulative quantity of various nu t r ien ts 

(v i th in a s o i l p rof i l e of ho cm deoth) during the 

various stages of fallov develooment. O O ? 

' 0 ' yeo r ;0 O? ^ year ;0 O 5 5 i ' c o r ; # # , 

10 y c a r ; 0 H , 15 year jhum fallow. 
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i960); it may also affect the amount of water passing 

through the soil sub-system, dissolve:! substances and the 

particulate matter lost from the top soil (Ramakrishnan 

ct al.,1980; Mishra and Ramfkrishnan, unoublishcd). These 

changes are dependant on the intensity of burning imposed 

on a given site. 

One of the effects of the burn was increased pH of 

the soil, an observation already well documented (Ahlgren 

and Ahlgren, I96O; Ramakrishnan and Toky, I98I). This is 

pccoonted as due to increase in calcium and other orations 

liberated after fire. During cultivation and subsequent 

fallow development, pH declined sharply. This may be partly 

due to erosion and leaching losses of cations, absorption 

by the crops ana the fallow vegetation, and the acidity 

caused by decomposing oinc litter alongvith others. 

a 
The marked decre- sc in carbon content under 10 and u 

15 year Jhum cycles may be exolrincd as due to comparatively 

high intensity burn than under 5 year 3hum cycle where the 

fuel load is obviously low. Though the burning damages soil 

microbial oopulations, their recovery to pre-burn levels 

rnd even higher occurs almost immediately (Fuller et al., 

1955; Meiklejohn, 1955; Firs ova, 196"+; Ahlgren and Ahlgren, 

1965). Such an increased microbial activity alongwith 

improved soil temperature condition could pospibly result 

in increased breakdown and utlization of the orgrnic 

matter in the burned sites. This accentuated by greater 
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losses of organic matter due to increased surface run_off 

(Mishra and Ramakrishnan, unoublished) could cause decrease 

of carbon content during the crooping period. This deoletion 

continued even to the first year of fallov development. 

After this initial depletion of organic matter, recovery-

occurred due to: (i) return of litter from decomposing 

weedy species and pine litter derived frorn sparsely distri­

buted trees of this species, and (ii) the generally slov 

rate of pine needle decomposition accentuated by lov temper­

ature conditions of higher elevations (Madge, 1966), 

Generally high level of carbon under longer jhum cycles of 

10 and 15 years suggests that this could be supported com­

pared to a 5 year cycle. Coulter (1950), Reed (1951)5 and 

Birch and Friend (195^) have also made similar observations 

and concluded that under favourable cropping and fallow 

period humus level in the soil could be maintained at 

relatively higher levels in order to sustain slash and 

burn agriculture. 

Nitrogen under jhum de<fclined sharply after the burn 

(Hoffman, I966; Wells, 1971; White et al., 1973) and this 

could be attributed to the conversion of organic nitrogen 

to volatile forms daring the pyrolys is (Allen, 196̂ -; Knight, 

1966; Debell and Ralston, 1970). The degree of volataliza-

tion is dependent on the intensity of the burn end therefore 

under a 5 year jhum cycle the post-burn decline is minimal 

compared to longer cycles with greater fuel load. Nitrogen 

recovery occurred after 100 days of cropping under 10 and 15 

year jhum cycles only, which may be related to increased 
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nitrification (Ahlgren, I96O; Ahlgrcn and Ahlgren, 19^5; 

Wells 1971; Jorgensen end Wells, 1971; Bisvell, 1972) after 

the burn partlv due to changed pK rjid micro-environmental 

conditions and also due to release of allelopptirxic suppre­

ssion by the removal of the vegetational cover as suggested 

by Smith et al.(1968), and Rice (197^), 

Though there gre no obvious mechanisms for volatili­

zation of phosphorus, Lloyd (I97I) has reported a, rar..^sive 

loss of this element due to burning, while Allen(196^) and 

Viro (197^) found no significant effect due to fire. After 

the burn in the jhum sites, the quantity of available 

phosphrous declined in the soil more markedly in the surface 

layers. This loss may partly be due to volatalization (?) 

and more because of losses due to erosion, run-off and 

Icrching which was estimeted to be to the tune of 1,7 kg 

Ea during the first 3 months of the cropoing season during 

the monsoon. This wap followed by recovery during the 

cropoing period. This recovery may be related to the addi­

tion of orgrnic manure to the soil during the cropping 

period and also decomposing plant litter derived from weeds 

ploughed into the soil. The subsequent decline in phosphorus 

level in the soil pool may be due to rapid absorption by 

the fast growing crops pnd further depletion by the develop­

ing vegetation in the initic?l stnges. 

During jhum, large quantities of cations are released 

in a single oulse after the burn (Nye and Greenland, I96O; 
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Zinke et al., I978) and their avrilability exceeds the 

retention capacity of the ecosystem. Hence a large propor­

tion of this is lost before they could be incorporated into 

the plant biomass (Mlshra anf Ramrkrishnan, unpublished). 

The larger quantity of cations released in sites under 

15 and 10 year jhum cycles is due to more slash that vas 

burnt compar'-l to that under a 5 year cycle. This alongv'ith 

more marked depletion of cations after cropping for one year 

under a 5 year cycle -would again make a short cycle unfavou-

rrblc (JNiye and Greenland I96O). The recovery pattern for the 

cations during fallov development indicated marked depletion 

in the first yc^r followed by a gradual improvement reaching 

a maximum under f 15 year fallow where the level often 

exceeds that under a 0 ̂ ê r̂ fallow as in the case of calcium 

and magnesium. This Initial deoletion is due to rapid utili­

zation by dL.veloDing vegetation and the fact that this 

recovery is not up to the initial level suggests that shorter 

cycles would result in raoid depletion of soil nutrients 

after successlv>e jhum. 

Under terrace cultivrtion, nutrient depletion is very 

raoi.l during the cropping period and in all cases the level 

of nutrients attained after one/t̂ ,TO years of cropping is 

invariably lower tha.n the values attained even under 5 year 

cycle of jhum. This Is insoite of addition of the organic 

and iaort,'̂ nic fertilizers which suggests that fche efficiency 

of utilization of nutrients is extremely low under this 



123 

prrctise. Errlier results obtained by us (Rf mrkrishnfn et ?1., 

1980) suggest that losses due to lerching could be as hcrvy 

cs through surfrce- run-off ^ven on a slope due to highly 

porous nature of the soil profile and this onl> could get 

accentuated after terracing vhcn run-off losses 're checked. 

k conprrison of the nutrient strtus under jhumat lower 

elevations of this region (Ramakrishntn and Toky, I98I) with 

the present study indicates that the level of all the elemenis 

during the first year of croooing is often many times higher 

in the former. This is partly related to slosh and burn of 

the entire forest at lover elevations in contrast to partial 

slashing at higher elevations. Further the wide variety of 

broad leaved species including trees at lower elevations wou­

ld probably contribute to higher nutrient levels compare! to 

that under high elevation jhum where ttie only im!>oi'tn.nt tree 

species is Pinus kesiya (that too only a few selected branch­

es are slashed). The nutrient recovery in the pr..s nt case 

is also comparatively slow, partly due to low temperature 

conditions which permit only slower decomoosition of litter 

which gets accentuated because of oine needle, a comoarative-r 

ly difficult material for decomoositicc, being one of the 

chief comooncnts of the organic matter ad ""ed to the soil 

during fa-llow development. The inefficiency of a 5 ŷ '̂ r jhum 

cycle at higher elevation is also evident from the generally 

low nutrient strtus of these soils during jhum. Apart from 

rapid depletion of nutrients due to continuous imposition 
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of a s^o^t cycle, soil physical cherpcteristtcs could also 

be adversely rffected. This along with raoid loss of soil 

and nutrients under high r?infill sitU'-̂ tion as orcvails in 

the region has resulted in deseartificption (Ramnkrishnan, 

1980) of vast tracts of land. 
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The s o i l f e r t i l i t y as affected by 'Slash and burn' 

agr icu l ture (Jhum) at higher elevct ions of MeghPlsya in 

the north-f r s t c rn India vrs inves t iga ted , como-^ring rjii 

cont ras t ine 15 year, 10 yeer "nd 5 year jhum cycles . pH 

of the surfrcc r o i l increr.sed af te r the burn rnd grsidually 

decreased during cro:!jing ai,nd subsequent fal lov develojsnent. 

Nutr ients l ike carbon an:l ni trogen are vola ta l ized due to 

burn and declined a t l c a s t in the i n i t i a l nhase of croooing. 

Hovevcr, ni t rogen recovery s t c r t cd during the l a t e r phase 

of croDoing. Ayailable ohosphorus followed a more or less 

s imi la r pa t tern as n i t rogen. On the other hand, cat ions 

improved markedly af ter the burn and was deolete-' during 

cropoins . In general , nu t r i en t s l e v e l under a 5 ye'^r jhum 

cycle vas s ign i f i c^n t ly lover than under 10 and I5 year 

cyc les . The recovery pa t te rn during fallow development had 

an i n i t i a l phase of deplet ion uoto about 5 year^ followed 

by recovery. This suggests against a short jhum cycle cf 

5 years as is more prevalent in the region. The generally 

lower nu t r i en t s t a tus unc^cr t e r race system af ter cropping 

even when comoared to "̂  5 year jhum cycle suggests i n -

prac t i c a b i l i t y of th is sj;stera vrithout heavy inout of 

f e r t i l i z e r s . 



CHAPTER 

POPULATION DYNAMICS OF EUPATORIU^l ADENOPHQRUM aPREMG. 

DURING SECONDARY SUCCESSION AFTER S U S H AND BURN ACHI-

CULTURECJHUM) AT HIGIiER FLEVATIONS OF MELGHALAYA ffi 

NORTH^lASTERN INDIA, 



126 

INTRODUCTICN 

The perennial weed Eupatorlum adenophorum Spreng,, 

is a great menace in many p^rts of the world by causing da­

mage to plantations and forest soecies reducing the carry­

ing capacity of grazing lands, restricting the iiovement of 

stock and machinery, affecting crop yield and rendering many 

areas useless for cultivation (Auld & Martin, 1975; Rama-

krishnan et al,,1980). It is a native of Mexico and was first 

reported in India in the beginning of this century and 

during the last few decades it has established itself as a 

serous weed at higher elevations of the north-eastern India. 

This weed is an early colonizer on fallows naturally regener­

ating after 'Slash and burn' agriculture (locally called Jhum). 

The practice of jhum involves slashing the herb and shrub 

species of the vegetation and also the lower branches of 

sparsely distributed pine trees (Pinus kesiya) in the month 

of December and burning the slashs in the following March 

after which the land is cultivated for a year or two before 

it is abandoned for natural regeneration of vegetation. 

Biological control of this weed has been tried with 

some met sure of success in Hawaii (Bess & Haramoto, 1959) 

and in Australia (Haseler, I9665 Auld, I969 a ) using a 

Tephritid gall fly (Procecidochares utilis E-tone). However, 

this method has not been effective in India as this fly 

is susceptible to some native parasites (Cxupta, 1977). Heavy 

herbicidal requirement'and hilly terrain pose major Imoedi-

ments for chemical control. The prime purpose of the present 
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study was , therefore, to measure the relative performance 

of this species in terms of fecundity and survivorship in 

plant communities present in jhum fallows of different age 

and to assess factors determining natural regulation of 

population size, at higher elevations of Meghalaya, 

GROWTH CHAEACTERISTICS OF E.ADENQPHQRUM 

B, adenophorum (Asteraceae) is a bushy perennial herb, 

1-2 m high and is an important vreed soon after jhum. Roots 

are mostly confined to the too layer of the soil(up to a 

maximum depth of ̂ +0 cin) with adventitious roots arising 

fron the base of the stem. New shoots may arise as sprouts 

from the base during the monsoon with simultaneous depth of 

some of them occurring throughout the year. These shoots, 

therefore, were considered as separate individuals. Seedli­

ng regeneration also occurs during the early part of the 

monsoon. The active vegetative growth phase is during June 

to October, During winter, growth is retarded and may even 

be adversely affected due to frost. Flowering starts in 

November and the mrture seeds pre disperesed by March-

April. This species possesses many characteristics for 

its success as an early colonizer. Apart from the product­

ion of a large number of seeds which are light and wind 

dispersed, it is also capable of some degree of vegetative 

propagation due to sprouts arising from the base of the 

plant. Seedling could also tolerate some shading up to ^0% 

of daylight (Auld & Martin, 1975) apart from its faster 

growth rate. Aromatic and acrid chemicals present in the 

plant body makes it unpalatable to cattle. 
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STUDI AREA MB CLIMATE 

This study was done at Shillong(25.3^%,9l .56'̂  E) 

in the Khasi hills of Meghalaya, placed at an elevation of 

1500 meteres v:here jhum is extensively practised by the 

local Khesi tribe. The climste here is seasonal with most of 

the average rainfall of 18^3 mm occurring during the monsoon 

period from May to September. The average maximum temperature 

during this season is 23.7 G and the average minimum tempera­

ture is 16,3 c. The humidity remains very high during this 

period iQk•,^%). VJinter is cold with occasional showers, 

extending from November to February with an averrge minimum 

temperature of 7.6'~'C. During Der̂ ember £>nd Ffi'hfû A/, frosts 

are very common and the temoerature often goee below 0 C. 

