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PREFACE

Tne results presented in the present thesis start with a
consideration of three types of land use practices in the northe-
eastern hill region, namely, (i) slash and burn agriculture with
jhum cycles of 5 and 10 years, (ii) valley cultivation.of rice
and (iii) terrace cultivation of rice which has recently been
suggested as an alternative to jhum by the local governmental
agencies. The variéus weeds coming up during cropping have been

considered along with a study of the economic yield patterns.

The subsegquent thfee chapters deal with the biology and
populatiert dynamics of two important early successional weeds
namely Eupatorium odoratum L. and Imperata cylindrica (L.) Beauv,
coming during and after jhum. These studies pertain to population
dyneatics during seéondary succession after slash and burn agricule
+ure which has been contrasted with a late successional weed,
Scleria tgssellata Willd, The next two chapters deal with compe-
tition between the plants of rhizome versus seed origin in |
1, gylindrica, followed by a study on cbmpetition between I. cylin-
drica #pd E. odoratum, the former of rhizome origin and the latter
of seed origin as they ccome up in néture after jhum, This study
considers the two nutrient levels as soil nutritional changes are
pignificant after slash and burn., This is followed by studies on
the behaviour of I. gylindrica and E. odoratum in response to

different light and water regimes.

The thesis starts with a general introduction which includes
an extansive study of literature and ends with bibliography. Some



repetition in writing up of the chapters could not be avoided as
they are written as independent papers for publication. Through
these studies it is hoped to get an understanding of the biologi-

cal equipments of the weedy species.



1
GENERAL INTRODUCTION

Pogulation'ecolegz:

Thé history of population research dates back to the time of
Malthus (17§8) who observed that population exhibits a tendency to
multiply geometrically as a result of the "passion between the
sexes", The poblication of a book "An Assay on the Princigles‘of

Population as it Affects the Future Improvement of Sqqietx"‘marked
the beginning of the modern studies on populations.i Acknowledging

the ideas gained from Malthusian postulates, Darwin (1859) in his
book "Origin of SpeciesM, emphasized the importance of the indivi-
duals in a population making frequent references to ‘their numerical.

S’trang‘th.

Verhulst (1838) proposed the first logistic mathematical
expression of population growth under limiting means of subsistence
which was later presented by Pearl and Reed (1920) in the following

form:

N (kM) JK
dt

where N is the number of individuals, t, the time, r, intrinsic

represents

rate of population growth, K, carrying capacity and
the rate of change in population size., Verhulst's contribution was
widely recognised after Pearl and Reed published their paper in
1920,

Most of the studies on population in 19th and 20th centuries

have been done using animal populations, A theoretical model for
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plant population-was proposed for the first time by Nageli (1874),
Turesson (1922, 1925) established another landmark in population
research by recognising the existence of micro populations or
ecological races within a species population growing in contraste-

ing micro climates,

Eiton (1933) proposed the term "population dynamics" which
according to him refers: to the field of study "concerned with
rates of increase, fluctuations in numbers and relation of
problems of numbers to the environmmental factors which influence
the population”, In the year 1928, Chapman introduced the two new
terms "the biotic potential" and the "environmental resistance"
which are widely used in population ecology. In his classical
paper Chapman stated "it seems evident that we have in nature a
system in which the potential rate of reproduction is pitted
against the resistance of the environment, and that the quantity
of the organisms which may be found, is a result of the balance
between the biotic potential and the environmental resistance,"
Based on experimental data he derived a formula establishing a

relationship between the two:
C=B_/R
o/

where C is the number of existing organisms, Bp, the biotic
potential and R, the environmmental resistance. He concluded that
whatsoever the potential rate of development of an organism may
be, its enviromment offers sufficient resistance to multiplication

to cause the number to remain constant,

The work of Sukatschev (1928), Tédaki and Shidei (1959),



Harper and Gajic (1961), Harper and McNaughton (1962) and Raynal
and Bazzaz (1975), opened new dimensions in population ecology
with a conclusion that populations do have a self-regulatory
mechanism, The rate of population growth is generally expressed
as the increase in number of individuals per unit time and can be
estimated if the data on birth, death, immigration and emigration
rates are available, Thus, Lotka (1931) and Volterra (1931) cal-
culated the intrinsic raterof change based on these parameters
which was later confirmed by Gause, a Russian biologist, in the
year 1934, Gause (1934) put forward the famous "Gause hypothesis"
stating that "no two species can share exactly the same ecological
niche for indefinite period of time; eventually one will replace
the other", Further, he concluded that the displacement of one
species by the other is inevitable if one of them has an advantage
over the other, The displacement principle has been studied since
then by many (Park, 1954; Frank, 1957; Harper, 1961; Tantawy and
Soliman, 1967).

Part of the Darwinian tradition in the study of plant popu=
lation dynamics is the observation of the behaviour of plants in
permanent plots over a period of time. Charting the fate of
individual plants (to grow, to flower, to remain vegetative, to
die) has been undertaken by few people., Observations on the
longevity of populations, rates of turnover in their vegetative and
reproductive composition, etc. are extremely laborious, The work
of Tamm (1956), Sagar (1959) and the Moscow School of Rabotnov and
coworkers since the 1940's hint a regularities in natural populéa=

tion dynamics that are quite surprising. There is an impressive
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tradition of field observation in Russia (Rabotnov and others)
which has received too little attention hitherto. The long term
data of foresters also provide valuable sources of information for
the development of plant population dynamics (White and Harper,
1970) but they deal mainly with planted, managed systems. Some
workers have been interested in quantitatively recording the spread
of certain adventive species (Kent, 1956; Harper, 1970). The
population changes of certain perennial plant species growing in
meadow and forest community recorded by Tamm (1948, 1956) is one

of the important and most systematic contributions. Tamm identi-
fied the position of each individual from year to year on permanent
plots during a 14~year period and observed a constancy in numbers

and a high rate of turnover,

Canfield (1957) presented data on the survivorship of the
primary and secondary range grasses of south=eastern Arizona in
relation to grazing and concluded that the mortality of "genets"
of primary grasses was remarkébly higher in the grazed area where
the secondary.grasses showed an increased life span probably due
to reduction in the degree of interference from the primary
grasseé as a result of grazing., A similar type of work has also
been dope by Williams (1970)., While studying the population

structure and longevity of Festuca rubra, Herberd (1961) found

that a single genet may spread over a vast area by extending its
ramets through vegetative growth, Antonovics (1972) studied
systematically the fate of the individuals from seedling stage
onwards for their population flux, longevity of individuals,

survivorship, natality and mortality and came to the conclusion
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that the individuals récruited at different periods, have diffe-
rent decay rates. Further, he observed that the different popu-
lations, have different longevity dépending upon their adaptation
to a particular habitat and suggested that difference in longevity
of individuals of different populations may be related to the

environmental conditions.

The population studies of plants received the much needed
impetus from the works of Harper and his coworkers during the last
two decades. A number of plant biologists have also followed the
trend and over the past 12 Yeérs a good amount of work on plant
demography has been accumulated. A more detailed study of demo=-
graphic néture has been recently made by Sarukhan and Harper (1973)

with three species of Ranunculus, R, acris, R. bulbosus and R.

repens in a grassland situation comsidering many important aspects
of population ecology. Sarukhan and Gadgil . (1974) analysed
mathematically the data of this paper. Mack (1976) studied the

survivorship of Cerastrium atrovirens and Hawthorn and Cavers (1976)

studied the population dynamics of the perennial herbs, Plantggo
major and P, rugelii.

Callaghan (1976) suggested that the growth, reproduction and
death of individuals in a plant population are affected by the
environmental factors within the framework of their genetic
programme. The environmental factors may be biotic such as grazing,
predation and competition for the limited resources and abiotic
such as cold, heavy precipitation, frost, storm etc, which destroy

the populations catgstrophically (Warren Wilson, 1967).
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A great deal of work has been done on the mortality rates of
the plant populations. Daevey (1947), on basis of the work with
different popuiations, concluded that in general, the individuals
follow three types of death and decay patternSé,situations where
there is high mortality in the juvenile phases (Hett,'1971-
Sharitz and McCormick, 1973; Sarukhan and Harper 1973 ; Hett end
Loucks, 1976) of the life when the plants pass through a transi
tion stage between the dependence of seedlings on seed food
reserve and their establishment when they become self-dependant.
However, a change in climatic or edaphic factors may also play a
major role (Tazaki, 1960; Peferson, 19663 Cavers and Harper, 1967;

;Etiedman.and Orshan, 1975; Marguig, 1976). In contrast to the
.seedlings, the_adults show a constant risk of death throgghout
their life-span giving negative exponential curve (Tamm, 1956;
Rabotnov, 1958; Sagar, 1959; Foste., 1964; Antonovics, 1972) the
individuals with long life span generally show a third category
of survivoféhipxwith higher mortality in the last part of their
life, The curves‘which represent these three different mortality
patterns are the Deevey Type I, Type II-.and Type III curves of
mortality.

The studies on the population dynamics of the perennial
plants, are often not atfempted as it is difficu;t to determine
their exact age due to the lack of any reliable teehnique for
estimation. Various meth&ls used to detexmine the age are based
on anatomical and morphological features such as growth rings in
stem or rhizome and leaf scars on the rhizome. Pigott (1955)

found that the age of Cirsium acaulon can be accurately estimated
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by counting the number of leaf scars on the rhizome, Kerster
(1968) and Levin (1978) have considered the rings present in the

corm of Liastris aspera for determination of its'age. However,

Werner (1978) did not agree with them and suggested that there is
no relation between the age and number of rirgs in the corm of

Liastris aspera., The most reliable method for estimating the age

of perennial herbs, is to follow the fate of labelled seedlings
or tillers of known age in permanent enclosures, This method has

been successfully used by Tamm (1956, 1972a, 1972b),

An individual plant in the population, is comprised of various
parts like stem, leaf, root, rhizome buds, tillers and flowers etc,
Some of the latest trends in population ecology are to study the
dynazmics of these parts of sub-population level., Thus, Saeki
(1960, in Phaseolus viridissimus and Nicotiana tabacum and Gill and

- Tonlinson (1970) in Rhizophora mangle studied the dynamics of leaf

prodictim, Halle and Oldeman (1970) worked on the dynamics of the
branches, ‘eaves and buds of a number of tropical trees. Gill

(1971) cbselred the dynamics of buds in Fraxinus americana. Kays

and Harper (1) studied the change in population of Lolium
perenne at the o levels of populaticn organisation. Such a study
was also undertakeq by Ogden (1974) in Tussilago farfara, Bermard
(1976) studied the sfe history and population dynamics of shoots
of Carex rostrata éminotec a constant rate of d4eath with very

high turnover rates. L comrrehensive account of the latest
investigations in the field cf the dynamics at sl Tymulation 1evei

has been reviewed Wy Habper {$$78).



8 .

A population‘may be comprised of genets which include the
seedlings and the adults besides ramets., According to Harper
and white (1974), while studying the age=-structure of the popu=~
lation of a perennial species, the seedling population may or
may not be considered depending upon the observation pcriod of
the year as the number of seedlings in most of the species fluc-
tuate in time and space with 100% mortality in perennial grasses
(Putwain et al., 1968). Richards (1952), Emlen (1972) and Schaal
(1978) suggested that the unstable age-structure of plant species
may be observed due to large environmental fluctuations that may
dccur during critical periods in the plant's life, According to
Rabotnov (1945, 1950a, . 1950Db, 1969),a:coﬂno-popu1ationbis
characterised by vérious age groups of individuals based on the
four main periods of life of the plants reproducing by séeds.
These periods are (i) the period of primary dormancy, (ii), the
virginal period, (iii) the generative period and (iv) the senile
period. A detailed account of the longevity of the shoot modules
- has been presented by Noble et al. (1979) and Harper and Bell
(1979).

The seeds constitute the dormant phase of the populations
and a.study pertaining to their dynamics in time and space, is
>of immense importaﬁce in understanding the population behaviour
of a plant species. The role of the seeds in early phases of
primary and sebondary successional processes is of special signi-
ficance as also emphasized by Oosting (1942), Keever (1950),
Egler (1954), Bazzaz (1968, 1973), Holt (1972), Johnson (1975),
and Archibold (1979).
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The gssociatea vegetation may also exercise considerable influ=-
ence in regulating the population (Odum and Odum, 1959; Harper,
1964) as the natural habitats-.of:the species are mostly shared by
.many thicklyjpbpuiétéﬁ species‘affordihg feéource competition
through interespecifngintéraction though intra=specific competi="
tion may also play a significant role (Ramakrishnan and Jeet, .1973;
.. Ramakrishnan and Gupta, 1981). Poor seedliné establishment has

been reported in established communities by Tamm (1956) and Cavers
’and Harper (1967). . Putwain and Harper (1970) and Dwivedi and;
Tripathi (1980) found that amongst the associated species, grasses
exervise greater regulatory influence compared to dicots. Sagar
(1970) noticed increased vegetative and reproductive g;owth of

Plantago lamceolata when the associated vegetation was removed.,

Established plant populations of a species also affect the newly
recruited seedlings of their own snecies (Friedman, 1971; Andel

and Rosema, 1974; Gupta and Tripathi, 1979; Yadav and Tripathi,

1981) . |

Intra-and inter-specific nogulation.behaviour: -

The behaviour of the individuals of one or the different spe- .
cies growing togethef and interfering with each other's mechanism
bf population growth is of great significance. The vegetation
composition of an area can partly be coneidered the resultént of
the competitive abilities of the individuals which in turn might

be influenced ty their environment.

The term "competition" refers to the greater growth in vigour

# X
of some individuals as compared to others when a certain require=-
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"ment is in short supply for one or more individuals. Thus,
competition results when the two organisms seek the same resource
which in turn is below the combined deﬁand of organisms (Donald,
1963) . The competition is known to exist when growth of either
one or both the individuals is reduced compared to their growth
in isolation (Bleasdale, 1960), The degree of interference also
depends upon the_distance between the individuals. The extent
to which the two individuals may compete also depends to a great
extent upon their ecological amplitude and efficiency of their
overall physiological makeup in a particular environment, Compe=
tition generally occurs in its severest form when physiology and
the growth habits of individuals are similar and their niches

overlap completely (Clement, 1929; Odum, 1969; Ramakrishnan,

1965a, 1970; Ramakrishnan and Gupta, 1972; Ramakrishnan and Jeet,
1972) .
Thus 1nter—ecotyplc competltlon between alfferenf ecotypes in

marglnal areas is a mechanlsm by which the populatlons in contras-
tlng habitats are kept apart (Ramakrlshnan, 1965a, 1965b 19650,
19664 Ramakrlshnan and Nagpal, 1973, Ramakrlshnaﬁ and Kumar,
1976). | | | | B

“

7

Competition .can be intra-specific i.e. between the.individuals
of the same species or inter-specific iﬁe.,between,two.different
species (Odum, 1969). Harper and Chancellor (1959) introduced
the. term "selfsthinning” and "alien-thinning", the former
describes. the reduction of chance of a seed forming, a mature
plant due to increase in the density wayne_indiV;duelskof the
¢-sameispeeies_while ?he,1atter7deser;bes;thgﬁgeductioniin,qhence

of a geed forming. a mature plant due to increased density of
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associated species,

Competition involves both the root and the shoot system for
water, nutrients and the light. Bergh van den (1968) introduced
the term '"space" as a2 combined expression of all the resources
required by the plants,~ Tekekawa {(1968) found that the competition
for nutrients was the main reason for the decline in the yicld of

rice when rice plants werc grown together with Potamogeton

distinctus. Ramakrishnan (1961) has demonstrated that root compe=

tition in the two ecotypes, the red and green form of Euphorbia

thymifolia, compcting with each other does not permit the obligate

caleifuge (green form) to cestablish seedlings in the calcareous

soils,

The competition involving.shoot system is for light due to the
overlapping growth of the plants as a result one specics succeeds,
at the expensq of the tother (Harper, 1964), Black (1957, 1958,
1960) noted an increase in the competitive vigour of tho plants
grown from bigger seeds compared to those from smaller seeds of
Trifolium spp. Ennik (1960), from his competition studies on pure

and mixed stgnds of Lolium perennce and Trifolium repens under low

and high light intensities found the replacement of grass by clover
under high light intensities, but under 1w light intensities the
two specics tended to stablizey those with excess of clover tending
to increase the grass <ontent and vice versa, In the latter case
it is belived that the stabilizing influence between the two species

is duc to differential requirements of the two for nitrogen.

As an agronomic problem intra~specific interference has v nelve

received much momentum wish respect to (i) reactions of plants to
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density which determines cpop yield in pure gtands and (ii) mutual
interference between specias under the the comdition of mixed

cropping., Yoda et al. (1963) concluded thats

(1) the chance of a seed producing a mature plant declined with
increasing density,

(ii) irrespective of the density of the seeds sown, there is a
maximum population size attained and densities beyond this
level can not be realized no maffer how many seeds are sown,

(iii) the densities in overcrowded population converge with the
passage of time irrespective of the differences in initial
density. The converging densities are always lower on more
fertile soils,

(iv)  this convergence is related to plant size so that plants

| having a certain average size always maintained more or less
similar levels of surviving density regardless of this
difference in stand age, initial density and fertilizer

level.

Harper (1961), Ramakrishnan and Kumar (1971), Remakrishnan
(1971) and Ramakrishnan and Jeet (1972), concluded that with
increase in density the proportional allocation of assimilatory
products to aboveground organs of plants may change resulting in

less reproductive output.

A few mathematical durivations related to “the density and
the yield response of crops, have been formulated. Amongst the
most successful of these have been various forms of reciprocal
- laws:

—%— = a + bx

where x is the density and w, the mean plant weight.,
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Yoda et al. (1963) for tue first time mathematically expressed
the process of self-thinning and found that numbers of surviving
plants could be related to ita mean weight as:

=Cc "2
W= C3

Where p is the density of surviving plants and W is the
corresponding mean weighty the value of C varies with species. This

was later confirmed by White and Harper (1970).

Individuals may respond to density by either a reduction in
their vegetative or reproductive growth or the reduction in the
chance of the survival of the individuals (Harper and Gajic 1961;
Ramakrishnan and Kumar, 1971a, b). Sukatschev's attem t (1928) was
the first pertaining to the self regulatory mechanisms of plant
populations. He concluded that under the conditions of both the
increased density as well as feril.zer levels, the mortality of the

individuals was enhanced.

Working with pure stands, Harper and McNaughton (1962) too
reached similar conclusions. Koyama and Kira {(1956) have shown that
under éonditions of density stress only, there is a forced showing
of limited resources with:." a compensatory plastic reduction in
plant growth. A greater mortality and/or plasticity in mixtures
and monecultures respectively was noted by Ramakr;ghnan and Kumar
(1971b) in wheat and Cyhodon dactylon, iRamakrishnan and Kumar (1971)
and Ramakrishnan énd Gupta (1972b) on maize and Cynodon éactxlon and .
in Oryzopsis heliciformis and avena sterilis by Litav and Seligman
(1969, 1970).
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Many. of thé studies on popﬁlation behaviour in mixtures are
based .on weed=-crop interfgrenqe;k In general, weeds have greater
potentialifleslto-accumuiétéfﬁéféf, nutrients and light energy
thereby decreasing the efficiency of crop production (Blaqkman and
Templeman, 1938; Russell, 1961), In studies dealing with grass -
legume associations different workers havé shown the improved yield
of the grass' in the pressncé of 1egﬁméf(ae*Wit'g§i§l., 19€8; Bergh
van'den,1968;'Abu-Shakra et al., 1969, and Reid, 1970). Such a

response has also been shown in legume-crop interactions by Kapoor

and Ramakrishnan (1975).

The famous experimental model of de Wit (1960) marked the
beginning of a new era in the studies of behaviour of ‘wo species
in mixtures. The model facilitates to study the performance of two
species in pure and mixed stands with varied proportions of the
species, keeping the overall mixture density constant. The
behaviour of a species is compared in pure stands with its perfor=
mance in variously proportioned mixtures and mutual aggressiveness
of the two species is measured. de Wit et gl.(1960) discussed

different situations and suggested the following models.

