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PREFACK.

The thesis embodies the results of a comprehensive
study on the 'Slash znd burn' agriculture(Jhum) at higher
elevations of Meghalaya taking into considerations, agro-
ecosystem structure and function and also various aspects
like weed biology, soil fertility changes, losses from the
system, hydrology, biomass end nutrient cycling in agro-
ecosystem and thce communities develooning subsequently during
fallow period. This study also considers the socio-economic
aspects of thc village-ecosystem under jhum., These aspects
form part of ¢ larger study on the ecological impact analy-
sis of jhum in the North-Eastern mregion of India. The
thesis starts with a General Introduction followed by seven
chapters on different aspects of jhum mentioned above. The

thesis concludes with General Considerations and keferences.

Thc seven chapters(Cheoter2-8) dealing with the di-
fferent aspects of jhum have been prcpared in the form of
resecarch pasers for onublication. Consequently some overlapp-

ing in the writing was unavoideble.

It is hoped that this comprehensive study on the
ecohogy of jhum =2t higher elevations of Meghalaya would
help in designing proper land use pettern for this region
and for conscrving the environment in the hill regions of

the NorthRastern India.



CHAPTER — 1

GENERAL INTRODUCTION
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More than 250 million people, thinly scattered over
300 million ha of forest land of the tropics, still follow
an ancient form of agriculture which involves the sleshing
and burning of vegetation, followed by the cultivetion of
crops(Goodland, 1980). Rapid deoletion of the fertility of
the fields, which are often too steep to hold soil, water
and nutrients compels the farmer to shift to a fresh site.
After cultivation for only a short time, the land is left
a fallow again to be cultivated after a few years. Thus
this system of agriculture is characterised by the rotation
of fields rather than the crops, and is most commonly known

as 'Slash and burn' agriculture.
Historical and geographical background:

'Slash and burn' agriculture is frequently called
as shifting agriculture because the farmer changes his
field every year. The anthropologists prefer the term
'Swiddening* for this practice, after an old English dialect
word Swidden ( a burned clearing), resurrected by Ekwall
(1955)¢ This agriculture is also referred to by a number of
local names, among which Conuco, Milpa, Roza y tumba or
Agricultura nomada from Latin America, Zande from Africa,
Jhum or Chena from Midile Asia, Honunoo or Kaingin from N
South-Bast Asia, Tsembaga from New Guinea highlands are
most common in the literature (Conklin, 1957). In India

this system of agriculture is variously called in different

tribal belts. While 'Jhum' is the common name in the entire
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North-Eastern hill region of India, this practice is known
as Podu in Orissa, Deppa in Bastar, Dahia in Madhyapradesh

and Watra in Western Ghats,

Afrifa is the largest among the three great conti-
nental regions of 'slash and burn' agriculture in the
tropics, with the greatest variety of annual conditions and
cultural patterns, and has received comparatively adequate
scientific study (Nye and Greenland, 1960). This system
of agriculture hrs been discussed against a wider background
of the conservation and develonment of natural resources
of Africa by several workers (Harroy, 1949; Worthington,
1958). Hailey (1957) has discussed this agriculture in
its socio-economic setting. Several othexs have given
regional accounts of the sative cultivation practices in-
volving cutting and barning of forests before plantation
of a mixture of crops(Tothill, 194%0; Tothill,1948; Waldock
et al., 1951; Tondeur, 1956). Among the study of 'Slash
and burn' agriculture illustrating the varied responses of
various tribes to different types of soil and vegotatinn
in the African continenf, the work of de Schlinpe (1956)
on the Zande tribe in the border of the Sudan and the
Congo, of Bergeroo -Campagne (1956) on the N'Dranouss tribe
in the high-grass savanna of the Ivory Coast, and that
of Richards (1939) on the Bemba tribe in Northern Rhodesia
are the most important ones. Allan(1965) has presented

an excellent study of some African forms of 'slash and burn'

agriculture.



Cook (1921) is probably the first man to describe
the 'Milpa' system of agriculture in the humid forests
oflLatin America where maize is grown extensively after
clearing the site by slashing and burning the vegetation.
Watters (1971) has written the best general account of
shifting agriculture in Latin America with special refere-
nce to the cultivation practice in Venezuela, Mexico and

Peru.

Pelzer(1948) has given an account of the 'Slash and
burn' agriculture in South-East Asia, and Gourou(194%0)
has described the practice in Indo-China. Freeman(1955)
and Conklin (1957) have given accounts on the agric¢ultural
practices of the Ibagn in Sarawak andé Hanunoo in the

~hilippines, respectively.

Mey (1978) has made a study on the socio-economics
of the peasants of Chitagong hill trescts of Bangladesh, and
some preliminary work in ‘he North-Bast India has been done
by Aurora et al.(1977). Recently,a detailed stu.y involving
the agro-ecosystem structure and function, hydrology, soil
fertility changes, secondary succession patterns, biomass
and nutrient cycling, microbial and soil animal ecology
studids, and socio-economic aspects of people involved in
!'slash and burn' agriculture in the North-Bastern India
has been compleéed of which this study forms a part (Rama-
krishnan et al., 1980; Ramakrishnen and Toky, 1981; Toky
and Ramakrishnan, 1981; Mishra and Ramakrishnan,1981;
Kushwaha et al., 1981).
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Reglional differences:

'Slash and burn' agriculture is practised on such
a wide range of soils under so many types of vegetation,
and by peoole of such videly varying origin and culture
that it shows great veriations in the crop combination,
methods of cultivation, productivity, technology, ecologi-
cal, economic and socio-cultural features. However, all

genesal

these variant forms show a great similarity in theirL9ha-
racteristics and conform to the minimum definition, invol-
ving a periodic shifting of site and a cycle of cultivation
that includes clearing of forest by slash and burn method
and the aﬁandoning of the field for the natural regenera-
tion of vegetation. To avoid over generalization on the
topic on the one hand and excess of details on the other
we shall pick up only some example of this agriculture in
the forest and savenna regions of the tropics of the world

for consideration.

The native subsistence agriculture practised by the
Hanunoo in Philippines (Conklin, 1957) and the Garo in
lower elevation of Meghalaya in the North-Bastern India
(Ramakrishnan and Toky, 1978) are the best example of
'Slash and burn! agriculture in humid tropical forests.

In these areas, the story begins with a piece of forested
land which the farmer has been allotted by his tribal
chief for clearing. The entire vegetation, including
large and small trees, are felled by the farmers during

the dry season, Larger boles and branches are removed
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from the site tid used as firewood. The slash is allowed to
dry on the ground during the winter months which are rainless
and burnt during March-April. Dried leaves and small branch-
es are burnt in situ, where as larger logs may be heaped up
and burnt a few times. After the first few showers in April-
May, weeding is done followed by the sowing of a mixture of
crops by dibbling the seeds using a digging stick. While
8-13 crop species are grown together on a single field by
the Garos, an extreme example of mixed cropping including
40-50 different crop species has been reported by Conklin
(1957). During| weeding, soil in between the planting holes
are not disturbed as the farmer weeds the young crop by
slashing with a cutlass. Crops are harvested successively

as the season progress. In the second year, crops like
sesamum, tapioca, banana and a few cucurbits are grown. The
land is usually left a fallow after 1-2 years of cultivation,
occassionally it may be used for another couple of years for
banana cultivation, The developning brush springs from the
stumps and large roots left after clearing the previous
fallow, and also from the germination of seeds already
present in the soil or transported in from adjoining areas

of forest., Regrowth is rapid and the secondary forest may

well be 3-4% m high after about 5 years and 8-10 m after
10 years. Forest regeneration is generally allowed to con-
tinue for 20-30 years. At this stage, the s.condary forest
is hardly distinguishable from the original one. When a

fresh clearing|is made the boundaries of the new patch
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may not necessarily,coincide with those of the old. Thus
there are no clear boundaries, individual fields can scercely
be discerned, and while some patches of land are under crops,
and others are under a thick regrowth of forest, there is a
middle category in which perennial crops survive omidst a

regrowth of forest vhich is gradually choking them.

Example of 'Slach and burn! agriculture in the semi-
deciduous forest regions of Ghana (Nye and Greenland, 1960)
also fall under the category described above where cropping
is started with maize plantation. When maize comes to its
developing stage, or shortly after it has been harvested,
cassesva, and ag a rule, other long growing tuber crops such
as cocoyam and plantain are planted. Small patches of land
may be reserved for vegetable crops. During the second year,
plantains and some of thc cassava and cocoyam is harvested,
while the remainder are left to grow further into a third
or fourth year to be harvested as needed, or left to the
natural regrowth of forest. In this case, the developing
secondary forest is soon dominated by the light loving

species, among which Musangc ceerconiocides, Trema zuineepse,

and Macaranga barterji are more common,

The best example of 'Slash and burn' agriculture in
savanna regions ic given by Nye and Greenland (1960). Under

the moist savanna of West Africa, except a few valuable-

species which may be preserved, most of the trees are slashed
and burnt, Soil under these areas is more thoroughly distur-
bed than in the forest to get rid of the roots of the grass-.

es. In a typical cropoing secuence, the soil is scraped into
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mounds of about # m high with the help of hand hoes, while
it is still moist at the end of the rains. The climbing
yam(Dioscorea sp.) is planted on the mounds, and a variety
of side crops such as maize, #quash and beans are added
at the beginning of.rain. The following year yam mounds
are destroyed, and maize and sorghum zre planted on the

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

thinly with $illet, comnletes the cropning phase of the
cycle, Weeding is comparctively a labourious job than in

the forest, particulerly if Imperate cylindrica is present,

When the land is left a fallow, it is often dominated by

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

l.cylindricg if it is not. In a couple of years the tall

perennial grass species, Andropogon gayanus apoears and

 when this completely replace I.cylindrica in about 10 years
or so, the farmer considers the land is fit to be cleared
again, If it is not cleared, the A.gayanus is replaced by
other tall members of the Andropogoneceac, such as Hyparr -
henia rufa, to form a fire-climex which is established

within 20 years.

The pattern of !'Slash and burn' agriculture in the
entire lover elevations of the North-Eastern hill zones of
India is basically same and is practised in the typical form
described earlier (Ramekrishnan and Toky, 1978). However,
the practice followed by the Khasi tribe in the higher
elevations of Meghalaya in this region is a modified version
of its typical type in that normally only the lower branches

of the sparsely distributed pine trees are cut instead of
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the whole tree. Further, unlike in its typical form where
the slash is burnt in situ and the secds are dibbled Airect-
ly into the soil-ash complex, in the latter case the slash
is place in pafallel rows running along the slope covered
over by a thin layer of soil forming the elevated seed
beds(ridges) alternating with narrow gaps(furrows) and are
subjected to a slow burn., Planting of crops is confined only
to the ridges. While fertilizer is not used in the former,
in higher elevations both organic and inorgenic fertilizers
may be used. This, system can be best comparcd with the
Chitemene' system of agriculture of Northern Rhodesia(Nye
and Greenland, 1960), where branches are loppned over a
large arca and piled end burnt before cultivation, though

there are signfficant differences between the two.
Yield aspect and weed problem:

The immediate cause of rotation of the fields under
'Slash and burn 'agriculture is the declining yields in the
successive yerrs of cultivation., In the British Honduras,
Charter(1941) found the yields of maize on pessant milpas
as about 1000-800, 800-600, 600-400 kg ﬁé in the suceessive
years. Steggerda (1941) estimeted that the yield in the
second year, in the Yucatan peninsula (Mexico), is only
about 80% as high as in the first year. In Melaya, Grist
(1953) estimated that the yield of paddy in successive
years of cultivation was to the tune of 1500-2000, 1200,
800 kg E; . At Yambio Experiment Station (Southern Sudrn),
Anthony and Willimo€§1956) estimated that the yields of
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cotton, groundnuts and Eleusine drooped significantly
after 3 years of cropping. Tondeur (1956) reports thet

in Belgian Congo areec the yields in the second year culti-
vation was reduced sharply end this reduction was to the
extent of 76%, 86% and 33% for paddy, groundnuts and
cassava respectively. The yield of maize in the second
year of cultivation in theN orth Guetemals was reduced to
about half compared to the first year crop(Popenoce, 1957),
and so, too, in the humid forests of Ghanéi;eported by uye
and Stephens (1960). In the centrel Petén, Cowgill(1961)
found second year milpa yilelds to be only 71% as high as

compered to the first year yield.

Another cause forcing the peesant to abandon the
land and cultiwate elsewhere is the rapid invasion of
weeds (Steggerda, 1941; Joachim and Kandiah, 1948; Freeman,
1955; Bergeroo-Capagne, 1956; Watters, 1958). In a situat-
ion where there is plenty of 1lcnd, and little motive to
produce a surnlus for sale, infestation with weeds does
not h vc to be so sev~re that it is impossible to conti-
inue crovping, but simply sufficient to make it easier
to obtoin subsistence by clecring © new site, The timing
of operations also plays an impa tant role(Nye and Green-
land,1960). Clearing is mostly done in the dry season when
the firmer has little work to do and by clearing a new
site the farmer reduces the work of weeding at a busier
time of the yeer, and so distributes his labour more

evenly,



While various workers heve discussed the influence
of weeds in reducin, the érov yield, others (Cowgill, 1962)
found no significant reletionship between the density of
weeds end the years of cultivation or the subsequent yield.
After analysing these exam»les, Nye and Greenlend(1960)
concluded that the extension of cropoing with annuals is
undesirable and is rerely practised because of increasing
difficulty in controlling gfasses, nd the weakening of
the woody regrowth. Where a succession of crops is grown,
weeds seen to be the main cause for declining yield.
Cherser(1941) has described that the infestation of 'alang-

alang( Imperéta cylindrica)is the reason of declining

yield of maize in the forests of Letin America. Emerson
(1953) has related the influence of weeds in decreasing

the yields of maize in the successive years of cultivation
under the milps system of agriculture of Latin America.
Cutting et al.(1959) has given the best example of the
importance of timely weeding of annual crops in Nyasaland.
They have renorted that maize yielded about 3816 kg ﬂ; when
wedded four weeks after germination, but only 2866 ké R

when weeded six weeks after germination.

Bnergetics:

Iq:formation on the en?rgetiézof tSlash and burn!
agriculture is scant and indeéuate (Black, 1971;Normsn, 1978)
However, Rnppaport(1971) provides relctive 1y complete
informetion on the major energy inputs for growving crops

under the 'Swidden' system of agriculture of the New
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Guinea highlands. According to his estimates, the pcasant
harvest 16,5 units of food energy for esch unit of energy
input, which may go up to 20 food calories under more
favoureble conditions., As mentioned earlier, *Slesh and
burn' agriculture is chiefly dependant on the renewcble
resources of energy, the plant biomass developed during
the fallow period. Thus, this system of agricultue is
based on solar energy supplemented with human lsbour in
contrest to modern agriculture based on high fossil fuel

energy in»ut,

The work of Pimentel et al.(1973) end Le~ach (1976)
have compared the energy efficiency of different agricul-
ture systems in the light of dwindling fossil fuel energy
resources, The increasing cost of fossil fuel and petrole-
um products, and the fast depletion of this non-renewable
commodity, essential for the modern agriculture, has led
to analyse the relationship between fossil fuel inout
and the output of food of the vorld's diverse food pro-
duction systems to measure the energetic efficiency of
these gystems or their v ulnerability to the cxternal
costs of the fosszil fuel. The way many societies have
evolved in the past in harmony with low levels of energy
gupply to the society would provide clues as to how modern
societies could adant to the limitations imposed by
energy scarcity. Among the detailed accounts of energy
input~output analysis of single tribes illustreting their

responses to their environment, the work of Lee (1966)
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and Rappaport(1971) are worth mentioning here. In Iee's
study, the input-output aporoach to subsistence hes shown
thet Kunz Bushmen in the Dobe area can derive an adeguate
living from oily a modest expenditure of their time and
effort. Hc estimated that the per capita yield of food-
stuff was 2140 k cal which was in excess of 105 k cal to
the energy requirement fer person per day. Ranparort
(1971) hts discussed the importance of Tsembaga Swine
husbandry as a practical way to store the excess of food
energy harvested during some of the productive yeérs. Bes -
ide this, according to him it formed a connecting link
in the detritus food chain by consuming the garbage, the
unassimilated food content of the human faeces and other
materials that would have otherwise been wasted. Further,
the pigs converted the carbohydrates of cheap origin to
high quality protein. During this sfudy, Rappaport esti-
mated an energy expenditure of 4.5 x 106 k cal over a

10 year period for rcering a single o2ig. On the basis of
this data and the calculations of Pimentel et als(1975)
that 65 k cel of energy are required to produce 1 k cel of
cork for human consumption, Pimentel and Pimentel(1979)
calculated that the return from 4.5 x 106 k cal of pig
feed would be 69230 k cal of pork, which is only 1.5%
return on the food energy fed to the pigs. This led thenm
to conclude that the Tsembaga Swine husbandry system is

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

-

A good derl of evidence suggests that a signi-
ficant change in the physico-chemical characteristics
of the soil under 'Slesh and burn' agriculture results .
in low yield per unit area which cdémpel the farmer to
abandon thc land for fallow develooment (Popenoe, 1959;
Nicolas, 1959 Nye and Greenland, 1960; Cowgill, 1961;
Walters, 1971; Watters and Bascones, 1971). Popenoe
(1959) hes given an excellent account on the soil changes
that occurs throughout the shifting agriculture cyclein the
Polochic river valley of Northern Guatemcla., He re-
portcd thet changes occurred in the top 4O em of soil .
only.The cutting and burning of the forest resulted in
an increase in the soil bulk-density, pH and percent
basc saturation, and decrecese in calcium and magnesium
in the 0-5 cm layer of soilj calcium and magnesium
increased in the 5-40 cm deopth, Rapid restoration of
the physico-chemical properties occurred during the
fallow development stege., However, additions of organic
matter under secondary growth had a high carbon to
nitrogen ratio ¢nd consequently immobilized much of the
nitrogen, Nitrate that percolated down the profile was
absorbed rapidly into the developing vegetation. Thus,
although the organic matter incrersed in the surface
layer during the first five years of forest regeneration,
it continued to declinc in 5-15 cm layer. While working
on the wmilpas of L0 peasants in the central Peten,

Cowgill(1961) reportcd an increase in potassium and
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magnesium and decrease in all other nutrients due to burning.
Cultivation had the effect of decreasing nutrient status in
the soll pool:second year of cropoing under this system cau-
sed a decline in pH by 1.3%, organic matter by 6-8%,nitrogen
5-9%, phosphorus 1.8% and the exchangeable cations by 3.5-
30%. During the fallow development all elements improved
markedly except pH; potassium was more or less stabilized

after about 10 years.

The work of Watters and Bascones (1971) in the hilly
areas of Altamaria-Calderas(Estado de Barinas) on the lower
elevation flanks of the Andes, reports that the main limita-
tions to crop vroduction were thre low nutrient levels;
physical properties were probably not limiting to crop
growth, Soil acidity was pronounced ®@nd theré was a marked
defieiency in available phosphorus, Potassium was rather
poorly sunplied. The total cations was low. Jenny et al,
(1948) have reported that although nitrogen and organic
matter levels are likely to be higher in areas receiving
high rainfell such as in the sub-tropical zones, the rate
of humus destruction is characteristically more rapid in
these wormer areas than in the higher cooler temperate zones,
and this would anpear to be a significant factor in forcing
fallowing. The work of Herrera (quoted by Watters, 1971) on
Kénkab soils suggests that the rapid loss of organic matter,
probably through leaching, is a basic reason for inducing the
peasants to shift their cropping areas. He has also reported
that the quantity of total nitrogen, and carbon to nitrogen
ratio, in general shows increasing tendency with increase

in the rainfall.
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In the tropical semideciduous forest of Ghana,
Cunningham (1963) found that clear felling of the vegetation
decreased the total nitrogen by about 30% in a period of
3 years, while the nitrogen level was meintained more or
less in the same level over 100 years of crop>ing in a tempe-
rate climete at Rothamsted, England. These differences
appear to be primerily due to the difference in mean temnper-
ature (Daubenmire and Prusso, 1963; Madge, 1966 )thus it
apocars that the macroclimatic factors are important among
the significant reasons of the different soil processes of
humid tropical and temperatc regions, and largcly explain the
occurrence of 'Slesh and burn' agriculture in the former
and more stable agriculture systems in thc latter.

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

Although information on the process of secondary
succession on abandoned lend are vest in the literaturc,
that on abandoned sitcs subsecuent to fSlash and burn!
agriculture is rather s2snt ¢nd are often inadequate. While
studying the proccss of secondary succession in moist
evergreen forest, Richards(1952) have reported that the
early phases of succession was dominated by wecds, inclu-
ding grasses, which are short lived and ephemerals rather
than ennuals., In the next phase, shrubs dominated the

comnunity. Shifting of dominance directly from
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to be even-aged and was often dominatcd by a single species,
In due course of time the secondary forest became more mix-
ed in age-structure and floristic composition till it re-

ached the conditions of a mature forest.

Bernard (1949) at Yangambi and Lhn. (1958) in South-
West Ghana have worked on the eerly stages of secondary
succession., In Nigeria and Congo bssin, Nye and Greenland
(1960) reports the process of seccondery succession and
the importance of gein in dominance by the Umbrella tree

(Musanga cecropioides), This is ¢ fast growing light loving

species which dies out aftcr about 20 y.ars or so, and
during this period it was reported to accumulate a high
prportion of notassium in its plant body and thus help in

ootassium conservation in the ecosystem,

There have been very few studies on the changes in
biomass, litter fall and nutrient cycling in the sccondery
successional communities developing after '©lash rnd burn'
agriculture., Data on the amount of nutrient stored, rcte
of accumulation and cycling in these succession?l comunities
is rather scant and often inadeguate than that for biomass
and productivity. However, Barthelomev et al., (1953) have
given relatively complete information on the nutrient
cycling and its subsequent changes during the secondary
succession upto a period of 18 yeers at Yangambi in the
Belgian Congo, They heve reported that the storage capacity
of leaves and twigs gets saturated at an early stege, there-

after the total storage increases more slowely and in the
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materials and roots only. They heve also obser-
ved that a relatively high amount of potassium accumnulation
occurred in the early stages of fallow develooment due to

the dominance of Umbrella tree(Musanga cecropioides) in the

comnunity at that stage. Nye (1958) reports only the avera-
ge nutrient composition of 1% dominant speciecs in a mixed
fallow of about 2y years at Kumasi in Ghgna., Using the nu-
trient data of Nye (1958) end the biomass values obtained
by Barthelomew et 21,(1953) for a 18 year old secondary
forest at congo basin, Nye and Greenland (1960) have esti-
mated the approximate. amount of various nutrients stored
in the vegetation compartment of the forested eco-system

at Yangambi.

While literature on nutrient cycling in temperate
forests is too vast to be reviewed here (Remezov ¢t al,,
1964; Rodin and Bazilevich, 1967; Whittaker et al., 1979 ),
little is known about tropicel and sub-trovical forests
(Greenland and Kowl, 1960; Nye, 1961; Jordan and Klinge,
1972; Golley et al., 1975). Certain patterns are necverthe-
less suggested by these studies. Uptake and return of
nutrients may be greater per year in troonical forests than -
in others and a larger proportion of the entire chemical
inventory of the ecosystem may be held up in the vegeta-

tion comparatment (Rodin and Bazilevich, 1967).

The present work:
'1Slash and burn! sgriculture (locally called as

Jhum) is a predominant form of agriculture at higher
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elevations of the Khesi hills of Meghalaya »nd is also

a common feature of the entire North-FEastern regions of
India, Lfter cultivation for a year or two, the land is
left fallow, again to be cultiveted after a few years.
This time lapse before cultivetion »f the same site is
called a jhum cycle, Formerly, the jhum cyclec was fairly
long, ranging from 20-30 ycars, which ensurcd that the sy-
stem was selfsustaining and in hoermony with the nature.
However, under thc present d¢y conditions of increased
population presure and reduced acreagce, the jhum cycle

has been reduced to 4-5 years. This, in turh, has rdversely
affected the quality of the environment both interms of
soil fertility and forest cover (Ramckrishnan et al:,

19803 Ramakrishnan, 1980),

The present comprehensive study on the *Slash and
burn' sgriculture at higher elevetions (1500 m) of Meghalaya
around £hillong (25.340N, 91.560E ) Fig.1.1) is pert of =
broader study on the ecological impact analysis af this
system of agriculture in the North-Eestern India., In the
-absence of many such studies of @ comprehensive nature, it
is hoped that this wonld yield information of velne both
from the point of view of the ecology of the region, land
use practices, es well as from a conserviétional view so0int,
This study, therefore, deals with agro-ecosystem yield
patterns, energetics of agriculture, village ecosystem
function, soil fertility patterns during agriculture and
subsequent fallow development, and the ecology of the

developing communities subsequent to jhum.



Fig.1.1 The area under 'Slash and burn' agriculture (Jhum)
in North-Eastern India.®] , under jhum; @
study site.
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CHAPTER — 2

THE ECONOMIC YIBELD AND ENERGY EFFICIENCY OF HILL AGRO
ECOSYSTEMS AT HIGHER EIEVATIONS OF MEGHALAYA IN NORTH-
BEASTERN INDIA.



INTRODUCTICN

One of the ancient forms of agriculture which is
still practised in different tropical and sub-tropical
regions of thc world involves t'slash and burn'., Here a
natural forested fallow is slashed and the dried slash is
burnt to add to the fertility of the soil and then abandon
ed for the natural regeneration of the forest. A few years
may lgpse (one cycle) before the same piece of land is
again cultivated. This agriculture is extensively practised
by a large number of tribes inhebiting the north-eastern
hill regions of India and is locally referred to as 'Jhum’,
In its traditional form the jhum cycle used to be 20-30
years, but has now been reduced to as short as 4-§ years
due to increased population pressure and reduced acrage
available for agriculture. Alongwith this, valley cultiva-
tion of rice is also practised by the local tribes, Further
in recent times, the local soil-conservation and agriculture
departments have introduced terrace cultivation in some

selected areas,

The present study on the economic yield and energy
efficiency pattern of the high elevation agroecosystems of
this region was undertaken because of considerable confu-
sion in the literature regarding the yield pattern of these
systems. The Agroeconomic Research Centre, Jorhat(Assam),
conducted surveys on jhum yield of rice and concluded tha't

-1
the annual average yield ranges between 800-900 kg ha,
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which is comparable to the &verage annual yield of 1145 kg ﬁ;
for the country as a whole for 1971-72. On the other hand,
the rice yield under jhum in Trioura was reported to be around
1200 kg ﬁ; 5; (Misra, 1976). In a rccent stuly of the sodio-
economy of shifting cultivation, Aurora et al., (1977) con-
cluded that the yield of rice under jhum and dry-lend culti-
vation on terraces are not significently different under com-
parable situations. A study at Burnihat (Sahu, 1978) on rice
yield gave an annual outout of 3428, 738 and 853 kg ﬁ; res-
pectively under valley cultivetion, terrace cultivation and
jhum cultivation. According to a report of the Indian Coumcil
of Agricultural Research (Borthakur et al., 1978), the yield
under jhum was found to be very lowv (190 kg ﬁ; ) compared to
terrace cultivation (1860 kg ﬁ; ). Unfortunately, none of
these studies specify the amount of fertiligzer inpubs under
terrace cultivation nor do they indicate the jhum pattern,
the cycle of which determines the yield. Also none of the
above studies specify whether yield from other crops are
included in the final figures., This study, along with that
already done for the lover elevation agro-ecosystems (Toky
and Rampkrishnan, 1981) would compare the different agri-
cultural systems of this region from the yield and efficiien-

cy point of view,

o)
This study wes done around Sh:i.llong(25.3’+-1\1,91.569E )

in the Khasi hills of Meghalaya, at an altitude of 1500 meters,
The climate is monsoonic with most of the annual rainfall of

1843 mm occurring during the monsoon season from May to
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September, The average maximum temperature during this season
was 23.700 and the average minimum was 16.300. The humidity
is wvery high during this period (84%.1%). Winter is cold with
ocecasional showers, extending from November to February with
an average minimum temperature of 7.600. Frosts are common
during December and Jonuary months, The brief summer which is
warm and dry extends from March to April and is accompanied

with strong winds (fig.2.1).

The entire area is characterised by Pine forests with
Pinus kesiya as the only domin-nt species., The terrain is
hilly with steep slopes, the angle average being 30o.hoo,
So0il is podsolic and since erosion outstrips the weathering

process, the soil aover is scant.
DESCRIPTION OF AGRCECOSYSTEMS

Slash and burn agriculture:

Slash and burn agriculture (Jhum) is extensively
practised by the tribal population of the north-eastern hill
region of India, In its typical form, as is the case of lower
elevations, this practice consists of slashing of the seconde-
ary forests end burning of the dried slash before growing a
mixed crop on the hilly slopes. Cropping is generally done
for one or two years before the land is left as a fallow for
the forest to develop. The jhum cycle (the intervening
fallow period after which the same forested land is again
cultivated) is often short, ranging from 4%-5 years, but in
its traditional form the cycle may be as long as 20-~30 years



2.1 Ombrothermic diagram for the study area(average

for 1977-1979), O , Rainfall; 4

y Mean maximum
temperature; A

» Mean minimum temperature,
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as was the case when the population pressure was not much
(Ramekrishnan and Toky, 1978; Ramakrishnan et al., 1980).
More than 85% of the total land area under cultivation is
used for jhum., The average size of the jhum plots are about
1.5 = 2 ha for a family of 5 members consisting of two adults

and three children.

The pettern of jhum at higher elevation of Meghalaya
1s a modificd version of the typical type as outlined above,
To start with pine trees are rather spareely scattered with
considerable undergrowth vecgetation consisting chiefly of

species like Eupatorium adenophorum, Imperata cylindrica,
Lantena camara, Osbeckis crinita, Rubus ellipticus, Rubus

micropetalus, various fern species like Pteridium egquilinum

and Dicranopteris linearis and tree seedlings like Goultheria
fragrantissima, Myricéd esculenta, Quercus griffithii, etc.

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

branches which are slashed. Slashing is done in December, the
plant bioﬁ’!s is arranged in parallel rows running down the
slope and then is allowed to dry. In the month of March,

soll is placed on top of the slash so os to make ridges and
furrows running zlohg the slope. Consequently, the burn of
the slesh is controlled. A fire line to chack its spread is

made around the field by clearing the vegetation.

A mixture of crops are grown together in the same

-

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

of monsoon, the tuber crops like Solanum tuberssum, Ipomoea
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batetus and Colocasia anticuorum ere planted on the ridges.

Sowing of cereal (Zea mays), legume (Phaseolus wvulgsris)

and a few cucurbits (Cucurbita maxims and Cucumis sativus )

are done just after the onset of monsoon. Along each ridge,
three distinct rows of soving is done through dibbling with a

mixture of both Solanum tuberosum and Zea mays mixed together.

Planting of Colocasia anticuorum is confined generally to the

top and bottom part of cach ridge and the cucurbits are sown
at random, but widely scattercd on the ridge. Phaseolus
vulgaris is sown around pine trecs wvhich provide support to
it. Aftcr the harvest of the tuber croos in July-August, a

winter crop of Solanum tuberosum is sown along the ridges.

Harvesting of Zea miys ond Phaseolus vulgaris is done in

September-October, after which Brassica oleracea seedlings

are planted alongwith the winter crop of Solanum tuberosunm,

+

Hervesting of the second crop of potato is done during

November and then the field is left uncultivated bectween

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

4]

same procedure arc followed; otherwise the fleld is abandoned

for regeneration of natural vegetation,

Emphasis on the mixture of crops may vary according
to the jhum cycle. Under 15 ond 10 year cycles, all the crops
mentioned above may be included during the crovping. However,
cropping is done only for one year after which the land is
left a fallow for naturcl regeneration of vegetation, Further,

under a 15 yeor cycle, no fertilizer is applied during
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cropping. A 10 year cycle, however, may receive organic
fertilizer in the form of pig dung and vegctable origin

manure »t the rete of 60C kg ﬁl i% (oven dry wt).Under a

5 year jhum cycle crooping may be done for 2-3 years after
slash and burn cnd then the lond is fallowed for natural re-

gencration of wvegectation. Sol-num tuberosum, Zca mays end

Brassica oler~cca are the only croos grown here. This reduct-

ion in the number of speciecs cultivated under a 5 year cycle
is releted to poor soil fertility and increesed weed problem.
During the croooing period both organic (onig dung and vegeta-
ble origin) end inorgenic (NPX - 1:1:1) fertilizers are appli-
ed at the rate of 1000 kg Fa and 10 kg F% resvectively in

the first year of cultivation and 1850 kg RA and 20 kg Ra

respectively in the second year.

With the onsct of monsoon, weeds pose a serious
problem particularly under A short jhum cycle of 5 year.
Herbaceous weeds arisec through seeds, rhizomes or as root

sprouts., Bupatorium adenophorum, which is a noxious weed,

may arise chiefly through seefs or through root sprouts.
Regeneration of Imperata cylindrica is mainly through exten-

sive, fire resistant underground rhizomes alongwith others
like Pteridium eguilinum and Dicranopteris linearis. These
along with root or stem sprouts of tree and tree seedlings
may be kept under control through frecuent slashing. Hand
hoeing along the ridges mry also be done 2-3 times during

the season.



