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PREFACE

Bamboos constitute an interesting group of plant
species because of their unique biological attributes
such as their demographic strategies, growth and
architectural design, flowering and fruiting behaviour,
They are an imprtant plant resource with a variety of
uses for the rural communities of the country and with
industrial value for pulping for paper end rayon. In the
north-eastern hill region, they also play an important
ecologicel role in the slash and burn agricultural
system ( jbum) during the recovexy phase of the ecosystem
during secondary succession after cropping. Thus, earlier
studies done by Ramakrishnan and his co~workers have
empbasized the potassium conservatory role of one of the

species, Dendrocalamus hamiltonii Nees and Arn., Yet, so

little is known on the biology of bamboos in general, and
the bamboos in India in particular, except for some
taxonomic studies. In fact, this is one of the very few
attempts made in an understanding of the biology/ecology
of this important group of species. The present work,
therefore, centres around four important species of

bamboo, namely, Dendrocalamus hamiltonii Nees and Arm.,

Neohouzeoua dulloa A, Camus, Bambusa tulda Roxb, and

Bambusa kbasiana Munro, Besides, a general socio=-economic
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analysis of this important natural resource of the region
was done with particular reference to east Khasi Hills
district of Meghalaya, India,

The aspects mentioned above are covered in five
Chapters, each with its own Introduction, Methods of Study,
Results and Discussion. The Cheapters are selfcontained,
and prepared in a manner that is ready for publication,
The thesis starts with a Chapter on General Introduction,
followed by one on Study area and Climate, Literature Cited
in the text are arranged at the end of the thesis,

Being one of the very few studies of this kind on
bamboo species, this has considerable academic value, and
at the same time application in terms of management of

this important natural resource that is being fast depleted.
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Individual species attributes determine, to a
large measure, the community/ ecosystem functions.
During secondary succession after slash and burn
agriculture in north-eastern India, bamboos form an
important component of the seral communities, Their
population structure and eco-physiological attributes,
therefore, play a major role in determining ecosystem

function during early phases of secondary succession,
DEMOGRAPHY AND POPULATION DYNAMICS
Mortality/natality patterns:

Populations of colonizing species pass through a
variety of growth phases with time, Initially, the
population grows exponentially till the resources hecome
limiting. In due course of time, if natality and
mortality become equal, the population size gets |
stabilized showing fluctuations around a mean value,

During this period, growth of such populations with

similar resource needs, however, brings about certain
changes in the enviromment. This change may prove un-
suitable for early colonizers resulting in local extinction

due to increased mortality,
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Existence and elimination of population of a
species, from 3 given enviromment solely depends upon
its ability to afjust with the changing enviromment,
This change in envirorment may directly reflect
fluctuations in population size, These fluctuations X
in population size are termed as ‘population dynemics'
by Elton (1933). According to him, it concerns with
rate of increase and decrease and the influence of
envirormental factors on the size of the population,

Lokta (1931) and Volterra (1931) proposed separately
different theoretical equations for calculating population
growth rate based on birth, dcath. fmmigration and emigration
rates which were conf izwed ‘by Gause (1934), Gause (1934)
put forward the famous 'Gause hypothesis® which suggests
that two species having identical ecological niche
cannot survive together for a long time; eventually one
will replace the other,

The early seedling phase of a plant's life is
generally considered to be #he most risky and this risk
1% exaggerated due to increasing density of the same or
another specles (Harper and White, 1974; Watkinson, 1978;
Cook, 1980; Smith, 1983a; Ramakrishnan, 1972), When
individuals of a species are released into a favourable

enviromment their number increcases rapidly at first and



. 3.

then stablilizes, thus implying, that it is the population
size which itself, in some way regulates the rate of
population growth (Harper and Gajic, 1961; Ramakrishnan,
1972), Individuals may respond to density in two ways:
(£) a reduction in seed output or lowered rate of
vegetative reproduction and (i11i) a reduction in the
chance of individual survival (Harper and Gajic, 1961;
Ramakrishnan and Kumar, 1971), Just as in a population
of single species, density stress intensifies the
expression of small differences (genetic and envirommental)
between individuals, so too in mixed populations stress
may exaggerate and exploit inter-specific differences
(Ramakrishnan and Jeet, 1972), The experimental model

of de Wit (1960) are superbly designed to study the
behaviour of two species in a mixture. 1In this model

the two species are grown together at varied proportions
while overall density of the mixture is msintained

constant,

The behaviour of two or more Species growing
together and interfering with each others mechanisms of
population control is of great interest. An understanding
of the ways in which one species succi?s 8t the expense
of another and the ways in which plant species may
co=habit within a relatively stable community without

one succeading a2t the expense of another, must depend on
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8 knowledge of the manner in which populations are
controlled (McNaughton and Harper, 1960a,b; Harper and
McNaughton, 1962; Harper and Clatworty, 1963; Ramakrishnan
and Jeet, 1972),

The populations of Avens fatus and Avena barbata
have properties of self-regulating systems in which
frequency dependent selections allow stable cowhabitation
of two species, Under experimental conditions, regulation
in both species acted through a plastic response to density
as opposed to a2 predominantly mortal response involving
changes in survival rates (Marshal and Jain, 1969),

The studies by Ramakrishnan and Jeet ((1972) on the
competitive relationship existing between Argemone species
indicate that A, mexicans reacts more sensitively to intra-

specific competition than A, ochroleuca,

Population regulation operates via density-dependent
processes of mortality and fecundity, A density-~dependent
mortality factor is one that relaxes as population density
é;clims, and therehy Slows or halts population dccreasef
When population density increases, a density-dependent
mortality factor kills an increasing proportion of the
population. An example is seen in the relationship
between seedling survival and the original density of
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seeds in the Wisconsin population of Acer Saccharue
studied by Hett (1971). Density~-dependent fecundity

may also regulate population size by the production of
fewer seeds per plant as population density rises (Watkinson
and Harper, 1978; Smith, 1983b).

As plants in a dense population become larger with
age, the density of individuals in the population
decreases due to mortality. As long as the relationship
between mean plant weight and density is governed by a
line with slope «3/2, total plant weight will increase,
This is because mean plant weight is increasing faster
than density is falling and is called *self thinning®.
White (1980) observed this quantitatively in about eighty
species of trees and herbs,

A great deal of literature has accumulated on the
mortality rates of plant populations over about two
decades, Deevey (1947) on the basis of work with different
populations, concluded that, in general, the individuals
follow three tiypes of death/decay pattern,

A cohort with Deevey type I survivorship has low
mortality in early and middle 1life but a3 rapid change
to high mortality later on. Type 1I survivorship is
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typified by a constant death risk throughout the life
cycle, Type III is a pattern of high juvenile and low
adult mortality by long~lived plant species, Juvenile
mortality has been observed in the seedling populations

of various weed species (Hett, 1971; Sharitz and McCormick,
1973; Sarukhan and Harper, 1973; Hett and Loucks, 1976).
This peried seems to occur at the transition stage between"
the dependence of seedlings on seed food reserves, and
their establish ment when they start independent sssimila-
tion. Seedling mortality ma2y be due to factors such as
drought (Tazaki, 1960; Peterson, 1966; Cavers and

Harper, 1967; Friedman and Orshan, 197%5; Marquis, 1975).

In most of the plant population studies the survivor-
ship curves have been found to be Deevey type 1I which
implies constant death risk throughout the life span of
the population. The studies on the mortality pattern
of maize done by Ramaskrishnan and Kumar (1971) also
showed that mortality 4s a continuing risk that
the population has to put up with throughout its life
cycle. However, in Denthorjs caespitoss, Willfsms (1970)
observed Deevey type III survivorship curve with heaviest |
mortality in the early life (ssedling stage). In contrast,
Canfield (1957) observed Deevey type I survivorship curve
with less risk of death in young and middle period of age
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and high mortality risk in old age in Irjichachs catifornice
Baytelous hirsuta and B. chondrosiojdes.

Demography:

A rumber of studies are available now on population
dynamics of perennial herbs, Sarukhan and Harper (1973)
made a detalled study of demography of three species of
Ranunculus in a grassland situation which was subsequently
analysed mathematically by Sarukhan and Gadgil (1974),
Hawthorn and Cavers (1976) studied the demography of the

perennial herb, Plantago major and P, rugeli.

Kushwaha et al, (1981) showed that seedling mértality
increased with the age of the fallow starting with 1, 3,5,
10 and 20 yesrs, after slash and burn agriculture, in

Eupatorjum gdoratum no recruitment occurred in 10- and
20-year old fallows, Ramakrishnan and Mishra (1981) studied

the population dynamics of Eupatorjum adenophorum in
fallows after slash and burn agriculture (jhum) at higher
elevations in north-eastern India and ocbserved a net popu-
lation increase through both vegetative and sexual
reproduction in early successional fallows upto 6 years,
Mortality of seedlings was high in l- and 3-year old
fallows, low in S-year old fallow and reached 100X in
older fallows, Further, they showed that seedling
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mortality was maximum during monsoon although some
seedlings died in winter too, as a result of .drought

and frost., Kushwaha gt al. (1983) studied the population
dynamics of Jmperata cylindrica im successionsl communities
after slash and burn agriculture (Jhum) &in different fallows
of 1,3, and 5 years age and observed that the loss in
poepulation in different fallows was due to reduced light
penetration and greater moisture stress in these fast
developing communities, resulting {n complete elimination
during the seventh year of fallow regrowth, Only the O-
year old fallow, where the plant cover was sparse, had
maximum recruitment, Similar results were observed by
Sharma (1985) while studing the population dynamics of
Imperata cylindgics related to slash and burn agriculture
(jhum) in north-eastern India at different altitudes,
Similarly, & mmber of studies on the demography of

forest herbs are available (Hutchings and Barkham, 1976;
Exnest, 1979; Barkham, 1980 3,b; Cook, 1980; Solbrig et al.,
1980; Holland, 1981; Solbrig, 1981; Wells, 1981;
Bierzychudek, 1982 a,b; Cook and Lyons, 1983; Hutchimgs,
1983).

In plant populations, there are two levels of
population structure: (1) the number of plants and (ii)
the mumber of shoot units per plant, This dualism {s
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particularly ccnspicuous in clone-forming plants, where
not only does the plant develop from single seedling as

a subepopulation of parts, but some of these parts may also
root and eventually become severed from the original,

The result is a sub-population of wholly discrete functional
units, "ramets"™ with the genetic identity of the simgle
individual, "the genet®, Thus, the clonal growth of a
rhizom=tous plant involves the continued reduplication of
discre-te modular units, the ‘ramets' and the sum of

these units representing the fgenet’!, which {s the product
of 8 single zygote (Harper and White, 1974), Recruitment
of new genets is often rape among clonal plants, and the
éynamics of their population s dominated more by the

birth and death of clonal modules than of whole genets
(Noble ¥% 21,,1979). The ability of a single genotype to
form fragmented phenotypes is just one of the variants in
the life-history patterns of modular organisms (Harper

and Bell, 1979).

In most of the studies available on clonal
perennials, ramets were treated as units of population
(Sarukhan and Harper, 1973; Soane and Watkinson, 1979;
Solbrig et al,, 1981; Cook, 1983; Pitelks et al., 1985;
Hartgerink and Bazzaz, 1984), Lovett-Doust (1981)
studied the population dynamics of Ramunculus repens in
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.contrasting habitats but growing on the same substrate,

She concluded that despite the presence of a large viable
seed bank in the grassland soil, germination and establish-
ment of new genets was rare in both sites, Further she
observed that the birth rate of ramets per rosette was
apparently density~independent, but death rate per

rosette was density-dependent, particularly in summer.

She also observed that woodland populations follow an
opportunistic strategy for rapid spread and sampling

of the enviroment whereas a conservative one for conso-
lidation and slower radial spread as in the adjacent grass-
land. Pitelka et al. (1985) too found similar results,
while dealing with Clintonis borealis. Here too no
seedling recruitment was observed, while ramet mortality
was found to be density-dependent,

Plant demography has been used to elucidate aspects

of ecological succession (Sharitz and McCormick, 1972;
Raynal, 1979; Kushwaha et al., 1981y 1083y=Bemakrishnan
and Mishra, 1981; Cook and Lyone, 1983), Comparison of
closely related species (Sarukhan and Harper, 1973;
Hawthorn and Cavers, 1976: Solbrig, 1981; Yadav and
Tripathi, 1981), differences between populations of the
same species growing on contrasting soil types (Bishop

et al., 1978; Ramakrishnan, 1961) populations growing
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on the same substrate but in contTasting vegetation
(lovett-Doust, 1981; Ramakrishnan and Kumar, 1971} and
populations growing at different altitudes (Sharma, 1985;
Papiya, 1981) all have been matter fer discussion.

Age Structure:;

The most reliable method for estimating the age
of perennial specles is to follow the fate of labelled
seedlings or tillers of known age in permanent quadrats,
This method has been successfully used by Tamp (1956,
1972a,b). 1In Apthoxapthum odoratum, Antonovics (1972)
observed that different populations have different
longevity according to their adaptation to 2 particular
habftat and suggested that differences in longevity of
individuals of different populations may be related to
envirommental conditions,

Age structure of a population refers to the . -.
categorization of individuals into various groups represen-
ting different age classes in a population., Age structure
of a2 species may largely determine its sufvivorship.
Williams (1970) and Antonovics (1072) observed differential
decay rates for the individuals recruited at differenmt
times, It also gives valuable information about the
recruitment of new individuals to the peopulation, the
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transition of individuals from one age-~group to another
age-group, the mmber of individuals reproducing and
also the mortality rate as influenced by age (Rabotmov,
1978). Many (Richards, 1952; Emlon, 1972; Schall, 1978)
have suggested that the unstable age structure of plant
species observed may be due to large envirommental
fluctuations that may occur during critical periods in
plant life,

Not much information is available on the population
dynamics of bamboos intheir nstural environment. Kadambi
(1949) observed the ramet population of Dendrogcalamus
strictus to survive until five to six yrars if human
interference was excluded., Based on this data White (1980)
calculated the survivorship of ramets and found them to
be of Deevey type I curve,

ARCHITECTURE AND GROWTH PATTERN

Early work on growth characteristics of trees are
largely confined to their north temperate representatives
(Bisgen and Munch, 1929; Kozlowski, 1964), The generali-
zations made from such sStudies cannot be representative
for all tree specles (Tomlinson and Gill, 1973).
Comparatively fewer investigations have been carried out

on trees of tropical zones., Studies specific to tropical
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tree growth in older literature largely refer to
comprehensive investigations of phenclogy (Busgen and

Muoch, 1929)., The studies of Koriba (19%8) in Singapore
are generalized and essentially comparative in approztch,
This work refers to perlods during which species are visibly
flushing, i.e., exhibiting a2 erop of new leaves usuaslly
associated with shoot extension and it has been concluded
that trees exhibit endogenous rhythms in their growth,

Some specific studies which have investigated the
dynamics of shoot initiation and expansion in tropical
trees include those by Bond (1942, 194%), Halle and Martin
(1968), Purohit and Nanda (1968), Greathouse and Laetsch
(1969), Greathouse et al. (1971), Borchert (1969),
Holdsworth (1963), Taylor (1970, 1975), Scarrone (1965)
G111l and Tomilson (1971), Ramakrishnan et al. (1982)
Boo3h and Ramakrishnan (1982a), Shukla and Ramakrishnan,
(1986)., The classical works of Halle and Oldeman (1970,
1975) and Halle et al. (1978) on the growth and dynmamics
of tropical trees have highlighted the value of systematic
researches on the forests and trees of the tropics.

Extension growths
Extension growth or the elongation of the branch
axes of a shoot system, varies widely among tree species
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in its rate, phenology and underlying morphogenetic basis,
A wide range of extension growth patterns have been
recognized in tree species., On the onehand, there are
species with 2 single flush of shoot growth wholly preformed
in the previous year's overwintering bud (*determinate
growth'), as exemplified by many north temperate species,
Typically shoot elongation in such species is completed
rapidly (less than eight weeks), during favourable
growing conditions which include the longest photoperiod
of the year, On the otherhand, there are species where
more leaves are produced along the leader in a growing
season than there are embryonic leaves and primordia in
the winter bud, This has been referred to as *indeter-
minate growth?,

These two patterns of growth have been widely
recognized in temperate trees, The growth in tropical
trees is more diverse than that in the temperate regions
arnd the periodicity of shoot growth in tropical trees has
been 2 centre of controversy, If recurrént flushes occur
at regular intervals the growth has been termed as rhythmic
or periodic, the same at irregular intervals has been
called as episodic, intermi€tent or recurrent (Romberger,
1963; Zimmermann and Brown, 1971), Halle et al.(1978)
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have collectively placed all these under ‘ '‘broad category
of rhythmic growth m2inly in the context of tropical

trees where time-lag, between different growth flushes

are very small, Thus, they have distinqguished two main
patterns of growth:

(1)  Rhythmic growth = defined by Halle and Martin (1968)
in which shoots have a marked endogenous periodicity of
extension., This term may be regarded as synonymous with
episodic (Romberger, 1963) or with intermittent growth
(Xoriba, 1958), The term ‘rhythmic! may imply a regular
cycle, thouch this §s not intended in the definition by
Halle et al., (1978).

After a period (f0\ dormancy, flushing in tromical .
trees or bud burst in temperate trees, most strikingly
demonstrate rhythmic growth, Flushing largely indicates
rapld expansion of preformed leaves. In many trees with
essentially rhythmic growth, expansion is less rspid and
less obvious, so that the rhythm may have limited
application,

The morphological indication of rhythmic growth in
the mature shoot is a more or less pronounced segmentation
of the axes (referred to by Tomlinson and Gill (1973) as
‘articulate gtowth'), In trees which develop bud scales,
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there may be a series of short internodes or small leaves,
For many trees with rhythmic growth the most conspicuous
feature is the development of groups or tier of branches,
and this periodic production of branches in relation to
rhythmic growth has been referred to as 'rhythmic
branching®.

(11) Contimious growth « in which shoots have no marked
endogenous p#riodicity or extension, It implies that the
apical meristem undergoes no 'rest' or in the more precise
usage of Rombrger (1963) 'quiescence!., The trees in the
tropics which have been described as evergrowing by

Koriba (19%8), come in this category. As little is known
about the physiology of dormancy, the continuous growth

is distinguished by the absence of pronounced morphological
segmentation, A more or less contimuous process of

leaf production {s involved in continuous growth, This

is implicit £n Koriba'’s (19%58) description and in the

type of shoot referred to 8s 'non-articulate! by Tomlinson
and G111 (1973),

Shukla and Ramskrishnan {1986) suggested that
rhythmicity may not of ten have morphological expression,
as implied by Halle et 31.(1978). The phenomenon of
contimious vs, rhythmic growth studied by them is an
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example which fllustrates this, The species which show

a morphological rhythm, such as Duabangs sonpneratoides,

in reality had no seasonal bud dormency in northeeastern
India, unlike the same species studied in Malaysia by Halle
et al. (1978), On the otherhand, species considered to
have continuous growth on the basis of morphology (e.q.

Apthocephalus cadamba) in reality had a distinct period

of seasonal bud dormancy.

The usage of various terms such as {ntermittent
(Koriba, 1958), episodic (Romberger, 1963) articulate
(Tomlinson and Gi1l1l, 1973) for discontinuous growth of
tropical trees has caused considerable confusion, Basically
in tropical trees three distinct categories of growth
pattern were i{dentified by Shukla and Ramakrishaan (1986),
They are: (1) indeterminate = evergrowing, with no dormant
phase, (ii) indeterminate-periodic, with a dommant phase
and (411) determinate, with leaf production and extension
growth restricted to pre~determined leaves from an earlier

dormant-bud phase, Such species may have only one

flush per year as in Engelhardis spicats, !ggg;éggggg and
Myristica linifolia or two flushes; as in Actingdaphne

augustifolia: three flushes as in Castonopsis jndica or
even four as in Chikrasja tubularis (Ramakrishnan and

Shukla, 1982),



Tree architecture;

Organization in trees reflects the precisely
controlled genetic programme which determines their
development, This has been comprehensively described
by the ploneer works of Halle and Oldeman (1970, 1975)
through the concept of architecture, which has permitted
3 typological categorization of growth models, The
visible morphological expression of the genetic blueprint
of 2 tree at any one time is referred to as its architec-
ture, For a tree, the growth programme which deterdines
the successive architectural phases is called as its
architectural model or shorter, its model (Halle et al.,
1978).

