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PREFACE

The thesis deals with the comparative biology
of thrge iap?rﬁant weeds of north eastern hill areas of
lndiai§ﬁ%§§Mtho up usually after slash and burn
agriculture (locally called Jhum) and form an important
component of the first Sné yearé of secondéry succession,
When the Jhum cycle (the intervening fallow period between
two successive cropping of the same site) gets reduced to
4-5 years as in the present case, this weed along with a
few others form part of an arrested succession where the
community is maintained more or less permanently at this
weed stage., Hence this study is considered important and
ii is hoped to contribute to the basic understanding of
the aealagy‘of this weed.

The thesis starts with a geagral introduction
followed by chapters on different aspects of the weed,
ranging from fleld distribution, growth and adaptation
and seedling establishment and competitive behaviour of
different natural species populations in marginal habitéts
when they may occur naturally. Zach of the chapters have
been written in the form of pape¥s for publication and
hence some overlapping in writing could not be avoided.

The thesis ends wlth a section on ﬁiitaratare Cited™,



~ GENERAL INTRODUCTION




Yeed blologys

VWieeds comprise the more aggressive, troublesome
and undesirable elements of the warld‘s vegatatien (King,
1974) Aceardiag-ta Baker (1974) "A plant is a weed if in
any $peeifiadrgeégraphieal,area, its populatlons grow
entirely or predominantly in situations markedly disturbed
by man, (without of course, being deliberately cultivated
plantg)”. The frequency, irtensity and duration of physiaal‘”éL »
environmental disturbances usually necessary for agriculture
have increased the importance of such weeds to a graat
extent (Young & Svans, 1976). The intenéiﬁe Systemﬁ of land
management practi?ad by man brea%ﬁawn the &emparatively

stable equillibrium of natural plant communities and new
habitats are cantianally created vbich offer fresh
opportunities for plant colonization and these f?aquantly

become serious weeds.

Weediness of a plant is not an absolute character
W 3
either possessed or not possessed by plants, but exists more

likely as a apect; :*af charaaters whieh exist in varying

éagree in plants (ﬂart, 1976}. The plant species which are
difficult to exteﬂﬁinate are usually egggiﬁé as noxious Knhow" 7
weeds, and represent the ultimate evolutionary strategy.
Aecarding to Baker (1962) "the evolutionary success of an
organism can be measured in terms of the number of

individuals in exlstence, the extent of reproductive output,
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the area of the world's surface that they can enter and
their potentiality for putting their descendents in a
pesitian'te egntiaﬂe the genetic line through time",

Salisbury (19423 has opined that "only by an.
intimate knowledge of &ivarse life histories of weeds one
can hope to diseovsr more vulnarable aspects of each that
will enabla us to eembat them sueeessfully“. In India,v
considerable work on ecological life histories of weeds
have been dén@ by'Mishra ané co-workers (Mishra & Siva Rao,
1948; Hall, 1957; Remakrishnan, 1960a, 196la, 1963aj
Tripathi, 1968, 1969),

An analysis of the weed flora in most of the
ccuntrieS»shews that a large pesrcentage of the weeds arétmi&gﬁbw%;
alieﬁ i,e., introduced from other countries by man elther
deliberately or unwillingly. Muenscher (1955) estimated
that of 500 species he studieé which are weeds in‘tha
northern states of U.S.A., 39% are only native to north
America, while 34% are indigenous to Burasia, A comparative
study betwean'the native and intrcduéeé speéias of Euphorbia
gyperissians and‘gzggz;nnm|ngx£gx§§gm have shawg that the
.growth of these species are écre aggressive in intredaeed
‘American ecntinant than in the native Burope (Priﬁchard,

1966). An\[ W'{f f(. W\ 4‘,\&1.,1 __\Aﬁfpﬁ

]
\v /

The factors controlling spatial distribution and




growth 5ahavieur of weeds over geographical, latitudinal

or altituéingl range include the climate of an area,
mieroelimate and edaphic characters. Adaptation to varied
climatic and edaphic factors of the environment is one of the
most 1mpprtan£ factors lying behind the success of weedy st
species, It has been found that such adgptive variability
results either from phenotypic plasticity or from genetic
divergence which in turn is a result of natural #alagtian.
Thé’eeelegiaal importance of phenotyple plasticity lies in
the fact that it tends to make an individual adaptable to
more than one habitat, Due to this faet the plants differ
in appearance by distinct morphological features in

vegetative parts and reproductive vigour, yet they belong }

to the same homogenous genetic stock and are referred to
as ecads (Doubenmire, 1959) whereas genetical adaptability
results in the evolution of distinet stable pepulatians tc/

suit distinct environmental situations and are referred as

//

ecotypes. The main advantage of adaptation by permanent
genetic changes appears to be that under such a system the
individual may already be in the appropriate state before
the eritical environmental changes occur (Turesson, 1922).,
Wu and Jain (1978) while showing the genetic and plastic %““ﬁﬁ?
'responées in geographic differentiation in Bromus rubens
populations s Dﬁ%ad that 12 & 27 % of the total geographic
variation among natural papulatien was contributed by
genetic variation whereas 73 K@BS % was non=-genetic

variation in response to different local anviroamsnts,




suggesting that phenetypie,plastiéity is important for
the wide adaptability of this species. The significance of
this phenatypie'plastiaiﬁy in plants species has been
extensively dealt by Bradshaw (1965), Mayers and Bormenn
(1963) while working with Abjes balsems observed pheno-
typic variations in cones and laaveq aleng altituainal

and geographical gradients, Figier;@l@??) reported
phenotypie variability in the morphological characters of