Valley Cultivation:

Wet cultivation of Qryza sativa is done in the flat

lands of valleys. Uplend voriety is grown year after year in
the s~me field, because the land is comparatively fertile due
to drainage of water and nutrien§ from the adjoining hills
into the valley., Hence normally no fertilizer is apnlied to
these fields except for 2 small amount of cow bone meal, This
is a complementary system in selected frvorable sites rather
than an elternstive to the jhum. Land is prepsared thoroughly
before sowing the seeds by broadc-sting in June, after the
firet few showers, Weeding is subsequently donc from time to
time, Harvesting is donec in November after which the land is
left uncultivated until the following May-June, Weeding,
harvesting, threshing and milling of rice is all done manunlly
both by male ond femrle members of the femily. The average
size of land under valley cultivation for a family of 5 mem-
bers consisting of two adults and three children is 0.5-0.75
ha , Not more than 10-15% of the cultivated land area would

be under this agriculturc practice.

Terrace Cultivation:

In recent times, there has been an attempt by the
governmental agencies like the locel Soil Conservation
Department to provide an alternative to jhum in the form of
bench terraces for agriculture. The land is initially terraced
by the Soil Conservation Depertment and handed over to the

farmer, The seme plot of terroced land is put into cultivation
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continuously for 6-8 years aftcr which it may be abandoned
probably duc to decline in physical characteristics of the
soil. The terraces are prepcred into clevated seed beds alter-
nating with furrows. The cronning pattern in terroce culti-
vation is similar to that in thc 5 yecer jhum cycle where

Solanum tuberosum, Zca mays and Brassica oleracea are grown,

Cropping is donc twice » year as in Jhum cultivrtion. This
agriculture is characterised by heavy innut of fertilizcrs
with 3000 kg ﬁ; of orgernic manure (pig-dung and vegetable
origin) ond some 741 kg ﬁ; of inorgenic NPK (1:1:1) fertiliz-
ers.

"Terrace cultivation is rather rare in this recgion and
is not a normal land use practice except on an cxperimental
basis., The averege size of terraced plots for a family of
5 members consisting »f two adults ~nd three children where-
ever it is practiscd is about 1-1.5 ha, The reduced number of
crops grown undcr terrace cultivetion mey be more related to
the work power available in relation with working times as
land preperation and weeding are major problems under this

practice, rather than reloted to fertility problem since

heavy fertilizer apnolicction is done in this case.
M=THOD OF STUDY

Agricultufal systems under three jhum cycles of 15,
10 and 5 years were identified around Shillong taking care to
ensure the same tonogrrphic conditions, Sites under terrace

cultivation and valley cultivation were also ldentified in
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the same arca. Detailcd observations were made on the various
agricultural‘operations in each of these sites, All observa-
tions are bosed on two years of study during 1978-1979 using
7 field sites under each system., The entire field unac¢r cro-
pping was taken into consideration for calculating yield datec

and therefore refers to the hectare effectively cultivated.

The soil was stmpled from g depth of 0-1k cm on two
occasions in the case of agro-ccosystem under 15 and 10 year
jhum cycles, once in 2pril just before secd sowing and again
in December after onc year of cropoing. These two sampling
were also done under 5 yecr jhum cyele ond terrece cultivation
except that a third sammling wos done at the end of two years
of cronping in thc following Deccmber. The éoil analysis data
represents @ mean of 10 replicates. Soil analysis was done by
standard procedures obtained by Allen (1974), Thus carbon was
determined by the Walkey-Black method, Organic nitrogen by
the micro-kjehldahl method, No3-N by the phenol-di-sulphonic
acid method and Pol-P by the phosphomolybdate blue method,
both colorimetrically. Among cations, calcium and magnesium
was determined by the EDTA titration method =nd votassium by
the flamc emission method after extraction of the samples in
I N Ammonium acetate at pH 7. The concentration of nutrients

2 using bulk

upto a depth of 14 cm were converted into g m
density values,

The various weed species which came up during the
cropping were anelysed at their peak growth before first

weeding in June for frequency, density and basal area using
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I m2 quadrats following standard procedures given by Misra
(1968) ond Kershaw (1973). The results are based on 20

observations in each site.

For the cost-benefit analysis, lebour cost for m n
and wvomen workers were calculated on the basis of the present
daily wage rates of Rs 9 and Hs 7 respectively. Cost of
manure, chemical fertilizers rnd secds were calculated as
per the current market price. The monetary return for ench
of the agricultural systems was also calculated on the basis
of the prevailing market price of each commercializable
commodity. The economic sustainability of these systems were
measured in terms of return per rupee invested or the mone-
tary outout:inout ratio. The eccnomic yield of different
crops was also calculated. Economic yield refers only to the

commercializable poart which is edible.

The caloric values for the seeds of different crop
species sown and the economic yield harvested were estimated
after burning the samples in a bomb-calorimeter. The caloric
values thus obtained (Table 2.1) were then expressed in terms
of the seed sown or yield harvested per hectare. The caloric
values given in the %table are on the basis of the weéight

including the moisturc content indicated.

For calculations on energy expenditure on labour, a
man-hour under sedentary labour was considered equal to 0.1

ho and a wom~n-hour under moderate labour as 0.09 hp (Singh
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Tahla 2.1, Caloric values for different crons/fertilizers
Category Moisture Energy valjue
content k cal kg
(%)
Heat of combustion:
Zea pays 14,30 3397
Sced/ Oryza sativa 13.42 3429
Grein Phasc vlus vulgaris 10.15 3357
Cucumis sctivas 8.97 2830
Cucurbita moxima 8.20 5823
Brassica olcracea 89.95 277
Leaf Colocasia antiguorum 80.20 . 738
vege- Ipomoe? batatus 80.00 625
table Solanum tuberosum 85.00 L28
Cucurbita maxima 82.00 600
Roots §olanum tuberossum 72.20 962
& Colocasia antiguorum 71,80 979
Tuber Ipomoea batatus 70.00 1188
Stem Colocasia antiguorum 92.80 168
Xegi- Ipomoea batatus 62,00 220
Fruit Cucumis sativus 96.50 130
Xegi— Cucurbita maxime 93.00 257
able
Cucurbita mexima(fl-ower) 91.00 400
Others Bragsica oleracea(seedling) 89.00 262
Ipomnea batatus(Stem cutting) 62.00 220
Production cost(I) G,
112 o - 18400
2vs -
K50 n 3318
Replacement cos t( 2)
Manure(oven dry) - 332.01
Bone meal(oven dry) - 1403

(1) From Pimentel ot 01,1973
(2) Peﬁcenta§e ~f N,Pp O an?

and

K50 in the manure sample was 1. 4,

and 20 respectively,

2 respoctively. Percentage .of N and P205 in the
bone meal sample was W



and Chancellor, 1975 and Gopalan et al,, 1978). Conversions
of the horsc power values thus obteined was done by consider-
ing »ne¢ horsc-power hour as ecuivalent to 641,5 kilo-calories

of cnergy (Mitchell, 1979).

Encrgy innuts through chemical fertilizers was cal-
culatel on thc basis of the fossil fuel energy that is re-
quired to menufacturer the chemicel fertilizers (Table 2.1).
The fossil fuel e-uivelents given in table 1 were used to
ceclculate the replrcezent cost . of the organic menure in terms

of fossil fuel ecnergy.

RESULTS
Soil fertility status of different agro=ecosystem:

A comparative study of the nutrient status of the .
soil under jhum agro-ecosystems suggests that carbon status
in the soil initially was higher under a 10 year cycle co-
mpared to others., However, at the end of one year »f culti-
vation under a 5 year cycle thc level was much lower though
there was a slight imnrovement at the end of the second year
of cultivation, Nitrogen status in the soil was lowest under
a 5 year cycle at the beginning of cultivation but imoroved
at the end of cropoing, more so under 10 and 15 year cycles,
PO4~P was maximum under a 10 year cycle initially as well as
at the end of 1 yerr of cropping. In general, the cations
were markedly lower under a 5 year cycle end very low values
at the end of seccond ycor of croporing. While the initial

values given under terrece cultivation was obtained before
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fertilizer application which accoumts for the markedly low
levels of nutrients comparcd to jhum agroecosystems, the val-
ues obtained at the one/two years of cropping show a general-
ly sharper decline in fertility compared to even the agro-

ecosystem under a 5§ year jhum cycle (Table 2,2).
Phytosociology of weeds in differcnt agro-ecosystems:

The data on veeds studied in jhum agroecosystems under
1u and 5 ycar cycle suggest (Table 2,3) that the wedds are
generally more vigorous under the latter., Thus species like

Alternenthera philoxeroides, Erigeron linifolium, Eupatorium

adenophorun, Gaadchalium hypolencum, Gnenhalium luteoalbum

and Imperata cylindrica arec 831 more vigorous under the short-
er jhum cycle, A compearision of the weed problem under terrace
cultivation suggests thot the weeds are in genersl more vigor-

ous here compered to tha. under e 10 year jhum cycle (Table2.3).
Crop yield and econnmic return under different agro-ecosystem:

The input of seed/seedlings into the agro-ecosystems
differ to some extent (Table 2.4), Zes moays and Brassica
oleracea was emphasized more with the shortening »f the jhum

cycle though thce innut of tubers of Solanum tuberosum were

also sanewhat higher under a 5 year cycle. The seed innut »f

vegetable crops like Cucurbite mexima and Cucumis sativus

also was higher under a 10 year cycle than under 15 year
cycle . Under terrace cultivetion, only three crons were

grown as in a 5 yerr jhun cycle of which Solenum tuberosum
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Table 2.2. Nutrient status(g ﬁg ) of the soil (0-14% cm) befrre

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

. Jhum cultivation Terrace

Nutri- i )

egtrl 1537 10 yr 5 yr cultivation

cyecle cycle cycle

C 2075 -2319 2182 -2333 2168 - 1973 2518 - 1952
(2058) (1818 )

N 294 - 326 295 - 334 259 - 278 291 - 258

(298) (178)
PO+ -P 0.379 -0.387 0.38%-0.426  0.376-0.387  0.40"-0.345
( 04367) (0.3%0)

K 66.5 -17.3 60.8-20.1 56.0 - 12.9 17.0 - 6.1
(9.5) (6.2)

Ca 39.2 -16,6 32.4-18.6 25.6 - 6.4 17.7 - 9.9
( 3.7) (7.0)

Mg 2509 - 907 270\)" 9.7 2"".3 - 10.0 1205 - 3.8

values in thc parentheses indicate nutrient strtus at

the end of second year of cropoing.
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Table 23 Intensity of weed problem under different Lgro- ecosystems before manual weedlng.

]

Frequency (% ) } (ind?i?ZiE{s m=2) X “ 62%83%2?r9a .
Weed species Jhum Jnum terrace Fhum J hum terrace Jhum Jhum terrace
10yr ~ 2 ¥T F 10 yr 5 yY 10 yr 5 yr
cycle cycle { cycle cycle cycle cycle
: oo | ; .
Ageratum conyzoides L. 60 90 §80 7.1 6.5 7.5 5. 84 3,50 4.5
~Alterna.nthera philoxeroides Crai. 20 50 60 0.8 1.9 10 ok 154 0.8
Chrysanthemum&c1ner§r1follu$§g?ev) 30 60 Lo - 1.5 0.6 0.20 f olus 0.18
D%ymarla cordat% <é.%§;i§%?X Roem 20 70 50 1A 2.5 5.9 0.13 ; ol375 0.135
Dicranopteris linearis Burm. f. 70 60 70 1.5 1.3 1.6 045 0l325 0k
Brigeron linifolius Willd. 50 100 700 5.0 9.5 13.0 0.80 i 4 s 9.1
Bupatorium adenophorum Spreng. 90 100 100\\‘429.0 30,k 7.8 5.80 Z 6;48 5.56 ’
“8linoos partiflore Cav. ®0 10° 190 g 3.1 2.8 0.60 | 0262 0.56
.Gnaphalium hypolencum D.C. - 60 Lo~ | i o 0.7 _ 4 0,20 0.1k
Gnaphalh%;}mteoalbum L. - 50 50 ) 0.9 0.8 _ ﬁ0.18 0.16
Ey?ochaerls %adlfata L. ?9 100 80~ '1.8 3.3 3.2 \ 0.5 30199 9.6
Imperata cylindrica P.Beauv. 60 100 100 o 16.1 6.1 o 4:025 1.83
Oxalis latifolia H.B.K. 100 100 100~ 17.3 8.6 13.1 1.73 k.29 1.965
Plantago major L. 70 100 /0 5.0 2.9 7.2 0.50 b8y 2,56
Pteridiun aguilinm (L.)Khun ex 100 100 o, . g )1 - 1 8o .
X R
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Table 2.4. Seed sown (kg ha yr oven dry wt) gnd the number of [seedling planta in different agio-ecosystem, i
. Thum cultivati ( N ‘ ' ;
Category of seed/seedling un e vaston ! TerraoE Valley
15 yr cycle 10 yr cy%le ;fyr cycle cultivation cultivation
(mean+S E ) (meant § F ) . —5 ) . - (meant(S B ) (mean+ S E )
I yrjirop ITyr crop |
1 (meant? ) (meant+ S E ) -i
. { 1 ;
¥ ' ¥
Root & Tuber crops: ! : ;
b
Solanum tuberosum 55.6+0.52 55.6+0.48 62-55t0.6% 63.1+0.6 139+1.,26 -
i “
Ipomoea batatus 19.0+0.23 23.9#t0§27 - % - - -
Colocasia ant¥juorum 0.49+0.03 M.23t0.ﬁ1 - : - - -
¥ &
Cereals: 5 '
i, (
Zea mays 2.1%+0. 1 8.57+0.21 12-85t0.2% 13.3+10.27 42.8510.56 -
L2 * 1! :
Oryza sativa - - - 1 - g 13.2+0.33
!
Legume: : i
Phaseolus wvulgaris 1.35+0.07 1.12£0.09 - 1 - - -
‘ ]
Vegetables: -
e j
Cucurbita maxima 0.09+0.01 0.55+0.03 - ~ - -
Cucumis sativus 0.23+0.02 0.36+0.02 - - ¥ 3
i1
Brassica oleracea 1200440 1l0+l7 26k0+h2 - 2700+4+8 2610+k45 ,
. "
i N
& "
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wvas the major croon., Innut of Solanum tuberosum tubers and

Zea meys seeds were more here comparable to that for jhum

cultivation,

The economic yield of different crops declined mar-
kedly with the shortening of the jhum cycle, this being por-
ticularly evident in the cese of tuber crops like Solanum
tuberosum which are emphesize” most on these sites (table2.9).
The yield of Zez mays improved under a 5 year jhum cycle(first
year cropping) but this is chiefly due to the emphasis laid

on this crop, Similarly, Brassica oleracer also showed higher

yiell under a 5 year cycle for the same reason. The number of
differ:nt crop species cultiveted under a § year jhum cycle
werc fewer in compoarison to that under long jhum cycles of
15 or 10 ye~rs #nd the yicld here was markedly reduced in the

second year of cultivition compared to the first year.

The yield of Solanum tuberosum was lowcr under terrace

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

of Zea mays and Bressica nleracea was higher in this casedue

to greater emphasis place? on these two crops, Valley culti-
vation, on the otherhend wes ¢ monoculture of QOryza sativa,

the yield of which was comparablc though somewhat lower than
the national average of 1145 kg ha yr for 1971-72 (Misra,1976),

Labour input accountcd for a major proportion of the
cost for inputs followed by thet for seed innut under all

jhum cyeles (Table 2.6). The cost of orgenic manure accounted
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Table 2,5 Economic yield of crops (kg ha yr oven dry Wt )

¥

under different agroecosystem

Jhmﬁ

A _ k.

Oryza sativa(strev) 10.73

; cultivation
Crop species Moisture  15yr 10yr ; 1 Terrace Valle
content cycle cyclei byr cyele cultivation cultization
( %) (mean+S E) (mean+S B ) Iyr crop II yr crop
- - J(mean-x_;S B ) (mean+sS E ) (mean+ 8 E ) (meant 8 E )
4
Root & Tuber crops: ,
Solanum tuberosum  72.30 1579.95+23.75 1099.ﬁ®t5.55 7L48,76+2.29 449 ,25+1,.86 1236.48+2.41 -
Ipomoea batatatus  70.00 Ll 7847 .85 148.26+2.10 - - - -
Colocasia antiguo- 71.80 4,87+0.27 5.57+1.91 - - - -
rum
pd
Cereals:
7Zea maxs 1)_‘_'30 )+20.3St1-07 59'29't1°92 61-62’!’.1.39 8.57t0.31 12\2.824_'1.215‘ -
Oryza sativa 13.42 - - - - - 855.75+2,71
H
Legume: f
Phaseolus vulgaris 10.15 6.66+0.27 3.99+0.26 - - ) - -
i
Fruit vegetables: )
|
Cucurbita mexima  93.00 272.%43+3.67 257.55t1.95 - - ) )
Cucumis sativus 96.50 9.08+0.58 6.31 +0.35 - - - -
Leafy vegetables: . :
Brassica oleracea  89.95 76 48+2,11 27.3141.29 163.90+1.42 50.25+1.88 17¢.85+3.09 -
Colocasia ar.ticuorum80.20 2.38+0.13 2.4bt0.15 B B - -
Cucurbita maxima  82.00 3.09+0. 24 2.79+0,27 ) ) B B
Ipomoea batatus 80.00 0.98+0.07 t.13+0.75 B B ; ) )
3
Other vegetables: | .
3 \
Colocasia anticuorum92,80 0.44+0.02 0.41+0.02 - - - h
(stem) . - -
Cucurbita maxima 91.00 0.41+0.02 0.47+0.03 B .
(flower)
By-products: | ;
i- - - E - 2118+%+.08
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Table 2,6. Cost-benefit analysis for different agro-ecos§stems

H

-1 -]
(Rupees h; yT ).

{

R Jh cyltivation
= T ' Terrace Valley
Production measures 5 yr cycle cultivation cultivation
15 yr | 10 yr S
cycle cyc{e Iyr crop II yr crop 7
Input costs: R
Labour 2220 204% 1613 160k 1022% 1522
Organic manure - 175 287 537 870 %
Fertilizer - ! 19 39 1431 -
Seed 1061 1206 1235 1254 2681 5
Interest on working capital ) 201
(12% ) 394 412 378 12 720
- ' ‘
Outouts: :
1 6 1R -
Root & tuber crops 14714 987j eL63 391k 0675 8
* 186 | 2022
Cereal grains 65 9 hs 13 Ez
» —
legumes 16 9 - - ;
. - - ! -
Fruit & otkr vegetables 4220 3908 - !
; 1700 -
Leafy vegetables 778 284 1631 500 / 3
- _ - § 339
By-product - - ) N 1872
. a 672
Cost of production(a) 3675 3842 3532 3846 e
12561
Gross return(b) 19790 14171 8188 w27 ~
11656 581 5837 1289
Net return (b-a) 16115 10329}
2.3 1.2 1.9 j 1.7
Return per rupee invested(b/a) 54 3.7 >e j¥
*During the first year of terrace cultivation the terracing
cost worked out to Rs.6239
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for another input into jhum and this markedly increased with

reduction in cycle time from 10 t> § yezrs; this was even more
during the second year cropiing under 2 5 year cycle. Tuber
crops accounted for @ major monetary outout and this declined

with shortening of thc cycle., Vegetatable like Brassica nlera-

cea, Cucurbita maxima 7nd Cucumis sativus accounted for another
major monetary outout froa the jhum under 15 and 10 year cycles
only. Tventhough the cost of inputs-were more or less the same,
the monetary outHut for jhum cycles of 15 and 10 year were

24 times more than that »f the first year cropoing under a

5 year cycle. The net return from the system declined sharply
with shortcning of the cycle and the return during second year
cropring under a2 5 year cycle was too meagre. Similarly return

for a rupee invested followedl the same pattern.

In terrace cultivation, labour cost for terracing
alone worked out to ks 6239 h& which wes more than half of
the total cost of innuts., Lahour for weeding and hcavy cost
of manure ond fertilizers contributed to one of the major

nonetary inputs into the system. fs in Jhum, Solonum tuberosum

accounteu for a major monctary outnuts from thc systcm. The
-1

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

that from a 5 year jhur cycle during the first yccr cropping.

The return per rapee invested also was not high (Table 2.6).

For velley cultivation too, the 1lcboir cost for weeding
was high. Orgonic manure inout cost was very low compered to

other systenms. Cryze sative aceounted for the only monetary
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output frou the system both in the form »f grain end by-products

like straw and husk. The net return from this system and the

nct return per rupee invested was very low (Table 2.6).

Energy budget of different agro-ecosystems:

The Khasi women performed most of the operations
involved in jhum and valley ciltivetion (Fig.2.2). Figure
2.22 which shows the allocation pattern of labour between male
and female for a 5 year jhum cycle, which wess generally the
same as for 2 15 and 10 yeer cycle, showed that more than
65% of the total work was done by the femalc members of the
farily. However the work donec by both male and female for the
initial opcration of sleshing of understory vegetation was
morc or less the scme. While vreperction of land into ridges
and furrows along with burning and seed sowing operation was
an exclusively female operation, weeding and maintenance of
the field.was'almost ecqually shered between male and femele
merbers. Transport of harvest and sale was exclusively done
by the male members, On the other hend under terrace cultf -
vation the land preparation was done by mele members of the
family ond other operations like sowing, weeding and field
maintenance, harvesting,etc, was mostly done by the females
(Fig.2.2b). Under valley cultivct on also thefemales contribu-
ted some 63% of the total labour innut (Fig.2.2c).

Much of the energy in»ut for jhum cultiwation was in
the form of lebour energy. The slash ond burn procedures inclu-

ding the land preparation involved on energy expenditure of

N



Fig.2.2 Allocation pattern of labour between mgle and
female members of the femily undexr different
agricultural system(a,5 year jhum cycle; b, terra-
ce cultivation; C, Valley cultivation). Hatched
colum,Male labour; open colum,Female labour.
1,clearing the vegetation; 2, Land preparation;
3,Burning; 4,Seed sdwing; 5,Weeding and field
maintenance; 6, harvesting; 7, Transportation;

8, Threshing and milling.
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21143 and 9861 k cal ﬁ; §} for a 15 and 5 year cycle,respect-
ively (Table 2.7) which is 17.5% and 10.5% of the total labo-
ur input into the system. Seed sowing by dibbling on the hill
slopes wrs quite 2 laborious job, This operation invalved
19.05% in the cese of @ 15 year cycle and 21.36% in the case
of a § year cycle »ut >f the total labour in»ut that went in-
to the systems. Seed innut was to the cxtent »f 64,56%, %5.32%
and 37.93% of the t~tal encrgy in-ut in 15,10 and 5 year cy-
cles respectively, Veoding an? fic1ld maintenance nverations
recuircd maximum energy expenditure for any single operation
and it consumed 30.52%,33.92% and 42,67% of the total labour
input in cmsc of 15,10 and 5 year jhum cycle respectively.
This operation was more laborious uhder a 5 year short cycle,
particularly so during the sccond yeesr of cultivation, For
hervesting of crops 17.7% of energy was required under a 15
year cyclc compared to 18.,7% only under a 5 year cycle.
Transport and sale of pert of the h:rvest involves more ener-
gy expenditure with increasc in length of the jhum cycle,It
may be noted that all the cercels and legume, but only part

of the tuber crops and vegetebles are consumed by the farmers,

Use of organic menure and inorganic fertilizers form-
€ed another important source of energy input into the agro-
ecosystems under 10 #nd 5 yerr jhum cycles only, This innout
accountcd for 3%,4% and 48.9Y respectivcly, of the total

energy input into these two jhum cycles.
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Table 2.7. Energy inout (k cal ﬁ% f; ) under different agro- ecosystems,
r
, Agricultural operations Jhym cultivation Terrace Valley
lgcig \ agcgg Tyt crob 2 yT CVC%; T orop cultiveation cultivation
(A) Labour input total 120518 117617 093619 88493 60680 63772
1.Clearing understory Xi%i?a- 17088 7 16448 5707 - (6574) (5%48)
2.Preparation of Zand 1997 0055 2189 3kl (;;3223) 8877
3.Burning , 2058 1933 1965 - - -
4.Seed sowing ” 22969 % 23354 20005 1 19973 21114 3995 |
S.Weed and maintenance of the 36778 39899 39946 41540 11128 17976
6.Harvesting Held 2130k 52018 17500 17439 1%244 2568
7, Transportation 1832k 11710 6307 6117 7767 k280
B.Threshing and milling - ' - - - - 26076
(B) Seed input total 219621 263381 269272 273857 653567 T 53910
(C) Organic masdre inbut total - 200202 328690 614219 996§>3o 91195
(D) Pertilizer innut totel - - 18276 36551 1370275 -
(E) Total energy inout 340139 581200 709857 1013120 30805952 208877
{

Figure in the parenthesis are the wvelues of first year ‘)
cultivation.
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Converting a secondary forest into a terrace agro-
ecosystem wes very laborius and morc than 7994 of the labour
energy was expendci for this. In the subseauent years energy
requirement for field preparation wes only 1427 k cal ﬁ;.
Another major insut into the terrace system was in the form
of org nic manure end inorgaric fertilizers and this accoun-
ted for 76.8% of the total energy input and 70.8% if the
initial 1ond preparation cost alongwvitr the underbrush clear-
ing cost are included in the final figure. Labour input need-

ed for seed sowing, nervesting and transvortation was more
or less the samc comp-rable to a 5 yeezr jhum cycle. Innut for
weeding was less (11128 k cal ﬁ; ;} ) compared to 36778-41540
k cal B 5% for jhum cgriculture (Table 2.7).

O0f all the labour innut required for valley cultive-
tion, land preparation ond secd sowing cost 20.2% of energy
expenditure, Hend hoeing for waeding purposes and processing
of the hrrvested crop (threshing #nd milling) were two mejor
labour inouts which accounted for 28.3% ~nd L40.9% nf the total
labour energy. Organic manure used in this cultivation was
only 2 small fraption compoarable to the other systems of
agriculture. The pattern »f labour distribution throughout
the year for different jhum cycles was similsr and therefore the
the pattern for a 9 year cjycle »=lone is given in l'ig.2.3.
Labour inout is more »>r less uniformly distrbuted throughout
the yesr thourh the inout may ve grerter ot certain times
like during slash end burn,lrnt preparation rnd harvest time,

Maximum labnur input wes during July when the first crop is



Fig.2.3 Distribution pattern of labour over the year under

different agricultural systems (Dark column, 5 year
jhum cycle; Hatched column, Terrece cultivation;

Open culumn, Valley cultivation).
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hnrvested and the second crop of Solanum tuberosum is sown.

Another peak season for lobour was in the month »f .lay for
weeding #nd repair of the ridges washed out by heavy rain.
For terrace cultivatiom, maximum labour insut goes “Aurins
February when the land is terrnced. In subsecuent months the
labour innut was uniformly distributed except in July vhen

the first hervest of Solanum tuberosum is done and in November

vhen the second crop is taken out. Weeding is done throughout
the crooping season. Under valley cultivation, more labnour
input went in June at the time of lond preparation and seed

soving., With the soving of QOryza sectiva in June, the work was

uniformly distributcd for hend hocing and we ding for the
rest of the yecr unto harvest in i »vember, Threshing ond
milling Auring December-Jonucry renuired maximunm labour,
Between Februecry-April there was nn vork »s the land was left
a fallow,

Energy ecuivalents »f the various crop harvested under
different agricultural systems are shown in Table 2.8. Under
a 15 year jhum cycle, thc tntal caloric yield due to all the
crops hervested wes measured to be more than theot for a2 § year
cycle, the 10 year cycle falling in between the twon. Of this,

the energy output through Solsnum tuberosum was proporticnate-~

ly more than that of others. It may be noted that under 5 ycar
jhum cycle where cropning is done for the second yecr, the

total energy output wes drastically reduced to almost half.
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11,7 and 2 times more caloric yield was obtainec? for
tubers and cereals respectively, under terrace cultivetion
comparcd to the first year of the 5 year jhum cycle. Total
caloric output from terrace cultiveti-n was closer to a longer
jhum cycle where as valley cultivation approximated to thet

of the first year croopning under a § year cycle only.

In Teble 2.9, the energetic efficiency for the differ-
ent agricultural systems in terms of the energy output; input
ratio is presented. The efficiency of the 15 year jhum cycle
worked out t» be 25,6 ~n’ was drastically reduced uynder 10
and 5 year cycles. This ratio was even lower during the second
vear cropping under 2 § year cycle. The ratios for terrace
cultivation wes also very low ¢nd was the same as for the
second year cronping under 2 5 year cycle, Valley cultivation

gave highcr rotin though lower than under a 15 ycar cycle.
DISCUSSION

Mixcd cropping accompanied by successive hervesting
of the crops is ¢ tynmical featurc »f slash an? burn agricul-
ture practised in different parts of the vorld (Schlipne,
19565 Conklin, 1957; Nye ond Grecnland, 1960). L much more
complex pattern of mixed cropping where ©s many as 13 crop
species are sown together at the scme time ond successively
harvested at different times so thot more s»ace is created
for the remaining specics at the peek of their growth, has

been shown for low elevntion jhum in Meghalaya(Toky and
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Table 2.8. Energy outvut (k cal ha y}’) under different agro—FCOSystemS-

S ]
Jhum t ultivation '
Crop species E 5 vr eyele * gi§€§$2tion‘ Zii%ization
15 yr 10 yr
_ cycle cycle Iyr _crop II_yr crop
(A) Tuber crops total: 7245598 L\LL*LO98!26 2591041 1554625 4278784 -
Solanum tuberosum 5467335 3803363 259101 1554625 427878y -
Inomoea batatus 1761329 587110 - - - ; -
Colocasia anticuorum 16934 19353 - - - -
(B) Cereal grains #otal: 167880 2350§% 2Ll 065 33970 486851 3389224
Zea mays 167880 2350£2 241265 33970 486851 -
Oryza sativa - - - - - 3389224
(C) legumes total: 24885 14931 - - _— N
Phaseolus wvulgaris 24885 1493@ - - - -
(D) Fruit vegetables total: 1033928 969o§5 - - - -
Cucurbitz maximg 1000199 5585 = - - -
Cucumis sativus 33729 2345% - - - -
(E) Leafy vegetebles total: 233032 97274 451748 138500 470913 -
Brassica oleracea 210816 75291 4517248 138500 470913 -
Colocasia antiguorum 8808 9118 - - - -
Cucurbita maxima 10319 9311 & - - - -
Ipemeea batatus 3089 3552 } - - - -
(F) Other vegctables total: 2834 3035 | - - - -
Colocasia antiguorum(stem) 1025 959 - ’ - - -
Cucurbita maxima(flower) 1809 2076 - - - ' -
~
Total food energy output: 8708157 5729131 | 3287054 1727095 5236548 338922k




Table 2.9 Energy outputs:input ratio for different agro-

ecosystens,

Agro-ecosystem

Energy k cal B §}

Efficiency

Input total

ratio
output total (output:input)

(A) Jhum cultivation
15 yr cycle 340139
10 yr cycle 581200

5 yr eycle(I yr crop) 709857

" " (II yr crop) 1013120
Average for 5 yr cycle -

(B)Terrace cultivation

3080952
(C)Valley cultivation 208877

-

8708157 25.60
5729131 9.89
3287054 4,63
1727095 1.70
- 3.17
5236548 1.7

3389224 16,22
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Ramekrishnan, 1981). The main advantage of this system lies
in thot the fast depleting resources in short supnly are
utilised more effectively by the species in the mixture. It
also provides the farmer an 'insurence policy', as some Crops
are likely to give A good return even if there 1s pertial or
complete failure of nthers. Further, the frrmer gets all his
divcrse regquirements of cereals, vegetables, tubers, ete. from

the same field,

While the total yield of croos under a 5 year jhum
cycle is markedly lower than thrt under a 15 pr 10 year cycle,
the yield of the indivi-‘ual crops obtained is dependent to
a considerable extent on the amount of seeds sown. Thus a

number of crops like Phaseglus vulgaris, Cucurbita maxima,
Cucumis sotivus, Ipomoea batatus and colocasia gntiguorum

are not at all sown under a § yecar cycle, whereas the invut

of seedlings of Brassica nleracer is double that under a 15 or

10 year cycle. One of the major causes for the lov yield under
a 5 yeer jhum cycle is the voor fertility build up during the
intervening fallow period. This becomes more obvious during
the second year of cropning under a 5 year cycle., This de-
cline in fertility under - skort jhum cycle of 5 years is

more obvious for potassium, calcium and maghesium though car-
bon, nitrogen and phosnhorus levels at the end of the cropn-
ing verion? generally was lower than under longer jhum cycles.
The increase in carb-m and nitrogin level under & given syst-
em maysbe relatcl to the initisl effect »i fire.vhich voigtow-

lizes ¢ major frrction »f thecce two elements vhich recover
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rather rapidly during the following mon hs (Ahlgren and Ahlg-
reny, 1965, Rampkrishn~n an) Toky, 1981). BEven phosphorus may
be volatalized Jue to firc but may recover subseauently as
seen from the present study and also suggested by Nye ond

Greenland (1960) an? Zinke et al (1978),

It has becn shown by Ramrkrishnan and Toky(1981)
that four to five years is not sufficient time to restore the
soil nutrient status and improve the physical conditions of
the soil. During the first few ye~rs of netural regeneration
of 2 forest fallow rapid deoletion of nutrients occur due to
uptake by fast developing vegetation; release of the nutrie
ents held up in tre living biomass starts only after this
phase of depletion, Besides, high rrinfall on the stecep cul-
tivated slopes results in severe nutrient losses during cro-
ppring through erosion, surface runoff snd leaching (Ramakri-
shnan et al, J980). According to Watters (1971) agro-ecosystems
under short fallow period suffered declining yield in the
case of three major steple crons in Venezuela; maze decreased
from 803 kg gl to 640 kg ﬁ; and yield of yucca and bean was
reduced by 60% and 100% respectively.

