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ABSTRACT 

The study deals with the ecelogy ef an important ueed ef the 

north-eastern region, namely Imperata cy l indr ica ( L . ) B*«jw« This 

species is found i n highly disturbed s i t e s . They form ear ly 

successienal species a f te r slash and burn agr icu l ture ( l o c a l l y ca l led 

jhum), as part of the ueed community during the f i r s t &-6 years. 

Under short jhum cycle of AisB years ( the length of the intervening 

fa l low phase between two successienal creppings), th is ueed along 

wi th ethers forae part of an arrested succession. Regeneration 

through extensive underground rhizomes contributes te the vigour and 

rapid spread ef th is species. Reproduction through seeds aise occur 

under intense b i e t i c disturbance. The present study deals with i t s 

a l t i t u d i n a l adaptat ion, demography and population dynamics ef natura l 

as well as introduced population, resource a l locat ion s t ra teg ies and 

possible control measures. 

1 , Studies en adaptat ienal behaviour e f two populations of Imperata 

cy l indr ica ( L . ) Beauv. along an a l t i t u d i n a l gradient . 

In the present study reciprocal transplants e f two populations 

of Imperata cy l indr ica from a leu e levat ien at Burnihat and a high 

e levat ion at Shi l leng uas done te study t h e i r growth behaviour. The 

lower elevat icn population shewed vigereus growth when grown in i t s 

na t ive s i t e than when transplanted to an a l ien s i t e at higher 

e leva t ion . The higher e levat ion population showed a mere vigorous 

growth at lower e levat icn s i t e than i n i t s nat ive s i t e . This greater 

vigour of the two populatians at lower elevat ion is re la ted te more 

favourable temperature condit ions. Al locat ion pattern for biomass 



in the two papulations did net show any difference at the tuia a l t i tudes , 

Concentration of nutr ients such aS nitrogen, phespharus and 

potassium uas more in the twe papulations when raised at Shi l l sng 

compared te that at the lower elSwatisn at Burnihat, Allacatian af 

phespharus and patassiyw was mere far the belau-graund argans in the 

papulations at bath s i t e s compared te the a l lacat ian ef nitragen» 

Though accumulation e f ni trogen, phosphorus and potassium'fallowed a 

s imi lar trend with the biemass accumulation in the abeve-graund and 

belau-greund parts , the phespharus accumulation in the belau-graund 

argans shewed a sharp increase far the Shi l leng pepulatlen raised at 

Shi l leng compared te that far the Burnihat pepulatian. 

Nutrient uptake e f f i c i ency was more in the two pepulaitiens 

raised at Burnihat whereas nutrient use e f f ic iency was higher in the 

case of phespherus only in the twe populations grown at Sh i l l eng , 

Vegetative e f far t was s imi lar in the two papulations raised at the 

d i f ferent a l t i t u d e s . Peer growth behaviour in the twe populations 

when raised at higher e levat ion Shi l leng may be attr ibuted te the 

l«u s e l l nutrient s ta tus and environmental condit ions such aS 

temperature* The present s tudies suggest the ex is tence ef a l t i t u -

dins l ecBtypes within the s p e c i e s , though the twe populations shew 

a high degree ef phenetypic p l a s t i c i t y , 

I ! • Pepulatian dynamics of Imperata cy l indr ica (L.) Beauv, var 

major related to s la sh and burn agriculture (jhum) in north­

eastern India at twe di f ferent a l t i t u d e s . 

Imperata cy l indr i ca i s a noxious weed coming up in early 

succoss ienal fa l lows after s l a sh and burn agricul ture (jhum) which 

i s prevalent in the north-eastern h i l l regions ef India, The 



regeneration and establishment patterns threugh t i l l e r s i s mere 

vigorous in younger fal lows and i s d r a s t i c a l l y curta i l ed in older 

enes as evident from morta l i ty /nata l i ty patterns and age s tructure 

of the t i l l e r populat isns . The regeneration of the t i l l e r was 

enhanced in burnt p lo ts as compared to unburnt p l o t s . Differences 

were observed with respect to recruitment pattern in d i f ferent 

cohorts studied* This was related to environmental condit ions as 

well as to increase i n t r » - and/or i n t e r - s p e c i f i c competi t ion. The 

implication e f the resu l t s in natural control e f this weed under 

longer s lash and burn cyc les and arrested succession under shorter 

cyc le s has been discussed^ 

III» Fate ef introduced Rhizomes and seeds of Imperata cy l indr ica 

jl.) Beauv> after s la sh and burn agriculture (Jhum) in 

north-eastern India at two d i f ferent a l t i t u d e s . 

Establishment of the introduced populations of Imperata 

cy l indr i ca through seeds and rhizomes uas studied in Of 3 , 5 and 

10-year o ld fal lows with or without the associated herbaceous 

vegeta t ion . The establishment of the population threugh beth those 

decreased d r a s t i c a l l y with the age of the fa l low. Uhile the removal 

o f assaciated herbaceous vegetat ion improved establishment only 

in a Q-year e l d fa l low, absence ef such a di f ference in older 

fal lows i s related to the presence ef the larger shrubs and trees 

in the community. Mortality was a continuing risk the introduced 

populations had often to face rather than i t being confined to the 

early phases of establishment alone. Further, density dependant 

mortal i ty was evident with higher mortality rate at higher d e n s i t i e s 

of the introduced population. The s i g n i f i c a n c e of these resu l t s 



are discussed from the peint ef vieu ef weed vigour in Jhum f a l l e u s . 

I V . Gravuth and reseurce a l l eca t jen aff Imperata cy l indr ica (L.) 

Beauv. a f te r slash and burn aciriculture (jhum) in ner th -

eastern Ind ia a t tuia d i f f e r e n t a l t i tuctes. 

Grewth and resource a l locat ion st rategies ef Imperata 

c y l i n d r i c a , an important ear ly successional rhizomateus perennial 

species, uere studied i n fal lows a f t e r s lash and burn agr icu l ture 

1 

at two elevatians i n neghalaya. In th is species, reproduction is 

through vegetat ive sprouts and seeds repreckjctien i s seldom 

attempted except under s t ress . The growth ef the above-ground parts 

from the perennating rhizome was rapid i n the 0-year o ld f a l low . In 

3 - and &-year old f a l lows , the bui ld up of the under-ground peren­

nat ing organe was rap id . A greater a l loca t ion of biomass to stem 

component and r e l a t i v e l y lesser a l loca t ion i n elder fal lows te the 

l e a f component, as compared te the younger fal lows may be re la ted 

with the need of the species t© grow t a l l e r in older fal lows for 

shade avoidance* The vegetat ive reproductive a l loca t ien increased 

markedly with the age of the fa l low and this may help i t s success 

as a weed in the jhum plots during the subsequent slash and burn 

and cropping. P r e f e r e n t i a l a l locat ion of nutr ients l i k e n i t rogen, 

phosphorus and potassium te the l ea f component would help i n 

quicker growth and establishment in the i n i t i a l phases of fal low 

regrowth while mere a l locat ion of nutr ients to the rhizome i n a 

5-year e l d fal low would help jLn i t s surv iva l through another slash 

and burn cycle* The decrease i n n u t r i e n t uptake e f f ic iency of JL* 

c y l i n d r i c a with the age of the fal low may be re la ted to decline i n 



plant vigour, competition and reduced nut r ient a v a i l a b i l i t y . The 

decreased nut i ien t use efficiency in older falleuis may else be a 

functien ef reduced vigour of the p lan t s . Since phesphorus is an 

element absorbed in larger quant i t ies by the herbaceeus vegetation, 

the high phespherus use efficiency of ^ , cyl indrica may be a censerv*-

tory mechanism as far aS this nut r ien t i s concerned. The growth and 

allBCatien strategy of th is perennial weed coming after s lash and 

burn agr icul ture i s indicat ive of i t s extreme ruderal behaviour* 

V, Control of Imperata cyl indrica (L.) Beauv. 

The study deals with the various aspects of the Contrel of 

Imperata cyl indrica (L.) Beauv. In experiment conducted with pure 

stands sf th i s ueed, glyphosate (0*8 kg ai/ha) in tuo applications at 

6~u/eek in tervel gave las t ing control in terms of top growth and damage 

to the under-ground pa r t s . Although only a low degree of control was 

observed through s ick l ing , the dry weight of shoot and soluble sugar 

and s tarch declined to a level which can be compared ta the most 

effective herbicide treatmeht obtained through glyphosate. Application 

of dalapon (3.0 kg ai /ha) followed by paraquat (0.4 kg ai /ha) for s ix 

times at 2-iiieek in terval provided only short term control through 

damage to the aer ia l parts only without any effect on the underwgr»und 

rhizomes. Six rounds of application at in terval of 15 days er three 

applications at 10 days interval followed four meie at 20 and 30 days 

in tervals gave be t te r control . A 15 days interval and application at 

longer in tervals than 10 days af ter three rounds can be more effect ive . 

Application of glyphoSate in August and September was most effective 

for control l ing th is weed which coincides with adequate moisture 

content in the s o i l . Further, during the active period of growth th i s 



weed uias more susceptible to glyphoSate, 

The resu l ts presented here shou that successful cont ro l ef a 

rhizomateus perennial l i k e _1, c y l i nd r i ca can be obtained u/ith a herb i ­

cide such as glyphesate uhich i s rap id ly absorbed and translocated 

before the compound i t s e l f i s damaged through metabolic a c t i v i t y , as 

suggested by Sprankle jgt ^ . , (1975)* Further, a herbicide with 

f o l i a r appl icat ion and phloenc-translocated at a proper stage ef 

growth of the weed and i n the presence of adequate moisture in the 

So i l i s e f fec t i ve to get s u f f i c i e n t basipetal t rans locat ion to the 

under-ground organs. Another aspect that comes out of the study i s 

tha t repeated appl icat ion of ccntact herbicide such as paraquat can 

have only l im i ted cont ro l of the aer ia l mass u i theut k i l l i n g the 

under-ground vegetat ive rhizome, 

B i i l ag i ca l e l iminat ion during secondary succession af ter 5-6 

years e f fa l low regreuth through a Jhum cycle of 10 years or more i s 

perhaps the most e f fec t i ve contro l measure fo r th is uieed* 

.A 
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PREFACE 

The thesis deals with the ecologŷ  of an important weed of the 

north-eastern India, namely laperata oylindrica (L.) Beauv. 

This species is found in highly disturbed sites, such as jhum 

sites which are subjected to repeated slash and bum operations* 

They also occur elsewhere as a difficult weed to eradicate in 

tea plantations in upper Assam, Under short Stsam cycles, where 

the slash and bum operations are more frequent with about 

4«-5 years as is common now in the region, the weed assumes 

serious proportion with an arrested succession dominated by 

this species. The vigour of the weed is chiefly due to the 

extensive mat of under-ground rhizomes with rapid regeneration 

of aerial shoots. 

The present study concerns itself with the altitudinal adap­

tation of 1» cylindrica which grows upto an elevation of 1700 

meters in Meghalaya which is the subject matter for discussion 

in Chapter 2 followed by a Oeneral Introduction in Chapter 1. 

This is followed by a detailed study of the demography and 

population dynamics of 1, cylindrica at two altitudinal situa­

tions in fallows developing upto 5 years soon after cropping 

under the slash and bum agricultural system. These studies 

form the topic of discussion in Chapter 3. Chapter 4 deals with 

the fate of introduced populations of 1, cylindrica in these 

fallows, through seeds and rhizomes. In Chapter 5 the resource 

allocation pattern changes in I, cylindrica during fallow 
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regrowth ia eonaidered aa thia would determine the regenerative 

ability of thia apeeiea* In all theae chaptera from 3^5t the 

objective ia to aaaeaa the blotio regeneration of thia weed 

during the early phaae of aecondary aucceaaion following alaah 

and bum agriculture. Chapter 6 deala with phyaical and chemical 

control procedurea that could be adopted for checking thia weed 

aa thia ia partictilarly important under plantation cropa where 

the growth and vigour of thia apeeiea aaaumea aerioua proportiona. 

The laat chapter (Chapter 7) ia a general diacuaaion aummariaing 

the m&ior findinga of thia work on 1» cylindrica and diacuaaing 

it in the light ot exiating literature on the apeeiea. 

The chaptera are organiaed aa independent papera, each with 

ita own Introduction, Methoda of Study, Reaulta and Diacuaaion. 

Therefore, aome repetition waa unavoidable. A aummary ia given 

at the «nd of each chapter. Refereneea are placed along with 

each chapter. 

o....oOo.••.0 
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¥aad biology 

Waada ara ecmaidared to ba trotiblaaoma and mdasirabla 

e^ipenaBt In tha world vegatation. Aoeordlzig to Bakar (1974)^ 

"A plant ia a waad if in any spacifiad gaographieal araa its 

populations grow antiraly or pradomlnantly in situations 

•arkadly disturbad by nan". A plant is assignad aa a waad not 

only on tha baaia of ita chai^etaristies but its ralatira 

poaitioai vith rafaranoa to other plants and aan, Tha eoman 

dafinitiems of a vaad arai "a plant out of plaoa" or "a plant 

with a nagatiTa yalua" or "a plant or a pari of plant intarfar-

ing with tha eb^aotlras of nan" (]tenik» 1970}* Iran a plant 

that ia usaful ia a vaad vh«a it grova idiara it is not vantad. 

thns all plant spaoiaa nay, at ana tina or anothar ba elaasifiad 

as vaads. 

Tha eoneapt of a waad did not axist bafora agrieultura. Tha 

^racpaaney, intensity and daration of i^ysieal anvirenn«ital 

disturbanoas usually naoassary for agrioultura hara ineraasad 

tha inportanea of waads to a graat axtant (Taung and Evans,1976)* 

Tha intansira systan of land nanaganant praotiaas by nan braak-

dawn tha natural aquilibriun of plant oonnmitiaa and mair 

habitata ara continually eraatad î hieh offar frash epportunitiaa 

for oolenixation of unwuitad plants and thaaa fraquantly baoMMi 

sarioua waada* Sinaa vaads hava unique eharaotaristios for adap­

tation, t h ^ thriYa well in any anrironnent, or try to shape 

thenselvas in the ehangad situations. 



Weeds ef t«u tmm a serieus negatire taetor in erep prodae-

tiea and are responsible for narked losses in erep yield, m e 

weediness of a plant is not an ahsolute eharaeter either 

possessed or not possessed hy plants hot exists nore likely as 

a speetrm of oharaeters vhleh exists in Tarying degree in 

plants (Bart, 1976). 

A large pereentage of pemieions weeds are all«& i.e. Vamy 

are net native species» hirt zither intredueed fron ether ooim* 

tries by nan eith«r knowingly or oaknowingly. Pritehard (t9(0) 

reported on the hasis of a oonparatiTo st«idy between the native 

and intredueed species of Bwphorbia oyperissions and Hroerioan 

perforatnMi that the growth of the introduced mus was nore 

aggivssive in Awrrican eoatinent than in the native Itarepe. 

Bttoaterinn odoratwi. £• adenophorun. Parth«tii« hysterophoms. 

Phalaris ninor# Avwaa fatna. Ijnitana canarm. Argencne nexieana. 

StrJga angastifolia are sose of the eonnon Indian weeds that are 

intredueed fron ether cetmtries. 

CepttAding npon their life cycle» weeds can he classified as 

anneals, biennials or perennials. Seoleglcal studies on the weeds 

reveal nany hidden features of plant life. To study the various 

stages in the life cycle of a plant from their appearance either 

throui^ seeds or perecnating root stock till death, regular 

l̂ ittiologieal observations are essential (Barsal, 1978)* 

SmM of the weeds are distributed far and wide vhloh are said 

to have a laz^e ecological anplitudo, while there are others iriaich 
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art inaatrietad in diatrlbution. For 'tha saka of oe»vani«nea» tim 

vaada omiXd ba dlrided and olaaalfiad in ralatien to thair domi­

nant assooiatimi sueh aat (1) i»aada of erop fiaXda, (11) waada 

of fallow land, (111) aquatle ^t—dM and ( I T ) paraaltle vaad. 

g«B-ifaad iQCTaoapt 

Raoantly waads liava Haan Tlawad aa an uaaftetl ewaponant in 

agroooeaystona and nay play an ijiq^rtant rola in aooayatMi nanaga-

mmest of tho fUtura. Studies hy Cbaeon and Sllaaalnan (t982), 

Saxttaa and ftanakrlahnan (1984), Hlalira and Ranakrlshnan (1984) 

suggastad that tha n«i-woad eoneopt la an asaantlal Ingradlant of 

traditional rotatlcmal bush fallow agroayatMui in diffar«Bt parts 

of tba mrld and in north-oast India i^ara tha praotloa Is looally 

Jknonn as *Jhmik^, 

Obrlo«isly> one of tha Inpertant relas eS tho woods in tho orep 

land Is rolatad to rad»etlc«x In aell oreslon, protootlon of tho 

soi l surfaoa fron solar ztidlatlen and laprorod so i l nlero-ellnata 

(Ghaoon and dUossiian, 1982)* Kanaiorlahnan and his oo-wotitars 

(Toky and RaBa]crlshnan,1981} lUshra and iUuBalcrlshnan,1983) studlod 

the ehoeklng of soi l eresiaa hy iroods in Seam lai^s and ohsorred 

eonsldorablo loss of nixtrlttats before the plant cover Is establi­

shed* The role of weeds In oheoklng run-off and Infiltration 

losses beo^w obrrlous In a $-year old weed dcmlnatad fallow %dien 

e«spared with the agro-ecosystesui types under different jhun 

eyeles (the length of the Intervening fallow period between two 

suoeesslve oroppings in the SOIBM s i te Is a jhun eyole). 



f. 

Aaotiisr important positlTa rola of tht vaad lias in tha 

raejrelisf of tha autritfits through ergania aaaara* Whan tha 

jhaM famar in aorth-aast J^dia doas 3 to 4 partial ivaading 

duriag tha arapplag saasaa at lawar alaration all tha \m96M 

nmand froa tha plat ara plaaghad haok iata tha sail (Swaagr 

sad iUoMkkrishnaat aapuhlishad) i&ieh providas autriaats to tha 

•rap plants* la a study oa tha aitrogaa hudgat of thraa ^hua 

ejralas of 151 10 and 3 yaars at highar alavatioa of lfa|̂ hala]ra 

(Mishra aad RaaahrisimaB, 1984) tha aitrogaa raey«lad through 

v4» was astiaatad to ranga froa 4.8 to 20.8 kg ha of lAiieh 

ahout 1/6th is ploughad hack into tha soil and tha rast is 

routad av«9tually yia tha aanura pit. 

A variaty of vaads ara also usad as a foad. Tha plants lika 

qaatua aontaaiaft and g. ^gaaaoa ara iaportant foods of tha Raga 

triha. LaaTas of Anaraathas saa.. Chaaopodiua albua. Portuluoa 

alaraaaa. Calosia arg<Kitaa» Buphorbia oadaoifolia ara usad as 

vagatahlas. IQiizaaas of Typha whan pulvarizad yiald a sweat 

i^^f*o^» >iehhor«|ff crassipas has haaa raoMmaadad as poultry faad. 

Waads have aany ether g«ieral uses* Dry hushes of Caaaaris 

daoidua. Crotalaria hurhia and laoarata eylindrica are used as 

thatching aatarial. Another grass species Yhysaloaawaa aaadaa is 

used for brocws. Hedyshiua is used for aedieal purpose* 

Apart froa these baaafiaial effeots, weeds around crop az-aas 

(Tan Sadan, 1965f Priea» 1976) cr within the plantings (Attleri 

jt jl.9 19771 Root, 1973) can sigaifieantly alter the insect 

file:///m96M
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pc^^tlation and the resultant damage on the control of soil pathe-

gm. (Hiessaan and dercia (1979) have considered the possibility 

of contrelliBg one weed by another* 

Attteeological studies 

Studies on ecological life history are important for an 

widerstanding of the biological and ecological equipment of the 

species in relation to enTironmental factors (£tamakri8bnaa,l9d0ai 

I^Ob)* Importance of such life history studies has been B%VB»*A 

by Pelton (1951, 1953), Tansley (1946) and Whitehead (1957), 

Salisbury (1942) XHialised the importance of auteeologioal studies 

for its own sake and also for a better understanding of plant 

eosramities and perhaps these ideas led him to put forth a scheme 

of the "Biological Flora of British laels". 

In India life history studies have been done by a number of 

workers(Nishra and Siva Rao,1948| Bakshi,l952) Pandeya,19531 

Kail,1956). Ramakrishnan (1960a,1960b,1960c,1961, 1963a,1963b, 

1^3e,l964) made a detailed ecological study of some annual and 

pemmial weeds in and aroiznd Taranasi. In l&aphorbia hirta. 

lUoBakrislman (195d) observed two distinct M»typest an * erect 

type* growing in moist localities, and a 'prostrate type* growing 

in dry hard soils. 7he plant is found throui^ut the year flower­

ing and fruiting freely. The seeds have no dormancy period and 

germinate under favourable conditions of moisture* 

^ Bohinochlea colona (Ramakrishnan, 1960b) seeds germinate 

l̂ urt after first few showers in the beginning of the rainy seascm. 
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flovoring and fmiting start hy middlo of August and eoiq>l«tos 

its lifo eyels hy tho aiddls of Ootohor* Two issotypes wort 

obsorrod in this spooiosi (i) tho tall fom, growing undor noist 

to wator-loggod oonditi^^s and (ii) the short font growing in 

ooaparatiToly dritr looalitios. tht plant is typically a ealoifugt 

growing btst in oaleiun poor soils* 

In golipta alba (SanakrislBian, I960e) tht sttds ean withstand 

a high dtgrtt of wattr-loggod condition and gtminatt btst undtr 

diffused light. Tht sttd output was low in non«^aleartotts soils 

and inortastd with tht inertast in caleium in tht soil. 

In Bnphox^iia tlamifelia (Raaakrishnan, 1961} two eisotypts 

%rtrt rteognistdt (i) the *rtd fom* and (ii) the *grttn form*. 

fim forauir waa a faoultativt ealeieolt occurring in both ealoaro-

ous and non-oaleartous soils and the latttr rtstriottd <«ly to 

non-oaloarteus soils* 

^ fl^^taria glauea Ranakrishnan (1936) distinguishtd thrtt 

distinct ^tcotypt populsticout (1) *tht long panieltd tvrm*, 

growing in neist to Ytry noist soils, (ii) *tht short panioltd 

f o m S growing oxk loost dry sandy loan soils and (iii) *tht 

intemediatt fora*, growing on the top of old aud and briek walls. 

Plasticity •trsus Itootypos 

In reo«at years a grtat dtal of inttrtst etntrts around tht 

adaptability of indiTiduals to varying «iTironB«ital influtneos. 

Two distinct Titwpoints havt «Btrgtdt (i) that tht pojĵ ilation 

nay bt a stablt unit inplying thtrtby tht txlsttnct of distinct 



pepolatieas erelved to suit distinet enTir«»eBtal situatimis* 

the eeetypes and (ii) that the indiTidttal gwaetyps assunes 

diXferwt eharaeteristies shoving heth merphologleal or piqraio-

legieaX naBiXestaticms. These unstahle forms «hieh are due te 

the pXastieity of the sane genotype are variously tiHMed as 

*eoi^* or *eeoiMMnes* (Ranakrishoan, '1972)• 

Tim signifieanee of phenotypie plastieity in plant speeies 

has been extensirely dealt by Bradshav (1969)« The growth 

behaTieur of veeds ever a iride geegrm^eal; latitudinal or 

altitudinal range is oontrolled by the elinate of the area, 

nieroolinate and edaphie eharaeters. Adaptation to varied eliaa-

tie and edaphie factors of the «ivireiin«[it is «ie of the nest 

iaportant factors lying behind t ^ imceess of a veed species* 

The ecelegieal iapertanee of ph«sotypic plastieity is that it 

tends to sake an individual adaptable te sore than one habitat. 

TJm genetieal adaptability results in the evolution of 

distinet stable populations to suit distinct cnvireanental situa­

tions* furessen (1922) suggested that the main advantage of adap-

tati(»a by peraan«sct genetic changes appears to be that under sueh 

a systen the individual nay already be in the appropriate state 

before the critical envinomental changes occur* Ityers and 

Benuom (196?) observed phenotypie mriation in Abies balsanea 

in response to altitudinal and geographical gradients, Vu and 

Jain (1978) studied the genetic and plastic responses in Mremsm 

rubens in natural p^ulation and stated that the phenotypie plas­

ticity is an iaportant property for the adaptability of thia 
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epeeies tmder a raa^e of «nriro»3Mntal eonditiona. He further 

showed that t2-27% of the total geographie variatioas vas eoatri-

buted by genetie Yariation whereas 73*659^ was aon-g^tie. Figier 

et al. (1977) working with nine aataral poptilaticns of Hedysariiia 

corwaeriiai found ph«iotypie variability and grouped these popula­

tions in fiTO Borphologioally defined sets depending on different 

genetie pool and thus doKOMtrated the exist^ice of both genetie 

and phenotypie plastioity, Bradshaw (1959>1960) studied the pepula* 

tion differentlcyLim in Agrostis t^uis and found that populatien 

originating trvm «oraiftrasting habitata differed e<msiderably in 

their ability to tolerate different extreae eenditions. He shoved 

that the growth of lowland pepulati(m in the inland plot was 

seriously affected by winter conditions and the growto of vqpland 

populations in the coastal plot was affected by salt stem spray, 

suggesting that wavirouBent is the deninant factor in detendniag 

population differenliatien. Bradshaw (1959) i^irther noted that the 

eonoept of Yariation within a species being linited to aajor 

differences of the nature of ecotypes cannot therefore be held in 

&• tenuis. The ei^irennent by its selectiTo pressiire inposes its 

own pattern <m the differentiation of the species which often nay 

be pl^siologieal in nature. 

eainatic eicetypes 

Turesson (1922»1925) vas the first to denonstrate froB his 

CMQiaratiYe stiulies && plant population,that the observable 

differences in the field tend to be naintained as such, thus shm^ 

ing tl» esdlsttfioe of climatic races or dinatic ecotypes. He 
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furthar s&ewad tliat tba diffarasAas tetwaan aeotypas ara ganati-

ealXy dataraiaad and thay ara tha products of tha saXaetiYa 

action of tlia diffarantial anriraesantal factors. lAtar Claustti 

Ji S^* (1940,19^) ixi Amriea iaas ahxnm tba ascistanea of chains 

of eliaatic racas in a mntbar of parannial spacias ranging froa 

saa laTal to ahora tivhar lina in California and has raccgnisad 

atlaast alaran elisatie acotypa in Achillaa along a 200 nila 

transact across California, fhay shewad narlcad diffaraneas in tha 

physiological f aatiiras of thasa aeotypas lika the pattam of 

donuncy of tha Ternds, flewariBg and fruiting and rasistanca to 

cold, C^gor (1950,1946) veiling vith saa plantain, Plantago 

•aritlMi oana to ti» cimelttsifin that nhilst certain aeotypas nay 

ha cOiaraetarisad hy variational discoatinuty, oftim variation 

taads to ha contiraMus along a <^aar acologieal gradi«at to 

danota vhich ha coined *acolina*. 

Cooper (1964) found eliaatic vax^ations in forage grasses in 

nediterranoan and toiperata regions and showed that local varie­

ties of forage grasses are closely adapted in their life cycles 

to local limiting elinatie factors and that it is hasad on pl^sio-

logical featiares such as tMsperatura and day length raquirenents 

for fleirtring and leaf and tiller develej^ant. lagles (1971) and 

Ostgard and Sagles (1971) have raeogniaed clinatie races in 

Korveian and Portugese populations of Bactylis glonaarata depending 

«qpon their photoperiodic and teoporatura requixHOMnts. Cooper and 

McYilliaa (1966) exanined the effect of variation in eliaatic 

faetozv in Mediterranean populations of Fhalaris tuherosa and 



obserred t«aperature indeed differences between populations with 

regard to gez«inati<»i of seeds, floral induetioi, rate of leaf ex-

pansi^Q etc. Similar work is also airaiilable for a number of north 

American prairie grass speeies (IfeMillan, 1964,1969)* Qrant and 

Buater (1962) working with Calluna vulgaris reported that variation 

in growth habit and growth forms ehange with the ehange in altitude. 