The brief summer is warm and dry extending from March to 

April and is accompanied with strong winds. The entire area 

is characterised by pine forests with Pinus kesiya as the 

dominant species. The terrain is hilly with steep slopes, 

the angle average being 30°- ̂  . The soil is of podSolic 

tyoe .The soil co-ver is thin as erosion outstrips the 

weathering process. 

MELTHODS OF STUDY 

Five jhum fallows (after jhum cultivation dcwe for 

one year) of different age, i.e., 1,3,6,10 and 15 years 

were identified around Shillong taking care to ensure simi­

lar topograohic and exposure conditions. The age of the 
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fallô 'F and the consistency in land management at the time 

of jhum cultivation vas ensured on the basis of records 

available v̂ ith the village headman. Density, fre*'uency and 

cover of the different plant species in different jhum 

fallovt were measured uding Im^ oufdrcts in the case of 

herbacous species and IQO ffi^ quadrats for shrubs and trees. 

Relative frequency, relative density and relative cover 

vere estimptedfor the vegetation on the basis of 30 ouadra-

ts in each site and the Imoortancc value indt,x flVI) is t 

the sum of all these three parameters. The IVI values could, 

therefore, be e theoretic?l maximum of 300 and 1P indicative 

of the dominance of a given species in the comaunity (Mishra, 

1968; Kersh?v, 1973). 

Demograohic studies ver^ done in permanent quadrats 
2 

of Im -with three replicates in each of the jhum fallovs. 

Each sprouts arising from the base of the plant was consi­

dered as an individual for the ourpose of this study. The 

fate of the seedling, plants more than a year old and new 

vegetative sprouts recruited during the study period was 

followed over a period of one yerr from April 1979 to April 

1980. The plants already present at the start of the experi­

ment were considered as more than a yerr old. The seedlings 

bf two c'"-horts coming up in May and June were marked using 

two different coloirs of paints by outting a dot over the 

cotyledonary leaves in order to differentiate them.Vegeta­

tive shoot sprouts of current year and that more than a 

year old were tagged, separately and observed. 
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2 
The number of capitula per m was estimated ty coun­

ting the total number of capitula produced by all the plants 
o 

in a quadrat of Im*̂  and is an average of three reolicates. 

Calculations on the number of seeds per capitula was based 

on 30 observations in each fallow. The seed output per m 

vas then calculated for each of the fallow by multiplying 

the total number of caoitula. The number of seeds per fertile 

plant was calculated on the basis of the number of fertile 

plants and the seed outout per m . 

RESULTS 

Vegetation analysis: 

Slash and burn agriculture (Jhum) at higher eleva­

tions differs ffom that at lower elevaticaas(Ramakrishnan et 

al,, 1980) in that onl^ the lower branches of the trees 

alongvith undergrowth shrubs and herbs are slashed instead 

of the entire forest, Pinus kesiya is, therefore, already 

present right from the beginning of secondary succession bjit 

sparsely scattered. Secondary succession, therefore, starts 

with a few old trees of oine cIready present at the begirming 

of secondary succession. 

The importance value indices (IVI ) for plant 

species growing in different jhum fellows are given 

in Table 6.1. In a 1 year fallow a number of weedy spe­

cies like feupatorium adenophorum, Erigeron linifoli-

jiSj Hypochaeris radioata. Imperata cylindrica, Oxalis 

^atifolia. etc. are abundant. In 3-6 year fallows 
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Table 6,1, Importance vslue indice? (IVI) of assodated plant species in 
different jhum fallows. 

Species Age of the .ihum fallow (year ) 

1 10 15 

Artemisia vulgaris Linn. 

Prunella vulgaris Linn. 

Buddleia asiatica Lour, 

Chrysgnthemum c inerarifolium 
(Trev.)Vis. 

Cosmos bipinnatus Cav, 

l f .1 

if.76 

Crota la r ia mysorensis Roth. 

Dichranip-"|:eris l i n e a r i s Burm.f. 

Eleagnus l a t i f o l i a Linn, 

E'rigeron linifolium Willd, 65-. 61 

Eupgtorium adenophorum Spreng, ^3.89 

Galium mollufeo Linn. 

Galium rotundifolium Linn. 

Gnaphalium hvpoleucum DC. 17.17 

Gnaphalium luteoalbun Linn. 1^.72 

Gaultheria f ragrant i ss ima Wall. 

Hypericum .japonicurn Thunb, 

Byjochaeris rad ioa ta Linn. 33.91 

Imperata cylindrica, P.Beauv, -̂2,2 

Indjgofera dosua Ham, 

Inula cappa DC, 

Lantana camera Linn. 

Lindera pulcherrim^ Benth 

Myrlca esculepta Buch-Ham. 

7.9 

13.58 

^5.92 

1.75 

2.78 

7.3 

1.23 

25.3 

2.99 

1,28 

2.6 

3.3 

22.56 

52.97 

i+,lf6 

3.99 

13.15 

if 2.51 

lf.8 

2.1 

5.^6 If. 8 

3.86 if. 57 

8.08 

7.0 

2.29 

3.7 

if.1 

5.§5 

2.1 

3.28 if.73 

2 .7 

^.5 

5.67 

6,6if 

(Contd. 

-

8.36 

8.0 

. . ) 



-

5.32 

27.h8 

-

15 .8 

— 

7.Mf 

22,73 

_ 

8.13 

17.67 

_ 

Age of ttic .ihum ^'.H^^ .(.year) 
Species ^ ^ ' 

1 3 6 1 ^ 21 

H e l l l i a t h .y r s l f l o r a D.Don. - 1.5 

Qphiopogon in te rmed ias D.Don. - - 7.Mf 8.13 8.11 

Osfcieckia c r i n l t a Benth. 

Oxalis l a t i f o i l a HBK. 

Panicum khfisianum Manro. - 1.5 

P l e r l s Ovpl i fo l i a (Wal l .^Drude . 

Pinus kesjya Royle.(seedling) 

Pinus kesix§: R o y l e . ( t r e e ) 11.76 
P l e c t r p n t h u s coe t sa Ham. 

P lan tago ma^jor l i n n , 1^.23 

Pouzolz ia h i r t a Hassk. 

Pter id ium aguilinumCL.)Kuhn ex 17.68 
Decken. 

Que re us g r i f f l t h i i HK.f. 

Rhus s e m i a l a t a Lour, 

Rubus e l l i p t i c us am. 

Rub us micr ope t a l u s G?rd. 

S c l e r i a t e r r e s t r i s C L i n n . ) F a s s . 

Eehimg v a l l i c h i i Choisy. 

fiida c o r d i f o l l a Linn. 

Smilax aspera Linn. 

Sporobolus diPnder Beau-g. - 12.67 

Viola d i s t a n s Wal l . - - 12 .65 

-

3.87 

17.78 

h,o 

17 .83 

-

^ . 1 5 

2.8i+ 

-

5.77 

2.68 

-

~ 

-

— 

-

18.0 

36.if 

-

-

21.55 

2.11 

5.2 

-

6.65 

K^ 

3.3 

-

5 . 3 ^ 

^ .69 

hA5 

11.22 

ifO.3 

-

-

-

9.78 

6.5if 

^ .35 

6.02 

1^.2 

-

-

6.1 

5.16 

^ .89 

12.57 

k-7.2 

-

-

-

3.9 

11.37 

^ . 7 3 

i f .1 

13.7 

-

if. 51 

-

7 .3 
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Lrigfcron linlfolius and Oxalls latifolla arc absent and 

the rest of the weed species maintain their dominance in 

the community. Apart from these, ferns like Dichrrnooteris 

linearis and pteridjum aqollinum are also important comoo-

nents in these earl;y successional communities alongwith 

Osbeckla crinita. The weedy species are gradually reolaccd 

by rapidly regenerating Pinus kesiya tree, besides other 

broad leaved tree saplings of Cehima v^allichii, Caere us 

griffithii and shrubs like Itubus micropetalus and Rub us 

ellipticus. 

Surviorship; 

The seedling population in different jhum fallows 

experienced-varied degrees of mortalitv (Fig.6.la). In a 

1 year fallow all seedlings come uo after the first rain 

in the month of May. However, in 3 and 6 years fallows 

seedlings appear at two different times in May and June 

and these tvo are designated as cohort 1 and 2 respectively. 

In older fallows of 10 and 15 years only one cohort aopeared 

in June. Mortality of seedlings were high in younger fallows ' 

of 1 and 3 years and about 75% to 80/̂  mortality of seedli­

ngs occurred during the first 6 months between May anf" 

October. Mortality in cohort 1 was higher than in cohort 

2 in a 3 year fallov though the reverse v/as the case in a 

6 year fallow. Seedling survival wa^ maximum in a 6 year 

fallow. ^0Q% mortality occurred in 10 and 15 year fallows 

by November. 



Fig.6,1 Survivorship curves of E.adenophorum (r) seedlings. 

Closed triangle, 1 year fallov; open triangle, 3 

year fallov/; closed circle, 6 year fallov; open cir­

cle, 10 year fallow; open square, 15 year fallow^ 

Solid line, cohort 1; broken line, cohort 2. Vertical 

bars indicates standard errors of means. 



F1G6. 

M J J A S 0 
Months 



133 

Considering the plants more than a year 0I-I (Fig. 

6,1b), over kdfo u ^ i t r l i t y occurred in fal lov of 6,10 and 

15 years ; no mortaliti/ occurred in 1 and 3 year fallows. 

Mortality of plants here vas most severe during the v l n t e r 

months of December-February.When sprouts o r ig ina t ing during 

the study period was considered (Fig.6.1C) ( l e s s than a 

year o ld ) , 3 yerr fallow showed no mor t r l i ty at a l l where 

as percentage mor t r l i ty increased markedly in older fallows 

with increase in pge of the fallow. Hov/ever, recruit-j^nt of 

sprouts i n t o the oopulation was maximum in a 10 year fallow. 

Population flux: 

Table 6.2 presents the poouletion flux of E.adenoph-

orum in different jhum fallows. It may be noted here that 

sprouting of shoots of equal size occur from the base of 

the plant; simultaneously a few of these sprouts may also 

die. The values outside parentheses represent both sprout 

and seedling regeneration considered together, whereas 

seedling flp.x alone is shown in parentheses. 

There was a net pooalation increase both through 

vegetative and sexual reproduction in this species in 1 ,3 

„nd 6 year fallows, this increase being more pronounced in 

the older fallows. In 10 and 15 yerr fallows, however, 

there was a net loss in the oooulatlon size, While the 

olants originally present pt the beginning of the stud:y 

period did not show any mortality in 1 and 3 year fallows, 

k-8% or more of these died in 6-15 year fallows. Annual 
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Table 6.2 PopulPtion flux of E.adenoohorum in different 
jhum fallows. 

I 

f — 

i3.ge 

1 

(a) No. of P lant / seedl ing per m, Apri l 1979 

(b) No. of x^lajit/scbdling per mf Apr i l I980 

(c) Net population change (b-a) 

(d) Rate of increase(b^a) 

(e) No.of plsnt/seedling per m arrived 

between April I979 and April 1980 
2 

(f) No.of plant/seedling per m died 

between April I979 and April I980 

(g) Plants/seedlings present April 1979» 

alive b^^pril I98O 

(la) Percentage survival of plant/seeaiing 

in 'a' (g-a) x 100 

(1) Total plant/seedling recorded during 

the study period, April 1979-April, I980 

Co) Percentage annual mortality of all -

individual ( f •- i) x 100 

of the jhum fallow (year ) 

10 15 

8,0(0.0) 

M.0(33.0) 

+33.0(+33.0) 

5.12( CO ) 

576,0(576.0) 
* 

5^3.0(5^3.0) 

8.o(-) 

1f50.0(-) 

! 

i 

58if.6( 576.0) 

92.98(9^.27) 

-i-
Values in parentheses ind ica te population flux of seedl ings . 

