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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
predom nant form of agriculture in north-eastern hill regions of
I ndia, and supports about 1.6 mllion tribal popul ation over an area
of 0.426 mllion hectares. This practice involves felling the
forest vegetation, burning the dried biomass, m xed cropping of
<8-13 species for a period of 1 or sonetines 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
Meghal aya at 26.0°N and 91.5°E.  The climate is hot and humd with
an average rainfall of 220 cm The soil is of lateritic origin
(xysol) with pHranging from5-7. Here jhumis practised chiefly
by one of the tribes of Meghal aya, namely, the ' Garo'.

(1) Qopping and yields in agricultural systens:

Along with 'jhum sone 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
cl eared) has advantage over the 10 or 5 year cycle, in that apart
from hi gher yield, nmonetary output/input ratio under a 30 year cycle
is conparatively nmore favourable. Further, the 30 year jhum cycle
I s advant ageous 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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fromthe sane site. |lhe structure and sone functional aspects of
t hese agro-ecosystem types are di scussed and conpar ed.

(ii) Energetics of agricultural systens;

Froman energetic point of view, a 10 year cycle is
nost efficient and the output/input ratio here is 43.50 conpared to
34. 13 under a 30 year cycle and 23.66 under a 5 year cycle. Ener-
getics of jhumis also conpared to with valley cultivation of tice
as well as m xed cropping on terraces which was tried out as an
alternative to jhum  Though the efficiency of valley cultivation
Is closer to a 5 year jhumcycle, it is self-sustaining year after

year due to natural drainage of noisture and nutrients into the
vall ey, the only energy input being in the formof |abour 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
al so due to | abour input for preparation of the land. The various
inputs of energy and outputs in the form of agricultural products
In the three agro-ecosystemtypes have beon worked out in detail

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

The fertility changes in agro-ecosystens where veget a-
tion is renoved by slash and burn procedures, the land is planted
to mxed crops for one year, and then left to revegetate naturally
for upto 50 years (forested fallow before the entire cycle is
Repeat ed, have been studied. A conparison has been nade between
three jhumcycles of 30, 10 and 5 years. Bepletion in soil carbon
conti nued 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 simlar pattern in depletion of nitrogen.
Avai | abl e 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 regrow h of vegetation. This decline was

nost pronounced for potassiumdue to the fact that Dendrocal anus

hamMtonii is a heavy accunulator of this nutrient. S nce this

banboo speci es donkxnates the fallow upto 20 years, potassiumbnild
up in the soil was observable only at this stage. It is suggested
that this species plays an inportant role in conservation of this
nutrient. 1In a 50 year fallow, |ow |evels of calciumand nagnesi um
were naintained with rapid depletion of both with depth which is in
contrast to that of potassiumand phosphorus. In general, short
jhum cycles of 5 year permt only lowlevels of soil fertility with
very poor recovery during the fallow period. The significances of
these results are di scussed,

(iv) Hydrology and nutrient |osses;

Subsequent to slash and burn of the forested fallow and
during cropping, the systemloses its capacity to hold the nutrients.
Vari ous | osses occur through wind blow of ash and al so through

i ncreased run-off and percolating water. The chemstry of the ash
and run-of f 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 percol ation | osses of water and sedi ment during
croppi ng increased with shortening of the jhumcycle. S nce percol a-
tion |osses are fairly high due to porous soil, terracing of |and
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4 .
as suggested by sone as an alternative to jhumis not an ecol ogically
sound one. Drastic reduction in |osses 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 bi ogeochem cal and
hydr ol ogi ¢ cycl es.

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

The secondary successional pattern of plant commnities
subsequent to jhumupto 50 year fallow and the bi omass, productivity
and litterfall patterns during succession upto a 20 year fallow
period were studied. The early weedy col onizers vary dependi ng upon
the type of vegetation that is slashed and burnt and the seed
source available in the soil depending upon weedi ng practices at the

time of agriculture. Dendrocalanmus hamltanii; a banboo species',

dom nates the fallow between 10-20 years which is replaced by nore
shade tolerant dicot trees. Succession was acconpani ed by increased
speci es diversity, reduced dom nance and increased net prinmary
productivity. Total inventory of aboveground bi omass increased
linearly with age and attai ned maxi numvalue of 147.59 mton/ha in
a 20 year fallow. The rate of accumul ati on of bi onmass increased
upto 15 years of secondary growth reaching a maxi num of 8.95 mton/
ha/yr and declined in a 20 year fallow. The net primary productivi-
ty increased linearly with the age of the fallow reaching a maxi mum
of 17.99 mton/ha/yr. Litterfall showed a singifleant positive
correlation with the age of the fallow and total standing bi onass

of the fallow, reaching a maxi numof 9.69 mton/ha/yr collected in
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a 20 year stand.
(vi) Nutrient cycling %

Accurrul ation of bicslenments, their rate of uptake and
rel ease through litterfall were neasured in euccessional stands upto
20 year. Concentration of nitrogen, phosphorus and potassi umwas
higher in living biomass than in the litter. D cot trees were found

to be rich in calcium banboo (Dendrocalamus ham ltonii) in potassium

and herbaceous ppecies in phosphorus. FPhe total inventory of
bi oel ements increased linearly with increase in the age of the
fall ow and attained a maxi num | evel per hectare of 489 kg nitrogen,
64 kg phosphorus, 13159 kg pot assi um 440 kg cal ci um and 226 kg
magnesiumin a 20 year fallow In this fallow 8 to 73 t of the
various el enments of budget were allocated to the bole conpartnent.
Pot assi umwas the nost abundant el enent followed by nitragen. In
fallows of 10 to 20 years, banboo alone contributed iOto 457
nitrogen, 44 to 49" phosphorus, 54 to 60% potassium 16 to 19% and
34 to 39% magnesium of the total budget. Maxi num annual rate of
accunul ation 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 magnesi um (12.499 kg/ ha) in
15-20 year fallows. Potassium showed the highest rate of accunul a-
tion and it was 1.3 to 3.3-fold higher than that of calcium and
magnesi um col  ectively. Annual rate of nutrient uptake increased
consistently with the age attaining a maxi mumrate between 15-20

years. The enrichnment ratio was maxi num for phosphorus and potassi um
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indicating their fast rabe of conservation in the standi ng bi onass.
Maxi mum depl etion of soil nutrient pool occured between 5-10 year
of gE©m h period. Annual return of nutrients through litterfal
increased with the age of the fallow show ng maxi numreturn in a
30 year fallow,

(vii) general, conclusions and consi derati on;

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 cmin nost
of the areas reaching as high a value as 1350 cm per year at
sel ected spots |like Cherrapunji, nost of which comes during the
nonsooni ¢ period of 3-4 nonths, with very steep topography and with
hi gh percol ation val ues due to extrenely porous soil, cereal culti-
vation in any form should be avoided. THs is nore true when one
fealizes that much of the nutrient |osses fromthe system occur
during the parly phase of cropping at the tine of sow ng and before
crop establishnent and at the tine of harvest when the plant cover
is renoved and the soil is again disturbed. Plantation crops |ike
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 seens to
be the direction in which the econony of thiLg tragi on shwl dbe
devel oped. Cre JUSIV*
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PREFACE

This study was undertaken at Burni hat | ocated
at an altitude of 100min the Khasi hills of Meghal aya in
order to study the hill agro-ecosystens and nore particu-
larly to measure the inpact of slash and burn agriculture
(locally called "jhum) which is the predom nant agricultura
practice in the entire north-eastern hill region of India.

A nunber 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 anal ysis of
vegetation during secondary succession in jhumfallows wth
respect to its structure, bionmass 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 devel opnent upto
an age of 50 years. Chapter 5 deals with hydrol ogy and
various types of |osses of sedinent and nutrients from agro-
ecosystem It also deals with the hydrol ogy and the | osses
fromthe ecosystem during devel opnent of the fall ows.
Chapter 6 concerns itself with nutrient cycling through the

entire process of jhumupto a forested fallow period of 20 years.



The thesis starts with a General Introduction and is
concluded with a Chapter on "General Considerations and
Gonclusions' *.  The concl usions drawn afe chiefly based

on the present studies. Apart fromthis general discussion,
each Chapter has its own discussion of results and

sumary. The various chapters have been prepared keeping

In view the eventual publication of papers in different
journals. Al literature cited in the text is brought
together at the end.

S *) The various studies on jhum have been done
particularly keeping in mnd the inpact of the shortening
of the jhum cycle froman ecol ogically nore favourable
situation of 30 years to as short a period as 4-5 years,
as a consequence of reduction in acreage and increase in
popul ation pressure. Thus, wherever feasible a 30 year
j hum cycle has been conpared and contrasted with a 10 and

5 year cycle.



GENERAL  INTRODUCTION



GEJHERAL | NTRODUCTI ON

Slash and burn agriculture is practised on a
wi de range of apil types, slashing varied vegetationa
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 systemis universally charac-
terized by (1) partial or conplete clearing of the vegetation
by cutting and burning (2) cultivation of pure or m xed
crops, and (3) the abandonnent of the plot to fallow regene-
ration after the exhaustion of the soil fertility. A short
period of cropping generally alternate&wth a |onger period
of fallow with exclusive use of human energy for all the
steps of the agriculture. It is one of the ol dest of all
the agricultural systems, which indicates that it nust be
or ha? been until recently, nmore or less in equilibrium
with the environment.

r It is frequently called as 'slash and burn'
agriculture, though the term'sw dden' is preferred by sone
ant hropol ogi st*(Exwal I, 1955)* The practice is also referred
to by a nunber of local names, anong which *mlpa from

Central Anerica, 'chena* from Ceylon, and 'xaingin' from



the Philippines are common. In the north-east India and
Bangaladesh, the system is called as «Jamm'. The nomen-
clature of the system has been thoroughly discussed by

ConJclin (1957)*

Reqgional differences

Of the three great continental regions of shifting
agriculture in the tropics, Africa is the largest haying a
great variety of natural conditions and cultural pattern.
Its total tropical area of 5.75 million square miles, under
forest, woodland and savannah holds a population of 104
million with a density of 18 per square mile (Geurou, 1953).
Harroy (1949) and Worthington (1958) discussed slash and
burn agriculture against a wider background of the conser-
vation of natural resources of Africa, de Schlippo (1956)
described mixed cropping on the border of the Sudan and the
Congo practised by the Zande tribe. Here mixed crops

including cereals (Bleusine coracana. Zea mays. Penisetum

tvohoidaa. flyrata sp) pulses (Yigna unqguiculat*. Phaseolus

SUSii Phaseolus lunatus). oil seeds (Ara.ahi m hytflgfimt

&LMMMWM. mxImaiAlfi.) and starchy crops (MafliMl u”ligsima,

Ipornoea batatas. Bioscorea sp, Golocasia antiquerum) are

commaon.



Nye & Geenland (1960) gaye a detail account
of the systemIn erergreen and sem -deci duous forests
in Africa. J)uring the dry season a patch of forest is
felled, dry bionmass is burnt and a m xture of crops is
sown by dibbling. During the growth of the erop or
slightly after it has been harvested starchy crops |ike

Cassava (Mani hot utilissinma), GCocoyam ((Qol ocasia anti quorun

or Xant hosema sagitti foliun) and bananas (Husa sp) are

planted. Weding is done twice or thrice during the
croppi ng period. The dense mass of the devel opi ng secon-
dary forest is soon domnated by light |oving species anong
whichf'«wwgaftftarfl piaidea(the Unbrellatree), Trema

gnj nenae and Maearanga barter! are often predom nant

after the fields are left to regeneration of fall ows.
According to them regrowth of the vegetation is rapid and
three years © cropping alternating with eight years of
fallow often appear to nmaintain fertility in the sem -
deci duous 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 nore
thoroughly cleared than in a forest to get rid of roots
and rhi zones of grasses. In contrast to forest the |and

I's without cover during the dry season and it is exposed



to the early rains for at |”ast four weeks before a fair
Cever is formed. The intensity of the weeds is also high

particularly if Inperata cylindrica is present. Wen the

field is abandoned it is dom nated by Penni setum sp and

laperata cylindricaif the weeding is -not proper. 1In a

year or two the tall perennial grass Andrepogon gayanus

appears and when in about 10 years this attains dom nance,

the land is considered fit to clear again.

Tropi cal Anerica which has an area of 5 mllion
square mles, has received far less scientific study. Like
Africa, the systemis practised both in forest and savannah
regions. Cook (1921) described emlpa* systemof grow ng
mai ze in Central America and concluded that 'mlpa® agricul *
ture is a stable systemif the intervals between successive
clearing of the sane |land are very long and the forest has
tinme to restore the land to its original condition.

Carneiro (196Q studied Kui kuru Indians of Central Bfazil,
who subsist largely by the slash and burn agricul ture of
mani oc (Hani hot sp). He denonstrated mathematical ly that
under a systemof shifting agriculture the Kui kuru 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



in Venezuela. Qopping is primarily for subsistence and
the chief crops are invariably nai se and bl ack beans.
Inter-cropping is common, wth a variety of annual crops
and al so sem - per manent ones (Yucca or qui nehoncho)e
Fornmerly stable 'cenucof systemis nowin a state of break
down and shortening fallows (4-5 years) is the mai n cause
for the breakdown.

The tropics of Asia are unlike those of Africa
and Anerica in that the density of population is ten tines
nore as conpared to other parts of the world. However,
nost of the popul ation [ive®on alluvial soils of the plains.
Dobby (1950) estinated that one third of the total area used
for cultivation in south-east Asia is under shifting agricul -
ture. However, this systemis practised only in forest |ands
and supports a density of 16 individuals per square m |l e”.
Mich of these forests receive a rainfall of nore than 200 cm
Conklin (1957) describes the *Hanunoo' systemin the
Phili ppines. Forests are felled in the dry nonths, and
after burning and clearing a mxture of crops sonetines nearly
40-50 are sown in the same plot with a”tem of successive

har vesti ng.




Mey (1978) studied shifting agriculture (*Jhmn)
in Chitcagong hill tracts of Bangal adesh* The seeds ef the
hill fields consist ef 60-805* of paddy, the rest is cotton,
corn and vegetabl es |i ke pul ses and gourds, sesamum and
chillies* The yields of the '3 hum! plots are very |ew due
to shortening of the jhumcyele and the general econom c
Situation of the farners is bad*

Bappaport (1971) gave a detail ed account of e¢sw dden*
agriculture of the rTsenbaga) in the central highlands of
Papua |Tew Qui nea* In maki ngs garden the Tsenbaga prefer to
clear secondary forests rather than primary forests* A
fence is nade to keep the pigs, both feral and donestic out
of the garden. Trunks of the felled trees are utilized
for this purpose* The Tsenbaga can nane at |east 264
varieties of edible plants, representing sone 30 speci es*

The staples are taro (Col ocasia escul enta) and sweet potato*

O her starchy vegetabl es such as yans, cassavas and bananas
are of |lesser inportance. Sweet potatoes and cassavas are
used as pig feed as well as for human consunption* Beans,
peas, maize and sugarcane are al so grown, along with a nunber
of leafy vegetables |ike H biscus sp* The Tsenbaga recogni ze

the inportance of the regenerating trees; they call them



col lectively *duk mi !, or "nother of gardens" and do not
destroy them during weeding. Swne husbandry is I|inked
with the sw ddening and both these provide the Tsenbaga
with, on the one hand, an adequate daily energy ration
and, ©n the other, an energency source of protein.
In the north-eastern hill tracts of India, this

practice is a source of support for 1.6 mllion tribal
popul ation. It is widely spread in Arunachal Pradesh,

Meghal aya, H zoram Mani pur, Hagal and, Tripura and semne
Yr\\Mi6Vi

parts of Assamover an area of "2.Ghe ctarai (Mikerjee, 1975)«
This practice locally called as 'Jhum consists of cutting
down the forests of various successional stages on the

hill scopes in the nonths of Decenber and January, all ow ng
the slash to dy*p for a few nonths and burning the slash

bef ore sowi ng m xed erops of about 8-13 species. The |land
is utilized for one or two years and then left as fallow

to regenerating forest. The Jhumcycle (the fall ow period
before the land is again cleared) is often short ranging
from4-5 years but |onger cycles from 10-30 years are al so
rarely available. Short cycles have adversely affected-foe
yield of erops, the quality of the environnent both in

terns of soil fertility and vegetati on cover.



At hi gher el evation (above 300 nm) of
Meghal aya, the practice differs fromthe typical form
at lower elevations, in many respects. Here the vegetation

type is chiefly of Pinus kieSya. A the tinme 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 | and 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 nmaise is grown
over the ridges sonetines there is mxing 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 lowsoil fertility, sone organic manure and

fertilizer are added to the ridges.

Agr o- eeosyst em :

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 humd forest regions the yield declines faster
than in dry forests and savannah regi ons. Tondeur (1956)
reported that in the forested regions of the Bel gian Congo

during the second cycle of rotation of rice, groundnuts



and cassara declined 76#, 86fi and 33" respectively
conpared to the first cycle. Nye & Stephens (19651),

on the basis of fertilizer trial in forest regions of
CGhana showed that during the continuous cropping for 8
years in the absence of fertilizers, the yield declined
sharply but in the savannah zones of Chana, on the average
yields in the absence of fertilizers declined slowy.

The yield of a second crop of maize in north Quatenal a is<
often reduced to one half conpared to the first crop
(Popenoe, 1959). At Yanbi o Experinent Station, southern
Sudan, yields of cotton, groundnuts and el nusi ne dropped

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

Weds are the maj or cause of declining yield
under slash and burn agriculture in many parts of the world
and include Sanatorium adoratumin Thailand (Zi nke et. al ¢

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

Qutting si, ai, (1959) reported that the yield of nmaize in
H'sal and was 4284 kg/ ha when weeded four weeks after
germnation, but attained only 3217 kg/ ha when weeded si x
weeks after germ nation. Emerson (1953), describes the

i nfl uence of weeds on the 'mlpa systemin tropical America,
i n whi ch successive crops of nai ze, mxed with beans, are

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

clear a fresh land than to continue cropping on the old
plot* GConklin (1957) estinated that a Hanunoo farner in
the Phili ppi nes spends 300 nan-Jgaurs per hectare in
weeding the first year land cleared fromprimary 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 dom nated by |alang (Inperata
oylindrica var. major and such areas are usel ess for

cul tivation (00171171957-, Bedard, 1958). |In Africa and

Anerica, the correspondi ng grasses |Inperata cylindrica

var. a-fricana and Inperata braziliensis are not so

agressive and are rapidly replaced by other savannah
species if |left abandoned (Hye & G eenland, 1960).
The shortening of the jhumcycle, in recent tines,
has increased the weed problem Another reason for decline
inyield of the crops under shorter cycles is the depletion
of the soil of organic matter and deterioration of the
soi|l physical conditions |ike water-holding capacity,
cationi c exchange capacity and misrobial and faunal activities

inthe soil (Watters, 1971).
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In north-eastern India there is a great confusion
regarding the yields of crops from hill agro-ecosystems*
The Agro-economic Research Centre, Jorhat, Assam, conducted
surreys on jhum yield of rice and concluded that the
average yield ©f 800-900 kg/ha in Garo hills, ttizoram and
Arunachal Pradesh is comparable to the average yield of
1145 kg/ha/yr lor the country as a whole for 1971-1972.
On the other hand, Jhe rice yield under jhum in Tripura
was reported to be around 1200 kg/ha/yr (Misra, 1976).
In a reeent survey of the socio-economy of shifting agricul-
ture, Aurora et al (1977) eoneluded that the yields of rice
under jhum and dry land cultivation on terraces are not
significantly different under comparable situations. A
study of Burnihat (Sahu, 1978) on rice yield gave yearly
outputs under valley cultivation ©f 3428 kg/ha, under terrace
cultivation 738 kg/ha and with jhum of 853 kg/ha. According
to a report of the Indian Council of Agricultural Research
(Borthakmr et al, 1978) the yield under jhum is very low
(190 kg/ha) compared to terrace cultivation (1860 kg/ha).
Unfortunately none of these studies specify the fertiliser
inputs under terrace cultivation nor do they indicate the
jhum pattern, the cycle of which determines the yield. None

of these study either specify whether yields from other crops
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are included in the final figure.

In recent tines, there has been a renewed
interest in the energetic efficiency of slash and burn
agriculture due to energy shortage in the present tines.
Data on the energetics of slash and burn agriculture is
rather scarce* Bappaport (1971) provides relatively
conplete information on the energy expenditure of the
Tsenbaga peopl e of new Qui nea hi ghlands* According to
him the farnmers obtained an average of 16 food cal ories
for each calorie of human energy enployed during farmng
whi ch may go upto 20 under nore favourable conditions*
Modern agriculture is highly unstable and has nmany environ-
mental repercussions; it is highly inefficient froman
energy point of view as 5-10 calories of fuel energy is
required to produce a single calorie of food energy
(Steinhart & Steinhart, 1974). Promthe energy poi nt of
view, shifting agriculture seens to be the best evol ved
system for forested areas in tropics and sub-tropics
(Coaklin,,"?} Hye & Geenland, 1960). Banboo (1978)
taking the energy data of Bappaport (1971) calcul ates that

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

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

of efficiency of nodern agriculture. Ilhiring the cal cul ations
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he has, however, ignored many products of the fallow

whi ch forma great souree of energy t© the farners.

Forested fall ows

When the cultivated |and is abandoned, its
veget ati on passes through several secondary successions”,
comunities, but rarely reaches the climatic clinax before
the land is again cleared. R chards (1952) nade a fine
survey of secondary successions in the noist evergreen
forests of Afriea. The first phase of the succession is
dom nated by weeds which are short lived and are repl aced
by shrubs and | ater oa by trees. . |loung secondary forests
tend to be even aged and are often domnated by a single
species; the first domnants may forma single generation
communi ty which dies without reproducing itself and is
foll owed by comunities with other domnants. In Kigeria
and much of the Congo Basin, for exanple, the secondary
succession is often domnated by the unbrella tree

(Busanga ceeropioides). This is a fast grow ng shade

intol erant species with a high potassium eontent that dies
out after about 20 years and is unable to regenerate inits
own shade. Detailed studies of the early stages of

succession after slash and burn agricul ture have been nade
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I hny( 1958). (A ayton (1958) studied the succession on the
abandoned farm and around | badan in western N geria and
reported a wi de range of vegetation over a relatively snall
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
dom nant stratum of nore or |ess xerenorphi c herbaceous
speci es, of which grasses and sedges are the principal
conponents; rire-resistant shrubs, trees and pal ns are sone-
tinmes also present. The density of the woody growth varies
greatly according to the intensity of cultivation, the nethod
of clearing and the severity of the annual burn (Nye &

G eenl and, 1960).

A variety of reproductive and growth strategies
are adopted by successional species, anong which stunp, 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
nost closely approaching a purely exploitive strategy, which

enable themto becone domnant in abandoned fields tenporarily
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enriched with nutrients and radi ant energy (Gine, 1974
Harper & White, 1974; Marks, 1974). The species that foll ow
in the |ater phases of succession have fewer and | arger seeds
and a |l ong vegetative phase (Harper & Wiite, 1974; Bornann
& Li kens, 1979) and could be considered representative of
the conservation strategies.

Detai |l ed studies on succession, in tenperate
regi ons, have shown that follow ng domnance by a few
species early in the seres, there is an overall increase in
speci es nunber with tinme. Nunerous studies of the tropical
successi enal vegetation (Kenoyer, 1929; Boss, 1954,
Sarnkhan, 1964; Kel |l man, 1970; Law son et al, 1970) suggest
that while the overall species richness is greater in
tropi cal successlonal comunities, the rate of increase in
species richness is not basically different fromthat of
tenperate comunities. Another inportant but |east under-
stood aspect of successlonal comunities is the relationship
bet ween diversity, energy flow and age of the commnity.
There seens to be considerable confusion related to diversity,
productivity and stability. A general nodel of community
structure and function has been devel oped (Margal ef, 1958a,
b, 1961, 1969; Wodwel|l & Smth* 1969) with two basic

approaches to evaluate stability: (i) the persistence of



eertain species conbinations through tine and (ii) the
ability of the comunity t© resist environnmental perturba-
tions. However, ar few of the generally accepted hypot heses

have been experinentally tested (Qdum 1969)*

Sail fertility

The long termsuccess of slash and burn agri -
cul ture depends upon the recovery and nai nt enance of soi
fertility. |If the nutrient lost or displaced during the
short period of cultivation are approxi mately bal anced by
those replaced during the fallow period, the system coul d
continue indefinitely. The nmaintenance of soil fertility
in hot, humd and high rainfall areas is a serious problem
and is nore severe in situations when the cycle becones
short, due to poor recovery of soil fertility and increased
intensity of weed conpetition. This in turn results ia
reduced erop #dd under short jhum cycles (Nye & G eenl and,
1960; Watters, 1971).

When the forests are cleared and the debris
Is burnt, all the cations are rel eased on the surface
soil as ash. Heavy losses of carbon, nitrogen and sul phur
occur due to volatilizatio*Tduring the burn (Sye & G eenl and,

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



are no obvi ous nechani sns of volatilization hut the

matter has not been closely studied. Lloyd (1971)
reported high |l oss of total phosphorus due to burning
but Allen (1964) and Vire (1974) reported no | osses on
account of this. Large proportion of the ash |iberated
after the burn is bl own-off by the w nd.

After the burn and during cropping period |oss
of organic matter fromthe soil due to deconposition is
likely to be faster due to higher insulation and al so due
to rapid surface run-off. Joachim& Kandi ah (1948), I1Tye
& Geenland (1960), Zinke et al (1978) and Jha et al (1979)
reported a net loss © carbon after a year of cropping.
Juo & Lai (1977) estinmated a requirenent of 16 ton/ha/
yr of dry plant material to be added to the soil under
slash and burn agriculture in order to nmaintain soil orga-
nic matter in the surface soil at a level conparable to
soi | under secondary forest, as the rate of deconposition
Is faster under continuous cropping. The depletion of
organi c matter depends upon the intensity of cropping,
type of the fallow vegetation and the ratio of the cropping
to the fallow period. Wth optinmum cropping (1-2 years)
and fallow period (8-10 years), the hunus in the soi

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

& Friend, 1956; Hye & Geenland, 1964), S mlar to carbon,
there is also a net |loss of nitrogen after cropping conpared
to that before burn. Ntrification after the burn is shown
to be accelerated due to high mcrobial activity, due to
rise in pHand tenperature of the surfaee soil (Giffith,
1949; Moore & Jai yebo, 1963; Ahlgren & Ahlgren, 1965). The
increase in nitrification after the burn has al so been attri -
buted to the renoval of chemcal inhibitors (Reed, 1951;
Smth et al, 1968, Rice, 1974).

Nye & Geenland (1960) have reviewed a |arge
nunber of fertilizer trials carried out in many parts of
Africa wth the main crops grown by shifting cultivators and
have shown that on forest soil, whether oxysols or echrosol s,
responses to nitrogen have been small after fallows |asting
ten years or nore, but large on land nore intensively
cropped with only short fallows. The effect of phosphate
fertilization varied wwth soil type, but in many places anall

responses have been obtained in first year of cropping and

| arger responses in subsequent years. Response to potash
has very comonly been obtained after short fallows or on

| and that has been cropped for a nunber of years.
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Def orestation has a najor inpact on both the
anmount and relative proportions of water, dissolved substances
and particulate matter lost fromthe systent Moreover, the
total concentration of cations in the soil solution depends
upon the total concentration of anions. A high l[evel of
nitrate ion due to increased 'biological activity* (Ahlgren
& Ahl gren, 1965; Wlls, 1971) after burning bal ances a
correspondi ng concentration of nutrient cations in the soil
solution and therefore heavy | osses through water occurs
(Bormanufii al, 1963; Lewi s Jr., 1974).

