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PREFACE 

The p r e s e n t s t u d y was u n d e r t a k e n t o e l u c i d a t e t h e 

g e n e r a l a d a p t i v e p h e n o l o g i c a l c h a r a c t e r i s t i c s of a s u b - t r o p i c a l 

e v e r g r e e n montane f o r e s t e c o s y s t e m r e p r e s e n t e d by a s a c r e d 

g r o v e about 10 Km from S h i l l o n g i n t h e Khas i H i l l s of Meghalaya 

a t an e l e v a t i o n of 1900 m. T h r e e e a r l y s u c c e s s i o n a l s p e c i e s 

r e p r e s e n t e d by Alnus n e p a l e n s j s , Schima k h a s i an a and S . w a l l i -

c h j j and t h r e e l a t e s u c c e s s i o n a l s p e c i e s r e p r e s e n t e d by 

M a c h i l u s k i n g i i , Quereus d e a l b a t a A Q. q r i f f i t h i i were c o n s i ­

d e r e d f o r d e t a i l e d s t u d i e s on g rowth and a r c h i t e c t u r a l a d a p t a ­

t i o n s of t h e f o r e s t e c o s y s t e m . Of t h e s e , a l l t h e s p e c i e s 

e x c e p t S . w a l l i c h i i a r e t h e members o f t h i s s u b - t r o p i c a l mon­

t a n e f o r e s t . S . w a l l i c h i i , an i m p o r t a n t t r e e of l ower e l e v a ­

t i o n s was c o n s i d e r e d f o r a c o m p a r a t i v e s t u d y w i t h S . k h a s i ana , 

which i s an i m p o r t a n t component of t h e montane f o r e s t . The 

c o m p a r a t i v e a d a p t a t i o n a l s t u d i e s on S_. w a l l i c h i i we re done 

t a k i n g i n t o c o n s i d e r a t i o n two p o p u l a t i o n s of t h i s s p e c i e s / one 

from an e l e v a t i o n of 1600 m and t h e o t h a r from an e l e v a t i o n of 

100 m. Such d e t a i l e d s t u d i e s on s e l e c t e d s p e c i e s , i t i s h o p e d , 

would h e l p i n a b e t t e r u n d e r s t a n d i n g of e c o s y s t e m a d a p t a t i o n 

and a p a r t from p r o v i d i n g u s e f u l i n f o r m a t i o n on t h e growth 

s t r a t e g y of s u b - t r o p i c a l montane f o r e s t t r e e s , t h i s may a l s o 

b e h e l p f u l f o r e v o l v i n g b e t t e r f o r e s t management and t r e e 

improvement p r a c t i c e s . 

The t h e s i s h a s seven c h a p t e r s a r r a n g e d i n 3 s e c t i o n s % 

( i ) s e a s o n a l a d a p t a t i o n , ( i i ) a r c h i t e c t u r e and g rowth p a t t e r n 



(v) 

and (iii) seed germination and seedling establishment. Since 

each of these chapters are written in the form of research 

papers, some overlapping in writing could not be avoided. 

In the first chapter important phenological characteris­

tics 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 reference 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, §_. khasiana and 

§.• wallichii along an altitudinal gradient. Growth strategy of 

tree species related to successional status has been dealt in 

two parts: Part I (Chapter 4) deals with the architecture and 

extension growth of two aarly 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 chapters, one 

dealing with germination, seedling establishment and early 

growth characteristics of two closely related species of 

Schima (S. khasiana and S. wallichii) along an altitudinal 

gradient and the other chapter is an account of the germina­

tion ecology of Alnus nepalensis. 



(VI) 

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 



1 

There have been s ign i f i can t advances in our understanding 

of the in tegra ted functioning of p lan t s in d iverse environments, 

during the recent p a s t . At the same time we have expanded our 

knowledge of the adaptive s ignif icance of var ious p l an t s t r u c ­

t u r e s . Now p l a n t form i s no longer considered separa te ly from 

p lan t function and i t i s convenient t o make p red ic t ions about 

the success of spec i f ic s t r u c t u r a l functional p l an t types in 

d i f fe ren t environments. For example* i t i s now easy t o p red ic t 

about p lan t morphofunctional types which could be the most 

ef fec t ive competitor under spec i f ic l i g h t , n u t r i e n t and water 

regimes. This marked increase in our understanding of the func­

t i o n a l s ignif icance of various p l an t forms and s t ruc tu res has 

extended our knowledge of the adaptive s ignif icance of var ious 

p lan t s t ruc tures l i k e , leaf shapes and s izes ( Parkhurst & 

Ioucks, 1972; Taylor, 1975; Givnish & Vermeij, 1976), branching 

pa t t e rns (Honda & Fisher , 1978; P icke t t & Kenpf/1980; Kempf & 

P icke t t , 1981; Nelson efr a l . , 1981) and whole t r e e crown charac­

t e r i s t i c s (Halle'fic Oldeman, 1970; Brunig, 1976; Halle e t a l . , 

1978). Much of t h i s work has been i n i t i a t e d in the t r o p i c s , no 

doubt, inspi red by the impressive d i v e r s i t y of forms t h e r e . 

However* there i s s t i l l a great pauci ty of information espec ia l ly 

on the temporal and s p a t i a l adaptation of t r ee s in t r o p i c a l and 

sub- t ropica l zones, and on the spec i f i c mechanisms by which the 

na t ive species (Climax and pioneer) of these areas explo i t the 

resources in t h e i r environment. Such informations are v i t a l for 

evolving r a t i ona l fo res t management schemes. 
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PHENOLOGY 

Phenology i s t h e s tudy of t h e t iming of r e c u r r i n g b i o l o ­

g i c a l e v e n t s , t h e causes of t h e i r t iming wi th r ega rd t o b i o t i c 

and a b i o t i c f o r c e s , and i n t e r p r e t a t i o n among phases of t h e same 

or d i f f e r e n t s p e c i e s . The u n i t of s tudy may v a r y from a s i n g l e 

s p e c i e s (even v a r i e t y o r c lone ) t o a complete ecosystem. The 

a r ea involved may be smal l (for i n t e n s i v e s t u d i e s on! a l l pheno-

phases of e n t i r e ecosystems) o r v e r y l a r g e (for i n t e r - r e g i o n a l 

comparison of s i g n i f i c a n t pheno -phase s ) . The u n i t of t iming i s 

u s u a l l y the s o l a r year wi th which t h e even t s £o be s t u d i e d are 

i n p h a s e . The events themselves may cover v a r i a b l e t ime spans 

of ten much s h o r t e r than t h e s o l a r yea r (LeJLth, 197'4). 

The s i g n i f i c a n c e of pheno log i ca l s t u d i e s have been r e c o -

g in i zed fo r a long t ime (LeUth, 1970, 1971; Lelith & Radford, 

1974) . Prom a p r a c t i c a l s t a n d p o i n t , pheno log i ca l r eco rds could 

be appl ied in w i l d l i f e , f o r e s t r y and a g r i c u l t u r e as suggested 

by Leopold & Jones (1947 ) and used wi th success fo r p r e d i c t i n g 

f lower ing , l e a f f l u s h i n g and f r u i t r i p e n i n g fo r some impor tan t 

h o r t i c u l t u r a l s p e c i e s i n Norway (Wielgolask i , 1974) . Likewise 

Syrinq v u l g a r i s i s used as t h e i n d i c a t o r p l a n t of l o c a l c l ima te 

i n Wisconsin , tUS.A. (Dana g£, j | l . # 19'63). 

Phenolog ica l a d a p t a t i o n s of Trees i n t h e f o r e s t allow t h e 

u t i l i z a t i o n of s p e c i f i c r e sou rce s which e x h i b i t temporal p e r i o d i ­

c i t y and may lead t o temporal s e p a r a t i o n of s p e c i e s . This has 

been viewed as a mechanism of n i che s e p a r a t i o n , whereby competi-



tion between the species is reduced (McDougall, 1922). Also, 

temporal separation increases diversity of the community which 

may influence production and stability (Connell & Orias, 1964). 

However, phenological divergence exposes a species to different 

environmental characteristics which may lead to the evolution 

of new adaptations. Tree periodicity patterns provide insight 

.into seasonal organization of floral and fruit resources. 

Frankie et al. (1974) mention several ways of breaking down 

these patterns for analyses at finer levels of organization 

within the respective communities of each ecosystem. They also 

suggest how these patterns may provide clues as to which animals 

interact with them for tna food resources they provide (Plant -

animal interaction). 

The phenological studies in the tropics were of inversti-

gative type lacking comparative and quantitative informations, 

only recently systematic attempts in this direction have been 

made by ecologists (Frankie e£ al., 1974; Putz, 1979; Borchert, 

1|80; Opler et al. ,L980;_Primacfc> .1930). 

Seasonality of phenological events: 

In areas with distinctive seasons, organisms respond to 

climatic rhythms and their environmental cues. This is particu­

larly evident in areas such as the temperate deciduous forests, 

where the community dominants have similar patterns of bud 

burst, foliage development, senescence and leaf fall (Anderson, 

1974; Schemske, 1977). Synchronized growth cycles are also 
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apparent in t r o p i c a l climates with d i s t i n c t i v e wet and dry 

seasons (Janzen, 1967; Daubenmire, 1972). Many of the i n v e s t i ­

gations of phenology of t r o p i c a l fores t s have been car r ied out 

in markedly seasonal climates (Njoku, 1963/ 1964; Fournier & 

Sa la r , 1966; Boaler, 1966; Jeffers & Boaler, 1966; Janzen, 1967; 

Croat, 1969, 1975; Hopkins, 1970; Smythe, 1970; Nevling, 1971; 

Daubenmire, 1971; Foster , 1973; Burger, 1974; Frankie e t a l . , 

1974; Malaisse, 1974; Opler e t a l . , 1967). Strong annual pheno-

log ica l cycles are evident in these a reas . 

In t r o p i c a l areas with r e l a t i v e l y constant temperature 

and r a i n f a l l , phenological a c t i v i t i e s are not constrained by 

climate as they are in the sub- t ropics and the temperate zone. 

When reproductive and vegeta t ive growth can proceed v i r t u a l l y 

unimpeded throughout the year, i t i s not expected for the 

communities of t r ees to follow the annual pa t t e rns observed, 

under more l imi t ing condi t ions . Such s tudies in more or l ess 

seasonal climates are l imited t o those of Holttum* (1930, 1940), 

Corner (1952), Koriba (1958), McClure (1966), Medway (1972), 

Ng (1977) and Putz (197-9) in Malaysia and Singapore; Baker & 

Baker (1936) in the New Hebrides; Brookfield (1969) in the 

Solomon i s l a n d s , Koelmayer (1959) in Sr i lanka and Frankie e t a l . 

(1974) in Costa Rica. In these s t u d i e s , by and l a rge , strong 

seasonal i ty in flower/ f ru i t and leaf production was not appa­

rent in t r e e species and there was apparent lack of seasonal i ty 

at the community l e v e l . 



Flowering and f ru i t ing p e r i o d i c i t y ; 

The synchronization of flowering with p a r t i c u l a r seasons 

and p e r i o d i c i t y in flowering have been commonly observed in 

r a in fo res t t r e e s (Richards, 1952; Holttum, 1953; Rees, 1964; 

Ashton, 1969; Croat, 1969; Medway, 1972; Prankie e£ a l . , 1974). 

Of i n t e r e s t i s the general observation made by several i n v e s t i ­

ga tors t h a t most wet fores t flowering occurs ch ie f ly during 

periods of dry weather as shown by Holttum (1953) in Singapore/ 

Ducke & Black (1953) in Brazi l and Njoku (1963) in Niger ia . This 

pa t t e rn has been a t t r i bu ted to a t r igge r ing mechanism for 

flowering in response to the sequences of dryness and wetness 

(Opler e t a l . , 1976). Although moisture r e l a t ed factors may 

play an important ro le in flowering p e r i o d i c i t y of t r o p i c a l 

t r e e s , a change in photoperiod has also been suggested to s t i ­

mulate flowering (Njoku, 1958, 1963). 

S t i l e s (1977) suggested t h a t t r op i ca l t r e e s have a regu­

l a r spacing of flowering t imes, but Poole & Rathcke (1979) 

re-analysed h i s da ta and concluded t h a t the flowering pa t te rn 

was aggregated, because no species bloomed during a t r an s i t i on 

period between a wet and dry season. T ree species have various 

leve ls of overlap in blooming time and vary in t h e i r pa t t e rn of 

flower i n i t i a t i o n . Three hypothet ica l phenological t a c t i c s have 

been proposed for flowering (Stearns, 1976; Anderson & Schelf-

hout , 1980). In the f i r s t t a c t i c the sum of the blooming times 

for a l l species does not exceed the time avai lable for flowering 
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i.e./ there is no overlap in flowering time among the species 

and thus minimal competition for pollinators. The second tactics 

is followed by species which have a maximum amount of overlap 

in flowering time/ in potential competition for pollinators and 

in the length of blooming time. An equal number of species is 

in flower during each interval but there is a significant depar­

ture from the expected equal number of species in flower (i.e. 

number of species/number of intervals). In the third tactic, the 

number of species in flower approximates normal distribution 

and there is a significant departure from an expected aqual 

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 initiation 

and blooming among the species (Mosquin/ 1971; Heinrich & Raven/ 

1972; Frankie et al., 1974; Stilus,'1975, 1977; Feinsinger/ 

1978). 

The pattern of fruit maturation and seeding have been 

discussed in detail by Janzen (1978) from the angle of animal-

plant interactions. He has related the timing of seed produc­

tion to be of adaptive significance for dispersal agent activi­

ty, seed predator behaviour/ resource allocation options within 

the plant and germination demands by the seedlings. 

Flushing and leaf fall; 

The adaptive significance of different types of leaf 

replacement strategies hase not received the kind of analysis 
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t ha t Janzen (1967) provided for flowering and f ru i t ing 

phenology. Jackson (1978) has discussed the adaptive advantages 

of d i f fe ren t kinds of leaf replacement a c t i v i t i e s in f o r e s t s . 

He has proposed t h a t the most advantageous s t r a t egy of leaf 

replacement in a perennia l p l an t in an aseasonal environment 

would be re tent ion and photosynthet ic use of an old leaf u n t i l 

a new leaf i s grown. Such a s t r a t egy would r e s u l t in maximum 

leaf f a l l during the optimal growing season or to a continuous 

level of leaf f a l l i f new leaf growth were to be continuous. 

In fac t , seasonal cold or drought s t r e s s i s usua l ly present 

and leaves must be shed to minimize the ef fec ts of t h i s s t r e s s . 

Because cold s t r e s s in cold temperate fores ts has a r e l a t i v e l y 

sudden and pred ic tab le onset/ cold temperate fores t s normally 

have a pulse of leaf f a l l at the end of the warm season 

(Bray & Gorham, 1964). In most of the lowland t r op i ca l f o r e s t s , 

leaf f a l l has been found to be maximum in the dry season 

p a r t i c u l a r l y at the end of t h i s season (Hopkins, 1966; Pi t tkau 

& Klinge, 1973; Frankie e t a l . , 1974). In some, t r op i ca l forests 

the maximal leaf f a l l has been reported during the wet season 

(Cornforth, 1970; Edwards, 1977; Jackson, 1978; Brassel e t a l . , 

1980). The only fores t s found to have non-seasonal leaf f a l l 

are Malaysian dipterocarps (Mitchell, c i t ed in Bray & Gorham, 

1964) , which are character ized by r e l a t i v e l y uniform cl imate . 



. . 8 .. 

LITTER PRODUCTION 

Since the classic work of Ebermayer (1876) a vast amount 

of literature concerning litterfall in forest stands has accu­

mulated. The subject is discussed in detail by Lutz & Chandler 

(1946) and Aaltonen (1948). Bray & Gorham (1964)/ Jordan (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 perts 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 

pathway for both energy and nutrient transfer." The dynamics v*' 

of litter accummulation processes are of particular interest 

in the humid tropical forests where rates of litter production 

and decomposition are very high. 

Seasonality of litter production: 

The pattern of litterfall varies greatly throughout the 

different climatic zones. In deciduous forests of the northern 

hemisphere/ leaf fall is normally concentrated in a rather 

short autumnal period, often with a pronounced peak in 

October and November (Viro, 1955; Witkemf & Van der drift/ 

1961; Carlisle et. al.,. 1966; Duvigneaud et« al># 1969; Anderson, 

1973). In a mixed Oak forest (Quareus ellipsoides & Q. alba) 
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in Minnesota, U.S.A., Reiners & Reiners (1970) foixnd t h a t 20% 

of the l i t t e r f e l l in September, 50% in October, 9% in the 

5 winter months and 21% (probably flowers, bud sca les e t c ) in 

April to August. In the evergreen Que reus i l e x woodlands in 

southern France, the leaves have a l i f e span of about 2 years 

and they ere shed mainly in the period from April to June with 

a peak in May (Rapp, 1969). 

In humid equator ia l fo res t s l i t t e r f a l l i s more or less 

continuous throughout the year although with a tendency for 

extensive f a l l s during or shor t ly af te r r e l a t i v e l y dry pe r iods . 

Thus, Laudelot & Meyer (1954) found tha t l i t t e r f a l l at 

Yangambi (Congo) was low during the ra iny season and reached a 

peak at the end of the dry season. Nye (1961) found in the 

moist t r op i ca l fores t s of Ghana a r e l a t i v e l y high l i t t e r f a l l 

during February and March due t ° a shor t dry season in January 

and February. Madge (1965) and Hopkins (1966) both working 

in Nigeria, found tha t maximum leaf f a l l occurred during the 

dry season months of November to March. The former s ta ted tha t 

leaf f a l l f luctuated l i t t l e during the wet season, at the s t a r t 

of dry season i t progress ively increased, culminating during 

the d r i e s t months and then f a l l i ng off again. A s imi la r pa t te rn 

was found in South-east China in fores ts dominated by 

Gironniera subaequ,alis (Rodin 6c Brazi levich, 1967). Here the 

leaves f e l l a l l the year round, but with a peak period from 

March-May, where March-April i s the dry season followed by the 
wet season s t a r t i n g in May. 
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Jorgensen e t al_. (197 5) maintained tha t th ree main fac­

to r s l imi t l i t t e r product ion: temperature/ water and nu t r i en t 

a v a i l a b i l i t y . The seasonal pa t t e rn of l i t t a r f a l l l a rge ly 

depends upon the factors responsible for leaf senescence and 

abcission in the component species and have been discussed in 

d e t a i l by Whitmora (1975), Addicott (1978) and Jackson (1978). 

Jackson (1978) suggested tha t the timing in l i t t e r f a l l i s a 

response to the degrae of seasonal i ty in both ternparature and 
i 

moisture. Rain has also bean considered to be a fac tor for 

increase in l i t t a r f a l l , as the increased weight of wet 

senasced mater ia l in tha canopy causes them to f a l l (Brassel 

e t £ i . 1980). John (1973)/ Hopkins (1966) and Brassel e t a l . 

(1980) associated l i t t e r f a l l r a t e s with wind v e l o c i t y . Tanner 

(1980) has observed t h t t l i t t e r f a l l par day during the dry 

season was about twice and during tha hurricane pariod was 

about 4 timas to tha t during the wet per iod. 

L i t t e r production p a t t e r n : 

L i t t e r production pa t te rn i s g rea t ly influenced by the 

prevailing c l imat ic conditions at d i f fe ren t c l imat ic zones. 

Bray & Gorham (1964) have shown the predominant influence of 

cl imats upon l i t t e r production. The mean l i t t e r production 

averages l t / h a , for Artie-Alpine zone, 11 t / h a for equator ia l 

fores ts and 3.5 and 5.5 tj/faa for cool and warm temperate 

fores ts respec t ive ly . Recent estimates of l i t t a r f a l l from 

t rop i ca l fores ts range from 5.5 to 15.3 tyfha per year . 
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(Madge, 1965; Mullar & Neilson, 196 5; Hopkins, 1966; Kira & 

Iwata, 1967; Wiegart, 1970; Hains & Foster , 1977; Jackson, 

1978; Brassel e t a l . , 1980; Tanner, 1980). Rate of l i t t e r 

production i s thus highest in the t ropics and dacraasas with 

increase in l a t i t u d e . Also, i t has been shown tha t the r a t e 

of l i t t e r f a l l . decreasas with decrease in l i g h t avai lable during 

the growing season along a world-wide gradient of decreasing 

l i g h t a v a i l a b i l i t y (Jordan, 1971 a ) . 

The major ro le of temperature in con t ro l l ing l i t t e r f a l l 

i s revealed when t o t a l annual l i t t e r f a l l i s p lo t t ed against 

l a t i t u d e , the re la t ionsh ip i s inverse and l i n e a r , with a maxi­

mum level of over 11 t / h a at the equator/ decl in ing s t ead i l y 

to a l i t t l e lass than 1 t / h a at l a t i t u d e 65°N in Europe, whare 

fores t grades in to Tundra (Bray & Gorham, 1964). L i t t e r f a l l 

pa t te rn may vary even at the same l a t i t u d e , i f coas ta l and 

montana fores ts are compared. Both s i t e s may receive equal 

amounts of so la r radia t ion but the mountain top s i t e may have 

a shor te r growing season and consequently the t o t a l amount of 

l i g h t avai labla for growth there i s l e s s (Jordan & Murphy, 

1978). 

