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PREFACE

Traditional farming such as that under slash and burn
agriculture (jhum) in north-east India is based upon a close
inter-linkage between agriculture, weed notential and forestry
sub-sgystems., This agroecosystem is based uvon the natural
soil fertility recovery processes operating during the secon-
dary successional fallow vhase, in%}ving weed communities of
the early vhases and forests of bamboo and broad-leaved shrubs
and trees’ of the later nhases, Devending uron the length
of the fallow vhase, the weed potential is altered with in-
creased weed pvotential under shorter cycles, accomvanied with
poor soil fertility recovery of the system, the crov yleld is
adversely affected, Site degradation and desertification are
some of the long-term consequences of successive immosition
of shorter cycles, While increased weed rotential in this
agroecosystem has adverse ecologic and economic consequences,
this agro-forestry system is based umon sound management of
weeds as vart of the cron system where, traditionally, the
jhum farmer retain about 20% of the weed biomass as part of
the agroecosystem., The remaining 80% weed biomass is glso
recycled into the agroecogsystem during the crovning rhase
itself, This 'non-weed' concevt nrovides one of the basis

for designing new management strategies for tronical agriculture,
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The vresent study, therefore, considers two major
aspects of this traditional slash and burn agriculture (jhum)
system at lower elevations of Meghalaya in north-east India:

(1) the ecology of an important exotic weed such as Mikania
micrantha Humbold, Bonarald, Kunth, during the early secondary
successional fallow vhase and (ii) the agroecosystem function
under a 5= and 20~-year jhum cycle with resvect to the 'non-weed!

concept and nutrient budgeting.

The thesis starts with a 'General Introduction' surveying
the literature pertaining to the tovics of investigation, follo-
wed by a descrintion of the study area and climate, Each of
the subsequent nine chanters deal with one aspect of the study
done on the slash and burn egriculture system, These nine
chanters are organized in a crisp and condensed form meant for
simultaneous publication in scientific journals. One of them,

namely, weed potential of Mikanla micrantha H,B.K.,, and its

control in fallows after shifting agriculture (jhum) in north=-
east India in Agriculture, Ecosystem and Environment, Vol.l6 :
(1986)., Besides the results presented, each chanter has its

own brief introduction, methods of study, discussion and summary.

Therefore, some amount of revetition (thfough minimal) was

unavoldable. The literature cited in the text, however, has

all been vut together at the end of the thesis,



The results nresented here, avart from its academic
value, has applied imrlications from the roint of view of
weed management and vossible imnrovement of the traditional
aéroecosystem so as to remove the recent distortions that

have come about due to ravid shortening of the jhum cycle.
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GoNBERAL THNTRODUCTION

Fire, which occurs frequently in some plant communi-
ties vlays an imprortant role in the regulation of vopulation
of many vplant srecies, A fire of mild intensity may sti-
mulate high seedling establishment and growth by raising
the soil temverature and nutrient status and by removal of
vlant litter and vegetation cover (Buell and Cantlon, 1953;
Kelting, 1957; Lemon, 1967; 014, 1969; Sharp, 1970; Whelan
and Nain, 1979). Toky and Ramakrishnan, (1983a), and Saxena
and Ramakrishnan, (1984b) also observed stimulatory effect
of fire on the early nhase of secondary succession after
slash and burn agriculture (Jhum) in north-eastern India,
Kushwaha et al,. (1983) observed trhat fire had promotary
effect on flowering of an early successional grass, Imperata

cylindrica,

Slash and burn agricultural system (Jhum) in north-
east India involves the management of fire for temvorary
imnrovement of soil fertility for mixed cropving (Ramskrishnan
and Toky, 1981a; Mishra and Ramakrishnan, 1983b), before the
land 1s abandoned for natural regeneration of nlant commu-
nities through secondary succession. The pattern and processes
involved during secondz2ry succession, therefore, is dependent

uvon the rerturbation due to fire and due to cropping nrocedures.



Both frequency and intensity of the burn and the crovping
practices also determine to a large degree the pattern of
the early phase of secondary succession (Toky and Ramakrishnan,

1983a).
Secondary successional vatterns:

The vattern of secondary succession and the rapidity
with which forested community develons denends uron the degree
of destruction and the clearing of the under-ground vrovagules
of the community that existed vrior to this overation, The
length of the jhum cycle (intervening fallow phase between two
successive croppings at the same site) also determines the
vattern of vegetation development, The pattern of secondary
succession in the fallows during the first few years when weedy
svecies dominate, varies considerably devending upon the jhum
cycle and the intensity and duration of crovning, Thus, Toky
and Ramakrishnan (1983a) revorted four tynes of early succe-
ssion where herbaceous comunity dominate, This phasge is
then replaced gradually by bamboo, sad shrubs and trees, If
the jhum cycle i1s very short, succession would be arrested
indefinitely at the vionecr weed stage (Saxenns and Ramakrishnan,
19840)., This was also noted under 'Lua' forest in Thailand
where Euratorium odoratum is a oredominant weed (Zinke et 31:,

1978).



Clements (1916) and Odum (1969) in 'felay floristic
model! vnointed out that each set of smecies makes the environ-
ment less favourable for itself and more favourable for the
following set of species. Such a replacement continues until
community reaches its climax stage. While, Egler (1954) pro-
roged 'initial florestic composition' dominates the subsequent
stages of succession after a major verturbation., Saxena and
Ramakrishnan (1984b) found that the early stages of secondary
succession following the burning tended to confirm closely to
the initial floristic comvosition model, under shorter jhum
cycles of 4 and 6 years, but followed the relay florestics
model under the longer jhum cycles of 10 and 20 years, further,
the gtudies of Toky and Ramakrishnan (1983a) and Mishra and
Ramakrishnan (1983c¢) showed that smecies diversity increased

while dominance decreased during secondary succession,

In the recent onast, attemots have been made to understand
the orocesses of vegetation succession in terms of the proverties
and evolutionary strategies of the individual species., Succe-
ssion was explained as a displacement of r-strategists adapted
to dispersing and colonizing unoccupied sites by k=~strategists,
emphasizing on the efficient exploitation of the site (Loucks
1970; Pickett¥, 1976). Pickett (1976) stated that amelioration

of the environmental extremes takes place during vegetation



develooment and thus succession is a temnoral gradient from
high stress to low stress taking into consideration other
prlant interactions like allelopathy, nitrogen fixation and
herbivor%?redator effects, Grime (197L4; 1977) described
three primary strategies in plants which are related to their
ability to withstand disturbance, competition and stress,
According to him fstress'! is any factor that reduce the biomass
including shading and nutrient devletion, excent competition,
He, exvlained that succession to be a nrocess leading to a
more gtressful environment rather than amelioration of the
environment as envisaged by Pickett (1976). Grime (1977)
described succession as the revnlacement of svecies esgsentially
with ruderal strategy by snecies with increasing stress tole=-
rance, As the productivity of the site increases during

succession, the shilt is towards a competitive strategy,

Cornell and Slatyer (1977) proprosed three distinct
successional pathways: (i) facilitation pathway, similar to
classical relay floristic »mathway and operates in primary
succession (Lawrence et al., 1967; Reiners et al., 1971),
(i1) tolerance vathway which assumes that later successional
gpecies to be successful, whether or not early successional
species have vreceded them, However, this has not received

and slalyst
evidence so far (NobleA 1977), (iii) Tnhibition pathway



deseribes situations where later snecies cannot grow to
maturity in the voresence of earlier ones (Keever, 1950;

Parenti and Rice, 1969).

Whittaker and Lavine (1977) described four tynes of
vegetation succession: (i) renlacement succession which is
similar to the relay qErestic model, (ii) direct succession
that assumes re-egtablishment of the ore-existing species
after disturbance as in deserts and tundra, (iii) cyclie
succession that refers to the cycles observed in chapparal
due to recurrent fires, and (iv) mosaic succession that

refers to the localized changes during vegetation succession.

Noble and Slatyer (|977) identified a variety of
vital attributes, that determine: (i) method of arrival or
versistance of the specieg at a site during and after the
disturbance (ii) ability to establish and attain maturity
in a developing community and (iii) time taken for the
speciea to reach critical stages in the life history. These
authors emnhasized that vital attributes may form the basis

of evolutionary trends during succession.



DEMOGRAPHY AND POPULATTON DYNAMICS

Mortality/natality patterns:

The pooulations of colonizing species pass through a
variety of growth vhases with time, Initially, the population
grows exponentially till the resources become limiting, In due
course of time, if natality and mortality become equal, the
population size gets stabilized ghowing fluctuations around a
mean value, During this veriod, growth of such populations
with similar resource needs, however brings about certain
changes in the environment. This change may orove unsuitable
for early colonizers resulting in local extinction due to

increased mortality.

Existence and elimination of vopulation of a species,
from a given environment solely depends uvon its ability to
adjust with the changing environment. This change in environ-
ment may directly reflect fluctuations in population size,
These fluctuations in vopulation gize are termed as vovulation
dynamics by Blton (1933). According to him it concerns with
rate of increase and decrease and the influence of the environ-

mental factors on the size of the vopulation,

Logfa (1931) and Volterra (1931) proposed separately

different theoreticel equations for calculating population



growth rate based on birth, death, lmmigration and emigration
rates which were confirmed by Gause (1934). Gause (1934) put
forward the famoug 'Gause hypothesis! which suggests that two
species having identical ecological niches cannot survive to-

gether for a long time; eventually one will revlace the other,

The early seedling phase of a vplants life is generally
considered the most risky and this risk in exaggerated due to
increasing density of the same or another species (Harper and
White, 1974; Cook, 1979; Smith, 1984). When individuals of a
svecies are released into a favourable environment their number
increases ravidly at first and then stabilizes, thus implying,
that 1t 1s the vopulation size which itself in some way regu-
lates the rate of population growth (Harper and Gajic, 1961).
Individuals may respond to density in two ways: (i) a reduction
in seed outout or lowered rate of vegetative reproduction and
(11) a reduction in the chance of individual survival (Harper
and Gajic, 1961; Ramakrishnan and Kumar, 1971), Just as in a
population of single svecies density stress intensifies the
expression of small differences (genetic and environmental)
between individuals, so too in mixed ropulations stress may
exaggerate and exploit inter-gpecific differences, The experi-
mental model of deWit (1961) ;ie superbly designed to study

the behaviour of two svecies in mixture, In this model the



two snecies are grown together at varied vrovortions while

overall density of the mixture is maintained constant,

The behaviour of two or more species growing together
and interfering with each others mechanism of pooulation
control is of great interest. An understanding of the ways
in which one snecies succeeds at the exvense of another and
the ways in which vlant species may co-habit with in a rela-
tively stable community without one succeeding at the exvense
of another, must devend on a knowledge of the manner in which
populations are controlled (McNaughton and Harper, 1960;
Ramakrishnan and Jeet, 1972).

The populations of Avena fatua and Avena barbata have

properties of self-regulating systems in which frequency
devendent selections allow stable co-habitation of two species.
Under experimental conditions regulation in both specles acted
through a plastic response to density as oonosed to a pre-
dominantly mortal response involving changes in survival rates
(Marshal and Jain, 1969). The studies by Ramakrishnan and Jeet
(1972) on the competitive relationship existing between Argemone
species indicate that A, mexicana reacts more sensitively to

intra~gvecific comvetition than A. ochroleuca,

Porulation regulation overates via density dependent
vrocesses of mortality and fecundity. A density-dependent

mortality factor is one that relaxes as vpopulation density



declinesg, and thereby slows or halts vpopulation decrease,
When population density increases, a density denmendent morta-
lity factor kills an increasing proportion of the population.
An examnle is seen in the relationship between seedling sur-
vival and the original density of seeds in the Wisconsin
population of Acer saccharum studied by Hett (1971). Density-

dependent fecundity may also regulate porulation size by the
production of fewer sceds per plant as population density rises

(Watkinson and Harper, 1978; Smith, 1983).

As plants in a dense population become larger with age,
the density of individuals in the population decreases due to
mortality. For, as long as the relationship between mean vlant
weight and density is governed by a line with slove -3/2, total
vlant weight will increase, This is because mean olant weight
is Increasing faster than density is falling is called tself-
thinning'. White (1980) observed this quantitatively in about

eighty svecies of treeg and herbs,

A great deal of literature has accumulated on the morta-
lity rates of olant povulations over about two decades, Deevey
(1947) on the basis of work with different populations concluded
that, in general, the individuals follow three types of death/

decay patterns,
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A cohort with Deevey tyve I survivorshio has low
mortality in early and middle 1life but a ranid change to
high mortality latter on. Tyne II survivorship is typified
by a constant death misk through out the life cycle. Tyvpe
11T is a pattefn of high juvenile and low adult mortality
by long=-lived plant species, Juvenile mortality has been
observed in the seedling vopulations of various weed species
(Hett, 1971; Sharitz and McCormick, 1973; Sarukhan and Harper,
1973}. This period seems to occur at the transition stage
between the dependence of sgeedlings on seed food reserves,
and their establishment when they start independent agsimi-
lation, Seedling mortality may be due to factors such as

drought Cavers and Harper 1967; Friedman and Graham, 1975;

In most of the plant pooulation studies the survivor-
ship curves have been found to be Deevey tyve IT which imnlies
constant death risk throughout the life svan of the population,
The studies on the mortality pattern of maize done by Kumar
and Ramakrishnan (1971) also showed that mortality is a conti-
nuing rigk that the vopulation has to put up with throughout
its life cycle, However, in Denthoria caespitosa, Williams

(1970) observed Deevey type IIT survivorship curve with heav-
iest mortality in the young stage, 1In contrast, Canfield

(1957) observed Deevey tyve I survivorshiv curve with less
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risk of death in young and middle pneriod of age and high
mortality risk in old age in Trichacha catifornia, Bautelous

hirsuta and B, chondrosioides,
Demography :

The life history of annual vlants is unique because
the actively growing fraction of the popaulation must be
derived each year entirely from the seed bank, Annual plant
gnecies are excluded from habitats where there is dense cover
of verennial svecies, and they occur mainly on sites where
disturbance or vhysical stress inhibits the formation of a
dense community of perennials (Harver, 1977; Grime, 1979;

Hickman, 1979).

Annuals commonly colonize temporarily available habitats
such as recently disturbed fields. Annuals growing on these
habitats exhibit a variety of demogravhic vatterns negatively
skewed (Deevey, 1947, Tyve I) survivorship among individuals
following germination comparatively low seed production and
few geeds that survive in the soil for more than 9 months
(Mack, 1976; Watkinson and Harver, 1978; Leverich and Levin,
1979). In contrast, other species are characterized by high
seedling mortality (Deevey Tyme IT and III), have higher

fecundity, or have a substantial proportion of seeds that
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survive in the soil for at least one year (Beatley, 1967;
Naylor, 1972; Sharitz and McCormick, 1973; Symonides, 197L;
Hickman, 1975; 1977; Jefferies, et al., 1981). Kelmow and
Raynal (1983) suggested that survival and percentage revro-
duction of plant that emerged in the soring varied markedly
depending unon rainfall, Deevey survivorship curves, Type I,
II and IIT were observed in cohorts from a year with abundant
rainfall or a year with intermittent rainfall., Zimmerman

and Weis (1984) suggested that in a beach population of

Xanthium strumarium, seedling survival was largely density

independent, while growth and fruit oroduction declined signi-
ficantly with increased density. He further suggested that
8011 moigture and the date of seedling emergence to be impor-

tant to the recruitment of seedlings in a natural population,

A number of studies are available now on population
dynamics of perennial herbs, Sarukhan and Harver (1973) made

a detailed study of demogravhy of three svecies of Ranunculus

in a grassland situation which was gubsequently analysed mathe-
matically by Sarukhan and Gedgil? (1974). Hawthorn and Cavers
(1976) studied the demography of the perennial herb, Plantago

major and 2; rugeli.

Kushwaha et al., (1981) showed that seedling mortality
increased with the age of the fallow starting with 1,3,5, 10

and 20 years after slash and burn agriculture in Eupatorium

odoratum, No recruitment occurred in 10- and 20-year-old
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fallows, Ramakrishnan and Mishra (1981) studied the popu-

lation dynamics of Bupatorium adenophorum in fallows after

slash and burn agriculture at higher elevations of north-
eastern India and observed a net population increase through
both vegetative and sexual reproduction in early successional
fallows up to 6-years. Mortality of seedlings was high in

1- and 3-year fallows, low in é-year fallow and reached 100%
in older fallows, Further, they showed that seedling morta-
lity was maximum during monsoon although some seedlings dies
in winter too as a result of drought and frost.Kushwaha et al.

(1983) studied the vopulation dynamics of Imperata cylindrica

in successional communities after slash and burn agriculture
in different fallows of 1, 3, and 5 years age and observed
that the loss in population in different fallows was due to
reduced light nenetration and greater moisture stress in
these fast developing communities, resulting in complete
elemination during the seventh year of fallow regrowth. Only
the O-year old fallow, where the plant cover was sparse, had
maximum recruitment. Similar results were observed by Sharma
(1985) while studying the population dynamics of Imperata

cylindrica related to slash and burmm agriculture in north-

eastern India at different altitudes, Similarly, a number
of studies on the demogravhy of forest herbs are available

(Hutchings and Barkham, 1976; Ernst, 1979; Barkham, 1980;
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Cook, 1980; Solbrig et al., 1980; Holland, 1981; Solbrig,
1981; Wells, 1981; Bierzychudek, 1982a; Cook and Lyons, 1983;
Hutchings, 1983).

In vlant ponulations, there are two levels of popu-
lation behaviour: the number of plants and the number of
shoot units per plant., This dualism is particularly cons-
plicuous in clone-forming vlants, where not only does the
vlant develop from single seedling as a sub-population of
parts, but some of these parts méy also root and eventually
become gevered from the original, The result is a sub-
population of wholly discrete functional units, "ramets"
with the genetic identity of the single individual, the
"genet”, Thus, the clonal growth of rhizomatous plant
involves the continued reduplication of discrete modular
units, the framets® the sum of these units representing the
‘genet® or product of single zigote (Harper and White, 1974).
Receruitment of new genets is often rare among clonal plants,
and the dynamics of their population is dominated more by
the birth and death of clonal modules than of whole genets,
The ability of single genotyre to form fragmented phenotypes
is just one of the variants in the life-history patterns of

modular organisms (Harver and Bell, 1979).

In most of the studies available on clonal perennials,
ramets were treated as units of population (Sarukhan and

Harper, 1973; Solbrig et al,, 1981; Cook 1983; Pitelka et al.,
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1985; Harnett and Bazzaz, 1985). Lovett-Doust (1981)

studied the population dynamics of Ranunculus repens in

contrasting habitats but growing on the same substrate,

She concluded that despite the presence of large viable
seed bank in the grassland soil, germination and establisgh-
ment of new genets was rare in both sites, Further she
stated that the birth rate of reamets per rosette was
aonarently density-indemendent, but death rate ver rosette
was density devendent, varticularly in summer, She also
observed woodland povulations follow an ovportunistic stra-
tegy for ravid snread and samnling of the environment where
ags the conservative one for congolidation and slower radial
spread as in the adjacent grassland, Pitelka et al. (1985)
too found similar results, while dealing with Clintonia
borealig, Here too no seedling recruitment was observed,

while ramet mortality was found to be density-dependent,

Plant demography has been used to elucidate agpects
of ecological succession (Sharitz and McCormick, 1972; Raynal,
1979; Kushwaha et al., 1981; 1983; Mishra and Ramakrishnan,
1981; Cook and Lyons, 1983), Comnarison of closely related
species (Sarukhan and Harper, 1973; Hawthorn and Cavers, 1976;
Solbrig, 1981; Yadav and Trinathi, 1981), differences between

populations of the same species growing on contrasting soil
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tyves (Bishop et al., 1978) populations growing on the

same substrate but in contrasting vegetation (Lovett-Doust,
1981) and populations growing at different altitudes (Sharma,
1985).