Architecture is a dynamic concept distinct from
shape of physiognomy which is static., Similarly, it is
not synonymous to growth habit, which refers essentially
to the ultimately expressed form of the organism (herb,
shrub or tree) and implicates size. Architecture does
not involve size; dimunitive herbs and giant forest
trees may exhibit precisely the same architecture,

Halle and Oldman(1970) has described 23 architectural
models, Each wmodel is named after a botanist who has
contributed to 2 knowledge of the model or has done
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morphological research exhibiting the model. Architec-
tural models have been recognized mainly by criteria
which relate to primary extension growth., Bamboos being
a distinct group have been described under the McClures!
model (Hanc'_e_t; al., 1978),

Branching and axis differentiation:

Unbranched trees are those like single stemmed
palm of which the cocormt is 2 familiar example, remain
vegetatively unbranched because they lack lateral
meristems completely. A number of dicotyledons, of
which Carica papaya is a2 familiar example are archi.
tecturally unbranched and belong to the same model
(Corner's) (Halle et al., 1978).

Branched trees have two modes of branching, The
simplest mechanism for proliferation of a meristem {s
by 1its equal division into two daughter meristems of
initially equal growth potentfal, This &8s called as
dichotomy or terminal branching. Only one architectural
model (Schout?s) has been sccounted for such trees,

Though qualitative spproach followed by Halle
et al, (1978) have helped in a systematic organisation
of tree growth forms, there is no relationship between
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these architectural models and the successional status

of the tree specles, In fact, quantitative d¥ferences

in tree architecture are more significant ecologically
than qualitative differences represented by these models
(Ramakrishnan et al., 1982; Boojh and Ramakrishnan, 1982a;
Shukla and Ramakrishnan, 1986). Thus Dusbangs
soneratioides and Anthocephalus cada one an early
successional species and the other a late successional
one, both belong to Raux' model and yet differ with
respect to growth pattern (Shukla and Ramakrishnan, 1986),
According to them, a8 dynamic and quantitative approach

to growth analysis is essential in order to umderstand
the architecture and growth strategies of trees,

Morphology of branch expression:

The exillary or lateral branching involves the
development at each node of one or more laterd meristems
from the terminal meristem, which may or may not continue
its activity. Axillary branches are formed by two
methods, Syllepsis or prolepsis, The definition of
Spath (1912) as restated by Halle et 31.(1978) for
syllepsis i{s 'the continuous development of a lateral
meristem to establish a branch, without an evident
intervening period or rest of the lateral meristem,
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Hallé et al, (1978) define prolepsis as *the discontinuous
development of 8 lateral bud from a terminal meristem to
establish 8 branch, with some intervening period of rest
of the lateral meristem’,

In monopodial branching, lateral branch meristems
are produced (continuous or rhythmic) bv a3 permanent
terminal meristem, 1In sympodial branching, lateral
branch meristems successively function for a limited
period as a terminal shoot and are successively evicted;
there is mo permanent meristem, Sympodial growth
by substitution occurs when the terminal meristem either
aborts or becomes reproductive and makes no further
contrébution to the wegetati{ve architecture of the
tree, Sympodial growth by apposition occurs when both
terminal and lateral meristem of each unit is evicted
into a sub-ordinaste position and extension growth of
the axis is continued by a vigorous lateral which in its
turn eventually becomes abruptly erect (Koriba, 19%8;
Tomlinson, 1978).

An orthotropic shoot has an erect orientation
(negatively qgeotropic), radial symmetry and phyllotaxy,
most commonly decussate or spiral. A plagiotropic shoot

has a2 horizontal or oblique orientation (more or less
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dfageotropic) and dorsiventral symmetry either by virtue

of a distichous phyllotaxy or of spiral or decussate by
secondary orientation (petiolar twisting of internodes),

The degree of differentiation of a meristem may be changed
either by extternal influence or by modifications of internal
correlations, Of special interest are those woody plants
in which there is no inherent change of expression within

a3 single meristem producing axes of architectural
significance, Such axes are described by Halle and Oldemann
(1970) as mixed axes, Among the several possibilities,

the most distinctive type are those axes in which an
initial orthotropic phase shows a2 pronounced distal

curvature, the site of a future branch complex,
Refteration;

The concept of reiteration of the tree model exists
as an ecological extension of the architectural concept
(oldeman, 1974), At the beginning of tree's life after
germination, it produces the initial model, which is one
of those described by Halle and Oldemen (1970), Later
and under propitious ecological conditions, meristems
which do not initiate any growth during the model's
development, may copy 21l or part of the model, This
copy should not be confused with ramification and is
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called 'reiteration'. Thus, the process of reiteration
is 3 mechanism of architectural adjustment by which the
damaged tree accommodates itself to its enviromment,

In each structural ensemble in the forest, the
different points where bigger reiterations occur, consttute
an irreqular space which is called the inversion surface,
The levels of those surfaces correlate with different
storeys where the tendency to produce always bigger organs
such as stems, reverses and becomes a tendency to produce
smaller organs such as little branches around the crown,
This architectural inversion involves the regulation of
vertical gradients of light and humidity which change to
a8 lower or higher degree than in the average gradient,
Branch and leaf orientation;

Branchirg pattern ic one of the most conspicuous
features of woody plants, Efficacious leaf-display,
minimization of non-photosynthetic tissue (Horn, 1971;
Whitney, 19763 Honda and Fisher. 1978; Boojh and
Ramakrishnan, 1982b; Shukla and Ramakrishnan, 1984a;)
structural strength (McMahon and Krohaur, 1976) and
optimization of translocation (Leopold, 1971; Leigh, 1975)
are the potentisl adaptive functions of branching design

of trees, Species growing in different enviromments
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have adapted different branching patterns and leaf display
characteristics, Whitney (1976) suggested that the
species of closed forests growing under candpy shade are
selected to favour minimization of shading within the
crown and this was quantified through comparative studies
in early versus late successional trees in norté?ast India
(Ramakrishnan et al., 1982; Boojh and Ramakrishnan, 1982¢)
Horn (1971) categorized this type of leaf display as a
non~random, highly structured monolayer. In contrast to
this, trees adapted to open situations would be expected
to approach 8 multilayer state, having a mumber of small
overlapping leaves randomly distributed through the

erown (Hern, 1971).

The geometry of photosynthetic apparstus is an
important featurc in the adaptive mechanism of trees and
has been related to their strategy for light interception
(Horn, 1971; Douglas and Ramsaden, 1973; lang, 1973;
Monsi et al., 1973)., Generally, *the orientation of leaves
in sun positions of the crown or the leaves of the
upper eanopy is such as to enhance photosynthesis and
promote leaf cooling during high solar radiation. 1In
shade positions, leaves orient to maximize the individuval
leaf photosynthesis by displaying themselves in horizontal
monolayers (Horn, 1971; Baker et al., 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 demonstrated
by bifurcation or branching ratio, which is the ratio of
rémber of distal to proximal branches., This type of ratio
was first used to quantify the drainage patterns of stresm
basins (Horton, 1945), More recently it has been used
to characterize the branch networks of binslogical systems,
such 8s trees (Holland, 1969; lLeopold, 1971; Oohata and
Shdei, 1971; Baker gg‘g}.,zygazhon and Kroneuer, 1976;
Whitney, 1976; Thornley, 1977; Niklas, 1978; Steingraeber
et al,, 1979; Pickett and Kempf, 1980; Xempf and Pickett,
1981; Boojh and Ramakrishnan, 1982a; Ramakrishnan et al,

1982; Shukla and Ramakrishnan, 1986),

Oohata aad Shidef (1971) subjected seedling of
Quercus phullyraloides to differe~nt planting densities

and levels of light intensity and found that bifurcation
ratio was insensitive to chang2s in light enviromment,
Whiteny (1976) compared bifurcation ratios of open and
shade grown Fraxinus americana and similarly coneluded
that bifurcation ratio values approach a species specifie
constant, Whitney (1976) further suggested that bifurca-
tion rztio 1s a measure of morpholo¢gical adaptation to a

particular successional status. Thus, the lower bifurca-
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tion ratios are associated with the monolayer late
successionals, while higher ratios are associated with
multilayer display of leaves, characgeristic of early
successionsl species, Recently, Steingraber et al, (1979)
and Pickett and Kempf (1980) have shown that bifurcation
ratio varies within a2 single species growing under
different enviromments, Thus, they found that individuals
from exposed habitats had higher branchinc ratios and in
addition also possessed longer terminal branches than
those beneath the canopy.

However, bifurcation ratio, is considered ¢to be a
relatively crude index of tree architecture, while branch
angle and branch length have been found to have a major
effect on the architecture (Honda and Fisher, 1978;
Stei;gra::her et 3l., 1979; Pickett and Kempf, 1980; Kempf
and Pickett, 1981; Nelson gt 3al., 1981). Recently, the
ecological implication o?éifurcation ratio has been
evaluated through a series of studies by Ramakrishnan and
his ciﬁorkors {Shukla and Ramakrishnan, 1986; Boojh and
Ramakrishnan, 19820.::?’5 Ramakrishnan gt al., 1982),
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LEAF DYNAMICS

Higher plants are all organised as iterations of
a8 basic construction module or leaf with its axillary bud
a2s the construction unit in the shoot (Harper and White,
1974; Harper and Bell, 1979; White, 1979). As s plant
grows new modules are added to the structure and old ones
die, The parts of a modular organism have their own
birth and death rates; a genet has its own internal
population dynsmics and the relative placement of the
modular units determines the forms of the organism,
Form 1s a consequence of dynamics (Harper and Bell, 1979),
and the dynamic concept of architecture interprete plant
growth in terms of the organized accumulation and flux of
specific constructional units (buds, leaves etc.) as the
blueprint,

Leaf and its axillary bud are the smallest module
of the organized structure in higher plants and leaves
m3y have many properties associated with members of
populations, e.g. they may incresse in rnumber exponentiaslly
in a rapidly growing plant, they have juvenile, mature add
senescent phases, death-rates and survivorship curves,

Bazzas and Harper (1977) have shown that it is relatively
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easy and rewarding to describe the growth and resction
of plants to different enviromments by applying demographic
procedures for the analysis of populations of leaves,

Though some aspects of leaf demography of tree species
have been worked out like census (Busgen and Munch, 1929),
longevity (Gill and Tomlinson, 1971), age~structure
(Kinerson et al., 1971) or abcission strategles (Kozlowski,
1973; Addicott, 1978), very few (Boojh and Ramakrishnan,
1982b; Shukla and Ramakrishnan, 1984a) studies are
available on the leaf dynamics of plants in successional

enviromments and {n relation to their adaptive value,
Leaf productions

Leaf production «<stimates have been of interest to
foresters and horticulturists (usually as a part of wider
studies on productivity)., The early studies on leaf
production estimates have been reviewed by Busgen and Munch
(1929), With the increased emphasis on the role of leaf
biomass in ecosystem studies and primary productivity
(Baskerville, 196%; Satoo, 1970), later investigations
were carried out on changes in leaf production over time
in mono-specifiec stands (Rennie, 1955; Ovingteon and
Heftkamp, 1960; Switzer et al., 1967; Wieqgert and Monk,
1972; Marks, 1974) and mixed species forests (Covington
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and Aber, 1980), and alaptive leaf population flux
(Boojh and Ramakrishnan, 1982b; Shukla and Ramakrishnan,
1984a),

Leaf longevity:

Most leaves are determinate in growth (though a few
are not and retain a functioning apical meristem, Halle
et 21,, 1978) and have a determinate life span, Within
a specles this life span may be envirommentally determined,
Leaf populations undergo mortality over & time period,
Survivorship curves best reppesent this pettern and have

been constructed for various specliess Ables veitchil

(Kinerson et al,, 1974); Actinodaphne longifolja (Yuwaka

et al,, 1977); ledum groenlandicum, Kalmia polifolia,
Chapaedaphpe calyculata (Reader, 1978); Linum usitatissimum
(Bazzsz and Harper, 1977); Viola sororia (Solbrig et al.,
1980), Without exception they all show Deevey type I
survivorship curve (Deevey, 1947), where there is an
initial period of constant low probability of death followed
by a rapidly increasing risk, Recently, Boojh anc
Ramakrishnan (1982b) have shown differential survivorship
curve patterns for early versus late successional trees

in a sub=tropical montane forest in north-east India,
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In plants that carry cohort of leaves for more
than one year an age structure may develop 4f succssive
anmial cohorts overlap, Studies on leaf age-structure
exist for certain species since the physiological signi-
ficance of leaves of different age classes affect tree
productivity (Linson, 1958; Woodman, 1971; Kinerson et.al.,
1974), The studies done on early versus late successional
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 activities in forests, He has propssed that
the most advantageous strateqy of leaf replacemat in a
perennial plant in 3 seasonal enviromment would be
retention and photosynthetic use of an old leaf until a
new leaf 1s grown, Such a strategy would result in
maximum leaf fall during the optimal growing season or
to a continuous level of leaf fall if new leaf growth were
to be continuous, In fact, seasonal cold or drought

stress i{s usuzlly present and leaves must be shed to
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minimize the effects of this stress, In the lowland
tropical forests, leaf fall has been found to be maximum
in the dry season particularly at the end of the season
(Hopkins, 1966; Fittkau and Klinge, 1973; Frankie et al,,
1974; Boojh and Ramakrishman, 1982; Shukla and
Ramakrishnan, 1982), 1In some tropical forests the
maximal leaf fall has been reported during the wet
season (Cornforth, 1970; Edwards, 1977; Jackson, 1978;
Brassel et al., 1980).Khiewtam (1986) has shown a
second significant peaking in wet season leaf fall ir;“a
sacred grove at Cherrapunji., The only forests found to
have non-seasonal leaf fall are Malaysian Dipterocarps
(Bray and Gorham, 1964), which are characterized by
relatively uniform climate,

SECONDARY SUCCESSIOMAL PATTERNS

The pattern of secondary succession and the
rapidity with which a forested community develops depends
upon the degree of destruction and the clearing of the
under-ground propagules of the community that existed
prior to this operation. In north-east India the length
of the slash and burn agriculture (jhum) cycle (inter-

vening fallow phase betveen two successive croppings at
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the same site was shown to play an important role in
determining the pattern of vegetation development
(Ramakrishnan et al., 1981), The pattern of secondary
succession in the fallows during the first few years when
weedy species dominate, varies considerably depending
upon the jhum cycle and the intensity and duration of
cropping. Thus, Toky and Ramakrishnan (1983a) reported
four types of early succession where herbaceous
communities dominate, This phase is then replaced
gradually by bamboo and shrubs and trees, If the jhum
cycle is very short, succession would be arrested
indefinitely 2t the pioneer weed stage (Saxens and
Ramakrishnan, 1984b), This was also noted under *Lua’

forest in Thailand where Eupatoriue gdoratum is a2
predominant weed (Zinke ot al., 1978),

Clements (1916) and Odum (1969) proposing 3 'relay
floristic model? pointed out that here each set of
species makes the envirorment less favourable for itself
and more favourable for the following set of specles,
Such a8 replacement continves until community reaches its
climax stage. Egler (1954) proposed 'initiel floristic
composition' dominates the subsequent stages of succession
after a major perturbation. Saxena and Ramakrishnan (1584b)
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found that the early stages of secondary succession
following the burning tended to confirm closely to the
initial floristic composition model, under shorter jhum
cycles of 4 and 6 years, but followed the relay floristics
wmodel under longer jhum cycles of 10 and 20 years, Further,
the studies of Toky and Ramakrishnan (1983a) and Mishra and
Ramakrishnan (1°83¢) 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 suecession in
terms of the properties and evolutionmary strageties of
the individual specles, Succession was explained as a
displacement of r-strategists adapted to dispersing
and colonizing unoccupied sites by K-strategists,
emphasizing on the efficient exploitation of the site
(Loucks, 1970; Pickett, 1976), The strategies. of early
colonizing annual (Saxena and Ramakrishnan, 1984c¢c) and
perennial (Saxena and Ramakrishnan, 1984b) herbs during
secondary succession after slash and burn agriculture
has been worked out and two reproductive pathways, one
a8 heavy seed production strategy and another a high
allecation to vegetative propagation have been suggested,
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Pickett (1976) stated that amelioration of the
enviromental extremes takes place during vegetation
developmwent and thus succession is a temporal gradient
from high stress to low stress taking into consideration
other plant interactions like allelopathy, nitrogen
fixation and herbivor’ﬁredator effects, Grime (1974;
1977) described three primary strategies in plants which are
related to their ability to withdtand disturbance,
competition and stress, According to him, 'stress® is
any factor that reduces the biomass, including shading
and nutrient depletion, except conp;;tlon. He, explained
that succession to be a process leading to a8 more
stressful enviromment rather than amelioration of the
enviromment as envisaged by Pickett (1976). Grime (1977)
described succession as the replacement of species
essentially with ruderal strategy by specles with
increasing stress tolerance., As the productivity of

the site increases during succession, the shift is
towards a competitive strafigy.

