
ECO-PHYSIOLOGICAL ATTRIBUTES OF 
BAMBOO FORESTS IN SUCCESSIONAL 

COMMUNITIES IN NORTH-EASTERN INDIA 

K SREENIVASA RAO 

Centre for Eco-Development 
School of Life Sciences 

Subnnitted In fulfilment of the requirement 
of the degree of 

DOCTOR OF PHILOSOPHY 

TO 

NORTH-EASTERN HILL UNIVERSITY 

SHILLONG 
1986 



:^"%* 

3^ . 



ACKNOWLEDGEMENTS 

I t i s ny utmost pleasure t o express my s incere grat i tude 

to my revered supervisor . Dr. P. S. Ramakrishnan, P.N.A., 

P . N . A . S c , P . A . S c , Professor o f Ecology, in the School of-

Environmental Sc iences , Jawaharlal Nehru Univers i ty , New 

Delhi (formerly Professor o f Botany and Bco-Development, 

i n School o f L i f e -Sc i ences , North-Eastern H i l l Univers i ty , 

S h i l l o n g ) , whose able guidance, keen i n t e r e s t and constant 

encouragement thirougbout the course of t h i s i n v e s t i g a t i o n 

has enabled me to complete the ta sk . 

My s incere thanks are due to Professor R*R. Mishra, 

Dean, School o f L i fe -Sc iences and HefMcl, Center for Eco-

Development and Professor R.S. Tr ipathi , Head, Depaz*tment 

o f Botany, for providing necessoxy laboratozy f a c i l i t i e s * 

I am thankful to Drs. O.P. Toky, A.K. Das, R.P. Shukla, 

Ram Boojh, K.G. Saxena and B.K. Mishra, my sen ior c o l l e g u e s 

for t h e i r va luble suggest ions during the ear ly s tages of 

t h i s work and to Messrs U. Baruah, P. Sudhakar Swany, 

S.C. Ram, R.S* Khiewtam, R.K. Maikhuri, A.K. Gangwar, 

K.C. Mishra, Anil Kumar, Miss. Suprava Patnaik and Miss* 

Tuneera Bhadauria for t h e i r co-operat ion during the tenure 

o f t h i s research work. 



My greatfUl tbanks are also due to Mr, P.B. Gkirung 

aad Mr. Segpu Cbezikija axxA Officials of the Megfaalaya 

Forest Department for their help during field work. Thanks 

also goes to Shri. B.K, Das for photography, and Shri, 

B. Sangma for̂  f ield assistance* 

The patience with which my family members and friends 

bore with me during the period of research i s also remembered 

with gratitude and words fa i l me to express my feelings for 

their deep love and affection* To Mrs* Urvashi Ramakrishnan 

and Mr* Puneet Kumar Krishnan, X am deeply greatf\il, whose 

contribution towards the success of this endeavour i s 

imnence * 

This work was financed by Depairtment of Science and 

Technology, Government of India, through a z*esearch project. 

DQ^Q. (K, Sreenivasa Rao) 

Cen4tre for Eco-Development, 

North-Eastem Hill University, 

Shillong 793 014, INDIA. 



CONTENTS 

Page No . 

P r e f a c e i - i t 

G e n e r a l I n t r o d u c t i o n 1 

Sfti^dy a r e a and C l i m a t e 39 

Cheqpters: 

1 . C o m p a r a t i v e a n a l y s i s o f t h e p o p u l a t i o n 
d y n a m i c s o f two bamboo s p e c i e s , 
D e n d r o c a l a m u s h a m i l t o n i i N e e s and Aim, 
and N e o h o u z e o u a d u l l o a A» Camus i n 
s u c c e s s i o n a l e n v i r o n m e n t s i n north— 
a a s i t e m I n d i a . 6 2 

2 . A r c h i t e c t u r a l p l a s t i c i t y o f two bamboo 
s p e c i e s ( N e o h o u z e o u a d u l l o a A. Camus 
and D e n d r o c a l a m u s h a m i l t o n i i N e e s and 
A m , ^ i n s u c c e s s i o n a l e n v i r o n m e n t s 
i n no ir th—eas tern I n d i a . 9 2 

3 . L e a f d y n a m i c s o f two bamboo s p e c i e s 
' ( N e o h o u z e o u a d u l l o a A. Camus and 

D e n d r o c a l a m u a h a m i l t o n i i N e e s and A m . ) 
i n s u c c e s s i o n a l e n v i r o n m e n t s i n 
n o z * t h — e a s t e m I n d i a . 1 2 2 

4 . R o l e o f bamboos i n s l a s h and buxm 
a g r i c u l t u r e ( j h u m ) i n n o r t h - e a s t e r n 
I n d i a w i t h p a r t i c u l a r r e f e r e n c e t o 
n u t r i e n t c o n s e r v a t i o n . 1 3 8 

5 . Soc io- i -economic anaJLysis o f bamboo 
r e s o u r c e s i n e a s t K h a s i H i l l s 
d i s t r i c t o f M e g h a l a y a i n n o r t h - e a s t e r n 
I n d i a . 171 

L i t e r a t u r e c i t e d 1 9 2 



PREFACE 

Bamboos c o n s t i t u t e an i n t e r e s t i n g g r o u p o f p l a n t 

s p e c i e s b e c a u s e o f t h e i r u n i q u e b i o l o g i c a l a t t r i b u t e s 

s u c h a s t h e i r d e m o g r e p h i c s t r a t e g i e s , g r o w t h and 

a r c h i t e c t u r a l d e s i g n , f l o w e r i n g and f r u i t i n g b e h a v i o u r . 

T h e y a r e an i n i p r t a n t p l a n t r e s o u r c e w i t h a v a r i e t y o f 

u s e s f o r t h e r u r a l c o m m u n i t i e s o f t h e c o u n t r y and w i t h 

i n d u s t r i a l v a l u e f o r p u l p i n g f o r p a p e r and r a y o n . I n t h e 

n o r t h - e a s t e r n h i l l r e g i o n , t h e y a l s o p l a y an i m p o r t a n t 

e c o l o g i c a l r o l e i n t h e s l a s h and b u m a g r i c u l t u r a l 

s y s t e m ( jhum) d u r i n g t h e r e c o v e r y p h a s e o f t h e e c o s y s t e m 

d u r i n g s e c o n d a r y s u c c e s s i o n a f t e r c r o p p i n g . T h u s , e a r l i e r 

s t u d i e s d o n e b y Ramakr i shnan and h i s c o - w o r k e r s h a v e 

e m p h a s i z e d t h e p o t a s s i u m c o n s e r v a t o r y r o l e o f o n e o f t h e 

s p e c i e s , D e n d r o c a l a m u s h a m i l t o n i i N e e s and Ax*n, Y e t , ao 

l i t t l e i s known o n t h e b i o l o g y o f bamboos i n genersLl , and 

t h e bamboos i n I n d i a i n p a r t i c u l a r , e x c e p t f o r some 

t a x o n o m i c s t u d i e s . I n f a c t , t h i s i s o n e o f t h e v e r y few 

a t t e m p t s made i n an u n d e r s t e u i d i n g o f t h e b i o l o g y / e c o l o g y 

o f t h i s inqportant g r o u p o f s p e c i e s . The p r e s e n t work, 

t h e r e f o r e , c e n t r e s a r o u n d f o u r i m p o r t a n t s p e c i e s o f 

bamboo, n a m e l y , D e n d r o c a l a m u s h a m i l t o n i i N e e s and A m , , 

N e o h o u z e o u a d u l l o a A, Camus, Bambusa t u l d a Roxb , and 

Bambusa k h a s i a n a Munro. B e s i d e s , a g e n e r a l s o c i o - e c o n o m i c 
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ana lys i s o f t h i s important natural x^source o f the region 

was done with peurticular reference to east Khasi H i l l s 

d i s t r i c t o f Meshalaya, India . 

The aspects mentioned above are covered i n f i v e 

Cheaters, each with i t s own Introduct ion, Methods o f Study, 

Results and Discuss ion . The Chapters are se l f conta ined , 

and prepared i n a manner that i s ready for pniblication. 

The t h e s i s s t a r t s with a Chester on General Introduct ion, 

fol lowed by one on Study area and Climate. Li terature Cited 

i n the t e x t are arrang'ed at the end of the t h e s i s . 

Being one of the very few s tud ie s of t h i s kind on 

bamboo s p e c i e s , t h i s has considerable academic value , and 

at the same time appl ica t ion in terms o f management o f 

t h i s important natural resource that i s being f a s t deple ted . 



» » * • « * * * * * » • » » • • • • » * * • 

GENERAL INTRODUCTION 

» « » * * « # * * * * » * « « « # » « « » » 



I n d i v i d u a l spec i e s a t t r i b u t e s de te rmine , t o a 

l a r g e measure, t h e community/ ecosystem f u n c t i o n s . 

During secondary succes s ion a f t e r s l a s h and burn 

a g r i c u l t u r e i n n o r t h - e a s t e r n I n d i a , bamboos form an 

impor tan t component of the s e r a i communit ies . Their 

popu l a t i on s t r u c t u r e and e c o - p h y s i o l o g i c a l a t t r i b u t e s , 

t h e r e f o r e , p l ay a major r o l e in determiniTi^ ecosystem 

f u n c t i o n during e a r l y phases of secondary s u c c e s s i o n , 

DEMOGRAPHY AND POPULATION DYmwiCS 

M o r t a l i t y / n a t a l i t y p a t t e r n s : 

Popu la t ions of co lon iz ing s p e c i e s pass throuah a 

v a r i e t y of growth phases w i th t i m e . I n i t i a l l y , t he 

p o p u l a t i o n grows e x p o n e n t i a l l y t i l l t h e r e s o u r c e s hecome 

l i m i t i n g . In due course of t ime , if n a t a l i t y and 

m o r t a l i t y become e q u a l , the p o p u l a t i o n s i z e g e t s 

s t a b i l i z e d showing f l u c t u a t i o n s around a mean v a l u e . 

During t h i s p e r i o d , growth of such p o p u l a t i o n s wi th 

s i m i l a r r e sou rce needs , however, b r i n g s about c e r t a i n 

changes i n t h e environment . This change may prove un­

s u i t a b l e fo r e a r l y c o l o n i z e r s r e s u l t i n g in l o c a l e x t i n c t i o n 

due to inc reased m o r t a l i t y . 
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Exist«nc« and •liminatlon of population of a 

speeias, froii a g l ^ n cnvironDant solely depends opon 

i t s ability to a^j^t with the changing emrironBent, 

This change in emrironnent aay directly reflect 

fIttctuatiens in population s l se . These fluetuatiorw 

in population size are termed as 'population dynMiles* 

by Elton (1933). According to hia* i t concerns with 

rate of increase and decrease and the influence of 

envirorawntal factcnrs on the size of the population, 

Lokta (1931) and Volterra (1931) proposed separately 

different ^eoretical equatlom for calculating population 

growth rate based on birth* death* Unigratlon and enigratlon 
r— 

rates which were conflmid by Qause (1934)* Cause (1934) 

put forward the famotzg *6ause hypothesis* which suggests 

that two Species having identical ecological niche 

cannot survive together for a long tine; eventually one 

wi l l replace '^e ottwr* 

The early seedling phase of a plant's l i fe i s 

generally considered to be ttte omst rislry and this risk 

i^ exaggerated due to Increasing density of the sane or 

another species (Harper and IVhite* 1974; Hatklnson* 1978; 

Cook* 1960} Stti-^* 1963a; Ranakrlshnan* 1972). Hhen 

individuals of a species are released into a favourable 

environment their nunber increases rapidly at f i r s t and 
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th»n s t a b i l i z e s , thus inplylng, that i t Is the population 

s i ze which i t s e l f» in soae way regulates the rate of 

population growth (Harper and Gajic, 1961; Ramakrishnan, 

191^)« Individuals oay respond to der^ity in two ways: 

( i ) a reduction in a9e6 output or lowered rat# of 

vegetative reprodi^tion and ( i i ) a reduction in th% 

chance of individual survival (Ffarper and Gajic, 1961; 

Raaakrishnan and Kuanr* 1971). Just as in a population 

of single spec ies , ctonsity s tress in tens i f i es the 

expression of small differences (genetic and environcental) 

between indivldualSg so too in nixed populations s tress 

nay exaggerate and exploit inter-speci f ic differences 

(Ranakrishnan and Jeet , 1972). The experimental nodel 

of de Wit (I960} are superbly designed to study the 

behaviour of two species in a mixture* In th is nodel 

the two species are grown together at varied proportions 

while overall (tensity of the nixture i s naintained 

cofKtant, 

The behaviour of two or more species growing 

together and interfering with each othei^mechanisms of 

population control i s of great interes t . An understanding 

of the ways in which one species succeds at the expense 

of another and the ways in which plant species may 

co-habit within a re la t ive ly stable community without 

one stwceoding at the expense of am^ther, must depend on 
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a knowledge of the manner in which populations are 

controlled (McNaughton and Harper* X960ayb$ Harper and 

McNaughtont 1962{ Harper and Clatworty* 1963; Ranakrishnan 

and Jeet« 1972), 

The populations of Avena fatoa and Avena barbata 

have properti«>s of self-regulating systens in which 

frequency dependent selectior^ allow stable eo«)habitation 

of two Sf^cles. Under experisental conditions, regulation 

in both species acted through a plastic response to density 

as opposed to a predoninantly mortal response involving 

changes in survival rates (Marshal and Jfain« 1969). 

The studies by Raaiakrishnan and Jaet ((1972) on the 

coi^etitive relationship existing between Aroeieone species 

indicate that ^» aeyieana reacts iNHre sensitively to intra-

specific competition than A. ochroleuca. 

Population regulation operates via density-dependent 

processes of mortality and fecundity. A density<»dependent 

mortality factor i s one that relaxes as population density 

declines* and th<>x4by slows or halts population decrease. 

When population density increases* a density-dependent 

mortality factor ki l l s an increasing proportion of the 

population. An example i s seen in the relationship 

between seedling survival and the original density of 
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sseds in th« Wisconsin population of A C T 6acehanii 

studied by ftott (1971), Dei^ityKte^ndont focundlty 

say also rogulat* population slzo by th» production of 

fower Mods per plant as population density rises (Watkinson 

and Harper, 1978$ Smith, 198%). 

As plants in a dense population becone larger with 

age, the density of individuals in the population 

decreases due to nortality. As long as the relationship 

between «ean plant weight and density i s governed by a 

line with slope •»3/2, total plant weight wil l increase. 

This i s because mean plant weight i s increasing faster 

than density i s falling and i s called 'self thinning*. 

White (1^0) observed this quantitatively in about eighty 

species of trees and herbs. 

A great deal of literature has acciMulated on the 

fliortality rates of plant populations over about two 

decades. Oeevey (1947) on the basis of work with different 

po!»ilations, concluded "^at, in general, the individuals 

follow tiiree t̂ jqpes of (teath/deeay pattern. 

A cohort with Deevey type 1 survivorship has low 

aortality in early and niddle l i fe but a rapid change 

to high aortality later on. Type II survivorship i s 
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typlfl«d by a constant death risk throughout the life 

cycle. Type III is a pattern of high juvenile and IOM 

adult Bortality by long-lived plant species. J^ivenile 

mortality has been observed in the seedling populatioi^ 

of various weed species (ftett, 1971 j Sharit2 and RteComick* 

1973| Sarukhan and Harper, 1973; Hett and Loucks, 1976). 

This period seens to occur at the transition stage between 

the dependence of seedlings on seed food reserves, and 

their establish^;t)ent when they start independent assinila* 

tion. Seedling mortality may be due to factors sudi as 

drought (Tazaki, 1960{ Peterson, 1966; Cavers and 

Harper, 1967; Friedman and C^rshan, 1975; Marquis, 1975). 

Xn most of the plant fK>pulation studies the survivor­

ship curves have been found to be Deevey tyi^ XX v^ich 

implies constant death risk throughcnit the life span of 

the pOfHilation. The studies on the mortality pattern 

of maize done by Ramakrishnan and Kumar (1971) also 

showed that mortality is a continuing risk that 

the population has to pat up with throughout its life 

cycle. However, in Penthoyia faeeoitosa. Williams (1970) 

observed Deevey type 111 survivorship curve with heaviest 

mortality in the early life (seedling stage). Xn contrast, 

Caniield (1957) observed Deevey type X survivorship curve 

with less risk of death in young and middle period of age 
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and high aorta 11 ty risk in old ag« in Trichacha eat^fornlca 

Bautalous t^|rs^•^ and g. 9!lfffy^y9»l?l< f̂«» 

Daaographys 

A f«»rit>er of studios are available now on population 

dynamics of perennial herbs, Sarukhan and Harper (1973) 

Bade a detailed study of demography of three species of 

Ranuncules in a grassland situation which was subsequently 

anal^ed nathenatically by Sarukhan and Gadgil (1974). 

Hawthorn and Cavers (1976) studied the denography of the 

pfrennial herb, yiantaoo walor and £. ruQoli. 

iOushwaha gr^ a2.« (1961) showed that seedling mortality 

increased with the age of the fallow starting with 1, Ŝ S* 

10 and 20 years, after slash and burn agriculture, in 

Eupatorltai yioyatua 7\o recruitaent occurred in 10- and 

20-year old fallows, Raaakrishnan and Mishra (1^1) studied 

the pq;>ulation dynamics of Eypatrorimi adenoohorua in 

fallows after slash and burn agriculture (jhtm) at higher 

elevations in north-eastern India and observed a net popu­

lation increase through both i^tgetative and sexual 

reproduction in early successions1 fallows upto 6 years. 

Mortality of seedlings was high in 1- and 3-year old 

fallows, low in 6-year old fallow and reached 100% in 

older fallows. Further, they showed that seedling 
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mortality wis saxlmni during mons<M>n althmsgh sone 

saedllngs dlad In winter toe, as a msult of drotsght 

and frost« Kiushwaha £|̂  £l* (^^3) sî < l̂ad th« population 

dynsBilcs of laoarata evlfndrlea in succassional c(»niunltlas 

after slash and burn agriculture (Jfhmi) In different fallows 

of I,3» and 5 years age and observed ^ a t the loss In 

population in different fallows was due to reduced light 

penetration and greater iroisture stress In these fast 

developing coMfsunities, resulting In eenplete elinination 

during the seventh year of fallow regrowth. Only the 0« 

year old fallow, inhere the plant cover was sparse, had 

aaxlBUBi reeruitoMint. Stellar results «wre observed by 

Shama (1965) while studlng the population dynanlcs of 

laaoerata cvllndtlca rolated to slash and burn agrieultore 

(jhuB) In north-eastern India at different altitudes. 

Similarly, a nonber of studies on fh* denography of 

forest herbs are available (Hatchings and Barkhaa, 1976; 

Ernest, 1979j Barkhaa, 1980 a,bt Cook, 1980} Solbrlg e^ aj,,^ 

1980s ttolland, 1981$ Solbrlg, 1981; Vfells, 1981$ 

Bierxychuctek, 1982 a,b; Cook and Lyoi», 1983; Hutchings, 

1983). 

In plant populations, there are two levels of 

population structures ( i ) the nunber of plants and (11) 

the nmber of shoot units per plant. This duallsn i s 
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particularly conspicuous in clone-foraing plants* wrherc 

not only doas the plant (knrelop froM single saadling as 

a sub-population of parts, but soae of thasa parts nay also 

root and aventually l^coaa saverad froB the original. 

The result i s a sub«f«»f»ilation of wholly discrete functional 

units, "raaats* with the genetic identity of the single 

individual, "the genet". Thus, the clonal growth of a 

rhizoa^tous plant involves the eontinxwd reduplication of 

discre^te nodular units, the *ranets* and the sum of 

these units representing the 'genet*, which i s the procfcict 

of a single zygote (Harper and Whita, 1974), Recruitnent 

of new genets i s often rava anong clonal plants, and the 

dynanics of their population i s dcminated nore by the 

birth and death of clonal nodul#s than of m^ole genets 

(Noble Ht ai . . l979K The abil ity of a singla genotype to 

fom fragnented phenotypes i s just one of the variants in 

the life-history patterns of modular organisms (Harper 

and Bell , 1979). 

In BK>st of the studies available on clonal 

perennials, ramets were treated as units of population 

(Sarukhan and Harper, 1973s Soane and Matkinson, 1979; 

Solbrig et a^., 1981; Cook, 1983; Pitelka ej^ a i . , 19855 

Hartgerink and Bazzaz, 1984). Lovett-Doust (1981) 

studied the population dynamics of Ranunculus repens in 
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contrasting habitats tnit growing on th« sano substrata. 

She concluded that despite the presence of a large viable 

seed bank in the grassland so i l* geralnatlon and establish* 

•ent of new genets was rare in both s i t e s . Further she 

observed that the birth rate of ranets per rosette was 

apparently density-independent* but death rate per 

rosette was der»ity.dependent* particularly in suflaawr. 

She also observed that woodland populations follow an 

opportunistic strategy for rapid spread and sanpling 

of the environBMtnt wlwreas a conservative one for conso* 

l idation and slower radial spread as in the adjacent grass* 

land. Pitelka e t a l • (1965) too found s i n l l a r results* 

while dealing with Ciintonia borealis* Itere too no 

seedling reeruitnent was observed* while ramet mortality 

was found to be density-dependent. 

Plant denography has been used to elucidate aspects 

of ecological succession (Sharitz and McCormick* 1972; 

Raynal* 1979; Kushwaha Sl,i^»» 1981^ I t t l f "liwiikrishnan 

and Mî tâ a* 1981; Cook and Lyona* 1963). Conparison of 

c lose ly related species (Sarukhan and Harper* 1973; 

Hawthorn and Cavers* 1976; Soltoig* 1981; Yadav and 

Tripathi* 1981)* differences between populations of the 

same species growing on contrasting s o i l types (Bishop 

e t a l . . 1978; Rasakrishnan* 1961) populations growing 
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en the sane substrat* tMit in eont;fasting vvgatation 

{iov«tt-^)oust* 1981; Raiaakrishnan and Kmar^ 1^1} and 

populations growing at different altitudes (Shanaa, 1985; 

Papiyag 1961) a l l have been aatter for discussion. 

Age Structure} 

The aost reliable aethod for estteatlng the age 

of p^rermlal sy^cies Is to follow the fate of labelled 

seedlings or t i l l e r s of known age in parmanent quadrats. 

This aethod has been successfully used by Taapii (1956, 

1972a»b). In Anthexant>»ai odoratt«, Anton<wlcs (1972) 

observed that different |K>pulations have different 

longevity according to their adaptation to a particular 

habitat and suggested that differences in longevity of 

individuals of different poj;»jlations aay be related to 

•nviireniiental conditions, 

Ai^ structure of a pofHilation refers to the 

categorization of indivic^als into various groups represen­

ting different age classes in a pofMilation, Age structure 

of a Species nay largely detemlne i t s sufVivorship. 

Villians (1970) and Antonovics (1972) observed differential 

docay rates for the individuals recruited at different 

t ines. I t also gives wluable information about the 

recruitnent of new individuals to the pofHilation, the 
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transit ion of irxSividuals froa one ago«grotip to another 

ago«9rmif>9 the mmber of individuals reproducing and 

also the aorta l i ty rate as influenced by age (Rabotnov^ 

1978}« Many (Richards, 1952; Enloii, 1972; Schall» 1978) 

have suggested that the unstable age structure of plant 

species observed may be due to large envlrofttental 

fluctuations l^at nay occur during c r i t i c a l periods in 

plant l i f e . 

Not Bwch Inforwation Is available on the population 

dynamics of bamboos iivlbYeir natural environaaent, Kadanbi 

(1949) observed the ramet population of Dendrocalacus 

s tr lc tus to Survive unt i l f ive to s ix y«?ars If human 

interference was excluded. Based on t h i s data White (19B0) 

calculated the survivorship of raaets and found them to 

be of Deevey type X curve* 

ARCHITECTURE A!© GROWTH PATTERN 

Early vork on growth characterist ics of trees are 

largely confined to their north temperate representatives 

(Biisgen and Miineh« 1929; Kozlowski* 1964), The generali-

xatiom made from such studies cannot be representative 

for a l l tree species (Tomllnson and Gill» 1973), 

Comparatively fewer investigations have been carriMi out 

on trees of tropical zones. Studies speci f ic to tropical 



. 13 . 

tre« growth in older l iterature largely refer to 

eoi^relwnsive investigations of ^phenology (Busgen and 

Miidfih, 1929). The studies of Koriba (1958) i n Singapore 

are gei^ralized and es sent ia l ly c(»^>arative in approatbh. 

This work refers to periods diaring which species are v i s ib ly 

f lushlng» i . e . « exhibiting a crop of new leaves usually 

associated with shoot extension and i t has been concluded 

that trees e^dtibit endogenous rhythes i n their growth. 

Some speci f ic studies which have investigated the 

dynanics of shoot in i t i a t ion and expansion in tropical 

trees include those by Bond (1942« 1945), Halle and fiSartln 

(1968)* Purohlt and N n̂da (1968), Greathouse and Laetsch 

(1969), Greathouse e t a .̂. (1971), Borchert (196?), 

Holdsworth (1963), Taylor (1970, 1975), Scarrone (1965) 

Gi l l and Toisllson (1971), Raaaicrishnan jrt aj.. (1982) 

Boojh and Raaaicrishnan (1982a), Shukla and Ramakrishnan, 

(1966). The c la s s i ca l works of Halle' and Oldenan (1970, 

1975) and Halle" j ^ ajj., (1978) on the growth and dynamics 

of tropical trees have highlighted the value of systematic 

researches on the forests and trees of the t o p i c s . 