Age structure:

The most reliable method for estimating the age of
verennial species ig to follow the fate of labelled seedling
or tillers of known age in vermanent quadrats. This method

has been successfully used by Tamm (1956). In Anthoxanthum

odoratum, Antonovics (1972) observed that different popu-
lations have different longevity according to their adap-
tation to a varticular habitat and suggested that differences
in longevity of individuals of different populations may be

related to environmental conditions,

Age structure of a pooulation refers to the categori-
zation of individuals into various grouns revresenting diffe-
rent age classes in a vonulation, Age structure of a species
may largely determine its survivorshin, Williams (1970) and
Antonovics (1972) observed differential decay rates for the
individuals recruited at different times., It also give valu-
able information about the recruitment of new individuals to
the vooulation, the transition of individuals from one age-
groun to another age-grouvo, the number of individuals revro-
ducing and also the mortality rate as influenced by age
(Rabotnov, 1978).
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PLANT STRATEGY AMNALYSIS
Growth and nutrition:

Light has been recognized as a major factor influencing
the replacement of species during secondary succession (
~Kushisaha and Ramaksi ﬁ\'\"\ﬂv\’%Z;Bomannez:’i"'%S; Marks, 197h4;
Bazzaz, 1979). Compnetition for light and nutrients increases
through succession, in general, In early succession ranrid
growth, which devends uron abundant resources, is advantageous,
Later in succession such resources may be less available, and

those plants with inherently high growth rates and resource

requirements may not survive,

Grime (1976) sugpested that shade adapted climax tree
species may have lower growth rate than the sun adanted early
successional ones. Such a differential strategy for early vs.
late successional trees have been shown by Ramakrishnan et al.
(1982) through a series of studies. Ruderal and competitive
species have higher relative growth rates comvared to stress
tolerant species (Grime, 1976)., This indicates slower relative
growth rate in late succession, both due to the high exnenditure
of carbon in maintenance of living but non-nroductive tissues
and to decreased mineral availability to suprort further growth.
Late successional species seldom exhibit high relative growth

rate of early invaders, Their low relative growth rate outs
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them at a disadvantage in early succession, but because of
their higher tolerance limits of low annual resources these
species maintain a positive relative growth rate even in
late succession and eventually become dominant (Grime, 1977;

Connell and Slatyer, 1977, Ramakrishnan et al., 1082),

Nutrient requirement of secondary successional species
is imvortant to nredict the successional changes specifically
in nutrient voor soil fields abandoned after cultivation,

Such specieg are exvected to have efficient system to withstand
the lower nutrient aveilability in the so0il (Vazques-Yanes

and Gomez~Pompa, 1974). Kellman (1969) sugrested low nutrient
requirements for early secondary species and an increase in

the resource aprarently did not affect the course of succession,
A similar conclusion was also made by Hai:kombe (1972) through

his studies on Cerconia obtusifoliz, West and ChlLcote (1968)

explained that the disarnearance of Senecio sylvaticus in the

second year after slash and burn of douglas fir areas was due
to its high nutrient requirement but decrease in nutrient
availability varticularly of nitrogen and rhosnhorus, in soils

after one year of vegetation develorment,

Chapin (1980) stated that plants with high relative
growth rate have high nutrient requirement to support new

tissue vroduction and rapid root production and leaf turnover,
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At the ovnosite extreme, infertile soils are most successfully
exvloited by stress tolerant smecies whose inherently low

growth rates can be adequately maintained by their low capa-
cities for rhotosynthesis and nutrient absorotion, Fast growing

tree gnecies such as Pinus kesiya in nutrient poor soils however,

adapt a strategy for rapid nutrient turnover rates so that a
high flux of seil nutrient pool is maintained (Ramakrishnan

and kwmer Das, 1983; kwmer Das and Ramakrishnan, 1985).

A high efficiency of nutrient use, generally expressed
as drymatter oroduction per gram nutrient (inverse of tissue
concentration) has been suggested to be an adavtation to nut-
rient stress (Loneragan and Asher, 1967; Jefferey, 1968; White,
1972; 1973; Garten, 1978). However, such evolution may be
sometimes misleading when there is luxury untake and large
vacuolar storage of nutrients (Bieleski 1973; Brady, 1973;
Haynes and Goh, 1978). Small (1972) sugrested that resviration
vhotosynthetic or net agssimilation rates per gram nutrient
urtake may be a more strong exrression of nutrient use effi-
ciency. Infact, information on these agpects are meagre.
Recently through a geries of studies on nutrient uvtake and
use efficiencies of species, Ramakrishnan and co-workers
(Saxena and Ramakrishnan, 1984; Ramakrishnan, 1985) dréw
attention to the adaptive value of this varameter over a

successional gradient of environment, © -~ - &%

~ . =z o e



Ressutce olloealen amd %eproduelive Avalegy :

Cody (1966) nut forth a conceot based on the princivle
allocation, which says that organisms have certain limited
energy available to spend for different life ourvoses. Harper
and Ogden (1970) avnlied it for the first time to Senecio
vulgaris, and rointed out that the provortion of allocation
of biomass may reflect the pattern of energy allocation pro-
vided there is strong correlation between total biomass and
total calories, This was leter suvnorted by others (Gadgil,
1973; Hickman and Pitelka, 1975). Harver and Ogden (1970)
also suggested certain major patterns of energy allocation
in annual, biennial and perennial plants based on quantita-
tive analysis, TIn annual plant gnecies much of the energy
is devoted to rerroductive structﬁres whereas in verennials
emphasis is given on storage of energy for future growth and
develooment, at the exrense of the revroductive budget

(Hickman, 1975; Peterson and Bazzaz, 1978; Bell et al,,1979).

McArthur and Wilson (1967) pointed out that organisms
in an open environment are selected for greater reproductive
potential (r-selection) where as organisms in a closed
environment are selected for greater comvetitive ability
(k-selection). Gadgil and Solbrig (1972) expanded the
concept of r- and k-selection in vlants and tried to formu-

late them more rigorously. They emphasized on the r-strategy



by invoking patterns of mortality rather than 'fullness!'

of habitat., The central idea of r- and k-selection has been
considered from a number of other asvects like duration of
life cycle and rrovnagation ability in a crowded of uncrowded
environment (Fischer, 1958; Williams, 1966; Gadgil and Bossert,
1970; Pinaka, 1970; Wilber et al., 1974). Abrahamson and
Gadgil (1973) suggested that the remroductive effort should
decrease under shaded condition as more emnhasis is given
for vegetative grwoth, for survival of the plants here,
Similar resource allocation patterns have also been shown

by a number of other workers (Abrahamson and Gadgil, 1973;
Caines et al., 1974; Roos and Quinn, 1977; Saxena and Rama-

krishnan, 1984a).

The imnortance of stress and disturbed condition in
the allocation of biomass was considered by Grime (197L4).
'Disturbance! was defined by them as any factor that limits
and cause destruction of biomass like herbivory, pathogeni-
city and human activities, Thus, Grime (1974, 1979) recog-
nized stress tolerance as a strategy of plants under unpro-

ductive environments,

While considerable work has been done on the allo-
cation of biomass or energy to different life purnoses, very

few studies are available on the allocation of nutrients



which is also equally imrortant in the evolution of re-
productive strategy, varticularly in situations with

limited supply of nutrients (Harver and Ogden, 1970; Van
Andel and Vera, 1977). Saxena and Ramakrishnan (1983a)
studied the growth allocation pattern and nutritional

status of some dominant annual weeds under successional
environment and observed differences in their biomass and
nutrient allocation pattern., Reproductive allocation of
nttrogen and phosphorus was higher than that of biomass

and potassium in these annuals, They further showed that
allocation of biomass and nutrients to leaves decreased
during growth and this was more oronounced at the time of
reoroduction. Saxena and Ramakrishnan (1983b) also studied.
the growth and allocation pattern of drymatter and nutrients
in four imnortant verennial weeds, They observed that the
perennials often tend to allocate more to vegetative repro-
ductive organs compared the allocation to sexual reproduction,

Further, C, vperennials such as Imverata cylindrica and Thy-

L

" gonolenna maxima were shown to be adapted to survive under

nutrient poor micro-sites of a heterogenous soil as opnosed
to C3 species which were often confined to nutrient rich
micro-sites, This is beduRse of the high nutrient use

efficiency of C, species varticularly with respect to

L

nitrogen comoared with C3 svecies.
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PRODUCTIVITY AND NUTRIBNT CYCLING UNDER
BARLY SUCCESSIONAL ENVIRONMENT

A sharp increase in the aboveground biomass occurs
during secondary succession, According to Lugo (1973) maximum
biomass value for tronical forests is avvroached in about 30

1, where for temperat forests

years at a level of 250 t. ha
it was about 490 t. ha! is about 170 years only (Borman and
Likens; 1979). Thus, a steady-cstate for biomass is reached
over a shorter time period in the trovica than in the temperate

forests.

The rate of accumulation of biomass is faster in the
early stages of succession but may decline in the subsequent
years the rate also devends upon the tyve of initial vegetation
established and other environmental conditions. (Uhl and Jordan,
1983; Toky and Ramakrishnan, 1983; Mishra and Ramakrishnan,
1983).

During develorment of vegetation, a part of the nutrient
pool is stored in the vegetation and part is returned to the
surface soil by rain wast from leaves and twigs, by litter and
twig fall, and in the form of dead roots and root exudates.

The soil humus is increased during fallow veriod, chiefly as
a result of litter fall, High litter production during secon-
dary successional stages comvared to the mature stage was
‘reported by many workers (Ewel, 1976; Toky and Ramekrishnan,
1983a; Mishra and Ramakrishnan, 1983c¢c; Uhl and Jorden, 1983).
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A large body of information is available on nutrient
cycling in forested ecosystems (Laudelot and Meyer 1954;
Greenland and Kowal, 1960; Odum, 1970; Stark, 1970; Golley
et al., 1977; Toky and Ramakrishnan, 1983a; Mishra and Rama-
krishnan, 1983¢). Though the information is limited, some
patterns are suggested: (i) the uvtake and return of nutri-
enta may be greater ver year in tronical forests than in
other tyve of vegetation, (ii) a larger provortion of the
entire chemical inventory of the system is held in the vege-
tation, (111} in tronical forests the percentage of the vege-
tation in green varts, the proportion lost per year as litter,
and the rate of decomvosition of the litter are greater than
in temperate forests and (iv) the rate of uptake is strongly

influenced by the rate of evavotrangniration,

Mineral cycling probably varies with the nutrient =
supply to the system, with the time available for the system
to develop on the site, and also the environmental conditions,
The accumulation of nutrients and their release through litter
fall increases with the age of the fallow and become stabilized
in mature forests (Stark, 1971a,b; Toky and Ramakrishnan, 1983a;
Mishra and Ramakrishnan, 1983c).

The role of ranlidly growing successional snecies in the
restoration of disturbed ecosystems has recently become a

problem of considerable interest, In general, ravnid revege-
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tation of a disturbed site decreases nutrient losses by an
interaction of several factors (Marks and Bormann, 1972).

The channelling of water into evavotransniration cuts down

on losses of nutrients in run-off and erosion, Shading
decreases soll temverature, which results in lowered decomve-
sition and nitrification rates and reduced suonly of water-
soluble ions available for removal of drainage water, Growing
vegetation also reduces nitrient losses by incorporating
nutrients into developing biomass (Vitousek and Reiners,1975).
This reduction of nutrient losses by developing plant biomass
has important consequences for ecosystem stability., Eco-
systems that recover nutrient cycling capability more rapidly
(i.e. nutrient untake equivalent to potential losses) can be
considered more resilient and this more stable, Marks (1974)

investigated functional role of a successional svecies such

as piﬁ_Eherry (Prunus vengylvanica) in disturbed areas of
northern hardwood forests, Piﬂﬂhherry is a ravidly growing
snecies which offen occurs in dense stands in disturbed sites,
It annears to be effective in preventing nutrient losg Qy the
that piﬂ'pherry 'promotes ecosystem stability by biotic regu-~
lation of ecosystem functions. 1In another study Harcombe
(1977a,b) exverimentally analysed the role of successional
vegetation in retaining nutrients within disturbed systems

in a tropnical forest ecosystem, Further, Foster et al.(1980)
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studied the effect of ragweed (Ambrosia artemissifolia) on

nutrient cycling in a 1st year old field and showed its
conservatory role of nutrients. Similarly the early succe=-
ssion weeds under slash and burn agriculture system drasti-
cally check run-off and infiltration losses of nutrients and
sediment losses in the very first year of the fallow phase
after cropping (Toky and Ramakrishnan, 1981b; Mishra and
Ramakrishnan, 1983a; Ramakrishnan et al., 1981a),

Nutrient budget analysis under slash and burn agriculture:

mhe long term success of slash end burn agriculture
depends uvon the recovery and maintenance of soil fertility.
If the nutrient lost or disvlaced during the short period of
cultivation are approximately balanced by those replaced
during the fallow period, the system could continue indefi-
netly. The maintenance of soil fertility in hot, humid and
high rainfall area is a serious problem and is more severe
in situations where the cycle becomes short, due to poor
recovery of soil fertility and increased intensity of weed
competition, This in turn resulted in reduced crop yield
under short cycles(Nye and Greenland, 1960; Watters, 1971;
Toky and Ramakrishnan, 1981a; Mishra and Ramakrishnan, 1981).

When the forests are cleared and the debris is burnt,

all the cations are released on the surface soil as ash,
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Heavey losses of carbon, nitrogen and sulphur occur due to
volatilization during the burn (Nye and Greenland, 1960; De
las Sales and Folster, 1976; Ramakrishnan and Toky, 1981b;
Mishra and Ramakrishnan, 1983b; 1984). For phosnhorus though,
there are no obvious mechanisms of volatilization, losses are
revorted through convection via varticulates to the atmosnhere
(Preedman, 1981). There are conflicting reports on addition
of vhosphorus through fire, (Nye and Greenland, 1960; Stark,
1971; Stromgaard, 1984) and others suggesting some losses
from the system (Harwood and Jackson, 1975; Ashton, 1976;
Mishra and Ramakrishnan, 1983). Llyod (1971) reported‘massive

losses for phosphorus through fire,

Carbon and nitrogen losses occurred from the slash and
burn agriculture system during and after a year of cropping
period (Nye and Greenland, 1960; Zinke et al. 1978; Ramakrishnan
and Toky, 1981; Mishra and Ramakrishnan, 1983b), Similar to
carbon. losses, there is also a net loss of nitrogen after
cropping comvared to that of the pre-burn soil pool, Nitri-
fication after the burn is shown to be accelerated due to
high microbial activity, due to rise in pH and temverature
of the surface soil (Griffith, 1949; Moore and Jaiyebo, 1963;
Ahlgren and Ahlgren, 1965)., This increase is attributed par-
tially to the removal of chemical inhibitors (Reed, 1951;

Smith et al,, 1968; Rice, 1974; Saxena and Ramakrishnan, 1986).
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Deforestation for shifting agriculture or other neecds
has a major impact on both the amount and relative proportions
of water, dissolved substances and particulate matter lost from
the system. Moreover, the total concentration of cations in the
soii solutions devends uron the concentration of anions. A high
level of nitrate ion due to increased 'biological activity!
(Ahlgren and Ahlgren, 1960; Weels, 1971) after burning balances
., corresponding concentration of cations in the soil solution
and therefore heavy losses through water occurs (Bormann et al,,
1968; Lewis Jr. 1974). The loss of water, nutrients and sediment
gets reduced as crop and weed cover is establish (Toky ‘and Rama-
krishnan, 1981b; Mishra and Ramakrishnan, 1983a), with a transfer
from soil to the plant biomass,

At the end of the crovping veriod during slash and bum
agriculture at higher elevations of Meghalaya, Mishra and Rame-
krishnan (1984) estimated nitrogen losses from the agroecosystems
to be about 640 Kg h51. Information on nutrient budgeting in
agroecosystem also meagre, Agroecosystems are open systems in
which biogeochemical functions consists of inputs from various
sources, outputs to various sinks and a variable degree of inter-

nal cycling,

WEEDS UNDER SHIFTING AGRICULTURE
Weed potential:
Weeds are the major cause of declining yield under slash

and bum agriculture in many parts of the world and include
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Eupatorium odoratum in Thailand (Zinke et al., 1978) and

Imperata cylindrica in Sarwek (Freeman, 1955), Cutting et al.

(1959) reported that the yield of maize in Nyasaland was 4284

Kg ha!

when weeded four wecks after germination, but .attalned
only 3217 Kg na! when weeded six weeks after germination,
Emerson (1953), describes the influence of weeds on the fmilpa!
system in trovical America, in which successive crops of maize,
mixed with beans, are grown, The second crop yielded less

than the first, probably because it was more weedy and therefore
farmers like to clear a fresh land than to continue cropping

on the o0ld plot. Toky and Ramakrishnan (1981) and Mishra and
Ramakrishnan (1981) reported that under shorter jhum cycles

the weed problem was severe due to arrested succession by exotic

weeds in north-eastern Indis,

Conklin (1957) estimated that a Hanunoo farmer in the
Philippines spends about 300 man-~hours ver hectare in weeding
the first year land cleared from primary forest and about 600
man-hours on land cleared from secondary forest about 20 years
old, Mishra and Ramakrishnan (1981) reported that weeding is
one of the energy consuming tasks performed by women folk,

They further indicated that this task is more energy consuming
under shorter cycles under slash and burn agriculture in north-

eastern India, also confirmed by Toky and Ramskrishnan (1982).
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The non-weed conceprt:

Recently weeds have been viewed as an useful component
in agroecosystems and may vay an imvortant role in agricultural
management of the future. Studies by Chacon and Gliessman
{1982), Saxena and Ramakrisghnan (198%4), Mishra and Ramakrishnan
(1984) suggested that the non-weed concept where, weeds have
a useful role.to play, is an essential ingredient of traditional
agroecosystems in different pnarts of the world and in the north-
eastern India., Trinathi (1977) analysed the possible conse-
quences of a complete eradication of the weed flora from agro-
ecosystems, Alteiri (1983) on the basis of a detailed review

emphaslzed upon weed mansgement as opposed to weed control,

Obviously, one of the imvortant roles of the weeds in
the rrovland is related to reduction in soil erosion, protection
of the soil surface from solar radiation and improved soil
micro-climate (Moody, 1975; Trivnathi, 1977; Chacon and Gliess-
man, 1982)., Ramakrishnan and his co-workers (Toky and Rama-
krishnan, 1981; Mishra and Ramakrishnen, 1983a) studied the
reduction of soil erosion by weeds in jhum lands and observed
considerable loss of nutrients before the plant cover is estab-
lished, The role of weeds in checking run-off and infiltration
losses becomes obvious in a S.year o0ld weed dominated jhum

fallow, as compared to the losses during the cropping phase.
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Another important positive role of the weed lies in the
recycling of the nutrients, through organic manure., Mishra and
Ramakrishnan (1984) studied nitrogen budget of three jhum cycles
of 15-, 10-, and 5-years at higher elevation of Meghalaya, where
nitrogen recycled through weeds was estimated to range from 4.8
to 20,8 Kg ha! of which about 1/6th is ploughed back into the
soil and the rest is routed eventually via the manure pit of the

village ecosystem (Mishra and Ramakrishnan, 1982},

Crop residues and weeded out biomass is used as a mulch
by the farmers of Tanzania (Acland, 1971)., Stigter argued that
mulch used as shade by the traditional farmer of Tanzania is
for the management of micro-climate in order to increase land
productivity and yileld camacity. De Schliove (1956) indicated
that weeds are useful elements in maintaining soil fertility in

agroecosystems,

A variety of weeds are also used as food, The plants like

Gnetum montanum and G, gnemon are important foods of the Naga

tribe (Remakrishnan, 1984). Leaves of Amaranthus sp., Chenopodium

album, Portuluca olevacea, Celosia argentia, Euphorbia caducifolia

are used as vegetables. Rhizomes of Typha when pulverized yield

u
a gweet flﬁr. Eichchornia crassives has been recommended as a
poultry feed, Weeda also have many other general uses, Dry
bushes of Cavparis decidua, Crotalaria burhia and Imperata
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cylindrica are used as thatching material, Thysanolaena

maxima is used for brooms, Hedychium is used as a medicine

for insect bite,

Natural weed management in slash and burn agriculture
{jhum) is dependent upon the length of the fallow phase after
the land is cropped. The weeds being the predominant compo-~
nent of the early successional communities upto 5 years of
fallow regrowth (Toky and Ramakrishnan, 1983a), continuous
imnosition of short cycles of 5 years or less tends to exa-

ggerate the weed potential in the crovping system,
Pregent study:

Slash and burn agriculture pooularly called 'jhum'
in India and variously termed locally in the country (Takenglu
in Nagaland, Dawar or Dipa in Madhya Pradesh, Kumri in Western
ghat region or podu in Orissa) is a common land use practice
in the humid tropics throughout the world (known as Milpa in
central America, Zande in Africa, Chena in Sri Lanka, Kaingin
in Philippines and Tsembaga in Papua New Guinea), It involves
slash and burn of the vegetation followed by mixed cropping
for a year or two before the land is abandoned for natural
regeneration for a few years, before coming back to the same
site for cgropping.This fallow period between two successive

croprings at the same asite, representing one cycle was fairly
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long in north~east India (20-30 years) in the past, However
in the recent past, 1t has come down to L-5 years due to
increased porulation pressure and reduced ac. -age available
for cropping. This has often resulted in an arrested succe~
ssion at tthe weed stage (Saxena and Ramakrishnan, 1984b),
which in turn has drastically degraded the quality of environ-
ment in terms of vegetational cover and soil fertility (Rama-
krishnan and Toky, 1981). This was critically reviewed by
Ramakrishnan (1985a) based on over a decades research exveri-
ence by his group in this field of specialization. In an
another review (198L4) he also focussed upon the science behind
shifting agriculture and ita velue for an integrated develop-
ment of the tribal areas of the north~-east India,

As a result of verturbation to the forest ecosystem by
man or by natural means such as fire will drastically affect
the environment in the trovics and sub-tronics due to their
fragile nature, Considerable attention has been given to study
the orocesses involved in the recovery pattern through a des-
criptive aporoach (Kenoyer, 1929; Budowsky, 1961), evolutionary
approach (Gomez- Pompa, 1971), vonulation apvoroach (Sarukhan,
1964) an ecosystem avproach (Franforth and Golley, 197L; Rama-

krishnan et al., 1983). However, our knowledge of the adavntive
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gtrategy of individual snecies under a varied environment
after perturbation is more important for better understanding
of the vegetation recovery process, The need for such studies
has been emphasized by many workers (Gomez-FPompe and Vazquez-
Yanes, 1974; Golley and Medina, 1975; Bazzaz, 1979; Toky and
Ramakrishnan, 1982; Saxena and Ramakrishnan, 1984b).

