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PRAFECE

The present study was undertaken to elucidate the

=neral adaptive phenological characteristics of & sub-tropical
—vergreen montane forest ecosystem represented by a sacred |
ve =bout 10 Km from Shillong in the Khasi Hills of Meghalaya
_an elevation of 1900 m. Three early successional species

ggnresented by Alnus nepalensis, Schima khasiana and S, walli-

chii and three late successional species represented by

. and v
Machilus kingii, Juercus dealbatam-g. griffithii were consi-

;}igred for detailed studies on growth and architectural adapta-
{tions of the forest ecosystem. Of thezge, all the species
r:except S. wallichii are the members of this sub-tropical mon-—
tane forest. S. wallichii, an important tree of lower eleva-
tions was considered for a comparative study with 3. khasiana,
which is an important component of the montane forest; ihe
comp arative adaptational studies on S. wallichii were done
taking into consideration two populations of this spscies, one
from an elevation of 1600 m and the othar from an eieVation of
100 m. Such detailed studies on selected species, it is hoped,
would help in a better understanding of ecosystem adaptation
and apart from providing useful information on the growth
strategy of sub~tr0pical montane forast trees, this may also
be helpful for evolving better forest management and tree

improvement practices.

The thesis has seven chapters arranged in 3 sections:

(i) seasonal adaptation, (ii) architecture and growth pattern



)

" and (1ii) seed germination and seedling establishment. Since
each of these chapters are written in the form of research

papers, some overlapping in writing could not be avoided.

In the first chapter important phenological characteris—
tics éf trees of the forest community are dealt with special
emphasis on the seasonlity of flowering, fruiting, flushing
and leaf fall. The second chapter contains information on
litterfall in the forest community with special reference to
its seasonality. Chapter 3, 4 and 5 deal with the architectu-
ral analysis and growth pattern of a faw selected tree species.
Chapter 3 is a detailed account of architecture and growth
pattern of two species of Schima, namely, S. khasianag and
Se wallichii along an altitudinal gradient. Growth strategy of
tfee species related to successional status haé been dealt in
two parts: Part I (Chapter 4) deals with the architecture aﬁd '
extension growth of two sarly and three late successionai tree
species while Part II (Chapter 5) is on leaf dynamics of these
two groups of species in relation to their adaptive strategy
for niche occupancy. The third section has two chapters, one
dealing with germinaﬁion, seedling establishment and early
growth characteristics of two closely relatad species of
Schima (S. khasiaha and S. wallichii) along an altitudinal

gradient and the other chépter is an account of the germina-

tion ecology of Alnus nepalensis.
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The thesis starts with a_general introduction, which is
~ an extensive review of literature giving a broad perspective
- of the topics dealt in subsequent chapters. Literature cited,

 is given at the end.




GENERAL INTRODUCTION




There have been significant advances in our understanding
of the integrated functioning of plants in diverse environments,
during the recent past. At the same time we have expanded our
knowledge of the adaptive significance of various plant struc-
tures. Now plant form is no longer considered separately from
plant function and it is convenient to make predictions about
the success of specific structural functional plant types in
different environments. For example, it is now easy to predict
about plant morphofunctional types which could be the most
effective competitor under specific light, nutrient and water
regimes. This marked increase in our understanding of the func-
tional significance of various plant forms and structures has
extended our knowledge of the adaptive significance of various
plant structures like, leaf shapes and sizes ( Parkhurst &
Loucks, 1972; Taylor, 1975; Givnish & Vermeij, 1976), branching
patterns (Honda & Fisher, 1978; Pickett & Kenpf,1980; Kempf &
Pickett, 1981; Nelson gt al.. 1981) and whole tree crown charac-
teristics (Halld & Oldemen, 1970; Brunig, 1976; Halld et al..
1978). Much of this work has been initiated in the tropics, no
doubt, inspired by the impressive diversity of forms there.
However, there is still a great paucity of information especially
on the temporal and spatial adaptation of trees in tropical and
sub-tropical zones, and on the specific mechanisms by which the
native species (Climax and pioneer) of these areas exploit the
resources in their environment. Such informations arc vital for

ovolving rational forest managemeht schemes .
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PHENOLOGY

Phenology is the study of the timing of recurring biolo-
gical events, the causes of their timing with regard to biotic
and abiotic forces, and interpretation among phases of the same
or different species. The unit of study may vary from . a single
sp601es (even variety or clone) to a complete ecosystem. The
area involved may be small (for intensive studies on/ all pheno~
phases of entire ecosystems) or very large (for inter-regional
gomparigon of significant pheno-phases). The ﬁﬁit Qf timing is
usﬁally the solar year with which the events to be studied are
in phase. The events themselves may cover va:iable time spans

often much shorter than the solar year (Lgitﬁ, 1974).(

The significance of phenological studiés ha§e been reco-
ginized for a long time (La;tb; 1970, l97lf’La;th’& Radford,
1974). From a practical standpoint, phenological'records could
be épplied in wildlife, forestry and aéric@lture as,suggested
by Leopold & Jones (1947) and used with success for pradicting
flowe?ing, leaf flushing and fruit ripening for some important
horticultural specias in NorWaf (Wiclgolaski, 1974), Likewise

Syring vulgaris is used as the indicator plant of local climate

in Wisconsin, U.S.A, (Dana et al., 1963).

Fhenological adaptations of Trees in the forest allow the
utilization of specific resources which exhibit temporal periodi-
city and may lead to temporal separation of species. This has

been viewed as a mechanism of niche separestion, whereby competi-



tion between the specices is reduced (McDougall, 1922). Also,
temporal separation increases diversity of the community which
may influsnce production and stability (Connell & Orias, 1964).
However, phenological divergence 2xXposes & species to different
anvironmaental characteristics which may lecad to the evolution
of new adeaptetions. Tree periodicity patterns provide insight
into scasonal organization of floral and fruit resourcas.
Frankie ot al. (1974) mention several ways of breaking down
these pattorns for analyses at finer levels of organigation
within the resp:ctive communitics of each acosystem., They also
suggest how thase patterns may provide cluss as to which animals
interact with them for the food resources they provide, (Plant-

animal interaction).