Extension growths 

Extension grow-^ or the elongation of the branch 

axes of a shoot systea, varies widely among tree species 
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i n I t s ratog i^ienology and underlying vxxriphoqmmtic basis* 

A wide range of extamion growth patterns have bean 

recognized in tree species . On the onehand, there are 

species wi-ttt a s ingle flush of shoot growth wholly pre^Poraed 

in the previous year's overwintering bod (*deteminate 

growth*)• as exemplified by nany north teaperate species . 

Typically shoot elongation in such species i s completed 

rapidly ( l ess than eight we(»ks}, during favourable 

growing conditions which include the longest photoperiod 

of the year. On the otherhai^^ there are species where 

Bore leaves are produced along the leader in a growing 

season than there are embryonic leaves and prlaordia in 

the winter bud. This has been referred to as *inieter-> 

ninate growth»• 

These two patterns of growth have been widely 

recognized in teaperate t rees . The growth in tropical 

trees i s more diverse than that in the teisperate regions 

and tk\9 periodicity of shoot growth in tropical trees has 

been a centre of controversy. If recurrint flushes occur 

at regular intervals the growth has been teraed as rhythnic 

or periodic, the sa»e at irregular intervals has been 

called as episodic , Intermlitent or refcurrent {Ro«berger, 

1963; Ziamensann and Brown, 1971). Halle e t aj^. <1978) 
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th«r« nay b« a ser ies of short Inter nodes or small leaiytes. 

For nany trees with rhythsnic growth the laost conspicuous 

feature i s the develc^pnent of groups or t i e r of branches« 

and th is ppriodie production of branches in relat ion to 

rhythaic growth has been referred to as *rhythnie 

branching*^'. 

( i i ) Continuous grow^ * in vAiieh shoots have no siarked 

endogenous periodicity or extension. I t inpl ies that the 

apical owristen undergoes no *rest* or in the more precise 

usage of Roaiborger (1963) 'quiescence*. The trees in the 

tropics which have been described as evergrowing by 

Keriba (i95e)« cone in this category. As l i t t l e i s known 

about the physiology of domancy, the continuous growth 

i s distinguished by the absence of pronounced norphological 

segmentation* A aore or l e s s continumis process of 

leaf prodt»;tion i s involiwd in continuous growth. This 

i s i a p l i c i t i n Koriba's (1958) description and in the 

type of shoot referred to as *non-articulate* by Tonlinson 

and Gi l l (1973). 

Shukla and Raa»krishnan (1986) suggested that 

rhythffiicity nay not often have morf^ological expression* 

as ioqslied by Hal le 'et al. .(1978). The phenooenon of 

continuous v s . rhythaic growth studied by thea i s an 
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•X8B^1« which i l lu s t ra te s t h i s . Th« species which show 

a iRorphological rhytto, such as Duabtnoa sofHieratoides, 

in rea l i ty had no seasonal bud domancy in north-eastern 

India, unlike the sane species studied in Malaysia by Halle' 

f t aX* (1978). On the otherhand, species considered to 

have continuous growth on the basis of norphology (e .g . 

Anthocephalus cadawba) in r e a l i t y had a d i s t inc t period 

of seasonal bud doraaney. 

The usage of various teroMi such as intermittent 

(fCoriba* 1956), episodic (Rcmberger, 1963) art iculate 

(T<»8linson and G i l l , 1973) for diseontlnumis grenrtti «f 

tropical trees has caused considerable confusion. Basically 

in tropical trees three d i s t inc t categories of growth 

pattern were identif ied by Shukla and Raaakrishmm (1986). 

They are: (1) indetenainate • evergrowing, with no dormant 

phase, ( i i ) indetersina temper iodic , with a donufint phase 

and ( i i i ) cteteminate, with leaf production and extension 

growth restr icted to pre»determined leaves from an ear l ier 

dormant-bud phase. Such species say have only one 

flush per year as in Enoelhardia spicata. Mesuagerrea and 

¥Yy|l,?: l̂̂ f Hnai.f9llra ox* two flushes^ as in Actin0daphn> 

auQustifoliat three flushes as in Castonopsis indica or 

even four as in caiikrasia tubulayis (Ramakrishnan and 

Shukla, 1982). 
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Tr*« an;hit*ettir«t 

OTQanization in tre«s reflects the precisely 

controlled genetic programme vihlch detemines their 

devel< f̂»iient« This has been comprehemlvely described 

by the pioneer works of Halle'and Oldesan (1970» 1975) 

through the concept of architec^re, which has fwrnltted 

a typological categorization of growth models. The 

visible Morphological expression of the genetic blueprint 

of a tree at any one tine i s referred to as i t s architec­

ture. For a tree, the growth prograsrae which de^ne l̂̂ nes 

-Uie successive architectural phases i s called as i t s 

architectural model or shorter» i t s model (Halle f t a l . , 

1978). 

Architecture is a dynamic concept distinct from 

shaf^ 9ik physiognomy which i s s tat ic . Similarly, I t i s 

not synomymous to growUi habit, which refers essentially 

to the ultimately expressed f«M of the organism (herb, 

shrub or tree) and implicates s i ze . Architecture dees 

not involve size; dlmunitlve herbs and giant forest 

trees may exhibit precisely the same architecture. 

Halle and 01dman(1970) has described 23 architectural 

models. Each model i s named after a botanist who has 

contributed to a knowledge of the model or has done 
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morpholocjlcal research •idilbltlng the modal. Archltac-

tural siodels hava been recognized mainly by cr i ter ia 

which relate to primary extension growth. Bamboos being 

a d i s t inc t group have been described under the McClures* 

model (Halle e t a^,, 1978). 

Branching and axis differentiat ion: 

Uî nranched trees are ^ o s e l ike s lr^le stemmed 

palm of which the coeoiiut Is a familiar example, remain 

vegetatlvely ui^ranched because they lack lateral 

meristems ccMspletely. A number of dicotyledons, of 

which Carlca paoava Is a familiar example are archl-

t e c ^ r a l l y unbranched and belong to ^ e same model 

(Corner's) (Halle f t 5I . . , 1978). 

Branched trees have imo modes of branching. The 

simplest mechanism for prol i feration of a merlsl^m Is 

by I t s equal divis ion Into two daughter meristems of 

I n i t i a l l y equal growth potent ial . This t s cal led as 

dichotomy or terminal branching. Only one architectural 

model (Schout*s) has been accounted for such trees . 

Though qualitative approach followed by Halle' 

e t a l , (1978) have helped In a systematic organisation 

of tree growth forms, there I s no relationship between 
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th«8c architectural m>d«ls and th« succasslonal status 

of the traa spaclas. In fact* quantitative deferences 

in tree architecture are acre significant ecologically 

than qualitative differences represented by these models 

fRanakrishnan et al.. 1982; Boojh and Ramakrishnan, 1982a; 

Shukla and Ramakrishnan» 1966)• Thus Duabanaa 

soneratioides and Anthoceohalus cadarisa. one an early 

successional species and the other a late successions1 

one, both belong to Raux» aodel and yet differ with 

respect to growth pattern (Shukla and Ramakrishnan, 1986). 

According to thee, a dynamic and quantitative approach 

to growth analysis is essential in order to unDerstand 

the architecture and growth strategies of trees. 

Morphology of branch expression: 

The cxillary or lateral branching involves the 

development at each node of one or swre latent aeristens 

froB the terminal meristem, which nay or may not continue 

its activity. Ancillary branches are formed by tiw 

methods. Syllepsis or prolepsis. The definition of 

Spath (1912) as restated by Ha He" et £|., (1978) for 

syllepsis is *the continuous development of a lateral 

mf̂ ristem to establish a branch, wi-^out an evident 

int^rveninq p*»rlod or rest of the lateral m»ristMi, 
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Halle f t a|.« (1978) d«fint prolepsis as 'th* discontlniK>us 

developiKnt of a lateral bud fron a tanninal raerlsten to 

establish a brarK̂ ht with sone intervening period of rest 

of the lateral neristen*. 

In fRosopodial branchingt lateral branch neristens 

are produced (continuous or rhythaic) bv a permanent 

teminal iwristem. In synpodlal branching^ lateral 

branch seristems successively function for a limited 

period as a teminal shoot and are successively evicted; 

there i s no permanent merlstem. Synpodlal growth 

by substitution occurs when the terminal meristem either 

aborts or becomes reproductive and makes no further 

contribution to the tfegetative architecture of the 

teee, Syî KKlial growth by apposition occurs when both 

terminal and lateral neristem of each unit i s evicted 

into a sub*ordinate position BnA extension grcwth of 

t^e axis i s continued by a vigormis lateral «^ich in i t s 

turn eventually becomes abruptly erect (fCorlbac 1958j 

TcHilimon» 1978 )• 

An orthotropic shoot has an erect orientation 

(negatively geotropic)» radial syanetry and phyllotaxy, 

most commonly decussate or spiral. A plagiotropic shoot 

has a horizontal or oblique orientation (more or less 
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diag«otropicf and dorsiventral syimnetry ©ither by virtu© 

of a distichous phyllotaxy or of spiral or decussate by 

secondary orientation (petiolar twisting of internodes). 

The dkigree of di f ferent iat ion of a aeristen nay be changed 

either by exi^ernal influence or by aodifications of Internal 

correlations. Of special interes t are t^ose woody plants 

in which there i s no inherent change of expression within 

a single meristeia producing axes of architectural 

s ignif icance. Such axes are described by Halle and Oldeaann 

(1970) as nixed axes. A^ong the several poss ib i l i t i e s^ 

the nost d i s t inct ive type are those axes in which an 

i n i t i a l orthotropic i^ase shows a pronmineed d i s ta l 

curvature* the s i t e of a future branch cofoplex. 

Reiteratiom 

The concept of re i terat ion of the tree model ex i s t s 

as an iK;ofogical extension of the architectural concept 

(oldenant 1974). At the beginning of t r e e ' s l i f e after 

gemination* i t produces the i n i t i a l nodel* which i s one 

of those (tescribed by Halle and Oldenan (1970). Later 

and under propitious ecological conditions, neristens 

which do not i n i t i a t e any growth during the nodel^s 

deveiopisent, nay copy a l l or part of the nodel. This 

copy should not be confused with raaifIcat ion and i s 
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called 'reiteration'. Thus^ the process of reiteration 

is a nechanism of architectural adjustment by which the 

daiaaged tree accoomodates itself to its environment. 

In each structural ensemble in the forest, the 

different points where bigger reiterations occur, cor^tl^te 

an irregular space which is called the inversion surface. 

The levels of those surfaces correlate with different 

storeys where the tendency to prcKiuce always b ^ e r organs 

such as stens, reverses and bec(»»es a tendency to produce 

snaller organs such as little branches around the crown. 

This architectural inversion involves the regulation of 

vertical gradients of light and hunidity which change to 

a lower or higher degree than in the average gradient. 

Branch and leaf orientation: 

Branchii^ pattern i& one of the most conspicuous 

features of woody plants. Efficacious leaf-display, 

aininization of non-i;>hotosynthetic tissue (Horn, 1971; 

Whitney, 1976j Homia and Fisher. 1978; Boojh and 

Ramatcrishnan, I982bf Shukla and Ranakrishnan, 1984a;) 

structural strength (McMahon and Krohaur, 1976) and 

optinization of translocation (Leopold, 1971; Leigh, 1975) 

are the potential adaptive functions of branching design 

of trees. Species growing in different envirorwents 
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hav« adapted different branching patterns and leaf display 

characterist ics , Wiltney (1976) suggested that the 

Species of closed forests growing under canopy shade are 

selected to favour nlnlnlzatlon of shading within the 

crown and th is was quantified through conparatlve studies 

in early versus late suecf'ssional trees In northeast India 

(Ramakrlshnan e t a j , , , 1982; Boojh and Ranakrlshnan* 1982c) 

Horn (1971) categorized this type of leaf 4t«play as a 

non-randon» highly structured nonolayer. Xn contrast to 

this» trees tdapted to open situations would be expected 

to approach a onjltilayer state* having a nunber of small 

overlapping leaves randoaly distributed through the 

crown (Kern, 1971), 

The geonetxy of photosynthetlc apparatus Is an 

Inportant feature in the adaptive iwtchaniffii of trees and 

has been related to their strategy for l ight Intercoption 

(Horn* 1971; Douglas and Raiasaden* 1973; Lang* 1973; 

Monsl e t a l» . 1973). Generally^ the orientation of leaves 

in sun posit ions of the crown or the leaves of the 

upper canopy i s such as to erdiance photosynthesis and 

promote leaf cooling during high solar radiation. In 

shade pos i t ions , leaves orient to maxlnlze the iridivldual 

leaf jrfiotosynthesls by displaying themselves in horizontal 

Monolayers (Horn* 1971; Baker e t £ 1 . , 1973; Honda and 

Fisher* 1978; McMillan and McClendon, 1979; Pickett and 

Kempf* 1980). 
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Bifurcation ratios 

Differences In branching In trees are dinnonstrated 

by bifurcation or branching r a t i o , which i s the rat io of 

mtober of d i s ta l to proximal branches. This type of ratio 

was f i r s t used to quantify the drainage patterns of strean 

basins (Horton, 1945). More recently i t has been used 

to characteriie the branch networks of bi'^logical systens , 

such as trees (Holland. 1969; Leopold. 1971; Oohata and 

Shdei, 1971; Baker e t aJ.,/McMahon and Kroneuer. 1976; 

Whitney, 1976; Thornley, 1977; l*liklas, 1978; Stelnqraeber 

fit aj^,, 1979; Pickett and Ke î̂ f, 1980; Kampf and Pickett , 

1 ^ 1 ; Boojh and Ramakrishnan, 1982a; Ramakrlshnan e t a l . 

1982; Shukla and Ramakrlshnan, 1 ^ 6 ) , 

Oohata a.id Shldei (1971) subjected seedling of 

Quercus ohullvraloides to different planting densit ies 

and levels of l i ght intensi ty and found that bifurcation 

rat io was insensit ive to chan^^s in l ight environment. 

Ifhiteny (1976) cohered bifurcation rat ios of open *rvi 

shade grown Fraximts aaerlcana and similarly concluded 

that bifurcation rat io values approach a species specific 

constant, Whitney (1976) further suggested that bifurca­

t ion ratio i s a measure of morphological adaptation to a 

particular successlonal s tatus . Thus, the lower blfurca-



. 26 • 

t lon rat ios are associated with the monolayer late 

suecesslor^ls , while higher rat ios are associated with 

nult l layer display of leaves^ charader i s t l c of early 

successlonal species . Recently* Stelngraber j t a^» (1979) 

and Pickett ami Kempf (1980) have shown that bifurcation 

rat io varies within a s ingle species growing under 

different envlronaents. Thus* they found that individuals 

from exposed habitats had higher branching rat ios and In 

addition also possessed longer terminal branches than 

those beneath the canopy. 

However, bifurcation ratio* i s considered to be a 

re la t ive ly crude index of tree architecture* while branch 

angle and branch length have been found to have a major 

e f f e c t on the architecture (Honda and Fisher* 1978; 

Steigra her e t ^ j . , * 1979j Pickett and Kempf* 1980j Kempf 

and Pickett* 1981; Malson f t a|.>. 1961). Recently* the 

ecological implication of^ifureatlon rat io has been 

evaluated through a series of studies by Ramakrishnan and 

h i s coNwrkers (Shukla and Ramakrishnan* 1986$ Boojh and 

Ramakrishnan* 1982a,c| Ramakrishnan e t a;i.> 1982). 
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I £ ^ OYNMHICS 

Higher plants ar« a l l organisad as i terat ions of 

a basic constmetion MCMfcila cae laaf with i t s ax i l lary bud 

as tha cons true t ion unit in tha shoot (Harpar and White» 

19745 Harpar and Bal l , 1979$ «hita« 1979). As a plant 

grows ntw nofKilas ara addad to the structure and old ones 

d ie . The parts of a modular organiara have their own 

b i r ^ and d^ath rates; a genet has i t s own internal 

population dynaaies and the re lat ive plaeenient of the 

•KKhilar units detemines the fonss of the organisa. 

Fora i s a consequence of dynamics (Harper and Be l l , 1979), 

and the dynanlc concept of architecture interprete plant 

growth in teres of the organized aecuoRtlation and f luir of 

speci f ic constructional units (buds, leaves e t c . ) as the 

blueprint. 

Leaf and i t s axi l lary bud are the smallest module 

of "^e organized structure in higher plants and leaves 

nay have many properties associated with members of 

populations, e . g . they may ii%rease in number exponantially 

in a rapidly growing plant, they have juvenile , mature add 

senescent phases, deatdv^rates and survivorship curves. 

Baxzat and Harper (1977) have shown that i t i s re lat ive ly 
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easy and rewarding to dascriba tha grow^ and ratct ion 

of plants to dlffarent anvlronBants by applying danographic 

proeaduras for the analysis of populations of laavas« 

though sona aspects of leaf damography of tree species 

have been worked (Kit l ike cei^us (B^gen and l^neh^ 1929)» 

longevity (6111 and Toalinson, 1971), age-structure 

(Kinerson £ t aj^., 1971) or abcission strategies (Kozlowski* 

1973; M d i c o t t , 1978), very few (Boojh and Ramakrlshnan, 

1982b; Shukla and Ramakrishnan, 1^4a) studies are 

available on the leaf dynamics of plants in successional 

environments and in relat ion to their adaptive value. 

Leaf production) 

Leaf production estimates have been of interest to 

foresters and hort iculturists (usually as a part of witter 

studies on productivity). The early studies on leaf 

production estimates have been reviewed by Busgen and Munch 

(1929}« Vith the increased eaphasls on the role of leaf 

biomass in eeosystea s-Wdles and primary productivity 

(Baskerville, 1965; Satoo, 1970), later investigations 

were carried out on changes in leaf production over t ine 

in Bono-specif i c stands (Rennle, 1955; Ovington and 

Heitkamp, 1960; Switzer e^ a^... 1967; Wlegert and Monk, 

1972; Marks, 1974) and mixed species forests (Covington 
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and Aber, 1960)» and alaptlv« leaf population flux 

(Boojh and Raeakrlshnan, 1982b; Shukla and RaBakrishnan« 

i984a), 

Laaf longavltys 

Most laavas are deteminate In growth (though a few 

are not and retain a functioning apical merlstem* Halle' 

e t al ,> 1978) and have a deteminate l i f e span* Within 

a species th is l i f e span may be environmentally determined. 

Leaf populations undergo B»rtality over a time period. 

Survivorship curves best represent this pettern and have 

been constructed for various speciest Abies ve l t ch i i 

(Kinerson e t a l , . 1974)j Actlnodaphne lonqifolia (Y^atea 

f;t f]L.» 1977); LaduiB aroenlandicuia> Kalaia pol i fol la^ 

phaaaedaphy^f ealvculata (Reader« 1978); Linun usitatlstiwiBi 

(Bazzaz and Harper, 1977); Viola sororia (Solbrig e t a l . . 

1980), Without exception they a l l show Deevey type I 

survivorship euxy (Deeiwy« 1947), where there Is an 

i n i t i a l period of constant low probability of death followed 

by a rapidly increasing r i sk . Recently, Boojh and 

Ramakrlshnan (1982b) have shown dlfferpntial survivorship 

curve patterns for early versus late successlonal trees 

in a sub-tropical montarm forest in north-east India, 
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In plants that carry eohort of leaves for oora 

than one ytax an age structure aay dsvalop i f sisecssiva 

annual cohcarts overlap. Studies on leaf age««trttcture 

e x i s t for certain species since the physiolecjieal s i g n i ­

ficance of leaves of different age classes affect tree 

productivity (Linson« 1958; Woodnan, 1971; Kinerson ft .aj^. , 

1974)• The studies done on early versus late suecessional 

tree species show that the former bear a larger population 

of younger leaves than the latter* 

The adaptive significance of different types of 

leaf replacement strategies have not received the kind 

of analysis that Janzen (1967) provided for flowering 

and fruiting phenology, Jackson (1978) has discussed 

the adaptive advantages of different kinds of leaf 

replacement a c t l v i t i o s in forests* He has prop0sed that 

the most advantageous strategy of loaf replacenart in a 

perennial plant in a seasonal environsent would be 

retention and photosynthetic use of an old leaf unti l a 

new leaf i s grown. Such a strategy would resu l t in 

naximum leaf f a l l during the optinal growing season or 

to a continuous level of leaf f a l l If new leaf growth were 

to be continuous. In f a c t , seasonal cold or drought 

s tress i s usually present and leaves oust be shed to 
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nlniaiztt th« • f f e c t s of th i s stress« Xn th« lowland 

tropical forests^ loaf f a l l has boon found to be aaximin 

in the dry season particularly a t the end of the season 

(Hopkins, 1966; Fittkati and Klinge, 1973; Frar^ie e t a l . , 

1974; Boojh and Raankrishnan* 1982; Shukla and 

Rtfiakrishnan, 1 ^ 2 ) . In sone tropical forests the 

•axiaal leaf f a l l has been reported during the wet 

season (Cornforth, 1970; Edwards, 1977; Jackson, 1978; 

Brassel 2 t â ,** 1^0|«KhiewtaM (1986) has shown a 

second s ignif icant peaking in wet season leaf f a l l in a 

sacred grove at Cherrapunji. The only forests found to 

have non->seasonal leaf fJ |11 are Malaysian Dipterocarps 

(Bray and Gorhan, 1964), ti^ieh are characterized by 

re lat ive ly unifom c l inate . 

SECONDARY SUCCESSIONSL PATTERNS 

The pattern of secondary succession and the 

rapidity with ViAiich a forested community develops depends 

upon the degree of destruction am) ^ e clearing of the 

under-ground propagules of the coomunity that existed 

prior to th i s operation. In north-east India the length 

of the slash aru) iHjrn agriculture (ihum) cycle ( in ter ­

vening fallow phase betv(>en two successive croppings at 
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th« sane s i t s wos shown to play an i»portant rolo in 

dateraining tha pattarn of vagatation dava lopownt 

(Raaakrishnan £ t ajL., 1961). Tha pattarn of saeondary 

sud^sslon in ^M fallows <fciring tha f i r s t faw yaars whan 

waedy spaeias doninata, varlas osrKiidarably dapanding 

upon ti» jlttMi eyela and tha Intansity and duration of 

creeping. Thus, Toky and Raaakrishnan (1963a) rapwrtad 

four typas of aarly sueeassion whara harbaeaous 

eomunitias dOBinata. This f^asa i s than raplacad 

gradually by bamboo and shrubs and traas« If tha jhun 

eyela i s vary short* sueeassion would ba arrastad 

indaf initaly at tha pionaar waad staga (Saxana and 

Raaakrishnan, 1984b)* This was also notad undar 'Lua* 

f orast in Thailand whara Eupateriaa odoratua i s a 

pradoainant waad (Zinka Jtĵ  aĵ .» 1978)* 

Claaants (1916) and Odua (1969) proposing a *ralay 

f lor i s t ie aod^l* pointad out that hara aaeh sat of 

spacies aakas tha anvironaant lass favourabla for i tsalf 

and aora favourabla for tha following sat of spaeias. 

Such a raplacaa«nt eontlnuas until eenmunity raaehas i t s 

ciiaax itaga. Eglar (1954) proposad ' in i t ia l f lor ls t ie 

composition* doainatas tha subsaquant stagas of sueeassion 

aftar a aajor parturbation. Saxana and Raaakrishnan (1964b) 
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found that the ^arly stages of secondary succession 

following the burning tended to confim closely to the 

in i t ia l f lor i s t ic composition model* under shorter Jhun 

cycles of 4 and 6 years, but follomwd the relay f loristlcs 

model under longer jhum cycles of 10 and 20 years. Further» 

the studies of Toky and Ramatcrlshnan (1963a) and Mlshra and 

Ramakrlshnan (l<^83c} showed that species diversity 

increased while dominance decreased during secondary 

succession. 

In the recent past* attempts have been made to 

understand the processes of vegetation succession In 

terms of the properties and evolutionary stragetles of 

the individual species. Succession mB% explained as a 

displacement of r-4trategl8ts adapted to dispersing 

and colonizing unoccupied s i tes by K-strategists, 

emphasizing on the efficient exploitation of the s i te 

(Leucks, 1970; Pickett* 1976). The strategies of early 

colonlating annu»l (Saxena and Ramakrlshnan* 1984c) and 

perennial (Saxena and Ramakrlshnan* 1^4b) herbs during 

secondary si^cession after slash and burn agriculture 

has been worked out and two reproductive pa^iways* one 

a heavy seed production strategy and another a high 

allocation to vegetative propagation have been suggested. 



Pickett (1976) stated that amelioration of the 

environmental extremes takes plaee during vegetation 

developsient and thus succession is a tenporai gradient 

fxom high stress to low stress taking into consideration 

other plant interactiorus like allel(̂ »athy» nitrogen 

fixation and herbivorepredator effects, Grine (1974; 

X9T7) described three primary strategies in plants which are 

related to their ability to withitand disturbance, 

competition and stress. According to him, 'stress* is 

any factor that reduces the bi(»ass, including shading 
•t 

and nutrient depletion* except coapeltion. He, explained 

that succession to be a process leading to a more 

stressful environment rather than amelioration of the 

environment as envisaged by Pickett (1976). Grime (1977) 

described succession as the replacement of species 

essentially w i ^ ruderal strategy by species wil^ 

increasing stress tolerance. As the productivity of 

the site increases during succession, the shift is 

towards a competitive stra-Ugy, 

Cornell and tlatyer (1977) proposed three distinct 

suecessional pathwayst (i) facilitation pathway, similar 

to classical relay floristic pathway that operates In 

primary successions (Lawrence S^SiX»* ^967; Rein<»rs et al.. 
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1971)$ (11) tolerance pathway which assunes that later 

successienal species to be successful» v^eltoer or not 

early successions! species have proceeded ^ie», Howevorf 

•Uiis has not received evidence so far (Noble <gt a l . , 1979); 

(111) Inhibition pathway describes situations where later 

Species caTtnet grow to aaturity in the presence of 

Earlier ones (Keever« 19S0; Parenti and Rlce^ 1969). 