Weeds are reccognised to be another important cause
for decclining yield under slash and burn agriculture in nmany
perts of the world 2nd include Euwdstorium odofatum in Thai--
land (Zinkc et al ,19783), Imperatz cylindrica in Sarawak

(Freemrn, 195%5) rnd these wced species along with a few others

also dominate at lover elevatinons of Meghalaya 2nd other parts
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of the north-eastern India (Ramekrishnan et al.980). Bupatoriwa

adenonhorum and Imperat: cylindrica are important weeds in the

present study end a minimum of 10 years is needed for natural

eliminetion of wecds like Bupatorium adenophorum #nd Imperata

cylindrica (Ramakrishnan et al., 1980) and as the lands are cul-
tivated frequently at intervals of 4-5 years, the secondary
succession gets arrested ot the wvecd stege over vast areas,

aggravating the veed problem,

Although & hervy innut of fertilizers goes into terra-
ce cultivetion, the yield is not very high. This mey be due to
the heavy losses through lcaching which moy be as high as 50%
of the total losses from the system (Remakrishnen et o1,, 1980).

The yield of Oryza sativa in monnculture ander vallcy culti-

vation is comparable to the national avirage for 1971-72 of

-1
1145 kg ha (Misra, 1976).

The cost benefit anelysis for diffcrent jhum cycles
shows that anert from monetcery innut for secd, one of the
mejor inputs goes towards labour, Though this cost is higher
under 15 and 10 year cycles mompsred to a 5 yeecr cycle, a
large proportion »f the lebour under the 5 year cycle goes
for weeding as seen from the energetic study. This is due to
the scute wecd problem under a short jhum cyecle, as discusscd
earlier. This is reflccted in the net return from the differ-
ent jhum systems where the return gets drestically reduced
with the shortening of the cycle. L second yecar cropoing

under a 5 year cycle is not at all economical inspite of heavy
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inputs of fertilizers, For this region, terrace cultivatlion
is also not prnfitable an? hencc hrs not been widely acccpte?
by the local tribes, It moy als-> be interesting to menticon
here that even under terracing the same picce of lend is not
cultivated for morec than 6-8 years after which it is abandon-
cd, Valley cultivation, which needs very little nutrient .
inputs becruse of natural dreinage »f thesc, is sustainable

ceonomically ycar after yeer,

The informetion »n the cnergcties of 'Slash and burn!
agriculturc is reather scent and inadequate., However,Repnaport
(1971) provides relatively comnlete information on the major
cnergy inputs for raising verious crons under the Tsemboga
'Slash .and burn' agriculture (fwiddening) of New CGuinea
Highlands, According to his figures the Tsembaga people har-
vest 16.5 food colories for each calorie of cncrgy input,
which may go up to 20 fond crlories under more fovoirable
conditions. This ratis is comperable to thet obtaincd for a
15 year cycle which is dresticaly recduced with its shortening.
& comperison of jhum with the more modern scdentary terrace
cultivation tends to suggest the greator encrgetic efficiency
of jhum particulerly under longer cycle (Conkin, 1957;
Carneiro, 1960; Nye and Greenland, 19603 Raopaport, 1968 &
1971; Steinhart and Steinhart, 1974k; Bodley, 1976). Valley
cultivation is onc form of scdentary agriculture thect scems
to be efficient from an energctic point of view. ince slash
and burn agriculture is chicfly dcpendent upon renewable

resources of energy duc to fixation of Sun's energy by plants
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during the fallow period, it is unrealistic to include this
as one of the inputs into the system °s was done by Ramboo
(1978) whilc calculating an energetic cfficiency ratio of
0.11 for this system, Cn the othcr hand, as in the prescnt
study, even the labour is in a way frec as it comes from the
members of thc femily practising jhum and if this is not con-
sidercd as onc of thc inputs into the system, the efficiency

may go even higher,

Compering all thce different systems of agriculturc
discussecd ¢bove with the tynicel model for Indian agriculture
with an energetic cfficiency »f 19 (Mitchell, 1979), a 10
year jhum cycle is fervourably compareble to this where as a
15 year jhum cycle and sedcntary valley cultivation are by

far superior.
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SUMMARY

Threc agro-ecosystems, namely, slash and burn agricul-
ture (Jhum), terrace cultivation (both of which involve mixed
cropping) and valley cultivation of a monoculture of QOryza
sativa, as practised in the higher elevetions of Meghalaya,
are comparcd and contrested for thecir economic yield and
energetic efficicney patterns. A comparatively longer jhum
cycle of 15 year was contrasted with two others of 10 and
5 year, From an economic point of view, a 15 year cycle was
most efficient followel by a 10 year cycle; a 5 yeer cycle was
extremely inefficient, this being further aggravated in the
second year of crooning. While the yield from valley culti-
valion was reasonable, terrace cultivetion gave poor returns
due to labour cost for terrecing and maintenance and also due
to heavyg cost for fertilizers. Compsring the three jhum cycle
from an energetic efficiency point of view, a 15 year cycle
Which is very rere now due to incre~sed onooulation pressure

and roduced acreage was found to be the most efficient with an
outout: input ratio of 25.6 compered to 9,85 for a 10 year
sycle and only +3,63 for a 5 yecar cycle. While the energy
2fficiency of valley cultivation was high (16.2) as it needs
*ewer inputs, that of terrace cultivation was very low (1.7)
due to the heavy labour and fertilizer inputs required to
sustain this, It is suggested thot only a long jhum cycle of
1¢ years could be sustainc? alongwith wvalley cultivation,

both from an economic and energetic point of view,



CHAPTER ——3

ENERGY FLOW THROUGH A VILLAGE ECOSYSTEM WITH SILAGH
AND BURN AGHICULTURE (JHUM) AT HIGHEL. ELLVATICNS
OF MEGHALAYA IN NORTH-EASTERN INDIA,



INTRODUCTION

Incorporstion of irreversible resoonses into a
human society's system structure and organizetion reduces
its flexibility meking it difficult to adjust to any changes
that may be imposed on it. The industrialized societies of
today face such a oroblem owing to their strong dependence
on petroleum and other fossil fuel products which are be-
coming scarece. The way many societies have evolved in the
past in harmony with low levels of energy supply to the
soclety may provide clues as to how modern societies could

adapt to the limitations imnosed by energy scarcity.

Apart from examining the relationship between
food and energy, the present study on a tyoical Khasi village
ecosystem under at higher elevations of Meghalaya in north-
eastern India aims at:(i) an analysis of the range of
inouts to produce different kinds of food, (ii) an understand- -
ing of the relations between energy, labour and land use
pattern in food production, (iii) a study of the primary
production, as the population lives close to the land, and
relate it to secondary production, (iv) a consideration of
the fuel recuirements and the way in which it is presently
met and (v) cost-benefit analysis from an economic point
of view as it may be helpful in understanding the self-
sufficiency of the system. Very few studles on energy flow
through village ecosyrtems under subsistence farming

(Rappanort, 1971; Odum, 1971; Leach,1976) are available,
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Hence, during this study, the energy flow patterns through

various compartments of the village ecos;stem under 'slash
and burn' agriculture (locally called Jhum) has been analy-

zed as this is a society adapted to low-energy innuts.
VIL_AGL ECOBYSTEM

This study vas done at Setthliew village (25.259N,
91.52%), 25km south of Shillong in the Kehsi hills of
Meghalaya, at an elevetion of 1540 m, where 'slash and burn'
agriculture is practised by the locel Khasi tribe., The
climate here is monsoonic w.th most of the average rainfell
of 1843 mm occurring during the monsoon neriod from May to
September., The average maximum temverature daring this

season 1is 23.7°C and the average minimurn temperature is 16.3°C.

The humidity remains very high during this neriod (8%.1%).
Winter is cold vith occasional showers, extending from liov-
ember to Februéry with en cverace miniaum temperature of
’7.6p C. During December - February, frosts are very common,
The brief summer which is werm and dry extends from March
to April and is accomoznied by strong wind., The entire area
is characterised by pine forests witxz 2inus kesiya as the
only dominant species, The terr:iin is hilly with steep
slodes, the averege sangle being 30°- 40°, The soil eover
is scant as erosion outstrips the weathering process and
1s podsolic.

Setthliew ic & small village with 5 families and

a total pooulation of 20, vith 12 adults and 3 children,



The families are of on rverage size of 4 members and live
in huts made of locally avéilable stone, bamboo and thatching

grass (Imperats cyliindrica). Agriculture with Solanum tubero-

sum as the major crod and animal husbandry with emphasis

on swine forms the main economy of the village. For conve-
nience of study, the structural or enization of the Setthliew
village ecosystem can be described under the following sub-
systems: (1) agriculture under jhum, (ii) that uhder valley
cultivation, (iii) animals constituting animal husbandry

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

The jhum sub-system:

Jhum is extensively prcctised throughout the
north-eastern hill region of India. In its typical form
this agriculture in the north-east region consists of
clecaring the forest and burning the dried slash before cul-
tivatinn of cfops for 2 yéar or tvo, however, in the higher
elevations of the Khesi hills, as in the present case, this
agricultural »ractice is a modified wversion in thet normally
only the lower branches of sparsely distributed trees are
felled instead of the whole trees. Slashing is done in
December. Fur%her, unlike the system practised at lower
elevetions where cronoing is done directly on the slones
by dibbling, at higher elevations the land is preparcd into
ridges and furrows running along the slone of 3OO.MOO. While
the slash is burnt directly on the surface of the soil in
its typical form, in the present case the slach is placed

along the ridges, covered over by a thin layer of soil
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before slow and controlled burning during March, Before cro-
pping, organic manure of vegetable and »ig dung origin is

-1
applied at the rate of 640 kg ha (dry weight basis).

A mixture of 6 root and tuber crons, like Solanum tuber-

osum, Colocasia anti-uorum and Ipomoea batatus, Cereal like

Zea mays, legumes such as Phaseolus vulgaris and vegetables

like Cucurbita maxima are grown together. However, major

emphasis is pleced on $.tuberosum, After burning and a few
weeks before the onset of monsoon, thc tuber crops are planted
on the ridges and the rest of the crons are sown on the ridges
after the first few resins, Along each ridge, three distinct
rows of sowing are donc by dibbling the seeds of both §.tuber-

osum and Z.mays mixed together. While sowing of C.antiguorum

is confined to the top and bottom nart of the ridges, C.maxima
is sown at random, but widely scattercd on the ridges. 2.vul-
garis is mostly planted 2round the »nine trees which »rovide
supoort to this climber. After the first harvest of tuber crons
in July August, a second crop of winter o-tato alone is sown
along the ridges. Harvesting of Z.mays and P.vulgaris is done
in September-October and that of the winter potato is done

in November after which the land is abandoned for forest re-
generation, The jrum cycle (the time lapse before the same
pigce of land is cultivated again after a fallow period during
which;time natural regeneration of vegetation is allowed

to take place ) in the present study sitc was 10 years. While

a longer cycle of 15-20 years in the region i3 extremely rare,
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a 4-5 year cycle is most commor, After 'Slash and burn’,
cerodning is done for 1-2 yecrs only before the land is

abandoned. In fetthlicw village 5 ha of lend wes under

jhum agriculture. F

In jhum, the major inouts are sced, organic manure
and manpower, Seed is obteincd from the previous yearg stock.
Manure is gencrated in t he comoost »2it vithin the village
itrelf from croo rcsidues and animal dung, the by-products
of agriculture and animal husbendry. Mannover is also
generated from within the village ccosysten itcelf, Other
power such as draught animasl oower, gasoline or electric
engine pover is not at all used. Tools and imonlements used
for various agriculturel ooderations 2r wvery simoilc and of
primitive tyse, cithcr made within the village or,rarely,

imoorted ; in either cs2e the cost is negligible.

Part of the slash is burnt in situ for agriculture while
the rest is used as fuel in the domesfic sub-system described
belosv, Part of the cron yield is consumed within the village
and a p'rt is exnorted. A major fraction of thc by-nroduacts
from jhun go into the com>-st pit, some may be used by the
animals while a small fraction goes into the dounestic sub-

systemn for fucl.

The valley sub-system:
The valley lands of the village (2 ha in the present

case),under cultivation, arc¢ included in this sub-system.
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Wet cultivation of QOryza sativa is done in the flat %ands

of the narrowv valleys situsted in between the hills. Excent
for a smell cuantity ~f imdorted bonc meal (65kg Pk §% )y
other fertilizers ar:c not used here. The valley rccelves
natural drainagc of nutriente from the adjoining hills

and this susteins continued cultivation yesr after year.
Labour ic the major in»ut for all the agricultural opera-
tions like field oreperation, sowing, wceding, hervesting,
processing of the hervested croos (threshing end milling),
cte, as is also the cas. for jhum, Unlike atl lower elcvetions
wherc two crops of Q.sativpg mey be raised (Toky and Ramakri-
shnan, 1981), only one érop of QO.sativa is obteined at

higher elevations.

The only simnlc implements us .d for valley cultivation
of rice are hand hoce and sickles vhich are imported, the
cost of which is ncgligible. The out»ut utilization pattern
is similar to that described for jhum.

The animal husbandr sub-system:

Animal husbandry consists chiefly of nig »nroduction,
which is thc chief protein source for the village, but
part of which is exported. In addition, somc goate arc kept
exclusively for e¢xnort and noultry may be raised for in-
ternal usc and also for exoort. The juvenile animalc gre
imported. S.tuberosum and I.batatus of ooorer guality
not consumbed by himans may be fed to nigs, but the ve-

getable waste in the comdost nit of the village is the
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chief sourcc of f:2d for swine husbandry. Poultry are fed
pcrtly on maize greins but they too depend uoon vegetabvle
weste, CGonts are alloved frec to browse on plants, The co-
nmoost 2it which is the main source of food for the animals
also generctes about-3684% kg 51 (dry weight besis) of orga-

nic meanurc used for agriculturc.

The domcstic sub-system:

Agriculture and animal husbandry form the main occu-
pation of the inhabitants of Setthliew village. Consumntion
of food energy generated within the village ecosystem pro-
vides the mennowir renuires for production. The food pro-
duction system of the village (egriculturc and animal hus-
bandry) is basically lebour intensivc requiring large innuts
of man-powver and thus allowing little time for other ccti-
vities., Bnergy rcquircd for cooeking comes from the rencwa-
ble binlogicel sources such as fuel wood and cro»n residues.
However, a major part of this comes from the forest outside
the village. Other besic recuisities of the villagers such
as clothing and mcdicine =1lso come from the market oatside

the village ecosystem.
METHODE OF STUDY

For this study, all the five households of Setthliew
village with their agriculture and animal husbandry sub-
systems were taken into consideration (Table 3.1). All

observations related to the energy flow study through the



Table 3.1. A Khasi village ecosystem structure at
Setthliew ( 1978-79).

Number of households 5
Total populntion: 20
Adult male 5
Adult female 7
Children 5-7 year old L
Children?7 -9 yecar old 2
Children 9-12 year old 2
Total area under cultivation (ha): 7
Under jhum(ha) 5
Under valley (ho) 2
Total animel population: L5
Pigs 16
Goats 9
Fowls 20
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village ccosystem are based on two-year study period. Inputs
and outouts of diversec types (hest of combustion, nutritive
velue, replacement cost in terms of fossil fuel, etg)are
assumed to be homogeneous. Innuts of energy due to toouls/
implements ves negligible., Other basic requisites of the
villegers like clothing and medicine arc excluded from the
stucdy due to difficulties in accounting the energy values

for them.

Solar energy which is the primary source of cnergy
as well es slash burnt during agriculture do not enter the
calculations for cner etic e€fficiency as they are considered
to be 'free! inputs and no speéial effort goes into obtezining

these.

Amount of seed/secdlings sown in the field and eco-
nomic yield were based on 7 observations in each of the
5 fields, The energy values for the sceds of different crops
sown and the economic yicld of various croo/fodder hervested
were estimated after burning the samples in 2 bomb calori-
meter, The +value thus obteained (Table 3.2) were then expre-
ssed in terms of the seed sown or the yicld harvested per
hea and 2lso for the total cultivated area. The energy values
given in thc table are on the basis of the oven-dry weight
of the samples =at 86%. Calculations of the amount of slash
burnt in fhum was based on 7 observations in each field and
the calculation of the fuel waod collected from the jhum
field was based on the observation that 1/10 of the total



Table 3.2. Energy value of crops and manure,

Av.water Energy

t 1
Category co?%in &? %§é1

a) Heat of combustiocn.

Solanum tuberosum 72.20 14,478
Root/Tuber Colocasia anticuorum 71.80  14.525

Ipomoea batatus 70.00 16,570

Zea mays_ 14,30 ;16.585

Oryza sstiva 13.42 16,571
Seed/Grain Phaseolus vulgaria 10.15  15.633;

Cucurbita maxima 8.20 26.539
giuit_vegetan Cucurbita maxime 93.00 15.357

&

Ipomoea batatus(stem 62,00 2.421
Others cutting)

Slash 18. 1 17.142

Solanum tuberosum(leaf & 67,61 17.425

stem)

Zea mays(leaf,stem & cob)24.73 17,994

By-products Oryza sativa(husk) 10.13 18.390

Oryza sativa(straw) 10,73  13.831

1
V) Production cost:

)i} - 76.986
K2O ~ 9 .665

(contd...)



2
¢) Replacement cost:

Pig dung - 1.318
Goat dung - 1.996
Fowl dung - 4,782
Manure(dung and vegetable

matter) - 1.464
Bone meal - 5.870

1. after Pimentel et al.(1973).

2. percentage of N,P205 and K»0 in various items was as
follows: in manure, 1.5,1.4% and 1.2; in pig dung, 1.4,
0.83 and 1.3; in goat dung 2.2,0.8 and 1.97; in fowl
dung, 5.1%, %.19 and 2.5; in bone meal, %, 20 and O.
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’ slash produced is ucsed as fire wood, The values were then
cxpressed in terms of their energy eguivalents using the
velue of 17.142 MT Eé for slash, calculated using the bomb
calorimeter. Energy in>ut through organic manure was calcu-
cated on the besis of their replacement cost velues in terms
of fossil fuel. Fossil fuel equivealents for N,P,05 and K2O
given in Table 3.2 were used to calculate the replecement

cost of the organic manures.

For calculation on energy exdenditure on lfbour, a
man hour under sedent.ry labour was considered equal to 0.1
hp and a womrn hour under moderate labour as 0.09 hp (Singh
and Chencellor, 1975;Gopalan et al., 1978). Conversion of
the horse vower velues thus obtained wvas done by considering
one horse sower hour a&s equivalent to 2,6845 MJ of energy.
Calculation of the energy exnenditure on certage 1is based

on the work perfo:med by the nunber of horses employed.

For thwv estamation of annual meat production, the weight
gained by each category of animal at the time of slagghter was
calculated =nd the vrlucs thus obtrined were corrected using
a dressing percentage of 75,56 and 70 for nig, lamb and fowl,
respectively, es suggested by Ranjhan (1977). Using the
energy values of %.,937, 4.560 and 7.238 MJ Eé for goat meat,
chicken and egg rcsoectively (Gopalan et al.,1973) and
17.121 MJ Eé for pork (Ranjhan, 1977), the energy equivalent

of secondary production of meet and poultry was calculeted.
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EBstimation of the actuel amount of food/fuel consumed
by humens was done or the basis of reguler obscrvations in
the wtllage, and the energy ecilvalent of all the items con-
sumed were calcudated using their respective energy‘vslues
given in Taplec 3.2. The estimction of the feed/fodder con-
sumed by the live-stock was b-sed on the daily rations given
to the animels by cach housechold, For cclculation of browsing
by the animeles it wes assumed that the energy equivalent for
this would be equal to the valuc obtained after substrecting
the energy value of the actual feed consumed (besed on our
observeotion) from their standard food energy requircment

Fanjhen, 1977).

The protcin e~uivalent of all food (crop and meat)
hervested and that peit of it consumed by the villagers was
found out by multinlying the ~uantities of food and their
respective orotein contents (Table 3.3), estimeted calori-

metrically by thc standard method followed by Lowry et al,
(1951).

For calculeting the theoretical food energy/protein
requirement of humens, the Eotal consumption unit (edult man
value) for the whole village was -calculated as per the energy
consumption scele suggested by Gonalan et al, (1978): 1 ~dult
male, 1 unit; 1 adult femele, 0.9 unit; children of 5-7 yeers,
7~9 years and 9-12 years, 0.6,0.7 and 0.8 unit, respectively.
The total number of units for this village works out at

16(5+5.6+2,4+1,4+1,6), This was then multiplied by the food
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Table 3.3 Protein content of various food items

(dry weight basis).

Category Protein
(g k§1 )
Crops:

Solanum tuberosum 46,8
Colocasia antiguorum 99.3
Ipomoea batatus 43,3
Zea mays 128.4%
Orvza sativa 83.2
Phaseolus yulgaris 237.0
Cucurbita maxima 214.3

*
Animal products:

Pork 831
Goat meat 839
Chicken 935
Lgg 500

*Pork,goat meat and chicken contain 77.5%,7%.5% and
72.3% moisture.
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energy equivalent of an adult (1 unit) of 10,042 MJ da;/1

and the »nrotein equivelent of an adult (1 unit) of 55 g da;
(Gopalan et al,.,1978) to calculate the dsily food energy/
protein requirement of the different cetegories of humans,
The values of food e¢nergy thus obtzined (nutritive values)
were then corrected to thc heat of combustion by multiolying
with the co-efficient of 1.14%9 (Mitchell, 1979). T> find the
encrgy equivalent of fuel wood needed per day for cookimg
nurposes it vas assumed that the pnotential energy reculred
for 1 adult man (1 unit) would be 15.759 MJ (Mitchell,1979).
This was then pultionlied by 16 units obtained for the whole

village.

For the economic inout: outout anelysis of the village
ecosystem, labour costs for men and women workers were cal-
culeted on the basis of the present daily wege rstes of Rs 9
and Ks 7 respectively. The cost of organic menure, secd,
live-stock and the food, fuel &nd fodder used in the villagc
were cdlculated at their current market orices. The monetary
return in terms of cron, fodder, meat and eggs from agricul-
ture and animal husbandry were c¢alculated from the prevailing

market Dripe of each commodity.

RESULTS

The Jhum sub-system:

The jhum is 2 low energy input system involving
labour, manurc and secd as the only inouts. Of the total

labour energy input of 2872 MI(11263 man hours) of energy
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787 MJ of energy is expended in clearing the fallow and field
preperation while 947 14 is expended in weeding operations
alone, The rest goes for se.d sowing, harvesting and trans-
port of the crops. Slash which is burnt during jhum esccount-

3

lng for 326.7 x 10°MJ of cnergy is in a way 'free’ to the

farmer and therefore is not concidered as an input,

The outout from jhum is chiefly economic cron yield
and the olant by-osroducts. Out of 99.6 x 103 MJ of energy

yield from crons, 69.1 x 103

MJ is obtained from potato alone,
witn other crops forming minor como>onents of the systém.'
The dbutaut: inout ratio works out to 6.82 to 10.01 depnending
unon Whether the crop yield alone or other secondary outputs
are 2130 considered. For cvery unit labour energy inosut into
the system, 3% units of energy was hervested as economic crop
yield. The results 2re oresented in Fig.3,.1a.
The wvalley sub-systems

Apart from labour end seed, small guantities of bone
merl go into velley culijvation of rice, which otherwise
receive nutrition from hiil slopes through drainage. Because
of very low energy inout #nd due to high energy output thro-
ugh grain yield and by-nroduct such ¢8 straw and husk, the
output; inout ratio is very high, Fog}every unit of labour
energy innut, the economic crop yield works out to 86 units

(Fig.3.1b).



Fig.3.1 Energy inoput:outnut pattern and efficiency ratios.

a, Jhum sub-system; b, valley sub-system,

Unit = MJ x 10%



FIG 31

(a)
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Output : Input ratios
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LABOUR 0.5
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VALLEY 453 BY¥-PRODUCT
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Output : Input ratios
Crop =19.55

Crop + by-product = 40 44
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The animal husbandry sub-system:

A major fraction of the total energy inout for animal
husbandry is the feed; cpops accounted for about 4,9% while
the crop residues plus browsing accounted for the rest of the
ihput. Besides juvenile animals, lebour for rearing animals
wes another inout into the sub-system., Apart from meat, dung
wes an important outout from the system. The output: input
ratio is low if by-products and grazing sre included -¢
inputs into the system but highdr if they are excluded
(Fig.3.1¢c).

The domestic sub-system:

Food and fuel for cooking are two inputs into this
sub-system which generates man-power(4.2 x 1O3MJ) used for
agriculture and animsl husbandry. The energy efficiency

(output: input ratio) of this system works out to a low 0.03

(Fig.3.14)..

The village ecosystem:

A large fraction (98%) of the inout into the village
ecosystem comes as fuel wood of which only a part is obtained
from within the village. The major out»out exported out of
the village are croos accounting for about 85%, mect and
cggs contributing the rest. The energetic efficiency(outout:
input ratio) worked out to be low (1,57) compared to bther
sub-systems, except the domestic one (Fig.3.1e).It may be

noted herc that other innuts like clething and medicine are



Fig.3.1 Energy inout:output pattern and efficiency ratios.
¢, animal husbandry sub-system; d, domestic sub-

system. Unit = MJ x 103.
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Fig.3.1 Energy input:outout nattern and efficieacy ratio.

3

e, village ecosystem., Unit = IIJ x 107.
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also imported intothe village but have not been included

in this study.

About 70% of the protein yield is of plent origin

and the rest is of enimel origin. kice (oryza sativa)is the

staple diet of the peorlc, This, along with Zez mays accoun-
tcd for over 70% of the total food encrgy and cbout 67% of
the protiein consumed by humens. Pork is the only form of
meat consumcd znd this account for about 13% of the total

food encrgy consumed by the village (Table 3.4).

Table 3.5 presents the firc vood consumption pattern
in the villege ecosystem. Energy for cooking is mainly in
the form of fire wvood ond rice husk. 3060 kg of fire wood
(52455 MT) is imoorted into the village in a year, accounting
for about 58% of the total consumption of this commodity.
The fucl consumed 1s close to the stendsrd requirement for

cooking under Indien conditions (Mitchell, 1979).

Of the total food encrgy exported out of the village
ecosystem, about 85% was from crovs of which potato (Solcnum
tuberosum) alone accoantcd a major fraction. About 92% of the
meat export out of the village vas in the faorm of »ark

(Table 3.6).

Fig.3.2 whicn represents the economic pattern for
the village ccosystem shows thne verious indsuts into the
village as comnared to outouts. The net income of a single
household counsisting of 4 meubers was Rs 963. The monetary
output;input ratio for this wvillage is fairly high coming to

19.62.



Table 3.4. Annual food znd protein consumntion in the village

ecosystemn,
Food Protein
Category
. equivalent
Quantity Energy equiva-
(kg) lent (MT) (kg)
Solanum tuberosun 83,96 1288 4,16
Colocasia anticuorum 43.30 629 4,23
Ipomoea bztatus 360.00 5965 19.99
Zea mays 342,80 5685 Yy, 02
Oryza sativa 2567.00 42535 213.57
Phaseolus wvulgaris 10.78 169 2.55
Cucurbita maxime 28.00 430 6,00
Pork 112 .50 8560 93.49
Total : 65264 383.61
( 67383) (321.20)

Values in parentheses are the standard requirements.



Table 3.5. Annuel fuel consumntion for cooking in the
village ecosysten.

Category Quantity(kg) Energy equivalent(MJ)
Fire wood 5033 86276
Rice husk 328 6u32
Total: 92308
(92033 )

Value in peérenthesis is the standard requirement.



Table 3.6.Annual energy export from the village eco-systen,

Category Energy (MJ)
solanum tuberosum 61821
Inomoea batatus 1640
Zea mays 51k
Cucurbita maxima 6772
Crop export total: 70747
Pork 12259
Goat meat 933
Chicken 68
Egg 78
Meat and egg exdort total 13338

Grand total: 840835




Fig.3.2 Monetary input:output pattern and efficiency ratio

of the w7illage ecosystem. Unit = Rupee.
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The deteiled economic inputsoutout analysiz for the
varidus sub-gystem of the village ccosystem is shown in Table
3.7 which indicates that the net return of jhum is 10 times
more than that of vallcy sub-system and the net rcturn from
aninal husbandry is somewhat less then the return from'jhum.
However, the return per rupec invested is more then double
for animel husbendry compared to jhumn. The monetary outout:
inout retio for the velley sub-systems 1is much less (1.84%)
compared to the other two sub-systems., In the domestic unit,
there wes @ net loss of ks 5307 per yerr and thus the outout:

input ratio worked out at u.76.
DISCUSSI N

Land use:

Slash and burn agriculture (jhum) which is the most
importent land use proctise in the north-eastern hill regions
of India, in the present cesc has 2 10 year jhum cycle which
make it not only economically sustainable as shovn for the
low elevetion situetion (Toky and Ramakrishnan, 1981) but
also permit sufficicnt time for nutrient recovery during the
fallow period (Ramcvristinen and Toky, 1981). One of the chief
advantages of jhum is that it orovides an all-cro» diet for
the people out of the same lend (Leach, 1976). As lesbour
is the chief input and is based on the simple way in which
solcr energy is herwested through forest, the system is
efficient from an energetic vnoint of view. Thus it has been

held up 25 a model of productive efficiency where 5 to 50
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Table 3.7 The monetary input:output pattern in wvarious
sub-systems of the village ecosystem(rupees
per annum;.

Cataé;ry Jhum Valley Animal Domestic
' / husbandry
Inputs:
Labor 10926 2801 3285 -
Manure 923 - - -
Bone meal - 208 - -
Seed 6437 180 - -
Juvenile animal - - 630 -
Food - - - 13782
Feed - - 118 -
Fuel wood - - - 562
Interest on work- 2195 383 L8h 2321
ing capital(12%)
Total: 20486 3572 L5517 21665
Outouts:
Crop 51030 6000 - -
By-product - 581 - -
Meat and egg - - 27489 -
Manure - - 1068 -
Mannower - - - 16358
Total: 51030 6581 28557 16358
Net return 30544 3009 24040 -5307
Leturn per rupee 2.49 1,8% 6.3 0.76
invested(outout:

inonut ratio)




units of food energy arc hervested for each unit of innut
(kajdapo t, 1971; Steinuart and Steinhart, 1974%; Toky, 1980)
compared to the energy-intcrnsive agricultural systems of
the vestern countrics (Daniel, 1956; Black, 1971; 2imental
ct al., 1973; Spedding and Walsingham, 1976;Pimental end

Pinental; 1979).

Valley cultivation has many pdventages over jhum in

thet soil and nuytrient losses are hecvy from the slopcs from

]

zand under jhun (Ramakrishnan et al., 1980). The former is
nutrient sink without any major losses from the system., This
makes the system 3-4 times more energy efficient than jhum.
From a monetary point of view jhum is more favourably placed
due to diveursificetion of croons and the higher returns from
potato compered to rice. However, lend use under this system
in the hilly terrain is restricted for want of suitable sites.
But, a distinct advantage that valley cultivetion of rice has
over jhum is that the re-use factor for the formner is 1 whereas
that for the lotter is 0.1/0.2 (ie.the land is cropned only
once or twice in 10 years). The energy output:input per ha per
year for both the systems work out similar to that discussed
by Ieach (1976) for »re-industrial ferming with jhum showing

up badly due to the low re-use factor.