(i) Simplest form of competition occurs if two species compete for
the same space,

(ii) This model occurs when two speéies affect each other only by
crowding for the same space, finish théir growth in the sgme
length of time and have similar growth curves,

(iii)This more complex model occurs when two species having the same
growing period crowd for the same space but have dissimilar

growth curves,
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(iv) A very complicated pattern of competition in this model,
if two species do not crowd for exactly the same space.
This may occur if son. ©requisite obtained from the soil
limits the growth, and one species can explbre the soil
to a greater depth than the other., The same applies if
one species has a more prolonged growing period, Such a
stable equilibrium may also be found if one of the two
species crowding for space, is benefitted from the presence
of the other. Competition between grass and clover is an
example of this model.

(v) This model is applicable if one of the two specics hamper
the growth of the other, not only by crowding for same
space, but also by some processes such as the pfoduction of

toxic substances harmful to the other,.

Reversal of habitat performance has also been shown by
Harper and Chancellor (1959) who grew Rumex species on clayey soil

with or without Lilium perenne and found that in the absence of

the grass, the establishment of Rumex crispus and R. obtusifolius
was more successful under maintained water table. In the presencg’
of the grass, the most successful establishment of R. obtusifolius
occurred under freely drained conditions, The reason for such a
reversal of habitat preference as in the case of R. obtusifclius
is yet not clear. However, in the case of Melilgtus alba
ecotypes the reversal Qf habitat preference is definitely related
to their differential response to nutrients, particularly calcium

(Ramakrishnan, 1968a, 1968b, 1970).
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Present work;

~ Slash and burn agridultura (locally called "Shum") is a predo-
mlnant form b@ agrlculture in north-eastern hill region of India,
It involves the slash and burn technique of clearing the forest;,
cropping for a year or two and then abandoning the land for forest
fallow development for the restoratlon of soil fertlllty

' (Ramakrlshnan et al., 1980) .

In the past, the jhum cycle (the intervening fallow period before
the same land is again cultivated) was of 20-30 years which was
;deal not only for the restoration of soil fertility under a
forested fallow but also for keeping the noxious weeds under
control, However, in recent times there has been a considerable
shortening of jhum cycle to about 4«5 years Jdue to increased
population pressure and changed land use practices., As a result
notvonly the $0il fertility recovery of the system is adversely
affected but also large tracts of land have been taken over by

ruderal weeds like Bupatorium odoratum L., Imperata cylindrica (L.)

Beauv, var, major. Shocrtening of the jhum cycle has also led to
almost pure stands of these weeds occupying vast tracts of land in
an arrested stage of succession, being rendered useless for culti-

vation on this aécount.

The two weeds, namely E. odoratum and I. cylindrica are also
the pioneers in croplends and in the fallows developing after slash
and burn agriculture., Eypatorium odoratum a native of mexico, |
grows abundantly at lower elévations of Meghalaya (Kushwaha et al.,

1981)« It is a high-seeding species. Seeds are extremely light
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and are produced with pappus wnich hélp thém in their dispersal to
some degree, Seed germination -in nature starté iﬁ May = June with
the onset of monsoon, Largglﬁgmper of seedlings come up after few
showers, The pe;iod between fﬁné and October feprééenté the period
of active growth, after which the plants start fléwering. Maximum
fruiting takes place in the month of January and seeds are mature

by March.

The germination and growth behaviour of the populations of
E. odoratum collected from seven localities from 0ld and New World
Tropics, have been studied by Edwards (1974a, 1974b, 1975). He
observed that these populations represent different ecotypes
adapted to different climatic conditions, Further, he observed
the ecotypic behaviour in the plants growing under different soil
moisture conditions. The requirement of light for germination of
E. odoratum has also been shown by Edwards. (1974a) and Deb_ (1981),
The development of embryo and female gametophyte has been described
by Ghosh (1969). | Khonglam and Singh (1980) reported that .
g. odoratum is a allohexaploid with chromosome number 60 and is
apomictic, Yadav and Tripathi (1981) studied the dynamids and
regulation of E, odoratum population and came to the conciusion
that associated vegetation as well as the adults of the same
species play a major role in the mechaniﬁm of population regulation,
Kushwaha et al. (1981) studied the population dynamics of
E. odoratum in early successional communities and concluded that:
(i) Survivorship of seedlings and adults decreases with the
increase in the age of the community upto certain years,
(ii) the growth of the population is drastically reduced after about
about 8 years of the growth of this species, when high canopy
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species shade it out Jin tue process of secondary succession,
(Lii). the fallgws with maximum pgpulation density also suffered from

maximum mortality probuoly Jue to intra-specific competition.

Impepata cylindrica has extensive underground rhizomes, The
populationg multiply through iteratd#ve productior. of tillers (leafy
shootg), Besides, it also reproduces through seeds which are

i

produced in large numbers and are widely wind dispersal.

There have been only few studies on the growth behaviour of
this species, Richards (1952) and Nye and Greenland (1960) noted
that under slash and burn agriculture in Africa, a short cycle is
highly favourable for its vigorous growth compared to a long cycle
when it gets eliminated from the system during the process of
secondary succession (Beard, 1953), Schlippe (1956), whilc working
on the ecology of "Zande system" of agriculture in Africa, observed
that fire stimulates growth in this species, Further, he indivated
that it may flower after dry season with little or no rain., In a
recent study Eussen and Wirjahardja (1973) have even implicated

allelopathy as an important factor for the success of this species.,

However, these studies on the growth behaviour are relatively
indadequate in the context of their wide spread dispersal and
success which pose serious agronomic problems, A study pertaining
to the detailed analysis of their population growth providing
information about that natality, mortality, survivorship and
age-structure and the envirommental factors which influence these
population attributes may not cnly prove helpful in devising effect-

ive weed-control measures but aiso provide an insight into our
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understanding of their egulai.on in nature without environmental

. repurcussions,

For the present study, therefore, these two major early
successional weéds with contrasting life cycle strategies were
selecteds A third, late successional species, Scleria tessellata
Willd. was also selected to compare the population behaviour of
these two early successional weeds with a late successional one
occurring in contrast;hg environmental conditions. Apart from the
population dynamics studies and a few other related to competition
and response to different environmental conditions, a few selected
agro=ecosystems have been considered from the point of view of

their organization and yield patterns.



CHAPTER 1
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AN ANALYSIS OF SOME AGRO-ECOSYSTEM TYPHES OF NORTH-EASTERN INDIA.

INTRODUCTION

Shifting agriculture (locally called "Jhum") is practised in
the hill regions of north=eastern India which include Arunachal
Pradesh, Assam, Manipur, Meghalaya, Mizoram, Nagaland and Tripura,
This practice involves slash and burn of the forest, followed by
cropping for a year or two before abandoning the site for fallow
development and moving elsewhere for such an agriculture, The
region is characterized by humid climate with sub-tropical to
temperate vegetation mainly comprised of secondary formations, A
population of over 1.6 million (Mukherjee, 1975) depends chiefly
upon Jjhum annually cultivating atout O.,5 m hectares of land whereas
the total area affected by jnum is considered to be over 7,0 m
hectares, approximately six times the annually cultivated area
(Wadia, 1975). This, however, does not take into account the
degraded land rendered useless for oulti#ation or for forest deve=-
lopment (Ramakrishnan et al., 1980). In the past the jhum cycle
(the intervening fallow period before the Same site is again
cropped) was of about 20 - 30 years which was ideal not only for
physico-chemica’ improvement of the soil but also for keeping the

noxious weeds like Eupatorium odoratum and Imperata cylindrica

under check., However in recent times, the jhum cycle has become
as short as 4 = 5 years due *tn increased population pressure,
reduction in acreage due to site degradatinn and also due to

changes in land tenure practices.



The terrace cultivation ;%lch has been suggested as an
alternative to jhum by the local governmental agencies and valley
cultivation of rice are also other land use practices in the
region (Toky and Ramakrishnan, 1981; Mishra and Ramakrishnan,

1981) .

There has been much confusion in the past, regarding the
yield under jhum, Agro-Economic Research Centre, Jorhat, Assam
conducted surveys on jhum yields of rice and concluded that the
average yield of 800 ~ 900 kg/ha/yr of rice in Garo hills, Mizoram
and Arunachal Pradesh is comparable to the average yield of 1145
kg/ha/yr for the country as a whole for 1971=72, Mishra (1976)
reported 1200 kg/ha/yr of yield of rice under jhum in Tripura,
According to Aurora gt al, (1977), the yield of rice under jhum
and dry land cultivation on terraces are not significantly diffe-
rent under comparable situations, Sahu (1978) noted an yield of
853, 738 and 3428 kg/ha/yr of rice under jhum, terrace and valley
cultivation respectively suggesting that monetarily terracing is
morg productive compared to jhum or valley cultivation, Recently
Borthakur et al., (1978) reported very high yields of rice under
terrace cultivation (1860 kg/ha) compared to jhum (190 kg/ha),
However, these studies neither specify the jhum cycle or the
cropping pattern under jhum, nor do they specify the various
inputs that go into jhum or other sedentary forms of agriculture
which would determine the ultimate yield, They also do not
specify as to whether yield from other crops is compared since

&

oftan as many as 30 crops may be involved in ‘ne mixture,

Regently, however, Ramakrishnan and his coworkers (Toky and
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Ramakrishnan, 1981; Mishra and Ramakrishnan, 1981) have eonsidered
the jham pattern of these agro-ecosystems at low and high eleva-
tions of Meghalaya taking into consideration the various agronomic
practices, The present study is an extension of this in order to
understand cropping and productivity patterns of Jjhum in Garo hills
of Meghalaya and in the Ao arca of Nagaland under two jhum cycles
of 5 and 10 years., This has becn compared with valley cultivation
of rice in Garo hills and Nagaland and terrace cultivation in the
Angami area of Nagaland, where terracing is very common, All
these sites in Garo hills and Nagaland are at lower elevations of

about 800 m, under a sub~-tropical climate,

DESCRIPTION OF AGRO-ECOSYSTEMS

Slash and burn agriculture is extensively practised by the
tribal population of the north-eastern India, Jhum is done on
slopes of 20-40°, Furtsher the entire region is characterised by
high rainfall ranging from 1200 to 2500 mm annually. The soil is
mostly lateritic (oxysol) at lower elevations, dJhum cycle in
Garo hills may vary from place to place whereas in Nagaland it is

of about 10 years,

A short jhum cycle of 4~5 years is more common in Garo hills
though in Nagaland it was 8-10 years long. The average size of
Jhum field is generally from 1,0 to 2.5 hectares cultivated by a
family of two adults and four childrén. Adults as well children

participate in work,

The operations start in December-Jdanuary with felling of the

trees, shrubs etc. on a selected plot whicn is mostly determined
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by the chief of the village. Iudividual and clan ownerships are
relatively rarc but belongs to the community. Generally all the
Jhum ficlds arc located at once place and before anyone could start
the felling, a group of men arce cengaged by the chief to prepare the
pathway leading to the place various festivals like "Saljong" (Sun
God) worship (among Garos), "Ana Tsungram" worship (among Ao Nagas)
are associated with the felling operation, Felling is mainly done
by men, Sometimes big trees arce left intact though their branches

may be slashed. Species like alder, Alnus nepalensis arce gencrally

not cut down as they are considered by them to improve soil fertie-
lity. Large logs are often removed for housebuilding or put
horizoﬁtally on the slope to check soil cerosion. The slash is
burnt in situ in}April - May after drying it in winter months from
January to March. Before burning, a fire line is cleared along the
periphery of the field to chcck its spread. Somectimes a second

burning may be required to complete the proceSs.

Sowing starts Jjust after burning in May - June, The propor-
tions of various seeds in the mixturce for broadcasting vary from
place to place and family to family depending upon the family
requircments ag well as jhum cycle prevailing in the arca, Cereals
make the major part of the mixture with seeds of cucurbits, pulses
and vegetables e%c. These seeds are mixed Qitp fine soil from the
jhum and are broalcasted uniformly in the field by male memﬁers.
Méize, ginger, Colpcasia, tapioca and banana are sown at random
chiefly by females, Brinjal, chillies, tomatoes, beans, spice
plamt {Hyptis spicigera) etc,, which are mainly for the consumption

of the family, are plarted almost in monocultures around the field
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hut which is made for field wa“zhing for one crop season. Often
to avozcd wild animals like tigers and elephants, field huts are

made atop the trees.

As major constituents of jhum agro—ecqsystem, weeds pose
problem with the onset of the rainy season., They include root,
stem énd rhizome sprouts and vérious herbs and grasses. A long
Jhum cycle is helpful in keeping the weeds under control but
under short jhum cycles, the problem getiaggravated. Imperata

cylindrica sprouts vigorously. through extensive underground

rhizome system and repeated disturbances may induce flowering in
this species, resulting in the -production of large amount of
seeds (Kushwaha et al., unpublished)., Eupatorium odoraium is
-another noxious, fast growing, perennial weed vith high seed
output (Kushwaha et ales 1981), Besides these, there are also

other weeds like Mikania micrantha, Ageratum conyzoides, Eregeron

canadensis and Thysanolaena mexima, which afford inter-specific

compatition to crop plants. Weeds like I. cylindrica have also

. been feported to possess allelopathic inhibition of crop growth
(Eusser. and Wirjahardja, 1973).

Terrace cailtivation

Terrace zultivation has been suggested as an alternative to
jhum by local governmental agencies. As incentives 1 = 2 hectares
of land is allocated to a family, besides providing fre inputs
like seeds and »lant, arganic manure and fertilizers are also
given for a yeaf,or two, However, in many places, these

" terraces are ofter cultivated just as under jhum when these
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subsidies are withdrawn., In Nagaland, the Angami and Chakesang
tribes, however, have been successfully practising terrace culti=--
vation of rice for a falrly long tlme, partlcularly in areas where

water is available for lrrlgatlon. Sometlmes a secand crop of

Setaria italica or Coix lachryma=jobi may also be taken during
- winter on these terraces after rice cultivation in July-Novembers

Polygonum is-one of the vigorous weeds in terraced lands.

Valleyvcnltivation :

Valley cultivation also has monoculture of rioe.as in terraces:
The valleys are enriched by water and soil nutrients, like terraces,
brought down from the adjoining slopes and therefore need no major
fertilizer input. Both in Garo hllls and Nagaland, rice is grqﬁn
only once in.a year in valley land, between May to November,
During the dry winter months, PFOpping is not done for want of
water, If sufffcient water is available, a cecond crop may be
raised in winter. Ploughlng the land is done using bullocks. Seed-
lings are raised in nursery beds and are transplanted into the
field when they attaln about 30 cm height, early in July. Weeding
is done 3 - 4 tlmes by both male and female members of the famlly. )
Each family has, on an average, 0.5 to 1.0 hectare of such land
dependlng upon the local topographlc situations. Compared to
terrace'cultivation; valley cultivation has more weed infestation,
mostly dominated by Polygonum, which i& ploughed back into the

system as green manure.

METHODS OF STUDY

The study 51tes are situated at Garo hills in Meghalaya
(25° 29N latitude and 90° 15'E longltude) and at the Ao CzﬁPedﬁiN
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latitude and 94°,12'E longitude) and Angami (25°,40'N latitude and
94¢,10'E longitude) regions of Nagaland. A short,5 year jhum cycle
and valley:cultivation studies Weré done at Garo hills, 15 km north
of Tura, A long,10 year jhum cycle and valley cultivation studies
were ddné at Changki village, about 50 km west of Mokokchung dist-

, rictvpf Nagaland. _The tribes involved are the Garos and the Aos,
At another study site in Angami area around Kohima district of
Nagaland, terrace cultivation done by the Angami tribe of the Nagas,
was studied. In each study area, four replicate slopes of similar

aspect and topography were selected.

Density, frequency, basal area and importance value indices of
the weeds of the agro-ecosystem types were done in Septewmber, at
the peak of their grtowing season, The total dry weights of diffe-
rent weeds were analysed in sample plots of 10 m2, kept apart as
control enclosures in each of the fields for study purposes. This
ensured accurate estimation of the weed population at pcakl growth
period which generally coincides with the peak growth periods of

the crops.

The crops, which were aﬁout 30 in the two jhum types of 10 and
5 years, were also analysed quantitatively for their density,
frequency and basal area using10Jdm? quadrate., The total basal area
represents the area of the ground occupied by the stems of cropse.
The IVI values of crops as well as weeds, were calculated as the
sum of relative density, relative frequency and relative basal area
and are based on 20 quadrates per plot (Misra, 1968; Kershaw,1973).
The individual plant héight and leaf area for crops were also cal=-
culated and are based on 20 randomly selected plants per Bicte Plant

spread is a measure of the average aerial spread of the shoot
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of a given species (Kershaw, 1973) and was measured at the time
of peax growth of the crops as average of 20 plantsi The leaf area
index (LAI) that is, the leaf surface exposed to light with respect
to the ground surface (Odum, 1971) was also éaloulated for each

crop and is based on 20 plants.

For individual crops, the biomass and the economic yiczld per
plant were calculated on the basis of 20 plants per plot. The per
hectare valucs are based on estimates for the entire plot. For
terrace and valley cultivation only the economic yleld was analysed
for monetary cost-benefit studies., Labour inputs in man hours for
various operations in three agro=ecosysten types were calculated,
The labour charges for male and female workers, were calculated on
the basis of the prevailing daily rates of Rs. 10/= and 8/-
respectively (in Nagaland) and Rs. 8/~ and Rs, 6/= respectively
(in Garo hills, Meghalaya), Similarly the price of economic
produce was also estimated based &n local market price for each

Crop.
RESULTS

Table 1.1 represents the phytosocialogical characteristics of
the different crops under two Jhum cycles of 10 and 5 years,
Under a 10 year jhum in the Ao region, rice was the most important

crop followed by cotton, Amongst the cereals,Setaria italica

and Sesamun indicum were emphasized. Colocisia which is used as

pig feed was the most important of the tuber/root/rhizome crops,
and represents the third high density crop. amongst vegetables,

brinjal and bitter gourd (Momordica charantia) are sown at low




Table 1.1. Phytosiology of crops*under tWK>uéAUﬁcwcles in Garo hills and Nagaland,

Crops Density/ha % frequency Basal area/ha VI
10 yr 5 yr 10 yr 5 yr 10 yr 5 yr 0 yr 5 yr

a}aiqund seeds? - v
Qryza sativa 500000,0 560000,0 100 100 ©65000,0 439600 ,0 168,20 200,11
Zea nays 184,.5 17545 50 50 738.0 861.,0 7¢55 6.38
Sorghum vulgare - 430.5 50,5 60 30 16349 8144 9.17 3.73
hlotigiéoicigera 147,6 120,0 10 10 1160 60,3 1452 1.262%
Setaria italica 246,0 2000 30 20 123.0 39.3 4,52 2.50
Sesamﬁm indicum 246,0 350,0 20 20 277.9 175.8 3602 2457
Coix lachryma=jobi 35,0 10,9 10 10 61.6 16.8 1,49 1,23
Leaf, stem,‘fruit_ghd vegetables:
Luffa eylindrica 24,6 15,0 10 20 1545 Le2 1.49 2,47
Phiscolus SpPe 246 24,2 10 10 12,3 6.3 1,49 1.23
Anaranthus sppe. 123;0 129,0 20 30 386,2 259.2 1.49 377
Cucurbita pepo = 24,6 1550 10 20 6245 17.0 1.49 2,47
C. maxima 24,6 2046 10 10 7742 31.7 149 1,24
Cucumis sativus 30,0 12.0 10 10 9,0 1.4 1.49 1.23



ngopersicum esculer.tum

Capsicum - fructescence

Musa sapientum

Viena sinensis

Solanunm melongena

Hibiscus esculentus

Citrulus vulgaris

varcharum officiaarum

Momordica charantia

Hibiscus subderiifa

Gossipium hirsutum

Tuber, root and rhizomes:

Manihot esculenta

'Ipomoea batatas

Diascorea spp.
Zingiber officinalis
Allium sativum

Colocasia anticuorum

28,0
196.8
190,0

24,2
w 1heT
32,0
2945
14,7
17.2
123,.0
5000.0

123.0
19.6
49,2
49,2
49,2

565 .8

© 18,0
175.6
200,0

3542
15.0
39,0
20,2
30,5
17.0
200,0
6450,0

120,0
10,2
30,0

500,0
30,3

469.7

20

10
10
10
10
10
10
20

50
10
20
20
10

30
50
20

10

20
20
10
10
20
70

60
10
60

10
20

2643
98.4
33559.7
9.2
5047
100.5
843

Lo

3.3
26,0
353500,0

1184:5
12.5
3849
374
24,6

15989.5

6.9
3445
22608.0
9.9
3842
88.5
2.5

3.8

T 241
100.5
120253.0

37648
3.9
5.9

39245
8.6

6501, 1

3,01

7.67
1.4%
1,49
1,49
1,49

149

1.49
2.02
4693

7459
1.49
2.98
3.01
1449

6.08 -

2,47

3.7

10,&1
2.48

3124
2,50

2.47

1&2‘;

11;23
2453
13.8¢

75t

122
Teltd
3.87
1e24
3487

©




Table 1.2, Phytosociology of weeds under two jhum cycles in Garo hills and Nagaland,

Density/m2 % frequency Basal area IVI Dry wt, yield(g).
' Weeds (em?) /m2 mg v
Myr 5yr 10 yr5yr Myr 5yr 10 yr 5 yr 10 yr 5 yr
Ageratum conyzoides 6.0 6.4 100 100 18,8 3,1 45,34 12,91 109,0 120.0
Borreria hispida 145 3;2 100 80 1.7 2,0 19.30 10,14 171.0 358,0
Dendrocalamus hanpiltonii 3.2 243 100 60 76.0 11.2 TheO4 13,30 400,0 308.2
Eregeron canadensis 6.4 6.0 90 100 20,1 5.7 46,15 15,27  340.3 344.2

Bup. . ._... vdoratum 1.2 2.1 80 90 19.0 1441 2741 17.81 i56.0 298.82§
Imperata cylindrica - 200,0 - 100 - 100.0 - 152434 - 500.2
Mikania micrantha 0.2 2,0 20 100 2.0 171 4,68 20,50 123.9 2?5146
Osbeckia crinita 2.2 4,2 100 100 6e2 L7 24,00  13.89~ 148.1 243.4
Panicum maximum 110,0 15,6 100 80 2.8 0.4 .3k 13,93 402,0 600.0
Phragmitis Sppe 0.1 0.7 10 17 0.4 1.2 1.98  7.58 117  78.9
Sancharum spontaneum O.1 0.6 10 60 0.1 Oul 1.77 614 14,0 711
Solanum spp. 0.2 0.5 20 50 0.1 4.8 3,35  7.78 22.9 62,0
Thysaiclaena mexima 0.2 0.8 20 80 0.5 0.5  3.65 8.2  33.9 50,0
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densities compared to the others, Leaf, stem, fruit and vegetable
crops were numerically more followed by cereals. The total number

of cereals or tuber/root/rhizome crops were more or less the same,

Under a 5 year jhum in Gavo hills, rice, cotton and ginger

were emphasized more, Amongst the cereals Setar.a italica was the

next crop of importance, whereas it was banana in the case of
vegetable and fruit crops and Colocasia amongst the tuber/?oot/

rhizone crops.

In the Ao area of Nagaland under 10 year jhum cycle, the weed
density in general was lower than that under a 5 year cycle in the

Garo hills while I, cylindrica was totally absent in Nagaland site,

it was a very important species in the Garo hillé‘ site,

Dendrocalamus hamiltonii comes up as sprouts from the underground

rhizomes. Under a 10 year cy le, Pgnioum ma:imum, Ageratum

conyzoides, Eregeron canadensis and Eupatorium odoratum are some of

the important weeds, Whereas under the short cycle at Garo hills

besides the most important Imperata cylindiica, Mikania micrantha,

Eregeron canadensis and Panicum maximum were also important (Table

1.2)s The vigour of the crops under the two jhum cyscles.at Garo
hills and Nagaland are shown in Table 1.3, Except in the case of
Amaranthus spp. height of all the crops were m. vkedly reduced
under a 5 year jhum cycle compared to that under a 10 year cycle.:
The leaf area and the plant spread also showed similar trends.
Leat area index was maximum for leafy vegetable crops like Hyptis

spicigera, Phaseolus vulgaris and Vigna sinensis, Amaranthus and

Hibiscus subdariffa with markedly lower values for cucurbits and
cereals, The total ieaf area index for all crops was much higher

under a 10 year cycle compared to that under a 5 year one.
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Table 1.3, The vigour of ciops under two jwm cycles in Garo
hills and Nagaland.

Plant height Leaf area Plant Leaf area
(cm) (m2) /Plant spread(cm) index

0Oyr 5yr 1Wyr5yr W0Oyr5yr 10 yr 5 yr

Crops

Grair and seeds:

Oryza sativa 106,7 60,2 0.3 0,2 45,7 24.4 3.2 2.1
Zea mays 213.4 160.6 1,0 0.6 914 45,7 2,0 1.1
Sorghum yulgare 300.5 250.0 1.0 Q.4 106,7 61.1 2.8 1.7
Hyptis spicigera 92,4 60.8 4,5 3,0 88,4 36.0 5,1 2.5
Sesamum indicum 180,8 100,2 1,0 0,7 76.2 67.0 3,9 2.6

Coix lachryma-jobi 130.9  90.5 0,3 0.1 76,0 48.6 2.6 1.1
Leaf, stem, fruit and vegetables:

Luffa cylindrica 480.,0 290,0 2.1 1.3 365.8 213.4 2,9 2.0
Phaseolus spp. 530.,0 Z3%.2. 29,7 18.0 304.8 182,9 442 2,9
Amarenthus spp. Moli 1200 2.5 14 7642 45,7 449 2,9
Cucurtita pepo 303.4 19041 2.2 1.1 457.2 243.8 2,1 1,2
C. max’ma 289.7 191.5 3.2 1.8 450.3 213.4 2.6 1.7
Cucumis sati us 330,5 2116 1.6 0.7 455.0 19841 2.4 1,1

Lycopersicum esculemim.61,0 50.1 0.2 0.1 76.2 30,0 3.6 2,7
Capsicum fructescence 61.1 46,6 0,3 0.1 91.4 45,7 3.0 1,8

"usa sapientum 364.8 199,2 50.4 30,0 304.0 167.0 3.8 2.4
Vigna sinens:s 50049 2987 324 172 121.9 5749 546 345
Solanum melongena 70.0 40,3 0,6 0,5 91.4 60,0 3,0 1.9
Hibiscus esculentus 160,8 85,9 1.2 0.4 106.7 45,7 3.5 2,4
Citrulus vulgaris 465,3 300,3 1.0 0.4 426,0 213.4 2.8 1.7

Saccharum officinarum 350.6 250,0 0.5 0,3 100,6 60,9 3,3 2,0
Momordica charantia 425.7 261.8 1,2 0.4 914 45.7 4.8 3,5
Hibiscus subderiffa 162.2 93,4 1.5 0.9 914 91.4 4,5 13.3
Gossipium hirsutur 120,9 80,3 4,6 2,0 W 91.0 24,5 4,0 2,8
Tuber, root and rhizomes: |

Manihot esculenta 243,8 170,0 2,0 1.2 152.4 91,4 3.6 2.4
Ipomoea batatus 495,2 3M0,0 1.5 0.9 335.3 152.4 3.0 2.1
Diascorea spp. 51943 308,8 10,2 645 152,0 7041 55 246
Zingiber officinalis 45,0 &4%,2 0,2 0,1 45,0 24,0 3.0 1.8
Allium sativum 30,0 1602 Dot 0.1 45,7 15,0 1,9 1.0

Colocasia anticuorum 120,9 76.2 1.8 1.0 1219 64,0 3,0 2,0

Mean A3.4 2¢1
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Table 1.4, Mean economic yields of crops under two jhum
cycles in Garo hille and Nagaland.

Moisture !'Yield/  Yield/ .Yield/  Yield

Crops () “plant(g) hal(kg plant(g) ha(k
10 yr 10 yr 5 yr 5 yr

‘Grair. and seeds: . t | ,
Oryza sativa « = 19.5 Lo3  2195,0 3.0 1600,0
Zea mays ! i 15.0 . 85.0 1547 45,0 7.9
Sorghum vulgare 12,0 40,0 1742 23,0 0,9
Hyptis .spicigera 95,0 2.8 Ol 1.6 0.2
Setaria italica 17.0 24,9 6.1 15,3 3.1
Sesamum indicum 7.0 21.3 5.7 10,0 3.5
Coix lachryma-jobi. 18.0 26,6 0.9 11.6 0.1
Leaf, stem and fruits:
Luffa cylindrice 93.0 250,0 6e1 170.0 2.6
Phaseolus spp. 25,0 1250.0 30,8 805.0 179
Amaranthus spp. 86,0 48%.0 17.6 100,0 12,9
Cucurbita pepo 95.0 500,0 12,3 3a0,0 ‘4,8
C. maxima 90,0 1200.,0 29.5 800,0 1645
Cucumis sativus 96.0 685.0 20.6 35040 4e2
Lycopersicum esculentum 93,0 340.0 9¢5 180,0 342
Capsicum fructescence 80,0 100,0 19.7 51,0 8.9
Musa sapientum . T77¢5 2250,0 425,5 1110,0 222,0
Vigna sinensis 88,0 60.0 1.5 3540 142
Solanum melongena 93.0 340.,0 5.0 195,0 2.9
Hibiscus esculentus 90,0 35040 1.2 190,0 Toh
Citrulus vulgaris 96,0 400,0 11.8 250,0 5.1
Saccharum officinarum 75,0 1250,0 18.4 750,0 22.9
Momordica charantia 81.5 185.0 3.2 100,0 1.7
Hibiscus subdariffa 75.0 125.0 15.4 75.0 15,0
Gossipium hirsutum 5.0 945 47%.0 6.0 3847
Tuber, root and rhizomes:
Manihot esculenta 59.0 2045.,0 251.5 1500,0 180,0
Ipomoea batatas 81.0 965,0 18.9 675.,0 6.9
Diascorea spp. 75.0 1000.0 L49.2 493,0 14,8
Zingiber officinalis 80,0 142.5 7.0 90.0 45.0
Allium sativum 96.0 4,0 0.2 2.0 0.1

Colocasia apticuorum 80.0 200.0 113.2 130,0 61

e - R - - - B LR R e L T T LI e Ty e
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‘ Table 1 53 “Biomass yield of the crops under two Jhum cycles in
) ' Garo hills and Nagalanc.

10 yr ~ 5 yr

o O/ e BRO UR
Grain: and seeds: .
Oryza sativa 30.0 15000,0 20,6 11536,0
Zea mays 425.0 784 225,0 395
gorghum vulgare 6045 26,0 33.0 1.3
Hyptis spicigera 33 0.5 241 03
Setaria italica 48,0 11,8 30,0 6.0
ﬁesamumAindicum 4640 1143 22,0 Te7
Coix lachryma-jobi 3he7 1,2 18,0 0,2
Leaf, stem, fruit and vegetables: _ :
Luffa cylindrica 27946 6.9 200,0 3,0
Phaseolus spp. 4230.0 104,1 255044 5646
Amaranthus spp. 150,0 18,5 120,0 15,5
Cucurbita pepo 940,0 2341 600,0 9.0
Cucurbita maxima 17400 42,8 1320,0 - 27.2
Cucumis sativus o A 135540 40,7 740,8 8,9
Lycopersicum esculentum 600,0 16.8 35049 63
Capsicum fructescence 110.0. 2146 . 6040 - 1045
Musa sapientum 8870,0 1685,3 410049  820,2
Vigna sinensis o 150.3 3.6 B6.7 3.1
Solanum melongena 47549 7.0 310,0 L7
Hibiscus ésculentus 450,0 14,4 280,40 10.9
Citrylus vulgaris 632,5 1847 35045 Te1
Saccharum officinarum 1386 ¢6 20,4 900,5 2745
Momordics chardritia 726.0 1245 58042 949
Hibiseus subdariffa 37540 4641 2317 46.3
Gossipium hirsutum 3040 150040 20,3 130.9
Tiber,. reot and rhlzomes. : : .
Manihaot esculenta L 3145,00 + 386,9 2200,0 264,0
ngmceaxbatatas, 111041 21,8 80040 Be2
Diascorea spp. 1111,0 5447 600,0 1840
Zingiber officinalis 280,0 1348 10145 9548
Allium sativum = 6.0 -043 36 0.1
Colocasia anticuorum  320,0 181,40 1200,0 933
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The mean economic yield per plant as well as per hectare were
nmarkedly low uader a 5 year jiuwn compared to a 10 year jhum and the
decrease was more proncunced in crops like maizey sorghum,

Coix lachryma~3jobi, Diascorea sppe and some of the cucurbits, In

both typs of jhums rice, banama, cotton and tapioca had higher

yields compared to the other crops (Table 1.4).

Table 1.5 shows the‘biomass yields of different crops under
the twe Jhum cycles. The total biomass per plant and per hectare
of different crops was markedly reduced under a 5 year cycle com-
pared to = 10 year cycle, Rice had the highest biomass yields per
rhectare under both jhum cycles. Under the valley cultivation, the
yield of rice was 3960 kg/ha in Nagaland site compared to 2600 kg/
he in the Garo hills, However,; the yield under terrace cultivation

in Nagaland sites was even lower (2420 kg/ha).

The monetary inputs to the different agro-ccosyctems include
the labour cos®ts and the cost of the sceds used for sowing.
Howevcr, the leobour charges for making terraces in the beginning
under serrace cultivation have been excluded from the calculations..
The labour input was found to be maximum under a 5 year cycle
followed by that under terrace cultivation, The inputs under 10
year jhun cycle and into wvalley cultivation were quite simiiar.
The mone-ary output was maximum (Rs, 5940) for valley cultivation
in Nagaland zite followed by that under a 10 year jhum (Rs. 5187);
under a 5 yeer cycle in Garo hills the output was the least., The
net monetary gzin are the return per unit cost of production also

followed simiZar trends (Table 1.6).



Table 1.6. Monetary input-output (Rs.ha/yr) in jhum, terrace and

valley agro-eccosystems,

Jhum' Valley cultivation Terrace culti-

e vation
Nagaland Garo hills Nagaland Garo hills Nagaland
(10yr (5yr cycie)
cycle) '
Input 1852 2353 1749 1857 1911
Output 5187 3530 5940 3900 3630
Net gain 3335 1177 4191 2043 1719

Output/input 2,8 1.5 34 2,1 1.9
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DISCUSSION

Mixed crepping is such a common feature under shifting
agriculture that the two terms have often become synonymous, As
many as 40 - 50 crops have been noted in Philippines, almost all of
which are gsown at a time (Conklin, 1957). At lcwer elevationg of
Meghalaya, ,Toky and Ramakrishnan (1981) have reported mixtures of
about 13 crops. However, simultaneous sowing is more common in
north-eastern hill regions, In some cases, crops like banana and
citrus are planted even at the end of the cropping tenure or when
cereals are removed from the fields as in Ghana (Rye and Greenland,
1960), In the north-eastern region, however, often the land is
abandoned after cropping for a year or two and sometimes pine apple

and banana may be raised,

The crops sown, possess different growth and developmental
strategies with diverse nutrient requirements which enable them for
optimum use of available "space". In such a mixed community the
canopies of the different crops are so stratified that tney make
maximum use of sun light which otherwise may not be utilized under
monocultures, The high values for leaf area index for many of the
crops, suggests that the yield potential of the different crops is
high, A lcaf area index of 4 is known to give maximum crop yields
in various agriculture systems (0dum, 1971) which implies that
under long jhum cycle of 10 years, the crop assembly may be effi-
cient from the production point of view, Besides, mixed cropping
also ensures a good: seturn for ot least some of the crops even if
others fail. The sequential harvests of different crops create

more space for the remaining ones and this reduces competition at
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the peak period of growth and alsdo provide organic manure through

decomposing litter from the ea®mlier crops,

A mixture of crops may also be more effective in checking
soil erosionys as seen from the reduction of losses after crop
cover 1s established (Toky and Ramakrishnan, 1981), Mixed
cropping is also comsidered to be important Jlrom the point of

view of pests and disease control,

Weeds pose a problem under jhum, more so under a short cycle
as also reported by other workers (Zinke et al.,, 1981; Freeman,
19553 Cutting et al.,, 1950; Mutsaers et al., 1981). Under short
Jhum cycles these weeds not only compete for the limited resources
but also hinder further regeneration of the vegetation and as a
result the weed community is maintained more or less in a perma=-
nent state of arrested succession (Ramakrishnan et al., 1980;
Kushwaha et al., 1981) , However, fallowing upto about 10 years
under a 10 year cycle keeps the weeds under check due to second=-

ary successional processes,

The yield under a 10 year cycle is markedly more than in the
5 year cycle, though these two cycles are not strictly comparable
as they are located in different geographical areas, However,
such a difference is still explainable on the basis of higher
fertility status of the soil under a longer Jjhum cycles with
better physical properties for the soil (Ramakrishnan and Toky,
1981) . The soil fertility recovery under a 5 year cycle

obviously is poor than under a 10 year cycle,



39

Valley éultivation has a natural advantage due to washout
of nutrients alongwith water from adjoining hill slopes and thus
it gives sustained yields from year to year, It is interesting
to note that under terrace cultivation the output and the input
ratio was close to that under a 5 year jhum cycle, Such a low
value may be explained as due to poor physical and chemical
properties of the soil under ontinuous cultivation, On the
present study site, this is aggravated due to non-application of
any ferilizer (organic or inorganic) as is done in many other

such situations.

SUMMARY

The paper deals with studies on cropping patterns and the
productivify of three agricultural systems, jhum, valley and *..
terrace cultivation,. at Garo hills (5 year jhum cycle and valley
cultivation),Meghalaya, and Ao (10 year jhum‘oycle and valley
cultivation) and Angami (terrace cultivation) areas of Nagaland

in north-eastern India.

The plant height, leaf area, leaf area index and individual
species spread were greatly reduced under a 5 year jhum cycle
compared to that under a 10 year jhum cycle., The economic and
totai biomass yield also followed a similar trend. Rice was the
major crop under jhum, Apart from about 2B crops which include
cereal,'Vegetablg,'fruit, tuber and rhizomatous species. Besides,

cotton may also be gsrown,

4

The monetary return per unit of the latour invested, was
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highest under valley cultivation followed by that under a 10 year
Jhum in the Ao area, A 5_year jhm cycle at Garo hills gave

lowest monetary gain whiie'fhé return from the vglley cultivation
in this area was equal to that from terrace cultivation in Angami

area, The implications of the results are discussed.



CHAPTER 2
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POPULATION DYNAMICS OF EUPATORIUM ODORATUM L. IN SUCCESSIONAL
ENVIRONMENTS FOLLOWING SLASH AND BURN AGRICULTURE (JHUM)

INTRODUCTION

Eupatorium odoratum L. is a noxious,perennial weed in many

parts of the world, It was introduced to Inaia from America
during the Second World War and since then it has widely spread
and has become a dominant weced in croplands, roadsides and other
exposed arcas, It is quite successful as an early colonizer,
The light seeds (Cypsellas) which are produced in large numbers,
-arc efficiently dispersed to far-off places by blowing wind.
Seed setting is complete before the onset of rain in May and a

large number of seedlings come up after the first few showers.

