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PREFACE

This study wae nn§ex$&kﬁa a% Burnibat located
at an al%i%&aw of 100m in the &&a&i hille of Meghalays in
&#&ar to study the &111 agxauﬁeaayatamn aaﬁ’uﬁra particue=
larly to measure the ia§aﬁ§ of slash and %ura agxiau&bar&
(locally called 'jhum®) which is the predominant ag&inultﬁgﬁi
'; §§a¢ﬁia; in the entire north-eastern hill region: of India,.

A namber af agpeects like &311 agro-ecosystem,

4 :ﬁxaatagi and §E§4ﬁ§§i¥£%¥ and energetie tf£1ai&ngy have

3 been astudied and zéxmg #ha»saﬁiwﬂaﬁ &isaugsi&ﬁ in chapiers
1 and 2, This is followed in chaper 3 by the analysis of
vegetation during secondary succession in jhum fallows with
: respect to its structure, biomass and ?@ﬁ&aaﬁﬁvitsi Chapter
| 4 deals with the detailed study of chenges in nutrients in
.“'_:ﬁii after burn and during cropping period of one year of
lzhaxa This is placed in the context with the a&%ri&n*

. recovery patterns during forested fallow development upto

~ an age of 50 years. Chapter 5 deals with hydrology and
- various types of losses of sediment and nutrients from agroe
' jiﬂﬂﬁ?ﬁ%&ﬁg It also deals with the bydrology and the losses
from the scosystem during development of the failéwaa
Chapter ¢ concerns iteelf with nutrient eyeling throuzh the
entire process of jhum upto & forested fallow period of 20 years.
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 Thé thesis starts with & Jeneral Introduction end is
- concluded with a Chapter on "Ueneral Considerations and
: ﬁn&asmnﬁn The conclusions drawa afe chiefly based
: "1_.. on the present atnﬁi&m Apart from this general discussion,
- each Chapter has ite own discussion of results and |
susmary. The various chapters have been prepared keeping
in view the eventusl publication of papers in different
Journals, A1l literature oited in the text is brought
together at the end.
Le-27 The various studies on jhum have been done
M%W&!@‘ keeping in mind the impact of the shortening
of the jJhum ecycle from an ecologically more favourable
situation of 30 years to as short & period as 4~5 years,
as a consequence of reduction in acreage and inoresse in
population pressure., Thus, wherever feasible a 30 yeay
- jhum eycle has been compared and contrasted with a 10 and
. 5 year cycles '




GENERAL INTRODUCTION
P 3lash and burn agriculture is practised on a
e range of soil types, slashing varied vegetational

48, and by people of widely different origin and culture

_5 it stows gxaat vﬁgiaﬁiaaa»ia'tsa types of crops zrown,

e length of the cropping and fallow period, and the method
ﬁryﬂltiﬁﬁﬁiﬁﬁ itself, But the system is universally charage .
'Q;stﬁ vy (1) 3&&@3&1 or coaplete clsaring of the vegetation
catﬁing and karaxag (2) cultivation of pure or mixed

,,g; and (3) the abandonment of the plot to fallow regenew
;,vﬁﬁ after the exhaustion of the s0il fertility. A short

Ji};»a( of eropping generally altazﬁataawith & longer period
of fallow with exclusive use of human energy ‘for all the
teps of the agriculture, It is one of the oldest of all

; agricultural aysteams, which indicates that it must be
Las. aaan until recently, more or less in ejuilivrium
ith the environment.

‘“ It is frequently called as *ilash and hata‘
agriculture, though the term *swidden' is preferred by some
 ?§3§$3¢1&§13¥ (Bxkwall, 1955)« The practice is also rafqﬁaﬁﬁ
?fa iy & number of local names, among which ‘milpa' from |
wi“:&r‘& Ameriea, 'chena' from ﬁﬁyzgg’;ggg ‘kaingin' from



. the Pnilippines are common. In the north-east India and
Eiytuasalaéaﬁa, the system is called as *ihwn‘ The nomene