9 natural populations of Hg um in north

Tunisia and grouped these populations in & morphologilcally
defined sets depending on different genetic pools and thus
demonstrated the existence of both genetic and phenotypic
plasticity.

Turesson (1922, 1925) was the first to determine
the existenée of a‘lérge:nﬁmﬁar4ef‘alimatic races in a
number of Eﬁropaan species which resulted from the genotypie
response of the species populations to different climaticl
factors in the habitat. Later, Clausen st al.(1940; 1948)
repoitad the existance of large number of climatic races
in éérieaa species ranging frém'sea level to above timber-
line in California ranging from an altitude of 1,460 to
3,000 m. They showed marked differences in the‘physiélaéieal
features of these ecotypes like the pattern of dormancy ef
of the buds, flowering, fruiting and resistance to celd;
Gregev (1930, 1946) working with Plantago naritima, came
to the‘cenﬁlaéinnvthat while aswbain ecotypes may be




characterized by variational discontinuity, often the
variation is continuous along an aeeiegical gradient to
denote which he coined the "ecocline". Cooper and
MeWilliam (1966) working with Mediterranean populations
of Rhalarls tuberosa observed temperature-induced differ-
encas with regard to floral induction, leaf expansion, .
sl wthe masde by MU Woan L1706
seed germination ete. Similar Q@:kmiswalsswa#&%%ab%a*far
a number of north American prairiiwgﬁifs 8%§9%?§v3£%qr$aﬂ
\hy~ﬂeﬁIII§§“Vﬁmﬁkwiﬁ@é%3 and also for Mediterrauean and
north European forage grasses‘4ﬁaese%%w§§§a@§ar, -1967),
Cohn and Kucera (1969) demonstrated variations in the
flowering sequence due to differential photoperiodic re-

guirements in the latitudinal populations of Eupatoriur

rugosum. Hodgkinson and Quinn (1976, 1978) while working
with Danthoria gaespitose concluded that along ths
;atitudinal and climatic gradients the higher growth rate
and early anthesis and floral induetisn of the aertheru’
~populations compared to that of southern pepulations was
a result 62 genetie adéptatigh, G:ant and Hunter cigea>;
‘working with altitudinal populations of Calluna yulgazis
reported that ?ariatiaa in growth habit and growth forms
ﬁh&nge with change in altitude, They also raported that

: the maturity type is rel&ted to the length of the grewing‘
season at the site of grigin of the population, ?npulatians«
ariginating frem areas haviﬁg shsrtar growing saasens are
composed of inﬁiviéuals of early maturiky type than from

those areas where growing season is longer. Hunter'anﬁ
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, Granb (1971) further reparteﬂ that the flaral éavalepmeat
in a number of perennial grassas were delayed with increase
in altituée éue to the ehange in the elimatie eemponants

of the altitudes. Corn and Hiasey (1973) while working with

of climatie racas aleng a transect frem sea 1@?31 upte an

3 5 demanstrateé the @xistanee er a number

‘ altitude af 8,500 ft. They obserVQd the differences in
e plant height, leaf area etcg with a streng everla@ping

varigtion from sitq te site,

" Bjorkman and Holmgren (1963) reported differential
behaviour of the photosynthetic apparatus of £ ‘

) virguaraa from exposed and shaded habitats, Differences in

°the Hill activity and suceinate dehydrogenase activity in

et

~the three different altitudinally diverse populations of

le have been reported by May,(1975,1976),
slalyer and Feror (1977) reported variation in the tempera-
; ture optima for photosynthesis in the altitudinal populations
of Bucalyptus pauc |
elevation increased &ﬁa site temperature éeafe&aﬂ&7~%hs

« In this case, as the site
aAndL

peak rates of phetosynthasia also decreased,

Work on elimatie races in Indian plant Speaias is,
: R Cartia,
an%e%%una%a&y vary meagre, Kaul (1965) recognized four
,um strumarium, aaeh popula-

tion suited to different seasonsof the year., He alsa

seasoaal populations in Xant

reported variations in marphelegical as Well as physiclcgi-

cal features in these seasonal pepulaticns. 81m11ar1y in a



study of seasonal populations of Che

~differences in temperature requirement to seed germina-
tion ané-tsmparatureaphetopericd interactions were
relategﬁgitj)saasanal distribution of the pepulatians
(Ramakrishnaa & Kapoor, 1974).

