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PREFACE 

The results presented in the present thesis start with a 

consideration of three types of land use practices in the north­

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 whioh has recently been 

suggested as an alternative to jhum by the local governmental 

agencies. The various weeds coming up during cropping have been 

considered along with a study of the economic yield patterns. 

The subseqUent three chapters deal with the biology and 

populati~l dynamics of two important early successional weeds 

namelY ~patorium odoratum L. and ImEerata cxlindrica (L.) Beauv. 

comin&during and after jhum. These studies pertain to population 

d~ics during secondary succession after slash and burn agricul­

ture which has been contrasted with a late successional weed, 

Spleria t;ssellata Willd. The next two chapters deal with compe­

t~tion between the plants of rhizome versus seed origin in 

1• cxlindrica, followed by a study on competition between I• cylin­

g,ica and~.:odovatum, the former of rhizome origin and the latter 

of seed origin as they ~come up in nature after jhum. This study 

considers the two nutrient levels as soil nutritional changes are 

~ignificant after slash and burn. This is followed by studies on 

the behaviour of l· cxlindrica and ~- odoratum in response to 

different light and water regimes. 

The thesis starts with a general introduction which includes 

an extensive 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. 
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GENERAL INTROI)UCTION 

Popul.ation -ecologY:: 

The history of popul.ation research dates back to the time of 

Malthus (1798) Who observed that popul.ation exhibits a tendency to 

multiply geometrically as a result of the "passion between the 

sexes". The poblication of a book "An Assay on the Principles of 

Popu1ation as it Affects the Future Improvement of Society" marked 

the beginning of the modern studies on populations. Acknowledg~ 

the i~eas gained from Malthusian postulates, Darwin (1859) in his 

book "Origin of Speci·etl!l, emphasized the importance of the indivi­

duals in a population making frequent re-ferences to their numerical 

strength. 

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 foll.owing 

form: 

dN - = rN {K-N)/K 
dt 

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

rate of population growth, K, carrying capacity and ~ represents 
dt 

the rate of change in population size. Verhu1st'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 



plant population --\llas proposed for the first- time by Nrigeli ( 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 contrast-

ing micro climates. 

Elton ( 1933) proposed the term "population dynamics" which 

according to him refers'..; to the field of study 11 concerned \·lith 

r~tes of increase, fluctuations in numbers and relation of 

problems of numbers to the environmental 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 11 it seems evident that we have :i:n 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 p 

where C is the number of existing organisms, Bp' the biotic 

potential and R, the environmental resistance. He concluded that 

whatsoeve~ the potential.rate of development of an organism may 

be, its environment offers sufficient resistance to multiplication 

to cause the number to remain constant. 

The work of Sukatschev (1928), Tadaki 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 rate of change based on these parameters 

which was later confirmed by Gause, a Russian biologist, in the 

year 1934. Gause ( 1934) put forv1ard the famous "Gause hypothesis" 

stating that 11 no t\·10 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 popula• 

tion dynamics that are quite surprising. There is an impressive 



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 (i948, 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 remarkably 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 

grasses as a result of grazing. A similar type of work has also 

been done 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 recruited at different periods, have diffe­

rent decay rates. Further, he observed that the different pop~ 

lations, have different longevity depending 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 H~rper and his coworkers during the last 

two decades. A number of plant biologists have also followed the 

trend and over the past 12 years a good amount of work on plant 

demography has been accumulated. A more detailed study of demo­

graphic nature has been recently made by Sarukhan and Harper (1973) 

with three species of Ranunculus, ~. acris, li• bulbosus and li• 
repens in a ~assland situation cnnsidering 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, Plantago 

major and f.• 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 catqstrophically (Warren Wilson, 1967). 
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A great deal of work haa been done on the mortality rates of 

the plant poiulations. DGevey (1947), on basis of the work with 

different po~atiana, con¢luded that in general, the individuals 

foliow three types of deat~ and decay patterns; situations where 

there is high mortality in the juvenile phases (Hett, 1971; 

Sb.aritz and McCormick, 1973J Sarukl1.an and Harper 1973 ; Hett and. 

Loucks, 1976) of the li!e 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 cliinatic or edaphic factors may also play a 

major role (Tazaki, 1960; Peterson, 1966; Cavers and Harper, 1967; 

~-adman. and Orshan, 1975; Mai'Quis, 1976). In contrast to the 

seedlings, the adults show a constant risk of death throgghout 

their life-span giving negative· eJtponen~ial curve (Tamm, 1956; 

Rabotnov, 195S; Sagar, 1959; Foste.~.·, 1964; Antonovics, 1972) the 

individuals with long life span generally show a third category 

of survivorship,w.ith higher mortality in the last part of their 

life. The curves which represent these three different mortality 

patterns are the Deevey Type I, Type I,I .. and Type III curves of 

mortality. 

The studies on the population dynamics of the perennial 

plants, are often not attempted as it is diffic~t to determine 

their exact age due to th~_lack of any reliable teobnique for 

estimation. Various meth~s used to detemine 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 numb~ of leaf scars on tbe rhizome. Kerster 

(1968) and Levin (1978) have considered the rings present in the 

corm of Liastf~~ 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 riass in the corm of 

Liastris aspera. The most reliable method for es-timating the age 

of perennial herbs, is to follow the fate of labelled seedlings 

or tillers of known age in pennanent enclosures. This method has 

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

A.n 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 

dynamics of these parts of sub-population level. Thus, Saeki 

{1960, in Phaseolus viridissimus and Nicotiana tabacum and Gill and 

. Tonlin~n ( 1970) in Rhizophora mangle studied the dynamics of leaf 

proalcti1n. Halle and Oldeman (1970) worked on the dynamics of the 

brancbes, \eaves and buds of a number of tropical trees. Gill 

( 1971) c..bser"ed the d""]namics of buds in Fraxinus americana. Kays 

and Harper (1~4) studied the change in population of Lolium 

perenne at the "'-.ro levels of populaticn organisation. Such a study 

was also undertakt.~ by Ogden ( 1974) in '1:·..1ssilago farfara. Bernard 

(1976) studied the 4fe history and popula~~on dynamics of shoots 

of £...ar~~ rostrata ard ,notec a constant rate of .Q.eath with very 

high turnover rates. ~ com~rehensiva account ot the ~test 

investigations in t~ fie1.d of the dynamics at SUb- :;'1"1ulatior;J. level 

has been reviev1ed oy Haf11er t~-978). 



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 p~riod of 

the year as the ~umber of seedlings in most of the species fluc­

tuate in time and space with 100% mortality in perennial grasses 

(Putwain ~ ~ft' 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 

0ccur during critical periods in the plant's life, According to 

Rabotnov ( 1945, 1950a,. 1950b, 1969), a:: . .::aano-population is 

characterised by various age groups of individuals based on the 

four main periods of life of the plants reproducing by seeds. 

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~~· (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 importance in understanding the population behaviour 

of a plant species. The role of the seeds in early phases of 

primary and secondary successional processes is of special signi­

ficance as also emphasized by Oosting (1942), Keever,(1950), 

Eg~er (1954), Bazza4 (1968, 1973), Holt (1972), Johnson (1975), 

and Archibald (1979). 
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The associated vegetation may also exercise considerable influ­

ence in regulating the population (Odum and Odum, 1959; Harper, 

1964) as.the natural h~bitats:,of"the species are mostly.shared by 

.me.ny thickly po}~ru~<it~a species affording resource compet:L. tion 

through inter~specific interaction though intra~specific competi·· 

tion may also play a significant role (Rarnakrishnan and Jeet, ~ 1973; 

.. Jt~~;I':i.~9n~ .~d Gupta, 1981) • Poor seedling establisl;unent has 

been reported in established communities by Tamm (1956) and Cavers 

arid Harper ( 1967). Putwain and Harper ( 1970) an.d. Dwivedi and; 

Tripathi (1980) found that mnongst the associated species, grasses 

exervise greater regulatory influence compared to dicots. Sagar 

(1970) noticed increased vegetqtive and reproductive grov~h of 
' 

Plantago l8Jllceolata ·when the associated vegetation was removed. 

Established plant populations of a species also affect the newly 

recruited seedlings of their own s~8cies (Friedman, 1971; Andel 

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

1981) • 

. Intra-and inter-specific population. behaviour: 

The behaviour of the individuals of one or the different spe- _ 

cies growing together and interfering with each other's mechanism 

of population growth is of great significance. The vegetation 

composition of an area can partly be considered the resultant of 

the competitive abilities of the individuals which in turn might 

be influenced ~! their environment. 

The tenn "co~petition" refers to the greater growth in vigour 
if 

of some individ~als as compared to others when a certain require-
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'mentis 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 demand 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 babits of individuals are similar and their niches 

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

1965a, 1970; Ramakrishnan and Gupta, 1972; Ramakrislman and Jeet, 
1972). 

Thui int~r-ec.otypid. competitio~ between diff~remt ecotypes in 

marginal 'areas is- a mechanism by which the populations' in .. corit'ra&­

ting habitats ~e kept apart (Ramakrishnan, 1965a,· 1965b;196s6,' 

1966; ·Ram~rishnan and Nagpal, 1973; Ramakrishnan. arid Kumar, 

1976). 
,- 1'.: 

C9mpet.it.ion .can .1?~ .. intra-sp~cific i.e., between the. indi-viduals 

o~ t~e same species_ qr .inter-specific 1.,~. _betw,een two. different 

species {Od.um, 1969} •. H~er ~d._ Chancel.l.or {1959) .introd~ced 

the, t~rm ~-sel.~t.t_:dnning·· and "alien-tW,.nning", the .former 
'- - . -· "· ·-, . . . .- - --- ·: . -·· - - . .. . - . 

~~s.<?ribes the redu~t,.'i.9~ of chane;e .of a seed forming;~-- ~ature 

J?lant_du~ to increa~e in_the density of -~he_individu~~s:of the 

same··. species while the. latter -.describes tb.P-.:;.-eduction -~in .chance 

of a ~eed f9rming, _a m&twe pl.an"t! qu,e t;o i:r:creaw(;l_d de;nsi ty 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 11 space" as a combined expr.:::ssion of all the resources 

required by the plants.- Tekeka\va ( 1968) found thrJ.t the competition 

f'or nutrients w2s the main reason for the decline in the yiGld of 

rice when rice plants "~:Jere gro\vn together with Potamogeton 

distinctus. Ramakrishnan (1961) has demonstrated that root compe­

tition in the two ecotyp~s, tho red and green form of Euphorbia 

thymifolia, competing with ;.::D.ch other does not permit the obligl'lte 

caleifugc (green form) to establish seedlings in the calcareous 

soils, 

The competition involving shoot system is for light due to the 

overlapping grovrth of the plants BS a result one species succeeds~ 

at the expens~ of the tether (Harper, 1964), Black (1957, 1958, 
\ 

1960) noted an increase in the competitive vigour of thi:.: plants 

grown from bigger seeds compared to those from smaller seeds of 

Trifolium spp. Ennik ( 1960), from his competition studies on pure 

and mixed stqnds of t:olium perenne and TrifoliUL11 repens under low 

and high light intensi~ies found the replacement of grass by clov~r 

under high light intens~ties~ but under l'w light intensities the 

two species tended to stablize; those with excess of' clover tending 

to increase the grass ~o~tent and vice versa, In the latter cr.1se 

it is belivod that the stabilizing influence between the two species 

is due to differential r~quirem.:mts of the t\V'O for nitrogen. 

As an agronomic prob~em intra-specific interference hr'ls r·•.- r:.~:-:ivc 

received much momentum \vi~h respect to (i) reactions of pl;mts. to 
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density which determines c.rop yield in pure ttands and (ii) mutual 

interference between specias under the the condition of mixed 

cropping. Yoda et al. (1963) concluded that: --
(i) the chance of a s~ed producing a mature plant declined With 

increasing density, 

(ii} irrespective of the density of the ~eeds sown, there is a 

maximum population size attained and densities beyond this 

level can not be realized no ma~er 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 ( 197.1), Ramakrislman 

( 1971) and Ramakrislman and J eet ( 1972) , concluded that VIi th 

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 resp~nse of crops, have been formulated. Amongst the 

most successful of these have been various forms of reciprocal 

laws: 
1 

a+ bx -= 
w 

where x is the density and w, the mean plarit weight. 



Yoda et al. (1963) for tu.e first time mathematically expressed --
the process of self-thinning and found that number:;; of surviving 

plants could be related to ita mean weight as: 

Where p is the density of surviving plants and W is the 

corresponding mean weightl the value of C varies with species. This 

was later confirmed by \'lhi te 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 conclusion~Koyama and Kira (1956) have shown that 

under conditions of density stress only, there is a forced showi.ug 

of limited resources with~-- a compensatory plastic reduction in 

plant growth. A greater mortality and/or plasticity in mixtures 

and m.ont)cultures respectively was noted by Ramakr\Shnan and Kumar 

( 1971b) in wheat and Cynodon dactylon, ~Ramakrishnan an~ Kumar (1971) . 
•. 

and Ramakrishnan and Gupta(~972b) on maize and Cynodon dactylon and 

in Oryzopsis hQliciformis and Avena sterilis by Litav and Seligman 

( 1969' 1970) • 
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Many of the studies on population behaviour in mixtures are 

based .on \...,~d-crop interference • In general, weeds have greater 
I ... : . , 

potentialities 'to accumulate v..c~ter' nutrients and light energy 

thereby decreasing the efficiency of crop production (Blackman and 

Templeman, 1938; Russell, 1961). In studies dealing with grass­

iegume associGtions different workers have shown the improved yield 

of the grass' in the presence of legume:. (de·, Wit ~ ~·, 1968; Bergh 

van den, 1968; Abu-Shakra ~ ~·, 1969, and Reid, 1970). Such a 

response has also been shown in legum'e-brop 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 ;v'VIO 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 perfo~ 

mance in variously proportioned mixtures and mutual aggressiveness 

of the two species is measured. de Wit et al.(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 modeloccurs when two species affect each other only by 

crowding for the same space, finish their growth in the s~e 

length of time and ha~e 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 sor..... l"'equisi te obtained from the soil 

limits the growth, and one species can explore 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 species hamper 

the growth of the other, not only by crowding for same 

space, but also by some processes such as the production ~f 

toxic substances harmful to the other •. 

Reversal of habitat performw1ce 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 E· obtusifoliBt 

was more successful under maintaned water table. In the presenct· 

of the grass, the most successful establishment of i· obtusifolius 

occurred under freely drained conditions, The reason for such a 

reversql of habitat preference as in th~ case of B· obtusifclius 

i.s yet not clear. However, in the case of Meli:J:itus ~ 

ecotypes the reversal Qf habit~t preference is definitely related 

to their differential response to nutrients, particularly calcium 

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

Slash and b_urn agriapf~l~~, ~;locally called 113'hum") is a predo-
:. ;· :· ,l<. ' • ~ fl ~.:h.::~-~, ' ·.1 

minant form ~ agriculture in north-eastern hill region of India. 
! . 

It involves the slash and burn technique of clearing the forestj; 
.. 

cropping for a year or two and then abando_ning_ the land for forest 

fatlow development~ for the restoration.of soil fertility 
,l ' ... \' J ~' ~ ' ,.. ,1'} .. 

{Ramakrislman £1 ~·, 1980). 

In the past,the jhum cycle (the intervening fallow period before 

the sa~e land is again cultivated) was of 20-30 years which was 

ideal not only for the restoration of soil fe_rtility under a 

forested fallow but also for keeping the noxious weeds under 

control. However, in recent times there has been a considerable 

shortening o~ jhu~ cycle to about 4-5 years ~~e to increased 

populatj_on pressure and changed land use practices. 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 

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

Beauv. var. major. Shcr.tening 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 account. 

The two weeds, namely ~· odoratum and .!.· ·cylindrica are al.so 

the pioneers in croplends and in the fallows developing after slash 

and burn agriculture. E~atorium odoratum a native of mexico, 
. . . I 

grows abundantly at lower elevations of Meghalaya {Kushwaha~~., 

1981). It is a high-seedihg species. Seeds are extremely light 
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and are produced with pappus wnich help them in their dispersal to 

some degree. Seed germination -in nature starts in May - June with 

the onset of monsoon. L~rg~ .r~~ber of seedlings come up after few 
' . ~ . ; 

showers. The pe~iod 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 seeds are mature 

by March. 

The germination and grovnh behaviour of the populations of 

~· odoratum collected from seven localities from Old and New World 

Tropics, have been studied by Edwards (1974a, 1974P, 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 

!· .2S!oratum has also been shown by Edwards.- (1974a) and Deb. (1981). 

The development of embryo and female gametophyte has been described 

by Ghosh { 1969). Kbonglam and Singh ( 1980) reported that . 

~· odoratum is a allOhexaploid with chromosome number 60 and is 

apomictic. Yadav and Tripathi {1981) studied the dynamics and 

regulation of ~· odoraturn population and came to the conclusion 

that associated vegetation as well as the adults of the same 

species play a major role in the mechanism of population regulation. 

Kushwaha~~· (1981) studied the population dynamics of 

!• odoratum in early sJccessional 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 .:i:t out J.n t~1e pr~ees of secondary succession. 

(iii). the fallQWs with maximum pwul~ticn density also suffered from 

maximum ~ortality prob~~ly ~ue to intra-specific competition. 

Impe£at2 ~Ylindrica has extenz1vc underground rhizomes. The 

populatio~ multiply through iterative productioi. of tillers (leafy 

shoots). Besides, it also reproduces through seeds which are 

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 agricul turi: 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), while working 

on the ec0logy of "Zande syst0m" 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. 

Hm1ever, these studies on the groWth behaviour are relatively 

indadequate in the context of their wide spread dispersal and 

success which pose serious agronomic prob~_ems. A study pertaining 

to the detailed analysis of their population growth providing 

information about that natality, mortality., survivorship and 

age-structure and the environmental factors which influence these 

population attributes may not only prove helpful in devising effect­

ive weed-control measures but a~so provide an insight into our 
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understanding of their egulat:on in nature without environmental 

. repurcu.ssions. 

For the present study, therefore, these two major early 

successional vJeeds vii th contrasting life cycle strategies were 

selected. 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 contrasting 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 AGRD-ECOSYSTEM TYPES OF NORTH-EASTERN INDIA. 