Animal husbandry:

. 6
With an energy exiscnditure of 18.8 x 10 MJ over a
10 year period for raising a single nig under Tsembaga swine

husbandry in New Guines highlands (Raopaport, 1971) and with
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only 1.5% return on the food energy feed to pig as per
calculations of Pimentrl end 2imentzl (1979), this system

is not very efficient though it 1s ¢ practical wey of storing
excess food energy. The efficiency of the system studied

here is, hovever, much better beciusc of the lighter demands
on the fefmer. Thas the animrls are chiefly denendent upon
vegetable waste and browsing besides che¢n feeds 1like poor
quality tubers unfit for human consumntion. Further the
slaughter of pigs every year es they merture rother then

every 10 years during festivael time as in the Tsembage system

also help in bringing down the encrgy cost for recaring.,

Apert from this sub-system forming an important link
in the detritus food chain, it provides a protein rich diet,
nutrient rich manure and a subsidiary source of income as
excess meat end poultry nroducts are sold in the market.
In fact, animal husbandry from its economic angle, is marked-
ly suoerior to agriculture with high returns per rupee invest-
ed beccause very low monetapry input and high selling price of

meat,

Fuelkwoggz

Fuel for cooking is an impoftant need of the domestic
sub-system, more than 50% of which are imported from outside
the village ecosyste.. One of the consequences of shortening
of the jhum cycle (Rem krishnan et al., 1980) has been a

fast deplction in the fuel wood resources of the region,
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This is agrevated due to low efficiency of utilization of
fuel wood energy in the developing world (Lcach, 1976),
where the per capita consumption of encrgy for cooking 1is

considered to be 2,5 to 5 times more than in thc west.

Village e¢cocystem function:

The schemot.c presentation of energy flow through
the village ecosystem (Fig.3.3) brings out the intricate
reletionships cxisting between the 2gricultural, animal
husbandry and domestic compertments., Utilizstion of re-
newable rcsources of the forest in the form of slash alone
forms the basis for the functioning of the system., The
comdost »it is an importent comoyonent of the systen as it
providcs food for secondary oroduction and generates organic
manure which is cycled back into agriculture. The annusl
manure outnut in terms of N, P and K works out 55.26, 51.57

and 44,21 kg, resvectively which is significent.

The per canita food osroduction in the village exceeded

the food energy consumed by the peonlc by 16,64 MJ per day.

A small frretion only of this cxtra energy was uytilized for
maintaining pig ¢nd oaultry, some kept as seed so thet the
rest (8% x 103 MJ per yeer) is exported out of the village.
While developed countries use hezvy'inputs of commercial
energy for food production (leach, 1976gStout et al., 1979),
develooing countries depend on lerge inouts of humen labour.

Thus Hevelle (1976), in 2 study of rural India, cstimated



Fig.3.3 Energy flow model for the village ecosystem at
Setthliew, Values within parentheses refer to

the replacement cost in terms of fossil fuel.

Unit = MJ x 103.
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that over 50% of working hours are spent direectly in agricul-
ture tnd 39% in other domestic activities rel- ted to food
preperation, In this context, guantification of the inter-
dependency of energy resources and supjlies in a village eco-

syste 1 such as the prcsent one is significant.

It may be concluded that the high energy efficiency
of the villege ecosystem in Cetthliew as a whole is relcted
to:(1i) high labour inout, (ii) ex»loitation of a large frea
of land around the villege under a 10 year jhun cycle (with
5 ha in 2 ,iven year) vhich permits sufficient r.covery of
nutrients for jhum, (iii) 2 ha of valley rgriculture which
gives & sustained yield due to enrichment of nutrients from
adjoining hidl slopes, (iv) efficient re-cycling of food
westes and cron residues in manure pits ond (v) swine husbandry
which is sustained through a\ricuitural waste inputs at prect-

ically no cost to the fermer,

Fucl wood production within the villege ecosystem thro-
ugh fastgrowing native trees and more c¢fficient utilizetion
as through biogas technology would hels in conserving the
forest resources. In o hilly terrain as this with high in-
tensity rainfall confine: to a fecw moﬁths during monsoon,
horticulture and plentation crops seem to be an attractive
alternative to annual crooning through jhum on steep slopes
(hamakrishnan, 1980)., These oossibilities for sclfsufficiency
in fuel wood 2nd more diversified primary oroduction should
be considered f or an integrated rurel development in this

region, which is currently receiving our attention.
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SUMMARY

The pattern of energy flow through four major sub-
systems (Jhum, Valley, Animel and Domestic) of a typicel
Khasi villcge ecosystem with ?slash and burn' agriculture
(Jhum) ot an clevation of 1540 m in t he north-eastern hill
region of India wes studiecd, The energetic cfficiency
(outosut:inosut retio) of jhun in 5 ha of land vorked out to
7.53 and that of valley cultivetion on 2 ha of land worked
out to 40.14%, The enim~1 husbandry sub-system had swine
husbandry as its oredominant comnonent. This had an energetic
efficiency of 3.04%. The village ecosystem rs a whole, however,
had ~n efficiency of 1.57. Animel husbandry formed an impor-
tant link in the detritus food chain by utilizing the garbage
and vegetable waste of the egriculture system. The forecst,
apart from oroviding the basis for agriculture also meets
part of the fuel requircment of the village. The comvost
nit is a very imonortant component in the functioning of the
village ecosystem 2s it provides feed for secondary product-
ion and generates orgsnic manure both of plant end animal
origin which is cycled back into agricultuee, The intricate
reletionship existing between the production and consumption
compartnents of the village ecosystem has been worked out

both from economic and energetic points of view and discussed,



CHAPTER — 4

SEDIMENT ,WATLR AND NUTRIENT LOSSES UNDER SLASH AND
BURN AGRICULTURE (JHUM) AT HIGHER EIEVATIONS OF
MEGHALAYA IN NORTH-EASTERN INDIA,
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INTRCODUCTION

Slash and burn egriculture (locally known as 'Jhum!)
which involves slashing the natural vegetational cover,
burning the dried slash and cultivating the land for a few
years before it is apbandoned for natural regeneration is
a predominant form of agriculture in the north-eastern hill
region of India. The jhum cycle which is the time interval,
when forest fallow development occurs due to natural re-
generation, before the same site is again cultivated has in
recent times heen reduced from a more favourable 20-30
years to as short as 5 years. Further, in the recent past,
terracing of land has been introduced into this region as

an alternative to jhum.

Jhum is practised along the steep slopes of the
hills (sloe angle being 30°- 40°) and therefore large
losses of ton soil, vater and nutrients occur during the
cropping period due to run-off and infiltration, Some
losses may also occur during various stages of the fallow
development dev~nding uvon the vegetational cover. Losses
of nutrients, chiefly through infiltration of water are
also likely to occur under terrace cultivation. The present
work done at Shillong (25.34°N and 91.56° B ) is an attempt

to study the hydrology and the pzttern of sediment and
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nutrient losses through water that may occur under jhum at
the time of croponing as well as during éhe subsequent fallow
development and to compare it with the pattern under terrace
cultivation.
STUDY AREA AND DESCRIPTION
OF THE SYSTEM

Shillong located in the Khasi hills of Meghalay is
at an altitude of 1500 meters. The climate is monsoonic
with most of the annual rain-fall of 1843 mm occurring dur-
ing the monsoon period, from May to September. The average
maximum temperature during this season was 23.7°C and the
average minimum temperagure was 16.3°C., The humidity percent-
age remained very high during this period (84%.1%). Winter
is cold with occasional showers, extending from November
to Februery with an average maximum temperature of 16.800
and a minimum of 7.600. Frosts are very common during December
and January. The brief summer which is warm and dry extends

from March to April with g maximum temperature of 23OC.

'Slash and burn' agriculture (jhum) is extensively
practised by the local khasi tribe at higher elevations of
Meghalaya and is also a common feature of the entire north-
eastern hilly states of India. While at lower elevations in
the subtropical forests, the entire forested cover is slashed
which is the typical and more common form of jhum (Toky and

Ramakrishnan, 1981), at higher elevations the lower branches
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of trees alone (chiefly Pinus kesiya), which already are
sparszly Spa;;d due to previous land use practice, are
slashed., Further, unlike at lower elevations where slash

is burnt in situ and seeds of the crop mixture are planted
directly on the soil-ash complex by dibbling, in the present
case the slash is placed in parallel rows running down the
slone, covered over with a layer of aoil placed on the

dried slash so as to make ridges and furrows. Thus the

slash is burnt under more controlled conditions and the seeds
of the crop mixture are planted on the ridges, While ferti-
lizer is not used in the typical form of jhum at lower ele-
vation, in the present case both organic (pigdung end
compost) and inorganic (NPK-1:1:1 ) fertilizers are used
depending upon the type of jhum cycle. Agro-ecosystems

under a 10 year jhum cycle generally receive 600 kg ha §}

( oven dry weight) of the organic fertilizer only and that
under a 5 year cycle may receive both organic and inorganic

-1 -1 -1 -1
fertilizers at the rate of 1000 kg ha yr and 10 kg ha yr

-1 -1
respectively in the first year and 1850 kg ha yr and 20 kg
-1 -1
ha yr resvectively in the second year of cropping (Mishra

and Ramakrishnan, 1981),

A mixture of 8 crops consisting of root and tuber
crops like Solanum tuberesum, Colocasia antiguorum and
Ipomoer batatus, cereals like Zea mays, legumes like
Phaseolus vulgaris and vegetables like Brassica oleracea,

Cucurbita maxima and cucumis sativus are grown together



: 83

in the same site. Emphasis on the mixture of crops may

vary according to the type of jhum cycle imposed on a given
site. Thus, while all the crops mentioned above may be grown
together in the same field during cultivation under a fairly
long.Jhum cycle of 10 years, only three crops like §.tuberosuu,
Z.mays and B.oleracea are grovn under a short jhum cycle of
5 years, While cultivation is done only for one year in the
case of a long jhum cycle, under a § year cycle cropoing may
be done for 2-3 years before the land is fallowed for natural
regeneration of vegetation. S.tuberosum, however, is the
major crop in both the cases, After the burn and a few weeks
beforc the onset of monsoon, the tuber crops are planted

on the ridges *hile the rest of the crops are planted after
the first few showers, Along each ridge three distinct rows
of planting'is done by dibbling the seeds of &,.tuberosum;
Z.mays seeds are dibbled at intervals, While C.maxima and
C.sativus are planted at random, but widely scattered on

the ridges, planting of C.antiquorum is confined mostly

to the top and bottom of the ridges. Likewiseé, the planting
of P.yulgaris is confined around the pine trees which may
provide supvort. During July-August the first crop of tubers
are harvested and then a second crop of winter potato is
raised alongwith B.cleracea on the ridges. Harvesiing of
the cereals and legumes is done in September-October. The
harvesting of winter potato and B.oleracea is done in
November after which the land is left uncultivated between

December-March. If a second year cultivation is done the



s 84

same procedures are followed; otherwise the field is left
abandoned for natural regenerstion of forest. The jhum

cycle studied during the present investigation are of 10

ani 5 years. It may be mentioned here that, while the longer
jhum cycles of 15-20 years are extremely rare in this area,
a 5 year cycle is more common, Soil of the present study
arca is podsolic and since the erosion outstrips weathering
process, the soil cover is scant, The soil is sandy, loose

and highly porous with a pH of 4-6,

In recent times, terrace cultivation was introduced
to this area by governmental agencies. Either a mixture of
crops as in jhum or a monoculture of one crop species, namely
S.tuberosum or B.oleracea may be raised on bench terraces,
The terraces have a width of 3-4 meters, This involves heavy
inputs of organic (3000 kg ha i} ) and inorganic fertilizer
1:1:1 of NPK (74 kg ﬁ; 5} ). The crop mixture in the present
study under terrace had S.tuberosum, Z.mays and B.oleracea.

METHODS OF STUDY

Sites under jhum under a 5 and 10 year cycle and
that under terrace cultivation were identified at Shillong
taking care to ensure similar aspects 2nd topographic con-
ditions (the average slope angle in these sites was 40° ).
One five and ten year old fallows developed after cropping

under a 10 year jhum cycle, under natural vegetational
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cover were also identified taking care to ensure similar
aspect and topogranhic conditions, Bach of the site selected

covered an area of about 2 ha,

For studies partalning to sediment and water loss
due to erosion and run-off, the loss from a confined area
of 2 x 20 m along the slope was collected in large collect-
ors and sampled periodically for chemical analysis. For the
study of percolation loss of water, 'Russian’ type lysi-
meters were employed (Buckman and Brady, 19€0)., Soil was
cut vertically in each site to expose the orofile, A small
tunnel was excavated at a depth of 40 cm (the depth to
which most roots penetrate) and thec lysimeter (30 x 30x150%)
was placed inside it. By pressing from below, the rim of
the lysimeter wos firmly inserted in the undisturbed soil
above. The percolated water was tapped out from the lysimeter
from time to time for analysis. The observations are based

on four revlicates at each site,.

After analysing the water/soil samples for No3-N and
Po+-P, soon after collection, the weter samples were pre-
served in polythene jars for subsecuent analyses. Soil
samples were air dried, ground and after pessing through
0.2 mm sieve, it was stored in glass jars. The samples were
analysed by standard procedures(Allen, 1974%). Thus, No3-N
and Po4-P were estimated colorimetrically by the phenol-
di-sulphonic acid method and the molybdenum blue method

respectively . Organic nitrogen was estimated by the
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microkjehldahl method. Calcium and magnesium were analysed
by the EDTA titration method and potassium was analysed by
the ‘fleme emission method. Soil extraction for cations was

done with 1 N Ammonium acetate at pH7.
RESULTS
Sediment and water losses:

Table 4,1 presents the total loss of sediment and
water from the agro-ecosystems and the fallows of different
ages. The sediment yield due to erosion was significantly
more (p/0.01) in the case of jhum fallows. When the sediment
loss due to erosion during the first year of cropoing under
a 5 year jhum cycle was compared with that of the second
year, the differences were not significant. Sediment loss
during croniing under terrace cultivation was significantly
lower than that under jhum (P/0.01) and this reduction was
to the extent of 38.,3% and 24,9% in t he first and seccond
year of cropping respectively compared to first year cropp-
ing under a 5 year jhum cycle., During the second year of
terrace cultivation, the sediment loss increased significant-
ly (P/0.01) by 25.1% compared to the total sediment loss

that occurred during the first year of cropping on terraces.

The run-off water loss significantly increasecd
(B£0.05) in the agro-efosystem under a 5 yerr jhum cycle
compared to a 10 year one. The shortening of jhum cycle,

however, does not seem to have any effect on the loss of
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percolation water. The run-off loss dropped significantly
(P/0.01) during the fallow development period, whereas the
perculation loss was higher., While during the first year
of cropping under a 9 year jhum cycle, 38% and 8.6% of the
annual precipitation of 156.1 cm was lost through run-off
and percolation respectively, these losses changed signi-
ficantly (P/0.05) to 46.5% and 5.8% during the second year.
Compared to jhum sgro-ecosystem under a 5 year cycle the
run-off losses was significantly reduced (P/0.05) by 16.7%
and 25.3% during the first and second yeer of cropping on
terraces. Percolation losses under terrace agro-ecosystem
was significantly higher (P/0.05) compared to that under

jhum agro-ecosystems (Table 4.,1).

The sediment loss due to erosion during the monsoon
showed two distinct peaks one in May and another in Septem-~
ber., However, the loss from the jhum agro-ecosystem was
greater than under terrace system, The run-off losses of
water, however showed one major peak during the monsoon in
May-June with a sharp decline on either side, Percolation
losses of water showed a sharp increesse in June which was
maintained at a slightly lower level during the subsequent
months., The losses of water through run-off and percolation
are related to the rainfall pattern (Fig.4%.1).

Nutrient losses:
The éoﬁcentration of various nutrients lost during

the monsoon through eroded sediment and through run-off



Fig..1

Pattern of sediment and wveter loss d@uring cropping
from a hectiére of land under jhumn and terrace cul-
tivation. Stippled bar, 10 year jhum cycle; oéen

bar, 5 yeer jhum cycle; hatched bar, terrace culti-

vation; O--- --O, rainfall,
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water generally declined during the latter part of the
monsoon, both in the case of jhum and terrace agro-ecosyste-
ms. The concentration of nutrients lost through percolation
water also followed a similar pattern though the concentra-
tion of some of the nutrients likec No3-N, organic-N, Pok-p,
K and C2 under jhum increased in June-July compared to
April-May. The concentration of all the nutrients remained
higher in the sediment and water lost during cropning under
a 10 year jhum cycle compared to that under a 5 year cycle
cxcept for No3 - N. The concentration of all the cations in
sediment and water was markedly lover under terrace (P/0.05)
comparced to that under jhum. However, No3-N and Po#-P losses
often was slightly higher under terrace cultivation. Compered
to the agriculture systems the nutrient losses from 5 ond

10 year fallows were low or in some cases no detectable
levels could be observed. In general, in the fallows, the
concentration of nutrients in the eroded sediment was much

higher than in the run-off and pcrcolated water (Table 4.2).

Table 4,3 presents the losses of No3-N, organic-N and
Polt- p through sediment and water., While the total loss of
these nutrients through sediment and run-off water were sig-
nificantly higher (P/0.05) during cultivation under a 5 year
jhum cyele compared to a 10 year cycle, the shortening of the
jhum cycle had no significant effect( p)>0.05) on the per-
colation loss of No3-N and Pok-P, The totel loss of No3-N

under jhum and terrace agro-ecosystems was also significantly
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Table 4,2. *Concentration(ppm) pattern of various nutrients in sediment, and run-off and percolation water.

' ! !

!
Agro-ecosystem/ ‘Nutrient ! Sediment ' Run -off water _ ! Percolatiion water:
Jhum fallow ' _ ] ~ . “ . . Y m
! ! >ﬁdwwzzm<uqcbm.mzw<,>smwmmcdmewwH-me; Junc-July ! Aug-Sept ' b@ﬁwwuzﬁ<u June-July ' Aug-Sept
No3-N 2.10  0.55 0.18 | 0.33 0.32 0.28 0.38, 0.39 0.35
Organic-N 3 i . . 211 C. 0.
10 Yr cyele g 3000 2408 , 1 2193 142] 1.23 0.99 0 M 33 v9
'Polt-P 33 26 22 0.19 0.15 0.11 0.084 U.08 .07
K 2363 1496 1120 19.30 15.10 13.00 15k 23.0 . 22.80
Ca 305 273 297 2.30 1.83 1,27 1.30 2,10 1.80
Mg 231 143 124 0.88 TR 0.22 1.21 0.88 0.60
Jhum X
agro-ecosystem
: . No3-N 3.00 0.59 0.16 0.37 0.35 0. 30 0.32 0.39 0.28
o _
Organic-N 2938 2329 , 2168 - 1.20 ) 1.16 0.80 0.26 0.39 0.13
Poli-p 23 21 ! 20 0.11 0.16 0.13 0.06 0.08 0.06
5 ¥r cycle K 2087 1423 1170 18.80 15.60 12.80 13.30 22.10 22.%0
Ca 283 238 2l9 2.00 1.80 1.30 1.%0 149U 1.90
, Mg 199 130 109 4 | 0.81 0.4k D 1.19 0.88 0.64
. i §
gl No3-N 3.2k 0,47 0,18 0.52 0.36 0.23 0.5T; ° 0.41 9.30
Organic-N Lo98 3905 311k ND ND ND ) 0L 33, 0.25 0.05
Polt-p o 15 13 0.23 U2t 0.18 0.11, 0.06 0.10
Terrace : K 760 733 719 8.80 6.40 6.00 uhwom 5.60 3.50
agro-ecosystem ol K
Ca 15k 155 138 2.30 1.80 1.70 2.601 2.20 2,10
, Mg 4 68 63.8 ND ND ND ND ND ND
. - i
No3-N 3.31 . 0.55 0.11 0.32 0.30 0.25 0.29 0.30 0.28
Organic-N 2559 2345 1439 ND ND ND “T WD W,L ND ND
. Pok-P 6.75 3.25 2.25 ND ND ND ND | ND ND
1 yr Jhum fallow K 1228 980 881 7" 5.13 5 ND m/ ND ND
Ca 205 146 1 109 0.96 0.74% 0.5 047 . 0.98 0.69
@ Mg 115 90 70 ND ND ND ~ . ND ND ND
B e ST FA N
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Table 4.3. Nitrogen and phosphorus less AWm ha yr ) thr sms tsediment, run-off and percolation water.

1 H - L]
! ' Agro-ecosystem under awcw ! Jhum mmHHozm of different age Hmwwmom .
owﬁwmow% ' Nutrient “ 10 yr cycle H 5 yr cfecle ! 1yr "5 yr , 10 yr mmao.moom stem
ol LOSs (mean+SE ) “ Asmwb €& J |(meant SE ) .A Mean + SE ) , (mean + SE ) m Azmm5+ SE )
- . - . R .- - 1 ¥ N !
.018+0.,003  0.007+0.002 0.003+0.001 | 0.063+0.005
T .05%+0.008 0.087+0.012 0.018+ < = -
No3 X 0.054%+0.00 Ao.ommwo.pomv M ( 0.04910.004)
Sediment Organic-Ii 128.442+0.248 172, uou+0uwm:, 17.990+0.087 5.859+0.068 1.63%+0.055 135.47940.133
Tt - n\_ﬂ@ \“O\I.a .wav A \_WW,.MGN.HO.\_ONV
Pol+-P 1.372+0.039 2,004+0. 083 8+0.003  0.023+0.002 ND 0.574£0.049
(1.686+0, 049 ) | 0.035£0.003  0.023% Ao 762+0.047)
~,‘ . e e ,W - B | |
No3-N 1.710+0.020 2, 260+0.023 * .
- - 11.34%2+0.01 0.962+0.014 0.497+0.011 2.132+0.029
(2.638+0.924) 342+0.017 962t (3.181+0.022)
Run~off Organic-N 6. 477+0.027 6.682+0.020 .
water (7. wm:i.c. wov ; ND ND ND- ND
(ND )
-p .8 .01 .815+8, 0
bt 0 mqﬁo 010 w;.omwmmw@wov ND ND 0.039+0.003 1.065+0.010
S . (1.040+0.011)
i , . — —
{ 0.5%4+0.028  0.908t0,026 0.218+0.019 I  0.621+0.028
No3 N 0.459+0.046 Am WM w mw 2 + t . . (0.48870.022)
- ¥ . .
. : ND ND ND- 0.344++0.002
Percolation Organic-N 0.039%0.008 0.355+0.003 .
water ¢ (0.286+0. @Orv ; (0.19%+L.007)
Pol-p 0.095+0.012 0.099+0}017 ND ND D _ 0.149+0.009 .
( o.omm&amoémv 1 (0.075+0.007)
3 )
Values within the parentheses indicates the total Hmmm m )
during the sencond year of cropping.
ND= Not detectable. 3 M

&
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higher (P/0.01) through run-off, followed by that though
percolation water and wes least through eroded sediment, Or-
ganic-N and pol-2 losses were significantly higher(p/0.01)
through eroded sediment followed by run-off and percolation
water, The values for losses during the second year of
cultivation given in parentheses for a 5 year jhum cycle
often show that the loss of nutrient during the second year
of cropping may be significantly higher or lower (P/0.05)
depending upon the nutrient and the type of loss No3-N loss
through run-off water under terrace cultivation however, was
not significently different during the second year of cropoing.
While the total No3-N loss in the scdiment and bercolation
water under terrace agro-ecosystem was not significantly
different from that under jhum, this loss in the run-off
water under terrace was significantly reduced (P/0.05) by
5.7% in the first year and 17,3% in the second year compared

to that under a 5 year jhum cycle.

Organic-N loss through sediment and through water
during both the years of cropning was significantly reduced
(P/0.01) under terrace cultivation than under a 5 year jhum
cycle. In fact, in thc terrace 8sgro-ecosystem the run-off
loss of organic-N was not detectable at all. While the
losses of BW-P in eroded sediment decreased significantly
(p/0.01) under terrace compared to that under a short jhum
cycle of 5 year, the reverse case was obsecrved for run-off
loss (2/0.01) and the difference was not significant for

percolation losses,
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In general, the loss of all the nutrients in thc jhum
fallows of 1,5 and 10 years gradually decreased with increacd
in its age, @and this was markedly low compared to the jhum
agro-ecosystem, The only exception to this was No3-N where
the loss of this nutrient through percoletion increased in a

5 year jhum fallow compared to the agro-ecosystems(Tablekl.3).

While cultivetion under 2 5 year jhum cyecle resulted
in greater cationic loss through sediment and run-off water
comparel to that under 2 10 yeer cycle, the percolation
losses of these were not significantly different (7> 0.05)
except for Mg the loss of which was high under » 10 yeax cycle
(2/0.05), Both under tcrrace and jhum agro-ecosystem, the loss
of K was much higher than that of other cations. In general ,
the losses of cations through the eroded sediment was szig-
nificently higher (2/0.01) than that in the run-off and per-
colation waters. The cation lost from the jhum agr@ecos:ystems
was significantly higher (p/0.01) compered to the E;rraaxa
egro-ecosystem, Howewer, the loss of Ca through percole-tion
wes more (,°/0.01) in terrace compared to jhum agro-ccosystems.
While in the egrQécosystem nder 5 year jhum tycle the verious
types of losses of cations during the second yecar of cronping
may increase or decrease, under terrace agro;ecosystem the
nutrient loss was higher during the second year except for

percolation loss where a reverse trend was observed(Table 4.4),

The nutrient lost from the different fallows wes

significantly low comperced to jhum agro-ecosystems, This
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Table 4.+ Cation loss (Kg ha Yr ) through sediment,run-off and

ol

¥

‘|percolation.

§ 3

' 1 é ) g
- t ihum ¢ ghum fall f different iTerrace
Category : Yutrient : Agro e%osysuems underynbum ' 15: allows os 51yrer nt age — et o ocosysten
of loss ' v 10 ¥yr Cycle 5 yr Cyele ! . - : ’ . ' SE
' | (mean+oE ) : {means ?E y | (mean+SE.- ) : (meen+SE ) ‘ (meant SE ) t(meant )
t y ' = 1 L
{
K 86.109+0.205 110,636+0,221} 8.882+0.050 1.157+0.029 1.067+0.011 27.316+0.073
(101.826+0.237) ' 28.81940.065)
Sediment Ca 1%.650;0.113 16.488+0.128; .1.320+0.036 0.537+0.027 0.112+0.13 L, 794+0.037
(17.313+0.132) - B : 6.478+0.042)
Mg 8.627+0.0k42 9.789+0.040 0.829+0.026 0.215+0.016 0.102+0.12 2.561+0.023
(9.118+0.048] R N (3.283£0.028)
X 88.163+0.228 104,621+0.353 25.962£0.103  19.550+£0.072 2.318:0.055 33.068+0.167
(109.633+0.360) (46.695+0.173)
Run-off Ce 10.263+0.079 10.576+0.08Y% .1 3.576£0.037 2.164%£0.029 0.261+0.011 9.809+0.027
water (12 .725£0.121) ] (11.365+0.108)
Mg 3.075+0.033 3.616+0.030 KD D ND ND
(1.979+0.022), ( ND )
v .
K 25,820+0.203 25.363+0. 3k ND ND ND 8.109+0.052
(20.743{0.312) 4 (6.455+0.06M)
Percolation c 5.5 . .2824+0.027 1. 684+0.03% 2.100+0.018 0.460£0.011 3.485+0.027
water a 59£0.033 (?.58738.8%%) (2.614£0,022)
- ND ND ND ND
Mg 1.082+0.022 1.001+0.013 ( ND )

(0.59310.011g

Values vithin the parentheses indicates the total loss during

the second yesr of cropping.

ND= Hot detectablie.
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decrease in loss under a 10 yerr allow compared to that
under an agro-ecosystem of 5 year] jhum cyele was to the

order of 2 maximum of about 1/1 for Mg,1/70 for K and

1/35 for Ca (Table 4,4),

DISCUSSION

8lash and burn agriculture involving cutting down of
branches of spersely distributed tree species and slashing
of herb ani shrub community in areas at higher elevation in
Meghalaya before burning and cropoing for a year or more
results in drastic changes on the hydrology end nutrient
cycling processes involving considerable losses from the
system, Nutrients are removed along with sediment through
run -off and percolation water. These losses are maximum
during the cropping phase but as the fallows develop with
natural regeneration of vegetation the losses tend to be

gradually reduced.

The observed sizeable increase in sediment and water
loss during the early part of the nonsoon from the agro-
ecosystems under jhum cultivation” _can be attributed
chiefly as due to lack of crop covef. These losses decreased
gradually in the latter months of the monsoon, due to the
development of an effective crop cover and also due to the
decrease in the intensity of rainfall. The steep rise in
the sediment loss during September is closely related to

soil disturbance during the harvest of the tuber crops. In
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the agro-ecosystem under a short jhum cycle of 5 year the -
loss of sediment was more than that under a 10 year cycle
which may be related to the poor physical characteristics

of the soil due to shorter jhum cycle -sand-thinner crop cover
during the time of cultivation. This is confirmed from the
results of the second yeer of crop)ing under a 5 year jhum
cycle (Mishra and Ramakrishnan, 1981). During the second
year of cropping the run-off loss of water incressed while
percolation loss decreased which could be related to the
sealing of the soil pores by the fine particles suspended in
the run-off water (Lowdermilk, 1930; Auten,1934; Weaver and
Harmon, 1935).

In a single pulse, fire releases the nutrients parti-
cularly tq§ cations in the slash material so much so that
its availability exceeds the retention capacity of the jhum
agro-ecosystems, Hence, much of the nutrients are lost through
sediment and run-off and pcrcolation water before they & ould
be incorporeted into the plant biomass. The large amount of
cations releesed affer the burn increases the soil oH which in
turn may promote nitrification(Gfanhall and Hendricksson,
1969), This aloné with increased concentration of the bicsr-
bonate . jons results in increase in aions which are balanced
by the free cations so that the rate of nutrient loss through
water mey increase (Borman et al, 1968; Lewis Jr., 1974).
The greater loss of potassium through percolation water co-

mpared to the percolotion loss of divalent cations under the
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Jhum confirms the findings of some others (Allen, 196k;

Lloyd, 1971) where it vas shown that potassium was much more
readily dissolved than calcium and nagnesium ions following

a burn. Heavy erosion loss of the nutrients was chiefly due

to higher concentration of nutrients in the eroded sediment.
In the latter months of the monsoon, the nutrient losses was
checked to some extent by aneffictive vegetation cover of
crops and associated weeds. In general, the concentration of
various nutrients in the sediment end water lost from the
agro-ccosystem under a 10 year jhum cycle was higher compared
to a ¥ year cycle, This may be due to the low nutrient status
of the soil, lesser quantity of the slash burnt and also
qualitative differences in the nutrient content of the

slash in the agré-ecosystem under a 5 year jhum cycle compa-
red t» that under a 10 year cycle., However, the total quantity
of nutrient lost from the agro-ecosystem was generally higher
under a 5 year jhum cycle compared to a 10 year cycle which
may also be related to poor physical quality of the soil in
the former case and the lesser vigour of the crop cover,

This is more evident for the loss of nutrient through sedi-
ment and run-off watér than for the i1oss due to percolation.
During second year of cropping under a 5 year cycle the losses
increase further whiqh further strengthens the argument gi-
ven ébove. The reduction in nutrient loss through percolation
in the second year of cropping may be relate?! to lesser volume

of percolation water discussed earlier.



: 98

it is quite reasonafle to supnose that the reduction
in sediment, water and nutrient losses rates from the agro-
ecosystems after the jhum cultivetion depends on how quickly
the vegetal cover is resstablished., Soil system of the
north-eastern hill India possess a variety of strategy such
as rapid growth and expansion of stumps, rhizomes and root
sprouts, and germination of buried and transperted seeds
for the fast development of a good vnlant cover., Under a
forested ecosystem, much of the rainfall reaching the forest
floor is first intercepted by the canopy cover and branches
of the forest species ®nd then by the litter layer on the
soil surface., This actually reduces the hitting forqe of the
rain-dross and thereby the erosion is minimized (Lowdermilk,
1630; Kowe, 1955; Langbein and schumm, 1958), With development
of the fallow, the sediment and loss of run-off water d@ra-
stically reduced., The increase in percolation loss of water
in a 1 year fallow compsred to that under the agro-ecosystem
may be due to better physical structure of the soil and
also due to a decline in the run-off losses. Percolation loss
reached its peak in a 5 year fallow' to decline again in an
older 10 year fallov. This decline in the latter case may
be related to increased evano-transpiration/absorption by
the vegetal cover, With fallow development, the concentra-
tion and total amount of nutrients also decreased drasti-
cally so much so that some of the element like organic-N,
Po4-P, K and Mg could not be detected at all in the run-off/
percolation water. This is in general agreement with the

results obtained for jhum under lower elevation
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of Mcghalaya (Toky and Ramakrishnan, unpublished) expept
thet the reduction there is more marked than that reported
here due to faster development of vegetal cover due to

higher tempereture and humidity.

