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The thesis embodies the results on two aspectss:
(1) the adaptive strategy of a sub-tropical humid forest
community 1nc1ud1ng seasonal adaptations, growth and allocation
pattern, seed germination and seedling establishment of some
important species representing the tree component of the
community;‘and.(ii)zdétaiiéd»apalysis of pattern and architec-
ture of growth of foﬁﬁ;importanf tree species, viz., Duabanga
Spauersticides Eam., anthossohalus cadamba Mid., Dillenia
-~n1g;ggxna Roxb. and Az&ggﬂxpgg chaplasha Roxb., the former two
being the early succassional while the latter two the late

successional species.

These Species grov during the process of secondary
succession after Jhum (shifting agriculture) in north-eastern
India. The studies mentioned above were carried out in a sub-
tropical humid forest at Lailad (Lat. 25945" - 26°0" N, long.
91°45" - 92°0" B and alt. 296 m) which is 70 Km north of
Shillong. The results of the present study may be useful for

the practical forest management in the region.
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Section A. COMPARATIVE STUDY ON ADAPTIVE GROWTE STRATEGY
OF FOUR EARLY AND LATE SUCC?SSIONAL TRE® SPICIES.

Chapter I. Pattern of architecture and extension growths

The study deals with the pattern of architecture,
extension growth and branch display of two early successional
(Quabanga sonneratioides ZFan. and Anthocephalus cadamba Miq.)
and two late successional (Djillenla pentagyna Roxb. and
Artocarpus chaplasha Roxb.) species., While the early

successional species showed heterogeneous axes (trunk



orthotroﬁic and branches plagiotropic) and conform to Massart's
model (D. sonneratioides) or Roux's model (A. cadamba), the late
successional species showed homogeneous axes (all axes
orthotropic) and conform to Scarrone's model (D. pentagyna)

or Rauh's model (u. ghaplasha) of tree architecture. The
extension and radial growth of axes of early successional
species were very rapid and more in comparison to those of late
successional species. The sparse branch arrangement facilitating
leaf exposure to a greater degree and longer growth period of
early successional species accounted for the faster growth. On
the other hand, late successional species showed shorter growth
period and densely packed canopies with mutual shading of

leaves which accounts for their slower growth rate. In the early
.successional species production and contribution of I order
branches to the total framework of branch system was much
higher than that in late successional species. Plasticity in
orientation and overall display of branches in relation to

light intensity was noted in these species. The éignificanee of
these results are discussed in relation to the niche occupancy

of these species,

Chapter II. Leaf dvynamics:

| Leaf dynamics of fwo early successional (D.sonneratioldes
and 4. gadapba) and two late successional (D. peptagyna and
A. chaplasha) species has been studied here. The early
successional species showed higher leaf turnover rates, reduced
leaf longevity, more uniform production and fall of leaves with

some fluctuation during the year and evergreen or leaf-exchanging
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which had higher allocation to the root compartments:The early'
successional dpecigs with a shallow root system had most of

the root biomass within the upper 20 cm of the soil profile
while the late successionals with deeper roots had higher
proportion of root biomass below the 20 cm depth. Root p
production of the early successional species vas significantly
higher over the late successional species only upto 5 years of
age after which the‘differences were less marked. However, the
higher production of the shoot system was consistently

maintained by the early successional species,

Section B. ADAPTATION OF TREES IN THY® FOREST COMMONITY

Chapter V. Phenology of trees in the forest communitys
‘Phenological observations on 122 tree species were
made. The forest had a higher proportion of evergreen compared
to deciduous species, Leaf-fall of most of the tree species
coincided with the dry season. Flushing in a majority of the
tree species started towards the end of the dry season after
different degree and period of leaflessness, Leaf production in
the overstorey species extended over a longer time period
compared to the understorey species. For most of the species,
flowering coincided with leaflessness. Proportionately more
number of overstorey species flowered during the dry season
and wet season flowering was more for the understorey species.
A majority of the species produced fruits during the wet
season 1in which case the fruits were mostly of fleshy typés.
Fruits produced during the dry season were mostly of dry types.‘

The significance of these results are discussed.



shade, steep slope and deep burial (5 cm) adversely affected
the germination percentage of these species. Mid- and late
successional species responded little to differences in these
conditions.The survivorship of seedlings of early successional
Speciés ét the end of rainy season was more adversely affected
than that of mid- and late successional species. This was
related to the generally lighter geeds of early successionals.
The higher seedling survival of late successional species in
shade than in the open and the reverse behaviour of the early
successional species are related to their adaptation to

different light regimes in the forest community.
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PREFACE

The thesis embodies the results obtained on two aspects:

(i) the adaptive strategy of a sub-trOpicAI humid ;orest
community as a whole with chapters dealing with the phenology,
seed germination and establishment, general growth pattern

and allocation pattern of the major tree components of the
community, and (1ii) detailed architecture and growth pattern
analysis of four important tree species; namely, Duabanga
sonneratioides Zam. and Anthocephalus cadamba Miq. which are
two early successlonal species and Dillenia pentagyna Roxb.
and Artocarpus chaplasha Roxb. which represent two'late

successional species. Apart from the fact that informations +
on tropical trees are meagre in these areas of study, it is
hoped that this will be useful from the point of view of

practical forest management in the region.

The thesis is divided into chapters, each chapter
-dealing with one aspect of the study. General Introduction
gives a review of literature and places the study in its
right perspective. Literature éited in the text is given at
the end. As the different chapters are written in the form
of papers eventually to be published, some overlapping in

writing could not be avoided.
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About 38 per cent of the continental area of the

earth is covered by thé forests but India has only about 22
per cent of its land under forest cover. The forest produces
meet the basic necessities of hﬁman civilization in the form
of raw materials for several industries. The woody plants of
the tropics which is a vast fenewable source of energy, must
be given attention in a .situation when the world's fossil fuel
stock is depleting fast, fhe present era, could be known as the
era of secondary vegetation, as with few exceptions, there is
no country on earth which has a substantial land surface coVér
of primary vegetation (Richards,1963; Gomez-Pompa and Vazquez=-
Yanes, 1974). These secondary species (species of secondary
vegetation) today represent probably the most important biota
of the'tropical lowland areas because of their abundance and

remarkable versatality of their response to disturbances.

Studies with different approaches and interests have
been carried out in the tropics mostly at the community level.
The reactions and adaptations of the primary producers to |
varied environmental factors and successional niche can be
bétter understood when we intensify our investigations at
lower Jevels of biological organization.VOf the several
important aspects dealing with adaptive features of trees, the
aspects of architectural pattern and growth coordination of
trees form a basis for the differences in photosynthetic or

production efficiency of giant terrestrial producers. The



studies on their allocation and productivity pattern, theilr
preferences to different environmental set of conditions for
~ germination, establishment and growth ahd the compatibility
of theif different phenophases with seasonal climatic changes
may prove to.be rewarding for the evaluation of épecies
mixtures for.better forestry practices and social forestry
programmes through a knowledge of their specific requirement
apd prbduction efficiency in different environments. Such
studies may also be helpful in efficient foreét management
for sustained‘utilization of these resources (Ramakrishnan;

1978).

The present study is of particular relevahce-to north-
eastern India where the forest resources, particulafly timbers
have a sizable impact on the economy of this region. The ‘
'studies on these long neglected aspects may also help in
understanding the adaptive growth'strategies of tfee species

of the tropics.

PHENOLOGY

Phenolpgy is generally described as the art df observing the
phases“oflthe life cycle or the activities of the organisms

as they occur through}the year (Lieth, 1970, 1971). Two
different approaches in phenological work can be distinguished.
In the first, average calender dates are established with
specific phenological events, This process is called beqch—

making and the second indicates the quantitative development



of plants and animalg throughout the season and is called
phenometry. Both approaches have great value in productivity
studies, The phenologists select the beginning or the end of
phenophases-any distinguishable phase in the life cycle of
plants in which changes occur in a short period of time. Some
phenologists take the entire community as a unit and describe
the seasonal changes as phenophases. The way in which the
entire sequence of phenophases occurs around the year is
called the phenodymamics and the elaboration of this for all
the species in one community entering in a given phenophase

is called phenological spectrum (Liéth, 1971).

Beglnning with the early elaboration of seedling,
flowering and harvesting calenders, phenology evolved and
resulted in impressive maps about the geographical patterns
(isophenesﬁ of certain phenological events, Quantitative
relationships of the time bétween seeding and harvests of
many crops, finally enabled Thornthwaite (1952) to propound
his phenological slide rule., This last achievement was
possible through detailed growth analysis of certain crops
which was called phenometry. There are many aspects of
productivity which can be categorized, predicted and evaluated

on the basis of phenological attributes.

Phenology of different vegetation types_from different
climatic zones are avallable such as for tundra (Sorensen,
1941; Mooney and Billing, 1961), Rocky }gduritéins Xolway, 1965)
and Rock Valley in the northern Mojave Desert (shreve, 1942;



the 'Caatinga' drop their leaves with the onset of dreught

and replace them when rains resume (Alvim, 1964). According

to Jackson (1978) the most advantageous strategy of leaf
replacement in a perennial plant in an aseasonal environment
would be retention and photosynthetic use of an old leaf until
a new leaf is grown. Drought stress in tropical forests
increases gradually through the dry season and drought-
adaptive leaf fall is correspondingly more gradual than cold-
‘adaptive leaf fall in temperate forests. In tropical forests
the maximal differential between ary season and wet season
leaf-fall varies from 2 (Klinge and Rodrigues, 1968; Fittakau
and Klinge, 1973) to 10 times (Madgé, 1985), The studies of
Jackson (1978) divided the adaptive strategies of leaf
replacement into 8 types and the leaf-fall replacement pattern
of Frankie gt al (1974) prbvides examples of two adaptive
strategies, namely, (L) dry season leaf-fall —— wet season

flushing and (ii) dry season leaf-fall — dry season ¥tushing.

Studies in tropical forests have revealed massive dry
season flowering (Duke and Black, 1953; Snow, 1962; Janzen,
1967). Frankieght al (1974) found twice as many seasonally-
flowering species in bloom in the dry season as @n the wet
season, Alternate year or irregular flowering haé been
demonstrated for certain species in the tropiecs (Eolttunm,
1931; Fedorov, 1966; Ashton, 1969; Janzen, 1970). Although
moisture-related factors may play the biggest role in

controlling flowering in tropical trees, African studies by



Njoku (1958, 1963) and Lawton and Akpan (1968) suggest that

a change in photoperiod may be an important stimulus iq
triggering flowering. Njoku (1958) demonstrated that a
difference of 15 minutes in photoperiod at Ibadan is sufficieht
to initiate the flowering process in many herbs and shrubs and
he suggested that these small photoperiodic change may also

trigger flowering in trees.

Frankie gt gl (1974) found that the precipitation
pattern is meaningful for fruit development besides several
other bilotic and abiotic factors which may also be inVOived.
The need for high moisture level for proper development of
fleshy fruits was shown by Zahner (1968). Several flowering
and fruiting pattern suggest that animal-plant interactions
may have a subtle but important influence., Flowering patterns
that may be influenced by pollinating animals were found in
recent studies like that of Frankie gt al (1974), Zeinrich
and Raven (1972) and Levin and Anderson (1970). Bawa (1974) has
found that a high proportion of tree species are incompatible
or dioceous. Consequently, since most of these are obliged to
cross, and since wind pollination in the tropics is rare
(Whitehead, 1969; Baker, 1970),they are dependent upon animalss

for effective pollen transfer.

TREE ARCEITECTURE

Trees are fascinating organisms if only because they represent

the world's oldest and largest living beings (Xozlowski,1972).



The essentlal elements of the definition of a tree are crown
and trunk or bole., It is, interesting to consider different
ways in which a plant becomes a tree. The pipe model theory
(Shinozakl gt al, 1964) maintains the constant proportion in
parts like crown, trunk and root, and the developmental basis
for the construction method, according to this model, is the
ability of the trunk to increase in diameter as it grows in
‘height, This theory is based on the observation that the
amount of leaves existing above a certain horizontal 1level in
a plant community is always proportional to the sum of the
cross-sectional area of the stems and branches found at that

level.

The initiation of a tree starts from s;ddling stage
which is the most critiecal phase in the life cycle of a plant
(Ramakrishnan, 1972; Zarper and White, 1974)., The .consideration
of stages or phases is of significance in architectural
developmenﬁ in trees ﬁecause many trees as saplings show many
morphological and physiological features which either are |
lost or change with age. The organisational status of the
-meristem of the tree may change by its position regatdleés of
its age for which Molisth(1922) coined the term tbpophysis; .
the changes in organisational status of meristem with age were
termed as cyclophysic. Two types of change§ from juvenile
to adult tree stage may take places one is gradual and the
other is abrupt termed as,homoblastic and heteroblastic

respectively (Goebel, 1928-33). The appreciation of phase
?



change is relevant in architectural analysis because it

signals the branching pattern, a characteristic of the trees.

The form of woody plants is determined by the
differential elongation of buds and branches and the
expression of a‘particular growth habit is commonly associated
with the phenomenon of apical dominance. Basically three types
of crown forms have been recognised (Brown, 1971): (i)
colwmnar, without branches due to absence of lateral buds,
exemplified by some arborescent monocots where the unbranched
main axis simply terminate in a tuft of leaves, (1i) excurrent,
the main axis outgrows the lateral branches resulting in a
conical crown form common for most gymnosperms and a few
angiosperms and (1ii) deliquescent or decurrent, where the
lateral branches grow as fast or faster than the main axis
causing virtual loss of identity of the main axis in the
crown (Kramer and Kozlowski, 1960). Although the basic patterns
of tree form are genetically controlled, since the trees are
exposed continuously to varying environmental conditions
during their active growth phase from germination to maturity,
the phenotypic changes in crown form in response to these
changes are obvious. Crown form adapted to a particular '

situation was termed as ideotype (Brunig, 1970, 1976).

Architecture is a dynamic e@ncept and should not be
confused with shape or physiognomy which is a static concept.
Size of the plant is not considered in architecture and small

‘herbs and'giant forest trees may precisely have the same
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architecture. Richter (1970) mentioned the statement of
Leonardo da Vinci about the proportional relations between
axes, 'all the branches of trees at every stage of their
height, united together, are equal to the thickness of their
trunk below them'., This is of course, the basis of the pipse
model theory of trees developed by Shinozaki gf al (1964).
Corner gave two principles which maintain the regularity in
construction of higher plants (i) axial conformity and

(ii) diminuttion or.ramification (cf. Ealle gt al, 1978).

The shapes and crown forms are more variable in the
tropics than .in temperate regions. A comprehensive accouqt of
architectural models was given by Halle and Oldeman (1970).
According to Halle gt al (1978) the architecture of a plant 1s
*the visible morphological expression of its genetic blue
print at any one tine', To get the complete spectrum of
architectufal phases, the tree must be of seed origin and it
must flower and seed, Based on different morphological
characteristics of plant growth, Halle gt al (1978) - - .
distinguished over 23 architectural models. These characters
are in pairs: monoaxial (unbranched) or polyaxial (branched),
branches orthaétropic (erect) or plagiotropic (horizontal), °
axes homogeneous or heterogeneous (orthotropic and/or
plagiotropie), construction modular (all axes morpholoéically
equivalent) or non-modular (distinct branch and trunk),
branches at the base (basitony) or from the upper part
(acrotony) of the trunk, branches axillary or dichotomous,

branches short-lived or lomg-lived, growth monopodial (by
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original terminal bud) or sympodial (by substituted bud)ﬁbnd
inflorescence hapaxanthic (terminal) or pleonanthic (lateral).
'The other important features Influencing tree architeﬁ%ure
are primary and secondéry orientation of leaves and shoots,
the behaviour of lateral buds producing the branches either
in continuation of growth since inception (sylleptic) or
after a rest period (proleptic) and branch polymorphism in
‘the,form of long and short shoots., Short shoots are identified
to grow less than 2 cm per year and bear no lateral branch
(Wilson, 1966). The treesrarely conform:. completely to their
architectural model even under optimal conditions for tree
functioning. The process of architectural adjustment by
which the damaged tree aqcomodatesAitself to its environment
is calléd reiteration (Oldeman,1974). Architecturally, the
most significant morphological feature of the tree is the
lowest major brapch and as the branches are progressively
shed, so the crown is gradually displaced vertically. It is
convenient to refer to this level characterized by the fifst
living branch or reiterated trunk as the morphological
inversion point (Oldeman, 1974). The usefulness of

- morphological inversion point is that it provides an easily
measurable value for the ratio between crown depth and total

height and so of the bibenergetic status of a tree.

The recognition of buds as a unit in modular
construction of plants is traditional (recently reviewed
by White, 1979). According to Earper (1980), such modules

should be considered as a basis of demographic treatment of



growth as the heirarchy of branch orders and the form of
architecture is ultimately determined by the distribution of
births and deaths in a population of buds. Such a treatment
of growth has started receiving attention only in recent
years (Hunt, 1978; Hunt and Bazaaz, 1980). The study on

tree architecture as a whole is still a neglected field.
Further, no work in this area has been done on Indian forest
tree species. Since the architecture of the crown form has
major effect on forést production and yield (Nelson gt al,
1981), architectural analysis of tree species in rélation

to their adaptation to a given ecological niche would be

fevarding both from an academic as well as applied view point.

EXTENSION AND RADIAL GROWTXZ OF TRESES

"Growth of a tree is a complex phenomenon compounded of
responses of its primary apical meristems and secondary
cambial meristems to both intrinsic and extrinsic forces

which are not uniform either in time or space". This brief
definition was given by Forward and Nolan (1961) after
extensive studies on tree growth.The first comprehensive
account on shoot growth of temperate trees was the publication
of a classical book by Busgen and Munch (1931) dealing lérgely
with temperate species. Kozlowski (1964) reviewed the current
state of understandings on shoot growth particularly of

north-temperate trees.
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Two widely differeht patterns of shoot growth occur
in temperate trees. In one group of species the shoots are
fully preformed in the winter bud and the extension growth
is 1imited to the expansion of the predetermined components
of the bud in summer, Only one type of leaves occur e.g.
Pinus, Acer, Fagus (Kozlowski, 1958, 1963). In a segehd
type shoots are not fully preformed in the winter bud anad
both early and late leaves are produced (Critchfield, 1960;
Kozlowski and Clausen, 1966), Kozlowski (1972) subsequently
recognized three different patterns of shoot growth in trees:
predetermined, heterophyllous and recurrent flushing type.
Of these the last type of growth is represented by sub-
tropical ahd troplcal trees involving the recurrent formation
and expansion of a series of bud at the tip of the same
elongating shoot. Gill (1971) studied the composition and
expansion of bud of Fraxipnus americana and called the
predetermined shoot as determinate and all other extension
type as indeterminate. The tendency to distinguish second
flushes in north-temperate trees as 'lamma's shoots'! 1s due
to the fact that it is regarded to be normal for these ttrees
to exhibit only one flush of growth per growing season.

There is little understanding of the growth of

| tropical trees as compared to the information avallable on
temperate tree species. In older literature, the studies
Speéific to tropical trees growth, largely refer to

comprehensive investigations of phenology (Busgen and
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Munch, 1931). Some factual basis for our understanding of
growth expression in tropical trees comes from a study of
method of extension growth on woody plants mostly derived
from the examination of shoot morphology (Tomlinson and
G111, 1973). For instance, Koriba (1958) collected a lot of
valuable information about over 500 species in Singapore but
as the observations are largely based on qualitative
morphological examination, they may not be meaningful in
some cases where the growhkh type exhibit no morphological

change in shoot,

However, two main patterns of extension growth in
tropical trees was distinguished by earlier workerss
(1) Rythmic, where shoots have marked endogenous peridicity
of extension (Zalle and Martin, 1968). This term is
synonymous with episodic (Rbmberger, 1963); intermittent
(Koriba, 1958); or articulate (Tomlinson and Gill, 1973).
(ii) Contingous, where shoots have no marked endogenous
periodicity of extension. This is synonymous with evergrowing

(Koriba, 1958) and non-articulate (Tomlinson and Gili, 1973){

The hist&ﬂcal phase of generalized observation is
now passing over to one of detailed analysls of individual
species over longer periods of tike., Some of the studies with
this approach include the work of Bond (1942, 1945), Holdsworth
(1963), Halle (1966), Ealle and Martin (1968), Purohit and
Nanda (1968), Borchert (1969), Greathouse and Laetsch (1969),
Taylor (1970), Gill and Tomlinson (1971) and Greathouse gf 2l



(1971). Of these,Xalle and Martin's work on rubbe
model type because it is a union of anatomy, morphology
physiology. Shoot growth of tropical woody plants is very
diverse and the classification of growth patterns of many
species is difficult because they vary widely in different
regions, For example, specles of Thespagia and Duabanga are
considered ﬂvergroﬁing in Singapore but deciduous in India
(Koriba, 1958). Similarly our studies show that Duabahga
sSonneratioides exhibits no conspicuous feature of rythmic
growth and grow continuously throughout the year but the
_observations of Zalle in Malaysia show that the growth

units in these species is marked by some scale leaves between

any two tiers of branches (Halle gt al, 1978)

One of the most important environmental factors
influencing the rate of stem extension is light intensity
because of its controlling effect on the rate of photosynthesis
which in turn influences th; other metabolic processes involved
in growth. In addition, there is the problem of distinguishing
between direct effects of light on photosynthesis and
indirect effects such as higher leaf temperature,increased
water Joss, etc. (Kozlowski and Keller, 1966; Hughes, 1966).
Grime and #effrey (1965) noted an inverse correlation between
growth rate and survival of tree seedlings at low light
intensities and suggest that slow growth rate may play a role
in adaptation to shade. The growth of woody plants in relation
to water has also been very widely studied (Kramer and

Kozlowski, 1960; Rutter and Whitehead, 1963; Zahner, 196R),
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Svidence accumulating suggests that growth rate may be very
sensitive to temperature change also. » number of species
also grow faster in longer than'in shorter day length

(Longman, 1972).

Internode elongation of many tropical trees can be
very rapid, Examples of rapid height growth were given by
Longman and Jenik (1974): Terminalia superba, 2.8 m/yr;
Musanga gecroplodes, 3.8 m/yr; Qchroma lagopus, 5.5 m/yr.
Such higher growth rate is often determined for open-grown
trees or at the forest border, Within the forest community
the rates tend to be much slower and often decline with
increasing age of the tree (Kramer and Kozlowski, 1979}.
The higher growth rate of these open-growing trees may be
attributed to higher photosynthetic rate of these species
which can’be easily acclimated to a high 1ight environment
as evidenced by the performance of gap phasé species like
acer xubrum, Cornus florida and Liriodendron tulipifera
(Wallace and Dunn, 1980). | ‘

The duration of growth per year is variable among
different species and individuals of the same ‘species of
different age group. In Nigeria, older trees of Dombax
buopopgpzense, for example, were dormant for 2-10 months or
more whereas 3-year old seedling stopped their growth only
for 3-4 months (Njoku, 1963, 1964),Controlled environmental
studies have shown that shoot extension growth can be halted

in a number of tropical trees by reducing the day length



(Njoku, 1964; Longman, 1966, 1969), In temperate zone,

height growth often begins before the threat of frost is

over and is completed during a short part of frost-free
season (Kiahholz, 19413 Kramer, 1943; Kozlowski, 1962},
Kramer (1943) found the date of growth cessation more
variable than that of growth initiation. In tropiecs, the

wet and dry season often control the periodicity of growth
(Gaertner, 1964). However, the evidence accumulating suggests
that there are several species which may show continuous growh
throughout the year as in Rhizophora mangle L. (Gill and
Tomlinson, 1971).

