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PREFACE

;"Qamboos'constitute an interesting group of plant
_;ies because of their unique biclogical attributes

-h as their demographic strategies, growth and
>fﬁiteCtural design, flowering and fruiting behaviour,
are an imprtant plgnt resource with a variety of
for the rural communities of the country and with
istrial value for pulping for paper and rayon, In the
j:h-eastern hill region, they also play an important
;ﬁﬁlogical role in the slash and burn agricultural

B ton { jbum) dufihg the recovery phase of the ecosystem
during secondary succession after cropping. Thus, earlier
iies done by Remakrishnan and bis co-workers have

emphasized the potassium conservatory role of omne of the

cies, Dendrocalemus hamiltonii Nees and Arn. Yet, so

;%ttle is lmown on the biology of bamboos in general, end
_;é‘bamboos in India in paxrticular, exFEpt for some
onoqic studies, In fact, this is one of the very few
attempts made in an understanding of the biology/ecology
3f this important group of species. The present work,
fore, centres around four important species of

boo, namely, Dendrocalamus hamiltonii Nees end Arm.,

“vgﬁouzeoua dulloa A, Cemus, Bambusa tulda Roxb. and

busa khasiena Munro. Besides, a general socio=economic
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of this important natural resource of the region

with particular reference to east Khasi Hills

:rict of Meghalaya, India,

:5?h° aspects mentioned above are covered in five

Miéré, each with its own Introduction, Metheds of Study,
sults and Discussion, The Chapters are selfcontained,
'1ffparad in a manner that,is ready for publication,
1;Besis starts with a Chapter on General Introduction,
llowed by one on Study area aﬁd Climate. Literature Cited
in the text are arranged at the end of the thesis,

| Beipg one of the very few studies of this kind on

:ﬁi épecies, this has considerable academic value, and
fmghe same time application in terms of menagement of

is important natural resource that is being fast depleted.
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3;‘ Individual species attributes determ{ne, to a
Irge measure, the community/ ecosystem functions;
;;ing secondary succession after slash and burn
griculture in north-eastern India, bamboos form an
,féortant component of the seral communities, Their
%}ulation structure and eco~physiologiqal attributes,
;;;efore, play a major role in determining ecosystem

inction during early phases of secondary succession,

s

DEMOGRAPHY AND POPULATION DYNAMICS
‘iﬂhmtality/natality patterns:

. Populations of colonizing species pass through a
‘wvariety of growth phases with time, Initially, the
;;J-ulation grows exponentially till the resources hecome
imiting. 1In due:course of time, if natality and

mortality become equal, the population size getsr‘
abilized showing fluctuations around a mean value,
igﬁibéithié period, growth of such pOpulations\with

milar resource needs, however, brings about certain

anges in the environment, This change may prove un-
Y%;;.ble for early colonizers reéulting in local extinction

'iu: to increased mortality,
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Existence and elimination of mvlatiaﬁ of a
species, from a given enviromment solely depends upon
4ts ability to ag@just with the changing &wir%mm@;
s change in arwimmeatvmy directly reflect

 fluctuations in population size. These fluctuations
~ in population size are termed as *population dynamics*
: by Eliaa (1933). According to him, it concerns with

~ rate of increase and decrease and the influence of
 envirommental factors on the size of the population,

Lokta (1931) and Volterra (1931) proposed saparataiv 5
different thsmtieal eqr:atiam for calculating population fff‘v';;
growth rate based on birth, éeath,s {mmigration and &m.{gratia’n
rates which were cauﬁmﬁ by Gause (1934), Gause (1934)
put forward the famous 'Gause hypothesis® which suggests .
that two species having identical eeelagicall niche

gaamt survive together for a long time; eventually one
w111 replace the other,

The early seedling phase of a plant's life is

. generally considered to be the most risky and this risk
"vggﬁgxaggemtoé due to increasing density of the same or
another « species (Harper and White, 1974; Watkinson, 1978;
ook, 1980; Smith, 1983a; Remakrishnan, 1972). When “
individuals of a species are released into a favourable
envirorment their number increases rapiély at first and
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_t&m stabilizes, thus implying, that it is the pe@uiatiea
} size which itself, in some my r&galates the rate of
population growth (Harper and Gajic, 1961; Ramakrishnan,
1972), 1Individuals may respond to density in two wayss:
(1) a2 reduction in seed output or lowered rate of
vegetative reproduction and (ii) a reduction in the
chance of individual survival (Harper and Gajic, 1961;
Ramakrishnan and Kumar, 1971), Just as in a wp&!atien .
of single species, density stress intensifies the '
expression of small differences (genetic and envirormental) -
between individuals, so too in mixed populations stress
may exaggerate and expleit inter-specific differences
(Ramakrishnan and Jeet, 339‘?23.4 The experimental model
of de Wit (1960) are sapafbiv designed to study the
behaviour of two species in a mixture. In this model
the two species are grown together at varied proportions
while overall density of the mixture is maintained
constant,

The behaviour of two or more species growing
together and interfering with each athetf mechanisms of

of the ways in which one species suecozas at the expense
_of another and the ways in which plant species may
co-habit within a relatively stable community without

one succeeding at the expense of another, must depend on

population control is of great interest. An understanding
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dge of the manner in which Walatieas are
{kﬁaugh%a and Harper, i%,&; ﬂamraaé

, 19623 ﬂarper and czatwerty, 1%3* Ramakrishnan
gct. 1972), | '

; The populations of Avens fatus and Avena bark bata

ve properties of self-regulating systems in which

y dependent selections allow stable cowhabitation
two species, Under emexmatai conditions, regﬁ»iatian
species acted through a plastic response to density
Wﬁ to 2 predominantly mortal response involving

 in survival rates (Marshal and Jain, 1969),

méies by Ramakrishnan and Jeet ((1972) on the

titive r&latianship existing between Argemone spee:iss i
licate that A. mexicana reacts more sensitively to intra=
ecific competition than A. ochroleuca. ‘

Population regulation operates via density_dependent
: - sses of mortality and fecundity. A density-dependent
iit'f factor is one that relaxes as population density
lines, and theréby slows or halts population decrease,
”m&atzaa density smreases, a density-dependent
it? faetor kills an increasing pmrtiaa of the
> ation. An example is seen in the relationship
ween seedling survival and the original density of

xv-;a %“8‘1‘“
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geds in the Wisconsin population of Acer Saeccharum

tudied by Hett (1971), Density-dependent fecundity

also regulate population size by the production of

» > seeds per plant as population density rises (Watkinson
and Harper, 1978; Smith, 1983b),

As plants in a dense mﬁl&tién become larger witﬁ‘: s
sge, the density of individusls in the population 5 3
ecreases due to mortality. As long as the relationship
petween mean plant weight and density is governed by a

1ine with slope -3/2, total plant weight will increase,

1 s is because mean plant weight is increasing faster

‘than density is falling and is called 'self thinning’.

“f hite (1980) observed this quantitatively in about eighty
‘species of trees and herbs. |

=

A great deal of literature has accumulated on the
tality rates of plant populations over about two

cades, Deevey (1947) on the basis of work with different
pulations, concluded that, in general, the individuals
follow three types of death/decay pattern. -

A cohort with Deevey type I survivorship has low
mortality in early and middle life but a rapid change
ﬁ high mortality later on, Type II survivership is
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led by a constant death risk throughout the life

Type III is a pattern of high :}wéaﬁe and low

11t mortality by long-lived plant species, Juvenile

tality has been observed in the seedling populations
_warious weed species (Hett, 1971; Sharitz and McCormick,
73; Sarukhan and Harper, 1973; Hett and Loucks, 1976).
period seems to occur at the transition stage between"

e dependence of seedlings on seed food reserves, and

eir establisk ment when they start independent assimila-

ic Seedling mortality may be due to factors such as
rou ght f?axaki, 1960; Peterson, 1966; Cavers and

irper, 1967; Friedman and Orshan, 1975; Marquis, 1975).

- In most of the pigﬁi population studies the survivor-
Mp curves have been found to be Deevey type II which =
‘ lies constant death risk throughout the life span of
‘papu&a%i&n' The studies on the mortality pattern
.' ize done by Ramekrishnan and Kumar (1971) alse

wed that mortality is a continuing risk that
yegmlatiaﬁ has to put up with throughout its iif&
'x'. However, in Denthoria caespitosa, Willfams (1970).
servec Deevey type III survivorship curve with heaviest

)] tality in the early life (scedling stage). In contrast,
BRe1d (1957) observed Desvey type ¥ survivership curve .

‘with less risk of desth in young and middle period of age
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‘A rumber of studies are available now on §'awiatiaa

jynamics of perennial herbs, Sarukhan and Harper (1973)
ade a detailed study of demography of three species of

W in a grassland situation which was subsequently

iaxzma mathematically by Sarukhan and Gadgil (1974).