Also, l i t t e r production pa t t e rn may vary according to 

topography, vegetat ion type, specias composition and many 

other b i o t i c and abio t ic , factors which have been dea l t at 

length by Bray & Gorham (1964). 



• L i t t e r f r a c t i o n s : 

Leaf l i t t e r by and l a r g e c o n s t i t u t e t h e ma jo r p o r t i o n 

of t h e t o t a l l i t t e r a l l o v - r t h e w o r l d , i t s c o n t r i b u t i o n 

b e i n g 60 - 76% t o t h e t o t a l l i t t e r (Bray & Gorham, 1.964). In 

t r o p i c a l f o r e s t s l e a f l i t t e r c o n t r i b u t i o n v a r y from 4 . 4 t o 

6 . 9 t / h a (Kl inge & R o d r i g u e s , 1 9 6 8 , C o r n f o r t h , 1 9 7 0 ; W i e g e r t , 

1 9 7 0 ; Edwards , 1 9 7 7 , T a n n e r , 1 9 8 0 ) . L i t t e r f r a c t i o n s o t h e r 

t h a n l e a f h a v e been l e s s i n v e s t i g a t e d e x c e p t t h e wood l i t t e r 

which haSa been b r i l l i a n t l y r e v i e w e d b y J o r d a n & Murphy ( 1 9 7 8 ) . 

J o r d a n (1971 a , b ) h a s found t h a t t h e r e i s no d i f f e r e n c e i n 

a n n u a l r a t e of wood p r o d u c t i o n be tween m e s i c f o r e s t s of t r o p i ­

c a l and t e m p e r a t e z o n e s , b u t t h e r a t i o of wood p r o d u c t i o n t o 

l i t t e r p r o d u c t i o n i n c r e a s e s w i t h i n c r e a s i n g l a t i t u d e and 

s u g g e s t e d t h a t a h i g h r a t i o c o n f e r s a g r e a t e r c o m p e t i t i v e 

a d v a n t a g e i n a r e a s w i t h a s h o r t g rowing s e a s o n t h a n i n a r e a s 

w i t h a l o n g g rowing s e a s o n . 

ARCHITECTURE AND GROWTH PATTERN 

E a r l y works on growth c h a r a c t e r i s t i c s of t r e e s a r e l a r g e l y 

c o n f i n e d t o t h e i r n o r t h t e m p e r a t e r e p r e s e n t a t i v e s (Btisgen & 

MUnch, 1 9 2 9 ; K o z l o w s k i , 1 9 6 4 ) . The g e n e r a l i z a t i o n s made from 

such s t u d i e s can n o t be r e p r e s e n t a t i v e f o r a l l t r e e s p e c i e s 

(Tomlinson & G i l l , 1973) c o m p a r a t i v e l y fewer i n v e s t i g a t i o n s 

have been c a r r i e d o u t on t r e e s of t r o p i c a l z o n e s . S t u d i e s 

s p e c i f i c t o t r o p i c a l t r e e growth i n o l d e r l i t e r a t u r e l a r g e l y 

r e f e r t o c o m p r e h e n s i v e i n v e s t i g a t i o n s of p h e n o l o g y (Biisgen & 



Munch, 1929). In addi t ion, there are several de ta i l ed repor ts 

on t r e e s of speci f ic areas (Coster, 1923 in the monsoon region 

of Java; Holttum, 1953 in Singapore; Medway, 1972 in Malaya). 

The s tudies of Koriba (1958) in Singapore • are generalized and 

e s s e n t i a l l y comparative in approach. This work re fe r s to periods 

during which species are v i s i b l y flushing i . e . exhibi t ing a 

crop of new leaves usual ly associated with shoot extension 

and i t has been concluded tha t t r e e s exhib i t endogenous rhythms 

in t h e i r growth. 

Some speci f ic s tudies which have inves t iga ted the 

dynamics of shoot i n i t i a t i o n and expansion in t r o p i c a l t r e e s 

include those by Bond (1942 s 1945) on t e a ; Halle & Martin 

(1968) on rubber; Purohit & Nanda (1968) on cal l is temon; 

Greathouse & La^tsch (1969, 1973) and Grcathouse e t a l . (1971) 

on cocoa; Borchert (1969) on ojggspanax./ Holdsworth (1963), 

Taylor (1970, 1975), Scarrone (1965) on Mango and Gi l l & 

Tomlinson (1971) on Rhizophora. 

The monumental works of Halle & Oldeman (1970, 197 5) 

and Halle'eJt a l . (1978) on the growth and dynamics of t r o p i ­

cal t r ee s hava opened up new avenues of systematic researches 

on the fores ts and t r ees of these a reas . 

Extension growth; 

Extension growth or the elongation of the branch axes 

of a shoot system, var ies widely among t r e e species in i t s 
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r a t e , phenology and underlying morphogenetic b a s i s . A wide 

range of extension growth pa t t e rns have been recognized in 

t r e e spec ies . On the one hand there are species with a s ingle 

flush of shoot growth wholly preformed in the previous y e a r ' s 

overwintering bud (determinate growth) as exemplified by many 

north temperate spec ies . Typically shoot elongation in such 

species i s completed rapidly (less than e ight weeks), during 

favourable growing conditions which include the longest phcto-

period of the year . On the other hand, the re are species where 

more leaves are produced along thG leader in a growing season 

than there are embryonic leaves and primordia in the winter 

bud. This has been referred to as indeterminate growth. 

These two pa t t e rns of growth have been widely recognized 

in temperate t r e e s . The growth in t r op i ca l t r ees i s more 

diverse than tha t in the temperate regions and the pe r iod ic i ty 

of shoot growth in t r op i ca l t r ee s has been a cent re of contro­

versy . If recurrent flushes occur at regular i n t e rva l s the 

growth has been termed as rhythmic or pe r iod i c , the same at 

i r r e g u l a r i n t e r v a l s has been ca l led as episodic , i n t e rmi t t en t 

or recurrent (Romberger, 1963; Zimmermann & Brown, 1971). 

Halle e£ a l . (1978) have c o l l e c t i v e l y placed a l l these under 

one broad category of rhythmic growth mainly in the context 

of t r op i ca l t r e e s where t ime-lag between d i f f e r en t growth 

flushes are very smal l . Thus, they have dis t inguished two 

main pa t t e rns of growth:-



• • J. J • • 

(i) Rhythmic growth - as defined by Halle & Martin (1968) in 

which shoots have a marked enodgenous periodicity of extension. 

This term may be regarded as synonymous with episodic (Romber-

ger/ 1963) or with intermittent growth (Koriba/ 1958). The 

term 'rhythmic' may imply a regular cycle/ though this is not 

intended in the definition by Halle" et al. (1978). 

After a period of dormancy flushing in tropical trees or 

bud burst in temperate trees, most strikingly demonstrates 

rhythmic growth. Flushing largely indicates rapid expansion of 

preformed leaves. In many trees with essentially rhythmic 

growth expansion is less rapid and less obvious, so that the 

term may have limited application. 

The morphological indication of rhythmic growth in the 

mature shoot is a more or less pronounced segmentation of the 

axes (referred to by Tomlinson & Gill (1973) as 'articulate 

growth). In trees which develop bud scales, there may be a 

series of short internodes or small leaves. For many trees 

with rhythmic growth the most conspicuous feature is the 

development of groups or tier of branches and the periodic 

production of branches in relation to rhythmic growth has been 

referred to as 'rhythmic branching. ' 

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

genous periodicity of extension. It implies that th<f apical 

meristem undergoes no 'rest1 or in tii'e more precise usage of 
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Romberger (1963) 'quiescence'. The trees 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 distinguished by the absence 

of pronounced morphological segmentation. A more or less conti­

nuous process of leaf production is involved in continuous 

growth. This is implicit in Koriba's (1958) description and in 

the type of shoot referred to as 'non-articulate' by Tomlinson 

& Gill (1973). 

Tree architecture ; 

Organization in trees reflects the precisely controlled 

genetic programme which determines their development. This has 

been comprehensively described by the pioneer works of Halle & 

Oldeman (1970/ 1975) by means of their concept of architecture, 

which has permitted a typological categorization of growth 

models. The visible morphological expression of the genetic 

blueprint of a tree at any one time is referred to as its 

architecture. For a tree the growth programme which determines 

the successive architectural phases is called as its architec­

tural model or shorter, its model (Halle et al. 1978). Thus 

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

Architecture is a dynamic concept distinct from shape or 

physiognomy which is static. Similarly/ it is not synonymous 

to growth habit, which refers essentially to the ultimately 

expressed form of the organism (herb, shrub or tree) and 
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implicates size. Architecture does not involve size and dimuni-

tive herbs and giant forest trees may exhibit ̂-precisely the 

same architecture. Halle" & Oldeman (1970) haVedescribed 21 

architectural models, £ach 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 criteria which relate to primary 

extension growth. 

Branching and axis differentiation: 

Unbranched trees are those like single stemmed palm of 

which the coconut is a familiar example/ remain vegetatively 

unbranched because they lack lateral meristems completely. 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 simplest 

mechanism for proliferation of a meristam is by its equal divi­

sion into two daughter meristems of initially equal growth 

potential. This is called as dichotomy or terminal branching. 

Only one architectural model (Schout's) has been accounted for 

such trees. The axillary or lateral branching involves the 

development at each node of one or more lateral meristems from 

the terminal meristem, which may or may not continue its acti­

vity. Axillary branches are formed by two methods; Syllepsis 
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or p r o l e p s i s . The def in i t ion of Spath (1912) as r e s t a t ed by 

Halle e t a l . (1978) for sy l l eps i s i s ' the continuous development 

of a l a t e r a l meristem to es tab l i sh a branch, without an evident 

intervening period of r e s t of the l a t e r a l meristem.1 Halle"ejt a l . 

(1978) define p ro leps i s as ' the discontinuous development of a 

l a t e r a l oud frum a termin al meristem to e s t ab l i sh a branch / with 

some intervening period of r e s t of the l a t e r a l meristem. ' 

Morphology of branch expression; 

In monopodial branching, l a t e r a l branch meristems are 

produced (continuous or rhythmic) by a permanent terminal 

meristem. In sympodial branching, l a t e r a l branch meristems 

successively function for a l imited period as a terminal shoot 

and are successively evic ted , there i s no permanent meristem. 

Sympodial growth by subs t i tu t ion occurs when the terminal meri­

stem e i t h e r aborts or becomes reproductive and makgs no furfehfer 

contr ibut ion to the vegeta t ive a rch i tec ture of the t r e e . Sympo­

d i a l growth by apposition occurs when both terminal and l a t e r a l 

meristems of each un i t ring, evicted in to a sub-ordindate pos i t ion 

and extension growth of the axis i s continued by a vigorous 

l a t e r a l which in i t s ' t u r n eventual ly becomes abruptly erected 

(Koriba, 1958; Tomlinson, 1978). 

Pn o r thot ropic shoot has an e rec t o r i en ta t ion (negatively 

geot ropic) , r ad i a l symmetry and phyl lo taxis most commonly 

decussate or s p i r a l . A p lag io t rop ic shoot has a hor izonta l or 

oblique or ien ta t ion (more or less diageotropic) and dorsiven-
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tral symmetry either by virtue of a distichous phyllotaxis or 

if spiral or decussate, by secondary orientation (petiolar or 

pul^tni or twisting of internodes). The degree of differentia­

tion of a meristem may be changed either by external influences 

or by modifications of internal correlations. Of special inte­

rest are those woody plants in which there is no inherent change 

of expression within a single meristem producing axes of archi­

tectural significance. Such axes are described by Halle" & Olde­

man (1970) as mixed axes. Among the several possibilities of the 

most distinctive type are those axes in which an initial ortho-

tropic phase shows a pronounced distal curvature/ the site of 

a future branch complex. 

Reiteration 

The concept of reiteration of the tree model exists as an 

ecological extension of the architectural concept (Oldeman,1974), 

At the beginning of tree's life after germination, it produces 

the initial model/ which is one of those described by Halle & 

Oldeman (1970). Later and under propitious ecological, conditions/ 

meristems which do not initiate any growth during the model's 

development, may.copy all or part of the model. This copy should 

not be confused with a ramification and is called a 'reitera­

tion*. Thus/ the process of reiteration is a mechanism of 

architectural adjustment by which the damaged tree accommodates 

itself to its environment. 
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Trees in the forest which conform to the initial model 

or those having fewer reiterations constitute the set of future/ 

those which have developed a lot of reiterations constitute the 

set of the present. A tree of the 'future' is not always younger 

than one of the 'present', but it still keeps its growing poten­

tial. Last/ the set of the p?.st is constituted by the trees of 

which the old age or poor ecologic conditions lead to the 

architecture's degradation. 

In each structural ensemble in the forest, the different 

points where bigger reiterations occur, constitute an irregular 

space which is called the inversion surface. The levels of those 

surfaces correlate with different storeys where the tendency to 

produce always bigger organs such as stems, reverses and becomes 

a tendency to produce smaller organs such as little branches 

around the crown. This architectural inversion involves the 

regulation of vertical gradients of light and humidity which 

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

Branch and leaf orientation 

Branching pattern is one of the most conspicuous features 

of woody plants. Sfficacious leaf-display, minimization of 

non-photosynthetic tissue (Horn, 1971; Whitney, 1976; Honda & 

Fisher, 1978), structural strength (McMahon & Kronhaur, 1976) 

and optimization of translocation (Leopold, 1971; Leigh, 1975) 

are the potential adaptive functions of branching design of 
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t r e e s . Thus, i t provides the s t r u c t u r a l support and leaf expo­

sure of woody p l a n t s . Species growing in d i f f e ren t environments 

have adopted d i f fe r ing branching pa t te rn and leaf display cha­

r a c t e r i s t i c s , Vihitney (1976) proposed tha t the species of closed 

fores t s growing under canopy shade are se lected to favour mini­

mization of shading within the crown. Horn (1971) categorized 

t h i s type of leaf d isplay as a non-random, highly s t ructured 

monolayer. In cont ras t to t h i s , t r e e s adapted to open s i tua t ions 

would be expected to approach a mul t i layer s t a t e / having a 

number of small overlapping leaves randomly d i s t r i bu t ed through 

the crown (Horn, 1971). 

The geometry of phtosyntljetic apparatus i s an important 

feature in the Adaptive mechanism of t r ees and has been re l a t ed 

to t h e i r s t ra tegy for l igh t in te rcept ion (Horn, 1971; Douglas & 

Ramsaden, 1973; Lang, 1973; Monsi e£ a l . 1975). Generally, the 

o r ien ta t ion of leaves in sun pos i t ions of the crown or the 

leaves of the upper canopy i s such as t o enhance photosynthesis 

and promote leaf cooling during high so la r r ad i a t i on . In shade 

p o s i t i o n s , leaves o r i en t t o maximize the indiv idual lecif photo­

synthesis by displaying themselves in hor izonta l monolayers 

-(Horn, 1971; Batesr a t a l . ^ 1973; _Honda & Fisher , 1978; 'McMillan 

& MoClandon, 1979j- -ftLcka^ & Kempf, 1980)*, ' 

Bifurcation r a t i o ; 

Differences in branching in t r ee s are demonstrated by 

the bifurcat ion or branching r a t i o , which i s the r a t i o of 
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numbers of distal to proximal branches. This type of ratio was 

first used to quantify the drainage patterns of stream basins 

(Horton, 1945). More recently it has been used to characterize 

the branch networks of biological systems, such as trees 

(Holland, 1969; Leopold, 1971; Oohata & Shidei, 1971; Baker 

£t als./ 1973; McMahon & Kroaauer, 1976; Whitney, 1976; Thornley, 

1977; Niklas, 1978; Steingraeber et al., 1979; Pickett & Kempf, 

1980; Kempf & Pickett, 1981). 

Oohata & Shidei (1971) subjected seedlings of Quercus 

phillyrafcoidas to different planting densities and levels of 

light intensity and found that bifurcation ratio was insensitive 

to changes in light environment. Whitney (1976) compared bifur­

cation ratios of open and shade grown Fraxinus americana and 

similarly concluded that bifurcation ratio values approach a 

species specific constant. Whitney (1976), further suggested 

that bifurcation ratio is a measure of morphological adaptation 

to a particular succassional status. Thus, the lower bifurcation 

ratios are associated with the monolayer late successionals, 

while higher ratios are associated with multilayer display of 

leaves, characteristics of early successional species (Whitney, 

1976). Racently, Steingraeber et al.. (1979) and Pickett & 

Kempf (1980) have shown that bifurcation ratio varies within a 

single species growing under different environments. Thus, they 

found that individuals from exposed habitats had higher branching 

ratios and in addition also possessed longer tarminal branches 

than those beneath the canopy. 



However / b i f u r c a t i o n r a t i o , i s c o n s i d a r a d t o ba a r e l a ­

t i v e l y c r u d e i n d e x of t r e e a r c h i t e c t u r e / w h i l e b r a n c h a n g l e and 

b r a n c h l e n g t h h a v e baan found i n b o t h r e a l and model t r e e s t o 

h a v e a ma jo r e f f e c t on t h e a c r h i t e c t u r a (Honda & F i s h e r , 1 9 7 8 ; 

S t a i n g r a e b e r ejt a l . , 1 9 7 9 ; P i c k a t t & Kempf (1980; Kempf & P i c k e t t / 

1 9 8 1 ; Ne l son ^ a l . , 1 9 8 1 ) . 

LEAF DYNAMICS 

H i g h a r p l a n t s a r e a l l o r g a n i s e d as i t e r a t i o n s of a b a s i c 

c o n s t r u c t i o n modula and l e a f w i t h i t s a x i l l a r y bud i s t h e c o n ­

s t r u c t i o n u n i t i n t h a s h o o t (Harper & W h i t e / 1970 ; H a r p e r & B e l l / 

1 9 7 9 ; W h i t e / 1 9 7 9 ) . As a p l a n t grows new modules a r e added t o 

t h e s t r u c t u r e and o l d onas d i a . The p a r t s of a m o d u l a r o r g a n i s m 

h a v e t h e i r own o i r t h and d e a t h r a t e s ; a g e n e t h a s i t s own 

i n t a r n a l p o p u l a t i o n dynamics and t h e r e l a t i v e p l a c e m e n t of t h e 

modu la r u n i t s d e t e r m i n e s t h a forms of t h a o r g a n i s m . Form i s a 

c o n s e q u e n c e of dynamics (Harper & B a l l / 1 9 7 9 ) / and t h e dynamic 

c o n c e p t of a r c h i t e c t u r e (Halle" a £ a l . 1978) a l s o i n t e r p r e t s t h e 

p l a n t growth i n t e r m s of t h e o r g a n i z e d a c c u m u l a t i o n end f l u x of 

s p e c i f i c c o n s t r u c t i o n a l u n i t s ( b u d s , l e a v e s e t c . ) a t t h e b l u e ­

p r i n t . 

Leaf and i t s a x i l l a r y bud a r e t h e s m a l l e s t modula of t h e 

o r g a n i z e d s t r u c t u r e i n h i g h e r p l a n t s and l e a v e s may have many 

p r o p e r t i e s a s s o c i a t e d w i t h members of p o p u l a t i o n s / e . g . t h e y 

may i n c r e a s e i n number e x p o n e n t i a l l y i n a r a p i d l y g rowing p l a n t / 



thay hava juven i le , mature and sanascant phasas; daa th- ra tas 

and survivorship curvas . Bazzaz & Harpar (1977) hava shown tha t 

i t i s r a l a t i v a l y easy and rewarding to dascriba tha growth and 

raact ion of p lan t s to d i f f e ren t environments by applying demo­

graphic procedures for the analysis of populations of leaves . 

Though some aspects of leaf demography of t r e e species have 

been worked out l i ke census (Busgen & Munch, 1929)/ longevity 

(Gill & Tomlinson, 1971o), age-s t ructure (Kinerson e t a l . , 1971) 

or abcission s t r a t e g i e s (Kozlowski, 1973; Addicott , 1978), no 

de ta i led demographic s tudies are avai lable on the leaves in the 

canopy of t r e e s . 

Leaf production; 

Leaf production estimates have been of i n t e r e s t to fores­

t e r s and h o r t i c u l t u r i s t s (usually as a p a r t of widar s tudias on 

p roduc t i v i t y ) . The ear ly s tudias on leaf production estimates 

have bean reviewed by Busgen & Munch (1929). With the increased 

emphasis on the ro le of leaf biomass in ecosystem studias and 

primary produc t iv i ty (Baskarvil le , 1965; Satoo, 1970)/ l a t e r 

inves t iga t ions were car r ied out on changes in leaf production 

ovar time in mono-specific stands (Rannie, 1955; Ovington & 

Haitkamp, 1960; Switzer ej; a l . , 1967; Wiegert & Monk, 1972; 

Marks, 1974) and mixed-species fores t s (Covington & Aber, 1980). 