INTRODUCTION 

Shifting agriculture (locally called 11 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 jhum annually cultivating atout 0.5 m hectares of land whereas 

the total area affected by jhum is considered to be over 7.0 m 

hectares, approximately six times the annually cultivated area 

(Wadia, 1975). This, ~owever, does not take into account the 

degraded land rendered useless for cultivation or for forest deve­

lopment (Ramakrishnan et ~1., 1980). In the past the jhum cycle 

(the intervening fallow period before the same site is again 

cropped) was of about 20 - 30 years vrhich was ideal not only for 

physico-chemica:.. improvement of the soil but also for k~eping the 

noxious weeds lik~ Eupatorium odoratum and Imperata cylindrica 

under check. However in recent times, the jhum cycle has become 

as short as L+ - 5 year z d11P +r) i n.rY'P.ased population pressure, 

reduction in acreage due to si-te degrada+-.i nn and also due to 

changes in land tenure pr:=tctices. 



The terrace cultivation fb!ch 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 ns a v:hole for 1971-72. Mishra ( 1976) 

reported 1200 kg/ha/yr of yield of rice under jhum in Tripuro. 

According to Aurora et al. (1977), the yield of rice under jhu~ --
and dry land cultivation on terr~ces are not signific&~tly diffe­

rent under comparable situations. Sahu (1978) noted an yield of 

853, 738 and 3428 kg/ha/yr of rice under jhum, terrace rmd valley 

cultivation respectively suggesting that monetarily terr:1cing is 

more productive compared to jhum or valley cultivation. Recently 

Borthakur ~ ~· (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 jhurn cycle or the 

croppi~ pattern under jhum, nor do they specify the various 

inputs that go into jhum or other sedentary forms of agriculture 

whj.ch would determine the ul tim;"J.te yield. They also do not 

specify ~s to whether yield from other crops is compared since 

often as many as 30 crops may be involved in ~ 11e mixture. 

Recently, hov;ever, Ramakrishnan and his coworkers (Toky and 
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Ramakrishnan, 1981; Mishrn and Ramakrishnan, 1981) have ~onsidered 

the jh.liil pattern of these agro-ecosystems at 10\'l and high eleva­

tions of Meghalaya taking into consideration the various agronomic 

practices. The present study is un extension of this in order to 

understand cropping and productivity patterns of jhuro in Garo hills 

of Meghalaya and in the Ao area of Nagaland under two jhum cycles 

of 5 and 10 years. This has been compared with valley cultiv~tion 

of rice in Garo hills ~md .l'Jagaland nnd terrace cultivation in the 

Angami area of Nagaland, where terracing is very common. All 

these sites in Gnro hills and Nagaland are at lower elevations of 

about 800 m, under a sub-tropical climate. 

DESCRIPTION OF AGRQ-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°. Further the entire region is characterised by 

high rainfall ranging from 1200 to 2500 C1!1 annually. The soil is 

mostly lateritic (oxysol) at lower elevations. Jhum 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 children. Adults as v1ell children 

participate in vmrkll! 

The operations start in December-January with felling of the 

trees, shrubs etc. on a selected plot which is mostly determined 
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by the chief of the village. Itldividual and cl:m ownerships arc 

rclati~ely rare but belongs to the community. Generally all the 

jhum fields arc located at one place and before anyone could start 

the felling, a group of men arc engaged 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 arc left intact though their branches 

may be slashed. Species like alder, Alnus nepalensis arc generally 

not cut down as they arc considered by them to improve soil ferti­

lity. Large logs are often removed for housebuilding or put 

horizontally on the slope to check soil erosion. 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 ch0ck its spread. Sometimes a second 

burning may be required to complcte_the process. 

Sowing starts just aftc.c· burning in May - June. The propor­

tions of various seeds in the mixture for broadcasting vary from 

place to plac~ and family to family depending upon the family 

requirements as well as jhum cycle prevailing in the area. Cereals 

make the major part of the mixture with seeds of cucurbits, pulses 

and vegetables e~c. These seeds are mixed with fine soil from the 

jhum and are broa1casted uniformly in the field by male members. 

Maize, ginger, Coltxasia, tapioca and banana are sown at random 

chiefly by females. Brinjal, chillies, tomatoes, beans, spice 

:pl.ant (H;yptis spic.ige:-a) etc., which are mainly for the consumption 

of the family, are plarxed almost .in monocultures around the field 
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hut which is made for field vva·'-~hing for one crop season. Often 

to avo.::..c wild animals like tigers and elephants, field huts are 

made atop the trees. 

As major constituents of jhum agro-ecosystem, weeds pose 

problem with the onset of the rainy season. They include root, 

stem and rhizome sprouts and various herbs and grasses. A long 

jhum cycle is helpful in keeping the weeds under control but 

under short jhum cycles, the problem gei:B aggravated. 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 ~ ~, unpublished). Eupatorium odora]um is 

. another noxious, fast growing, pLrennial weed v•i th high seed 

output (Kushwaha~~., 1981}. Besides these, there are also 

other weeds like Mikania micrantha, Ageratum conyzoides, Eregeron 

canadensis and Thysanolaena maxima, which afford inter-specific 

comp~tition to crop plants. Weeds like !• cylindrica have also 

. been reported to possess allelopathic inhibition of crop growth 

(Eusser, and Wirjahardja, 1973). 

Terrace Clltivation : 

Terrace ~ultivation h~s been suggested as an alternative to 

jhum by loca: governmental agencies. As incentives 1 - 2 hectares 

of land is al:.ocated to a family, besides providing fre inputs 

like s~eds anc '?lant, arganic manure and fertilizers are also 

given for a year or two. However, in many plapes, these 

terraces are oftei cultivated just as under jhum when these 



subsidies are withdrawn. In ~~ag'iland, the Angami and Chak.esang 

t~ibes, however, have been successfullY practising terrace culti--­

vation of rice for a fairlY,:; lpp.g time, particularly in areas where 
' ; ' · ·· ,t r • :. · .~:· • ' 

water is available for irrigation. Sometimes a secand crop of 

Setaria italica or ~ lachrYffia-jobi may also be taken during 

· winter on these terraces after rice cultivation ~n July-November. 

F.olygonumis·one of the vigorous weeds in terraced lands.-

' . 
Valley cultivation : 

Valley cultivation also has monoculture of rice as in terraces. 

The valleys are enriched by \'Vater and soil nutrients, like terraces, 

brought down from the adjoining slopes and therefore need no major 

fertilizer input. Both in Garo hills and NagR1Rnt1., ri.r-~ is:: p;.r·•·trn 

only once in ·• a year in valley land, betvmen Hay to November. 

During the dry winter mont:hs~ r.ropping is not done for want of 

water. If su£ficient vmter is avau RblA.. a cecond crop may be 

raised in winter. Ploughing the land is done using bullocks. Seed­

lings are raised in nursery beds and are transplanted into the 

field when they attain about 30 em height, early in July. WeedLng 

is done 3 - 4 times by both male and female members of the family. 

Each family has, on an average, 0.5 to 1.0 hectare of such land 
.. 

depending upon the local topographic situations. Compared to 

terrace cultivati-on; valley cultivation has more weed infestation, 

mostly dominated by Polygonum, which 1.•, ploughed back into the 

system as green manure. 

METHODS OF STUDY 

The study sites are situat$d at Garo hills in Meghalaya 

(25o.29'N latitude and 9Q 0 .15'E longitude) and at the Ao (2.6i0~-u~~-
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latitude and 94°.12'E longitude) and Ang~ni (25°.40 1N latitude and 

94~.10 1 E lvngitude) regions of Nagaland. A short,5 year jhum cycle 

and Vt7.lley cultivation studies were done at Garo hills, 15 krn north 

of Tura. A long,10 year jhum cycle and valley cultivation studies 

were done at Changki village, about 50 km west of Mokokchung dist­

rict of Nagaland.. The tribes involved are the Garos and the Aos~ 

At another study site in Angarni area around Kohima district of 

Nagaland, terrace cultivation done by the Angami tribe of the Nagas, 

was studiedo 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 Septe~ber, at 

the peak of their gtowing season. The total dry weights of diffe­

rent weeds were analysed in sample plots of 10 m2, kept apart as 

control er.~.closures in each of the fields for .3tudy purposes. This 

ensured accurate estimation of the weed population at p0~~ growth 

period which generally coincldes with the peak growth periods of 

the crops. 

The crops, which were about 30 in the two jhum types of 10 and 

5 years, were also analysed quantitatively for their density, 

frequency and bnsal area using10Jm2 quadrate. The tot:::tl b.'=l.~l area 

represents the area of the ground occupied by the stems of crops. 

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 height and leaf qrea for crops were also cal­

culated and are based on 20 randomly selected plants per~~ •. Plant 

spread is a measure of the average aerial spread of the shoot 



of a given species (Kershaw, 1q?3) and was measured at the time 

of pe~( grovrth of the crops as average of 20 plants~ The leaf are<:1 

index (LAI) that is 1 the leaf surface exposed to light '\'lith respect 

to the ground surface (Odmn, 1971) was also calculated for each 

crop and is based on 20 plants. 

For individual crops, the biomass and the economic yi.:ld per 

plant were calculated ou the basis of 20 plants per plot. The per 

hectare values are based on estimates for the entire plot. For 

terrace and valley cultivation only the economic yield was analysed 

for monetary cost-benefit studies. Labour inputs in man hours for 

various opc:rations in three agro-ecosyster.1 types '\'.fere calculated. 

The labour charges for male and female workers, v1ere calculated on 

the basis of the prevailing do.il~· 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 v1as also estimated based Qn local market price for each 

crop. 

RESULTS 

Table 1.1 represents the phytosocialogical characteristics of 

th2 different crops under two jhum cycles of 10 and 5 years. 

Under a 10 year jhum in the Ao regio~ rice was the most important 

crop followed by cotton. Amongst the cereals,Setaria italica 

and Sesamu'll indicum were emphasized. Colocasia which is used as 

pig feed was the most important of the tuber/root/rhizome crops, 

and represents thG third high density crop. kiJ!lOngst vegetables, 
""' 

brinjal and bitter gourd (Homordica charantia) are so"Wn at low 
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Table 1. 1.; Phytosiology of crops· under two .a,:iw cycles in Garo hills and Nagaland. 

Crops Density/ha 
10 yr 5 yr 

% frequency 
10 yr 5 yr 

Basal area/ha 
10 yr 5 yr 

------~--'<- ·--·- ---------------------------------------------------
9:£.:~:1:. ,.:."lnd s e eQ.§_: 
.Q£l~ ~'J.ti~ 500000.0 

~ ma;t§ 184.5 

2£rghum .~lgare 430·.5 

.~~tts~ ·§Picigera 147.6 

Setaria i talica 246.0 

§i:.~2 .-i.;.;;n;.;.;d;.;;i.;:;c..;.;UI;;;;n 246.0 

~ ]..G.<lli£yma-.. i'212i 35.0 

560000,0 

175.5 

50.5 

120.0 

200,0 

350.0 

10·.9 

Leg..,~ ..§t~, f'rui "t_!nd vegetab.,les: 

~lli .£Ylindrica. 

~h'lscolus spp. 

Al1Fl.'~"'8.Ilthus spp. - -
Cucurbi ta ~ - . 

£• r-aaxima 

Cucunis sativus 

24.6 

24.6 

123.0 

24.6 

24.6 

30.0 

15.0 

24,2 

129.0 

15·•0 

20~6 

12.0 

100 

50 

60 

10 

30 

20 

10 

10 

10 

20 

10 

10 

10 

100 

50 

30 

10 

20 

20 

10 

20 

10 

30 

20 

10 

10 

665000.0 439600.0 

738.0 861.0 

163.9 81.4 

116,6 60.3 

123.0 39.3 

277.9 175.8 

61.6 16~8 

15.5 

12.3 

386.2 

62.5 

77.2 

9.0 

4'.2 

6.3 

259.2 

17.0 

31.7 

1.4 

IVI 
tO yr · 5 yr 

168.20 

7.55 

9 .• 17 

1.52 

4.52 

3.02 

1 ~49 

1 ~49 

1.49 

1~49 

1.49 

1e49 

1.49 

200.11 

6,38 

3.73 

1. 26"' 
00 

2,50 

2.57 

1.23 

2~47 

1.23 

3.77 

2.47 

1,24 

1.23 



Lycopersicum esculer1tum 28.0 18.0 10 20 26.3 6.9 1.49· 2.47 -
Capsicum ·fructescence 196.8 175.6 20 30 98.4 34.5 3.01 3.74 
~ sapientum 190.0 200.0 30 50 33559.7 22608.0 7.67 10.,$1 

Vigna sinensis 24.2 35.2 10 20 9.2 9.9 1.49 ,,. 
~- 2.46 

Sol.'lnum melonfo ena ·~,. 14.7 15.0 10 10 50.7 38.2 1.49 . 31 .. 24 

Hibiscus esculentus - 32.0 39.0 10 20 100.5 88.5 1.49 2.50 

fi trulus vulgaris. 29.5 20.2 10 20 8.3 2.5 1.49 '2-.. 47 

~lr.charum offic~~arum· - ... -- 14.7 30 • .? 10 10 4.1 3.8 1.49 1a24 
l\2 

Nomordica. charantia 17.2 17.0 10 10 3.3 2.1 1.49 1.23 eo 
Hibiscus subdU'i~fa 123.0 200.0 20 - 20 26.0 100.5 3.02 2.5! 

Gossipium hirsutum .._ . .._ 5000.0 6450.0 30 70 353500.0 20253.0 4ii.9> u..a~ 

Tubera.. root and rhizomes: 

Manihot esculenta 123.0 tzo.o 50 60 1184.5 • 376.8 7.59 7.5t 

Ipomoea batatas 19.6 10.2 10 10 12.5 3.9 1.49 1.2; 

Diascorea spp. 49.2 30.0 20 60 38.9 5.9 2.98 7.41' 

Zin~tp~r officinalis 49.2 soo.o 20 30 37.4 ;392.5 3.01 3.87 

Allium sativum 49.2 30.3 10 10 24.6 8.6 1.49 1.24 

Colocasia anticuorum 565.8 469.7 40 20 15989.5 6504.1 6.06' 3.87 
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Table 1.2. Phytosociology of we&ls under two jhum cycles in Garo hills and Nagaland. 

--- ---------------· ---------~-------------------------------
Density/m2 % frequency 

.· Weeds 
10 yr 5 yr · 10 yr 5 yr --

Agerat~ conyzoi1es 6.0 

Borreria hispida 1. 5 

Dendrocalnmus p~]ihtonii 3.2 

Eregeron canadell~ 

Eup - _ . --· ..::£.2£~ 

Imp~rat~ ~li~grica 

£li_kani~ micrar.~.tha 

Osbeckia crinita 

P ::mi cum m axim"L1I11 --· ----
Phragmiti.§ spp. 

~charum sponta~ 

Sol:mum spp. ------
TlJYsa:fuolaena ill.,axima 

6.4 

1.2 

0.2 

2.2 

110.0 

0. 1 

0.1 

0.2 

0.2 

6.4 

3.2 

2.3 

6.0 

2.1 

200.0 

2.0 

4.2 

15.6 

0.7 

o.6 
0.5 

0.8 

100 100 

100 80 

100 60 

90 100 

80 90 

100 

20 100 

100 100 

100 80 

10 17 

10 60 

20 50 

20 ..00 

Basal area 
(cm2) /m2 

10 yr 5 yr 

18.8 

1. 7 

76.0 

20.1 

19.0 

2.0 

6.2 

2.8 

O.l, 

0.1 

0.1 

0.5 

3.1 

2.,0 

11.2 

5.7 

14.1 

100.0 

17.1 

4.7 

O.,i~ 

1.2 

0.4 

4.8 

0.5 

IVI 

10 yr 5 yr 

45.34 

19.30 

74.94 

46.15 

27.41 

4.68 

24.00 

J,·f· 34 

1.98 

1.77 

3.35 

3.65 

12.91 

10.14 

13.30 

15.27 

1.7 .81 

152.34 

20.50 

13.~ 

13.93 

7.58 

6.14 

7.78 

8.12 

Dry wt. ~ield(g), 
m 

10 yr 5 yr 

109.0 120.0 

171.0 358.0 

400.0 308.2 

340.3 344.2 
Ct.) 

156.0 298.80· 

500.2 

12;-\. 9 ~tq .6 

148.1 243.4 

402.0 600.0 

11.7 78.9 

14.0 71.1 

22.9 62.0 

33-.9 50.0 
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densities compared to the others. Leaf, stem, fruit and vegetable 

crops w~rc 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 Ga~o 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/ 

rb.izon;:; crops. 

In the Ao area of Nagaland under 10 year jhum cycle, the vveed 

density in general was lov·Ter than that under a 5 year cycle in the 

Garo hills while l• cylindrica was totally absent in Nag:1land site, 

it was a very important species in the Garo hills· site. 

Dendrocalamus ha~iltonii comes up as sprouts from the underground 

rhizomes. Under a 10 year cy le, Pil!liaum• maYirnum, Ageratum 

conyzoides, Eregeron canadensis and Eupatorium odoratUitl are some of 

the important weeds. Vihereas under the short cycle at Garo hills 

besides the most important Imperata cylind.l-ica, Mikania micrantha, 

Eregeron canade~sis and Panicum maximum were also important (Table 

.1 .2), The vigour of the crops under the tvm jhum cy.c.l~.s. 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. ~kedly reduced 

under a 5 year jhum cycle compared to that under a 10 year cycle •. 

The leaf area and tte plant spread also showed similar trends. 

Leaf area index was ~aximum for leafy v2getable c~ops like Hvptis 

spicigera, Phas·eolus vulgaris and Vigna sinen§is, Amaranthus and 

Hibiscus subdariffa with markedly lower values for cucurbits and 

cereals. The total :eaf 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 o3• The vigour of Cl .):pS under two j'lum cycles in Garo 

hills and Nagaland. 

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

10 yr 5 yr 10 yr 5 yr 10 yr 5 yr 10 yr 5 yr 

Grai!. and seeds: 
Oryza sativa 

Zea ma~~ 

Sorghum vulgare 
§ 

HY'Jiatis SJ2iCi~~ 
Sesamum indicu.m 

-~-
Coix }.~..b-£YEl~~,:j-2_'g! 