Mikania genus with about 250 species of herbaceous or
slightly woody vines belongs to the family compositae (Astera-
ceae), Most commonly known svecles are M, cordata, which is
native to the old world M, scandens, which is confined to north-
America and M, micrantha, which is a native of tropical America
and Caribbean region, It is now revorted to be in Asia and the
south Pacific (Parker, 1972). Parker (1972) also reported this
soecies from Assam and Kerala in India, Bangladesh, Sri Lanka,
Malaysia and Indonesia and conclgded that this may one of the

wo
most aggressive weed in the conﬁfnt. Robinson (1934) stressed
the need of more taxonomic work on Mikania sp. of the o0ld world

and Pacifie islands.

Mikania propqﬁes both through sexual and asexual means,
It produces thousands of wind dispersed seeds, Thus hand .
weeding or cultivation without destruction or drying of stems

may do little to control this weed (Holm et al., 1978). Craig
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and Bvans (1946) reproted an alarming rate of spvread of M,
cordata, due to the movement of stem materials by streams

is an important means of disversal, However, (Bamber, 1909;
Burkill, 1935; King, 1966) its disversal in the old world may
be through its use as a ground cover, which is a recommended

vpractice in Sri Lanka, Indonesia and Malaysia,

Mikania svecies occur in oren and disturbed places.

It is common in young secondary forests (Toky and Ramakrishnan,
1983a) in forest clearings and in vlantation crovps (Borthakur,
1977; Dutta, 1977) and Wastelands. M, cordata grows in vartial
shade but can not tolerate dense shade (Macalvine, 1959).
Burkill (1935), and Craig and Evans (1946) stated that M.
cordata takes up large quantities of potassium, According to
Caum (1940) coconut and other tree crovs in Malaysia were
abandoned because of intrusion by M. cordata, Further, he

described large bread fruit trees (Artocarpus altilis) being

killed by this weed.

Due to its aggressive growth habit, this species compe-
tes with seedlings and mature crops (Dutta, 1965), but is also
makes vlucking difficult when it grows over the tovo of tea
bushes (Kasasian, 1971). There is evidence from Malaysia and
Indonesia that the effects of M, cordata on a crop cover may
extend beyond the normal comnetition for nutrients, ligh and
goil moisture (Mainstone and Wong, 1966; Wong, 1964; Wycherley
and Chandaoillai, 1969; Seth, 1971). Guha and Watson (1958)
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found lower rates of nitrification in soils mixed with leaves
and stems of M, cordata, However, it did not affect ammoni-
fication., Wong (196L4) found that M, cordata contains subs-
tances which inhibit the growth of rubber and tomato nlants,
Water ectracts (1 and 2%) of oven~dried stem and leaf materials
significantly depressed dry weight and nitrogen and phosphorus
content of tomato seedlings, However, M, cordata has been
revorted to be susceontible to varasitic attack by Cuscuta

chinensis in Sri Lanka (King, 1966).

M, cordata is used as a cure for snake bite and scrovion
bites in South Africa (Watt and Breyerbrandwijk, 1962) as a
remedy for itch in Malaysia and poultice for wounds in Java

(Burkill, 1935).

Little is known about such an important svecies as M.
micrantha on its growth, biology and ecology. The present
study therefore, was undertaken to investigate the demographic,

ecorhysiological and adavntive strategies of Mikania micrantha,

a verennial vine under varied environment after slash and burm
agriculture, An attempt has also been made to study the ecolo-
gical role of this weed in succesgional fallows after shifting
agriculture, in north-east India., 4n analysis of different
weed husbandary practices both from ecological and economic
view voints was analysed and the present study also considers
nutrient budgeting and internal cycling in slash and burn agri-
culture system under 5- and 20-year jhum cycles under varied
weeding regimes, at lower elevation of north-castern part of

India,
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STUDY AREA AND CLIMATE

The study area (Fig.l ) is located at Lailad which is about
70 Km towards the northern side of Shillong city, the cavital
of Meghalaya in the north-eastern region of India., It lies
between 25045" - 26°0" N latitude and 91945" - 9200" E
longitude at an elevation of about 296 m, The vpre-cambrian
rocks are revresented by gneiss, schists and granites. The
soil is red, sandy loam and is of laterite origin, The vH
ranges from 5.8 to 6.3. Angles of the sloan generally range
from 20° to 60°., The climate is tyvically monsoonic with
about 84% of the total annual rainfall occurring during May
to September., Avoril and October are also quite wet, The rest
of the veriod is vracticslly dry. The monsoon season is
followed by a mild winter during mid-November to mid-February,
March and early Aoril revresent a brief dry summer veriod

(Fig. L ).



Fig., T. Location of study area,
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AND ITS CONTROL IN FALLOWS AFTBR SHIFTING
AGRICULTURE (JHUM) IN NORTH-EAST INDTA,
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TNTRODUCTION

Mikania micrantha Humboldt, Bonpland & Kunth, is an

exotic perennial weed of the family Asteraceae and emerges

as an early colonizer subsequent to slash and burn agriculture
(Jhum) in north-ecast India (Toky and Ramakrishnan, 1983 a).

The svecies was introduced as a non-legume ground cover for
crops, but now seriously threatens various agricultural

systems (Parker, 1972; Borthakur, 1977; Palit, 1981), It

holds an advantage over many other weeds because of its
vigorous vegetative and sexual reproduction. Research has

been conducted on chemical (Dutta et al.,, 1968; Dutta, 1977)
and biological control (Cock, 1981) of M, micrantha, but no
serious attempts have been made at understanding its growth

and population biology under different ecological conditions,
Such research is essential to devise effective control measures,
The main purpose of the present investigation was to measure
the relative performance of this species in terms of population
size and reproductivs behaviour in different successional
communities developing after slash and burn agriculture (Jhum)
in north-east India and their restriction and control during

succession,

M, micrantha grows ravnidly and has well defined ramets.
The perennating caudex from the previous year produces an

upright stem with 6-7 leaves in April and stolons arising
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from the axil of.leaves. Bach ramet has two expanded leaves
on a node with a discrete root system, As the stolons extend,
they often intermingle with the surrounding vegetétion.
Flowering occurs from October to late November, The plants

die back to ground level during December=January.

MBTHODS

Five fallow plots of different ages (0,1,3,6 and 12
years) were identified around Lajlad under similar topographic
and exposure conditions, based on the records of the village
headman, Age was calculated from the time the cropped plots
were left fallow for natural regeneration of vegetation after
slash and burn agriculture (land use with a 10-year jhum
cycle), A O-year-old fallow indicates first growing season

of fallow following cropping.

Density, frequency and cover of the associated vegetation
were studied using 1 X 1 m quadrats for herbaceous svecies and
10 X 10 m quadrats for shrubs and trees, The importance value
index (IVI) was calculated using relative frequency, relative
density and relative basal area of the gvecies (Misra, 1968;
Kershaw, 1973). The values were based on 20 quadrats at each site

site with 2 to 2.5 hectares evaluated per site,

Demograrhic studies were carried out in randomly placed
permanent quadrats of 0.5 X 0.5 m with ten revlicates in each
of the fallow plots, The fate of the ramets and the rosettes
of egtablished plants were followed from March 1982 to March

1983. Mapping of the vegetation was carried out at 2 week
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Table 1.1. Importance indices of plant species associated
with M, micrantha in different fallows.

Age of fallow (Years)

Species 0 1 3 6 12
Ageratum conyzoides L, 36.2 27.4 15,2 15,1 15,2
Borreria hispida K. Schum. 25.7 14.9 9.0 5.7 5.5
Desmodium triguitrum D,C. 5.0 5.5 8,0 12,5 18.6
Desmodium laxiflorum D.C, 3.5 3.9 he7 8.3 11.6
Brigeron linifolius wild 16,1 1041 6.0 2.7 -
Eupatorium odoratum Linn, L9.3 32,7 164  17.6 144
Imperata cylindrica Beaw. - 3.2 8.8, 25.6 -
Hedychium cornonarium Koening 0.4 9.9 6.2 5.9 18.0
Ipomea pileata Roxb, 6.3 L.5 - - 1.05
Mikania micrantha H.B.K. 164 46,5 60,5 32,7 20.1
Mucuna bracteata D.C, he9 5.8 6.9 6.4 -
Panicum maximum Munro 8.7 hohe 4.6 L.9 L7
Panicum khashianum Jav. 7.8 4.3 3.6 6.0 L.6
Thysanoleana maxima (Roxb,)0.Ktze 5.6 7.8 8.1 8.2 6.1
Clerodendrum colebrookianum Walp. - .8 8.2 - 8.3
Litsaca agssamica Hk.f. 3.5 941 11,5 9.8 Te5
Measa indica wall., 162 Lot 842 Le5 -
Melagtoma malabathricum Linn., 6.9 8,0 8.7 10.4 12,0
Mussaenda roxiburghii Hk.f. 3.2 4.8 Lok - 2.9
Anthocephalus cadamba Mev. - 2.9 6.8 3.7 7.9
Cedrella toona Roxb. L6 - 3.9 - 4.0
Cinnamomum bejolghota (Buch, )dam. - 4.0 L.3 3.5 -
Calicarpa macrophylla Vahl 11.7 14h.3  13.3. 6.7  1hoh
Dendrocalamus hamiltonii Nees & Arn 32,9 20.5 29.1 55.6 82.9

eos?f=
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Sapium baccatum Roxb 7.9 12,8 7.1 11.3 11.1
Schima wallichil Choisy 5.7 6.0 2.6 7.4 10.6
Macaranga denticulata Muell 6.1 6., 6.6 6.3 5.1
Sterculia villose Roxb. 7.5 11,2 9,2 8.2 7.6
Hybiscus macrophyllus Roxb, 9.0 10,1 15.8 16.0 5.0

Duabanga sonneratioides Ham, 3.8 - 2.1 L.8 -
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intervals. Ramet birth was recognized when a node bore two
fully expanded leaves, and the death of the two expanded leaves

wag congidered ags the death of the ramet.

Biomass allocation studies were based on randomly
selected rosettes, carefully removed from each plot, close
to the permanent quadrats., A soil corer, 20 cm in diameter
was centred on each plant and then opushed into the soil to a
depth of 20-30 cm, This allowed harvesting of most of the
root system which was then carefully cleaned, After seperation
the aifferent components were dried at 60°C for 24 hours and

weighed,

The average number of seeds per capitulum was based on
30 random observations per fallow, The number of capitula per
unit area was based on 30, 0.5 X 0.5 m quadrats in each plot,
These values were used for computing seeds per fertile ramet

and seed output per m2.

RiLSULTS

The early stapes of secondary succession were dominated

by a number of weedy species including Eupatorium odoratum,

Ageratum conyzoides, Lrigeron linifolius, Mikania micrantha

and Imperata cylindrica (Tablel.i), Dendrocalamus hamiltonii

wag present in all olots, along with some tree species and
a few shrub and vines. As the age of the fallow increased,

the weedy stands wWere gradually revlaced by D. hamiltonii,

and various shrubs and trees.
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Fig.|.}] : Net population size of M. micrantha
in O-year (@® ), 1~-year ( O ), 3-year
(M), 6-year (&), and 12-year (W)
old fallows.
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Population dynamics:

Birth and death rates of ramets were high during monsoon,
reached a maximum during September and remained stable during
winter. Of the total ramet ponulation recorded during October,
only 4 to 20% survived to produce new rosettes in the following
rain season, This regeneration declined in older fallows, The
net increase in the density of ramets was high during monsoon
and declined gradually from September to November, The net
povrulation size of M, micrantha was initially low, increased
sharply for the first 3 years of fallow, and then declined to
extremely low numbers in a 12-year-old fallow (Figdl),

Based on the time of birth of the new ramets, age specific
survival curbes were drawn for specific cohorts in the popu-
lations. Death proportion was highest when birth rate was
highest, i.e. during the peak growth period of June to September,
A1l remaining ramets died during November to January. No seed-
ling recruitment occurred in 0-, 1~ and 3-year-old fallows.
Survival of different seedling cohorts in 6~ and 12-year-old
fallows suggested that mortality rate was highest during the
juvenile nhase, The Mey cohort survived until January before
perennation, the June cohort until November. The July cohort
survived only until October, Seedling establishment in 6- and
12~year-old fallows was 24 to 27% based on observations in
October, the regeneration of rosettes in the following year was

very low (Tablel2).



Fig. 12 : Allocation of biomass (% of total biomass)
to different organs: rosette leaves (Wol);
inflorescence ( Inf ); ramet leaves (Ral );
stlons (Sto ); rosette stem (RoS ); rosette

roof ( RoR ); ramet roof (RaR) in M.micrantha

in fallows of various ages.
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An increase in wonulation size occurred only in 0O- and
1-year-old fallows (Tablel3)., The nonulation size declined
in older fasllows, with the decline vositively related to age
of the fallow., Both the vercentage survival as well as the
expected turnover time were lower in 6~ and 12-year-old fallows

compared to others.,
Biomass allocation strategy:

Biomass allocation pattern to different organs of M.
micrantha were based on obsgervation of the rosette, the
attached ramets and their stolons jointly (Figl2). In a given
fallow, rosette root and stem biomass declined with time with
least change in a 12-yeer-old fallow., Rosette leaves died by
June in all fallows. Conversely, the allocation of biomass

to the stolons increaged with time,

While biomass allocation to the root system of the ramets
was greater in fallows of O- to 3-years-old, comnared to 6 -
and 12-year-old fallows, the reverse occurred with the rosette
root system, Allocation of biomass to ramet leaves was maximum
in a 6~year-old fallow, Reproductive allocation was the least

in a 12-yecar-old fallow,
Reproductive potential:

The geed nroduction notential of the ramets as indicated
by the provortion which bore inflorescences, declined drastic-

ally with age of fallow (Tablely), While the number of seeds
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per capitulum was relatively stabls the number of seeds per
reproductive rumet and seed out»ut per mz reached maximum in

a 3J-year-old fallow and declined sharply with fallow age.

DISCUSSTON

When a2 forest is used for slash and burn agriculture not
only is its original vegetation destroyed but the site is
subjected to continuing nerturbation due to fire, crop intro-
duction, weeding, hoeing and disturbances to the soil during

crop harvegt, This results in a decreassing srecies diversity.

Mineral nutrients are initially depleted from the soil
for the first few years of secondary succession due to raoid
uptake by the developing communities (Ramakrishnan and Toky,
1981; Toky ‘and Ramakrishnan, 1983 b), and soil moisture status
may improve. As litter accumulates and decomposition occurs
(Toky and Ramekrishnan, 1984) the soil pH is altered., As the
community closure occurs, light progressively becomes limiting
(Benett and Rao, 1968; Cruttwell, 1968; Kushwaha et al.,1981;
Ramakrishnan and Mishra, 1981), M. micrantha is subjected to

these drastic changes in the successional communities,

Reproduction of M. micrantha through ramets arising from
rosettes emerging in March far exceeded seedling regeneration,
the latter being restricted to 6- and 12~ycar-old fallows
only. Reproduction through ramets peaked in 3-year-old fallows.

Regeneration of the rosettes was low in older fallows, as
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already observed for other weeds by Kushwaha et al, (1981)

and Ramakrishnan and Misra (1981).

Lovett-Doust (1981) found that ramets from contrasting
environments differed in the biomass allocated to their main
organs, The ramet and the rosette were considered with parity
for demographic anzlysis in the present study, but the allo-
cation of biomags differed considerably between them. The
rosette has a thick caudex and a strong tap root with six or
seven leaves whereas a ramet has two leaves with a weakly
developed root system at the node. The interdependency among
ramets, the free flow of resources, and the ability to regulate
position and density of shoots in a clone (Harnett and Bazzaz,
1985), may account for the great vegetative reproduction in M,

micrantha,

Rosettes emerging in March are the chief resource for the
developing ramets, nutrients being stored in the root system,
Since rapid spread and establishment of the speecies through
ramets is imoortant in younger fallows, it is reasonable to
find a higher allocation of biomass to the ramets in 0- to
3-year-old fallows as comvared with older ones, Greater allo-
cation to the rosette root system in older fallows ensures
survival of the species population through late successional
communities so that renewed population growth is possible during
subsequent slash and burn operations, Similar observations of
greater allocation to the root system of woodland pooulations
of herbs comvared with old field species was also noted by

tbrahamson (1979) and Lovett-Doust (1981},
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The larger allocation of biomass to the stolons as
compared to other organs of M, micrantha, is to be expected
as the species 18 able to spread rapidly in young fallows
and place them at a high level in the canopy through rarid
vertical growth, Thus, vegetative growth is adapted to
horizontal spread under competitive conditions of the
younger fallows and under stresses {(chiefly reduced light)
of the older fallows (Abrahamson, 1980). Greater allocation
of biomass to the rosette root in the older fallows is advan-
tageous for exploiting deever soil layers of these fallows
where the soil surface has been devleted of nutrients by the
developing community (Ramakrishnan and Toky, 1981; Mishra
and Ramakrishnan, 1983 b),

Seedling recruitment is particularly imvortant in a
species with emphasis on vegetative reproduction, in order to
maintain population diversity. Seed numbers were high in
younger fallows and declined drastically in a 12-year-old
fallow, Interestingly seedling regeneration occurred only

in 6~ and 12-year-o0ld fallows,

Pooulation dynamics and reproductive strategy of
M. micrantha indicate close correlation of vooulation vigour
with the successionsl environment, The species strives to

survive in the late, light-limited successionzal communities



through vertical growth and the climbing habit of the
gtolons, Where the jhum cycle was reduced to 4 or 5

years due to increased ponulation pressure and reduced

land availability (Ramskrishnan et al., 1981 a,b), the
natural suvnression of this svecies and other weeds becomes
difficult, This results in arrested succession of weed
communities (Saxenz and Ramakrishnan, 1984 b) with weed
problems and declining crop yields and productivity of

the land,

60
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SUMMARY

Mikania micrantha H.,B,K, is an exotie, perennial

weed which colonizes communities developing after slash and
burn agriculture (Jhum) at lower elevations of north-east
Indja, The population dynamics and reproductive potential
of M., micrantha was studied. Reproduction through ramets
arising from rosettes exceeded that from seeds, The ramet
population growth was highest during the monsoon season as

a congequence of high population birth and large-scale
mortality. Net nopulation increased as the age of the fallow
increased for 3 years, and declined drastically in 6~ and
12~year-old fallows., DBiomass was allocated mainly to the
ramet root system in younger fallows and to the rosette root
gystem in older fallows. Seéd revroduction votential vpeaked
in a 3-year-o0ld fallow and declined rapidly thereafter. The
significance of the results in terms of natural elimination
of the species through succession, and the increased weed
potential leading to arrested succession under short jhum

cycles is discussed,
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EFFECT OF FIRE ON POPULATION DYNAMICS OF
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INTRODUCTION
Frequent disturbances in a forest ecosystem as for

slash and burn agriculture is often responsible for ranid

colonization and spread of many weeds such as BEupatorium

odoratum (Kushwaha et al., 1981), E, adenophorum {Ramakrishnan

and Mishra, 1981), Imperata cylindrica (Bussen and Wirjahardja,

1973; Kushwaha et al,, 1982). Mikania micrantha Humboldt,

Bonovland and Kunth, is one such noxious weed (Parker, 1975)
which has spread extensively in the north-eastern hill region
of India forming part of early successional weed communities
developing after slash and burn agricultufe (locally called
jhum)., The length of the jhum cycle (The intervening fallow
phase between two successive cronpings at the same site) is
an important factor affecting weed potential of M, micrantha

(Chapter I) and many others (Saxena and Ramakrishnan, 1984 b).

Fire used in the jhum is another important factor
determining the population dynamics of many early successional
weeds through its potential effects on the physical and bio-
logical properties of the soil (Uhl, 1982), Apart from the
scfiching effects of fire on the surface and sub-surface soil
resulting in reduction in propagule bank in the soil system,

it alters the micro-environment through increased insolation,
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higher soil fertility status and relezse from inhibitory
alleli?hemics (Smith et al., 1968; Rice, 1974). The
present study therefore compares the pooulation dynamiecs
of M, micrantha through the early ohases of succession
after slash and burn agriculture in north-east India with

emphaeis on fire effects.
METHODS OF STUDY

Three fallow olots of about 2 ha, each of different
ages (2, 4 and 8 year) with three reolications were identi-
fied at Lailad taking care to ensure similar tovogranhiec
and exposure conditions., The age of the fallows and the
similarity in land use with a 10~year jhum cycle (the inter-
vening fallow phase between two successive croppings at the
same site) were based on the records available with the
village headman, Age was calculated from the time the
cropped plots were left a fallow for natural regeneration
of vegetation after slash and burn agriculture., Half of
eachi fallow plot was slashed in February and the dried slash
was burnt in March to study the effect of fire; the other
half was maintained as an undisturbed control, A fire line

gseparated the two halves in each plot

Density, frequeney and cover of the vegetation were
studied using 1 X 1 m guadrats for herbaceous species and

10 X 10 m quadrats for shrubs and trecs, The importance
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value index (IVI) was calculated using relative frequency,
relative density and relative basal area of the species
(Misra, 1968; Kershaw, 1973). The values are based on

twenty quadrats for each treatment.