But the s tudies from demographic poin t of view considering 

the dynamics of leaf populations (flux) , are lacking for t r e e 

spec ies . 



Leaf l o n g e v i t y ; 

Most l e a v e s a r e d e t e r m i n a t e i n growth ( though a few a r e n o t 

and r e t a i n a f u n c t i o n i n g a p i c a l m e r i s t e m / H a l l e e £ a l . , 1978) and 

have a d e t e r m i n a t e l i f e s p a n . W i t h i n a s p e c i e s t h i s l i f e span may 

be e n v i r o n m e n t a l l y d e t e r m i n e d . Leaf p o p u l a t i o n s u n d e r g o m o r t a l i t y 

o v e r a t i m e p e r i o d s S u r v i v o r s h i p c u r v e s b e s t r e p r e s e n t t h i s 

p a t t e r n and h a v e been c o n s t r u c t e d f o r v a r i o u s s p e c i e s : Ab ies 

v e i t c h i i (Kinerson e t . a l . , 1 9 7 4 ) ; Ac t inodaphne l o n a i f o l j a (Yuwaka 

et, a l . / 1 9 7 7 ) ; Ledum g r o e n l a n d i c u m , Kalmia p o l i f o l i a , Chamaedaphne 

c a ^ y c u l a t a (Reade r , 1 9 7 8 ) ; Linum u s i t a t i s s i m u m (Bazzaz & H a r p e r / 

1977) ' ; and v i o l a s o r o r i a ( S o l b r i g e t a l . / 1 9 8 0 ) . W i t h o u t e x c e p ­

t i o n t h e y a l l show Deevey Type I s u r v i v o r s h i p c u r v e :(Deevey, 

1 9 4 7 ) , whe re t h e r e i s an i n i t i a l p e r i o d of c o n s t a n t low p r o b a b i ­

l i t y of d e a t h f o l l o w e d b y a r a p i d l y i n c r e a s i n g r i s k . 

I n p l a n t s t h a t c a r r y c o h o r t of l e a v e s f o r more t h a n one 

y e a r an age s t r u c t u r e may d e v e l o p i f s u c c e s s i v e a n n u a l c o h o r t s 

o v e r l a p . S t u d i e s on l e a f a g e - s t r u c t u r e e x i s t f o r c e r t a i n s p e c i e s 

s i n c e t h e p h y s i o l o g i c a l s i g n i f i c a n c e of l e a v e s of d i f f e r e n t 

age c l a s s e s a f f e c t t r e e p r o d u c t i v i t y (L inzon , 1 9 5 8 ; Woodman, 1 9 7 1 ; 

K i n e r s o n e £ a l . , 1 9 7 4 ) , 

SEED GERMINATION, SEEDLING ESTABLISHMENT AND INITIAL 

GROWTH CHARACTERISTICS 

Gormine t ion and e s t a b l i s h m e n t a r e two c r i t i c a l p h a s e s i n 

t h e l i f e c y c l e o f a p l a n t . W hi l e much i s known a b o u t t h e p h y s i o ­

l o g i c a l p r o c e s s e s which o c c u r a t t h e t i m e of g e r m i n a t i o n , i t s 
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adaptive aspects have received little attention (Kozlowski, 

1972; Hydecker, 1973). It hes been argued by Harper et al. 

(1961, 1965) and Silverton (1980) that the number of plants 

established from seed may be regulated by the availability of 

'safe germination' sites. 'Gap detection' is the term coined 

by Thompson et al. (1977) which enables a seed to avoid germi­

nation until conditions are favourable. The most direct means 

of gap detection for a seed would probably involve a mechanism 

of germinability to the degree of shading which the seedling 

would encounter if the seeds were to germinate. Thus, the 

pioneer species have evolved a mechanism of dormancy till the 

availability of gap (dormant/Buried seed strategy - Marks, 1974) 

or for the transportation of seeds from outside sources (fugi­

tive strategy - Hutchinson, 1951). 

Germination requirements of different species or the 

populations of the same species represent the normal conditions 

for their germination under natural conditions and these hove 

been related to the distribution arid adaptation pattern of 

species/populations (Koller e_t al., 1962; Harper, 1965; Cohen, 

1967; Ramakrishnan, 1S72; Ross & Harper, 1972; Kapoor & Rama-

krishnan, 1973; Thompson, 1973). Widely distributed tree species 

encounter different environmental conditions over their dis­

tribution range. This brings into a consideration of role of 

ecotypic differences in seed germination, seedling establish­

ment and initial growth of tree species. Adaptive differentia­

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) 

for tree species. Whilst the ecotypic studies have received 

considerable attention in this country with respect to herba­

ceous species (Ronakrishnan & Khosla, 1971; Kapoor & Ranakrish-

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

Differences in early growth characteristics of ecotypic 

populations of tr^es are exemplified by many temperate tree 

species, the work on which has been reviewed by Wareing (1956) 

and Vaartaja (1959)/ and there 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 behaviour of popu­

lations being related to local habitat conditions. The differen­

ces in cone scale morphology in P,j.cea populations along an 

altitudinal belt observed by this worker was r^l^ted to dormancy 

patterns and ultimately to the overwhelming influence of envi­

ronment . 

ECOLOGICAL STRATEGY OF TRESS 

Strategy/ in an economic or military sense, is the reci­

procal set of actions and reactions between two conflicting 

groups directed to the attainment of the ends of each group. 

The concept has been widely used in animal ecology and has 
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recently penetrated the fields of plant ecology and evolution. 

There have been strong objections to its usage in animal and 

plant ecology (Grubb, 1980) and a plea has been made by Stevens 

(Communicated by Whitmore at Harvard Symposium 'Tropical trees 

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

word so charged with notions of planning and tactics, with a 

more anthropogenic word 'syndrome'. Disregarding its teleologic 

interpretation it has been used with an analogous meaning by 

ecologists to refer to the way an organism partitions or deploys 

its resources in the struggle for existence. Grime (1979) 

broadens the meaning of strategy by encompassing all ecologi­

cally significant attributes of an organism. 

For trees, - occupation of space is an inherent mechanism 

without which a population cannot survive/ and it is towards 

the interpretation of such mechanisms that much of the concept 

of strategy in plant ecology is directed (Halle et al., 1978). 

The idea of two main trends in selection of specific strategies 

from the work of animal biologists (McArthur & Wilson/ 1967; 

Pianka, 1974; Blonde'l, 1975) i.e. *r' and 'K* selection with 

relation to tree species have been discussed in detail by 

Halle' e^ al. (1978). It is stated that each architectural tree 

model represents standard solution to the utilization of energy 

offered by the environment. Sach of the architectural models 

proposed by Halle' et al. (1978)f d/a-fnore or less suited to an 

'r ~ determined or K*- determined life cycle and are in accord 



with Pianka (1974) in thinking of an r to K se lec t ion continuum 

along which an organism can have a d i f fe ren t pos i t ion according 

to the p a r t i c u l a r environment. Most t r e e a rch i t ec tu ra l models 

can be recognized as int j rmediates between extreme r and K 

p l a n t s . 

For t r e e s , there i s a useful representat ion of the energy 

d i s t r i bu t i on between vegeta t ive (K-oriented) and reproductive 

( r -or iented) s t r a t e g i c s . JNciy defence against predators i s i n ­

corporated in to the complex of K-oriented factors (competi t ive). 

And because of a t r e e ' s immobility-/ physical f l i g h t from preda­

to r s i s poss ib le only in the seed-phase and i t i s then linked 

to the reproductive (r -or ien ted) behaviour of t r e e s . Re i te ­

ra t ion which represents a s h i f t towards more abundant flowering 

and f r u i t s e t / a r e s u l t of the progress towards neoteny in the 

successive r e i t e r a t e d models/ i s a s h i f t towards r - s t r a t e g y in 

t r ee s (Halle' e t a l . , 1978). 

Bormann & Likens (1979)have proposed two growth s t r a t e g i e s 

of t r e e species to occupy the d i f fe ren t stages of ecosystem 

development af ter d is turbance . The two cont ras t ing s t r a t e g i e s 

are ; exploi t ive s t r a t egy bes t adapted to condit ions immediately 

af te r disturbance su i ted f o r ea r ly successional environments 

where there i s minimum competition and abundant na tu ra l resour­

ces/ and a conservative s t ra tegy b e t t e r adapted t o l a t e succes­

s ional environments/ of high competition and l e s s e r resource 
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a v a i l a b i l i t y . S i m i l a r p a t t e r n s of p l a n t a d a p t a t i o n o r s p e c i e s 

s t r a t e g i e s h a v e been i m p l i c a t e d o r p r o p o s e d i n a number o f 

o t h ^ r s t u d i e s (Grime, 1974; 1 9 7 9 ; H a r p e r & W h i t e , 1 9 7 4 ) . 

H a r p e r & W h i t e ' s (1974) c o n c e p t o f s h a d e - i n t o l e r a n t c o l o n i z i n g 

( r - t y p e ) s p e c i e s , f o r i n s t a n c e , i s c l o s e l y r e l a t e d t o t h e 

e x p l o i t i v e g rowth s t r a t e g y . By way of c o n t r a s t , s h a d e - t o l e r a n t 

s p e c i e s , p o s s e s s i n g fewer and l a r g e r s e e d s and a l o n g j u v e n i l e 

p e r i o d c o u l d b e c o n s i d e r e d r e p r e s e n t a t i v e of t h e c o n s e r v a t i v e 

(K) s t r a t e g y . 

THE PRESENT STUDY 

The p r e s e n t s t u d y on th.3 e c o l o g i c a l a d a p t a t i o n of a 

, J f o r e s t e c o s y s t e m i s aimed a t t h e a n a l y s i s of i m p o r t a n t a d a p t i v e 

I I s t r a t e g i e s of the fo res t , in terms of i t s cons t i tuen t u n i t s , the 

If 
I}iindividual t r e e s . The t r e e has been considered as an ac t ive , 

adaptable un i t and the fores t being made up of a vas t number of 

such un i t s i n t e r ac t i ng with each o ther . 

The seasonal adaptation of the fores t community has bjen 

1 studied by considering the phenological a c t i v i t i e s of important 

over-and understorey t r ee species in the fo r e s t . The co r re l a -
I 

tions of d i f ferent phenological events — flowering, f r u i t i n g , 

flushing and leaf f a l l - with the seasonal environmental 

t r i gge r s have been considered as the adaptation of t r ees and 

the fores t community as a whole to the c l imate . The s tudies 

on l i t t e r f a l l pa t te rn deals with the pa t te rn of l i t t e r - pro­

duction, taking in to account both seasonal i ty and ra te of 
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production. The t o t a l l i t t e r as well as the contr ibut ion of 

l i t t e r fractions to the t o t a l l i t t e r have been quan t i f i ed . This 

study i s compared with other re levant works in t r o p i c a l and 

sub- t ropica l c l imates . 

Studies on growth pa t te rn and a rch i tec ture have been done 

keeping in view the dynamic process of a r ch i t ec tu ra l develop­

ment from bud-pro l i fe ra t ion/ branching dynamics,, leaf arrange­

ment to overa l l geometry of the t r e e . This technique separates 

growth in to component processes and t h e i r ef facts on adaptive 

s t ra tegy of t r ee s for niche occupancy have been analysed. The 

archi tec ture build-up and growth pa t te rn of two ecologica l ly 

cont ras t ing group of species namely ear ly and l a t e successional 

species of the fores t ecosystem have been s tudied . Branch and 

leaf display c h a r a c t e r i s t i c s and bi furcat ion r a t i o s of these 

species have been quant i f ied and re la ted to t h e i r s t ra tegy of 

growth and dynamics in the fores t community. 

The demographic technique has been applied to the study 

of leaf popula t ions . The study takes in to account the dynamics 

of leaf populations ( i . e . b i r t h and death and r e su l t an t f lux) / 

t h e i r age-s t ructure and age-d is t r ibu t ion / mor ta l i ty and su rv i ­

vorsh ip . The survivorship curves have been constructed for the 

d i f fe ren t cohort of leaves and compared with the pa t t e rns of 

survivorship in other s t u d i e s . This has revealed the seasonal i ty 

of b i r t h and death of leaves as well as th^ overa l l pa t te rn of 

l ea f ines s . The dynamics of leaf populations i s discussed in 

r e l a t i on to tha ecological s t r a tegy of t r ee spec ies . 



Schima khasiana and S. w a l l i c h i i are two important ea r ly 

successional components of fores t ecosystems of nor th-eas tern 

India , The growth pa t t e rn and a rch i tec ture of i^hose species have 

been considered along t h j i r altitudi-na-L'..«aistritoutlQn pattern-. The 

overa l l a r ch i t ec tu ra l development pa t te rn and growth s t ra tegy 

°f Schima have been analysed in r e l a t i on to i t s success and 

ro le in the fores t ecosystem as an ear ly successional colonizer 

as well as i t s a l t i t u d i n a l d i s t r i b u t i o n p a t t e r n . 

Studies on germination ecology of Schima khasiana and 

§.* Wall ichi i populations have been done under laboratory condi­

t ions and seedling establishment and growth performance at 

d i f fe ren t a l t i t u d i n a l f ie ld condi t ions . These have been d i s ­

cussed in r e l a t i on to the species adaptation at d i f fe ren t 

a l t i t u d e s . Germination ecology of the ear ly successional Alnus 

nepalensis has been studied under laboratory conditions and 

re l a t ed to i t s ro le in the fores t ecosystem. 



SECTION A 

SEASONAL ADAPTATION 



CHAPTER I 

Phenology of t r ee s in a sub- t rop ica l evergreen 

montane fores t in nor th -eas t India 
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PHENOLOGY OP TREES IN A SUB-TROPICAL EVERGREEN MONTANE FOREST 

IN NORTH-EAST INDIA 

INTRODUCTION 

The c o n c e p t s and s i g n i f i c a n c e of p h e n o l o g i c a l s t u d i e s i n 

t h e u n d e r s t a n d i n g of e c o s y s t e m f u n c t i o n h a v e been d i s c u s s e d 

b y LejTth (1970) and L ^ t t h & Radford ( 1 9 7 1 ) . S t u d i e s on t h e 

p h e n o l o g i c a l p a t t e r n s of t r e e s a r e i m p o r t a n t n o t o n l y from an 

a p p l i e d p o i n t of v iew f o r c o n s e r v i n g gene r e s o u r c e s and f o r 

a r a t i o n a l f o r e s t r y management programme (S t e rn & Roche , 1 9 7 4 ) , 

b u t a r e a l s o s i g n i f i c a n t f o r a b e t t e r u n d e r s t a n d i n g of t h e 

e c o l o g i c a l a d a p t a t i o n s of i n d i v i d u a l s p e c i e s as w e l l as com­

m u n i t y l e v e l i n t e r a c t i o n s . T h u s , f o r e . g . t h e e f f e c t s of 

h e r b i v o r y w i l l v a r y s i g n i f i c a n t l y be tween p l a n t s w i t h s h o r t ­

l i v e d l e a v e s and t h o s e wh ich r e t a i n them f o r many y e a r s . For 

a b e t t e r u n d e r s t a n d i n g of p r o d u c t i v i t y , i n d i v i d u a l l e a f 

p h e n o l o g y i s i m p o r t a n t ( B e n t l e y , 1 9 7 9 ) . F u r t h e r , any u n d e r ­

s t a n d i n g of t h e o r g a n i z a t i o n of t r o p i c a l communi t i e s b a s e d on 

p i a n t - a n i m a l s p e c i e s i n t e r a c t i o n s must b e b a s e d on a knowledge 

of t h e s e a s o n a l i t y of p r o d u c t i o n of p l a n t p a r t s (Mooney e t a l . 

1 9 8 0 ) . 

Much of t h e s t u d i e s on t h e p h e n o l o g y of t r e e s done i n 

t r o p i c s , p r e s e n t o n l y a p a r t i a l a n a l y s i s ^ of l e a f i n g , f l o w e r i n g 

and f r u i t i n g d a t a (McClure, 1960 ; R e e s , 1964 ; N e v l i n g , 1971) 

and o n l y r e c e n t l y h a s t h e r e been a s y s t e m a t i c a t t e m p t t o make 

c o m p a r a t i v e and q u a n t i t a t i v e s t u d i e s on t h i s p r o b l e m ( F r a n k i e 

e t a l . , 1 9 7 4 ; P u t z , 1 9 7 9 ; Op le r e t a l . , 1 9 8 0 ; P r i m a c k , 1 9 8 0 ) . 



PLATE 1 

A view of the s u b - t r o p i c a l evergreen montane f o r e s t 

a t Ifoper S h i l l o n g . 

PLATE 2 

A c l o s e view of t h e sac red f o r e s t grove a t Ifoper 
S h i l l o n g . 
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T h i s s t u d y d e a l s w i t h t h e s e a s o n a l i t y p a t t e r n s i n a s u b ­

t r o p i c a l , humid , e v e r g r e e n montane f o r e s t community n e a r 

S h i l l o n g (25°34 'N and 9 1 ° 5 6 ' E ) a t an a l t i t u d e of 1900 m. T h i s 

f o r e s t community i s .a r e l i c t s a c r e d f o r e s t g r o v e which i s 

m a i n t a i n e d i n a c o m p a r a t i v e l y u n d i s t u r b e d s t a t e b e c a u s e of t h e 

f a i t h and t r a d i t i o n of t h e l o c a l Khas i t r i b e who b e l i e v e t h a t 

s y l v a n d e i t i e s would b e o f f e n d e d , i f t r e e s a r e c u t o r f l o w e r s 

and f r u i t s a r e p l u c k e d . T h e r e f o r e / t h i s i s r e p r e s e n t a t i v e of 

t h e c l i m a x f o r e s t t y p e of t h i s area., wh ich o t h e r w i s e i s 

h i g h l y d i s t u r b e d due t o s l a s h and b u r n a g r i c u l t u r e (Ramakri -

shnan & Toky, 1 9 7 8 ) . 

CLIMATE AND VEGETATION 

The c l i m a t e i s s e a s o n a l w i t h monsoonic p a t t e r n of r a i n ­

f a l l w i t h o v e r 80% of i t o c c u r r i n g d u r i n g May t o S e p t e m b e r . 

The y e a r may be d i v i d e d i n t o f o u r more o r l e s s w e l l marked 

s e a s o n s ; ( i ) a p e r i o d of h e a v y r a i n d u r i n g May-September ; 

( i i ) a p e r i o d which marks t h e r e t r e a t o f monsoon c h a r a c t r i z e d 

by low r a i n f a l l and e q u a b l e t e m p e r a t u r e i n Oc tober -November ; 

( i i i ) a w i n t e r p e r i o d d u r i n g D e c e m b e r - F e b r u a r y / marked by low 

t e m p e r a t u r e and s c a n t y r a i n f a l l and ( i v ) a warm windy summer 

d u r i n g M a r c h - A p r i l . The summer t e m p e r a t u r e does n o t e x c e e d 

more t h a n an a v e r a g e maximum Of 25°C and i n w i n t e r i t g o e s 

down t o an a v e r a g e minimum of 3°C (Fig 1 . 1 ) . 

The v e g e t a t i o n i s a mixed e v e r g r e e n b r o a d - l e a v e d f o r e s t 

c o n s i s t i n g of Oaks and l a u r e l s as d o m i n a n t s . At l o w e r l e v e l s 

on t h e h i l l , t h e t a l l e v e r g r e e n a s s o c i a t i o n h a s Quercus 



Fig. 1.1 : Ombrothermic diagram of the study area. 
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de a l b a t a , Q. g r i f f i t h i i , P a s a n i a s p i c a t a , M a n q l i t i a i n s i q n i s # 

Schima k h a s i a n a , M a c h i l u s k i n g i i and Cinnamomum i m p r e s s i n e r v u m 

w i t h an u n d e r s t o r e y of Eu rya J a p Q n i c a , Myrs ine s e m i s e r r a t a , 

L i n d e r a frulcherima, Symplocos and L i t s e a s p e c i e s . At t h e 

summit (se.2l0Qm) t h e dwarf e r i c a c e o u s a s s o c i a t i o n c o n s i s t s 

c h i e f l y o f Rhododendron s p e c i e s a l o n g w i t h o t h e r dwarf t r e e s 

l i k e Symp l o c o s s p i c a t a , B laegnus p y r i f o r m i s and Quercus d e a l b a -

t a . The s h r u b s t r a t u m h e r e c o n s i s t s of Daphne a h i l l o n g / 

O s b e c k i g C r e n a t a and Coffee, kh a s i an a as t h e main e l e m e n t s . 