Though the eeatypic studies were initially
concerned with éiffereatiatien of pepulatiea on a eiimatie
and geographic basis, the damenstratien of edaphic ecotypes
specially from very narrow range of soil cenditiené was of
great significance in the dévelepment of genegglégie
thoughts (Ramakrishnan, 1973: ), Considerable work has
'baen done on edaphic ecotypes both in inﬁia and abroad,
Ramakrishnan (19?23).h§§’reviewad the work on edaphie
ecotypes &n‘relatien to physiecal eharaeteristies of the

sail,;maera and micro nutrients.

Kruckeberg (1951) was'ane of the first to
‘recognise the existence of two edaphic ecotypes in the
- case of éghillgg,hg;g@lig in relation to serpentine ané
non-serpentine soils. Ramakrishnan (1961b) noted ecotypie
differences in Buphorbia thymifolia over a very short
distance. In this apeeiaa)the facultative calcicole aud |
obligate e&lgifage pepulatiens are distributed in a masaie
of soil situations where the non-calcareous alluvial soil
had sma}ier ar»laagsr’patehes of ealsar@eus‘nadules which
determined their restrictive distgibutign,pattern; The
studies of ;»::.@ﬁ ,;fﬁ Qﬁgggﬁgg_papulatign (Snaydon &




Davies, 1272) at the boundary between plots at the Park
Grass experiment Rothamsted, where environmental condi-
tions change very sharply indicate that physia&agieal
and morphologically diverse pepulatians nay maint&in :
their identity over very short distances provided

environmental conditions change very sharply.

Soil physical factors are often implicated in
ecotypic differentiation. Heins and Walkins (1979)
deménsﬁréﬁeé the effect of soll temperature and photo-
period rasaltiag in the variation in growth of
g ;ggiaa MeCown gt al.(1977) showed that

the pattern of perennial grass distribution was primarily
determined by variation in sub soil permeability i.e.
water storage capacity. Ramakrishnan (1958) recognised

two ecotypes in .8 hirts errect and prostrate types,

 the former growing in moderately moist habitat and the
latter on dry hard soil expgsaé ta trampling. Similarly,
' g had two ecotypes, a tall and a short

tara depenéing on the meisgura stress (Ramakrishaan,l@éeb).
ﬁsxell,g&val (1960) reeagaisaé ﬁwn distinet races of

gﬁgkxlgg gigmgxﬁﬁa éepending on their adaptability to
soil mcistnre streas, e

4s discussed earlier soil nutrients have often
been a basis for recognitlons of ecological races.
~ Ramakrishnan and his co-workers differentiated ecotype
in Iridax procumbens (Ramakrishnan & Jain, 1965a),



Cynodopn dactylon (Ramakrishnan & Singh, 1966), égﬁ&hgggr
vasica (Ramakrishnan & Bisht, 1968) in relation to
exchangeable calcium in the soil, Such differences in
relation to soil factors have beem observed by other
‘warkarskin,spacies like Festuca ovins (Snaydon &
Bradshaw, 1961), Irifolium repens (Snaydon & Bradshaw,
1962), Agrostis tenuls (Bradshaw, 1959; Jowett, 1964).

At least two edaphic eestypes have been reaagni&ed in

. Cynodon dactylon adapted to alkalinity in the soil
(Ramakrishnan & Nagpal, 1973),

With the realization of the fact that the selection
prsssara could resalt in population differentiation, 1t is
reasonable to assume that continued biotic pressuza‘wauld
lead to more adapted genotypes. The concept of biotic races
was recognised by Stapledon (1928) when he distinguished a
number of ecotypes in nggﬁxlgg.glgmﬂxﬁngs-Ramakrishnan
(1958) in Euphorbia hirta, Gadgil and Solbrig (1972) in
;éaéaliaaa and Abrahenson and Gadgil (1973) in the case af'

golden rods showed differences 1n pepulatisns from disturbed

sit&s and from andiaturbad mesic sites,

The production of a very large number of seeds,
long lived seeds, efficient dispersal mechanism and self
¢ampatibilitykar@ all features which are often thgughﬁ to

contribute té the éavelépmant of most successful weeds.