The fast accumulation of various nutrients in the
plant biomass depletes them in the soil mineral pool and
this also accounts for #eduction in nutrient loss across the
eco-systems boundaries reparted here(went and Stark, 1968;
Odum, 1969;Jordan et al., 1972; Valentine, 1976). The increa-
sed leachability of the nitrate ions in o § year old fallow
dominated by Imperata cylindrica and Bupatorium adepophorum
compared with jhum agro-ecosystems seens to be contrary to
the finding of some of the earlier studies that suggest tuct

acidifying grass vegetation dominated by I.cylindrica may

repress the nitrification process (Nye and Greenland, 1960).
This also is contrary to the results obtained by -ne of us
(Toky and Ramakrishnan, unpunlished) for lower elcvotions

in Meghalaya,

BEventhough the sediment loss under terrace cultivation
was reduced by 38.3% compared to that occurred in the first
vear of cultivrtion under a 5 year jhum cycle, during the
second year terrace cultivation the loss got accelerated by
25.1% more compared to the sediment loss during the first
yeat. Further, eventhough the percolation loss was more under
terrace cultivation which is related to the highly parowus

nature of the soil, the total water loss due to both run-off
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and percolation vrs reduced by 9.8% in the first year and
20.2% in the second year compared to thet under a 5 yesr
jhumn cycle, Beside this, the nutrient losses were also
reduced by 24.,1% -92,2% depending upon the nutrient

compered to the loss from jhum under a § year cycle, The
reduction in percolation water in thc second year of terra-
ce cultivation compared to that under first year of terrace
cultivation and the consequent reduction in the nutrient
losses from this agriculture system may be accounted es due
to chogging of the nores »f the s»il discussed carlier,
Inspite all this, there is evidence of a significont decrease
in crop yield in the subseruent yeors of terrece cultivation
(Mishra and Ramekrishnen, nnpublished) which may be related to
soil fertility reduction and increasecd weed nroblem (Mishra
and Remakrishnan, Unpublished). For this reason the farmer
often discard the terraced fields after abaut six years of
cultivetion as the lend becom{?uneconomical to maintain.

If the total loss of nutrients like N end K are calculated
as a percentage of the total input »f these through inor-
ganic fertilizer, this would work out to 56% for N and
27.7% for K.This loss would further increase in the second
yecr of cultivation due to decline in the physical charact-
eristics of the soil, this workihg out to 64% of N and 332%
for K.Thus, terracing does nnt secm to be o viable alter-
native to jhum though the latter ss practised in the pre-
sent form with 2 reduceg cycle of about 5 years also

do not seem to be sustainable on ccologiz~1l rnd cconomic

considerations,.



s 101
SUMMARY

The hydrology, and pattern »f sediment and nutrient
losses through water that may occur under 'slash and burn'
agriculture (Jhum) 2t the time of crooping as well as during
the subsequent fallow development was studied at higher
elevations of Meghalaya in the north-eastern India and com-
pared ¥ith terrece cultivation., A comparison of an agro-
ecosystem under a 10 vear jhum cycle with thet under a §
year cycle suggests that the losses of sediment and water
and also nutrients like nitrogen and phosphorus are more under
the latter, though catio-nic losses show a reverse trend. All
tyne of losses were markedly reduced during fallow development
during secondary suscession. Terrace cultivation resulted in '
8 general reduction of water and nutrient losses. However,
these losse.: tended to increase after continuous cropping
year after yerr, While jhum cannot be sustained with a
reduced cycle as is the case in the present times, terracing

does not seem to offer an alternrtive to this.




CHAPTER —— 5

SOIL FERTILITY CHANGLS DURING AND AFIER SLASH AND
BURN AGRICULTURE(JHUM) AT HIGHER EIEVATIONS OF
MEGHALAYA IN NORTH EASTERN INDIA.



INTRODUCTIQN

'Slash and burn' agriculture (locally known as Jhum)
extensively practised by local tribes in the north-eastern
hill region of India involves clearing of a patch of forest
by slash znd burn, growing of a mixture of crops for a year
or two and then reverting the land back to natural forest
regeneration, After a few years the same piece of land is
again cropned, This time lapse before cultivation of the same
site is called a jhum cycles, When this cycle was fairly lodng
(more than 10 years), this system of agriculture was in
harmony with nature. However, under the present conditions
of increascd population dcnsities and reduced acreage, the
jhum cycle has been reduced to as short as 4-5 years which
has drastically rceduced crop yield, increased rate of losses
of soil, water end nutrients with the consequent infertility
of the soil and aggrecvated thc weed problem in this area
(Ramekrishnan et al,, 1980; Mishra and Ramekrishnan, 1981,
Toky and Rakakrishnan, 1981; Ramakrishnan and Mishra, 19%1).

The present study is an attempt to understand changes
in the nutrient status of the soil pool during jhum culti-
vation under three different jhum cycle of 15, 10 and 5
years (15 and 10 year cycle are very rare, while 5 year
cycle is more common in this region) and the recovery pattern
during fallow develoopment up to a period of 15 years. This

study is significent firstly because it will prgvide clues
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as to why the crop yield decrecases drastically under short-
er jhum cycle of § yeers comparcd to compratively long jhum
cycles of 10 or 15 years. This study is also hoped to achi-
eve an understanding of ontimum jhum cycle which would ensu-
re satisfactory rccovery of the soil fertility with lcest
damage to the soil system. Such an enalysis hes been compar-
ed and contrasted with torrace cultivation whig¢h has been

tricd to some extent as an alternctivc to jhum.
STUDY AREA AND DESCRIPTINN OF THE SYSTEM

This study wos done at Shillong (25.340N and 91,5693)
in the Khesi hills of Meghalaya, at an elevetion of 1500
meters where 'slash and burn' agriculture is prectised by
the local Xhasi tr;be. The area supoorts sub-tropical

montane cvergrecn nine forests with Pinus kesiya as the

dominent species, The terrein is hilly with steep sloves
(the average angle rangzing from 306— 400). The soil cover

is thin ~s thc process of erosion outstrins weathering and
is nodsolic with a »nH renge of 4-6., The clim~te is monsoonic
wvith 90% of the snnual average rainfall( 1843 um) occurring
during thc monsoon period from May to Seotember, The avers-
ge maximum temperature during this season is 23,700 and the
average minimum temperature is 16.300. The humidity remains
very high during this period (8%.1% ). Winter is cold with
occessional showers, eRtending from November to February

. . o s
with an average meximum tempercture of 16,8 °C and 2 minimum
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temperature of 7.6°C. Frosss are very common during
December ~Janurry., The brief summer which is warm and

dry extends from March to April (the maximum temperature is
23°% and the minimum is 12-3OC) end is accompained with

strong wingd.

.In its ty»nicel form, jhum in the entire north-ezstern
India consists of clearing the entire forest and burning of
the dried olant biomass before grawing a mixture of crops
on the hilly slones for one or two years (Toky =nd Ramakrish-
nen, 1981). However, in the higher elevations of the Khasi
hills of Meghotlaya, jhum pettern is significently different
from its typical tyve in that normally anly the lower bra-
nches of the sorrsely distributced trees ore sleshed instead
of the whole tree. Further, unlikec at lower elevations
where the slash is burnt in situ and the seeds are dibbled
directly into the soil-ash comolex, in the present case the
slesh is plrced in narallel rows running ~long the slone
covered .over by a thin layer of soil forming the eleveted
seed beds(ridges) with alternating gaos (furrows) and
subjected to a slow burn. The seedé are planted, in the
present case, only on the ridges. While fertilizer is not
used in the tynical jhum, at the higher elewation both
organic (oig dung 2nd comdost) and inorganic (NPK-1:1:1)
fertilizers are used in vari-us proportions depending unon
the ty»e of jhum cycle at a given site (ilishra and Rama-
krishnen, 1981).
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Cropping is done for one yeer only under 10 or 15
year cycle, but under ¢ 5 year cycle cropping may be done
for a year or two. In the recent past, terrace cultivation
which hecessiates heavey fertilizer inonut has been tried as
an alternative to jhum. A detailed account of land use and
cronding pattern are discussed elsewhere (Mishrz and Rama-

krishnen, 1981).
METHODS OF STUDY

Sites under jhum and terrace cultivation were selccted
at Shillong taking cere to ensure similcr aspects (south
facing slopes)\and tonogranhic conditions. For the studies
pertaining to jhum, deforested sites under 15,10 and 5 year
cycle were identified within the same arez on the basis of
local rccords. In each site soil wes sampled at 10 rrndom

points from a depth of 0-40 cm, at intervals of 0-7 cm,7-1%cm,
_14~28 em end 28-40 cm of the profile. Soil sampling was done
on the five different occassions in the sites under 15 ond 10
year jhum cycle: (i) after slashing of the vegetation and
Just one day before burning, (ii) immediately (1 doy) after
burning, (iii) 30 days after burning during early monsoon,
(iv) 100 days after burning during the mid-monsoon,and(v)
365 days after burning ¢t the end of cropping when the land
was just left a fallow., All these samolings were also done
under a 5 yeer jhum cycle except that a sempling was also
done at the end of 730 days (after two yeers of crooping).

In the site under terrrce cultivation, soil was sampled
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once before the onset of monsoon before seeds were sown
followed by 30,100, 365 snd 730 days from the time of first

semoling,

Sitcs under 1,5,10 and 15 yerr jhum fallows were also
identified on the basis of locel records, within this area
with compererble asncects and tooographic situation. These
fellows werc develooed in sites under 2 15 yecr jhum cycles
Samnling v-s Jone only once (in Mcrch ) and is also besed
on 10 rendom collections through ¢ depth of 0-40 cm of the

soil profile as discussed eerlicr,

Availeble ohosohorus wes estimated on fresh samples,
The scmples were #ir dried, ground, screened through 0.2 mm
sieve ond stored in jors for analysis. The samples were ana-
lysed by stondard proccdures (Allen, 1974%). Thus phosphorus
was estimeted colorimetrically by the molybdenumblue method.
The soil carbon wrs estimated by the Walkey-Slack method and
total nitrogen wes analysed by the micro-kjehldahl method.
Calcium and magnesiun were determined by EDTA titr~tion me-
thod and potessium by the flame-emnission method. The soil
extraction for cations was done with IN Ammonium ecetete at
pH 7. The soil »H ves determined in a s»>il-water suspenskon
of 1:5 ratio using 2 pH meter. The soil bulk density “eter-
minations were mede using o core somoler and the values were
used for subsecuent conversion of analytical data to field

weight per unit erea.
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RBSULTS
Soil changes during cropping

pH:

The pH values given for ridges and furrows separately
on jhum sites (Table 5.1) show that this is generally higher
on the ridges compared to the furrews, at all depths. Only
in some cases the vtlues are almost the same for these two
situations., pH in all the sites declined with increase in
soil depth, Immediately after the burn, pH increased (P/0.01)
under all jhum cycles and this increase was more abvious in
the surface layers of the soil profile., Further, this increc-
se in surface soil pH after the burn was more marked under
a 15 yeer cycle compared to 10 and § year cycles. During
cultivation, the pH declined markedly(P/0.05) starting from
30 days after the burn up to 365 days and this also was
pronounced in the surface layer of the soil, 730 days after
crondiing, under a 5 year jhum cycle, the pH was even lesser
(P/0.05) than thet after 365 days. The pH of the soil under
terrace cultivation increased siightly(R[0.05) after 100
days of cropping only 2t a depth of 0-14 cm but declined
afterwards reaching a level as the original one present at
the beginning, At lower depths, hovever, pH did not change
with passege of time, Undgr terrrce system too, pH declined
with increase in soil depth,

Carbon:
The concentration of soil carbon was significantly

higher(P/0.01) at all depths under longer jhum cycles of 10
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and 195 years compared to thet under a 5 year cycle. At all
sites carbon concentration was significantly low (2/0.01)

at a 28-40 cm deoth comparcd to the profile above. Burning
of the slash on the ridges caused a significant reduction
(/0.05) in the carbon concentration in the soil at 0-7 cm
and 14-28 cm depths and more markedly (P/0.01) at a depth

\ of 7-1% cm only under 10 end 15 year jhum cycles. Under a

5 year cycle no significent difference wes observed (PI>O.05)
for the surface layer of the soil before and after the burn.
Here significant reduction w's noted(2/0.05) only at 7~1k cm
deonth subsequent to the burn. While ridges and furrows did
not show any differcnce et the pre-burn stage, after the
burn carbon concentration was significently higher (P/0.05)
in the furrows than on the ridges, except for most of the
samples from 28-40 cm depth under 10 and 5 yeer cycles. The
percentage of carbon under terrace system decreesed signifi-
cantly (2/0.01) only at a deoth of 28-40 cm at a given time,
Further at the end of 730 days, carbon level declined
sharply (p/0.01) at all deoths. Soon after the burn, ctrbon
concentretion declined up to 100 days at all depthsj ¢t
0-14 cm deoth alone it as significantly reduced (/0.0%5)
after 100 days (Table 5.2).

At the pre-burn stage, carbon content wes significantly
higher (p/0.05) under 10 ycar cycle followed by 15 and 5
yeer cycles. This trend was mointained after the burn also,

Under 211 jhum eycles, the decline in carbon content was
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marked 2 dey after the burn (P/0.01) and further continue
to decline un to 365 dcys. Thus fluctuation was more pro-
nounced in the surface layers of the soil. Under a 5 ye'r
cycle the cerbon content at 730 days was not different from
thet after 3695 days (» 0.05). A similer oattern was also
observed under terrace cultivetion except that the observa-

tions pertein to the croojping period only (Fig.5.1).
Nitrogen:

Nitrogen concentration was generally higher in the
surfece layers of the soil =nd declined with de»sth both on
ridges ond furrows. Whilc the nitrogen concentr-tion in the
soil on th¢ ridges under a 15 year jhum cycle wns close to
thet under a 10 year cycle, it was significantly low (P/0.05)
under a 5 yeer cyclec., After the burn, the nitrogen concentra-
tion at = Jdesth of 0-14% cm declincd sharoly in the case of
15 end 10 year cycle; under & 5 yecr cycle this reduction
was confined to 0-7 cm cepth only, On the ridges, thc nitrogen
concentration further declined up to 100 days at a depth
of 0-14 cm under 211 jhum cycles and then improved subsqquent-
ly while in the deeper layers it declined greduelly upto
365/730 dezys. In the furrows too, the nitrogen concentration
was simil-1r under 15 nd 10 yerr jhum cycle where as it wos
low under & 5 yeor cycle. Nitrogen concentration 3id not
fluctucte with time in the furrows., The nitrogen concentra-
tion in the soil pooh of the terrsce system was found very

close to that of a 5 yeor jhum cycle (Table 5.2).



Fig.5.1 Changes in total cuantity of c-rbon(vithin a soil
profile of 40 c¢m depth) during the various stages
of jhum and terrace cultivation. A, 15 year jhum
cycle; B, 10 yeer jhum cycle; C, 5 year jhum cycle;
D, terrace, Dark column, 0-7 cm; hatched column,
7-1% cm; stippled column, 14-28 cm; open column,

28-40 cm depth of soil.
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While the total amount of nitrogen b fore burning in
the soil pool unts & deoth of 40 em wes not significantry
different under 15 and 10 yeer jhum cycles (2 >0.05), this
wos marke "1y low ( */0.01) uner 5 yeer cycle, Soon after
the burn, it wes reluced by 6%, 9.4% ahd 4.2% in the casc of
15,10 and 5 yerr jhum cycles respectively., After 100 days of
jhum, the nitrogen content wes reduced by 15-17% of the
initial level under 15 and 10 year jhum cycles. At the end
of 365 days about 38% of the nitrogen lost during the ini-
tial 100 diys of cror.ing under 15 snd 10 yecr cyclcs was
recovered. Under a 5 yecr cycle, however, the nitrogen
content declined up to @ period of 100 deys and then stabli-
zed a2t this level. At the en of 730 days under a 5 yeer
cycle, this level of nitrogen was meintained. Under o1l
Jhum cycles, the fluctuation in nitrogen content was pro-
nouncel in the surfacc leoyers of the soil only. During
cropping under terrace system, thc nitrogen content in
thc soil pool decrerscd significantly (P/0.01) upto 730
days so thet 2bout 35% of the nitrogen wos lost from the
soil pool (Fig.5.2).

Available phosnhorus:

At the pre-burn stagc, the available phosphrus concen-
tration in the soil pool up to » dcpth of 40 cm was signi-
ficently higher (P/0.05) under 15 year jhum cycle compered
to 10 en< 5 year cycles with lesst vazlues under the latter,

both on ridges end furrows. In all cases, nhosphorus



Fig.5.2 Changes in total gquantity of nitrogen (within a soil
profile of 40 cm depth) during the various stages of
jhum and terrace .cultivation., 4, 15 year jhum cycle;

B, 10 yecar jhum cycle; C,5 year jhum cycle; D, tetrace.
Dark colwmn,0-7 cm; hetcred column,?7-14% cm; stinnled

column, 14-28 cm; open colum, 28-40 cm deoth of soil.
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concentration declined with increase in depth of the

soil. The concentrstion on the ridges increcsed only
significently (»/0.05) 1 Zay after the burn but improve.l
significantly (¢ /0.01) 30 days after cropping, followed

by a decline upto 365/730 days unier all cycles. The

chrnge in phosphorus concentretion with time was not

very mqrked i.a the furrows. Further, both on the ridges

and furrows, différence in concentration with time was

more pronounce’ in the surface layers of the soil., Under
terrrce system alsc the concentration of phosphorus increased
after 30 deys of cronping followed by a decline subseuently
which was more pronounced in the surface layers of the

soil only. Eere too, the concentretion declined with depth

of the soil (Table 5,2).

Phosphorus content in the soil pool under different
jhum cycles declined significently (2/0.05) soon after the
burn with a marked recovery after 30 days under 15 znd 10
yeear cyclés and after 100 deys un'ler 5 year cycle followed
by a gradual decline during subsequent time period. Under
all the cycles, phosphorus level fluctuated sharply in the
surface layers of the soil only. In general; phosphofus
content was significantly lowecr (P/0.05) under a 5 year
jhum cycle than under 15 end 10 year cycles. During cronn-
ing under terrcce system, phosphorus content incressed
sharply after 30 deys followed by a significant dcecline at

the end of 365 days (./C.01) (Fig.5.3).



Fig.5.3 Changes in total quantity of aveilsble n»hosohorus
(within a s»>il orofile of 40 cm deoth) during the
various stages of jhum and terrece cultivation., A,
15 year jhum cycle: b, 10 yefr jhum cyecle; C,5 year
jhum cycle; D, terracc, Dark column,0-7 cm; hatched
column, 7-1% cm; stiopsled column, 14-28 cm; open

column, 28-40 cm deoth of soil.
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BExchengeble cations:

At the pre-burn stage no significent difference
(P >0.05) of the cations were observed between the three
Jhum cycle, on the ridges #nd in the furrows. However, a
dtey after the burn significently higher levels of cations
were observed under 211 the cycles on the ridges only -nd
this wfs more oronounced in surface ;Pyers of soil only up
to =« gopth of 14 cm/28 cm. During subsequent days of cropp-
ing the concentr:tion of cctions on the ridges declined
gradually upto 365/730 days. During the post-burn period,
concentration of cations on the ridges wes higher under
15 ycor jhug cycle and least under a 5 year cycle. During
cropping under tocrrace system cations declined significantly
(?/0.01) with passage of time. Under all situgtions cation

concentration also declined with increesc in depth (Teble 5.3).

The levcl of all the cations increased sharply soon
after burn (2/0.01), under all jhum cycles, this bring more
pronounced under longer jhum cycles. During the crod’iing
period there was 2 drestic decline (B/0.01) in the =mount
after 30 drys followcd by ¢ groducl decline (2/0.01) during
the subsequent period. Generally, during the »ost-burn
period, the cmount of cctions wes found to be moximum under
a2 15 year cyele end leéest under a 5 year cycle. Potassium
level at the end of the 365 days after cropping was higher
® /0.01) in the soil pool compared to the prec-burn period

under 10 and 15 yeer cycles and wrs significently lower
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Table 5.3 Chenges in concentration of the cations{mg/100 g
soil) during croppning. !

}
, : : : Jhum cycleL%r) ; Terrace,
Cations éiﬁglings 15 : .. [10 : 7]
(days) ¢ Soil depth (cm) ! { Soil depth(c%) S0il depth(cm) : So0il depth(cm)
; | : 0-7  7-1% 14-28 28-%: 0-7 ;E 7-1% | 14228 28-k0 ' Q-7 7234  14-28 28-4ot' 0-7 714 1h-28 2840
~1 13(13)  9(9) 6(6)  9(%) 11(11ﬁ 7(7) | 75(5) 5(5) 12(12)  7(7) 6(6) 6(6) - - - -
1 61(13) 39(9)  9(6)  7(5)  56(11) 3W(7) | 7(5) 7(5) 51(12) 32(7) 7(6) 6(6) 13 10 7 5
Potassium 30 29(11) 22(11) 10(6) 6(5) 32(9), 20(7) | 9(5) 7(=) 27(8) 17(7) 6(6) 5(6) 11 7 5 7
100 C21(8)  17(7)  18(7) 9(5)  22(7), 16(6) | 13(5) 11(3)  16(6)  10(9)  5(6) 5(k) 6 9 9
365 15(6)  10(5)  1(5) 13(3)  13(6) ' 14k | 11(5) 16(5) 1% 7(6)  3(¥) 7(3) 3 5 5
730 _ _ - - - - - - 8(%) 5% 3(3) 9(2) 3 5 .5 5
-1 10(10)  11(11)  7(7) 3(3) 12¢12y 10(Te)| 6(6) W) 9(9)  8(8) 8(8) 3(3) . - - - -
1 32(10)  27(11) 19(7) 5(3) 28(12), 20(16)[15(6)  6(&)  21(9)  17(8) 13(8) 6(3) 13 =~ M 6 5
‘ 30 23(10)  16(11) 11(7) W(3) 19(12) 18(10)(13(6)  6(%) 16(9) 15(8) 13(8) 6(3) 12 9 5 5
CREMR Lo 190100 111 80) 3(3) 16(12) w(eIIE) W) 86)  6(6) 5(8) 6&3) 8 ° ¢
365 15(8) o(11)  S(7) 23) 13(8) 12(10)| 9(6) 3(¥)  5(3) H(5)  5(8) 5(3) 7 b 2
70 - - _ o I A3 A3 58 M3) 5 r 3 2
-1 8(8)  w7)  7(7)  5(5) to(1op 6(6) M(H) 2(2)  9(9) 66y 5(5) 3(3) - - - -
1 23(8) 16(7) o(7)  7(5) 21(10) 19(6) o(k)  3(2)  20(9) 16(6)  8(5) 3(3) " 10 7 5 3
Magnesium 30 14( 8y 10(7) 72(7)  5(5) 13(10) 12¢6) (%) 3(2)  15(9) 13(6)  7(5) 3(3) * 7 6 L 3
100 9:(7) a(7)  6(7)  5(5) 11(8) to(e) () M2) 1109 9(E)  6(5) 3(3) ¢k 4 4 3
365 7(7) 7(5)  5(7)  5(5) 7(7% 6(6) PV 5(2) 87 6(6)  W5) 2A3) | 2 3 2
730 - - - - -} - - - 6(6) b(6)  ~3(5) 2(3) iND 3 b 2
Value im parentheses refer to the changed chemicalc:hgrac?erics \

under furrows of the jhum site.
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(. /0.01) under 2 5 year cycle . For c¢lecium and magnesium,

a significant decline (»/0.01) in the level of these nutri-
ents at the dnd of 365/730 days compared to the pre-burn
stege could be observed only under 2 5 year jhum cycle.

The fluctuations in the level of thesc cations wes marked

in surfece soil layers only. In general, under terrace system
the cation levcl in the soil was significintly lower (,/0.01)
at the end of 365/730 days of cropiing compared to the ini-
- tial level (Fig.5.%4,5.5, 5.6).

Recovery pattern during fallow development.

5211l pH in the surfacec layers of the soil declincd
with fallow development, the flucturtion was not marked in
the deeper layers of the profile, Percentage of carbon in
the soil declined initially up to 5 yecrs of fallow develon-
ment end then recovered in older fallows in the surface lay-
er of the soil only where as in deeper layers o graduel
increase in carbon was noted beyond 1 yeer fallow period.
Nitrogen and phosohorus concentration throughout the soil
profilc, in generrl, leclined in the initial stages of
fallow develonment end then imoroved later, Cations in the
solil shoved a marked drop after one year »f fallow develo-
pment fellowed by rccovery in the sursace layers only arou-
nd 5 to 10 years. The cation concentration in deeper layers

of the profile was not very much affected (Table 5.4).
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Fig‘Scé

Changes in total quantity of magnesiun (within a
soil orofile of 40 cm deoth) during the various .
stages of jhum and terrace cultivation. £,15 year
jhum cycie; 3,10 yeer jhum cycles C,5 yeer jhum
cycle; D, terrace. Dark column, 0-7 cm; hatched
column,?7-14% cm; sti>osled column, 14%-28 cm; open

column, 28-40 cm depth of soil.
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Fig.5.5 Changes in totel gquantity of calcium (vithin a soil
profile of 40 cm deontn) during the various stages
of jhia and terrice cultivetion. A,15 year jhum
cycle; 5,10 yecr jhum c.cle; C,5 year jhum cycles
D, terrace, Darx column, 0-7 cm; hetchcd column,
7-14 cm: stipilcd colwmn, 1428 cmg open column,

28-40 cm desth of soil.



v G Old



Fig,9.4

Changes in total quantity of potassium (within a
soil profile oi 40 cm denth) during the various
stages of jhu: and terrace cultivation. 4,15 yesr
jhum cycle; B, 10 year jhum cycle; C,5 year jhum
cycle; D, terrace, Dark colum, 0-7 cm; hatched
column, 7-1% cm; stipnled column, 1%-28 cm; open

column, 28-40 cm depth of soil.
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Table 5.4. Changes in pnhysico -chemical characteristjcs during fallow
developmént after jhum. i l ,
] ) ‘ [
Age of 3 hum fallow Xr ) . ; .
0 1 0 5 0 '
46 8 x % 10 : 15
0 2o0il depth(cm) 8 Soii depth(cm) - A% Soil depth (cm) ! S»nil depth (cm)
g 0-7 7-14 14-28 28-40 E} 0-7 7-14% . 1428 28-40 0 0-7 7-1%  1h-28 ,;28-40 ' 0-7 7 _1h 14-28 28-40
5.4(5.%) 5.105.1)  5.2(5.2)  5.0(5.1)  5.5(5.5) 5.2(5.1) 5.1(5.1) 5.1¢5,0 5.3 5.1 5.1 ?.o 5.1 5.0 5.0 4.9
1.79 1.18 0.81 0.07 1.65 .81 1,597 0.1k 1.85 2.65 1.55 0.17 1.93 2,10  1.60  .0.22
(1.83)  (1.31) (0. 8%) (0.07) (1.65)  (1.81) (1.49) (0.14)~ ' _
0.217 0.200 0.069 0.047 0.216 3.190 0.105  0.091 0.260 0.218 0.122 5.911  0.25 .21 121 o !
(0.221) (0.205)  (0.069)  (0.046)  (0.221) (0.19%) (0.105) (0.093) 0.257  0.215 0.121  0.111,
, 1.0 1.1 0.50 3.33 2,11 1.0 0.50 L1 2,25 1.16 .6 3, >,
¢32e)  (1:0%) SRESINCOC T (3.37) (f.1o> (1:10)  (0°30) > g 0.062 3.4 2,29 122 0.57
6(5) 5(5) 5(5) . W) e e se 5 11 6 5 13 9 6 5
10(11) 8(8) . 6(6) L(h) 9(11) 8(7) 8(8) 5(Y) 12 11 5 11 11 8 5
6(7) 6(8) (k) 3(3) 9(9)  b(6)  6(6)  3(3) 10 5 3 8 7 ; 6
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In general, the cumuletive vrlues for carbon, nitrogen
an. ohosnhorus followc & similar trend in the recovery pa-
ttern of nutrients during fallow development, To start with,
the level of all thcse three elements was low in a Q year
fallow after 1 year of crooning which further declined
after 1 yecar of fallow development. In 5 and 10 ycer fallows
the reccovery of these elements was marked though in a 15
year fallow. 1t slightly declined. In the case of cations,
the nutrient cajitel in a 0 year fallow was comparatively
higher and was meximum in the cose of potassium followed by
magnesium, In a 1 year fallow there was a drestic decline in
the cetsc of potassium and magnesium where as it occurred
only in a 5 year fallow for calcium., In 10 and 15 year
fallows, steady nutrient rcvovery wes observed for all the

threce cations (Fig.5.7).
DISCUSSION

t1S51ash and burn'! agriculturc involving slashing of
the underbrush along with the lower branches of the sparsely
distributed pine trees end burning the dri.d slash along
the ridges before growing a mixture of crops on the hilly
sloves at thc higher elevations of Mcghalaya, brings about
a number of changes in the nhysico-chemical properties of
the soil. Burning of the plant biomass in a forestcd ecosy-
stim is known to alter the avrilability of at leest a few

nutrients imnortent for plant growth (Ahlgren and Ahlgren,



Fig.5.7 Changes in cumulative quentity of various nutrients
(vithin a soil profile of 40 cm denth) during the
various stages of fallow develooment,O--—.—Q,
10t yeor;O—=0, 1 yearO-—--0,5 yeor;@—@,

10 year;@-—-— @, 15 year jhum fallow,
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1960); it may also affect the amount of water passing
through the soil sub-system, dissolved substances and the
particulate matter lost from the too soil (Ramakrishnen
et al.,1980; Mishra and Ramckrishnan, unoublished). These
changes are dependant on the intcnsity of burning imposed

on a given site,

One of the cffcects of the burn was incrcased pH of
the soil, an observation alrecady well documentcd (Ahlgren
and Ahlgren, 1960; Ramekrishnan »nd Toky, 1981). This is
accounted as due to increase in calcium and other cations
liborated after firc. During cultivation and subsequent
fellow devclooment, pH declined sharply. This may be partly
due to erosion and lcaching losses of cations, absorption
by the crops and the fallow vegetation, and the acidity

causcd by decouposing »ine litter alongwith others.

The merked decnﬁféc in carbon content under 10 and
15 year jhum cycles may be cxoleined as due to comparatively
high intensity burn than under 5 year jhum cycle where the
fuel load is obviously low., Though the burning damages soil
microbial »nopulations, their recovery to pre-burn levels
end even higher occurs alumost immediately (Fuller et al,,
19555 Meiklejohn, 1959; Firsova, 1964; Ahlgren and 4hlgren,
1965). Such an increascd microbial activity alongwith
improved soil temperaturc condition could possibly result
in increased brecakdown and utlization of the nrgenic

matter in the burned sites. This accentucted by greater
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losses of organic matter due to increased surface run-off
(Mishra and Ramakrishnan, unoublished) could cause decrease
of carbon content during t he crooping period. This denletion
continued even to the first year of fallow development,
2After this initial depletion of organic matter, recovery
occurred due to: (i) return of litter from decomposing
weedy species and pine litter derived from sparsely distri-
buted trees of this species, and (ii) the generally slov
rate of pine needle decomnosition eccentuated by low temper-
ature conditions of higher elevations (Madge, 1966).
Generally high level of carbon under longer jhum cycles of
10 and 15 years suggests that this could be supported com-
pared to a 5 year cycle. Coulter (1950), Reed (1951), and
Birch and Friend (1956) have also made similar observations
and concluded that under favourable cropping and fallow
period humus level in the soil could be maintained at
relatively higher levels in order to sustain slash and

burn agriculture.

Nitrogen under jhum de¢lined sharply after the burn
(Hoffmen, 1966; Wells, 1971; White et al., 1973) and this
could be attributed to the conversion of organic nitrogen
to volatile forms during the pyrolysis(Allen, 1964; Knight,
1966; Debell and Ralston, 1970). The degrec of volataliza-
tion is dependent on the intensity of the burn 2nd therefore
under a 5 year jhum cycle the post-burn decline is minimal
compared to longer cycles with greater fuel load. Nitrogen
recovery occurred after 100 days of cropping under 10 and 15

year jhum cycles only, which may be related to increased
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nitrification (Ahlgren, 1960; Ahlgrcn and Ahlgren, 1965;
Wells 1971; Jorgensen end Wells, 1971; Biswell, 1972) after
the burn partly Juc to chenged pH and micro-environmental
conditions and also duc to release of allelopethic suppre-
ssion by the removal of the vegetational cover as suggested

by Smith et 21,(1968), and Ricc (1974).

Though there gre no obvious mechenisms for volatili-
zation of phosoho;us, Lloyd (1971) has reported, macsive
loss of this element due to burning, while Allen(19§h) and
Virs (197%) found no significant effect due to fire. After
the burn in the jhum sites, thc quantity of available
phosphrous declined in the soil more markedly in the surface
layers, This loss may partly be due to volatalization (%)
and more because of losscs due to erosion, run-off and
lecching which was estimzted to be to the tune of 1.7 kg
El during the first 3 months of the cropoing season during
the monsoon, This was followed by rccovery during the
crooning period., This recovery may be relate’ to the adli-

" tion of orgenic menure to the soil during the cronoing
periol and also decomposing plant litter derived from weeds
ploughed into the soil. The subsequent decline in phosphorus
level in the soil pool mey be due to rapid absorption by

the fast growing crops end further depletion by the develop-

ing yegetation in the initiel stnges.