~ glature of the system has been %keraagh&y disoussed by
Conklin (1957). L

Of the ﬁaret great aaatissn&tx»ztgionl-at shifting
agw&eﬁi%aﬁs in the gpa&a;, Africa is the largest having a
great variety of natural conditions and cultural ysztﬁxﬁ; ,
Its total tropical area of &g?& a&lli&& syuare m&laa, aadux
. forest, woodland and savannah holds a gapazatian of 104
‘million with a density of 18 per square niie {ﬁoax#&; 1@&3);
Harroy (1949) and Worthington (1988) &im&smﬁ slash and
kﬁxu agriculture against & wiﬁ«m hanuszamaa at the aausa:m
vation of natural rescources of &ft&ﬁﬁa de ﬁahlipﬁa (1958) '

deacribad g&xsd.ura§§xng on the border of the Sudan and the
 Congo practised by the Jande tribe, Here mixed crops

plug lusatua), oil seeds (m Mam
) and starehy erops {W& akill




Nye & Greemland (1960) gave a detail account
§£ the system in ever;reen and semiedeciduous forests
in Africa. Durin: the dry season & pateh of forest is
felled, dry biomass is burat and s mixture of crops is
~ sown by dibbling, During the growth of the crop or
. slightly after it has been harvested starchy orops like
ﬁaamva ﬁ&m {Coloeasia & iquorunm

or Zanibosons sagilti foliw

~ planted. Jeeding io jone twice or thrice during the
cropping period. Ths demse mass of the developing ﬁsﬁa@»
dary foreszt is soon aaaim%a by 1i:ht lovin: species among
which Husanga gecropioides (the Habrella tree), m |
guinensg and jagaranga barteri arve #m& predominant |
after the fields are left to regeneration of fallows.

: ,:maardz@g to themy regr.wth of the mgntatien is rapid end
three .mé.z*s of emg;;m alternating with i ht years of
fallow often appear to maointain fertility in the semiw
deciduous for.sis, and 1«2 years of eropping is followed
by about 10 years of fallow period in evergreen forests.
Under savannab in kwﬁm, ithe soil bas Yo be uore
thoroughly cleared than in a forest to get rid of roots
and rhisomes of grasses. In contrast to forest the land
ia ﬁ‘iﬁh@ﬁt éwsr during the dry season and 1t is exposed

&



%0 the early rains for at le:st four weeks before a :tﬁix?
. gover 1s formed, The intensity of the needs is alse hich
'F; particularly Af Imperata gylindriea is gwwmh Yhen the

anisetum sp and

indrica 1if the weeding is not zm;pwg in a

m or two the tall perennial grass
appears and when in aboW: 10 years %his attaine amm%*

,_é the land is considered £it to clesar azain.

Tropical imerica which has an ares of 6 milliom
square miles, has received far less mzimtafia 'ﬂaﬁh Like
. Africa, the system is practised both in forest and savannah
_ ' regions. Ceok (1921) #umwﬁ ‘milpa' system of growing
E maise in Central America and concluded that 'milpa' agricule
ture is a stable system if the imtervale between successive
clearing of the same land are very long and the forest has
- %ime %o restore the land to its original condition.

Carneiro (1960) studied Euikuru Indisns of Central smn,
£ who subsist largely by ta& slasgh and bura agriculture of

~ manioc (Manihot sp). le demonstrated mathematically that

" under a system of shifting aggﬁzwzww the Kuikuru have been
able to remain permanently settled and they do not have to
relocate their villages periocdically because of soil
exhaustion. Yatters (1971) describes 'conuco’ &;grim}.tuz‘c



_ "hammﬁ Oropping is primarily for subsistence and

@ chief crops are invariably maime snd black besns.
recropping is common, with a variety of anawal crops

_‘ ‘also semiepermanent ones (Yueces or ‘quinchoncho ).

H  gtable ‘conuco’ system is now in a state of break

wa and aﬁaﬂm&ngfi‘a&m; (4mb giui} is the main ocause

4 m breakdown.

: The tropiecs of Asia are mm those of Africa

and imerics in that the density of population is ten times

&s compared to other parts of the worid. Howevewm,

most of the population liveson alluvial soils of the slains.

Dobby (1050) estimated that one third of the tosal area used

 for cultivation in southeeast Asia ie under shifting agricule

m: However, this system is practised only in forest lands

ﬁt supports a denzity of 16 imdividuals per equare mile .

'5‘; Nuch of these forests receive a rainfall of more than 200 cme

Conklin (1957) deseribes the 'Hanunco’ system in the

ﬁ&imwmsm hﬁai; are felled in the dry monthe, and |

after buraing and clearing a mixture of crops sometimes nearly

"W are sown in the same plot ﬁtn a m of suceessive

. harvesting.