The | osses of water* nutrients and sedinent are
hi ghly reduced when the land is reverted to the fallow
Under fallows in the deci duous and sem -deci duous forest
zones, although there will be relatively |arge anmounts of
nitrate in the soil, leaching wll be restricted both by the
upt ake of anions by the vegetation, and because the trans-
piration of a larger proportion of the rainfall wll reduce
t hrough percolation. In the wetter evergreen forest zone
where precipitation is high (over 200 cm), percolationis
bound to occur, but |eaching | osses will be restricted, not
only by the absorption of anions by vegetation but also by
lownitrate levels in the soil, since nitrificationwll be

limted by high acidity. Losses also depend upon the nutrient
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status of the soil. Ecosystens with nutrient saturated
soils would lose relatively nore of their nutrients than
those with nutrient depleted soils (Jordan et al, 1972)*

Per exanpl e, the northern hardwood forests (Likens et al,
1977) in which a large proportion of the nutrients is in
the soil in exchangeable formwould |ose a relatively |arger
quantity out of it than tropical rain forests as in these
forests nost of the nutrients are tied up in the bioaass
(Qdua, 1971; Jordan et, a., 1972) and m neral soil has very
lownutrient content (Wnt & Stark, 1968)-

The depl etion 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 |eaching
and by the uptake of nutrients by the regenerating vegetation,
whi ch has few active roots in the sub-soil at this stage*
Popenoe (1959) showed under regenerating forest fallowin
Quatenal a that there was an initial depletion of the surface
soil, after which the Ievel of cations rose in the top 3 em
and fell in the layers bel ow, as the vegetation devel oped.
Valentine (1976) also reported rapid depletion of soil with

exchangeabl e cations upto 7 years of the regeneration burn in



south-western Australia. Zinke ef£ a_ (1978) al so nade
simlar observations with the 'Lua* forest fallow system

i n Thai | and.

mwa. Ra; Productivity and Litterfal

A sharp increase in the aboveground bi onmass
occurs during secondary succession. According to Lugo
(1973) nmaxi mum bi onmass value for tropical forests is
approached in about 30 years at a level of 250 mton/ha
where as in the tenperate forest in northern hardwods of
USA, after clear-cutting the living bionmass rises to a peak
of 490 mton/ha in about 170 years only (Bormann & |ikens,
1979). Wile according to Margal ef (1968), Odum (1969),

Wi ttaker & Wodwel | (1972) a steady-state for bionass

imredi ately follows the attainment of the peak during
succession, according to Bormann & Likens (1979) this is
reached only after a transition period of nore than 100 years.
| n any case, a steady-state for biomass is reaehed over a
shorter tinme period in the tropics than in the tenperate
forests. The rate of accunulation of biomass is faster in
the early stages of succession but may decline in the
subsequent years. Snedaker (1970) reported maxi numrate of

i ncrease of biomass of 19.23 mton/ha/yr upto 7 years in

low and forests in |zabel, Quetanala. Bartholomew et al
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(1953) reported a nmaximumrate of 26.6 mton/ha/yr in a

new forest of Misanga eecropi oides upto a period of 5-8 years.

However, the rate of bionmass accunul ation during succession

al so depends upon the type of vegetation established and

ot her environnmental conditions. Tropical forests as a whol e,

with a nean annual net primary productivity of 21.6 mton/

ha, exceeds tenperate forests, averaging 13.0 mton/ha and bor eal

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

Jordan (1971) reported values of 5.4 mton/ha/yr for a 3

year old successional forest and 10.3 mton/ha/yr for old

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

York, net primary productivity (Holt & Whodwel |, quoted by

Whi ttaker, 1975) increased to a fairly stable level in the

nmeadow stage of succession and increased nore steeply through

the shrub and the young tree stage to 12 mton/ha/yr in

the oak-pine forest of 44-45 years age. Mllinger & M

Naught on (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.
Duri ng devel opnent of vegetation, a part of

the nutrient is stored in the vegetation and part is returned

to the surrace soil by rain wash iromleaves and tw gs,

by litter and twig fall, and in the formof dead roots and
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and root exudates. The soil hunus is increased during
fallow period, chiefly as a result of litter. Helatively
hi gh value of litter production is found in the secondary
successi onal comunities conpared to the nmature ones
(Mtchell, cited by Bray & Gorham 1964; Ewel, 1976).
This is because of the fast rate of devel opnent of the

community in the early successional stages.

Nutrient cycling :

The information on the chem eal content of
tropi cal vegetation has been summarized by Sodin & Bazil e-
vich (1967); studies of the dynamcs of mneral cycling
i ncl ude those of Laudel ot & Meyer (1954), Qeenland &
Kowal (1960), Nye (1961), Dommergues (1963), Bozanov &
Hozanova (1964),0dum& Pi geon (1970), Odum(1970), Stark
(1970) and CGolley et al (1975). Wile the information is
quite limted, eertain patterns are neverthel ess 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
chemcal inventory of the systemis held in the vegetation,
(i1i), intropical forests the percentage of the vegetation
in green parts, the proportion |ost per year as litter,

and the rate of deconposition of the litter are greater
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than in tenperate forests, (iv), the rate of uptake is
strongly influenced by the rate of evapotranspiration.

The average concentration of elenents in the
vegetation of tropics is shown to be higher in the second-
growth than in the mature forests (Golley e all, 1975)
because of their high requirenent of nutrients. Potassium
is nore abundant of all the elenments in the early
successional forest but calciumtends to be nore in nmature
forests (Bartholomewet_a , 1953; Golley et al, 1975).

M neral cycling probably varies with the nutrient
supply to the system wth the tinme available for the
systemto develop on the site and also the environnental
conditions* fhe accurul ation of nutrients and their rel ease
through litterfall increases wth the age of the fallow and
becones stabilized in mature forests. The type of soil
may also play a great role, as for e.g., the soil in
certain Amazoni an forests (Stark, 1971 a,b; Kinge &

Hodri gues, 1968 a, b) are podsols which contain | ow quantities
of nutrients and have | ow exchange capacity. As a consequence,
concentration of nutrients in plants are nmuch hi gher than
inthe soil and the elenents released fromthe litter are
rapidly taken np by the plants; the litter is also lowin
nutrients than in other forests (K inge & 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 nycorrhizal fungi directly to living plant roots
wi t hout appearing in the soil solution.

Msra (1972) presents data on tropical dry
deci duous forests near Varanasi, India. The annual rainfal
where this forest grows in Indiais 70 to 80 cm and
distributed in a short period. The turnover of the nutrients
inthe blomass is rapid (p, 44 years; Qa, 20 years; and H,
70 years). Apparently in this environment availability of
water is the mgjor limting factor to forest production and
because of the environnental conditions the anmount of
nutrients that can be incorporated into the bionass is
relatively small and these are conserved by rapid cycling
bet ween the bi onass and sustrate.

A conpl ete destruction of forests under slash
and burn agriculture disrupts the mneral cycling, because
the systemloses its ability to hold the nutrients. The
devel opnment of the regulatory functions depend upon the
reestabl i shnment of biotic conpartment which in turn regul ates
the uptake of nutrients and water, nutrient storage,

deconposition, nitrification, mneralization and erosion.
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Rapid recovery of these ecosystem characteristics are
promoted by temperature, moisture, and nutrient conditions
favourable to plant growth (Likens et, al, 1978).

The present study attempts ar detailed analysis
of agro-ecosystem structure and function with respect t©
cropping and yield pattern and also®"Sne energetic efficiency
of the different slash and burn agriculture cycles (Jhum
cycles) at a lower elevation of the Khasi hills of
Meghalaya at Burnihat (located at 26 .ON and 91.5°E) 30C
km. north of Shillong.*-'30,-10 *wd 5 year fum cycles wero
compared between themselves as well as with terrace
cultivation and valley cultivation of wetland rice.

Immediately prior to burning the slash and through
the first year of cropping, the nutrient availability in
the soil, the pattern of loss of water, sediment and nutrients
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 detail with respect to species composition,
biomass accumulation, litterfall 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 SYSTEMSOP THE
NORTH-EASTERN HILL REGION OP INDIA

INTRODUCTION

Lower elevations of the north-eastern hill region
of India are characterised by mixed sub-tropical humid
forest types and traditionally have two types of agricul-
tural systems, namely (i) slash and burn agriculture,
locally known as jhum, and (ii) rice cultivation in valleys
and flat lands between the mountainous slopes. In recent
times, there has been an attempt by governmental agencies
to discourage shifting agriculture and to provide terraced
land for cultivation along the hill slopes. This form of
agriculture necessitates heavy inputs of fertilizers to
correct the poor nutrient status of the soils which are
of lateritic origin.

The present study site at Burnihat in the Khasi
hills and about 90 k/»f.north of Shillong is located at
26°N and 91.50°E. The soil is red, sand y loam and of

laterite origin. The pH ranges from 5 to 7. Angle of
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the slopes generally range from 20° to 40°. The rainy
season extends from May to September during which 90$
of the annual average rainfall of 220 Cm occurs. Maimum
temperature and humidity is also attained at the time.
There is a mild winter during December - February and
temperatures begin to rise during March and April; this
Is largely a dry period. The three different agricultural
systems at Burnihat at an elevation of 100 m. in Meghalaya
are typical of the pattern at lower elevations in the
north-eastern region. The tribal population engaged in
this form of agriculture are the ‘'ffaros*.

There is some confusion regarding the yield of

crops from hill agro-ecosystems in the north-eastern India.
-ECo

The Agronomic Research Centre, Jorhat, Assam, conducted
surveys on Jum yield of rice and concluded that the
average yield of 800-900 kg/ha in ffaro hills, Mizoram and
Arunaohal Pradesh is comparable to the average yield of
1145 kh/ha/yr for the country as a whole for 1971-1972.

On the other hand, the rice yield under jhum in Tripura
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'‘was reported to be around 1200 kg/hal/yr (Misra, 1976).
In a recent study of the socio-economy of shifting
agriculture, Aurora et al, (1977) concluded that the
yields of rice under jhum and dry land cultivation on
terraces are not significantly different under comparable
situations. A study of Burnihat (Sahu, 1978) on rice
yield gave yearly outputs under valley cultivation of
3428 kg/ha, under terrace cultivation 738 kg/ha and with
jhum of 853 kg/ha. According to aasport of the Indian
Council of Agricultural Research (Borthakur gic al, 1978)
the yield under jhum is very low (190 kg/ha) compared to
terrace cultivation (1860 kg/ha).

Unfortunately none of these studies specify the
fertilizer inputs under terrace cultivation nor do they
indicate the jhum pattern, the cycle of which determines
the yield. None of the above studies specify whether
yields from other crops are included in the final figures.
The present studies have therefore attempted an objective

comparison of the various systems.

METHODS OF STUDY
For studies of the jhum system, fields that had

30, 10 and 5 year cycles were selected. 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 m xedain the first season after sow ng.
The differences in the conposition of the crop mxture
under different jhum cycles are due to differences in the
m xtures' sown. Thus, the farnmer tends to enphasi ze cereal
and grain crops under long jhum cycles whereas they

enphasi ze | eaf and vegetable crops or tuber and rhizomat ous
crops under shorter jhumcycles. Fields wth valley and
terrace cultivation were also selected in the sane area.
Wien selecting the fields, care was taken to ensure that
they were subject to mninmal disturbance fromwld aninals
|'i ke nonkeys, wild pigs and el ephants which are common

in the area.

Since weeding was done in all the fields, the weedts
could_notbeconsidered for vegetational analysis, only
the crop mixtures raised were analysed soon after a weeding
but when majority of the crops had attained maximum
vegetative growth in «Tuy but just before the harvest

of Zea mays and Setaria italica. Thus, the vegetational

analysis is based on the individuals of the different

alo_ne Gomt<-p<<tiiV,«, wt Ctwwwii'L. TVu» v*"MOVt4 Dto"A
cropsain the jhum fields were analysed for frequency,

density and cover using 1 m quadrats. The imp:ft>/;ance
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value index (I V1) values were calcul ated based on
relative frequency, relative density and rel ative basal
area of the crop species and are based on 20 quadrats
per field (Msra, 1968; Kershaw, 1973). Plant spread
Is a neasure of the average ferial spread of the shoot

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

of the total Serial spread of the individuals of that
species and is a measure of plant abundance (Kershaw,
1973).

For all crops, the biomass and economic yield
per plant were determined in the field from the average
of 15 plants per plot. Tho biomass and economic yield
per plant wore dotormined in the field*-from thp average
of 15 plants per plot-» The biomass and economic yield
per hectare in all cases waoe calculated on the basis of
the yield from the entire field. Labour inputs in man
hours for all operations were calculated. The total
economic yield was converted into rupees on the basis
of prevailing market prices. Labour charges for male
and female ffafa hours were calculated on the basis of
prevailing daily rates of Rs.7/- and Rs.5/- respectively.

DESCRIPTION OF AGRICULTURAL SYSTEMS

Jhum agro-ecosystem:

Slash and burn agriculture locally known as 'Jhum'
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IS extensively practised by the tribal population of the
hill areas in the north-eastern region of India. This
practice consists of cutting down the forest at various
stages of development on the hill slopeajallowing the slash
to dry for a few months and burning it before stropping for
one or two years. The fallow period before the land is
again cultivated is often short ranging upto four or five
years but in the traditional type when the population
pressure was not so great the cycle may be as long as
20-30 years. (/Ramakrishnan et al 1980;\Bamakrishnan & Tgky,
1978).

This practice is also prevalent at lower elevations

of Meghalaya, as for example at Bu'rnihat, similar to that

in other parts of the north-eastern hill region with respect
to : (i) topography with cultivation being done on slopes

of 20-4(5), (i1) soil type which is a red sandy loam of
lateritic origin (iii) climate with high rainfall of a
mo$nsoonic nature followed by a dry winter and a brief wam
summer  supporting a mixed subtropical humid forest. (iv)
Jhum cycle which is usually a short one of four to five years
but very rarely may be of longer duration of 10-30 years.

The average size of a jhum plot varies from 1.0 to 2.5

hectares. The average family consists of two adults and
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three to four children

During the w nter nonths (Decenber-January) the
undergrow h is slashed and snall trees and banboo are
felled. The. boles of the larger trees are not felled,
only the lower branches are cut down. Short stunps of
the trees are left intact and underground organs of
different species are not disturbed. This is the nost
| aborious task of all the agricultural operations and is
sonetines conpleted by two or three famlies working

together. Only nen take part in this operation.

Before the onset of nonsoon, 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 banboo hut
Is built for tenporary living and the presence of the
famly protects the field fromwld aninals.

The seed m xtures used for different jhum cycles may
vary considerably. Cereals constitute the maj or conponent
of the seed m xtures under |ong jhum cycles whereas pere-
nnials and tuberous crops are inportant under short |hum cycl es.
Sone 8 to 13 crops species are .sow together in the sane
field.
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Seeds of pul ses, cucurbits, vegetables and cereals |ike

Setaria italioa are mxed with dry soil fromthe sites, in

order to ensure their uniformdistribution and broadcast
imredi ately after the first burning. Al unburnt debris is
heaped and burnt for a second tine. Mize seeds are

di bbl ed at regular intervals anongst other crops. Smlarly,
rice is sown into the crop mxture by dibbling using a

long stick after the first rainfall, during md April.

Sem -perenni al and perenni al crops such as gi nger, coloca-
sia, tapioca, banana and castor are sown intermttently,

and at random throughout the grow ng season. The |eaves of

Bl ei nua communis are used for rearing young sil Kworm cater-

pillars. The |eaves of sone dicot tree species also may be
used for this purpose but for feeding older caterpillars.
Fal l ows, 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 mxed cropping.

Weds pose a great problemwi th the starting of
the rainy season in April and May. They conprise root
sprouts, rhizome sprouts and stunp sprouts, tree seedings,
grasses and herbs. Under the long jhumcycle the problemis
not as severe as those under short jhum cycles where many

weeds particularly Inperata cylindrica which keep sprouting
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fromunderground rhizomes and are difficult to
eradi cate (Bamakrishnan & Taky, unpublished). Though

Eupatori um odoratumis also an inportant weed, frequent

sl ashing keeps it under control during the cropping
season. Hand hoeing is usually done twice (3-4 tines
under short cycles) during the cropping season nainly

by wonen.

Val l ey | and agr o-ecosystem

Unlike jhumcultivation, valley land agricul -
ture is a nonoculture of rice. Further, this is a
sedentary and settled formof agriculture. Two crops
are taken annually fromthe sane |and, because the |and
is conparatively fertile, due to nutrient wash otiL+
fromthe 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 nonth
of March, transplanted in the beginning of April, and
crop harvesting is conpleted by end of July or early
August. Imrediately after the first harvest the fields
are again prepared and seedlings already raised in
nursdry beds are transplanted with harvesting conpleted

by Cctober-Novenber. Subsequently the land is fallowed
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bet ween Novenber and March. The operations of weeding,

transpl anting, harvesting, threshing, etc. are all done
manual |y by both male and fermal e nenbers of the famly.

Preparation of field is done either manual ly or by using
bul | ocks controlled by nmal e nenbers only.

Terrace |and agro-ecosystem

In order to discourage farners from jhum
cultivation, bench-terraced |and prepared by the l[ocal Soil
Conservation Departnent was provided free to |ocal farners.
However, because only about 200 hectares of |and was terraced,
this formof farmng is uncommon. Terraced farmng is
simlar to jhum cultivation in the use of m xed cropping.

As many as 14 crops may be raised together

and harvested sequentially. A mjor difference fromthe

J hum system concerns the heavy input of fertilizers, initially
provided free by the |ocal Soil Conservation Departnent but

wi th the cost now borne by the farners.

RESULTS
Table 1.1 shows the mxtures and rel ative
i mportance 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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Crop species 30 yr 1Q yr
Oryza sativa 100 100
Sesamum indicum 80 35

TO'
2ea mays 80 25
CD
°3Setaria italica 90 30
C
*H
;30 Phaseolus mungo 5 -
Ricinus communis 20 —
Hibiscus sabdarif*a 10 20
Hibiscus esculentus - 10
fn‘fCapsicum frutesence - 5
gjLagenaria leucantha 10 5
y
43 Cucurbita maxima 5
iCucumriis sativa 10
cal
ro-lomordica charantia - 10
0
IUSE sapientum - 10
£
oftanihot esculenta 10
*H
Kpolocasia antitjjrum 5 5
5

Zingiber officinalis
@]

XI
S

5

100

5

15

15

20

30

10
15

Table 1.1

Phytosociology of crops under 30, 10 and 5 year jhum cycles

yr 30
8.60
1.10
1.80
2.10

0.10

0.20

0.10

0.15
0.05

0.15

0.05
0.15

0.05

Density (plants/iy,

yr 10 yr
12.20

0.50

1.50

0.50

0.20
0.10
0.05

0.20

0.-15

0.18

0.10

0.20

5 yr
1.50
0.05
0.15

0.20

0.20

0.39

0.10

.0.20

Basal area (m )

30 yr 10 yr 5 yr
52.92 23.90 3.22
1.45 1.41 0.12
4.78 1.75 0.15
0.85 0.18 0.07
0.01
1.90
0.53 0.75 0.80

0.14

0.02
0.21 0.18
0.08
0.21

0.01

f."B 20.34
0.16 0.74 0.74
1.97 3.61 3.50
0.10

30 yr
163.62
28.27
38.17

36.85

1.86
8.97

3.84

3.69
1.63

3.69

1.75
5.21
1.66

(iwV.J")
10 yr

175.49
19.93
23.35

14.93

10.70
4.75
2.24

3.59

4.73

21.57

6.27
12.28

5 yr

114.20
4.54
13.22

14.79

19.66

95.44

11.00
26.95
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cereals constitute the maj or conponent of the crops sown
usually with an adm xture of pul ses and vegetabl es. Under
the five year jhum cycle, seasanum |eafy vegetabl es,

sem -perenni al and perennial crops predomnate. In the 10
year cycle, cereals are sparsely sown with greater enphasis
on sem-perennial and perennial crops. Under all the «hum
cycles, rice has the highest inportance val ue index

(I V1) followed under a 30 year cycle, by maize, Setaria

italica and Sesamum indicum The next inportant crops are

mai ze, banana and sesamumunder a 10 year cycle, and under

: ot .
a 5 year cycle are banana, H biscus sabdarif”a and col ocasi a.

Al though rice has the greatest 17 1 value under all the
three situations, its inportance relative to basal area/m
was much reduced under 10 and 5 year cycles conpared to that
under a 30 year cycle. The nunber 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.

Amultistoreyed crop canopy devel ops, wth pere-
nni al crops such as cassava, banana and castor occupying
the top layer, cereals constituting the mddle |ayer and
cucurbits and | egumes formng the |ower nost stratum The
average plant spread which is one of the indices for plant

vigour and is also indicative of growh habit reaches a naxi mum



39

for perennials which are widely scattered in the field.
The average plant spread of sone of the leaf and fruit

crops like H biscus sabdarifa inproved under short 3hum

cycle. However, the average plant spread for all the
cereal s was maxi numunder a 30 year cycle anLwas éE%EEE::
figantly reduced with the shortening of the jhum cycle.

R ce and mai ze showed hi gh ground cover val ues under 30

and 10 year cycles with Misa sapi entum and H bi scus

sabdarij”™a havi ng high percent cover under a 5 year cycle.

Setarja italica and 2a mays are the first crops harvested

inmd July. After harvesting the grain, the rem nder of
the plants are slashed. R ce is harvested during Septenber.
Harvest from Qucurbits starts early July and continues into
Septenber. The root and rhi zomat ous crops such as Cassava,
gi nger and col ocasia are harvested during Cctober-Novenber.
Castor and banana are retained for a longer tine and are

har vest ed during January-February (Table 1.2).

The total biomass (root and shoot) obtai ned
fromgrain and seed yielding crops under a 30 year jhum
cycle was 2.5 and 20.5 times nore than that under 10 and
5 year respectively. The total biomass fromleafy and
fruit vegetable crops was maxi mumunder a 5 year jhum

cycle and it was 2.8 and 24.5 tines nore than under 10 and



Table 1.2
Qop vigour (wwth SE values) and harvesting pattern under 30, 10 and 5 year jhua cycles.

Qop Species

Average plant hei ght (Qn Average plant spread(m ) QGound cover {jo) _Tine of harvaat
30 yr 10 yr S yr 30 yr 10 yr 5yr 30 yr 10 yr 5 yr
Or#za sativa 130 101 95 0.20 0.07 0.05 35.8 23. 3 3.7 Early Septenber
3.9 +2.5  +43.5 *0.006 40,002 +0.002
Sesanmum i ndi cum 187 189 193 0.24 1.45 1.32 55 20. 7 3.2 Early Cctober
+4. 5 +3.5  +2.8 +0.005  +0.014 +0.012
Zea mays 214 221 216 0. 56 0.50 0.23 21.2 21. 3 1.6 Md July
+4. 6 +3. 9 +3. 8 +0. 013  +0.010 +0. 006
T3
r;:% Setaria italica 183 170 165 0.11 0. 09 0. 06 4.8 1.2 0.5 Md July
+2.5 +3.0 +2. 8 +. 004 +.002 +0.002
Phaseol us nmungo 6. 13 0.2 Early Cctober
dH +.007
C5
R cinus communis 292 5. 07 21. 3 Jan - Feb
+5. 8 +0. 320
f
H bi scus sabdarifa 165 121 132 0.73 1. 67 1.82 1.5 9.5 18.0 Early Decenber
+3.8 +2.8 +2.9 +.017 +0. 034 +0. 040
H bi scus escul en- - 112 0.40 1.1 Early Novenber
tus +1.5 +0. 009
«" Capsi cum fr ut e- 76 0.11 0.1 Early Qctober
4 sence 3 1.8 +0. 010 ’
MiLegenaria |eucan- - 0.75 0. 88 2.3 5.0 Early Septenber
> tha +0.021  +0. 027
+>
" Qucurbita maxima - 0.55 0.5 Early Novenber
u +0. 024
= Qucums sativa 0.50 1.5 Early Septenber
o +0. 019
Hi Monordi ca charan- - 0.25 1.0 Early Septenber
tia +0. 009 1
[
Musa sapi entum 204 285 4. 58 4.63 | 13.0 68. 7 Jan - Fes
+5.8  4+4.9 +0.194 40, 198"
Mani hot esculenta 203 249 243 1.44 1.19 0.83 1.5 3.3 4.0 Early Novenber
+5.0 +5.5 +3.5 +0.018 +0.015 +0.010
Col ocasi a anticorum 115 112 106 1.08 0.01 0.01 3.4 0.1 0.1 Early Novenber
A +1.5 +1.3 +1.6 +0.035 +0.001 +0.001
u Zi ngi ber 50 0. 06 0.1 Early GCctober
o officinalis +1. 8 +0. 002
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30 year cycles respectively. The bionmass obtai ned from

t uberous and rhi zomat ous crops under the 10 year cycle
was al nost twice the output of the other two cycles. The
dry weight yield per plant for grain and seed yiel ding
crops was best under a 30 year cycle and it was nuch
reduced in 10 and 5 year cycles. The yield per plant of
H bi scus sabdmﬁf”g was higher in a 5 year jhum cycle,

wher eas Musa eapi entumdid best under a 5 year cycle. O

the tuber and rhizonme crops, Manihot escul enta gave higher

yield per plant under a 10 year cycle whereas ol acaci a
anticuprumdid well under a 30 year cycle (Table 1.3).
Maxi mum econom c yield per hectare for rice, naize and

Setaria italica was obtai ned under 30 year cycle, the

reduction in the economc yield of grain and seed yi el ding
crops was 48% and 98% under 10 and 5 year cycles respectively.
However, the total economc yield of leafy and fruit
veget abl es, and tuberous and rhi zormat ous crops was hi gher in
5 and 10 year jhum cycles than under a 30 year cycle
(Table 1.4). -

Smlarly the economc yield per plant for grain
crops was nuch reduced in 10 and 5 year jhum cycles in
conparison with the 30 year cycle. The seed yield per

plant in sesamumwas found to be higher under 10 and 5 year
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Table 1.3

Mean pl ant wei ght and bi onmass of crops (with S . E value) under 30,

Dry w.yield/ plant (gf

Q op specxes

10 and 5 year jhum eyel es.

30 yr 10 yr 5 yr 30 yr 10 yr 5 yr

Root Shoot Root Shoot Root Shoot Root ~ Shoot  Root Shoot  Root Shapt
Oryza sativa 14.1+1.2 88.5+5.6 2.2+0.2 20.0+2.5 3.5+1.5 25.4+3.0 1213 7614 268 , 2440 53 381
Sesamum indicum 14.8+2.0 138.0+8.8 20.5+3.0 327.3+15.0 15.0+3.0 300.8+12.5 163 1519 103 1637 8 150
Zea mays 13.5+0.9 185.6+11.6 7.5+0.9 108.1+8.8 5.8+0.5 90.8+8.0 243 3342 113 1623 9 136
Setaria italica 3.3+0.4 34.1+2.8 2.5+0.3 24.2+1.8 2.5+0.2 20.5+1.8 69 716 13 121 5 41
Phaseolus mungo 0.5+0.1  38.0+3.1 - 1 38 - _
Ricinus communis 65.5+4.3 498.1+24.2 - 131 996

(1820) (14226) (497) (5821) (75) (708)
Hibiscus sabdarifa 23.0+1.7 300.9+20.5 36.0+2.8 588.5+30.0 45.0+3.2 615. 8+25. 2 3 301 72 1177 90 1232
Hibiscus esculentus 7.5+0.8 88.5+4.6 - 8 89
Capsicum frutesen-ce 3.4+0.4 7.6+0.9 2 4
Lagenaria leucantha 2.0+0.2  126.2+8.6 0.9+0.2 65.6+5.2 - 3 189 2 131
Sucurbita maxima 5.4+0.5  175.2£10.5 - 3 88
Cucumis sativa 0.4+0.1 32.4+43.0 - 1 48 .
Momordica charan-
tia * 1.0+0.2 11.0+2.6 - - 2 17 -
Musa sapientum 825. 0+67.8 3350.0 1108.4 3825.0 825 3350 3325 11475
+256.8 +?2.4  +260.2
(30) (627.) (911) (4768) (3415) (12707)
Manihot esculenta  678.0+32.5 626.0 1351.7 960.1 690.0+ 620.0+22.8 339 313 1352 960 690 620
+25.5  +58.5  +48.5 3318

Qol ocasi a anticuo- 222.6+13.8 28.4 186. 5 13. 4 110.3 12.5+0. 8 334 43 373 27 221 25
rum ~ +1. 4 +10.3  +0.8 6.5
Zi ngi ber 19.0+0.7 8.0 10 4
officinalis +0. 4 (683)  (360) (1725) (987) (911) (645. 0)

Val ues in parentheses are totals of each category,



Table 1.4

Comparison of mean economic yi~ld (with S.E.values) of crops under 30, 10 and 5 year jhum cycles.