106.7 
213.4 
300 .. 5 

92.4 
180.8 
130.9 

60.2 
160.6 
~50.0 

60.8 
100.,2 

90.5 
Leaf, ptem 2 f££i~d vegetables: 

0.3 
1.0 
1.0 
4.5 
1.0 
0.3 

Luffa cylJndric_~ 480.0 290.0 2.1 
Phaseolus spp.. 530.0 ::n1.?._ 29.7 
Amaranthus spp. 91o4 120.0 2.5 
Q.ucur·ci t~ E£P...2 30 3. 4 190. 1 2. 2 
Q. max:ma 289.7 191.5 3.2 
Cucumis sati· ·us 330.5 211 6 1.6 --
Lycopers) .. C\am .esculertbDl,.61.0 50.1 0.2 

Capsicu~ fructesce~ 61.1 46.6 0.3 
~~usa sa"Qient11I!!, 364o8 199 .. 2 50 .. 4 
Vigna sinens:s 500.9 298.7 32.4 
Solanum ~o~ge~ 70.0 40.3 0.6 
Hibiscus ~sculentus 160.8 85o9 1.2 

Citrulus vulgaris 465.3 300.3 1.0 
Saccharum offic:narum 350.6 250.0 0.5 
Momordica charan~ia 425.7 261.8 1.2 
Hibiscus subderif~a 162.2 93~4 1.5 
Gossipium hirsuturr. 120.9 80.3 4.6 
Tuber 1 root and rhizomes: 
Manihot esculenta 243.8 
IEomo~ ~~ 495.2 
Diascorea spp. 519.3 
Zingiber officinalis 45.0 
ill~ _s.-at.;;.;;i;.;v_tu=m 30.0 
Colocasia anticuorum 120,.9 

Mean 

170.0 
31-tO .. o 
308 .. 8 

4').2 
16.2 
'"'6.2 

2,0 

1.5 
10.2 

0.2 

0.1 
1.8 

0.2 
0.6 
0.4 
3.0 
0.7 
0.1 

1.3 
18.0 
1.4 
1.1 
1 .. 8 

0.7 
0.1· 

0.1 
30.0 
17.2 
o.s 
0.4 
0.4 
0.3 
o.4 
0.9 
2.0 

1.2 
0.9 
6.5 
0.1 
0.1 
1.0 

45.7 24.4 3.2 
91.4 45.? 2.0 

'\06.7 61.1 : ... s 
88.4 36.0 5.1 
76.,2 67.0 3,9 
76.0 48.6 2.6 

365.8 213.4 2.9 
304.8 182.9 4,2 
76.2 45.7' 4.9 

457.2 243.8 2,1 
450.3 213.4 2.,q 
455.0 198.1 2.4 
76.2 30 .o 3.6 
91.4 45.7 · ;.o 

304.0 167 .o 3.8 
121.9 57.9 5.6 
,91.4 60.0 3~0 

106.7 45.7 3.5 
426.0 213.4 2.8 
100.6 60.9 3.3 
91.4 45.7 4.8 
91.4 91.4 4.5 
91.0 24.5 4.0 

152.4. 91.4 

335.3 152.4 
152.0 70.1 
45.0 24.0 
45.7 15.0 

121.9 64.0 

3.6 
3.0 
5.5 
3.0 
1.9 
3.-0 

2.1 
1.1 

1.7 
2.5 
2.6 
1.1 

2.0 
2,9 
2.9 
1,2 
1,7 
1,1 

2.7 
1.8 
2.4 
3.5 
1.9 
2.4 
1. 7 
2.o 
3.5 

13.3 
2,8 

2.4 
2.1 
.2.6 
1.8 
1 .. 0 

2.0 

3.4 2.1 



Table 1.4. Mean economic yields of crops under two jhum 
cycles in Garo hill£ and Nagaland • 

. , 
'_::.. 

Moi.stt.-r.c · ~ Yield/ 
(.%·) • plant{'g) Crops 

Grair.. and s~~ ~ 

Oryza sativa , 
~ ma)'(s 
Sorghum Yl.!_l_gar_§ 
Hypt.is .spiQig_e.£~ 
Setaria i t_ali.£~ 

Sesamum 1-.grl._i.£~ffi. 

~ lachrym_;~- ,j_Q]j-:. 

Leaf, stem ?lJ.d .f.l.:ui ts: 
Luffa pylindri2~ 
Phaseolus spp .. 
Amaranthu§. spp .. 
Cucurbita J2PP..Q 

£. maxima 
Cucumis sativus 
Lycopersicum ~~~l~lentum 
Capsicum £ruc~scence 
~ sapientum 
Vigna sinen..§!§ 
Solanum meloJ:?,g~n~ 
Hibiscus esculen·:us 

..--.-~.---

Citrulus vulg~ri~ 
Saccharum offic~~ 
Momordica charantia 

--~ 

Hibiscus subdariffa ·-
Tuber, root~~~izomes: 
Manihot ~..£Y...lent.2 
Ipomoea bat~ 
Diascorea spp. 
Zingiber officin~lis 
Allium sativum 

Colocasia ~l'l~~P~.?~f~ 

19.5 
15~0 

12.0 
95.0 
17.0 
7.0 

18.0 

93.0 
25.0 
86.0 

95.0 
90.0 
96.0 
93.0 
80.o 

77.5 
88.0 

93.0 
90.0 
96.0 

81.5 
75.0 
5.0 

59.0 
81.0 

75.0 
80.0 
96.0 
80.0 

10 yr 

4.3 
85.0 
40.0 
2.8 

24.9 
21.3 
26.6 

250.0 
1250.0 
.1it.}'.O 

500.0 
1200.0 
685.0 
340.0 
100.0 

2250.0 
60.0 

340.0 
350.0 
400.0 

1250.0 
185.0 
125.0 

9.5 

2045.0 
965.0 

1000.0 
142.5 

4.0 
200.0 

Yield/ . Yield/ 
ha(kg) plant( g) 
10 yr 5 yr 

2195.0 
15.7 
17.2 
o.4 
6.1 
5.7 
0.9 

6.1 
30.8 
17.6 
12.3 
29.5 
20.6 
9.5 

19.7 
425.5 

1.5 
5.0 

11.2 
11.8 
18.4 

3.2 
15.4 

47~.0 

251.5 
18.9 
49.~ 

7.0 
0.2 

113.2 

3.0 
45.0. > 

23.0 
1.6 

15.3 
10.0 
11.6 

170.0 

805.0 
100.0 

3ao.o 
ooo.o 
350.0 
180.0 

51.0 
1110.0 

35.0 
195.0 
190.0 
250.0 
750.0 
100.0 
75.0 
6.0 

1500.0 
675.0 
493.0 

90.0 
2.0 

130.0 

Yield/ 
ha(kg) 
5 yr 

1600.0 
7o9 
o.9 
0.2 
3.1 
3.5 
0.1 

2.6 

17.9 
12.9 
·4.8 
16.5 
4.2 
3.2 
8.9 

222.0 
1.2 
2.9 
7.4 
5.1 

22.9 
1. 7 

15.0 
38.7 

180.0 
6.9 

14.8 
45.0 
0.1 
6.1 
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·Table,,':~:§-;-_·' Biomass yield of the crops under two jhum' cycles in 
r: 

Qaro hills and NagalanC:. 

16 yr , 5 yr 

Crops Biomass( g) I Biomass(kg) I Biomass( g) l Biomass 
Plantlyr halyr_ Plantlyr (kg)lhal 

Grain: and seeds: - -
Oryza_sgtiva 30.0 
~mays 425.0 
Sor.@Y!A vulg{:i.r~ 60 • 5 
H.x;pt~ spici.g~ 3.3 
Setaria ital:i..&~ 48.0 
Sesamum indicvm 46,0 
Coix lachryma-joel. 34.7 
Leaf, stem? f~uit and vegetabl~~: 
Lu.ffa £Ylind.£i~ 279.6 
Phaseolus sppo --
Amaranthus spp .. 

Cucurbita Jl~ 
Cucurbita'maxima - --:-:.--

Cucumis sativu~ 
&fcopersicum escu'lentum 
Capsicum fructesce!lqg 
~ sapientqg 
V:i,gp.a sinensis 
s.olanwn~~ 

Hibiscti.s es.oulentus 
C~trylus vulgaris 
Saccharum o!!icinarum 
M~rdica charantia 
H.ibi.Sous s.ubdariffa 
GossiP;tum .. £li..r'sutum 
T:uber~· root and ·rhizomes: 
Manihat .esculenta 
I:aomoea batatas 
Dias.corea spp .. 
Zingiber officinalis 
A:Ullum sati vurn 
Co!l.ocas.ia _s....,.ticuorum 

4230.0 

150.0 
940.0 

1740"0 
1355.0 
6oo.o 
110.0 

8870.,0 
150.3 
475.9 
450.0 
632.5 

1386•6 
726.0 
375.0 
30.0 

3145.0. 
1110.1 
1111.0 
280.0 

6.0 
320.0 

15000,0 
78.4 
26,0 
o.s 

11.8 
11.3 
1,2 

6.9 
104.1 
18.5 
23.1 
42.8 
40.7 
16.8 
21.6, 

1-685.3 
3.6 
7.0 

14.4 
18·7 
20.4 

12.5 
46,1 

1500,0 

.. 386.9 
21.8 
54.7 
13,.8 
0,3 

181.0 

20.6 
225.0 
33.0 
2.1 

30.0 
22,0 
18.0 

200.0 
2550.4 

120.0 
600,0 

132o.o 
740.0 
350.9 
60.0 

4100~9 .. 

86 .• 7 .. 
310.0 
280,0 
350.5 
900.5 
580.2 
231·7 
20.3 

2200.0 
aoo.o 
6oo.o 
101,5 

3.1 
200,0 

yr 

11536,0 
39.5 

1.3 
0,3 
6.0 
7.7 
0,2. 

3.0 
56.6 
15.5 
g.o 

27.2 
a.g 
6'.3 

10.5 
820.,2 

3.1 
4.7 

10a9 
7.1 

27.5 
9·9 

46.3 
130.9 

264.0 
8,2 

18.0 

95.8 
0., 1 

93.3 
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' 
The mean economic yield per ~lant as well as per hectare were 

markedJ.y lm'l und2r a 5 y..;ar jil'l.:un compared to a 10 year jhtnn and the 

decrer:.:.se was m.ore pronounced in crops like maize, sorghum, 

~ l:~~yma-.·1o1ii, Diascorea spp. and some of the cucurbits. In 

both typs of .jhums rice, b::-ill.-·ma, cotton and tapioca had higher 

yields compc::,red to the other crops (Table 1.4). 

Table 1 , 5 shov1s ·:~r-:e blomass yields of different crops under 

the -tw-:::· jhum cycles. Th8 total biomass per plant and per hectare 

of diffG:rent crops was m8.rkedly reduced under a 5 year cycle com-

:pan~d to :;, 10 ye:=tr cy01e. Rice had the highest biomass yields per 

b..ectare lli"1der both jhu'Il cycles. Under the valley cultivation, the 

y:_.2ld of :-ice was 3960 kg/ha in Nagaland site compared 'to 2600 kg/ 

he in the Garo hills. However$ the yield under terrace cultivation 

in ·:Jagaland sites was even lower (2420 kg/ha). 

The monetary inputs to the different agro-ecosy~tems include 

the l;ibOur costs and the cost of the seeds used for sowing. 

Howevc .. , the ln.bour charges for making terraces in the beginning 

under ~errace cultivation have be2n excluded from the calculations •. 

The lab:mr input was fot:.nd to be maximum under a 5 year cycle 

followec by that under terrace cultivation. The inputs under 10 

year jh~n cycle: and into ·ralley cultivation v1ere quite simil2.r. 

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 ye~~ cycle in Garo hills the output was the least. The 

net monetary t;:~.in are the return per unit cost of production also 

followed simi:.a~"' trends ('Table 1.6) • 
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Table 1.&. Monetary input-output (Rs.h~/yr) in jhum, terrace and 

valley eare-ecosystems. 

Jhum 
I 

Valley cultivation Terrace culti­
vation 

Nagaland Garo hills Nagaland Garo hills 
(10yr (5yr cycle] 

Nagaland 

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 
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DISCt.JSSION 

Mixed cropping 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 sown at a time (Conklin, 1957). At lcwer elevatio~ of 

Meghalaya, :Toky and Ramakrishnan (1981) have reported mixturea of 

about 13 crops. However, simultaneous sowing is more common in 

north-eRstern 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 (Nye 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 en3ble them for 

optimum use of available nspace 11 • In such a mixed community the 

canopies of the different crops are so str~tified that they 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 leaf area index of 4 is knmm to give maximum crop yields 

in various agriculture systems (Odum, 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 J. t. turn for ~lt lGast 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 al~o provide org<mic m::mure through 

decomposj.ng litter from the eabli~r crops. 

A mixture of crops may also be more effective in checking 

soil erosiont as seen from the reduction of losses after crop 

cover is established (Toky nnd Ramakrishnan, 1981). Mixed 

cropping is also considared to be important :rom the point of 

view of pests 8nd disense control. 

'deeds pose a problem under jhum, more so under a short cycle 

as also reported by other vmrkers (Zinke ~ ~·, 1981; Freeman, 

1955; Cutting~~., 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 ~ ~., 1980; 

Kushwaha~~., 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 ar~ located in different geogr~phical areas. However, 

such a difference is still explainable on the basis of higher 

fe+tility status of the soil under a longer jhum 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. 
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Valley cultivation has a n~tural 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 no~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 

productivity 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 cycle 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 

total biomass yield also followed a similar trend. Rice was the 

major crop under jhum. Apart from about 28 crops which include 

cereal, veget:wl1?, f:ruit,. tuber and rhizomatous species. Besides, 

cotton may also be b~own. 

The monetary return per unit of the la~our invested, was 
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highest under valley cultivction followed by that under a 10 year 

jhum in the Ao area. A 5. year ,jb•m cycle at Garo hills gave 

lowest monetary gctin while.the return from the valley cultivation 

in this area was equal to th;lt from terrace cultivation in Angami . 
area. The implications of tbe results are discussed. 



CHAPTER 2 
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POPULATION DYNAMICS OF EUPATORIUM ODORATUM L. IN SUCCESSIONAL 

ENVIR0Nrv1ENTS FOLLOWING SLASH AFD BuRN AGRICULTURE ( JHUM} • 

INTRODUCTION 

Eupatorium odorF.Ltum L. is a noxious,perennial weed in many 

parts o:f the vmrld. It wo..s introduc(;!d to Ina.ia from America 

during the Second Vlorl,l 'dar and since then it has widely spread 

and has become a dominn.nt weed in croplands, roadsides and other 

exposed areas. It is quite successful as an early colonizer. 

The light seeds (Cypsellas) which are produced in large numbers, 

are e~ficiently 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 f~ily Asteraceae. 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, \lith 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 early 

stages of secondary succession have been studied by Oosting { 19'~?). 
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.Keever (1950) and Bazzaz (1968;, More recently the studies on 

populativn dyn~~ics in early succ~ssional fields weru done by 

Holt (1972}, Autonovics (1972), Raynal and Bazzaz (1973). The 

aim of the present study \laS to identify the VA.rious factors 

governing the population siz~ nnd reproductive behaviour of 

§. odoro.tum 2t different succ::;ssionnl stages of community deve­

lopment following slash and bu.rn agriculture (Jhwn) which is 

extensively pr;".ct5.sed ~)'J the local tribal population of IVleghalaya 

in north-2ast IndL1. 

f-1ETHODS OF S'rUDY 

The experimental situs aru situ8ted 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 1s the study si·.;es. The· age was 

calculated from the time fields were left as fallows after slash 

and burn agriculture. For density, frequency ~d cover, the 

¥egetation analysis of the different species in the fallows was 

done using 1 m2 quadrat in case of herbaceous species and 100 m2 

quadrat for shrubs and trees • Import2.11ce value index ( IVI) was 

calculated following the procGdure outlined by Misra {1968) and 

Kershaw (1973). 

Demographic studies were carried out in perm~ent quadrats 

of 1 m2 v,ri th three replicat.:.;;s 1n each o:f the fallows. The fB;te 

of the seedlings Penn shoots of established pVmts w:1s followed 

over A. two year p8riod -I ora May 1978 to Iviay 1980. The seedlings 

were marked by bto di.ff0rc;nt colour pmnts C?i pUtting a dot over 



cotyledonary leaves in order to c.:ifferentiate the seedlings of 

two cohorts, one appearing:in May ~1nd the other in June in a year. 

The adult shoots Qlready present at the start of the experiment, 

Y.mre taken as more than ¥!~"R- year old and those which appeared in 

1979 as two yeq_r old. 'Jhc sh;ots appearing in 1979 were taken as 
lo. ......... 

one year old. The shoots were tagged with aluniiniumt~.labels •. Among 
e 

the environmental parameters estimated,· were i:na.Ximum · im.d minimum · 

temperatures and rainfall • 

. The seed number per m2 was·estimated by counting the seeds 

produced by the plants in a quadrat of 1 m2 and is an average of 

three replicates. The seed number per plaht was estimated by 

dividing the seed 2 the total number of ~1lants output per m by per 
2 

m • Reproductive capacity is the product of the average seed 

output and the fraction represented by the percentage germination 

(Salisbury, 1942). 

RESULTS 

Climate : 

The climate of Burnihat could be divided into three distinct 

seasons. The dry and windy summer is from mid-Febru:u·y to May 

with ~verage 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 

trans! tion from rainy to v1inter season. The mild winter with an 

average maximum temperah: ,c of 24.8°C nnd minimum temperature of 

12.4°C extends from November to mid-February< This period is 

practically rainless except for a few winter showers (Fig. 2.1). 



Fig. 2.1.· Ornbrothermic diagram for the study 3.rea. 

l\1onthly maximum ( e ) and minimum ( 0) 

temperatures; monthly rainfall(~). 
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Vegetation : 

'I he e:.1rly stn.ges of s2C'Jnda.ry succession upto five years are 

characterised by a nwnber of we2dy species like Eupatorium 

odoratum, Irg£_2rata cylindricB:, Thysanolaena maxima and 

Arundinelln. £.~c:plc.msi.§. besides others like Gre\•ria elastica. 

