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STUDIES ON THE ECOLOGICAL IMPACT OF SHIFTING 
AGRICULTURE (JHUM) ON FORESTED ECOSYSTEM 

ABSTRACT 

Slash and burn agriculture (locally called *Jhum') is a 

predominant form of agriculture in north-eastern hill regions of 

India, and supports about 1.6 million tribal population over an area 

of 0.426 million hectares. This practice involves felling the 

forest vegetation, burning the dried biomass, mixed cropping of 

<8-13 species for a period of 1 or sometimes 2 years and then rever­

ting the land to its natural vegetation (forested fallow) so as 'to 

allow restoration of soil fertility. The present study on 'jhum' 

was done at Burnihat which is located in the Khasi hills of 

Meghalaya at 26.0°N and 91.5°E. The climate is hot and humid with 

an average rainfall of 220 cm. The soil is of lateritic origin 

(Oxysol) with pH ranging from 5-7. Here jhum is practised chiefly 

by one of the tribes of Meghalaya, namely, the 'Garo1. 

(i) Cropping and yields in agricultural systems: 

Along with 'jhum' some sedentary rice cultivation and 

terrace cultivation on the hill slopes are also practised. The 

30 year jhum cycle (the fallow period before the land is again 

cleared) has advantage over the 10 or 5 year cycle, in that apart 

from higher yield, monetary output/input ratio under a 30 year cycle 

is comparatively more favourable. Further, the 30 year jhum cycle 

is advantageous over terrace cultivation as the latter needs heavy 

inputs of fertilizers. ?he main advantage of settled valley culti­

vation is the raising of crops consistent in yield year after year 
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from the same site. Ihe structure and some functional aspects of 

these agro-ecosystem types are discussed and compared. 

(ii) Energetics of agricultural systems; 

From an energetic point of view, a 10 year cycle is 

most efficient and the output/input ratio here is 43.50 compared to 

34.13 under a 30 year cycle and 23.66 under a 5 year cycle. Ener­

getics of jhum is also compared to with valley cultivation of tice 

as well as mixed cropping on terraces which was tried out as an 

alternative to jhum. Though the efficiency of valley cultivation 

is closer to a 5 year jhum cycle, it is self-sustaining year after 

year due to natural drainage of moisture and nutrients into the 

valley, the only energy input being in the form of labour which is 

cheap. The energy putput/input xatio for terrace cultivation is 

very low (6.0?) due to high fertilizer input into the system and 

also due to labour input for preparation of the land. The various 

inputs of energy and outputs in the form of agricultural products 

in the three agro-ecosystem types have be on worked out in detail. 

(iii) Soil fertility and its recovery....pattern: 

The fertility changes in agro-ecosystems where vegeta­

tion is removed by slash and burn procedures, the land is planted 

to mixed crops for one year, and then left to revegetate naturally 

for upto 50 years (forested fallow) before the entire cycle is 

Repeated, have been studied. A comparison has been made between 

three jhum cycles of 30, 10 and 5 years. Bepletion in soil carbon 

continued throughout the cropping period of one year and expended 

upto a 5 year fallow. This could be one of the reasons against a 
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short jhum cycle alongwith a similar pattern in depletion of nitrogen. 

Available phosphorus build up in the fallows also started only beyond 

a 5 year fallow period with rapid increase in 10, 15 and 50 year 

fallows. Cationic concentration in the soil also rapidly declined 

in the early phases of regrowth of vegetation. This decline was 

most pronounced for potassium due to the fact that Dendrocalamus 

ham-M tonii is a heavy accumulator of this nutrient. Since this 

bamboo species domxnates the fallow upto 20 years, potassium bnild 

up in the soil was observable only at this stage. It is suggested 

that this species plays an important role in conservation of this 

nutrient. In a 50 year fallow, low levels of calcium and magnesium 

were maintained with rapid depletion of both with depth which is in 

contrast to that of potassium and phosphorus. In general, short 

jhum cycles of 5 year permit only low levels of soil fertility with 

very poor recovery during the fallow period. The significances of 

these results are discussed, 

(iv) Hydrology and nutrient losses; 

Subsequent to slash and burn of the forested fallow and 

during cropping, the system loses its capacity to hold the nutrients. 

Various losses occur through wind blow of ash and also through 

increased run-off and percolating water. The chemistry of the ash 

and run-off and percolating water is related to the length of the 

jhum cycle due to the type of vegetation that is slashed and burnt. 

The run-off and percolation losses of water and sediment during 

cropping increased with shortening of the jhum cycle. Since percola­

tion losses are fairly high due to porous soil, terracing of land 
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as suggested by some as an alternative to jhum is not an ecologically 

sound one. Drastic reduction in losses of sediment and nutrients 

occured in a 5 $ad 10 year fallows. The shortening of the jhum 

cycle to 4-5 years has adversely affected the biogeochemical and 

hydrologic cycles. 

(V) Becondar.v succession, biomass. litter production and productivity: 

The secondary successional pattern of plant communities 

subsequent to jhum upto 50 year fallow and the biomass, productivity 

and litterfall patterns during succession upto a 20 year fallow 

period were studied. The early weedy colonizers vary depending upon 

the type of vegetation that is slashed and burnt and the seed 

source available in the soil depending upon weeding practices at the 

time of agriculture. Dendrocalamus hamiltaniif a bamboo species', 

dominates the fallow between 10-20 years which is replaced by more 

shade tolerant dicot trees. Succession was accompanied by increased 

species diversity, reduced dominance and increased net primary 

productivity. Total inventory of aboveground biomass increased 

linearly with age and attained maximum value of 147.59 m.ton/ha in 

a 20 year fallow. The rate of accumulation of biomass increased 

upto 15 years of secondary growth reaching a maximum of 8.95 m.ton/ 

ha/yr and declined in a 20 year fallow. The net primary productivi­

ty increased linearly with the age of the fallow reaching a maximum 

of 17.99 m.ton/ha/yr. Litterfall showed a singifleant positive 

correlation with the age of the fallow and total standing biomass 

of the fallow, reaching a maximum of 9.69 m.ton/ha/yr collected in 
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a 20 year stand. 

(vi) Nutrient cycling % 

Accumulation of bicslements, their rate of uptake and 

release through litterfall were measured in euccessional stands upto 

20 year. Concentration of nitrogen, phosphorus and potassium was 

higher in living biomass than in the litter. Dicot trees were found 

to be rich in calcium, bamboo (Dendrocalamus hamiltonii) in potassium 

and herbaceous ppecies in phosphorus. Phe total inventory of 

bioelements increased linearly with increase in the age of the 

fallow and attained a maximum level per hectare of 489 kg nitrogen, 

64 kg phosphorus, 13159 kg potassium, 440 kg calcium and 226 kg 

magnesium in a 20 year fallow. In this fallow §8 to 73 t of the 

various elements of budget were allocated to the bole compartment. 

Potassium was the most abundant element followed by nitragen. In 

fallows of 10 to 20 years, bamboo alone contributed iO to 45^ 

nitrogen, 44 to 49^ phosphorus, 54 to 60$ potassium, 16 to 19$ and 

34 to 39$ magnesium of the total budget. Maximum annual rate of 

accumulation of nitrogen (25.087 kg/ha) occured in 15-20 year, 

phosphorus (3.978 kg/ha) in 1 year, potassium (81.107 kg/ha) in 

10-15 year, calcium (28.504 kg/ha) and magnesium (12.499 kg/ha) in 

15-20 year fallows. Potassium showed the highest rate of accumula­

tion and it was 1.3 to 3.3-fold higher than that of calcium and 

magnesium collectively. Annual rate of nutrient uptake increased 

consistently with the age attaining a maximum rate between 15-20 

years. The enrichment ratio was maximum for phosphorus and potassium 
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indicating their fast rabe of conservation in the standing biomass. 

Maximum depletion of soil nutrient pool occured between 5-10 year 

of g£©wth period. Annual return of nutrients through litterfall 

increased with the age of the fallow showing maximum return in a 

30 year fallow, 

(vii) general, conclusions and consideration; 

On the basis of this study the various reasons against a 

short jhum cycle of 4-5 years have been quantified, it is also 

suggested that terracing is not an ecologically Viable alternative 

to jhum. In fact, in a situation as it exists in the north-eastern 

hill region which has a very high rainfall of over 200 cm in most 

of the areas reaching as high a value as 1350 cm per year at 

selected spots like Cherrapunji, most of which comes during the 

monsoonic period of 3-4 months, with very steep topography and with 

high percolation values due to extremely porous soil, cereal culti­

vation in any form should be avoided. THis is more true when one 

fealizes that much of the nutrient losses from the system occur 

during the parly phase of cropping at the time of sowing and before 

crop establishment and at the time of harvest when the plant cover 

is removed and the soil is again disturbed. Plantation crops like 

rubber, coffee or tea which have been tried with success on an 

experimental scale in selected areas and horticultural ccarps of 

various kinds for which this region is very well suited seems to 

be the direction in which the economy of thiLg tragi on shwldbe 

developed. ,,, _ JUSjlV* 
<t*M»y.. JV ~ __ 
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PREFACE 

This study was undertaken at Burnihat located 

at an altitude of 100m in the Khasi hills of Meghalaya in 

order to study the hill agro-ecosystems and more particu­

larly to measure the impact of slash and burn agriculture 

(locally called 'jhum') which is the predominant agricultural 

practice in the entire north-eastern hill region of India. 

A number of aspects like hill agro-ecosystem, 

structure and productivity and energetic efficiency have 

been studied and form., the topic of discussion in chapters 

1 and 2. This is followed in chaper 3 by the analysis of 

vegetation during secondary succession in jhum fallows with 

respect to its structure, biomass and productivity. Chapter 

4 deals with the detailed study of changes in nutrients in 

soil after burn and during cropping period of one year of 

jhum. This is placed in the context with the nutrient 

recovery patterns during forested fallow development upto 

an age of 50 years. Chapter 5 deals with hydrology and 

various types of losses of sediment and nutrients from agro-

ecosystem. It also deals with the hydrology and the losses 

from the ecosystem during development of the fallows. 

Chapter 6 concerns itself with nutrient cycling through the 

entire process of jhum upto a forested fallow period of 20 years. 



Vi 

The thesis starts with a General Introduction and is 

concluded with a Chapter on "General Considerations and 

Conclusions'*. The conclusions drawn afe chiefly based 

on the present studies. Apart from this general discussion, 

each Chapter has its own discussion of results and 

summary. The various chapters have been prepared keeping 

in view the eventual publication of papers in different 

journals. All literature cited in the text is brought 

together at the end. 

...*-) The various studies on jhum have been done 

particularly keeping in mind the impact of the shortening 

of the jhum cycle from an ecologically more favourable 

situation of 30 years to as short a period as 4-5 years, 

as a consequence of reduction in acreage and increase in 

population pressure. Thus, wherever feasible a 30 year 

jhum cycle has been compared and contrasted with a 10 and 

5 year cycle. 
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GEJHERA1 INTRODUCTION 

Slash and burn agriculture is practised on a 

wide range of apil types, slashing varied vegetational 

types, andi by people of widely different origin and culture 

that it shows great variations in the types of crops grown, 

the length of the cropping and fallow period, and the method 

of cultivation itself. But the system is universally charac­

terized by (1) partial or complete clearing of the vegetation 

by cutting and burning (2) cultivation of pure or mixed 

crops, and (3) the abandonment of the plot to fallow regene­

ration after the exhaustion of the soil fertility. A short 

period of cropping generally alternate&with a longer period 

of fallow with exclusive use of human energy for all the 

steps of the agriculture. It is one of the oldest of all 

the agricultural systems, which indicates that it must be 

or ha? been until recently, more or less in equilibrium 

with the environment. 

r It is frequently called as 'slash and burn' 

agriculture, though the term 'swidden' is preferred by some 

anthropologist^(Exwall, 1955)* The practice is also referred 

to by a number of local names, among which *milpa' from 

Central America, 'chena* from Ceylon, and 'xaingin' from 
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the P h i l i p p i n e s are common. In the nor th -eas t India and 

Bangaladesh, the system is c a l l e d as •Jamm1. The nomen­

c lature of the system has been thoroughly d i scussed by 

ConJclin (1957)* 

Regional d i f f e r e n c e s : 
* 

Of the three great cont inenta l reg ions of s h i f t i n g 

agr i c u l tu r e in the tropics, Afr ica is the l a r g e s t haying a 

great v a r i e t y of natural condi t ions and cu l tura l p a t t e r n . 

I t s t o t a l t r o p i c a l area o f 5 .75 m i l l i o n square m i l e s , under 

f o r e s t , woodland and savannah holds a populat ion of 104 

m i l l i o n wi th a dens i ty of 18 per square mile (Geurou, 1953 ) . 

Harroy (1949) and Worthington (1958) d i scussed s l a s h and 

burn agr i cu l ture aga ins t a wider background of the conser­

vat ion of natural resources of Afr ica , de Schlippo (1956) 

described mixed cropping on the border of the Sudan and the 

Congo prac t i sed by the Zande t r i b e . Here mixed crops 

including c e r e a l s (Bleus ine coracana. Zea mays. Penisetum 

tvohoidaa. flyrata sp) p u l s e s (Yigna unguicu la t* . Phaseolus 

S U S i i Phaseolus l u n a t u s ) . o i l seeds (Ara.ahi m hytflgfimt 

&LMMMWM. mxlmaiAlfi.) and s tarchy crops (MafliMl u ^ l i g s i m a , 

Ipornoea b a t a t a s . Bioscorea sp , Golocasia antiquerum) are 

common. 
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Nye & Greenland (1960) gaye a detail account 

of the system In erergreen and semi-deciduous forests 

in Africa. J)uring the dry season a patch of forest is 

felled, dry biomass is burnt and a mixture of crops is 

sown by dibbling. During the growth of the erop or 

slightly after it has been harvested starchy crops like 

Cassava (Manihot utilissima), Cocoyam (Oolocasia antiquorum) 

or Xanthosema sagitti folium) and bananas (Husa sp) are 

planted. Weeding is done twice or thrice during the 

cropping period. The dense mass of the developing secon­

dary forest is soon dominated by light loving species among 

which f'«»wga ftftarflpiaidea (the Umbrella tree), Trema 

gnjnenae and Maearanga barter! are often predominant 

after the fields are left to regeneration of fallows. 

According to them, regrowth of the vegetation is rapid and 

three years ©f cropping alternating with eight years of 

fallow often appear to maintain fertility in the semi-

deciduous forests, and 1-2 years of cropping is followed 

by about 10 years of fallow period in evergreen forests. 

Under savannah in Africa, the soil has to be more 

thoroughly cleared than in a forest to get rid of roots 

and rhizomes of grasses. In contrast to forest the land 

is without cover during the dry season and it is exposed 
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to the early rains for at l^ast four weeks before a fair 

©ever is formed. The intensity of the weeds is also high 

particularly if Imperata cylindrica is present. When the 

field is abandoned it is dominated by Pennisetum sp and 

Iaperata cylindrica if the weeding is -not proper. In a 

year or two the tall perennial grass Andrepogon gayanus 

appears and when in about 10 years this attains dominance, 

the land is considered fit to clear again. 

Tropical America which has an area of 5 million 

square miles, has received far less scientific study. Like 

Africa, the system is practised both in forest and savannah 

regions. Cook (1921) described •milpa* system of growing 

maize in Central America and concluded that 'milpa1 agricul* 

ture is a stable system if the intervals between successive 

clearing of the same land are very long and the forest has 

time to restore the land to its original condition. 

Carneiro (196Q) studied Kuikuru Indians of Central Bfazil, 

who subsist largely by the slash and burn agriculture of 

manioc (Hanihot sp). He demonstrated mathematically that 

under a system of shifting agriculture the Kuikuru have been 

able to remain permanently settled and they do not have to 

relocate their villages periodically because of soil 

exhaustion. Watters (1971) describes * eonueo* agriculture 
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in Venezuela. Cropping is primarily for subsistence and 

the chief crops are invariably maise and black beans. 

Inter-cropping is common, with a variety of annual crops 

and also semi-permanent ones (Yucca or quinehoncho)• 

Formerly stable 'cenuco£ system is now in a state of break 

down and shortening fallows (4-5 years) is the main cause 

for the breakdown. 

The tropics of Asia are unlike those of Africa 

and America in that the density of population is ten times 

more as compared to other parts of the world. However, 

most of the population live^on alluvial soils of the plains. 

Dobby (1950) estimated that one third of the total area used 

for cultivation in south-east Asia is under shifting agricul­

ture. However, this system is practised only in forest lands 

and supports a density of 16 individuals per square mile^. 

Much of these forests receive a rainfall of more than 200 cm. 

Conklin (1957) describes the *Hanunoo' system in the 

Philippines. Forests are felled in the dry months, and 

after burning and clearing a mixture of crops sometimes nearly 

40-50 are sown in the same plot with a ̂ tem of successive 

harvesting. 
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Mey (1978) studied shifting agriculture (*Jhmm«) 
t 

in Chicagong hill tracts of Bangaladesh* The seeds ef the 

hill fields consist ef 60-805* of paddy, the rest is cotton, 

corn and vegetables like pulses and gourds, sesamum and 

chillies* The yields of the '3 hum.1 plots are very lew due 

to shortening of the jhum cyele and the general economic 

situation of the farmers is bad* 

Bappaport (1971) gave a detailed account of •swidden* 
r ) 

agriculture of the Tsembaga in the central highlands of 

Papua ITew Guinea* In makings garden the Tsembaga prefer to 

clear secondary forests rather than primary forests* A 

fence is made to keep the pigs, both feral and domestic out 

of the garden. Trunks of the felled trees are utilized 

for this purpose* The Tsembaga can name at least 264 

varieties of edible plants, representing some 30 species* 

The staples are taro (Colocasia esculenta) and sweet potato* 

Other starchy vegetables such as yams, cassavas and bananas 

are of lesser importance. Sweet potatoes and cassavas are 

used as pig feed as well as for human consumption* Beans, 

peas, maize and sugarcane are also grown, along with a number 

of leafy vegetables like Hibiscus sp* The Tsembaga recognize 

the importance of the regenerating trees; they call them 
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collectively *duk mi1, or "mother of gardens" and do not 

destroy them during weeding. Swine husbandry is linked 

with the swiddening and both these provide the Tsembaga 

with, on the one hand, an adequate daily energy ration 

and, ©n the other, an emergency source of protein. 

In the north-eastern hill tracts of India, this 

practice is a source of support for 1.6 million tribal 

population. It is widely spread in Arunachal Pradesh, 

Meghalaya, Hizoram, Manipur, Hagaland, Tripura and seme 
Yr\\M.i6Vi 

parts of Assam over an area of Qŝ 2.GAhe ctarai (Mukerjee, 1975)« 

This practice locally called as 'Jhum' consists of cutting 

down the forests of various successional stages on the 

hill scopes in the months of December and January, allowing 

the slash to dy*p for a few months and burning the slash 

before sowing mixed erops of about 8-13 species. The land 

is utilized for one or two years and then left as fallow 

to regenerating forest. The Jhum cycle (the fallow period 

before the land is again cleared) is often short ranging 

from 4-5 years but longer cycles from 10-30 years are also 

rarely available. Short cycles have adversely affected-foe 

yield of erops, the quality of the environment both in 

terms of soil fertility and vegetation cover. 
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At higher elevation (above 300 m) of 

Meghalaya, the practice differs from the typical form 

at lower elevations, in many respects. Here the vegetation 

type is chiefly of Pinus kfeSty a. At the time of clearing 

the forest, only a partial felling is done in which only 

branches of the trees are felled and placed on the ridges 

of the prepared land which has ridges and furrows. Soil 

is put over the slash and a light burning is done and 

pure crop of potato, sweet potato, rice or maise is grown 

over the ridges sometimes there is mixing of these crops 

also. 2-3 erops of potato are taken in one year. The 

fields are used for 2-3 years and left as fallow for 5-10 

years. Due to low soil fertility, some organic manure and 

fertilizer are added to the ridges. 

Agro-eeosystem : 

Under slash and burn agriculture the fertility 

in the soil declines rapidly with successive Seasons of 

cropping and this results in decrease in the yields of the 

crops/. In humid forest regions the yield declines faster 

than in dry forests and savannah regions. Tondeur (1956) 

reported that in the forested regions of the Belgian Congo 

during the second cycle of rotation of rice, groundnuts 
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and cassara declined 76#, 86fi and 33^ respectively 

compared to the first cycle. Nye & Stephens (19651), 

on the basis of fertilizer trial in forest regions of 

Ghana showed that during the continuous cropping for 8 

years in the absence of fertilizers, the yield declined 

sharply but in the savannah zones of Ghana, on the average 

yields in the absence of fertilizers declined slowly. 

The yield of a second crop of maize in north Guatemala is•< 

often reduced to one half compared to the first crop 

(Popenoe, 1959). At Yambio Experiment Station, southern 

Sudan, yields of cotton, groundnuts and elmusine dropped 

sharply after 3 year's cropping (Anthony & Willimott, 1956). 

Weeds are the major cause of declining yield 

under slash and burn agriculture in many parts of the world 

and include Sanatorium adoratum in Thailand (Zinke et. alf 

1978) and TmDArata evlindriea in Sarawak (Freeman, 1955). 

Cutting si, ai, (1959) reported that the yield of maize in 

H^saland was 4284 kg/ha when weeded four weeks after 

germination, but attained only 3217 kg/ha when weeded six 

weeks after germination. Emerson (1953), describes the 

influence of weeds on the 'milpa' system in tropical America, 

in which successive crops of maize, mixed with beans, are 

grown. The second crop yields less than the first, probably 
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because it is more weedy and therefore farmers like to 

clear a fresh land than to continue cropping on the old 

plot* Conklin (1957) estimated that a Hanunoo farmer in 

the Philippines spends 300 man-Jgaurs per hectare in 

weeding the first year land cleared from primary forest 

and 600 man-hours on land cleared from secondary forest 

about 20 years old. In the south-east Asia, the forest 

often gives way to areas dominated by lalang (Imperata 

oylindrica var. major and such areas are useless for 

cultivation (001^11^1957-, Bedard, 1958). In Africa and 

America, the corresponding grasses Imperata cylindrica 

var. a-fricana and Imperata braziliensis are not so 

agressive and are rapidly replaced by other savannah 

species if left abandoned (Hye & Greenland, 1960). 

The shortening of the jhum cycle, in recent times, 

has increased the weed problem. Another reason for decline 

in yield of the crops under shorter cycles is the depletion 

of the soil of organic matter and deterioration of the 

soil physical conditions like water-holding capacity, 

cationic exchange capacity and miisrobial and faunal activities 

in the soil (Watters, 1971). 
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In no r th -eas t e rn India there is a great confusion 

regarding the y i e ld s of crops from h i l l agro-ecosystems* 

The Agro-economic Research Centre, Jo rha t , Assam, conducted 

surreys on jhum y ie ld of r i c e and concluded tha t the 

average y i e l d ©f 800-900 kg/ha in Garo h i l l s , ttizoram and 

Arunachal Pradesh is comparable to the average y ie ld of 

1145 kg/ha/yr l o r the country as a whole for 1971-1972. 

On the o ther hand, Jhe r i c e y ie ld under jhum in Tripura 

was repor ted to be around 1200 kg/ha/yr (Misra, 1976). 

In a reeent survey of the socio-economy of s h i f t i n g a g r i c u l ­

t u r e , Aurora et al (1977) eoneluded tha t the y i e ld s of r i c e 

under jhum and dry land c u l t i v a t i o n on t e r r a c e s are not 

s i g n i f i c a n t l y d i f f e ren t under comparable s i t u a t i o n s . A 

study of Burnihat (Sahu, 1978) on r i c e y i e l d gave year ly 

outputs under va l l ey c u l t i v a t i o n ©f 3428 kg/ha, under t e r r ace 

c u l t i v a t i o n 738 kg/ha and with jhum of 853 kg/ha. According 

to a repor t of the Indian Council of Agr icu l tu ra l Research 

(Borthakmr et a l , 1978) the y i e l d under jhum is very low 

(190 kg/ha) compared to t e r r a c e c u l t i v a t i o n (I860 kg /ha ) . 

Unfortunately none of these s tud ies specify the f e r t i l i s e r 

inputs under t e r r ace c u l t i v a t i o n nor do they ind ica te the 

jhum p a t t e r n , the cycle of which determines the y i e l d . None 

of these study e i t h e r specify whether y i e l d s from other crops 
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are included in the final figure. 

In recent times, there has been a renewed 

interest in the energetic efficiency of slash and burn 

agriculture due to energy shortage in the present times. 

Data on the energetics of slash and burn agriculture is 

rather scarce* Bappaport (1971) provides relatively 

complete information on the energy expenditure of the 

Tsembaga people of new Guinea highlands* According to 

him, the farmers obtained an average of 16 food calories 

for each calorie of human energy employed during farming 

which may go upto 20 under more favourable conditions* 

Modern agriculture is highly unstable and has many environ­

mental repercussions; it is highly inefficient from an 

energy point of view as 5-10 calories of fuel energy is 

required to produce a single calorie of food energy 

(Steinhart & Steinhart, 1974). Prom the energy point of 

view, shifting agriculture seems to be the best evolved 

system for forested areas in tropics and sub-tropics 

(Coaklin,,^?} Hye & Greenland, I960). Bamboo (1978) 

taking the energy data of Bappaport (1971) calculates that 

if the fire energy is included as an input then the output/ 

input rati© may drop to 0.11 which is in comparable range 

of efficiency of modern agriculture. Ihiring the calculations 
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he has, however, ignored many products of the fallow 

which form a great souree of energy t© the farmers. 

Forested fallows : 

When the cultivated land is abandoned, its 

vegetation passes through several secondary successions^, 

communities, but rarely reaches the climatic climax before 

the land is again cleared. Richards (1952) made a fine 

survey of secondary successions in the moist evergreen 

forests of Afriea. The first phase of the succession is 

dominated by weeds which are short lived and are replaced 

by shrubs and later oa by trees. . loung secondary forests 

tend to be even aged and are often dominated by a single 

species; the first dominants may form a single generation 

community which dies without reproducing itself and is 

followed by communities with other dominants. In Kigeria 

and much of the Congo Basin, for example, the secondary 

succession is often dominated by the umbrella tree 

(Busanga ceeropioides). This is a fast growing shade 

intolerant species with a high potassium eontent that dies 

out after about 20 years and is unable to regenerate in its 

own shade. Detailed studies of the early stages of 

succession after slash and burn agriculture have been made 
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ihn%(1958). Clayton (1958) studied the succession on the 

abandoned farmland around Ibadan in western Nigeria and 

reported a wide range of vegetation over a relatively small 

area. In all these cases, the details of the successional 

pattern depend on the degree of cropping and exhaustion of 

the land, and the type of the soil. 

Savannah in Africa consists of ecologically 

dominant stratum of more or less xeremorphic herbaceous 

species, of which grasses and sedges are the principal 

components; rire-resistant shrubs, trees and palms are some­

times also present. The density of the woody growth varies 

greatly according to the intensity of cultivation, the method 

of clearing and the severity of the annual burn (Nye & 

Greenland, I960). 

A variety of reproductive and growth strategies 

are adopted by successional species, among which stump, root 

and rhizome sprouts and invasion through seeds are common. 

Salisbury (1942), Hayashi & Humata (1968) and Raynal & Bazzaz 

(1975) discussed the role of high seed production in early 

stages of succession. The early species may be considered as 

most closely approaching a purely exploitive strategy, which 

enable them to become dominant in abandoned fields temporarily 
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enriched with nutrients and radiant energy (Grime, 1974j 

Harper & White, 1974; Marks, 1974). The species that follow 

in the later phases of succession have fewer and larger seeds 

and a long vegetative phase (Harper & White, 1974; Bormann 

& Likens, 1979) and could be considered representative of 

the conservation strategies. 

Detailed studies on succession, in temperate 

regions, have shown that following dominance by a few 

species early in the seres, there is an overall increase in 

species number with time. Numerous studies of the tropical 

successienal vegetation (Kenoyer, 1929; Boss, 1954; 

Sarmkhan, 1964; Kellman, 1970; Law son e_t al, 1970) suggest 

that while the overall species richness is greater in 

tropical successlonal communities, the rate of increase in 

species richness is not basically different from that of 

temperate communities. Another important but least under­

stood aspect of successlonal communities is the relationship 

between diversity, energy flow and age of the community. 

There seems to be considerable confusion related to diversity, 

productivity and stability. A general model of community 

structure and function has been developed (Margalef, 1958a, 

b, 1961, 1969; Woodwell & Smith* 1969) with two basic 

approaches to evaluate stability: (i) the persistence of 
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eertain species combinations through time and (ii) the 

ability of the community t© resist environmental perturba­

tions. However, ar few of the generally accepted hypotheses 

have been experimentally tested (Odum, 1969)* 

Sail fertility : 

The long term success of slash and burn agri­

culture depends upon the recovery and maintenance of soil 

fertility. If the nutrient lost or displaced during the 

short period of cultivation are approximately balanced by 

those replaced during the fallow period, the system could 

continue indefinitely. The maintenance of soil fertility 

in hot, humid and high rainfall areas is a serious problem 

and is more severe in situations when the cycle becomes 

short, due to poor recovery of soil fertility and increased 

intensity of weed competition. This in turn results ia 

reduced erop #.eld under short jhum cycles (Nye & Greenland, 

1960; Watters, 1971). 

When the forests are cleared and the debris 

is burnt, all the cations are released on the surface 

soil as ash. Heavy losses of carbon, nitrogen and sulphur 

occur due to volatilizatio^T during the burn (Sye & Greenland, 

1960; De Las Sales & Polster, 1976). For phosphorus there 



M 

are no obvious mechanisms of volatilization hut the 

matter has not been closely studied. Lloyd (1971) 

reported high loss of total phosphorus due to burning 

but Allen (1964) and Vire (1974) reported no losses on 

account of this. Large proportion of the ash liberated 

after the burn is blown-off by the wind. 

After the burn and during cropping period loss 

of organic matter from the soil due to decomposition is 

likely to be faster due to higher insulation and also due 

to rapid surface run-off. Joachim & Kandiah (1948), ITye 

& Greenland (1960), Zinke et al (1978) and Jha et al (1979) 

reported a net loss ©f carbon after a year of cropping. 

Juo & Lai (1977) estimated a requirement of 16 ton/ha/ 

yr of dry plant material to be added to the soil under 

slash and burn agriculture in order to maintain soil orga­

nic matter in the surface soil at a level comparable to 

soil under secondary forest, as the rate of decomposition 

is faster under continuous cropping. The depletion of 

organic matter depends upon the intensity of cropping, 

type of the fallow vegetation and the ratio of the cropping 

to the fallow period. With optimum cropping (1-2 years) 

and fallow period (8-10 years), the humus in the soil 

could be maintained at a relatively high level even after 
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many years of shifting agriculture (Coulter, 1950; Birch 

& Friend, 1956; Hye & Greenland, 1964), Similar to carbon, 

there is also a net loss of nitrogen after cropping compared 

to that before burn. Nitrification after the burn is shown 

to be accelerated due to high microbial activity, due to 

rise in pH and temperature of the surfaee soil (Griffith, 

1949; Moore & Jaiyebo, 1963; Ahlgren & Ahlgren, 1965). The 

increase in nitrification after the burn has also been attri­

buted to the removal of chemical inhibitors (Reed, 1951; 

Smith et al, 1968; Rice, 1974). 

Nye & Greenland (1960) have reviewed a large 

number of fertilizer trials carried out in many parts of 

Africa with the main crops grown by shifting cultivators and 

have shown that on forest soil, whether oxysols or echrosols, 

responses to nitrogen have been small after fallows lasting 

ten years or more, but large on land more intensively 

cropped with only short fallows. The effect of phosphate 

fertilization varied with soil type, but in many places amall 

responses have been obtained in first year of cropping and 

larger responses in subsequent years. Response to potash 

has very commonly been obtained after short fallows or on 

land that has been cropped for a number of years. 
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Deforestation has a major impact on both the 

amount and relative proportions of water, dissolved substances 

and particulate matter lost from the system* Moreover, the 

total concentration of cations in the soil solution depends 

upon the total concentration of anions. A high level of 

nitrate ion due to increased 'biological activity* (Ahlgren 

& Ahlgren, 1965; Wells, 1971) after burning balances a 

corresponding concentration of nutrient cations in the soil 

solution and therefore heavy losses through water occurs 

(Bormanufii al, 1963; Lewis Jr., 1974). 

The losses of water* nutrients and sediment are 

highly reduced when the land is reverted to the fallow. 

Under fallows in the deciduous and semi-deciduous forest 

zones, although there will be relatively large amounts of 

nitrate in the soil, leaching will be restricted both by the 

uptake of anions by the vegetation, and because the trans­

piration of a larger proportion of the rainfall will reduce 

through percolation. In the wetter evergreen forest zone 

where precipitation is high (over 200 cm), percolation is 

bound to occur, but leaching losses will be restricted, not 

only by the absorption of anions by vegetation but also by 

low nitrate levels in the soil, since nitrification will be 

limited by high acidity. Losses also depend upon the nutrient 
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status of the soil. Ecosystems with nutrient saturated 

soils would lose relatively more of their nutrients than 

those with nutrient depleted soils (Jordan e_t al, 1972)* 

Per example, the northern hardwood forests (Likens e_t al, 

1977) in which a large proportion of the nutrients is in 

the soil in exchangeable form would lose a relatively larger 

quantity out of it than tropical rain forests as in these 

forests most of the nutrients are tied up in the bioaass 

(Odua, 1971; Jordan et, al., 1972) and mineral soil has very 

low nutrient content (Went & Stark, 1968)• 

The depletion of various nutrients in soil 

continues in the early successional stages. The transfer of 

ntttrients from sub-soil to top-soil probably does not begin 

until after the first year or two of fallow; during this 

initial period the top-soil is further depleted by leaching 

and by the uptake of nutrients by the regenerating vegetation, 

which has few active roots in the sub-soil at this stage* 

Popenoe (1959) showed under regenerating forest fallow in 

Guatemala that there was an initial depletion of the surface 

soil, after which the level of cations rose in the top 3 em, 

and fell in the layers below, as the vegetation developed. 