Demographic studies were carried out on ten randomly
placed pgrmanent quadrats of 0.5 X 0.5 m for each treatment,
The fate of the ramets, scedlings and the rosettes of estab-
lished plants were followed from March 1982 to May 1983 by
mapping the vegetation at two weekly intervals, Ramet birth
wag recognized when a rooted node bore two fully expanded leaves,
and the death of the two expanded leaves was considered as the

death of the ramet.

The average number of seeds per capitulum was based on
thirty random observations under each treatment, The number of
caritula per unit area was based on thirty 0,5 £ 0.5 m quadrats
in each treatment, This was then used for computing seeds per

fertile ramet and seed output per mz.

RESULTS

Vegetation analysis:

Burning increased the intensity of weeds like Ageratum

conyzoides, Borreria hispida, and Bupatorium odoratum in an
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Fig.2.14 Cummulative births and deaths of M, micrantha
porulations in 2-year (ec¢ircles) L-year
(triangles) and 8-year (squares) old fallows
after slash and burn agriculture. Closed sym=-

bols, burnt; open symbols, unburnt sites.
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Fig.2:lb. Net population size of M, micrantha in 2-year
(circles), 4-year (triangles), and 8-year
(squares) old fallows after slash and burn
agriculture. Closed symbols, burnt; open

symbols, unburnt sites,
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Fig.2-3 Survivorshiv curves of two cohorts of seedlings
of M, micrantha in burnt 2-year (circle) jL-year
(triangles) and 8-year (squares) o0ld fallows
after slash and burn agriculture. Oven symbols,
18t cohort; closed symbols; 2nd cohorts; solid

line, burnt site; broken line, unburnt site,
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8-year-old fallow only (Tabledl). Mikania micrantha

porulation increased after the burn in all the fallows

but more markedly in 8-year-old fallow. In general, shrubs
and trees declined after the burn, in all the fallows, Weed
intensity in younger fallows increased whilst the shrubs,

trees saplings and sprouts declined,
Population dynamics:

M, micrantha resoonded to burning through increased
birth and death rates of the total (Seedling and ramet)
ponulation, more markedly so in 2-and 4-year-old fallows
(Fig.z%). The rates were high during the monsoon period,
reached a maximum in October and levelled off subsequently,
The net vopulation size in the burnt sites had two distinect
peaks, one in May and the other in August, where as the unburnt
sites had one peaking in July-August (Fig.é%). In January
and February the senescence occurred and the pooulation died
in all treatments, Age-specific survival curves drawn for
specific seedling cohorts of the population of M. micrantha
(Fig.23) showed that the greatest risK of death occurred
during the peak growth period of June-September, During
November and December the plants that flowered in October
died due to senescence, In 2-and 4-year-old fallows, seedling
recruitment occurred only in burnt sites whereas in an 8-year-

0ld fallow both burnt and unburnt sites had seedling recruit-
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ment., In an 8-year-o0ld fallow survivorship was lower

in the burnt site compared to the unburnt one,

The plants established through seedlings of M, micrantha
arising out of May-October 1982 recruitment were followed
upto March 1983 for their ability for rosette formation
(Tabled-2). In all the burmt fallows, the established plants
of the previous year develoved into rosettes during the
subsequent growing season., In the unburnt 8-year-0ld fallow
plot none of the established plants of the previous year
developed into rosettes subsequently, The seedling recruit-
ment in a given year itself was maximum in a L-year burnt
fallow followed by a 2-year-old burnt fallow and least in an
8-year-old burnt fallow. Seedling recruitment under unburnt
situation occurred only in an 8-year~old fallow. The population
flux for M, micrantha (Table23) shows that the net increase
in rosette population was generally higher in the burnt sites
compared to unburnt sites. However, this net increase declined
with the age of the fallow. The percentage of surviving
rosettes and the expected turnover rates increased with the
fallow age in burnt sites whilst it dee¢lined with the fallow
age in unburnt sites, The ramet mortality was generally

higher in burnt sites than in unburnt sites,
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Reproductive potential:

Burning resulted in an increase in the percentage of
sexual reproductive ramets, more markedly so in an 8-year-old

fallow, Seed output per m2

was maximum in a 4-year-old
fallow declining drastically in an 8-year-old fallow.
Unburnt 8-year-old fallow had the lowest seed output (Tablel).

DISCUSSION

The total population size is determined partly by the
age of the fallow after the slash and burn agriculture overation
as discussed earlier (Chapter I) and as also reported for
other weedy species under similar land use in north-east India
(Kushwaha et al.,, 1981; Ramakrishnan and Mishra, 1981).
The results presented here clearly shows as to how the density
of this species, determined through both vegetatively regene-
rating ramets and seedlings, is altered after fire, as also
observed during the post-fire cycle of succession in Chamise
chappara;] (Christensen and Muller, 1975), The higher density

of Mikania micrantha in burnt sites compared to unburnt sites

of the same fallow could partly be related to increased inso-
lation (Bennett and Rao, 1968; Cruttwell, 1968), enriched soil
through ash deposit (Ramakrishnan and Toky, 1981) and possible
release from allelopathic effects from its own individuals

(Wong, 1964) and from other species such as Bupatorium odoratum
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(Yadav and Tripathi, 1981). Competition may not be a factor
for increase of M. micrantha density in burnt sites as the
density of most of the agsociated species is either unaffected

by fire or even increased due to burn in an 8-year-old fallow.

Recruitment of individuals into a given site is often
density~denendent (Ramakrishnan and Kumar, 1972), High poou-
lation birth is often accomvaniéiby large scale mortality.
Such a density-~devendent mortality preceeded by heavy recruit-
ment is a common vhenomenon (Sarukhan and Harper, 1973;
Lovett-Doust, 1981; Noble et al., 1877). Heavy mortality and
the consequent reduced densgity may result in another wave of
heavy recruitment. The double peaking in net population size
in burnt sites during hay and August may be explained on this
basis., Relatively slower recruitment rate in unburnt sites
may result in slow increment in net population size and one

peak attained during July-August.

Tn a species such as M, micrentha where vegetative
reoroduction is predominant sexual reoroduction through
seedling regeneration is immortant in maintaining genetic
diversity (Yarner, 1978). Thet this exotic weed is a ruderal
species with greater vigour under disturbed sites is evident
from the fact that seedling recruitment occurs exclusively

in burnt sites in 2-and L4-year-old fallows, The total
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absence of seedling recruitment in unburnt sites of 2- and
L=vear-old fallows may partly be becausé?}anid vegetative’

regeneration of M. micrantha., Vigourous and quicker in

vegetative multinlication from a larger rosette nonulation
reduces free gvace available with sufficient light pene-
tration at ground level for seed germination and seedling
establishment in there fallows., In these burnt sites of
2-and 4-year-old fallows, though ramet population size is
not very different from the unburnt sites, thesge ramets are
largely derived from current seedling recruitment itself,
rather than from an already well established rosette popu-
lation, Thus there is a qualitative difference in the ramet
population of burnt and unburnt sites, That would explain
seedling recruitment occurring in an 8-year-old unburnt fallow
where M, micrantha population density is very reduced, to

start with,

Seedling mortality in its severest form often expresses
itself during the first few weeks of the growth of a plant
(Remakrishnan and Kumar, 1971) as also observed in the present
study., High intensity of intraspecific competition (Rama-
krishnan and Jeet, 1972) and high density of other species
emerging during the monsoon (Kushwaha et al., 1981; Ramakrishnan

and Mishra, 1981) would account for such a mortality pattern,
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a conclusion further supvorted by lack of seedling regene-
ration in unburnt 2«and L4-ycar-cld fallows, In contrast to
this, in an 8-year-old fallow seedling recruitment is higher
in unburnt sites. Here burning would result in a larger
population of herbaceous weeds resulting in greater compe-
tition whilst unburmt sites largely have shrubs amd tree
sanlings and fewer herbaceous ground flora svecies, It may
be noted here that some geedling recruitment occurring in
unburnt 8-year-old fallow is perhavs because of tolerance to

partial shade (Macalpnine, 1959) from shrubs and tree saplings.

In M, micrantha, we have three recruitment strategies:

(1) through seedlings, (ii) through ramet formation (iii) through
perennating rosettes derived from rosette caudex or ramet caudex,
Rame}$ recrultment pattern is essentially a function of the
successional development of the fallow phase after slash and

burn agriculture (Chapter I} Kushwaha et al,, 1981; Ramakrishnan
and Mishra, 1981) the population declining in older fallows,
being shaded out by larger shrubs and tree saplings (Kushwaha
and Ramakrishnan, 1982; Macalpine, 1959). However, rosette
perennation and seeiéng recruitment are chiefly determined

by firé. Thus damage to rosette cezudex due to fire may exvlain
reduced regeneration of these in the post-burn phase in all

the fallows, Further, seedling recruitment in younger fallows

is promoted by fire, while inhibited by it in the 8- year-old
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fallow. Fire also has a general promoting effeet on seed
reproductive votential of this species, However, this
votential decl®nes drastically in older fallows. Thus,
frequent disturbance of the site for slash and burn agri-
culture with a short cycle of 4-5 years results in larger
recruiltment of a weedy species such as this both through

ramets and seedlings. Consequently the weed potential increases
drastically (Saxena and Ramakrishnan, 1984b) and results in

an arrested succession (Toky and Ramakrishnan, 1983a). The
success of this weed, therefore, is related to frequent distur-
bances such as fire and its best control seems to be biological
through a long secondary successional fallow phase as under a

long jhum cycle,
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SUMMARY

Mikania micrantha H,B.K. population size is consider-

ably enhanced by fire in 2-,L-~and 8-year-old fallows deve=-
loping after slash and burn agriculture (Jhum) in north-east
India, The recruitment pattern in burnt and unburnt sites

in each fallow differed, Seedling recruitment was restricted
only to burnt sites in 2-and 4~-year-old fallows, whereas

it occurred in both burmt and unburnt sites in an 8-year-

cld fallow, Sexusl reproductive potential of the species
was affected both by the age of the fallow and as a conse-
quence of the effect of fire in each fallow plot. These
results are related to micro-environmental changes of the

habitat as a consequence of fire in different fallow plots,
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INTRODUCT ION

Mikania micrantha Humboldt, Bonplad and Kunth is an

early successional exotic weed introduced to north-east India
from tropical America as a ground cover in tea plantations,

Now it is a very vigorous weed of agricultural systems, diffi-
cult to control because of its perennial habit and its ability

to spread vegetatively even through tiny stem fragments.

Rarid growth and multivlication are two imvortant features
of a colonizing species (Gomez-Pompa and Vazquez-Yanes, 1974;
Grime, 1979) apart from their ability to make efficient growth
under high light and warmer temperature regimes of an open
environment, During succession, ruderal species flourish under
relatively nutrient rich and non-competitive environment for
a period of time to be gradually rerlaced due to more compe-

titive stressful conditions.

The success of an organism in a given environment is
often through a favé?able allocation of the limited available
resources to diverse life purposes such as maintenance,growth
and reproduction (Abrahamson and Gadgil, 1973). It is to be
expected that a ruderal species such as M, micrantha would
show changing patterns in its allocation strategies through

the successional environments (Saxena and Ramakrishnan, 1984a).
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It is part of the shifting agricultural system (Ramakrishnan

et al,, 1981; Toky and Ramakrishnan, 1983a) during the cropring
phase and during the early secondary successional fallow vhase,
Short shifting agricultursl cycles (the intervening fallow ohase
between two successive croppings at the same site) increase the
weed potential of this and a large number of other species often
resulting in an arrested weedy stage in succession (Toky and
Ramakrishnan, 1983a; Saxena and Ramakrishnan, 1984b), An
understanding of the growth and allocation strategies of this
species is therefore, important for its control, possibly bio-
logical,

METHODS OF STUDY

Five fallow plots of different ages (0,1,3,6,and 12 year)
were identified at Lailad taking care to ensure similar topo-
graphic and exvosure conditions, The age of the fallows and
the similarity in land use with a 10 year jhum cycle were based
on the records of the village headman, Age was calculsted from
the time the cropped vlots were left a fallow for natural regene-~

ration of vegetation, after slash and burn agriculture,

Fifty plants (a rosette with clear caudex and stem base)
of M, micrantha were selected and tagged randomly in each fallow
plot at the initiation of vegetative growth in early March,
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Five replicate plants with attached ramets were harvested

at monthly intervals during the growing season from April to
December 1983, taking care not to damage any plant part,
Belowground parts were carefully washed and separated into
different comvonent organs. The fallen leaves and geeds
were also included following Hickman (1975}, Fruite of

M, micrantha are achenes, which are ecological equivalents
of seeds, Fruit biomass, thus equals seed biomass (Harver,
Lovell and Moore, 1970). The different components were dried
at 80 + 5% for 48 hours and weighed, Leaf area estimations
using & vlanimeter and leaf dry weight per unit area were |
based on three revlicates and the average of 50 leaves per
replicate, Total leaf area per plant was computed using

leaf biomass and leaf dry weight ver unit area.

The growth functions: relative growth rate (RGR), net
asgimilation rate (NAR) and leaf area ratio (LAR) (Hughes and

Freeman, 1967; Radford, 1967) were calculated as:

RGR = In W2 - In W

17 - %
2 1

1

NAR = (W, = W,) (In Ay~ In &)

(Ry = BT TR, - %]

LAR = (A2 ~ A1) (In %, ~ In A1)
(I &y = In KT (F,- ‘51)

- A ma v
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3.1

Biomass (a) and leaf area (b) changes of
M, micrantha in Q@-year{ @ ), 1~year ( O )},
3-year ( A ), 6-year ( & ) and 12-year
( W ) old fallows after slash and burn

agriculture,
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Where W, and A1 are the biomass per plant and leaf

1

area ver plant resvectively at time t, and Wz, A, are the

1
game at time tz.

The concentration of nutrients in different plant
varts were determined following standard methods (Allen et al,,
1974). Thus, nitrogen was analysed by micro-kjeldahl method;
phosphorus by molybdenum-blue method and potassium by flame
photometry, after wet digé}ion with trinle acid (perchloriec,

nitric and sulphuric acids).

Nutrient uptake efficiency was calculated as mg nutrient
absorbed permwg root biomass following Blair and Cordero, 1978).
Nutrient use efficiency was calculated as mg dry matter pro-

duction per g nutrient absorbed (Brown, 1978).

RESULTS

The biomass increment in all the fallows occurred with
a steap increase upto July, more so in younger fallows upto
3~year-ocld fallow (Fig.31a), Leaf area increase guring the
season occurred uvto August, declining in subsequent months
due to leaf fall, and subsequent death of aboveground plant
parts in January (Fig.31b), Leef area per olant in different
fallows increased with fallow age upto 3-years and declined
subsequently with fallow age, All growth functions reached
a maximum in a 1=-year or 3-year-old fallow followed by a

sharp decline in 6~ and 12-year-cld fallows (Tablel.1).



Fig.32abcA.Allocation of biomass and nutrients (% of total
canital) to different organs- rosette leaves
(% inflorescence (': '.'); ramet leaves(
stolons (:g!?), rosette stem ( ; rosette
roof (ﬁ); ramet root (il ) in M. micrantha

in fallows of various ages.after slash and

]

)5

burn agriculture,
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Figure32a shows the allocation pattern of biomass to
different component organs, expressed as a percentage of the
total capital. In a given fallow, rosette root and stem
~ biomass declined with time and this decline was least in a
12-year-old fallow, Rosette leaves died off by June in all
the fallows, Conversely, the allocation of biomass to the
stolons increased with time, While the allocation to the
root system of the ramets was more in the younger fallows,
the reverse was the case for the rosette root system. Allo-
cation of biomass to leaves of the ramets was maximum in a
6-year-old fallow, Reoroductive allocation was least in a

12=year-old fallow,

Unlike biomass, higher fraction of nitrogen was allo=-
cated to the leaf and seed component while the reverse was
true for stem, stolon and root compvonent in all the fallows
(Fig.22b)., While the allocation of nitrogen to rosette root
component increased with increase in age of the fallow that
to the leaf and seed component was least in a 12-year-old
fallow, Phosphorus also showed a similar pattern as nitrogen
(Fig.32c)e In contrast, a smaller fraction of potassium was
allocated to the seed and root component in all the fallows
(Fige32d). Allocation of potassium to the stolon component
was, however higher in all the fallows, The allocation of
potassium to the leaf component reached its maximum in a 6-

year old fallow and declined subsequently,
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Nutrient uptake efficiency increased with the age
reaching a maximum in a 3-year-old fallow followed by a
short decline in 6~ and 12=-year-old fallows (Table32).
Nutrient use efficiency was generally low in younger fallows
upt 3 years compared with 6~ and 12-year-old fallows, The
leagt efficiency was observed in a 3~year-old fallow

(Table33).

Reproductive effort was calculated as a percentage
of net primary procution or nutrient absorbed during the
current season and allocated to reproductive units, Net
primary production or increment in nutrient capital was
obtained by substracting the resource carital existing before
the initiation of growth from that at the end of the growing
season, Such a quantification showed some difference
(Table?s) from the reproductive effort expressed as the
provortion of the total available resource allocated to
reproduction represented in Fig. 2a. Sexual reproductive
effort in terms of biomass showed a gradual decline with
the age of the fallow upto 12-years where as N,P,K showed
a gradual decline upt 3 years fallowed by an increase in
6~ and 12-year old fallows, Vegetative reproductive effort
in terms of biomass and N,P,K showed increase with increase

in age of the fallow,
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DISCUSSION

For weedy colonizers coming up after slash and burn
agriculture, as in nort-east India a useful strategy is to
cavitalize upon the nutrient resources of an enriched sub-
stratum (Saxena and Ramakrishnan, 1984b), and to ravidly
colonize the site so that they are able to effectively
compete with a number of other weedy species of this early
successional enyironment (Toky and Ramakrishnan, 1983a;
Saxena and Ramakrishnan, 1984b)., This is reflected in the

growth and biomass production pattern of Mikania micrantha

established in early successional fallows,

Starting with a O-year-old fallow where this species
egtablish either from seed or from a ramet, in a short period
of 2-3 weeks it gets established as a rosette with a tap
root system which subsequently produces stolons rooting at
nodes (ramet with a pair of leaves). The peak growth of
this species is attained in early successional fallows upnto
3 years after which the vigour declines, Such a decline in
vigour in older fallows may be due to decreasing light avail=-
ability due to larger shrubs and trees which limit growth of
this light demander, as observations also made for other

species such as Eupatorium odoratum in successional environ-

ments (Saxena and Ramakrishnan, 1984a),
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The allocation strategy of M. micrantha both in terms
of biomass and nutrients also supnorted the ruderal strategy
of this species. Thus in younger successional fallows the
allocation of resources to vegetatively reproducing stolons
and seeds involved in sexual reproduction was proportionally
higher than in older fallows. The higher allocation to the
rosette root system in older fallows is indicative of the
rapid transfer of resources as the plant ages to the perenn-
ating organ so that after perturbation the chances of egtab-
lishment of this species through svrouts is considerably
enhanced, Such shifts in allocation pattern in successional
environment has also been shown by others (Abrahamson and
Gadgil, 1973; Gaines et al,, 1974; Roos and Quimm, 1977).
However, many of these studies (Newell and Tramer, 1978;
Abrahamgon, 1979; Saxena and Ramakrishnan, 1982) suggest
that the ghift in allocation strategy is chiefly confined
only to vegetative revorduction and sexual reproduction
tends to remain more or less fixed under varied environments,
Our studies on M, micrantha presented here and similar

studies done for Bupatorium odoratum suggests that sexual

reproductive allocation is equally variable as vegetative
reproduction through ramets as observed in the allocation

to the stolons,
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Differences also occurred in the allocation strategy
of the three nutrients considered here, While nitrogen and
phosovhorus tend to follow a similar pattern with more pro-
portionate allocation to seed reoroduction, potassium allo-
cation was lesser to seed reproduction and more to stolons
which are directly involved in vegetative reproduction.
The allocation of all the three nutrients to leaf component
was higher, This is to be expected because leaf is the dhief
photosynthetic organ that determines both seed and vegetative
reoroductive votential of the gpecies, This is an agreement
with the findings of van Andel and Vera (1977), Benzing and
Davidson (1979), Williams and Bell (1981) and Abrahamson and
Caswell (1982) emphasizes the importance of considering nutri-

ents in allocation studies.