ﬁéﬁﬁwfﬁ 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 falleow starting with 1, 3,5,

- 10 and 20 years, after slash and burn agriculture, in
Eupatorjum odoratum 1o recruitment occurred in 10« and
20-year old fallows, Ramakrishnan and Mishra (1981) studied
the population dynamics of Eupatorium

: Af»aiiéws after slash and burn agri#ﬁltarﬁ {jhum) at higher
~ elevations in northeeastern India and observed a net popu=
lation increase through both vegetative and sexual

| ngraduetieﬂ in eérlv successional fallows upto 6 years,

- Mortality of seedlings was high in l- and 3-year old
faiim; low in 6~year old fallow and reached 100% in
older fallows. Further, they showed that seedling
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ity was maximum during mensoon afithwgis some

i 's'éi&é in winter too, as a result of .drought

»st, Kushwsha et al. (1983) studied the population
ics of Imperats cylindrica in successional communities
T slash and burn &gwicuitt;re (Jhum) in different fallows
1,3, and 5 years age and observed that the loss in

ion in different fallows was due to reduced light

etration and greater moisture stress in these fast
eloping communities, resulting in complete elimination
ring the seventh year of fallow regrowth, Only the O-
* old fallow, where the plant cover was sparse, had
n um recruitment., Similar mwlﬁzs were observed by
: {3.98.6) while studing the mﬁi@ﬁﬁn dynamics of
gylindtica related to slash and burn agriculture
ia north-eastern Iﬁdia at different altitudes,

| sri'g, a number ef staéiea on thﬁ demography ﬁf

st iaez*bs are available (’ﬁnmhims and Barkisaﬂ,, 19763
t, 1‘95‘3’9; Bar&m, 1980 a,b; Cook, 1988; Solbrig et a __;,. 4
Holland, 1981; Solbrig, 1981; ﬁez:s; 1981;
rzychudek, 1982 a,b; Cook and Lyons, 1983; ﬁagch«zags,

E = >

;ﬁ plant populations, there are twe levels of
'_,Istian structure: (1) the number of plants and (1i)
he number of shoot units per plant, This dualism is
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ly conspicuous in clone-forming plants, where
joes the plant develop from single seedling as
ation of parts, but some ef these parts may siw
' | eventually become severed from the original,

4 a sub-population e;f wholly discrete fum‘tigaai }
ts® with the genetic iéeﬁti%y of the simgle
ual, "the genet”., Thus, the clonal growth of a

tous plant imives the s:eﬂtimé redvplicatiaﬂ of
ne&slar %mits* the *ramets?® and the sum of

is representing the *genet?, which is the prackmt
wle zygote (Harper and m&u. 1974}; ﬂ&eraitment
; g:mts is aften rage ameng clonal plaats, and the
fcs of their population is dominated more by the

and death of clonal modules than of whole genets
ﬁg”im}. The ability of a single genotype to
frac ed pﬁemtyp&s is 31;&*:. one of the variants in
: stemr pattsm of meéular arganisas {Harper
29?%}‘

3‘1& most of the studies available on clonasl
' 1s, ramets were treated as units of population
an and Harper, 1973; Soane and Watkinsen, 1979;
et 2l., 1981; Cook, 1983; Pitelka et al., 1985;
rink and sas:ai, 1984), Lovett-Doust (1981)
d the population dynamics of Mﬁi repens in
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asting habitats but growing on the same substrate,
wcluded that despite the presence of a large viahia

pank in the grassland soil, germination and estah&ighu

new genets was rare in both sites, Further sha | e

§ that the birth rate ef ramets per rosette was

17 density-independent, !sut death rate per U i

tte was density-dependent, particularly in amrs

S0 abaervaé that woodland populations follew an

rtun stic strategy for rapid spread and sampling |

: environment whereas a conservative one for eﬁnswy

dation and slower ra;iiai spread as in the aéﬁafﬁeﬁt grass-

4. Pitelks et al. (1985) too found similar results,

Ei dealing with Clintonias borealis. Here toc no

dling recruitment was observed, while ramet mﬁﬁaiitﬁr

£aaaé to be densi.tyaéepeaémt. ‘

; ?Rﬂi ,mggg«agky has baeg uscd to elucidate ésgegts
miggim} succession (Sharitz ,agé ﬂe@emiﬁk;' 1972;
al, 1979; Kushwsha gt al., 19813 1983;-Ramak »
i Mishra, . 933.« mk and Lyone, ;mah Comparison of
’ sely :elateé‘ species (Sarukhan and Harper, 1973;
swthorn and Cavers, 1976; Solbrig, 1981; Yadav and
ripathi, 1981), differences between populationms of the
species growing on saatrastiag soil tvpes (Bishop
st 31., 1978; Remakrishnen, 1961) populations growing
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e same substrate but in contFasting vegetation
.Doust, 1981; Ramakrishnan and Ksmér, 1971) and
lations growing at different altitudes (Sharms, 1985;

dya, 1981) all have been matter for discussion.

Structure;

‘The most reliable method for estimating the age
~perennial species is to follow the fa*ée of iabgliéé
edlings or tillers of known age in pcrmmt qmdzats,
g '__ method has been &wseﬁsfally us&é by Tamn { 1956,

: hoxant . m, Antonovics {3@?2}

d that different miaﬁie&s have different
angevity according to their aéaptatisﬂ to a particular
’_fgat and suggested that diffémmes in imge?ﬁw of
' dividuals of different populations may be related to
rormental conditions,

Age structure of a population refers to the ~=i=.
tegorization of individuals into vatimﬁ groups represen-
-, ng different age classes in a Wistﬁam Age structure
) species may largely determine its sufvivorship.
§§m (1970) and Antonovics {1972) observed differential
:  yates for the individuals recruited at different
lmes, It also gives valuable information about the
. uitment of new individuals to the population, the
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iﬁa of inéivi&ta 1s frm one age.—grm to another
the mher of iaéividuals reproducing and
2 mft&iity rate as influenced by age (Rabotmov,
- isay (Richards, 1952; Emlom, 1972; Schall, 1978)
fmgasud that the unstable age structure of plant
1 ﬁﬁsmaé may be due to large enviremmental
ations that may occur darim; critical ;:aeriaés in
lifﬁ, '

Not much information is avasilable on the population
ics of bamboos iqﬁheir natural enviromment, Kadautbi
| observed the ramet popaiatina of ,%-rn»,f;_.,_s*

s
' ~ survive until five to six years if human = =
ference was excluded., Based on this data White (1980)
-' lated the survivorship of ramets and found them to

' of Deevey type I curve,

ARCHITECTURE AND GROWTH PATTERN

&ariy m& on gmm’h sh&raatwisﬁas of trees are
iy mn’fimé to thei: north temperate mpreseﬁtatim
en aad Munch, 1929; Kozlowski, 1964), The gererali-
itions . made from such studies %wt be representative
or all tree species (Tomlinson and Gi11, 1973),

; "ra‘tiveiy fewer investigations have been carried out
1 "tfaes of ﬁr%icéi z'meses‘.  Studies specific to tropical
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gawth in older literature largely refer to

rehensive iavestigatiaas of phenology (Busgen and

oeh, 19292‘ The studies of Koriba (1958) in Singapore

re generalized and #ssentially comparative in approzzh,

s work refers te periods during which species are visibly
lushing, i.e., exhibiting a erop of new leaves usually
ssociated with shoot extension and it hes been concluded
trees exhibit endogenous rhythms in their gmwth.

s'am specific studies which have investigated the
= amics of shoot initiation and expansion in tropical
f" ses include those by Bond (1942, 1945), Hallé and Martin
- {1968), Purohit and Nanda (1968), Greathouse aﬁd Laetsgh
(1969), Greathouse et al.: (1971), Borchert
‘Holdsworth (1963), Taylor (1970, 19?5), ﬁcarrane t.i?ﬁ&?
6111 and Tomilson (1971), Ramskrishnen gt al.. (1982)

. Boojh and Ramakrishnan {19828}, Shukia and Ramakrishnan,
tzm). The classical works of Hallé and Oldeman (1970,
3?53 and Halle gt al.. (1978) on the growth and dynamics
"Gf tropical trees have highiighiéé the value of systematic
vfﬂséarmg on the ferests and trees of the tropics,

_,Extem ion growth:

» Extension growth or the elengatiaﬁ of the branch
jjxgs of 2 shoot system, varies widely among tree species
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its rate, phenology and underlying morphogenetic basis,
range of extension growth patterns haga been

m tree species. On the onehand, there are

cies with 3 single flush of shoot growth wholly preforme
the previous year's overwintering bud (*determinate

,*}, as #mpiifi&ﬁ by many north temperate _s;.p&ei&s.
iically shoot elongation in such species is completed
_ﬁg {less than eight weeks), during favourable

\ """ ing conditions which include the longest photoperiod
‘the year. On the otherhand, there are species where
e leaves are produced along the leader in 2 growing
ason than there are embryonic leaves and primordia in
winter bud, This has been referred to as ‘indeter-