( salisbury, 1942b; Baker, 1965; Hieser, 1965). The size,
shape, structure and composition of seeds often determine
the germination behaviour in different enviraﬂmanté
(Harper et al, 1970). Germination behaviour of the seeds
in turn is determined partly by the dormancy mechanisnms
of the seeds and availability of suitable microsites for
suecessful germination and establishment (Harper e% al,
19703 Pemadasa & Lovell, 1974)., The viable seeds of a

-species actually form the potential size of a population
in an area. The length of tine for which seeds can remain

viable is extremely variable and depends both on the

storage condition and on the type of the seed. In general,
viability is retained best under conditions in which the
metabolic activity of seeds is greatly reduced i.e. low
ﬁempsratura’anﬁ high carbon dioxide. A variety of factors
to which parent plant is exposed during seed fa:matian

and ripening can also profoundly affect subsequent
viabllity of the seeds after disperslon. Such factors
inelude water supply, temperature, mineral nutrltion and
light, However, the environmental factors are of secondary
importance, compared to the genetlc control of seed
viability (Mayersf@?claakeffnﬁaybar, 1963), In addition,
however, other factors are of great importance, particularly

those which detazmina seed dormancys

Dormancy 1s an important ecological factor that

governs the survival and distribution of populations in
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any habitat (Ramakrishnan, 1963b), Literature suggests
that both innate and enforced dormancy are involved in
controlling timing of germination, Under unfavourable
agnéiﬁi@ns it eosiérs a selective advantage on the
species and the absence of dormaney may be haipf&l only .
under favourable conditions (Harper, 1957). The percentage
of seeds which germinate in any given papulatian slowly

decreases with time., PaE

In order that a seed can germinate, availability
of auitaﬁlc environmental factors are very important,
Among the environmental factors which are mera i&pertant
in deterﬁining the germination behaviour of seeds are
adequate supply of water, a suiﬁgbla temperature and
light conditions, |

The initial step in germination is the reactiva-
tion of the system conserved during the seed maturation
period and this activation starts with the imhibition of
seeds under favourable conditions. Harper and'Benten,(lsﬁs)
’anﬂ~Harper and Sagar (1963) have shown that th§ failure
of seeds of some plant speciles to germinate was the result
of delayed or insufficient hydration of ﬁhe seeds, a
condition brought about by the level of water table in the
solil, Oomes and Elberse (1976) showed a differential
ability to germinate in different conditions of water
availability in grassland herbs,
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~ Among the different environmental factors,
temperature plays an important role in the germination
of the seeds, The temperature at which different seeds
germinate and the range within which they germinate is
determined by the source of the seeds, genetic differences
within a given species, as well as age of the seeds (Mayers
& pPoljakoff=-Hayber, 1963). Characteristics of the
temperature response may be closely eerrelated/with the
geographical distributlon of different species (Koller
ek al, 19623 Ramakrishnan, 1972bs Ehawpsan, 197@&,19?3,
1978, 19803 Bhooj & Ramakrishnan, 1981). Thompson (1970b)
has preéentsd evidence to show that ggrminaﬁien ?ésyonses
of seeds which are stored at room temperaﬁu;e:in the
laboratory may be correlated with the éraas‘ef origin and
geographical ranges of the species from which the seeds
were eollec%e&, Thus, Speﬁies of Caryophyllaceae which
occur in areas With a Mediterranean climate germinate
rapidly at medium temperature (10 - 20°C) have low minima
( ¢ 6°%) and rather low maxima for germination. Shamsi
and Whitehead (1977) related gecgraphiaal and ecological
distributions of the two species of Epllobium with the
- temperature requirement tor‘garminatian of the species and
Sonia and Heslehurst (1978) related temperature requirements
for germination of three species of Banksla to geographical
distribution. It is usually accepted that the germination

responses of populations within a specles collected from
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different localities vary-(Vagis,leé&,l%@&; Harper,
119658), Support to this view may be found in stééies

with diverse taxa as Tsuga gs 348 (Sterns & Glsaa,
1958); Avena (Thurston, 1957, 1@62); Euphorbia mm
and Iridax procumbens (Ramakrishnan, 1965a & b)j zxaha Spe
(McNaughton, 1966); Amaranthus retrofleis (McWilliam ei al
1968); Fastuca pratensls (Bruce gt al, 19‘?8)..

ﬁighar garmin&tien under alternating tempa:atura
ragimes is an adaptive faaturs for many secondary
‘successional weedy species, Plckett ‘and Baskin (1973)
shawéa high@r-garmination of rag weed, Ambrogsia grtemigsia,
under alternating témperatura rather than constant
temperature. Mayeux and Scifres (1978) showed about 20%
higher germination under alternating temperature in
geiden weed,ageés._Fanurable effect of fluetuating
temperatures‘wés fauéd by Wakhloo (1964) for germination
of Solanun Che i and ﬁglﬁnnm(aggznm;ﬁﬁads and by
Bhar and Bhat (19?8) for belladona seeds.