METHODS OF STUDY 

P h e n o l o g i c a l r e c o r d s w e r e n o t e d f o r t a g g e d i n d i v i d u a l s of 

t h e s p e c i e s a l o n g f i v e p e r m a n e n t t r a n s e c t s 200m i n l e n g t h . The 

t r a n s a c t r e c o r d s w e r e s u p p l e m e n t e d b y generc .1 p h e n o l o g i c a l o b ­

s e r v a t i o n s on t r e e s a t random. A l l t h e d a t a p r e s e n t e d h e r e a r e 

b a s e d on 10 r e p l i c a t e i n d i v i d u a l s o r more of e a c h s p e c i e s o v e r 

a p e r i o d o f two y e a r s ( J a n u a r y 1978 t o J a n u a r y 1 9 8 0 ) / a t 

m o n t h l y i n t e r v a l s . F o r e a c h t a g g e d t r e e r e c o r d s were made of~-" 

l e a f d e v e l o p m e n t / l e a f f a l l , f l o w e r i n g and f r u i t i n g . The c a t e ­

g o r i e s ' n o n e ' / ' f e w ' and 'many ' we re employed and a s s i g n e d 

v a l u e s of 0 , 1 and 2 r e s p e c t i v e l y , f o l l o w i n g O p l e r et a l . 

( 1 9 8 0 ) . The m o n t h l y v a l u e s f o r e a c h c h a r a c t e r i t i c s f o r a l l 

i n d i v i d u a l s of each s p e c i e s / we re summed s e p a r a t e l y and d i v i d e d 

by t h e number of i n d i v i d u a l s . T h e r e b y a mean v a l u e was o b t a i n e d 

f o r e a c h p h e n o l o g i c a l c h a r a c t e r i s t i c of ©ach s p e c i e s . Us ing 

t h i s t e c h n i q u e / tJ ie maximum possible v a l u e f o r any c h a r a c t e ­

r i s t i c f o r any month i s 2 . 0 . 
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DEFINITIONS 

1 . T r e e : 

£ny woody p l a n t of p e r e n n i a l d u r a t i o n which r i s e s from 

t h e ground wi th a t r u n k and wi th a minimum h e i g h t of about 

3m (Frankie ejt a l . * 1974) . Overs torey c o n s i s t e d of canopy 

and sub-canopy t r e e s of more than 10 m. h e i g h t and the 

u n d e r s t o r e v had t r e e s l e s s than t h i s h e i g h t . 

2i Durat ion of A c t i v i t y ; 

Br ief a c t i v i t y (f lowering o r f r u i t i n g ) ex tends f o r 2 weeks 

o r l e s s wh i l e prolonged r e f e r s t o p e r i o d s more than 2 weeks 

p e r e p i s o d e . Flowering and f r u i t i n g a c t i v i t y by t h e members of 

a s p e c i e s p o p u l a t i o n more o r l e s s cont inuous throughout t h e 

year i s r e f e r r e d t o as cont inuous a c t i v i t y and those hav ing 

engaged i n f l o w e r i n g / f r u i t i n g only once du r ing t h e year are 

d i s c o n t i n u o u s . 

3 . P a t t e r n of A c t i v i t y ; 

Seasonal and extended a c t i v i t y r e f e r s t o f l o w e r i n g / f r u i ­

t i n g o c e « r r i n g du r ing a given season o r ex tend ing i n t o more 

than one season r e s p e c t i v e l y . Marginal a c t i v i t y r e f e r s t o 

s p e c i e s t h a t have t h e i r a c t i v i t y o c c u r r i n g dur ing t r a n s i t i o n 

pe r iod of seasona l changes . 

When a l l t h e members of a s p e c i e s p o p u l a t i o n engage i n 

f l o w e r i n g / f r u i t i n g s imul t aneous ly t h e a c t i v i t y i s r e f e r r e d 

t o as synchronous and i f on ly some members of a s p e c i e s popu­

l a t i o n f r u i t / f l o w e r dur ing a given season / i t i s c a l l e d as 

asynchronous. 
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4. Fruit maturation ; 

Fruit maturation periods of 4 months or less following 

fertilization are considered rapid and those greater than 

4 months are termed lengthy. 

R3SULTS 

Leafing activity 

The forest community maintained its evergreen appearance 

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 less 

conspicuous due to marked leaf drop. 

Leaf flushing periodicity 

Leaf flushing in both overstorey and understorey species 

showed strong seasonal periodicity. The first peak of flushing 

was observed in i^ril-May followed by another in July-August. 

The latter was less pronounced in the understorey species. 

There was a brief period of lesser activity in May-June. 

During winter months most of the species were dormant (Fig 1.2a). 

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 the species with multiple flushes of the indeter­

minate type but with only one species having continuous 

flushing activity. Species with single determinate flush were 



Table 1.1 : Types of leafing activity of tree species 

GROUP ACTIVITY OVERSTOREY UNDERSTOREY 
Number of % Number of 
species species % 

I Continuous evergreen 1 4 3 7 

II Periodic evergreen 18 69 26 65 

III Periodic deciduous 7 27 11 28 



Table 1.2 : Flushing behaviour of overstorey and understorey tree 
species 

ACTIVITY OVERSTOREY SPECIES UNDERSTOREY SPECIES 
Number % Number % 

Species with single 
determinate flush 0 O 12 30 

Species with double 
determinate flushes 18 . 69 11 28 

Species with multiple 
indeterminate flushes 7 27 14 35 

Continuous flushing type 1 4 3 7 



Fig. 1.2 : Phenological pariodicity (%) of cverstorey 

(continuous lines) and understorey (broken lines) 

trees. Crossed lines represent the activity 

level (see text for explanation). 

(a) flushing 

(b) leaf fall 

(c) flowering 

(d) fruiting. 
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absent in this category. On the contrary/ understorey trees 

had many species with single determinate flush. About an 

equal number of species also showed double determinate and 

multiple indeterminate flushes. A few species also showed 

continuous flushing activity. 

Leaf fall periodicity 

Leaf fall in the overstorey species was maximum during 

January to March followed by a steep fall in subsequent 

months. Another small peak was observed during July-August 

with leaf fall showed by the species like Betula, Snglehardtia 

and Prunus. The leaf fall in Quereus qriffithil started in 

October, becoming completely naked by December and remained 

so upto the end of March. The understorey trees had only a 

single peak of leaf fall in the month of February to March. 

During the rest of the year the fall was at a slow rate 

(Fig 1.2b). 

Flowering activity 

The flowering pattern of thQ overstorey and understorey 

trees (Fig 1.2c) showed that two peaks occur during the year, 

one major peak in April and a smaller one in October. An equal 

number of species belonging to both over and understoreys 

flowered either during dry or wet months. A few species 

flowered during the marginal season extending to both wet and 

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

OValifolia and Eurya Japonica showed extended flowering over 

a long period (Table 1.3). 
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Table 1.3 : Ovarstorey and understorey tree species flowering in 
wet and dry seasons^ (percentage values in parentheses). 

SEASON 

SPECIES DRY WET MARGINAL EXTENDED UNKNOWN 

OVERSTOREY 10 . 10 5 - 1 

(38.5) (38.5) (19} - (4) 

UNDERSTOREY 13 13 10 2 2 

(32.5) (32.5) (25) (5) (5) 
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Most of the t r e e s both of over and understoreys showed 

discontinuous flowering behaviour. I t was only a few under­

s torey species (Pieris oval i f o l i a and Eurya Japonica) which 

showed more or l e s s continuous a c t i v i t y . Majority of the 

discontinuous flowering individuals had prolonged flowering 

a c t i v i t y . Asynchrony in flowering was qu i t e pronounced for 

both the category of species (Table 1.4) . 

A large number of species of both over-and understoreys 

flowered at i n t e r v a l s more than one year . Majority of i n d i v i ­

duals of a population of 6 out of 17 overstorey and 3 out of 

16 understorey species were observed to flower regular ly on 

an annual bas is (Table 1.5) . 

Frui t ing a c t i v i t y 

The community showed some rhythmicity in i t s f ru i t ing 

pa t te rn for both over-and understorey spec ies . The overstorey 

species showed a major peak in October and a smaller one in 

February-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 prolonged f ru i t ing a c t i v i t y . 

Further a la rger proport ion of the species showed lengthy 

f r u i t development behaviour. Continuous f ru i t ing a c t i v i t y was 

shown by two understorey spec ie s , P i e r i s ovali f o l i a and ^urya 

iaponica (Table 1,6) . 

Most of the species of the overstorey and understorey 

e i t h e r f r u i t during the dry season or the wet season, n\ore or 



Table 1.4 : Duration of flowering act ivi ty of overstorey and understoray 
tree species (percentage values in parentheses) 

SPECIES 

OVERSTOREY 

UNDERSTOREY 

TOTAL 

CONTINUOUS 

0 

2 

(5) 

2 

(3) 

ACTIVITY 

DISCONTINUOUS 
Prolonged 
synchro­
nous 

1 

(4) 

4 

(10) 

5 

(8) 

Asynchro 
nous 

20 

(77) 

21 

(52.5) 

41 

(62) 

Brief 
synchro Asynchro­
nous nous 

0 

1 

(2.5) 

1 

(1.5) 

5 

(19) 

10 

(25) 

15 

(23) 

UNKNOWN 

0 

2 

(5) 

2 

(3) 



Table 1.5 : Overstorey and understorey tree species which flowered at inter­
vals mora than one year; I = only some individuals in 
population; II = all or more individuals but asynchronously; 
III = all individuals synchronously. 

OVSRSTOREY 

Acer l a e v i g a t u m 

B e t u l a a l n o i d e s 

E x b u c k l a n d i a p o p u l e a 

C a s t a n o p s i s h y s t r i x 

Cinnamomum i m p r e s s i n e r v u m 

C. o b t u s i f o l i u m 

Daphnephyl lum h i m a l a y e n s e 

E n g l e h a r d t i a s p i c a t a 

E u g e n i a t a r r a g o n a 

L i t s e a m e i s s n e r i 

L. s e b i f e r a 

M a c h i l u s k i n g i i 

M. o d o r a t i s s i m a 

Q u e r c u s da a l b a t a 

Q. g r i f f i t h i i 

Q. p a n i c u l a t a 

Schima k h a s i a n a 

TYPE 

I I 

I 

I I I 

I I 

I I 

I I 

I 

I 

I 

I 

I 

I I 

I I 

I I 

I I 

I I 

I I 

UNDERSTOREY 

Cinnamomum t a m a l a 

Hep t ap l eu rum khas ianum 

I l e x k h a s i a n a 

I . t h a a f o l i a 

L i n d e r a p u l c h e r i m a 

L . l a t i f o l i a 

L . t h o r n s o n i i 

I d t s e a e l o n g a t a 

M a l l o t u s n e p a l e n s i s 

Myr i ca e s c u l e n t a 

M. r u b r a 

P h o t i n i a n o t o n i a n a 

Symplocos C r a t a e g o i d e s 

S . p y r i f o l i a 

S . s p i c a t a 

S . t h a a f o l i a 

TYI 

I I 

I I I 

I 

I 

I I 

I I 

I I 

I I 

I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 



Table 1.6 : Duration of fruit ing act ivi ty of over- and understorey 
t ree species (percentage values in parentheses) 

SPECIES 

OVERSTOREY 

UNDERSTOREY 

TOTAL 

CONTINUOUS 

R a p i d 

0 

(0) 

0 

(0 ) 

0 

(0 ) 

L e n g t h y 

0 

(0) 

2 

(5 ) 

2 

(3 ) 

ACTIVITY 

DISCONTINUOUS 
P r o l o n g e d 
R a p i d 

4 ' 

( 1 5 ) 

1 

( 2 . 5 ) 

5 

(8 ) 

L e n g t h y 

14 

( 5 4 ) 

2 4 

(60 ) 

3 8 

(59) 

B r i e f . 
R a p i d L e n g t h y . 

3 

( 1 2 ) 

0 

(0) 

3 " 

(5) 

4 

(15) 

9 

( 2 2 . 5 ) 

1 3 

(20) 

UNKNOWN 

1 

(4) 

4 

(10) 

5 

(8) 
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less in equal 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 species 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. Miscellaneous fruit type consisted of hard • 

fruits such as acorns produced by Castanopsis and Quercus 

species (Table 1.8). 

DISCUSSION 

Biotic activity in a community follows the annual cycles 

of environmental parameters which regulate the phenological 

characteristics of individual 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 species is reduced and temporal 

separation increases diversity of the community which may 

influence production and stability (Connell & OriaS/ 1964). 

The correlation of phenological activity in the present study 

with seasonally occurring events is best exemplified by the 

patterns of leaf fall and leaf flushing. Maximum leaf fall 

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



T a b l e 1,7 : S e a s o n a l f r u i t i n g p a t t e r n of t r e e s p e c i e s ( P e r c e n t a g e 
v a l u e s a r e i n p a r e n t h e s e s ) 

SEASON 

SPECIES DRY WET EXTENDED BEHAVIOUR UNKNOWN 

OVERSTOREY 13 12 0 1 

(50) (46) (0) (4) 

UNDERSTOREY 19 13 4 4 

(48) (32) (10) (10) 

TOTAL 32 25 4 5 

(48) , (38) (6) (8) 
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s t r e s s while flushing occurred mostly in the warmer months of 

March-April j u s t before the r a i n s . Thus, t he . l ea f replacement 

s t ra tegy appears to be t o minimize s t r e s s by leaf f a l l at such 

periods and maximize ph to synthet ic a c t i v i t y during wet warm 

season of t h e year through f lushing. 

The pa t te rn of community seasona l i ty are the averages of 

the seasonal pa t t e rns of many species and though the community 

pa t te rn may be general ly most adaptive, ce r ta in species have 

evolved completely d i f f e r en t approaches t o leaf flushing and 

leaf f a l l which may be due to i n t r i n s i c f ac to r s . While the 

overstorey t r ees are mostly with double determinate f lushes , 

understorey has qu i t e a good number of species with a s ingle 

determinate f lush. The second flush in the overstorey species 

i s in response to favourable environmental condit ions during 

July-August. Leaves in the understorey species are re ta ined 

for longer periods and t h i s may be a t t r ibu ted t o more homoge­

nous environmental condit ions l ike l i gh t and moisture which 

allow them to re ta in leaves for long periods without the r i sk 

of environmental s t r e s s e s . B entley (197 9) has also reported a 

s imi lar pa t te rn of longevity of individual leaves of 27 under­

s torey species in a Costa Rican t r o p i c a l r a i n f o r e s t . 

Though the r e l a t i v e number of flowerers are more or l ess 

equal in both dry (November-April) and wet (May-October) 

per iods , the seasonal pa t t e rn of flowering for the fores t has 

two peaks, a major and a minor one which co r re l a t e s well with 

the r e l a t i v e l y major (April) and minor (October) Xeric periods 
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of t h e warm s e a s o n . Thus t h i s s y n c h r o n i z a t i o n of f l o w e r i n g 

seems t o be r e l a t e d t o c l i m a t i c c o n d i t i o n s as a l s o r e p o r t e d 

b y o t h e r s (Ducke & B l a c k , 1 9 5 3 ; Njoku , 1 9 6 3 ; F r a n k i e e t a l . , 

1 9 7 4 ) . 

The p e a k p r o d u c t i o n of m a t u r e f r u i t s i n t h e f o r e s t a l s o 

c o r r e s p o n d s w i t h t h e o n s e t of d r y s e a s o n a f t e r O c t o b e r ; 

t h e r e f o r e most of t h e s p e c i e s h a v e s e e d s w i t h w i n t e r dormancy 

which i s b r o k e n o n l y a f t e r t h e warm s e a s o n r a i n s . The e s c a p e 

of f l o w e r i n g and f r u i t i n g by c e r t a i n s p e c i e s on an a n n u a l 

b a s i s as seen from t h e p r e s e n t s t u d y h a s a l s o been r e p o r t e d 

by o t h e r s (Ash ton , 1 9 6 9 ; Mod* ay , 1972 and J a n s o n , 1 9 7 8 ) . 

J anzen (1978) h a s d i s c u s s e d t h e p o s s i b l e s i g n i f i c a n c e of t h i s 

i r r e g u l a r b e h a v i o u r as an e s c a p e from s e e d p r e d a t i o n on a 

t i m e b a s i s . D e p a r t u r e from i n t r a s p e c i f i c s y n c h r o n y i n f l o w e r i n g 

and f r u i t i n g o b s e r v e d i n a few s p e c i e s i n t h e community may 

be t h e r e s u l t o f m i c r o - e n v i r o n m e n t a l h e t e r o g e n i e t y . 

In t h e t r o p i c a l t r e e s d i s s e m i n a t i o n of t h e p r o p a g u l e i s 

u s u a l l y c o n s i d e r e d t o be b y wind o c c u r r i n g a t t h e end of t h e 

s e a s o n of l o w e s t v e g e t a t i v e a c t i v i t y , w h e r e a s i n t e m p e r a t e 

t r e e s , i t i s t y p i c a l l y b y a n i m a l s and a t t h e end of t h e 

v e g e t a t i v e growth s e a s o n (Daubenmire , 1 9 7 2 ) . The f o r e s t 

community i n t h e p r e s e n t c a s e c o n s i s t i n g of a m a j o r i t y of 

t e m p e r a t e e l e m e n t s f o l l o w t h e l a t t e r p a t t e r n . 

SUMMARY 

P h e n o l o g y of a s u b - t r o p i c a l montane e v e r g r e e n f o r e s t 

r e p r e s e n t e d b y a s a c r e d g r o v e a t an e l e v a t i o n of 1900 m, n e a r 
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Shillong in north-east India was done. 26 important overstorey 

and 40 understorey tree species were considered for this 

•. study. Leaf flushing in the majority of tree species coincided 

i with the onset of warm period just prior to the rains to 
I 

! optimize production during the warm wet period of the year . 

j Maximum leaf f a l l occurred during the dry winter months and 

| t h i s s t r a t egy i s considered t o be an escape from s t r e s s con-

f d i t i o n s . Two flowering peaks observed corresponded to the 

' r e l a t ive ly d r i e r months o£ March-^pril. or October of the warm 

season. The f ru i t ing p e r i o d i c i t y though not much pronounced 

: had a peak in the month of October-November. The majori ty of 

the species were with f leshy f r u i t s suggesting an adaptation 

| for animal dissemination. 



APPENDIX 

L i s t of s p e c i e s r e c o r d e d and t h e i r p h e n o l o g i c a l 

b e h a v i o u r a r e g i v e n b e l o w . A b b r e v i a t i o n s u s e d i n t h e l i s t s 

a r e as f o l l o w s : 

1-12/ J a n u a r y t h r o u g h t o December; 

P , p e r i o d i c ; 

C, continuous; 

b/ brief periods - *4,2 weeks per episode; 

p, extended periods - ~p- 2 weeks per episode; 

M, multiple events per year; 

S, synchronous; 

h, Asynchronous; 

D, deciduous; 

F, rapid fruit maturation - L̂ 4 months; 

L/ lengthy fruit maturation - ~p- 4 months. 



List 1. Phenological records for overstorey tree iipeies 

ACERACEAE 

A c e r l a a v i q a t u m W a l l . 

BETULACEAE 

A l n u s n e p a l e n s i s D o n . 

B e t u l a a l n o i d e s Ham. 

ELAEOCARPACEAS 

E l a e o c a r p u s b r a c e a n u s 
W a t t . 

ERICACEAE 

R h o d o d e n d r o n a r b o r e u m 
Sm. 

EUPHORBIACSAE 

F l o w e r i n g 
M o n ^ t h s B e h a ­

v i o u r 

3 - 6 

1 0 - 1 2 

4 - 5 

3 - 4 

2 - 3 

D a p h n i p h y l l u m h i m a l a y e n s e 3 - 4 
M u e l l . 

F&GACEAE 

C a s t a n o p s i s h y s t r i x A. 

P a s a n i a s p i c a t a S m i t h 

Q u e r c u s d e a l b a t a Hook 
& Thorns . 

Q . q r i f f i t h i i Hook P . 
Thorns . 

Q . p a n i c u l a t a 

,DC 

F . 

i o 

4 - 5 

7 - 8 

8 - 9 

6 - 7 

PpA 

PpS 

PpA 

PpA 

ppa 

PpA 

PpA 

PpA 

PpA 

PpA 

PpA 

F r u i t i n g 
M o n t h s B e h a ­

v i o u r 

8 - 1 0 

2 - 3 

7 - 8 

9 - 1 0 

9 

2 - 3 

3 

8 - 1 0 

1 0 - 1 2 

1 0 - 1 2 

9 - 1 0 

PpF 

PpF 

PbF 

PpL 

PpL 

PpL 

P p L 

PpL 

PpL 

PpL 

PpL 

L e a f f l u s h i n g 
M o n t h s B e h a ­

v i o u r 

4 - 5 
7 - 8 

& 

2 - 1 2 

2 - 4 
8 - 9 

3 - 5 
7 - 8 

4 - 5 
7 - 9 

4 - 6 
7 - 9 

3 - 5 
7 - 9 
3 - 5 
7 - 9 
4 - 5 
7 - 8 

4 - 5 
7 - 8 

4 - 5 
7 - 8 

& 

& 

& 

Sc 

& 

& 

& 

PpM 

CS 

PpM 

PpM 

PpM 

PpM 

PpM 

PpM 

PpM 

PpM 

PpM 

L e a f 
M o n t h s 

2 - 3 

1-3 

7 - 8 

1-3 

1-3 

1-3 

1 -3 

1 -3 

1-3 

1 1 - 1 2 

1-3 

f a l l 
B e h a ­
v i o u r 

PD 

CE 

PD 

PE 

PE 

PE 

PE 

PE 

PE 

PD 

PE 
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L i s t 1 c o n t d . 