During jhum, large guiantities of cations are relcased

in a single »ulse after the burn (Nye and Greenland, 1960;
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Zinke et al., 1978) and their aveilability excceds the
retention capacity of the ecosystem. Hence a large pronor-
tion of this is lost before they could be incorporated into
the plant biomass (Mishre en”? Ramskrishnesn, unpublished),
The largcr qguentity of cetions rcleased in sites under

15 and 10 yeer jhum cycles is due to more slash thet was
burnt comnrr-31 to that under 2 5 yerr cycle. This alongwith
more marked depletion of cetions after cropping for one yecr
undcr @& 5 yecr cycle would egain mcke a short cyele unfavou-
reble (Nye and Creenlend 1960). The recovery pattern for the
cations during fellow development indicated marked depletion
in the first yerr foliowed by o gradual improvement reaching
a meximum under ¢ 15 yecr fallow where the level oftcn
exceeds that under a 0 yerr fellow as in the case of calcium
and magnesium. This initial deoletion is due to ranid utdli-
zation by developing vegetotion end the fect that this
recovery is not un to the initial level suggests that shorter
cycles would result in raonid depletion of soil nutrients

after successiwe jhum.

Under ftcrrace cultiveition, nutrient depletion is very
reoil during the crooping period end in all cases the level
of nutrients esttained after one/ty0 years of cropping is
invariebly lower than the values attained'even under 5 ycar
cycle of jhum, This is insnite of addition »f the organic
end iaorg nic fertilizers which suggests that the efficioney

of utilization of nutrients is extremely low under this
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orectise, BErrlier rcsults obtained by us (Remrkrishnen et o1,
1980) suggest that 1nsscs due to lccehing could be as heovy
£s through surfrce run-off cven on a slnsze due to highly
poraus nature of the soil profile an’ this only could get

accentuetcd after terr-cing when run-off loscses -“re checked,

L comaerison of the nutrient stotus unlder jhum at lower
elevetions of this region (Femekrishnen end Toky, 1981) with
the »oresent study indicates that the level of 2ll the elements
during the first year of crooning is often meny times higher
in the former, This is pertly related to slash and burn of
the cntire forest at lower elevations in contrast to pertizl
slashing ot higher elevetions. Further the wide veriety of
broad leaved species including trees at lower elevations wou-
13 probeably contribute to higher nutrient levels compare!l to
that under high clevation jhum where the only important trec

species is Pinus kesiye (thet too only a few selected brench-

es 2re sleshed). The nutrient recovery in the pr.s nt case

is also comporsatively slow, pertly due to low tempercturc
conditions which pcrmit only slower decomnosition »f litter
which gcts eccentunted becruse of »ine needle, 2 comoerative-
ly difficult material for decomornsition, being one of the
chief comnonents of the orgenic matter ad’'ed to the soil
during fallow development. The inefficiency of a 5 ye r jhum
cycle at higher elcvetion is alsc evident from the generally
lov nutrient stotus of these soils during jhum. Apert from

rapid depnletion of nutrients due to continuous imoosition
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of a sbort cycle, s»il physicel cheracteristics could also
be adversely rffected, This along with rasid loss of soil
and nutrients under high reinfell siturtion as vnrevails in
the regiosn hes resulted in deseartificotion (Ramakrishnean,

1980) of vast tracts of land,
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SUMIARY

The s»il fertility os affectel by 'Slash and burn!
agriculture (Jhum) at higher elevetions of Megheleya in
the north-cestern India wes investigated, como-~ring oni
contrasting 15 year, 10 yeer -nd 5 year jhum cycles. pH
of the surfrce coil increacsed after the burn end gradually
decreased during cro>iing and subsequent fallow development,
Nutrients like carbon and nitrogen are volatalized due to
burn and declined atleast in the initial ohese >f croooling.
However, nitrogen rccovery steérted during the loter phese
of cronsing. Ayvailable nhosphorus followecd a more or less
similar pattern as nitrogen., On the other hend, cations
improved merkedly ofter the burn cnd wes denlete” during
cropoing. In general, nutrients level under a § yerr jhum
cycle was signific ntly lower then under 10 and 1§ year
cycles. The recovery pattern during fallow development hed
en initial pherse »f deplction unto ebout § yeerc followed
by recovery. This suggests against a short jhum cycle of
5 yeers as is more prevelont in the region. The generally
lower nutrient stetus under terrice system ofter cropping
even when comorred to -~ 5 yecr jhum cycle suggests in-
practicebility of this system without heevy inout of

fertilizers.



CHAPTER ——6

POPULATION DYNAMICS OF EUPATORIUM ADENOPHORUM SPRENG.

DURING SECONDARY SUCCES-ION AFI-R SLASH AND BURN AGRI-
CULTUREL(JHUM) AT HIGHER FIEVATIONS OF MEGHALAYA IN
NORTH-EASTERN INDIA,
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INTRODUCTION

The per_nnial weed Lupatorium adenophorum Spreng.,

is a great menace in many perts of the world by causing da-
mage to olantations and forest snecies reducing the carry-
ing capacity of grazing lands, restricting the amovement of
stock and machinery, affecting crop yield and rendering many
areas useless for cultivetion (Auld & Martin, 1975; Rama-
krishnan et al.,1980). It is a native of Mexico and was first
reported in Indiz in the beginning of this century and
during the last few decades it has established itself as a
serous weed at higher clevations of the north-ecastern India.
Thie wecd is an early colonizer on fallows naturally regener-
ating after 'Slash md burn' agriculture (locally called Jhum).
The practice of jhum involves slashing the herb 2nd shrub
species of the vegetation and also the lower branches of
sparscly distributed pine trees (Pinus kesiya) in the month
of December and burning the slashs in the following March
after which the land is cultivated for a year or two before

it is abandoned for natural regeneration of vegetation.

Biological control of this weed has been tried with
some me:sure of success in Hewaii (Bess & Haramoto, 1959)
and in Australia (Haseler, 1966; Auld, 1969 a ) using a

Tephritid gall fly (Procecidochares utilis Stone). However,

this method has not been effective in India as this fly
is suscentible to some native parasites (Gupta, 1977). Heavy
herbicidal requirement-and hilly terrain pose major impedi-

ments for chemical control, The prime purpose of the present
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study was , therefore, to measure the relative performance
of this species in terms of fecundity and survivorship in
plant communities present in jhum fallows of different age
and to assess factors determining natural regulation of

population size, at higher elevations of Meghalaya.,

GROWTH CHARACTERISTICS OF E,ADENOPHCORUM

E. adenophorum (Asteraceae) is a bushy perennial herb,

1-2 m high and is an important weed soon after jhum, R»hots
are mostly confined to the too layer of the soil(up to a
maximum depth of 40 cwm) with adventitious roots arising
from the base of the stem. New shoots may arise as sprouts
from the base during the monsoon with simultaneous depth of
some of them occurring throughout the year. These shoots,
therefore, were considered as separate individuals, Seedli-
ng regeneration also occurs during the early part of the
monsoon., The active vegetative growth phase is during June
to October. During winter, growth is retarded and may even
be adversely affected due to frost. Flowering starts in
November and the mcture seeds ere disperesed by March -
April. This species possesses many characteristics for

its success as an early colonizer. Apart from the product-
ion of a large number of seeds which are light and wind
dispersed, it is also capable of some degree of vegetative
propagation due to sprouts arising from the base of the
plant. Seedling could also tolerate some shading up to 10%
of daylight (Auld & Martin, 1975) apart from its faster
growth rate, Aromatic and acrid chemicals present in the

plant body makes it unpalatable to cattle.
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STUDY AREA AND CLIMATRE

This study was AOne at Shillong(25.3%%,91.56° g)
in the Khasi hills of Meghalaya, placed at an elevation of
1500 meteres where jhum is extensively practised by the
local Khesi tribe. The climete here is seasonel with most of
the average rainfall of 1843 mm occurring during the monsoon
period from May to September, The average maximum temperature
during this season is 23-700 and the everage minimum tempers-
ture is 16.300. The humidity remains very high during this
period (84%.1%). Winter is cold with occasional showers,
extending from November to February with an aversge minimum
temperature of 7.6°C. During December and Fehrua:y, frasts
are very common and the temperature often goes below OOC.
The brief summer is wvarm end dry extending from March to
April and is accompenicd with strong winds. The entire area
is characterised by pine forests with Pinus kesiya as the
dominant species. The terrain is hilly with steep slopes,
the angle average being 30°- 40°. The soil is of podsolic
tyoe .The soil cower is thin as (rosion outstrips the

weathering »rocess.
METHODS OF STUDY

Five jhum fallows (after jhum cultivation dome for
one year) of different oge, i.e., 1,3,6,10 and 15 years
vere identified sround Shillong teking cere to ensure simi-

lar topogranhic and exposure conditions. The age of the



: 129 -

fallovs and the consistency in land management at the time
of jhum cultivation vas ensured on the basis of records
evailable with the village headman. Density, frecuency and
cover of the different plant species in different jhum

fallows were measured uding 1m? curdrcts in the case of

herbacous specics and 1¢pp m2 quadrats for shrubs and trecs.
Relative frecuency, relative density and relative cover

were estimeted f or the vegetation on the basis of 30 nuadra-
ts 1in each site and the imoortence value index (IVI) is ¢t
the sum of all these three parameters, The IVI vealues could,
therefore, be 2 theoreticel maximum of 300 and ie indicative
of the dominance of a given specics in the comaunity (Mishra,

19685 Kershev, 1973).

Demographic studies were done in permanent quadrats
of lm2 with three replicates in eech of the jhum fallows.
Each sorouts arising from the base of the plant was consi-
dered as an individual for the nurpose of this study. The
fate of the seedling, plants more than a year old and new
vegetative sprouts recruited during the study period vas
followed over a period of one yerr from April 1979 to April
1980, The plents already present at the start of the experi-
ment were considered as morec than a yecr old., The seedlings
bf two c*horts coming up in May ond June were merked using
two different coloiwrs of paints by outting a dot over the
cotyledonary lcaves in order to differentiate them, Vegeta-
tive shoot sprouts of current yeer and that more than a

year old were tagged, separately and observed.
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The number of capitula per m2was estimated by coun-
ting the total number of capitula produced by all the plants

2

in a quadrat of 1lm“ and is an average of three renlicates.

Calculations on the number of secds per capitula was based
on 30 observations in each fallow. The seed output per m2
was then calculated for each of the fallow by multiplying
the total number of cavnitula. The number of seeds per fertile
plant was calculated on the basis of the number of fertile

plants and the seed outout per m=.

RESULTS
Vegetation analysis:

Slash and burn agriculture (Jhum) at higher eleva-
tions differs ffom that at lower elevations(Ramakrishnan et
al., 1980) in that only the lower branches of the trees
alongwith undergrowth shrubs and herbs are slashéd instead
of the entire forest. 2inus kesiya is, therefore, already
present right from the beginning of secondary succession bpt
sparsely scattered. Secondary succession, therefore, starts
with a few old trees of nine ¢lready present at the beginning

of secondary succession,

The imnortance value indices (IVI ) for plant
species growing in different jhum fallows are given
in Table 6.1. In a 1 year fallow a number of weedy spe-

cies like Eupatorium adenophorum, Erigeron linifoli-

us, Hypochaeris radicata, Imperata cylindrica, Oxalis

latifolia, etc. are abundant. In 3-6 year fallows
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Importance velue indices (IVI) of associated plant species in
different jhum fallows,

" Species

of the jhum fallow (year )

Age

3 0

6

10

Artemisia vulgaris Linn.
Prunella vulgaris Linn.
Buddleia asiatica Lour,

Chrysenthemum cinerarifolium
(Trev.)Vis.
Cosmos bipinnatus Cav.

Crotalaria mysorensis Roth.,

Dichranip-teris linearis Burm.f.
Eleagnus latifolia Linn,

Erigeron linifoliuS Willd.
Bupstorium adenophorum Spreng,
Galium mollugo Linn.

Galium rotundifolium iinn.
Graphalium bypoleucum DC.
Gnaphalium luteoalbun Linn,
Gaultheria fragrantisgima Wall,
Hypericum japonicum Thunb,
Byoochaeris radicata Linn.
Imperata cylindrica P.Beauv.
Indigofera dosua Ham.,
Lantana camera Linn,

Iindera pulcherrimg Benth
Myrica esculenta Buch-Ham.

65 61

43.89 .

33.91

h2.2

4.1

25.3
7.5

2.99
1.28

2.6

3.3
22.56

52.97

4 16

3.99

13.15
)"'20 51

4.8

2.1

546

3.86

e, th
8.08
7.57

7.0

2.29

4.5

5.67
6.64%

{(Contd..

4.8
4. 57
3.7
4.1

5.85

2.1



Age  of thc jhum f-1i> (year)

Species
1 3 6 10 15

Neillia thyrsiflora D.Don, - 1.5 - - -

Ophiopogon intermedius D.Don. - - 7 4l 8.13 8.11
Osbeckia crinita Benth. 5.32 15.8 22.73 17.67 -

Oxalis latifolia HBK. 27 .48 - - , -

Panicum khgsianum Munro., - 1.5 - - -

Pieris Jvalifolia(Well.)Drude. - - - by L.89
Pinus kesiya Royle.(seedling) - 3.87 18.0 11.22 12.57
Pinus kesiya Royle, (tree) 11.76 17,78 36,4 46.3 k7.2

Plectranthus coetsz Hen, - L.0o - - -

Plantago major ILinn, 14,23  17.83 - - -

Pouzolzia hirta Hassk. - - 21.55 - -

Pteridium aguilinum(L.)Kuhn cx 17.68 4,19 2.11 9.78 3.9
Deckene.

Quercus griffithii HK.f. - 2.84 5.2 6.54 11,37
Rhus semialata Lour. - - - 4,35 4.73

Rubus ellipticus Sm. - 5,77 6,65 6,02 k.1
Rubus micropetalus Gerd. - 2.68 L.1 14,2 13.7
Scleria terrestris(Linn, )Fass, - - 3.3 - -
Sehime wallichii Choisy., - - - - k.51
Sida cordifoliz Linn. - - 5.3 6.1 -
Smilax aspera Linn, - - L, 69 5.16 7.3

Sporobolus diender Beaug. - 12.67 - - -
Viola distans Wall. - - 12.65 - -




;132

Lrigeron linifolius ond Oxalis latifolia are absent and

the rest of the weed species maintain their dominance in

the community. Apart from these, ferns like Dichrcnonteris

linesris and pteridtum aguilinum are also imoortant comno-

nents in these early successional communities alongwith

Osbeckia crinita. The weedy species are gredually reoleced

by rapidly regencrating Pinus kesiya tree, besides other

broad leaved tree saplings of Cehime wallichii, Gucrcus

griffithii and shrubs like hubus micropetalus and Rubus
ellipticus.

Surviorship:

The seedling pohulation in different jhum fallows
experienced varied degrees of mortelity (Fig.6.1a), In a
1 year fallow all seedlings come uo after the first rzin
in the month of May. However, in 3 and 6 years fallows
seedlings appear at two different times in May and June
and these two are designated as cohort 1 and 2 respectively.
In older fallovs of 10 and 15 yecars only one cohort znpeared
in June. Mortelity of seedlings wvere high in younger fallows -
of 1 and 3 years and about 75% to 80% mortality of secdli-
ngs eccurred during the first 6 months between Mey ang
October, Mortality in cohort 1 was higher than in cohort
2 in a 3 year fallow though the reverse was the case in a
6 year fallow. Seedling survival wa< maximum in a € year
fallow. 100% morts1lity occurred in 10 ani 15 yeer fallows

by November.



Fig.6.1

Survivorship curves of L.adenophorum (2) seedlings.

Closed triangle, 1 year fallow; open triangle, 3
year fellow; closed cirg¢le, 6 year fallow; open cir-
cle, 10 year fallow; open s-uare, 15 yeer fallowg
S0l1id line, cohort 1; broken line, cohort 2. Vertical

bars indicates stendard errors of means.
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Considering the plants more than a year oll (Fig.
6.1b), over 48% usrtvlity occurred in fallow of 6,10 and
15 years; no mortality occurred in 1 and 3 year fallows.
Mortality of plants here vwas most severe during the winter
months of’December-February.When sprouts originating during
the study period wes considered (Fig.6.1C) (less than a
year old), 3 yeer fallow showed no mortclity at all where
as percentage mortelity increased markedly in older fallows
vith increase in sge of the fallow; However, recruitue.nt of

sprouts into the oojulation was meximum in a 10 year fallow.
Popnulation flux:

Table 6,2 presents the ponuletion flux of E.adenoph-

orum in different jhum fallows, It may be noted here that

sprouting of shoots of equal size occur from the base of
the plant; simultaneously a few of these sprouts may also
die. The values outside parentheses represent both sprout
#nd seedling regeneration considered together, whereas

seedling flux alone is shown in parentheses,

There was a net pooulation increase bath through
vegetative and sexual reproduction in this species in 1,3
-nd 6 year fallows, this increase being more pronounced in
the older fallows. In 10 and 15 yecr fallows, however,
there was 2 net loss in the nopulation size, While the
f2lants originally present ot the be_inning of the study
period did not show eny mortslityin 1 and 3 year fallows,

48% or more of these died in 6-15 yeer fallows. Annual

f



134

" Table 6.2 Populrtion flux of E.adenoohorum in different

Jhum fallows.

b hge of the jhum fallow (year )
1 3 R 1 10
(a) No. of Plant/seedling per m2 April 1979 8,0(0.0) | 23.0(0.0) 47.0(0.0) 26,0(0.0) 5.0(0.0)
(b) No. of Plant/scedling per ms April 1980 4} .,0(33.0) 74.0(%6.0) 238,0(21%.,0) . 20.6(0.0) 3.0(0.0)
(¢) Net population change (b-a) +33,0(+33.0) +51,0(+46,0) +191.0(+21%.0) -5.4(0.0.) -2,0(0.0)
(d) Rate of increase(ba) ‘ 5.12( 50 ) O 3.02(™0) 5,06( >0 ) 0.79(0.0) 0.6(0.0)
(e) No.of plent/seedling per mearrived 556,0(576.0) 565:0(560.0) 683.0( 678.0) 96.0(83402 16,0(13.0).
between April 1979 and April 198u i '
(f) No.,of plant/seedling per m® died 543,0(543.0) 514.0(51%.0) 492.0(H€%.0)  101.4(83+0) 18.0(13.0)
between April 1979 and April 1980 | |
(g) Plants/seedlings present 4pril 1979, 8.0(-) 23,0( -) 20,0( -) 13.6(-) 2.0(-)
alive by .pril 1980
(h) Percentage survival of plent/seedling ) 1?0.0(-) 100.,0(-) ¥2.55( -) 52.3(-)," 40.0( )
in 'a' (ga) x 100 i T !
(1) Total plant/seedling recorded during 5%&.0(576.0) 588.0(560.0) 73OTO(678.O) 122'0(83?0) 21.0(13.0)
the study period, April 1979-April, 1980 \ . . )
(§) Percentage annual mortality of all - 92.98(9%.27) | 87.41(91.78)  67.4(68,43)  83.11(1p0.0)  85.71(100.0)
individual ( £ - 1) x 100 éﬂ {

¥
Values in parehtheses indicate population fluﬁ o? seedlings.



Fig.6,1 Survivorship curves of E.adenonhorum (b) sorouts more

than a year o01g and (c) sprouts originating during the
study period, Closed trianglt, 1 yeer fallow; open tri<
angle, 3 yeer fellov; closcd circle, 6 yerr fallow;
open circle 10 yerr fallow; open S7uare, 15 year fdlow,

Vertical bars indicates standarg errors of means,
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mortality of seedlings and established plant put together
decreased with the age of the fallow upto 6 yeers reaching
the lowest in this fallow but showed a\sharp increcse in

10 and 15 yeer fallows. The rate of increase of new recruits
was also higher in fallows upto € years compered to elder
fallows, the number of plants recruited during the yeer

being sharply reduced in 10 and 15 year fallows.,

When the pooulation flax of seedlings alone was
considered, recruitment was maximum in 2 6 year fallow
closely followed by 1 and ii?gglows. Seedling recruitment
declined sharply in 10 and 15 year fallows. A net increase
of 33, 46 and 214 individuals occurred in the case of 1,3
and 6 year falilows respectively. Of the fey seedlings that
arrived in 10 and 15 yeer fallows all died during the year.
Seedling mortality was minimum in a 6 year fallow with over

30% survival whereas in 1 and 3 year fallows the survival

was less than 10%.

Reproductive potential:

In the younger fallows of 1 and 3 years, all the
plants were fertile but with increase in the age of the
fallow more individuals were not reproductive. Thus from
46% plants that were not reproductive in a 6 year fallow,
it went upto 90% 2nd 100% respective in 10 and 15 year
fallows, Similarly in a given reproductive plant the number
of non-reproductive branches were totally ebsent as in
a 1 year fallow or wes very low as in a 3 yeer fallow. The

number of non-reproductive branches progressively increased



reaching a meximum of 66,8% in a 10 year fallow. In a 15
year.fallow, however, flowering wes totally absent, While
the sceds/capitula was a more stable character for all the
fallows, the number of capitula/m2 was maximum in a 3 year
fallow followed by a 6 year fallow and was least in 10 year
fallow, Seeds/fertile plant was maximum in a é year where

2

as seeds per m“ was highest in a 3 year fallow (Table 6.3).

DISCUSSION

After slash and burn agriculture at higher eleva-
tions of Meghalaya a number of changes occur in the physi-
cal and biological environment. Apart from improving the
light availability in the environment due to slashing the
vegetation, the temporarily nutrient enriched soil is fast
depleted of its nutrients due to run-off and infiltretion
losses and also due to ravid utilizetion by the crop and
weed species during the first few ye-rs (Ramckrishnen et
al., 1980). E.adenophorum comes up in such an environment
in the initial stages of the fallow development but som
has to survive unde conditions of thick and diversified
vegetational cover and consequent poorer availability of
light, increased litter on the soil surface, increased
evano-~transpiration and altered pH and nutrient status of

the soil under:more competitive conditions,

Seedling survival was low in a 1 and 3 year fallows
but was maximum in a 6 year fallow., Though some seedling

recruitment occurred in 10 and 15 year fallows, 100%
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mortality occurred within a few mohths and this may pértly
be due to high pine litter accumulation on the soil surface
which does not permit root penetration into the mineral soil
and partly to increased competition from other species under
low light conditions.Seedling mortality wvas wvery high in

the early stages of growth of the plant though it was a
continuous risk throughout the life cycle (Ramakrishnan

and Kumer, 1971). Mortality that occurred during the winter
months may bc related partly to moisture stress(as also
emphasized by Arnon, 1958; Ellern, 1$7%)and partly to frost
(Auld, 1969 b) which erc critical factors at this time of

the year,

Though the percentage survival of sprouts of more
than a year old was maximum in 1 and 3 year fallows, the
ultimate number of sprouts originating during the study
period wes maximum in a 10 yeer fallow. Such a high number
of vegetotive recruits in a 10 year fallow comparcd to secli-
ling recruitment which follows a totally different pattern
may be due to better competitive ability of sprouts com-

pared to seedlings.

Reproductive potential is ¢ criticecl feature of a
species for maintenance of the population in a given habitat
(Harper, 1960; Ramakrishnan, 1972). Just as vegetetive re-
productive vigour of the plant is drastically r=duced in
older jhum fallows, so too the sexual reproducive wigour.

Thus seed production of the species is adversely affected
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in older fallows due to increased number of non-reproductive
individuals in such a way that no seed production occurred

in a 15 year fallow,

Just as BE.odoratum is a early successional exotic
weed in jhum fallows at lower clevetions of north-eastern
India up to an altitude of 950 meters (Kushweha et al.,
1981), similarly E.adenophorum is an exoéic weed in the jhum
fallows at higher elevations (1066-2130 m). This study is
significent from the point of view of shortening of the jhuua
cycle (the time interval after which the same land is slashed
and cultivated after a fallow period of natural regeneration
of vegetation). An ideal jhum cycle of 20-30 yerrs which
was a common feature in the entire region until recent times
has been reduced to an extremely short cycle of 4-5 years
due to increased population pressure. As seen from this
study, E.adenophorum is able to succeed in the secondary
successional communities only up to a period of about 6
years, Repeated short jhum cycles of less than 6 years have
had the effect of arresting succession 2t this weed stage
so that wvast areas of lend have been teken over by weeds
like the present one along wit h others like Imperata
cylindrica due to grcdual depletion of germ plesm of other
shrubs and tree species from the vicinity (Ramakrishnan
et al., 1980), This in turn has also contributed to the
degradation of the environment further reducing the land

evallable for cultivation.
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SUMMARY

Bupatorium adenophorum Spreng. is an important weedy
colonizer coming up in early successional eommunities deve-
loping after 'Slash and burn{agriculture(Jhum) at higher sle-
vations of the north-eestern hill regions of India, The re-
lative performence of this svecies in terms of fecundity and
survivorship in successional plant communities has been wor-
ked out. A net populatioh increase of this species occured
through both vegetative and sexual reproduction in early
successional fallows up to 6 yeers old, this being most pro-
nounced in a 6 year fallow, High seedling mortality occurred
in 1 and 3 year fallows, whereas mortelity was low in a 6 yecr
fallow; 100% mortality occurred in older fallows, Seedling
mortality was maximal during the monsoon though some mortali -
ty occurred during the vinter too which masy partly be due to
drought and partly duc to frost, Mortality of vegetative
sprouts also followed a more or less similar pattern to thosc
of seedlings. Reproductive potential of the weed was drasti-
cally reduced wvit'. age of the successional comnunities; in ¢
15 year fallow all individuals were non-reproductive. Since
E.adenophorum is able to succeed only in fallows of less timt
6 years, repeated short jhum cycles of 4-5 years have had

the effect of arrested succession at the veed stage.



CHAPTER —— 7

SECONDARY SUCCTSSION SUBSEQUENT TO SLASH AND BURN
AGRICULTURE (JHUM) AT HIGHER EIEVATIbNS OF MEGHALAYA
IN NORTH-EASTEIN INDIA,.I. SPLCIES DIVEREITY,BIOMASS
AND LITTER PRODUCTION,
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INTRODUCTION

'‘Slash and burnt' agriculture (Jhum) at high elevat-
ions of Meghal:ya in north-eastern India involves slashing
of the undergrowth and also of the lower-most branches of
sparsely distributed nine trees, burning of the dried slash
in a controlled manner by covering it over with a thin layer
of soil and subsequent cropping with a mixture of crops for
a year or two before the site is abandoned for natural re-
generation of fellows (Ramakrishnan et al.,1980; Mishra and
Ramakrishnan, 1981)., After a gap of fev years the same site
is again cultivated in the same manner, and this time inter-
val is referred to as a jhua cycle . This cycle has been re-
duced to a short period of 4-5 years in recent times from

a more favourable length of 20-30 years,

The long term success of jhum cultivation depends
upon the recovery and mainten ance of the soil’fertility
which in turn is directly denendent udon the structure and
comoosition of the fallow vegetation. The presc<nt study
aims at an understending of the process of secondary sucess
ion on the fallow lends of up to 15 years of age subsequent
to jhum under a 15 year cycle, =nd the changes in the tiomass,
litter fall,gnd productivity of these secondary successional
communities, This study is sighificant because the pattern
of secondary succession would determine the »sattern of chan-
ge in nutrient cycling during the different phases of fallow

development discussed in chapter 8.
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STUDY ARFA AND CLIMATE

This study was d-~ne at Shill ng which is located at
higher elevations of the Khasi hills of Meghalaya (1500 met-
ers above the sea level; 25.3%9N and 91.569&). This area
supoorts sub-trooical montane evergreen early successional

pine forests with 2inus kesiya as the dominant species,

Terrain is hilly vith steep slopes (average angle ranges from
30°-hoo). Soil cover is thin as the process of erosion out-
strips weathering and is »odsolic vith a oH renge of 4-6.

The climate here is seasonzl with average rainfall of 1843 mm
comming during the monsoon neriod extending from May to
September. Averege maximum temperature at this time is

a o
27 .7 C and the minimum temperature 16.3 ¢, winter is cold

with a fev scattered showers from November to February with
a rmeximum temoerature »f 16.8°C and a minimum of 7.6°C .

Summer is very brief cnrnd dry with 2 maximum temperature of

2300 and g minimum of 12.3OE .

Under a 15 yeer jhum cycle, the slash is arranged in
parallel rows runting don the slooe covered by a thin layer
of soil to form distinct ridges and furrows. The burniﬁg of
the dried slash is done in March followed by mixed cropnoing

of a number of cropns like Solanum tuberosum, Colocasia

antisuorun, Ioomoea bataluc, Zes mevs, Cucurbita maxima,

Cucumis sativus and 2heseolus vulgaris. The crooning Is

done for one year before the land is abandoned for fallow
development. The detziled descrintion of the agro-ecosystem

is given else here (liishra end hamakrishnan, 1981),
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METHOD OF STUDY

Sites under 1,3,6,10 and 15 year jhum fallows (three
reoli€etes) were Se}ected, on the basis of t£he local records,
at Shillong taking care to ensure similar aspects (south fa-
cing sloores ) and topogrzphic conditions. The fallows sele-
cted were developed in sites under a 15 year jhum cycle.
Density, frequency and cover of the different plant species

in different jhum fallows were measured using I m2

2

quadrats
in the case of herbaceous soecies and 100 m“ quadrats for
shrub and tree species, Importance value indexz (IVI) which

is an integrated measure of the relative frequency, relative
density and relative basal area of the svecies, was calculated
and are based on 3U quadrats in esch site, laid along a
transect line running down the slope (Mishra, 1968; Kershaw,

1973). Species diversity was calculated using the formula
given by Margalef (1968) as:

A= ¥ [ ).loge(_r_lll\ir-__)]
where, H=Shannon index of general diversity, ni = Importance
value index of each speciec and N = Total Importance value
of all the species. The Dominance index of the community

was calculated on the basis of the. formula of Simoson(1949)as:

c =E(Nn;>2

where, ¢ = Index of dominance, ni = Importance value index
of each species and N = Total Importance value of all the
species., In all studies the original pine trees were con-

sidered separately.
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For litter production studies in different jhum
fallows, litter traps of Im2 size were employed at 10 random
noints in each site. The litter samoles were collected at
regular intervals from these traps and classified into leaves/
needles, twvigs and cones, and further sub-divided into specific

categories. Samples were then dried at 80°Q and weighed,

BEstimation of the standing biomass of the different
jhun fallows was done by using harvest teehnique and on the
basis of allometric regressions (Nevbould, 1967), The ahove
ground biomass of herbs and shurbs, alongwith the tree sapli-
ngs were found out after hervesting the vegetation from 30
guadrats of I m2 sire in each site along a trénsect running
down the slope. The samples were dried at 88C and expressed
in terms of their dry weight. Zstination of the standing
biomass of the tfee species are based on tle regression equa-
tions given in the Table 7.1. In all the cases, biamass
samnling was done in the month of October -November, a time
when all the plants were =t their peak of vegetative growth.
The annual increase in biomass for each of the jhim fallow
wes found out by dividing the difference between the standing
biomass of two consecutive fallow with the time difference in
years, Estimation of the annual net primary production of
each fallow was done by adding the total amount of litter
produced over & one year leriod to the annual increase in
the standing biomass. For all these studies, the old pine
trees which were not cut down before croporing (Mishra and
Remakrishnan, 1981) were considered both by including them

as well excluding them in computation,.



*poysITQnéun ‘uBwUSTJI {fewry © Seqg J93Fe ‘|

004°0 =x Glu*0 =
- X €41°049L0°0-=X X 61E°0+66g°0-=%

2E6°0 =a mom.onh
- X HhR*0+402° ==X X |KE L4216 H =X

Gh6°0=a 046°C=x 066*0=1
XG69° L+9£6°0=X ¥L/0°L+695 H=KX X 02H'2+066°€=X

§G6°0 =X
X 42 C+LLL g-=X

¢€6°0=a
X HhlCH+LHG6-=k

cG6°0=x
X 062°2+tes =%

P o]

TTYSTTIEA
BWTUes

sp J
-%mmmsm

mwmmox sSnuild

126°0=a L1g*0 =a ge6°0 TETIIBUOLNd
- XG/2 0+€40°0=X X 626°0+60g°€-=% X 2/6°c+94e" m-u BAOPUT]
S8U0D aTpadu/Jea] sayoucJig aTog S9TO8CS 2994]

‘moTTe} wnyl xe294 Gl © UT umoad s~TOads 9313 JU2UTIWOP JO S3IUSUOCUWOD U

~3J0IITP JO 3ud1oM AIp pus HggQ UsoM3aq suoTljenbs uUOTSsax3al OTIQOWOTTY ‘L°/Z oTdel -


file:///r/C/J

: 146

.

RESTJLIE

At higher ele%ations of Meghalaya when the jhum fields
are abandoned for natural regeneration of vegetation, the
secondary succession starts vith a few scattered old »ine trees
atready pres«+nt in the sites due to the nrevious land use pra-

ctice. A number of weedy colonizers like Eupsatyrium adenoshorua,

Erigeron 1linifolius, Hyolochaeris radicsta, Impersta cylindrica,

Oxelis latifolia, etc. are dominant in a 1 year jhum fallow.