23.0(0.0) 

7^.0(^6.0) 

+5l.0(+^6.0) 

3.22(C>Q ) 

565.0(560.0) 

^7.0(0.0) 26,0(0.Q) 

238.0(21^.0) . 20.6(0^0) 

+l91.o(+2iV.o) -5.Mo.00 

5.06(<>o ) O.79.(O;D) 

683.0(678.'0) 96.0(83<0) 

51^.0(51^.0) ^2.0(^6^.0.) 101.4(.83v0) 

2 3 . 0 ( - ) 

100,0(-) 

20.0(-) 

^2.55(-) 

13.6(-) 

52.3(-) / : 

588.0(560.0) 730.0(673.0) 122.0(83".O) 

87.^+1(91.78) 67 . ^63 .^3 ) 83.11(lp0.0) 

5.0(0.0) 

3.0,(0.0) 

-2 .0(0.0) 

0.6(0.0) 

16.0(13.0), 

18.0(13.0) . 

2 .0( - ) . 

^O.O(-) 

21.0(13.0) 

85.71(100.0!) 

"it 



Fig.6,1 Survivorship curves of E.adenoohorum (b) sprouts more 

than a year old and (c) sprouts or ig inat ing during the 

stud^ period. Closed t r i a n g l e , 1 year fallow; open t r l r 

angle, 3 yerr fPlloi-; closed c i r c l e , 6 yefr fallow; 

open c i r c l e 10 yerr fallow; open square, 15 year falLow. 

Ver t ica l bars indicates standard er rors of means. 
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mortality of seedlings and established plant put together 

decreased vith the age of the fallov upto 6 years reaching 

the lowest in this fallow but showed a sharp increase in 

10 and 15 year fallows. The rate of increase of new recruits 

was also higher in fallows upto 6 year? compared to elder 

fallows, the number of plants recruited during the year 

being sharply reduced in 10 and 15 year fallows. 

When the population flmx of seedlings alone was 

considered, recruitment was maximum in a 6 year fallow 
Mtav" 

closely followed by 1 and 3,fallows. Seedling recruitment 

declined sharply in 10 and 15 year fallows. A net increase 

of 33, ̂ 6 and 21*+ individuals occurred in the case of 1,3 

and 6 year fallows respectively. Of the fev seedlings that 

arrived in 10 and 15 year fallows all died during the year. 

Seedling mortality was minimum in a 6 year fallow with over 

30^ survival whereas in 1 and 3 year fallows the survival 

was less than 10^. 

Reproductive p o t e n t i a l : 

In the younger fallows of 1 and 3 years , a l l the 

p lants were f e r t i l e but v i t h increase in the"age of the 

fallow more individuals vere not reproduct ive. Thus from 

k-6fo p lants tha t were not reproductive in a 6 year fallow, 

i t went upto 90% and 100^ respect ive in 10 and 15 year 

fal lows. Simi lar ly in a given reproductive plant the number 

of non-reproductive branches were t o t a l l y absent as in 

a 1 year fallow or was very low as in a 3 year f a l lov . The 

number of non-reproductive branches progressively increased 
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r each ing a maximum of 6 6 , 8 ^ i n a 10 year f a l low. In a 15 

yea r fa l low, however, flov^ering wrs t o t a l l y a b s e n t . While 

the s e e d s / c a p i t u l a was a more s t a b l e c h a r a c t e r for a l l the 

f a l l o w s , the number of c a p i t u l r / m was maximum i n a 3 year 

fa l low followed by a 6 year fa l low and was l e a s t i n 10 year 

f a l l ow . S e e d s / f e r t i l e p l a n t was maximum i n a 6 year where 

as seeds per m was h ighes t i n a 3 year fa l low (Table 6 , 3 ) . 

DISOISS-ION 

Af te r s l a s h and burn a g r i c u l t u r e a t h igher e l e v a ­

t i o n s of.Meghalaya a number of changes occur i n the p h y s i ­

c a l and b i o l o g i c a l environment . Apart from improving the 

l i g h t a v a i l a b i l i t ^ a i n the environment due t o s l a s h i n g the 

v e g e t a t i o n , the t empora r i l y n u t r i e n t enr iched s o i l i s f a s t 

d e p l e t e d of i t s n u t r i e n t s due t o run-of f and i n f i l t r a t i o n 

l o s s e s and a l s o due t o r a o i d u t i l i z a t i o n by t h e crop and 

weed spec i e s dur ing the f i r s t few ye^rs (Ramckrishnpn e t 

a l , , 1980). E.adenophorum comes up in such an environment 

i n the i n i t i a l s t age s of the fa l low development but socn 

has t o s u r v i v e unde c o n d i t i o n s of t h i c k and d i v e r s i f i e d 

v e g e t s t i o n a l cover and consequent poorer a v a i l a b i l i t y of 

l i g h t , i n c r e a s e d l i t t e r on the s o i l s u r f a c e , i n c r e a s e d 

e v a o o - t r a n s p i r a t i o n and a l t e r e d pH and n u t r i e n t s t a t u s of 

t he s o i l under 'more compe t i t i ve c o n d i t i o n s . 

Seed l ing s u r v i v a l was low i n a 1 and 3 yea'r fal lows 

b u t was maximum i n a 6 year f a l low. Though some s e e d l i n g 

r e c r u i t m e n t occurred i n 10 and 15 year f a l l o w s , 100^ 
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mortality occurred within a fev motiths and this may partly 

be due to high pine litter accumulation on the soil surface 

which does not permit root penetration into the mineral soil 

and partly to increased competition from other species under 

low light conditions .S-eedling mortality was very high in 

the early stages of growth of the plant though it was a 

continuous risk throughout the life cycle (Ramakrishnan 

and Kumar, 1971). Mortality that occurred during the winter 

months may bo related partly to moisture stress(as also 

emphasized by Arnon, 1958; Ellern, 197^)and partly to frost 

(Auld, 1969 b) which arc critical factors at this time of 

the year. 

Though the percentage survival of sprouts of more 

tgian a year old was maximum in 1 and 3 year fallovjs, the 

ultimate number of sprouts originating during the study 

period was maximum in a 10 year fallow. Such a high number 

of vegetative recruits in a 10 year fallow compared to seed­

ling recruitment which follows a totally different pattern 

may be due to better competitive ability of sprouts com­

pared to seedlings. 

Reproductive potentif'̂ l is a critical feature of a 

species for maintenance of the population in a given habitat 

(Harper, I96O; Ramakrishnan, 1972). Just as vegetative re­

productive vigour of the plant is drastically reduced in 

older jhum fallows, so too the sexual reproducive t?igour. 

Thus seed production of the species is adversely affected 
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i n older fallows due to increased number of non-reproductive 

individuals in such a vay tha t no seed production occurred 

in a 15 year fallow. 

Ju s t as E.odoratum i s a ear ly successional exotic 

weed in jhum fallows at lower clevptions of nor th-eas tern 

India up to an a l t i t u d e of 950 meters (Kushwrha e t a l . , 

1981), s imi la r ly E,adenophorum i s an exotic weed in the jhum 

fallows a t higher elevations (I066-2130 m). This study is 

s ign i f i can t from the point of view of shottening of the jhum 

cycle ( the time i n t e rva l a f te r which the same land i s slashed 

and cu l t iva ted af ter a fallow period of na tu ra l regeneration 

of vege ta t ion) . An idea l jhum cycle of 20-30 years which 

was a common feature in the en t i r e region u n t i l recent times 

has been reduced to an extremely s hort cycle of ^-5 years 

due to increased population pressure . As seen from th i s 

s tudy, E.adenophorum i s able to succeed in the secondary 

successional communities only up to a period of about 6 

yea r s . Repeated short jhum cycles of less than 6 years have 

had the effect of a r res t ing succession at t h i s weed stage 

so tha t vast areas of land have been taken over by weeds 

l i k e the present one along with others l i ke Imperata 

cy l indr ica due to grrdual deplet ion of germ plasm of other 

shrubs and t r ee species from the v i c i n i t y (Ramakrishnan 

e t a l . , I98O), This in turn has a lso contributed to the 

degradation of the environment fur ther reducing the land 

avai lable for c u l t i v a t i o n . 
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SUMMARY 

Eupatorium adenophorum S-preng. i s an impor tan t weedy 

colonizer coming up in ear ly successional eommunities deve­

loping a f te r 'Slash and burn' agriculture(Jhum) a t higher a l e -

vations of the nor th-ess te rn h i l l regions of India , The r e ­

l a t i v e performEnce of th i s soecies in terms of fecundity and 

survivorship in successional plant communities has been wor­

ked out. A ne t populatioii increase of t h i s species occured 

through both vegetat ive and sexual reproduction in ear ly 

successional fal lovs up to 6 years old, t h i s being most p ro­

nounced in a 6 year fallow. High seedling morta l i ty occurred 

in 1 and 3 year fallovrs, whereas morta l i ty was low in a 6 ye t r 

fallow; 100^ morfeeility occurred in older fallov/s. Seedling 

mor ta l i ty was maximal during the monsoon though some mor ta l i ­

ty occurred during the winter too wliich may pa r t l y be due to 

drought and par t ly due to f ro s t . Mortality of vegetat ive 

sprouts a lso followed a more or less s imi lar pa t te rn to those 

of seedl ings . Reproductive po ten t i a l of the weed was d r a s t i ­

ca l ly reduced wLt'. age of the successional communities; in £ 

15 year fallow a l l individuals were non-reproductive. Since 

E.adenophorum i s able to succeed only in fallows of l ess tlfBt 

6 years , repeated short jhura cycles of k—^ years have had 

the effect of a r res ted succession a t the weed s t age . 



CHAPTER 7 

SKCaMDARY SUCCESSION SUBSEQUENT TO SIASH AND BURN 

AGRICULTURE (JHUM) AT HIGHER ELEVATIONS OF MEGHALAYA 

IK NORTH-EASTEFa\I INDIA, I . SPbCIBS DIVERSITY,BIOMASS-

AND LITTER ERODUCTIOI. 
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INTRODUCTION 

' S l a s h and bu rn ' a g r i c u l t u r e (Jhum) a t h igh e l e v a t ­

ions of Meghalrya i n n o r t h - e a s t e r n I n d i a invo lves s l a s h i n g 

of the undergrovth and a l s o of the lower-most branches of 

s p a r s e l y d i s t r i b u t e d oine t r e e s , burning of the d r i e d s l a s h 

i n a c o n t r o l l e d manner by cover ing i t over v i t h a t h i n l a y e r 

of s o i l and subsequent cropping wi th a mixture of crops for 

a year or two before the s i t e i s abandoned for n a t u r a l j : e -

gene ra t ion of fPllov-s (Ramakrishnan e t a l , , 1 9 8 0 ; Mishra and 

Ramakrishnan, I 9 8 I ) . After a gap of fev yea r s the same s i t e 

i s again c u l t i v a t e d i n the same manner, and t h i s time i n t e r ­

v a l i s r e f e r r e d t o as a jhum cyc le . This cyc le has been r e ­

duced t o a s h o r t period of ^ - 5 yea r s i n r e c e n t times from 

a more favourable l e n g t h of 20-30 y e a r s . 

The long ter"i success of jhum c u l t i v a t i o n depends 

UDoa the recovery and mainten'^Jance of the s o i l f e r t i l i t y 

which in t u rn i s d i r e c t l y deoendent u3on the s t r u c t u r e and 

comoosi t inn of the fa l low v e g e t a t i o n . The p r e s e n t study 

aims a t an unders tanding of the process of secondary suoceTrs-

ion on the fa l low lands of up to 15 years of age subsequent 

t o jhum under a 1^ year c^-cle, and the changes i n the biomass, 

l i t t e r f a l l , aid p r o d u c t i v i t y of these secondary s u c c e s s i o n a l 

communit ies . This s tudy i s s i g n i f i c a n t because the p a t t e r n 

of secondary success ion would determine the o a t t e m of chan­

ge i n n u t r i e n t c y c l i n g dur ing the d i f f e r e n t phases of fal low 

development d i s cus sed i n c h a p t e r 8, 
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STUDY AREA AND CLIMATEi 

This s tudy was d'^ne a t S h i l l n g vh ich i s l o c a t e d a t 

h igher e l e v a t i o n s of the Khasi h i l l s of Meghalaya (1500 met­

e r s above the sea l e v e l ; 2 5 . 3 ^ N and 91.56 E ) . This a rea 

suD3orts s u b - t r o o i c a l montane evergreen e a r l y s u c c e s s i o n a l 

pine f o r e s t s v i t h ?inus kes iya as the dominant s p e c i e s . 