Dendrocal'lmus hamil tonii d:Jminrltes older fn.llows with a few shrubR -- _.. __ 
and tree species coming up ::cs seedlings, stem or root sprouts. 

The .i.moort:=mce V::J.lue indices for different associated species are 

given in Table 2.1. 

Population flux of E. odor~tum : 

In 1 and 3 year fallovls there was an addition of 100 ::J.nd 40 

individuals per m2 respectively over a 2 year study period while 

in 5 and 10 year fallows there was a net loss of 30 and 0.7 
2 individuals per m • In a 20 y0ar 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 seedliDgs in 1, 3 and 5 year fallows while in 10 

and 20 ye~r fallows no seedling recruitment occurred. The morta-

li ty of <l.dul t plants, present at the st<1.rt of the study, was 

highest in a. 5 year f8.llm-.,r. The fallow characterised by maximum 

recruitment also suffered from mPlXimum mortality and this 

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

The shoots, more than two years old, present •l.t the start of 

the study, were m•:.x.iti>UE1 in a 5 year fr1llow with sharp decline in 

youngGr :md older fallows. While there VIF.l.S a net gain of 50.9 

individuals in a 1 year fallow over a two year period, in 3 to 10 



Table 2.1~ Importance value ind~ccs of major associated plant 
species at difforunt sites. 

Species Age .o·f fallows (years} 

1 3 5 10 20 

Ageratum conyzoiues L. 14.3 

Arundinclla bcngnlensis (Spreng) Druce 8.5 8.5 
Borrcria hispida (L.) K. Schun1. 18,6 

*Ba~inia varicgata L. 4,4 6.1 
10.8 Cyperqs globosus Allioni 7.4 

Carex cruciata Nees 
*Careya arborea (Roxb. 
*Callicarpa arborea Roxb. 
*Cedrella toona Roxb. 
*Combretum decandrum Roxb. 
*Desmodium triauetrum DC, 

Dendrocalamus hamiltonii Nees & Arn. 
*Dillen~ indica L. 

Eupatorium odoratum L, 
*Eugenia tetragona Wight 

Ficus hispida L. 
Grewia elastica Royle 
Imperata cylindrica (L.) Beauv. 

*Litsaea assamica Hk. f. 
Mikania micrantha H.K. & K. 

*Macaranga denticul~ta Muell. 
*Melia azadirachta L. 
*Machillus khasyana Meissn. 
*Naesa indica Wall. 

Osbeckia crinita Benth. 
Panicum maximum J acq. 
f• khasianum Munro 
Setaria glauca Beauv. 
Scleria tessellata Willd. 

*Sapium buccatum Roxb. 
*Schima wallichii (DC.) Korth 

Thysanolaena maxima Kuntze 
*Vitex peduncularis Wall. 

V. h'b?:._brata B::-. 

6.6 10.7 
3.1 4.3 
2.9 4.1 
1.6 3.5 
3.9 4.5 
7.7 8.5 

3.6 -
32.4 171.2 

3.0 4.8 

5.6 7.3 
5.7 

23.9 
4.6 
6.6 
6.7 

1.9 
4.8 
5.1 
7.2 
7.9 
6.9 

2.0 
5.2 

5.8 
9 .. 9 
6.7 

6.5 
34.1 
6.2 
4.8 

9.3 
9.3 

10.5 
7.1 
7.0 
4.? 
5.8 
6.7 

7.6 

11.6 

7.2 
11. 1 

-

7.9 15.8 
15.2 

6.6 1()..-4 

4.2 5.7 
3.5 7.5 
6.5 

29.4 45.7 
11.2 
62,1 8.1 

5.3 9.5 
15.9 

15.2 

12.2 

3.9 4.2 

-
5.2 10.0 

12.4 
10.6 
15.0 
7.1 

11.4 

11.7 
10.6 

14.3 

-
16.3 
7.8 

13.3 

15.8 
16.8 
17.1 

18.,8 

12~0 

8,8 

55.8 
30.5 
5.4 

12.5 
15.9 

23.5 

-
16.6 

11,8 

22.9 

-. 
31.0 
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Table 2.2. Population flux vf §. odoratum in different 

fallovvs. 

Age of the fallows (years) 
1 3 5 10 20 

(a} No. of plants/m2, May 1978 o.o 5~0 35.0 3.3 2.0 

(b) No. of plants/m2, May 1980 100.3 45.,0 5.0 2.b 2.0 

(c) Net change (b-a) +100.3 +40.0 ..-30.0 -0.7 o.o 
(d) Rate of increase (b/a) _-,_:_ 9.0 0.1 0.8 1.0 

(e) No. of plants arrived 765.6 4318.5 3248,6 o.o o.o 
betv1een May 1978 and May 
1980 

(f) Total No. of plants lost 665.3 4278.5 3278.6 o.o o.o 
between May 1978 and May 
1980 

(g) Plants present May 1978 o.o 5.0 5.0 2.6 2.0 
alive by May 1980 

(h) % survival of plants in 
(g/a X 100) 

(a) 100.0 14.3 78.8 100.0 

(i) Expected time for complete d:. 2.3 9.4 eX 
turnover (years) 
(2/100-h X 100) 

(j) Total No. of plants 765.6 4323.5 3283.6· 3.3 2.0 
recorded during study 

(k} % mortality of all 86.9 99.0 99.9 21.2 o.o 
individuals (f/j X 100) 

(l) % mortality of arrivals 86.9 99.0 100.0 -



Table 2.3. Population flux of E. odoratum shoots in 

different fallows. 

Age of fallow (years) 

1 3 5 10 

(a) No. of 2 shoots/m , May o.o 23.3 77.0 5.0 
1978 

(b) No. of shoots/m2, ~1ay 50.9 19.0 5.0 3.0 
1980 

(c) Net change (b-a) +50.9 -4.3 -72.0 -2.0 

(d) Rate of increase (b/a) 0.8 0.1 0.6 

(e) No. of shoots/m2 64.7 71.6 110.6 o.o 
recruited betweem Ivlay 
1978 and May 1980 

(f) No. of shoots/m2lost 13.8 75.9 182.6 2.0 
recruited May 1978 
and May 1980 

(g) Shoots present May o.o 9.0 2.0 3.0 
1978 alive by May 1980 

(h) % survival of shoots in - 38.6 2.6 60.0 
(a) ( g/a X 100) 

(i)Expected time for 3.3 2.1 5.0 
complete turnover (years) 
(2/100-h X 100} 

(j) Total No. of shoots 64.7 94.9 187.6 's.o 
recorded during Study 

(k) % mortality of all 
shoots (f/j X 100) 

21.3 80.3 97.3 40.0 

(1) Mortality of recruits 21.3 86.0 100.0 

20 

2.0 

2.0 

o.o 
1.0 

o.o 

o.o 

2-• .,0 

100.0 

c< 

2.0 

o.o 



Table 2.3. Population flux of §. odoratum shoots in 

different fallows. 

Age of fallow (years) 

1 3 5 10 

(a) No. of 2 shoots/m , May o.o 23.3 77.0 5.0 
1978 

(b) No. of 2 shoots/m , Nay 50 .. 9 19.0 5.0 ·3.0 
1980 

(c) Net change (b-a) +50.9 -4.3 -72.0 -2.0 

(d) Rate of increase (b/a) 0.8 0.1 0.6 

(e) No. of shoots/m 2 64.7 71.6 110.6 o.o 
recruited betweem May 
1978 and May 1980 

(f) No. of shoots/m2lost 13.8 75.9 182.6 2.0 
recruited May 1978 
and May 1980 

(g) Shoots present May o.o 9.0 2.0 3.0 
1978 alive by May 1980 

(h) % survival of shoots in - 38.6 2.6 60.0 
(a) (g/a X 100} 

(i)Expected time for 3.3 2.1 5.0 
oomplete turnover (years} 
(2/100-h X 100} 

(j) Total No. of shoots 64.7 94.9 187.6 ·s.o 
recorded during Study 

(k) % mortality of all 
shoots (f/j X 100) 

21.3 80.3 97.3 40.0 

(l} Mortality of recruits 21.3 86.0 100.0 

20 

2.0 

2.0 

o.o 
1.0 

o.o 

o.o 

4,0 

100.0 

c< 

2.0 

o.o 
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year fallow there was a net loss which was maximum in q 5 year 

fallow. In a 20.year fallow, the shoot population remained the 

same. Maximum mortality of shvots also occurred in a 5 yGar 

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 yGar fa~low, 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}. 

Shoots, more than a ~ear 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 fallm1. In 3 and 5 year fallmvs the mortality of the 

new shoots was maximum in the first year. 10 and 20 year fallows 

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



Fig. 2.2. Survivorship curve of seGdlings of ~· odorntum 

recruited in 1978. One year old fallow (C>); 

three year old fallow (C•); five year old 

fallow (6.6) o Open symbol, first seedling 

cohort; closed s~nbol, second seedling cohort. 



F\G.2.2 

100 

80 

~ 60 ·-s:. ., .. 
0 
> 40 > .. 
~ 

c.n 
~ • 20 

J A 0 0 FA J A 0 0 F AM 
1978 1979 19&0 

Time period (months) 



Fig. 2.3a. Survivorship curves of shoots of §. odoratwn 

recruited prior to th~ start of the study. 

Three year([]); five year (II); ten year (Ll); 

twenty year (6) ,. 

2.3b. Survivorship curves of shoots of E. pdoratum 

recruited in 1978. One year(()); three year 

(e); five year (C). 
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Ag~distribution of dead seedling!$. and shoots. : 

Owing to the high turnover rhtes the number of seedlings that 

were born and died during the study period was large, indeed larger 

them the whole living populatL:m at the end of the study period. 

Very few seedlings lived for more thRn 1.5 year. Highest 

mortality was observed in the seedlings of 0 - 0.5 year age-class 

(Fig. 2.4a). In·the case of shoots, higher mortality occurred 

amongstthose of 0- 0.5 and 0.6- 1.0 y03.r age-c·lasses (Fig. 2.4b). 

Age-structure of the living p~ulations : 

Age-structure of the populations, already present when the 

study w::ts started, is shown in Fig. 2.5a which has thi..? individuals, 

recruited in 1978 and those arisine earlier to that date. Obsor­

vations on the age-structure in M:1y 1979 and in Nay 1980 showed 

(Fig. 2.5b and c) that 1 year fallow has maximum number of new 

recruits originating in 1979 followed by that of 1978. Three and 

five year fallows had maximum number of new recruits of 1979 

followed by those originating prior to the start c)f the study 

period. In still older fnllovlS of 10 ·md 20 years of age no new 

recruits were found and only those originating prior to the study 

period, were p~esent. 

Reproductive potential of the populations : 

The reproductive performance of the individuals in the 

natural populations was found t.; be inversely proportional to the 

fnllow age. The seed number p~r plant also showed similar tenden­

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



Fig. 2.4a. 1~ge-distribution of seedlings of ~· odoratum 

born and died during the study period. Age­

Age-classes(year)-0-0.5 (a); 0.6-1.0 (b); 

1.1-1.5 (c); 1.6-2.J (d). 

2.4b. Age-distribution of shoots of §~ odoratum born 

and died during the study ~eriod. Age-classes 

(year)-0-0.6 (a); 0.6-1.0 (b); 1.1-1.5 (c); 

1.6-2.0 (d). 
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Fig. 2.5. ~~ge-structUl1 e of §. odor.~ populations in 

1978 (a) , 1979 (b) , and 1980 (c) • 
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Table 2.4. Reproductive potenti.al •.Jf ~· odoratum in relation to 

age of the fallow ( basE..d on observations made in May 

1979 and 1980}. 

Age of the fallov1. (years} 
1 3 5 10 20 

No. of plants/m2 100.3 45.0 5.0 2.G 2.0 
(5.3) ( 153.6) (35.0) (2.6) (2.0} 

No. of capitula/plant 188.8 159.0 4.6 o.o o.o 
(83.4) ( 97. 9} ( 13.8) (o.o) (o.o) 

No. of seeds/plant 5475.2 
I 

4612.2 133.4 o.o o.o 
(2418.5) (2839417) (399.3) (c.o) (0,.0)~! 

No. of seeds/m2 549160.0 207548.0 667.0 o.o o.o 
(12818.0)(436185.0)(13975~0) (0.0} (o.o) 

Reproductive capo.city 2135.3 1798.8 52.0 o.o o.o 
( 943.0) ( 1107 ~o) (155.0) (0.0) (o.o} 

Data given in parenthesis pertain to the ye3r 1979. 
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in the number of plants and seed~ per rn2 in 1 year fallow. 

However, in 3 and 5 yoar fallows .m opposite trend was noted. 

In 10 and 20 year fallows all plants were steril~. ThG reproduc­

tive capacity worked out to ·:'l rn:ucirnum in a 3 year fallow for 1979 

and for a 1 y~~r fallow in 1980. In ~ 5 year fallow this was 

very low and was 0 in 10 and 20 ~ear fallows (Table 2.4). 

DISCUSSION 

During successional development of plant communities a number 

of edaphic ~d micro-environmental changes occur. Min~ral nutri­

ents and soil moisture status is 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. §. odoratum present in such seral co~~unities, is exposed 

to these factors during its germination, establishmc;nt and 

development .. 

The present results show that seedling survival is totally 

absent in fallow of 5 years of age or oluer. Recruitment of 

individuals reached its peak, in a 3 year fallow with no 

recruitment in the older £allows. The vigour of the popul8.tion 

also doclined sharply with increase in the age of fallow beyond 

3 yeurs. The very fe"vf adult inuividuals already present in 10 

and 20 year fallows shJwed very small or no mortality indicating 

th8.t 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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1952; Hutchinson, 1967; Rnbotnov, 1969). Thus this species may 

be able to resume vigorous gro~rth in the open when the vegetation 

is slash2d during jhum. 

High r:.:ttes of. mortality cluring active grovrth period may be 

8.ttributed to the increased inter and intra-specific competition 

for available r~..:;sources (Rarnukrishnnn and KUiunr, 1971; Sarukhan 

and. H.'1rper, 1973; Hnwtt1v'rn and Cavc:rs, 1976) • The rate oi 

mortality decre8.sed vli th increase in the age of the s~:::edlings in 

·1 and 3 yE:ar .fc..llmvs confirming the general assumption that 

mortality rate d..:; clines v.ri th age (Shari tz and NcCormick, 1973; 

Sarukhan iilld HarpE::r, 1973)o The survivorship curve thus obtained 

is Deevey Type III (Deevey, 1947) exhibiting high mortaJ.ity early 

in their life cycle. 

Sue:. a mortality patter~ is also seen f )r shoots less than 

a year old, an observation also made by Hutchings ;md 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 \vorkers (Raynal and Bazzaz, 1975; Platt, 1975; Sterk, 

1975; JohnsQn cmd Thomas, 1978). The dryness of the soil may be 

accentuated by steep slopes and thin soil cover. 

The associn.ted species might also play a significant role in 

governing the population size of a specles to a great extent 

.(Odum and Odum, 1959; Hn.rper, 1964). The natural habitats of 

E. odoratum '1re often shnred by many oth2r thickly populated - -
early and late colonizers offering resource competition to this 

species though intra-specific competition may also play a 

significant role (RamnkriFhnan nnd Jeet, 1972). 
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E. odoratum is a noxi·ous wet.;l corning up in the fF.l.llows 8.fter -
slash ancl burn agriculture which j s prF.l.ctised extensively in 

north-eastern hill region of Indin._ As is evident from this 

study, the vigour of this species is drasticF.l.lly reduced during 

secondary succession !lfter about five years. This would imply 

that this v1eed was naturally controlled under situations when the 

jhurn cycle WP...s longer. In the past, the jhum cycle used to b~ 

about 20 - 30 yenrs which was L:leal not only for the rc;covery of 

soil fertility un.dGr 8. forested f0.llow but also for keeping 

n:1xious weeds lik:; E. odor~ under control. However, in recent 

times there; h2..s been considerable shortening of the jhum cycle 

to about 4 - 5 years due to incrc;ased populP...tion pressure, 

reduction in the ctvnilablc: land for cultivation due to tne changed 

- land tenure pr:-1ctices and the consequent chctnges in man/land 

ratio. As a rc;sult not only the soil fertility recovery of the 

system is C:l.dversely_:=J.ffectodout large tracts of land have been 

tak.c;n over by the wec;ds like the present one and the weed commu-

nity is maintained more or lc;ss in a permanent st:=J.te of arrested 

succession. 

S UI"''D'I.AR Y 

This paper reports the studies on the population dynnmics 

of Eupatorium odoratum L. particularly with respect to its 

recruitment, mortality, population £lux ~d reproductive effi-

ciency in successionF.l.l plant communiti2s following slash and burn 

agriculture ( j hum) • The recrui tmont: And mort:Al i t-y l!c:l ~ L,~;;1rns of 

the individuals in 1, 3, 5, 10 and· 20 year old fallows showed 
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/ 
that the seedling population expe:ienced severe mortality in 

older fallows.whereas it was quite low in newer fallows. No 

recruitment occured in 10 and 20 year old fallow~. 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 IMPERA~A CYLINDRICA (L.) BEAUV. -
VAR. MAJOR RE~TED TO SLASH AND BURN AGRICULTURE (JHUM) 

IN NORTH-EASTERN INDIA. 

INTRODUCTION 

Most investigations on l)lr:-mt deqocraphy hnve used annual 

species, grown either m1der partly controlled conditions or in 

glasshouses. Such an approach may 8nnblc to study the effect 

of single varinble upon the popul:1.t.ion to be investigated and to 

overcome the problems of defining the individual when vegetative 

reproduction occurs (Hutchings and Barkham, 1976). The popula-

tion of perennial species, especially the rhizomatous 0nes under 

natural conditions, h~s not received much attention except for 

some isolated studies (Sarukhan and Harper, 1913; Thomas, 1975). 