Valentine (1976) also reported rapid depletion of soil with 

exchangeable cations upto 7 years of the regeneration burn in 
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south-western Australia. Zinke e£ al_ (1978) also made 

similar observations with the 'Lua* forest fallow system 

in Thailand. 

mnwa.Raf Productivity and Litterfall : 

A sharp increase in the aboveground biomass 

occurs during secondary succession. According to Lugo 

(1973) maximum biomass value for tropical forests is 

approached in about 30 years at a level of 250 m.ton/ha 

where as in the temperate forest in northern hardwoods of 

USA, after clear-cutting the living biomass rises to a peak 

of 490 m.ton/ha in about 170 years only (Bormann & likens, 

1979). While according to Margalef (1968), Odum (1969), 

Whittaker & Woodwell (1972) a steady-state for biomass 

immediately follows the attainment of the peak during 

succession, according to Bormann & Likens (1979) this is 

reached only after a transition period of more than 100 years. 

In any case, a steady-state for biomass is reaehed over a 

shorter time period in the tropics than in the temperate 

forests. The rate of accumulation of biomass is faster in 

the early stages of succession but may decline in the 

subsequent years. Snedaker (1970) reported maximum rate of 

increase of biomass of 19.23 m.ton/ha/yr upto 7 years in 

lowland forests in Izabel, Guetamala. Bartholomew e_t al 
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(1953) reported a maximum rate of 26.6 m.ton/ha/yr in a 

new forest of Musanga eecropioides upto a period of 5-8 years. 

However, the rate of biomass accumulation during succession 

also depends upon the type of vegetation established and 

other environmental conditions. Tropical forests as a whole, 

with a mean annual net primary productivity of 21.6 m.ton/ 

ha, exceeds temperate forests, averaging 13.0 m.ton/ha and boreal 

forests averaging 8.0 m.ton/ha (quoted by Lugo, 1973). 

Jordan (1971) reported values of 5.4 m.ton/ha/yr for a 3 

year old successional forest and 10.3 m.ton/ha/yr for old 

rain forests in Puerto Rico. In an oak-pine forest in New 

York, net primary productivity (Holt & Woodwell, quoted by 

Whittaker, 1975) increased to a fairly stable level in the 

meadow stage of succession and increased more steeply through 

the shrub and the young tree stage to 12 m.ton/ha/yr in 

the oak-pine forest of 44-45 years age. Mellinger & Mc 

Naughton (1975) showed a contrasting trend where over a 30 

year period during succession in old fields in central New 

York, there was a decrease in average net productivity. 

During development of vegetation, a part of 

the nutrient is stored in the vegetation and part is returned 

to the surrace soil by rain wash irom leaves and twigs, 

by litter and twig fall, and in the form of dead roots and 
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and root exudates. The soil humus is increased during 

fallow period, chiefly as a result of litter. Helatively 

high value of litter production is found in the secondary 

successional communities compared to the mature ones 

(Mitchell, cited by Bray & Gorham, 1964; Ewel, 1976). 

This is because of the fast rate of development of the 

community in the early successional stages. 

Nutrient cycling : 

The information on the chemieal content of 

tropical vegetation has been summarized by Sodin & Bazile-

vich (1967); studies of the dynamics of mineral cycling 

include those of Laudelot & Meyer (1954), Greenland & 

Kowal (1960), Nye (1961), Dommergues (1963), Bozanov & 

Hozanova (1964))0dum & Pigeon (1970), Odum (1970), Stark 

(1970) and Golley e_t al (1975). While the information is 

quite limited, eertain patterns are nevertheless suggested 

by these studies: (i), the uptake and return of nutrients 

may be greater per year in tropical, forests than in other 

type of vegetation (ii), a larger proportion of the entire 

chemical inventory of the system is held in the vegetation, 

(iii), in tropical forests the percentage of the vegetation 

in green parts, the proportion lost per year as litter, 

and the rate of decomposition of the litter are greater 
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than in temperate forests, (iv), the rate of uptake is 

strongly influenced by the rate of evapotranspiration. 

The average concentration of elements in the 

vegetation of tropics is shown to be higher in the second-

growth than in the mature forests (Grolley et_ aJL, 1975) 

because of their high requirement of nutrients. Potassium 

is more abundant of all the elements in the early 

successional forest but calcium tends to be more in mature 

forests (Bartholomew et_ al_, 1953; Golley e_t al, 1975). 

Mineral cycling probably varies with the nutrient 

supply to the system, with the time available for the 

system to develop on the site and also the environmental 

conditions* fhe accumulation of nutrients and their release 

through litterfall increases with the age of the fallow and 

becomes stabilized in mature forests. The type of soil 

may also play a great role, as for e.g., the soil in 

certain Amazonian forests (Stark, 1971 a,b; Klinge & 

Hodrigues, 1968 a,b) are podsols which contain low quantities 

of nutrients and have low exchange capacity. As a consequence, 

concentration of nutrients in plants are much higher than 

in the soil and the elements released from the litter are 

rapidly taken mp by the plants; the litter is also low in 

nutrients than in other forests (Klinge & Bedrigues, 1968b). 
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The Amazon ease has led Stark (1971a) to propose a direct 

nutrient cycling hypothesis whieh states that on poor 

Amazon soils nutrients are transported from dead organic 

matter by mycorrhizal fungi directly to living plant roots 

without appearing in the soil solution. 

Misra (1972) presents data on tropical dry 

deciduous forests near Varanasi, India. The annual rainfall 

where this forest grows in India is 70 to 80 cm and 

distributed in a short period. The turnover of the nutrients 

in the blomass is rapid (p, 44 years; Oa, 20 years; and H, 

70 years). Apparently in this environment availability of 

water is the major limiting factor to forest production and 

because of the environmental conditions the amount of 

nutrients that can be incorporated into the biomass is 

relatively small and these are conserved by rapid cycling 

between the biomass and sustrate. 

A complete destruction of forests under slash 

and burn agriculture disrupts the mineral cycling, because 

the system loses its ability to hold the nutrients. The 

development of the regulatory functions depend upon the 

reestablishment of biotic compartment which in turn regulates 

the uptake of nutrients and water, nutrient storage, 

decomposition, nitrification, mineralization and erosion. 
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Rapid recovery of these ecosystem character is t ics are 

promoted by temperature, moisture, and nutrient conditions 

favourable to plant growth (Likens et, a l , 1978). 

The present study attempts air detailed analysis 

of agro-ecosystem structure and function with respect t© 

cropping and yield pattern and also^Sne energetic efficiency 

of the different s lash and burn agriculture cycles (Jhum 

cycles) at a lower elevation of the Khasi h i l l s of 

Meghalaya at Burnihat (located at 26 .ON and 91.5°E) 30C 

km. north of Shillong.4-'30,-10 *»ud 5 year ĥum cycles wero 

compared between themselves as well as with terrace 

cul t ivat ion and valley cult ivat ion of wetland r i c e . 

Immediately prior to burning the slash and through 

the f i r s t year of cropping, the nutr ient ava i lab i l i ty in 

the so i l , the pat tern of loss of water, sediment and nutr ients 

through run-off/leaching wetealso studied. These studies 

were continued through various stages of development of 

fallows. 

<3)The development of secondary communities was 

analysed in de ta i l with respect to species composition, 

biomass accumulation, l i t t e r f a l l and productivity. On the 

basis of the above studiesAon the basis of detailed nutrient 

analysis of the different compartments of the developing 

ecosystem, the nutrient cycling pattern was worked out. 



CHAPTER 1 

CROPPING AND YIELDS IN AGRICULTURAL 
SYSTEMS OF THE NORTH-EASTERN HILL 
REGION OF INDIA. 
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CROPPING AND YIELDS IN AGRICULTURAL SYSTEMS OP THE 
NORTH-EASTERN HILL REGION OP INDIA 

INTRODUCTION 

Lower e l e v a t i o n s o f the n o r t h - e a s t e r n h i l l r e g i o n 

of I n d i a a r e c h a r a c t e r i s e d by mixed s u b - t r o p i c a l humid 

f o r e s t t y p e s and t r a d i t i o n a l l y have two t y p e s of a g r i c u l ­

t u r a l sy s t ems , namely ( i ) s l a s h and burn a g r i c u l t u r e , 

l o c a l l y known a s jhum, and ( i i ) r i c e c u l t i v a t i o n i n v a l l e y s 

and f l a t l a n d s between the mountainous s l o p e s . In r e c e n t 

t i m e s , t h e r e has been an a t t empt by governmental a g e n c i e s 

to d i s c o u r a g e s h i f t i n g a g r i c u l t u r e and to provide t e r r a c e d 

l and fo r c u l t i v a t i o n a long the h i l l s l o p e s . This form o f 

a g r i c u l t u r e n e c e s s i t a t e s heavy i n p u t s o f f e r t i l i z e r s t o 

c o r r e c t t he poor n u t r i e n t s t a t u s o f t he s o i l s which a re 

o f l a t e r i t i c o r i g i n . 

The p r e s e n t s tudy s i t e a t B u r n i h a t in the Khasi 

h i l l s and about 90 k/»f.north of Sh i l long is l o c a t e d a t 

26°N and 91.50°E. The s o i l is r e d , sand y loam and of 

l a t e r i t e o r i g i n . The pH ranges from 5 to 7. Angle of 
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the slopes genera l ly range from 20° to 40° . The rainy 

season extends from May to September during which 90$ 

of the annual average r a i n f a l l of 220 Cm occurs . Maximum 

temperature and humidity is a lso a t t a ined at the t ime. 

There is a mild winter during December - February and 

temperatures begin to r i s e during March and Apri l ; t h i s 

is l a rge ly a dry per iod . The three d i f f e ren t a g r i c u l t u r a l 

systems at Burnihat at an e leva t ion of 100 m. in Meghalaya 

are t y p i c a l of the pa t t e rn at lower e leva t ions in the 

no r th -eas t e rn region . The t r i b a l populat ion engaged in 

t h i s form of ag r i cu l t u r e are the 'ffaros*. 

There is some confusion regarding the y i e l d of 

crops from h i l l agro-ecosystems in the no r th - ea s t e rn Ind ia . 
- E C o 

The Agronomic Research Centre, Jo rha t , Assam, conducted 

surveys on Jhum y i e l d of r i ce and concluded tha t the 

average y i e ld of 800-900 kg/ha in ffaro h i l l s , Mizoram and 

Arunaohal Pradesh is comparable to the average y i e l d of 

1145 kh/ha/yr for the country as a whole for 1971-1972. 

On the o ther hand, the r i c e y ie ld under jhum in Tripura 
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'was r e p o r t e d to be around 1200 k g / h a / y r (Mis ra , 1976) . 

In a r e c e n t s tudy of the socio-economy of s h i f t i n g 

a g r i c u l t u r e , Aurora e_t a l , (1977) concluded t h a t t h e 

y i e l d s of r i c e under jhum and dry land c u l t i v a t i o n on 

t e r r a c e s a re n o t s i g n i f i c a n t l y d i f f e r e n t under comparable 

s i t u a t i o n s . A s tudy of Burn iha t (Sahu, 1978) on r i c e 

y i e l d gave y e a r l y o u t p u t s under v a l l e y c u l t i v a t i o n o f 

3428 k g / h a , under t e r r a c e c u l t i v a t i o n 738 kg /ha and w i th 

jhum of 853 k g / h a . According to a aspor t of t h e I n d i a n 

Council of A g r i c u l t u r a l Research (Bor thakur ejfc a l , 1978) 

the y i e l d under jhum is very low (190 kg /ha ) compared to 

t e r r a c e c u l t i v a t i o n (1860 k g / h a ) . 

Unfo r tuna t e ly none of t he se s t u d i e s spec i fy the 

f e r t i l i z e r i n p u t s under t e r r a c e c u l t i v a t i o n no r d o they 

i n d i c a t e the jhum p a t t e r n , the cycle of which de te rmines 

t h e y i e l d . None of t h e above s t u d i e s spec i fy whether 

y i e l d s from o t h e r crops a r e inc luded i n t h e f i n a l f i g u r e s . 

The p r e s e n t s t u d i e s have t h e r e f o r e a t t empted an o b j e c t i v e 

comparison of the v a r i o u s sys t ems . 

METHODS OF STUDY 

For s t u d i e s of the jhum system, f i e l d s t h a t had 

30, 10 and 5 y e a r c y c l e s were s e l e c t e d . Mixed cropping 
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was done only for one cropping season after slash and 

burn in all three fields. The data presented for different 

jhum cycles refer to mixedAin the first season after sowing. 

The differences in the composition of the crop mixture 

under different jhum cycles are due to differences in the 

mixtures' sown. Thus, the farmer tends to emphasize cereal 

and grain crops under long jhum cycles whereas they 

emphasize leaf and vegetable crops or tuber and rhizomatous 

crops under shorter jhum cycles. Fields with valley and 

terrace cultivation were also selected in the same area. 

When selecting the fields, care was taken to ensure that 

they were subject to minimal disturbance from wild animals 

like monkeys, wild pigs and elephants which are common 

in the area. 

Since weeding was done in a l l the f i e l d s , the weedts 

c o u l d _ n o t b e c o n s i d e r e d for vege ta t iona l ana lys i s , only 

the crop mixtures ra i sed were analysed soon a f t e r a weeding 

but when majority of the crops had a t t a ined maximum 

vegeta t ive growth in «Tuly but j u s t before the harvest 

of Zea mays and Se tar ia i t a l i c a . Thus, the vege ta t iona l 

ana lys i s is based on the ind iv idua l s of the d i f f e r en t 
alone Gomt<-b«tii'v,«, -Iwt. C t w w w i i ' L . TVu- v*^MOVt4 Dto^A 

cropsA in the jhum f i e l d s were analysed for frequency, 

densi ty and cover using 1 m quadra t s . The imp:ft>/;ance 
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value index (I V I) values were calculated based on 

relative frequency, relative density and relative basal 

area of the crop species and are based on 20 quadrats 

per field (Misra, 1968; Kershaw, 1973). Plant spread 

is a measure of the average ferial spread of the shoot 

of a given species and $ cover is expressed on the basis 
A, 

of the t o t a l S e r i a l spread o f the i n d i v i d u a l s o f t h a t 

s p e c i e s and is a measure of p l a n t abundance (Kershaw, 

1973) . 

For a l l c r o p s , the biomass and economic y i e l d 

per p l a n t were de termined in the f i e l d from the average 

of 15 p l a n t s pe r p l o t . Tho biomass and economic y i e l d 

per p l a n t wore dotormined in the field*-from thp average 

of 15 p l a n t s p e r plot-» The biomass and economic y i e l d 

p e r h e c t a r e in a l l cases watoe. c a l c u l a t e d on the b a s i s of 

the y i e l d from the e n t i r e f i e l d . Labour i n p u t s in man 

hours for a l l o p e r a t i o n s were c a l c u l a t e d . The t o t a l 

economic y i e l d was conver ted i n t o rupees on the b a s i s 

of p r e v a i l i n g market p r i c e s . Labour charges fo r male 

and female ffafa hours were c a l c u l a t e d on the b a s i s of 

p r e v a i l i n g d a i l y r a t e s o f R s . 7 / - and R s . 5 / - r e s p e c t i v e l y . 

DESCRIPTION OF AGRICULTURAL SYSTEMS 

Jhum ag ro -ecosys t em: 

S lash and burn a g r i c u l t u r e l o c a l l y known as 'Jhum' 
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is extensively prac t i sed by the t r i b a l populat ion of the 

h i l l areas in the nor th -eas t e rn region of Ind ia . This 

p rac t i ce cons i s t s of cu t t ing down the fo res t at various 

s tages of development on the h i l l s lopea }allowing the s l ash 

to dry for a few months and burning it before stropping for 

one or two y e a r s . The fallow period before the land is 

again cu l t iva ted is often short ranging upto four or five 

years but in the t r a d i t i o n a l type when the populat ion 

pressure was not so grea t the cycle may be as long as 

20-30 yea r s . (/Ramakrishnan et al 1980;\Bamakrishnan & Tgky, 

1978). 

This p r a c t i c e is a lso prevalent a t lower e leva t ions 

of Meghalaya, as for example at Bu'rnihat, s imi l a r to tha t 

in o ther p a r t s of the no r th -eas t e rn h i l l region with respect 

to : ( i ) topography with c u l t i v a t i o n being done on s lopes 
o 

of 20-40 , ( i i ) s o i l type which is a red sandy loam of 

l a t e r i t i c o r i g i n ( i i i ) climate with high r a i n f a l l of a 

mo$nsoonic nature followed by a dry winter and a b r i e f warm 

summer supporting a mixed s u b t r o p i c a l humid f o r e s t . ( iv ) 

J hum cycle which is usua l ly a short one of four to five years 

but very r a r e l y may be of longer durat ion of 10-30 y e a r s . 

The average s ize of a jhum p lo t v a r i e s from 1.0 to 2.5 

hec t a re s . The average family cons is t s of two a d u l t s and 
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three to four children. 

During the winter months (December-January) the 

undergrowth is slashed and small trees and bamboo are 

felled. The. boles of the larger trees are not felled; 

only the lower branches are cut down. Short stumps of 

the trees are left intact and underground organs of 

different species are not disturbed. This is the most 

laborious task of all the agricultural operations and is 

sometimes completed by two or three families working 

together. Only men take part in this operation. 

Before the onset of monsoon, towards the end of 

March or beginning of April, the dried debris is burnt 

in situ. Before burning, a fire line is cleared around 

the field. Burning is often repeated to destroy any unburnt -

material which is first collected in heaps. A bamboo hut 

is built for temporary living and the presence of the 

family protects the field from wild animals. 

The seed mixtures used for different jhum cycles may 

vary considerably. Cereals constitute the major component 

of the seed mixtures under long jhum cycles whereas pere­

nnials and tuberous crops are important under short jhum cycles. 

Some 8 to 13 crops species are .sown together in the same 

field. 
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Seeds of pulses, cucurbits, vegetables and cereals like 

Setaria italioa are mixed with dry soil from the sites, in 

order to ensure their uniform distribution and broadcast 

immediately after the first burning. All unburnt debris is 

heaped and burnt for a second time. Maize seeds are 

dibbled at regular intervals amongst other crops. Similarly, 

rice is sown into the crop mixture by dibbling using a 

long stick after the first rainfall, during mid April. 

Semi-perennial and perennial crops such as ginger, coloca-

sia, tapioca, banana and castor are sown intermittently, 

and at random, throughout the growing season. The leaves of 

Bleinua communis are used for rearing young silKworm cater­

pillars. The leaves of some dicot tree species also may be 

used for this purpose but for feeding older caterpillars. 

Fallows, after clearing and burning, are utilised only for 

one year except when a garden of banana, pineapple or orange 

is maintained after the first year of mixed cropping. 

Weeds pose a great problem with the starting of 

the rainy season in April and May. They comprise root 

sprouts, rhizome sprouts and stump sprouts, tree seedings, 

grasses and herbs. Under the long jhum cycle the problem is 

not as severe as those under short jhum cycles where many 

weeds particularly Imperata cylindrica which keep sprouting 
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from underground rhizomes and are difficult to 

eradicate (Bamakrishnan & Taky, unpublished). Though 

Eupatorium odoratum is also an important weed, frequent 

slashing keeps it under control during the cropping 

season. Hand hoeing is usually done twice (3-4 times 

under short cycles) during the cropping season mainly 

by women. 

Valley land agro-ecosystem: 

Unlike jhum cultivation, valley land agricul­

ture is a monoculture of rice. Further, this is a 

sedentary and settled form of agriculture. Two crops 

are taken annually from the same land, because the land 

is comparatively fertile, due to nutrient wash otiL± 

from the hill slopes, and does not need added fertilizer. 

Field preparation for the first crop is done in February-

March, seedlings are raised in nursery beds in the month 

of March, transplanted in the beginning of April, and 

crop harvesting is completed by end of July or early 

August. Immediately after the first harvest the fields 

are again prepared and seedlings already raised in 

nursdry beds are transplanted with harvesting completed 

by October-November. Subsequently the land is fallowed 
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between November and March. The operations of weeding, 

transplanting, harvesting, threshing, etc. are all done 

manually by both male and female members of the family. 

Preparation of field is done either manually or by using 

bullocks controlled by male members only. 

Terrace land agro-ecosystem: 

In order to discourage farmers from jhum 

cultivation, bench-terraced land prepared by the local Soil 

Conservation Department was provided free to local farmers. 

However, because only about 200 hectares of land was terraced, 

this form of farming is uncommon. Terraced farming is 

similar to jhum cultivation in the use of mixed cropping. 

As many as 14 crops may be raised together 

and harvested sequentially. A major difference from the 

jhum system concerns the heavy input of fertilizers, initially 

provided free by the local Soil Conservation Department but 

with the cost now borne by the farmers. 

RESULTS 

Table 1.1 shows the mixtures and relative 

importance of crops sown under 30,10 and 5 year cycles. 

In the sites that were studied, cropping was done for one 

year only after which the land was left a fallow. During 

the cropping year, under the long 3 hum cycles (30 year) 
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Table 1.1 

Phytosocioloqy of c rops under 30 , 10 and 5 year jhum cyc les 

30 yr 1Q yr 
Frequency Q£) 

Oryza s a t i v a 

Sesamum indicum 

2ea mays 

S e t a r i a i t a l i c a 

Phaseolus mungo 

Ric inus communis 

100 

80 

80 

90 

5 

20 

100 

35 

25 

30 

-

— 

5 yr 
Density (p l an t s / i m 

30 yr 10 yr 5 y r 
Basal area (m ) ( iwV.J^) 

30 yr 10 y r 5 yr 30 yr 10 yr 

100 

5 

15 

15 

8.60 

1.10 

1.80 

2.10 

0.10 

0.20 

12.20 

0.50 

1.50 

0.50 

1.50 

0.05 

0.15 

0.20 

52.92 

1.45 

4.78 

0.85 

0.01 

1.90 

23.90 

1.41 

1.75 

0.18 

3.22 

0.12 

0.15 

0.07 

163.62 

28.27 

38.17 

36.85 

1.86 

8.97 

175.49 

19.93 

23.35 

14.93 

5 y r 

114.20 

4.54 

13.22 

14.79 

r-f 

n 
CD 

4J 

•a 

ro, 
0) 

Hibiscus sabdarif^a 10 

Hibiscus escu len tus -

Capsicum f ru tesence -

gjLagenaria l eucan tha 10 
y 

5 Cucurbi ta maxima 

iCucumriis s a t i v a 10 
l 

"lomordica c h a r a n t i a -

IUSE sapientum -
CD 
£= 

oftanihot e scu l en t a 
IL 

•H 

K p o l o c a s i a antitjjprum 5 

Z i n g i b e r o f f i c i n a l i s 5 
©I 
XI 

•s 

20 

10 

5 

5 

20 0.10 

10 

10 

10 

5 

30 

10 

15 

0.15 

0.05 

0.15 

0.05 

0.15 

0.05 

0.20 

0.10 

0.05 

0.20 

0.20 0.53 

0.-15 

0.18 

0.10 

0.20 

• ~ 

0.39 

0.10 

.0.20 

0.21 

0.08 

0.21 

0.16 

1.97 

0.10 

0.75 0.80 

0.14 

0.02 

0.18 

3.84 

0.01 

f . ^ B 20.34 

0.74 0.74 

3.61 3.50 

3.69 

1.63 

3.69 

1.75 

5.21 

1.66 

10.70 

4 .75 

2.24 

3.59 

19.66 

4.73 

21.57 

6.27 

12.28 

-

95.44 

11.00 

26.95 
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cereals constitute the major component of the crops sown 

usually with an admixture of pulses and vegetables. Under 

the five year jhum cycle, seasamum, leafy vegetables, 

semi-perennial and perennial crops predominate. In the 10 

year cycle, cereals are sparsely sown with greater emphasis 

on semi-perennial and perennial crops. Under all the «jhum 

cycles, rice has the highest importance value index 

(I V I) followed under a 30 year cycle, by maize, Setaria 

italica and Sesamum indicum. The next important crops are 

maize, banana and sesamum under a 10 year cycle, and under 
f 

a 5 year cycle are banana, Hibiscus sabdarif̂ a and colocasia. 

Although rice has the greatest 17 1 value under all the 

three situations, its importance relative to basal area/m 

was much reduced under 10 and 5 year cycles compared to that 

under a 30 year cycle. The number of crops sown was reduced 

with the shortening of the jhum cycle from 13 under a 30 

year cycle to 8 under a 5 year cycle. 

A multistoreyed crop canopy develops, with pere­

nnial crops such as cassava, banana and castor occupying 

the top layer, cereals constituting the middle layer and 

cucurbits and legumes forming the lower most stratum. The 

average plant spread which is one of the indices for plant 

vigour and is also indicative of growth habit reaches a maximum 
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for perennials which are widely scattered in the field. 

The average plant spread of some of the leaf and fruit 

crops like Hibiscus sabdarifa improved under short 3hum 

cycle. However, the average plant spread for all the 

cereals was maximum under a 30 year cycle anLwas 

figantly reduced with the shortening of the jhum cycle. 

Rice and maize showed high ground cover values under 30 

and 10 year cycles with Musa sapientum and Hibiscus 

sabdariĵ a having high percent cover under a 5 year cycle. 

Setarja italica and 2e_a_ mays are the first crops harvested 

in mid July. After harvesting the grain, the reminder of 

the plants are slashed. Rice is harvested during September. 

Harvest from Cucurbits starts early July and comtinues into 

September. The root and rhizomatous crops such as Cassava, 

ginger and colocasia are harvested during October-November. 

Castor and banana are retained for a longer time and are 

harvested during January-February (Table 1.2). 

The total biomass (root and shoot) obtained 

from grain and seed yielding crops under a 30 year jhum 

cycle was 2.5 and 20.5 times more than that under 10 and 

5 year respectively. The total biomass from leafy and 

fruit vegetable crops was maximum under a 5 year jhum 

cycle and it was 2.8 and 24.5 times more than under 10 and 



Table 1.2 

Crop vigour (with S.E. values) and harvesting pattern under 30, 10 and 5 year jhua cycles. 

Crop Species 
Average plant height(Cm) 
30 yr 10 yr 5 yr 

0r#za sativa 

Zea mays 

T3 
<D 
CD m 

•H 
d 
C5 

Phaseolus mungo 

130 
+3.9 

Sesamum indicum 187 
+4.5 

Setaria italica 183 

Ricinus communis 292 
+5.8 

101 95 
+2.5 +3.5 

189 193 
+3.5 +2.8 

214 221 
+4.6 +3.9 

170 
+2.5 +3.0 

216 
+3.8 

165 
+2.8 

Average plant spread(m ) Ground cover {jo) 
30 yr 10 yr 5 yr 30 yr 10 yr 5 yr 

0.20 
+0.006 

0.24 
+0.005 

0.56 
+0.013 

0.11 
+ .004 

6.13 
+ .007 

5.07 
+0.320 

0.07 0.05 
+0.002 +0.002 

1.45 1.32 
+0.014 +0.012 

0.50 0.23 
+0.010 +0.006 

0.09 
+ .002 

0.06 
+0.002 

35.8 

5.5 

21.2 

4.8 

0.2 

21.3 

23.3 

20.7 

21.3 

1.2 

3.7 

3.2 

1.6 

0.5 

_Time of harvaat 

Early September 

Early October 

Mid July 

Mid July 

Early October 

Jan - Feb 

f 
Hibiscus sabdarifa 165 

+3.8 

CD 
H 
,Q 
a 
+> 
CD 
Mi 
CD 
> 

+> 
•H 

U 
PH 

=« 
«H 
03 
CD 
Hi 

Hibiscus esculen- -
tus 

Capsicum frute-
sence >,"*"' 

Legenaria leucan- -
tha 

Cucurbita maxima -

Cucumis sativa 

Momordica charan- -
tia 

u 
CD 

121 
+2.8 

112 
+1.5 

76 
+1.8 

Zingiber 
officinalis 

50 
+1.8 

132 
+2.9 

Musa sapientum 

Manihot esculenta 203 
+5.0 

Colocasia anticorum 115 
A +1.5 

204 
+5. 

249 
+5.5 

112 
+1.3 

8 
285 
+4.9 

243 
+3.5 

106 
+1.6 

0.73 
+ .017 

0.75 
+0.021 

0.55 
+0.024 

0.50 
+0.019 

1.44 
+0.018 

1.08 
+0.035 

0.06 
+0.002 

1.67 
+0.034 

0.40 
+0.009 

0.11 
+0.010 

0.88 
+0.027 

1.82 
+0.040 

1.5 

0.25 
+0.009 

4.58 
+0.194 

1.19 
+0.015 

0.01 
+0.001 

t 

r 
4.63 | 
+0.198" 

0.83 
+0.010 

0.01 
+0.001 

2.3 

0.5' 

1.5 

1.5 

3.4 

0.1 

9.5 

1.1 

0.1 

5.0 

18.0 

1.0 

13.0 68.7 

3.3 

0.1 

4.0 

0.1 

Early December 

Early November 

Early October 

Early September 

Early November 

Early September 

Early September 

Jan - Feis 

Early November 

Early November 

Early October 
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30 year cycles respectively. The biomass obtained from 

tuberous and rhizomatous crops under the 10 year cycle 

was almost twice the output of the other two cycles. The 

dry weight yield per plant for grain and seed yielding 

crops was best under a 30 year cycle and it was much 

reduced in 10 and 5 year cycles. The yield per plant of 
.f 

Hibiscus sabdarif̂ a was higher in a 5 year jhum cycle, 

whereas Musa eapientum did best under a 5 year cycle. Of 

the tuber and rhizome crops, Manihot esculenta gave higher 

yield per plant under a 10 year cycle whereas Golacacia 

anticuprum did well under a 30 year cycle (Table 1.3). 

Maximum economic yield per hectare for rice, maize and 

Setaria italica was obtained under 30 year cycle, the 

reduction in the economic yield of grain and seed yielding 

crops was 48$ and 98$ under 10 and 5 year cycles respectively. 

However, the total economic yield of leafy and fruit 

vegetables, and tuberous and rhizomatous crops was higher in 

5 and 10 year jhum cycles than under a 30 year cycle 

(Table 1.4). -

Similarly the economic yield per plant for grain 

crops was much reduced in 10 and 5 year jhum cycles in 

comparison with the 30 year cycle. The seed yield per 

plant in sesamum was found to be higher under 10 and 5 year 



, Table 1.3 

Mean plant weight and biomass of crops (with S.E. value) under 30, 10 and 5 year jhum eyeles. 

Crop specxes 
30 yr 

Root Shoot 

Dry wt.yield/plant (gf 
10 yr 

Root Shoot 
5 yr 

Root Shoot 

•H 

o 

°8 

vi 

m 

H 

+» 

> 

•H 

u 

°8 

a 
CD 

Oryza s a t i va 

Sesamum indicum 

Zea mays 

Se ta r ia i t a l i c a 

Phaseolus mungo 

Ricinus communis 

•f 

Hibiscus sabdar i fa 

Hibiscus esculentus 

Capsicum frutesen-ce 

Lagenaria leucantha 

Sucurbita maxima 

Cucumis s a t i va 

Momordica charan-
t i a * 

Musa sapientum 

14.1+1.2 88.5+5.6 2.2+0.2 20.0+2.5 3.5+1.5 25.4+3.0 

14.8+2.0 138.0+8.8 20.5+3.0 327.3+15.0 15.0+3.0 300.8+12.5 

13.5+0.9 185.6+11.6 7.5+0.9 108.1+8.8 5.8+0.5 90.8+8.0 

3.3+0.4 34.1+2.8 2.5+0.3 24.2+1.8 2.5+0.2 20.5+1.8 

0.5+0.1 38.0+3.1 -

65.5+4.3 498.1+24.2 -

23.0+1.7 300.9+20.5 36.0+2.8 588.5+30.0 45.0+3.2 615.8+25.2 

7.5+0.8 88.5+4.6 - . 

3.4+0.4 7.6+0.9 

2.0+0.2 126.2+8.6 0.9+0.2 65.6+5.2 -

5.4+0.5 175.2£10.5 -

0.4+0.1 32.4+3.0 -

1.0+0.2 11.0+2.6 -

30 

Root 

1213 

163 

243 

69 

1 

yr 

Shoot 

7614 

1519 

3342 

716 

38 

10 

Root 

268 , 

103 

113 

13 

_ 

yr 
Shoot 

2440 

1637 

1623 

121 

_ 

Roo 

53 

8 

9 

5 

M 

5 

t 

yr 

Sh©G)t 

381 

150 

136 

41 

131 996 
(1820) (14226) (497) (5821) (75) 

90 3 

3 

3 

1 

301 

-

-

189 

88 

48 

72 

8 

2 

2 

-

« M 

1177 

89 

4 

131 

-

—• 

(708) 

1232 

825.0+67.8 3350.0 1108.4 
+256.8 +?2.4 

3825.0 
+260.2 

- 2 17 -

825 3350 3325 11475 

(30) (627.) (911) (4768) (3415) (12707) 

u 
CD 

en 

Manihot esculenta 678.0+32.5 626.0 1351.7 960.1 
+25.5 +58.5 +48.5 

Oolocasia anticuo- 222.6+13.8 28.4 186.5 13.4 
rum ~ +1.4 +10.3 +0.8 

690.0+ 
3318" 

110.3 
+6.5" 

620.0+22.8 339 313 

12.5+0.8 334 43 

1352 

373 

960 

27 

690 

221 

620 

25 

Zingiber 
officinalis 

19.0+0.7 8.0 
+0.4 

10 4 
(683) (360) (1725) (987) (911) (645.0) 

Values in parentheses are totals of each category, 



Table 1.4 

Comparison of mean economic y i ^ l d ( w i t h S.E.va lues) of crops under 30 , 10 and 5 year jhum cyc les . 