NhittaJMir snd Lavine (1977) deverlbed four types 

of vegetation successions ( i ) replaceaent succession 

which i s sinilar to the relay f lorist ic laodel^ (11) 

direct succession that assumes rMStablishment of the 

pre<-existing species after disturbance as in deserts 

and ^ndra, ( i l l ) cyclic succession that refers to the 

cycles observed in chapparal due to recurrent f i res , 

and (iv) Bosaic succession that refers to the localixed 

changes during vegetation succession. 

Noble and Slatyer (1977) identified a variety 

of vital attributes* that detenBiiws(i) nethod of arrival 

or persistance of t l^ species at a s i t e during and 

after the disturbance ( i i ) abi l i ty to establish and 

attain maturity in a developing community and ( i l l ) 

tine taken for the S|Mcies to reach crit ical stages 

in the l i fe history. They enphaslzed that v i tal attributes 

BMiy fom the basis of evolutionary trends during 

succession. 



. 36 . 

PLANT STRATEGY ANALYSIS 

Gr«i»th and nutritions 

Light has been recognised as a major factor 

influencing the replacement of Species during secondary 

succession (Marks, 1974; Bazzaz, 1979). In general, 

conpit l i ion for l ight and nutrients Increases through 

succession. During •ar ly succession rapid growth, i4ilch 

depends upon abundant resources, i s advantageous. Later 

in succession such resources nay be less avai lable , and 

those plants with inherent high growth rates and resource 

requirements may not survive. 

Grime (1977) suggested that shade adapted climax 

tree species may have slower growth rate than the sun 

adapted early successional ones. Such a di f ferent ia l 

strategy for early v s . late successional trees have 

been shown by Ramakris^nan and co^twtk^rs through a 

ser ies of studies (Ramakrishnan e t a l . . 1982; Boojh and 

Ramakrlshnan* 1982BI Shukla and Ramakrlshnan 1986). 

Ruder a 1 and coim>etitlve species have higher re lat ive 

growth rates eompa^d to stress tolerant species (Grime, 

1977). This indicates slower relatlim growth rate In 

late succession, both due to the high expenditure of 
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carbon in maintenance of livinof but non-productive 

t i s sues and decreased mineral ava i lab i l i ty 'to support 

further growth. Late successional species seldcm exhibit 

high re lat ive growth rate of early invaders. Their low 

relat ive growth rate puts them at a disadvantaqe in 

early succession* t»Jt because of their higher tolerance 

l imits of low annual resources these species maintain 

a posit ive re lat ive gr(M«th rate even in late succession 

and eventually becMie dominant {Grime* 1977; Connell and 

Slatyer, 1977$ Ramakrishnan e t t l . . 1982), 

Fftitrient requirement of secondary successional 

species i s important to predict the successional changes 

spec i f i ca l ly in nutrient poor s o i l s in f i e lds abandoned 

after cul t ivat ion. Such species are expected to have 

e f f i c i e n t system to withstand the lower nutrient ava i lab i l i ty 

in ^ e s o i l (Vazques-Yanes and Gomez-poi^pa, 1974). 

Kellman (1969) st^gested low nutrient requirements for 

early successional species and an increase in the 

resources apparently did not af fect the course of 

succession. A similar conclusion was also made by 

Hartcombe (1972) through his S'todles on Cercooia obtusi fo l ia . 

Nest and Chileote (19^) explained thatAhe disapoearance 

of Senecio svlvaticus in the second year after slash and 
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bur«i of douglas f i r areas was due to i t s high mitrient 

requirement, and decrease in nutrient ava i lab i l i ty 

particularly of nitrogen and phosphorus» in s o i l s after 

one ^ a r of vegetation developaent, 

Chapin (1980) stated that plants with high 

re lat ive growth rates have high nutrient requirement to 

support new t i ssue production and rapid root production 

and leaf turnover. At the opposite extreme* in fer t i l e 

s o i l s are most successfully exploited by s tress tolerant 

species v^ose intwrently lew growth rates can be 

adequately maintained by their low capacit ies for 

photosynthesis and nutrient absorption. Fast grow ing 

tree species such as ^nus kesiva in nutrient poor 

s o i l s however* adopt a strategy for rapid nutrient 

tiornover rates so that a high flux of s o i l nutrient 

pool i s maintained (Ramakrishnan and Das* 1^3$ Das and 

Ramakrishnan* 1^5) • 

A high eff ic iency of nutrient use* generally expressed 

as dry matter production per gram mitrient (inverse of 

t i s sue concentration) has been suggested to be an 

adaptation to nutrient s tress (Loner^an and Asher* 1967; 

Jefferey* 1 9 ^ ; Wiite, 1972; Garten* 1978). Itowever* 

such an evaluation may be soi^tiraes misleading when there 
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i s luxury ijq;>take and large vacuolar storage of mitrients 

(Ble leskl , 1973; Haynts and Goh, 1978>. Small (1972) 

suggested that respiration, photosynthetlc or net 

asslBiilation rates per gran nutrient uptake nay be a 

fflore strong expression of mitrient use e f f ic iency, In -

f a e t , infomation on these aspects are meagre. Recently 

throiK|h a ser ies of studies on nutrient uptake and use 

e f f i c i enc ies of spec ies , Ramakrishnan and co-4irorkers { 

(Sexena and Ramakrishnan, 1^3a, 1984*, 1986) drew attention 

to "Uie adaptive value of t h i s paranetetf over a successions 1 

gradient of enviroenent. 

Resource al locat ion and reproductive s tra^gys 

Cody (1966) put forth a com^ept based on the 

principle of a l locat ion, which says that organisms have 

certain limited energy available to spend for different 

l i f e purposes. Harper and Ogden (1970) applied i t for 

the f i r s t time to Senecio vulgaris , and pointed out that 

the proportion of al locat ion of bloi^ss may re f l ec t the 

pattern of energy al locat ion provided there i s strong 

correlation'vbetween tota l bionass and to ta l ca lor ies . 

This was later supported by others (Hickman and Pitelka, 

1975), Harper and Ogden (1970) also suggested certain 

major patterns of energy a l locat ion in anraial, biennial 
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and perennial plants based on quantltntlve analys is . 

In annual plant speeles much of the energy i s devoted 

to reproductive structures whereas In perennials eiophasls 

i s given on storage of energy for future growth and 

develofMRent, at the expense of the reproductive budget 

(Hicicttan, 1975; Peterson and Bazxaz, 1978; Bel l e t al.,» 1979), 

McArthur and Wilson (1967) pointed out that 

organisms in an open environment are selected for greater 

reprochjctive potential (r-se lect ion) where as organisms 

in a closed environment are selected for greater 

competitive a b i l i t y <k-select ion) . Gadgil and Solbrlg 

(1972) expander! the concept of r - and k-selection in 

plants and tired to formulate then more rigorously. They 

emphasized on the r«strategy by in^roking patterns of 

mortality rather than •ful lness* of habitat . The central 

idea of r-> arK} k«>selection has been considered from a 

mmber of other aspects l ike duoration of l i f e circle and 

propagation ab i l i t y in a crowded or uncrowded environment 

(Fischer« 19S6; Nill iams, 1966; Gadgil and Bossert, 1970; 

Pinaka, 1970; Wilber at a^., 1974), Abrahamson and 

Gadgil (1973) si^gested that the reproductive ef fort 

should decrease underloaded conditions^ as more 

emphasis i s given for vegetative growth, for survival 
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of th« plants here. S ia l lar resouree a l locat ion 

pattorns have a l so been shown by a nunber of other 

workers (Abra)»mson and Gac^il, 1973; Gaines £ t a l« . 

1974t IUMS and Qulnn» 1977; Saxena and RaiMfcrlshnan* 

1984a). 

The iaportance of s tress and disturbed condition 

in the a l locat ion of biemass was considered by Grime 

(1974), •Disturbance* was defined by hla as any 

factor that l imits and cause destruction of blcmass like 

herblvory, pathogenicity and hunan a c t i v i t i e s . Thus, 

Grlse (1974, 1977) recognised s tress tolerance as a 

strategy of plants urvJer unproductive envirorenents, 

Ifhlle considerable work has been done on the 

a l locat ion of birnMSs or energy to differ«>nt l i f e 

purposes, very few studies are available on the 

al locat ion of nutrlerKts which Is also eq i» l ly Important 

in the evolution of reproductive strai|egy, particularly 

In situations with llailted supply of reitrients (Harper 

and Ogden, 1970; Van Andel and Vera, 1977), Saxena 

and Ramakrlshnan (1983) studied the growth al locat ion 

pattern and nutritional status of sone d<»Binant annual 

weeds under successlonal environment and observed 
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differences In their biomass and nutrient a l locat ion 

pattern. Reproductive a l locat ion of nitrogen and phos^orus 

was hiqher than that of bionass and potassiun in these 

anrxjals. They furtiier showed that a l locat ion of bionass 

and nutrients to leaves decreased during growth and th i s 

was more prorwunced at the time of reproduction. Saxena 

and R^aakrishnan (196%) also studied the grovth and 

al location pattern of dry matter and nutrients in four 

important perennial we^ds. They observed that the 

perennials often tend to al locate more to vegetative 

reproductive organs eanpared to the al locat ion to 

sexual reproduction. Further, C^ perennials such as 

Impcrata cvlipdrica and Thvsonolenna maxtoa were shown 

to be adapted to survive under nutrient poor microsites 

of a heterogenous s o i l as opposed to C^ species which 

were often confined to nutrient rich microsites (Saxena 

and Ramakrishrtan, 1964c}. This i s because of the high 

nutrient use eff ic iency of C^ species particularly wi-Ui 

respect to nitrogen comoared w l ^ Cg spec ies . 

PRODUCTIVITY AND NUTRIENT CYCUNG UNDER BWILY SUCCESSIOWL 

ENVIROMWENT 

A sharp increase i n the above-ground biomass 

occurs during secondary s u c c e s s i o n . According t o Lugo 
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<X973) sMXimun bioaass value for tropical forests i s 

approacher* In about 30 years at a l^rel of 250 t/hc^ 

whereas for temperate forests It was about 490 t/ha Is 

about 170 years only (Bomianyand Likens,(1979), Thus, 

a stead^^tate for biooass i s reached over a shorter 

tlBie period in the tropical than in the temperate 

fores t s . 

The rate of accumulation of biomass i s faster in 

the early stages of succession but may decline in the 

subsequent y^ars. The rate a lso depends upon the type 

of i n i t i a l vegetation established and other environ­

mental conditiore (Uil and Jordan, 1984; Toky and 
c 

Ramakrishnan, 1983a; Mishra and Ramakrlshnan, 1^3/). 

During development of vegetation, a part of the 

nutrient pool i s stored in the vegetation and part i s 

returned to the surface s o i l by rain, wash-out from 

leaves and ^ i g s , through l i t t e r arKi twig f a l l , and 

in the form of dead roots and root exudates. The 

s o i l husKis also increases during fallow period, chief ly 

as a result of l i t t e r f a l l . High l i t t e r production 

during secondary suecessional stages compared to the 

mature stage was reported by many workers (Ewel, 1976; 

Toky and Ramakrlshnan, 1983b; Mishra and Ramakrlshnan, 

1983^ Uhl and Jordan, 1983). 
K 



A large body of Infonnatlon Is available on nutrient 

cycling In forested ecosystems (laudelot and Meyer« 1954; 

Greenland and Kowal, 1960; Ocfcna, 1970; Stark« 1970; 

Golley e t a j , . , 1977; Toky and Ranakrlshnan^ 1983a; Mlshra 

and Ranakrlshnan, 1^3e)* ScMne p a t t e r n are suggested 

for tropical fores ts : (1) the uptake and return of 

mitrlents raay be greater per year in trepical forests 

than In other types of vegetation, (11) a larger proportion 

of the entire ebemical Inventory of the system i s held in 

the vegetation^ ( i l l ) in tropical forests the percentage 

of the vegetation in green parts , the prooortion lost 

per year as l i t t e r , and the rate of decomposition of the 

l i t t e r are greater than in temperate forests and (Iv) 

the rate of uptake i s strongly influenced by the rate of 

evapo*tra nspira t i o n . 

Mineral cycling pattern varies wi-Ui the nutrient 

supply to the systen, with t l^ t i »e available for the 

system to develop on the s i t e , and also the envlrorvienta 1 

conditions. The accmnilation of nutrlen-U and t^eir 

release through l i t t e r f a l l Increases with the age of the 

fallow and become stabi l i sed in mature forests (9tark, 

1971a»b; Toky and Ramakrishnan, 1^3b; Mishra and 

Ramakrishnan, 1983c). 
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The role of rapidly growirw successions1 speeies 

in the restoration of diS'Uirbed ecosystens has recently 

beccHM a problem of considerable interest . In general, 

rapid revegetation of a disturbed s i t e decreases nutrient 

losses by an interaction of several factors (Marks and 

Bornann, 1972). The channelling of water into evape-

transpiration cuts down on losses of nutrients in runt̂ ^ 

off and erosion. Shading decrease s o i l tenperature, 

which resul ts in lowered decofl^>osition and n i tr i f i cat ion 

rates and reduced supply of water-soluble ions available 

for removal of drinage water. Growing vegetation also 

reduces nutrient losses by incorporating nutrients 

into developing biomass (Vitousek and Reiners, 1975). 

This reduction of nutrient losses by developing plant 

bi<^>ass has important cor^equences for ecosystea 

s t a b i l i t y . Ecosystems ^ a t recover nutrient cycling 

capabil ity tM>re rapidly ( i . e . nutrient uptake equivalent 

to potential losser) can be considered more r e s i l i e n t and 

thus more s table . Marks (1974) investigated functional 

role of a successional species such as pin cherry 

(Prunus pensvlvanica) in disturbed areas of r»rthern 

hardwood fores t s . Pin cherry i s a rapidly growing species 

which often occurs in dense staivis in disturbed s i t e s . 

I t appears to be ef fect ive in preventing nutrient loss 
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by th« rapid accretion of •lainents into i t s bi<ma8s. Marks 

concluded ihat pin cherry *prc»Botes ecosystem stability 

by biotic regulation of ecosystem functions*. In 

another study Harcombe' (X977a,b) experimentally analysed 

the role of suecessional vegetation in retaining nutrients 

within disturbed tropical forest ecosystem. Further* 

Foster et ^ , (igjso) studied the effect of ragweed 

(^brosia artemissifolia) on nutrient cycling in a one 

year old f ield and showed i t s conservatory role of 

mitrients. In north-eastern India Toky and Ramakrishnan 

(1982) analysed the role of Dendrgcmlarous hamiltonii. 

a baB̂ }oo in nutrient eomervation during secondary 

succession after slash and burn agriculture (jhum) and 

showed that this species has the abil ity to conserve 

an important element such as potassium. Similarly, 
cj. 

the early succession/ weeds under slash and burn 

agriculture syst«B drastically check run-off and inf i l tra­

tion losses of nutrients and sediment losses in the very 

f i r s t year of the fallow phase after cropping (Toky 

and Rjaaakrishnan, X^ln Mishra and Ramakrishnan* 1983a; 

Ramakrishnan e^ £i.., 198!)• 

f^trient budget analysis under slash and burn agriculture} 

The long term success of slash and burn agriculture 
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dsptnds upon the r«cov«ry and maintenance of soil 

fertility (Ramakrishnan $X 2l.»» i^SlS Ramakrl»hnan, 

i984b). If the nutrient lost or displaced during the 

short period of cultivation are approxlioately balanced 

by those replaced during the fallow period^ the systen 

could continue Indefinitely (Mlshra and RMsakrlshnan, 

1^3h; 1984). The maintenance of soil fertility 

In hot, huiBld and high rainfall area Is a serious problena 

and Is more severe In sltuatlom where the cfcle has 

become shorter, due to poor recovery of soil fertility 

and Increased Intensity of we<»d competition. This 

In turn results In reduced crop yield under short cycles 

(Nye and Greenland, 1960; Waters, 1971; Toky and Rama» 

krlshnan, l^la; Mlshra and Ramakrlshnan, 198:n>). 

When the forests are cleared and the debris Is 

burnt, ail the cations are released on the surface soil 

as ash. Heavy losses of carbon, nitrogen and sulphur 

occur due to volatilization during the burn (19ye and 

Greenland, 1960; De las Sales and Folster, 1976; 

Ramakrlshnan and Toky, 1981; Mlshra and Ramakrlshnan, 

1983b; 1984). For phosphorus, though there are no 

obvious mechanisms of volatilization, losses are eeported 

through convection via particulates to the atmosphere 

(Freedtean, 1981). There are conflicting reports on 
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addition of phosphorus through f iro , i^f and Greenland^ 

1960; Stark* 197i{ Stroisgaard, 1.984) and othars suggesting 

swM lossas for phosphorus through f ira, and this was 

corroborated by Swaay (1^6) in a slash and burn agricultura 

syst««« 

Carbon and nltrogan losses occurred fron the 

slash and burn agriculture systen <fcjring and after a 

year of cropping period (Nye and Grepnland* 1960; Zinke 

e t a l . . 1978; Ranakrishnan and Toky, 1^1; Mishra and 

Ranakrishnarv 1983d). Similar to carbon, losses^ there 

i s also a net loss of nitrogen after cropping conpared 

to that of the pre-burn so i l pool. Nitrification after 

the burn i s shown to be accelerated due to high microbial 

activity* due to rise In pH and tetpperature of the 

surface so i l (Griffith, 1949; Itoore and Joyebo* 1963; 

Ahlgr#n and Allgren* 1965), This increase is attributed 

partially to the reiaoval of ehenical inhibitors (Reed* 

1951; Smith S i i l * * 1968; Rice* 1974; Saxena and Rama-

krishnan* 1984b). Deforestation for shifting agriculture or 

other needs has a oMJor impact on both the amount and 

relctiV4» proportions of water* dissolved substances and 

particulate matter lost from the system. Mcureover* the 

total concentration of cations In the so i l solutiomt 
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d*pencta( upon th« conc«ntratlon of anions* A high l«v«l 

of nltrat* Ion due to increased 'biological activity* 

(Ahlgren and Ahlgren. 1960; Nells, 1971) after burning 

balances a corresponding concentration of cations in the 

soi l solution and therefore heavy losses through water 

occurs (Bonaann et al.« 1968; Lewis Jr. 1974), The loss 

of water* nutrients and sedinent gets reduced as crop 

and weed cover 6Stablishj^CToky and Ranakrishnan, 198L; 

Mishra and R«Rakrishnan» 1983d), with a transfer of 

nutrients from so i l to the plant bionass, 

STATE C3F KMOWLEDGE OF BAMBOO STUDIES 

T a x o m m y t 

Baaboos of the old world have received taxononic 

attention since the comprehensive trealaaent of 1839 

by Rupreeht in Leningrad, based on herbarium specimer» 

and the literature upto his tine. This was followed 

in 1868 by the mate extensive work of eolonal Munro 

whose excellent descriptions, notes, and system of 

classification have been a basis for subsequent studies. 

In the same period, Sulpkz Kurz was travelling in Java . 

and came to know and study bamboos in the field. His 

treatment of bamboo and its uses (1876) contains a 

storehouse of field observations olb ̂ ose of the Indian 
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subcontinent and lAalayati archipelago. Further attention was 

paid to Asiatic bantn^os in the i&onograph by Gamble (1896) 

who treated thos& of Burma, India« and Malaya, Additional 

"toeatsients of banboos of th i s region were prepared by 

Bor (1938, 1940) for Assan, by Rhind (1945) for Burma, 

and by Holttua (1956) for the Malay Fenir^ula. The 

b a s s o s of Java were covered by Backer and van den Brink 

(1968), but those of the rpoainder of this large 

asseoiblage of i s lands , including such banboo rich areas 

as Borneo and Sumatra, have not been treated. Holttun 

(1967), however, prepared an account of the bamboos of 

New Guinea, Lin (1961, 1968) has written brief 

treatraents on those of Thailand and Taiwan, The 

Philippine bamboos, although not revised as a group, 

have been covered by Merill (1923-25) and Brown (1951), 

Taxonemic accounts of the bamboos of China 

appear in IJie many publications of F.A. McClure (1973) 

who Spent most of "ttie years between 1919 and 1940 in 

Canton where he developed a l i fe long interest in these 

plants . Besides McClure, Keng Yi«l i and ICeng Pal-chieh, have 

studied the bamboos of China and published descriptior^ of 

many new species , and keys to the Chinese species appear 

in fMiblicatiortf by Keng Y i - l i (1933); and Keng Pai-chieh 

(1948). 
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In japdHt wh«re baiiboos ar« so important, both 

eeorvKBlcally and culturally^ the literature is volutoinous. 

Among these are the papers by Makino and Shlbata (1901) 

on the genus Sasa.i numerous publications by Nakal (1925; 

1942), and the comprehensive monograph by Takenouchi (19^) 

The most coosnon species v#ere recently treated by Qhwi 

(1965)» The older studies of Japanese bamboos are 

widely revised by Muroi (1956) and others. 

The bamboos of Africa are treated in scattered 

publications such as those by de Wildeman (1920), 

Alvino (1950), Robyna (1955), and Clayton (1970). 

Those of the Malagasy Republic have been treated In 

various publications by Lin (1967). 

BtoClure (1973) published a paper on the genera ©f 

new world bamboos, those of the austral part of the 

^oerican continent are covered in the publications of 

Parodi (1936» 1941, 1945) that deal with the genera and 

species of Airgentina and Chile. McClure and Smith 

(1967) presentee a revision of bamboo genert and species 

of the Brazilian state of Santa Catarina. 

Ecological attributes^ 

There ire many accounts in Asia of the spread of bamboo 

into disturbed habitats. Forests of Vietnam destroyed 
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by deliberat© f ir ing and warfare In the present century 

have resulted in clearings where bamboos have been able 

to take hold. A recpnt report by Drew (1974) states 

pure bamboo populations taking over where forests are 

destroyed, provided they are orpSent In the area as in 

Thailand where colonies of the banfcoo species Thvrsostachvs 

invade the land cleared of teak fores t s . In Laos, 

extensive tracts of giant bamboos now cover areas that 

aany yj^ars ago were cleared for cult ivation (Soderstron 

and Vidaly 1975), The typical kind of information available 

for banboos of the old world i s provided by Troup (1921) 

for Meloaanna baabutoldes Trin. This "is a typical ly 

gregarious banboo* and occupies extensive tracts of 

country In the Chlttagong and Arakan H i l l s , where the 

destruction of tree-growth by shifting agriculture has 

over considerable areas produced a veritable sea of 

bamboo resulting from culms which have sprang fron 

rhlz<»>es remaining a l ive in the ground aft^r the t ree -

growth has been destroyed*, Halg e t a 1.(1956) also 

mention that as a result of shifting agriculture, huge 

expanses of gr^ss and bamboo forests are established 

In Asia, In the north-eastern region of India bamboos 

fotm a major component In communities developed after 
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slash and Ixirn agriculture (jhun) (Raaakrishnan $t al.m 

l9Qli Toky and R^nakrishnan^ 1983a), 

Because of banboo*s eeoivmlc Importance in that 

country* Japan has taken the lead in ecological s tudies . 

These studies have dealth with species of t«nperate 

or wam-temperate genera such as Sasa and Wivllo8taclpivt^&, 

Like Bost tmiperate species , these have rhizones of the 

running t^je which permit the plants to spread over wide 

areas quickly, Hhe tropical baaboos, such as those found 

in Aaazonia» are adapted to nuch warmer conditions^ and 

have abbreviated rIytizoiERes that f o m banboos of the clunp 

type. I t i s probable that the ecological studies carried 

out on these basiboos in Japan w i l l not be applicable, -. 

except in general tersis, to the tropical species» because 

boti) habit and habitat are so different. 

In tropical America the native Indians lived in 

hanK>ny with the fores t , and large-scale clearings 

and destruction did not co»e about unti l after the pro l i ­

feration of European settlements (Meggers, 197t), Where 

c iv i l i za t ions did develop in the Nsw World, they centered 

around awther grass, maize. Native bamboos, of course, 

have been and s t i l l are u t i l i z ed by the native people, but they 

have never bec<Mae a dominant feature of the vegetation 
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as they have In Asia, This i s doubtless because, they 

are kept in balance with the natural unaltpred forest 

ecosystems. Scanty as i t i s , the knowle<ige of bamboo 

ecology was brought into focus with publication of a 

book» "Ecology of Grass la rvis and Bamboo lands of the 

world", edited by Nuraata (1979), 

Studies on the role of baaboo in forest i»uccession 

are, however, rare. Some accounts on the productivity 

of bamboo was carried out by Hozumi £^ SJL*/ (1969) in ^ 

Cambodia, Bicnaass studies of pure bamboo stands in 

Laos were made by Soderstron and Vidal (1975), Huberman 

(1950) and U9da (i960) estimated the dry-matter yields of 

S(aBe managed bamboo stands, (^hima (1961) reported 

abovegrcNind biomass of 14,1«>114 t ha for four Japanese 

species of Sasa bamboos. Aboveground biomass of 

Arundinaria alp|.n8 K. Schtm vi*ich attains maximum heights 

of 20 • in highland Kenya, i s approximately 100 t ha 

(Wii^bu^, 1945), Dry matter production of two Chusouea 

species in South-<^nteal CSiile was estimated by Vablen 

l i l l . (1980). 

Natural propagation of bamboo mainly takes place 

asexually through extensive rhizomes, Uchimvra (1990) 

on the basis of th i s extensive studies on bamboo 



liapiica-Ud ra infa l l and nutrient avail; as two major 

factors det«raiinas shoot elong^ in baaiboo. 