. aile :Mti

 These two patherns of growth hve besn widely
Bentzed 1n temperate trees, The growth in trépiﬁal

es s more diverse than shat in Mie Sampeitie: Poglens
periodicity g:f shoot growth in tropical trees h§3
_,:é centre of mgtrmrsy‘  If recurrént flushes occur
‘regular intervals the growth has been termed as rbyﬁhﬁie
odic, the same at irregular intervals has been

d as episodic, intermifitent or recurrent {(Romberger,
1, 1971), Halle et 2l1.(1978)

33; Zimmermann and Brow



315‘&

,ﬁﬂ&tiwiy g;laeaé all these mﬁr one’ broad category

iic growth mainly in the context of tropical
where time~lag, between different growth flushes
»my small, Thus, they have distinguished two main
. 5 of growths -

- Rhythmic growth = defined by Hallé and Martin (1968)
1ich shoots have 2 marked endogenous periodicity of
ision. This term may be regarded as synonymeus with
dic (Romberger, 1963) or with intermittent growth
iriba, 1958), The term *rhythmic? may imply a reqular
. ﬁwmh this is not intended in the definition by
.  et al., (1978),

After a periﬁd(%\ dormancy, flushing in tr@pical =
', or bud burst in temperate trees, most strikiagly

: ate rhythmic growth, Flushing largely indicates
id expansion of preformed leaves., In many trees w:ith
ntially rhythmic growth, expansion is less rapid and

mmas, S0 that the Thythm may have limited
*»i&ﬁt

'ﬁm mrph@i@gieal im:iimtieﬁ ai rhythnic growth in
!&tare shoot is a more or less &w segmentation
he axes {ref&rrw to by ':’enliasan and G{11 (1973) as

rticulate gmth'). In trees which devejop bud scales,
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‘.; may be a series of short internodes or small leaves,
¥ iany trees with rhythmic growth the most conspicuous
1is the development of groups or tier of branches,
_‘ this periodic production of branches in relation to
: thmic growth has Eéeﬁ referred to as 'rhythmic

thing®.

Continuous growth « in which shoots have no marked
ndoc iaaes periodicity or extension, It implies that the
31 meristem undergoes no 'rest' or in the more precise
of Rombrger (1963) ‘quiescence!. The trees in the
pics which have been described as evergrowing by

oriba (1958), come in this category. As 1little is known
ibout the physiology of dormancy, the continuous growth

s distinguished by the absence of pronounced morphological
jegmentation. A more or less continuous process of |
leaf production is involved in continuous growth, This

is implicit &n Koriba's (1958) description and in the

type of shoot referred to 3as "non-articulate! by Tomlinson
and Gill (1973),

Shukla and Remakrishnan (1986) suggested that
;, ythmicity may not often have morphological expression,
‘as implied by Halle et 21.(1978). The phenomenon of
fé.gtimw& vs, rhythmic growth studied by them is an
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ample which illustrates this. The species which show

v' morphological rhythm, such as Duabanga so Sonneratoides,

in reality had no seasonal bud dormancy in northe-eastern
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.g.

hocephalus cadamba) in reality had a distim:t period
gf seasemz bud éamm?.

The usage of various terms such as intermittent
{Koriba, 1958), episodic (Romberger, 1963) articulate
{Tomlinson and Gill, 1973) for discontinuous grewth of
.kagieal trees has caused considerable ganfusiem Basically
ta %mpical trees %hrea distinct categories of growth
gattex‘a wer:e identifi&é by Shukla and Ramakrishnan (1986),

'Hze‘y are' (1) indeterminate = evergrowing, with no dormant
phase,, (ii} ifséetemiﬁatempetiaéig, with a damt phase
;ad {iii) dateminste, with leaf production and axtensian
g:aw!:h restricted to premdetemimé leaves from an aariiar
éar&ant»bué phase. Saeh speties may have eai? one

fivsh per year as in gaigard;;a m g__m
Myristics M or two f Icshes, as in Actine e
folja; three fh:shes as iammu

~even fm as in sh;k;as;a gg!a;gs (Raukrishmn and




- Tree architecture;

77 argaéigzatian in trees reflects the precisely

- controlled genetic programme which determines their
development, This has- been comprehensively described

| by the pioneer works of Halle and Oldeman (1970, 1975)

- through the concept of architecture, which has permitted
a typological categorization of growth models, The
visible wrphalagizai expression of the genetic blueprint
of a tree at any one time is refemd to as its a’fchit&cn
txms. Fﬁr a tree, the gmwth pragram which @u&m
f:he snscessive arzhitaztx;rﬁ phases is zailnﬁ as its .
architectural mé&l or sbartax, its ﬁadaz {Eaﬁﬁ et al.,g
1978),

érzhitemum is 3 dynamic concept distinct from

shape of physiognomy which is static, Similarly, it is
not synomymous to growth habit, which refers essentially

| to the ultimately expressed fsrm of the organism (herb,

~ shrub or tree) and implicates size, Architecture does

not invelve size; dimunitive herbs and giant forest
tx%esmay exhibit precisely the same architecture,
Halle and Oldman(1970) has described 23 architectural
m&d&is;‘ Each model is named after a botanist who has
»ﬁaa‘kxiw&eﬁ to 2 knowledge of the model or has done
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hological research exhibiting the model. Architec~
ural models have been recognized mainly by criteria
"y: ch relate to primary extension growth., Bamboos being
) distinct group have been described :md«ser the i&cﬁium&*
podel (Halle et al,, 1978),

Branching and axis differentiation:

Unbranched tre#s af& those like siagia stemme d’
palm of which the coconut is 2 familiar example, remain
_‘»_ etatively unbranched because they lack lateral |

1 ,‘:’ihstems ﬁmie&iﬁ A number of éicaty!adnns, esf
which Garica papays is 2 familiar example are archi-
:t&et&araﬁy unbranched and belum; to the sam msdﬁ
{Corner’s) (Hallé et al., 1978).

Branched trees have two modes of branching, The
i‘siaplest mechanism for praiiferaﬁaﬁ of a .mrism is
hy its eqi;a} division into m daughter meristems of
 initially equal growth potential, This &s called as

‘- é&éhatm or terminal branching. Only aﬁe architectural
model (3@&@@ has i:;aen accounted far'sa:h trees,

Though qualitative approach fol lowed by Halle
et al,. (1978) have helped in a systematic organisation
of tree growth forms, there is no relationship between
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ese architectural models ané the successional status
the tree species, 1In fact, quaatiia%iw d#ferences

n tree architecture are more significant ecologically
than qualitative differences represented by these models
(Ramakrishnan et g;;, 19823 Boojh and Ramakrishnan, 1982a;
Shukla and Ramakrishnan, 1986). Thus Dusbanga
Soneratioides and Anthocephalus cadamba, one an early
Successional species and the other a late successional
ne, both belong to Raux' model and yet differ with

T spect to growth pattern (Shukla and Ramkrishn#n, i%é).
According to them, a dynamic and quantitative approach

‘ growth analysis is essential in order to umderstand
‘the aréhi%tectam and growth strategies ef_ trees,

Morphology of branch expression:

| 'fhe Qxiliar? or iaésrai bramhing involves tim

': @ralmeat at each node of one or more laterd meristems
~ from the terminal meristem, which may or may not continue
.I its a#-%ivity@ Axillary branches are formed by two ‘

| methods, Syllepsis or prolepsis. The definition of

. Spath (1912) as restated by Halle et al.(1978) for
nsyiigwsxs is 'the continuous development of a lateral

. meristem to establish a branch, witheut an evident
intervening period or rest of the lateral meristem.
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€ gt al, (1978) define prolepsis as *the discontinuous
lopment of a lateral bud from a terminal meristem to
h 2 branch, with some intexvening period of rest
lateral meristem®,

In monopo ‘iai branching, lateral branch g&ism

mésucaesi (continuous or rhythmic) bv a psmanmt

minal mxist&m‘ In sympodial branching, lateral

anct mriﬁtms sweesﬁiwlv ft%ﬁt‘fiéﬂ for a iimitaé

as a ’taminﬁ shoot and are successively evicted;

’ is no pemanent meristam. ﬁm@diﬂ growth

ssbstimtiaﬁ occurs ufheﬂ the teminai mgrism either

sorts or beemes regradmti% and makes no further
tribution to the gegetative architecture of the

smaéiai growth by apposition occurs when both

| and lateral meristem of each unit is evicted

a sabmaréiéﬁte position and gxteﬁsiaﬁ growth of

the axis ris continued by a vigorous lateral which in its

rn weatuai};? bfecmg abmpﬁ? erect 632@1*1%,5 1958;

iiﬁsam 1978). '

| An orthotropic shoot has an erect orientation
,A.iasgfaﬁiwiy geotropic), radial symmetry and phyllotaxy,

- most commonly decussate or spiral. A plagiotropic shoot
| has a2 horizontal or eblique orlentation (more or less
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ageotropic} and dorsiventral symmetry either by virtue

