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The thesis embodies the results on two aspects: 

(i) the adaptive strategy of a sub-tropical humid forest 

community including seasonal adaptations, growth and allocation 

patte.rn, seed germination and seedling establishment of some 

important species ;representing the tree component of the 

co~unity, and (.ii) .cte·t·aiied q.pa1ysis of pattern and archi tec­

ture of growth of fou~· . .important tree species, viz., 'PuabanRa 

,~pneratiQldes Eam., fWtbocEitrha1us s:adamba Miq., Dillenia 
. ' 
~~tagyna Roxb .• and Artgga,rpus .c_haplasha Roxb., the former two 

being the early successional while the latter two the late 

successional species. 

These species grow during the process of secondary 

succession after Jhum (shifting agriculture) in north-eastern 

India. The studies mentioned above "rere carried out 1n a sub­

tropical humid forest at Lailad (Lat. 25°45" - 26°0" N, long. 

91°45" - 92°0" E 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. 
~ 
'i 

" 
Section A. COMPARATIVE STUDY ON ADAPTIVE GROWTE STRATEGY 

OF FOUR EARLY AND LATE SUCCESSIONAL TREE SPECIES. 

Chapter I. ;pattern of a~hites:ture ang extension growth a 

The study deals w.ith the pattern of architecture, 

extension growth and branch display of two early successional 

(I)uaban~a spnneratioige~ 3a·n. and lw;tbocephalus cadaptba Miq.) 

and two late successional (Dillen!& pept~gyna Roxb. and 

~rtocsrpus s:hsplasha Roxb.) species. ~~ile the early 

successional species showed heterogeneous axes (trunk 
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orthotropic and branches plagiotropic) and conform to Massart's 

model (lt. sonneratioides) or Roux' s model (A. cagamb.a), the late 

successional species showed homogeneous axes (all axes 

orthotropic) and conform to Scarrone' s model Uh ~entaiyna) 

or Rauh's model(~. cheplasha) 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 spec~es 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 significance of 

these results are discussed in relation to the niche occupancy 

of these species. 

Chapter II. l&af dynamic§: 

Leaf dynamics of two early successional (ll.~onn~atioides 

and ~. ~~) and two late successional (D. pentagYna and 

,a. chapl~) 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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~hich 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 em of the soil profile 

while the late successionals with deeper roots had higher 

proportion of root biomass below the 20 em depth. Root p 

production of the early successional species "·1as 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 TEE FOREST COMMUNITY 

Chapter V. PhenQJ.Q,a of trees in the !,orest community: 

.Phenological observations on 122 tree species were 

made. The forest had a higher proportion of evergre·en 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 in which case the fruits were mostly of fleshy types. 

Fruits produced during the dry season were mostly of dry types. 

The significance of these results are discussed. 
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shade, steep slope and deep burial (5 em) 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 

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 ~eeds 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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PREFAC~ 

The thesis embodies the results obtained on two aspects: 

(1) the adaptive strategy of a sub-tropical humid forest 

community as a whole with chapters dealing with the ~enology, 

seed germination and establishment, general growth pattern 

and allocation pattern of the major tree components of the 

community, and (ii) detailed architecture and growth pattern 

analysis of four important tree species; namely, Duabanga 

sonneratioide§ Eam. and Anthocephal~s cadamba Miq. which are 

two early successional species and pillanil pentagyna Roxb. 

and Artocatpus cbaplasha Roxb. which represent two late 

successional species. Apart from the fact that informations• 

on tropical trees are meagre in these areas or 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 cited 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 the forests but India has only about 22 

per cent of its land under forest cover. The forest produces 

meet the basic necessities of human civilization in the form 

of raw materials for several industries. The woody plants of 

the tropics which is a vast renewable source of energy, must 
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be given attention in a.situation when the world's fossil fuel 

stock is depleting fast. The 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 cover 

of primary vegetation (Richards,l963; Gomez-Pompa and Vazquez­

Yanes, 1974). These secondary species (species of secondary 

vegetation) today represent probably the most important -iota 

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 

better understood when we intensify our investigations at 

lower levels of biological organization. Of 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 

• 
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studies on their allocation and productivity pattern, their 

preferences to different environmental set of conditions for 

germination, establishment and growth and the compatibility 

of their different phenophases with seasonal climatic changes 

may prove to be rewarding for the evaluation of species 

mixtures for better forestry practices and social forestry 

programmes through a knowledge of their specific requirement 

aatd production efficiency in different environments. Such 

studies may also be helpful in efficient forest management 

for sustained utilization of these resources (Ramakrishnan, 

1978). 

The present study is of particular relevance to north­

eastern India where the forest resources, particularly 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 st~ategies of tree species 

of the tropics. 

PHENOLOGY 

Phenology is generally described as the art of observing the 

phases of the life cycle or the act~vities 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 bench­

making and the second indicates the quantitative development 
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of plants and animal& throughoQt 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 (Lteth, 1971). 

Beginning with the early elaboration of seedling, 

flowering and harvesting calen4ers, phenology evolved and 

resulted in impressive maps about the geographical patterns 

(isophenes) of certain phenological events. Quantitative 

relationships of the time between 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 ~rops 

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 available such as for tundra (Sorensen, 

1941; Mooney and Billing, 1961), Rocky ,~auntains (~olway, 1965) 

and RockValley in the northern Hojave Desert (Shreve, 1942; 
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the 'Caatinga' drop their leaves with the onset of d~ught 

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 c·orrespondingly more gradual than cold­

adaptive leaf fall in temperate forests. In tropical forests 
' the maximal differential between dry season and wet season 

leaf-fall varies from 2 (Klinge and Rodrigues, 1968; Fittakau 

and Klinge, 19?3) to 10 times (Madge, 1965). The studies of 

Jackson (l978) divided the adaptive strategies of leaf 

replacement into 8 types and the leaf-fall replacement pattern 

of Frankie at Al (1974) provides examples of two adaptive 

strategies, namely, (~) dry season leaf-fall --wet season 

flushing and ( ii) dry season leaf -fall - d,ry season ftnshing. 

Studies in,tropical forests have revealed massive drY 

season flowering (Duke and Black, 1953; Snow, 1962; Janzen, 

1967). Frankie~~ s~ (1974) found twice. as many seasonally-

flowering species in bloom in the dry season as tn the wet 
• 

season. Alternate year or irregular flowering has been 

demonstrated for certain species in the tropics (F.ol ttum, 

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 

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

a change in photoperiod may be an important stimulus i~ 

triggering flowering. Njoku (1958) demonstrated that a 

difference of 15 minutes in photoperiod at Ibadan is sufficieat 

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 ~ Al (1974) found that the precipitation 

pattern is meaningful for fruit development besides several 

other biotic and abiotic factors which may also be involved. 

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~ 5l (1974), Eeinrich 

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 animals• 

for effective pollen transfer. 

TREE ARCEITECTURE 

Trees are fascinating organisms if only because they represent 

the world's oldest and largest living beings (Kozlowski,l972}. 



The essential 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 

{Shinozaki ~ 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 or the trunk to increase in diameter as it grows in 

~eight. This theory is based on the obset-Vation that the 

amount of leaves existing above a certain horizontal .lev,l in 

a plant community is always proportional to the sum of tne 

cross-sectional area of the stems and branches found at that 

level. 

8 

The initiation of a tree starts from seedling stage 

which is the most critical phase in the life cycle of a plant 

(RC+makrishnan, 1972; Earper and White, 1974). The .consideration 

of stages or phases is of significance in architectural 

development in trees because many trees as saplings show many 

morphological and physiolo.gical features which either are 

lost or change with age. The organisational status or the 

meristem of the tree may change by its position regardless of 

its age for which Mo11.sCh(1922) coined the term topophysis; • 

the changes in organisational status of meristem with age were 

termed as cyclophysic. Two tYPes of changes from juvenile 

to adult tree stage may take place: one is gradual and· the 

other is abrupt termed as homoblastic and heteroblastic 

respectively (Goebel, 1928-33)· The appreciation of phase 
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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): (1) 

colWmnar, without branch~s due to absence of lateral buds, 

exemplified by some arborescent monocots where the unbranched 

main axis simply terminate in a tuft of leaves, (ii) excurrent, 

the main axis outgrows the lateral branches resulting in a 

conical crown form common for most gymnosperms and a few 

angiosperms and (iii) 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 concept 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 pipe 

model theory of trees developed by Shinozaki ~ .al (1964). · 

Corner gave two principles which maintain tht regularity in 

construction of higher plants (i) axial conformity and 

(ii) diminuition· or-.ramification (cf. Ealle Ji:t a.l, 1978). 

The shapes and crown forms are more variable in the 

tropics than ~n temperate regions. A comprehensive account or 

architectural models was given by Halle and Oldeman (1970). 

According to Halle ~ Al (1978) the architecture or a plant is 

'the visible morphological expression of its genetic blue 

print at any one ti~e'. To get the complete spectrum ot 

architectural phases, the tree must be of seed origin and it 

must flower and seed. Based on different morphological 

characteristics of plant growth, Halle ~ al (1978) ' · 

distinguished over 23 architectural models. These characters 

are in pairs: monoaxial (imbranched) 'Or. polyaxial (branched), 

branches orthmtropic (erect) or plagiotropic (horizontal), • 

axes homogeneous or heterogeneous (orthotropic and/or 

plagiotropic), construction modular (all axes morphologically 

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 long-lived, growth monopodia! (by 
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original terminal bud) or sympodial (by substituted bud) ~na· 

inflorescence hapaxanthic (terminal) or pleonanthic (lateral). 

The other important features influencing tree archite~ure 

are primary and secondary orientation of leaves ana· 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 em per year and bear no lateral branch 

(Wilson, 1966). The trees rarely conformg completely to their 

architectural model even under optimal condition• for tree 

functioning. The process of architectural adjustment by 

which the damaged tree accornodates itself to its enviz'onment 

is called reiteration (Oldeman,l974). Architecturally, the 

most significant morphological feature of the tree is the 

lowest ma~or br~ch and as the branches are progressively 

shed, so the crown is gradually displaced vert i.cally. It is 

convenient to refer to this level characterized by the first 

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 bioenergetic 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 Harper (19RO), such modules 

should be considered as a basis of demographic treatment of 
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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 st.rted receiving attention only in recent 

years (Hunt, 1978; Runt and Baz.aaz, 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 cro"''n form has 

major effect on forest production and yield (Nelson At al, 

1981), architectural analysis of tree species in relation 

to their adaptation to a given ecological niche "''ould be 

~awarding both from an academic as well as applied view point. 

EXTENSION AND RADIAL GROWT~ OF TRESS 

"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 Forv-rard 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 largely 

with temperate species. Kozlo¥1Ski (1964) reviewed the current 

state of understandings on shoot growth particularly of 

north-temperate trees. 



Two widely different 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 limited to the expansion of the predetermined components 

of the bud in summer. Only one type of leaves occur e.g. 

finu~, A~, Fagus (Kozlowski, 1958, 1963). In a seaend 

type shoots are not fully preformed in the winter bud and 

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 and tropical trees involving the recurrent formation 

and expansion of a series of bud at the tip of the same 

elongating shoot. Gill (1971) studied ~he composition and 

expansion of bud of FrAxinUJ 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' is due 

to the fact that it is regarded to be normal for these trees 

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 available on 

temperate tree species. In older literature, the studies 

specific 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 

Gill, 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 growhh tYPe exhibit no morphological 

change in shoot. 

However, two main patterns of extension growth in 

tropical trees was distinguished by earlier workers: 

(i) Rythmic, where shoots have marked endogenous peridicity 

of extension (Halle and Martin, 1968). This term is 

synonymous with episodic (Hemberger, 1963); intermittent 

(Koriba, 1958); or articulat~ (Tomlinson and Gill, 1973). 

(ii) Continuous, where shoots have no marked endogenous . 
periodicity of extension. This is synonymous with evergrowing 

(Koriba, 1958) and non-articulate (Tomlinson and Gill, 1973). 

~he histor.l.ca1 phase of generalized observation is 

now passing over to one of detailed analysis of individual 

species over longer periods of ti~e. Some of the studies with 

this approach include the work of Bond (1942, 1945), Eoldsworth 

(1963}, Halle (1966), Eal1e and Martin (1968), Purohit and 

Nanda (1968), Borchert (1969), Greathouse and Laetsch (1969), 

Taylor (1970), Gill and Tomlinson (1971) and Greathouse~ !1 



{ 1971) • Of these, Halle and Mart in's 

model type because it is a union of 

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, species of Thespasia and Duabanga are 

considered !8Vergrowirig in Singapore but deciduous in India 

(Koriba, 1958). Si11ilarlY our studies show that lluabuca 
sonneratioides exhibits no conspicuous feature of rythmic 

growth and grow continuously throughout the year but the 

. observations of Halle in Malaysia show that the growth 

units in these species is marked by some scale leaves between 

any two tiers of branches (Halle §.i ,SJ., 1978) f! 
if' 

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 the 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 loss, 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, 196P). 



16 

Evidence 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 Janik (1974): T~ .aY~rba, 2.8 m/yr; 

ll{usang@ c;ec.t,g"Qiodes, 3.8 m/yr; Ochroma lagopus, 5.5 m/yr. 

Such higher growth rate is often determined tor open-grown 

trees or at the forest border. Witlin 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 mqr be 

attributed to higher photosynthetic rate of these species 

which can be easily acclimated to a high light environment 

as evidenced by the performance of gap phase species like 

~~ rubrum, Comus !lorida and L1riodendron tulipitera 

(Wallace and Dunn, 1980). 

The_durat~on of growth per year is variable among 

different species and individuals of the same·species of 

different age group. In Nigeria, older trees of Bombax 

buonoR.QZense, for example, were dormant for 9-10 months or 

more whereas 3-year old seedling st·opped 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 fnost is 

over and is completed during a short part of frost-free 

season (Kienholz, 1.941; Kramer, 1943; Kozlowski, 1962l. 

Kramer (1943) found the date of growth cessation more 

variable than that of growth initiation. In tropics, the 
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wet and dry season often control the periodicity of growth 

(Gae~tner, 1964). However, the evidence accumulating suggests 

that there are several species which may show continuous grow~ 

throughout the year as in Bbiz~bgra mangle L. (Gill and 

Tomlinson, 1971). 

The phenomenon of shoot tip abortion which induce 

sympodial growth is comnon in many woody plants (Romberger, 

1963; Kozlo1.1rski, 1964; Zimmermann and Brown, 1971). The 

ti•ing of shoot tip abortion varies with age, vigouf and 

environment. In many genera such as Ulmus, E.aJtJJ.S, Tilia, 

~Yringa and j~ccin~, shoot tip aborts ~ith 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 we£1 documented in Ulmus 

americana. (lallington, 1963). 

Cambial growth or tropical trees is very dive~se. 

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, 



shoot growth occurred in flushes at 42 days intervals, each 

flush being associated with an increment of xylem l~ading to 

distinct growth rings. By comparison some tropical pines 

produce as many as fiye 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 

rather to air or soil temperature. This was further supporte• 

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 fall also control the 

timing of the period of cambial activity (Longman and Jenik, 

1974). But 3ummel (1946) showed that in the leafless Kbava 

.grandifolia 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 sel~ support~ng 

axes (Tomlinson, 1978). The ~oody framework of branches 
~~ 

pr.eaQ.te l:eaves, 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 ~rees, the number of lear-bearing 
' 

units (shoots) increases by the proliferation of original 



seed-borne or plumular shoot meristem. This increase is 

determined by the genetic make-up according to a precise 

pattern. In trees two types of branch production can be 

distinguished: (i) Prolepsis produces a branch axis (proleptic 

shoot) that has basal bud scales (reduced p rophylls 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 leavesf 

(ii) Syllepsis produces a branch axis (sylleptic shoot) that 

lacks basal bud scales, has a long basal internode · 

(hypopodium) and has little or no transition in leaf 

morphology and size at the first few nodes. These terms we~e 
given by Spath (1912) but defined precisely by Tomlinson 

and Gill (1973). Syllepsis is a predominantly tropical 

phenomenon. Examples 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 subsequent 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 

(intermittent). 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. vJhere growth of a shoot is 

r!:::ythmic (wi 'th regular a.Ite:u:¥ion of growth and rest) branching . .: 
is also rythmic and is clearlY 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 organisation of the tree 

largely 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 geotropic), radial symmetry and 

phyllotaxis most commonly deccussate or spiral. A plagiotropic 

shoot has a hrozontal or oblique o.rientation (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 !erminalia-branching each sympodial unit is initially 

plagiotropic and finally orthotropic (Fisher, 1978). This 

demonstrates that the degree of differentiation of a meristem 

may be changed either by external influences or by 

modification of.internal conditions (Tomlinson, 1978). Of 



special interest qre those woody plants in which· there is 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 

changes in axis orientation may have important consequences 

mostly mediated via the influence of reaction wood 

(Zimmermann and Bro''~n,1971). 

Branching.pattern governs the features of adaptive 

significance like effective leaf display and minimization of 

non-photosynthetic tissue (Eor.n, 1971; Whitney, 1976; Eonda 

and Fisher, 1978), and structural strength (McMohan and 

Kronhauer, 1976). Strahler (195t) 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 

(3olland, 1969; Leopold, 1971; Oohata and Sidei, 1971; 

McMohan and Kronauer, 1976; Whitney, 1976; Thornley, 1977; 

Niklas, 1978). Oohata and Shidei (1971) subjected seedlings 

of Quercus ~yllyraeoides 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 Fraxinus am&ricana and 
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similarly concluded that bifurcation ratio value is a 

species-specific constant. steingraeber ~ 9l (1979) found 

significantly different Rb values in the open and forest 

grown saplings of sugar maple (A£.U ~accharum Marsh.), and 

attributed this to the phenotypic plasticity of branching 

which is an 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 ~ al (1979) found significant differences 

between open grown and forest grown sugar maple seedlings 

with respect to the proportional aid of different order of 

brancAes in the form of to~cil number and total length. 

The orientation or display angle of branches results 

in maximum effective leaf surface possible for a branch 

system (3onda and Fisher, 1978; Fisher, 1979). Markedly 

variable response to open vs. closed habitat in the brane~ 

display angle was observed by Pickett and Kemfjf'(l980) and 

Kemptand 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 them. 

The two extreme forms are the planophile canopy in which 



horizontal leaves are more frequent and the erectophile 

canopy in which vertical leaves predominate. Simulations 

based on light interception theory (Honsi .tl .sl, ,1973) have 

shown that canopy productivity is higher in erectophile 

canoD1es than in planophile 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 ~onda 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 p reduction and grovJth 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; ~opkins, 1970}. Some trees 

are reported to flush regularly in a uniform climate 

(Eolttum, 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 20°C 

(Hardy, 1958, 1964; Alvim, 1967). Experiments in growth 

rooms have shown that bud-brec' .. ): in some tropical trees is 

closely influenced by day length (Longman, 1969). 