They also reported that the maturity type is related to the length 

of the growing seas<m, populations originating from areas having 

sorter gxnnrlBg season are eoiqposed of individuals of early maturity 

type than £rom those areas where growing season is l<mger. Grant 

(1971) further reported that the floral develepsutnt in a number of 

perennial grasses were delayed with inerease in altitude due te the 

ehange in teaperature o^aditions. 

B^exkman and Holmgran (196?) compared the response of photosyn* 

tiwtie apparatus to different light intensities during the growth 

of the po:î alations of golidago virKuarea te^m. exposed to shaded 

habitats. Thmy found an inhibitioxi of photosynthetie activity by 

strong light in ease of populations from shaded habitats %^en grown 

in strong li^t, the plastids were poor in ehloroplqrll» irregular 

and partly f^ragmented. Sifferenees In Hill aetivity in three 

different altitudinally diverse populaticms of garaxaeum officinale 

have been reported by Hay (1975,1976). Slatyer and Ferror (1977) 

reported variation in the temperature optima for photosynthesis in 

the altitudinal populations of BucalyptiMi pauciflora. 

Work on climatic races in Indian plant species is unfortunately 

very meager. Xaul (1969) reeognised four seasenal populations in 



XaathitBi sti'̂ aariiai ̂ diieh dlffarad in morphologieal faatura lika 

laaf» firtait shapa and growth habit and in physiologieal faaturas 

lika light and taaparatura raquirasants, t&vH (1966) raoogaisad^ 

tha axistanea of two ehroBososal raeas in iUraratui otmygoidas. 

Saasoaal aeotypas hava also been raoognisad in Cthmopodim 

albUM (Baaakrishaan and Xapeor, 1974) who suggastad taaparatura 

and photopariod intaraetion at vatrious stagas of growth of tha 

stfluar and viatar populations within this spaeias. 

Idaghio leotypas 

Sdaphie aeotypas ara tha g«iatioally datamiaad plqrsiologieal 

typas aaeh adaptad to a liaitad ranga of soil eonditions« Krueka-

barg (1954) was ona of tha first to hara danonstratad tha axistanea 

of adaphie raeas diffarantiatad as a rasponsa to diffaranea in 

caleiuM oeeuring on and off sarpantina and non-sarpontina soils* 

HsBakrishnaa (1972) has rariawad tha work on adaphio aeotypas 

undar thraa headingst (i) pl^sieal eharaetaristios of tha soil, 

(ii) naere-nutriants in tha soil and (iii) niere-nutriants in tha 

soil. 

Soil physieal faetors haTa often been raoognisad as a basis 

for aeotypie differentiation. Raaakrishnan (193S) reoognised twe 

eeetypes in Eiacpherbia hirta, an ereet type and a prostrate type* 

the former growing in •oderateljr Bei«t looalitiea and the latter 

cm dry hard soil exposed to traapling. Sinilarly in Bchinochloa 

oolcna Baaakrislman (1960a) observ^ed two eeotypes (i) a tall form 

growing in Tory moist to waterlogged soils and (ii) short fora 
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frowing in 4riar leoalitias. £» Sataria gXa^m (RaMikrishnaA,1969} 

thraa ••otypaa }g%r9 obaarrad in reaiionsa to soil Boiatura and 

taxtvora. M^all Jj^««l*(1960) reeognised two distinct raaas of 

Oaotylis jglWMtrata hased on their adaptability to soil moiatura 

stress* MeCoim at £l. (1977) shoved that the pattern of perennial 

grass distribution was primarily detemined by irariation in sail 

permeability* Heins and Walkers (1979) damcmstrated the effect of 

soil tuiperatura and phetoperiod resulting in the variation in 

growth of Alistremeria regina. 

Caleim in the soil has been reeognised to be an important 

ohemieal factor affecting the restriction of irarieus species to 

their respective soil types. Thus caleieeles are generally defined 

as these plants which naturally occur in calcare<m8 substrata and 

do not gx̂ »w in acidic soi3%id^le calcifies are these lAiieh inhabit 

exclusively ncn-Msaleareous and acidic soils (Se Silva» 1934), 

Ramakrishnan (1961) recognised two eectypes in Jltephorbia thymifolia. 

the red form and the green form as a direct response to soil calcium 

status. The former had a wide r«inge of tolerance for calcium idiile 

the latter was an obligate ealciftige. Similar studies have been 

extended to Cmodcn daetylon (Ramakrishnan and Sini^, 1966)» Tridax 

prociabans (Ramakrishnan and Jain, 196$) and Adhatoda vasica 

(Ramakrishnan and Biaht, 1966). Xxistence of ecotypes in relation 

to soil calcioB has been observed by ether workers in species like 

Festuca ovina (Snjrdcn and Bradshaw, 1961)» frifolium ropeaa 

(Snydon and Bradshaw, 1962) Ajcrostis tenuis (Bradshaw, 19591 Jowett* 

1964). 



RanakrisliBan (l^da) irioila working exk ealearaoiis and aoidie 

populations of Malilotus alba has shorn a signifleant IntaraetioB 

batwaaa j/lB. and ealoiua influaneing tha bahaviour of contrasting 

populations* Q&% of the first raports of aootyple diffaranoa in 

ralation to soil phosphorus was that by Snyden and Bradshav (1962) 

in tha natural papulatiwis of Trifoliun SSSSS&' "^^ rasults not 

«aly showad a diffarantial rasponse to phosphorus by thasa aootypas 

but also diffareneas in tha eontant of othar alaaents Ilka iron, 

sodiun» patassiiDBi and ealoiua. Hiltcm (1940) Xraa his nanurial 

ascparlBMnts an Aurostis and fastuca grasslands showad signifiaant 

ineraasa in tha ralativf abundanca of Asarostis twauis in ralation 

^® y«»t¥»a oviaa with addition of phe^phata. 

Tory littla is known about tha responsa to nitrogan and peta-

ssiuB within a giTon spaoias* Kaaakrishnan and Q&pt& (1972) absaivad 

in eaaa of Cynedwi daotylen that ealearaous aaetypa within tha 

spaoias gaTa battar yiald at low nitrogan laral and r%r%rB% was 

shewn for tha nen-ealearaous <m%, Biffaraneas batwaan natural 

populaticsis in raspensa to potassium has bean raportad by SnydsA 

and Bradshav (1962) within tha pepulatiens ef Trifeliun rapens. 

S u ^ a diffaraatlal raspense to petassiun was also raportad by 

Ranakrislman and St^a (1972). 

Hot nueh is known about adaptation at tha sub-spaoifie level 

ever a short tine period in an area, tha work en Chenopodiun albwa 

(Kapeor and Itaaakrlsfanan, 197?| Sanakrishnan and Kapoor» 197^) ie 

one of the few sueh studies regarding populations tFom tha sane 

area whieh are adapted to different seasonal diffarenoas in light 
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and t«Bperature. A aui^er of adaptive differenees were observed 

between the two populations which ensure their distribution in 

tine. 

With the realisation of the faot that the selection pressure 

could result in population differentiation, it is reasonable to 

assuae that continued biotie pressure would lead to differentially 

adapted genot3rpes« The concept of biotie races was recognised by 

Stapledcm (19^) wh«s he distinguished a number of eeotypes in 

Baotylis glwaarata. Rastakrishnan (1958) in guphorbia hirta. 

Qedgil and Solbrig (1972) in dandelions and AbrahsBsea and Gadgil 

(1973) in the ease of golden rods shewed differenees in populations 

f^OB disturbed sites and from nore aesio undistuz^ed sites. 

Dmwgrai^y and pfopulation i^ynaaics 

The population of a species eol<mi£ing a habitat • passes 

throu^ different growth phases with the passage of time. Initially» 

the population grows exponentially till the resources becone limit­

ing. Later €m» if the birth and death z^tes become equal» the popula 

tien size gets stabilised lowing fluctuations around a mean valiae. 

fhe growth of the species populati<ms» however brings about certain 

changes in the environment as well. The modified enviroament may 

prove to be unsuitable for the early eolmizers ndiere the populatio; 

may disappear duie to increased mortality. How long the species will 

continue to grow mi a given habitat» of eourse dep«ids mi its 

capacity to adjust itself with the changing enviromaental conditica 

The changes in the environment may, however, be reflected in the 
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fluctuations in population size. The study of these fluotuations 

in population size is referred to as population dynaaics, a tern 

for the first time proposed by Elton (1933). According to hia, 

population dynaaiios concerns with the rate of increase* decrease 

and the influence of the environmental factors on the size of the 

populations. 

While extensiye studies haye heen done on the population 

dynamics of animal population little attenti(»i has heen given to 

the study of plant populations (Harper» 1961). The main causes 

which have hindered the study of plant populations are the 

plasticity and yegetative reproduction (Harper, 1961,1967)* Howeyer» 

in the last two decades, the population dynamics of plants has 

received impetus inspite of the difficulties in handling plants. 

the behaviour of a population is dradnated by birth, death and 

migrati<»i of pc^pulations. The rate of population growth is generally 

expressed as the increase in the number of individuals per unit time. 

Letka (1931) and Tolterra (1951) proposed separately different theo<-

ritieal eijuaticais for calculating the population growth rate idiich 

were experimentally confirmed by Oeuse (1934). Qause put forward 

the famous *6ause hypothesis* idiich suggests that two speeies having 

identical ecological niches cannot survive together for long time. 

This was supported by Frank (1937) Tantaway and Solimaa (1967)* 

However, Koch (1974) for the first tiiM suggested that two species 

can co-exist on one biotic resource which was also confirmed and 

supported by NeOhee and Armstrong (1977) and Armstrwig and IteGOuMt 

(1980). 
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Yerhulst (1933) proposed the f irst logist io laathematieal 

egression of efiostinuous population groirth whieh was latter 

elaborated by Pearl and Reed (1920) in the following equationi 

it • ^ ^IT 

idiere If i s the nuaber of individuals, t the time, r intrinsio 
dM 

rate of population growth, X earrying eapaeity and ̂  represents 

the rate of change in population sise. Harper and White (1974) 

imt forward an equation for the study of population dynaaios in 

plants ast Vt 4l» 1ft • Birfeh • Death • Imlgraat • Ssigrant 

where irt « number of individuals of population at time *t* and 

irt • 1 » number of individuals at time 't •«• 1*. 

The plant po]^tlations consist of two levels of population 

organization as suggested by Harper and White (1974), One, the 

niXBber of individuals per unit area (colonies) and the othusr, the 

number of shoots or leaves or auxiliary buds per plant. The early 

seedling phase of a plant's life is generally eonsidered the most 

risky and this risk is exaggerated due to increasing density of 

the same or another species* Wh«ai individuals of a species are 

released into a favourable envirwtuumt. their number increases 

rapidly at first and then stabilizes, thus implying that it is 

the population size irtiieh itself in some way regulates the rate of 

poi^alatimi growth (Harper and Qajic, 1961). Individuals may resp^id 

to dttisity in two wayst (a) a reduction in seed output or lowered 

rate of vegetative reproduction and (b) a reduction in the chance 



• fi 

of indiridiaal survival (Harper and @ajie» 1961) Raaakrishnan and 

KuaaTy 1971a>b). Just as in a population of single species density 

str%BM intensifies the ejqpression of snail differences (genetic 

and envir<mffi«ital) between individuals, so in nixed populations 

density stress nay exaggerate and exploit inter-specific differoi* 

ces. The experimental nodel of de Wit (1960) are siqperbly designed 

to study the behaviour of two species in adxture. Iii this nodel 

the two species are grown toge-^ier at varied proportions while the 

overall density of the mixture is maintained constant* 

The behaviour of two or more species growing together and 

interfering with each others mechanism of population control is of 

great interest. An undexvtanding of the ways in i«hich one species 

succeeds at the expense of another and the ways in which plant 

species may co«4aabit within a relatively stable coammity without 

one succeeding at the expmse of another, must depend on a knowle­

dge of the manner in which papulations are controlled (McBaughtni 

and Harper* 1960atb} &trper and Kdteiughton, 1962| Harper and 

caatworty, 1963). 

The population of Avena fatua and Avena barbate have properties 

of self-regulating systems in which frequency dep«adent selections 

allow stable co-habitation of two species. Ibider escperimental condi­

tions* regulaticm in both species acted through a plastic response 

to density as opposed to a predraiinantly mortal response Involving 

changes in survival rates (Marshal and Jain, 1969). The studies \gf 

Hamakrishnan and Jeet (1972) on the ei^petitive relationship exist­

ing between Argwawie species indicate that A.mexicana reacts mere 
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sensitively to intra-specifie c<»rpetitlon than A* oehrolettca. 

Study on population dynanies of perennial plants has 

received little attenticm. Saruldlian and Harper (1973) aade a 

detailed study of denography ftf three species of Rantmeulus in 

a grassland situation which was analysed aatheiuitieally by 

Sarukhan and Gadgill (1974)* Mack (1976) studied the surviorship 

^' C*ramtrivm atrovirens Howthera and Cavers (1976) studied the 

(ii&mogrBphy of perennial herh Plantago major and P. ruitelli. 

Kushwaha j ^ a^. (1983) studied the population dynanies of 

laperata cvlindrica in successional oonmunities after slash and 

h u m agriculture in differ«3t fallows of 1,3 and 5-year and 

ebserved that the loss in population in different fallows was due 

to reduced li^^t ponetration and greater moisture Btreas in these 

fast developing ĉ BBBaunities resulting in eoi^lete elimination during 

the seventh year of fallow regrowth. Only the O-year fallow, n&ere 

the plant cover was sparse, had maxiwua recruitment. Working 9a 

population dynanlca of Eupatorlum oderatun Kosfawaha et al.(1981) 

observed that mortality patterns of individuals in 1,3,5,10 and 

20'year sld fallows increased with the age of the fallow and 

reported no recruitment in 10 and 20-year old faUews. Ranakriahnan 

and Mishra (1981) studied the population dynamics of Eupatorium 

ad«nophorum in fallows after slash and b u m agriculture at higher 

elevaticm In north<-eastem India and observed a net population 

increase throu^ both vegetative and sexual reproduction in early 

successional fallows upto 6 years* Mortality of seedlings was h i ^ 

in 1 and 3-year fallows, low in 6-year fallow and reached ^00ii in 
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older fallows. Further, they showed that seedling mortality was 

•ayljwa during nonsoon althou^^ some seedlings died in winter as 

a result of drought and frost* 

Population dynaaioB of rhizomatous plants is difficult heeause 

the eomieotion between parts of a single genet is usually hidden 

below ground. For most clonal plants in ^ 1 ^ there are no genetie 

narkers, population dynanies can be followed eoXy for shoot nodules 

(Harper, 1978). A growing plant gains new nodules (birth) and losses 

old ones (death) and the size of the plants is detemined by a 

balanee between the births and deaths of its parts (Harper and 

ia&ite,1974{ Kays and Barper, 1974{ Harper, 1977). A population of 

plants that naintains a constant density of shoots, nay do this 

by a yery rapid turn-over or no tusra-orer at all. 

Such a flux can be measured by mapping or narking nodules, 

preferably at birth and repeatedly recording the fates of the 

maxiced modules. The dynamics of shoots has been studied in popula­

tions of Carex arwaaria by Moble (1976). The life histories of 

tiller modules have been studied on spaeed populations of several 

agrieultural inportant grasses suoh as Br<MBua inemis (Lanp, 1952), 

Pheliaa prattf^se (Langer, 1996), Festuea pratensis (Langer et al,« 

1964) and £, arundinaoeae (Robson, 1968). 

Callagfaan (1976) suggested that the growth, reproduction and 

death of individuals in a plant population are affected by environ-

nental factors within the frame-work of their genetie pregranme. 

The envir^maental factors may be biotlc, suoh as grazing, predaticm 

and eoapetition for the limited resources and abiotie such as eold. 
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heairy precipitation» £rost, storai ete. which destroy the popula­

tions eatastrophically (Vamer Wilson, 1967)* 

^ A considerable amoimt of literature has been aoeuoulated 

on the mortality rates of plant populations over the last 15 

yeara. Deevey (194?) on the basis of work with different popula­

tion eoneluded that in {general the individuals follow three 

types of death and decay patterns* Heavy juvenile mortality has 

been observed in the seedling populations of various weed species 

(Hetty 19711 Sharitz and lioCorBick, 1973; Sarukhan and Harper, 

1973} Hett and Loueks, 1976), This period seems to occur at the 

transition stage between the dependence of seedlings on seed food 

reserves and their establishment wh«3i they start independent 

assijBilation. The seedling. mortality due to drought has been 

reported by Tazaki (1960), Peterson (1966), Cavers and Harper 

(1967) > Friedman and Orsham (1975)* Marquis (1976) and many other 

workers. This type of mortality represents Seevey type Z survivor­

ship curve. In contrast to the seedling population, the established 

plant populations show constant risk of death throui^out their life 

span following Seevey type IZ survivorship curve (Tanm, 1936) 

Itabotnov, 1958| Sagar, 1939i Foster, 1964) Antonovics, 1972). The 

individual with long life span generally show a third category of 

survivorship 0eevy type III with hi|^r mortality in the last part 

of their life. 

V In most of the plant population studies the survivorship curves 

have been found to be Deevey type II idiieh implies constant death 

risk throui^out \3a» life span of the population. Thm studies on the 

mortality pattern of Maize done by Ktaiar and Ramakrishnan (1971) 



yj also showed mortality is a oraatinuing risk that the population 

has to put up with throughout its life eyele. However in 

Banthonia caespitosa. Villians (1970) observed Deevey type III 

survivorship eurve with heaviest mortality in tlM young stage. 

In eentrast, Canfield (1957) observed JDeevey type I survivorship 

eurve with less risk of death in young and aiddle period of age 

and hi|^ mortality risk in old age in griohaohe ealifomioa, 

Bouteloua hirsirta and g. chondrosioides. 

Harper and White (1974) reviewed the literature on longevity 

of various plant species. The determination of ti:ie exact age of 

the perennial species is difficult as no poesilsle technique for 

estimating the age has been found out. Yarious techniques used to 

determine the age are based on anatomieal and morphological 

features. Pigott (1955) found that the age of Cirsium aoaulcaa can 

be accurately estimated by counting the number of leaf sears <m 

the rhisome. 

The most reliable method for estimating the age of per«amial 

species is to follow the fate of the labelled seedlings or tillers 

of known age in permanent quadrats. This method has been success­

fully used by Tamn (1956y1972a»1972b)» In Anthoxanthum odoratum. 

Ant movies (1972) ovmerved that the different populations have 

different longevity according to their adaptation to a particular 

habitat and suggested that differences in longevity of individuals 

of different populations may be related to enviroxuaental conditions. 

Age structure of a poimlatieai refers to the eategorisati(m of 

individuals into various grovqps representing different age elasses 

in a population. Age structure of a species may largely determine 
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its survivorship. Williams (1970) and Antonovics (1972) observed 

differential decay rate for the individuals recruited at differ­

ent times. It also gives valuable information about the recruit­

ment of new individuals to the popiaation, the transition of 

individuals from one age-group to another age-group, the number 

of individuals reproducing and also the mortality rate as influen­

ced by age (Rabotnov, 1978), 

Harper and White (1974) while studying the age structure of 

the population of a perennial species suggested that the seedling 

population may or may not be considered depending upon the obser­

vation period of the year as the seedlings tend to show 100% 

mortality in perennial grasses (Putwain et al..1968). Richards 

(1952), Emlon (1972) and Schaal (1978) suggested that the unstable 

age structure of plant species observed may be due to large 

environmental fluctuations that may occur during critical periods 

in plants life. According to Rabotnov (1945,1950a,1950b,1969) 

coeno population is characterised by various age groups of indi­

viduals based on the four main periods: (i) the period of primary 

dormancy, (ii) the virginal period, (iii) the generative period 

and (iv) the senile period. 

Fire, which occurs frequently in some plant ooimnunities plays 

an important role in the regulation of the population of aany plant 

species. A fire of mild intensity may stimulate high seedling estab­

lishment and growth by raising the soil temperature and nutrient 

status and by removal of plant litter and vegetation cover 

(Buell and Cantlon, 1953; Kelting, 1957; Lemon, 1967; Old, 1969; 
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8barp»1970) Vhelan and Main,1979). Toky and Raaakrishnan (1983) > 

Saxena and Raaakrishnan (1984) also obserred stioEulatory effect 

of fire in the early phase of soiae secondary successional C^BBU-

aities after slash and b u m agriculture (^hua) in «borth->eastem 

India. 

Fate of introduced populations has been studied by a nuaber 

of workers (Chippiadale»l948) Yam, 1950) Cavers and Hax<per,1967) 

Putwain and Harper» 1970)« These workers further showed that 

introduced rhizoae surrive better than the introduced seed* 

Tarious workers (Ellenburg, 1955*1956) Odua and Oduai, 1959) Harper* 

1949a) Cavers and Harper* 1967) Putwaia and Harper, 1970) Ranakri-

siman and Jeet, 1972) Ramakrishaant 1975) have shoiot that the 

distribution and abundance of a species is profoundly influenced 

by the assooiated vegetation in the coneuaity* Poor seedling 

establishment has been reported ia established ocaonmities by 

Taoa (1956) and Cavers and Harper (1967)* Putwain and Harper 

(1970) and Dwivedi and Tripathi (1980) found that aaoagst the 

associated species, grasses ezereise the greater regulatory 

influimce coapared to dicots* Sai^r (1970) noticed increased 

vegetative and reproductive growth of Flaatago laaoeolata when 

the associated vegetation was reaoved. Siailar results was 

obtained by Kapoor and Ramakrlahnan (1974) in the ease of 

Sohinochlea eol«aua« Sstabliahed plant populations also affect 

the siurvival and growth of the newly recruited individual 

(FriedBaa,1971) Aadel and Rozeaa,l974) Chtpta and Tripathi, 1979) 

Tadav and Tripathi,1981). 
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la soa« studies of plant population dynaaioa* different 

plant parts ware e<»isiderad as aenbars of the populatioai. Thus, 

Saaki (1960) in Fhaaaolus Yirissiaus and Micotiaaa tabaeua and 

QUI and fwBilsoB (197^) in Khigophora Bangle studied the 

<!̂ 7iaBie8 of leaf produotion. Baxxaz and Harper (1977) also 

studied the effeot of light intensity and density of branehing 

pattern and leaf dynamics in Linua usitatissiaua* dill (1971) 

ebserred the dynaaics of bud production in Fraainus aaericana. 

Recently, detailed demography and population d3m&Bic8 analysis 

of leaves cm a tree has been done ext«Qsively by Ranakrishnan 

and his co-workers (Bhooj and Ramakrishnan, I982t Raaakrisbnan 

and Shukla, 1^4) considering the leaves on the tree as a aeta-

population. These studies have been done considering the niche 

differences and occupation of early versus late suceessicmal 

trees. The studies show that the birth or death rates and the 

consequent turn-over of leaves is faster on the early successiimal 

trees coapared to the late auccessicaial &mm, Tha early successiMial 

trees, therefore, shov a larger leaf pop%ilation of the younger age 

groups eeapared to the late suceessional species* On the basis of 

this stuty the faster grovth rate and the higher photosynthetic 

effaeieney of the early sueeessi(nial tree species has been 

assessed* 

V Allocation gattem and yproductive strategy 

Recently much interest has centred on the %rays in idiich 

organisms allocate their limited supply of energy and materials 



to diverse life functions (Hioknan, 1S^9)« The concept that 

oreanlsmB have certain Halted energy available to e^end for 

different life purposes was put forwarded by Cody (1966)• 

Considering dutch size in birds, he argued that the vay in 

which an organism allocate^ its energy to such ends as repro­

duction, competition and predator avoidance is a oharaeteristie 

of ecological and evolutionary importanoe. He used the tern 

"Principle of allocation* to escpress this concept. 

KcArther and Vilscm (1967) pointed out that organisms in an 

open environment are selected for greater reproductive potential 

(z*->8electlon) whereas organisms in a dosed environment are 

selected for greater competitive ability (k~selectlon)« dadgil 

and Solbrig (1972) escpanded the concept of r- and k- selection 

in plants and tried to formulate them more rigorously. They 

Mqphasized the r-strategy by Invoking patterns of mortality 

rather than the "fullness* of habitat. The central idea of r-> and 

k- selection has been considered from a number of other aspects 

like duration of life*cyele and propagaticm ability In a crowded 

or uncrowded environment (Fischer, 1938} Vllllam&,1966} Sadgil and 

Bossert, 1970; Pinaka,1970j Wllbar ft al,,1974). 

Abhahamson and Cteidgil (1973) stiggested that the reproductive 

effort should decrease under shaded eondltlcm as more esqphasis is 

givtti for vegetative growth for survival of the plants here. 

Similar pattern of resource allocation has been shown by a muiber 

of workers (Abrahamson and dedgll,19731 Salnes at al., 1974; Rose 

and Quinn, 1977). 
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Ut^pp9r and Ogden (1970) deseribed :for the first tiae parti-

tioaing of dry otatter and energy throughout the life cycle of 

different plant speoies, They made an esqperimental application 

of the theory "prineiple of allocation" to the life cycle of 

Ssaaeoio vulgaris grown under different stress conditions ajoA 

pointed out that the proportion of allocation of bi^aass aay 

refleet the pattern of energy allocation provided there is a 

strong eorrelaticQ between total bioaass and total calories* 

fhis was later supported by a nuober of workers (Abrahanson and 

Qedgil, 197?t Snell and Bureh, 1975; Hickman and Pitelka, 1977)• 

Wfp^r and Qgim (1970) also suggested certain major patterns of 

ttaergy allocations in annual» biennial and perennial plants 

quantitatively* In annual plant species much of the energy is 

devoted to reproductive struetures \[&ereas in perennials enphasis 

is given cm. s'torage of energy for future growth and developnent 

by reducing reproductive budget (Hsi^er and Ogden, 1970| HiekBan^ 

19751 Peterscai and Baz»uc,1978| Bell sj^ £l.t1979)* Clark and Burk 

(1980) shoved the adaptive signifioance of such a strategy in the 

two annuals Ca»i«»einia boethi and Plantago insuleris* The f orser 

had a longer life cycle and it traded to loaintain higher levels 

of nea*struetural carbol^drates for vegetative growth whereas the 

latter started its reproductive growth early and allocated higher 

proporticm to xvproduetive growth by reducing the allocation to 

vegetative organs* 

Saxena and ikanakrishnan (1982) studied the reproductive effi* 

ci«siey in three categories of secondary sucoessi<mal herbaceous 



oowsmitios sush as. oarly suoeossioaal noa^sprouting^oarly 

saooossionaX sprouting and lata suoeassional populations in 

shifting agrieiatura (jhua) and f^md that aarly sueosssioaal 

nen^sprouting populations vara raproduetiYoly (sa»tal) mor* 

affieiant n^araas aarly sueeassional sprouting populaticHU 

allooatad »ora to iragatatiTaly rtprod»oing organs. On tha ether 

hand early suoeessional sprouting populations showed an iiiret*se 

relationship betwe«a iregetatiYe and sexual reproduetiye effort. 

The strategy of late suooessieaial speoies 999vm to be to iwucifldse 

•egetatiTo growth in a olosed habitat. 