T e r r a i n i s h i l l y v i t h s t e e o s lopes (average angle ranges from 

30 -ho^). S o i l cover i s t h i n as the process of e ros ion ou t ­

s t r i p s i>/eatherins and i s oodsolic v i t h a oH renge of ^+-6. 

The c l imate here i s s e a s o n a l w i th average r a i n f a l l of 184-3 vam 

comming dur ing the monsoon oer iod extending from May t o 

September. Average maximum tempera ture a t t h i s time i s 
o , 0 

27 .7 C and the minimum tempera ture 16.3 C. Winter i s cold 

V7ith a fev s c a t t e r e d showers from November t o February v i t h 

a raximijffi t emoera ture of 16.8^C and a minimum of 7.6°C . 

Summer is very b r i e f rnd dry w i t h a majcimum tempera ture of 

23°c ^^^ a- minimum of 12.3 C . 

Under a 15 yes r jhun c y c l e , t he s l a s h i s arranged i n 

p a r a l l e l rows running down the s looe covered by a t h i n l a y e r 

of s o i l to form d i s t i n c t r i d g e s and fur rows. The burning of 

the d r i ed s l a s h i s clone in March followed by mixed croDDing 

of a number of crops l i k e Solanum tuberosum, Cpiocas ia 

gntl-juoruTi. Joomoea bataUuc, T âa meva, Cucurb i t a maxima, 

^ucufflis sa t i - ' us and Phaseolus v u l g a r i s . The croooing i s 

done for one yepr before the land i s abandoned f o r fal low 

development. The d e t a i l e d d e s c r i o t i o n of the agro-ecosystem 

i s given e lse- 'here (-Ilishra and Kamakrishnan, I 9 8 I ) . 



METHOD OF STUDY 

Si tes under 1,3,6,10 and 15 year jhuun fallows ( th ree 

repl4#ftti«) were se lec ted , on the basis of the l o c a l records , 

a t SMllong taking care to ensure s imi lar aspects (south f a ­

cing slopes ) and topographic condi t ions . The fallows s e l e ­

cted "mte de-veloped in s i t e s under a 15 year jhum cycle . 

Density, frequency and cover of the d i f ferent plant species 
o 

in different jhura fallows were measured using I m quadrats 

in the case of herbaceous soecies and 100 m^ quadrats for 

shrub and tree species. Importance value index (IVI) which 

Is an integrated measure of the relative frequency, relative 

density and relative basal area of the soecies, was calculated 

and are based on 30 quadrats in each site, laid along a 

transect line running down the slope (Mishra, I968; Kershaw, 

1973). Species diversity was calculated using the formula 

given by Margalef (I968) as: 

H = - E RiP. ).log (ni_)] 

where, H=S.hannon index of general d ive r s i t y , n i = Importance 

value index of each species and N = Total Importance value 

of a l l the spec ies . The Dominance index of the community 

was calculated on the basis of the. formula of Simoson(l9if9)as: 

C = S ( n l ) ^ 

r̂  
where, C = Index of dominance, ni = Importance value index 

of each species and N = Total Importance value of all the 

species. In all studies the original pine trees were con­

sidered separately. 
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For l i t t e r production s tudies in d i f fe ren t jhum 

falloi' 'S, l i t t e r t raps of Im^ s ize v/ere employed at 10 random 

ooints in each s i t e . The l i t t e r samoles were col lected a t 

regular in te rva l s from these t raos and c l a s s i f i ed in to l eaves / 

needles , tvigs and cones, and further sub-divided in to specif ic 

ca tegor ies . Samples were then dried at 80 C and weighed. 

Estimation of the standing biomass of the d i f ferent 

jhuTi fallows was done by using harvest teehnique and on the 

basis of al lometr ic regressions (Nevbould, I967). The above 

ground biomass of herbs and shurbs, alongwith the t ree s a p l i ­

ngs were found out a f te r harvesting the vegetat ion from 30 
p 

quadrats of I m strre in each s i t e along a t r ansec t running 

down the s lope . The samDles were dried at 88c and exoressed 

in terms of t h e i r dry weight, Lsti 'nation of the standing 

biomass of the t fee species are based on the regression equa­

t ions given in the Table 7 . 1 . In a l l the cases , b i cmass 

sampling was done in the month of October-November, a time 

when a l l the plants were rt t h e i r peak of vegetat ive growth. 

The annual increase in biomass for each of the jhim fallow 

was found out b^ dividing the difference between the standing 

biomass of two consecutive fallow with the time difference in 

yea r s . Estimation of the c.nnual net primary production of 

each fallow was done by adding the t o t a l amount of l i t t e r 

produced over a one year period to the annual increase iii 

the standing biomass. For a l l these s tud i e s , the old pine 

t rees which were not cut down before cropoing (Mishra and 

Ramakrishnan, I98I) were considered both by Including them 

as well excluding them in c^mputatiun. 
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RESULTS 

At h igher e l e v a t i o n s of Meghalaya vhen the jhum f i e l d s 

a r e abandoned for n a t u r a l r e g e n e r a t i o n of v e g e t a t i o n , t h e 

secondary success ion s t a r t s v i t h a few s c a t t e r e d old oine t r e e s 

a l r e a d y pres ' -nt in t h e s i t e s due t o the orevious land use p r a ­

c t i c e . A nu'^ber of veedy colonizers l i k e Euoatorium adenoohoru-o, 

E r ipe ron l i n i f o l i u s , Evoochaeris r a d i c a t a , Impers ta c v l i n d r i c a . 

Oxal ls l a t i f o l i a . e t c , a re dominant in a 1 year jhum f a l l o v . 

While Er ige ron l i n i f o l i u s pnd Oxal is l a t i f o l i a a re t o t a l l y 

absen t i n 3 - ^ year f a l l o v s , t he domin?nce in the rfomnLunity 

i s shared by the r e s t of the weed s p e c i e s . Bes ides these 

s p e c i e s , ferns l i k e Dichranooter iE l i n e a r J F and P te r id ium 

aaui l inum are a l s o impor tant comoonents i n these Ccrly s u c c e s s -

i o n a l communities a l o n ^ v i t h psbeckia c r i n i t a . I n 10 and 15 

yea r f a l l o w s , t he se weedycolonizerp are r e p l r c e d by Pinus 

k e s i y a which gains dominance i n t he community alongi-'ith o the r 

broad leaved t r e e s and s a o l i n g s c&f Que re us g r i f f i t h i i . Lindera 

pu lchFrr ima, Sohima y a l l i c h i i . a n d shrubs l i k e Gau l the r i a 

f r a g r a n t i s s i m g , Iiubus m ^ r o p e t a l u s and Rubus e r i p t i c u s ( T ^ b l e 

6 .1 ) (Cf .Chcp te r 6 )-

Species d i v e r s i t y C7.1a'wp5 low in 1 year jhum fal low 

which inc reased markedly in older fpllows w i t h a s i g n i f i c a n t 

o o s i t i v e c o r r e l a t i o n ( r = 0 . 8 8 2 ; . Converse ly , dominmce ( F i g . 7 . 1 b ) 

WPS maximum i n the e a r l y s t a g e s of f a l l o v development and 

dec l i ned v i t h the inc rease i n the fal low age(r=-0.8^O • 



Fig.7 .1 Changes in d ive i s i ty (a) and dominance (b) pa t tern 

in d i f ferent jhum fa l lovs . 
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Litter production: 

A major fraction of the litter in the jhum fallows 

vas due to Plnus koslya alone, though the different dicot 

species together accounted for maximum litter production. 

Leaves/needles accounted for 59-90^ of the total litter 

collected in the different jhura fallovs; pine needles alone 

accounted for about 9-36^ of the total loaf litter produced 

in these fallows. Pine tvig and cone formed another major part 

of the litter biom?ss in 10 and 15 year jhum fallows. While 

total oine litter and litter of all dicot soecics increased 

sharoly with the increase in- the fallw age with significant 

positive correletion (r=0.950), the litter from monocot grass 

sDccies did not show any significant correlation with the age 

of the fallow (r=0.219). However, there was an increase of 

the monocot litter up to a period of 6 years of the fallow 

development and it declined sharoly in the older fallows of 

10 and 15 years. In a 6 year fallow, Eupatorium adenophorum 

formed nearly 75% of the totax dicot litter and Imoerata 

cylindrica formed Qh% of the total litter from the monocot 

species (Table 7.2). 

Total litter produced by various olant communities 

in different jhum fallows increased significantly with the 

age of the fallow (r=0.912) reaching a maximum of 6,138 mt 

-1 -1 

ha yr in the case of a 15 year fallovr. The t o t a l l i t t e r pro­

duced was a lso s ignif icant ly re la ted (r=0.912) wit!r the 

standing biomass of the com-iunities (F ig .7 .2 a , b ) . 
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Table 7 ,2 L i t t e r production(with S E values) in d i f fe ren t jhum 
-1 -1 fallows(kg ha yr ) , 

f Litter 
category 

Age of the jhum fallow (Yr) 

1 } 10 15 

Pine t o t a l : 20^.8+6,05 293.5±8.if6 1672.6±7.36 2l8if.7±10.05 2621.5+9.75 
(72.2) (1+8.6) (33.7) ( ^ . 7 ) (»+2.7) 

Needle 123.1 137.7 735.6 1098.1 1313> 

X-wlg 81.7 115.8 69if.3 738.5 896.6 

Gone - ifO.O 2^2.7 3^8.1 M l . 5 

Dicot t o t a l : if17.3+3.91 1173.3+7.^9 2322.5+13.79 2768.3+18.8^ 329^.6+20.5 

(18.5) (3^.3) (^6.7) (51.6)" (53.7)" 

761.7 1^33.2 l85'+.0 2111.^ 

if11.6 889.3 91^.3 1183.2 

583.7+3.^^ 975.8+J+.38 M6.2+if.5l 221.7+2.27 
(9 .3 ) (17.1) (19.6) i7.7) (3 .6 ) 

Leaf lf17.3 

Twig 

Monocot total :211.0+2.0 

Total : 833.1+12.0 2050.5 t l9 .^ ^970.9t25.5 5369.2t33A 6l37.8t32.5 
( including old 
pin^s) 
Total : 628.3+5.9 l83i+.5+1^.2 if713.3+19.7 5030.1+22.7 5763.8+20.7 

(excluding 
old p ines ) . 

Values in parentheses re fe r to the perccntt^ge of the t o t a l l i t t e r 
prodmction. ' -



Fig.7.2 Litter production in relr.tion to fallow age (a) and 

standing biomrss (b) of the jhum fallows ( A J 1 year 

fallov;^ 5 3 yerr fallow; • , 6 year fallow; O , 

10 year frllow; • ,15 year fallow). 
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Standing Momass: 

The standing biomsss increased s ign i f i can t ly v i t h 

increase in the fal lov age (r=0.995) reaching a mcximum of 
-1 -1 

98.967 mt ha in a 15 year jhum fallow and 51.9^9 mt ha in 

the same fal lov i f the sparsely d i s t r ibu ted old Dine t rees 

arc not considered in the ca lcu la t ion (F ig .7 .3 a , b ) . Biomass 

contributed by the pine t rees ves nearly 83-9^+^ of the t o t a l 

biompiss, i f the old and current pine t rees are considered 

together . If the b io iass contr ibut on due to the sparse pine 

trees which were already present at the beginning of the 

secondary'succersion is not considered, the current pines 

alone accounted for 2^% of the total bionipSs in a 3 year jhum 

fallow, which increrscd markedly in older fallows reaching 

about 67% in the case of a 15 yc^r fallow .While the biomass 

of sparse old oincs, current pines and all the dicot shrubs 

and tree saplings increased linearly vith increase in the 

fallov age(r=0.356,r=0.908 and r=0.986 respectively), th£.t 

of the herbs showed a negetive correlation (r=0.5''2) with 

the age, Biompss of the herbs increased up to a period of 

6 year? of fallow develooment with a sharp fall in 10 and 

15 year jhum fallows. Biomass contribution through the lea-y^/ 

needle was ^-7^ only of the total, and if the needle biomass 

of the sparse old pines are not considered this was 19-27^ 

in the younger fallov̂ s of 1-6 yecr which declin d to about 

5-7% in 10 and 15 year fallow (Table 7.3)-



Fig,7.3 Standing biomass as a function of the fallow age 

(a,standing biomass including old pines; b, stand­

ing biom;£T excluding old pines). 
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Table 7,3#S.tanding b i o m a s s ( M t h TE va lues ) i n d i f f e r e n t jhum fa l lows(kg ha) 