, Y i e l d / p l a p t T o t a l y i e l d 
( k g / h a / y r 

•30 yr 10 yr 5 y i 30 yr 10 y r 5 y r 

•H CD 
n cn 

(25B5.2J (1338.7) (129.5) 
' * < 

•H 

P H 
b-X> 

*ra 
<& - P 

*m 
ci- cn 
arm 
to > 

Hib iscus sabdarif^a 34.3+1.9 69.7+2.8 48.0+2.3 

H ib iscus esculentus ~ 50.0+2.7 

Capsicum f ru tesence - 1.8+0.2 -

Lagenar ia Leucantha, 93.3+4.0 4 0 . 2 + 2 . f 

Cucurb i ta maxima 124.6+_4.6 

Cucumis s a t i v a 10.4+0.4 - ~ 

lomordica cha ran t i a - 3.0+0.2 

»lusa sapientum - 105.0+6.5 162.6+7.8 

44.3 

140.0 . 

62.3 I 
I 

15.7 , 

139.4 

50.0 

0.9 

80.5 

96.0 

( 2 6 2 . 3 ) : 

u, a 
0) N 

XI -H 

h a n i h o t escu len ta 678.0+32.5 1351.7+58.5 690^0+33.8 339.0 

147.0+5.8 90.0+3.4 259*6 Colocasia antinprum 73.1 l+3.1 

4.5 

105.0 

(380.3) 

1351.7 

294.0 

H H {Z ing iber o f f i c i n a l i s 19.0+0.7 9 . 5 

(608.1)* (1645.7) 

488.0 

(584.0) 

690.0 

180.0 

(870.0) 

_. _ Cocoon C s i l l<) 
^) o JPupae ^(without cocoon) 
m 3 i 

4.2 } 
0.2 

Values in parentheses are t o t a l s of each ca tegory . 

Mo is tu re 
content 

Dryza s a t i v a 

Sesamum indicum 

Zea mays 

S e t a r i a i t a l i c s 

3haseolus mungo 

R ic inus communis 

13.5+0.6 

40.6+2.4 

42.8+2.8 

9.2+0.3 

10.0+0.4 

2.5+0.2 

3.1+0.3 

108.1+3.7 

26.5+1.5 

4l.6"+0.2 

-

— 

4.4+0.3 

50.0+2.6 

20.0+1.2 

4.2+0.1 

-

— 

1161.0 

446.0 

770.0 

193.2 

10.0 

5 .0 

378.2 

540.5 

397.0 

23.0 

-

-

66.0 

25.0 

30.0 

8 . 5 

-

-

19.5 

7 . 3 

15.0 

17.0 

25.0 

12.0 

75.0 

65.0 

80.9 

93.0 

90.5 

91.9 

81.5 

77.5 

59.1 

79.0 

51.9 

2.0 
89.5 
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jhum cycles than under a 30 year cycle (Table 1.4). 

In valley land agriculture rice yielded 3710 

kg/ha/year (1880 kg/ha for the first crop and 1830 kg/ha 

for the second crop). In the terrace system, the yields 

(JI *9 
of rice, maize and vegetable crops were generally good. 

Amongst the tuberous crops, Manihot esculenta gave high 

yield (Table 1.5). 

Table 1.6 gives the calculated labour costs of 

the different types of agriculture. In the case of terrace 

cultivation fertilizer cost comes to Rs.800.00 per ha, 

but the labour cost for terracing has not been included 

in Tab}.e 6. The input in terms of rupees for cultivation 

under a 30 year jhum cycle is very close to that under 

terrace cultivation and for raising a single crop under 

valley cultivation. The input for cultivation under a 

5 year jhum cycle is the least, one third of that under 

a 30 year cycle; the 10 year cyjle is intermediate between 

the other two. It may be noted that maximum input goes 

into raising two crops under valley cultivation and hence 

the output/input ratio is lowest for valley cultivation. 

DISCUSSION 

Mixed cropping is very common in shifting agricul-. 

ture in different parts of the world (Schlippe, 1956; 



Table 1̂ 5 

Economic yield of crops under terrace ctaltivationt. 

CO 

St 

•8 « 

38 
CO > 

Crop species 

Cocoon (silk) 

Fopae (without cocoon) 

Total yield 
kg/Wyr 

< ^ ^ 

dryza sativa 
Sesasun iridic tm 
Zea nays 
rkaseolus mango 
Ricinua comaunis 

955;0 

20^5 
144.0 

?io 
&i0 

Hibiscus sabdarifa 
A 

Cucurbita aaxlaa 
MoMordica charantia 
Fkaaeolus vulgaris 
Hose sapLentua 

Manikot esculenta 
Cplocasia antic^ru* 
Zingiber officinalis 
Curcuna long a 

9&Z5 

95.0 
9*5 

15.0 
180J9O 

13081^ 
9€)$0 

22.0 

16$3 

4.0 

0% 



Table 1.6 

Monetary input-output (RrfSJ/ha/yr) into jhum, terrace and valley agriculture systems. 

_ 

Input 

Outpujb 

Net gain/ 
loss 

Output/ 
Input 

. JZQJZZ 

a6i6 

5586 

2970 

2.13 

Jkum 
10 yr _ 

1830 

3354 

1524 

1.83 

5 2£ . 

896 

1690 

794 

f.88 

Terrace 

2542 
(4544) 

3658 

1116 
(-886) 

1.43 
(oteo) 

I crop 

2602 

2820 

218 

1 . Uo 

Valley. 
II crop 

2241 

2745 

504 

1.22 

I & II crop 

4843 

5565 

722 

t;i4 

Values in parentheses indicate values for the f irst year of terrace cultivation^ 
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Conklin, 1957; Nye & Greenland, 1960). Mix crop 

cultivation is accompanied by successive harvesting 

of the different crops. The crops may be planted 

simultaneously as in the present case, and in the 

Philippine where as many as 40 or 50 crops are 

planted at the same time (Conklin91957), or root 

crops may be planted after the harvest of cereals 

as in the forest zones of Ghana (Nye & Greenland.1960). 

In mixed cropping under Jhum, several crop 

species with diverse growth habits, root system and 

mineral nutrient requirements enable optimum use of 

the available space and resources. An extraordinarily 

large leaf area index is possible because of the 

storeyed disposition of foliage. The multistoreyed 

canopy also protects the land from excessive soil 

eraeion and leaching. Multiple cropping provides 

an 'insurance policy* to the cultivators because some 

crops are likely to giveva good return even if there 

is partial or complete failure of other crops. F̂urther, 

the farmer manages to get all his diverse requirements 

in cereals, vegetables and tuber crops from the same 

site. The juxtapositioning of so many cerops tends to 

minimize the incidence of pests and disease. The pre-
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planting burning also ensures control over Jgts and 

other harmful insect pests. 

The successive harvesting of crops also confers 

some advantages. Thus after harvesting maize and Setaria 

jtalicaf rice gets more space at the peak of its growth 

period. Successive harvests of cereals create additional 

space for the remaining semi-perennial and perennial crops 

which also get organic matter and nutrients from the decay 

of plant debris. This practice also ensures a more even 

distribution of labour. 

In the past, a 20 to 30 year jhum cycle was usual 

in the entire north-eastern hill regions of India. This 

ensured the development of a good forest cover and adequate 

recovery of the soil -vith respect to nutrient status 

(Ramakrishnan & Toky, 1978; Ramakrishnan et, al, 1980). 

Now, because of higher population densities the cycle is 

often as short as 4-5 years. The decline in grain and seed 
o 

yield that has fallowed may partly be because of aggressive 

weeds like Eupatorium odoratum and Ifnperâ a cvlindrica and 

partly from insufficient recovery of the soil's nutrient 

status. A fallow period lasting a minimum of 10 years is 

needed for natural elimination of weeds like Eupatorium 
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odoratum and Imperata cylindrica. The weed problem 

related to yield under different jhum cycles is currently 

receiving ô jSr attention. 

Weeds are major cause of declining yield under 

slash and burn agriculture in many parts of the wotld and 

include Eupatorium odoratum in Thailand (Zinke et al_, 1978) 

and Imperata cylindrica in Sarawak (Freeman, 1955). 

Cutting e_t al (1969) reported that the yield of maize in 

01/ , 

Nŷ saland was 4284 kg/ha when weeded four weeks after 

germination but attained only 3217 kg/ha when weeded six 

weeks after germination. 

Five years is not sufficient time to restore the 

chemical fertility and improve the physical conditions of 

the soil. • Bamakrishnan & Toky (unpublished) have shown 

that the first 10-15 years of fallow growth results in 

rapid depletion of nutrients by developing vegetation; the 

release of nutrients held in the living biomass starts only 

in after about 15 years of fallow period. High rainfall 

and steep cultivated slopes caii.se much loss of nutrients 

during cropping particularly with the absence of crop 

cover at sowing and during crop establishment and after 

harvest (Toky & Ramakrishnan, unpublished). According 

to Watters (1971) short fallow systems have led to declining 

http://caii.se
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harvests in three main staple crops in Yenezuala; maize 

decreased from 803 kg/ha to 640 kg/ha and Yucca and be*n 

productions fell 60# and 100$ respectively. On the other 

hand, the high yields of Sesamum, tapioca, banana and 

leafy vegetables under a short ahum cycle may arise 

because of rapid initial growth giving quick cover which 

also shades out weeds. Further, deep and extensively 

branched root systems ensure efficient use of available 

nutrients. 

Settled valley cultivation is tenable in the 

north-eastern hill region, both from economic and ecological 

viewpoints. It depends upon natural inflow of nutrients 

into the valleys from the adjoining hills. Even so the 

rice yield per crop is not more than 1880 kg/ha and the 

system does not include all the other crops grown under 

the j&um system. The economic viability of 30 year jhum 

cycle becomes more apparent when one considers the earning 

capacity of the farmer under these two systems. Two crops 

of rice under valley cultivation are equivalent to one 

mixed cropping under a 30 year jhum cycle. Labour input 

into valley cultivation is significantly higher than under 

jhum cultivation because of the care and effort that goes 
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into ploughing and other preparations of the land and 

the need for frequent weeding; all these operations 

are done twice a year to raise the two crops. The main 

advantage of valley cultivation is the raising of crops, 

consistent in yield year after year from the same site. 

Under terrace cultivation the yield is very 

low in relation to inputs of labour and fertilizer. 

The monetary output is comparable to that from a 10 year 

jhum cycle. However, the first year of terrace cultivation 

gave an output/input ratio of less than one because of 

the heavy labour needed for terracing the site. In sub­

sequent years the ratio is still lower than the ratio 

for jhum cultivation but higher than that for valley cul­

tivation. However, the valley cultivation ratio includes 

family labour for land preparation and weeding. The 

fertilizer input to terraced cultivation is as much as 

60 kg. of N, 30 kg of ?20g and 30 kg of KgO per year. 

Thus the results presented here and those as 

yet unpublished indicate that the long jhum cycle are 

viable but the short cycles cannot be sustained both 

ecologically and also economically. Terrace cultivation 

as advocated by the agricultural Scientists also cannot 



52 

be sustained economically because of heavy inputs and 

also on ecologic considerations. Our hydrological studies 

show that even if run-off losses are checked due to 

terracing, infiltration losses may contribute to as much 

as 50# of the water lost from the system (lamakrishnan 

et alf 1980). Valley cultivation is sustainable on both 

ecologic and economic considerations. 

SUMMARY 

Shifting agriculture locally known as jhum is 

the predominant form of agriculture used by the local tribe 

along with some valley rice cultivation and terrace cul­

tivation. The structure and some functional aspects of 

these three agro-ecosystem types are discussed and compared. 

The 30 year jhum cycle has advantage over the 10 or 5 

year cycle, in that apart from higher yield, monetary 

output/input ratio under a 30 year jhum cycle is advan­

tageous over terrace cultivation as the latter needs heavy 

inputs of fertilizers. The main advantage of settled 

valley cultivation is the raising of crops consistent 

in yield year after year from the same site. 



CHAPTER 2 

STUDIES ON ENERGY BUDGET IN SOME 
AGRO-ECOSYSTEM TYPES OP NORTH­
EASTERN HILL REGION OP INDIA. 
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STUDIES ON ENERGY BUDGET IN SOME AGIO-ECOSYSTEM TYPES OP 
NORTH EASTERN HILL REGION OF INDIA 

INTRODUCTION 

Increasing agricultural yields of the last half century 

was possible through industrialisation of agriculture, invol­

ving large fuel energy subsidies, sophisticated chemical 

control and high yielding crop varieties. Such an agriculture 

system requires a ten-fold increase jLn^fertiligers, pesticides 

and horse power to double the erop yield. However, modern 

agriculture is highly unstable and has many environmental 

repercussions. Such agricultural systems are efficient in 

terms of human time and labour but are highly inefficient 

from an overall energetic point of view as from five to ten 

calories of fuel energy is required to produce a single calorie 

of food energy (Steinhart & Steinhart, 1974). An underdeveloped 

society cannot possibly afford expensive auxilliary energy 

inputs into agricultural systems under present economic situa­

tion. The obvious inapplicability of such systems as a model 

for development in an energy limited world has led to renewed 

scientific interest in traditional systems of agriculture as 

presumably offering greater ecological efficiency. In parti­

cular, shifting or swidden systems of cultivation have been 

held up as a model of productive efficiency where from five 
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to fifty food calories are obtained for each calorie of 

energy msed in production (Bappaport, 1971; Steinhart and 

Steinhart, 1974). 

In north-eastern India, slash and burn agriculture 

is a predominant form of agriculture and forms the source 

of livelihood for nearly ,t.6 million tribal population. 

This practice locally called as •Jhum' consists of cutting 

down the forests of various suecessional stages on the hill 

slopes, allowing the slash to dry for a few months and 

burning the slash before sowing mixed crops. The land is 

utilised for one or two years and then left as fallow to 

regenerating forest. The jhum cycle (the fallow period before 

the land is again cultivated) is often short ranging upto 

4-5 years but in the traditional type the cycle may be as 

long as 20-30 years as was the case when the population 

pressure was not so great (Samakrishnan & Toky, 1978; 

Bamakrishnan e_t al.^1920). 

Besides this, intensive rice cultivation is also 

done in the narrow valleys and flat lands between the 

mountainous slopes. Two crops of rice are annually taken, 

one between March and August and the second between August 

and November. The land is left as fallow during the winter 

months. Such an intensive rice cultivation is possible due 

to enrichment of the soil by nutrients washed down from the 
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h i l l y s lope*/ In recent times, there has been an attempt 

by governmental agencies to discourage jhum cult ivat ion 

along the h i l l slopes and provide bench-terraced land to 

the farmers. Jhum and valley cult ivat ions are t rad i t iona l 

practices which represent the natural subsidised solar 

powered agr icul tura l systems. These systems are completely 

different from highly foss i l fuel subsidized agr icul tural 

systems of the more developed society. The only source of 

external energy is man power, and sometimes bullock power 

is also used as in valley cul t ivat ion. Traditional pract ices 

may provide the best base on which to develop effective 

production systems with minimum fuel subsidies. The survival 

of human population depends upon such agro-ecosystems that 

are stable and more productive. 

The energetie aspect of t r ad i t iona l agriculture in 

India has not been studied except for a recent one by Mitchell 

(1979). Such a study on slash and burn agriculture and other 

agro-ecosystem as practised t rad i t ional ly or in recent times 

has not at a l l been understood. The aim of the present study 

is to analyse energetics of jhum and valley cult ivation as 

is done t rad i t iona l ly and to make comparisons between them 

and to contrast these with more recently introduced terrace 

cul t ivat ion. These three systems are available at Burnihat 

in the Khasi h i l l s (26°.0 N & 91.5® E) and.are practised by 

one of the local t r ibes namely the 'Garos*. The area supports 
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mixed humid forests with an annual average rainfall of 220 

em. The terrain is hilly with steep slopes (angle ranging 

from 20° to 40°). The average siae of the plot varies 

between 1.0 to 2.5 ha. for jhum, about 2 ha. for terrace 

and 0.2 to 0.3 ha for valley cultivation for an average 

family of two adults and three to four children. 

METHODS OP STUDY 

Jhum sites with 30, 10 and 5 year cycles were selected. 

Mixed cropping was done only for one year in all the three 

sites. Sites with valley and terrace cultivations were also 

selected in the same area. While, selecting the sites*: care 

was taken to ensure that the jhum areas had the same topo-

graphic conditions and all the sites were subjectAleast 

external disturbances due to wild animals like monkeys, 

wild pigs and elephants which are so common in the area. 

The economic yields in all cases were measured in the field. 

The total hours required by male, female and bullock for 

completing the various operations were calculated and conver­

ted into horse power (H.P. hours) by multiplying the number 

of hours of use of each source with the corre/sponding horse 
/ 

power. It was assumed t h a t one adul t man developed 0.100 

horse power, one adul t female 0.075 horse7 power and a pa i r 
/ 

of bullocks developed 1.000 horse power/ Horse power hours 
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were conver ted i n t o k i l o - c a l o r i e s , assuming t h a t one horse 

power is equa l to 640 k i l o c a l o r i e s of ene rgy . The i n p u t s 

o f seeds i n a l l t h e d i f f e r e n t ag ro -ecosys tems and t h e 

i n p u t o f f e r t i l i z e r i n t e r r a c e c u l t i v a t i o n weAe conver ted 

i n t o I c . e a l s . o f energy by m u l t i p l y i n g the v a r i o u s q u a n t i t i e s 

o f seeds and f e r t i l i z e r w i th the s t a n d a r d c a l o r i c v a l u e s 

g i v e n i n Table 2 . 1 . For c a l c u l a t i n g t h e ou tpu t o f energy 

under the t h r e e types o f sys t ems , the t o t a l economic y i e l d 

of the v a r i o u s erops was conver ted i n t o k . c a l . of energy by 

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

c rops as g iven in Table 2 . 1 . The energy e f f i c i e n c y of each 

system was c a l c u l a t e d a s the o u t p u t / i n p u t r a t i o . 

RESULTS 

Energy budget in Jhum agro -ecosys tem : 

Bes ides s o l a r power, man power is the on ly source of 

energy in jhum c u l t i v a t i o n . Among a l l the a g r i c u l t u r a l 

o p e r a t i o n s , c l e a r i n g the u n d e r b r u s h v e g e t a t i o n and f e l l i n g 

t r e e s and bamboos is the most energy r e q u i r i n g o p e r a t i o n 

which is completed l a t e s t by the end of J a n u a r y . Sometimes 

t h i s t a s k i s completed b y t h e j o i n t e f f o r t s o f 2 -3 f a m i l i e s 

p a r t i c u l a r l y when t h e jhum p l o t is l a r g e r . Under a 5 y e a r 

jhum c y c l e , t he t o t a l energy expended in t h i s o p e r a t i o n was 

7488 k . c a l . / h a and i t was 8.2 and 10 .8 t imes more in 10 and 

30 y e a r jhum c y c l e s re spy., compared to a 5 y e a r c y c l e . 



Table 2 . 1 . 
Caloric value for different components u t i l i zed in the agro-ecosystem 

(values expressed as dry wt. caloric equiv. ) 

Category Av.energy values 
(k.calJkg ) 

Nutritive k . ca l : 
1Grains 3,898 

Pulses 3,887 
i 

Sesamum 6,36$ 

•^Castor 6,212 
1 Leafy v e g e t a b l e s 3,291 
1 R o o t s & t u b e r s 3,292 
1 P r u i t s 3 ,570 
2Pupae 5,852 
2 Co coon ( s i l k ) 4 ,824 

P r o d u c t i o n c o s t : 
3N 18,400 

3K„D 

Gopalan e t a l . , 1976 

2Nakano & Monsi, 1968 

3 P i m e n t e l et . a l . , 1973 

3,335 

2 ~ 2 ,310 
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Under 5, 10 and 30 year jhum cycles, the energy expended 

for this operation alone formed 11.2^, 46.15* and 41.8# 

respy. of the total energy required for all the agricultural 

operations during the year (Table 2.2). 

The next step is burning the dried up slash. It 

is done during the last week of March. Burning is an 

important step in jhum cultivation. Burning not only disposes 

off all the plant debris but also liberates the mineral 

nutrients and improves the physical conditions of the soil 

for future crops. Much energy is not expended for the burning 

operation. It may be noted here that burning may be done 

twice under 10 and 30 year jhum cycles. The first barning 

involves easily combustible slash but large trunks of wood 

may have to be heaped up and burnt once again to complete the 

process. Under a 30 year 3hum cycle the energy involved in 

burning was estimated to be 6,720 k.cal./ha which was nearly 

the same under a 10 year cycle. Inn a 5 year cycle, however, 

since plant biomass is chiefly due to weedy herbs and a few 

shrubs, one burning was sufficient and hence the energy 

expended was almost l/10th of the other two jhum cycles 

(Table 2.2). 

After burning and with the onset of monsoon, a 

mixture ©f 8-15 crop species is sown simultaneously. Cropping 



Table 2.2. 

Energy inputs (k.eal./ha/yr) for agriculture under different jhum cycles 

Agricultural operation Energy input (k.cal./ha/yr) under jhum 
30 yr 10 yr 5 yr cycle 
cycle cycle 

A.Labour input (total): 

Clearing under Storey vegetation 

Felling trees & bamboos 
Collection of debris & burning 

Dibbling, broadcasting & 
Transplantation 

Hut Construction 

Weeding 

Watching of the field from wild 
animals 

Rearing caterpillars 

Harvest 

Transportation 

Threshing 

Shelling 

B.Seed input 

C.Total energy input into the 
system 397,860 311,268 241,177 

193,728 

26,112 

55,040 

6,720 

6,144 
,3,584 

S, 448 

11,968 

18,880 

24,640 
35, 84 

11,712 

16,896 

204,132 

135,872 

31,424 

30,080 

4,608 

6,720 

3,584 

10,112 

11,968 

-

26,112 

2,048 

3,776 

5,440 

175,396 

66,560 

7,488 

-

640 

6,720 

3,584 

11,520 

10,688 

-

22,720 

1,600 

640 

960 

174,617 
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is usually done for one year after which the land is left 

as fallow. Under a long jhum (30 year), cereals constitute 

the major component usually with some pulses, fruit and 

leafy vegetables. The seeds of all the crops account for 

an energy input of 204, 132 k.cal/ha. Under short jhum 

eycle (5 year), sesamum, leafy vegetables, semi-perennial 

and perennial crops are emphasized, cereals being sparsely 

sown and with an input of 174, 617 k.cal./ha. through seeds. 

Under a 10 year jhum, the cropping pattern was intermediate 

between the other two cycles, with an input of 175,396 k. 

cal/ha. through seeds. Under jhum cultivation, seeds form 

the major input of energy which forms 51.3#, 72.4# and 56.3# 

of the total energy expended under 30, 10 and 5 year jhum 

eycles respy. (Table 2.2) The seeds of sesamum, Setaria 

italica. pulses and cucurbits are broadcast, maize and rice 

are sown by dibbling, cassava through stem cuttings and 

banana, eolocasia and ginger through transplanting the 

rhizomes. They are all energy demanding operations and it 

was estimated that the energy expenditure on this account 

was 6144 k.eal./ha. under a 30 year jhum cycle, and 6720 

k.cal./ha. under 10 and 5 year jhum eycles. 

Weeding is another energy consuming task, perform 

performed by the women folk. However, the total energy 
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expenditure was minimum under a 30 year cycle, and it 

accounted for 8,448 k . c a l . / h a . for two weedings during 

the cropping per iod . Under 10 and 5 year cycles , weeding 

is more labor ious and the energy expended for two 

weedings, increased 1.2 and 1.3-fold under 10 and 5 year 

cycles respy. as compared to a 30 year cyc le . Under 

shor t jhum cycles , Imperata cy l ind r l ca with i t s extensive 

underground rhizome was a ser ious problem along with 

Eupatorium odoratum and t h i s would expla in high energy 

expended in weed con t ro l . 

Harvesting extends over a long time period and 

s t a r t s with the r ipen ing of maize and Setar ia i t a l i c a in 

the month of July and continued upto January t i l l the 

harves t ing of perennia l crops (Toky & lamakrishnan, 

unpubl ished) . The energy requirements for t h i s under 

d i f f e ren t cycles range between 22,720 and 26,112 x . c a l . / 

ha. However, the j( of human energy expended for the three 

types of jhum ±ficreasedNwith shor tening of the jhum cycle 

(Table 2 . 2 ) . "~~~" JUu**** 

Threshing and she l l i ng of r i c e is done during 

winter months mainly by female members of the family. 

The energy expended for t h i s function is the lowest in 

a 5 year jhum cycle followed by a 10 year cycle and is 

the highest for a 30 year eycle . This is obviously r e l a t ed 
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to the yield of rice crop (Table 2.2). 

The pattern of distribution of labour into shifting 

agriculture under a 30 year cycle is shown in Pig. 2.1, 

which also is the basic pattern for other jhum cycles. 

There is only one peak period of labour input during 

January-February, at the time of slashing the vegetation. 

Rest of the year, the work is light and is uniformly 

distributed. During part of February, March and December, 

the farmers have no work in the field. 

The total input of energy through all the agricultural 

operations and also through the seed was minimum under a 

5 year cycle and this was 1.3-fold and 1.6-fold higher 

under a 10 and 30 year cycles. It is interesting that 

in comparison to this pattern of input, the economic yield 

in a 5 year cycle is the lowest and under 10 and 30 year cy­

cles there is little differance in the economic yield which 

is about 2-fold of that under a 5 year cycle. In general, 

while the longer Qhum cycles emphasized on grain and seed 

crops as is seen from the yield data, the short ahum cycles 

in contrast showed higher yield of root and vegetable crops. 

The output/input ratio is the lowest in a 5 year cycle 

followed by a 30 year cycle, and is the highest in a 10 

year cycle (Table 2.3 and Pig. 2.2). 



Fig. 2 . 1 , Comparison of the d i s t r i b u t i o n 
of labour energy over the year 
in an agro-ecosystem under a 
30 year Jhum cycle and under 
va l ley c u l t i v a t i o n . 

Dark column, 30 year Jhum 
cycle; Open column, va l ley 
c u l t i v a t i o n . 
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Pig. 2 .2 . Comparison of energy outputs from var ious 
crops under 30, 10 and 5 year. Jhum cycles . 

Dark column, 30 year cycle; Hatched 
column, 10 year cycle; Open column, 
5 year cycle . 

1, Oryza sa t iva t 2, Sesamum indicum; 3, 
Zea mays; 4, Se ta r i a i t a l i c a ; 5, Msiaa. 
sapientum: 6, Hibiscus sabdar i fa ; 7, ^ 
Manihot escu len ta : 8, Qolocasia anticuprum; 
and 9, Cucurbits. 



Yield k.cal /ha/yr (X 105 ) 
_» ro uJ x^ (Ji 
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3,787,881 

2,838,344 
3,439,742 

3001/60 

en 
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L654 

33,133 

S^ 374,850 
1,742,160 

145,791 
458,765 
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2,478,480 
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CD 

MML332,483 
1,056,048 

646,560 

Wm 778.260 
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Table 8.3. 

Energy ratios in agricultural systems - jhum, terrace 
and valley cultivation 

Agricultural system 

J hum 
30 year cycle 

10 year cycle 

5 year cycle 

Terrace 

Valley 

I crop 

II crop 

I + II crop 

Input 
Energy k.cal/ha/yr 

397,860 

311,268 

241,177 

1,715,758 

(1,843,758) 

258,312 

231,496 

489,808 

Output 
Output/Input 

Ratio 

13,580,492 

13,540,945 

5,707,634 

10,431,062 

6,133,737 

5,970,566 

12,104,303 

34.13 

43,50 

23.66 

6.07 

(5.65) 

23.74 
25.79 

24.71 

Figure in parentheses indicate values for 

the first year of terrace cultivation. 
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Energy budget in valley agro-ecosystem j 

Unlike mixed cropping in jhum cultivation, 

valley cultivation is a monoculture of rice alone. 

Further, this is a sedentary form of agriculture. Two 

crops are annually taken from the same land, as the 

land is comparatively more fertile and does not need 

any fertilizer application. Field preparation for the 

first crop is done in February-March. Preparation of 

field is done ma r using bullocks. -Seedlings 

raised in nursery bads in the month of March are 

transplanted in the beginning of April, and the harvesting 

is completed by the end of July or early August. 

Immediately after the first harvest, the fields are 

again prepared for the second crop in August. Seedlings 

already raised in nursery beds in the month of July 

are transplanted in the field plots in the month of 

August itself and harvesting is completed by October-

November. Subsequently, the land is left a fallow between 

BovembBr and March. Most of the agricultural operations 

like weeding, transplanting, harvesting, threshing, 

shelling etc. are done mannually. 
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Energy budget involved in valley cultivation is given 

in Pig. 2.3. In valley cultivation, the preparation of 

field for the two crops is the most arduous task and this 

alone involved an energy expenditure of 41.0# of all the 

operations. 

Weeding is done twice for each crop and this formed 

the second major labour input with an energy expenditure of 

25# of the total. Threshing and shelling required another 

16.7^ of the total human energy input. During the first and 

second crops, the energy supplied into the system through 

the seeds was found to be 26.5# of the total energy input. 

The total input of energy during the first crop was slightly 

higher than that under the second crop (Table 2.3). 

Valley cultivation is a labour intensive farming system 

with six peak periods of labour requirements during the year 

for field preparation and weeding, during a period of about 

3 months only in a year. Por the remaining 9 months in 

the year the farmers have very little work (Pig. 2.1). 

The economic yield from two crops in valley cultivation 

is almost equivalent to the yield from that under a 10 or 

30 year jhum cycle. The total energy input through labour 

and seed for the two crops, however, is somewhat higher for 

valley cultivation than that under jhum. The output/input 

ratio, therefore, works out to be much lower for this 



?ig. 2.3. Major energy inputs (k. eal./ha/yr) 
for raising two crops under valley 
cultivation. 
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agriculture type compared to that under 10 and 30 year 

jhum cycles (fable 2.3). 

Energy budget ia terrace agro-ecosystem : 

Terrace cultivation studied here was in some ways 

similar to jhum cultivation in that mixed cropping is a 

common feature. As many as 14 crops may be raised together 

and harvested sequentially as under the jhum cultivation. 

However, monoculture under terrace is also quite common, a 

A major point of difference from jhum is with respect to 

heavy input of fertilizer and the cost of terracing the land 

during the first year. The total energy requirement in 

terracing the land was estimated to be 128,000 k.eal./ha. 

This also included the labour required for clearing and 

felling the forest before terracing the land. During 

subsequent years the energy needed for clearing the land of 

weeds and repairing the terraces before dibbling the seeds 

requires only 27,648 k.cal./ha. which is approximately the 

same as for weeding under a 30 year jhum cycle (Pig. 2.4). 

The heavy input of fertilizer required for terrace cultivation 

accounted for a major input of 1,273,350 k.cal/ha/yr. and 

was 74.2# of the total input into the system. 



Pig. 2.4. Major energy inputs (k.cal./ha/yr) for 
terrace cultivation. 

1, Clearing under storey vegetation; 
2, Pelling the trees and bamboos; 3, 
Collection of debris and burning; 4, 
Terrace preparation; 5, Dibbling, 
broadcasting and transplantation; 6, 
Weeding; 7, Watching the field; 8, 
Silkworm Caterpillar rearing; 9, 
Harvest; 10, Transportation; 11, 
Threshing; 12, Shelling; 13, Seeds 
and 14, Fertilizers. 

2, 3 & 4 felling trees, debris 
collection and terracing respy. 
in I year only. 
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The economic yield of grain and seed crops under 

this cultivation was almost V3 of that under a 30 year 

jhum cycle but the yield of fruits and vegetables and 

tuberous and rhizomatous crops was higher than that under 

a 30 year 3hum cycle. The energy input into this system 

is very high compared to all others but the output is lower 

than that under a 30 or 10 year jhum cycle and hence the 

output/input ratio works out to be the lowest. This ratio 

is lower in the first year of terrace cultivation compared 

to subsequent years in view of additional labour input 

necessary for terracing in the first year (Table 2.3, 2.4). 

DISCUSSION 

Jhum agro-ecosystem : 

As noted earlier jhum (slash and burn agriculture) 

forms the main agro-ecosystem type with a 5 year cycle 

being the most prevalent, and 10 and 30 year cycles are 

rare events because of increased population pressure. 