E. cdoratum belongs to family Asteraceac. As a pioneer weed
it possesses most of the characteristics to compete with other
plant species., Since the seeds are taken far apart by wind, new
areas are successively colonized every year. Seed germination in
nature starts in'May-June, with the onset of the rain showers,
The period between June and October represents the period of
active growth, after which the plants start flowering, Maximum
fruiting takes place in the month of January and by March the
seeds are mature. Strong winds during April and early May are
highly favourable for seed dispersal, Seeds are very light and
are provided with pappus which help them greatly in their

dispersal,

General changes in plant species composition during carly

stages of secondary succession nave been studied by Oosting (19&2L
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Keever (1950) and Bazzaz (1968, More recently the studics on
population dynamics in early spcoessional fields. were done by
Holt (1972), Autonovics (1972), Raynal and Bazzaz (1973). The
aim of the present study was to identify the various factors
governing the population size énd reproductive behaviour of
Es odorztum at different successional stages of community deve=
lopment following slash and burn agriculture (Jhum) which is
extensively practised by’the local tribal population of Meghalaya

in north=cast India,

METHODS OF STUDY

The experimental sites arc situated at Burnihat in Meghalaya
(26°02'N latitude and 91°52'E longitude) at an altitude of about
100 metres. Five fallows of different ages, viz., 1, 3, 5, 10
and 20 years, were selected as the study si:es., The age was
calculated from the time fields were left as fallows after slash
and burn agriculture, For density, frequency and cover, the
vegetation analysis of the different species in the fallows was
done using 1 mz‘quadrat in case of herbacecus species and 100 m2
quadrat for shrubs and trees, ’Importanqe value index (IVI) was

calculated following the procedure outlined by Misra (1968) and
Kershaw (1973).

Demographic studies were carried out in permanent guadrats
of 1 m2 with three replicatces in each of the fallows, The fate
of the scedlings and shoots of established plants was followed
over a two year period 1 om May 1978 to May 1980, The seedlings
were marked by two different colour paints cy putting a dot over



cotyledonary leaves in order. to cifferentiate the seedlings of
two cohorts, one appearing in May and the other in June in a year.
The adult shoots already pfeéent at the start of the experiment,
were taken as more thanwgwg year 0old and those which appeared in
1979 as two year olde. Bhé shhots appearing in 1979 were taken as

one year old. The shoots were tagged with aluminium%}abels.uAmong

the environmental parameters estimated, were maximum and minimum

temperatures and rainfall,

. The seed number per m2 was -estimated by counting the seeds
produced by the plants in a guadrat of 1 m® and is an average of
three replicates., The seed number per plant was estimated by
dividing the seed output per m2 by the total number of nlants per
mz. Reproductive capacity is the product of the average seed
output and the fraction repfésented by the percentage germination

(Salisbury, 1942),
RESULTS

Climate : _ v

The climate of Burnihat could be divided into three distingt
seasons. The dry and windy summer is from mid-February to May
with average maximum temperature of 32.2°C and minimum temperature
of 24,1°C, The rainy season extends from May to September with
an average annual rainfall of about 2200 mm, This is a warm
period with high humidity. The month of October represents the
transition from rainy to winter season, The mild winter with an
average maximum temperatuv e of 24.8°C and minimum temperature of
12.4°C extends from November to mid-Feb;uaryt This period is

practically rainless except for a few winter showers (Fige. 2¢1)e



Fig. 2.1, Ombrothermic diagram for the study area,
Monthly maximum (@) and minimum (O)

temperatures; monthly rainfall (A).
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Vegetation ¢

The early stages of secondary succession upto five years are

characterised by a number of wecedy species like Eupatoriﬁm

odoratum, Impcrata cylindrica, Thysanolaena maxima and

Arundinella ben5alensis besides others like Grewia elastica,
2e:d

Dendrocalamus hamiltonii dominates older fallows with a few shrubs

and tree species coming up as seedlings, stem or root sprouts.
The importance value indices for different associated species are

given in Table 2.1.

Population flux of E. odoratum

In 1 and 3 year fallows there was an addition of 100 and 40
individuals per m2 respcectively over a 2 year study period while
in 5 and 10 year fallows there was a net loss of 30 and 0.7
individuals per m2. In a 20 year fallow the population size
which was small, remained the same till the end of the study
period, There was recruitment of 765, 4318 and 3248 individuals
respectively as scedlings in 1, 3 and 5 year fallows while in 10
and 20 year fallows no secdling recruitment occurred. The morta-~
lity of adult plants, present at the start of the study, was
highest in a4 5 year fallow, The fallow characterised by maximum
recruitment also suffercd from maximum mortality and this

happened in younger fallows upto five years (Table 2.2).

The shoots, mcre than two years old, present at the start of
the study, were moxiwam in 2 5 year fallow with sharp decline in
younger and older fallows, While there was a net gain of 50,9

individuals in a 1 year fallow over a two year period, in 3 to 10
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Table 2.1 Importance value indices of major associated plant
species at different sites,
Species Age of fallows (years) -
1 3 5 10 20
Ageratum conyzoides L. 14,3 - - - -
Arundinella bengalensis (Spreng) Druce 8,5 8.5 1146 - -
Borreria hispida{l.) K. Schum. 1846 - - - -
*Bauhinia varicgata L. L,h  B.1 Te2 1649 -
Cyperus globosus Allioni 7o4 10,8 11,1 15.7 15.8
Carex cruciata Nees - - 7.9 15.8 16.8
*¥Careya arborea (Roxb. 6.6 10,7 - 15,2 17,1
*Callicarpa arborea Roxb. 3.1 4.3 6.6 10,4 18,8
*Cedrella toona Roxb. 2.9 4.1 42 5,7 12,0
*Combretum decandrum Roxb, 16 3.5 3.5 7.5 8,8
*Desmodium triguetrum DC, 349 4.5 645 - -
Dendrocalamus hamiltonii Nees & Armn. 7.7 8.5 29.4 45,7 55,8
*Dillenia indica L. 3.6 - 11,2 - 3045
Bupatorium odoratum L, 32.4 171.2 6241 841 5.4
*EBugenia tetragona Wight 3.0 48 5.3 9.5 12,5
Ficus hispida L, 56  7¢3 - 15.9 15.9
Grewia elastica Royle 5.7 6.5 - - -
Imperata cylindrica (L.) Beauv, 23.9 34,1 15.2 - -
*Litsaca assamica Hk. f. L,6 6,2 - 7.8 -
Mikania micrantha H.K, & K, 6.6 4,8 - - -
¥Macaranga denticulata Muell, 6.7 - 1242 - 23.5
*Melia azadirachta L. - - 3.9 4.2 -
*¥Machillus khasyana Meissn, 1.9 249 - - -
*Maesa indica Wall, 4,8 = 5,2 10,0 -
Osbeckia crinita Benth, 5.1 93 - - -
Panicum maximum Jacq. 7e2 943 12,4 14,3 17.8
P. khasianum Munro 7.9 10,5 10.6 - ~
Setaria glauca Beauv, 6.9 Tel 15,0 - -
Scleria tessellata Willd, - 7.0 7.1 16.3 16,6
*Sapium buccatum Roxb, 2,0 4,7 - 7.8 11,8
#Schimo wallichii (DC.) Korth 5.2 5,8 - 13,3 22.9
Thysanolaena maxima Kuntze 5.8 6.7 114 - -
*Vitex peduncularis Wall, 9,9 - 11.7 42,1 -
V. clabrata Br, 5.7 7.6 10,6 30,1 31.0

» gﬁuuAP Lproutg s
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Table 2.2, Population flux ¢f B. odoratum in different

fallows,

Age of the fallows (years)

1 3 5 10 20
(a) No. of plants/mz, May 1978 0.0 5.0  35.0 3.3 2.0
(b) No. of plants/m®, May 1980 100.3 45,0 5,0 2.0 2,0
(c) Net change (b-a) ‘ +100,3 +40,0 =30,0 =0,7 0.0
(d) Rate of increase (b/a) N 9,0 0,1 0.8 1.0
(e) No. of plants arrived 765.,6 4318,5 3248,6 0.0 0.0
between May 1978 and May
1980
(£) Total No, of plants lost 665,3 4278.5 3278,.6 0.0 0.0
between May 1978 and May
1980
(g) Plants present May 1978 0.0 5.0 5.0 2.6 2,0
alive by May 1980
(h) % survival of plants in (a) =  100,0 14,3  78.8 100,0
(g/a X 100)
(i) Expected time for complete = S 2.3 ek o<
turnover (years)
(2/100-h X 100)
recorded during study
(k) % mortality of all 86.9 99,0 99,9 21.2 0,0
individuals (£/3 X 100) ,
(1) % mortality of arrivals 86,9 99.0 100,0 - -
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Table 2,3, Population flux of E. odoratum shoots in

different fallows,

Age of fallow (years)

1 3 5 10 20
(a) No, of shoots/mz, May 0,0 23,3 7740 5,0 2,0
1978
(b) No. of shoots/mz, May 50,9 19.0 5.0 3.0 2,0
1980
(c) Net change (b-a) +50.9 -4,3 =72,0 -2,0 0.0
(@) Rate of increase (b/a) 0.8 0.1 0.6 1.0
(e) No, of shoots/m2 6L, 7 71.6 110,6 0.0 0.0
recruited betweem May
1978 and May 1980 .
(f) No. of shoots/mzlost 13.8 75,9 182,6 2.0 0.0
recruited May 1978
and May 1980
(g) Shoots present May 0.0 3.0 2,0 3,0 20
1978 alive by May 1980
(h) % survival of shoots in - 38.6 2.6 60.0 100,0
(a) (g/a X 100)
(i)Expected time for - 3.3 2.1 5.0 o<

complete turnover (years)
(2/100-h X 100)

(3) Total No. of shoots 64,7 9%,9 187.6 5.0 2.0
recorded during Study

(k) % mortality of all 21.3 80,3 97.3 40,0 0.0
shoots (£/j X 100)

(1) Mortality of recruits 21.3 86,0 100,0 - -
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Table 2.,3. Population flux of E. odoratum shoots in

different fallows.,

Age of fallow (years)

1 3 5 10 20
(a) No. of shoots/m2, May 0.0  23.3  77.0 5.0 2.0
1978
(b) No. of shoots/m®, May 50.9  19.0 5.0 3,0 2,0
1980
(c) Net change (b-a) +50.9 -4,3 =72,0 -2,0 0.0
(d) Rate of increase (b/a) 0.8 0.1 0.6 1.0
(e) No. of shoots/m? 64,7  T1.6 110.6 0.0 0.0
recruited betweem May ‘
1978 and May 1980 A
(f) No. of shoots/m®lost 13.8 75,9 182.6 2,0 0,0
recruited May 1978
and May 1980
(g) Shoots present May 0,0 9.0 2.0 3.0 20
1978 alive by May 1980 )
(h) % survival of shoots in - 38,6 2.6 60,0 100,0
(a) (g/a X 100)
(i)Expected time for - 3.3 2.1 5.0 o<

gomplete turnover (years)
(2/100-h X 100)

(3) Total No. of shoots 64,7 9%,9 187.6 5.0 2,0
recorded during Study
(k) % mortality of all 2143 80,3 97.3 40,0 0.0

shoots (£/j X 100)
(1) Mortality of recruits 21,3 86,0 100,0 - -
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year fallow there was a net loss which was maximum in a 5 year.
. fallow, In a 20. year fallow, the shoot population remained the
same, Maximum mortality of shoots also occurred in a 5 year
fallow which had maximum recruitment. In 10 and 20 year fallows

no new recruitment of shoots occurred (Table 2.3).

Survivorship of E. odoratum :

Survivorship of seedlings was maximum in 1 year fallow, In
a 3 year fallow less than 3% of the seedlings alone survived with
a slightly better survival for the second cohort of seedlings. In
a 5 year fallow, however, mortality was complete by the following
'January. Maximum seedling mortality occurred during the monsoon,
between May and October., If 50% seedling mortality could be
considered as a criterion for expressing relative incidence of
mortality, this occurred within the first 132 days (1 year fallow)
36 and 75 days (first and second cohorts of 3 year fallow) and 24
and 48 days (first and second seedling cohort of 5 year fallow),

Shdots, more than a year old, showed maximum mortality in a
5 year fallow followed by a 3 year fallow, Mortality of these was
negligible in a 10 year fallow (Fig. 2.2). Only one cohort of
shoots was recruited in a year in the month of May. Compared to
the most of the shoots that were more than a year old, the
mortality amongst shoots recruited during the period of observa=-
tion was higher. Mortality, however, was negligible in a 1 year
fallow. Only 38% shoots survived in a 3 year fallow and all died
in a 5 year fallow, In 3 and 5 year fallows the mortality of the
new shoots was maximum in the first year, 10 ahd 20 year fallows

did not have any new recruitment of shoots (Fig. 2.3).



Fige 2.2,

Survivorship curve of seedlings of E. odoratum
recruited in 1978, One year old fallow (O);
three year old fallow (CIB); five year old
fallow (AM). Open symbol, first seedling

cohort; closed symbol, second seedling cohort,
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Fig. 2.38..

2¢3be

Survivorship curves of shoots of L, odoratunm
recruited prior to the start of the study.
Three year ([}); five year (§@); ten year (£O);
twenty year ().

Survivorship curves of shoots of E. odoratum
recruited in 1978. One year (Q); three year

(@®); five year (O0).
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Age-distribution of dead scedlingsg and shoots

Owing to the high turnover rates the number of seedlings that
were born and died during the study period was large, indeed larger
than the whole living population at the end of the study period,
Very few seedlings lived for more than 1.5 year. Highest
mortality was observed in the seedlings of O - 0,5 yecar age-class
(Fig. 2.4a), 1In-the case‘of shoots, higher mortality occurred

amongst those of 0 = 0,5 and 0.6 ~ 1,0 year age-classes (Fig. 2,4Db).

Age-structure of the living populations :

Age~structure of the populations, alrecady present when the
study was started, is shown in Fig. 2.5a which has the individuals,
recruited in 1978 and those arising earlier to that date., Obscr-
vations on the age-structure in May 1979 and in May 1980 showed
(Fig., 2.5b and ¢) that 1 year fallow has maximum number of ncw
recruits originating in 1979 followed by that of 1978, Threc and
five year fallows had maximum number of new recruits of 1979
followed by those originating prior to the start of the study
periods In still older fallows of 10 =and 20 years of age no new
recruits were found and only those originating prior to the study

period, were present.

Reproductive potential of the populations

The reproductive performance of the individuals in the
natural populations was found to be inversely proportional to the
fallow age, The seed number per plant also showed similar tenden-

cies, During the second year of the study, there was an increase



Fig. 2.4a., onge-distribution of seedlings of E., odoratum
born and died during the study period. Age-
hge=classes(year)=0~0,5 (a); 0,6=1,0 (b);

Te1=1s5 (c) 53 1.6=240 (d).

2.4b, Age=distribution of shoots of E. odoratum born
and died during the study period. aAge-=classes
(year)=0-0,6 (a); 246-1.0 (b); 1.1=1.5 (c);
1.6=-2,0 (d),
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Fige 2,5, age=structure of E, odoratum populations in

1978 (a), 1979 (b), and 1980 (c).
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Table 2.4,

50

Reproductive potential of E. odoratum in relation to

age of the fallow (based on observations made in May

1979 and 1980) .

Age of the fallow.(years)

1 3 5 10 20

NO. Of plan_ts/mz 1(?0.3 45.0 5.0 2.0 2.0
(5.3) (153.6) (35.0) (2.6) (2.0)

No. of capitula/plant  188.8 159.0 4,6 0.0 0.0
(83.4) (97.9)  (13.8) (0.0) (0.0)

No. of seeds/plant 547542 4612,2 1334 0.0 0.0
(2418.5) (2839.7) (399.3) (c.0) (0,0);

No. of seeds/m® 549160.0 207548.0  667.0 0,0 0.0
(12818,0) (436185,0)(13975,0) (0.0) (0,0)

Reproductive capacity 2135.3 1798.8 52,0 0.0 0.0
(943,0) (1107.0) (155.0) (0.0) (0.0)

Data given in parenthesis pertain to the year 1979,
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in the number of plénts and seeds per m2 in 1 year fallow,
However, in 3 and 5 ycar fallows an opposite trend was noted,

In 10 and 20 year fallows all plants were steril~. The reproduc-
tive capacity worked out to 2 maximum in a 3 jear fallow for 1979
and for a 1 year fallow in 1980, In 2 5 ?ear fallow this was

very low and was O in 10 and 20 year fallows (Table 2.4).

DISCUSSION

During successional development of plant communities a number
of edaphic and micro-environmental changes occur, Mineral nutri-
ents and soil moisture status 1s improved along with the changes
in pH conditions of soil with litter accumulation and decomposi=-
tion., An open community changes into closed one which results in
poor‘light availability and increased potential evapo- transpira=
tion. E. odoratum present in such seral communities, is exposed
to these factors during its germination, establishment and

development,

The present results show that seedling survival is totally
absent in fallow of 5 years of age or older, Recruitment of
individuals reached its peak, in a 3 year fallow with no
recruitment in the older fallows., The vigour of the population
also declined sharply with increase in the age of fallow beyond
3 years., The very few adult individuals already present in 10
and 20 year fallows showed very small or no mortality indicating
that adult plants could get adapted to shady habitat without any
significant change in their population size as also reported in

other species{Chippindale, 1948; Cooper, 1948; Epling and Lewis,
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19523 Hutchinson, 19673 Rabotnov, 1969). Thus this specics may
be able to resume vigorous growth in the open when the vegetation

is slashed during Jjhum,

High rates of mortality during active growth period may be
attributed to the increased inter and intra=specific competition
for available resources (Ramakrishnan and Kuwar, 1971; Sarukhan
and Harper, 1973; Hawtaorn and Cavers, 1976). The rate ox
mortality decreased with increase in the age of the seedlings in
M1 and 3 year fallows confirming the general assumption that
mortality rate declines with age (Sharitz and McCormick, 1973
Sarukhan and Harper, 1973). The survivorship curve thus obtained
is Deevey Type III (Deevey, 1947) exhibiting high mortality early

in their life cycle,

Suc.. a mortality patter. is also seen for shoots less than
a year old, an observation also made By Hutchings and Barkham
{1976) . The high mortality of seedlings and shoots during the
winter season may be due to soil moisture stress as also emphasized
by other workers (Raynal and Bazzaz, 1975; Platt, 1975; Sterk,
1975; Johnson and Thomas, 1978). The dryness of the scil may be

accentuated by steep slopes and thin soil cover,

The associated species might also play a significant role in
governing the population size of a species to a great extent
{O0dum and Odum, 1959; Harper, 1964), The natural habitats of
E. odoratum are often shared by many other thickly populated
early and late colonizers offering resource competition to this
species though intra-specific competition may also play a

significant role (Ramakrishnan and Jecet, 1972).
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E. odoratum is a noxious weedl coming up in the fallows after
slash and burn agriculture which is practised extensively in
north-eastern hill region of India, As is evident from this
study, the vigour of this species is drastically reduced during
secondary succession after about five years, This would imply
that this weced waé naturally controlled under situations when the
Jhum cycle was longer, In the past, the jhum cycle used to be
about 20 = 30 years which was ideal not only for the recovery of
soil fertility under a forested fallow but also for keeping

noxious weeds like E. odoratum under control. However, in recent

times there has been considerable shortening of the jhum cycle

to about 4 - 5 years due to increased population pressure,
reduction in the available land for cultivation due to tne changed
land tenure practices and the consequent changes in man/land
ratio, As a result not only the soil fertility recovery of the
system is adversely affectedaut large tracts of land have been
taken over by the weeds like the present one and the weed commu=-
nity is maintained more or less in a permanent state of arrested

succession.

SUMMARY

This paper reports the studies on the population dynamics

of Eupatorium odoratum L., particularly with respect to its

recruitment, mortality, population flux =and reproductive cffi=-
ciency in successional plant communities following slash and burn
agriculture (jhum). The recruitment and mortality patlerns of

the individuals in 1, 3, 5, 10 and-20 year old fallows showed
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that the Seediing pgiulation‘expe:ienced‘severe mortality in
older fallowslwhereas it was quite low in newer fallows, No
recruitment occured in 10 and 20 year old fallows,. The.mortality
of the adult shoots gave peak values in 5 year old fallow, An
attempt has been made to relate the changes in the population
size and reproductive efficiency with changing ecological condi-
tions, particularly light in seral plant communities. The impli-

cations of the results are discussed in relation to jhum cycle,



CHAPTER 3
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POPULATION DYNAMICS OF IMPERATA CYLINDRICA (L.) BEAUV.