While BErigeron linifolius =nd Oxalis latifolias are totally

absent in 3-6 year fallovs, the dominence in thc dommunity
is shared by the rest of the weed specics. Besides these

species, fernc like Dichrsnooteris linearis and Pteridium

aguilinum are alsc imoortant comnonents in these eerly success-

ional communities alongvith QOsbeckia crinita.In 10 and 19

year fellows, these wveedycolonizers are repleced by 2Pinus
kesiya which gains dominence in the community alongwvith other
broad leaved trees and c2olings o6f Quercus griffithii,Lindera
pulcherrima, Schima wallichii,and shrubs like Gauyltheria

fragrantissime, Lubus qlérooetalus and Rutus elipticus(Table
- L

6.1)(Cf.Chcpter € )

Fi
Species diversity 92.18‘w9$ low in 1 year jhum fallow

which increased markedly in older fellows with a significant
vositive correlation (r=0.882). Conversely, dominrnce (Fig.7.1b)
was meximum in the early stages of fallow development end

declined with the increase in the fsllow age(r=-08%).



¥ig.7.1 Changes in diveisity (a) and dominence (b) pattern

in different jhum fallows,
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Litter production:

A major fraction of the litter in the jhum fallows

was due to Pinus kesiys alone, though the different dicot

species together accounted for maximum litter production.
Leaves/needlcs accounted for 59-90% of the total litter
collected in the different jhum fallows; pine needles alone
accounted for about 9-36% of the total lcaf litter produced
in these fallows. Pine twig and cone formed another major part
of the litter biomsss in 10 and 195 year jhum fallowél While
total nine litter and litter of all dicot soecics increased
sharnly with the increase in the fallow age with significant
positive correletion (r=0.950), the litter from monocot grass
spccies did not show eny significent correlation with the age
of the fallow (r=0.219). However, there was an increase of
the monocot litter up to a period of 6 years of the fallow
development and it declined shernly in the older fallows of
10 and 15 years. In a 6 year fallow, Dupatorium sdenovhorum
formed neerly 75% of thc tota. dicot litter ond Imocrata
cylindrica formed 84% of the total litter fprom the monocot

species (Table 7.2).

Total litter oroduced by various nlant communities
in different jhum fallows increcased significently with the
gge of the fallow (r=0.912) reaching a ma:imum of 6.138 mt
fa 7+ in the casc of a 15 yeer fellow. The totsl litter pro-
duced was also significantl; related (r=0.912) wit! the

standing biomass of the comwunities (Fig.7.2 a,b).
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Table 7.2 Litter production(with & B values) in different jhunm
fallows(kg ha §} ).

Litter Age of the jhum f?llow (Yr)

- - -

5 category ) : 3 : 6 3 10 ? 15
élne total: 20W.8+6.05 293.5:8.46 1672.6+7.36 2184.7+10.05 2621.5+9.75

(72.2) (48.6) (33.7) (40.7) (42.7)

Needle 123.1 137.7 735.6 1098.1 1313.%

Twig 81.7 115.8 694.3 738.5 896.6

Cone - 40.0 242.7 348.1 11,5
Dicot total: 17.3+3.91 1173.3+7.49 2322.5+13.79 2768.3+18.8% 3294.6+20.5

(18.5) (3%.3) (%6.72) (51.6) (53.7)

leaf 417.3 761.7 1433.2 1854%.0 2111.4

Twig - 411.6 889.3 91%.3 1183.2

Monocot tot21:211.,0+2.0 583.7+3.44 975.8+4.38 W16.2+4.51  221.7+2.27
(9.3 ) (17.1) (19.6) (7.7) (3.6)

Total 833.1+12.0 2050.5¢19.4% 4970.9+25.5 5369.2+33.4 6137.8+32.5
(including old
pinés)

Total 628.3+5.9  1834%.5+14.2 L4713.3+19.7 5030.1+22.7 5763.8+20.7
(excluding = - - -
old pines).

, § -
Values in pﬁrenthesos refer to the percentege of the total litter
prodmction. X




Fig.7.2 Litter oroduction in relation to fallow age (a) and
standing biomsss (b) of the jhum fallows ( 4, 1 yecar
fallov; A , 3 yecr fallov; @ , 6 year fallow; O
10 year fellow: B ,15 year fellow).
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Standing biomass:

. The standing biomess increased significantly with
increase in the fallow age (r=0.995) reaching a meximum of
98,967 mt ﬁ; in a 15 year jhum fallow and 51.949 mt E; in
the same fellow if the sparsely distributed old pine trees
arc not considered in the calculation (Fig.7.3 a,b). Biomass
contributed by the pine trces wes ne rly 83-94% of the total
biomass, if the old and current pine trees are considered
together, If the bionass contribut on due to the sparse pine
trees which were already present at the beginning of the
secondary succession is not considered, the current pines
alone sccounted for 29% of the totel biomass in a 3 year jhum -
fallow, which incrersed markedly in older fellows reaching
about 67% in the case of a 15 yersr fallow.While the bioﬁass
of sparse old »ine¢s, current pines and all éhe dicot shrubs
and tree saplings increased linearly with increase in the
fallow age(r=0.356,r=0,988 and r=0.986 respectively), thet
of the herbs showed a negetive correlation (r%b.512) with
the age, Biomass of the herbs increased up to‘é neriod of
6 years of fallow development with & sharp fall in 10 and
15 year jhum fallows., Biomass contribution through the leaves/
needle was 4-7% only of thc totsl, and if the needle biomass
of the sparse old pines are not considered this wes 19-27%
in the younger fallows of 1-6 ye:cr which declin d to about
5-7% in 10 end 15 year fallow (Table 7.3).



Fig.7.3 ©Htanding biomass as a function of the fallow age
(a,standing biomass including old pines; b, stand-

ing biom:sc excluding old pines).
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Table 7.3:Standing biomass(with E values) in different jhum fallows(kg ha)

Category : Age _of the ibum _ fallow (¥r) N
]

' | 3 t6 | 10 v 15

01d pine total: 256,22 35667 107 45360 47018
+188.22 +167,68 +257.141 +231.27 +248,69

Bole . 18384 28073 34375 35067 36199
Live brench 4517 4717 6720 7028 73S
Dead branch 1580 1674 1780 1767 1832
Needle 9l 985 1007 1261 1385
Cone 200 218 225 237 257

Current oine total.

2169+71.5 5470+63.6  18475+98.0 34679+117,2

Bole - 968 2808 12958 24738
Live branch - 423 1403 3122 6136
Dead branch - - - 1048 2201
Needle - 778 1177 1239 1318
Cone - - 82 108 286
Dicot shrub & tree - 1356, 1 T o59k,7 10159 17238
saplings total: + 57.53 £36.3 +77.5 t 83.23
Bole - 1320 2522 7379 12167
Branch - - - 1909 3999
leaf - 36.1 72.7 871 1372
Herb total: 1589 3859 6256 52.k 31.8
+41,7 +29,7 +45, 61 +1.1 143
Bole & branch 1262 2716 4805 41.1 4,5
Leef 327 1143 1451 1.3 7.3
27211£229.9  43051.1 58427.7 74064 989664 8+450 .1
+326.k ¥402.9 th07.9 '
Total:
(1580+41.7 ) ( 738%.1 (14320.7 (28686.4+ (51948.8
$158.7 ) +145.5)  £176,6) +201.7)

Velues in perentheses refer to the stending biom:ss excluding the old nines,
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No significent corielation vas found between fallow
age and the r=te of ac amulertion of the standing hiomass 1if
the old »Jines are included (r=0.102), though a significant
positive correlation (r=0.928) was found when the 0ld sparse
pines are cxcluded from the calculation. If the old pines
are includcd, the rate of biomass accumulation increased
5 times 1n 2 3 year jhum fallov comoared to that in a 1 year
fellow, wvhich decreascd in older fallovs, If these old pines
are excludcd, t'c rate of biomass accumulrtion incressed
vith increasc in egr of the fellov, Net orimary oroduction
also {2llowc. a similer trend as biomess accumulation. The
biomess accumulation ratio increased linearly (r=0,939) with
the increasse of the fellov age reeching a maximum in a 19 year
fallow, when the old pnincs arc cxeluded (Table 7.4). Net ori-
mary productivity showed a strong positive correlation with
age of the fallow only vhen the o0ld nines are excluded from

the celculation (Fig.7.4).

A nositive correlation(r=0.912) between diversity
index and net community osroductivity was noted only if Dro-‘
ductivity of old nines ore exclude. from the calcul:c¢tion.
Such a correlation docs not exist when old pines are includ-

ed in the ealculation (Fig.7.5 a,b).

DISCUSSEIQON
Secondary succession over large tracts of land left
apandoned f-or naturel regeneration of vegetation after jhun

orovides thc meens of rehabililitating soil fertility for
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Table 7.4.Changes in rate of accumuletion of biomass, litterfall and -
net orimary productivity in different jhum fallows.

it

Y
' Age of the Jjhum fallow _(yr)
f ? 1 1

1 3 , & , 10 15
Accumulation in standing 1.681* 7,320 5.126  3.9(5 4,98
(1.589) (2.898) (2.312) (3.591)(k.65:

biomas(mt £ i} )(A)

Release as litter fall 0.083 0.205 0.%97 0.537 0.614
-1 -1 (0.205) (0.216) (0.258) (0.339)(0.374
(mt ha yr ) (B)

Net primary productivity 1,764 8.123) 5.623 L. U442 5,598

- 1.794% .11 2. . 026
(at yg y (4 +B) (1.79%) (3 (2.570) (3.930)(5.02

Biomass accumulation 15.42 5.23 10.39 16.70 17.68
§§g§o(standing bi-mass/ ( 0.89) (2.37) (5.57)  (7.30)(10,3%
*Standing biomass of old ~ pines in & 'O! year fallow worked

out to 25.53 mt il -

Values in parentheses refer to the figure excluding old pines,



Mg,7.4 Changes in the nect orimcry oroductivity in different
jhum fallows (a, net community precductivity including

the old pinesy b, net community productivity exclud-

ing the old oinos).
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Fig.7.5 Relationship between net community productivity and
species diversity in different jhum fallows (2, ex-
cluding the o0ld oines; b, including the old pines).
1 year fallow, A ; 3 year fellow, A. j 6 year fallow,

® ; 10 ye r fallow, O ; 15 yeor fallow, B
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renewed crooning, Unlike at 1l aver elcvetions of Meghalaya

where regeneration through root and stump sprouts. are more
frequent (Toky and Rameskrishnan, unpublished) that through
these means at higher elevations are limited to a very few

epecies like Myrica esculenta. Other strategies are related

to stored and transoorted seeds and also regeneratioﬁ thro-

ygh underground rhizomes,

Eupatorium adenophorum, a highly comnetative weed

soecies in oven sites comes in early fallows. Apart from the
production of a large number of secds vhich are light and
wind disperscd,this weed 1s also capable of some degree of
vegetative oropagetion due to sprouts arising from the base
of the plant (Ramgkrishnen and Mishra, 1981 ). seel- -
lings ecan also withstand some degree of sheding upto 10% of
day light (Auld end Martin, 1975). The im»ortence of heavy
seed production for early colonizing species has been dis-
cussed by many wor .ers like Salisbury(1942),Hayashi and
Numata (1968), and Raynal and Bazzaz (1973). According

to them the spnecies wit: 1light and highly mobile seeds very
often invade highly disturbed areas, while species with
hacvier seeds often animal didseminsted invade the community

at a later stage >f succession.

Imperata cylindrica, on the other hend, also an

eafly coloniz-r has fire resistant under ground rhizomes
which ere difficult to eradicate during croososing. This

alongwith the he~vy oroduction of light end wind trens»orted
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seeds under hcevy disturbance (Saxena and Ramekrishnan,
unsublished) help this spccies to succeed as an early
colonizer in the young jhum fallows. Thus the early phase
of succession is dominated by only those snecies which
possess en exploitive strategy (Harpver and white, 1974;
Grime, 1974%,Marks,; 1974), Thece species are able to succeed
only in fcllovs of less than 6 year zge and their relative
performence in terms of fecundity and survivorship decreased

drastkcally in older fzllows (Ramekrishnen and Mishra, 1931),

The species diversity was low in the ecrly jhum
fallovs which increascd significantly in older fallows.
This suj»orts the finding of cerlier workers that the early
successional seres are often domineted by @ few species which
increased gradually as the succession proceeded (Ross, 195#;
Oosting, 1956: Odum, 1969). Conversely, the dominrnec dec-
reased as the community grew old with ¢ rapid shift of this
in the early stages of fellow development (Richards, 1952
Marks, 1974%). While fallows up to 2bout 6 years were domina-
ted by weedy species, due to seedling and sprout regeneration,
shade intolerant shrubs end trecs tcke over in oldcr fallows;
However, the rcte at vhich community development occurs in
terms of species diversity is much morc nronounced at lower
elevetions (Toky and Homakrishnan, unsublished) due to more
favourablc tempereture conditions.

Quantities of littcr ovroduced in older jhun fallows

reached levels tyvical of sccondery forests of tropics end
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sub -tronics. Ewel (1976) reportcd values renging from 4,6~
10.0 mt ﬁ; §} in secondary successionzl communiti s 1-14 yeer
old in Guatemals, Higher valucs of litter nroduction for
secondary forests are 8,3-14.4 mt 5; §} in Malaya as was Tre-
ported by Mitchell (cited by Bray and Gorhan, 1964), However,
the amount of biomess accumulation in different jhum fallows
wves less than those renorted by the errlier workers in the
secondary forests of tropics and sub-tronics(Nye and Green-

1/nd, 1960; Golley ct &l., 1969).

When the contribution due to the sperscly distributed
nine trecs vhick were flready osresent at the beginning of
secondary succession was net considered, i1n thce present stu-
dy, thc r~te of biomess cccumuletion and the net community
oroductivity significcntly incress d during eecondary succ-
essi n reacting e maximum of 4,652 mt b §} and 5,026 mt
ﬁg §; respectively in ¢ 15 yeer fallow., While this trend is
in agrecment with th~t of other workers, thc biomass accumu-
lation velues reported for trooical forests by them are higher
(Bcrtholomev, Meyer and Leudelot, 1953). Siﬁil?r to the incre-
ase in net primery production with fallow age observed here,
the atudies of Holt end Woodwell (quotcd by Whittaker, 1975)
at New York during secondary succession in an Oak-’ine forest
also shows & similsr trend though thc studies of Mellinger and
Mc Naughton(1975) showed a decline in net primary production
during old field sccondary succession in central New York.

biomass accuhulati-n ratios h~ve often becn used

to characterise »roductivity conditions of for<st communitids
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(Whittaker, 1966; Woodwell and Whittaker, 1968). This ratio
for temperate forests did not usually exceed 1:10(zavitko-
veki and Stevens, 1972); the biomass accumulrtion ratios
for the jhum fallovs are comprreble to that of meny trooi-

eal forests as seen from the data given by Whittaker (1975).

Though litterature on the divessity and its rclation-
shio with succesciongsl stages and in turn with productivity
and stebility is vast, there seems t> be considerable con-
fusion re.arding trcse relstionshioss. While 6dum (1969),
and Woodwell end Smithk (1969) arc of opinion that the species
diversity brin:s functi-onal stebility of an ecosystemn,

May (1973) reoorted thet an increrse in diversity destabili-
zes the interacting systems. Mc Waughton(1967), and Mellinger
snd McNaughton(1975), however, have reoorted that secondary
succescimn ves accomdanied by increased biological diversity
and reduced domirknce, Thesc workers h=ve also reoorted a
cositive correlation between diversity =nd stability in

an ecosystem., The generality of this reletion was questio-
ned by Singh snd Mishra (1969) who prooosed that for =eral
grosslands the svecics diversity increesed nroduction effi-
ciency of the ecosystem, while decrcase in dominence madé
the system more stable, In the present case, hovever, during
secondary succession on the jhum fallows there was a signi-
ficant increase (r=0.882) in the diversity as the fallow
grev older with 2 similteneous decrease (r=-0.879) in do-
minance, This ves eccompanied by an increase in the net

community orecductivity.



SUMMARY

The pattern of secondary succession and the
subsequent changes in bidmass, nroductivity and litter
fall on the fallow lands developed after 'Slash and burn'
agriculture (Jhum), up to a period of 15 years, is cons;de-.
red in this study. Rarly ophases of succession uo to a 6

years period had wecdy colonizers like Eup=torium adenopho-

rum and Imperata cylindrica as important species which

are renlaced in thc older fallows of 10 and 15 years where

2inus kesiya alongwith a few broed leceved tree species

come up, The secondary succession was accompanied by
increased species diversity, reduced dominance and an
increase in the net community productivity. Standing
hiomass and litter onroduction increased linearly with the
age of the jhum fallow. The significance of these results

are discussed.



CHAPTER — 8

SBECINDARY SUCCEESION SUBSEQUENT TO SLASH AND BURN
AGRICULTURE(JHUM)AT HIGH ELEVATIONS OF MEGHALAYA
IN NORTH-EASTERN INDIA.II., NUTRIENT CYCLING.
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INTRODUCTION

Slash and burn agriculture on steep hill sloves,
locally called Jhum, involving slashing of the natural
vegetation and burni.g before mixed cropping for one or
two years (Mishra and Remokrishnan, 1981) would bring
about drastic short-term chrnges in the nutrient stock in
the soil duc to the burn, utilization by crops and losses
through vater. hecovery of fcrtility after cropoing would
occur during fallow development during secondary succession,
Besides, understending the soil fertility rccovery pattern,
an overall understending of the nutrient cycling through
various stages of secondary succession is essential for
evolving proper land use. The present study aims at &n
anelysis of the nutrient cycling in fallow of 1,3,6,10 and
15 yeers age developing after jhum at higher elevations

(3500 m ) of Meghalaya, at Shillong (25.3%%;91.56%L).
METHODS OF £TUDY

Description of the study areca, soil, vegetation,
climate and lond use pettern are given in Cheoter 7.
Estimetion of the nutrient pool in the standing biomass
and litter compartment wac brsed on the data collected
in Part I of this study (cf.Chanter 7). In all the
estimations herc, old oine trees »resent during cropoing

(Mishra and Ramakrishnan, 1981) are included,
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Nutrient anslysis was scparstely done for the
different plant parts of the major and minor species in

the community. The litter analysis of composite mixtures

of monocots, dicots and pine (Pinus kesiya) were done
after scparating them into different nlant parts. Plant
samples were oven dried & BOOC, ground, screened through

0.2 mm siew and stored in polytrene jars for analysis.

At each site, 10 rendom soil sampling was done

in October through a denth of 0-+0 cm, After analysing the
availcble phosphorus on frcsh soils, the samples were air
dried, ground, passed through 0.2 mm sieve and stored

in polythene jars, for subsequent analysis. Soil

and plant analysis were done following standard proce-
dures of Allen (1974). For solil cation analysis, extrae.
ction was done using I N Ammonium acetate at pH 7.
Extraction for available soil phosphorus was done using
0.03 N Ammonium fluoride in 0.025 N hydro-chloric acid,
Cations estimation in plant was done after dry ashing

and dissolving the ash in dilute hydrochloric acid.
Nitrogen was estimated by the micro-Kjehldahl method,
Phosphorus was estimated colorimetrically by the molybdenum~
blue method. Magnesium and calcium were estimated by the
LDTA titration method, while potassium was estimated

by the flame emission method.
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Biomass and litter values obteined in the carlier
study (Pert I) were used for ’'computation of the totel
chemical inventory of the veget~tion compartment. The soil
bulk density determinestions were madc using a core sampler
and the values were used for subsenuent conversion of
the analytical data to field weight per unit area of the

soil pool.

Enrichment retio for e'ch jhum fallov was c-lculated
as thc ratio of c¢lement stock in the vegetation compartment
to thc elementel uptake by it (Woodwell et 21.,1975). For
vegetation ond soil comiertment,fractionel ennual turnover
was calculated by dividing thc cuantity that leaves the
compertment by the strnding state of that particular element

and exnrcssed as percentage (I.einers and Leiners, 1970).
LEISTLTS

Nutrients storcd in the standing biomass of the
different categories of slonts, except herbs, increased sig-
nificently (PZO.OS) vith the inecreasc in the age of the f¢ll-
ow upto a overiod of 15 ytars vith meximum accumulation for
nitrogen, potessium and celcium. The high levels of different
nutrients for »nine in the fellow is Jue to the already
existing older oinc trecs vhich are not totally slnshcad
during jhum. In thc he.bf ceous compartment, while the
nutrient pool incrcased uoto 6 year fallow, a drastic
reduction vas observed in 10 2nd 15 ye-r fallovs. Pine

alone contrbbuted about 78.5% of the total nutrients that
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was held in the vegetotion compertment in a 1 year jhum
fallow. This contribution by nine declined in older fallows
to 57% in a 15 year fellow due to a gredual incresse in

contribution by dicot tree sapling and shrubs (Table 8.1)

The rate of nutrient accumulstion increesed markedly
in thc first 3 yezrs of fallowv development; decreased slight-
ly bctween 3-6 years but more sharnsly between 6-10 years
after which it imoroved reaching almost the same rate es
during the initial stagcs of regeneration. However, this
fluctuation in the pattern was less marked for calcium
cbmpered to otker nutricnts. Of all the nutrients, nitrogcn

and potassium hed thc highest rate of accumulation(Table8,2).

Pine alonc contributed for 2 good proportion of the
annual return of nutrients thfough litter fall., However,
litter from dicot trec saplings and shrubs accounted for
maximum rcturn to thc system., While the nutricnt rcturn
through these tvo cetigories of ovlente incrcasecd with increaf
se in the agc of the f21low rezching a maximum in a 15 year
fallow (cxcent for nhosohorus and celcium both of which
rcached perk vealues in 8 10 ycar fallow), the nutrient
return through monoc t littcr resched its peak in a 6 year
fallov with 2 sharp declinc in older fallows, Vhen the
totel cuantity of nutricnts rcturned through litter fall
was considcred, return of nitrogen, cotessium and magnessium
followed a similer pattern in that thcir amount increcased

upto 15 years >f{ faliow develooment., Teturn of calciam and



: 162

~1
Table 8.1 Nutrient content (kg ha)in different componerts of the
standing biomass in different jhum fallows

Category Nutrient Age of the jhum fallow(yr)
1 3 6 10 15
Pine total N 45,888  66.737  88.319 110.492  138.192
P 5486 7.833 10.423 13.127 16,560

K 31,149 45,015 59,613 75.307 95..97
Ca 31464 50,557 66.542 84,552  107.063
Mg 13.684 22,682 28,931 3%,860 40,836

Dicot tree N - 5.610  10.73% 42,028  71.31k%
saplings and P - 0.659 1.261 4,937 8.378
shrubs total K - 7.987 15,283 59.837 101.532
Ca - 6.564 12.558 49,169 83.432
Mg © - 2.726 5.215 20.420 34,648
Herbs total N 11.34%5  27.553 L4, 668 0.374 0.227
P 1.530 3.716 6.025 0.050 0.030
K 11,950 29.02% L47.051 0.39% 0.293
Ca 767 11.577 18,768 0.157 0.095

Mg 5.%77  13.302 21.56% 0.181 0.110
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R I
Tablc 8.2 Mutrient accumul:tion rate (Kg ha yr ) in the standing

biomass during the fallow develonment.

Time span (Yr )

Nutrient
Category
0-1 1-3 3-6 6-10 10-15
N 11.513 21.333 14,607 2.293  11.368
P 1.546 2.596 1.83%  0.101 1.370
K 12.062 19,464 ©13.307 3.398 12,266
Ce 4,880 16.234 9.723 9.003 11.342

Mg 5.530  9.775 5.667 - 4,027
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phosphorus through thc litter fall increased upto 10 years
with a Slight~decre€se therdafter. Return of nitrogen was
the highest followed by calcium in a2ll the jhum fallows
(Tablc 8.3).

The rate of uptake of all nutrients except calecium
increased significently (P/C.05) upto 6 years with a decline
between 6-10 years of fellow development., Subsecuently, there
was a marked increcse in the rate of uptake of these nutrients.
In the cas. of calcium, hovevcr, a sharp increase was noticed
between the first 3 years of fallow development aftcr which
the ratc of uotake of this element showed a slow increese
upto 15 years. The uotake rate was consistently high for
nitrogen followed by that for potassium or calcium. The
enrichment retio in order fallows beyond 6 years was gcnerally
higher than in younger fallows, This pattern was more nrono-

unced in the case of potassium and magencssium (Table 8.4).

The inventory of thc nutriente is given in Table 8.5,
Nutrients in the standin- biomass increesed with the increase
in the fallow ege rcaching the highest level in a 15 year
fallow, Nitrogen fellowed by notessium and calcium contri-
buted maximum gquantity to thc totel budget in biomass.
Quanitity of nutrient returned (cxcept pnotassium) throggh

litter also incrcased with the fallov age upto 15 years.,

The amount of nitrogen in the soil pool (0-%Gcm)

increascd unto a neriod of 10 years of fallow development
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-1 =3
al nutrient return (kg ha yr ) through litter fall in

Table 8'3f L T ham falTovs .
Category Nutrient Age of the jhum fallow (yr)
1 3 6 10 15 .
Pine total N 0.807 1.179 6.676 8.971 10.747
-P 0.116 0.155 0.856 1.211 1.449
K 0.226 0.297 1.647 2.298 2.751
Ca 0.972 1.219 6.800  9.149 10.980
Mg (s153 0.200 1.119 1.515 1,816,
Dicot total N 4,131 11.53%  22:.815 27.224 32.380
P 0.313 0.83% 1,644 1.976 0.916
K 1.002 2.610 5.130  6.187 7.315
Ca 0.960 2.575 5.075 6.093 2.834
Mg 0.213 €.590 1.167 1.39% 1.657
Monocot total N 1.772 4,903 8.197 3.496 1.862
0.135 0.37% 0.625 0.266 0.142
K 0.907 2.510 4,196 1.790 0.953
Ca 0.422 1.167 1.952  0.832 0.442
Mg  C.188  0.519  0.868  0.370 0.197
Total N 6.710 17.616 37.688  39.691 44,989
P 0.56k% 1.363 3.125 3.453 2.507
K 2.135 5.417 10.973 10.275 11,019
Ca 2.354% 4,961 13.827 16,074 14,257
Mg 0.554 1.309 3.15% 3.279 3.670
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Table 8.4 *Rate of nutrient uptake (kg it} i}) by the

standing biomass during the fallow development.

Nutricnt Time span (yr )
Category

01 1-3 3-6 6-10 10-15
N 13.223 38,949 52,295 41,984 56,357
( 3.1%) (2.56) (2.75) (3.64%) ( 3.72)
P 2.110  3.959 4,959 3.55% 3.877
K 14.127 24, 881 24,280 13.673 23.285
(3.0%) (3.30) (5.02) (9.91)  (8.45)
Ca 7.23% 21.195  23.550 25.077  25.599
(5.00) (3.24%) (4.16) (5.3%)  (7.45)
Mg 6.08% 11.08% 8.821 3,217 7.697
(3.15) (3.%9) (6.32) (17.24) (9.82)

*Annual unteke = Annuel increasc in nutrients in biomass +
Annual nutrient return vie litter fall. Values in parenthee
ses refer to the enrichment ratio,
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and declined slightly in a 15 yeer fallow, Available pho-
sphorus increased only slightly in older jhum fallovs.
Exchangeable cations also foliowed a similer trend as the
available phosphorus with sligtt imorovement in older
fallows, Thc total of these three categories for different
clements except nitrogen increascd significantly (P/0.05)
with the 2ge of the fallov upto 15 years; nitrogen however,
peaked to a maximum in a 10 ycer jhum fallov and declined

on cither side (Table 8.5).

; The annual turnover in thc vegetation compartment
vas higher than that for the soil compartment in the case of
nitrogen, calcium ani megneesium, while the reverse was the

case for phos»nhorus and »otassium(Table 8,€).
DISCUSSION

The amount of nutrient storcd in the standing
biomass and its relcasc through litter fall increased
consistently upto 15 yerrs of fallow develooment subsequent
to jhan, This is und¢rstandablc because of a linear increa-
se in the stinding biomass and litter »roduction in differ-
ent jhun fallovs with incrc =se in the fallow age (Part I
in this study). Nutrients storcd in the herb compartment
peaked in a 6 ycar fellow vwith ¢ sherp fall in older fallo-
ws., This is elso releted to the rapid shift of dominance
in the comaunity at this stage from the hcrbs to the fast

growving shrub end trees svecics,
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Table 8.5. Total inventory of nutrients (kg E; §} ) for different jhum

fallows,

Age of the jhum fallow (yr)

Nutrient
1 3 6 10 19
Standing biomass N 57.233  99.9C0  143.721 152.89% 209.733
P 7.016  12.208 17.709 18,114 24,968
. X 43.099 82.026 121.9%7 135.538 196.368
T Ca 36.231  68.698 97.868 133.878  190.590
Mg 19.161 38,710 59.710 55461 79.594%
Soil pool N 4970 5187 6076 6980 6614
(¢ -40cm)
P 6.00 5.69 695 6.75 6.58
K 218 195 248 282 316
Ca 290 276 263 322 347
Mg 213 200 208 211 204
8§ggg£ron soil in N 0.575 1.507 .3.195 3.2%0 3.745
P C.050 0.086 0.265 0.282 0.328
K 0.181 0.463 0.930 0.833 0.917
Ca 0.218  0.435 1.168 1.309 1.556
Mg 0.049 0.113 0.267 0.266 0.306
Total: N 5027.808 5288.%07 6222,916 7136.13% 6827.475
P 13.066  17.989  2&,924 25.146 31.876
K 261.280 277.489 370.877 %18.371 513.785
Ca 326,449 345,133 362.036 L457.187  539.146
Mg 232.210 238.823 263,977 206,727  369.900
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During 3-6 years of fallow development after jhum,
the nutrient uotake and accumulation rate by the vegetation
compartment wass meximum with a subseguent decline between
6-10 years. Similar observations were also made by earlier
workers(B rtholomew et al., 1953; Nye and Greeland, 1960).
They have shoin that the nutrient accumulated more rapidly
during the first five years of secondary succession then
during the later stages, and concluded that the storage
capacity of leaves and twigs get saturated at an early steage;
thereafter, the total storage increases more sloyly chiefly
in the wood and root compartments. The increase in the nu-
trient absorption and accumulation rates by the vegetation
between 10-15 years may be related to the increase in the

biomass of the fast growing pine tree (Wells and Jorgens€n,

1973).

Nutrients in thesoil pool was fast depleted during
the errly stages of succession due to raonid absorstion by
the developing vegetation. Release of significant gquantities
of nutrients into the soll pool started only after about
10 ycars of fallow develomment. The enrichment ratio of
potassium was invariebly high in all the jhum fallows, This
is indicative of the conservation of this element in the
vegetation which in soil is more susceptible to le-ching
(Nye and Greenland, 1960). The increese in the enrichment
ratio during fallow development has en advantage in that
it helps in conserving nutrients in the vegetation, parti-
cularly under high rcinfall situations where the losses from

soil could be very high.
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The fractional annual turnover percentage of vario-
us nutrients in the soil pool increased upto 6 years of
fallow development due, to the rapid increese in uptake by
the developing vegetation. The reverse trend noticed in
the older fallows may be explaincd as due to enrichment of
the soil through litter fall so that the uptake/stoc!z ratio
is lescer, In the vegetation compartment, the turnover
percentage increased uosto about 10 years of fallow develop-
ment which may be relcted to the gradual increese in re-

lease through litter fall as vegetetion develops.

A comperison of the total chemical inventory for
different jhum fallows at lower elevetions of this region
(Toky and Ramakrishnan, unpublished) with the present one

indieates much lower values for high elevations, Nutrient
recovery at higher elcvations was ©lso comparatively

slov which mty partly be duce to lov temperature conditions
vhich per~it only slower decomposition of litter which gets
accentuated beceuse of »nine needlcs, & comperatively diffi-
calt meteriel for decomnosition. Howcver, t he nutricnt
accomulation rates in the living biomass in the pres.nt
study arc comparable to t.ose ootaincd for the lower eleva-
fion except for potassiun., The high rate of potassium accu-
mulation observed at lowcr eclcvations 1S duc to the ability

of bamboo (Dendrocclemus hamniltonii), an carly succecssional

dominent soecics, to 2ccumulate this nutrient ¢t a rapid

rete.
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It may be concluded that jhum cultivation with
short cycles of 4-5 years, es is more prevalent in the
region, would reslut in rapid depletion of the soil
nutrients due to uptake by the developing secondary succ-
essional community which does not release it through
litter until after about 10 ycars. Continuowvs imposition
of short jhum cycles has resulted in rapid deterioration
of the site leoding to desertification (Ramckrishnan et
al., 1980) which hes adversely affeeted environmental

quality.
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SUMMARY

The present study deals with nutrient cycling
between the plant and soil compartment in secondary succ-
essional communitiers up to 19 years of fallow development
subscguent to *'Elssh and Burn'! r~griculture (Jhumn) at
higher elevations of Mcghalaya in North-Fastern India.