"• • • " r 

CatoEory ' 
1 

1 

Old pine t o t a l ; 256.22 
+188.22 

Bole • I838I+ 

Live branch '+517 

Dead branch 1530 

Needle 9̂ -1 

Cone 200 

Current oine t o t a l - -

Bole 

Live branch 

Dead branch 

Needle 

Cone 

Dicot shrub dc t r e e -
s a p l i n g t o t a l : 

Bole 

Branch 

Leaf 

Herb t o t a l : I589 
+^1.7 

Bole 3c branch 1262 

Leaf 327 

A^e of the .1hum 
• 1 

35667 
+167^68 

28073 

^+717 

167^-

985 

213 

2169+71.5 

968 

^23 

-

778 

-

1356.1 
± 57.53 

1320 

-

36.1 

3859 
+29.7 

2716 

11^+3 

r 
f 

6 

144107 
+257AI 

3^375 

6720 

1780 

1007 

225 

5if70+63.6 

2808 

1 ^ 3 

-

1177 

82 

259^.7 
±36.3 

2522 

-

72.7 

6256 
+^5.61 

i+8o5 

1^51 

fal low CYr) 
1 \ 

1 10 ' 

•+5360 
+231.27 
3^067 

7028 

1767 

1261 

237 

18^75+98.0 

12958 

3122 

I0W 

1239 

108 

10159 
±77,5 

7379 

1909 

871 

52A 
+1.1 

M . I 

11 .3 

1 

15 

^7018 
+2if8.69 

36199 

73'»-5 

1832 

1385 

257 

3^679+117.2 

2if738 

6136 

2201 

I3 I8 

286 

17238 
± 83.23 

12167 

3999 

1D72 
i 

31*8 

2if.5 

7 . 3 

27211 ±229.9 ^3051.1 
1326.if 

58^27.7 7^0^6.J+ 9896U8±h^o.h 
+if02.9 ± ^ 7 . 9 

T o t a l : 

(1589+M.7 ) ( 738I+.I 
±158.7 ) 

(1^320 .7 (28686.4 (519if8.8 
±1^5.5) +176.6) +201.7) 

Values i n pa ren theses r e f e r t o the s t and ing biomrss excluding the old p i n e s . 
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No s ign i f i c sn t c o n e la t ion vas found between fal lov 

age and the r - t e of ac jmulrtion of the standing hiomass i f 

the old oines are tncladed ( r=0 . l02 ) , though a s ign i f i can t 

pos i t ive co r re l a t ion (r=0.928) was found when the old sparse 

pines are excluded from the calculat ion* If the old pines 

are included, the r a t e of bioinass accumulation increased 

5 times in 3 3 year jhum fal lov comoared to tha t in a 1 year 

fpl lov, which decreased in older fallow s . I f these old pines 

are excluded, t ' c r a t e of biomass accumulation increased 

with increase in eg', of the f?llo%'. Net orimary oroduction 

a lso iollovc^ a s imilar trend as biomsss accumulation. The 

biomess accumulation r a t i o increased l inea r ly (r=0.939) with 

the increase of the fallow age reaching a maximum in a 15 year 

fallow, when the old oines arc excluded (Table 7.4-). Net o r i ­

mary productivi ty shoved a strong pos i t ive co r re l a t ion with 

age of the f allow onl^ when the old oines are excluded from 

the ca lcu la t ion (Fig,7,^-). 

A oosi t ive corre la t ion(r=0.912) between divers i ty 

index and net community oroductivity was noted only i f pro­

duct iv i ty of old oines are exclude.! from the ca lcu la t ion . 

Such a cor re la t ion docs not ex i s t when old oines are includ­

ed in the ca lcu la t ion (Tig .7 .5 a , b ) . 

DISCUSS l a i 

Secondary succession over large tracts of land left 

aoandoned for natural regeneration of vegetation after Jhum 

provides the means of rehabilitating soil fertility for 
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Table 7.if .Changes in r a t e of accuioulFtion of biomass, i i t t e r f a l l and 
net orimary productivity in d i f fe ren t jhum fallows. 

' Age of the .Ihum fallow (yr) 
; 1 ; 3 ', 6 ; 10 ; i^ 

W i l l i — I — — — • • . — • • < - • — — • IW — I I • I III I •! I M I I W I . . •••! -IIIIMIiailllWIl • • - . . I I B P I I — N . W I I M . — I — • ^ • l - l » • ! ! II • ! • • t I W I Wl !•• I •—iW«l M l • • • M l i W I i ^ — I I W I l i M ^ W^^P^—^I^BC^^IM 

Accumulation in standing 1.681* 7.920 5.126 3.9C5 ^.98^ 
, . c l -1 ^, .^ (1.589) (2.898) (2.312) (3.591)('+.65i 

biomas(mt ha yr )(A) 

Releape as l i t t e r f a l l O.083 0.205 0.'+97 0,537 0.61^ 
. . z^ -^ s / ^ s (0.205) (0.216) (0.258) (0.339)(0.37^ 
(rat ha yr ) (B) 

Net primary product ivi ty 1.76^ 8.125 5.623 V.¥f2 5.598 
.1 -1 (1.79^) (3.114-) (2.570) (3.930)(5.026 

(mt ha' yr ) (A + B ) 

Biomass pccumulation ^^,k•2 5.23 10.39 I6.70 17,68 
ra t io ( s tand ing bi^mass/ ( O.89) (2.37) i5-57) (7.30)(10,3V, 
NP?) 

•Standing biomass of olci " ~~~ pines in a '0» year fallov? worked 
out to 25.53 nit hJ-l ~ 
Values in parentheses re fe r to the figure excluding old pines. 



i'ig,7.'+ Changes in the net orimr.ry oroductivity in d i f fe ren t 

jhum fallows (a , net community prodact ivi ty including 

the old pines; b , net community product iv i ty exclud­

ing the old oinos) . 
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Fig.7.5 Relationship between net community productivity and 

species diversity in different jhum fallov/s (a, ex­

cluding the old pines; b, including the old pines). 

1 year fallow, A ; 3 ypar fellow, A- ; 6 year fallow, 

# ; 10 .ye'-T fallow, O ; 15 year fallow, • 
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153 

renewed croooing. Unlike at lower elcvptions of Meghalaya 

vhere regeneration through root end stump sprouts , are more 

frequent (Toky and Rampkrishnan, unpublished) tha t through 

these means a t higher elevat ions are l imited to a very fev 

species l i ke i'lyrica esculenta . Other s t r a t eg i e s are re la ted 

to stored and transDorted seeds and a lso regenerat ion th ro ­

ugh underground rhizomes. 

Eupatorium ac'enophorumy a highly comoetative weed 

soecies In ooen s i t e s comes in ear ly fallows. Apart from the 

production of a la r^e number of seeds which are l i g h t and 

wind d i spe l?cd , th i s weed i s a lso capable of some degree of 

vegetat ive oropag?tion due to spr-^uts a r i s ing from the base 

of the plant (Ramakrishnan and Mishra, I98I ) , seei.-

l ings can also withstand some degree of shading upto 10^ of 

day l i g h t (Auld and Martin, 1975). The injoortance of heavy 

seed production for ear ly colonizing species has been d i s ­

cussed by many wor .ers l i ke Salisbury( 19^+2) ,Hayashi and 

Numata (1968), and Raynal and Bazzaz (1973). According 

to them the species v±t\', l i gh t and highly mobile seeds very 

often invade highly disturbed areas , while species with 

heavier seeds often animal diiiseminated invade the community 

a t a l a t e r stage of succession. 

Imperata cy l indr ica , on the other hand, a lso an 

eafly colonlz-r has f i r e r e s i s t a n t under ground rhizomes 

which are d i f f i c u l t to eradicate during croooing. This 

alongwith the he-^vy oroduction of l igh t and wind t rmsoor t ed 
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seeds under heavy dist'orbance (Saxena and Ram?krishnan, 

unoablished) help th i s species to succeed as an early-

colonizer in the young jhum fallovTS. Thus the ear ly phase 

of succession is dorninatcd by only those species which 

possess en exploi t ive s t ra tegy (Harper and white , 197^; 

Grime, 197^5l1arks^ 197^). These species are able to succeed 

only in fr.llovs of l ess than 6 year age and t h e i r r e l a t i v e 

performance in terms of fecundity and survivorship decreased 

d ra s t i ca l ly in older fallows (Ram?krishnan and Mishra,1931)* 

The species d ive r s i ty was low in the es r ly jhum 

fallows which increased s ign i f ican t ly in older fallows. 

This suooorts the finding of e a r l i e r workers tha t the early 

successional seres ore often dominated by e few species which 

increased gradually as the succession proceeded (Ross, 195^; 

Costing, 1956; Odum, I969). Conversely, the dominmce dec­

reased as the community grew old with v rapid s h i f t of t h i s 

in the early stages of fallow development (Richards, 1952; 

Marks, 197^). Khile fallows up to about 6 years were domina­

ted by weedy spec ies , due to seedling and sprout regenerat ion, 

shade i n to l e r an t shrubr and t rees take over in older fallov^s. 

However, the r a t e a t which community development occurs in 

terms of spec ice d ive r s i ty i s much more oronounced a t lower 

elevat ions (Toky and Rc;makrishnari, umublished) due to more 

favourable temperature condi t ions . 

Quanti t ies of l i t t e r oroduced in older jhu^a fallows 

reached levels t^oicnl of secondary forests of t ropics and 
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sub- t rop ics . Ewel (1976) reoortcd value? rpnglnt; from ^ . 6 -
-1 -1 10,0 mt ha yr in secondary successional comrauniti s 1-1^ ycpc 

old in GuatcmalP, Higncr valuv^s of l i t t e r oroductlon for 

-1 -1 

secondary forests are 8,3-1*+A mt hF yr in Malaya as was r e ­

ported by Mitchell (c i ted by Bray and Gorhan, 196I+). However, 

the amount of biomtss accumulation in d i f ferent jhum fallov/s 

VPS less than those reoorted by the e r r l i e r workers in the 

secondary fores ts of t ropics and sub-tr30LCs(Nye and Grc^n-

1-nd, i960; Golley ct a l . , I969). 

When the contr ibut ion due to the sparsely d i s t r ibu ted 

nine t rees I'hich vcre r l ready orcsent a t the beginning of 

Secondary succv.s?ion was not cousidered, in the present s t u ­

dy, the r^ te of biompss rccumulation and the net community 

oroductivj ty s i g n i f i c r n t l y increas d during secondary succ-
-1 -1 

e s s i n reaching a maximum of ^-,652 mt ha yr and 5.026 mt 
-1 -1 

ha yr respect ive ly in F 15 year fallow. While th i s trend i s 

i n agrev^ment with th^t of other workers, the biomass accumu­

l a t i o n values reported for t r oo i ca l forests by them are higher 

(Bcrtholomew, Mayer and Laudelot, 1953)- Similar to the i n c r e ­

ase in net primary production with fallow age observed here, 

the fttudie? of Holt and Woodwell (quoted by Whittaker, 1975) 

a t New York daring secondary succession in an Oak-oine fores t 

a l so shows a s imilpr trend though the stiudies of Mellingcr and 

Mc Iiaughton(1975) showed a decline i i net primary production 

during old f ie ld stcondary succession in cen t r a l New York. 