.' my (1978) studied shifting agriculture ('Joum')
f-gn‘ﬁhxgggaag hill tracts of aangaisﬁ¢i3¢ The seeds of the

. 811l fields consist of 60-80% of ﬁa@%yg the rest is cotton,

- eorn and vegelables like pulses and gourds, sesamum and
ehillies. The yields of the 'jhua’ plots are very low due
to shortening of the jhum cyecle and the general endonomic
situation of the farmers is bad.

Eapﬁaaax% {1971) gave a detailed account of 'swidden®
| 'axaieuiﬁﬁra of %&ﬁkﬁﬁﬁﬂhﬁgé in the central hizhlands of
Papua Hew Guinea. In aakzaé& gorden the Tsemvaga prefer to
glear &taénﬁn&y forests rather than primary forests. A

»» fence is made to keep the piis, both feral and domestic out
~ of the garden., Trunks of the felled trees are utilized

for this purpose. @ha‘§m¢§§agé can name at least 264
varieties of edible @l&ata; mgﬁrwﬁanxiag.aaaa 30 agaaiﬁ#:
The staples are taro (Solocasgie sgoulen

, nta) and aweet potato.
Other starchy vegetables such as yman* casgavas and bananas
E aw& of lesger iﬁpaztanat. Sweet gat&§§¢ﬁ and aaaaavssaﬁf

aan& as pig £§¢é as well as for buman &snﬁﬁayﬁignw 3&ﬂaﬂ,

peas, maizse and nagaxeaan ave alse ggawa, along with & number
of laazy vegatakl«s like a,ﬂpgﬁ¢4 8pe The ?ﬂﬁﬂk&g& recognize
the importance of the regeserating %x@am; %ﬁgy call them




eollectively 'duk mi', or "mother of zaprdens” and do not
destroy thea during weeding, Owine husbandry is linked
with the swiddening and both these provide the Tsembaga
- with, on the one hand, an adejuate daily energy ration ‘
~ and, on the other, an emerzency source of protein. '
' In the mortheeastern hill tracts of Iandia, this
- practice 1s a source of support for (.6 million tribal
. population. It ie widely spresd in Arunachal *radesn,
&g&am&, Hizoram, Manipur, mgazamﬂijﬁy&m and some
parts of Aseam over an area of O-l26 ~hectares(Mukerjee, 1975),
_ This praetice iaﬂa;laf calied as 'Jhun' consists of cutting
| down :he forssts of various successional stages on the
hill sdopee in the months of Qémukm and January, allowing
the slash to dry for a few months and burning the slash
before sowing mixed orops of about Se13 species. 7The land
18 utilized for onme or two years and then left as fallow
%o rogenerating forest. The Jhum oycle (the fallow period
~ before the land is again cleared) is often short ranging
from 45 yeurs but longer cycles from 1030 years are also
nmly avallable. Short cyeles have adversely afﬁamé the '
yield of ereps, the quality of the enviroament both in
teras of soil fertility and vegetation covers



At higher elevation (above 80C

Meghslaya, the practice differs from the #arsai.m, fora

at lower elevations, in many respects. Here the vegetation
%:rat 1; ﬁﬁi&ﬁ; of Pipus kesiva, At the time of clearing
the forest, only a ;sarﬁial felling is done in which only
branches of the trees are falhﬂ and M on ahss m@“
of the prepared land which has ridges and furrows. Soil

'7 s put over ithe slash and a light burning is done and

pure erop of potlate, sweet potato, .:g:.,éﬁ or maise is gg#&m
over the ridges sometimes there is aﬁm of these orops
also, 2«3 erops of potate are taken in one year. The
fields are used for 2«3 yoare and left as fallow for 510

- years. Due %o low soil fertility, some organic sanure and
fertilizer ave added to the rddges. |

Under slash and burn agriculture the fertility
ia %ﬁa: soil declines rapidly with sﬁummi#a seasons of
 eropping and this results in decrease in the yields of the
m;&e* In humid forest regions the yield declines faster |
than in dry forests and savannah regionss Tondeur (1956)
~reported that in the forested regions af‘ the Belgian Congo
éa;‘i&g the second cyele of rodation of rice, groundnuts




and cassava declined 76%, 86% and 334 respectively
compared to the first eycle. HNye & Stephens (1962),

on the basis of fertiliser trial in forest regions of
Gbana showed that during the continueus eropping for 8
years in the absence of fertilizers, the yield declined
sherply but in the savamnah Zones of Ghana, on the average
- yields in the absence of fertilisers declined slowly,

- The yleld ¢f & second crop of maize in north Guatemala s
often reduced to one half compared to the first crop
(Popence, 1989 ). At Yaabio Experiment Station, southern
duden, yields of cotton, groundauts and eleusine dropped
sharply after 3 year's oropping (Anthony & Willimott, 1956).