F l o w e r i n g 
Months Beha­

v i o u r 

MYRTACEAE 

Euqeni a t e t r a g o n a Wight 4 - 5 PbA 

OLEACSAE 

Liqustrum confusum Dene 5-7 PbA 

ROSACEAE 

P r u n u s c e r a s o i d e s Don. 10-12 PbA 

P . puddum Roxb. 9^10 PbA 

TSRNSTROEMIACEAE 

Schima k h a s i a n a . Dyer 4 - 6 PpA 

F r u i t i n g Leaf f l u s h i n g Leaf f a l l 
Months Beha- Months Beha- Months Beha­

v i o u r v i o u r v i o u r 

7 - 8 PbF 3 -11 PpM 4 PE 

1 2 - 4 PbL 3 - 1 0 PpM 4 PE 

6 PbL 3 -11 PpM 7 - 8 PD 

1 0 - 1 1 PbF 3 - 1 1 PpM 7 - 8 PD 

2 PbL 4 - 1 0 PpM 2 -3 PD 



L i s t 2 : P h e n o l o g i c a l r e c o r d s f o r u n d e r s t o r e y t r e e s 

3 - 5 

3 - 5 

3 - 4 

4 - 6 

Pp/> 

PpA 

P p / i 

Ppi. 

9 -10 

1-5 

1 0 

7 

PpL 

PpL 

PpL 

PpL 

3-4 & PpM 
7 - 8 
3 -5 PpM 

4 - 5 & PpM 
7 - 8 
4 - 5 & PpM 
7 - 8 

1-3 

1-3 

12-3 

1 2 - 3 

PD 

PD 

PE 

PE 

F l o w e r i n g F r u i t i n g Leaf f l u s h i n g Leaf f a l l 
Months Beha- Months Beha- Months Beha- Months Beha­

v i o u r v i o u r v i o u r v i o u r 

WIJZi&DHJOEiS 

Rhus s e m i a l a t a Murray 

R. s u c c e d a n e a L i n n . 

JflUIFOLI&GEAE 

I l e x k h a s i a n a P u r k a y a s t h a 3-4 

I,, t h e a f o l i a W a l l . 

iRIJjHJZElE 

Heptapleururn khas ianum 12 PpA - - 4 - 5 PpM 11-12 PE 

C l a r k e 

ELAEGNJ.CE/JE 

Elaecmus p y r i f o r m i s 10 -11 PpA 1 2 - 1 PpL 4 - 5 PpM 11-12 PE 

Hook F . 

EUpHORBI/JCE/iE 

Mai l o t u s n e p a l e n s i s Muel l 6 

P h y l I an t h u s q l a u c u s W a l l . 4 - 5 

ERIC/.CE/.E 

P i e r i s C ^ a l i f o l i a Don. 6-12 

Rhododendron formosum W a l l . 3 -4 

Quercus s p . - 3 -4 PpM 2 - 3 PD 

HIJ^MELIDACEi^E 

C o r y l o p s i s h i m a l a y a n a G r i f f . 2 -3 Pbh 4 - 5 PbL 4 - 5 & PpM 2 - 3 PD 
7-8 

PbA 

PpS 

CS 

PbA 

9 - 1 0 

-

1-12 

1 0 - 1 2 

PpL 

-

CL 

PbL 

4 - 1 0 

4 - 1 0 

3 - 1 2 

4 - 6 

PpM 

PpM 

C 

PpM 

1 2 - 3 

2 - 3 

1 2 - 2 

1 2 - 2 

PE 

PE 

CS 

PE 
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CHAPTER I I 

Idt terf a l l pattern in a sub-tropical evergreen 

montane forest in north-east India 
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LITTERFALL PATTERN IN A SUB-TROPICAL EVERGREEN MONTANE 

FOREST IN NORTH-EAST INDIA 

INTRODUCTION 

The i m p o r t a n c e of l i t t e r p r o d u c t i o n i n t h e f o r e s t e c o s y s ­

tem h a s l o n g been r e c o g n i z e d ; t h e r e f o r e t h i s i s one of t h e 

a s p e c t s t h a t h a s r e c e i v e d much a t t e n t i o n (Bray & Gorham, 1 9 6 4 ; 

Jensfen, 4 9 7 4 ; J o r d a n & Murphy, 19W)*. Whi la most of t h e s t u d i e s 

on l i t t e r p r o d u c t i o n h a v e been done on t e m p e r a t e f c r e s t s , t r o ­

p i c a l and s u b - t r o p i c a l f o r e s t e c o s y s t e m s h a v e a l s o r e c e i v e d some 

a t t e n t i o n ( J e n n y e t a l . , 1 9 4 9 ; L a u d e l o t & Meyer , 1 9 5 4 ; Nye , 

1 9 6 1 ; C o r n f o r t h , 1 9 7 1 ; Ha ins & F o s t e r , 1 9 7 7 ; K l i n g e & R o d r i g u e s , 

1 9 6 8 ; S i n g h , 1 9 8 0 ) . However, t h e d a t a a v a i l a b l e on t r o p i c a l and 

s u b - t r o p i c a l montane f o r e s t s a r e few and s c a t t e r e d . A few 

i m p o r t a n t s t u d i e s on t h e montane f o r e s t s of t h e t r o p i c a l and 

s u b - t r o p - i c a l b e l t a r e t h o s e of J e n n y e t a l . , 11949) i n Colombia 

(1630m), Edwards (1977) a t New Guinea (2400 - 2500 m ) , S a x e n a 

e t a l . (1978) a t N a i n i t a l , I n d i a (1950 - 2200m) and T a n n e r 

(1980) a t J a m a i c a (1500ra). 

The present study on litter production pattern of a sub­

tropical montane forest at an elevation of 1900 m near Shillong 

concerns that of a mixed evergreen sacred forest grove. This 

sacred grove hes been maintained by the local Khasi tribe with 

least disturbance as they believe that their sylvan deities 

live here and therefore this represents a relict climax communi­

ty of this area which otherwise is highly disturbed due to slash 
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and burn agriculture (Ranakrishnan & Toky, 1978) which is a 

prevalent form of agricultural practice of the region. Majority 

of the trees of this forest, although evergreen are strongly 

seasonal in thair phenology. This study on the seasonal pattern 

of litterfall is, therefore/ of considerable interest from 

phenological and production ecological points of view. 

METHODS OF STUDY 

The study area, climate and vegetation have been described 

in Chapter 1. 
2 

Litter was collected from 12 randomly placed lm permanent 

quadrats, demarcated by wooden frames with a permanently fixed 

nylon mesh et a height of about 15 cm from the ground which 

permitted drainage of water without any litter loss. Litter 

sampling was done at monthly intervals during drier months and 

at fornightly intervals during the rainy season. The collection 

material was classified according to the tree species and the 

individual fractions of litter and was oven dried et 85 C to 

a constant weight. Leaf litter was separated into 12 major tree 

species and all othar species were considered under the mixed 

leaf category. Flowers/ fruits and twigs were considered jointly 

for all tha species. Unidentifiable plant litter othar than those 

considered above ware grouped into miscellaneous category. 

Tha average leaf-life of tha forest as a whole waa based 

on 12 important tree species in tha forest, on the basis of 

periodic observations of identified leaves on a number of 

individuals. 
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RESULTS AND DISCUSSION 

L e a f - l i f e 

The mean l e a f - - l i f e v a l u e of abou t 20 months f o r t h e i m p o r ­

t a n t t r e e s i n t h e f o r e s t s u g g e s t s t h e g e n e r a l l y e v e r g r e e n p h y -

s iognomy of t h e f o r e s t . The l e a v e s of Cinnamomum i m p r e s s i n e r v u m , 

M a c h i l u s k i n c r i i , Que rcus de a l b a t a and Q. p a n i c u l a t a which a r e 

dominan t s p e c i e s i n t h e f o r e s t w e r e r e t a i n e d f o r p e r i o d s g r e a t e r 

t h a n two y e a r s . The d e c i d u o u s s p e c i e s l i k e L i t s e a s e b i f e r a 

end Schima k h a s i a n a showed an a v e r a g e l e a f - l i f e o f one y e a r o n l y . 

tor l a e v i q a t u m , L j n d e r a p u l c h e r i m a and M a n q l i t i a i n s i q n i s f a l l 

i n be tween t h e s e two e x t r e m e s (Table 2 . 1 ) . 

L j t t e r f a l l 

The t o t a l a n n u a l l i t t e r f a l l i n t h e f o r e s t worked o u t t o 

8 .96 t ha"~ yr"~ . A m a j o r f r a c t i o n of t h i s was r e p r e s e n t e d by 

l e a f , f o l l o w e d by t w i g s , m i s c e l l a n e o u s l i t t e r / f r u i t s and 

f l o w e r s (Table 2 . 2 ) . The s p e c i e s w i s e c o n t r i b u t i o n of l e a f l i t t e r 

was h i g h e s t f o r Quercus d e a l b a t a an i m p o r t a n t o v e r s t o r e y s p e c i e s 

f o l l o w e d by Symplocos c r a t a e g o i d e s a dominan t of t h e u n d e r s t o r a y 

(Append ix ) . 

Compar isons w i t h o t h e r Montane t r o p i c a l / s u b - t r o p i c a l f o r e s t s 

I n any c o m p a r i s o n of l i t t e r p r o d u c t i o n i t i s i m p o r t a n t t o 

c o n s i d e r t h e h i g h l y v a r i a b l e n a t u r e of l i t t e r f a l l i n s p a c e and 

t i m e . The r e s u l t s p r e s e n t e d h e r e showed t h a t t h e s t a n d a r d e r r o r 

of t h e mean was u s u a l l y l e s s t h a n 10% of t h e mean f o r t h e ma jo r 

l i t t e r f r a c t i o n s as w e l l as t o t a l l i t t e r (Table 2 . 3 ) . S i n c e a 
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Table 2.2 : Annual contribution by different littar fractions 

litter fractions Amount 
( t/ha/yr) % of the total litter 
+ S.E. 

Leeves 5.68 + 0.56 63.4 

Twigs 

Fruits 

Flowers 

Miscellaneous 

Total 

1.45 + 0 . 1 8 

0 . 5 0 + 0 . 0 8 

0 .27 + 0 ;o6 

1 .05 + 0 . 1 1 

8 .96 + 0 .72 

1 6 . 2 

5 . 6 

3 . 1 

1 1 . 7 

1 0 0 



Table 2,3 : Accuracy of measurements for litter and litter 
fractions 

l i t t e r 

Leaves 

Twigs 

F r u i t s 

F l o w e r s 

M i s c e l l a n e o u s 

T o t a l 

i ^ o u n t 
t / h a / y r 

5 .68 

1 .45 

0 . 5 0 

0 .27 

1 .05 

8»?6 

Range 

2 . 9 4 

0 . 6 0 

0 . 1 6 

0 .02 

o.6o 

2 . 6 6 

- 8 . 7 0 

- 2 . 4 4 

- 1.07 

- 0 . 7 4 

- 1 .69 

- 1 3 . 3 2 

S . D . 

1 .95 

0 . 6 3 

0 .27 

0 . 2 0 

0 .37 

2 . 5 0 

S . E . (%) 

9 . 9 4 

1 2 . 4 8 

1 5 . 3 5 

2 1 . 0 8 

10 .06 

8 . 0 8 



. , 6 5 , , 

s imi lar degree of v a r i a b i l i t y was also found by many other 

workers (Klinge & Rodrigues, 1968; Brassel e t a l . , 1980; Tanner, 

1980), these values can be considered as r e l i a b l y representa t ive 

and i t may be relevant to the comparisons of the est imates of 

l i t t e r f a l l from s tudies of other t r o p i c a l and sub- t rop ica l 

montane fo res t s shown in t ab le 2 .4 . The annual l i t t e r f s l l recor­

ded in the present study i s comparable to the data of o t h e r s . 

A comparison with lowland t r op i ca l f o r e s t s , however, ind ica tes 

t ha t these have general ly higher l i t t e r production than those 

obtained in montane fores t s of higher e l eva t ions . 

The value of leaf l i t t e r i s s imi la r ly within the range of 

reported value ( 6 to 10.4 + ha yr , Table 2 . 4 ) . The higher 

proportion of leaf f ract ion in the l i t t e r , reported in .the 

present study i s also in conformity with the results ©f others 

(Bray & Gorham, 1964; Rodin & Brazi levich, 1967). 

Seasonali ty of l i t t e r f a l l 

L i t t e r f e l l throughout the year with a marked seasonal . 

d i s t r i b u t i o n . I t was l e s s during May t o December and was maximum 

during January to Apr i l , with a d i s t i n c t seasonal peak in the 

month of March, Another minor peak was seen in the month of 

October. These periods of maximum leaf shodiing corresponded 

well with the dry periods of the warm season (Fig 2 . 1 ) . L i t t e r 

production during t h e dry months was 3 times more than t h a t 

during the wet period and the ra te of f a l l was also equal ly high 

(Tatele 2 . 5 ) . The seasonal pa t t e rn of f a l l of l i t t e r f ract ions 



T a b l e 2 . 4 The a n n u a l l i t t e r p r o d u c t i o n i n some t r o p i c a l and s u b - t r o p i c a l 
f o r e s t s o f t h e w o r l d ( v a l u e s i n t i h e r l ) 

FOREST TYPE ALTITUDE LITTER FRACTION 
(m) Leaves Bark & f r u i t s & 

Twigs f l o w e r s 
T o t a l AUTHOR 

LOWLAND FORESTS 

S e m i - e v e r g r e e n young 
s e c o n d a r y f o r e s t , Z a i r e 

S e m i - e v e r g r e e n s e c o n d a r y 
f o r e s t , Ghana 

Matu re s e c o n d a r y f o r e s t , 
Panama 

MONTANE FORESTS 

300 

150 

137 

— 

7.0 

5.83 

— 

3.5 

2,30 

Colombia 
C e n t r a l s i t e of r a d i a t i o n 
S tudy , Puer to Rico 

New Guineae 
N a i n i t a l , I nd i a 

T r o p i c a l A u s t r a l i a 
Jamaica 
Gap forest 
Mor ridge forest 
Mull ridge forest 
Wet selope forest 

Shi Hong/ India, 

1630 

460 

2400-2500 

1950-2200 

680-820 

! 1550 

4.8 

6.35* 

-

-

5.5 
4.9 

. 5.6 
4.4 

-

1.20** 

-

-

0.9 
1.7 
0.2 
1.2 

1.23 

Laudelot & 
12.3 Meyer (1954) 

10.5 Nye (1961) 

11.10 Hains & 
Fos t e r (1977) 

10 .1 Jenny e£ a l . (1949) 

Wiegert (1970) 

7 .55 Edwards (1977) 

5.5 Saxena e t a l . (1973) 

9.25 B r a s s e l e t a l . (1980) 

6 .4 
6 .6 
5.8 
5.6 

Tanner (1980) 

1900 5.67 2 .50 0.78 8.96 P resen t Study 

•Leaves and o t h e r m a t e r i a l ** Woody m a t e r i a l 



Pig. 2.1 : Temporal d i s t r i bu t i on of l i t t e r f a l l , temperature 

and r a i n f a l l in Upper Shillong montane fo res t . 

Ver t i ca l l ines are Standard Errors of the mean. 
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Teble 2 .5 : The s e a s o n a l i t y of l i t t e r f a l l i n Upper S h i l l o n g Fores t dur ing 
1979-80; va lue s i n p a r e n t h e s e s a re % of t h e t o t a l in each 
column. 

Per iod Amount of l i t t e r - f a l l Rate of l i t t e r f a l l 
t / h a / y r g /day 

Dry 6,92 (77) 3.£2 
(181 day* ) 

Wet 2.04 (23) 1.11 
(184 days) 

To t a l 8.96 (100) 2 .45 



..68.. 

is shown in Fig 2.2. This was similar to the pattern observed 

for total litt@rfall. However/ maximum flower and fruit litter 

was found to be in the month of April. The seasonal pattern of 

leaf litterfall for individual species also followed a more or 

less similar general trend (Appendix). 

Jorgansen (1975) maintained that three main factors limit 

litter production - temperature, water and nutrient availability. 

At the present study site the temperature and rainfall variables 

are quite seasonal which cause large seasonal fluctuations in 

the fall pattern. The rate of litterfall was also almost 3 times 

higher during dry season compared to that during wet period. 

Such a pattern of coincidence of litterf all with the dry e .3 as on 

was also reported by others (Nye, 1961; Klinge & RodriguoS, 1968; 

Singh, 1980; Tanner, 1980) which is related to water stress 

(Whitmore, 1975). While the litterfall pattern generally coinci­

ded with phenological events in the forest, fruit fall was 

maximum during April though majority of the species produced 

mature fruits in the preceding October. This is due to heavy fall 

of fruits of Ljtsea and Ljndera during the month of April which 

contributed to the fruit litter. 

SUMMARY 

Total above-ground l i t t e r f a l l in a sub- t rop ica l evergreen 
—1 —1 montane fores t at Shillong (1900m) averaged 8.95 t ha yr ; 

l eaves , twigs , flowers and f ru i t s contr ibuted 63%, 16%, 3% and 

6% respec t ive ly . Other miscellaneous l i t t e r fract ion consis t ing 



Pig. 2.2 : Seasonal pa t te rn of f a l l of l i t t e r f ract ions 

in the Upper Shillong montane fo res t . 
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of fragments of leaf t i s s u e , bark e t c . accounted for 12% of the 

t o t a l annual l i t t e r f a l l . L i t t a r f a l l occurred throughout the year, 

but with a d i s t i n c t peak in the months of March. The ra te of 

l i t t e r f a l l in the d r i e r p a r t of the year (November t o /-.pril) 

was approximately t h r i c e the ra te during the wet te r p a r t of the 

year . Mean l e a f - l i f e was estimated to be an average of 20 months 

for the f o r e s t . 