A differenee in alleeatien strategy in perennials with 

differwut growth habit have been deB<mstrated by a nunber of 

workers (fux^inton and Cavers »197@ I Howthom and Cavers»1978} 

Pitelka« 1977). An inportant featiire of the reproduetive stral̂ eiar 

of perennials depend «̂ pon the aature of seacual and vegetative 

reproduotion. It has been shown that sexual reproduetive allooa-

tion renains generally fixed towards different waivironBMtntal 

stressest idiereas vegetative reproductive allooaticm shows plas­

ticity towards different environmental conditions (OgdoB* 1974| 

fhonas* 1974} Abrahaswon, 1975a,b). Ogd«i (1974) working with 

xmsoactous plant Tussilaj^o farfaara indicated that nost of the 

energy required in flowering process cane fron the r9»9rw» 

stored in the rhismurs. Saxana and Itanakrishnan (1983) working 

with resource allocation in perennial rhixoBatcus species 

1* cylindyica found sore bienass allocation to the underground 

rhizoaes with the growth of the plant. Mocney and Billings (I960) 



and Kianara (1970) found a strategy of early spring flovering 

powered by stored reserves in z^iizomes in alpine and sub-alpine 

speoies* 

fhe iiqportanee of stress and disturbed e(»idition in the 

alleoation of biosass was eonsidered by Chrixe (1974) • He defined 

* stress* as any fiaotor limiting plant growth like stoz^e of 

light, water and nutrients and *distui4lanee* as any faetor 

resp<msible for the loss of bi^mss like herbiTory» pathogenicity 

and hunan activities, thus Sriste (1974, 1979) reeognised stress 

tolerance as a strategy of plants unter usgproduotive environaent. 

A critical review of the methods for estimating reproductive 

efforts in plants have been giv^ by Kawano and Ragai (1975)* The 

most widely adopted method is that of Harper and Ogdwi (1970) 

i^ere the ratio of reproductive growth to total bionass is consi­

dered as reproductive effort. While such an approacdsi has yielded 

valuable infexvation, little effort has been made in order to 

relate reproductive growth strategy with leaf growth (Bazzaz and 

Hasrper, 1977t Primaek, 1977)* This approaeh should have received 

more attention particularly in view of the fact that leaf as an 

organ is the chief region of pfaotosynthetio activity, NcKaughton 

(1975) shewod a negative eorrelati^n between vegetative repredue-

tive growth and foliage growth in the population of Tvpha 

latifolia from different climatic regions. 

Saxena and Ramakrishnan (19S2) working with early sucoessional 

and late sueeessional plant species in slash and b u m agricultural 

systMi fciind that late sueeessional species had high leaf area 
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ratio eoaparad to early auecesaional apeeiaa as the adaptaticm 

in the former is to synthesise and maintain the maxiaxni light 

iatexveetion scorfaee due to a lew light regime habitat, whereas 

the latter occupying a produetiTe and op«at enirironment divert 

their resource to other life purposes as growth and reproduction. 

They further showed a negative correlation of leaf area ratio 

with the reproductive effort in an early successional non-sprouting 

species and positive correlation of leaf area ratio with that of 

reproductive effort in early auecesaional sprouting species which 

indicates that reproductive success dcj^ends upon the productive 

efficiency in the former and vigour of the over all plant in the 

latter. Keeley and Keeley (1977) showed that non-sprouting 

nbmj^kml shrubs Arctostaphyles iglauca have higher reproductive 

alloeaticm compared to the sprouting species Arctostaphyles 

glandulosa. th&y could not show differences between the two 

regenerative strategies and suggested that reproductive cost here 

is small and may be averaged over a long period of time. 

Hhile considerable work has been dcme && the allocaticm of 

bicmass/energy to the different life processes, very few studies 

are available on the aUeeati^a of nutriwotts which is also equally 

important in the evolution of reproductive strategy particularly 

in situatitms with limited supply (Harper and Ogden,1970). 

Tan-Andal and Tera (1977) woxicing with annual plant Senecie 

sylvaticus and perennial plant ghamae«eri<ai angustifollum observed 

that in annual species reproductive allocation of biomass was 

independent of the nutrient level. He also fotmd more allocation 



( C 

O 1.4 

of nutrients to the reproductive stx̂ ietures in annual speeies 

whereas in perexmials allocation to the vegetative organs was 

aore in the latter part of the plant's life. 

Saxena and Raaakrishnan (1983) studied the growth,alloeatirai 

pattern and nutritional status of some dominant annual w»«#sueh 

B" Borreria articularies. Cassia tora. Ageratum conygoides and 

IBrigeren linifelius in shifting agriculture (jhum) in north 

lastem India and observed differmces in the allocations of 

bimaass and nutrients. In all speeies» reproductive alloeatimi of 

nitrogen and phosphorus was hi^^er than that of bionass and 

potassiua. They further showed that allocation of bioaass and 

atttrients to leaves decreased during growth in all the speeies 

and this was aore pronoxmeed at the tiae of reproduction. 

Saxena and Raaakrishaan (1963) also studied the growth and 

allocation patterns of dry aatter and nutrients (nitrogen,phos­

phorus and potassiua) in four iaportant perennial weed species 

such as Bupatoriua odoratua. Qrewia elastica. laperata cylindrica 

and yhysanolama aaxiaa. They found that aaong the four speeies 

£• odoratua ctiiibited a greater allocation of its bioaass as well 

as nutrients to stea coaponent as eeopared to the other three 

speeies which can * sprout* after fire. The two rhizoaaiipl speeies 

QL* oyliP<*rio> and T. waxiaa) diverted greater proporticm of dry 

aatter as well as nutrients to below groimd tissue ooapared with 

the two non-xiiizoaateus species (B. odoratua and €[• elastica)« 

They further showed that the two C^ plants j[. cylindrica ahd 

X* "MJciaa had higher nutrient uptake efficiency inspite of their 

low nutrient deaaiid per urlt ^if matter production. 
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Weed Itontrel 

The praetiee of weed control is as old as the origin of 

agrieiilture itself. Since they often eoapete with the crop 

for water and nutrients and soisetimes ev«a for light energy, 

keeping thtts in check is important, Veed control methods may 

be physical, biological or eh«U.eal (Bavid and Sen, 1981). 

Different physical methods of weed control include (a) 

soil cultivation, (b) mowing, (c) flooding, (d) bui*ning and 

(e) Belching, Cultivation of the soil, combined with hand 

removal, was the only effective method of weed control in the 

earliest period of agriculture (Kii«,1974). Tillage is effective 

mi most annual weeds lAiich involves lifting of weeds from the 

soil, cut-out and burial of all growing points. Often the land 

has to be cultivated in preparations for seeding and this 

provides some measures of the weed control at the same time. 

For perennial weeds repeated cut-off or burial is needed until 

the underground parts are killed by carbohydrate starvaticm. Zn 

Bidia Hosmanl and Setty (1972) noted that emergence of both 

monoeot and dicot weeds was significantly reduced by repeated 

harrowing, Qauley (1977) observed maximinB number of species(8*9) 

under no tillage and practically no weed under deep plouiî hing 

treatment. 

Mewing is a reas<mably effective way of controlling differ­

ent weeds. It is useful for certain annual weeds, enough to 

prevent flowering and seeding. This pzn&ctice Is relatively 

ineffective on perennial weeds. However, repeated mowing not only 
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prevmts seed production of per^mial weeds, but also aay starve 

underground parts (Klingnan»l973)» Bowm eoaaion weeds of lawns 

like Bttphorliia thyaifolia. Phyla nodiflora. Cyperus retuadus 

can be effectively kept low by sowing. The best tise to start 

Bowing is usually irtien the underground root reserves are at a 

low ebb and should be tined with the stage of aaturity in order 

to remove the flowers before they nature into seeds (David and 

Sen,1961). 

Flooding by water is an age old technique for weed eontrol 

(Arai and lfiyahara»1936). This aethod is used in weed eontrol 

in paddy fields and in other erop lands as well. The flooding 

eheoks the weed growth and proves fatal by d«»ying oaqrgen to the 

roots and leaves, thereby px«y«ating the life processes. Ifosaani 

and Setty (1972) observed that weeds are effectively controlled 

in paddy by sUteergenoe of field to a depth of 3 em* Robbins 

et al* (1956) has reported the eontrol of some obnoxious weeds 

such as Ceataurea SSSSBSL* Convolvulm arvensis and Solaaua 

carolinease by this method. 

The use ot fire is another age-old method of removing unde­

sirable vegetation (King» 1974). ^amphrey (1949) reported the 

e^strol of Prosopis velutiaa. Aplopaopus t«mise€us and Opuntia 

fUlgida using fire. The control of imeds by fire is due to 

coagulation ot protoplasm in the eeU. The plant cell can resist 

tl» temperatiure upto 45-55*C} weeds can tolerate beyond this in 

certain species. Sen and Chatterji (1965) reported that seeds of 

Calopteris procera eould stand a dry heat of 90** C for three 
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hours without affecting its gemination. Knake et al. (1965) 

noted that fire nay be used for selective weed control in onion, 

eottoi and com, whieh are cultivated in rows. Sen (1978) 

reported a decreased growth and yield of crop plants due to 

burning at different weeds. 

ifulehing checks the weed growth by preventing photosynthesis, 

idiieh results in the killing of weeds (Î avid and Sen, 1981). The 

Materials used for Bulehing includes dry straw, hay, manure, rice 

hulls, twigs etc. Agricultural plastie is a relatively recent 

innovation and appears to have many desirable characteriatics• 

Swarbrick and Doniniak (1973) reeoaaiended that standard polythene 

film of normal thiokness (0«20 m ) Is sufficient to prevent the 

penetration of different grass roots. 

In biological control of iraeds, several insects, plant patho­

gens, fungi, parasites and animals are involved. Perkins and 

Swegey (1924) were the first to report biological control of 

Lantana caaara by an Jjitroduced insect. The most outstanding 

exaarple of the control of a weed pest through the agency of 

Inseet is the destruction of Australian prickly pear cacti, 

Omintla Inermls and O.strleta by a moth borer Cactoblastic 

eaetorum. An outstanding success was also achieved in biological 

control of Qpimtla vulgaris by the introduction of mealy bug, 

gactvloplus oevlcnieus. In India, biological control of Lantana 

camera has been reported by using the insect Tele^iemla scrupulosa 

in Hyderabad (Yema and Sadatulla, 1973), and Salvlna by using a 

bug Paulala aocuminata (Anon, 1976). Control of Cyperus rotundus 
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by stemboring weevil (Athesapeuta cyperi) has been reported by 

Frick et jB̂ . (19^)* The iaportanee of biological control'lies 

in that it could be aost effective without any environnental 

problems provided it is planned ^diciously. 

Carpenter (19<M») reported the control of ftHmtia spp. by 

f^^iXLgUM l^ariua after the discovery of twelve ftmgal diseases 

in this species by ¥olf (1912). Control of weed Rubus frutleosus 

throui^ a rust Kuesaeola albida to a great extent was noted by 

Vager (1947). Rudakov (19^) reported the control of Cuscata by 

two fungi nattely Altemaria and Cladosporiu«> There are a few 

characteristics of plant pathogens whioh sake thea desirable 

agents for biological control. Because of their large auaber 

and diversity, the probability of finding a plant pathogen with 

the prerequisites are greatly improved. They are often host speci­

fic and their use to control obnoxious species would not endanger 

desirable plant species. They are easily dissaoinated and «ace 

established are self maintaining. 

Different animals have long been known as biological agents 

in the control of different weeds by grasing. The chief grazing 

animals include cattle, sheep, goats, camels etc ^ieh may have 

selective grasing on weeds. Stabler and Carlson (1947) reported 

that sheep grasing reduced the stand of Convolvulus arvensis in 

the fields* JTudd (1889) reported that biirds can also be considered 

as biological means of weed control by eating the weed fruits or 

seeds, thereby destroying the next generation. 



Chemical iccmtrel 

Cheaiioal nethods of weed control began in the early part of 

niaeteanth century \̂ ien Boimer (1896) in Prance showed that a 

solution of copper sulphate would kill charlock plants which 

were growing with cereals. Rebate (1934) <tomonstrated that dilute 

sulphuric aeid could also be used for this purpose. Bolly (1906) 

was also an early eiqperiBeater with different herbicides and 

described the action of this greup of cheaicals as caustic or 

bunting and having no tzvnsloeation. This group of chemicals are 

called contact herbicides that kill all growth regardless of the 

species of plants. These include such materials as petroleum oils* 

dinitrophoiols and solutions of such salts as sodium arsenite» 

sodim chlorate» aaAcnium thioeyanate* amn^aium sulfamate, dinitre 

eompciBidSt diquat and parag[uat. 

With the introduction of the plant hormone era in plant 

physiology in the late 1920* s and early 1930* s and with the 

chWDical identity of the first active substance of this nature 

in plants established as 3*-indoleacetic acid by Kogl et al.(l934). 

the stage was set for speetaeular advances in both the theoretical 

and applied fields* Zimmerman and Hitchcock (1942) published their 

work with the substituted phenoxy acid of which 2,4-D is one. Aiey 

were first to demonstrate the physiological activities of this 

grmip of compounds. 

Herbicides are classified on the basis of their mode of action 

into different types (¥oodford,1957{ KasaBian,1960t Brian,1964). 



C^itaet herbicides are those which resuXt in burning of the 

tissue and is priaariXy effectiTe at a high concentration* OiXs, 

siaXphyrie acid, iron siiXphate* copper suXj^ate and dinitro ooap-

oundst paraquat are exaspXes. Twq^Xeman and Sext^a (1946) demons­

trated the herbicidaX action of phenyX carbaaates ndU-ch interfere 

with the process of ceXX division at Bowm stages. SriehXoroaeetie 

aeid and ehXoraX derivatives (Barrons, 1949) are aXso beXieved to 

be eeXX toxins• One of the newer hex4>icides within this group* 

SaXapon C2y2-diehXoroprepionie acid) is a hi|^y effective grass 

toxicant and freeXy transported in phXo^i and 3̂ Xeffl and can be 

appXied to either soiX or foXiage* Woodford (1957) reported that 

triehXoi^aeetic acid is known to react with the growth of root and 

shoot segments sore possibXy with the naturaX auxins of pXants* 

Redeaann and KeikXe (1955) have suggested that ^aXapiKB ai^t act 

as an anti-aetaboXite to pyruvio aeid and enxyae aysteas invoXviag 

pyruvate as a substs^te are inhibited by inOapen, 

Auxin type growth reguXating eh«BieaXs eneoapasses aXX herbi­

cides that increase ceXX eXongatioa in shoot tissue and have 

physioXogicaX action reseabXlng that of 3-indoXacetie aeid 

(Woodford, 1958), Substituted phenoxy-acetie acids naaeXy 2,4-P 

(2,4-DiehXorophenoxyaeetie acid) and 2,4,5-7(2»4,5-TriehXoroaeetie 

acid) as weXX as derivatives of MCfA (2'»MethyX-4-ChXorophenoxy-

acetic acid) are wideXy used organic herbicides of this group. 

Woodford (1957) described the aode of action of 2,4-0 and its 

reXated eoapeund as abnoraaX eeXX division, maXforaed Xeaves azKi 

steas, wide spread derangement of aetaboXie and physioaX processes 



and deai^. This group of herhleldes are systemic > caus­

ing death by downward translocatlcm from leaf to root as 

well 8UI selectivef when applied to a mixed population of 

plants will Injure or kill certain species with Uttle or no 

Injury to others* In recent tlmes» glyphosate (N<-phosph(nBi' 

methyl-glyoine) has been found to be a most effective trans­

located herbicide against both bz^adleaved weeds and 

grasses (Crafts* 1975)* 

A number of eompounds have been reported from time to time 

that SD^ppress the develoiment of chlorophyll In plants. They 

Include sulphanllamlde^some tetronlc acid derivatives and carba­

mates (Haraaer and Turkey >19^1 )• R̂ie only useful herbicide having 

this property is amino trlasole. Kcsaxxtoa, dluron and fenuroa are 

three }3«rblcldes which are inhibitors of chlorophyll formation, 

these compounds are hl^ily toxic and persist in the soil and n o w 

a-days are used as pre-emerg«it herbicides (Woodford, 1957)* 

Slmazine is another of the herbicides which affect the photosyn-

thetle process. It wns first announced by Cksist j£k al*ln 1956 as 

a promlslag pre-emergence hex^idde. At higher concentrations it 

acts as a soil sterllant. Hilton et al.(l963) observed that water 

soluble trlazines are effective only vhmn absorbed by roots and 

movement occurs with the transpiration stream to the leaves. 

Oiemical iontrol of Imaerata ferllndrlca 

Sueeessful eontrol of l, eyllndrioa by using dlffermt herbi­

cides have been reported by a nuober of workers. Coomans (1974) 

studied the control of 1, cyllndrlca in established ereps and 
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obsarred that thnM applieations at 3 waak intervals of dalapon 

at 5 kg/ha eo^d ccmtrol this weed to a considerable extent. 

Mek»BS and ftadbanan (1972) reiK»rted an effeetive eontrol of top 

growth of 1, cylindrJMi en noo^eropped sites l^ dalapon at 9.9 

kg/ha. Zv^m (1973) in a series of experiJBents on j[. cyliiwirica 

foimd good control by dalapon for 11 acmths at rates of 13 and 

20 kg/ha. Bo thimi at al. (1973) from Indonesia deaionstrated 

that dalapon-sodiim is an extremely effective herbicide against 

I.eylindrica. I&ider fully open ccmditions a single application of 

16.8 kg/ha d&w^ia giTes good eontirol of sheet of I.eylindrica 

while at 20-23 kg/ha dowpcm results virtually c(»qplete kill. 

Dickims and li^hanan (1972) reported the role aaatiple appli­

cation of paraquat at 1 kg/ha for the control of I, cylindrica. 

Post-eaergenee application of paraquat at 0.36 kg/ha followed 

by 0.28 kg/ha ai^er ZHweeks gave effective contz%>l of I.eylindrica 

as reported by Harper (1972). Lee (1974) reported that j[. cylin­

drica was effectively controlled with thz^e applications of 

paraquat at 0.28 kg/ha or with dalapon at 7 kg/ha followed by 

two ai^licaticaas of paraquat at 0.28 kg/ha. 

lft»fa is known en the control of perennial grasses with 

glyphosate (ll-]^osphonometlgrlglyeine) first introduced in 1971 

(Woshier et al.. 1976). This is a non-selective, post-energMice 

hex^icide with excellent toxic activity on a diverse group of 

perennial grasses. Glyphosate also has been shown to be absorbed 

and translocated basipetally in numerous annual and p«pennial 
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herbaceous plants. Due to its rapid translocation, the rhizoate 

growth of perennial grass like j[. oylindrloa can be effeotively 

controlled by reducing rhizome reserves and carbohydrate content 

in the plant. 

iTims (1975) observed long tern control of ̂ . cylindrioa at 

h kg/ha• W^ig (1973) also reported prolonged control with 

0,57-4,5 kg al/ha in a rubber plantation*. In a preliminary study, 

under field conditions, ilao e;| jO.. (1976,1977*1978) shoved that 

glyphosate was siqperior to oany ether herbicides in controlling 

L» oylindrica. Mosari (1979) studied the effect of soil noisture 

tm the activity of glyphosate in green house conditions and 

observed that application of glyphosate tinder field capacity 

reduced the rhizoae and shoot dry weight than under moisture 

stress conditions* Teoh and Pushparajah (1976) observed a better 

control of this weed with glyphosate at 2.2 kg/ha in sandy soil 

than dalapon at 16.8 kg/ha. The present study C(msid6r8 the 

relative importance of physical control throui^ sickling and 

9ther chemical controls using dlfferant dosages. 
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iBperata eylindrica (L.) Beauv. ((Sraniaaeeae) a native of 

the old world, is a perennial rhizoeatous grass and is a aâ Jor 

weed in parts of the high rainfall areas in the tropics although 

it is found in the warn tesperate z&ne (Holms et al.,1975) as 

well. It is widely distributed in Australia, Africa, the southern 

half of Asia and the pacific islands. In the new world it is found 

in Argentina, Chile, Colcmbia, Florida and ¥est Indies. Althougfh 

confined to areas that are quite warm, it also is found in Japan 

and New Zeland. 

Its habitat includes the dry sand dunes of sea shores as well 

as swamps and river margins. It grows in grasslands, among eultiva* 

ted annual crops and in plantations. It quickly enters abandoned 

taxm lands, may be seen along rail reads and highway embankments 

and on both deforested and forested areas. It can tolerate long 

dry spells on light soils and water lô yiing in heavy soils. It 

makes adequate growth in both nutrient rich and poor soils. The 

plant grows upto an altitude of 2700 m (Holms et al.»1975). 

Hubard jĝ  ̂ . (1944) classified this species into five groups, 

each with a varietal status i.e. major, afrioana, europea, condera-

sata and latifolia. The variety *ffla;}or* has wide distributions. 

The species reproduces by seeds and by extension of a very 

vigorous rhizome system. Aerial flowering eulms arise from terminal 

or auxiliary buds of the rhizomes or from the basal portion of the 
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another aerial eula. Some individual plants flower very frequently 

and some never flower at all. Flower formation however ooour only 

during hot period (^bard e^ al.,1944). Burning and slashing sti* 

milates flower foraation especially in the dry season. 

1* oylindriea is a serious weed in north-eastern India and 

foxtis an iaq^ortant eomponent of the seeraidary successional environ-

Bient in fallows developing after slash and h u m agriculture (jhum) 

(Baaakrlshnan ft j^., 1980). Shifting cultivation, involving slash 

and b u m process followed by nixed cropping is a predo«iBant 

practice of this region. j[. oylindrica is an early eolonizer« 

Shortening of the ^hum cycle (the interrenlng fallow period betwe«a 

two successive eropplngson the same site) to 4-5 years in this 

region due to husan population pressvott has resulted in luxurlent 

growth of this weed, often throui^ an arrested succession (Raaakrl-

shnan ft jyL. ,1^1| foky and Rasakrishnan, 1983| lUshra and ftamalcrl-

8hnan,1983). 

Zn view of the extreme weediness of this species in fallows at 

both lew and hi£^ elevation of Meghalaya, a eoDparative study of 

the two populations were made with respect to dwBography and 

populatiim dynamics of this species and the ecophysiologlcal 

attributes in relation to bioaass production and allocation and 

nutrient uptake and use efficiencies and allocation patterns were 

e<msldered. The possible chemical control measures, atleast in 

restricted areas, has been considered. 
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Fig 1.2 (tebothermic diagrao of the «t\idy area at Shillcxog. 
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Fig 1,3 C^dSotheralc diagram of the study area at 
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ISTROWJCTION 

A species which has a wide ecological aaplitude m y be adapted 

to different enTironaent either throu|^ a process of differen­

tiation of ecological races (Turesscn, 1922,1925) or through 

phenotypie plasticity (Bx^dshaw, 1972), The documentation of 

eeotypie differ«titiation on an altitudinal basis is available 

through many stupes (Barter* 1^5; Claus«i, 1940} ^mva and 

Boroann* 1963{ May, 1975> 1976), following the classical work 

on climatic races by Turesson (1922, 1925)* 

Imperata cylindrica (L.) Beainr, has a wide geographical 

distribution althou^ it is more abundant in the Warmer regions 

of the World (]&ass«i and Soer;}ani, 1975)* ^ e plants grow upto 

an altitude of 2700 m and have wide adaptability to varied 

climatic conditions and soil types (Holms et al., 1977)* In 

Meghalaya, north-east India, it is found to grow over an 

altitudinal range upto 1700 m. Through reciprocal transplant 

studies of two populations of Imperata cylindrica (L.) Beauv. 

Tar major, eae collected from Bumihat (100 m elevation) and 

another from Shillong (1500 m elevation) in Meghalaya (80*50* 

and 92*50*S; 25*30'E and 26*0'N) the present study aims at an 

imdemtanding of eeotypie differ^tiation in this species 

versus j^enotypie Plasticity, 
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STDDT AREA AliD CLIMATE 

The study area vas at l^mihat (about 85 km north of Shillong) 

at an eleTati^a of 100 aetera C26<*02*If, 91*52*S) and at 

Shill<aig (25*34»H, 91»56»l), at an elevation of tJOO iMtera. 

The clJjBate is monaoimic with most of the rainfall eoming 

during May •> Septeaher. The average aaxiBun teoperature at 

this period at ̂ feumlhat and at Shill<»3g was 32*C and 23.5*G 

respectively, î hile the average ainiram temperature was 24*C 

and 16*C respectively. The annual z^infall range from 2200 ma 

to 2500 •»• Th« winter is mild at lower elevation with an 

average imximuB teiqperatui^ of 24*C and an average aininum 

of 12*C, idiereas at Shillong it is more severe with an 

average aaxiswm t«q[>eratuz« of 15*C and minimum of 7*5*C* The 

bxdef dry KtxxamT is from February to April. 



METHODS OF S^IDT 

Pot culture experiments were done at Bumihat (100 n altitude) 

and at Shillong (1500 u altitude). Bhizoaes eolleoted from eaeh 

site were divided into one-'node ranets (with a healthy bud) of 

unifora wei^t (1 g) and raised separately in i^ist sand. Pots 

(20.8 em dianeter) were filled up with soil from that site and 

was thoroui^y nixed to remove soil heterogenity. The transplants 

of the Bumihat and Shillong po]»ilatlons were grown in these pots 

at the rate of 120 raiMts/« . Transplantation was done in April, 

1981 uritien the rasMits were uniformly 2-leaved and about 3 em in 

height. Saeh tf^atment was replioated four times. 

Harvesting was done at mi^thly intervals. Growth eharaeters 

sueh as plant hei^t, mmber of tillers and leaf area was meas\u*ed 

at eaeh harvest, ^ e harrested plants were separated into above-

ground (leaf and stem) and below-ground (rhizome and root) eompo-

n«its. She different Goiq̂ c»aents were dried at 65* ± 5*C for 24 hours 

and weighed. I.eaf area estimatl<m was done by using a planimeter. 

Leaf diy weight per unit area was based on 20 leaves per replicate. 

Leaf area ratio was ealeulated as leaf area (em ) per unit (mg) 

biomass. Ihrowth funotions sueh as relative growth rate (K£R), and 

net assimilation rate (KAE) (Bulges and Freeman, 1967} Radford, 

1967) were ealeulated as 

1^2 ' ^^1 

(ag mg-^d-'') *2 " *1 
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where, V^ and A^ are bioaaas and leaf area values at tiiM t̂  and 

Wg and ^2 are at time t^. 

Concentration of different nutrients in the eoaponent orgaxis 

vera determined following standard methods (All«a, 1974). Thus 

nitrogen wks analysed by miGro<»K4aldahl method, phosphorus by 

M(^rlidk«arblue method and potassium by flame photometry after 

dry ashing. 

Nutrient uptake efficiency was oaloulated as mg nutrient 

absorbed per g root biomass following Blair and Cedero (197S) 

and nutrient use effieienoy as mg bioaiass produced per mg 

nutrient uptake. Tegetative effort was oaloulated on the basis 

of alloeation to fhizomof as a percentage of dry matter produoti^ai 

or nutrient uptake* 

fhe growth performance of the speeies at two altitudinal sites 

at the end of the study period showed that in general I. oylindriea 

grew more rigorously at Biimihat than at Shillong. The two popula­

tions from lumihat and Shill(»ig raised in a neutral substratum at 

Bumihat, showed a signifioantly higher value for Bumihat popula­

tion with respeet to the hei|^t of the plant» number of tillers, 

leaf area/tiller and above-ground biomass* The ratio between 

above-ground and below»ground parts did not show any significant 



Table 2 .1 Growth behaviour of the two altltudlnal populations of I, cyllndrlea In a 
neutral substratum at Bumihat aad Shllloag 

Bumihat site Shlllong site 
iumihat 0 Shlilong k ,̂/̂ .̂  esK\ IBumllJiii o Shlllong ITTZÎ rTKT 

Plant height (cW) 80.2 

No of t i l l e r s 20,0 

Leaf area/t i l ler C<cŴ  133.0 

Above-ground blo»ass(|; 12.5 

Below-ground bionass |̂ ) 12.8 

Below-ground/abore- 1.02 
ground ratio 

61.5 

16.0 

95.0 

10.2 

12.1 

1.2 

S 

s 

s 

s 

HS 

NS 

46.5 

8.0 

126.0 

6.8 

8.1 

1.2 

44.2 

9.0 

97.0 

6.5 

8.3 

1.5 

HS 

MS 

S 

MS 

MS 

NS 

ĉ ^ 



Pig . 2.1 Increment in the dry weight yield (g/m ) of two 

a l t i t u d i n a l populaticms of 1* yyl indrica in a 

neu t ra l gubstratiira a t Bumihat and Shi l long. 