Yeeds are tﬁé aajor cause of deelining yield
under slash and burn agrieulture in many parts of the world
and include Eipatoriun edoratus in Thailend (Zimke g al,
'1978) and Jaserata aylindzics in Sarawak (Preeman, 1988),
Cutting gk als (1959) reported that the yield of maize in
Nygaland was 4284 kg/ha when weeded four weeks aftor
geraination, but attained only 3217 kg/ha when weeded six
weeks after germination. Emerson (1963), describes the
influence of weeds on the 'milpa’ system in tropieal America,
in which successive crops of maize, mixed with beans, ave
grown., The second crop yields leas than iké first, probably
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because it is more weedy and therefore farmers like to
clear a fresh land than to continue oropping on %& old
plots OUomklin (1957) estimated that & Hanunoo farmer in
the Philfippines spends 300 man-hours per hectare in
weedins the first year land cleared from primary

and 600 manehours on land cleared from secondary forest
about 20 years old. In the southeeast Asia, ﬂas fa}max
often :ives way to areas dominated by zanag grata |

eultivation (Gonklin 1957; Bedard, 1958). 1In Afriea ém
Ameries, the mrwawa&ing grassea W gyling 34
var. o ;ﬁm and Imperata b ragiliensig

agressive and are M&im replaced w other savannah
species if left abandoned (Nye & Greenland, 1960).

The shortening of the jhua eycle, in recent ﬁm,
has inoreased the weed gwhﬁm Another reason for decline
in yield of the crops under shorter eyecles is the depletion
of the soil of organic matter and éaﬁziimtztm of the

 soil physical conditions like water-helding capacity,
cationic asehmga capacity and aierobial and faunal activities
in the soil {’*&awws* 1971 )
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in mﬂM&ﬂam India there is a m@t confusion

¥ ‘agazﬁiwg the yields of erops from hill agmaawaﬁmm

~ The W%Wﬁiﬁ Research Centre, Jorhat, Assam, #ﬁ&éﬁ-&%ﬁ
_surveys on jhum yield of rice and coneluded that the

| average yield of 800-900 kg/ha in Garo hills, Misoras and
Arvunachal Pradesh is mmgﬁhk to the mm@ yield eof
1145 kg/na/yr fﬁt' the country .n a whole for ’i%%&ﬂ?@g

~ On tiw other hand, the rice yield under jhus in MM

was reported to be around 1200 kg/ha/yr (i1sra, 1976).

In a recent aﬁrﬂy of the socio-economy of uhu'%m agricul-
ture, Aurora gt al (1977) concluded that the yields of rice
under jhum and dry land cultivation on ﬁnmﬁu are not

.' . significantly different under comparable sitmations. A
study of Burnihat (Sahu, 1978) on rice yield gave ﬁs.rlx
@twta under valley cultivation of 3428 kg/ha, under terrace
cultivation 758 kg/ba and with jhum of 853 kg/ha. According
to a report of the Indisn Couneil of Agricultural Researeh
 (Borthakur ¢t al, 1978) the riﬁ& under jhum is very low
(190 kg/ha) compared to terrace cultivation (1860 kg/ha)s
Unfortunately none of these studies specify the fertiliser
inpute under terrace cultivation nor do they &ﬁaxmﬁ the
jhum pattern, the eycle of which deteraines 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 times, there has been a renewed
interest in the energetic effielency of slash and burn.
| agriculture due to energy shortage in the present times.
Data on the energetics of slash and burn a&aﬁa&iﬁﬁxm is
rather scarce. Rappaport (1971) provides relatively
ﬂﬁ&#&e#ﬁ information on the energy expenditure of the
‘%agnhasa pecple éi’aﬂw.aaiaﬁﬁ ;z;$;a«¥u‘ Ageording to
him, the farmers obtained an average of 16 food ealories

for each calorie of human energy employed during farming
which may go upio 20 anﬁaz*aaxakfavaa£@§1a conditiona.
 Modern agriculture is highly uastable and has many environe
- mental repercussionsi it is highly inefficieat from an
energy point of view as H-10 calories of fuel energy is
jzwgairaa to produce a single ealorie of food energy
( Steinhart & Steinhart, 1974). TProm the energy point of
view, shifting agriculture seems to be the best evolved
agaﬁan for forested areas in tropics and subetropics
(Gonklin 1957; Nye % Greenland, 1960)s Ramboo (1978)
taking the energy data of Rappaport {1971) calculates that
it %k& fire &&#ray is included as an input then the #ﬁt?ﬁ&f
input ratio gg§ §z&§;§a 0411 which is in comparable range
of efficiency of modern agriculture, During the caloulations
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- he has, however, ignored many products of the Tallow
- which fora a great source of energy to the farmers.