Appendix: Monthly v a r i a t i o n of l e a f l i t t e r (gm y r ) i n d i f f e r e n t t r e e s p e c i e s 
(. + S . 2 . of t h e mean and v a l u e s i n p a r e n t h e s e s are % of the t o t a l ) 

X Aug X Sep X Oct X Nov X Dec X Jan X Feb X Mar X Apr X May X Jun X J u l X To ta l 

A c e r l a e v i g a t u m -

C i n n amomum 
i m p r e s s i n e r v u m 

E l a c o c a r p u s 
l a n c i f o l i u s 

L i n d e r a 
p u l c h e r i m a 

L i t s e a 
s e b i f e r a 

M a c h i l u s 
k i n g i i 

M a n g l i t i a 
i n s i g n i s 

Q u e r e u s 
d e a l b a t a 

Q . p a n i c u l a t a 

R h o d o d e n d r o n 
a r b o r e u m 

S c h i m a 
k h a s i a n a 

S y m p l o c o s 
c r a t a e g o i d e s 

O t h e r s 

TOTAL 

0 . 3 
+ 0 . 1 

— 

0 . 4 
+ 0 . 3 

— 

1 . 0 
+ 0 . 8 

0 . 7 
+ 0 . 4 

4 . 4 
+ 1 . 4 

— 

0 . 9 
+ 0 . 8 

0 . 4 
+ 0 . 3 

3 . 4 
+ 1 . 1 

7 . 8 
+ 0 . 9 

1 9 . 3 
+ 2 . 7 

— 

0 . 1 
+ 0 . 1 

1 . 4 
+ 0 . 8 

0 . 4 
+ 0 . 2 

_ 

0 . 3 
+ 0 . 1 

0 . 8 
+ 0 . 7 

2 . 5 
+ 1 . 0 

0 . 2 
+ 0 . 2 

1 . 7 
+ 1 . 7 

0 . 7 
+ 0 . 4 

2 . 5 
+ 0 . 7 

5 . 7 
+ 0 . 8 

1 6 . 5 
+ 2 . 7 

— 

0 . 4 
+ 0 . 2 

0 . 5 
+ 0 . 3 

0 . 5 
+ 0 . 3 

0 . 4 
+ 0 . 2 

2 . 5 
+ 0 . 9 

3 . 2 
+ 1 . 4 

2 . 0 
+ 0 . 9 

4 . 1 
+ 4 . 1 

0 . 8 
+ 0 . 4 

6 . 3 
+ 4 . 0 

1 . 5 
+ 1 . 1 

1 5 . 1 
+ 7 . 2 

3 7 . 2 
+ 7 . 7 

0 . 2 
+ 0 . 2 

0 . 1 
+ 0 . 1 

0 . 9 
+ 0 . 4 

0 . 4 
+ 0 . 2 

0 . 4 
+ 0 . 3 

0 . 2 
+ 0 . 1 

1 . 3 
+ 0 . 5 

1 . 1 
+ 0 . 5 

1 . 0 
+ 0 , 4 

1 . 7 
+ 1 . 3 

0 . 6 
+ 0 . 4 

2 . 3 
+ 1 . 3 

3 . 9 
+ 0 . 5 

1 4 . 1 
+ 2 . 1 

0 . 6 
+ 0 . 5 

0 . 4 
+ 0 . 2 

0 . 3 
+ 0 . 2 

0 . 4 
+ 0 . 2 

0 . 3 
+ 0 . 2 

0 . 3 
+ 0 . 1 

0 . 6 
+ 0 . 3 

1 . 4 
+ 0 . 7 

0 . 8 
+ 0 . 4 

0 . 4 
+ 0 . 1 

2 . 4 
+ 0 . 9 

1 . 5 
+ 0 . 6 

6 . 2 
+ 1 . 1 

1 5 . 5 
+ 1 . 8 

5 . 2 
+ 1 . 6 

0 . 6 
+ 0 . 4 

0 . 5 
+ 0 . 3 

3 . 2 
+ 1 . 3 

0 . 7 
+ 0 . 4 

0 . 6 
+ 0 . 2 

1 . 4 
+ 0 . 6 

2 . 5 
+ 1 . 2 

3 . 9 
+ 1 . 4 

1 . 0 
+ 1 . 0 

7 . 8 
+ 4 . 0 

5 . 1 
+ 1 . 9 

1 0 . 0 
+ 1 . 2 

4 2 . 6 
+ 4 . 1 

8 . 9 
+ 3 . 9 

4 . 0 
+ 1 . 9 

1 3 . 6 
+ 5 . 3 

7 . 8 
+ 3 . 3 

3 . 5 
+ 2 . 5 

2 . 3 
+ 1 . 6 

5 . 7 
+ 2 . 3 

1 8 . 9 
+ 9 , 8 

1 4 . 2 
+ 5 . 6 

2 . 5 
+ 2 . 5 

6 . 7 
+ 3 . 4 

1 8 . 9 
+ 5 . 5 

3 4 . 5 
+ 9 . 3 

1 4 1 . 9 
+ 2 6 . 6 

1 . 9 
+ 0 . 6 

1 4 . 8 
+ 2 . 4 

1 6 . 2 
+ 4 . 6 

7 . 7 
+ 4 . 3 

1 . 0 
+ 0 . 8 

4 . 6 
+ 1 . 8 

1 4 . 2 
+ 7 . 9 

4 5 . 5 
+ 1 7 . 9 

1 9 . 2 
+ 7 . 4 

5 . 7 
+ 5 . 7 

1 . 3 
+ 0 . 7 

2 1 . 6 
+ 7 . 1 

5 0 . 7 
+ 2 0 . 6 

1 9 4 . 3 
+ 4 2 . 6 

0 . 5 
+ 0 . 4 

0 . 5 
+ 0 . 2 

4 . 2 
+ 2 . 5 

0 . 7 
+ 0 . 3 

1 . 4 
+ 0 . 9 

1 . 5 
+ 0 . 7 

1 .7 
+ 0 . 9 

1 0 . 7 
+ 6 . 0 

4 . 6 
+ 2 . 7 

0 . 4 
+ 0 . 3 

0 . 3 
+ 0 . 2 

6 . 4 
+ 2 . 2 

9 . 4 
+ 0 . 9 

4 2 . 2 
+ 5 . 0 

0 . 1 
+ 0 . 0 5 

1 . 3 
+ 0 . 1 

1 . 3 
+ 0 . 9 

0 . 6 
+ 0 . 3 

1 .2 
+ 1 . 0 

0 . 7 
+ 0 . 3 

0 . 4 
+ 0 . 3 

2 . 6 
+ 0 . 8 

3 . 1 
+ 1 . 8 

0 . 3 
+ 0 . 3 

0 . 3 
+ 0 . 2 

1 . 9 
+ 0 . 7 

4 . 6 
+ 0 . 8 

1 7 . 4 
+ 1 . 9 

0 . 1 
+ 0 . 1 

0 . 4 
+ 0 . 2 

0 ' .3 
+ 0 . 2 

0 . 8 
+ 0 . 3 

0 , 1 
+ 0 . 1 

0 . 1 
+ 0 . 1 

0 . 6 
+ 0 . 4 

2 . 3 
+ 0 . 6 

0 . 6 
+ 0 . 4 

0 . 2 
+ 0 . 2 

0 . 5 
+ 0 . 4 

1 . 0 
+ 0 . 2 

5 . 2 
+ 0 . 8 

1 2 . 3 
+ 1 . 8 

0 . 0 5 
+ 0 . 0 3 

0 . 4 
+ 0 . 2 

0 . 9 
+ 0 . 5 

0 . 9 
+ 0 . 3 

1 . 1 
+ 0 . 9 

0 . 5 
+ 0 . 2 

0 . 2 
+ 0 . 2 

3 . 0 
+ 1 . 7 

0 . 8 
+ 0 . 5 

0 . 9 
+ 0 . 9 

0 . 4 
+ 0 . 2 

1 . 1 
+ 0 . 5 

4 . 3 
+ 0 . 7 

1 4 . 4 
+ 2 . 4 

1 7 . 5 
( 3 . 1 ) 

2 3 . 3 
( 4 . 1 ) 

4 0 . 2 
( 7 . 1 ) 

2 3 . 9 
( 4 . 2 ) 

1 0 . 0 
( 1 . 8 ) 

1 5 . 0 
( 2 . 6 ) 

3 0 . 9 
( 5 , 4 ) 

9 6 . 9 
(AU) 

5 2 . 4 
( 9 . 2 ) 

1 6 * 5 
( 2 . 9 ) 

2 7 . 7 
( 4 . 9 ) 

6 7 . 2 
( 1 1 . 8 ) 

1 4 1 . 1 
( 2 5 . 4 ) 

5 6 7 . 5 8 

(loo) 
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AN ANALYSIS OP ARCHITECTURE AND GROWTH PATTERN OF 

SCHIMA SPECIES 

INTRODUCTION 

E a r l y s t u d i e s on t r o p i c a l t r e e growth w e r e of a p h e n o l o -

g i c a l n a t u r e (Busgen & Munch, 1 9 2 9 ; H o l t t u m , 1 9 4 0 ; K o r i b a , 

1 9 5 8 ) , t h o u g h a few d e t a i l e d i n v e s t i g a t i o n s a r e a l s o a v a i l a ­

b l e on t e a (Bond, 1 9 4 2 ) ; r u b b e r (Ha l l e & M a r t i n , 1968) and 

R h i z o p h o r a mangle ( G i l l & T o m l i n s o n , 1 9 7 1 ) . One of t h e f i r s t 

c o m p r e h e n s i v e s t u d i e s on t h e v e g e t a t i v e a r c h i t e c t u r e o f t r o ­

p i c a l p l a n t s i s t h a t of H a l l e ' e t a l . (1978) wh ich h a s opened 

up new avenues f o r s t u d i e s on i n d i v i d u a l t r e e s p e c i e s a s 

w e l l as t h e f o r e s t community as a w h o l e . 

Whi l e canopy s t r u c t u r e and i t s r e l a t i o n s h i p t o l i g h t 

i n t e r c e p t i o n and y i e l d h a s r e c e i v e d some a t t e n t i o n from f o r e s t 

e c o l o g i s t s and s i l v i c u l t u r i s t s (Farmer , 1 9 7 6 ) , l i t t l e a t t e n ­

t i o n h a s been p a i d t o t r e e a r c h i t e c t u r e of c l o s e l y r e l a t e d 

s p e c i e s o r p o p u l a t i o n s of t h e same s p e c i e s from d i f f e r e n t 

e n v i r o n m e n t s . T r e e s h a v e e v o l v e d v a r i o u s s t r a t e g i e s f o r n i c h e 

o c c u p a n c y and s u r v i v a l i n d i f f e r e n t e n v i r o n m e n t s t h r o u g h 

a p p r o p r i a t e crown d e v e l o p m e n t , l e a f and b r a n c h o r i e n t a t i o n , 

and o v e r a l l a r c h i t e c t u r e (Horn, 1 9 7 1 ) . The u n d e r s t a n d i n g of 

t h e s e p r o c e s s e s i s a p r e r e q u i s i t e f o r b e t t e r f o r e s t manage­

ment and t r e e improvement p rog rammes . From t h e p r o d u c t i o n 

p o i n t o f v i e w , t h e answer t o t h e h i g h e r p r o d u c t i v i t y of t h e 

t r o p i c a l f o r e s t s may h a v e t o b e found i n t h e g rowth p a t t e r n 

and canopy s t r u c t u r e of t r o p i c a l t r e e s (Ramakr i shnan , 1 9 7 8 ) . 
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The p r e s e n t pape r r e p o r t s a comparat ive s tudy of t h e 

growth p a t t e r n and a r c h i t e c t u r e of two c l o s e l y r e l a t e d 

s p e c i e s of Schima Reinw. e x . Blume (Terns t roemiaceae) , 

namely S. w a l l i c h i i (DC) Korth,, and S. khas i ana Dyer, growing 

a t d i f f e r e n t a l t i t u d e s . These two s p e c i e s are economical ly 

impor tan t t imber t r e e s of t h e n o r t h - e a s t I n d i a . In t h e n o r t h ­

e a s t e r n h i l l s reg ion of I n d i a , S. w a l l i c h i i has an a l t i t u d i -

n a l range of 100 t o 1600 m and S^ khas iana i s r e s t r i c t e d t o 

h i g h e r e l e v a t i o n s (1600 t o 1900m ) o n l y . These are e a r l y 

s u c c e s s i o n a l t r e e s t h a t come up i n t h e secondary fa l lows l e f t 

a f t e r s l a s h and burn a g r i c u l t u r e ( l o c a l l y known as 'Obum'). 

The s p e c i e s are l i g h t demanding and r e g e n e r a t e abundant ly 

i n t h e open through l i g h t , w ind-d i spe r sed s e e d s . The t r e e s 

coppice w e l l . In secondary f o r e s t s t h e y form canopy t r e e s 

reach ing an average h e i g h t of 25-30m a t lower a l t i t u d e / 

15-20m a t h i g h e r a l t i t u d e fo r S. w a l l i c h i i and 12-15m for 

§.• Khasiana. S . w a l l i c h i i i s d i s t r i b u t e d throughout t h e 

Indo-Malayan r e g i o n . In Java i t i s n o t a r e a l p i o n e e r t r e e , 

r a t h e r i t s p e c i a l i z e s i n poor ru ined s o i l s , f a r away from t h e 

r a i n - f o r e s t (Hal le , Pe r sona l Communication). Whitmore (1975) 

c o n s i d e r s i t t o be a l i g h t demander, l o c a l l y c o l o n i z i n g 

man-made c l e a r i n g s i n lowland and lower montane f o r e s t s of 

Malaya. According t o h i s obse rva t i ons t h e s p e c i e s has some 

p i o n e e r c h a r a c t e r s bu t l acks t h e aggress ion of t r u e p i o n e e r s . 

STUDY AREA AND CLIMATE 

Three s i t e s a t d i f f e r e n t a l t i t u d e s , a t Upper Sh i l l ong 

(1900m), S h i l l o n g (1600m) and Burnihat (100m), i n the Khasi 



PLATE 3 

A pure s t and of e a r l y s u c c e s s i o n a l Schima w a l l i c h i i 

n e a r Urns aw (1000m ) . 

PLATE 4 

A c l o s e view of t h e pure s tand of e a r l y s u c c e s s i o n a l 

Schima w a l l i c h i i n e a r Urns aw (1000 m) . 
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h i l l s of Meghalaya S ta te in the nor th-eas tern h i l l region of 

India ( sub- t ropica l ) / were selected for the present study. 

The lower elevation s i t e at Burnihat (26° 02'N and 91°52' E) 

i s located about 90 km north of Shillong (25° 34'N and 

91 56*E). Studies on S. khasiana were done at one of the 

s i t e s only at Upper Shillong where t ^ i s species i s r e s t r i c ­

ted , whereas s tudies on S. wa l l i ch i i which has a wider 

d i s t r i b u t i o n a l range were done both at Shil long and Burnihat. 

The climate i s monsoonic with the r a i n f a l l mostly 

confined t o a few months . The year may be divided 

in to four more or l e s s well marked seasons; (i) the monsoon 

season of heavy rain during May-September/ due to the South­

west monsoon; ( i i ) a t r a n s i t i o n a l period of low r a i n f a l l 

due to r e t r e a t i n g monsoons during October-November; ( i i i ) a 

winter season during December to February with sca t t e red low 

r a i n f a l l ; and (iv) a summer dry period during March- i^r i l . 

The average annual r a i n f a l l during the study period was 

2350 mm at Upper Shi l long, 1800mm at Shil long 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 

Shil long whereas the average maximum at Burnihat was 32.07°C 

and the average minimum was 24.13°C. Shil long had an 

average maximum of 16.0l°C and average minimum of 6.23°C 

during the winter whereas at Burnihat t h i s was 24.87°C 

(average maximum) and 12.37°C (average minimum). The tempera­

tu r e conditions at Upper Shil long were general ly lower than 



Fig. 3.1 : Ombrothermic diagram for the study sites, mean 

maximum temperature ( 0 )/ mean minimum tempera­

ture ( • ) & rainfall ( &•) during the study 

period. 

/ 
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t h a t o f S h i l l o n g w i t h an a v e r a g e maximum of 2 2 . 2 4 C and a 

minimum o f 1 5 . 8 4 C d u r i n g t h e monsoon and a v e r a g e maximum o f 

15 .47°C and minimum of 1.18°C d u r i n g t h e w i n t e r . ( F i g . 3 . 1 ) 

METHODS OP STUDY 

For s h o o t e x t e n s i o n measuremen t s f i v e r e p l i c a t e s of 

5 y e a r o l d open grown t r e e s were r andomly chosen a t d i f f e r e n t 

s i t e s i n t h e f o r e s t o p e n i n g s . The a v e r a g e h e i g h t of S . w a l l i * 

c h i i a t t h e l o w e r a l t i t u d e was 293 cm (dbh 1 .80cm)/ a t t h e 

h i g h e r a l t i t u d e i t was 219 cm (dbh 1 .94 cm) and of S . k h a s i a n a 

a t Upper S h i l l o n g was 203 cm (dbh 1.28 c m ) . D e t a i l e d a r c h i t e c ­

t u r a l a n a l y s i s of t h e t r e e s was b a s e d on one t y p i c a l t r e e a t 

e a c h s i t e . A s t a g e e r e c t e d around one s e l e c t e d t r e e was u s e d 

f o r making d e t a i l e d m e a s u r e m e n t s . At e a c h s i t e t h e t r e e was 

d i v i d e d i n t o t h e d i f f e r e n t w h o r l s of b r a n c h e s , e ach w h o r l 

r e p r e s e n t i n g one y e a r ' s g r o w t h . The n o m e n c l a t u r e u s e d t o 

d e s c r i b e o r d e r s of b r a n c h e s was t h a t o f H a l l e e £ a l . ( 1978 ) . 

O r d i n a l numbers w e r e u s e d , c o n s i d e r i n g t h e t r u n k of t h e t r e e 

as t h e s t a r t i n g p o i n t o r d e r z e r o (o) and t h e b r a n c h e s as t h e 

f i r s t , s e c o n d , and t h i r d o r d e r r e s p e c t i v e l y i n c h r o n o l o g i c a l 

s e q u e n c e . The p a t t e r n of b r a n c h deve lopmen t was s t u d i e d b y 

f o l l o w i n g t h e f a t e of b u d s on c u r r e n t i n c r e m e n t s of main a x i s 

and one y e a r o l d F i r s t o r d e r b r a n c h e s . 

For t h e e s t i m a t i o n of l e a f p r o d u c t i o n and f a l l e ach l e a f 

was t a g g e d u s i n g s m a l l l i g h t a luminium t a g s . F o r l e a f b l a d e 

a r e a c a l c u l a t i o n s a c o r r e c t i o n f a c t o r was a p p l i e d by d i v i d i n g 

t h e a c t u a l l e a f a r e a measu red u s i n g a p l a n i m e t e r * b y t h e 



PL^TE 5 

A s t a g e e r e c t e d around a t r e e of Schirna khas iana 

t o s tudy a r c h i t e c t u r e and growth p a t t e r n . The 

s i m i l a r method has been followed f o r a l l o t h e r s p e c i e s , 

PLi-.TE 6 

A t r e e of Schirna k h a s i a n a showing a c l e a r b o l e and 

crown geometry. 
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calcula ted leaf area (length x wid th) . The leaf area was 

then ca lcula ted using the formula, A = e x 1 x w (Dolph, 

1977), where c i s the correct ion factor appropriate for the 

species as well as the d i f fe ren t popula t ions . 

Leaf and branch angles were measured by means of a p r o t r a c ­

t o r . The leaf blades deviate from the hor izonta l in several 

ways such as t i l t i n g of the apex downward or upward, folding 

of margins upward and twis t ing of the p e t i o l e s . The most 

v e r t i c a l aspect of each individual leaf was measured as degree 

inc l ina t ion from the ho r i zon ta l . Branch angles were measured 

as the o r i en ta t ions from the main t runk. 

For est imating the effect of the pos i t ion of leaves on 

the t r ee canopy and the consequent shading, the crown of 

another five year old t r e e was i d e n t i f i e d . 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 respec t ive ly . 

The mean leaf length and width, pe t i o l e length as well as 

the correct ion fac tor for ca lcu la t ing leaf area were estimated 

separa te ly for each category. Leaf area, however, was c a l ­

culated ind iv idua l ly by using planimeter . Dry weights were 

estimated af te r over drying for 24 hours at 85 C t o a con­

s t an t weight. 

For ca lcu la t ion of b i furcat ion r a t i o s , branches were' 

ordered according to Horton's r u l e , modified by S t rah le r 

(1957). In t h i s method segments of branch systems are ordered 
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and a b r a n c h i n g r a t i o was c a l c u l a t e d wh ich s u b s e q u e n t l y 

s e r v e s as an i n d e x of d e g r e e of b r a n c h i n g . Each u l t i m a t e 

b r a n c h i s d e s i g n a t e d as t h e f i r s t o r d e r ; a t t h e m e e t i n g 

p o i n t o f two f i r s t o r d e r b r a n c h e s t h e p r o x i m a l segment i s of 

t h e second o r d e r . A t h i r d o r d e r segment s t a r t s a t t h e J u n e - • 

t i o n of two second o r d e r b r a n c h e s and s o on down t h e s y s t e m . 

At t h e j u n c t i o n .of b r a n c h e s of two u n e q u a l o r d e r s , t h e • 

i d e n t i t y o f t h e h i g h e s t b r a n c h o r d e r i s m a i n t a i n e d . Thus t h e 

b a s a l b r a n c h o r t r u n k i s of t h e h i g h e s t o r d e r . The b i f u r c a ­

t i o n r a t i o i s c a l c u l a t e d b y Motomura ' s f o r m u l a (1947 ) , 

Rb = N-Nmax/N-N. ( S t e i n g r a e b e r a_fc.all/ 1979) w h e r e N i s t h e 

t o t a l number of b r a n c h e s of a l l o r d e r s , Nmax i s t h e number 

of t h e b r a n c h e s of t h e h i g h e s t o r d e r and N i s t h e number o f 

b r a n c h e s o f t h e f i r s t o r d e r . At each s i t e 10 open-grown and 

10 t r e e s grown i n a c l o s e d s t a n d b u t n o t s t r i c t l y u n d e r s h a d e 

w e r e o r d e r e d a c c o r d i n g t o S t r a h l e r ' s method and t h e b i f u r c a ­

t i o n r a t i o was c a l c u l a t e d . 

P h e n o l o g i c a l o b s e r v a t i o n s l i k e f l o w e r i n g , f r u i t i n g , 

s e e d d i s p e r s a l / f l u s h i n g and g rowth c e s s a t i o n w e r e made on 

marked t r e e s a t a l l t h e t h r e e s i t e s . 

RESULTS 

P a t t e r n of a r c h i t e c t u r a l deve lopmen t 

The two s p e c i e s of Schima h a v e a s i m i l a r a r c h i t e c t u r e 

d e v e l o p m e n t p a t t e r n , t h o u g h t h e r e a r e q u a n t i t a t i v e and s e a ­

s o n a l v a r i a t i o n s i n g rowth b e h a v i o u r . The a r c h i t e c t u r e 

(Ha l l e e t a l . / 1 9 7 8 ) , i s d e t e r m i n e d b y a monopod ia l t r u n k 

wh ich grows r h y t h m i c a l l y and so d e v e l o p s t i e r s o f b r a n c h e s . 
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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 elongation occurs. The leader 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 correlated with 

the activity of terminal meristem i.e. the rhythm of the main 

leader (rhythmic branching type of Halle et ail./ 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 U 

mainly restricts to the abaxial 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 



PLATE 7 

Growth habit of an open grown Schima wallichii 

(Rauh 's model). 