The phenomenon of shoot tip abortion which induce
sympodial growth is comnon in many woody plants (Romberger,
1963; Kozlowski, 1964; Zimmermann and Brown, 1971). The
timing of shoot tip abortion varies with age, vigou# and
environment. In many generé such as Ulmus, Fagus, Iilia,
Syripnga and Yagcinum, shoot tip aborts with decline in growth
as the shoot and its leaves complete expansion in the spring
(Millington, 1963), Accelerated abortion in short days and
delay in long days has been wekl documented in Ulpus
aericana (Millington, 1963).

Cambial growth of tropical trees is very diverse.
In many species xylem increment may continue to be during
most or all the year. Growth rings may or may not be
correlated with'periods of shoot growth (Kramer and

Kozlowski, 1979). For example, in rubber tree saplings,
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shoot growth occurred in flushes at 42 days intervals, each
flush being associated with an increment of xylem leading to
distinct growth rings. By comparison some tropical pines
produce as many as fiwye shoot growth flushes in a year but
form only one ring (Tomlinson and Gill, 1973). Daubenmire
(1949) found cambial growth related to length of the day
rathér to air or soil temperature. This was further supported
by, Fraser's findings (1952) on both the growth initiation and
growth cessation. The same external and internal factors |
which control the bud break and leaf fq}l also control the
timing of the period of cambial activity (Longman and Jenik,

: 1974). But Hummel (1946) showed that in the leafless Khava
.gzann;fgiia also cambium did’not become fully dormant.
Continuous cambial growth in most evergreen tropical trees

was observed by'Alvim (1964),

TREE BRANCHING PATTERN AND ORIENTATION

A tree is a photosynthetic device consisting of assimilating
units (leaves) arranged on one or more woody self supporting
axes (Tomlinson, 1978). The 3obdy framework of branches N
presents leaves, the photosynthetic surface, to sunlight in
a manner that is primarily related to photosynthetic

efficiency of the leaf and the distribution of light in the

environment of the tree.

In most of the f¥rees, the number of leaf-bearing

units (shoots) increases by the proliferation of original



Seed-bérne or plumular shoot meristem. This increase is
determined by the genetic maké-up according to a precise
pattern, In trees two types of branch préduction can be
distinguished: (i) Prolepsis produces a branch axis (proleptic
shoot) that has basal bud scales (reduced prophylls or
persistent scars), initially congested nodes (no hypopodium)
and a gradual transition in leaf morphology and size at the
first few nodes, usually from bud scales to foliage leaves;
(ii) syllepsis produces a branch axis (sylleptic shoot) that
lacks basal bud scales, has a long basal internode
(hypopodium) and has 1ittle or no transition in leaf
morphology and size at the first few nodes. These terms wefe
given by Spath (1912) but defined precisely by Tomlinson

and Gill (1973). Syllepsis is a predominahtly tropical
phenomenon. Sxamples like coffee are interesting in which a
sylleptic and proleptic shoot may originate successively

from the same node.

The branching pattern is established only after an
initial period of seedling development in which the axis is
unbranched., The subseqment development of lateral meristem
whether by syllepsis or prolepsis, bears a relation to the
periodicity of growth activity of the parent terminal
meristem. Where growth of the terminal meristem is continuous,
branching itself may be either continuous or diffuse
(in£ermittent). Intermittent branching involves the

production of one or more tiers of branches at irregular
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intervals as the development of lateral meristems into
branches (usually by syllepsis) seems correlated with the
vigour of the terminal meristem. Where growth of a shoot 1is
ri&thmic (with regulaJ'aItmntion of growth and rest) branching
is also rythmic and is cle;rly correlated with the activity

of the terminal meristem (Tomlinson, 1978). The recognition

of distinct branch tiers or branch complexes leads to a
discussion of the essential differences that exist between
trunk and branch axes. The elaborate drganisation of the tree

largedly depends on this differentiation.

Many trees show a clear differentiation between
orthotropic and plagiotropic shoots, which may be distinguished
by a combination of morphogenetic features and physiologic
responses (tropisms). an orthotropic shoot has an erect
orientation (negatively géotrOpic), radial symmetry and
phyllotaxis most commonly deccussate or spiral, A plagiotropic
shoot has a hrozontal or oblique orientation (more or less
diageotropic) and dorsiventral symmetry either by virtue of
distichous phyllotaxis or, if spiral or deccussate by
secondary orientation. In many trees orthotropic‘shoots
correspond to trunk axes and plagiotropic shoots to branch
axes. In ferminalia-branching each sympodial unit is initially
plagiotropic and finally orthotropic (Fisher, 1978)., This
demonstrates that the degree of differentiation df a meristem
may be changed either by external influences or by

modification of internal conditions (Tomlinson,'1978). of
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special interest are those woody plants in which thers 1s an
inherent change of expression within a single meristem
producing axes of architectural significance. Such axes are
described by Halle and Oldeman (1970) as 'mixed'. Secondary
qhanges in axis orientation may have important consequences
mostly mediated via the influence of reaction wood

(Zimmermann and Brown,1971).

Branching pattern governs the features of adaptive
significance like effective leaf display and minimization of
non-photosynthetic tissue (Xorm, 1971; Whitney, 1976; Zonda
and Fisher, 1978), and structural strength (McMohan and
Kronhauer, 1976). Strahler (195%) developed a method for
analysing branching pattern in trees on the basis of
geomorphologist's law of stream number. The method for
calculating bifurcation ratio (Rb) involves ordering of
branch segments; the ultimate branch as I order and in that
series the trunk as the highest order. The method serves
as an index of the degree of branching. More recently, this
was used to characterize branch system in many plants
(Zolland, 1969; Leopold, 1971; Oohata and Sidei, 1971;
McMohan and Kronauer, 1976; Whitney, 1976; Thornley, 1977;
Niklas, 1978). Oohata and Shidei (1971) subjected seedlings

of guercus phyllyraeocides to different planting densities
and found that bifurcation ratio was insensitive to changes

in light environment. Whitney (1976) compared bifurcation
ratio of open and shade grown Fraxipus americana and
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-similarly concluded that bifurcation ratio value is a
species-specific constant; Steingraeber gt al (1979) found
significantly different Rb values in the open and forest
grown saplings of sﬁgar maple (Acer saccharum Marsh,), and
attributed this to the phenotypic plasticity of branching
which is aﬁ adaptive strategy for survival of this Species
under varied light conditions. Little is understood about the
contribution of different order of branches in total make-up
of tree frame-work in different ecological situations.
Steingraeber gt al (1979) found significant differences
between open grown and forest grown sugar maple seedlings
with respect to the proportional aid of different order of

branches in the form of to¥al number and total length,

The orientation or display angle of branches results
in maximum effective leaf surface possible for a branch
system (Zonda and Fisher, 1978; Fisher, 1979). Markedly
variable response to open vs. closed habitat in fhe branch
display angle was observed by Pickett and Kemgf(1980) and
Kempfand Pickett (1981) in a few early successional shrub

species.

LEAF DISPLAY

The leaf orientation affects significantly the canopy
structure. De wit (1965} divided plant canopies into several
types, based on the distribution of leaf angles within themn.

The two extreme forms are the planophile canopy in which
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horizontal leaves are more frequent and the erectophile
canopy in which vertical leaves predominate, Simulations
based on light interception theory (Monsi et al, 1973) have
shown that canopy productivity is higher in erectophile
canopies than in plaﬁOphile ones when foliage is dense.

The resultsof Turitzin and Drake (1981) support the
hypothesis that the normal seasonal decline in photosynthesis
is due at least in part, to the shift in canopy structure.
Fine scale featuresof leaf display have been found to differ
in model and real plants (Fisher, 1979), Efficaceous leaf
display in response to open vs. shade conditions was shown
by Honda and Fisher (1978), Pickett and Kempf (1980) and
Kempf and Pickett (1981) in a few early successional shrubs

and understorey tree species.

LEAF DYNAMICS OF TREES

The flushing or bud burst in tropical and temperate trees
mostly demonstrate rythmic growth but in the tropics
continuous production and growth of leaves throughout the
year is also not uncommon (Tomlinson and Gill, 1973; Ashton
and Brunig, 1975). Increased number of flushing at certain
times and less at other times have been shown by different
workers (Taylor, 1960; Njoku, 1963; Zopkins, 1970). Some trees
are reported to flush regularly in a uniform climate
(Zolttum, 1940). In evergreen seasonal forests, flushing

frequently occurs in the dry season before the start of the
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rains (Longman and Jenik, 1974)}. Rainfall, therefore,

cannot be assumed as a triggering agent for flushing (Njoku,
1964), Temperature is in many ways the most likely
environmental factor to control bud-break. Thus cocoa buds

" may tend to flush when maximum temperature exceeds about 200¢
(Xardy, 1958, 1964; alvim, 1967), Lxperiments in growth

rooms have shown that bud-brecX in some tropical trees is

closely influenced by day 1ength (Longman, 1969).

" In the tropics, the deciduous habit cannot be sharply
demarcated from the evergreen (XHolttum, 1940; Koriba, 1958),
Therefore, on the baslis of relative timing of bud-break and
leaf abscission Longman and Jenik (1974) recognised four
patterns of leafiness:s (1) periodic growth -~ deciduous type,
in which leaf fall occurs well before bud break with longer
period of nakedness, (ii) periodic growth - leaf exchanging
type, in which naked period is very short and new leaves
come Just after leaf fall, (i1ii) periodic growth - evergreen
type, in which leaf fall occurs throughout the year but at
slower rate and the trees never appear naked, and (iv)
continuous growth - evergreen type, in which continuous
production and fall of leaves occurs throughout the year with
little change in the appearance of the tree. The number of
flushes varies widely in different tree species which do not
show continuous growth. Chowdhury (1964) described the
flushing pattern of Indian trees and foﬁnd a maximum of four

flushes per year. Purohit and Menda (1968) also reported four



flushes of growth per year in Callistemon viminalis with

no correlation between alternate period of rest and

extension and the seasonal clinmatic change.

Growth rate of leaves is normally ciosely linked with
shoot elongation and is often quite rapid during the middle
part of the growing season (Longman and Jenik, 1974). In
tea plant it has been noted that a single deciduous bud
scale amongst expanding :foliage leaves has a corresponding
short internode beneath it (Bond, 1942). The high vigour in
the/middle part of the growing season may also shorten the

plastochron interval (Gill and Tomlinson, 1971).

The variation in leaf size and shape in relation to
macro- and micro-climatic conditibns is mﬁch discussed
(Bailey and Sinnott, 1916; Piersall and ¥anby, 1926; Aashby,
194B}l§ichards, 19523 Ryder, 1954). Warmer period of growing
season also favour the expansion rate and final size of the
leaves (Rboerts, 1920; Kozlowski and Clausen; 1966) . The
final leaf size and the seasonal duration of leaf expansion
varies greatly among species, type of shoot and the
environment (Kozlowski, 1971). Smaller leaves are produced
just before the onset of dormancy or after the bud burst
(X¥alle and Martin, 1968). Shading often influences the growth
of leaves of cocoa and coffee (Murray and Nicholas, 1966).
Temperature is also known to play an important role in
determining final leaf size (Milthorpe, 1959, 1963),.
Parkhurst and Loucks (1972) developed a model of leaf size



on the basis of its Water use efficiency in different
environment. Baker (1950) divided tree species into 3 shade
tolerance classes on the basis of leaf characteristicss
tolerant, intermediate and intolerant. Fedorov (1966) regarded
the variatién in leaf size of 1little adaptive significance
though Zeslop-Zarrison (1964) supposed tnis feature within
the same genotype as of some adaptive value., Smith and

Nobel (1977) used a more empirical approach to determine the
adaptive significance of seasOnaI'Variation in leaf size in

a few desert shrubs.

Aging in common deciduous tpee leaves ié known to be
rapid (Kozlowski, 197i). Léngfh of life of leaves is
important and retention of a largeyleaf surface is likely
to increase dry matter production (Zavitéwski et al, 1974).
Bentley (i979) studied the leaf longevity in many understorey
species of trdpical forests. =Ze foundwthat longevity of
leaves was correlated with light intensity and discussed the
lonéer retention of leaves unfavourable for production due
to increasing epiphylls. Further, the photosynthetic efficiency
of a leaf decreases with age after full expansion (Mooney,
19723 Johnson and Tieszen, 1976). The turnover rate of the
leaves of shade intolerant species was shown to decrease
under shade (Newhouse and Madgwick, 1968). Further, the
turnover rate of leaves of shade tolerant species is

generally low with longer retention of leaves (Bentley,1979).
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Therefore, an understanding of the strategy of different
tree species as far as this feature is concerned, would be

significant,

ECOLOGICAL STRATEGIES OF TREES IN SUCCESSIONAL ENVIRONMSENT

'Strategies in an economic sense is the reciprocal seté of
actlion and reactions between two conflicting groups directed
to the attainment of their ends by each group' (cf. Halle
et al, 1978) . For the plants the ends sought 1s to preserve
their genotype and occupy as large a part of the available

biotope as is necessary.

i

The idea of two main-trepds in selection of specific
strétegies comes from the work of animal biologists .
(MaechArthur and Wilson, 1967). The notion of r, the intrinsic
rate of population increase and K, the equilibrium size 1is
essential for the comparison of two main strategies in a
given environment. Grime (1974, 1977) considered stress
tolerance as a distinct strategy ewolved under int?insically
unproductive environments or under extreme resource depleted
condition, imposed by the vegetation itself. In this three-
strategy model (C-, S-, R-) ruderal and stress toleranf
strategies correspond to the extremes of r and K selection
respectively while the highly competitive species occupy a
position in between the two (Grime, 1979). Zalle gf al (1978)
uged the notion of eébtgpe, the combination of niche and | |

habitat févoured by ecologists (Whittaker gt al, 1973;



Oldeman, 1974).

Seed production, germination and establishment:

The strategy of seed production and seed longevity
ié much different in early successional species from that of
late successional species. The former produce very small
seeds which have been found in the soils of primary forest
in several areas of the tropics (Richards, 1952; Keay, 1960;
ashton and Brunig, 1975). Among early successional species
there are differences in germination with respect to various
kinds of successional environments (Bazzaz and Pickett, 1980}.
For example, bare soil is initially invaded by Irema
Zuineense but Musapgs gecropioides becomes established after
a vegetative cover has been formed (Ross, 1954)., In Thailand,
Macranga denticulata, aralia armata and Polvgonum chinense
germinate in the forest at some distance from a clearing but
Irema orientalis and Melastoma malabarica seeds germinate in
the high light of the clearing (Cheke gt al, 1979). On the
othier hand,late successional species (shade-tolerant) can
invade the environments with different degree of light
intensity and generally they germinate more successfully

under the shade of the forest canopy (Richards, 1952),

Seed germination of early successional species with
smaller seeds is epigeal (Richards, 1952; Budowski, 1965;
Ng, 1974; Gomez-Pompa and Vazaquez-Yanes, 1974). The

frequency of epigeal germination declines with seed size in
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late successional species (Ng, 1974). This type of
germination is advantageous as the cotyledons become
photosyntheﬁic soon after. Sheldon (1974) found that the deep
seated seeds of specles producing small and light seeds may
gail to germinate because of the low potential of seedling
Aue to meagre séed reserve to penetrate through soil profile.
Seed burial is favoured for large seeds and Shaw (1968)

found 50% more germination from the buried acorns of

Quercus petraea than from surface lying seeds. This is mainly
due to heavy predation of large seeds of species like
Astrocarvum mexicanum (Sarukhan, 1978). Tropical forest

seeds and seedling predation may be very heavy (Burgress,
1972; Janzen, 1974; Ng, 1974; Whitmore, 1975). The duration
of suitablé conditions and the seeds response to these

are major factors which control the germination and

establishment (Harper gf al, 1961).

The seed germination of most of the species remain
unaffected by light intensity (Sarvas, 1950; Black and
Wareing, 1954; Grime and Jarvis, 1976). However, there are
several ploneer spefies which require light for germination.
This is consistent with the ecology of ploneer species
suggesting a mechanism whereby the seeds of these species
might be prevented from germination below a closed canopy
(Grime and Jarvis, 1976), Initial survivorship of seedlings
of late successional species has beenxéborted to be more in

the shade (Kiﬁnaird, 1974). Most of the early successional

/



specles cannot withstand shade. Moreover, the shade-
intolerant species are reported to be more susceptible to
fungal attack under the shade than the shade-tolerant species

(Vaartaja, 1962; Grime and -Jeffrey, 1965).

Gaps created in the forests through death or fall of
mature phase trees, are important for thé?seédling dynamics
of different species at different successional status
(Bazzaz and Pickett, 1980). These gaps;aré not so frequent:'
and may occur in some tropibai‘forests at‘énvaVerage of
100 years (nortshorn, 1978). A gap is a heterogeneous

environment with an increase in light, soil and air
temperature, rainfall input and nutrient aVailability but
a decrease in relative humidity (Schulz, 1960, Longman and
Jenik, 1974)5TWhitmore (1975) has constructed the most
comprehensive classification of tree épecies relative to
gaps but he recognises‘that each species is untque in its
strategy (Whitmoré, 1978). The creatiop and filling of
different sizes of gaps ma?'be.responsible for much of the
organisation of forest 6ommuni£ies énd;for much of the
differentiation and coexfsten¢e of:p1ants (Bazzaz and

Pickett, 1980);

Growth, production and allocation pattern:

Growth of early successional trees in the tropics is

extremely fast. Reports of annual height growth of upto

-1

S5 myr are common with fast diameter growth (Leburn and



Gilbert, 1954; Lamb, 19683 Swel, 1971; Jordan, 1971;
Longman and Jenik, 1974; ashton and Brunig, 1975). Diameter

growth of 2-3 cm yr"1

are common in pioneers. In contrast
later successional trees grow more slowly (Richards, 1952),
There is a continuumof growth rates from early successional
to late successional species of mature phase (Schulz, 1960).
This differences in the amount of growth is attributed to the
differences in leaf display, photosynthetic rates,LAIl and

allocatlion pattern in early and late successional specles,

Lugo (1970) compared photosynthetic and respiration

rate of two early successional (Cecropia peltata and
Anjngggnhaluglggggmpa) and two late successional (Sloanea
berteriang and 2acryodeg oxcelsa) species. The early
successional species reach light compensation points at

150 -~ 400 fc and saturate at 2500 fc (@.dum gt al, 1970).
Cecrapia photosynthasigaes at the rate of 11.1 mg COo am™2 hr'Ir

and Anthocephalus has & value of 10.7. In many trees of

gecondary forests, the shoot growth is continuous while the
late successional 8pecies usually show intermittent growth
(Ashton and Brunig, 1975). Large .leaves supported by sparse
branch framework may be a‘major mechanism for reducing
structural cost in pioneers and the fast turnover rate of
leaves in early successional species may account for the
faster growth of these.(Coombe and Hadfield, 1962). The
pioneefs also have comparatively soft wood of low density.

The prlority here is given not to the durability but to the
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gquick use of availafle resources and effective competition
with neighbours (Bazzaz, 1979)., Marks (1975) found that
maximum LAl is attained between 4 to 6 years of age in

pin cherry (Prunus pensvlvanica L.), an early successional
tree species, and biomass accumulation was also most rapid
during this period. The Lal of early successional specles are
génerally lesser than that of late successional spceies which
determine the greater area of exposed leaf surface accounting
for high-photosynthetic rates, growth and production
(Bunting, 1976), The studies on productivity through
succession are rare but the available data show that there

is a rapid production during the early stages of succession
(during 5 to 10 years) and then a stabilization through time
as the forest matures (Jordan, 1¢71; Farnworth and Golley,

1974).

The strategy of allocation pattern of available
resources for various life activities is the result of various
ecological and evolutionary factors which favour natural
selection (Cody, 1966). The success of an organism depends on
its relative apportionment of biomass (MacArthur.and Wilson,
1967) ., Much of the work in the case of plants pertains to
herbaceous and shrub species (XZarper and Ogden, 1970;

Jaksic and Montenegro, 1974; Abrahamson, 1975; Ramakrishnan
and Kanta, 1976; Bell gt al, 1979; Williams and Bell, 1981).
Considerable attention has been given to the root-shoot
balance of temperate tree species (Drew and Ledig, 1979;

Farmer, 1980; Grier = gt al, 1981).
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Study of partitioning of dry matter or biomass among
various parts of plants is more difficult in trees than in
herbaceous plants because their large size restricts sampling
(Kramer and Kozlowski, 1979). The production of dry matter
in leaves, branches, bole and roots must be measured on
trees of uniform size or age because the proportion of total
biomass in the variolis compartments vary with tree age and
size (Switzer gt al, 1968). The shootsroot ratio is often
considered to be stable for a species under any given set
of environmental conditions (Wareing, 1970). On this basis,
Thornley (1972) developed a model to account for the
p;rtitioning of assimilates between leaf, stem and root.
Marks (1975) found that the early successional species
possess superficial roots just sufficient to anchor the tree
poorly but increasing the absorptive’surface for quick
exploitation of short term increase in nutrient availability
and water in disturbed land (Marks and Bormann, 1972). The
higher shoot:root ratio in early successional species and
nroportionately much higher allocation to the bole and
leaves here is implicated as an adaptive strategy which
favour the high productibn rate through fast vertical move
of the canopy in high light environment (Marks, 1975). On
the other hand, late successional species shows greater
allocation to the root for sustained but long term
utilization of the resources and grow slow because of their

lower resource demand (Grime, 1979; Bazzaz, 1979),.
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Tree architecture:

The morphological-developmental models of tree
architecture (Halle gt al, 1978) may be related to a r-K
continuum In general light demanding early successional
species which colonize gaps maintain their model construction
throughout the life and may reiterate poorly while the more
tolerant species can reiterate successfully (Bazzaz and
Pickett, 1980). As long as a tree conforms to its initial
model, where vegetative growth and sexual reproduction are
integrated in a standard pattern, its place along K to r
line is fixed. Quantitative date are required to place the
architectural models preéisely on this line. It may be
suggested that the-orthotropic branches have different
energy requirement from plagiotropic branches. The former
maximize volume production for support and conduction, while
the latter place emphasis on surface production. The
plagiotropic axes are more commonly met in early

successional species than in late successional ones.

Two theoretical strategies of leaf distribution was
given by Eorn (1971): a monolayer with leaves densely packed
in a single layer and a multilayer with leaves loosely
scattered among many layers. The multilayer can expose much
more leaf area and no leaf completely eclipse the other.
‘This strategy is generally represented by early successional
species, A monolayer can expose no more than one unit of

self-sustaining leaf area for each unit of the ground area



and is mostly represented by late éuccessional species,

Horn also derived that the multilayer can grow fasterfhan
monolayer only when exposed to between about 54% and 100%
of full sunlight. Under conditions much shadier than 54%

of full sunlight, monolayer can grow faster than multilayer.
This is consistent with the strategy of early successlonal
species which exploit and compete for the high light
environment. Thus architectural analysls is a necessary
preliminary for the study of bioenergetic status of the tree.
In addition to the branching pattern and leaf display
parameters like overall shape, reproductive periodicity,
seed crop size and ability to reiterate ére reduirﬁd‘for
the detailed architectural analysisi This type of ébproach
may lead to an understanding of the ecological strategies

of the architectural models (Halle gt al, 1978).