(a) Above-ground p a r t s , (b) Below-ground p a r t s . 

Open c i r c l e , Buralhat population, a t Bumihat ; 

closed c i r c l e , Shillong population a t Ri rn iha t ; 

open t r i a n g l e , Bumihat population at Shillong} 

closed t r i a n g l e , Shillong population at Shi l long. 

Ver t i ca l bers represent I .S . I ) , a t P a 0 .05 , 
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Tabla 2.2 Maan raluaa (i S.S.M.) of growth functions of the .altitudinal popiOations of I.oyllndriea 
during the growth period at Bumihat and Shillong. 

Population 

Site 

RGHl 
- 1 . - 1 

BC BJt d 

Bvtmlhat 

MAR 
mg 9m d 

Shillong Bumihat Shillong Bumihat \ SltlXloiig 

Bumihat 0.0052+0.0014 0.0030+0.0024 0.0320+0.0120 0.0468+0.0220 0.2434+0.0920 0.1861 jhO. 0823 

Shillong 0.0041+0.0012 0.0042+0.0013 0.0312jp.0172 0.0342+0.0110 0,2270+0.0824 0,1971+0.0745 

L.8.D. (P • 0.05) 

S i t e & populaticm 0.0024 

S i te z popiilatioii 0.0032 

0.026 

0.032 

0.16 

0.19 

-a 



Fig. 2.2 Allocation pattern ot bioaass (percentage of the 

total) of two altitudinal populations of 1, 

cylindrlca in a neutral substratum at Bumihat 

and Shillong. (a) Bumihat population at lumihat, 

(b) Shillong population at Bumihat, (c) Bumihat 

population at Shillong, (d) Shillong population at 

Shillong. 
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difference* However the two populations when grown at Shillong 

showed a decline in all growth characters but kio significant 

difference was observed between the two populations except for 

leaf area per tiller (Table 2.1), 

Dry weight yield per pot for above-ground parts of both the 

populations increased upto December and subsequently declined. 

The increase was more pronoimced for the two populations raised 

at Bumihat than for those raised at Shillong where the yield 

was much lower. The final yield per pot was slightly higher for 

the Bumihat population compared to the Shillong population at 

Bumihat site only (Fig. 2.1a). 

Though no significant difference was observed in the below-

ground yield between the two populations raised at Bumihat and 

Shillong, the final values attained was markedly different at the 

two sites. Upto October the increment in below-ground biomass was 

sharper but declined subsequently (Fig. 2.1b). 

No significant difference ureis observed between the two popula­

tions at a given site and for a given population at the two 

different sites, with respect to RGflR, NAR and LAR (Table 2.2). 

The allocation pattern of biomass (expressed as a percentage 

of the total capital) to the different component parts was similar 

for the two populations at both sites (Fig. 2.2a,b,e,d). A higher 

allocation to the leaf and the stem components was observed initia­

lly when the gz*owth started but subsequently allocation to the xtiizc 

me component increased sharply,at the esqpense of the other compcnent 



P i g . 2.3 Nutr ient concentrat ion {^) in the above-ground 

pa r t s of two a l t i t u d i n a l populations of 1, 

cyl indr ica ra ised a t Burnihat and Shi l long. 

(a) Concentration of Nitrogen, (b) Concentration 

of phosphorus» (e) C(»icentration of potassi iui . 

Open c i r c l e , Burnihat population a t Burnihat? 

closed c i r c l e , Shillong population a t Burnihat; 

open t r iemgle , B imiha t population a t Shil long; 

closed t r i a n g l e , Shillong population a t Shillong* 

Ver t i ca l bers represent L.S.D. a t P » 0 .05. 
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Fig. 2.4 Nutrient conoaitration {%) in the belowground 

parte of two al t i tudinal populations of !• 

^vlindrica raised at Bumihat and Shillong. 

(a) Concentration of nitrogextt (b) Concentration 

of phosphomsf (e) Concentration of potassitua. 

Open c irc le t Bumihat population at Bumihat; 

closed c irc le t Shillong population at Bamihat; 

open triangle* Bumihat population at Shillong. 

closed triangle* Shillong population at Shillong. 

Vertical bers represent l . S . P . at P » 0.05. 



f ^ i n 2-A 

%Sl 

"rC 05 ' r - - , , , v ^ - - . s i t e - c3.'-*:')en ^ «<onlh f 

N i l r c c c 

^.2f 

0 

c 
o 

0,8 -

0.6-

1̂  r , ' „ 

0.0h 

0-03 

0D2 

(b) 

S.!>. ' ° s 0.03 / ^ 0 0 , ,'^'''0'-> I Sile jf PopuS-^''"on; '«*'??>*̂ < 

."̂  '^v'-c'-jn 

1 .S .0.( P = C'05) PoTu'c" 

» ( m e p e r ' ' i d ' ' • io ' ' t ' , r . * 



Fig. 2.5 Alloeatioii pattom of xiitrog«i {% of tha total) of 

tha t i» altiti»Uiial populatiozia of j[« cylindrjca 

raised a neutml aubstratiyi at l^imiliat ai:^ 

SMlloQg. (a) Buraibat popiOatiQii at Bur&^at, 

(b) SbiUong populatioB at ]^tniitet» (a) Bionibat 

population at SMUoi^, (d) Shillcwg pc^pulation at 

ShilloBg* 



A t l o c ^ t i o of Ni*roC;en 

«df Stem 
f f f r ^™ 
i liSliliJ 

100 

5 0 -

iiiiMiJ 

Fig. 1»5 

E2 

! i ' i ! 

»*ste^B«st5^^s*sfes:**^:^^^ 

«00i 

? o o - -

SOh 

I Q / 

f O O - ' 

SOf 
-T^:- . v^ ; . . .: 

i 1 
I ! 

! ! i 

i-^SM^JilL.'l.^. <»JS^jt^,lii£.i.j=^ '^J-.i^JeM 

M 

fsme period Cn-on^hs) 



Fig. 2.6 Allocation pattern of phosphorus i% of the total) 

of the tvo altitudinal populations of I.cyliad3rt.ca 

in a neutral substz^tum at Bumihat and ShiUong. 

(a) Biamihat population at Bumihat, (b) Shillong 

population at Bumihat, (e) Bumihat population at 

Shillong, (d) Shillong population at Shillimg. 
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Fig. ̂ .7 Allocation pattern of petassiua (% of the total) 

of the tvo altitudinal populations of I.cylindrica 

in a neutral substratum at lumihat and Shillong. 

(a) Bumihat population at Bumihat, (h) Shillong 

population at Bumihat, (e) Bumihat population at 

Shill^ogf (d) Shillong population at l̂ bdllcaig. 
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Concentration of nutrients, such as nitrogen, phosphorus 

and potassium in the above-ground parts (Fig. 2.3taL,b,e) was 

significantly higher in the two populations at Shillong 

compared to the populations grown at Bumihat. A general 

decline in the concentration of all nutrients was observed 

during the growth period. 

Nutrient concentration in the below-groimd parts (Fig. 

2.4a,b,c) was significantly higher in the case of the two 

populations raised at Shillong compared to those raised at 

Bumihat. The concentration of all the three nutrients showed 

a seasonal fluctuation. High nutrient concentration was observed 

during the period of June to September with a subsequent decline 

in October to December followed by an increase again. 

No significant differences were observed with respect to 

allocation of nutrients like nitrogen, phosphorus and potassium 

between the two populations at a given site and the same popula­

tion at two different sites. However, the proportional allocation 

of phosphorus and potassium to the under-ground organs was more 

than that of nitrogen as seen from a comparison of Figures 2.5, 

2.6 and 2.7. 

Nutrient accumulation in the above-ground biomass increased 

8haz<ply for the two populations at Bumihat site compared to 

that at Shillong so that the final level attained at the end of 

the one year growth period was more at the former site. Considez*-

ing the two populations at a given site, Bumihat population had 



Pib. 2.8 Accumulation of nutrients (mg/m ) in the 

above-ground parts of the two al t i tudinal 

populations in a nmitral substratum at Bumihat 

and Shillong. (a) Accumulation of nitrogen, 

(b) Acousulation of phosphorus, (e) Acouraulation 

of potassiuB. Opea c i r c l e , Bumihat population 

at Buznihat; closed c i r c l e , Shlllong populatiim 

at Bimihat; open triangle, Bumihat population 

at Shillong; closed tr iangle , Shillong 

population at Shillong. Vertical bars 

represent L.S.B. at P » 0,05, 
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Pig . 2.9 AccuBiulatlon of nu t r i en t s (mg/m ) In below-ground 

p a r t s of two a l t i t u d i n a l populations raised in a 

n e u t r a l subatsratum a t B imiha t and Shilloijg. (a) 

Accumulation of n i t rogen , (b) accumulation of 

phosphorust (c) accumulation of potassium. Open 

c i r c l e , Bumihat poj^ilation a t Bumihat J closed 

c i r c l e , Shillong population a t Bumihat j open 

triar^gle, Bumihat population a t Shil long; closed 

t r i a n g l e , Shillong population a t Shi l long. 

T e r t i c a l bers represent L.S.D. a t P = 0 .05. 
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Table 2.3 Kutrient uptake efficiency (ng nutrient produced per g root biomass) of the 
two altitudinal populations of i, eylindrica in a neutral substratum at 
Bumihat and Shillong 

iNUtrient Bumihat s i te 
Bumihat I Shiuoag 

population ipopulation 
r t(P«0.05) Bumiiut^ 

populaticm 

Shillonic s i t 
I ShlSlong 

population jt(P-( 0.05) 

Nitrogen 108.0 96,0 S 69.0 72.0 m 

Phosphorus 5.2 5.0 3.4 3.2 m 

Petassiua 79.0 73.0 S 90.0 48.0 NS 
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a significantly higher rate of nutrient accumulation compared to 

the Shillong population at Buxiiihati^ite only (Fig«2*8e,b,o)» 

ffutrient accumulation pattern in the below-ground organs at 

the two sites and between the two populations did not show any 

marked change on the rate pattern as was observed for the above-

ground organs. However» a significant difference in nitrogen 

accumulation at the end of the growth period was observed between 

the Bumihat population raised at Bumihat and Shillong sites 

(Fig. 2.9a). As for phosphorus, the Bumihat population at 

Bumihat site and the Shillong population at Shillong site had 

significantly higher final accumulation values compared to the 

two populations at the alien site (Fig. 2«9b). For potassium the 

only significant difference noted was between the two sites, 

where the populations raised at Shillong had lower accumulation 

rate (Fig. 2.9c). 

Nutrient uptake efficiency was significantly higher for the 

two populations raised at Bumihat compared to the two populations 

raised at Shillong. Population differences at the same site was 

observed only in the case of nitrogen and potassium at Bumihat 

site where the uptake by the Bumihat population was significantly 

higher compsired to the Shillong population. Further, uptake effi­

ciency was more for nitrogen followed by potassium and was least 

for phosphorus under all situations (Table 2.3). 

Phosphorus use efficiency was significantly more for the two 

populations grown at Shillong compared to those liaised at Bumihat. 



Table 2.4 Nutrient use efficlenoy (mg bioaiass produced per mg nutrient absorbed) of 
the two altltudinal populations of ^, cyllndriea in a neutral substratum 
at Burnihat and Shillong 

Mtitrient 
Burnihat s i te 
Ihil3 ^ Burnihat ~S BhiUong FfeTiBwwmT 

[population! population p^**-"*"'^ 
Shillong s i te 

Buminat i l^hilxong i*.fn^r\ neT 
population population pVif-o.w^; 

Nitrogen 74.6 77.1 76.3 75.9 NS 

Phosphorus 1691.0 1665.2 1733.0 1750.0 S 

Potassium 101.3 102.3 NS 107.2 106.8 NS 



Table 2,5 Tegetative effort (allocation to yiiixome as a percentage of dry aatter or 

nutrient uptake) of the two altitudinal populations of 1* cylindrloa in a 
neutral substratum at Bumihat and Shillozig 

BimBass/NUtrient 
Bumihat site 

Jiumihat I Shlilool I •/©.n n^s 
population Ipopulatloa I ̂ v*'""'"^; 

Bumihat 
population 

SMllonf site 

Bioaass 52.0 30.2 29.0 30.0 N3 

nitrogen 

Phosphorus 

Potassium 

28.0 

21.3 

33.3 

27.6 

21.2 

32.4 

MS 

MS 

25.0 

25.0 

32.0 

23.0 

23.8 

32.5 

K8 
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At ShiUong site, the Shillong population had significantly 

higher phosphorus use efficiency compared to the Bumihat 

population, the reverse was the case at Bumihat site (Table 2.4). 

Tegetative effort, idien considered as a percentage of the 

biosass allocated to the rhizome showed no significant difference 

between the two populations nor between the two sites. When this 

was considered as a percentage of the total nutrients allocated 

to the rhizone, it showed a significant difference between the 

two sites in a manner that the same population raised at Shillong 

had lowtr allocati^i coî pared to these x^ised at Bumihat. A signi­

ficant diffen^ee in the reproductive effort related to phosphorus 

allocation between the two sites was observed | the allocation was 

more at Shillong site than at Bumihat (Table t»3)* 

DISGUSSIOM 

Imperata eylindrica is an important weed with a wide altitudinal 

ztuoge reaching upto an elevati^i of 1700 m in Meg^laya. Such a 

wide altitudinal range has also been reported by Holm et al. (1977). 

This wide altitudinal range in a species is possible either throu|^ 

plasticity of a species or through adaptive differentiation into 

eeotypes as shown through many studies done by Ramakrishnan and 

his co-workers (Raamkrishnan and Jain, 1965a,I965b| Ramakrishnan 

and Siagjn, 1966{ Ramakrishnan and Chq̂ ta, 1972,19731 Ramakrishnan 

and Nagpal, 1973). 
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Seotypie diffaranoas obserred are often quantitative than 

qualitative. Tery often the differanees are in terms of dry 

weii^t yield of the shoot or the root, the populations hast 

adapted to a particular situation yielding best under more 

favourable situations (!lamakrishnan,196Cte, 1960b, 1968,19691 

Snydon and Bradshaw, 1962} Ranakrishnan and Singh, 1966; 

Hamakrishnan and Ctiqpta, 19731 Ranakrishnan and Hagpal, 19731 

Kapoor and Ramakrishnan, 1974). Accordingly, the low altitude 

Bumihat population of 1, eylii^brloa was more vigorous in its 

r̂onrth in eoaparistm to the Shillong population raised along with 

it at Bumihat. However s u ^ a difference between the two popula­

tions was not evident at the ShiUeng site, fhe generally poor 

growth of both the populations under the hi|^ altitude of Shillong 

situation may be partly related to lower temperature conditions 

tttid the more acidic and nutriticmally poorer soil at Shillong. The 

impact of generally more favourable temperature conditions prevail­

ing at the loymr elevation at Bumihat is also reflected in the 

growth increment differences observed during the growing season 

at Bumihat and Shillcmg. Thus, there was a more pronounced increase 

in the growth of the two populations at Bumihat. 

thoui^ the allocation pattern of the biomass did not differ 

between the two populations at both altitudes, the two populaticms 

raised at hi^er elevation had g«aerally lower yield for the 

below-ground organs suggesting that the vegetative reproductive 

efficiency of this species is also more at lower elevation than 

at higher elevmtion. It may be noted that Soerjani (1970) reported 



a hli^ optimis tenperatiunt for rMzosa davalopsant in 

I. eylindrica. 

Tiller produotion is a meehanism by n^ioh population size 

ineraases in the case of vegetatively reproduced plant species • 

The Bumlhat population genemlly Bheynd hii^er ability for 

tiller production ooapared to the Shill^ag population* This is 

indicative of adaptation to rapid suitiplieation under more 

favourable «ivir<mB}ent at Bumihat. The geneiî uLly lower number 

of tillers produced at Shillong situation may be a temperature 

effect. Chapin and Chapin (1981) studied the growth of Careat 

aquitilis at lev and hi|^ teBq;>erature regions and observed that 

the small tiller sixe and lew leaf production of arctic and 

alpine populations compared to hot spring population was correlated 

with low air a M soil temperature* suggesting control of environ­

mental factors ever the growth of the species. The Bumihat poi^ila-

tion generally had tmeh larger tillers with more leaf area both 

under lew and hi|^ elevaticMa situations; ai^ia suggestive of adap­

tation to more favourable tesg^rature situations at Bumihat. 

Allocation of biomass to the plant parts may be determined 

genetically or lu^ironmentally (Chapin and Qmpin, 1981| RamaJcrish-

nan and Kanta, 1976). Tarious workers (Cody, 1966$ Harper, 1967) 

have stressed the ecological sig^fieance of allocation of energy 

to various activities during develepmwit of an organism. The 

process of growth, development and reproduction in a plant may be 

999n as a strategy of aUocatimn of limited resources. Similarly 

in the allocation pattemi of the biomass in the two populations at 



the two sites indicate a strong phenotypio plasticity of the 

speoies population to adapt to the eontrsating «9ivir€mBental 

eonditions. fhus, Tegetative effort which is Mgpressed as a 

percttitage alldoation of biomass to I ^ S C M M component did not 

change in the two populations at either of the sites* A more 

initial alloeati<m of bieaass to the above-ground parts 

represents investac»t of iffiiergy in photesynthetie bionass 

(Clark and Workp 1$80) and subsequent increase in allocation 

to the under*ground rhizeaes indicates the strategy of a vegeta-

tively reproduced species (Abrahams^! and Gadgil, 1973} Oaines 

et al.» 197^1 Rocs and Quinn, t977)« 

A higher cono«iitration of noitrients in the two populations 

at Shillong parallels the findings of Qiapin jt ^ . (1975) %dio 

reported a saaUer bioaaass with a hii^er nutrient content for 

the plants growing at low tenperatxare region. A general decline 

in the nutrient e^icentx^tion in the above-ground parts and 

sinultanecus inerMise in the belew*ground organs indicates a 

shift also* as reported by a number of workers in vegetatively 

reproducing species (Boyd» 1970} Boyd and Hess* 1970} Kvet, 1973} 

Oxapin et i^,, 1975} Bernard and Solsky, 1977} • 

Aceuaulation of nutrients such ma nitrogen, phosphorus and 

potassium is a funetirai of the standing biomass in the green orop. 

An increase in the nutrient standing crop with the increase in the 

green standing crop was observed by Mason and Bryant (1975) in 

Typha anicustifolia. Further, a nutrient rich standing crop was 

present throu^^ the winter and early spring in the two populations 
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at both sitas* Boyd (1969ft970) end Boyd and Tiokers (1971) 

pointed oat that aueh a pattern is of eonsiderable significance 

since plants with high winter value of standing crop and nutri­

ent supply nay be at ooi^etitive advantage during early spring 

growth. 

Though no significant difference was observed in the alloca­

tion pattern of zmtrients* nitrogen, phosphorus and potassiua to 

the different organs, betwe«Ei the twe populations and the two 

sites, the allooation of phosi^orus and potassim to the under­

ground organs is MmmvSa&t nore than that of nitrogen in both the 

sites for both the populations* A large allocation of biomass 

and nutrients to the under-ground organs in ̂ . eylindrica is to be 

eaq|}ected in view of the i^rity of seacual reproduction in the pre-

doBinantly vegetatively reproducing species (Keeley and Keeley, 

19771 Saxena and Raiaakrishaan, 1963). These results also confirm 

the iBpert«ynce of nutri«it allocation strategy in understanding 

growth strategy of species (Tan Andel and 7era, 1977} WilliajM 

and Bell, 19S1). 

Thm Bumihat population had a hii^er nutrient uptake efficiency 

atleast with respect to nitrogen and potassiua eoapared to the 

Shillong population in the Bumihat environment n^ch is favourable 

to the fomer* However, the two populations did not show any diffe-

TtaOiCe at hi^er elevation, thw generally low nutrient uptake effi­

ciency of both the populations at Shillong situation nay be due to 

the low soil tenperature which hinders the nutri^it uptake and 

release of nutrients from the soil organic natter (Chapin, 1981) 
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and also due to the x^latively more acidic soil. Though low 

nutrient uptake efficiency is observed at lev fertility level 

in soil this species tended to compensate it through increased 

proportional allocation of the bioimss to the rhizose system 

(Saxena and Raffia^ishnan, 1981) and more efficient use of 

l^osphorus. A h i ^ nutrient use efficiency of phosphorus in the 

two populations raised at Shillong say be accounted as due to a 

h i ^ rate of absorption of this nutrient from a phosphorus 

deficient soil (Chapin, 1981), 

The results presented here show a high degree of phenotypie 

plasticity as weU as certain degree of genetic differentiation 

of populations over an altitudinal gradienlt* ̂ ese adaptive 

features of X^ oylindrica allow it to colonise a wide variety of 

wovironmental situations and yet make adequate growth and alloca­

tion for suceessf^ vegetative reproduction* An aspect that comes 

out of this study which is worth noting is that the allocation 

stz^tegy to the vegetatively reproduced under-ground organs does 

not change in spite of observed diffez^nces in the growth of the 

two populations gr&vxi at different sites which would ensure 

adequate reproduction. 

SUIQIARY 

In the present study reciprocal transplants of two populations of 

Igperata evlindrica from a low elevation at Bumihat and a high 

elevation at Shillong was done to study their growth behaviour* 
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The lower elevation population showed -rigorous growth vhmn grown 

in its native site than ndien tz^tnsplanted to an alien site at 

hi^er elevation* The higher elevation populatimi showed a aore 

vigorous growth at lower elevation site than in its i^tive site« 

'SRiis greater vigour of the two populations at lower elevation is 

related to sore favourable tes^peratm^ oonditions, AUoeation 

iwttera for biwaass in the two populations did not show any 

differenoe at the two altitudes. 

Concentration of nutrients sueh as nitreg«a» phosphorus and 

potassiun was ^ r e in the two populations when raised at Shillong 

ooapared to that at the lower elevation at Bumihat. AUoeation of 

phosphorus and potassium was more for the below»ground organs in 

the populati^is at both sites oompared to the allocation of nitregefta 

7hou|^ aootamlation of nitrogen, phosphorus and potassium followed 

a similar tread with the biooass aoouaulation in the above-ground 

and belowground parts, the phosphorus aootORilation in the below* 

ground organs showed a sharp inerease for the Shillong pepulaticm 

raised at Shill«3ig oompared to that for the Bumihat populaticm. 

l^trient uptake effieleney was more in the two populations 

raised at lumihat whereas nutrient use effieiimey vas hi^^er in 

the ease of phosphorus exily in the tira populations grown at 

Shillong* Yegetative effort was similar in the two populatlims 

raised at the different altitudes* Poor î rowth bi^aaviour in the 

two populations wh«i raised at hii^er elevaticm SfaillOTig may be 

attributed to the low soil nutrient status and «iviroamental eondi* 
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tioBs s«ioh as toiqp«x«t\iro. I^o prosent studios saggost tho 

oxistoneo of alititudinaX oeotypos within tho spooios, thou^ 

tho two populaticms show a high dogroo of phonotypie 

plasticity. 
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CHAPTER I I I 

POPULATION DTNAMICS OP I lgBUTA CYLIHDRICA ( L . ) BEAUY. 
•AR.MAJOR RELATED TO SLASH M) BtJRII kiS^dOb'SWE (JHUK) 

IN NQRS^-SASTERN INDIA AT TVO DIF7ERENT ALTITUDES 
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Pepulation dynaoics of peromial rhizoaatous plants is 

c<»aplieated because of their clonal growth resulting in 

disoT^te nodular units» the *z^aetes*, the sum of these units 

represmrting the * genet* (Harper, 1978). Since a single * genet* 

foms fragmented phenotypes and new recruitment in the former 

is rare* the population dynamics of these species is determined 

more hy birth anddiath of clonal modules (Hoble et al»» 1979)* 

While the tiller dynamics of agricultuzvlly important grasses 

have received attention in spaced populations (Lai^, 1952; 

Langer et al., 1964} Robson, 1968), such a study on perennial 

species under natural conditions has recelTed little attention 

(Sarukhan and Harper, 19731 Barper, 197@f Dmast, 1^1). 

Ifaperata cyliadrica (L.) Beauv. Tar. major is a perennial 

grass coming up in plots under * slash and bum* agriculture at 

lower elevations {Toky and Ramakrlshnan, 1963) and at higher 

elevations (Hishra and Ramakrishnan, 1983) in north-eastern India 

and is an Ij^ortant weed more so yhim. the slash and bum agricul­

ture cycle (the intervMiing fallow period between two successive 

eroppings en the same plot) iM short (Saxena and Ramakrishnan, 

1984)« It is a tropical weed and has also been reported from 

other parts of the world under slash and bum agriculture system 

(l^e and Ĝ reenland, I960). Beard (1953) suggested that this 

species is susceptible to shading %iAiile Schlippe (1956) reported 

stimlatory role of fire for its growth. 



Thm presimt study deals with the tiller d̂ rnamlcs of natural 

populations of I, cylindrica at low and h i ^ elevations of 

north'Htastem India upto a period of 5 years of fallow regrewth 

after slash and Imra agrieultux^ locally called as ' Jhos* • The 

study is also eonceraed with the effect of fire on tiller dynanics 

of the species. Tim objective is to assess the relative weediness 

of this species in early î iMtcessional eoBUBiailties and to assess 

the biological control Beehanisms operating in nature. 

KE^ODS OF ST@DT 

1,3* and S-'year old jfaua fallows were identified at Bumihat and 

at Shillong. Xhe age of the fallow was calculated froa the time 

the site was allowed naturally to regenerate after slaj^ and bum 

agriculture (Ramakrlshnan et ̂ . , 1^1; Toigr and Ramakrishnan, 1985{ 

Hishra and Ramakrishnant 1983) and ̂ rais based on 1^e information 

obtained throu^ the Tilleige headman and the coaoonity structure of 

the fallow type. Vhile selecting sites care irais taken to tfisure 

similar topography (̂ * angle), aspect (sou-te facing), and site 

conditions. 

In each fallow, two sets of tlnree permanent quadrats of 1x1 m 

were laid out at random. Vhile one set was burnt initially after 

slashing and drying the Tegetational eoTer, the other set was left 

imdisturbed. Slashing was done February, 19S1 at both the sites 

and bmmt after tme month. In all the quadrats the initial popula­

tion of 1, cylindrica was identifbd using li^t metallic colour-

ceded tags. All the tillers present initially were assumed as 
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mature tillers since their age ims not known, A tiller was 

considered recruited into the population if it had a minimum 

height of 3 cm, Obserrations on birth and death of tillers were 

recorded at monthly intervals for a period of two years. 

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

lated as follows! 

