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FREFACE

The present study was undertaken to elucidate the

" general adaptive phenological characteristics of a sub-tropical
evergreen montane forest ecosystem represented by a sacred
grove about 10 Km from Shillong in the Khasi Hills of Meghalaya
at an elevation of 1900 m. Three early successional species

represented by Alnus nepalensis, Schima khasiana and S. walli-

chii and thrze late successional species represented by

and
Machilus kingii, Quercus dealbatg\‘g. griffithii were consi-

dered for detailed studies on growth and architectural adapta-
tions of the forést ecosystem. Of these, all the species
except S. wallichii are the members of this sub-tropical mon-
tane forest. S. wallichii, an important trece of lower eleva-
tions was considered for a comparative study with S. XKhasiana,
which is an important component of the montane forest. The
comparative adaptational studies on S. wallichii were done
taking into consideration two populations of this spscies, one
from an elevation of 1600 m and the othz2r 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 gpart from providing useful information on the growth
strategy of sub—tropical montane forest 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 adsptation, (ii) architecture and growth pattern



)

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

vapers, some overlapping in writing could not be avoided.

In the first chapter important phenological characteris—
tics of 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 referehce to
its seasonality. Chapter 3, 4 and 5 deal with the architectu-
ral analysis and growth pattern of a few selected tree species.
Chapter 3 is a detailed account of architecture and growth
pattern of two species of Schima, namely, S. khasiana and
S. wallichii along an altitudinal gradient..Growth strategy of
tree species related to successional status haé been dealt in
two parts: Part I (Chapter 4) deals with the architecture and
extension growth of two =arly and three late successional 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 chaptars, one
dealing with germinaﬁion, seedling establishment and early
growth characteristics of.two closely related species of
Schima (8. khasiaha and S. wallichii) along an altitudinal
gradient and the other ch;pter 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), branbhing
patterns (Honda & Fisher, 1978; Pickett & Kenpf, 1980; Kempf &
Pickett, 1981; Nelson g al., 1981) and whole tree crown charac-
teristics (Hallé & Oldeman, 1970; Brunig, 1976; Halle'g; al.,
1978). Much of this work has bsen 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 spacices (Climax and pioneer) of these aresas exploit the
resources in their environment, Such informations are vital for

evolving rational forest management 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‘
speqies (even variety or clope) to a complete ecosys;em. The
area involved may be small (for intensive studies oﬁfall pheno-
phases of entire ecosystems) or very large (for intér-regional
coméarison of significant pheno-phases). The ﬁﬁit Qf timing is
usually the solar year with which the events to behétudied are
in phase. The events themselves may cover va:iable'time spans

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

The significance of phenological stﬁdiés ha§e‘been'reéo-
ginized for a long time (Laith; 1970i‘1971}?L§ithf& Radford.
1974). From a practical standpoint, phenological records could
be épplied in wildlife, forestry and aéricuiture as,suggested
by Leopold & Jones (1947) and used with success for predicting
flowefing, leaf flushing and fruit ripening for some important
horticultural species in Norﬁaﬁ (Wiclgolaski, 1974). Likewise
Sxfing vulgaris is used as the indicator plant of local climate

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

Phenological adaptations of Trees in the forast allow the
utilization of specific resources which exhibit temporal periodi-
city and may lecad to temporal separation of species. This has

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



tion between the specics is reduced (McDougall, 1922). Also,
temporal separation incruases diversity of the community which
may influesnce production and stability (Connell & Orias, 1964).
Howaver, phenological divargence exposes a spaecies to different
environmental charecteristics which may lcad to the evolution
of now adaptations. Tree periodicity petterns provide insight
.into secasonal organization of floral and fruit resources.
Frankiec gt al. (1974) mention several ways of breaking down
thaese pattorns for analyses at finer levels of organization
within the resp:ctive communitias of each ecosystem. They also
suggest how thase patterns may providé clues 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 lagking comparative and quantitative informations.
only recently systematic attempts in this diraction have been
made by ecologists (Frankie gt al., 1974; Putz, 1979; Boxchert,

1980; Opler gt al,,1980;_ Primack, 198Q). .-

Sﬁasonalitx of phenological events:

In arcas with distinctive scasons, organisms raspond to
climatic rhythms and their environmental cues. This is particu-
larly evidant in arcas such as the temperate deciduous foraests,
‘where the community dominants have simiiar petterns of bud
burst, foliage development, sencescence and lzaf 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 climetes 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 et al., 1967), Strong annual pheno-

logical cycles are evident in these areas.

In tropical areas with relatively constant temperatufe
and rainfall, phenological activities are not constrained by
climate as they are in the sub-tropics and the temperate zone.
When reproductive and vegetative growth can proceed virtually
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) andAPutz (1979) in Malaysia and Singapore; Baker &
Baker (1936) in the New Hebrides; Brookfield (1969) in the
Solomon islands, Koelmayer (1959) in Srilanka and Frankie et al.,
(L974) 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 apparent lack of seasonality

at the community level,



L J 5 L 4

Flowering and fruiting periodicity:

The synchronization of flowering with particular seasons
and pceriodicity in flowering have bcen commonly observed in
rainforest trees (Richards, 1952; Holttum, 1953; Rees, 1964;
Ashton, 1969; Croat, 1969; Medway, 1972; Frankie gt al., 1974).
Ot interestbis the gencral observation made by several investi-
gators that most wet forest flowering occurs chiefly during
periods of dry weathaer as shown by Holttum (1953) in Singapore,
Ducke & Black {1953) in Brazil and Njoku (1963) in Nigeria. This
pattern has been attributed to a triggering mechanism for
flowering in response to the sequences of dryness and wetnaess
(Opler gt al., 1976). Although moisture related factors may
play an important role in flowering periodicity of tropical
trees, a change in photoperiod has also been suggested to sti-

mulate flowering (Njoku, 1958, 1963).

Stiles (1977) suggested that tropical triees have a regu-
lar spacing of flowering times, but Poole & Rathcke (1979)
re—énalysed his data and concluded that the flowering pattern
was éggregated, bacausae no specices bloomed during a transition
period between a wet and dry season, Tree species have various
levels of overlap in blooming time and vary in their pattern of
flower initiation. Three hypothatical phenological tactics have
been proposed for flowering (Stearns, 1976; Anderson & Schelf-
hout, 1980). In the first tactic the sum of the blooming times

for all species does not excead the time available for flowering



i.e., there is no overlap in flowering time among the species
and thus minimal competition for pellinators. The second tactics
is followed by speci:s which have a maximum amount of ovarlap

in flowering time, in potential compeﬁition for pollinators and
in the length of blooming time. &n equal number of species is

in flower during each intarval but thers is a significant depar-
ture from the expected equal number of species in flower (i.e.
number of species/number of intervals). In the third tactic, the
number of species in flower approximataes normal distribution
and there is a significant departurce from an expectad equal
number of species in flower at each interval. This pattern has
potentially reduced competition for pollinators more than the
second one because of the staggered pattern of flower ;nitiation
and blooming among the species (Mosguin, 1971; Heinrich & Raven,
1972; Frankie gt al., 1974; Stiles, 1975, 1977; Feinsinger,
1978).

The pattern of fruit maturation and seeding have bean
discussed in detail by Janzen (1978) from the angle of animal-
-plant interactions. He has related the timing of saad produc-
tion to be of adgptive significanca for dispersal agent activi-
ty, seed predator behaviour, resource allocation options within

the plant and germinestion demands by the scedlings.

Flushing and lcaf fall:

The adaptive significance of different types of leaf

replacament strategics hag: not rceceived the kind of analysis
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- 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 leaf
replacement in a perennial plant in an aseasonal environment
would be rstention and photosynthetic use of an old leaf until
a new leaf is grown. Such a strategy wéuld result in maximum
leaf fall during the optimal growing season or to a continuous
level of leaf fall if new leaf growth were to be continuous.

In fact, seasonal cold or drought stress 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 foresté
the maximal leaf fall has been reported during the wet season
(Cornforth, 1970; Edwards, 1977; Jackson, 1978; Brassel et al.,
1980). The only forests found to have non-seasonal 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-
mulzted. The subject is discussed in detail by Lutz & Chandler
(1946) and Aaltonen (1948). Bray & Gorham (1964), Jﬁrdan (1971a),
Jensen (1974) and Jordan & Murphy (1978) have excellently review~
ed 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 pearts of the world too. Bray & Gorham (1964) in their
review of the work on litter production have emphasized that,
"the study of the quantitative aspects of litterfall remains
an important part of forest ecology, dealing with a major
pethway 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 production

and decimposition are very high.

Seascneality of litter production:

The pattern of litterfall varies greétly thrcughout the
different climatic zones. In deciducus forests of the ncrthern
“hemisphesre, leaf fall is ncrmelly concentrated in a rather
short autumnal pericd, often with a pronounced peak in
October and November (Virc, 1955; Witkemf & Van der drift,
1961; Cerlisle et al., 1966; Duvigneaud gt. al, 1969; Anderson,

1973). In a mixkd Oak forest Quercus ellipscides & Q. alba)
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in Minnesota, U.S.A., Reiners & Reiners (1970) found theat 20%
of the litter fell in September, 50% in Octcber, 9% in the

5 winter months and 21% (prooably flowers, bud scales etc.) in

April to August, In the evergrezen Quercus ilex woodlands in
southern France, the leaves have a life span of about 2 years
and they ere shed mainly in the period from 2April tc June with

a peak in May (Rayp, 1969).

In humid equatofial forasts litter fall is more or less
continuous throughout the yzar although with a tendency for
extensive falls during or shortly after relatively dry pariods.
Thus, Laudelot & Meyer (1954) found that litter fall at
Yangambi (Congc) was low during the rainy season and reached a
peak at the end of the dry season. Nye (1961) found in the
meist tropical forests of Ghana a relatively high litterfall
during February and March due t¢ a short dry season in Januery
and Februéry. Madge (1965) and Hopkins (1966) both working
in Nigeries, found that maximum leaf fall occurred during the
dry season months of Ncovember tc March. The former stated that
leaf fall fluctuatad little during the wet season, at the start
of dry seasun it progressively increased, culminating during
the driest menths and then falling off again. A similar pattem

was found in Scuthezast China in forests dominated by

Gircnniera subaegyalis (Rodin & Brazilesvich, 1967). Here the
leaves fell all the yeer round, but with a peak period from

Merch-May, where March-April is the dry seascn followed by the
wet seasun 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 degrzse of seasonality in both temperature and
moisture., Rain has also been con;idered to be a factor for
increzase in litterfall,‘as the increased weight of wet
senasced material in the canopy causes them to fall (Brassel
et al. 1980), John (1973), Hopkins.(l966) and Brassel gt al.
(1980) associated litterfall rates with wind velocity. Tanner
(1980) has observed thet litterfall par day during the dry |

Season was about twice and during ths hurricane period was

about 4 timas to that during the wet period.

Litter production pattern:

Litter production pattern is greatly influenced by the
brevailinq climatic conditions at different climatic zones,
Bray & Gorham (1964) have shown tha predominant influence of
climata upon litter production. The mean litter production
avarages lt/ha, for hkrtic-Alpine zone, 11 t/ha for equatorial
forests and 3.5 and 5.5 tyha for cool and warm tempaerate
forests respectively. Recent estimates of litterfall from

tropical forests range from 5.5 to 15.3 tyha per year .



o e 11 LN J

(Médge, 1965; Muller & Neilson, 1965; Hopkins, 1966; Kira &
Iwata, 1967; Wiegert, 1970; Hains & Fostar, 1977; Jackson,
1978; Brassel gt al., 1980; Tanner, 1980). Rate of litter
production is thus highest in the tropics and decraases with
increase in latitude, Also, it has béen shown that the rate

of litterfall decrecases with decrease in light availabla during
the growing season along a world-wide gradient of decreasing

light availability (Jordan, 1971 a).

The major role of temperature in controlling ;itterfall
is revealed when total annual ilitterfall is plotted against
latitude, the relationship is inverse and linear, with a maxi-
mum level of over 11 t/ha at the eguator, declining steadily
to a little less than 1 t/h% at latitude 65°N in Burope, whore
forest 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 raeceive equal
aﬁounts of solar radiation but the mountain top site may have
a shorter growing scason and conseqguently the total amount of
light available for growth there is laess (Jordan & Murphy,
1978).

Also, litter production pattern may vary according to
topography, vegatation type, spaci:s composition and many
other biotic and abiotic. factors which have bzen decalt at

length by Bray & Gorham (1964).
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Litter fractions;

Ieaf 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,Ccrnforth, 1970; Wiagert,
1970; Edwards, 1977, Tanncr, 1980). Litter fractions othar
than lzaf have been lass investigatzd axcept the wood litter
which ha®z been brilliantly reviewed by Jordan & Murphy (1978).
Jordan (1971 a,b) has found thet thoere is no difference in
annual rate of wood production between mesic forests of tropi-
cal and tempaerate zones, but the fatio of wood production to
litter production incrcases with increasing latitude and
suggaested that.a high ratio confers a greater competitive
advantage in areés with a short growing season than in arcas

with a long growing scason.

ARCHITSCTURA AND GRCOATH PATTERN
Barly workson growth characteristics of troes are largely

confinad to their north temporate representatives (Blusgen &
Mdnch, 1929; Kozlowski, 1964). The genaralizations made from
such studics can not be representative for all tree species
(Tomlinson & Gill, 1973) comparatively fewer investigations
have baen carriced out on troes of tropical zones. Studies
specific to tropical traee growth in older literature largely

refer to comprchensive investigations of phenology (Busgen &
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Minch, 1929). In addition, there are several detailzd reports

on trzzs of specific arcas (Coster, 1923 in the monsoon ragion
of Java; Holttum, 1953 in Singaporc; Medway, 1972 in Malaya).
The studies of kKoriba (1958) in Singapore erg gencralizoed and
essentially comparative in spproach. This work refers to periods
during which spoecies are visibly flushing i.ce. exhibiting a
crop of new lcaves usually associated with shoot axtension

and it has becn concluied that trocs exhibit endogenous rhythms

in thoeir growth.

Some sp:cific studies which have investigated the
dynamics of shoot initiction and expansion in tropical trees
include those by Bond (1942 , 1945) on tea; Hallé & Martin

(1968) on rubber; Purohit & Nanda (1968) on callistomon:

Greathouse & Lagtsch (1969, 1973) and Greathouse gt al. (1971)
on cocoa; Borchert (1969) on goreopanax; Holdsworth (1963),
Taylor (1970, 1975), Scarron: (1965) on Mango and Gill &

Tomlinson (1971) on Rhizophora.

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

on the foreéts and trees of these arczas.

Extension growth:

Bxtaension growth or the eclongation of the branch axas

of a shoot system, varioes widely among tree species in its
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rate, phenology and underlying morphogenetic basis. A wide
range of extension growth patterns have been recognized in
tree specics. On the one hand thaere are specics with a single
flush of shoot growth wholly preformed in the previous year's
overwintering bud (determinate growth) as oxemplified by many
north temperate species. Typically shoot elongation in such
species is completed rapidly (less than eight weeks), during
favourable growing conditidns which include the longest phcto-
period of the year. On the othoer hand, there are species where
more leaves are produced along the leader in a growing season
than fhere are embryonic leaves and primordia in the Winter

bud. This has been referred to as indeterminate growth,

These two patterns of growth have been widely recognized
in temperate trees. The growth in tropical trees is more
diverse than thet in the temperate regions and the periodicity
of shoot growth in tropical trecs has baen a centre of contro-
versy.’If recurrent flushes occur at regular intervals the
growth has been teormed as rhythmic or periodic, the same at
irregular intervals has been callzad as episodic, intermittaent
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 contcxt
of tropicai trees where time~lag between different growth
flushes are very small, Thus, they have distinguished two

main patterns of growth:-



e 15 e

(i) Rhythmic growth - as definad by Halld & Martin (1968) in

which shoots have a marked cenodgenous periodicity of cxtension.
This term may be reogarded as synonymous with cpisodic (Romber-
ger, 1963) or with intermittent growth (Koriba, 1958). The
term ‘rhythmic' may imply a regular cycle, though this is not

intonded in the definition by Halld ot 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
praformed lcaves. In many troes with essentially rhythmic
growth oexpansion is less rapid and less obvious, so theat the

erm may have limited spplication.

The horphological indication of rhythmic growth in the
mature shoot is a more or lass pronounced segmentation of the
axes (referred to by Tomlinson & Gill (1973) as 'articulate
growth). In treeé‘yhich develop bud scales, therz may be &
series of short:internodes or éﬁall leavas. For many trees
with rhythmic growth tha most éonsbicuous feature is the
developm:nt of groups or tier sf brénches and the periodic
production of branches in relation to rhythmic growth has baeen

referred to as 'rhythmic branching.'

B

(i1) Continuous growth - in which shoots have no Marked ando-
genous pariodicity of extension, It implies that thé'apical

meristem undargoes no ‘rest! or in the more pracise usage of
} p a
+ 1
. B

Tt
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Romberger (1963) 'quicscoence'. The trzes in the tropics which
have been described as evergrowing by Koriba (1958), come in
this category. As little is known about the physiology of
dormancy, the continuous growth is distinguishaed by the absence
of pronouncad morphological segmentétion. A more or less conti-
nuous process of leaf production is involvad in continuous
growth, This is implicit in Koriba's (1958) description and in
the type of shoot refoerred to as 'mon-articulate! by Tomlinson

& Gill (1973).

Tree architgcturg:

Organization in trees reflects the precisely controllad
gencetic programme which datermines their development, This has
been comprehensively described by the pioneer works of Hallsd &
Oldeman (1970, 1975) by m:zans of their concept of architecture,
which has permitted a typological categorization of growth
models. The visible morphological axpression of the genetic
blucprint of a tree ¢t any one time is referred to os its
architcctufe. For a trec the growth programm: which determinegs
the successive architectural phasces is called as its architec-
tural model or shorter, its modal (Hallé et al. 1978). Thus

the architectural model of a tree, refers to its plen of growth.

Architecture is a dynamic conegpt distinct from shape or
physiognomy which is stctic. Similarly, it is not synonymous
to growth habit, which raofers esscentially to the ultimctely

expressed form of the organism (herb, shrub or tree) end
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implicates size. Architecturz docs not involve size and dimuni-
tive herbs and giant forast trees may cexhibitiprecisely the
same architecture. HallS & Oldeman (1970) hayedescribed 21
architcctural models. Each model is named after a botanist who
has contributed to a knowledge of the model or has done morpho-
logical research exhibiting the model, Architectural models
have been recognized mainly by crite:ia which relete to primary

extension growth,

Branching and axis diffcrentiation:

Unbranched treces are those like single stemmed palm of
which the coconut is a familiar example, remain vegetatively
unbranchad because they lack latoral meristems complotely. A
number of dicotyledons, of which carica papaya is a familiar
example are architecturally unbranched and belong to the same

model (Corner's).

Branched trees have two modes of branching., The simplast
mechanism for proliferation of a meristem is by its equal divi-
sién into_two'daughtér meristems of initially equal growth
ﬁotential. This i1s called as dichotomy or terminal branching.
Only one architectural model (Schout's) has been accounted for
such treces. The axillary or lateral branching involves the
development at sach node of one or mo?e lateral meristems from
the términal meristem, which may or may not continue its acti-

vity. Axillary branches are formed by two methods: Syllepsis
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or prolepsis. The definiticn of Spath (1912) as restated by
Halld ot al. (1978) for syllepsis is ‘the continuous development
of a lateral meristem to establish a branch, withcut an evident
intervening period of rost of the lateral meristem.' Halld et al.
(1978) dafine prolepsis as ‘the discontinucus develcpment of a
lateral pud frum a terminal meristem toe establish a branch, with

some ‘intervening period of rest of the lateral meristem. '

Morphology of branch g;grcssion:

In monopodial branching, lateral branch meristems are
produced (ccntinuous or rhythmic) by a permanent terminal
meristem, In sympodia; branching, lateral branch meristoms
succaessively function for a limited period as a terminal shoot
and are successively evicted, there is no permanent meristaem,
Sympédial growth by substitution occurs when the terminal meri-
stem either aborts or becomes reproductive and makas ‘po further
contribution to the vegetative architecture of the trec. Sympo-
dial growth by apposition occurs when both tarminal and latceral
maristems of cach unit akg cvicted into a sub-ordindate position
and axtension growth of the axis is continued by a ﬁigorous
lateral which in its turn cventually becomes abruptly erectad

(Koriba, 1958; Tomlinson, 1978).

A orthotropic shoot has an arect orientation (negatively
geotropic), radial symmetry and phyllotaxis most commonly
decussate or spiral. A plagiotropic shoot has a horizontal or

oblique oricentation (more or less diageotropic) and dorsiven-
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tral symmetry either by virtue of a distichcus phyllotaxis or

if spiral or d:acussata, by secendary orientation (peticlar or
puletni or twisting of intcernodes). The degrec of differentia-
tion of a meristem may be changed cither by external influencas
or by modificatiéns'of internal correlaticns. Of special inte-~
rest arc those woody plents in whicﬁ there is no inherent change
of expressicn within a single moristem producing axaes c¢f archi-
tactural significance. Sucﬁ axes are described by Hallé & Olde—’
man (1970) as mixad axes. Ameng the several possibilitieé of the
most distinctive type are those axas in which an initial ortho-
tropic phase shows a proncunced distal curvature, the site of

a futurce branch complaex.

Reiteration

The concept of reiteretion of the traee model exisps as an
ecological extension of the architeCtural concaept (Oldeman,1974).
At the beginning of traa's life after germinaticn, it produces
the initial model, which is one of those descrioad by Hall$ &
Oldeman (1970). Later and under propiticus ecological. conditicns,
meristems which do not initiate any growth during the medel's
development, may copy all or part of the model., This copy should
not be confusad with a ramification and is called a 'reitera~
tion', Thus, the process of reiteration is a mechanism of
architactural adjustment by which the damaged tree accommodates

itself to its environment,
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Trees in the forest which conferm to the initial model
or those having fawoer reiterations constitute the set of future,
those which heve developed a lot of reiterations constitute the
set of the present. A troe of the 'future' is not zlweays younger
than one of the 'prisent', but it still keeps its growing poten-
tial. Last, the set of the past is constituted by the trees of
which the old &ga or poor acologic conditions lzad to the

architcecture's degradation.'

In zach structural enscmble in the forest, the different
points where bigger reiterations oczcur, constitute an irregular
‘spece which is called the invorsion surface. The levels of those
surfaces correlate with different storeys where the tandency to
produce always bigger organs such as stoms, reverses and boecomes
a tendency to producc smallor organs such as little branches
around the crown. This architectural inversion involves the
raguletion of vertical gradicnts of light and humidity which

change to a lower or higher degree than in the average graodient.

Branch and leaf orientation

Branching“pattern is one of the most conspicuous featurcs
of woody plants. Efficacious lcaf-display, minimization of
non-photosynthetic tissue (Horn, 1971; Whitney, 1976; Honda &
Fisher, 1978), structural strength (MclMahon & Kronhauf, 1976)
and optimization of translocation (Leopold, 1971; leigh, 1975)

are the potential adeptive functions of branching design of
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trzes. Thus, it provides thae structural support and lzeaf expo-
sur: of woody plants. Specius growing in difforent cnvironments
have adopted differing branching pattern and lcaf display cha-
racteristics, Whitney (1976) proposcd thaot the specics of closad
forests growing under canopy shade ere salaectad to favour mini-
mization of shading within the crown. Horn (1971) categorized
this type of leaf display as a non-random, highly structured
monolayer. In contrast to this, ttges adaptad to open situations
would be axpaectad to approach a multilayer state, having a
number of small overleapping leaves randomly distributed through

the crown (Horn, 1971).

The geometry of phﬁosynthetic apparatus is an important
feature in the adeptive mechanism of trezs and has been related
to their strategy for light interception (Horn, 1971; Douglas &
Ramsaden, 1973; Lang, 1973; Monsi 2t al. 1975). Generally, the
orientation of lesaves in sun positions of tha crown or the
leaves of the upper canopy is such @s to enhance photosynthesis
and promote leaf cooling during high soler radietion, In shade
‘positions, l:aves orient to maximize the individual l:af photo-
synthesis by displaying themselves in horizontal monolayers
{Horn, 1971; Bakur at_al., 1973; Honda & Pisher, 1978; McMillan

& MoClandon, 1979 Pickett & Kempf, 1980).

Bifurcation ratio:
Differences in branching in trees are demonstrataed by

the bifurcation or branching ratio, which is tha ratio of
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numbaers of distel to proximal branches. This type of ratio weas
first used to quantify the drainage potterns of stream basins
(Horton, 1945). More recently it has b:an used to characterize
the'branch networks of bioiogical systems, such as troees
(Holland, 1969} Leopold, 1971; Oohata & Shidei, 1971; Baker

2t al., 1973; McMshon & Kronemer, 1976; Whitney, 1576; Thornley,
1977; Niklas, 1978; Stecingracber gt al., 1979; Pickett & Kompf,

1980; Kempf & Pickete, 1981).