PLATS 8 

A closer view of Schjma wallichii showing upper 

whorl of branches with finer patterns (Rauh's model) 
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PLi-TS 9 

Sy l l ep t i c branching in Schima w a l l i c h i i . Note the 

development of branches without a r e s t period of 

ax i l l a ry buds. 

pL^TiS 10 

Development of a p ro l ep t i c branch in Schima wa l l i ch i i 

a f t e r the damage t o the main leader . Note the p r o l i ­

fera t ion of a l a t e n t ax i l l a ry meristem. 
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of 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 tne 

morphological inversion point (Oldeman, 1974). This helps in 

achieving a branchless bole, as well as the characteristic-

shape of the tree crown. The initial architecture complex of 

the tree undergoes several 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 

meristems but this is lost with age and flushings eventually 

become not only asynchronous but also less frequent 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. 

Prom the above description, it is clear that the tree 

follows the architecture model of Rauh (Halle e£ al., 1978). 

The characteristics of this model is a monopodial trunk with 

rhythmic growth and a whorled arrangement of branches which 



Pig. 3.2 = Observed methods of r e i t e r a t i o n (n SchifflS spp. 

U) Bayonet j o i n t tb) Ported t r j k CO C ° P P i -

(d) Prolept io branch replacing j damaged bud 

(9) An old t r e e showing re i t e ra t ion complexes 
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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 articulations (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 old 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 no the r again in July (7-8 branches in each 

whorl). At higher elevations, however/ both in S3, 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. 



Fig. 3.3 : Rauh's model as exemplified by Schima spp. 

Dotted l ines represent l imi t s of one season's 

growth, 





Fig . 3.4 : Growth rhythms in Schima spp. represented by 

in t emoda l elongation (bars) and leaf area 

changes (Undulating l i n e , above the bars) on 

leader ax i s . (Time period one year) 
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Fig. 3.5 : Bud dynamics (a) Dynamics of ax i l l a ry bud popula­

t ions (b) The percentage component composition of 

the ax i l l a ry bud bank* £3 dormant buds 

Wi branches formed • buds died. 

SWH = Schima w a l l i c h i i ( higher a l t i t ude ) 

SWL = Schima w a l l i c h i i (lower a l t i t ude ) 

SK = S.# 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. khasiana. but it did so in S. wallichii with greater 

numbers at lower than at higher altitude.. 

Pn 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 

about 15% did so on the first 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 dormant reserve 

buds. 

Extension and Radial growth 

Extension growth in S. wallichii at lower altitude starts 

earlier and ends later than at higher altitude/ with the 

result the growing period e.t lower elevation is longer. 

§• Khasiana on the other hand has tne shortest growing period 

due to the onset of dormancy much earlier 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. khasiana at higher altitude (Table 3.1). 

During the growth period/ the intemodal elongation 

showed a distinct rhythmic pattern with two major peaks in 

^ril-May and in July, in both the species. However, at 
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d en 
Tab le3-,2 :/Phenology of growth and reproduction in Schima spp, 

1 j f 

Flush ing J Beginning {Growing | Dormant 
d a t e J of dorman [period { p e r i o d 

cy J (days) J (days) 

• t 
Flowering ^Frui t ing 
d a t e Jdate 

Seec 1 
d i s p e r s a l 

Feb 
Mar 

Mar 
Apr 

Jan 
Feb 

20 -
15 

1 -
15 

20 -
15 

S. w a l l i c h i i 
(Lower a l t i t u d e ) Mar 1 Dec 25 

(Higher a l t i t u d e ) Mar 20 Nov 25 

S. khas iana Apr 5. Oct 1 

S00 

252) 

ISO 

65 

115 

185 

Apr 1 -
May 15 

Apr 25 -
May 30 

May 15 -
J u l y 31 

May 25 

Jun 1 

J u l 25 
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lower altitude in S. 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 

modes (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 early 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). 

Table 3i2tshows 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 > second order •? 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. Generally 

speaking branches of different orders of S. wallichii at low 

elevation showed greater elongation compared to those at 

high elevation (Fig 3.7) 

Branch orientation and bifurcation rati 

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 

4) 



Fig. 3,6 : Radial (a) extension growth (b) cumulative % of 

season's t o t a l growth (c) in Schima spp. 

S. wa l l i ch i i (lower a l t i t ude ) ( 0 ) / S. wallichi.r, 

higher a l t i t ude ( • ) and S. khasiana ( A ) . 



r ig . 3- 6 

F M M J J 
MONTHS 

N 



Pig. 3 . 7 : Branching pa t te rn in Schima spp. 



1 

1m 
1 » I 



T a b l e 3 . 2 : V a r i a t i o n s i n s h o o t e l o n g a t i o n (cm. + S t a n d a r d e r r o r o f t h e mean) 
on d i f f e r e n t l o c a t i o n s of young Schjffia w a l l i c h i i and S . k h a s i a n a 
t r e e s d u r i n g one g rowing s e a s o n . 

0 

O R D E R 

F i r s t O r d e r 

O F B R A N C H E S 

! 2nd O r d e r 3 r d O r d e r ' 4 t h 
O r d e r 

MAIN AXIS Year w h o r l numbers 
1 2 3 

S . w a l l i c h i i 1 1 0 . 0 0 3 2 . 0 0 1 5 . 9 4 1 0 . 4 4 1.50 1 5 . 3 0 1 2 . 3 2 9 .97 1 .38 10 .62 30 .17 5 . 0 0 
(Lower a l t ) + 3 < 6 ? +3#86 +4.34 +4.02 +1.49 +3.62 +1.38 +0.78 +0.56 +2.30 +1.08 +2.04 

S. wallichii 

(Higher alt) 

77.00 24.40 17.00 11.00 6.00 10.00 14.23 10.68 6.73 13.50 10.25 5.97 

+5.24 +3.51 +2.69 +5.27 +0.78 +0 +1.94 +1.48 +1.58 +0.95 +1.30 +1.09 

4.50 

+1.14 

S. khasiana 64.00 23.50 16.20 13.67 12.75 

+3.09 +1.63 +2.63 +3.86 +4.33 

15.38 7.94 4.87 

+1.75 +1.09 +0.70 

15.27 5.03 

+1.79 +1.22 

9.50 

+3.51 



Table 3.3 : Branch-angles (or ientat ion from the main trunk) for Schima spp, 

S. w a l l i c h i i 
(Lower a l t ) 

S. w a l l i c h i i 
(Higher a l t ) 

S. khasiana 

(+ S, . E . ) 

OPEN GROWN 

Upper 
Canopy 

5 6 . 3 3 

+ 2 . 1 7 

5 5 . 0 0 

+ 2 . 4 4 

4 6 . 4 3 

+ 1 . 4 3 

Middle 
canopy 

7 7 . 6 4 

+ 1 . 7 9 

7 0 . 0 0 

+3 .42 

5 8 . 5 7 

+ 2 . 0 6 

TREES 

Lower 
c a n o p y 

8 0 . 3 0 

+ 2 . 1 1 

7 9 . 8 7 

+ 2 . 5 0 

8 7 . 1 4 

+ 1 . 4 9 

FOREST GROWN 

Upper 
canopy 

4 2 . 5 0 

+ 3 . 1 8 

4 5 . 0 0 

+ 2 . 6 7 

3 4 . 2 9 

+2 .02 

Midd le 
c a n o p y 

6 0 . 5 0 

+ 2 . 5 2 

6 6 . 0 0 

+ 3 . 0 6 

5 6 . 4 3 

+ 3 . 2 5 

TREES 

Lower 
canopy 

7 7 . 0 0 

+ 3 . 1 8 

7 2 . 5 0 

+ 3 . 4 1 

5 9 . 3 8 

+ 2 . 7 5 
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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. w a l l i c h i i at two a l t i t u d e s . 

A l i nea r re la t ionsh ip was obtained between the branches 

of a given order (S t rah le r ' s ordering) and t h e i r frequency 

for a l l the three populations (Fig 3 .8 ) . The b i furca t ion r a t i o 

values were not s i gn i f i c an t l y d i f fe ren t (at 5% level) between 

the open and fores t grown t r ees of §_. w a l l i c h i i though in the 

l a t t e r case the values are somewhat lower. In case of S. kha­

s iana differences are s ign i f i can t (at 1% level ) between forest 

and open grown s i t ua t i ons (Table 3 .4 ) . 

Leaf Dynamics 

Morphologically leaves of S. w a l l i c h i i and S. khasiana 

differed with the former having an e n t i r e leaf margin while 

the l a t t e r s t rongly s e r r a t e margin. Sun and shade leaves of 

a l l the populations showed s ign i f i can t (5% level ) differences 

with sun leaves showing grea ter p e t i o l e length, blade length, 

blade width, blade area as well as blade and p e t i o l e dry 

weights, than those of shade leaves . The differences in leaf 

c h a r a c t e r i s t i c s between S. w a l l i c h i i from lower and higher 

a l t i t u d e and S. khasiana were also s ign i f i can t (5% level ) 

(Table 3 .5 ) . Both sun and shade leaves of lower a l t i t u d e 

S. wa l l i ch i i had g rea te r blade length, blade width, p e t i o l e 

length and leaf blade area than at higher a l t i t u d e ; however, 

the l a t t e r showed grea te r p e t i o l e and blade dry weight than 

the former. The correct ion f a c t o r computed for leaf area 

ca lcu la t ion was constant for a l l the populations and also for 

sun and shade leaves . 



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



BRANCH OfiDERS 



T a b l e 3 .4 : B i f u r c a t i o n r a t i o (Rb) v a l u e s ( + S . E . ) f o r Schima s p p . 

Mean 

S . w a l l i c h i i 
(Lower a l t ) 3 .99 

S . w a l l i c h i i 
(Higher a l t ) 3 . 8 5 

S . k h a s i a n a 3 . 9 1 

OPEN GROWN 

+ S . E . Range 

+ 0 . 4 9 3 . 3 1 — 4 . 7 6 

+ 0 . 2 0 3 . 0 0 — 4 . 2 0 

+ 0 . 1 4 3 . 3 8 — 4 . 7 5 

FOREST 

t Mean + i 

0 . 7 6 N . S . 3 . 4 4 + 

1 .81 N . S . 3 . 4 0 + 

4 . 0 6 * 3 . 2 4 + 

GROWN 

>.E. Range 

0.19 3.00 — 4.14 

0.14 3.00 — 3.95 

0.09 3.00 —3.59 

•S igni f ican t at 1% l e v e l , N .S . , not s i g n i f i c a n t . 
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Flushing occurred with the production of pink coloured 

young leaves , during ea r ly March for S. w a l l i c h i i at lower 

a l t i t ude and about 20 days l a t e r at higher a l t i t u d e ; S. kha­

s iana, on the other hand, s t a r t ed flushing another 15 days 

l a t e r in ea r ly Apr i l . Leaf production during the growth 

period showed two major peaks in April and July for the two 

high a l t i t ude species popula t ions . §_. wa l l i ch i i at lower 

a l t i t ude also showed a smaller peak of production in September. 

Leaf production declined sharply in subsequent months with 

complete stoppage in l a t e December in the case of the low 

a l t i t ude population of S,. wa l l i ch i i and l a t e November and 

ear ly October for the high a l t i t ude S. w a l l i c h i i and S_. kha-

siana respec t ive ly . S ,̂ w a l l i c h i i at lower a l t i t u d e produced 

more leaves than e i t h e r the same species at higher a l t i t ude 

or than S. khasiana. All species and populations produced more 

than 50% of t h e i r annual leaf production by June (Fig 3 .9 ) . 

Considering the cohort of leaves produced in 1979/ leaf 

area production reached i t s peak in September-October in the 

case of a l l the three populations with maximum values a t ta ined 

for S. wa l l i ch i i at lower a l t i t ude followed by the same 

species at higher a l t i t u d e and with l e a s t values for S. khasiana. 
3 2 

Annual production of leaf area was, 63 x 10 cm , for the low 
3 2 

a l t i t ude population of §_. w a l l i c h i i , 48 x 10 cm , for the 
3 2 

high a l t i t ude population of §.. w a l l i c h i i and 41 x 10 cm for 

§.» khasiana. In months subsequent t o peak leaf production, 

leaf area s t a r t ed decreasing sharply due t o leaf f a l l and a l l 

the leaves of t h a t cohort were shed by February in the case 



Fig. 3.9 : Pat tern of leaf production in S.. wa l l i ch i i at 

lower a l t i t ude ( 0 ) , at higher a l t i t ude ( • ) 

and ,S. khasiana ( A ) . 



utettve •/• of total leaf production 

No. of ltav#* 
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of S. wa l l i ch i i at low a l t i t u d e and by March-April in the 

case of high a l t i t ude population of both the species (Pig 3.10) . 

Considering the cohort of leaves produced in 1979/ leaf 

f a l l began as ea r ly as August with a peak in the month of 

January for S. w a l l i c h i i at both the a l t i t udes and in the 

month of March for S. khasiana. Both the species thus follow, 

the 'per iodic growth, deciduous pa t te rn of l e a f i n e s s ' 

(Longman and Jenik 1974). In t h i s pa t t e rn of leaf iness the 

branch or whole t r e e i s l ea f l e s s or near ly so fa r a period 

varying from a few weeks to several months. The degree of 

deciduousness d i f f e r s for both the species (Pig 3 .11) . At 

lower a l t i t ude S. wa l l i ch i i had a complete deciduous period of 

one month but at higher a l t i t ude i t re ta ined near ly 15% of i t s 

leaves at the time of new f lush . S. khasiana had complete 

deciduousness for about 20 days before the new flush occurs. 

» 

Life span of leaves produced ea r ly in the season in 

general was longer compared 'to those produced l a t e in the 

season. Leaves of the high a l t i t u d e species populations in 

general had longer l i f e span compared to the low a l t i t ude po­

pulat ion of &. w a l l i c h i i ( Fig 3 .12) . 

Leaf angles taken an i nc l i na t i ons from the hor izonta l 

(Table 3.6) showed t h a t leaves in a l l the species populations 

are placed more acutely in f u l l sun and are l e s s so in the 

shade. This i s more markedly seen in the low a l t i t u d e popula­

t ion of S. wa l l i ch i i than those at high a l t i t ude and those of 

S. khasiana. 



Pig. 3.10 : Leaf area dynamics for one cohort of leaves 

S. wa l l i ch i i lower a l t i t u d e ( 0 ) , higher 

a l t i t u d e ( • ) and S. khasiana ( A ) . 
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Fig. 3.11 : Pat tern of leaf f a l l in S. w a l l i c h i i a t lower 

a l t i t ude ( 0 ) , higher a l t i t ude ( • ) and 

S. khasiana ( A ) % leaf f a l l for a p a r t i c u l a r 

month (solid l i n e s ) , cumulative % of l e a f - f a l l 

(broken l ines) and standing leaves (dotted l i n e s ) . 



Fig. 3-1.1. 

Fig. 3-11 
MONTHS 



Fig . 3.12 : Life span of leaves of S. wa l l i ch i i a t lower 

a l t i t u d e (open b a r s ) , at higher a l t i t ude 

(-hatched bars) and S* khasiana ( f i l led b a r s ) . 

/ 
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T a b l e 3f.6: Leaf a n g l e s ( i n c l i n a t i o n s from h o r i z o n t a l ) ( + S . E . ) i n 
Sch ima w a l l i c h i i (Lower and Upper a l t i t u d e ) and S . k h a s i a n a 

SUN LEAVES 

Upper Mid. 
Canopy Canopy 

Sch ima w a l i i c h i i 8 5 . 0 0 7 2 . 5 0 

(Lower a l t ) + 1 . 3 0 + 3 . 2 2 

Sch ima w a l l i c h i i 6 9 . 5 0 6 2 . 9 2 

(Higher a l t ) + 1 . 5 3 + 3 . 2 3 

S . k h a s i a n a 7 5 . 0 0 6 1 . 5 0 

+ 1 . 3 0 + 2 . 5 3 

SHADE LEAVES 

Lower Upper Mid. Lower 
Canopy Canopy Canopy Canopy 

7 1 . 5 0 6 0 . 5 0 5 5 . 1 0 5 0 . 5 0 

+ 2 . 7 9 + 2 . 8 8 + 3 ' 4 3 i 2 ' 8 4 

5 8 . 0 0 4 9 . 5 0 4 4 . 8 3 4 0 . 7 7 

+ 2 . 8 1 + 3 . 4 2 + 3 . 1 9 + 2 . 2 4 

5 0 . 0 0 3 1 . 8 0 2 7 . 0 0 1 7 . 5 0 

+ 1 . 9 7 + 1 . 4 9 + 4 . 3 4 + 3 . 2 1 
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DISCUSSION 

S. khasiana 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 riaythmic 

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 uppers 

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 essentially a repetition of the original 

architecture, the difference being the mode of delopment of the 

reiterated complexes. All sequential branching in Schima is by 

syllepsis and reiterated branches can be produced proleptically. 

This can easily be recognized by the morphology of the proleptic 

shoot. However, both sequential and reiterated branches are pro-

duced only through prolepsis in S. wallichii in Indonesia (Halle, 

personal communication) even this difference becomes unrecogni­

zable in the Indonesian population of this species. As each wave 

of reiteration activates meristems, the chances of survival of 

the tree is increased. Thus, an old tree could be said to be made 

of several reiterated complexes. 



The dynamic concept of architecture (Halle et al; 1978) 

interprets the growth in terms of organized flux of specific 

constructional units (buds), their subsequent proliferation 

and survival. The branch production through syllepsis in the 

two species is during periods of rapid shoot growth, as was 

also seen in Alnus (Champagnat, 1954); Avicennia (Gill, 1971^ 

a n d 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 turn is determined by the growth vigour of the 

parent shoot. Thus, in the low altitude population of S. walli-

chii which has faster shoot extension growth, more branches are 

produced sylleptically, than at higher altitude species popu­

lations. The branches in Indonesian population of S,. w alii chii 

(Halle", Personal Communication) are produced proleptically, 

suggesting an intraspecific 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 hyp'opodium in sylleptic branches Blight be 

a mechanism by which the leaves are put outside the shade 

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

T*1® Schima spp. are adapted to survive and make afficient 

growth after damage through fire, insects or other reasons. 
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The l a t e r a l buds t h a t fa i led t o produce s y l l e p t i c branches may 

produce p ro lep t i c branches i f damaged. Thus, the species 

produce a bas ic type of meristem which can adapt i t s e l f t« any 

of the functions e i t h e r become dormant as a r e s t i ng bud or 

grow out as a s y l l e p t i c branch, or assume the function of the 

main axis through r e i t e r a t i o n . 

The p e r i o d i c i t y of shoot growth in t r o p i c a l t r e e s has 

been a centre of controversy. If recurrent growth flushes 

occur at regular i n t e r v a l s , the growth has been termed as 

rhythmic or pe r iod i c , i f flushes occur at i r r e g u l a r i n t e rva l s 

i t has been cal led as episodic , i n t e rmi t t en t or recurrent 

(Romberger, 1963). Halle' e£ a l . , (1978) have c o l l e c t i v e l y 

placed a l l these under one broad category of 'rhythmic growth* 

mainly in the context of t r o p i c a l t r e e s species where the 

t ime-lag between d i f fe ren t flushes are very small . In Schima 

spp. the growth rhythms are endogeous as they are not re la ted 

to not iceable c l imat ic f luctuat ions during the growing season. 

Even under the most favourable environmental conditions during 

May-June there are periods of slower growth for a l l the 

species popula t ions . Further, i t was noted t h a t d i f fe ren t 

individuals under the same environment may also not show 

synchrony in t h e i r rhythm. Duration of growth seems to de t e r ­

mine the number of rhythms being more frequent a t lower 

a l t i t u d e . While many workers have a t t r ibu ted various environ-

mental parameters l i k e wet and dry season to rhythmicity 

(Alvium, 1964; Gaertner, 1964), absence of cor re la t ions with 
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the environment has prompted others (Koriba, 1958; Borchert/ 

1969; Greathouse e£ al., 1971) to consider this phenomenon 

as endogenous as in the present case. 

Differential elongation of different axes usually deter­

mines the form of the woody plants. In Schima spp. growth of * 

the main axis far exceeds 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. S. khasiana has the shortest period. The number of 

cycles of shoot extension were more for low elevation popula­

tion compared to that of the two species at higher altitude. 

This obviously is related to tha 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, 1971; Brunig, 

1976; Honda & Fisher, 1978). In Schima spp. lateral branches 

were vertical at first, and became progressively 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. 

Oohata & Shidei (1971) and Whitney (1976) analysed bifur­

cation ratio which is a measure of morphological adaptation 

of the crown structure to a particular niche and showed that 

it reaches to 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 environ­

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

krishnan unpublished) and S. khasiana in the present case 

support the latter viewpoint. The bifurcation ratio which is 

more or less constant in the case of Ŝ . wallichii under forest 

and open grown 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 com­

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; MilthrJBpe/ 1976). The general decrease in size of leaves 

at the higher altitude and interior of the crown of individual 

trees may be attributed to the light availability and tempe­

rature 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 & McClendon, 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 so la r rad ia t ion in sun leaves (McMillan 

& McClendon, 1979). 