: @ distichous phyllotaxy or of spiral or decussate by
scondary orientation (petiolar twisting of internodes).

e degree of diffémﬁiatiaa of a meristem may be changed
{;lser by ex@emi influence or by mdificatiam af iﬂternai
— lations, Of special interest are those woody ;slants

» ﬁhizh there is no inherent change a? sxpmsaien within :
single meristm preéaﬁiag axes of smhitscturaz
iignificance, Such axes are described by ﬁslia ané Qlﬁmaam
( as mixed axes, Marg the several wssibilities* ’
most distinctive type are those axes in which an

_ 1itial orthotropic phase shows a pronounced distal

cur ature, the site of a future branch complex,
‘Reiteration:

The caaeept of miteratiaﬁ of the tr&e mdei exists
- @s an ecological extansiar: af the arehitee%ural zmm;at
{oldeman, 1974). At the begimiﬂg of tree's ii‘!:’e af ter

~ germination, it produces the initial model, whi#h is ﬁm
of those described by Halle and Oldeman {1970). later

. and under gmpitiws ecological conditions, meristems
 which do not initiate any growth during the model’s
development, may copy 21l or part of the medel., This
copy should not be confused with ramification and is
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: *mi,teratiaa* Thus, the process of reiteration
i :eehan&sm of architectural adjustment by which the

l

me aaemoﬁates itself to its enviromment,

In each structural ensemble in the ¢ areat;i the

' tren?:. points where bigger reiterations occur, caas%mta
8n irregular space which is called the inversion surfsce,
e levels of those surfaces correlate with different
y8 where the tendency %to produce &lwa?s bigger organs
 2s stems, reverses and becomes a tendency to pradaee
ﬁvr organs such as little branches around the crown,
is architectursl imxsiw involves the mulatim of
*tical gradients of light and humidity which change to

. iawer or higher degree than in the average gradient,
Branch and leaf orientation;

Branchéng pattern ic one of the most mnspimséus
“ features of woody plants, Efficacious leaf-display,
‘minimization of non-photosynthetie tissue (Horn, 1971;
&itﬁ&m 1??&; londa and Fisher., 1978; Boojh and |
!aaakrishmn, 1982b; Shukla and Ramakrishnan, 39843;}
 structural strength (McMahon and Krohaur, 1976) and

optimization of translocation (Leopold, 1971; lLeigh, 1975)
. are the mtential adaptive functions of branching design
1 of trees, Species growing in different environments
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ed different brsa&hing patterns and leaf display
teristics. Whitney (1976) suggested that the |
closed forests growing under candpy shade are
%o favour minimization of shading within ﬁm

nd this was quantified through comparative studies
A versus late successional trees in mrthf&st India
pishnan et al., 1982; Boojh and Ramakrishnan, 1982¢)
1071) categorized this type of leaf &isplay as 2

| highly structured monolayer. In contrast to
grees a2dapted to open situations would be expected
sach 2 multilayer state, having 2 miw: of small
oping leaves randomly éistrlbum t&r&u@ﬁ the

m 1971).

j; Tha geometry of ph&tasyﬁthﬁiie apparatus &s an

. featuro in the adaptive mechanism of trees aad
en related to their strategy for ngh’t in’tem&gﬁan
1971; Douglas and Ramsaden, 1973; Lang, 1973;

L et al., 1973). Generally, *he orientation of leaves
> msitieas of the crown or the leaves of the

'T canopy is such as to enhance photosynthesis and

> e leaf cemiiég; during high seolar raéiatiﬁ:. ’Xs'
positions, leaves orient to maximize the irndividual
f photosynthesis by displaying themselves in horizontal
molayers (Horn, 1971; Baker et al., 1973; Honda and

r, 1978; McMillan and McClendon, 1979; Pickett and
£, 1980).
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Bifurcation ratios

‘ aiffémaees in branching in trees are demonstrated
by bifurcation or branching ratio, which is the ratio of
mimber of distal to proximel branches. This type of ratio
‘was f irét used to quantify the drainage patterns of stream
' basins (Horton, 1945), More recently it has been used

| to characterize the branch networks of bislogical swmg
- such as trees (Holland, 1969; leopold, 1971; Oohata and

. Shdei, 19713 Baker g}‘gg.,z;ggghan and Kroneuer, 1976:

- Whitney, 1976; Thornley, 1977; Niklas, 1978; Steinoraeber
et al,, 1979; Pickett and Kempf, 1980; Kempf and Pickett,
- 1981; Boojh and Ramakrishnan, 1982a; Ramekrishnan et al,

- 1982; Shukla and Remakrishnan, 1986),

, Oohata and Shidei (1971) subjected seedling of
 Quercus phullyraloides to different planting ﬁamitieé

. 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 ratic values approach a species specifie
constant, Whitney (1976) further suggested that bifurca-
tion ratioc is a measure of morphological adaptation to a

particular successional status, Thus, the lower bifurca-



" » ratios are associated with ‘the monolayer late
cessionals, while higher ratios are associated with
tilayer display of 1@3%5, eharaageri‘sﬁg of aér}_vk‘

= »ssional species, Rmeﬁtiﬁr fsteingrébez et g_;;. {i???fi
nd Pickett and Kempf (1980) have shown that bifurcation
ratio varies within a single species growing under et
differcnt envirorments, Thus, they found that individuals
from exposed habitats had higher branchinme ratios and in
'itien also possessed longer terminal branches than
those beneath the canopy. ' is o

1 é’ewwﬁr’ bifurcation ratio, is considered to be a

igﬁvelvf crude index of tree architecturs, while branch

‘angle and branch length have been found to have a major

ect on the architecture (Honda and Fisher, 1978

_"smszgra ‘ber et al., 1979; Pickett and Kempf, 1980; Kempf

~ and Pickett, 1981; Nelson et al., 1981). ﬁmea‘b};y, ﬁm
;miagisal implication a?ﬁifnmatim ratio has been

e 1usted through a series of studies by Ramakrishnan and

his cuorkers (Shukla and Ramakrishnan, 1986; Boojh and

' ’makrishnan, i?&ﬁa*ag Ramakrishnan ;5_}_., 1982),

Mty
PR
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2 Higher plants are all orgenised as iterations of

fic construction module or leaf with its axillary bud
he construction unit in the shoot (Harper and ﬁhité,;
Harper and Bell, 1979; White, 1979). As a plant

8 new modules are added to the structure and old ones
. The parts «ﬁfk & modular oroganism have tmir' own

: taﬂ death rates; a genet has its own internal

,> on dynamics and the relative placement of the
units determines the forms of the argaaisga

T 5 8 consequence of dynamics (Harper and Bell, l9’l§)*
+ dynamic aamsgat of architecture intsrpr&t& piant ‘
2 in terms of the organized accumulation ané flux of
constructional units (buds, leaves etc.) as the

srint,

mf and its axillary bud azre the mailsst module
maaizw stmcm in higher plants anet leaves
ﬁiﬁ? properties 33&@%&%& with mﬁeﬂ of
tiens, e.g. they may inerease in rumber axgemnﬁai}.v
miﬁi? growing pia:st, they have juvenile, ns‘b.a-e aad
sent phases, deatherates and survivership curves,

and Harper (1977) have shown that it is relatively
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y and rewarding to describe the growth and reaction
plants to different enviromments by applying demographic
¢s for the analysis of papuiatiam of leaves,

Though some aspects of leaf dem
ve been worked out like census (Busgen and Munch, 1929),
imgevity (Gill and Tomlinson, 1971), age-structure

zaphy of tree species

erson gt al., 1971) or abcission strategies {Kmimski,
3733 Addicott, 1978), very few {Boojh and Ramakrishnan,
882b; Shukla and Ramakrishnan, 19843) studies are
._iiame on the lesf dynamics of plants in successional
iromments and in relation to their adaptive value,

productions

. Leaf production cstimates have been of interest to
ox esters and horticulturists {ﬁﬁﬁaﬁy as a part of wider
st iaa on praﬁnctivity);’ The early studies on leaf

| sduction estimates have been reviewed by Busgen and Minch
’;ﬁg:}, With the increased emphasis on the role of leaf
3 ass in ecosystem stﬁdies and primary productivity

. (Baskerville, 1965; Satoo, 1970), later investigations
ytre carried out on changes in leaf production over time
: ;a mono~specific stands {Rennie, 1955; Magm and

E ,ﬂeii&a&m, 1960; Switzer et 2l., 1967; Wiegert and Monk,

© 1972; Marks, 1974) and mixed species forests (Covington
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3 Aber, 1980), and alaptive leaf population flux
oosh and Ramakrishnan, 1982b; Shukla and Ramakrishnan,
: };

af longevity:

Most leaves ara zietemia&te in growth (thm:gh a few

not and mtaiﬁ a fﬁﬁetiﬁﬁiﬁg spimi mrism* Hane
g;,u 1978) and have a determinate life span, %ithin
s;m:ies this life span mey be emimmnﬁauy detemimd.
f populations undergo mortality over a time perieé ‘
iﬁrﬁrship eurves best r&g&esen& this patt.trn and haw
en constructed for various speciess Abies yeitchi §, L
{Kinersen et al., 1@74)* ztigda@ne onoifolia (?amﬁs
g_;&, 1977); Ledum oroenlandicum, Kalmia polifolia,
Chamaedaphpe calyculata (Beader,, 1978); Linum Mm
(Bazzaz and Harper, 1977); Viola sororia (Solbrig et 2l
& Eith&ut exeaptiaa they all shw i}eew? type z |
mimmﬁip curve (ﬁeamwy, ;{*94’7}, where there is an

- initiai periaﬁ of ceagmﬁ% Zm m‘ﬁb&bﬁiw of de&‘th followed
*( a rapidly irscreasing risk Emﬁtiy, ﬁsajh and
-iuakrishnan (19821'33 have sheam éiffereatial smivmhip
i'm patteras for easiy versus late suceessiami trees

3 ia a sub»‘kaepicai mntam forest in north-east India, '
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.iafgiaﬁis that earrf“aahﬁrt of 2%3#9& for more

3N one year an age structure aay*énvﬁiag if suececssive

x i cohorts overlap, Studies on leaf age-structure

L for certain species since the physiological signi-
cance of leaves of different age classes affect tree
sductivity (Linson, 1938; Woodman, 1971 Kinerson et.al.,
5fﬁ§ The studies done on early versus 13%& Qaﬁﬁessiaaai
;i'Sgeai@s show that the former bear a 1&&@&& p@pﬂiatiaﬁ
ﬂgssﬁger 1eaves than the !a%ﬁer‘

~ The adaptive significance of different ifges,af :
af replacement strategies hawe'nat/reﬁéifeé,tha.kinﬂ
‘iggaiysis that Janzen {196?}fgravidéd far‘flaweting .
ﬁg £rsiting phenology., Jackson (1978) has discussed

he ~adaptive aévantages of different kinﬁ& of laaf

_, acement activities in faresﬁs* He has gragﬁ%ad that
he most advantageous strategy of leaf replacemat in a
%},~§ﬁi€i,piaﬁi in & sessonal environment would be e
igifntiaa and photosynthetic use of an old leaf until a
ew leaf 1s grown. Such a strategy would result in
Baximum leaf fall during the optimal growing season or

a continuocus level of leaf fall if new leaf growth were
é??,bé continuous, In faﬁi, sezsonal celd er dreéght

';vas$~is usu2lly present and leaves must be shed to
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ize the effects of this stress, In the lowland

ppical forests, leaf fall has been found to be maximum

he dry season particularly at the end of the season
opkins, 1966; Fittksu and Klinge, 1973; Frankie et al,, = :
4; Boojh and Remakrishnan, 1982; Shukla and

makrishnan, 1982), In some tropical forests the

ximal leaf fall has been reported during the wet

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

assel et al., 1980} .Khiewtam (1986) has shown a2 (

icond significant peaking in wet season leaf fall ina 87 T
icred grove at Cherrapunji. The only forests found to

‘ non-seasonal leaf fall are Malaysian Dipterocarps

Yy and Gorham, 1964), which are characterized by

elatively uniform climate,

SECONDARY SUCCESSIOMAL PATTERNS

The paittrrs of sseéudarv succession and the

@pidity with which a forested community develops depends -
. n the degree of destruction and the clearing of the

ground propagules of the tzmﬁity that existed

F to this operation. In north-east India the length

f“ the slash and burn agriculture (3hum) cycle ({inter-

ng fallow phase between two successive croppings at

=
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same site was shown to play an mrzaat role in
lermining the pattern of vegetation mzmm i
akrishnan et al., 1981). The pattern of secondary
iccession in the fallows during f;f;ﬁ first few years when
eedy species dominate, varies considerably depending
pon the Jhum cycle and the intensity and duration of
Thus, Toky and Ramakrishnan (1983a) reported
%we& of ear}ﬂf succession where herbaceous
ommunities d@imte‘ This yhasa is thsn replaced
8&11’? b? bamboe and shrubs and trees., If ‘the jhum
iycle is very short, succession would be arrested

efinitely at the ploneer weed stage (Saxenz and

-

Ramakrishnan, 1984b). This was also noted under *Lua?
forest in Thailand where Eupatorium odoratum is a
minant weed (Zinke et al., 1978);

Cimwﬁs (3.916} and Odum (1969) gfrnpesiag a 'relay
'.!iaristie model® pointed out that here each sst of

cies makes the enviromment less favourable for itself

A

';ﬁ more favourable for the following set of species,

Such a replacement continues until ’mi@y reaches its
;ﬁmg kntag’g, Egler (1954) proposed *initial floristic
‘composition’ dominates the subsequent stages of suceession
hg- a major perturbation. Saxens ;r:é amkrishasa {1984b)
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that the early stages of | secondary succession
ollowing the burning tended to confirm closely to the -
nitial floristic composition model, under shorter 3hum

: :les of 4 and é'yeara* but followed ﬁhe'rezay floristics :
under longer jhum tycies of 10 and 20 years, Further,
he studies of Toky and Ramakrishnan (1983a) and Mishra and
amekrishnan (1983c) showed that species diversity
-easaé while dominance decreased during siweﬁéary
{/ssian‘

In the recent past, attempts have been made to
&fatafxé the processes of vegetation succession in

s of the properties and evolutionary strageties of

* individual species, sag:esssiag was explained as a |
displacement of rwstrat@is%s adapted to dispersing

d colonizing unoccupied sites by Kestrategists,
_emphasizing on the efficient exploitation of the site
(Loucks, 1970; Pickett, 1976). The strategies of sa\riy(
‘colonizing annual (Saxena and Ramakrishnen, 1984¢c) and
perennial (Saxena and Ramakrishnan, 1984b) herbs during
'mﬁﬁary succession after slash and bem agrieaiture
bas bean worked out and two repradmﬁw pathways, one
'i heavy seed production strategy and another a high »

1 allocation to vegetative propagation have been suggested,

¥
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(1976) stated that amelioration of the

nental extremes takes place during vegetation

iment and thus succession is a temporal gradient

B high stress to low stress %kin@ into ceﬂsiéﬁmtiaa

T plant interactions like allelopathy, nitmg:a

gation and herbivotxpreéatar effects, Grime ( 19?@* _\

i described three primary &trategies in plants which are
lated to their ability to withstané disturbance,

, : ﬁtiﬁﬂ and stress, According to him, 'stress® is

ly factor that reduces the biomass, including shading

7 I nutrient depletion, except ems}tiem He, axglaimd
t succession to be ‘@ process leading to a more

ressful enviromment rather than amelioration of the

’ romment as envisaged by Pickett (1976). Grime (1977)

scribed succession as the replacement of species

ser tially with ruderal strategy by species with

ncr asing stress tolerance. As the productivity of

sit& imr&ases during sm&ssisa, the shift is

rds a strategy..

Cornell and Slatver (1977) g}éém&ﬁ three distinct
cessional pathwayss (i) faeilitétiea péthway, similar
C sis&éica! relay floristic pathway that operates in
ry successions {Lawrence g_ggl;; 1987; Reiners et al,



';}; (1) tolerance pathway which assumes that later

e ssional species to be successful, whether or not

1y successional species have preceeded them, However,
has not received evidence so far (Noble ggg al., 1979);
11) inhibition pathway describes situations where later
cies cannot grow to matarit? in the presence a{ ,

£§er ones (Keever, 1950; Parenti and Rice, igé?),

 Whittakar and Lavine (1977) deseribed fezn' iwes
ngeta%ian succession: (i) miaemnt succession

h is similar te the relay floristic model, (ii)
lirect succession that assumes nzeatablishmn% of the
xiﬁting species after disturbance as in deserts

d tundra, (iii) cyciic succession that refers “to the
j}gs observed in chapparal éue to :eat;mat £ ims,

. d (iv) mosaic succession that refers to the lemalinﬁ

_gges d&riag vegetatien succession,

| Noble and Slatyer (1977) identified a variety

i vital attributes, that determines(i) method of arrivel

r persistance of the species at 2 site during and

‘ter the disturbance (i1) ability to establish and
attain maturity in @ developing community and (1i1)

¢ taken for the species to reach eritical stages

n the life history. They emphasized that vital attributes
- form the basis of evolutionary trends during

juccession,
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PIANT STRATEGY ANALYSIS

and nutrition:

‘ Light has been recognised as a major factor
‘luencing the replacement of species during secondary
.sieﬁ‘ (ﬁarks‘, 1974; Bazzaz, 1979). In general,

mét: ‘;»iars for light and nutrients increases through
ion, During early sacctssieﬁ’rapié growth, which
nds upon sbundant resources, is advantageous, Later
Succession such resources may be less available, and
plants with inherent high growth rates and resource

ements may not survive.