, Yield/plapt Total yield Moisture
(kg/halyr content
30 yr 10 yr 5 yi 30 yr 10 yr 5 yr
Dryza sativa 13.5+0.6 3.1+0.3 4.4+0.3 1161.0 378.2 66.0 19.5
Sesamum indicum 40.6+2.4 108.1+3.7 50.0+2.6 446.0 540.5 25.0 7.3
Zea mays 42.8+2.8 26.5+1.5 20.0+1.2 770.0 397.0 30.0 15.0
W O|Setaria italics 9.2+0.3 4'6"+0.2 4.2+0.1 193.2 23.0 8.5 17.0
*haseolus mungo 10.0+0.4 - - 10.0 - - 25.0
Ricinus communis 2.5+0.2 — — 5.0 - - 12.0
(25B5.2J (1338.7) (129.5)
Cac
Hibiscus sabdarif*a 34.3+1.9 69.7+2.8 48.0+2.3 44.3 139.4 96.0 75.0
Hibiscus esculentus ~ 50.0+2.7 50.0 65.0
Capsicum frutesence - 1.8+0.2 - 0.9 80.9
Lagenaria Leucantha, 93.3+4.0 40.2+2.f 140.0 . 80.5 93.0
‘H  Cucurbita maxima 124.6+_4.6 62.3 | 90.5
PH |
b;% Cucumis sativa 10.4+0.4 - ~ 15.7 91.9
<&-P
. *m
‘:a'n%n lomordica charantia - 3.0+0.2 4.5 81.5
0 >
»lusa sapientum - 105.0+6.5 162.6+7.8 105.0 488.0 77.5
(262.3)° (380.3) (584.0)
hanihot esculenta 678.0+32.5 1351.7+58.5 69070+33.8  339.0 1351.7 690.0 59.1
u,a Colocasia antinprum 73.1'+3.1 147.0+5.8 90.0+3.4 259*6 294.0 180.0 79.0
Sy
HH {Zingiber officinalis 19.0+0.7 9.5 51.9
(608.1)* (1645.7) (870.0)
s: 4.2 1} 2.0
_ Cocoon C’ill<) 0.2 89 5

K)'30 JPupae "(without cocoon)

Values in parentheses are totals of each category.
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j hum cycl es 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

J1*9
of rice, naize and vegetable crops were generally good.
Amongst the tuberous crops, Mani hot escul enta gave high
yield (Table 1.5).

Table 1.6 gives the cal culated | abour costs of
the different types of agriculture. |In the case of terrace
cultivation fertilizer cost cones to Rs.800.00 per ha,
but the | abour cost for terracing has not been included
in Tab}.e 6. The input in terns of rupees for cultivation
under a 30 year jhumcycle 1is very close to that under
terrace cultivation and for raising a single crop under
valley cultivation. The input for cultivation under a
5 year jhumcycle is the least, one third of that under
a 30 year cycle; the 10 year cyjle is internedi ate between
the other two. It nay be noted that maxi muminput goes
into raising two crops under valley cultivation and hence
the output/input ratio is lowest for valley cultivation.

DI SCUSSI ON
M xed cropping is very comron in shifting agricul-.

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



Econom c yield of crops under terrace ctaltivationt.

Tabl e 175

Crop species Total yield
kg/ Wr
dryza sativa 955;0
Sesasuniridictm 2005
Zea nays 144.0
rkaseolus mango ?2i0
Ricinua comaunis &i0
Hibiscus sabdarifa 9875
Cucurbita aaxlaa” 95.0
MoMardica charantia g5
Fkaaeolus vulgaris 15.0
Hose saplentua 180J90
Manikat esculenta 13081"
Cplocasia antic ru* 9%6)%0
Zingiber officinalis 22.0
Curaunalonga 16353
Cocoon (sil k) 4.0
Fopae (without cocoon) 0%



Table 1.6

Monetary input-output (RrfS)/halyr) into jhum, terrace and valley agriculture systems.

I nput

Outpujb
Net gain/
loss

Output/
Input

Jkum Terrace

JzQizz 10yr _. 5 2£

abi6 1830 896 2542
(4544)

5586 3354 1690 3658

2970 1524 794 1116
(-886)

2.13 1.83 f.88 1.43
(oteo)

| crop

2602

2820

218

1.Uo

Valley.
Il crop

2241

2745

504

1.22

| & Il crop

4843

5565

722

t:14

Values in parentheses indicate values for the first year

of terrace cultivation”®
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Conklin, 1957; Nye & Geenland, 1960). Mx crop
cultivation is acconpani ed by successive harvesting
of the different crops. The crops may be pl anted
simul taneously as in the present case, and in the
Phili ppi ne where as many as 40 or 50 crops are
planted at the sane tine (Conklingl957), or root
crops may be planted after the harvest of cereals

as in the forest zones of CGhana (Nye & G eenl and. 1960).

In mxed cropping under Jhum several crop
species with diverse growh habits, root system and
m neral nutrient requirenents enable opti numuse of
the avail abl e space and resources. An extraordinarily
large | eaf area index is possible because of the
storeyed disposition of foliage. The nultistoreyed
canopy also protects the land from excessive soil
eraeion and | eaching. Miltiple cropping provides
an 'insurance policy* to the cultivators because sone
crops are likely to giveya good return even if there
is partial or conplete failure of other crops. “Further,
the farmer manages to get all his diverse requirenents
in cereals, vegetables and tuber crops fromthe same
site. The juxtapositioning of so many cerops tends to

mnimze the incidence of pests and di sease. The pre-
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pl anting burning also ensures control over Jgts and
ot her harnful insect pests.

The successive harvesting of crops also confers
sone advantages. Thus after harvesting naize and Setaria
jtalicas rice gets nore space at the peak of its growth
period. Successive harvests of cereals create additional
space for the remai ning sem-perennial and perennial crops
whi ch al so get organic matter and nutrients from the decay
of plant debris. This practice also ensures a nore even
distribution of |abour.

In the past, a 20 to 30 year jhum cycle was usual
inthe entire north-eastern hill regions of India. This
ensured the devel opnent of a good forest cover and adequate
recovery of the soil -vith respect to nutrient status
(Ramakri shnan & Toky, 1978; Ranakrishnan et, al, 1980).

Now, because of hi gher popul ation densities the cycle is

often as short as 4-5 years. The decline in grain and seed
0

yield that has fallowed may partly be because of aggressive

weeds |ike Eupatorium odoratumand I|fnpera®a cvlindrica and

partly frominsufficient recovery of the soil's nutrient
status. A fallow period lasting a mnimumof 10 years is

needed for natural elimmnation of weeds |ike Eupatorium
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odoratumand I nperata cylindrica. The weed probl em

related to yield under different jhum cycles is currently
receiving 0y attention.

Weds are nmajor cause of declining yield under
slash and burn agriculture in many parts of the wotld and

i ncl ude Eupatoriumodoratumin Thailand (Zinke et a , 1978)

and Inperata cylindrica in Sarawak (Freenan, 1955).

Qutting et al (1969) reported that the yield of maize in
01/

Ny~sal and was 4284 kg/ ha when weeded four weeks after
germnation but attained only 3217 kg/ ha when weeded six
weeks after germ nati on.

Five years is not sufficient tine to restore the
chemcal fertility and inprove the physical conditions of
the soil. ¢ Banmakrishnan & Toky (unpublished) have shown
that the first 10-15 years of fallowgrowh results in
rapid depletion of nutrients by devel opi ng vegetation; the
rel ease of nutrients held in the living biomass starts only
in after about 15 years of fallow period. H gh rainfall
and steep cultivated slopes cai.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 systens have |led to declining
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harvests in three main staple crops in Yenezual a; maize
decreased from 803 kg/ha to 640 kg/ha and Yucca and be*n
productions fell 60# and 100$ respectively. On the ot her
hand, the high yields of Sesamum tapioca, banana and

| eafy veget abl es under a short ahum cycle may arise
because of rapid initial growh giving quick cover which
al so shades out weeds. Further, deep and extensively

branched root systens ensure efficient use of available

nutrients.

Settled valley cultivation is tenable in the
north-eastern hill region, both fromeconomc and ecol ogi ca
viewpoints. |t depends upon natural inflow of nutrients

into the valleys fromthe adjoining hills. Even so the
rice yield per crop is not nore than 1880 kg/ha and the
system does not include all the other crops grown under
the j&m system The economc viability of 30 year jhum
cycl e becomes nore apparent when one considers the earning
capacity of the farmer under these two systens. Two crops
of rice under valley cultivation are equivalent to one

m xed croppi ng under a 30 year jhum cycle. Labour input
into valley cultivation is significantly higher than under

jhum cul tivation because of the care and effort that goes
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into ploughing and other preparations of the |and and
the need for frequent weeding; all these operations
are done twice a year to raise the tw crops. The nmain
advantage of valley cultivation is the raising of crops,
consistent in yield year after year fromthe same site.
Under terrace cultivation the yield is very
lowin r relation to inputs of |abour and fertilizer.
The nonetary output is conparable to that froma 10 year
jhum cycle. However, the first year of terrace cultivation
gave an output/input ratio of |ess than one because of
the heavy | abour 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
famly labour for land preparation and weedi ng. The
fertilizer input to terraced cultivation is as nmuch as
60 kg. of N, 30 kg of ?,0, 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 al so economcally. Terrace cultivation

as advocated by the agricultural Scientists also cannot
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be sustained economcally because of heavy inputs and

al so on ecol ogic considerations. Qur hydrol ogical studies
show that even if run-off |osses are checked due to
terracing, infiltration | osses may contribute to as much
as 50# of the water lost fromthe system (| anmakri shnan

et al¢ 1980). Valley cultivation is sustainable on both

ecol ogi ¢ and econom c consi derati ons.

SUMVARY

Shifting agriculture locally known as jhumis
the predomnant formof agriculture used by the local tribe
along with some valley rice cultivation and terrace cul -
tivation. The structure and sone functional aspects of
these three agro-ecosystemtypes are discussed and conpar ed.
The 30 year jhum cycle has advantage over the 10 or 5
year cycle, in that apart from higher yield, nonetary
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

inyield year after year fromthe sanme site.



CHAPTER 2

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



STUDI ES ON ENERGY BUDCGET | N SO Ad O ECOSYSTEM TYPES OP
NCORTH EASTERN HI LL REG ON CF | NDI A

I NTRODUCT! ON

Increasing agricultural yields of the last half century
was possible through industrialisation of agriculture, invol-
ving large fuel energy subsidies, sophisticated chenm ca
control and high yielding crop varieties. Such an agriculture

systemrequires a ten-fold increase jLn*ertiligers, pesticides

and horse power to double the erop yield. However, nodern
agriculture is highly unstable and has nmany environnent al
repercussions. Such agricultural systens are efficient in
terns of human tine and | abour but are highly inefficient
froman overall energetic point of viewas fromfive to ten
calories of fuel energy is required to produce a single calorie
of food energy (Steinhart & Steinhart, 1974). An underdevel oped
soci ety cannot possibly afford expensive auxilliary energy
inputs into agricultural systens under present economc situa-
tion. The obvious inapplicability of such systens as a nodel
for developnent in an energy limted world has |led to renewed
scientific interest in traditional systens of agriculture as
presumably offering greater ecological efficiency. In parti-
cular, shifting or sw dden systens of cultivation have been

held up as a nodel of productive efficiency where fromfive
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to fifty food calories are obtained for each calorie of
energy nsed in production (Bappaport, 1971; Steinhart and
Steinhart, 1974).

In north-eastern India, slash and burn agriculture
Is a predomnant formof agriculture and forns the source
of livelihood for nearly ,t.6 mllion 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 nont hs and
burning the slash before sowing mxed crops. The land is
utilised for one or two years and then left as fallowto
regenerating forest. The jhum cycle (the fallow period before
the land is again cultivated) is often short rangi ng upto
4-5 years but in the traditional type the cycle may be as
| ong as 20-30 years as was the case when the popul ation
pressure was not so great (Samakrishnan & Toky, 1978;
Bamakri shnan et al . 71920) .

Besides this, intensive rice cultivationis also
done in the narrow valleys and flat |ands between the
nount ai nous sl opes. Two crops of rice are annual ly taken,
one between March and August and the second between August
and Novenber. The land is left as fallow during the wi nter
nont hs. Such an intensive rice cultivation is possible due

to enrichnent of the soil by nutrients washed down fromthe
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hilly slope*/ In recent times, there has been an attempt

by governmental agencies to discourage jhum cultivation
along the hill slopes and provide bench-terraced land to

the farmers. Jwum and valley cultivations are traditional
practices which represent the natural subsidised solar
powered agricultural systems. Thesesystems are completely
different from highly fossil fuel subsidized agricultural
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 cultivation. Traditional practices
may provide the best base on which to develop effective
production systems with minmum fuel subsidies. The survival
of human population depends upon such agro-ecosystems that
are stable and more productive.

The energetie aspect of traditional 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 traditionally or in recent times
has not at all been understood. The am of the present study
is to analyse energetics of jhum and valley cultivation as
is done traditionally and to meke comparisons between them
and to contrast these with more recently introduced terrace
cultivation. These three systems are available at Burnihat
in the Khasi hills (26°.0 N & 91.5® E) and.are practised by
one of the local tribes namely the 'Garos*. The area supports
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m xed humd forests with an annual average rainfall of 220
em The terrainis hilly with steep slopes (angle rangi ng
from20° 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

famly of two adults and three to four children.

METHODS OP STUWDY

Jhumsites with 30, 10 and 5 year cycles were sel ected.
M xed cropping was done only for one year in all the three
sites. Sites withvalley and terrace cultivationswere also
selected in the same area. Wile, selecting the sites*. care
was taken to ensure that the jhumareas had the sane topo-
graphic conditions and all the sites were subject, east
external disturbances due to wild aninals |ike nonkeys,
wild pigs and el ephants which are so comon in the area.
The economc yieldsin all cases were nmeasured in the field.
The total hours required by mal e, fenale and bul |l ock for
conpl eting the various operations were cal culated and conver-
ted into horse power (H P. hours) by nmultiplying the nunber

of hours of use of each source with the corre/spondi ng horse
/

power. It was assumed that one adult man developed 0.100

horse power, one adult female 0.075 horse’ power and a pair
/
of bullocks developed 1.000 horse power/ Horse power hours
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were converted into kilo-calories, assuming that one horse
power is equal to 640 kilocalories of energy. The inputs
of seeds in all the different agro-ecosystems and the

input of fertilizer in terrace cultivation weAe converted
into Ic.eals. of energy by multiplying the various quantities
of seeds and fertilizer with the standard caloric values
given in Table 2.1. For calculating the output of energy
under the three types of systems, thetotal economic yield
of the various erops was converted into k.cal. of energy by
multiplying with standard values of various edible parts of
crops as given in Table 2.1. The energy efficiency of each

system was calculated as the output/input ratio.

RESULTS

Energy budget in Jwum aqgro-ecosystem

Besides solar power, man power is the only source of
energy in jhum cultivation. Among all the agricultural
operations, clearing the underbrush vegetation and felling
trees and bamboos is the most energy requiring operation
which is completed latest by the end of January. Sometimes
this task is completed by the joint efforts of 2-3 families
particularly when the jhum plot is larger. Under a 5 year
jhum cycle, the total energy expended in this operation was
7488 k.cal./ha and it was 8.2 and 10.8 times more in 10 and

30 year jhum cycles respy., compared to a 5 year cycle.



Table 2.1.
Caloric value for different components utilized in the agro-ecosystem
(values expressed as dry wt. caloric equiv.)

Category Av.energy values
(k.calJkg )
Nutritive k.cal:
'Grains 3,898
Pul ses 3,887
i
Sesamum 6,36%
*ACastor 6,212
!Leafy vegetables 3,291
'Roots & tubers 3,292
'Pruits 3,570
’Pupae 5,852
2Cocoon (silk) 4,824
Production cost:
N 18,400
3,335
SKZQ 2,310

Gopalan et al., 1976
’Nakano & Monsi, 1968
Pimentel et. al., 1973
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Under 5, 10 and 30 year jhum cycles, the energy expended
for this operation alone fornmed 11. 27, 46.15* and 41. 8#
respy. of the total energy required for all the agricultura
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
inportant step in jhum cultivation. Burning not only di sposes
off all the plant debris but also |iberates the m neral
nutrients and i nproves the physical conditions of the soil
for future crops. Mich energy is not expended for the burning
operation. It rmay be noted here that burning may be done
twi ce under 10 and 30 year jhum cycles. The first barning
i nvol ves easily conbustible slash but |large trunks of wood
may have to be heaped up and burnt once again to conplete the
process. Under a 30 year 3hum cycle the energy involved in
burning was estinated 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 enerqgy
expended was alnost |/10th of the other two jhum cycles
(Table 2.2).

After burning and with the onset of nonsoon, a

mxture € 8-15 crop species is sown sinultaneously. QO opping



Table 2. 2.
/ha/yr) for agriculture under different jhum cycles

Energy inputs (k.eal.

Agricul tural operation

A Labour i nput
d eari ng under
Felling trees & banboos
Col I ection of debris & burning

D bbling, broadcasting &
Transpl antati on

Hut Constructi on
Veedi ng

Watching of the field fromwld
ani mal s

Rearing caterpillars
Har vest
Transportation
Thr eshi ng
Shel I'i ng

B. Seed i nput

C Total energy input
system

(total):

into the

Storey vegetation

Energy input (k.cal./ha/yr) under jhum
30 10 yr 5 yr cycle
cycle cycle
193,728 135,872 66, 560
26, 112 31, 424 7,488
55, 040 30, 080 .
6, 720 4, 608 640 4L7 CJG¢
m‘_‘“‘c‘
6, 144 6, 720 6, 720
, 3, 584 3,584 3,584 “oet
S, 448 10,112 11,520 7 :;““‘ij
Meve a?
11, 968 11,968 10, 688 A, &
18, 880 : . *i?“cﬁ
24, 640 26,112 22,720 Qqh“t=7
35, 84 2,048 1,600
11, 712 3,776 640
16, 896 5, 440 960
204,132 175,396 174,617
397,860 311,268 241,177
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is usually done for one year after which the land is left
as fallow Under along jhum (30 year), cereals constitute
the maj or conponent usually with sone pul ses, fruit and

| eafy vegetables. The seeds of all the crops account for
an energy input of 204, 132 k.cal/ha. Under short jhum
eycle (5 year), sesanum |eafy vegetables, sem-perennia
and perenni al crops are enphasi zed, 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 internediate
between the other two cycles, with an input of 175,396 K.
cal /ha. through seeds. Under jhumcultivation, seeds form
the maj or input of energy which forns 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 sesanum Setaria
italica. pulses and cucurbits are broadcast, naize and rice
are sown by dibbling, cassava through stem cuttings and
banana, eol ocasia and ginger through transplanting the
rhizones. They are all energy denandi ng operations and it
was estinmated 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 eycl es.
Wedi ng is anot her energy consum ng task, perform

performed by the wonen fol k. However, the total energy
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expenditure was minimum under a 30 year cycle, and it
accounted for 8,448 k.cal./ha. for two weedings during
the cropping period. Under 10 and 5 year cycles, weeding
is more laborious 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 cycle. Under

short jhum cycles, Imperata cylindrica with its extensive

underground rhizome was a serious problem along with

Eupatorium odoratum and this would explain high energy

expended in weed control.
Harvesting extends over a long time period and

starts with the ripening of maize and Setaria italica in

the month of July and continued upto January till the
harvesting of perennial crops (Toky & lamakrishnan,
unpublished). The energy requirements for this under
different cycles range between 22,720 and 26,112 x.cal./
ha. However, the j( of human energy expended for the three
types of jhum =ficreased“with shortening of the jhum cycle
(Table 2.2). foand JUu****
Threshing and shelling of rice is done during
winter months mainly by female members of the family.
The energy expended for this 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 related
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to the yield of rice crop (Table 2. 2).

The pattern of distribution of |abour 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 |abour input during
January-February, at the tine of slashing the vegetation.
Rest of the year, the work is light and is uniformy
distributed. During part of February, March and Decenber,

the farmers have no work in the field.

The total input of energy through all the agricultural
operations and al so through the seed was m ni numunder a
5 year cycle and this was 1.3-fold and 1.6-fold hi gher
under a 10 and 30 year cycles. It is interesting that
in conparison to this pattern of input, the economc yield
inab5 year cycle is the | owest and under 10 and 30 year cy-
cles there is little differance in the economc yield which
is about 2-fold of that under a 5 year cycle. In general,
whil e the | onger Chum cycles enphasized on grain and seed
crops as is seen fromthe yield data, the short ahum cycles
in contrast showed higher yield of root and vegetabl e 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 distribution
of labour energy over the year
in an agro-ecosystem under” a
30 year Jum cycle and under
valley cultivation.

Dark column, 30 year Jhum
cycle; Open column, valley
cultivation.
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Pig. 2.2. Comparison of energy outputs from various
crops under 30, 10 and 5 year. Jum cycles.

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

1, Oryza sativat 2, Sesamum indicum; 3,
Zea mays;, 4, Setaria italica; 5 Msaa

sapientum: 6, Hibiscus sabdarifa; 7, »
Manihot esculenta: 8, Qolocasia anticuprum:;
and 9, Cucurbits.
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Tabl e 8. 3.
Energy ratios in agricultural

and valley cultivation

Agricultural system

J hum
30 year cycle

10 year cycle
5 year cycle

Terr ace

Val | ey
| crop
Il crop
| + 11 crop

Energy k. cal/hal/yr

systens - jhum

| nput

397, 860
311, 268
241, 177

1, 715, 758
(1, 843, 758)

258, 312
231, 496
489, 808

terrace

Qut put / | nput

Qut put Rati o
13, 580, 492 34. 13
13, 540, 945 43, 50
5, 707, 634 23. 66
10, 431, 062 6. 07
(5.65)
6, 133, 737 23.74
5, 970, 566 25.79
12,104, 303 24. 71

Figure in parentheses indicate values for
the first year of terrace cultivation.
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Energy budget in valley agro-ecosystem |

Unlike mxed cropping in jhum cultivation
valley cultivation is a nonoculture of rice al one.
Further, this is a sedentary formof agriculture. Two
crops are annually taken fromthe sane | and, as the
land is conparatively nore fertile and does not need
any fertilizer application. Field preparation for the
first crop is done in February-March. Preparation of
field isdone nma r using bullocks. -Seedlings
raised in nursery bads in the nonth of March are
transplanted in the beginning of April, and the harvesting
is conpleted by the end of July or early August.
| medi ately after the first harvest, the fields are
again prepared for the second crop in August. Seedlings
already raised in nursery beds in the nonth of July
are transplanted in the field plots in the nonth of
August itself and harvesting is conpleted by Cctober-
Novenber. Subsequently, the land is left a fallow between
BovenbBr and March. Mst of the agricultural operations
| i ke weedi ng, transplanting, harvesting, threshing,

shelling etc. are done mannual ly.
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Energy budget involved in valley cultivation is given
inPig. 2.3. Invalley cultivation, the preparation of
field for the two crops is the nost arduous task and this
al one involved an energy expenditure of 41.0# of all the
oper at i ons.

Weding is done twice for each crop and this formed
t he second nmaj or |abour 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
hi gher than that under the second crop (Table 2. 3).

Valley cultivation is a | abour intensive farmng system
wi th six peak periods of |abour requirenments during the year
for field preparati on and weedi ng, during a period of about
3 nmonths only ina year. Por the remaining 9 nonths in
the year the farners have very little work (Pig. 2.1).

The economc yield fromtwo crops in valley cultivation

is alnost equivalent to the yield fromthat under a 10 or
30 year jhumcycle. The total energy input through | abour
and seedfor the two crops, however, is sonewhat higher for
valley cultivation than that under jhum The out put/input

ratio, therefore, works out to be much | ower for this



?ig. 2.3. WMjor energy inputs (k. eal./halyr)
for raising two crops under valley
cul tivation.
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agriculture type conpared to that under 10 and 30 year

jhumcycles (fable 2. 3).

Ener gy budget ia terrace agro-ecosystem :

Terrace cultivation studied here was in sone ways
simlar to jhumcultivation in that mxed cropping is a
common feature. As many as 14 crops nay be rai sed together
and harvested sequentially as under the jhum cul tivation.
However, nonocul ture under terrace is also quite common, a
Amajor point of difference fromjhumis wth respect to
heavy input of fertilizer and the cost of terracing the |and
during the first year. The total energy requirenent in
terracing the land was estinmated to be 128, 000 k. eal ./ ha.
This also included the |abour 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
sane as for weedi ng under a 30 year jhumcycle (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.

Maj or energy inputs (k.cal./ha/yr) for
terrace cultivation.

1, Qearing under storey vegetation;
2, Pelling the trees and banboos; 3,
Col | ection of debris and burning; 4,
Terrace preparation; 5, D bbling,
broadcasti ng and transpl antation; 6,
VWeding; 7, Watching the field; 8,

Silkworm Caterpillar rearing; 9,
Har vest; 10, ransPortation; 11,
Threshlng; 12, Shelling; 13, Seeds
and 14, Fertilizers.

2, 3 &4 felling trees, debris
col lection and terracing respy.
in | year only.
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The economc yield of grain and seed crops under
this cultivation was al nost V3 of that under a 30 year
jhum cycle but the yield of fruits and vegetabl es and
t uberous and rhi zomat ous crops was hi gher than that under
a 30 year 3humcycle. The energy input into this system
Is very high conpared to all others but the output is |ower
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 inthe first year of terrace cultivation conpared
to subsequent years in view of additional |abour input

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

DI SQUSSI ON

Jhum agr o- ecosystem :

As noted earlier jhum (slash and burn agricul ture)
forms the main agro-ecosystemtype with a 5 year cycle
being the nost prevalent, and 10 and 30 year cycles are
rare events because of increased popul ati on 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 formof cutting the forest was

hi gher for the forner while the output of energy was al nost



Grain <& Seed
Crops

Leafy & Fruit
vegetables

Tuber & Rhizome
Crops

S |k worm

Table 2.4*.