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

·. weed growing abundantly in cultivated fields, along 

roadsides and other exposed areas. It is also an er:trly colonizer 

coming up in the abandoned fallows after sln.sh and burn .:tgricul­

ture (locally known as 11 Jhum11 ) 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 a~riculture 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 spc~cies is highly susceptible to eradication under 

shade durinG fallow development. Schlippe (1956) reported that 
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fira stimulates growth in th1s species and indicated that it may 

flower during dry season with little or no rain. According to 

him r~eated burning may crclate pure stands. In a recent study 

Eussen ~~d Wirjahardja (1973) have even implicated allelopathy 

as an important factor govern1ng the succession in this species. 

Apart from the above which contribute +o its success after 

fire as an early colonizer, I, cylindrica has extensive under­

ground rhizomes distributed in the top 30 em of tha soil and 

because of the highly interwoven nature of its rhizomes, it is 

difficult to demarcate the individuality m1d 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 th~ rhizome upto a depth of about 5 em 

inside the soil, branch rhizomes arise spreading out in all 

directions. Such a pattern of rhizome production in this species, 

with clonal grovnh, helps greatly in its local dispersal. 

While vegetative reproduction is more predominant, regene­

ration also occurs through seGds that are abundantly produced 

under constant distu,rbance during April-May. The seeds are light 

'· and are easily dispersed 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 distur".Jance in May may also induce flowering. 
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The present study, therefore. was undertaken in order to 

investigate the population dynmnics of l• cylindricn., coming up 

naturally in jhum fields and i~ the subsequently dev2loping 

fallows at the lower elevations of Neghalaya in north-eastern 

India, The study also involves nn ann.lysis of the behaviour of 

the introduced populntions of this species into jhurn fallows of 

upto 20 years age. 

Study r~ea ~d climate : 

The experim<:.mtal sites are locat8d a.t Burnihat in Meghalaya 

(26°02 1 N l'ltitude and 91°52'E longitude} at an altitude of 100 

metres :md is ;;.bout 85 km north of Shillong. Shifting cultivation 

( j hum} is the predominant form of ~"lgricul ture in th0: area and is 

practised by the Gnro tribe. Jhurn cycle (th2 interveninG fallow 

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

and as a result, l• cylindrica dominates most of the fallows. Tht~ 

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

Tha~limateatBurnihat could b~ divided into three distinct 

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 2200 rrun. 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 temper."lture of 12,4°C extends 

from November to mid-Februr:lry. This period is practically rain­

less except for a fev1 winter showers (Fig. 3 .• 1) •. 



Fig •.. ;.3.1. Ombrothermic di8.gram for the study area. Monthly 

maximum ( e ) and minimum ( 0) temperatures; 

monthly rainfall(~). 
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METHODS OF STUDY 

Six jhum fallows of 0, 1, 3, 5~ 10 and 20 years of ~ge were 

identified at Burnihat. The age is calculated from the time the 

site was allowed naturally to regcnerate after slash and burn 

agriculture. Care was ta~en to sel0ct sites of similar exposure 

and slope conditions. Tn.c 0 year :fallow wa~ devoid of any 

I· cylindric!'\ populatio:;. due to intense \veeding by the fu.&.,mel: 

Demographic studies of natural populations of I· cylindrica 

were carried out ~n 1, 3 and 5 year fallows in permanent quadrats 

of 1 m2 with three replicntes 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 :~;:ermitted 

the study of the effect of associated vegetation on the popula­

tion. .....n a preliminary exp .riment-, clippir:,g/burning was done in 

a 3 ycar fallow at different times of the year in order to observe 

the effect of those on flowering of this species. Sin~c~ cl i.pping/ 

burning was found to induce flovJering, only this trGatment with 

3 replicates was investigated in detail £or tiller dynamics and 

flowering behaviour. 

In another expGriment, seeds were introduced into 0 (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 secds/m2 w~re 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 goo~ and they had no dormancy. 
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Seedlings were labelled with colour paint by putting a dot 

over the first leaves whilst individual tillerswere marked with 

allumir~um labels. A label was fastened to the tiller b~se at 

the time it was noted first. A tiller was considered recruited 

after it emerged 8lld proje?cted aboveground attaining about 3 em 

height. Observations were mr.J.de .:toflibJ.fP.ttly' during the growth 

period (Mn.y to October) and at monthly intervals during the lean 

period (November to April). This permitted the estimation of the 

current recruitment 811d mortality at a1Jproprir.J.tely regular 

intervals. All the tillc:rs present at the start of the study we.ne 

assumed to bo mature tillers. The populations at the clipped and 

burnt sites flowered at the end of the dry season. The number of 

seeds produced by the weed and the seed germination and seedling 

establishment were recorded. 

The rate of death (Lotka, 1925) of mature tillers was calc~ 

lated as follows:-

Rate of death or -de.cay = 
loge Xn- loge ?S, + 1 

tn + 1 - "tn 
where :Xn, = surviving plants at time ·to_ and Xn + 1 = surviving 

plants at time interval t:n + 1 - tne 

The associated vegetation was studied quantitatively in the 

fallows using 1 m2 ·quad.rats for herbacous·species-and 100m~ 

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 ~d ~o year fallows have been given 
( a+) (a ) (b) F (c) F0, F1, F3 'F3 - , F3 , 3 , F5 , F10 and F20 as code names 

in that order. 

RESULTS 

Associated vegetation : 

.The early stages of secondary succession Upto five years 

are dominated by a number of weedy species like Imperata 

cYlindrica, Eupatorium odoratum, Thysanolaena maxima, Arundinella 

bengalensis, Grewia elastica and stump sprouts of many .woody 

climbers, shrubs and trees. Dcndrocalamus hamiltonii is one of 

the important dominants in comparatively older fallows ~pto 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 : 

The percentage germination of 3000 introduced seeds into each 

fallow decreased with the increase in the age of the fallow from 

72% in 0 year fallow to 31% in 20 year fallow. A majority of 
, 

loss due to mortality occurrOO. during the first two months 

(Fig. 3.2a). Out of the 3000 seeds introduced into 0, 5, 10 and 

20 year .fallovts, only about 20% of the germinated seedlings 

survived in the fresh fallow (0 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 v~lue inJices of major associated plant 
s,ecies a~ dif!erent sites. 

Species .. 
Ageratum conyzoii~ L. 14.3 
Arundinella bengalensis (Spreng) B.5 
Druce 
Borreria hispida (L.) K. Bcb.nn: ... ··. 18.6 

*Bauhinia variegata L. 4.4 
Cyperus globosus Allioni 7.4 
Carex cruciata Nees 

~Careya arborea Roxb, 6.6 
*callicarpa arborea Roxb. 3.1 
*Cedrela toona Roxb. 2.9 
*Combretum decaodrum Rcxo. 1.6 
*Desmodium triquetrum DC. 3.9 

Dendrocalamus hamiltonii Nees & 7.7 
Arn. 

*Dillenia indica L. 3.6 
Eupatorium odoratum L· 32.4 

*E¥genia tetragona Wight 3.0 
F:cus hispida L~ 5.6 
Grewia elastica Royle 5.7 
Imperata cylindrica (L.) Beauv. 23.9 

*Litsaea assamica Hk. f. 4.6 
Mikania micrantha H.B.K. 6.6 
~a~aranga denticulata Muell. 6.7 
~e:ia azadiracht~ L. 
*Mact.illus khasyana Meissn. 
*Maes~ indica Wall. 
Osbec~ia crinita Benth. 
Partictn~t maximum Jacq. 
~· kha3ianum Munro 
Setaria glauca Beauv. 
Scleria ~essellata Willd. • 

*Schima wa;lichii (DC) Korth .. 
*.Sapium b~cc~tum Roxb. 

.. , . . . - i 

Thysano:aen~ maxima Kuntze 
*Vi tex "Jeduncularis Wall. 
'*:!· gleb:t!ata Br• 

1.9 
4.8 
5.1 

.. 
5.2 
2.0 
5.8 
9.9 
6.7 

£ (a+) 
3 

8.5 

10.7 
4.3 
4.1 
3.5 
4.5 
8.5 

171.2 
4.8 
7.3 
6.5 

34.1 
6.2 
4.8 

9.3 
9.3 

10.5 
7.1 
7.0 
5.8 
4.7 
6.7 

11.6 

7.2 16.9 
11.1 15.7 
7.9 15.8 

15.2 
6.6 10.4 
4.2 5.7 
3.5 7.5 

6.5 -
29.4 45.7 

11.2 
62.1 8.1 
5.3 9.5 

15.9 

-
15.2 -

7.8 

-
12.2 -
3.9 4.2 

-
5.2 10.0 

- -
12.4 14.3 
10.6 
15.0 -

7.1 16.3 
13.3 
7.8 

11.4 
11.7 42.1 
10~6 30; 1 

--
15.8 
16.8 
17.1 
18.8 
12.0 
8.8 

55.8 

30.5 
5.4 

12.5 
15.9 

--
23.5 

5.3 

17.8 

-
16.6 
22.9 
11.8 

31";0 -------· _ _,__ _________________________ _ 
IIi 

*~tump 1filprouts. 
.• . -- , . I 



Fig. 3.2a. Survivorship of the introduced seedlings 8.t different 

. sites. F O ( 0 ) ; F 5 ( • ) ; F 1 O (Ll) ; F 20 (~) • 

Inset figure represents percentage germin2.tion of 

introduced seeds at different sites. F0 (closed col­

umn); F5 (hntched column); F10 (stippled column); 

F20 (open column). 

3. 2b. Survivorship of the nr1tural seedlings at clipped ;md 

burnt sites. F
3 

(q~ (()); F3(b)(~). 
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Table 3.2. [Jpulation flux of l• cylindrica at different sites. 

--- -~--------------F 0 F 1 F ( a+) -~F--r( ::::a-=")~-F---r("'::'c\) --F~(-;-b"'"') --F-
·~ -- m 3 3 3 3 5 

(a) No. of tillers/seedlings/m2, 
May 1978. 

(b) No. of tillers/seedlings/m2 , 
May 1980. 

o.o 149.0 

(430.0) 98.4 

92.3 

13.9 

(c) Net change (b-a) (+430.0) -50.6 -78.4 
(d) Rate of increase (b/a) 0.7 0.2 
\e) No. of tillers/seedlings/m2 (2164.0) !~93.8 100.3 

arri ·:ed beb'leen Hay 1978 <:.nd 
t-'lay 1980. 

(f) Total numbe~ of tillers/ (1734.0) 544.4 178.7 
seedlings/m lost betv~een 
May 1978 and May 1980 

(g) Tillers/seedlings present 
May 1978 alive by May 19d0 

(h) Percentage survival of till~rs/ 
seedlings in (a) (g/a X 100) 

(i) Expected time for complete 
turn over (years)( 2 ) --x 10J 

100-h 
(j) 

(k) 

Total tillers/seedlings/m2 (2164.0) 
recorded during study 
Annual mortality (%} of 
tillers/seedlings(~ X 100) 

J 

(80 .1) 

40.0 

26.8 

2.8 

642.8 

84.6 

The values for seedlings are given in parenthesis. 

2.0 

2.1 

2.0 

192.6 

92.7 

73.0 

?-21.3 

+248.3 
4.4 

582.3 

334.0 

20.0 

27.3 

2.7 

655.3 

50.9 

o.o o.o 

390.0 413.0 

+390.0 +413.0 

729.0 974.0 
( 3000 • 0) ( 600 1 • 0) 

339.0 561.0 
(3000.0) (6001.0) 

729.0 
(3000.0) 

46.5 
( 100.0) 

974.0 
(6001.0) 

57.6 
(100.0) 

7.6 

o.o 

-7.6 
o.o 

35.0 

~ 

42.6 ~ 

o.o 

o.o 

2.0 

42.6 

100.0 
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None of these survived till chr:! er.d of the study period with 100% 

mortality. Most of the loss of ~eedlings 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. 3.2b). 

Tiller regeneration and its Ropulation flux : 

A net loss of 50o6~ 78.4 and 7.6 tillers/m2 was noted from 

the population at the end of 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% respect• 

ively in 1, 3 and 5 year fallows thus showing an increase in the 

mortality vvi th 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 tiller.3 during a 2 year study 

period starting from June 1978 upto May 1980 in the different 

fallows is given in Fig. 3.3e 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 end of the 2 year study period, it was 

36.g~ in a 3 year fallow; in a 5 year fallow 100% decay occurred 

during a shorter period of less than one year. In 3 year fallow 

sites that ,_..,.ere devoid of associates, decay· rate was markedly 

lower than in the control. 



Fig. :3,.3. Nonthly death rates of mature tillers at different 

sites. F 
1 

( 0) ; F 
3 

(a+) (e) ; F 
3

( a-) (A) ; F 
5 

( ~ • 
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Fig. 3.4a ;md b shov1 the morcality/nnt"llity pattern of tillers 

in the different fallows 'Jf 1, 3 Qlld 5 yeQrs of ~ge and in a 3 year 

fallow th~t received different alterations. In a 1 year fallow 

recruitment and mortality increased more sharply during the second 

yen.r than in the first. H,Yvvever, the net population size decreased 

n.t the end of the study period vll th marked fluctuations in between 

in such a wn.y thnt peak populati'Jn size occurr0d during September -

October. In 3 year fallo1·1, recruitment and mortnli ty did not show 

any m<:...rked seasonal fluctuations but the mortality w~s much higher 

than recruitment so that the net population size decreased more 

sharply at the end of 2 years. ln a 5 year fallow, however, the 

mortality was steady throughout the study period and was higher 

than recrui tmcmt so th~t even th12 few tillers that were there in 

the beginning died away. 

In the sites, in a 3 year fallow that were altered (Fig. 3.4b) 

burning had the most pronounced effect on both recruitment and 

mortality. Though clip~ing 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 

ass'Jciates had more adverse effect :m recruitment, the net popula­

tion size remaining smo.lL:.?r due to high...:r mortality, in comparison 

with the other two nltern.tions. The seasonA.l fluctuA.tions 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. 



Fig .• _; 3e4a. . Changes in the sizes of the tiller populatioL:> :1t 

unaltered sites. F1(circles); F
3

(a+)(triangles); 

F5 (squnres) .. Open symbol~ cumulative recruitment; 

half closed symbol, cumulative mortality; closed 

symbol, net population size. 

3.4b. Changes in the sizes of the tiller populations at 

altered sites in a 3 year fallow. F
3
(a-)(circles); 

F
3
(c)(triangles); F

3
(b)(squares). Open symbol, 

cumulative recruitment; half closed symbo~,cumula­

tive mortality; closed symbol, net population size. 
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Age-structure nf tiller EQQhJ.'l ~i Ol!~ : 

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 0 to 0.5 year and 1.1 to 

1.5 yea~o 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-cla~ses. 

~he age~distribution of the tillers that came prior to study, 

during 1978 and 1979 ~Dd survived till the end of the study period 

is shown in Figo 3~5bo Here a larger proportion of older tillers 

were present in a 1 year fallowo This was reversed in a 3 year 

fallow and old tillers were eliminated in a 5 year fallOi:J. In 

altered sites in a 3 year fallow, however, 1 year old tillers 

dominated the population. 

Flowering and seed productiou : 

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 

popul:::~.t:i 0n in t·.hp hurnl, a1:cu wao b~l,Ler l;h~n i.u i.;hc clipped area 

(Table 3.3)o 



Fig. 3.5a. Distribution of ages attained at death by the 

tillers born during the study at different 

sites. .1.ge classes (year)-0-0.5 (a); Q-6-1.0 

(b); 1.1-1.5 (c); 1.6-2.0 (d). 

3.5b. Age-structure of the living tillers in May, 

1980 at different sites. 
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Tab-.e 3.3. Reproductive poten·r.ia.l of l• cylindrica at clipped 

and burn+; sites. 

Clipped Burnt 

No. of tillers/m2 390 413 

No. of spikes/m2 130 160 

No. of seeds/spike 2J1 306 

No. of seeds/m 2 37830 48960 

Mean spike length (em) 16 19 

Average No. of seeds/tiller 97 118 

Reproductive capacity/m2 34047 44064 
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DISC:JSSION 

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 \vhere a number of environmen-

tal factors change with community development. Seral stages may 

be short or long lived depending upon the state of disturbance. 

l• cylindrica found in early successional fallows after jhum,is 

subjected to frequent cutting and burning which may influence its 

behaviour and population growth. 

In 1, 3 and 5 year fallows tne 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 s~edling regeneration occurred only in 

a fresh fallow. Further the few individuals of this species 

present in a 5 year fallovl got eliminated completely during the 

seventh year. These observa~ic~s along with slow grov~h rates of 

this species in shade (Kushwaha et al., ur-published) 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 at~ributed 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 



induction of flowering and fruiting subsequent to disturbance-

It may be, however, noted that ~atural 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 

grovnh phase~ this was not evident in older fallows; in older 

fallows the net population s.:i.ze declined shaply with the passage 

of time due to increased mortality in comparison to recruitment. 

In 1, 3 and 5 year fallows mortality was higher in younger tillers 

compared to the 3 year fallow si·ces that were clipped or burnt. 

This may be indicative of the inter-and intra-specif~ competition 

adversely affecting younger tillers in the former sites whereas 

the age of the tillers is prolonged in the altered sites. The 

competition in tiller populativn may get further accentuated due 

to the interdependency of the individual tillers (through their 

rhizomes) der~ving the resources from same common pool. 

Clipping and burning dE>i'initely promotes the population 

growth of 1· cxlindrica, but flov.rering is promoted only in those 

sites which were clipped or burnt during the dry season. Thus 

the growth stra.tegy of this species seems to be closely ad.apte4.;; 

to the biotic disturbances during the slash and burn procedures 

associated with the hill agr~cosystems • 

. l• cylindr.i,ca 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 evide~ll. from the study cutting and 
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burning have an important role on the growth and reproduction 

of this species especia~ly 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 rhi~omes 

do not die and may resume reger.eration as soon as the same land 

is again used for cultivation after 4-5 years. 