The energetic efficiency obtained under a 30 year jhum 

cycle was lower than that under a 10 year cycle because 

the input of energy in the form of cutting the forest was 

higher for the former while the output of energy was almost 



Table 2.4*. 
Energy outputs under t e r r ace c u l t i v a t i o n 

Grain <& Seed 
Crops 

Leafy & Fru i t 
vegetables 

Crop Species 

Tuber & Rhizome 
Crops 

Silk worm 

Oryza sativa 

Sesamum indicum 

Zea mays 

Phaseolus mungo 

Ricinus communis 

Musa sapienturn 

Hibiscus sabdarifa 

Cucurbita maxima 

Momordica charantia 

Phaseolus vulgaris 

Manihot esculenta 

Colocasia anticuprum 

Zingiber officinalis 

Curcuma longa 

Cocoon (silk) 
Pupae (without cocoon) 

k.cal./ha/yr 

3,115,788 

130,462 

561,312 

27,209 

49,696 

642,600 

297,830 

339,150 

33,915 

53,550 

4,698,336 

323,280 

79,024 

58,549 

19,296 

1,060 

C 
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equal in both the cycles. It may be worth noting here 

that the older forests are more exposed to wild animals 

such as monkeys, wild pigs and elephants which may lower 

the output by damaging the crops. Further, an extra labour 

input may be required for guarding activities. For these 

reasons Conklin (1957) working in Philippines also advoca­

ted clearing of secondary forests rather than mature ones. 

A 10 year jhum cycle seems to be ideal as it not only gives 

sufficient time for recovery of soil nutrients (Hamakrishnan 

et alt 1980; Toky & Hamakrishnan, unpublished) but has optimum 

energy efficiency. However, a 30 year cycle may have 

greater merit for environmental reasons. uwfiw***" . .. 

Although the energy expenditure under, a 5 year jhum 

cycle was minimum among all the three cycles studied, the 

economic yield was also low.^ For this reason the energy 

efficiency of this system works out to be the lowest. The 

reduction in output under a 5 jtear cycle may partly be due 

to poor nutrient recovery of the soil (Toky & Ramakrishnan, 

unpublished) and also because of serious weed problems. It 

may be noted here that under such short cycles weeds like 

Imperata, cvlindrica and Bupatorium odoratum take, over the 

site and the secondary succession gets arrested (Hamakrishnan 

et alf 198G). Also weeding required an extra expenditure of 

energy under a 5 year jhum cycle. Probably due to low 
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fertility of the soil which may.jiot sustain cereal crops, 

starchy crops like banana and cassava are grown under short 

cycles and therefore the quality of food is alsoinferior. 

The pattern of energy expenditure under ^hvm indicates 

that the farmer has work to do for most of the year. 

However, the work is light and therefore he is mostly 

underemployed. 

Data on the energetics of shifting agriculture is 

rather scarce. Bappaport (1971) provides relatively complete 

information on the energy expenditure of the Tsembaga people 

of new Guinea Highlands. According to his data of human 

labour expenditure and crop yield, the farmers obtained an 

average of 16 food calories for each calorie of human energy 

employed during farming which may go upto 20 under more 

favourable conditions. Our study indicates much higher 

values (output/input ratio of 43.5) for efficiency as seen 

from a 10 year cycle, with the values ranging from 23.66 

to 43.50 under the three cycles. Thus from an energy point 

of view this seems to be the best evolved system for forested 

areas in tropics and subtropics (Conklin, 1957; Bye & 

Greenland, 1960; Carneiro, 1960). 

While calculating the energetic efficiency of shifting 

cultivation, a major energy input, however, could not be 
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taken into consideration. This is the plant biomass 

which is burnt before cultivation. Eambo (1978) taking 

the energy data of Bappaport (1971) for the Tsembaga 

agricultural system calculates that if the fire energy 

is included as an input, then in a plot cleared from 

secondary forest the output/input ratio may drop to 

0.11. For the mature forests this ratio was calculated 

to be even less. According to him, 10 to 30 energy 

calories are expended for each calorie obtained under 

swidden farming and therefore it is just.as dependant 

on energy subsidy to achieve high production as in modern 

agriculture. However, like human energy which for all 

practical purposes is cheap and free, no special effort 

is expended in obtaining plant biomass which regenerates 

rather quickly in the jhum fallow using only the available 

natural resources. 

If fire through plant biomass is not included here 

as an input, the .various secondary economic products from 

the jhum fallows are also not included as outputs from 

the system. From the early successional fallow Imperata 

cylindrlca commonly known as thatching grass is used for 

hut building. Bamboo which has a wide variety of uses as 

fencing and building material.fuel, etc is also harvested 
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from the jhum fallows. It may be noted that bamboo attains 

its peak development as a member of the secondary successio-

nal community upto an age of 20 years after the land is 

returned to the forest. Fire wood from small trees and 

shrubs constitutes another major output. 

Valley ag;ro-ecosystem s 

Prom the energetics point of view, valley cultivation 

was also very efficient though less than under 10 and 5 

year cycles. This is due to heavy labour input6for field 

preparation and weeding. Weeding is particularly a serious 

problem partly due to increased weed vigour in a nutrient 
K 

enriched soil brought from the hill slopes. Further it is 

probable that large quantity of seeds may also be washed 

down from hill slopes that is under a short jhum eycle. 

The main advantage of this agro-ecosystem lies in the fact 

that external input of energy other than labour is not 

required and that this is a sedentary agricultural system 

which permits raising of two crops every year because @f 

high soil fertility and water availability. 

Terrace agro-ecosystem : 

Heavy input of fertilizer along with labour for 

terracing in the first year makes this system very inetficient 
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from energy budget point of view, though the output 

is approximately the same as under 30 or 10 year jhum 

cycles. This system is comparable to comparatively 

modern Indian agricultural systems where 9 calories 

of food are harvested for each calorie of fossil fuel 

energy^ut into the system (Mitchell, 1979) and better 

than most western agricultural systems where the yield 

is 1 Or 2 calories of food per calorie of input (Spedding 

& Walshingham, 1976). But this system is not a stable one. 

Even if soil erosion is checked to some extent due to 

terracing, infiltration lossessf may still prove to be very 

heavy (Ramakrishnan e_t ajL, 1980). Purther, heavy input Gf 

fertilizers in such a high rainfall region may prove to 

have serious environmental problems. For these reasons, 

terrace cultivation has not found much favour with the 

tribal population of the region. Infact, there is a 

tendency to switch back to ihxm after a few years of 

terracing, in spite of the fact that various Governmental 

agencies do the terracing for the farmers, free of cost. 

On the basis of the data presented here and 

elsewhere (Toky and Ramakrishnan, unpublished) it is 

concluded that : (i) a 10 year jhum cycle is the minimum 
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des i rab le fallow period for sus ta in ing sh i f t ing ag r i cu l t u r e 

in t h i s region from the point of view of energe t ic e f f i ­

ciency and s o i l f e r t i l i t y recovery, ( i i ) cerea l c u l t i v a t i o n 

should as far as poss ib le be confined only to va l l ey lands , 

( i i i ) t e r rac ing does not seem to offer a so lu t ion to the 

problem in view of heavy ex te rna l energy required to sus ta in 

the same and the low y ie ld i n s p i t e of such heavy i n p u t s . 

Further , la rge scale t e r r ac ing is a lso not des i rab le from 

an environmental point of view, in view of the fac t tha t 

i t is so . e s s e n t i a l to maintain n a t u r a l ecosystems in the 

Himalayan reg ion . Any damage done to h i l l ecosystem in the 

Himalayan and adjoining h i l l regions may not only crea te 

environmental problems in these regions but also may have 

g rea t repercussions in the northern p l a in s of the sub- , > 

cont inent due to l a rge scale f looding . 

S U M M A R Y ^ ^ U^, 

The present study is a comparison of the energe t ic 

e f f ic iency of three types of sh i f t i ng ag r i cu l tu re l o c a l l y ^ 

known as 'jhum* in North-Eastern Indiai. A 30 year cycle 

which is r a t h e r r a re now is compared with the more common 

10 year and 5 year cycles of the present t ime. Due to popu­

l a t i o n pressure and land ava i lab le the 5 year cycle is more 

common. A 10 year cycle is most e f f i c i e n t from energe t ic point 
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Qf view and the output /input ra t io here is 43.50 compared 

to 34.13 under a 30 year cycle and 23.66 under a 5 year 

cycle. Energetics of ;}hum is also compared with valley 

cul t ivat ion of r ice as well as mixed cropping on terraces 

which was t r ied out as an al ternat ive to jhum. Though 

the efficiency of valley cult ivation is closer to a 5 year 

jhum cycle, it is self-sustaining year-after-year due to 

natural drainage of moisture and nutr ients into the valley, 

the only energy input being in the form of labour which is 

cheap. The energy output/input ra t io for terrace cult ivation 

is very low due to high f e r t i l i z e r input into the system 

and also due to labour input for preparation of the land. 



CHAPTER 3 

SPECIES DIVERSITY, BIOMASS, LITTERFALL 
AND PRODUCTIVITY PATTERN DURING SECONDARY 
SUCCESSION SUBSEQUENT TO SHIFTING 
AGBICULTURE (JHUM) IN NORTH-EASTERN INDIA. 
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Species .diversity, biomass, litterfall and productivity 
patterns during secondary succession subsequent to 
shifting agriculture (Jhum) in north-eastern India 

INTRODUCTION 

Over large areas of north-eastern India tahere 

shifting agriculture (locally called Jhum) is practised; 

secondary succession over abandoned farmland provides the 

mean of rehabilitating land for renewed cropping. Shifting 

agriculture relies on the structure and composition of the 

fallow vegetation to indicate the site potential and the 

extent of soil fertility and this is the key to the long-term 

success of this practice. If the fallow period is too short 

(4-5 years) which is very common at present times due to 

pressure on cultivable land, site degradation takes place and 

yields decline (Toky & Ramakrishnan, unpublished). 

Many aspects of ecosystem organization would be better 

understood through studies on plant succession. Some of the 

most important functions of developing communities are their 

productivity changes, the consequent biomass accumulation, 

its return to the upper soil layer through litterfall and its 

decomposition which accounts for a large'part of restoration 

of fertility. These processes have received some attention 

in various parts of the humid tropics, e.g., in Thailand 
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(Zinke, Sabhasri & Kunstadter, 1970); in Africa 

(Bartholomew, Meyer & Laudelot, 1953; Laudelot & Meyer, 

1954; Greenland & Kowal, 1960; Nye & Greenland, 1960) and 

in tropical America (Snedaker, 1970; Harcombe, 1973; Ewel, 

1976), but no information on these aspects exists for 

secondary successional communities developing after jhum 

in north-eastern hill areas of India. Further, there seems 

to be considerable confusion related to diversity, produc­

tivity and stability of successional communities. A general 

model of community structure and function was developed by 

Margalef (1961, 1969) and Woodwell and Smith (1969) but 

very few of the generally accepted hypotheses have been 

tested experimentally (Odum, 1969). 

The objectives of the present studies are to 

describe in detail the pattern of secondary succession 

on the abandoned jhum fields; measurement of biomass, 

productivity and litter production and their relationship 

over the first 20 years of community development and their 

comparison with a 50 year old fallow. All these studies 

were done at Burnihat (located in Khasi hills of Meghalaya 

at 26.0°N & 91.5°E) under sub-tropical humid but with 

monsoonic climate, obtaining an annual average rainfall of 

220 cm, most of which comes during May to October. The 
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winter is mild and dry extending from November to mid-

February but with a few scattered showers. A brief dry 

summer from mid-February to April precedes the monsoon, 

The soil is slightly acidic and is of lateritic origin. 

METHODS OF STUDY 

Vegetation analysis and studies on biomass and 

litterfall were done in jhum fallows of 1,5,10,15 and 20 

years of age. The size of the fallow ranged from 2 to 2.5 

hectares on hill slopes of 20° to 40°. While selecting 

different fallows, care was taken to ensure similar topography 

and exposure conditions. All the fallows were developed 

on land under a 0.0 yhar jhum cycle so that the pattern of 

vegetation development was similar in all sites. 

Vegetational analysis of the jhum fallows was done 
9 

by quadrat method. 30 Quadrats of 100 m size for trees and 
2 

shrubs, and 1 m size for the herbaceous species were laid 

along a transect down the slope. The importance value index 

(I Y I) which is an integrated measure of the relative 

frequency, relative density and relative basal area, was 

calculated (Misra, 1968; Kershaw, 1973). Species diversity 

was calculated using formula given by Margalef (1968) as : 

*-*&) *1&)]. 
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where, H = Shannon index of general diversity, ni = 

Importance value index of each species and N = Total 

importance value of all the species. In order to evaluate 

the index of dominance of the community, the formula of 

Simpson (1949) was used as : 

where, G = Index of dominance, ni = Importance value of 

each species and N = Total importance value of all the 

species. 

For collection of litter, ten litter traps of 
p 

1 m size were randomly laid out in each site. The litter 

was collected at monthly intervals from August 1978 to 

July 1979. The litter was classified into leaves and twigs 

and farther sub-divided into specific categories. The litter 

was dried at 80°G a n d weighed. 

Biomass of herbs and shrubs and few tree samplings 

which constituted the vegetation in 1 and 5 year fallows 

was determined by harvest method. During October and early 

November 1979, when they were at their peak of vegetative 

growth, all The above ground species were clipped at the 

ground level. Clipped material was sorted out into diffe­

rent categories, oven dried at 80°C and weighed. 15 quadrats 
2 

of 1 m size along a transect along the slope were sampled 
for this purpose. 
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The( fallows of 10,15 and 20 years of age were 

dominated by bamboo (Dendrocalamus hamiltonii) along with 

some dicot tree species. While harvesting the above 

ground biomass of bamboo, the shoots were divided into 

seven diameter classes at 2 cm intervals from 7 cm to 19 

cm. Five replicate bamboo shoots of each diameter class 

were cut at the ground level and fresh biomass was obtained 

separately for bole, branches and leaves. Dry weight wa.s 

calculated on the basis of weight obtained on samples dried 

at 80°C. Average shoot density of each diameter class was 

used as the basis for calculating the total biomass per 

hectare. In estimating the above ground feioaiass for trees, 

allometric regressions (Fewbould, 1967) between dbh and 

various biomass components as shown in the Table 3.1 were 

used. For regression equations sample trees of various 

diameter classes from 3 cm to 15 cm were harvested and dry 

weight determined Separately for bole, branches and leaves. 

Annual biomass increase for each stand was determined by 

dividing the difference between the standing biomass of two 

consecutive fallows with the time difference in year/. 

Annual net primary production of each stand was calculated 

by adding the total litter production over a year into the 

annual increase in aerial biomass. 



Table 3.1 
Correlation co-efficients ( r ) and allometrio regression equations for 

different components of dominant tree species in a 20 year fallow. 

Tree Species Bole 

Bauhinia alba 

Y=-15.432+3.990 X 
r=0.941 
Y=-14.440+4.880 X 
r=0.931 

Oallicarpa macrophylla Y=-10.932+3.020 X 
r=0.901 

Vitex peduncularis 

Schima wallichii 

Cedfelja toona 

Terminalia bellerica 

Albizzia procera 

Titex glab^rata 

Wrightia tomentosa 

Y=-18.400+5.100 X 
r=0.954 
Y=-15.320+4.980 X 
r=0.980 
Y=-10.436+2.846 X 
r=0.980 
Y=-20.905+4.080X 
r=0.961 
Y=-13.840+5.021 X 
r=0.952 
Y=-12.594+3.860 X 
r=0.900 
Y=-17.840+5.341 X 

s * (icg ) 

Branches 

Dillenia indica Y=-12.833+3.864 X 
r=0.990 

LageiCstroemia parvi\J»mY=-21.845+5.046 X 
r=0.948 

a arborea 

Y=-7.943+1.497 X 
r=0.902 
Y=~4.521+1.92 X 
r=0.933 
Y=-6.434+1.382 X 
r=0.920 
Y=-3.615+1.548 X 
r=0.901 
Y=-3.783+1.240 X 
r=0.912 
Y=-2.845+1.258 X 
r=0.994 
Y=-4.312+1.68 X 
r=0.960 
Y=-8.472+1.593 X 
r=0.934 
Y=-9.749+1.747 X 
r=0.957 
Y=-4.685+1.342 X 
r=0.943 
Y=-5.147+1.210 X 
r0.910 
Y=-2.358+1.158 X 
r=0.932 

Leaves 

Y=-1.234+0.451 X 
r=0.970 
Y=-1.398+0.488 X 
r=0.956 
T=-1.864+0.543 X 
r=0.900 
Y=-l.534+0.651 X 
r=0.932 
Y=-5.540+1.201 X 
r=0.956 
Y=-1.546+0.562 X 
r=0.932 
Y=-2.185+0.743 X 
r=0.934 
Y=-l.346+0.551 X 
r=0.980 
Y=-6.530+1.119 X 
r=0.948 
Y=-l.584+0.361 X 
r=0.902 
Y=-l.734+2.580 X 
'=0,950 
=-1.294+0.487 X 
r=0.976 

1 = Diomas 
X = dbh (cm) r = correlation co-efficient 
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RESULTS 

gsnondary guccession pattern; 

The pattern of secondary succession and the 

rapidity with which forested community develops depends 

upon the degree of destruction and the clearing of under­

ground propagules of the community that existed prior to 

this operation. The length of the jhum cycle also deter­

mines the pattern of vegetation development. The pattern 

of secondary succession in the fallows during the first 

£ 3 W yea^s when weedy species dominate yaries considerably 

depending upon the jhum cycle and the intensity and duration 

of cropping as follow: 

(i) Supatorjum dominated fallow - where the cycle is either 

long or short and underground rhizomes are destroyed by 

constant weeding during cultivation, particularly when 

cultivation is done for more than one year, 

(ii) Tmperata dominated fallow - particularly under shorter 

cycles, Imoerata cylindrica rhizomes are abundant in the 

soil and this species coexists with Eupatorium odoratum. 

(iii) Mikania dominated fallow - under shorter cycles and 

where M. micrantha is abundant in the area, this may choke 

the fallow and other herbaceous and shrubby weeds parti­

cularly due to its growth habit. This species forms a 
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thick mat on the ground, striking roots wherever they 

come in contact with the soil. 

(iv) 3a no ha rum dominated fallow - .§. spontaneum grows less 

frequently at Burnihat as compared to the Garo and the Mizo 

hills. It dominates under short cycle conditions where 

cropping is usually for not more than one year and therefore 

weeding of rhizomes is not thorough. 

(v) Borreria dominated fallow - B. hispida is a stoloniferous 

species having both prostrate and erect branches and rooting 

at nodes. It forms an interwoven mat and checks the seedling 

establishment of other species. It usually grows where 

Imperata cylindrlca and Eupatorium odoratum are weeded out 

from time to time. 

(vi) Bamboo dominated fallow - under 10-15 year cycle, when 

cropping is done only during the first year rhizomes of 

bamboo (Den/irocalamus hamiltonii). remain in the soil and 

sprout. Due to the more rapid growth of bamboo sprouts, 

they soon suppress other herbaceous weeds. With constant 

weeding of sprouts for more than two years, the rhizomes 

of this species may be killed. 

(vii) Tree dominated fallow - under longer jhum cycles, if 

the cropping is done only for one year and the stumps of the 

trees are not destroyed; the stump sprouts form a close canopy 
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within 4-5 years of abandonment a'nd weedy species are 

fast eliminated. This pattern favours a faster development 

of a forested cover. 

The common and the/general pattern of secondary 

succession at Burnihat is given in (Tables 3.2, 3.3). 

It starts with the abandonment of field under a short 

jhum cycle of aboup 5 ̂ rears. In such a situation, the 

early colonizers, Eupatorium odoratum and Imperata cvlindrica 

dominate the fallow upto a period of 5 years. Imperata 

cylindrica. also an indicator of fire has the strategy to 

withstand fire due to extensive underground rhizomes, 

which sprout to produce aerial shoots as soon as favourable 

conditions occur. In a freshly burnt area, the density of 

this species may be as high as 100 plants/m • Imperata 

cylindrica also reproduced through seeds and this is favoured 

by constant cutting of the aerial shoots of this species 

(Saxena & Hamakrishnan, unpublished). Eupatorium odoratum 

on the other hand, diverts most of its resources for heavy 

seed production. This species also has efficient seed 

dispersal mechanism by wind due to the light seed and the 

pappus production. Both these features contribute to its 

success as a weedy colonizer. 

The early colonizing herbaceous species discussed 



Table 3.2 
171 yalues of dominant species in success ional commu 
and burn a g r i c u l t u r e (Data on 50 year fallow based o 

Age of fallow (years ) 
1 5 _ 10 

eleped a f t e r s lash 
unpubl i shed) . 

3MS1&3L 20 50 
Bupatorium odoratum 

Imperata eylindrica 

Panicum khasianum 

Setaria glauea 

Gf-ewia elastica 

Cyperus glebos^us 

Panicum maxima* 

Pious hispida 

Arundinella bengalensis 

Callicarpa macrophylla 

Dendrocalamus hamiltonii 

Carex cruciata 

Bauhinia alba 

Antedesma diander 

Dillenia indica 

C#r/a arborea 

Phyllanthus emblica 

Wrightia tementosa 

175.2 

93.5 

8.5 

5.5 

4.5 

2.5 

1.5 

1.5 

179.5 

65.0 

9.5 

15.3 
7 . 5 

7 . 0 

6 . 9 

D • <& 

28.0 
175.0 

15.1 
9.3 

9 . 3 
8.0 

7.5 

7.5 

154.3 

7 . 8 

22.9 
10.7 

10 .1 
136.8 

12.7 

28.3 
55.8 

10.0 

CowfmueeL---



Speeles 

Gcmtd... 

Vitex peduncular!a 

Teralnalia belleria 

Albizzia preeera 

Yitex glaberata 

Sebiaa walllohll 

Gedrela toona 

Mella arborea 

Castanopsia in&iea 

Gerclnia oowa 

Bugenia communis 

Praams aainata 

Paychotria sp 

10 1§-

52.3 

21.0 

10.6 

5.8 

20 

21.4 

50, 

23.0 

12.3 
9 .0 

32.0 

30.0 
27.0 
25.0 
13.0 
10.0 

9 .0 



Table 3.3 

Fallow age 
(years) 

General p a t t e r n of secondary succession in abandoned f i e l d s a f t e r s l a sh 
and burn a g r i c u l t u r e (values in parentheses are IVI values of dominant speciea) 

Community 

1 

5 

10 

15 

20 

50 

Eupatorium odoratum 
(175.2) 

Eupatorium odoratum 
(179.5) 

Dendrocalamus hami l ton i i -
(175.0) 

Dendrocalamus hami l ton i i -
(154.3) 

Dendrocalamus hami l toni i -
(136.8) 

Schima w a l l i c h i i 
(32.0) 

Imperata cy l indr ica -
(98.5) 

Imperata cy l ind r i ca 
(65.0) 

Gall icarpa macrophylla -
(28.0) 

Vitex peduncular is 
(52.3) 

Oerya arborea -
(55 .8) 

Melia arborea -
(30.0) 

Panicum khasianum 
(8 .5 ) 

Arundinella bengalensis 
(15.8) 

"Bauhinia alba 
(15.1) 

D i l l en i a indica 
(22.9) 

D i l l en i a indica 
(28.3) 

Gastanopsis ind ica 
(27.0) 
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above dominate the community upto 5 years and then are 

replaced by Dendrocalamus hamiltonii which also survives 

fire through rhizomatous underground stems with stored 

reserve food. This is a dominant species in 10 to 20 year 

fallows (Table 3.2). The broad picture of the population 

dynamics of £. hamiltonii is given in Table 3.4. This 

species progressively becomes dominant and reaches its peak 

in terms of both frequency and density in a 20 year fallow. 

Regeneration of shoots increased upto 15 years and declined 

in older fallows. The percentage of dead individuals 

progressively increased and reached a maximum in a 50 year 

fallow. The reproduction through seeds is restricted and 

occurs only once during the life cycle of this species. 

In 15 and 20 year fallows the dominance is shared 

by many shade intolerant broad leaved dicot tree species, 

which come through seedlings, root and stump sprouts. The 

common species are Vitex peduncularis, Oareya arborea, 

Dillenia indica, Terminalia be_llerica, Bauhinia alba, 

Vitex glabtrata, Schima wallichii, Wrightia tomentosa 

and Cedrela toona. 

In a 50 year fallow, besides a few shade intolerant 

trees like Schima wallichii and Duabanga sonnertioides. 



Table 3 . 4 
Ana lys i s of "bamboo (Dendro calamus h a m i l t o n i i ) p o p u l a t i o n in s u c c e s s i o n a l 
communities deve loped a f t e r s l a s h and burn a g r i c u l t u r e (Jhum). 

Age of f a l low ( y e a r s ) 

5 10 15 20 50 

Frequency <fo 25 90 96 100 40 

Average d e n s i t y ( s h o o t s / 

100m2) 8 38 45 56 15 

Dead shoots (<*) 0 3 8 15 58 

New shoots {%) 25 30 42 32 9 

Average circumference 
of shoot (cm) 10 21 30 35 45 
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shade tolerant species like Shorea robusta, Vitex 

PR dun malaria, Caatanopsia indjca, Garcinia cowa, Eugenia 

communis and Prunus aminata also become established but 

none is able to aahieve dominance in the community (Table 3.2). 

Species diversity was very low in early successional 

stages upto 5 years when the fallows were dominated by a 

few weedy colonizers, it increased sharply in older fallows 

with a significant positive correlation (r = 0.966) upto y 

a 20 year fallow (Pig. 3.1 a). In a 50 year fallow also 

the diversity was high with a high value of 2.58 though the 

increase in diversity beyond 20 years was not proportionate 

with the age of the fallow. Conversely dominance was 

maximum in the early phases of succession and decreased 

sharply with the age of the fallow. A significant negative 

correlation (r = 0.997) between dominance and the age of «/ 

the fallow was evident upto 20 years (Fig. 3.1b). Though 

the dominance index was lower in a 50 year fallow (0.115) 

compared to that of a 20 year one, the decrease in 

dominance was again not proportionate to the age of the 

fallow. 

Litter production? 

Total production of litter in successional 

communities is significantly related with their age and 



Pig. 3.1. Species diversity (a) and dominance (to) 
related to the successional age of the 
fallows developed after 3hum cultivation. 
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standing biomass (Pig. 3.2a,b). Litter production 

increased with age and reached a maximum of 9.698 m.tons/ 

ha/yr in a 20 year stand. 

Maximum litter was contributed by bamboo (Dendroca­

lamus hamiltonii). which increased with the age of the 

fallow and formed nearly 50$ of the total annual collection 

in 10,15 and 20 year old vegetation. Eupatorium odoratum 

contributed a major proportion (73$) in a 5 year fallow. 

Litter from dicot trees collectively, increased with 

successional age and accounted nearly 43-46$ of the total 

in 10,15 and 20 year fallows (Table 3.5). 

Leaves accounted for nearly 70-87$ of total litterfall 

in 5 to 20 year fallows whereas in a 1 year fallow it was 

the only form of litterfall. Bamboo twigs formed an 

important component of litter biomass in a 10 year fallow 

and its proportion gradually increased upto 20 years. 

Litterfall through dicot twigs was maximum in a 5 year 

fallow (29.1$) and was mainly derived from Eupatorium 

odoratum which is eliminated due to death of its -population 

beyond this stage (Table 3.5). 

i great seasonality of litterfall- was observed 

particularly in 5,10 and 20 year fallows. No litterfall 

occurred in the early part of the monsoon (June-July). 



Pig. 3.2. Litter production as a function of 
successional age (a) and standing 
biomass (b) in fallows ( 0 , 1 year; 
O , 5 year* • , 10 year; Q , 

15 year} A » 20 year of age) 
developed after 3hum cultivation. 
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Table 3.5 
p 

Annual l i t t e r f a l l (g/m ) in success ional communities developed 
a f t e r s l a sh and burn ag r i cu l tu re (Jhum) ($ values of the t o t a l 

l i t t e r are shown in pa ren theses ) . 

L i t t e r category 

Dicot leaves 

Bamboo leaves 

Grass leaves 

Dicot twigs 

Bamboo twigs 

1 

80.2 
(68.2$) 

37.5 
(31.1$) 

Successional 
5 

214.1 
(43.7$) 

12.0 
(2.4$) 

120.3 
(24.5$) 

142.3 
(29.1$) 

age (years) 
10 

306.1 
(43.2$) 

316.5 
(44.7$) 

49.5 
(7.0$) 

35.5 
(5 .0$) 

15 

353.6 
(46.0$) 

322.6 
(41.9$) 

28.5 
(3.7$) 

63.7 
(8 .3$) 

20 

414.8 
(42.7$) 

428.6 
(44.2$) 

33.9 
(3.5<) 

92.3 
(9 .5$) 

To+<d: 117.7 489.3 707.6 768.5 969.8 
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litt^rfall starting during the latter part of the 

monsoon in August exhibited two peaks, a smaller one 

during October-January and a larger peak during February-

April. One year fallow did not show such a marked 

seasonality though litterfall was maximum in February-

March (Fig. 3.3). 

Biomass; 

The standing biomass in the successional communities 

increased linearly with the age of the fallows and attained 

a maximum of 147.59 m.ton/ha (Fig. 3.4a) in a 20 year 

old fallow. Herbs accounted for 100$ of the total biomass 

in a 1 year fallow and 63.6$ in a 5 year fallow; in 

subsequent years their contribution declined sharply. The 

biomass contribution by Dendrocalamus hamiltonii increased 

with the age of the'fallow and reached its maximum in 

20 years. A similar trend was noticed for shrubs and 

dicot trees (Table 3.6). 

In older fallows of 10-20 years, the biomass 

contribution through the main stem and branches represen­

ted 93 to 95$ of the total and leaf biomass represented 

only 5 to 7 $. In a 1 and 5 year fallows the biomass 

contribution by leaves represented as much as 17$ and 

19$ respy. (Table 3.6). 



*1*' 3,3> Monthly pattern of litter fall • 
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Pig. 3.4. Relationship between standing biomass 
(a) or net community productivity (b) 
and successional age of the fallows 
developed after jhum cultivation. 
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Table 3.6 

Onanges in standing biomass (m ton/ha) in different compartments and 
different categories of species in successional communities developed 

after slash and burn agriculture (Jhum). 

Gate gory-

Barn boo T o t a l : 

Main Stem 

B r a n c h e s 

L e a v e s 

D i c o t s h r u b s & 

Ida in dtem 

B r a n c h e s 

l e a v e s 

H e r b s T o t a l : 

Alain s tem 
i B r a n c h e s 

l e a v e s 

l 

T r e e s T o t a l : 

T o t a l s t a n d i n g 
b i o m a s s {m,ton/ha) 

; Petol(Wri *Y-

4 . 8 0 8 
(±00$ ) 

3 . 9 7 8 

0 . 8 3 0 

4 . 8 0 8 

VALUUL O\ e a c L 

S u c c e s s i o 
5 

2 . 3 1 8 
( 9 . 9 $ ) 

1 .995 

0 . 2 3 6 

0 . 0 8 7 

6 . 1 2 2 
(26 .4 7 £) 

5 . 9 8 0 

0 . 1 7 2 

1 4 . 7 6 6 
( 6 3 . 6 ^ ) 

1 0 . 5 6 0 

4 . 2 0 6 

2 3 . 2 0 6 

Cedt"e.q-t>r u, \A 

n a l age ( y e a r s ) 
10 

3 2 . 2 4 8 
(56.1?$) 

2 6 . 5 8 1 

4 . 4 1 1 

1 .256 

2 5 . 0 0 3 
( 4 3 . 5 ^ ) 

1 7 . 9 4 8 

4 . 7 7 0 

2 . 2 8 5 

0 . 1 5 5 
( 0 . 3 # ) 

0 . 0 9 0 

0 . 0 6 5 

5 7 . 4 0 6 

/51IO\A}""*"\ InA 

15 

5 9 . 1 4 7 
( 5 6 . 9 $ ) 

5 0 . 9 7 0 

5 . 3 6 5 

2 . 8 1 2 

4 4 . 6 2 0 
( 4 2 . 9 ' * ) 

3 1 . 7 3 3 

1 0 . 0 3 7 

2 . 8 5 0 

0 . 0 7 3 
( 0 . 2 * ) 

0 . 0 4 5 

0 . 0 2 8 

1 0 3 . 8 4 0 

looAJl/vi tKJU«^ 

20 

7 4 . 9 7 1 
(50.896) 

6 1 . 8 3 1 

9 . 6 5 4 

3 . 4 8 6 

7 2 . 5 5 4 
( 4 9 . 2 ^ ) 

5 3 . 2 9 0 

1 5 . 2 3 6 

4 . 0 2 8 

0 . 0 6 5 
( n e g l i g i b l e ) 

0 . 0 4 0 

0 . 0 2 5 

1 4 7 . 5 9 0 
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An increasing trend was observed in the rate 
* 

of accumulation of aboveground biomass through successional 

stages, it showed similar rates in 1 and 5 year regrowth 

vegetation, increased about 2-fold beyond 5 years and 

finally attained maximum yearly rate of 8.95 m.ton/ha 

upto 15 years with a decline between 15 and. 20 years. 

Litterfall and NPP both increased with increase in age 

of the fallow upto 20 years but with sharp rise in 

productivity upto 10 years of regrowth (Table 3.7). A 

significant positive correlation (r = 0.973) existed 

between age of the fallow and EPP (Fig. 3.4b). 

The regression between NPP and diversity/ 

dominance of the communities showed highly significant 

relationships. Thus an increase in species diversity 

with a corresponding decrease in dominance resulted in 

increase in FPP (Fig. 3.5a,b). 