Cornell and Slatyer (1977) proposed three distinct
successional pathwayss (1) facilitation pathway, similar
to classical relay floristic pathway that operates in
primary successions (Lawrence et 23]., 1987; Reiners et al,,



« 35,

1971); (41) tolerance pathway which assumes that later
successional species to be successful, whether or not
early successional species have preceeded them, However,
this has not received evidence so far (Noble et 21l., 1979);
(111) inhibition pathway describes situstions where later
species cannot grow to a#turity in the presence of

sarlier ones (Keever, 1950; Parenti and Rice, 1969),

Whittakar and Lavine (1977) described four types
of vegetation succession: (i) replacement succession
which is similar to the relay floristic model, (i1)
direct succession that assumes ré?stablishment of the
pre-existing species after disturbance as in deserts
and tundra, (111) cyclic succession that refers to the
cycles observed in chapparal due to recurrent fires,
and (iv) mosaic succession that refers to the localized

changes during vegetation succession,

Noble and Slatyer (1977) identified a variety
of vital attributes, that determine: (i) methed of arrival
or persistance of the species at a site during and
after the disturbance (i1) ability to establish and
attain maturity in 2 developing community and (111%)
time taken for the species to reach eritical stages
in the life history, They emphasized that vital attributes
may form the basis of evolutionary trends during

succession,
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PLANT STRATEGY AMALYSIS
Grewth and mutrition:

Light has been recognised as a major factor
inf luencing the replacement of Species during secondary
succession (Marks, 1974; Bazzaz, 1979). In general,
compétidion for light and nutrients increases through
succession, During early succession rapid growth, which
depends upon abundant resources, is advantageous, Later
in succession such resources may be less available, 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 differential
strategy for early vs, late successional trees have
been shown by Ramakrishnan and coe-workers through a
series of studies (Rsmakrishnan gt al., 1982; Boojh and
Ramakrishnan, 1982a; Shukla and Ramakrishnan 1986).
Ruderal and competitive species have higher relative
growth rates compaged to stress tolerant species (Grime,
1977). This indicates slower relative growth rate in
late succession, both due to the high expenditure of
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carbon in maintenance of living but non-productive
tissues and decreased mineral availability to support
further growth., Late successional species seldom exhibit
high relative growth rate of early invaders, Their low
relative growth rate puts them at a disadvantace in
early succession, but because of their hicgher tolerance
limits of low annual resources these species maintain

8 positive relative growth rate even in late succession
and eventually become dominant (Grime, 1977; Connell and
Slatyer, 1977; Ramakrishnan et sl., 1982),

Nutrient requirement of secondary successional
species is important to predict the successional changes
specifically in nutrient poor soils in fields abandoned
after cultivation, Such species are expected to have
efficient system to withstand the lower nutrient availability
in the soil (Vazques-Yanes and Gomez-pompa, 1974),

Kellman (1969) sugoested low nutrient requirements for

early successional species and an increase in the

resources apparently did not affect the course of

succession, A similar conclusion was also made by

Hartcombe (1972) through his studies on Cercopia obtusifolia.
West and Chileote (1968) explainod'ﬂaﬁﬂhe disappearance

of Senecio sylvaticus in the second year after slash and
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burm of douglas fir areas was due to its high mutrient
requirement, and decrease in nutrient availability
particularly of nitrogen and phosphorus, in soils after
one year of vegetation development,

Chapin (1980) stated that plants with high
relative growth rates have high nutrient requirement to
support new tissue production and rapid root production
and leaf turnover, At the opposite extreme, infertile
soils are most successfully exploited by stress tolerant
species whose inherently low growth rates can be
adequately maintained by their low capacities for
photosynthesis and nutrient absorption, Fast grow£:}ng
tree species such as Pinus kesiya in nutrient poor
soils however, adopt a strategy for rapid nutrient
turnover rates so that a high flux of soil nutrient
pool is maintained (Ramakrishnan and Das, 1983; Das and
Ramakrishnan, 198%),

A high efficiency of nutrient use, generally expressed
as dry matter production per gram nutrient (inverse of
tissue concentration) has been suggested to be an
adaptation to nutrient stress (Lone{féan and Asher, 1967;
Jefferey, 1968; White, 1972; Garten, 1978). However,

such an evaluation may be sometimes misleading when there
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is luxury uptake and large vacuolar storage of nutrients
(Bieleski, 1973; Haymes and Goh, 1978). Small (1972)
suggested that respiration, photosynthetic or net
assimilation rates per gram nutrient uptake may be 2

more strong expression of nutrient use efficiency, In-
fact, information on these aspects are meagre. Recently
through a series of studies on nutrient uptake and use
efficiencies of species, Ramakrishnan and co-workers .
(Sexens and Ramakrishnan, 1983a, 1984a, 1986) drew attention
to the adaptive value of this paramete® over a successional

gradient of enviromment,
Resource allocation and reproductive stragegy:

Cody (1966) put forth a concept based on the
principle of allocation, which says that organisms have
certain limited energy available to spend for different
life purposes, Harper and Ogden (1970) applied it for
the first time to Senecio vulgaris, and pointed out that
the proportion of allocation of biomass may reflect the
pattern of energy allocation provided there is stromg
correlation.between <total biomass and total calories,
This was later supported by others (Hickman and Pitelka,
1975), Harper and Ogden (1970) also suggested certain

major patterns of energy allocation in annual, biennial
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and perennial plants based on quantitative analysis,

In annual plant species much of the energy {s devoted

to reproductive structures whereas in perennials emphasis

is given on storage of energy for future growth and
development, at the expense of the reproductive budget
(Hickman, 197%; Peterson and Bazzaz, 1978; Bell et al,, 1979),

McArthur and Wilson (1967) pointed out that
organisms in an open enviromment are selected for greater
reproductive potential (r-selection) where as organisms
in a2 closed environment are selected for greater
competitive ability (k-selection). Gadgil and Solbrig
(1972) expanded the concept of r« and keselection in
plants and tired to formulate them more rigorously., They
emphasized on the r-strategy by invoking patterns of
mortality rather than *fullness® of habitat, The central
idea of r~ and k-selection has been considered from a
number of other aspects like duration of life cgcle and
propagation ability in a crowded or uncrowded enrviromment
(Fischer, 1958; Williams, 1966; Gadgil and Bossert, 1970;
Pinaka, 1970; Wilber et al., 1974). Abrahamson and
Gadgil (1973) suggested that the reproductive effort
should decrease under :8haded conditions, as more

emphasis is given for vegetative growth, for survival
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of the plants here, Similar resource allocation
patterns have also been shown by a mmber of other
workers (Abrahsmson and Gadgil, 1973; Gaines et 2l.,
19743 Roos and Quinn, 1977; Saxena and Ramakrishnan,
1984a),

The importance of stress and disturbed condition
in the allocation of biomass was considered by Grime
(1974), *Disturbance® was defined by him as any
factor that limits and cause destruction of biomass like
herbivory, pathogenicity and human activities, Thus,
Grime (1974, 1977) recognised stress tolerance as a

strategy of plants under umproductive erwiromments,

While considerable work has been done on the
allocation of biomass or energy to different life
purposes, very few studies are available on the
allocation of rnutriernts which is also equally important
in the evolution of reproductive stragegy, particularly
in situations with limited supply of nutrients (Harper
and Ogden, 1970; Van Andel and Vera, 1977), Saxems
and Ramakrishnan (198%3-studicd the growth allocation
pattern and nutritional status of some dominant annual

weeds under successional enviromment and ohserved
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differences in their biomass and nutrient allocation
pattern, Reproductive allocation of nitrogen and phosphorus
was hicgher than that of biomass and potassium in these
annuals, They further showed that allocation of biomass
and nutrients to leaves decrerased during growth and this
was more pronounced at the time of reproduction. Saxena
and Ramakrishnan (1983b) alse studied the grov'th and
allocation pattern of dry matter and nutrients in four
important perennial weeds, Thcy observed that the
perennikls often tend to allocate more to wegetative
reproductive organs compared to the allocation to

sexual reproduction, Further, C, perennials such as
Imperata cylindrics and Thysonolenps mexima were shown
to be adapted to survive under nutrient poor microsites
of 3 heterogenous soil as opposed to C; species which
were often confined to nutrient rich microsites (Saxena
and Ramakrishnan, 1984c). This is because of the high
nutrient use efficiency of C, species particularly with
respect to nitrogen compared with C, specles,

PRODUCTIVITY AND NUTRIENT CYCLING UNDER EBARLY SUCCESSIOMAL
ENVIRONMENT

A sharp increase in the above ground biomass

occurs during secondary succession. According to Lugo
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(1973) maximum biomass value for tropical forests is
approached in about 30 years at a level of 250 t/he,
whereas for temperate forests it was about 490 t/ha is
about 170 years only (Bormaé?énd Likens, (1979), Thus,
a3 steady-state for biomass §s reached over a shorter
time period in the treopical than in the temperate

forests,

The rate of accumulation of biomass is faster in
the early stages of succession but may decline in the
subsequent y~ars. The rate also depends upon the type
of initisl vegetation established and other environe
mental conditions (Uhl and Jordan, 1984; Toky andC:
Ramakrishnan, 1983a; Mishra and Ramakrishnan, 1983().

During development of vegetation, a part of the
nutrient pool is stored in the vegetation and part is
returned to the surface soil by rain, wash.out from
leaves and twigs, through litter and twig fall, and
in the form of dead roots and root exudates, The
soil humus also increases during fallow period, chiefly
as 3 result of litter fall. High litter production
during secondary successional stages compared to the
mature stage was reported by many workers (Ewel, 1976;
Toky and Ramakrishnan, 1983b; Mishra and Ramakrishnan,
198:2‘; Uhl and Jordan, 1983),
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A large body of information is available on nutrient
cycling in forested ecosystems (Laudelot and Meyer, 19%54;
Greenland and Kowal, 1960; Odum, 1970; Stark, 1970;
Golley et 2l., 1977; Toky and Ramakrishnan, 19833; Mishra
and Ramakrishnan, 1983¢c)., Some patterns are suggested
for tropical forests: (i) the uptake and return of
nutrients may be grrater per year in tropical forests
than in other types of vegetation, (11) a larger proportion
of the entire chemical inventory of the system is held in
the vegetation, (111) in tropical forests the percentage
of the vegetation in green parts, the provortion lost
per year as litter, and the rate of decomposition of the
litter are greater than in temperate forests and (iv)
the rate of uptake is strongly influenced by the rate of

evapo-transpiration,

Mineral cycling pattern varies with the nutrient
supply to the System, with the time available for the
system to develop on the site, and aslso the envirormental
conditions, The accumulation of nutrients and their
release through litter fall increases with the age of the
fallow and become stabilised in mature forests (8tark,
1971a,b; Toky and Ramakrishnan, 1983b; Mishra and
Ramakrishnan, 1983c).
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The role of rapidly growina successional species
in the restoration of disturbed ecosystems has recently
become a problem of considerable interest. In general,
rapid revegetation of a disturbed site decreases nutrient
losses by an interaction of several factors (Marks and
Bormann, 1972), The channelling of water into evapo-
transpiration cuts down on losses of nutrients in runw.
off and erosion, Shading decrease soil temperature,
which results in lowered decomposition and nitrification
rates and reduced supply of water-soluble ions available
for removal of drinage water, Growing vegetation also
reduces nutrient losces by incorporating nutrients
into developing biomass (Vitousek and Reiners, 197%).
This reduction of nutrient losses by developing plant
biomass has important consequences for ecosystem
stability, Ecosystems that recover nutrient cyclimg
capability more rapidly (i.e, nutrient uptake equivalent
to potential losser) can be considered more resilient and
thus more stable, Marks (1974) investigated functional
role of a successional species such as pin cherry
(Prunus pensylvanica) in disturbed areas of northern
hardwood forests, Pin cherry is a rapidly growing species
which of ten occurs in dense stands in disturbed sites,

It appears to be effective in preventing nutrient loss
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by the rapid accretion of elements into its biomass, Marks
concluded that pin cherry ‘promotes ecosystem stability -
by bilotic requlation of ecosystem functions!, 1In

another study Harcombe' (1977a,b) experimentally analysed
the role of successional vegetation in retaining nutrients
within disturbed tropical forest ecosystem, Further,
Foster et al. (19780) studied the effect of ragweed
(Ambrosia artemissifolia) on nutrient cycling in 2 one
vear o0ld field and showed 1ts conservatory role of
nutrients, In north-eastern India Toky and Ramakrishnan
(1982) analysed the role of Dendrpcglamus hamiltonii,

a bamboo in mutrient conservation during secondary
succession after slash and burn agriculturi (3hum) and
showed thst this species has the ability to conserve

an important element such as potassium, Similarly,

the early succcssioquwo'ds under slash and burn
agriculture system drastically check run-off and infiltrae
tion losses of nutrients and sediment losses in the very
first year of the fallow phase after cropping (Toky

and Ramakrishnan, 1981?; Mishra and Ramakrishnan, 1983a;
Ramakrishnan et al., 1981),

Nutrient budget analysis under slash and burn agriculture:

The long term sucéess of slash and burn agriculture
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depends upon the recovery and maintenance of soil
fertility (Ramakrishnan gt al., 1981; Ramakrishnan,
1984b), If the nutrient lost or displaced during the
short period of cultivation are approximately balanced
by those replaced during the fallow period, the system
could contirue indefinitely (Mishra and Ramakrishnan,
1083h; 1984), The maintenance of soil fertility
in hot, humid and high rainfall area is a serious problem
and is more severe in situations where the cgcle has
become shorter, due to poor recovery of soil fertility
and increased intensity of weed competition., This
in turn results in reduced crop yleld under short cycles
(Nye and Greenland, 1960; Waters, 1971:; Toky and Rama-
krishnan, 198la; Mishra and Ramakrishnan, 1983b),

When the forests are cleared and the debris {is
burnt, all the cations are released on the surface soil
as ash, Heavy losses of carbon, nitrogen and sulphur
occur due to volatilization during the burn (Nye and
Greenland, 1960; De las Sales and Folster, 1976;
Ramakrishnan and Toky, 1981; Mishra and Ramakrishnan,
1983b; 1984), For phosphorus, though there are no
obvious mechanisms of volatilization, losses are reported
through convection via particulates to the atmosphere
(Freedman, 1981). There are conflicting reports on
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addition of phosphorus t!:\rough fire, (Nye and Greenland,
1960; Stark, 1971; Stromgaard, 1984) and others suggesting
some losses for phosphorus through fire. and this was
corroborated by Swamy (1986) in a slash and burn agriculture
system,

Carbon and nitrogen losses occurred from the
slash and burn agriculture system during and after a
year of cropping period (Nye and Greenland, 1960; Zinke
et al,, 1978; Ramakrishnan and Toky, 1981; Mishra and
Ramakrishnan, 1983d), Similar to carbon. ‘losses, there
is also a net loss of nitrogen after cropping compared
to that of the pre~burn soil pool. Nitrification after
the burn is shown to be accelerated due to high microbial
activity, due to rise in pH and temperature of the
surface soil (Griffith, 1949; Moore and Joyebo, 1963;
Ahlgrén and Alilgren, 1965), This increase is attributed
partially to the removal of chemical inhibitors (Reed,
1951; Smith et 21,, 1968; Rice, 1974; Saxens and Rams-
krishnan, 1984b). Deforestation for shifting sgriculture or
other needs has a major impact on both the amount and
relative proportions of water, dissolved substances and
particulate matter lost from the system, Moreover, the
total concentration of cations in the soil solutions
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depends upon the concentration of anions. A high level
of nitrate ion due to increased *biological activity’
(Ahlgren and Ahlgren, 1960; Wells, 1071) after burning
balances a corresponding concentration of cations in the
soil solution and therefore heavy losses through water
occurs (Bormann et al,, 1968; Lewis Jr., 1974), The loss
of water, nutrients and sediment gets reduced as crop
and weed cover /establishizfoky and Ramakrishnan, 1984?2
Mishra and Ramakrishnan, 1983d), with a transfer of

nutrients from soil to the plant biomass,

STATE OF KNOWLEDGE OF BAMBOO STWDIES

Taxonomys

Bamboos of the old world have received taxonomic
attention since the comprehensive treatment of 1839
by Ruprecht fn Leningrad, based on herbarium specimens
and the literature upto his time, This was followed
in 1868 by the more extensive work of colonal Munro
whose excellent descriptions, notes, and system of
classification have been a basis for subsequent studies,
In the same period, Sulpliz Kurz was travelling in Javs .
and came to know and study bamboos in the field, His
treatment of bamboo and its uses (1876) contains a
storehouse of field observations ofi those of the Indian
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subcontinent and Malayan archipelago. Further attention was
paid to Asiatic bamboos in the monograph by Gamble (1896)
who treated those of Burma, Indla, and Malaya, Additional
treatments of bamboos of this region were prepared by

Bor (1938, 1940) for Assam, by Rhind (1945) for Burma,
and by Holttum (1958) for the Malay Peninsula, The
bamboos of Java were covered by Backer and van den Brink
(1968), but those of the remainder of this large
assemblage of islands, including such bamboo rich areas
as Borneo and Sumatra, have not been treated, Holttum
(1967), however, prepared an account of the bamboos of

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

treatments on those of Thailand and Taiwan, The
Philippine bamboos, although not revised as a group,

have been covered by Merill (1923-2%5) and Brown (19%51),

Taxonomic accounts of the bamboos of China
appear in the many publieatibns of F.A, McClure (1973)
who spent most of the years between 1919 and 1940 in
Canton where he developed a lifelong interest in these
plants, Besides McClure, Keng Yi=li and Keng Pai-chieh, have
studied the bamboos of China and published descriptions of
many new species, and keys to the Chinese species appear
in publications by Keng Yi-1i (1933); and Keng Pai-chieh

(1948).
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In japan, where bamboos are so important, both
economically and culturally, the literature is veoluminous,
Among these are the papers by Makino and Shibata (1901)
on the genus §§§§; numerous publications by Nakal (1925;
1942}, and the comprehensive monograph by Takenouchi (1932)-
The most common species were recently treated by Ohwi
(1965). The older studies of Japanese bamboos are
widely revised by Murot (1956) and others,

The bamboos of Africa are treated in scattered
publications such as those by de Wildeman (1920),
Alvino (19%0), Robyns (19%5), and Clayton (1970),
Those of the Malagasy Republic have been treated in
various publications by Lin (1967).

McClure (1973) published a paper on the genera of
new world bamboos, those of the austral part of the
American continent are covered in the publications of
Parodi (1936, 1941, 1945) that deal with the genera and
species of Argentina and Chile, McClure and Smith
(1967) presentec a revision of bamboo geners and species
of the Brazilian state of Santa Catarina,

Ecological attributes:
There are many accounts in Asia of the spread of bamboo
into disturbed habitats, Forests of Vietnam destroyed
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by deliberate firing and warfare in the precent century
have resulted in clearings where bamboos have been able
to take hold. A recent report by Drew (1974) states
pure bamboo populations taking over where forests are
destroyed, provided they are oresent in the area ss in
Thailand where colonies of the bamboo species Thyrsostachys
invade the land cleared of teak forests, 1In lLaos,
extensive tracts of glant bamboos now cover areas that
many years ago Were cleared for cultivation (Soderstrom
and Vvidal, 1975}, The typical kind of information available
for bamboos of the old world is provided by Troup {1921)
for Meloganna bambusoides Trin, This "is a typically
gregarious bamboo, and occupies extensive tracts of
country in the Chittagong and Arakan Hills, where the
destruction of tree-growth by shiftimg agriculture has
over considerable areas produced 3 veritable sea of
bamboo resulting from culms which have spréng from
rhizomes remaining alive in the ground after the tree-
growth has been destroyed®, Haig et 81.(1958) also
mention that as a result of shifting agriculture, huge
expanses of grass and bamboo forests are established

in Asfa, In the north-eastern region of Indfia bamboos

form a major component in communities developed af ter
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slash and burn agriculture (Jhum) (Ramakrishnan et al,,
19813 Toky and Ramakrishnan, 1983a),

Because of bamboo's economic importance in that
country, Japan has taken the lead in ecological studies,
These studies have dealth with species of temperate
or warm~temperate genera such as S3sa and Phyllostachyus,
Like most temperate species, these have rhizomes of the
running type which permit the plants to spread over wide
areas quickly, the tropical bamboos, such as these found
in Amazonla, are adapted to much warmer conditions, and
have abbreviatec rhizomes that form bamboos of the clump
type., It is probable that the ecological studies carried
out on these bamboos in Japan will not be applicable, .-
except in general terms, to the tropical species, because
both habit and habitat are so different,

In tropical America the native Indians lived in
harmony with the forest, and large-scale clearings
and destruction did not come about until after the proli-
feration of European settlements (Meggers, 1971), Where
civilizations did develop in the New World, they centered
around another grass, maize, Native bamboos, of course,
have been and still are utilized by the native people, but they

have never become a dominant feature of the vegetation
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as they have in Asia, This is doubtless because, they
are kept in balance with the natural unaltered forest
ecosystems, Scanty as it is, the knowledge of bamboo
ecology was brought into focus with publication of a
book, ™Ecology of Grasslands and Bamboolands of the
world®, edited by Mumata (1979),

Studies on the role of bamboo in forest duccession
are, however, rare, Some accounts on the productivity
of bamboo was carried out by Hozumi et al,, (1969) in .
Cambodia, Biomass studies of pure bamboo stands in
Laos were made by Soderstrom and Vidal (1975), Huberman
(1950) and Ueda (1960) estimated the dry-matter yields of
some managed bamboo stands. Oshima (1961) reported
aboveground biomass of 14,1-114 t ha™F for four Japanese
species qf Sasa bamboos. Aboveground biomass of
Arundinaria alpins K. Schum which attains maximum heights
of 20 m in highland Kenya, is approximately 100 t ha™}
(wimbush, 1945), Dry matter production of two Chusguea
species in South-Central Chile was estimated by Vablen

et 8]. (1980),

Natural propagation of bamboo mainly takes place
asexually through extensive rhizomes, Uchimyra (1980)

on the basis of this extensive studies on bamboo
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R
implicated rainfall and nutrien:w:7aiéf2itluo ma jor
ati

factors determines shoot elong;\ in bamboo,

The flowering of bamboo has been &8 matter of
special interest and it waries depending upon the species
of bamboos whith some species of bamboos show periodical
fiowering. The bamboo culm may die after flowrring in
some Species, whereas in others they may not die even
though the culm is defoliated and weakened temporarily.
Several theories were formulated about flowering of bamboo;
(1) Pathologica2l theory, destruction of bamboos through
casual organisms like nematodes, fungi, insect pests and
parasites brings about flowerimg (Koide, 1882; Shirai,
1908), (11) Periodical thecry, & cycle of bamboo regeneratinn
through asexual method through rhizome and culm elongation,
reaching maturity and then resulting in flowering (Kawamura,
1927; Masumura, 1971; Kataysma, 1978), (1i1) Mutation
theory, bawbco regeneration through any methods of asexual
propoagation is considered as mutation, resulting in
flowering of bamboos (Kasahara et al., 1969), (iv) Nutrition
theory, Flowering and fruiting are usually the results
of a physiological disturbance arising chiefly from the
poor crowth of the vegetative cells, brought about by an
imbalance of carbonenitrogen ratio (Muroi, 1962; Ueda, 1960),
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{v) Man-made theory, clear cutting and fire are mane
made practices that can induce bamboo flowering
(Uehimura, 1980),