THEE PRESENT STUDY

The present investigations deal with the adaptive growth
strategies of some early and late-successional tree species
coming during secondary succession after Jhum (shifting
cultivation). An attempt has been made to comparg the
growth strategies, production and allocation pattern of
these two group of species. Apart from this detailed study
on a few early and late successional species, over 20

important tree species of‘a~sub-tr0pical'humid forest



community has been studied for their general g rowth
characteristics, production and allocation pattern relating
these characteristics to successional status’of the species
concerned., The germination and establishment strategy of a
number of tree species of this community was also studied,
The phenological behaviour of the community as a whole was
correlated with seasonal changes in climate. The tree
species studied here form a part of a sub-tropical humid
forest at Lailad (25°45" - 26°N lat; 91°45" - 929 1long.)
at an elevation of 296 m in the Khasi i¥ills of Meghalaya.



STUDY ARTA AND CLIMATE

The study area (Fig., 1) is located at Lailad which is about
70 Km towards the northern side of Shillong city, the capital
of Meghalaya in the north-eastern region of India. It lies
between 25045" - 2600" N latitude and 91045" - 9200" §
longitude at an elevation of about 296 m. The pre-cambrian
rocks are represented by gneiss, schists and granites. The
soil is red, sandy loam and is of laterite origin. The pH
ranges from 5.8 to 6.3. Angles of the slopes generally ;ange
from 200 to 60°. The climate is typically monsoonic with
about 84% of the total annual rainfall occurring during May
to September. April and October are also quite wet. The rest
of the period is practically dry. The monsoon season iﬁ»
followed by a mild winter during mid-November to mia;ngruary.
March and early April represent a brief dry summer period

(Fig. 2).

The study site is a part of a reserve forest known
as Nongkhyllem reserve which is under Meghaiaya Forest
Department since 1910. The peripheral zone of this forest is
disturbed and developing forest communities at different
stages of succession may be found. The forest is bounded on

the north and northwest by Kamrup district and on the north-
west by Nowgong district of Assam. The southern side of the
forest is covered by Shillong sub-division. The age of the

reserve forest is approximately estimated to be 50 years,



Fig. 1 Location of study are=z.
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It represents the oldest fallow of the Jhum practised at
lovwer elevations of the Khasi ¥ills of Meghalaya by the local

tribal population, namely the Khasis and Garos (Ramakrishnan

and Toky, 1978). _ :

!



Fig. 2 Ombro-thermic diagram for the study area,
open bar, rainfall; closed circle, mean
maximum temperature; open circle, mean

minimum temperature.
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INTRODUCTION-

Growth of tree is a complex phenomenon which is governed in
time and space by sevefal intrinsic and extrinsic factors
(Forward and Nolan, 1961). Most cof cur knowledge on tree
growth has been baéed upon the studies cof thelr temperate
representatives (Cock, 1941; Kozlowski and Ward, 1957, 1961;
Kczlowski,'1964; I§?2). Temperate trees offer very limited
diversity of pattern cf architecture and growth. Thcough some
intensive studies on growth pattern of tropical trees are
available (Holdsworth} 1963; Zalle and Marfin,'1968;‘Borchert,
19693 Halls, 1971; Gill and Tomlinscn, 1971), fhe need of
deeper understanding of tree growth pattern in tropical
forests was emphasiied by Tomlinson and Gill (1973). Becently,
the cancpy form in relation tO'prevéiling envircnmehtal
condition has got much attention (Bruing, 1976; Nelson et al,
1081) and several quantitative studies on branching pattern
has been made (Whitney, 1976; Fisher, 1978, 1979; Steingraeber
et al, 19793 Pickett and Kempf, 1980). The pattern of groﬁth
in relation to the successional status of trée species (Marks,
1975) suvggests distinct strategies for early and late
successicnal species (Ramakrishnan gt al, unpublished). Halle
and Oldeman (1970) and Ralle gt al (1978) discussed thé
architectural pattern of ftropical treés giving more than

23 architectural models.

The present study on shade-intolerant (Anthocephalus
cadamba ¥ig. and Duabanga sonncraticides Tam.) and shade-
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tolerant (Rillenia pentagyne Roxb. and Artccarpus chaplasha

Roxb.) tree species is a comparative analysis cf the strategy
of architectural development, amcunt and pattern of extension
and radial growth, dynamics'and distribution ¢f branches and
characteristics c¢f interncdal length in relation to rythmicity

¢f grcwth.

MET=Z0DS OF STUDY

The forest community at Lailad is a 50 year cld humid sub-
tropical semi-evergreen forest, developed after slash and burn
agriculture. All the four species, A. gadamba, D.sonneraticides,
2. pentagyna and A. chaplasha were found growing in the open
and the last twc species were also occurring under different
degrees of shade in the forest. A. cadamba and D.sopneratlocides
were abundant along the disturbed periphery of the fcrest as
well as in cther younger forest communities. Ycung trees of all
the species were identified under cpen situations. A singlse
tres of A. cadambg was fecund tc grecw in partial shade and this
was also considered for study. Trecs of A. ¢chaplasha ﬁere
identified in shaded sites whereas Q. pentagyna, thcugh found
tc grew in shade, cculd not be considered as most of them were
found tc be of sprout crigin. The initial age, height (ht) and
diameter at breast height (dbh) cf the trees of all the fcur

species studied, were as followss



Light Initial
Species cendition age (yr) ht(m) dbh(cm)
A. cadamba . opsen , | 4 7.43 8.76
" " - shade 4 3.68 - 3.02
D. sonneraticides vpen 4 4.78 6,15
A, chaplasha open 6 6.12 8.63
" " shade 6  4.77 4.53
D. pentagyna cpen 6 4,26 4,94

Observations on growth characteristics was initlally
started in January 19792 on the main axis (trunk) and actively
growing brahches of all the trees. The tops ¢f the trees were
approached through a wccden platform. Fortnightly observaticns
were made on girth increment of the main axes at breast
height (1.3 m) and extensipn growth cf the main axes and
individual branches. Branch orientation was measuresd by ncting
the angles of their attachment. Ordinal numbers were used.tc
dencte branch orders for re¢ferring all growth characteristics
except bifurcaticn ratic (Rb). Trunk or main axis was
designated as O, primary brahches criginating from main axis
as I order and secondaries originating from primaries (I order)
as II crder branches and so on. Zcwever, fcr calculating
bifurcation ratic, Strahler's methad (1957) was fcllowed —
the ultimate branch was désignated as first order, wvhere two
first order branches ccme together, the resulting proximal
segment was designated second order. Where two branches of

unsequal orders met, the resulting branch maintained the



higher crder, Bifurcation ratio (Rb) cf branching system cf
the trees was derived on the basis of Mctomura's (1947)

fornula medified by Steingraeber'gg al (1979):

Where N. is the total number of branches of all
‘orders, N max is the number of branches of the highest order

and N; is the number of branches of first order.

The degree of branch formation on the main axis and
I crder branches were calculated as percentages of total
lateral buds forming branches in current or subsequent
growing season. The monthly pattern of producticn of I and
I1 order branches were calculated as percentages of total
branches produced on respective branch order in a year.

Branch angles were measured by protractcr.

Three open-grown trees of each species (age 5-6 Yr)
were harvested at the end of the growing season in November
1980 and the branches were segregated into different orders.
The length c¢f each branch was measured to the nearest
centimeter. The branches were categorized into different
branch length classes and were analysed with respect to Iﬁ

and II order branches respectively.

The total content of the apical bud was determined
by dissection under the binocular microscope. -Bxamination of

buds was made several times during the year (February, May,
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August, Ncvember). Some general grcwth observaticns like
growth initiation and cessaticn, shcct tip aborticn, self-
pruning and reiteraticn were made oh the basis cf 3-5
'replicates of different age grcups of trees (1-8 years) of a

given species.

Architecture and General Grocwth Characteristics:-

Anthocephalus sadamba Miq.

| | The architecture (used in the sense of Zalle and
Oldeman, 1970) built in A. gadamba, is the result of ccntinucus
growth ¢f a menopcdial trunk (Fig.lA). The leader (main axis) ,
produces deccussately *arranged leaf pairs with interpeticlar
stipules and branches (Fig. 1 B,E). Branch dimcrphism is

evident because while the trunk is an crthotropic monopodium,
the precocicus I order branches which arise sylleptically (by
the continued growth of lateral buds laid during the current
year's grcwth), are all plagiotropic (tend tc be hcrizontal)
mencpodia. These branches have 1lcng first interncde
(hypopcdium) before bearing leaves. Branches other than the

I crder afe produced proleptically (by the activation and

growth of lateral buds laid during the last year's growth).

The leaf arrangement on plagictropic units shows dorsiventrality
by secondary corientaticn of blades in a single horizontal plane,
exhibiting apparent disccrdancy with that of the trunk where

the deccussately arranged leaves may be cricnted in several

'planes.



Fig.

1

Architectural pattern of A. gadambas

A, architectural skeleton (demarcation

on main axis- represents the shortest
internode and termination of annual
growth; S, sylleptic and P, proleptic
origin of branches); B, terminal bud
growth (a, growth of main axis bud, pro-
ducing pailr of leaf and sylleptic branch,
b, growth of terminal bud of branches
producing leaf pair only); C, substitution
growth after tip damagej; D, reiteration of
the model; &, branch arrangement; F, develop-

ment of supernumerary branch.
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During the dormant phase in winter, the terminal
vegetative buds are protected by a gummy substance. The trees
start their growth in February- March and enter the dcormant
phase in November. Dufing growth initiaticn, the terminal bud
¢f the leader axis 1s the first tc burst cpen into a pair of
cpposite leaves with a pair of sylleptic branches somewhat
extra-axillary to the last leaf pair of the previous year
(Fig. 1 Ba). The growth -continues and this pattern of bud
grcwth, production of pairs of leaves and corresponding
branches is checked cnly in November at the onset of bud
dormancy. 4 4 or 5 year old tree may produce 10 pairs of 1
crder branches in a year. The shcrtest internode of the year
on main axis and branches indicates the terminaticn of annual
growth. This short interncde (articulation) is helpful in
determining the age ¢f the tree. Bud-burst on the main axis
is fcllowed within a week by the same on the I order branches

but withcut the production «f any sylleptic branch (Fig. 1Bb).

The architectural development in A. gcadamba is
affscted by shoot tip abortion in lcower branches. They cdie
and decay resulting in self-pruning. If the main axis grcwth
is disturbed or checked by the destruction of terminal bud,
substitution growth takes place. Initially, the tcop pair of
the branches assumes leadership and become crthoetrcepic but
later on cne is suppressed by the cther. In this process
leaf oricntation is changed as on the main axis. (Fig. 1 C).

Bayonet-joints bscome ill-defined in this species.Reiteraticn
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of architectural modél takes place when the whole canopy or
major aerial part is destroyed or broken (Fig. 1 D). The
development of a few supernumerary branches (branch arising
between a leaf and corresponding sylleptic, I order branch on
main axis). 4s a consequence of any disturbances in general
growth pattern was also observed in this species (Fig. 1F).
The vegetative juvehllity period was found to be about 5 years
and the trees bore inflorescence on the III order branches

only.

Quabanga sonneratioldes Ham.

The architecture (Fig. 2 A) is determined by an
orthotropic monopodial trunk which produces tiers of sylleptic
(I order) branches with hypopodium seperated by a gap of
20-80 cm. A 4-5 year old tree may produce about 5 tiers of
branches 1n a year. The leaves are arranged spirally at short
intervals on main axis but are opposite on branches with
longer internodes (Fig. 2 B). Branch dimorphism is very clear
as all other branch complexes except main axis, are
plagiotropic. Similar to A. cadamba branches other than the
I order, are produced proleptically. The plagiotropic branches
become pendulous with age. The growth units (tiers of branches)
vere neithér demarcated by scale leaves nor had a period of
rest unlike that reported by Ealle et al (1972). Growth in
this species was continuous with fluctuation in growth rate

during the year,



Fig. 2 Architectural pattern of D. sonperatioides:

Ay arcﬁitectural skeleton (branch tiers and
canopy form, main axis without demarcation
 of annual growth, S & F representing
sylleptic and proleptic branches); B,
terminal bud growth (al,terminal bud of'
main axis simply producing leaves and ao,
producing both the leaves and sylleptic
branches; b, terminal bud of branch always
producing leaves); C, substitution growth;

D, reiteration; &, branch arrangement.
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The architectural model in this species is usually
disturbed by termites and ants due to which substitution
growth occurs when the branches of top tier assume leadership
(Fig. 2 C). They grow vertically but only one of them takes
over suppressing the others, where the leéf arrangement
becomes spiral as on the main axis. As in A. gcadamba bayonet-
joint in this species is not well pronounced. If the top of
maln axis is severely damaged at an early stage of growth,
all the five branches of top tier may assume leadership
simultaneously. Reitaration process is very efficient in this
species and after destruction of major aerial part of the old
trees, it regénerates by repeating its architectural model
(Fig. 2 D). The inflorescencé is terminal but does not affect

the model. The vegetative juvenility period is about 6 years.

2illenda pentagyna Roxb.

The architecture (Fig. 3 A) is governed by an
orthotropic monopodial trunk. All the branches are equivalent
and orthotropic, produced proleptically only after the fall
of axillant leaves. The arrangement of leaves and branches
is. spiral (Fig. 3 B,E). A 6 year old tree may produce 3-5
I order branches in a year, the branches being loosely
arranged in tiers. The branch growth is monopodial during
the period of vegetative juvenility but become sympodial
after the onset of the terminal inflorescence. The lower

bzanches of the canopy show 'plagiotropoid phenomena'’



Fig. 3 Architectural pattern of D. pentagypa.
‘A, architectural skeleton (all branches
of proleptic origin, demarcation on main
axis denotes the annual extension growth);
B, terminal bud growth (production of
single leaf by'terminal bud of main axis,
a; and of branches, b); C, substitution
growth with baypnet-joints; D, reiteration;

and E, branch arrangement,
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(Halle gt al, 1978) and may become pendulous with age. The
spread of branches is very assymetrical as compared to

A. cadamba and D. sonneratioides. Growth starts in April to
second week of May and growth cessation occurs during
September-0October with winter dormancy from October to April.
The termination of annual extension growth could be marked

by aggregation of leaf scars on the main axis and branches.
During the winter, the terminal bud is.protected by scale
leaves but during the growth period, it is naked. The
architectural model in this species is rarely damaged by
pests but the predominance of branch growth always render the
trunk short. Bayonet-joint, developed rarely after
substitution growth (Fig. 3 C), is very prominent.
Reiteration of the model, after major damage in aerial part
of the tree, is very successful in this species and the trees
ofc: sprout origin are hard to identify from that of seed

origin (Fig. 3 D).

artocarpus chaplasha Roxb.

An orthotropic monopodial trunk determines the
architecture in this species. All the branch complexes are
orthotropic and equivalent to the trunk and are loose in
tiers. The arrangément of branches and leaves is spiral
(Fig. 4 B,E). The growth starts in april and is checked in
October-November due to the onset of winter dormancy. The

trunk remains unbranched (monoaxial), until the 3rd or 4th



Fig. 4 Architectural pattern of A. chaplaghas
a, architectural skeleton (demarcation on
main axis represents annual extension growth;
S, sylleptic branchj; P, proleptic branch).
B, terminal bud growth (a, of main axis and
b, of branch producing leaf and axillary
bud); C, substitution growth with prominent
bayonet-joint; D, reiteration; %, branch

~arrangement.
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growing season. Usually only a single tier of branches is
produced each year during the most favourable part of the
growing season through prolepsis but occatsionally under more
favourable conditions, one more tier of branches may be
produced during the saﬁe groving season through syllepsis
(Fig. 4 A). A single tier may have 3-7 branches depending
upon the growth conditions and the age of the tree and could

| be separated from the preceding or succeeding tier by a gap
of 2-11 internodes on the main axis. The terminal bud which
is alwais protected by a pair of stipules, produces one leaf
at a time. which, while expanding,discards the outermost pair
of stipules (Fig. 4 B). The trees rarely grow true to the
model due to damage by pests and animal herbivores, The latter
include deers who eat the shoot apices of this species at
younger ages. As a consequence of damage of terminal bud,
substitution growth occurs which may be well marked in this
species by conspicuous bayonet-joints (Fig. 4 C). Trunkated
tree repeats its original model by reiteration (Fig. 4 D).

RESULTS

Growth period
2. sonneratioides exhibited continuous growth

throughout the year except for a slower rate during November-
December. Other species had winter dormancy and theagrowth

period decreased with increase in the age of the tree



resulting in a corresponding increase of dormant period. A

4 year old open-grown tree of 4. cadambag had longer growth
period compared to the forest-grown tree of the same age. In
the latter, dormancy setsin almost a month ahead of the open-
grown individuals. The date of bud burst in all the species
was more variable than the date of onset of dormancy in
rplation to age and this was more pronounced in A. cadamba.
D. pentagyna and A. chaplashg had shorter growing period

compared to the other two species (Table 1).

Bud content

Fig. 5 shows the schematic representation of the
terminal bud contents (Fig. 5a) for different species. The
analysis revealed that the number of embryonic 1éaves with
their associated stipules, if any, were constant throughout
the year for a particular species. The buds of D.sonneratioldes
were naked and actively growing throughout the yearg the bud
of the main axis had three differentiated leaves (spirally
arranged) and that of branches had 3 pairs of leaves (opposite).
Others were in primordial form. A. gadamba had two pairs of
leaves in the bud with protective stipules while D. pentagyna
had four leaves but not protected by any stipule. The outer
most leaf was thicker and coloured in the dormant bud of
latter species as a protective cover. During the active phase,
the bud was covered over bylthe winged leaf base of the last

expanded leaf. A. chaplasha had three leaves with a pair of



Tahle 1. Variation in time of growth initiation and cessation and in growth period
of three tree species in relation to tree age (only open-grown trees were

considered).

Tree Anthocephalus cadamba _ Dillenia pentagyna Artocarpus chavlasha -
?gi) Initiation Cessation gggggg Initiation Cessation gggygg Initiation Cessation gggggg
(weeks) : (weeks) (weeks)
1 Jan. IV Nov.IV 44 Apr, II Oct. IV 32 Mar., I Nov,.III 38
2 Feb., I Nov.IV 43 Apr,IIT Oct. IV 31 Mar. IT  Nov.III 37
3 Feb, II Nov.III | 41 " Apr.III Oct.III 30 Mar,IIT Nov, II 35
4. Feb.III Nov.III 40 Apr. IV Oct . .ITI 29 Mar. IV Nov. II 34
5 Mar, II Nov. II 36 Apr, IV Oct., II 28 Apr. I Nov. II 33
6 Mar.III> Nov. I 34 Ma&. I Oct., II 27 ‘Apr. II Nov. I 31
7 Mar. IV Nov. I 33 May. IT Oct. I 258 Apr.,III Nov. 1 30
8 - - - May. II Oct. I 25 Apr.III Oct. IV 29

Note — (1) I, II, III and IV represent the 4 different weeks of a month.
(ii) Duabanga sonneratioides had continuous growth throughout the year.

0S



Fig., 5 Terminal bud structure. The plan view (a)
on the left shows %he stipular primordia
by solid lines‘and embryonic 1éaves or leaf
primordia by stippled arcs and those of
axillary structure by hatched circles. The
small cfossed circles outside the bud
indicate the position of youngest_expanded‘
leaves, On the right (b) the length of the
leaves and stipules are shown for mature
buds about td open. Lengths of stipular
primordia are shown as open bars, those of
leaf primordia as stippled bars. Vertical
line indicates paired embryonic leaves or
primordia. A
4, D. sonneratioides;(ajy, of main axis and ag,
of branchj; b, lengths of leaf primordia;
longer bar, primordia of branch leavesj; shorter
bar, primordia of main axis leaves, 1;4);
B, A, cadamba,(stipular primordia, 1b-3b, and
leaf,primdrdia da-4a; all in pair);C, 2.
pentagyna, leaf primordia in single 1-5;
D, A.ghaplasha,(stipular primordia in pair
1b-4b;‘19af;py1mordia in single Z2a-5a+
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stipules in between. The fourth leaf was in primordial stage.
The size characteristics of the bud eontents are presented in

Fig. Sb in the form of histograms.

Growth rythm

Gradual increase and decrease in internodal length
and area of corfesponding leaves along the main axis was
found in all the species. This intrinsic rythm was more
conspicuous in D. sonneraticides and A. gadamba than in
2. pentagypa and A. gnaniggna. The number of peaké in rythm
as well as the number of internodes produced in a year were

fewer in the forest-grown trees of A. gadamba and A. chaplasha
than in open-grown trees of these species (Fig. 6 A,B,C,D).

The total internodes produced in a year are presented
for A. gadamba, D. pentagyna and A. chaplasha whereas only one
tier of branches along wifh the gap represented by a number of
internodes alone are presented for D. sonnqeratioides. It may
be noted that 4-5 such tiers of branches along with gaps are
produced in a year: D. sonneratigides produced a large
number (70-100) of short internodes whereas A. gadamba
produced fewer but longer internodes during the year.

2. pentagyna and A. ghaplasha, however, produced fewer and

shorter internodes in a year.,

Pattern of extension and radial growth of main axis

The duration of extension growth in the case of



Fig. 6

Rythmical changes in internodal 1ehgth
(open bars) and corresponding leaf area
(undulating line with open circle amidst
the bars) on main axis of D.sonneratioides
(A), A. cadamba (Bo, open-¢rown and Bf,
forest-grown trees), D. pentagyna (C),
and A. ghaplasha (Do, open-grown and Df,

forest-grown trees).
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D. sonneratioides and A. cadamba was longer than that for

e ﬁgnﬁagxna and A. chaplasha. Thé former two showed a
number of peaks in growth compared to the other two where
only one peak was observed. The forest-grown tree of

A. cadamba showed decrease in duration of growth period with
less conspicuous rythm compared to open-grown trees whereas
this decrease in duration of growth in forest-grown

4. chaplasha was less marked but with two distinct peaks of
growth, This was more pronounced in the open-grown trees of
A. cadamba and 4. chaplasha than in the forest-grown trees.
Further, the decline in cumulative growth in the forest-
grown A. gcadamba was significantly higher than that in

A. chaplasha so that the cumulative extension growth of these
tﬁo species were not different in shade (Fig. 7 A,B).

D. sonneratioides and A. gadamba showed more uniform growth
during the growth period as compared to the other two species
in which the major part of the annual extension growth was

completed within few months.

In D. sonneratiocides and A. cadamba radial growth
occurred throughout the year but it was slower during winter
months. The other two species showed no radial increment
during December to March (Fig. 8 A). The peak in radial
increment was during August-September for D. sonperatioldes,
July-august for 4. cadampba 'and D. pentagyna and June-July
for A. chaplasha. This peak for forest-grown A. cadamba
and A. chaplasha was similar to that in open-grown trees.



Fig. 7

Extension growth of main axis. A,
cumulative and B, percentage extension
growth; Ay By, open-grown trees and

Ag By, forest-grown trees. Open triangle,
D. sonneratioides; Open c¢irecle; A.cadamba;
closed triangle, 2. pentagyna; and

closed circle, A. chaplgsha.






Fig. 8 Radial growth of main axis. A, cumulative
and B, percentage radial g.rowth. Ay Bj,
.open~grown trees, As Bo, forest-grom trees.
Open triangle, d. gonneratioides; open circle,
4. cadamba; closed triangle, D. pentagyna;
and closed circle, A. chaplasha.






However, the forest-grown A. cadamba did not show any radial
increment during winter months. The period of radial growth
was lesser in forest-grown A. chaplasha in comparison to

open-grown one., (Fig. 8 A4,B).