In the past the jhum cycle was about 20-30 years which was 

idea~- not only for the recovery of soil fertility under a forested 

fallow but also for keeping noxious weeds like !• cylindrica under 

control. However, in recent tiL.es, there has been considerable 

shortening of jhum cycle to about 4-5 years due to increased pop~ 

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 shortening of the jhum 

cycle has also led to the almost pure stands of this weed, occu­

pying vast tracts of land bc~ng 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. Natural 

regeneration through seeds occurred Lo a certain extent only in 
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freshly burnt or clipped fallows though none·of the seedlings 

survived. Seeds introduced into fallows of different ages of 

o, 5, 10 and 20 years could establish upto 20% only in the 0 year 

fallm.,r. Natural regeneration was mainly through tillers which 

declined sharply in older fallows so that this species was 

completely eliminated in fallm·rs olde.);' than 5 years. This has 

been related to the changing micro-environmental conditions in 

the developing communitiesA 



CHAPTER 4 



POPULATION DYNAMICS OF SCLERIA 1ESSELLATA WILLD. - A SHADE 

TOLERANT SECONDARY SUCCESSIONAL SPECIES IN SLASH AND BURN 

AGRICULTURE ( JHUM) FALLOWS. 

INTRODUCTION 

Recruitment of new genets is often rare among clon~l plants 

and the dynQffiics 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 grass2s 

(Lamp, 1952; Langer£! al., 1964; Robson, 1968). These studies 

have shmm a definite seasonal pattern of shoot births and de.'J.ths 

ultimately dominated by flowering. Some studies (Gorhaln ·'IDd 

Somers, 1973; Bernard and f.1ac.Jonald, 1974; Bernard, 1976; Noble 

et &·, 1979) have also been tnade on the longevity ::m.d the 

reproductive perform:'lnce of shoot modules. 

Scleria tessellata Willd. {Cyperaceae) is a rhizomatous, 

perennial, sedge found in 5 - 20 year old secondary successional 

co~~unities coming in fallows after slash and burn agriculture 

(jhum) in north-eastern India. This species makes its appearance 

in jhum fallows older th~~ 5 years and increases in density in 

older fallows. The production is very low and vegetative growth 

is common vlith iterative production of shoot modules. The 
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orthotropic shoots arc produced from pl~giotropic underground 

rhizomes. The apical and ~illary buds of the rhizomes ar2 

protected by dense scale leaves. May to September is the active 

growth period when maximum shoot recruitment occurs. Shoots 

start flowering from July onwards with m~imum flov.rering in 

September - October though some flowering shoots could be identi-

fied throughout the yL:ar. Sec:d S'-=tting is maximum in November. 

The l.:::trge si~e of seeds does not facilitate its dispersal to far-

off places. The present study is aD attempt to investigate the 

dynamics of the clonal ~~d shoot populations in §. tessellata. 

METHODS OF STUDY 
·' 

The fallows of simil~r exposure (south facing slope) and 

topography but of diffc;rent ng\.::s, viz., 5, 10 nnd 20 years, ·v1ere 
. . . 

seL.?cted as study sites nt Burnihat in Megh:-ilaya (26°.02 1 N lati-
. . . 

tude and 91°.52'E longitude) at an altitude of about 100 metres. 

The age was calculated-from the"time fields·were left as fallow 

after slash and burn agriculture. For.· derisi ty, fr,iquency and 

cover, the vegetation analysis of the different associated plant 

species in th(:; fc.llm'ls, \vas done using ···1 m2 quadrats in the case 

of herbaceous species and 100 m2 quadrnts for shrubs and trees. 

Import::mcc value index 'l.vas calculated using relative frequency, 

realative d.ensi ty and relative basal aren of the species :~nd nre 

b:'lsed on 20 quadrats in each site (Misra:, 1968; ·.Kershaw, 1973) • 

Demographic studies were carried out in permanent quadrats 

of 1 m2 with four replicates in each o.:!:: the fallows. The fates 
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of the individual clones and shoots of established plants, were 

follow0d at monthly interv'lls over a two year period from May 

1978 to ·May 1980.. Both c::=ttegories ·Jf the populations wore mnrked 

with aluminium labels. Much of the shoot recruitment occured in 

June and the;: fate of these and the others which cam.::?. afterwards 9 
I 

was follovied till the end of the study period. The shoots 

already present at the start of the study, ·were taken as more than 

two ye2.rs' old9 those coming in 1978 as tvw years' old and those 

coming in 1979 as cne year old. Monthly records of maximu~ and 

minimum temperatures and the rainfall vvcre noted for th'2 study 

period. 'l'he number of seeds pro~:uced pt:r plant was estimated in 

1973 iilld 1979. The seeds wure tes1;ed for viability (using 

trichloro tetrazoliwn chloride solution) and g2rminability in 

petridishes nt 311 al tern~:tting tmaper:J..ture rc;_;ime of 25° /15°C with 

al ternnt~.ng light and dark periods for 12 hours. 

RESULTS 

Climate : 

The climate at Burnih8."t could be di ,~ided into three 

distinct seasons. The dry and windy suin.T.er extends from mid-

February to Hay with nverage maximum temper:1ture of' 32.2°C and 

minimum temperature of 24.1°C. The rainy season runs from May 

to September with nn avern.ge annual rainfall of 2200 mm. This 

is a warm period with high humidity. The month of October 

represents the trtmsi tion from rcll.ny to wintor s.:::asons. The mild 

wintor with an average maximun temperature of 24.8°C and minimum 

temper·l.turu of 12.4°C extends from NoVr'!nbur to mid-February. 



Fig. 4.1. Ombrothermic di8.gram for the study area. JVIonthly 

maximum ( e ) and minimum ( 0) temperatures; 

monthly rainfall (A). 
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This period is practically rainless except for a few wint~r 

showers (Fig. 4.1). 

Vegetation : 

The early st:1gcs of second~1ry succession up to five years 

had a nu'llber of· weedy species 1 tke .Imp...;r;.Tta cylindrica, 

Eupatorium odorutum Thysanol:::.ena m:ucima, Arundirwlla bengal~ansis, 

Grev.ria elastica and stump sprouts of many woody climbers, shrubs 

nnd trees.. Dendrocalrunus hamiltonii is one of the important 

species corning up in 5 year old fallows, and reaching maximum 

numbers in 20 year fallows, along1.·:i th a few dicot shrubs and 

trees. The importance value indices for the comn10nly associated 

plant species ;lre given in Table 4. 1. 

Population .:f.~ and survivorshiR oi 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 pl~t per m2 during the two year study period. No 

seedling recruitment could be noted during the study period 

(Table 4.2). 

PoEulation flux and survivorship of ~hoots : 

An addition of 3.4 and 3.0 shoots was noted in 5 ~nd 10 

year fallows during the t\V'O year period whereas 16 shoots were 

eliminated from a 20 year fallow. Shoot recruitment incre~sed 

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. Importance value indi·~es of commonly associated plant 
species in ~;he fallows of different ages. 

Sp.;ch~s 
Age of the fallows (years) 

5 10 20 
--- ---------------------------

Ageratum conyzoides L. 
Arundinella bengalensis (Spreng) Druce 
B~rcria hispida (L.) K. Schum. 
Bauhinia variegGta L. 
Cyperus globosus Allioni 
Carex cruciata Nees 

*Careya arborea Roxb. 
*Callicarpa arboren Roxb. 
*Ced~ toona Roxb. 
*Combretum decandrum Roxb. 

Desmodium triquetrum DC. 
Dendrocalamus hamiltonii Nees & Arn. 

*Dillenia indica L. 
Eupatorium odoratum L. 

*Eugenia tetragona Wight 
Ficus hispida L. 
Grewia elastica Royle 
Imperata cylindrica (L.) Beau!. 

*Litsaea assrunica Hk. f. 
Mikania micrantha H.B. & K. 
Macaranga denticulata Muell. 

*Melia azadirachta L. 
*Machillus khasyana Meissn. 
*Maesa indica Wall. 

Osbeckia crinita Benth. 
Panic urn maximum J acq. 
!:,. khasianurn Hunro 
Setaria glauca Beauv. 

I 

Scleri~ tessellata Willd. 
*Schima wallichi~ (DC) Korth 
*Sapium buccatum Roxb, 

Thysanola2na maxima Kuntze 
*Vitex peduncularis Wall. 
*Y.· glnbr:1ta Br. 

11.6 

7.2 
11.1 

7.9 

6.6 
4.2 
3.5 
6.5 

29.4 
11.2 
62.1 
5.3 

15.2 

5.2 

12.4 
10 .. 6 
15.0 
3.2 
7.1 

11.4 
11.7 
10 .. 6 

16.9 
15.7 
15.8 
15.2 
10.4 
5.7 
7·5 

45.7 

8.1 
9.5 

15.9 

7.8 

4.2 

10.0 

14.3 

16.3 
7.8 

42.1 
30.1 

15.8 
16.8 
17.1 
18.8 
12.0 
8.8 

55.8 
30.5 
5.4 

12.5 
15.9 

23.5 

5.3 

17.8 

16.6 
11.8 

31.0 
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Table ~.2. Population r:.ux of the clones of 
s. tessellat~. 

Ag~ of the fallows (years) 
5 10 20 

-----------------------------------------·~-------------~-----
{a) No. of plcu"'lts/m2, Hay 1978 

2 (b) No. of plants/m , May 1980 

{c) Net change ( b-a) 

(d) Rate of increase (b/a) 

(e) No. of plnnts arrived bet· .. reen 
May 1978 8nj May 1930 

(f) No. of plants lost between 
M~y 1978 r:tnd Hay 1980 

(g) Plants present Mny 1978 alive by 
May 1980 

(h) % survival of plants in (a} 
(g/a x 100) 

(i) Expected time (years) for 
complete turnover (2/100-h x 100} 

(j) Total pl8.nts re:::corjeJ during study 

(k} % mortality of individualu 
(f/j X 100) 

1.3 

1. 3 

o.o 
1.0 

o.o 

o.o 

100.0 

1.3 

o.o 

4.0 

4.0 

o.o 
1.0 

o.o 

4.0 

100.0 

4.0 

o.o 

7.0 

6.0 

-1.0 

0.9 

o.o 

1.0 

6.0 

14.0 
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Table 4.3. Shoot pop1:latJ.on flux of §.. te~sellata. 

------·--------------------- ---------
Age of the :fallows (y2r1n~) 

5 10 2J 

(a) Shoots/m2 , May 1978 

(b) Shoots/m2 , May 1980 

(c) Net change (b-a) 

(d) Rate of increase ( b/a) 

(e) No. of shoots arrived between 
Jvlay 1978 and Hay 1980 

(f) No. of shoots lost between 
Hay 1978 and May 1980 

+3.4 

2.3 

15.2 

11.8 

(g) Shoot present Nay 1978 alive by o.o 
May 1980 

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

(i) Expected time for complete turnover 2.0 
(years) (2/100-h x 100) 

(j) Total shoots record2d during study 17.8 

(k) % mortality of all shoots 66.3 
(f/j X 100) 

(1) % mortality of arrivals 60.5 

16.0 

19.0 

+3.0 

1.2 

36.0 

33.0 

2.0 

12.5 

2.3 

52.0 

63 .. 5 

52.8 

42.0 

26.0 

-16.,0 

o.6 
56.0 

72.0 

6.0 

14.3. 

2.3 

98.0 

73.5 

64.3 
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beginning of the study period was 100% in a 5 year fallow due to 

flowering and subsequent death ·::JI the population whereas this 

decreased in 10 end 20 year fallows. The mortality amongst the 

new arrivals w:1s less than the mortality Qffiongs't the whole 

population which ranged betv1e2n 66 - 74%. The mortnli ty of shoots 

vms generally high with a mc.ximum in a 20 year fallow (Tnble 4.3). 

Survivorship o:L' shoots showed age specifica mortality vli th Deevey 

Type II (D.;evey, 1947) Curves (Fig. 4.2}. 

The G.gE:-.-distribution attained G.t de'lth by the shoots which 

came and died during the study period, is shown in Fig. 4.3. The 

shoots which flow2red during September - November, died in the 

following November - Janunry. The shoots recruited in June 

either flowered in the sa'Ile y2ar upto Octobei' or remained vegeta­

tive until th.:: next flowering season (July - October) of the 

following ye~r. Shoot mortality was maximum after the flowering 

season r.'lther than in between during vegetative grovvth 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 

maximum 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 ~fter 0.5 to 1 year. 

Age-structure of living shoot populations : 

At the end of the study period, one year old shoots were 

more frequent than those of 2 years or more of age.. While there 

was a slight deo;line of one year old shoots in 10 and 20 year 



Fig. 4.2. Survivorship of shoots of ~· tessellata in 

different falloHs. 5 year old f8.llov.f ( 0) ; 
I 

10 year old fallow (~) ~ 20 year old fallow 

(C). 
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Fig. 4. 3a. ..:~ge-distribution of the shoota of s. tessellata - ·-
born and died during the study period in diffe­

rent fallows. Age-classes(year)-o-0.5 (a); 

0.6-1,0 (b); 1.1-1.5 (c); 1.6-2.0 (d). 

4.3b. Age-structure of the living shoots of §. tessellata 

in Nay, 1980 in different fallows. 
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fallows compared to a 1 year fallow 9 the older shoots hnd higher 

frequency in older fallov.;s. (Fig. 4. 3b). 

The percent:1.ge of fertile shoot population declin~d vfi th 

the age of the fn.llovr be:tweon 5 :1nd 20 ye:::.rs. However 9 because 

of the largr~r clone size in 8. 20 yeflr fallow, the seed output per 

m2 here v.Jas mnrkedly higher (Table~ 4. 4). 

DISCUSSION 

Clonal grovrth is <l coGLrnon feature in the life of herbacea.us 

perennials that may help in the extension of a population of 

shoots of a single genet in time and space. The present invcsti-

gationsreveal thnt th12 population size of the clones of 

S. tessellata, is relatively stable in different fallovTs and that 

most of the changes occur at the sub-population level (shoots). 

The number of clones present a1; the sta.rt of the study varie:d in 

the three fallows. This is indicative of either clonal spread of 

the speci..::s by vegetative gro-wth or by seedling recruitmt:mt. 

However, since no seedling could be detected in the sites 

throughout the study period, it is probable that seeds have. 

little significance in maintenance and spread of this as is also 

shown by f·1ajor and Pyott ( 1966) for other species. In a survey 

of a wide range of British species, Salisbury (1942) showed that 

the speci2s from shaded habitats rarely produce more than 

3 - 4 x 102 seeds per plant. In 2• tessellata, most of the seeds 

are non-viable lacking properly devGlcped embryo. Herberd (1967) 
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Table 4.4. Reproductive potential of §_, tessellata in different 
fallows. 

-----· ---·------·-------------------
Age of fallows {years) 

5 10 20 
---------------------------------------------------~-------2 No. of clones/m 

% fertile shoots/m2 

No. of shoots/m2 

No. of seeds per clone 

No. of seeds/m2 

The values in parenthesis pertain to 

1.3 
( 1.3) 

80.0 
(100.0) 

5.0 
(2.6) 

20.0 
( 12.0) 

15.6 
(26.0} 

the values 

4.0 6.0 
(4.0) (7 .o) 

62.5 63.6 
(68. 7) (83. 3) 

16.0 22.0 
(16.0) (42.0) 

15.0 18.0 
( 14.3) (16.0) 

60.0 108.0 
(57 .o) (112.0) 

obtained in 1979. 
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too, demonstrated the significanc8 of vegetative growth for the 

p~rsistance of the popul~tions in older successional communities. 

According tc; him, seeds h'.:tV2 very little chance of survival in a 

closed community of perennials and the role of sexual reproduct­

ion rr.a.y be obscure in such comEluni ties. 

'I~c ch:mg•2S ..-~t sub-population level (shoots) are particularly 

signif:cant when the species turnover is slow. The survivorship 

of shoo-;s sho·wed a const;:mt :nortali ty risk with seasonal :fluctua­

tions. ':'he period with compa.c:::tti vely higher mortality mostly 

coincid2S "~Ti th flow,~ring. Tte flm'lering shoots were observed 

dying afte~ seed production. Some mortality was also noted just 

after emerg~nce of shoots wten ~hey have attained ~ln age of about 

a month. Tte rr1ortali ty of st:.ch n~wly emc:rged shoots mi5ht be due 

to their susc.eptibili ty to in-;er-s1-ecific competition ;:i.fforil<"d hy 

the associate~ vegetation. dowever 1 if once the shoot develop­

ment proceeds ::.ormally, the ctances of mortality become lesser. 

Thus the shoot l.ortali ty seems to be age-rlependant giving a Dc:evey 

Type II, negative exponential C"'.l.CVe rmd is 1.ess infl.uen.ced by 

environmental cond:tions. 

The seed ontpn-: in this spe~ies is exceptionally low with 

only about ~% see1 vi~b:lity. None of the seeds germinated in 

the laboratory indicating t!· ... at possit.1y they require some after­

ripening period for germination. Seedz are heavy and do not 

possess any morphological specialisation for their wide dispersal 

and thus there is 8. fair ciYmce of their dispersal around the 

parent plant. The n.bsence of seedlings at the sites colonized by 

s. tessellatn Lnplies thnt 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 i:ilready tested for 

suitability in the environment and of obtaining from the parent a 

good material start in life. 

SUMiv'IARY 

Scleria tessellata Willd, is a sedge coming up in 5 - 20 year 

old secondary successional communities, developing after slash and 

burn agriculture (Jhum) in north-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 vegetativereg~eration. 



CHAPTER 5 
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COJ.VIPETITIVE RELATIONSHIPS OF THE PLANTS OF IMPERATA CYLINDRICA. 

(L.) BEAUV. VAR. MAJOR ESTABLISHED FRCN RHIZCMES AND FRQ\'1 SEEDS. 

INTRODUCTION 

Some studies have been done on the performance of species 

populations in mixtures which normally do not coexist1 in nature 

(Tripathi and Harper, 1973; Gupta and Ramakrishnan, 1977a 9 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 maintenance. Such an experiment me.y be of great signifi­

cance under the situations where a particular plant species 

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 ~ ~· , 1980) • 



It has been shown that the seeds of l• cylindriSE;, when 

introduced into natural communities, have rare chanc8 of survival 

except in fresh fallovlS with sp&rse vegetation (Kushwo.ha et .ill:•, 

unpublished). The failure of individuals to survive on such sites 

may be in part a function of the competi ti v·e 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 vms planned to .simulate the 

natural conditions where the light seeds in this species are 

blo"Vm off and dispersed widely into alien community, dominated by 

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

germinate to give rise to the gene±s. The success of these genets 

would depend upon the '1 stress" created by its own asexually 

produced allies and the other associ<lted plant species. 