AR. MAJOR RELATED TO SLASH aND BURN ACRICULTURE (JHUM)
IN NORTH=-EASTERN INDIA. |

INTRODUCTION

Most investigations on nlant demography have used annual
specics, grown either undbr partly controllud conditions or in
élasshouses. Such an qpproach may bnablc to study the effect
of single variable upon the population to be investigated and to
overcome the problems of defining the individual when vegetative
reproduction occurs (Hutchings and Bérkham, 1976) . The popula=
tion of perennial species, especially the rhizomatous ones under

natural conditions, has not received much attention except for

some isolated studies (Sarukhan and Harper, 1973; Thomas, 1975) «

Imperata cylindrica (L,) Beauv, var, major is a ruderal,

weed growing abundantly in cultivated fields, along
roadsides ancd other exposed areas, It is also an early colonizer
coming up in the abandoned fallows after slash and burn agricul=
ture (locally known as "Jhum") and is a vigorous weed during the

first few years of secondary succession.

A number of observations made by earlier workers show that
under slash and burn agriculture in Africa, a short fallow period
after cropping encourages vigorous regeneration of this species
(Richards, 1952; Nye and Greenland, 1960)., according to Beard
(1953) this species is highly susceptible to eradication under
shade during fallow development. Schlippe (1956) reported that
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firg stimulates growth in this species and indicated that it may
flower during dry season with little or no rain. According to
him rqgeated burning may craate pure stands. In a recent study
Eussen and Wirjahardja (1973) have even implicated allelopathy

as an important factor governing the succession in this species,

~ Apart from the above which contribute +o its sulccess after

fire as an early colonizer, 1, cylindrica has extensive under-

ground rhizomes distributed in the top 30 cm of the soil and
because of the highly interwoven nature of its rhizomes, it is
difficult to demarcate the individuality and age of the clones.
Branches which may eventually separate out from the parent, arise
from the axillary buds of the nodes of the parent rhizomes,
Rhizomes travel horizontally inside the soil for a distance and
subsequently may become erect to produce a leafy shoot (tiller).
From this erect portion of the rhizome upto a depth of about 5 cm
“inside the soil, branch rhizomes arise spreading out in all
directions.,. SuchAa pattern of rhizome production in this species,

with clonal growth, helps greatly in its local dispersal.

While vegetative reproduction is more predominant, regene=-
ration also occurs through seceds that are abundantly produced
under constant disturba%ce during April-May, The seeds are light
and are easily disperSe&'during the dry windy period of the year,
Seed germination starts with the onset of the monsoon towards the_
end of May or early June and the active growth period continues
upto October with a steady increase in the tiller population.
Flowering occurs during March-April only if the plants are

~clipped or burnt during the dry winter months of December to '

April, Even late disturbance in May may also induce flowering.
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The present étudy, therefore, was undertaken in order to

invéstigate the population dynamics of L. cylindrica, coming up
naturaily in Jjhum fields and in the subsequently developing
fallows at the lower elevations of Meghalaya in north—castern
India, The study also involves an analysis of the behaviour of
the introduced populations of this species into Jhum fallows of

upto 20 years age.

Study area and climate 3

The experimental sites are located at Burnihat in Meghalaya
(26°02'N latitude and 91°52'E longitude) at an altitude of 100
metres and is about 85 km north of Shillong. Shifting cultivation
(jhum) is the predominant form of zgriculture in the area and is
practised by the Garo tribe. Jhum cycle (the intervening fallow

period in between two successive croppings) is often 4=5 years

and as a result, I. cylindrica dominates most of the fallows. The

area has hilly topography with the angle of slope between 20-40°,

The climateatBurnihat could be divided into three distinct
seasons, The dry and windy summer is from mid=February to May
with average maximum temperaturc of 32.2°C and minimum temperature
" of 2441°C. The rainy season cxtends from May to September with an
average annual rainfall of 2200 mm, This is warm period with high
humidity. The month of October represents the transition from
rainy to winter season. The mild winter with an average maximum
temperature of 24,8°C and minimum temperature of 12,4°C extends
from November to mid~February, This period is practically rain-

less except for a few winter showers (Fige 3.1).



Fig. ;.3.1. Ombrothermic diagram for the study area., Monthly
maximum (@) and minimum (©O) temperatures;

monthly rainfall (A\).
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METHODS OF STUDY

Six jhum fallows of O, 1, 3, 5, 10 and 20 years of age were
identified at Burnihat., The age is calculated from thevtime the
site was allowed naturally to regenerate after slash and burn
agriculture, Care was tnken to select sites of similar exposure
and slope conditions, The O year fallow was devoid of any

1. chindrica populatioi due to intense weeding by the faimei:

Demographic studies of natural populations of I, cylindrica

were carried out in 1, 3 and 5 year fallows in permanent quadrats
of 1 m2 with three replicates in each of the fallows, . In the 3
year fallow alone three additional 1 m2 quadrats were placed after
removing the other associated species from them, This permitted
the study of the effect of associated vegetation on the popula-
tion. .n a preliminary exp .riment, clipping/bﬁrning was done in

a 3 year fallow at different times of the year in order to observe
the effect of those on flowering of this species, Since clipping/
burning‘was found to induce flowering, only this treatment with

3 replicates was investigated in detail for tiller dynamics and

flowering behaviour,

In another experiment, seeds were introduced into O (fresh)
5, 10 and 20 year fallows to observe the collective effect of
different ecological factors on the seedling emergence and esta-
blishment, 3000 healthy seeds/m> were introduced into the fallows
in May 1979. Fate of these introduced seeds was followed till
the end of the study period for one year upto May 1980.  The
viability of these seeds as estimated through tetrazolium test,

was found to be 90% and they had no dormancye.



Seedlings Wefe labelled with colour paint by putting a dot
over the first leaves whilst individual tillerswere marked with
allumirium labels., A label was fastened to the tiller base at
the time it was noted first, A tiller was considered recruited
after it emerged and projeccted aboveground attaining about 3 cm
height., Observations were made fortnightly during the growth
period (May to October) and at monthly intervals during the lean
period (November to April). This permitted the estimation of the
current recruitment and mortality at appropriately regular
intervals, All the tillers present at the start of the study were
assumed to be mature tillers., The populations at the clipped and
burnt sites flowered at the end of the dry season, The number of
seeds produéed by the weed and the seed germination and s=2edling

establishment were recorded.

‘The rate of death (Lotka, 1925) of mature tillers was CﬂlCUF 

lated as follows:-
loge Xp = loge X, + 1
At'n-lr 1= %,

where X, = surviving plants at time t, and x5 + 1 = surviving

Rate of death or decay =

plants at time interval ta+t 1 - the

The associated vegetation was studied quantitatively in the
fallows using 1 mz'quadrats for herbacous species-and 100 m?
‘quadrats for shrubs and trees.. Importance value index for each
species was calculated as the sum of relative density, relative
frequency and -relative basal area (Kershaw, 1973). For conve=
nience, the fresh fallow, 1 year fallow, 3 year fallow with

~ associates, 3 year fallow without associates, 3 year fallow burnt,
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3 year fallow clipped, 5, 10 and <0 year fallows have been given

FO’ F,', FB(a'*') ’Féa-), FB(b)

F3(°), Fos F,o and F,y as code names

in that order.

RESULTS

Associated vegetation

Jhe early stages of sccondary succession upto five years
are dominated by a number of weedy species like Imperata

cylindrica, Eupatorium odoratum, Thysanolaena maxima, Arundinella

bengalendis, Grewia elastica and stump sprouts of many woody

climbers, shrubs and trees. Dendrocalamus hamiltonii is one of

the important dominants in comparatively older fallows upto 20
years age with a number of other dicot shrubs and trees. The
importance value indices for commonly associated species are given

in Table 3.1

Seedling regeneration and its population flux 3

The percentage germination of 3000 introduced seeds into each
fallow decreased with the increase in the age of the fallow from
72% in O year fallow té 31% in 20 year fallow. A majority of
loss due to mortality occurred during the first two months
(Fig. 3.2a). Out of the 3000 seeds introduced into 0, 5, 10 and
20 year fallows, only about 20% of the germinated seedlings
survived in the fresh fallow (O year) but with 100% mortality in
all the others,

3000 and 6001 seedlings/m2 respectively were observed in

quadrats in a 3 year fallow that were either clipped or burnt,
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Table 3.1. Importance value indjces of major associated plant

species afy different sites.

Species SR
Ageratum conyzoiges L. 143 - - - -
Arundinella bengalensis (Spreng) 8.5 8¢5 11.6 - -

ruce
Borreria hispida (L.) K, Schurs . 18,6 - - - -
¥Bauhinia variegata L. L4 B 7¢2 16,9 -
Cyperus globosus Allioni 7.4 10,8 11e1 15.7 1548
Carex cruciata Nees - - 7.9 15.8 16,8
*Careya arborea Roxb, 6.6 10,7 - 15,2 1761
%Callicarpa arborea Roxb. 31 L,3 .6 10.4 18.8
*Cedrela toona Roxb, 2.9 bt L4e2 5.7 1240
*Combretun decandrum Rcxbe 1.6 3¢5 35 TS5 8.8
*¥Desmodium triguetrum DC. 249 4.5 6e5 - -
2§ndrocalam2§ hamiltonii Nees & 7.7 8¢5 29.4 45,7 55.8
Ne
*Dillenia indica L. 3.6 - 1.2 - 3045
Eupatorium odoratum L. 324 1712 62,1 8a.1 Seb
¥Bugenia tetragona Wight 3,0 4,8 5¢3 9.5 1245
Ficus hispida L. 5.6 Te3 - 15.9 15.9
Grewia elastica Royle 5.7 6¢5 - - -
Imperata cylindrica (Le) Beauv. 23,9 34,1 15,2 - -
*Litsaea assamica Hk, f. 4,6 6.2 - 7«8 -
Mikania micrantha H.B.K. 646 4.8 - - -
®azaranga denticulata Muell, 6.7 - 12,2 - 23,5
®ella azadirachta L. . - - 3.9 4.2 -
*Mactillus khasyana Meissn. 1.9 249 - - 53
¥Maesz indica Wall, 4.8 - 5.2 10.0 -
Osbecsia crinita Benth. 51 9.3 - - -
Panicue maximum Jacq. ' Te2 9.3 1264 1443 17.8
P. khasianum Munro 7.9 1045 10.6 - -
Setaria glauca Beauv, 6.9 Te1l 15.0 - -
Scleria iessellata Willd. * - 7.0 7.1 1643 1646
*Schima wallichii (DC) Korth. 542 5.8 -  13.3 22,9
*Sapium buccatum Roxb. 240 Le7 - 748 11.8
thséno:aeﬁa maxima Kuntze 5.8 6.7 11.4 - -~
¥Witex peduncularis Wall. 9.9 - 1.7 4241 -
*/, glebrata Br, 6.7 76 30.1 3150

*Stunp'sprouts.



Fig. 3¢2a. Survivorship of the introduced seedlings at different
sites., FO(O ) s FS(.); F'lO(A); on(‘)-
Inset figure represents percentage germination of
introduced seeds at different sites. Fg, (closed col-~
umn) § Fe (hatched column); Fa0 (stippled column);

F’o (open column).

3. 2be Survivorship of the natural seedlings at clipped and

burnt sites. F3 (C) (O): F3(b)(.).



FIG32

UOIIRUIW IO %,

M A M

F

9— |
J
1980

A S O N D

J J
1979

i

1001

80t

60+

40

20}

o Q

L
o
o o0
—

diysioAaiaing ¢,

i
o
©w

40}

20K

F M A M
1980

J
Time period (months)

AS ON D

J J
1979



Table 3,2,

Population flux of I, cylindrica at different sites.

(a+) (a=) ; (c) (b)
| Fq F, Fs Fs Fy Fy Fg
(a) No. of tillers/seedlings/mz, 0.0 149,0 92,3 73,0 0.0 0.0 7.6
May 1978. .
(b) No., of tillers/seedlings/m2, (430.,0) 98.4 13.9 221,53 390,0 413,0 0,0
May 1980,
(c¢) Net change (b-a) (+430,0) =50,6 =78.,4 +248,3 +390,0 +413,0 7.6
(d) Rate of increase (b/a) 0.7 0.2 4ob 0.0
{2} No. of tillers/seedlings/m®  (2164,0) %493.,8 100.3  582.3 729.0 974.0  35.0
arrived between May 1978 end _ (3000,0) (6001,0)
May 1980, gg
(£) Total numbeg of tillers/ (1734.0) Shi4,4  178,7 334,0 339.0 561,0 42,6
seedlings/m~ lost between - (3000,0) (6001,.0)
May 1978 and May 1980
(g) Tillers/seedlings present - 40,0 2,0 20,0 - - 0.0
May 1978 alive by May 1980
(h) Percentage survival of tillers/ - 26,8 241 2743 - - 0.0
seedlings in (a) (g/a X 100)
(1) Expected time for complete - 2.8 2.0 2.7 - - 2.0
turn over (year's)(__%m_X 109)
o 2 4 42,6
(3) Total tillers/seedlings/m (2164,0) 642,8 192.6 655.3 729.0 974,0 2
recorded during study (3000,0) (6001,0)
(k) Annual mortality (%) of (80.1)  8L4.6
X . . . 92,7 50.9 46,5 57.6.  100,0
tlllers/seedllngs( f X 100) (100,0)  (100,0)

J

The values for seedlings are given in parenthesis.
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None of these survived till che erd of the study period with 100%
mortality., Most of the loss of seedlings occurred during the
first two months after germination. The survivorship curve was
found to be of a negative exponential type with a half life of 39
and 42 days respectively at clipped and burnt sites (Fig. 3.2D).

Tiller regeneration and its population flux :

A net loss of 50,6, 78.4 and 7.6 tillers/m> was noted from
the population at the end 6f the two year study period in 1, 3 and
5 year fallows. A net increase of 248.3, 390 and 413 tillers/m2
respectively occurred in the sites in a 3 year fallow which were
altered either by removing the associates, by clipping or by
burning. The tiller mortality was 84.6, 92,7 and 100% respecte=
ively in 1, 3 and 5 year fallows thus showing an increase in the
mortality with increase in age of the fallow, The mortality in‘

3 year fallow sites which were without associates, were clipped or
burnt, showed lesser mortality in comparison with the unaltered

sites (Table 3.2).

The rate of decay of mature tillers during a 2 year study
period starting from June 1978 upto May 1980 in the different
fallows is given in Fig, 3.3. In the unaltered fallows of 1, 3
and 5 years the decay rate increased with the passage of time,
Peak periods of decay occurred during the peak growth season,
during August—September, While in a 1 year old fallow the decay
rate was only 1.3% at the eﬁd of the 2 year study period, it was
36.,9% in a 3 year fallow; in é 5 year fallow 100% decay occurred
during a shorter period of less than one year, In 3 year fallow
sites that were devoid of associates, decay rate was markedly

lower than in the controil.



Fig, 3.3, DMonthly death rates of mature tillers at different
sites. F,I(O); FB(E&)('); FB‘(a-)(A); FS(‘)°’
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Fig. 3.4a and b show the morcality/natality pattern of tillers
in the different fallows of 1, 3 and 5 years of age and in a 3 year
fallow that received different alterations. In a 1 year fallow
recruitment and mortality increased more sharply during the second
year than in the first, However, the net population size decreased
at the end of the study period with marked fluctuations in between
in such a way that peak population size occumad during September -
October. In 3 year fallow, recruitment and mortality did not show
any mwrked seasonal fluctuations but the mortality was much higher
than recruitment so that the net population size decreased more
sharply at the end of 2 years, 1n a 5 year fallow, however, the
‘mortality was steady throughout the study periocd and was higher
than recruitment so that even the few tillers that were there in

the beginning died away.

In the sites, in a 3 year fallow that wefe altered (Fig. 3.4Db)
burning had the most pronounced effect on both recruitment and
mortality. Though clipping resulted in lesser tiller recruitment
and mortality in comparison to burning, the ultimate population
"size in both cases was not very different. Removal of the other
associates had more adversce effect on recruitment, the net popula-
tion size remaining smaller due to higher mortality, in comparison
with the other two alterations. The seasonal fluctuations in
different parameters were similar to that in a 1 year old fallow,
Compared to an unaltered 3 year fallow, the altered sites showed

higher mortality, recruitment and net population size.



Fige:3ela,. Changes in the sizes of the tiller populatior.s at
unaltered sites. F1(circles); F3(3+)(triangles);
F5(squares). Open symbol, cumulative recruitment;
half closed symbol, cumulative mortality; closed

symbol, net population size,

3.4Db, Changes in the sizes of the tiller populations at
altered sites in a 3 year fallow, FB(a-)(circles);
FB(C)(triangles); FB(b)(squares). Open symbol,
cunulative recruitment; half closed symbol, cumula-

tive mortality; closed symbol, net population size.
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Age-structure of tiller popu.z:iiolis ¢

The age-distribution of tillers that came and died during
the study period is shown in Fig. 3.5a. This shows that mortality
of tillers is maximum in age~classes of O to 0.5 year and 1,1 to
1.5 year, This mortality pattern gets more pronounced in the
unaltered fallows with age., In the altered sites in a 3 year
fallow, particularly those clipped or burnt. the mortality in age-

class 1.1 to 1.5 year was much more than in other age=-classes,

“he age-~distribution of the tillers that came prior to study,
during 1978 and 1979 and survived till the end of the study period
is shown in Fig, 3.5b, Here a larger proportion of older tillers
were present in a 1 year fallow, This was reversed in a 3 year
fallow and old tillers were eliminated in a 5 year fallow. In
altered sites in a 3 year fallow, however, 1 year old tillers

‘dominated the population.

Flowering and seed production ¢

Flowering occurred only at the sites which were either
clipped or burnt during the dry season. The number of tillers/m2
at all these sites increased markedly after treatment with
slightly more tillers flowering and more seeds per spike in the
burnt area than in the clipped area, so that the seed output was
more in the former situation. With seeds having about 90 germi-
nability, the reproductive capacity (Salisbury, 1942) of the

population in the burnl areva was belter than in the elipped area

(Table 303) o



Fig. 3.5a,

305b¢,

Distribution of ages attained 2t death by the
tillers born during the study at different
sites. ige classes (year)-=0-0,5 (a); 0=6~1,0
(D)5 1.1=1.5 ()5 1.6-2.0 (d).

age=structure of the living tillers in May,

1980 at different sites,
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Tab e 3.3, Reproductive potenrial of I, cylindrica at clipped

and burnt sites.

Clipped Burnt
No. of tillers/m” 390 413
No. of spikes/m® 130 160
No., of seeds/spike 271 306
No. of seeds/m° 37830 48960
Mean spike length (cm) » 16 19
Average No, of seeds/tiller 97 118

Reproductive capacity/m2 34047 L4064
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DISCUSSION

Mortality, natality and longevity are critical elements in
the life cycle of a species., A balance resulting from complex
interactions between these three, usually decides whether a spe-
cies would maintain stability. Population stability is a rare
phenomenon in successional habitats where a number of environmen-
tal factors change with community development, Seral stages may
be short or long lived depending upon the state of disturbance.
I. cylindrica found in early successional fallows after Jjhum,is
subjected to frequent cutting and burning which may influence its

behaviour and population growth,

In 1, 3 and 5 year fallows the losses to the population may
be attributed to the increased stress conditions due to the
presence of a large number of associates with their overlapping
niches. Thus, introduced scedling regenerationr occurred only in
a fresh fallow, Further the few individuals of this species
present in a 5 year fallow got eliminated completely during the
sevenith year, These observatiocns along with slow growth rates oj
this species in shade (Kushwaha et al,, urpublished) are indica=

tive of light being an important ecological factor,

The high rates of recruitment and mortality of tillers at
the site from where the associated vegetation was removed or the
sites that were clipped or burnt, may be attributed partly to the
increased availability of light and nutrients and to decreased
inter-specific competition., The recruitment of seedlings occur-

ring only in freshly disturbed sites may also be related to the
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induction of flowering and fruiting subsequent to disturbances
It may be, however, noted that ratural seedling regeneration does
not occur even in a freshly abandoned fallow after jhum cultiva-

tion.