In the tropics, the deciduous habit cannot be sharply 

demarcated from the evergreen (Eolttum, 1940; Koriba, 1958). 

Therefore, on the basis of relative timing of bud-break and 

leaf abscission Longman and Jenik (1974) recognised four 

patterns of leafiness: (i) periodic growth - deciduous type, 

in which lear 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, (iii) 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 found a maximum of four 

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



flushes of growth per year in Callistemon viminglis with 

no correlation between alternate period of rest and 

extension and the seasonal clb1atic change. 
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Gro'l.tJth rate of leaves is normallY closely 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 ~.~iDliage leaves has a corresponding 

short internode beneath it (Bond, 1942). The high vigour in 

the 1 middle part of the growing season may also shorten the 

plastochron interval (Gill and Tomlinson, 1971). 

The variation in leaf size and shaj)e in relation to 

macro- and micro-climatic conditions is much discussed 

(Bailey and Sinnott~ 1916; Piersall and F.anby, 1926; Ashby, 

194'8. ;-.Richards, 1952; 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 a:fter the bud b~rst 

(Halle 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 characteristicsf 

tolerant, intermediate and intolerant. Fedorov (1966) regarded 

thE variati6n in leaf size of little adap_tive significance 

though :~eslop-:.:rarrison (1964) supposed this feature within 

the same genotype as of some adaptive value. Smith and 

Npbel (1977) used a more empirical approach to determine the 

adaptive significance of seasonal variat~on in leaf size in 

a few desert shrubs. 

Aging in common deciduous tree leaves is known to be 

rapid (Kozlowski, 1971). Length ot life of leaves is 

important and retention of a large leaf surface is likely 
. 

to increase dry matter production (Zavitowski ~ al, 1974) • 
.. 

Bentley (1979) studied the leaf longevity in many understorey 

species of tropical forests. ~e found that longevity of 

leaves was correlated with light intensity and discussed the 

longer retention of leaves Unfavourable for production due 

to increasing epiphylls. Further, the photosynthetic efficiency 

of a leaf decrease-s with age after full expansion (Mooney, 

1972; Johnson and Tieszen, 1976). The turnover rate of the 

leaves of shade intolerant species was shown to decrease 

under shade (Newhouse and Hadgwick, 1968). Further, the 

turnover rate of leaves of shade tolerant species is 

generally low with longer retention of leaves (Bentley,l979). 



Therefore, an understanding of the strategy of different 

tree species as far as this feature is concerned, would be 

significant. 
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ECOLOGICAL STRATEGIES OF TREES IN SUCCESSIONAL ENVIRONl1ENT 

'Strategies in an economic sense is the reciprocal sets of 

action and reactions between two conflicting groups directed 

to the attainment of their ends by each group' (cf. Halle 

.§.:t. .§:1., 1978). For the plants the ends sought is to preserve 

their genotype and occupy as large a part of the available 

biotope as is necessary. 

' The idea of two main ·trends in selection of specific 

strategies comes from the work of animal biologists 

(MacArthur and Wilson, 1967). The notion of r, the intrinsic 

rate of population increase and K, the equilibrium size is 

essential for the comparison of two main strategies in a 

given env,tronment. Grime (1974, 1977) considered stress 

tolerance ~s a distinct strategy evolved under intrinsically 

unproductive environments or under extreme resource depleted 

condition, imposed by the vegetation itself. In this three­

strategy model (C-, s~, R-) ruderal and stress tolerant 

strategies correspond to the extreme.s of r and K selection 

respectively while the hlghly competitive species occupy a 

position in between the two (Grime, 1979}. Ealle ~i ~ (1978) 

used the notion of ecot.pe, the combination of niche and 

habitat favoured by ecologists (Vtfhi ttaker ..e..:t. aJ., 1973; 



Oldeman, 1974). 

Seed production, germination and establishment: 

The strategy of seed production and seed longevity 

is much different in early successional species from that of 

late successional spe·cies. 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; 

..11.Shton 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 lx~ 

guineense but 11usanu ~ropioid~ becomes established after 

a vegetative cover has been formed (Ross, 1954). In Thailand, 

J1agtanga denticulata, M.talia armata. and Polygonum chinense 

germinate in the forest at some distance from a clearing but 

Trema otientali~ and Melastoma malabarica seeds germinate in 

the high light of the clearing (Cheke ~ al, 1979). On the 

otfier 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 



late successional species (Ng, 1974). This type of 

germination is advantageous as the cotyledons become 

photosynthetic soon after. Sheldon (1974) found that the deep 

seated seeds of species producing small and light seeds ~ay 

fail to germinate because of the low potential of seedling ... 
due to meagre seed 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 

~~ocarvum mexicanum (Sarukhan, 1978). Tropical forest 

seeds and seedling predation may be very heavy (Burgress, 

1972; Janzen, 1974; Ng, 1974; v!hitmor~, 1975). The duration 

of suitable conditions and the seed~ response to these 

are major factoPs which control the germination and 

establishment (~arper ~~ Al, 1961). 

The seed germination of most of the sp.ecies remain 

unaffected by light intensity (Sarvas, 1950; Black and 

Wareing, 1954; Grime and Jarvis, 1976). However, there are 

several pioneer sp ee·1es which require light for germination. 

This is consistent with the ecology of pioneer 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 beenreported to be more in 

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

I 
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species cannot withstand shade~ Moreover., the shade­

intolerant species are reported to be more susceptible to 

fungal attack under the shade than the shade-tole·rant Species 

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

Gaps created in the forests thrqugh death or fall of 

mature phase trees, are important for the:seedling dynamics 

of different species at different successi6nal stattis 

(Bazzaz and Pickett, 1980). These gaps are not so frequent 

and may occur in some tropical· forests at ·an average of 

100 years O:!ort sh.orn, 1978:)-. !A gap is a heterogeneou~ 
·' 0 

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 

Janik, 1974). Whitmore (19?5) has constructe~ the most 
' 

comprehensive classification of tree species relative to 

gaps but he recognises that each species is unique in its 

strategy (Whitmore, 19?8). The creati~ and-filling of 

different sizes of gaps may be responsible for much of the 

Ol"ganisation of forest communities and. for much of the 

differentiation and coexfstence of plants (Bazzaz and 

Pickett, 1980); 

Growth, production and allocation pattern: 

Growth of early successional trees in the tropics is 

extremely fast. J;leports of annual height growth of upto 

5 m yr-1 are common with fast diameter growth (Leburn and 



Gilbert, 1954; Lamb, 1968; Ewel, 1971; Jordan, 197l; 

Longman and Jenik, 1974; ~~shton and Brunig, 1975). Diameter 

growth of 2-3 em yr-1 are common in pioneers. In contrast 

later successional trees grow more slowly (Richards, 1952). 

There is a continuwmof growth rates from early successional 

~o late successional species of mature phase (Schulz, 1960). 

This differences in the amount or growth is attributed to the 

differences in leaf display, photosynthetic rates,LAI and 

allocation pattern in early and late successional species. 