Light is an 1mportant ecological factor and plays
a crucial role during seed garminatian of many species
(Rooden gt al, 1970). While seed garmiaatiéa was ﬁetally
inhibited in Enggzgn Jimfolius under complete darkness
( Ramakrishnan, 1963b) that of Euphorbia thymifolis was |
markedly inhibited under continuous light (Ramakrishnan,
1965a), Rooden gf al.(1970) and Popay (1974) while |

investigating the nature of seed germination in some
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troplical weed specles, nsteé that in some seeds light
is necessary for germinatien, some seeds germinate in
~total darkness, and for a few, garminatiga in light is

gnhanggd,by,tha,previeus pqrieé/efkéarkness, |

Germination in soil is'uﬁaally‘determiheé by the
availability of a suitable microsite, Heterogenity of the
soil environment determinesthe success of a seed in
produeing an established seedling (Harper, 1965). The nature
of the soil, its chemical composition, its physicemehémieal
structube and the depth in the soil or water content also
determine germination in a giwsn site (Mayer & Paljakoffu
Mayber, 1963). Depth influencas aeration as well as '
penetration of light. In nature, a large proyartien of the
seed pepulgtieﬁ in the soll is probably located at depths
to which no light penetrates naturally. For light sgnsiﬁive

seeds, in the soil population which are located at such
éeptha, the absence of light means that the limits of the
environmental complexes in which their germination will
be possible will be considerably narrowed around the
optimum, Thus species withrlight sensitive seeds will
germinate either before they reach soil depths to whiech
light does not penetrate, or after they are brought to
the surface by some means. Wesson and Wareing(1967, 1969)
demonstrated the eritical role of light in controlling
germination of buried seeds of several weedy species.

Wide temperatum' fluctuations which extends only a few
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éé belaw‘ﬁha'soil'surface may also act to increase
vgérminaﬁion'rates of seed populations located there,
The avallability of water at a given period of time is
éﬁéther'imporﬁant‘factér.‘ﬁpﬁak@ of water by seeds haé
been shown to be related to soil_méistura stress of the
'habitat{as‘well as to a combination of physieal,iacters
in,&&zialgxkagngﬁgsaﬂ‘(SQriggfield, 1965),and iﬁ Ixa;‘
annua (Ungan & Hogan, 1970),

The size, shape, structure and composition of
seeds can also determine the germination and zeeéling
establishment. Thus, Cavers and Harper (1966, 1967, 1973)
in Rumex and Palmblad (1969) in a number of weedy species
showed the aéaptive’value of polymorphism and~ra1ated-1t
ﬁ@'ﬁhe microclimatic conditions prevalling in the soil and
‘te‘differancas in the survival of heavy as compared to
‘lighter seeds. Such polymorphic differential behaviour of
u albun (Harper
& Williams, 1965) and also in tree species like

Lagerstroemia parviflora (Shukla & Ramakrishnan, 1981JQ

seeds have also been noted in Shenanc

4n aspect whieh hga received conslderable attention
of the wee&,bielegists in recent years 1g the pxeaassyaf
"competition™. The competition is generally axprassed by
depression of growth 0f~aﬁa group of plants by another,

vsid
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Two ﬁlants are in acmpetitiaﬁ with aach other when the
grewth of ei%her one or bath cf them is va&ueeé or their
farms modif&ed as eemparaﬁ ta their grawth or fﬂrma 1n
1se1at1an (Bleasaala, 1960)

The capacity to aampete‘éepenés upon the require-
ments, ecclogical amplitude and efficiency in resource use
of the various blotypes in an area, loreover, the abili%y
to compete for a given resource might be expected to change

according to its availability. Competition generally occurs

in its séﬁa:est'ferm amaagkghysielegieally related organisms

- with overlapping niches (Odum, 1989). It is keenest when
the inéiviéa&is areumest similar. In the words of Darwin
(1859) "the struggle will almost invariably be most severe
between individuals of the same‘specias, for they frequent
the same diﬁtricts, require the same food and are exposed
tq‘same dangers", Over-population, thqrefera,.result_in a

serious interference of one indiviéual\%ith another,

Usually the early seedling phases of a plantfs
life are considered to be the most risky and saeéling
phases of a plant suffer most from germinating in ground
thickly stocked with other plants, ;

One of the earliast attempt tokstudy self rggulatian
of a number of populations of plants was made by Sukatschev
{1928) who sowed Matricaria imodora at two densities in
fertilized and unfertilized soil, At the end of a seasén‘s
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growth the percentage loss from population was greater

at the higher density and in the fsrﬁilizaé soil., Yoda
et al.(1963) extdnded this type of observation on
‘matural and artifieial populations of plant speches,

and showed that there was a formal mathematical relation-
ship between ;he mean size of the surviving plants and
residual danmity‘at variens stages’in the development of
a population. The number of surviving indi#iﬁﬁala‘is
related to their mean w@ight as W = GP°3,3, where W is
the mean dry weight pervglant; P, the density of plants
remaining in the community and C is‘a eonstaﬁt which
varies with the species. Such a relationship has been
shawh in many other species (White & Harper, 1970
Bazzaz & Harper, 1976; White, 1979), 4 very important
aspect of the work of Yoda g;vgl.is that it examines the
responses of numbers as well as the individual plant

size (i.e. both mortality and plasticity) to changing
density., Similar work on mortal and plastic responses
were reported by Harper and Gajie (1961) in Agrostemma
githago; Harper and McNaughton (1962) in Papaver speecles;
Palmblad (1968) in Capsella bursa pastoris ;
mgig&; Marshall and Jain (1969) in Avepna fatua aﬁd Avena
barbatay Ramakrishnan and Khattar (1973) in Cassia