Crop Species

O'yza sativa
Sesamum i ndi cum
Zea nmays
Phaseol us mungo
R ci nus communi s

Musa sapi enturn

H bi scus sabdarifa
Qucurbita maxi ma
Monor di ca charanti a
Phaseol us vul gari s

Mani hot escul enta
Col ocasi a anti cuprum
Zingi ber officinalis
CQur cuma | onga

Cocoon (sil k)
Pupae (w thout cocoon)

Energy outputs under terrace cultivation

k.cal ./ halyr

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
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equal in both the cycles. It nmay be worth noting here

that the ol der forests are nore exposed to wild aninals

such as nonkeys, wld pigs and el ephants whi ch nay | ower

the output by damaging the crops. Further, an extra |abour
input nmay 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 seens to be ideal as it not only gives
sufficient tine for recovery of soil nutrients (Hanakrishnan
et al. 1980; Toky & Hamakrishnan, unpublished) but has optimum
energy efficiency. However, a 30 year cycle may have

greater nmerit for environnmental reasons. uwfiw**" | |

Al t hough the energy expenditure under, a 5 year jhum
cycle was mninumanong all the three cycles studied, the
economc yield was also low”™ For this reason the energy
efficiency of this systemworks out to be the | owest. The
reduction in output under a 5 jtear cycle may partly be due
to poor nutrient recovery of the soil (Toky & Ramakri shnan,
unpubl i shed) and al so because of serious weed problens. It
may be noted here that under such short cycles weeds |ike

I nperata, cvlindrica and Bupatori um odoratumtake, over the

site and the secondary succession gets arrested (Hamakrishnan
et al; 198G). A so weeding required an extra expenditure of

energy under a 5 year jhumcycle. Probably due to | ow
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fertility of the soil which nay.jiot sustain cereal crops,
starchy crops |ike banana and cassava are grown under short
cycles and therefore the quality of food is al soinferior.

The pattern of energy expenditure under “hvm i ndicates
that the farner has work to do for nost of the year.

However, the work is light and therefore he is nostly
under enpl oyed.

Data on the energetics of shifting agriculture is
rather scarce. Bappaport (1971) provides relatively conplete
information on the energy expenditure of the Tsenbaga peopl e
of new Qui nea H ghlands. According to his data of human
| abour expenditure and crop yield, the farners obtained an
average of 16 food calories for each calorie of human energy
enpl oyed during farmng which may go upto 20 under nore
favourabl e conditions. Qur study indicates nmuch higher
val ues (output/input ratio of 43.5) for efficiency as seen
froma 10 year cycle, with the val ues ranging from 23. 66
to 43.50 under the three cycles. Thus froman energy point
of viewthis seens to be the best evolved system for forested
areas in tropics and subtropics (Conklin, 1957; Bye &

QG eenl and, 1960; Carneiro, 1960).
Wiile calculating the energetic efficiency of shifting

cultivation, a nmajor energy input, however, could not be
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taken into consideration. This is the plant bi omass
which is burnt before cultivation. Eanbo (1978) taking
the energy data of Bappaport (1971) for the Tsenbaga
agricultural systemcalculates 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 nature forests this ratio was cal cul ated
to be even I ess. According to him 10 to 30 energy
calories are expended for each calorie obtai ned under
swidden farmng and therefore it is just.as dependant

on energy subsidy to achieve high production as in nodern
agriculture. However, like human energy which for al
practical purposes is cheap and free, no special effort
I's expended in obtaining plant bionmass whi ch regenerates
rather quickly in the jhumfallow using only the available

nat ural resources.

If fire through plant biomass is not included here
as an input, the.various secondary econom c products from
the jhumfallows are also not included as outputs from
the system Fromthe early successional fallow Inperata
cylindrlca coomonly known as thatching grass is used for
hut buil ding. Banboo which has a wide variety of uses as

fencing and building material.fuel, etc is also harvested
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fromthe jhumfallows. It may be noted that banboo attains
Its peak devel opnent as a nenber of the secondary successi o-
nal comunity upto an age of 20 years after the land is
returned to the forest. Fre wood fromsnall trees and
shrubs constitutes another maj or out put.

Val | ey ag;ro-ecosystem s

Prom the energetics point of view, valley cultivation
was al so very efficient though |ess than under 10 and 5
year cycles. This is due to heavy |abour input6for field
preparation and weeding. Weding is particularly a serious

problempartly due to increased weed vigour in a nutrient
K

enriched soil brought fromthe hill slopes. Further it is
probable that |arge quantity of seeds nmay al so be washed
down fromhill slopes that is under a short jhum eycle.
The nmai n advantage of this agro-ecosystemlies in the fact
that external input of energy other than | abour is not
required and that this is a sedentary agricultural system
which permts raising of two crops every year because @
high soil fertility and water availability.

Terrace agro-ecosystem :

Heavy input of fertilizer along with | abour for

terracing in the first year nmakes this systemvery inetficient



fromenergy budget point of view, though the out put

I's approxinmately the sanme as under 30 or 10 year jhum
cycles. This systemis conparable to conparatively
nodern Indian agricultural systens where 9 calories

of food are harvested for each calorie of fossil fuel
energy”™ut into the system (Mtchell, 1979) and better
than nost western agricultural systens where the yield

Is 1 O 2 calories of food per calorie of input (Spedding

& Wl shingham 1976). But this systemis not a stable one.

Even if soil erosion is checked to sone extent due to
terracing, infiltration |ossessf nay still prove to be ver
heavy (Ramakrishnan et gL, 1980). Purther, heavy input @&
fertilizers in such a high rainfall region nay prove to
have serious environmental problens. For these reasons,
terrace cultivation has not found nmuch favour with the
tribal popul ation 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 Governnental
agencies do the terracing for the farnmers, free of cost.
O the basis of the data presented here and
el sewhere (Toky and Ramakrishnan, unpublished) it is

concluded that : (i) a 10 year jhumcycle is the mni mum
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desirable fallow period for sustaining shifting agriculture
in this region from the point of view of energetic effi-
ciency and soil fertility recovery, (ii) cereal cultivation
should as far as possible be confined only to valley lands,
(iii) terracing does not seem to offer a solution to the
problem in view of heavy external energy required to sustain
the same and the low yield inspite of such heavy inputs.
Further, large scale terracing is also not desirable from
an environmental point of view, in view of the fact that
it is so . essential to maintain natural ecosystems in the
Himalayan region. Any damage done to hill ecosystem in the
Himalayan and adjoining hill regions may not only create
environmental problems in these regions but also may have
great repercussions in the northern plains of the sub- , >
continent due to large scale flooding.
SUMMARY n aUM

The present study is a comparison of the energetic
efficiency of three types of shifting agriculture locally”
known as 'jhum* in North-Eastern Indiai. A 30 year cycle
which is rather rare now is compared with the more common
10 year and 5 year cycles of the present time. Due to popu-
lation pressure and land available the 5 year cycle is more

common. A 10 year cycle is most efficient from energetic point
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Qf view 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. Energetics of }hum is also compared with valley
cultivation of rice 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 output/input ratio for terrace cultivation
iIs very low due to high fertilizer 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 SEOCONDARY

SUCCESSION SUBSEQUENT TO SHIFTING
AGBICULTURE (JHUM) IN NORTH-EASTERN INDIA.
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Species .diversity, bionmass, litterfall and productivity
patterns during secondary succession subsequent to
shifting agriculture (Jhun) in north-eastern India

| NTRCDUCTI ON

Over large areas of north-eastern India tahere
shifting agriculture (locally called Jhum is practised;
secondary successi on over abandoned farm and provides the
mean of rehabilitating land for renewed cropping. Shifting
agriculture relies on the structure and conposition of the
fall ow 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 fallowperiod is too short
(4-5 years) which is very common at present tines due to
pressure on cultivable land, site degradation takes place and
yi el ds decline (Toky & Ramakrishnan, unpublished).

Many aspects of ecosystem organi zati on woul d be better
under st ood through studies on plant succession. Sone of the
nost inportant functions of devel oping communities are their
productivity changes, the consequent bionmass accunul ati on,
its return to the upper soil layer through litterfall and its
deconpositi on which accounts for a large' part of restoration
of fertility. These processes have received sone attention

in various parts of the humd tropics, e.g., in Thailand
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(Zi nke, Sabhasri & Kunstadter, 1970); in Africa
(Barthol omrew, Meyer & Laudel ot, 1953; Laudel ot & Meyer,
1954; Geenland & Kowal , 1960; Nye & G eenl and, 1960) and
in tropical Anerica (Snedaker, 1970; Harconbe, 1973; Ewel,
1976), but no information on these aspects exists for
secondary successional comunities devel oping after jhum
in north-eastern hill areas of India. Further, there seens
to be considerable confusion related to diversity, produc-
tivity and stability of successional comunities. A genera
nodel of comunity structure and function was devel oped by
Margal ef (1961, 1969) and Wodwel | and Smth (1969) but
very few of the generally accepted hypot heses have been
tested experinentally (QGdum 1969).

The objectives of the present studies are to
describe in detail the pattern of secondary succession
on the abandoned jhumfiel ds; neasurenent of bionass,
productivity and litter production and their relationship
over the first 20 years of comunity devel opnment and their
conparison with a 50 year old fallow. Al these studies
were done at Burnihat (located in Khasi hills of Meghal aya
at 26.0°N & 91.5°E) under sub-tropical humd but with
nmonsooni ¢ climate, obtaining an annual average rainfall of

220 cm nost of which cones during May to October. The
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winter is mld and dry extending from Novenber to m d-
February but with a few scattered showers. A brief dry
sumrer frommd-February to April precedes the nonsoon,

The soil is slightly acidic and is of lateritic origin.

METHODS OF STUWDY

Veget ation anal ysis and studies on bi omass and
litterfall were done in jhumfallows of 1,5,10,15 and 20
years of age. The size of the fallowranged from2 to 2.5
hectares on hill slopes of 20° to 40°. Wile selecting
different fallows, care was taken to ensure simlar topography
and exposure conditions. Al the fallows were devel oped
on land under a 00 yhar jhum cycle so that the pattern of
veget ati on devel opnent was simlar in all sites.

Veget ational analysis of the jhumfall ows was done
9
by quadrat nethod. 30 Quadrats of 100 m size for trees and
2

shrubs, and 1 m size for the herbaceous species were |aid
along a transect down the slope. The inportance val ue index
(I Y1) which is an integrated neasure of the relative
frequency, relative density and relative basal area, was
calculated (Msra, 1968; Kershaw, 1973). Species diversity

was cal culated using forrmula given by Margal ef (1968) as :

* *&) &)
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where, H = Shannon index of general diversity, ni =

| nportance val ue index of each species and N = Tot al

I nportance value of all the species. |In order to evaluate
the index of dom nance of the comunity, the formula of

S npson (1949) was used as :

where, G = Index of dom nance, ni = Inportance val ue of
each species and N = Total inportance value of all the
speci es.

For collection of litter, ten litter traps of
p

1 m size were randomly laid out in each site. The litter
was collected at nmonthly intervals from August 1978 to

July 1979. The litter was classified into | eaves and tw gs
and farther sub-divided into specific categories. The litter
was dried at 80°¢ 2"d wej ghed.

Bi omass of herbs and shrubs and few tree sanplings
whi ch constituted the vegetation in 1 and 5 year fallows
was determned by harvest nethod. During Cctober and early
Novenber 1979, when they were at their peak of vegetative
grow h, all The above ground species were clipped at the
ground level. dipped material was sorted out into diffe-

rent categories, oven dried at 80°C and wei ghed. 15 quadrats

2 .
of 1 m size along a transect along the slope were sanpl ed
for this purpose.
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The, fallows of 10,15 and 20 years of age were

dom nat ed by banboo (Dendrocal anus hamltonii) along with

some dicot tree species. Wile harvesting the above

ground bi omass of banboo, the shoots were divided into
seven di aneter classes at 2 cmintervals from7 cmto 19
cm Fve replicate banboo shoots of each dianeter class
were cut at the ground | evel and fresh bi onass was obtai ned
separately for bole, branches and | eaves. Dry weight vas
calculated on the basis of weight obtained on sanples dried
at 80°C. Average shoot density of each dianeter class was
used as the basis for calculating the total bionass per
hectare. In estimating the above ground feioaiass for trees,
allonetric regressions (Fewoould, 1967) between dbh and
various biomass conponents as shown in the Table 3.1 were
used. For regression equations sanple trees of various

di aneter classes from3 cmto 15 cmwere harvested and dry
wei ght determned Separately for bole, branches and | eaves.
Annual bi omass increase for each stand was determ ned by
dividing the difference between the standing biomass of two
consecutive fallows with the tine difference in year/.
Annual net primary production of each stand was cal cul ated
by adding the total litter production over a year into the

annual increase in aerial bionass.



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 Bol e

Dillenia indica Y=-12. 833+3.
r=0.990

Lagei Cstroem a parvi\J»mY=-21. 845+5.
r=0.948

a arborea Y=-15.432+3.
r=0.941

Bauhi ni a al ba Y=-14. 440+4.
r=0.931

Qal licarpa macrophylla Y=-10.932+3.
r=0.901

Vitex peduncul aris Y=-18.400+5.
r=0.954

Schima wallichii Y=-15.320+4.
r=0.980

Cedfelja toona Y=-10. 436+2
] ) ) r=0.980

Terminalia bellerica Y=-20.905+4.
) . r=0.961

Al bi zzia procera Y=-13. 840+5.
) r=0.952

Titex glab’\rata Y=-12.594+3.
) ] r=0.900

W ightia tonmentosa Y=-17. 840+5.

1 = Donass*(icg)
X = dbh (cm)

864 X
046
990
880
020

X X X X X

100

980

>

. 846 X

080X

021 X

860 X

341 X

r

Branch

Y=-7.943+1
r=0.902

Y=~4.521+1.

r=0.933

Y=-6.434+1.

r=0.920

Y=-3.615+1.

r=0.901

Y=-3. 783+1.

r=0.912

Y=-2.845+1.

r=0.994

Y=-4.312+1.

r=0.960

Y=-8.472+1.

r=0.934

Y=-9. 749+1.

r=0. 957

Y=-4. 685+1.

r=0. 943

Y=-5. 147+1.
10310641,

r=0. 932

es

. 497 X

92 X

382

548

240

X X X X

258
68 X

593 X
747 X

342 X

210 X
158 X

Leaves

Y=- 1. 234+0.

r=0. 970

Y=-1. 398+0.

r =0. 956

T=-1. 864+0.

r=0. 900

Y=-1.534+0.

r=0. 932

=- 5. 540+1.

r=0. 956

Y=-1. 546+0.

r=0. 932

Y=-2. 185+0.

r=0.934

Y=-1.346+0.

r=0. 980

Y=-6. 530+1.

r=0. 948

Y=-1.584+0.

r=0. 902

Y=-1.734+2.

;S%F§%h+0.

= correlation co-efficienrp. 976

451
488
543
651
201
562

743

551

119

361

580
487

X X X X X X X X X X X X
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RESULTS

gsnondary guccession pattern;

The pattern of secondary succession and the
rapidity with which forested community devel ops depends
upon the degree of destruction and the clearing of under-
ground propagul es of the community that existed prior to
this operation. The length of the jhumcycle also deter-
mnes the pattern of vegetation devel opnment. The pattern
of secondary succession in the fallows during the first
£ 3Wye®s when weedy species doninate yaries considerably
dependi ng upon the jhum cycle and the intensity and duration
of cropping as follow
(i) Supatorjumdomnated fallow - where the cycle is either
l ong or short and underground rhizones are destroyed by
constant weeding during cultivation, particularly when
cultivation is done for nore than one year,

(i1) Tnperata domnated fallow - particularly under shorter

cycles, Inoerata cylindrica rhizomes are abundant in the

soil and this species coexists wth Eupatorium odoratum

(iii1) Mkania domnated fallow - under shorter cycles and
where M mcrantha is abundant in the area, this nay choke
the fallow and other herbaceous and shrubby weeds parti -

cularly due to its growh habit. This species forns a
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thick mat on the ground, striking roots wherever they

cone in contact wwth the soil.

(iv) 3a no ha rumdom nated fall ow- .8 spontaneumgrows | ess

frequently at Burnihat as conpared to the Garo and the Mzo
hills. It domnates under short cycle conditions where
cropping is usually for not nore than one year and therefore
weedi ng of rhizomes is not thorough.

(v) Borreria domnated fallow - B. hispida is a stol oniferous
speci es having both prostrate and erect branches and rooting
at nodes. It forns an interwoven nmat and checks the seedling
est abl i shnrent of other species. It usually grows where

| nperata cylindrlca and Eupatorium odoratum are weeded out

fromtine to tine.
(vi) Banboo domnated fallow - under 10-15 year cycle, when
cropping is done only during the first year rhizomes of

banboo (Den/irocal anus hamltonii). remain in the soil and

sprout. Due to the nore rapid growth of banboo sprouts,
they soon suppress ot her herbaceous weeds. Wth constant
weedi ng of sprouts for nore than tw years, the rhizones

of this species nmay be kill ed.

(vii) Tree domnated fallow - under |onger jhumcycles, if
the cropping is done only for one year and the stunps of the

trees are not destroyed; the stunp sprouts forma close canopy
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within 4-5 years of abandonnent amnd weedy species are
fast elimnated. This pattern favours a faster devel opnent
of a forested cover.

The common and the/general pattern of secondary
succession at Burnihat is givenin (Tables 3.2, 3.3).
It starts with the abandonnent of field under a short
j hum cycl e of aboup 5”rears. |In such a situation, the

early coloni zers, Eupatorium odoratumand |Inperata cvlindrica

domnate the fallowupto a period of 5 years. |Inperata

cylindrica. also an indicator of fire has the strategy to

withstand fire due to extensive underground rhizones,

whi ch 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 e |Inperata
cylindrica al so reproducedthrough seeds and this is favoured
by constant cutting of the aerial shoots of this species

(Saxena & Hamakri shnan, unpublished). Eupatorium odoratum

on the other hand, diverts nost of its resources for heavy
seed production. This species also has efficient seed

di spersal nechani smby wind due to the |light seed and the
pappus production. Both these features contribute to its
success as a weedy col oni zer.

The early col oni zi ng herbaceous species di scussed



171 yalues of dominant species in successional

3MS1& 3L
Bupat ori um odor at um

| nperata eylindrica

Pani cum khasi anum
Setaria gl auea

G-ewa el astica

Cyperus gl ebos”us

Pani cum maxi ma*

Pi ous hi spi da

Arundi nel I a bengal ensi s
Cal i carpa nmacrophyl | a
Dendr ocal anus ham | tonii
Carex cruciata

Bauhi ni a al ba

Ant edesnma di ander
Dllenia indica

C#r/ a arborea

Phyl | ant hus enbl i ca
Wightia tenentosa

1

Table 3.2

commu

ies

_ eleped after slash
and burn agriculture (Data on 50 year fallow based o J.Singh,\unpublished).

Age of fallow (years)
5 _ 10 20

175.

9

w

PP NPO®

(S22 IS I 6) ¢y G2 RN E) BN \V)

179.5
65. 0

9.5

15.3
7.5

7.0
6.9

De<&

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

Cowf nueeL- - -



Gnmd. ..

Speel es

Vi tex peduncul ar!a
Teralnalia belleria
Al bi zzia preeera
Yitex gl aberata
Sebi aa wal | | ohl |
CGedrel a toona

Mel | a arborea

Cast anopsi a i n& ea
CGercl nia oowa
Bugeni a communi s
Praans aai nata
Paychotria sp

10

18- 20
52.3 21. 4
21.0
10.6
5.8
12.3
9.0

50,
23.0

32.0

30.0
27.0
25.0
13.0
10.0

9.0



Fallow age
(years)

1
5
10
15
20

50

Table 3.3

General pattern of secondary succession in abandoned fields after slash
and burn agriculture (values in parentheses are IVI values of dominant speciea)

Community
Eupatorium odoratum Imperata cylindrica - Panicum khasianum
(175.2) (98.5) (8.5)
Eupatorium odoratum Imperata cylindrica Arundinella bengalensis
(179.5) (65.0) 15.8
Dendrocalamus hamiltonii - Gallicaréaa macrophylla - "Bauhinia_alba
(175.0) (28.0) (15.1)
Dendrocalamus hamiltonii - Vitex geduncularis Dillenia indica
(154.3) (52.3) 22.9)
Dendrocalamus hamiltonii - Oerya arborea - Dillenia indica
(136.8) (55.8) (28.3)
Schima wallichii Melia arborea - Gastanopsis indica

(32.0) (30.0) (27.0)
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above domnate the community upto 5 years and then are

repl aced by Dendrocal amus ham |l tonii which al so survives

fire through rhizomatous underground stens with stored
reserve food. This is a domnant species in 10 to 20 year
fallows (Table 3.2). The broad picture of the popul ation
dynamcs of £ hamltonii is givenin Table 3.4. This
speci es progressively beconmes dom nant and reaches its peak
in terns 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 maximumin 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 domnance is shared
by many shade intolerant broad |eaved dicot tree species,
whi ch cone through seedlings, root and stunp sprouts. The

common species are Vitex peduncul aris, Qareya arborea,

Dllenia indica, Termnalia be |lerica, Bauhinia alba,

Vitex glabtrata, Schinma wallichii, Wightia tonentosa

and Cedrel a toona.

In a 50 year fallow, besides a few shade intolerant

trees like Schima wallichii and Duabanga sonnerti oi des.




Table 3.4

Analysis of "bamboo (Dendrocalamus hamiltonii) population in successional
communities developed after slash and burn agriculture (Jhum).

Age of fallow (years)

5 10 15 20 50
Frequency <fo 25 90 96 100 40
Average density (shoots/
100m?) 8 38 45 56 15
Dead shoots (<) 0 3 8 15 58
New shoots {%) 25 30 42 32 9

Aver age circunference
of shoot (cm 10 21 30 35 45
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shade tol erant species |ike Shorea robusta, Vitex

pR dun nal ari a, Caatanopsi a i ndj ca, Garcinia cowa, Eugenia

communi s and Prunus am nata al so becone established but

none is able to aahieve domnance in the comunity (Table 3. 2).
Species diversity was very low in early successiona

stages upto 5 years when the fallows were domnated by a

few weedy colonizers, it increased sharply in ol der fallows

with a significant positive correlation (r = 0.966) upto y

a 20 year fallow (Pig. 3.1 a). 1In a 50 year fallow al so

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 dom nance 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 dom nance and the age of «/

the fall owwas evident upto 20 years (Fig. 3.1b). Though

the dom nance index was |lower in a 50 year fallow (0.115)

conpared to that of a 20 year one, the decrease in

dom nance was again not proportionate to the age of the

fall ow.

Litter production?

Total production of litter in successional

communities is significantly related with their age and



Pig. 3.1. Species diversity (a) and dom nance (to)
related to the successional age of the
fall ons devel oped after 3hum cul tivation.
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standing biomass (Pig. 3.2a,b). Litter production
Increased with age and reached a nmaxi num of 9.698 m tons/
ha/yr in a 20 year stand.

Maxi mum litter was contributed by banboo (Dendroca-

| amus ham |ltonii). 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 fall ow
Litter fromdicot trees collectively, increased with
successi onal 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
in5 to 20 year fallows whereas in a 1 year fallowit was
the only formof litterfall. Banboo tw gs formed an
I nportant conponent of litter biomass in a 10 year fallow
and its proportion gradually increased upto 20 years.
Litterfall through dicot twigs was maximumin a 5 year
fallow (29.1%) and was mainly derived from Eupatorium
odoratumwhich is elimnated due to death of its -popul ation
beyond this stage (Table 3.5).

| great seasonality of litterfall- was observed
particularly in 5,10 and 20 year fallows. No litterfal

occurred in the early part of the nonsoon (June-July).



Pig. 3.2. Litter production as a function of
successi onal age (a) and st andi ng
bi omass (b) in fallows , 1 year;
O, S5year* « | 10 ear (3/
15 year} A » 20 year of age)
devel oped after 3hum cul ti vatl on.
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Table 3.5

Annual litter fall (g/mp) In successional communities developed

after slash and burn agriculture (Jhum) ($ values of the total
litter are shown in parentheses).

Successional age (years)

Litter category 1 5 10 15 20
Dicot leaves 80.2 214.1 306.1 353.6 414.8
(68.29%) (43.79) (43.2%) (46.0%) (42.79)
Bamboo |eaves 12.0 316.5 322.6 428.6
(2.49) (44.79) (41.99%) (44.29)
Grass leaves 37.5 120.3
(31.19) (24.5%)
Dicot twigs 142.3 49.5 28.5 33.9
(29.19%) (7.09) (3.7%) (3.5<)
Bamboo twigs 35.5 63.7 92.3
(5.09) (8.3%) (9.59%)
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
nonsoon in August exhibited two peaks, a snaller one
during Cctober-January and a |arger peak during February-
April. One year fallow did not show such a narked
seasonality though litterfall was nmaxi mumin February-
March (Fig. 3.3).

Bi onass;

The standing bionass in the successional comunities
increased linearly with the age of the fallows and attained
a maxi numof 147.59 mton/ha (Fig. 3.4a) in a 20 year
old fallow. Herbs accounted for 100$ of the total biomnmass
inalyear fallowand 63.6% in a 5 year fallow, in
subsequent years their contribution declined sharply. The

bi omass contribution by Dendrocal anus ham |l tonii increased

with the age of the'fallow and reached its maxi numin
20 years. A simlar trend was noticed for shrubs and

dicot trees (Table 3.6).

In ol der fallows of 10-20 years, the bi onass
contribution through the main stemand branches represen-
ted 93 to 95% of the total and |eaf bionass represented
only 5 to 7 $ Inal and 5 year fallows the bionass
contribution by |eaves represented as nuch as 17$% and

19% respy. (Table 3. 6).



xler 33> \pnthly pattern of litter fall e
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Pig. 3.4. Relationship between standing bi onass
(a) or net comunity productivity (b)
and successional age of the fallows
devel oped after jhum cultivation.
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Table 3.6

(hanges in standing biomass (mton/ha) in different conpartnents and
different categories of species in successional communities devel oped
after slash and burn agriculture (Jhum.

Gate gory- Successional age (years)
I 5 10 15 20
Banboo Total: 2.318 32.248 59.147 74.971
(9.99) (56.17%) (56.99%) (50.896)
Main Stem 1.995 26.581 50.970 61.831
Branches 0.236 4.411 5.365 9.654
Leaves 0.087 1.256 2.812 3.486
Dicot shrubs & Trees Total: 6.1227 25.003 44.620 72.554
(26.4°F) (43.5") (42.9'%) (49.2")
ldain dtem 5.980 17.948 31.733 53.290
Branches 4.770 10.037 15.236
leaves 0.172 2.285 2.850 4.028
Herbs Total: 4.808 14.766 0.155 0.073 0.065
(x009%) (63.6") (0.3#) (0.2*) (negligible)
Alain stem
i Branches 3.978 10.560 0.090 0.045 0.040
leaves 0.830 4.206 0.065 0.028 0.025
Total standing
biomass {mton/ha) 4.808 23.206 57.406 103.840 147.590
,  Peod(Wrixy_valuuL - o eacl  Cat'eqPru, A miows- e [00AINI tKIU
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An increasing trend was observed in the rate

*

of accunul ati on of aboveground bi omass through successi onal
stages, it showed simlar rates in 1 and 5 year regrowth
vegetation, increased about 2-fold beyond 5 years and
finally attained nmaxi mumyearly rate of 8.95 mton/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
bet ween age of the fallow and EPP (Fig. 3.4b).

The regression between NPP and diversity/
dom nance of the communities showed highly significant
rel ati onships. Thus an increase in species diversity
with a correspondi ng decrease in domnance resulted in
increase in FPP (Fig. 3.5a,b).

DI SCUSSI ON

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,

successi ve weedi ng and di aturoance to soil at the tinme of



Table 3.7

Changes in rates of accumul ation of biomass, litter fall and net
primary productivity in successional comunities devel oped after
slash ana burn agriculture (Jhum

Successional age (years)
10

Accumulation in bole
and branches (A)
(m.ton/halyr) 3.978 3.750 7.010 8. 950

Release as litter
fall (B) (m.ton/halyr) 1.177 4.893 7.076 7. 685

Bet primary productivity
(A&B) (mton/halyr) 5. 155 8. 643 14. 036 16. 635

Bi omass accunul ati on
rati o (sLandi ng
oi onaj s/ 1 tf &) 0.9 2 7 4.1 6.2

20

8. 300

9. 698

17. 998

8.2



Pilg. 3.5

Rel ati onshi p between net community
productivity and species diversity
aR or domnance (b) in sucoessional
allows ( =, 1year; O» 5 year;
m , 10 year; Q , 15 year; M ;
20 year of age) devel oped after

,3 humcul tivati on.
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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 domnated often by a
few species and the nunber increases gradually as a comunity
devel ops (Ross, 1954; Qosting, 1956; Qdum 1969).