Lugo (1970) compared photosynthetic and respiration 

rate of two early successional (Cecrqpia peltata and 

Authocephalus cadamba) and two late successional (~loan~ 

~~~ and Dacryodea excels&) species. The early 

successional species reach light compensation points at 

150 - 400 fc and saturate at 2500 fc (QI.dum Jl:t, RJ., 1970). 

Cecro:gia photo~Yllthu.iaes at the rate of 11.1 mg C02 dm-2 hr-1 

and Anthocephalus has a valu~ of 10.7. In many trees of 

~condary forests, the shoot growth is continuous while the 

late successional~pecies 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 ~adfield, 1962). The 

pioneers also have comparatively soft wood of low density. 

The p~lority here is given not to the durability but to the 



quick use of available resources and effective competition 

with neighbours (Bazzaz, 1979). Marks (1975) found that 

maximum LAI is attained between 4 to 6 years of age in 

32 

pin cherry (Pruuys pensylyanica L.), an early successional 

tree species, and biomass accumulation was also most rapid 

during this period. The Lni of early successional species are 

generallY lesser than that of late successional sp~cies which 

determine the greater area of exposed leaf surface accounting 

for high photosynthetic rates, gro"Jth 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 t~me 

as the forest matures (Jordan, 1971; Farnworth and Golley, 

1974). 

The strategy of allocation pattern of available 

resources for various life actiiities 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 (Earper and Ogden, 1970; 

Jaksic and Montenegro, 1974; Abrahamson, 1975; Ramakrishnan 

and Kanta, 1976; Bell~ 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 ~ ~' 1981). 



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 vario~s compartments vary with tree age and 

size (Switzer ~ !l, 1968). The shoot:root 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 

partitioning 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 (Harks and Borrnann, 1972). The 

higher· shoot:root ratio in early successional species and 

proportionately much higher allocation to the bole and 

leaves here is implicated as an adaptive strategy which 

favour the high productiOn 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 or 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 ~ 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 data are required to place the 

architectural models precisely on this line. It ma, be 

suggested that the orthotropic branches have different 

energy requirement from plagiotropic branche.s. 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 lear completely eclipse the other. 

This strategy is generally representee 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 lata successional species. 

Horn also derived that the multilayer can grow faster ,,;~han 

monolaYer only when exposed to between about 54% and 100% 

of full sunlight. Under conditions much shadier than 54% 

'>5 f.J 

of full sunlight, monolayer can grow faster than multilayer. 

This is consistent with the strategy of early successional 

species which exploit and compete for the high light 

environment. Thus architectural analysis is a necessary 

preliminary for the study of bioenergetic status of the tree. 

In addition to the branching pattern and lear display 

parameters like overall shape, reproductive periodicity, 

seed crop size and ability to reiterate are requir~d for 
I 

the detailed architectural analysisl This type of dpproach 

may lead to an understanding of the ecological strategies 

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

Th~ PRESENT STUDY 

The present investigations deal with the adaptive growtp 

strategies of some early and late-successional tree species 

coming during_ secondary succession after Jhum (shift-ing 

cultivation). An attempt has been made to compar• the 
.• 

growth strategies, production and allocation pattern of 

these two group of species. Apart from this detailed study 

on a few early a,nd late successional species, over 20 

important tree species of a sub-tropical humid forest 



community has been studied for their general growth 

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 "'hole v.1as 

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"- 92Q long.) 

at an elevation of 296 m in the Khasi !:ills of Meghalaya. 
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STUDY AREA AND CLIHATE 

The study area (Fig. 1) is located at Lailad which is about 

70 Km towards the northern side of Shillong city, the capital 

of l1eghalaya in the north-eastern region of India. It lies 

between 25045" - 26oon N latitude and 91°45" - 92°0" E 

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 'l>H 

ranges from 5.8 to 6.3. Angles of the slopes generally range 

from 20° to 6oo. 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 mons.oon season i,~~ 
})., .. 

followed by a mild winter during mid-November to mid-F~bruary. 

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 Meghalaya 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 Localhion of study ali"~ 
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It represents the oldest fallow of the Jhum practised at 

lower elevations of the Khasi Eills 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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COMPARATIVE STUDY ON ADAPTIVE GROWTH STRATEGY OF 
FOUR EARLY AND LATE SUCCESSIONAL TREE SPECIES 



*********************** 
.C.li!f.l.lll-1 

·*********************** 
PATTERN OF ARCHITECTURE AND EXTENSION GROWTH 



INTRODUCTION· 

Growth of trGe is a complex phenomenon which is governed in 

time and Space by several intrinsic and extrinsic factors 

{Forward and Nolan, 1961). Most c;f c-ur knowledge on tree 

growth has been based upon the studies cf their temperat~ 

representativ~s ~(l{)ck, 1941; Kozlowski and Ward, 1957, 1961; 

Kczlowsk1,.l964, ~2). Temperate trees offer very limited 

diversity or pattern ct archit~cture and growth. Thcugh some 

intensive studies on growth pattern of tropical trees are 

available (~oldsworth, 1963; ~alle and Martin, 1968; Borchert, 

1969; Halle, 1971; Gill and Tomlinson, 1971), the need of 

deeper understanding of tree growth patt~rn in tropical 

forests was emphasi.eed by Tomlinson and Gill (1973). Recently, 

the canopy form in relation to prevailing envircnmental 

condition has got much attention (Bruing, 1976; Nelson at .a.l, 

1981) and several quantitative studies on branching pattern 

has been made (Whitney, 1976; Fisher, 1978, 1979; Steingraeber 

li .a.l, 1979; Pickett and Kempf, 1980). The pattern of gr0wth 

in relation to the successional status of tree species. (Harks, 

1975) suggests distinct strategies.for early and .late 

successional species (Ramakrishnan a1 a,l, unpublished). :Halle 

and Oldeman (1970) and Halle Jl1 ill (1978) discussed the 

architectural pattern of tropical trees giving more than 

23 architectural models. 

The present study on shade-intolerant (Anthocaphal~ 

~~ ¥iq. and ~aban1a ~nnHratioidQ~ ~am.) and shade-
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tolerant (Dill~nia pentagyna Roxb. and Artccarpus ~~plasha 

Roxb.) tree species is a comparative analysis cf the strategy 

of architectural development, amount and pattern of extension 

and radial growth, dynamics and distribution cf branches and 

characteristics cf internodal length in relation to rythmicity 

of growth. 

METHODS 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 • .c.rulamb.a., Jl.~onnerat1,oides, 

~. ~~ta~yna and A. ~plasha were found growing in the open 

and the last two species were also occurring under different 

degrees of shade in the forest. A· cadamba and ~.sonueratio1d~ 

were abundant along the disturbed periphery of the forest as 

.well as in ether younger forest communities. Yeung trees of all 

the species were identified under open situations. A single 

tree of A. ~.wlaml2..a was fcund to grew in partial shade and this 

was also considered for study. Trees of A· chaplasbA \<Jere 

identified in shaded sites whereas !l,. penta~yp,a, thr·ugh found 

tc grow .in shade, cculd not be considered as most of thom 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 followsa 



Light Initial 
Species ccndition age (yr) ht(m) dbh( em) 

A. cudumbu open 4 7.43 8.76 

11 " shade 4 3.68 3.02 

D. scnneratioides open 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 initially 

started in January 1979 on the main axis (trunk) and actively 

gro1Ning branches of all the trees. Tho tops cf the trees were 

approached through a wc~den platform. Fortnightly observaticns 

were made on girth increm~t of the main axes at breast 

height (1.3 m) and extensicn growth of the main axes and 

individual branches. Branch orientation was measured by ncting 

the angles of their attachbent. Ordinal numbers were used tc 

denote branch orders for r~ferring all growth characteristics 

except bifurcaticn ratio (llb). Trunk or main axis was 

designated as o, prirnary branches criginating from main axis 

as I order and secondaries originating from primaries (I order) 

as II order branches and so on. ~o~cver, for calculating 

bifurcation rati c, Strahler's method ( 1957) was fcllowed 

the ultimate branch was designated as first order, ,,,here two 

first order branches come together, the resulting proximal 

segment was designated second order. Where two branches of 

unequal· orders met, the resulting branch maintained the 



higher order. Bifurcation ratio (Rb) Gf branching system cf 

the trl3es was derived on the basis c.f Mct,·mura's (1947) 

formula m~dified by Steingraeber ~ al (1979): 

Rb = N. -- N max/N.--Nl 

Where N. is the total number of branches of all 

orders, N max is the number of branches of the highest order 

.and N1 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 production of I and 

I I order branches were calculated as percentages of total 

branches produced on respective branch order in a year. 

Branch angles were measured by protractor. 

Threeopen-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 of each branch was measured tn tho nearest 

centimeter. The branches \Wre categorized into different 

branch length classes and were analysed with respect to I 

and II order branches respectively. 

The total content of the apical bud was determined 

by dissection under the binocular microscope. Examination of 

buds was made several times during the year (February, Hay, 



August, Ncvember). Some general grcwth observations like 

grGwth initiation and cessation, shoot tip abortion, self­

pruning and reiteraticn were made en the basis cf 3-5 

replicates of different age grc.ups of trees (1-8 years) of a 

given species. 

Architecture and General Grcwth Characteristics 

AQtnrcepbalus ,ad~mba Miq. 

The architecture (used in the sense of 3alle and 

Oldeman, 1970) built in}:. s..agamba, is the result of continu0us 

grc·wth of a monopcdial trunk (Fig .lA). The leader {main axis) 

proC.uces deccussately 'arranged leaf pairs vTith interpeticlar 

stipules and branches (Fig. l B,E). Branch dimorphism is 

evident because while the trunk is an orthotropic oonopodium, 

the precocicus I order branches which arise sylleptically {by 

the co-ntinued growth of lateral buds laid during the current 

year's growth); are all plagiotropic (tend tc' be horizontal) 

monopodia. These branches have lc•ng first internode 

(hypopcdium) before bearing leaves. Branches other than the 

I crder are produced proleptically (by the activation and 

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

The leaf arrangement on plagiotropic units shovrs dorsiventrality 

by secondary orientation of blados in a single horizontal plane, 

exhibiting apparent discordancy v1ith that of the trunk where 

the deccussately arranged leaves may be oriented in several 

planes. 



Fig. 1 Architectural pattern of A· cadamba: 

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 pair of, leaf anct sylleptic branch, 

b, growth of terminal bud of branches 

producing leaf pair only); c, substitution 

growth after tip damage; D, reiteration of 

the model; ~' branch arrangement; F, develop­

ment of supernumerary branch. 





During the dormant phase in ~inter, the terminal 

vegetative buds are prcjtected by a gummy substance. The trees 

start their gruwth in February- March and enter the dcJruw.nt 
. 

phase in November. During gro~th initiation, the terminal bud 

cf the leader axis is the first to burst open into a pair of 

cpposite leaves ~ith a pair of sylleptic branches some~hat 

extra-axillary to the last leaf pair of the previous year 

(Fig. 1 Ba). The growth -continu~s and this pattern of bud 

grcwth, production of y:airs of leaves and corresponding 

branches is checked only in November at the onset of bud 

dcrn.ancy • .a 4 or 5 year nld tree may produce 10 pairs cf I 

vrder brunches in a year. Th6 shortest internode c;f th6 year 

on main axis and branches indicates the terminaticn of annual 

growth. This short internude (articulation} is helpful in 

determining the age cf the tree. Bud-burst on the main axis 

is fclluwed ~it hin a week by the same un the I c.rc1er branches 

but Withcut the production c:.f any sylleptic branch (Fig. lBb). 

The architectural development in A. cadamba is 

aff0cted by shoot tip abortion in lower branches. They die 

and decay resulting in self-pruning. If the main axis growth 

is disturbed. or checkad by the destruction of terminal bud, 

substitution growth takes place. Initially, the tnp pair uf 

the branches ass.'Ul11es leadership and beccmo c.rthctropic but 

later on cne is suppressed by the ether. In this process 

leaf orientation is changec as on the main axis. (Fig. 1 C). 

Buyuntit-j<.,ints become ill-<1efinGc1 in this sp~;;;cies .Reitaratir n 



of architectural model takes place ~hen the whole canopy or 

major aerial part is destroyed or broken (Fig. 1 D). The 

development of a few supernumerary branches (branch arising 

bet~een a leaf and corresponding sylleptic, I order branch on 

main axis). As a consequence of any disturbances in general 

growth pat~ern was also observed in this species (Fig. 1F). 

The vegetative juve~lity period was found to be about 5 years 

and the trees bore inflorescence on the III order branches 

OJ1ly. 

~uaQanga sonneret1o1deG Ham. 

The architecture (Fig. 2 A) is determined by an 

orthotropic monopodial trunk which produces tiers of sylleptic 

(I order) branches with hypopodium separated by a gap of 

20-80 em. A 4-5 year old tree may produce about 5 tiers of 

branches in 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. ~adamba branches other than the 

I order, are produced proleptically. The plagiotropic branches 

become pendulous with age. The gro'\-Jth nnits (tiers of branches) 

were neither demarcated by scale leaves nor had a per~od of 

rest unlike that reported by Halle~ §1 (1978). Gro~th in 

this species was continuous with fluctuation in ~rowth rate 

during the year. 



Fig. 2 Architectural pattern of~. sonneratioiqes: 

rt 7 architectural skeleton (branch tiers and 

canopy form, main axis without demarcation 

of annual growth, S & f' representing 

sylleptic and proleptic br~ches); B, 

terminal bud growth (al,terminal bud of_ 

main axis simply producing leaves and a2 , 

producing both the leaves and sylleptic 

branches; b, terminal bud of branch always 

producing leaves); c, substitution growth; 

D, reiteration; E, branch arrangement. 



r 
J 



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 leaf arrangement 

becomes spiral as on the main axis. As in A. cadamba bayonet­

joint in this species is not well pronounced. If the top of 

main axis is severely damaged at an early stage of growth, 

all the five branches of top tier may assume leadership 

simultaneously. Reiteration process is very efficient in this 

species and after destruction of major aerial part of the old 

trees, it regenerates by repeating its architectural model 

(Fig. 2 D). The inflorescence is _terminal but does not affect 

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

Dillenia ~~~ 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 

isi 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 

b~~nches of the canopy show 'plagiotro~oid phenomena' 



Fig. 3 Architectural pattern of ll· pentagy~. 

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 ~ sl, 1978) and may become pendulous with age. The 

spread of branches is very assymetrical as compared to 

~. ~adamba and ~. ~onnerati~~. Growth starts in April to 

second week of May and growth cessation occurs during 

September-October 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 per~od, it is naked. The 

architectural model in this s~ecies is rarely damaged by 

pests but the predominance of branch gro1.1rth always render the 

trunk short. Bayonet-joint, developed rarely after 

substitution growth (Fig. 3 C), is very pf,ominent. 

Reiteration of the model, after major damage in aerial part 

of the tree, is very successful in this species and the trees 

~f(= sprout origin are hard to identify from that of seed 

origin (Fig. 3 D). 

Artoca~~ ~~lasha 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 arrangement 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· chaulashu: 

.. u., architectural skeleton (demarcation on 

main axis represents annual extension growth; 

s, sylleptic branch; P, proleptic branch). 

B, terminal bud growth (a, of main axis and 

b, of branch producing leaf and axillary 

bud); c, substitution grov.rth with prominent 

bayonet-joint; D, reiteration; 3, 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 occa~sionally under more 

favourable conditions, one more tier of branches may be 

produced during the same gro"ring season through syllepsis 

(Fig. 4 A). A single tier may have 3-7 branches depending 

upon the gro~th 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 always protected by a pair of stipules, produces one leaf 

at a time. which, while expand1ng,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 dears 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 

~. sonneratioide~ exhibited continuous growth 

throughout the year e«cept for a slower rate during November­

December. Other species had winter dormancy and the'growth 

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 ~· cadamba 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 

~lation to age and this was more pronounced in A. cadamQs. 

~. pentagyna and A· chaplasha had shorter growing period 

compared to the other two species (Table 1). 

Bud content 

Fig. 5 shm·'S the schematic representation of the 

terminal bud contents (Fig. 5a) for different species. The 

analysis revealed that the number of embryonic leaves with 

their associated stipules, if any, were constant throughout 

the year for a particular species. The buds of ~.sgn,n~r?tioides 

were naked and actively growing throughout the year; 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. cadamba had two pairs of 

leaves in the bud with protective stipules while ~. pentag~ 

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 by the winged leaf base of the last 

expanded leaf. A· ~aplasha had three leaves with a pair of 



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

----------~-------------------------------- ' --------------------~,--------·--------~----~~~.--------------' 

Tree 
age 
(yr) 

Anthocephalus cadamba Dillenia pentagyna Artocarpus chaulasha 

Initiation Growth ---- Cessation period 
(weeks) 

Initiation Cessation Growth 
period 
(\-leeks) 

lni tiation Cessation Gro"-rtb 
period 
(weeks) 

' - --------
1 

2 

3 

4.: 

5 

6 

7 

8 

Jan. IV 

Feb. I 

Feb. II 

Feb.III 

Har. II 

Mar.III 

Mar. IV 

Nov .IV 

Nov. IV 

Nov. II I 

Nov.III 

NOV. II 

Nov. I 

Nov. I 

44 

43 

41 

40 

36 

34 

33 

Apr. II 

Apr.III 

.Apr.III 

Apr. IV 

Apr. IV 

May. I 

May. II 

Hay. II 

Oct. IV 

Oct. IV 

Oct.III 

Oct.III 

Oct. II 

Oct. II 

Oct. I 

Oct. I 

3?, 

31 

30 

29 

28 

27 

25 

25 

Har. I 

Har. II 

Mar.III 

Mar. IV 

Apr. I 

.. Apr. II 

Apr. III 

Apr.III 

Nov.III 

Nov.III 

NOV. I I 

Nov. II 

NOV. I I 

Nov. I 

Nov. I 

Oct. IV 

38 

37 

35 

34 

33 

31 

30 

29 

. ---- -------- ____ , ___ _ ·---- -- ------·--------
Note -- (i) I, II, III and IV represent the 4 different weeks of a month. 

(ii} Duabangg ~onneratioides had continuous growth throughout the year. 

01 
0 



Fig. 5 Terminal bud structure. The plan view (a) 

on the left shows the stipular primordia 

by solid lines and embryonic leaves or leaf 

primordia by stippled arcs and those of 

axillary structure by hatched circles. The 

small crossed circlesoutside the bud 

indicate the position of youngest expanded 

leaves. On the right (b) the lenrth of the 

leaves and stipules are shown for mature 

buds about to open. Lengths of stipular 

primordia are shown as open bars, those of 

leaf primordia as stippled bars. Vertical 

line indicates paired embrfonic leaves or 

primordia. A 

.a, D. sonneratioid·as;(al, of main axis and a2, 

of branch; b, lengths of leaf pri~ordia; 