The flowering of bamboo has been a matter of 

Special interest and i t carles trending upon the species 

of banboos whl&h some species of bamboos show periodical 

flowering. The bamboo culm may die after flowering in 

sane species^ whereas in others they may not die even 

though the culm i s defoliated and weakened temporarily. 

Several theories were formulated about flowering of bamboo; 

(1) Pathological theory, destruction of bamboos through 

casual organisms l ike nematodes^ fungl^ Insect pests and 

parasites brings about flowering (Kolde, 1882; Shlral , 

1908), (II) Periodical theory, a cycle of bamboo regeneratl'»n 

through aMxual method through rhizome and culm elongation, 

reaching maturity and then resulting In flowering (Kawamura, 

1927; Masumura, 1971; Katay^ma, 1978), (111) Mutation 

theory, ba>jd>oo regeneration through any methods of asexual 

propoagation Is considered as mutation, resulting In 

flowering of bamboos (Kasahara f t al , , , 1969), ( iv) Nutrition 

theory. Flowering and fruit ing are usually the results 

of a physiological dlstorbance arising chief ly frow the 

poor growth of the vegetative c e l l s , brought about by an 

Imbalance of carbon-nitrogen rat io (Murol, 1962; Ueda, I960), 
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(v) ttanHB8d« theory* clear cutting and f i r e are man* 

nade practices that can Induce bamboo flowering 

(Uchimura. 1980). 

All these theories are only observations and in 

order to determine whlcK^of the theories are profitable 

for each of different species* there i s a r»96 to know 

the meteorological factors or conditions that induce 

flowering. In conclusion* i t may be noted that our 

knowledge on bamboo flowering i s m^re. 

PRESENT STUDY 

Slash and burn agriculture popularly called •jhum* 

in India and also in the north-east* and variously terned 

loca l ly in the country (Tekenglu in Ifegaland* Dawar or 

Dipa Iti Wadhya Pradesh^ TCuanri in Western ghat region or 

podu in Orissa) i s a common land use practice in the 

humid tropics throughout the world (known as Mllpa in 

Central Anerica* Zande in Africa, Qiena in Sri Lanka* 

Kalngin in Philippines and Tserabaga in Papua New Gulmee). 

I t involves slash and burn of the vegetation followed 

by mixed cropping for a year or two before the land i s 

abandoned for natural regeneration for a few years and 

before coming back to the same s i t e for cropping. Thi« 
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fallow period betmreen two successive cropplngs at the 

same s i t e representing one cycle was f a i r l y long in 

north«east India (20«>30 years) in the past . However, 

in the recent past , i t has come down to 4*5 y^ars due 

to increased population pressure and reduced acreage. 

This has often resulted in an arrested succession at the 

weed stage (Saxena and Ranakrishnan, l<^4b)» which in 

turn has drast ica l ly degraded the quality of environment 

in terras of vegetational cover and s o i l f e r t i l i t y (Ra«a-

krishnan and Toky, 1981), This was- c r i t i c a l l y reviewed 

by Ramakrishnan (19858) based on «v»r a decade's research 

of his group. In another review (Ramakrishnan* i984b) 

he a lso focussed upon the science behimi the rotational 

bush fallow agriculture (jhuffi) and i t s value for an 

integrated develof^aent of the tr ibal areas of the 

north-east India. 

As a result of petturbatlon to the forest ecosystem 

by raan or by natural means, such as f i re drastic changes 

occur in the environment in the tropics and subtropics, 

due to their fragi le nature. Considerable attention has 

been given to study the processes involved in the recovery 

pattern through a descriptive approach (Kenoyer» 1929; 

Budowsky* 1961), evolutionary approach (Gome2-PoiBpa,197l), 
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population approach (Sarukhan« 1964) or Bn •cosystMi 

approaeti (Frarrforth and Gollay* 1974j Ramakrlshnan 

at al. .1981). However, our knowledge of the adaptive 

strategy of individual species under varied environnents 

after perturba^Jtion i s aore important for better under­

standing of the vegetation recovery process. The need 

for such studies was «nphasized by aany workers (Goaez-

Pcmpa and Vaxquez-Yanes, 1974; Golley and Htedina, 1975; 

Bazzazt 1979; Toky and RaT^akrishnan, 1982; Saxena and 

Ranakrishnan, 1984c). 

Banboos fom an important conponent of secondsrv| 

successions! fallows upto about 30 y<'ars and fallow 

regrowth after slash and tnirn agriculture in north* 

eastern India. The present stteudy deals with denography and 

populatioi^ dynanics, growth and architecture strategies, 

and leaf population dynaeics of two inportant species 

of basiboo, namely Dendrocalaaus haa^tonii NseSyArn. and 

Nsp^or̂ zfoua dtflloa A.Caaus. An attempt has also been 

made to aaluc the role of bamboo in the socio-cultural 

l i f e of the one of the tribes of the reqion» namely, 

the Khasi in east Khasi Hills district . 
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Fxg« 1, Location o f study az*ea i n north-eastern 

India* 1* Lailadi 2 . Umpri} 3 . Umroi; 

4* Machipani and 5» C h e n k i i . 
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Fig. li. Ombrothermic diagram of the study area (Lailad) 

1983* Closed circle, mean monthly maximum 

temperatuire; Open circle, mean monthly minimum 

temperature; Bars represent monthly rainfall. 
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The present study was done at the lower 

elevatlor» of norUi«eastern h i l l region of India, 

While detailed analysis of demography and population 

dynamics, studies pertaining Architectural analysis and 

adaptive strategies were done at Lailad, in Khasi Hil ls , 

for role of banboos in shifting agriculture and socio­

economic analysis studies, Machipani in Garo Hil ls , 

Qiar^ii in Naga Hil ls , Uepri and Uteroi in East Khasi 

Hills district of Meghalaya liere seli^cted (Fig . i ) , 

The pre«eambrian rocks are represented by gneiss, 

schists am) granites. The so i l i s a red sandy loan of 

laterite origin, with frf! 5»7, The angle of the slope 

generally ranged from 20** to ^ \ 

As a l l the study s i tes have similar climatic 

conditions the details of Lailad cltoate ts given 

here (Fig. i i ) . The climate has three distinct seasons} 

( i ) a brief smmer extending from mid-February to May, 

( i i ) a rainy season from May to September and ( i i i ) a 

mild and relatively dry winter from October to mid-

February. The average maximum tei^oerature during the 

suamer period was 30.7^C and the average minimum was 

14.4°C. 7351S of the annual rainfall of 1800 mm occurred 



• 60 

during the rainy season. The average «axi«um te«peratiire 

during the rainy season was 31.4®C and the average 

«lnlfflu« was 24a**C, whilst that for winter months were 

26,5®C and 10.8**C respectively* 



CHAPTER 1 

COMPARATIVE ANALYSIS OF THE POPULATION DYNAMICS OF TWO 

BAMBOO SPECIES, DENDROCALAMUS HA>gLTONlI NEES AND ARN. 

AWD NEOHOUZEOUA DULLOA A. CAMUS IN SUCCESSIONAL 

ENVIRONMENTS I N NORTH-EASTERN I N D I A . 
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INTRODUCTION 

During early phases of seeondary succession after 

slash and ham agriculture (Jhsn) in north-east India, 

banboos f o m an important coi^>onent of the plant eomnunlty 

(Ramakrlshnan e t a l . . 1981; Toky and Ramakrlshnan* 19638). 

After a fallow period of 5-6 years dominated by herbaceous 

weeds (Saxen* and Ramakrlshnan, 1964b), bamboos fom an 

important component of the next phase In plant succession 

alongwlth shrubs and tree saplings. While some species 

ruch as DendrocalaBMS hamlltontl that are s t r i c t l y l ight 

demanding get eliminated as l ight ava i lab i l i ty In the 

community declines after a period of about 25 years of 

fallow regrowth, others such N»ohottxedu2a dulloa idilch can 

tolerate shade but prefer a high l ight environment may 

continue even In older corasunities. However^ vast areas 

under weed ccmmunitles and bamboo f(»tests in the 

nor'tiv-east, as elsewhere, are a corAequence of large 

scale disturbance through slash and burn agriculture 

(Drew, 1974; Halg e t a^,, 1986; Soderstorm and Vldal, 

1975; Saxena and Ra«akrishnan, 1964b). 

Neohouze îua dulloa A, camus (Syn, Teitiostachytni 

dulloa Gamble ex. Munro) i s an ever^green bamboo of the 

lower elevations up to an alt i tude of 1200 m in north-
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eastern hill region of India. The records available 

with the village heactoan in the study area and published 

report (Janzen, 1976) show that this species flowered 

gregariously in 1968, However» flowering elsewhere in 

the north«east» in Cachar Hills of Assm^, was also 

recorded earlier in 1951 (Gupta» 1972). On this basis» 

Jaraen (1976) predicted another gragarlous flowering 

in i^5» though ^is did not happen, Xn early successions 1 

conmunities of upto 25-years of fallow reqrowth this 

species is vigorous. The cluaips (genets) established 
2 

through seedlings here, are generally BK>re than 1 m but 

have vigorous vegetative reproduction through culns (ramets) 

established from a close knit Init extensively Ixranched under-

grouvKJ rhizoae systefla. The nmber of ranets may be about 

50 undttT l̂nore favourable environmental conditions, Xn 

older fallowsi^ th^ species grows as an understory 

e<Hq>onent but the gent size i s nuch less with only 

about half the number of ramets per $enet. The ramets 

with a height of 4 to 5 meters and a diameter of 3 to 6 

qp i s used extensively for basket making, handicrafts 

and for Init coi^truction. The young sprmits are also 

consumed as food by the tribal farmer. 
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D»tidrQcalaau8 hamiltonil N»«» and Am, Ex. Munro 

i s a daeiduous baaboo spaclas oecurlng at an altfttuda of 

up to 1200 B with sporadic and gregarious f loivaring 

habits with an intersast period of 30-40 years for the 

latter (Cavendish. 1905; Gupta^ 1972; Jailzen, 1976; 

Varaah and Bahadur, 1^0) . The immber of raraets per 

genet may be upto 60, each rasiet being 16-18 neters long 

and 12-25 en in diameter. They are extensively used as 

firewood and for hut construction, handicrafts and 

exported for pulping. The young tender shoots are 

edible. The present study deals with a conparative 

analysis of the population dynamics of these two 

Species over successions1 environment. 

KETHODS OF STUW 

Three replicate fallows of !*•, 5- , 10-, 15-, 20«, 

25« and 60«years were identified on the basis of our 

observations and also based on the records available 

with t ^ village headman and Forest DeparAnent. Care 

was taken to ensure similar topography, slope (average 

30° angle), ejqposure and so i l type. Phytosociological 
2 

studies were based on thirty 1 « quadrats for herbaceous 
2 

vegetation and thirty 100 a quadrats for shrubs and 

trees. The importance value indices (tVX) based on 

relative frequency, relative dominance 
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a IK) relative basal covar war* calculated following Misra 

(X968) and Kershaw (X971)* 

2 Five replicates of 100 • pemanent quadrats were 

laid at each site to study the dynamics of ranets 

(vegetative culns) during a one year period starting 

froBi June 1983 for £ . haailtofi^ and froa April 1983 

^^^ U* ^iMS£.' All individual raraets present at the 

beginning of the study period were considered to be ROX« 

than one year iold and classified as old population. 

Any individual ranet appearing above the so i l surface 

was counted as gains (births) and those lost thrmigh 

natural causes as losses (deaths). Ranets app<>aring 

in a given month were narked as a cohort• 

Growth index of a stand in a unit area was 

calculated as the ratio of the mjsber of new ramets 

produced during tho one year study period to the nusber 

of raaets originally present. The genets (clunp of 

ranets) in terns of genet area and the number of ramets 

were analysed at each site at the end of one year 

study period. 

Since flowering in D. haailtonii oeeured only in 

fallows of 5 to 25 years9 the number of genets that 

flowered were analysed for seed reproductive potentiil 
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ĉ  

m 
o 

• CO 

CM 
o\ 
• - 4 

CM 
• -H 

8 
• 

o 

c 
tf) «ft 

« 4 

«> 
z 

•H 
4ft 
<0 

M 
3 

•H 
x: 
u <0 
S 
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of this Species. Seedling recruitment and establistment 

was foIlo««d in these fallows using twenty randomly laid 

1 m permanef^ quadrats in each fallow plot« im^alf of 

which the l i t t er layer on the so i l was removed. Seedling 

studies started in May 1983 was followed for a one year 

period. 

RESULTS 

Vegetation analysiss 

The early stages oi secondary succession was 

dmninated by hf^rbaceous species (Table l . l ) , the more 

important ones being AoeratuM cenvzoides^ Arundinell« 

^nq?^»n»l?» ^VPfftgytVP ftd^yatyw, Ppgeyat^ evlind^ica 

'̂W* W:̂ kania aicrantha. After a period of about five 

years of fallow regrowth a number of shrubs and trees 

cone up* Shrubs such as Euria acuminata* Litsaea 

assay^ea. itellotu^ philipoens^s and Coabretma decandrui 

and trees such as Af»ora wall ichii . An^oceohalus cadamba. 

Schima wallichii were important components during 5 

to 25 years of fallow reqrowUi. Species of bamboo» 

Dendrocalaaus ^aa^Ut^f^l and Heohauzeoufi dyll^a. were 

also abundant at this stage^ the former being more 

dcminant. g. heniltonii reached i t s <peak growth in 
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20* to 25-Yeax old fallows. In a 60-̂ y«ar old fallow 

ihis Species was confined only to the peripheral open 

areas. Ĵ . dulloa* however, reached Its peak growth 

in 15* to 20*Y«ar old fallows,,but also occured in a 

60««year old fallow as an understocy species* 60<-year 

old fallow was a nixed forest with trees such as 

ff?«^ngPtif i i^ica. 9a#y|a ,^i>a, Gteelina arborea and 

Raeet population dynanics of Ĵ . dulloat 

The nunber of ratnets present 4t the beginning of 

the study period and that recruited during the year 

increased with fallow age, reaching a maxlBWi in ICV 

to 20-Year old fallows and with a sharp decliiw in older 

ones (Table 1,2). The nunber of new ranets lost during 

the study period was nore in 5» to SX3«^ar old fallows. 

However, ihm percental annual nortality was naxinun in 

a l*year old fallow, ^cl ining with fallow age. The 

rate of change renained nore or less constant in a l l the 

fallows except in a 1-year old fallow! this was also 

reflected to sone extent in the growth index of the 

population which was highest in a l«yf>ar old fallow. 
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ID* to 20«^ar old fallows produced four cohorts 

in a year *^l ls t a l l others produced only three (Table 1,3>, 

Shjch of the reeruitaent occurred during Bay to Jtily. 

Generally speaking recruitment of g, dulloa through a 

f i r s t cohort «fas nore than through subsequent cohorts in 

except for 1-year old fallow. The older resets prior to the 

study period had maximum contribution to the total popula­

tion* in a l l the fallows. The contribution by the f i r t t 

cohort of the current year was markedly higher than that 

by the subsequent cohorts. The last cohort produced during 

the season had the least contribution to the t o ^ l 

population s ize . 

Though the genet nusber per unit area did not 

sh«iv BRjch variation in different fallows* the area 

occupied by individual genets was maximal in 10« to 20* 

year old fallows with sharp decline in younger and older 

fallows (Table 1.4). The nunber of ramets per genet 

was aaximal in 10* to 25-year old fallows with a sharp 

decline in I* and 60-year old ones» 

Ra»et population dynanics of D. haailtoniit 

The raiset population already present in the fallows 

reached i t s maximun in a 25-year old fallow with a 

drastic decline in a 60-year old one (Table 1.5). However, 
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th« rumhet recorded during the study period^ their birth 

during the year and the survivors out of I t a l l reached 

peak values In a 20*year old fallow and drast ica l ly 

declined lr^4r.4D-year old one. Rate of change in 

population structure ctoelined with the age of the 

fal low. Growth index for the rainet population was 

higher in 1 - and 5-year old fal lows; in 25- and 60-

year old fallows i t dropped markedly. 

Ranet production in 10- to 20-y»ar old fallows 

occurred over a period of f ive nonths fron J^ne-Octoberj 

in others I t occurred for four aonths except in a 60-

year old fal low, vi^ere i t was confined to three 

months only (Table 1 .6) . Major recruitment occurred 

in June to July declininq in subsequent monies. 

The genet number was more or l ess the same in a l l 

the fallows excdpt in a 60-year old one. Where there 

was a drastic decline (Table 1 .7) . NUnriber of ramets per 

genet reached a maxinuo in 15- to 25«-year old fallow but 

declined in a 60-year old one. 

Seedling population dynamics of £[• ^amiltonlis 

Seedling recruitment was very high when the l i t t e r 

layer was undlstrubed than when the l i t t e r was removed 



Fig* 1*1 Ctunulative gains euid losses (a) and net population 

cbazige (b) of D. hamiltonii seedlings during 

the study period* Closed c i rc le , 5-year; Open 

c irc le , 10-year; closed triangle, 20-year and 

open triangle, 25-year old fallows. , 

with l i t t e r cover on the ground; - — - —, 

without l i t t e r cover on the ground* 



2400 

Fig. 1.1 

M J 0 N D J 
MONTHS 

M A 



2000 Fig. 1.1 

1500h 

o 

Q. 
O 
a 
•4-» 

0; 
lOOOh 

500h 

M J J A S O N D J 
MONTHS 

F M A 



Fig. 1.2. Percentage contribution to the net population 

surviving at the end of first year (a) and 

second year (b) by different monthly seedling 

recruitments of D. hamiltonii. Dark column, 

with litter cover on the ground; open column, 

without litter cover on the ground. 



Fig. 1.2 

en 

o 

OJ 

o 

o 

LO 



'do 

S o 

(0 

o 

« 

3 

ID 

»4 

I ta s 

9 
O 

•3 o 

c 

« 

f4 

o 

m 
r. 

X 
•» 
c 
• 
« 

5 
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(Table 1.8 )• Xn plots wh«re l i t ter was not disttirbod 

naxliBun raeruitnent oecurred in a 20->yaar old fallow* 

whilst in plots without l i t t er recruitaent was maxiBRjiR 

in a 25«>y»ar old fallow. Mortality was very severe and 

was aore than 975̂  and was not affected by the l i t ter 

layer. Seedling establishnent was more in a 20-year 

old fallow with decline in younger and older fallows. 

Seedling regeneration did not occur in a 60»year old 

fallow. 

The cumilative gain and losses* alongwith nat 

population size in different nonths are shown In Fig. 

1.1 aSto* Seedling recruitnent occurred between May to 

Septeiriber but mortality eontinued upto the following 

February to March. The population flux was mich nore 

pronounced where l i t ter was lef t undistirf^^ed eonpared 

to the treatment where l i t t er was renoved. Nat popula­

tion size peaked in August to Septenber. 

The survival at the end of the f i r s t year petiod 

of the seedling recruited in a given year i s shown in 

Fig. 1.2a and the survival of the sane at the end of 

secorxi year i s shown in Fig. 1.2b. On plots with l i t t er , 

survival at the end of the f i r s t year period was generally 

more for those produced earlier in the season* except in 
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a 5->f»ar old fallow. Such a pattarn was not olnrious on 

p).ots wlthmit litter. Howevar« at the and of tha 

saeond year period tha saadlings aurvivad wara largely 

frrna "Uia seedling cohort produced jtfi May. In 5- and 

25oyear old plots wi-ttKiut litter no seedlings froa the 

previous year survived. 

though the proportion of fertile genets in the 

population was not very differ<»nt in different fallows 

(Table 1.9)» the seed prcKiuction paraneters such as 

inflorescence per ranet, seeds per ranet or a genet 

all increased with fallow age| Seed production per 

hectare was low in a 5»year old fallow eoapared to 

older ones. 

oiscussicai 

Heirtwuzeeua dulloa being a species that flowers 

gregariously once during i t s l i f e span» the population 

dynanics of this species related to successions 1 

enviromant had to be based exclusively on clonal 

reproduction. However* with sporadic flowering occurring 

In p^p^^flf^^f tl?ll^tffn|| the population dynamics i s 

based on both clonal am) seedling studies; gregarimis 

flowering reported in this species (Vamah and Bahadur* 

1980} was not observed during the study period. 
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B«ing an inpc»rtant coa^ntnt of • a r l y sueeessional 

•nvironncfits af ter slash and burn agricultura ( jhtn) i n 

north-ftast India (Raealcrishnan sXSl»» X96X{ Toky and 

Ranakrishnan* i^3a )» these baitibeo species are subjected 

to considerable f luc^at ions related to so i l and micro«-

envirorment. Apart fron changes in jM^ iBoisture and 

nutrient status of tt^i so i l as related to l i t t e r acculRilation 

and decooposition (Ranakrishnan and Toky, 1981; Toky and 

Ramakrishnan 19838), increased potential evapo<»transpira* 

t ion and reduced l ight ava i lab i l i t y ax« related to a 

change fron af» open to a closed comaunitf, Though the 

species are l ight denanders, as is evident fron their 

re lat i iw doainance i n 10* to 25«y^ar old fal lows, J[« 

cfailloa showed a resiarkable p las t ic i ty for sixrvival even 

i n a nore closed forest environment of 60 ^ a r s of age. 

On the other hand, in a 60«-year old forest , £• haaiiltonii 

was confined only to i t s disturljed peripheral par t , where 

l igh t ava i lab i l i t y was higher (Singh and Ramakrishnan, 

1982), Thus Jg. dulloa with greater p last ic i ty (Chapter 

2) is exposed 1k> more diverse ecologic si-Uiations Ajring 

i t s establishtBent and develop«ent, conpared to £• 
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RaB«t dynamics in th« two sp0cl«ss 

Starting with a low recrultnont of ranets In a 

1-year old fallow for 1cK>th the spacieSt ultimate popu­

lation size improved upto % or 25 y^ars of fallow age 

in the ease of N« dulloas the population size of N« dulloa 

in a 60-year old fallow was not very SRich altered 

compared to 25«y'»ar old fallow* but sharply declined in 

£• ^amiltonii. However, the vigour of population was 

low in a €0-year old fallow for both the species as seen from 

the nunnber of ramets per genet and t̂ w genet area« The 

low vigcNir in a l-y(>ar old fallow may be a consequence of 

a high degree of disturbance in the s i te during the 

proceeding slash and burn operation followed by cropping 

for one year (Toky and Rarakrlshnan, l ^ l a ) . The 

increment In the mmber of ranets per unit area with 

fallow age upto 20 or 25 years aMy be related to the age 

of the stand as shown under plantation comiitions in 

Japan (Utda, I960). 

In the case of the light demanding herbaceous 

species such as Euoatorium odoratum (Kushwaha <>t a^.. 

1981; Kushwaha and Ramakrishnan* 1982)» Euoatorium 

adenoohortw (Ramakrishnan and Mishra, 1981) and 

Imoerata cvlindrica (Ktiahwaha ejt sJL,,, 1983) * light as 
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a faetor was inplica^d as responsibl* for the restric­

tion of these species froa late successional environ­

ments. The low vigour of the two species in a 60«year 

old fallow may be because of shade stress to which these 

light demanding species are subjected. ] | . dulloa i s 

•ore shade tolerant compared to D. hamiltonii as seen 

from the relatively unaffected ramet recruitment in a 

closed 60«year old forest^ 

The production of more monthly cohorts in 10- to 

20«>year old fallows «4ien compared with younger and older 

ones suggests of the greater vigour of growth of these 

species at these s i t e s . Generally speaking^ the larger 

recruitment of ramets through the f i r s t cohort in Jg. 

dulloa alone« which incidentally also had least mortality 

of individuals gave extended favourable time period for 

population compared to the subsequent cohorts. This 

again i s also reflected in the percentage contribution 

to the population structure which was more through the 

f i r s t cohort of Jg. dulloa. though only next to the pre­

existing population. The absence of such a pattern in 

the Sporadically flowering D. hamiltonii suggests that 

this feature i s perhaps of greater value to a more pre-

dcHiinantly colonel species such as Jg, dullofi. Lovett-

Doust (1981) reported that a clonal species such as 



87 

R»gunculu> rmxamtus also had larger contribution to i t s 

population through tha f i r s t BBontiily cohort* 

Our obsarvatlorui suggast that natural sor ta l i ty in 

raawt populatlor^ largely occur <kiring tha Jbvanila phasa. 

Grazing of young sprouts by anl i^ls such as pigs and 

monkeys and irusect attack are the chief causes for t h i s . 

Though in the s^dy area hwaan interference was exclu^d* 

young speouts are a lso harv#>sted for food, sore often in 

£• hawiltpnii^ than in jf. fiulloa. The older raaets of 

both the species are also harvested for hut constrij^tiont 

£• haailtoT^ii being harvested also for export for pulping. 

While the ranet population s ize showed differences 

in different fallows^ the cerwt population s i ze of If, 

dulloa was not very much altered upto 60-years of fallow 

age. In £ , ^anl l toni i genet population s i ze was 

drast ical ly reduced only in a 6CWyear old fal low. In 

Jt. dulloa, recrultBBent of new genets i s not only rare 

(Noble SlaJL«» i979) hut happens only once during the 

l i f e cycle after gregarious flowering and tnast seeding 

and the population dynamics i s largely (k>nlnated by birth 

and deat^ of clonal siodules rather than whole genets. 

Though tiie in temas t phase for D. hawiltonii has been 

recorded as 30 to 40 years, the age at v^lch sporadic 
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flowering (Janzen, X976) in a g«net is initiated is not 

clear. This is an aspect that needs smre study as many 

gregarious flowering bamboos such as Dendrocalaaus 

strict^s and Baadwsa tulda have been shown to flower 

within a brief tine period under cultivation (Banik» I960). 