Ooheata & Shidei (1971) subjected seedlings of Quoargus

phillyra®oides to differcent planting densities and levels of
-light intcensity and found that bifurcation ratio was insensitive
to changcs in'light environment. Whitney (1976) comparcd bifur-

cation ratios of open and shade grown Fraxinus americana and

simila:lj"concluded that bifurcation ratio values approach a
speciéé spacific constant. Whitney (1976), furthor suggested
thet bifurcation ratio is a me@asurz: of morphological sdaptation

to a particular successiénal stetus. Thus, the lower bifurcation
ratios are associated with the monolayer late sucééssionals,
whilea high¢r ratios arc associated with multilayor displey of
leaVes, characteristics of.early succassional spacics Whitney,
1976). Rocantly, Steingrasber st al. (1979) and Pickatt &

Kempf (1980) have shown that bifurcation ratio varias within a
single speciss growing under differcent environments. Thus, they
found thet individuals from exposaed habitats had higher branching
ratios and in addition also possassed longer terminal branches

then those beneath the canopy.
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Howsver, bifurcetion reatio, is considerod to be a rela-
tively crude index of tr.a architocture, while branch angls and
branch length heve becn found in both real and modael trees to
have a major effact on the acrhitecture (Honda & Fisher, 1978;
Steingrasber gt al., 1979; Pickett & Kempf (1980; Kempf & Pickett,

1981; Nelson gt al., 1981).

IEAF DYNAMICS

Higher plents arc all organised as iterations of a basic
construction modul: and leef with its exillary bud is the con-
struction unit in the shoot (Harper & White, 1970; Harper & Bell,
1979; White, 1979). As & plant grows now modules erc added to
the structure and old oncs die, Thoe parts of a modular organism
have thgif own pirth and death rates; a genet has its'éwn
internal populstion dynamics and the reletive placemenﬁ of the
modular units determines the forms of the organism, Form is a.
consaquanca of dynamics (Harper & Bell, 1979), and the dynamic
concept of aerchitecture (Halls gt al. 1978) also interprets the
plant growth in tcrms‘of the organized accumulction and flux of
spaecific constructional units (buds, leaoves cetc.) at the blue-

print,.

Icaf and its axillery bud arc the smallast modula of tha
organizad structurc in highor plants and leaves may have many
propertics associated with memboers of populations, @.ge. they

may increase in numboer exponentially in a ropidly growing piant,
¢ :
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they have juvenile, moture and sanescent phasas; deatherates

and survivorship curves. Bazzaz & Harper (1977) have shown that
it is relatively casy and rewarding to describe the growth and
regaction of plants to different environmenfs by applying demo-

grephic procaedures for the analysis of populations of leavas.

Though some aspacts of l:af demography of tree speciaes have
been workad out lik:e census (Bisgen & Minch, 1929), longevity
(Gill & Tomlinson, 1§7mﬂ,‘age—structure (Kinarson gt al., 1971)
or abeission stratagics (Kozlowski, 1973; Addicott, 1978), no
detailed demographic studices arc évailable on the lesves in the

canopy of traecs,

Leaf production:

L:af production estimetes heve been of interest to fores-
ters and horticulturists (usually &s a part of wider studies on
pProductivity). The zerly studi:s on lcaf production estimctes
heve beon reviewad by Bisgen & Minch (1929), With the incrceased
emphasis on thae role of l:af biomass in @cosystam studi:s and
primary productivity (Baskcrville, 1965; Satoo, 1970), later
investigations ware carried out on changes in leaf production
ovar time in mono-specific stands (Rgnnie, 1955; Ovington &
Heitkamp, 1960; Switzer gt al., 1967; Wiegoert & Monk, 1972;
Marks, 1974) end mixed-spoecics forests (Covington & Aber, 1980).
But the studies from demographic point of viaew considering
the dymamics of leaf populations (flux), are lacking for traee

spaecies.
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Loaf longevity:

Most lzeavas ara determinate in growth (though a few are not
and retain a functioning apical meristem, Halld gt al., 1978) and
have a determinate life span, Within a specices this life Span may
be environmentally detcrmined, Leaf populations undergo mortality
over a time pariod. Survivorship curves best reprasent this
patterﬁ and heve boan constructed fof various spaecics: gg;gg
veltchii (Kinerson ot al., 1974); Actinodephnc longifolia (Yuwaka
2L al., 1977); Ledum groonlandicum, Kalmia polifglia, Chamasdaphne
calyculata (Reader, 1978)5‘g;ggm-usitatissimum (Bazzaz & Harper;j
1977): and viela gororia (Solbrié 2t gl., 1980). Without excep-
tion thuoy ali show DeeV¢y;Type I'Survivorship curve‘KDeeve§:
'1947), where there is an initial ﬁcriod of constant low ptobabi-

lity of death followed by a rapidly increasing risk.

In plents that:carry cohért of lgeves for mora than one
year an age structurc may develop if successive annual cohorts
ovarlep. Studies on leaf age-structure exist for certain spacias
. since the physiclogiCal’signifiéance of leavaes of differoent
age classes 3ffoct tree productivity (Linzon, 1958; Woodman, 1971;
Kincrson gf al., 1974).

SEED GARMINATION, SEEDLING ESTABLISHMENT AND INITIAL

GROWTH CHZRACTISRISTICS

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

logical procasses which occur at the time of germination, its
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adaptive aspaects have received little attention (Kozlowski,
1972; Hydeéker, 1973). It hes baen argucd by Harper gt al.
(1961, 1965) and Silverton (1980) that the number of plants
gstablished from scead may be regulated by the availability of
'safa germination® sites. 'Gap datoection'! is the term coinoed
by Thompson gt al. (1977) which cnables a seed to avolid germi-
nation until conditions arce favourable., The most diract maeans
of gap detection for a scad would probably involve a mechanism
of germinability to the degree of shading which the secdling
would encounter if the seeds.Were tovgerminate. Thus, the
pioncer spaecies have avolved a mechanism of dormancy till the
availability of gap (dormant/Buriz=d seod strategy - Marks,1974)
or for the transportation of scads from outside sources (fugi-

tive stretegy - Hutchinson, 1951).

Germination requircemgnts of diffeorent spacices or the
populations of the same spacies represent the normal conditions
for their germination under natural conditions and thase have
been related to the distribution and adaptation pattern of
spaci 2s/populations (Koller ¢t al., 1962; Harper, 1965z Cohen,
1967; Ramakrishnan, 1%72; Ross & Harpoer, 1972; Kapoor & Rama=~
krishnan, 1973; Thompson, 1973). Wiaely distributed tree species
encount 2r different cnvironmental conditions over their dis-
tribution range. This brings into a consideration of role of
ecotypic differences in s::d germination, s2edling establishe-
ment and initial growth of tree specics. Adaptive differantia-

tion of this kind for germination requirements have been
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observed by Ramakrishnan (1961, 1965, 1968) and Ramakrishnan &
Kapoor (1974) in the case of herbaceous species and by Winstead
(1971), Williams & Winstead, (1972), Wearstler & Barnes (1977)
.fbr trec species. Whilst the acotypic studies have received
considarable attention in this country with raspect to herba-
cecous specics (Ramakrishnan & Khosla, 1971; Kapoor & Ramakrish-

nan, 1973; Ramakrishnan & Kapoor, 1974),tﬁe forest trees have
received no attention,

Differences in carly growth characteristics of acotypic
populations of tr:as are exemplificd by many temparate tree-
spacies, the work on which has been reviewed by Wareing (1956)
and Vaartaja (1959), and therec is considerable evidence that
indicates the role of day length and temperature in breaking
winter dormancy. In a study of Picea ecotypes, Roche (1969)
has also related photothermal regime to cessation of growth
and initiation of dormancy, the differential bechaviour of popu-
lations being related to local habitat conditions. The differen-
cas in cone scale morphology in Pjicea populations along an
altitudinal baelt observed by this wopker was releted to dormancy
patterns and ultimetely to the overwhelming influence of envi-

ronment,

ECOLOGICAL STRATZGY OF TREZS

Strategy, in an cconomic or military scense, is the reci-
procal set of actions and rcactions between two conflicting
groups directed to the attainment of the ends of cach group.

The concept has been widely usaed in animal ccology and has
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recently penctratod the fieclds of plant c¢cology and avolution,
There have been strong objections to its usage in animal and
plant acology (Grubb, 1980) and a piéa has been made by Stevens
(Communicated by Whitmore &t Harward Symposium ‘Tropical trecs
as living systems' at Petersham, U.S,A., 1976) to replace this
word so charged with notions of planning and tactics} with a
mbre anthropogenic word ‘syndrome‘. Disregarding its teleologic
interpretation it has been usced with an analogous meaning by
“@cologists to refer to the way an ofganism partitions or deploys
its resources in the struggle for existence. Grime (1979)
broadens the meaning of stratzgy by encompassing all zcologi-

‘cally significant attributes of an organism.

For trees,~occupetion:ofdspace is an inherent mechanism

without which a populetion canﬁot surVive, and it is towards

thae interpretatioﬁ of such mechanisms that much of the concgpt
of strategy in plgnt zcology is-directed (Hal13 st al., 1978).
The idea of two méin treﬁds in seleétion of spaecific strategics
from thea wgrk of animal biologists (McArthur & Wilson, 1967;
Pianka, 1974; Blondal, 1975) i.z. 'rf and 'K' sclection with
reletion to tree specics have been discussed in detail by
HallS gt al. (1978). It is stated thet cach architectural tree
model rapresents standard solution to the uti}ization of cnergy
offerad by the énvironment. Bach of the architectural models

3]

proposad by Halld gt al. (1978Ndh1ywre,or loss suited to an
\ / ok
S .
‘r - determined or K- determined life cycle and arg in accord
A
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with Pianka (1974) in thinking of an r to K selaction continuum
along which an organism can have a different position according
to the particular environment., Most traee architectural models
can be raecognized as int:rmodictes batween extreme r and K

plants .

For trees, there is a useful representation of the energy
distribution between vegetative (K-oriented) and reproductive
(r~oriented) strategies, Any defence against predators is in-
corporated intc the complex of K-oriented factors (competitive),
Mnd bscause of a tree's immobility, physical flight from preda-
tors is possible only in the sceed-phase and it is then linked
to the reproductive (r'-oriented) bshaviocur of trzees. Reite-
ration which represents a shift towards more abundant flowaring
and fruit set, a raesult of the progress towards naoteny in the
succassive reiterated models, is o shift towards r-strategy in

trees (Halld of al,, 1978).

Bormann & Likcens (1979)have proposed £Wo growth strategiss
of tree specieé to ocecupy the different stages of accsystem
development after disturbance. The two contrasting etrategies
are, exploitive strategy best adapted to conditions immediztely
after disturbance suited for carly successional environments
where there is minimum competition and abundant neatural resour-
ces, and a consgrvative strategy better adapted to late succes-

sional environments, of high competition and lesser resource
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availebility. Similer potterns of plant adaptation or specics
stratgegics have boeen implicatad or proposad in a number of
oth:r studics (Grime, 1974; 1979; Herper & White, 1974).
Harper & White's (1974) conéept of shade-intolerant colonizing
(r-type) species, for instance, is closely related to the
exploiﬁive growth strategy. By way of contrast, shade~tolerant
spacies possessing fewer and larger seads and a long juvenile
period could be considerad repraesentetive of the conservative

(K) strategy.

THE PRISENT STUDY

The present study on tha ecological adaptetion of a

3
i

‘%for¢st ccosystem is aimed at the analysis of important adaptive
i C

i
ﬁstrategies of the forest, in terms of its constituent units, the
I
|
g%individual trees. Thoe tree has baen considered as an ective,
adaptable unit and the forest being made up of a vast number of

such units interacting with cach othor.

The scasonal adaptation of the forast community hes b.en
R studied by considering the phenclogical activities of important

over-and understorey tree spaecies in the forast. The corrala-
tiong of different phenological events - flowering, fruiting,
flushing and lcaf fall - with the scasonal environmental
triggers have been consideraed os the adeptation of trees and
the forest ccmmunity as a whole to the climate. The studics
on litterféll pattern deals with the pattern of litter - pro-

duction, taking into account both scascuvnality and rate of
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production; The total litter as well as the contribution of
litter fractioms to the total litter have been quantified. This
study is compeared with other relevant works in tropical and

Sub-tropical climatas,

Studies on growth pattern and architecture have been done
keeping in view the dynamic process of architesctural devalop-
ment from bud~proliferation, branching dynamics, lceaf arrange-
ment to overall geometry of the tree. This tgchnique saparctes
growth into component processes and their effacts on adaptive
strategy of traes for niche vccupancy have been analysed. The
architecture build-up and growth pattern of two ecologically
contrasting group of species namely carly and late successional
speci:s of thae forest acosystem have been studied., Branch and
leaf display chareacteristics and bifurcation ratios of thease
spacices have been quantifi:d and related to their strategy of

growth and dynamics in the forest community.

The demographic technique has been applia:d to the study
of leaf populetions, The study takes into account the dynamics
of leaf populétioﬂs (i.e. birth and decath and resultant flux),
their age~structure and age-distribution, mortality and survie
vorship. The survivorship curves have been constructed for the
different cohort of leaves and comparad with the patterns of
survivorship in othur studies. This has revealed the seascnality
of birth and death of leaves as well as the overall pattern of
leafinaess. The dynamics of leaf populations is discussed in

relation to thg acological strategy of tree spacices.
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Schima khasiana and S. wallichii are two important carly
succaessional components of forest ecosystoms of north-castern
Indié. Th: growth pattemt and architecture of +th:so spocizs have
been considered along thoair altitudinal.distribution pattern. The
overall architactural development pattern and growth strategy
of Schima havs baen analysed in relation to its success and
role in the forest ecosystem as an carly successional colonizer

as well as its altitudineal distribution pattarn.

Studics on germinection ecology of Schima khasiana and

S. Wallichii populetions have bean done under laboratory condi-
tions and scedling establishment and growth performance at
different altitudinal fieid condiﬁions. Thaese have been dis-
cussed in reletion to the specics adaptation at different
altitudes. Germination acology of the carly successional Alnus
ngpalensisfhas been studicd under lsboratory conditions and

ralataed to its role in the forest ccosystem,



SECTION A

 SEASONAL ADAPTATION



CHAPTER I

Phenology of trees in a sub-tropical evergreen’

montane forest in northe-east India
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PHENOLOGY OF TRE3S IN 2 SUB-TROFICAL EVERGREEN MONTANE FOREST

IN NORTH-EAST INDIA

INTRODUCTION

The concepts and significance of phenological studies in
the understanding of ecosystem function have been discussed
by Lefith (1970) and ILgfith & Radford (1971). Studies on the
phenological patterns of trees are important not only from an
gpplied point of view for conserving gene resources and for
a rational forestry management programme (Stern & Roche, 1974),
but are also significant for a better understanding of the
ecological adeptations of individual species as well as com-
munity level interactions. Thus, for e.g. the effects of
herbivory will vary significantly between piants with shbrt-
lived leaves and those which retain them for many years. For
a better understanding of productivity, individual leaf
phenology is important (Bentley, 1979). Further, any under-
standing of the organization of tropical communities based on
plant-animal species interactions muét be based on a knowledge
of the seasonality of production of plant parts (Mooney et al.

1980).

Much of the studies on the phenology of trees done in

" of leafing, flowering

tropics, present only a partial analysil
and fruiting data (McClure, 1960; Rees, 1964; Nevling, 1971)

and only receﬁtly has there been a systematic attempt to make
comparative and quantitative studies on this problem (Frankie

et al., 1974; putz, 1979; Opler et al., 1980; Primack, 1980).



PLATE 1
A view of the sub-tropical evergreen montane forest

at Upper Shillong.

PL&TE 2

& close view of the sacred forest grove at Upper
Shillong.
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This study deals with the sea#onality patterns in a sub-
tropical, humid, evergreen montane forest community near
Shillong (25°34'N and 91°56'E) at an altitude of 1900 m. This’
forest community is a relict sacred forasst grove which is
maintained in a comparatively undisturbed state because of the
faith and tradition of the local Khasi tribe who believe that
sylvan deities would be offended, if trees are cut or flowers
and fruits are plucked, Therefore, this is representative of
the climax forest type of this area, which otherwise is
highly disturbed due to slash and burn agriculture (Ramakri-

shnan & Toky, 1978).

CLIMATE AND VEGETATION

The climate is seasonal with monsoonic pattern of rain-
fall with over 80% of it ocgurring during May to September,
The year may be divided into four more or less well marked
seasons; Xi) a period éf heavy rain dﬁring May~-September;
(ii) a pariod which marks the retreat of monsoon charactrized
by low rainfall and equable temperature in October-November:;
(1ii) a winter period during December-February, marked by low
temperature and scanty rainfall and (iv) a.warm windy summer
during March~2April. The summer temperature does not exceed
more than an average maximum of ZSOC and in winter it goes

down to an average minimum of 3°C (Fig 1.1).

The vegetation is a mixed evergreen broad-leaved forest
consisting of Oaks and laurels as dominants. At lower levels

on the hill, the tall evergreen association has Quercus



Fig., 1.1 : Ombrothermic diagram of the study area.
Mean maximum temperature (©)
Mean minimum temperature (o)

Rainfall » (bavs)
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dealbata, Q. griffithii, Pasania spicata, Manglitia insignis,

Schima khasiana, Machilus kingii and Cinnamomum impressinervum

with an understorey of Eurya Jgggnica,'Myrsine semiserrata,

Lindera pulcherima, Symplocos and Litsea species. At the

summit (@.2100m) the dwarf ericaceous association consists

chiefly of Rhododendron species alongwith other dwarf trees

like Symplocos spicata, Elaegnus pyriformis and Quercus dealba-

ta. The shrub stratum here consists of Daphne shillong,

Osbeckig@ Crenata and Coffes khasiana as the main elements.,

METHODS OF STUDY

Phenological records were noted for tagged individuals of
the species along five permanent transects 200m in length. The
trans@ct recbrds were supplemented by generel phenological ob-
servations on trees at random. All the data presented here are
based on 10 replicate individuals or more of each species over
a period of two years (January 1978 to January 1980), at
monthly intarvals. For each tagged tree records were made of .~
leaf development, leaf fall, flowering and fruiting. The cate-~
goriesv'hone', 'few' and ‘'many' were employed ana'assigned
values of O, 1 and 2 respectively, following Opler gt al.
(1980). The monthly values for each characteritics for all
individuals of each speciecs, were summed separatély and divided
by the number of individuals. Thereby a mean value was obtained
for each phenologiéal characteristic of gach species. Using
this technique, the maxiﬁum possible valué/for any characte~

ristic for any month is 2.0.
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DEFINITIONS

l. Tree: |

2ny woody plant of perennial duration which rises from
the ground with'a.trunk and with a minimum height of about
3m (Frankie gt al., 1974). Ovarstorey consisted of canopy
and sub-canopy trees of more than 10 m. height and the

understorey had trees less than this height.

2. Duration of Activity:

Brief activity (flowering or fruiting) extends for 2 weeks
or less while prolonged refers to periods more than 2 weéks
per episode. Flowering and fruiting activity by the members of
a species population more or lass continuous throughout the

year is referred to as gontinuous activity and those having

engaged in flowering/fruiting'only_once during the year are

discontinuous.

3. Pattern of 2Activity:

asonal and extended activity réfers to flowering/frui-
ting ocqurring during a given season or extending into more
than oné season-respectively. Marginal activity refers to
spacies that have their activity oécurring during transition

period of seasonal changes.

When all the members of a spacies population engage in
flowering/fruiting simultaneously the activity is referred
to as gynchronous and if only some members of a species popu-
lation fruit/flower during a given season, it is called as

asynchronous.
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4., Fruit maturation:

Fruit maturation pzaricds of 4 months or less following

fertilization are considered rapid and those greater than

4 months are termed lengthy.

RESULTS

leafing activity

The forest community maintained its evergreen agppearance
throughout the year with a majority of both the overstorey and
the understorey species showing continuous or periodic ever-
green leafing behaviour but with only a small proportion of
deciduous elements (Table 1.1). However, in the drier months
of December to March evergreen\aSpect of the forest was lessb

conspicuous due to markaed leaf drop.

Leaf flushing periodicity

Ieaf flushing in both overstorey and understorey specias
showed strong scasonal periodicity. The first peak of flushing
was observed in April-May followed by another in July-August.
The latter was luess pronounced in the understorey spacies.
There was a brief period of laesser activity in May-~June.

During winter months most of the species were dormant (Fig l.2a).

Species were divided into 4 distinct categories according
to their flushing behaviour (Table 1.2). In the overstorey
most of the species were with double determinate’flushes,
followed by ﬁhe specics with multiple flushes of the indeter-
minate type but with only one species having continuous

flushing activity. Spzacies with single determinate flush were



Table 1.1 : Types of leafing activity of tree species

GROUP BCTIVITY OVERSTOREY UNDERSTOREY
Number of % Number of
spacies - ' species %

I Continuous evergreen 1 4 3 7

II Periodic evergreen 18 69 26 65

27 11 28

II1T Pariodic deciduous 7




Table 1.2 : Flushing behaviour of overstorey and understorey tree

species
ACTIVITY - OVERSTOREY SPZCIES UNDERSTOREY SPECIES

Number % Number %
Species with single
determinate flush _ (o) o 12 30
Spacias with double ' )
determinate flushes 18 . 69 11 28
Species with multiple
indeterminate flushes 7 27 14 35

Continuous flushing type 1 4 3 7




Flg. 1.2 : Phenological pariodicity (%) of overstorey
(continuous lines) and understorey (broken lines)
trees. Crossed lines repreéent the activity
level (see text for explanation).

(a) flushing
(b) leaf fall
(c) flowering

(@) fruiting.
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absent in this category. On the contrary, understorey .trees
had many species with single determinate flush. About an
equal ngmber of species also showed double determinate and
multiple indeterminate flushes. A few specics also showed

continuous flushing activity,

Leaf fall periodicity

Leaf fall in the overstorey spacies was maximum during
January to March followed by a steep fall in subsegquent
months. 2Znother small peak was observed during July-August

with leaf fall showed by-the species like Betula, Englehardtia

and Prunus. The leaf fall in Quercus griffithii started in

October, becoming complately naked by December and remained
so upto the end of March., The understorey trees had only a

single peak of lesaf fall in the month of February to March.
_During the rest of the yéar the fall was at a slow rate

(Fig 1.2hb).

Flowering activity

The flowering pattern of the overstorey and understorey
trees (Fig l.2c) showed that two peaks occur during the year,
one major peak in April and a smaller one in October. 2n equal
number of specics belonging to both over and understoreys
flowered either during dry or wet months. A few specics
flowefed during the marginal season extending to both wet and

dry periods. Two of the understorey species, namely, Pieris

Ovalifolia and Euryva jggonicg showed extended flowering over

a long period (Table 1.3).



Fig.1.2¢
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Table 1.3 : Overstorey and understorey tree species flowering in

Wet and dry seasons.' (percentage values in parenthesas).
SEASON
SPECIES DRY WET MeRGINAL EXTENDED UNKNOWN
OVERSTOREY 1o . 10 5 - 1
(38.5) (38.5) (19) - - (4)
UNDERSTOREY 13 13 1o 2 2

(32.5) (32.5) (25) (5) (5)
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Most of the trees both of over and understoreys showed
discontinuous flowering behaviour. It was only a few under-

storey species (Pieris ovalifolia and Burya Japonica) which

showed more or less continuous activity. Majority of the
discontinuous flowering individuals had prolonged flowering
activity. Asynchrony in flowering was quite pronounced for

both the category of species (Table 1.4).

A large number of species of both over-and understoreys
flowered at intervals more than one year. Majority of indivi-
duals of a population of 6 out of 17 overstorey and 3 out of
16 understorey species were observed to flower regularly on

an annual basis (Table 1.5).

Fruiting activity

The community showed some rhythmicity in its fruiting
pattern for both over-and understorey species. The overstorey
species showed a major psak in October and a smaller one in
Eebruary—March. The understorey species showed a major peak in
October and a minor one in May (Fig 1.2d). A majority of
species shoWed discontinuous and proldnged fruiting activity.
Further a larger proportion of the species showed lengthy
fruii development behaviour. Continuous fruiting activity waé

shown by two understorey species, Pieris ovalifolia and Burya

Most of the species of the overstorey and understorey

either fruit during the dry season or the wet season, mors or



Table 1.4 : Duration of flowering activity of overstorey and understorey
tree species (percentage values in parentheses)

SPECIES ACTIVITY
CONTINUOUS DISCONTINUQUS UNKN OWN
Prclonged - - Brief
synchro~  Asynchro 'synchro Asynchro-
nous nous nous nous
OVERSTOREY : -0 1 20 0 5 o
(4) (77) (19)
UNDERSTOREY 2 4 21 1 10 2
(5) (10) (52.5) (2.5) (25) (5)
TOT &L - 2 5 41 1 15 2

(3) (8) (62) (1.5) (23) (3)




Table 1.5 : Overstorey and understorey tree species which flowered at inter-
vals morc” than one year; I = only some individuals in

population; II = all or more individuals but asynchronously;
III = all individuals synchronously.