All these theories are only observations and in
order to determine which. of the theories are profitable
for each of different species, there is a need to know
the meteorological factors or conditions that induce
flowering. 1In cdnclusion, it may be noted that our

knowledge on bamboo flowering is mégre.
PRESENT STUDY

Slash and burn agriculture populsrly called *jihum®
in India 2nd also in the north-east, and variously termed
locally in the country (Tekenglu i{n MNagaland, Dawar or /
Dipa if Madhya Pradesh, Kumri in Western ghat region or
podu in Orissa) is a common land use practice in the
humid tropics throughout the world (known as Milpa in
Central America, Zande in Africa, Chena in Sri lLanka,
Kaingin in Philippines and Tsembaga in Papua New Gutnes),
It involves slash and burn of the vegetation followed
by mixed cropping for a year or two before the land is
abandoned for natural regeneration for a few years and

before coming back to the same site for cropping. This
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fallow period between two successive croppings at the
same site representing one cycle was fairly long in
northeeast India (20«30 years) in the past, However,

in the recent past, it has come down to 4=5 years due
%0 increased population pressure and reduced acreage,
This has often resulted in an arrested succession at the
weed stage (Saxena and Ramakrishnan, 1984b), which in
turn has drastically degraded the quality of enviromment
in terms of vegetatiomal cover and soil fertility (Rama-
krishnan and Toky, 1981), This was critically reviewed
by Ramakrishnen (19853} bssed on over 2 decade's research
of his group. In another review (Ramakrishnan, 1984b)
he also focussed upon the science behind the rotational
bush fallow agriculture (jhum) and its vaiuve for an
integrated development of the tribal arcas of the
north-east India,

As a result of petturbation to the forest ecosystem
by man or by natural means, such as fire drastic changes
occur in the environmment in the tropies and subtropics,
due to their fragile nature, Considerable attention has
been given to study the processes involved in the recovery
pattern through a descriptive aporeach (Kenoyer, 1929;
Budowsky, 1961), evolutionary approach (Gomez~-Pompa,1971),
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population approach (Sarukhan, 1964) or an ecosystem
approach (Franforth and Golley, 1974; Ramakrishnan

st 8l 1981). However, our knowledge of the adaptive
strategy of individual species under varied erwiromments
after perturbar>tion is more important for better under-
standing of the vegetation recovery pr&coss. The need
for such studies was emphasized by many workers (Gomez-
Pompa and Vazquez-Yanes, 1974; Golley and Medina, 1975;
Bazzaz, 1979; Toky and Rarmskrishnan, 1982; Saxena and
Ramakrishnan, 1988&c).

Bamboos form an important component of secondary
successional fallows upto about 30 yrars and fallow
regrovwth after slash and burn agriculture in northe
eastern India, The preSent study deals with demography and
population dynamics, growth and architcctur%:( strategies,

and leaf population dynamics of two important species
and

of bamboo, namely Dendrocalamus hamiltonlj "“7 Arn, and
Neohonzegua délioa A.Camus, An attempt has also been

made to malue the role of bamboo in the socio-cultural
1ife of the one of the tribes of the reclion, namely,
the Khasi in east Khasi Hills district.
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Fig. i. Location of study area in north-eastern
India., 1. Lailad; 2. Umpri; 3. Unmroi;

4. Machipani and 5, Chenkii.
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Fig, ii., Ombrothermic diegram of the study area (Lailad)
1983, Closed circle, mean monthly maximum
temperature; Open circle, mean monthly minimum

temperature; Bars represent monthly rainfall.,
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The present study was done at the lower
elevations of northeeastern hill region of India,
While detailed analysis of demography and population
dynamics, studies pertaining Architectural analysis and
adaptive strategies were done at Lailad, in Khasi Hills,
for role of bamboos in shifting agriculture and socio~
economic analysis studies, Machipani in Garo Hills,
Chankii in Naga Hills, Umpri and Umroi in East Khasi
Hi{lls district of Meghalays were selected (Fig.i).

The pre-cambrian rocks are represented by gneiss,
schists and granites, The soil is a red sandy loam of
laterite origin, with pH 5-7, The angle of the slope
generally ranged from 20° to 40°%;,

As all the study sites have similar climatic
conditions the details of Lailad climate 3s given
here (Fig, 1i). The climate has three distinct seasons:
(1) a brief summer extending from mid-February to May,
(41) 2 rainy season from May to September and (1ii) a
mild and relatively dry winter from October to mid-
February, The average maximum temperature during the
summer period was 30,7°C and the average minimum was
14,4°C, 73% of the annual rainfall of 1800 mm occurred
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during the rainy season, The average maximum temperature
during the rainy season was 31.49C and the average
minimum was 24.1°C. whilst that for winter months were
26.5°C and 10,8°C respectively.
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CHAPTER 1
COMPARATIVE ANALYS1S OF THE POPULATION DYNAMICS OF TWO

BAMBOO SPECIES, DENDROCALAMUS HAMILTON1]Y NEES AND ARN,

AND NECHOUZEOUA DULLOA A. CAMUS 1N SUCCESS1ONAL

ENVIRONMENTS IN NORTH-EASTERN 1NDIA.
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INTRODUCTION

During early phases of secondary succession after
slash and burn agriculture (Jhum) in north-east India,
bamboos form an important component of the plant community
(Ramakrishnan et al,, 1981; Toky and Ramekrishnan, 1983s),
After a fallow period of 5-6 years dominated by herbaceous -
weeds (Saxena and Ramakrishnan, 1984b), bamboos form an
important component of the next phase\ in plant succession
alongwith shrubs and tree saplings, While some species
cuch as Dendrocalamus hamiltoniji that are strictly light
demanding get eliminated as light availability in the
community declines after a period of about 2% years of
fallow regrowth, others such Neohouzeobu 2 dulloa which can
tolerate shade but prefer a2 high light enviromment may
continue even in older communities. However, vast areas
under weed communities and bamboo forests in the
north-east, as elsewhere, are a consequence of large
scale disturbance through slash and burn agriculture
(Drew, 1974; Haig et al., 1988; Soderstorm and Vidal,
1975; Saxena and Rapakrishnan, 1984b),

Neghouzegua dullga A, camus (Syn, Teinostachyum
dulloa Gamble ex. Munro) is an ever_green bamboo of the

lower elevations upto an altitude of 1200 m in north-
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eastern hill region of India, The records available

with the village headman in the study area and published
report (Janzen, 1976) show that this species flowered
gragariously in 1968, However, flowering elsewhere in

the northeeast, in Cachar Hills of Assam, was also
recorded earlier in 1951 (Gupta, 1972). On this basis,
Janzen (1976) predicted another gragarious flowering

in 1985, though this did not happen, In early successional
communities of upto 25.years of failow rearowth this
species is vigorous, The clumps (genets) established
through seedlings here, are generally more than 1 n2 but
have vigorous vegetative reproduction through culms (ramets)
established from 2 close knit but extensively branched under-
ground rhizome system, The mmber of ramets may be about
50 underyimore favourable envirommental conditions., 1In
older fallows, ths species grows as an understoé%
component but the geﬁ} size is much less with only

about half the rumber of ramets per genet, The ramets
with a height of 4 to S meters and a diameter of 3 to 6

cp is used extenstvely for basket making, handicpafts

and for hut econstruction. The young sSprouts are alseo

consumed as food by the tribal farmer,
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Dendrocalamus hamiltonii Nees and Arn, Ex. Munro
is a deciduous bamboo species occuring at an altktude of

upto 1200 m with sporadic and grega;ious flowering
habits with an intermast period of 30-40 years for the
latter (Cavendish, 1905; Gupta, 1972; Janzen, 1976;
Varmzh and Bahadur, 1980), The rumber of ramets per
genet may be upto‘éo. each ramet being 16-18 meters long
and 12«25 cm 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 comparative
analysis of the population dynamics of these two

species over successional environment,

METHODS OF STUDY

Three replicate fallows of lw, 5, 10=, 15«, 20=,
25~ and 60-years were identified on the basis of our
observations and also based on the records available
with the village headman and Forest Department, Care
was taken to ensure siﬁilar topography, slope (average
30° angle), exposure and soil type., Phytosociological
studies were based on thirty 1 -2 quadrats for herbaceous
vegetation and thirty 100 -? quadrats for shrubs and
trees. The importance value indices (IVI) based on

relative frequency, relative dominance
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and relative basal cover were calculated following Misra

(1968) and Kershaw (1971).

Five replicates of 100 32 permanent quadrats were
laid at each site to study the dynamics of ramets
(vegetative culms) during 2 one year period starting
from June 19683 for D. hamiltonii and from April 1983
for N. dulleoa, All individual ramets present at the
beginning of the study period were considered to be more
than one year jold and classified as old population.

Any individual ramet appearing sbove the soil surface
was counted as gains (births) and those lost through
natural causes as losses (deaths), Ramets appearing

in a given month were marked as a cohort,

Growth index of a stand in a unit area was
calculated as the ratio of the number of new ramets
produced during the one year study period to the mumber
of ramets originally present, The genets (clump of
ramets) in terms of genet area and the mumber of Tramets
were analysed at each site at the end of one year

study period,

Since flowering in D. hampiltonii occured only in
fallows of 5 to 25 years, the mmber of gen~ts that
f lowered were analysed for seed reproductive potentidl
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of this speclies. Seedling recruitment and establishment
was followed in these fallows using twenty randomly laid
1 »° permanent quadrats in each fallow plot, inchalf of
which the litter layer on the soil was removed, Seedling
studies started in May 1983 was followed for a2 one year
period,

RESULTS
Vegetation analysis:

The early stages of secondary succession was

dominated by herbaceous species (Table 1,1), the more

important ones being Agerstum convioides, Arundinells
benga]ensis, Eupstorium gdoratum, Imperats cylindpica
and Mjkania mjcrantha, After a period of about five

years of fallow regrowth a number of Shrubs and trees

come up, Shrubs such as Eurja acuminata, Litsaea

assamjca, Mallotys philippensis snd Combretus decapdrum
and trees such ss Amgors wallichii, Anthocephalus cadamba,
Duyabanga soperatoides, Dillenmja indice, sapjium bacgatum and
Schima wallichi{ were important components during 5

to 25 years of fallow regrowth, Specles of bamboo,
Dendrocalamus hsmlltonii and Nechauzeous dullos were

also abundant at this stage, the former being more
dominant, D. hemfltonii resched its peak growth in
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20~ to 25wyear old fallows, In & 60=year old fallow
this species was confined only to the peripheral open
areas, N, dulloa, however, reached its peak growth
in 15 to 20~year old fallows,,but also occured in a
60=year old fallow as an understorffv species, 60~year
old fallow was a mixtd forest with trees such as

Castaropdis indica, Gedrels toons, Gmelins arborea and
lagerstomjs indica.

Ramet population dynsmics of N. dulloa:

The number of ramets present &t the beginning of
the study period and that recruited during the year
increased with fallow age, reaching a3 maximum in 10-
to 20=year old fallows and with a sharp decline in older
ones (Table 1.2). The number of new ramets lost during
the study period was more in 5= to Z0~year old fallows,
However, the percentagd anmual mortality was maximum in
a8 leyear old fallow, declining with fallow age, The
rate of change remained more or less constant in all the
fallows except in a leyear old fallow} this was also
reflected to some extent in the growth index of the
population which was highest in 2 l«yrar old fallow,
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10~ 80 20~year old fallows produced four cohorts
in 2 year whilst all others produced only three (Table 1.3).
Much of the recruitment occurred during May ¢to July,
Gernerally speaking recruitment of N. dulloa through a
first cohort was mnre than through subsequent cohorts in
except for l-year old fallow., The older ramets prior to the
study period had maximum contribution to the total popula-
tion, in all the fallows, The contribution by the first
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 totsl
pepulation size,

Though the genet mumber per unit area did not
show much variation in different fallows, the ares
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 number of ramets per genet
was maximal in 10~ to 25=-year old fallows with a sharp
decline in l« and 60-year old ones,

Ramet population dynamics of D. ham s

The ramet population already present in the fallows
reached 1ts maximum in a 25~year old fallow with a
drastic decline in 2 60~year ofid one (Table 1.%). However,
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the mumber recorded during the study perioed, their birth
during the year and the survivors out of it 2ll reached
peak values in a 20-year old fallow and drasticelly
declined in. s 60-year old one, Rate of change in
population structure declined with the age of the
fallow, Growth index for the ramet population was
higher in l= and 5-year old fallews; in 25~ and 60=-
year old fallows it dropped markedly,

Ramet production tn 10~ to 20-year old fallows
occurred over a period of five months from June«October;
in others it occurred for four months except in a 60-
year old fallow, where it was confined to three
months only (Table 1.6). Major recrultment occurred
in June to July declinfing in subsequent months,

The genet mumber was more or less the same in all
the fallows excdpt in a 60-~year old one, Where there
was a drastic decline (Table 1,7)., Number of ramets per
genet reached a maximum in 15~ to 25=-year old fallow but
declined in 2 60«year old one,

Seedling population dynamics of D. hamiltonii:

Seedling recruitment was very high when the litter
layer was undistrubed than when the litter was removed



Fig. 1.1 Cumulative gains and losses (a) and net population

change (b) of D. hamiltonii seedlings durimg

the study period. Closed circle, 5-year; Open
circle, 10-year; closed triangle, 20-year and

open triangle, 25-year old fallows.

with litter cover on the ground; = = = -,

without litter cover on the ground,
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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,
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(Table 1.8). 1In plots where litter was not disturbed
maximum recruitment occurred in a 20-year old fallow,
whilst in plots without litter recruitment was maximum
in 3 2%«year old fallow, Mortality was very severe and
was more than 97% and was not affected by the litter
layer., Seedling establishment was more in a 20-year
old fallow with decline in younger and older fallows,
Seedling regeneration did not occur in a8 60-year old
fallow,

The cumulative g2in and losses, alongwith net
population size in different months are shown in Fiq,
1.1 88b, Seedling recruitment occurred between May to
September but mortality continued upto the following
February to March, The population flux was much more
pronounced where litter was left undistuvYs_ ed compared
to the treatment where litter was removed, Net popula-
tion size peaked in August to September,

The survival at the end of the first year petiod
of the seedling recruited in 2 given year is shown in
Fig. 1.28 and the survival of the same at the end of
second year is shown in Fig, 1.2b, On plots with litter,
survival at the end of the first year period was generally

more for those produced earlier in the season, except in
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a Swyear old fallow, Such a pattern was not obvious on
plots without litter., However, a8t the end of the
second year period the seedlings survived were largely
from the seedling cohort produced in May, In 5- and
2%5~year old plots without litter no seedlings from the

previous year survived,

Though the proportion of fertile genets in the
population was not very different in different fallows
(Table 1.9), the seed production parameters such as
inflorescence per ramet, seeds per ramet or a genet
a1l increased with fallow age; Seed production per
hectare was low in a3 Seyear old fallow compared to

older ones,

DISCUSSION

Neohouzegua dulloa being a species that flowers
gregariously once during its life span, the population

dynamics of this specles related to successionsl
envirorment had to be based exclusively on clomal
reproduction, However, with sporadic flowering occurring
in Dendrocalamus hamjiltonji the population dynsmics is
based on both clonal and seedling studies; gregarious

f lowering reported in this species (Varmah and Bahadur,
1980) was not observed during the study peried.
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Being an important component of early successionsl
envirorments after slash and burn agriculture (jhum) in
north-east India (Ramakrishnan et al., 1981; Toky and
Ramakrishnan, 1983a), these bambeoo species are subjected
to considerable fluctuations related to soil and micro-
enviromment, Apart from changes in pH, moisture and
mtrient status of the soil as related to litter accubulation
and decomposition (Ramakrishnan and Toky, 1981; Toky and
Ramakrishnan 1983a), increased potential evspo-transpira=-
tion and reduced light availability are related to a
change from an open to a closed community, Though the
species are light demanders, as is evident from their
relative dominance in 10« to 25«ycar old fallows, N,
dulloa showed a remarkable plasticity for survival even
in a more closed forest enwiromment of 60 years of age.
On the other hand, in a8 60-year old forest, D, hamiltonii
was confined only to its disturbed peripheral part, where
light availability was higher (Singh and Ramakrishnan,
1982), Thus N. dulloa with greater plasticity (Chapter
2) is exposed to more diverse ecologic situations during
its establishment and development, compared to D.

bamiltoni].



Ramet dynamics in the two species:

Starting with a low recruitment of ramets in a
l=year old fallow for both the species, ultimate popu~
létion size improved upto 20 or 25 years of fallow age
in the case of N. dullga; the population size of N. dulloa
in a 60=year o0ld fallow was not very much altered
compared to 25eyecar old fallow, but sharply declined in
D. hamiltonji. However, the vigour of population was
low in a2 60-year old fallow for both the species as seen from
the mumber of ramets per genet and the genet area, The
low vigour in 8 l-year old fallow may be a consequence of
a high degree of disturbance in the site during the
preceeding slash and burn operation followed by cropping
for one year (Toky and Rarakrishnan, 1981a), The
increment in the number of ramets per unit area with
fallow age upto 20 or 25 years may be related to the age
of the stand as shown under plantation conditions in
Japan (Ueda, 1960),

In the case of the light demanding herbaceous
species such as Eupatorjum odoratum (Xushwaha et al.,
1981; Kushwaha and Ramakrishnan, 1982), Eupatorjum
adenophorum (Ramakrishnan and Mishra, 1981) and

Imperata cylindrica (Kushwaha et al., 1983), light as
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a factor was implicated as responsible for the restric-
tion of these species from late successional environ-
ments, The low vigour of the two species in a 60w-year
old fallow may be because of shade stress to which these
light demanding species are subjected, N. dullga is
more shade tolerant compasred to D. hamiltonii as seen
from the relatively unaffected ramet recruitment in a
closed 60«year old forestf

The production of more monthly cohorts in 10~ to
20-year old fallows when compared with younger and older
ones suggests of the greater vi§our of growth of these
species at these sites., Generally speaking, the larger
recruitment of ramets through the first cohort in N.
gdulloa alone, which incidentally also had least mortality
of individuals gave extended favourable time period for
population compared to the subsequent cohorts., This
8gain is also reflected in the percentage contribution
to the population structure which was more through the
first cohort of N. dulloa, though only next to the pre-
existing population, The absence of such a pattern in
the sporadically flowering D. hamiltonij suggests that
this feature is perhaps of greater value to a more pre-
dominantly colonal species such as N, dulloa., Lovett-
Doust (1981) reported that a clonal species such as
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Ranunculus repens also had larger contribution to its
population through the first monthly cohort,

Our observations suggest that natural mortality in
ramet populations largely occur during the Juvenile phase,
Grazing of young sprouts by animals such as pigs and
monkeys and insect attack are the chief csuses for this,
Though in the study asres human interference was excluded,
young Sppouts are also harvested for food, more often in
D. hamiltonii, than in N. dullos. The older ramets of
both the species are also harvested for hut construction,
D. hamiltonii being harvested slso for export for pulping.