Grime (1977) suggested that shade adapted climax
species may have slower growth rate than the sun

early successionzl ones. Such a differential

rategy for early vs, late successional trees have

en shown by Ramakrishnan and co-workers through a

ries of studies (Rasmakrishnan et al., 1982; Boojh and
sakrishnan, 1982a; Shukla and Remakrishnsn 1986);

_‘ ral and competitive species have higher relative

wth rates compated ‘ta} stress tolerant species (Grime,
). This indicates slower relative growth rate in
e succession, both due to the high expenditure of
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3 n maintenance of living but non-productive

s and decreased mineral availability to support
r growth. Late successional species seldom exhibit
o ative growth rate of early invaders, Their low |
" 2 growth rate puts them at a disadvantadge in
sccession, but because of their higher tolerance

s of low annual resources these species maintain

t“ n relative growth rate even in late sueccession
lentually become dominant (Grime, 1977; ﬁanneli and
er, 1977; Ramakrishnan et al., 1982).

~ Nutrient requirement of secondary sﬁacessiaaa!

les is important to predict the succescional changes

¢ cally in nutrient poor soils in fields abandoned

,z cultivation, Such species are expected to have

fent system to withstand the lower nutrient aveilability
he soil (Vazques-Yanes and Gomez-pompa, 1974).

(1969) suggestad low nutrient requirements for

y successional species and an increase in the

: 4 apparently did not affect the course of

ession, A similar conclusion was alse made by

2 (1972) through his studies on Cercopia obtusifolia.
nd Chileote (1968) explained ﬁatﬁhe disappearance
szivatggas in the second year after slash and
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@ of douglas fir areas was due to its high mutrient
pquirement, and decrease in nutrient availability
ticularly of nitrogen and phosphorus, in soils after
ne year of vegetation development.

Chapin (1980) stated that plants with high
elative growth rates have high nutrient requirement to
pport new tissue production and rapid wat production
8 leaf turnover, At the opposite extreme, infertile
ils are most successfully exploited ’by stress tﬁlera*nt
ies whose inherently low growth rates can be
qu tely maintained by their low eamzitie_s for
hotosynthesis and nutrient absorption, Fast grow_ing
® species such as Pinus kesiya in nutrient poor
©ils however, adopt a strategy for rapid nutrient
urnover rates so that a high flux of soil nutrient

pool is min’tained (Ramakrishnan and ﬁas, 1983; Das aaé
krishrsan, 198%),

A high efficiency of nutrient use, generally expressed
as dry matter production per gram nutrient (inverse of
tissue concentration) has been suggested te be an

‘adaptation to nutrient stress {m{g?gan and Asher, 1967;
ferey, 1968; White, 1972; Garten, 1978). However,

uch an evaluation may be sometimes misleading when there
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| luxury uptake and large vacuolar storage of nutrients
iieleski, 1973; Haynes and Goh, 1978). Small (1972)
jested that respiration, photosynthetic or net

ssim:  lation rétaa per gram nutrient uptake may be a

e strong expression of nutrient use efficiency, In-

: information on these aspects are meagre, Recently

| rough 2 series of studies on nutrient uptake and use
fficiencies of species, Ramekrishnan and co-workers | |
:saﬁ and Ramkxishaan, 1983a, 1984a, 1986} drew attention
: the adaptive value of this garamte:# w&r a successional
icr;t of enviromment,

ource allecation and reproductive stragegy:

~ Cedy {1966) put forth a econcept based on the

aeipie of allocation, which says that organisms have
ertain limited energy available to spend for different
€ purposes, Harper and Ogden (1970) applied it for
he first time to Senecio mg_, and pointed out that
: mg&tiaéaf allocation of biomass may reflect the
jattern of energy 2llocation provided there is strong
orrelation between total biomass and total calories,
his was later supported by others (Hickman and Pitelka,
}.. Harper and Ogden (1970) also suggested certain

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

wal plant species much of the energy is devoted
productive structures whereas in perennials emphasis
given on storage of energy for future growth and

merat, at the expense of the reproductive budget

an, 1975; Peterson and Bazzaz, 1978; Bell et al., 1979).

McArthur and Wilson (1967) pointed out that
ganisms in an open enviromment are selected for greater
pductive potential (r-selection) where as organisms

h @ closed environment are selected for greater
mpetitive ability (k-selection), Gadgil and Solbrig
) expanded the concept of Tw and kese lection in
ants 2nd tired to formulate them more rigerzmsiy. They
_sized on the r-strategy by invoking patterns of
rtality rather than *fullness* of habitat, The central
a2 of re and k-selection has been considered from a
ber of other aspects like duraticn of life \ﬁjﬁi& and
Topagation ability in a crowded or uncrowded enviromment
[Fischer, 1958; Williems, 19663 Gadgil and Bossert, }.9‘?8;
p1na naka, 19703 Wilber et al., 1974)., Abrahamsen and
Badgil (3.9?3} suggested that the reproductive effort
uld éw:*e&sa under ‘8haded conditions, as more
mphasis is given for ;vegetative growth, for survival
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he plants here, Similar resource allocation
erns have also been shown by a mumber of other
s (Abrahemson and Gadgil, 1973; Gaines et al.,

: '4; Roos and Quinn, 19??; Saxena and Ramakrishﬁan;
4a).

| The importance of stress and disturbed condition
,' the allocation of biomass was considered by Grime
#}r. *Disturbance® was defined by him as any

a ter that limits and cause destruction of biomass like
hivary, pathogenicity and human activities, Thus,

e (1974, 1977) recognised stress taigram:e 3s a

tr tag? of plants under unproductive enviromments,

While considerable work has been done on the
31location of biomass or energy to different life
purposes, very few studies are available on im
allocation of nutrients which is alse equally important
in the evolution of reproductive sﬁ-am% particularly
in situations with limited supply of nutrients (Harper
and Ogden, 19703 Van ﬁm&l and ?efa* 1977). Saxena
\'ué ‘Ramakrishnan (}.9352) studied the grmth allocation
sattern and nutritional status of some dominant annual
uzeﬂa under successional environment and ohserved
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fferences in their biomass and nutrient allocation

_ 't :ﬁ; ‘Reproductive ailmatiaﬁ af ni‘i:mgea amd phosphorus
S higher than that of biomass and potassium in these
iuals, They further showed that allocation of biomass

d nutrients to leaves decreased during growth and this

IS more pronounced at the time of reproduction. Saxena
Ramakrishnan (1983b) also studied the growth and
1location pattern of dry matter and nutrients in four
mportant perennial weeds, Thcy observed that the

rennills often tend to allocate more to wegetative

_ productive organs compared to the allocation to

x*e;&mléaatiﬁm Further, ﬁé‘ perennials such as

perata cylindrica and Thysonolenna mexima were shown
> be adapted to survive under nutrient poor microsites

; a2 heterogenous soil as opposed to 63 species which
ere ﬁ!”*ﬁeﬁ confined to nutrient rich microsites (Samﬁa
nd Ramakrishnan, 1984c). This is because of the high
utrient use efficiency of $4 Vsﬁfpsffsies‘ particularly with
fespect to nitrogen gmaréd‘ with €, smies.

RODUCTIVITY AND NUTRIENT CYCLING UNDER EARLY SUCCESSIONAL
ENVIRONMENT

A sharp increase in the sbove ground biomass

occurs during secondary succession. Accerding to Lugo
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73) maximum biomass value for tm;picfai forests is
sroached in about 30 years at a level of 250 t/ha,
ereas for temperate forests it was about 490 t/ha is .o
. 170 years only {Bazmaé?éaﬁ Likens, (1979), Thus,
Steady-state for biomass is reached over a shorter

pericd in the trcpical than in the temperate

et

The rate of accumulation of biomass is faster in
early stages of succession but mey decline kin the
bsequent years. The rate also depends upon the tvpe
'iﬁitiai vegetation established and other environe

‘,7 tal conditions (Unl and Jordan, 1984; Toky ms

-

k:ishmn, }.983.3; Mishra and Ramakrishnan, igesl)

Wing development of vegetation, a part of the
"'ient pool is stored in the vegetation and part is |
turned to the surface soil by rain, wash.out from
aves and twigs, through litter and twig fall, and

| the form of dead roots and reot exudates., The
humus also increases during f& llow period, chiefly
" result of litter fall. High litter production

ng secondary successional stages compared to the
ture stage was reported by many workers (Ewel, 1976;
by and Ramakrishnan, 1983b; Mishra snd Ramakrishnan,

33 Uhl anﬂ/&/ﬁ&ﬁ; 1983),
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A large body of information is available on nutrient
cling in forested ecosystems (Laudelot and Meyer, 1954;
senland and Kowal, 1960; Odum, 1970; Stark, 1970;

lley et al., 1977; Toky and Ramakrishnan, 1983a; Mishra

‘; Ramakrishnan, 1983c). Some patterns are suggested

- tropical forests: (1) the uptake and return of

ptrients may be greater per year in tropical forests

an in other types of vegetation, (ii) a larger proportion
ﬂ_%hs antire chemical inventory of the system is held in
vegetation, (1i1) in tropical forests the percentage
the vegetation in green parts, the proportion lost