Annual extension growth of axis and branches

Table 2 shows the total annual extension growth of
the main axis and the I and II order 5ranches of diffe}ent
species. The extension of the main daxis was more for
. 2. sonneratioldes followed by A. cadamba, A. chaplasha and
D. pentagyna in that order. The forest-grown A. cadamba and
4. chaplasha both showed lesser extension growth compared to
the open-grown ones except for the fact that this difference
was less marked for A. ghaplasha. The annual extension growth
of I order branches was lower than that of the main axis feor
all the species. The annual extensionrgrowth of I order
branches of D. ﬁgnngxgiigiggﬁ and A. cadamba declined sharply
from top to bottom of the canopy and this was less pronounced
in the other two; The forest-grown trees of A. gcadamba and
A. chaplasha showed a similar pattern as the open-grown ones
except for the lesser extension growth made under the former
condition. The II order branches were not present in the top
part of the canopy of A. gadamba and 2. sonneraticgides but
those in the middle and bottom part of the canopy made very
little growth. The II order branches of D). pentagypa and
A. chaplasha also made lesser growth than I order branches.



Table 2,

Annual extension growth (cm) of main axis and I and II order branches placed

at three different positions of the canopy of four tree species. Values in

parenthesis are for frest-grown trees

Order of shoot D.sonneratioides A.cadamba D. pentagyna A.chaplasha
0 order 298,.2+32.24 286+36 .42 102.2+13.68 123+28,05
(fdain axis) (=) (79.5) ( =) (66.5+8,64)
I order
top canopy 259.4+32,78 262+24,.63 35,7+14.01 104.2+32.60
( - (122+16,04) ( =) (74.0+17.82)
niddle canopy 174.1+34.26 208,6428,36 31.72+11.53 86,0429.64
( =) (86.049.43) ( =) (48.4+156,42)
bottom canopy  44.4+16.50 127 .4+28.84 22.2+412,92 54,62+18,6
( = (42.44R.62) ( - (29.0+17.2)
ITI order .
top canopy ( - " - 6.36+7.02 43.20+20.24
( =) ( =) ( =) (27.5+5.89)
middle canopy  53.8+21.64 34,6+13,24 6,93+3,.34 65.24+20,80
( =) ( =) ( =) (47.58+13.13)
bottom canopy 23,049,65 45,2+14,50 2.3+1.40 23.7+16.24
( =) ( =) ( =) (12.8+8.48)

1 standard deviation

-

a
Y
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While in the case of D. pentagvyna both middle and top canopy
II order branches made more growth than bottom branches, in
case of A. chaplasha it was maximum for the middle canopy II

order branches only, followed by top and bottom branches.

Branch production and shoot tip abortion

| Fig. 9a shows the axillary branch production as a
percentage of total axillary buds on the main axis and I order
branches of all the 4 species. A. gadamba had maximum number
of branch production on the.main axis followed by'A. ghanlgﬁhg
and D. sopperaticides whereas D. pentagyna had the least
number. Branch production on I order branches shawed
decreasing trend from D. sonneratioides, A. cadamba,
A. chaplasha to D. pentagyna. Branch production for forest-
grown A. cadamba alone showed difference from the open-grown

tree with respect to that on the I order branches.

Fig. 9b, ¢ show the monthly production (% of
production out of the total for the year) of I order branches
and Fig. 5d, e are for II order branches. The I order branch
production in D. sonneratigides and A. gadambg was more or
less uniformly distributed throughout the growth period
‘except for rythmicity. The production of I order branches
was chiefly restricted to a few months (May-July) in the
case of D. pentagvpa and A. chaplasha. The forest-grown
A. cadamba behaved similarly to its open counterpart but
A. chaplasha produced most of its I order branches during



Fig. 9 Branch production. 9a, % of axillary buds
producing branches. Closed bar, on main
axis; hatched bar, on I order branches.

ANT - A. gadamba; DB -2. sonneratioldes;
ART - A. chaplasha; DIL -2. pentagyna;

OPEN - open-grown trees; FOREST - forest-
grown trees,

9b,c, monthly production (%) of I order
branches in open-grown (b) and forest-grown
(c) trees. 9d,e, monthly production (%) of
11 ofder branches in open-grown (d).and
forest-grown (e) trees, Open triangle,

D. sonperatioides; open circle, A.gadamba;
closed triangle, D. pantatyna; closed circle,
4. ghaplagha.
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April-May and very few in June-July. The peak for II order
branch production was during March-aApril for A. cadamba and
April-May for Q. sonneratioldes, D. pentagyna and A.chaplasha.
However, the forest-grovn A. cadamba and A. ghaplasha
produced most of their Il order branches during March-April.
While these two species showed only one peak in forest-grown

situation, two peaks were observed in open-grown conditions.

‘ The gradual yellowing and blackening of shoot tip
of lower I and II order branches of A. cadamba started in
July and continued upto September-October. The frequency of
shoot tip abortion varied with age (Table 3), It was markedly
higher in II order branches than in I order ones with the
result that the III order branches were fewer in number,

This phenomenon was more severe in shade than in the open.

Branch orientation '

The branch angle increased from the top to the base
of the canopy in all the species studied and this was more
marked for forest-grown trees. In general, D. sonneratiolides
and A. cadamba had branches with wider angles than 2d.pentagvna
and A. chaplasha. The branches of forest-grown tree of
A. cadamba were more obtuse than that of the open-grown ones
and this was not evident for 2. pentagyna and A. gchaplasha.
However, the top part of the canopy of a forest-grown tree
of these two species showed slightly acute branch angles
compared to the oﬁen—grown trees of the same two species

(Table 4) .



Shoot tip abortion in 4. cadamba (Values = Mean * Standard deviation)

Table 3,

Age I order IT order ITI order

(¥1) rotal aborted total aborted total  aborted
1 - - - - - -
2 9.5+1,0  0.840.74 - - - -
3 17.841.70  2.0+0.81 - - - i}
4 28.5+1.29 2.340.95 25.544,40 5.8+1.71 - -
5 37.0+2.16  3.5+1.30 98.3+11.78 23.5+9.15 1.340,63 0,340.43
6 38.8+0,96  4,5+1,30 ©98.0+9.09 30.3+7.14 2.541.30  1.00.56
7 42.5+3.41 2,8+0.96  97.3+6,90 25,5+8.23 3.340.95 1,3+0.63

Note— A 5 year old forest-grown tree showed shoot tip abortion in 7 out of 16 branches,

LS



Branch angles (°) of 1 order branches at three different canopy positions

Table 4,
4 l\ .
of four tree SpeCleS growing in the open and under the forest canopy
(except for D. sonneratipides)
: open-grown trees forest-grown trees
Species - - :
top middle bottom top middle bottom
D.sonneratioides 72,2+1.45 81.0+1,.86 88.6+2,36 - - -
A.cadamba 68.2+2.42 81.712,.2 86,2+1,84 72.41+3.42 86,042.,34 89.5+1.42
D.pentagyna* 51.0+1,75 53.0+2,14 63.843.14 50.6¢1.67 52.,6+2.31 62.213.51
A.chaplasha 55.0+2.,65 57.2+2,32 60.4+2,58 54.,242,04 58,5+3.12 64.642.72

*, trees of the sprout-origin were also considered.
+ standard deviation.

88
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Branch distribution and bifurcation ratio (RDb)

The values showed in Fig. 10 are the percentage of
total number (10a) and total length (10b) of all I order
branches falling under different classes of branch length.
Most of the I order branches on D. gsonneratioides and
A. cadampa belonged to higher length classes ranging from
'300-400 cm. On the other hand, D. pentagyna and A. chaplasha
had most of the branches in length class of 30-150 cm. Thus,
the contribution of length to total framework of I order
branch system of 2. sonneratioides and A. gcadamba was
exclusively supparted by longer branches (20-80 cm)contributed
considerably to the total numbér and total length of the I

order branch system.

The pattern for I1 order branch distribution
(Fig. 1ra,b) was somewhat similar to that of the I order branch
system except that the difference noted aone are not so
pronounced., More II order branches of higher length classes
were present in species like A. chaplasha. The total length of
| I order branches produced by 5 year old trees of A. cadamba
and D. sonperatioides was 3-4 times more than that by
D. pentagvna and A. chaplasha of the same age. The relative
total length of II order branch produced by D. pentagyna
and A. chaplasha in relation to I order branches was more
than that by A. gcadamba and D. sonneratioides (Table 5).

The bifurzcation ratio (Rb) of D. sopneratiocides and
A. cadamba was significantly higher than that of other two



Fig.1l0

Distribution of I order branches under
different length classes (class 1, O-lo'cm;
2, 10,1-20 em; 3, 20.1-30 cm and so on).

a, % of total number and b, % of total
length of branches., Open triangle,

2e .des; open circle, Aﬂggggmhg;
closed triangle, 2. pegntagyna; closed
circle, A. chaplasha.




'f"‘/‘o | Of tOtal s .
o % .'of“f”tdt:a.lj nu b

-t

JEL

e 5 3o




Fig.l1l

Distribution of 11 order branches under
different length classes (class 1, 0-10 cm;
2, 10,1-20 em; 3, 20,1-30 cm and so on),

a, % of total number and b, % of total
length of branches, Open triangle,

R N. neratioideg; open circle, A, gadamba;
closed triangle, D. pentagyna; closed
circle, A. ghapl:
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Table 5. Contribution of I and II order branches to the total length of
branch system of the trees. Values are shown in absolute form
as well as in the form of the percentage of the total length of
all branch system (The absolute values are the sums of three
5-yr old open-grown tree in each case).

+

Total
length of

all branch
system (cm)

I order II order III order
Species .
Length % length % length %
(cm) (cm) : (em)
D.sonneratioides 15017 80.56 3624 $19.44 - -
A, cadamba 13856 69.34 6127 .5 30.66 - -
D. pentagyna 3806 52.47 3447 47 .53 - -
A. chaplasha 4324 57 .44 3046 38.67 306 9,30

18641
19983.5

7953
. 7876

09
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species under open conditions. The forest-grown tree of

4. cadamba exhibited a very low bifurcation ratio in
comparison to its open counterpart. The Rb values fof forest-
grown D. pentagyna and A. ghaplasha was markedly Viéwé} than
that for the open-grown ones (Table 6}, '

DISCUSSICN

Architecture

The four species viz. D. sonpneratioides, A. cadamba,
2. pentagvyna and A. chaplasha studied here, occupy distinct
successional niches in the sub-tropical humid forest '
community in north-eastern India. 2.'§ggggxgglgid§§ and
4. cadamba are early successional shade-intolerant species
also occurring as a gap speéies in older forests. Q.aniagxng
regenerates chiefly in the open but can tolerate shade after
seedling establishment placing itself in the category of a
mid-successional species while A. chaplasha has the ability
to regenerate well in shade and can make adequate growth
under the shade cast by a closed canopy placing itself in the " -

category of a typical shade~tolerant late successional speciesu: -

The pattern of growth in these four species is in
marked contrast to that of temperate woody plants where in
both the determinately and indeterminately growing broad-
‘leavéd species, the growth is characterised,at least initially,
by a’determinate flush of leaf productioh (Kozlowski, 1972).



Bifurcation ratio (Rb) for different spescies growing in the open

Table 6,
as well as under the forest canopy (Values = #+ Standard deviation).
open=-grown trees forest-grown trees

Species sam t- 3

3 ple b sample
Rb range cizo value R range cize
D.sonneratioides 9.27+2.01 6,2-12,02 10 - - - -
A.cadamba 8.71+2.08 5.85-11.4 10 - 3.3 - 1l
D.pentagynax* 6,30+0.57 5,05-7.85 10 3.7 5.,53+0.78 4,02-6,80 10
A.chaplasha 5.8440,85 4,.,20-6.86 10 3.1 4,82+40,62 3,14-5,32 10

*, trees of the sprout-origin were also considered.

g3



Zere we find that after bud burst only one 1eaf/1eaf‘pair

is produced at a time in a continuous manner throughout the
growth period as also repdrted.in Rhizophora mangle (Gill and
Tomlinson, 1971), with a constant and low number of embryonic

" leaves in the bud (Gill, 1971).

The architectural models of trees are mainly based on

morphological expression of growth though there are numerous
ways in which growth may be expressed in tropical trees
(Tomlinson and Gill, 1971). D. sonneratioides, though with
continuous growth throughout the year, had a morphological
rythm in growth pattern with diffuse branching in well
separated tiers placing this species in the Massart's model
of tree architecture (Ialle gf al, 1978). The general feature
of growth of A. diampg is also continuous (except‘fqr a rest
period during winter dormancy with slight articulation)
without any organisation of branches in tiers correSpondiné
to Roux's model. Q. pentagyna and A. ghaplasha have all axes
orthotropic and equivalent with the same topophysic status
(in contrast to the other two species in which the topophysic
status for branch and main axis 'is different). Both these
species produce diffused branches in loose tiers and are
similar in most of the vegetative growth characteristics.
Iowever, the position of flowering ultimately determines the
model conformation in these two species. Thus D. pentagvna

have terminal flowering and conforms to Scarrone's model
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while A. ¢haplasha have lateral flowering and conforms to
Rauh's model of tree architecture (cf. Halle gt al, 1978).

The Raux's and Massart's models which are characterised

by piagiotropic branches, provide the individual of
2. sonneratioides and A. cadamba a fast growth which is made
possible by maximum light interception by leaves, little
obscured by one another. While these architectures are well
suited for rapid vegetative growth (K-strategy) the small and
numerous disseminules in these two species, at the same time
ensure thelr higher reproductive efficiency. 2. pentagyna
(Scarrone's model) though basically produce orthotropic
branches but the lower branches of older trees show
plagiotropoid phenomena (cf. Zalle et al, 1978). In the case
of A. chaplasha, however, orghotropy with repetitive monopodial
growth produces the Rauh's model without any plagiotropoid
phenomeha. Thus the Scarrone's model is more primitive than
Rauh's model. The sequence of evolution of architectural

model among these species seems to be as Roux's (A. cadamba),
Massart's (D. sonperatioides), Scarrone's (D. pentagyna) and
Rauh's (A. chaplasha) which fa¥rly conforms to the sequence

of successional niches the four species occupy in the forest

community.

Growth characteristics
The bud burst in temperate tree species is relatively

constant whereas the date of growth cessation is more



£s

variable (Hramer, 1943) and this is in contrast to the present
situation where the time of bud burst was found to show more
variation. Bud-burst in A« cadamba occurring anywhere between
late January (winter) to late March (a warmer period) suggests
that temperature has lesser controlling influence and that
endogenous factors related toage is important.D.sonneratioldes
vhaving éontinuous growth throughout the yeay, all the other
three species initiated growth during drier period of January-
May and this is in agreement with the earlier observations on
most of the tropical tree species (Longman and Jenik, 1974).
The rythmicity in growth observed in all the four species
seems to be intrinsic as it occurs throughout the year

irrespective of climatic changes.

The early successional tree species had extension
growth over a longer period compared to late successional
species., This could be related to the requirement of early
successional species for fast vertical move of the canopy to
avoid shading. On the other hand, both the early successional
species showed continuous radial growth throughout the year
whereas late successional species had cessation in cambial
activity for about two months during the winter. Besides,
such a cessation of cambial activity was also observed in
forest-grown A. gadamba. These obscrvations suggest that
extension and radial growth need not always be related to one

another (Hummel, 1946) and that this may be a specific
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character also related to the external environmental

influences.

The early successional species, with their
synchronous sylleptic I order branch production, seems to
achieve quick growth and rapld extension of plagiotropic
branches enSUJﬁgleast everlapping of the leaves, so that they
are able tO\gapitalize upon the resources before light becomes
limiting factor. Further, the hypopodium of sylleptic branches
helps extending thes branch to avold the shade offered by
leaves of the parent shoot (White, 1979). The tip damage or
Heavy shoot tip abortion in the II order branches checking
their further growth in the case of early successional
species, also seems to be intended to avoid shading of the
leaves placed in.the interior of the canopy. Further, greater
' shoot tip abortion of the lower I order branches due to their
competitive disadvantage (Kramer, 1958) under low light
‘intensities and their self-pruning helps in moving the canopy
of the early successionals to greater heights. This is
further supported by the greater emphasis placed by the early
successional species on I order branch extension over the
II order system, so that an excurrent crown form is attained.
On the other hand, the production of proleptic I and II order
branches, in late successional species, over a brief period
of time with greater emphasis being placed on production and
extension of II order branches, helps in developing broader

tree crown where the leaves are placed more peripherally so
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that they are able to maximize photosynthesis under the

shade of forest canopy.

The early successional species exhibited longer and
comparatively less forked axes leading to the more open
canopies (Multilayer; Zorn, 1971) whereas late successional
species>produced more frequent and forked stem leading to a
denser peripheral arrangement of leaves (Monolayery Zorn,1971)-
Whitney (1976) observec¢ the same thing and according to him
the leaf arrangement and brénching pattern are specific for
a tree species. However, the lower bifurcation ratio of
forest-grown individuals in comparison to that of open-grown
ones; is consistent with the contention of Steingraeber gt al
(1979) that trees may show plastic response in forking of
branches under different light conditions to arrange their

leaves for maximum light interception.

Besides other characteristics, the overall geometry
of a living tree is a manifestation of its adaptive strategy
and depends upon branch orientation. The angles and
orientation of branches result in maximum effective leaf
surface possible for a branch system (Zonda and Fisher, 1978;
Fisher, 1979). The fast increase in I order branch angle down
the tree in early successional species results in greater
increase in gap between two successive plagiotropic I order
branch complexes from their base to the tip. In late

successional species also there is an increase in I order
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branch angle from top to the base of the canopy but the
orthotropic nature of'the trees does not affect the gap size
and the leaves ara pushed to the periphery of the crown due

to exclusively developed II order branch system.

In conclusion ;t may be pointed out that early
successional species fike D. sonperatiocides and A. cadamba
show exploitive strategy where the aim is to maximize vertical
growth over a short period of time when light is not a
limiting factor whereas late successioﬁal species like
2. pentagyna and A. chaplasha have conservative strategy where
the alm is to make growth, though slowly, even under shaded
situations in a late gsuccessional community and survive till
such a time they are able to make more rapid growth either
through gap formation of after gradual emergence over the

general canopy of the forest.

SUMMARY

The study deals with the pattern of architecture, extension
growth and branch display of two early successional (Duabanga
sonneratioides Tam. and Apnthocephalus cadamba Mig.) and two
late successional (Dillenia pentagyna Roxb. and Artocarpus
<haplasha Roxb.) species. While the early successional
species showed heterogeneous axes (trunk orthotropic and
branches plagiotropic)} and conform to Massarts's model

(2. sonneratioides) or Roux'é model (A. cadamba), the late
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successional species showed homogeneous axes (all axes
orthotropic) and conform to Scarrone's model (D. pentagyna)
or Rauh's model (A. chaplasha) of tree architecture. The
extension and radial growth of axes of early successional
species were vary rapid and more in comparison to those of
late successional species. The sparse branch arrangement
facilitating leaf exposure to a greater degree and longer
growth period of early successional species accounted for the
faster growth. On the other hand, late successional species
showed shorter growth period and densely packed canopies
with mutual shading of leaves which accounts for their
slower growth rate, In the early successional species
production and contribution of I ordér branches to the total
framework of branch system was much higher than that in late
successional species, .Plasticity in orientation and overall
display of branches in relation to light intensity was noted
in these species., The significance of these results are

discussed in relation to the niche occupancy of these species.
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INTRODUCTION

Growth, expressed as dry matter accumulation, depends on

the size of total leaf area on the plant (Watson, 1956;

~ Matthews, 1963; Newhouse and Madgwick, 1968) which is
determined mainly by the pattern of production, fall and
longevity of leavee. Seasonal varietion in leaf size may also
affect the total photosynthetic area (Smith and Nobel, 1977).
Several studies on leaf expansion of temperate angiosperm
trees are available (Busgen and Munch, 1931; Mounts, 1932;
Kozlowski and Clausen, 1966) and they suggest variations
based on the type of shoot and the environment to which they
are exposed (Kozlowski, 1971).

Very 1little is known on the leaf dynamics of tropical
tree species. While temperate angiosperm trees shed their
leaves characteristically during autumn (K;amer and
Kozlowski, 1960), tropical trees may differ widely in this
regard showing a variety of pattern for production, longevity
and fall (Zolttum, 19#0; Beard, 1946; Alvim, 1964; Longman
and Jenik, 1974). Apart from this, leaf dynamics of trees
over a successional gradient may also vary, as temperature
and light regimes have been implicated for differences in
the pattern (Roberts, 19203 Addicott and Lyon, 1973), though

little has been done to examine this aspect of problem.

The present study is, therefore, intended to analyse



quantitatively the leaf dynamics in four tree species
occupying different successional status in a sub-tropical
humid forest., Of these, Duagbanga sonneratioides Zam. and
Anthocephalus cadamba Miq. are two light demanding early
successional species while 2illenia pentggvna Roxb. and
Artocarpus ghaplasha Roxb. are two shade-tolerant late
successional species at lower elevations of Meghalaya in

north-eastern India.

IETZ0DS OF STUDY

,

Individuals of D. scopneratioides, A. cadamba, D. pentagyna
and A. chaplasha, considered for studies on the architecture
and extension growth (Chapter I) were used for present study
also. The already present and the new leaves coming up on
open-grown individuals of all the four species and the
forest-grown individuals of A. cadamba and 4. ghaplasha

were tagged by metallic labels. Detailed observations on
emergence, fall and leaf area were maintained for individual
leaves. Leaf area was calculated on the basis of correlatidn
factor developed between blade length x breadth and leaf area.
In the case of 2. sonneratioides, A. cadamba and 2. pentagyna
the leaf area calculations were done on the basis of one
correlation factor developed for each species separatély,
considering 50 mature leaves of different sizes. In the case
of 4. gha a, since the tree had leaves of different

shapes (ChapterI), four different correlation factors had



to be developed on the basis of 50 leaves in each case in

order to account for these differences.

Plastochron lengths (days) were derived on the basis
of total number of leaves produced per month (Gill and
Tomlinson, 1971). It represented the time interval between
the emergence of two successive leaves emerging in different
months of the growth period. The higher the leaf number per
month, the lower was the plastochron length and vice versa.
Only the main axis and I order branches (current year's and
last year's) were considered for this studys Since the rate
of leaf production was very slownin forest-grown trees of
A. cadamgbg and A. chaplasha, the average plastochron length
for these individuals and theilr open counterparts (for
comparison) was derived by dividing the total growth periogd

‘of axis by the total number of leaves produced on that axis.

Ten one-year old top I order brahches of each
species growing in the open were harvested in November. The
total leaf area of leaves on the branches were computed on
the basis of correlation factors. Dry weight of leaves and
branches were ohtained after drying them at 80+2°C to
constant weight. These data were used to calculate the
pattern of resource use between leaves and their supporting

branches in different species.



RESULTS

The pattern of variation in total leaf area during the year,
given 1in Fig. 1, shovs that the early successional species
differ from the late successional ones. The open-grown early '
successional species, in general, had higher leaf area than
0pen;grown late successional Species\ﬁith 2. sonneratioides
having maximum leaf area. The early sugcessional specles
never became naked during the year and bore some leaves even
during the peak leaf fall period of February-april. The late
successional species were deciduous becoming totally naked in
March (2. pentagyna) or april (A. gngnlaﬁng). However, the
forest-grown A. chaplasha retained a few o0ld leaves during
aApril also. In gencral, forest-grown trecs had lesser leaf
area compared'to open-grown ones. The lcaf area of A.gcadamba
was more adversely affected under forest conditions than

that of 4. chaplasha.