A variety of reproductive and growth strategies
are adopted by successional species anmong which stunp,
root and rhizone sprouts and invasion through seeds are
common. The relative inportance of different species and
-their strategies could vary dependi ng upon the length of the
j hum cycl e, species conposition and structure of the ecosystem
prior to cutting, degree of disturbance to the soil during
croppi ng, available seed source, etc. These are aspects
whi ch need to be investigated. In sites under a 5 year jhum
cycle with cropping for one year only, as in the present case,

Eupat ori um odoratum is a significant conponent of early

communities. Heavy production of seeds which are |ight and
wi nd transported help themto succeed as an early col oni zer
The inportance of heavy seed production for early species
was stressed by Hayashi & Numata (1968) and Raynal & Bazzaz
(1973) while Salisbury (1942) enphastzed that species with
l'ight, highly nobile seeds often invade highly disturbed

situations while species with heavier seeds, often ani nal
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di ssem nated, usually enter the ecosystemat a |later stage

of developnent. Inoerata cvlindrica which also is an early

col oni zer, on the other hand has fire resistant underground
rhi zomes which are difficult to eradicate during cultivation
This strategy alongw th production of light w nd dispersed
seeds under constant disturbance (Saxena & Ramakri shnan,
unpubl i shed) contribute to their success. These early
speci es whi ch adopt an exploitive strategy (Harper & Wite,
1974; Ginme, 1974; Marks, 197k) are able to attai n dom nance
I n abandoned fields that are tenporarily enriched with
nutrients, water and radi ant energy.

During the first 10 years, the dom nance passes

rapidly fromweedy colonizers to banboo (Dendrocal anus

ham 1tnni i ) and g”rter shade intol erant dicot tree speci es.

As di scussed el sewhere, Dendrocal amus hamltonii has an

I nportant conservational role to play as it is a heavy
accunul at or of potassium (Toky & Ramakri shnan, unpublished).
Wthin 50 years shade tol erant species domnate the comunity.
The shift in domnance is quicker in the early phases of
succession and becones slower in the later phases of
succession (R chards, 1952; “arks, 1974). The rewards of

dom nance are great, since domnance inplies a proportio-

nately larger control over bigeochem cal and hydrol ogic



99

pat hways of the ecosystem conservation of nutrients and
their distribution in various conpartments 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. Mtchell (cited by Bray &
Gorham 1964) reported values ranging from8.3 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
Amazoni an seasonal forests Kl inge & 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 comunity and 9.0 ton/ha for mature forest in
Quetenmala. H gher 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 lvory Coast.

Rel atively high values of litter production in
secondary successional communities in the present studies
as conpared to a conparatively ol der one of 50 years age
(5.5 mx»ton/ha/yr) in the sanme area as reported by S ngh &
Ramakri shnan (unpublished) is due to the fast devel oping

vegetation during the early successional stages and the
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consequent rapid turn over of biomass. In early jhum

fall ows, banboo (Dendrocal anus hamltonii) and a nunber

of early dicot tree species are deciduous in nature conpared
to the species in an older forest. S nce a successional
communi ty undergoes change in species conposition; often
entire individuals may contribute to litter production.
Shese factors -night conbine 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 Kl inge &FRodH Tgues (1968) in an
Amazonian low and forest. Avrather different seasonal trend
inatropical rain forest where peak litterfall coincided
with the advent of heavy rains at end of dry season was
reported by Edward (1977).

Bi onass:

A sharp increase in the aboveground bi onass wth
age upto 20 years was noted and the present val ues are
conparable 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. N geria and Bel gium Congo (Nye &
Geenland, 1960)} 24.36 to 42.45 for 2-6 years and 370.53
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for mature forest in Darien, Pan (Qulley et, al, 1969); and
8.36 t© 72.40 mton/ha for 1-9 years in |zabal, Quate
( Snedaker, 1970),

The secondary forest ecosystens show a great tendency
to accumul ate bionass in the early stages of succession as
seen fromthe present study where the standing crop bionmass
i ncreased from 23.206 mton/ha in a 5 year fallowto 147.49
mtons/ha in a 20 years forest. However, between 20-50 years,
there was no increase at all in the standing bionass of the
coomunity. It may be noted that the bi omass val ues cal cul at ed
are on the basis of 11 inportant tree species and all the
shrubs and herbs in the community. Even if all the mnor tree
species are takein into consideration, the total biomass val ue
is not likely to be too high (S ngh & Eamakri shnan, unpubli shed).
This may be due to replacenent of fast grow ng shade intole-
rant species by slow grow ng shade tolerant ones in |ater
stages of succession.

According to lugo (1973) naxi num bi omass val ue for
tropical forests is approached in about 30 years at a |evel
of 250 mton/ha, whereas in a tenperate forest in northern
har dwoods of USA, after clear-cut the living bionmass rises to
a peak of 490 mton/ha in about 170 years only (Bormann &

Li kens, 1979). Wile according to Marglef (1968), Gdum (1969),
Wi ttaker & Whodwel I (1972) a steady-state for bionmass
i medi ately follows the attaintnment of the peak during

successi on, according to Bormann & Likens (1979) this is
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reached only after a transition period of nore than 100
years. In any case, a steady-state for bionmass is reached
in a shorter time in tropics whereas it takes a nuch | onger
tine under tenperate forests.

The rate of accumul ati on of bi omass increased upto
15 years of regrowh and declined in a 20 year fallow. This

I's possible due to faster gfowh rate of banboo (Dendrocal anus

faamltonii) and other shade intolerant dicot tree species.

Such a faster rate of devel opnent of the community in the
early successional stages was al so reported by ot hers, Snedaker
(1970) reported maxi mumrate of increase of bionmass of 19.23
mton/ha/yr in |zabal, Quete upto 7-8 years w th a subsequent
decline, Barthol omew, Meyer & |audel ot (1953) showtd a nmaxi mum

rate of 26.6 mton/ha/yr in a new forest of Misanga cecr opi oi -

des upto a period of 5-8 years. However, growth rate al so
depends upon the type of vegetation established at the early
phase of #acession, nutrient status of the soil and other
envi ronnental conditions.

Productivity:

The community showed increasing productivity upto 20
years, which is largely based upon the growt h response of
expl oitive species utilizing fesources avail able by destruction
of bi omass conponent present before clearing, accelerated
deconposition 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 dom nance
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fromweedy species utilizing inefficient exploitive

grow h strategy to tree species utilizing nore efficient
conservative strategy; banboo with its deep and extensive
rhi zone systens, a large canopy and efficient uptake and
conservation of nutrients |ike potassiumwould be an exanpl e
of such a shift. Shade intolerant fast grow ng 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 nature
forests. Jordan (1971) reported values of 5.4 mton/halyr
for a 3 year old successional forest and 10.3 mton/ ha/yr
for old Rain forests in Puerto Rco. Tropical forests as
a whole, with a nean annual WPP of 21.6 mton/ha, exceeds
tenperate forests, averging 13.0 mton/ha and boreal forests
averging 8.0 mton/ha. 1In an oak-pine forest in New “ork
where productivity was neasured during succession (Holt &
Wodwel | , 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 nore steeply
t hrough the shrub and young tree stage to 12 mton/ hal/yr
in the oak-pine forest of 44-55 years age. This is in
agreement with the present results. However, Mllinger &

M BTaughton, (1975) showed a contrasting trend where over a
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30 year period during succession inold fields in Centra
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. Qdum (1969) and Wodwel | &
Saith (.1969) are of the vie" "that species diversity generates
functional stability. On theoretical consideration-° My
(1973) has shown that increasing diversity destabilizes the
interacting systens. However, MNaughton (1967) and
Mel I'i nger & McNaughton (1975) have shown that succession
was acconpani ed by increase** biol ogical diversity and
reduced dom nance. n the basis of perturbation studies
they have positively related diversity with stability.
This has been contradicted by Singh & Msra (1969) who
suggested for serai grasslands that species diversity increases
production efficiency of the ecosystem while decreasing
dom nance nmakes the systemnore stable though | ess efficient
production. Qur own studies indicate, however, that diversity
increases with progress of succession with a consequent
decrease in dom nance. This is acconpanied by increase in
net community productivity which is steep upto 20 years and

gradual beyond this \stage.
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SUMWARY

The secondary successional pattern of plant
communi ties subsequent to shifting agriculture (locally
known as «Jhum) upto 50 years fallow and the biomass,
productivity and litterfall patterns during succession upto
a 20 year fallow period were studied. The early weedy
col oni zers vary dependi ng upon the type of vegetation that
Is slash&and burnt and the seed source available in the
soi | dependi ng upon weedi ng practices at the tine of agricul-

ture. Dendrocal amus hamltonii; a banboo species, dom nates

the fallow between 10-20 years which is replaced by nore
shade tolerant dicot trees. Succession was acconpani ed by

I ncreased species diversity, reduced dom nance and increased
net primary productivity. Total inventory of aboveground

bi omass increased linearly with age and attained a nmaxi num
value of 147.59 mton/ha in a 20 year fallow. The rate of
accunul ati on of bi omass showed increasing pattern upto 15
years of secondary growh with the highest value of 8.95 m
ton/ha/yr and declined in a 20 year fallow The net prinary
productivity increased linearly with the age of the fallow
reaching a maxi mumof 17.99 mton/ha/yr. Litterfall showed
a significant positive correlation with age of the fall ow and
total standing biomass of the fallow, reaching a maxi num of

9.69 mton/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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SO L NUTRI ENT STATUS CP H LL AGRO ECOSYSTEMS
AND RECOVERY PATTERN AFTER SLASH AND BURN
AGRI CULTURE (JHUM | N NCRTH EASTERN | NDI A

| NTRCDUCTI ON

Shifting agriculture in the north-eastern
India (locally called *Jhunt) involves clearing of
the forest, burning of dried biomass, mxed cropping
for a period of 1 or sonetines 2 years, and then
reverting the land back to its natural vegetation so
as to restore soil chemcal fertility and to inprove
its physical properties. The long term success of this
practice of agriculture depends upon the recovery and
mai nt enance of soil fertility. |If the nutrients | ost
or displaced during the short period of cultivation are
approxi matel y bal anced by those replaced during the
fallow period, the systemcould continue indefinitely.
The mai ntenance of soil fertility in hot, humd and
high rainfall areas is a serious problemand is nore
severe in situations when the cycle becones short, due
to poor recovery of soil fertility and increased inten-
sity of weed conpetition. This in turnresults in re-
duced crop yield under short jhum cycles (Toky &

Ranakr i shnan, unpubl i shed).
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This study on *j hum was done at Burni hat which
Is located in the Khasi hills of Meghal aya at 26.0° N and
91.5° E  Here shifting cultivation ("jhum) is practised
by one of the tribes of Meghal aya nanely the 'Garos*. The
climate at Burnihat is hot and humd with an average rainfall
of 220 cm dinmate taodd be divided into three distinct
seasons. The dry and windy sunaier runs fromm d-February
to May with average maxi mum tenperature of 33°C and m ni nrum
tenperature of 9°C. The rainy season extends fromMuy to
Cctober. This is awarmperiod wth high humdity. The mld
w nter with an average nmaxi num tenperature of 25°C and an
average mni mnum tenperature of 5°C extends from Novenber to
m d- February. This period is practically rainless except for
a few wi nter showers. The angle of the slope varies
from20° to 40°. The soil is of lateritic origin.

The present study deals with the changes in soil
nutrient status under three different jhumcycles of 30, 10
and 5 years and its decline due to various |osses through run-
off and |eaching. It also deals with the recovery of the soil
fertility as a forested cover develops after the land is |eft

as fallow after jhum cultivation.
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METHODS OF STUWDY

For study of chemcal characteristics of the soil,
three deforested sites under 30, 10 or 5 year jhum cycles
were selected. Wile selecting the different sites, care
was taken to ensure simlar slope conditions (32° average),
exposure and soil types. In all the three sites soi
sanpl es were taken five tines during one year of study to
“represent soil conditions : (i) after cutting but just
before burning the slash (in March), (ii) inmmediately after
burning (in March), (iii) during early nonsoon (in May),
(iv) during the md-nmonsoon (in June) and (v) after one
year of cropping (in April of the followi ng year). Stes
representing forested fallows were 1,5,10,15 and 50 years
of age. Soil sanpling in these fallows was done in the
nonth of March. Sanpling in each site was based on 10 soi
collections to represent the entire topography of the sl ope.
These sanples were thoroughly mxed into a conposite one
to represent that site. Soil sanpling 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 determned in a soil-water suspension of 1.5

ratio using a pHneter. Total nitrogen, carbon, NO,-N
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P04-P, pH and exchangeable calcium, magnesium and potassium
were analysed following standard methods (Allen, 1974).
Thus, soil carbon was determined by*Walkey-Black method and
total nitrogen by,Kjehldahl method. Magnesium and calcium
were analysed by*EDTA titiration method while potassium was
estimated byaflame emission method after extracting the

exchangeable cations with IN Ammonium acetate at pH 7. irOg-N
foe.

N8 was estimated byasphenol-di-sulphonic acid method and
P04-P was estimated by molybdenum blue method, both colorime «*
trically. The soil bulk density was used for subsequent
conversion of analytical data to field wweight—p | ea .
BESUITS

Oarbon

Before burning the slash, percentage carbon in the
surface soil was higher under 30 and 10 year jhum cycle sites
(2.49" and 2.65% respy.) "Compared to that under a 5 year
cycle (1.82%). Immediately after burning, there was signi-
ficant reduction in the carbon content in the surface soil
and this was more pronounced in sites with 10 and 30 year
cycles compared to the 5 year one. This trend for reduction
in carbon continued upto a period of 3 months in 10 and 30

year jhum cycle sites and for a period of 1 month only in the
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site of 5 year cycle. Beyond this period, carbon content
in the surface soil showed an increasing trend. The changes
in the carbon content in the lower layers were not as
pronounced as in the surface layer. It is also interesting
to note that in general carbon content in all the different
layers of the soil profile was maximum under a 10 year jhum
cycle and was the least under a 5 year cycle

Carbon content (kg/m ) for the entire soil profile
upto a depth of 40 cm showed .that there was a sharp decrease
in the quantity immediately after the burn under 10 and 30
year cycles only. Under a 5 year cycle the burn did not
affect the amount of carbon in the soil. Decline in carbon
content continued in all the sites upto 3 months after the
burn and was most pronounced under 10 year cycle. Thus the

site under a 10 year cycle lost 17.3# of carbon out of the

original 7.979 kg/m2 under a 5 year cycle. After 12 months,
recovery of carbon was noted in all the sites. As mentioned
earlier the site under 10 year jhum cycle had maximum carbon
content during the entire 1 year period. The net loss from

the three sites after a year of cropping was to the extent

2 2
of 1.787 kg/m wunder 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 g Jkua eyele (years)

tine deptk 30 10 S

(nays) (" 0.7 7-14 14-28 28-46 0-7 7-14 14-28 28-40 0-7 7-14 14-88 28-40
o 2.49 1.74 1.35 1.09 2.65 2.14 1.68 1.43 1.82 1.43 1.21 0.94
1 216 1.60 1.27 1.10 220 1.92 1.60 1.38 1.74 151 1.18 1.03
30 212 1.52 1.30 1.02 2.03 1.80 1.52 1.33 162 1.40 1.10 0.90
90 2.03 1.50 1.35 0.92 1.90 1.75 140 1.34 1.68 1.45 1.03 0.82
365 212 1.63. 1.25 1.01 2.08 1.80 1.36 1.37 1.78 1.50 1.15 0.85
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year cycle and 0.327 kg/m under a 5 year cycle (Pig.
u.t ).

Inall the forested fall ows, percentage carbon
declined with increase in depth throughout the profile,
it also declined with age of the fallowupto 5 years,
with a maxi num | evel recorded in a 0 year fallow (after
one year of cultivation). 1In a 10 year fallow, the carbon
| evel inproved narkedly and was only slightly altered in

a 50 year fallow (Table tf.l1). The total carbon of 9.750

kg/ m2 upto a depth of 40 cmin a 0 year fallow declined
markedly after one year of revegetation and subsequently
i nproved upto a 10 year fallow and declined markedly in a
15 year fallow (this is probably related to ground fire,
di scussed bel ow) and again inproved slighlly in a 50

year fallow but stabilLized at a | ower 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 al nost equal and was nuch higher than at the
site under 5 year cycle. Under 30 and 10 year cycles,
nitrogen concentration in the surface |ayers declined

sharply after the burn and the decline was | ess narked in



Pig. 4. 1.

Changes in total quantity of carbon within
a soil colum of 40 cmafter burn and during
cropping in sites under 30 (A), 10 (B) and

5 (C year jhumcycl es.

Dark columm, 0-7 cm hatched col um,
7-14 cm stippled colum, 14-28 cm open
columm, 28-40 emdepth of soil
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Table H.L
Changes in $ carbon and nitrogen and N ratio in the soil

profile under forested fallows of various ages.

Soi | dept hs upto 40 cm
Fal | ow
(yeany—@=fem o ———fddop oo 428 2840 om
4 < < 4
2.08 0.223 9.3 1.80 0.172 10.4 136 0.154 8.3 137 0.158 8.6
1 2.01 0.21.7 9.2 1.53 0.159 9.4 1.12 0.142 7.7 0.81 0.138 5.8

1.82 0.220 8.6 1.48 0.200 7.0 1.21 0.170 7.6 0.94 0.150 6.0
10 2.75 0.268 10.0 2.14 0.240 8.7 1.78 0.170 10.0 1.42 0.162 8.6
15 2.50 0.246 10.1 1.73 0.178 9.5 1.35 0.148 87 1.18 0.145 7.5
50 2.60 0.236 11.0 2.05 0.215 9.5 1.76 0.180 9.8 0.86 0.116 7.4



i«. 4.2. Caogs m acaumuldaive quantity of carlbon

N N 11 B) Within a A ;
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the subsequent months. ]?urther, the changes in nitrogen
concentration over 1 year period were pronounced in the
surface layer only. The decline in the concentration of
nitrogen in the surface layer of soil (0-7 cm depth) after
one year of cropping under a 30 year cycle was from an
initial 0.270# to 0.204# whereas under a 5 year cycle it
was just from 0.220# to 0.193# (T«Ek. 4/5).

(o]

Total nitrogen content (g/m ) over a depth of
40 cmwas not significantly different before burn under 30
and 10 year Chum cycles. However, in both these cases there
was a sharp decline in total nitrogen during the first 3
nonths. A simlar trend was al so noted under a 5 year cycle
t hough the initial pool of nitrogen before burn was signifi-
cantly |l ower than under |long 3hum cycles. Wilst the
decline in nitrogen pool during the first 3 nonths 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 nonths period was
maxi mum under a 30 year cycle and | east under a 5 year cycle;
10 year cycle was very close to the 30 year cycle in this

respect (Pig. 4.3 ).
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Table 4.3
Changes In nitrogen (£) through tae soil Profile after burn and

J hum. cycle (years)

deptn 07
(en)
0.270
0.223
0.214

0.220
0.204

TAT 14-23 23-40

0.226 0.176
0.136 0.163
0.178 0.146
0.190 0.142
0.196 0.170

0.160
0.152
0.152
0.148
0.150

CcP?

0.268
0.223
0.236
0.220
0.223

10
77ft

0.240
0.210
0.135
0.185
0.172

ferent jhua cycles

14-23 23-40

0.170
0.158
0.148
0.140
0.154

0.162
0.155
0.150
0.145
0.158

5
o7 7-14 ~14-*S 8S54®

0.22© 0.200 0.170
0.230 0.191 0.166
0.220 0.178 0.160
0.212 0.17© 0.153
0.193 0.171 0.156

0.150
0.144
0.140
0.130
0.140



Fig. 4.3. Changes in total quantity of nitrogen
within a soil colum of 40 cmdepth
after burn and during cropping in sites
under 30 (A), 10 (B) and 5 (C) year
j hum cycl es.

Dark colum, O-7 cm hatched
colum, 7-14 cm stippled colum, 14-28
cm open colum, 28-40 cmdepth of soil.
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The nitrogen concentration in the different fall ows
showed a slight decline after 1 yes.r of regrowh of natura
vegetation as conpared to that after a year of cropping
(O year fallow), but inproved gradually in the fall ows 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 fall ow dependi ng upon the soil depth. N trogen
concentration in all the fallows decreased Markedly with
increase in depth of the soil (Table 4.1-)»

Total nitrogen upto a depth of 40 cmdeclined in a
1 year fallow when conpared with that imedi ately after
cropping (0 year fallow). Subsequently nitrogen status
i nproved and reached its maxi mumunder a 10 year fall ow
and in 15 and 50 year fallows it stabilized at a | ower
level (Pig. 4. AB).

OUNratio in all the fallows was higher in the
surface |ayer of the soil and declined at |ower depths.

At a depth of 0O-7 cm this ratio reached its maximumin a
50 year fallow. At |ower depths, however, this ratio had
a nmximumin a 10 year fallowand in older fallows of 15

and 50 years it slightly declined (Table 4.2.).
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A conparison of Fig. 4.8 and Fig. 4.3B indicate
that depletion of carbon and nitrogen through depth was in
general nore for the fornmer than for the latter as indicated
by the trend of the curves. It is also evident that depletion
of these two at |ower depths was maxinumin a 1 year fallow
conpared to others.

N trate nitrogen

NQ,-N concentration in the surface |ayer reached its
peak after a nonth after the burn and declined nmarkedly in
subsequent nonths. Length of the cycle does not seemto have
a marked effect on concentration. NO'-N concentration did not
fluctuate nmuch at | ower depths >k 4. &).

Avai | abl e phosphor us

| mredi ately after the burn, avail abl e phosphorus
showed only a slight increase, but it increased markedly after
anmonth in all the three sites; this was nore pronounced
under a 30 year jhum cycle followed by the 10 year cycle. The
concentration dropped significantly after 3 nonths 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 jhumcycle at all tinmes of
sanpling. At |lower depths, no significant fluctuation was

observed in all the three gfees (Fig. 44, Telh Uf-6)«



Table 4.4

Changes | a concentration (ng/100 gn) of 10,-9 through the soil
profile after burn and during cropping in sites under different
J humcycl es

Sanplins Jhun eycle (years)

tine Soil 30 10 5

(days) gepth ™7 7-14 14-28 28-40 0-7  7-14 14-28 28-40  0-7  7-14 14-28 28-40

(«)

-1 0*20 0.18 0.16 0.15 0.11 0.10 0.09 0.08 0.30 0.22 0.20 0.18
1 0.21 0.17 0.16 0.15 0.10 0.10 o0.08 0.P8 0.2? 0.23 0.21 0.17
30 0.55 0.25 0.17 0.14 0.37 0.18 0.10 0.08 0.49 0.26 0.21 0.17
60 0.14 0.18 0.16 0.15 0.22 0.16 0.12 0.09 0.12 0.18 0.18 0.11

90 0.21 0.18 0.18 0.14 0.25 0.17 0.12 0.10 0.18 0.22 0.20 0.14



Table 4.5

Ckaages ia eoaeentratiea (mg/100 g) of arailable paespaerus after
burm aad during cropping in sites uader different Jaaa cycles

Sampling Jaua eycle (years)

tiae 30 10 S

(days) Soil™ y  7-i4 14-28 28-46 SP? 7713 14-28 28-46 &zr 7-14 14-28 1i=4T
(ea)

A 0,90 0.54 0.27 0.20 0.78 0.54 0.14 0.10 0.28 0.18 0.10 O.0i

1 0.14 0.58 0.28 0.16 0.88 0.54 0.18 0.10 0.30 0.14 0.06 0.04

30 2.24 0.80 0.22 0.30 154 0.90 0.22 0.11 1.08 0.14 0.14 0.98

90 1.04 0.64 0.32 0.20 0.82 0.78 0.30 0.08 0.56 0.24 0.14 0.20

365 128 0.72 0.30 0.24 0.68 0.62 0.28 0.20 0.44 0.24 0.18 0.18



Pig. 4.4. Changes in total quantity of avail able
phosphorus within a soil colum of 40 cm
depth after burn and during cropping in
sites under 30 (A), 10 (B) and 5 (g year
j hum cycl es.

Dark colum, O-7 cm hatched
colum, 7-14 cm stippled colum, 14-28
cm open colum, 28-40 cmdepth of soil*
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In general under all the forest regrowh phases, the
soil maintained a conparatively |low | evel of available phos-
phorus except in a 50 year fallow. In sites of 1 year and
5 year fallows, the available phosphorus concentration
declined conpared to that in a O year fallow (just after
cultivation), and in older fallows, the aoncentration
I ncreased reaching the maxinumin a 50 year fallow  These
changes were marked in the surface layer of the soil only
(Tabl e 4. 6) .

Total avail abl e phosphorus declined in 1 and 5 year
fall ows and showed nmarked and steady inprovenent in 10,15
and 50 year fallows. Depletion of avail able phosphorus wth
depth was also maximumin a 5 year fallow (Pig. 4.8A).

Exchangeabl e cati ons

I mredi ately after burning the slash, the concentration
of all the cations in the surface soil increased considerably.
This increase was nore nmarked in the site under a 30 year
,3hum cycle conpared to a 10 year cycle and was | east under
a 5 year cycle, the exception to this trend bei ng potassium
whi ch showed a simlar 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 |ong cycles of

30 and 10 years as conpared to a short cycle of 5 year. A

nonth, after burning, there was a sharp decline in concentration



Table 4.6

Goncentration of avail abl e phosphorus (ng/ 100 g) in the soil
under forested fallows of various ages.

Dept h of
?O(I:rlr) Age of the fallow (year)

0 1 5 10 15 50
0-7 0.68 0.35 0.28 0.78 1.08 10.70
7-14 0.25 0.25 0.19 0.45 0.65 7.50
14- 28 0.13 0.12 0.11 0.14 0.25 4.70

98- 40 0.1 010 005 0.14 0.15 3.60



Pig. 4.5

Changhes in cunul ative quantity of available
phosphor us (A? and potassium(B) within a
soi | colum of 40 cmdepth under fallows of
various ages.

O 0O, Oyear; O_0, -
1l year; O— —Q 5 year; O——O, 10 year,
O» ' year; Q... . .( , 50 year.