T year as litter, and the rate of decomposition of the
tier at& greater than in temperate forests and {iv)

evapo-transpiration,

; Mireral cycling pattern varies with the nutrient
supply to the System, with the time available for the
System to develop on the site, and also the environmental
|conditions. The accumulation of nutrients and their
release through litter fall increases with the age of the
fallow and become stsbilised in mature foresds (§tark,
1971a,b; Toky and Ramakrishnan, 1983b; Mishra and ‘
‘Remakrishna n, 1983c). |

the rate of upteke is strongly influenced by the rate of
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The role of rapidly growinoc successional species

y the restoration of disturbed ecg‘s?;taas has recently ' —ome o
lecome & problem of eeasideréble interest, 1In general,
apid revegetation of a disturbed site decreases nutrient
losses by an interaction of several factors (Marks and

: ﬁ%:ﬁ', 1972), The channelling of water into evapo-
;*<359iratian cuts down on losses of nutrients in runs-
f and erosion. Shading decrease soil temperature,
hich results in lowered decomposition and aitrificatian
es and reduced supply of water-soluble ions available
removal of drinage water. Growing vegetation also
feduces nuirient losses by incorporating nutrients

i nto ée?eiepiag biomass (Vitousek and Reiners, 1975).

iis reduction of nutrient losses by developing plant
yiomass has important consequences for ecosystem
tability. Ecosystems that recover nutrient cycling
apability more rapidly (i.e. nutrient uptake equivalent
potential losser) can be considered more resilient and
hus more stable, Marks (1974) investigated functional
ole of a successional epecies such as pin cherry

l,;s;qs pensylvanica) in disturbed areas of northern
dwood forests, Pin cherry is a rapidly growing species
j;aaraften occurs in dense stands in disturbed sites,
appears to be effective in preventing nutrient leoss
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 the rapid accretion of elements into its biomass, Marks
ncluded that pin cherry 'promotes ecosystem stability
 biotic regulation of ecosystem functions. 1In

dther study Harcombe' (1977a,b) experimentally aﬁalmﬁ

, ' role of successional vegetation in retaining nutrients
ithin disturbed tropical forest ecosystem. Further,

ter et al. (19780) studied the effect of ragweed

: grtem;-~§s§‘fgiia) on nutrient cycling in & one

old field and showed its conservatory role of
atrients., In north-eastern India Toky and Ramakrishnan
1982) analysed the role of De 1

mboo in nutrient aenservat%aﬁ during secondary
.ssaia;;‘after slash and burn agricaiture; {3hum) and
wed that this species has the ability to conserve

A important element such as potassium, Similarly,
early suecaﬁsimg—maﬁs under slash and burn

riculture system drastically check run-off and infiltroe
ion losses of nutrients and sediment losses in the very
frst year of the fallow phase after eropping (Toky

nc Ramakrishnan, igalg Mishra and Ramakrishnan, 1983a;
amakrishnan et al., 1981),

it 'iaﬁ*!:. m&get analysis under slash and bsrn agriculture:

The long term success of slash and burn agriculture
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nds upon the recovery and maintenance of soil

®ility (Remakrishnan gt al., 1981; Remakrishnan,

J4b), If the nutrient lost or displaced during the

rt period of cultivation are approximately balanced
hose replaced during the fallow period, the system

s1d continue indefinitely (Mishra and Ramskrishnan,
3h; 1984), The maintenance of soil fertility

ot, humid and high rainfall area is 3 serious problem

d is more severe in situations where the cgcle has

pe shorter, due to poor recovery of soil fe:tiiit?

nd increased intensity of weed campgtitieﬁ@';?his :

] turn results in reduced crop yield under short cycles

iye and Greenland, 1960; Waters, 1871; Toky and Rama-

nan, 1981a; Mishra and Ramkrishnam 1%35).

When the forests are cleared and the debris is
!f,;‘ail the‘eatieasvaxe released on the surface seil
1!5&; ‘Heévv losses of carban* ai£ragen and sulphur
scur due to volatilization during the burn (Nye and
1and, l?éa ﬁeaias Sales and Folster, 1976;
pakrishnan and Taky; 1981; Mishra and Ramakrishnan,

: ix;_i?&é). For phosphorus, though there are no

bvious mechanisms of volatilization, losses are peported
f§=$fh convection via particulates to the atmosphere
;1iedmaa* 1981), There are conflicting reports on
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ition of phosphorus thrauqh fire, (Nye and Greenland,

0; Stark, 1971; Stromgaard, 1984) snd others suggesting

¢ losses for phss;ah@mé thrai:gh( fire. and this was
borated by Swamy (1986) in a sissh and burn agriculture

-4 ®

Carbon and nitrogen losses occurred from the

and burn agriculture system during and after a

3 of cropping period {ﬁ‘f& and Greeﬁlané* 1960 Ziﬁk’e
21.,1978; Ramakrishnan and Toky, 1981; Mishra and
_Eris‘hnan. 1983d), Similar to carbon. losses, there
8lso a net loss of nitrogen after cropping compared
ﬁat of the pm«»burn saﬁ paa}_ Nitrification after

} burn is shown to be accelerated due to high microbial
tivity, due to rise in pH and temperature of the

face soil (Griffith, 1949; Moore and Joyebo, 1963;

Bn and Aklgren, 1965)., This increase is attributed
ziy to the removal of chemical inhibitors {Ree&

3 Smith et al,, 3968, Rice, 1974; Saxena ané Rama-
ishnen, 1984b). Deforestation for shifting agriculture or
needs has a major ;in#;:arct on both the amount and
&tive proportions of water, dissolved substances aﬁé
rticulate matter lost from the system, Moreover, the
', 1 concentration of cations in the soil solutions
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sends upon the concentration of anions, A high level = 7%
nitrate ion due to increased *biological activity' .

lgren and Ahlgren, 1960; Wells, 1971) after burning

lances a corresponding concentration of aatiéas in the
;',Seiutian and therefore heavy losses through water
\-:4,{Baraann et al,, 1968; lewis Jr, 1974), The loss
:*wter, autxients and sediment gets reduced as crop

: weed cover ‘gstsbliah#i?ak? aaﬁ Ramakrishnan, £§8§(

shra and Ramakrishnan, 1983d), with a transfer of
;;fiénis'fram soil to the plant biomass,

~ Bamboos of the old world have received taxonomic
}'étiﬁﬁ~ainee the comprehensive treatment of 1839

t Ruprecht &n Leningrad, based on herbarium specimens

é the literature upto his time., This was fallaueé
,;zsss by tha more extensive work of eaieﬂal Munro

' excellent descriptions, notes, ané,systa- of
ascsification have been a basis for subsequgnt studies,
the same gefiad,ﬁsalpﬁx Kurz was travelling in Java . = =
fjtaae to know and study bamboos in the field. His
 ‘¥.§§€ of bamboo and its uses (1876) contains a
rehouse of field observations of those of the Indian
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sontinent and &é&ay&g archipelago. Further ,étmntiazé was
ta Asiatic bamboos in the gnmraph_ Eby Gamble :(3.8;%3
eated those of Sm&, India, and Malaya. &édiéianal
sents of bamboos of this regiaa were prepéreé hy |

' {1933, 1940) for Assam, by Rhind (1945) for Burma,

_zq Holttum (1958) for the Malay Peninsula, The |

of Java were covered by Baekez and van den Brink
3. ,
blage of isianﬁs, nclﬁdiﬁg such bamboo rich areas

but those of the remainder a-f this large

u,inrma and 3nmtm, have not mﬁ treated., Holttum
67) o hawever, prepared an aemunt of the bamboos of
v euima, Lin {1@6}., 1968) has written brief

_‘ ents on tha&e of 'fhailéné and Taiwan, The

‘_ ippine bamboos, although not revised as a group,

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

Taxonomic accounts of the bamboos of China |

pear in the many pu&iieatiﬁas of F.A, McClure (1973)

o spent most of the years between 1919 and 1940 in

where he developed a lifelong interest in these

ants, Besides McClure, Keng Yi-1i and Keng Pai-chieh, have
”4-.;, the bamboos of China aéﬂ published descriptions of '
" new species, and keys to the axii\est species appear
 publications by Keng Yi-1i (1933); and Keng Pai-chieh

348) .
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1§ﬂjé§an§ where bamboos are so important, both ,
}j;saily and culturally, the literature. is velaminQUS.
:ithase are the papers by Makine and shibata {1901)

he genus Sasa: numerous publications by Makal (1§25&
'i: and the comprehensive monograph by Takenouchi (1932).
st common species were recently treated by Ohwi
55). The older studies of Japanese bamboos are Y
ely revised by Muroi (1956) and others,