- speciles; Gupta and Tripatni (1980) in Dichanthl
anpulatum. which showed predominantly mortal and plastic

responses to density. From these experiments and as well
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those of Koyama and Kira (1956) on Fibre flax and Stern
(1965) on clover, it seems that under conditions of
density stress there is a forced sharing of limited
resources, with a compensating plastie reéaéﬁisa in
individual development, and that a heirarchy may

develop in natural habitats and also in model experiments,
While working with mortal and plastic responses of a
number of weedy sPegias and crops, Ramakrishnan and his

co-workers (197la & b, 1975a & b, 1977) have .conc

that the way a species would respond would

the growth rate of the species coneerned*

| Acaarﬂiag to Harpar (1961) there are two main
ways in whieh the response of pl&ﬁts to increasing
"dansity may regalate papﬁlatien szze;

a) A reapanse in the reprod&ctiva aapacity of individaals
sa¢h that an_increage in plant density 13&&9 to a reduced
\sgad output or a lowered rate of vegetative 2eproduetisn.
This typ§ bf reapansg has been demonstrated many times
for crop plants‘

b) The plastic re&etien of individual plants té incraasing
dansigy may exactly eempenaaﬁe for an ineze&sing aumber
af~§lantsyéa: unit area to givé a ”eanstaa%‘final yield
éurvé“;_this response has been emphasized by Kira et al.
(1956). Alternatively there may be an over-compensating
:@sganse on the part of individuals, giving a parabolie
‘fiﬁal yield :ﬁr?e of the type found by Clements gt al.
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(lo29) for g?<m;;',;¢ annus and by Hodgsen and
Blaekman;(iwraé7)g for Yicia faba. Bath the parabalie‘
and ﬁhs constant fiﬁal yield curves represent reactions
to increasing density which confer on the population
the properties of self regulating systems by permitting
a rapid increase in number from low densities but
placing self-curbing restrictions on further expansion

as the density becomes greater,

Competition between individuals in a population
(whether of same species or different species) may
1n§alve both the root system and shoot system. Competi-
tion involving root #ystam can either be both for water
and nutrients or for either of them, Russell et al.(1942)
studied competition between sugarbeet and associated weeds
and attributed it to the root system invelving soil
nutrients. Ramakrishnan (1961b) has demonstrated that root
_Qampatitian in the two ecotypes, the red and green forms

of Euphorbia thymifolia competing with each other does not

permit the obligate calcifuge (green form) to establish
seedlings in the calcareous soil, Bandeen and Buchhaltz
(1967) studied the effect of field fertilizers upon the
growth of quack grass and maize and found that the
competition between two species involved sofl and root
system, Harris (1967) has reported that competition
between Bromus tectorum and Ag apicatum involved

root system,
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Competition involving shoot system is for
light energy entrapped by leaves, Interference with
supplies of light may be the most potent way in whiech
one species may succeed at the expense of another
 (Harper, 1964), Black (1957, 1958) studled competition
between two populations of Irifolium repens, one derived
from large seeds and the other from small seeds. In
- mixture, the seedlings from the large seeded variety had
larger cotyledons and therefore, maintained an inereasing
superiority and almost suppressed the other one after a
fev wecks. Almost similar results have been reported by
‘Black (1960) while working on pure and mixed stands of
: tha.variaties'afigzizglium 3 Ennik (1960)
: frag‘his competition étudies on pure and mixed stands
- of Lolium perenne and Trifolium repens under low and
\high-light intensities found the replacement of grass by

clover under high light intensities, but under low 1ight
iaﬁansities~%he two species tended to stabilize, those
ﬁith excess ef clover tended to increase the grass content
and vice versa, The ecological differentiation between
= thé~spaeies’wh&eh permit this stabilization is due to

- differential requirements of the two for nitrogen.

Just aé in population of a single specles, the

F stress of density iﬁtens&fisé.the expression of small
éirferanees_hetweea individuals, so in mixed populations,
density stress. may exaggerate and exploit interspecifiec

differences as shown by experimental model of de Wit (1960).