Biomass accudulati m r a t i o s h-̂ ve often been used 

to character ise •oroductivit^' conditions of forest communitids 
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(Whittaker, I966; Woodwell and Whittaker, 1968)* This r a t i o 

fdr temperate fores t s did not usually exceed 1:10(zavitko-

vski and Stevens, 1972); the biomass accumulation r a t ios 

for the jhura fal lovs are corapar£-ble to that of many t r o o i -

ca:]. fores ts as seen from the data given by Whittaker (1975)« 

Though li t terPvture on the divej s i t y and i t s r c l a t i o n -

shio v i t h succcssionpl s tages ajid in turn v ' i t t product ivi ty 

and s t a b i l i t y i s va s t , there seems to be considerable con­

fusion regarding tlrcse r e l r t i o n s h i o s . While ©dum (19^9)» 

and Woodvell and Smith (I969) arc of opinion that the species 

d ive r s i t y brings functional s t a b i l i t y of an ecosystem, 

May (I973) reoortcd tha t an increase in d ive r s i ty d e s t a b i l i ­

zes the i n t e r ac t i ng s^'Stcms. Mc lJaughton(1967), and Mellinger 

and McNaughton(1975)) however, have reoorted tha t secondary 

succes f im vfs accomoanied by increased b io log ica l d ive r s i ty 

and reduced dominf nee. These workers h?̂ ve a lso reoorted a 

oosi t ive cor re la t ion betveen d ive r s i t y pnd s t a b i l i t y in 

an ecosystem. The genera.llty of th i s r e l a t i o n vas ques t io ­

ned by Singh and Mishra (I969) vho prooosed that for s e ra i 

grasslands the soecics d ive r s i ty increased oroduction e f f i ­

ciency of the ecosystem, while decrease in dominance mgd^ 

the system more s t a b l e . In the present case, however, during 

secondary succession on the jhum fallows there was a s i g n i ­

f ican t increase (r=0.882) in the d ivers i ty as the fallow 

grew older with a simlltaneous decrease (r=-0.879) in do­

minance. This was accompanied by an increase in the net 

community oroduct iv i ty . 
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The pattern of secondary succession and the 

subsequent changes in biomass, productivity and litter 

fall on the fallov lands developed after 'Slash and burn' 

agriculture (Jhum), up to a period of 15 years, is conside­

red in this study. Early ohases of succession uo to a 6 

years period had vecdy colonizers like Eup'^torium adenopho-

rum and Imperata cylindrica as important species vhich 

are reolaced in the older fallovs of 10 and 15 years where 

Pinus kesiya alongvith a fev broad leaved tree species 

come up. The secondary succession was accompanied by 

increased species diversity, reduced dominance e.nd an 

increase in the net community productivity. Standing 

biomass and litter oroduction increased linearly with the 

age of the jhum fallow. The significance of these results 

are discussed. 



CHAPTER 8 

SECONDARY SUCCESSION SUB^QUEI^TT TO SLASH AND BURN 

AGRICULT[IRE(JHUIvI)AT HIGH ELEVATIONS OF MEiGHALAiA 

IN NOB.TH-EASTERN I N D I A . I I . NUTRIENT CYCLING. 
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INTRODUCTION 

Slash and burn agriculturo on steep hill slooes, 

locally called Jhum, involving slashing of the natural 

vegetation and burning before mixed cropping for one or 

tvo years (Mishra and Ramokrishnan, I98I) would bring 

about drastic short-term chmges in the nutrient stock in 

the soil due to the burn, utilization by crops and losses 

through v'ater. Recovery of fertility after cropoing would 

occur during fallow development during secondary succession. 

Besides, understanding the soil fertility recovery piittern, 

an overall understanding of the nutrient cycling through 

various stages of secondary succession is essential for 

evolving proper land use. The present study aims at en 

analysis of the nutrient cycling in fallow of 1,3,6,10 and 

15 years age developing after jhum at higher elevations 

(|500 m ) of Me^halaya; .at Ehillong (25.3^-%lv91.56°EL). 

1'E.THODS. OF STUDY 

Description of the study area, soil, vegetation, 

climate and land use pattern arc given in Chroter 7. 

Estimation of the nutrient pool in the standing biomass 

and litter compartment vap b-sed on the data collected 

in Part I of this study (cf.Chaoter 7). In all the 

estimations here, old oine trees oresent during cropoing 

(Mishra and Ramakrishnan, I98I) are included. 
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Nutrient analysis vas separately done for the 

d i f fe ren t p lant par t s of the major and minor species in 

the community. The l i t t e r analysis of composite mixtures 

of monocots, dicots and pine (Pinus keslya) were done 

a f te r separat ing them in to d i f fe ren t olant p a r t s . Plant 

samples vere oven dried ^ 8o C, ground, screened through 

0.2 mm sieve and stored in polytl^ene Jars for ana lys i s . 

At each s i t e , 10 r?ndom s o i l sampling vas done 

in October through a deoth of 0-+0 en. After analysing the 

avai lcble phosphorus on fresh s o i l s , the samples vere a i r 

d r i ed , grjund, passed through 0,2 mm sieve and stored 

in polythene j a r s , for subsequent ana lys i s , So i l 

and p lant analysis vere done following standard proce­

dures of Allen (197*+). For s o i l cat ion ana lys i s , extra^i 

c t ion was done using I N Ammonium aceta te a t pH 7. 

Ext rac t ion for avai lable s o i l phosphorus was done using 

0,03 N Ammonium fluoride in 0.025 N hydro-chloric acid. 

Cations estimation in p lant vas done af te r dry ashing 

and dissolving the ash in d i l u t e hydrochloric acid. 

Nitrogen vas estimated by the micro-Kjehldahl method. 

Phosphorus was estimated co lor imet r iea l ly by the molybdenum-

blue method. Magnesium and calcium were estimated by the 

EDTA t i t r a t i o n method, while potassium was estimated 

by the flame emission method. 
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Biomass and litter values obtsined in the earlier 

study (P?rt I) were used for'computation of the total 

chemical inventory of the vegct-'̂ tion compartment. The soil 

bulk density determinations vere made using a core sampler 

and the values vere used for subsenuent con-version of 

the analytical data to field weight per unit area of the 

soil pool. 

Enrichment ratio for e-ch jhum fallov was calculated 

as the ratio of clement stock in the vegetation compartment 

to the elemental uptake by it (Woodwcll et al.,1975). For 

vegetation and soil co'^^artment,fractional annual turnover 

was calculated by dividing the cuantit^ that leaves the 

compartment by the standing state of that particular element 

and exorcssed as percentage (Leincrs and Eeiners, 1970). 

ILS7LTS 

Nutrients stored in the standing biomass of the 

different categories of olants, except herbs, increased sig­

nificantly (̂ /0.05) with the increase in the age of the ffll-

ow upto a Dcriod of 15 y. ars vith maximum accumulation for 

nitrogen, potassium and calcium. The high levels of different 

nutrients for oine in the fallow is c'ue to the already 

existing older oinc trees which are not totally slashed 

durinp jhum. In the herbaceous compartment, while the 

nutrient poĉ - increased uoto 6 year fallow, a drastic 

reduction >as ooscrved in 10 and 15 7^'^^ fallo\s. Pine 

alone contributed about 73.5̂ o of the total nutrients that 
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vas held in the vegetction compprtmcnt in a 1 year jhum 

fallow. This contribution by oine declined in older fallows 

to ^1% in a 15 year fallow due to a grrdual increase in 

contribution by dicot tree sapling and shrubs (Table 8.1) 

The rate of nutrient accumulation increased markedly 

in the first 3 yens of fallov development; decreased slight­

ly between 3-6 years but more sharoly between 6-10 years 

after v/hich it imorovcd reaching almost the same rate as 

during the initial stages of regeneration. However, this 

fluctuation in the pattern vas less m.arked for calcium 

comppred to other nutrients. Of all the nutrients, nitrogen 

and potassium had the highest rate of accumulationCTable8.2). 

Pine alone contributed for a good proportion of the 

annual return of nutrients thfough litter fall. However, 

litter from dicot tree sapling? and shrubs accounted for 

maximum return to the system. While the nutrient return 

through these tvo categories of olants increased with increa­

se in the age of the :e!llov reaching a maximum in. a 15 year 

fallow (exceot for phosohorus and calcium both of which 

reached peak values in a 10 year fallow), the nutrient 

return through monoc t litter reached its peak in a 6 year 

fallow with a sh^rp decline in older fallo\\'S. V hen the 

tottl ouantity of nutrients returned through litter fall 

was considered, return of nitrogen, ootassium and 'Bcgnessium 

followed a similar pattern in that their amount increased 

upto 15 years D1 fallow develoDment. leturn of calcium and 
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-1 
Table 8.1 Nutr ient content (kg ha)in d i f ferent components of the 

standing biomass in d i f fe ren t jhum fal lovs 

Category 

Pine t o t a l 

Dicot t r e e 

s a p l i n g s and 

shrubs t o t a l 

Herbs t o t a l 

N u t r i e n t 

N 

P 

K 

Ca 

Mg 

N 

P 

K 

Ca 

Mg 

N 

P 

K 

Ca 

Mg 

1 

if 5.888 

5A86 

31.1^9 

31>6!+ 

13.68^ 

•-

-

-

-

' -

11.3^5 

1.530 

11.950 

^ .767 

5.^77 

Aee 

3 

66.737 

7 .833 

^5 .015 

50.557 

22.682 

5.610 

0.659 

7.987 

6.56^ 

2.726 

27.553 

3.716 

29.02^+ 

11.577 

13.302 

: of the 

6 

88.319 

10.^23 

59.613 

66.5lf2 

28.931 

10 .73^ 

1.261 

15.283 

12.558 

5.215 

lfif.668 

6.025 

^7.051 

18.768 

21 .56^ 

.ihum fallowCyr") 

10 

1 1 0 . ^ 2 

13.127 

75.307 

8^.552 

3^.860 

if 2.028 

if.937 

59.837 

i+9.169 

20. if 20 

0.37if 

0.050 

0.39^ 

0.157 

0.181 

15 

138.192 

16.560 

95.097 

107.063 

ifO.836 

7 1 . 3 1 ^ 

8.378 

101.532 

83.if32 

3if.6if8 

0.227 

0.030 

0.293 

0.095 

0.110 
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- 1 -1 
Tabic 8.2 l l u t r i c n t accumulat ion r a t e (Kg ha yr ) i n the s t and ing 

biomass dur ing the fallov/ develooraent. 

N u t r i e n t 
Category 

Time span (Yr ) 

0-1 1-3 3-6 6-10 10-15 

N 11.513 21.333 1^.607 2.293 11.368 

P 1.5^6 2.596 1.83^ 0.101 1.370 

K 12.062 ^^Mk- ' 1 3 . 3 0 7 3.398 12.266 

Ca ^ .880 16„23^ 9.723 9.003 11.3^2 

Mg 5.530 9 .775 5.667 - "+.027 
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phosphorus through the litter fall increased upto 10 years 

vith a slight decrefse thereafter. Return of nitrogen was 

the highest follovcd hy calcium in all the jhum fallows 

(Tabic 8.3). 

The rate of uptaî e of all nutrients except calcium 

increased significantly (P/G.05) upto 6 years with a decline 

between 6-10 years of fellow development, Subsecucntly, there 

was a marked increr?e in the rate of uptake of these nutrients. 

In the caŝ . of calcium, however, a sharp increase was noticed 

between the first 3 years of fallov? dcyelopment after Which 

the rate of uotake of this element showed a slow increase 

upto 15 years. The uotake rate was consistently high for 

nitrogen followed by that for ootassium or calcium. The 

enrichment ratio in older fallows beyond 6 years was generally 

higher than in younger fallows. This pattern was more orono-

unc-ed in the case of potassium and magencssiom (Table S.^f). 

The inventory of the nutrient^ is given in Table 8.5, 

Nutrients in the standin: biomass increased with the increase 

in the fallow age reaching the highest level in a 15 year 

fallovj, nitrogen follovedby ootEssiuii and calcium contri­

buted maximum quantity to the total budget in biomass. 

Quanitity of nutrient returned (except potassium) throggh 

litter also increased -"''ith the fallov age upto 15 years. 

The amount of nitrogen in the soil pool (0-^cia) 

increased uoto a oeriod of 10 years of fallow development 
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Table 8 . 3 , Annual nu t r i en t re turn (kg ha yr ) through l i t t e r f a l l in 
different jhum fallows. 

Category-

Pine t o t a l 

Dicot t o t a l 

Monocot t o t a l 

T o t a l 

' 

N u t r i e n t 

N 

-P 

K 

Ca 

Mfi 

N 

P 

K 

Ca 

Mg 

N 

P 

K 

Ca 

Mg 

N 

P 

K 

Ca 

Mg 

1 

0.807 

0.116 

0.226 

0.972 

G.1^^ 

^.131 

0 .313 

1.002 

0.960 

0.213 

1.772 

0 .135 

0.907 

0.^22 

C.188 

6.710 

0 .56^ 

2.135 

2 .35^ 

0 .55^ 

Age of 

3 

1.179 

0 .155 

0,297 

1.219 

0.200 

1 1 . 5 3 ^ 

0 . 8 3 ^ 

2.610 

2.575 

C.59O 

^ .903 

0 .37^ 

2.510 

1,167 

0.519 

17.616 

1.363 

5.^17 

^.961 

1.309 

the .ihum 
6 

6.676 

0.856 

1.6if7 

6.800 

t .119 

22;815 

1 . 6 ^ 

5.130 

5.075 

1.167 

8.197 

0.625 

^+.196 

1.952 

0.868 

37.688 

3.125 

10.973 

13.827 

3 .15^ 

fa l low Cvr) 

10 

8.971 

1.211 

2.298 

9.1^9 

l .^ l -^ 

27 .22^ 

1.976 

6.187 

6.093 

1.39^ 

3.^96 

0.266 

1.790 

0.832 

0.370 

39.691 

3.^53 

10.275 

1 6 . 0 7 ^ 

3.279 

1? . 