Rate of decay or death 

lo/r - XoM + 1 *exn ®exn 

tn • 1 • tn 

where xn •> surviving plants at time tn and 

xn+1 •» surviving plants at time interval tn • 1 - tn 

RESULTS 

Population flux 

In the unbumt plots at Bumlhat and Shillong, the size of 

the original population of 1» cylindrica was significantly larger 

(P^0,01) in a 1-year old fallow than in a 5*-year old fallow, 

the 3'-'year old fallow having an intermediate population size. At 

the end of two-year study period, a similar difference was observed 

but with a reduced population size. The number of new individuals 

that arrived and established also declined in older fallows. The 

net loss due to mortality from the original population as well as 

from the new arrivals was higher in older fallows than in the 

younger ones* In 1- and 3'-year fallows the expected turnover 

period yma about two years (Table 3*1). 



Tabla 3,t Poptilationa flux of X* eylipdricft at two differant altitudloal altaa at Bumlliat and 
Shillofog (Figuras in paranthaaaa ropras«xt Shillmg aita) 

Ir,(>-) {r,(>*) {,3(>-) {,,(>-) {>,(>-) KO.*) 

a) No of tlllWB/w? in Octo1»ar*19SO 

b) No of tniara/B^ in 0etobar,1982 

e) Nat ehanca (b-a) 

A) Rate of ijier9aa9 (b/a) 

a) No of tillara/a^ arrivad batwaan 
Octobar»1980 and Octobar, 1982 

f) fotal No of tillara lest batwaan 
0otobar,l980 and 0etobar,l982 

g) Tillara praaant in Oetobar»1980 
allva by Oetob«r»1962 

h) P.C* surriTal of tillara ia(a} 
(f/a X 100) 

i) Expaetad tina to coaplata turn 
ovar (yaars) (2/100-h x 100) 

J) Total tillera/a raaordad during 
tha atudy 

k) Annual aortality % of tillara 
(f/3 X 100) 

163tl0 
(lajjil) 

0* 
(0) 

157*12 ZiM 
(B^) (13CS6) 

•26 4>212 
(-97) (+150) 
0*8/» 
(0.46 

77+10 
(62gl) 
35*7 
(2JS5) 

(-38) 

0,45 
(0.39) 

17 
(10) 
9 
(6) 
2.1 
(2.1) 
475+8 
(349J3) 

(75) 

0 
(0) 

413*6 
(26129) 

49 
(50) 

4 
(4) 

(1) 
2.1 
2.1 

174j^ 
(13l2i) 

80 
(80) 

0* 
(0) 

•57, 
(•50) 

31^7 413k8 971? 1204« 
(166SS) (26l7!9) ( 6 ^ ) (122S6) 
33»t6 201*4 
(26331) (13119) (10^) (7^) 

0 
(0) 

120*4 
(12^6) 

(59) 

(2]S3) 
§±2 
(̂ 2) 

-14 
(-17) 

0.36 
(0.26) 

4844 
(3C55) 

62*4 
(4aS5) 

0 
(0) 

(1^4) 

fiB 
(90) 

^ — jjjp-^^j— 
(161*j3) (60*8) 

and 5-'yaar old fallav pl«ta raapactlvaly. 

, 0* 

25i4 
(I4g4) 

*25 
(*14) 

63li5 
(6(©) 

(4674) 
0 

(0) 

6j>*6 
(6055) 

62 
(77) 
Iff*? 

(26t5)t 
•Burnt alta originally ba^ 

F4. P, and Fj ara 1, 3/ 



Fig. 5*1 Changaa in tha siza of tlia tiller population in 

a 1-yaar old fallow at Bumihat* Cirela, ciamula-

tira racruitaanti aq^ara, cuaEulativa mortality | 

triaagla, nat population aisa, Opan ayidsol, 

unfeiumt plotst elosad syabol* burnt plots. 
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Fig. 3.2 Changes In the size of the tiller population at 

Bumlhat. (a) 3-year old fallow, (b) 5-year old 

fallow. Circle, cumulative recruitment; squares, 

cumulative mortality} triangle, net population size. 

Open symbol, unbumt plots, closed symbol, burnt 

plots. 
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Fig. 3 .3 Changes in the size of the tiller population in 

a 1-year old fallow at ShiUong. Circle, cumulative 

recruitment; square, cumulative mortality; triangle, 

net population size. Open symbol, unbumt plots; 

closed symbol, burnt plots* 
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The bui^t plots had about the same nymber of tillers as the 

fmbumt plots in the pre-bum stage, but lost all of them after 

the bum. However, a significantly higher (P > 0,05) number of 

tillers arrived after the bum compared to the number present 

at the pre~bum stage. The percentage mortality was lesser in 

the burnt plots compared to the unbumt plots so that a signifi­

cantly larger number of tillers (P ̂  0,05) ^^& present at the end 

of the study period. However, the population flux in the burnt 

plots related to the age of the fallow showed the same trend as 

for the unbumt plots, both at Buraihat and at Shillong (Table 3.1) 

Cumulative mortality/natality pattern 

An analysis of the cumulative birth/death pattern over a 

two-year period at Buraihat suggests (Figs. 3,1, 3.2a,b) that 

the population size changed more markedly in a 1-year old fallow 

than in a 5-year old fallow, the 3-year old fallow falling in 

between the other two. In a 1-year old fallow (Fig. 3.1), the 

recruitment to the population in both unbumt and burnt plots 

occuî red steadily through<»it the study period. However, a distinct 

difference in the natality pattern was observed between burnt and 

unbumt plots. In the former, the natality in population resulted 

in increased net po^lation size upto Hovember, 1981 without any 

mortality setting in and the net population size declined only 

subsequently. However, in tikie unbumt plots, the mortality was a 

continuing phenomenon rî tet from the beginning of the study 

period, A similar pattern was observed for the 1-year old fallow 

at Shillong site too (Fig, 3.3). 



Fig. 3,4 C9ianges In the size of the tiller population at 

Shlllong. (a) 5-year old fallow, (b) 5-year old 

fallow. Circle, eusulatlve recruitment; square, 

cumulative mortality; triangle, net population 

size. Open symbol, unburnt plots; closed symbol, 

burnt plots. 
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Fig. ^ . 5 Monthly rate of death of aature t i l l e r s at 

Bumihat. 0, 1-year old fallcmr unbumt; § 

5-year old fallow ^mbumt; A , 5-year fallow 

mibumt. 
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Fig. %S Monthly death rate of nature t i l l e r s at Shillong. 

(Ojt 1-year fallow iinbumt>|j)^year old fallow 

imbumtf (A) , 5-year old fallow unbumt. 
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la a 5--yeftr old fallow at both Boralhat aiŝ  ShiU^ig 

(Figs. 5»2&» 3*^) these patterns were ^literated due to poor 

recruituwotf h i ^ aortalit^ and very saall net population size 

(birlng differ«at sonths. Txx. a 3'year old fallow at both the 

sites, tibe pattern was intemediate between 1- and S-year old 

fallows (Figs. 3.2a, 3.4a). 

The z^te of decay of mattire tillers during the two->years 

study period in the different fallows at both the sites is 

shown in Fig. 3*3 and Fig. 3.6. At Bumihat, tillers were narked 

in Octobert 1980 and at Shill<»3g in DeeeBtber» 1980. Becay rate 

increased with the passage of time in all the fallows; peak 

periods of decay occurred at Bumihat at the end of the first 

growth season, after one-year period (l^eenber-March), whex*eas 

at Shillong peak period of decay occurred during the seeoiui year 

of the growing seascm (August-October). At both sites the decay 

rate was higher in older fallows than in yoimger ones. At both 

sites and in all the fallows, mortality rate tended to fluctuate 

betwe«2 high and low values, oft^i declining to 0. At Bumihat, 

all tillezv in a S-year old fallow decayed after <me year period 

while at Shillong decay in a 3*'year old fallow continued for 

alaost the entire two year 8tu<fy period. 

SurviYorship 

The survivorship patterns showed considerable differences 

betiwen different sites and dep«ading upon fallow age and 

alteration due to burning. The pattern also dtianged depending 

upon idiether the cohort was of January, April, July or October 

(Figs. 3.7, 3.8, 3.9). 



Fig, 3,7 Survivorship curve for four tiller cohorts of 

January, ( Q ); April, ( • ); July, (0); and 

October, ( • ) in a 1-year old fallow. 

(a) Unbiimt plots at Bumihat, (b) IMbumt 

plots at Shillong, (c) burnt plots at Bumihat, 

(d) burnt plots at Shillong* 



d!M»i« * ! * * " * *'• 



Pig. 3*8 SmrviTorship eurve for fcair tiller cohorts of 

January, ( Q )l April, ( •>! July, (0)| and 

October, ( • ) in 3-y«ar old fallow, 

(a) Unbumt plots at &imihat, (b) \mbumt plots 

at ShillOQg, (e) burnt plots at Bumihat, (d) 

burnt plots at Shillong. 

file:///mbumt


( b ) 
Fig.a.8 

(d) 

A J 
1981 

f. A 

Time period (months) 

A O ( 
198? 

Time period (months) 

J 



(,f -1 

In a 1-year old unbximt fallow the initial cohort size 

increased from January to October at Bumihat (Fig. 3#7a), 

and at Shillong (Fig. 3«7b) it increased from January to July 

with a reduction in October. At BuiToihat the cohort of July 

and October showed faster reduction in population size (1 year 

1 month) compared to the other cohorts (about 1 year 6 months). 

At Shillcmg the cohorts coming late in the growing season 

(October and January) showed faster decline compared to the 

others. After the bum there was a sharp increase in population 

size co^ared to the pre-bum stage. In the burnt plots (at both 

the elevations), the size of the three cohorts decreased from 

April to October (Fig. 3»7c,d), unlike in the unbumt plots. 

Here again cohorts coming later in the season generally tended 

to decline faster. 

In general, the 3-year old fallow started with a smaller 

population size and recruitment compared to a 1-year old fallow, 

though the burnt plots had larger population size than the 

unbumt plots (Fig. 3*8a,b,c,d). In the unbumt plots at Bumihat 

(Fig. 3«8a) the April cohort was the largest whereas at Shillemg 

(Fig. 3.8b) it was the Jtaly cohort. While at Bumihat the January 

cohort showed sharper decline in population size compared to 

other cohorts, at Shillong it was the October cohort which 

declined sharply. In both the biimt sites (Fig, 3.8c,d) population 

decline was slower and the ultimate population size at the end of 

the two-year period tended to be larger. 



Fig. 3.9 Survivorship curve for four tiller cohorts of 

April, ( i* )| July, (0)| and October, ( • ){ 

in a 5~year old fallow. 

(a) tfelMimt plots at Bumihat, (b) unbumt plots 

at Shilloag, (c) hvamt j^ots at bumihat, (d) burnt 

plots at Shillfflig. 
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Fig. 3 .10 Age elass distribution attained at death by the tillers 

bom during the study at different sites, (a) Bumihat, 

(b) Shillong. Age classes (year) 1, 0-0.5{ 2, 0.6-1.0} 

3, 1.0-1.51 4, 1,6-2.0. 
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Fig 5 'll Ago struoturo of living tillors at the cz»l of tlie study 

poriod aftor two yoars. (a) Bumi^t* (b) Shniong, 

0*19 I982i 1»2» 1981I 2*2«5* 1980{ prior, boforo 1980* 
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The eoiiort size of the population in a 5->y«ar old fallow 

was even snaller than the 3-'year old fallow at both sites 

(Fig. 3.19a,b,e,d). Initial cohort size of the unbumt plots 

at both sites (Fig. 3.9a,b) was largest for the July cohort. 

In the unbumt fallow at Bumihat no individual of April and 

October cohorts survived and only 4<^ of the July cohort 

survived. In the unbumt plots at Shillong, on the other hand, 

the October cohort died completely. In both the burnt sites of 

a 5-year old fallow, initial cohort size declined frcaa April to 

October (Fig. 3.9c,d). The October cohort at both sites died 

completely before the end of the study period. 

Me structure of tiller population 

At luztiihat and at Shillong the age structure of the tillers 

that came and died during the study period showed difference due 

to age of the fallow, but did not show much difference due to 

bum (Fig. 3.10). In general, in all the fallows, death was more 

in the age group of 1 to 1.5 year age class. However, this tended 

to be more pronounced in older fallows; in a 1-year old fallow 

considerable death also occurred in the age group of 0-6 months. 

At both the sites, the age striK̂ ture of the living population 

(Fig. 3.11) in the unbumt plots had a broader age distributicm 

compared to the liumt plots where the younger age groups were 

more abundant. With the age of the fallow, in unbumt plots, 

older age groups declined markedly. 



Population stability is a mare phenomenon in successional 

habitats, where a number of environmental factors change with 

coBBRinity development. X* cylindrica found in early successional 

fallows of 5 to 6 years of age after slash and bum agriculture, 

is subjected to frequ«it cutting and btiming, particularly when 

tiie slash and bum cycle is a short one of less than 3^ jBarz, 

Further* a miaber of aicro-«avir(aiBental changes occur during 

the ecurly phase of secondary succession, such as fast changes in 

the moisture and imtrient status in l^e soil (Toky and Ramakrish-

nan, 1981; Bamakrishnan and Tolgj, 1981), iiq̂ roved light availabi­

lity and rapid eolcziizaticai of the site by a ntntber of herbaceous 

weedy species (Sax«ia and Ramakrishoan, 1984) resulting in eoeâpe*-

tition for nutrient resources in the soil that are in short supply 

and subsequent shading caused by larger itiurubs and trees that e<»e 

u|> after about 5*6 years of fallow regrowth (Tolqr and Ramakrisiman, 

1983f Nishra and Samakrishnan, 1983). 

Population flux 

The size of the original populaticm of 1. cylindrica and the 

survival over a period of two years at both low and high elevation 

sites at Bumihat and Shillong got maiitedly reduced with the age 

of the fallow so mtch so that in a 5-year old fallow the ultimate 

population size was extremely small compared to a 1~year old 

fallow. Recruitment of new tillers also declined sharply with the 

age of the fallow. These results are indicative of the unfavourable 
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condition created by increased intra* and inter-specific conpe^i-

ti<m for the available resources (Harper and Vhite, 1974| 

Hovtl^^m and Cavers, 1976)* Alteration in the micro-environment 

of the differ«3it fallows throu^ burning seems to enhance the 

tiller population size that comes up immediately after the bum 

and daring the subsequ(Mat tvo-year period oompaz^d to the 

tmbumt plots. Buring seems to have a promotary effect on reoruit-

fflimt throui^ tillers as also suggested by Sehliĵ pe (1956). 

Mortality/aatality patterns 

Pronounced monthly/seasonal differences in the mortality/ 

natality patterns of the tillers in a 1-year old fallow as 

compared to 3- and 3-year old fallows are related to larger 

population flux in the 1-year old fallow. In the unbumt plots 

mortality is a continuing risk throu^out the entire period of 

two yeaz>s. However, the absence of any mortality occurring upto 

a period of 6-7 months after tiller recruitment after fire in 

the burnt plots is suggestive of lesser competition for available 

resoxirees from other species. Subsequently, mortality iierc is too 

a continuing rialc throu^out the life cycle, rather than being 

exaggerated in the younger stages only (Bamakrislman and Kumar, 

1971; Kapoor and Ramuakrishnan, 1975), and adjustment in numbers 

took place all the time in illation to increase in size of the 

plants (Harper, 1967), and the increased intra- and inter-specific 

competition (Harper and Vhite, 1974). 



ivi, 

In a l-yaar old tallmt at Bumltot idiara iatar-apaeiirie 

eoi^atitiofi emf not ba vmrf t&vmr; lsitz«*spa«ifie eoapaftitioa 

ammm to datei<mliia tlia rata of daeXixia In p<qMXatiOQ alza ao 

that in tha onlyiiittt plota daeay of tilXars ma aora rapid in 

J^aHy wtd Oetobar «<^iorta lAara aora in i t ia l ra^uitBant oeeurrad. 

& a 1-yaar old ftellov at ShUlongy boiiav*r» daoi^ rata aawM to 

ba B^ra ralatad to saaaon ae tbat faat«r rata iiaa ^ilNtaxvA (biriag 

tha tdLnt̂ r purled (Ostoibar and Jf&eaupf t»lK)rta)» 2^ tim Irarnt 

plot a» lioif«var» t̂eoay rata waa alQwar tlian in mAmtnt plota* 

again auggaating prosotarr affaet of firof daeay rata liara aaMA 

to eoetir lata in tha growing S9»mm^ IM oldar anbMmt fallowa of 

3* and 5«Taar at ftnmihat and Shill«ig» ^^oay rata of t iUara vaa 

•ore for thoaa oohorta eoning lata in thm aaaaon and elinataf 

parha^t playa a nora inportant rola in tha d̂ taŷ  rata of tha 

difforant o^i^rts. Qaoay rata naa g^iarally nora in oldar fall«wi« 

itrwtia-a of tha tUlara 

As» atr«ietiira of daad and Hiring p^pitlationa of a ^ae ias in 

a ^HMiBtity attg^ata to a graat axtant tha health of the popula-

ti^3 aa a idiola« tbm faet that there was m inffirMse in tha size 

of t ] ^ dMid popitlati<m belonging to the age tptoa^ of 1 to 1.5 

yeara v i ^ i»erease in the ai^ of the fallenr and that there waa 

a Bore tmifora age elaaa diatrihution in youn^r fallow auggeata 

tisat t iUera are el^siiuited Bore frequently in Ida* old«r fallo«w 

ecNî pared to the yoiaHpi»r fallew* Conv«raely» tlui BCHTO freqiiaBt 

ooeuxT«^e of yo«ng«r t i l l e ra of the l iving p<̂ pKilatimsi in 



y- and 5*3^ar old fallows tx:^stB\B that though recruitment may 

occur here* the chance of it reacdiing luiturity is lesser 

coBtpared to a 1-year old fallow. 

In conclusion it may he mentioned that ̂ . eylindrica is 

naturally controlled in the ;}hum fallows if the jhum cycle is 

more than 5<-6 years due to pairtly increased eogq>etition in older 

fallows and partly due to shading effect of larger shrubs and 

trees* Kushwaha and Ramakrishnan (1982) have sho«m that shading 

tinder experimental conditions has an adTez*se effect on the 

growth of ̂ . eylindrica and that allocation of bi(»ias8 to 

underground perennatlng organs got markedly reduced. Vhere the 

Jhum cycle is a short one of less than 5*-6 years, j[. eylindrica 

tends to stablize in the fallows as natural control mechanisms 

do not operate resulting in azTested succession of weedy species 

(Ramakrishnan et al.t 1981} foky and Eamakrishnan, 1983). Another 

significant observation that emerges out of this study is the 

tirm related proiK>tary effect on reeruitiMnt and establishment 

of tiller populaticm of this important weed of the slash and bitm 

agriculture system. 

SUMMiOtT 

Imperata cydindrica is a noxious weed coming up in early succe-

ssional fallows after slash and bum agriculture (Jhum) which is 

prevalent in the north-eastem hill regions of India. The regene­

ration and establishment patterns through tillers is more vigorous 

in younger fallows and is drastically curtailed in older ones as 



evident from mortality/natality pattern^ and age structure of 

the tiller populations. The reg&ieration of the tiller vas 

enhanced in burnt plots as compared to unbumt plots. Diffemn-

oes were observed with respect to recruitment pattern in 

diffez*ent cohorts studied, this was related to envir^timental 

conditions as well as to iz»srease intra** and/or inter-specific 

eoBq;>etitiQn. The implication of the results in natural control 

of this weed under longer slash and bum cycles and arrested 

succession uncUr shorter cycles has been discussed. 
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FATE OF IHTR0I«JCED RHIZOMES AND SEESJS OF IMPERATA 
CYLIMDRICA (L . ) BEAW. AfTER SLASH AMD BUtUI AGSH-
mmmSmm) IH H0R3^BASTSm IMDIA AT TWO 

ALTinn^ES 



The studies tm population dynamics ot regetatively propagated 

perennial species has <mly started reeeiving attrition in recent 

tiaes (Haz^hal suad 3agar» 1965} Kays a^^ l̂ orper, 1974). Many of 

these studies deal with the demography and dynamics of naturally 

established plant popilations. HtK^ less is knovn on the fate of 

intẑ îueed populations under different natural environments. 

Earlier studies on the fate of introduced populations throui^ 

rhixoi»8 and seeds (Chippindale, 19^f tsam, 1^^{ Carers and 

IkLTper, 1^7| Putwain and Harper, 1^0) imggest that the fonnr 

tend to surriTe better as ccmpared with individuals of seed 

origin, 7he present study deals with introduced p^mlaticm in the 

form of tillezni and seeds of Imperata <nrlindrica (L.) Beaur. in 

falloiffi of differ^t ages i^to 10~years after slash and bum 

agriculture. Since the presence and abimdanee of associated 

species may profmandly influence establishment pattern (Sllenburg, 

19531 Odum and Odum, 1959; î irper* 1964), the presi^t study also 

deals with this aspect. 

1, cylindrica is a perennial weed coming during and after 

cropping under slash and bum agricultuure at elevations upto 

about 1500 meters in Mei^alaya, This species is an important 

compcment in ĵ nam fallows upto about 5-'6 years, after ndiich it 

gets naturally eliminated during secondazy succession (Toky and 

Ramakrishnan, 1983a{ Mishra and Sejutkrialman, 1933a) due to shad­

ing. Itetder shorter Jhum cycles of 5~year or less, this species 

forms an important component of the arrested weed community 

(Sax»na and Ramakrishnan, 1984). 
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METHODS OF STUDY 

0, 3» 5 aj3̂  ID-year old jhuB fallows were identified at low 

elevati<»i at Btiraihat and at high elevation at Shillong. The age 

of the fallow was calculated fz^m the time the site was allowed 

to naturally regenerate after slash and btuna agriculture. 

In e a ^ fallow, xiiizoae pieces with one emergent TegetatiTe 
2 

bud at densities of 25t 50 and 100 per m and seeds at the rate 
o 

of 100* aoo and 500 per m were introduced. Thm numbers pres<mt 

after eoie month was considered for calculation of percentage 

increase/decrease in the population size occurring subsequently. 

A rhizome was considered established cm producticm of atleast cme 

new leaf from the Tegetative bud. A seedling was considered ger­

minated on the appearance of the pluonile above the soil surface. 

In each fallow* introduction was done in six 1x1 a plots. Half of 

the plots were imdistuz^ed with the existing vegetation and the 

otlwr half had the existing vegetation removed. All treatments 

were replicated three times. 

RESULTS 

Early juceessional Ifemmimities 

Tbm secondary successional cGnmunities analysed upto 10 years 

of fallow developi^nt both at Bumihat (Table .4.1) and at Shillcmg 

(Table 4̂*2) show that they are dominated 1^ weedy species upto 

5 years of regrowth. In fresh fallow at Bumihat Borreria hispida 

^^^ Igporata cylindrica are the important weeds* but in 3*- and 

5-year old fallows, l^patoriam odoi^tum forms an important 
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Table ̂  .1 laportant value Indices of ma;}or associated plant 
species at Bumihat 

Species F, Fit P« P 10 

Ageratum conyzoides L. 

Anmdinella bengalwisis (Spreng)Drace 

BoiYeria hispida(L.) K, Schurr. 

Bayhiaia varieirata L. 

Calliearpa arborea Roxh. 

Careya arborea Roxb. 

Cedrela toena Roxb. 

Cyperus piloaua Allinoi 

De«iodiuiB triquetrua DC. 

Bttpgtoriuffl odoratua L. 

Eoginee tetrajcona Wight. 

Picus hispida L, 

laperata cylindrica (L.) Beauv. 

Litaaea assaaiea Hk. f. 

Kaoaa indict, Wall. 

Osbeckia crinita B«ath. 

Setaria glauca(L.) Beauv. 

Sehiiia wallichii (DC.) Korth. 

Vitex pedunculagis Wall. 

T. glabrata Br. 

12.0 

6.5 

20.2 

3 .0 

-

7 .1 

5 .2 

10.0 

4 . 0 

-

4 . 0 

-

20.2 

-

M » 

6.0 

7.0 

-

«» 

« 

wm 

4 . 2 

-

7 .0 

2 .3 

8 .2 

6 .7 

-

5.2 

78.5 

5.0 

4 .5 

15.2 

-

-

8 .0 

7 .5 

2 .4 

-

. 

-

-

-

9 .0 

5 .2 

-

5.2 

-

7 .2 

67.2 

7 .0 

7 .2 

12.4 

-

5.2 

-

-

5 .8 

11.2 

10.2 

-

-

-

15.2 

10.6 

10.2 

5.8 

-

-

7.2 

9 .4 

14.4 

-

7.2 

11.2 

-

-

20.2 

40.2 

11.4 
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Table 4.2 Important value indices of major associated plant 
species at Shillong 

Species P, Fe '10 

AjjreratuB eonyzoides L. 
Anaphelia eontorta L. 
Artemisia parvlflora L. 
Artemisia valaris L, 

Bidens bitianalia L* 
Diehranopteris linearis Buna, f. 
Drymaria cordata L. 
Eleafpms latifolia L. 
Empatoriun ad«>ophorum Spreog. 
Salium mollogo L. 
Hypochaaris radioiia^i L. 
Imperata cylindrica (L.) Beauv. 
Lantana caaara L. 
Wyrica esculenta Buch. Ham. 
Oabeckia criaita Benth. 
Banicua khaaianum Hunro. 
Pinus kesiya Royle (Seedling) 
Pinus kesiya Royle (Tree) 
Plantago ma.1or L. 
Pteridiiim aquili|iBt(L.) Kutan ex 

Dicken 
Robus mjcropetalua Gard. 
Rybus elliptieua Sm. 
Sida cordlfolia L. 
Smilax aspera L. 

8.3 4.0 

12.5 8.2 
8.4 5.2 2.0 

5.2 

9.5 - - -
11.4 12.0 14.2 

13.0 - - -

- 7.2 
5.4 21.8 45.2 7.3 
8.0 2.0 

18.5 29.2 5.0 
30.5 25.4 7.0 

11.2 12.5 5.9 
- 6.2 

10.1 21.2 10.2 
1.5 3.2 

7.0 5.0 9.2 

- - - 34.5 

20.2 9.8 
28.0 8.2 

6.2 8.5 5.3 15.2 
2.8 4.2 7.2 

5.2 6.8 
4.6 5.4 



Fig. ^.1 Mumber of individuals esqpressed as a percentage 

of the initial tiller number introduced into a 

0-year old fallow at the end of one year study 

period at densities of 25t Mi 50, ( * ) ; and 

100, (^)i at Buxnihat. (a) Without associates, 

(b) With associates* 
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Fig. 4.2 numbers of Individuals expressed as a percentage 

of the Initial tiller number at the «id of one 

year study period at densities of 25 (0), 50 ( • ) , 

and 100 ( A) Introduced at Bumlhat. (a) 3-year 

old fallow without associates, (b) 3-year old 

fallow with associates, (c) 5-year fallow without 

associates, (d) 5-year old fallow with associates, 

(e) 10-year old fallow without associates, (f) 

10-year old fallow with associates. 
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Fig. 4.3 Number of individuals expressed as a percentage 

of the initial tiller number at the end of one year 

study period at densities of 25 (0), 50 ( • ) , and 

100 (A) introduced at Shillong, (a) 0-year old 

fallow without associates, (b) 0-year old fallow 

with associates, (c) 3-year old fallow without 

associates, (d) 3-year old fallow with associates, 

(e) 5-year old fallow without associates, (f) 5-year 

old fallow with associates, (g) tO-year old fallow 

without associates, (h) 10-year old fallow with 

associates• 
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e^qxmeat in the conmunity. In a 10-year old fallow there is a 

drastic decline in veedy species. A number ot shrubs and trees 

come up such as Ba^&inia varieigita, Calliearpa arborea. Picus 

hispida. Schiaa wallichii and Titex peduneularis. At Shillong, 

Plantajco a«.1or. Anaphelis c<mtorta« Itrpechaeris radiate. Bryaaria 

cordate are important species in a 0-year old fallow. In 3- and 

5-y«ar old fallows Bupatorium ad«iophorum. Dichranopteris 

linearis and Pteridjjai aquilinua also oeeur. In a 10-year old 

fallow» shrubs sueh as Osbeckia criaita, Rubus aicg^spetalus and 

trees Bv^h as Pinus kesiya come up with the decline of weed 

species. 