The phenological studics in the tropics were of inversti-
gative type lacking comparative and quantitative informations.
orily recenﬁly systematic attempts in this dirsction have been
made by ccologists (Frankie gt al., 1974; Putz, 1979; Boxchert,

oenten

1980; Opler 3t al.,1880: Primack, 1980).

Scasonality of phenological events:

In arcas with distinctive scasons, organisms raspond to
climatic rhythms and theikr environmental cuaes. This is particu-
larly evident in arcas such as the temperate deciduous forests,
‘where the community dominants have simiiar patterns of bud
burst, foliage development, senescence and leaf fall (Anderson,

1974; Schemske, 1977). Synchronized growth cycles are also



apparent in tropical climates with distinctive wet and dry
seasons (Janzen, 1967; Daubenmire, 1972). Many of the investi-
gations of phenology of tropical forests have been carried out
in ﬁarkedly seasonal climates MNjoku, 1963, 1964; Fournier &
Salar, 1966; Boaler, 1966; Jeffers & Boaler, 1966; Janzen, 1967;
Croat, 1969, 1975; Hopkins, 1970; Smythe, 1970; Nevling, 1971;
Daubenmire, 1971; Foster, 1973; Burger, 1974; Frankie et al..,
1974; Malaisse, 1974; Opler gt al.. 1967 ). Strong annual pheno-

logical cycles are evident in these areas.

In tropical areas with relatively constant temperature
and rainfall, phenological activities are not constrained by
climate as they are in the sub-tropics and the tempergte zone .
When reproductive and vegetative growth can proceed viftually
unimpeded throughout the year, it is not expected for the
communities of tress to follow the annual patterns observed.
under more limiting conditions., Such studies in more or less
seasonal climates are limited to those of Holttum. (1930, 1940),
Corner (1952), Koriba (1958), McClure (1966), Medway (1972);

Ng (1977) andbPutz (1979) in Malaysia and Singapore; Baker &
Baker (1936) in the New Hebrides; Brookfield (1969) in the
Solomon islands,.Koelmayer (1959) in Srilanka and Frankie gt al.,
(1974) in Costa Rica. In these studies, by and large, strong
seasonality in flower, fruit and leaf production was not appa-
rent in tree species and there was gpparent lack of seasonality

at the community level.




ering and fruiting periodicity:

The synchronization of flowering with particular scasons
)ﬂ.periodicity'in flowering have becen commonly observed in
~{’nforest troes (Richards, 1952; Holttum, 1953; Rees, 1964;
”w;ton, 1969; Croat, 1969; Medway, 1972; Frankie ¢t al.. 1974 ).

0f interest is the general observation made by several investi-

periods of dry weather as shown by Holttum (1953) in Singspore,
' Ducke & Black (1953) in Brazil and Njoku (1963) in Nigeria. This
: pattern has been attributed to a triggering mecﬁanism for
ffflowering in response to the sequences.of dryness andrwetness
(opler ¢t al., 1976). Although moisture related factors may

F play an important role .in flowering periodicity ot trépical
trees, a change in photoperiod has also been suggested to sti-

mulate flowering NWjoku, 1958, 1963).

Stiles (1977) suggested that troPical‘traes have a regu-
lar‘spacing of flowering times, but Poole & Rathcke (1979)
re-analysed his data and concluded that the flowering patterm
was aggregated, bacause no specics bloomed during a transition
period between a wet and dry season, Trae species have various
levels of overlep in blooming‘time and vary in their pattern of
flower initiation. Three hypothetical phenclogical tactics have
bean proposed for flowering (Stearns, 1976; Anderson & Schelf-
hout, 1980). In the first tactic the sum of the blooming times

for all specics doas not exceaed the time available for flowering

/A



i.é., there is no overlep in flowering time among the species
and thus minimal competition for pellinators. The seccnd tactics
is followed by specizs which have a maximum amountiof overlap

in flowering time, in potential competition for pollinators and
in the length of blooming time. An equal number of species is

in flower during each interval but there is a significant depar-
ture from the expected equal number of species in flower (L.ee
number of species/number of intervals). In the third tactie; the
number of species in flower approximates normal distribution
and therce is a significant departure from an expectad equal
number of species in flower at each interval. This pattern has
potentially reduced competition for pollinators more then the
second one because of the staggered pattern of flower initiation
and blooming among t+he speciles (Mosguin, 1971; Heinrich & Raven,
1972 Prankie gt al., 1974; Stiles, 1975, 1977; Feinsinger,

1978) «

The pattern of fruit maturation and seaeding have been
discussed in detail by Jenzen (1978) from the angle of animal-
plant interactions. He has related the timing of seed produc-
tion to be of adaptive significeance for dispersal agent activi-
ty, seed predator behaviour, rescurce allocation options within

the plant and germinetion demands by the seedlings.

Flushing and lecaf falls

The adaptive significance of different typaes of leaf

replacement strategices heass not received the kind of analysis



that Janzen (1967) provided for flowering and fruiting
phenology. Jackson (1978) has discussed the adaptive advantages
of different kinds of leaf replacement activities in forests.
He has proposed that the most advantageous strategy of leat
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. Such a strategy‘wbuld result in maximum
leaf fall during the optimal growing season oOr to a continuous
level of leaf fall if new leaf growth were to be continuous.