DISCUSSION 

In jhum cultivation, when a forest is converted 

to cultivable land, not only is its original vegetation 

destroyed but the site is subject to continuing pertur­

bations due to fire, introduction of a variety of crops, 

successive weeding and diaturoance to soil at the time of 



Table 3.7 
Changes in rates of accumulation of biomass, litter fall and net 
primary productivity in successional communities developed after 

slash ana burn agriculture (Jhum) 

S u c c e s s i o n a l age (years) 
1 5 10 15 20 

Accumulation in bo le 
and branches (A) 
( m . t o n / h a / y r ) 3.978 3.750 

Release a s l i t t e r 
f a l l (B) ( m . t o n / h a / y r ) 1.177 4.893 

Bet primary p r o d u c t i v i t y 
(A&B) (m.ton/ha/yr) 5.155 8.643 

Biomass accumulation 
ratio (sLanding 
oiomajs/ItfA5) 0.9 2.7 

7.010 

7.076 

14.036 

4.1 

8.950 

7.685 

16.635 

6.2 

8.300 

9.698 

17.998 

8.2 



Pig. 3.5. Relationship between net community 
productivity and species diversity 
(a) or dominance (b) in sucoessional 
fallows ( • , 1 year; O » 5 year; 

m , 10 year; Q , 15 year; M f 
20 year of age) developed after 
,3 hum cultivation. 
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harvesting of which is a progressive reduction in the 

pool of the species present in the original ecosystem. 

Thus the early successional seres are dominated often by a 

few species and the number increases gradually as a community 

develops (Ross, 1954; Oosting, 1956; Odum, 1969). 

A variety of reproductive and growth strategies 

are adopted by successional species among which stump, 

root and rhizome sprouts and invasion through seeds are 

common. The relative importance of different species and 

-their strategies could vary depending upon the length of the 

jhum cycle, species composition and structure of the ecosystem 

prior to cutting, degree of disturbance to the soil during 

cropping, available seed source, etc. These are aspects 

which need to be investigated. In sites under a 5 year jhum 

cycle with cropping for one year only, as in the present case, 

Eupatorium odoratum is a significant component of early 

communities. Heavy production of seeds which are light and 

wind transported help them to succeed as an early colonizer. 

The importance of heavy seed production for early species 

was stressed by Hayashi & Numata (1968) and Raynal & Bazzaz 

(1973) while Salisbury (1942) emphastzed that species with 

light, highly mobile seeds often invade highly disturbed 

situations while species with heavier seeds, often animal 
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disseminated, usually enter the ecosystem at a later stage 

of development. Imoerata cvlindrica which also is an early 

colonizer, on the other hand has fire resistant underground 

rhizomes which are difficult to eradicate during cultivation. 

This strategy alongwith production of light wind dispersed 

seeds under constant disturbance (Saxena & Ramakrishnan, 

unpublished) contribute to their success. These early 

species which adopt an exploitive strategy (Harper & White, 

1974; Grime, 1974; Marks, 197k) are able to attain dominance 

in abandoned fields that are temporarily enriched with 

nutrients, water and radiant energy. 

During the first 10 years, the dominance passes 

rapidly from weedy colonizers to bamboo (Dendrocalamus 

ha.mi 1 tnni i ) and oĵ rter shade intolerant dicot tree species. 

As discussed elsewhere, Dendro calamus hamiltonii has an 

important conservational role to play as it is a heavy 

accumulator of potassium (Toky & Ramakrishnan, unpublished). 

Within 50 years shade tolerant species dominate the community. 

The shift in dominance is quicker in the early phases of 

succession and becomes slower in the later phases of 

succession (Richards, 1952; ^arks, 1974). The rewards of 

dominance are great, since dominance implies a proportio­

nately larger control over bigeochemical and hydrologic 
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pathways of the ecosystem, conservation of nutrients and 

their distribution in various compartments of the ecosystem. 

Litter production: 

The values of litter production in successional 

communities in the present study fall -vithin the published 

range of values recorded for mature and secondary forests 

of tropics and sub-tropics. Mitchell (cited by Bray & 

Gorham, 1964) reported values ranging from 8.3 to 14.4 

ton/ha/yr for three secondary forests and 5.5 to 7.2 ton/ 

ha/yr for three mature forests in Malaya. For strongly 

Amazonian seasonal forests Klinge & Bodrigues (1968) 

reported an average value of 7.3 ton/ha/yr. Ewel (1976) 

estimated values of 4.6 to 10.0 ton/ha for 1 to 14 years 

successional community and 9.0 ton/ha for mature forest in 

Guetemala. Higher values for mature forests reported are 

12.3 to 15.3 ton/ha. (laudelot & Meyer, 1954) in Zaire 

and 7.2 to 13.4 ton/ha (Bernhard, 1970) in Ivory Coast., 

Relatively high values of litter production in 

secondary successional communities in the present studies 

as compared to a comparatively older one of 50 years age 

(5.5 m-»ton/ha/yr) in the same area as reported by Singh & 

Ramakrishnan (unpublished) is due to the fast developing 

vegetation during the early successional stages and the 
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consequent rapid turn over of biomass. In early jhum 

fallows, bamboo (Dendrocalamus hamiltonii) and a number 

of early dicot tree species are deciduous in nature compared 

to the species in an older forest. Since a successional 

community undergoes change in species composition; often 

entire individuals may contribute to litter production. 

Shese factors -night combine to result in an 'overshoot* 

of litter production during the early successional phases 

(Ewel, 1976). 

The distribution of litterfall was markedly 

seasonal, with a peak fall during dry periods of the year, 

a pattern also observed by Klinge &~RodHrTgues (1968) in an 

Amazonian lowland forest. A rather different seasonal trend 

in a tropical rain forest where peak litterfall coincided 

with the advent of heavy rains at end of dry season was 

reported by Edward (1977). 

Biomass: 

A sharp increase in the aboveground biomass with 

age upto 20 years was noted and the present values are 

comparable to the range given for many tropical and sub­

tropical forests. The values reported are 46.09 to 121.68 

for 6-8 years in S. Nigeria and Belgium Congo (Nye & 

Greenland, I960)} 24.36 to 42.45 for 2-6 years and 370.53 
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for mature forest in Darien, Pan (Gulley et, al, 1969); and 

8.36 t© 72.40 m.ton/ha for 1-9 years in Izabal, Guate 

(Snedaker, 1970), 

The secondary forest ecosystems show a great tendency 

to accumulate biomass in the early stages of succession as 

seen from the present study where the standing crop biomass 

increased from 23.206 m.ton/ha in a 5 year fallow to 147.49 

m.tons/ha in a 20 years forest. However, between 20-50 years, 

there was no increase at all in the standing biomass of the 

community. It may be noted that the biomass values calculated 

are on the basis of 11 important tree species and all the 

shrubs and herbs in the community. Even if all the minor tree 

species are takein into consideration, the total biomass value 

is not likely to be too high (Singh <Sb Eamakrishnan, unpublished). 

This may be due to replacement of fast growing shade intole­

rant species by slow growing shade tolerant ones in later 

stages of succession. 

According to lugo (1973) maximum biomass value for 

tropical forests is approached in about 30 years at a level 

of 250 m.ton/ha, whereas in a temperate forest in northern 

hardwoods of USA, after clear-cut the living biomass rises to 

a peak of 490 m.ton/ha in about 170 years only (Bormann & 

Likens, 1979). While according to Marglef (1968), Odum (1969), 

Whittaker & Woodwell (1972) a steady-state for biomass 

immediately follows the attaintment of the peak during 

succession, according to Bormann & Likens (1979) this is 
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reached only after a transition period of more than 100 

years. In any case, a steady-state for biomass is reached 

in a shorter time in tropics whereas it takes a much longer 

time under temperate forests. 

The rate of accumulation of biomass increased upto 

15 years of regrowth and declined in a 20 year fallow. This 

is possible due to faster gfowth rate of bamboo (Dendrocalamus 

faamiltonii) and other shade intolerant dicot tree species. 

Such a faster rate of development of the community in the 

early successional stages was also reported by others, Snedaker 

(1970) reported maximum rate of increase of biomass of 19.23 

m.ton/ha/yr in Izabal, Guete upto 7-8 years with a subsequent 

decline, Bartholomew, Meyer & laudelot (1953) showttd a maximum 

rate of 26.6 m.ton/ha/yr in a new forest of Musanga cecropioi-

des upto a period of 5-8 years. However, growth rate also 

depends upon the type of vegetation established at the early 

phase of #acession, nutrient status of the soil and other 

environmental conditions. 

Productivity: 

The community showed increasing productivity upto 20 

years, which is largely based upon the growth response of 

exploitive species utilizing fesources available by destruction 

of biomass component present before clearing, accelerated 

decomposition of floor organic matter and favourable conditions 

of radiant energy. The rapid increase in productivity after 

5 years may be due to a shift in dominance 
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from weedy species utilizing inefficient exploitive 

growth strategy to tree species utilizing more efficient 

conservative strategy; bamboo with its deep and extensive 

rhizome systems, a large canopy and efficient uptake and 

conservation of nutrients like potassium would be an example 

of such a shift. Shade intolerant fast growing tree species 

exhibit rapid growth at this stage. 

The value calculated for NPP in the present study, 

fall in the range of values reported for secondary and mature 

forests. Jordan (1971) reported values of 5.4 m.ton/ha/yr 

for a 3 year old successional forest and 10.3 m.ton/ha/yr 

for old Rain forests in Puerto Rico. Tropical forests as 

a whole, with a mean annual WPP of 21.6 m.ton/ha, exceeds 

temperate forests, averging 13.0 m.ton/ha and boreal forests 

averging 8.0 m.ton/ha. In an oak-pine forest in New ^ork 

where productivity was measured during succession (Holt & 

Woodwell, quoted by tfhittaker, 1975), it was shown that 

net productivity increases to a fairly stable level in the 

meadow stage of succession and then increases more steeply 

through the shrub and young tree stage to 12 m.ton/ha/yr 

in the oak-pine forest of 44-55 years age. This is in 

agreement with the present results. However, Mellinger & 

Mc BTaughton, (1975) showed a contrasting trend where over a 



104 

30 year period during succession in old fields in Central 

Few York, there was a decrease in average net productivity. 

There has been much discussion on the diversity and 

its relationship with successional stage and in turn to 

productivity and stability. Odum (1969) and Woodwell & 

Saith (.1969) are of the view "that species diversity generates 

functional stability. On theoretical consideration-5, May 

(1973) has shown that increasing diversity destabilizes the 

interacting systems. However, McNaughton (1967) and 

Mellinger & McNaughton (1975) have shown that succession 

was accompanied by increase** biological diversity and 

reduced dominance. On the basis of perturbation studies 

they have positively related diversity with stability. 

This has been contradicted by Singh & Misra (1969) who 

suggested for serai grasslands that species diversity increases 

production efficiency of the ecosystem while decreasing 

dominance makes the system more stable though less efficient 

production. Our own studies indicate, however, that diversity 

increases with progress of succession with a consequent 

decrease in dominance. This is accompanied by increase in 

net community productivity which is steep upto 20 years and 

gradual beyond this \stage. 

file:///stage
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SUMMARY 

The secondary successional pattern of plant 

communities subsequent to shifting agriculture (locally 

known as •Jhum1) upto 50 years fallow and the biomass, 

productivity and litterfall patterns during succession upto 

a 20 year fallow period were studied. The early weedy 

colonizers vary depending upon the type of vegetation that 

is slash&Land burnt and the seed source available in the 

soil depending upon weeding practices at the time of agricul­

ture. Dendrocalamus hamiltoniit a bamboo species, dominates 

the fallow between 10-20 years which is replaced by more 

shade tolerant dicot trees. Succession was accompanied by 

increased species diversity, reduced dominance and increased 

net primary productivity. Total inventory of aboveground 

biomass increased linearly with age and attained a maximum 

value of 147.59 m.ton/ha in a 20 year fallow. The rate of 

accumulation of biomass showed increasing pattern upto 15 

years of secondary growth with the highest value of 8.95 m. 

ton/ha/yr and declined in a 20 year fallow. The net primary 

productivity increased linearly with the age of the fallow 

reaching a maximum of 17.99 m.ton/ha/yr. Litterfall showed 

a significant positive correlation with age of the fallow and 

total standing biomass of the fallow, reaching a maximum of 

9.69 m.ton/ha/yr collected in a 20 year stand. 



CHAPTER 4 

SOIL FERTILITY STATUS OF HILL AGRO-
ECOSYSTEMS AND RECOVERY PATTERN AFTER 
SLASH AND BURN AGRICULTURE (JHUM) IN 
NORTH-EASTERN INDIA. 
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SOIL NUTRIENT STATUS OP HILL AGRO-ECOSYSTEMS 
AND RECOVERY PATTERN AFTER SLASH AND BURN 
AGRICULTURE (JHUM) IN NORTH-EASTERN INDIA 

INTRODUCTION 

Shifting agriculture in the north-eastern 

India (locally called *Jhum*) involves clearing of 

the forest, burning of dried biomass, mixed cropping 

for a period of 1 or sometimes 2 years, and then 

reverting the land back to its natural vegetation so 

as to restore soil chemical fertility and to improve 

its physical properties. The long term success of this 

practice of agriculture depends upon the recovery and 

maintenance of soil fertility. If the nutrients lost 

or displaced during the short period of cultivation are 

approximately balanced by those replaced during the 

fallow period, the system could continue indefinitely. 

The maintenance of soil fertility in hot, humid and 

high rainfall areas is a serious problem and is more 

severe in situations when the cycle becomes short, due 

to poor recovery of soil fertility and increased inten­

sity of weed competition. This in turn results in re­

duced crop yield under short jhum cycles (Toky & 

Ramakrishnan, unpublished). 
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This study on *jhum' was done at Burnihat which 

is located in the Khasi hills of Meghalaya at 26.0° N and 

91.5° E. Here shifting cultivation ('jhum') is practised 

by one of the tribes of Meghalaya namely the 'Garos*. The 

climate at Burnihat is hot and humid with an average rainfall 

of 220 cm. Climate tarould be divided into three distinct 

seasons. The dry and windy sumaier runs from mid-February 

to May with average maximum temperature of 33°C and minimum 

temperature of 9°C. The rainy season extends from May to 

October. This is a warm period with high humidity. The mild 

winter with an average maximum temperature of 25°C and an 

average minimum temperature of 5°C extends from November to 

mid-February. This period is practically rainless except for 

a few winter showers. The angle of the slope varies 

from 20° to 40°. The soil is of lateritic origin. 

The present study deals with the changes in soil 

nutrient status under three different jhum cycles of 30, 10 

and 5 years and its decline due to various losses through run­

off and leaching. It also deals with the recovery of the soil 

fertility as a forested cover develops after the land is left 

as fallow after jhum cultivation. 
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METHODS OF STUDY 

For study of chemical characteristics of the soil, 

three deforested sites under 30, 10 or 5 year jhum cycles 

were selected. While selecting the different sites, care 

was taken to ensure similar slope conditions (32° average), 

exposure and soil types. In all the three sites soil 

samples were taken five times during one year of study to 

"represent soil conditions : (i) after cutting but just 

before burning the slash (in March), (ii) immediately after 

burning (in March), (iii) during early monsoon (in May), 

(iv) during the mid-monsoon (in June) and (v) after one 

year of cropping (in April of the following year). Sites 

representing forested fallows were 1,5,10,15 and 50 years 

of age. Soil sampling in these fallows was done in the 

month of March. Sampling in each site was based on 10 soil 

collections to represent the entire topography of the slope. 

These samples were thoroughly mixed into a composite one 

to represent that site. Soil sampling in all the study 

sites was done through a depth of 0-40 cm. separately at 

intervals of 0-7, 7-14, 14-28 and 28-40 em. 

pH was determined in a soil-water suspension of 1:5 

ratio using a pH meter. Total nitrogen, carbon, N0„-N, 
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P 0 4 - P , pH and exchangeable ca lc ium, magnesium and potass ium 

were ana lysed fo l l owing s t a n d a r d methods (Al len , 1 9 7 4 ) . 

Thus, s o i l carbon was de te rmined by^Walkey-Black method and 

t o t a l n i t r o g e n byAKjehldahl method. Magnesium and calcium 

were ana lysed by^EDTA t i t i r a t i o n method whi le potass ium was 

e s t i m a t e d byAflame emiss ion method a f t e r e x t r a c t i n g the 

exchangeable c a t i o n s w i t h IN Ammonium a c e t a t e at pH 7. irOg-N 
foe. 

^8 was e s t i m a t e d b y A p h e n o l - d i - s u l p h o n i c ac id method and 

P0 4 -P was e s t i m a t e d by molybdenum blue method, bo th colorime «* 

t r i c a l l y . The s o i l bulk d e n s i t y was used fo r subsequent 

convers ion o f a n a l y t i c a l d a t a to f i e l d weight pe r u n i t a r e a . 

BESUITS 

Oarbon 

Before burn ing the s l a s h , pe rcen tage carbon in the 

s u r f a c e s o i l was h i g h e r under 30 and 10 yea r jhum cycle s i t e s 

( 2 . 4 9 ^ and 2 .65$ respy.) "Compared to t h a t under a 5 y e a r 

cyc le ( 1 . 8 2 $ ) . Immediately a f t e r bu rn ing , t h e r e was s i g n i ­

f i c a n t r e d u c t i o n i n the carbon c o n t e n t i n the s u r f a c e s o i l 

and t h i s was more pronounced in s i t e s w i t h 10 and 30 y e a r 

c y c l e s compared to the 5 y e a r one . This t r e n d fo r r e d u c t i o n 

in carbon cont inued upto a pe r i od of 3 months in 10 and 30 

y e a r jhum cycle s i t e s and for a pe r i od of 1 month only in t h e 
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s i t e of 5 year cyc le . Beyond t h i s period, carbon content 

in the surface s o i l showed an increas ing t rend. The changes 

in the carbon content in the lower l ayers were not as 

pronounced as in the surface l a y e r . I t is a lso i n t e r e s t i n g 

to note tha t in general carbon content in a l l the di f ferent 

l aye r s of the s o i l p ro f i l e was maximum under a 10 year jhum 

cycle and was the l e a s t under a 5 year cycle 

Carbon content (kg/m ) for the e n t i r e s o i l p rof i l e 

upto a depth of 40 cm showed .that there was a sharp decrease 

in the quant i ty immediately a f t e r the burn under 10 and 30 

year cycles only. Under a 5 year cycle the burn did not 

a f fec t the amount of carbon in the s o i l . Decline in carbon 

content continued in a l l the s i t e s upto 3 months a f t e r the 

burn and was most pronounced under 10 year cycle. Thus the 

s i t e under a 10 year cycle l o s t 17.3# of carbon out of the 

2 
o r i g i n a l 7.979 kg/m under a 5 year cyc le . After 12 months, 

recovery of carbon was noted in a l l the s i t e s . As mentioned 

e a r l i e r the s i t e under 10 year jhum cycle had maximum carbon 

content during the e n t i r e 1 year per iod. The net l o s s from 

the three s i t e s a f t e r a year of cropping was to the extent 
2 2 

of 1.787 kg/m under 10 year cycle , 1.274 kg/m under 30 



Table 4.1 

Changes in carbon (#) threugk tke sail profile after burn and during 
eref ping in sites under different jkua cycles 

Sampling 
t i n e 
(nays) 

« j » l 

1 

30 

90 

365 

S e l l 
deptk 
( c ) 0 - 7 

2 . 4 9 

2 .16 

2 .12 

2 .03 

2 .12 

30 
7-14 

1.74 

1.60 

1.52 

1 .50 

1.63. 

14-28 

1.35 

1.27 

1.30 

1.35 

1.25 

Jkua 

28-46 

1 .09 

1.10 

1.02 

0.92 

1.01 

e y e l e 

0 - 7 

2 . 65 

2 .20 

2 .03 

1.90 

2 . 0 8 

(years) 
10 

7-14 

2 .14 

1.92 

1.80 

1.75 

1.80 

14-28 

1 . 68 

1.60 

1.52 

1.40 

1.36 

28-40 

1.43 

1.38 

1 .33 

1 .34 

1.37 

0-7 

1.82 

1.74 

1.62 

1.68 

1.78 

5 
7-14' 

1 .43 

1 .51 

1.40 

1 .45 

1 .50 

14-88 

1 .21 

1 .18 

1 .10 

1.03 

1 .15 

28-40 

0 .94 

1.03 

0 .90 

0 .82 

0 .85 
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year cycle and 0.327 kg/m under a 5 year cycle (P ig . 

u.t ). 
In all the forested fallows, percentage carbon 

declined with increase in depth throughout the profile, 

it also declined with age of the fallow upto 5 years, 

with a maximum level recorded in a 0 year fallow (after 

one year of cultivation). In a 10 year fallow, the carbon 

level improved markedly and was only slightly altered in 

a 50 year fallow (Table tf.l). The total carbon of 9.750 
2 

kg/m upto a depth of 40 cm in a 0 year fallow declined 

markedly after one year of revegetation and subsequently 

improved upto a 10 year fallow and declined markedly in a 

15 year fallow (this is probably related to ground fire, 

discussed below) and again improved slighlly in a 50 

year fallow but stabiLized at a lower level than that of 

a 10 year one (Pig. ^.StA). 

Total nitrogen 

Before the burn, total nitrogen concentration in 

the upper layers of the soil under 30 and 10 year jhum 

cycles was almost equal and was much higher than at the 

site under 5 year cycle. Under 30 and 10 year cycles, 

nitrogen concentration in the surface layers declined 

sharply after the burn and the decline was less marked in 



Pig. 4.1. Changes in total quantity of carbon within 
a soil column of 40 cm after burn and during 
cropping in sites under 30 (A), 10 (B) and 
5 (C) year jhum cycles. 

Dark column, 0-7 cm; hatched column, 
7-14 cm; stippled column, 14-28 cm; open 
column, 28-40 em depth of soil. 
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Table H.L 

Changes in $ carbon and nitrogen and C/N ratio in the soil 

profile under forested fallows of various ages. 

Soil depths upto 40 cm 

Fallow 
( y e a r ) 0~7 cm 7-14 cm 14-28 , 28-40 cm 

0 

1 

5 

10 

15 

50 

C 
4 

2 . 0 8 

2 . 0 1 

1 .82 

2 . 7 5 

2 . 5 0 

2 . 6 0 

< 

0 . 2 2 3 

0.21.7 

0 . 2 2 0 

0 . 2 6 8 

0 . 2 4 6 

0 . 2 3 6 

OiJJf 

9 . 3 

9 . 2 

8 . 6 

1 0 . 0 

1 0 . 1 

1 1 . 0 

C 

1 .80 

1 .53 

1 .48 

2 . 1 4 

1 .73 

2 . 0 5 

IT C:N 

0 . 1 7 2 

0 . 1 5 9 

0 . 2 0 0 

0 . 2 4 0 

0 . 1 7 8 

0 . 2 1 5 

1 0 . 4 

9 . 4 

7 . 0 

8 .7 

9 . 5 

9 . 5 

C I C:N 
< 4 

1.36 0.154 8.3 
1.12 0.142 7.7 
1.21 0.170 7.6 
1.78 0.170 10.0 
1.35 0.148 8.7 
1.76 0.180 9.8 

C 

1.37 
0.81 
0.94 
1.42 
1.18 
0.86 

0.158 
0.138 
0.150 
0.162 
0.145 
0.116 

C:' 

8 . 6 

5 . 8 

6 . 0 

8 . 6 

7 . 5 

7 . 4 



i«. 4.2. Changes m cumulative quantity of carbon 

o f ^ l T ^ f 1 1 JB) W i t h i n a ^ i l column 
of 40 cm depth under fallows of various ?ges, 

r^°~Z~~? » ° yea^jO—-O, i y e a r . 

O, 15 year; O ~~0, 50 year. 
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the subsequent months. ]?urther, the changes in n i t rogen 

concentrat ion over 1 year period were pronounced in the 

surface l aye r only. The decl ine in the concentrat ion of 

ni t rogen in the surface l aye r of s o i l (0-7 cm depth) a f t e r 

one year of cropping under a 30 year cycle was from an 

i n i t i a l 0.270# to 0.204# whereas under a 5 year cycle it 

was j u s t from 0.220# to 0.193# (T«£Jk. 4 / 5 ) . 
o 

Total nitrogen content (g/m ) over a depth of 

40 cm was not significantly different before burn under 30 

and 10 year Qhum cycles. However, in both these cases there 

was a sharp decline in total nitrogen during the first 3 

months. A similar trend was also noted under a 5 year cycle 

though the initial pool of nitrogen before burn was signifi­

cantly lower than under long 3hum cycles. Whilst the 

decline in nitrogen pool during the first 3 months was to 

the order of 15.5$ of that original (before the burn) under 

a 30 year cycle, it was about 16.7$ under a 10 year cycle 

and was to the extent of 10.5$ in a site under 5 year cycle. 

The recovery of nitrogen between 3 and 12 months period was 

maximum under a 30 year cycle and least under a 5 year cycle; 

10 year cycle was very close to the 30 year cycle in this 

respect (Pig. 4.3 ). 



Table 4 .3 
Changes In n i t rogen (£) through tae s o i l p ro f i l e a f t e r burn and 

during cropping in s i t e s tinder d i f f e r en t jhua cycles 

Sampling 
time 
(days) 

Soil _30 
deptn 0^7 T^Ii 14-23 23-40 
(en) 

J hum. cycle (years ) 
10 5 

CP? 7^ft 14-23 23-40 0^7 7-14 ~14-*S 8S-4® 

- 1 

1 

30 

90 

365 

0.270 0.226 0.176 0.160 

0.223 0.136 0.163 0.152 

0.214 0.178 0.146 0.152 

0.220 0.190 0.142 0.148 

0.204 0.196 0.170 0.150 

0.268 0.240 0.170 0.162 0.22© 0.200 0.170 0.150 

0.223 0.210 0.158 0.155 0.230 0.191 0.166 0.144 

0.236 0.135 0.148 0.150 0.220 0.178 0.160 0.140 

0.220 0.185 0.140 0.145 0.212 0.17© 0.153 0.130 

0.223 0.172 0.154 0.158 0.193 0.171 0.156 0.14© 



Fig. 4.3. Changes in total quantity of nitrogen 
within a soil column of 40 cm depth 
after burn and during cropping in sites 

under 30 (A), 10 (B) and 5 (C) year 
jhum cycles. 

Dark column, 0-7 cm; hatched 
column, 7-14 cm; stippled column, 14-28 
cm; open column, 28-40 cm depth of soil. 
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The nitrogen concentration in the different fallows 

showed a slight decline after 1 yes.r of regrowth of natural 

vegetation as compared to that after a year of cropping 

(0 year fallow), but improved gradually in the fallows of 

5 and 10 years of age and then tended to decline under a 15 

year old fallow and slightly decrea.sed or increased in a 

50 year old fallow depending upon the soil depth. Nitrogen 

concentration in all the fallows decreased Markedly with 

increase in depth of the soil (Table 4.1-)» 

Total nitrogen upto a depth of 40 cm declined in a 

1 year fallow when compared with that immediately after 

cropping (0 year fallow). Subsequently nitrogen status 

improved and reached its maximum under a 10 year fallow 

and in 15 and 50 year fallows it stabilized at a lower 

level (Pig. 4.AB). 

C/N ratio in all the fallows was higher in the 

surface layer of the soil and declined at lower depths. 

At a depth of 0-7 cm, this ratio reached its maximum in a 

50 year fallow. At lower depths, however, this ratio had 

a maximum in a 10 year fallow and in older fallows of 15 

and 50 years it slightly declined (Table 4.2.). 
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A comparison of Fig. 4.&A and Fig. 4.3B indicate 

that depletion of carbon and nitrogen through depth was in 

general more for the former than for the latter as indicated 

by the trend of the curves. It is also evident that depletion 

of these two at lower depths was maximum in a 1 year fallow 

compared to others. 

Nitrate nitrogen 

NO„-N concentration in the surface layer reached its 

peak after a month after the burn and declined markedly in 

subsequent months. Length of the cycle does not seem to have 

a marked effect on concentration. NO^-N concentration did not 

fluctuate much at lower depths C&y>jk 4.&). 

Available phosphorus 

Immediately after the burn, available phosphorus 

showed only a slight increase, but it increased markedly after 

a month in all the three sites; this was more pronounced 

under a 30 year jhum cycle followed by the 10 year cycle. The 

concentration dropped significantly after 3 months of cropping. 

A slight increase after one year of cropping was noted only 

under 30 year jhum cycle. Available phosphorus showed decrea­

sing trend with shortening of the jhum cycle at all times of 

sampling. At lower depths, no significant fluctuation was 

observed in all the three sjfces (Fig. 44,TeU>iLlf-6)« 



Table 4.4 
Changes la concentration (ng/100 gn) of 10,-9 through the soil 
profile after burn and during cropping in sites under different 

J hum cycles 

Sanplin 
t ine 
(days) 

- 1 

1 

30 

60 

90 

S 

Soil 
depth 
( « ) 

d™L? 

0*20 

0.21 

0.55 

0.14 

0.21 

30 
7-14 14-28 

0.18 

0.17 

0.25 

0.18 

0.18 

0.16 

0.16 

0.17 

0.16 

0.18 

28-40 

0.15 

0.15 

0.14 

0.15 

0.14 

Jhun eycl 

0 - 7 

0.11 

0.10 

0.37 

0.22 

0.25 

e (yea r s ) 
10 

7-14 

0.10 

0.10 

0.18 

0.16 

0.17 

14-28 28-40 

0.09 

0.08 

0.10 

0.12 

0.12 

0.08 

0.P8 

0.08 

0.09 

0.10 

0 - 7 

0.30 

0.2? 

0.49 

0.12 

0.18 

5 
7-14 

0.22 

0.23 

0.26 

0.18 

0.22 

14-28 

0.20 

0.21 

0.21 

0.18 

0.20 

28-40 

0.18 

0.17 

0.17 

0.11 

0.14 



Table 4.5 

Ckaages ia eoaeen t r a t i ea (mg/100 g) of a r a i l a b l e paespaerus a f t e r 
burm aad during cropping in s i t e s uader d i f f e ren t Jaaa cycles 

30 
Sampling 
tiae 
(days) Soi l^ M 7 - i4 14-28 28-46 

(ea) 

Jaua eycle (years ) 
10 

SP? 7^13 14-28 28-46 
s 

($Z7 7-14 14-28 I i=4T 

.1 

1 

30 

90 

365 

0,90 0.54 0.27 0.20 

0.14 0.58 0.28 0.16 

2.24 0.80 0.22 0.30 

1.04 0.64 0.32 0.20 

1.28 0.72 0.30 0.24 

0.78 0.54 0.14 0.10 

0.88 0.54 0.18 0.10 

1.54 0.90 0.22 0.11 

0.82 0.78 0.30 0.08 

0.68 0.62 0.28 0.20 

0.28 0.18 0.10 O.0i 

0.30 0.14 0.06 0.04 

1.08 0.14 0.14 0.98 

0.56 0.24 0.14 0.20 

0.44 0.24 0.18 0.18 



Pig. 4.4. Changes in total quantity of available 
phosphorus within a soil column of 40 cm 
depth after burn and during cropping in 
sites under 30 (A), 10 (B) and 5 (Cj year 
jhum cycles. 

Dark column, 0-7 cm; hatched 
column, 7-14 cm; stippled column, 14-28 
cm; open column, 28-40 cm depth of soil* 



Available Phosphorus ( g /rAl 

o 

CD 



120 

In general under all the forest regrowth phases, the 

soil maintained a comparatively low level of available phos­

phorus except in a 50 year fallow. In sites of 1 year and 

5 year fallows, the available phosphorus concentration 

declined compared to that in a 0 year fallow (just after 

cultivation), and in older fallows, the aoncentration 

increased reaching the maximum in a 50 year fallow. These 

changes were marked in the surface layer of the soil only 

(Table 4.6). 

Total available phosphorus declined in 1 and 5 year 

fallows and showed marked and steady improvement in 10,15 

and 50 year fallows. Depletion of available phosphorus with 

depth was also maximum in a 5 year fallow (Pig. 4.8A). 

Exchangeable cations 

Immediately after burning the slash, the concentration 

of all the cations in the surface soil increased considerably. 

This increase was more marked in the site under a 30 year 

,3hum cycle compared to a 10 year cycle and was least under 

a 5 year cycle, the exception to this trend being potassium 

which showed a similar increase under 10 year cycle as in a 

30 year site. Initial concentration of all cations in the 

surface soil was higher in the sites under long cycles of 

30 and 10 years as compared to a short cycle of 5 year. A 

month, after burning, there was a sharp decline in concentration 



Table 4.6 

Concentration of available phosphorus (mg/100 g) in the soil 
under forested fallows of various ages. 

Depth of 
soil 
( cm) Age of the fallow (year) 

0 1 5 10 15 50 

0-7 

7-14 

14-28 

28-40 

0.68 

0.25 

0.13 

0.11 

0.35 

0.25 

0.12 

0.10 

0.28 

0.19 

0.11 

0.05 

0.78 

0.45 

0.14 

0.14 

1.08 

0.65 

0.25 

0.15 

10.70 

7.50 

4.70 

3.60 



Pig. 4.5. Changes in cumulative quantity of available 
phosphorus (A) and potassium (B) within a 
soil column of 40 cm depth under fallows of 
various ages. 

O O , 0 year; O O , • 
1 year; O — • — — Q 5 year; O — — — O , 10 year; 
O O » 15 year; Q Q, 50 year. 
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of all cations in the top soil layer in all the three sites. 

This decline persisted upto a period/^three months for calcium 

and magnesium but continued upto 12 months in the case of 

potassium. After a year of cropping, all the three jhum 

sites showed a slight improvement in cations compared to 

the level before the burn. Cationic concentration at lower 

depths (7-40 cm) was not significantly affected during the 

1 year period (Tkbfe. 4.^,4.5 .,4.9 ). 