OVERST QREY TYPE UNDERSTOREY TYPE
&cer lasvigatum I Cinnamomum tamala II
Betula alnoides I Heptapleurum khasianum I1I
Exbucklandia populea I1I Ilex khasiana I
Castanopsis hystrix 11 I. theafolia I
Cinnamomum impressinervum II Lindera pulcherima II
C. obtusifolium IT L, latifolia Iz
Daphnephyllum himalayense I L, thomsonii I1
Englehardtia spicata I Litsea elongata Ir
Bugenia terragona I Mallotus nepalensis I
Litsea meissneri I - Myrica esculenta IT
L. sebifera I M, rubra i1
Machilus kingii 11 Photinia notoniana II
M. odoratissima 11 Symplocos €rataegoides II
Quercus dealbata 1I S. pyrifolia II
Qe griffithii II S. spicata II
Q. paniculata IT S. theafolia 1T
Schima khasiana 11 |




Table 1.6

¢ Duration of fruiting activity of over- and understorey

tree species (percentage values in parentheses)

ACTIVITY
SPECIES commuous DISCONTINUOUS UN KN OWN
_ Prolonged Brief .
Rapid I.x_ngthy Rapid Lengthy Rapid h.ngthy

OVERSTOREY 0 O 4 14 3 4 1

(0) (0) (15) (54) (12) (15) (¢)
UNDERSTOREY o) 2 1 24 0 9 4

(0) (5) (2.5) (60) (0) (22.5) (10)
TOTAL 0 2 5 38 3° 13 5

(0) (3) (8) (59) (5) (20) (8)
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less in egual proportions, While a few understorey species
showed fruiting for an extended period of time, none of the

overstorey species belonged to this category (Table 1.7).

A large majority of the species had fleshy fruits, with
less than 25% species having wind adapted fruits. The number
of spacies producing fleshy fruits did not differ much between
wet and dry seasons, both for over and understorey species.
Only in the case of understorey species a large number of wind
adapted fruits were found during the dry season compared to
the wet season, Miécellaneous fruit type consisted of hard

fruits such as acorns produced by Castanopsis and Quercus

species (Table 1.8).

DISCUSSION

Biotic activity ih a community follows the annual cycles
of environmental parameters which regulate the phenological
characteristics ofrindividual species. In a forest community,
the tree periodicity patterns give an idea of seasonal organi-
zation of floral and fruit resources (Frankie et al., 1974)
which have been viewed as a mechanism of niche separation
whereby competition between speciss is reduced and temporal
separation increases diveréity of the community which may
influence production and stability (Connell & Orias, 1964).
The correlation of phenological activity in the present study
with seasonally occurring évents is best exemplified by the
patterns of leéf fall and leaf flushing. Maximum lceaf fall

occurred during December to March at a time of water or ccld



Table 1.7 : Seasonal fruiting pattern of tree species (Percentage
values are in parentheses)

, SEASON
SPECIES DRY WET EXTENDED BEHZVIOUR UNKNOWN
OVERSTOREY 13 12 0 1

(50) (46) (o) (4)

UNDERSTOREY 19 13 4 | 4
' (48) (32) (10) (10)

TOTAL 32 25 4 5

(48) _(38) (6) (8)




Table 1.8 : Season of fruit meturity related to fruit type for
different tree species (percentage values in parentheses)
FRUIT TYPE
SPECIES SEASON FLESHY WIND ADAPTED MISCELLANEOUS
OVERSTOREY DRY 6 (43) 4 (50) 2 (50)
WET 7 (50) 4 (50) 2 (50)
EXTENDED o (0) o (o) o (0)
UN KN OWN 1 (7) o (0) o (o)
TOTAL 14 (100) 8 (100) 4 (100)
UNDERSTORBY DRY 12 (42) 6 (75) 1 (33)
WET 11 (38) 1 (12.5) 1 (33)
EXTENDED 3 (10) 1 (12.5) o)
UNKN OWN 3 (10) o (o) 1 (34)
TOTAL 29 (100) 8 (100) 3 (100)
TOTAL 43 16 7
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stregss while fiushing occurred mostly in the warmer months of
March-#pril just before the rains. Thus, the.leaf>replacement
strategy appears to be to minimize stress by leaf fall at such
periods and maximize phtosynthetic activity during wet warm

season of the year through flushing,

The pattern of community seasonality are the averages of
the seasonal patterns of many species and though the community
pattern may be generally most adaptive, certain species have
evolved completely different approacﬁes to leaf flushing and
leaf fall which may be due to intrinsic factors. While the
overstorey trees are mostly with double determinate flushes,
understorey'has quite a good number of species with a single
determinate flush. The second flush in the overstorey species
is in response to favourable environmental conditions during
July-August. Leaves in the understorey species are retained
for longer periods and this may be attributed to more homoge-
nous environmental conditions like light and moisture which
allow them to retain leaves for long periods without the risk
of environmental stresses. Bantley (1979) has also reported a
similar pattern of longevity of individual leaves of 27 under-

storey species in a Costa Rican tropical rainforest.

Though the relative number of flowerars are more or less
equal in both dry (November-ZXpril) and wet (May-October)
periods, the szasonal pattern of flowering for the fPrest has
two peaks, a major and a minor one which.correlateé Qell with

the relatively major (April) and minor (October) Xeric periods
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of the warm season. Thus this synchronization of flowering
se=ms to be related to climatic conditions as also reported
by others (Ducke & Black, 1953; Njoku, 1963; Frankie et al..,

1974).

The peak production of mature fruits in the forest also
corrasponds with the onset of dry season after October;
therefore mbst of the species have seeds with winter dormancy
which is broken only after the warm season rains. The escape
of flowering and fruiting by certain species on an annua;
lasis as scen from the preseng study has also been reported
' by others (ashton, 1969; Medway, 1972 and Janzen, 1978).
Janzen (1978) has discussed the possible significance of this
irregular behaviour as an escape from seed predation on a
time basis. Departure from intraspecific synchrony in flowering
and fruiting observed in a faw species in the community may

be the result of micro-environmental heterogeniety.

In the tropical trees dissemination of the propagule is
usually considered to be by wind occurrind at the end of the
season of lowest vegetativéractivity, whereas in temperate
trees, it is typically by animals and at the end of the
vegetative growth season (Daubenmire, 1972). The forest
community in the present case consisting of a majority of

temperate clements follow the latter pattern.

SUMMERY
Phenology of a sub-tropical montane evergrcen forest

represented by a sacred grove at an elevation of 1900 m, near
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Shillong in north-cast India was done. 26 important overstorey
and 40 understorey tree species were considered for this
study. Leaf flushing in the majority of tree specices coincided
E with the onset of warm period just prior to the rains to
|

i optimize production during the warm wet period of the year,

; Maximum leaf fall occurred during the dry winter months and

g this strategy is considered to be an escape from stress con-
éditions. Two flOWéring peaks observed corresponded to the
relatively drier months of March~Zpril or October of the warm
- season. The fruiting periodicity though not much pronounced
ihad a peak in the month of October-November, The majority of
the spacies were with fleshy fruits suggesting an adaptation

| for animal dissemination.



APPENDIX

‘List of species recorded and their phenological
behaviour are given below. Abbreviations used in the lists

are as follows:

1-12, January through to Daecember;

P, periodic;

C, continuous;

b, brigf periods -~ < 2 weeks per episode;

p, extendad periods - 7> 2 waeaks per episode;
M, multiple avents par year;

S, synéhronous;

h, Asynchronous;

D, deciduous;

F, rapid fruit meturation - < 4 months;

L, lengthy fruit meturation - 3> 4 months,



Iist 1, Phenologj_cal records for OVerstorey trea T 2

Flowering Fruiting Leaf flushing Leaf fall
Moniths Bezha- Months Beha- Months Beha- . Months Bechas~
viour viour viour viour
HCERRCEAE
Acer lasvigatum Wall, 3-6 Pph 8~10 PpF 4-5 & PpM 2-3 PD
7~8
BETULLCEAE
klnus nepalensis Don, 10-12 PpS - 2-3 PpF 2-12 cS 13 CE
Batula -alnoides Ham, 4=5 Pp&a 7-8 PbF 2«4 &  PpM 7-8 PD
8-9
ELAEOCERPLCELE
Elazocarpus braceanus 3-4 Pp& 9-10 PpL 3-5 & PpM 1=-3 PE
Viatt, 7-8 :
ERICICEAE '
Rhododendron arboraum 2=3 PpS 9 PpL 4-5 & PpM 1-3 PE
BUPHORBIALCZLE
Daphniphyvllum himalavyense 3-4 Pph 2«3 PpL 4ab & PpM 1-3 PE
FAGLCELE
Castanopsis hystrix #.DC 10 Ppi 3 PpL 3-5 & PpM 1-3 PE
7-9
Pasania spicata Smith 4-5 Pph 8-10 PpL 3=5 & PpM 1-3 PE
7-9 " '
Quercus dealbata Hook F. 7-8  Ppk  10-12 PpL 4«5 & PpM 1-3 PE
Q. griffithii Hook F. 8-9 PpA  10-12 PpL  4-5 & PpM 11-12 PD
Thoms. 7=8

Q. paniculata 6-7 Pph 9-10 PpL 4~5 &  PpM 1-3 PB
7



IList 1. contd.,

Flowering Fruiting Leaf flushing Leaf fall
Months Beha- Months Beha-  Months Beha- -  Months Beha-
viour viour viour viour
HAMAMELIDZCELE
Exbucklandia populea Br. 11 Pph 12 PpL 3-11 PpM 11-12 PE
JUGLENDACEAE
Bnglehardtia spicata 7-8 Pph 12-3 PpL 3-5 & PpM 8-9 PD
Blume : . 7-9
LAURICELE ]
Cinnamomum impressinervum 3-4  PpaA - - 4-5 & PpM 1-3 PE
Meissn. : 8~9
C. obtusifolim Nees. 3-4 Ppa 7-8 PpL 4-5 & PpM 1-3 PE
8-9
Litsca meissne HK.F. 9-~10 Pp# 4 PpL 4~5 & PpM - 1=3 PE
- 8-9
L.gfcbifera Pers. Wall, 4-7 Ppas 9-10 PplL 4-6 & PpM 1-3 PE
, 89
MachilNus kingii HK. F, 1-4  Ppi 6-7  PpF  4-6 & PpM 1-3 PE
. 8=~9
M. godoratissima Naes 3=4 PpA 56 PpF 4=6 & PpM 1-3 PE
. 8-9
MAGNOLIALCERE .
Manglietia insignis (Wall.) 5 Pba 11~12 PbL 4-6 & PpM 1-3 PE
Bl. : 8-9
MORLCELE -

Ficus nemoralis Wall. - - 11-12 PpL 3-11 PpM 4 PE




Iist 1 contd.

Fruiting

Ieaf fall

Flowaring Leaf flushing
Months Bgha- Months Beha- Months Bzha- Months Beha-
viour viour viour viour
MYRTLCELE
Buggnia tetragona Wight 4-5 PbAi 78 PbF 3=11 PpM 4 PE
OLBi.CELB
Ligustrum confusum Dcne 5~7 Pbi 12-4 PbL 3-~10 PpM 4 PE
ROSACELE
Prunus cerasoides Don., 10-12 Pbi 6 PbL 3-11 PpM 7-8 PD
P. puddum Roxb. 9-10 Pbi 10-11 PbF 3-11 PpM 7-8 PD
TERNSTROSMIZCELE
Schima khasiana, Dyer 4=6 Ppl 2 PbL 4~10 PpM - 2~=3 PD




List 2 : Phenological records for understorey trees

Flowering Fruiting Leaf flushing Leaf fall
Months Bg.eha- Months B...aha- Months B«:.aha- Months Bc_aha-
viour viour viour viour

iINILCIRDIZCELE

Rhus scmialata Murray 3=5 Ppi 9-10 PpL 3~-4 & PpM - 1-3 PD

R. succedsnea Linn. 3-5 Ppi  1-5 PpL g:g PpM 1-3  PD
IQUIFOLILCELE . |

Ilex khesisna Purkayastha 3-4  Pph 10 PpL  4-5 & PpM  12-3  PE

I. theafolia Wall, 4-6 Pp#. 7 PpL Z-g & PbM 12-3 PE
IRLLIICELE 7-8.

Heptapleurum khesianum 12 Ppi. - - 4-5 PpM 11-12 PE

Clarke

" ELZEGNLCEIE ;

Elacgnus pyriformis 10-11 Ppk 12-1 PpL 4-5 PpM 11-12 - PE

Hook F, _
EUPHORBIZCELE

Mallotus nepalensis Mucll 6 Pbh 9-10 PpL 4-10 PpM - 12-3  PE

Phyllanthus glaucus Wall., 4«5 PpS - - 4=-10 PpM 2-3 PE
ERICICELE -

Pieris Ovalifolia Don. 6-12 cs 1-12 CL 3-12 C 12-2 CE

Rhododendron formosum Wall, 3-4 Pba  10-12 PbL 4-6 -PpM 12-2 PE
Fi.GLCELE '

Quarcus spe ‘ - - - - 3-4 PpM 2-3 PD
HZMIMELIDZCREiE

Corylopsis himalayana Griff. 2-3 Pbi. 4=~5 PbL 4-5 & PpM 2~=3 PD

7-8



List 2. contd.

Flowering Fruiting Leaf flushing Leaf fall
Months wm.wsml Months wwwm.. Months w..,.ubml Months wm.wsml

X viour viour viour ‘» Vviour
LiéBIiTEILE

Leucospectrum canum Smith 2=3 PbS 4-5 PbL 4-8 PpM 2=-3 PD
LiURICELE , _

Cinnamomum tamale Fr. Naes. 2-5 Pbi. 6~-10 PplL 4-5 PpM 2-3 PE

Lindera pulcherima Banth 3 Pbi 4-5 PbL 4=5 PpM 2=3 PE

L. latifolia Hook F. 10 Pbi 2 PblL 4-5 PpM 2-3 pa

L. thomsonii #4llan. 10 Pbi. 2 - PbL 4-5  PpM 2=3 PE

Litsaca elongata Wall, 10 Pbi 45 PbL 4-5 PpM 2-3 PE
LEGUMINOSAE _

Icacia dealbata Link. 2-4 PpS i0 PpL 3-11 PpM 2=3 PD

Erythrina arborgscens Roxb, 8~9 PpS . 10-11 PpL 3-11 PpM 2=3 PE
MYRICI.CELE \ ,

Myrica esculenta Buch, - Ham.1lO Ppi 5 PpL 3-4 PpM 2-3 PE

Brythrina arborescens Roxb. 10-11 Ppa 5. PpL 3-~-4 PpM 2~3 PE
MYRSINZCELE L |

Myrsine semiserrata Wall, '9-12 PpS  1-6  PpL 3-12 ¢ 12-3  CE
OLEZCELE ‘

Ligustrum lucidum Aiton ' 6-8  Pph 11 PpL - 3-9 PpM 3 PE

L. nepalense Wall, | 6-7 Ppi  10-11 PpL 3-9  PpM 3 P2

L. robustum Bl. 5-7 PP 12-4 PpL 3-9  PpM 3+  PE

3



VM. List 2 contd.
&9
.

Flowering Fruiting Ileaf flushing Leaf fall .
Months Beha-~ Months Beha- Months Beha= Months Beha-
- viour v © viour viour viour
ROSI.CEZE
Photinia notoniana Wight & 2-3 Pph 6-7 PpE 3-4 & PpM 12-1 PE
Ng - q llm
Prunus nepalensis Koch. 3-5 Ppk 10 PpL 4-9 PpM 10-11 PD’
Pyrus baccata L. 2=4 Ppl. 10 PpL 4-~9 PpM 10-11 PD
P. pashia Don. 2~4 Ppl. 7 PpL 4~C PpM 10-11 PD
P. polycarpa Hook. F. 2-4 Ppk 10 PpL 4-9 PpM 10-11. PD
RUBILCE+E
Wendlandia paniculata DC. 3-5 Pbi 10-12 PbL 4-5 & PpM 10-12 PE
RUT/.CEIE 7-8
Skimmia laureola Sieb & Zucc. - - - - 3-4 & PpM 2~3 PE
SYMPLOCI,C3L.E 7-8
Symplocos crataegoides Ham. 5 Ppi. 12-1 PpL 4-5 & PpM 1-3 PD
\ , _ . 7-8
-8
S. spicata Roxb 10 - Pphk 3 PpL 4-5 & PpM 1-3 PE
7-8
Se theafolia Don. 10 Ppi. 3 PpL 4-5 & PpM 1-3 PE
. . 7-8
TERNSTREOMIACELE | ,
Burya acuminate DC 9~11 Pp&i 1-6 PpL 4-9 PpM 1-3 PE

E. Jdaponica Thunb, 6-1 CS 5~11 CL 3-9 C 12-3 CkE




CHAPTER 1II

‘Litterfall pattern in a sub-tropical evergreen

montane forest in northeeast India
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LITTERFALL PATTERN IN A SUB—TROPICAL EVERGREEN MONTZNE

FOREZST IN NORTH-EAST INDIA
INTRODUCTION

The importence of litter production in the forest ecosys-
tem has long been recognizaed; therefore this is one of the
aspects that has received much attention (Bray & Gorham, 1964;
Jensen, 1974; Jorden & Murphy, 1978). While most of the studies
on litter production ha&e been done on temperaﬁe forests, tro-
pical and sub-tropical forast ecosystemé have also received some
attention ( Jenny gt al., 1949; Laudélot & Mayer, 1954; Nye,
1961; Cornforth, 1971; Hains & Foster, 1977; Klinge & Rodrigucs,
1968; Singh, 1980). However, the data available on tropical and
sub-tropical montane forests arc feﬁ and scattercd. A few
important studies on the montane foresﬁs'of tha tropical and
sub-tropical belt ara those of Jenny et g;.,i}QlQ) in Colémbia
(1630m), Edwards (1977) at New Guinea (2400 ~ 2500 m), Saxena
gt gl. (1978) at Najnital, India (1950 - 2200m) and Tanncr

(1980) at Jamaica -(1500m).

The prasent study on litter production pattern of a sub=-
tfopical ﬁontane forest at an elevation of 1900 m near Shillong
concerns that of a mixed evergreen sacred forest grove,., This
sacred grove has been maintained by the local Khasi tribe with
least distrrbance as they believe that their sylvan deitics
live ﬁere and therefore this represents a relict climax communi-

ty of this arca which otherwise is highly disturbéd due to slash
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and burn agriculture (Ramakrishnan & Toky, 1978) which is a
pravalent form of ogricultural practicae of the region. Majority
of the trees of this forest, although aevergreen are strongly
seasonal in their phenclogy. This study on thoe seascnal pettern
of litterfall is, therefcre, of censiderable interaest from

phenclogical and production ecclogical points of viaw.

METHODS OF STUDY

The study arca, climate and vegetaﬁion have been described
in Chapter 1.

Litter wes collected from 12 randomly placed lm2 permanant
gquadrats, démarcated by wooden frames with a permancently fixed
nylon mash at é height of @bout 15 cm from the ground which
permittad drairiage of water withoﬁt any litter loss. Litter
sampling was done at monthly intarvals during drier months and
at fornightly intervals during’the rainy scason. The collection
mataeriel was classified according to the tree specices and the
individual fractions of litter and wWas oven dried ot 85°C to
a constant weight. Leaf litter was separated into 12 major traee
specics and all other spaeciaes were considered under the mixed
leaf category. Flowers, fruits and twigs were considered jointly
for all the specics. Unidentifiable plent litter other than those

considerad above were grouped into miscellancous category.

The average lcaf-life of the forest as a whole wag based
on 12 important trae spacies in thae forest, on the basis of
puerisdic observations of identified leaves on a number of

individuals,
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RESULTS &ND DISCUSSION
Leaf-life
The mean leaf-life value of about 20 months for the impor-
tant troes in the forest suggests the gencerally evergreen phy-

L]
siognomy of th: forest., The lesaves of Cinnamomum impressinervum,

Machilus kingii, Quorcus dcalbata and Q. paniculsta which are

dominant species in the forest were retained for periods greater
than two years. The deciduous spcecies like Litsca sebifera
and Schima khesiana showad an average leaf-life of one year only.

fcer lagvigetum, Lindere pulcherima and Manglitia insignis fall

in between these two oxtremes (Table 2.1).

Litterfall

The total annual litterfall in the fbrest worked out to
8,86 t ha'l yr—l. A major fraction of this was repraesanted by
leaf, followed by twigs, miscellencous littaer, fruits and

flowers (Table 2.2). The specieswise contribution of leaf litter

was highast for Quercus dealbeta an important overstoresy specics

followed by Symplocos c¢ratasgoides a dominant of the understorey

(Appendix) .

Comparisons with other Montane tropical/sub-tropical forests

In any comparison of litter production it is important to
congider the highly vericble necture of litterfall in space and
time. The results presented hoere showed that the standard error
of the mean was usually lass than 10% of the mezan for the major

litter fractions as well as total litter (Table 2.3). Since a



Table 2.1 : Mcan le

af-1life of some important tree spacics

Spucies verage leaf-life
(months )
Acer lacvigatum 14
Ccinnamomum imprassinearvum 26
Elasocarpus pyriformis 18
Lindera pulcherima 15
Litsca sebifera 12
Machilus kingii 28
Manglitia insignis 16
Quercus dealbata 30
Q. mmbpocwmﬁm 30
Rhododendron arboraum 20
Schima Khasiana 12
Symplocos cratasgoides 18

TOTAL

20




Table 2.2 : Annual contribution by different litter fractions

Ijtter fractions Zmount

( t/ha/yr) % of the total litter
+ S‘E.
Leavas B5.68 + 0,56 63.4
Twigs ] 1.45 + 0.18 16.2
Fruits 0.50 + 0.08 5.6
Flowers 0.27 i 0.06 3.1
Miscellaneous 1.05 i 0.11 11.7

Total 8.96 + 0.72 100




Table 2.3 : Accuracy of measurcments for litter and litter

fractions
Litter , Zmount Range S.D. S.E. (%)
t/ha/yr
Leaves 5.68 2.94 - 8,70 1.95 9,94
Twigs 1.45 0.60 - 2.44 0.63 12.48
Fruits 0.50 O.16 -~ 1.07 027 15.35
Flowers 0027 0.0Z - 0074 0.20 21.08
Miscellancous 1.05 0,60 - 1,69 0.37 10.06

Total 8.96 2.66 -13,32 2.50 8,08
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similer degrce of variability was alsd found by many otheaer
workars (Klinge & Rodriguces, 1968; Brassel <t al., 1980; Tannecr,
1980), these values can be considered as reliably representative
and it may be relevant to the comparisons of the estimates of
litterfall from studies of oth.r tropical and sub-tropical
montance forests shown in table 2.4. The annual litterfall recor-~
ded in the present study is comporable to the data of othoers.

A comparison with lowland tropical forests, however, indicates
that these have generally higher litter production than those

obtainad in montane forests of higher clevations.

The value of leaf litter is similarly within the range of

1 ¢r~1, Table 2.4). The higher

reported value ( 6 to 10.4 + ha”
proportion of leaf fraction in the litter, reportaed in the
present study is also im conformity with the results of others

(Bray & Gorham, 1964; Rodin & Brazilevich, 1967).

Scasonality of litterfall

Litter fell throughout the yecar with a marked seasonal .
distribution. It was less during May to December and was maximum
during January to April, with a distinct scasonal peak in the
month of March. Znothar minor peak was scen in the month of
October. These periods of maximum leaf shediing corresponded
well with the dry periods of the warm season (Fig 2.1). Litter
production during the dry months was 3 times more than that
during the wet period and the rate of fall was also equally high

(Table 2.5). The seasonal pattern of fall of litter fractions



Table 2.4

¢ The annual litter production in some tropical and sub-tropical
forests of the world (values in tha-l)

FOREST TYPE ALTITUDE LITTER FRZCTION
: (m) leaves Bark & fruits & AUTHOR
Twigs flowers
LOWLZND FORISTS
Semi-evergreen young Laudelot &

secondary forest, Zaire 300
Semi~-evergreen secondary
ﬁorest, Ghana 150
Mature secondeary forest,
Panama 137
MONTZNE FORESTS
Colombia 1630
Central site of radiation
Study, Puerto Rico 460
New Guineae 2400~-2500
Nainital, India 1950-2200
Tropical Australia 680~-820
Jamaica ‘

Ggp forest

Mor ridge forest

Mull ridge forest 1550
‘Wet selope forest
Shillong, India, 1900

e e s »
OO WU
U I I |

o P O

(s))
O

Meyer (1954)
Nye (1961)
Hans&
Foster (1977)

Jenny et al. (1949)

Wiegert (1970)
Edwards (1977)
Saxena et al. (1978)
Brassel et al. (1980)

Tanner (1980)

Present Study

*Ieaves and other material ** Woody material



Fig. 2.1 : Temporal distribution of litterfall, temperature
and rainfall in Upper Shillong montane forest.

Vertical lines are Standard Errors of the mean.
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Teble 2.5 : The seasonality of litterfall in Upper Shillong Forest during
1979-80; values in parentheses are % of the total in each

column,
Period Amount of litter-fall Rate of litterfall
t/ha/yr g/day
(181 Adays )
(184 days)

Total ‘ 8.96 (100) 2.45
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is shown in Fig 2.2. This was similar to the pottern observed

for total litterfall, However, meximum flowzer and fruit litter
was found to be in the month of Zpril. The scasonal pattern »f
leaf litterfall for individual spcecies olso followad a more or

less similar general trond (Appendix).

Jorgansen (1975) maintained theat three main factors limit
litter production - temperaturce, water and nutrient availability.
At the present study site the temperature and rainfall variebles
are quite seasonal which cause large scasonal fluctuations in
the fall pattefn. The rate of litterfell wes also almost 3 times
higher during dry saason compared to thzt during wet period.