Soil depth (cm )
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of all cations in the top soil layer inall the three sites.
This decline persisted upto a period/~three nonths for calcium
and nmagnesi um but continued upto 12 nonths in the case of
potassium After a year of cropping, all the three jhum
sites showed a slight inprovement in cations conpared to
the level before the burn. Cationic concentration at |ower
depths (7-40 cm) was not significantly affected during the
1 year period (Tkfe 4.72,4.5.,4.9 ).
The total anount of various cations to a depth of
40 cm increased nmarkedly after the burn and then declined
during subsequent nmonths. This pattern was nore pronounced
under 30 and 10 year jhum cycles whereas the | evel of cations
and their fluctuations were | ess pronounced under a 5 year
cycle. A the end of the 12-nmonth period the |evel of the
cations remained nore or less at the sane level as that be-
fore the burn. It is also interesting to note that while
cal ciumand potassiumlevel in the soil profile were very
close to one another after the burn in a 30 year jhum cycle,
the level of potassiumwas nmarkedly higher than that of
calciumafter the burn in a 10 year jhum cycle (Pig. 4. GM\M,
Ina 1l year fallow, the soil calciumand nagne-
siumlevels were fairly close or slightly higher than that

inaO0year fallow left immediately after 1 year of cropping.
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Table 4.7
Chanq% in concentration (meq./100 gm) of potassium through the soil

Jhum cycles

erent

Sampling Jhum cycle ()_/Lears)

time 30 0 5

(days) 0-7 7-14 14-28 28-40 0-? 7-14 14-28 28-40 0-7 7-14 14-28 28-40

-1 0.64 0.56 0.51 0.61 0.51 0.43 0.41 0.31 0.35 0.46 0.18 ©-10
1 795 0.67 0.64 0.77 8.20 0.51 0.39 0.29 225 0.41 0.20 0.14
30 1.65 0.77 0.78 0.71 1.64 0.48 0.46 0.20 0.82 0.52 0.23 0.20
90 0.89 0.71 0.66 0.78 1.20 0.56 0.45 0.23 0.46 0.48 0.20 0.15
365 0.66 0.46 0.46 0.74 0.66 0.56 0.38 0.25 0.51 0.50 0.20 0.13



Table 4.8

Changes | a ooaoeatratloa (neg.,/1 0 ga) of calcium tarouga tke soil
profile after bura and durlag or pplag la sites under differeat

jama cycl e

Saapliag Sell J hum cycle (years)

time depth 30 10 3 ,

(days) (em) O0-7 7-14 14-28 28-40 0-7 7-14 14-28 28-40 0-7 7-14 14-28 28-40©
3.36 2.24 187 1.30 2.02 1.60 0.55 0.47 1.56 0.75 0.37 9.37
1497 222 174 1.19 586 154 0.67 0.37 5.12 0.90 0.44 0.35
3.74 227 184 1.24 3.49 1.74 0.74 0.40 2.87 115 0.48 0.42
3.11 2.37 199 1.12 224 125 0.77 . 0.54 2.37 1.12 0.45 047
3.49 245 174 1.17 229 168 059 0.49 2.00 0.82 0.33 0.42



Saapling

tiae
(days)

Soi |
depth
(en)

Changes In concentration (aeq./1 00 ga)
profile after burn and during cropping in sites under different

Table 4.9

of aagnesiua through,

the soil
Jnun cycles

jama cycle (years)
30. 10 5
0-7 7-14 14-28 28-40 on7 7"15  14-28 28-40 0-7 7-14 14-28 28-40
2.67 1.85 blbD 1.90 2.15 1.85 1.89 1.93 2.36 1.85 1.12 1.02
8.22 2.00 2.13 1.89 7.40 2.01 2.05 2.05 565 2.01 1.23 0.90
3.50 2.46 2.26 1.93 3.30 2.46 1.89 2.20 3.49 2.05 1.06 1.05
3.49 180 2.13 1.97 1.85 1.85 1.68 2.03 3.03 2.01 0.85 0.80
3.70 236 2.05 2.13 2.20 2.15 1.85 194 2.87 1.43 1.19 0.99



Pig. 4.6.

Changes in total quantity of potassium
within a soil colum of 40 cmafter

burn and during crogpln In sites under
30 (A), 10 (B) and (% year jhum cycl es.

Dark colum, O0-7 cm hatched
colum, 7-14 cm stippled colum, 14-28;
open colum, 28-40 cmdepth of soil.
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Pig. 4.7. Changes in total quantity of calciumwthin
a soil colum of 40 cmafter burn and during
cropping in sites under 30 ( A), 10 (B) and
5 (0) year jhumcycles.

Dark colum, O-7 cm hatched col um,
7-14 cm stippled colum, 14-28 cm open
columm, 28-40 emdepth of soil.
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Fig. 4.8. (hanges in total quantity of nagnesium

wthin a soil colum of 40 cmafter burn

and during cropping in sites under 30 (A),
10 (B) and 5 year (C) jhumcycl es.

Dark colum, O-7 cm hatched
colum, 7-14 cm stippled colum, 14-28
cm open colum, 28-40 cmdepth of soil*
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Wth the age of the fallow between 5 and 15 years, the
| evel fluctuated and even dropped significantly in some
of the fallows. However, in a 50 year fallow the concen-
tration of these two nutrients dropped nmarkedly and was
| owest at all depths. Potassiumon the other hand started
with a conparative high concentration in O and 1 year
fall ows, declined markedly in 5 and 10 year fallows and
agai n recovered reaching highest concentration in a 50 year
fallow (Table 440),

Qurul ati ve anount of cal cium and nmagnesi um fol | owed
a different trend fromthat of potassium as noted above. -
In the case of the fornmer two, total |evel through the soil
profile was least in a 50 year fallow and was maximumin O
and 1 year fallows. In a 50 year fallow the depletion of
these' two nutrients was maxi numw th increase in depth of
the soil. On the other hand, in a 50 year fallow potassium
| evel was maxi numand its enrichnment through depth was al so
hi gh. Least level of potassiumin the soil was observed in

a 10 year fallow (Fig. 4.5 B*"C+.1).
m

Under' all the three jhum cycles, pronounced increase
in pHof surface soil only (0-7 cm) was recorded imredi ately

after burning, followed by a sharp decline in subsequent
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Fig. 4.9. (Changes in cumulative quantity ot oal ei ua
(A) and magnesium (B) within a soil ool uan
of 40 omunder fallows of various ages*

Q_ O 0 year i QO 1 year|
Q O* 18year: O 050 Ve k%
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nont hs reaching nore 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 |ower depths (7-40 cm
during the year (Ttoge 4.1 ).

In the jhumfallows of 0-15 years, pH declined
with increase in soil depth hut in a 50 year fallow, pH
remai ned steady with increase in depth. pHof the soil was

al ways aci di c rangi ng between 5.20 and 6.50 (Table 4.11).

DI SCUSSI ON

A nunber of changes occur in the physio-chem cal
characteristics of the soil subsequent to slash and burn.
Sl ashing the vegetational cover brings about a nunber of
m cr o-envi ronnental changes in the site due to increased
i nsol ati on and subsequent changes in soil noisture and
atmospheric humdity in the site. The atnospheric and
surface soil tenperature conditions are also altered signi-
ficantly due to clear cutting of the forest. These changes
along with other changes in soil chemstry get accentuated
after a low or high intensity burn before cultivation of
the site.

The significant reduction in soil carbon content

imediately after fire under a 30 or 10 year jhum cycle



Table 4.11

Gkanges in pH tkrougk tke soil prefile after bura aad during
ersppiag in sites under different jkum cycles.

San fling Ssl| Jkan eyele (years)

tine dep tk 50 10 5

(days) (en) CT—7-14 14-26 28-40 Cl—7-14 14-26 26-46 P——7-14  14-26 |11-40
6.6 6.3 6.0 5.6 5.9 56 5.4 5.1 6.0 56 5.4 5*3
8.7 6.4 5.9 5.6 9.0 5.7 5.6 5.2 7.5 56 5.4 5.2
7.2 6.4 5.9 5.5 7.5 6.0 5.7 5.2 6.3 5.7 5.4 5.2
6.9 6.5 o,y 5.5 6.6 o»y 5.7 5.3 5.7 55 5.5 5.3

6.4 6.3 5.7 5.6 6.0 5.8 5.6 5.2 5.8 5.4 5.4 5*2



Changes in soil

Tabl e 314..
pH under forested fallows of various ages

Soil

depth Affe _of the fallow (Years)

(cm) 0 1 5 10 15 50
0-7 6.0 6.5 6.1 5.9 6.1 5.7
7-14 5.8 6.0 5.6 5.6 5.5 5.8
14-88 5.7 5.8 5.4 5.3 5.6 5.7
28-40 5.3 5.4 5.3 5.2 5.4 5.8
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could be accounted as due to a high intensity burn which

is done twice for conpletion of this process. Under short
jhum cycle of 5 year, however, since quantity of slashis
much less, the burnis also of lowintensity and therefore
the surface soil hunus remained | ess affected. It nay be
noted here that the site under |onger jjiumcycles start with
hi gher carbon and high intensity fire depletes it rapidly
inthe top soil. At the time of cultivation |oss of organic
matter fromthe soil due to deconpositionis 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 hunus in the soil, derived from slash of the
harvested crops and of the weeds. Because of higher |eve

of organic content naintained after a year of cropping, |ong
jhum cycle sites may be able to sustain another year of
cropping. After a year of chopping there was a net |oss

of carbon conpared to that before the burn, an observation
al so made by ot her workers (Joachim& Kandi ah, 1948; Nye

& Geenland, 1964; Zinke et al, 1978; Jhae_ al, 1979),

Juo & Lai (1977) showed that under shifting agriculture in
Wst N geria, due to fast rate of deconposition of organic

matter under continuous cropping, 16 mtons/ha/year of dry
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plant material is required to maintain soil organic matter
in the surface soil at a |l evel conparable to soix 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. Wth optinmm
cropping and fallow period, the hunus in the soil could be
maintained at a relatively high level even after nany years
of shifting cultivation (CAulter, 1960; Reed, 1951; Birch
& Friend, 1956).

Accunul ation of organic matter and nutrients by the
nati ve second growth vegetation is one of the inportant
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 mai n pat hnay of
it is the litter fall and its subsequent deconposition.

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 lowreturn of litter

during the initial colonization and growth of the
vegetation in the fallows domnated by species |ike |nperata

cylindrica and Eupatorium odoratum and al so due to faster

deconposition in these open sites. This trend in reduction

of soil hunmus upto a 5 year fallow period could be one of
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the reasons against a short jhum cycle which has becone so
common in present tinmes. Maxinmumlevel of soil hunus is
reached in a fallow 10 year old, though a slightly | ower

| evel was naintained in the soil under a 50 year fallow
Lau delo t & Meyer (1954) and Ewel (1976) have nade siml ar
observations and conclude that organic nmatter production in
mature stand is |less conpared to a secondary serai forest.

Simlar to the pattern of hunus content in the
surface soil, total soil nitrogen declined sharply after
the burn under |onger jhum cycles conpared to a short 5 year
cycle. This is partly due to lownitrogen build up in the
fall ows before the burn under the 5 year cycle and al so due
to lowintensity burn. Under |onger 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.

Ntrification after the burn was accel erated due
to high mcrobial activity, due to rise in pHand tenperature
of the surface soil (Giffith, 1949; More & Jai yebo, 1963;
Ahl gren & Ahlgren, 1965). The increase innnitrification after

clear cutting of forests has also been attributed by sone
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workers as due to the renoval of chemcal inhibitors
(Smthej, gl, 1968). The intact vegetation of the ecosystem
causes allelopathic inhibition of nitrifying organisns in the
soil (Rce, 1974; Melillo, 1977), thus reducing the rate of
nitrification. The level of NOg-N fell rapidly because of
its renoval by rain and al so due to absorption by fast

grow ng weeds and crops speci es.

Though there was net loss of nitrogen fromall the
sites after a year of cropping conpared to that before burn,
| onjer jhum cycle sites had higher nitrogen status conpared
to site under a 5 year cycle and therefore, probably sustain
cropping for a longer duration. It nay be noted that according
to Nye and Geenland (1960) response of nitrogen fertilizer
are snmall where fallows are long (10 year or nore) but in |and
nore intensively cultivated with short fallows, the responses
be conelarger:

The decline in nitrogen |level upto 5 year during
revegetation of the fallow could be partly due to lowlitter
production and al so due to rapid utilization of nitrogen by
the fast growing plant cover. As for carbon, nitrogen |eve
in the soil also reached its peak in a 10 year old fallow

The conparatively |ow |level of both carbon and nitrogen
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attained in a 15 year fallow conpared to a 10 year one coul d
be explained as due to accidental spread of ground fire from
slash and burn in adjoining areas*
Hurmmus level in the soil in general remnained | ow
due to its faster rate of mneralization. Oly a fraction
of the organic matter gets incorporated into the soil (Jenny
& Ray Ghaufthuri, 1960; Nye & Geenland, 1960) and this
accounts for the low @Nratio during all phases of jhum cycle.
The increase in avail able phosphorus after fire
was slight under jhumcycle. The rapid build up of available
phosphorus |level a nonth after the burn could be due to :
(i) release fromthe ash after the rainfall occurs (ii) increase
in the soil pH and the consequent increase in mcrobial
activity (Anlgren & Anlgren, 1965) which may result inrapid
m neralization of the residual hunmus. This build up of
avai | abl e phosphorus was naxi rumunder |onger jhum cycle and
m ni mum under the short 5 year cycle which nmay be related to
the anount of slash, intensity of burn and the|consequent | ower
pH | evel and the generally |ow hunmus content. The sharp
decline in avail abl e phosphorus 3 nonths after the burn may
be due to rapid absorption of this elenent by crops and weeds,

and also due to renoval by run-off at a rapid rate when the
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plant cover is still developing. After a year of cropping,
the avail abl e phosphorus | evel was nore or, sonetinmes even
slightly higher than that before the burn (Nye & G eenl and,
1960; Zi nke et, al, 1978).

During early phases of devel opnent of vegetation
upto a 5 year fallow, there is a gradual depletion in avai-
| abl e phosphorus throughout the profile reaching a m ni num
under a 5 year second-growth fallow This is followed by a
rapid build up through 10, 15 and 50 year fallows, .The
accunul ati on of phosphorus particularly in the surface |ayers
of older forests may be due to transfer of phosphorus from
the deeper layer.s, &£. the-"soil to thf'upp*ter stratumthrough
litter fall (Bye & Bertheux, 1957;" Russel, 1968).

There~are four sources of basic cations in the
upper layer of the soil : that fromweathering of parent
material, decay of soil hunus, decay of surface organic matter
and the ash fromburning the slash. The inportance of fire
in slash and burn agriculture is seen fromthe fact that
there is a quick release of cations after the burn on the
surface layer of the soil (Nye & Geenland, 1960; Z nke
et al, 1978) with a high | evel being maintained evenin a

fallowthat is a year old, after cropping, as seen fromthe
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present results. The greater quantity of cations rel eased
after the burn under |onger 3hum cycle is understandabl e
due to the larger quantities of slash that was burnt
conpared to that under a 5 year cycle. The amount of cal-
cium and potassi um rel eased under a 30 year 3hum cycle

was fairly high due to high accurmul ation of these nutrients

in the dicot trees and banboo (Dendrocal amus hamltonii).

It may be worth noting there that Dendrocal anus ham |l toni

is a heavy accumul ator of potassium This speci es being

the predom nant conponent in a 10 year fallow, the |evel of
pot assiumis much higher conpared to other cations after the
burn of the site under a 10 year cycle. It is interesting
to note that the | evel of potassiumin the soil of a 10 year
fallowis significantly |ow which is due to heavy accunul a-

tion of this nutfient in the living biomass of Dendrocal anus

ham | tonii. 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 determne the quantity and proportion

of the various cations rel eased 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 baao,due to heavy | osses of ash due to bl ow of f

by strong wi nd prevalent during the dry nonths of March -

April and the subsequent decline due to surface run-off and

percol ation | osses. The level of cations in the soil after

a year of cropping, under a 30 year 3hum cycle, was nuch

hi gher than the level at any tinme under 5 year cycle and

therefore a second year of cropping is sustainable under a

| onger jhum cycle as also reported by Nye & Geenland (1960).
The exchangeabl e cations are depleted fromthe top

colum of the soil as the forest fallow devel ops due to the

rapi d absorption by the devel opi ng vegetation and al so due

to erosion and percol ation | osses. Potassium accunul ation

by Dendrocal amus hamltonii in a 10 year fallowis an exanpl e

of rapid transfer of this nutrient fromthe soil pool to the

l'iving bi omass conpartnent as di scussed earlier. .- 7
Valentine (1976) working with the changes in soil chemca
characteristics after clear falling and burning of forest

in &uth-Uestern Australia also reported that the |evel of
exchangeabl e pot assi um cal ci um and nmagnesi um decl i ned
rapidly in the first 7 years after the regeneration burn;
which may be due to transfer fromthe soil pool to the living

bi omass. As the age of the jhumfallow increased, beyond
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10 years, soil cationic level and particularly that of
pot assi um increased due to faster return of nutrients into
the soil through litter fall froma mature stand of

veget ati on contai ning species |ike Dendrocal anus ham ltonii.

An old forest stand |like a 50 year fallow di scussed
here, showed | ow | evel of calciumand nagnesiumin soil and
rapi d depletion of both with depth which is in contrast to
the pattern observed for potassiumwhich nmaintained very
high |l evels. Thus the recharge of cal ci umand magnesi um
in the soil pool seens to be nmuch nore fire dependent whereas
pot assiumrel ease due to litter fall recharges the soil
pool resulting in a very high level in a 50 year old fall ow.

It may be noted here that Dendrocal amus hamltonii which is

a domnant feature in the vegetation only upto about 20 years
of regrowth of the forest accumul ates potassiumin the

bi omass 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, et 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

cal cium and magnesiumas the forest fallow regrows in

contrast with potasslimwhich had a high level in the soil
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under an old forest, an observation simlar to the present

» *

one.

Short jhumcycle, as is seen fromthe present study
results in very low fertility levels in the soil. Apart
fromthis, the lowyield of crops under short cycle may
al so be due t-e poor physical conditions of the soil and
weed problem A5 year old fallowis characterised by

dom nance of weeds like Inperata cylindrica and Eupatorium

odor at um ( Eanakri shnan eb 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 |ow |level of fertility by
the fast devel oping vegetation. Recovery of soil fertility

Is observable only in fallows of 10 years or ol der.

Qop yield after one year of cultivation declines
rapidly under shifting agriculture. Apart fromother consi-
derations discussed above, the rapid decline in crop produc-
tivity in subsequent years nay also be attributed as due to
destruction of nycorrhiza and subsequent changes in recycling
of mnerals (lent & Stark, 1968). The studies done in this

| aboratory al so support this conclusion. The destruction of
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nycorrhiza population in the soil nmay get accentuated

under very short |hum cycl es.

SUWARY

The present study deals with fertility changes
during shifting cultivation (locally called 'jhum) and
the subsequent recovery of fertility as a forested fall ow
devel oped. A conparison has been nade 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 agai nst
a short j&m cycle alongwith a simlar pattern in depletion
of nitrogen. Available phosphorus build up in the. fall ows
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
regrowt h of vegetation. This decline was nost pronounced

for potassiumdue to the fact that Dendrocal anus ham | tonii

is a heavy accunul ator of this nutrient. S nce this banboo
speci es domnates 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 inportant role in

conservation of this nutrient. In a 50 year fallow, |ow
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levels of calcium and magnesium were maintained with rapid
depletion of both with depth which is in contrast to that
of potassium and phosphorus.U In general, short jBun cycles
permit only low levels of soil fertility with very poor
recovery during the fallow period. "pashijgcr££XQ& KiSWS~-& £~~~
t"3'e—~elTIr3t" are dis-cus-sed.



CHAPTER 5

RUN-OFF AND INFILTRATION LOSSES
RELATED TO SHIFTING AGRICULTURE
(JHUM) IN NORTH-EASTERN INDIA.




U3

RUN-OFF AHD INFILTRATION LOSSES BHATED TO SHIFTING
AGRICULTURE (JHUM) IN NORTH-EASTERN INDIA

INTRODUCTION

Shifting cultivation which is the predominant
form of agriculture in north-eastern hill areas of India
ia looally called 'Jhum! and involves the cutting of the
forest, burning the dried biomass, mixed cropping for a
period of 1 or sometimes 2 years and then reverting the
land to its natural vegetation so as to allow restoration
of soil fertility. The jhum cycle has become very short
(4-5 years) in the recent past, from more desirable 20-30
years period for the cycle. Longer cycles not only permit
maintenance of a high level of soil fertility (fiamakrishnan
& Toky, unpublished) but also favour regeneration of a good
forest cover (Ramakrishnan et al, 1980).

The present study on Jhwum cultivation was done at
Burnihat which is located in the Khasi hills of Meghalaya
at 26.0 N & 91.5E. Here this practice is done 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 but during the study period in 1978 the rainfall

was only 142 cm. Climate could be divided into three
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di stinct .seasons. The dry and w ndy summer extends
frommd-Pebruary to April with average maxi mum t enpe-
rature of 33°C and m ni num tenperature of 9°C.  The
rainy nonsoon season extends fromMy to October. This
is awarmperiod with high humdity. The mld w nter
with an average maxi numtenperature of 25°C and an
average mnimumtenperature of 5°C extends from Novenber
to md-February. This period is practically rainless
except for a few w nter showers. The angle of the slope

varies from20° to 40°. The soil is of lateritic origin

Jear 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
di ssol ved substances and particulate matter |lost fromthe
soil. Losses also occur at the time of burning through
volatilization (De Las Sales & Folster, 1976) and |ater
on due to blowoff of the ash fromthe burnt site due to
strong wi nds preceding the rains. Because of the virtual
elimnation of transpiration, increased quantities of water
pass through the deforested ecosystemresulting in |oss
of sedinent and nutrients through run-off and percol ati on.

Moreover, the concentration of dissolved substances in
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water are increased due to (i) accelerated deconposition,
nitrification and mneralization and (ii) absence of
nutrient uptake by the vegetation (Likens et al, 1978).
The present study, therefore, deals with the | osses 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 cycl es.

METHODS OGP STUDY

Three freshly burnt fieldsunder 30, 10 or 5
year 3hum cycles were selected. Wile selecting the
field, care was taken to ensure conparable slope conditions
(32° average), exposure and soil type. Ash sanples from
a freshy burnt field were collected along a |line transect
fromtop, mddle and bottomof the field. Fifteen such

sanpl es representing five replicates from each part of the

* 2
hill were collected from an area of 100 cm for field
estimation of ash. For chemical analysis ashing was comple-
ted in a muffle furnace at 500°C. The ash was dissolved
in dilute HO for cations and in HgSO. for phosphorus,
and this was analysed for farious elements.

For studies pertaining to run-off water and

sedimentation, the loss from a confined area of IxIOm.
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along the slope was collected in large druns of 200 1.
capacity and periodically renoved for analysis. Percolation
studies were done using the sinple lysineter 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 nost roots
penetrate) and a collector of 30x30x15 cmwas pl aced inside
the tunnel. By pressing frombelow, the rimof the collec-
tor was firmy inserted into the undisturbed soil above.

The water percolating through the soil was tapped out into
receptacles fromtine to tine. This nmethod was found to be

satisfactory for conparative purposes.

The anal yses of extracts of ash as well as water

sanpl es were done follow ng the nethods given by Allen (1974).

"tint.
Calcium and magnesium were analysed by,EDTA titration method
stine,
whi |l e potassiumwas estimated by flame em ssion nethod.
A

NOs-N was estimated byaphenol-disulphonic acid method, PO04-P
and total phosphorus were estimated by“molybdenum blue method,
both colorimetrically.

RESULTS

Production of ashs MA A A
Ash production after the burn/was nmaxi mumin the
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field under a 30 year jhum cycle and m ni mum under a 5
year cycle. Considerable proportion of the ash that was
released after the burn was lost due to strong wi nd preval ent
in the area during March - April before the start of the
monsoon. Wile the total anount of ash lost froma unit
area was nore under |onger jhum cycles, the percentage of
the total production that was lost fromthe site declined
with shortening of the cycle (Table 5.1). A

Cal ci um concentration in the ash/was markedly higher
inthe field under a 30 year jhum cycle but that of pota-
ssiumwas higher in the field under a 10 year cycle.
Magnesi um concentrati on/was not very nuch different under
any of the three cycles. Total calciumliberated through
ash was 8.2-fold under a 30 year cycle conpared to a 5 year
cycle where as that of nmagnesiumwas less than 2-fold. The
amount of potassiumliberated was maximumin the field under
10 year cycle and mnimumin the field under a 5 year cycle,
30 year site being internediate between the other two.
Wi | st the |oss of calcium and magnesi um due to ash being
blown off fromthe field decreased with the shortening of
the cycle, the |oss of potassiumwas maximumin the field
under a 10 year cycle due to higher'concentration of this

nutrient in the ash at this site. The phosphorus concentration



Tabl e 5. 1.

Total quantity of ash liberated after the burn and the
amount bl own off in agro-ecosystemunder various jhum cycl es.

Jhum cycl e b at o d Total ash bl own of f Ash bl own of f
(yr) Tot al( ma?gnll Ihtf)ﬁr ate (mton/ ha) (*)
30 17. 390+2. 20 8. 170+0. 80 46. 98
10 13. 800+0. 28 8. 190+0. 45 59. 25
5 6. 850+0. 93 1. 940+0. 95 28. 32

Mean + Standard Srror



U9

in ash increased with shortening of the cycle. However,

the total amount of this nutrient released from ash

declined under cycles. The quantity of phosphorus lost
through blow-off was markedly much lower under a 5 year cycle

compared to 10 or 30 year cycles (Table 5.2).

N

Hydrology:
In a freshly burnt site the run-off and percolation,

losses are related to the length of the jhum cycle so that
the water loss under a short cycle is heavier. Further,
clear-cutting the fallows increased the run-off loss of water.
The run-off loss of water was least in a 10 year fallow.
Percolation loss of water in a 10 year fallowamuch less than -
ina freshly burnt site under 5 or 10 year jhum cycl es but

was approxi mately the sane as under a 30 year cycle. Wile -
the proportion of run-off |oss conpared to percol ation | oss

of water was higher in freshly burnt sites, this was narrowed
down in 5 and 10 year fallows. The |oss of sedinment from

a freshly burnt site also increased wth shortening of the
jhum cycle. Further, the sedinent |oss declined sharply

wi th the devel opnent of a vegetational cover. Thus |oss of

22-30 mtons/ha froma freshly burnt sitejzas “reduced to

0.76 mtons/ha under a 10 year fallow[(Table 5. 3).



Table 5.2.

Total quantity of nutrients liberated through ash and the amount lost through bloun-off
in agro-ecosystem under various jhum cycles.

NUtvtervti
Co, J2i.
Cone, in Total Total Cone, in Total Total Cone, in Total Total Cone, in Total Total
ash (%) amount amount ash {%) amount amount ash {%) amount amount ash {,%) amount amgynt
released blown released blown released blown released bigun off
(kg/ha) off (kg/ha) off (kg/ha) off (kg/ha) (kg/ha)
(kg/ha) (kg/ha) (kg/ha)
5.50 956.45 449.35 1.20 208.68 98.04 10.00 1739.00 817.00 1.80 313.02 147.06
1.40 193.20 11466 1.10 151.80 90.09 15.00 2070.00 1228.50 1.90 262,20 155.61

1.70 116.45 32.98 1.66 113.71 32.20 10.00 685.00 194.00 2.20 150.70 42.68



Table 5.3.

Loss of water in agro-eGO system under various 3hun cycles
the forested fallows.

and

Site

Agro-ecosystem under
5 year Jhum cycle

Agro-ecosystem under 10
year jhum cycle

Agro-ecosystem under 30
year jhum cycle

5 year fallow

10 year fallow

Run-off water
(cm)

36.64

33.94

29.37
26.90

18.50

Percolated water
(cm)

22.92
18.98

14.35
21.30

14.20

Total rainfall during the monsoon 142.08 cm

Sediment
(m tons/h

30.050
23.080

22.500
1.130

0.760



152

The pattern of run-off and percolation losses
of water from freshly burnt sites as given in Pig. 5.1
shows that the losses are heavy in the month of May and *
increased markedly during June-July and “declined in sub-
sequent months.

WhntiHftn-t:  InflHflIfl through run-off in the afro-eonsystem

During the month of May immediately after the burn,
the concentration of the cations in run-off water was con-
siderably higher in all the three fields but the concentration
dropped markedly during the subsequent two months and there-
after the concentration remained at a more or less steady
low level. The cation concentration in the run-off water
under a 5 year jhum cycle was much lower than that under a
30 year Jhum cycle during the first one or two months only
after the start of the monsoon. At this time, the concentration
of cations in the site under a 10 year cycle was intermediate
between the other two (Pig. 5.2).

Maximum quantity of cation losses from freshly burnt
sites occurred during the early part of the monsoon between
May-July, this percentage of the total loss per year working
out to : calcium, 87-91%; potassium, 91-96% and magnesium,
79-92%. In the subsequent months of the monsoon, the total

losses were extremely low. As noted earlier, more pronounced



Fig. 5.1.

Pattern of |oss 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 nonsoon at the
tinme of cropping after the burn
in sites under three types of

] hum cycl es.
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Pig. 5.2.