The bamboos of Africa are treated in scattered
.{_eatiaas such as those by de Wildeman {1920);1‘
¥ino (1950), Robyns (1955), and Clayton (1970), |
31; of the Malagasy Republic have been treated ia;
rious publications by Lin (1967). |

 §;€1&:9 (1973) published 2 paper on the genera of
_;,ﬁérld hambaes; those of the austral part of the

rican continent are covered in the pabliaatieas of
arodi (1936, 1941, 1945) that deal with the genera and
pecies of hggea&ina and Chile. McClure and Smith
‘&:4?) presentec a revision of bamboo genera 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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deliberate firing and warfai?e in the present century
ve resulted in clearings where bamboos have been ahle
o take hold. A recent report by Drew (1974) states
bamboo populations taking over where forests are
troyed, provided they are present in the area 8s in
iland where colonies of the bamboo species Ihyrsostachys
the land cleared of teak forests. In laos,
xtensive tracts of giant bamboos now cover areas that
any years ago were cleared for cultivation (Soderstrom
Vidal, 1975). The typical kind of information available
or bamboos of the old werld is prwi&m by Troup (1921)
Meloganna bambusoides Trin, This ™is a typically
gregarious bamboo, and occupies extensive tracts of
tountry in the Chittagong and Arakan Hills, where the
struction of tree~growth by shifting agriculture has
ver considerable areas produced s veritable sea of
amboo resulting from culms which have spring from
rhizomes remaining alive in the ground sfter the tree-
| growth has been destroyed®, Haig et 21.(1958) also
' ! 'nﬁgn that as a result of shifting agriculture, huge
expanses of gragss and bamboo forests are established
15 &sia, In the mr%haeastefé region of India bamboos
nzfem a major component in communities developed af ter
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$h and burn agriculture (jhum) (Ramakrishnan et al.,
3 Toky and Ramakrishnan, 1983a), | |

Because of bamboo®s economic importance in that‘
try, Japan has taken the lead in ecological studies, |
I g studies = have dealth with species of i&aperatt )
f@f~%ﬁ@g@t$te genera such asiggggfané P%gzlgsﬁacggg P
® most temperate species, these have rhi:ames of the

g type which permit the plants to .Spread over wide-

s quickly, The tropical bamboos, such as thaéé‘fauaa

e nnia, are adapted to much warmer canﬁitims, anci

J. abmviateé rizizomes that form bamboos of thg eim

5', It is probable that the ecolegical studies‘c:arried
m these bamboos in Japan will not be applicéﬁe,

t in genez:al terms, to the txapical species, because '3
-_ habit and habitat are so different,

In tropical America the native Indians lived in
ony with the forest, and large-scale clearings
destruction did not come about until after the proli-
ation of European settlements (Meggers, 197%). Where
ilizations did develop in the New World, they centered
“ nd another grass, maize, Native bamboos, of course,
we been and still are utilized by the native people, but they
_never become a dominant feature of the vegetation
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they have in Asia, This is doubtless because, they
" kept in balance with the natural unaltered forest

pSystems. Scanty as it is, the knowledge of bamboo

3logy was brought into focus with publication of a

ks "Ecology of Grasslands and Bamboolands of thsj ;
1a%, edited by Mumata (1979). '

- Studies on the role of bamboo in forest Buccession
however, rare., Some accounts on the pmductwﬁt&
bamboo was carried out by Hozumi et al., (1969) in >
Bdla. Biomess studies of pure bamboo stands in

oS were made by Soderstrom and Vidal (1975). Huberman
950) and Ueda (1960) estimated the dry-matter yields of
managed bamboo stands. Oshima (1961) mpart&é »
joveground biomass of 14,1-114 t ha™t for four Japanese
ies of Sasa bamb&as; Aboveground biomass of

7 ia alpinz K. Schum which a2ttains maximum heights
% m in highland Kenya, is approximately 100 t ha™t
bush, 1945), Dry matter production of two Chusgue
ies in SoutheCentral Chile was estimated by Vablen
g_. (1980).

Natural propagation of bamboo mainly takes .piécé
exually through extensive rhizomes, Uchimira (1980)
the basis of this extensive studies on bamboo
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+
imi rainfall and mtrimz iveil?its jmw majar
s determines shoot elemg/\ in bamboo,
- The flowering of bamboo has been a2 matter of
ec §al interest and it garies dppending upon the species
whidh some species of bamboos show periodical
V ering. The bamboo culm may die éfter flowering in
- s;;ee:ie%, whereas in others they may not die even
ugh ‘t?ae culm is defoliated and weakened temp@rarily.
ai theories were famulateé abeut fiwsrinq of bamboo;
Pathologicel theory, destruction of bamboos through
suzl erganisms like mmat@des, fungi, inse«s't peste and
' asites brings about flowering (Koide, 1882; snms.,
- ), (i1) Periodical theory, a cycle of bamboo regeneratian

rough asexual method through rhizome and culm eiang&tian, =3
m;, maturity and then resulting ‘iﬁ'flawafigg (Kawamura, |
Masumura, 1971; Kataysma, 19?‘87; (1i1) zﬁutatiw

TV bambaa reganﬂratian through any methads af agsxual
opoagation is eénsidereﬁ as mutation, reaulting in

»_rmg of bamboos (Kasahara gt al., 1969), liv) mt:itian

- o1 ?, Flc:wéririg and fruiting are usually the r.esuik

‘a physiological disturbance arising chiefly from the

or growth of the vegetative cells, brought about by an

. , lence of carbone-nitrogen ratio (Murei, 1962; Ueda, 1960),
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Man-made theory, clear cutting and fire are man-
e practices that can induce bamboo f zwsx*ir@
thimura, 1980),

~ All these theories are only observations and in

to determine which of the theories are profitable
each of different species, there is a need to km
meteorological factors or conditions that induce
ng. In cdnclusion, it may be noted that our

O _Ieéga on bamboo flowering is M@re.

PRESENT STUDY

Slash and burn agriculture pa;::aiari?a&liéd * shum?* oy
;Zgéig and also in the north-east, and variously termed T
.‘ iiyifx the country (Tekenglu in Nagaland, Dawar or "
: in Machya Frades’g, Kumri in Western ghat region or ’
‘_ . in Orissa) is a common land use practice in the

mic tropics throughout the worldd (known as Milpa in
mtral America, Zande in Africa, Chena in Sri Lanka,
ingin in Philippines and Tsembaga in Papua New Guinea).
;_:im}.ves slash and burn of the vegetation followed
»Siﬂd cropping for & year or two before the land is
dandoned for natural regeneration for 3 few years and

7‘ ore coming back to the same site for cropping. This
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“period between two successive ﬁ}f‘ﬁp@iﬁgﬁ at the |
 site representing one cycle was fairly long in
theeast India (20«30 years) in the past, However,
he recent past, it has come down to 45 yea:és due

ncreased population pressure and teéﬂcﬁé a#rvaagéf;; : *
s has often resulted in an arrested sucaessian'a{ﬁm
, stage (Saxena and Bémakrishmn, 98%), whir:h in
n has rastiﬁaiiy degraded the quality of enviremeﬁt
terms of vegetational cover and soil fertinty {Rama—
shnan and Toky, 1981), This was/critically reviewed

makrishnen (3—9353§
his group. In another review (Ramakrishnan, 1984b)

on over 2 decade's research

»13# focussed upon the seieme behind the rotational
j fallow agriculture £jhtm3 and its value for an
ated development of the *tri%zal areas of the
theesst India.

As a result of petturbatisn to the forest ecosystem
n or by natural means, such as fire drastic erhra'agges
jur in the enviromment in the tropies and subtropics,
‘%o their fragile nature, Considerable 2ttention has
en given to study the processes involved in the recovery
ttern through a descriptive appreach (Kenoyer, 1929;
sky, 1961), evolutionary approach (Gomez~Pompa,1971),
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'a:n‘apmaﬁh {ﬁrnkhéﬂ, 1964) or an ecosystem

sch (Franforth and Golley, 1974; Ramakrishnan
'21981} . However, our knowledge of thg adaptive

y of individual species under varied enviromments
r perturbs= tion is more important for better under-
ding of the vegetation recovery pr&ess. The need
sSuch studies was emphasized by many workers {Gméz-
a and Vazquez-Yanes, 1974; Golley and Medina, 1975;
1979; Toky and Rarmakrishnan, 1982; Saxena and
skrishnan, 1988c).

saams form an m:rtant zmpeﬁent of secondary
sieaai fallows upto abeut 30 yrars and fallow

th af ter slash and burn agriwltnre ia north=

n India, ‘i’he ;zregeat study deals with émg::aphy and
ulation dynamics, grewth and architectur? strategies,
iaaf popu 13%9:} dynamies of two important swcies
‘bamboo, namely Dendrocalamus hamiltonii r&es/\ ﬁra, and .
inzeoua ddlioa A.Camus, An attempt has also been

" in the socio-cultural

to walue t%;eé role of bambe
fe of the one of thfe tribes of the recion, nemely,
2 Khasi in east Khasi Hills district.