Such a pattern of coincidence of litterfall with the dry eg:ason
was also reportad by others (Nya, 1961; Klinge & Rodrigucs, 1968;
Singh, 1980; Tenncr, 1980) which is related to water stress
(Whitmore, 1975). While the litterfall pcttern generally coinci-
dzd with phenological svents in the foraest, fruit fall was
meximum during #pril though majority of the specics producad
meture fruits in the preceding Octobaer. This is due to heavy fall
of fruits of Ljtsca and Lindera during the month of April which

contributed to the fruit litter.

SUMMLRY
Total above=-ground litterfall in a sub-tropical evergreen

montanae forest at Shillong (1900m) averagaed 8.95 t ha~lyr-l:
leaves, twigs, flowers and fruits contributed 63%, 16%, 3% and

6% respectively., Other miscellancous litter fraction consisting



Fig. 2.2 : Seasonal pattern of fall of litter fractions

in the Upper Shillong montane forest.
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of fragments of lezaf tissua, bark etc. accounted for 12% of the
total annual litterfall, Litterfall occurred throughout the year,
but with & distinct peak in the months of March. The rate of
litterfall in the dricr part of the year (November to April)

was agpproximately thrice the rate during the wetter part of the
year. Mean leaf-life was eastimated to be an aVerage'of 20 months

for the forast,
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Appendix: Monthly variation of leaf litter (gm~ yr-l) in different tree spacies

(+ S.E. of the mean and values in parentheses are % of the total)

XAug YSep X Oct YNov XDec X Jan X Feb IMar X Apr XMay fJun X Jul X Total

.

hcer laevigatum - - - 0.2 0.6 5.2 8.9 1.9 0.5 0.1 0.1 0.05 17.5
+0.2 +0,5 +1.6 +3.9 +0.6 +0.4 +0,05 +0.1 +0.03  (3.1)

Cinnamorum 0.3 0.1 0.4 0.1 C.4 0.6 4.0 14.8 0.5 1.3 0.4 0.4 23.3
impressinervum #0.1  +0.1 +0.2 +0.1 +0,2 +0.4 +1.9 +2.4 +0.2 +0.1  +0.2  10.2 (4.1)
Elacocarpus - 1.4 0.5 0.9 0.3 0.5 13.6 16,2 4,2 1.5 0.3 0.9 40,2
lancifolius +0.8 +0.3 +0.4 +0.2 +0.3 +5.3 +4.6 +2,5 +0.9 +0.2 0.5 = (7.1)
N Lindera 004 0.4 O.S 004 0.4 3.2 7.8 7.7 007 006 O.8 0.9 2309
pulcherima +0.3  +0,2 +0.3 +0.2 +0.2 +1.3 +3.3 +4.3 $0.3 +0.3 +0.3 +0.3 (4.2)
Litsea ] - - O.4 004 O.3 O.7 3.5 1.0 1.4 1.2 O.l lll 10.0
sebifara +0.2 +0.3 +0.2 +0.4 *2.5 +0.8 +0,9 +1.0 0.1  +0.9 (1.8)
Machi lus 1.0 0.3 2.5 0.2 0.3 0.6 2.3 4.6 1.5 0.7 0.1 0.5 15.0
kingii +0.8  +0.1 +0.9 +0.1 +0.1 +0.2 +1.6 +1.8 +0.7 +0.3 +0.1  +0.2 (2.6)
Manglitia 0.7 0.8 3.2 1.3 0.6 1.4 5.7 14.2 1.7 0.4 0.6 0.2 30.9
insignis +0.4 40,7 +l.4 +0.5 +0.3 0.6 +2.3 +7.9 +0.9 +0.3 10.4 +0.2 (5.4)
QuerCU.S 4.4 2.5 2.0 1.1 1.4 2.5 18.9 45.5 10.7 2.6 203 3.0 96.9
dealbata +1.4 +1.0 +0.9 +0.5 +0.,7 *1.2 19,8 #17.9 +6.0 +0.8 +0.6 +1.7 (434
Q. paniculata - 0.2 4.1 1.0 0.8 3.9 14.2 19.2 4.6 3.1 0.6 0.8 52,4
+0.2 +4.1 +0.,4 +0.4 +1.4 +5.6 +7.4 +2.,7 +1.8 #0.4 0.5 (9.2)

Rhododaendron 0.3 1.7 0.8 1.7 O.4 1.0 2.5 5.7 0.4 0.3 0.2 0.9 16.5
arboreum +0.8 +1.7 +0.4 +1.3 +0.1 +1.0 +2,5 +5.7 +0.3 +0.3 +0.2 +0.9 (2.9)
Schima 0.4 0.7 6.3 0.6 2.4 7.8 6.7 1.3 0.3 0.3 0.5 0.4 27.7
khasiana +0.3 +0.4 +4.0 +0.4 +0.9 #4.0 #3.4 +0,7 +0.2 +0.2 = +0.4  +0.2 (4.9)
Symp locos 3.4 2.5 1.5 2.3 1.5 5.1 18.9 21.6 6.4 1.9 1.0 1.1 67 .2
cratasgoides  #1.1 40.7 +1.1 +1.3 +0.6 *1.9 +5.5 +7.1 +2.2 +0.7 #0.2 +0.5 (11.8)
Others 7.8 507 15.1 3.9 6.2 10.0 34.5 50.7 9.4 4.6 5.2 403 l4‘1l1
+0.9 +0.8 +7.2 +0.5 +1.,1 +1.2 +9.3 +20.6 0.9 0.8 +0.8 +0.7  (25.4)
TOTAL 19.3 16,5 37.2 14,1 15,5 42,6 141.9 194,3 42.2 17.4 12.3 14.4 567.58

2.7 42.7 #7.7 +2.1 +1.8 +4.1 #26.6 +42.6 +5.0  +1.9 +1.8 +2.4 (100)
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CHAPTER III

An analysis of architecturae and growth pattern
of Schima species
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AN ANALYSIS OF ARCHITECTURE AND GROWTH PATTERN OF
SCHIMA SPECIES

INTRODUCTION

Early studies on tropical tree growth were of a phenolo-
gical nature (Bisgen & Miinch, 1929; Holttum, 1940; Koriba,
1958), though a few detailed investigations are also availa-

ble on tea (Bond, 1942); rubber (Hallé & Martin, 1968) and

Rhizophora mangle (Gill & Tomlinson, 1971). One of the first
comprehensive studies on the vegetative architécture of tro-
pilcal plants is that of Hallé et al. (1978) which has opened
up new avenues for studies on individual tree species as

well as the forest community as a whole.

While éanopy structure and its relationship to light
interception and yield has received some attention from forest
ecologists and silviculturists (Farmer, 1976), little atten-
tion has been paid to tree architecture of closely related
species or populations of the same species from different
environments. Trees have evolved'various strategies for niche
occupancy and survival in different environments through
appropriate crown development, leaf and branch orientation,
and overall_arehitedture (Morn, 1971). The understanding of .
these processes is a prerequisite for better forest manage-
ment and tree improvement programmes. From the production
point of view, the answer to the higher productivity of the
tropical forests may have to be found in the grthh pattemmn

and canopy structure of tropical trees (Ramakrishnan, 1978).
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The present paper reports a comparative study of the
growth pattern and architecture of two closely related
species of Schima Reinw. ex. Blume (Ternstroemiaceae),
namely S. wallichii (DC) Korth, and S. khasiana Dyer, growing
at different altitudes. These two species are economically
important timber trees of the north-ecast India. In the north-
eastern hills region of India, S. wallichii has an altitudi-
nal range of 100 to 1600 m and S. khasiara is restricted to
higher elevations (1600 to 1900m ) only. These are early
successional trees that come up in the secondary fallows left
after slash and burn agriculture (locally known as ‘Jhum').
The species are light demanding and regenerate abundantly
in the open through light, wind-dispersed seeds. The trees
coppice well, In secondary forests they form caﬁopy trees
reaching an average height of 25-~30m at lower altitude,
15-20m at higher altitude for S. wallichii and 12-~15m for

S. khasiana. S. wallichii is distributed throughout the

Indo-Malayan region. In Java it is not a real pioneer tree,
rather it specializes in poor ruined soils, far away from the
rain-forest (Hallé&, Personal Communication). Whitmore (1975)‘
conéiders'it to be a light deméndef, locally colonizing
man~made clearings in lowland and lower montane forests of
Malaya., According to his'observations the species has some

pioneer characters but lacks the aggression of true pioneers.

STUDY AREA 2AND CLIMATE
Three sites at different altitudes, at Upper Shillong

(1900m), Shillong (1600m) and Burnihat (100m), in the Khasi



PLATE 3
A pure stand of early successional Schima wallichii

near Umsaw (1000m ).

PLATE 4
A close view of the pure stand of early successional

Schima wallichii near Umsaw (1000 m)..
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PLATE

PLATE I
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hills 6£ Méghalaya State in the north-eastern hill region of
India (sub-tropical), were selected for the present study.
The lower elevation site at Burnihat (26° 02'N and 91°52' E)
is located about 90 km north of Shillong (25° 34'N and

91° 56'E). Studies on $. khasiana were done at one of the
sites only at Upper Shillong where this species is restric-
ted, whereas studies on S. wallichii which has a wider

distributional range were done both at Shillong and Burnihat.

The climate is monsoonic with the rainfall mostly
confined to a few months .. The year may be divided
into fdur more or less well marked seasons; (i) the monsobh'
season of heavy rain during May-September, due to the South-
west monsoon; (ii) a transitional period of low rainfall
due to retreating monsoons during October-November; (iii) a
winter season during December to February with scattered low
rainfall; and (iv) a summer dry period during March-April.
The .average annual rainfall during the study period was
2350 mm at Upper Shillong, 1800mm at Shillong and 1550mm at
Burnihat. The average maximum temperature during the monsoon
period was 24,00°C and the average minimum was 16.13°C at
Shillong whereas the average maximum at Burnihat was 32.07°C
and the average minimum was 24.13%c, Shillong had an
average maximum of 16.01°C and average minimum of 6.23°C
during the winter whereas at Burnihat this was 24.87°C
(average maximum) and 12.37°% (average minimum). The tempera-'

ture conditions at Upper Shillong were generally lower than



Fig. 3.1 : Ombrothermic diagram for the study sites, mean
maximum temperature ( O ), mean minimum tempera-

ture ( ® ) & rainfall (A) during the study

period.
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that of Shillong with an average maximum of 22.24°C and a
minimum of 15.84OC during the monsoon and average maximum of

15.47°C and minimum of 1.18°C during the winter. (Fig. 3.1)

METHODS OF STUDY

For shoot extension measurements five repliéates of
5 year old open grown trees were randomly chosen at different
sites in the forest openings. The average height of S. walli=
chii at the lower altitude was 293 cm (dbh 1.80cm), at the
higher altitude it was 219 cm (dbh 1.94 cm) and of S. khasiana
at Upper Shillong was 203 cm (dbh 1.28 cm). Detailed architec-
tural analysis of the trees was based on one typical tree at
each site. A stage erected around one selected tree was'used
for meking detailed measurements. At each site the tree was
divided into the different whorls of branches, each whorl
representing one year's growth. The nomenclature used to
describe orders of branches was that of Halld e al. (1978).
Ordinal numbers were uséd, considering the trunk of the tree
as the starting point order zero (0) and the branches as the
fifst, second, and third order respectively in chronological
sequence. The pattern of branch development was studied by
following the fate of buds on current increments of main axis

and one year old First order branches.

For the estimation of leaf production and fall each leaf
was tagged using small light aluminium tags. For leaf blade
area calculations a correction factor was applied by dividing

the actual leaf area measured using a planimeter; by the



PLATE 5
A stage erected around a tree of Schima khasiana
to study architecture and growth pattern. The

similar method has been followed for all other species.

PL:TE ©
A tree of Schima khasiang showing a clear bole and

crown dgeometry.
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calculated leaf areca (length x width). The leaf arca was
- then calculated using the formula, A = c x 1 x w (Dolph,
1977), where ¢ is the correction factor appropriate for the

species as well as the different populations.:

ILeaf and branch angles were measured by mecans of a protrac-
tor. The leaf blades deviate from the horizontal in several
ways suéh as tilting of the apex downward or upward, foldiag
of margins upward and twisting of the petioles. The most
vertical aspéct of each individual lecaf was measured as degree
inclination from the horizontal. Branch angles were measured

as the orientations from the main trunk.

For estimating the effect of the position of leaves on
the tree canopy and the consequent shading, the crown of
another five year old tree was identified. At three levels of
the CanOpy (upper, middle and lower), 25 leaves each from the
periphery and centre of the crown were harvested. These
leaves were referred as 'sun' and ‘shade' leaves respectively.
The mean leaf length and width, petiole length as well as
the correction factor for calculating lcaf area were estimated
separately for each category. Leaf area, however, was cal-
culated individually by using planimeter. Dry weights were
estimated after over drying for 24 hours at 85°C to a con-

stant weight,

For calculation of bifurcation ratios, branches were
ordered according to Horton's rule, modified by Strahler

(1957)+ In this method segments of branch systems are ordered
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and a branching ratio was calculated which subseguently
serves as an index of degree of branching. Each ultimate
branch is designated as the first order; at the meeting
point of two first order branches the proximal segment is of
the second order. A third order segment starts at the junc- -
tion of two second order branches and so on down the system,
At the junction .of branches of two unequal orders, the
identity of the highest branch order is maintained. Thus the
basal branch or trunk is of the highaest order, The bifurca-
tion ratio is calcdulated by Motomura's formula (1947),

Rb = N-Nmax/N-N. (Steingracber et ali, 1979) where N is the

1
total number of branches of all orders, Nmax is the number

of the branchaes of the highest order and Nl is the number of
branches of the fifst order. At ecach site 10 open-grown and
lobtrees grown in a closed stand but not strictly under shade
were orderad according to Strahler's method and the bifurca-

tion ratio was calculated.

Phenological observations like flowering, fruiting,
sead dispersal, flushing and growth cessation were made on

marked trees at all the three sites.

RESULTS

Pattern of architectural developmant

The two spaeciaes of Schima have a similar architecture
development pattern, though there are quantitative and sea-
sonal variations in growth bechaviour. The architecture
(Hall€ et al., 1978), is determined by a monopodial trunk

which grows rhythmically and so develops tiers of branches.
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After winter dormancy the growth starts with flushing of new
leaves when rapid unfolding and expansion of leaves as well
as internodal elongatiqn occurs, The lecader axis, a monopodial
trunk, is orthotropic in having radial symmetry and spiral
phyllotaxy. The lateral branches are also orthotropic with
radial symmetry and spiral phyllotaxy. Branch production is
sylleptic, as axillary buds grow into branches without any
rest period. These branches are characterized by the lack of
basal bud scales or scale scars and have an’extended basal
internode (hypopodium). Further, there is no transition in
leaf morphology along the axes of sylleptic branches, the
development of sylleptic branches is closely correlaﬁed with
the activity of terminal meristem i.e. the rhythm of the main
leader (rhythmic branching type of Hallé gt al., 1978). This
also confers a more or less whorled arrangement of laterals.
The pattern of branch development on the main leader is
repeated on lateral branches also. Branching on laterals ..
mainly restricts to the abeaxial side, which broadens the
crown structure. The lower branches in the canopy tend to
become horizontal. The nodes devoid of branches bear resting
buds in the axil of leaves, these may develop into inflores-
cences on older shoots or grow out as proleptic shoots if the
axis above is damaged (reiteration - Oldeman, 1974). Both the
reiterated and sequential (of unmodified architecture) axes
conform to the original architecture. As the lower branches
of the crown compete for space and light, they are shed gra-

dually after the death of terminal bud and through a series



PLALTE 7
Growth habit of an open grown Schima wallichii

(Rauh 's model).

PLLTE 8

& closer view of Schima walljichii showing uppef

whorl of branches with finer patterns (Rauh's model).



PLATE &



PL+TE 9

Sylleptic branching in Schima wallichii. Note the

development of branches without a rest period of

axillary buds.

PLLTE 10
Development of a proleptic branch in Schima wallichii
after the damage to the main leader. Note the proli-

feration of a latent axillary meristem.



PLARE O

FPLATE L8]




780,

- o: reiteration and death of the‘subsequent.terminal bud; the
‘branch is discarded. This gradually shifts the crown verti-
cally;'The lowest major branch in most of the cases, is a
reiterated trunk representing inversion of morphological
units, This level of reiterated trunk has been termed as the
morphological inversion point (Oldeman, 1974). This helps in
achieviﬁg’a branchless bole, as well as the characteristic
shape of the tree crown. The initial architecture complex of
tﬁe tree undergoes severél changes during its life cycle.
Since the sapling is likely to be damaged through disturban-
ces like .-fire, insect attack and other injuries, it then is
regenerated by reiteration (Fig. 3.2 a-e). These reiterated
complexes also conform to the initial complex of the model,

constituting part of a supplementary process only.

In young trees, growth is synchronous in all‘active
4meristems but this is lost with age and f£lushings eventually
become not only asynchronous but also less fregquent than on
saplings, yet without affecting the basic architecture. This
lack of synchronism is due to reiteration,.where various
reiterated complexes of the same tree crown behave differently
regarding phenological events like leaf flush, senescence or

fall, flowering and | fruiting.

From the above description, it is clear that the tree
follows the architecture model of Rauh (Halle et al., 1978).
The characteristics of this model is a monopodial trunk with

rhythmic growth and a whorled arrangement of branches which



Fige 3.2 ¢ Observed methods of reiteration jn Schima Spp.

(a) Bayonet joint (®) Forked truyk (c¢) Coppice

(d) Proleptic branch replacing 3 damaged bud

ion complexes

(e) An o0ld tree showing reiterat
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are morphogenetically identical to the trunk. Flowers are
borne laterally on the branches and, therefore, have no
direct impact on the geometry of aerial vegetative axes
(Fig. 3.3). The conspicuous feature of the rhythmic growth
in the tree is the presence of shorter internodes with
leaves of somewhat reduced sizes along the axis alternating
with longer internodes (Fig. 3.4). This morphological indi-
cation of rhythmic growth results in the more or less pro-
nounced segmentation of the axis. At the end of the growing
season a series of short internodes delimits articulation
(Tomlinson & Gill, 1971), and is helpful in determining the
age of the tree. The presence of internodes shorter than the
average inbetween two articulatiors (i.e. one growth year)
shows the tendency to have more than one flush of growth

during the growing season.

Bud dynamics

Fig 3.5 (a), shows the dynamics of bud populations on
the main axis and on one year 0ld First order branches. The
axillary buds on the main axis produced branches as soon as
they were formed (syllepsis) in the same growth year, but a
large number of them subsequently remained dormant. S. walli-
chii at lower &altitude produced two whorls of branches; one
in April and nother again in July (7-8 branches in each
whorl). At higher elevations, however, both in 3. wallichii
and S. khasiana only a single whorl of 4-6 branches was
produced in the month of May. The pattern of branch develop-

ment on the main axis is repeated on lateral branches also.



Schima sppe.

Fig. 3.3 : Rauh's model as exemplified by

Dotted lines represent limits of one season's

growth.






Fig. 3.4 : Growth rhythms in Schima spp. represented by
internodal elongation (bars) and leaf areca
changes (Undulating line, above the bars) on

leader axis. (Time period one year)






Fig. 3.5 : Bud dynamics (a) Dynamics of axillary bud popula-
tions (b) The percentage component composition of
the axillary bud banks £33 dormant buds

P branches formed 0 Dbuds died.

SWH = Schima wallichii ( higher altitude)
' SWL = Schima wallichii (lower altitude)
SK = Se. khasiana

I = First growing season; II = Second growing

SeasOn ¢
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The first order branches of the current year did not produce
-second order branches within the same growing season in
S. Khasisna, but it did so in 8. wallichii with greater

numbers at lower than at higher altitude’ .

An examination of the relative percentage composition
of various bud bank components revealed quite distinct trends
(Fig 3.5 b). Of the total bud sites potentially present on
the main axis shoot less than 30% could produce branches and
abouﬁ 15% did so on the fifst order shoot and the rest
remained dormant., In the next growth year about 35% of the
total dormant buds on main leader and more than 50% on first
order branches died and the rest remained as dofmant reserve

buds.

Extension and Radial growth

- Bxtension growth in 8. wallichii at lower altitude starts
earlier and ends later than at higher altitude, with the
result the growing period at lower elevation is longer. .
S. khasiana on the other hand has the shortest growing period
due to the énset of dormancy much carlier than that for
S. wallichii at the same altitude. Flowering and fruiting
is earlier in S. wallichii at lower altitude compared to
that at higher altitude. It is delayed even more in the case

of S. kKhasiana at higher altitude (Table 3.1).

During the growth period, the internodal elongation
showed a distinct rhythmic pattern with two'major peaks in

Mpril-May and in July, in both the species. However, at
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oy {days) | (@ays) | : ;
S, wallichii '
(Lower altitude) Mar 1 Dec 25 800 65 Apr 1 - May 25 Feb 20 -
May 15 Mar 15
(Higher altitude) Mar 20 Nov 25 250 118 Apr 25 - Jun 1 Mar 1 -
May 30 Apr 15
S. khasiana Apr 5 Oct 1 180 L85 May 15 - Jul 25 Jan 20 -

July 31 Feb 15
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lower altitude in §. wallichii another less pronounced peak
was observed in the month of September. This rhythmicity is
also related to the changes in leaf area pattern at the

nodes (Fig 3.4).

The growth in height has two peaks one in April-May and
another in July, the latter being lesser than the former
(Fig 3.6 b). In all the cases more than 50% of extension
growth was completed in the @arly growing season by May
(Fig 3.6 c¢). Radial growth in all the cases was maximum on a

date subsequent to the maximum for extension growth (Fig 3.6a).
NG ' .
Table 3,2 ShoWs the shoot elongation pattern on different

locations of the tree. Both the species of Schima showed
strong correlative growth inhibition. The extension growth in
the main axis was more than in the branches which showed a
sequence of first order > sécond order > third order and

so on. Also the elongation of the current yeér {terminal
whorls) shoot was maximum and decreased progressively down
the'tree in the second, third and fourth year whorls. Generally

speaking branches of different orders of 8. wallichii at low

elevation showed greater elongation compared to those at

high elevation (Fig 3.7)

Branch orientation and bifurcation ratidé'>'

The branch angle of open grown and forest grown (not

strictly under shade) trees are compared in Table 3.3, which
showed that the branch angle is more acute in all the forest

grown situations at all canopy positions. Generally, branch



Fige 3.6 : Radial (a) extension growth (b) cumulative % of
season's total growth (c) in Schima spp.
S. wallichii (lower altitude) ( © ), S. wallichisi

higher altitude ( ® ) and S. khasiana (A ).






Fig. 3. 7 : Branching pattern in Schima spp.
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Table3 2: Variations in shoot elongation {(cm. + Standard error of the mean)
on different locations of young Schima walln.chll and S. khasiana

trees during one growing season,

ORDER OF BRANCHES

0 First Order ' 2nd Order *-3rd Oxder” ' 4th
! ! } Order

MAIN AXIS Year whorl numbers ., i 2 3 4 1 2 3 4 1 4

1 2 3 1 1 —_— b
(Lower alt) . 3,67 +3.86 +4.34 +4.02 +1.49 +3.62 +1.38 +0.78 +0.56 +2.30 +1.08 +2.04

S. wallichii 77,00 24.40 17.00 11.00 6,00 10.00 14.23 10.68 6.73 13.50 10.25 5.97 . 4.50
(Higher alt)  +5.,24 +3.51 +2.69 +5.27 +0.78 +0 +1.94 +1.48 +1.58 +0.95 +1.30 1,09 +1.14
S. khasiana 64,00 23.50 16.20 13,67 12,75 15.38 7.94 4.87 = 15.27 5.03  9.50
+3.09 +1.63 +2.63 +3.86 +4.33 +1.75 +1.09 +0.70 +1.79 #1.22  +3.51




Table 3.3 : Branch-angles (orientation from the main trunk) for Schima spp.

(+ S.E.)
OPEN GROWN TREES ' FOREST GROWN TREES
Upper Middle Tower Upper Middle lower
Canopy canopy canopy canopy canopy canopy
S, wallichii- 56.33 77.64 80.30 42.50 60.50 77.00
(Lower alt) - #2017 +1,79 +2.11 +3.18 +2 452 +3.18
S. wallichii - 55.00 70,00 79.87 45,00 66,00 72 .50
(Higher alt) +2.44 +3.42 +2.50 +2.67 +3.06 +3.41
S. khasiana 46,43 58,57 87.14 34.29 56 .43 59,38

+1.43 +2.06 +1.49 +2.02 +3.25 +2.75
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angle increased from the top to the base of the canopy.
S. khasiana, in general showed more acute branches compared

to S. wallichii at two altitudes.

A linear relationship was obtained between the branches
of a given order (Strahler's ordering) and their freqguency
for all the three‘pOpulations (Fig 3.8). The bifurcation ratio
values were not significantly different (at 5% level) between
the open and forest grown treces of S. wallichii though in the
latter case the values are somewhat lower. In case of §. kha-
siana differences are significant {(at 1% level) between forest

and open grown situations (Table 3.4).

ILeaf Dynamics .
Morphologically leaves of 8. wallichii and S. khasiana
differed with the formér having an entire leaf margin while
the latter strongly serrate margin. Sun and shade leaves of
all the populations showed significant (5% level) differences
with sun leaves showing greater petiole length, blade length,
blade width, blade area as well as blade and petiole dry
weights, than those of shade leaves. The differences in leaf.
characteristics between S, wallichii from lower and higher
altitude and S. khasiana were also significant (5% level)
(Table 3.5). Both sun and shade leaves of lower altitude
S. wallichii had greater blade length, blade width, petiole
length and leaf blade area than at higher altitude; however,
the latter showed greater petiole and blade dry weight than
the former. The correction factor computed for leaf area
calculation was constant for all the populations and also for

sun and shade leaves,



Fig. 3.8 : Branch order/Frequency relationship in Schima spps.