While the recruitment pattern of the tillers in a 1 year f
fallow, tended to fluctuate seasonally peaking during the active
growthiphase; this was not evident in older fallows; in older
fallows the net population size declined shaply with the passage
of time due to increased mortality in comparison to recruitmente
In 1, 3 and 5 year fallows mortality was higher in younger tillers
compared to the 3 year fallow sites that were clippgd or burnt.
This may be indicative of the inter~and intra-specific competition
adversely affectihg younger tillers in the former sites whereas
the age of the tillers is prolonged in the altered sites. The
competition in tiller population may get further accentuated due
to the interdependency of the individual tillers (through their

- rhizomes) derjving the resources from same common pool.

Clipping and burning deiinitely promotes the population

growth of I, cylindrica, but flowering is promoted only in those

sites which were clipped or burnt during the dry season. Thus
the growth strategy of this species seems to be closely adapted:
to the biotic disturbances during the slash and burn procedures

associated with the hill agrmecosystems.

L. cylindrfca is a noxious weed coming up in fallows after

slash and burn agriculture which is prevalent in north-eastern

hill region of India, As is evidenl from the study cutting and
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burning have an important role on the growth and reproduction
of this species especielly when the jhum cycle is short (4=5
years)., The vigour of this species is drastically reduced
during secondary succession after 3 years when the species with
higher canopies shade it out. However, the underground rhizomes
do not die and may resume regereration as soon as the same land

is again used for cultivation after 4-5 years,

In the past the jhum cyele was about 20-30 yearé which was
ideal not only for the recovery of soil fertility under a forested

fallow but also for keeping noxious weeds like I. cylindrica under

control, However, in recent tiwmes, there has been considerable
shortening of jhum cycle to about 4-~5 years due to increased popu~
lation pressure and consequent changes in man/land ratio. As a
result, not only the soil fertility recovery of the system is
adversely affected but also large tracts of land have been taken
over by weeds like the present one., The éhortening of the jhum
cycle has also led to the almost pure stands of this weed, occu-
pying vast tracts of land being rendered useless for cultivation

on this account,

SUMMARY

Imperata cylindrica (L.) Beauv, var. major is an early

successional weed coming up in abandoned fallows after slash and
burn agriculture in north-eastern hill region of India and this
study concerns itself with the population dynamics and the repro-
ductive potential of this in successional communities, bNatural

regeneration through seeds occurred to a certain extent only in
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freshly burnt or clipped fallows though none of the seedlings
survived. Seeds introduced into fallcws of different ages of

0, 5, 10 and 20 years could establish upto 20% only in the O year
fallow, Natural regeneration was mainly through tillers which
declined sharply in older fallows so that this species was
completely eliminated in fallows older than 5 years. This has
been related to the changing micro-environmental conditions in

the developing communities.



CHAPTER 4
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POPULATION DYNAMICS OF SCLERIA TESSELLATA WILLD, - A SHADE

TOLERANT SECONDARY SUCCESSIONAL SPECIES IN SLASH AND BURN
AGRICULTURE (JHUM) FALLOWS.

INTRODUCTION

Recruitment of new genets is often rare among clonal plants
and the dynamics of their populations is dominated more by birth
and death of clonal modules than that of whole genets. The
ability of a single genotype to form fragmented phenotypes is
Just one of the variants in the life history patterns of moduler

organisms (Harper and Bell, 1979).

The life histories of shoot modules have been studied on
spaced populations of several agriculturally important grasscs
(Lamp, 1952; Langer et al., 1964; Robson, 1968). These studies
have shown a definite seasonal pattern of shoot births and deaths
ultimately dominated by flowering. Some studies (Gorham and
Somers, 1973; Bernard and Macdonald, 1974; Bernard, 19763 Noble
et al., 1979) have also been wade on the longevity and the

reproductive performance of shoot modules.

Scleria tessellata Willd. (Cyperaccae) is a rhizomatous,

perennial, sedge found in 5 - 20 year old secondary successional
communities coming in fallows after slash and burn agriculture
(jhum) in north-eastern India, This species makes its appearance
in jhum fallows older than 5 years and increases in density in
older fallows., The production is very low and vegetative growth

is common with iterative production of shoot modules. The
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orthotropic’Sho6£s aré;produced from plagiotropic underground
rhizomes., The apical and axillary buds of the rhizomes are
protected by dense scale leaves, May to Scptember is the active
growth period when maximum shoot recruitment occurs; Shoots
start flowering from July onwards with maximum flowering in
September - October though some flowering shoots could be identi-
fied throughout the year. Seed setting is maximum in November,
The large size of seeds does not faoilitate its dispersal to far-
off places. The present study is an attempt to investigate the

dynamics of the clonal and shoot populations in 3. tessellata,

METHODS OF STUDY

| The fallows of similar exposure (south facing slope) and
topography but of different ages, viz., 5, 10 and 20 yecars, were
selzcted as study sites at Burnihat in'Meéhéla?é'(26°.02'N lati-
tude and 91°,52'E longitude) at an altitude of about 100 metres.
The'age was oalculatéd'frém theﬁtime:fieldS’Wére left as fallow
after slash and burn agriculfure. Fdr'deﬂsity, frequency and
céver, the Végetafion analysis of the différent associated plant
species in the fallows, was done using“1 mzlquédrats in the case

of herbaceous specics and 100 n?

quudrats for shrubs and trees,
Importancb value index was calculated u31ng relatlve frequency,
realatlve density and relatlva basal area of ‘the spuc1es and are

based on 20 quadrats in each site (Misra, 4968;‘Ker5haw;‘1973).

Demographic studies were carried out in permanent gquadrats

of 1 m2 with four replicates in each oi the fallows, The fates
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of the indiﬁidual clones and shoots of established plants, were
followed at monthly intervals over a twoe year period from May
1978 to May 1980. Both categories of the populations were marked
with aluminium labels, Much of the shoot recruitment occured in
June and the fate of these and the others which came afterwards,
was followed till the end of the study period., The shoots
already present at the start of the study, were taken as more than
two years' cld, those coming in 1978 as two years' old and those
coming in 1979 as cne year old, Monthly records of maximum and
minimunm temperatures and the fainfall were noted for the study
period., The number of sceds proluced per plant was estimated in
1978 and 1979. The seeds were tesved for viability (using
trichloro tetrazolium chloride solution) and germinability in
petridishes at an altefnating tonperature regime of 25°/15°C with

alternating light and dark periods for 12 hours,

RESULTS

Climate :

The climate at Burnihat could be divided into three
distinct seasons, The dry and windy summer extends from mide-
February to May with average maximum temperature of 32,2°C and
minimum temperature of 24,1°C, The rainy season runs from May
to September with an average annual rainfall of 2200 mm. This
is a warm period with high humidity. The month of October
represents the transition from rainy to winter scasons., The mild
winter with an average maximum temperature of 24.8°C and minimum

temperature of 12,4°C extends from Noveaber to mid=February,.



Fige 4.1, Ombrothermic diagram for the study area, Monthly
maximun (@) and minimum (Q) temperatures;

monthly rainfall ().
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This period is practically rainless except for a few winter

showers (Fig. 4.1).

Vegetation

The early stages of secondary succession upto five years

had a number of weedy species like Imperata cylindrica,

Bupatorium odoratum Thysanolaena maxima, Arundinella bengalensis,

Grewia elastica and stump sprouts of many woody climbers, shrubs

and trees., Dendrocalamus hamiltonii is one of the important

species coming up in 5 year old fallows, and reaching maximum
numbers in 20 year fallows, alongwith a few dicot shrubs and
trees, The importance valuc indices for the commonly associated

plant specics are given in Table 4.1,

Population flux and survivorship of clones

If clones are considered as individuals, no loss was noticed
in 5 and 10 year fallows. Only in a 20 year fallow there was a
loss of one plant per m2 during the two year study period. No
seedling recruitment could be noted during the study period

(Téble 4,2),

Population flux and survivorship of shoots 3

An addition of 3.4 and 3.0 shoots was noted in 5 and 10
year fallows during the two year period whercas 16 shoots were
eliminated from a 20 year fallow, Shoot recruitment increased
from 15.2 to 56,0 with increase in the age of the fallow from

5 to 20 years, Mortality of the shoots already present at the
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Table 4.1, Impbrtance value indizes of commonly associated plant
species in the fallows of different ages.

Age of the fallows (years)

Species
5 10 20
Ageratum conyzoides L. - - -
Arundinella bengalensis (Spreng) Druce 11.6 - -
Burreria hispida (L.) K. Schum. - - -
Bauhinia variegata L. 7e2 16.9 -
Cyperus globosus Allioni : 111 15.7 15.8
Carex cruciata Nees 7.9 15.8 16.8
¥Careya arborea Roxb. - 15.2 171
*Callicarpa arborea Roxb, 6.6 10.4 18.8
*¥Cedrela toona Roxb, L2 5.7 12.0
*Combretum decandrum Roxb, 3¢5 765 8.8
Desmodium triquetrum DC., 6.5 - -
Dendrocalamus hamiltonii Nees & Arn, 29.4 45,7 55.8
*¥Dillenia indica L, 11.2 - 30.5
Eupatorium odoratum L. 62.1 841 5.4
¥Eugenia tetragona Wight 5.3 9.5 1245
Ficus hispida L. - 159 159
Grewia elastica Royle - - -
Imperata cylindrica (L.) Beauv. 1542 - -
*Litsaea assamica Hk, f. - 7.8 -
Mikania micrantha H.B. & K. - - -
Macaranga denticulata Muell, 12,2 - 2345
*Melia azadirachta L, 349 4,2 -
*Machillus khasyana Meissn, - - 543
*Maesa indica Wall, 5.2 10.0 -
Osbeckia crinita Benth, - - -
Panicum maximum Jacq. 12,4 14,3 17.8
P. khasianum Munrc 10.6 - -
Setaria glauca Beauv, 15.0 - -
Scleria tessellata Willd. 3.2 - -
*Schima wallichii (DC) Korth 7o 1643 1646
*Sapium buccatum Roxb, - 78 11.8
Thysanolacna maxima Kuntze 1.4 - -
*¥Vitex peduncularis Wall, 11.7 42,1 -

*¥V. glabrata Br, , ' 10,6 30461 31.0
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‘Table 4,2. Population flux of the clones of
| S. tessellata,

Age of the fallows (years)

5 10 20
(8) No. of plants/m?, May 1978 1.3 4.0 7.0
(b) No. of plants/m?, May 1980 1.3 4.0 640
(c) Net change (b-a) 0,0 0.0 -1,0
(d) Ratc of increase (b/a) 1,0 1.0 0.9
(e) No, of plants arrived between 0.0 040 0.0
May 1978 and May 1930
(f) No, of plants lost between 0.0 0.0 1.0
May 1978 =and May 1980
(g) Plants present May 1978 alive by 163 4.0 6.0
May 1980
(h) % survival of plants in (a) . 00,0 100,0 8547
(g/a x 100) '
(i) Expected time (years) for P e
complete turnover (2/100-h x 100) 14,0
(3) Total plants recorded during study 163 4,0 70
(k) % mortality of individualg 0.0 0.0 14,3

(£/3 x 100




77

Table 4.3. Shoot population flux of S. tessellata.

Age of the fallows (years)

5 10 29

(a) Shoots/m%, May 1978 2,6 16,0 42,0

(v Shoots/mz, May 1980 6.0 19,0 26,0

(c¢) Net change (b-a) +3.4 +3,0 -16,0

(d) Rate of increase (b/a) 243 102 0.6

(e) No, of shoots arrived between 15.2 36.0 56.0
May 1978 and May 1980

(£) No. of shoots lost between 11.8 33.0 72,0
May 1978 and May 1580

(g) Shoot present May 1978 alive by 0.0 2,0 6,0
May 1980

(h) % survival of shoots in (a) 0.0 1245 1443
(g/a x 100)

(i) Expected time for complete turnover 2,0 2.3 2.3
(years) (2/100-h x 100)

(3) Total shoots recorded during study  17.8 52.0 98,0

(k) % mortality of all shoots 6643 6345 7365
(£/3 x 100

(1) % mortality of arrivals 60.5 52,8 64,3
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beginning of ths study period was 100% in a 5 year fallow due to
flowering and subscquent death ox the population whercas this
decreased in 10 and 20 year fallows, The mortality amongst the
new arrivals was less than the mortality amongst the whole
population which ranged between 66 - 74%. The mortality of shoots
was generally high with a meximum in a 20 year fallow (Table 4.3).
Survivorship oi shoots showed age specifica mortality with Deevey

Type II (Deevey, 1947) curves (Fig. 4.2).

Age~distribution of dead shoots 3

The age--distribution attained at death by the shoots which
came and died during the study period, is shown in Fig. 4.3 The
shoots which flowered during September - November, died in the
following November - January, The shoots recruited in June
either flowered in the same year upto October or remained vegeta-
tive until the next flowering season (July = October) of the
following year, Shootlmortality was ﬁaximum after the flowering
season rather than in between during vegetative growth period as
seen from column (a) and (c¢) in Fig. 4.3a which represent the
vegetative period of growth. On the other hand mortality was
makimum under column (b) and (d) which represent the end of the
flowering period. In general, more mortality occurred in shoots

of 1.5 to 2 years of age rather than after 0.5 to 1 year,

Apge~gstructure of living shoot populations :

At the end of the study period, one year old shoots were
more frequent than those of 2 ycars or more of age. While there

was a slight decline of one year old shoots in 10 and 20 year



Fig., 4.2, Survivorship of shoots of S. tessellata in

different fallows., 5 year old fallow (O);

10 year old fallow (AQ); 20 year old fallow
().
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Fige 4432,

4o3b.

age~distribution of the shootg of S. tessellata

born and died during the study period in diffe-
rent fallows, Age-classes(year)-o=0,5 (2);

0.6-140 (D)3 141145 (C); 1.6-2.0 (d).

Age=structure of the living shoots of S. tessellata

in May, 1980 in different fallows.
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fallows compared to a 1 year fallow, the older shoots had higher

frequency in older fallows'(Fig. Le3b),

Reproductive potential of the populations :

The percentage of fertile shoot population declined with
the age of the fallow between 5 and 20 years, However, because
of the larger clone size in 2 20 year fallow, the seed output per

m2 here was markedly higher (Table h.h).

DISCUSSION

Clonal growth is a common feature in the life of herbaceous
perennials that may help in the extension of a population of
shoots of a single genct in time and space. The present investi-

gationsreveal that the population size of the clones of

S. tessecllata, is relatively stable in different fallows and that
most of the»changes occur at the sub-population level (shoots).
The number of clones present atv the start of the study varicd in
the three fallows. This is indicative of either clonal sprcad of
the specics by vegetative growth or by seedling recruitment,
However, since no scedling could be detected in the sites
throughout the study period, it is pfobable that seeds have
little significance in maintenance and spread of this as is also
shown by Major and Pyott (1966) for other species. In a survey
of a wide range of British species, Salisbury (1942) showed that
the species from shaded habitats rarely produce more than

3 - 4 x 102 seeds per plant. In S. tessellata, most of the seeds

are non~viable lacking properly develcped embryo. Herberd (1967)
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Table 4.4. Reproductive potential. of S, tessellata in different

fallows,

Age of fallows (years)
5 10 20
2

No. of clones/m 1.3 440 6.0
(1.3) (4.0) (7.0)
% fertile shoots/m2 80,0 62.5 63,6
| (100.0)  (68.7) (83.3)
No, of shoots/m2 5.0 16,0 22,0
(2.6) (16.,0)  (42.0)
No. of seeds per clone 20,0 15.0 18,0
(12.0)  (14.3)  (16.0)
No. of seceds/un 15.46 60,0  108,0

(26.0) (57.0) (112.0)

The values in parenthesis pertain to the values obtained in 1979,
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too, demonstrated the significance of vegetative growth for the

parsistance of the populations in older successional communities,
According to him, seeds have very little chance of survival in a
closed community of perennials and the role of sexual reproduct=-

ion may be obscure in such communities,

The changes at sub-population level (shoots) are particularly
significant when the species turncver is slow. The survivorship
of shooss showed a constant mortality risk with seasonal fluctua-
tions, The period with comparatively higher mortality mcstly
coincideswith flowering. Tre flowering shoots were observed
dying after seed production, Some mortality was also noted Jjust
after emergance of shoots whan they have attained an age of about
a month. The mortality of stch rnewly emerged shoots might be due
to their susceptibility to inter-specific competition afforded by
the associatel vegetation. However, if once the shoot develop-
ment proceeds zormally, the chances of mortality become lesser,
Thus the shoot tortality seems to be age-dependant giving a Deevey
Type 1I, negative exponential curve and is less influenced by

environmnental condltions.

The seed outpirs in this spezies is exceptionally low with
only about 5% seed viabrzlity. None of the seeds germinated in
the laboratory indicating that possiltly they require some after-
ripening period for germination. Seedz are heavy and do not
possess any morphological specialisaticr, for their wide dispersal
and thus there is a fair chance of their dispersal around the
parent plant., The absence of seedlings at the sites colonized by

S. tessellata implies that the seeds are either predated upon or
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lost otherwise, In contrast, individuals produced asexually, have
the advantage of belonging to the genotypes already tested for
suitability in the enviromment and of obtaining from the parent a

good material start in life,

SUMMARY

Scleria tessellata Willd, is a sedge cbming up in 5 - 20 year
old secondary successional communities, developing after slash and
burn agriculture (Jhum) in northe-eastern hill region of India,
While the clone populations in all the fallows remained consider-
ably stable throughout the study period, the shoot populations had
high turnover rates, The vegetative vigour and the seed output'by
the clones increased with the increase in the fallow age, - The
seed output in general was very low, the reproductive strategy

being directed towards vegetativeregeneration.



CHAPTER 5
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COMPETITIVE RELATIONSHIPS OF THE PLANTS OF IMPERATA CYLINDRICA

(L.) BEAUV, VAR. MAJOR ESTABLISHED FROM RHIZOMES AND FRCM SEEDS.

INTRODUCTION

Some studies have been done on the performance of species
populations in mixtures which normally do nof coexist) in nature
(Tripathi and Harper, 1973; Gupta and Ramakrishnan, 1977a, 1977b) «
Many studies have also been made to compare the growth in mixture
of closely related species which commonly coexist in nature
(Harper and Chancellor, 1959; Sagar and Harper, 1961; Harper and
McNaughton, 1962; Harper and Clatworthy, 1963; Cavers and Harper,
1967; Marshall and Jain, 1969; Ramakrishnan and Jeet, 1972;
Ramakrishnan and Bala, 1976)., However, the study on the relative
competitive ability of individuals of the same species, produced
from seeds (genets) and from rhizomes (ramets) has not received
due attention. An investigation into their competitive behaviour
may add to our understanding of natural coexistence of the two
categories of plants and their ultimate contribution to the popu~-
lation maintenancé. Such an experiment may be of great signifi-
cance under the situations where a particular plant spegies
reproduces sexually as well as asexually (through vegetative
means). The plant species selected for the present study,

Imperata cylindrica, falls in this category. The species is an

early successional weed coming up in fallows developing after
slash and burn agriculture (locally called 'jhum') in north-

eastern hill areas of India (Ramakrishnan et al., 1980).
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It has been shown that the seeds of 1. cylindrica, when

introduced into natural communities, have rare chance of survival
éxcept in fresh fallows with sparse vegetation (Kushwaha et al.,
unpublished), The failure of individuals to survive on sﬁch sites
may be in part a function of the competitive interaction between
established and the establishing individuals of this species which
can be studied conveniently by growing them in mixtures and in
monocultures, This experiment was planned to .simulate the
natural conditions where the light seeds in this species are
blown off and dispersed widely into alien community, dominated by

I. cylindrica, where on getting favourable conditions, they may

germinate to give rise to the genets. The success of these genets
would depend upon the “stress" created by its own asexually

produced allies and the other associated plant species.