While the ramet populstion size showed differences
in different fallows, the cenet population size of N,
dullea was not very much altered upto 60-years of fallow
age. In D, hamiltonij genet population size was
drastically reduced only in a 60wyear old fallow, In
N. dulloa, recruitment of new gencts is not only rare
(Noble et al,, 1979) but happens only once during the
l1ife cycle after gregarious flowsring and mast seeding
and the population dynamics is largely dominated by birth
and death of clonal modules rather than whole genets,
Though the intermast phase for D, hamiltonii has been
recorded as 30 to 40 years, the age at which sporadic
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f lowering {Janzen, 1976) in a genet is initiated is not
clear, This is an aspect that needs more study as many

gregarious flowering bamboos such as Dendrocslamus

strictus and Bambuss tulda have been shown to flower
within a brief time period under cultivation (Banik, 1980),

The differences in ramet reproductive plasticity

in D. hamiltonil and N. dullos have implications for bamboo
forest management, Both the species are light demanders

and D, hamiltonii obviocusly is more demanding than the

other,

Seedling dymamics in D. hamiltonii:s

The contribution through seedling recruitment in
D. hamiltonii is very low (1 to 2% only)., Though it is
difficult to identify a genet that would flower in a given
year, our observations over a four year period suggest
that those genets conserve their resources for seed
production by not producing any ramets for a year prior to
flowering, or sometimes for two years as in Dendrocalamus
strictys (Troup, 1921), One of the factors respénsible
for poor sesdling recruitment is the heavy predation by
Jungle fowl, other migratory birds and red ants. The
low production of seeds during sporadic flowering may not
offer sufficient sttraction for other larger animals reported



39

for mast seeding species (Janzen, 1971, 1976). However,
flowering resulted in the total death of both 2boveground
and belowground parts unlike that reported by Numata

et 21.,. (19%4) for Phyllostachyus bambusoides from Japan,
where the post-f lowering phase may have a few slender
ramets produced from a few of the live nodes of the

mostly dead rhizomes,

Increase in seed production upto 25 years of fallow
regrowth, though the genet number remained essentially
the same §s due to increased production of ramets and
their larger biomass related to longer growth period
in older fallows. Increase in seedling recruitment
upto 20 years of fallow regrowth followed by a decline
ina 25=year old fallow and no seedling recruitment at
all{zbuyear old fallow agrees with the earlier observa-
tion of ours, sugagesting that the peak growth of this
species during secondary succession is between 10 to 20
years (Ramakrishnan et al,, 1981; Toky and Ramakrishnan,
2983a)., While seedling recruitment occurred during the
monsoon period from May to September, seedling mortality
was a continuing event through the first and second years
after production. It may be noted that the ser~dlings
produced at the beginning in May had greater chance to
reach adulthood compared to those produced in the
subsequent months, This may be partly related to few
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predators at this time and longer duration of favourable
growth period for these seedlings,

Though presence of litter enhances seedling 3~
germination, the establishment of seedlings on soil
surface with litter {s hampered because of the physical
hinderance offered by the litter for the roots to reach
the mineral soil., On the other hand, the seedling
establishment on the soil surface from whereilitter
has been removed is subjected to both heavy predation
and desiccation due to exposure causing equally high
mortality, Appropriate management of mulching on the
soil surface may be an important technique that could
be used for optimizing seedling establishment afd

management of bamboo forests under natural conditions,
SUMMARY

A comparative analysis of the population dynamics

of two bamboo species, Dendrocalamus hamjiltonii Nees and
Arn, and Neohouzeoua dulloa A, camus, with varying degrees
of plasticity in a successional enviromment was studied,

N, dulloa with more plasticity was a clonally reproducing
species, grecariously flowering followed by seed
reproduction occurring only once in 14-17 years, D,
hamiltonii also had sporadic flowering and therefore
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had both clonal and seed reproduction simultaneously,
Clonal reproduction in D, hamiltonii was optimmal in
fallows of 10 to 20 years of age with a drastic decline
in 3 60~year old fallow, N, dulloa, on the otherhand,
showed a8 decline in vigour of the genets and ramets in
a 60~year old fallow, but with lesser effect on
population size, Seedling recruitment in D, hamiltonii
is poor but offers possibility of better management
through manipulation of surface mulching techniques,
fopulation recruitment in successional enviromments

have implications in bamboo forest management,
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INTRODUCTION

During secondary succession after slash and burn
agriculture in northeeast India, edaphic (Ramakrishnan
and Toky, 1981; Toky and Ramakrishnan, 1983b) and micro-
envirormental changes such as reduction in light
availability occur with the development of a closed
community (Toky and Ramakrishnan, 1983a; Singh and
Ramakrishnan, 1982), Species occurring in the early
successional enviromment show varying degree of plasticity
for survival in such fast changing situations, Canopy
architecture is particularly important for capitalizing
upoh changing light enviromment during succession
(Boojh and Ramakrishnan, 1982a,b; Shukla and Ramakrishnan,
1984a, 1986) and, therefore, determine to a large
extent the success of woody species in transient
environments (Schulze, 1983), Much of the work on
canopy aréhitecture in relation to succession pertains
to temperate broad-leaved tree species (Brung§, 1976;
Nelson et al,, 1981; Borchert and Slade, 1981; Kramer
and Kozlowski, 1979, It is only in recent times that
tropical woody species have started receiving some
attention (Ramakrishnan & Shukla, 1982: Shukla and
Ramakrishnan, 1984a, 1986)., However, all these studies

refer to different species over a successional gradient



.« 93,

and no information is available on architectural

plasticity of the same species in such a gradient, Further,
the only informatiom available on the architectural
attributes of bamboos pertain just to & brief qualitative
description given by Halle et al, (1978) who placc?all

of them under McClure®s model,

The success of an organism in a3 given enviromment
is because of a favourable allocation of the limited
available resources (biomass and nutrients) to the
diverse life purpose such as maintenance, growth and
reproduction (Schaffer et al, 1982; Vincent and Pulliun;
1980; Paltridge and Denholm, 1974; Cohen, 1976;
Abrshamson and Caswell, 1982), In the rapidly chamging .-
early succession2l enviromments, the strateqgy adopted
by a given species is likely to change over a time
period 8s shown by us in a2 perénnial weed Eupatorjum
odoratum (Saxena and Ramakrishnan, 1984a), Whilst much
of the allocation strategy studies pertain to herbs, woody
species have started receiving attention only recently
(Ramakrishnan amd Shukla, 1982; Shukla and Ramakrishnan,
1984b), As far as we know, there is no information
available on the allocation)strategies of bamboo species,
which stand apart from broad-leaved woody shrubs and

trees in their growth characteristics,

19
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The present paper, therefore, deals with the
plasticity in the architectural design and allocation
strategies of two early successional bamboo species,
Neohouzeoua dulloa A. Camus and Dendrocalamus hamiltonii
Nees & Arn., The former is more plastic occurring in
successional fallows of upto 60 years whilst the latter
is restricted to the first 25 years only, after slash and
burn agriculture (Ramakrishnan et al., 1981; Toky and
Ramakrishnan, 1983a) at lower elevations in Meghalaya
in northeeast India.

METHODS OF STUDY

ley Se=y, 15=, 2%~ and 60 year old fallows were
identified based on our own observations and the records
available with the village headman and the Forest
Department, Care was taken to ensure similar topography,
soil type, exposure and slope,

Architectural Studies;

Ten replicate 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 1983, in case of

N. dulloa and June 1983, in case of D, hamiltoni} were



. 95 .

also identified, The observations in a 60-year old
fallow were restricted to N. dulloa only., Regular weekly/
monthly observations were made on thifse individual

ramets from a platform erected around each of them,

Allocation studies:

N. dulloa 1s a gregariously flowering bamboo species,
that flowered last in 1968, before total extinction, in
the study area, Therefore, the population under
observation have the same stock age of about 15 years,

D. hamiltonii apart from its sporadic flowering behaviour
exhibits gregarious flowering too. It flowered
gregariously, last in 1956, in the study area, The
stock age of this species is, therefore, less than 30
'yoars. In the present study the age of a genet was
measured as regeneratfon of age which was equivalent to
fallow age upto 15 years in N. dulloa and upto 25 y-ars
in D, hamjltonii. The population of N, dulloa present
in 25« and 60-year old fallows, however, had the same
stock/regeneration age, mamely 15 years, Since the
stock age-regencration age was the same for N, dulloa
population {n a given fallow (because this species
regenerated after oregarious flowering in 1968) the

genets were all of the same size in that fallow, This
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permitted random selection of genets. On the otherhand;
D. hamiltonil with both gregarious and sporadic
flowering had genets of different sizes and therefore
selection was done taking care to ensure similar size

for all genets in a given fallow,

Ten replicate genets of both species, selected
from each site were harvested in Auqust, 1984, The
aboveground parts were separated into bole (zero-order
branch or main axis), branches (all orders except
zero-order branch) and leaves, Belowground parts
(rhizome and roots) were carefully excavated, washed
thoroughly and weighed, Samnles were dried at 80°C
and dry weights computed.

All the samples were ground and passed through 2
0.5 mm sieve and analysed for elemental composition after
acid digestion using methods suggested by Allen et al,
(1974). Nitrogen by Kjeldhal method, phosphorous
calorimetrically by ammonium molybdate blue method,
potassium by flame-photometry and calcium and maegnesium
by EDTA-titration method were determined.
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RESULTS
Architectural studiesg

Neghouzeous dulles and Dendrocalsmus hamiltonii
have sympodially branched underground rhizome systems,
Each rhiziome branch, which may vary from 9 to 18 cm in
N. dulloa and from 12 to 24 em in D. hamjiltoni] has »
narrow *neck® which broadens out into a3 thick *base’
(Fig. 2.1d)., Two of the lateral buds of the'base*
would produce two rhizome branches, If, however, either
of them are damaged, two branches are ensured by
activation of one ortwo other lateral buds, The apical
bud at the *base', however, would give rise to the
aboveground shoot system, Since the rhizdme is thicker
in D. hamjltonii thah in N. dulload and since the aerial
branch dliameter is also lesser in the latter species the
genets (clumps) are loosely organised in N. dullea than
in D. hamiltonij. The number of ramets (culms) in a
genet s hichly variable,

The crown shape of D, hamiltonii is highly variable,
In a8 Seyear old fallow, where the other species are pre-
dominantly herbs, better light availability results in
2 broad crown form for the lower half of the canopy,

sharply narrowing above (Fig., 2.1a)., The first-order



Fige 2.1, Canopy architecture of D. hemiltonii in a

5-year old fallow (a), in a 15-year old
fallow (b) and that of N. dulloa in a
15-year old fallow (c). Rhizome architectume
of the two species (d) alongwith a

diagramatic representation (e).
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branch system in the broader region of the crown alone
are extremely long compared to the subsequent branch
orders, where as the different branch orders are more

or less of the same length in the narrow part of the
canopy., In older fallows, however, where trees and
shrubs compete with D, homiltonii for space and for
1ight avajilability, the crown form of this species is
very narrow, somewhat cylindrical in shape with a whip
like tip {Fig. 2.1b), Here the first-order branches and
the subsequent ones are more or less of the same length,
In N. dulloa, since the first-order branches are somewhat
longer than the sutsequent branch orders in the mid-canopy
position the crown is broader in the middle, tapering on
efither side (Fig., 2.1c).

All the branch orders show determinate growth due
to high degree of preformation, The orthotrophic zero-
orcer branches of a ramet completes its elongatfon in
both the species over a prriod of 90-120 days, after which
branch production is initiatec in the same year (Syllepsis)
in N. dullea and in the following year only (prolepsis)
in D. hamjltonij. Reiteration (Halle et al,, 1978) of the
zero-order branch occurs in D, hamjltonii, but not in
N. dulloa. In the latter case, apical damage to the



Fig, 2.2. Diagramatic representétion of the organization
of branch orders in a branch complement in
the two bamboo species. Zero to fifth-order
branches are shown alongwith the leafy shoots

viewing on branch orders first to fifth.



Fig. 2.2
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zero~order axis would arrest its further growth, 1In

both the species, all the branch orders are produced

at the cgme time and elongation is completed
simultaneously, N. dulloa, however, normally produce

only upto the fourtheorder branch system, except in 2
15=~year old fallow where the fiftheorder branch production
mdy occur but in the following year only. D. hamiltoni}
may produce branch systems upto tie fiftheorder.

The pattern of branch production is shown in Fig.
2,2, Both the species consistently had contiruous first
order branch production at 2ll nodes of the zero-order
branch system, except for D, hamiltonij in a S~year old
fallow, In a2 Seyear old fallow, however, first-order
branch production in D, hamiltonii was diffuse (hrahcnes
arising from some of the nodes on the zero-order

branch system only),

From the axillary buds of the two basal nodes of
the first~order branch would arise two second~order
branches, from the axillary buds on the two basal nodes
of the second=order branch would arise two third-order
branches and so on, so that a set of upto 31 branches
may be produced in a condensed form (Figs. 2.1b, 2.2),

However, branch production may stop with one unit only
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at the first-order stage, with three units at the
second-order stage, with seven units at the third-
order stage, or with fifteen units at the fourth-order
stage, Thus, as a rule, two branches would always
arise at every stage of branch production, starting
with the second order branch system,

The two Species conform to the McClure's model as
described by Hallc/_e_‘_t_ al. (1978)., The essential features
of theimodel are that all the aerial parts are vegetatively
determinant in their growth, They consider the determinant
axis and the branch systems as a very large determinant
organ, something like an elaborate compound leaf,

The rhizome branch dimensions of the current year
growth of N, dulloa reached a maximm in a 15-year old
fallow with 2 decline in older fallows (Table 2.1).

The values for D, hamlltonti, however, reached its
maximum in a8 25-year old fallow,

The rumber of individuals per unit area in N. dulloa
reached 2 maximum in a 15-year old fallow, with decline
in 25~ and 60~year old fallows, However, the number of
individuals in D, hamiltonii reached a maximum in a
25~year old fallow (Table 2,2). All growth parameters



Fig. 2.3. Change in intermodal length in relation
to internode number, with fallow age in

N. dulloa ( = = = = ) end D. hamiltonii

( )» Closed circle, 5-year; open
circle, 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, hamiltonii ( ) in a 15=year

old fallow (open circle).



3Sv8 WOYd d3IGWNN JAONHILNT
0% Ot 14 Ol 0

0L 09 0S

Fig. 2.3

o
(% YNOILVYONO13

A
N

. 00!

L
w0

—-06l

HION3IT TVAONNILNT

(wo)



Fig. 2.4, Variation in the dormancy of buds (%) on
the current year's ramet (zero-—order branch)

of N. dulloa (a) and last year's ramet of

D, hamiltonii (b), with fallow age. Dorment

buds, Dark column, Active buds, open column.



NUMBER OF BUDS (%)

100

18
o

Fig- 2.4

(b)

5 15 25 60 5 15 25
FALLOW AGE (YEARS)



~
(M)
~

cT'0 % 6°C TTO ¥ E°T Z6°0 ¥ 6°6 09
(9€°T ¥ €°8T) (OL°0 ¥ 6°6) (€6°T ¥ 9°€2)

88°0 * §°¢ CE°0 * O°¢ z8°0 ¥ 2°11 ¢z
(€T & z°8T) (99°0 + 9°6) (LL°T ¥ g°T2)

69°0 % 6°9 0¥ p'c €T°T ¥ ¢°eT cY
(99°0 % 8°9 ) (Ly°O F L) (v1°T ¥ L°21)

Ze0 % €°¢ 1S°0 + 1°2 €9°0F L°6 <

{u5] —(89)

aseq 3o Iejeuweiq

308U 3@ Jejewzyq

svoco~ zocaum owm moTTed

(Fpuorijuey *

d 103 ®ae seseyjuexed UFYITM SINTEA)

SMOT{e} [RUOTSSEIINS PYO IveA=09 03 =~ U} *(°F’s ¥ ueaw)

s00queq JO SOUIUERIQ SWOZTYI §,Ieeh JUILIND UT uOYIeIIep ([°Z o1qel



for

(snonpideq) ediy ebueydxe jeel Usaxbieajz mogaeyeq Sugzeet (Y
(00°eT) (09°01) (16°0) 0J1eX YIpIm
96T Tzt 16°9 69°7T umoxs> 03 ybyey yezor (6
- - (wd)
- (E°10T% 0SLT) (B°EL * OZTPY) (9°8Zr00y) 3oWeX $4Ie8h JuUEIIND
6°LT + GTZ 8°s¢+ O0E 8°06 + GEB (6°ZT + cpr uj uojjebuora Tenuuy (3
- (9€°T § 8°9T){PI°T X Z°¥T) (86°0TF 6°C ) (us)eseq woxy wa O
910+ 6'C TTO H6'T L0 + TG 0z°0 + 6°2 e jaueX jo Inamelq (o
- (89°T % 06°9T)(€2°T £ OL°€T) (s€°0 * 08'E )
91°0 + Q0°¢ T2°0 + 06°C T8°0 + 0E’8 ZI°0 + GE°% (w) yewex 30 yrbuaet (p
(coeL) (0009) {00ZZ)
000g Q0EE 009 000T (.fU S}awex 30 IaqunN €
(€s°Z + £9)  (TT°¥ + €9) (s8°z ¥ 2€) q-toueb
6°'T # 62 6z % zv ozZ’ct + 16 CE°T + 68 S}oWex 3o XaqunN (q
- (T2°0 X €6°2 ){L1°0 X L2°C ) ({YT°0 X 91'T )
€0°0 + 0E*0 GO*0 %+ 19°0 TT°0% T2°T €0'0 + T#'0 ﬂ«as eaxe jauen (e
09 [
sIa}emexed
(TREITTEe] °F xo0;

ole seseyjueled UTYITM sSenNTeA) SMOTIE) TRUOTSSEI00S PTO Ieehk =09
o3 =G uy TIUGTTIWEY T pue TOTIAP N 30 so7asiIerdeseyd juerzodamy $1z°Z orqel



. 103 .,

in N, dulloa reached a maximum in a 15-gear old fallow
with decline in older fallows, Growth parameters of
D. hamiltonii increased with fallow age upto 2% years.

The number of internodes of the zero-order branch
of the ramet of N. dulloa reached 2 maximum in a 15-year
old fallow whilst it was highest in a 25-yrar old fallow
for D. hamjltonii (Fig. 2.3). 1In these fallows, the
internodal iength generally was more 'than in others,
Where elongation was more vigorous (1%-year old fallow
for N. duilés-and 25«year old fallow for D. hamiltonii).
there was a2 shift in the position of the longest internode
from the base upwards, Since, in all the fallows, for
both the species, the weekly elongation pattern was
essentially the same, that for a 15e~year old fallow
alone is given in the inset Fig.:,3. Maximum elongation
occurred 4-5 weeks after initiation and by the tenth
week more than 80% of the elongation was completed,

First-order branch production in N, dulloa was
sylleptic but in D, hamjltonii it was proleptic, The
bud dynamics of N. dulloa during the current year of
its production (Fig. 2.42) and that of D, hamiltonif for
the following year of its production (Fig. 2.4b), indicate
that in the former, but dormancy was minimal (6% only)
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in a2 15~year old fallow, In D, homiltonii on the other
hand, dormancy in the one«year old buds declined with

fallow age,

In both N, dulles. and D, hamiltonii the elongation
declined with increase in the order of the branches (Table

2,3). The elongation shown for N. dulloa on the last
year's ramet represents an apical portion of a few condensed
nodes with tightly packed leaf sheaths ranging from 10 to 13,
that fell off f{n the first year itself and replaced in

the second year. 1In D, hamiltonii, however, this
replacement would occur in the third year only,: and is

not presented here., Elongation of first-order branches

in N, dullo2 was maximal in lS.year old fallow with

decline in others, where as subsequent order branch systems
had maximum elongation in a 25-year old fallow, Fifpthe
order branch production in N, dulloa occurred proteptically

in a 1%=year old fallow alone,

Since first-order branch elongation varied with
camopy position in D, hamjltonij, this is given in Table
2.4, From the base of the canopy elongation of the
first-order branches increased sharply at nodes 10 to
20, more markedly so in a feyear old fallow, A sharp
decline in elongation occured at nodles 20 to 30 in a



Table 2,3,: Variation in shoot elongation (cm) (mean + S,E.) of bamboos in S

to 60~year old successional fallows (leafy shoot exchanged during

the second yesr is given in parentheses),

Fifth

“Four th

Branch ord
r

“Second

First

ars)

Fallow Species

age

S

/038

46,7 + 1,4%

N. d

60
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Fige 2.5. (a) Standing biomass (kg genet—1) of N, dulloa

(closed circle) and D, hamiltonii (open circle)
in successional fallows. (b) Biomass accumulat-

. - -1, .
ion rates (kg genet 1yr ) in eboveground

(= = = =) and belowground ( )} components

of N. dulloa (closed circle) and D. hamiltonii

(open circle) in successional fallows.
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S5-year old fallow; but the decline in other fallows was
gradual at this position but sharper at nodes < 30,

Allocation studies:

The standing biomass per gen~t was maximal in 3
1f~year old fallow for N. dulloa with decline in both
youncer and older fallows (Fig., 2.%a). 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 15
year old fallow for both the specirs (Figs.2,5b), It
may be noted that the rate of accumulation of both
aboveground and belowground parts of N, dulloa in 25~
and 60«ycar old fallows, was calculated on the basis that
the age of the aenet was 1% years only. The rate of
accumulationdof both aboveground and belowground biomass
in D, hamiltonii declined in a 25-yecar old fallow.