The differences in ramet reproductive plasticity 

i" £• ̂ awiltonii and ̂ . dulloa have inplicatlons for banboo 

forest management. Both the species are light demanders 

and £• haailtonii obviously is nore demanding than the 

other. 

Seedling dynamics in D. hawjltoniit 

The contribution through seedling recruitment in 

S« baailtonii is yery low (1 to 29̂  only). Though it is 

difficult to identify a genet that would flower in a given 

year* our observations over a four year period suggest 

i^at those genets cor^erve their resources fmr seed 

production by not producing any ranets for a year prior to 

flovering, or sonetimes for two years as in Dendrecalareus 

strletus (Trmip, 1921). One of the factors responsible 

for poor seedling recruitment is the heavy predation by 

Jur^l^ fowl, other migratory birds and red ants. The 

low production of seeds during sporadic flowering may not 

offer sufficient attraction for other larger animals reported 
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for Bast seeding Species (Jameen» X97I9 1976}• However* 

f loitering resulted in the to ta l dea-^ of both aboveground 

and belowgrotmd parts unlike that reported by Nbraata 

e t al . . . (1994) for Phvllostachvus baa^soides froa Japan, 

where the post-flowering phase nay have a few slender 

rasaets produced fron a few of the l ive nodes of the 

mostly dead rhizmnes. 

Increase in se«»d production upto 25 years of fallow 

regrowth, though the g«»net number remained essent ia l ly 

the sane i s due to increased production of ratsets and 

their larger bioaass related to longer growth period 

in older fdll<^s* Increase in seedling recruitment 

upto 20 years of fallow regrowth followed by a declina 

in a 25«^ar old fallow ami no seedling recruitment at 

all^60»year old fallow agrees with the ear l ier observe** 

t ion of ours^ suggesting that the peak growth of th i s 

Species (kjrlng secondary successiofi i s between 10 to 20 

years (Rmiakrishnan e t a l« , 1^1{ Toky and Ramakrishnan, 

1963a)» Wiile seedling recruitment occurred during the 

morttoon period from May to September, seedling mortality 

was a continuing event through th«> f i r s t and second years 

after production. I t may be noted that the sepdlings 

produced at the beginning in May had greater charge to 

reach adulthood compared to those produced In the 

subsequent months. This may be partly related to few 
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prftdators at th i s tim« and longer duration of favourabl« 

growth period for these seedl ings . 

Though presence of l i t t e r enhances seedling sr^ 

gerslnatlon* the establlshsient of seedlings on s o i l 

surface with l i t t e r i s haatpered because of the physical 

hlnd^artte offered by the l i t t e r for ^ e roots to reach 

the mineral «oll« On the other hand^ the seedling 

e s t a b l l s ^ e n t on the s o i l surface froa whereV l i t t e r 

has been renoved i s subjected to both heavy predatlon 

and desiccation due to exposure causing ecfually high 

Bortal i ty , Appropriate nanageaient of milching on the 

s o i l surface nay be ah Important technique that could 

be used for optimizing seedling establishment ftftd 

management of bamboo forests under natural condltlowi* 

SUMMARY 

A COTiparatlve a n a l y s i s of the populat ion dynamics 

of two bamboo s p e c i e s , Dendrocalaaus ^amll tonl l Ntes and 

Arn. aryi Weo^ouzeoua dul lea A, canus, with varying degrees 

of p l a s t i c i t y in a successlonal environnent was studied. 

!!• <fo-tloa with more p l a s t i c i t y was a c lonal ly reproducing 

species , greqarlously flowering followed by seed 

reproduction occurring only once In 14-17 years, g , 

|iamtltonil also had sporadic flowering arwj therefore 
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h£d both clonal and seed reproduction slnultaneously. 

Clonal reprodkjctlon in £ , ^awlltonil was optl«ynal In 

fallows of 10 to 20 years of age with a drastic decline 

in a 60-year old fallow, g , dulloa> on the otherhand^ 

showed a decline in vigour of the genets and ramets in 

a 60*year old fallow^ but with lesser e f f ec t on 

population s i z e , Sef'dling recruitment in D, hamiltonJi 

i s poor but offers pos s ib i l i t y of better raanagement 

through manipulation of surface mulching techniques. 

Population recruilanent in successional environments 

have implications in bamboo forest managetnent. 



CHAPTER 2 

AJRCKLTECTURAL PUVSTICITY OF TWO BAMBOO SPECIES (NEOHOUZ SOU A 

DULLOA A. CAMUS AND DENDROCALAMUS HAHlLTONll NEES AND ARN.) 

I N SUCCESSIONAL ENVIRONMENTS I N NORTH-EASTERN I N D I A . 
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INTRODUCTIOM 

During secondary suec«ssion aft*r slash and burn 

agriculture in north<-east India, edaphic (Raisalerishnan 

and Toky, 1981; Toky and Raoakrishnan, 1983b) and nicro-

•nvironnental changas such as reduction in l ight 

ava i lab i l i ty occur with the deve^opnent of a closed 

cotnmunity^oky and Ramakrishnan, X9B3ai Singh and 

Ramakrishnan, 1 ^ 2 ) , Species occurring in the early 

successions 1 enviroment show varying degree of p l a s t i c i t y 

for survival in such f a s t changing s i tuat ions . Canopy 

architecture i s particularly ifnportant for capitalizing 

upoib changing light environment during succession 

(Boojh and Ramakrishnan, 1^2a,b; ^ukla and Ramakrishnan, 

1^4a, 1966) andf therefore, determine to a large 

extent the success of woody species in transient 

environments (Sehulze, 1983) • Much of the work on 

canopy arihitecture in relation to succession pertains 

to temperate broad-leaved tree species (Bnin4^, 1876; 

Nelson f t ^^.. 1981; Borchert and Slade, 1981; Kraaer 

and Kozlowski, 1979̂ . Zt i s only in recent times that 

tropical woody species have started receiving some 

attention (Ramakrishnan & Shukla, 1982; Shukla and 

Ramakrishnan, 1984a, 1986), Hewev^r, a l l these studies 

refer to different species over a suecessional gradient 
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and no Information i s avai lablt on architectural 

p la s t i c i ty of the saoe species in such a gradient. Further, 

the only information available on the architectural 

attributes of bamboos pertain just to a brief qualitative 

description given by Halle at a^. (1978) «fho placeman 

of th^n under lteClure*s aodel. 

The success of an organism in a given en«ironnent 

i s because of a favourable al locat ion of the limited 

available resources (biomass and nutrients) to the 

diverse l i f e purpose such as maintenance, growth and 

reproduction (Schaffer e t a l . . 1̂ 962; Vincent and Pu l l i i » , 

1980$ Paltridge and Denholm, 1974; Cohen* 1976; 

Abrahamson and Caswell* 1 ^ 2 ) . In the rapidly chano|lnq <̂  

early suecassional enviroments* the strategy adopted 

by a given species i s l ike ly to change jcnrer a time 

period As shown by us in a perennial weed Eupatorium 

odoratui (Saxena and R^akrishnan* i984a). Whilst much 

of the al locat ion strategy studies pertain to herbs, woody 

species have started receiving attention only recently 

(Ramakrishnan aiid Shukla, 1982; Shukla and Ramakrishnan, 

1984b). As far as we know, there i s no information 

available on the al locat ion strategies of bamboo species , 

which stand apart from broad->leaved woody shrubs and 

trees in their growth character is t ics . 

19 
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Thft pr«s«nt pap«r» thereforp* deals with th« 

p l a s t i c i t y in the arehit«ctural design and al locat ion 

strategies of two early suecessional bamboo species , 

Neohouzeoua dulloa A. Camts and Derwirocalaams hamiltonii 

Nees & Am. The former i s more p las t ic occurring in 

suecessional fallows of upto 60 years whi lst the latter 

i s restr icted to the f i r s t 25 years only, after slash and 

burn agriculture (Ramakrishnan e t al.., 1981; Toky and 

Ramakrishnan, 1983a) at lower elevations in Meghalaya 

in north-east India. 

METHODS OF STUDY 

i*., 5*, iSo, 25* and 60 year old fallows were 

identi f ied based on our own observations and the records 

available with the v i l lage headman and the Forest 

Department*. Care was taken to ensure similar topography, 

s o i l type, exposure and slope. 

Architectural Studies^ 

Ten repl icate ramets (culms) from randomly selected 

genets (clumps), produced during the monsoon period in 

1982 were marked in February, 1983. Further, ten 

replicate ramets recruited in April 1963, in case of 

&• <^lloa «nd June 1983, in case of £ , hamiltonti were 
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a lso Identif ied, The observations in a 60-year old 

fallow were restricted to ]J, dulloa only. Regular weekly/ 

Bonthly observations were made on thise individual 

ramets from a platform erected around each of them. 

Allocation studies: 

U» <^ullo^ i s a gregariously flowering bamboo species , 

that flovwred la s t in 1968» before tota l ext inct ion. In 

the study area. Therefore, the population under 

observation have the same stock age of about 15 years. 

£• haroiltonti apart from i t s sporadic flowering behaviour 

exhibits gregarious flowering too. I t flowered 

gregariously, las t in 1956, in the study area. The 

stock age of t h i s species i s , therefore, less than 30 

y<>ars. In the present study the age of a genet was 

measured as regeneration of age which was equivalent to 

fallow age upto 15 years in Jf. dulloa and upto 25 y^ars 

in £), hamiltonii* The population of N. dulloa present 

in 25M and 60»year old fal lows, however, had the same 

stock/regeneration age, namely 15 years. Since the 

stock age-regeneration age was the same for N« dulloa 

population in a given fallow (because this species 

regenerated after qregarious flowering In 1968) the 

genets were a l l of the same s i ze in that fal low. This 
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pemlt tcd random select ion of genets. On the otherhand;^ 

£• ^am^ton^ with both gregarious and sporadic 

flowering had genets of different s izes and therefore 

se lect ion was done taking care to ensure s i n i l a r s ize 

for a l l genets in a given fal low. 

Ten replicate genets of both spec ies , selected 

from each s i t e were harvested in August, 1984. The 

aboveground parts were separated into bole (zero->order 

branch or nain a x i s ) , branches (a l l orders except 

zero-order branch) and leaves, Belowground parts 

(rhizone and roots) were carefully eaeavated, washed 

thorou^ly and weighed. Safnnles were dried at 80^C 

and dry weights computed. 

Al l the samples were ground and passed through a 

0.5 mm sieve and analysed for elemental composition after 

acid digestion using methods suggested by Allen e t a l . 

(1974). Nitrogen by K|eldhal method, phosphorous 

calorimetrically by ammonium molybdate blue method, 

potassium by f lame-i^hotometry and calcium and mtgnesium 

by EDTA-titration method were determined. 
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IffiSULTS 

Architectural studiess 

NtohouxgQua d u l l ^ and Dandrocalaaus hamjltenii 

have synpodially branched underground rhizosM syste«s« 

Each rhiioaie branch, which awy vary frtm 9 to 1# en in 

N. dulloa, and fro» 12 to 24 en in £ . haailton^i has a 

narrow 'neck* which broadens out into a thick •base* 

(Fig, 2 . I d ) . Two of the lateral buds of the*base* 

would produce two rhizc»se branches. If , however* either 

of then ar«> daaiaged, two branches are eti^ured by 

activation of one o r ^ o other lateral buds. The apical 

bud at the *base*y however, would give r i s e to the 

aboveground shoot system. Since the rhizlme i s thicker 

in D. haai l toni i thaf\ in jj. dulloa and since the aerial 

branch diameter i s also lesser in the lat ter species the 

genets (clumps) are loosely organised in £• Ailloa than 

in D. haa i l ton i i . The nunber of ramets (culms) in a 

genet i s highly variable. 

The crown shape of D, hawiltonii i s highly variable. 

In a 5*year old fallow, where the other species are pre­

dominantly herbs, better l ight ava i lab i l i ty results in 

a broad crown form for the lower half of the canopy, 

sharply narrowing above (Fig. 2 .1a) . The f irst-order 



Fig . 2»1« Canopy archi tecture o f D« bamil toni i in a 

5-year o ld fal low ( a ) , in a 15-year old 

fal low (b) and that of N. du l loa i n a 

15-year old fsJLlow ( c ) . Rhizome architectunre 

of the two spec ie s (d) alongwith a 

diagramatic representat ion (e)» 
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branch systen in th« broader region of the crown alone 

are extremely long c<N^>ared to the subsequent branch 

orders, where as the different branch orders are nore 

or less of the sane length in the narrow part of the 

canopy. In older fal lows, however, where trees and 

shrubs c(»pete with g , homiltonii for space and for 

l ight ava i lab i l i ty , the crown form of th i s species i s 

very narrow, somewhat cyl indrical in shape with a tifhip 

l ike t ip (Fig. 2 ,1b) , Here the f irst-order branches and 

the subsequent on'='S are more or less of the same length. 

In jj, dulloa. since the f irst-order branches are somewhat 

longer than the subsequent branch orders in the mid-canopy 

posit ion the crown i s broader in the middle, tapering on 

either side (Fig, 2 . 1 c ) , 

Al l the branch orders show determinate growth due 

to high, degree of preforfliation. The orthotrophic zero-

orr-er branches of a ramet completes i t s elongation in 

both the Species over a period of 90-120 d a ^ , after which 

branch production Is in i t iated in the same year (Syllepsis) 

in jj, dulloa and in the following year only (prolepsis) 

in D, hamiltonil . Reiteration (Halle' e t al , , , 1978) of the 

zero-order branch occurs in D, ^amiltonii. but not in 

JJ, dulloa. In the latter case, apical damage to the 



F i g . 2*2* Dlagramat ic r e p r e s e n t a t i o n o f the o r g a n i z a t i o n 

o f branch ozxlers i n a branch complement i n 

t h e two bamboo s p e c i e s . Zero t o f i f t h - o r d e r 

branches are shovm a l o n g w i t h t h e l e a f y s h o o t s 

v i e w i n g on branch o r d e r s f i r s t t o f i f t h . 



Fig. 2.2 
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z«ro«order axis would arrest i t s furthar growth. In 

both th« spaeias, a l l tha branch ordars ara produced 

at the £̂ ma time and elongation i s conqsletad 

simultaneously, | l , dulloa. however* normally produce 

only upto the fourth«order branch system, except in a 

15-yaar old fallow where the fifth-order branch production 

may occur but in the following year only. D. hamiltonii 

may produce branch systems upto i M f ifth*-ordar. 

The pattern of branch production i s shown in Fig, 

2 . 2 , Both the species consistent ly had continuous f i r s t 

order branch production at a l l nodes of the zero-order 

branch system* except for D, hamiltonii in a 5-year old 

fallow. In a 5-year old fal low, ho««ver, first-ortter 

branch production in D, hamiltoni^ was diffusa (farahcnas 

arising frcm some of the nodes on the zero-order 

branch system only) . 

From the axi l lary buds of the two basal nodes of 

^e f irst -order branch would arise two second-order 

branches* from the axi l lary buds on the two basal nodes 

of the second-order branch would arise two third-order 

branches and so on* so that a se t of upto 31 branches 

may be produced in a condensed form (Figs, 2,lb« 2 , 2 ) , 

However* branch production may stop with one unit only 
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a t the f irst -order stage, with three units at the 

second-order stage» with seven units a t the th ird-

order stage, or with f i f t een units at the fourth-orcter 

stage. Thus^ as a rule , two branches would always 

arise at every stage of branch production, starting 

with the second er<ter branch systen. 

The two Species confona to the MeClures nodel as 

describc^d by Halle St a^. (1978). The essent ia l features 

of the^lnodel are that a l l the aerial parts are vegetatively 

deteminant in their growth. They consider the determinant 

axis and the branch systens as a very large deteminant 

organ, something l ike an elaborate compound leaf. 

The rhizone branch diraeitfions of the current year 

growth of jl. dulloa reached a maxiaui in a 15-year old 

fallow with a decline in older fallows (Table 2 . 1 ) , 

The values for £ . haai l toiAl , however, reached i t s 

aaximun in a 25-year old fal low. 

The nunber of individuals per unit ai-ea in N. dulloa 

reached a aaxinun in a 15-year eld fal low, with decline 

in 25 - and 60-year old fal lows. However, the nunber of 

imiividuals in D. haai l toni i reached a naxinum in a 

25-year old fallow (Table 2 . 2 ) . All growth parameters 



Fxg« 2.3* Cheage in inteznodal length in relation 

to intemode number, witb fallow age in 

N. dulloa ( - - — - ) and D, bamiltonii 

( )» Closed c i rc l e , 5-yearj open 

c irc le , 15-year; closed triangle, 25-year 

and open triangle, 60-year old fallows* 

Inset figure shows elongation rate of the 

zero—order branch of N. dulloa ( — — — ) 

and D, bamiltonii (- ) in a 15-year 

old fallow (open c i r c l e ) . 
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F i g . 2 . 4 . V a r i a t i o n i n t b e dormancy o f buds (%) on 

t h e cuiTent y e a r ' s ramet ( z e r o - o r d e r branch) 

®^ R* d u l l o a ( a ) and laust year* s ramet o f 

D, h a m i l t o n i i ( b ) , w i t h f a l l o w a g e . Dorment 

buds , Dark column, A c t i v e buds , open column. 
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i n N, dulloa r«ach«d a maxinuai in a i5-fear old fallow 

with decline in older fal lows. Growth parameters of 

D, hamiltonii increased with fallow age upto 25 years. 

The number of internodes of the zero-order branch 

of the ramet of N. dblloa reached a maxisiun in a 15-year 

old fallow whilst i t was highest in a 25-ypar old fallow 

for D. hamiltonii (Fig. 2 . 3 ) . Zn these fa l lows, the 

internodal length genprallf was More than in others. 

Where elongation was more vigorous (if<-year old fallow 

for li. duJIjfceand 25-year old fallow for D. hamiltonii) . 

there was a s h i f t in the posit ion of the longest internode 

from the base upwards. Since^ in a l l the fal lows, for 

both the spec ie s , the we«>kly elongation pattern was 

essent ia l ly the same, that for a 15-year old fallow 

alone i s given in the inset Fig.2..3. Maximum elongation 

occurred 4*5 weeks after i n i t i a t i o n and by the tenth 

week more than 80% of the elongation was completed. 

First-order branch production in J3. dulloa was 

sy l l ep t i c but in D. hamiltonii i t was prolept ic . The 

kwd dynamics of N. dulloa during the current year of 

i t s production (Fig, 2.4a) and that of D. hamiltonii for 

the following year of i t s production (Fig, 2 .4b) , indicate 

that in the former, but dormancy was minimal {6% only) 
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In a IS-year old fallow. In D, h<HBtltonti on the other 

hand, domancy in the one»year old buds declined with 

fallow age. 

In both N, AiXloa^ and D, haai l tonl i the elongation 

declined with increase in the order of the branches (Table 

2 , 3 ) , The elongation shown for N, dulloa on the las t 

year's ramet represents an apical portion of a few condensed 

nodes with t ight ly packed leaf sheaths ranginq from 10 to 13, 

that f e l l off in the f i r s t year i t s e l f and replaced in 

the second year. In D, haa i l ton l i , however, th i s 

replacement would occur in the third year only,;; and i s 

not presented hpre. Elongation of f irst -order branch*»s 

in Nf, dulloa was maximal in 15~year old fallow with 

decline in others, where as subsequent order branch systems 

had maximum elongation in a 25->year old fallow, Fij^th-

order branch production in 2i, dulloa occurred proieptlcal ly 

in a 15*year old fallow alone. 

Since f irst-order branch elongation varied with 

canopy posit ion in £[. hamlltonti, 'Oils i s given in Table 

2 . 4 . From the base of the canopy elongation of the 

first-orcter branches increased sharply at nodes 10 to 

20, more markedly so in a ?-year old fallow. A sharp 

decline in elongation occured a t notes 20 to 30 in a 
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Fig« 2«5. (a) Standing biomass (kg genet ) of N. dulloa 

(closed circle) and D. hamiltonii (open circle) 

in successional fallows, (b) Biomass accumulat— 

—1 —1 
ion rates (kg genet yr ) in aboveground 

(----) and belowground (———) components 

°^ li* duiloa (closed circle) and D, bamiltonii 

(open circle) in successional fallows. 
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5-year old fallow; but the decline In other fallows was 

gradual at th i s posit ion but sharper at nodes ^ 30, 

Allocation studies: 

The standing biomass per gen« t̂ was naximal in a 

1^-year old fallow for N, du1loa with decline in both 

younoer and older fallows (Fig, 2 .5a) . D, hamiltonii 

however, showed increase in standing biomass with 

fallow age upto 25 years. The rate of accumulation in 

belowground and aboveground parts was maximal in a ii5* 

year old fallow for both the species (Figs .2 ,5b) , I t 

may be noted that the rate of accumulation of both 

aboveground and belowground parts of N, dulloa in 25-

and 60-Yoar old fal lwvs, was calculated on the basis that 

the age of the qenet was 15 years only. The rate of 

accumulatior^of both aboveground and belowground biomass 

in D, hamiltonii declined in a 25-'ypar old fallow. 

The aboveground/belowground rat io of JJ, dulloa 

markedly declined in a 5-year old fallow (Table 2,5) 

with s ignif icant ly (P « < 0 , 0 5 ) higher values In 1- and 

15-year old fal lows. Compared to a 15-year old fallow, 

~The aboveground/belov^ground rat io declined sharply to a 

60-year old one. For D, hamiltonii this ratio declined 

sharply (P = <0,06) in 15- and 25-year old fallows. 



Fig, 2.6. Allocation pattern (?S) of biomass (a), nitrogen 

(b), phosphorus (c), potassium (d), calcium (e) 

and magnesium ( f) to diffez*ent organs in 

N. dulloa and D, hamiltonii in successional 

fallows. Symbols used here are indicated in 

(a), 1, leaves; 2, bole; 3, branches; and 

4, belowground parts. 
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Though there was not much of variation In th© 

al location pattern of blonass of N. «̂ ,if/oa|̂  to different 

components in different fa l lows, the belowground al location 

was higher In 5- and 60-year old fallows (Fig, 2 ,6a) . 

I" £• hawlltonil , l-y^ar old fallow had maxlnum al location 

of bloaass to the zero-order branch where as I t was for .-

the other branch order in a f-year old fal low. 

Nitrogen al locat ion to the leaf component In N. 

dull^a Increased with fallow age but reverse was the 

case for the zero-order branch (Fig. 2,6/). Allocation 

of nitrogen to the zero-order branch was minimal In 

fi« hamlltonll In a 5-year old fallow, but that to the 

leaf component was maximal. Allocation of nitrogen to 

the leaf component was generally higher compared to 

blomass a l locat ion . 

The percentage phosphorus al location to belowground 

parts of both the species Increased In older fal lows, 

whilst I t tended to ifierease in the zero-order branches 

fFlg. 2«6c). The leaves ^f g, dulloa had more phosphorus 

than the leaves of D, hamlltonll . 

Generally speaking, the allocatioi) of potassium, 

calcium and magneslim showed pattern similar to blomass 

al locat ion (Fig, 2 .6d- f ) . 
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DISCUSSION 

Architectural studies: 

Halle e t al .(1978) established IteClure's model 

to acccMHnodate the basic architecture of bamboos. There 

are differentiated axes of two kinds; f i r s t "sigmoid* 

trunk axes which are e s sent ia l ly mixed, originate by 

basel branding and bear, second, plaglotroplc leafy 

branches; both kinds show determinate growth due to a 

high degree of prpformation, Takemouchl (1931) and 

McClure (1966), however, dlffer(>ntlated both the below-

ground and aboveground parts as sol id (Internodes f i l l e d ) 

and hallow finternodes empty) axes respectively. Based 

on this difference and also based on the fact that the 

zero-order branch of Halle e t ajL, (1978) i s In fact a 

number of branch systems that are sympodially produced, 

ordering was doiw, for the present study, with respect 

to above ground branches alone, the aboveground main axis 

being designated as the zero<-order branch. 

The canopy architecture of £ . hamlltonli showed 

p l a s t i c i t y depending upon the fallow age. In a 5-year 

old fallow with shorter Internodes and longer f i r s t -

order branches placed below, which gif?adually shorten 

towards the upper canopy positions the ramet assumes 
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a conical shaj^a. This i s related to gr^^ater space and 

l ight ava i lab i l i ty in th i s fallow* In oleier fallows* the 

variation in the length of the f irst-order branches at 

differpnt canopy positions i s l e ss pronounced so that 

the ramet assumes a cyl indrical form« 

Over a successional gradient, N» dulloa showed 

greater p l a s t i c i t y occurring in fallows of upto 60 

years, preferably as an emergent upto 1? years of fallow 

regrowth and as a ground layer shrub in a 25-year old 

fallow and in the closec^ broad-leaved 60-year old 

fores t . On the other hand, D. hamiltonii has a range 

only upto 25-years as an emergent, without any ab i l i ty 

to withstarwl shade. In th i s species , growth i s optimum 

in 15-and 25-year old fal lows, partly because l ight 

i s a limiting factor in fallows older than 2f years 

of age, due to rapid growth of broad-leaved trees in older 

fal lows, and partly because the intermast phase for 

£• hamiltonii i s 30-40 years depending upon the 

^ographical zona (Varmah and Bahadur» 1980; Janze«, 1976), 

th i s species i s eliminated during succession after 25 

years. N, dulloa with a :*gported intermast phase of 

15-17 years (Janzen, 1976) i s , however, a t l e to regenerate 

through seeds even in fallor/s as old as 25-35 years and 

survive upto 60 years of fallow age because of i t s shade 
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tolerance. However, the vigour of th i s species in a 

60»year old fallow i s re s t r i c t ed . 