METHODS OF STUDY

Seeds and rhizomes were collected from Burnihat in
Meghalaya., Pure and mixed populations were raised from the two
cafegories of reproductive units in plastic pots of 20.8 cm
diameter in the experimental garden at Burnihat. Pots were filled
with 2:1 mixture of garden soil and the organic manure. Soil and
manure mixture was thoroughly mixed to remove any soil heteroge-
neity before transplantation., Plants from rhizome cuttings (each
cutting had a node and a healthy bud) and from seeds were raised
separately for monocultures. Monoculture studies comprised of
30, 60, 120, 240, 480 and 960 plants/mz. For mixed culture
studies, de Wit's replacement method (de Wit, 1960), with varying



85

proportions of the. two populations keeping overall density con-
stant, was used. Transplantation of rhizome cuttings and seed=
lings was done early in the month of June, when plants were
two~leaved and uniformly 2 cm in height. The mixture proportions

for the two types were: 600+0, 300+300 and 0+600 per m2,

Plants were watered daily till the last harvest (after 24
weeks) so as to provide sufficient moisture to them, Three
harvests were taken for mixture experiments after 8, 16 and 24
weeks but only one harvaest was done after 24 weeks, for pure
cultures, The harvests coincided with different growth periods
of the plant. At each harvest, plants were thoroughly washed at
the spot with water and were taken to the laboratory for various
estimates. From the yield data relative yield total (RYT) (de
Wit and Van den Bergh, 1965),and relative yield quotient (RYQ)
(Tripathi and Harper, 1973), and relative replacement rate (RRR)
(van den Bergh, 1968), were derived. For convenience, the plants
produced from rhizomes and from seeds, have been designated as

"rhixome" and "seed" respectively whereever required,

RESULTS

Performance of the two populations in pure stands:

The two éategories of plants showed varied degree of mortal
and plastic responses to increasing density. In general, the
height of the plant, leaf area, number of tillers and rhizomes,
all decreased with increase in density in moncultures. Generally,

the populations raised from rhizomes had higher values for these



Fige 5. o Effect of density on plant height (3a), leac
area (3b), number of tillers (3c) and rhizomes
(3a) per plant of I, cylindrica plants grown
from rhizomes (open columns) and from seeds

(closed columns).
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Fig. 5.2a. Effect of density on survivorship (=—) and
total number of surviving tillers (=w=) of

L. ¢gylindrica, Open symbol, I"rhizome";

closed symbol, I"seed".

5.2be Effect of density on rhizome length per
plant (-=——; and total number of rhizomes per
pot (===) of X czlindfic o Open symbol,

I"rhizome"; closad symbol, I"seed".



FIG5.2

Yt

sianyg buaiains 4o ‘ON od / sawozZiys JO'ON |B}0]

m m o ) =
= oy - O 3 3 o~ o
—
\ |
\ !
__ [
i
' i
\ !
1 ]
‘ -
\ |
\ !
\ !
P
- w 0‘—
/z
v\
~ -
il ity q 1 1 |Av....ﬂ ||||||
o o Q (@)

diysJoAIAING (wd) yibua) swoziyy

960

480
Sowing densities I m?2

3060 120 240



86

parameters compared to that raised from seeds. Further these
differences betWeen the two categories were more pronounced at .

Jower densities than at higher densities (Figse5.1).

Increase in its own density resulted in greater percentage
mortality of both categories of plants. The ultimate number of
tillers, that survived, tended to attain a plateau level at higher
densities after a sharp rise with initial density increase, The
population raised from rhizomes tended to have higher survivorship
compared to that raised from sceds and this became more marked at
higher densities (Fig.5,2). Average length of rhizome per plant,
decreased with increase in density, whereas the number of rhizomes
produced increased, for both categories of plants, This latter
parameter was higher for plants originating from rhizomes compared
to the seed produced ones, particularly at higher densities

(Fig.5.20) «

Tiller production in both categories of plants increased
sharply upto 16 weeks of growth, which was marked only at lower
densities of 30 and 60 plants/mz. At higher densities of (e.g.
960 plants/mz} tiller produccion did not increase markedly with
time, At a given density, the differences between fhe plants
raised through rhizome and seed, were not much different though
it was slightly higher in the case of rhizome population -
(Fig.5.3 ).

Performance of the two populations in mixed stands:

The total yield of mixtures was lower than the yield in

monocultures of equal density. At the final (third) harvest, both



Fige 5434 Effect of density on tiller production of the

plants of I, cylindrica grown from rhizome (-—)

and from seeds (~--). Densities: 1(0);- 2(®);
L(A); 8(d); 16(0O3); 32(Mm). -
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Table 5.1, Effect n»f plant density on shoot and rhizome dry
weight(g) per plant of the populations grown from

rhizomes and from seeds,

Density/m2 Shoot weight Rhizome weight

"Rhizome" "Seed" "Rhizome! "Seed!

30 55050 44,00 16470 12,430

60 31.65 24,40 10,50 7450
120 1710 14,48 5.88 4.55
240 8.08 6.61 327 2.60
480 4,00 3425 1.64 1031
960 1.9 1,56 0.81 0.65

LoSoDo (PL 0.05)" 4.4‘0 1.76
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Table 5.2. Effect of plant density on root and total dry weight

(g) per plant of the populations grown from rhizomes

and from seeds,

Root weight

Total dry weight

Density/m2

"Rhizome"  "Sced" "Rhizome" "Seed"

30 5450 5.00 7770 61.30

60 3,00 2,60 45.15 36450
120 165 1.48 24,63 20,51
240 , 0,86 0,75 12,21 10,02
480 Ol O.41 6.08 4,97
960 0,22 0,20 299 2441

L.S.D. (P& 0.05)- 0,20
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Table 5.3. Relative yield total (RYT), relative yield quotient
(RYQ) and relative replaccment rate (RRR) at three

harvests,
Relative yield RYT RYQ RRR
Harvests . ' ' T ,
“Rhizome"(r1) "Seed"(rz) (r1+r2) (ra/rz) "Rhizome't
. with res=
pect to
"Seed" L
H1 0069 0031 1.00 2|22 -
H2 0«53 Q.47 100 1,12 0¢51
H

3 0.51 0.49 1.00 1,04 0.92




Fi'g. 5.4, Replacement diagram at the third harvest.
Dry weight yield of plants grown from
rhizomes (O) and from seceds (@); total
yield of the mixture (0J).
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populations héd tiller mortality (Fig.5.4). Mortality in the
mixturé was much hiéher in "seed" (50%) than in™rhizome" (30%).
The relative yields of rhizdmé élants, progressively docreased
upto third harvest though at the first harvest, it was much
greater than.that for the "seed", In contrast, the relative yield
values of.the latter increased during later harvests. The rela-
tive yield quotient values were much higher (2.,22) at the first
harvest but were markedly lower in later harvests, The relative
yield totél worked out to be cne at all harvests while the rela-

- tive replacemcnt rate values increased from 0,5 to 0,9 at the

third harvest, RRR values were all the time 1 (Table 5.3 ),

DISCUSSION

The results obtained for both populations ih pure stands,
indicate that increase in deusity resulted in both mortélity and
the reduction in vegetative growth (Ramakrishnan and Jeet, 1972;
Ramakrishnan and Gupta, 1972). The reactions of both types of
plants to similar density stresses, were fbund to be strikingly
similar except at lower densities, which implies that although
the plants from rhizomes had bétter material start for regenera=-
tion, their response to high density stress was no better than
that of "seeds". In general, the increase in the number of plants/

m2 is compensated by plastic reduction in plant growth.

The relative competitive superiority in terms of dry weight
production by the plants in mixture, was sufficiently greater for

the "rhizome™ compared to the'"seed". The higher relative yield
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values for the *rhizome", depict its higher competitive ability
than the "seed", However, the progressive decrease in relative
yield till the third harvest, may be due to the loss of this
ability gradually. In contrast, the increase in the relative
yield with time for '"seed", depicts its increasing aggressiveness
in mixtures, as also noted earlier for another species (Tripathi

and Harper, 1973).

The unit RYT values reveal that the two categories of
populations compete for the same 'space" (van den Bergh, 1968)
though the plants from rhizomes possess competitive superiority in
mixtures particularly at early stages of growth. This is also
confirmed by the decreasing RYQ valucs with passage of time, It is
partly in conformity with our earlier observations on the survival
and establishment of the introduced seedling populations of

I. cylindrica, which failed to establish in already established

plant communities, dominated by I. cylindrica, but showed good

establishment in fresh fallows (Kushwaha et al., unpublished),

SUMMARY

The present paper deals with the growth of the populations

of Imperata cylindrica (L.) Beauv. var. major grown from rhizomes

and from seeds in pure and mixed stands, Whilst mortality and
plasticity in pure stands of both categories, was negatively
correlated wifh density increase, there was insignificant diffe-
rence in the total gfowth and dry matter production in the two

categories except at lower densities, In mixtures, the plants
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from rhizomes proved to be more aggressive compafed to plants
through seeds though the aggressiveness decreased with the passage

of time, Both categories of plants compete for the same "space®,



CHAPTER 6
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COMPETITION BETWEEN IMPERATA CYLINDRICA (L.) BEAUV. AND EUPATORIUM

ODORATUM L. AT TWO LEVELS OF NPK TREATMENT.

INTRODUCTION

Competitive relationships existing between natural species
popuiations have been considered by many from the point of view oi
coexistence of closely related species (Harper and Chancellor, 195G
Marshall and Jain, 1960; Harper and McNaughton, 19%4s-Ramakrishnan
and Jeet, 1972; Ramakrishnan and Gupta, 1981; Tripathi and Harper,
1973)» According to Bergh van den and Braakhekke (1978) coexist-
ence between two species is'poésible when they are able to occupy
different ecological niches of the same area avoiding niche pverlap.
Thus, the studies of Ramakrishnan and Gupta (1981) have implicated
the differential response of two closely related species 6f

Argemone - mexicana and A. ochroleucsa to NPK nutrition as partly

respansible for their apparent coexistence in nature,

The present study pertains to two important weeds, namely

Imperata cylindrica (L.) Beauv, and Fupatorium odoratum L. which

occur in early successional herbaceous commurities developing
during secondary succession, after slash and burn agriculture
(jhum) in north-eastern India (Ramakrishnan ef al., 1980). Both
these species coexist in jhum fallows upto a period of about 5 - 6
years at lower elevations of Meghalaya (Kushwaha et al., 1981)
while the former species also occurs in Jjhum fallows at higher
elevations (Ramakrishnan and Mishra, 1981). The competitive

relationships existing between these two species may explain their
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adjustment to each other under conditions of fluctuating nutrient
conditions of early secondary successional communities arising
after slash and burn agriculture, An attempt, therefore, has been
made to study the growth of the two weeds in relation to intra=-and

inter-specifiC'competitioh'as'arfécted by NPK nutrition.

METHODS OF STUDY

Experiments were performed at Burnihat (26°,02'N latitude and
91°,52'E longitude) experimental garden. Populations were raised
separately from rnizome fragments with one node in the case of

L. cylindirca and from seeds in E. odoratum collected from Burnihat

in Meghalaya. Rhizome fragments in the case of I. cylindrica and
seeds in the case of E. odoratum were used to simulate the natural
regeneration of these two weeds after slash and burn agriculture,
Pots (20.8 cm diameter) were filled with garden soil which was
thoroughly mixed to remove soil heterogeneity. Monoculture studies
comprised of 30, 60, 120, 240, 480,and 960 plants per mz. For
mixed culture studies, de Wit's replacement series (de Wit, 1960)
with varying proportions of the two species keeping the overall
density constant, was used., The mixture proportions for the two
species were 240 + 0, 120 + 120 and O + 240 plants per mZ. The
transplantation of the individuals of both the species for pure
and mixed culture studies was done on 5th of June, 1979, when
individuals of both the species were uniformly 2-leaved and 2 cm

in height.

Three series of 36 pots were maintained for the de Wit's

series of set .up. The first series was kept as control while the
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second and the third series were supplied with low NPK (1.2 g
NaNoz, 0.5 g Na H, PO, and 0.22 g K, SO, per pot) and high NPK

(4.8 g Na Nos, 2,0 g Na H, PO, and 0.88 g K, SO, per pot) fertili-
zer doses determined on the basis of the soil fertility status., The
total deose was given in two equal parts, the first when plants had
established in early July and the other at the time of peak vegeta-
tive growth in August. The nutrients were dissolved in water and
then applied to the pots. DlMonoculture studies did not receive any
fertilizer alteration. Plants were watered daily till the third
harvest (after 24 weeks) so as to provide sufficient moisture to
them, Three harvests were taken for the mixed culture experiments
after 8, 16 and 24 weeks but only one harvest, after 24 weeks, was
done for the monoculture studies., At harvest, the plants were
thoroughly washed with water and dried at 80°C for 48 hours,; for
determining dry matter yields. From the yield data, relative yield
total (RYT), relative yield quotient (RYW) and the relative replace-

ment rate (RRR) (Bergh van den, 1Y58) were determined.

RESULTS

Pure culture studies:

The percentage survivorship of both the species decreased with
increase in the population density. Mortality, however, was more

pronounced in I. cylindrica than in E. odoratum. The two species

also showed varied degrees of plastic responses to increasing
density. Although both the species showed reduced plant height and

leaf area with increase in density, the decrease in plant height



Tablc 6.1

Effcct of incrcasing density on survivorship, plant height, lcecaf area, number of

branches/tillers of I. cylindrica and E., odoratum and number of rhizomes and

total length of rhizomes per plant of I. cylindrica,

P KN e Chesftiliers  Noy o iR
Density/m rhizomes length
IC EO IC EO 1C EO IC  .EO ;gmggi'
(cm)
30 100,0  100.2 168.1  198,5 87298 10771 22,0 8,0 35.6  786.2
60 100,0  100.0 140,0  186,0 5077 6262 21,0 6.1 32,1 621.6
120 100,0  100,0 122,5  142,3 2766 3757 1.4 3.5 23,0  336.0
240 99.0  100,0 1042  95.7 1460 1252 6.9 1.5 1244 175.5
480 87.5  92.1 86.3 52,0 730 475 4y1 0,0 647 91.0
960 61,2 78,0 68,2 30,3 - 387 125 2.4 0,0 3,0 49.1

96
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Table 6.2. Effect of increasing density on dry weight yield

per plant and per m2 of I. cylindrica and

Z. odoratum,

Dry weight yield (g} Dry weight yiecld (g)

Density/m2
IC EO IC EO
30 777 43,0 2331.9 1290,0
60 45.2 2561 27?2.0 1500,6
120 2443 15.2 295545 18244
240 13.C 561 3120.2 1224.3
480 6o 1.9 3216.6 912,0

96C 3eb 0.5 331247 480,0




98

Table 6,3, Effect of increasing density on number of
fertile plants and the seed output of
E. odoratum.
Density/m2 Fertile plants Seed output )
(%) Per plant Per m
30 100,0 6000 180000
60 100,00 4500 270000
120 100,0 3200 384000
240 87.C 2250 240120
480 37.0 1230 182928
960 8.5 875 71400
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was more marked in E. odoratum, whereas the decrease in leaf area

was steeper for I, cylimdrica. Leaf area for I. gylindrica was

markedly higher than for E. odoratum at vaery high densities., Tiller

number in tbeﬁpase of I, cylindrica was drastically reduced under
high density stress. E. odoratum did not show any branching at
high densities. Number of rhizomes and total rhizome length per
plant, both declined sharply with increase in density stress, in

the case of I. cylindrica (Table 6,2).

The dry weight yield per plant too decreased with increase in
density and this decrease was more marked in E. odoratum than in

I. cylindirca. The dry weight yield per m2 increased in the case

of E. odoratumy the increase was only upto 120 plants per m2 after

which it declined drastically (Table 6.3).

The percentage reproductive plants in E. odoratum decreased
with the increase in density and at the highest density of 960
plants/m2 only gbgut 9% of the plants reproduced, No flowering

occurred in I. cylindrica at all densities. The seed output per

plant of E. odoratum also showed a decline with increase in density

and a similar trend was also noted for seed output (Table 6.4),

Mixed culture studies:

There was no mortality of the plants of either of the species
in this experimental set up. The total yield of the mixture
(Fig. 6.1) at all the harvests and at each treatment, was interme-—
diate to the yields of the either of the species in monocultures.

There was an increase in the dry matter production from lower to



Fjg. 691'.

Replacement diagrams (dry weight yields) at
three harvests and at two nutrient levels,
H'l’ HZ and H3 refer to the three harvests

taken after 8, 16 and 24 weeks., I. cylindrica

(O); E. odoratun (@); total yield of the
mixture ().
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Table 6.40

160

Relative yield, relative yield quotient (RYQ),

relative yield total (RYT), and the relative

replacement rate (RRR) (reference to H1) at

three harvests.

Treatment Harvests Relative yield RYQ RYT . RRR
IC EO IC/EO IC + EO IC with res-
pect to EO

Control H1 0.5 0.3 1.67 0.8 -

H2 0.6 0.3 2,00 0.9 1.19

’H3 0.7 0.3 2433 1.0 1.17
Low NPK H1 0.5 0.2 2.50 0.7 -

H2 0.6 0.3 1\067 0.8 0067

H3 0.7 0.3 2633 1.0 1439
High NPK H1 0.5 0.2 2+50 0.7 -

H2 0.6 Ol 1,50 1.0 0,60

H 0.6 0.3 2,00 0.9 1433
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higher NPK nutrition but I. cylindrica responded better to

increased fertilizer doses than E. odoratum, The relative conca-
vity/convexity in the replacement curve suggests that I. c¢ylindrica
is more aggressive than E, odoratum in both unaltered and altered

soils, The aggressiveness of I. g¢ylindrica seems to be more at

later harvests. In: general, thepne was an increase in the relative

yields of I. cylindrica from first to the third harvest. However

no clear cut trend was noted in the relative yields of E. odoratum.
The relative yieid quotient values were always more than one,
Further, the relative yield total for both the species, progress

sively increased from the first to third harvest, The relative

replacement rate of 1., cylindrica with respect to E. odoratum,
decreased with passage of time in the control series whiike in the

altered sets, the 1. cylindrica seems to be better with time

(Table 6.4

DLSCUSSION

The results obtained for both the species in pure stands,
indicate that increase in the density resulted in both mortality
and plastic reduction in vegetative growth of the plants. The
reactions of the two species to similar density stress, were
found to be different, While mortality was more severe in the

case of I. cylindrica than in E, odoratum, the reverse was the

case as far as plasticity 1is concerned. This is reflected in
leaf area and dry weight yield per plant, This differential
plastic behaviour may be a consequence of the differential reduc-

tion in numbers of the two species. Thus the species suffering
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from mortality exhibited greater vegetative growth. The plastic
reduction in plant growth with increase in density is an import-
ant population regulating mechanism (Ramakrishnan and Kumar, 1971) .
Dry weight yield per m2 is shown to increase with increase in the
density ir pure stands reaching a plateau value beyond a cerﬁain _
point., However, it is interesting to note a differential behaw
viour in the two species studied here where at the density ievels

tried, L. cylindrica tended to show an increase in yield per mZ,

whereas there was a drastic decline in the yield in ©. odoratum
beyond a particular density level, This again may be related to
the greater susceptibility of E. odoratum to density s¥ress, as

far as plasticity is concerned.

The yield per pot data suggest that L. cylindrica is more

aggressive than E., odoratum as seen from the relative convexity/
concavity of the replacement curves. A comparison of the relative
yields of the two species also showed that E. odoratum reacts to

the presence of I, cylindrica by a strong decrease in yield,

whereas 1. cylindrica does not suffer from any yield loss at

different harvests and nutrient levels., The fact that,in general,
the RYT =r1, implies that E. odoratum is more affected than might
be expected from crowding for the same space (Sandfaer, 1970).