The aboveground/belowground ratio of N. dullea
markedly declined in 2 Seyear old fallow (Table 2.5)
with significantly (P =<0,0%) higher values in 1= and
15«year old fallows, Compared %0 a 15-year old fallow,

“The aboveground/belowground'ratio declined shorply tn a
60-year old one, For D, hamjltoniji this ratio declined
sharply (P = <0.08) in 15~ and 25-year old fallows,



Fig. 2.6. Allocation pattern (%) of biomass (a), nitrogen
(b), phosphorus (c), potassium (d), calcium (e)
and magnesium (f) to different 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 the
allocation pattern of biomass of N. dulicas to different
components in different fallows, the belowground allocation
was higher in 5« and 60-year old fallows (Fig., 2,.,6a),

In D. hamiltonii, 1l-y-ar old fallow had maximum allocation
of biomass to the zeroeorder branch where as it was for ..

the other branch order in a Teyear old fallow,

Nitrogen allocation to the leaf component in N.
dullea increased with fallow age but reverse was the
case for the zero-order branch (Fig. 2.é§. Allocation
of nitrogen to the zero-order branch was minimal in
D. hamjltonii in a Se-year old fallow, but that to the
leaf component was maximal, Allocation of nitrogen to
the leaf component was generally higher compared to

biomass allocation.

The percentage phosphorus allocation to belowground
parts of both the species increased in older fallows,
whilst it tended to &mcrease in the zero-order branches
{Fig. 2.6c). The leaves &f N. dulloa had more phosphorus
than the leaves of D, hamiltonii.

Generally speaking, the allocatiuviy of potassium,
calcium and magnesium showed pattern similar to biomass

allocation (Fig., 2.6d-f),
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DISCUSSION

Architectural studies:

Halle et 21.(1978) established McClure's model
to accommodate the basic architecture of bamboos, There
are differentiaged axes of two kinds; first "sigmoid®
trunk axes which are essentially mixed, originate by
basel branching and bear, second, plagiotropic leafy
branches; both kinds show determinate growth due to 2
high degree of preformation, Takemouchi (1931) and
McClure (1966), however, differentiated both the below-
ground and aboveground parts as solid (internodes filled)
and hallow {internodes empty) axes respectively, Based
on this difference and also based on the fact that the
zero-order branch of Hallé et al, (1978) is in fact a
number of branch systems that are sympodially produced,
ordering was done, 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 D, hamiltonij showed
plasticity depending upon the fallew age, In 3 S.year
old fallow with shorter internodes and longer first-
order branches placed below, which gradually shorten

towards the upper canopy positions the ramet assumes
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a conical shape., This is related to greater space and
light availability in this fallow, 1In older fallows, the
variation in the length of the firsteorder branches at
different canopy positions is less pronounced so that

the ramet assumes a cylindrical form,

Over a successional gradient, N, dulloa showed
greater plasticity 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 2%-year old
fallew and in the closec broad-leaved 60«year old -
forest, On the other hand, D. hamiltonii has a range
only upto 2%=years as an emergent, without any ability
to withstand shade. In this species, growth is optimum
in 15eand 25~yerar old fallows, Partly becauce light
is 3 limiting factor in fallows older than 2° years
of age, due to rapid growth of broadeleaved trees in older
fallows, and partly because the intermast phase for
D. hamiltonii is 30-40 years depending upon the
geographical zone (Varmah and Bahadur, 1980; Janzea, 1976),
this species is eliminated during succession after 25
years, N, dulloa with a kgported intermast phase of
15«17 years (Janzen, 197€) is, however, aile to regenerate
through seeds even in fallows as o0ld as 25~3%f years and

survive upto 60 years of fallow age because of its shade
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tolerance, However, the vigour of this species in a

60wyear old fallow is restricted,

Unlike trees where extension and rad(zpl growth
are continuous activities through out the life cycle
of the species, in bamboos, these activities occur just
once in the initial phase of ramet procution; extension
growth occurs through more elongation of the zero-ordex
branch, whilst radial grwdth is through cell enlargement
and thickening of preformed tissuve, Since successive
generations of zero-order branches within a given genet
tend to be thicker than the earlier ones (Halle et al,, 1978)
it should be expected that the ramets produced in older
fallows would be generally thicker, as the stock/
regeneration age would increase though upto a point,
However, such an indefinite increase in diameter size
of the zero-order branch is constrained by species
plasticity. Thus in D, hamiltonij maximum diameter for
the zero~order branch is attainad[gxzs-year old fallow,
since this light demanding species has optimum light
availability upto this stage, On the other hand, N,
dulloa being favoured by high light regime in the
environment, for this species of a relatively smaller size,
light availability is maximum only upto 1% years of
fallow regrowth (after which it occurs only as an
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under=growth), Therefore, maximum dimension for the
zero=-order branch is attained in a 15~year old fellow,
Zero=order branch thickness in 25« and 60-year old
fallows declined even though the stock and regeneration
age of the population was the same 3as in a 1% -year old

fallow,

With increase in total number of nodes in a given
ramet which increased in N. dulloa only tpto 15 years
and in D. hamlltonii upto 25 years, there was an upward
shift §in :he position of the longest internode of the
zero-order branch., It may be noted that the numb-r of
days taken for elongation to be completed is more or
less constant at 90-120 days irrespective of fallow
age, Since internode elongation is from base upward
and since peak elongation occurs during a definite
time period, i.e.,, fifth week after elongation starté,
as observed here and reported by othefs tU@‘b@ 1960;
McClure, 1966), such a shift in the position of the
longest internode (Takenouchi, 1932; McClure, 1°66)
is understandable,

With lesser storage capacity in the belowground
rhizome of N, dulloa, sylleptic branch production upto
the fourtheorder (fifthe~order brahch production is
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proleptic if it occurs as in a 15-year old fallow),
with simultaneous leaf production may be advantageous to
this species for quick growth, On the other hand,
proleptic branch production in D. hamjltonii would not
adversely affect its quick growth, as there i{s a greater
availability of stored food in the belowground rhizome
of this specles, 1In other words, N, dulloa is more
dependent upon immecdiate photosynthetic activity for
rapid growth and branch production unlike D, hamiltonii
which can make use of reserve food in the first year

when a ramet is initiated,

In agreement with the plasticity behaviour of these
two speclies, least dormancy sccompanied with maximum
branch production occurred in a 15-year old fallow for
N. dullo2 and in a 25~year old fallow for D, hamjltonii.
Further, with greater space and light availability in
a S5e-year old fallow, D, hamjltonij had better developed
firste-order branch systems with diffuse lower order
branches on them (cf, fig. 2a). In older fallows the
lower branch orders on the first-order branch originate
from the basal node of the latter but appear as if they
arise from the zero~order branch itself because of 3
high degree of condemsation (Fig(s.2b,3). Diffused

branch organization in a S-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 maximize

production under a high light regime,

Being light demanders, the two Species show 2
high degree of sloughing~off of branches as the 1light
availability to the lower canopy branches decreases.
Such a rapid sdrop-off of lower branches $a; snable rapid
upward canopy shift was also a gencral feature of early
successional trees (Boojh and Ramakrishnan, 1982a;
Shukla and Ramakrishnan, 1986). The sympodially produced
leafy shoots born on the branch systems other than the
zero~order branch also loose their vigour as light
availability at lower canopy positions of the two
species decreased, again suggesting the light demanding

nature of the two species,
Allocation studies;

In keeping with the adaptive growth strategies
discussed earlier for the two species, biomass of D.
hamiltonii increased with fallow age upto 2% years where
as that for N. dulloa declined sharply in fallows older
thaf 15 years, perhaps, due to decred'sed light availability,
However, the biomass accumulation rate in both the

species peaked in a 15-year old fallow suggesting that
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growth conditions are most favourable here compared
to other fallows, Apart fr m decr-ased light availability,
competition for Space and nutrients may also explain

such a patt-rn,

During the first 15 years, there is considrrable
fluctuation in abovegroynd/belowground ratio of N. dullea.
During the first year, shoot growth is active with rapid
transfer of resources from belowground to aboveground
compartment, With greater photosynthetic activity of
the abovq:ground parts, theres {s a retransfer of resources
again to the belowground organs resulting in a lower
ratio., Subsequently the shoot growth is further
sccelerated partly by an upward transfer of resources
from the belowground parts resulting in 2 higher ratio
in 2 15-year old fallow, The lowest aboveground/below-
ground ratio attained in N, dulloa in a 60=-year old
fallow may be an adaptation for survival through
vegetative growth during the subsequent slash and burn
operation, Such a survival strategy has been observed
in many rhizomatous species such as Imperata cylindrica
deve loped in successional fallows after slash and burn
agriculture (Saxena and Ramakrishnan, 1983a), Such a
shift in aboveground/belowground ratio is more
promounced in D, hamiltonii where it declined with
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increasing fallow age, A useful strategy for any species
arising after slash and burn of a forested ecosystem as
in the north-eastern Hill region of India should be, to
capitalize upon the resources of an enriched substratum,
which is transient, and make adequite growth as quickly
as possible, The species establishing in such enviromments
could have two contransting sets of stragegies: (i)
establishment from seed vs, establishment from weg-tative
sprouts and (11) C, vs C, photosynthetic pathwa y

(Ssxena and Ramakrishnan, 1983), The two bamboo species
are predominantly clonal, flowering once during the life
cycle with an intermast phase of 30-40 years in D,
hamiltonii (Varmah and Bahadur, 1980; Janzen, 1976)

and 15-17 years in N, dullea (Janzen, 1976), Therefore,
with greater allocation of resources to the belowground
organs of reproduction (Keeley and Keeley, 1977), these
species represent an extreme stage in vegetative vs,
reproductive strategy., With vegetative reproduction
being advantageous under frequent disturbances (Gill,
1975; Saxena and Ramakrishnan, 1983a) as in the slash

and burn agriculture system and sexual reproduction
occurring sproradically in D, hamiltonii and greqgeriously
in both the speciec, the failure rate of seed reproductian
is vervy high (Willden, 1971), This is partly due to
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predation and partly because of the high mortality of the
weaker seedlings derived from very light and small seeds,

Much of the biomsss, as much as 25<32%, is
‘allocated to the belowground organs of reproduction,
also observed in other bamboo species (Gadgil and Prasad
1984), A teadency in both the species to allocate
more biomass and nutriemts to the belowground npnarts
in the older fallows is understandable as a strategy
for survival and regeneration after a subsequent
disturbance, Grerater allocation of biomass and nutrients
to the branches in a S-year old fallow i{s 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 redistribution of this
element compared to many others for vegetative reprodu-
ction in Ixia polystachya (Hocking, 1984) and in
Solidago species (Abrahamson and Caswell, 1982) {s
also reported. Higher allocation of nitrogen to the
leafy component of both the speclies 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, 197%5; Murata,

1969; Field, 1983).
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Such different allocation strategies of biomass
and nutrients suggest that it is often difficult to
establish a connection hetween fitness and recsources
allocation based on any one currency, and emphasises
the importance of nutrient allocation in such studies
(Van Andel and Vera, 1977; Willifams and Bell, 1981;
Chaplin, 1980; Abrahamson and Caswell, 1982; Saxens
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

environment and make quick qgrowth before 1ight becomes
limitina 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

environmment of constant disturbance through slash and

burn agriculture, -
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SUMMARY

The two bamboo species, Neohouzeoua dulloa A.camus
and Dendrocalamus hamiltonii Nees & Arn, show plasticity
in architectural design and in biomass and nutrient
allocation strategies over a successional aradient of
upto 60 years for the former ahd 25 years for the latter.
However, optimal biomass accumulation rate was attained
in 3 15=year o0ld fallow for both the species, Maximum
elongation and thickness for the zero-order branch is
attained {n a 15-year old fallow for N, ég;;gg and in
a 25«year old fallow for D, hamiltonji. The lower
order branches produced on the zero-order branch of N,
dulloa §s sylleptic (except the fifth-order branch
produced only in & 15-year old fallow which is proleptic)
and that of D, hamjltonij is always proleptic, Least
bud dormancy with maximum branch production on the zero=-
order branch occurred in a 15-year fallow for N. dulloa
and in a 25-year old fallow for D, hamiltonii. D.
hamiltonii {n a S-year old fallow had better developed
firsteorder branch system with diffusely placed lower
order branch clusters appearing as if born on the
first-order branch, unlike in older fallows where

first-order branch production was continuous and
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lower order branch clusters appeared as if born on the
zero-order branch itself. In older ramets lower branch
systems are dropped off due to reduced light availability.
Further, the sympodially produced leafy shoots also
become less vigorous. In older fallows both the species
tend to allocate more biomass and nutrients to the
belowground rhizomatous component which is an adaptation
for survival and regeneration after a slash and burn
distrubance, With a3 highly restricted sexual reproductive
ability (occuring only once during the life cycle) clonal
reproduction is emphasised in both the species, The
biomass and nutrient allocation strategies to different
plant components differ., The growth stretegy and archi-
tectural design of these two Species are generally

geared to capitalize upon the high light regime of the
early successional enviromment, but with a limited
ability by N. dulloa to tolerate shade,
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LEAF DYNAMICS OF TWO BAMBUU SPEC1ES (NEUVHOUZECGUA DULLOA

A. CAMUS AND DENDROCALAMUS HAMILTON1l NEES AND ARN.) IN

SUCCESS1 ONAL ENV1RONMENTS IN NORTH-EASTERN INDIA,
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INTRODUCTION

Leaf area avajlable for photosynthesis plays a
crucial role in biomass production and the change in
total leaf area: being primarily determined by the
patterns of production and fall, and the longevity of
leaves (Watson, 1956; Newhouse and Madgwick, 1968). The
leaf with 1ts axillary bud, is 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 Shinozaki et al.
(1964), other authors have considered branches as
individual (Oldeman, 1974; Gill and Tomlinson, 1971)
or dealt- with leaf characteristics such as census
(Bufgen and Munch, 1929), longevity (Gill and Tomilson,
1971), age-structure (Kinerson et al., 1974) or abcission
rates (Kozlowski, 1973; Addicott, 1978), Much little is
known on the leaf dynamics of tropical tree species
(Boojh and Ramakrishnan, 1982b; Shukla and Ramakrishnan,
1984a), but no attempts have been made to study the leaf
dynamics of tree grasses (bamboos), which colonize
disturbed sites,
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The present study deals with the leaf population
dynamics of two bamboo species of successional environ-
ments at lower elevations of northe-east India. While
Dendrocalamus hamjltonil Nees and Arn, is confined
to early successional fallows upto 25 years, Neohguzeoug
dulloa A, camus is more plastic occurring in fallows
upto 60 years of age, developed after slash and burn
agriculture (Ramakrishnan et al,, 1981; Toky and
Ramakrishnan, 1983a), However, both the species are
1ight demanders but with different degrees of shade

tolerance,

METHODS OF STUDY
One yecar old ramets of D, hamiltonii and N. dulloa

and current year's ramets of the latter species were
identified in 5=, 1%, 25~, and 60=year old secondary
successional fallows developed after slash and burn
agriculture (jhum) in north-east India, In a 60=-year
old fallow D, hamjltonii was not studied as they occur
only under disturbed situations along the periphery of
the forest (Singh and Ramakrishnan, 1982), Identified
ramets were prlotected from herbivory by fencing, All

observations are based on five replicates,

All the existing leaves (only in Ny 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 emercenc~, 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 using
regression equation developed relating blade length and

breadth and leaf area for each fallow,

RESULTS
Leafing patt-rns

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 zero-order branch,
These sympodial leafy shoots of Neohouzeoug dulloa are
produced on the sylleptically produced branch system -
(by the contimued growth of lateral buds laid during the
current year's growth), and are subsequently exchanged
with new sympodial lerafy shoots, starting from the
second year of the production of the ramet, 1In

Dendrocalamus hamiltonii on the other hand leafy shoots
are produced on the proleptically produced branch system



Fige 3e1. Variation in monthly leaf production (%)
in current year's and last year's ramets
of N. dulloa (a) and last year's ramets

of D. hamiltonii (b) in successional

fallows, Current year's ramet, - =« = -3

last year's ramet, ;s closed circle,
5-year; open circle, 15-year; closed triangle,

25-year and open triangle, 60-year old fallows.
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(by the activation and growth of lateral buds laid
during the previous year's growth) and are subsequently
replaced (after a deciduous naked phase) with new
sympodial leafy shoots starting from the third year of
the production of the ramet., In D, hamiltonii, the
leafy shoot for the first time is produced in April-June
ftself but in N, dulloa it happens in August-September
(Table 3,1). This delay in N, dulloa is because, the
leafy shoots apnear only after the production of the
sylleptic branch system is completei, Therefore, leaf
production on the curréntly produced ramets of N, dulloa
occurs only for 245 days, In subsequent years, however,
leaf production in this species is continuous throughout
the year, The replacement of the leafy shoots of both
the species occur in April-June. N, dulloa is an
evergreen species of leaf exchanging type, whilst D,
hamjltonii is deciduous with a2 naked phase of 1«2 months
ohd with leaf produrtion restricted to 6-7 months,

Leaf production and fall;

In D. hamiltoni} (Fig. 3.1a) leaf production peaked
in June-July. On the branch system produced in the current
vear in N, dulloa, leaf production (Fig. 3.1,b) peaked
in September=October. However, leaf production on the
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Fig. 3.2. Monthly variation in leaf area in current

year's ramets (- - ~ -~ ) and last year's

ramets ( ) of N, dulloa and that

of D, hamiltonii ( . . o)

in successional fallows, Closed circle,
5-year; open circle, 15-year; closed
triangle, 25-year and open triangle,

60-year old fallows,
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Fige 3¢3. Variation in individual leaf area on current

year's ramets (- = - =) and last years's

ramets ( ) of N, dulloa and that of

D. hamiltonii ( . . . ) in

successional fallows., Closed circle, 5-year;
open circle, 15-year; closed triangle, 25-

year and open triangle, 60-year old fallows.
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branch system of N. dullga, produced in the previous
year, peaking occurred in June-July in all the fallows
except in 28 15-year old one, where peaking was in
Septembery

Annual leaf area achieved in N, dullo2 was generally
higher on the last year's ramet compared to the current
year's ramet (Table 3,2), With the fallow age, leaf
area attained by both the species increased reaching a
maximum in a 1%5-year old fallow,

In D. hamiltonii maximum leaf ares was attained
in July-August with decline on either side and total
loss in January-February (Fig. 3.2), Leaf areca of N.
dulloa on the last year's ramet reached a8 maximum in
September, where as in current year's ramet it peaked
in November with 2 decline on either side; the exception
to this was leaf area of the current year®s ramet in a
15=-year old fallow, where it stabilized at the maximum

after November,

largest individual leaf area was attained in a
15-year old fallow in both the species {Fig. 3.2). 1In
D. hamiltonii, individual leaf area increased reaching
2 maximum in August, whereas in N, dulloa individual leaf
area peaked in October-December,



Fig. 3.4. Variation in the longevity of leaves
recruited in different months on
current year's ramets (a) and last
year's ramets (b) of N. dulloa and
that of D, hamiltonii in a 5-year