10.7^7 

I.M+9 

2.751 

10.980 

1.816. 

32.380 

O.9I6 

7.315 

2 . 8 3 ^ 

1.657 

1.862 

0 .1^2 

0 .953 

0 . ^ 2 

0.197 

M+.989 

2.507 

11.019 

1 if. 257 

3.670 
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Tabic 8,h *Rate of nutrient uptake (kg Ha yt) by the 

standing biomass during the fallow development. 

N u t r i e n t 
Category 

N 

P 

K 

Ca 

Mg 

0-1 

13.223 
( 3.1'+) 

2,110 
(3 .33 ) 

1^.197 
( 3 . 0 ^ ) 

7 .23^ 
(5 .00 ) 

6.o8if 
( 3 . 1 5 ) 

1-3 

38.9^9 
(2 .56 ) 

3.959 
(3 .08) 

2^.881 
(3 .30 ) 

21.195 
(3.2»+) 

11 ,08^ 
( 3 . ^ 9 ) 

Time s 

3-6 

52.295 
(2 .75) 

^+.959 
(3 .57 ) 

2^.280 
(5 .02 ) 

23.550 
(^ .16 ) 

8.821 
(6 .32 ) 

pan ( y r ) 

6-10 

If 1.98^ 
(3.6if) 

3.55^ 
(5 .10) 

13.673 
(9 .91) 

25.077 
( 5 . 3 ^ ) 

3.217 
(17 .2^ ) 

10-15 

56.357 
( 3 . 7 2 ) 

3.877 
(6.M+) 

23.285 
( 8 . ^ 5 ) 

25.599 

(9 .82 ) 

•Annual uotake - Annual increase in nutrients in biomass + 
Annual nutrient return via litter fall. Values in parenthe. 
scs refcr to the enrichment ratio. 
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and declined slightly in a 15 year fallow. Available pho­

sphorus increased only slightly in older jhum fallovs. 

Kxchangeable cations also folloved a similar trend as the 

available phosphorus vith sligi-t iraorovcmcnt in older 

fallovs. The total of these three categories for different 

elements except nitrogen increased significantly. (P/.0.05) 

vith the age of the fallov upto 15 years 5 nitrogen hovever, 

peaked to a maximum in a 10 year jhu'n fallov and declined 

on either side (Table 8,5). 

The annual turnover in the vegetation compartment 

vas higher than that for the soil compartment in the case of 

nitrogen, calcium and magneesiura, while the reverse vas the 

case for phosohorus and ootasslumCTable 8,6). 

DISCUSSION 

The amount of nutrient stored in the standing 

biomass and it? release through litter fi,ll increa.sed 

consistently upto 15 yerrs of fallow develoament subsequent 

to jhji'i. This is undf rstandable because of a linear increa­

se in the stLnding biomass and litter production in differ­

ent jhum fallows vath incre se in the fallov? age (Part I 

in this study). Nutrients stored in the herb compartment 

peaked in a 6 year fallov vith a sharp fall in older fallo­

vs. This is also related to the rapid shift of doiiinance 

in the com̂ iunit}' at this stage from the herbs to the fast 

groving shrub and trees species. 
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Table 8.5. Total inventory of nutrients (kg ha yr ) for different jhum 

fallows. 

Standing biomass 

* • - -

• 

S o i l pool 
( C - ^ c m ) 

L i t t e r on s o i l i n 
October 

T o t a l : 

N u t r i e n t 

N 

P 

K 

Ca 

Mg 

N 

P 

K 

ca 

Mg 

N 

P 

K 

Ca 

Mg 

N 

P 

K 

Ca 

Mg 

1 

57.233 

7.016 

^3.099 

36.231 

19.161 

^970 

6.00 

218 

290 

213 

0 .575 

C.050 

0.181 

0 .218 

0 . 0 ^ 

5027.808 

13.066 

261.280 

326.^^9 

232.210 

Age of the jhum fallow ( y r ) 

3 

99.9CO 

12.203 

82.026 

68.693 

38.710 

5187 

5.69 

195 

276 

200 

1.507 

0.086 

0.'+63 

0 .^35 

0.113 

5288.^+07 

17.9S9 

277.^89 

3^5.133 

238.823 

6 

1 if 3.721 

17.709 

121.9^7 

97.868 

55.710 

6076' 

6.9 5 

2^8 

263 

203 

3.195 

' 0 . 2 6 5 

0.930 

1.168 

0.267 

6222.916 

2if.92i+ 

370.877 

362.036 

263.977 

10 

I52.89if 

1 8 . 1 1 ^ 

135.538 

133.878 

55.^61 

6980 

6 .75 

282 

322 

211 

3.2iK) 

0.282 

0.833 

1.309 

0,266 

7136.13^ 

25.1^6 

^18.371 

if57.l87 

266.727 

15 

209.733 

2if.968 

196.368 

190.590 

75 .59^ 

661 if 

6.58 

316 

3^7 

29k 

3.7^5 

0.328 

0.917 
» 

1-55/ 

0.306 

6827. if 7: 

31.876 

513.785 

5 3 9 . 1 ^ 

369.900 
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During 3-^ years of fallow development after jhum, 

the nutrient uotake and accumulation rate "by the vegetation 

compartment -wss msximum vith a subsequent decline between 

6-10 years. Similar observations were also made by earlier 

workers(B rtholomew et al., 1953; Nye and Greeland, i960). 

They have shoin that the nutrient accumulated more rapidly 

during the first five years of secondary succession then 

during the later stages, and concluded that the storage 

capacity of leaves and twigs get saturated at an early stsge; 

thereafter, the total storage increases more slô rly chiefly 

in the wood and root compartments. The increase in the nu­

trient absorption and accumulation rates by the vegetation 

between 10-15 years may be related to the increase in the 

biomass of the fast growing pine tree (WPIIS and Jorgens^n, 

1973). 

Nutrients in the soil pool was fast depleted during 

the errly stages of succession due to raoid absorotion by 

the developing vegetation. Release of significant quantities 

of nutrients into the soil pool started only after about 

10 yrars of fallow development. The enrichment ratio of 

potassium was invariably high in all thejhum fallows. This 

is indicative of the conservation of this clement in the 

vegetation which in soil is more susceptible to Icrching 

(Nye and Greenland, i960). The increpse in the enrichment 

ratio during fallow development has en advantage in that 

it helps in conserving nutrients in the •vegetation, parti­

cularly under high reinfall situations where the losses from 

soil could be very high. 
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The fractional annual turnover percentage of vario­

us nutrients in the soil pool increased upto 6 years of 

fallov development due, to the rapid increrse in uptake by 

the developing vegetation. The reverse trend noticed in 

the older fallows may be explained as due to enrichment of 

the soil through litter fall so that the uptake/stock ratio 

is lesser. In the vegetation compartment, the turnover 

percentage increased uoto about 10 years of fallow develop­

ment vhich may be related to the gradual increase in re­

lease through litter fall as vegetation develops. 

A comparison of the total chemical inventory for 

different jhum fallovs at lover elevations of this region 

(Toky and Ramakrishnan, unpublished) with the present one 

indicates much lower values for high elevations. Nutrient 

recovery at higher elevations was also comparatively 

slov' v/hich Tiay partly be due to lov temperature conditions 

vhich pcr'nit only slower decomposition of litter which gets 

a.ccentuat&d because of oine needles, a comparatively diffi-

calt matrrial for decomoosition. However, the nutrient 

accomulation rates in the living biomass in the present 

study arc comparable to t .ose ootaincd for the lover eleva­

tion except for potassiuii. The high rate of potassium accu-

mula.tion observed at lover elevations is due to the ability 

of bamboo (Dendrocalamus ha'niltonii). an early succcssional 

dominant socci>"s, to accumulate this nutrient at a rapid 

rate. 
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It may be concluded that 3hum cultivation vith 

short cycles of ̂ -5 years, es is more prevalent in the 

region, vould reslut in rapid depletion of the soil 

nutrients due to uptake by the developing secondary succ-

essional community which does not release it through 

litter until after about 10 years. Continuous imposition 

of short jhum cycles has resulted in rapid deterioration 

of the site leading to desertification (Ramrkrishnan et 

al., 1980) which has adversely affected environmental 

quality. 
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The present study deals vith nutrient cycling 

between the plant and soil compartment in secondary succ-

essional communitier up to 15 years of fallow development 

subsequent to 'Slash and Burn' rgriculture (Jhum) at 

higher elevations of Mcghalaya in North-Eastern India. 

The total inventory for different elements increased 

vith the age of the fallov uo to 15 yeprs of fallow de­

velopment except in the case of nitrogen where it pegked 

in a 10 ; ear fallov. Nutrient a,ccumulation and uptake 

rates were comparatively higher in the early strges of 

secondary succession which declined between 6-10 years 

with a significant increase again between 10-15 years of 

fallol̂ ^ development, Raoia depletion nuti'ients in the soil 

pool occurred up to 6 years of fallovr development,and 

release of nutrients into the soil started onl;, after 

about 10 years. This was reflected in the annual fractio­

nal turnover pattern in the soil and vegetation compartme­

nts. Therefore, reocated short jhum cycles of ̂ -5 years 

as is now more common in the region have adversely affect­

ed the environmental -uality. 



CHAPTER 9 

GICNERAL CONSIDKRATIQNa 
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1. High elevation jhum differs from the lov elevations one 

in that: (i) the temperature conditions are low with the 

consequent slower regeneration of the vegetation during 

fallow development, (ii) the forested area has Pinus . 

kesiya as the imoortant component which makes litter de­

gradation more difficult, and (iii) the soil is acidic. 

As a consequence jhum in its typical form as exists at 

lower elevations is difficult to sustain. Probably for 

this reason, a modified version of jhum as discussed 

earlier is practised by the farmer in order to conserve 

nutrients more efficiently. 

2. Jhum as it was originally practised had a cycle of 20-30 

years. However, due to increased population pressure and 

decreased land available for cultivation due to '̂ oor land 

use practices, the cycle has become a short one of M—5 

years, 

3. Such a short jhum cycle of k--^ years has resulted in 

arrested succession at the weed stage with species like 

Eupatorlum adenophoruniy Tmoerata cylindrica. and others. 

Once this stage of arrested succession is reached the 

land is considered unfit for cultivation,which in turn 

reduces the acreage available for cropping, 

h, .One of the important consequences of the shortening 

pf the jhum cycle has' been rapid decertification of 

the site as is examplified by the situation prevailing 
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in a high rainfall areas as at Cherrapunji (annual average 

rainfall is 1150 cm). A situation has come about vhere 

there no soil to support any forest cover and there is no 

vegetation to hold the soil. £,uch desertified areas are a 

common feature at higher elevations of North-Eastern India, 

5.A rapid depletion of the wild ger̂ n olasm has been another 

consequence of shortened jhum cycles. Among plants, apart 

from the loss of wild varieties of crop plants, many or­

chids such as species of Dendroblum, Cymbidium and Vanda 

are in the list of endangered plant species. 

6.Replacement of ^hum by sedentary terrace agriculture which 

necessiates heavy inputs of fertilizer does not seem to 

be a viable solution to the environmental problem of this 

region. Apart from deforestation and the cost factor in­

volved, the efficiency of use of fertilizer would be very 

low in view of high infiltration losses that may occur in 

spite of checking surface run-off through terracing, 

7.Further, any damage to the hill ecosystems of the Himalayas 

is likely to have grave ecological repercussions not onl^ 

in the region but also in the northern plains of India''' 

through recurrent floods. 

8,It is suggested thpt annual crops should be restricted to 

the minimum and the economy should be developed with em­

phasis on plantation and horticultural crops. In fact 

the area-is highly suitable for many'temperate fruit trees 

as well as for oranges. Other plantation crops like cdffee 

has been successful in selected areas. 



REFERENCES 



176 

Ahlgren, C. E, ( I96p) . Some effects of f i r e on reproduction 

and crnvvrth of ^'^"getation in North-Eastern Minnesota. 

Ecology ^1,4-_,l-^5« 

A.hlgren, I . F . & Ahlgren, C, E. ( i960) . Ecological aspects 

of forests f i r e s . Bot.Rev.26,^83-533. 

Ahlgren, I . F . & Ahlgren, C.E. (1965). Effects of prescribed 

burning on s o i l microorganisms in Minnesota jack 

pine fo re s t . Ecology ^6,30^-310. 