In fact, seasonal cold or drought stress is usually present

and leaves must be_shed to minimize the effects of this stress.
Because cold stress in cold temperate forests has a relatively
sudden and predictable onset, cold temperate forests normally
have a pulse of leaf fall at the end of the warm season

(Bray & Gorham, 1964). In most of the lowland tropical forests,
leaf féll has heen found to be maximum in the dry season
particularly at the end of this season (Hopkins, 1966;'Fittkau
& Klinge, 1973; Frankie et al., 1974). In some tropical forests
the maximal leaf fall has been reported during the wet season
(Cornforth, 1970; BEdwards, 1977; Jackson, 1978; Brassel et al.,
1980). The only forests found to have non-scasonal leaf fall
‘are Malaysian dipterocarps (Mitchell, cited in Bray & Gorham,

1964), which are characterized by relétively uniform climate.
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LITTER PRODUCTION
Since the classic work of Ebermayer (1876) a vast amount
of literature concerning litterfall in forest stands has accu-
; ﬁulated. The subject is discussed in deteil by Lutz & Chandler
(1946) and Aaltonen (1948). Bray & Gorham (1964), Jordan (1971a),
Jensen (1974) and Jordan & Murphy (1978) have excellently raview-
ad the subject. Most of the early work was done on forest
stands in the temperate zone of the northern hemisphere, but
during recent years a number Of studies have been carried out
in other perts of the world too. Bray & Gorham (1964) in their
review of the work on litter production have emphasizgd that,
"the study of the quantitative aspects of litterfall remains
an important part of forest ecology, dealing with a méjor
pathway for both energy and nutrient transfer." The dynamics ~’
of litter accummulation processes are of particular interest
in the humid tropical forests where rates of litter producticn

and decomposition are very high.

Seascnality of litter production:

The pattern of iitterfall varies greatly thrcughout the
different climetic zones. In deciduous forests of the northern
" hemisphere, leaf fall is normally concentrated in a rather
short autummal pericd, often with a pronounced peak in
October and November (Virc, 1955; Witkemf & Van der Bha et (T
1961; Carlisle et al., 1966; Duvignesaud gt. 2l 1969; Anderscn,

1973} In a mixed Oak forest Quercus ellipsoides & (. albg)
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in Minnesota, U.S.A., Reiners & Reiners (1970) found that 20%
of the litter fell in September, 50% in October, 9% in the
5 winter menths and 21% (provably flowers, bud scales etc.) in

Bpril to August. In the evergreen Quercus ilex woodlands in

southern France, the leaves have a life span of about 2 years
and they asre shed mainly in the periocd from April to June with

a peak in May (Rayp, 1969).

In humid equatofial forests litter fall is more or less
continuous thyoughout the yzar although with a tendency for
extensive falls during or shortly aftar relatively dry periods.
Thus, Laudelot & Meyer (1954) found that litter fall at
Yangambi (Congc) was low during the rainy season and réached a
peak at the end of the dry season. Nye (1961) found in the
moist tropical forasts of Ghana a relatively high litterfall
during February and March due to¢ a short dry season in Januery
and Fsbruary. Madge (1965) and Hopkins (1966) both working
in Nigeria, found that maximum leaf fall occurred during the
dry season months of Nevember to March. The former stated theat
leaf fall fluctuated little during the wet season, at the start
of dry seascn it progressively increased, culminating during
the driest menths and then falling off again. A similar pattern
wag found in Scuth-zast China in forests dominated by

Gironniera subacgyalis (Rodin & Brazilevich, 1967). Here the

leaves fell all the yvear round, but with a peak periocd from

March-May, where March-April is the dry seascn followed by the

wet seascn starting in May.
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Jorgensen et al. (1975) maintained that three main fac-
tors limit litter production: temperature, water and nutrient
availability. The seasonal pattern of litterfall largely
depends upon the factors responsible for leaf senescence and
abcission in the component species and have been discussed in
detail by Whitmore (1975), Addicott (1978) and Jackson (1978).
Jackson (1978) suggested that the timing in litterfall is a
response to the degrese of seasonality in both temperature and
moisture. Rain has also been conéidered to be a factor for
increase in littarfall,‘as the increased weight of wet
senesced material in the canopy causes them to fall (Brassel
et al. 1980). John (1$73), Hopkins (1966) and Brassel et al.
(1980) associated litterfall rates with wind velocity. Tanner
(1980) has observed thet litterfall per day during the dry
secason was about twice and during the hurricane pariod was

about 4 times to that during the wet period.

Litter production pattern:

Litter production pattern is greatly influenced by the
prevailing climatic conditions at different climatic zones.
Bray & Gorham (1964) have shown the predominant influence of
climate upon litter production. The mean Jittey production
averages 1lt/ha, for Artic-Alpine zone, 11 t/ha for eguatorial
forests and 3.5 and 5.5 tyfha for cool and warm tempaerate
forests raspectively. Recent estimates of litterfall from

tropical forests range from 5.5 to 15.3 t/ha per year
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(adge, 1965; Muller & Neilson, 1965; Hopkins, 1966; Kira &
Twata, 1967; Wiegert, 1970; Hains & Foster, 1977 ; Jackson,
1978; Brassel et al., 1980; Tanner, 1980}, Rate pfiditter
production is thus highest in the tropics and decrzases with
incroase in latitude. Also, it has been shown thest the rate

of littarfall decrcases with decrease in light available éuring
the growing season along a world-wide gradient of decreasing

light availability (Jordan, 1971 ks

The major role of temparature in controlling litterfall
is revealed when total annual litterfall is plotted against
latitude, the relationship is inverse and linear, with a maxi-
mum level of over 11 t/ha at the cquator, deeclining steadily
to a little less than 1 t/h% at latitude 65°N in Europe, where
férest grades into Tundra (Bray & Gorham, 1964). Litterfall
pattern may vary aven at the same latitude, if coastal and
montans forests are compared. Both sites may raceive equal
amounts of solar radiation but the mountain top site may have
a shorter growing scason and consequently the total amount of
light available for growth there is lass (Jordan & Murphy,

1978).