METHODS OF S~UDY 

Seeds and rhizomes were collected from Burnihat in 

Meghalaya. Pure and mixed populations were raised from the two 

categories of reproductive units in plastic pots of 20.8 em 

diameter in the expetimental 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 heal thy bud) and from seeds were raised 

separately for monocultures. Monoculture studies comprised of 

30, 60, 120, 240, 480 and 960 plants/m2• For mixed culture 

studies, de Wit's replacement method (de Wit, 1960), with varying 
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proportions of the. two popul~tions keeping overall density con­

stant, was used. Transplantation of rhizome cuttings ru1d seed­

lings vvas done early in the mon~h of June, when plants were 

two-le~ved and uniformly 2 em in height. The mixture proportions 
2 for the two types were: 600+0, 300+300 and 0+600 per m • 

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 harv2st was done after 24 weeks, for pure 

cultures. The harvests coincided with different grovrth 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 datCl relative yield total (RYT) (de 

Vlit and v.m den Bergh, 1965) ,and relative yield quotient (RYQ) 

(Tripathi and Harper, 1973)P and rel~tive 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 11 seed11 respectively whereever required. 

RESULTS 

Performanceof the two populations in pure stand~: 

The two categories 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 



Fig. 5 •• Effect of density on plant height (3a), le~ 

area (3b), number of tillers (3c) and rhizomes 

(3d) per plant of I. cyli~drica 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 (-~-) of 

1.· cylindrica. Open symbol, I 11 rhizome 11 ; 

closed symbol, I 11 seedn. 

5,2b. Effect of density on rhizome length per 

plant (---, and total number of rhizomes per 

pot (---) of 1,. cylindrica. Open symbol, 

I" rhizome"; closad symbol, I 11 seed;'. 
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parameters compared to that raised from seeds. Further these 

differences between the two categories were more pronounced at . 

lower densities than at higher cl.ensi ties (Fig. 5 .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 l.;vel 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 seeds and this became more marked at 

higher densities (Fig.s.2a).. Average length of rhizome per plant, 

decreased with increase in density, whereas the number of rhizomes 

produced increased, for both categocies of plants. This latter 

parameter was higher for plants originating from rhizomes compared 

to the seed produced ones, particularly at higher densities 

(Fig.5.2u). 

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/m2 • At higher densities of (e.g. 

960 plants/m2~ tiller produc·cion did not increase markedly vJi th 

time. At a given density, the dj_fferences between the plants 

raised through rhizome and seed, vvere 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 



Fig. 5.3. Effect of density on tiller production of the 

plants of l• cylindrica grovm from rhizome (--) 

and from seeds(---). DensitiGs: 1(()}; 2(tt); 

4(6) ; 8(.); 16(0); 32( .) • . 
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Table 5.1. Effect ~f plant density on shoot and rhizome dry 

\'Ieight( g) per plant uf the populations grovm from 

rhizomes and from seP.ds. 

Density/m2 Shoot weight Rnizome weight 

11 Rhizome 11 11 Seed11 11 Rhizome 11 11 Seed11 

30 55.50 44.00 16.70 12~30 

60 31.65 24.40 10.50 7.50 

120 17.10 14.48 5.88 4.55 

240 8.08 6.61 3.27 2.60 

480 4.00 3.25 1.64 1.31 

960 1.96 1.56 0.81 0.65 

L.S.D. (PL 0.05)- 4.40 
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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. 

Density/m2 Root weight Total dry weight 

"Rhizome" "Seed11 11 Rhizome" "Seed" 

30 5.50 5.00 77.70 61.30 

60 3.00 2.6o 45.15 36.50 

120 1.65 1.48 24.63 20.51 

240 0.86 0.75 12.21 10.02 

480 0.44 0.41 6.08 4.97 

960 0~22 0.20 2.99 2.41 

L.S.D. (P~ 0.05)- 0.20 6.35 
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Table 5.3. Rel::J.tive yield total (RYT), .relative yie1d quotient 

(RYQ) and relative repl~ccment rate (RRR) at three 

harvests. 

Relative yielrl. RYf RYQ RRR 
Harvests 

(r1lr2) 11 Rhizomen (r ) 11SeGd11 (r2) (r,+t~2) "Rhizome it 
1 with res• 

pect to 
11 SeGd11 

H1 0.69 0.31 1.00 2.22 

H2 0.53 0.47 1.00 1.12 0.51 

H3 0.51 0.49 1.00 1.04 0.92 



Fig. 5.4. Replacement diagra~m at the third harvest. 

Dry weight yield of plants grovm from 

rhizomes ( 0 ) and from seeds ( e) ; total 

yield of the mixture ([J). 
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populations had tiller mortality (Fig.5.4). Mortality in the 

mixture was much higher in 11 seed11 (50%) than in 11rhizome 11 (30%). 

The relative yields of rhizome plants, progressively d...;creased 

upto third h!lrvest though at th.:; first harvest, it was much 

greater than that for the 11 seed". In contrast, the relative yield 

values of the latter increased during later harvests. The rela­

tive yield quotient values ~vere much higher (2.22) at the first 

harvest but were markedl] lower in later harvests. The relative 

yield total worked out to be one at all hnrvests while the rela-

tive replacemt::nt rate= values increased from 0.5 to 0.9 at the 

th.i:rd harvest.. R.RR valu~s were all the time <.-· 1 (Table 5.3 ) • 

DISCUSSION 

The results obtained for both populations in pure st~ds, 

indicate that increase in de11si ty resulted in both mortality ~d 

the reduction in vegetative growth (Ramakrishnan and Jeet, 1972; 

Ramakrishnan and Gupta, 1972). The reactionsof both types of 

plants to similar density stresses, were found to be strikingly 

similar except at lower densities, which implies tht?.t although 

the plants from rhizomes had better material start for regenera­

tion, their response to high density stress was no better than 

that of 11 seeds 11 • In g2neral, the increase in the number of plants/ 
2 m 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 11 rhizome 11 coL1pared to the 11 seed11 • The higher relative yield 
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values for the "rhizome", depict its higher competitive ability 

than the ;'seed". Hov;ever, the progressive decrease in relative 

yield till the third harvest, may be due to the loss of tmis 

ability gradually. In contrast, the increase in the relative 

yield with time for 11 seed11 , depicts its increasing aggressiveness 

in mixtures, as also noted earlier for another species (Tripathi 

and Harper, 1973). 

The U..Yli t RYT values reveal that the two categori8s of 

populations compete for the same '' space 11 (van den Bergh, 1968) 

though the plants from rhizomes possess competitive superiority in 

mixtures particularly at early stages of grovlth. This is also 

confirmed by th2 decreasing RYQ values with passage of time. It is 

partly in conformity with our earlier observations on the survival 

and establisinn0nt of the introduced seedling populations of 

I• cylindrica, which failed to establish in already estabJ,.ished 

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

establishment in fresh fallov;s (Kush\'laha ~ .§]; .. , unpublished), 

SUMMARY 

The present paper deals wtth the growth of the populations 

of Im~erata cylindrica (L.) Beauv. var. ma~or grown from rhizomes 
'· 

and from seeds in pure and mixed st.ands. lrlhilst mortality and 

plasticity in pure stands of both categories, was negatively 

correlated vli th density increase, there vms insignificant diffe-

renee in the total gro·wth 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 ::tggressive compared to plants 

through seeds though the aggressiveness decreased \vi th the passage 

of time. Both categories. of pl:llts compete for the same 11 space 11 • 



CHAPTER 6 
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C()l';1PETITION BETWEEN INPERATA CYLINDRICA (L.) BEAUV • AND EUPATORIUIVI 

ODORATUM L. AT TWO LEVELS OF NPK TREATI1ENT. 

INTRODUCTION 

Competitive relationships existing between natural species 

populations have been considered by many from the point of view of 

coexistence of closely related species (Harper and Chancellor, 1"95-Sl; 

Marshall and Jain, 1960; Harper and McNaughton, 1~~~amakrishnan 

and Jeet, 1972; Ramakrishnan and Gupta, 1981; Tripathi and Harper, 

1973). According to Bergh van den and Braakhekke (1978) coexist­

ence between tvlO species is possible when they are able to occupy 

different ecological niches of the same area avoiding niche overlap. 

Thus,the studies of Ramakrishnan and Gupta (1981) have implicated 

the differential response of two closely related species of 

Argemone· mexicana and [!. ochroleur~ to NPK nutrition as partly 

responsible for their apparent coexistence in nature. 

The present study pertains to two important vveeds, namely 

Imperata cylindrica (L.) Beauv. ~md Eupatorium odoratum L. which 

occur ·in early successional herbaceous commur...ities developing 

during secondary succession, after slash and burn agriculture 

(jhum) in north-eastern India (Ramakrishnan ~~ 9J.. 1 1980). Both 

these species coexist in jhum fallows upto a period of about 5 - 6 

years at lower elevations of Meghalaya (Kushwaha~~., 1981) 

while the former species also occurs in jhum fallows at higher 

elevations (riamakrishnan and Mishra, 1981). The competitive 

relationships existing bet\Jeen 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 grmvth of the two weeds in relation to intra-. and 

ii.nter-specific· cocpeti tioli tts · u!f&cted by NPK '·nutrition. 

rJIETHODS OF STUDY 

Experiments were performed at Burnihat (26°.02 1 N latitude and 

91°.52 1E longitude) experimental garden. Populations were raised 

separately i'rom rhizome fragments with one node in the case of 

!• 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 Ee.. odoratum \vere used to simulate the natural 

regeneration of these two weeds after slash and burn agriculture. 

Pots (20.8 em 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 m2• 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 0 + 240 plants per m2• 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 em 

in height. 

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

series of set up. The first series vms kept as control while the 
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second and the third series were supplied with low NPK (1.2 g 

NaNo3, 0.5 g Na H2 P04 and 0.22 g K2 so4 per pot) and high NPK 

(4.8 g Na No3 , 2.0 g Na H2 Po4 and 0.88 g K2 so4 per pot) fertili­

zer doses determined on the basis of the soil fertility status. The 

total dose ~.ms given in two equal IJarts, the first when plants had 

established in early July and the other at the time of peak vegeta-

tive grovrth in August. The nutrients vmre dissolved in water and 

then applied to the pots. Monoculture studies did not receive any 

fertilizer alteration. Plants were vmtered 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 L1arvest, after 24 weeks, \vas 

done for the monoculture studies. At harvest, the plants were 

thoroughly \'laShed with vmter and dried at 80°C for 48 hours, for 

determining dry matter yields. From the yield data, relative yield 

total (RYT), relative yield quotient (RYQ) and the relative replace­

ment rate (RR.It.) (Bergh van den, 1S;~68) 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 l• 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 



Table 6.1. Effect of increasing density on survivorship, plant height, leaf area, number of 

branches/tillers of I. cylindrica and §.. odoratum and number of rhizomes and 

total length of rhizomes per plant of I• cylindrica. __ ,_ ___ ... 
Survivorship Height Leaf area No. of bran- I. cylindrica 

Density/m2 (~6) (em) (cm2) chcs/tillers No·: of Total 
rhizomes length 

IC EO IC EO IC EO IC .EO nf rhi-
zomes 

(em) 
c:.o --. ._...:.;.: 

30 100.0 100.2 168.1 198.5 87298 
en 

10771 22.0 8.0 35.6 786-.2 

60 100.() 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 11.4 3.5 23.0 336.0 

240 99.0 100.0 104.2 95,7 1460 1252 6.9 1.5 12.4 175.5 

480 87.5 92.1 86.3 52.0 730 475 4.1 o.o 6.7 91.0 

960 61.2 78 .. 0 68.2 30.3 • 387 125 2.4 o.o ·3.0 49.1 



97 

Table 6.2. Effect of increasing density on dry weight yield 
2 

p~r plant and per m of l• cylindrica and 

~· odora.tum. 

Density/m2 Dry weight yield (~ Dry weight yield (g) 

IC EO IC EO 

30 77.7' 43.0 2331.9 1290.0 

60 45.2 25.1 2712.0 1500.6 

120 24.5 15.2 2955.5 1824.4 

240 13.C 5.1 3120.2 1224.3 

480 6.! 1.9 3216.6 912.0 

96C 3.4 0.5 3312.7 480.0 
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Table 6.3, Effect of increasing density on nwnber of 

fertile plants . .1nd the seed output of 

§.. odoratum. 

Density/m2 FertilE:! plants Seed output 
(%) Per plant Per m2 

30 100 .• 0 6000 180000 

60 100.0 4500 270000 

120 100.0 3200 384000 

240 87.0 2250 240120 

480 37.0 1230 182928 

960 8.5 875 71400 
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was more marked in E. Q_doratum, whereas the decrease in leaf area 

was steeper for I. cyli!ldrica. Leaf area for I. cylindrica was 

markedly h.::.gher than· for E. odorat",J...-rn at vary high densities. Tiller 

number in tbG case of Io cylindrica vms drastically reduced under .. 
high dGnsity stress. E. pdoratum ~id 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 v1eight yield per plant too decreased with increase in 

density and this decrease vms more marked in §. odor a tum tnan in 

l• cylindirca. ThG dry weight yield per m2 increased in the case 
2 of E. odoratu~; the increase was only upto 120 plants peP m after 

-
which it declined drastically (Table 6.3). 

The percentage reproducti·.re plants in §!. odoratum decreased 

with the increase in density and at the highest density of 960 
2 plants/m only ~bgut 9% of the pl~nts 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 o~tput (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 y~elds of the either of the species in monocultures. 

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



Fig. 6. 1. Replr,cement diagrD.ms (dry weight yields) r1t 

three harvests and at two nutrient levels~ 

H1, H2 and H3 refer to the three harvests 

taken after 8, 16 and 24 weeks. !• cylindrica 

( 0); ~· ~,_,~ (e); tot2l yield of the 

mixture ( CJ) • 
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Table 6.4. Relative yield, relative yield quotient (RYQ), 

relative yield total (RYT), and the relative 

replacement rate (RrtR) (reference to H1) at 

three harvests. 

Treatment Harvests Relative yield 
IC EO 

Control H1 0.5 0.3 

H2 0.6 0.3 

H3 0.7 0.3 

Low NPK H 1 0.5 0.2 

H2 0.6 0.3 

H3 0.7 0.3 

High NPK H1 0.5 0.2 

H2 0.6 o.4 

H 3 0.6 0.3 

RYQ 
IC/EO 

1.67 

2.00 

2.33 

2.50 

,,.67 

2.33 

2.50 

1.50 

2.00 

RYT 
IC + EO 

o.a 
0.9 

1.0 

0.7 

o.a 
1.0 

0.7 

1.0 

0.9 

RRR 
IC with res-
pect to EO 

1.19 

1.17 

0.67 

1.39 

... 
0.60 

1.33 
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higher NPK nutrition but l• cylindrica responded bette£ to 

increased fertilizer doses than E. odoratum. The relative conca­

vity/convexity in the replacement curve suggests that I. cylindrica 

is more aggressive than E. odoratum in both unaltered and altered 

soils. The aggressiveness of I. ~ylindrica seems to be more at 

later harvGsts~o• In general, thene was an increase in the relative 

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

no clear c~t trend was noted in the relative yields of ~· odoratum. 

The relativ2 yield quotient values were always more than one. 

Further, the relative yield total for both the species, progres~ 

sively increased from the first to third harvest. The relative 

replacement rate of 1· cylindric a vri th respect. to E. odor a tum, 

decreased with passage of time in the control series while in the 

altered sets, the l• cylindrica seems to be better with time 

(Table 6. +) • 

DISCUSSION 

The results obtained for both the species in pure 

indicate that increase in the density resulted in both mortality 

and plastic reduction in vegetative grovnh 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 l• cylindrica than in ~. odoratum, the reverse was the 

case as far as plasticity is 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 grov~h. The plastic 

reduction in plant growth with increase in density is an import­

ant population regulating mechar.1ism (Ramakrishnan and Kumar, 1971). 

Dry weight yield per m2 is shovm to increase with increase in the 

density ir pure stands reaching a plateau value beyond a certain 

point,. However, it is interesting to note a differential beha• 

viour in the tuo species studied here where at the density levels 

tried, I. g~}.indrica tended to show an increase in yield per m2, 

whereas there vvas 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 ~ess, as 

far as plasticity is concerned. 

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

aggressive than E. odoratum as seen from the relative convexity/ 

concavity of the replacement cur'\Jes. 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 I. cylindrica does not suffer from any yield loss at 

different harvests and nutrient levels. The fact that,in general, 

the RYT ~1, implies that E. odoratum is more affected than might 

be expected from crowding for the same space (SandfaBr, 1970). 

Apparently there is some factor in !· 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. 9Ylindrica and sorghum, they noticed a 

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

be due to certain allelopathic substances produced by the former 
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species. The increase in the RY~ values with progre~sive harvests 

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

satory increase in the yield of l• cylindrica during later stages 

of competition due to availabillty 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 14 cylindrica is suspected to be due 

to its allelopathic property which reduces the available space 

for §. odoraturn in the initial stages of growth though this space 

is occupied by l• cylindricag as a result of which there is 

compensatory yield gain which iB also r~flected in RYQ and RRR 

values. 

It is interesting that inspite of the start from vegetative 

propagules in pure stands in the case of I. cylindrica, the 

mortality is more severe than that in§. 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 rb~zomes as it occurs in nature (in contrast 

to small cut pieces of rhizomes used for this study). However, 

1• cylindrica once established seems to have a better competitive 

ability over §. odoratum both in pure and mixed cultures, though 

nutrient status does r1ot influence much the outcome of competition 

between the two species. 
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SUMMARY 

The study deals with intra-and inter~specific competition 

related to NPK nutrition betvveen Impera;ta cylindrica (L.) Beauv. 

and Eupatcrium odoratum L., two noxious weeds coming up in the 

early successional plant communities after slash and burn agri­

culture (jhum) in north-eastern India. l• cylindrica was more 

susceptible to mortality under pure stand density stress compared 

to §. odoratum, probably due to which the yield per plapt and per 

m2 of the latter was more affected compared to the other. In 

mixtures, I. cylindrica had an advantage over §. 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 REGIM:ES ON THE GROWTH 

OF EUPATORIUM ODORATUM L. AIID 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 £.1 .2:1,., 1981; Kushvmha et ~·, unpublished), growing 

abundantly in cultivated fields, wastelands and other exposed 

areas. These tv-m are also important components of the secondary 

successional communities developing soon after slash and burn 

agriculture (jhum) in the north-eastern hill region (Ramakrishnan 

~ ~., 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 flmvering. However, flowering in 

1· cylindrica commences only after dry winter months, i.e., in 

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

~. odoratum) and in April-May (~or I. cylindrica). 