longer bar, pr~rdia of branch leaves; shorter 

bar, primordia of main axis leaves, 1-4); 

B, A. cadamba,(~tipular primor~ia, lb·3b, and 

leaf primordia ~a-4a; · all in pair); C, -'J. 

pentagyna, leaf primordia in single 1-5; 

.D, ,A._chaplash§,(stipular primordia in pair 

lb-4b; leaf primordia in single 2a .. sa. · 
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stipules in betvieen. The fourth leaf was in primordial stage. 

The size characteristics of the bud contents are presented in 

Fig. 5b in the form of histograms. 

Growth rythm 

Gradual increase and decrease in internodal length 

and area of corresponding leaves along the main axis was 

found in all the species. This intrinsic rythm was more 

conspicuous in ~. sonneratioides and A· ~adamba than in 

~. ~~gxna and A. chaplasha. The number of peaks in rythm 

as well as the number of internodes produced in a year were 

fewer in the forest-grawn trees of A· cadamba 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· ~m:b.a, J2. pentagyna and A· chaplasha whereas only one 

tier of branches along with the gap represented by a number of 

internodes alone are presented for~. sonperatioidgs. It may 

be noted that 4-5 such tiers of branches along with gaps are 

produced in a year• D.. ~opneratioides produced a large 

number (70-100) of short internodes whereas A. ~adamba 

produced fewer but longer internodes during the year. 

~. pentagyna and A· ~aplasha, 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 length 

{open bars) and corresponding leaf area 

(undulating line with open circle amidst 

the bars) on main axis of ~.~onneratioides 

(A), .A. cadamba {Bo, open-[rown and Bf, 

forest-grown trees),~. pentagyne (C), 

and A. ~aplasna (Do, open-grown and Df, 

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

~. pentagyna and A. ~haplasha. The 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 
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A. cadamba showed decrease in dur·ation of growth period with 

less conspicuous rythm compared to.open-grown trees whereas 

this decrease in duration of growth in forest-grown 

A· chaplasha was less marked but with two distinct peaks of 

growth. This was more pronounced in the open-grown trees of 

A. cadamba and ·A. chaplasha than in the forest-grown trees; 

Further, the decline in cumulative growth in the forest­

grown A· ~adamba was significantly higher than that in 

A. cha~~ so that the cumulative extension growth of these 

two species were not different in shade (Fig. 7 A,B). 

~. ~nneratioides and A. ~amba 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. sonneratioi~ 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~. sonneratioides, 

July-n.ugust for J!. ~dwlllla and ,ll. ;wwtagyna and June-July 

for A,. chaplasha. This peak for forest-grown A· cadam:ba. 

and A· .£llaplasha was similar to that in open-grown trees. 



Fig. 7 Extension growth of main axis. A, 

cumulative and B, percentage extension 

growth; A1 B1, open-grown trees and 

A2 B2 , forest-grown tTees. Open triangle, 

D. sonneratioides; Open dire~e;. A.cadamba; 

closed triangle, ~. nentagyna; and 

closed circle, A· chapla~. 





Fig. 8 Radial growth of main axis. A, cumulative 

and B, percentage radial growth. A1 B1, 

.open·grown trees, A2 B2, forest-grown trees. 

Open triangle, ~. sonneratioides; open circle, 

A· ~adamba; closed triangle, ~. ~ntagyna; 

and closed circle, A. ~haplasha. 
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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 !· chaplasha in comparison to 

open-grown one. (Fig. 8 A,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 branches of different 

species. The extension of the main axis was more for 

;u. AQnneratioides followec< by A. cadamba,, A. chaplasha and 

~. pentagyna in that order. The forest-grown A. ~adamba and 

;.. chaplashs, both showed lesser extension growth compared to 

the open-grown ones except for the fact that this difference 

was less marked for A. cbaplasha. The annual extension growth 

of I order branches was lower than that ot· the main axis for 

all the species. The annual extension growth of I order 

branches of ;u. sonneratioides and A. cadamba declined sharply 

from top to bottom of the canopy and this was less pronounced 

in the other two'; The forest-gro1-1n trees of A.. cadamba and 

A. gbaplasha 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. cadamba and ~. sonneratioide~ but · 

those in the middle and bottom part of the canopy made very 

little growth. The II order branches of ;u. pentagyna and 

A· chaplash§ also made lesser growth than I order branches. 



Table 2. Annual extension growth (em) 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~rest-grown trees 

----------------·------------· 
Order of shoot D.sonneratioides A.cadamba D. pentagyna A.chaplasha 

----------------------------· ·---------------------------------------------------- ------------ ----- ---------------------------
0 order 

( 11ain axis) 

I order 
top canopy 

298.2.±32.24 
(-) 

259.4.±32.78 
( - ) 

raiddle canopy · 174.1.±34. 26 
( - ) 

bottom canopy 

II order 

top canopy 

middle canopy 

bottom canopy 

44.4.±16-.50 
( - ) 

( -
( - ) 

53.8.±21.64 
( - ) 

23.0.±9.65 
( - ) 

286+36 .42 
(79.5) 

262.±24.63 
( 122+16. 04} 

208.6.±28.36 
(86.0±9.43) 

12?.4.±28.84 
( 42 .4.±8 .62) 

( - ) 

34.6.±13.24 
( - ) 

45.2+14.50 
( - ) 

102.2.±13.68 
( - ) 

35.7.±14.01 
( - ) 

31.72.±11.53 
( - ) 

22.2.±12.92 
( - ) 

6.36,±7.02 
( - ) 

6.93.±3.34 
( - ) 

2.3+1.40 
( - ) 

123.±28.05 
(66.5.±8.64) 

104.2+32.60 
(74.0+17.82) 

86.0.±29.64 
(48.4.±16.42) 

54.62.±18.6 
(29.0.±17.2) 

43.20+20.24 
(27.5.±5.89) 

65. 24.±10. 80 
( 47 .5+13 .13) 

23.7.±16.24 
(12.~.±8.48) 

----------------·----------------·------------ ------------------------ ------ ----------- -------·----------~-----·-----------.± standard deviation 

Ut 
~ 



While in the case of ~. ~enta~yna both middle and top canopy 

II order branches made more growth· than bottom branches, in 

case of A· phaplasha it was maximum for the middle canopy II 

order branches only, followed by top and bottom branches. 

Branch production and shoot tip abortion 
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Fig. 9a shows the axillary branch production as a 

percentage of total axillary buds on the 'main axis and I order 

branches 'or all the 4 species. A. ca.oamba. had ma:x:im.um number 

of branch production on the main axis followed by A· chavlasha 

and n. sonoeratio1des whereas ~. pentagyna had the least 

number. Branch produc.tion on I order branches showed 

decreasing trend from~- SQnneratio1des, A. cadamba, 

A. ~ha~lasba to ~. »entagYna• 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, c show the monthly production <% or 

production out of the total for the year) of I order branches 

and Fig. 5d, a are for li order branches. The I order branch 

production in~. ~qnnerai1Q1d§s and A. cadamba was more or 

less uniformly distributed throughout the growthperiod 

except for rythmicity. The production of I order branches 
' 

was chiefly restricted to a few months (May-July) in the 

case of ~. penta&Xna and A· ~bgplaana. The forest-grown 

A. cadamga behaved similarly to its open counterpart but 

A. chapla~ 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 1 order branches. 

ANT -A· cagwn:bi\; DB.-~. $Onneratioides; 

ART - A~ ~ba»lp.sbi\; DIL -~. pentagyna; 

OPEN - open-grown trees; FOREST - forest­

grown trees. 

9b,c, monthly produc~ion (%) of I order 

branches in open-grown (b) and forest-grown 

(c) trees. 9d,e, monthly production C%) of 

II order branches in open-grown (d).and 

forest-grown (e) trees. Open triangle, 

]2. sonnerat;ioigQi; open circle, ,A.gad;am'Q.a; 

closed triangle, ~. PftDtitxna; closed circle, 

j1. chaplasha• 
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April-May and very few in June-July. The peak for II order 

branch production was during :t·1arch-April for A· cadamba and 

April-May for ~. sanneratiQ~es, Q. pentagyna and A.chaplasha. 

However, the forest-grovn A. ~daffiba and A. chaplaAha 

produced most of their II 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 ~. cadamba started in 

July and continued upto September-October. The frequency of 

shoot ti~ abo~tion va~ied ~ith 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 g ene:ral, ,ll. sonnet:atioides 

and A. ~~~ had b~anches ~ith ~ider angles than ~,uentag~ 

and A· chaplasha. The branches of forest-grown tree of 

A· ~ada;ba ~~more obtuse than that of the open-grown ones 
I 

and this was not evident for ~. pentagyna and A· ~plasha • 
. 

However, the top part of the canopy of a forest-grown tree 

of these two species showed slightly acute branch angles 

compared to the open-grown trees of the same two species 

(Table 4). 



Table 3. Shoot tip abortion in A. cadamba (Values = Mean~ Standard deviation) 

I order .. II order III order 
Age --- - --( yr) Total aborted total aborted total aborted 

-- --
1 

2 9.5+1.0 0.8.±0.74 

3 17.8±1.70 2.0+0.81 

4 28.5+1.29 2.3+0.95 25.5.±4.40 ; :5..8.±1. 71 

5 37.0+2.16 3.5.±1.30 98.3.±11.78 23.5.±9.15 1.3+0.63 0.3.±0.43 

6 38.8.±0.96 4.5.±1.30 98.0+9.09 30.3+7.14 2.5+1.30 1.0+0.56 

7 42.5,.±3.41 2.8.±0.96 97.3+6.90 25.5+8.23 3.3.±0.95 1.3+0.63 

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

m 
--.1 



Table 4. Branch angles ( 0 ) of I order branches at three different canopy positions 
t ' .. i .:. ..: )'' I /: l_ \ 

of four tree species growing in the open and under the forest canopy 

(except for ~. sonneratibides) 

--- - _, 
open-grown trees forest-grown trees 

Species - bottom-- - -top middle top middle bottom 

--
D.sonneratioides 72.2.±1.45 81.0.±1.86 88.6+2.36 

A.cadamba 

::J.pentagyna* 

A. chaplasha 

68. 2..±2.42 81. 7.±2. 2 86,2.±1.84 72.4.±3.42 86.0..±2.34 

51.0+1.75 53.0.±2.14 63.8.±3.14 50.6.±1.67 52.6..±2.31 

55.0.±2.65 57.2.±2.32 60.4+2.58 54.2.±2.04 58.5_±3.12 

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

89.5.±1.42 

62. 2..±3 .. 5-l 

64.6+2. 72 

at 
OS 
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Branch distribution and bifurcation ratio (Rb) 

The values showed in Fig. 10 are the percentage of 

total number (lOa} and total length (lOb) of all I order 

branches falling under different classes of branch length. 

Most of the I order branches on ~. sonner~tigide~ and 

_ A· ~adampa belonged to higher length classes ranging from 

300-400 em. On the other hand, ll· pentag~a and A. chaplasha 

had most of the branches in length class of 30-150 em. Thus, 

the contribution of length to total framework of I order 

branch system of ~. sonneratioide~ and A· cadamha was 

exclusively suppbrted by longer branches (20-80 cm)contributed 

considerably to the total number and total length of the I 

order branch system. 

The pattern for II order branch distribution 

(Fig. lXa,b) was somewhat similar to that of the I order branch 

system except that the difference noted above are not so 

pronounced •. More II order branches of higher length classes 

were present in species like A. chapl~a· The total length o! 

I order branches produced by 5 year old tre~s of A. ~damba 

and ~. sonneratio1q~ was 3-4 times more than that by 

~. ~iagyna and A. chaplasna of the same age. The relative 

total length of II order branch ~roduced by n. pentagyna 

and ~. ~bapJasha in relation to I order branches was more 

than that by A. cadambs and n. ~onueratioides (Table 5). 

The bifur~cation ratio (Rb) of ll. AQDneratioi~ and 

A. caaamba was significantly higher than.that of other two 



Fig .l.O Distribution of I order branches under 

different length classes (class 1, 0-10 em; 

2, 10,.;1-20 em; 3, 2'0.1-30 em and so on). 

a, % of total number and b, % of total 

length o·f branches .. Open t.ria~gle, 

~. sgnne·ra;tio:tdes;: open circle, a,.-"adamba; 

clo.sed t riang.le, ~. pent·Slg:yna; closed 

circle·, A .. chaplas:ha .. 
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Fig.ll Uistribution of ~I order branches under 

different length classes (class 1, 0-10 em; 

2, 10.1-20 em; 3, 20.1-30 c~ and so on). 

a, % of total number and b, ~ of total 

length of braneP,$s. Open triangle, 

~. t§onpet~at;J.Q~dila; open Gircle, _A, cagamba; 

closed triangle, ~' ne.ntag~Ila; closed 

circle, a. JUl_ap.J.js.ba· 
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Table 5. 

---
Species 

Contribution of I and II order branches tb 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). 

- -
____ , 

I order II order III order 

% length d % Length ;o length 
(em) (em) (em) - - -

D.sonneratioides 15017 80.56 3624 19.44 

A. cadamba 

D. pentagyna 

A. chaplasha 

13856 

3806 

4324 

69.34 

52.47 

57.44 

6127.5 

3447 

3046 

30.66 

47.53 

38.67 306 

_____ , ___ ---- . ------ ---------
9.30 

Total 
length of 
all branch 
system (em) 

18641 

19983.5 

7253 

7876 

~ 
0 
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species under open conditions. The forest-grown tree of 

A. cadamba exhibited a very low bifurcation ratio in 

comparison to its open counterpart. The Rb values for forest­

grown D. pentagyna and A,. ~plasha was markedly lower than 

that for the open-grown ones (Table 6). 

DISCUSSION 

Architecture 

The four species viz. ~. sonneratioid~~, A. cadamba, 

u. pentagxna and A· chaplasha studied here, occupy distinct 

successional niches in the sub-tropical humid forest 

community in north-eastern India. ]2.- sonneratioides and 

~. cagamba are early successional shade-intolerant species 

also occurring as a gap species in older forests. ~.pentagyna 

ragenerates 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 specieS::-.~_-

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

leaved species, the growth is characterised,at least initially, 

by- a determinate flush of lea.f production {Kozlowski, 1972). 



Table 6. Bifurcation ratio (Rb) for different species growing in the open 
as well as und6r the forest canopy (Values = z Standard deviation). 

open-grown trees forest-grown trees 

Species 

--
D.sonneratioides 

A.cadamba 

D.pentagyna* 

A.chaplasha 

--
Rb range 

9.27±2.01 6.2-12.02 

8.71+2.08 5.85-11.4 

6.30+0.57 5.05-7.85 

5.84+0.85 4.20-6.86 

-~--
sample 
size 

............... 

10 

10 

10 

10 

t-
value 

-·-

-

3.7 

3.1 

___ , 
Rb range 

3.3 -

5.53~0.78 4.02-6.80 

4.82z0.62 3.14-5.32 

sample 
size 

1 

10 

10 

.. ------------------------------------·------------·-------------·--------------------------, ---------------·-------------------------,-------
*, trees of the s~rout-origin were also considered. 

0') 
[IV 



Eere ~e find that after bud burst orily one leaf/leaf pair 

is produced at a time in a continuous manner throughout the 

growth period as also reported in .Bni~o;gh.Q.r.Q .m.snw (Gill and 

Tomlinson, 1971), with a constant and lo~ number or embryonic 

leaves in the bud {Gill, 1971). 

The architectural models of trees are mainly based on 

morphological expression of gro~th though there are numerous 

~ays in ~hich growth may be expressed in tropical trees 

(fomlinson and Gill, 1971). ~ • .a.Qnruu:atioiges, though with 

continuous gro~th throughout the year, had a morphological 

rythm in gro~th pattern v.1ith diffuse branching in well 

separated tiers placing this species in the Massart's model 

of tree architecture (:Ialle ll e.J., 1978). The general feature 

of gro~th of A. cadamba is also continuous (except for a rest 

period during ~inter dormancy with slight articulation) 

without any organisation of branches in tiers corresponding 

to Roux's model. ll. pentag~ and A. chaplasha 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. 

Ho~ever, the position of fl0wering ultimately determines the 

model conformation in these two species. Thus ll. pentagyn~ 

have terminal flo~ering and conforms to Scarrone's model 



while A. ~lasha have lateral flowering and conforms to 

Rauh's model of tree architecture (cf. H~lle ~ al, 1978). 
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The Raux's and 11assart's models which are characterised 

by plagiotropic branches, provide the individual of 

~. ~onnerati~ides and A. 9adamb~ 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 their higher reproductive efficiency. ~. pentagyna 

(Scarronets model) though basically produce orthotropic 

branches but the lower branches of older trees show 

plagiotropoid phenomena (cf. Halle~ Al, 1978). In the case 

of A. chaplasha, however, orghotropy with repetitive monopodial 

growth produces the Rauh' s model without any plagiotropoid 

phenomena. 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 (~. cadamba}, 

Massart's (~. sonneraiiQi~), Scarrone's (~. pentagyna) and 

Rauh's (A. chaplasha) which fairly conforms to the sequence 

of succe~sional 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 
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variable (Kramer, 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• ~adamha occurring anywhere between 

late January (winter) to late March (a warmer period) suggests 

that temperature has lesser controlling influence and that 

endogenous factors related to age is important.~.sonneratioide~ 

having continuous growth throughout the yea~, 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 grovJth 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. cadam~a· These observations suggest that 

extension and radial growth need not always be related to one 

another (Hummel, 1946) and that this may be a specific 



character also related to the external environmental 

influences. 

The early successional species, with their 

synchronous sylleptic I order branch production, seems to 

achiove quick growth and rapid extension of plagiotropic 

branches ensur.bf least overlapping of the leaves, so that they 

are dble to capitalize upon the resources before light becomes 
I 

limiting factor. Further, the hypopodium of sylleptic branches 

helps 6Xtending the branch to avoid the shade offered by 

leaves of the parent sho~t (White, 1999). 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 interioP of the canopy. Further, greater 

shoot tip abortion of the lower I order branches due to the-ir 

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 



that they are able to maximize photosynthesis und~r the 

shade of forest canopy. 
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The early successional species exhibited longer and 

comparatively less forked axes leading to the more open 

canopies (Multilayer; :rorn, 1971) VJhareas late successional 

species produced more frequent and forked stem leading to a 

denser peripheral arrangement of leaves (Monolayer~ 3orn,1971)• 

Whitney (1976) observed the same thing and according to him 

the leaf arrangement and branching pattern are specific for 

a tree species. EoVJever, the lower bifurcation ratio of 

forest-gro'Wn individuals in comparison to that of open-grown 

ones, is consistent with the contention of Steingraeber ~i 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 ma·ximum effective leaf 

surface possible for a branch system (F.onda 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 



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 are 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 like ~. sonneratioidqs and A· ~agamba 
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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 successional species like 

~. ~taiyna and A· chaplasna have conservative strategy where 

the aim is to make growth, though slowly, even under shaded 

situations in a late ~uccessional community and survive till 

such a time they are able to make more rapid growth either 

through gap formation oi after gradual emergence over the 

general canopy of the forest. 

SIDH.ffiRY 

The study deals with the pattern of architecture, extension 

growth and branch display of two early successional (~uabanga 

A.Qnneratioi.Q_u Eam. and Anthoce;phalns cadamba Hiq.) and tvJO 

late successional (Dillenia ~agyna Roxb. and Artocarpus 

chaplasna Roxb.) species. While the early successional 

species showed heterogeneous axes (trunk orthotropic and 

branches plagiotropic} and conform to l1assarts's model 

.(~. sonnerat~~) or Raux's model (A. cadamba), the late 



successional species showed homogeneous axes (all axes 

orthotropic) and conform to Scarrone's model (~. ~tagyna) 

cs 

or Rauh's model (~. ~haplasha) 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 sp~cies 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 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; 

MatJ:;hews, 1963; Newhouse and Hadgwick, 1968) which is 

determined mainly by the pattern of production, fall and 

longevity of leaves. Seasonal variation 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 l1unch, 1931; Haunts, 193~; 

Kozlowski and Clausen, 1966) and they suggest variations 

based on the type of shoot and the environment to '"'hich they 

are exposed (Kozlowski, 1971). 

Very little is known on the leaf dynamics of tropical 

tree species. While temperate angiosperm trees shed their 

leaves characteristically during autumn (Kramer and 