Ahn, P. ( I958) . Eegrowth and swamp vegetat ion in the western 

forest areas of Ghana. J . West Africa. Sci.Ass.i+,-

163-173. 

Allan, W.(1965). The African husbandry, London, Oliver and 

Boyd. 

Al len , S.E.(196^). Chemical aspects of heather burning. 

J .Appl. Ecol . 1,3^7-367. 

Allen, S.E.(Ed.) (197^). Chemical Analysis of Ecological 

Mater ia ls . Blackwell Sc i en t i f i c . Publ.Oxford. 

Anthony, K.R.M. & Will imott , S.G.(1956). A study of s o i l 

f e r t i l i t y in Zandeland. Emp.J. Expt.Agric.2^,75-88. 

Arnon, 1.(1958). The improvement of na tura l pasture in 

the mediterranean region. Herb.Abstr.28,225-231. 

Auld,B.A.(1969a). Incidence of damage caused by Organisms 

which a t tack crofton weed in the Richmond-Tweed 

region of New South Wales. Aus t . J .Sc i ,32 ,163 . 

Auld, B.A.(1969b). The d i s t r i b u t i o n of Euoatorium adeno-

phorum Spreng. On the far north coast of New South 

Wales. J .Proc.Royal.Soc. N.S.W. 102,159-161. 



177 

Auld, B,A. d Martin, P.M. (1975). The antecology of 

Eupatorlum adenophorum Spreng, in Australia. Weed 

Res.15,27-:.-: 

Aurora, G.S., B i l lo rey , R.K., Patton,A. and Myrchiang, 

P.(1977). Socio-economic Impact of Shi f t ing C u l t i ­

vation Control Schemes in North-Eastern Region 

Dept.of Soc io l . and Anthroolo. , North-Eastern H i l l 

Univ., £hillong(I4imeographed). 

Auten, J .T . (193^). The effect of fores t burning and pas tur ­

ing in the Ozarks on the absorotion of fo res t s o i l s . 

U.S.Dept. A g r i c , For .Ser .Centra l S ta tes For .Exp, 

StB. Note 16, 

Bartholomev, M.W., Meyer, J . & Laudelot, H.E.(19$3), Mineral 

n u t r i e n t immobilization under fores t and grass fallow 

in the Yangabi (Belgian Congo) Region, L ' I n s t i t u t 

National pour L'etude Agronoraique du Congo Beige 

Se r .Sc i . No.57, B r u s s e l s ^ 

Bergeroo-Campagne, M.B.(1956).L'agriculture nomade de l a 

t r i bu des N'Dranouas en Cote-d' Ivorie.In:FAO. 

L 'agr icu l ture nomade 1, 111-230 . 

Bernard,E,.(19^9). Systems culturaux apolicables a l a 

production des plantes annuelles en zone Equatoriale 

congolaise. Bul l . i igr ic . Congo Beige ifO,17^-1813. 



: 178 : 

Bess, H.A. & Haramoto, F.H.(1959). Biological control of 

Pamakant Eupatorium adenoohorum in Hawaii by a Tep-

hritid gall fly, Procecidochares utilis.II,Populat­

ion studies of the weed, the fly and the parasites 

of the fly. Ecology ^,2Mf-2U9. 

Birch, H.F, & Friend, M.T.(1956). The organic matter and 

niferogcn status of east African soils. J.Soil Sci. 

7,156-167. 

Biswell, H,H.(1972). Fire ecology in a ponderosa pine-

grassland. In; Tall Timbers lire Ecology Conference 

No.12, 00.69-96. 

Black, J.N.(1971). Energy relations in crop oroduction-

a preliminary survey. i»nn. Appl.Biol.67,272-278. 

Bodley, J.H.(1976). Anthropology and contemporary human 

problems. Meniopark, California, 

Bormann, F.H., Likens, CE., Fisher, D.Vf, & Pierce, R.S. 

(1968). Nutrient loss accelerated by clearcutting 

of a forested ecosystem. Science 159> 882-88^. 

Barthakur,D.N,, Singh, A., Avasthi, R.P. & Rai, R.N.(1978). 

Shifting cultivation in the north-eastern region. 

In: Resources, Development and Environment in the 

Himalayan Region, pp.330-3^2. Dept. Sci. & Tech., 

Govt.of India. 

Bray, J.R. A Gorham, £.(196*+). Litter production in 

forests of the world. Adv. ecol.Hes.a, 101-57. 

Buckman, H.O. & Brady, N.C.(i960).The nature and pro-

oerties of Soils. ixCMill̂ n Co., 11<«,T. York. 



179 

Garneiro, R.L. (I960). Slash and burn agriculture:' A 

closer look Pt its implications for settlement 

patterns, [n: Men and Cultures (Ed.by A.F.C. Wallace), 

pp.229-23^. Philedolohia. 

Charter, C.F. (19^1), A reconnaissance survey of the soils 

of British Honduras. Belize. 

Conklin, E.G. (1957). Hanunoo Agriculture. F.f̂ .O. Fores try 

Development oepcr No.12 F.A.O., Rome. 

Cook, C.F. (1921). Milpa agriculture, a primitive tropical 

system. Annual Leoort of Smithsonian Institution, 

1919, po.307-326. Viashington, D.C. 

Coulter, J.K.(1950). Organic matter in Malayan soils: 

A preliminary study of the organic matter content 

in soils under virgin jungle, forest plantations 

and abandoned cultivated land. Malayan Forester 13, 

189-202. 

Cov/gil l , U,M.(1961). S o i l f e r t i l i t y arid the a n c i e n t Maya, 

TRtiNSACTIONS of the Connec t icu t Academy of Ar ts and 

Science ^ 2 , 1-56. 

Cowgi l l , U.M.(1962), An a g r i c u l t u r a l s tudy of the sou thern 

Maya lowlands , American An th ropo log i s t 6^,273-286. 

Cunningham, R .K. (1963) . The e f f e c t of c l e a r i n g a t r o p i c a l 

f o r e s t s o i l . J . S o i l . S c i . Î f, 33'+-3'+5. 
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APffiNDIX 



FIATS - 1; 

A typical Jhum plot. Zea mays is interplanted vith 

SPlanum tuberosum under pine canopy on the hill 

slope. 

PLATE - 2; 

Beginning of the Jhum operation. The undergrovth 

vegetation alongvith the lover branches of the pine 

trees has been, slashed and is being arranged in 

parallel rows^ ' for drying. 



PLATE 1 

5̂ 

^LATE 2 



One row of sla<5h i a rr. 
Slash IS magnifxed. Note that the pine 

forms a major proportion of i t 
PLATE. - L. 

Burning of the dried s l a sh . 



: V I . 

PLAC J 

^LATE ^ 



PLATE - ̂ ; 

The Jhum field after burining. Note that the soil-ash 

complex forms distinct ridges with alternate furrows. 

PLATE - 6: 

Mixed cropping under a 15 year Jhum cycle with Zea 

may^. Solanum tuberosum and Gucurbita maxima as the 

major crops. 



VII 

PLATE 5 

PLATE 6 



PLATS - 7: 

A view of mixed cropping under Jhum. Note tha t 

Phaseolyis vulgaris i s planted under the pine t ree 

vhich provides a suoport to t h i s climber. 

PLATE - 8; 

Weeds after the first rain. Galinsoga parviflora. 

Dicranopterls linearis and Erigeron linifolius are 

prominent. 
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PIATE 8 



PLA.m - Q; 

Maintenance of the field. Note that the soil washed 

off by heavy rain is being heaped up again on the 

redges. 

PLATE - 10: 

Harvesting of Solanurn tuberosum. Zea mays plants are 

left standing to be harvested after a fev veeks. 
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PLATE 9 
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PLATE 10 



|>i#IE,, 11; 

Winter crop of Solaniun tuberosum. Note tha t vh i l e 

some of the gea mays plants are s t i l l l e f t standing 

vhich may be harvested for another couple of weeks, 

the v ln t e r crop of S.tuberosum i s grown alone on 

few ridges 

PLATE - 1 2 ? 

J'ptpujep^ with t h e i r harvested crops. Note tha t yery 

simple too3,5 l i k e gpade i s used for th i s operat ion, 

f^V cappying the harvested crops to home, baskets 

wade HP of bamboo are used. 
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PLAm 11 

PLATE 12 



PIATE - n ! 

Imperata cv l indr ica in a fresh Jhum fallow under a 

5 year cyc le . 

Pli&TS ~ 1^: 

A three years old Jhum fallow. Note tha t the stand 

i s dominated by weedy species l i ke Eupatorium adeno-

phorum and Imperata cy l lnd r i ca . 
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PLATE 13 

PLATE 1^ 



PLATS - I*?; 

Eupatorlum adenophorum i n a 6 year Jhum fa l low, 

PLATE " 16; 

A 15 years old Jhum fallow. Besides pineCPinus kesiya)^ 

many dicot tree and tree saolings gain dominance at 

this stage. 
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PLATE, 15 

: * * 

m%^ 

¥^*^^-

m^ 



: x i i i : 

PUBLICATIONS AEISING OUT OF THE THESIS 

PUBLISHED PAIEBS; 

1 . S l a s h and burn a g r i c u l t u r e i n Nor th -Eas t e rn I n d i a . I n : 

F i r e Regimes and Ecosystem P r o p e r t i e s ( E d , b y H.Mooney, 

J .M.Bonnicksen, N . L . C h r i s t e n s e n , J . E , Lotan & W.A.Reiners) 

U.S.D.A. For. Ser .Gen .Tech .Repor t , Washington, D.C.(198o) 

( I n P r e s s ) , 

2 . The economic y i e l d and energy e f f i c i e n c y of h i l l a g r o -

ecosystems a t h igher e l e v a t i o n s of Meghalaya i n N o r t h -

E a s t e m I n d i a . Acta Oecologica/Qecologia A p o l i c a t a 9(1981) 

( I n P r e s s ) . 

3 . Pooula t ion dynamics of Eupatorium adenophdrum Spreng. 

du r ing secondary succes s ion a f t e r S l a s h and Burn a g r i ­

c u l t u r e (Jhum) i n Nor th -Eas t e rn I n d i a , Weed R e s . ( 1 9 8 l ) 

( I n P r e s s ) . 

h. Energy flow through a v i l l a g e ecosystem wi th S l a s h and 

Burn a g r i c u l t u r e i n North-Elastern Indiq.. A g r i c u l t u r a l 

Systems ( I 9 8 I ) ( I n Press ) . 

PAPERS SUBMITTES) FOR PUBLICATION; 

1. Sediment , water and n u t r i e n t l o s s e s under S l a s h and Burn 

a g r i c u l t u r e (Jhum) a t h igher e l e v a t i o n s of Nor th -Eas t e rn 

I n d i a , Ejivironmental Management. 

2 . S o i l f e r t i l i t y changes dur ing and a f t e r S l a s h and Burn 

a g r i c u l t u r e (Jhum) a t h igher e l e v a t i o n s of Nor th -Eas t e rn 

I n d i a . Environmenta l iyianagement, 

3 . Secondary succes s ion subsequent t o E la sh and Burn a g r i ­

c u l t u r e a t h igher e l e v a t i o n s of Nor th -Ea r t I n d i a . I . . 



: XIV : 

Sipecies d i v e r s i t y , Biomass and L i t t e r P roduc t ion .Acta 

Oecologica/Oecologia A p p l i c a t a . 

k-. Secondary succes s ion subsequent t o S l a s h and Burn a g r i ­

c u l t u r e a t h igher e l e v a t i o n s of Nor th -Eas t I n d i a . I I . Nu­

t r i e n t Cyc l ing , Acta Oecologica/Oecologia A p p l i c a t a . 

ABSTRACTS OF PAPER PHSSEMTED; 

1. S h i f t i n g c u l t i v a t i o n and i t s impact on fo re s t ed ecosystem? 

a t h igher e l e v a t i o n s of Meghalaya, w i th s p e c i a l emphasis 

on n i t r o g e n budget . Foca l Theme Symposium On:Environmental 

Degrada t ion , A g r o - f o r e s t r y and c o n s e r v a t i o n of N a t u r a l 

Resources , Ind ian Science Congress ( I 9 8 0 ) , 

2 . Energy e f f i c i e n c i e s of t r a d i t i o n a l versus seden ta ry a g r o -

ecosystems of the Khasi h i l l s of Meghalaya. Focal Theme 

Symposium OnjImpact of t he Development of Science and 

Technology on Environment. Ind ian Science Gongress (198 l ) , 