| When the cultivated land is abandoned, its

.~ vegetation passes through several secondary successional
connunities, but rarely reaches the climatic climax before
the land is again cleared. Richarde (1952) made & fine
survey of secondary succesaslions in the moist evergreen
forests of Africa, The first phase of the succession is
dominated by weeds which are short lived and s re replaced
by shrubs and later on by trees. Young secondary forests
tend to be even aged and are often dominated by a single

' agmﬁi“: the first dominanis may form & single generation
community which dies without repreducing itself and is
followed by communities with other dominants. In Nigeria
and much of the Congo Basin, for example, the secondary
succension is often dominated by the Umbrella tree
(Musangs geeronieldes)s This is a fast growiang shade
intolerant aspucies ﬁth & high potagsium content that dies
out after about 20 years and is unable to regenerate in ite
own shade. Jetailed studies of the surly stages of
succesoion afier slash ~ad burn agriculture haw been made
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) + 3 i b : Bl = 1“
TR M e g SwaE) ma*&hmest Ghana Y4

;gaﬁ(;gsgj. Clayton {i@ﬁﬁ} studied the succession on tkﬁ
'v abandoned farmle

14 around Ibadan in western Wigeria and
reported a wide range of vegetation over a relatively small
- area. In all these cases, the details of the sugcessional
pattern depend on the degree of cropping and exhaustion of
the land, and the type of the soils '

' Savannah in Africa consists of ecologically

dominant stratum of more or less xeromorphic herbaceous
species, of whieh gmmi and sedges are the principal
components; fire-resistant shrubs, trees and palms are somee
times also present. The density et' the woody growth varies
. greatly according to the intensity of eultivation, the method
of clearing and the severity of the annual burn (lNye &
Greenland, 1960).

A variety of reproductive and growth strategies
are adopted by successional aﬁﬁmn; among which stump, root
. and rhizome sprouts and invasion through seeds are common.
Salisbury (1942), Hayashi & Numata (1968) and Raynal & Bazzas
(1975) discussed the role of high seed production in early
stages of succession. The early species may be considered as
most closely approaching a purely exploitive strategy, which
enable them to become dominant in abandoned fields temperarily



~ regions, haeve shown that followins domina

- enariched with nutrients and rm}.i;z energy (Grime, 19743
 Harper & Wnite, 1974; Marke, 1974). The species that follow
in the later phases of succession have fewer and larger secds
and a long vegetative phase (Harper & White, 1974; Bormann

& Likens, 1979) and could be considered representative of
the conservation strategles.

DJetalled studies on succession, in temperate

nce by a few
species early in the seres, there is an overull increase in
species number with time. Numerous studies of the tropical
euccessional vegetation (Kenoyer, 1929; Ross, 1954
in, 1964} Kellman, 19703 Lawson gt al, 1970) suggest
~ that while the overall species richness is greater in |
tropical suceessional communities, the rate of increase in
species richness is not basically different from that of
temperate comaunities. Another important but lesst undere .
~ stood aspeet of successional communitiecs is the relationship
 between diversity, energy flow mﬁ age of the community.
There seems to be considerable wﬁ&sk& related to diversity,
productivity and stability, 4 general model of comnunity
structure and function has been developed (Margalef, i988a,
by 1961, 19693 Woodwell & Smithy 1969) with twe basie
approactes to evaluate stabilitys (i) the persistence of
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esrtain epecles combinations through time and (i1) the
amity of the community to resist environmental gﬁrmfw
tions. lHowevery a few of the generally accepted hypotheses
‘have been experimentally tested (Odum, 1969).