Also, litter production pattern may vary according to
topography, vegatation type, spaecizs composition and many
othar biotic and abiotic. factors which have bzen dealt at

length by Bray & Gorham (1964).



« o 12 LA

Litter fractions:

Leaf litter by and large constitute the major portion
of the total litter all ov:r the world, its con?ribution
being 60 - 76% to the total litter (Bray & Gorham, 1964). In
tropical forests leaf litter contribution vary from 4.4 to
6.9 t/ha (Klinge & Rodrigues, 1968,Ccornforth, 1970; Wiegert,
1970; Bdweards, 1977, Tanncer, 1980). Litter fractions othaer
than leaf have been less investigated axcept the wood litter
which heg: been brilliantly reviewed by Jordan & Murphy (1978).
Jordan (1971 a,b) has found that there is no difference in
annual rate of wood production beotween mesic forests of tropi-
cal and temperate zones, but the fatio of wood production to
litter production increases with increasing latitude and
suggested that‘a high ratio confers a greaterbcompetitive
advantage in arcas with a short growing seascn than in arcas

with a long growing scason.

ARCHITECTURA AND GROWTH PATTERN
Barly workson growth characteristics of treoes are largely

confined to their north temperate representatives (Busgen &
Minch, 1929; Kozlowski, 1964). The generalizations made f£rom
such studies can not be roprasentative for all tree spoecies
(Tomlinson & Gill, 1973) comparatively fewer investigations
have baen carried out on traes of tropical zones. Studies
specific.to tropical troe growth in older.literature largely

refer to comprehensive investigations of phenology (Busgen &
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BRch, 1929). In addition, there are several detailad reports

n trocs of spocific arcas (Costor, 1923 in the monsoon region

';7ring which species are visibly f£lushing i,=. oxhibiting:sa
fTOp of new lcecaves usually associated with shoot axtension

i@ d it has becn concluied that troecs exhibit endogoenous rhythms
their growth.

: Some sp:cific studics which have investigated the
'?ynamics of shoot initiation and expansion in trqpicai trees

s

. include those by Bond (1942 , 1945) on tsa; Halld & Martin

iT(1968) on rubber; Purchit & Nanda (1968) on callistomon:
Greathouse & Lagtsch (1969, 1973) and Greathouse ot ads-(1971)
on cocoa; Borchert (1969) on greopanaxy Holdsworth (1963),

" Taylor (1970, 1975), Scarrone (1965) on Mango and Gill &

Tomlinson (1971) on Rhizophora.

The monumental works of Halld & Oldeman (1970, 1975)
and Halld ot al. (1978) on the growth and dynamics of tropi-
’i_cal trees haweopenad up new avenues of systematic researches

on the foreéts and trees of these arczas.

Extension growth:
Extension growth or the elongation of the branch axes

of a shoot system, varioes widely among tree spaecies in its
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rate, phenology and underlying morphogenctic basis. A wide
ranges of extension growth patterns have been recognized in
tree specics. On the one hand therc are specics with a single
flush of shoot growth wholly preformed in the previous ycar's
overwintering bud (determinate growth) as oxemplified by many
north tempcrate species. Typically shoot @longation in such
5pecieé is completed rapidly (less than eight weeks) , during
favourable growing conditidns which include the longest phcto-
period of the year. On the othsr hand, there are species where
more lecaves are produced along the leader in a growing season
than'there are embryonic leaves and primordia in the winter

bud. This has been referred to as indetcerminate growth.

These two pattaerns of growth have baeen widely recognized

in temperate trees. The growth in tropical trees is more
diverse than that in the temperate ragions and the periodicity
of shoot growth in tropical trecs has been a centre Of COnLro-
versy. If recurrent flushes occur at regular intervals the
growth has bgen termed as rhythmic or periodic, the same at
irregular intcervals has been called as cpiscodic, intermittent
or recurrent (Romberger, 1963; Zimmermann & Brown, 1971).
Halld et al. (1978) have colloctively placed all these under
one broad category of rhythmic growth mainly in the context

of tropical tress where time-lag between different growth
flushes arc very small, Thus, they have distinguished two

main patterns of growth :~
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(i) Rhythmic growth - as defined by Hall® & Martin (1968) in

which shoots have a markced cnodgenous periodicity of cxtension.
This term may be regarded as synonymous with egpisodic (Rombar=-
ger, 1963) or with intermittent growth (Koriba, 1958). The |
term ‘rhythmic' may imply a regular cycle, though this is not

iy

intended in the definition by Halld gt al. (1978).

After a period of dormancy flushing in tropical trees or
bud burst in temperate trecs, most strikingly demonstrates
rhythmic growth. Flushing largely indicates rapid expansion of
preformed lecaves. In meny traes with cssentially rhythmic
growth expansion is loss rapid and less obvious, so that the

term may have limited spplication.

The ﬁorphological indication of rhythmic growth in the
mature shoot is a more or lass pronounced segmentation of the
axcs (referred to by Tomlinson & Gill (1973) as 'articulate
growth). In treeé‘yhich daveIOp;bud scales, there may be a
series of short:internodes O émall leaves. For many trees
with rhythmic growth the most éonséicuous featiire is the
development of groups or tier Sf branches and the periodic
production of-branches in relation to rhythmic growth has been

roferred to as ‘rhythmic branching.'