Van dan Bergh and de Wit (1966)”grew Ehlgga nxaggnag and
int b gﬂgxa&nm at a range af proportions and
compared the ratie of tillers af tha %wa speciﬁs afﬁar

the first wiﬁter ané ratio after the aaeené winter, They
faund that 1n plcﬁs in whieh ﬁi;‘

been in excess, the prepertion ef 2&1&2&
- where Phleum prants

increased. Thus the mixture nossessed selfuskabiiizing

se was in excess, Anthoxanthup

properties, A stabilizing situation is also found in

mixtures of Loliug perenne and Trifolium repens (de Wiv,
1960).,

Cempetiti%éyralatienship existing between two
closely related ap&aies have beeh studied by many vorkers,
like (Harper, 19€5; Harper & Chaneellor, 1959 1 Harper &
HeNaughton, 196“; Cavers & Harper, 1967; M&rshall &

Jain, 1969; Ramakrisnnan &_&ammg 19723 Ramakrishnan &
ajéét:,31972)_and‘pesgs"an imﬁgrﬁant ecological p#@blem‘cf
as to how continued cohabitation of two species is possible
withcut one 3ucaeed1ng at the expense of Bhe other, This
1ﬁply some typa of differences in the biclcgieal equipments
| of the species wnieh permits them to evade a decisive
sﬁruggle for existenae,cTWQ species may Qahahik in a
mixture énly if the pcpulatian‘offeaah‘reaets speeifiaally
to the controlling influences of its own density (Harper,
1961). To understand the cohabitation of spéeies it becomes

necessary, therefera, to study the reaction of each sp@ciesl
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fﬁa its own dena&iy and to compare this with its reaction

’;yko tha_dens%ty of the assoclated species, Grubb (1977)
distinguished two main groups of suppositions while
trying to explain how speéies can coexist in natures
(i) Suppositions assagi&teﬁ with a heterogenous
anvironmaﬁt and (1i) those based on homogenous environment.
Farther, heterogenous environment may have many miere«
habitat and thus the species cohabit (Harper, 1961;

Grubb, 1977) whereas in a homogenous envircnaent ﬁhe'

- co-exlstence of the two specles results frcm funetional
niche differentiation (Van den Bergh & Bréékhekke, 1978) .
Niche éiffarantiaiian may be due to differentigl nutrient
requirements or due to differential 1ight requirements.

Role of differential nutrient requirement in the co-existence
of two specles have been reported by Harpsr (1961) in
legams ana grasses, in Arzemone

1aXicana and Argemone
ica by Ramakrishnan and Gupta (19722 and in

Van den Bergh and Breakhakke (1978). Biffarential light
requirement responsible for the co-existence of 3peeias
have been demonstraﬁadvby Black (1957, 1958) in two

populations of Ipifolium xepens, by Black (1960) in two
Vazietias’af Trifolium subter anean and Ennik (1960) in
mewwdmmm

The competitive relationship may also bring about

~a reversal in habitat preference as shown for ecotypiec



23

‘pcpulatigns of Melilotus alba, which may account for

the restrietion of these populations to thelr natural
habitats'(saﬁakrishnaﬁ, 1970) . Reversal of habitat
preference has also been shown by Harper and Chancellor
(1969) who grew Rumex species on clayey soil with or
without ILolium perenne and found that in the absence of
grass the establishment of Rumex crispus and Rumex
ebtusifolius was more successful under maintained water
table, In‘ths'présence of the grass the most successful
eatabliahmént of Rugex obtusifolius oceurred under freely
drained condition, ¢

Eresent study:

Eupateriam a noxlous weed af tha nerth—eastern

regien is an impartant eempenent of the secondary suceessien
initia%cd due to '{ggg' or shifting agrieﬁlture

, (Eamakrishnan et gl 1980) . Shifting ag§1¢u1ture, involving
‘slaah and burn' proceas followed by mixed eragping is a
preéominant praetiee of this rsgian. The shortening of the
Jhum eyele (the tine gap when seeenéary auseessian occurs

éaring fallow gﬁgzlapment between two suecegsive croppings)

to 4 = 5 yaaxs in these regions due to hamaa population

pressure haslreaultgd‘in the luxuriant growth of this—weedy
’ ' Eﬁaaknxiﬁm and vast areas are now virtually pure

stands of this weed. Three species of this genus namely

E. godoratum Linn. E. adenophorum Spreng and E. riparium

Regel, have become very notorious and troublesome weeds of




24

~ this region and is almost impossible at present to

~ control and eradicate.

The ganusiﬁnnghgxigm has about 1200 spaeies
(Malhatra e Jain, 1978) and is one of the largest
gensra in the ramixy Astereeeae. The ganus is near&y
eamapclitan 1n ﬁistribution but tha vast majeriky of the
apeeies are American with the aeatra of distribution in
%ha ﬁmaxiean txepie (Holm gt al, 19??). In India 7 species
waré repertéa by Santipau and Eenryv(lg?sﬁ; |

E. ﬂﬁﬂxaism, in a few recent works is treated
»fﬁrﬁebinson, 1870). It is

reported to be a serious weed in 23 countries of the

under the genus M},;Mf

world inecluding India, Malaysia, Ceylon, Thailand (Holm
et al, 1977). Inkxédia it grows abundantly in the northe
eastérn'fegicn, in Kaggia and in Madras (Maai, 19593
Raa, 1977)* It is a serious-menace to the teak samplings
dapriving them of the much needegvgm'sh ‘g for their
,grawth (M0n1 & George, 1959), in the ruhbev'plaata%iens

of Smi'hh Kanara, Et RUOEaL

um is noticed to eompete with

the lagumincus cover crops (Ra1, 19?6)¢ ' 