0old fallow.
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Fige 3¢5. Monthly leaf fall pattern in current year's
and last years ramets of N, dulloa (a) and

last year's ramets of D, hamiltonii (b)

in successional fallows, Current year's

ramgt, = - - - ; last year's ramet, 3
closed circle, 5-year; open circle, 15-~year;
closed triangle, 25-year and open trieangle,

60-year old fallows.
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Leaf longevity pattern of both the species in
different fallows are not different and therefore that
for a Seyear old fallow alone is shown here (Fig, 3.4).
In the current year's ramet of N. dullos, leaves produced
during November~December had maximum longevity, whilst
on the previous year's ramet, maximum longevity was for
the leaves produced durino Augqust. There was a gradual
decline in longevity of the leaves produced earlier or
later, A gradual decline in the leaf longevity of
D. hamjltonii occurred during the leaf production period
starting from April to September,

Leaf fall in N. dulloa increased starting from
April, reached a maximum in November for the last year's
ramets and in December=January for the current year's
ramet and declined subsequently (Fig, 3.%a), However,
in D. hamiltonii, leaf fall increased starting from
April and was completed by January-February (Fig. 3,%b),

Leaf population fluxs

Leaf production and loss was maximum in a 1Seyear
old fallow for N, dulloa (Table 3,3). Iii a 5~ and 60~
year old fallows there was a negative net change in the

leaf population of the last year®s ramet of N, dulloa,
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where as in all other cases there was a positive net
change, at the en?éf one year period of observation,
Rate of change for leaves on the last year's ramet of
N. dulloa reached a maximum in a 25=year old fallow,
The leaf population on the last year's ramet had more
than 93% mortality, whereas in the case of the current
vear's ramet about 30-40% of the leaves were carried
over to the next year, However, complete turnover of
the leaf population occurred within a year, Leaf production
and loss in D, hamiltonii also was maximum in a 15eyecar
old fallow (Table 3,4),

DISCUSSION

There is much genet to genet variation in the time
of leafy shoot initiation and the terminstion time for
leaf emergence, More than one factor may be involved
in individuals of a given species leafing out at different
times at the same site, In clonal popubtions of herbaceous
species, Brown et al,(1965) have implicated ramet size
with phenological behaviour, ©n the otherhand, Lechowich
(1984) has derived striking correlations between leafing
phenology and the organisation of water conducting tissues
in the trunk and branches, Thus the early leafing
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broad~leaved temperate trees are shown to have more
narrow vessels that are more efficient {n water transport
compared to situations where there are large vessels that
are relatively inefficient, This is an aspect which need
further study for bamboos,

The early successional tree species have been shown
to have unrestricted leaf production and this rather than
the efficiency of energy conversion is considered to be
important for faster growth of species and for explaiting
high light enviromment (Coombe and HMadfield, 1962},
However, the two bamboo species follow two distinct
strategies for exploiting high light regimes, N, dulloa
has unrestricted leaf expansion occurring throughout the
year, though the total leaf area attained is much lesser
than in D. hamiltonii. The latter has restricted leaf
expansion period confined to just six months in 2 year but
at a much faster rate with total leaf are2 attained
belng many-fold than that of N« dulloa,

Much variation exist in the leaf population flux
in fallows of different ages. N, dulloa is more
plastic with ability to withstand shade but with limited

adverse :effect on leaf population dynemics. However,
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the faster growth rate attained in both the species
occur in S5« to 1S5-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
fallow., It may be noted that maximum total leaf area
and individual leaf area both occur in a 1B-year old
fallow, With broad basal canopy in a Seyear old fallow
that tapers rapidly towards the upver part, and the
narrow but socme what c¢ylindrical canopy design in an
15~-year old fallow, D. hamiltonii is sdapted for optimal
leaf display under enviromments where light availability
decreases with fallow age, If cumulative leaf area is
consicered in both the species, 50% leaf area production
is completed in the early part of the érowing season,

by July in D, hamjltonii and by September«October in

N. dulles,

Further the elongation of all the branch systems
of a ramet of both the species are also completed just
within a month, during April itself, These are strategies
advantageous to C4 species, such as these, for maximum
production during the more favourable early envirorments
of high temperature regimes, Thus, Saxena and Rama-
krishnan (1984¢c) have found distinct patterns of photo-
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synthate production of the C,/C, photosynthetic groups
with more effective dry matter production by c4 species
occurring during the early part of the growing season
when solai radiation would be more intense, accompanied
by warmer temperature, Cy plants, on the otherhand, had
peak growth during the latter part of the growing season
(October~December) when solar radfation would be less
intense coupled with cool temperatures, with definite
advantage to this category of species (Ehleringer and
Bjorkman, 1977),

Unlike in tree species of this area where leaf
fall peaked during March-April (Shukls and Ramakrishmnan,
1984) in the bamboo Species under consideration here,
maximum leaf fall occurred in November-December for
N. dullea and in January for D. hamjltoniji. This may
partly be related to lower temperature conditions
prevailing during the winter months and partly to the
dryness of the seasons (Longman and Jenik, 1974),

Since no sharp line can be drawn between evergreen
and deciduous species of the tropics (Holtum, 1946;
Koriba, 1958), Longman and Jenik (1974) recognised four
distinct patterns of leafiness on the basis on relative
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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',

D. hamjltonii belongs to the 'periodic growth - dectduous - -

type'. As discussed earlier, evergreen habit is of a
4?in1te advantage to early successional tree species
(Shukla and Ramakrishnan, 1984a: 1986), Though ever=-
greenness of woody Svecies is a common feature for

many of the specles of the early successional enviromment,
deciduous species too occur, It is suggested that
evergreen is of a definite advantage to exploit high
1ight regime of early s@ccessional erwiromments, 1In

D. hamiltonii, the deciduous habiyéf the species is
compensated to a large extent by the faster rate at which
leaf production occurs with more than 50% leaf productién
right in the very early part of the growing season,

by July itself,

SUMMARY

Both Neghouzegua dulloa A. camus end Dendrocslamus
hamiltoni} Nees and Arn, are light demanders of early
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successional enviromments, the former species exhibiting
a greater degree of sShade tolerance, N, dulloa belongs
to fperiodic growth - evergreen type' whereas D,
hamiltonii belongs to *periodic growth - deciduous type®.
The deciduousness of D, hamiltonii 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, specles showed maximum growth during the
very early part of the growing season itself when

temperature conditions are higher,
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INTRODUCTION

Subsequent to slash and burn agriculture (3jhum)
3t lower elevations in northeeastern India, the secondary
succession passes from an inttial herbaceous weedy
community to 2 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 et al,, 1981; Toky and Ramakriwkhnan,
1983a), Thus, bamboos contribute significantly to
ecosystem function of successional communities upto about
3% to 47 years of fallow regrowth after slash and burn
agriculture, As far as we know, there is little
information on the role of bamboo in ecosystem function
of tropical humid forests, 1In fact, the biology of bamboo
species .are least understood (Numata, 1965; 1970; Janzen,
1976), The present study, therefore, was undertaken to
assess the role of bamboo in the shifting agriculture
system of north~eastern India, considering different
jhum cycles (5, 10 and 15 years) at three locations at
lower elevations (200 to 300 m) 4in Khasi and Garo Hills
of Meghalaya and in Naga Hills,
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METHODS OF STUDY

Three replicates each of 5-, 10- and 15-year old
Jhum fallows in Garo Hills, 10~ and 15-year old Jhum
fallows in Khasi Hills and Naga Hills that are about to
be slashed for jhum were identified. While selecting the
replicate plots care was taken to ensure similar topography,
exposure and soil conditions, Slashing of the vegetation
in these fallows was done by the local tribal community
in October=November,

Density and basal area measurements of bamboo are
based on thirty 10 x 10 m quadrats in each replicate plot.
The bamboo population from 10 quadrats of 10 x 10 m area2
was harvested and separated species-wise into leaf,
branch and bole components, Trees and shrubs were classi-
fied species~wise into a different diameter classes and
sample trees in each diameter class 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 size
classes and the messured biomass, and using density values,
Herbaceous vegetation was harvested from 10 quadrats of .

l x 1msize,
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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 difjed soil samples were
ground and passed through a 0,02 mm sieve,

The elemental content of plant and soil samples
was analysed following the methods suggested by Allen
et al, (1974). Plant samples were analysed after acid
digestion., Soil cations were estimated after extraction
with 1 M ammonium acetate at pH 7. Nitrogen was
determined by micro-kjaldahl method, Phosphorus was
determined colorimetrically using ammonium molybdate
blue method, Potassium was measured by flameephotometry
and calcium and magnesium by EDTA-titration method,

For each element, the annual turnover was calculated
by dividing the weight that left the compartment by the
weight held in that compartment and expressed as a
percentage (Reiners and Reiners, 1970), The enrichment
ratio was calculated for each element as the quotient
of the weight of a given element in the vegetation divided
by its rate of uptake by the vegetation (Woodwell et al.,
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 amount of nitrogen present declined in older fallows
compared with younger ones, in general, the reverse was

found for all other elements,

Dendrocalamus hamiltonbi 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
Khasjana increased with fallow age upto 25 years at all
sites, However, the population of N, 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 éf 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, hamjltonii 4n 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~l) in the vegetation
slashed in different jhum fallows in Garc Hills

Fallow Element %ﬁ ts
a;c ow mhemen Ba s :::; Herbs Total
(years) . Sub-  and

ag&l- Tulds Total shrubs

Nitrogen 27,0 21,4 48,5 20,6 6.3 7.4
(64.3) (27.3) (8.4)

Phosphorus 8.8 6.8 15.% 6,7 8.9 31,1
(49.8) (21.4) (28.6)

5 Potase$#:3100,9 74,4 175.4 06.4 9.6 281.3
sium (62,3) (34.3) (3.8)

Calcivm 10.7 7.7 18.4 90.8 3.7 112.9

(16.3) (80.4) (3.3)

Magnesium 7,1 5.6 12,7 60.4 4.8 77 .8
(16.3) (77.6) (6.2)

Nitrogen 94,1 61,4 155.6 106.8 1.0 263.3
(59.1) (40.%) (0.4)

Phospho- 25,0 16.4 41,3 23,2 1.3 6%.9
rus (62.8) (3%5.3) (2,0)

10 Potass= 326.,1 160.9 487.0 307.8 .0.9 79%.7
ium (61.2) (38.7) (0.1)

Calcivm 31.6 20.3 51.9 296.8 0.6 349.3
(14,9) (85.0) (0.2)

Magnesium 23,9 17.5 41.3 137.7 0.8 179.9
(23,0)(16.6) (0.4)

Nitrogen 141.8 75,4 217.2 133,2 0.7 3s1.1
{61.9) (37.9) (0.2)

Phosphorus42.9 20,2 63,1 39.3 1.0 103,5
(61.0) (38.0) (1.0)

15 Potassium525.9 246.6 772.5 369.4 0.9 1246.3
(62.0) (29.7) (0.1)

Calcium 54,5 30.9 85.4 306.1 0.4 391.9
(21.8) (78.3) (0.1)

Magnesium 42,7 23,0 65.7 137.3 0.4 203.4
(32.3) (67.5) (0.2)
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twp bamboo species was least in a S-year old fallow,
increasing with fallow age, Between 10- and 15-year
0ld jhum fallows, in Khasi Hills and Naga Hills, the
individual species contribution remained more or less

the same,

A comparison of nutriemt concentration in bamboo
species versus shrub and tree components (Table 4,5,
4,6) suggest that the former cateqory of species have
generally higher nitrogen, phosphorus and potassium
compared to the latter category of species, The reverse
was the case for calcium and magnesium, While D,
hamjltonij had higher concentrations of nitrogen,
phosphorus and potassium compared to B, tulda in Garo
Hills and B, Khasiana in Naga hHills, N, dulloa in kKhasi
Hills showed higher levels compared to D, hamiltonii.
guch a clear-cut difference betwecen srnecies could not be

observed for calcium and magnesium,

The density of dements in different components of
the slash in Garo Hills increased with fallow age except .
for the herbaceous component (Table 4,7), 1In all the
fallows, the contributicn of nitrogen, phosphorus and
potassium by bamboo was much more in comparison to trees

and shrubs, were as reverse was true for calcium and
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Table 4,8: Density of elements (kg ha"1) in the vegetation
slashed in different jhum fallows in Khasi Hills

FeTTor TTonert =
e T oemems T

age
(years) Sub= and
Tétal shrubs
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
(73.0% (2%.7) (1.3)
10 Potassivm 338,7 1%8.8 497,5 337.0 1,0 835.5%
(59.6) (40.3) (0.1)
Calcium 33.8 T72.% 301.% 0.% 374.5%
(19.4) (80.%) (0.1l)
Magnesium 17.0 48,0 161.,% 1.0 210.%
(22.8) (76,7) (0.®
Nitrogen 28,1 277.% 192.,% 0.6 470,6
(%9,0) (40.,9) (0.1)
Phosphorus 37.5 51,5 89,0 31,% 1,0 1121,%
(73.3) (25.9) (0.8)
15 Potassium %541.8 234,7 776.,% 399.% 1.0 1377.0
(56.4) (43,%) (0.1)
Calcium 51,7 144,0 4%.0 0.3 600,0
(24.0) (76.0) (0.1)
Magnesium 28,5 71,0 23%,0 0.3 306.3
(23.2) (76.7) (0.1)
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T’/ble 4,9: Density of elements (kg ha"l) in the vegetation
/] slashed in different jhum fallows in Naga Hills
.

[ ]

Ii/allow Element nents
Aage ~Bamboos Trees  Herbs Total
I(years) B, . Sub- and 7 )
/ hamil- asi- total Shrubs
. ni; ana
Nitrogen 100,1 93.9 194,0 130,7 0.6 32%.3
(59.6) (40.2) (0.2)
Phosphorus 26,1 24,4 0.5 29,6 0.9 81,0
(62.3) (36.6) (1.1)
10 Potassium 290,6 04,4 595.0 421.% 1.0 1017.5
(=8.5) (41.4) (0,1)
Calcium 3.5 20,3 S1%¥8  365,.5 0.4 417,7
(12.4) (87.%) (0:1)
Magnesium 27,5 19.1 46,6 278.0 0.6 325,.2
(14,.3) (85.,%) (0.2)
Nitrogen 1%0,3 136.7 287.0 206,6 0.4 494.0
(%8.1) (41.8) (0.1)
Phosphorus 51,0 34,6 85,6 34.% 0.8 120.9
(70.8) (28.%) (0.7)
15 Potassium 481.8 404,3 886,1 567.7 1.0 14%4 .8
(60.9)(39.0) (0.1)
Calcium 47.8 4}1.8 89.6 498,1 0.3 %88,0
(15.2)(84.7) (0.1)
Magnesium 36,2 33.8 70.0 296.0 o. 366,.4

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 B, tulda.

In Khasi Hills, the density of elements in different
components was generally higher in 2 1"-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 trees and
shrubs, the reverse was the cace for calcium and magnesium,
Between the two species of bamboo, the contribution by

D. hamiltoni}i was somewhat higher than that by N, dulleas

except for phosphorus contribution, which was more

through N. dulloa.

A similar trend was observed at Naga Hills for
the different components in 10~ and 15-year old fallows
(Table 4,9), Trees and shrubs contributed more calcium
and magnesium compared to bamboo species, and reverse was
the case for other elements, Between the two bamboo
species, D, hamiltoni] generally contributed more of
all the elements except potassium in 3 1D-~-year fallow,

Inventory of nitrogen and phésphorus {n the total
vegetation and in the bamboo component of it, before the
fallow was slashed is given in Table 4,10, Nitrogen and
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phosphorus held in the aboveground biomass of the total
vegetation and the bamboo component of it, and that
released through litter, improved in older fallows,
While the percentage annual turnover of nitrogen for

the total vegetation consistently declined with fallow
age, that for phosphorus declined from 5~ to 1l0-year old
fallow at Garo Mills, but improved subsequently in a 15=-
vear old fallow at all sites, Percentage annual turnover
for nitrogen in bamboos declined from 5~ to 10-year old
fallows but subsequently improved, A similar change in
S5« to 1l0-year was also observed for phosphorus, with a
decline iq‘ 15~year old fallow, only at kKhas~ Hills and
Naga Hills but not at Garo Hills, While annual nutrient
accumulation for the total vegetation generally tended
to improve in older fallows, it shoid some wariation
depending upon the site, In the case of bamboos in
Garo Hills, anmusl nutrient accumulation improved from
5« to l0-year old fallow, followed by a decline in a
15=year old fallow here and at Khasi Hills, but not at
Naga Hills, While hitrogen enrichment ratio of the
total vegetation improved in older fallows, phosphorus
values either declined, remained more or less the same
or even somewhat improved in older fallows, Nitrogen

enrichment ratio 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
increase between 10 and 15 years,

Potassium, calcium and magnesium held in the
aboveground biomass and that released through litter
improved sharply in older fallows, both for the total
vegetation and for the bamboo co-ponengt (Table 4,11), .
The percentage annual turnover of all three elements
declined in, older fallows except for potassium and
magnesium in Naga Hills, However, percentage annual
turnover of all the elements in bamboos remained more
or less the came 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 accumulation in bamboos
improved or remained same in older fallows depending
upon the nutrient and site conditions, While enrichment
ratio for the three elements in the total vegetation and
in bamboo 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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removed out of the system was relatively less compared
to trees and shrubs, except in a8 S~year old jhum fallow
slashed at Garo Hills,

The density of elements removed out of the system
through slash of trees and shrubs was generally higher
when compared with bamboo species (Table 4,13), The
nutrienfs removed from the jhum system through slash,
expressed as a percentage 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
%0,.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
(Ramakrishnan and Toky, 1981), The length of the jhum
cycle {s a major factor in determining the amouat of
nutrients added, which in turn partly determine crop
vield (Toky and Ramakrishnan, 198la; Mishra and Rama-
krishnan, 1981), The fallow regrowth during secondary
succession after cropping in north-eastern hill region
of India is characterized by weedy communities upto
about 5 years (Toky and Ramakrishnan, 1983a; Ramakrishnan
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and Mishra, 1981; Kushwaha and Ramakrishnan, 1982;
Saxena and Ramakrishnan, 1983b; 1984b), but bamboos
form a major component of the successional stages of
vegetation after the weed phase and may continue upto
about 25 years as in Dendrocalamus hamiltonii or upto
35 to 47 years dependfng upon the intermast period for
flowering of the species concerned (Varmah and Bahadur,
1980). But, a species such as Neohouzeoua 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,
Dendrocalamus hamiltonii, Bambusa tulda and Bambusa
khasjana are strictly light demanders and therefore
these species do not continue in the successional
envirorment beyond 25 years 3s in D,:hamjiltonii (Toky
and Ramakrishnan, 1983a; Ramakrishnan et al,, 1981)
or beyond 35 to 47 years which is the intermast period
for B, tulda and B, khasjana respectively (Varmah and
Bahadur, 1980). 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,
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Though the total slash biomass of bamboo increased
in older fallows upto 15 years, which is related to
fallow age and the consequent rapid vegetative multi-
plication of bamboo when light conditions are still
favourable for its growth (Chapter 2), a similar increase
with fallow age was 3lso noticed for the total slash
produced as observed earlier in the north-eastern
region (Toky and Ramakrishnan, 1983a; Mishra and
Ramakrishnan, 1983¢c) and by othexzsfor slash and burn
agriculture systems elsewhere (Nye and Hutton, 1957;
Bortholomew et al,, 1953; Snedaker, 1970; Golley et al.,
1976; Edward and Grubb, 1977; Ewel, 1971; Uhl and
Jorden, 1984; Stormgaard, 1984), However, the proportional
contribution of biomass by bamboo was either un2ltered
or even declined, This is related to rapid takeover
of fallows by broad-leaved shrubs and trees resulting
in eventual elemination of bamboo by taller tree species
(Toky and Ramakrishnan, 1983a; Singh and Ramakrishnan, 1982),
The proportional contribution of different species of
bamboos to the total bamboo biomass, however, varied
depending upon the site., It may also be noted that
the slash added through weed biomass declined drastically
in 10~ and 15-year old fallows which is due to natural
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suppression of werds in fallows older than 5 years
(Saxena and Ramakrishnan, 1984b; Swamy and Ramakrishnan,
1987).