Table 34 : Bifurcation ratio (Rb) values ( + S.E.) for Schima spp.

OPEN GROWN FOREST GROWN
Mean + S.E. Range t Mean + S.E. Range
S. wallichii
(Lower alt) 3.99 + 0.49  3.31 — 4,76 0.76 N.S. 3.44 + 0.19 3.00 —4.14
S. wallichii
(Higher alt) 3.85 + 0.20 3.00 = 4,20 1.81 N.S. 3.40 *+ 0.14 3.00 =~ 3,95
S. kXhasiana 3.91 ¥ 0.14  3.38 — 4,75 4,06% 324 + 0,09 3,00 —3.59

*Significant at 1% level, N.3S,, not significant,



Table 3.5 : Variations in leaf characteristics ( + S.E.) of S. wallichii
v and S. khasiana
S. wallichii S. khasiana
ILeaf characteristics ILower altitude Higher altitude
SUN SHZDE SUN SH2DE SUN mmvbm
Petiole length (cm) 1.11 1,02 0.93 0.88 1.09 1.03
+0.03  +0,03  +0.02 +0.02  +0.02  +0.03
Blade length (cm) 16,02 11.95 13.85 10.01 15.92 12.24
+0.31  +0.46  +0.33 +2.94  +0.29  +0.40
Blade width (cm) 6.48 5.02 5,69 4,22 4.45 3.27
+0.12 +0.20 Ho.pm +0.16 +0.09 +0.11
Correction factor 0.67 0.67 Q.67 0.68 0.65 0.64
Leaf area Aoawv 71.49 45,17 54,72 30.91 46.49 26.74
+2.46  +2,54  +2.54 +2.20  t1.64  +1.59
Leaf biomass (mg)
Petiole 16.50 12,80 18.50 15,50 11,00 720
+0.80  +0.80  +0.70 +1.00  +0.60  +0.70
Blade 381.80 248,90 437.30 251.30 279.10 155.80
+ 9.80 +20.00

+16,00 +18,00 +22,00 +20.00
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Flushing occurred with the production of pink coloured
young leaves, during early March for S. wallichii at lower
altitude and about 20 days later at ‘higher aititude,- S. kha-
siana, on the other hand, started flushing another 15 days
later in early April. Ieaf production during the growth
period bshow'ed two major peaks in April and July for the two
high altitude species populations. §. wallichii at lower
altitude also showed a smaller peak of production in September.
Leaf production declined sharply in subseguent months with
complete stoppage in late December in the case of the low
altitude population of $. wallichii and late November and
carly October for the high altitude §. wallichii and S. kha-
§;§gg‘ respactively., S, wallichii at lower altitude produced
more leaves than either the same species at higher altitude
or than 8. Xhasiana. All species and populations produced more

than 50% of their annual leaf production by June (Fig 3.9),

Considering the cohort of leaves produced in 1979, leaf
area production reached its peak in September-October in the
case of all tbe three populations with maxir:um values attained
for S. wallichii at lower altitude followed by the same

spacies at higher altitude and with least values for S. kKhasiana.

Annual production of lcaf arca was, 63 x 1O3cm2, for the low
altitude population of §, wallichii, 48 x 103cm2, for the

high altitude population of $. wallichii and 41 x 1030m2 for

S. khasiana. In months subsequent to peak leaf production,
leaf arca started decreasing sharply due to leaf fall and all

the leaves of that cohort were shed by February in the case



Fig. 3.9 : Pattern of leaf production in S. wallichii at
lower altitude ( 0 ), at higher altitude (@ )

and S. khasiana ( A).
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of S. wallichii at low altitude and by March-Ap:il in the

case of high altitude population of both the species (Fig 3.10).

Considering the cohort of leaves produced in 1979, leaf
fall began as early as August with a peak in the month of
January for 8. wallichii at both the altitudes and in the
month of March for $. khasiana. Both the species thus follow
the ‘'periodic growth, deciduous pattern of leafiness'

(Longman and Jenik 1974). In this pattern of leafiness the
branch or whole treé is leafless or nearly so far a period
varying from a few weeks to several months. The degree of
deciduousness differs for both the species (Fig 3.11). At
lower altitude 8. wallichii had a complete deciduous period of
one month but at higher altitude it retained nearly 15% of its
leaves at the time of new flush. S. khasiana had complaete

deciduousness for about 20 days before the new flush occurs,

Life span of leaves produced early in the season in
general was longer compared to those produced late in the
season. ILeaves of the high altitude species populations in
general had longer life span compared to the low altitude po-

pulation of §. wallichii ( Fig 3.12).

Ieaf angles taken an inclinations from the horizontal
(Table 3.6) showed that leaves in all the species populations
are placed more acutely in full sun and are less so in the
shade. This is more markedly seen in the low altitude popula-
tion of 8. wallichii than those at high altitude and;those of

S. khasiana.



Fig. 3.10 : Leaf arca dynamics for one cohort of leaves
S. wallichii lower altitude ( O ), higher

altitude ( ® ) and S. khasiana (A ).
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Fige 3.11 : Pattemm oé leaf fall in 8, wallichii at lower
altitude ( 0 ), higher altitude ( ® ) and
S. khasiana ( A) % leaf fall for a particular
month (solid lines), cumulative % of leaf-fall

(broken lines) and standing leaves (dotted lines).
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Fig. 3.12 : Life span of leaves of S. wallichii at lower
altitude (open bars), at higher altitude

(.hatched bars) and S. khasiana (filled bars).

/
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Table ¥,6: Leaf angles (inclinations from horizontal) ( 4+ S.E.) in

Schima wallichii (Lower and Upper altitude) and S. khasiana

SUN LEAVES

SHADE LEAVES

Upper Mid. Lower Upper Mid. Lower

Canopy Canopy Canopy Canopy Canopy Canopy
Schima wallichii 85,00 72450 71.50 60,50 55,10 50450
(Lower alt) +1.30 +3.22 +2.79 +2,.88 +3.43 +2.84
Schima wallichii 69,50 €2.92 58,00 49.50 44,83 40,77
(Higher alt) +1.53 +3.23 +2.81 +3.42 +3.19 +2,24
S. khasiana 75400 61,50 50,00 31.80 27.00 17.50
+1.30 +2,.53 +1.97 +1.49 +4.34 +3.21
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DISCUSSION

Se kgégiggg and S. wallichii from low and high altitudes,
basically follow the same architectural pattern, the variations
being related to periodicity and the amount of growth, probably
related to temperature differences. The pattern of shoot growth
and architecture build up by this species are well suited to its'
role as an early successional tree species. The apical as well as
lateral meristems being morphogenetically equivalent and rhythmic
are very adaptable. The entire pattern of growth is regulated by
the apical meristem of the trunk, which may grow repeating the’
same pattern'throughout its life cycle. However, if the trunk
meristem is destroyed, it is readily replaced by the uppermost
lateral meristem or if the damage is more extreme, by the upper~
most branch which rapidly substitutes as a leader. This is possi-
bly due to the equivalence of all the axes and the regeneration
involves minimum distrubance in growth pattern. Thus in this
species reiteration is esséntially a repetition of the origina;-
architecture, the difference being the mode of delopment of the
reiterated complexes. All sequenﬁial branching in Schima is by
syllepsis and reiterated branches can be prodﬁced proleptically..
This can easily be recognized by the morphology of the proleptic
shoot., Howevar, both sequential and reiterated branches are pro-
duced only through prolepsis in S. wallichii in Indonesia (Hallé,
personal communication) even this difference becomes unrecogni- |
zable in the Indonesian population of this species. &s cach wave
of reitgration activates meristems, the chancés of survival of
the tree is increased. Thus, an o0ld tree could be said to be made

of several reiterated complexes.
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The dynamic concept of architecture (Hallgvgp aly; 1978)
interprets the growth in terms of organized flux of specific
constructional units (buds), thelr subsequent proliferation
and survival., The branch production through syllepsis in the
two species is durihg periods of rapid shoot growth, as was
‘also seen in égggg (Champagnat, 1954); Avicennia (Gill, 1971H
and Rhizophora (Gill & Tomlinson, 1971). Tomlinson & Gill (1973)
hypothesized that the switch from a 'lower' state which deter-
mined prolepsis of a lateral meristem to another 'higher'
state which determines syllepsis is conditioned by a ‘thres-
hold' which in tufn is determined by the growth vigour of the
parent shoot. Thus, in the low altitude population of S. walli-
chil which has faster shoot ext?nsioﬁ growth, more branches are
produced sylleptically, than at higher altitude species popu-
lations. The branches in Indonesian population of . wallichii
(Hallg, Personal Communication) are produced proléptically,.
éuggesting an intraSpecifid diversity, which could be attribu-
ted to its specialization to poor ruined soils under sub-opti-~
mal growth conditions. The production of first and second
order branches during the same growth season which is more
marked in the low altitude population, makes quick growth under
fast diminishing light resources in a developing community.

The growth of a hypopodium in sylleptic brancheé might be
a mechanism by which the leaves are put outside the shade

created by the leaves of the parent shoot (Wheat, 1980).

The Schima spp. afe adapted to survive and make sfficient

growth after damage through fire, insects or other reasons.
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The lateral buds that failed to produce sylleptic branches may .
produce proleptic branches if damaged. Thus, the species
produce a basic type of meristem thch can adapt itself te any
of theAfungtions either become dormant as a resting bud or
grow out as a sylleptic branch, or assume the function of the

main axis through reiteration.

The periodicity of shoot growth in tropical trees has
been a centre of controversy. If recurrent growth flushes
' occuf at regular intervalé, the growth has been termed as
rhythmic or periodic, if flushes occur at irregular intervals
it has been called as episodic, intermittent or recurrent
(Romberger, 1963). Halld et al., (1978) have collectively
" placed all these under one broad category of 'rhythmic growth'
mainly in the context of tropical trees species where the
time-lag between different flushes are very small. In Schima

W
spp. the growth rhythms are endogeous as they are not related

e e e
QDRSS

to noticeable climatic fluctuations during the growing season.
Even under the most favourable environmental conditions during
May~-June there are periods of slower growth for all the
species populations. Further, it was noted that different
individqals under the same environment may also not show
synchrony in their rhyﬁhm. Duration of growth seems to deter-
mine the number of rhythms being more frequent at lower
altitude., While many workers have attributed various environ-
mental parameters like wet and dry season Eo rhythmicity

(Alvium, 1964; Gaertner, 1964), absence of correlations with
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the environment has prompted others (Koriba, 1958; Borchert,
1969; Greathouse et al., 1971) to consider this phenomenon

as endogenous as in the present case,

Differential elongation of different axes usﬁally deter-
mines the form of the woody plants. In Schima spp. growth of °
the main axis far exeeeds that of I order branches, which
grow faster than II order branches and so on., Also the branches
of current year's whorl grew more than others from previous
years. Thus there is strong correlative growth inhibition,
with apical control over the growth of the branches beneath

(Brown et al., 1971) resulting in an excurrent crown form,

The growth period for the low altitude population of
S. wallichii was longer than that for the high altitude popu-
lation. 8. khasiana has the shortest period. The number of
cycles of shoot extension were more for low elevation popula-
tion compared tb thét of the two species at higher altitude.
This obviously is related to the duration of the favourable
climate at different altitudes though intrinsic factors of
the species are often implicated (Kozlowski, 1971; Kramer &
Kozlowski, 1979). Radial growth started earlier and terminated
later than the extension growth for all the species popula~-
tions. Similar results are reported for many temperate trees
(Kozlowski, 1971) and also for some Of tropical trees

(Choudhury, 1958),

The orientation of branches in space and time shape the

geometry of the tree crown, and this has been related to its
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adaptive strategy for light interception (Horn, 197i; Brunig,
1976; Honda & Fisher, 1978). In Schima spp. lateral branches
were vertical at first, and became pfogressively more hori-
zontal with increasing distance from the leader apex. This
reorientation may be due to increased branch weight related
to branch growth and the active bending caused by reaction

(tension) wood or a combination of these two factors.

Ochata & &hidei (1971) and Whitney (1976) analysed bifur-
cation ratio which is a measure of morphological adaptation
of the crown structure to a;parficular niche and showed that
it reachés t0 a species specific constant, suggesting that
species have limited ability to modify the crown structure
under different environments. This has been contradicted by
_the studies of Steingraeber et al., (1979), who indicated that
bifurcation ratio could vary with changes in light enﬁiron-

ments. Our studies on Anthocephalus cadamba (S8hukla & Rama-

krishnan unpublished) and S. khasiana in the present case
support the latter viewpoint. The bifurcatidn ratio which is
more or less constant in the case of §. wallichii undér forest
and Open‘gfown situations may be due to less marked differences
in light environment of the open. grown and forest grown trees.
In fact, the forest grown trees were growing under sufficient
light except for some restriction in the space available for
growth, Also, being an early successional and light demanding
species it cannot establish naturally under forest shade. The
branching pattern in the species is such that the order/fre-

quency relation is fairly linear and is maintained by the
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restriction of new twig growth to the top of the crown and by

the death of the older twigs near the base,

The variation in leaves exposed to sun and those of inner
crown (shade leaves) of the same tree is due to mutual shading
of leaves and their variable exposure to light, The variation
of leaves between different populations are due to inherent |
genetic differences as well as environmental factors (altitude).
The greater size and leaf area at the lower altitude in come-
parison to that at the higher altitude may be due to the
differences in temperature conditions existing at a particular
habitat which may affect leaf expansion (Longman & Jenik, |
1974; MilthiPpe, 1976). The general decrease in size of leaves
a£ the higher altitude and interior of the crown of individual
trees may ke attributed to the light availability and tempe-
réture conditions as they affect photosynthesis. Jackson
(1967) showed that the leaf structure of shade intolerant
species are altered more by shading than that of shade tole-~
rant species.'In a light demanding species like Schima the
marked differences in leaf characteristics in sun and shade
is therefore understandable. The differences in the orienta-
tion of sun and shade leaves on the branch where the former
is held more vertically‘than the latter is also achieved
through the twisting of the petiole where necessary. Such
differences in leaf orientation have also been recorded by
others (McMillan & McCléhdon; 1979). Such a light intercep-
tion strategy . presumably enhances phtosynthesis of shade

leaves under limited light conditions and promotes leaf
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cooling during high solar radiation in sun leaves (McMillan

& McClendon, 1979).

A variety of patterns of leafiness (renewal and fall)
haﬁe beeﬁ described for tropical trees (Holttum 1940; Koriba
1958; Longman & Jenik, 1974), mostly with the cases of
prerain or equinoctial flushing (Alvim, 1964; Frankie et al.,
1974) which may perhaps be related to the diSplay of the
newly expanded leaves at the time of maximum solar irradia-
tion and other favourable growth-conditions (Longman & Jenik,
1974). In Schima spp. too leaf flushing is triggered just
before the rains and leaf fall is mostly during the xeric
periods of the year. The periodic growth—deciduous type of
pattermn of leafiness of Schima spp. is adaptive since losing
photosynthetic area during dry periods of the year may help
in avoiding,water stress. It is an evergreen tree in Indone-~
sia, where theze is no such stresé (Hallé, Persqnal Cummuni.-—
cation). The differences in degree ofvdeciduouéness betweean
the lower and higher altitude populations, where the latter
has a longer life span may be partly intrinsic and partly

environmental,

The rate and duration of shoot growth, period of active
extension and leaf production as well as cessation of growth
are of much importance to a tree's ability to survive compe-
fition in the forest and also for the productivity of the
forest (Longman & Jenik, 1974; Ramakrishnan, 1978)., Bormann

& Likens (1979) have described two types of growth strategies
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for niche occupancy in tree species., An exploitive strategy
characteristics of early successional species with rapid and
prolonged growth and a conservative strategy adapted for

late successional environments,., Marks (1975)vand Ramakrishnan,
Bormann & Siccama (Unpublished) have shown that early succes-
sional tree species with an indeterminate growth pattern are
exploitive strategists; late successional tree species have
mostly determinate growth and are conservative ones. These
studiés for temperate trees and those of others for tropical
trees (Coombe, 1960; Coombe & Hadfield, 1960) alongwith the
results presented here; where continudus leaf production is
maihtained for a majaﬁ;part of the year in an early succes-
sional light demanding species like Schima; tend to substan-~
tiate the view point that more prolonged produétion of photo-
synthetic leaf surface compared to that of late successional
species ié primarily responsible for their fastef growth

rate and productivity.

\ SUMMARY

\_ Architecture and growth pattern of two closely related
vdéciduous tree species of Schima, namely S. wallichii from
lower (100m) and higher. (1600m) altitudes and S. khasiana
‘(restricted t0 higher altitude 1900m only) Qere analysed
~comparatively. Both the species conform to Rauh's model of
'architecture in having a monopodial trunk with rhythmic
growth and morphogenetically equivalent branches. Branch
éroduction through syllepsis suggests a high growth vigour

of the tree and a mechanism to achieve fast growth. Extengion



and radial growth of the
continuaes throughout the
growth conditions at the
sion growth with greater

comparison to the higher
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stem as well as leaf production
growing season. The favourable
lower altitude favours fast exten-—
rhythmicity in §. wallichii in

altitude population of the species.

The architectural and growth pattern characteristics of the

two species are related to their ecological niche as early

successional exploitive species,



CHAPTER IV

Growth strategy of trees related to sucecessional

stahugi I Architecture and extension gfcwgh,:
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GROWTH STRATEGY OF TREES RELATED TO SUCCESSIONAL STATUS
I. ARCHITECTURE AND EXTENSION GROWTH

INTRODUCTION

Much of our knowledge of the growth characteristics of
tree species is based on their north temperate representatives
(Kozlowski, 1964). Only recently has there been an attempt to
understand the architecture and growth pattern of tropical
and sub-tropical trees (Hallé et al., 1978). The ecological
approach to the studies on canopy structure and its relation-
ships to light interception strategy (Horn, 1971) and exten-
sion growth characteristics related to successional status of
north temperate dediduous trees (Marks, 1974; Ramakrishnan,
Bormann & Siccama, Unpublished) has resulted in a better
understanding of growth strategies of develOping temperate
forest communities. The architectural characteristics of the
succéssional communities in French Guiana, have been analysed
by Tescure (1978), which is a significant contribution on some
aspects of revegetation occurring in different plqts préviously
used for shifting agriculture. The present study attempts to
look at growth strategy of trees from these viewpoints. Such
an gpproach is not only important for a better understanding
of the production strategies of the individual species and
community as a whole (Ramakrishnan, 1978) but would also con-
tribute towards more rational forestry management (Stern &

Roche, 1974).
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‘The forest where the present Study has been done is a
sub-tropical montane, humid, evergreen forest (Raju, 1964)
and is located at Upper Shillong (25°34'N and 51956 'E) near
Shillong peak (1900m) in the Khasi Hills of Meghalava State
of northeeastern India. The forest is characterised both by

sub~tropical elements like Schima khasiana, Mechilug kingii,

Manglitia insignis, Bugenia terragona and Ficus Remoralis:

‘alongwith a number of temperate species like Quercus dzalbate,

Q. griffithii, Alnus nepalensis, Rhododendron arboretum and

Betula alnoides. For the present study two early (A&. nepalen-

sis and S. khasiengs) and three late (Machilus kingii, Quercus

dealbata and Q. griffithii) successional tree species have

been considered. The architecture and growth pattems of these

AT

two categories of trees are compared and related to%ﬁheibl-xtg;

niche occupancy in the forest.

PP S
e i

CLIMATE X
. ».&‘}l o .\

The climate is monsoonic with most of the raiﬁfali

o

confined to a few months. The yecar may be divided into four
more or less well marked scasons: (1) the monsocn season Of
heavy rains during May-September with over 80% of the total
average annual rainfall (2350mm) occurring at this time:;

(1i) a transitional périod of low rainfall due to the retrea-
ting monsoons during October-November; (iii) a winter séason
during December to February with scattered showers, and

(iv) a short summer dry period during March-April. The avarage
maximum and minimum temperatures were 22.24°c and 15.84°C

during the monsocon and 15.47° and 1.18°C during the winter

(Fig 1.1) o _ 19 E:¥——qbt\ i
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METHODS

Both the esarly and late successional trees of 5 years
age were identified at the study site. While the early suc-
cessional species were studied only under open grown situa-
tions as they were not to be found to grow in shade, late
successional species were studizd both from open and forest
grown situations. The detailed architectural analysis of
trees was made by tagging buds and shoots and observing them
at monthly intervals'using a wooden platform erected arouhd
the tree to resach upto the top of the'canopy. During active
growth périod the observations were made daily/weekly depen-
ding on the situation, to understand the changes in finer
architectural pattern. The branches were ordered according-
to Hall& et al. 1978) using ordinal numbers, considering the
trunk of the tree as the starting point order zero and
branches as First, Second and Third orders respectively in
chronological sequence. The pattern of branch development was
studied by following the fate of buds on>current ihcrement
of main leader and one year old First- order branches. Branch
angle was mecasured using a protractor and plumb bob and was
eXpreséed as degree orientation from the main trunk. Leaf
display angle i.e. déviation from horizontal was also measﬁred
using a protractor equipped with a plumb bob, the protractor
-was aligned with’the midrib of the leaf and the angle read.

All observations are based on 5 replicates of trees.

For calculation of the bifurcation ratio alone the

branches were classified according to their position in

!



00103..

crown using Horton's (1945) method as modified by Strahler
(1957). The terminal branches arec designated as first order.
The juncture of two first order branches defines a segment of
a second order; the juncture of two second order branches makes
a third order branch and so on down the system. The meeting
point of branches of two unegual orders does not affect the
classification of cither. The bifurcation ratio: (Rb) is cal-
culated by Motomura's (1947) formula: Rb = N—Nmax/N—Nl, where
N is the total number of the branches of all orders, Nmax is
the number of branches of the highest order and N1 is the
number of branches of the first order (Steingraeber et al.,
1979). The results are based on 10 replicates. For branch
angle and bifurcation ratio studies a few forest grown trees

of S. khasiana which were mostly stump sprouts were also

considerad.

GENERAL GROWTH CHARACTERISTICS AND ARCHITECTURE

General Growth pattern

bFor a pfacise description of growth pattern of the carly
and late successional tree species under consideration, the
determinate/indeterminate terminology used for temperate trecs,
is adopted here, along with the broad categorization under
rhythmic/continuous growth by Hallé et al. (1978) used with
spacial reference to the tropical tree specics. Barly succes-
sional species can be grouped under indeterminate type. In
S. khasiana after a period of dormancy (from October to March)
the 'flush' of new pink coloufed leaves is preformed in winter

bud but growth is continued through neoformation during the
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growing scason, The tree has characteristics of rhythmic
growth expressed in rhythmic branches (whorls) and periodicity
of internode elongation and lzaf area production. A. nepalen-
§;§} has continuous growth, through neoformation involving
the continued extension of primordia immediately after they
are initiated without a rest period. In this species the ter-
minal maristem consistently consists of single leaf associa-
ted with stipule and branch primordia anclosed by the mature
stipule of youngest lecaf to form a distinct terminal bud. In
unfavourable winter period though the activity is stopped

but when resumed it again produces the same number of leaf

primordia.

The late successional species follow determinate pattern
of shoot growth whefe the leaf and internode primordia are
wholly preformed i.c. initiated entirely in the previous
growth year in the overwintering bud. Late scason activity of
the terminal meristem continues after shoot extension has
ceased and involves the formation of the following years'!
leaves. Though this is the basic pattern of determinate scheme,
plants growing under more favourable conditions in the open,
produce anothar flush of determinate shoots (lama growth)
from pre-formed lecaves of the dormant bud laid out before the
second flush, This péttern of growth can obviously be grouped

under rhythmic growth type of Hallé ct al. (1978).

.Architecture development

The architecture development pattern of A. nepalensis

follows Attim's model (Fig 4.2a) (Hallé et al., 1978). In



Fig. 4.% : Growth rhythms represented by internodal elongation
(bars) and leaf area changes (undulating lines abov:
the bars) on leader axis.

a. A. nepalensis;
b. Se. khasiana;
ce. Q. dealbata;
d. Q. griffithii;
e. M. kingii

Inset figure for forest grown individuals,
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this species the formative meristem has continuous growth,
differentiated into monopodial trunk and morphogenetically
aquivalent branches. Branching ié continuous during the growing
season but becomes intermittent during ﬁhe winter due to the
failure of branch formation. This helps in determining age of
the trece. The continuous activity of the meristem is expressed
in the more or less constant bud composifion and little varia-
tion in lcaf shepes and sizes along the axis. But growth rate
is not uniform as is clear from the rhythmicity of internode
length and leaf arca pattern on the main axis (Fig 4.la) as
well as temporary suspension of growth during the winter.
Branches are produced through syllepsis without a rest periocd
of axillary meristems. Thaese branches are characterized by the
lack of basal bud scales or scale scars and have an extended
basél internode (hypopodium). -Further, there is no transition
in lzaf morphology along the axes of the sylleptic branches.
Branches are inherently orthotropic, as they have spiral
phyllotaxy and radial symmetry, but due to gpical control they
tend to become horizontal, arranging lzaves in one plane
ﬁhrough twisting of petioles (secondary orientation). The
inherent orthotropy of such branch is revealed in damaged
traes, where leader is readily replaced by an adjacent lateral

which conforms to the original architecture.