Pate of latrodaHMtd filler fjppulation 

In a 0-year old fallow the establishment of tillers after one 

month of introduction was generally hie^r in the cleared plots 

than in the plots with the associates. Though the actual number 

of tillers established was higher in all the plots where the 

initial nmnber was higher, the pereentage establishment in rela­

tion to the original niodmr was higher in the plots with lower 

initial density. Cleared plots had hi^ier pereentage establishment 

compared to the uncleared plots. The site at ShiUcmg in general 

showed lower size in ultimate tiller populati(m as well as perc«i-

tage establishment compared to the site at Bumihat (Pigs. Ii.1a,b; 

4.5a>b). 

At the end of one month after introduction the number of 

tillers established in a 3-year old fallow was lower in the cleared 

and uncleared plots compared to 0-year old fallow. Unlike in a 



Fig, ̂ .4 Fate of introduced seeds: percentage survival 

of seedlings at densities of 100 (0), 200 ( • ) , 

and 500 ( A) at the end of one year study period 

at Bumihat. (a) 0-year old fallowi (b) 3-year 

old fallowi (c) 5-year old fallow,* (d)^ 10-year 

old fallow. 
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Fig. 4 •5 Fate of introduced seedstpercentage survival of 

îeedlings at dmsities of 100 (0), 200 ( #), 

and 500 ( A) at the end of one year study period 

at Shillong. (a) 0-year old fallow, (b) 3-year 

old fallow, (c) 5-year old fallow, (d) 10-year 

old fallow* 
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0-year old fallow, the population size did not change much 

during the one year period. Establishment at Bumihat was 

higher (P ̂  0.05) compared to Shillong (Pigs. 4.2a,bj 4.3c,d). 

In a 5-year old fallow the establishment of tillers was 

lower than in a 3-year old fallow. Though there was higher 

establishment of tillers in cleared plots compared to uncleared 

plots and at Bumihat compared to Shillong, all the tillers died 

in all the plots by February, after six months of introduction 

(Figs. 4.2c,d; 4.3e,f). 

In a 10-year old fallow establishment of tillers was lowest 

as compared to other fallows. Further, in all the plots all the 

tillers died by December after five months of introduction, 

(Pigs. 4.2e,f; 4,3g,h). 

Fete of Introduced seeds 

At Bumihat, germination and establishment of seedlings 

declined in all the fallows with increased in density (Fig. 4.4a, 

b,c,d). Further, germination and establishment of seedlings also 

drastically declined with the age of the fallow. Seedlings 

survived declined markedly after August, this decline being more 

pronounced in older fallows. While in 0- and 3-year old fallows 

the population tended to stabilize by September in the following 

year, in 5- and 10-year old fallows individuals died by January-

February. A similar pattern was also observed for the Introduced 

population at Shillong (Fig. 4.5a,b,c,d). 



Table 4.3 Leaf area/leaf (cm ) (Mean values) of Imperata 

cylindrica grown from rhizomes in 0-year and 

3-year old fallows at Bumlhat and Shillong. 

(A) with associates* (WA) without associates. 

Site 

Fallow 

Bumihat Shillong 9 t(P-0.05) 

0-Tear (A) 25.0 20.3 

0-Year (WA) 28.0 22.2 

3-Tear (A) 14.2 10.5 

3-Tear (¥A) 16.5 11.8 

LSD (P • 0.05) 3.54 2.82 
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Table 4-4 Biomass/tiller(g) (Mean values) of laperata 

cyllndrica grown from rhizomes in 0-year and 

3-year old fallows at Bumihat and Shillong, 

(A) with associates, (¥A) without associates. 

^"* K Burnihat | Shillon« f t(P-0.05) 
Fallow 

0-Year (A) 

0-Tear (VA) 

3-Year (A) 

3-year (WA) 

LSD (P - 0 .05) 

0 .2714 

0.3180 

0.1390 

0.1870 

0 .042 

0.2013 

0.2415 

0.1030 

0.1301 

0 .026 

S 

S 

fiS 

MS 



Leaf area/leaf and biomass/tiller 

Individual leaf area of introduced tillers declined drasti­

cally in a 3'-year old fallow cocqpared to a 0-year old fallow at 

Bumihat and at Shillong sites (Table 4.3)• Further^ leaf area 

was higher in plots without associates conrpared to those plots 

with associates. Bumihat site had more leaf area than Shillong 

site. A similar pattern was observed for dry weight yield per 

tiller when a 0-year old fallow was compared with a 3-year old 

fallow and plots with or without associates in each case 

(Table 4.4). 

DISCUSSION 

After slash and bum agriculture at both lower and higher eleva­

tions in Heghalaya, a number of changes occur in the micro-

environmental conditions. The te]q>orarily nutrient enriched soil 

(Ramakrishnan and Toky, 1981; Miahra and Ramakrishnan, 1983b) is 

soon depleted of its nutrients due to run-off and infiltration 

losses (Toky and Ramakrishnan, 1981} Mishra and Ramakrishnan, 

(19d3c). This depletion of nutrients is also aggravated during 

the first few years of rapid transfer of nutrients from the soil 

to vegetation conqponent which develops rapidly (Toky and Ramakrish­

nan, 1983b{ Hishra and Ramakrishnan, 1983d). During the first few 

years of fallow regrowth, changes also occur in light availability 

at the ground level along with alteration in evapo-transpiration. 

Imperata eylindrica at both low and high elevations have to adapt 

themselves to these drastically changing environmental conditions. 
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both physical and biological. 

The germination and establishment of tillers of 1» cylindrica 

was generally hi^er in fresh fallows and decreased drastically 

in a 3-year old fallow. In 5- and 10-year old fallows all the 

tillers died off within a few months. This may be related to 

decreased light availability and more competitive conditions in 

older fallows* 3Ms is supported by the differences observed in 

germination and establishment pattern iirtiich was reduced when the 

tillers were associated with other species as compared to the 

plots from 'twere the associates were removed, in a 0-year old 

fallow. In older fallows this difference between plots with asso­

ciates and without them was not obvious. In a fresh fallow the 

interference was mainly due to broad leaved herbaceous associates 

that restricted light penetrating to the ground level for the 

establishment of the transplants, but in the older fallows the 

canopy was due to larger shrubs and tree saplings and that is m^y 

the removal of lM»rbaceous associates had little effect in the 

establishment of the transplants. 

The effect of the associated species may partly be due to 

decreascrd light availability but also be related to competitive 

factors. The influeice of competition from the associated species 

was shown by Harper and Chancellor^(I959)where the establishment 

and gi^wth of Riai»3c species was determined by the associated 

SPP^*'^ Loli^m per«tu». Similar competitive relation have been 

shown by Kapoor and Ramakrishnan (1974) in the case of Echlnochloa 

colcaaa with or without the associated graminaceous or non-gz<amina-

ceous species in the grasslands at Chandigarh. 
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Tb* generally lower gei^ination and establishaent of the 

tillers ot I, eylindrica at hii^er elevation at Shillong Bay he 

ittlated to (a) lower teffiperature conditicms related to altitude» 

(b) lower ^ of the soil related to the decomposition of pine 

litter* and (e) the presence of undecosposed pine litter itself 

on the surfaee of the soil for a considerable period of tine 

ndiieh physieally haaper establisba«at. The increase in seedling 

nortality with increase in the age of the fallow could also be 

accounted as due to decreased lî tit sTailability and increased 

coî petition from the associates with increase in fallow age. 

Perc<mtage seedling nortality was higher at higher sowing 

d^isities* Such a density-deptfidant mortality pattern has been 

obserred in nany other studies (Ranakrishnan and Kunar, 1971} 

Saaakrislman and Jeet, 1972{ Ranakrishnan and Shatter, 1973; 

Kapoor and RanalodshBan, 1975)* Seedling nortality was B^rerm 

and a continuing p}»non«Bon for more than a year frcMB July ^en 

seeds geminated* 1%is suggests that nortality is a continuing 

risk that an introduced population has to face and is not restric­

ted to the early seedling phase alone, as also reported by Rana­

krishnan and Kifflar (1971) for pure populations. Here adjustnent 

in nunbers oee^r all the tine with respect to inereas in size of 

the plants of the saiM population and the other species in th« 

site* In older fallows, nortality %reis total within 6«8nonths 

after seed gemination, as also for the establishment of the 

tiller populations. Earlier studies in denography of Eupatoriun 

adMiophorun (Ranakrishnan and Mishra, 1981) and on 1, cylindrica 

(Kushwaha et al., 198?) suggest that the weed population gets 



eliminated during secondary succession after 5 to 6 years of 

fallow regrowth which is confirmed by our own studies presented 

in caiapter 1 and the present studies <m the fate of introduced 

populations. This biotic control of a weed like !• eylindrica if 

the fallow period is long, is disturbed under a shorter jhum 

cycle of 4-»5 years resulting in arrestc»d succession of weeds 

(Toky and Eamakrishnan, 1^3a; Hishra and Ras^ikrishnan, 1983a). 

smouRY 

Establisl^eBt of the introduced populations of Imperata 

eylindrica through seeds and rhizomes was studied in 0, 3t 5 and 

10-year old fallows with or without the associated herbaceous 

vegetation. The establishment of the population through both 

these decreased drastically with the age of the fallow. While 

the removal of associated herbaceous vegetatitm improved establish­

ment only in a 0-year old fallow, absence of such a difference in 

older fallows is related to the presence of the larger shrubs and 

trees in the coaaounity. Mortality V&B a continuing risk the intro­

duced populations had often to fbce rather than it being confined 

to the early phases of establishment alone. Further, density 

d^eadant mortality was evident with higher mortality rate at 

higb«r densities of the introduced population. The significance 

of these results are disciissed fron the point of view of weed 

vigour in ^hum fallows. 
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CHAPTHl V 

QROVm AMD RESOURCE ALLOCATIOH OF IMPERAXA CYLIRXatECA 
( L . ) BEAUT. AFRBR SLASH AND BWM VrnmSiM {MM) 

IS HC^TH-SASTERN ZliDIA AT TWO ALTITUDES 



IHTRODUCTION 

Partlticming of the aTailable resources for various life activi* 

ties such as aaintenance, growth and reproduction is iBŝ ortant 

froa the ecological as well as eTOlutionary histories of plants 

(KacArthur and Wilsmi, 1967} Harper and Ogdcm, 1970| Qadgil and 

Solbrig, 1972} Abrahaason and Sadgil* 1973| Hiekamn, 1975{ 

Pitelka, 1977{ Bazzaz, 1979)* Tim resource budget of plants nay 

be liBited by a number of limiting factors su^ as water* photo-

synthtttes and mrtri«ats. Host of the studies (m allocation pattern 

are concerned with bi<»as8 or «iergy. Little attention has been 

giT«a to the alloeati^m of nutri^its lAiich may be equally iiô por-

tant in situations with a limited supply (Tan Andel ai^ Tera» 

1977; Williams and Bell, 1981). 

Natural population of a permmial ẑ iizomatous species such 

as Imperata cylindrica (L.) Beaur. that comes vtp in fallows 

after slash and bum agriculture (Jh»m) differ markedly in demo­

graphic features d^«ading upon the age of the fallow. This 

reflects adaptati<m to differmt serai stages of distxirbed and 

successional ^fvircasments. Zn addition to differ«Eice in demo­

graphic data, it would be useful to identify distinct strategies 

by describing resource allocation. The abundance of each species 

in successional habitats can be determined by these strategies 

(Howthom and Cavers, 1978). 

Saxena and Bamakrishnan (1983) studied the growth and allo­

cation patterns of perennials with different regenerative stra­

tegies establishing subsequent to slash and bum. They (StjaaoA 
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and Ranakrisiauin, 1984} also stiidied the ohaage in strategy 

of Bopatoriiai odoratiaa la suecessional enrirtmaents* The 

present study ocmeems the resmirce allocation pattemof !• 

cylindriea eoaing up in fallows of different age after slash 

and bum agriculture. 

METBOOS OF STUfJf 

0,3 and 5*year old fallows (three replicates) were identified 

at Bumihat (26«(̂ »ll, 91'52»B) and at Shillong (25»34»ir, 

91*56*S}«'^e resource allocation pattern of natural populâ ^ 

tions of 1, cylindriea in eaeh of these fallow plots was studied 

in three raii<iU»ly narked 50 x 50 en qtmdrats that were harvested 

every araath, throui^out the growing smiscai. 

The harvested plants were separated into above-ground (St«a 

and leaf) and below»ground (root and rhizene) ̂ drnponents. 

Different coaponents were dried at 80*C ̂  5*C for k& hours and 

weighed. Leaf area estinaticai was dcme by using a planimeter and 

leaf dry wei#it per unit area was based ooi three replicates and 

20 leaves per replicate. Leaf area ratio was calculated as leaf 

area («• ) per tmit (ng) bioiuiss. Growth fUnoti^is such as 

relative grtnith rate (!t€it) and net assinilation rate (KAR) 

(E^l^es and F^eaan, 1^7| Hadford, 1967) were calculated ass 

^ "2 - ^ *1 

(•g •«"''d"'') *2 " *1 
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where V^ and A^ are hiofiasa and leaf area values at time t̂  and 

siBilarly Yg and A2 at time ±2-

CeneimtratlcxBL of different sutri^its in the coapiment organs 

was detemined following standard i^thods (A11«I, 1974). Thus 

nitrogen ims analysed by aicro^K^eldahS- method, phosphorus 1:̂  

molybd«iius-blus nethod and potassium 1^ flame phot(»etry, after 

dry ashing, 

Ifutrient uptake effieiency was oaleulated as ag nutri«it 

absorbed per g root bloaass following Blair and Cordero (1978) 

and nutrient use efficiency as mg bi<»Mts8 produused per B̂ ^ nutricot 

uptake. Tegetative effort was calculated on the basis of alloca-

tic»i to rlLlz«Mi as percentage of eurr«sit dry matter or nutrient 

uptake. 

RESULTS 

Matural JQimlation ^udies 

The increment in above-ground biomass in differ«:it fallowi 

duzdng the observation period at Bumihat freai June to December 

is shown in Fig. 5*1a. The inerem«3t was pronoimced in a 0-year 

old fallow but was not so in older fallows, IM the Initial 

stages a marked difference -was observed in above-ground biomass 

between 0- and 5-yaar old fallow cm the onm hand and 3-yaar old 

fallow (m the otiwr. At the end of the growth {Htriod 0- and 3-yoar 



Fig. S.I Bionasa increment during the growth aeaaon of 

L* cyliadriea in different fallows, (a) above-

l̂ roand biooass at Bumihat, (b) abov«-|̂ *c»]ad 

bi(»ttS8 at Shlllong, (e) below-gromul biomaiss at 

Bumihat, (d) below-ground bioi^ss at Shillong. 

Opmi eirele, 0-year old fallow} closed eixdef 

3-year old fallowi open triangle, 5~yoer old 

fallow. Tertieal bars represent l,SD at P»0.Q5. 
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Fig. 5 .2 Leaf area/tiller (en ) ineresent during t ^ gr(nrt;b. 

aeaaos of I, cylindrica in differi^t fallows, 

(a) Bmnihat, (b) Shillong. Op«a circle, 0-year old 

fallow} closed circle, >-year old fallev; open 

triangle, 5'year old fallow. Tertical bars represent 

LSD at P-0.05. 
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Table 5.1 Mean values (^ S.l .M.) of growth ftmctlons of Iiaperata 

oylindriea in different fa l lovs at Bumihat and Shi l lo ig 

Fallmr S i te 
JBg 

—1 - 1 
Bg ^d ^ 

HAE 
Bg en '* *d' 

LAR 
cat g" 

G-Tear B«r&iMt 0.0154*p.0093 0.0950+p.0533 0.0830+0.0543 

SMlleog 0.OlOa*O.OO2O 0.0801+0.0062 0.0720+0,0580 

3-Tear Buroihat 0.000&*p.0002 0.0150+0.0052 0.022^+0.0050 

S h i l l ^ « O.OOOS+p.OOOl 0.0062+0.0024 0.0170+0.0085 

5-Tear Bumihat 0.000^0,0011 0,0052+0.0008 0.0110+0.0084 

ShUlfflag 0,0002+0.0001 0.0022+0,0008 0.0120+0.0072 



Wig* 5 ,3 AHoeation of bi^eaas to ddff«reixt eoiapoasi»^s 

(^oprassad as a parcentage of the total eapital) 

faring tiie growth period of !• eyllndrica in 

dlffertat fallows• (a) Bumihat, (b) Shillong. 
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old fallows had hi^er biomass compared to 5-year old fallow. 

A similar difference as at Bumihat, between the biomass in 

different fallows at the beginning and end of the growth period 

was observed at Shillong too, but this was less pronounced here 

(Fig, 5.tb). 

Thou|^ below-ground biomass incz*ement was more pronounced 

in a 0-year old fallow both at Bumihat (Fig. 3.1c) and at 

Shillong (Fig. 5.id), the initial and the final biomass attained 

in the 0-year old fallow ireis the lowest idiile that in the 5-year 

old fallow was the highest. 

Increase in the leaf area per tiller at Bumihat (Fig. 5«2a) 

and at Shillong (Fig. 5*2b) was very sharp in 0-year old fallow 

compared to 3- and 5-yaar old fallows. However, in older fallows 

a hi^er initial and final leaf area %ms noted. The difference 

between the three fallows was less pronoui^ed at the end of the 

growth period than at the begimiing when 0-year old fallow 

started with a much smaller leaf area. 

fhe thz^e growth functions, namely WSk, MAR and LAR are 

given in Table 3.1 for Bumihat and ShiUcmg. Fresh fallows had 

higher values for all growth functions and these decline markedly 

with the age of the fallow. 

Allocation pattern of bitmass esqpressed as a percentage of 

the total capital for both Bumihat (Fig, 5.3a) and Shillong 

(Fig. 5.3b) showed similar differences with the age of the 

fallow. The allocation of biomass to the rhizome and stem por­

tions increased sharply with fallow age. On the other hand, the 

allocation to the limf decreased with fallow age. While in 



Fig. 3 .4 JKitrient c(mcaitz%tion in 1* cylindrica during 

the growth period in different fallowa at 

Bumlhat. (a), (b), (c), above-ground parts; 

(d),(e),{f), below-ground parts. Open circle, 

O-year old fallowj closed circle, 3-year old 

fallow; op«a triangle, 5-year old fallow. Vertical 

bars represent LSD at P«0*05. 
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fig. 5.5 IfotrlwQt eoncoEitration in j[. cyllndrlca during the 

growth period In diffezHtnt fallows at ShUlong. 

(a),(b),(c), above-ground partsi (d),(e),(f), 

below-ground parte. Open circle, 0-year old fallow} 

closed circle» 3-year old fallow} open triangle, 

5-year old fallow, Tertlcal bar^ represent LSD at 

P-0.05. 
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7abl« %,Z Maeya eoncwaitration (;f S.E.M.) of nutrients in laaf 
tissiui of 1» cylindrica in diffarttit fallows at 
Bamlbat and Shillong 

m i « , } S i t . | l t t t r .«« . } p h o . p h . » . \ M n ^ 

0-T«ar 

3-Taar 

l^raihat 

Shil l«3g 

Bumibat 

Shillong 

5-Tear Bomihat 

SliiUong 

2.0 *_ 0.15 0.08 * 0.03 

2.0 + 0.12 0.08 ± 0.03 

1.3 i 0.09 

1.0 + 0.07 

1.8 • 0.10 0.05 t 0.01 1.0 • 0.08 

1,8 j ^ 0,12 0.05 •. 0.02 0.9 •, 0.06 

1.8 + 0.10 0.05 1 0 . 0 0 9 0.9 1 0 . 0 7 

1.8 1 0 . 1 0 0.05 1 0 . 0 0 9 0.9 1 0 . 0 8 



Fig» 5*6 Allocation of nitrogen to different e&m^mmsta 

(expressed as a percentage of the total capital) 

®̂  L» eylii^drica dyuring the iprovth pezdod in 

differ«at fallews of 0, 3 and 5~3reax*s at Bumihat (a) 

and Shillong (b) . 
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Fig. 5.7 Alloeati^i of phosphorus to diffax̂ Kot oo«poaiants 

(eaqprasse4 as a peree&taga of the total eapital) 

®f 1^ cylindrica cturing the growth period in 

diffar«Qt fallews of 0, 5 and 5*-ysars at 

l«amihat (a) and Shillong (b). 
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Fig. 5 .8 Alloeaticm of Potassitia to <liJ^er«Eit eosp<m«ata 

(oscproased as a pere«Eitaga of the total capital) 

of J[« cyliadrica iloring the growth period in 

different fallows of 0, 3 and 5*-y«&ẑ B et 

Bitmihat (a) and ShlUong (li). 
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,0 dl«.re»t co-ponents tended 

,.llov. W o » * " ''1̂ »'''*'°" _ „o«tb period. In • older tallowB ^^^^^ the 8ro» 
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Fig. 3 .9 Satrient aocusulation In 1^ eylindbrlca &irijag 

growth period In dlffez^xt fallows at lumJLhat. 

(a ) , (b ) ,{c) , aboTe«groui«i parks; ( d ) , ( e ) , ( f ) , 

below-grcmnd pa r t s . pp«a e i r e l e , O^year old fallow; 

closed c i r c l e , 3-year old fallow; ©pea tris^ogle* 

^-year old fallow. Tertieal bars represent LSD a t 

P-0.05. 
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Pig, 45.10 Matriant aectmulation in 1* cylindrica during 

growth period in diffex^t fallows at SMllong. 

{a),{b),(c), above-ground parts; (d),(e),(f), 

below'ground parts. Open circle, 0*year old fallow; 

elosed eirele, 3-'T«ar old fallow; opera triangle, 

S-y^ar old fallow. Tertical bars z^pz^sant LSD at 

P«0.05. 
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Markedly towards the end of the growth period in each of the 

fallows, that to the stem and the leaf coi^oneit decreased. 

the nutrient accutailation in the above-ground biomss at 

Bumihat for nitrogwi, phosphorus and potassium shown in 

Fig. 3.9a,b,c showed that the S-year old fallow had the lowest 

level of aec^omalation compared to 0- and 3-year old fallows. 

3-Tear old fallow showed highest aecuBulation at a given time 

though in a 0-year old fallow accusailation increased sharply 

from June to December, almost eqiaalling the 3-yftar old fallow 

by December. A similar pattern was also observed at ShiUoog 

(Pig. 5.10a,b,c). 

I^triimt acciMulation in the belo%p>ground biomass at 

Bumihat (Fig. 5»9d,e,f) and Shillong (Fig, 5.10d,e,f) was 

lowest for a 0-year old fallow and more for the 3-year old 

fallow, the 3-year old fall(»r being intermediate between the 

other two. In 0- and 3-year old fallows, accionilation was faster 

during the growth period compared to the 5-year old fallow. 

l^trient uptake efficiency in general was very high in a 

0-year old fallow but declined sharply in older fallows (Table 

3.3) • Uptake effici^icy was more for nitrogen followed by 

potassium and least for phosphorus. While significantly higher 

uptake efficiency was noted with respect to nitrogen and phos­

phorus for the Bumihat site cos^ared to Shill(mg» no such 

difference between the sites was noted for potassiim. 



f«^« ^A Nkitritut us* mttiMlmmr (ac Momss pr*du«*d V^at iuitri«nt «b*oi^*4) of lp>oyXiodri*ft 
in 41ff•!•*&% fallGwc «t Stamlliat and StiilXflng 

"t̂ raUow 

llltrof«& Pbospliofiui 
BimiilMit|shiru>ng}t(IM)«05) 8mstih*t|8Mn«Bf[t(IM}»Q5) 8uyn3l»t|8hi3aoog|t(P>"0»<^) 

0*Y*ar 

5-T*«r 

43.0 J7»0 

aO.O 17*4 

12.0 10.S 

8 

MS 

m 

902*9 

602.4 

280.2 

898*2 

989.0 

279.9 

92.0 49*2 

26*9 29.8 

12*2 19*4 

L,8*0*(P«0.0&) 4*92 9.80 9.42 4*1^ 9*20 2.99 



i 

t 
• H 

il 

I 
M 4» 
O « 

1^ 

5 § 

i| 
d t 
^ Si 

Its 

s 

•> 

II 
4» 

8 

k' 
8 
2 

8 
I Id 

I 
8 
2 

• 

• • • • l iT i i 

J 
m 

-^ 

m 

o 
• s 

o 
• s 

lf\ 
• s 

Ctf 
• s 

o 
* 
8 
t4 

• 
9 

5 
• 91% 

S 
• 

f« 

3 
O 

« 

• 

I 

• 

n 
0S 

* 
!i( 

• 

« 

f(i 
• 

$ 

• 

^ 

o 
• 

« 

l»\ 

3 
• 

HI 

8 

81 

• 

K 

1 
s 

• 

c 
« 

?: 

t 
% 

• 
« 

O 
4k 

1 
1 

f4 
• K% 

8 
0, 

8 
• 

2 
§ 



1 O " 

MBtrUst iis« mtfiolmmf aXse dsemssd with tii« sgs of tlis 

failow, for a l l tibc tiirs* i»]tri«Bts (Tsbls 5*4) • IHM offiei^ioy 

ifss mkxiwmm for plioss^orus feilowsd te^ yotsssiwi sad n i t r o i ^ . 