Unlike trees where extension and radical growth 

are continuous a c t i v i t i e s through out the l i f e cycle 

of the Species, in bamboos, these a c t i v i t i e s occur just 

once in the i n i t i a l phase of ramet procution; extension 

growth occurs through more elongation of the zero-<»rdex 

branch, whilst radial g i ^ t h i s through c e l l enlargement 

and thickening of prefomed t i s s u e . Since successive 

generations of zero-order branches within a given genet 

tend to be thicker than the earl ier ones (Halle e t al , , , 1978) 

i t should be expected that the ranets produced in older 

fallows would be gerv>rally thicker, as the stock/ 

regeneration age would increase though upto a point. 

However9 such an indefinite increase in diameter s ize 

of the zero--order branch i s constrained by species 

p l a s t i c i t y . Thus in D. haai l toni j maximum diameter ftxt 

the zero-order branch i s attained/a 25-year old fallow, 

since this l ight demanding species has optimum l ight 

ava i lab i l i ty upto this stage. On the other hand, N. 

dulloa being favoured by high l ight regime in the 

environment, for th is species of a re la t ive ly smaller s i z e , 

l ight ava i lab i l i ty i s maximum only upto 15 years of 

fallow regrowth (after which i t occurs only as an 
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undttr-growth)« Therefore, maxlmifli dimension for the 

zero-order branch i s attained in a 15-year old fallow, 

Zero<-order branch thickness in 25* and 60wyear old 

fallows declined even though the stock and regeneration 

age of the population was the same as in a If-ypar old 

fallow, 

With increase in to ta l number of nodes in a given 

ratnet which increased in U, dulloa only Qpto 15 years 

and in D, haroiltonii upto 25 years, th^re was an upward 

s h i f t in -he posit ion of the longest int^rnode of the 

zero-order branch. I t may be noted that the number of 

days taken for elongation to be completed i s more or 

l ess constant at 90-120 days irresp<»ctive of fallow 

age. Since internode elongation i s from base upward 

and since peak elongation occurs during a def inite 

time period, i . e . , f i f th week after elongation s t a r t s , 

as observed here and reported by others (U)^*' I960; 

McClure, 1966), such a s h i f t in the posit ion of the 

longest internode (Takenouchi, 1932; McClure, 1^66) 

i s understandable. 

With lesser storage capacity in the belowground 

rhizome of N, dulloa, sy l l ept ic branch production upto 

the fourth-order (fifth-order brahch production i s 



. 114 . 

prol«ptlc if i t occurs as In a 15-year old fa How), 

with simultaneous leaf production may be advantageous to 

th i s Species for quick growth. On the oth^-r hand, 

proleptlc branch production In £• hamlltonll would not 

adversely affect I t s quick growth, as there Is a greater 

ava i lab i l i ty of stored food In the belowground rhizome 

of th i s Species. In other words, N, dulloa Is more 

dependent upon lameHlate photosynthetlc ac t iv i ty for 

rapid growth and branch production unlike D, hamlltonll 

which can make use of reserve food In the f i r s t year 

when a ramet Is in i t ia ted . 

In agreement with the p la s t i c i ty behaviour of these 

two Species, least dormancy accompanied with maximum 

branch production occurred In a 15-year old fallow for 

N, dulloa and In a 25-year old fallow for D, hamlltonll . 

Further, with greater space and l ight ava i lab i l i ty In 

a 5-year old fa l low, D, hamlltonll had better developed 

f irst-order branch systems with diffuse lower order 

branches on them (cf, f i g . 2a ) . In older fallows the 

lower branch orders on the f irst-order branch originate 

from the basal node of the la t ter but appear as if they 

arise from the zero-order branch I t se l f becau<;e of a 

high degree of condefjwtlon (Flg^s. 2b ,3) , Diffused 

branch organization In a 5-year old fallow would thus 
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ensure better display of the lower branch orders and 

consequently a bet*:er display of leaves to raaximtze 

production undfr a high l ight reglne. 

Being l ight demanders, the two species show a 

high decree of sloughing-off of branches as the l ight 

ava i lab i l i ty to the lower canopy branches decreases. 

Such a rapid î rop^nsff of lower branches lo^^nable rapid 

upward canopy sh i f t was also a gen'^ral feature of early 

successional trees (Boojh and Ramakrishnan, 1982a; 

Shukla and Ramakrishnan, 1986). The sympodially produced 

leafy shoots born on the branch syst«BS other than the 

zero-order branch also loose their vigour as l ight 

ava i lab i l i ty at lower canopy positions of the two 

Species decreased, again suggesting the l ight demanding 

nature of the two species . 

Allocation studies; 

In keeping with the adaptive growth strategies 

discussed earlipr for the two species , biomass of D. 

hamiltonii increased with fallow age upto 25 years where 

as that for N. dulloa declined sharply in fallows older 

than 15 years, perhaps, due to decrpi%ed l ight ava i lab i l i ty . 

However, the biofsass accumulation rate in both the 

Species peaked in a 15-year old fallow suggesting that 
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growU) conditioiut are most favourable here conpared 

to other fallows. Apart fr m decreased light availability, 

competition for space and mjtrients may also explain 

such a pattern. 

During the first 15 years, there is considorable 

fluctuation in abovegrox/nd/belowground ratio of N« dulloa. 

During the first year, shoot growth is active with rapid 

transfer of resources from belowground to aboveground 

compartment. With greater photosynthetic activity of 

the abovejground parts, therp Is a retransfer of resources 

again to the belowground or3ans resulting in a lower 

ratio. Subsequently the shoot growth is further 

accelerated partly by an upward transfer of resources 

from the belowground parts resulting in a higher ratio 

in a 15-year old fallow. The lowest aboveground/below-

ground ratio attained in N. dulloa. in a 60-year old 

fallow nay be an adaptation for survival throi^h 

vegetative growth during the subsequent slash and burn 

eperation. Such a survival strategy has been observed 

in many rhizoaatous species such as Imoerata cvlindrica 

developed in successional fallows after slash and burn 

agriculture (Sax̂ n̂a and Ramakrishnan, 1983a), Such a 

shift in aboveground/belowground ratio is more 

pronounced in D, hamiltonii where it declined with 
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increasing fallow age. A useful strategy for any species 

arising af^er slash and burn of a fores-ted ecosysten as 

in the north-eastern Hil l region of India should be, to 

capital ize upon the resources of an enriched substratum, 

which i s transient , and make adequate growth as quickly 

as possible . The species establishinq in such environments 

could have two contransting sets of stragegies: ( i ) 

establishment from seed v s . establishment from Mg^tative 

sprouts and ( l i ) C^ vs C^ photosynthetic pathwa'̂ y 

(Saxena and Ramakrishnan, 1983). The two bamboo species 

are predominantly clonal , flowering once during the l i f e 

cycle with an Intermast phase of 30-40 years in D. 

hamiltonii (Varmah and Bahadur, 1980; Janzen, 1976) 

and if*-'17 years in N. dulloa (Janzen, 1976), Therefore, 

with greater al locat ion of resources to the belowground 

organs of reproduction (Keeley and Keeley, 1977), these 

species represent an extreme stage in vegetative v s . 

reproductive strategy. With vegetative reproduction 

being advantageous under frequent disturbances (Gi l l , 

1975; Saxena and Ramakrishnan, 1983a) as in the slash 

and burn agriculture system ahd sexual reproduction 

occurring sproeadically In D» hamiltonii and greqeriously 

in both the specie? , the fa i lure rate of seed reoroduction 

i s very high (Willi«n, 1971). This i s partly due to 
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pr«dation and partly because of the high mortality of th« 

weaker seedlings derived from very light and small seeds. 

Much of the bioaass^ as much as 25-329S, is 

allocated to the belowground organs of reproduction, 

also observed in other bamboo species (Ga<^il and Prasad 

1984). A te^ency in both the species to allocate 

more biomass and nutrients to the belowground parts 

in the older fallows is understandable as a strategy 

for survival and regeneration after a subsequent 

disturbance* Greater allocation of biomass and nutrients 

to the branches in a S-year old fallow is related to the 

broader canopy design of the species which is different 

here from the other fallows. It is also interesting to 

note that the proportional allocation of phosphorus to 

the belowground parts was much higher for both the 

Species, A more effective r€>distribution of this 

element compared to many others for vegetative reprodu­

ction in Ixia polvstachva (Hocking, 1984) and in 

Solidaao species (Abrahamson and Caswell, 1982) is 

also reported. Higher allocation of nitrogen to the 

leafy con|>onent of both the species may be related 

to photosynthetic efficiency, since leaf nitrogen 

content is shown to be positively related to photo-

synthetic rate (Terry and Ulrich, 1973; Natr, 1975; Murata, 

1969? Field, 1983). 
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Such dlff«>r«nt allocation strategics of bionass 

and nutrients suggest that it is often difficult to 

establish a connection between fitness and resources 

allocation based on any one currency, and emphasises 

the importance of nutrient allocation in such studies 

(Van Andel and Vera, 19T7; Williams and Bell, 1981; 

Qtaplin, 1^0; Abrahamson and Caswell, 1982; SaxenB 

and Ramakrishnan, 1983a)« 

The growth strategy and architectural design of bamboo 

Species are thus geared to capitalize upon the high 

light regime available in an early suecessional 

environreent and make quick growth before light becomes 

limitlnq in a mixed broad-leaved forest that develops 

subsequently (Toky and Ramakrishnan* 1983a). Further, 

t^e highly developed clonal reproduction and emphasis 

on this in allocation of resources, particularly in 

older fallows is a strategy for survival In an 

environment of constant disturbance through slash and 

burn agriculture. 
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SUMMARY 

Th« two bamboo s p « c i e s , N>ohou2«oua dulloa A.caaus 

and Dendroealanus ^amll tonl i Nees & A m , show p l a s t i c i t y 

In architectural design and in biomass and nutrient 

al location strategies ovpr a successlonal gradient of 

upto 60 years for the former ahd 25 years for the la t ter . 

However^ optimal biomass accumulation rate was attained 

in a 15-year old fallow for both the spec ies . Maximum 

elongation and thickness for the zei^-order branch i s 

attained in a i5-year old fallow for M, dullea and in 

a 25«-year old fallow for D, hamiltonii . The lower 

order branches produced on the zero-order branch of N, 

dulloa i s sy l l ept i c (except the fifth-order branch 

produced only in a i5-year old fallow which i s proleptlc) 

and that of £• hamiltonii i s always prolept ic . Least 

bud dormancy with maximum branch production on the zero-

order branch occurred in a 15-year fallow for Jj, dulloa 

and in a 25-year old fallow for D, hamiltonii , D, 

hamiltonii in a 5~year old fallow had better developed 

f irst-order branch system with diffusely placed lower 

order branch c lusters appearing as if born on the 

f irst-order branch, unlike in older fallows where 

f irst-order branch production was continuous and 
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lower order branch clusters appeared as If born on the 

zero->order branch i t s e l f . In older ramf̂ fcs lower branch 

systems are dropped off due to reduced l ight ava i lab i l i ty . 

Further, the synpodially produced leafy shoots also 

become less vigorous. In older fallows both the species 

tend to al locate nore biosass and nutrients to the 

belowground rhizomatous conponent which i s an adaptation 

for survii^l and regeneration after a slash and burn 

distrubance, With a highly restricted sexual reproductive 

ab i l i ty (occuring only once during the l i f e cycle) clonal 

reproduction i s emphasised in both the spec ies . The 

bioraass and nutrient al location strategies to different 

plant conpon^'nts d i f fer . The growth stretpqy and archi­

tectural design of these two speci«>s are g*»nprally 

geared to capital ize upon the high l ight regime of the 

early successional environment^ but with a limited 

ab i l i t y by N. dulloa to tolerate shade. 
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CHAPTER 3 

LEAF DYNAMICS OF TWO BA>iBUO SPECIES (NEUHOUZEOUA DULLOA 

A. CAMUS AND DENDROGALA>iUS HA^aLTONlI NEES AND ARN. ) I N 
— * — • ™ ^ i > > II • IH I II » l M l III < » M II — W - I - I I I I ' 

SUCCESSIONAL ENVIRONMENTS I N NORTH-EASTERN INDIA. 
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INTRODUCTION 

Leaf area available for photosynthesis plays a 

crucial role in bi^MSS production and the change in 

to ta l leaf area < being primarily deternined by the 

patterr^ of production and f a l l , and the longevity of 

leaves (Watson, 1956; Ifewhouse and anadgwickt 1968). The 

leaf with i t s axi l lary bud» i s the smallest module of 

organized structure in higher plants , and leaves have 

many of the properties associated with members of a 

population. Though individual trees have been considered 

as aggregates of repeating and somewhat independent 

units In the pipe model theory of Shinosaki £ t a l . 

(1964), other authors have considered branches as 

individual (Oldenan, 1974; Gi l l and Tomlinson, 1971) 

or dea l t : with leaf characterist ics such as census 

(Burgen and Mtinch, 1929), longevity (Gill and Tomilson, 

1971), age-structure (Kinerson e t ffjL.» 1974) or abcission 

rates (Kozlowski, 1973} Addicott, 1978). Much l i t t l e i s 

known on the leaf dyi»mics of tropical tree species 

(Boo;)h and Ramakrishnan, 1982b; Shukla and Ramakrishnan, 

i984a), but no attempts have been made to study the leaf 

dynamics of tree grasses (bamboos), which colonize 

disturbed s i t e s . 



The present study deals with the leaf population 

dynamics of two banboo species of suceessional environ* 

nents a t lower elevations of north«east India. While 

Dencferocalaawis haroiltonli Ntes and Am. i s confined 

to early suceessional fallows upto 25 years, Weohouzeou^ 

dulloa A. camus i s more p las t ic occurring in fallows 

upto 60 years of agp, developed after slash and burn 

agriculture (Ramakrishnan fit a l , , 1981; Toky and 

Ramakrishnan* 1983a}, However, both the species are 

l ight demanders but with diff^r^nt degrees of shade 

tolerance, 

METHODS OF STUDY 

One y^ar old ramets of £• hamiltonii and N. dulloa 

and current year*s ramets of the latter species were 

identif ied in 5 - , 15- , 25 - , and 60-<year old secondary 

suceessional fallows developed after slash and burn 

agriculture (jhun) in north-east India. In a 60-year 

old fallow £• ^am^tonii was not studied as they occur 

only under disturbed s i tuations along the p^^riphery of 

the forest (Singh and Ramakrishnan, 1982). Identified 

ramets were protected from herbivory by fencing. All 

observations are based on f ive rep l icates . 

Al l the exist ing leaves (only in !Jr dulloa) and 
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the newly forming ones were tagged with small and light 

weight colour-coded aluminium tags. Detailed observations, 

at monthly intervals, on emerqenc*^, fall and area were 

obtained for individual leaves on the first to the fifth 

order branches, starting from April, 1983 and continued 

for a one»year period. Leaf area was calculated on the 

basis of 150 leaves harvested from other ramets and usinq 

regression equation developed relating blade length and 

breadth and leaf area for each fallow. 

RESULTS 

Leafing patt'̂ rnj 

Both the Species of bamboo bear leaves on a 

sympodial leafy shoot produced at the tip of each of 

the serial branch orders, except the 2ero<-order branch. 

These sympodial leafy shoots of Neohouzeou^ dulloa are 

produced on the sylleptically produced branch system 

(by the continued growth of lateral buds laid during the 

current ye«r*s growth), and are subsequently exchanged 

with new sympodial leafy shoots, starting from the 

second year of the production of the ramet. In 

Denlrocalamus hamiltonii on the other hand leafy shoots 

are produced on the proleptlcally produced branch system 



Fi£^. 3«1» V a r i a t i o n i n monthly l e a f p r o d u c t i o n {%) 

i n cux*rent y e a r ' s and leuit y e a r ' s ramets 

o f N. d u l l o a ( a ) and l a s t year's ramets 

o f D. b a r o i l t o n i i (b ) i n s u c c e s s i o n a l 

f a l l o w s . Current y e a r ' s ramet, _ — « _ ; 

l a s t y e a r ' s ramet, • •; c l o s e d c i r c l e , 

5 - y e a r ; open c i r c l e , 15-y©ttr; c l o s e d t r i a n g l e * 

25 - year and open t r i a n g l e , 6 0 - y e a r o l d f a l l o w s * 



Fig-3.1 

(Vo) uoipnpojd ^Dd~] 



ip-i" 

4* 
W 
« 

•M • ) 
» 

*2 3 
C (H 
«B «0 

> 

IB n 

t 1 •H 
•»< •>< 
C IB 
» «H 

C m-1 

S s 
o 

C •H •H W 
•1 

o u 
•» s 
M « 
<r4 
»4 C 

•» 
u « 
« o 

JC 0 
o « j a 

? H. 
•H O 

• ^ 

^ % 
4» « 
C U4 

$ « 
u • 
n. m 
M %• 
^ 

• 
«0 

• 
f - l 
JQ 
(B 
H 

•» 
• 
6 
>4 

m 

« 
^ 

4» 
W 
<D 
•-4 

(4 
O 

4H 

• 
$4 
« 

« 
• 

• 
^ 
c 
• 
u m 
o. 
c 

w4 

5 
«r4 

3: 

«4 

3 
W4 
B 
m 
JCi 

• 
Di 

of O 
p-4 
»-« 
7 

a!4 

• 
•» 
• 
6 
(0 M 
<e Ob 

•» 
o 
o 

J C 
«• 

>• 
«H 
« 

J 
^ • ^ 

« 

t a *^ 

1 
• - I 
«ri 
»4 
a 
< 

t4 

J! 
e 
5 
a. • 

3 
« 
3 

< 

C 
o •H 

^ 
4» 
•5! C 
M 

1 
9 
n 
1 

•H 
•r* 
U 
a 

B 
9 
n 
1 

»H 
^ 
M 

^ 

•» 
C 
<» 
6 
« 

•H 
o. 

^ 
• 
g 
<B 

J C 

u K 
tu 

U 

B 

t 
i 
1 

u z 
$ 

8 

« 
9 
O 
9 
C 

•r* 
-^ 
C 

5 

• H 
10 
« 
•H 

* • 
o 
c 
o 

sS 
•ri o» B >4 
M « 
«> E 

^^ 
ia 

«>̂  
Q •^ 

*(f 
O 

<^** 
tf>lO 
• • ^ 
« « ^^ 

c 
o 

.9*^-^ 

XJ-S 
© > - ' 

o *««r* 
« »4 

3S. 
^ ^ I k 

«} 

« 
9 
S 9 

•rl 
U 

a 

c • 
» 
>4 
9 
$4 

s > 
tu 

M 
9 
O 

> 

5 
? 

•H 
«M 
m 
Jl 
^^ 
•o 



i:A* 

(by the act ivation and growth of lateral buds laid 

during toe previous year's growth) and are subsequently 

replaced (after a deciduous naked phase) with new 

syiBpodial leafy shoots starting from the third year of 

the production of the ranet. In D, haroiltonii. the 

leafy shoot for the f i r s t time i s produced in April-June 

i t s e l f but in N. dulloa i t happens in August-September 

(Table 3 ,1 ) . This delay in N, duUoa i s because, the 

leafy shoots apnear only after the production of the 

sy l l ept i c branch systen i s ccHopletei. Therefore, leaf 

production on the currently produced ramets of N, dulloa 

occurs only for 245 days. In subsequent years, however, 

leaf production in this species i s continuous throughout 

the year. The replacement of the leafy shoots of both 

the species occur in April-June. N. dulloa i s an 

evergreen species of leaf exchanging type* whi ls t £ . 

hamiltonii i s decichious with a naked phase of 1«2 months 

• M with leaf production restricted to 6-7 monthv. 

Leaf production and f a l l s 

In jg. hamiltonii (Fig. 3.1a) leaf production peaked 

in June-July, On the branch system produced in the current 

year in £ , dulloa, leaf production (Fig. 3 , l .b ) peaked 

in September-October. However, leaf production on the 
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F i g . 3»2« Monthly v a r i a t i o n i n l e a f Brea. i n current 

y e a r ' s ratnets ( - — - - ) and l a s t y e a r ' s 

retnets ( ) o f N« d u l l o a and t h a t 

o f D, h a m i l t o n i i (• . ———. • •• • • . ) 

i n s u c c e s s i o n a l f a l l o w s . C losed c iz>cle , 

5—year; open c i r c l e , 15—year; c l o s e d 

t r i a n g l e , 2 5 - y e a r and open t r i a n g l e , 

6 0 - y e a r o l d f a l l o w s . 



I90r Fig-3.2 

A M J J A S O N D J F M 

M o n t h s 



Fig. 3 .3 . Variation in individual l eaf az^a on current 

year's rameta ( - - - - ) and las t years'a 

ravets (—————) of N. dulloa and that of 

D. hamiltonii ( • • • ) in 

successional fallows. Closed c i rc l e , 5-year; 

open c i rc l e , 15-year; closed triangle, 25-

year and open triangle, 60-year old fallows. 



Fig-3.3 
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branch systen of Ĵ . dulloa, produced in the previous 

year, peaking occurred in June-July in a l l the fallows 

except in a 15-year old one, where peaking was in 

Septeabez^ 

Annual leaf area achieved in N, dulloa was generally 

higher on the l a s t year's ramet conpared to the current 

year's raraet (Table 3 ,2 ) . With the fallow age, leaf 

area attained by both the species increased reaching a 

maximum in a 15->year old fallow. 

In Jg. hamiltonii maximum leaf area was attained 

in July-August with decline on either side and total 

loss in January-February (Fig. 3 , 2 ) , Leaf area of N. 

dulloa on the l a s t year's rarnet reached a maximum in 

September, where as in current year's rarapt i t peaked 

in November with a decline on either s ide; the eieeeption 

to th is was leaf area of the current year's ramet in a 

15-year old fallow, where i t s tabi l ized at the maximum 

after November, 

Largest individual leaf area was attained in a 

15-year old fallow in both the species (Fig. 3 .2 ) , In 

S» hamiltonii. individual leaf area increased reaching 

a maximum in August, wfrjereas in N. dul"*oa individual leaf 

area peaked in October-December. 



fi-e* 3«4* Vaxiation in the longevity of leaves 

recruited in different months on 

current year* s ranets (a) and las t 

year's ramets (b) of N. dulloa and 

that of D, hamiltonii in a 5-year 

old fallow* 
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Fig« 3 . 5 . Monthly l e a f f a l l pattern in curjrent y e a r ' s 

and l a s t years ramets o f N» du l loa (a) cuid 

l a s t y e a r ' s ramets o f D̂ , h t m i l t o n i i (b) 

in success iona l fal lows* Cux*rent y e a r ' s 

ramet, — - - - ; l a s t y e a r ' s ramet, - — —; 

c losed c i r c l e , 5-year; open c i r c l e , 15-yearj 

c losed triaoigle, 25-year and open t r i a n g l e , 

60-year o ld f a l l o w s . 
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Leaf longevity pattern of both the species in 

different fallows are not different and therefore that 

for a 5-year old fallow alone i s shown here (Fig, 3 ,4 ) , 

In t)M current year's ramet of ^, dulloa« leaves produced 

during November<->Deceaber had maximuiR longevity^ whilst 

on the previous year's ramet» naxinun longevity was for 

the leaves produced durlno August. Ther*» was a gradual 

decline in longevity of the leaves produced earl ier or 

la ter , A gradual decline in the leaf longevity of 

£• hamlltonii occurred during the leaf production period 

starting fron April to September, 

Leaf f a l l in | l , dulloa increased starting from 

April* reached a maximum in November for the las t year's 

ramets and in December-January for the current year's 

ramet and declined subsequently (Fig, 3,5a)* However^ 

in 2» hamlltonii , leaf f a l l increased starting from 

April and was completed by January-February (Fig, S.f-b), 

Leaf population f lux: 

Leaf production and loss was maximum in a 15-ypar 

old fallow for N, dulloa (Table 3 . 3 ) , In a 5- and 60-

yp'ar old fallows ther? was a negative net change in th« 

leaf population of the last year's ramet of N, dulloa. 
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wher« as in a l l other cases there was a posit ive net 

change, at the endof one year period of observation. 

Rate of change for leaves on the las t year's ramet of 

H* dulloa reached a maxinun in a 25«-year old fallow. 

The leaf population on the las t ^ar*s ranet had more 

than 93% mortality, whereas in the case of the current 

year's ramet about 30-405IS of the leaves were carried 

over to the next year. However, complete turnover of 

the leaf population occurred within a year. /»af production 

and loss in £ , hamiltonii a lso was maximum in a I S - y a r 

old fallow (Table 3 , 4 ) , 

DISCUSSION 

There i s much genet to genet variation in the time 

of leafy shoot In i t ia t ion and the termination time for 

leaf emergence. More than one factor niay be involved 

in individuals of a given species leafing out at different 

times at the same s i t e . In clonal popuMions of herbaceous 

species . Brown e t aj., (1965) have implicated ramet s ize 

with phenological behaviour, ©n the otherhand, Lechowich 

(1984) has derived strikir^ correlatiorw between leafing 

phenology and the organisation of water conducting t i ssues 

in the trunk and branches. Thus the early leafing 
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broad-ledv«d temperate trees are shown to have more 

narrow vesse ls that are more e f f i c i en t in water transport 

coBpared to s ituations where there are large vesse ls that 

are re la t ive ly ine f f i c i ent . This Is an aspect which need 

further study for bamboos. 