‘All other spccies follow Rauh's model (Fig 4.2b, ¢, 4,
and e) which is characterised by a monopodial trunk with

rhythmic growth and a whorled arrangement of laterals which



Fig. 4.% : attim's model as exemplified by

#. nDepalensis, a; and
Rauh's model as exemplified by

b. 8. khasiana; c. Q. dealbata; d. Q. griffithiji;

Ce M_. kingii
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are morphogenetically equivalent to the trunk. This rhythmicity
~helps in aging the tree. The leader axis as well as the
laterals are orthotropic with radial symmetry and spiral
phyllotaxy. The early successional S. khasiana which follows‘
this model shéwed more rhythms of intiernodal elongation and
leaf area production than the late successional species

(Fig 4.1). S. khasiana produces branchzs through syllepsis
whereas all late successional species produce branches through
prolepsis - through the proliferation of latent or resting
buds, thus they have basal bud scales and usually a transition

in leaf shepe and size on their axes.

Reiteration

The initial architecture of the tree is likely to get
modified due to damages like insect attack, fire and breakages
due to natural calamities, or environmental modifications like
canopy openings, light availability and also canopy closure.
The tree then reiterates its initial architecturz to adjust
itself to such changes (Fig 4,3). This has been termed as
raftorction (Oldemen., 1974). Reiterated complexes of early
successional species generally show more vigoroﬁs growth with
prolonged growth period. Late successional species reiterated
complexes, instead of making determinate growth exhibit

indeterminate growth pattern.

In A. nepalensis, if the apex is damaged, an adjacent
lateral starts growing upwards, subsequently substituting the

role of the damaged part. In certain cases instead of a single,



Fig. 4.%

Reiteration processas in early and late successional
tree speocics. '

a. Substitution trunk;
b. Same but producing a forked trunk;
Ce Stem suckers from ap old trese, and

de. Regeneration by activating a dormant axillary
bud upon the loss of terminal bud.
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two laterals are made functional to substitute the damaged
leader axis, their reiteration is only through substitution
process due to the short life span of the axillary meristems
hindering the reiteration through activating dormant buds. In
S. khasiana and all other late successional speciss, on the
other hand, reiteratién may. be achieved eithef through the
activation of lateral meristem, substitution process or even
through coppicing of stumps. In S. khasiana branching in
initial architacture is through syllepsis only but if reitera-
tion is by the activation of a dormant meristem it is through
prolepsis.
RESULTS

Bud dynamics

Fig 4.4 shows the dynamics of bud populations on the
main axis and one-year old Fi;st order branches. Early succes-
sional species though produced branches through syllepsis had
some dormant buds. The proportion of dorﬁant to noh-dormant

buds was very high in S. khasiana compared to A. nepalensis.

- In the next growth year some of these dormant buds died and
the rest remained dormant again forming reserve bud banks; in
A. ngpalensis their number was very few. In the late success
sional species where branches are formed through prolepsis,
buds underwent a rest period and produced branches in the
next growth scason only. But in open grown situations hcwever
some of these buds proliferated into branches in the second

flush of the same growth year producing lamma shoots.



Fig, 4.#4 : Dynamics of bud populations in
~a, A, nepalensis;

b. §. khasiana;

ce Q. dealbata;

de Q. griffithii, and

e. M. kingii

on A main leader axis and B.

First order shoot of previous year. Inset figure
for forest grown individuals.

¥4 branches produced;
dormant buds and

O dead buds.
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The pattern of branch production on the main axis was
repeated on the first order branches also. But the chief
difference between early and late successional lies in the
fact that while the first order branches produce second order
ones sylleptically in the former; these are produced prolep-
tically in the latter with the result branch position for the
second order branches on these two categories are different

as shown in Fig 4.2.

&n examination of the relative percentage composition of
various bud bank components revealed guite distinct trends
(Fig 4.5) for both groups of species. Of the total bud sites

potentially present on the main axis shoot of A, nepalensis

about 80% produced branches and.the rest remained dormant of
which none could survive in the next growth year. But on the
first order shoot only a small proportion of the buds produced
branches making 90% buds dormant. Of these dormant buds 20%
formed reserve bud bank in the next growth season and the rest
died. In S. khasiana only 22% buds proliferated into branches,
of the remaining onaes about 50% formed reserve buds and the
rest died on the main axis shoot. On the first order branches
of this species, only 10% bﬁds were acﬁive, 4Q% formed reserve
buds‘and the rest died. In open grown late successional trees
less than 20% of the dormant buds on the main axis proliferated
in the first growth year a; lamma shoots. In the next growth
year some of these dormant buds (10% to 20%) produced branches.

On the main axis of forest grown late successional trees and



Fig. 4.%8: The percer;tage component composition of the axillary
bud bank on A main axis and B, Previous year's
First order shoot of open grown trees of,
a. A. nepalensis; |
b. S. khasiana;

Ce Q. dealbata;

de Q. griffithii, and
e. Q. dealbata,

and forest grown trees of the last three (£, g, h)
Z branches proliferated,
l dormant buds,

O dead buds,
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on first order branches of both open and forest grown trees of
this category, the buds‘ih the first year remained dormant
while in the second growth year 20-30% of them proliferated
into branches, 40-50% remained dormant (reserve puds) and the

rest died.

Extension and Radial growth

Table 4.1, summarises the important growth characteristics
of both zarly and late successional tree spacies. Barly succes-
sional species had prolonged growth period, shorter dormancy
period, more extension and radial growth than the late succes-
sional species. The early successional species were either with
larger number of internodes or greater internodal length thaﬁ
the late successional ones. The tree height/crown width value
was higher in early successional species, while the ratio of
the total height to the height upto the lowest branch was higher

for the late successional species.

Early successional trees exhibited ecither more frequent
rhythms of internode elongation and lsaf area production on the
leader axis as in the case of 8. khasiana or it had more or
less continuous growth but with a distinct peak as in A. nepa-
lensis, wherceas, the late successional tree species showed
invariably two distinct peaks in open grown situations. Further
the shade grown late successionals showed only a single peak

with a fairly short growth duration. (Fig 4.1)



Table 4.1 : Growth characteristics of carly and late successional tree species.
All measurements are based on 5 replicate individuals.

EARLY SUCCESSIONAL LATE SUCCESSIONAL
A. nepalen- S.khasia- Q. Q. griffithii M. kingii
sis na dealbata
OPEN OPEN __OPEN  FOR&ST _ OPEN FOREST __ OPEN FOR&ST
1. Dimension of the
experimental trees
a. height (m) 5.05 2.03 1.96 1.54 1.74 1.25 1.85 .37
+0.68 +0,39 +0.75 +0.90  +0.35 +0.60 +0.25  +0.26
b. dbh* (cm) 3.55 1.28 1.14 0.73 1.05 0.68 1.14 0.74
+0.35 +0.34 +0.29 +0.29  +0.29 +0.30  +0.30 +0.30
2. Growth period 334 190 73 35 63 30 72 33
(days) +10.50 +9.18 +1.88 +0.69  +2.00  +1.35 +4.63 +1.00
3. Dormancy period - 31 175 292 330 302 335 293 332
(Qays) +10.50 +9.18 +1.88 +0.69  +1.99 +1.35 +4.63 +1.00
4. Extension growth/ 104 64 49 21 46 21 44 23
Yr (cm) +6,50 +3.09 +2.50 +1.90 +1.60 +2,60 +2,30 +2.35
5. Radial (dabh) 0.95 0.57 0.55 0.27 0.42 0.25 0.49 0.20
growth/Yr (cm) +0.09 +0.15 +0.06 +0.03  +0.05 +0,05  +1.12  +0.02
6. Internode. No. on 13 34 17 5 15 5 22 6
main leader/Yr - +4.40 +9.50 +6.60 +3.33  +3.30 +3.00 +3.00 +4.60
7. Mean internode 8.00 1.88 2.88 4.20  3.07 4.32 2.00 3.93
length (cm) on main +4.80 +3.90 +2,20 - +2,90 +1.50 +1.33  +1.60 +1.30
leader/yr - -
8. Ratio of total height 3.12 . 2.75 1.71 1.56 1.98 1.62 1.78 1.62
to crown width +0422 +0.12 #0.04 +0.06  +0.20 +0.02  +0.09  +0.02
9. Ratio of total height 2.56 2.63 4,32 5.66 3.61 5.25 3.02 4.86
to height at lowest +0.16 '+0.24 +0.74 +0.22  +0.28 +0.23  +0.30 +0.36
branch

10. Tolerance to shade Intolerant Intolerant Tolerant Tolerant Tolerant Tolerant Tole Tole
. rant rant

* diameter at breast height (1.20m) in the present case
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Bxtension growth in A. nepalensis started in February

and continued upto December with one month dormancy in January
whereas that of S. khasiana started in 2April and continued upto
September with a dormancy for the rest of the period. Both
species showed maximum extension growth in the month of May.
On the other hand the open grown late successional épecies all
had a similar pattérn of extension growth whereby twolpeaks

of extension growth were noted with a gap of two months® dor-
mancy in June and July. Thus the growth was confined for a
very brief pefiod during April-May (First flush) and August
(Second flush) with peaks in the beginning of the both flushes
itself. Shade grown late successionals, however had only one
flush of extension growth with a rapid peaking in Zpril .
(Fig 4.6). Monthly radial growth also showed a similar pattern
as extension growth except that the growth as well as peaking

was postponed'by a month (Fig 4.6).

Early successionai species completed more than 50% of
their total extension growth early in the growing season by
May-June but had continued activity throughout the favourable
growing season. Late successional species growing in the open
achieved more than 50% of the total growth in the first
determinate flush and the rest in the second flush while forest
grown individuals completed 100% growth in one determinate

flush only (Fig 4.7).

Table 4.2, shows the shoot elongation pattern at diffe-

- rent locations on the tree of both early and late successional



" Fig. 4.%: Extension (ertical bar diagram) and radial (linear
diégram) growth in a. A.ngpalensis, b. S. kheasiana,
Ce Qe dealbata, d. Q. griffithii and e. M. kingii.
Open bars and open circ;es are for forest grown

individuals,
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Fig. 4.%: Cumulative percentage of extension growth completed
during the growing Seﬁson at various dates.
a, BEarly successional?épecies.
A. nepalensis (@ ),
S. khasiana ( 0) and
b, Late succeséionalFSpecies
Q. dealbata (@),
Q. griffithii (0),
M. kingii ( & ) Dotted lines for forest grown

individuals.






Table 4.2 : Variation in shoot extension (cm/year) on different locations
of early and late successional tree species
ORDER OF BRANCHZES
) : L II III v
. 'MAIN . WHORL NUMBER/YR v i '
. LEADER . I II III A 111 IV ¢ III IV} IV
&. nepalensis 104.00 49,96 33.58 15,29 - 30,00  13.88 - 12,50 - -
+10.60 +5.68 +2.87 +2.44 - +3.79 +3.11 - +1.89 - -
S. khasiana 64,00 23.50 16,20 13.67 12.75 15.38 7.24 4.87 15,27 5.03 9.50
+3.C9 +1,63 +2.63 +3.86 +4.,33 +1.75 *1.09 +0.70 +1.79 #1.22 +3.50
+3.50 +3.12 +3.55 +2.67 +1.66 +1.02 +1.00
Q. griffithii 46,00 13.25 10,00 9.25 - 8,25 7425 - 7.12 - -
+3.30 +0.60 +1.98 +1.46 +1.25 +0.59 +2.16
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species. Both the groupsshowed strong correlative growth
inhibition. Thus the extension growth of the main leader was
more than the branches which showed the sequence of first
order > second order'i>. third order and so on. Also, the
elongation of the current year (terminal whorls) shoot was
maximum and decreased progressively down the tree in the
second, third and fourth year whorls prior to it (Fig 4.8).
Generally, branches of different orders in early successional
species showed greater elongation compared to those in late

successional species,

Branch and leaf orientation

Branch angles generally increased from top to the base
of the canqpy.for both early and late successional species.
Early successional‘species had more actte branch angles than
the late successional ones at all canopy positions. The forest
grown trees of S. khasiana showed even more acute branch
angles compared to late successional species. The latter
category under forest grown situations had more horizontal

branches. (Table 4.3)

Leaf display angles showed that the leaves in all the
species are placed more acutely in the periphery and less so
in the inner crown at all the canopy positions. Generally,
early successional spacies had more acutely placed leaves
than the open grown late successional ones under all canopy
positions. A. nepalensis is an exception to this where its

large megaphylls were placed near to horizontal and in one



Fig. 4.8 : Crown form and branching pattern in a. A. nepalei-
sis, b. S. khasiana, c. Q. dealbata, d. Q. grif-

fithii, and e. M. kingii.






Table 4.3 : Orientation of branches (degrees) with respect to main axis
(trunk) for carly and late successional tree species (¢ S.E.)

OPEN GROWN FOREST GROWN
Upper Canopy Middle Canopy Lower Canopy Upper Canopy Middle Canopy Lower Canopy

EARLY SUCCESSIONAL

A. nepalensis  52.20 + 3.74 64.70 + 2.36 79.10 + 2.11 - - -

1+

S. khasiana 46.43 + 1,43 58,57 + 2,06 87.14 + 1.49 34.29 + 2,02 56.43 + 3.25 59.38 + 2.75

LATE SUCCESSIONAL

Q. dealbata 60.00 + 3,16 77,00 + 2.33 84.00 + 2.66 78.00 + 2.20 87.50 + 0.89 89.33 + 2.36
Q. griffithii 58.40 + 2,97 73.83 + 1.38 81.67 + 3,34 62.17 + 2.98 78.86 + 4.42 92.67 * 3.02

M, kingii 57.75 + 3,17 72,20 + 2.08 84,00 + 1,87 67.57 + 1.70 79.17 + 2,09 88.83

1+
=
L]
(o}
ey
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plane due to secondary orientation in the middle Aand lower
canopy positions only in the peripheral leaves and all canopy
positions in the inner crown leaves. Generally, the leaves
of forast grown individuals were placed more horigontally than

open grown ones (Table 4.4).

Bifurcation ratio

The bifurcation ratio (Rb) values for open grown trees

of all the species indicated that A, nepalensis had much

higher ratio cémpared to 8. khasiana and all other late succes-
sional species. Open grown trees of S. khasiana and all the
late successional species had significantly higher bifurcation
ratio compared to forest grown trees. If the open grown early
successionals are compared with forest grown iate successionals

the former had higher ratio compared to the latter (Table 4.5).

DISCUSSION

The pattern of growth and architecture build-up of carly
and late successional species are well suited to their strategy
of niche occupancy in the forest acosystem., The early succes-
sional species, chiefly through indeterminate pattern of
prolonged growth and leaf production achieve much more extension
growth than the late successional ones, which are determinate,
confining the growth for a brief period of the growing season.
Thus the growth design of early successional species which are
shade intolerant favours increase in height to put up their
crown under a high light regime in the forest., On the other

hand, the presence of two determinate flushes in the open



Table 4.4 : Leaf display angles ( + S.E.) with respect to horizontal for early

and late successional Eree s
for Forest Grown situations

gecies (values in parentheses are

PERIPHERAL (SUN) LEAVES
Upper canopy Middle

™
]

. '
canopy Lower canopy . Upper

INNER CROWN (SHADE) LEAVES
canopy Middle canopy Lower Canapy

nepalensis 62.20
khasiana 75,00

dealbata 52427
(40.80

griffithii 50.87
(44.13

kingii 49,67

(39.47

+1.97 27.27
+1.30 61,50

+2.39  47.33
+2.18) (39.47

42,94  43.67

+1.14) (39,00

+3.47 43.33

+1.37) (33.60

+2.00 10.73 +1.46  7.20

1+ 1+ 141+ 14

1+

1+

2.53 50.00

1.29 43.53
1.57) (35.13

3,53 47,73
1.04) (30.27

1.51 31.27
0.94) (29.20

+1497 31.80

+1.86 37.13
+1.91) (35.00

+1.98 30.60
+0.89) (26,07

+1.68 44,13

+1.15) (29.67

+1.56 4.60 + 0,78 3.47 + 065

+1.49 27,00 + 4.34 17.50 3.21

1+

1.38 28.60
1.07) (16,80

1,62
1.12)

+2.19 30.87
+1,21) (27,33

1+ 1+
I+ 1+

0.90
0.88)

+1.32 24.13
+2.79) (22.20

0085 * ]4.60
1.53)(12.53

14+ 1+
14+ 14

+1,19 24.40 + 1.03 19.07 * 1.19

1+
14

+1.06) (23.13 + 0.70) (14.47 + 1.01)

1+




Table 4.5 : Bifurcation ratio valuss for sarly and late succesional trees

OPEN GROWN FOREST GROWN
Mean i-S.E. Range t Mean + S.E. Range

EARLY SUCCESSIONAL

A. nepalensis 6.18 + 0.20 5.50 - 7.41 - - -

S. khasiana 3.91 + 0.14 3.38 = 4.75 4.06%* 3.24 + 0,09  3.00 - 3.59
LATE SUCCESSIONAL

Q. dealbata 4,72 + 0.22  3.75 = 5.45 7.27*% 2.91 + 0,12  2.35 - 3.64
Q. griffithii 4.62 + 0.49 3.64 - 7.00 2.77* 3.62 + 0.14  3.20 - 4.67
M, kingii 4.02 + 0.34 3.50 ~ 4.40 5.84** 3,23 + 0.08  2.93 - 3,71

** Significant at 1% and * significant at 5% level of significance
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grown late successional trees and only one in the case of
forest grown ones is indicative of the ability of these

species to adapt their growth strategy, at least to some degree,
depending upon the light availability. It is possible that the
late successional species have evolved with a strategy to

grow under low light regimes where reéources are often limi-
ting, but also have the ability to adjust its growth pattern
faVourably in open situations which chiefly arise due to

canopy openings,

The Attim's architecture model of A. nepalensis is par-
ticularly geared to make fast and efficient growth through
continued actitivity of its apical meristems. Ideally, the
continued meristematic éctivity should be the case all the
vear round but iﬁ the present case there is a very brief
dormancy for about a month during winter which often is not
obvious, All the late successional species and the early
successional S. khasiana though have the same architecture
model (Rauh's), the differences betw?en them are quantitative,
with less rhythﬁicity and lesser extension growth and leaf
production in the latter category of species. Early succes=-
sional species produce branches sylleptically and the late
successionals branch through prolepsis. The switch from a
'lower state' which determined prolepsis of a lateral meri-
stem, to another state which determines syllepsis, is condi-
tioned by a ‘*threshold! which in turn is determined by the

growth vigour of the parent shoot (Tomlinson & Gill, 1973).
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Such a sylleptic branch production in carly successional species,
it seems, is intended to make quick growth under fast dimini-
shing light resources in a developing community as also repor-

ted in Schima wallichii (Boojh -& Ramakrishnan, unpublished),

The growth of a hypopodium in sylleptic branches is presumably
a mechanism by which the leaves are put outside the shade

created by the leaves of the parent shoot Wheat, 1980).

The reiteration process through which the tree adjusts
its architecture to environmental modifications and disturban-
ces may be helpful to carly successional species, for adjust-
ment to changing light environments. These species being shade
intolerant try to put their crown always in high light environ-
ments and each wave of reiteration offers the tree to activate
dormant meristems to grow more vigorously for achieving such
a strategy. Likewise, for late successional species, this
process may ofﬁen be triggered after canopy Openingé. Thus,
reiteration allows the tree to exploit the changes in the envi-
ronmental aﬁergy level. The larger quantities of incoming
energy due to environmental changes or disturbances is utilized
by the trees by incrcasing the numbers or sizes of the pro-
ducing organs. Branching and reitcration in tree crown are
examples of this process. Thus, the branching within the model
is a standard solution to bio=energetic relationship, whereas
reiteration allows for ecological opportunism (Hallé et al.,

19781.
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Bud dynamics, which takes into account the number and
longevity of meristems, their posiﬁions, time and potential of
development leads directly to the dynamic concept of architeo-
ture (Hallé et al., 1978) and allows plant growth to be
interpreted in terms of organized flux of constructional units.
While the early successional spacices proliferate their axillary
buds synchronously with that of the terminal bud growth, late
successional species proliferate their buds after a dormant
period and the activity is dependent upon the resourcas of the
environment. Thus the branchas proliferate continuously in

A. negpalensis as the meristaem activity is continuous; while

in S. kKhasiana the branching is rhythmic due to rhythmic
activity of the terminal leader. This allows the two early
successionals to achieve faster growth by utilizing the
current yeérs energy. The lesser number of reserve buds and
their high mortality or inability to proliferate in the
following yezar also tends to suggest that all resources are
directed exclusively for the current year's growth and branch
production., The late successioneal species in open grown
situations arec able to make some bud proliferation during the
current year through lamma's shoot formation in the second
flush; shade grown trees, however, produce branches in the
next year only. This may be duc to the limiting light conditions
that exist in late successional environmants. The early
successional Spécies though they make about 50% of thair
annual extension growth in the beginning of the growing season

by April-May, continue their growth almost all through the
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favourable growth season, This pattern allows them to use.
more effectively temporary conditions of increased resource
availability end reduced competition of the early successional
environments. The modest extension growth ﬁhat the late
successional'species maké which is confined only to a brief
period in the early part of the growing season may be an
adaptation to the relatively predictable and highly competi-
tive environments of closed forests. Radial growth started -
and terminatzd later than the extension for all the species
and similar results are reported for many temperate trees
(Kozlowksi, 1971) and also for some tropical trees (Choudhury,

1958).

Differential elongation of different axes usﬁally deter-
mines the form of woody plants. The excurrent crown form which
was more pronounced in early successional species is achieved
through stronger correlative growth inhibition with apical
control over the growth of the branches bancath (Brown gt al.,

1967) compared to lata successional species.

The aspect of stem architecture documented through various
v‘ratios between stem and crown shows that carly successional
specias tend to maintain a higher, narrower crown than the
late successional species which have lower, wider and deeper
crowns. Early successional species tend to emphasize height
growth in order to attain a superior competitive position,

\ while late successional species have more lateral crown growth,

This would help early successional species to exploit high
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light regime while late successional species would be able to
put out a larger leaf surface area to exploit low light inten-

sitye.

The orientation of branchess and lecaves in space and time
usually shape the geometry of tree crown and this has been
related to its adabtiva strategy for light interception (Horn,
1971; Brunig, 1976; Honda & Fisher, 1978). The increase in
branch angles down the tree along the vertical gradient of
sunlight results in greater increase in gap between the two
first order branch complaxas. The highly acute branch angles
of early successional S. khesiana under forested situations
show its inability to tolerate shade, while the reverse situa-
tion for late successional spacies under foraest grown situa-
tions increase the spread of the crown to provide meximum
effective leaf surface arca possible. The leaf display angles
in the late successional spaecies are more near to horizontal
and arranged in one plane for both sun and shade leaves than
the early successional species which have its leaves disperesed
into several layers (multilayer - Horn, 1971) with sun leaves
placed vertically and shade leaves to near horizontal, Such a
light interception strategy as also reported by Pickett & Kempf
(1980), is meant to enhance photosynthesis of leaves of late
successional species and shade lcaves of early successional
gpecies under limited light conditions and to promote leaf
cooling during high solar radiation in sun leavesof early

successional species (MeMillan & McClendon, 1979).
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Early successional specizs in open had higher value of
bifurcation ratio compared to forest grown late successional
species. Thus while former tends to produce long, unhbranched
stems which lcad to the more open, more layered canopiles
(multilayer of Horn, 1971), the latter contribute to freqguen-
tly forked lecaf supports which lead to a more regular arrange-
ment of lecaves (monolayer) and this is consistent with the
findings of Whitney (1976). The lower bifurcation ratio. of
forest grown trees than open grown onas supports the view of
Steingraeber et al. (1979) and Pickett & Kempf (1980), that
bifurcation ratio could vary with changes in light environ-
ments suggesting that the trees have the plasticity with
respectbto leaf displacement and light interception depending

upon the stand structure.

Thus early successional spacies with rapid and prolonged
| growth follow exploitive strategy in fast changing environ-
;ments whera they groﬁ and the late successiona; species with

: determinate growth and consequent predictable shading of

, leaves (monolayer) with more lateral.crown growth are adapted
for conservative strategy in late successional environments

(Bormann & Likens, 1979).

SUMMARY
The architecture and growth pattern of sarly (Alnus

nepalensis Don. and Schima khasiana Dyer) and late (Machilus

kingii H.K.F,, RQuercus degalbata Hook. F. & Thoms. and Q. grif-

fithii Hook F. & Thoms.) successional tree species in a



[ 4 ‘124. [ ]

sub-tropical montane humid evergreaen forest at Upper Shillong
(1900 m) in north-cast India were analysed and related to
tbeir ecoiogical strategy for niche occupancy in the forest
ecosystem. The early successional species have geared their
architectural development pattern and growth design to
maximize production under high light environments. These

have indeterminate pattern of shoot growth, prolonged growth
period with greater extension growth and lezaf production,
greater rhythmicity (except for A. negpalensis which showed
almost a continuous growth) and branch mainly through syllep-
sis. Various stem crown ratios suggest for these species, to

emphasize vertical growth at the expense of lateral spread.