(ii) Continuous growth - in which shoots have no marked endo-

genous pariodicity of extension. It implies that thérapical

meristem undergoes no ‘'rest' or in the more precise usage of

- P
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Romberger (1963) ‘quicscence'. The trees in the tropics which
have boeen described es evergrowing by Koriba (1958), come in

T
is catagory. As little is known about the physiology of

éormancy, the continuous growth is distinguishad by the absence
~§f pronounced morphological segmentétion. A morz or less conti-
‘nuous procass of loaf production is involved in continuous

‘growth. This is implicit in Koriba's (1958) description and in
PfEh: type of shoot referred to as 'non—articuiate’ by Tomlinson

& Gill (1973).

N ir-c architecture:

Organization in trees reflects the precisely controlled

- gencetic programme which determines their development, This has
. been comprehensively described by the pioneer works of Hallé &
. Oldemen (1970, 1975) by mz@ans of their concept of architecture,
~ which has permitﬁed a typological categorization of growth

f modc:ls. The visible morphological expression of the genctic
Elucprinit of “a troe et any one time is referred to as s
architgctufe. For a trea the growth programm: which determines
Ehe successive -architectural phasces is called as its architec-

tural model or shorter, its model (Hallsd ot al. 1978). Thus

the architsectural model of a troe, refers to its plan of growth.

Architecture is a dynamic conegpt distinct from shape‘or'
physiognomy which is stetic. Similarly, it is not synonymous
' to growth heabit, which refers essentially to the ultimetely

expressed form of the organism (herb, shrub or tree) and
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ii;ates sizee Aréhitecture dozs not involve sizae and dimuni-
)2 herbs and giant forest trees may exhibittprecisely the
architecture. Halld & Oldeman (1970) havedescribed 21
v'tectural models. Bach model is named after a botanist who
s contributed to a knowledge of the model or has done morpho-
ical rescarch exhibiting the model. Architectural modéls

ﬁ;é been recognized mainly by criteria which relate to primary
‘;egsion growth,

f[anching and axis differantiation:
-

Unbranched trees are those like single stemmed palm of

hich the coconut is a familiar example, remain vegetatively

.

e

wnbranchaed because they lack latoral meristems completely. A

number of dicotyledons, of which carice papaya is a familiar

- example are architecturally unbranched and belong to the same

' model (Corner's).

éranched trees have two modes of branching. Thevsimplest

méchanism for proliferation of a meristem is by its egual divi-
sidn into two-daughtér meristems of initially equal growth
éotential. This is called as dichotomy or terminal branching.
Only one architectural model (Schout's) has been accounted for
such troes. The axillary or lateral branching involvaes the
development at each node of one or more lateral meristems from
the terminal meristem, which may or may not continue its acti-

vity. &xillery branches are formed by two methods: Syllepsis
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or prolepsis. The definition of Spath (1912) as restated by
Halld ¢t al. (1978) for syllgpsis is ‘the continucus development

of a lateral meristem to establish a branch, without an evident

intervening period of rost of the léateral maeristem. ! Halld et

¥

(1978) define prolepsis as ‘'the discuntinucus develcpment of a
lateral pud from a terminal meristem to establish a branch, with

some -intervening period of rest of the lateral meristem,’

Morphology of branch exprassion:

In monopodiel branching, lateral branch meristems are
produced (ccntinuous or rhythmic) by a permanent terminal
meristem. In sympodial branching, lateral branch meristems
successively function for a limited period as a toerminal shoot
and are successively evicted, there is no péermanent mefistem.
Sympédial growth by substitution occurs when the terminal meri-
stem either aborts or becomas reproductive and makas po further
contribution to the vegotative architacture of the trec. Sympo-
dial growth by apposition occurs when both tarminal and lateral
meristémsof zach unit axe cvicted into a sub-ordindate position
and aextension growth of the axis is continued by a Qigorous
lateral which in its turn eventually becomes abruptly erected

(Koriba, 1958; Tomlinson, 1978).

&n orthotropic -shoot has an erect orientation (hegatively
geotropic), radial symmetry and phyllotaxis most commenly
decussate or spiral. A plagiotropic sheoot has a horizoental or

obligue orientation (more or loss diageotropic) and dorsiven-
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jjsymmetry either by virtue of a distichcous phyllotaxis or
Beal or docussate, by seéondary orientation (petiolar or
pini or twisting of internodes). The degrec of differentia-
» of a meristem may be changed either by oxternal influences
;y’modificatiéns'of internal correlations, Of spacial inte-
£ or: those woody plents in whicﬁ there is no inherent change
& pressicn within a single meristem producing axes of archi-
fural significance. Such axcs are describaed by Hallé & Olde—A

? (1970) as mixed axces. Among the savaeral possibilities of the

EépiC‘phase shows a proncunced distal curvature, the site of

iﬁtgration

The concept of reitoretion of the troe model exists as an
scclogical extension of the architectural concept (Oldeman,1974).
t+he beginning of troa's life after gorminaticn, it preduces
the initial model, which is cne of thosc descrioed by Halld &
éideman (1970). Leater and under propitious ccological conditions,
meristems which do not initiate any growth during the medel's
;gevelopment, may copy all or part of the model., This copy should
gnot ba confuscd with a ramification and is called a ‘reitera-
;tion'. Thus, the process of reiteration is a mechanism of

. architcectural adjustment by which the damaged tree accommodates

itself to its environmenta
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Tress in the forost which conform to the initial model
or those having fewer reiterations constitute the set of future,
those which have developed a lot of reiterations constitute the

' is not always younger

sat of the present., A trae of the Pruture
than one of the ‘prosent', but it still koecps its growing poten-
tial. Last, the set of the past is constituted by the trecs of

which the old age or poor gcologic conditions lezad to the

architoecture's degradation.