The long term success of slash and burn agrie
~ culture depends upon the regovery and msintensace of soil
 fertility. If the nutrient lost or displaced durin. the
short peried of cultivaiion are agp&m%&w balanced by
those replaced during the fallow period, the system could
continue indefinitely. The maintenunce of soil fertility
in hot, humid and high raianfsll areas is & serious problem

. and is more severe in situations when the cycle becomes

~ short, due %o poor recovery of soil fertility and increased
intensity of weed competitions This in turn results in
reduced erop jeld under short jhum oycles (Nye & Greenland,
19603 Watters, 1971)s |

When the forests are cleared and the debris
is burnt, all the cations are released on the surface
soil as ash, Heavy losses of carbon, nitrogen and sulphur
oecur due to velatilisation during the burn (Nye & Greenland,
1960y De Las 3ales & Mélster, 1976), FPor phosphorus there
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are no obvious mechanisms of volatilization but the
matter hae not been closely studied. Lloyd (1971)
myﬁrﬁa high ‘&ﬁa of total phosphorus due to buraing
but Allen (1964) and Vire (1974) reported no losses on
account of this. large proportion of the ash liberated
after the burn is blowneoff by the wind.

After the bura and during eropping period loss
of organic matter from the soil due to decomposition is
likely to be faster due %o higher imeulation and also due
to rapid surface run-off. Joachim & Kandiah (1948), Nye
% Greenland (1060), Zinke gt al (1078) and Jha gt al (1979)
reported a net loss of carbon after a year of ereppings
Juo & Lal (1977) estimated a requirement of 16 ton/ha/
ye of dry pleant material to be added to the soil under
slash and burn agriculture in erder to msintsin soil orgae
‘nie matter in the surface 80il at a level comparable to
801l under secondary forest, as the rate of decompesition
is faster under continuous croppings The depletion of
organic matter depends upon the intensity of crepping,
type of the Sallow vegetation and the ratie of the eropping
to the fallow periods ¥ith optimum cropping (1e2 years)
and f&kw period (8-10 yezrs), ‘ the bumus in the soil
gould %» meintained at a relatively high level even arter
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many years of shifting agriculture (Coulter, 1950 Biren

& Priend, 1956) Nye & Greenland, 1964), Similar to carbdom,
there is &lso a net loss of nitrogen after cropping compared
to that before burn. Nitrification after the bura is shown
to be accelerated due to high microbial activity, due to
rise in pH and temperature of the surface soil (Griffith,
19493 Moore & Jaiyebo, 1963; Anlgren & Ahlgren, 1965). The
ianerease in n&#ﬁzﬁ.ﬁaﬁ&m after the burn has alse been atirie
buted to the resoval of chemical inhibitors (Reed, ;.m.;
Smith gt g&, 19683 Rice, 1974).

Niye & Greenland (1980) have reviewed a large
number of fertilizer trials carried out in many parts of
Afriea with the main crops grown by shifting cultivators and
 have shown that on forest soil, whether oxysols or #E&?ﬁ#ﬁ.&;
responses o nitrogen have been small after fallows lasting
~ ten years or more, but large on land more intensively
eropped with only short fallows. The effect of phosphate
fertilization varied with soil type, but in many places imall
responses have been obtained in first year of eoroppin: and
larger responses in subsejuent years. Hesponse to ‘potash
has very comaonly been obtained after short fallows or on
land that has been mym for a number of ye
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' i‘*ﬁf‘t}wﬂ&ﬁaﬁ has a major impact on both the
amount and relative proportions of water, dissolved substances
and particulate matter lost from the system. Horeover, the
total concentration of cations in the soil solution depends
gpon %&a total concentration of anions. 4 bBigh zm}, of
nitrate ian due to increased 'biological activity' (Ablgren
& Ahlgren, 19053 Vells, 1971) after burning balances a
serresponding concentration of nutrient cations in the soil

m&ati&:& and therefore heavy kmau reu b water osccurs
{Bormanngt al, 1988; Lewis drey 1974 )s

The losses of water, mtxxmﬁﬁ and sediment are
bighly reduced when the land is reverted to the faliow,
Under fallows in the deciduous and semiedeciduous forest
- Bones, although there will be relatively large amounts of
aitrate in the sodl, leaching will be restricted both by the
. uptake of anions by the mgﬂaﬁam and because the trange
piration of a larger proportion of the mml will reduce
throush percolstion. In the wetter evergreen forest zone
where ,gmww;t&%zm is high (over 200 em), percolation is
bound %o ocour, but leachiang losses will be restricted, not
only by the absorption of anions by vegetation but alee by
~dow nitrate levels in the soil, since nitrifiecation will be
limited by high seidity. lLosses also depend uyﬁa the nutrient .
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status of the soil. Fcosystems with mutrient saturated
solls would lose relatively more of their nutrients than
those with nutrient depleted soils (Jordan gt al, 1972),

For amﬁg&h the northern hardwood forests (Likens st al,

- 1877) in which & large proportion of the nutrients is in
 the soil in exchangeable fora é@bﬁa lose & relatively larger
~ quaatity @k of it than tropical rain forests as in thewse
forasts most of the nutrienis arve tied up in the biomass

© (Odum, 19713 Jordan gf al, 1972) and aineral soil has very

- low nutrient coantent (Went & Stark, 1968).