In contrast, the lste successional spccics make modest
growth under a determinate scheme, the growth being confinad
to preformed bud primordia for é bricf period of the growing
season,. Growth has lesser rhythmicity and branch production
is through prolepsis. The stem crown ratios show a tendency
of late successional specizs to emphasize latceral spread, as
an adaptation to the highly competitive environments. Under
forest grown situations these species tended to have only
one determinate flush of shoot growth, however, undér open
grown situations thaere were two such flushes, Bifurcation
ratio values are found to vary in forest and open grown
situations, suggesting the capacity of the species to adjust

their architecture to changed light conditions.



PL:TE 11
Branching pattern in Alnus nepalensis showing

Attim's model.

PL&TE 12

A tree of Wuercus griffithii showing Rauh's model.






PLATE 13
Quercus dealbata showing rhythmic branching and

Rauh 's model of architecture.

PLASTE 14
Quercus dealbata showing a new flush of branch and

leaves from overwintering buds.
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PLATH 15
A tree of Machilus kingii showing branching pattern

as exemplified by Rauh's model.

PL:TE 16

»

Machillus kingii showing new flush of leaves and

branches from overwintering buds.






CHAPTER V

Growth strategy of trees related to successional

status: II., Leaf dynamics
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GROWTH STRATEGY OF TR&EES RELATED TO SUCCESSIONAL STATUS

II LEAF DYNAMICS

INTRODUCTION

Higher plants are built of repeating modules of structures
or iterations of a basic constructional module in which the
construction unit in the shoot is the leaf and its axillary bud
(Harper & White, 1970; Harper & Bell, 1979; White, 1979). As a
plant grows new modules are added to the structure and old ones
die. The growth pattern of trees as a population of parts,
therefore, ﬁeeds to quantify the births anddeaths of these

parts.

The leaf, with its axillary bud, is the smallest module
of organized structure in higher plants and leaves may have
many of the properties associated with members of a population,
e.g. they may increase in number exponentially in a rapidly
growing plant, they have juvenile, mature and senescent phases,
death rates, birth rates and survivorship curves. Bazzaz &

Harper (1977) in the case of Linum usitatissimum, have shown

that the use of demographic technigues to study the populations
of leaves on a plant is feasible., It may, in some cases, allow
more comprehensive understanding of plant growth and primary

production processes in the canopy.

Though individual trees have been considered as aggregates
of repeating and somewhat independent units in the pipe model
theory of Shinozaki et al, (1964), and others have considered
branches as individuals (Oldeman, 1971; Gill & Tomlinson, 1971)
or dealt with leaf characteristics such as census (Busgen &

Munch, 1929), longevity (Gill & Tomlinson, 1971,) age-structure
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(Kinerson et al, 1971) or abcission rates (Kozlowski 1973;
Addicott 1978), comprehensive demographic studies on leaves

in a canopy have received little attention.

This--chsapter attempts to analyse the growth pattern of

early (Alnus nepalensis Don & Schima khasiana Dyer) and late

(Machilus kingii H K F., Quercus dealbata Hook F. & Thomas

& Q. griffithii Hook F. & Thomas) successional tree species of
a sub~tropical montane, moist evergreen forest at Upper
Shillong (1900m) by considering the structural demography of
key constructional units namely the leaves. Such a comparative
study of trees of diverse ecological equipment and niche
occupancy in the forest is expected to contribute towards a
better understanding of their adaptation to the environment in

which they grow,

METHODS

The study area and climatel?wwva been described in Part I
of this series. For both group of the species one 5~year old
normal growing tree of seed origin was selected taking care to
ensure that they were not damaged. Early successional species
were from open grown situations only as they were not found to
grow in forest shade but the late successional species were
considered both from open and forest grown situations. The
census 0f leaf numbers, was made for each individual tree at
the beginning of the study. ILeaves were classed into different
age groups by using their position on the branch. Some broader
categorization into age classes could also be made on the basis
of leaf texture and colour in the case of Q. dealbata and

M. kingii. The fate of individual leave of each age group
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(cohort) was followed to estimate the distribution of ages of
dead leaf populations at the end of the study. Monthly estimates
of leaf production/birth and fall/death were made by tagging
all previous leaves and constantly giving fresh tags to -
newly recruited ones using light, small, colour-coded alumi-

nium tags.

RESULTS

Leafing characteristics

Table 5.1 gives a summary of the important leafing
characteristics of early and late successional trese specieé.
The leaf production period was more for early successional
speciz2gs and conseguently they had lesser number of dormant
days than the late successional spacies. The latter in open
grown situations had more production period and lesser
dormancy period than in the forest grown situations. Early
successional spacies produced greater number of leaves and a
larger leaf area than the late successional ones which in
open grown situations had more number of leaves and a larger

leaf @rea than in the forest grown situations.

Leaf production and population flux

Barly successional A, nepalensis had prolonged leaf

production with a peak in the month of May while S. khasiana
showed two szasonal peaks of leaf production, one in May and
the other in July. Open grown late successional tree species
showed two major peaks of lsaf production corresponding to
their two determinate flushes (se= Part I) one in April and
the other in August. In forest grown trees of this category

there was only one seasonal rhythm of leaf production in the
month of April. (Fig. 5.1 a)



Fig 5.1 : (a) Pattern of leaf production in early and late

successional tree species
(b) Cumulative % of total annual leaf production
complated at various dates.

Alnus nepalensis ( ® ), Schima khasiana ( 0 ),

Quercus dealbata ( A ), Q. griffithii (4 ),

Machillus kingii ( (J ).
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Table 5.1 : Leafing characteristics of early and lete successional
tree species

SERLY SUCCESSIONAL LATE SUCCAESSIUNAL
A, nepalen~ S.,khasiana .= Q. dealbata Q. griffithii M. kingii .
sis
OP LN OPE&N OPEN SHADE OPEN SHaDs  OPAN 2HADE
Flushing date Feb 1 Mar 25 Adpr 1 - Apr 20 Apr 5 Apr 20 Apr 10 May 1
) & & &
) . Aug 5 Aug 5 Aug 5
Date of onset of . Dec 31 Oct 1 May 15 May 2% May 20 May 20 May 25 May 3
dormancy . : & & &
_ Aug 30 Aug 23 Sep 1
Leaf production 334 . 190 73 35’ 63 30 72 33
period {(days)
Dormant period (days) 31 175 . 292 330 302 335 293 332
Total leaf produc- 647 . 1167 225 114 169 78 206 92
tion/year
Total leaf area S oo : s no ;
production/year 43.17 41,00 8.81 4,46 10.51 4,85 6.18 2.7%
(en® x 103) > ) | o
leafing behaviour* B D _' ',E'v;w_ B ‘ D ‘ g B E .

*E = evergreen; D = deciduous

res
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Early successional species completed more than 50% of
their total annual leaf production zarly in the growing season
by June-July but continued the production till the end of the
favourable period. Late successional species under open situta-
tions completed more than 55~65% of the total annual leaf pro-
duction in the first flush only. In forast grown trees, however,
all leaves were produced within a very brief period of about

a month (&pril - May ) in a single flush. (Fig. 5.1, b)

Table 5.2 gives a summary of the population flux of leaves
for early and late successional species. The total number of
leaves produced by early successional species was far more than
the late successicnal ones, Further the total number of leaves
recorded on the tree during the study period was also greater
for carly successional species. Percentage annual mortality of
all leaves was in general much higher for early successional
species compared to late successional ones, the only exception
being open grown Q. griffithii. But the dynamics of the leaf
populations i.e. loss and gain (the flux) depended on the
pattern of leafiness, whether a trese was deciduous or evergreen.
Thus, in the case of two deciduous species the expected time
for complete turnover was one ysar in open grown trees whereas
it was more for the rest. Further the percentage mortality of

all leaves in open grown S. khasiana and Q. griffithii was more

compared to others. However a comparison of open grown trees of

Q. griffithii with forest grown ones of the same species

suggests that the expected time for complete turnover was more
than one year with lower annual mortality in the latter. This

was true also for evergreen Q. dealbata and M. kingii.



Table 5,2 : Population flux of leaves of early and late successional tree

Species

EARLY SUCCESSIONAL

A, nepa- S. Khasia-

Q. dealbata

LATE
Q. griffithi

SUCCESSIONAL

M, kingii

lensis na
OPEN OPEN OPEN SHADE OPEN SHADE OP&N SHADE
a) No. of leaves/tree, 320 97 354 198 55 96 226 181
2pril 1979
b) No. of leaves/tree, 331 129 356 228 70 108 286 201
April 1980
c) Net change (b-a) +11 +32 + 2 +30 +15 +12 +60 +20
d) Rate of increase (b/a) 1,03 1.33 1.01 14158 1s27 1,12 1,26 ; A |
e) No. of leaves produced
between 2Zpril 1979 and
Zpril 1980 647 1167 225 114 169 78 206 92
f) Total No. of leaves lost
between April 1979 and 626 1160 229 93 169 75 155 79
April 1980
g) lLeaves present April
1979 alive by tpriDb 1980 9 ) 204 166 0 21 71 102
h) Percentage survival of
leaves in (a),
(g/a x 100) 2+81 @) 57.63 83.84 @) 2187 31.42 56 .35
i) Expected time for complete
turnover (Yrs)
( 1 x 100 ) 1.03 1500 2.36 6.19 1.00 1.28 1.46 229
100 ~h
j) Total leaves recorded g4z 1192 500 251 169 133 361 220
during study
k) Percentage annual
mortality of all
leaves (£~ 100) 74.35 97.31 45.80 37.05 100 56.39 42,94 35.91

-
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Fig. 5.2 shows the changes in the net population size
with time and the cumulative gains and losses that determine
them, It shows ths szasonal patterns of population flux., The
2arly successional spacies shoved pronounced flux in leaf

.
populations comparad to the late successional species. The gain

in the population was vary shearp extending upto October-hNovem-

ber in the cases of §. khasiana and almost for the entire period

in A. nepalensis. The losses became pronounced after October-

November in both the specizs, more so in the case of S. kha-
siana. The late successional sp2cizs on the other hand had '
less pronouncad population flux with leaf gains bzing confined
to a shorter period with two short flushes in the case of open
grown treaes. The forest grown traes however showed only one
flush of leaf gain. The loss pattern in the case of two &ver-
green tr:es Q. dealbata and M. kingii was more or less steady
throughout with a sharper docline after January. The déciduous

Q. griffithii showed lzaf fall confinad to October-December

after which the tree became naked., The losses in forest grown

late successional spacies occurrad at a slower rate and =ven

the deciduous Q. griffithii did not become totally naked.

&ge Structure of living leaf populations

Fig. 5.3 shows the age structure of the living leaf
populations categorized according to their y=ar of birth,
There is a normal age distribution with greater representation
of younger age classes in the case of Q. decalbata and M. kingii.
The shade grown trees of both thaese species had more wider age

classes prasent with a good proportion originating prior to



Fig 5.2: The flux of lecaf modules in carly and late succes-
sional spaciesS.
a. Sarly successional species

A. nepalensis

( ®) Cumulative gains.

( 0 ) Cumulative losses.

( A4 ) Net population size

S. khasiana

( &) Cumulative gains,

( W) Cumulative losses,

( O ) Net population size
be. Late successional species

( ®) Cumulative gains,

( ©) Cumulative losses,

( 4) Net population size.
Solid lines for open grown and broken lines for

forest grown trees.



of leaves

Number

1000}

800

600

400

200

-200

-400

-600

-800

-1000

-1200

leaves

of

Number




Fig. 5.3: Akge structure of living leaf populations for late
successional
a. Q. dealbata (open grown), (a) forest grown
b, Q. griffithii (open gtown), (b) forest grown
Machillus kingii ¢, open grown, (c), forast grown.
Barly successional traec specics.

d. A. nepalensis

€+ S. Khasiana
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the study period. In the case of deciduous Q. griffithii

particularly in open grown trees only the current year's
leaves were present whaereas in the forest grown trees of this
species two years leaves were present with a greater repre-
sentation for the current year ones. The early successional

S. khasiana had only current year's lcaves present on the tree
wherzas A. nepalensis had a greater proportion of leaves from

the previous yecar,

Age distribution of dead lcaves

The fate of leaf populations from individual cohorts is

shown in Fig. 5.4. In early successional A. nepalensis, cohort

of leaves produced in 1978 showed high mortality and by April
all the leaves of this cohort were shed. In 1979 cohort there
was a steady decline of leaf populations after October with
more mortality rate after January. In S. khasiana there was a
rapid mortality in the 1978 cohort resulting the death of all
leaves by June. But the leaf populations of 1979 started
declining in the month of August and the rate increased

sharply after November.

Late successional Q. griffithii under open grown situations

had only the current year's cohort of lzaves, which showed a
rapid decline in October followed by complete mortality by
February. In the forest grown trees of this species mortality
occurred at a slower rate and 1978 cohort of leaves could
survive till March 1979 while 1979 cohort started declining

after December with 75% of leaves still present in March. In



Fige. 5.4: The age distribution of l:zaf oopuleations at t+he
time of deaath for late successional
Q. dgalbata 4, open grown; (4) forest grown.
Q. griffithii B, open grown; (B) forest grown,
M. kingii C, open grown; (2) forast grown.
and early successional

&. nepalensis, Dy S, khasiana, E. trae speciocs.

¢
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Fig. 5.4.
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Q. dealbata and M. kingii (both open and forest grown),
current year's (1579) cohort of leaves showed no mortality
wheraas the rate and final mortality increas=2d with the age of
the cohort, In gsneral ths individual cohorts undzr forest

grown situations showed graater survivorship than thosz of the

open grown situations. (Fig. 5.5)

DISCUSSION

The ecological streategy of trees has been linked to
shoot morphogencesis (Marks, 1975; Bormann & Likens, 1979).
Conservative species which make relatively modest amounts of
height growth during the earlicst part of their life-span and
complete annual height growth carly in the growing season are
adapted to the relatively predictable and highly competitive
environments of closed forests. Growth of the exploitive
spacies, on the other hand, is geared to temporary conditiohs
of incr:ased resource availabiiity and reduced competion
associated with recently disturbed sites such as those resul-~
ting from fire, clear cutting, wind throw or abandonmaent of
agricultural land. Thus the specizs thal are exploitive ccolo-
gically are exploitive phenologically and developmentally and
vice versa (Marks, 1975). These expectations are related to
the slower growth (Marks, 1975) of late &s compared to the
early successional spacies and ultimet=ly to the generally

lower resource demend of the former (Grime, 1979; Bazzaz, 1379).

The dynamics of leaf populetions of zarly and late suc-

cessional specics indicates some 6f the potentiteals that enables



Fige 5.5: Survivorship curvas for leaf populations of
A, carly successional : A. nepalensis, a;
S. khasiana, b, and
B, late successional: Q. dealbata, C, Q. griffi-
thii, d; M. kingii, e tree spacies,
1979 cohort of leavaes (@)
1978 cohort of lcaves (0 )
1977 cohort of leaves (&)

1976 cohort of leaves ( &)
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them to perform their role in the ecological niche they occupy
in the foroest. Barly successional spcocies through their
axtended period of leaf production are able to produce a large
photosynthetic area to exploit effectively temporary conditions
of resource availability which follow distrrbance, The high
turnover rates of leaves may be associated with the tendency
of these species to achieve fast growth through putting their
leaves always in a favourable light envirénment. Further,
growth of thase spacies are dependent mainly on the current
photosynthates. The growth analysis of some tropical trees
(Coombe, 1560; Coombe & Hadfield, 1962) has revealed that the
rapid growth of zarly successional spcecics doas not lie in
particularly efficient energy conv:a:rstion but rathzr in their
Capacities for unrostricted leaf production, Late successional
species, which have a brief leaf production period and produce
only a determinate number of leaves, have evolved this strategy

to sult the compotitive late successional environments.

Leéves change their activity witﬁ age; in particuleacr,
their photosynthetic activity rises to a plateceau and then
declines. Hence the population of leaaves that constitute a
canopy shwould have an activity determined by the age structure

and

o

ge specific phtosynthetic activity of tha leaves, Thus,
apart from having more leaves of youngar age Jgroups, carly
successional specices have lesser numbar of age groups as mutual
shading of a large number of age groups would reduce their
performance., The late successional species, being shade adapted

and having a monolayer arrangement of their leaves (Horn, 1971),
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pack leaves of various age groups in their crown and this is

more pronounced zn the forest grown trees of this category.

The study of births and deaths of the leaf populations
revealed fluxes that determine the net population size. For
early successional species the n2t population size was
greatey during the faveourable growing season. 2lso, these
show greater fluxes of births and deaths of leaf populations
than late successional spocies. Thus, these species have
developed a competitive attribute in the form of large size
of leaf populations. This in term is dependent upon an
extended period of phtosynthetic activity under conditions
conducive to high productivity. In late successional species
the lower flux of leaf modulas especially in forest grown
situations can be attributed to their rapid adjustment in
growth in response to local depletion in resources arising
during competition. Short-term experiments involving artifi-
cial shading have also shown such adjustments (Grime &

Jefferey, 1965; Loach, 1970).

Leaf populations undergo mortality over a time period.
Tﬁé leaf populations in the present study follow a Deevey
.Type I (Deevey, 1947) survivorship curve, having very slight
mortality during early life, but increasing with age. In
several other studies also similar survivorship curves have
been observed for leaf populations (Kimura et al, 1968;
Williamson, 1976; Bazzaz & Harper, 1977; Yuwaka et al, 1977:

Reader, 1978; Solbrig, Newell & Kincaid, 1980). SAS
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A variety of patterns of leafiness (renewal and fall)
have been resported for tropical trees (Holttum, 1940; Koriba,
1958; Longman & Jenik, 1974), mostly with a pattern of prerain
or equinoctial flushing (Alvim, 1964; Frankie et al, 1574)
which may perhaps be related to the display of the newly
expandad leaves at the time of maximum solar irradiation and
other favourablz growth conditions. This is also true in the
present casce. The foliage deciduousness patterns that appear
to be beneficial adaptations have evolved in response to
seasonal climaetic changes. A large number of factors have been
implicated to trigger +he leaf sheeding in tropical trees
like water or cold stress, photoperiod and intrinsic factors
(Addicott, 1978). Maximum leaf sheeding occurring during the
winter scason as seen from the present study seems to be an

adaptetion to avoid cold stress.

SUMMARY

The leaf dynamics of two carly (&Alnus ncpalcnsis and

Schima khasiana) and three late (Machillus kingii, Quercus

dealbata and Q. griffithii) successional tree specics of a

subtropical, humid, evergrezen, montanc (1900m) forest at Upper
Shillong in north-g¢ast India, heve beesn analysed by applying
demographic technigques to study the leaf populations, The
garly successional specics show greater leaf production,
ntigher leaf turncover rate and a greater flux of births and
deaths of lecaf populestions than the late successional ones.
The latter, under forest grown situations, though having a

lesser flux of leaf populations consisted of leaves of several



o .y

age-groups. The dynamics of lezaf populations indicates exploi-
tive potentials of the early successional species suitable

for such environments of tenporary resource availesbility.

The late successional species on the other hand have conser-
vative strategy adepted to the relatively predictable and
highly competitive environments of closed forests. The leafing
characteristics of both the groups of species arz discussed

with respect to their ecological strategy for niche occupancy.
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SEED GERMINATION AND SaZiDLING ESTABLISHMENT OF TWO

CLOSEZLY RELATZID SCHIMA SPECIAS

INTRODUCTION

Germination and establishment represent two critical phases
in the life-cycle of a plant species and these two aspects have
been related to adaptation and distribution pattern of species
in space (Koller et al., 1962; Harper, 1965; Cohen, 1967;
Ramakrishnan, 1972; Ross & Harper 1972; Thompson, 1973; Boojh
& Ramakrishnan, 198l1a)and in time (Kapoor & Ramakrishnan, 1973).
However, this aspact of the problem in relation to adaptive
strategy of tree species has received little attention (Kozlow-
ski, 1971; 1979). Although the size of a single species popula-
tion is to some extent related to seed supply, it is ultimately
deéermined by favourable conditions available for germination
and establishment (Harper et al., 1961). Further, a large gap
often exists between the seeding potential of a species and the
actual number of seedlings established in that area, depending

on environmental conditions.

S. khasiana Dyer and S. wallichii D.C. (Korth) are two
closely related and economically important timber tree species
of north-ecastern hills of India. These species show a distribu-
tion pattern on an altitudinal basis where S. khasiana is res-
tricted to higher elevations (1800 - 1900m), while S. wallichii
shows a wide distribution ranging from 100 to 1600m. Thaese two

species are zarly successional and come up in the secondary
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fallows after slash and burn agriculture (Jhum). It is light
demanding and regenerate profusely in the open, through light
wind dispersed sczds. The praesent study is a comparative inves-
tigation of s:22d germination and scadling establishment of thase
two sp:zci:xs along an altitudinal gradient in the Khasi Hills of

Maghalaya.

CLIMATE

All the three sites are characterised by marked seasonal
changes in climate. The year could be divided into 3 distinct
saasons: (i) Monsoon season of high temperature and humidity
axtending from May to October when over 80% of the rainfall
occurg (ii) Winter scason (November to February) of lower tem-—
perature which is comparatively dry except for a fow winter
showers,& (iii) Z warm, dry and windy summar in March-April

(Tahla 6:1).

METHODS OF STUDY
Maturz fruits of 8. khasiana werz collacted from Upper
Shillong and that of §, wallichii from 3 sites at Shillong,
Umsaw and Burnihat, in the months of February-March, 1978.
Scads were separat:d out by air drying. The fruit and sced
weight measurcements were basaed on 100 fruit/sced with 20 repli-

cations,

S:cads were storad at 20 + 5°C and at OOC, in tightly
closed plastic bottles in the laboratory. In nature, seeds

were similarly storad 5 cm. below the soil surface. Viability



Tabl: 6.1 : Comparison of climatic data at study sites during 1978<79

Upper Shillong Shillong Ums aw Burnihat

LOCATION

Latitule (N) 25.34 25.34 25.45 26.02

Longitude (8) 91.56 91.56 91.54 91.52

Altitude (m.) 1900 1400 800 100
TEMPERATURE (°C)

Mecan Monsoon Maximum 22 24 30 32

Mcan Monsoon Minimum 15 16 22 24

Mean winter maximum 16 16 20 25

Mecan winter minimum 3 6 10 12

PRECIPITATION (mm) 2400 2000 1800 1600
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tests with tetrazolium trichloride solution and germination
tasts in poetri-dishes on moist filtoer peper were done et inter-

vals of 3 months.

Sceds waere testod under two conditions, of continuous
light under an incandcscént fluorscent tube (500 - 600 1x.) or
under continuous darkncess by covering the petri-dishes inside
thick bleck peper, =zt a constant tempoeraturc of 20°C. Seed
germination in dark was count:d under greon light. Different
constent ( 15, 20, 25, 30 and 35°C) and altornating (25/15 and
25/200C ) temperature regimes were tried in B,0.D., incubeators
maintain:d at thoese tomperaturcs. The effoct of different soil
depths of 0, 2, 4, 6, 8 and 10 cm. in pots fill:ed with soil,

by plecing scids at the appropriete depth.

All germinetion experiments were replicatod 4 times with
50 szads in cach tost. The emergence of radicls was teaken as
an indicator of gormination., Toests in all cases were done for

20 days aftar the szads were pleced for germination.

(v

Ten replicates of 100 viebl: sceds of cech spocics/popu-
lation were sown at a depth of 5 cm at all the 4 study sites
both in the open and under forested situations, in May 1978.
Obscervations on the secdling emergence and establishment were
taken at monthly intcorvals. Scaedlings were harvested at the
end of one ycar period and after noting plant height and leeaf

area using a planimcter, the root and shoot portions were

sgparated and dried to a constant weight at 85°cC.
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RESULTS

Fruit and seed charactors:

The capsules and seeds of §. khasiana were heavier than
of the populations of S.. wallichii. While the fruit weight of
the populations of S. wallichii were not vary differaent, signi-
ficantly higher seod weight was noticad for the Burnihat popu-
lation of this speci:s compared to that of th3 two other popu-

lations (Table 6.2).

Germination studiaes -

(i) Effoct of storage

When sceaeds were stored in the soil or in the leboratory at
a temperature of 25°C, both viability and germinability of tha
secads of all the populations decreased markedly with pessage of
time so that aofter one yzar, sceds were totally non-viable or
gave vary poor germinestion, Howaver, storage at 0°C maintained
better viability and germinability after 1 year storage

(Fig 6.1).

(ii) Depth of burial

| As saan from Fig 6.2, the depth of burial affected both

the time and the final percentage of germination. Maximum ger-
mination was found to occur at 2 ch. depth and it decrceased ét
the depths greataer than this for all the spaecies and populations.
At soil surface though faster germination occurrad the total

parcentage was lasser than at 2 cm. depth.



Fig. 6.1 : Viability and germinability (:hatched columns )
of Schima seeds after different storage periods.
First column - Storage under OOC;
Second column ~ Storage at 20 + 5°C; and

Third column -~ Storage under soil.
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Fig. 6.2 : The relationship between seed Cepth, germination
and emergence period of seedlings of Schima
species/populations over a period of 35 days

after sowing.
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Table 6.2 : Fruit and Scad weight of Schima specics/pouplations
(+ S.38. of the mean)

Fruit weight Saed weight
(g) mg )
S., KHASIANA 1.67 + 0,09 1.18 + 0.03
S. WALLICHII
SHILLONG 1.13 + 0,07 0.46 + 0,06
. UMSAW 1.04 + 0.03 0.44 + 0.02
BURNIHAT 1.07 + 0©0.05 0.53 + o0.01
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(1ii) The effect of light and darkness

There was germinestion both in the dark and light and tha
rasults obtain:d waere not significently different under these

two conditions (Tablas 6.3).