Changes in concentration of
potassium (A), calcium (B)

and magnesium (c) in run-off
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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di fferences between the three jhum cycles were observabl e
only during the early part of the nonsoon; during this
peri od potassium | osses were heavier under a 10 year cycle,
magnesi um | osses were heavier under a 5 year cycle and
cal cium | osses were high under 30 and 10 year cycles
(Pig. 5.3). The total losses during the monsoon period
were nmarkedly higher for magnesi umunder* a 5 year cycle
and for potassiumunder a 10 year cycle; calciumlosses
were nore or less the sane for 30 and 10 year cycles and
slightly lower for the 5 year cycle (Table 5. 4).
Concentration of NO,-Nin run-off water in the
begi nning of the nonsoon in the nonth of May was hi gh.
Only in this nonth was there narked difference between
the three jhum cycles, wth much | ower concentration under
a 5 year cycle conpared to the other two. The concentration
dropped sharply during the subsequent two nonths and was
steady at a low level durin August to Cctober (Fig.5.4A).
Total |oss of 103-N peaked during July and
dropped sharply on either side. The amount of this nutrient
| ost was nmarkedly |ow under a 30 year jhum cycle conpared
to the other two and this was pronounced only in the nonth
of May (Fig. 5.4B). Total |osses through run-off water

during the nonsoon period increased markedly w th shortening



Fig. 5.3.

Monthly loss of potassium (A),
calcium #B) and magnesium (c
in run-off water during the
monsoon at the time of cropping
after the burn in sites under
30 () 10( O ) ad

( A ) year jhum cycles.
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Table 5.4.

Total loss of nutrients (kg/halyr) in run-off water in
agro-ecosystem un rvarlous jhum cycles.

El enent ! Jhumcycle (yr)

(kg/ hal yr) ] 30 10 5

Ca™" J 15. 088 15. 908 13. 760
Mg™ i 6. 323 5. 427 9. 475
K* i 64. 660 91. 156 51. 025
¥03- N 1 3. 663 4.152 5. 296

PO -P 1 1. 146 1. 300 0. 858



Fig. 54 A & | . Changes in concentration
(A) and monthly loss (B)
of NOs-N in run-off water

during the monsoon at the
time of cropping after the
burn in sites under 30 ( ¢ )
10 ( O ) and 5 ( A ) year
jhum cycles.



NCU-N concentration (mg/l )

2-8 |

NJ

1-6

1.2

LO |-

2.00

1.75
150
1.25
100
=
< 075
(@)}
3
< 050
S
Pz
0.25
0




15S

of the jhumcycle (Table 5. 4).

Concentration of £04,-P in the run-off water was
high in May but during June-July it dropped markedly
and renained at nore or less the sane level during the
rest of the nonsoon period. During the entire period,
the concentration was |lower for a 5 year jhum cycle com
pared to the |onger cycles (Pig. 5.40Q.

Maxi mum nonthly 1oss of 70.-7 occurred in the nonth
of June and was nmarkedly lower in the early and later parts
of the season. The amount |ost was higher in the case of
5 and 10 year cycles in the nonth of May but in the subse-
quent nont hs 5 year cycle gave |ower values conpared to
10 and 30 year cycle sites (Fig. 5.4D). The total anount
of PO'-P lost during the entire nonsoon was naxi num under
a 10 year cycle and mninmnumin the field under a 5 year
cycle (Table 5. 4).

Nutrient |nas through |eaching in the agro-ecosystem :

The concentration of cations in percolated water
showed great nonthly fluctuations in sites under 30 and
10 year cycles conpared 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 Septenver. In

general, the concentration of all the cations was naxi num



Fig. 54 C&D.

(hanges i n concentration ( C )
and nonthly loss (J) ) of
PQ-Pin run-off water during
the nonsoon at tine of cropping
after the burn in sites under

30 ( # ), 10_(hO) and
5( 4 ) year jhum cycles.
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under a 30 year cycle and minimum under a 5 year cycle.
Potassium concentration in percolated water was higher
compared to calcium and magnesium (Pig. 5.5).

Total losses of all cations showed a definite pattern
in that, in general, the losses were heavy during June-July.
In preceding or subsequent months a sharp decline in losses
was observed (Fig. 5.6). While the total loss of calcium
and magnesium was not very different in sites under the three
jhum cycles, the loss of potassium was very heavy under
a.10 year cycle (Table 5.5).

Concentration of NO3N in percolated water was very
high in the month of “ay in all the three sites but declined
sharply in June and July and remained more or less steady
at a low level in subsequent months. Sites with lonerer 3hum
cycle showed a higher concentration of this nutrient and
this difference was maximum in the month of My (Fig. 5.7A).

Leaching losses of NOs-N was high in May but declined
sharply in subsequent months (Fig. 5.7B). The total loss
during the entire monsoon period was maximum under a 10 year
cycle followed by 5 and 30 year cycles (Table 5.5).

Concentration of POv-3? in infiltered water was generally

higher during May-August dropping sharply in subsequent months



Fig. 5.5.

Changes in concentration of potassium
(A), calcium(B) and magnesium (C) in
percol ated water during the nonsoon

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 | oss of potassium (A),
cal cium (B) and nmagnei sum (

in percolated water during the
nonsoon at the tine of cropping
after the burn in sites under
30 (), 10 ( O) and 5 (A)
year jhum cycl es.
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Table 5.5.

Total loss of nutrients (kég/ha/yr) in percolated water in
agro-ecosystem under various jhum cycles.

Element T Jhum cycle (yr)

(kg/ hal yr) 30 10 5
Ga** ! , 5.347 4* 942 4. 560
Mg™* j 2. 528 2.116 2. 267
K* i 15. 076 21.178 * 13. 665
NOs- N ! 8. 821 10. 650 9. 220
PO,- P ] 0. 051 0. 655 0. 065




Pig. 5.7 A&B.

Changes in concentration
A) _and nonthly | oss (B)
of FQ-N in percol ate

wat er during the nonsoon
at the tine of cropping
after the burn in sites
under 30 ( * ),
10 ( O ) and 5 ( A )
year jhum cycl es.
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(Fig. 5.7G). The total amount of PO4-P in infiltered
water peaked durinj June-July declining sharply on
either side (Pig. 5.7D). The total loss of this nutrient
during the monsoon period was minimum under a 30 year
jhum cycle and increased with shortening of the jhum

cyile (Table 5.5).

Run-off and percolation losses in fallows:

The concentration of various cations and
FOs;-N add PO4-P in run-off and infiltered water was
markedly lower under 5 and 10 year fallows compared to
the jhum agro-ecosystems described above. Thus the total
loss of these nutrients in a 5 and 10 year fallows was
also significantly low. Prom an agro-ecosystem under a
10 year cycle the losses through water were 7.8 - fold
for calcium, 5.6 - fold for magnesium, 59.8 - fold for -
potassium, 15.4 - fold for NO;-N and 19.6 - fold for
P0O4-P higher compared to a 10 year old fallow (.Table 5.6).

DISCUSSION
After clear-cutting and subsequent burning of
the forest cover, the system loses its ability to hold
the nutrients. A good proportion of the ash alongwith

the nutrients is lost due to blow-off by strong winds
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and nonthly loss (D of PO4s- P
in percol ated water during the
nonsoon at the tine of cropping
after the burn in sites under
30 (+«), 10 ( O) and 5 ( A)
year jhum cycl es.
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Table 5,6

Concentration and total loss of nutrients in run-off and percolated water under forested fallows.

Concentration (maq/l) Total loss (kg/hal/yr)
Elements 5 yr fallow 10 yr fallow 5 yr fallow 10 yr fallow
' Run-off Percolated Run-off Percolated Run-off Percolatec  Run-off Percolated
* water water water water water water Awater water
ca™ 0.75 1.25 0.60 1.10 2017  2.662 1.110 1.562
++
rg 0.50 0.40 0.45 0.35 1.345 0.852 0.832 0.497
K* 0.35 0.25 0.90 0.15 0.941 0.532 1.665 0.213
NO - N 0.30 0.50 0.25 0.35 0.B07 1.06S 0.462 0,497
PO*-P 0.05 0.01 0.03 0.01 0.134 0.021 0.055 0.014
4
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during the dry nonths of March-April, imrediately after
the burn. Inviewof the large quantities of ash |i bera-
ted under a 30 year jhumcycle, the losses also tend

to be high, this being 4.2 tines nore than under a 5

year cycle. The ash rel eased under a 30 year cycle had
hi gher concentration and quantities of calciumdue to the
dicot trees that were slashed whereas under a 10 year
cycle, the ash had a preponderance of potassiumdue to

Dendrocal anus ham | tonii which was the main conponent of

the slash and which has been shown to be a heavy accunu-
lator of this nutrient (Ramakrishnan & Toky, unpublished).
The hi gher concentration of phosphorus and magnesiumin
the ash rel eased under a short jhum cycle nay be rel ated
to the chemstry of the slash itself as nuch as potassi um
| evel under a 10 year cycle is nuch higher due to

Dendr ocal amus ham | toni i

At the tinme of burn, heavy | osses of at |east
sone of the nutrients occur through volatilization.
Large anount of carbon, nitrogen and sul phur are | ost
(Nye & Geenland, 1960; De Las Salas & Pol ster, 1976)
due to volatilization during the burn. For phosphorus

there are no obvious mechani sns of volatilization but
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the matter has not been closely studied. Lloyd (1971)
reported high loss of total phosphorus due to burning
but Allen (1964) and Viro (1974) reported no losses on
account of this. This is an aspect that has not been
considered here.

Sizeable increase in run-off and percolated
water after the burn is chiefly due to lack of plant
cover which bind soil particles and contribute to utili-
zation of water through uptake and canopy interception.
Decrease in these losses during latter months of the
monsoon is due to the development of a plant cover and
also due to decrease in the intensity of the rainfall.
The loss of water through run-off and percolation and the
consequent sediment loss increased with the shortening of
the jhum cycle. This may be partly related to poor physical
characteristics of the soil and also due to poorer crop
cover (Toky & Ramakrishnan, unpublished). The poorer
quality of the soil under short jhum cycle may be due to
frequent cropping after every 4-5 years. Further the weedy
vegetational cover that develops during this period does not
permit recovery of the soil quality and replacement of the
soil lost due to sediment run-off. It may be mentioned

here that under a short cycle of 4-5 years, the succession
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iIs arrested wif£h only weedy species like Eupatorium

odpratum, and Lmperata cvlindrica as maor components.

It is particularly interesting to note that percolation
losses of water is often greater than 50$ of that l|ost
through run-off which is due to the highly porous soil.
Prom a conservational point of view, this implies that
percolation losses may still be heavy even if erosion is
checked through terracing of the land, as suggested by
agricultural scientists, as an alternative to jhum.

Total concentration of cations in soil solution
depends upon thetotal concentration of anions. A high level
of nitrate ion due to increased 'biological activities'
(Ahlgren & Ahlgren, 1965; Wells, 1971) balances a corres-
ponding concentration of nutrient cations in the soil
solution and therefore heavy losses through water occurs
(Bormann si al, 1968; Lewis Jr.~1974). During the early
months of the monsoon, heavy losses of cations through
leaching were due to increase of nitrate ion in the leachate
and also due to high volume of leachate collected in these
months. Heavy run-off losses of cations and anions also
occurred due to a large volume of surface water flow and a
high concentration of nutrients in it. Later in the monsoon,

actively growing crops and weeds reduced leaching and run-off
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| osses due to uptake of nutrients and reduction of water

| osses due to increased transpiration and canopy inter-
ception. These |osses reported here for the year 1978
are an underestinmate because during this year the nonsoon
was weak with an annual rainfall of 142 cmwhereas the
average annual for Burnihat is 220 cm per year.

After clear felling and burning, the |oss of potassium
through run-of f and | eaching was nuch hi gher as conpared to
ot her cations nore conspicuously so under a 10 year cycle.
This is due to the l|iberation of nmore potassiumas the

sl ash contai ned banboo (Dendrocal anmus hamltonii) as a

maj or conponent which is a heavy accunul ator of potassium
conpared to other elenents, as discussed above.

The bi ogeochem cal recovery of a forested ecosystem
depends upon the re-establishment of biotic regul ation
of ecosystem functions such as uptake of nutrients and
wat er, storage of nutrients, mneralization and rel ease of
nutrients and erosion. Under jhumfallows, rapid recovery
of these characteristics occurs due to favourable tenpe-
rature, noisture and nutrient conditions of the soil.
After one year of cropping, the nutrient status of the soil

I's reasonably good (Ramakrishnan & Toky, unpublished) and
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the soil systemhas a variety of strategies for the

devel opnent of vegetation, like rapid growh and expansion
of stunps, rhizones and root sprouts, and germ nation of
buried and transported seeds. These factors along wth
favourable climatic conditions, help the systemto recover

qui ckly after deforestation. Eupatoriumodoratum a highly

conpetitive weed species which coms imrediately after the

cultivated fields are abandoned and Inperata cylindrica and

banboo (Dendrocal amus hamltonii); which are highly rhizomat ous

species play a significant role in quick conservation of

nutrients wwthin the bionmass in the 3humfall ows. Hendrocal a-

mus, hamltonii has a remarkable potentiality to store

potassiumin the shoots (Ramakrishnan & Toky, unpubli shed).
Thus in 10-20 year old fallows nost of the potassiumis
conserved in the living bionmass of this species and is
released into the soil in older fallows, when it is replaced
by other broad |eaved tree species of secondary succession.
The | oss of water, sedinent and various nutrients
are highly reduced in sites under 5 year and 10 year fall ows.
It may be accounted as due to interception of rain by the
vegetation, lowrate of nitrification, and | ow status of
nutrients in tne soil pool, due to rapid uptake by the fast

devel opi ng plant cover. Wthin the first 5 to 10 year period
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of succession, a rapid transfer of nutrients fromthe
soil pool to vegetation conpartnent occurs, wth the
result that the soil becones depleted of nutrients. The
accumul ation of elenents in the biotic portion of the
ecosystem duri ng successi onal stages (Qdum 1969) reduces
"the | osses through water. Ecosystens wth nutrient
saturated hi gh exchange capacity soils would |lose relatively
nore of their nutrients than those wth nutrient unsaturated
and/ or | ow exchange capacity soils (Jordan, gb ad, 1972)
as is the case for lateritic soils that are sandy. For
exanpl e the northern hard wood forest ecosystens (Likens,
et alt 1977) in which a large percentage of the tota
ecosystemnutrients is in the soil in exchangeable form
would lose a relatively large proportion of nutrients were
the precipitation nore acidic. |In contrast, tropical rain
forests would lose a relatively small proportion of nutrient,
as in these forests nost of the nutrients elenents are tied
up in the biomass (Qdum 1971; Jordan, idg al, 1972) and
mneral soil has a very lownutrient content (VWent & Stark,
1968) .

In a five year fallow the total anount of nutrients
taken up and stored in the living biomass and their subse-

quent release through litter fall and mneralization is
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not sufficient to restore its chemcal fertility (Ramakri-
shnan & Toky, unpublished). The physical conditions of the
soil are also not inproved within this period. The reduction
of jhum cycle upto 4-5 years in nost part of north-eastern

I ndia has adversely affected the vegetati onal cover as

di scussed el sewhere (Ramakrishnan, et al, 1980) and bi ogeo-

chem cal and hydrol ogi ¢ cycles, as discussed here.

SUWARY

Subsequent to slash and burn of the forested
fallow and during shifting agriculture (Jhum) in the north-
eastern hill areas of India, the systemloses its capacity
to hold the nutrients. Various |osses occur through w nd
bl ow of f ash and al so through run-off and percol ati ng wat er
The chemstry of the ash and run-off and percol ating water
is related to the length of the jhumcycle due to the type
of vegetation that is slashed and burnt. The run-off and
percol ation | osses of water and sedi nent during cropping
increased with shortening of the jhum cycle. S nce percolation
| osses are fairly high due to highly porous soil, terracing
of land as suggested by sone as an alternative to jhumis not
an ecologically sound one. Drastic reduction in |osses of

sediment and nutrients occurred in a 5 and 10 year fall ows.
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The shortening of the jhumcycle to 4-5 years does not
permt recovery of the soil fertility and has adversely
affected the vegetational cover and the bi ogeochem ca

and hydrol ogi ¢ cycl es.




CHAPTER 6

NUTR ENT CYCLI NG | N SUCCESS| ONAL
COWLN T1 ES DEVELCPI NG AFTER SLASH
AND BURN AGRI CULTURE (JHUM) .
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NUTRIISM.* OiUilNvi- IN 3UCOE3SIGNAL 001.IUiTI JIE3 DANITZLOPII
AZT-R SLASH HW BURN AJRICILXWS (JHUIl)

I NTRCDUCTI ON

Slash and burn agriculture in the north-eastern
hill region of -India which is locally called *Jhunt has a
severe effect on mneral 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
bi omass (Toky & Ramakri shl an, unpublisned). An inportant
characteristic of the recovering forest ecosystem after
slash and burn agriculture, is its ability to store -,nd
recycle nutrients. The know edge 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 anount of nutrient stored, their r cites of
accunul ation and cycling in successional forest communities is
even nore scanty tnan that for biomass and productivity.

The work of Barthol omew et. a, (1953) attenpts to study nutrient
cycling and its changes in successional fallows upto 18 years
of age at Tanganbi 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 nore slowy and in the woody
material only. According to nim high anmount of potassium
accumul ation occurs in the early stages due to che dom nance

of Misanga cecr opi oi des.

Considerable information on nutrient cycling in
tenperate forests is available (Renmezov et. al, 1964; Rodin
& Bazilevich, 1967; Wittaker e al, 1978) but relatively
little is known about tropical and sub-tropical forests
(Geenland & Kowal , 1960; Nye, 1961; Jordan & Kline, 1972;
Golley £i .al, 1975). Thougn the information on tropical forests
Is "uite limted, certain patterns are nevertnel ess suggested
by these studies. Uptake and returxi of nutrients may be
greater per year in tropical forests than in others and a
| arger proportion of tne entire chemcal inventory of the
systemnmay be neld up in tne vegetation (Rodin & Bazil evich,

1967) .

The aimof 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 fromthe
vegetation to the soil tnrough litterfall and tne rate of
upt ake by the devel oping comunities and (iii) the build up
of the nutrient reserve in tne soil pool; through successi onal

communities upto 20 years after slas™h and burn agriculture
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(Jhum) in tne lower elevations of the hill areas of
Meghalaya in the north-eastern India.

The study was done at Burnihat which is located
in uhe Khasi hills of 'legialaya at 26.0°N and 91.5°5. Here
jhum is practised in its typical form by one of ~de tribes
of IVfegiialaya namely the 'G-aros'. The climate at Burnihat
iIs hot and humid with an average rainfall of 220 cm. The
climate could be divided into three distinct seasons. The
dry and windy summer is from mid-February to May with an
average maximum temperature of 33°G and a minimum temperature
of 9°C. The rainy season extends from Ma to October. The
mild winter with an average maximum temperature of 25°C and
an average minimum temperature of 5°G extends from November
to mid-February. This period is practically rainless except

for a few Winter snowers . The angle of the slope

varies from 20° to 40°. The soil is a sandy loam of lateritic

origin with an average pH of 5.5 to 3.5.

IVETKOX O< STuDY
Ilethois used for estimating aboveground biomass,
productivity and litter in jhum fallows are given in Chapter
3. 3ach category of plant samples was further sub-divided

into leaves, branches, bole,etc. for biomass estimation and
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chemcal analysis, litter sanpling was done at nonthly
interval s wnereas plant sanpling was done once at tne peak
of veget itive growi ng period during Cctober.

M ant sanpling, of dom nant species wa& done
separately for eacn species. Al une mnor species in the
community were mxed toget-ijr into a conposite sanple.
However, the different conpartnments |ike | eaves, branches ana
bol es were anal ysed separately in each case. After separating-
into differexit categories according to species types and
litter types, the litter collection done tnroughout the year
were nmade into conposite sanples by tnorougnly m xing them up.

Both plant and litter saaples were ground to a fine
powder and passed through a 0.5 mmsieve. P ant analysis was

done followi ng tne procedures given by Allen (197i). N trogen
-Ht

was determ ned by”Kjendahl nethod; total puosphc-rus was
nmeasured by dry ashing after saturating wt.- MJ(NO,)p and
neasuring concentration in the ashed nmaterial calorinetrically
by tne nol ybdenum bl ue nethod. Magnesi um and cal ci um were
anal yzed by the EDIA titration nethod while potassium was
estimated by she flanmo em ssion nethod after dissolving the
asned sanple in dilute Hcl. Wth the informations on bi onass
and litterfall and tneir chem cal concentrations, total

cnemcal inventory of each conpartnment was conput ed.
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Soil sampling was done once during the study
period during March in each of the fallow, on tne basis
of a number of sub-samples representing che different micro-
environmental conditions and topography. The sub-samples
were thoroughly mixed into a composite sample. The soil was
dried, ground and passed through 2 am sieve and analysed for
various elements foliowin™ the procedures given by Allen

(1,974). Total nitrogen was determined oy the Kjehldahl
ft*

nmet aod. Magnesi um ana cal cium were anal ysed Dy,EDI A
titration nethod while potassiumwas estinmated by the flane
em ssion nethod after extracting t.e exchangeabl e cations
with ITT Amonium acetate at pH 7. Avail aol e phosphorus
was neasured by the nol ybdenum bl ue nmet hod, calorinetrically.
Quantity of each elenent in the soil on a hectare basis was
calculated upto a depth of 40 cmwitu the help of bulk
density which was determned as 1.4 and 1.5 at 0-14 cm and
14 40 cmdel tas respectively.

T/hile calculating the total inventory of bio-
el mants mthe 'wole ecosystem soil pool of total nitrogen,
avai | aol e phosphorus, potassium calciumand nagxi esi um upto
a depth of 40 cmwas added up the total quantities of bio-

elements hjld up in the standi ng biomass during QCctober which
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iIs the peaic period of vegetative grovvxh. To this inventory,
nutrients held in the litter compartment on xhe forest floor
in October waAN- added up.

For each compartment, turnover time was determined
by dividing xhe quantity of eacL element present in the
compartment by Lne yearly rate ax wnich the element leaves
that compartment, am the cycle time for each ecosystem is
the sum of turnover times of all the compartments (Jordan
& Kline, 1972). In the present study, only two major
compartments namely soil and vegetation, -vers considered.
Enrichment r~tio for each stand was calculated as the ratio
of element stock in xne vegetation and tne elemental uptake

by it (Woodwell et al, 1975).

RESULTS

An analysis of different nutrienjnls in different
compartments of the livm” and litter biomaas sno.ved that
tne leaves had hi“ner concentrations compared to others and
trie bole had the le”st concentration. The concentration
of nitrogen, phosphorus and potassium was mucn ex .uer in
tne living biomaas of orancnes and leaves tnan in ,ne litter
of their plant parts bu, calcium and magnesium concentration
did not sho.wv much iifference. Level of calcium and magnesium

in different compartments of dicot trees was ni“her compared
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to banboo (I)endrocal anus hamltonii) and herbaceous

speci es but banboo had significantly greater concentration
of potassiumthan in others. Shoots of herbaceous species
snowed mnarkedly higner concentration of nitrogen and
phosphorus tnan dicot tree*and banboo. Potassium concen-
tration in the plant tissue, in general, was hi”*-ner than of
otner elenents in tne case of all categories of plants
(Fig. 6.1).

The total anount of nutrients stored in the above-
ground Ilvinj biomass increased 'Mth increase in age of tne
fallow upto 20 years, wta nmaxi num accummul ation for
potassium followed oy nitrogen. Cal cium ana nagnesi um
Inventory was lowwith a ratio of 2.4 to 3.4 for potassiun
calciumand 2.3 to 6.3 for potassiunimagnesi umin vari ous
fall ows. Herbaceous species contriouted |IOOi of che total
nutrients ina 1 year regrov'/th, Q6ti'foin a 5 year fallow,
and in older fallows their contrioution was negligible.

A der fallows of 10-20 years were dom nated by banboo

(eDendr@alanyig faamltoqgii) and this species alone contributed

40 to 40" nitrogen, 44 to 19 phosphorus, 55 to SJdo
potassium 17 to 20/o calciumand 35 to 40" nmagnesi um of
the total ouigat of nutrients. Contribution by dicot trees

and shrubs increased between 5 and 20 year of fallow period
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6. 1.

Concentrations () of nutrients in
vari ous conpartnents of dicot trees
and shrubs (A), banboo (B) and
herbs (C) in a 20 year fallow, and
herbs (D) in a5 year fallow

|, represents the standard
error of the nean*

Striped colum, nitrogen;
stippl ed col um, phosphorus; open
col umm, potassi um hatched col umm,
calcium circled colum, magnesi unt
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with propox'tlonally .nore calcium contribution ltian
potassium in contrast to that by bamboo (Table 6.1),

Fig. 6.2 shows the pa:;tern of distribution of the
nutrients in boles branches and leaves compartments of the
standing biomass. Boles of trees had maximum storage of
nutrients followed by branches and leaves in older falov?/s
of 10, 15 and 20 years. In a 1 year fallow, wnich was
devoid of trees, the stem and branches of herbaceous
species stored maimum amount of nutrients out of the total
budget. However, the leaf coxiipartment had greater propor-
tion of nutrients in a 1 year fallo?/ out of Ihe total
budget, compared to tne older fallows. The samel/is true
for a 5 year fallow except that some tree growth v/as there
at this stage. //hile nutrients like potassiuia, calcium,
magnesium and phosphorus wa'e hi.Mier nutrienta in the bole
and branches, “he proportion of nitrogen was more in the

leaf tissue compared xo other elements.

Rate of accumulation of nitrogen, phospnorus and
magnesium followed a similar trend iij that the rate
decreased upto 10 year fallo-v period and increased
sharply in older fallovvs upto 20 years. Rate of accumula-
tion of calcium shov/ed a steady i-ncrease upto a 20 year

fallow but tiiat for potassium ir/creased upto a 15 year fallow



Table 6.1
Nutrient contents (k<*laa) in various compartments of aboveground livin
biomass in successional coxiimunities upto 20 years developed after slas
and burn agriculture (jhum).

Gat egory I(szr/r%rg) Successi onal a2e (vears)
1 5 10 15 20
N 26. 161 110. 056 185. 428 292. 381
D cot trees P 3.164 12. 817 22. 283 35. 647
Shr ubs K 55.916 ' 217.931  387.352 624. 854
@] 32. 353 130. 508 228. 284 366. 347
My 13. 111 54. 863 93. 357 148. 016
N 5. 817 82. 406 153. 153 196. 073
Banboo P 0.843 12.121  21.884 28. 524
K 23. 042 323. 727 589. 061 753. 708
(€] 2.188 31. 686 56. 161 73.971
My 2. 368 33. 366 61. 258 78. 342
N 30.. 669 111. 454 1. 387 0. 626 0. 558
Her bs D 4, 974 15. 607 0. 168 0. 078 0. 070
K 35.. 281 109. 680 1.168 0. 548 0. 488
(€] 13.. 680 45, 327 0. 517 0. 238 0.212
M 15.,437 50. 392 0. 566 0. 261 0.233

/-~ 1> f Jk
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jfercentage distribution of nutrients

I n boles (A), branches (B) and | eaves
(C of aboveground bionass in
successional comunities upto 80 years.

Stripped, colum nitrogen;
sti ppl ed col umm, phosphorus; open
col utm, potassium hatched col um,
calcium circled coliuan, magnesi um
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and decreased subsequently. Potassium showed the
hi ghest rate of accunul ation (Table 6. 2).