The sexual reproductive effort in the case of perennials
to be more accurate should be on the basis of the current
increment in the available resources devoted to reproductive
units as suggested by Harper and Ogden (1970). Such a measure
of sexual reoroductive allocation of biomass (net reoroductive
effort of Harper and Ogden, 1970, expressed as the ratio of
reproductive biomass to net orimary vroduction) was lover in
6- and 12-year-old fallows, However, this was higher in

older fallows when nutrient cost was considered., Thus the
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renroductive development in this spvecies is favoured in

a ruderal open environment than when the species is under
stress in older fallows, competing with others both for
light and soil nutrients which are devleted during initial
fallow growth (Ramakrishnan and Toky, 1981; Mishra and
Ramakrishnan, 1983). This is in agreement with the results

obtained for Bupatorium odoratum under similar situations

(Saxena and Ramakrishnan, 1984a). The higher values for
vegetative reproductive effort both in terms of biomass and
nutrients in older fallows is perhaps a mechanism for survival

under comvetitive stress (Grime, 1977; Chavnin, 1981),

Though sexual reoroductive effort ig higher in younger
fallows, seedling regeneration does not occur here but is
noted only in a 12-year-old fallow where oropagation through
vegetative revroduction is less and therefore the seedlings
can establish on the ground under the shade of larger shrubs
and trees (Chapter I). In younger fallows seedling regenee
ration can occur only after a fire confirming the ruderal
habit of the species with a preference for open and nutrient
rich sites, The higher nutrient use efficiency in 6~ and 12-
year~old fallows may be an adaptation to survive and make

adequate growth in a low nutrient environment,
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After slash and burn agriculture the nutrient capital
in the soil is gradually depleted because of the ravid transfer
from soil to the vegetation and this continues upto about 10-
years. M, micrantha which is a component of the weed community
during this fallow phase shows greatest vigour unto about 3-
years, after which it decli%es. This decline may be partly
related to nutrient deoletion in the soil, reduced light
availability for this light demanding svecies and increased
competition., This ruderal species therefore, has an exoloi-
tative growth strategy characteristic of a ruderal svecies
(Chapin, 1981), with natural elemination of it under a more

competitive stress environment of the older fallow phase,
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SUMMARY

The growth and allocation of biomass and nutrients in

Mikania micrantha H.B.K., an¢ exotic early successional pere-

nnial weed was studied in seral stages after slash and burn
agriculture. The peak vigour of the species was reached in

a 3-year-old fallow with decline in older fallows, Allocation
of biomass, nitrogen and phosphorus for reoroduction was the
least in a 12~year-o0ld fallow., Allocation of biomass and
nutrients to the leaf component was also very low in a 12-year-
old fallow, On the other hand, allocation to the rosette

root which is the perennating organ increased in older fallows,
a strategy for survival and regeneration after a subsequent
perturbation, Lower nutrient uptake efficiency and higher
nutrient use efficiency in 6- and 12-year-old fallows are
adaptations for survival in a nutrient vpoor competitive environ-
ment, This ruderal svecies has an exploitative growth strategy

with biological control operzting in older successional fallows,
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INTRODUCT ION

Fire is a tool used by the tribal porulation of the
north-eastern hill region of India for shifting agriculture
(locally called jhum) (Ramakrishnsn et al., 1981a,b). During
the early fallow phase of 5-6 years, weeds form an imvortant
component of the ecosystem, and an exotic weed such as Mikania
micrantha Humboldt, Bonpland and Kunth, is one of the imvortant
species, Unless the jhum cycle (the length of the fallow
phase between two successive cropvings at the same site) is a
longer 10 year cycle or more, the weed votential increases
(Saxena and Ramakrishnan, 1984b) and results in an arrested
succession at the weed stage (Toky and Ramekrishnan, 1983a).
Frequent disturbances through fire followed by crooping contri-

bute to increased weed potential,

Many species that are fire adapted respond partly through
increased reproductive effort, both sexual and or vegetative
(Gill, 1981; Newell and Tramer, 1979) or through adjustments
in the allocation strategies both of biomass (Keeley and Keeley,
1977; Saxena and Ramakrishnan, 1983a,b) ané?gutrients (Saxena
and Ramakrishnan, 1983a,b). The present study on M, micrantha
is, therefore, an attemnt to understand the adantive strategy
of this early successional weed as a resvponse to fire, through

early successional environment,
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METHODS OF STUDY

Three renlicate fallow plots each of about 2 ha, of
different ages (2,4 and 8 year) were identified at Lailad
taking care to ensure similar topogravhic and expsure condi-
tions. The age of the fallows and the similarity in 1land
use witﬁ a 10-year-jhum cycle were based on our own obser-
vations and the records available with the village headman,
Age was calculated from the time the cropped plots were left
& fallow for nzatural regeneration of vegetation after slash
and burn agriculture, Half of each fallow plot was slashed
in February and the dried slash was burnt in March to sutudy
the effect of fire; the other half was maintained as an un-
disturbed control, A fire line separated the two halves in

each plot,

Fifty nlants coming up through seedlings in burnt
sites (mostly seedling regeneration occurred here, vegetative
provagation was rare) and the same number in unburnt sites
(coming up through ramets) were selected and tagged randomly
in each fallow plot in April 1983, Five replicate plants
with attached ramets were harvegted at monthly intervals
during the growing season from May to December 1983, taking
care not to damage any plant part, Belowground parts were
carefully washed and separated into different component organs,

The fallen leaves and seeds were also included following
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Hickman (1975). Fruits of M, micrantha are achenes, which

are ecological equivalents of seeds, Fruit biomass, thus
equals seed biomass (Harper, Lovell and Moore, 1970). The
different components were dried at 80 + 5%¢ for 48 hours

and weighed, Leaf arza estimations using a planimeter and
leaf dryweight per unit area were based on three replicates
and the average of 50 leaves per replicate, Total leaf area
per plant was computed using leaf biomass and leaf dry weight

per unit area,

The growth functions: relative growth rate (RGR), net
assimilation rate (NAR) and leaf area ratio (LAR) (Huges &
Freeman, 1967; Radford, 1967) were calculated as;

RGR = Tn W, - InW,
e Yy
NAR = (W,- W) (In Ay- In &)
(A= ah Te= %)
LAR =

(AZ- A1) (In Wz- In W1)
(Tn &= To K (%,- ;)

Where W, and A, are the biomass per plant and leaf area

1
pet plant respectively at time t1 and W, , A, are the same

the time tz.



Fig. 4.\ Biomass (a) and leaf area (b) changes of
M. micrantha in 2-year ( O ), L~year
(A ), and 8-year ([ ),0ld fallows

after slash and burn agriculture, Closed
symbols, burnt sites; Oven symbols un-

burnt sites.
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The concentration of nutrients in different plant
parts were determined following standard methods (Allen,
et, al,, 1974). Thus, nitrogen was analysed by micro-
kjeldahl method, phosphorus by molybdenum-blue method and
potassium by flame photometry, after wet dig%?ion with

triple adid (perchloric, nitric and sulphuric acid).

Nutrient urtake efficiency was calculated as mg nutrient
absorbed per g root biomass following Blair and Cordero (1978),
Nutrient use efficiency was calculated as mg dry matter vro-

duction perwmg nutrient absorbed (Brown, 1978).

RESULTS

Growth in unburnt sites started in March through the
perennating rosette stock, whilst in burnt sites it started
through seedling in May, Biomass increased with time in both
burnt and unburnt sites of all the fallows (Fig.41a). This
increnent was steeper upto August in all the burnt sites
compared to the unburnt sites, A comparision of unburnt
sites indicate that the initial increment was sharper in
younger fallows compared to an 8-year-old fallow. The values
at final harvest in unburnt sites was maximum in a L-year-
0ld fallow but low in an 8-year-old fallow (P<0.01). A
gradual but significant increase (P<0.05) occurred in the

biomass in burnt sites, with the age of the fallow,
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Fig. L,ia,b,c’Allocation of biomass and nutrients (% of total
canital) to different organs: rosette leaves
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rosette roof (m); ramet root ( ) in
M. micrantha in fallows of various ages after

slash and burn agriculture,
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Leaf area also followed a similar pattern as biomass
in different treatments (Fig.,.1b). Howeveg,leaf area reached
a maximum in August after which it declined to zero value in

January when the death of the aerial varts occurred.

Growth functions (RGR, NAR and LAR) increased signi-
ficantly (P =<0.01) between 2-and 8-year-old fallows, in
(Toble 41).
burnt gsites{ In unburnt sites growth functions significantly
decreased‘(P <0,01) in an 8-year-old fallow. A significant
increase (P<0,01) due to burn was observed in all the fallow

plots.

Allocation of biomass to the seed component increased
in burnt sites of the older fallows, whereas in declined in
unburnt sites (Fig.4-2a). Generally speaking, allocation
of biomass to seed reproduction was lower in unburnt sites
than in burnt sites of all fallows, more markedly so in an
8~-year-old fallow, Rosette root allocation and that %o the
stolon in an 8-year-o0ld fzllow was initially higher in the
unburnt site compared to the burnt site, Allocation to the
lzaf component declined gradually with the age of the fallow

in unburnt sites only,

Allocation of nitrogen, phosphorus and potassium followed
a similar pattern as allocation of biomass in different treat-

ments (Fig.4?b,c,d). However, allocation of potassium to the
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seed reoroduction was generally lower comvared to nitrogen
and phosphorus allocation, Allocation of »otassium to

stolon was generally higher compared to nitrogen, Conversely,
allocation of nitrogen to the leaf component was higher

compared to potassium,

Nutrient uptake efficiency increased significantly
(P<0,01) with age in burnt sites. In unburnt sites it decreased
sharply (P<0.01) in an 8-year-old fallow as compared with
younger fallows (Table42), While nutrient use efficiency
decreased significantly (P<0,01) with the age of the fallow
in burnt sites, reverse was the case in unburnt sites (Table(3).
Burnt fallows showed significantly lower values (P< 0.,01) for

all the nutrients,

Reproductive effort in terms of biomass and nutrients
were not significantly (P>0,05) different in the different
(feddte 4+ 1)
fallow plots, that were burnt or unburnt‘ However, the repro-
ductive effort in terms of nutrients was significantly higher
- (P4£0.05) in an 8~-ysar-old fallow compared to younger ones,

in unburnt sites only.
DISCUSSION

A number of changes in the micro-environment of the
site would occur soon after slash and burn. The release
of nutrients through ash is regulated by the fuel load (Toky
and Ramakrishnan, 1981b; Mishra and Ramakrishnan, 1983b)
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which would depend upon the fallow age. Thus slash and burn
of an 8-year-old fallow, in the present case, would release
more nutrients compared to a 2-year-old fallow. Apart from
this changes in the micro_environmental conditions also occur
due to increased insolation and the subsequent changes in soil
moisture and atmospheric humidity in the site, After slash
and burn the competition from other species is also drastically
reduced, All these changes would influence the growth strategy

of an early successional weed such as Mikania micrantha,

An important consequence of fire, in terms of the estab-

lishment strategy of M, micrantha, is that in the burnt site,

it is chiefly through sced as the perennating rosette stock is
killed due to the burn and the species largely resorts to seed
reproduction. On the other hand, in unburnt sites, even though
seed source is available the seedlings are unable to germinate/
egtablish in any of the fallows, While in unburnt younger
fallows seed germination does not occur at all, in an 8-year-old

fallow few seedlings that come up fail to establish,

The fire dependence of M., micrantha is obvious from the
growth pattern of the species in different fallows with or without
burn, While in all the burnt fallow plots growth was generally
high irrespective of fallow age, in the unburnt sites the growth

got drastically reduced in an 8-year-old fallow, Since the
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olants in burnt vlots come up and establisnh through
seedlings with leéss resource stock, the promotion of
growth here avvarently is due to changes brought about

in the micro-environment by fire, rather than due to a

direct promotary effect sugpested in some of the other
sﬁudies (Keeley and Zedler, 1978; Kilrore, 1979; Christensen,
1979; Gill, 1981). Thus whilst growth functions such as

RGR, NAR and LAR all decline in sn 8~year-o0ld fallow plot

not subjected to burn, the reverge condition where there is
an increase in growth functions in older fallows subjected

to burn could be related to increased soil fertility through
ash because of the higher fuel load in older fallows
(Ramakrishnan and Toky 1981).

The ruderal nature and the fire depcndence of M.
micrantha is further supvworted by the allocation strategy
chenges, Incrgased biomass allocation to seed component
in burnt sites supmorts the shift towards seedling regene-
retion and establishment opromoted through fire, discussed
earlier, Thus in unburnt sites, allocation to the seed
comvonent declines with fallow age unlike in the burnt sites,
The decline in the weed vigour in older unburnt fallows is
also reflected in reduced allocation to the leaf component

with fallow age.

Though nutrient allocation pattern generally tended
to fallow the biomass allocation pattern, allocation of

potassium to the leaf and seed components was generally
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lower than that of nitrogen, an observation also made

by others (van Andel and Vera, 1977; Benzing and Davidson,
1979; William and Bell, 1981). Similarly, generally higher
allocation of nitrogen comvared to phosvthorus and potassium
to the leaf component was noted, an observation similar to
that of Saxena and Ramakrishnan(1984a), Since nitrogen is
closely associated with photosynthetic components especially
chlorophyll and carboxylase enzymes and since phosphorus and
potassium are less critical in this respect (Terry and Ulrich,
1973; Natr, 1975). Such an allocation pattern is understand-
able,

During cropping under slash and burn agriculture
nutrient losses that occur through ash blow-off and through
hydrology (Toky & Ramakrishnan, 1981b) are very high, In
the early fallow phase, a rapid devletion of nutrients from
the soil occur, so that in the younger fallows nutrient
availability is limited (Ramakrishnan and Toky, 1981; Toky
and Ramakrishnan, 1983b), This devletion from the soil woulg,
however, increzse with fallow age., This would expnlain the
higher nutrient uptake efficiency of M. micrantha from younger
unburnt fallow plots compared to the older ones. However,
the low nutrient uptake efficiency in younger unburnt fallow

plots is compensated to some extent by a high nutrient use
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efficiency, which declines in older fallows. The low
nutrient use efficiency in older fallows is also reflected
in the high nutrient cost for seed reproduction in an 8-
year-old fallow that was unburnt, when compared to the

burnt site,

In burnt fallow plots, the nutrient uotake efficiency,
however, was generally higher than in unburnt plots and this
increased with fallow age., This is related to increased
fertility because of increased fuel load in older fallows.
Consequently here the nutrient use efficiency declined with
fallow age. This early successional exotic weed, thus, is
adapted to a ruderal environment subjected to constant per-
turbation. In the present case, fire seems to be an important
component at various stages in its life cycle right from the

stage of its establishment through growth and reproduction.
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SUMMARY

Effect of fire on growth and allocation of biomass

and nutrients in Mikania micrantha H.B.K., an exotic early

successional perennial weed studied in seral stages after
slash and burn agriculture, In burnt sites establishment

of M, micrantha was chiefly through seeds, whereas in
unburnt sites vegetative reproduction alone occurred.

While growth in the burnt sites was less affected through
fallow age, the plant vigour declined sharnly in an 8-year-
0ld unburmt fallow plot., In burnt sites both biomass and
nutrient allocation to the seed component was generally
higher compared to unburnt sites of all fallow ages, The
biomass and nutrient allocation strategies of this species
followed different patterns suggesting that both the curren-~
cies are important, Generslly higher nutrient uptake effi-
ciency which increased with fallow age in burnt sites are
related to soil nutrient level, The high nutrient uptake
efficiency in younger fallows and low nutrient uptake effi-
ciency in older fallows that are unburnt plots are also simi-
larly related. However, the reverse vattern for nutrient use
efficiency may be a compensatory vlasticity mechanism for
survival in successional environments, It is concluded that
perturbation such as fire plays an important role at various

stages of the life cycle of this species,
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INTRODUCTION

Slash and burn agriculture is a predominant land
use system in the humid tropics of the north-east India
(Ramakrishnan, 1985a), Partly due to increase in population
pressure and partly to reduced land availability as related
to desertification (Ramakrishnan, 1985b,c), the slash and
burn agriculture cycle (the intervening fallow phase between
two successive croppings at the same site) has come down
from a more reasonable length of 10 years or more to less
than 5 years, This has aggravated the weed votential under
this land use (Saxena and Ramakrishnan, 1984)., Mikania
micrantha Humboldt, Bonpland and Kunth, is one such exotic
weed that was introduced into this region a few decades ago
(Parker, 1972; Dutta, 1977) as a ground cover for tea plan-
tations, but has now become difficult to control, this and
many other weeds, however, have a conservation role in terms
of restoring a disturbed ecogystem after slash and burn
agriculture (Ramakrishnan, 1984). The present vaver, therefore,
deals with the biomass, litter production and aboveground
net primary productivity of early successional plant communities
developed after slash and burn agriculture, but with particular
emphasis on M, micrantha dominated fallows (Toky and Ramakrishnan,
1983a)., The contribution by M, micrantha in the early success-

ional ecosystem function is emphasized,
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METHODS

Site characteristics and ohytosoc¢iology:

Vegetation analysis, biomass and litter fall studies
were done in M, mierantha dominated 1-,2-,4~,8-and 12-year-
old fallows (three revlicates) identified at Lailad, taking
gare to ensure similar topographic and exposure conditions,
The age of the fallows and the similarity in land use with
a 10-year jhum cycle (the intervening fallow phase between
two successive crovvings at the same gite) were based on
our own observations and also on the records of the village
headman, Age was calculated from the time the cropped plots

were left fallow for natural regeneration,

Density, frequency and cover of the associated vege-
tation were studied using 1 m? quadrats for herbaceous

species and 100 m2

guadrats for shrubs and trees., The
importance value index (IVI) was calculated using relative
frequency, relative density and relative baszl area of the
species (Misra, 1968; Kershaw, 1973). The values are based
on 20 randomly placed quadrats at each fallow olot with 2 to

2.5 ha, evaluated per site (left-over tree species during

slash and burn overation were excluded from the study),

Litter:

In 8~and 12-year-o0ld fallows 15 litter traps of 100 X

100 X 15 cm size were placed at random in each fallow plot,
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However, in 1-2-and L4-ycar-old fallows, where herbaceous
vegetation was dense, the litter was carefully collected

from 15 randomly placed 1 m2

permanent quadrats, Litter
sampling was done for a one year period, at monthly inter-
vals, excepnt during rainy season, (May-August), when 2
weekly collections were made, Litter was classified into
different components and categories, Litter was dried at

80% for 24 hours and weighed,
Biomass and productivity:

The biomass of vegetation less than 2 m tall was
egtimated by harvest method when most of the species were
at their peak biomass (October, 1983). 20,1 m? quadrats
placed 40 m avart along a transect in each fallow plot were
clipped at ground level and sorted out into different cate~
gories and components, They were oven dried at 80%c for

24 hours and weighed,

Biomass of individuals taller than 2 m in 4~,8=2nd
12-year-old fallows were estimated on the basis of indivi-
dual harvests of different size classes of a given svecies,
Thus the bamboo shoots were divided into five diameter
classes at 2 cm intervals from 3 to 11 cm, Five random
replicates of each diameter class were cut at ground level

and the fresh weight biomass was obtained separately for
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different components. Dry weight was calculated on the
basis of weighed samples dried at 80%, as above, The
average shoot density of each diameter class was then

used to calculate total biomass, For all other shrubs

and trees linear regressions between diameter at breast
height (dbh) and various biomass components were calculated
(Hewbould, 1967) based on the harvest of 20 individuals of

each dbh class.

The community biomass accumulation rates in different
fallows was determined from the difference between the stan-
ding biomass at peak growth of two consecutive fallow ages.
The annual litter production was added to this value to give
aboveground net community primary productivity. The biomass
accumulation rate in M. micrantha in different fallows was
the difference between the initial biomass in March just
before current year's growth was initiated and the peak
biomass obtained in October, Aboveground net production
for this species included bicmass logses during the growth

period, Herbivory was not determined,
RESULTS

In younger successional fallows upto about 8 years,

weedy species such as Mikania micrantha, Eupatorium odoratum,

Ageratum conyzoides, BErigeron linifolius and Imperata cylindriea

form important components of the community, Dendrocalamus
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hamiltonii, a bamboo which comes as sprouts in younger

fallows become more dominant in &-and 12-year-old fallows,
A few trees and shrubs come up as seedlings, stem and root

sprouts (TableS1),

Litter production:

The total annual vroduction of litter increased
(P<0.,05) with fallow age and reached 732 g me yea'f"1 in
a 12-ysar-old fallow (Table52). M. micrantha alone contri-
buted 69, 58 and 63 vercent respectively in 1-, 2-and 4~
ycar-old fallows, 8 and 0.} vpercent resvectively in 8-and
12-year-old fallows, Where as in fallows upto 4 years the
herbaceous species contributed anywhere between 82 to 100
percent of the total litter production, their contribution
to the total litter oroduction in 8-and 12-year-old fallows
was very low but with shrubs and trees contributing 91 to 99

percent,
Biomass and productivity:

The standing aboveground biomass in successional fallows
increased significantly (P<0,01) with fallow age with a
maximum of 8.37 Kg ﬁz in a 12~year-old fallow (Tables53).