Kozlowski, 1960), tropical trees may differ widely in this 

regard showing a variety of pattern for production, longevity 

and fall (:~olttum, 19~0; Bear-a, 1946; Alvim, 1964; Longman 

and Jenik, 1974). Apart from this, leat dynamics of trees 

over a successional gradient may also vary, as temperature 

and light regimes have been implicated for differences in 

the pattern (Roberts, 1920; Addicott and Lyon, 1973), though 

littlo 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, ~~nga ~Qnneratio~ 3am. and 

Antho~lllla,J.us ~amba Hiq. are two light demanding early 

successional species while Pillenia pentagyna Roxb. and 

ArtQcarpus chaplasha Roxb. are two shade-tolerant late 

successional species at lower elevations of Meghalaya in 

north-eastern India. 

HET30DS OF STUDY 

Individuals of Il • .sonner:atiQi~.§., A. cadamba, Il· ll.Q.ntagyna, 

and A. ~plasha, considered for studies on the architecture 

and extension growth (Chapter l) were used for present study 

also. The already present and the ne"'' leaves coming up on 

open-grown individuals of all the four species and the 

forest-grown individuals of A. ~mha and A. chaplasha 
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were tagged by metallic labels. Detailed obs~rvations on 

emergence, fall and leaf area were maintained for individual 

leaves. Leaf area was calculated on the basis of correlation 

factor developed between blade length x breadth and leaf a:rea. 

In the case of~. m~.1.Qides, JJ:. cadamba and~. Jlentagvna 

the leaf area calculations were done on the basis of one 

correlation factor developed for each species separately, 

considering 50 mature leaves of different sizes. In the case 

of a. chaplasha, since the tree had leaves of different 

shapes (Chaptertcr), four different correlation factors had 



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

order to account for these differences. 
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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~as 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 study. Since the rate 

of leaf production was very slow in forest-grown treooof 

A· cadamb.a. and ~. chaplashg., the average plastochron length 

for these individuals and their open counterparts (for 

comparison) was derived by dividing the total growth period 

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

Ten one-year old top I order branches 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 obtained 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. 
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RSSULTS 

The pattern of variation in total leaf area during the year, 

given in Fig. 1, sho'\•'s that the early successional species 

differ from the late successional ones. The open-grown early 

successional species, in general, had higher leaf area than 

open-grown late successional species,~ith ~. sonoeratioidss 

having maximum leaf area. The early su~cessional species 

never became naked during the year and bore some loaves even 

during the peak leaf fall period of February-April. The late 

successional species were deciduous becoming totally naked in 

Harch ( :l ~ pentagma) or April (A. chaplcislll!:). Eoweve r, the 

forest-grown a. chaplasha retained a few old leaves during 

April also. In gen€ral, forest-grown trees had lesser leaf 

area compared to open-grown ones. The loaf area of A.cadamba 

was more adversely affected under forest conditions than 

that of A. ~a~lasha. 

The monthly leaf production, as a percentage of 

total numer of leaves produced in a year, is 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 (op·on-grown) species showed 

fluctuations in leaf production in different months, the 

early successional species showed lesser monthly variations 

while the late succes sianals 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 s~ccessional (open symbols) 

and late succesiional (closed symbols) species. 

Open triangle,~. sonn~ratioides; open circle, 

A· ~~~; closed triangle, ~. ~entagyna; 

and closed circle, ~· ~haplashg. 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 th~ growth period, 

expressed as the percentages of total 

leaves produced in a year on main axis 

(2a), I order (2b) and II order (2c) 

branches of open-grown individuals. The 

inset figure (2d) is for the forest-grown 

individuals. 

Open triangle, ~. sonniratioid~; open 

circle, A· C%Qamb~; closed triangle, 

.I}. pentagvna; and closed circle, 

_a. Qbaplasha. 





In· the case of I I order branches, the early succes slonal 

species showed a major peaking in April-May for 
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~. sonne~ioides and in July-August for ~. ~damba. 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-Harch except in the case of ]2. sonneratioides 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· cadamba 

and A· ~haplasha. The rate of production was slower under 

forest «onditions with a number of small peaks during the 

growth peri9d. 

The leaf fall pattern in the different branch orders 

was not different from each other~ Leaf fall in all the open­

grown mdividuals was maximum during l1arch-April followed 

by a sharp decline in subsequent montns. However, 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· Q~damba 
-

and A. chaplasha also showed that this peaking pattern was 

obvious only in the latter species. 



Fig. 3 The pattern of leaf fall in different 

months of the year expressed as the 

percentages or total leaves fallen in a 

year from the intividuals of early 

successional (open symbols) and late 

successional (c~osed symbols) species 

growing in the open and under forest 

(inset figure) conditions. 

Open triangle, D· ~onneratioides; open 

circle,~. cag~~; closed triangle, 

~. pen~a~yna; and closed circle, 

A. 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 branches 

alone is presented here. Leaf expansion period was the ·· \ 

briefest for the leaves produced during July-August in case 

of all the species, irrespective of light conditions. On 

either side, the time taken tended to increase gradually. 

Expansion period, in general, was maximum for~. cadamba 

where again forest-grown tree took more time than open-grown 

ones. The open-grown and forest-grown tr~Jes of A· ~ha;&lasna 

followed a sim.ilar pattern as that of A· ca.dam.Q.a.. Expansion 

period was minimum for the leaves of ~. sonneratioi~ which 

also showed lessor 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 attainad 

by the laaves produced in July-August with decline on 

either side. Forest-grown trees of A. cadamba and 

A. ~~lasha had larger leaf size compared to open-grown 

trees of the same species (Fi; .• 4b). 

The longevity of the leaves produced during 

different months of the year on the early successional 

species was generally shorter than those produeed on the 

late successional ones. The leaves produced on the main 



Fig. 4 The pattern of change in expansion period 

(a) and final area (b) of leaves emerging 

in different months. Continuous lines, 

open-grown individuals and broken lines, 

forest-grown iRdividuals of early 

successional {open symbols) and late 

successional (closed cymbols) species. 

Open triangle,~. ~onneratioides; open 

circle, ~. cagamba; closed triangle, 

D. ~entagyna; closed circle, A. cha~lasha. 
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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 

D. ~nneratioides, tho longevity was more or less the same 

throughout the year except for the leaves produced in 

March-April where it was shorter. In A. ~amba, the 

maximum longevity was observed for the leaves produced in 

May-July with decline on either side. Tho longevity of 

leaves of the forest-grown A. ,.c.adamba "t-.Jas more and was not 

significantly different in different months. Starting from 

Hay, the late successional species shih'Wed decline in 

longevity of leaves produced in different months with 

minimum for leaves of October-Novembc r. The April-born 

leaves of these species had shorter life-spans (Fig.S). 
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Table l shows the frequency of leaf emergence in 

different months of the growth period for all the four 

open-grown species at three different positions of the tree. 

In a given month the plastochron was least for the main axis 

and increased from top to the base of the canopy in the case 

of early successional species. 3owever, such a clear pattern 

was not observed in late successional species, where the 

plastochron at different canopy positions changed in 

different months4 The plastochron for the two early 

successional species tended to be minimum during July-August. 

In tho 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} ··. ll· ~nnerat.:i.oides, SA; A· cadamba, 
., 

5B (Bo, open-grown and Bf, gorest-grown 

individuals);~. ~entagyna, SC; and 

A. ~baplasha, 5D (Do, open-grown and Df, 

forest-grown individuals). 





Table 1. Plastochron intervals (in days) of different tree species growing in the open. 

-- ·-- ·------- -- -· -- ~ 

Species 
posi- Jan F M A M J J A s 0 N D tion ---- - -main 

6.2 a.s 2.8 3.3 2.3 1.9 2.8 2.2 3.3 3.4 6.0 7.8 axis 

Duabanga upper 8.6 7.8 5.5 4.8 4.5 4,0 3.3 3.7 4.5 5.5 10.7 12.1 
sonneratioides brs. .±1.5 ,:.t1. 4 j:0.6 ±0.3 .±0.6 ±0.2 .±0 .2 ,±0.3 ±0.4 ±0.6 .±3.7 j:2.9 

lower 13.8 8.6 6.7 5.7 7.8 6.5 4.9 5.9 6.2 8.6 11.7 13.8 
brs. .±3.0 .:t;1.4 .±0. 9 .±0. 6 ±0.7 .±0 .9 .±0 .4 .±0.6 .±1.3 .±1.5 .±2.9 .±3.0 

main - - 23.0 16.0 17.0 19.0 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. .;t0.8 .±1.3 ,±1.4 .±0.8 .±0.8 _±0.5 .±0. 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 .±0 

lower - - - - 3.6 4.8 4.6 8.6 30.0 
brs. .±0 .3 .±0.3 ,±0.3 .±1.5 .±0 

main 
axis - - - 3.8 3.9 5.0 6.2 15.5 15.0 15.5 

Artocarpus upper - - - 3.3 9.5 4.8 4.7 20.7 20.0 31.0 
chaplasha brs. .:tO. 4 .±1.5 .±0.4 ±1.9 .±9 .o .±8. 7 .±0 

lower - - - 3.0 8.6 5.1 5.9 13.8 20.0 
brs. .±0.4 .±1.5 .±0.9 .±0.6 .±3.0 ,±8.7 

~ standard error. 
-.J 

·' -J 



compared to the earlier part of the growing season. 

A comparison of average plastochron for A· cagamba 

and A. chaplasha showed that the forest -grov.rn 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 
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Since no sharp line can be drawn between evergreen and · 

deciduous species of the tropics (Eolttum, 1940; Koriba, 

1958), Longman and Jenik (1974) recognised four distinct 

pattern of leafiness on the basis of relative ti!::1ing of 

bud-break and leaf abscission. While the two early 

euccessional species, studied here, belong to continuous 

growth-evergreen type (ll. sonneratioid~) 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 as under the shade. 

-----·-------
Species 

Anthocephalus cadamba 

Artocarpus chaplasha 

_ .. _. -------~---------- ~----

light condition main axis upper branches lower branches 

·------------------------.--.·--~----

open 

shade 

open 

shade 

.± standard error 

,_...._.. ---------------· 

19.00 

30.86 

9.-26 

13.07 

19.44 .± 0.58 

34.06 ..± 1. 79 

13.41 .± 1.48 

19.78 .± 2.13 

18.20 ± 1.40 

45.50 .± 2.06 

9.39 .± 0.85 

27 0 96 + 1.40 

--------------------------------------· 

-.1 
<:.0 



Table 3. Relation between source (leaf) and immediate sink (branch) of 
different species as the r~tio of leaf area or leaf weight per 
unit branch weight • 

.,.. ___ , 
-------------------.. -·-··----H --·-- ----------

Species leaf area/branch weight leaf weight/branch weight 

·---------------------------------· 
----- ........------...--- ... ......,__...,_, ________ ' 

Duabanga sonneratioides 272.08 .± 36.20 2.71 .± 0.38 

~nthocephalus cadamba 242. 93 .± 36. 00 2.30 ..:t 0.31 

Dillenia pentagyna 152.30 .± 23.40 1.30 .± 0.19 

artocarpus chaplasha 118.6 .± 21.60 1. 2 2 ..±' 0 • 08 

-------------------------------------- ·-------------·-------------- --~----- ----
.± standard error 

00 
0 
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Further, the seasonal leaf fall pattern may be related to ths 

relative dryness of the season (Longman and Jenik, 1974) as 

maximum leaf fall in all these species occurred during Harch­

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 leaf size was also 

attained by all ihe species. Similar results were obtained 

by other workers too (Roberts,l920~ Kozlowski and Clausen, 

1960). 

The forest-grown early successional species had a 

lesser turnover of leaves compared to the open-grown ones 

indicating thuir shade intolerance (NevJhouse and Nadg't1rick, 

1968). The faster growth rate of A. chaplasha compared to 

A· c.adamba under forest conditions, further supports such a 

strategy where late successional specie~ are more shade­

tolerant. 

The shorter life-span or longevity of leaves in 

ealy successional species, is of the adaptive importance 

for these species. It is well known that .as the leaf ages, 

its photosynthetic efficiency decreases (Mooney, 1972; 

Johnson and Tieszen, 1976) which is partly physiological 

and partly related to the colonization of the leaf surface 

by eptphYlls (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. 
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The dynamics of leaf area and production pattern of 

early and late successional species indicate the st~ategy 

that enable them to adapt to their ecological niche in the 

forest community. The early successional species, through 

their extended period of leaf production, are able to produce 

a large photosynthetic area to e~loit effectively the 

temporary conditions of resource availability in disturbed 

sites {Marks and Bormann, 1972). According to Coombe and 

Hadfield (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 production of late successional 

species, on the other hand, may be related to their generally 

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

On the basis of source-sink concept (Watson, 1956), 

Hontenegro et .al, (1979) worked out the ecological strategies 

of few shrub species 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 branches on whic~ they are borne as 

compared to late successional species. This is in agreement 

with the exploitive strategy of early successional snecies 

discussed abOve. 



83 

SUMHARY 

Leaf dynamics of two early successional (Duabanga 

sonneratioiq~ Earn. and Anthocephs~ cadamba Miq.) and two 

late successional (Dillenis pentagyna Roxb. and Artocarp~ 

chaplg&ha 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 ·.arid-.. evergreen or leaf-exchanging 

pattern of leafiness. On the other hand, the late 

successional species had slower lear 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. ~amQa was more adversely 

affected than that of late successional A. chaplasha· It is 

concluded that these differences in th€ leaf dynamics of 

early and late successional species are related to the 

successional niches they occupy in the forest community. 



************************* 

C H A P T E R - III 

************************* 

THE NATURE ANDECOLOGICAL SIGNIFICANCE OF 

h~TEROPHYLLY IN ARTOCARPUS CEAPLASHA ROXB. 
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INTRODUCTION 

Broad leaves are found in a number 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, 1916; Brown, 1919; Ryder, 

1954; Catn, JZ.t, .fL1·~· ~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 (neslop-Harrison, 1964) and/or other factors 

of the physical environment during their ontogeny (Piersall 

and Eanby, 1926; Milithorpe, 1959; Milthorpe and Newton,l963; 

and Givnish and Vermeij, 1976). :Iowever, many plant species 

may have the intrinsic ability to produce different sizes 

and shapes of leaves in different micro-en~ironments 

(Parkhurst and Loucks, 1972). ~~Qcarpus.~aplasha Roxb., 

a sub-tropical, emergent deciduous tree species, 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. 

MET:~ODS OF STUDY 

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

north•eastern India, at Lailad. Saplings of~. ~aplasha 



growing in the open (80 - 90 thousand lux) and under 

different degrees of shade (800 - 30 7000 lux) in the forest 

were selected. Saplings of different age groups (1-8 yr) 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 

old trees (5 replicates), harvested at the end of the growing 

season in November, 1980, were categorized into different 

branch orders and analysed for their length and number of 

lob~d and/or unlobed leaves on them. After categorizing the 

leave into 4 different classes on the basis of size and 

shape, the length and maximum breadth of the leaves as well 
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as the number of lobes on them, if any, were noted. The leaf 

area was measured by planimeter. Leaf measurements are based 

on 100 observations at different sites. Correlation factors 

between length X breadth and leaf area was developed for each 

shape under each light regime and this was used to compute the 

leaf area of other leaves. 

The depth and frequency of lobing of leaves was 

determined following Horn's (1971) procedure (Fig. 1A). The 

area of the large circle d ra,·m, was equal to the area of the 

leaf while the smaller one ~as 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 t'lf.ro circle 

(large/small). Plant age, branch age, branch order, branch 

length and light intensity were related to different leaf 

characteristias. 



Fig. lA 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 ware used as a measure of 

frequency and deepness of lobing. a and b 

show the comparison of two shapes of leaves. 

lB Diagramatic sketch of growth of A. chaplasha 

upto 4 years of age. a, production of small 

dentate leaves during the 1st year of growth 

after germination; b, growth during 2nd year 

showing phase change and production of lobed 

leaves; and c, 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 par~ of the shoot shows the 

extension growth during 3rd year. 
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General characteristics-of growth and leaf production 

The archit8cture in A· Qbaplasha conforms to Raub's 

model (:Ialle \i.t aJ., 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 grovrth cessation in 

November, and lobed leaves with entire margi~ during the 

second growing season (Ma~ch-Novomber) after a period of 

rest during winter (November-February). The phase change 

from small unlobed to large lobed leaves (F~g. lB) occurred 

earlier under shade. The production of lobed leaves continues 

on the main axis until the damage of the original main shoot 

tip; otherwos e the substitution grolvth by subterminal bud 

produces one to few unlobed 10aves during its initial phase 

of extension. Th0 trunk remains unbranched (monoaxial) until 

the 3rd or 3th growing season. During proleptic development 
·' 

of a I order 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 proportion of unlobed leaves to the lobed 

ones increases gradually with age of the tree resulting in 

the exclusive production of w1lobed leaves in old emergent 

trees. Younger trees may have all the three types of shoots: 

( i) heterophyllous, bearing both lobed 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 conaifiions of light. 

The main axis did not produce any unlobed leaf'' under any 

light condition. However, the length, breadth and area of 

leaves and the frequencY and depth of lobing were higher in 

shade compared to that in the open. Similar differences were 

observed for the leaves on the I, II 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 

in shade-grown trees, all these leaf characteristics tended to 

decline with increase in branching order. Short shoots 

( < 15 em) of I order branches 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 those on the 

II and III order branches and lesser than those on the fully 

developed I order branches. 

Table 2 presentg the correlation coefficients of 

various leaf characteristics related to plant age, branch 

characters and light intensity for trees upto 8 years of age. 

All the leaf characteristics were negatively correlated with 

plant age, branch age, branch order or light intensity. 

However, branch length alone was found to be positively 

correlated with leaf characteristics. All correlations wore 

significant (P 0.05) except that between branch length and 

depth of lobing. 



Table 1. Leaf characteristics in 7 year -Old trees of Ji • .cha,plasha grov.ring under two 
different light intensities (open, 80,000- 90,000 lux and shade, POO- 2000 lux). 
Values given in parenthesis are for shade-~row.n trees and upper values are for 
op en-grov.7n trees. (Values = He an .:!: St. e r.) 

Parameters 

- ·--~----··----·----
Ordinal numbers of shoots bearing leaves ____________ _:; _____ ----____ .. _ ... _____ , 

0 order 
( leader ) 

I II III I order 
order order order (Short shoots) -- ·--· --·- ---·-- ------·-----

Ratio of number of 
lobed to unlobed 
leaves 

Lobing frequency 
(lobe/leaf) 

Leaf length 
(em) 

Leaf breadth 
(em) 

Leaf area 
( cm2) 

R~tio of diameter 
of large to small 