Table 6.3 presents the annual rate of uptaice of
el enents into the aboveground bionmass and their enrich-
.nent ratio. Rate of uptake of all the nutrients increased
consistently as the successional comunities devel oped
upto 20 years. Potassiumwas taken up in large gtuantities

foll owed by nitrogen and cal cium phosphorus shov/ed the

| east uptake. The enrichnment ratio for all liie elenents
snowed an increasing trend si.iiilar to the trend for uptake,
upto the age of 20 years. I'le ratio was nuch hi™-her for

pot assi um and phosphorus indicating their faster rate of

conservation in che aboveground bi onass.

Total quantity of nitrogen in -.he soil pool upto
a depth of 40 cmincreased upto a 10 jrear fall ow and
stabilized at a low level in older fallows. Available
phosphorus increased upto a 20 year fallow  3xchangeabl e
pot assi um cal cium and nagnesium started .vith a high | evel
in the initial stages of falld.' devel o' pnent after slash
and burn agriculture, declined in che first few years
and tended to inprove in 15 ana 20 year fallows. Maxi num
depletion in the initial fallows and enrichnment in oiler

fallows occurred for potassiumin the soil pool (Table 6.4)



Table 6.2
Rate of accumul ation of nutrients (kg/ha/yr)

bi omass i n successi onal

slash and burn agriculture (Jhunm.

I n above-ground Iiving

comunities upto 20 years devel oped, after

Rate of accumulation Ckg/ha/vr)

Time span
(years)
N
0-1 18.219
1-5 15.380
5-10 13.836
10-15 24.123

15-20 25.087

P

3.978
2.854
1.348
3.337
3.579

K

28. 641
30. 337
69. 059
81. 107
75.674

Ca Ig
9. 945 11. 536
11. 804 8. 957
15. 529 5. 186
22. 556 11. 724
28. 504 12. 499



Table 6.3 .

AateG of uptaice of nucrients (kj/ha/yr)Ac'->3ove*round bioinass in
successional coimnuni'.les after slash f.nd burn a,-riculture (Jhurn)

Ti“e span Rate of "Tutrients uiotake (kg/hal/yr)

(years)
N K Ga

0-1 31.181 4.566 36.226 18.879 17.632
(0.98) (1.08) (0.97) (0.72) (0.87)

1-5 57.157 5.04E 59.973 43.806 30.179
(2.50) (3.89) (3.14) (1.82) (2.18)

5-10 75.566 5.145 119.977 53.459 32.273
(2.56) (4.8S) (4.52) (3.04) (2.75)

10-15 91.147 7.416 136.348 64.277 41.337
(3.70) (5.96) (7.16) (4.42) (3.74)

15-20 108.489 8.732 145.237 78.905 48.861
(4.50) (7.35) (9.49) (5.58) (4.63)

* Annual uptake = Annual incre”se in nutrients in Diomass + Annnal nutrients return via
litterfall. Values in parentLeses are the enrichmont ratios which are element stock/
element uptaiie (/*oodwell, ."/hittaker 8c Houghton, 1975).



Tot al

inventory of nutrients (kg/ha)
conpartnents of successiona

litter and soi

Conpart nent" 'Element

Abovegr ound
Bi onass

Soi |
(0-40cm

Litter
present on
soil iIn
Cct ober

Tot al

(kg/ha)

FOXVzZ FERTVS ZEAIT ZFQATVZ

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

Table 6.4

I n aboveground |iving bionass,

communities upto 20
years devel oped after slash and burn agriculture (Jhunm.

Successional age ears
19 ge (y 15)

143 194
20 25
189 543
80 163
66 89
11098 12252
8 19
570 261
796 1037
1084 719
8. 355 18. 519
0. 547 1.177
1. 481 5. 091
4. 800 11. 379
4. 244 9, 480
11, 249..355 12, 464,.519
28. 547 45,. 177
760., 481 809,, 091
880.,800 1211, 379
1154., 244 g17.- 480

339

44
977
249
155

10551
23
1182
1093
1199

22. 890
1. 019
2. 762
8. 344
5. 922

10, 912.. 890
70,.019
2161. 782
1350., 344
1359., 922

20
489
64
1379
476
227

10501
27
1201
1080
1206

20. 850
1. 030
6. 956

18. 608
7. 636

1 993- 538

2586. 956
1569. 608
1440. 636
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Total inventory of nitrogen for ohe whol e ecosystem
peaked to a maximumin 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, wth mninum
inventoiy in a 5-10 year fallow, and a subsequent i ncrease
upto 20 years. '2ae proportion of different nutrients in
the living biomass gradually increased .vith increase in the
age of tne fallow conpared to "Ge soil pool, this being nore

pronounced for phosphorus and potassium (Table 6.4).

Input throu:h litterfall:

Annual return of nutrients through litterfall increased
IM th the age of the fallowupto 20 years. Htr' en foll owed
by potassi um and cal cium contributed nmaxi nrum quantity to
the total budget. In a1l year fallow, out of -no total
budget of 36.2 kg/ha all of it cane through | eaves. 1In a
5 year fallov/, Lhe contribution tnrough twi gs vas naxi num
(18.170). Tr.is decreased with rhe age of cne fallow so that
ina 20 year forest, (bu of the 2+4.8 kg/ha of nutrients in
litter, 94.1,;" was through | eaves anl the rest through tw gs.
In general, nitrogen contribution by species other than
banboo was much hi”ner. In older fallows vmere o0ainooo was

a predom nant conponent of the forest fallov/, potassium
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contribution by iu ed4ualljd or even exceeded by :hat throu. h
all the oxner species put together. |Ihis was also true for
phosphorus contribution by banoboo. Hovvever, calciumj,rd
magnesi um contri bution througn banboo |ixter was nmuch

| ow (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 poxassiumand 10 years
for other nutrients after whicn it tended to staoilize at
a sligntly lower level. I/laxinum conservation of potassium
fol |l oned by phosphorus occurred in the |iving bionass as
the percentage return through litterfall was mninmumin
tnese two cases wnereas nitrogen was one of tne nost nobile
of all ne nutrients (Pig. 6.3),

N trogen, calciumand nmagnesi um showed decrease in
turnover for soil coipartnment and increase in turnover tine
for vegetation conpartnent witn the devel opnent of the
coiiuiunixies tiirougn succession. Potassiumalso followed a
simlar paxtern for vegetation conpartnment but for tht; soil
xne tinme periol decreased to a mninumin 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 Mrient contents (kg/ha) of various conponents of litter in successiona
comunitiea upto 20 devel oped after slash and burn agriculture (Jhua)

B enment s Successi onal ase (years)

Gat egery Ckg/ ha) 1 5 10 15 20
N 12. 962 36. 805 33.701 38.931 45. 669
Leaves P 0. 588 1.671 1.530 1.768 2.074
excl udi ng K 7.586 21. 157 22. 406 25. 883 30. 363
banboo Ca 8. 836 24. 441 27. 549 31.824 37.332
My 6. 096 17. 215 16. 529 19. 094 22.399
N ; .0, 989 26. 079 26, 582 » 35v3l 6
Banbo® 2 0. 076 2. 025 2. 064 2. 743
| eaves K D. 909 23. 990 24. 453 32. 487
¥5; 0. 276 7.279 7.419 9. 857
My 0. 336 8. 862 9. 033 12. 000
N 3.984 1. 386 0. 798 0. 949
Twi gs 2 0. 441 0. 153 0. 088 0. 105
excl udi ng K 7.570 2. 633 1.516 1.803
barbCo Xa 7.285 2.534 1. 459 1.735
My 3.671 1. 277 0. 735 0. 874
N 0. 564 1. 013 1. 468
Banbo© P 0. 089 0. 159 0.231
tw gs K 1. 889 3. 389 4.910
Vet 0. 568 1. 019 1.477
0, 419 0. 752 1. 089

N 12. 962 41. 777 61, 730 67, 324 83. 402
™ 0. 588 2.188 3. 797 4.079 5.153
K 7, 585 29. 636 50. 918 55. 241 69. 563
Ca 8.934 32. 002 37. 930 41. 721 50. 401
My 6. 096 21. 222 27. 087 29. 613 36. 362

Tot al



Pig. 6.3. Annual return of nutrients through
l[itter fall/Annual uptake expressed
as a percentage for different
successi onal fall ows.
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successional communities, in oiler fallows the turnover
time for both soil and vegetation was higher. Turnover
time for calcium and ma“Ywnesum in the soil compartment
was mucn higher t.can that for potassium and phosphorus
but the reverse pattern was true for the vegetation com-
partment, i®or nitrogen, .he turjiover time for soil
compartment was maximum though tnis was much less for the
vegetation compartment (Table 6.8)»

Cycle time for nitrO:ien was maximum in all the
different fallo®/s but decreased with the age of the
fallow. The cycle time for cations was lo «ier in older
fallows co.ipared xo a 1 year fallow though in a 20 year
falovif tnis tended to improve in all cne cases. In case

of phosphorus this improved m olaer fallows (Table 6.6),

DiSGoSSI01J
In a comparative study of the nutrient concentra-
tion in the different compartment of the vegetation in a
20 year fallow, the level of nutrients in the litter
compartment was in general L'ouo to be lov/er than that
in the li/mg biomass. This may partly be due to re trans-
location of some of the nutrients liice nitrogen, phos-

phorus and potassium into the lIctrge branches and boles



Table 6,6

Turii*Ter tines aad ofycliag tiaes d(years) ef amtrleats la suocessiemal
cdioMumitles ufte 20 years dereleped after slasla and Isara
agriculture (Jku«)

Turnerer tiaes aad cycling times for nutrients (years)

2«ll«w P K Ca
(years) TT.. C.T.*x* f{T. C.T. oJT. C.T. a’T. C.T. C.T,» C.T.
Sell Veg. Sell Sell Veg, Sell Soil Veg. Soil Sell Veg. Sell Sell Veg. Sell
& & & & &
Veg. Y eg. Veg. Veg. Veg.

1 315.5 2.4 317.9 2.4 8.4 10.8 27.2 4.6 31.8 71.9 1.5 73.4 73.7 2.5 76.2
5 194.1 3.4 197.5 1.6 8.9 10.5 9.5 6.4 15.9 18.2 2.5 20.7 35.9 3.1 39.®
10 162.1 3.1 162.2 3.7 6.6 10.3 2.2 10.6 12.8 19.4 4.3 23.7 22.3 3.3 25.6
15 115.4 5.0 120.4 3.4 10.8 14*2 8.6 17.7 26.3 17.0 5.9 22.9 29,0 5.2 w4.Z
20 96.8 0.3 102«6 3.1 12»S 15.6 8*3 19.8 28.1 13.7 9.4 23.1 25.7 6.2 31.9

* T.T. 51 Tumeyer tiae
*o C.T. Qycling tiae
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before abscission and litterfall (Kramer & Kozl owski,
1960) and may al so be due to | eaching of nutrients before
litterfall. It may be noted here that potassiumwnich is
nore readily |eachaole (Nye & Greenland, 1960) has nuch
| ower concentrations in the litter conpartment conpared to
the living bi onass.
In the living bi omass, anongs the cations, the
concentration of potassiumwas nmuch higher in a 20 year fall ow,

this being nore obvious in xhe case of banboo, Dendrocal anus
); >0t 0>. Ssi Um

ham ltonii* Apart from rie fact that/?in early successional

communities has been shown to be a nore predom nant el enent
conpared to calcium wth a reverse tendency in mature
forests (Tergas, 1965; Snedaker & Ganble, 1969; olley et
al, 1975), particularly higner |evels of potassium conpared
to calciumin banboo is also due uo xhe fast accumul ation
of this nutrient by this species which is an inportant
conponent of che early fallows of secondary succession.
This is nore obvious vihen the total quantity of potassium
held in the living biomags of a single species of banboo
inal5 or 20 year fallowis conpared 'Wth that held in all
the dicot trees and shrubs pul' to”etner.

7/ith the devel opnent of secondary vegetation,

the nutrient reserve in the living bionass increased upto
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20 years due to a linear increase in bionmass with age

(Toky & Ranmakri shnan, unpublished). Because of the hi_, her

concentration of potassiumin banboo (Dendrocal anus hamlto-

nii) and the larger biomass contributed by this species,
potassium is nore abundant than cal cium and nmagnesi um

The high enrichnent ratio for potassiumin older fallows

of 10-20 years indicates nmaxi num conservation of tnis nutrient
in the living biomass. A simlar observation where Misanga

oecropioid,es in the early successionalfa rests of Belgian

Gongo sel ectively takes up pocassi umwas sho.vn by Bart hol o-
mew N al, (1953) though zhe Inventory for potassiumin
their study was nuch lower tlan in a 20 year fallow in tne
present study. It nay be noced here that upto 10 years of
fall ow period when banboo is not yet a major conponent of
the vegetation, the enricnnent ratio for phosphorus was
nore than for other elenen>s indicating conservation of this
nutrient in che living biomass. For calciumand .iiagnesi um
annual uptake and enrichrment ratio was much higher in

ol der fallows probably due to rapid gfowh of dicot trees
at this stage. QGeenland & Kowal (1950) reported al nost
three times nore cal ciumthan potassiumin the aboveground
bionass in a 40 year old forest in Ghana due to faster

accurmul ation of the forner in mature dicot trees.
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All the nutrients, except nitro™en, were generally
hisiiei" in a 1 year fallow due to rapid released due to
slash and burn. The rapid decline in nutrients in the
soil in a5 or 10 year fallow is due to depletion by
rapidly developing vegetation. Belease of nutrients into
the soil pool starts after 10 years of regrowth when fcaere
is a gradual build up of nutrients in the soil coapartment.
For nitrogen, on the otner hand, initially not only is it
lost due to burning of slash but th= fixation of soil
nitrogen may also adversely be affected due to burn.

Ho -/ever, soon after the burn, microbial activity is shown

to increaseflfe rapidly partly due to micro-environmental
changes in bhe soil (Moore & Jaiyebo 1963; Ahlgren & Ahlgren,
1965) and also due to removal of allelopathic effects

(Smith gic al, 1968; Rice, 1974) so that nitrogen bmild up
continues upto 10 year fallo\i' period followed by a decline
in subsequent years probably due to absorption by the
developing community. Similar observations are also
availaole for 'Lua' forest fallow system of shifting agri-
culture in Thailand (Zinke et_al, 1978).

The return of nutrients through litterfall increased
with the age of the fallow upto 20 years which is a func-

tion of the linear increase in *he litterfall with the age
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of the fallow (Toky & Ramakrishnan, unpublished). H gher
guantity of potassiumani lowe quantities of ocher elenents
are returned annually as conpared to the val ues reported by
Ewel (1976) for successional fallows upto 14 years in
Geutenala. This ia due to the high |l evels of potassium
conpared to others in xho predomnant banboo litter, as

al ready di scussed.

Vhile the turnover tine of all nutrienxs in the
soil tended to decrease, Lhat of the vegetation increased.
This is to be expected because of ”~ha marked increase in
upt ake by the devel opi ng vegetation ano. the increased storage
in the living conpartment 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,
pot assi um showi ng a tendency for decrease upto 10 years
followed by an increase in 15 and 20 year fallows. Gycling
times for elenonts in ecojystens are influenced prinarily
by rates of elenental uptake and rel ease by che plants.
Phosphorus and potassi um havixig m ni nrum cyclinj times
conpared to other elenents, show their fast rate of turnover
within the ecosystem 'Thecycling tines for various el enents

in tne successional fallo.vs cal culated durin® the present
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study are. nuch less t™an the values reported for nature

forests. Goadley » a (1975) reported turnover times for
phosphorus, potassiumana calciumin mature forests of
Panama ¢ nore than 100-200 years. -he values in the
present study -Tar calciumturnover are in che range repor-
ted for tenperate forests by Jordan & Kline (1972) but

much higher than that reported for mature tropical forests.
However, since the cycle tinme decrease with the age of the
fallow, it may reach a conparable level in nore nmature
forests of tne area.

Mneral cyclin; varies according to the nutrient
supply to the systemand zhe time available for the system
to develpp on :.he site. ?or exanple, the soil in certain
Amazoni an forests (Starkj1971 a,b; K inge & Rodriguesj
1968 a, b) are podsols wnich contain loAr quantities of
nutrients and have | o ; exchange capacity. As a consequence,
concentration of nutrients in plants are nuch greater than
m the soil and the elenents released fromthe litter are
rapidly taken up by the vegetation. Th” A nazonian case
has led Stark (1971a) to propose a direct transport of
nutrients by nycorrhiza fromtne dead organic nai:ter to the

living plant roots. |In auch a case cu,ting and burn wl |
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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 studies from cms laooratory, as yet unpu-
blished, indicate that mycorryzal development in plants of
jhum fallo™.'s may be more extensive than suspected. The
significance of this in nutrienc cycling in Jwum fallows
may prove to be interesting.

After a complete destruction of nutrient cycling
at the time of slash and burn agriculture, ch”ystems recovers
rai-idly through quiclc succession and potassium wvhich is one
of the important nutrients which is also highly susceptible
to leaching and run-off losses in :he early phase of regrowth
is rapidly conserved in the living biomass through bamboo.
As tnis process of conservation progresses steadily auring
xhe first 20 years or so of xhe developing community, any
disturbance at short time intervals as in the short jhum
cycle of ~t-5> years as in common now is likely to adversely
affect tne nutrienc conservation by i*helsystem.

SU-IAR/

Accumulation of bioelements, tneir rate of uptake
axid release throu™-h litterfall were measured in successional
stands upto 20 year. Concentration of nitrogen, phosphorus

and potassium was higher in living biomass than in the litter.
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Dcot trees were found to be rica in cal cium banboo

(Dendrocal anus aam ltonii) in potassium and herbaceous species

I n phosphorus. fhe total inventory of bioelenent increased
linearly with increa.se in the age of the fallow and attained a
maxi num | evel of 489 kg nitrogen, 64 kg “ohosphorus, 1379 kg

pot assi um 440 kg cal cium and 226 kg/ na nmagnesiumin a 20 year
fallow In this fallow5b to 73/ of fcue various elenents of
Dudge”™ were allocated to the bole conpartnent. Potassi umwas
the nost abundant elenent followed by nitrogen. In fallows of
10 to 20 years, banboo alone contributed 40 to 45" nitrogen,

i4 to A;;” phosphorus, 54 to 60/" potassium 16 to 19;~ cal ci umand
34 to N nmagnesium of the cotal budget. Maxi nrumannual rate of
accumul ation 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 (28.004 kg/ ha) and nmagnesi um (12.499 kg/x. a)
in 15-20 year fallows. Potassium snowed the highest rate of
accunul ation and it vas 1.3 to 3.3-fold higher tnan that of

cal cium and nagnesium col | ectively. Annual rate of nutrient

upt ake increased consistently with the age attaining a nmaxi num
rate between 15-20 years. Jhe enrichnment ratio was naxi num for
phosphorus and potassiumindicating their fast rate of conservacion

in the standing biomass. "laxi“num depl etion of soil nutrient
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pool occurred between 5-10 year of growth period. Annual
return of nutrients through litterfall increased with the
ave of the fallow showing naxiiaumreturn in a 20 year

fall ow
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&EHEEAL CONS| DERATI ONS AND CONCLUSI ONS

In the north-eastern hill regions of India,
the practice of slash and burn agriculture (Jhum is
a source of support for |.6 mllion tribal popul ation.

It is widely spread in Arunachal Pradesh, Meghal aya,
M zoram Mani pur, Nagal and, Tripura and sone parts of
Assam over an area of 0.327 mllion hectares (Mikurjee,
1975). During the last twenty years, major socio-political
organi zation and adm ni strative changes have taken pl ace
in this region. The population of these hilly states al so
I ncreased slowy upto 1951 but increased sharply between
1951 to 1971. Thus in Meghal aya, to take an exanple, the
decinial growh rate between 1900 to 1951 increased at the
rate of 7.3" to 15.65" where during the follow ng 2 decades
It showed a decinial growth rate of 26~ and 327.

The jhum cycle previously was spread over 20-30
years, however, under present conditions of high popul ation
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 terns of soil fertility
as well as vegetational cover. The take over of jhumfallows

by weedy col oni zers |ike Eupatorium odoratum | nperata
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cylindrica. MKkanla nmaerantha. Saccharum spont aneum

Borrerla hispidaf etc. under short cycles has resulted

inrapid deterioration in the environnent. Succession
has been arrested indefinitely at this pioneer stage.
The aggressi ve weeds (Eupatori um odoratum have either
a high seed production or have extensive underground

rhi zomes (lInperata cylindrica) and cause a serious problem

during the cropping period. Seduction in acreage is also
related to the land being rendered usel ess for cultivation
due to such a take over by weeds*

Wien the cycle is short, hazards of erosion are
consi derabl e even though the land is coloni zed by weedy
species and the |ikelihood of accidental spread of fire is
I ncreased because of the high susceptibility of Inperata
cylindrica and ot her weedy species. Damage to the ecosystem
could best be exenplified by an extrene exsuaple of inpact
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 nuch as 2250 cm recorded during
1974. Most of this rainfall cones between May and Sept enber
Inspite of high rainfall, one isstruck by the genera

barreness of the |andscape. A few xerophytic grass species
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of (hjryag “ogon« Cynbopogon, Eragrosti St Pani cxua and

j Paspalum survive in the thin layer of soil and rock
crevices. However, GCherrapunji and its surroundi ng areas
have patches of relict forests in the formof sacred
grooves with rich species diversity. These areas contrast
dramatically with the largely degraded | andscape. These
sacred grooves at Mawsnai at Cherrapunj at have (faQ@:c™ spp.,

Cast anopsi s spp., Schima wallichii with a |arge nunber of

shrubs |ike Photonia. BriobQry*Ssma 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 (lI) the loca

peopl e practise jhumand (I1) Jhumfields are extensive

in the forested areas around Cherrapunjoe, |n any case, due
to danage to the ecosystem there is scarcely any vegeta-

tional cover to hold the soil and there is no soil to support

a forest. Smlar is the case in many areas around Shill ong.

Exotic weeds as nentioned earlier have created a

serious problemin weed control due to sapid spread under

a short jhumcycle. This has resulted in the rapid depletion
of the gernplasm becauset of drastic changes in mcro-clinmate
and other elenments of the habitat. Many orchid species of

Dendr obi ua. Gynbi ditua and Vanda are on the endangered |i st




191

of plant species. Many tinber yielding species which
cone late in the successional seres, have been elim nated
due to shortening of the jhum cycles. Many endem c speci es,

for exanpl e, Neoent hesl s khasi anum (pitcher plant) are

t hr eat ened.
The forested areas in north-eastern hill region
of India ensured the survival of a rich mamal i an fauna.
In fact nore than 50" of the total nunber of nmammal i an genera
known from the Indian sub-continent are represented in
this region. Because of destruction of forest, chiefly
due to jhumcultivation, the habitati of these aninmals have
been danmaged. A |arge niunber of species once distributed
over large areas in this region are nowon the list of

protected species, e.g., elouded | eopard (Neofelis nebul osa),

golden cat (Pelis temm ncki), l|leopard cat (Fells bengal ensis),

tiger (Panthera tigris). wild buffal o (Bubal us babalis), etc.

Under conditions of vast forest resources and
sparse popul ation, slash and burn agriculture (Jhum wolld
be in harmony with the environment as the |abour of clearing,
crop planting and. weeding in relation to the size of the
harvest is low and nutrient build up through forests woul d
be sufficient to sustain agriculture w thout any need for

other forns of nutrient inputs. Froman energetic point
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of viewtoo, as evident fromthis study, the gystem could

be considered as efficient as the output/input ratio nay be
as high as 43.50 for a 30 year jhumcycle as against a
conparatively |ow val ue obtained under terrace cultivation
(6.02) as seen fromthe present study. The only source of
energy required for jhumis manpower which is cheap. The
farners are able to get all the diverse requirenents of life

fromthe mxed crops and fromthe forests.

The mai ntenance of crop yield is possible only
when the jhumcycle is sufficient”;. long; |onger 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 regrowh of forests
upto 5 year, depletes the soil with cations as heavy uptake
of nutrients takes place at this stage due to the fast grow ng
vegetation and it is not until after 10-20 years is there an

enrichnent of the soil. Banboo (Dendro cal anmus ham |l tonii) which

I's an inportant species in quick conservation of potassium
after slash and burn agriculture domnates the fall ows of
10- 20 years age. Seduction in the jhum cycle adversely

affects banboo regeneration and potassi um econony of the system
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Repl acenent of jhumby intensive agricultural
practices is probably not a realistic solution to this
problem Terracing the land as suggested by sone scientists
is likely to create nore problens than it would sol ve.
Terracing and weedi ng are very expensive to which nay be
added the cost of fertilizers which would be one of the
maj or inputs to sustain agriculture. Apart fromthe cost
factor, the efficiency of utilization of fertilizers is also
likely to be lowas the soil is extensively | oose, thin
and porous, This would result in heavy infiltration | osses
if not surface run-off, as our studies show that infiltration
| osses could be very heavy. Further, under conditions that
favour fast deconposition of litter and hunus the system woul d
al so need heavy input of organic manure in order to naintain
good physical conditions of the soil. It may also be noted
that much of the losses fromhill agro-ecosystem inder crrea
cultivation, occur during the early phase when crop cover
Is not yet available or at the tine of harvest when the soil

I s di sturbed.

The econony of the region should be devel oped with
enphasis on horticultural crops |ike orange, banana, pineapple
and various tenperate fruits which could be introduced with

success. Plantation crops |like tea, coffee, cocoa and rubber
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sonme of which have been tried successfully should al so be
encour aged.

Thus, keeping in viewthe climate, soil type and the
t opography of the hills, it nmay be desirable to keep cereal
cultivation in any formto a m ni mumand encourage horticul -
ture, other perennial crops, aninmal husbandry and tree
plantation. These woul d cause | ess damage to the environnent.
e may go so far as suggesting inporting grains into this
region. Inrelation to the Indian sub-continent the geogra-
phi cal positioning of the H nal ayas and ot her extension ranges
like the hills of the north-east, is unique. W cannot
afford to significant alteration because all najor river
systens originate fromthese nountains and drain into the
northern plans of the country. Therefore, any damage to the
ecosystem of these nountai ns woul d have repercussi ons over
a large area of the plain (Record of floods in the Ganga
basin in 1978 was related to extensive deforestation in the
H mal ayas). The repercussions mght be; floods, deposition

of silt, or ngjor changes in the climate of the sub-continent.
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Plate 1 & 8. Stages in burning of slash during
jhiim™ procedures.



PLATE 2



Pl ate 3.

Pl ate 4.

Field after bum  Fote that burning
of large boles and branches is yet
to be conpl et ed.

M xed cropping on the slope dom nated
by nmaize in the front and rice at the
back. Note a clunp of banana in the
backgr ound.



PLATE 3

EAjA'*

PLATE 4



Field after one year of cultivation
and harvest of crops.

Pl ate 5.
1 year fallow dom nated by | nperata

Plate 6.
cylindrica.




PLATE 6



Plate 7. 10 year fall ow dom nated by banboo
(Dendr ocal amus | “ai Ht on”i ) .

Mate 8 30 year fallow dom nated by nmany
di cot tree species.



PLATE" 8



Maxi num t enper at ur e N,

M ni num t enper at ure O T)

and precipitation ( A ) for the
year of 1978 at Burni hat.
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Table |-|

Area under shifting cultivation and the human population dependant
upon this practice in north-eastern India (after MukiiHrjee, 1975) .

States/Union Area under Total population Percentage of total
'‘Perritories saifting dependent on | population dependent
cultivation shifting cultiva- on shifting cultiva-
(ha) tion (in million) tion (1971) to total

population of
respective 3tates/UT

Arunachal Pradesh 70,300 0.,27 57.69
~izoram 60,000 0..26 80.74
Meghalaya 76,000 0..35 34.58
ianipur (Hills) 50,000 0.,30 27.95
rjagaland 83,600 ? ?
Tripura 17,000 xow  0.10 6.42

North Gachar & Mikir

Hills of Assam 70,000 4" 0,40 0.48



The area under shifting agriculture (Jhun)
in north-eastern hill regions of India,
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