The total amount of various cations to a depth of 

40 cm increased markedly after the burn and then declined 

during subsequent months. This pattern was more pronounced 

under 30 and 10 year jhum cycles whereas the level of cations 

and their fluctuations were less pronounced under a 5 year 

cycle. At the end of the 12-month period the level of the 

cations remained more or less at the same level as that be­

fore the burn. It is also interesting to note that while 

calcium and potassium level in the soil profile were very 

close to one another after the burn in a 30 year jhum cycle, 

the level of potassium was markedly higher than that of 

calcium after the burn in a 10 year jhum cycle (Pig. 4.G^M^^. 

In a 1 year fallow, the soil calcium and magne­

sium levels were fairly close or slightly higher than that 

in a 0 year fallow left immediately after 1 year of cropping. 



Table 4 . 7 
Changes in concentration (meq./10O gm) of potassium through the s o i l 
prof i le af ter burn and during cropping in s i t e s unde«r dif ferent 

Jhum cycles 

Sampling 
t ime 
(days ) 

- 1 

1 

30 

90 

365 

S o i l 
depth 
(em) 0-7 

0.64 

7 .95 

1.65 

0 .89 

0 .66 

30 
7-14 

0.56 

0 .67 

0 .77 

0 .71 

0 .46 

14-28 

0 .51 

0 .64 

0 .78 

0 .66 

0 .46 

Jhu 

28-40 

0 .61 

0 .77 

0 .71 

0 .78 

0 .74 

m cycle 

0-? 

0 .51 

8 .20 

1.64 

1.20 

0 .66 

(years) 
10 

7-14 

0 .43 

0 .51 

0 .48 

0 .56 

0 .56 

14-28 

0 .41 

0 .39 

0 .46 

0 .45 

0 .38 

28-40 

0 .31 

0 .29 

0 .20 

0 .23 

0 .25 

0-7 

0.35 

2 .25 

0.82 

0 .46 

0 . 5 1 

5 
7-14 

0 .46 

0 .41 

0 .52 

0 .48 

0 .50 

14-28 

0 .18 

0 .20 

0 .23 

0 .20 

0 .20 

28-40 

©•10 

0 .14 

0 .20 

0 .15 

0 . 1 3 



Table 4.8 

Changes la ooaoeatratloa (meq.,/1 
profile after bura and durlag or 

jama cycle 

Saapliag Sel l J hum cycle 
time depth 30 
(days) (em) 0-7 7-14 14-28 28-40 0-7 

3.36 

14.97 

3.74 

3.11 

3.49 

2.24 

2.22 

2.27 

2.37 

2.45 

1.87 

1.74 

1.84 

1.99 

1.74 

1.30 

1.19 

1.24 

1.12 

1.17 

2.02 

5.86 

3.49 

2.24 

2.29 

0 ga) of calcium tarouga tke s o i l 
ppiag la s i t e s under dif fereat 

(years) 
10 5 , 

7-14 14-28 28-40 0-7 7-14 14-28 28-4© 

1.60 

1.54 

1.74 

1.25 

1.68 

0.55 

0.67 

0.74 

0.77 

0.59 

0.47 

0.37 

0.40 
• 

0.54 

0.49 

1.56 

5.12 

2.87 

2.37 

2.00 

0.75 

0.90 

1.15 

1.12 

0.82 

0.37 

0.44 

0.48 

0.45 

0.33 

9.37 

0.35 

0.42 

0.47 

0.42 



Table 4.9 

Changes In concentration (aeq./lOO ga) of aagnesiua through, the soil 
profile after burn and during cropping in sites under different Jnun cycles 

Saapling Soil jama cycle (years) 
tiae depth 30. 10 5 
(days) (en) 0-7 7-14 14-28 28-40 0^7 7^15 14-28 28-40 0-7 7-14 14-28 28-40 

2.67 

8.22 

3.50 

3.49 

3.70 

1.85 

2.00 

2.46 

1.80 

2.36 

b l b D 

2.13 

2.26 

2.13 

2.05 

1.90 

1.89 

1.93 

1.97 

2.13 

2.15 

7.40 

3.30 

1.85 

2.20 

1.85 

2.01 

2.46 

1.85 

2.15 

1.89 

2.05 

1.89 

1.68 

1.85 

1.93 

2.05 

2.20 

2.03 

1.94 

2.36 

5*55 

3.49 

3.03 

2.87 

1.85 

2.01 

2.05 

2.01 

1.43 

1.12 

1.23 

1.06 

0.85 

1.19 

1.02 

0.90 

1.05 

0.80 

0.99 



Pig. 4.6. Changes in total quantity of potassium 
within a soil column of 40 cm after 
burn and during cropping in sites under 
30 (A), 10 (B) and 5 (C) year jhum cycles. 

Dark column, 0-7 cm; hatched 
column, 7-14 cm; stippled column, 14-28; 
open column, 28-40 cm depth of soil. 
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Pig. 4.7. Changes in total quantity of calcium within 
a soil column of 40 cm after burn and during 
cropping in sites under 30 ( A ) , 10 (B) and 
5 (0) year jhum cycles. 

Dark column, 0-7 cm; hatched column, 
7-14 cm; stippled column, 14-28 cm; open 
column, 28-40 em depth of soil. 
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Fig. 4.8. Changes in total quantity of magnesium 
within a soil column of 40 cm after burn 
and during cropping in sites under 30 (A), 
10 (B) and 5 year (C) jhum cycles. 

Dark column, 0-7 cm; hatched 
column, 7-14 cm; stippled column, 14-28 
cm; open column, 28-40 cm depth of soil* 
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With the age of the fallow between 5 and 15 years, the 

level fluctuated and even dropped significantly in some 

of the fallows. However, in a 50 year fallow the concen­

tration of these two nutrients dropped markedly and was 

lowest at all depths. Potassium on the other hand started 

with a comparative high concentration in 0 and 1 year 

fallows, declined markedly in 5 and 10 year fallows and 

again recovered reaching highest concentration in a 50 year 

fallow (Table 440), 

Cumulative amount of calcium and magnesium followed 

a different trend from that of potassium as noted above. • 

In the case of the former two, total level through the soil 

profile was least in a 50 year fallow and was maximum in 0 

and 1 year fallows. In a 50 year fallow the depletion of 

these' two nutrients was maximum with increase in depth of 

the soil. On the other hand, in a 50 year fallow potassium 

level was maximum and its enrichment through depth was also 

high. Least level of potassium in the soil was observed in 

a 10 year fallow (Fig. 4.5 B^^C+.i). 

m 
Under' all the three jhum cycles, pronounced increase 

in pH of surface soil only (0-7 cm) was recorded immediately 

after burning, followed by a sharp decline in subsequent 
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Fig. 4.9. Changes in cumulative quantity ot oaleiua 
(A) and magnesium (B) within a soil ooluan 
of 40 om under fallows of various ages* 

O O, 0 year i O Ot 1 
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months reaching more or less the original value afger 1 

year of cropping which was in the range of 5.90 to 6.64, 

pH did not fluctuate significantly at lower depths (7-40 cm) 

during the year (Tto>§e. 4.1l ). 

In the jhum fallows of 0-15 years, pH declined 

with increase in soil depth hut in a 50 year fallow, pH 

remained steady with increase in depth. pH of the soil was 

always acidic ranging between 5.20 and 6.50 (Table 4.11). 

DISCUSSION 

A number of changes occur in the physio-chemical 

characteristics of the soil subsequent to slash and burn. 

Slashing the vegetational cover brings about a number of 

micro-environmental changes in the site due to increased 

insolation and subsequent changes in soil moisture and 

atmospheric humidity in the site. The atmospheric and 

surface soil temperature conditions are also altered signi­

ficantly due to clear cutting of the forest. These changes 

along with other changes in soil chemistry get accentuated 

after a low or high intensity burn before cultivation of 

the site. 

The significant reduction in soil carbon content 

immediately after fire under a 30 or 10 year jhum cycle 



Table 4.11 
Gkanges in pH tkrougk tke s o i l pref i l e af ter bura aad during 
ersppiag in s i t e s under different jkum cycles . 

San f l ing Ss l l Jkan eyele (years) 
t ine dep tk 50 10 5 
(days) (en) CT 7-14 14-26 28-40 CT 7-14 14-28 28-46 2P? 7-14 14-28 jti-46 

6 . 6 

8 . 7 

7 . 2 

6 . 9 

6 . 4 

6 . 3 

6 . 4 

6 . 4 

6 . 5 

6 . 3 

6 . 0 

5 . 9 

5 . 9 

o , y 

5 . 7 

5 . 6 

5 . 6 

5 . 5 

5 . 5 

5 . 6 

5 . 9 

9 . 0 

7 . 5 

6.6 

6 . 0 

5 . 6 

5 . 7 

6 . 0 

o» y 

5 . 8 

5 . 4 

5 . 6 

5 . 7 

5 . 7 

5 . 6 

5 . 1 

5 . 2 

5 . 2 

5 . 3 

5 . 2 

6 . 0 

7 . 5 

6 . 3 

5 . 7 

5 . 8 

5 . 6 

5 . 6 

5 . 7 

5 . 5 

5 . 4 

5 . 4 

5 . 4 

5 . 4 

5 . 5 

5 . 4 

5*3 

5 . 2 

5 . 2 

5 . 3 

5*2 



Table 3.14.. 

Changes in soil pH under forested fallows of various ages 

S o i l 
dep th 
(cm) 

0 - 7 

7-14 

14-88 
28-40 

0 

6 . 0 

5 . 8 

5 . 7 

5 . 3 

1 

6 . 5 

6.0 

5 . 8 

5 . 4 

Affe of 
5 

6 . 1 

5 . 6 

5 . 4 

5 . 3 

t h e f a l l ow (Years) . 
10 

5 . 9 

5 . 6 

5 . 3 

5 . 2 

15 

6 . 1 

5 . 5 

5 . 6 

5 . 4 

50 

5 . 7 

5 . 8 

5 . 7 

5 . 8 
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could be accounted as due to a high intensity burn which 

is done twice for completion of this process. Under short 

jhum cycle of 5 year, however, since quantity of slash is 

much less, the burn is also of low intensity and therefore 

the surface soil humus remained less affected. It may be 

noted here that the site under longer jjium cycles start with 

higher carbon and high intensity fire depletes it rapidly 

in the top soil. At the time of cultivation loss of organic 

matter from the soil due to decomposition is likely to be 

faster due to high insolation and also due to rapid surface 

run-off of soil. After an initial period of depletion of 

organic matter during cultivation, there is a period of 

recovery of humus in the soil, derived from slash of the 

harvested crops and of the weeds. Because of higher level 

of organic content maintained after a year of cropping, long 

jhum cycle sites may be able to sustain another year of 

cropping. After a year of chopping there was a net loss 

of carbon compared to that before the burn, an observation 

also made by other workers (Joachim & Kandiah, 1948; Nye 

& Greenland, 1964; Zinke et al, 1978; Jha et_ al, 1979), 

Juo & Lai (1977) showed that under shifting agriculture in 

West Nigeria, due to fast rate of decomposition of organic 

matter under continuous cropping, 16 m tons/ha/year of dry 
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plant material is required to maintain soil organic matter 

in the surface soil at a level comparable to soi± unaer 

secondary forest. The depletion of organic matter depends 

upon the intensity of cropping, type of fallow vegetation 

and the ratio of cropping to fallow period. With optimum 

cropping and fallow period, the humus in the soil could be 

maintained at a relatively high level even after many years 

of shifting cultivation (CAulter, 1960; Reed, 1951; Birch 

& Friend, 1956). 

Accumulation of organic matter and nutrients by the 

native second growth vegetation is one of the important 

functions of the fallow period. It is the return of the 

organic matter to the upper soil depths which accounts for 

the restoration of soil fertility and the main pathway of 

it is the litter fall and its subsequent decomposition. 

The depletion of organic matter in the surface soil conti­

nued through the early successional fallows upto about 5 

years. This was mainly due to low return of litter 

during the initial colonization and growth of the 

vegetation in the fallows dominated by species like Imperata 

cylindrica and Eupatorium odoratum and also due to faster 

decomposition in these open sites. This trend in reduction 

of soil humus upto a 5 year fallow period could be one of 
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the reasons against a short jhum cycle which has become so 

common in present times. Maximum level of soil humus is 

reached in a fallow 10 year old, though a slightly lower 

level was maintained in the soil under a 50 year fallow. 

Lau delo t & Meyer (1954) and Ewel (1976) have made similar 

observations and conclude that organic matter production in 

mature stand is less compared to a secondary serai forest. 

Similar to the pattern of humus content in the 

surface soil, total soil nitrogen declined sharply after 

the burn under longer jhum cycles compared to a short 5 year 

cycle. This is partly due to low nitrogen build up in the 

fallows before the burn under the 5 year cycle and also due 

to low intensity burn. Under longer cycles, the build up 

of nitrogen was higher in the soils at the end of the fallow 

period and the soil experienced a high intensity burn resul­

ting in greater loss of nitrogen through volatilization from 

the surface soil. 

Nitrification after the burn was accelerated due 

to high microbial activity, due to rise in pH and temperature 

of the surface soil (Griffith, 1949; Moore & Jaiyebo, 1963; 

Ahlgren & Ahlgren, 1965). The increase in nitrification after 

clear cutting of forests has also been attributed by some 
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workers as due to the removal of chemical inhibitors 

(Smith ej, gl, 1968). The intact vegetation of the ecosystem 

causes allelopathic inhibition of nitrifying organisms in the 

soil (Rice, 1974; Melillo, 1977), thus reducing the rate of 

nitrification. The level of NOg-N fell rapidly because of 

its removal by rain and also due to absorption by fast 

growing weeds and crops species. 

Though there was net loss of nitrogen from all the 

sites after a year of cropping compared to that before burn, 

lonjer jhum cycle sites had higher nitrogen status compared 

to site under a 5 year cycle and therefore, probably sustain 

cropping for a longer duration. It may be noted that according 

to Nye and Greenland (1960) response of nitrogen fertilizer 

are small where fallows are long (10 year or more) but in land 

more intensively cultivated with short fallows, the responses 

be come larger: • 

The decline in nitrogen level upto 5 year during 

revegetation of the fallow could be partly due to low litter 

production and also due to rapid utilization of nitrogen by 

the fast growing plant cover. As for carbon, nitrogen level 

in the soil also reached its peak in a 10 year old fallow. 

The comparatively low level of both carbon and nitrogen 
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attained in a 15 year fallow compared to a 10 year one could 

be explained as due to accidental spread of ground fire from 

slash and burn in adjoining areas* 

Humus level in the soil in general remained low 

due to its faster rate of mineralization. Only a fraction 

of the organic matter gets incorporated into the soil (Jenny 

& Ray Chaufthuri, I960; Nye & Greenland, 1960) and this 

accounts for the low G/N ratio during all phases of jhum cycle. 

The increase in available phosphorus after fire 

was slight under jhum cycle. The rapid build up of available 

phosphorus level a month after the burn could be due to : 

(i) release from the ash after the rainfall occurs (ii) increase 

in the soil pH and the consequent increase in microbial 

activity (Ahlgren & Ahlgren, 1965) which may result in rapid 

mineralization of the residual humus. This build up of 

available phosphorus was maximum under longer jhum cycle and 

minimum under the short 5 year cycle which may be related to 

the amount of slash, intensity of burn and the|consequent lower 

pH level and the generally low humus content. The sharp 

decline in available phosphorus 3 months after the burn may 

be due to rapid absorption of this element by crops and weeds, 

and also due to removal by run-off at a rapid rate when the 
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plant cover is still developing. After a year of cropping, 

the available phosphorus level was more or, sometimes even 

slightly higher than that before the burn (Nye & Greenland, 

1960; Zinke et, al, 1978). 

During early phases of development of vegetation 

upto a 5 year fallow, there is a gradual depletion in avai­

lable phosphorus throughout the profile reaching a minimum 

under a 5 year second-growth fallow. This is followed by a 

rapid build up through 10, 15 and 50 year fallows, .The. 

accumulation of phosphorus particularly in the surface layers 

of older forests may be due to transfer of phosphorus from 

the deeper layer.s, &£. the-"soil to thf'upp^ter stratum through 

litter fall (Bye & Bertheux, 1957;" Russel, 1968). 

There~are four sources of basic cations in the 

upper layer of the soil : that from weathering of parent 

material, decay of soil humus, decay of surface organic matter 

and the ash from burning the slash. The importance of fire 

in slash and burn agriculture is seen from the fact that 

there is a quick release of cations after the burn on the 

surface layer of the soil (Nye & Greenland, 1960; Zinke 

et al, 1978) with a high level being maintained even in a 

fallow that is a year old, after cropping, as seen from the 
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present results. The greater quantity of cations released 

after the burn under longer 3hum cycle is understandable 

due to the larger quantities of slash that was burnt 

compared to that under a 5 year cycle. The amount of cal­

cium and potassium released under a 30 year 3hum cycle 

was fairly high due to high accumulation of these nutrients 

in the dicot trees and bamboo (Dendrocalamus hamiltonii). 

It may be worth noting there that Dendrocalamus hamiltonii 

is a heavy accumulator of potassium. This species being 

the predominant component in a 10 year fallow, the level of 

potassium is much higher compared to other cations after the 

burn of the site under a 10 year cycle. It is interesting 

to note that the level of potassium in the soil of a 10 year 

fallow is significantly low which is due to heavy accumula­

tion of this nutfient in the living biomass of Dendrocalamus 

hamiltonii. thus depleting the level in the soil. Potassium 

levels in the soil and that in the living biomass are thus 

inversely related in a ten year fallow. Thus the quantity 

and quality of slash determine the quantity and proportion 

of the various cations released after the burn. 

Increase in cationic content at all the three sites 

was for a brief period after the burn and the abrupt decline 
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in level baaoA due to heavy losses of ash due to blow-off 

by strong wind prevalent during the dry months of March -

April and the subsequent decline due to surface run-off and 

percolation losses. The level of cations in the soil after 

a year of cropping, under a 30 year 3hum cycle, was much 

higher than the level at any time under 5 year cycle and 

therefore a second year of cropping is sustainable under a 

longer jhum cycle as also reported by Nye & Greenland (1960). 

The exchangeable cations are depleted from the top 

column of the soil as the forest fallow develops due to the 

rapid absorption by the developing vegetation and also due 

to erosion and percolation losses. Potassium accumulation 

by Dendrocalamus hamiltonii in a 10 year fallow is an example 

of rapid transfer of this nutrient from the soil pool to the 

living biomass compartment as discussed earlier. .- ? 

Valentine (1976) working with the changes in soil chemical 

characteristics after clear falling and burning of forest 

in &>uth-Utestern Australia also reported that the level of 

exchangeable potassium, calcium and magnesium declined 

rapidly in the first 7 years after the regeneration burn; 

which may be due to transfer from the soil pool to the living 

biomass. As the age of the jhum fallow increased, beyond 
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10 years, soil cationic level and particularly that of 

potassium increased due to faster return of nutrients into 

the soil through litter fall from a mature stand of 

vegetation containing species like Dendrocalamus hamiltonii. 

An old forest stand like a 50 year fallow discussed 

here, showed low level of calcium and magnesium in soil and 

rapid depletion of both with depth which is in contrast to 

the pattern observed for potassium which maintained very 

high levels. Thus the recharge of calcium and magnesium 

in the soil pool seems to be much more fire dependent whereas 

potassium release due to litter fall recharges the soil 

pool resulting in a very high level in a 50 year old fallow. 

It may be noted here that Dendrocalamus hamiltonii which is 

a dominant feature in the vegetation only upto about 20 years 

of regrowth of the forest accumulates potassium in the 

biomass upto this stage and discharges it into the soil pool 

when this species dies out and is replaced by dicot trees 

during the course of succession. Zinke, e_t gl (1978) in 

the 'Lua' forest fallow system concludes that the sum of 

basic cations is highest at the beginning of the cycle at the 

time of slash and burn, with a gradual discharge of soil 

calcium and magnesium as the forest fallow regrows in 

contrast with potasslim which had a high level in the soil 
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under an old forest, an observation similar to the present 
» * 

one. 

Short jhum cycle, as is seen from the present study 

results in very low fertility levels in the soil. Apart 

from this, the low yield of crops under short cycle may 

also be due t-e- poor physical conditions of the soil and 

weed problem. A 5 year old fallow is characterised by 

dominance of weeds like Imperata cylindrica and Eupatorium 

odoratum (Eamakrishnan e_b al, 1980). Poor build up of 

soil fertility under 5 year jhum cycle is understandable 

because, as discussed earlier, during early stages of 

regrowth recovery is not possible due to short fallow 

period and depleting of already low level of fertility by 

the fast developing vegetation. Recovery of soil fertility 

is observable only in fallows of 10 years or older. 

Crop yield after one year of cultivation declines 

rapidly under shifting agriculture. Apart from other consi­

derations discussed above, the rapid decline in crop produc­

tivity in subsequent years may also be attributed as due to 

destruction of mycorrhiza and subsequent changes in recycling 

of minerals (lent & Stark, 1968). The studies done in this 

laboratory also support this conclusion. The destruction of 
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mycorrhiza population in the soil may get accentuated 

under very short jhum cycles. 

SUMMARY 

The present study deals with fertility changes 

during shifting cultivation (locally called 'jhum1) and 

the subsequent recovery of fertility as a forested fallow 

developed. A comparison has been made between three jhum 

cycles of 30, 10 and 5 years. /Depletion in soil carbon 

continued throughout the cropping period and extended upto 

a 5 year fallow. This could be one of the reasons against 

a short j&um cycle alongwith a similar pattern in depletion 

of nitrogen. Available phosphorus build up in the. fallows 

also started only beyond a 5 year fallow period with rapid 

increase in 10, 15 and 50 year fallows. Gationic concentration 

in the soil also rapidly declined in the early phases of 

regrowth of vegetation. This decline was most pronounced 

for potassium due to the fact that Dendrocalamus hamiltonii 

is a heavy accumulator of this nutrient. Since this bamboo 

species dominates the fallow upto about 20 years, potassium 

build up in the soil was observable only at this stage. It 

is suggested that this species plays an important role in 

conservation of this nutrient. In a 50 year fallow, low 
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l e v e l s of calcium and magnesium were maintained with rapid 

dep le t ion of both with depth which is in contras t to tha t 

of potassium and phosphorus.U In general , shor t jBurn cycles 

permit only low l e v e l s of s o i l f e r t i l i t y with very poor 

recovery during the fallow per iod . rpas^ijgcr££XQ&Ki5WS~-&£~~~ 

th^3"e~~reTStr3rt̂  are dis-cus-sed. 



CHAPTER 5 

RUN-OFF AND INFILTRATION LOSSES 
RELATED TO SHIFTING AGRICULTURE 
(JHUM) IN NORTH-EASTERN INDIA. 
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RUN-OFF AHD INFILTRATION LOSSES BELATED TO SHIFTING 
AGRICULTURE (JHUM) IN NORTH-EASTERN INDIA 

INTRODUCTION 

S h i f t i n g c u l t i v a t i o n which i s the predominant 

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

i a l o o a l l y c a l l e d 'Jhum1 and i n v o l v e s the c u t t i n g of the 

f o r e s t , b u r n i n g the d r i e d b iomass , mixed cropping f o r a 

p e r i o d of 1 or sometimes 2 y e a r s and then r e v e r t i n g the 

land t o i t s n a t u r a l v e g e t a t i o n s o a s t o a l low r e s t o r a t i o n 

of s o i l f e r t i l i t y . The jhum cyc le has become very s h o r t 

(4 -5 y e a r s ) in the r e c e n t p a s t , from more d e s i r a b l e 20-30 

y e a r s p e r i o d f o r the c y c l e . Longer cyc les no t only pe rmi t 

maintenance of a h igh l e v e l of s o i l f e r t i l i t y (fiamakrishnan 

& Toky, u n p u b l i s h e d ) but a l s o favour r e g e n e r a t i o n of a good 

f o r e s t cover (Ramakrishnan e_t a l , 1980) . 

The p r e s e n t s tudy on Jhum c u l t i v a t i o n was done at 

Burn iha t which i s l o c a t e d i n the Khasi h i l l s o f Meghalaya 
E at 26 .0 N & 91 .5 . Here t h i s p r a c t i c e is done by one of 

t h e t r i b e s of Meghalaya namely- the ' G a r o s ' . The c l ima te 

a t Burn iha t i s ho t and humid w i t h an average r a i n f a l l of 

220 cm but du r ing t h e s tudy p e r i o d in 1978 the r a i n f a l l 

was only 142 cm. Climate could be d i v i d e d i n t o t h r e e 
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distinct .seasons. The dry and windy summer extends 

from mid-Pebruary to April with average maximum tempe­

rature of 33°C and minimum temperature of 9°C. The 

rainy monsoon season extends from May to October. This 

is a warm period with high humidity. The mild winter 

with an average maximum temperature of 25°C and an 

average minimum temperature of 5°C extends from November 

to mid-February. This period is practically rainless 

except for a few winter showers. The angle of the slope 

varies from 20° to 40°. The soil is of lateritic origin. 

Clear cutting of forest followed by burning of 

the slash and cultivation on steep slopes affect the 

amount of water passing through the soil sub-system, 

dissolved substances and particulate matter lost from the 

soil. Losses also occur at the time of burning through 

volatilization (De Las Sales & Folster, 1976) and later 

on due to blow-off of the ash from the burnt site due to 

strong winds preceding the rains. Because of the virtual 

elimination of transpiration, increased quantities of water 

pass through the deforested ecosystem resulting in loss 

of sediment and nutrients through run-off and percolation. 

Moreover, the concentration of dissolved substances in 
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water are increased due to (i) accelerated decomposition, 

nitrification and mineralization and (ii) absence of 

nutrient uptake by the vegetation (Likens e_t al, 1978). 

The present study, therefore, deals with the losses of 

various nutrients through wind and water after slash and 

burn of the forest vegetation in three sites under 30,10 

and 5 year 3hum cycles. 

METHODS OP STUDY 

Three freshly burnt fields under 30, 10 or 5 

year 3hum cycles were selected. While selecting the 

field, care was taken to ensure comparable slope conditions 

(32° average), exposure and soil type. Ash samples from 

a freshy burnt field were collected along a line transect 

from top, middle and bottom of the field. Fifteen such 

samples representing five replicates from each part of the 

* 2 

h i l l were col lec ted from an area of 100 cm for f i e ld 

es t imat ion of ash . For chemical ana lys i s ashing was comple­

ted in a muffle furnace at 500°C. The ash was dissolved 

in d i l u t e HOI for cations and in HgSO. for phosphorus, 

and t h i s was analysed for fa r ious elements. 

For s tud ies pe r t a in ing to run-off water and 

sedimentation, the loss from a confined area of lxlOm. 



U6 

along the slope was collected in large drums of 200 1. 

capacity and periodically removed for analysis. Percolation 

studies were done using the simple lysimeter of the Russian 

type (Buckman & Brady, 1960). The soil was cut out verti­

cally to expose the profile. A tunnel was excavated at 

a depth of 40 cm (this is the depth to which most roots 

penetrate) and a collector of 30x30x15 cm was placed inside 

the tunnel. By pressing from below, the rim of the collec­

tor was firmly inserted into the undisturbed soil above. 

The water percolating through the soil was tapped out into 

receptacles from time to time. This method was found to be 

satisfactory for comparative purposes. 

The analyses of extracts of ash as well as water 

samples were done following the methods given by Allen (1974). 
"tint. 

Calcium and magnesium were ana ly sed byAEDTA t i t r a t i o n method 
•tine, 

while potassium was estimated by flame emission method. 
A 

N03-N was e s t i m a t e d b y A p h e n o l - d i s u l p h o n i c ac id method, P0 4 -P 

and t o t a l phosphorus were e s t i m a t e d by^molybdenum b lue method, 

bo th c o l o r i m e t r i c a l l y . 

RESULTS 

P roduc t i on o f ashs i ^ ^ ^ V 
Ash production after the burn/was maximum in the 
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field under a 30 year jhum cycle and minimum under a 5 

year cycle. Considerable proportion of the ash that was 

released after the burn was lost due to strong wind prevalent 

in the area during March - April before the start of the 

monsoon. While the total amount of ash lost from a unit 

area was more under longer jhum cycles, the percentage of 

the total production that was lost from the site declined 

with shortening of the cycle (Table 5.1). t ,.„) 

Calcium concentration in the ash/was markedly higher 

in the field under a 30 year jhum cycle but that of pota­

ssium was higher in the field under a 10 year cycle. 

Magnesium concentration/was not very much different under 

any of the three cycles. Total calcium liberated through 

ash was 8.2-fold under a 30 year cycle compared to a 5 year 

cycle where as that of magnesium was less than 2-fold. The 

amount of potassium liberated was maximum in the field under 

10 year cycle and minimum in the field under a 5 year cycle, 

30 year site being intermediate between the other two. 

Whilst the loss of calcium and magnesium due to ash being 

blown off from the field decreased with the shortening of 

the cycle, the loss of potassium was maximum in the field 

under a 10 year cycle due to higher'concentration of this 

nutrient in the ash at this site. The phosphorus concentration 



Table 5.1. 

Total quantity of ash liberated after the burn and the 
amount blown off in agro-ecosystem under various jhum cycles. 

Jhum cycle 
(yr) 

30 

10 

5 

• 

Total ash liberate 
(m ton/ha) 

17.390+2.20 

13.800+0.28 

6.850+0.93 

id Total ash blown 
(m ton/ha) 

8.170+0.80 

8.190+0.45 

1.940+0.95 

off Ash blown off 
(*) 

46.98 

59.25 

28.32 

Mean + Standard Srror 
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in ash increased with shortening of the cyc le . However, 

the t o t a l amount of t h i s n u t r i e n t re leased from ash 

declined under cycles . The quant i ty of phosphorus l o s t 

through blow-off was markedly much lower under a 5 year cycle 

compared to 10 or 30 year cycles (Table 5 . 2 ) . 

Hydrology: ^ 

In a freshly burnt s i t e the run-off and percolat ionv 

losses are r e l a t e d to the l eng th of the jhum cycle so tha t 

the water l o s s under a short cycle is heavier . Further , 

c l e a r - c u t t i n g the fallows increased the run-off loss of water . 

The run-off l o s s of water was l e a s t in a 10 year fallow. 

Perco la t ion lo s s of water in a 10 year fallowAmuch l e s s than • 
i 

in a freshly burnt site under 5 or 10 year jhum cycles but 
/ , 

was approximately the same as under a 30 year cycle. While 

the proportion of run-off loss compared to percolation loss 

of water was higher in freshly burnt sites, this was narrowed 

down in 5 and 10 year fallows. The loss of sediment from 

a freshly burnt site also increased with shortening of the 

jhum cycle. Further, the sediment loss declined sharply 

with the development of a vegetational cover. Thus loss of 

22-30 m.tons/ha from a freshly burnt sitê jzas ̂ reduced to 

0.76 m.tons/ha under a 10 year fallow [(Table 5.3). 



Table 5 . 2 . 

T o t a l q u a n t i t y o f n u t r i e n t s l i b e r a t e d through ash and the amount l o s t th rough b l o u n - o f f 
in agro-ecosystem under va r i ous jhum c y c l e s . 

Co, 
Cone, i n T o t a l T o t a l 
ash (%) amount amount 

re leased blown 
(kg /ha ) o f f 

(kg /ha) 

J2i. 
N U t v t e r v t i 

Cone, i n T o t a l T o t a l 
ash {%) amount amount 

re leased blown 
( kg /ha ) o f f 

( kg /ha ) 

Cone, i n T o t a l T o t a l 
ash {%) amount amount 

re leased blown 
(kg /ha ) o f f 

( kg /ha ) 

Cone, i n T o t a l T o t a l 
ash {,%) amount amoUnt 

re leased b i o u n 0 f f 
( kg /ha ) ( kg /ha ) 

5.50 956.45 449.35 1.20 

1.40 193.20 114.66 1.10 

1.70 116.45 32.98 1.66 

208.68 98.04 10.00 1739.00 817.00 1.80 

151.80 90.09 15.00 2070.00 1228.50 1.90 

113.71 32.20 10.00 685.00 194.00 2.20 

313.02 147.06 

262,20 155.61 

150.70 42.68 



Table 5 . 3 . 

Loss of water in agro-eGO system under var ious 3 hum cycles 
and the fo res ted fa l lows . 

S i te Run-off water Percola ted water Sediment 
(cm) (cm) (m tons /h 

Agro-ecosystem under 
5 year J hum cycle 36.64 
Agro-ecosystem under 10 
year jhum cycle 33.94 

Agro-ecosystem under 30 
year jhum cycle 29.37 

5 year fallow 26.90 

10 year fallow 18.50 

22.92 30.050 

18.98 23.080 

14.35 22.500 

21.30 1.130 

14.20 0.760 

Total r a i n f a l l during the monsoon 142.08 cm 
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The pa t t e rn of run-off and perco la t ion lo s se s 

of water from freshly burnt s i t e s as given in Pig. 5.1 

shows t h a t the losses are heavy in the month of May and ^ 

increased markedly during June-July and ^declined in sub­

sequent months. 