The biomass contribution by M, micrantha and other herbs
increased with increase in fallow age uoto 4 years, beyond
which it declined drastically. The contribution of biomass

by M. micrantha to the herb biomass total was significantly
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higher (P 0,05) in 2-and 4-year-old fallows, The

biomass of shrubs and trees of which Dendrocalamus hamil-

tonii was the dominant species increased with fallow

age, more sharply in 8-and 12-year-old fallows., Biomass
accumulation rate was not significantly different in 1- %o
L-year-old fallows but imnroved markedly in 8-and 12-year-
old ones, The net primary vroductivity, however, increased
significantly with fallow age (TableSk). Biomass accumu=~
lation quotient which is a ratio of standing biomass divided
by net primary productivity also showed a similar increase
with fallow age, but more markedly in 8~and 12-year-old

fallows,

Standing biomass, biomass increment and net primary
productivity of M, micrantha all increased with the fallow
age up to 4 years, beyond which they declined sharply (Table55),
Biomass accumulation quotient, however, increased with in-

crease in fallow age up to 12 years,
DISCUSSION

The early stages of secondary succession is largely
determined by the degree of destruction of the pre-forming
vegetation and its pronagules in the soil. During the first
few years, when weed species predominate, there is consider=~

able variation in species composition according to the
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agricultural cycle, weeding intensity and available seed
source, Thus four different tyves of early successional

weed communities were recognized at lower elevations in
Meghalaya (Toky & Ramakrishnan, 1983a), of which M, micrantha
dominated fallow is one, which is emphasized in this study.

The aboyeground parts of this vigorously growing
species, that is largely clonal with extensive rooting at
nodes and forming a thick mat on the ground and smothering
over other herbs and shrubs, die out during December-January,
after a growth phase between March to November. Such a
pattern of litter production where the entire aboveground
parts contribute may explain the 'overshoot! in the early
phases of succession, noted also by Ewel (1976) in tropical
successional environments in Gautemala, The ravid decline
in biomass and litter »roduction by herbs including M.
micrantha in 8-and 12~year-old fallows is related to bio-
logical suvonression (Chanter I) of these due to reduced
1light availability in communities dominated@ by bamboos,
shrubs and trees, The values for litter production obtained
during this study are similar to that shown for early suce-
essional communities in Tzabel, Gautemala (Ewel, 1976) and
our earlier observations in north-cast India (Toky and

Ramakrishnan, 1983a). Much of the litter fall occurred
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during the dry season, with high rate of decomposition
during the subsequent monsoon season, so tﬁat the nutrients
released through mineralization during this veriod caused
an annual vpulse in production as also observed in Amazonian

early successional forests (Uhl and Jordan, 1984).

Rapid increment in biomass in early successional
fallows could be related to the exnloitative nature of the
gnecies that canitalize uron a nutrient rich environment
after slash and burn, high light availability and ravid cycling
of nutrients through high litter fall and ouick decomposition.
The values revorted here are commarable to the range of values
reported by others from elsewhere in the tropics (Snedaker,
1970; Ewel, 1971). Whilst the net primary oroductivity showed
a gradual increment from 1- to 12-year-old fallows, there
was a rapid upward shift in standing biomass in 8-and 12-year-
0ld fallows due to a shift in cormunity structure from herbs
to shrubs and trees including bamboo, Biomass accumulation
quotient increased with fallow age more drastically in 8-and
12-year-old fallows suggesting that though standing biomass
increased the net primary productivity in relation to biomass
actually declined. The net orimary oroduction of M, micrantha

drastically declined in 8-and 12-year-o0ld fallows due to
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extremly reduced vigour of this srecies in these fallows.

Thus, under longer shifting agriculture cycles, M, micrantha

is suppressed during successional development of the plant
community but is arrested at the weedy stage under shorter
cycles of upt about 5 years (Saxena and Ramakrishnan, 1984b).

An early successional exotic weed such as M. micrantha would
thus contribute to restoration of the disturbed ecosystem under
longer shifting agriculture cycles which it would pose problems
related to weed control under shorter slash and burn agriculture

cycles as is prevalent in the region now.
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SUMMARY

Biomass, litter production and aboveground net primary
productivity of the plant communities during secondary
succession upto 12 years of slash and burn agriculture

increased but the contribution by Mikania micrantha H.B.K.,

reached its maximum in a 4~year-old fallow after which thers
was a drastic decline, During the first four years of secon-
dary succession the total aboveground biomass of M. micrantha
produced during the growing season between March to November
vwas converted to litter due to total death of the aboveground
parts of this species resulting in an tovershoot! of litter

production during this phase,
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INTRODUCTION

The pattern of secondary succession and the rapidity
with which the system recovers after slash and burn agriculture
devend upon the degree of destruction of the pre-forming
vegetation and its propagules in the soil. The pattern during
the first few years vary according to the agricultural cycle,
weeding intensity and available geed source (Toky and Rama-
krishnan, 1983a; Chapter5 ), A knowledge of the cycling of
nutrients is essential to understand the way in which soil
fertility lost during the cropning vhase is restored during
the fallow period., The patterns and vprocesses involved during
the first few years, of secondary succession not only vary
depending upon the vegetation structure, but are imrortant
for a better appreciation of nutrient conservation mechanisms
operating after perturbation of the system, Further, little
is known of nutrient cycling in tropical and subtropical forests
(Greenland and Kowal, 1961; Nye, 1961; Jordan and Klinge, 1972;
Golley et al., 1975; Grubbt and Edwards, 1982) and much less
about the pattern of nutrient cycling in trovical secondary
successional fallows (Bartholomew, Meyer and Laudelout, 1953

Toky and Ramakrishnan, 1983b),
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The present study deals with nutrient cycling in
early successional fallows that are dominated by Mikania
micrantha Humboldt, Bonplad and Kunth, develoved after
slash and burn agriculture (jhum) in north-east India,

The contribution by M. micrantha in these plant communities

is emphasized,

METHODS

1=,2=,4-,8~ and 12-year-cld fallows after slash and
burn agriculture (three replicates) were identified at
Lailad, taking care to ensure similer topogranhic and exposure
conditions, The age of the fallows and similarity in land
use with a 10~year-jhum cycle (the intervening fallow phase
between two successive cropnings at the same site) were based
on our own obsgervations and also on the records of the village
headman, Age was calculated from the time the cropved plots

were left fallow for natural regeneration,

Ten soil samples from each fallow were collected in
October 1983, along a transect, at regular intervals of 40 m,
sampling was done upto a depth of 4O c¢m at intervals of 0-7,
7-14, 14-28 and 28-40 cm., A composite sample for each depth
was prepared by thoroughly mixing the ten soil samples of

a given replicate fallow,



150

Available phosphorus was measured in the fresh soil
sample, colorometrically, by ammonium-molybdate method after
extraction with Bray and Krutzt's solution (1947). The soil
was air dried, ground and passed through 2 mm sieve and
stored in polythene jars for subsequent analysis, Elemental
analyses were done following standard orocedures (Allen et al,,
1974). Nitrogen was estimated by micro-kjeldhal method. Cations
were extracted with 1 M ammonium acetate solution at »oH 7,
Potassium was estimated with flame-emession method and calcium

and magnesium by BDTA titration.

The weight of each element (m2) in the soil was calculated
using bulk density (the quotient of the dry weight of soil to
the total volume it occupies in the field) estimates calculated
for each relicate fallow and depth separately using a 10 X 10 em

corec sampler,

For the elemental analysis of the vegetation, sampnles of
predominant species in each category were analysed separately;
the minor species were combined into a composite sample, In
all the cases, leaves, branches and main stem were analysed
separately, Litter samnles were similarly categorized before
analysis. Oven dried nlant and litter samples were ground to
powder and passed through a 0.5 mm gieve, After wet dig%}ion

with triple acid (Allen et al., 1974) nitrogen, phosphorus,

potassium, calcium and magnesium were analysed as above,
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Table 6,1 Nutrient content (% %) of aboveground vegetation
in successional fallows developed after slash and
burn agriculture,.

Age of rallow (years)
Species Nutrient

T 2 L ] T2
N 1.8L 5.13 7.9k 0.85 0.058
P 0.30  0.73 1.24 0.14 0.009
M, micrantha K 3.01 7.77 10.46 1.35 0.09

Ca 1.22 3.23 L.48 0.55 0.37
Mg 0097 3001 ho6h 0046 00032

N 2,86 2.86 3.17 0.87 0.23
P 0.43 0.43 047 0.12 0.053
Other herbs K 2,92 2,90 3.62 0.99 0.20
Ca  1.70  1.67  1.88  0.49  0.12
Mg 1,11 1,35 1.59  0.39  0.092

N 0.32 0.83 3.93 16.86 29.2.4

P 0.05 0.18 0.80 2.41 Le57
Shrubs and trees K 0.36 1 44 6.75 40.18 67.40
(including bamboo

Ca 0.26 0.93 L.08 15.85 25.49

Mg 0015 0056 20#9 8008 13.36
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In the present study the cycling of elements between
the soil and vegetation only was considered., The fractional
annual turnover of each element was calculated by dividing
the weight that left the compartment by the weight held in
that compartmeﬁt and expressed as a vercentage (Reiners and
Reiners, 1970). Thus for the vegetation, the weight lost
through litter fall was divided by the weight in the vege-
tation and for the soil, the weight taken up by the vegetation
was divided by the weight in the soil. In order to compare
the rates at which elements are incorporated into the vege=-
tation, the enrichment quotient was calculated for each stand
as the quotient of the weight of a given element in the vege-
tation divided by its rate of uptake by the vegetation (increase
in the aboveground living biomass + litter fall) (Woodwell,

wittaker and Houghton, 1975),
RESULTS

In Mikania micrantha, the amount of nutrients stored
in the biomass increased upto a L4~year-o0ld fallow followed
by a drastic decline in 8- and 12-year-old fallows iTablegﬂ).
The other herb species also followed a similar pattern except
that the nutrient content in 8- and 12-year-old fallows dec-
lined less drastically., On the other hand, the nutrient content
in shrubs and trees increased gradually upto 2 years, but

sharply in 8- and 12-year-old fallows,
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Table 6,2 Total inventory of nutrients (g e qu) for
successional fallows developed after slash
and burn agriculture.

Age of fallow (years)

Nutrient T 2 L 8 12
N 5.02 8.82 15,0 18,62 29,53
P 0.78 1.34 2,51 © 2,64 L6l
Standing biomass K 6.29 12,11 20.83 42,28 67.69
Ca 3,18 5.83 1044 16,79 25,65
Mg 2.23 4,92 8.72  8.89 13.48
N 916 949 1070 1125 1101
P 1.02 1.02 0.95 1.54 2,29
Soil pool to a K 138 Oh.12 68.80 84.67 115.20
depth of Q=40 cm
Ca 150 125.65 83.63 91,32 112,73
Mg 99.52 109,70 79.16 63.13 96,12
N 0.38 0.67  1.07  1.56 1,92
P 0.03 0.05 0.08 0.12 O.14
Litter on the K 0.19 6.32 0.52 0,75 0.93
ground Ca 0425 Oubly  0.69 1,01 1.25
Mg 0.18 0.31 0.50  0.73 0,90
N 921.40  958.49 1086.11 1145.18 1%32.45
P 1.84 2.41 3.54 L.31 7.07
Total K 144,48 108.96 90.25 127.70 183.82

Ca 153.43 131.92 94.76 109.12 139.63
Mg 101.93  114.92 88.38 72.75 110.50
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Table 6,3 Annual nutrient return through litter (g e y?ﬂ)
in successional fallows developed after slash
and burn agriculture,

Age of taliow (years)
L 5]

Nutrient 1 2 12

N 0.55 1.08 2.36 0.39 0.013

P 0.04 0.12 0.33 0.05 0.0014
M, micrantha K 0.36 0.77 1.94 0.26 0.0098

Ca 0.46 0.95 2,02 0.34 0.013

Mg 0.31 0.62 1.20 0.24 0.007

N 0.26 1,00 0.79 0.14 0.080

P 0.02 0.07 0.06 0.01 0.0074
Other herbs K 0.13 0.73 0.61 0.10 0.0056

Ca 0.14 04,55 0.51 0.09 0.0049

Mg 0.13 0.38 0.34 0.06 0.029

N - 0.32 0.83 5.74 6.77

P - 0.02 0.08 0.50 0.598
??;gggdigg gz;ggo)K - 0.25 0.68 L8R 5484

Ca - 0.23 0.66 Le35 .89

Mg - 0.13 0.18 4.78 2.86

N 0.81  2.40 3.98  6.27 6.86

P 0.06 0,21 0.47 0.56 0.60
Total K 0.49 175 3423 5.18 5.85

Ca 0.60 1.73 3.19 L.78 L.95

Mg Oy 1,13 1.72 2,74 2.89
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Nutrients stored in the aboveground standing biomass
increased with age of the fallow upto 12 years, with maximal
accumulation for potassium, nitrogen and calcium (Tabletz).

The amount of nitrogen in the soil pool to a depth of 4O cm
increased upto 8 years and more or less stabilized in a 12~-year-
old fallow, Available phosphorus increased with fallow age.
Exchangeable cations initially declined with fallow age but
improved in a' 12-ycar-old fallow. Nutrient content in the
gtanding litter improved with fallow age upto 12 years, Whilst
the total nitrogen and nhosvhorus budget for the ecosystem
Improved with fallow age, cations declined upto L4 years with

improvement in older fallows,

The annual nutrient return through M., micrantha increased
upto a L-year-old fallow followed by a sharo decline in older
fallows; the other herbs also showed a similar trend (Tableg3).
The return through shrubs and trees improved with fallow age,
nore markedly so in 8- and 12-year-old ones., The total nut-
rient return through litter fall also increased with the age

of the fallow,

Rate of nutrient uptake by M. micrantha increased upto

L=year-old fallow with a sharp decline in &= and 12-year-old
oneg, in contrast to the total uptake by the vegetation as a
whole which increased steadily (Tableé6l),
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Enrichment ratio for M. micrantha as well as for the
total vegetation increased with the age of the fallow for all
the elements (Tablet5)., The exceotion to this was phosphorus
in the vegetation; in which case the ratio decreased in a

12-year-old fallow,

The quotients of the annual return of elements through
litter fall to the annual untake by M. micrantha increased
with the age of the fallow (Tablet6), In general calcium had
higher values whilst potassium and ohosphorus had least values,
The quotients for the vegetation reached maximal values in an
8-year-old fallow followed by a decline in a 12-year-old one
except for potassium; where 8- and 12-year-old fallows had

similar values.

The fractional annual tummover of nutrients for soil
and vegetation is given in Tableé?7, Those for phosphorus and
potassium of the soil gave maximum values in 4~ and 8-year-old
fallows respoectively, whereas for other elements improved in
older fallows, The nutrient turnover through M. micrantha
generally increased with the age of the fallow where as the
turnover rate in the total vegetation reached a maximum in an
8-year-old fallow followed by a sharp decline in a 12~year-

old fallow,
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DISCUSSION

Mikania micrantha is an early successional weed dominant

in fallows upto about .4 years only (Chapter I). The nutrient
content in the living aboveground biomass of this weed and

its release through litter fall increased upto ‘4 years of
fallow regrowth with a drastic decline in subsequent years

due to its natural suppression by fast growing shrubs and
trees (Chapter 5). The nutrient content in the living biomass
of the total vegetation and its return through litter drasti-
cally increased beyond 8 years, Such a shift in nutrient
cycling pattern due to a shift in community structure was

also reported in another study on secondary succession from
north-east Tndia (Toky and Ramakrishnan, 1983a,b). Steady
increase in total biomass unto 12 years resulted in nutrient
build up in the vegetation and the amount oresent in the litter

on the ground,

A higher initial »nool of nutrients in the soil derived
after slash and burn is rapidly depleted by fast growing early
successional vegetation of upto 8 years of fallow regrowth
(Toky and Ramakrishnan, 1983a; Mishra and Ramakrishnan, 1983¢).
The only exception to this was nitrogen where the recovery
occurred right through the 12 year period., This may be related

to increased mineralization due to higher microbial activity
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(Bwel, 1976). Higher microbial activity may partly be due to
rise in soil pH after the-burn (Ahlgren and Ahlgren, 1965;
Griffith, 1949; Moore and Jaiyebo, 1963) and partly to removal
of allelo-chemical effects after clear cutting of vegetation

(Rice, 1974).

A high rate of uptake of nutrients for M. micrantha, only

upto a A-year-old fallow; subsequent drastic decline in uptake
is related to decline in the population vigour of this species,
This is also reflected in the sharp increase in the quotient

of the annual return of nutrients through litter to the annual
uptake, in 8- and 12-~ycar-old fallows., Such a conservatory role
of votassium in fallows derived after shifting agriculture was

also recorded for the bamboo species, Dendrocalamus hamiltonii

(Toky and Ramakrishnan, 1982) and for M. scandens (Burkill, 1935;
Craig and kvans, 1946). Conservation of vrotassium is important
in tropical environment, as this element is shown to be highly

mobile and susceptible to leaching (Nye and Greenland, 1960).

The uptake of nutrients by the total vegetation generally
increased with fallow age, However such a ravid transfer of
nutrients from soil to the living biomass is reflected in nut-
rient pool devletion Qqf the soil, to a certain extent only with
resncct to the cations. Phosvhorus in the soil vpool improved
sharply in 8- and 12-year-old fallows and this could be related

to the release from the raridly declining M, micrantha and other
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herbaceous weeds that take up phosvhorus (Toky and Ramakrishnen,
1983h) after I years. The gradual increase in nitrogen of

the soil vool with fallow age inspite of ravnid uptake by the
developing vegetation could be due to ravid nitrification in
the goil, discussed above, The increasing enrichment ratio,

for different nutrients in M. micrantha and the total vege-
tation, with fallow age also suggests of greater elemental
storage in the living biomass as compared to urtake by the

vegetation,

The quotient of the annual return of elements through
litter fall to the annual uvtake for the total vegetation
increased upto 8 years followed by a sharp decline, suggesting
that during the herbaceous conmunity phase nutrient retransfer
from the living biomass to the soil increased, The exception
to the above pattern was potassium, Toky and Ramakrishnan,
(1983b) have shown in an earlier study that between 10-20
years of fallow regrowth, this quotient stabilized at a lower
level, Such a trend, perhavs, would have become evident if
this tudy was extended to older fallows, This is explainable
because both M, micrantha during the early phases of secondary

succession and Dendrocalamus hamiltonii that come up after

about 8 years (Toky and Remakrishnan, 1983a,b) both conserve

potassium in the plant biomass,

Increase in uptake of nutrients by the vegetation in

the early stages of secondary succession is reflected in the
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increase in annual fractional turnover rate in the soil

upto 12 years for nitrogen and magnesium and 4~8 years for
other elements, Greater release through the litter of M,
micrantha is reflected in the increase in annual turnover
through this species with fallow age, Such a trend was
observed for the total vegetation too, except that, there was
a decline in turnover rate particularly in a 12-year-old
fallow, This may be related to the nutrients released through
herbaceous species being taken up and transferred rapldly to

the living biomass of developing shrubs and trees,

During the early phases of secondary succession upto
4 years M, micrantha maintaing a high rate of nutrient cycling
through its ranid growth, total death of aboveground parts
during the winter months and the consequent high litter pro-
duction, Thus the nutrient cycling pattern in M, micrantha-
dominated early successional fallows such as these oS@ some
what different from that observed in others where this species
was not present (Toky and Ramakrishnan, 1983b), Only with
the shift in community structure from herbs to shrubs and
trees which have a large storage capacity in the living biomass,
after 8 years of fallow regrowth, stability in nutrient cycling

is achieved over a period of time,
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SUMMARY

During the herbaceous phase of secondary succession

after slash and burn agriculfure, Mikania micrantha H,B.K.,

plays an important role in nutrient cycling in the present
system. M, micrantha conserves considerable quantities of
potassium in its biomass. During the herbaceous community
rhage of secondary succession, though there was an increment
in nutrient uptake by the developing vegetation, the re-
transfer through litter fall increased at a greater rate,
The shift in nutrient cycling properties of the develoning
vegetation because of changes in community structure from

a pre-dominantly herbaceous type to shrubs and trees pre-
dominating is reflected in various parameters observed in

older fallows,.
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INTRODUCTION

Natural weed management in slash and burn agriculture
(jhum) system being based on the length of the fallow phase
after the land is left fallow for vegetation regrowth, the
length of the fallow vhase plays a critical role in weed
control, The weeds being the oredominant component of the
early successional communities upto 5 years of fallow re-
growth (Toky and Ramakrishnan, 1983a), continuous imposition
of a short cycle of 5 years or less tends to exaggerate the
weed potential in the cropring system (Saxena and Ramakrishnan,
198L4b). As the perennial vegetation gets re-established with
long fallow periods, weeds are suppressed to a large degree
which is reflected in the reduced weed potential during the
cropoing phase., Our vreliminary observations (Ramakrishnan,
198L) and those of others (Chacon and Gliessman, 1982; De
Schiove, 1956; Altieri, 1983; Moody, 1975) suggest that weeds
have a vpositive role to vlay in these traditional agricultural
gsystems, The present study, therefore, aims at an evaluation
of the traditional weeding vractices of the jhum farmer and
an assegsment of the resedual weed population as an integral

component of the agroecosystem,

METHODS

Cropping and yield measurements:

Agroecosystems under two slash and burn agriculture

(jhum) cycles of 20- and 5-years were identified at Lailad
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taking care to ensure similar tovogranhic and soil conditions,
Each jhum cycle (intervening fallow phase between two succe-
gssive croppings at the same gite) with three revlicate fields
of 2 ha each were selected, Each replicate field was divided
into three sub=-plots of 50 X 50 m each with a given weeding
regime; i,e,, traditional weeding (Trw) which is a partial
weeding as practiced by the farmer, total weeding (Tow), and
unweeded (Unw). Both partial and total weeding regimes invol-
ved weeding through hand hoeing four times during the cropping
period excent that in the former case vart of the weed popu-

lation (about 20% weed biomass) was left undisturbed.