The monthly leaf production, as a percentage of
total numer of leaves produced in a year, 1s shown in Fig. 2.
The open-grown trees differed markedly in leaf production on
the different axes, viz., main axis, I order and II order
branches. Though all the four (open-grown) species showed
fluctuations in leaf production in differegt months, the
garly successional Species showed lesser monthly variations
while the late successionals showed a major peaking during

April-June in the case of main axis and I order branches.



Fig. 1

The monthly pattern of change in total leaf
area on early successional (open symbols)

and late sucéeséional (closed symbols) species.
Open triangle, D. sonneratioides; open circle,
A. gadambgs closed triangle, D. ngg&ggxﬁa; |
and closed circle, 4. ghaplasha. Continuous
line, open-grown individuals; and broken

line, forest-grown individuals.
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~Fig. 2 The pattern of leaf production in early
successional (open symbols) and late
successional (closed symbols) species in
different months of the growth pefiod,
expressed as the percentages of total
leaves produced in a year on main axis
(2a), I order (2b) and II order (2¢c)
branches of open-grown individuals, The
inset figure (2d) is for the forest-grown
individuals,.
Open triangle, D. sonneratioides; open
circle, 4. ggdgmha; closéd triangle,
2. pentasgyna; and closed circle,
A. chaplasha.
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In the case of II order branches,'the early successional
species showed a major peaking in April-May for

2. sonperatioldes and in July-August for A. cadamba. The
pattern-of leaf production for the II order branches of late
successional species was not very different from that
observed on the I order branches of the same, Further, on the
II order branches of A. cadamba leaf production started a
month later than that on the I order branches. In all the
species leaf production stopped during the dry months of
November-March except in the case of )D. sonperatioldes where
leaf production continued throughout, though with low
percentage during the winter months. The inset figure shows
.the leaf production pattern in the forest-grown A. gadamba
and 4. ghaplasha. The rate of producfion was slower under
forest gonditions with a number of small peaks during the

growth perigd.

The leaf fall pattern in the different branch orders
was not different from each other, Leaf fall in all the open-
grovwn individuals was maximum during March-april followed |
by a sharp decline in subsequent months. HZowever, this
pattern was more pronounced in the late successional species
while in the early successional ones, the leaf fall was more
uniformly distributed throughout the year (Fig. 3). The
leaf fall pattern in the forest-grown trees of A. cadamba
and A. ghaplasha also showed that this peaking pattern was

obvious only in the lattér spPecies.



Fig. 3 The pattern of leaf fall in different
months of the year expressed as the
pe;centages of total leaves fallen in a
year from the individuals of early
successional (open symbols) and late
successional (closed symbols) species
growing in the open and under forest
(inset figure) conditions.

Open triangle, D. sonneratiojdes; open
circle, a. cadamba; closed triangle,
2. pentagvna; and closed circle,

4. chaplasha.
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Since the pattern of change in leaf expansion period
and final leaf area for the'leaves emerging in different
months of the growth period, was not very different for the
different orders of branches, that for the I order branchés
alone 1s presented here, Leaf expansion period was the »f
briefest for the leaves produced during July-August in caée
of all the species, irrespective of light conditions. On
either side, the time taken tended to increase gradually.
Sxpansion period, in general, was maximum for A. gadamba
where again forest-grown trec took more time than open-grown
ones., The open-grown and forest-grown trees of A. chaplasha
followed a similar pattern as that of A. cadamba. Expansién
period was minimum for the leaves of ). soﬁngrat;gidgg which

also showed lesser monthly variations (Fig. 4a).

The final leaf area attained by the leaves produced
in different months showed a pattern different from that of
expansion period mentioned above. Maximum area was attained
by the leaves produced in July-August with decline on
either side. Forest-grown trees of A. cadamba and
A. chaplasha had larger leaf size comparecd to open-grown

trececs of the same species (Fi;. 4b),

The longevity of the leaves produced during
different months of the year on the early succeéssional
species was generally shorter than those produced on the

late successional ones. The leaves produccéd on the main



Fig. 4 The pattern of change in expanéion period
(a) and final area (b) of leaves emerging
in different months, Continuous lines,
open-grown individuals and broken lines,
forest-grown imdividuals of early
successional (open symbols) and late
successional (closed cymbols) species.
Open triangle, D. sonneratioides; oven
circle, 4. gadambas; closed triangle,

2. pentagvna; closed circle, A. ghaplasha.
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axis showed significantly shorter longevity than those
produced on the I order branches of early successional
species in both the light conditions. In the case of

2. sonpneratioides, the longevity was more or less the same
throughout the year except for the leaves produced in
March-April where it was shorter. In A. cadamba, the
maximum longevity was observed for the leaves produéed in
May-July with decline on either side. The longevity of
leaves of the forsest-grown A. cadamba was more and was not
significantly different in different months. Starting from
May, the late successional species shaed decline in
longevity of leaves produced in different months with

minimum for leaves of October-November. The April-born

leaves of these species had shorter life-spans (Fig.5).

Table 1 shows the frequency of leaf emergence 1in
different months of the growth period for all the four
open-grown species at_three different positions of the treg.
In a given month the plastochron was least for the maih axis
and increased from top to the base of the canopy in the case
of early successional species. Zowever, such a clear pattern
was not observed in late successional species, where the
plastochron at different canopy positions changedvin
different monthss The plastochron for the two early
successional épecies tended to be minimum during July-August.
In the case of late successional species, plastochron was

generally longer during the latter part of the growth period



Fig. 5 Changes in longevity of leaves according to
the month of their emergence on main axis

(hatched bars) and I order branches (open

bars) - . D. sonneratioides, 5A; A. gadamba,
5B (Bo, open-grown and Bf, gorest-grown
individuals); D, pentagvna, 5C; and

A. chaplasha, 5D (Do, open=-grown and Df,

forest-grown individuals).
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Table 1, Plastochron intervals (in days) of different tree spedes growing in the open.

0Si= o ' ‘
Species e F M - A - M J J A s 0 N
main 3,5 2.8 3.3 2.3 1.9 2.8 2.2 3.3 3.4 6,0
sonneratioides DTS +l.4 0.6 0.3 10,6 +0,2 0,2 0,3 x0.4 0.6 +3.7
lower 8.6 6.7 5.7 7.8 6,5 4,9 5.9 6.2 8.6 11.7
brs. x1.4 0.9 10,6 0,7 +0.9 0.4 +0.6 +1.,3 +1.5 2.9
main - 23,0 16,0 17,0 192.0 11.0 13,0 20,0 24,0 28.0
axis
Anthocephalus upper - 23,3 16,5 16,8 18,5 11.0 15,0 21,8 27.8 28,5
cadamba brs. +0.5 0.6 +0,9 +0,6 +0.8 +0.8 +0.5 +0.5 0.6
lower - 28,0 15.5 18,0 17.0 12,0 15.8 21.0 - -
brs. 0.8 +1.3 +1.4 +0.8 +0.8 +0.5 40,8
main - - - 4.4 6.0 5.2 4,4 15,0 -31,0 -
: axis ,
Dillenia upper - - - 4,7 5.3 4.7 8.1 30,0 - -
pentagyna brs. +0.4 +0.,6 0.4 2.1 40
brs. 0.3 40,3 0.3 +1.5 0
main
axis - - 3.8 3.9 5.0 .2 1505 1500 1505 -
Artocarpus upper - - 3,3 9.5 4.8 4.7 20,7 20.0 31.0 -
chaplasha brs. 0.4 #1.5 +0.,4 #1.2 +9.,0 8.7 0
lower - -, 30 8,6 5.1 5,9 13,8 20.0 - -
brs. 0,4 +x1,5 0,9 +0,6 +3,0 +8,7

2 standard error.



compared to the earlier part of the growing season.

A comparison of average plastochron for A. gadamba
and A. chaplasha showed that the forest-grown trees of both
the species had longer plastochron than that for open-grown

trees at all canopy position (Table 2).

Table 3 presents the leaf area and leaf dry weight
in relation to the weight of the branches bearing these
leaves for open~grown trees only. This ratio was markedly
higher for the two early successional species compared to

the two late successional ones.

DISCUSSION

Since no sharp line can be drawn between ewvergreen and
deciduous species of the tropics (Holttum, 1940; Koriba,
1958), Longman and Jenik'(l974) recognised fqur distinct
pattern of leafiness on the basis of relative timing of
bud-break and leaf abscission. While the two early
successional species, studied here, belong to continuous
growth-cvérgreen type (D. sonneratioides) or periodic
growth-leaf exchanging type (A. cadamba), both the late
successional species were strictly periodic growth-deciduous
type. Such a pattern of leaf presence throughout the year
may have advantage to the early successional species for

achieving faster growth rate, so characteristic of them.



Table 2. Average plastochron interval (in days) of two different
species growing in the open as well &s under the shade.

— o - —

Species light condition main axis upper branches lower branches
Anthocephalus cadamba open ) 19,00 19.44 + 0,58 18.20 + 1.40
shade 30,86 34,06 + 1.79 45,50 + 2,06

Artocarpus chaplasha open 9.26 13.41 + 1.48 9.39 + 0.85
shade 13.07 19.78 + 2.13 27.96 + 1,40

X standard error



Table 3. Relation between source (leaf) and immediate sink (branch) of
different species as the ratio of leaf area or leaf weight per

unit branch weight.

- ¢ . .

Species leaf area/branch weight 1leaf weight/branch weight
Duahanga sonneratioides 272,08 + 36,20 2.71 £+ 0.38
anthocephalus cadamba 242,93 + 36.00 2.30 + 0.31
Dillenia pentagyna 152.30 + 23,40 1.30 + 0.19

artocarpus chaplasha 118.6 + 21,60 1.22 + 0,08

+ standard error

08
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Further, the seasonal leaf fall pattern may be related to the
relative dryness of the season (Longman and Jenik, 1974) as
maximum leaf fall in all these species occurred during March-

April, which may help in tiding over stress conditions.

The leaf expansion was more rapid during the warmer
part of the year when water availability was also maximum.
Further, during this period, maximum lcaf size was also
attained by all the species, Similar results were obtained
by other workers too (Roberts,1920; Kozlowski and Clausen,
1960).

The forest-grown early successional species had a
lesser turhover of lecaves compared to the open-grown ones
indicating their shade ihtolerance (Newhouse and Madgwiqk,
1968). The faster growth rate of A. chaplasha compared to
A. cadamba under forest conditions, further supports such é:
‘stfategy where late successionalvspecies are more shade-

tolerant.

The shorter life-span or longevity of leaves in
caly successional species, is of the adaptive importance
for these species. It is well known that .as the leaf ages,
its photosynthetic efficlency decreases (Mooney, 1972;
Johnson and Tieszen, 1976) which is partly physiological
and partly related to the colonization of the leaf surface
by ep%phylls (Bentley, 1979). Thus a shorter life-span and

a high turnover rate for the leaves of early successional



species favour their exploitive strategy for faster growth
and for the fast vertical move of the canopy to display

their leaves always in a favourable light environment.

The dynamics of leaf area and production pattern of
early and late successional species indicate the strategy
that enable them to adapt to their ecological niche in the
forest community. The ecarly successional species, through
their extended period of leaf production, are able to produce
a large photosynthetic area to exploit effectively the
temporary conditions of resource availability in disturbed
sites (Marks and Bormann, 1972). According to Coombe and
Zadfisld (1962) the rapid growth of early successional
species lies in their capacity for unrestricted leaf
production rather than in the efficiency of energy conversion.
The slower rate of leaf ﬁroduction of late successional
species, on the other hand, may be related to theilr generally

lower resource demand (Bazzaz, 1979; Grime, 1979).

On the basis of sourcc-sink concept (Watson, 1956),
Montenegro gt al (1979) worked out the ecological strategies
of few shrub spccies considering leaf .as the source and the
branches as the immediate sink. As seen from the present
study the early successional species tend to allocate more to
the leaves than to the brahehes on which they are borne as
compared to late successional species. This is in agreement
with the exploitive strategy of early successional speciles

discussed abdve.



SUMMARY

Leaf dynamics of two early successional (Juabanga
sonneratioides Xam. and Anthocephalus cadamba Miq.) and two
late successional (Dillenis pentagyna Roxb. and Artocarpus
chaplasha Roxb.) species of a sub-tropical humid forest at
Lailad has been studied here. The early successional species
showed higher leaf turnover rates, reduced leaf longevity,
more uniform production and fall of leaves with some
fluctuation during the year "and. evergreen or leaf-exchanging
pattern of leafiness. On the other hand, the late
successional species had slower leaf turnover rates, greater
leaf longevity, major peaking in leaf production and fall
with deciduous habit, The leaf production pattern of forest-
grown early successional A. cadamba was more adversely
affected than that of late successional A. chaplasha. It is
concluded that these differences in the leaf dynamics of-
early and late successional species are related to the

successional niches they occupy in the forest community.

Q:'
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THE NATURE ANDSCOLOGICAL SIGNIFICANCE OF
HETEROPHYLLY IN ARTOCARPUS CEAPLASEA ROXB,
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INTRODUCTION

Bréad leaves are found in a humber of shapes and the variation
in size, shape and structure of leaves with climate and
environment has been discussed and reviewed from time to time
(Clements, 1904; Bailey and Sinnott, 19163 Brown, 1919; Ryder,
1954; Cain- gt al. »956; Talbert and Holch, 1957; Jackson,1967;
and Gentry, 1969). Leaf shape variation in a single
individual may be a direct consequence of morphogenetic
effects of light (Heslop-Earrison, 1964) and/or other factors
of the physical environment during t heir ontogeny (Piersall
and Zanby, 1926; Milithorpe, 1959; Milthorpe and Newton,1963;
and Givnish and Vermeij, 1976). Zlowever, many plant species
may have the intrinsic ability to produce different sizes

and shapes of leaves in different micro-environments
(Parkhurst and Loucks, 1972). Artogcarpus chaplasha Roxb.,

a sub-tropical, emergent deciduous tree speciés, produces
leaves of more than one shape and size during its life-time.
This study, undertaken as part of a detailed study on the
growth pattern and architecture, deals with the pattern of
distribution of different types of leaves and the ecological
significance of heterophylly in this species.

METZ0DS OF STUDY

The study was carried out in a sub-tropical humid forest of

north«eastern India, at Lailad. Saplings of s. ghaplasha
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growing in the open (80 - 90 thousand lux) and under
different degrees of shade (800 - 30,000 lux) in the forest
were selected. Saplings of different age groups (1-8 yTr) were
available in good numbers under varying light conditions. The
age of the saplings were determined on‘the basis of growth
pattern analysis of this species. Saplings and branches of
0old trees (5 replicates), harvested at the end of the growing
season in November, 1980, were categorizéd into different
branch orders and analysed for their length and number of
lobed and/or unlobed leaves on them. After categorizing the
leave 1into 4 different classes on the basis of size and
shape, the length and maximum breadth of the leaves as well
as the number of lobes on them, if any, were noted. The leaf
area was measured by planimeter. Leaf measurements are based
on iOO observations at different sites, Correlation factors
between length X breadth and leaf area was developed for each
shape under ecach light regime and this was used to compute the

leaf érea of other leaves.

The depth and frequency of lobing of leaves was
determined following Horn's (1971) procedure (Fig. 14). The
area of the large circle drawn, was equal to the area of the
leaf while the gmaller one was the largest circle that could
be inscribed within the boundary of the leaf. Lobing pattern
was expressed as a ratio of the diameter of the two circle
(large/small). Plant age, branch age, branch order, branch
length and light intensity were related to different leaf

characteristias,



Fig. 1A Diagramatic representation of Horn's
procedure. The outer circle is equal to the
area of the leaf and the inner one is the
largest possible circle which could be
inscribed within the boundary of leaf, The
relative sizes of two circles in terms of
diameter ratio were used as a measure of
frequency and deepness of lobing., a and b

show the comparison of two shapes of leaves.,

1B Diagramatic sketch of growth of A. ghaplasha
upto 4 years of age. a, production of small
dentate leaves during the 1lst year of growth
after germination; b, growth during 2nd year
showing phase change and production of lobed
leaves; and ¢, growth of main:axis and
proleptic development of axillary branches
during 4th year of growth. These branches
produce few unlobed leaves before starting
the production of lobed leaves, the first one
or two leaves being the smallest. Almost
leafless part of the shoot shows the

extension growth during 3rd year.






£6

Genefal characteristics'of growth and leaf production

| The architecture in A. g¢haplasha conforms to Rauh's
model (Halle ¢t al, 1978). The trunk (main axis) is monopodial
i.e. grows by original seedling meristem. After germination
in August-September the seedlings produce smaller ovate
leaves with dentate margin until growth cessation in
November, and lobed leaves with entire margin during the
second growing season (March-November) after a period of
rest during wiﬁter (November-February). The phase change

from small unlobed to large lobed leaves (Fdg, 1B) occurred
earlier under shade. The production of lobed leaves continues
on the main axis until the damage of the original main shoot
tip; otherwose the substitution growth by subterminal bgd
~produces one to few unlobed lsaves during its initial phase
of extension. The trunk remains unbranched (monoaxial) until
the 3rd or ?th growing season. During proleptic development
of al ordef branch from an axillary bud, the first few
leaves are unlobed and the rest are lobed., One or two of the
first produced unlobed leaves may be smaller in size and may
fall off soon. The proportiqn of unlobed leaves to the lobed
ones increases gradually with age of the tree resulting in
the exclusive production of unlobed leaves in old emergent
trees. Younger trees may have all‘the three types of shoots:l
(1) heterophyllous, bearing both 15bed and unlobed leaves
(ii) with only,lobed-leaves and (iii) with only unlobed

leaves,



RESULTS

Table 1 shows the leaf characteristics of 7 year old trees of
A. chaplasha growing under two different condifiions of light.
The main axis did not produce any unlobed leaf- under any
light condition. fowever, the length, breadth and area of
leaves and the frequency and depth of lobing were higher in
shéde compared to that in the open. Similar differences were
observed for the leaves on the I, IT and III order branches.
In these branch orders the ratio of the number of lobed to

unlobed leaves increased in shade. Both in the open-grown and
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in shade-grown trees, all these leaf characteristics tended to

decline with increase in branching order. Short shoots

( < 15 cm) of I order b;anches were mostly confined to the
mid-part of.the tree canopy and had only unlobed leaves on
them but their leaf dimension was greater than t hose on the
IT and III order branches anmd lesser than those on the fully

developed I order branches.

Table 2 presents the correlation coefficients of
various leaf characteristics related to plant age, branch
charactefs and light intepsity for trees upto 8 years of age.
All the leaf characteristics were negatively correlated with
plant age, branch age, branch order or light intensity.
HZowever, branéh iength alone was found to be positively
correlated with leaf characteristics. All correlations were
significant (P 0.05) except that between branch length and
depth of lobing.



Table 1. Leaf characteristics in 7 year oid trees 6f A. chaplasha growing under two
different light intensities (open, 80,000 - 90,000 lux and shade, 200 - 2000 lux).
Values given in parenthesis are for shade-grown trees and upper values are for

open-grovn trees. (Values = Mean + St. er.
Ordinal numbers of shoéts bearing leavei;
Parameters 0 order I It I1T I order
( leader ) order order order (Short shoots)
- Rati f number of
lobed to uniobed all lobed 4.87 1.46 1,40 all unlobed
leaves (all lobed) (8.90) (3.31) (2.38) (all unlobed)
Lobing fregquency 3.6+0,6 2.6+0,3 1,6+0.4 0.9+0.3 0]
(lobe/leaf) (6.540.3) (3.4+0.3 (2.2+40.2) (1.240.3) (0)
Leaf length 35.7+41.9 22,4+0,7 10.941.1 8.8+1.2 13.7+1,0
(cm) (47.1+1.7) (31.1+1.1 (15.4+2.2) (14.3+2.1) (20.4+1.5)
Leaf breadth 24.,7+1.5 14.5+0,6 6,0+0,6 5.8+0.9 8.5+40.4
(cm) (41.0+2,4) (20.6+0,6) (10,1+1.3) (7.541.2) (14.1+1.7)
Leaf area 491.1+37.9 218.6+13.0 52,948.7 37.2+8.8 88,249 .4
(em?2) (705.3426.1) (464 + 34,1) (145,1+37.4) (92.5+22.4) (253.8+36,4)
Ratio of d t | |
o lores to Smell 1.40 1.34 1.27 1.25 1.22
circle (3.23) (1.43) (1.39) (1.28) (1.23)
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Table 2. Correlation coefficients of different parameters of leaf characteristics
with different factors affecting leaf shape and size in A. gnaplggng.

Ratio of diam. of Degrees

Factors Ratio of no.of Lobing Area/
1 lobed to frequency leaf large to small circle of
Parameters unlobed leaves (lobe/leaf) (depth of lobing) freedon

Plant age® - 0,784%% - 0.961* - 0,761%% - 0.894% 5
Branch age - 0.758%* - 0,766%x* - 0,792%% - 0.,201* ' )
Branch order - 0,929% - 0,982% - 0,966% - - 0,880%% 4
Branch lengthP 0,708%* 0.898% 0,756%% 0.3959% 6
Light intensity - 0.890%x - 0.918%* - 0.834x%* - 0.886%% _ 4

a, After phase change from small dentate to lobed leaves i.e. from second year

of growth,

b. Only monopwedial branches were considered,

® = ]_% and ¥*

= 5% level of significance and ns

not significant.

638



90

DISCUSSION

The distributién of entire and non-entire (lobed and unlobed)
leaves in relation toc limatic factors within an indivigual
is more marked in woody dicotyledons than in herbaceous
plants (Bailey and Sinnott, 1916). This is attributed to the
differences in growth f orms of these t wo c ategories, a s the
herbaceous plant, due to its short stature and life~-span, is
less subjected to chahges in prevailing environmental

conditions.

A~ chaplasha, which establishes itself making fair
growth under a forest canopy, soon overtops the other species
and become stabilized as an emergent. Thus, during its growth
the tree is exposed to diverse light fegimes. The prevalence
of lobed leaves in the shade and the gradual disappearance
of lobing in the open suggests that the shape of leaves, in
this species, is more related to light intensity, as was also
shown by Horn (1971) in Betula and Quercus species. The
larger number and deeper lobing in shade leaves may help in
better distribution of light amongst the leaves placed at
different strata of the canopy, increésing the effective
leaf area of the plant. Thus the average diameter of the
two circles related to leaf area and leaf boundary, discussed
earlier; determine the efficiency of vertical distribution of
light to leaves as the maximum 1light under forest canopy

comes from the top (Horn, 1971). The pattern of variation
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in leaf shape in this species, therefore, seems to be selected
for later stages of succession in the forest, rendering the
species capable of growing fairly well under shade as well as
in the open. Further, the producti on of lobed leaves in ' |
younger saplings, irrespective of the light regime in whicﬁ
they grow, indicates that this species, in the evolutionary
process, was édapted for a late successional status in the

forest.

Though light seems to play an important role in
controlling the proportion of lobed to unlobed leaves, the
interaction of other factors like branch length or vigour,
branch age and branch order also affect the propo;tion, as
evident from the correlation coefficients. Thus, the lower
order of branches which are more vigorous, have a higher
préaportion of lobed leaves. On the other hand, short shoots,
despite thelr rank as first Qrder branches, hardly produced

any lobed leaf.