‘The rapidity with which the species had spread
has caused concern and stimulated investigation into.
possible eradication by chemicaly or biological eentreol

‘method$ in different aveas (Moni, 1959; Mohanlal, 1960;
Crutwell, 1968,1069,1971; Sheldrick, 1968; Rai, 1976),
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;55293 this an understanding of the bilology of this weed

{ is required, The ecological aspects such as germination
. behaviour of the seeds, presence of ecological races of
~ &. odoratum have been studied in Nigeria (Zdward, 1974: E
Viﬁ 1975), The development of ambryc and female gametapnyts
has been described by Gheﬁh (1969), Mehra and Ramaiandan
(1278) ragorteﬁ high abnormal meiosis leading to high
pollen sterility and Sullivan (1976) diacusseé the.
existence of alleploidy in Egaaigxinm Khonglam and Singh
(1980) reported that Z. gdoratw

1 is a hexaploid with
chromosome number 60 and is apomicticy Persistent feeding
aativity‘@n‘the.flﬁwer heads of this specles by several
important mosquito species had been reported by Brealand

et al (1961), It is used as green manure in Gambodia in
rice flelds and for black pepper cult1Vatien (Gerry, 1963
’i-Litzenberger & Ho Tong Lip, 1968). However, the manure of
 this weed was found to be polsonous to fishes and increased
the crop proéﬁétien indirectly by preventing the attack of

nematodes and pathogens on the crop.

The aeetrapieal weed E i Spreny,
| {Syn. E. ;»;wﬂaaibsﬂ H.B.K.) has ozple&ively established q
oV ablon )

in north-eastern region after 1ts first noticeable invaniion
about 20 years agos It is ubiquitous especially in open
forest areas and cultivated fields throughout the state

| between 1066m. to 2130 m (Dutta, 1978). It is a native

- of Mexico and was £1lrst recorded as naturalized plant in
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| Galifornia in 1896 (FPuller, 1961). It is thought to

 have been introduced to Hawaii around 1900 (Hosaks &
Thistle, 1954), In Australis 1t was first found near
Sydney in 1920 (Auld, 197039. In India, it is now common
also in Darjeeling hills, in the Bastern Himalayas and
;'Eilgiri\and‘?ulnay’hillsvin south India (Mehra & Ramananda,
1976) and has encroached upon teak, rubber, tea and other

commercial plantation (Dutta, 1978),

o An analysis of the oceurrgﬂee of E. ﬁggngnhnzgm
vzth respeet to a number of anvircamental factors (Auld,
1969) revealed that rainfall, tree eaver, steepness of
.1ané each appaareﬁ to 1nrluenee the distribution and
"saeeess of zhe plant. It vas ‘shown that it favours frost-
fraa hillside localities, such as abandene& hanana
§lantatians and the plant is susceptible to frost (Auld,
1969) and usually absent from flat land, Germination
' cxpariments of thesa speeies showed law pere@ntage
f viability. The viable seeds have a germination requirement
77 fer light. Seeélingsﬂisplay degrae of tolerance to shading
. to 10 % day 1ight (Auld & Martin, 1974), The species is a
%fipleid with chromosome number 51 (Grant, 1953; Mehra £Rama.

-nandan
19753 Khonglam & Singh, 1980) . Holmgren (1919) has shown

- the species to be apomictic, on—embryelogical investigations.

In Auaﬁrali&, where E. adepn 11 ha& become a

péebie& in the New South Wales, parasites such as the
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native erawn boring earambyeié Eiaﬁnmng axggn&ahng and

. the fuﬁgas nggngngxg gnpg&gxii had tended only to reduce
 the viabiliﬁy and spread of the weeé in some localities

V(Aulé,ilg?o% Chemical control of this weed has also
' beeﬁ tried in Australia (Auld, 1972)+ In India, mexican
’ ce oS nﬁiligl was imported f£rom
New Zealand and rsleaseﬂ in both south and north-India

hills to control the weed, but géll fly is susgeptibla

to the native parasites Dimeromicrus kelsey
38 (Gupta, 1977) which reduces its effieieﬁey,

Literature on E, riparium is very meagre, It is
an important weed in Australia and Hawall (Auld, 19?6@}
Ecology of this Specles has been studied by Auld {197@@.
The specles is a triploid with chromosome number of 51
(Grnat, 19533 Khonglam & Singh, 1980).

In view of the extreme weediness of these three
species of Eupatorium 1n the north-sastern region of India,
an understanding of their comparative biology was considered
important. Hence the present study deals with germination,
growth and competitive adaptations of the three species
occurring over an’altitué%nal range of near sea level to
a height of 1900 m in Khasi Hills of Meghalaya (25047' N
and 92°947' B). |