Phytosociological analysis of the crop plants under
different treatments were done before the harvest of early

maturing crovs (Zea mays and Seteria italica) of the mixed

crooning system, where sequential harvesting was done as and
when crops matured starting from mid-July to November, Phyto-
sociological analysis of weeds was done just before the first
weeding in mid-May and before the fourth weeding in September,
Frecuency, density and basal area measurements are based on

2

20 randomly placed 1 m® quadrats. Important value indices

were calculated following the procedure given by Kershaw -

(1973)

The biomass (including fallen leaves) and economic

yield measurements are based on an average of 15 individuals
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of each crop species, under each treatment. Economic yield
per unit area was then computed using the density values
obtained for each crop species., Weed biomass measurements
are based on the weeds removed from a 100 m2 quadrat (three
replicates) during each of the four weedings under the two
weeding regimes, In the unweeded olot, weed biomass was

similarly measured but during the peak growing veriod in Octobery
Cost-benefit analysis:

The monetary input/outvut analysis was done on the
basis ¢f the prevailing rates of wages for labour at the rate
of BRs. 8/-. The total economic yield was converted into Rupees
on the bagis of prevailing market prices, Bconomic efficiency

was evaluated as output/inout ratio.
Energy measurcments:

Labour input in man hours was recorded for cropping
under different treatments. Total food energy consumed was
apportioned to each activity (leach, 1976) according to relative
duration on the basis of grouping involving either sedentary,
moderate or heavy work. Per hour energy expcnditures of 0,418
MJ for sedentary work, 0.,88 MJ for moderate work and 0.679 MJ
for heavy work for an adult male, and 0.331 MJ for sedentary
work, 0.383 for moderate work and 0.523 MJ for heavy work for

an adult woman, were used to calculate the labour energy inout
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Table 7,1 Energy value for different component considered
in the agro-ecosystem (after Gopalan et al. 1982)

(Values expressed as dry weight megajoule

equivalent).
Category Average energy value
(M J kg
Grains 16.29
Pulses 16.24
Seasamum 26.60
Castor 25,96
Leafy vegetables 13.75

Roots and tubers 13.76
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into the system (Gopalan et al,, 1978). The input of energy
through seeds was calculated on the basis of total energy
exvended to nroduce that graction of crop yield. For cal-
culating the output of energy under different treatments,

the total economic yield of the various crons was converted
into megajoules of energy by multiplaying with standard values
of various edible parts of crops as given in Table71, The

energy efficiency was calculated as the output/input ratio,
Losses through water:

For studies pertaining to run-off and sediment, the
loss from a confined area of 1 X 10 m along the slove was coll-
ected in large collectors and periodically removed for analysis,
Percolation studies were made with the help of a simvle lysi-
meter of the Russian type (Buckman and Brady, 1960). The soil
wag cut into vertically, to exvose the orofile, A tunnel was
then excavated at a denth of 40 em (this is the depth to which
mogt of the root system penetrate) and a collector of 30 X 30
X 15 cm was placed in the tunnel. By rressing from below, the
rim of the collector was firmly inserted into the indisturbed
soil above, The water percolating through the soil was tapped
from the collector into recentacles from time to time for ana-
lvses, rormaldehyde (40/7) was used to stop biological activity

immediately after collection,
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The analyses of water samples were done following the
methods given by Allen et al. (1974). Thus NOB-N was esti-
mated by the phenol-disulphonic acid method, and POA-P was
estimated by the molybdenum-blue method. FPotassium was
estimated by the flame-emission method, while calcium and

magnesium were analysed by EDTA titration method.
RESULTS

While in a 20-year jhum cycle there were 13 crop svecies
in the mixture, a 5-year cycle had only 9 (Table?72), Under the
two jhum cycles, the emvhasis was more on grain and seed crovs,
particularly on rice, Under different weeding regimes, the
density of the individual species differed only with resonect
to grain and seed crops. The density generally was lower in
the unweeded v»lots, under both the cycles; IVI values, however,

were not very different.

A 20-year jhum cycle had more of shrub and tree gprouts
including bamboo in the initial phases of cropring compared to
a 5~year cycle (Table73). By the end of the cropping phase,
during fourth (final) weeding shrubs and the trees generally
declined and herbaceous weeds increased under a 20-year jhum
cycle, On the other hand, under a 5-year cycle, herbaceous weed

were dominant over shrubs and trees,
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Under a given treatment crop biomass declined sharply
under a 5-year cycle compared to a 20-year cycle (TableZi).
Within a given cycle, unweeded plots showed a drastic reduction
in crop biomass, Weed biomass (both standing and that weeded
out) declined drastically under total and traditional weeding
regimes as compared to unweeded vlots., In traditionally weeded
plots about 20% of the total weed biomass is retained in the

cronpning system,

Grain and seed crovs accounted for a major v»rovortion of
the total yield followed by leaf and fruit vegetables and least
for tubers (Table?5). Between the two jhum cycles, the yield
ver vlant and per hectare was drastically reduced under a 5-year
jhum cycle compared to a 20-year cycle, The yield per plant
and per hectare under the two jhum cycles improved marginally
only under total weeding as compared with traditionally weeded
plots., However, the yield in the unweeded plots was markedly

reduced, compared to other two treatments,

Much of the labour cost is for slash and burn, but const-
ruction and harvesting overations (Table’Zé), This cost was
lesses than half under a 5~-year jhum cycle compared with a 20-
year cycle, Labour invut for total weeding was more or less
the same under the two jhum cycles, exceot that traditional
weeding under a 5-year jhum cycle was contlier than that under

a 20-year cycle,
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Economic out»ut under a 5-year jhum cycle, under a given
weeding regime, was drastically reduced when comnared to a
20-year cycle (Tablel6)., This reduction was more obvious with
respect to grain and seed crovps compared to others, While there
was only a marginal reduction in economic outnut under tredi-
tional weeding when compared with total weeding, the reduction
was very pronounced in unweeded plots, Again, this adverse
effect of no weeding was more prounounced with respect to econoﬁic

output through grain and seed crops,

Net gain was generally higher under a 20-year jhum cycle
than under a 5-year cycle (Tablef6), Further drastic reduction
in net gain was obvious only in unweeded plots, so much so that
under a 5~year cycle with no weeding the input equalled the out-
put from the system, This pattern was reflected in the output/

input ratio too.

The energy invut and output vatterns broadly correspond
with the monetary input/output patterns discussed earlier, with
drastic reduction in outrut with shortening of the jhum cycle,
and in unweeded plots under a given cycle (Table77). The outout/
input ratio was well above 50 under all treatments except where
no weeding was done under the two jhum cycles, where the ratios

were a low 12,3 and 18.8 .
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Fig.T.l. Monthly loss of NG} (A), PS, (B), and
potassium (C) in run-off water during the
monsoon under Trw (circles), Tow (triangles)
and Unw (squares) regimes under slash and
burn agriculture., Closed symbols, for

20 year; open symbol for 5 year jhum cycles,
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Fig,7-2 .

Monthly loss of NOEN (&), Pai (B), and

potassium (C) in percolated water during
the monsoon under Trw (Circles), Tow
(triangles) and Unw (squares) regimes
under slash and burn agriculture. Closed
symbols, for 20 year; onen symbol for

5 year jhum cycles.
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Losses through water:

Run-off loss of water was generally higher than that q&
through percolation (Table78). Water loss through run~off and
sediment had consistently higher under a 5~year cycle than
under a 20-year cycle, Under traditional weeding the losses
were significantly lower (P< 0,05) than under total weeding;

loases were least in unweeded vlots,

Losses of nutrients generally were higher under a 20-
year cycle than under a 5-year cycle, other than a few excepntions
related to nitrate and vhosvhate losses (Table79)., This diffe-
rence was more pronounced for cationsg, rotassium losses were
heavier than calcium and magnesium, Under a given cycle, the
losses weemaximum under total weeding and least under no weeding,
the traditional weeding being intermediate between the other

two,

Run-off losses of all elements was maximum in May followed
by a decline in subsequent months (Fig7)). The difference bet-
ween jhum cycles and between weeding regimes were most pronounced

in May-June, as commared with three subsequent months,

Percolation losses of all elements peaked in June followed
by a decline on either side (Figes7.2). The difference between

the treatments was also more pronounced at this neaking in June,
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Total loss of nutrients through vercolation under a given
treatment was generally higher under a 20-year jhum cycle than
under a 5-year cycle (Table80). Further, witﬁ:}n a given cycle
the losses through vercolation was maximum under total weeding
and least in unweeded nlots being intermediate between the other

two. Among the cations notassium lossesuwere heavier,

DISCUSSION
Cropping and yield patterns:

Under the three weeding regimes the two jhum cycles of
20- and 5-years, density of the grain and seed crops alone declined
in the unweeded plots, but with little difference between the
other two weeding regimes, Lack of difference in IVI of the crons
under different weeding regimes may be because of compensation

through frequency and basal area,

The chief difference between traditionzl and total weeding
in the vresent study is related to the intensity of the weeding
done, since both the treatments haq&our weeding regimes imposed
on them; the traditional weeding retafned ebout 20% of the weed
biomass as nart of the agroecosystem, Such a retention of weeds
during traditional weeding does not seem to have much adverse
effect; crop yield is only marginally affected. On the other

hand, as is to be expected, the yield in unweeded plots was
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drastically reduced, This reduction in yield due to weed
intensity was more pronounced for grain &nd seed crops than

for others, suggesting that these snecies are nmore suscentible,
The drastic decline in yield under a short jhum cycle of 5 years
may partly be due to reduced soil fertility status (Ramakrishnan
and Toky, 1981) and partly to increased weed potential, parti-
cularly of the herbaceous kind as shown by us {cf, Table 3)

and through an earlier study (Saxena and Ramakrishnan, 1984b).

An important aspect that emerges out of the economic
and energy analyses is that the cost of traditional weeding is
considerably reduced only under a 20-year cycle but not under
a 5~year cycle, With lesser notential for herbaceous weeds
under a longer cycle, the initial slashing of the shrubs and
tree sprouts keev them under check until after the cropping at
the same time contributing to the standing weed biomass left
in situ, under traditional weeding. Therefore, the farmer
during traditional weeding tends to remove the herbaceous weeds
alone, On the other hand, total weeding would involve frequent
slashing of the shrubs and tree sprouts along with removal of
herbaceous weeds, This would exvlain the difference in the
cost for weeding under a 20-year cycle, Under a 5-ycar cycle,
20% weeds retained are chiefly part of the herbaceous weed

component and therefore)the cost for traditional and total
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weeding tend to be the same, With a drastic decline in monetary
and energy outout in unweeded plots, the economic and ecological
efficiency of the system is drastically affected but was not
different in traditionally weeded plots from that of totally

weeded vlots,

Weeds are traditionally considered to be undesirable
(Baker, 1965) adversely affecting crov yield in agroecosystems,
Under slash and burn agriculture, they are considered to be an
imnortant yield devressing factor (Zinke et al., 19783 Freeman,
1955). However, yield reduction of crons need to consider a
variety of complex factors (Snaydon, 1982) of which weed svecies
and density are important. The 'non-weed! concept in traditional
agricultural systems such as the present one is based on the
assumption that weeds below a particular density level has useful
functions to perform in the agroecosystem (Chacon and Gliessman,
1982; Ramakrishnan, 1984). There are many suggestions to the
effect that weeds contribute to maintenance of soil fertility
{De Schippe 1956), reduction in soil erosion (Moody, 1976) and
in pest control (Altieri, 1983), Many of these sugrestion,
however, need rigorous exverimental verification., In our earlier
studies on nitrogen budget analysis of slash and burn agricul-
tural system (Mishra and Ramakrishnan, 1984), we have shown the

role played by weeds in nitrogen economy,
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Logses through water:

Subsequent to slash and burn overation and during the
cropring phase the ecogystem losses the ability to hold the
nutrients in the soil’and much losses occur (Toky and Ramakrishnan,
1981b; Mishra and Ramakrishnan, 1983a). Though the total nutrient
losses from the system under a 5-year jhum cycle is generally
low compared to a 20~year cycle, the losses, obviously, are more
frequent, Further, more frequent slash and burn operations would
adversely affect soll physical properties (Povhenoe, 1957) and
this would explain the increaged sediment load through run-off

under a 5-year jhum cycle,

As also observed through our earlier studies (Toky and
Ramakrishnan, 1981b; Mishra and Ramakrishnan, 1983a), the losses
are maximum in the early crorning nhase, ' This is vartly related
to lack of vlant cover over the soil, both through crops and
weeds and vartly due to changed chemical characteristics of the
soil through increased pH after the burn., Increased vl may vro-
mote nitrification (Granhall and Hendrikson, 1969) and this along
with increased concentration of bicarbonates may result in an
increase in anions that are balanced by free cations, with conse-
quent increases in losses from the system (Bormann et al. 1968)
at the intial phase, Heavy losses of 6otassium is verhaps related

to greater solubility of this element comvared to calcium and
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magnesium (Allen 1964; Lloyd, 1971). However, heavier losses
of potassium occurring under a 20-year cycle could be related
to the greater release of this element during slash and burn of

a2 predominently bamboo (Dendrocalamus hamiltonii) forest that

accumulates potassium in greater quantities (Ramakrishnan and

Toky, 1981; Toky and Ramakrishnan, 1982).

An important outcome of this study is related to the
role of weeds under traditional weeding vractices of the jhum
farmer. With retention of about 20% the weed rorulation in the
cronning system, the loss of sediment and an element such as
notassium through run-off is reduced by 207 as compared to total
wéeding, Similar reductions in loscses of other elements are
also obgerved, Conservation of resources of the soil even to
this extent is significant because of the heavy losses that
occur under slash and burn agriculture which under a 5~year jhum
cycle, eventually would lead to site degsertification (Ramakrishnan,

The results vresented here on the 'non-weed! concept
of the jhum farmer suggest that the economic and ecological
efficiency of the system is not adversely affected by retention

of vart of the weed biomass, With the harvested weed biomass
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traditionally being vput back into the system, even this
component is recycled into the agroecosystem (Mishra and
Ramakrishnan, 1984). As shown here, a residual weed vopulation
as part of the crooning system not only does not interfere
significantly with croo yield but could contribute to conser-
vation of soil and nutrients, We believe that a deeper under-
gtanding of the non-weed concevnt offers possibilities in terms
of better weed management of temperate (Mutchler et al, 1984)
andAtropical and sub-tropical (Chacon and Gliessman, 1982;
Ramakrishnan, 1984) agroecosystems that needs to be further

explored,
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SUMMARY

Traditional weeding in slash and burn agriculture
(Jhum) in north-east India involves retention of a certain
provortion of weed biomass in gitu. Comvaring this weed
management practice with total weeding and no weeding, the
economic and ecological efficiency of this agroecosystem has
been assessed, It is concluded that the traditional weeding
has little effect on the yield potential of the crop mixture,
On the other hand i% could contribute to congervation of soil
resources upto about 207 as compared to a total weeding regime,
Tndeed, harvested weed biomass put back into the system is an

efficient way of recycling of resources under stress,
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INTRODUCTION

The ecogystem conceot as an aoproach to the ;%dy of
agriculture is of relatively recent origin (8nedding, 1975;
Hart, 1980; Gliessman et al,,1981; Ramakrishnan et al,, 1981b).
Traditional agricultural systems of the slash and burn tyve
not only offer scope for such an analysis but also offer vossi-
bilities for studying perturbation effects on nutrient retention
and losses (Loucks, 1977; Ramakrishnan and Toky, 1981; Toky and
Ramakrishnan, 1981b; Mishra and Ramakrishnan, 1983a,b). Such
an approach for nitrogen budgeting of agroecosystem (Mishra and
Ramakrishnan, 1984) have yielded valuable information on internal
cycling of nutrients, Since the low eléevation slash and burn
agriculture involves total slashing of vegetation followed by
uncontrolled burn before cropving, it was suspected that nitrogen
and phosvhorus budget analyses may yield useful informetion of
value for understanding this agroecosystem function, Unlike the
slash and burn system of higher elevation with controlled burning
(Mishra and Ramakrishnan, 1983b; 198L4). Therefore, the present
study dezls with nitrogen and ohosvhorus budgeting and cycling
under two slash and burn agricultural cycles (intervening fallow
vhase between two successive croppings at the same site), at
lover elevations of Meghalaya in north-east India. Three weeding
regimes have been also incornmorated into this study because of

the fact that the traditional slash and burn farmer emnhasizes
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on the 'non~weed' concent, considering that the weeds have a
useful role to nlay in his agroecosystem (Ramakrishnan, 198%)

and resorts only to a nartial weeding regime,

IMBTHODS

Agroecosystems under two slash and burn agriculture (Jhum)
cycles of 20~ and 5-years were identified at Lailad, taking care
to ensure similar torographic and soil conditions., Hach jhum
cycle with three replicate fieclds of 2 ha, each were selected.
Bach revliczte field was divided into three sub=-nlots of 50 X 50 m
and in each of these sub-nlots three weeding regimes were imoosed,
j.e., traditional weeding (Trw) which is vartial as nractised by
the farmer, total wecding (Tow and unweeded vlots (Unw). Both
vartial and total weeding regimes involved weeding through hand=-
hoeing, four times during the cronning veriod excent that in the
former case part of the weed biomass (2075 of the total) was left

i& situ.

Direct fall through orecivnitation was collected from ten
random voints of each field. Soil was samnled at ten random
voints at each sub-plot, unto a denth of 4O cm, Soil samnling
wag done on three different occasions: (i) a day before burning
the slash in March, (ii) a day after the burn in March and (iii)

at the end of cropping period in December,
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Calculations of the amount of slash burnt and the
materials removed from the agroecosysten asc economic yield
through crop, crop byproducts and weeds or last two components
vloughed back into the system under different treatments are

2

based on three 100 m® quadrat sampleg from each sub-plot.

For studies vertaining to loss of nitrogen and nhos-
phorus through sediment and run-off water, the loss from a
confined area of 1 X 10 m along the slone was collected in
large collectors and vreriodically removed for analysis, Per-
colation studies were made with the help of a simple lysimeter
of the Tussian type (Buckman and Brady, 1960). The soil was
cut into vertically, to exvose the »rofile, A tunnel was then
excavated at a depth of 40 ecm (this is the depth to which most
of the root system penetrate) and a collector of 30 X 30 X 15 ecm
was placed in the tunnel. By pressing from below, the rim of
the collector was fimly inserted into the undisturbed soil
above, The water percolating through the soil was tapved from
the collector into receptacles from time to time for analysis,
Formaldehyde (40%) was used to stop biological activity imme-
diately after collection., After analysing the fresh soil/water
gamvles for NOB-N and PO ~P soon after collection the water

L

sammles were nreserved in nlythene jars, for subsequent analysis,

The soil sampling was done using a core samvler of 10 cm
diameter, The amount of nutrients opresent in the soil pool

(Kg ha4) was calculated to a denth of 40 cm using soil bulk
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density estimates calculated for each site, at denths of 0-7,
7-1L, 14~28 and 28-40 cm, considered sevarately. Bulk density
or volume weight (the quotient of the air dry mass weight of
soill to the total volume it occupies in the field) was deter-
mined from the air drﬂhass of a known field volume of soil,

The samples were analysed by standard procedures given by Allen
et al., (1974). Thus nitrate nitrogen was estimated colori-
netrically by phenoldisulohonic acid method, total nitrogen by

micro-~kjeldahl method and vhosnhorus by molybd@num blue method.

Calculations of the amount of nutrients lost due to fire
are based on the difference on that present in the soil upto
a denth of 40 cm between the pre-burn (a day before the burn)
and vost-burn (a day after the burn) stages: (nutrients in pre=-
burn soil pool + addition through slash) - (nutrients in the

vost-burn soil vool) = loss of nutrients due to fire.