The early suecessional tree species have been shown 

to have unrestricted leaf production and this rather than 

the efficierwy of energy conversion i s considered to be 

important for faster growth of species and for exploiting 

high l ight enviromtent (Coombe and Hadfield, 1962), 

However, the two bamboo species follow two d i s t inc t 

strategies for exploiting high l ight regimes. N. dulloa 

has unrestricted leaf expansion occurring throughout the 

year, though the to ta l leaf area attained i s much lesser 

than in D. hamiltonii> The la t ter has rpstricted leaf 

expansion period confined to just s ix months in a year but 

at a much faster rate with to ta l leaf area attained 

being many-fold than that of U* dulloa» 

Mich variation e x i s t in the leaf population flux 

in fallows of different ages. H. dulloa i s more 

p las t ic with ab i l i t y to withstand shade but with limited 

adverse ,'effect on leaf population dynamics. However, 
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the faster growth rate attained In both the species 

occur In 5- to 15-year old fallows (Chapter 1 ) , This 

Is reflected In the high birth and death rates of 

leaves In both the species occurring In a 15»year old 

fal low. I t may be noted that roaxlmuiB total leaf area 

and Individual leaf area both occur In a IS-year old 

fallow, with broad basal canopy In a 5-year old fallow 

that tapers rapidly towards the upoer part, and the 

narrow but some what cyl indrical canopy design In an 

15-year old fal low, £ . hatnlltonll Is adapted for optimal 

leaf display under envlrorments where l ight avai labi l i ty 

decreases with fallow age. If cuwulatlve leaf area 1« 

considered In both "Uie species , 50S6 leaf area production 

Is C(»Bpleted In the early part of the growing season, 

by July In D, hamlltonll and by September-October in 

fi. dulloa. 

Further the elongation of a l l the branch systems 

of a ramet of both the species are a lso completed just 

within a month, during April I t s e l f , These are strategies 

advantageous to C^ species , such as these, for maximum 

production during the more favourable early environments 

of high temperature regimes. Thus, Saxena and Rama-

krlshnan (1984c) have found d i s t inc t patterns of photo-
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synthate production of th« C /̂C^ photosynthetlc qroups 

with more ef fect ive dry matter production by C^ species 

occurring during the early part of the growing season 

when solar radiation would be ntore intense, acconpanled 

by warmer temperature, Cg plants , on the otherhand, had 

peak growth during the la t ter part of the growing season 

(October-Detsember) when solar radiation would be less 

intense coupled with cool temperatures, with def inite 

advantage to th i s category of species (Bhlerlnger and 

Bjorknan, 1977), 

Unlike In tree species of th is area where leaf 

f a l l peaked during March-April (Shukls and Ramakrlshnan, 

1984) In the bamboo species under consideration here, 

maxiffiua leaf f a l l occurred in Noveinb<?r-l)ecember for 

JS- dulloa and in January for D. ham^tonii . This may 

partly be related to lower temperature conditions 

prevailing during the winter months and partly to the 

dryness of the seasons (Longman and Jenlk, 1974), 

Since no sharp l ine can be drawn between evergreen 

and deciduous species of the tropics (Holtum, 1940; 

Korlba, 1958), Longman and Jenik (1974) recognised fowc 

d i s t inc t patterns of leafiness on the basis on re lat ive 
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timings of bud-break and leaf abscission. With growth 

and elongation of the different branch orders being 

confined to a very brief period of the year« all bamboos 

are periodic in their growth pattern while N, dulloa 

belongs to the •periodic growth - evergreen type', 

£• hamiltonit belongs to the »periodic growth - 6^C\.6UQM% 

type*. As discussed earlier, evergreen habit is of a 
e 
(finite advantage to early successional tree species 

(Shukla and Ramakrishnan, i904a; 1936). Though ever-

greenness of woody species is a cora'̂ on feature for 

many of the species of the early successlonal environment, 

deciduous Species too occur. It is suggested that 

evergreen is of a definite advantage to exploit high 

light regime of early sdceessional environments. In 

£• hamiltor^l|. the deciduous habltof the species is 

compensated to a large extent by the faster rate at v^ich 

leaf production occurs with more than 509( leaf production 

right in the very early part of the growing season, 

by July itself, 

SUMMARY 

Both Neo^ouzeoua dulloa A. camus end Dcndrocalewus 

harailtonii Wees and Arn, are l i g h t demanders of ea r ly 
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successional ©nvlrottBents, the former species exhibiting 

a greater degree of shade tolerance, N, dulloa belongs 

to 'periodic growth - evergreen type* whereas £. 

hamlltonii belongs to *periodic growth - deciduous typ«». 

The deciduousness of p« haolltonlt Is compensated to 

a large extent by faster production of a larger total 

leaf area in the early part of the growing season* when 

compared with N, dulloa leaf production reached its 

maximum in both the species in a 15*year old fallow. 

The two C^ Species showed maximum growth during the 

very early part of the growing season itself when 

temperature conditions are higher. 



CHAPTER 4 

BOLB OF BAMBOOS I N SLASH AND BURN AGRICULTURE ( J H U M ) IN 

NORTH-EASTERN INDIA WITH PARTICULAR REFERENCE TO NUTRIENT 

CONSERVATION. 

* » * « • * * • • * » » • * » » « * * * » * • * * * * * « • • « « • • • * * * * » * * * • » * * * * « * • • • • • • 
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inrnowcTion 

Subsequent to slash and burn agriculture (jhun) 

a t lower elevations in north-eastern India* the secondary 

succession passes fr<MB an i n i t i a l herbaceous weedy 

coranunlty to a bamboo forest with a few broad->leaved 

trees and shrubs (Toky and Ramakrishnan, 1983a). Bamboos 

are eventually replaced by broad-leaved mixed forests 

(Shukla and Ramakrishnan, 1982; Singh and Ramakrishnan» 

1982; Ramakrishnan ©t a^., 1981; Toky and Ramakrllihnan, 

1983a). Thus, bamboos contribute s igni f icant ly to 

ecosystem function of successional communities upto about 

35 to 47 years of fallow regrowth after slash and burn 

agriculture. As far as we know, ther<» i s l i t t l e 

information on the role of bamboo in ecosystem function 

of tropical humid fores t s . In f a c t , the biology of bamboo 

Species.are l eas t understood (NUiMta* 1965; 191X); Janzen, 

1976), The present study, therefore, was undertaken to 

assess the role of bamboo in -Qie shifting agriculture 

system of north-eastern India, considering differ<>nt 

jhum cycles (5, 10 and 15 years) at three locations at 

lower elevations (200 to 300 m) in Khasi and Garo Hi l l s 

of Meghalaya and in Niga H i l l s . 
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METHODS OF STUDY 

Thr«e repl icates each of 5>» 10- and 15-year old 

jhun fallows In Garo H i l l s , 10* and 15-year old ^him 

fallows in Khasi Hi l l s and Naga Hi l l s that are about to 

be slashed for jhina were ident i f ied . While selecting the 

replicate plots care was taken to ensure sljnilar topography, 

exposure and s o i l conditions. Slashing of the vegetation 

in these fallows was done by the local tr ibal connminity 

in October-November, 

Density and basal area measurements of bamboo are 

based on th ir ty 10 x 10 n quadrats in each replicate p lo t . 

The bamboo population from 10 quadrats of 10 x 10 m area 

was harvested and separated species-wise into leaf, 

brarK:h and bole components. Trees and shrubs were c l a s s i ­

f ied species-wise into a different diameter c lasses and 

sample trees in each diameter c lass were harvested and 

separated into different components. The biomass of 

shrubs and trees were then calculated on the basis of a 

linear regression developed between different s ize 

c lasses and the measured biomass, and using density values. 

Herbaceous vegetation was harvested frcHn 10 quadrats of . 

1 x 1 m s i z e . 
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Plant samples were dried at 80**C for 24 hours, 

ground and passed through a 0.05 mm sieve, soil samples 

were collected from 10 random points upto 40 cm depth 

using a soil sampler. Air d^^d soil samples were 

ground and passed through a 0.02 ram sieve. 

The elemental content of plant and s o i l samples 

was analysed following the methods suggested by Allen 

e^ aj;, (1974), Plant samples were analysed after acid 

digest ion. So i l cations were estimated after extraction 

with 1 M ammonium acptate at pH 7. Nitrogen was 

determined by micro^kJaIdah1 method. Phosphorus was 

determined colorimetrically using ammonium molybdate 

blue method* Potassium was measured by flame-photometry 

and calcium and magnesium by EDTA-titration method. 

For each element, -Uie annual turnover was calculated 

by dividing the weight that l e f t the compartment by the 

weight held in that compartment and expressed as a 

percentage (Reiners and Reiners, 19*W)), The enrichment 

rat io was calculated for each element as the quotient 

of the weight of a given element in the vegetation divided 

by i t s rate of uptake by th^ vegetation (Woodwell e t a l . , 

1975). 
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RESULTS 

The elements present in the soil after slashing 

but before the burn are shown In Table 4,1, Whilst 

the anount of nitrogen present declined in older fallows 

compared with younger ones, in general, the reverse was 

found for all other elements, 

Dendrocalamus harô ton|>i was found at all sites 

(Table 4.2), It had higher density and basal area in 

khasi and Naga Hills, In Garo Hills, however, it had 

lesser density and basal area compated to Bambusa tulda, 

The density and basal area of Bambusa tulda. Bambusa 

Khasiana increased with fallow age upto 25 years at all 

sites. However, the population of Ni. dulloa declined 

in a 25-year old fallow. 

In all the Jhum fallows, the biomass contributed 

through bamboo was maximum as compared to that through 

rest df the species (Table 4,3), The contribution by 

bamboo species and by trees and shrubs increased in 

older fallows, whilst reverse was the case in the 

contribution through herbaceous vegetation. 

Species-wise contribution of biomass was maximum 

for D, hamiltonii in all the jhum plots (Table 4.4,), 

at all sites. In Garo Hills, the difference between the 
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Table 4,7: Density of elements (kg ha ) in the vegetation 

slashed in different jhun fallows In Gare Hills 

Fallow Element 
aoe Bai 
(years) D. 

hanil-

Nitrogen 2 7 . 0 

Phosphorus 8 . 8 

5 IH>tas«*>|»^»3i00.9 
SiUB 
Calciua 10 .7 

Magnesim 7 . 1 

Nitrogen 9 4 , 1 

Phospho- 2 5 . 0 
m s 

10 P o t a s s - 326 ,1 

Calciun 31 .6 

Magnesiifli 2 3 . 9 

Nitrogen 141.8 

Phosphorus^. 9 

15 PotassiuBS25.9 

Calciun 54 .5 

MagnesiuB 42 .7 

'»J^9» 

» Tulda 

2 1 . 4 

6 .8 

74 ,4 

7 . 7 

5.6 

61 .4 

16,4 

160^9 

2 0 . 3 

17 ,5 

7 5 , 4 

20 .2 

246 .6 

30.9 

2 3 . 0 

CqnBDonents 

Sub-> 
Tota l 

4 8 . 5 
(64 .3 ) 

15 .5 
(49 .8 ) 
1X5.4 
(62 .3 ) 

18 .4 
(16 .3 ) 
12 .7 

(16 .3 ) 

155,6 
(59 .1 ) 

4 1 . 3 
(62 .8 ) 

4 8 7 . 0 
(61 .2 ) 

5 1 . 9 
(14 .9 ) 

Trees 
and 
shrubs 

20 .6 
(27 .3 ) 

6.7^ 
(21 .4 ) 
9 6 . 4 

(34 .3 ) 
90 .8 

(80 .4 ) 
6 0 . 4 

(77 .6) 

106.8 
(40 .5 ) 

23 .2 
(35 .3 ) 

307.8 
(38 .7 ) 

296 .8 
(85 .0 ) 

4 1 . 3 137.7 
( 2 3 . 0 ) ( 1 6 . 6 ) 

217 .2 
- (61 .9) 

6 3 . 1 
(61 .0 ) 
7 7 2 . 5 
(62 .0 ) 
8 5 . 4 

(21 .8 ) 
6 5 . 7 

(32 .3 ) 

133.2 
(37 .9) 

39 .3 
(38 .0 ) 
369.4 
(29 .7 ) 
306.1 
(78 .3) 
137.3 
(67 .5 ) 

Herbs 

6 . 3 
( 8 . 4 ) 

8 . 9 
(28 .6 ) 

9.6^ 
( 3 . 4 ) 
3 . 7 

( 3 . 3 ) 
4 . 8 

( 6 . 2 ) 

1.0 
( 0 . 4 ) 

1 .3 
( 2 . 0 ) 

. 0 . 9 
( 0 . 1 ) 

0 . 6 
( 0 . 2 ) 
0 . 8 

( 0 . 4 ) 

0 . 7 
( 0 . 2 ) 
1 .0 

( 1 . 0 ) 
0 . 9 

( 0 . 1 ) 
0 . 4 

(0 .1 ) 
0 . 4 

( 0 . 2 ) 

ToUl 

75.4 

31.1 

281.3 

112.9 

77 .8 

263.3 

65.9 

795.7 

349.3 

179.9 

351.1 

103.5 

1246.3 

391.9 

203.4 
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two bamboo species was l eas t In a 5-year old fallow, 

increasing with fallow age. Between 10- and 15-year 

old jhuflB fal lows, in Khasl Hi l l s and Naga H i l l s , the 

individual species contribution remained more or less 

the same, 

A comparison of mitrient concentration in bamboo 

species versus shrub and tree components (Table 4 ,5 , 

4,6) suggest that the former category of species have 

generally higher nitrogen, phosphorus and potassium 

compared to the latter category of sppcies* The reverse 

was "Uie case for calcium and fi^agneslum. *^ij.e D, 

hamjLlton^i had higher concentrations of nitrogen, 

phosphorus and potassium compared to B,, tulda in Garo 

Hi l l s and B, Khasiana in Naga H i l l s , Np dulloa In Khasi 

Hi l l s showed higher levels compared to D^ hawiltonii . 

Such a clear-cut difference betwc^en snecies could not be 

observed for calciim and magnesium. 

The density of dements in different components of 

the slash in Garo Hi l l s increased with fallow age excopt 

for the herbaceous component (Table 4 , 7 ) , In a l l the 

fal lows, the contribution of nitrogen, phosphorus and 

potassium by bamboo was much more in comparison to trees 

and shl^ubs, were as reverse was true for calcium and 
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Tabl« 4,8s Density of •len«nts (kg ha** )̂ In the vegetation 
slashed i n different jhim fallows In Khasl Hi l l s 

Fallow Eleawints Components _ . _ 
age ^ Bai|boos _ Trees Herbs Total 

Sub* and 
tlloa Tdtal shrubs 

?g« , gaab^^s T?fe< 
(years) E W, Sub- and 

naaiil'* milloa Tdtal shrt 

Nitrogen 102.4 100.7 203,1 126.0 0 .9 330.0 
(61.6) (38.2) (0.3) 

Phosphorus 30,5 32,0 62,5 22,0 1.1 85,6 
(73.01 (25.7) (1 .3) 

10 PotassluB 338.7 158.8 497.5 337.0 1.0 835.5 
(59*6) (40.3) (0.1) 

Calcium 38.7 33.8 72 .5 301,5 0 ,5 374.5 
(19.4) (80.5) (0.1) 

MagnesluB 31.0 17.0 48.0 161.5 1.0 210.5 
(22,8) (76.7) (0.5) 

Nitrogen 149.4 128.1 277,5 192.5 0 ,6 470,6 
(59.0) (40.9) (0,1) 

Phosphorus 37,5 51,5 89,0 31,5 1,0 1121,5 
(73.3) (25.9) (0,8) 

15 PotassluB 541.8 234.7 776,5 399.5 1.0 1377.0 
(56.4) (43.5) (Oa) 

Calclun 92.3 51.7 144.0 456.0 0,3 600.0 
(24,0) (76,0) (0,1) 

Magneslun 42,5 28,5 71,0 235,0 0 ,3 306,3 
(23,2) (76,7) (0.1) 
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Ta^Ie 4,9i Density of elements (kg ha" ) in the vegetation 
,/ slashed in different jhum fallows in !toga Hills» 

timft 

fallow Element ,_̂  

!(years) |j-
B a n b o o s T r e e s 

1. Sub- and 
naail*' ra^asl- total Shrubs 
toniz 

Herbs 
•^ - — • - • . — irw 

ana 

Tota l 

Nitrogen 100.1 93.9 

Phosphorus 26,1 24.4 

194.0 130.7 0.6 32f.3 
(59.6) (40.2) (0.2) 
50.5 29,6 0 .9 81.0 

(62.3) (36.6) (1.1) 

10 

15 

Potassium 290.6 304.4 

Calciua 31.5 ao .3 

Magnesiun 27.5 19.1 

Nitrogen 150.3 136.7 

Phosphorus 51.0 34,6 

Potassiim 481.8 404.3 

CaleiuK 47.8 41.8 

Magnesium 36.2 33.8 

595.0 421.5 1.0 1017,5 
(?8.5) (41.4) (0.1) 
5 1 ^ 365.5 0;4 417.7 

(12.4) (87.5) (Oil) 
46,6 278.0 0,6 325.2 

(14.3) (85,5) (0.2) 
287.0 206.6 0.4 494.0 

(58.1) (41.8) (0.1) 
85.6 34.5 0.8 120.9 

(70.8) (28.5) (0.7) 
886.1 567.7 1.0 1454.8 
(60.9)(39.0) (0.1) 
.89.6 498.1 0 ,3 588,0 
(15,2)(84.7) (0,1) 
70,0 296.0 0 ,4 366,4 

(19.1)(80,8) (0,1) 
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magnesium. Amongst the two species of bamboo* the 

contribution by D, hamiltonii was higher over Bĵ  tulda. 

In Khasi H i l l s , the density of elements in different 

components was generally higher in a I'^-year old fallow 

than in a 10-year old one (Table 4 ,8 ) ; the exception 

to this was the herbs which showed a reverse trend. 

Whilst the contribution of nitrogen, phosphorus and 

potassium by bamboo was higher than that by treps and 

shrubs, the reverse was the oa?e for calcium and magnesium. 

Between the two species of bamboo, the contribution by 

JS[« hamiltofi^ was s<Mnewhat higher than that by ^ dulloa 

except for phosphorus contribution, which was tnorp 

ttoough |4, dulloa. 

A similar trend was observed at Naga Hi l l s for 

the different components in 10- and 15-year old fallows 

(Table 4 . 9 ) , Trees and shrubs contributed more calcium 

ami magnesium compared to bamboo species , and reverse was 

the case for other elements. Between the two bamboo 

Species, D, hamiltonii generally contributed more of 

a l l the elements except potassium in a 10-year fallow. 

Inventory of nitrogen and phosphorus in the to ta l 

vegetation and in the bamboo componsnt of i t , before the 

fallow was slashed i s given in Table 4,10, Nitrogen and 



is"? 

phosphorus h«ld in the abovegroum) blonass of the to ta l 

vegetation and the bamboo component of i t , and that 

released ^trough l i t t e r , improved in older fal lows, 

Hhile the percentage annual turnover of nitrogen for 

the total vegetation consistently declined with fallow 

age, that for phosphorus declined from 5-> to 10-year old 

fallow at Garo h i l l s , but improved subsecfuently in a 15-

year old fallow at a l l s i t e s . Percentage annual turnover 

for nitrogen in bamboos declined from 5- to 10-year old 

fallows but subsequently improved. A similar change in 

5 - to 10-year was also observed for phosphorus, with a 

decline ins 15-year old fal low, only a t Khaŝ '' Hi l l s and 

Maga Hi l l s but not at Garo H i l l s . While annual nutrient 

accumulation for the total vegetation generally tended 

to improve in older fa l lows, i t sho'.."̂ ld some variation 

depending upon the s i t e . In the case of bamboos in 

Garo H i l l s , annuarl nutrient accunulatlon improved from 

5 - to 10-year old fallow, followed by a decline in a 

15-year old fallow here and at Khasi H i l l s , but not at 

Naga H i l l s . IVhile hitrogen enrichment rat io of the 

to ta l vegetation improved in older fal lows, phosphorus 

values either declined, remained morp or l e s s the same 

or even somewhat improved in older fal lows. Nitrogen 

enrichment rat io for bamboos markedly improved in older 
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fallows at all sites while phosphorus values declined 

sharply from 5- to 10-year old fallows followed by an 

irwrease between 10 and 15 years. 

Potassium, calclun and raagnesiina held in the 

aboveground bionass and that released through litter 

improved sharply in older fallows* both for the total 

vegetation and for the bamboo component^ (Table 4,11). ̂  

The percentage anrnial turnover of all three elements 

declined in, older fallows except for potassium and 

magnesium in iNaga Hills, However, percentage annual 

turnover of all the elements in bamboos remained more 

or less the ?ame or slightly improved in older fallows. 

Annual nutrient accumulation improved for the total 

vegetation in older fallows except for magnesium in 

Naga Hills, Annual nutrient acciaoulatlon in bamboos 

improved or remained same in older fallows depending 

upon the nutrient and site conditions, Hhile enrichment 

ratio for the three elements in the total vegetation and 

in baiid>oo component largely improved in older fallows, 

some variation was noticed depending upon site conditions. 

The slash removed out of the jhum system varied 

considerably and do not show a definite pattern (Table 

4,12^. The contribution by bamboo to the total slash 
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Q ĉ  

^ B 

CM 

Csl CO 

S 

J5 

P> •H CO flO 

« 
« p> « 
«H OD N 

«0 

CO 

»4 m %o 
O 

CD ( 0 - < CO C4 
• • • • • 

C4 O rt O O 

CM 

w> ^ ^ >P CM 
i e - 4 CO ho flo 

O 
CM 

f*. <0 O - < CM 
• • • • • 

CM O rt O O 

C 
ft 

o 

CO 

CO 
• 

o 

CO 
• O 

CM 

<^ 
• CM 

•^ 
• 

o CM 

CO 

«0 

€M 

CO 

O 

CM 

CO 

CO 
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removed out of the systen was relatively less compared 

to trees and shrubs, except in a 5-year old jhun fallow 

slashed at Garo Hills, 

The density of elements removed out of the system 

through slash of trees and shrubs was generally higher 

when e<mpaTBd with bamboo species (Table 4.13). The 

nutrients removed from the jhum system through slash, 

expressed as a percental of the total slash produced 

ranged between 4.0 and 25.2 for nitrogen, 2.6 and 21.4 

for phosphorus, 3,4 and 23,4 for potassium, 6,9 and 

50,6 for calcium, 5,9 and 45,7 for magnesium, depending 

upon the jhum cycle, 

DISCUSSION 

Slash and burn agriculture Is a system mainly 

dependent upon nutrient Inputs through ash fertilization 

(Ramakrlshnan and Toky, 1^1), The length of the jhtim 

cycle Is a major factor in determining the amount of 

mitrients added, which in turn partly determine crop 

yield (Toky and Ramakrlshnan, 1981a; Mishra and Rama­

krlshnan, 1981), The fallow regrowth during secondary 

succession after cropping in north-eastetn hill region 

of India is characterized by weedy communities upto 

about 5 years (Toky and Ramakrlshnan, i^3a; Ramakrlshnan 
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and Mlshra, 1981; Kushwaha and Ramakrishnan, 1982; 

Saxana and Raraakrishnan, 1983b; 1984b)» but bamboos 

forin a major component of the success tonal stages of 

vegetation after the vveed phase and nay continue upto 

about 25 years as in Pendrocalamus hamiltonJi or upto 

35 to 47 years dependfing upon the intermast period for 

flowering of the species concerned (Varmah and Bahadur, 

1980). But, a species such as Heohouzeoua dulloa may 

even continue though with reduced vigour upto 60 years 

of forest regrowth as an understorey species (Chapter 2), 

The three bamboo species of larger size, 

Pendrocalamus hamiltonii, Bambusa tulda and Bambusa 

khasiana are strictly light demanders and therefore 

these species do not continue in the successional 

environment beyond 25 years as in 2» ̂ hamiltonii (Toky 

and Ramakrishnan, 19638; Ramakrishnan e;| al̂ ,, 1981) 

or beyond 35 to 47 years which is the intermast period 

for B, tulda and g,. khasiana respectively (Vaniah and 

Bahackir, 1^0). On the other hand, N» dulloa which is 

a smaller variety of bamboo, though a light demander, . 

has the ability to survive under shade (Chapter 1). 

Therefore it is reasonable to find that the population 

size of this species increases only upto 10 years of 

fallow regrowth after which, as an undergrowth species 

its population declined. 



i^y-

Though the to ta l slash blonass of banboo increased 

in older fallows upto 15 years, which i s related to 

fallow age and the consequent rapid vegetative multi­

pl icat ion of bamboo when l ight conditions are s t i l l 

favourable for i t s growth (Chapter 2 ) , a similar increase 

with fallow age was J|1SO poticed for the to ta l slash 

prodkiced as observed ear l ier in the north-eastern 

region (Toky and Ramakrishnan, 1983a; Mishra and 

Ramakrishnan* 1983c) and by othe^ f or slash and bum 

agriculture systems else«*iere (Nye and Hutton, 1957; 

Bor-Qioloaew e t a l . . 1953; Snedaker* 1970; Gollev e t al.> 

1976; Edward and Grubb, 1977; Ewel, 1971; Uhl and 

Jorden, 1984; Stomgaard, 1984), However, the proportional 

contritnition of biomass by bamboo was either unaltered 

or even declined. This i s related to rapid takeover 

of fallows by broad-leaved shrubs and trees resulting 

in e'\wntual elemination of bamboo by t a l l e r tree species 

(Toky and Ramakrishnan, 1983a; Singh and Ramakrishnan* 1982), 

The proportional contribution of different species of 

bamboos to the to ta l bamboo biomass, hcwever, varied 

depending upon the s i t e . I t may also be noted that 

the slash added through weed biomass declined drast ical ly 

in 10- and 15-year old fallows which i s due to natinral 



suppression of we^ds in fallows older than 5 years 

(Saxena and Raoiakrishnany i984b; Sv^my and Ramakrishnan, 

1987). 