WntiHftn-t: InflHflfl t h r o u g h r u n - o f f in t h e a f r o - e o n s y s t e m : 

During the month of May immediately a f t e r the burn, 

the concentrat ion of the cat ions in run-off water was con­

s iderably higher in a l l the three f i e l d s but the concentrat ion 

dropped markedly during the subsequent two months and t h e r e ­

a f t e r the concentrat ion remained at a more or l e s s steady 

low l e v e l . The ca t ion concentrat ion in the run-off water 

under a 5 year jhum cycle was much lower than tha t under a 

30 year J hum cycle during the f i r s t one or two months only 

a f t e r the s t a r t of the monsoon. At t h i s time, the concentrat ion 

of ca t ions in the s i t e under a 10 year cycle was intermediate 

between the other two (Pig. 5 .2 ) . 

Maximum quant i ty of cat ion losses from freshly burnt 

s i t e s occurred during the early par t of the monsoon between 

May-July, t h i s percentage of the t o t a l l o s s per year working 

out to : calcium, 87-91$; potassium, 91-96$ and magnesium, 

79-92$. In the subsequent months of the monsoon, the t o t a l 

losses were extremely low. As noted e a r l i e r , more pronounced 



Fig. 5.1. Pattern of loss of water through 
run-off (# , 30 year; A , 
10 year; • , 5 year jhum cycles) 
and percolation ( O ,30 year; 
A , 10 year; O , 5 year jhum 

cycles) during the monsoon at the 
time of cropping after the burn 
in sites under three types of 
jhum cycles. 
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Pig. 5 .2 . Changes in concentrat ion of 
potassium (A), calcium (B) 
and magnesium (c) in run-off 
water during the monsoon at 
the time of cropping a f t e r the 
burn in s i t e s under 30 ( • ), 
10 ( O ) and 5 ( A ) year 
jhum cycles . 
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differences between the three jhum cycles were observable 

only during the early part of the monsoon; during this 

period potassium losses were heavier under a 10 year cycle, 

magnesium losses were heavier under a 5 year cycle and 

calcium losses were high under 30 and 10 year cycles 

(Pig. 5.3). The total losses during the monsoon period 

were markedly higher for magnesium under* a 5 year cycle 

and for potassium under a 10 year cycle; calcium losses 

were more or less the same for 30 and 10 year cycles and 

slightly lower for the 5 year cycle (Table 5.4). 

Concentration of N0„-N in run-off water in the 

beginning of the monsoon in the month of May was high. 

Only in this month was there marked difference between 

the three jhum cycles, with much lower concentration under 

a 5 year cycle compared to the other two. The concentration 

dropped sharply during the subsequent two months and was 

steady at a low level durin August to October (Fig.5.4A). 

Total loss of I03-N peaked during July and 

dropped sharply on either side. The amount of this nutrient 

lost was markedly low under a 30 year jhum cycle compared 

to the other two and this was pronounced only in the month 

of May (Fig. 5.4B). Total losses through run-off water 

during the monsoon period increased markedly with shortening 



Fig. 5 .3 . Monthly lo s s of potassium (A), 
calcium (B) and magnesium (c) 
in run-off water during the 
monsoon at the time of cropping 
a f t e r the burn in s i t e s under 
30 ( • ) , 10 ( O ) and 
( A ) year jhum cyc les . 
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Table 5.4. 

Total loss of nut r ients (kg/ha/yr) in run-off water in 
agro-ecosystem under various jhum cycles. 

Element _! 
(kg/ha/yr) j 

Ca + + J 

Mg+ + i 

K + i 
¥o3-N 1 

PO.-P 1 

30 

15.088 

6.323 

64.660 

3.663 

1.146 

J hum cycle (yr) 

10 

15.908 

5.427 

91.156 

4.152 

1.300 

5 

13.760 

9.475 

51.025 

5.296 

0.858 



Fig. 5.4 A & I . Changes in concentrat ion 
(A) and monthly loss (B) 
of N03-N in run-off water 
during the monsoon at the 
time of cropping a f t e r the 
burn in s i t e s under 30 ( • ), 
10 ( O ) and 5 ( A ) year 
jhum cyc les . 
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of the jhum cycle (Table 5.4). 

Concentration of £04-P in the run-off water was 

high in May but during June-July it dropped markedly 

and remained at more or less the same level during the 

rest of the monsoon period. During the entire period, 

the concentration was lower for a 5 year jhum cycle com­

pared to the longer cycles (Pig. 5.4G). 

Maximum monthly loss of ^0.-7 occurred in the month 

of June and was markedly lower in the early and later parts 

of the season. The amount lost was higher in the case of 

5 and 10 year cycles in the month of May but in the subse­

quent months 5 year cycle gave lower values compared to 

10 and 30 year cycle sites (Fig. 5.4D). The total amount 

of PO^-P lost during the entire monsoon was maximum under 

a 10 year cycle and minimum in the field under a 5 year 

cycle (Table 5.4). 

Nutrient lnas through leaching in the agro-ecosystem : 

The concentration of cations in percolated water 

showed great monthly fluctuations in sites under 30 and 

10 year cycles compared to that under a 5 year cycle. Under 

30 and 10 year cycles two peaks were discernible for con­

centration, one in June and another in Septemoer. In 

general, the concentration of all the cations was maximum 



Fig. 5.4 C & D . Changes in concentration ( C ) 
and monthly loss (J) ) of 
PO.-P in run-off water during 
the monsoon at time of cropping 
after the burn in sites under 
30 ( # ), 10 ( O ) and 
5 ( 4 ) year jhum cycles. 
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under a 30 year cycle and minimum under a 5 year cycle . 

Potassium concentrat ion in percolated water was higher 

compared to calcium and magnesium (Pig. 5 . 5 ) . 

Total l o s ses of a l l cations showed a de f i n i t e pa t t e rn 

in t h a t , in general , the losses were heavy during June-July. 

In preceding or subsequent months a sharp decl ine in losses 

was observed (Fig. 5 . 6 ) . While the t o t a l loss of calcium 

and magnesium was not very d i f f e r en t in s i t e s under the three 

jhum cycles , the l o s s of potassium was very heavy under 

a.10 year cycle (Table 5 . 5 ) . 

Concentration of NO3-N in percola ted water was very 

high in the month of ^ay in a l l the three s i t e s but declined 

sharply in June and July and remained more or l e s s steady 

at a low l eve l in subsequent months. Si tes with lonerer 3hum 

cycle showed a higher concentrat ion of t h i s n u t r i e n t and 

t h i s difference was maximum in the month of May (Fig. 5.7A). 

Leaching losses of N03-N was high in May but declined 

sharply in subsequent months (Fig . 5.7B). The t o t a l loss 

during the e n t i r e monsoon period was maximum under a 10 year 

cycle followed by 5 and 30 year cycles (Table 5 . 5 ) . 

Concentration of P0v-3? in i n f i l t e r e d water was general ly 

higher during May-August dropping sharply in subsequent months 



Fig. 5.5. Changes in concentration of potassium 
(A), calcium (B) and magnesium (C) in 
percolated water during the monsoon 
at the time of cropping after the burn 
in sites under 30 ( • ), 10 ( O ) 
and 5(A) year jhum cycles. 
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Fig. 5.6. Monthly loss of potassium (A), 
calcium (B) and magneisum (C) 
in percolated water during the 
monsoon at the time of cropping 
after the burn in sites under 
30 (• ), 10 ( O ) and 5 ( A ) 
year jhum cycles. 
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Table 5 .5 . 

Total l o s s of n u t r i e n t s (kg/ha /yr ) in percola ted water in 
agro-ecosystem under var ious jhum cyc les . 

T Element Jhum cycle (y r ) 
(kg/ha/yr) 

Ga++ ! 

Mg++ j 

K + i 
N03-N ! 

PO 4-P ] 

30 

, 5.347 J 

2.528 

15.076 

8.821 

0.051 

10 

4*942 

2.116 

21.178 * 

10.650 

0.655 

5 

4.560 

2.267 

13.665 

9.220 

0.065 



Pig. 5.7 A & B. Changes in concentration 
(A) and monthly loss (B) 
of FO„-N' in percolated 

water during the monsoon 
at the time of cropping 
after the burn in sites 
under 30 ( • ), 
10 ( O ) and 5 ( A. ) 
year jhum cycles. 
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( F i g . 5 .7G) . The t o t a l amount of P0 4 -P in i n f i l t e r e d 

wa te r peaked d u r i n j June - Ju ly d e c l i n i n g sha rp ly on 

e i t h e r s ide ( P i g . 5 .7D). The t o t a l l o s s o f t h i s n u t r i e n t 

du r ing the monsoon pe r iod was minimum under a 30 y e a r 

jhum cycle and i n c r e a s e d wi th s h o r t e n i n g of the jhum 

c y i l e (Table 5 . 5 ) . 

Run-off and p e r c o l a t i o n l o s s e s in f a l l o w s : 

The c o n c e n t r a t i o n of v a r i o u s c a t i o n s and 

F03-N add P0 4 -P in r u n - o f f and i n f i l t e r e d wate r was 

markedly lower under 5 and 10 y e a r f a l l o w s compared to 

the jhum agro-ecosys tems d e s c r i b e d above. Thus the t o t a l 

l o s s of these n u t r i e n t s in a 5 and 10 y e a r f a l l o w s was 

a l s o s i g n i f i c a n t l y low. Prom an agro-ecosys tem under a 

10 y e a r cyc le the l o s s e s th rough wa te r were 7 .8 - f o ld 

f o r calc ium, 5.6 - fo ld f o r magnesium, 59 .8 - fo ld for • 

po tass ium, 15 .4 - fo ld fo r N03-N and 19 .6 - fo ld f o r 

P0 4 -P h ighe r compared to a 10 y e a r o ld fa l low (.Table 5 . 6 ) . 

DISCUSSION 

Af te r c l e a r - c u t t i n g and subsequent burn ing of 

the f o r e s t cover , the system l o s e s i t s a b i l i t y t o hold 

the n u t r i e n t s . A good p r o p o r t i o n of the ash a longwi th 

the n u t r i e n t s i s l o s t due to blow-off by s t r o n g winds 



Fig. 5.7 C & D. Changes in contentration (C) 
and monthly loss (D) of P04-P 
in percolated water during the 
monsoon at the time of cropping 
after the burn in sites under 
30 ( • ), 10 ( O ) and 5 ( A ) 
year jhum cycles. 
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Table 5,6 

Concent ra t ion and t o t a l l o s s o f n u t r i e n t s in r u n - o f f and p e r c o l a t e d water under f o res ted f a l l o w s . 

Elements 

* 

Ca+ + 

++ 
rig 

K+ 

NO - N 

PO*-P 
4 

Concentra t ion 

5 y r 
1 Run-off 

water 

0.75 

0.50 

0.35 

0.30 

0.05 

fallow 
Pe rco la t ed 
water 

1.25 

0.40 

0 .25 

0.50 

0.01 

(mq/ l ) 

10 y 
Run-off 
water 

0.60 

0.45 

0.90 

0.25 

0.03 

r fallow 
Perco la t ed 
water 

1.10 

0.35 

0.15 

0.35 

0.01 

5 
Run-off 
water 

2.017 

1.345 

0.941 

0.B07 

0.134 

To ta l l o s s 

yr fallow 
Perco la tec 
water 

2.662 

0.852 

0.532 

1.06S 

0.021 

( k q / h a / y r ) 

10 y 
Run-off 
^water 

1.110 

0.832 

1.665 

0.462 

0.055 

r fallow 
Perco la t ed 
water 

1.562 

0.497 

0.213 

0,497 

0.014 
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during the dry months of March-April, immediately after 

the burn. In view of the large quantities of ash libera­

ted under a 30 year jhum cycle, the losses also tend 

to be high, this being 4.2 times more than under a 5 

year cycle. The ash released under a 30 year cycle had 

higher concentration and quantities of calcium due to the 

dicot trees that were slashed whereas under a 10 year 

cycle, the ash had a preponderance of potassium due to 

Dendrocalamus hamiltonii which was the main component of 

the slash and which has been shown to be a heavy accumu­

lator of this nutrient (Ramakrishnan & Toky, unpublished). 

The higher concentration of phosphorus and magnesium in 

the ash released under a short jhum cycle may be related 

to the chemistry of the slash itself as much as potassium 

level under a 10 year cycle is much higher due to 

Dendrocalamus hamiltonii. 

At the time of burn, heavy losses of at least 

some of the nutrients occur through volatilization. 

Large amount of carbon, nitrogen and sulphur are lost 

(Nye & Greenland, I960; De Las Salas & Polster, 1976) 

due to volatilization during the burn. For phosphorus 

there are no obvious mechanisms of volatilization but 
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the matter has not been closely s tudied . Lloyd (1971) 

reported high loss of t o t a l phosphorus due to burning 

but Allen (1964) and Viro (1974) reported no lo s se s on 

account of t h i s . This is an aspect tha t has not been 

considered here . 

Sizeable increase in run-off and percola ted 

water a f t e r the burn is ch ief ly due to lack of plant 

cover which bind s o i l p a r t i c l e s and cont r ibu te to u t i l i ­

za t ion of water through uptake and canopy i n t e r c e p t i o n . 

Decrease in these losses during l a t t e r months of the 

monsoon is due to the development of a plant cover and 

a lso due to decrease in the i n t e n s i t y of the r a i n f a l l . 

The lo s s of water through run-off and perco la t ion and the 

consequent sediment loss increased with the shortening of 

the jhum cycle . This may be pa r t l y r e l a t ed to poor physical 

c h a r a c t e r i s t i c s of the s o i l and also due to poorer crop 

cover (Toky & Ramakrishnan, unpubl ished) . The poorer 

qua l i ty of the s o i l under short jhum cycle may be due to 

frequent cropping a f t e r every 4-5 y e a r s . Further the weedy 

vege ta t iona l cover t h a t develops during t h i s period does not 

permit recovery of the s o i l qua l i t y and replacement of the 

s o i l l o s t due to sediment run-off . It may be mentioned 

here t ha t under a short cycle of 4-5 yea r s , the succession 
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is a r res ted wi£h only weedy spec ies l ike Eupatorium 

odpratum, and Lmperata cv l indr ica as major components. 

I t i s p a r t i c u l a r l y i n t e r e s t i n g to note t h a t pe rco la t ion 

los ses of water is often g r ea t e r than 50$ of that l o s t 

through run-off which is due to the highly porous s o i l . 

Prom a conservat ional point of view, t h i s implies t h a t 

pe rco la t ion l o s s e s may s t i l l be heavy even if eros ion is 

checked through t e r rac ing of the land, as suggested by 

a g r i c u l t u r a l s c i e n t i s t s , as an a l t e r n a t i v e to jhum. 

Total concentrat ion of ca t ions in s o i l so lu t ion 

depends upon t h e t o t a l concentra t ion of anions . A high l eve l 

of n i t r a t e ion due to increased ' b i o l o g i c a l a c t i v i t i e s ' 

(Ahlgren & Ahlgren, 1965; Wells, 1971) balances a cor res­

ponding concentrat ion of nu t r i en t ca t ions in the s o i l 

so lu t ion and therefore heavy los ses through water occurs 

(Bormann si a l , 1968; Lewis J r . ^1974) . During the ear ly 

months of the monsoon, heavy los ses of cat ions through 

leaching were due to increase of n i t r a t e ion in the leachate 

and also due to high volume of leachate co l l ec ted in these 

months. Heavy run-off losses of ca t ions and anions also 

occurred due to a large volume of surface water flow and a 

high concentra t ion of n u t r i e n t s in i t . Later in the monsoon, 

ac t ive ly growing crops and weeds reduced leaching and run-off 
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losses due to uptake of nutrients and reduction of water 

losses due to increased transpiration and canopy inter­

ception. These losses reported here for the year 1978 

are an underestimate because during this year the monsoon 

was weak with an annual rainfall of 142 cm whereas the 

average annual for Burnihat is 220 cm per year. 

After clear felling and burning, the loss of potassium 

through run-off and leaching was much higher as compared to 

other cations more conspicuously so under a 10 year cycle. 

This is due to the liberation of more potassium as the 

slash contained bamboo (Dendro calamus hamiltonii) as a 

major component which is a heavy accumulator of potassium 

compared to other elements, as discussed above. 

The biogeochemical recovery of a forested ecosystem 

depends upon the re-establishment of biotic regulation 

of ecosystem functions such as uptake of nutrients and 

water, storage of nutrients, mineralization and release of 

nutrients and erosion. Under jhum fallows, rapid recovery 

of these characteristics occurs due to favourable tempe­

rature, moisture and nutrient conditions of the soil. 

After one year of cropping, the nutrient status of the soil 

is reasonably good (Ramakrishnan & Toky, unpublished) and 
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the soil system has a variety of strategies for the 

development of vegetation, like rapid growth and expansion 

of stumps, rhizomes and root sprouts, and germination of 

buried and transported seeds. These factors along with 

favourable climatic conditions, help the system to recover 

quickly after deforestation. Eupatorium odoratum, a highly 

competitive weed species which com^s immediately after the 

cultivated fields are abandoned and Imperata cylindrica and 

bamboo (Dendro calamus hamiltonii)f which are highly rhizomatous 

species play a significant role in quick conservation of 

nutrients within the biomass in the 3hum fallows. Hendrocala­

mus, hamjltonii has a remarkable potentiality to store 

potassium in the shoots (Ramakrishnan & Toky, unpublished). 

Thus in 10-20 year old fallows most of the potassium is 

conserved in the living biomass of this species and is 

released into the soil in older fallows, when it is replaced 

by other broad leaved tree species of secondary succession. 

The loss of water, sediment and various nutrients 

are highly reduced in sites under 5 year and 10 year fallows. 

It may be accounted as due to interception of rain by the 

vegetation, low rate of nitrification, and low status of 

nutrients in tne soil pool, due to rapid uptake by the fast 

developing plant cover. Within the first 5 to 10 year period 
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of succession, a rapid transfer of nutrients from the 

soil pool to vegetation compartment occurs, with the 

result that the soil becomes depleted of nutrients. The 

accumulation of elements in the biotic portion of the 

ecosystem during successional stages (Odum, 1969) reduces 

'the losses through water. Ecosystems with nutrient 

saturated high exchange capacity soils would lose relatively 

more of their nutrients than those with nutrient unsaturated 

and/or low exchange capacity soils (Jordan, ejb ad, 1972) 

as is the case for lateritic soils that are sandy. For 

example the northern hard wood forest ecosystems (Likens, 

et alT 1977) in which a large percentage of the total 

ecosystem nutrients is in the soil in exchangeable form 

would lose a relatively large proportion of nutrients were 

the precipitation more acidic. In contrast, tropical rain 

forests would lose a relatively small proportion of nutrient, 

as in these forests most of the nutrients elements are tied 

up in the biomass (Odum, 1971; Jordan, iet al, 1972) and 

mineral soil has a very low nutrient content (Went & Stark, 

1968). 

In a five year fallow the total amount of nutrients 

taken up and stored in the living biomass and their subse­

quent release through litter fall and mineralization is 
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not sufficient to restore its chemical fertility (Ramakri-

shnan & Toky, unpublished). The physical conditions of the 

soil are also not improved within this period. The reduction 

of jhum cycle upto 4-5 years in most part of north-eastern 

India has adversely affected the vegetational cover as 

discussed elsewhere (Ramakrishnan, e_t al, 1980) and biogeo-

chemical and hydrologic cycles, as discussed here. 

SUMMARY 

Subsequent to slash and burn of the forested 

fallow and during shifting agriculture (Jhum) in the north­

eastern hill areas of India, the system loses its capacity 

to hold the nutrients. Various losses occur through wind 

blow offAash and also through run-off and percolating water. 

The chemistry of the ash and run-off and percolating water 

is related to the length of the jhum cycle due to the type 

of vegetation that is slashed and burnt. The run-off and 

percolation losses of water and sediment during cropping 

increased with shortening of the jhum cycle. Since percolation 

losses are fairly high due to highly porous soil, terracing 

of land as suggested by some as an alternative to jhum is not 

an ecologically sound one. Drastic reduction in losses of 

sediment and nutrients occurred in a 5 and 10 year fallows. 
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The shortening of the jhum cycle to 4-5 years does not 

permit recovery of the soil fertility and has adversely 

affected the vegetational cover and the biogeocnemical 

and hydrologic cycles. 



CHAPTER 6 

NUTRIENT CYCLING IN SUCCESSIONAL 
COMMUNITIES DEVELOPING AFTER SLASH 
AND BURN AGRICULTURE (JHUM). 
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NUTRIiSM.1 OiUilNvi- IN 3UCOE3SIGNAL 00'l.lUiTI JIE3 D^'iTZLOPIlIi 
AZT-SR SLASH HW BURN AJRICJLxWS (JHUil) 

INTRODUCTION 

Slash and burn agriculture in the north-eastern 

hill region of -India which is locally called *Jhum1 has a 

, severe effect on mineral cycling, in that nutrients are 

released in a single large pulse and their availability exceeds 

the retention capacity of he ecosystem. Hence a large pro­

portion is lost before they could be incorporated into the 

biomass (Toky & Ramakrishlan, unpublisned). An important 

characteristic of the recovering forest ecosystem, after 

slash and burn agriculture, is its ability to store -,nd 

recycle nutrients. The knowledge of nutrient cycling thus is 

essential for an understanding of tne way in which the fertility 

lost during cropping is restored durinj the fallow period. 

Data on the amount of nutrient stored, their r cites of 

accumulation and cycling in successional forest communities is 

even more scanty tnan that for biomass and productivity. 

The work of Bartholomew e_t._al, (1953) attempts to study nutrient 

cycling and its changes in successional fallows upto 18 years 

of age at Tangambi wno concluded that the storage capacity of 

leaves and litter gets saturated at an early stage, thereafter 
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the total storage increases more slowly and in the woody 

material only. According to nim high amount of potassium 

accumulation occurs in the early stages due to che dominance 

of Musanga cecropioides. 

Considerable information on nutrient cycling in 

temperate forests is available (Remezov et. al, 1964; Rodin 

& Bazilevich, 1967; Whittaker et_ _al, 1978) but relatively 

little is known about tropical and sub-tropical forests 

(Greenland & Kowal, 1960; Nye, 1961; Jordan & Kline, 1972; 

Golley £i .al, 1975). Thougn the information on tropical forests 

is ^uite limited, certain patterns are nevertneless suggested 

by these studies. Uptake and returxi of nutrients may be 

greater per year in tropical forests than in others and a 

larger proportion of tne entire chemical inventory of the 

system may be neld up in tne vegetation (Rodin & Bazilevich, 

1967). 

The aim of tne present study is to assess (i) the 

amount and rate at which nutrients are stored in the 

vegetation, (ii) the rate of transfer of nutrients from the 

vegetation to the soil tnrough litterfall and tne rate of 

uptake by the developing communities and (iii) the build up 

of the nutrient reserve in tne soil pool; through successional 

communities upto 20 years after slas^h and burn agriculture 
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(Jhum) in tne lower e l e v a t i o n s of the h i l l a r e a s of 

Meghalaya in the n o r t h - e a s t e r n I n d i a . 

The study was done at Burn iha t which is l o c a t e d 

in uhe Khasi h i l l s of ' l e g i a l a y a at 26.0°N and 9 1 . 5 ° 5 . Here 

jhum is p r a c t i s e d in i t s t y p i c a l form by one of ~che t r i b e s 

of IVfegiialaya namely the ' G-aros'. The c l imate at Burn iha t 

is hot and humid wi th an average r a i n f a l l of 220 cm. The 

c l ima te could be d iv ided i n t o th ree d i s t i n c t s e a s o n s . The 

dry and windy summer is from mid-February to May wi th an 

average maximum tempera tu re of 33°G and a minimum tempera ture 

of 9°C. The r a i n y season ex tends from May to Oc tobe r . The 

mild w i n t e r wi th an average maximum tempera tu re of 25°C and 

an average minimum tempera tu re of 5°G ex tends from November 

t o mid-February . This pe r iod i s p r a c t i c a l l y r a i n l e s s except 

f o r a few Winter snowers . The angle of the s lope 

v a r i e s from 20° to 4 0 ° . The s o i l is a sandy loam of l a t e r i t i c 

o r i g i n with an average pH of 5.5 to 3 . 5 . 

IvETKOJS 0i< STUDY 

!!e thois used for e s t i m a t i n g aboveground biomass, 

p r o d u c t i v i t y and l i t t e r in jhum fa l lows a re g iven in Chapter 

3 . 3ach ca t egory of p l a n t samples was f u r t h e r sub-d iv ided 

i n t o l e a v e s , b r a n c h e s , b o l e , e t c . for biomass e s t i m a t i o n and 
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chemical analysis, litter sampling was done at monthly 

intervals wnereas plant sampling was done once at tne peak 

of veget itive growing period during October. 

Plant sampling, of dominant species wa& done 

separately for eacn species. All une minor species in the 

community were mixed toget-ijr into a composite sample. 

However, the different compartments like leaves, branches ana 

boles were analysed separately in each case. After separating-

into differexit categories according to species types and 

litter types, the litter collection done tnroughout the year 

were made into composite samples by tnorougnly mixing them up. 

Both plant and litter saaples were ground to a fine 

powder and passed through a 0.5 mm sieve. Plant analysis was 

done following tne procedures given by Allen (197i). Nitrogen 
-Hit 

was determined by^Kjendahl method; total puosphc-rus was 

measured by dry ashing after saturating wit.- Mg(N0„)p and 

measuring concentration in the ashed material calorimetrically 

by tne molybdenum-blue method. Magnesium and calcium were 

analyzed by the EDIA titration method while potassium was 

estimated by she flamo emission method after dissolving the 

asned sample in dilute Hcl. With the informations on biomass 

and litterfall and tneir chemical concentrations, total 

cnemical inventory of each compartment was computed. 
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Soil sampling was done once during the study 

period during March in each of the fallow, on tne bas is 

of a number of sub-samples represent ing che d i f fe ren t micro-

environmental condit ions and topography. The sub-samples 

were thoroughly mixed in to a composite sample. The s o i l was 

dr ied, ground and passed through 2 aim sieve and analysed for 

various elements fol io vvirî  the procedures given by Allen 

(1,974). Total n i t rogen was determined oy the Kjehldahl 
ft* 

metaod. Magnesium ana calcium were analysed DyAEDIA 

titration method while potassium was estimated by the flame 

emission method after extracting t.e exchangeable cations 

with ITT Ammonium acetate at pH 7. Availaole phosphorus 

was measured by the molybdenum-blue method, calorimetrically. 

Quantity of each element in the soil on a hectare basis was 

calculated upto a depth of 40 cm witu the help of bulk 

density which was determined as 1.4 and 1.5 at 0-14 cm and 

14_40 cm deltas respectively. 

T/hile calculating the total inventory of bio-

el _mants m the 'whole ecosystem, soil pool of total nitrogen, 

availaole phosphorus, potassium, calcium and magxiesium upto 

a depth of 40 cm was added up the total quantities of bio-

elements hjld up in the standing biomass during October which 
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is the peaic pe r i od of v e g e t a t i v e grovvxh. To t h i s i n v e n t o r y , 

n u t r i e n t s held in the l i t t e r compartment on xhe f o r e s t f l o o r 

in October weW- added up . 

For each compartment, t u r n o v e r time was determined 

by d i v i d i n g xhe q u a n t i t y of eacL element p r e s e n t in the 

compartment by Lne y e a r l y r a t e ax wnich the element l e a v e s 

t h a t compartment, am the cycle time for each ecosystem i s 

the sum of t u r n o v e r t imes of a l l the compartments ( Jordan 

& K l i n e , 1972) . In the p r e s e n t s tudy , only two major 

compartments namely s o i l and v e g e t a t i o n , -vers c o n s i d e r e d . 

Enrichment r ^ t i o for each s t and was c a l c u l a t e d as the r a t i o 

of element s t o c k in xne v e g e t a t i o n and tne e l e m e n t a l uptake 

by it (Woodwell e_t a l , 1975) . 

RESULTS 

An a n a l y s i s of d i f f e r e n t nutrienjnls in d i f f e r e n t 

compartments of the l i v m ^ and l i t t e r biomaas sno.ved t h a t 

tne l e a v e s had h i ^ n e r c o n c e n t r a t i o n s compared to o t h e r s and 

trie bole had the l e ^ s t c o n c e n t r a t i o n . The c o n c e n t r a t i o n 

of n i t r o g e n , phosphorus and potass ium was mucn ex ; u e r in 

tne l i v i n g biomaas of orancnes and l e a v e s tnan in „ne l i t t e r 

o f t h e i r p l a n t p a r t s b u , calcium and magnesium c o n c e n t r a t i o n 

did not sho.v much i i f f e r e n c e . Leve l of calcium and magnesium 

in d i f f e r e n t compartments of d i c o t t r e e s was n i ^ h e r compared 
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to bamboo (I)endrocalamus hamiltonii) and herbaceous 

species but bamboo had significantly greater concentration 

of potassium than in others. Shoots of herbaceous species 

snowed markedly higner concentration of nitrogen and 

phosphorus tnan dicot tree*and bamboo. Potassium concen­

tration in the plant tissue, in general, was hî -ner than of 

otner elements in tne case of all categories of plants 

(Fig. 6.1). 

The total amount of nutrients stored in the above-

ground llvinj biomass increased 'Vith increase in age of tne 

fallow upto 20 years, wita maximum accummulation for 

potassium followed oy nitrogen. Calcium ana magnesium 

inventory was low with a ratio of 2.4 to 3.4 for potassium/ 

calcium and 2.3 to 6.3 for potassium/magnesium in various 

fallows. Herbaceous species contriouted lOOi of che total 

nutrients in a 1 year regrov'/th, Q6,ti'fo in a 5 year fallow, 

and in older fallows their contrioution was negligible. 

Older fallows of 10-20 years were dominated by bamboo 

(•DendrQcalamyig faamiltoqii) and this species alone contributed 

40 to 4o^ nitrogen, 44 to i9i phosphorus, 55 to SOfo 

potassium, 17 to 20/o calcium and 35 to 40^ magnesium of 

the total ouigat of nutrients. Contribution by dicot trees 

and shrubs increased between 5 and 20 year of fallow period 



Pig. 6.1. Concentrations (̂ ) of nutrients in 
various compartments of dicot trees 
and shrubs (A), bamboo (B) and 
herbs (C) in a 20 year fallow, and 
herbs (D) in a 5 year fallow. 

I, represents the standard 
error of the mean* 

Striped column, nitrogenj 
stippled column, phosphorus; open 
column, potassium; hatched column, 
calcium; circled column, magnesium* 
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with propox'tlonally .nore calcium cont r ibut ion 1tian 

potassium in contras t to tha t by bamboo (Table 6 .1 ) , 

Fig. 6.2 shows the pa:;tern of d i s t r i b u t i o n of the 

n u t r i e n t s in boles branches and leaves compartments of the 

standing biomass. Boles of t r e e s had maximum storage of 

n u t r i e n t s followed by branches and leaves in older fallov^/s 

of 10, 15 and 20 yea r s . In a 1 year fal low, wnich was 

devoid of t r e e s , the stem and branches of herbaceous 

species s tored maximum amount of n u t r i e n t s out of the t o t a l 

budget. However, the leaf coxiipartment had grea ter propor­

t ion of n u t r i e n t s in a 1 year fallo?/ out of Ihe t o t a l 

budget, compared to tne older fa l lows. The same/is t rue 

for a 5 year fallow except tha t some t r ee growth v/as there 

a t t h i s s t age . //hile n u t r i e n t s l ike potassiuia, calcium, 

magnesium and phosphorus wâ e. hi.^lier n u t r i e n t a in the bole 

and branches, ^he proport ion of n i t rogen was more in the 

leaf t i s sue compared xo o ther elements. 

Rate of accumulation of n i t rogen , phospnorus and 

magnesium followed a s imi l a r trend iij t ha t the r a t e 

decreased upto 10 year fallo-v period and increased 

sharply in older fallovvs upto 20 yea r s . Rate of accumula­

t ion of calcium shov/ed a steady i-ncrease upto a 20 year 

fallow but tiiat for potassium ir/creased upto a 15 year fallow 

0 ^ . 



Table 6.1 
Nutrient contents (k<^/laa) in var ious compartments of aboveground l i v i n g 
biomass in success ional coxiimunities upto 20 years developed a f t e r s l a sh 

and burn a g r i c u l t u r e (jhum). 

Gatego 

Dicot 

ry 

trees 

Shrubs 

Bamboo 

Herbs 

/-^ 1 > f Jkl 

Element 
(kg/ha) 

N 
P 

K 

Oa 

Mg 

N 

P 

K 

Ga 

Mg 

N 
D 

K 
Ga 

Mg 

30. 

4, 

35. 

13. 

15. 

1 

.669 

.974 

.281 

.680 

,437 

Successional a.2:e (v 

5 

26.161 

3.164 

55.916 

32.353 

13.111 

5.817 

0.843 

23.042 

2.188 

2.368 

111.454 

15.607 

109.680 

45.327 

50.392 

10 

110.056 

12.817 

' 217.931 

130.508 

54.863 

82.406 

12.121 

323.727 
31.686 

33.366 

1.387 

0.168 

1.168 

0.517 

0.566 

ears) 

15 

185.428 

22.283 

387.352 
228.284 

93.357 

153.153 

21.884 

589.061 
56.161 

61.258 

0.626 

0.078 

0.548 

0.238 

0.261 

20 

292.381 

35.647 

624.854 
366.347 

148.016 

196.073 

28.524 

753.708 

73.971 

78.342 

0.558 

0.070 

0.488 

0.212 

0.233 



Pig. 6.2. jfercentage distribution of nutrients 
in boles (A), branches (B) and leaves 
(C) of aboveground biomass in 
successional communities upto 80 years. 