While bamboo species are chiefly used only for
hut construction for living, the amount so used is
only a small fraction of about 4 to 14% of the total
slash removed from the system, When under a S«year
Shum cycle, however, bamboo production is very low
and a greater proportion of this commodity is removed
for hut building, While in Garo Hills, in general,
natural forest resources are still relatively better
preserved because of lesser population pressure on
the land (Ramakrishnan, 1984a), in Khasi and Jaintia
Hills of Meghalaya, Seyear thum cycles are more
frequent and in many areas the cycle has come further
down leading to site desertification (Ramakrishnan,
1985; Ramakrishnan, 1984b; Ramakrishnan et al,, 1981),
Therefore, the availability of bamboo has become more
acute, The ecoialogical implications of this lies {n
the fact that, as the cycle gets shortened as has becn
happening in the recent past, due to population pressure
and reduced land availability for cropping (Ramakrishnan
et al., 1981; Ramakrishnan, 198%a), bamboo production is
adversely affected,
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As far as we are aware there is no information
available on the nutrient budgeting of bamboos in
ecosystems except for the studies done by Ramakrishnan
and co-workers on subetropical humid forests of northe-
eastern India (Toky and Ramakrishnan, 1982; 1983b;
Chapter 2), An important point that emerges out of
the present study §{s that bamboos generally accumulated
more of nitrogen, phdsphorus and potassium in the system
compared to calcium and magnesium, Amongst the three
bamboo specles, N, dulloa was more efficient in nutrient
conservation than D, hamgltoni)i, as is evident from tissue
concentration of these elements though the latter had
larger biomass and therefore higher elemental densities.
The last two elements, in the all three sites, afé
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 mstter that needs
to be investigated, the ecological implications of
this is obvious, Bamboos play an important nutrient
conservation role in these ecological systems of the
humid tepopics, particularly under a wide range of jhum
cycles of 5 to 30 years,
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Nitrogen, phosphorus and potassium are more
critical elements in tropical soils, After burn, hitrogen
is a major casualTty because of rapid volatilization
(Allen, 1964; Knight, 1966; Debell and Ralstoh, 1970)
and the recovery of the lost nitrogen takes atleast
10 to 15 years (Saxena and Ramakrishnan, 1986; Mishra
and Ramakrishnan, 1984), Phosphorus is another nutrient
often in short supply, Earlier studies on jhum system
(Mishra and Ramakrishnan, 1983b) and more fecent studies
too (Swamy, 1986) suggest large-scale Wolatilization of
phosphorus as also reported by Llyod (1971), though the
mechanism for volatilization is not clear, Further
phosphorus fixation into unavailable forms is reported
in their clay f_raction for tropical soils that are
rich in sesquioxides of iron and aluminium (Gebhardt
and Coleman, 1974; Tinker, 1977; Parfitt and Lee,

1979; Mishra and Ramakrishnan, 1983d). Losses of
potassium through runoff and percolation water in the
Jhum system was always found to be much hezvier 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 potassium was much more readily dissolved
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than calcium and magnesium ions following a burn,
Therefore, conservation through bamboo of all these
three critical elements is of particular significance
from the point of view of fertility maintenance under
Shum,

Preferential uptake of phosphorus by early
successional weedy communities has been suggested
earlier (Toky and Ramakrishnan, 1983b), A generally
highér density for phosphorus compared to that of
other elements found for herbaceous communities at
all sites is in agreement with this observation,
Similarly, N. dulloa a bamboo from Khasi Hills, has
also the ability to accumulate more of phosphorus compared
to other bamboe species, an observation also confirmed
by our studies on nutrient allocation strategies
(Chapter 2),

In general the biomass of slash removed by the
jhum farmer from the jhum system for other purposes such
as hut construction, timber and fuelwood {s many-fold
more through shrubs and trees than through bamboos,
Consequently the amount of nutrients lost out of the
system is also similarly affected., With a high
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capacity for conservation of nutrients such as
nitrogen, phosphorus and potassium by bamboo discus-ed
above, the losses from the system to that extent {s
minimized, than would otherwise happen if a larger
proportion of the bamboo biomass is removed out of

the system,

A general increase in nutrient density in the
biomass and in the release through litter in older
fallows 1s to be expected because of the general increase
in vigour of the bamboo species with fallow age upto &
cevrtain point of time as recorded for D, hamjltonii
(Chapter 1) and sugoested for B, tulds and B, khasiana
based upon their 35 to 47 years' intermast period
(Varmah and Bahadur, 1980), The exception to this is
N. dulloa which being 2 smaller sized bamboo soon is
reduced to an understorey species in a 20,year old
fallow with consequent decrease in nutrient density in
aboveground biomass and that released through litter,
This was seen by us on the basis of individual specles
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 lesser accumulation
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of these elements compared with nitrogen, phosphorus
and potassium, However, annual turnover rates of
potassium is low, perhaps as a consequence of a larger
quantity of this element being rapidly accumulated by
bamboos, and locked up in the biomass; the release
through litter itself is low., The turnover rates of
elements and enrichment ratio calculated for bamboos
and the vegetation as 2 whole is dependent upon the
specific bamboo specles, the element concerned and site
conditions, However, an important peint that emerges
is that, bamboos, has a critical role in the nutrients
cycling of the vegetation where it dominates as in
10~ and 15-vear old fallows that slashed for $hum,
Obvicusly more studies are required on the role of
this 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
elevations in Khasi and Garo Hills in Meghalaya and
in Naga Hills, While Dendrocalamus hamiltonii Nees

and Arn, {s a speclies common to all sites, three
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others are site specific: Neohouzeoua dulloa A, Camus
in Khasi Hills, Bambusa tulda Hoxh, in Garo Hills and
Bambusa khasjana Munro in Naga Hills, Under all the
Jhum cycles considered here, bamboo {s an important
component of the fallows slashed for jhum, contributing
upto 40 to 58% of the total slash biomass and a much
higher proportion (49 to 73%) of nitrogen, phosphorus
and potassium, but much lesser calcium and magnesium
(12 ro 32%), Apparently, bamboo has a significant role
in consiervation of nitrogen, phosphorus and potassium,
These elements are highly labile (nitrogen and potassium)
or are often immobilised in tropical soils, into an
unavilable state in the clay fraction (phosphorus) due
to fire., Calcium and magnesium, on the other hand, are
largely held in tree and shrub components of the
fallows slashed for jhum, It is concluded that bamboos
play a2 significant role in nutrient conservation in the

jhum system in north-eastern India,
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INTRODUCTION

Bamboo is an important natural resource for the
people of the north-eastern region of India. Not only
does it play an important role in the village economy,
because of {ts use as fuelwood, as water pipe or as
material for but construction, but also is important as
part of the slash and burn agriculture (jhum) system
because of {its important fole in conservation of
nitrogen, 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 (Ragakrishnan. et al., 1981;
Ramakrishnan, 1985b) and the consequent takeover by
weeds (Saxena and Ramakrishnan, 1984b) and eventual
desertification (Ramakrishnan, 1985d; 19859, Further
the giant paper mills established in the region will
further accentuate the 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 Khasikglztrict of Meghalaya,

METHODS OF STUDY

Though detailed analysis of bamboo resources

available and utilisation patterns are based on the three
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villages, 3 more generalized analysis of the utilization
pattern was also done on thirty villages selected at
random in east Khasi Hills district, The families in
the villages were classified into categories based upon
income and the dependence and utilization of bamboo
resources, The consumption pattern of each category

was then observed over a2 one-year period,

Bamboo used as firewood collected by the villagers
and that exported outside the village boundary is usually
cut into smaller pleces of 2bout 75 cm long., Actual
field measurements were made for the three villages,
also with random observations on thirty villages, In
those villages, where bamboo is also raised in plantations
within the village 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

6ver a one=year period,

New bamboo shoots consumed as food was. calculated
on the basis of observations over a one-year period on
families selected at random., Bamboo shoots exported were
calculated on the basis of those scld in the market, on
the basis of weekly observations, since they are sold in
weekly markets, Fodder consumption by cattle was based

on observations of weekly harvests done by the villagers
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Table 5.1: Village community structure of the three

villiages of east Khasi Hills district

A4 S

pT ol Ta1Yad

Village built area (ha) 50 14 34

Number of house holds 79 63 42

Populations

Adult males 161 86 66
(20.%) (4%.5) (45,5)

Adult females 106 73 59
(33.2) (38.6) (40.7)

Children (below 12 years) 52 30 20
(16,.3) (15.9) (13.8)

Total 319 189 14%
Male/female rastio 1.31 1,03 1,07

Work force:

Agriculturists 97 86 33
(30.4) (45.9) (36.6)

Traders 8 2 4
( 2.5%) ( 1.1) ( 2.8)

Govt, employees 11 2 6
( 3.5%) ( 1,1) ( 4.1)

Labourers 138 61 69
(43.3) (32.3) (47.6)

Dependents and part time 65 38 13
workers (20.4) (20,2) ( 9.0)
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and the size of the cattle population, The food and
fodder values in terms of crude protein and total sugars
were analysed by indophenol blue method and anthron mekhod
respectively, following Allen et al.. (1974).

Industrial export for pulping is exclusively through
contractors who operate in demarcated forest areas leased
out for a Se-year period at lailad and Umpri, since 1981,
Calculation on the export is brssd upon mmber of truck
loads taken out on a monthly basis,

RESU A N
Bamboo utilization pattern in selected villages:

Though the mumber of families was the second
highest at Umroi, the area covered by the heuse holds
is le2st compared to Lailad and Uepri (Table %.1).
Umpri, however, had the highest mmber of households,
With 2 mixed population of different communities,
Umpri and Lajlad had some degree of segregation in
household organization, whereas the compactness of Umroi
is because it is a single community (Khasi) village.
About 14 40 16% of the pepulation were children below
12 years., While Umroi and Lailad had approximately
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Table 5.,2: lLand use pattern in the three villages of

east Khasi Hills district

V;Tlagas
Umpr ol

Tallad
Area under cultivation (ha):
Valley cultivation 93.7 4,9 11,2
(%8.2) (5.0) (21.4)
Jhum cultivation 67,3 93.% 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 village
Broad-leaved forest 92,0 0 107.7
(°9.3) (34,3)
Bamboo fallows 139.4 o 163,1
(44.4) (52.0)
Area under plantations(ha):
Bamboo 1.3 1.7 o)
Pine (Pinus kesiya) o 265,0 0
Pineapple and lemonaorass 14,3 31,7 4.7
(Cynbopogan sp. )
Total 15,6 298.4 4.7
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equal proportions of males and females, this ratlo was
weighted towards males at Uepri because of migrant male
population. Umrol had a larger percentage of people
fnvolved in agriculture, followed by labourers, whereas
Umpri and lailad had more 1abou17{orco closely followed by
agricultur{sts, The labourers at these two latter
villages jare employed by timber contractors.

Unpri being closer to Assam plains has a large area
under vally cultivetion (Table 5,2). Lailad and Umroi had
large area under slash snd burn agriculture (jhum), with
least valley land in Umroli, Bamboo forests are more than
broad-leaved forests both at Umpri and lLailad located at
lower elevations, where at higher elevations of Umroi
pine plantations are managed by the Meghalays Forest
Department (1/3 area) and the village community (2/3 area),
A relatively small area is alsoc under bamboo plantation
done by villagers, Plantation crops such as pineapple
and lemon grass (Cymbopogan sp.) introduced by Meghalaya
phytochemicals are also cultivated. The yield of bamboo
through different species at Umpri and Uarol is given
in Table 5.3, Umroi had Bambusa khasians whilst Umpri had

Bambusa tulda and Melocanns bambusoides. Since M,
bambusojdes is a thinner variety but with high culm yield,
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Table 5,33 Are2 under bamboo plantation in two villages
of east Khasi Hills district and extraction

pattern.
5 Villages
Umro]
Bamboo plantation area (ha)
Bambusa khasjisne 0 1.70
Bambusa tulda 0.95% 0o
Melocanna bambusoides 0.3% o
Total 1.30 1.70
Extraction per has
Number of culms 300 1€0
Biomass(ly x 103) 5.0 3,20
Bele 4,0 236
Branches 0.79 0.49

Leaves C.21 0.17
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the production of culms is much higher at Umpri inspite
of reduced land area under plantation, in contrast to

B. khasians which is larger variety with fewer culms, B,
tulda is a larger bamboo variety compared even to B.
khasians and this would partly account forﬂ:;gher biomass
of the bamboo plantation at Umpri.

Consumption pattern of bamboo by the three
villages are given in Table 5.4, Bamboo 2s firewood is
consumed and also exported in larg:mf%:zizfios both at
Umpri ) " but not at Uhroﬁt A recurring consumption
i{s related to fencing and house repair, Though large
quantities of bamboo 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 average after 20 to
40 years being the life span of a house, this is not
accounted here, In the two villages at lower elevations,
some bamboo is also used for water transportation from

streams,

During the rainy sesson, bamboo shoots form an
important food source (Table 5.5). While D, hamiltonii
is the chief source at the two lower elevation villages
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chiefly harvested from natural bamboo forests, at Umroi

B. khasjana from plantation is the chief source, Bamboo
shoot consumption is much higher at lower elevation villages
than at Umrol., Further, export of shoots outside the
village boundary is done only in few villages, Only
Nepalis maintain cattle, and bamboo fodder consumption

by them alone is restricted dhring the rainy season

(Table 5.6)

The monetory returns through export of bamboo is
given in Table 5,7, Firewood and bamboo shoot as food
are sold only by a few families, Plantation being raised
in jhum plots by a2 few families, only 4 to 6 families
derive benefit from it., Individual culms are sold at
the rate of & 1,25/~ for M. bambusoides, & 2,50/~ for
B. tulda and & 4,50/~ for B. khasiapa, With 6 families
owning 1.3 hectares of plantation in Umpri in contrast
to two families owning 1.7 hectares of bamboo plantation
at Umroi; income per family is higher in the latter case,
These farmers sell a small fraction of the bamboo to the
rest of the villagers and over 90X is exported out of the
village boundary.



Fige 5.1. Topographic map showing village distribution

pattern in east Khasi Hills district.
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Fige 5.2+ Altitudinal succession of vegetation indicating

bamboo zone in east Khasi Hills district.
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Table 5.8: Land use statistics of east Khasi Hills district

(1981-82)1
Area (ha)  Percentage of
the totag

Forest 220%03 37.46
Barren land 82035 13,04
Land under non-agricultural 17009 2.89
uses
Cultivable waste land 155779 26.47
Land under miscellanious 50477 8.5
tree crops and growes
Permanent pastures and 6117 1,04
other grazing lands
Current jhua fallows 5486 0,93
0ld jhum fallows 5747 0.98
Net area sown 45468 7.73
Axrea sown more than once 9463 1,61
Total cropped area 54931 9.33
Total geographical area 88615 100,00
Net/gross irrigated area 8371 1,42

lpata from District Statistical Abstract, east Khas:
Hills District, 1981.82
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tilization pattern in the bamboo zcne of east
Khasi Hills district,

East Khasi Hills district has about 6000 villages
(Fig. 5.1) of which around 2500 are in the bamboo available
zone, Bamboo consumption zone, it may be noted  at an
altitude range of 90 to 1200 m (Fig., 5.2), Of these 567
are villages with heavy consumption. Vi{:)agos are
classified on the basis that they extract an average of
100 x 103 & per family, Whilst low consumption villages
are 1533 and they on the average extract 0.4 x 103 kg
per family,

The census data for the east Khasi Hills district
(Table 5.8) show that land use statistics, but thiﬁj;nly
of 2 limited value in ascsessing bamboo resources in the
district;, Thus, even though 37.5X 1s shown as under
forest, much of this is a bamboo forest of not more than
20 to 25 years, rather than mixed broad-leaved ones of
older age, Similarly, it is suspected that cultivable
waste lands and current jhum fallows may have at least
a small percentcge under bamboo. Further, it seecms likely
that 0ld jhum fallows are all bamboo forests (Toky and
Ramakrishnan, 198%3, since there are not many forested
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Table 5.9: Bamboo consumption pattern in the two
categories of villages in east Khasi Hills

district
(+) a8qges
M

Fencing (k) “ 170 120
Repairing (k) 490 460
Water pipes (k) 90 63
Firewood (& x 10°) a8 19
Food (%) 135 80
Fodder (k) 8% 65
Total (& x 10°) 49 19.8
Export (& x 10°) 34 o
Grand total (& x 10°) 83.9 19.8
Industrial (% x 10°) 800 °
Nmber of villages 567 1533
Average villages size 60 55

(number of families)
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Table 5,10; Dry weight consumption/export of bamboo
resources from bamboo zone villages of
east Khasi Hills district

Amount
_(m x 10°)
Fencing 280
Repairing 983
Water pipes 148
Firewood 19500
Export (Industrial) 800
ZXagsi - 50911
Food (bamboo shoot) 199
Fodder (bamboo leaves) 255

Grand Total 21365
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fallows older than 25 to 30 years in east Khasi Hills
district (Ramakrishnan, 1985¢). Therefore a correct
assessment of bamboo resources of the area, through

techniques such as remote sen:siing is important,

The bamboo extraction pattern per village in 567
higheconsumption and 1533 low=constmption villages is
shown for an average village with 55 to 60 families per
village (Table 5,9). In the high-consumption category
total extraction i{s 2,5-fold more than in the low-consump-
tion category. Much of the consumption is aé fuelwood,
However, bamboo has a variety of uses in the village
ecosystem,

The total utilization pattern shown (Table 5-10)
here for east Khasi Hills district suggests 83,9 x 103I;
for high=consumption villages and 19,9 x 103! for lowe
cunsumption villages, Out of 34 x 103|. exported outside
the high~consumption villages, about # goes outside east
Khasi Hills district chiefly to the Assem plains, exclusively
for firewood, BOO x 103 g goes through contractors for
fndustrial use, chiefly for pulping in the paper mills
located in Assam, It is interesting to note that
consumption in the région {tself i{s only a small fraction
(though significant from the point of village economy)
compared to export,
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Table 5.11: Income (Rupees p’l) from bamboo exported
from east Khasi Hills district

Amount
New shoots 353808 (624)
Firewood 3W\55600 (6800)
Indistrial 100000
Total income to the region 4309408

Pavy vnn°-39- imcome withim }g«vm%e 121
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The export income through bamboo from villages in
the east Khasi Hills district region (Table 5,11) is
exclusively from high~comgumption units only. Of the total
income from bamboo of &k 4309 x 103, 2 major component is
through fuel-wood exportp industrial export and export
of bamboo shoots form only a small fraction of the income,

CORCLUSION

In the east Xhasi Hills district loweconsumption
villages out number high-consumption villages, It appears
that low-consumption villages are a2 consequence of a gemeral
decline in bamboo resources in the district. 1In other
words, 4t is suspected that with passage of time more
villages are likely to be added én.to the low-consumption
category. Though industrial export is only from a
restricted area, the amount in relation to the total
consumption in the village itself {s very highp this
pattern will be exaggerated wttvﬁew paper mills going
into production in the near future, Yet, there is no
planning what so ever for scientific management of
bamboo forests in the district or in the region as a
whole, It is also interesting that much of bamboo is
burnt as fuelwood within the district and even a larger
amount is exported to the plains for this purpose., The
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situation as far as sustainable yleld of bamboo for the
future is concerned is alarming; there is an urgent need
for scientific management of this important resources,

SUMMARY

A general survey of bamboo utilization patiern in
thirty randomly selected villages of east Khasi Hills
district was done, alongwith intensive studies on three
selected villages, A major use of bamboo is as firewood
for local consumption and even more so for to export to
Assam plains, Much bamboo, though from a restricted area
is also exported for industrial purposes, Bamboo shoot
is an i{mportant food source during the rainy season, A
m3 jority of villages are classified as low-consumption units
because severe local shortage of this resource and it is
suggested that many are being added to this from the highe
consumption category,
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FLATE I3 a) A view of slash and burn egriculture plot
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b) A view of 10-year old jhun Tadbyw,




PLATE 1113 a) A view of 60u-year old fallow at Leiled;
b) inside view of the 60-year old fallow.
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