The depletion of various nutrients in soil

~ continues in the early successional stages. The tranefer of
~ altricnts from subesoil to top-soil probably does 'mﬁ begin

| until after the first year or two of fallowj during this

- initial period the topwsoil is further depleted by leaching
and by the uptake of nutrients by the ﬁgsmmtm vegetation,
whiech has few aective roots in the subesoil at this stage.
Popence (1969) showed under regemerating forest fallow in
Buatemala that there was an initial depletion of the surface
8oil, after shich the level of cations rose in the top 3 omy
and fell in the layers below, as the vegetation developeds
Valentine (1976) alse reported rapid depletion of soil with
@xchangeable catlons upto 7 years of the regeneration burn in
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southewestern Australia. Zinke gt al (1978) also made
similer observations with the *lua’ forest fallow system
in Thailand.

A sherp increase in the aboveground biomass
ocours during secondary succession. Accerding to luge
(1973) maxisum biomass value for tropical xﬁmsu is
approached ia about 30 ysars at a level of 250 a.ton/ba
where as in the temperate forest in northern hardwoods of
' ?3&. after clear-cutting the living biomess rises to a peak
of 490 m.ton/ua in about 170 years only (Bormann & Likens,
1979)s ¥bile acoording to Margslef (1968), Odum (1969),
. Whittaker & Yoodwell (1972) a steadyestate for biomase
immediately fﬁihm the attaimment of the peak durin:
succession, according to Bormann & Likens (1979) this is
reached only after a transition period of more than 100 years.
In any case, a steaiyestate for biomass is reached over a
shorter time period in the tropics than in the temperate
forests. The rate of accumulation of biemaoss is faster in
the early a%&@?&a ol succession but may decline in the
subsequent years. Snedaker (1970) reported maximus
increase of biomase of 19.23 m.ton/ha/yr upto 7 years in
lowland forests in Isabel, Guetasala. Bartnolomew gf al

rate of
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(19563) reported o meximum rate of 26.6 m.ton/ba/yr in a
new forest of Musanza gsereoieid
Bowever, the rate of biomass accumulation during aumuian
also depends upon the type of vegetation established and
other mﬁwmﬁ&ﬁ conditions. Tropical forests as a whole,
with a mean annual net primary produetivity of 21.6 m.ton/
ha, exceeds temperate forests, averaging 13.0 m.ton/ha and boreal
forests averaging 8.0 m.ton/ha (quoted by luge, 1973).
~ Jordan (1971) reported values of 5.4 m.ton/bafyr for a 3
. year o0ld sucpessionzl forest and 10.3 m.ton/hafyr for old
rain forests in Puerto Rico. In an oakepine forest in New
York, net primary productivity (Holt & Woodwell, guoted by
“nittaker, 1975) increased to & fairly stable level in the
-meadow stage of succession and increased more steeply through
the shrub and the young tree stage to 12 m.ton/ha/yr in
- %he oakw~pine forest of 44«45 years ages ﬁanmﬁr & Me
Naughton (1978) showed a contrasting trend where over a 30
4 succesaion in old fielde in central YNew
~ Yerk, there was a decrease in average net m«ataﬁﬁyx ‘

1@ upto & period of Be8 years,

year peried durin:

During development of vegetation, a part of
- the nutricat is stored in the vegetation and part is returned
- to the surface @u by main wash from leaves sad "Wxsag
by litter snd twig fall, and in the fors of dead roots and
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. and root exudates. The soil huaus is increased during
~ fallow peried, chiefly as & result of litter. Helatively
high value of iitter g«w&wﬁ@ is found
mﬁmséi&m communities compared to the mtam ones
{Mitchell, cited by Bray & Gorham, 19643 M&; w?ﬂ,
This is because of the fast rate of uwwm of t&t
‘gommunity in the early successional stages.

in ihe “waﬁm‘y

The information on the chemical content of
tropiesl vegetation has been summarised by Rodin & Bagilee
vieh (1967)3 studies of the dynamics of mineral cycling
include those of lLaudelot & Meyer (1954), Greenland &