Apparently there is some factor in I, cylindrica plants which

reduces the space for E. odoratum as has also been shown by
Eussen et al, (1976) for some crop species, In a similar set of

experiments with I. cylindrica and S8orghum, they noticed a

reduction in the RYT values which was later confirmed by them to

be due to certain allelopathic substances produced by the former
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species, The increase in the RYT values with progressive harvests

in all the treatments, however, may be on account of the compen-

satory increase in the yicld of I, cylindrica during later stages
of_competifion due to availability of additional free space
(Trenbath, 1974) » Trenbath also pointed out that the occurrence of
the RYT = 1 is not conclusive for the absence of any allelopathic
effect and that an RYT value below 1 occurs only in situations
where the reduction of space caused by one of the mixture compo=-
nents is not compensated for by additional utilization of space
by the other; RYT = 1 reveals that it does utilize the space. The

competitive superiority of I, cylindrica is suspected to be due

to its allelopathic property which reduces the available space
for E. odoratum in the initial stages of growth though this space

is occupied by I. cylindrica, as a result of which there is

compensatory yield gain which is also reflected in RYQ and RRR

values,

It is interesting that inspite of the start from vegetative

propagulcs in pure stands in the case of I. c¢ylindrica, the

mortality is more severe than that in E. odoratum, starting from
small seed resources, However, this trend may not hold good for

L. cylindrica when the resources are normally utilized from a

massive net work of rhizomes as it occurs in nature (in contrast
to small cut pieces of rhizomes used for this study). However,

L. cylindrica once cstablished seems to have a better competitive

ability over E, odoratum both in pure and mixed cultures, though
nutrient status does not influence much the outcome of competition

between the two species.
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SUMMARY

The study deals with intre-and inter-specific competition

related to NPK nutrition between Imperata cylindrica (L.) Beauv.

and BEupatcrium odoratum L., two nuxious weeds coming up in the

early successional plant communities after slash and burn agri-

culture (jhum) in north-eastern India, I. cylindrica was more

susceptible to mortality under pure stand density stress compared
to E. odoratum, probably duc to which the yield per plant and per
m2 of the latter was more affected compared to the other. 1In

mixtures, I, cylindrica had an advantage over E. odoratum by

reducing the "space® for the latter through allelopathic inhibi-
tion of growth of this species. The significance of these

results are discussed,



CHAPTER 7
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EFFECT OF DIFFERENT LIGHT AND SOIL MOISTURE REGIMES ON THE GROWTH
OF EUPATORIUM ODORATUM L. AND IMPERATA CYLINDRICA (L.) BEAUV. VAR.

MAJOR,

INTRODUCTION

Eupatorium odoratum L. and Imperata cylindrica (L.) Beauv,

var, major are two perennial weeds of contrasting life strategies
(Kushwaha et al., 1981; Kushwaha et al., unpublished), growing
abundantly in cultivated fields, wastelands and other exposed
areas, These two are also important components of the secondary
successional communities developing soon after slash and burn
agriculture (jhum) in the north~eastern hill region (Ramakrishnan
et al., 1980), Both the species produce seeds in large numbers,

Besides seed production, I. cylindrica has extensive underground

rhizome system, Seed germination, in nature, of both the species
starts in May=-June with the onset of the monsoon. The period
between June and October represents the period of active growth
after which E. odoratum starts flowering., However, flowering in

L. cylindrica commences only éfter dry winter months, i.e.. in

April, Maximum fruiting takes place in the month of January (for

E. odoratum) and in April-May (tor I. cylindrica).

There have been many agronomic attempts on the control of
these two species (Cruttwell, 1970; Salgado, 1972; Nair, 1973;
Madrid, 19743 Eussen, 1978). A few studies are also available on
life cycle attributes (Kushwaha et al., 1981; Yadav and Tripathi,
1981; Kushwaha, unpublished) and on the growth characteristics

(Edwards, 1974a, 1974b, 1977; Soerjani, 1970) of both these
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species., An investigation into tie responses of the two weeds
to various ecological factors might be helpful in understanding
the mechanism of the regulation of their populations in nature,
The present study was, therefore, undertaken to:nuv35t1é3$E'the
growth behaviour of these two species as affected by different

light and soil moisture regimes.

METHODS OF STUDY

Seeds of both the species, collected from Burnihat in
Meghalaya (26°,02'N Latitude and 91°,52'E Longitude), were used
for culture in the experimental garden located there. Four week
old seedlings, separately raised, were transplanted into pots of
20,8 cm diameter filled wifh 2:1 mixture of soil and organic
manure, The so0il and manure mixture was thoroughly mixed to
remove uny soil heterogeneiy, before transplantation. Two sets
of experiments, one related to two levels of light intensities
and another with three wafering regimes were done., The experi-
ments with two light regimes had two sets of sixteen pots each.
One set received full sun light and the other only about 30% of
full sun light. The reduction in light was done artificially by
covering the four walls and the roof, of the the chamber, where

pots were kept, with muslin cloth,

The experiments with three watering regimes had three sets
of sixteen pots each. One set was watered daily, another on
alternate days and a third ét weekly intervals, The percentage
soil moisture in the pots, receiving three moisture treatments,

was determined prior to watering and was found to be about 40%,
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25% and 15% on soil dry weight basis. The leaf area of the
samples was determined by knowing the leaf area/weight ratio of
the mature leaves, separately for all the treatments, Leaf area
ratio (LAR}, net assimilation rate (NAR) and‘relative growth rate
(RGR) were determined following the procedure outlined by Watson
(1947) and Hammerton (1965). Aboveground (AG) and belowground
(BG) dry weight yields of plants were determined after drying the
plagts in an oven at «0'C for 48 hours. The statistical analysis
of the data was done using student 't! test. The probability

~ level for all the tests of significance was 0,05,

RESULTS

Experiment 1

There were significant differences iﬁ plant height, AG and
BG dfy weights betweén sun and shade grown plants of E. odoratum
with extremely low values for the latter, Differences between
sun and shade treatments, were significant for all parameters at
all harvests except for AG/BG ratio which was significantly
different only for the first harvest, While the increase in
various parameters, in general, was more pronounced in the case of
sun grown plants compared to shade grown ones, AG/BG ratio
increased in E. odoratum, in the éase of sun grown plants and it

decreased for shade grown plants in subsequent harvests (Table 7w1)e

Leaf area, NAR and RGR were all significantly higher for the
sun grown plants at all harveets while LAR was significantly
high only during the first harvest (Table 7.2}. The leaf area

increase during subsequent harvests, was more pronounced in the



Table 7+1. Plant height (cm), aboveground (AG), belowground (BG) dry weight- (g

and the AG/BG ratio of E, odoratum in sun aad shade.

Plant height AG dry weight BG dry welght AG/BG ratio
Harvests  gun Shade  Sun Shade Sun 3hade  Sun Shade
H,‘ 5402 5000% 305 105* 1.2 O.L"* 208 307*
H, 162.,0 150 ,6% 66 .8 8. 7* 23,4 3,0% 2.8 2.8
Hy 182,1 164,0% 76,8 12 ,5% 24,3 ey 3.7 28 »5
_ | oc
Hy, 186,0 166 5% 7849 13,8% 25,0 5.5% 36 245

* Significant at P <. 0.05,



Table 7.,2.. Leaf area (cma), leaf area ratio (cmz/g) net assimilation rate (g/cmz/week)-and

the relative growth rate (g/g/week) of £, odoratum in sun and shade.

Leaf area Leaf area ratio Net assimilation rate Relative growth rate

Harvests
Sun Shade Sun Shnade Sun Shade Sun Shade
H1 280,0 110,0%* 3745 25, 4% 0.,0070 0,0042% 0.2614 0. 1070%
H2 5418,0 707 2% 59,9 58,2 0,0082 0,0051% 00,4891 0.,3043%*
153 6072.0  1018.2%  59.5 60.0 0.0003 0,0010% 0.0190  0,0607*
H4 6262,.,5 1161.,6% 60.3 59.0 0.0001 0,0004% 0.,0046 0,0220%

. sy —meea

¥Significant at P < 0,05,

601
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case of sun grown plants than in snade grown plants of E. odoratum
while increase in leaf area ratio was not very much different. NAR
increased during second harvest but decreased in subsequent onecs
more markedly in the case cf sun grown plants., RGR, in this
species, also followed a similar pattern as NAR at different hgr-

vests,

The plant height, AG and BG dry weights of I, cylindrica were

significantly reduced in shade grown plants compared to sun grown
plants. AG/BG ratioy, for sun grown'plants, was significant;y
higher only in the third and fourth harvests, While plant hZight
increase did not vary much between sun and shade grown plants
during subsequent harvests, AG/BG dry weights improved markedly for
sun grown plants compared to the other. The AG/BG ratio in this
specics decreased from first to fourth harvest though in shade

grown plants it increased after en initial decline (Table 7.3).

The difference between sun and shade grown plants with respect
to leaf area was significant at all harvests but it was so only in
some of the harvests with respect to LAR, NAR and RGR. At diffe-
rent harvests, leaf area improved markedly for sun grown plants

compared to shade grown plants of I. cylindrica, while LAR was not

significantly affected., NAR of sun grown plants decreased at
different harvests while that of shade grown plants improved
initially followed by a decline, RGR declined under both condi-

tions, more markedly so for sun grown plants (Table 7.4).

Experiment 2:

Plant height, AG and BG dry weights, all declined sharply in

treatments where watering was done only once in a week in



Table 7.3. Plant height (cm), aboveground (AG), belowground (BG) dry weight (g) and the

AG/BC ratio of I. cylindrica in sun and shade.

Plant height

AG dry weight

——

BG dry weight

AG/BG ratio

Harvests  gun  Shade Sun  Shad: Sun . Shade Sun  Shade
H, 75.0  30,0% | 4e0  1.9% 2.6 1,1% 1.5 1.7
H, 12642 50,3% 19,6 3.2% 15,2 | 2.1% 1.2 1.5
Hy 136.5  59,0% 23,8 U, 1% 19,4 2.5% 1.2 1.6%
H, 43,0 61,4% 23,4 L3 21,8 2.6% 1,0 1.6%

*Significant at P« 0,05,

Il
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Table 7.4, Leaf area (cmz), leaf area ratio (omz/g), net assimilation rate (g,cm“/week)

and the relative growth rate (g/g/week) of I. cylindrica in sun and shade,

B e B il = -

Leaf area Leaf area ratio Net assimilation rate Relative growth rate
Harvests Sun Shade  Sun Shade Sun Shade Sun Shade
H, Thie4  340,3%  111.7  111.6 0.0028  0,0017% 0.3145 0.1842%
H, 4000,0  610,0% 113,99  130.4 0.,Q024 0,0028 0.2771 0.0953*
H3 4853, 1 775 0% 113.6 115.3 00,0003 0,0003 0.0361 0.0363
Hy, 5000,2  800,8 11145 11601 0,0001  0,0001 0.,0075 0.0074

TR THC T D W IR gt o A

*¥Significant at P« 0,05,

all
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E. odoratum (Table 7.5). The plant height, 4G and BG dry weights,
for a given treatment increased more markedly at the second
harvest than at subsequent harvests for all the parameters except

AG/BG ratio where no clear cut pattern was note,

The leaf area and NAR were significantly lower treatments
with weekly watering compa;ed to the other two. Except for the
initial increase, RGR decreased in subsequent harvests, The
increase in leaf area, between first and fourth harvests, was more
pronounced in the plants that were watered daily. However, the
decrease in NAR at the fourth harvest compared to the first one
was also markedly pronounced in treatments with watering done

either daily or on alternate days (Table 7.6).

The plant height, AG and BG dry weights in I, cylindrica were
significantly lower for those that were watered weekly compared to
other treatments. BG dry weight increased significantly at the
fourth harvest compared to the first one, 16-fold in the case of
plants that were watered weekly, while in other two treatments it
increased only 7=-fold. The AG/BG ratio increased in the treatment
where plants were watered daily or on alternate days but decreased

in the case where watering was done weekly (Table 7.7).

The leaf area and RGR of I. cylindrica were significantly

lower in treatments where watering was done weekly compared to the
- other two treatments. LAR in subsequent harvests was reduced in
treatments where watering was done weekly but was not affected in
the ‘other treatments. NAR at subsequent harvests decreased in the
treatment where watering was done daily or on alternate days but
it increased initially and then decreased in treatments where

watering was done weekly (Table 7.8).



Table 7.5. Plant height, aboveground (AG), belowground (BG) dry weight and AG/BG ratio of

., odoratum at three moisture levels.

Plant height AG dry weight BG dry weight AG/BG ratio
Har- (Cm)g {g) '8 (e
Ves.s ny - ADW Ww L.S.D. DW ADW WW 1,S.D. DW ADW ww L.S.D. DW ADW WW L.S.D.
1y 50,41 50,0 23,0 8.1 3.5 3.7 2.2 1.2 1.2 1.3 0.6 0.4 2.8 2.8 3,6 0.6
Hy 178.0 171.2 60,0 3.5 6648 74,5 37,4 7.0 23.4 24,8 12,5 2.8 2.8 3.0 2.9 0.6

Hy 190.0 174,0 80,0 20,2 7648 79.3 43,7 543 243 26.5 1%4.6 4,9 3,1 2.9 2,9 0,6

Hy, 197.1 187.9 9.2 75.3 81.9 82,6 51,0 10,6 22.0 24.8 13.0 6.3 3.7 33 3.9 0.5

129t
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Table 7.6. Leaf area (cmz), leaf area ratio (cmz/g), net assimilation rate (gﬁﬂf?week; and the

relative growth rate (g/g/week) of E. odoratum at three moisture levels,

Ty e T e

Har- Leaf area Leaf area ratio Net assimilation rate Relative growth rate
vests

]

DW ADW WwWw L.S.D., DW ADW WW L.S.D. DW ADW wwWw  L.S.D. DW ADW WwWw  L.3S.D.

e

d1 280 300 168 30,7 37.5 38.5 32.6 3.3 0,0070 0,0009 0,0053 0,0013 0,2614 0,2682 0,1716 0,0452

E"l
o

5418 5958 2994 2012.7 59.5 60,0 60,0 1,7 0.0082 0,0083 0,0080 0.0001 0.4831 0.,4331 0.4801 V.0357

6072 6348 3498 1202.4 59,9 60.8 60,0 1.3 0,0003 0,0002 0,0004 ©,0001 0,0190 0,0105 0.,2593 0,0391

ol

= 6262 6444 3840 776.2 60.3 57,0 60,0 1.3 0,0001 0,0001 0.0003 0,0001 0,0046 0,0C25 0,0156 0,0072

I T L BTt r———



- Table 7.7. Plant height (cm), aboveground (AG), belowground (BG) dry weight and the AG/BG ratio

of I. cylindrica at three moisture levels,

e Ao

Hap. Plant heignt | ©AG dry weight BG dry weight AG/BG ratio

vests
DW ADW WW L.3.D. DW ADW ww L.S.D. DW ADW WWw L.S.D. DW ADW WW L.S.TL.

Hy 730 73,0 28.0 4,7 4.4 4,4 3.4 0,2 2,2 2,17 1.6 0.4 2,0 2.0 2.1 O.«
H 130,0 125.0 70,0 8,5 23.8 27.1 20.1 6.3 11.0 12.5 11.5 1.8 2.1 2.1 1.7 0.5
H 142,0  135,0 75,6 5.8 29.6 33,4 24,0 8,7 13.6 15.1 14.8 2.3 2.1 2.2 1.6 0.2

Hy 15061 140,0 80,0 8.7 31,2 35.,2 24.4 7.7 14,0 15,7 16,0 2.7 2.2 2,2 1.5 0,2

) Vit —

9II
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Table 7,8, Leaf area (cn®), leaf area ratio (em™/g), net assimilation rate {g/cu/week) and the

relative grewth rate (g/g/ucsk) of I. covlinirica at three moisture levels.

BN e e g W Sy T RN TR 1R Y 2 RS A 1 AN ERTRr S

S R P LT

Har- Leaf srea Leaf area rati:
vests

DW  ADW  WW L.S.D. DW ADW ¥WW L.Z.D. DW

T RS TR AT T WSRO AT T M MY W W A (T R T U AP TR e ) S e s A e brdn e —e @ o - L R P

Hy, 714 762.5 560.0 35.9 111.5 111.6 111.6 1.0 0,00283

RIS I | e TPy gl YT 3 W M At e e S e Boha o ve e b A e [ T

Fet assimilatic. .at- Relative growth nete ]

A_DIW' ‘,iW L . 3 oD .

LA W T SN TV AT s T el e Y e s - RN o

DV ADW WA L 8D

0,0028 0,0024 ©.0014 Q,3145 0.3145 0,76H82 o.osH
H, 4000,0 4504,8 3027.5 1370.,2 113.9 112,73 1.7 1.2 NI NLONRND OO0 E LD DAY 0,306 0005
Hy 4853,1 5A17.0 3558,0 705.,7 113.6 112,3  99.2 16,8 0,0003 0,0003 0,0004 0.0001 0.,0361 0.0368 0,035% o0}

5 5000.2 5920,3 3724,5 1317.4 111.5 112,3 97,0 11,6 0.0001 0.,0001 0,0001 0.0000 0.0076 0.0088 0.086, ©-02

LI v s, o PR .

.11
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DISCUSSION

The resulté of the~ex%eriments with light and shade grown
plants, indicate that shade had an adverse impact on the growth
and deveiopment of the two species resulting in drastic reduction
ih‘leaf area and dry weight yields. Such a reduction in overall
growth has zlso been found in shade grown plants of the two
" species by other workers (Bennett and Rao, 1968; Cruttwell, 19aRs§
Bussen and Wirjahardja, 1973; Kushwaha et al., unpublished). In
light grown plants of both the species, the higher values of NAR
and RGR. at the second harvest, coincide with their peak growth
period. The much lower and gradually decreasing NAR and RGR,
after second harvest, indicates that in the later stages of deva-
lopment, the relative photosynthetic efficiency and thus the
growth of E. odoratum is considerably reduced. This period also

coincides with the maturaticn pnase of the plants.

The increase in the AG/BG ratio at later stages of growth in
1ight grown plants of E, odoratum may be due to the increased
allocation to the aboveground reproductive parts as is evidenced
by its vigorous flowering and fruiting. However, the decrease in
- this ratio for shade grown plants of this species suggests that
the strategy here is to allocate more to belowground parts which
might be helpful in survival and perennation of E. odoratum

under adverse conditions. In I. cylindrica, however, no definite

allocation pattern was observed,

The leaf area, LAR, NAR and the RGR in both the species, was

markedly reduced when plants were provided with reduced soil
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moisture. Edward (1974) aleo iound a signi’icant correlation
between the precipitatioﬁ and growth of E. odoratum, High rain=-
fall occurring during the growth season of these two species may
help in the colonization and rapid spread of these in north-eastern
India. A decrease in AG/BG ratio, at later harvests in

I. cylindrica that were under maximum water stressisdue to the

increased allocation to belowground parts which may be an adapta-
tion for increasing water absorption surface and to ensure its

survival through perennating organs.

The results of this study confirm the suggestion (Kushwaha et
al., 1981; Kushwaha et al., unpublished) that the two species are
sensitive to shading during secondary succession after "jhum",
where the two get rapidly eliminated in fallows older than 5-8
years as shown from our studies on population dynamics. The shift
in the 1illocation pattern due to shading of E, odoratum is signi-
ficant from the point of view of its survival, Inspite of the
high rainfall, brief periods of drought, as often happens during
the monsoon, may not only affect survival but also contribute
towards the vigour of growth and allocation pattern in the case

of I, cylindrica.

SUMMARY

This study deals with the effect of different light and soil

moisture regimes on the growth and develcpment of Eupatorium

odoratum L. and I. cylindrica (L.) Beauv. var. major, two early

secondary successional weed species., The growth of both the

species was adversely.affected under shade and under reduced soil
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moisture, In E. odoratum, shade not only affects growth but also

the allocation pattern iﬁég way favouring belowground parts. A

shift in allocation from above to belowground organs under

moisture stress was noted in case of I, cylindrica, The signifi-

cance of these results is discussed.
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