c'ircle 

all lobed 
(all lobed) 

3.6+0.6 
(6.5.±0.3) 

35.7.±1.9 
(47.1.±1.7) 

24.?.±1.5 
( 41. 0.±2 .4) 

491.1.±37.9 
(705.3+26.1) -

1.40 
(3.23) 

4.87 
(8.90) 

2.6+0.3 
(3.4+0.3 

22 .4.±0. 7 
(31.1.±1.1 

14.5+0,6 
(20.6.±0.6) 

1.46 
( 3. 31) 

1,6+0.4 
(2.2+0.2) 

10.9.±1.1 
(15.4.±2.2) 

6. 0+0,6 -( 10 ,'1.±1. 3 ) 

218.6+13.0 52.9.±8.7 
(464 + 34.1) (145.1+37.4) - -

1.34 
( 1.43) 

1.27 
(1.39) 

1.40 
(2.38) 

0.9+0.3 
(1.2+0.3) 

8.8.±1.2 
'(14.3+2.1) 

5.8..±0.9 
(7.5,±1.2) 

37.2+8.8 
(92.5,±22.4) 

1.25 
(1.28) 

all unlobed 
(all unlobed) 

0 
(0) 

13.?z1.o 
(20.4.±1.5) 

8.5.±0.4 
(14.1.±1.7) 

88.2±9.4 
(253.8+36.4) 

1.22 
(1.23) 

---------------------------------------------------------------------------------------------------------------
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00 



Table 2. Correlation coeffiqients of different parameters of leaf characteristics 
with different factors affecting leaf shape and size in A· ~~~na. 

--- ---
Factors Ratio of no.or Lobing · Area/ Ratio of diam. of Degrees 

l lobed to frequency leaf large to small circle of 
Parameters unlobed leaves (lobe/leaf) (depth of lobing) freedom 
-------' 

Plant agea - 0.784** - 0.961* - 0.761** - 0.894* 5 

Branch 'age - 0.758** - 0.766** - 0.792** - 0.901* 5 

Branch order - 0.929* - 0.982* - 0.966* - 0.880** 4 

Branch lengthb 0.708** 0.898* 0.756** o .395ns 6 

Light intensity - 0.890** - 0.918* - 0.834** - 0.886** 4 .... 

a. After phase change from small dentite to lobed leaves i.e. from second year 
of growth. 

b. Only monop~dial branches were considered. 

* = 1% and ** = 5% level of significance and ns = not significant. 

00 
CD 
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DISCUSSION 

The distribution of entire and non-entire (lobed and unlobed') 

leaves in relation t"o climatic factors within an individual 

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 two categories, a s the 

herbaceous plant, due to its short stature and life-span, is 

less subjected to changes in prevailing environmental 

conditions. 

A• Qha~lasha, 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 regimes. 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 Eorn (1971) in ~etula and Q~~ 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, increasing 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 lig~t 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 ~tages of succession in the forest, rendering the 

species capable of growing fairly well under shade as well as 

in the open. Further, the production of lobed leaves in 

younger saplings, irrespective of the light regime in which 

they grow, indicates that this species, in the evolutionary 

process, was adapted for a late successional status in the 

forest. 

Though light seems to play an important role in 

controlling the proportion of lobed to unlobec leaves, the 

interaction of other factors like branch length or vigour, 

branch age and branch order also affect the proportion, as 

evident from the correlation coefficients. Thus, the lower 

order of branches which are more vigorous, have a higher 

pr~portion of lobed leaves. On the other hand, short shoots, 

despite their rank as first order branches, hardly produced 

any iobed leaf. 

The ontogenetic development of leaves in A.~aplasha, 

therefore, seems to be governed by changing light regime. and 

also by branch order, age and ~igour which are related to the 

diversification of nutrient channels. The importance of 

nutrient pool in determination of lobing was observed in 

epicormic branches and reiterating units, which produced 

several lobed leaves before the production of unlobed ones, 

irrespective of the age of parent tree and prevailing light 



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. 

SUffi4ARY 
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The qualitative and quantitative changes in leaf shape from 

seedli~g to emergent tree stage in Artocatpus chaplasha Roxb. 

were studied. The number of lobes and de~pness of lobing in 

leaves werefound to be closely related with light intensity, 

branch order, branch length and tree age. The plasticity in 

leaf shape characteristics and the ability of the species to 

grow under open as well as under different degree of shade, 

suggest its success as a mid-succes~onal species. 
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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,l966). 

The success of an organism in an environment can be predicted 

by looking at its relative apportionment of biomass or energy 

(~~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 to i.analyse the growth strategies of temperate forest 

trees in relation to their energy fixation capacity (3orn, 

1971; l"viarks, 1975). Such an approach towards the kno"rledge of 

pri 1ary 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 present study involves the biomass allocation 

pattern and productivity in relation to gr~th strategies 

of Duaban,u Jionneratioide_s 3am., Anthoce;pll.a~ ~adam'Q.a Hiq., 

~llenia pentagyna Roxb. and Artacarpus chaplasha Roxb. 

which come at different stages of secondary succession after 

slash and burn agriculture in the sub-t~pical humid forests 

of north-eastern India (R~makrishnan & Toky, 19?8). The 

former two are early successional shade-intolerant species, 



while ll. penta~xoa and A. chaplasna are late successional 

shade-tolerant species. 

MSTEO~S OF STU~Y 

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 period 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 
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biomass and leaf area index ( LAI) were made in October \11hen 

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 leaf), 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 length and breadth using correlation 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 80~2oc 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 em, 

10.1-20 em, 20.1-30 em, 30.1-40 em and below 4~ em. 

RESULTS 
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Fig. 1 shows the changes in leaf area index (la), clean bole 

length (lb), crow~ depth (lc) and maximum crown width (ld) 

with increase in tree age of the different species. Clearcut 

differences were noted in the pattern of change in leaf area 

index (LA!) between early and late successional species. 

Early successionals, in. general, showed lower LAI values 

compared to the late successional species. F~ tho 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 foll~ed by an increase 

subsequently. On the other hand, the values for early 

successional species imp~o~ed gradually (~. sonneratioides) 

or more sharply (A. cadamba), reaching a maximum in 4-5 years 

of age followed by gradual or sharp decline. 

Clean bole length of early successional species wa~ 

higher as compared to the late successional species and this 

became more pronounced with age. The increase in clean bolo 

length due to age was sharper in the case or early 

successional species compared to the other two. The crown 

depth also was greater for uarly successional species 

compared to late successional ones and this became more 



Fig. 1 Changes in LAI (~),clean bole lenrth ., . 

(b), crown depth (c) and maximum crown 

width (d) of early successional (open 

symbols) and late successional (closed 

symbols} species with tree age. 

Open triangle, ~. ~~~tiQides; open 

circle, ~. cadamba; closed triangle, 

~. ~enta~na; and closed circle, 

D. cpap le sha,. 



Leaf arta index ( LAl) 
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pronounced with age due to sharper increase in crown depth 

of early successional species. For the age stands studied, 

the maximum crown width also followed a similar pattern as 

cro1.·rn depth except that the difference between early and late 

successional species was more pronounced. The rate ·tf increase 

of both the.crown depth and maximum crown width slowed down 

after 5 years,·particularly in the early successional species. 

The allocation pattern of biomass in four differerrv 

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 species 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 ~roportion allocated to the root tended to decline with 

age. Allocation to the branch compartment was generally mo1 .. e 

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 gro-v1tl1 of the tree of 

late successional species. The proportional alloc~tion to tho 

bole compartment was also found to be higher in the cass of 

early successional species compared to the late successionaJs ~ 

AS a corolJa""ry to this, allocation to the shoot by the e<yr-ly 
....... 

successional species was more than that for the late 



Fig. 2 Allocation pattern of total biomass in four 

different compartments, viz., root, stem (bola}, 

branch and leaf of early (A,B) and lata (C,D) 

successional species of different age groups. 

A, D. sonneratioide.s; B, A. cg.damba; 

C, ll· ~entagYna; and D , . .11. chapla~. 
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successional ones. Allocation to the leaf compartment declined 

with age in all the species with a corresponding increase to 

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 the 

upper 20 em of soil profile so much so that in a 7 year old 

tree of ~. sopperatioides and A. ~gamba, 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. penta~m,a and 49% for ,a. Q]:laL>lasha. 

In the case of early successional species, root biomass in 

the 0-10 em depth declined but that in 10-20 em depth 

increased with age. While this variation due to age was not 

so pronounced in these surface layers of the soil, the 

prop,ibrtion of the roots below 20 em 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 em depth. 

T~e shoot/root ratio for the early successionals, 

~. sonn~ratioi~ and A· cadamba was markedly higher in all 

age categories compared to the late successionals. 
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Fig. 3 Allocation pattern of total root biomass 

along the soil profiles in early (A,B) and ~ 

late (C,D) successional species. 

A, ~. sonne~atioides; B, A. cadamba; 

C, 12· Pentagyna; and D, l,. ~ha;pl~ 
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~. sonneratioides 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 ~. cadamba. Both 

the late successional species showed a grad~al increase in 

this ratio with the age of the tree (Table 1). 
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The root production of early successional species 

was significantly higher (P < 0.01) than that of the late 

successional species only upto an q.ge 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 increase initially, 

follo\-Jed by a slowing down in older trees (Fig. 4a). 

Shoot production however, "'>Jas 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 exp·onential with age v7hile 

that for early successionals tended to slow down )eyond 4 

years (Fig. 4b). 

DISCUSSION 

The early and late successional species studied here, ~how 

a number of significant differences with respect to 

allocation pattern .. One of the important differences 



Fig. 4 Pattern of ch~e in ~low ground (A)'and 

above ground (B) productivity of early 

successional (~pen symbols) and late 

successional (closed symbols) species with 

increase in tr~e age. 

Open triangl~, ];2 • .ru;wner0tioides; open 

circle, A· cad~mba; closed triangle, 

~. pentagyn~; qnd closed circle, 

~· chapl~ShCJ.. 
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Table 1. Changes in shoot/root ratio of early and 
late successional species with increase in 
tree age. 

Early successional Late successional 
Age 

Duabanga Anthoeephalus Dillenia Artocarpus (yr) 
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 

~ 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 s.oo 
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rec~gnized, 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 system in order to put 

up the canopy es high as possible for exploiting the high 

light energy environment in early successional communities. 

Secondly, such a root system with most of the root biomass 

allocated within upper 20 em 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 availability 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 is partly 

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

matter on the rest of the plant except leaf should be no more 
J 

than is required to support the leaves in an efficient 
e 

arrangement and supply sufficient nutrient and water' (Waring, 
A. 

1975). On the other hand, the allocation pattern in roots of 

late successional species determine comparatively uniform 

distribution of biomass throughout the vertical length of 

root system from the soil surface. The high allocation to 

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 ~P the canopy as high as possible. This is further 

strengthened 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 light intensity. 

It is worthnoting here that our earlier studies suggest 

markedly greater extension growth for early successional 

species compared to the. late successional ones. 

Crown width and depth characteristics of a species 

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 gr~~th of plagiotropically 

placed branches unlike the slow extension growth of 

orthotropically placed branches of these late successional 

species (Halle ~ .a.J., 1978). Greater crown width and depth 

in the case of early successional species again ccould 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 :-lorn ( 1971) for early /late successional 

species. Though L.AI 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 higher than that 

of late successional species and this was more pronounced 

for the shoot production. This is related to the more 

favourable but ~~E&naient 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 



light intensities bet'Ween 54-100% of the full sunlight. It 

is also interesting to note tho 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 
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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 working in a tropical forest in Zaire, that 

the high gro'Wth 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 fr,:.:>m 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 em of the soil profile 

while the late successionals 'With deeper roots had higher 

proportion of root biomass below the 20 em depth. Root 

p reduction of the early successional species was significantly 

higher over the late successional species only upto 5 years 



of age after which the differences were less marked. 

Ho\<7ever, the higher production of the shoot system was 

consistently maintained by the early successional species. 

104 



••••*********************** 
* * 
* * * §.~.QIIQ.li-~ * 
* * 
* * 
*************************** 

ADAPTATION OF TRE~ IN TE~ FOREST COMMUNITY 



*********************** 

CHAPTER-V 
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PHENOLOGY OF TREES IN THE FOREST COMHUNITY 



INTRODUCTION 

A number of studies on phenology of different vegetation 

types from different climatic zones are available such as 
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f'or tundra (Sorensen, 1941; Hooney and Billing, 1961), Rocky 

Hountains (Eolwa:V", 1965) and Rock Valley in the northern 

mojave desert (Shreve, 1942; Beatley, 1967) in North America. 

L~eth has discussed the concepts and significance of pheno­

logical studies in the understanding of ecosystem function 

( Li:Jeth, 1970; Lieth 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 ~xcept for 

a few studies like that of Bealer (1966}, Janzen (1967), 

3olttum (1968), Croat (1969), Nevling (1971), and Daubenmire 

(1972). The studies of Frankie~ al (1974) constitute one 

of the fev,l detailed analysis of phenological patterns in 

tropical forests. Recently, Borchert (1980) has discussed 

the phenology of a tropical tree, Srytbrin~ poeppiSiana• 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 available on sub-tropical humid forests of the north­

eastern India characterised by high species diversity. 
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TE~ VEGETATION 

In the forest, the overstorey was chiefly composed of ,Schima 

~allichii, ~~tanQUsis ind1~, Shorea rgbusta, Ietrame~ 

nudiflora, lll.a~SU:l2.Y~ spp., Hiliusa rgxburghiana, 

A,rtocarpu~ chapla~, i!ite,x p,eduncular,U, Me sua ferrea, 

4IDOO~ wallich!i and aarcinia spp. The more frequent under­

storey trees were Croton oblongifglius, Oroxvlum indicum, 

..Q.Qniothalau.w.a Simons ii and Up.ona longifoli.a. ~.t,Qll caudatu§, 

Lit~ lancifolia and Randia wallichii were the dominant 

shrubs. The most important herbaceous species were Panicum 

,kho.siam, Cyperus ~Wl.§., Fimbristvl!s dichgtoma,:;edychium 

graci~e and Passif~ nepalensis with the forest opening 

being dominated by ~:t.orinm gdgratum, Lantana camara and 

~ikenia macatantha. 

MET:IO!)S OF STU!)Y 

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 fruiting ·activity were made for 122 tree specie:;; which 

represented over 60% of the total tree species of the area. 

A 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 supp.ressed 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 grou~s: 
' 

(i} 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 a~ previous type but had a major leaf-fall and 

flushing period in a year and (iii) deciduous type whtc~ 
' . . . 

became completely naked for at least a brief period of time 

and showed peak leaf-fall and flushing at certain times of 

the year. 

The general phenological features are summarizeq in 

the text and individual species characteristics are preQented 

in tJ..le A'ppendix 1 and 2. 

RESULTS 

Leafing activity 

The humid forest at Lailad maintainec 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 subsequent months in March to 

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



Table 1. Types of leafing activity of tree species. .. 
-------- ------------------ --------·-------·----------------·-----------~--"-----------------~-------· 

Number of species 
Group Activity Overstoroy Uncerstorey 

I ________ ____._ __________________________ , 

------~---·----&~------ -------·--------~----

Eve rg reen-ev erg rowing 

Evergreen-periodic 

Deciduous 

Total 

Continuous leafing 

:::a scontinuous 
production of 
leaves 

Marked leaf fall 
and flushing 

3 

28 

45 

---------------------------- ----------------------------------· 
76 

1 

36 

9 

·--------·-------------------
46 

------ ...--.....--. -----··-----------------·-----

~ 

0 
'00 



4.3 t/ha is reported to accumulate in the drier period of 

February-March. In other months leaf-drop was comparatively 

low {Singh, 1980). 

Leaf-fall: 

lOS 

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 j;oona, ~ou,ria apida . : Elaeocarpu,s , 
spp. and ~U .§.§_rrulatu.m amongst the understorey. dropped 

their leaves considerably during August-September. An under-

storey species, .A,escuJua assami-c.a. 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 occur~in April whereas 

this was delayed by a month for the understorey species. 

~OWbVer, the time for bud burst or first flushing extended 

from February-JWl.e for all the tree species observed except 

in tho case of an understorey species, A. assamica which 

flushed during December and a few overgrowing species like 

Calic~~ arborea, Saprosma ternatum and Duabanga 

~onneratiQl~ which produced some leaves throughout the 

year. 



Fig. 1 Phenological periodicity of overs~orey 

(continuous line) and understorey (broken 

line) tree species; 

a, leaf fall; b, flushing; c, flower bud; 

d, flowering; e, fruit initiation and 

development; and f, fruit ripening and fall. 
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The observation on cassation of growth in a few 

selected over- and understorey species showed that leaf 

production in many of the overstorey species was over by 

September-October but the understorey species stopped leaf 

production by August-S8ptember. Thus there was a time lag of 

nearly a month between the growth cessation of over• and 

understoray species (Table 2). 

Flowering activity 

All the 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 stage and blooming stage. Few species flower­

ed for several months of tho year covering more than one 

season (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 tho 

overstorey and understorey species, irrespective of the fact 

whether they became completely naked or not. The flower bud 

initiation of the overstorey species started more vigorously 

in January-February itself though it peaked in March for both 

under- and overstorey species with a sharp dacline in April­

May. In subsequent months &ud initiation was maintained at a 



Table 2. Cessation of growth (leaf production)in some 
over- and understorey tree species. 

Tree species 

Overstorey: 

AmoQra wg,ll1ch1i King. 

Anthocepb~ ~adamba Miq. 

Artocarp~s chaplasba Roxb. 

Castapgpsis indic~ a.DC. 

Qnukrass1s !ubu1aris'A. Juss. 