In z2ach structural ensemble in the forest, the different
points where bigger reiteretions occur, constitute an irregular
space which is called the invorsion surface. The lavels of those
surfaces correlate with different storeys where the tendency to
produce always bigger organs such as stoms, reverses and boecomes
a tendency to produce smallor organs such as little branches
around the crown. This architcectural inversion involves the
reguletion of vertical gradients of light and humidity which

changa to a lower or higher degree than in the average gradient.

Branch and leaf orientetion

Branching”pattcrn is one of the most conspicuous features
of woody plants. BEfficacious lcaf-display, minimization of
non-photosynthetic tissue (Horn, 1971; Whitnay, 1976; Honda &
Fisher, 1978), structural strength (Mckahon & Kronhaur, 1976)
and optimization of translocation (Leopold, 1971; Leigh, 1975)

arc the potential adeptive functions of branching design of
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=s, Thus, it pfovides the structural support and lzaf eXpo-
f.re of woody plants. Specics growing in differapt.chvironmants
e adoptaed differing branching peattern and leaf display cha-
};cteristics, Whitney (1976) proposad that the specics of closed
forosts growing under cenopy shade are selectad to favour mini-
ization of shading within thce crown. Horn (1971) catcgorized

& is type of lcaf display as a non-random, highly structured
monolayer. In contrast to this, tf:es adaptaed to open situations
‘would be axpactad to approach a multilayer state, having a

. numbor of small overlapping leaves rendomly distributed through

the crown (Horn, 1971).

The geometry of phtosynthegic apparctus is an impprtant
feature in the adeptive mechenism of tress and has been related
to their strategy for light interception (Horn, 1971; Douglas &
Reamsaden, 1973; Lang, . 1973; Monsi.st . al. 1975). Generally, the
oriezntation of leaves in sun positions of the crown or the
leaves of the upper canopy is such as to enhance photosynthesis
and promote leaf cooling during high soler radiation. In shade
‘positions, lcaves orient to maximize the individual leaf photoé
synthesis by displaying themselves in horizontal monolayers
(fiorn, 1971; Bekex at_al., 1973; Honda & Fisher, 1978; 'McMillan

& MoClendon, 1979; Pickett & Kempf, 1980).

Bifurcation ratio:

Diffarences in branching in trees are demonstrated by

the bifurcation or branching ratio, which is the ratio of
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»;¥.used to quantify the drainage pottarns of strecam basins
: on, 1945). More racently it haes baen used to characterizg
;ybranch‘networks of bioiogical systems, such as trecs
_;llénd, 1969; Leopold, 1971; Oohata & Shidei, 1971; Baker

. 21., 1973; McMghon & Kropemer, 1976; Whitney, 1576; Thornley,

)

977; Niklas, 1978; Steingracber gt al.. 1979; Pickett & Kempf,

Kempf & Pickett, 1981).

Ochata & Shidei (1971) subjocted seedlings of Qucrcus

| 1lyragoides to aiffercnt planting densities and levels of
%gght intensity and/found that bifurcation ratio was insansitive
changes in light environment. Whitney (1976) comparcd bifur-

Etion ratios of opan mdsmﬁegﬂmnFmﬁﬁmsamthmaam

S milarly concluded theat bifurcation ratio valuas approach a

1 g\ | v ‘ ‘
Ep.ocics specific constant. Whitney (1976), further suggested
ot bifurcation ratio is a m@asurz of morphological adaptation

to a particular succassional status. Thus, the lower bifurcation

 ratios are essociated with the monolayer late successionals,
' while highor retios are associated with multilayer display of

| leaves, chareacteristics of early succassional specices (Whitney,

1976) . Rscently, Steingrasber gt al. (1979) and Pickaett &

Kemp £ (1980) have shown thet bifurcation ratio varies within a
single spaecics growing under different snvironments. Thus, they
found thet individuals from axposaed habitats had higher branching
ratios and in addition also possessed longer terminal branchas

than those bencath the Ccanopy.
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Howasvaer, bifurcetion ratio, is considered to ba a rela-

Bvcly crude index of troe architccture, while branch angla and
:ianch léngth have becn found in both real and model treesvto

a major effect on the acrhitecture (Honda & Fisher, 1978;
Stcingracber gt al., 1979; Pickett & Kempf (1980; Kempf & Blgkatt,

1y, 1981).

ey

; Nelson gt

LEAF DYNAMICS
Higher plents arc all organised as iterations of a basic:
nstruction modulcs and leef with its axillary bud is +he con-
euction unit in the shéot (Harper & White, 1970; Harper & Bell,
4979; Whits, 1979). As a plant growé now modules erc added to
7i£he structure and old oncs die. The parts of a modulaor organism
f'haVe theif own‘pirth and death rates; a genet has its éwn
:intarnal population dynamics and the relative placemenﬁ of the
; modular units determines the forms of the organism. Form is a.
;consequenCe of dynamics (Harper & Bell, 1979), and the dynamic
. koncept of architecturs (Halld a2t al. 1978) also interprets the
plant growth in terms.of the organized accumuletion end flux of

specific constructional units (buds, leaves ote.) at the blue~

print.,.

leaf and its axillary bud are the smallzst modulz of the
organizaed structurce in highor plants and leaves may have many
propertics associated with members of pupulations, c¢.Je. thaey

may increase in number expongentially in a rapidly growing plant,
: i _
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they have juvenils, mature and scnaescent phases; death-rates

and survivorship curves,. Bazzaz & Harper (1977) have shown that
it is reletively easy and rewarding to describe the growth and
reaction of plants to different environmenﬁs by applying demo-

grephic procedures for the analysis of populations of leavaes.

Though some aspects of l:af demography of trae species have
been worksd out like census (Busgen & Minch, 1929), longevity
(Giil & Tomlinson, lé?l@,'age~structure (Kinerson 2t al.. 1971)
or cbeission stratazgics (Kozlowski, 1973; Addicott, 1978), no
detailed demographic studies are available on the leavas in the

canopy of tracs.