(iv) The offsct of temparatura

Tabla 654, reveals tha sffect of various tomperature ragimes
on the germination of ﬁhe saeds of Schima specics and populations.
S. khasiana showed maximum germination at constant 15°C, with
a gradual decrease with increase in temperature, so that at
3%?C no szads of this specics germinataed. Populations of 8. wal-
lichii showed maximum germination at 20 and 25°C with decrease
in germination on either side. Two alternating temperature
regimcé tried were favourable for germination for all the

spacics/populetions,

The rate of germination was faster at 15°C for S. khasiana
and 20 and 25°C or eltormating (25/20°C) for S. wallichid

populations (Fig 6.3).

Scedling sstablishment
(1) Seedling emergence

Only a small prOportion of seedlings could emerge under
field conditions et all the study sites. Further, the differen-
ces in emergence were not significant (at 5% level) between

species/populations (Table 6.5).

(ii) Survivorship

No seedlings could survive under forested situations beyond



Fig. 6.3 : Percentage germination of Schima species/popula-
tions on different periods, at constant and
alternating temperatures of - 15°C (®@); 20°C ( 0):
25°c ((m ); 30°c (D); 35°C ( A);

25/15°C ( A) & 25/20% ( x ).
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Fig. 6.4 : Survivorship of Schima seed‘lin.gs under f£ield
conditions (open). No seedlings could survive
beyond 2 months under forested situations.

S. khasiana ( @);
S. wallichii, Shillong ( 0 );
S. wallichii, Umsaw ( B ) &

S. wallichii, Burnihat ( Q) populations.'
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Table 6, 3 : The effect of light and dark treatment on sead
germination of Schima spacies ( + S.E. of the mean)

CONTINUOUS LIGHT - CONTINUQOUS DARK
20°c 20°¢
S. KHEASIANA 50 48
+ 5.4 +3.4
S, WALLICHITI 62 57
+ 6.4 + 1.3

The seeds & populations of S. wallichii werc pooled.



Table 6.4 : Garmination (%) of S, khesiana and S. wallichii seeds
at various constant and altarnating tomperctures

( + S.E. of the mean)

. CONSTANT TEMPARATURES (°C) ALTERNATING TEMPARATURES
. ( °c)
© 15 20 25 30 35 25/15 25/20
S. KHESIANA 55 46 44 42 o) 46 45
+ 2.7 + 3.6 +2.9 + 2.2 + 2.3 + 5,5
S. WALLICHIT
SHILLONG 37 48 48 33 20 48 50
+ 4,3 + 6.0 + 6.8 + 4,1 + 7.5 + 4.1 + 4.6
UMS A 42 65 58 40 27 61 70
+ 5.3 + 3.7 + 3.7 t 6.8 + 2.9 + 3,7 + 9,9
BURNTHAT 38 69 56 50 33 59 64




Table 6.5 : Seedling emergence (%) of S. khasiana and S. wallichii

at different altitudinal sites.

E
SPECIZS/POPULLTIONS
PIELD STATIONS S. KHASIANA Se WALLICHII
’ SHILLONG UMS 2W BURNIHAT
Upper Shillong 20 10 11 14
+ 4,6 ¥ 2.3 + 1.8 + 1.8
Shillong 1¢ 21 10 10
j 2.4 + 3.9 + 3.3 + 2.1
Ums aw 16 13 13 13
+ 1.7 + 2.7 + k.2 + 2.5
Burnihat 16 12 11 11
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a8 period of 2 months, Under open grown situations, mortality
was generally very high resulting in a steep decline in popula-
tion upto January-February, at all the sites. At Upper Shillong,
however, the rate of decline in population was slower for

S. khasiana with an ultimately large population size compared to
the populations of 8. wallichii. At the other 3 experimental |
sites, however, the pattern of survivorship was not very diffea
rent for tﬁe populations of Schima, though the local popula-
tions showed better survivorship than the introduced ones.

S. khasiana gave the lowest final survival at these three sites

(Fig 6.4).

(1ii) Plant performance

The growth characteristics of the different species/popu-
létions at different sites given in 'Fig 6.5, shows that the
naturalized population for a given site was superior compared
to the other iﬁtroduced populations. Thus, S. khasiana gave
better growth yield under Upper Shiliong site, while the popula-
tions of S. wallichii from 3 different sites did better in their

other natural habitats.

DISCUSSION
Schima specias being a: early successional colonizersdepend
. for regeneration on the availability of open sites which favour
their germination, establishment and growth. The most important
factor limiting the ability of such species to colonize disturbed

sites is the availability of seed, which must come either from

a stand in close proximity or from storage in the soil. The



".ge 6.5 : Growth performance of Schima species/populations
at different field conditions. -a = Upper Shillong
site; b = Shillong site; c¢ = Umsaw site and
d = Burnihat site. S. khasiana, filled bars and
S. wallichii, Shillong, hollow bars; Umsaw,

‘hatched bars and Burnihat, dotted bars.
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latter is not possible for Schima as seeds do not remain viable
in the soil for an extended period of time as seen from the
present study where the viability of seads &s completely lost
after storage in soil for one year. Thus, the species is fugi-
tive in nature (Hutchinson, 1951), where good dispersal macha-
nism would play an important role permitting the species to
colonize new habitats (Salisbury, 1942). Schima due to its
light, mobile (winged) seeds often invadsshighly disturbed arecas
after slash and burn agriculture in the region. Similarly in
temperate forasts it has been reported that light seeded species
Fraxinus and Bgtula play an important role in revegetation

after clear cutting (Bormann & Likens, 1979). The variation in
seed weight in betwaan spacies/populations may partly be related
to climate (Bakar, 1972; Wearstler & Barnes, 1977) and partly

to ecotypic differences related to altitude which is supported
by growth studizs of the different Schima populations done at

different altitudes discussed below.

The differsnces in gormination behaviour in response to
temperature as szen in the present case where S. khasiana
germinated at a comparatively lowar temperature compared to
S. wallichii population, have often been correlated with clima-
tic conditions and sc¢ed source (Callaham, 1960; Thompson, 1973),
whereby seads from cold arzas germinate batter at lower tempe-
rature than those from warmer regions. Grose (1957) heve
demonstratad that montane spacics of Hucalyptus germinated best

at a lower temperaturc of 16OC, in contrast to somewhat higher
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temperatures for species of warmer arcas. Though the total
numbar of szeds of a spaecies which ultimately germinate at a
given temperature is a good indicator of that spaecics potential,
howaver,the time taken to germinat: is of much gignificance since
the carly germineting individuals ehjoy a considaerable competi-
tive advantage'(Ross & Harper, 1972). Tha germination rate which
was higher at lSOC for S. khasiana and at 20 or 25°C for S.
wallichii populations is consistent with the tempereature optima
for their germination,., The rapidity of germination in this
sp2cias without a dormancy'mechanism is advantageous in coldni-
zing new arcas by producing a profusion of szedlings and this
has beaen reported for a majority of tropical trees which has

baan termed as biological nomads (Ng, 1978).

Schima seads come under microbiotic category (Crocker &
Barton, 1953) as they normally lose viability and germinability
within a ycear., Small and light sceds are reported to lose
their viability faster (Quick, 1961) and this has been reported
in sp:cies of Salix, Populus end Ulmus (Waering, 1963) and
Alnus ( Boojh & Ramakrishnan, 1981b).The better retention of
viébility and germinability under lower temperature storage may
be attributed to slow biological and biochemical procasses at

such temperctures (Kamra, 1967).

There exists a large gap between seading potential of a
spaeciecs and the number of seedlings emerged at a given site.

The failure of survival of seedlings under a forest canopy
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may be attributed to the shade intolerance of the seedlings. The
differences in survival pettern for different specices/popula-
tions under field conditions are suggzstive of the adaptation

of a given population to the netural ¢limetic conditions in
which they grow. This is suggested by the relatively better
survival and performance of local spacies/populations to that
habitat compared to the introduced ones. Thus, the lower altitude
population of S, wallichii which is adapted to longer growing
season, higher temperature and frost free winter is adversely

affected at hidgher altitude,

SUMMARY

Sead germination of S. khasiana from Upper Shillong and
S. wallichii frém Shillong, Umsaw and Burnihat and scecedling
establishment and growth of these specics/populations in reci-
procal cultivation, were studiad. Sceeds lost viability and
germinability gredually within a ycar when stored in the soil
or at 20°C in the laboratory but storage at 0°C permitted reten-
‘tion of some viability. Scads in neture germinated better in
‘the surface layers of the soil. 3. kKhasiana had a low tempera-
' ture optimum for germination while the lower altitude popula-
/ tions of S, wallichii had a higher temperaturce optimum. Similarly
a given species/population of Schima gave better seedling esta-
blishment and growth in its own natural habitet as compared to
the introduced pOpulatiéns from the other altitudinal sites.
This is indicative of the closce adaptation of-the natural popu-~
lations to their habit and the possible ccotypic differaentia-

tion in this spcecies,
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GERMINATION ECOLOGY OF ALNUS NEPALENSIS DON

INTRODUCTION

Alnus ncpalensis, Nepalese alder is & native of India and

Burma and is fairly common‘in Bestern Himelayazs,., This is an
carly successional tree specics and among the first to become
establish:d neturally on many 2lenuded arcas parﬁicularly at
higher altitules in northe-cest:rn hilly parts of India. It fro-
unntly represents as stand lines along streams or areas of
standing water and low lying alluvial lands. The wind disscmina-
ted seads help in its wide distribution. Cultivators in parts
of Nagaland and quipur statas of North-cast India, grow it for
soil improvemaent, affer slash and burn agriculture (Jhum), as
it is a symbiotic nitrogen fixer and is clso important for

timboer and watarshed management.

The germinawion acology of A. ngpalensis is not known,

though studies on its other temperate spaecies like A. glutinosa
(McVean, 1955) and A. inokumai (Asaskawa & Negeo, 1963) are

available.

 MMTERIALS AND METHODS
Mature con:s of A. ngpalensis collicted from Upper Shillong
(alt. 1800m) in March 1978 ware air dried to oxtract the scads.
Seeds were stored at 20 + 5°C and 0 + 2°C in tightly closed
plastic bottlas. The scads were similerly stored at 5 cm below
soil surface and were tasted for viability and germination.

Germination tests in poetri-dishes ware done @t constant tempa=-
ratures of 15, 20, 25 anad 3OOC wherz exposure to light was only
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for a brief periol Jduring thoe day at the time of recording
germination counts. Germination tests ware also done under
continuous light or dark &t a constant tempefaﬁure of 20°c. The‘
tost under an elternating tompoerature regime had 25/150C.1ight
(550~600.1x) © was provided from fluorescent tubes and this was
given for the alternating temperature et higher‘temperature

(8 hrs.) in th: cycle. For lark trecatment petri—lishes ware
placed in light proof card board boxaes. The tasts were carried
out for a periodl of 20 iays, a8 no scead germination could be
racordaed for the next consecutive 10 days. Germination percene-
tages warae 2xpressed on the baéis of viable s:eds. Germination
values waere calculectod using the formula (Czabator, 1962),

GV = (Pv) (MDG), where PV is thoe meximum vealue of cumulaotive
germineation poercentage diviiled by days of test and MDG is mean
daily germination. Sceaeds were buricd at different soil depths
of O (with or without moss cover), 0.5, 1.0 and 1.5 cm. in pots

maintained with sufficient moisture and tested for germination.,

RESULTS AWD DISCUSSION

The viability and germinability of A. napalensis seads

stored at 20 F 5°C were lost gradually and no sead could germi-
nate aftor one yeer (Table 7.1). Sceds stored unler O + ZOC,
howaver, showed better viability and germination and after ona
year storage gave about 22% germinetion. Scoels stored balow the
so0il surface in nsture, lost thoir viability after 6 months of
storage. EBven at the 2nd of 3 months storage period, germina-

tion was very poor. Thus the secds of A, negpalonsis erc




Table 7. 1 : Viability (%)

(a) and germinastion (% of the total seads)

{b) after storage ( + S.2. values)

Duraticn of Storage (months)

Storega conlitions 0 3 6 9. 12
o (2) 63.30 + 5.55 39.80 + 4.49 13.40 + 1.91 6,40 + 1.53 1.60 + 0.40
20 1 5°¢ (b) 45.33 + 6,70 28,67 + 1.86 8,33 + 2.03 4.20 + 0.86 0 + O
(a) 65,30 + 5.55 63.67 + 1.83 39.67 + 2.91 34,67 + 0.88 27.33% 1.77
o
crze (b) 45.33 + .70 49.33 + 3.48 36.00 + 2.08 29,00 + 1.73 22.33+ 1.46
Balow soil surface = (a) 65,30 + 5.55 13,33 + 0.88
. 0
(b) 45.33 + 6.70 4.00 + 1.53
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microbiotic (Crocker & Barton, 1953), as they lose their via-
bility within a ycar. Small anl light scels are reported to
losa thair viability very fast (Quick, 1961) and is also

report:d (Wareing & Taylor, 1963) for species of Salix, Populus

and Ulmus; and Boojh and Ramakrishnan (unpublishod) for Schima.

The seeds of A. ngpalensis with an average number of 2769 +

200.19 seeds/gm., clso falls into this category. The better
retention of viability ani germinebility unler low toemperature
storage conlitions may be luec to slow biological and biochemi-

cal processas ¢t such tempercturcs (Kamra, 1967).

The seeds of 4., nopalensis showed maximum germination

parcentage and germination value et a constant temperoture of
20°%¢c undaer continuous light, Germination under continuous
darknaess was vary poor (Teble 7.2) Bettor seed germination
was olso obtained under altermeting temperatura. Thus the sceads
are light sensitive as also reported for A. inokumai (Asakewa
& Nagao, 1963)., The light requircment for seed germination of
early successionel tree species as in the presant case is con-
sistaent with their scology and suggests a mechanism whersby
the seeds of these specics might be prevented from germination
beneath & closaed canopy (Berton, 1961; Grime & Jarvis, 1976).
Generally, the temperzture optima for seed germinction repra-
sent the normal season for germination and cemergence under
fizld conditions, subject to svailability of water (Ashby &
Hallmers, 1965). In present case too, boatter germination at

20°C is close to the tempaerature conditions prevailing in



Table 7.2 : Germination total (% of viabl: seeds) and germination values
of seceds of Alnus nepalgensis at difforent temperatures and
light conditions ( + S.8. valuas) '

Constant temparestures (°C) Alternating
temperatures (°C)

15 20 25 30 20 20 25 /15
(continuous (continuous (light) (dark)
light) dark)
Germination 17.95 45,13 26,67 14.87 69,74 2.05 -43.08
total + 1,36 + 4.11 + 1.36 + 2.72  +10.30 +0.89 + 2.35
Germination 0053 4,56 2.06 0,77 21,73 0.15 5.52
value

+ 0.08 + 0.64 * 0.21 +0.21 + 6.70 +0.07 + 0.59
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Nature at the time of scod germination. The'inability of scuads
to germinate at depths below 1 em (Teble 7.3) is probably
relatad to their light requircment. Better germination of seods

placed on the surface layers of the soil with moss cover mey be

related to good moisture supply.

SUMMARY

Tha seeds of Alnus nepalensis were microbiotic in nature

but low tcmperature storage retained Viability to some extaent,
The secds were found to be light sensitive for germihation and
germinats favourably at moist soil surface. The germination
behaviour is consistent with the spoecies' role as an carly

succaessional colonizer,
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Table 7.3 : EBffect of lepth of burial on seed germination of
Alnus nepalensis. ( + S.E. Values)

Depth nf burial Germinction total Days of amargence
(cm) (%)

0.0 (wihtout moss covar) 43 ¢+ 4,17 7

0.0 (with moss cover) 53 + 2.31 7

0¢5 22 + 1.53 15

1.0 8 _'i_'_ 2.08 20
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TEMPERATURE RESPONSES TO SFED
GERMINATION IN TWO CLOSELY RELATED
TREE SPECIES OF SCHIM A, REINW

Ram Boodtt AND P S RAMAKRISHNAN

Departinent of Botany | “
Scheot of Life Scienees

North-fastern Hill Unwversity

Shillong 793 014, India

A s Roof studies o gevaminadon 2cotogy of species
die ovanlable whorain gormipafion  cequrements are
closeh aehated o et adaplavon and  distibuton
pastern in space' 1 oamdan timet. Temperature reguire-
ment is ope sueh Factor which has recen ed considerable
agtentiont . However this aspect of (he problem in-
refation to adaptive sirategy of (ree species h not
recersed much attention?, The present stu y I8 cone
cerned weth temperature responses of the seeds of
Schimu hhasiona, Dyer and S, wallichil, Choisy, two,
closely retated  and  economically  inportant  timber
tree species of nonheeast India, which are also exten-
sively  distributed in Mceghaluya, on an  altfitudinal
basis. The former is restricted to higher elevations
(1600 10 1900 m), whereas the Jutter occurs at lower
elevatans (60 o 1600 m).

Seedy of 8 Ao and SO oo were coltaced
frem uprer Shotong (IScomg o0 NMawls {1 fomy
respectively durmg Vebruary NMaicin 198, whidh weep
separated out oy trwits by anc deying, Germipiaton
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Tasie [

Germination taral 00) (with S.E. valuesy for 8, kKhasiana and S. wallichii ar different temperature regimes

Alternating tempe-

Species Constant temperatures (" C) ratures (C)
10 15 20 25 30 35 25/20 25/15
S. khasiana 10423 55427 46436 44429 42422 0 454.5-5 46423
S. wallichii Q 37443 A846-0 48168 3344-1 200475 5044:6 A48.44-1

TasLg 1l
Germination values {with S.E) for S. khasiana and £ wallichii
Alternating tempe-
Speciag Constant temperatures (¢ C) ratures ¢ C)
10 15 20 25 30 38 25/20 25/15

8. khasiona

S. wallichii 0 6 344:1:6 9.412:0

tests were performed. at a given temperature in incu-
bators, on fresh sceds between moist filter papers.
Only alternating temperature rcgimes reccived 14 hour
light period at the time of higher temperature in the
cycle. Fifty sceds in four replicates were used for
all treatments,

Table 1 shows that seeds of both the species could
germinate weil over a wide range of iem ecratures,
though the germination of S, kdewiana was poor at
10°C and no germinatien oceurs for S, wallichii at
this temperature, At constant temperature reghnes,
while S, khasians gave optimum germiration at 15 €,
that for S. warlichii occurred at 20 and 25°C, The
two alternating wm, crature regimes did not have any
favourabie cffect on the germnution of S, khasionu,
whereas the germination  of 8. waflichii  im)roved
slightly at 25,20 C alernating temperaturc regime
compared to that at 4 cor rant 20 or 25 C. Further
the range of temperature at which at least some
germunation  occurred  varied for the two soecies,
K, khasiana having a range of 10 10 30°C and §. wulhi-
chii with a range of 15" to 35°C.

Germination values are given in Table 1T wiinch
are indices of germimability combining speed and
completene - of germination, and are calculated Uung
the formuia PY - MDG whore PY represents peak

0324012 12-0846'9 6-084+0-9 §-66-L17 3-414.0-430

2:36+ 118 3-8240-58

883416 4:06:0-5 3-23+£2:0 1095422 2-36-L1-18

value of germination and MDG represents mean daily
germinations. This is a berter indicator of germination
behaviour of the species conceined. S. Khaslana
gave maximum value at a constani temperatuce of
15°C. L is significant that the values at aliernating
temperature regimes for S, khasianc  were extromely
low though the final germination total was fairly good
as secn from Table 1. This is due to very low mean
daily germination at alternating temrerawure regimes
compared to that af constant temyeratures of 20 or
350, where also the final germination totl is more
or less similar, S, wallichii, on the other hand, gave
maxynum  germination salue at 20 C followed by
250 C constant. [t is significant that much  betier
germivation valie wis observed for this species at an
alternating temyperature of 2520 ¢

These results indicate that the two species are closely
adarted to their altitudinal restriction at least as far
as temyperature response to  sced  germination s
concerned, Thus, S khasiuna exciusively found at
higher elevations tends 1o germinaie betier at lower
temperatures and S, wallichii fromy lower clevations
responds better to comparatively hygher temperatures,
Though such stedies are tacking in this country, parti-
culatly on iree adaptation. similar conclusions have
been made on some  wmperate trees hke  Pinns
comoria®, P. osyhestris'” and  dcer negundo',
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FROM THE PINJOR FORMATION (UPPER
SAWALIE) EXPOSED NEAR CHANDIGARH
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SIL6 GROWTH STRATEGY AND ARCHITECTURE OF TREES RELA%%D 5

TO PRODUCTIVITY ENERGY REsoU RLEC

RaM Booju anp P. S. RAMAKRISHNAN
Department of Botany, School of Life Sciences, North Eastern Hill University, Shillong-793 014

Pattern of growth and architecture build-up of early successional (Schima
wallichii, S. Khasiana and Alnus nepalensis) and late successional (Minglietia insignis, and
Quercus dealbata) trec species were studied in a subtropical humid mountain forest at
Shillong peak (altitude, 1900 m). Early successional tree species have indeterminate
pattern of shoot growth, prolonged growth period, much more extension growth and
leaf production than the latc successional ones. The latter are with determinate growth
pattern, make small amount of extension growth and confined the active growth mainly
for a brief period of the growing season. The early successional species exhibit more
frequent rhythms of shoot extension, branching and leaf production (becoming conti-
nuous growth in case of Alnus nepalensis) than the late successional species with single
deterniinate flush of extension as well as branch and leaf production (production of
lamma shoots or additional flush of shoot growth in response to favourable climatic
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conditions have been considercd as special cases of hasic determinate scheme).  Branches.
are produced through Syllepsis-axillary buds grow into branches without a rest period
in early successional tree species, conferring an advantage for having morc frequency
of branching. Late successional species, on the other hand produce branches pro-
laptically—axillary buds undergoing a period of rest. The early successional species,
however, can produce prolaptic branches if main axis is disturbed which is a common
feature in the region due to slash and burn agriculture,  Early successional species tend
to maintain a higher, narrower crown at a given diameter (correlative growth processes)’
than late successional trees which have longer, wider and deeper crown,. Growth in the
former tends 0 emphasize height growth in ordoe to attain a superior competitive posi-
tion while in the latter it emmphasizes laceral growth.  Consequently, branches of carly
successional tree specics are more vertical at all canopy positions than the late successional
trees. The leaf angles in late successional species in general is more near to hovizontal
than the carly successional ones which have its feaves dispessed into several layers (multi-
layer) with sun leaves placed vertically and shade leaves to icar horizontally,

The fast and prolonged indeterminate pattern of growth, multilayered distri-
bution of leaves and branching pattern related to light interception strategy equips the
early successional species to grow and occupy the ecological niche through exploitive
stralegy. On the other hand, the late successional species with determinate shoot growth
pattern and consequent predictable shading of leaves (monolayer) as well as spreading
crown are suited for conservative strategy of late successional cnvironments, The signi-
ficance of these results for exploiting forest resources of the north eastern region for timber
and energy resources are discussed.
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‘w1285 Pupulaugu Variation i seed germination of Srhmm wallich)s,
' Chely .

RAM BOOJH & P. S. RAMAKRISHNAN, Shillong:

‘The gcrmmmen behaviour of sceds of Schima waltichii, Choisy hom dxﬂelcm

pmnuom rangipg from 300 to 1800 elualmns was studied dinder coftrolled '
tivitenmental condltions. The Righer elevation popllition showed miaximium per-
caritbe, gorinination 8¢ 19°C. Germingtion at e alfernsling temperature was Fe.
duc’d Bt the diflevpnce irag not ngniﬁcam ?erremagt geriiingtiiy Valug « dee- C
. reased significantly at uw taium Lower clevitton pa‘pmax{mi mmimm C

manimum a1 B°C, bul sio cahmwd thir ada pability v wide rmging iempera-
tures. 'This there exists a corpebition Bimwen the ieniperative requirement and
the natral dtstrihuﬁeﬁ of the ﬁmﬂbt\o
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v growth beviern of six yenr dpey grown Schiima kliasiung, en earlv succcuional N
ﬁmﬁmtﬁ é;:}:;l W: i ?e;t !rhlﬂmg peai (am:u'le 1908 ). The growth
with eit;ﬂﬁm @ ghoat and cxpansion of leaves in April. A singly o
e ﬁunﬂ é i;nnrhﬂ are produted un thie main axis, from the . - j
| ek, %&«ay This pastern is pepeated on branches. also. ‘

day. l:!mm of shoot growth in young §chima Khasians, Dyer, trees, T
* BAM BODJH #hd F. 8 BAMARRISHNAN, Shilong. i

Wik i ﬁﬁi ﬁﬁ ;emq mcg thar extend’on gmmh and fhis mav be
' }mﬂtm!m ig u‘im jast u Hu.' ﬂlmm of rainy and leat fall 9
g&nmi %wﬁ mmdu ta nwmi «oli tic evenls. The spccics achiev:
it growth did tegl producdon iheoughcny the growing scacon (April ¢
eiobers wmtt ¢.tilpey 1t 1o oecupy thie ecological nithe a8 an early siccesy'onal an’l
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