The ontogenetic development of leaves in A.éﬁanléing,
therefore, seems to be governed by changing light regime and
élso by branch order, age and wigour which are related.to the
diversification of nutrient channels. The importance of |
nutfient pool in determination of lobing was observed in
epicormic branches and reitérating units, which produced
several lobed leaves before the production of unlobed onés,

irrespective of the age of parent tree and prevailing light
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conditions. It may be concluded here that heterophyll¥ in
this species is an adaptive mechanism to ensure its

survival and growth under different light regimes.

SUMMARY

The qualitative and quantitative changes in léaf shape from
seedling to emergent tree stage in Artocarpus chaplasha Roxb.
were studied. The number of lobes and deepness of lobing in
leaves werefound to be closeiy related with light intensity,
branch order, branch length and tree age. The plasticity in
leaf shape characteristiés and the ability of the species to
grow under open as well as under different degreé of shade,

suggest its success as a mid-successional species.



Fiate 4. A, Emergence of fujt lobed leaf:
i» A« shanlasha. |

2. Diffavyemt shapes and sines of leaves
in 4« ARAR1ASDA.
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INTRODUCTION

The allocation pattern of the available resources for various
life activities is the result of various ecological and
evolutionary factors related to natural selection (Cody,1966).
The success of an organism in an environment can be predicted
by looking at its relative apportionment of biomass or energy
(d#cArthur and Wilson, 1967; Gadgil and Solbrig, 1973;
Abrahamson, 1975). While enough studies are available for
herbaceous and shrub species, only a few attempts have been
made toianalyse the growth strategies of temperate forest
trees in relation to their energy fixation capacity (Horn,
1971; Marks, 1975). Such an approach towards the knowledge of
priiary production in relation to growth strategies and
successional status of tropical trees would be very rewarding
in evaluation of the adaptibility and potential of different
species in different tropical environment (Gomez-Pompa and

Vazquez-Yanes, 1974; Ramakrishnan, 1978).

The preseht study inVolves the biomass allocation
pattern and productivity in relation to grovth strategies
of Duabanga sonneratioides Ham., Anthocephalus cadamba Miq.,
2illenia pentagyna Roxb. and Artgocarpus chaplasha Roxb.
which come at different stages'of secondary succession after
slash and burn agriculture in the sub-tropical humid forests
of north-eastern India (Rumakrishnan & Toky, 1978). The

former two are early successional shade-intolerant species,
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while D. pentagyna and A. g¢haplasha are late successional

shade-tolerant species.

MSTHODS OF STUDY

Saplings or trees of different age groups (1-7 yr) were
identified in the open situations in the sub-tropical forest
at Lailad. Their general growth characteristics including
branch and leaf fall during one year growth perida were
measured for the estimation of productivity; Age of the
individuals was determined on the basis of growth character-
istics described and discussed elsewhere. The estimations of
biomass and leaf area index (LAI) were made in October vhen
annual vegetative growth has reached its maximum. Five
replicates of individuals were taken for each age category of
the different species and they were excavated with intact
roots. After harvest, various parameters like clean bole
length, crown depth (vertical crown length from lowest
branch/leaf to the top most.leafy, maximum crown width, total
number of branches and leaves, branch length and root length
were noted. The total leaf area was computed on the basis of
leaf 1ength and breadth using correlatioh factors for
different species, from which LAI was derived. After obtaining
fresh weight of all the different components in the field,
samples were dried at 80+29C to constant weight to obtain

dry weight values. The root material was sampled on the



basis of their profile position in the soil as 0-10 cm,

10.1-20 cm, 20,1-30 cm, 30.1-40 cm and belovw 46 cn.

RESULTS

Fig. 1 shows the changes in lecaf area index (la), clean bole
length (1b), crown depth (1lc) and maximum crown width (1d)
with increase in tree age of the different species. Clearcut
‘differences were noted in the pattern of change in leaf area
index (LAI) between early and late successional speciles.
Early successionals, in general, showed lower LAI values
compared to the late successional species. For the age stands
considered during the present study, the late successional
species showed very high LAI in the initial stages, sharply
declining upto 4-5 years of age followed by an increase
subsequently. On the other hand, the values for early
successional species impyobed gradually (2. sonperatioides)
or more sharply (A. cadamba), reaching a maximum in 4-5 years

of age followed by gradual or sharp decline.

Clean bole length of carly successional species was
higher as compared to the late successional species and this
became more pronounced with age. The increase in clean bole
length due to age was sharper in the case of early
successional specles compared to the other two. The crown
depth also was greater for carly successional spcciss

compared to late successional ones and this became more



Fig,s 1

Changes in LAI Q?), clean bole length
(b), crown depthﬁ(c) and maximuﬁ crown
width (d) of early successional (open
symbols) and late successional (closed
symbols) species with tree age.

Open triangle, 2. sonpneraticides; open
circle, A. cadamba; closed triangle,
2. pentagyna; and closed circle,

4. gchaplagha. |



" Clean bole length (cm)  Leaf area index (LAI) -
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pronounced with age due to sharper increase in crown denth

of early successional species. For the age stands studied,

the maximum crown width also followed a similar pattern as
crovn depth except that the differerice between early and late
successional species was more pronounced. The rate’gf increase
of both the crown depth and maximum crown width slowed down

after 5 years,'pérticularly in the early successional species.

The allocation pattern of biomass in four different
compartments namely root, stem, branch and leaf, expressed
as the percentage of the total capital (Fig. 2) showed marked
differences between early and late successional species. The
allocation percentage to the root in the case of early
successional specles was markedly low and was in the range
of 3-8%, whereas that in the case of late successional species
was between 12-21%. Further, in the late successional species,
the proportion allocated to the root tended to decline with
age. Allocation to the branch compartment was generally more
and started right from the first or second year of growth in
the case of early successional species whereas it was generally
low and started somewhat later in the growth of the tree of
late successional species. The proportional gllocation to the
bole compartment was also found to be higher in the cass cof
early successional species compared to the late successionals.
4s a corolldry to this, allocation to the shoot by ths early

successional species was more than that for the late



Fig. 2 Allocation pattern of total biomass in four
\ different compartments, viz., root, stem (bole),
branch and leaf of early (A,B) and late (C,D)
successional species of different age groups.
A, D. sonneratioides; B, A. s@damha;
C, D. pentagyna; and D, A. chaplagha.






97

successional ones. Allocation to the leaf compartment declined
with age in all the species with a corresponding increase tQ
the bole compartment. This, however, was more pronounced in

the case of early successional species.

The partitioning of the root biomass down the vertical
profile of its distribution in the soil also showed distinct
differences between the early and late successional species
(Fig. 3). For the early successional species, a higher
percentage of the total root biomass was localized within thé
upper 20 cm of soil profile so much so that in a 7 year old
tree of D. sopneratioides and A. cadamba, the roots in this
zone accounted for as much as 80% of the total root biomass.
In the case of the 7 year old late successionals, however,
this was only 56% for D. pentagyna and 49% for A. chaplasha.
In the case of early successional species, root biomass in
the 0-10 cm depth declined but that in 10-20 cm depth
increased with age. While this variation due to age was not
so pronounced in these surface layers of the soil, the
propdrtion of the roots below 20 cm of the soil profile
markedly increased with the age in the case of the late -
successional species. This was particularly evident in the

root system below 40 cm depth.

The shoot/root ratio for the early successionals,

D. sonneratioides and A. cadambg was markedly higher in all

age categories compared to the late successionals.



Fig. 3 Allocation pattern of total root biomass
along the soil profiles in early (A,B) and &
late (C,D) successional species.,

&, D. sonneratioides; B, A. cadagba;
C, D. Pentagyna; and D, &. chaplasha
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D. sonpneratigides showed a gradual increase in this ratio
upto 4 years age followed by a decline upto 7 years, whereas
no definite pattern could be detected for 4. gcadamba. Both
the late successional species showed a gradual increase in

this ratio with the age of the tree (Table 1).

The root production of early successional species
was significantly higher (P < 0.01) than that of the late
successional species only upto an age of 4 years. Older trees
did not show any significant difference between the two
categories. While the production of late successionals
increased exponentially upto 7 years of growth, early
successional species showed such an inérease initially,

followed by a slowing down in older trees (Fig. 4a).

Shoot production however, was significantly higher
for early successionals in all the age classes studied. As
for root production pattern, the increase in shoot production
for late successional species was exponential with age while
that for early successionals tended to slow down beyond 4

years (Fig. 4b).

DISCUSSION

The early and late successional species studied here, show
a number of significant differences with respect to

allocation pattern. One of the impartant differences



Fig. 4 Pattern of change in below ground (A) and
above ground (B) productivity of early
successional (open symbols) and late
successional (closed symbols) species with
increase in tree age.

Open triangle, D. sonneratioides; open
circle, A. cadamba; closed triangle,
D ngnzagxn&; and closed circley

a. chaplagha.
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Table 1. Changes in shoot/root ratio of early and
late successional species with increase in

tree age.
Ago Barly successional Late successional
(yr) Duabanga Anthoeephalus Dillenia Artocarpus
sonneratioides cadamba pentagyna chaplasha

1 12.35 20.41 2.17 1.92

2 15.15 ~10.10 3.20 1.95

3 16.40 14,08 3.70 2.33

4\ 22.22 13.51 3.70 2.56

5 18.18 18.86 4,0 2.70

6 17.85 22,22 4,55 4,55

7 16.95 16.13 4,76 5,00
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recthgnized, pertains to the allocation pattern to the shoot
versus the root. This ratio for the early and late
successional species are fairly stable with marked differences.
The shoot/root ratio, often, is considered to be stable under
any given set of environmental conditions for a given species
(Wareing, 1970) on the basis of which Thornley (1972)
developed a model to account for the partitioning of

assimilates between leaf, stem and root.

The early successional species, in general, were
found to allocate less to the root system compared to the
late successional species. Further, the early successional
species were found to have maximum distribution of their
roots in the surface layer of the soil. These observations
suggest firstly that, the early successional species tend
to maximize allocation to the shoot éystem in order to put
up the canopy es high as possible for exploiting the high
1ight energy environment in early successional communities.

- Secondly, such a root system with most of the root biomass
allocated within upper 20 cm of root length, though offering
poor physical Support to the shoot, would probably provide
enough absorptive system to exploit the short term increase
in nutrient availabilitj and water associated with disturbed
lands (Marks and Bormann, 1972; Marks, 1975). The allocation
pattern of total dry matter indicates a very low percentage
to root of early successional species. This 1is partly

consistent with the remark of Watson (1971), that for
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maximum rate of dry matter production, 'expenditure 6f dry

matter on the rest of the plant except 1eaf should be no more
than is requiréd to support the leaves in an efficient
arrangement and supply sufficient nutrient and water' (Waééng,
1975) . On the other hand, the allocation pattern in roots of
late successlonal specles determine comparatively uniform
distribution of biomass throughout the vertical length of |
root system from the soil surface. The high allocation td
the root compartment of late successional species suggests
their conservative nature in order to draw upon the nutrients

from deeper layer of the soil over a longer period of time.

Another important difference in the allocation
pattern pertain to the greater proportional allocation to
the bole compartment by early successionals as compared to
the late successionals. This again seems to be an adaptation
to put up thé canopy as high as possible, This is further
.strengtnened by the greater clean bole length of the early
successional species (due to faster self-pruning of the
lower branches) which help in the vertical upward movement .
of the crown for maximum exploitation of high 1light intensity;v
It is worthnoting here that our earlier studiés suggest
markedly greater extension growth for early successional

species compared to the late successional ones.

Crown width and depth characteristics of a specles

often determine the light interception strategy of a given
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tree. The greater crown width of the early successional
species is due to rapid extension growth of plagiotropically
placed brafiches unlike the slow extension grthh of
orthotropically placed branches of these late successional
species (Halle'gp al, 1978). Greater crown width and depth
in the case of early successional sﬁecies again ceould be
considered as of adaptive significance to exploit light
energy to the maximum. Rapid vertical extension growth, with
leaves being'distributed in many layers as indicated from the
crown depth, but with loosely arranged plagiotropic:branches
ensure reasonably high photosynthesis even in the leaves
placed down below in the canopy supporting the multilayer/
monolayer concept of Zorn (19271) for early/late successional
species. Though LAI was higher for late successional species
in the first couple of year's growth, no clearcut pattern
emerged for older trees upto 7 years during the present

study.

Production of both the shoot and root systems of the
early successional species were generally highcer than that
of late successional species and this was more pronounced
for the shoot production. This is related to the more
favourable but :teE&n8ient light conditions that would
prevail in an early successional community where light would
soon become a limiting factor. Thus according to Horn (1971),

early successional species are adapted to grow faster under
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light intensities between 54-100% of the full sunlight. It

i1s also interesting to note the change in the productivity
pattern with age, where the rate of this was steeper in the
early age groups of early successional species followed by

a slow down beyond 5 years but with an exponential growth rate
throughout in the case of late successional species. This is
in agreement with the results of Leburn and Gilbert (1954)

who showed, while WOfking in a tropical forest in Zaire, that
the high growth rate for pioneers tended to decline within

5-8 years unlike the climax species.

SUMMARY

The growth strategies of two early successional species were
compared with those of two late successional ones and related
to their successional status. Apart from distinct differences
in clean bole length, crown depth, maximum crown width and
LAI, the former showed higher allocation to shoot particularly
to the bole compartment compared to the latter which had
higher allocation to the root compartment. The early
successional species with a shallow root system had most of
the root biomass within the upper 20 cm of the soil profile
while the late successionals with deeper roots had higher
proportion of root biomass below the 20 cm depth. Root
broduction of the early succeséionaISjpecies was significantly

higher over the late successional species only upto 5 years



104

of age after which the differences were less marked.
However, the higher production of the shoot system was

consistently maintained by the early successional species.
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INTRODUCTION

A number of studies on phenology of different vegetation
types from different climatic zones are available such as
for tuhdra (Sorensen, 1941; Mooney and Billing, 1961), Rocky
Hountains (Xolway, 1965) and Rock Valley in the northern
mojéve desert (Shreve, 1942; Beatley, 1967} in North America.
Li€éth has discussed the concepts and significance of pheno-~
logical studies in the understanding of ecosystem-function
(Liéth, 1970; Lig¢th and Radford, 1971). The tropical forests,
however, are comparatively less understood and the investi-
gations oriented towards the analysis and unification of
periodicities of different phenophases are meagre g¢xcept for
a few studies like that of Boaler (1966), Janzen (1967),
Jolttum (1968), Croat (1969), Nevling (1971), and Daubenmire
(1972). The studies of Frankie gt al (1974) constitute one
of the few detailed analysis of phenological patterns in
tropical forests., Recently, Borchert (1980) has discussed
the phenology of a tropical tree, Grythrina poeppigiana. As
pointed out by several investigators, an understanding of
the phenological events in a forest community may reveal the
structural organisation of various types of resources in the.
ecosystem.

The present study was undertaken as little informa-
tion is avallable on sub-tropical humid forests of the north-

eastern India characterised by high species divefsity.



IEE VEGETATION

In the forest, the overstorey was chiefly composed of Schima
wallichil, Castanopsis indica, Shorea robusta, Igtrameles
udiflora, Elaeocarpus spp., lMiliusa roxburghiana,
Artocarpus chaplasha, Vitex peduncularis, Mesua ferrea,
apoora wallichii and Garcinia spp. The more frequent under-
storey trees were Croton oblongifolius, Oroxvium indicum,
Goniothalamus Simonsil and Unona longifolia. Croton caudatus,
Litsea lancifolia and Randia wallichii were the dominant
shrubs. The most important herbaceous species were Panicum
khasiapum, Cyperus elegans, Fimbristvlis dichotoma,Zedvchium
gracile and Passif]lora pepalensis with the forest opening

being dominated by Rupatorium codoratum, Lantana camara and
Mikenia macarantha.

MET:I0DS OF STUDY

Besides, general phenological observations on tree species,

a few selected trees of each species were tagged with alumi-
nium labels for detailed observation at fortnightly/monthly
intervals. Records on leaf fall, flushing, flowering activity
and fruitingiactivity were made for 122 tree species which
represented over 60% of the total tree species of the area,

4L species was considered to be passing through the peak of a
phenophase when more than 50% of the individuals of that

species were passing through that phase.
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Trees were broadly divided into two categories:
overstorey species consisted of canopy and subcanopy trees
and the suppressed trees less than 15 m tall constituted the
understorey (Croat, 1969; Frankie et al, 1974). The pattern
of leafiness of the trees was classified into three groupss
(1) evergreen-evergrowing type, which continually produced
small quantities of new leaves showing no heavy leaf-fall at
a given time, (ii) evergreen-periodic type which also never
became naked as previous type but had a major leaf-fall and
flushing period in a year and (iii) deciduous type wh;¢h'
became completely naked for at least a brief period of time
and showed peak leaf-fall and flushing at certain timeg of

the year,

The general phenological features are summarized in
the text and individual species characteristics are'pregented

in tne &ppendix 1 and 2.

RESULTS

Leafing activity

The humid forest at Lailad maintaine¢ its green appearance
throughout the year with many evergreen tree species including
a few evergrowing types (Table 1). In dry months from January
to March, many species dropped their leaves. Flushing and leaf
production occurred during gubsequent months in March to

Septembar-October. About 40% of the total leaf litter of



Table 1. Types of leafing activity of tree specles.

I
Number of specics
Group . Activity Overstorecy Understorey
Svergreen-evergrowing Continuous leafing 3 1
Svergreen-periodic Discontinuous 28 36
production of
leaves
Degciduous Marked leaf fall 45 o
and flushing
Total 76 46

Q01
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4.3 t/ha is reported to accumulate in the drier period of
February-March. In other months leaf-drop was comparatively

lovw (Singh, 1980).

Leaf-falls

The peak'of.nakedness was achieved during March in
both the overstorey and understorey species. None of the tree:
species among both the stories showed conspicuous leaf-drop
during the peak monsoon period of June-July (Fig.la). A few
species like Cedrella foona, Baccouria saplda . Elagocarpus
spp. and Styrax serrulatum amongst the understorey dropped
their leaves considerably during August-éeptember; An undér;
storey species, Agsculu® assamica became naked during |

November-December,

- Flushing:

Periodicity of flushing in different species as
shown in Fig.lb, indicates that peak period coincided with
the ¢nd of the dry season and the start of monsoon. For the
overstorey species, peak flushing occurred in April whereas
fhiskwas delayed by a month for the understorey species.
lowever, theytime for bud burst or first flushing‘extended
from February-June for all the tree Speéies observed except
in the case of an understorey specics, A. assamica which
flushed during December and a few evergrowing speciles like
Calicarpa arborea, Saprosma ternatum and Dugbanga
sSonneratioides which produced some leaves throughout the

year.,



Fig. 1 Phenological periodicity of overstorey
(continuous 1line) and underétorey (broken
line) tree species;

a, leaf fall; b, flushingj; c¢, flower bud}
d, flowering; e, fruit initiation and
development; and f, fruit~ripening and fall.
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The observation on cessation of growth in a few
sclected over- and understorey speccies showed that leaf
production in many of the overstorey species ﬁas over by
Sgptember-October but the understorey species stopped leaf
production by August-Scptember, Thus there was a time lag of
nearly a mohth between the growth cessétion of over- and

understorey species (Table 2).

Flowering activity

All fhe species observed, bloomed once in a year and flowering
period of most of the species (seasonally-flowering) extended
to about 8 weeks starting from bud inception to full bloom
stage. For convenience, therefore, the'flowering activity was
diVided into bud sﬁége and blooming,stage.'Few species flower-
ed for several months of the year covering more than one

scason (extended-flowering species).

Flower bud:

The period of peak for flower bud inception coincided
with that of peak leaf-fall in February-March in both the
overstorey and underétorey species, irrespective of the fact
whether they became completely naked or not. The flower bud
initiation of the overstorey specics started more vigorously
in January-February itself though it peaked in March for both
under- and overstorey species with a sharp dscline in April-

May. In suhsequent months bud initiation was maintained at a



Table 2., Cessation of growth (leaf production)in some
over- and understorey tree species.
Tree species Growth cessation
Overstoraeys :
dmoora wallichii King. Oct. I-II

anthocephalus cadamba Miq.
Artocarpus chaplasha Roxb.
Castanopsls indica 4.DC.
Chukrassia tubularis A. Juss.
Gmelina arborea L.
Lagerstroemia parviflora Roxb.
Mesua ferrea L.

shorea robusta Gaert.
sterculls yillosa Roxb.

Vitex altissima L.

Understoreys

dctinodaphne angustifolia Nees.
Bauhinia malbarica Roxb. '

Lagerstroemia flos-reginae Retz.

Qroxylum indicum Vent.
Bithecolobium longan Benth.
Eremna miliflora Clarke.
Styrax serrulatum Roxb.

Oct. II-Nov.II
Oct. II-Nov. I
Sept.III-Oct.Il
Oct, II - Oct.IV
Sept.III-0ct.II
Sept. I ~ III1
Aug. II -~ Sept. I
Aug . .IITI - Sept.II
Oct, I - II
Sept.III - Oct. I

Aug JIII -~ Sept, I
Sept., I - II

Aug. IV ~ Sept.II
Sept. I - II

Aug. I - 1II

Aug. II - Sept. I
Aug. I1I ~ III

I II 1III & 1V shows the different four weeks of a month.
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very low level though the understorey species had a smaller

peak in August-September (Fig.lc).

Flowerings

As a consequence to the pattern of flower bud develop-
ment, the peak flowering among both the over- and understorey
species was attained in April after which 1t declined sharply
andAwas maintained at a low level beyond July (Fig.ld). A
large number of overstorey species flowered during the dry
season (%%). whereas only a smaller fraction of understorey
species flowered at this time (E%)' However, a larger number
of understorey species flowered during the rainy season
(%%) compared to overstorey Specieé (gg). Considering all the
specles together it was seen that flowering was more dufing
the wet season comparedé to the dry season flowering
(I%Z VS.i%g) as shown in Table 3.

Flowering behaviour:

Most of the species like Morus laevigata, Zugenia spp.
and Pithecolobium lopngan had a shérter flowering period of
only about 2-7 weeks while a few species like Duabanga
sonneratioides, Schima wallichil, Calicarpa arborea and
Agsculug assamica showed extended flowering period of about
20-27 weeks. HJowever, the peak flowering in D. sonneratioides
and §ghima wallichii was pronounced during January-February
and May-June respectively but the peak of flowering in C.
arborea and A. assamica extended for about 8 wecks. While no



Table 3. Number of over- and understorey species in
flowering stage during dry and wet seceason. _

Extended dats

Dry season Wet season - flowerers incomplets
Overstorey 24 48 2 2
Understorey 9 29 2 ‘ 6
Total 23 77 | 4 8

ell



significant differsence in flowering pattern was observed for
a given species from one year to another, individuals within
the species showed differences in the vigour of flowering
from year to year as scen from observations over a 2 year
period. Either the vigour may be more or less for an indivi-
dual of a given species as in Cedrella itoona, Casecaria
gloparata and dnibgcephalus cadamba or the individuals that
flowered in one year,may not flower at all in the next year
as in Mesua ferrea, Myrdstica linifolia, Mangifera lndica and
Artocarpus gchaplasha, thus showing an alternate pattern for

flowering.

Frulting activity

The fruiting period may be divided into two parts: (i) fruit
development and (ii) fruit ripening and fall. The fruiting
period extended over a few months both for seasonal as well

as extended flowering species.