Sito d i f f s r o i ^ ms ^iMrvod cBl|r for a i t r ^ j ^ in tiis O»yosr old 

f«iotfttiv« of fort «K^ros^^ «s s porosntsso of tho ourrsat 

bioasss predHc^ioB to f^bixi»o eos|MBSfit î ieiiod timt tblm sigai-* 

f iesatir iaerossod « i ^ t l » sfs of ^lo falXov, at betli sitos 

CCadOo <5«5)* A siai iar j^ttora was slae »»t«d UIISB Tocotstivo 

•£fort is «emmiAmr9d ia tmm» of aatrimits stteii as aitrogsay 

plio^tenis sad potsiMJ^su Thoi^ d i f f s r o a ^ la '^lis record mm 

aot €^mme'wA boftwsoa iA» two sitos witb rosi»o«t to bioaass* tbo 

aatrisat allooi^ioa wis slightly Mf^MSt st BanUlist thsa at 

msosmim 

Sbo s^i^^tiQa of a fttisotts^aw wood l ika Dspwata oyliadrioa 

idiic^ ooao vp after s l a ^ moA biara egrlAtlturt i^^iild be to 

espitaliae v^pim t3m aatrieBts idiieli ere alreadar dei»leted after 

^ e eroeppix^i period (RuMlErisiBMra «id toky* t981| Tokjr sad 

Roaslarî iiaa%t iSBIt WLslira sad ^Mskri^ias»» I9^|ia«b}* Tbm 

grow^ of tbe ebove-grooRd ports trmt ttm pMreaastiag rtitKoae 

is wmtf rapid ia a CH^ear old fallow dii^ to the stored food 

reaoaroes ia the iltiaoae sad ^am to the «̂ pea sevireiaBsat where 

l ight is aot s l ia i t iag tmst^p mad isimt Hbm coapetition f̂ raa 

oth«r speeies ia ^ » ooBaaaity is alaiasl* She decline ia growth 
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fkUow eeuM b* p«tXy r«Ist«d te eoopatitleii fk«« «t l»r ^»^i«ft 

"̂ •̂̂  * * JSmmtmpixm ^awm^w (KoataiM f̂t j ^ jy^** 1963 )̂* nirtli«r« 

rtiOMd X i | ^ «VBiXidbili^ in Qiliba* fiOlftui wottlA tw ttidtlwr 

^ipwtairt flMter M I tiaam hy lBiiai^« «id ilsHyalilmtta (1982) 

•Bd ftlao n^Mi liy ol^«rs (B«ai»t «Bd 8ftO« t966t CxvtintXX* 1968t 

fiiWMQ iffid Vir^ih«i^d^« 1975)* Beii»v«r> tlMi lnalX<l-*i9 of tbt 

iMiiltr'jround orsms idltb og* of tbo fiuLlmr i« visy hi|^» 

1 * <Bar3i»̂ Pioy is « spools l i » t MsltlpUlos aestXy throet^ 

ytgototiy iqproBtoi oeaittl r^ro^toetice is MSjism ottiiwpttd 

oaoicpft m i « r ooB^tiQi» of o«fv«r« s U ^ ^ * I t hao bote obOMB thot 

f^w^wt o l i^ i f ig i»* bnrai^t poftietOar}^ ^iriag ^̂ lo 6gf « • • « » 

is ^ooatiol for maee^mmtaH flmmxia^ of tliio opooios (KuutiiMOlHi 

,f| j ^ t 191^)* O i l ! (1979) i^Uo i^^ortod a sisi lor htimvUmat for 

• mtnlNHr of poot-^bro ilifidlft. Sfaooo otewHnmtiotto aiqppwt tbo 

pf«dieti«e of Vi lMa (1971) that ri^rodttotioii viXl O^4OM bo 

Otttipttdl HINHI €Bt I^O OVCCOlPi i t £iiIO» 

Ibo iRlt iol doeXino in t ^ boIowgrouiM! biovooo olloaitl«o 

ia JUBO irt îa ^rtw^ s^jrto ia « O-foar old fteXXew and tbo sianX* 

^^MOtts ineroftoo i& tbo oboiro-sroiKid bioaooo oUeeotiea oaq;iloiiio 

mipid ^miofiH' of rooourooo fyoo boleir to ^oiro"«roiiBA OSTSHBO* 

UBitmvmr^ in ttm lottor pint of Vm grevtb sooaon* thor* io « 

boiXd up in ^lo oIXoeotlOKt to tbo bolow ground omgwio* I t aoy bo 

Boted hmpm ^sot oaorliio' st»di«i (Soxom osid ^mmSa^Lakmui, 1903) 

suigooto -exat tho oXoiwr grevyi i«to of ^* cyliPdrioo oô p>«2«d 

"^ £• odffipo^i* muBftiitir pwraoBiol is to soao oactwt oowponsotod 
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4tm t e higli i a i t i a l rmmvnrmm s t « « ^ i a th« i«»i«riproimd wrpiis 

aad tren^piarl^ tme shoot g r̂onfth tScM«r a i ^ Za«da» 1973)* 

Qi^aitifieaticm of r€^pro<lactiY« e f fo r t i a pereonials i s 

e^i^lioated mm prodhiction of t ^ pxwvimts fmBrm i s addsd on to 

timt of tbs a«et y«»r (O^toa^ 1974{ Ili<daHai« 19?9| Kmnoio and 

2^a#si» 1975)* VMls i » l^ese stuftiss seaaial repro^ictivo sf for t 

i s oft«a <»msi4sred as a |»r^|KH?tioa of tbe sKisting l^ioaass or 

*i^w growth* ( i n tha eaiNis itt^ra oi frent grotrth i s easily lUst i i i -

fuialH^ frci i ^m ol4 gfmtth • • § • ov^-MigiatwrlJQ^ of s^aoct wwwf 

fmst) i^m i i^ort ia^a of the uBd^^-gros^ v a ^ ^ t i v a propafiul^ 

ara ofta» igii^^i^ (So^^" aiid B iU ings , 1 ^ 0 | Bra^ibrayy 1973)* 

SINidias <m p^raimials w i l^ or w i ^ ^ i ^ viiEatativa raioxH^ictioB 

i a ^fam fallows (Saacaea aadl BaoidcrislaMSit 1983t Saxana and 

SiHMilirisiana* 196%) i s <»^ of tha fair attai^fts to is^arstaad 

iSim growto s t a « t i ^ a s of parazmials dsoring saeondary suocassicii* 

k ^pe%%me aUoeatimi of biosess to st«»i ^ji^KSHixt in o l ^ ^ 

fslloics as ^aiparad t o the jmrn^^ ftedXaifs aay ^ r^Jitad with 

aead of tlia mpm&tm» to groir t a l l e r i n old«r fa l lo ta for shate 

«^roldto»»a» CNriMEtar al loeation to l ea f ems^taemBit i n yoimgar 

fal lo«» i^xtld Î Olp i n aexiaieing ^^setesyn'^iesis laider tba M i ^ 

l i g ^ ref ine iia l^esa. While reppeitettticm here i s tlnroiigh 

e^eteRsiini rl£ljioaes» t l ^ alloeati^ri t o th is ^om^oBm^ increased 

muri^dly i n colder fRlloif8« Tims i^ im^etative rtf^'oduetiiw 

eff<»*t ixi th is si»iN&ies i^owed a high dfl^r^ of p last ic i ty to 

<̂ ttHî ie in otviroiBGiiffiB^l f^&B&iXt&m i n the i n i t i a l j ^ s e of 

sue^Nision aa I^XMB fo r the other "re^etatively pra|»ipttad 

p»« imia l eolosiii»»rs (Ogd«Ei» 1974| HiKtoas* 1974s Ma«haa»», 
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19^a.li}, Tlia atxvtagy to etmsarva aora raaoureas through 

prafara&tial Xvmmtwe of pliotoaynthata to ttm rhizotta in 

oldur fallens say h»Lp in tlia suesaaa of ^lia spaeiaa wm a 

vmA in ^e ĥtxa plots during t ^ ayl̂ Mq^ast idaaii and laani 

and eropping. 

fha allo<»ttl<m stratagles oitan doiM on tht \»siB of 

j^ieoass alona {Hweper^ t977) do not glva a e^iplata pictiti«* 

Haecsit studios of Thonî mi and Stawart (1931) and that dona 

1^ Sa»ma end Haukrii^man (1^3) mggast thmt siitri«»t al io-

catioa stt«t^Qr is aqually inportant partioitlarly far raî ro-

duotiva growth ainea raprodtiotive struoturaa can naka IM 

e€icitrihiiti<m in this r^^ard* 

tim alloaation strat^y of nitrogont phosphorus «id 

potassiaa ara distii»tlf' diffarant fm^ Ĵ « oyliadrioa in tba 

diffarant maeeaa8ioi»l failoiis* (̂ raatar allo^iticn of nutriants 

to laaf eoi^oosBt in a 0-^aar old faUow oonperad to oldar 

fallaiM and oonrarsaly TBaorm aUecmtiim to tha uater-grouDd 

vhisoKstous pr^agolaa in o l ^ r fallam a^in auggasts of a 

hi|^ dagnw «f pl^rt^ieitjr to eeou^ ehanging aBriroi»aiit of 

BmnX oo—anity» Prafanaitial allooation to loaf in a 0-yaar 

old fallowt pei^psy would halp in qtti^«r astabi iahwant ^id 

rapid prokrth in tha initial i^iasas i ^ l a tha stratagy fop sora 

alloeati^i to rhizoaa in a 5-yaar old fallatr iiould halp in ita 

aurrival through ano^tar alash and hura eyala to whieh tha 

plota undar an oldar failmir Mqr ha mii^aetad. ^ i ^ a eonsarva-

tion of bioBtaas and mitri^xts in ^m uadax̂ -ground rhizooa 

(Baiper and Qgdan* 1970) in oldar fteUows would ba a stratagy 
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t o tiwmpcmm a i^aa^aa t atraaa coo^ t loaa . Tti» i s also iodiea* 

tiira of tba ms^rtmm r u ^ i ^ b^atrimir of t h i s apaeias id^ra 

s i i ^ ^paoias under stiN^sa divert x^sctzroas t o reprc^^etiva 

c r̂gaa î (f^dgsoa a i^ Blj^iiffiaa^ 1956; Bicksmz t̂ 197^1 I^y(»tl ai»l 

l^xsitt* 19??$ •«& Aadal sad fara* 1977| Foulds» t978). 

SmtM&BAL i^mgea in tlie oc^oeistrBtias of mitriants i s oftan 

ralatad t o tlHi i^ak pariod of ^•ei^l^* $las€3i s»d Br̂ naiat ( 1 9 ^ ) 

iic»4i^% OB o t ^ r xfjizonatous pl^Eits in a nat land fmtod tha t 

eoQ^eatratic^ of en t r i t i i t s i& 8lK»va~srotind par ts iacz'aesadi w i ^ 

^^ aBSTgnnea of aaw ititoots i»d r^tchad a maximal e t the paalc 

paidod <^ iprowth* fha abova-^nxji^d and balow-ip:iMmd parts of 

£• oy^JUwIrica ti^MM^d ai^b variatitm in isutrient coi:»entraticai in 

Vm diffarimt falIo«», durixig the growth period froet June t o 

&<»M^ar« tbiam nutri^at oo£tc<sitx^tici:i i n o r a a s ^ upto October 

ooii^diJBi; with p«ftk growth period for t h i s speoias in a 0-yaar 

old fallow* Bowairar» in a l^yaar old fallow where growth i s 

ajrtr«Mil$r sl€w» the mxtrient conceaitiaticai did t^X show lenich 

Ysriatioii 1^ diffai^Ent soxiths* 

Total lasitrieBt qiua&tity em& i t s Is^raasa diaring the growth 

period iM diffaront fallows i s a fy&eti<m of the already axiat ios 

hiosass aft wall as the grQ«fth rata f3€ t l » c^i^m eo»cainad» k h i ^ 

antr ient oiq^ital la xm^ttae^-^^etimA <»e^m3 eoe^rad to above-grotiBd 

p i r t s ia o l ^ r ^smt fallmis i s aiqpeetad heoausa of aec^aaalatad 

txodar^grotmd hiiantss as ^im f a l low a ^ . Eowaver* the ra te of 

aeey&iilatioii of lajrtrieBts during a giv«Qt growth saas<m ia aora 

In a ymmgar fallow of 0-|F»ar th^ i in older CSNIS a i^ oottld he 

related to ttm wigia«a* of growth of the i»diiridt«l as a id»9la. 



fhe lover uptake effielffls^y ot 1* cylicNlrice i»lisereed in 

c^Ser fftUoifs wssf be partly^ related to redtmed fer t i l i ty levels 

^6sm t e le«iMs tism the eysti^s (fok^ and Samikrisimaii, 1961{ 

Riiiiiie 81^ HtORBkidî xiffii, I^Je) and partly Iteeai^ie of rapid 

n̂ ptake \xf the et^ier mmibmt^ of the developing exiaaamXtf (Ram* 

krlelxfE^B my&. T̂ kjp* t^Hf 7 c ^ load Rasekids^iaiit 1963| MliAira 

«Bd EaaelEî l.̂ siaii« tSS^tlSSJe). Bie j^oaplmnis uptake e f f i e i « i ^ 

i s g«»rall3r lew e<»|»ared to '̂ Nit ef nltn^en ai^ potaseiuB* 

Biis e f f i e i «^r flirtlier d«sli&^ t» 9MmT falleifs* peiiiapa ^̂ le 

to re t̂eieed vlgeiyr of plaiite* Heweî ^^ the proportion of i^oe-

l^rua alleeati^ to tlie vmSmv^g^eomA ovgaas was ecraperable to 

^ait of tiitT^m ^^ potassitSB (of Table 4«5). It «ay be noted 

ii«re "^at tbe î oî isvaf̂ tt eeenMidLaticm in ^̂ le developing berba* 

^ttmn ^wmaiity ^^rii^ t l ^ f irs t 5-iF««rs of £ i l lev regrewtJi 

was v « 7 b i |^ i^^dsf « ^ te»aiaElii^»si« 1963t liislara and 

1^nakristm«i» 19S^) . ^^f^pst the rapid traMif«r a^d storage 

of pteNifĵ teGnms in tlui iaâ r->gr<MJi»t rhii^aw wsAild help j[« 

e¥liadri€» to eoiisi»*ve "^is matrii^t in the zMzoae as i t 

ymilA be in sh^rt msppXj in the so i l pool at this s t a ^ of 

s^fH^arsr »seoessiim sinee a l l herbaoeoiis s p e e i ^ eoo^pete for 

it« This would also esq^lain the esttreaelf^ h i ^ autrimtt use 

e f f i e i e^^ t&t fOio^dioms obtained in this atui9^« the guwral 

deeline in the i»ttri«{t use effieiei^r ebser^md f^r nitrogen, 

Idiosphorus «Bd petassi^si as the fallow a g ^ ooiald be ralated 

w i ^ -^e deoline in vigour c^ ^ i s ^ e e i e s with fallow age. 

JL* gyli»^g^^ lining tlaroiii^ itkizoaes after slash and bunt 

agrio^'^ire has wm ianediate ^mpetitive advi^ta^ over other 



mBBmAk and percnaial hexlNsoaotia K^cds due to the ext«aaiva 

iii»i«r-ti<««md itii£<H»i that are ^ t i l t up during %\m prceecdin^ 

fallow ragrowtb as shoim is tb is tslta&fm I^iseaat^is spaeias 

also l^'wm a Btitidtivs advaataga tipf&r thosa C(ming t h r o u ^ 

saads (Saaaaaa &BA ft8fln]cididaii8ii« 1^31 Kaalay tfod Kealayf 1977)* 

l^ is spaoias ^lews a h i | ^ Amg;p9m of p las t ic i ty th ro t i^ dif farcnt 

«aooas8i<mal stages of fallow ^nral^^MiBt* l a the yotasgar falloifs* 

i^m strstagsr i s to wsSm <|uick grew^ of tlia aar ia l parts to 

aaacisiaa i^iotosj^t^sis* l a tha ^ d « r faUoim* tha stratagy i s 

to teiM tlie rei^aariMis wil^Hia i3m ptatmaxtitiji^ oî gsas {VmAimt'ippwmA 

fMsQBa) i a «rd«r to aaKtre i t s mapwlmX tliroug^ luootiiar slasli 

Mid bnm eyela* 

€^reiftli aad rasc^or^t alloeaticm strat i^ ias of HawKrata oylia^ntea^ 

SB iJi^Msrtfflit aarly »M»eaaaioiuil ztiiso«atoi»i i^rwaiial spools* 

ymam sts^liad i a IStUows a f t « r tHAtih aad hwm s^pe^Umltiara at tuo 

•laimtlcms i a KiiNilaim* £B tibia spMiiaa« r^parodueticut i s tbrotii^ 

V!^^tati¥a ^^roets aad aaad r^^rod^tioa i s sal^toa attaaptad 

asEoapt wcM^mt stress* 1%a growth <^ tha abova-^rotaid parts tr^m 

Vm p«rMBiatiag rliijccHMi waa rapid i a tha Q^WRT O M fallofir* I a 

>» a i ^ 5*yaar old f i l loi is« tha huild 19 of the uad«r<»grmiad 

psaemmAtimg eap^sxa WOM rapid* A gr« i tar allocmticai ot hi«MuMi 

to stwB eoMpimsat aad re la t ive ly lesser aUoeatioii i a elder 

INilXmm to t ^ lea f <»aî )OiMHat» as e<»i|»nHi to tbm youager fel loes 

May he related iKith tha m^ of ^ e ^peeles to grew t a l l e r i a 
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tHiSxv fallows for sha^a avoidance* 7l3* vagetativa r^produetiva 

allocaticm incraas^ maiHnKily with the aga of tba fallov and 

thia Bay halp Ita auccasa aa a vaad In tha ^l»ai plots durlzig 

the sulmequect alaah and burn im& cropping. Px^fei^ntlal al io* 

cation of nytrl^Eta l ike nlta:og«i« phosphorus and potaaalus to 

Xi» iMmi eempoiMsA wmild INilp la Qulolua* r̂o%rt̂  exyi. aatahllah-

mtrnt In ttm Init ial i^^aaa of fallov ra^rowth while laore allooa* 

tlon of mitrlanta to tha i%ilzi»Ba In a 5«^ear old falloir would 

Ibttlp in Ita mnnrlval throii#i amither slaah and tHirs cycle. The 

^b»&pmtam la mxtria»t ^^(Uim a f f l c l « i ^ of ^« cylladrlca «rlth 

tha a|^ of tha fallaw aay hm related to imeXixm In plant rlgotar* 

ceopatltlon and rado^id antrlaat ovallahlllty* Tha daeraaaad 

WBai^pSjmt mm a f f l e i ca^ la OI^HP teilXmm aay alao ba a fuaotlcB 

of r^hioad YII^GS" of t i ^ plants. S I J ^ i^^ai^i^nia la mck ala««tt 

8ha«»'l>ad la lars^r (fuaatltlas by iSm lHHrl>aoaeya vatatatlca« ttoa 

high phoa îfflr^a tsaa affloleai^ of ^« cvl^b^teloa aay ba a ecnaar* 

vatory «achiaalj»i aa far aa thla mttri^Bt la ecHH^mad. Htm 

pH)wth snd allocation atratagy of thla pme^mdAl %N»ad ecwlng 

after alai^ aad binm agrleultura la Indicative of Ita axtrmia 

rudaral bi^»ivloiir« 
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Abn^wMoe, V*6. ead CSsdgiX* }f«&* (1973)« Growth fom ^ 

eQ^>esl^»)» AB. Sgt*» 107t 631«»661* 
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var* nâ î r related to slai^ aa^ btam agiriotature («llaai) 
la ^»'tii«oaatexn Z»dia* I¥od* £idi«is ilead* Sei»» ^ t 
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Backing of f̂ ^ r̂ô îetive efff^rt in p3Lmtm* iUa* ^t»« 117s 
;K35-^1* 

?^gr» 0*F« and namakrU^ama^ P,S« (1981)* ikmî Cf and infiltm* 
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C5UPTER VI 

CONTROL OF IMPSIATA CYLIHDRICA ( L . ) BEAUV. 



I»mOE©CTIOH 

Iterate cylindrica (L.) Beauv. is a rhizoiaatous perennial 

gx^ss with high regenerative power and is a serious weed in 

several countries in south-east Asia (Sussen and ¥erjuhard;}a, 

1973)) Africa (Ivens, 1973) and some parts of the IMited States 

(Tabor, 1952). The weed has a wide ecological aiqplitude and 

gmerally invades cultivated lands that are abandoned or cleared 

areas for cropping (^ssen et al.» 1976). It is also a serious 

weed in tea plantations in north-east India (Rao et al., 1976). 

Ifoohanical control of this weed is achieved in Malaya 

(Mitchell, 1959), ̂ ava (Hai|^, 1951), and Sri-Lanka (Sandanan 

and Jayasini^, 1977) by forking out the rhizoae to a depth of 

45 cm. 3%ds method althou^ effective, is uneccmosic in terms 

of time and labour. Effect of slashing in the control of the 

above-ground and under-ground parts has been repoz^ed by 

Sandanim and Jayasingh* (1977) from Sri-Lanka. Other mechanical 

methods such as repeated ploui^ing, discing (Hartley, 1949| 

Knox and Cole, 1973) are possible only in a texTain \Aiich is 

suitable for the use of tz^ctors and are economically ;)usticia-

ble only if the weed population is densed and covers a large 

area (Coorams, 1976). 

Chemical control of Î . cylindrica has been attempted with 

varying degrees of success in various parts of the world (Seth, 

1970} Dickims and Buchanan, 1972,1975; Ivens, 1973; Soedarsan 

et al., 19751 Teoh and Pushparajah, 1976; W<aig, 1976, Rao et al., 

1981). At present three herbicides, namely paraquat, dalapon 
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and gljrphosate are cosmonly used for control of this riilzoma-

tcms weed. Of tiiie8e,paraq«tat is a post'-eaergent ecmtaet herbi­

cide with very less degree of translocation t&ereas dalapon 

and glyphosate are post-esergent and translocated herbicides. 

Being a contact herbicide* paraquat does not prevent reg«xera-

tion of xtiizoBatous species with one application. As a result, 

it needs to be applied sore than once to obtain satisfactory 

control (Rao and Kotoky, 1982). Although dalapon and g^yphosate 

both have tre^aslocated properties, the latter has a wide area 

of application and has been found to be superior to the former 

at oRieh lower doses (V<aig, 1975,1976; Teoh and Pushpara^ah,1976; 

^'^ £k S^** 19Sl)on a diverse grtmp of per«Qnial grasses 

(Hoshier jrt al., 1976). CM the other hand, application of 

dalapon followed l^ paraquat at lower dose has be«Q found to be 

i^re effective than i^en applied alcme (011unu|^, 1975; Soer;)ani, 

1970; Seth, 1070; Diek^ui and Buchanan, 1975; Teoh and Pushpara-

4ah, 1976| Sandanaa and Jayasinghe, 1977). 

The control achieved with various aeans has in aost cases 

been eval£»ted ^uly by visual assessamit of top growth n^ieh 

does not necessarily reflect the degHHte of real control achieved 

since the effect on the under<->greund systea aay be the decisive 

factor in the control of xiiizoaatous grass (Sandanaa and Jaya-

singhe, 1^77). The present study deals with the effect of sickl­

ing the grass and chemical treataents <m top growth control as 

well as underground paz*t8. The long-term effect of repeated 

application of paraquat at different time intervals is also 

studied. The effect of glyphosate at various growth stage of 

the weed is also observed. 



stum AREA AND CLIMATE 

The study was carried out at Tocklai Ssqperimental Station, 

Jorhat (94*12* E and 26*47* K) in Assam at an elevaticm of 

92 meters. 

The eXimate of the area can be divided in three distinet 

seasons! Sumser which extends from April to May with occasional 

pre~mcsi80<m 7»in« Rainy seascm extends from June to September. 

The mean anmial rainfall is between 2000 Bm to 3000 sm, a ma;}or 

fraction of idiiĉ  comes during the monsoon. The winter is mild 

and ^xkanAM from December to February, !nie average maximum 

siaEDur tempez^ture is 30*0 and the minimiai winter temperature 

is 18.5*C. 

MEHiODS OF STtJDY 

In the weed nursery of the esqperiiwntal garden, beds with almost 

pure and thinly populated Imperata eylindrica were selected and 

three separate experiments were conducted. 

Eanaeriment 1 

Plots of 4 m X 1,5 m w#re marked tnit in the nursery beds 

with almost pure and heavy stand of !• eylindrica. The experimuxt 

was of randomised block design with three replieations eonductcKi 

during the period from May, 1983 to October, 1983. The treatments 

were as followst 
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1, Ctmtrol (ttntreated) 

2» Siekling to ground lerel, in weeks -
0, 2, 4, 6, 8 and 10 

3. Sickling to ground level, in weeks -
0, h, B, i a , 16 end ZO 

4 . Cllyphiosate 0»8 kg ai/ha« 0 week -
Blanket spray, spot applicatiem 
after 6 to 3 weeks 

5 . I^raquat 0«4 kg ai/ha,iQ weeks -
0» 2 , 4 , 6» 8 and 10 

6. INsilapesi 3«0 kg ai/harh Paraquat 0.4 kg &X/h&; (£>equentlal} 
in 0 week:- dalapen. paraquat in iiraeks -
1, 3, 5, 7, 9 and 11 

fier^ieides were sprayed using Baiqpak-Knapsaek sprayer 

fitted with wn 040 floed^et fan type nozzle. The fluid used 

was at the rate of 300 lit/ha. Sprayings were done on sunny 

days. 

Percentage control of the weed relative to the untreated 

control plots was assessed ̂  visual scoring (0 » no effect to 

10 - coaiplete kill) at weekly intervals. Reg^seration was ccmsi-

dered as decline fr&m the control. From each plot» before each 

fcllcw up application, rhizos^s were resoved from an area measur­

ing 30 ca X 30 <m and regeneration was studied by planting 

30 rhizomes raiulomly in pots. At the end of the e:̂ r̂ifflental 

period, three plant samples from, three 30 cm x 50 cm q[ua(̂brats 

in each plot in a treatment were rei^ved from a depth of 45 cm 

fflnd an average was obtained for the plot. In each of the above 

qua<^ats an aveẑ ige xmmbers of tillers was also detemined. The 

plants vere Jturther seperated into shoot and rhizome and dry 

weights were determined after OV©Q drying at 65*^ 5*C for 48 hours. 
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Soluble sugaz^ and stareh content in the fresh rhiz(»ae were 

determined after 3- and 6-Eionths after the spray by following 

standard methods. Soluble sugar was determined by the modified 

method of Der Qioudhury and Baza^ (1976) and starch was deter­

mined by the methods of Kceready et al.« (1950). 

Experiment 2 

Plots of 2 m X 1.5 m were marked out in an almost pure and 

heavy stand of Impewtta cylindrlca. Paraquat (0.4 kg ai/ha) was 

applied in the form of comereial dichloride salt formulations 

(trade luime, Cfaramoxone, 2 ^ ) . ttoit spraying was done on the 

foliage of ̂ . cylindrica by using dalqpak Knat«ack sprayer fitted 

with WFN 040 flood^et fan type nozzle at different time intervals. 

The treatments w»*e as folloims 

1. Paracioat 0.4 kg ai/ha - 0,10,20,30,40,50 days interval 

2. • • » - 0,10,20,40,60,80 " " 

3. » » - 0,10,20,50,80,110 " • 

4. • « - 0,15,30,45,60,75 " " 

5. " • - 0,15,30,55,80,105 " " 

6. " « - 0,15,30,60,90,120 • " 

A randomised block experiment with three replicates was con­

ducted ^ring the ^mTlo6. trom yiay to I9tte«Esber, 1983. Tisual 

assessment of treatm^ital effect \nM observed in the scale of 

0-100 (O - fUU eov«r, ICK) - no cover) on the basis of the 

ext«E(t of ground cover by the target weed at different periods 

daring the course of the experiment. 
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Glyphosate at two different concentrations was sprayed to 

a well established stand of 1. cyliadrica at different times 

of the year in a randomised block trial with three replications. 

!^e plot size was 2 a x 1,3 B. Applications of glyphosate were 

made in ffareh, Apx*iX, July, August, September and October, 1983* 

Qbseryaticais were made after one month and after nine months of 

ea^ spray. 

A separate ê qmribaient was initiated to determine the phyto-

toxicity of glyphosate idien applied to 1, cylindrica at different 

growth stages, (̂ 'owth stages were established after initial 

sickling of the gx^ss to the ground level before the applioaticm 

of glyphosate* Tbm growth stages were as fellowst 

I foliage 5 to 8 cm tall - no heads cm 1* cylindrica 
II foliage 15 to 18 cm tall - fully headed 1, cylindrica 

III foliage 20 to 2$ cm tall - fully headed 1» cylindrica 
I? foliage 25 to 30 cm tall -jfUlly headed j[. cylindrica 

T foliage 35 to 40 cm tall - hjaded 1. cylindrica 

TI foliage 45 to 50 cm tall <- mature headed I» cylindrica 

Glyphosate was aj^lied at two different rates, 0.8 kg ai/ha 

and 1.2 kg &l/h&» The quantity of fluid used was at the rate 

of 500 litres/ha* Tisual scores on the effect of the treatments 

were obserred on the basis of the scale 0-100 IAMV^ 0 - no 

control and 100 - full control. 



RESULTS 

Experiment 1 

Tisiial estimates of top growth control by different treat­

ments (Fig, 6.1) showed that glyphosate (C,8 kg ai/ha) was 

effective. After the first spray on 3 May, a steady increase 

in the top growth control was observed upto week five (8096), 

Thereafter, the rate of control tended to decline. After the 

second spray ^ioh was a spot application at week 7» a complete 

kill was observed at week 14 (1009^). 