A Kowal (x%&}, Hye (1961), Doumergues (1863), Rozanov &

ﬂ&mm (1964 ), cdum & ?&gwxs (1970), odum (1970), Stark
(1970) and Golley et gk (1976). While the information is
quite limited, certain patterns are nevertheless suggested
by these stuites: (1), the uptake and retura of mkrimts
may be gmtw per year ia tmpia&{ t&m;ﬁn than in other
type of vegetation (ii), & larger proportion of the entire
cheniecal inventory of the system is held in the wge*t#§iwm~
{111), in tropical fgﬁat& the percentage of the vegetation |
in green parts, the proportion lest per year as litter,
" and the rate of decomposition of the litter are grester
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than in temperate forests, (iv), the rate of. uptake is
atwm}xy infivenced by the rate of mwtmyim&mm

The average concentration of elements in the
vegetation of tropics 1s shown to be hisher in the seconds
growth than in the mature forests (Golley 8t al, 1975)
because of their high requirement of nutrients. Potassium
is more abundant of all the elements in the sarly
successional forest but calcium tends to be more in mature
forests (Bartholomew et al, 1953; Golley et al, 1975).,

Wineral oyeling probably varies with the nutrient
supply to the aystem, with the time available for the
system to develop on the site and also the environmental
conditions, The accumulation of nutrdents and their release
through litterfall increases with the @age of the fallew and
becomes stabilized in mature mmﬂ#g The type of soil
- may also play a great role, as for @eZsy the soil in
certain Amagzonian forests (Stark, 1971 a,b; Klinge &

Rpdrigues, 1968 a,b) arve 3&:&1: whiech eontain low quantities

l of nutrients and have low exchange eapacitys As a consequence,
concentration of nutrients in plants are aaah Mgh@& than
 in the %5.3., and vhe elements released from the I.iﬂezr are
rapidly taken @p by the plants; the litter is also low in
natrients than in other forests (Kiinge & Rodrigues, 1968b),
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The Amazon case has led Stark (1971a) to propose = direct
nutrient eyoling hypothesis which states that on poor .
Amagon seils nutrients are transported from dead organic
mattier by mycorrhizal fungi directly %o liviag g},mt roots
w&tﬁw% appearing in the m&i solutions ,

gi%ﬂ (i?’?ﬁ} presents data on t’w%m dry
deciduous forests near Varanasi, Indie. The annual rainfsll
where this forest grows in In&m is 70 o 80 om and
distributed in a short period. The turnover of the nutrients
in the biomass is rapid (9, 44 yearsy Ca, 20 years; and W,
70 years). Apparently in this environment availlability of
‘water is the major iiﬁi%ng factor to forest production and
beoause of the environmental conditions the amount of
autrients that can be mmwmm inte the biomass is
relatively amall and these are conserved k: rapid aym
 between the biomass and sustrate. :

A complete destruction of forests under slash
and burn agrioulture disrupts the mimersl oyeling, because
the system loses ite ability to hold the lﬂﬁgﬁiﬁ‘ﬁ*t The
development of the regulstory functions depend upon the
E mﬂﬁbiﬁmﬁ& of biotic compartment which ia turn regulates
the ﬁgtsks of nutriente and water, nutrient storage,
decomposition, nitrification, mineralisation and erosion.
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Rapid recovery of tnese aeaafata@ characieristics are
promoted by teaperature, moisture, and autrient conditions
favourable to plant growth (Likens et al, 1978).

The present study attempts at detailed analysis
of agro-scosystes stricture and function with respeet to
’eraéging and yield patteran and also the energetic efficiency
of the different slash and burm agriculture cyecles (Jhum
-gycies) at a lower elevation of the Khasi hills of
Meghalaya at Burnihat (located at %ﬁﬁﬁéﬁ and 91.5°%) 90
km. nortih of ﬁﬁaiigég, 30, 10 aa&‘5~ya&r~jﬁwa eyecles wure
eamﬁ&?aﬁ between themselves as well as with terrace
eultivation and valley cultivation of wetland rice.

Inmediately prior to buraing the slash and through
the first year of cropping, the nutrient availability in
the soil, the pattern of loss of water, ﬁﬂéi&&&% and nutrieats
. through run-off/leaching were alse studieds. These studies
were continued turough various stages of development of
fallows,

The develeopaent of secondary comuunities was
analysed in detail with respect %o sgeaiéa'a@agaaiﬁiaa;
biomass accunulation, litterfall and productivity. On the
basis of the above s%a@iaarg& the basis of detailed nutrient
analysis of the different compartments of the developing
ecosystem, the nuirient cyeling pattern was worked out.