There have been many agronomic attempts on the control of 

these two species (Cruttwell, 1970; Salgado, 1972; Nair, 1973; 

Madrid, 1974; Eussen, 1978). A few studies are also available on 

life cycle attributes (Kushwaha~~., 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 the responses of the two weeds 

to various ecological factors m~.ght be helpful in understanding 

the mechanism of the regUlation of their populations in nature. 

The present study vms, therefore, undertaken to jmvfasti:gnt:e the 

growth behaviour of these two species as affected by different 

light and soil moisture regimes. 

i>'IETHODS OF STUDY 

Seeds of both the species, collected from Burnihat in 

Meghalaya (26°.02 1 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 em diameter filled with 2:1 mixture of soil and organic 

m~ure. The soil and manure mixture was thoroughly mixed to 

remove u:ny soil heterogenei-· y, before transplantation. Two sets 

of experiments, one related to two levels of light intensities 

and another with three vmtering 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 ~oof, 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 at 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) 8.n.d relati\Te growth rate 

(RGR) were determined follm'ling the procedure outlined by Watson 

(1947) and H~nmnerton (1965). Aboveground (AG) and belowground 

(BG) dry vveight yields of pLmts vrere determined after drying the 

pl8J9-ts in an oven at oO'C for 48 hours. The statistical analysis 

of the data was done usint:s student 't' test. The probability 

level for all the tests of signific~ce was 0.05. 

RESULTS 

Experiruent 1 

There were significant differences in plant height, AG and 

BG dry weights between sun and shade gr.own plants of ~· odoratum 

with extremely low values for the latter. Differences between 

sun and shade tren.tments, were significant for all parameters at 

all harvests except for AG/BG ratio. which vvas significantly 

different only for the first harvest. While the increase in 

various par~eters,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 case of sun grown plants and it 

decreased for shade grown plants in subsequent harvests (Table 7 .. 1}. 

Leaf area, Nk~ and RGR were all significantly higher for the 

sun grown plants at all harvests while LA.It 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 (em), aboveground (AG), belowground (BG) dry weight- (g~ 

and the AG/BG ratio of §. odoratum in sun a:1d shade. 

--~-.-...._. ... -- ~ 

Plant height AG dry weight BG dry weight AG/BG ratio 
Harvests Sun Shade Sun Shade Stm 3haclc Sun Shade 
--------- ·- - ,, 

H1 54.2 50 .o-:t 3.5 1.5* 1.2 0 .4'(- 2.8 3.7* 

H2 162.0 150.6* 66.8 8.7* ~3.4 3.0* 2.8 2.8 

H3 182.1 164.0* 76.8 12.5* 2.4.3 4.4* 3.1 2.8 

H4 186.0 166.5* 78.9 13.8* ~5.0 5.5* 3.1 2.5 

---- -· 
* Significant at P <- 0· 05. 

....... 
0 
00 



Table 7,2., Leaf arer:1. (cm2), leB.f r:1.rea rr:1.tio (cm2/g) net r:1.ssimilation rate (g/cm2/week) ·and 

the relative growth rate (g/g/week) of~· odoratum in sun :1nd shade. 

Harvests 

H1 

H2 

H~ 

3 

H4 

Leaf area 

Sun Shnde 
---· 

280,0 110 .o-~~ 

5418.0 707 .2* 

6072.0 1018.2"'*" 

6262.5 1161.6* 

*Significant at P <: 0.05. 

·------------------------ -~-,_,. .... ,..,_.,..,. _____ ,__......,_. ...... ,-.__, _ _. ..... ,.,...._.. __ 
Leaf area ratio Net assimilation rate Relative growth rate 

Sun Sh2..de Sun Shade Sun Shade 
,...._ ... ___ _,_.,.. ----..... ~..,.._.,.~_~.,...,......__....,_..~-----""-"-

37.5 25.4* 0,0070 0.0042* 0,2614 0.1070* 

59.9 59.2 0.008.2 0,0051* o.4891 0.3043* 

59.5 60.0 0,0003 0.0010* 0.0190 0.0607* 

60.3 59,0 0,0001 0,0004* o,oo46 o.0220* 

---~----------- -·--·~· ~ ~··-· ----.--,~-------------

~ 

0 
co 
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case of sun grovm plants than in saade 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 ones 

more markedly in the c~se cf sun grown plants~ RGR, in this 

species, also followed a similar pattern as NAR at different h~r-

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 rati~ for sun grown plants, was significantly 
' ~ ,. 
~ 

higher only in the third and fourth harvests. While plant height 

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 

species decreased from first to fourth harvest though in shade 

grown plants it increased, after e~ 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 improvert markedly for sun grown plants 

compared to shade gro~m plants of l• cylindriea, while LAR was not 

' significantly affected. NAR of sun gro\vn plants decreased at 

different harvests while that of shade grovm 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, aL~ 4~clined sharply in 

treatments where watering was done only once in a week in 



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

AG/BC ratio of 1.• .c~lindrica in sun and shade. 

~ - ·~ .- -= - -=------ ..... 
Plant height AG dry \veit,ht BG dry weight AG/BG ratio 

Harvests Sun Shade Sun Shad; Sun Shade Sun Shade 
- w,-.-

H1 75.0 30.0* 4.0 1.9* 2.6· 1 "* 1.5 1.7 ~ • I 
a....4 

~ 

H2 126.2 50.3* 19.6 3.2~· 15.2 2.1* 1.2 1.5 

H3 136.5 59.01i- 23.8 4.1* 19.4 2.5* 1.2 1.6* 

H4 143.0 61.4* 23.4 4.3* 21.8 2.6* 1.0 1.6* 

*Significant at P L o.o5. 



Table 7.4. Leaf area (cm2), leaf area ratio (cm2/g), net assimilation rate (g/cm2/week) 

and the relative growth rate (g/g/week) of !· cylind~~ in sun and shade. 

_,._.,..~__. ... ~..._,. . ._..,.,..,_..,-,. _., _ __..,..,.,.__.__.,.,._,.., .... ..Wa-- • --~-~- IE'-~ ------- --

Leaf area Leaf area ratio Ngt assimilation rate Relative growth rate 
Harvests Sun Shade Sun Shade Sun Shade Sun Shade 
- ...,.,..._.._ ~----- ~-------------- .::.-,..-_....,.,..._ .. __ """_,.._....,. ..... ~-... ·=--·_____.,..,... __ ~~-.._._,_. ... -- .-.~~ .... .,..----._.~ . ..,... -------.....-- - ........ ~-

H 1 741.4 340.3-li- 111.7 111.6 0.0028 0.0017* 0.3145 0.1842* 

H2 4000.0 610.0* 113.9 130.4 0.0024 0.0028 0.2771 0.0953* 

H 3 4853.1 775.0-lE- 113.6 115.3 0.0003 0.0003 0.0361 0.0363 

H4 5000.2 800.8 111.5 116.1 0.0001 0.0001 0.0075 0.0074 

.,._,.___._.._._ .. ~~---~ .... -~_...,.--~-...... _..._ ....... ........__ .~- ··- ----. .--.-~-

*Significant at p.c.. o.o5. 

~ ......, 
N 
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E. odoratum (Table 7.5). The plant height, AG 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 lov.rer 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 lov.rer for those that were watered weekly compared to 

other treatments. EG 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 v.ras none 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 v.ras 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 

~· ~~~ at three moisture levels. 

... 
-~-----.-------- ·""· - " --~-

Har- Plant height AG dr('g)eight BG dr(gfeight AG/BG ratio 
(em) 

ves~f! D~l · ADW Wvf L.S.D. DW ADW ww l.S.D. DW ADW ww L.S.D. DW ADW ww 
-- ·- .... -"",__ ____ IIU-------· - - -·· 

'1 1 50.1 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 

H2 178.0 171.2 60.0 3.5 66.8 74.5 37.4 7.0 23.4 24.8 12.5 2.8 2.8 3.0 2.9 

H 3 19J.o 174.0 80.0 20.2 76.8 79.3 43,.7 5.3 24..3 26.5 14.6 4.9 3.1 2.9 2.9 

H4 197.1 187.9 90.2 75.3 81.9 82.6 51.0 10.6 22.0 24.8 13.0 6.3 3.7 3.3 3.9 

______ _...._... -
-··-~- -

L.S.D. 

0.6 

0.6 

0.6 

0.5 

~ 

........ 
~ 



tr.) 

.-1 
~ 

Table 7.6. Leaf 8.rea (cm2), leaf area ratio (cm2/g), net assimilation rate (g/J-/weekJ and the 

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

~-~--· -~ ---------·-·------~·~_._.--~"'••-=-_,_._ -- ____ ._..._.._~._,.-~ -----T- -.-..,... ... ~. ~ ----~.._-..,..,-_.-,r-·-
Har­
vests 

Leaf area Leaf area ratio Net assimilation rate Relative c;rowth rate 

DW ADW Wvv L.S.D. DW ADW WW L.S.D. DW ADW v'lW L.S.D. DW ADW vfW L.S •. D. 

·---~------------·------~-----~-------·-------·-------~-------~--~···~-~-~----

t11 280 30o 168 30.7 37.5 38.5 32.6 3.3 0.0070 o.ooG9 0.0053 o.o013 o.2614 o.26d2 0.1715 o.o452 

"T 
J-.. 2 5418 .5958 2994 2012.7 59.5 6o.o 6o.o 1.7 u.0082 o.oo83 o.oo8o o.ooo1 o.4891 o.49S1 o.l~&J, 0.0357 

"3 6072 6348 3498 1202.4 59.9 60.8 60.0 1.3 O.OOJ3 0.0002 0.0004 0.0001 0.0190 0.0106 0.2593 0.0391 

H4 6262 6444 3840 776.2 60.3 57.0 60.0 1.3 0.0001 0.0001 0.0003 0.0001 0.0046 O.OC25 0.0156 0.0072 

·---------------------------------....... _.,.,...,___ ~- -------------... -----~---..... --~-.----. 



Table 7. 7. Plant height (em), aboveground (AG), belowground (BG) dry weight and the AG/BG ratio 

of I. ctl.!_nc!£i2.a at three moisturr levels. 

-~--..... -- ,.,.,..~._...__-...........,.,_,_,_ .. ~ --....... -- -------
Har- Plant height AG dry weight 
vests 

DW ADW -vvw L.S.D. DVv AD Vi WVl L.S.D. 
~------.....__ ____ ...... ,..., -,__~ ... ___ ..,..,_ ________ ----- ' .. ._-

H1 73.0 73.0 28.0 4.7 4.4 4.4 3.~ 0 .. 2 

H2 130.0 125.0 70.0 8.5 23.8 27.1 20.1 6.3 

, H3 142.0 135.0 75.6 5.8 29.6 33.4 24.0 8.7 

H 4 150.,1 140.0 80.0 8.7 31.2 35.2 24.4 7e7 

~--·· -~-. --~~-- .. -.·-·-- -------------- _.., ... ___ ------------· 

BG dry weight 

DW ADW ww 

2.2 2. 1 1.6 

11.0 12.5 11.5 

13.6 15. 1 14.8 

14.0 15.7 16.0 

AG/BG ratio 

L.S.D. DW ADW vr.v 

0.4 2.0 2.Q 2.1 

j.8 2.1 2.1 1. 7 

2.3 2.1 2.2 1.6 

2 .• 7 2.2 2.2 1.5 

L.s.r, 

o.'"+ 

0.5 

0.2 

0.2 

....... 
~ 
CT.) 



Table 7 .n. ~ ·) ? 
Leaf area (err{··), leaf area ratio (em'-) g) P :m:•t as~-~tm:i.latJ.on .cute" ( g/cLt'·/wt.?.t'~l;;_) and the 

relati VJ grewth rate ( g/ gf'.;~.;;<C.::k) af I. .~v].in:!~~~.;;s_;;~ at three moisture levels. 

......... __ -.. , ---... ' .............. --. ...,....,.~,,_.,_.,..,. _ ... ,. ... __ ... ..,..... __ ... ..,._,, ._ . ..,..,_"'"_" ____ .. _ _.,.,. ..• ,.,.,. ~--·~, .. ~..--..... ·-·· . .,. ... ~ .... _,....... . ......... ~ ---~--.............. ....,._~_.,.... .......... ,. ............. ,_ ............... --- ·''"··--·· ....... -------~ 

Har­
vest::: 

L'~::.<.f area 

D~;v .AJJltl vrw L.:S.D. 

Le8.f area rat:L , 

DW ADW lfTVJ' L.3.D. 

l\fet assimilatic .. >. . ;::;_+ .. , He L~ ti ve growth .~ 

D'ri _} p.J)\1{ i;:Jvr L.S.D. D"vi ADW ww .L· s, 
.......... ,.. ·-- --·~,.~-- --...-- .. ---_ ..... _....,....- ,..._ ......... __ .___, .. _ . ., ......... _,.,_ ..... , , .. _ .......................... ----~ ... ------· .. - .. ._ .. _ ........ ··- ....... ····y----~----~~----~ ... --.... ·- ....... __ , ...... . . , ..... ____ --------· .. ----------... 

H., 
I 71+1 ~'+ 76.2.:. 5F=ll n ..._J·\,.- • \....: 35.9 111.5 111.6 111,6 1.0 0.0028 0.0028 0.0024 ~-~.')i)[!J. ()o311t5 0.3145 o.·->{)P.?.. 

H2 4ooo.o h504.s 302'?.5 1370.2 'i13.9 '112.~ ! , ... ,, p (' ('),)-.'; tj , .. ,(,.-,, i) ()f)~0 f) 0· , .. '. ,.., (' .. () 7.,.')1)7 0 "3(\f-
~ \_ ~ • j I . .! -· -· \_ '· • • l .. f •• -~ I • . • ).1 ) .. }· \ .... ~ ~ I I . .. .. . 0•05 

/ 

H3 4853.1 5r·17 .. 0 365B.e T". 7 11 3 - 112 ~ '--~u. : • tJ ~ ~ 99.2 16.8 0,0003 0.0003 0.0004 0.0001 0.0361 0.0368 0.035~ O•OJ 

H . 
5 5000.2 5920.3 3724.5 1317.~ 111.5 112.3 97.0 11.6 0.0001 0.0001 0.0001 o.oooo 0,0076 0.0088 0.086', 0·0~ 

·- ·····- -------- ... . - -· -~------- --.. ·-----.--~--
___ ....__.,_., 

.._.. • ..,.. . ...,.._.,.....,.._,....,.._,_ .. ,. ""·•·.w·~--· ....... ···- ..... ,. .. --· •···- -~ • . ·- . . . . . ~ --- .. . ··- -- -- -- .. -- -- ... --.- ·--

..... 
~ 
~ 
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DISCUJSION 

. ~~ 

The results of the ex~eriments with light and shade grown 

plants, indicate that shade had an adverse impact on the growth 

and devel0pment of the two species resulting in drastic reduction 

in leaf area and dry Vleight yields. Such a reduction in overall 

growth has ;::.lso been found in shade grmm ~lants of the two 

species by other workers (Bennett and Rao, 1968; Crutt\>tell, 1'9iik. 

Eusse~ and \Virjahardja, 1973; Kushwaha ~ ~·, unpublished). In 

light gro~~ plants of both the species, the higher values of NAR 

and RGRz 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 dev..;-

lopment, the relative photosynthetic efficiency and thus the 

growth of ~· odoratum is considerably reduced. This period also 

coincides with the matur8.ti on pi1ase of the plants. 

The increase in the AG/BG ratio at later stages of growth in 

light 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 iruiting. 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 §. odoratum 

under adverse conditions. In l• 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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moistur8. Edward (1974) al~o ~ound a signi~icant correlation 

between the precipitation and growth of §. odoratum. High rain­

£all 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 

l• cylindrica that were under maximum water s:tressjsdue to the 

increased allocation to belbwground parts which may be an adapta­

tion for increasing watGr absorption surface ~d to ensure its 

surviv8l through perennating organs. 

The results of this study confirm the suggestion (Kushwaha ~ 

~., 1981; Kushwaha~~., 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 1.llocation pattern d'le to shading of §. odoratum is signi­

ficant from the point of view of its s~vival. 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 l• cylindrica. 

SUMMARY 

This study deals with the effect of dif£erent light and soil 

moisture regimes on the growth and development of Eupatorium 
I 

odoratum L. and l• 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 §. odoratum, shQde not only affects growth but also 

the nllocation pattern i~lf way favouring belowground parts. A 

shift in allocation from ~bove to belowground organs under 

moisture stress was noted in case of l• cylindrica. The signifi­

cance of these results is discussed. 
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~· ~· §£21. 18, (in press). 

(ii) Population dynamics of Imperata cylindrica (L.) Beauv. var. 

major related to slash and burn agricult~e (jhum) in north­

eastern India. Communicated to ~. !2P1• ~·! 

(iii) Population dynamics of Scleria tessellata Willd. - A shade 

tolerant secondary successional species in slash and burn 

agriculture (jhum) fallows. Communicated to Proc.(B) Ind. - -
Nat. Sci. Acad •• ---

(iv) Competitive relationships of the plants of Imperata cylindri­

~ {L.) Beauv. var. major established from rhizomes and from 

seeds. Communicated to Proc. Ind. Acad. Sci •• ------
(v) eQmpetition between Imperata cylindrica (L.) Beauv. and 

Eupatorium odoratum L. at two levels of NPK treatment. Com-

municated to Trop. §££!., 

(vi) Effect of different light and soil moisture regimes on the 

growth of Ekpatorium odoratum L. and Imperata cylindrica (L.) · 

Beauv. var. pajor. Communicated to f.£2.£• ~· ~· ~' 

(vii) An analysis of some agro-ecosystem types of north-eastern 

India. Comm~cated to Agric. Environ •• 
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