Fruit developments:

‘A number of species of both the stories shed their
flowers in March when fruit development started so that peak
of fruit development oskurred in June. However, developmental
periof for fruits of different species extended from 5 to 20
wecks. The pattern of fruit development was nearly the same
in both the over- and understorey species. During the rainy
season maximum number of species from both the stories had

growing fruits (Fig. le).
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Fruit ripening and fall: ’ .

The peak for fruit ripening and fall occurred in the
month of July-August, though quite a few species shed thelr
fruits in May-June as well as in Scptember-October. Fruit
ripening and shedding beyond this period was rare.- (Fig.1f).

Fruiting behaviocurs: |

All the species that showed extended flowering
pattern as well as a few others like Oroxvlium indicum and
Zydnocarpus kurtzii bore fruits for more than 20 wecks while
the rest of the species had brief fruiting periods of not
more than 6-10 weecks. The proportion of trce species fruiting
in dry months (Iig) was very lovw in comparisen . to those
fruiting during wet months ( . During dry periods, fruiting
in overstorcy specles was lesser (76) in compariscn to under-

storey species <E§) as shown in Table 4.

In the community, species producing fleshy fruits
wverc markedly highor in number than those producing dary
fruits (TI§ VS'I‘B)' A majority of the species produccd
fleshy fruits during wet months wijth a proportion of 53 as
comparcd to thosc ylelding dry fruits (g%). The number of
spccies producing fleshy fruits during dry months was lesscr

than those producing dry fruits (I% vs.}%) as clcar from
Table 5.



Table 4. Number of overétorey and understorey tree specles
bearing mature fruits during dry and wet season.

Extended Data
Dry season Wet season fruiters incomplete
Overstorey 9 ’ 63 3 1
Understorey 7 33 3 3
Total 16 26 6 4

9.1



Table 5. Number of overstorey and understorey tree species
producing dry and fleshy fruits during dry and wet

season.
X . Extended Dats,
Dry season Wet season fruiters incomplete
D F ‘ D F D F
Overstorey 6 3 21 42 2 1 1
Understorey 6 1 10 23 . 1 2 3
Total 12 4 31 65 3 3 4

D = Dry fruids

i
]

Fleshy fruits

Lil
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DISCUSSION

It is clear from the phenological observation of the forest
and climatic characteristics of the study site that the forest
comnunity observed,is a semi-deciducus secascnal forest with a
majority of the understorey and several overstorey species
being evergreen. Correlation of phenological actiwity with
naturally occurring climatic events may be best cited by

the pattern of leaf-fall. The period of greatest leaf-fall
coincided with the relatively xeric conditions of the dry
season during the brief summer. There are several reports of
maximum leaf-fall during the driest part of the year in
different tropical forest types (Hcolttum, 1931; Beard, 1946;
Taylor, 19603 Madge, 1965; Hopkins, 1966; and Frankie et al,
1974) . In temperate latitudes, leaves are almost invariably
dropped as days shorten and it has been demonstrated for
several spscies that the change in photopericd is the
triggering agent (Olmsted,1951), others have implicated
dryness more than photcperiod with major peaks ¢f leaf-fall
closely related with major peaks of dryness (Daubenmire,1972)
as was alsc observed in the present study. Generally speaking,
- most of the emergent species shed their leaves during the
early part of the dry season with species like Slergulia
villosa and Ietramelas nudiflcra shedding their leaves as
early as January but in any case befcere mid-February.
dowever, the cancpy and subcancpy species like Garcinia gowa,
Miliusa roxburghiapa and IlleX exelsa did not have peak leaf-

t
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fall until March. This may be related to the relatively xeric
environment to which these species are exposed due to direct
insolaticn or otherwise. Maximum leaf-fall occurring during
the dry summer, not only helps in conservation of soil
mocisture but alsc ensures faster decomposition of the bulk

cf leaf litter during the following monsoon season when
temperature and humidity conditicns are more favourable

(Singh, 1980).

Flushing and leaf production started towards ths end
of the dry season frequently before the onset of rains as also
shown for other seasonal tropical forests (Champion, 1936;
Rawitscher, 1940; Webb, 1959; Boaler, 1966; Daubenmire,1972;
and Frankie gt al, 1974). Walter (1964) attributes the pre-
rain flushing tc the triggering effect of rising temperature
which may be applicable tou the present study but such a
correlation was not observed by Daubenmire (1972) in a -
tropical forest in Costa Rica. Day length iﬁcrease, as it
occurs in the present case during March-April, may also
contribute to induce - flushing as suggested by ﬁjoku (1964)
and Lawton and Akpan (1968).

The induction of apical bud dormancy or cessation
cf growth is more often attributed to prevailing temperature
regime. Cooler night temperature tended to induce bud
dormancy in Gmelina arborea (Longman, 1969). He showed that
plants with nights of 260C stopped their grcwth but none



at 31° or 36°C. In the present study the delay in growth
cessation of overstcrey species may be attributed to the
longer duratiog of higher temperature regimes at this level
due to direct insolation compared to that at the cancpy level
of the understorey species. In experimental studies, however,
temperature and day length are shown tc interact in controlling

.the bud dormancy (Thimann, 1962; Njoku, 1964).

Synchronization of flowering with the dry season as
observed in the present study has also been reported for many
wet forests (Duke and Black, 1953; Njoku, 1963). Apart from
mcisture related factors, a change in photopericd has also
been assumed to trigger flowering (Njoku, 1963; Lawton and
Akpan, 1968). Daubenmire (1972) suggests that in tropical |
deciduous forests,pollination is aimost entirely by animals
(mainly bees) whereas in temperate deciducus forests wind is
the usual agent and mors active during the dry season
(Whitehead, 1969). The peak flowering coinciding with relative
leaflessness of tle canopy may also facilitate insect
pcllination by enhancing the visibility and ready access to
the flower (Janzen, 1967). The timing seems to be for
{2namizing leaf interference for insects or even wind
pollination. This alteraticn between flowering and leafing
activity may be related tc internal competition amcng plant

organs for metabolites and/or hormones (Alvim, 1964).

Peak fruiting in the community occurred during the



wet season, most of them producing fleshy fruits with large
or small seeds. The development of fleshy fruits is made
possible by better moisture conditicns pfevailing during the
wet season, These arc mostly animal-dispersec often passing
through their digestive tract. The need for high‘mp&sturQ'
level for proper development f fleshy fruits was shown 5y.'
Zahner (1968). He showed experimentally that the shortage of
scil moisture reduced the rate of enlargement and the final
size of the fleshy fruits. Mcst of the dry season fruiters
including scme extended fruiters like Duabanga scnneratioides
and Schima wallichii produce small winged sqéds liable to be
disseminated by wind during the dry pericd., Most of the
Species, producing fleshy fruits during wet season had larger
fruits and seeds yhose germinatiocn and early survival is

possiblse only under better moisture conditions.

SUMMARY

Phenological observations on 122 tree species in a sub-
tropical humid forest in north-eastern India ﬁere made, The
forest had a higher proportion of evergreen compared to
déciduous species., Leaf-fall of most of the tree species
coincided with the dry season. Flushing in a majority of
the tree sﬁecieé started towards the end of the dry season
after different degree and period of leaflessness. Leaf

production in the overstorey species extended over a



longer time period compared to the understorey species. For
most of the species, flowering coincided with leaflessness.
Proportionately more number of overstorey species flowered
during the dry season, and wet season flowering was more
for the understorey species. A majority ?f the species
produced fruits during the wet season in which case the
fruits were mostly of fleshy types, Fruits produced during
the dry season were mbstly of dry types. The significance of

these results are discussed.
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INTRODUCTION

Species in a community differ in their growth characterigtics
and biomass production rate and therefore, it is necsssary
to consider biomass and production not only at the ecosystem
leved but also at—the level of different species in the
community (Gomez-Pompa and Vazquez-Yanes, 1974), While the
studles on the productivity of temperate forest ecosystems
(Lﬁeth and Thiltaker, 1975) as well as that on tropical and
sub-tropical forest to a certain extent (Fzrnworth and
Golley, 1974) have been carried out at some depth, only few
attempts have been made to understand differences existing
between species at differcnt successional status (Jordan,
1971; Farnworth and Golley, 1974). The aspcct of resource
allocation pattern related to the ecological niche a
species may occupy, has received even lesser attention
except for a few studies in temperate tree species of
different successional status (Marks, 1974, 1975;
Ramakrishnan gt al., unpublished). Such an approach of the
partitioning of assimilates between root and different
compartments of the shoot is of fundamental impdrtance for
understanding the adaptive strategies influencing species
growth and production (Wareing and Patrick, 1975)., Such a
study of growth characteristics related to productivity
would also form a basis for evaluation of species mixture

for better forestry practices (Ramakrishnan, 1978).



The present study, therefore, deals with the
general growth characteristics of different tree species
in relation to production in a 50 year old sub-tropical
humid forest community at Lailad, developéd after slash and
burn agriculture (Jhum) in north-eastern India (Ramakrishnan

and Toky, 1978).

METHEODS OF STUDY

The forest at Lailad has a - disturbed peripheral region and
an undisturbed central core (Singh, 1980). Six eérly
successional light aemanding tree specles growing along the
periphery of the forest, seven late successional shade-
tolerant species from the central core and nine mid-
successional tree species which are intermediate in thelr
shade~tolerance, found in the transition zone, were selected
- for this study. Individuals of 4-6 years of age were
identified for the study of general growth characteristics
like root shape, extension and radial growth of the main
axis, flushing pattern, leaf production and leaf longevity.
The study of the biomass allocation pattern was done only
in the case of 12 species where individuals of 1 to 5 years
of age were available. Jowever, all the 22 tree species were
consldered for the estimation of average below ground and
above ground productivity. ﬁioméss estimation was done in

-OctobereNQVembar when vegetative growth was &t its maximum



with maximum number of leaves on the individuals.
Individuals were excavated and after obtaining fresh weight
of the different components viz. root, stem, branch and

leaf in the field, the samples were dried at 80+2°C to a

constant weight.

RESULTS

The gencral growth characteristics of 22 tree species of
4-6 years age arc shown in Table 1. In general, the growth
period of early successional species was longer than that of
mid-successional ones, the late successional species having
the shortest growth period except for Saprosma ternatum
which showed continuous growth throughout the year. Except
for those.growing throughout the year, growth was chiefly
confined to the warmer parts of the year, in case of few
others growth cessation occuring during September-October,
The root characteristics markedly differed with the
successional status of the trees. Barly successional

species had superficial spread of roots occurring mostly

in the upper 20 cm of the soil profile, tap root being

less distinct. The mid-successional species had distinect tap
root but with considerable lateral spread while the late
successional species showed a strong and deep tap root

system with little lateral spread.
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While tree height, in general, tended to he more
in the case of early and mid-successional trees compared to
late successional species. The annual shoot extension growth
tended to be more for early successionals compared to late
successional species, the mid-successional ones being more
or less intermediate between the other two. A similar
pattern was observed also for initial dbh as well as for
annual radial increment. The early ahd late successional
species showed continuous type of extension growth and leaf
production during the growth period without any interruption.
The mid-successional species showed distinct flushing
separated by a rest period ranging from one month as in
Chikrasgia tubularis to over two months as in ac¢tinodaphnae
apgustifolia. The number of flushing per year varied from
one as in Cinnampomum sp. and Dysoxvlum procerum to three=~
four as in Amoora wallichii, Castanopsis indica and
Chikrassia tubularis. The number of leaves per flushing on
the main axis varied greatly from 4-5 in A. wallichii to
14 in Myristica linifolia. This number was almost constant
for each flush of a given épecies. The number of total
leaves produced in a year, generally decreased from early
to late successional types. The longevity of leaves was
minimum for early successional species followed by mid-
successionals and was longest for late successional species,
It may be noted that the late sucéessional species like
Cinnamomum sp., Gondothalamus Simonsii, Garcinia anomala and
M. ferrea bore leaves for more than ons year.



Table 1. General growth characteristics of 22 tree species divided into three
distinct successional status.

ini- ini- annual ini-  annual growth total range of
. tial growth root tial exten- tial  radial type/ leaves/ leaves lseaf
Species age period shape ht. sion diam growth no.of flush per longevi-
(yr) (em) (cm) (dbhy (ecm) flushes shoot/ ty
_ (cm) yr (week)
1 S~ 3 4. S 6 7 8 9 10 11 12
Early successionals: v
Sapium 4 all the super- 469,0 116,0 3,20 1,40 conti- - 184 16-22
baccatum year ficial nuous
' spread type
Sterculia 5 Apr-Oct thick 278,00 72,0 3.40 0.74 now - 24 20-24
villosa : pulpy
Zanthoxylum
Rhetsa 5 Mar-0ct spread- 394.0 83,5 3.20 0.54 ttw - 58 24-38
ing
braﬁched
Zibiscus 5 Mar-Qet " "™ - 703,0 102.5 4.60 1.14 non - 34 22-30
macrophylla : . :
Litsea 4 Mar-Qct " ® 217.5 78.0 3.64 0.42 "o - 35 42-48
sebifera
Vitex | 5 May-Aug " " 303.0 74.5 3.80 0.82 "on - 36 32-46
oltissima
Mid-successionalss
Amoora 4 May-Oct tap root 350,6 80.5 2,90 1.10 flushing 4-5 14 41-50
wallichii with type, 3
many flushes
laterals

231



Table 2 (contd

)

——1 5 3 Z 5 6 7 g 10 11 12
. Dysoxylun 5 apr-0Oct tap root 365.5 65.5 2,40 0.34 12 12 44-50
"procerun with
many
laterals
Chikrassia 4 May-Oct " " 351.0 87.0 2,50 0,64 11-13 48 34-46
tubularis -
Castanopsis 4 Apr-Qct " 0 301,0 82,0 2,65 0.42 10-13 36 40-50
indica _
Englehardtia ©6 Jun-Sep " " 285.0 43.5 3.54 0.36 8 8 28-48
spicata :
BElaeocarpus 4 Jun-0ct " " 265.0 57.0 2.25 0.45 16' 16 240-52
robustus .
Myristica 5 Apr-Aug " " 280,90 73.0v 2.80 0.78 14 14 44=33
linifolia
Actinodaphnae 4 Jun~Qct " " 328,0 94,5 2,65 0.85 7-10 17 49-60
angustifolia.
Cinnamomum sp. 6 Jup-Sep " "  356,0 58.0 3.48 0.34 16 16 50-64

gol



Table 1 (contd.)

— 1 2 3 4 5 8 7 8 _ 9 10 11 12

Late successionalst |

Saprosma 5 all the tap root 324,0 50,2 2.50 0.38 conti- - 18 50-62

ternatum ' year ~with few nuous pairs

laterals type

Michelia 5 ‘May-0ct 1 n 193,0 43.8 1.62 0.32 non - 14 42-50

punduana

Goniothalamus 5§ May-Sep " ® 255,5 46,2 3.24 0.43 non - 8 54-68

Simonsii .

Garcinia - 6 Feb-Nov. " ¢ 380,0 52.0 4.45 0.80 non - 30 50-58

anomala .

Miliusa 6 May-Sep " M 215.0 28.5 1,58 0.30 non - 25 42 =48

- roxburghiana

Travesea 4 May-Sep " ¢ 208.5 32.5 1.48 0.28 non - 7 46-50

palmata

%esua - 5 Jun~-Sep " " 148.0 28.0 1.20 0,24 1 flush 10 10 48-56
errea - pairs palirs

8ol



The allocation pattern of biomass in the four
different compartments of‘root, stem, branch and leaf, is
expressed as the percentages of total capital in each of tﬁe
12 tree species (Fig. 1). The proportional allocation to
roots of early successional species (Sapium baccatunm,
Zibiscus mgcrgghz;lg, Sterculia yillosa anéd Zanthoxylum
Bhetsa) was lower in comparison to that in mid- and late
successional species., Further up to 5 years of agec, the
allocation percentage to roots was nearly constant with
minor fluctuation for early successionals while there was
a gradual decrease from 1-5 year in some of the¢ mid-
successional (Dysoxylum procerum, Myristica linifolia,
Actinodaphnae ﬁgggg&iigllg) and all the late successional
species, (Xowever, the roots of §. villoga were thicker and
pulpy at the initial stages of growth and showed greater
allocation as comparcd to other early successional species).
In general, allocation to the bole (main axis) dectreasead
from early to late successional species. The early
successional species remalned branchless upto & years except

for Sapium baccatum in which the modular growth resulted in

many branches after 3 years of growth. All the late
successionals and M. linifolia, a mid-successional species,
showed considerable allocation to branches after 3 years .
of growth, (Iravesea Ralmata, a late successional species
remalned branchless upto 5 years). The allocation to leaves

in the early successional species generally -decreascd with



Fig.

1

Biomass allocation pattern (%) of 12
different tree species arranged roughly in
three groups.'The first column is of early
successional, éecond column mid~successional
and the third column (except d.angustifolia,
a mid-successional species) represents the

late successional speciles,
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age but this decrease was slower in the case of late

successional spescies,

The average below ground and abové‘ground
productivity was nearly similar for sarly and mid-
successional species but higher than that for the late
successional ones. Zowever, the below ground productivity as
compared to above ground productivity was proportionately
highef for late successional species compared to that of the

early successional ones. (Table 2).

DISCUSSION

The different tree species from a successional gradient
which couid broadly be categorized into early-, mid- and
‘late successional species, showed a number of differences in
growth characteristics of adaptive nature. A simple and
uniform measure'of growth is a year's elongation of the
terminal twig (main axis) of saplings (iorn, 1971). This
annual extension growth of the main axis of early
successional spscies was markedly higher than that of the
mid- and late successional ones. This faster growth is
partly achieved due to longer duration of growth period

for early successional SpeCies as compared to that for late
successional ones. Thus, the'former strarts growth earlicr
and stop much later. It may be noted herc that the time of

initiation of extension growth for all the species was more



Table 2. The average belowground and abbveground
productivity (g/plant/year) of 22 tree species
divided into three distinct successional status.

aboveground

belowground
Species productivity productivity

Early successionals:
Sapium baccatum 82,0 + 2,31 518,8 + 38.46
Sterculia villosa 74.4 + 3.16 430,.8 + 12.46
Zanthozylum Rhetsa 71.8 + 2,08 398.4 + 16.48
dibiscus macrophylla 77.2 + 3.24 539.2 + 24.56
Litsea sebifera 86.4 + 5.78 392,3 £ 16.45
Vitex oltissima 78.5 + 5,24 304,0 + 24,68
Mid~successionals:
AmoOOra wallichii 83.1 + 4.21 284.9 + 13.24
Dysoxylum procarum 69.6 + 5.24 265.7 + 8.26
Chikrassia tubularis 88.3 + 8.24 447,1 + 28.26
Castanopsis indica 74.2 + 3.04 398,66 + 29,08
Englehardtia spicata 71.5 + 3.28 308.0 + 31.45
Elaeocarpus robustus 82.2 + 9.25 324.0 + 21.60
Myristica linifolia 89.5 + 8.48 464 ,2 + 36.84
Actinodaphnae angustifolia 74.5 + 6.24 402.4 + 24.20
Cinnamomum Sp. 83.2 + 8.04 308.5 + 42.14
Late successionals?
Saprosma ternatum 86.4 + 3,01 244 .4 + 22,46
Michelia punduana 72.2 * 5,62 234.2 + 16,45
Goniothalamus Simonsii 66.5 + 5.05 204.2 + 30.18
Garcinia anomala 26.5 + 4.62 320.0 + 24,20
Miliusa roxburghiana 62.4 + 4,45 184,0 + 16.48
Travesea palmata 38.8 + 3.68 84.8 + 8.54

56.8 + g;O4 138.2 & 12.04

Mesua ferrea

+ standard error

i



variable than the time of growth cessation unlike that in
temperate trees (Kramer, 1943; Kozlowski and Ward, 1957;
Marks, 1975). Differences in the time of initiation of
extension growth of different species may be important
ecologically as the species at different successional status
and age may experience different environment of light,
temperature and humidity (Marks, 1975). The growth strategy
of early successional species may help in the fast vertical
upward movement of their crown for maximum exploitation of
high light environment, as the early successionals are
adapted to grow faster than late successionals only at high
light intensity i.e, between 54-100% of full sunlight
¢iorn, 1971).

The mid-successional spccies ¢xhibited flushing
type of growth pattern with fairly long intermittent rest
period between two successive flushes. The rapid extension
of internodes followed by periods of rest may have adaptive
significance to periods of environmental stress and may
permit association of diverse species on the same site with
a wide range of vertical stratification (Brown, 1971). This
pattern of growth, more commoh in temperate species, is
rcgarded as more competitive, allowing successful
assoclation of numsrous woody plants. The mid-successional
species have the characteristics similar to ‘'gap phase
species' of Watt (1947) which are best consgidered

intermediate in successionalstatus and extension growth
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characteristies. These species may also be found in climax
forest but they differ from late ,iccessionals ;n their
inability to mainfﬁin advanced regeheration beneath a closed
canopy. They may maintain themselves in the climax forest by
colonizing gaps in the canopy (Marks, 1975). Zowever these
gaps are not so frequent and haye been calculated to occur
in some tropical forests on an average of 100 years
(Zartshorn, 1978). These gaps are caused by the death of
mature trees or by the fall of major branches. The slowér
but sustained (continuous) growth of the late successional
species 1is suited to diminished light conditions created

during the later stages of succession.

The greater number of annually produced leaves and
shorter leaf longevity in the case of early successional
specics as compared to late successional ones may be related
mainly to the light conditions prevailing in the early
successional environment. It has been found that the rate
of leaf production and leaf abscission are faster under
high 1ight intensity (Bentley, 1979). The longer the leaves
that remain on the plant, the greater are the chances of
colonization of leaf surface by epiphylls which may adverscly
affect the primary production of a specieé by obscuring

photosynthetic area (Bentley, 1979).

The early successional species of the community in

general, werg found to allocate less to the root system
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compared to the late successional species. These
observations suggest firstly, that the early successional
species tend to maximize allocation to their shoot system
with higher productivity (Watson, 1971; Wareing and Patrick,
1975) in order to put up their panopy as high as possible
for exploiting the high light environment. The greater
allocation to the bole éompartment supports this strategy.
Seccondly, the spreading root system mostly in the upper soil
profile (20 cm) provide enough absorptive system though with
poor physical support. This type of root distribution may
exploit the short term lnecreases in nutrient and water
available in disturbed sites (Marks and Bormann, 1972). On
the other extreme, the late successional species have higher
allocation to their roots in order to draw upon the nutrient
pool from deeper soil layers and exhibit deeper roots with
less lateral spread. Between these two extremes are the mid-
successional species which are intermedlate, with a tap

root system but with considerable lateral spread to exploit
disturbed sites as well as to occur in more developed

communities.

The productivity pattern could b¢ related to the
successional status which in turn is related to the growth
characteristics of the trees. Root productivity of the early
and mid-successional species was only slightly higher than

that of the late successional species. On the other hand, the
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average shoot productivity was markedly higher for early
successional species and least for late successional ones,
the mid-successional species hehaving in an intermediate

manner,

SUMMARY

The present study deals with the growth characteristics,
biomass allocation pattern and average productiﬁity of 22
tree species occupying different ecological niches in a 50
year old sub-tropical humid forest in north-eastern India.
The early successionai species were shown to have greater
shoot ﬁroduction as compared.to late successional ones and
these were related to their growth pattern. The b%Pmass
allocation pattern of early successional species showed
higher allocation to the shoot than to the root as compared
to the late successional ones. The root system of the early
successional species were surface feeders with no conspicuous
tap root system whilst the late successional species had deep
penetrating tap root system with little lateral spread. The
mid-successional species were intermediate in all the respect
between the two extremes. These differences between the three
categories of tree species are discussed in relation to the

ecological niche they occupy in the community.
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INTRODUCT ION

Germination and seedling establishment are two very critical
phases in 1ife§history of a species (Ramakrishnan, 1972;
Gomez-Pompa and Vazquez-Yanes, 1974; Xarper and White, 1974).
The duration of suitable conditions and the rate at which the
seed is able to respond to these, are major factors which
determine germination and establishment under field conditions.
Factors like topography of the soil surface, light,
temperature and moisture regime of seed bed, soll compaction
and depth of burial are much discussed (Zarper gt al, 1965;
Hett and Loucks, 1971; Sheldon, 1974; Noble and Whalley,
1978).