Six applications of paraquat (0.4 kg ai/ha) at Z-week interval 

upto week 10 and application of dalapon initially (3*0 kg &i/ha) 

followed by six applications of paraquat at 2~week interval could 

control upto 80-859( only during the treatment period; at the end 

of the experimental period the control was to an extent of 20-309(. , 

Sickling the grass to the ground level six times at 2-week 

interval led to a progressively increased degree of control from 

3096 after first sickling to 709̂  after the sixth sickling. Regrowth 

occluded «^en sickling was discontinued and subsequently the 

degree of control was only about 2'5% at week 24. Sickling six 

times at 4-week interval was not effective in control. After the 

first sickling the regrowth was so fast that before the second 

treatment full growth was noticed. However, in the subsequent 

sickling the percentage control increased so that after the fourth 

sickling the control was 60% with further decline upto 30% at the 

end of the experimental period. 



Fig. €.1 Sffaet of manual and ohamical Bothoda of oontrol 

of top growth of iMporata cyllndrlca as asaasstd 

by TiauaX seoring. Op«ii triangle« siekling at 

2-«»«k iatonralf eXoaad rootanglet siekling at 

4-^eek interralf open reetangle* glyphosate 

(0.8 kg ai/lMi)g elosed eirele» paraquat (0.4 kg 

ai/ha)t open eirele, dalapeii<-paraq^at (3.0 kg 

ai/ha, 0.4 kg ai/ha). 
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Table 6.1 Effect of i attiual and chemical control measures on 

Z, cyllndrlca. Dry weight of plant parts and number 
of tillers per quadz^t (yalues are transfonaed to 

o/T** iidier« X is t)» actual number, giyea in 

parenthesis 

• Ill I II . I I I ' ' '4 ' ' ' 

l ^ i Treatments I Pry »«iSht{g) J Kamber of 
»o. Shoot I Rhizome i tillers/quadrat 

t. Control 4.4230 5.4000 7.5090 
(19.56) (29.16) (58) 

2. Sickling 2-week 2.2932 4.0410 6.7911 
(16.33) (47) 

3. Sickling 4-week 2.3429 4.2027 6.2486 
(17.66) (46) 

Sickling 2-week 
interval 

Sickling 4-week 
interval 

Glypkosate 0.8 )f ai/ha 

^raquat 0,4 1̂  ai/ha 

2.2932 
( 5.33) 

2.3429 
( 5.50) 

2.0CB2 
( 4.03) 

2.7168 

4. Glypkosate 0.8 )f ai/ha 2.0082 3.7635 4.2723 
( 7.66) (18.1) 

5. Paraquat 0.4 kg ai/ha 2.7168 4.3492 4.3244 
( 7.53) (19.0) (20.6) 

6. Dalapon-paraquat 3*2745 4*5434 4.9011 
(sequential) 3.0 kg ai/ha, (10.93) (20.8) (24) 
0.4 l« mi/htL 

L.S.D. (P - 0.05) 0.660 0.430 0.603 



* O ',1 

Dry weight yield of shoot 

The dry weight yield of shoot at the end of the experimental 

period declined significantly in all the treatments compared to 

the control plots (Table 6,1), Application of glyphosate was 

significantly superior to dalapon-paraquat sequential treatment, 

sickling the grass to the groiand level was slgnlflcimtly superior 

than the dalapon-paraquat sequential treatment. However, no signi­

ficant difference was observed between the two sickling treatments 

even between sickling, glyphosate and paraquat treatments. 

Dry weight yield of rhizome 

Application of herbicides and sickling the grass to the ground 

level reduced the dry weight yield of rhizome significantly compared 

to the control plots (Table 6,1), Glyphosate (0.8 kg ai/ha) was 

more effective resvilting in significantly lower dry weight yield 

compared to other herbicide treatments. However, there were no sig­

nificant difference between the other treatments. 

Tiller density 

All forms of chemical control resulted in significantly lower 

niMber of tillers compared to the untreated as well aa the slokled 

plots. However, no significant difference was observed between the 

differentially chemically treated plots. Sickling the grass to the 

ground level significantly reduced the number of tillers compared 

to the untireated plots but not as effectively as the chemical 

treatments} the two regimes of sickling did not show any signifi­

cant difference (Table 6,1), 
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fable ^ . 2 Effect of nanual and ohemioal control awasures on 

L* eylindrica. Aaiount {%} of soluble sugar and 

starch in the rhizcKme after 3-*m<^ths and 6-Bonth8 

after tz^atment 

1. Control 17.30 

2 . Sickling 2''week Interval 1 3 * ^ 

3* Sickling 4<-veek interval 15*20 

4. aiyi^osate 0.8 kg ai /ha 9«43 

5 . Paraquat 0.4 kg ai /ha 3.90 

6i Itetlapon-paraquat 3.30 
(sequential) 3 .0 kg a i /ha, 
0.4 kg ai /ha 

L.S.D, (P - 0.0§) 0.457 0.525 0.647 0,664 

20.0 

9.1 

11.9 

3 .0 

9.4 

7.2 

7.1 

5.5 

5.9 

5.0 

3 .2 

4.2 

6.09 

3.70 

4.22 

3.00 

5.30 

6.09 
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Su^ar and starch content 

Sugar and starch in the rhizome showed differences due to 

different treatments and also at different time intervals of 

3-months and 6-months (Table 6.2)• 

Soluble sugar was lowest under dalapon-paraquat treated 

plots and highest in siekled plots after 3-months of spray. The 

order being dalapon-paraquat y paraqiuit y glyphosate y sickling 

2-week interval^ sickling 4-week interval in preference to their 

effectiveness in reducing the sugar content. At the end of the 

study period after 6-months, the sugar content in the rhizome 

was found in the order of glyphosate y sickling 2-week interval^ 

sickling 4-week intervaly>̂  dalapon-paraquat \ paraquat. 

Starch content in the rhizome was lowest in the paraquat 

treatment and highest under sickling treatments after 3-months 

of spray. The order being paraquat y dalapon-paraquat y glypho­

sate y sickling 2-week interval y sickling 4-week interval in 

preference to their effectiveness in reducing the starch content. 

At the end of the study period the order was glyph08ate>sickling 

2-week interval^ sickling 4-week interval^ paraquat^ dalapon-

paraquat . 

Regwaeration of rhiaome 

Rhizome regeneration under different treatments at a time 

before each follow up application showed that applications of 

glyphosate, dalapon-paraquat and paraquat had resulted in reduced 

regeneration compared to siekled and control plots. Ho significant 

difference was observed between siekled and control plots. During 



Fig. 6.2 Regeneration of Inperata eylindrica rhizome before 

each application of herbicides and naniaal control. 

Open circlet control plots{ closed circle, sickling 

at 2*veek interval! open triangle, sickling at 4»week 

interval! closed triangle, glyphosate (0.8 kg ai/ha)! 

op«i rectangle, paraquat (0.4 kg ai/ha); closed 

rectangle, dalapon-paraquat (3.0 kg ai/ha, 0.4 kg 

ai/ha). Tertioal bars represent LSD at P « 0.05. 
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Table &.3 Effect of variation ̂interval period in different 

rounds of paraquat application on the control of 

Imperata cylindrica. Figures are log values of 

actual numbers (actual values given in 
paroathesis) 

Treatment Application Time ( 

1st I 2nd I 3rd 4th 

\% Ground cover by 
I. cylindrica 

5th I 6th JT40<teys and 210 days 
[Of spray from 
1st round 

,»~^A 

1 . 

2 . 

3 . 

4 . 

5 . 

6* 

INiraquat 
( 0 . 4 kff 
a i / h a ) 

-do -

-do -

-do-

-do-

-do-

0 

0 

0 

0 

0 

0 

10 

10 

10 

15 

15 

15 

20 

20 

20 

30 

30 

30 

30 

40 

50 

45 

55 

60 

40 

60 

80 

60 

80 

90 

50 

80 

110 

75 

105 

120 

0,69897 
(5 ) 

0.90325 
( 8 . 3 ) 

1.00000 
(10) 

1.17609 
(15) 

1,18000 
(10) 

1.36229 
(23 .3 ) 

1.66332 
(46 .6 ) 

1.62341 
(41 ,6 ) 

1.36229 
(23 .3 ) 

1.54407 
(35) 

1.60206 
(40) 

1.61278 
(41) 

L.S.D.(P-0.05) 0.384 0.07389 
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Tabltt 6 ,4 Application of glyphosate at diffozvnt tiaes of tho 

year ?oirvthe control of 1, cylindrica 

Bate 
]« ai/ha 

0,8 

1,2 

0,8 

1.2 

0.8 

1.2 

0.8 

1.2 

0.8 

1.2 

0.8 

1.2 

IBate of 
lapplieatioQ 

10 March, 1983 

10 March, 1983 

20 April, 1983 

20 April, 1983 

14 July, 1983 

14 July, 1983 

10 August, 1983 

10 August, 1983 

20 Saptember,1983 

20 Septeiiiber,l983 

15 October, 1983 

15 October,1983 

/ 
*/> Coaxtrol 

16 April. 198J 
50 

60 

Zp May, 198? 

60 

70 

16 Au£ust.l98^ 

70 

80 

8 Scpt^iber.1^3 

90 

100 

6 October. 1983 

70 

90 

12 HoTeiiiber.1983 

60 

80 

on 

3 0eGeBiber.i98^ 
40 

70 

20 January. 198§ 

50 

80 

^P April, 1 ^ 

80 

90 

10 May, 1?8^ 

100 

100 

6 Ĵ Bie. 1984 

90 

100 

8 Jtay. 1984 

70 

85 



Table ̂ .5 Effect of various development^stages on susceptibi­
lity of _!. cylindrica to glyphosate, ev€LLuated 
13 weeks after treatment 

ftate 
li ai/ha II 

tages of grovtn 

"^TTo^wf^ 

95 

VI 

0.8 

1.2 

10 95 

20 100 100 

90 

100 

60 

90 

50 

90 

Stage I, 5 - 8 cm tall 
Stage II, 15 - 18 ca tall 
Stage III, 20 - 25 cm taU 
Stage 17, 25 - 30 cm tall 

Stage y, 30 • 40 cm tall 

Stage VI, 45 - 50 cm tall 
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the last phase of the experinent, glyphosate treated plots had 

the least z^generation and siekling resulted in highest regene­

ration in all the treated plots. The order being glyphosate)> 

dalapMi-paraquat)' paraquat )> siekling 4-iraek)> sickling 

2-veek interval)in preference ID their effectiveness (Fig.6.2). 

BxperiaMtt 2 

Visxial assessaent of ground cover by 1, cylindrioa at 140 

days after the first application of pax^quat showed that there 

was no significant difference between treatments 1,2 and 3. No 

significant difference was ebsenmble between treatments 4,5 

and 6. Spraying at intervals of 10 days showed significantly 

less ground coverage as compared to other treatments. After 

Z10 days from the first application* treatm«it 3 showed least 

cover compared to other treatments (Table 6.3)• 

Experiment 3 

Early application of glyphosate at two concentrations gave 

lesser control compared to application in the month of August-

September* In all the applications exeept the August application, 

the eontrol was better with the higher dose. In August, however, 

both dosages had the same effect resulting in total control 

(100^)* September application gave total control only with the 

higher dosage. Subsequently, the ccmtrol was lesser (Table 6.4). 

Effect of various growth stages on susceptibility of 

1* cylindrica to glyphosate is sho^m in Table 6.3• A visual 

estimate on weed control after 13 weeks after treatment showed 
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that stage I (5 to 8 cm t a l l ) was l eas t stisceptible to glypho-

sate . Stages I I , I I I and I? were h i | ^ y susceptible and showed 

90Jt to lOOJi ecartrol at lower and higher rates respectively. At 

subsequtfut stages the l e r e l of control was lower. 

DISC^SIOH 

Igperata eyllndrica being a •igorous xtLizonatoos species with 

short intemodes and fr«quent latm^l branches idiloh develop 

into a mass of Interoren rhizcNMs of £preat regoaerative power 

(Seth, 1970; So«rjani» 1970), any control measure most check 

the growth of the under-ground oẑ pans. Tbm x̂ rsults indicated 

Hmt of all the treatments glyphosate (J^phosphcaiomethyl-

glycine) could be the most effective herbicide for controlling 

this species. Cam spray with glyphosate at 0.8 kg ai/ha gave 

80% top growth e(mtzH>l after five weeks after application. A 

follow up spr«y at the same rate provided complete top kill at 

the end of the seascm. Ŷ atg (1976) also observed 94-959( ccmtrol 

at 1.0 kg/ha given in a single application; a follow up spray 

improved the oont3?ol upto 9B--999( and continued to suppress the 

regeneration upto a period of 180 days. ¥he effectiveness of 

glyphosate on 1. eyllndrica has also been reported by other 

workers (Andrew et al., 1974; Connel and Parting, 1973; Dickens 

and INichanan, 1975; Ivens, 1973). 

Sequential application of dalapon-paraquat or repeated 

application of paraquat alone could provide only a short term 
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coaitrol of top growth. Ollimuga (1975) reported a high level 

of control for a period of twelve weeks after application of 

dalap<ai at 5 kg/ha followed by paraquat after a week at 5 Ig/ha. 

Sickling the grass to the ground level generally increased 

control irasediately after the treatment but regrowth started 

swm after* Repeated sickling at intervals of 2'-4 week could 

suppress the growth substantially. Sandanaa and Jayasinghe (1977) 

tdiile Making similar observations at Sri-Lanka suggested that 

the strate^ for this control oeasure should be such that the 

sickling int^isity and frequency should be increased at a stage 

of growth before the foliage change fr^a *sink to source*. This 

transition occurs at 50K control stage and sickling should be 

i^peated y/hmi the growth declines to this level (Seth, 1970). 

Thoui^ si<̂ cling was not as effective as dalapoo-paraquat 

or paraquat treatiMnt with reiqpect to tiller density» it was 

nevertheless as effective as the latter treatm^ts with regard 

to rhizose dry weia^t. This say be accounted as due to the fact 

that paraquat being a contact herbicide is more effective in 

killing the top portion of the plant* On the other hand sickling 

is effective in e:>diausting the rhizome reserve by allowing 

fz^quent regwwration of shoots. This confims the findings of 

Saî anffiB and Jayasingjae (1^7) ^n the effect of slashing 1, 

cvliadrica. I^ough sickling is ̂ ivinmBttatally a better fom of 

e<mti^l» the cost of labmir is prohibitive. 

A h i ^ degree of reduction in the rhizone dry weight in 

glyphosate treated plots was due to its persistent toxicity 
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resulting in the decomposition of rhizome mass. Gljrphosate 

readily shows phototoxicity (Baird et al,, 1971; Baird and 

Upcharch, 1972; Caseley, 1972) with a major part of the 

herbicide being moved into the rhizome within 24 hours after 

application to the foliage (Brockman et al., 1973; Lange et al., 

1973). Initial activity is fairly slow following application; 

obvious herbicidal response may not be visible upto a week or 

80. The visible effect is manifested as a gradual wilting and 

yellowing of the treated plant tissue, and ultimate decomposi­

tion of the under-ground root or rhizome system (Spurrier, 

1973). 

Soluble sugar and starch content in the rhizome decreased 

on application of glyphosate and after two sickling treatmctnt 

regimes with the passage of time only. In the case of paraquat 

and dalapon-par^quat (sequential) treatments, the decline in 

sugar and starch content was immediate but did not have a long 

term effect. This may be because of the fact that in the case 

of paraquat and dalapon-paraquat (sequential) treatments the 

effect is of a shorter duration related to being a contact 

herbicide (Femendez and Bayer, 1977). On the other hand the 

effect of glyphosate is realized only after a l«ig phase. Mosavi 

and Dore (1979) also reported a drastic loss of total carbohydrate 

by the application of glyphosate. Sickling deplets the rhizome 

reserves by allowing frequent regeneration and growth of the 

above-ground shoots ( Sandanam and Jayasinghe, 1977). 
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Tine intervial at which cheffiical applications were done 

had an impact on the control. A short interval in the initial 

l^wse follonNid subsequently by longer intervals were found to 

be more effective. Rao and Kotoky (1979) also observed a delay 

in regeneration by extending the spray interval in subsequent 

rounds. 

Lesser control throu^ glyidiosate eUiring March-April nay be 

due to the moisture stress in the soil as cospaz'ed to July-

August when the mooMOosx is at its peak activity. Itee to aoisture 

stress there is often temporary wilting of the leaves which 

perhaps interferes with the absorption and translocation of the 

her)»ieide« an observation also i^de by VhiteweU axud Santlemann 

(1978) in the case of gynodcm dactyloB. 

The dirfer^tial phytotoxieity observed «rti«i glyphosate was 

sprayed <m ̂ . cylindrica at various developmental stages may be 

due to differoices in the rate of absorpticm and transl<Mtaticai 

at different stages. More efficî ît control in the early stages 

of vegetative growth coapaz^d to that Just prior to or soon 

after flowering maiy be because, the absorption and translocation 

of the chemical is optiwal in the active î iase of growtii of the 

plant (Vhitewell and SantlemaBn» 197B} Gottnap et al., 1976) 

Sprankle et al,, 1975). 

I^e results presented here showed that successful control of 

a rhizomatous perennial like !• cylindrica can be obtained with 

a herbicide such as glyphosate idiich is n^idly absorbed and 

tz^nslocated before the compound itself is damaged through 



i I* '-

metabolic activity as suggested by Sprankle et al., (1975). 

Further, a herbicide such as glyphosate which has foliar 

application and is phloen-translocated %rh«ti used at a proper 

stage of growth of the weed and at a tine t̂ ien soil moisture 

is adeqitate would give maxioum control. Another aspect that 

comes out of the study is that repeated application of contact 

herbicide such as paraquat can have only limited control of 

the aerial shoot without killing the under-ground vegetative 

rhizome. 

SimiART 

This study deals with the various aspects of the ecmtrol of 

Imperata cylindrica (L.) Beauv. In experiments conducted with 

pure stands of this weed, glyphosate (0,8 kg ai/ha) in two 

applications at 6~week interval; gave lasting control in terns 

of top growth and damage to the under-ground parts. iUthough 

cmly a low degree of control was observed through sickling, 

the dry wei^t of shoot and soluble sugar and starch declined 

to a level .compared to the most effective herbicide treatment 
A 

obtained through glyphosate. Application of dalapcm (3*0 kg 

ai/lsa) toUmmA by ̂ raquat (sequential) for six times at 

2~week interval provided <mly short-term control thz*ouî  damage 

to the aerial parts cmly withmit any effect cm the under-ground 

rhizomes. Six reminds of application at interval, of 13 days or 

three applicmtions at 10 days interval followed four more at 
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20 and 30 days interrals gave better control. A 15 days interval 

and application at longer intervals than 10 days aiter three 

rcmnds can be nore effective. Application of glyphosate in 

August and Sept«iber vas most effective for eontzH>lling this 

weed which coincides with adequate moistixre eontent in the soil, 

f̂ urther* during the active period of growth this weed was nore 

susceptible to glyphosate. 

The results presented here sfê w tl^t siKteessful control of 

a rhizoaatous perennial like 1^» cylindrica can be obtained with 

a herbicide such as glyi^osate ndiich is rapidly absoz^ed and 

translocated before the eonpound itself is daauiged through 

Betabolic activity» as suggested by Sprankle ct j|l*t (1975). 

further^ a herbicide with foliar application and phloem-trans­

located at a proper stage of growth of the weed and in the 

presence of adequate moisture in the soil is effective to get 

sufficient basipetal translocation to the under-ground organs, 

^aether aspect that c^ses o^t of the study is that repeated 

application of contact herbicide such as paraquat can have only 

limited control of the aerial ULSS without killing the under­

ground vegetative riiizoira* 
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grovth stage and soil conditions on Bemudagrass 

to glyphosate. J. Agron., 70i 653-656. 

Vong, P.V. (1976). Reduction in lalang wiping :trequencŷ  
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tMder slash and bum agriculture of the north-eastern India, 

iBperata cylindrica (L.) Beauv. is an important component of the 

agricultural system and of the early successional secondary 

fallows (Toky and Ramakrishnan, 1983a| Kushwaha jrt al., 1983| 

Mishra and Ramakrishnan, 1983), This species is very vigorous 

due to the extensive under-ground xiiizomes which are fire-

resistant. In fact, frequent disturbance either due to slashing 

or burning, particularly during the dry season, is suggested to 

be a requirement for sexual reproduction to occur (Kushwaha et al,, 

1983; Schlippe, 1956). 

The weed occurs under a variety of habitat conditions, 

Altitudinally, it is found right from sea level upto an altitude 

of 1700 m in Meghalaya, The wide ecological amplitude of this 

species could partly be accounted as due to extensive plastic 

adaptation in the species as shown through the present studies 

and partly be related to a certain degree of eeotypu differentia­

tion of altitudinal populations which was more obvious during 

transplant e3iperim«nts done in a neutral substratum at low eleva­

tions. The generally poorer growth of the populations of this 

species at high altitude may partly be due to temperature and 

partly to acidity in the soil under lower tempez^ture. Similar 

tearperature and acidity-dependant poorer growth of Carex aguitilis 

popxilations was also observed in arctic and alpine populations of 

this species by Chapin (1981), 

The allocation pattern of biomass in the two populations at 

the two altitudinal sites indicate a strong phenotjrpic plasticity 
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of the species pop\ilation adapted to the contrasting environmen­

tal conditions. The vegetative effort was not different in the 

two popxilations at either of the two sites. A large allocation 

of biomass and nutrients to the tmder-ground organs in I^, 

eylindrica is to be expected in view of the rarity of sexual 

reproduction in this px^dominantly vegetatively reproducing 

species. Since tlusre are larger allocations of available resources 

to under-ground parts of regeneration, the sprouting species are 

esqpected to have less allocation to sexual reproduction as compared 

to non-sprouters (Keeley and Keeley, 1977| Saxena and Raaakrishnan, 

1983). 

A number of micro-environmental changes occur during the early 

phase of secondary succession, such as fast changes in the moisture 

and nutrient status in the soil (Toky and Ramakrishnan, 1981{ 

Raaakrishnan and Toky, 1961). Subsequent shading caused by larger 

shrubs and trees that come up after about 5-6 years of fallow 

regrowth also create unfavourable condition (Toky and Ramakrishnan, 

1^3a| Hishra and Ramakrishnan, 1983). Rapid colonization of the 

site by a number of herbaceous weedy species would result in 

increased competition for nutrient resources in the soil (Saxena 

and Ramakrishnan, 1984). 

l&ider such a transient environment of the early successional 

phase, the demography of 1, eylindrica populaticm is bound to 

change drastically with the age of the jhura fallow. The study done 

over a two year period showed that at both low and high elevation 

sites, the size of the original population was markedly reduced 
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with tha aga of the fallow so much so that in a 5~3raar old fallow 

tha ultisata population aiza VAB axtramaly aaall comparad to a 

1-yaar old fallow* Sinilarly tha garaination and astablishnant 

of individuals through saad and tillar populations daelinad 

drastieally in oldar fallows, so much so that ia 5- and 10-yaar 

old fallows all tha introducad indlTiduals diad* 

Tha stjratagy of a waady specias eoaing soon after slash and 

hum agriculture should ba to hava aithar an affieiant aathod of 

reproduction through seads as in Eupatoriua odoratua (Saxana and 

Eaaalcrishnan, 1982} or it should hava an affioiaat Yagatativa 

raproduotion as in Z, cyliadrica with axtansiva undar-ground 

rtiizMias, Tha growth of tha abova-grouad parts tr&m tha parannating 

rhizoaa is vaxy rapid ia a 0-yaar old fallow dua to tha atorad food 

rasouroas in tha rhizoaa and dua to tha opsn aaTir<nuBMint lAiara 

lil^t is not a Uniting faetor and that tha c<»qpatition from othar 

spacias in tha oeaffiiinity is miniaal* tba daelina ia growth with tha 

aga of tha fallow eould ba partly ralatad to ooapatition from ethar 

spaeias suoh as Bwoatoriua odoratua (Kuslwaha at al., 1983)* and 

partly dua to raduoad light availability in oldar fallows as shown 

by Kushwaha and Raaakrishnaa (1982). 

Tha initial daeliaa in tha balev-grouad bioaass in a 0-yaar eld 

fallow and tha siaultaaaous ineraasa in tha above-ground bioaass 

aiqplains rapid transfer of resources froa below to above-ground 

organs • This is a strategy of under-ground perenaating plant species 

to eonserve the resources within the plant itself and tranBtw it 

to the growing organs at tha tiae of need (Sehier and Zasda* 1973)« 
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k similar strategy was also obsanrad by Saxana and RaBakrishnan 

(1^3) in nany sprouting spaoias. Tha bioaass allooation to 

undar-ground organ oomponant ineraasad sarkadly in tha oldar 

fallow, an off act ITS strategy for surtriTal during the subsequent 

slash and b u m phase. 

In a suecessional enTironm«:it^.I during the early phases, on a 

steep slope abandoned after slash and b u m agrieulture. there is 

bound to be eonsiderable heterogenety in soil eheiiieal eharaoteris-

ties. Sueh an environment is oocupied by both C« and C> plant 

speeies. Our earlier oomparative studies have shown (Saxena and 

Remakrishnan, 1983) that C« and C^ speoles Art different with 

respect to nutrient uptake and use effieiency. C^ apeeies was 

shown to have a higher effieieney in this regard. The C« speeies 

with a large uptake and utilisation of nutrients for a given dry 

matter yield are suited to oeeupy nutrient rich mlcrosltes, while 

C^ species with a lower uptake and hi^^r effieiency of utilisation 

of nutriimts can successfully colonise nutrient poor microsites. 

The C^ species with a higher efficiency of nutrient use (Brown, 

1978) were aeco^panied by a greater effieiency in nutrient uptake. 

thlM may be a case of parallel evolution with the C^ strategy 

developed under the generally nutrient-poor status of tropical 

environment (Black, 1971; Brown, 1978) %diere efficient uptake of 

nutrients could be ia^ortant for survival. This niche differentia-

ticm of the C, and C. species may ansure their co-existence in the 

post-bum environment j[. cyllndrloa with a C^ photosynthetic 

strategy is thus adapted to occupy nutrient poor micro-environ­

mental site. The decline in the uptake effieiency of I.cvlindrica 
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with the age of the fallov nay be related to reduced arailability 

of nutrient in older fallows where associated species in the fast 

dereloping eoBBunity (Toky and Ranakrishnan, 1983b) conpete for 

the aTsilable soil nutrients* The reduced nutrient use efficiency, 

cm the other hand, maj be related to the reduction in the Yigour 

of this species in older fallows. 

file natural ecmtrol of 1, cylindrica in noraal course of 

slash and b u m cycle would occur if the fallow period is longer 

than about 10*years (Tolqr and Raaakrishaan, 1983a| Mishra and 

Raaakrishnan, 1913) as it would naturally get eliminated from the 

suecessional CMBftmity after about 5->6 years of fallow deTelo]»Bent 

as shown throu^^ the present studies. However, other methods of 

control assume i^ortance under a short 4^^^ cycle and under 

plantation conditions such as tea and rubber introduced into the 

region. It must be howoTer noted that the chemical measures are 

expcnsiTe and therefore can have only limited application imder 

plantatitm conditions vhmr* the cost can be effectively met with. 

Slyphosate was shown through this study to be an effective herbi­

cide, as also suggested by others (Xvens, 19731 Dickens and 

Buchanan, 1972,1973). Effective control of both aerial and undez^ 

ground parts was achieved over a short term interval after appli­

cation. Further, applieatioa during J^y-September when adequate 

moisture is available in the soil was found to be the most effec­

tive, as moisture stress could interfere with the absorption and 

translocation of this chemical (Vhitewell and Santlemann, 1975). 

Under the shifting agricultural system, the more practical control 
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PLATE I Flowering in Imperata cylindrica in the field. 
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PLATE II Tiller formation in Imperata cylindrica 

from rhizome. 