The total inventory for different elements increased

with the age of the fellow un to 15 yerrs of fallow de-~
velopment except in the case of nitrogen where it vesgked
in 2 10 year fallow, Nutrient accumulation and uptake
rates were comparatively higher in the early steges of
secondar; succéssion wvhich declined between 6-10 years
with a significent increase again betwveen 10-15 years of
fallow development, Raoié densletion nutrients in the soil
pool occurrecd up to 6 years of fallow development,and
relecese of nutrients into the soil started onl; after
about 10 years. This was reflected in the annual fractio-
nal turnover pattern in the soil and vegetation compartme-
nts. Therefore, reneated short jhum cycles of L4-5 years

as 1s now more common in the rcgion have adversely affect-

ed the environmental ~uality.
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High elevation jhum differs from the low elevations one
in that: (i) the temperature conditions are low with the
consequent slower regeneration of the vegetation during
fallow development, (1i) the forested area has Pinus .
kegsiya as the imoortant component which makes litter de-
gradation more difficult, and (iii) the soil is acidic.
As a consequence jhum in fts typical form as exists at
lower elevations is difficult to sustain, Probably for
this reason, a modified version of jhum as discussed
earlier is practised by the farmer in order to conserve

nutrients more efficiently.

Jhum as it was originally practised had a cycle of 20-30
years. However, due to increased population pressure and
decreased land available for cultivation due to poor land
use practices, the cycle has become a short one of L5

Years,

Such a short jhum cycle of 4-5 years has resulted in
arrested succession at the weed stage with species like
Eupatorjium adenophorum, Imperata cylindrica, and others,
Once this stage of arrested succession is reached the
land is considered unfit for cultivation,which in turn

reduces the acreage available for cropping,

One of the important consequences of the shortening
of the jhum cycle has been rapid desertification of

the site as is examplified by the situation prevailing
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in a high rainfall areas as at Cherrapunji (annual average
rainfall is 1150 ecm). A situation has come about where

there no soil to support any forest cover and there is no
vegetation to hold the soil. Such desertified areas are a

common feature at higher elevations of NorthJastern India,

5.A rapid depletion of the wild gerw vlasm has been another
consequence of shortened jhum cycles. Among plants, apart
from the loss of wild varieties of crop plants, many or-

chids such as species of Dendrobium, Cymbidium and Vanda

are in the list of endangered plant species.

6.Replacement of jhum by sedentary terrace agriculture which
necessiates heavy inputs of fertilizer does not seem to
be a viable solution to the environmental problem of this
region, 4part from deforestation and the cost factor in-
volved, the efficiency of use of fertilizer would bec very
low in view of high infiltration losses that may occur ir

spite of checking surface run-off through terracing.

7 .Further, any demage to the hill ecosystems of the Himzlayas
is likely to have grave ecological repercussions not only
in the region but also in the northern plains of India®™

through recurrent floods.

8.It is suggested that annual crops should be restricted to
the minimum and the economy should be developed with em-
phasis on plantation and horticultural crops. In fact
the area' is highly suitable for many temperate fruit trees
as well as for oranges. Other plantation crops like coffee

has been successful in selected areas.,



REFERENCES



s 176

Ahlgren, C. E, (1960). Some effects of fire on reproduction
and ernwth of vegetation in North-Eastern Minnesota.
Ecology W1,+,1-445,

Ahlgren, I.F. & Ahlgren, C, E, (1960). Ecological aspects
of forests fires. Bot.Rev.26,483-533.

Ahlgren, I,F. & Ahlgren, C,E. (1965). Effects of prescribed
burning on soil microorganisms in Minnesota jack
pine forest. Ecology 46,304-310.

Ahn, P. (1958). Regrowth and swamp vegetation in the western
forest areas of Ghana. J. West Africa. Sci.hss.by
163-173.

Allan, W.(1965). The Africén husbandry. London, Oliver and
Boyd.

Allen, S.E.(1964). Chemical aspects of heather burning.
J.Appl. Ecol., 1,347-367.

Allen, S.E.(Ed.) (1974%), Chemical Analysis of Ecological
Materials,., Blackwell Scientific. Publ,Oxford.

Anthony, K.R.M, & Willimott, S$.G.(1956). A study of soil
fertility in Zandeland. Emp.J. Expt.hgric.24,75-88.

Arnon, I1.(1958). The improvement of natural pasture in
the mediterranean region. Herb.Abstr.28,225-231.

Auld,B.A.(19692). Incidence of damage caused by Organisms
which attack crofton weed in the Richmond-Tweed
region of New South Wales. Aust.J.Sci.32,163.

Auld, B.A.(1969b). The distribution of Eupatorium adeno-
phorum Spreng. On the far north coast of New South

Wales, J.Proc.Royal,Soc. N.S.W. 102,159-161.,



s 177

Auld, B.&A., & Martin, P.M. (1975). The antecology of
Bupatorium adenophorum Spreng. in Australia, Weed
Res.15,27-_"

Aurora, G.5., Billorey, RE.K., Patton,i., and Myrchiang,
P.(1977). Socio-economic Impact of Shifting Culti-
vation Control Schemes in North-Eastern kegion
Dept.of Sociol. and Anthroonlo., North-Eastern Hill
Univ., €hillong(Mimeographed).

huten, J.T. (1934). The effect of forest burning and pastur-
ing in the ®zarks on the absorpntion of forest soils.
U.5.Dept, figric., For.Ser.Central States For ., Exp,
Str. Note 16,

Bartholomew, M.W,, Meyer, J. & Laudelot, H.E.(1993). Mineral
nutrient immobilization under forest and grass fallow
in the Yang%%i (Belgian Congo) Region, L'Institut
Netional pour L'etude Agronomigue du Congo Belge
Ser.S5ci., No.57, BrusselsﬂJ/

Bergeroo-~Campagne, M.B.(1956),L'agriculture nomade de la
tribu des N'Dranouss en Cote-d' Ivorie.In:F.LO.
L'agriculture nomade 1, 111-230 .

Bernard,B.(1949). Systems culturaux apolicables a la
production des plantes annuelles en zone Equatoriale

congolaise, Bull.hgric. Congo Belge 40,1749-1813,



: 178

Bess, H.A, & Haramoto, F.H.(1999). Biological control of

Pamakani Eupatorium adenoohorum in Hawaii by a Tep-

hritid gall fly, Procecidochares utilis.II.Populat-

ion studies of the weed, the fly and the parasites
of the fly. Ecology 40,24-249,

Birch, H.F, & Friend, M.T.(1956). The organic matter and
nigrogen status of east African soils. J.Soil Sci.
7,156-167.

Biswell, H,H.(1972). Fire ecology in a ponderosa pine-
grassland. In: Tall Timbers Tire Ecology Conference
No.12, 91,69-96,

Black, J.N.(1971). Energy reletions in crov oproduction-
a preliminary survey. Ann. Appl.Biol.67,272-278.

Bodley, J.H.(1976). Anthrooology &nd contemporary human
problems, Menlopark, California,

Bormann, F.H., Likens, G.E., Fisher, D.W. & Pierce, R.S.
(1968). Nutrient loss accelerated by clearcutting
of a forested ecosystem, Science 159, 882-884,

Barthakur,D.N., Singh, A., Awvasthi, R.P. & Rai, R.N.(1978).
Shifting cultivation in the north-eastern region.
In: Resources, Development and Environment in the
Himalayan Region, pp.330-34+2. Dept. Sci. & Tech.,
Govt,of India.

Bray, J.R. & Gorham, E.(1964). Litter production in
forests of the world. h4dv. ecol.les.2, 101-57.

Buckman, H.O. & Braly, N.C.(1960),The nature and pro-

nerties of Soils. :cMilln Co., Nt York.



: 179

v
Carneiro, R.L. (1960). Slash and burn egriculture: A

closer look at its imnlications for settlement
patterns. [n: Men and Cultures (Ed.by A.F.C. Wallace),
ppP.229-234, Philedelohia,

Charter, C.F. (19%1). A reconnaissance survey of the soils
of British Honduras. Belize,

Conklin, E.C. (1957). Hanunoo Agriculture. F.«.0.Forestry
Devclopment neper No.12 F.A.0., Rome.

Cook, C.F. (1921). Milpa agriculture, a primitive tropical
system, f4nnual Levort of Smithsonian Institution,
1919, pn.307-326. Viashington, D.C,

Coulter, J.K.(1950). Organic matter in Malayan soils:

A preliminary study of the organic matter content
in soils under virgin jungle, forest plantations
and abandoned cultivated land. Malayan Forester 13,
189-202.

Cowgill, U.M.(1961). Soil fertility and the ancient Maya,
TRANSACTIONS of the Connecticut Academy of Arts and
Science 42, 1-56,

Cowgill, U.M.(1962), An agricultural study of the southern
Maya lowlands. American Anthropologist 64,273-286.

Cunningham, R.K.(1963). The effect of clearing a tropical
forest soil. J.50il, Sci. 14, 334-345,

Cutting, C.V., Wood, P.A., Brown, P. & Ambrose, H.B.(1959).
Aséessment of fertility status and the maintenance
of productivity of soils in Nyasaland. Paper No.69,

Third Inter-Afr.Soils Conf. Dalaba.



: 180

Daniels, F.(1956). The Sun's energy. Sci. Monthly 82,
247 -254.

Daubenmire, H. % Prusso, D.C.(1963), Studies of the
decomposition rates of tree litter. Ecology 44,
589-592.

Debell, D.S., & kalston, C.W.(1970). Release of nitrogen
by burning light forest fuels. Soil Sci.Soc.Am,
Proc. 3%,936-938.

Ekvall, E. (1955). 'Slash-and-burn' cultivation: & con-
tribution to anthrosological terminology. Man 55,
135-136.

Ellern, S$.J.(1974). Seedling growth and survival of
Oryzopsis holciformis (Ricegrass) sown at different
dencities and moisture levels. J.Appl.Ecol.11,
1027 -103%.

Emerson, R.A.(1953), A preliminary survey of the milpa
system of maize culture &s practised by the Maya
Indigns of the northern part of the Yucatan Penin-
sula. Ann, Missouri Bot.Gard. 40, 51-62.

Bwel, J.J. (1976). Litter fall and leaf decomposition in
a tropical forest succession in eastern Guatemala,
J.Ecol, 64, 293-308.

Firsova, V.P.(1964), Effect of fire on the physico-chemi-
cal properties of derno-podsolic light loanm soils
of the Cis-pyshminsk Borov Massif (based on three
year observations). Sb. Dok.III.mezhoblast.Knof.
Pochv.Agrokhim. Sred.Povolzh. Yuzh.Urala.(R)(N.X)
pp.138-142,



: 181

Freeman, J.D.(1959). Iban Lgriculture. L report on the
shifting cultivation of hill rice by the Iban of
sarawak., H.M.8.0., London.

Fuller, w.H.; Stanton, £. & Burgess, P.3. (1955). Effect
of burning on certain forest soils of northern
Lrizona, For, Sci. 1, bh4-50,

Golley, F.B., Mc Ginnis, J.T. & Clements, R.G.(1969),
Finel report, terrestial ecology. Battlelle Memorial
Instit.,I.0.C.8. Mem. BMI-26.70p.

Golley, F.B., Mc Ginnis, J.T., Clements, R.G., child,
G.I. & Duever, M.J.(1975). Minerel Cycling in a
Trosical Moist Forest Ecosystem., Univ.,of Georgia
Press, 4thens,

Goodland, R.J.4.(1980). Environmental Ranking of Amazonie
an Development Projects in Brezil. Environmental
Conservation 7, 9-26,

Gopalen, C.B., Ra%gsastri, V. & Balasubramanian, S.C,
(1976).Nutr%§e Value of Indian Foods., Nat.Inst.
hutrition,Hyéerabad.

Gourouz P.(194%0). L'utilizetion du sol dans 1'Indo-Chine
francaise, Paris.

Granhall, V. & Hendriksson, E.(1969)., Nitrogen fixing
blue green algae ia Sweddish soils. Oikos 20,
175-197.

Greenland, D.J. & Kowal, J.1.1.(1960). Putrient content
of the moist tronical forest of Ghana., Pt.and Soil

12,154-74.



: 182

Grime, J.P.(1974%), Vegetation classification by reference
to strategies, Nature 250, 26-31,

Grist, D.H.{72,3). rice. Longmans, Green and Co., London.

Guota, M. (1977). Biological controls of weeds in India.
Proc. of Weecd Sci.Conf.,, India. pp.119-120.

Hailey, W.M, 1st Baron.(1957). An African Survey revised
1956, Oxford.

Harper, J.L.(1960). Factors controlling plant numbers,
In: The biology of Weeds (Ed.by J.L.Harper), pp.
119-132. Blackwell Sci,Publ,, Oxford.

Harper, J.L. & White, J.(1974%). The demograohy of plants,
inn.Rev.BEcol, & Systemat. 5,419-483,

Harrory, J.P.(1949). ifrique, Terre qui Meurt.Brussels.

Haseler, W.H.(1966). The status of insects introduced
for biological control of weeds in Queensland. J.
Ent.Soc.Qld.5,1-4.

Hayashi, I & Numata, M.(1968). Ecology of pionecer species
of ecrly stages in secondary successioh IT. The
seed productiop. The Botanical Magazine, Tokyo
81, 55-66.

Hoffman, G.R.(1966). Ecological studies of Funaria hygro-

metrica Hedw. in esstern Washington and northern
Idaho. Ecol.Monogr.36,157-180.

Jenny,H., Bingham, F.& Padilla-Caravia, B.(1948), Nitro-
gen and organic matter contents of equatorial
soils of Colombia, South fimerica, Soil Sci.66,

173-186.



: 183

Joachim, LA.W,R. & Kandiah, S.(19485. The effect of
shifting (Chena) cultivation and subsequent re-
generation of vegetation on soil composition
and structure. Trop. Agriest. 104,3-11.

Jordan, C.F. & Kline, J.I .(1972). Mineral Cycling: Some
basic concepts and their aoplication in a tropical
rain forest. 4nn. Rev.Ecol. & System~t.3,33-50.

Jordan, C.F., Kline, J.R. & Sasscer, D.£.(1972), Relative
stability of minerel cycles in forest ecosystems,
ILm.,Natur., 106, 237-253.

Jorgenscn, J.R., & Wells, C.G.(1971). Apnarent nitrogen
fixation in soil influenced by prescribed burning.
Soil Sci.lmer.Proc.35,806-810.

Kershaw, K.£.(1973). Quantitative and Dynamic Plent
Ecology. Edward Arnold, London.

Knight, H. (1966). Loss of nitrogen from the forest
floor by burning. For.Chron.42,149-152,

Kushwaha, 5.2,8,, hemakrishnan, 2.5, & Tripathi, R.S.

(1981). Population dynamics of Eupatorium odoratum

L.in Successional environments following slash and
burn agriculture(Jhum), J.4001.Ecol.18(In Press).

Langbein, W.B. & Schumm, S.R.(1958). Yield of sediment
in relation to meen annual precipitetion. Lmer.
Geophys, Union Trans.39, 1076-108k4.

Leach, G.(1976). Energy end food »nroduction, Guildford,
IPC &cience and Technology Press.

lee, R.0.(1966), ! Kung Bushman subsistence: 4n inout
output analysis. In: Ecological Lsaays-Proc.Conf,

Cultural Lcology, Mus.of C neda, Bill No.230.



: 184

Lewis, Jr., W....(1974), Effects of fire on nutrients
movement in a south Cerolina pine forest. Ecology
55,1120-1127,

Lloyd, P.S. (1971)., Effects of fire on the chemical status
of herbaceous commpnities of the Derbyshire Dales.
J. Ecol, 59, 261-273,

Lovdermilk, W.C.(1930), Influence of forest litter on run-
off, percohlation, snd erosion, J.Forest.28 47L-491,

Lowry, O. H. , Rosebrough, N.J., Farr, A.L. & Randall, R.J. -
(1953). Protein determination with the Folin Phenol
reagent, J.biol, Chem, 193, 265.275.

zdge, D.(1966). How leaf litter disasnears. New Scientist
32, 113-115.

Margalef, R. (1968). Perspectives in Ecological Theory.
Univ.Chicago Press, Chicago.

Marks, P.L. (1974). The role of pine cherry (2rupus 2ensylva-
nica L. ) in the maintencnce of stability in
northern hardwood ecosystems. Bcol.Monogr.4+,73-83.

May, R.4.(1973). Stability and Comnlexity .in Model Ecosystems.,
Princeton Univ. Press, Princeton.

McNaughton, £.J. (1967). Lelationshio among functional
properties of Californien gresslend, Nature
(London) 216, 168-169,

Meiklejohn, J.(1955). The effect of brush burning on the
microflora of Xenya upland soils. J.Soils Sci. 6,

111-118.



: 185

Mellinger, iV, & McNaughton, S.J.(1975). Structure and
function of successional vascular »slant communi -~
ties in Central New York. Ecol,Monogr.h45,161-182.

Mey, A.W. (1978). The economy of shifting cultivetion
in Bangaladesh, Paper presented to the xth Inter-
national Congress of Anthropological and Ethnologi-
cel Sciences, India (Mimeographed),

Mishra, R. (1968). Ecology Workbook., Oxford & IBH Publishing
Co.

Mishra,B.K. & Ramakrishnan, 2. S. (1981). The economic yield
and energy efficiency of hill agro-ecosystems at
higher elevations of Meghalaya in north-eastern
India, Acta Oecologica/Oecologia Applicata 9(In
Press),

Misra, B. (1976). A positive approach to the oroblem of
shifting cultivation in eastern India and a few
suggestions to the volicy makers. In:Shifting
Cultivation in North-%fast India (Ed.by B.Pakemn,
J.B.Bhattacherjee, B.B.Dutta and B.Dutta Ray),
ppP.80-91. North East India Counc.Social.Sci.Res.,
Shillong, Meghalaya,

Mitchell, R,(1979). The Analysis of Indian Agro-ecosystems,
Interprint, New Delhi.

Newbould, 2.J.(1967). Methods for Estimating the primary
Production of Forests. International Biological
srogramme Handbook No.2. Blackwell Scientific

Publications, Oxford.



: 186

Norman, M.T7.T.(1978). Energy in»uts and outputs of subsi-
stence crooning systems in the tropics. Agroedo-
srsuems vy, 395-366.

Nye, P.H. (1958). The mineral composition of some shrubs
and trees in Ghena. J.West Afr, Sci. Ass.%,91-98,

Nye, P.H. (1961). Organic matter and nutrient cycles under
moist tropical forest. 2t., and Soil 13, 333-346.

Nye, P.H. & Greenland, D.J. (1960). The Soil under Shifting
Cultivation. Tech.Comm. 51, Comm.Bur. Soils, Haroen-
den,

Nye, ?.H. & Stephens, D.(1960). Agriculture and Land-Use
in Ghana., 0.U.2.

Odum, E.P. (1969). The strategy of ecosystem developmnent.,
Science 164, 262-270.

Odum, H.,T. (1971). Lnvir-nment, Power and Society. Wiley-
Interscience, New York.

Oosting,H.J. (1956). The Study of Plant Communities. W.H.
Freeman, Sanfrencisco,CA,

Pelzer, K.J. (1948). Pioneer settlement in the Asistic

! tronics. Amer. Geo;.Soc.,Specisl publ.no.Z20.

New York.

Pimentel, D. & Pimentel, M. (1979). Food, Energy and
Society. Bdwerd Arnold, London.,

2imentel, D., Hurd, L.E., Bellotti, A.C., Forster, M.J.,
Oka, I.N., Sholes, 0.D. & Whitman, R.J.(1973).
Food production and the energy crisis. Science

182, L43-4h9,


http://publ.no

: 187

Pimentel, D., Dritsechilo, W., Krummel, J. & Kutzmen, J.
(1975). Energy #nd land constraints in fooi?rotein
Ylownets cn, welonce 1909753—761.

Popenoe, H,(1957). The influence of the Shifting Cultiva-
tion Cycle on soil properties in Central America,
Ninth Pecific €ciencc Congress, Bangkok 1, 72-77.

Popenoe, H.(1959). The influence of the shifting cultiva-
tion cycle on soil properties in Centrel America,
Proc, 9th Pacific Sci. Cong.7, 148-160.

Ramakrishnan, 2,5.(1972). Individual adaptation and its
significance in population dynamics. In: Biology of
Land Plants(Ed.by V.2uri, Y¥.S. Murty, 2.K.Guota
and D,Banerji), po.344-355. Sarita Prakashen.
Meerut, India.

Ramakrishnan, P.S.(1980).Ccological Impact of Jhum (Slash
and Burn Agriculture) on Forested Lcosystem of
North-Eastern India. Indian Netional Science Aca-
demy Newsletter No.60, 02.3-7.

Ramakrishnan, P, S. & Kumar, S. (1971). Mortality, Plesti-
city and productiyvity of interfering model popula-
tions of Meize and Cynodon dactylon(L) Pers. J.
Indian bot.Soc.50, 321-331.

Reamakrishnan, P.S. & Mishra, 5.,K.(1981). Population dynamics

of Eupatorium adenophorumn Spreng. during secondary

succession after Slash and Burn agriculture(Jhum)

in North-Lastern India, Weed Res., (In Press).



: 188

Ramakrishnan, 2. S. & Toky, 0.2.(1978). Preliminary
observations on the impact of jhum (shifting
agraculture) on forested ecosystem., In:Resources,
Development and the Environment in the Himalayan
Region, pp.3%3-354%, Dept.of Sci. & Tech., Govt.
of India.

Ramakrishnan, P.S., Toky, 0.2., (1981). Soil nutrient status
of hill agro-ecosystems and recovery pattern after
slashmd burn agriculture(Jhum) in north-eastern
India, Pt.and soil 48 (In Press).

Ramakrishnan, 2.5.,Toky, 0.”?., Mishra, B.K. & Saxené, K.G,
(1980). Slash and burn agriculture in north-eastern
India, In:Fire Regimes and Ecosystem Properties(Ed.
by H.Mooney, J.M.Bonnicksen, N.L.Christensen,J. &,
Lotan & W.A, Reiners), U.S.D.A., Por. Ser, Gen.Tech.
Report, Washington, D.C.

Ramboo, 4.T.(1978). No free lunch: Fire as an over looked
factor in the euergetic efficiency of Swidden
agriculture, In:Proceeding International Congress
of Anthropological end Ethnological Sciences, liev-
Delhi,India.

Ranjhan, S$.K.(1977). Animal nutiition and feeding practices
in India. Vikas ~Publishing housec 2vt.Ltd., New
Delhi.

Rasnerort, R.A., (1968). Pigs for the Ancestors: Lituales
in the Tcology of a New Guinea feonle. Yale Unii.

Press.



: 189

Rappaport, R.A.(1971). The flow of energy in an agricul-
turel society. Sci. Am.225,116-122, 127-132.

Raynal, D.J. & Bazzaz, F.,A,(1973). Establishment of early
successional plant pooulations on forest and prairie
soil. Ecology 54%,1335-43,

Reed, W.E.(1951). Reconnaissance Soil Survey of Liberia.
Agric,Inf.bull, 66. U.S5.Dept.of Agriculture,
Washington.

Reiners, W.A, & Reiners, N,M.(1970). Energy and nutrient
dynamics of forest floors in three Minnesota fo-
rests. J.Lcol, 58, 497-519.

Remezqv, N.7.,, Samoylova, Y.M., Suiridova, I.X., & Ba asho-
va, L.G.(1964%), Dynamics of the interacgion of
oak forest and soil, Pochvovedenie 1964(3), 1-1k;
Soviet Soil Sci. 1964, 222-232,

Revelle, R. (1976). Energy use 1n rural India. Science
192, 969-975.

LKice, E.L. (1974), Allelopathy. Acad.Press,New York,

Richards, A.,I.(1939). Land, Labour and diet in Northern
Rhodesia.0.U.2.

Richard,?.W.(1952). The Tropical Rain Forest. Camoridge
Univ,r’ress, Cambridge.

Rodin, L.E. & Bazilevich, N.I.(1967). lroduction and
Minerel Cycling in Terrestial Vegetation, Oliver
and Boyd, Bdinburgh.

Rosc, K.(1954%). Ecological studi s on the tronical rein
forest of southern Nigerie III. Secondary succc-
ssion in the Shashe forest rcgerve. J.Ecol.h2,

259-282,



¢ 190

Rowe, P.B. (1955). Effeccts of the forest floor on disvo-
sition of rainfell in o>ine strands. J.Forest,
53,342-248,

Sahu, 3.D.(1978), Inergy Recuirement for some Selected
Cultural Prectices in a Hilly hkegion of Meghalaya,
M.Tech.Thesis. Deot, of Agric. wnergy, I.I.T.,
Kharagour,

Sci1isbury, L.J. (194%2), The Reoroductive Ceo-city of
Plants. G.Bell, London.

Schlippe, 2.D. (1956). Shifting Cultivation in Africe:
The Zande System of Agriculture. Routledge &
Kegan raul, London,

Simpson, E.H., (1949). Measurement of diversity. Neture
163, 688.

Singh, G & Chencellor, W. (1975).Energy Inputs and
Agricultural P2roduction Under Various Recgimes
of Mechanizetion in Northern India., TR&NSACTIONG
OF TH' AS:E 18, 252-259.

€ingh, J.8. & Mishra,R. (1969). Diversity, dominance,
stability and n€t production in the grasslands at
Varanasi, India, Cen.J.Bot.W7, 425-427,

Smith, W.H., Bormann, F.H. & Likens, G.E.(1968).Response
of chemocutotrophic nitrifiers to forest cutting.
Soil Sci. 106, 741-473,

Spedding, C.L.W. & Walshingham, J.4.(1976). The production
and use of encrgy in egriculture. Journ. hgric.

Econ, 27, 19-30.



¢ 191

Steggerda, M. (1941). Meye Indians of Yucatan. Washington,
D.C., Carnegie Institution of Washington., lublie-~
ation No.531,

Steinhart, J.S5. & Steinhart, C.E. (1974%). Energy use in
the U.S, food system. Science 184, 307-316.

Stout, B.&., Myers, C.A,, Hurand, A. & Faidley, L.W.(1979).
Energy for World Agriculture, FAO Agriculture
Series No.7.

Toky, 0.2. (1980). Studies on the ecslogicel impact of
Shiffing agriculture (Jhum) on forestcd ecosyctem.
°h.D.Thesgks, North-kastern Hill University.

Toky, O.P. & hamekrishnan, 2.S. (1981). Cropping and yields
in agricultural systems of the north-eastern hill
region of India, Agro-ecosystems 8(In Press),

Tondeur, M.G.(1956). L'Agriculture nomede - Pt,1-L!
Lgriculture Nomade au Congo Belge, pvo.195-108. F.A.O.
Rome,

Tothill, J.D.(ed.) (1940). Agriculture in Uganda. London.

Tothill, J.D.(ed.) (1948), Agriculture in the Suden.London.

Velentine, P, $. (1976). A preliminary investigation into
the effect of clear cutting and burning on selected
soil properties in Pemberton area of western Austra-
lia. Geowest 8, 43,

Viro, 2.J. (1974). Effects of forest fire on soil. In: Fire
rnd Fcosystems (Ed.by T.T.Kozlowski & C.E.Ahlgren),

pY.7 b4, hLerd., Press, New York.



: 192

Waldock, E.4,, Capstick, E.5. & Browning, A.J.(1951).

Soil conservation and land-use in £ierra Leone,
Sessional frper Np.1, Govt,?’rinter, Frectovn,

Watters, R.F. (1958). Cultivation in old Samoa, Econ.Geog.
3%, 338-351.

Watters, R.F. (1971). chiftin. Cultivation in Letin America.
F.{..0, Forestry Development Peper No.,17, Rome,

Watters, R,F., & Bascones, L.(1971). The infduence of
shifting cultivation on soil properties at Altamira-
Calderas, Venezuelan indes, In: Shifting Cultivstion
in Latin Americal (by R.F. Watters);hF.A.O. Forest-
ery Developument cfaper No.17, Rome.

Weaver , J.BE., & Harmon, G.,W. (1935). Quantity of living
olant materials in prairie soils in relation to
run-off and soil erosion. Univ.Nebraska, Conserv,
Dept. Bull. No.8.

Wells, C.G. (1971).Effects of prescribed burning on phpsi-
cal properties of soil. In: “rescribed Burning
g@ymposium, p».80-97. U.5.D.iL., For.Ser., South-
Eastern Por.Expt.Stn., Asheville,

Wells, C.G. & Jorgensen, J.R.(1973). Nutrient cycling in
Loblolly 2ine 2lantations, In: Forest Soils and
Forest Land Mansgement(Ed.by B.Bernier & C.H.Winget),
np.137-158. ISBN, USi.

Went, F.W. & Stark, N.(1968). Mycorrhiza. Bio-Science
18, 1035-1039.



¢ 193

White, E.M,, Thompson, W.W.& Gertner, F.R. (1973). Heat
effects on nutrient release from soils under
ponderosa pine. J.Range Manag. 26,22-2k4,

Whittaker, R.H., (1966), Forest dimentions and production
in the Great Smokey Mountains. Ecology L47,103-121.

Whittaker, R.H.(1975) Communities and Ecosystems. McMillan
fubl. Co., Inc., New York.

Whittaker, R.H., Likens, G.E.,, Bormann, F.H., Eaton, J.S.,

& Siccama, T.G.(1979). The Hubbard Brook ecosystem

study: Forest nutrient cycling and element behavi-
or Ecology 60,203-220.

Woodwell, G.M. & Smith, H.H.(ed.)(1969). Diversity and

Stability in Lcological Systems. Brookhavdn Symp.
Biol.22.

Woodwell, G.M. & Whittaker , H.H. (1968), °rimary nroduct-

ion in terrestrial ecosystems. Amer.Zool.8,19-30.

Woodwell, G.M., Whittaker, R.H., & Houghton, k...(1975).

Nutrient concentrations in plants in the Brookhaven

Oak -pine forest. Ecology 55, 318-332.

Worthington, E.B. (1958). &cience in the Dcvelopment of

Africa. C.C.T.i., Lonion,

Zavitkovski, J. & Stevens, R.D.(1972). rrimary vroductivity

of red alder ecosystems., Ecology 53,235-242,
Zinke, ?P.J., $habhasri, &

i e

& Kunstadter, 2.(1978). Soil

fertility as»ects of the 'Lua' forest fallow system

of shifting cultivation. In: Farmers in the Forest
(Ed.by 2.Kunstadter, E.C.Chapmen & £ .Sabhasri).

Est-Wiest Centre, Honululu, Hawaii, ) '.‘j/

A ¢ PR

¢ Ry
Bub. i B
QM‘M"““‘_

E



APPENDIX



PLATE, ~ 1:

A typical Jhum plot. Zea mays is interplanted with
Solanum tuberosum under pine canopy on the hill

slove.
PLATE - 2:

Beginning of the Jhum operation. The undergrowth
vegetation alongwith the lower branches of the pine
trees has been slashed and is being arranged in

parallel rows _« for drying.
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PIATE, - 3:

One row of slash isg Magnified, Note that the Pine

forms a major prosortion of it,
PLATE, - V4.
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Burning of the dried Slash,
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The Jhum field after burining. Note that the soil-ash

complex forms distinct ridges with alternate furrows.
PLATE - 6:

Mixed cropping under a 15 year Jhum cycle with Zea

mays, Solanum tuberosum and Cucurbita maxima as the

major crops.
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PLATE 6



LATE - 7:

A view of mixed cropping under Jhum. Note that
Phaseolus vulgaris is planted under the pine tree

which provides a suoport to this climber,
PLATE - 8:

Weeds after the first rain, Galinsoga parviflora,
Dicranopteris linearis and Erigeron linifolius are

prominent,






PLATE - 9:

Maintenance of the field. Note that the soil washed
off by heavy rain is being heaped up again on the

redges,

PLATE - 10:

Harvesting of Solanum tuberosum. Zea mays plants are

left standing to be harvested after a few weeks.
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PLATE 9

PIATE 10



ELATE - 11:

Winter crop of Solanum tuberosum, Note that while
some of the Zea mays plsnts are still left standing
vhich may be harvested for another couple of weeks,
the winter crop of S.tuberosum is grown alone on

few ridges
BLATE - 12:

Papmers with their harvested crops, Note that yery
simple tools like spade is used for this operation,
For carpying the harvested crops to home, baskets
made gp of hamboo are used,






PIATE - 13:

Imperata ¢ylindrica in a fresh Jhum fallow under 2

5 ysar cycle,

PLATE - 1k:

& three years old Jhum fallow, Note that the stand

is dominated by weedy species like Eupatorium adeno-

phorum and Imperata cylindrica.






PLATE - 15:

Eupatorium adenophorum in a 6 year Jhum fallow,

PLATE - 16:

A 15 years old Jhum fallow. Besides pine(Pinus kesiya),

many dicot tree and tree suplings gain dominance at

this stage,
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