¥me11na srborea L. 

Lagerstrg~m1a parvitlQra. Roxb. 

Mesug, !Jilr;rea L. 

Shorea robu~ Gaert. 

Sterculi~ yillQSa Roxb. 

~tex al1iss1ma L. 

Understorey: 

Actinodaphne an~ustifol1a Nees. 

Baun1nia malba;rica Roxb. 

Laeerstro~ ~los-reginag Retz. 

~oxylum indicum Vent. 

PithecglQbium longan Benth. 

~~ mlliflQ;ra Clarke. 

2!Yrax ~rulatum Roxb. 

Growth cessation 

Oct. I-II 

Oct. II-Nov. II 

Oct. II-Nov. I 

Sept.III-Oct.I 

Oct • I I - Oct • IV 

Sept.III-Oct.II 

Sept. I - I II 

Aug. II - Sept. I 

Aug.III - Sept.II 

Oct. I - II 

Sept.III - Oct. I 

·Aug .III - Sept •. I 

Sept. I - II 

Aug. IV - Sept.II 

Sept. I - II 

Aug. I - II 

Aug. II - Sept. I 

Aug. II ... III 

I II III & IV shows the~ifferent 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). 

Flowe ring: 

]12 

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 it declined sharply 

and was 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 (~). However, a larger number 

of understorey species flowered during the rainy season 

(~) compared to overstorey species (~). Considering all the 

species together it was seen that flowering was more during 

the wet season comparee to the dry season flowering 

<i'H vs .~) as shown in .Table 3. 

Flowering behaviour: 

Most of the species like MQrus laevi&aia, Eu~enia spp. 

and ell~colobium lon~an had a shorter flowering period of 

only about 2-7 weeks while a few species like ~uaban~a 

sonneratioide~, Schima ~lichii 7 Calica~ arborea and 

Aesculus assamica showed extended flowering period of about 

20-27 weeks. ~owcver, the peak flowering in ll. ~~ratioides 

and §~1ma wallichii was pronounced during January-February 

and May-Juno respectively but tho peak of flowering in ~. 

arborea and A· assamica extended for about 8 weeks. While no 



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

----------------------------------------------·----------· . --------~------------

Dry season vlet season 

Overstorey 24 48 

Understorey 9 29 

·----------------------------------------------------------------------·---------· 
Total 23 77· 

:Sxtended 
flowerers 

2 

2 

4 

data 
incomplete 

2 

6 

8 

~ 
~ 
c:,.., 
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significant difference 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 seen 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 toona, CaSearia 

&lomerata and Agt9Qsgphalijl sadamQ& or the individuals that 

flowered in one year,may not flower at all in the next year 

as in Masua tertea, Myristica linitol1a, Mgneiteta indicA and 

~catpus chaplasha, thus showing an alternate pattern for 

flowering. 

Fruiting activity 

The fruiting period may be divided into two parts: (1) 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 develop~ent: 

A number of species of both the stories shed their 

flowers in March when fruit development ~tarted so that peak 

of fruit development oaburred in June. However, developmental 

periorJ for fruits of different species extended from 5 to 20 

weeks. Tho pattern or fruit dove~opment was noarly the same 

in both the over- and understoroy species. During tho rainy 

season maximum number of species from both tho stories had 

growing fruits (Fig. le). 



Fruit ripening and fall: 

The peak for fruit ripenin• and fall occurred in tho 

month of July-August, though quite a few species shed their 

fruits in May-June as well as in September-October. Fruit 

ripening and shedding beyond this period was rare~ (Fig.lf). 

Fruiting behaviour& 

All the species that showed extended flowering 

pattern as well as a few others like Orqxylum indicum and 
. 

Eydnoca:r:pus kurtzi1 bore fruits for more than 20 weeks while 

tho rest of the species had brief fruiting periods of not 
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more than 6-10 weeks. Tho proportion of tree species fruiting 

in dry months (~) was very low in comparistm . to those 

fruiting during wet months (~). During dry periods, fruiting 

in ovorstoroy species was lesser (~) in compari'ecn to under­

storey species (-2) as shown in Table 4. 
43 

In the community, species producing fleshy fruits 

were markedly highor in number than those producing dry 

( 72 46) fruits -~ vs.~ • A majority of tho species produced 

fleshy fruits during wet months wl.}th a proportion of ~ as 

compared to those yielding dry fruits (3l). Tho number of 
96 

species producing fleshy fruits during dry months was lesser 

than those producing dry fruits (~ vs.~) as clear from 

Table 5. 



Tabl8 4. Number of overstorey and und8rstorey tree species 
bearing mature fruits during dry and "'et season. 

----------·-------------~-------------~----------------------------·--------
Dry season Wet season Extended 

fruiters 
Data 
incomplete 

----------------------------------------· --~----------------,----------------------------------------------------------------

Overstorey 9 63 3 1 

Understorey 7 33 3 3 

Total 16 96 6 4 

..... 
~ ... 
en 



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

--· 
Dry season Wet season Extended 

frui tors -- -
D F D F D F 

-
Overstorey 6 3 21 42 2 1 

Understorey 6 1 10 23 1 2 

-------- ----------
Total 12 4 31 65 3 3 

D = Dry fruiy.s 

F = Fleshy fruits 

Data. 
•" 

incomplete 

--
1 

3 

4 

,....,. 
~ ...... 
eeJ 
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DISCUSSION 

It is clear from the phenological observation of the forest 

and climatic characteristics of the study site that tho forest 

community observed,is a semi-decidue.~us seasonal forest with a 

majority of the understorey and several overstorey species 

being evergreen. Correlation of phenological act:i*lty 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 (Holttum, 1931; Beard, 1946; 

Taylor, 1960; Madge, 1965; Hopkins, 1966; and Frankie~~' 

1974). In temperate latitudes, leaves are almost invariably 

dropped as days shorten and it has been demonstrated for 

several species that the change in photoperiod is the 

triggering agent (Olmsted 71951), others have implicated 

dryness more than photcperiod with major peaks <·f leaf-fall 

closely related with major peaks of dryness (Daubenmire,l972} 

as was also 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 StercuJia 

yillosa and Tatrameles nudifl.o~ shedding their leaves as 

early as January but in any case befc;re mid-February. 

:lowever, the canopy and subcanc.py spGcies like Gar~inia cnwa, 

W.liusa roxburghiana and Illex exelsa did n'ot have peak leaf-
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fall until March. This may be rGlated to the relatively xeric 

environment to which these species are exposed due to direct 

insolation ur otherwise. Maximum leaf-fall occurring during 

the dry summer, not only helps in conservation of soil 

moisture but alsc ensures faster decomposition of the bulk 

of leaf litter during the following monsoon season when 

temperature and humidity conditions are more favourable 

(Singh, 1980). 

Flushing and leaf production started towards the 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~ al, 1974). Walter (1964} attributes the pre­

rain flushing t0 the triggering effect of rising temperature 

which may be applicable tu the present study but such a 

correlation was not observed by Daubenmire (1972) in a 

tropical forest in Costa Rica. Day length increase, as it 

occurs in the present case during March-April, may also 

contribute to induce· flushing as suggested by ~.loku ( 1964) 

and Lawton and Akpan (1968). 

The induction of apical bud dormancy or cassation 

of growth is more often attributed to prevailing temperature 

regime. Cooler night temperature tended to induce bud 

dormancy in Gmtl~ a~o~1 (Longman, 1969). He showed that 

plants with nights of 26°C stopped their grcwth but none 
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at 31° or 36°C. In the present study the delay in growth 

cessation of overst0rey species may be attributed to the 

longer duration of higher temperature regimes at this level 

due to direct insolation compared to that at the can0py level 

of the understorey species. In experimental studies, however, 

temperatura and day length are shown to 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 

moisture related factors, a change in ph0toperiod has also 

been assumed to trigger flowering (Njoku, 1963; Lawton and 

Akpan, 1968). Daubenmire (1972) suggests that in tropical 

deciduous forests,pollination is almost entirely by animals 

(mainly bees) whereas in temperate deciduous forests wind is 

the usual agent and more active during the dry season 

(Whitehead, 1969). The peak flowering coinciding with relative 

leaflessness of tm canopy may also facilitate insect 

pollination by enhancing the visibility and ready access to 

the flower (Janzen, 1967). The timing seems to be for 

: 
1-T.-itmizing leaf interference for insects or even wind 

pollination. This alteration between flowering and leafing 

activity may be related to internal competition among plant 

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

Peak fruiting in the community occurred during the 

I 
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wet s~ason, most or them producing fleshy fruits with large 

or small seeds. The development of fleshy fruits is made 

possible by better moisture conditions prevailing during the 

w~t season 9 These a.ro mc-·stly animal-dispersec often. passing 

through their digestive tract. The need for high mQ:t.pturo 

level for proper development :·f fleshy fruits was shown by 

Zahner (1968). He showed experimentally that the shortage of 

soil moisture reduced the rate of enlargement and the final 

size of th~ fleshy fruits. Mrst of the dry season fruiters 

including some extended fruiters like Duabani:a sanneratioides 

~nd Schima.~allichii produce small wing~d se•ds liable to be 

disseminated by wind during the dry pericd. Most of the 

species, producing fleshy fruits during wet s~ason had larger 

fruits and seeds Uhose germination and early survival is 

possible only under better moisture conditions. 

SUMMARY 

Phenological observations on 122 tree species in a sub­

tropical humid forest in north-eastern India 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 o·f the dry season 

after different degree and period of leaflessness. Leaf 

production in the overstorey species extended over a 
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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 in which case the 

fruits were mostly of fleshy types. Fruits produced during 

the dry season were mostly of dry types. The significance of 

these results are discussed. 
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************************ 

C E A P T E R - VI 

************************ 

ON TEE RELATION aMONG GROWTE STRATEGIES, 

ALLOCATION PATTERN, PRODUCTIVITY AND 
SUCCESSIONAL STATUS OF TRESS IN 

THE FOREST CO~~IDNITY 



INTRO:::lUCTION 

Species in a community differ in their growth characteristi<:s 

and biomass production rate and therefore, it is necessary 

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 

studies on the productivity of temperate forest ecosystems 

(L~eth and 1-?hiltaker, 1975) as well as that on tropical and 

sub-tropical forest to a certain extent (Farnworth and 

Golley, 1974) have been carried out at some depth, only few 

attempts have been made to understand differences existing 

between species at different successional status (Jordan, 

1971; Farnworth and Golley, 1974). The aspect 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 (Harks, 1974, 1975; 

Ramakrishnan .iil.:t. .s~., unpublished). Such an approach of the 

partitioning of assimilates between root and different 

compartments of the shoot is of fundamental importance 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). 
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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~ developed after slash and 

burn agriculture (Jhum) in north-eastern India (Ramakrishnan 

and Toky, 1978). 

HETEODS OF STUDY 

The forest at Lailad has a·disturbed peripheral region and 

an undisturbed central core (Singh, 1980). Six early 

successional light demanding tree species 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 their 

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 ~reduction 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. ~!owever, all the 22 tree species were 

considered for the estimation of average below ground and 

above ground productivity. Biomass estimation was done in 

October-Novemb~r when vegetative growth was tt its maximum 



with maximum number of leaves on the individuals. 

Individuals were excavated and after obtaining fresh "'eight 

of the different components viz. root, stem, branch and 

leaf in the field, the samples were dried at 80z2°C to a 

constant weight. 

RSSULTS 

The genGral growth characteristics of 22 tree species of 

4-6 years ago 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 Sapros~ tcrnatum 

which showed continuous growth throughout tho 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 Sept6mber-October. 

The ro9t characteristics markedly differed with the 

successional status of the trees. Sarly successional 

species had superficial spread of roots occurring mostly 

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

less distinct. The mid-successional species had distinct tap 

root but with considerable lateral spread while the late 

successional species showed a strong and d~ep tap·root 

system with little lateral spread. 
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While tree height, in general, tended to be 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 and 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 

Chi~t~§§~ ~~is to over two months as in actinodaphn§~ 

angustifolia. The number of flushing per year varied from 

one as in Cinnamomym sp. and DysQxylum procerum to three­

four as in Amoora wallichii, Castanopsis in~a and 

Qhikrassia 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 species. 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 successional species like 

CinnamOmYm sp., ~iQthalamus §imonsii, Garcinia anomala and 

U. ferrea bore leaves for more than one year. 



Table 1. 

Species 

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

- ini-
tial growth 
age period 
(yr) 

root 
shape 

-in£:-annual :Gil-. annual growth---···total-range of 
tial exten- tial radial type/ leaves/ leaves leaf 
ht. sion diam growth no.of flush per longevi-
( em) (em) ( dbh) (em) flushes shoot/ ty 

----------------------------------------· 
_ (em) .r__ (week). 

_--.l _______ L_ 3 .. 1.. 5 _§ __ .1 ~--· 9 lO _ll. .... 12 

Early successionalsa 

Sapium 
baccat·um 

Sterculia 
v illosa 

Zanthoxylum 
Jlhetsa 

Eibi'SCUS 
macrophylla 

Litsea 
sebifera 

Vitex 
oltissima 

4 

5 

5 

5 

4 

5 

Mid-successionals: 

Amoora 
wallichii 

4 

all the super­
year ficial 

spread 

469.0 116.0 3.20 1.40 conti­
nuous 
type 

Apr-Oct thick 278.0 72.0 3.40 0.74 " " 
pulpy 

Mar-Oct spread- 394.0 83.5 3.20 · 0.54 
ing, 

II n 

branched 

Har-Oct " " 703.0 102.5 4.60 

Mar-Oct II II 217.5 78.0 3.64 

Hay-~ug " " 303.0 74.5 3.80 

May-Oct tap root 350.6 80.5 2.90 
with 
many 
laterals 

1.14 " " 

0.42 " " 

0.82 It " 

1.10 flushing 4-5 
type, 3 
flushes 

184 

24 

58 

34 

35 

36 

14 

16-22 

20-24 

24-38 

22-30 

42-48 

32-46 

-11-50 

~ 
~,:} 
-J. 



Table 2 (contd.) 
........__ ---- ------- ' -- -----_ __.J._ _2 _a__ __ _L ____ §..... ____ §_ ___ _:z ___ a_ 9__ 10 _ ___lJ..__ _ _.l,..2 __ 

Dysoxylum 
p rocerum 

Chikrassia 
tubular is 

Castanop sis 
indica 

Englehardtia 
spicata 

Elaeocarpus 
robustus 

Myristica 
linifolia 

Actinodaphnae 
angustifolia 

5 

4 

4 

6 

4 

5 

4 

Cinnamomum sp. 6 

~pr-Oct tap root 365.5 65.5 2.40 
with 
many 
laterals 

May-Oct " " 351.0 87.0 2.50 

Apr-Oct " " 301.0 82.0 2.65 

Jun-Sep " " 285.0 ·13.5 3.54 

Jun-Oct " " 265.6 57.0 2.25 

Apr-Aug n n 280.0 73.0 2.80 

Jun-Oct " " 328.0 94.5 2.65 

JUb-Sep " It 356.0 58.0 3.48 

0.34 1 12 

0.64 4 11-13 

0.42 3 10-13 

0.36 1 8 

0.45 1 16 

0.78 1 14 

0.85 2 7-10 

0.34 1 16 

12 

48 

36 

8 

16 

14 

17 

16 

44-50 

3'1-46 

·10-50 

28-48 

40-52 

44-53 

-19-60 

50-64 

~ 

~" 00 



Taple 1 ( contd.) 

I:_ 2 _3 -~ :-_ _§ ___ :§_ _ __2 __ 8_..· -=--9 
Late successionals: 

Saprosma 5 all the tap root 32~.0 50.9 2.50 0.38 conti-
te rna tum year with few nuoua 

laterals type 

Michelia 5 ·Hay-Oct II It 193.0 43.8 1.62 0.32 II II 

punduana 

Goniotha1amus 5 May-Sep " " 255.5 46.2 3.24 0.43 II II 

Simonsii 

Garcinia 6 Feb-Nov. It II 380.0 52.0 4.45 0.80 II II 

anomala 

Hili usa 6 Hay-Sep It II 215.0 28.5 1.58 0.30 II II 

roxburghiana 

Travesea 4 May-Sep " " 208.5 32.5 1.48 0.28 " " palmata 

l16sua 5 Jun-Sep " " 148.0 28.0 1.20 0.,24 1 flush ferrea 

-

_lO 11_ 

- 18 
pairs 

- 14 

- 8 

- 30 

- 25 

- 7 

10 10 
pairs pairs 

12 

50-62 

42-50 

5'±-68 

50-58 

42-48 

46-50 

48-56 

~ 

~., 

w 



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 tho 

12 tree species (Fig. 1). Tho proportional alloca~ion to 

roots of early successional species (Sapium baccatum, 

~ibiscus macrophYlla, Sterculia ~~ and ZanthoxYlum 

.Rlletsa) was lower in comparison to that in mid- and late 

successional species. Further up to 5 years of age, 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 tho mid­

successional (DYsoxxlum ~roceru~, MYrist1ca linifolia, 

Actinodaphpae angustifolia) and all the late successional 

species. {However, tho roots of .Q,. villosa were thicker and 

pulpy at the initial stages of grol'Jth and shovred greater 

allocation as compared to other early successional species). 

In general, allocation to the bole (main axis) decreased 

from early to late successional species. The early 

successional species remained branchless upto 5 years. except 

for SaRium baccatum in which the modular growth resulted in 

many branches after 3 years of growth. All the late 

successionals and M· ljnifolia, a mid-successional species, 

showed considerable allocation to branches after 3 years . 

of growth. (Trayesea palmata, a late successional species 

remained branchless upto 5 years). The allocation to leaves 

in the early successional species generally-decreased with 



Fig. 1 Biomass allocation_ pattern (%) of 12 

different tree species arranged roughly in 

three groups. The first column is of early 

successional, second column mid-success-ional 

and the third column (except ,A.apgustifolia,, 

a mid-successional species) represents the 

late successional s-pecies. 
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age but this decrease was slower in the case of late 

successional spocies. 

The average below ground and above ground 

productivity was nearly similar for early and mid­

successional species but higher than that for the late 

successional onus. Eowever, the below ground productivity as 

compared to above ground productivity was proportionately 

higher for late successional species compared to that of the 

early successional ones. (Table 2). 

DISCUSSION 

Tho diffe~ent tree species from a successional gradient 

which could 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 (:i 0 rn, 1971). This 

annual extension growth of the main axis of early 

successional species 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 one-?. Thus, the former strarts gro1-1th earlior 

and stop much later. It may be noted here that tho time of 

initiation of extension growth for all the species was more 



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

Early successionals: 

Sapium baccatum 

Sterculia v~llosa 

Zanthozylum Rhetsa 

Hibiscus macrophyl1a 

Litsea sebifera 

Vitex oltissima 

Mid~successionals: 

amoora wallichii 

Dysoxylum procarum 

Chikrassia tubularis 

Castanopsis indica 

Englehardtia spicata 

Elaeocarpus robustus 

Myristica linifolia 

Actinodaphnae angustifolia 

Cinnamom.um sp. 

Late successiona1s: 

Saprosma ternatum 

Hichelia punduana 

Goniothalamus Simonsii 

Garcinia anomala 

Hili usa roxburghiana 

Travesea palmata . 
Nesua ferrea 

belowground 
productivity 

82.0 .± 2.31 

74.4 .± 3.16 

71.8 .± 2.08 

77.2 .± 3.24 

~6.4 .± 5.78 

78.5 .± 5.24 

83.1 ..± 4.21 

69.6 .± 5.24 

88.3 .± 8.24 
7 4. 2 .± 3 • 04. 

71.5 .± 3.28 

82.2 .± 9.25 

89.5 .± 8.48 

74.5 .± 6.24 

83.2 .± 8.04 

86.4 .± 3.01 

72.2 .± 5.62 

66.5 ± 5.05 

96.5 .:t 4.62 

62.4 .± 4.45 

38.8 .± 3~68 
56.8 .± 2.04 

.± standard error 

.aboveground 
p roducti vi ty 

518.8 .± 38.46 

430.8 .± 12.46 

398.4.:! 16.48 

539.2 .± 24.56 

392.3 .t 16.45 

304.0 .± 24.68 

284.9 .± 13.24 

265.7 .± 8.26 

447.1 .± 28.26 

398.6 .± 29.08 

308 .o .± 31.45 

324.0 .± 21.60 

464.2 .± 36.84 

402.4 .± 24.20 

308.5 .:t 42.14 

244.4 .± 22.46 

234.2 ..± 16.45 

204.2 .± 30.18 

320 .o .± 24.20 

184.0 .± 16.48 

84.8 ..± 8.54 
138.2 j: 12.04 -



variable than the time of growth cessation unlike that in 

tomperate trees (Kramer, 1943; Kozlowski and 1Afard, 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 m~y 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 crovin 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 