Stripped, column nitrogen; 
stippled column, phosphorus; open 
column, potassium; hatched column, 
calcium; circled coliuan, magnesium. 
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and decreased subsequently. Potassium showed the 

highest rate of accumulation (Table 6.2). 

Table 6.3 presents the annual rate of uptaice of 

elements into the aboveground biomass and their enrich-

.ment ratio. Rate of uptake of all the nutrients increased 

consistently as the successional communities developed 

upto 20 years. Potassium was taken up in large ĝ uantities 

followed by nitrogen and calcium; phosphorus shov/ed the 

least uptake. The enrichment ratio for all liie elements 

snowed an increasing trend si.iiilar to the trend for uptake, 

upto the age of 20 years. I'he ratio was much hî -her for 

potassium and phosphorus indicating their faster rate of 

conservation in che aboveground biomass. 

Total quantity of nitrogen in -.he soil pool upto 

a depth of 40 cm increased upto a 10 jrear fallow and 

stabilized at a low level in older fallows. Available 

phosphorus increased upto a 20 year fallow. 3xchangeable 

potassium, calcium and magnesium started .vith a high level 

in the initial stages of fallo/.' develo'pment after slash 

and burn agriculture, declined in che first few years 

and tended to improve in 15 ana 20 year fallows. Maximum 

depletion in the initial fallows and enrichment in oiler 

fallows occurred for potassium in the soil pool (Table 6.4) 



Table 6.2 

Rate of accumulation of nutrients (kg/ha/yr) in above-ground living 
biomass in successional communities upto 20 years developed, after 

slash and burn agriculture (Jhum). 

Time span 
(years) 

N 

Rate of accumulation Ckg/ha/vr) 

P K Ca Ig 

0-1 

1-5 

5-10 

10-15 

15-20 

18.219 

15.380 

13.836 

24.123 

25.087 

3.978 

2.854 

1.348 

3.337 

3.579 

28.641 

30.337 

69.059 

81.107 

75.674 

9.945 

11.804 

15.529 

22.556 

28.504 

11.536 

8.957 

5.186 

11.724 

12.499 



Ti^e span 
( y e a r s ) 

0-1 

1-5 

5-10 

10-15 

15-20 

Table 6.3 • 
,4ateG of uptaice of n u c r i e n t s (kj/ha/yr)Ac'->3ove^round bioinass in 
s u c c e s s i o n a l coimnuni'.les a f t e r s l a s h f.nd burn a „ - r i c u l t u r e (Jhurn) 

N 

31.181 
( 0 . 9 8 ) 

57.157 
( 2 . 5 0 ) 
75.566 
( 2 . 5 6 ) 

91.147 
( 3 . 7 0 ) 

108.489 
( 4 . 5 0 ) 

Rate of "Tutr ients uiotake ( k g / h a / y r ) 

4 .566 
( 1 . 08 ) 

5.04E 
( 3 . 8 9 ) 
5 .145 
( 4 . 8 S ) 

7.416 
( 5 . 9 6 ) 

8.732 
( 7 . 3 5 ) 

K 

36.226 
( 0 . 9 7 ) 

59.973 
( 3 . 1 4 ) 

119.977 
( 4 . 5 2 ) 

136.348 
( 7 . 1 6 ) 

145.237 
( 9 . 4 9 ) 

Ga 

18.879 
( 0 . 7 2 ) 

43.806 
( 1 . 8 2 ) 
53.459 
( 3 . 04 ) 

64.277 
( 4 . 4 2 ) 

78 .905 
( 5 . 58 ) 

17.632 
( 0 . 8 7 ) 

30.179 
( 2 . 1 8 ) 
32 .273 
( 2 . 7 5 ) 

41 .337 
( 3 . 74 ) 

48 .861 
( 4 . 6 3 ) 

* Annual up take = Annual i n c r e ^se in n u t r i e n t s in Diomass + Annnal n u t r i e n t s r e t u r n v i a 
l i t t e r f a l l . Values i n p a r e n t L e s e s are t h e enrichmont r a t i o s which are e lement s t o c k / 
element uptaiie (/^oodwell, . ' ' /hittaker 8c Houghton, 1975) . 



Table 6.4 

Total inventory of nutrients (kg/ha) in aboveground living biomass, 
litter and soil compartments of successional communities upto 20 

years developed after slash and burn agriculture (Jhum). 

Compartment" 'Element 
(kg/ha) 

Successional age (years ) 
10 15 20 

Aboveground 
Biomass 

Soil 
(0-40cm) 

Litter 
present on 
soil in 
October 

Total 

N 
P 
K 
Ca 
Mg 

F 
P 
K 
Ca 
Mg 

IT 
P 
K 
Ca 
Mg 

N 
P 
K 
Ca 
Mg 

31 
5 
35 
14 
15 

9776 
11 
987 

1358 
1300 

3.240 
0.088 
1.137 
1.786 
1.345 

9810.240 
16.088 

1023.137 
1373.786 
1316.786 

143 
20 
189 
80 
66 

11098 
8 

570 
796 
1084 

8.355 
0.547 
1.481 
4.800 
4.244 

11,249. 
28. 

760. 
880. 
1154. 

.355 
547 
,481 
,800 
,244 

194 
25 
543 
163 
89 

12252 
19 
261 
1037 
719 

18.519 
1.177 
5.091 
11.379 
9,480 

12,464, 
45, 
809, 
1211, 
817. 

.519 

.177 
,091 
,379 
.480 

339 
44 
977 
249 
155 

10551 
23 

1182 
1093 
1199 

22.890 
1.019 
2.762 
8.344 
5.922 

10,912. 
70, 

2161. 
1350. 
1359. 

.890 

.019 
782 
,344 
,922 

489 
64 

1379 
476 
227 

10501 
27 

1201 
1080 
1206 

20.850 
1.030 
6.956 
18.608 
7.636 

11,010.850 
92.030 

2586.956 
1569.608 
1440.636 
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Total inventory of nitrogen for ohe whole ecosystem 

peaked to a maximum in a 10 year fallow and declined on 

either side. Phosphorus showed an increase in the budget 

with increasing age of .he fallow. A high cationic budget 

was present in uhe initial phase of succession, with minimum 

inventoiy in a 5-10 year fallow, and a subsequent increase 

upto 20 years. '2ae proportion of different nutrients in 

the living biomass gradually increased .vith increase in the 

age of tne fallow compared to "Che soil pool, this being more 

pronounced for phosphorus and potassium (Table 6.4). 

Input throu :h litterfall: 

Annual return of nutrients through litterfall increased 

iVi th the age of the fallow upto 20 years. EitrOo'en followed 

by potassium and calcium contributed maximum quantity to 

the total budget. In a 1 year fallow, out of -no total 

budget of 36.2 kg/ha all of it came through leaves. In a 

5 year fallov/, Lhe contribution tnrough twigs v/as maximum 

(I8.I70). Tr.is decreased with rhe age of cne fallow so that 

in a 20 year forest, (but of the 2±4.8 kg/ha of nutrients in 

litter, 94.1,;̂  was through leaves anl the rest through twigs. 

In general, nitrogen contribution by species other than 

bamboo was much hi^ner. In older fallows vmere oainooo was 

a predominant component of the forest fallov/, potassium 
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contribution by iu e4ualljd or even exceeded by :hat throû .h 

all the oxner species put together. Ihis was also true for 

phosphorus contribution by bamooo. Hovvever, calcium j,nd 

magnesium contribution througn bamboo lixter was much 

low (Table 6.5), 

The ratio of return of nutrients through lixterfall 

to the annual uptake by the vegetation expressed as a 

percentage increased upto 5 years for poxassium and 10 years 

for other nutrients after whicn it tended to staoilize at 

a sligntly lower level. I/Iaximum conservation of potassium 

followed by phosphorus occurred in the living biomass as 

the percentage return through litterfall was minimum in 

tnese two cases wnereas nitrogen was one of tne most mobile 

of all ne nutrients (Pig. 6.3), 

Nitrogen, calcium and magnesium showed decrease in 

turnover for soil coipartment and increase in turnover time 

for vegetation compartment witn the development of the 

coiiuiunixies tiirougn succession. Potassium also followed a 

similar paxtern for vegetation compartment but for tht; soil 

xne time perio 1 decreased to a minimum in a 10 year fallow 

Dut suosequently increased in older fallows. Though the 

pattern for phosphorus was not so well defined xhrough 



Table 6.5 

Annual Mtrient contents (kg/ha) of various components of litter in successional 
communitiea upto 20 developed after slash and burn agriculture (Jhua) 

Gategery 

Leaves 
excluding 
bamboo 

Bambo® 
leaves 

Twigs 
excluding 
bamb©o 

Bambo© 
twigs 

, 

Total 

Elements 
Ckg/ha) 

N 

P 

K 

Ca 

Mg 

N 

2 

K 
US* 

Mg 

N 

2 
K 

X)a 

Mg 

N 

P 

K 
\f&t 

Mg 

N 
T3 

K 

Ca 

Mg 

1 

12.962 

0.588 

7.586 

8.836 

6.096 

• J 

' 

12.962 

0.588 

7,585 

8.934 

6.096 

5 

36.805 

1.671 

21.157 

24.441 

17.215 

.0,989 
0.076 

D.909 

0.276 

0.336 

3.984 

0.441 

7.570 

7.285 

3.671 

41.777 

2.188 
29.636 

32.002 

21.222 

Successional ase 
10 

33.701 

1.530 

22.406 

27.549 

16.529 

26.079 
2.025 

23.990 

7.279 

8.862 

1.386 

0.153 

2.633 

2.534 

1.277 

0.564 

0.089 

1.889 

0.568 

0,419 

61,730 

3.797 

50.918 

37.930 

27.087 

(years) 
15 

38.931 

1.768 

25.883 

31.824 

19.094 

26,582 

2.064 

24.453 

7.419 

9.033 

0.798 
m 

0.088 

1.516 

1.459 

0.735 

1.013 

0.159 

3.389 

1.019 

0.752 

67,324 

4.079 

55.241 

41.721 

29.613 

20 

45.669 

2.074 

30.363 

37.332 
22.399 

• 35v3l6 

2.743 

32.487 

9.857 

12.000 

0.949 

0.105 

1.803 

1.735 

0.874 

1.468 

0.231 

4.910 

1.477 

1.089 

83.402 

5.153 

69.563 

50.401 

36.362 ;• 



Pig. 6.3. Annual return of nutrients through 
litter fall/Annual uptake expressed 
as a percentage for different 
successional fallows. 
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successional communities, in o i l e r fallows the turnover 

time for both s o i l and vegeta t ion was higher . Turnover 

time for calcium and ma^^^nesium in the s o i l compartment 

was mucn higher t.can that for potassium and phosphorus 

but the reverse pa t t e rn was true for the vegeta t ion com­

partment, i^or n i t rogen , .he turjiover time for s o i l 

compartment was maximum though t n i s was much l e s s for the 

vegeta t ion compartment (Table 6.8)» 

Cycle time for nitr0:ien was maximum in a l l the 

d i f fe ren t fallo^/s but decreased with the age of the 

fal low. The cycle time for cat ions was lo •ier in older 

fallows co.iipared xo a 1 year fallow though in a 20 year 

fallovif t n i s tended to improve in a l l cne cases . In case 

of phosphorus t h i s improved m o lae r fallows (Table 6.6), 

DiSGoSSIOIJ 

In a comparative study of the n u t r i e n t concentra­

t i o n in the d i f f e ren t compartment of the vege ta t ion in a 

20 year fallow, the l eve l of n u t r i e n t s in the l i t t e r 

compartment was in general L'ouno. to be lov/er than tha t 

in the l i / m g biomass. This may pa r t ly be due to re t rans ­

loca t ion of some of the n u t r i e n t s liice n i t rogen , phos­

phorus and potassium into the Ictrge branches and boles 
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Table 6,6 
Turii*Ter t ines aad oycliag t iaes (years) ef amtrleats la suocessiemal 

cdioMumitles ufte 20 years dereleped af ter slasJa and Isara 
agriculture (Jku«) 

Turnerer t i ae s aad cycling times for nutrients (years) 

P K Ca 
( y e a r s 

1 

5 

10 

15 

20 

) T.T 
S e l l 

315 .5 

194 .1 

162 .1 

115.4 

96 .8 

. • 
Veg. 

2 . 4 

3 . 4 

3 . 1 

5 . 0 

0 . 3 

C.T.** 
S e l l 

& 
Veg. 

317.9 

197 .5 

162.2 

120.4 

102 •6 

f.T. 
S e l l 

2 . 4 

1 .6 

3 . 7 

3 . 4 

3 . 1 

Veg, 

8 . 4 

8 .9 

6 . 6 

1 0 . 8 

12»S 

C.T. 
S e l l 

& 
Yeg. 

1 0 . 8 

1 0 . 5 

1 0 . 3 

14*2 

1 5 . 6 

OJ.T 
S o i l 

2 7 . 2 

9 . 5 

2 . 2 

8 . 6 

8*3 

• 
Veg. 

4 . 6 

6 . 4 

1 0 . 6 

1 7 . 7 

1 9 . 8 

C . T . 
S o i l 

& 
Veg. 

3 1 . 8 

1 5 . 9 

12 .8 

2 6 . 3 

2 8 . 1 

a?.T 
S e l l 

7 1 . 9 

18 .2 

19 .4 

17 .0 

13.7 

• 
Veg. 

1 .5 

2 . 5 

4 . 3 

5 . 9 

9 . 4 

C.T. 
S e l l 

& 
Veg. 

7 3 . 4 

2 0 . 7 

23 .7 

2 2 . 9 

2 3 . 1 

C.T, 
S e l l 

73 .7 

35 .9 

2 2 . 3 

2 9 , 0 

25 .7 

» 
Veg. 

2 . 5 

3 . 1 

3 . 3 

5 . 2 

6 . 2 

C.T. 
S e l l 

& 
Veg. 

7 6 . 2 

39.® 

2 5 . 6 

w4. Z 

3 1 . 9 

* T.T. 51 Tumeyer t iae 

*• C.T. Qycling t iae 
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before abscission and litterfall (Kramer & Kozlowski, 

1960) and may also be due to leaching of nutrients before 

litterfall. It may be noted here that potassium wnich is 

more readily leachaole (Nye & Greenland, 1960) has much 

lower concentrations in the litter compartment compared to 

the living biomass. 

In the living biomass, amongs the cations, the 

concentration of potassium was much higher in a 20 year fallow, 

this being more obvious in xhe case of bamboo, Dendrocalamus 
);>oto>.ssium 

hamiltonii* Apart from nlie fact that/̂ in early successional 

communities has been shown to be a more predominant element 

compared to calcium, with a reverse tendency in mature 

forests (Tergas, 1965; Snedaker & Gamble, 1969; Golley e_t 

al, 1975), particularly higner levels of potassium compared 

to calcium in bamboo is also due uo xhe fast accumulation 

of this nutrient by this species which is an important 

component of che early fallows of secondary succession. 

This is more obvious vihen the total quantity of potassium 

held in the living biomags of a single species of bamboo 

in a 15 or 20 year fallow is compared 'With that held in all 

the dicot trees and shrubs puL" to^etner. 

7/ith the development of secondary vegetation, 

the nutrient reserve in the living biomass increased upto 
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2 0 years due to a linear increase in biomass with age 

(Toky & Ramakrishnan, unpublished). Because of the hi_,her 

concentration of potassium in bamboo (Dendrocalamus hamilto-

nii) and the larger biomass contributed by this species, 

potassium is more abundant than calcium and magnesium. 

The high enrichment ratio for potassium in older fallows 

of 10-20 years indicates maximum conservation of tnis nutrient 

in the living biomass. A similar observation where Musanga 

oecropioid,es in the early successionalfa'rests of Belgian 

Congo selectively takes up pocassium was sho.vn by Bartholo­

mew ̂  _al, (1953) though zhe Inventory for potassium in 

their study was much lower tlan in a 20 year fallovv in tne 

present study. It may be noced here that upto 10 years of 

fallow period when bamboo is not yet a major component of 

the vegetation, the enricnment ratio for phosphorus was 

more than for other elemen>.s indicating conservation of this 

nutrient in che living biomass. For calcium and .iiagnesium, 

annual uptake and enrichment ratio was much higher in 

older fallows probably due to rapid gfowth of dicot trees 

at this stage. Greenland & Kowal (1950) reported almost 

three times more calcium than potassium in the aboveground 

biomass in a 40 year old forest in Ghana due to faster 

accumulation of the former in mature dicot trees. 
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All the n u t r i e n t s , except nitro^'en, were generally 

hisiiei" in a 1 year fallow due to rapid re leased due to 

s lash and burn. The rapid decl ine in n u t r i e n t s in the 

so i l in a 5 or 10 year fallow is due to deple t ion by 

rapid ly developing vege ta t ion . Belease of n u t r i e n t s into 

the s o i l pool s t a r t s a f t e r 10 years of regrowth when fcaere 

is a gradual build up of n u t r i e n t s in the s o i l coapartment. 

For n i t rogen , on the otner hand, i n i t i a l l y not only is i t 

l o s t due to burning of s lash but th= f i x a t i o n of s o i l 

n i t rogen may also adversely be affected due to burn. 

Ho -/ever, soon a f t e r the burn, microbial a c t i v i t y is shown 

to increaseflfe rapidly pa r t l y due to micro-environmental 

changes in bhe s o i l (Moore & Jaiyebo 1963; Ahlgren & Ahlgren, 

1965) and a lso due to removal of a l l e l o p a t h i c e f fec ts 

(Smith ejfc a l , 1968; Rice, 1974) so tha t n i t rogen bmild up 

continues upto 10 year fallo\i' period followed by a decl ine 

in subsequent years probably due to absorpt ion by the 

developing community. Similar observat ions are also 

ava i lao le for 'Lua' fo res t fallow system of sh i f t ing a g r i ­

cul ture in Thailand (Zinke e t _ a l , 1978). 

The r e t u r n of n u t r i e n t s through l i t t e r f a l l increased 

with the age of the fallow upto 20 years which is a func­

t ion of the l i n e a r increase in ^he l i t t e r f a l l with the age 
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of the fallow (Toky & Ramakrishnan, unpublished). Higher 

quantity of potassium ani lov»rer quantities of ocher elements 

are returned annually as compared to the values reported by 

Ewel (1976) for successional fallows upto 14 years in 

G-eutemala. This ia due to the high levels of potassium 

compared to others in xho predominant bamboo litter, as 

already discussed. 

V/hile the turnover time of all nutrienxs in the 

soil tended to decrease, Lhat of the vegetation increased. 

This is to be expected because of ĥa marked increase in 

uptake by the developing vegetation ano. the increased storage 

in the living compartment which is proportionately higher 

tiian uhe rate of release through litter. 

Gycling time, in general, tended to decrease #ith 

increase in the a^e of the fallo / except for phosphorus, 

potassium showing a tendency for decrease upto 10 years 

followed by an increase in 15 and 20 year fallows. Gycling 

times for elemonts in ecojystems are influenced primarily 

by rates of elemental uptake and release by che plants. 

Phosphorus and potassium havixig minimum cyclinj times 

compared to other elements, show their fast rate of turnover 

within the ecosystem. 'Thecycling times for various elements 

in tne successional fallo.vs calculated durin^ the present 
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study are. much less t̂ .an the values reported for mature 

forests. G-olley ^ _al (1975) reported turnover times for 

phosphorus, potassium ana calcium in mature forests of 

Panama • more than 100-200 years. -he values in the 

present study -Tor calcium turnover are in che range repor­

ted for temperate forests by Jordan & Kline (1972) but 

much higher than that reported for mature tropical forests. 

However, since the cycle time decrease with the age of the 

fallow, it may reach a conparable level in more mature 

forests of tne area. 

Mineral cyclin; varies according to the nutrient 

supply to the system and zhe time available for the system 

to develpp on :.he site. ?or example, the soil in certain 

Amazonian forests (Starkjl971 a,b; Klinge & Rodriguesj 

1968 a, b) are podsols wnich contain lov\r quantities of 

nutrients and have lo ; exchange capacity. As a consequence, 

concentration of nutrients in plants are much greater than 

m the soil and the elements released from the litter are 

rapidly taken up by the vegetation. Thî  Atnazonian case 

has led Stark (1971a) to propose a direct transport of 

nutrients by mycorrhiza from tne dead organic mai:ter to the 

living plant roots. In auch a case cu ,ting and burn will 
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destroy the mycorryzal connection and the recovery of 

the system may taice a .auch longer time compared to Ooher 

systems. Tne s tudies from cms laoora tory , as yet unpu­

bl ished, ind ica te t h a t mycorryzal development in p l an t s of 

jhum fallo^'.'s may be more extensive than suspected. The 

s ignif icance of t h i s in nu t r ienc cycling in Jhum fallows 

may prove to be i n t e r e s t i n g . 

After a complete des t ruc t ion of n u t r i e n t cycling 

at the time of s lash and burn a g r i c u l t u r e , ch^ystems recovers 

rai-idly through quiclc succession and potassium vvhich is one 

of the important n u t r i e n t s which is a lso highly suscept ib le 

to leaching and run-off losses in :;he ear ly phase of regrowth 

is rapidly conserved in the l i v i n g biomass through bamboo. 

As t n i s process of conservation progresses s t ead i ly auring 

xhe f i r s t 20 years or so of xhe developing community, any 

dis turbance at short time i n t e r v a l s as in the short jhum 

cycle of ~t-5> years as in common now is l i k e l y to adversely 

a f fec t tne nu t r i enc conservation by i^helsystem. 

SU-liAR/ 

Accumulation of bioelements, t n e i r r a t e of uptake 

axid re lease throu^-h l i t t e r f a l l were measured in successional 

stands upto 20 year . Concentration of n i t rogen , phosphorus 

and potassium was higher in l i v i n g biomass than in the l i t t e r . 
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Dicot trees were found to be rica in calcium, bamboo 

(Dendrocalamus aamiltonii) in potassium and herbaceous species 

in phosphorus. fhe total inventory of bioelement increased 

linearly with increa.se in the age of the fallow and attained a 

maximum level of 489 kg nitrogen, 64 kg ̂ ohosphorus, 1379 kg 

potassium, 440 kg calcium and 226 kg/na magnesium in a 20 year 

fallow. In this fallow 5b to 73-/̂  of fcue various elements of 

Dudge^ were allocated to the bole compartnent. Potassium was 

the most abundant element followed by nitrogen. In fallows of 

10 to 20 years, bamboo alone contributed 40 to 45^ nitrogen, 

i4 to 49:;;̂  phosphorus, 54 to 60/̂  potassium, 16 to 19;̂  calcium and 

34 to 39̂ !̂  magnesium of the cotal budget. Maximum annual rate of 

accumulation of nitrogen (25.087 kg/ha) occurred in 15-20 year, 

phosphorus (3.978 kg/ha) in 1-year, potassium (81.107 kg/ha) in 

10-15 year, calcium (28.o04 kg/ha) and magnesium (12.499 kg/x.a) 

in 15-20 year fallows. Potassium snowed the highest rate of 

accumulation and it v̂ as 1.3 to 3.3-fold higher tnan that of 

calcium and nagnesium collectively. Annual rate of nutrient 

uptake increased consistently with the age attaining a maximum 

rate between 15-20 years. Jhe enrichment ratio was maximum for 

phosphorus and potassium indicating their fast rate of conservacion 

in the standing biomass. "laxî num depletion of soil nutrient 

http://increa.se
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pool occurred between 5-10 year of growth period. Annual 

return of nutrients through litterfall increased with the 

â ê of the fallow showing maxiiaum return in a 20 year 

fallow. 



GENERAL CONSIDERATIONS AND GONOLUSIONS 
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&EHEEAL CONSIDERATIONS AND CONCLUSIONS 

In the north-eastern hill regions of India, 

the practice of slash and burn agriculture (Jhum) is 

a source of support for |.6 million tribal population. 

It is widely spread in Arunachal Pradesh, Meghalaya, 

Mizoram, Manipur, Nagaland, Tripura and some parts of 

Assam over an area of 0.327 million hectares (Mukurjee, 

1975). During the last twenty years, major socio-political, 

organization and administrative changes have taken place 

in this region. The population of these hilly states also 

increased slowly upto 1951 but increased sharply between 

1951 to 1971. Thus in Meghalaya, to take an example, the 

decinial growth rate between 1900 to 1951 increased at the 

rate of 7.3^ to 15.65̂  where during the following 2 decades 

it showed a decinial growth rate of 26^ and 32^. 

The jhum cycle previously was spread over 20-30 

years, however, under present conditions of high population 

densities and reduced acreage, the cycle may be often as 

short as 4-5 years. Shorter cycles have adversely affected 

the quality of the environment both in terms of soil fertility 

as well as vegetational cover. The take over of jhum fallows 

by weedy colonizers like Eupatorium odoratum, Imperata 
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cylindrica. Mikanla maerantha. Saccharum spontaneum. 

Borrerla hispidaf etc. under short cycles has resulted 

in rapid deterioration in the environment. Succession 

has been arrested indefinitely at this pioneer stage. 

The aggressive weeds (Eupatorium odoratum) have either 

a high seed production or have extensive underground 

rhizomes (Imperata cylindrica) and cause a serious problem 

during the cropping period. Seduction in acreage is also 

related to the land being rendered useless for cultivation 

due to such a take over by weeds* 

When the cycle is short, hazards of erosion are 

considerable even though the land is colonized by weedy 

species and the likelihood of accidental spread of fire is 

increased because of the high susceptibility of Imperata 

cylindrica and other weedy species. Damage to the ecosystem 

could best be exemplified by an extreme exsuaple of impact 

of slash and burn agriculture at Cherrapunji. It is well 

known for being one of the highest rainfall regions of the 

world. The annual rainfall exceeds 1150 cm and an above 

average year may bring as much as 2250 cm, recorded during 

1974. Most of this rainfall comes between May and September. 

Inspite of high rainfall, one is struck by the general 

barreness of the landscape. A few xerophytic grass species 
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of Ohjryaoĵ ogon« Cymbopogon, EragrostiSt Panicxua and 

jPaspalum survive in the thin layer of soil and rock 

crevices. However, Gherrapunji and its surrounding areas 

have patches of relict forests in the form of sacred 

grooves with rich species diversity. These areas contrast 

dramatically with the largely degraded landscape. These 

sacred grooves at Mawsmai at Cherrapunjathave (faQ̂ ĉ ^ spp., 

Castanopsis spp., Schima wallichii with a large number of 

shrubs like Photonia. BriobOtry^^Ssmia and ^numa.* An 

obvious conclusion is that these forest were destroyed over 

a period of time, possibly through jhuin cultivation. The 

evidence for this conclusion is two-foldj (I) the local 

people practise jhum and (ll) Jhum fields are extensive 

in the forested areas around Cherrapunjoe, In any case, due 

to damage to the ecosystem, there is scarcely any vegeta-

tional cover to hold the soil and there is no soil to support 

a forest. Similar is the case in many areas around Shillong. 

Exotic weeds as mentioned earlier have created a 

serious problem in weed control due to sapid spread under 

a short jhum cycle. This has resulted in the rapid depletion 

of the germplasm, becauset of drastic changes in micro-climate 

and other elements of the habitat. Many orchid species of 

Dendrobiua. Cymbiditua and Vanda are on the endangered list 
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of plant species. Many timber yielding species which 

come late in the successional seres, have been eliminated 

due to shortening of the jhum cycles. Many endemic species, 

for example, Neoenthesls khasianum (pitcher plant) are 

threatened. 

The forested areas in north-eastern hill region 

of India ensured the survival of a rich mammalian fauna. 

In fact more than 50^ of the total number of mammalian genera 

known from the Indian sub-continent are represented in 

this region. Because of destruction of forest, chiefly 

due to jhum cultivation, the habitati of these animals have 

been damaged. A large niunber of species once distributed 

over large areas in this region are now on the list of 

protected species, e.g., elouded leopard (Neofelis nebulosa), 

golden cat (Pelis temmincki), leopard cat (Fells bengalensis), 

tiger (Panthera tigris). wild buffalo (Bubalus babalis), etc. 

Under conditions of vast forest resources and 

sparse population, slash and burn agriculture (Jhum) wolld 

be in harmony with the environment as the labour of clearing, 

crop planting and. weeding in relation to the size of the 

harvest is low and nutrient build up through forests would 

be sufficient to sustain agriculture without any need for 

other forms of nutrient inputs. From an energetic point 
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of view too, as evident from this study, the gystem could 

be considered as efficient as the output/input ratio may be 

as high as 43.50 for a 30 year jhum cycle as against a 

comparatively low value obtained under terrace cultivation 

(6.02) as seen from the present study. The only source of 

energy required for jhum is manpower which is cheap. The 

farmers are able to get all the diverse requirements of life 

from the mixed crops and from the forests. 

The maintenance of crop yield is possible only 

when the jhum cycle is sufficient^;. long; longer than 10 years 

as shown by the present study; In the shorter jhum cycles of 

4-5 years, the yield particularly of grain and seed crops is 

drastically reduced. 5 year fallow period is not sufficient 

to replenish the soil with organic carbon, nitrogen, phosphorus 

and cations to the desired levels. Early regrowth of forests 

upto 5 year, depletes the soil with cations as heavy uptake 

of nutrients takes place at this stage due to the fast growing 

vegetation and it is not until after 10-20 years is there an 

enrichment of the soil. Bamboo (Dendro calamus hamiltonii) which 

is an important species in quick conservation of potassium 

after slash and burn agriculture dominates the fallows of 

10-20 years age. Seduction in the jhum cycle adversely 

affects bamboo regeneration and potassium economy of the system. 
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Replacement of jhum by intensive agricultural 

practices is probably not a realistic solution to this 

problem. Terracing the land as suggested by some scientists 

is likely to create more problems than it would solve. 

Terracing and weeding are very expensive to which may be 

added the cost of fertilizers which would be one of the 

major inputs to sustain agriculture. Apart from the cost 

factor, the efficiency of utilization of fertilizers is also 

likely to be low as the soil is extensively loose, thin 

and porous, This would result in heavy infiltration losses 

if not surface run-off, as our studies show that infiltration 

losses could be very heavy. Further, under conditions that 

favour fast decomposition of litter and humus the system would 

also need heavy input of organic manure in order to maintain 

good physical conditions of the soil. It may also be noted 

that much of the losses from hill agro-ecosystem, imder crreal 

cultivation, occur during the early phase when crop cover 

is not yet available or at the time of harvest when the soil 

is disturbed. 

The economy of the region should be developed with 

emphasis on horticultural crops like orange, banana, pineapple 

and various temperate fruits which could be introduced with 

success. Plantation crops like tea, coffee, cocoa and rubber 
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some of which have been tried successfully should also be 

encouraged. 

Thus, keeping in view the climate, soil type and the 

topography of the hills, it may be desirable to keep cereal 

cultivation in any form to a minimum and encourage horticul­

ture, other perennial crops, animal husbandry and tree 

plantation. These would cause less damage to the environment. 

One may go so far as suggesting importing grains into this 

region. In relation to the Indian sub-continent the geogra­

phical positioning of the Himalayas and other extension ranges 

like the hills of the north-east, is unique. We cannot 

afford to significant alteration because all major river 

systems originate from these mountains and drain into the 

northern plans of the country. Therefore, any damage to the 

ecosystem of these mountains would have repercussions over 

a large area of the plain (Record of floods in the Ganga 

basin in 1978 was related to extensive deforestation in the 

Himalayas). The repercussions might be; floods, deposition 

of silt, or ma;jor changes in the climate of the sub-continent. 
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Pla te 1 & 8. Stages in burning of s l a sh during 
jhiim procedures. 



PLATE 1 

PLATE 2 



Plate 3. Field after bum. Fote that burning 
of large boles and branches is yet 
to be completed. 

Plate 4. Mixed cropping on the slope dominated 
by maize in the front and rice at the 
back. Note a clump of banana in the 
background. 
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PLATE 3 
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PLATE 4 



Plate 5. Field after one year of cultivation 
and harvest of crops. 

Plate 6. 1 year fallow dominated by Imperata 
cylindrica. 



PLATE 5 

PLATE 6 



Plate 7. 10 year fallow dominated by bamboo 
(Dendrocalamus l^aiHton^i). 

Plate 8. 30 year fallow dominated by many 
dicot tree species. 



PLATE ; 

PLATE" 8 



Maximum temperature ( ^ ), 
Minimum temperature ( O ) 
and precipitation ( A ) for the 
year of 1978 at Burnihat. 
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Table I - l 

Area under sh i f t i ng c u l t i v a t i o n and the human populat ion dependant 
upon t h i s p rac t i ce in no r th -eas t e rn India ( a f t e r MukiiHrjee, 1975) . 

States/Union 
'Pe r r i to r i es 

Area under 
s a i f t i n g 
c u l t i v a t i o n 
(ha) 

Arunachal Pradesh 70,300 

^fizoram 60,000 

Meghalaya 76,000 

:ianipur ( H i l l s ) 50,000 

rjagaland 83,600 

Tripura 17,000 

North Gachar & Mikir 
H i l l s of Assam 70,000 

Total populat ion 
dependent on 
s h i f t i n g c u l t i v a ­
t i o n ( in mi l l ion) 

0. 

0. 

0. 

0. 

? 

,27 

.26 

.35 

,30 

X\JV 

4^3 

0. 

0. 

.10 

,40 

Percentage of t o t a l 
populat ion dependent 
on sh i f t i ng c u l t i v a ­
t i o n (1971) to t o t a l 
populat ion of 
respec t ive 3tates/UT 

57.69 

80.74 

34.58 

27.95 

? 

6.42 

0.48 



The area under shifting agriculture (Jhum) 
in north-eastern hill regions of India, 
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