Loaf production:

Leaf production ¢stimataes have bean of interest to fores-
tors and horticulturists (usually as a part of wider studies on
productivity). The carly studics on lecaf production estimates
heve boon reviewed by Biusgen & Mudnch (192¢), With the increased
amphasis on the role of locaf biomass in ccosystem studi:s and
primary productivity (Baskcrville, 1965; Satoo, 1970), later
investigations were carried out on changes in leaf production
over time in mono-spacific stands (Rennie, 1955; Ovington &
Heitkamp, 1960; Switzer gf al.. 1967 Wicgert & Monk, 1972;
Marks, 1974) and mixed~-spcecics forests (Covington & Abaer, 1980).
But the studies from demographic point of viaw considering
the dymamics of leaf populations (flux); are lecking for trec

spaclioes.
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loﬁqevity:

Most leavoes are determinate in growth (though a few are not
fjd retain a functioning apical meristam, Hall3 at al.. 1978) and

a determinate life span. Within a spacics this life span may

()

3nv1ronmvntally dotormined, Loeaf populations undergo mortality
over a time pariod. Survivorship curves best reprasent this

pattern and have baen constructed for various specics: Abics

‘iei chii  (Kincrson ot al., 1974); Actinodephng longifolia (Yuwaka

.éi.} 1977): Ledum groonlandicum, Kalmia polifolia, Chamacdaphne

galyculata (Reader, 1978); Linum usitatissimum (Bazzaz & Harper,

1977); and viola gsororia (Solbrig gt al., 1980).“Without axcep-

tion th:y all show Deaevey Type Td surv1vorsh1p curveae (D ve&,
1947), where there is an initial purlOd of constant low probabl—

1ity of death followed by a rapidly increasing risk.

In plants that:cérry cohért of leeves for mora than one

. year an age structur: may devaelop if succassive annual cohorts
overlap, Studics on leaf age-structure oxist for certain spacics
P=ince the physiological’significance of loaves of different

‘age classes affect tree productivity (Linzon, 1958; Woodman, 1971;

Kinerson ¢t al., 1974).

SAED GARMINATION, S SSDLING ASTABLISHMAENT AND INITIAL
GROWTH CHARACTAER ISI‘.LCS

Gorminetion and cstablishment are two critical phases in
the life cycle of a plant. While much is known ebout the physio-

logical procosses which occur at the time of germination, its
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adaptive aspacts heve roceived little attention (Kozlowski,
19725 Hydeéker, 1973). It hes boen argued by Harpoer gt al.
(1961, 1965) and Silverton (1980) that the number of plants
cstablished from sczd may be regulated by the aveilability of
'safe germination® sites. 'Gap detection' is the term coined
by Thompson ¢t al. (1977) which cnabloesa sced to avoid germi-
nation until conditions arce favoureable. The most direct means
of gap detection for a sced would probdbly'involve a machanism
of germinebility to the degree of shading which the seedling
would cncounter if thoe seeds were to germinate. Thus, the
pioncer spaecies have avolved a mechanism of dormancy till the
availability of gap (dormant/Burizd scod strategy = Marks,1974)
or for thoe trensportation of scads from outside sources (fugi-

tive stretegy ~ Hutchinson, 1951).

Gorminetion requiremegnts of different specices or the
populations of the same spacies rapresaent the normal conditions
for their germination under natural conditions and these havae
been related to the distribution and adaptation pattern of
speci 2s/populations (Koller ot al., 1962; Harper, 1965 Cohen,
1967; Ramakrishnan, 1%72; Ross & Harper, 1972; Kapoor & Rama-
krishnan, 1973 Thompson, 1973). Widely distributed tree spacies
cncount or different cnvironmental conditions over their dis-
tribution range, This brings into a consideration of role of
acotypic differcnces in szod germination, s2edling astablishe-
ment and initial growth of trae specics. Adaptive differsgntia-

tion of this kind for germination requirements have been
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scrved by Ramakrishnan (1961, 1965, 1968) and Ramakrishnan &
poor (1974) in the case of herbaceous species and by Winstead
g*l), Williems & Winstecad, (1972), Wearstler & Barnes (1977)

- trec spacies. Whilst the ecotypic studies have received
Q,iderable attention in this country with respect to herba-
ous Speci¢s (Remekrishnan & Khosla, 1971; Kapoor & Reamakrish-

n, 1973; Remekrishnen & Kapoor, 1974),the forest trees have
ceived no attention.

Differences in csarly growth characteristics of ecotypic
pulations of tr:es are cxemplificd by many tempaerate tree
the work on which has boen reviewed by Wareing (1956)
ad Vaartaja (1959), and therc is considerable evidencé that
ndiceates the role of day length and tempereture in breaking
énter dormancy. In a study of Picea ccotypes, Roche (196%)
also related photothermal regime to cessation of growth

and initiation of dormancy, the differential bechaviour of popu-

s in cone scale morphology in Piccea populations along an
dtitudinal balt observaed by this wopker was releted to dormancy
;%mterns and ultimately to the overwhelming influence of envi-

ronment.

ECOLOGICAL STRATZIGY OF TREES

Strategy, in an economic or military sense, is the reci-
'procal set of actions and rcactions between two conflicting
groups directed to the attainment of the ends of each group.

The concept has been widely used in animal ecology and has



L 2 8 8.8

f.entiy penctrated the fields of plant ccology and avolution.
here have been strong objections to its usage in animal and
fént scology (Grubb, 1980) and a plua has been made by Stevens
unicated by Whitmore et Harward Symposium "Tropdicel trecs

living systems' at Patersham, U.S.A. 1976) to replace this

orao anthropogenic word ‘syndrome', Disrcgarding its teleologic

ntaorpretation it has boeen usced with an analogous mzaning by

B811ly significant attributes of an organism.