Not much is known about the ecology of germination
and establishment of tree seedling under natural conditions
(Kinnaird, 19?4). Qur understanding of tropical tree species
in this regard is even lesser. The present study, therefore,
deals with the germination and establishment of 12 important
tree species of a sub-tropical forest under different
conditions of topogréphy, light and depth of burial in the

soil.

METHQDS OF STUDY

The germination and establishment studies were carried out

in a sub-tropical forest community at Lailad.
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Estimations of seed weight for all the species were
made after drying the seeds at 80+2°C for 48 hours. %9xcept
for Mesua ferrea and amoora wallichii, the seed coat contri-
buted 1little to the seed weight and thérefore, the seed

weight was considered to be an indicator of seed reserve.

For the first experinent, sites with two different
topography (level and slope of 30%°ngle) were selected in the
open as well as under a forest canopy. At each of the four

sites, 36 quadrats of 1 m?

were marked after clearing the
litter and herb layer on the s oil surface. Each quadrat was
divided into two-halves for germination test at two different
depths. Seeds were sown at depth of 2 and 5 cm using

graduated pegs and a card-board sheet with 50 uniform holes
to place 50 seeds at equal distances from each other. Seed
sowing was done‘in July, 1979 followed by monthly observgtions

of seed germination and establishment. All treatments were

replicated 3 times,

In the second experiment, 100 one-month old seedlings

of Duabanga sonpneratioides *am., a shade-intolerant early
successional species and Arfecarpus ghaplasha Roxb., a

shade-tolerant late successional species, were planted in

1 m? quadrat at equal disténces both in the open and under
a forest canopy on level ground. Monthly observations were
made on establishment of seedlings. The treatments were

replicated S times.,
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RESULTS

Table 1 shows.the average seed weight for fresh and oven
dried seeds of the diffefent species. The early successional
species, generally had smaller seeds with lesser seed weight
compared to mid- and late successional species except for

Dillenia pentagyna which had light seeds with low seed

reserve,

The germinatlon percentage of early successional

| species like Sterculia villosa, Premng miliflora and _
ngg;g&;ggg;g,nggylilggg was higher at 2 cm depth of seed
burial as compared to that at 5 cm depth except for Erythrina
siricta ﬁhich showed the reverse behavioﬁr. The former three
species, generally showed lower germination percentage oh the
slope than 6n level ground particulérly at 2 cm depth of °

' buria; but the trend was often different at 5 em depth of
burial.:The germinability of seeds in the shade was either
not Significantiy different or was less than that in the
open, depending upon the species. Only rareiy did the
germination improve in shade. Mid-successional species like
A. Wallichii and Bguhinia purpurea responded little to
differenées in the light regime, topography or depth of seed
burial with respect to seed germination and a similar
behaviour was noted for the late successional species too

(Table 2).

The survivorship of seedlihgs of different species
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Table 1. Average weight/seed in fresh and oven dried
conditions.

Species fres?gieed drie?g;eed
Early successional:
Sterculia villosa 0.30 0.24
Brythrina stricta 0.22 0.14
Premna miliflora 0.02 0.008
Lagerstroemia parviflora 0.01 0.006
Mid-successionals
Bauhinia purpurea | 0.22 0.17
Amoora wallichii ) 12,04 9.86
Late successionals
Dillenia pentagyna 0.22 0.01
Artocarpus chaplasha ~ 0.64 0.42
Sterculia coccinea 0.92 - 0.41
Pithecolobium longan 0.74 0.58
Mesua ferrea 3.94 3.31

Garcinia cowa 0.33 0.22
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Table 2. Maximum germination .percentage (of total seed put
in the soil) of different species in the field
conditions. (Upper values, in the open; and in
parenthesis, under shade of the forest canopy).

depth of seed burial
Species 2 cm 5 cm
slope 0° slope 30° slope 0° slope 30°

Early successionals:

Sterculia 87.3+3.7 74.0+2,.3 43,3+5,7  54.0+3.5

villosa (79.7+1.8) ¢®6.7+4.4) (48.0+5.0) (54.7+8.1)

Erythrina 58,344 .4 75.048.7 70.0+5.7 78.3+2.2

stricta (68.3+7.3) (56.,7+6,0) (76.7+8.8) (91.7+4.4)

Premna .. . ~.  90,042.9 74.246,8 68.3+4.4  68.3+86,1

miliflora (81.7+3.0) (77.5%+4.3) (41.746,0) (71.7+10.9)

Lagerstroemia 35.0+5,1 36,0+3,.6 30.7+3.5 26.7+5,8

parviflora -~ (36.0+5.5) (34.0+3.5) (20.0+3,5) (29.,0+3.8)

Mid-successionals:

Bauhinia 96.0+1.2 97.3+1.8 98.,7+4.,3 99,3+0.7

purpurea (93.3+0.7) (95.3+1.8) (100 +0) (98.7+1,.3)

Amoora 96,7+3.4 93.31+6.6 96,7+3.4 96 ,71+3.4

wallichii (93.3+3,4) (96.3+1.9) (96,3+1.9) (93.3+4.2)"

Late successionalss:

Dillenia- 40,1+4.9 26.7+2.2 27.8+2,6 26,746,9

pentagyna (34.445.1) (31.1+5,9) (16.7+43.9) (28.7+4.8)

Artocarpus 85.3+2.2 76.6+5.8 88.7+3.4 87.843.4

chaplasha (90.0+3.2) (74.4+4.3) (86;7+2.6) (82.2+4.7)

Sterculia 89.242.2  92.5+1.4  90.0%#2.9  95.812.2

coccinea (95.8+1.4) ( 92.5+2.5) (98.3+32.9) (93.345.2)

Pithecolobium 95.0+2.5 97.5+2.5 95.0+8.7 91.746.3

longan (98.3+2.92) (95,0+2.9) (94.2+6,3) (920.0+3.7)

Mesua 67.3+4.7 76.0+4,0 74.7+7.1 81.3+3.5

ferrea (81.3+3.5) (72.0+4.6) (81.3+5.8) (76.0+8.3)

Garcinia 76.0+2,0 72,7+5.0 72.7+4 .4 74.0+5.3

cowa (75.3+1.2) (28,0+6,0) (77.3+3.1) (64.0+4.6)

4+ standard error
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under two light regimes at the end of rainy season, winter
and summer drought period is expressed as the percentages of
total seedlings present after germination was complete

(Fig. 1). The number of survivo?s after the rainy season
declined drastically for all the early successional species
except S, villosa under both the light conditions. Among the
early successional species S. yvillosa aﬁd L. parviflora
suffered higher #eedling mortality during winter than the
other two, under both the light conditions. The mid-
successional and late successional species all showed very
low rainy seasbn mortality except for A. chaplasha and

D. pentagyna. Mortality in winter months and during the
sumaer drought was more pronounced in the open than in shade
for the late successional species, The mid- and late
successional species also showed generally high survival at

the end of one year period compared to early successional

‘species, the only exception being D. pentagyna.

The monthly pattern of survivorship of an early
successional, D. sonneratioides and a late successional,
A. c¢haplasha in the open and under the shade was observed
using transplanted sceedling (Fig. 2). D. sonneratioides
showed steep(decline in population under shade with total
mortality after 8 months whereas in thé open the mortality
in this species was very low so that 55% of the seedlings
survived at the end of one year. On the other hand, heavy

mortality occurred in both the open and shade-grown seedlings



Fig. 1

Survivorship (%) and mortality (%) of
seedlings growing in the open (a) and

under forest canopy (b) during rainy
season, winter season and drought with
final establishment (%) after one year in
early successional (1-4), mid-successional
(5-6) and late successional (7-12) species.
1, Sterculia yvillosa; 2, Erythrina stricta;
3, Eremna miliflora; 4, Lagerstrogmia
parviflora; 5, Dauhinia purpurea; 6, Amoora
wallichll; 7, Rillenia pentagyna;

8, Artocarpus chaplasha; 9, Sterculia
&occinea; 10, Pithecolobium lonzan;

11, Mesua ferrea; and 12, Garcinia cowa.
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Fig. 2 Pattern of seedling survivorship of one
early successional species D. sonperatiocides
(oﬁen triangle) and one late successional
species, A. ghaplasha (closed circle) in
field conditions. Continuous line, open=
grown seedlings; broken line, forest-grown

seedlings.,
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of A. chaplasha during the first few months., Howevery the
final survival value was higher in the shade than in the

open for this species.

DISCUSSION

after its escape from predation and pathogens, the chance
that a non-dormant, surface-lying seed will develop into an
established seedling is dependent on its fixation in a safe-
site which provides the specific condition for its
germination and establishment (Zarper et al, 1971; Sheldon,
1974; Grime, 1979). Shaw (1968) found 50% more germination

from the buried acorns of Quercus petmea compared to surface

lying ones and attributed the seed burial, a protective
mechanism which is created by natural soil disturbance in the
forest. In the present case, seed burial at a shallow depth
was found to be more favourable for germination of the early
succeésional species which generally have light seeds. The
deep seated seeds of these species may fail to germinate
because of the low potential of the seedlings due to meagre
seed reserves to penetrate through the soil profile (Sheldon,
1974). The late successional species generally with heavier
and larger seeds showed gqually good germinétion at both the
depths of seed burial. Further, this could also be related

to light availability at these depths, as early successional

species generally do better under high light regimes. Zowever,
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the present studies on germination in the open and under the
shade show significant reduction under shade for some of the

early successional species.

The mortality pattern, in general, of the early and
late successional species are quite different from one
another. The generally high mortality of the early
successional species at the end of the rainy season may be
related to heavy washout of the soil and the consequent
exposure of the superficially placed root system of this
category of species (Chapter py). This is also supported by
' poor establishment of early successional species on steep
slopes where seed/seedling washout is likely to be severe.
This is in contrast to the mid- and late successional species
which are shown to have well developed deep penetrating tap
root system. Further, the seedling survivorship of the late
successional species, generally was more in shade than in
the open, probably related to their shade-tolerant nature
(¥orn, 1971; Grime, 1979) which provides protection from
water stress. Conversely, the drastic reduction in the
survivorship of the early successional speciles under the
shade may be due to their requirement of high light intehsity
(Sorn, 1971), Further, the shade-intolerant species are
reported to be more susceptible to fungal attack under shade
compared to the shade-tolerant species (Vaartaja, 1962;
Grime and Jeffrey, 1965). Such a differential pattern for

early and late successional species in the open and shade has
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been further supported by that of ). sonneratioides belonging
to the former category and A. chaplasha belonging to the

latter category.

SUMMARY

Observations on seed germination and seedling establishment
for 12 important tree species of different ;uccessional
status were made by seed introduction at two different
conditions of light, topography and depth of seed burial in

a sub-tropical humid forest. The germination percentage of
early successional specles was higher in the open, at
shallower depth (2. cm) and on the level ground while the
shade, steep slope and deep burial (5 cm) adversely affected
the germination percentage of these species. Mid- and late
successional species responded little to differences in these
condition. The survivorship of seedlings of early successional
species at the end of rainy season was more adversely
affected than that of mid- and late successional species.
This was related to the generally lighter seeds of early
successionals, The higher seedling survival of late
successional species in shade than in the open and the
reverse behaviour of the early successional species are
related to their adaptation to different light regimes in

the forest community.
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APPENDIX

Lists of species recorded and theif phenological characﬁeristics ars given belowv.

. Abbreviation used in the lists are¢ as followss

NLD, no sighificant leaf-drop observed at a time.
CL, production of leaves round the year.

1. Phenological records for overstorcy tree species.

R ok Leaf-drop . Flower- Mature
Tree species lecaflessness Flushing pg fruits
1 . 3 4 .
- Alstonia scholaris R, Brown
dmoora wallichii King. Feb-Mar (NLD) Apr Feb-Mar Jun
Adnthocephalus cadamba Migq Feb-Mar Mar May Sep
hperosa oblonga ifluell. Jan-Mar Apr-May Aug
Artocarpus chaplasha Roxb.- Mar-Apr Apr Apr-May Jul
Baccouria sapida Muell. Aug-Seap ApT Apr-May Jul-Aug
‘ \ Feh-Apr
Beilschmiedia Roxburghiana Nees. NLD May . Nov-Dec Mar-Apr
Bischoefia javanica Blumi. Feb-Mar Mar-Apr May Aug
- Bombax malabaricum D.C. Feb-Mar Apr-May Feh Apr-May
Casecaria glomerata Roxb. Feb-Mar May Apr-May Jul-Aug
Castanopsis indica a. DC. Sep-0ct Mar . Jun-Jul Sep
Feb-Mar ,
"C. tribuloides A, DC. Sep-0ct Mar-Apr Jun-Jul Sep-0Oct
Feb-Mar « ,
Cedrella toxna Roxb. Aug-Sep Apr May Jul-Aug
Feb-ilar
Ceiba pentandra Gaert. Jan-Feb Apr-May Jan-Feb Apr
Chrysophyllum sp. L. Mar-Apr (NLD) May Apr-May Jul-sug



1 2 3 4 S_
Chukrassia tubularis A. Juss. Sep-0Oct, Apr Apr-May Jul-sug
Feb-Mar
- Cordia myxa L. Feb-Mar Apr-May . Apr-Hay Jul-Aug
Dillenia indica L. Aug-sep, Mar-Apr May-Jun Aug-Sep
. Feb-Mar (NLD) ,
D. pentagyna Roxb. Feb May Apr-ay Jul
Diospyros kaki 1. Reb-Mar (NLD) Ap r-May May-Jun Feb-Mar
Duabanga sonncratioides Ham, Feb-iMar (NLD) CL Oct-Mar May
Dysoxylum binectiferum Hook. lar-Apr (NLD) Mar-Apr Jan-Feb May-Jun
D. procerum Hiern, Mar-apr (NLD) Mar-Apr Feb Jun-Jul
%lacocarpus obtusus Blume, aug-Sep, (NLD) Apr Apr Jul-Aug
_ Fcb—Apr (NLD)
5. robustus Roxb. g gct ApT Apr Jul-Aug
-Apr (NLD)
Englehardtié spicata Blume Feb-Mar May-Jun Feb-Mar Apr-May
Erythriha stricta Roxb, Jan-Feb Apr-iay Fedb Mar-Apr
BEugenia aquea Burm. -Oct, Mar-Apr Apr Jun-Jul
Feg-Mar (NLD)
%. jambolana Lam. NDL Apr Mar-Apr Jun
¥, magnifolia Wall. 'NDL Apr-May Mar-ipr  Jul
5. munronii Wight. Feb-Mar (NLD) Mar-Apr  Dec-Jan Apr-May
%, polypetala Wight, Feb-Mar Apr-May Apr Jun-Jul
Ficus altissima Blume. g=56p, Mar-aApr Mar-ipr May-Jun
Feb-Mar (NLD)
F. benghalensis L. NLD Feb-Mar Mar Apr-May
F. clavata Wall. NLD _ Mar-Apr Feb-Mar Apr-May
F. elastica Roxb, Sep-Oct (NLD) Mar Apr-May Aug-Sep

IT
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— 1 3 3 4 5

F. géniculata Kurz. Feb~iar (BLD) Apr Apr May-Jun
Foramina colorata Roxb. “Jan-Feb Apr Feb-Mar Jun-Jul
Garcinia anomala Planch, Feb-Mar (NLD) Apr-llay Mar-apr . Jun=Jul
Garcinia cowa Roxb. Feb-Mar (NLD)  Apr Har Jul
Gmelina arborea L. Feb-Mar May-Jun Apr-Jum Jul-Aug
Zibiscus macrophyllus Roxb.A Feb~Mar Mar Apr-May Jun-Jul
Zydnocarpus kurzii King. NLD Mar-Apr Apr Oct -Nov
Illex excelsa Wall. Feb-Mar Apr Apr Jun-Jul
Itea macrophylla Wall., NLD Apr-May Apr Jun-Jul
Karya arborea Feb Apr-May Apr Jun-Jul
Lagerstroemia parviflora Roxb, Feb-MaT Apr-Hay Jun-Jul Aug-Sep
Lannca grandis Sngler Feb _ May

Machilus khasianum Ness Feb-Mar (NLD) Mar-Apr aApr-May Jun-Jul
Mangifera indica L, Feb-Mar (NLD) Apr Fcb-Mar May-Jun
.Melia composita Willd. Aug-Sep, Apr Mar-Apr Jun-Jul

Feb-Mar

Mcmecylon cerasiforme Kurz. _NLD Apr Apr-HMay Jul-Aug
Mesua ferrea L, NLD Apr-May ilar-Apr Jul-Aug
Meliusa roxburghiana Zook. Mar-Apr May Apr-May Jul-Aug
Morus laevigata Wall Jan-Feb Apr Feb=-Mar Apr-May
Myristica linifolia Roxb, NLD Apr-May Feb-Mar Jun-Jul
Phoebe angustifolia Meissn. NLD Apr-May Apr-May Jul-Aug
Psychotria sp, L. NLD Mar-Apr Ap r-May Jul-Aug

111
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Rubiacea Mar-apr (NLD) Apr-May May Aug-Sep
Sapium baceatum Roxb. Mar-apr (NLD) cL ApT-ilay Aug-Sep
Saprosma ternatum Zook. NLD CL Apr-May Aug-Sep
Schima wallichii Choisy Feb-Mar Mar-Apr Apr-Aug Oct-Dce
Shorea robusta Gaert. Apr-Jun Apr-May Mar-Apr Jul

Spondias mangifera Willd. Jan-Feb May-Jun Mar-Apr Jun-Jul
Sterculia villosa Roxb. Jan-Fab Jul-~Aug Feb-Mar Jan-Jul
Stereospermum chelonoides OC, Mar-Apr Apr Apr-fay Jul-Aug
Talauma phellocarpa King. Feb (NLD) Apr Apr Jun-Jul
Tectona grandis L. Apr May-Jun Jan-Mar May-Jul
Terminalia chebula Retz. Jan-Feb Apr Jul-Aug Nov=Dec
T. myriocarpa Zeurk & Muell. Jan-Fab Apr Feb-Mar May-Jun
Tetrameles nidif%ora R.Br. Jan May-Jun May Jul-~Aug
Trewia nudiflora L. Feb-Mar Apr-May dar-Apr Jul-Aug
Vitex altissima L. Jan-Feb Ap r-ilay Apr-May Jul

V. glabrata R. Brown Feb Apr Apr Jul-Aug
V. penduncularis Wall. Jan-Fegb May Apr-ifay Jul-Aug
Zanthoxylum Rhetsa DC, Dec=-Jan Mar Jul-Aug Sep—0ct

AL
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2. Phenological records for understorey tree species,

Leaf-drop, . Flower- Mature
Tree species leaflessness Flushing ing fruits

1 2 3 )\ 5
Actinodaphnae angustifolia Nees. Feb-Mar (NLD) May - -
A. Obovata Blume Feb-Mar (NLD) May - -
Aesculus assamica Wall. Nov-Dec Dec-Jun Nov-May Jun-Sep
Alangium lamarckii, Thwaites Feb-Mar (NLD) ApT May Jul
Antidesma acuminatum Wall. Feb-Mar (NLD) Apr Apr-May Jul-sug
Bauhinia melabarica Roxb. Feb-Mar (NLD) ApT Oct-Nov Mar :
B, purpurea L. Feb-Mar Apr Sep-0ct Mar-Apr
B. variegata L. Feb-lar Apr-May Oct Mar-Apr
Calicarpa arborea Roxb. Mar-Apr (NLD) CL May-0Oct Aug-Jan
Cassia fistula L. Feb May May=-Jul Mar-.\pr
Croton joufra Roxb. Feb-Mar Apr Mar-Apr Jun-Jul
C. oblongifolius Roxb. Feb-Mar Mar-apr ar Jul-Aug
Derris robusta Benth. NLD Apr Jul-Aug Oct-Nov
Glochidion acuminatum Muell. NLD Apr-May Apr-May Jul-Aug
G. hirsutmam Muell. NLD Apr-May Apr-May Jul-Aug
Goniothalamus Simonsii Zook. NLD Apr-May Apr-May Jul-Aug
Zelicia errarica Zook f. NLD Apr-May - -
Zeptapleurrum hypoleucum Kurz. NLD Apr-May AprT Jun-Jul
Kydia calycina Roxb. Jan May-Jun Jan-Vedb Mar-Apr
Lagerstroemia'flos-reginae Ratz, Feb Apr-May May-Jun Aug-Sep
Leea aequata L. Feb-Mar (NLD) Jun Jan-Feb Apr-May



= 1 2 3 4

Litsesa sebifera Pers, Feb (NLD) Mar-Apr Apr-May Jun-Jul
L.citrata Blume Feb-Mar (NLD) Mar-ApT Apr-May-  Jul

L. smlicifolia Roxb. Feb (NLD) Mar-Apr Apr-May Jul=Aug
Mallotus khasianum Hook f. Mar (NLD) Apr-May Apr Jun=Jul
M. phillipnensis Muell. Feb-iar (NLD) Apr-HMay Apr . Jun-Jul
Measa indica Wall., Mar-Apr (NLD) Apr-May Apr-May Jul-Aug
Meliosma simplicifolia Roxb. Feb-Mar (NLD) ApT Jan-Feb Apr-May
Micromelum pubescens Blume NLD Apr-May - Hay
Oroxylum indicum Vent. Jan May-Jun Aug-Oct Sep-Mar
Pavetta indica L. NLD Mar-Apr Apr flay-Jun
Pithecolobium longan Benth, Feb-Mar Apr ilar-Apr Jun-Jul
Plectronia dallyana Blume. Feb-Mar (NLD) Apr-May ApTr ay-Jul
Polyalthia jenkinsii Benth. NLD May May-Jun Jul-aug
Premna miliflora Clarke. Feb-Mar Mar-Apr AprT May-Jun
Prismetomeris albidiflora Thwaite NLD Mar-ipr - Jun-Jul
Quercus spicata Smith, Mar (NLD) May Nov-Dec Apr-liay
Rhus succedanea L. Feb-Mar (NLD) May-Jun - Jun-Jul
Sauroza nepalensis DC. Mar (NLD) Mar-Apr Apr<iay Jul~Aug
Sauroza punduana Wall, Mar (NID) Mar-Apr Apr;May Jul-aug
Semicarpus anacardium L. Jan-Feb May-Jun Aug-Sep Dec~Jan
Sterculia guttata Roxb. NLD May-Apr Feb-Mar Jul-Aug
Styrax serrulatum Roxb. Sep-0Oct Apr-May Apr-May 82p-0Oct
Trevesia palmata Vis. NLD Apr-liay ApT Jun-Jul
Unona longiflora Roxb. NLD apr-May Apr Jun-Jul
Vatica lanceaefolia Blume Mar-Apr (NLD) Apr-May ApT Jun-Jul

IA
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