Cliorn, 1971). 

The mid-successional species exhibited 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 tho same site with 

a wide range of vertical stratification (Brown, 1971). This 

pattern of growth, more common in temperate species, is 

regarded as more competitive, allowing successful 

association of numerous woody plants. The mid-successional 

species have th.;; characteristics similar to 'gap-phase 

species' of Watt (1947) which are best considered 

intermediate in successionalstatus and extension growth 



characteristics. These species may also b6 found in climax 

forest but they differ from late ;ccessionals in their 
, 
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inability to maintain advanced regenerat,ion beneath a closed 

canopy. They may maintain themselves in the climax forest by 

colonizing gaps in the canopy (Marks, 1975). ~owever these 

gaps are not so frequent and have been calculated to occur 

in some tropical forests on an average of 100 years 

(3artshorn, 1978). These gaps are caused by the death of 

mature trees or by the fall of major branches. The slower 

but sustained (continuous) growth of the late successional 

species is 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 

spe'cies as compared 'to latu 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 light intensity (Bentley, 1979). The longer tho leaves 

that remain on the plant, the greater are th~ chances of 

colonization of leaf surface by epiphylls which may adversely 

affect ~he primary production of a species by obscuring 

photosynthetic area (Bentley, 1979). 

The early successional species of the community in 

general, were 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 ~anopy as high as possible 

for exploiting the high light environment. The greater 

allocation to tho bole compartment supports thj.s strategy. 

Secondly, the spreading root system mostly in tho upper soil 

profile (20 em} provide enough absorptive system though with 

poor physical support. This type of root distribution may 

exploit the short term increases in nutricnt and vTator 

available in disturb6d sites (lfarks and Bormann, 1972}. On 

tho other extreme, the late successional species have higher 

allocation to thcir 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 intermediate, with a tap 

root system but with considerable lateral spread to exploit 

disturbed ~ites as well as to occur in more developed 

communities. 

The productivity pattern could be 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 



averagu shoot productivity was markedly higher for early 

successional species and least for late successional ones, 

the mid-successional species behaving in an intermediate 

manner. 

SUMMARY 

The present study deals with the growth characteristics, 

biomass allocation pattern and average productivity of 22 

tree species occupying different ecological niches in a 50 

year old sub-tropical humid forest in north-eastern India. 

The early successional species were shown to have greater 

shoot production as compared to late successional ones and 

these were related to their growth p~ttern. The biomass 
• 

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. ~e 

mid-successional species were intermediate in all the respect 

between the two extremes. These differenc~s between the three 

categories of tree species are discussed in relation to the 

ecological niche they occupy in the· community. 
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INTRO:::>UCTION 

Germination and seedling establishment are two very critic~ 

phases in life-history of a species (Ramakrishnan, 1972; 

Gomez-Pompa and Vazquez-Yanes, 1974; :::arper 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, soil compaction 

and depth of burial are much discussed (3arper ~ ~' 1965; 

Eett and Loucks, 19?1; Sheldon, 1974; Noble and ~rhalley, 

1978). 

Not much is known about the ecology of germination 

and establishment of tree seedling under natural conditions 

(Kinnaird, 19'!.4). Our 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 topography, light and depth of burial in the 

soil. 

METH~DS OF STUDY 

The germination and establishment studies were carried out 

in a sub-tropical forest ~ommunity 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. ~xcept 

for Mesy.s. ferrea and·r~.moora wallichii, the seed coat contri­

buted little to the seed weight and therefore, 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°angle) were selected in the 

open as well as under a forest·canopy. At each of the ~our 

sites, 36 quadrats of 1 m2 were marked after clearing the 

litter and herb layer on the soil surface. Each quadrat was 

divided into two-halves for germination test at two different 

depths. Seeds were sown at depth of 2 and 5 em 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 observations 

of seed germination and establishment. All treatments were 

replicated 3 times. 

In the second experiment, 100 one-month old seedlings 

of ~anga :;aonneratigj.QJu, :::am., a shade-intolerant early 

successional species and AGgcarpu~ r;chapl~sha Ro.Xb., a 

shade-tolerant late successional species, were planted in 

1 m2 quadrat at equal distances both in the open and under 

a forest canopy on level ground. Monthly observations were 

made on establishment of seedlings. The treatm.ents were 

replicated 5 times. 
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RESULTS 

Table 1 shows the average seed weight for fresh and oven 

dried seeds of the different species. The early successional 

species, generally had smaller seeds with lesser seed weight 

compared to mid- and late successional species except for 

ru_11eni51 pentagrna which had light seeds. with low seed 

rase rve. 

The germination percentage of early successional 

species like Ster,s;ulia Jl..UlQSa, Premna mjliflora and 

Lag~rstroemie ;ga,rvitlora was higher at 2 em depth of seed 

burial as compared to that at . 5 em depth except for ~rythrina 

~rict~ which showed the reverse behaviour. The former three 

species, generallY showed lower germination.percentage on the 

slope than on level ground particularly at 2 em depth of ' 

burial but the t~end was often different at 5 em depth of 

burial. The germinability of seeds in the shade was either 
I 

not significantly different or was less than that in the 

open, depending upon the species. Only rarely did the 

germination imjrove in shade. Hid-successlonal species like 

A· wallichii and ~auninia purnY~ responded little to 

differences in the light regime, topography or depth of seed 

burial with respect to seed germination and a similar 

behaviour was notea for the late successional species too 

(Table 2). 

The survivorship of seedlings of different species 



Table 1. Average weight/seed in fresh and oven dried 
conditions. 

Species 
fresh seed 

(g) 

-dried seed 
(g) 

------------------------·-----------------------------------
Early successional: 

Sterculia villosa 

Erythrina stricta 

Premna miliflora 

Lagerstroemia parviflora 

Mid-successiona~s. 

Bauhinia purpurea 

Amoora wallichii 

Late successional: 

Dillenia pentagyna 

artocarpus chaplasha 

Sterculia coccinea 

Pithecolobium longan 

Mesua ferrea 

Garcinia cow a 

------------------·--~-------------

0.30 

0.22 

0.02 

0.01 

0.22 

12.04 

0.22 

0.64 

0.92 

0.74 

3.94 

0.33 

0.24 

0.14 

0.008 

0.006 

0.01 

0.42 

0.41 

0.58 

3.31 

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 em 5 em 

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) ~f}6.7+4.4) (48.0.±5.0) (54.7'"+8.1) 

$rythrina 58.3~.4 75.0+8.7 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 .. 90.0+2.9 74.2..±6.8 68.3+4.4 68.3+6,1 . 
miliflora (81.7+3.0) (77.5+4.3) (41.7+6.0) (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) 

Hid-successionals: 

Bauhinia 
purpurea 

Amoora 
wallichii 

96.0+1.2 97.3+1.8 98.7.±4.3 99.3.±0.7 
(93.3+0.7) (95.3+1.8) (100.±0) (98.7+1.3) 

96.7+3.4 93.3+6.6 96.7.±3.4 96.7+3.4 
(93.3+3.4} (96.3+1.9) (96.3+1.9) (93.3"+4.2) · 

Late successionals: 

!)illenia· 
pentagyna 

Artocarpus 
chaplasha 

Sterculia 
coccinea 

Pithecolobium 
1ongan 

Me sua 
ferrea 

Garcinia 
cow a 

40.1+4.9 26.7+2.2 27.8+2.6 26.7+6.9 
(34.4±5.1) (31.1+5.9) (16.7+3.9) (25.7+4.8) 

85.3+2.2 76.6+5.8 88.7+3.4 87.8+3.4 
(90.0+3.2) (74.4+4.3) (86·7~2.6) (82.2+4.7) 

89.2+2.2 92.5±1.4 90.0+2.9 95.8+2.2 
(95.8+1.4) ( 92.5+2.5,) (98.3+2.9) (93.3.±5.2) 

95.0+2.5 97.5.±2.5 
(98.3"+2.9) (95.0±2.9) 

95.0.±8.7 91.7+6.3 
(94.2+6.3) (90.0.±3.7) 

67.3+4.7 76.0+4.0 74.7±7.1 81.3+3.5 
(81.3,±3.5) ( 72.0.±4.6) (81.3.±5.8) ( 76.0:±8.3) 

76.0+2.0 72.7+5.0 72.7±4.4 74.0+5.3 
(75.3"+1.2) (28.0_±6.0) (77.3.±3.1) (64.0::±4 .• 6) 

.± standard error 



under tv.•o light regimes at the end of rainy season, ,.,,inter 

and summer drought period is expressed as the percentages of 

total seedlings present after germination was complete 

(Fig. 1). The number of survivors after the rainy season 

declined drasticallY for all the early successional species 

except s. vil~ under both the light conditions. Among the 

early successional species S. villosa and L. paryiflora 

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 season mortality except for ~. chaplasha and 

~. pentagYna. Mortality in winter months and during the 

sumner 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. sgnnerAtioi~ and a late successional, 

A· chaplsAba in the open and under the shade was observed 

using transplanted soedling (Fig. 2). ~. sonneratioides 

showed steep decline in populat"ion under shade With total 

mortality after 8 months whereas in the 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 Surv-ivorship <%)and mortality C%} 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, Stercijlia ~illosa; 2, Erythrina stricta; 

3, Premna miliflora; 4, Lagers:tl:o~~ia 

patyiflora; 5, Bauhinia purpurea; 6, Amoora 

wallichii; 7, ~~a pentagyna; 

8, Artocarpqa chaplasha; 9, Sterculia 

~occinea; 10, Pithecoloblum lgngan; 

11, lie sua ferrea; and 12, Ga.rcinia. cow a. 

I 
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Fig. 2 Pattern or seedling survivorship or one 

early successional species ~. sonperatioides 

(open triangle) and one late successional 

species, A· chaplasha (closed circle) in 

field conditions. Continuous lirie, open~ 

grown saedl1ngs; broken line, rorest.;..grown 

seedlings, 





of A. chaplas~ during the first few months. F.owever; the 

final survival value was higher in the shade than in the 

open for this species. 

!JISCUSSION 

After its escape from predation and pathogens, the chance 

that a non-dormant, surface-lying seed will develop into an 

established seedling is dependen~ on its fixation in a safe­

site which P.:tovides the specific condition for its 

germination and establishment (~arper ~ ~' 1971; Sheldon, 

1974; Grime, 1979). Shaw (1968) found 50% more germination 

from the buried acorns of Quer~ pet!lp!a 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 

successional 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 suc'cessional species generallY with heavier 

and larger seeds showed ~qually good germination 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. 2owever, 



the present studies on germination in the open and under the 

shade show significant reduction under shade for sorne 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 w). 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 deve+oped 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 

(Eorn, 1971; Grime, 1979) which provides protection from 

water stress. Conversely, the drastic reduction in the 

survivorship of the early successional species under the 

shade may be due to their requirement of high light inteh:$ity 

(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 



been further supported bf that of ~. sonneratioides belonging 

to the former category and ~. chaplasha belonging to the 

latter category. 

SUMMARY 

Observations on seed germination and seedling establishment 

for 12 important tree species of different successional 

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 species was higher in the open, at 

shallower depth (2. em) and on the level ground while the 

shade, steep slope and d-eep burial (5 em) 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 wms 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 

relate~ to their adaptation to different light regimes in 

the forest community. 
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APPENDIX 

Lists ·of species recorded and th8ir phenological characteristics arc given below. 
Abbreviation used in the lists are as followss 

NLD, no sigtl'ificant leaf-drop obserV€d at a time. 
CL, production of leaves round tho year. 

1. Phenological records for overstorcy tree species. 

~ _ . Loaf-drop ---:---- Flower- Mature 
Treo spcc 1 es leaflessness Flush1 ng ing fruits 

-------------------------------------· 

---- : - 34-. __ _..l__ - . 2 -- -- ·---....§. 
Alstonia scholaris R. Brown 
Amoora wallichii King. 
Anthocephalus cadamba l1iq 
Aperosa oblonga i1uell. 
Artocarpus chaplasha Roxb •. 
Baccouria sapida Huell. 

Beilschmiedia Roxburghiana Noes. 
Bischoefia javanica Blumi. 

·Bombax malabaricum D.C. 
Casearia glomerata Roxb. 
Castanopsis indica ri. DC. 

·C. tribuloidas A. ·DC. 

Cedrella to~a Roxb. 

Ceiba pentandra Gaert. 
Chrysophyllum sp. L. 

Feb-Mar (NLD) 
Feb-Har 
Jan-Har 
Har-Apr 
Aug-Sep 
Feb-Apr 

NLD 
Feb-Mar 
Feb-Mar 
Feb-Mar 
Sop-Oct 
Feb-Har 
Sep-Oct 
Feb-I1ar 
Aug-Sep 
Feb-l·lar 
Jan-Feb 

l·1ar-Ap r (NLD) 

~lpr 

l.far 
Apr-May 
Apr 
Apr 

Hay 
Har-Apr 
Apr-May 
May 
Mar. 

H:ar-Apr 

Apr 

Apr-Hay 
May 

Fcb-11ar 
Hay 

Apr-May 
Apr-May 

Nov-Dec 
May 
Feb 
Apr-May 
Jun-Jul 

Jun-Jul 

May 

Jan-Feb 

Apr-May 

Jun 
Sep 
Aug 
Jul 
Jul-Aug 

1·far-Apr 
Aug 
Apr-May 
Jul-Aug 
Sep 

Sep-Oct 

Jul-Aug 

Apr 

Jul-Aug 
H 



------------- 1 
Chukrassia tubularis A. Juss. 

Cordia myxa L. 
Dillenia indica L. 

D. p~ntagyna Roxb. 
Diospyros kaki L. 
Duabanga sonnaratioid•s 3am. 
Dysoxylum binectiferum Hook. 
D. procarum 3iern. 
Elaeocarpus obtusus Blume. 

E. robustus Roxb. 

Englehardtia spicata Blume 
Erythrina stricta Roxb. 
Eugenia aquea Burm. 

s. jambolana Lam. 
E'. magnifolia \~Tall. 
E. munronii Wight. 
s. polypetala Wight. 
Ficus altissima Blume. 

F. benghalansis L. 

F. clavata Wall. 
F. elastica Roxb. 

2 - 3 --~ - _,_5~--. 
Sep-Oct, 
Feb-Mar 
Feb-Mar 
Aug .... sep, 
Feb-Har (NLD} 
Fob 
Reb-iliar (NLD) 
Feb-Har tNLD) 
.i1ar-Apr (NLD) 
Mar-Apr (NLD) 
.t1.Ug-Sep, (NL'D) 
Fob-Apr (NLD) 
Sep-Oct, 
Feb-Apr (NLD) 
Feb-Mar 
Jan-Feb 
Sop-Oct, 
Feb-Mar (NLD) 

NDL 
NDL 

, Feb-Mar (NLD) 
Feb-Mar 
Aug-Sap, 
Feb-Mar (NLD) 

NLD 

NLD 
St3p-Oct (NLD) 

Apr 

Apr-May 
Mar-Apr 

May 
Apr-May 

CL 
Har-Apr 
Har-Apr 
Apr 

Apr 

Hay-Jun 
Apr-Hay 
Har-Apr 

Apr 
Apr-May 
Mar-Apr 
Apr~Hay 

Mar-Apr 

Feb-Har 

Mar-Apr 

Har 

Apr-May 

Apr-Hay 
Hay-Jun 

Apr-Hay 
May-Jun 
Oct-Mar 
Jan-Feb 
FGb 
Apr 

Apr 

Feb-Mar 
Feb 
Apr 

Mar-Apr 
Mar-Apr 
Dec-Jan 
Apr 
Har-Apr 

Har 

F ob-~1ar 

Apr-Hay 

Jul-.Aug 

Jul-Aug 
Aug-Sep 

Jul 
Feb-Mar 
Hay 
Nay-Jun 
Jun-Jul 
Jul-Aug 

Jul-Aug 

Apr-May 
Mar-Apr 
Jun-Jul 

Jun 
Jul 
Apr-May 
Jun-Jul 
Hay-Jun 

Apr-May 

Apr-l,1ay 

Aug-Sop 

H 
H 



--·---------------· 
·--I::=~ ... ~ .. -. ~---~ ~a=- -~--=- --q-~ _ __.;4a,. --

F. geniculata Ku~z. 
Foramina colo rata Roxb. 

I 

Garcinia anomala Planch. 
Garcinia cow a Roxb. 
Gmelina arborea L. 
:~ibi scus mac.rophyllus Roxb. 
Eydnocarpus k~rzii King. 
Illex 6XC~lsa Wall. 

Itea macrophylla Wall, 

Karya arborea 

Lagerstroemia parviflora Roxb. 
Lannea grandis Sngler 

Machilus khasianum Nees 
Mangifer~ indica L. 

. Helia composita 'ltlilld. 

N;;;m~cylon cerasif·orme Kurz. 
Hesua ferrea L, 

Neliusa roxburghiana Eook. 
Horus laevigata 't-lall 

Myristica linifolia Roxb, 

Phoeb~ angustifolia Meissn. 
fsychotria sp. L. 

Feb ... Har (NLD) 

·Jan-Feb 
Feb-Mar (NLD) 
Feb-Mar (NLD) 
Feb-Har 
Feb-Mar 

NLD 
Feb-Har 

NLD 

Feb 

Feb-H.ar 
Feb 

Feb-Har (NLD) 
Feb-1·1ar (NLD) 

Aug-Sep, 
Feb-Mar 

NLD .... 
NLD 

Mar-Apr 
Jan-Fob 

NL:J 
NLD 
NLD 

Apr 

Apr 

Apr-Hay 

Apr 
11ay-Jun 
Har 
!far-Apr 

Apr 

Apr-Hay 

Apr-May 

Apr-Hay 

May 

Mar-Apr 
Apr 

Apr 

Apr 

Apr-7'1ay 

May 

Apr 

Apr-Hay 

Apr-Hay 
Har-Apr 

Apr 

FGb-Mar 
Mar-Apr 

11ar 
Apr-Jwa 

-'~P r-Hay 
Apr 
Apr 

Apr 

Apr 

Jun-Jul 

Apr-May 
Fob-Har 

Mar-Apr 

Ap r-l.fay 

liar-Apr 

apr-May 
Fob-Mar 

Fob-Mar 

apr-.11ay 
Apr-Hay 

5 

aay-Jun 
Jun-Jul 
Jun-Jul 

Jul 
Jul-Aug 
Jun-Jul 
Oct-Nov 
Jun-Jul 

Jun-Jul 

Jun-Jul 

Aug-Sap 

Jun-Jul 
May-Jun 

Jun-Jul 

Jul-Aug 

Jul-Aug 

Jul-Aug 
Apr-May 

Jun-Jul 

Jul-Aug 
Jul-Aug 

H 
H 
H 



-- --=-l -- 2 '-3~--------4~-----·--- .~5 __ _ 

Rubiacea 
Sapium baceatum Roxb. 
Saprosma tGrnatum Hook. 
Schima ~allichii Choisy 
Shorea robusta Gaert. 
Spondias mangifera Willd. 
Sterculia villosa Roxb. 
Stereospermum chelonoides ~C. 
Talauma phello carp a King. 
Tectona grandis L. 
Terminalia chebula Retz. 
T •. myriocarpa 3eurk & Huell. 
Tetrameles nidiflora ~.~r. 

• 
Trewia nudiflora L. 
Vitex altissima L. 
v. glabrata R. Brown 
V. ptinduncularis Wall. 
Zanthoxylum Rhetsa DC. 

Mar-Apr (NLD) 
l1a r-Ap r ( NLD) 

NLD 
Feb-11ar 
Apr-Jun 
Jan-FEb 
Jan-Fub 
l1ar-Apr 
Fl3b (NLD) 
Apr 
Jan-Feb 
Jan-Ft;b 
Jan 
Feb-Mar 
Jan-Feb 
Feb 
Jan-Feb 
Dec-Jan 

Apr-May 
CL 
CL 

Har-Apr 
Apr-May 
Hay-jun 
Jul-Aug 
Apr 
Apr 
May-Jun 
Apr 
Apr 
Hay-Jun 
Apr-May 
Apr-r1ay 
Apr 
May 
Mar 

Hay 
11.p r-l·Iay 
Apr-Hay 
Apr-Aug 
Har-Apr 
Har-Apr 
Feb-Mar 
.ip r-:·1ay 
Apr 
Jan-Har 
Jul-Aug 
F ~.'b-Har 

May 
:1ar-Apr 
Apr-Hay 
Apr 
Apr-i1ay 
.Tul-Aug 

Aug-Sep 
Aug-Sep 
Au.g-Sep 
Oct-:)Gc 
Jul 
Jun-Jul 
Jan-Jul 
Jul-Aug 
Jun-Jul 
May-Jul 
Nov-Dec 
May-Jun 
Jul ... Aug 
Jul-Aug 
Jul 
Jul-Aug 
Jul-Aug 
Sep-Oct 

I ------ --------------

H 
<: 
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2. Phenological records for understorey tree species. 

____________ ._ __ ·----~------~--------·----------------~---------------..----------- __._..__------------------~--·----------~--------·-----~---
Tree species 

Leaf-drop, 
leaflessness Flushing 

Flower­
ing 

Mature 
fruits 

. l ----· . -2- -~-- ·- 4 §_ 

Actinodaphna.e angustifolia Nees. 
a. obovata Blume 
Aesculus assamica Wall• 
Alangium lamarckii, Thwaites 
Antidesma acuminatum Wall. 
Bauhinia melabarica Roxb. 
B. purp\l,rea L. 

B. variegata L. 
Calicarpa arborea Roxb. 
Cassia fistula L. 
Croton j oui'ra Roxb. 
c. oblongifolius Roxb. 
Derri~ robusta Benth. 
Glochidion acuminatum Huell. 
G. hirsutmm Muell. 
Goniothalamus Simonsii Eook. 
~alicia errarica ~ook f. 
~eptapleurrum hypoleucum Kurz. 
Kydia calycina Roxb. 
Lagerstroemia flos-reginae Ratz. 
Leea aequata L. 

Feb-Mar ( NLD) 
Feb-Mar (NLD) 
Nov-Dec 
Feb-Mar (l~LD) 

Feb-t1ar (NLD) 
Feb-Mar (NLD) 
Feb-Mar 
Feb-l-iar 
Mar-Apr ( NLD) 
Feb 
Feb-11ar 
Feb-Har 

NLD 
NLD 
NLD 
NL:> 
NLD 
NLD 

Jan 
Feb 
Feb-Har (NLD) 

Hay 
Hay 
:)ec-Jun 
.rl.pr 
Apr 
Apr 

Apr 
Apr-May 

CL 
Hay 

Apr 
Har-.a.pr 
Apr 
Apr-Hay 
Apr-May 
Apr-May 
Apr-May 
Apr-Hay 
May-Jun 

Apr-May 
Jun 

Nov-May Jun-Sep 
May Jul. 
Apr-Hay Jul-Aug 
Oct-Nov Mar 
Sep-Oct Mar-Apr 
Oct Mar-Apr 
May-.Oct Aug-Jan 
May-Jul Mar .. ,lpr 
Mar-Apr Jun-Jul 

aar Jul-Au.g 
Jul-Aug Oct-Nov 
Apr-May Jul-Aug 
Apr-May Jul-A,~g 

Apr-May Jul-Aug 

-
Apr Jun-Jul 
Jan-Veb Mar-Apr 

May-Jun Aug-Sap 
Jan-Feb Apr-May 

c:::: 



..,..,... ....... -------- --~---· --- L - 2 ----- __ 3 ·L ___ _;_:~:§__..; 
Litseaa sebifera Pers. Feb (NL~) Mar-Apr 
L.citrata Blume Feb-Mar (NLD) Mar-Apr 
1. ~licif'olia Roxb. Feb (NLD) Har-Apr 
Mallotus khasianum Hook f'. Mar (NLD) Apr-Hay 
1'1. phillipnensis Nuell. Feb-Har (NLD) Apr-l·1ay 
Measa indica Wall. Mar-Apr (NLD) Apr-May 
Meliosma simplicifolia Roxb. Feb-Mar (NtD) Apr 
Micromelum pubescens Blume 
Oi'oxylum indicum V·ent. 
Pavetta indica L. 
Pithecolobium longan Benth. 
Plectronia dallyana Blume. 
Polyalthia jenkinsii Benth. 
Premna milif'lora Clarke. 
Prismetomeris albidif'lora Thwaite 
Quercus spicata Smith. 
Rhus succedanea L. 
Sauroza nepalensis DC. 
Sauroza punduana Wall. 
Semicarpus anacardium L. 
Sterculia guttata Roxb. 
Styrax serrulatum Roxb. 
Trevesia palmata Vis. 
Unona longiflora Roxb. 
Vatica lanceaefolia Blume 

NLI> 
Jan 

NLD 
Feb-Har 
Feb-Mar (NLD) 

NLD 
Feb-Mar 

NLD 
Har (NL:::>) 
Feb-Mar (NLD) 
Mar (NLD) 

Mar (NtD) 

Jan-Feb 
NLD 

Sap-Oct 
NLD 

NLI> 

Har-Apr (NL:::>) 

Apr-Nay 
Hay-Jun 
Mar-Apr 
Apr 
Apr-Hay 
May 
Har-Apr 
Mar-Apr 
May 
May-Jun 
Mar-Apr 
Nar-Apr 
May-Jun 
Hay-Apr 
Apr-Hay 
Apr-l1ay 
Apr-Hay 
Apr-Hay 

------------------·------------------------------ -------------------------------------------------------------

Apr-May 
Apr.;..May .. 
Apr-May 
Apr 
Apr 
Apr-M~ty 

Jan-Feb 
... 

Aug-Oct 
Apr 
lfar-Apr 
Apr 
May-Jun 
Apr 

Nov-Dec 

Apr•Hay 
Apr-May 
Aug-Sap 
Feb-Har 
Apr-May 
Apr 
Apr 
Apr 

Jun-Jul 
Jul 
Jul-Aug 
Jun.;.;Ju1 
Jun-Jul 
Jul-Aug 
Apr-May 
~1ay 

Se:p-Mar 
i1ay-Jun 
Jun-Jul 
aay-Jul 
J'ul-Aug 
May-Jun 
Jun-Jul 
Apr-Nay 
Jun-Jul 
Jul-Aug 
Jul-Aug 
Dec-Jan 
Jul-Aug 
Sap-Oct 
Jun-Jul 
Jun-Jul 
Jun-Jul 

< 
H 
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