For trees, -occupation ofdspace is an inherent mechanism
£ithout which a populetion canﬁot surVive, and it is towards
interprutﬂtioﬁ of such mechanisms that much of the concept
sf strategy in plqnt scology is dir: cted (HallS o al., 1978).
idea of two maln Lrands in se luCthD of specific stratagies
g??om tha work of animal bioclogists (McArthur & Wllson, 1967;
Pianka, 1974; Blondel, 1975) i.e. 'r' and 'K' sclection with
reletion to tree specics have been discussed in detail by
HallS gt al. (1978). It is statcd theat cach architectural tree
model ropresents standard solution to the utilization of energy
i offarzd by the énvironm@nt. Each of the architectural models B
proposad by Halld gt al. (1978) dnanmw»or lcss su1ted to an

‘r - determined or K- dbturmlned ¢1fe cycle and urﬁ in accord

s o
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with Pianka (1974) in thinking of an r to K sclection continuum
- along which an organism can have a differant position according
to the particular envirconment. Most trae architectural models
can be recogniged as intormoedictoes between extreme r oand K

P plants.

For trees, there is a useful representation of the ene:gy
'éistribution between vagetetive (Keoriented) and reprpductive
(c-oriented) stratsgics. Any defence against predators is in-
corporated intoc thoe complox of Keoriented factors (competitive).
'And because of a trec's immobility, physical ﬁlight from preda-
. tors is possible only in the sced-phase and it is then linked
to the reproductive (rAncriented) bchavicur of trees. Reitem
ration which represents a shift towards more ebundant flowering
and fruit sot, a result of the progress towards neoteny in the
succaessive reiterated models, is a shift towards r-strategy in

troes (Halls 2t al,, 1978).

Bormann & Likcns (1979)have proposad ﬁwo growth straﬁegiss
of tree specics to occupy the different stages of ecosystem
development after disturbance. The two contrasting Gtrategies
are)axploitive strategy best adapted to conditions immediately
after disturbance suited for carly successional environments
where there is minimum competition and ebundant natural resour-—
ces, and a conservative strategy better adapted to late succes-

sicnal environments, of high competition and lasser resource
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evailability. Similar prtteorns of plant adaptation or specics
2?rategies have baen implicatad or proposad in a number of

sr studics (Grime, 1974; 1979; Herper & White, 1974).

- per & White's (1974) concept of shade-intolerant colonizing
fr-type)’species, for instance, is closely related to the
F‘oloiﬁive growth strategy. By way of contrast, shada-tolerant
%pecies possessing fewer and larger seeds and a long juvenile

period could be considered representative of the conservative

THE PREIENT STUDY
The present study on the ecological adeptation of a
for.st ccosystem ié aimed at the analysis of important’adaptive
‘strategies of the forest, in terms of its constituent units, the
%individgal trizes, The tree has baen conéidered as an «ctive,

 adaptable unit and the forest being made up of a vast number of

. such units interacting with cach other.

The szasonal adeptation of the forest community hes boen

| studied by considering the phenological activities of important
[ r-and understorey tree species in the forest. The cbrrela~
tions of different phenological events —flowering; fruliting,
flushing and lcaf fall - with the sceasonal environmantal
triggers have been considerad as the adaptation of traess and
the forest community as a whole to the climate. The studics

on litterféll patbern deals 'with ‘the psttewn -of litber - pro=

duction, taking into account both seasonality and rate of
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production. The total litter as well as the contribution of
litter fractiorsto the total lltt r have been quantified. This
study is compared with other relevant works in troplcﬂl and

sub~tropical climetoes.

L Studics on growth pattern end architecture have been done
rieeping in view the dynamic process of architectural devalop=-
ment from bud-proliferaticn, branching dynamics, lecaf arrange-
{@: £ to overall geometry of the trees. This technique segparctes
orowth into component processes and their effects on adaptive
-strategy of trees for niche cvccupancy have been analysed. The
ChltBCtUrg build-up and growth pattern of two acologically
:contrastlng group of species namely 2arly and late succ3551onal
speci:s of the forest ecosystem have been studied. Branch and

- lcaf disPlay characteristics and bifurcation ratios cof these
specigsihave baen quahtifijd and related to their strategy of

growth and dynamics in the forest COMMUNLItYe

The demographic taechnique has been applizd to the study

: of leaf populations, The study takes intc account the dynamics
of leaf populﬁtians (i.2. birth and death and resultant £lux),
their age-structure and ﬁge»dlstrlbutlon, mortality and survi-
vorship. The survivorship curves have been constructed for the
different cohort of leaves and comparaed with the patterns of
survivorship in othor studies. This has revealad tﬁé saeasonality
of birth and decath of lsaves as well as the overall pattern of
leafiness, The dynamics of leaf populations is discussed in

relation to the ecological strategy of tree species.
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ima khasiana and S. wallichii arc two important carly

Eg’onal components of forest ccosystems of north-castermmn
Th- growth patteyn and architecture of th:sc spocices have
Em‘sidered along thair altitudinal distribution pattorh-. The
: architsctural development pattern and growth strategy

ima haveubeen analysed in relation to its success znd

> in the forest ecosystem as an carly succassional colonizer

=1] as its altitudinel distribution patterm,

Studics on germinction acology of Schima khasiana and
1 lichii populations have been done under laboratory condi-

ns end scedling csteblishment end growth performance at

fferent altitudinal field conditions. Those have been dis-
esod in relation to the specics adaptation at different
citudes. Germination ccology of the carly successional Alnus

lensis has baeen studiced under laboratory conditions and

1ated to its role in the forest ccosystoem.