While baaboo species are chief ly used only for 

hut construction for l iv ing , the amount so us»d i s 

only a small fraction of about 4 to l^% of the total 

slash removed from the system. When under a S-^ar 

jhwB cycle , however, bafpboo production i s very low 

and a greater proportion of th i s coomodity i s removed 

for hut building, lihlle in Garo H i l l s , In general, 

natural forest resources are s t i l l re la t ive ly better 

prrserved because of lesser population pressure on 

the land (Ramakrishnan, 1984a), in Khasi ami Jaintia 

Hi l l s of Meghalaya, 5-year jhum cycles are more 

frequent and in many areas the cycle has come further 

down leading to s i t e desert i f icat ion (Ramahrishnan, 

1985; Ramakrishnan, 1984b5 Ramakrishnan e t a l . . 1981). 

Therefore, the ava i lab i l i ty of bamboo has become more 

acute. The eco'^Jogical implications of t h i s l i e s in 

the fact that , as the cycle gets shortened as has hern 

happening in the recent past , due to population pressure 

and reduced land avai labi l i ty for cropping (Ramakrishnan 

e t aj^., 1981; Ramakrishnan, 198Sa), bamboo production i s 

adversely affected. 



As far as w« ar« aware th«re is no information 

available on the nutrient budgeting of banboos in 

ecosystems except for the studies done by Ramakrishnan 

and co-workers on sub-tropical humid forests of north­

eastern India (Toky and Ramakrishnan, 1982; 1983b; 

Qiapter 2). An important point that emerges out of 

the present study is that bamboos gent̂ rally accumulated 

more of nitrogen, phosphorus and potassitna in the system 

compared to calciina ami magnesium. Amongst the three 

baodboo species, N, dulloa was more efficient in nutrient 

conservation than £, hamtltonii, as is evident from tissue 

concentration of these elements though the latter had 

larger bimsass and therefore higher elemental densities. 

The last two elements, in the all three sites, afi 

largely located in trees and shrubs rather than in 

bamboos* While the physiological basis for such 

selective uptakes of nitrogen, phosphorus and potassium 

by all bamboo species in general, is a mtter that needs 

to be investigated, -Uie ecological implications of 

this is obvious. Bamboos play an important nutrient 

conservation role in these ecological systems of the 

humid tvopics, particularly under a wide range of Jhum 

cycles of 5 to 30 years. 
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Nitrogen* phosphorus and potassiun are more 

c r i t i c a l elements in tropical s o i l s . After burn, liitrogen 

i s a major casualTjty because of rapid vo la t i l i za t ion 

(Allen, 1964; Knight, 1966; Debell and Ralstoh, 1970) 

and the recovery of the lo s t nitrogen takes a t l eas t 

10 to 15 years (Saxena and R^sakrishnan, 1986; Mishra 

and Ramakrishnan, 1984), Phosphorus i s another nutrient 

often in short supply. Earlier studies on jhum system 

(Mishra and Ramakrishnan, 1983b) and more iN»cent studies 

too (Swamy, 1986) sugg«>st large->scale lifolatilizatlon of 

phosphorus as also reported by Llyod (1971), though the 

nechaniSB for vo la t i l i za t ion i s not c lear . Further 

phosphorus f ixat ion into unavailable forms i s reported 

in their clay f3raction for tropical s o i l s that are 

rich in sesquioxides of iron and aluminium (Gebhardt 

and Oblenan, 1974; Tinker, i9T7; Parf i t t and Lee, 

1979; Mishra and Ramakrishnan, 1983d). Losses of 

potassium through runoff and percolation water in the 

jhum system was always found to be anich heavier than 

that of divalent cations (Mishra and Ramakrishnan, 

1983a; Toky and Ramakrishnan, 1981b). This confirms the 

findings of others (Allen, 1964; Llyod, 1971) who have 

shown that potassltni was much more readily dissolved 
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than ealclun and magnesium ions following a burn. 

Therefore, conservation through baadboo of a l l these 

three c r i t i c a l elements i s of particular significance 

from the point of view of f e r t i l i t y maintenance under 

jhun. 

Preferential uptake of phosphorus by early 

successions1 weedy coranunities has been suggested 

ear l ier (Toky and Ramakrishnan, 1983b). A generally 

higMKr der»ity for phosphorus compared to that of 

other elements found for herbaceous communities at 

a l l s i t e s i s in agreement with th i s observation. 

Similarly, N, dulloa a bamboo from Khasi H i l l s , has 

also the a b i l i t y to accimiulate more of phosphorus compared 

to other bamboo species , an observation also confirmed 

by our studies on nutrient a l locat ion strategies 

(Chapter 2 ) . 

In general the biomass of slash removed by the 

jhiflB farmer from the jhum system for other purposes such 

as hut construction, timber and fuelwood i s many-fold 

more through shrubs and trees than through bamboos. 

Consequently the amount of nutrients los t out of the 

system i s also similarly affected. With a high 



capacity for conservation of nutrients such as 

nitrogen* phosphorus and potassium by banboo discussed 

above, the losses fr(»B the systea to that extent is 

minimized, than would otherwise happen if a larger 

proportion of the bamboo bioi»ss is removed out of 

the system. 

A general increase in nutrient density in the 

blOTiass and in the release through litter in older 

fallows is to be expected because of the general increase 

In vigour of the bamboo species with fallow age upto a 

certain point of time as recorded for D, hamiltonil 

(Chapter 1) and suggested for ĵ , tulda and g,, khaslana 

based upon their 35 to 47 years• Intennast period 

(Varmah and Bahadur, 1980), The exception to this is 

li* dulloa which being a smaller sized bamboo soon is 

reduced to an understorey species in a 20^year old 

fallow with consequent decrease in nutrient density in 

aboveground blomass and that released through litter. 

This was seen by us on the basis of Individual species 

analysed out of the gross data presented In Table 4,10 

and 4,11, 

Lower turnover rates for calcium and magnesium is 

to be expected for bamboos because of Ijesser accumulation 
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of these elements eonpared with nitrogen, phosphorus 

and potassiun. However, annual turnover rates of 

potassium i s low, perhaps as a consequence of a larger 

quantity of th i s element being rapidly accumulated by 

bamboos, and locked up in the biomass; the release 

through l i t t e r i t s e l f i s low. The turnover rates of 

elements and enrichsaent rat io calculated for bcmboos 

and the vegetation as a whole i s dependent upon the 

specif ic bamboo sppcies, the element concerned and s i t e 

condltior». However, an important point that emerges 

i s that , bamboos, has a c r i t i c a l role in the nutrients 

cycl| | ig of the vegetation where i t dominates as in 

10- and 15-year old fallows that slashed for Ijhura. 

Obviously more studies are required on the role of 

th is important component of many tropical forest 

ecosystems, 

SUMMARY 

This study considers the role of bamboo species 

under different slash and burn agriculture (jhum) 

cycles of upto 15 years at three locations, at lower 

elevatiortf in IQiasi and Garo Hi l l s in Meghalaya and 

in Naga H i l l s . While DendrocalatwiS hamiltonii Nees 

and Arn, i s a Species common to a l l s i t e s , three 
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oth«rs are s i te specific: Nsohoozeoua dulloa A. Canus 

In Khasl Hi l l s , Bandausa lulda ioxli, in Garo Hills and 

Baa^isa khasiana Munro in Naga Hi l l s , Under a l l the 

jhim cycles considered her^, baaboo i s an important 

eooponent of the fallows slashed for Jhtm* contributing 

upto 40 to 58^ of the total slash biomass and a nueh 

higher proportion (49 to 73?5) of nitrogen, phosphorus 

and potassium, but much lesser calciun and nagnesiun 

(12 ro 32^). A^pparently, baraboo has a significant role 

in cons^ervatlon of nitrogen, phosphorus and potassium. 

These elements are highly labile (nitrogen and potassium) 

or are often liRmobilised in tropical s o i l s , into an 

unavilable state in the clay fraction (phosphorus) due 

to f i re . Calcium and magnesium, on the other hand, are 

largely held in tree and shrub components of the 

falloMs slashed for jhum. It i s concluded that bamboos 

play a significant role in nutrient conservation In the 

jhum system in north-eastern India. 



CHAPTER 5 

SOCIO-ECONOMIC ANALYSIS OF BAMiiOO RESOURCES I N EAST KHASI 

HILLS DISTRICT OF MEGHALAYA I N NORTH-EASTERN INDIA. 

* * * » » * » * • * » * • * * * * * * » * • * • * * • • * * * * * * * * * * * * • » * « • • • • * » * • * * • • * * • 
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Bafiboo Is an Important natural resoure* for th« 

people of the north-eastern region of India. Not only 

does It play an Important role in the village economy, 

because of its use as fuelwood* as water pipe or as 

material for l»jt construction* but also is important as 

part of the slash and burn agriculture (jhum) system 

because of its important iole in conservation of 

nitrogent phosphorus* potassium ( Chapter 4). This 

important resource of this region is declining at a 

rapid rate because of the shortening of the Jhum cycle 

in the recent past (Ramakrishnan, e;!̂ *̂ ** 1961; 

Ramakrishnan. i ^ % ) and the consequent takeover by 

weeds (Saxena and Ramakrishnan, 1984b) and eventual 

desertification (Ramakrishnan* 198Sd; 198Se5. Further 

the giant paper mills established in the region will 

further accentuate 'Uie shortage of bamboo in the region. 

The present study is an attempt to evaluate the present 

utilisation pattern of this resources in one of the 

district* namely* the east Khasi.district of Meghalaya. 

METHCH3S OF STUW 

Though detailed analysis of bamboo resources 

available and utilisation patterns are based on the three 
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v i l l a g e s , a im>re g«neralizad analysis of th« u t i l i za t ion 

pattern was also done on thirty v i l lages selected at 

randoa in east Khasi Hi l l s d i s t r i c t . The f a n i l i e s in 

the v i l lages were c l a s s i f i e d into categories based upon 

income and the dependence and u t i l i z a t i o n of bamboo 

resources. The constmption pattern of each category 

was then observed ever a one-year period. 

Bamboo used as firewood col lected by the v i l lagers 

and "^at exported outside the v i l lage boundary i s usually 

cut into smaller pieces of about 75 cm long. Actual 

f i e l d measurements were made for the three v i l l a g e s , 

a lso with random observations on th ir ty v i l l a g e s . In 

those vi l lages» where bamboo i s also raisied in plantations 

within the v i l l age boundary, the amount extracted from 

them by the few families who own them and the manner in 

which the extracted bamboos are disposed were observed 

over a one-year period. 

Naw bamboo shoots consumed as food was- calculated 

on the basis of observations over a one*year period on 

families selected a t randoa. Bamboo shoo'to exported wer« 

calculated on the basis of those sold in the market, on 

the basis of weekly observations, since they are sold in 

weekly markets. Fodder consumption by ca t t l e was based 

on observations of weekly harvests done by the v i l lagers 



Tabl« 5,1: Village coBMRunity structure of th« thr»« 

villages of east Khasi Hills district 

Village bu i l t area (ha) 

Number of house holds 

Populations 

Adult males 

Adult females 

Children (below 12 years) 

Total 

Male/fetnale rat io 

Work forces 

Agriculturists 

Traders 

Govt, employees 

labourers 

Dependents and part tiflie 
workers 

Vll laoes 
Umpri 

50 

79 

161 
(50.5) 

106 
(33.2) 

52 
(16.3) 

319 

1.31 

97 
(30.4) 

8 
( 2.5) 

11 
( 3.5) 

136 
(43.3) 

65 
(20.4) 

Unroi 

14 

63 

86 
(45.5) 

73 
(38.6) 

30 
(15.9) 

189 

1.03 

86 
(45.5) 

2 
( 1.1) 

2 
( 1.1) 

61 
(32.3) 

38 
(2n,2) 

Lailad 

34 

42 

66 
(45.5) 

59 
(40.7) 
20 

(13.8) 

145 

1.07 

53 
(36.6) 

( 2 .8) 

6 
( 4.1) 

69 
(47.6) 

13 
( 9.0) 



and ^9 size of the cattle population. The food and 

fodder values in terns of crude protein and total sugars 

were analysed by indophenol blue nethod and anthron fiielB)od 

respectively» following Allen jM̂  3J..;; (1974), 

Industrial export for pulping i s exclusively through 

contractors «^o operate in deeiarcated forest areas leased 

out for a 5i»year period at Lailad and Unpri* since 1981, 

Calculation on the export i s tr«id upon nonber of truck 

loads taken out on a sranthly basis. 

R^ULTS AHD PISCUSS^OH 

Banb^ uti l ization pattern in selected villagesi 

Though the nunber of fanil ies was the second 

highest at Unroi* the area covered by the hemse holds 

i s least compared to Lailad and Uapri (Table 5 .1) . 

llBq[>ri, however» had -ttie highest nunber of households. 

With a Bixed population of differ4>nft eoonunities, 

U^)ri and Lailad had sone degree of segregation in 

household organization, whereas ^ e ccmpactness of t%nroi 

i s because i t i s a single conminity (Khasi) vi l lage. 

About 14 4o 16% of t)M» population were children below 

12 years. IRiile U ŝroi and Lailad had approximately 
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Tabl« 5,2s Land us* pattern in th« ihr— v i l lagas of 

east Khasi Hi l l s d i s t r i c t 

Villao** " ~ " 
I%ipri Unroi Lai lad 

Araa under cult ivat ion (ha)» 

Valley cult ivat ion 93.7 4 .9 11.2 
(58.2) (5.0) (21.4) 

Jhifln cul t ivat ion 67,3 93.5 41,2 
(41.8) (95.0) (78.6) 

Total 161.0 98.4 52.4 

Area (ha) under natural 
vegetation within 1 km radius 
of the v i l lage 

Broad-leaved forest 

Bamboo fallows 

Area under plantatlons(ha)$ 

Baaboo 

Wne ifim^ lf«s|,Y^) 

Pineapple and leiaongrass 
(Cynbopogan sp.) 

Total 

92.0 
(^9.3) 

139.4 
(44.4) 

1.3 

0 

14.3 

15.6 

0 

0 

1.7 

265*0 

31.7 

298.4 

107.7 
(34.3) 

163.1 
(52.0) 

0 

0 

4 .7 

4.7 



•qual proportions of mal^s and f«malos9 this ratio was 

weighted towards sales at Iteprl because of migrant nale 

population, llnroi had a larger percentage of people 

involved In agrleulture« followed by labourers^ whereas 

Û p>rl and Lallad had more laboui^orce closely followed by 

agriculturists. The labourers at these two latter 

villages ^are employed by timber contractors. 

Uaprl being closer to Assam plains has a large area 

under vallv cultivation (Table 5.2). Lallad and Ustroi had 

large area under slash and burn agriculture (jhum)» with 

least valley land in Uaroi. Bamboo forests are more than 

broad^leaved forests both at Ifê pri and Lallad located at 

lower elevations, where at higher elevations of Unroi 

pine plantations are managed by the Meghalaya Forest 

Department (1/3 area) and the village community (2/3 area), 

A relatively small area is also under bamboo plantation 

done by vil lagers. Plantation crops such as pineapple 

and l«Bon grass (Cvmbopooan sp,) introduced by Meghalaya 

phytochemicals are also cultivated. The yield of bamboo 

throi^h different species at Uĥ pri and Unroi i s given 

in Table 5,3, Ueroi iMd Bambusa khas^ana whilst U^>ri had 

Bartbasa tulda and Melocanna bamtwiseides. Since ]g, 

barilHisoides i s a thinner variety but with high culm yield. 
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Table 5,3s Ar«a und«r banboo plantation in two villages 

of oast niasi Hills district and axtraetion 

pattern. 

Banboo plantation area (ha) 

Basteosa khasiana 

Bambusa tulda 

Melocanna baabosoides 

Total 

Extraction per has 

Number of eulns 
3 

Bi(»ass(f} X 10 ) 

Bole 

Branches 

0 

0.95 

0.35 

1.30 

300 

6 . 0 

4.0 

0.79 

0.21 

1.70 
0 

0 

1.70 

180 

3.20 

2.36 

0.49 

0.17 
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th« production of culns is much higher at Ueipri inspit« 

of reduced land area under plantation* in contrast to 

£• kha>iana which is larger variety with fewer culns. g,, 

tulda is a larger banboo variety eonpared even to §.. 

khasiana and this would partly account for higher bionass 

of the baaboo plantation at Uopri. 

Gonsuaption pattern of banboo by the three 

villages are given in Table 5,4. Banboo as firewood is 

consimed and also exported in large ofuantities bo^ at 

Unpri but not at Unreii. A recurring consumption 

is related to fencing and house repair.. Though large 

quantities of banboo was exported out for industrial 

use, the extraction of this at a stretch is done for 5 

years only, followed by a gap of 10 years for regenrration. 

New house construction is done on the ai^rage after 20 to 

40 years being the life span of a house* this is not 

accounted here. In "^e two villages at lower elevatior̂ s* 

soBW bamboo is also used for water transportation from 

streams. 

During the rainy season, bamboo shoots fom 9n 

inportant food source (Table 5.5), Hhile D. haniltonii 

is the chief source at the two lower elevation villages 
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ehicfly harvested froa natural baAboo forests, at Ubiroi 

fi.* k^astana fron plantation is the chief source. Banboo 

shoot constnptlon Is mch blgher at lower elevation villages 

than at Uraroi. Further, export of shoots outside the 

village boundary i s done only in few vil lages. Only 

Nepalis maintain cattle^ ar^ baaboo fodder consunption 

by them alone i s restricted (ttnring the raint season 

(Table 5.6) 

The Bonetory returns through export of banboo i s 

given in Table 5.7. Firewood arnd baaboo shoot as food 

are sold only by a few faa i l i e s . Plantation being raised 

in jhua plots by a few faa i l i e s , only 4 to 6 faai l ies 

derive benefit frcHi i t . Individual culas are sold at 

the rate of Is 1.25/- for | l . bambusoides, k 2 .50/ - for 

£• tulda and Bs 4.50/- for g.. khasiana. With 6 faail ies 

owning 1.3 hectares of plantation in Unpri in contrast 

to two faai l ies owning 1.7 hectares of baaboo plantation 

at Ifeirois income per faaily is higher in the latter case. 

These faraers ve i l a saall fraction of the bamboo to ih» 

rest of the villagers and over 90% i s exported out of the 

village boundary. 



Ftg, 5•^^ Topographic map showing v i l lage distribution 

patt«m in east Khasi H i l l s d i s tr ic t* 
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Fig, 5.2» Altitudinal succession of vegetation indicating 

bamboo zone in east Khasi Hills district* 
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Tabl« 5.8: Land U M statistics of MSt Khssi Hil ls district 

(1981-82)^ 

Forest 

Barren land 

Land under non-agrleultia'al 
uses 
Cultivable waste lar^ 
Land under niseel lanious 
tree crops and gro««s 
Perstanent pastures and 
other grazing lands 
Current jhua fallows 

Old jhun fallows 

Net area sown 

Area sown aore than once 

Total cropped area 

Total geographical area 

Net/gross irrigated area 

Area (ha) 

220503 

82035 

17009 

155775 

50477 

6117 

5486 

5747 

45468 

9463 

54931 

588615 

8371 

Percentage of 
the tota l 

37.46 

13.94 

2,89 

26.47 

8.58 

1.04 

0.93 

0.98 

7.73 

1.61 

9.33 

100.00 

1.42 

Data frosi District S+atistical Abstract, east YhBs'i 

Hills District, 1981-82 
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Utillxatton pattern in th« banboe zt̂ ne of aast 

Khasi Hills districts 

East Khasi Hills district has abmit 6000 villages 

(Fig, 5«i) of which around 2500 ara in tha baaboo available 

zona, Baiti^o eonsinsption zone» i t nay ba noted at an 

altitude range of 90 to 1200 • (Fig. 5.2), Of these 567 

are villages with heavy eonsuaiption. V i l lages are 

classified on the basis ^ a t ^ e y extract an average of 
3 

100 X 10 % per fanily. Whilst low consunption villages 
3 

are 1533 and Ihey on the average extract 0,4 x 10 kg 

per fafBily, 

The census data for the east Khasi Hills district 

(Table 5,8) show that land use s ta t i s t i c s , but this^only 

of a limited value in assessing baiî oo resources in the 

district^ Thus, even though 37,53< is shown as under 

forest* much of "Uiis is a batsboo forest of not more tl^n 

20 to 25 years, rather than mixed broad-leaved ones of 

older age. Similarly, i t i s suspected that cultivable 

waste lands and current jhtai fallows may have at least 

a small percentage vnder bamboo. Further» i t seems likely 

that old jhim fallows are a l l bamboo ftnrasts (Toky and 

Ramakrishnan, l^SS), since there are not many forested 
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Tabic 5.9t Baaboo consumption pattern in the two 

categories of villages in east Khasi Mills 

district 

Fencing (i|) 

Repairing (f|} 

Water pipes (fe) 

Firewood (Ig x 10^) 

Food (Kg) 

Fodder (ip) 

Total (l| X 10^) 

Export (1̂  X 10^) 

Grand tota l {% x 10^) 

Industrial (l̂  x 10^) 

Nin^r of v i l lages 

Average v i l lages s ize 
(nuober of f a n i l i e s ) 

•KOH^rnTXaJCiH 
Heavy-
eonsuBotion 

170 

490 

90 

48 

135 

85 

49 

34 

83.9 

800 

567 

60 

comtn»tion 

120 

460 

63 

19 

80 

65 

19.8 

0 

19.8 

o 

1533 

55 



Tabic 5.10s Dry w«ight eor»tn!iptlof^«xport of bamboo 

resources fro« banbeo zone villages of 

east Khasi Hills distriet 

Fencing 

Repairing 

Water pipes 

Firewood 

Export (Industrial) 

^ i ^ i 

Food (baaboo shoot) 

Fodder (banboo leaves) 

Grand Total 

Anount 

(U X 10^) 

280 

983 

148 

19500 

800 

50911 

199 

255 

21365 



fallows older than 25 to 30 years in cast Khasl Hi l l s 

district'(Ranakrlshnan* 1985e). Therefors a correct 

assessflMnt of banboo resources of the treat through 

techniques such as renote sen!^9Cing i s ii^iortant. 

The baaiboe extraction pattern per v i l l age in 567 

high«^onsta^>tion and 1533 low*eonsfMq»tion v i l l ages i s 

shown for an average v i l l age with 55 to 60 faaiil ies per 

v i l lage (Table 5 ,9)• In ^ e high-consuaption category 

to ta l extraction i s 2,5->fold nore than in the low.^onsuBp* 

t ion category. Much of the comunption i s as fuelwood. 

Hcwevf̂ r* basboe has a variety of uses in the v i l lage 

ecosystem. 

The to ta l u t i l i z a t i o n pattern shown (Table 5*10) 

here for east Khasi Hi l l s d i s t r i c t suggests 83.9 x lOHfai 

for high«-constmption v i l lages and 19.9 x i 0 n | for low* 

cumiaqption v i l l a g e s . Out of 34 x 1 0 ^ exported outsicte 

the high^consunption vi l lages« about ^ goes outside east 

Khasi Hi l l s d i s t r i c t chief ly to the Assan p la ins , exclusively 
3 

for firewood. 800 x 10 % goes throt^h contractors for 

industrial use , chief ly for pulping in the paper B i l l s 

located in Assan. I t i s interest ing to note that 

consunption in the region i t s e l f i s only a snai l fraction 

(though s igni f icant from the point of v i l lage econooy) 

compared to export. 



Tabic 5. l i s Ineone (Rupees yr ) trem baaA>ee exported 

fro« east Khasi Hi l l s d i s t r i c t 

AiTOunt 

New shoots 

Firewood 

Indls tr la l 

Total ineoee to the region 

353808 (624) 

3855600 (6800) 

100000 

4309406 

«.f v l ^ * - ' ^ ' - i>\Co>«g. w ;4 ,̂"-v> |o<vY*^-H4 4 € 4 



t 

Th# export income through batd̂ >oo froa villages In 

the east Khasi Hills distr ict region (Table 5,11) i s 

exclusively froa high-<onfttai^>tion units only. Of the total 
3 

incoine from baaboo •£ fe 4309 x 10 , a najor ec»ponent i s 

through fuel-wood exportj^ industrial export and export 

of baoddoo shoots fom only a snail fraction of the incone. 

OOWCUUSIOH 

In the east Khasi Hills district low»eonsumption 

villages out mimber high-consumption vi l lages. I t appears 

that low-consufliption villages are a eonseguence of a general 

decline in bamboo resources in the distr ict . In other 

words, i t i s suspected that with passage of time more 

villages are likely to be added #h.to the low-constraiption 

category. Though industrial export i s only from a 

restricted area, the amount in relation to the total 

consumption in the village i tse l f i s very highi^ this 

pattern wil l be exaggerated witynew paper mills going 

into production in the near future. Yet, there i s no 

planning «4iat so ever for scientif ic management of 

baî >oo forests in the district or in the region as a 

whole. I t i s also interesting that much of bamboo i s 

burnt as fuelwood within the distr ict and even a larger 

amount i s exported to the plains for this purpose. The 



î  

situation as far as sustainable yield of ba«ft>oo for the 

future i s concerned i s a laming; there i s an argent need 

for scientific aanagement of this inportant resources, 

SUaMRY 

A general survey of banboo util ization pattern in 

-Uiirty randcmly selected vil lages of east Khasi Hills 

district was done^ alongwith intensive studies on three 

selected vi l lages, k aajor use of bamboo Is as firewood 

for local eonsin^stion and even aore so for to export to 

Assan plains. Much bai[riM>o« though fros a restricted area 

i s also exported for industrial purposes, Banboo shoot 

i s an Uiportant food source during the rainy season, A 

awjorlty of villages are classified as low-consumption units 

because severe local shortaqe of this resource and i t is 

suggested that many are being added to this from the hlgh-

eonsnisq^tion category. 
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