Tnput and outout of total nitrogen and ohosohorus for
each of the sub-plot were calculated on the basis of amount of
that particular input/outnut and the concentration of the element

in i%t.
RESULTS

Nitrogen and phosvhorus losses due to slash and burn are
given in TableB1. A significantly higher (P<0.05) nitrogen
level in the soil pool under a 20~year cycle, when compared with

a 5-year one was observed only at the pre-burn stage but not in
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the post-burn soil vool., However, such a difference between

the two cycles was significantly higher for »hosnmhorus (FP<0,01)
under a 20-year cycle both before and after the burn, Both
nitrogen and rhosnmhorus added through slash and higher under a
20-year cycle compared to a 5-year one, The losses of nitrogen
and vhosnhorus was markedly higher under a 20-year cycle compared
to a 5-year one., Nitrogen losses due to volatilization was much

higher than that of ohosnhorus under both the jhum cycles,

The amount of niftrogen and ohosnrhorus stored in the

crop biomass was higher under a 20-year jhun cycle comvared to a
5-year cycle, (Table82$3), Larger proportion of nutrients were
removed through grain and seed, crops, followed by leafy vegetables
and tubers, The nutrients stored in the edible component was
markedly lower than those stored in the non-edible portion, The
nutrients removed by the crop was very low in unweeded plots and
maximum under total weeding, followed by traditional weeding

regimes,

Nitrogen and phosphorus quantities in herbaceous dicots
and in grasses weeded out were significantly higher (F<0.001)
under a 5-year cycle compared to a 20-year cycle (Table3ls). The
reverse was true for the nutrient quantities in the bamboo, shrubs
and tree gprouts that were slashed and removed, Traditionally

weeded plota had significantly (P<L0.05) lower levels of nutrients
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removed, comnared to total weeding exceot for bamboo, shrubs

and trees under a 5-year cycle,

The total invut and outmut of nitrogen and phosvhorus of
the gystem is lower under a S-year cycle compared to a 20~year
cycle (Tableg5)., Inrut through slash, weed biomass and through
by-products all were markedly lower under a 5-year jhum cycle,

The net loss was also markedly lower under a 5-year jhum cycle
compared to a 20-year one, The total input and output was lower
in unweeded plots and maximum under total weeding., Though slash
is shown as an important input, the nitrogen in varticular and
Phosvhorus to a lesser extent get volatilized along with that

from the surface soil »ool which is accounted as an output through

fire.

TableB6 shows the net change in nutrient vool in the soil
sub-gystem under the two jhum cycles, There was a net decrease
in nitrogen in the soil vool at the end of the cropping phase
but a net increase for phosphorus in the system, This decrease
in nitrogen was maximum under total weeding, closely followed
by traditional weeding, and least in unweeded plots, On the
other hand, the net increase in phosphorus was least under total
weeding closely followed by traditional weeding, and maximum

in unweeded plots.
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DISCUSSION

During slash and burn agriculture (jhum) drastic changes
in the physico-chemicél properties of the soil occur (Rama-
krishnan and Toky, 1981; Mishra and Ramakrishnan, 1983b), One
of the major causes for thig is the slash and burn overation
which by itself is a major verturbation of the system, apart
from the subsequent cronming ohase, At lower elevations of
Meghalaya, where typical slash and burn agriculture involving
clear-cutting and burning of the forest is done (Toky and
Ramakrishnan, 1981a), changes in the soil ecosystem are more
drastic than under the modified version at higher elevations,
In the latter case, only a few branches of the sparsely sca-
ttered trees are slashed and burn in a controlled manner after
covering the dried slash with a thin soil layer (Mishra and
Ramakrishnan, 1983a), Therefore, it is reasonable to exvect
heavier losses of nitrogen through volatilization during the
burn under the typical jhum than under the modified version.
Thus, 2 to 3 times more losses through.volatilization occurred
in the present case comnared to that at higher elevations under

the modified version of jhum (Mishra and Ramskrishnan, 1984).

Though a 20~year jhum cycle starts with a higher soil
pool of nitrogen comrared with a 5~ycar cyele, the vost-burn
nitrogen level in the soil under a 20~year cycle was lower,

insnite of a 19 fold higher innut of slash under this cycle
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compared to the shorter one, Obviously, a much larger quantity
of nitrogen is volatjlized because of the higher fuel load and
the consequent higher intensity burn under the longer cycle,

This decline in soil nitrogen nool revorted also by others (Weels,
1971; White et al., 1973; Mishra and Ramakrishnan, 198L) could
be related to the conversion of organic nitrogen to volatile
forms during pyrolysis (Allen, 1964; Knight, 1965; Debel and

R alston, 1970). However, nitrogen recovery in the system is
rapid and this may be related to the increased microbial activity,
due to increased pH of the soil (Anlpren and Ahlgren, 1965;
Ramzkrishnan and Toky, 1981) and perhaps prartly also due to
releage of the soil ecogystem from allelo-chemical effects (Rice
and fancholy, 1972; 1974) of the fallow vegetation after slash
and burn operation, However, Saxena and Ramakrishnan (1986)

have attributed the initially higher nitrification notential of
the so0il during the younger fallow stages as due to increased
heterotrophic votential during seral develovment which inturn

would reduce ammonium availability to nitrifiers,

The effect of fire on vhosnhorus budget in the soil
system is less clear., There are conflicting renorts on the
level of phosphorus after fire, some suggesting no change in
the levels (Allen, 1964; Viro, 1974), others suggesting a signi-
ficant addition to the soil pool (Nye and Greenland, 1960; stark,

1971; Stromgaard, 198L) and yet others sugcesting some losses
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due to the burn (Harwood and Jackson, 1975; Ashton, 1976).

While the decline in available ohosphorus after fire is sugges=-
ted to occur through convective losses of particulates rather
than volatilization (Freedman, 1981), this alone may not explain
the loss of upto 65 Kg of phosnhorus under a 20-year cycle
renorted here or even the massive losses renorted by Llyod
(1971). Avvarently, it looks as if some losses of phosphorus
may also occur due to volatilication (Raison, 1980; Aston, 1976;
Iishra and Ramakrishnan, 1983b). The net loss in nitrogen and
net gain in nhosphorue occurring at the end of the crovping nhage
could be due to heavier losses of nitrogen through volatilization

comvared to phosphorus lossses,

The higher output on nitrogen through grain and seed
crops may partly be due to higher cror density of this category
of species and partly to higher uptake combined with poor nutrient
use efficiency of the crops (F,S. Rumakrishnan, unoublished),
However, nitrogen and nhosphorus budgets are not significantly
altered under traditionzl and total wceding regimes, unlike in
the unweeded plots. With 207% of the weed biomass retained in
situ under traditionzl weeding by the jhum farmer, the weecds
help in conservation of nutrients through run-off and percolation
(Toky and Ramakrishnan, 1981b; Mishrz and Ramakrishnan, 1983a;

Chacon and Gliessman, 1982), Though the total weeding done here
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was followed by the weeds being »mutback into the system,
non-traditionzl farmers often remove it out of the system,

This obviously would have more serious revercussions in terms
of losses through hydroclogy, as the dead weed biomass is not
able to give protection from the beating rain on the soil
surface, Further the rossibility of recycling of nutrients
through dead weed biomass ig absent. Such a total weed removal

regime, however, was not considered during the oresent study.

Weeds thus »lay an imrortant role in the tropical agro-
ecosystems, Their positive role has started receiving attention
only in recent times (Alteiri, 1977; Chzcon &snd Gliessman,
1982; Cox and Atkiné, 1979; Remakrishnan, 1984). Under tradi-
tionzl ferming where weeded biomass is not removed out of the
agroecosystem, the transfer of nutrients from the crop to the
weed and vice versa becomes an imvortant mechanism for opti-
mizing nutrient use within the system, Thus, the use of weeds
in this manner but with least interference on the crop would
rrovide a greater degree of integrated management capability
for +tropical agriculture of the future (Alteiri, 1983; Gliess-

man et al., 1981; Ramakrishnan, 1984; Chavter 7).

Unlike at higher elevations of Meghalaya with a modified
jhum and a controlled burn (Mishra and Ramakrishnan, 1983a),

where the net loss of nitrogen from the system during one
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Crovping vhage was estimated to be about 640 Kg h54, in the

tynical jhum considered herec the losses could be as higher
as 980-1670 Kg hEJ under a 20-year cyecle or 340 to 820 Kg h3
under a 5-year cycle deprending uron the weeding regime, The
loss of nitrogen reaching upto such high levels is obviously
related to total slashing and burning done under the low ele-
vetion jhum, Assuming that the land under a S-year jhum cycle
had a longer 20~-year cycle preceding a 20~year period, then
the system seems to have lost about Q.45 X 103 Kg of nitrogen
(10.9 - 10.45 X 103) during this 20-year veriod., It is
reagonable to assume that this nitrogen lost from the system
would be nut back through natural orocesses within a fallow
period of about 10 years (Mishra and Ramekrishnan, 1983b).

The inability of the system to recover the lost nitrogen during
a short jhum cycle period of 5~years has been vartly imrlicated
in site degradation and eventual degertification (Ramakrishnan
and Saxena, 1983). Similarly,the system lost about 17 Kg of
shosphorus (0,024 - 0.0073 X 10°) during this 20~year period

under a 5-year cycle,

From the voint of view of the 'non-weed! concept (Chacon
and Gliessman, 1982) it may be noted that the net loss/gain
in nitrogen/rhosphorus in totally weedecd plots is not very
different from traditionally weeded nlots, when compared with

unweeded ones,
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SUIIMARY

Nitrogen and ohosvhorus budgets of a traditional slash
and burn agricultural system (Jhum) has been analysed at lower
elevations of Meghalaya in north-east India, Two jhum cycles
of 20~ 2nd 5~years were considered along with three weeding
regimes of total, traditionazl partial weeding with 207 of weed
biomass left in situ and no weeding, While losses of nitrogen
through volatilization was heavier, there is evidence to suggest
some volatilization of phosphorus too, The net loss of nitrogen
and the gain in phosnhorus at the end of the cropping reriod
are more under a 20-year-jhum cycle commared to a 5-year-cycle,
However the 20~-year-fallow period was sufficiently longer to
recover the losses of nitrogen through natursl recovery processes
in the soil ecosystem., The nitrogen and phosvhorus budgets
under a given jhum cycle was not much altered under traditional
weeding when compared with total weeding; the budget under un-
weeded plots was markedly altered under short jhum cycle of
5-years considered on a time sgcale of 20 years a net loss of
about 450 Kg of nitrogen occurred which was never put back
into the system through natural recovery processes. Similarly
the system lost about 14 Kg of phosphorus during a 20~year

period under a 5-year jhum cycle,
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INTRODUCTION

In an earlier vaper, the nitrogen and ohosphorus budgets
of slash and burn agriculture under two jhum cycles of 20~ and
5-ycars were considered (Chavter 8)., These studies and the
studies earlier done by Mishra and Ramakrishnan (1983b) sugeests
that volatilization of nitrogen and to a certain extent phosphorus
play an imvortant role in determining the budget vattern, since
volatilization is not a critical factor arplicable to cations, it
is reasonable expect that these elements would follow a different
budget pattern, Further, in these traditional agricultural systems,
weeding is incomplete and left-over weeds play an important conser=-
vatory role (Chacon and Gliessman, 1982; Ramakrishnan, 1984;
Chapter 7). Therefore, the present study considers cation budgeting
under 20~ and 5-year jhum cycles at lower elevations of Meghalaya

in north-east India under three weeding regimes.
METHODS

Agroecogystems under two slash and burn agriculture (jhum)
cycles (intervening fallow vhase between two successive cronnings
at the same site) of 20 and 5 years were identified at Lailad,
taking care to ensure similar topogranhic and soil conditions,
Bach jhum cycle with three renlicate fields of 2 ha, each were

gelected., Bach revlicate field was divided into three sub=-vlots
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of 50 X 50 m and in ecach of these sub=-plots three weeding
regimes were imnosed, i.e.,, traditional weeding (Trw), which
is partial as practiced by the farmer, total weeding (Tow)

and unweeded plots (Unw). Both partial and total weeding
regimes involved weeding through hand-hoeing, four times
during the cropving vperiod except that in the former case part

of the weed biomass (205 of the total) was left in situ,

Direct fall through orecipitation was collected from ten
random noints of each field, Soil was samrled at ten random
noints at each sub-plot unto a denth of 40 cem. Soil samoling
wag done on three different occassions: (i) a day before burning
the slash in March, (ii) a day efter the burn in March and

(i1i) 2t the end of crovning veriod in December,

Calculations of the amount of slash burnt and materials
removed from the agroecosystem as economic yield through crop,
crop byproducts and weeds or the last two commonents nut back
into the system under different treatments are based on three

100 m2 quadrat samples from each sub-plot,

For studies pertaining to loss of potassium, calcium and
nagnesium through sediment and run-off water, the loss from a
confined area of 1X 10 m along the slope was collected in large
collectors and periodically removed for analysis, Percolation

studles were made with the help of a simnle lysimeter of the
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Russian tyve (Buckman and Brady, 1960)., The soil was cut
into vertically, to exvpose the vrofile, A tunnel was then
excavated at a depth of 4LO cm (This is the depth to which
most of the root system penetrate) and a collector of 30 X 30
X 15 cm was vplaced in the tunnel, By pressing from below,
the rim of the collector was firmly inserted into the un-
disturbed soil above, The water percolating through the soil
was tapped from the collector into recevtacles from time to
time for analysis, Formaldehyde (40%) was used to stop bio-
logical activity immediately after collection and preserved

in polythene jars for subsequent analysis,

The soil sampling was done using a core sampler of 10 em
diameter, The amount of nutrients present in the soil pool
{Kg na') was calculated to a depth of 4O cm using soil bulk
density estimates calculated for each site, at devths of 0~7,
7-1L, 14,-28 and 28-40 cm, considered separately. Bulk density
or volume weight (the quotient of the air drymass weight of
soil to the total volume it occupies in the field) was deter-
mined from the air drymass of a known field volume of soil.
Soil was air dried and plant samnles were oven dried at 60°
for 48 hours, before storage. Dried soil samples were ground,
passed through 0.2 mm sieve and stored in glass jars for subse-

quent analysis. The estimation of cations in water, soil and
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vlant samnles were done after wet digé%ion of the vnlant
material with trinle acid or after extraction with 1 M
ammonium acetate solution at oH 7 in the case of soil,
following standard procedures given by Allen et al. (1974).
Thus calcium and magnesium was estimated by EDTA titration

and potassium by flame-cmission methods,

Calculations of the amount of nutrients (petassium,
calcium and magnesium) gained due to slash burning are based
on the difference of that element present in the soll up to
a depth of 40 cm between the pre-burn (a day before the burn)
and including that added through the slash, that present in
the soll a day after the burn., Innut and output of elements
for each sub-plot were calculated on the basis of amount of

that particular inout/outout and the concentration of the ele-

ment in it.

RESULTS

A significantly higher level of cations was nresent
in the pre-burn and the vosi-burn soil pools under a 20-year-
jhum cycle as compared with a 5-ycar-cycle (Table 1), As a
result, there was a significantly higher gain (P<0.001) to
the soil system under a 20-ycar cycle than under a 5-year
cycle, The gain was maximum for calcium under a 20-year

cycle while it was potassium under a 5-year=-cycle.
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The amount of potassium (TabledR), calcium (Table?.3)
and magnesium (Table?-}) stored in the crop biomass was higher
under a 20~year-jhum cycle, The output of notassium was
markedly higher (P< 0.01) comnared to other two cations both
in edible and non-edible cror biomass, The nutrients removed
by crop biomass was least in unweeded vlots and maximum
under total weeding closely followed by traditional weeding.
A larger vpronortion of nutrients were removed through grain
and seed crovs, followed by leafy vegetables and tubers., The
cations stored in the edible comronent were markedly lower

than those stored in the non-edible vortion,

The nutrients outback into the agroecosystem through
herbaceous dicots and grasses both under traditional and
total weeding regimes are significantly higher (P< 0.01)
under a 5-year-jhum cycle compared to a 20syear one (Table?5),
On the other hand, the reverse was the case for the bamboo

species, Dendrocalamus hamiltonii and for shrubs and trees,

The total amount of different nutrients putback into the
system was signivicantly higher (P< 0,05) under a 20=-year
jhum cyecle than under a 5-year one, FPotassium content was

higher in the weed biomass followed by calcium and magnesium.

The input of motassium into the system and the outnut
from it was much higher under a 20-year cycle commared to a

S=-year one (Tabléaé). This was reflected in the net gain
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- oo, This difference between the two jhum cycles was
oronounced for calcium comnared to notassium (Table%7).

The innut/outnut pattern for magnesium was also similar to
notassium (Table98), The outnrut/in~ut through weed was
higher under a 20-year cycle comvared to a 5~year cycle,
Similarly, the outvut through sediment, run-off and percolation
was higher under the longer cycle, The cron removal was also
higher under a longer cycle, and consequently innut of the
non=e¢dible biomass component »utback into the system, For all
the three elements, traditional weeding showed maximum gain,

fellowed by total weeding and least for unweeded vlots,

DISCUSSION

After slash and burn operation, considerable amount of
cations are added to the soil throurh ash released during the
burn resulting in a rarid increase in the cation level in the
soil »ool at the post-burn stage (Ramakrishnan and Toky, 1981;
}Mishra and Ramakrishnan, 1983b}, as also shown here, However,
the increase in the cation level in the soil pool far excceds
that added through slash, Such an increase nrobably is more
due to effects of heat and less caused by ash itself, Perhavs,
there is an interchanges between non~exchangeable and exchange-
able forms due to buming (Stromgaard, 1984). This is an

aspect that needs further study. With longer time available



for natural recovery under a 20~ycar cycle it is reasonable
to expect higher levels of nutrients in the pre-burn soil
pool (Toky and Ramakrishnan, 1983b; Nishra and Ramakrishnan,
1983¢). Further the hicher level under a longer jhum cycle
in the vost~burn stage is partly related to fuel load and
partly to better nhysical characteristics of the soil here
that would contribute to higher cation exchange cavnacity

comnared to the shorter cycle.

A very high untake of notassium commared to other
elements by ceﬁ?ls and tuber crons was also observed by
others (Nye and Greenland, 1961). Generally higher innut
of nutrients by these two categories of crovo snecies comnared
to others may partly be due to greater emnhasis on these
species by the farmer in his jhum v»lot. Further, generally

higher nutrient upteke efficiencies and lower use efficiencies

have been suggested for cereals (Ramakrishnan, 198L).

The higher nutrient content for herbacecous weeds under
a short jhum cycle of 5-year compared to 20-vear-cycle is a
consequence of increased herbaceous weed potential under a
shorter cycle (Saxena and Ramakrishnan, 1984b), However,
the higher nutrient content for the total weed biomass under

b
a longer cycle is because of the bamfo svecies, Dendrocalamus

hamiltonii, and shrubs and trees that oredominate here,
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It may be noted here that the contribution of nrotassium under

a 20-year cycle through the bamboo (Dendrocalamus hamiltonii)

is very high compared to other elements, because of its affinity
to this element (Toky and Ramakrishnan, 1982; Toky and Rama-
krishnan, 1983b).

Unlike nitrogen and nhosvhorus that follow a different
innut/output pattern because of relatively higher or lower
levels of volatilization of these twe elements revorted by us
(Mishra and Ramakrishnan, 1984; Chapter 8), there is a net
gain for all cations because of greater inmut into the system,
This gain was maximum for calcium followed by potassium and

magnesium,

Traditional weeding regime, with 20% weed biomass left
in situ, has a conservatory role for nutrients as seen from
this study, where the net gain into the system is maximal
compared with other weedinc rergimes, Unweeded plots had the
least gain which is largely due to reduced cron vigour and the
consequently lower recycling through crop biomass and 2also due
to total absence of recvcling through weed biomass nut back

into the system,

It may be concluded that the nutrient budget analysis
vpresented here is in sharm contrast to the nitrogen and vhos-

nhorus budgets discucsed earlier (Chapter 8). The net increase



in soil cation levels after burn and after cropping is the
reverse of what was observed for nitrogen where volatilization
plays an important role in the net loss from the system; even
phosphorus gain into the system was only marginal, With the
shortening of the jhum cycle to 5-years or lesser (Ramakrishnan
et al, 1981a; Ramakrishnan, 198L4), the cation levels in the
soil too are adver%?y affected contributing to poorer soil

fertility recovery after successive croppings.
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SUMMARY

Potassium, calcium and magnesium budget analysis
was done under two slash and burn agriculture (jhum) cycles
(the intervening fallow nhase between two successive croppings
at the same site) of 20- and 5-years with traditional, total
and no-weeding regimes, at lower elevations of Meghalaya in
north-east India. The net gain observed in soil cation levels
in the vost-burn soil is vnartly due to addition through slash
and partly perhaps to heat related interchange between non-
exchangeable and exchangeable forms, The inout of nutrients
was generally higher under a longer jhum cycle with a conse-
quent net higher gain here, in svite of higher outout. Though
the nutrient content in the total wecd biomass was higher
under a 20-year jhum cycle, the contributing through herbaceous
weed biomass was higher under a 5-year cycle due to increased
herbaceous weed notential, The traditionzl weeding regime
with 20% weed biomass retnetion in situ contributed to conser-
vetion of nutrients in the agroecosystem as reflected in the
generally higher net gain, when comvnared with other weeding

regimes,
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