A va r i e ty of pa t t e rn s of leaf iness (renewal and f a l l ) 

have been described for t rop ica l t r e e s (Holttum 1940; Koriba 

1958; Longman & Jenik, 1974) , mostly with the cases of 

prera in or equinoc t ia l flushing (Alvirn, 1964; Prankie e t a l . , 

1974) which may perhaps be re la ted to the display of the 

newly expanded leaves at the time of maximum so la r i r r a d i a ­

t ion and other favourable growth-conditions (Longman & Jenik, 

1974). In Schima spp. too leaf flushing i s t r iggered j u s t 

before the ra ins and leaf f a l l i s mostly during the xer ic 

periods of the year. The per iodic growth-deciduous type of 

pa t te rn of leaf iness of Schima spp. i s adaptive since losing 

photosynthetic area during dry periods of the year may help 

in avoiding water s t r e s s . I t i s an evergreen t r e e in Indone­

s i a , where there i s no such s t r e s s (Halle', Personal Cummuni-

c a t i o n ) . The differences in degree of deciduousness between 

the lower and higher a l t i t ude populat ions/ where the l a t t e r 

has a longer l i f e span may be p a r t l y i n t r i n s i c and p a r t l y 

env i r onmen t a l . 

The ra te and duration of shoot growth, period of act ive 

extension and leaf production as well as cessat ion of growth 

are of much importance to a t r e e ' s a b i l i t y to survive compe­

t i t i o n in the fores t and also for the produc t iv i ty of the 

fores t (Longman & Jenik, 1974; Ramakrishnan, 1978). Bormann 

& Likens (1979) have described two types of growth s t r a t eg i e s 
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f o r n i c h e occupancy i n t r e e s p e c i e s . An e x p l o i t i v e s t r a t e g y 

c h a r a c t e r i s t i c s of e a r l y s u c c e s s i o n a l s p e c i e s w i t h r a p i d and 

p r o l o n g e d g rowth and a c o n s e r v a t i v e s t r a t e g y a d a p t e d f o r 

l a t e s u c c e s s i o n a l e n v i r o n m e n t s . Marks (1975) and Ramakr i shnan , 

Bormann & S iccama (Unpubl i shed) h a v e shown t h a t e a r l y s u c c e s ­

s i o n a l t r e e s p e c i e s w i t h an i n d e t e r m i n a t e g rowth p a t t e r n a r e 

e x p l o i t i v e s t r a t e g i s t s ; l a t e s u c c e s s i o n a l t r e e s p e c i e s have 

m o s t l y d e t e r m i n a t e g rowth and a r e c o n s e r v a t i v e o n e s . These 

s t u d i e s f o r t e m p e r a t e t r e e s and t h o s e of o t h e r s f o r t r o p i c a l 

t r e e s (Coombe, I 9 6 0 ; Coombe & H a d f i e l d , I 9 6 0 ) a l o n g w i t h t h e 

r e s u l t s p r e s e n t e d h e r e ; whe re c o n t i n u o u s l e a f p r o d u c t i o n i s 

m a i n t a i n e d f o r a maj d e p a r t of t h e y e a r i n an e a r l y s u c c e s ­

s i o n a l l i g h t demanding s p e c i e s l i k e Sch ima; t e n d t o s u b s t a n ­

t i a t e t h e v iew p o i n t t h a t more p r o l o n g e d p r o d u c t i o n of p h o t o -

s y n t h e t i c l e a f s u r f a c e compared t o t h a t of l a t e s u c c e s s i o n a l 

s p e c i e s i s p r i m a r i l y r e s p o n s i b l e f o r t h e i r f a s t e r growth 

r a t e and p r o d u c t i v i t y . 

\ SUMMARY 

A A r c h i t e c t u r e and growth p a t t e r n of two c l o s e l y r e l a t e d 

d e c i d u o u s t r e e s p e c i e s of Schima/ name ly S_. w a l l i c h i i from 

lower (100m) and h i g h e r , (1600m) a l t i t u d e s and S . k h a s i a n a 

( r e s t r i c t e d t o h i g h e r a l t i t u d e 1900m o n l y ) were a n a l y s e d 

c o m p a r a t i v e l y . Both t h e s p e c i e s conform t o R a u h ' s model of 

a r c h i t e c t u r e i n h a v i n g a monopod ia l t r u n k w i t h r h y t h m i c 

growth and m o r p h o g e n e t i c a l l y e q u i v a l e n t b r a n c h e s . Branch 

p r o d u c t i o n t h r o u g h s y l l e p s i s s u g g e s t s a h i g h growth v i g o u r 

of t h e t r e e and a mechanism t o a c h i e v e f a s t g r o w t h . E x t e n s i o n 
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and r ad i a l growth of the stem as well as leaf production 

continues throughout the growing season. The favourable 

growth conditions a t the lower a l t i t u d e favours fas t exten­

sion growth with g rea te r rhythmicity in S. wal l ichi i . in 

comparison to the higher a l t i t ude population of t h e spec ies . 

The a rch i t ec tu ra l and growth pa t t e rn c h a r a c t e r i s t i c s of the 

two species are r e l a t ed to t h e i r ecological niche as ea r ly 

successional explo i t ive spec ies . 



CHAPTER IV 

Growth strategy of trees related to successional 

status: I, Architecture and extension growth 
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GROWTH STRATEGY OF TREES RELATED TO SUCCESSIONAL STATUS 

I . ARCHITECTURE AND EXTENSION GROWTH 

INTRODUCTION 

Much of o u r knowledge of t h e growth c h a r a c t e r i s t i c s of 

t r e e s p e c i e s i s b a s e d on t h e i r n o r t h t e m p e r a t e r e p r e s e n t a t i v e s 

(Koz lowsk i , 1 9 6 4 ) . Only r e c e n t l y h a s t h e r e been an a t t e m p t t o 

u n d e r s t a n d t h e a r c h i t e c t u r e and growth p a t t e r n of t r o p i c a l 

and s u b - t r o p i c a l t r e e s ( Ha l l e ejt a l . / 1 9 7 8 ) . The e c o l o g i c a l 

approach t o t h e s t u d i e s on canopy s t r u c t u r e and i t s r e l a t i o n ­

s h i p s t o l i g h t i n t e r c e p t i o n s t r a t e g y (Horn, 1971) and e x t e n ­

s i o n g rowth c h a r a c t e r i s t i c s r e l a t e d t o s u c c e s s i o n a l s t a t u s of 

n o r t h t e m p e r a t e d e d i d u o u s t r e e s (Marks, 1974 ; Ramakr i shnan , 

Bormann & S j c c a m a , U n p u b l i s h e d ) h a s r e s u l t e d i n a b e t t e r 
i 

understanding of growth strategies of developing temperate 

forest communities. The architectural characteristics of the 

successional communities in French Guiana, have been analysed 

by Lescure (1978), which is a significant contribution on some 

aspects of revegetation occurring in different plots previously 

used for shifting agriculture. The present study attempts to 

look at growth strategy of trees from these viewpoints. Such 

an approach 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 fores t where the present study has been done i s a 

sub-tx-opical montane, humid/ evergreen fores t (Raju, 1964) 

and i s located at Upper Shil long (25°34'N and S1056'E) near 

Shillong peak (1900m) in the Khasi Hi l l s of Meghalaya State 

of nor th-eas tern India . The fores t i s character ised both by 

sub- t ropical elements l ike Schlma khasiana/ Machilus k inq i i / 
Manqlitia i n s i q n j s , Euqenia terraqona and Ficus Oemoralis; 

alongwith a number of temperate species l ike Quereus daalbata , 

S,» q r i f f i t h i i , Alnus nepa lens i s . Rhododendron arboretum and 

Betula a lnoides . For the present study two ea r ly (A. nepalen-

s i s and S. khasiana) and three l a t e (Machilus k i n q i i , Que reus 

de alb at a and Q_. q r i f f i t h i i ) successional t r e e species have 

been considered. The a rch i tec ture and growth pa t t e rns of these 

two categories of t r e e s are compared and r e l a t ed to <*fcheir ...: ^ 

n i c h e o c c u p a n c y i n t h e f o r e s t . 

CLIMATE & 

The climate i s monsoonic with most of the r a i n f a l l 

confined to a few months. The year may be divided in to four 

more or l ess well marked seasons: (1) the monsoon season of 

heavy ra ins during May-September with over 80% of the t o t a l 

average annual r a i n f a l l (2350mm) occurring at t h i s t ime; 

( i i ) a t r a n s i t i o n a l period of low r a i n f a l l due to the r e t r e a ­

t i ng monsoons during October-November; ( i i i ) a winter season 

during December to February with sca t te red showers/ and 

(iv) a short summer dry period :diring March-April. The average 

maximum and minimum temperatures were 22.24 C and 15.84 C 

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

(Fig 1.1) PJ3fc^b_ 
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METHODS 

Both the early and late successional trees of 5 years' 

age were identified at the study site. While the early suc­

cession al species were studied only under open grown situa­

tions as they were not to be found to grow in shade, late 

successional species were studied 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 around 

the tree to reach upto the top of the canopy. During active 

growth period 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 Halle* e£ 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 increment 

of main leader and one year old First-order branches. Branch 

angle was measured using a protractor and plumb bob and was 

expressed as degree orientation from the main trunk. Leaf 

display angle i.e. deviation from horizontal was also measured 

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 
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crown using Horton's (1945) method as modified by Strahler 

(1957). The terminal branches are 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 unequal orders does not affect the 

classification of either. The bifurcation ratio' (Rb) is cal­

culated by Motomura's (1947) formula: Rb = N-Nmax/N-N.^, where 

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

the number of branches of the highest order and N is the 

number of branches of the first order (Steingraeber e_t al. , 

1979). The results are based on 10 replicates. For branch 

angle and bifurcation ratio studies a few forest grown trees 

of S. kh asi an a which were mostly stump sprouts were also 

considered. 

GENERAL GROWTH CHARACTERISTICS AND ARCHITECTURE 

General Growth pattern 

For a precise description of growth pattern of the early 

and late successional tree species under consideration, the 

determinate/indeterminate terminology used for temperate trees, 

is adopted here, along with the broad categorization under 

rhythmic/continuous growth by Halle e_t al. (1978) used with 

special reference to the tropical tree species. Early succes­

sional species can be grouped under indeterminate type. In 

§> khasiana after a period of dormancy (from October to March) 

the flush1 of new pink coloured leaves is preformed in winter 

bud but growth is continued through neoformation during the 
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growing season. The t r e e has c h a r a c t e r i s t i c s of rhythmic 

growth expressed in rhythmic branches (whorls) and p e r i o d i c i t y 

•of internode elongation and leaf area production. A. nepalen-

s i s , has continuous growth, through neofonnation involving 

the continued extension of primordia immediately af te r they 

are i n i t i a t e d without a r e s t per iod . In t h i s species the t e r ­

minal meristem cons i s ten t ly cons is t s of s ingle leaf associa­

ted with s t i pu l e and branch primordia enclosed by the mature 

s t ipu le of youngest leaf to form a d i s t i n c t terminal bud. In 

unfavourable winter period though the a c t i v i t y i s stopped 

but when resumed i t again produces the same number of leaf 

primordia. 

The l a t e successional species follow determinate pa t t e rn 

of shoot growth where the leaf and internode primordia are 

wholly preformed i . e . i n i t i a t e d e n t i r e l y in the previous 

growth year in the overwintering bud. Late season a c t i v i t y of 

the tsrminal meristem continues a f te r shoot extension has 

ceased and involves the formation of the following yea r s ' 

leaves . Though t h i s i s the basic pa t te rn of determinate scheme/ 

p lan t s growing under more favourable conditions in the open/ 

produce another flush of determinate shoots (lama growth) 

from pre-formed leaves of the dormant bud la id out before the 

second f lush. This pa t te rn of growth can obviously be grouped 

under rhythmic growth type of Halle' a t a l . (1978) . 

Architecture development 

The archi tec ture development pa t t e rn of A. nepalensis 

follows Attim's model (Fig 4.2a) (Halle e t a l . , 1978). In 



Fig. 4.J£ : Growth rhythms represented by intemodal elongation 

(bars) and leaf area changes (undulating lines abov 

the bars) on leader axis. 

a. A. napalensis; 

b . S. khasiana; 

c. 8,. de alb at a; 

d. Q,. q r i f f i t h i i ; 

e . M. kinqii 

Inset figure for forest grown individuals. 
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t h i s species the formative meristem has continuous growth, 

d i f fe ren t i a ted in to monopodial trunk and morphogenetically 

equivalent branches. Branching i s continuous during the growing 

season but becomes in t e rmi t t en t during the winter due to the 

fa i lu re of branch formation. This helps in determining age of 

the t r e e . The continuous a c t i v i t y of the meristem i s expressed 

in the more or l e s s constant bud composition and l i t t l e v a r i a ­

t ion in leaf shapes and s izes along the ax i s . But growth ra te 

i s not uniform as i s c l ea r from the rhythmici ty of internode 

length and leaf area pa t t e rn on the main axis (Fig 4.1a) as 

well as temporary suspension of growth during the win ter . 

Branches are produced through sy l l eps i s without a r e s t period 

of ax i l l a ry meristerns. These branches are character ized by the 

lack of basal bud scales or scale scars and have an extended 

basal internode (hypopodiurn). Further , there i s no t r a n s i t i o n 

in leaf morphology along the axes of the s y l l e p t i c branches. 

Branches are inherent ly o r tho t rop ic , as they have s p i r a l 

phyllotaxy and r ad ia l symmetry/ but due to apical control they 

tend to become hor izonta l / arranging leaves in one plane 

through twis t ing of p e t i o l e s (secondary o r i e n t a t i o n ) . The 

inherent orthotropy of such branch i s revealed in damaged 

t r e e s , where leader i s readi ly replaced by an adjacent l a t e r a l 

which conforms t o the o r ig ina l a rch i t ec tu re . 

All other species follow Rauh's model (Fig 4.2b, c, d, 

and e) which i s character ised by a monopodial trunk with 

rhythmic growth and a whorled arrangement of l a t e r a l s which 



Pig. 4,St. : Attim's model as exemplified by 

£• nepalensisr a; and 

Rauh's model as exemplified by 

b . S. khasiana; c . Q.. de alb a t a; d. Q,. g r i f f i t h i j ; 

e . M, kingii 
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are morphogenetically equivalent to the t runk. This rhythmicity 

helps in aging the t r e e . The leader axis as well as the 

l a t e r a l s are or thot ropic with r ad i a l symmetry and s p i r a l 

phyl lotaxy. The ea r ly successional S. khasiana which follows 

t h i s model showed more rhythms of int^rnodal elongation and 

leaf area production than the l a t e successional species 

(Pig 4 . 1 ) . S. khasiana produces branches through sy l l eps i s 

whereas a l l l a t e successional species produce branches through 

pro leps i s - through the p ro l i f e r a t ion of l a t e n t or res t ing 

buds, thus they have basa l bud scales and usua l ly a t r an s i t i on 

in leaf shape and s ize on t h e i r axes. 

Rei tera t ion 

The i n i t i a l a rch i tec ture of the t r e e i s l i k e l y t o get 

modified due to damages l ike insec t a t tack , f i r e and breakages 

due to na tura l ca lami t i e s , or environmental modifications l ike 

canopy openings, l i gh t a v a i l a b i l i t y and also canopy c losure . 

The t r e e then r e i t e r a t e s i t s i n i t i a l a rch i tec ture to adjust 

i t s e l f to such changes (Fig 4 . 3 ) . This has been termed as 

ra i - ter t t ioh (Oldemen.,, 1974). Rei terated complexes of ea r ly 

successional species general ly show more vigorous growth with 

prolonged growth per iod . Late successional species r e i t e r a t e d 

complexes, ins tead of making determinate growth exhib i t 

indeterminate growth p a t t e r n . 

In A. nepalens is , i f the apex i s damaged, an adjacent 

l a t e r a l s t a r t s growing upwards, subsequently subs t i t u t ing the 

ro le of the damaged p a r t . In ce r ta in cases ins tead of a s ing le , 



Fig, 4,3 : Reiteration processes in early and late successional 

tree species. 

a. Substitution trunk; 

b. Same but producing a forked trunk; 

c. Stem suckers from aa old tree, and 

d. 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 species, on the * 

other hand, reiteration may. be achieved either through the 

activation of lateral meristem, substitution process or even 

through coppicing of stumps. In S. khasiana branching in 

initial architactura is through syllepsis only but if reitera-
j 

| tion is by the activation of a dormant meristem it is through 

prolepsis. 

RESULTS 

Bud dynamics 

F i g 4 . 4 shows t h e dynamics of bud p o p u l a t i o n s on t h e 

main a x i s and o n e - y e a r o l d F i r s t o r d e r b r a n c h e s . E a r l y s u c c e s ­

s i o n a l s p e c i e s t h o u g h p r o d u c e d b r a n c h e s t h r o u g h s y l l e p s i s h a d 

some dormant b u d s . The p r o p o r t i o n of dormant t o non -do rman t 

b u d s was v e r y h i g h i n S . k h a s i a n a compared t o A. n e p a l e n s i s . 

In t h e n e x t g rowth y e a r some of t h e s e dormant b u d s d i e d and 

t h e r e s t r e m a i n e d dormant a g a i n fo rming r e s e r v e bud b a n k s ; i n 

h* n e p a l e n s i s t h e i r number was v e r y few. In t h e l a t e s u c c e s s 

s i o n a l s p e c i e s where b r a n c h e s a r e formed t h r o u g h p r o l e p s i s , 

buds u n d e r w e n t a r e s t p e r i o d and p r o d u c e d b r a n c h e s i n t h e 

n e x t g rowth s e a s o n o n l y . But i n open grown s i t u a t i o n s hcwever 

some of t h e s e b u d s p r o l i f e r a t e d i n t o b r a n c h e s i n t h e s e c o n d 

f l u s h of t h e same growth y e a r p r o d u c i n g lamma s h o o t s . 



Fig, 4«j$» : Dynamics of bud populations in 

a. A. napalens is ; 

b . S. khasiana; 

c . Q,. dealbata; 

d. Q. q r i f f i t h i i , , and 

e . M. k inq i i 

on A main leader axis and B. 

First order shoot of previous ye=«r. Inset figure 

for forest grown individuals. 

Wk branches produced; 

133 dormant buds and 

D 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. 

An examination of the relative percentage composition of 

various bud bank components revealed quite distinct trends 

(Pig 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 ones about 50% formed reserve buds and the 

rest died on the main axis shoot. On the first order branches 

of this species, only 10% buds were active, 4o% 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 as 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 



F i g . 4 , £ : The p e r c e n t a g e component c o m p o s i t i o n of t h e a x i l l a r y 

bud bank on A main a x i s and B. P r e v i o u s y e a r ' s 

F i r s t o r d e r s h o o t of open grown t r e e s o f , 

•• a» h» n e p a l e n s i s ; 

£ > • S. khasiana; 

c. Q. dealbata; 

d. Q. qriffi thii , and 

e. Q. dealbata, 

and forest grown trees of the last three (f, g, h) 

E2 branches proliferated, 

E3. dormant buds, 

C3 dead buds. 
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on f i r s t order branches of both open and fores t grown t r ees of 

t h i s category, the buds in the f i r s t year remained dormant 

while in the second growth year 20-30% of them p ro l i f e r a t ed 

in to branches, 40-50% remained dormant (reserve buds) and the 

r e s t d ied . 

Extension and Radial growth 

Table 4 . 1 , summarises the important growth c h a r a c t e r i s t i c s 

of both ea r ly and l a t e successional t r e e spec ies . Early succes-

s ional species had prolonged growth per iod, shor ter dormancy 

per iod, more extension and r ad i a l growth than the l a t e succes­

s ional spec ies . The ear ly successional species were e i t h e r with 

la rger number of internodes or grea ter in ternodal length than 

the l a t e successional ones. The t r ee height/crown width value 

was higher in ea r ly successional spec ies , while the r a t i o of 

the t o t a l height to tha height upto the lowest branch was higher 

for the l a t e successional spec ies . 

Early successional t r ee s exhibited e i t h e r more frequent 

rhythms of internode elongation and leaf area production on the 

leader axis as in t h e case of S. khasiana or i t had more or 

l e s s continuous growth but with a d i s t i n c t peak as in A. nepa-

l e n s i s , whereas, the l a t e successional t r e e species showed 

invar iably two d i s t i n c t peaks in open grown s i t u a t i o n s . Further 

the shade grown l a t e successionals showed only a s ingle peak 

with a f a i r l y short growth dura t ion . (Fig 4.1) 



Table 4.1 : Growth c h a r a c t e r i s t i c s of ear ly and l a t e successional t ree spec ies . 
All measurements are based on 5 r e p l i c a t e i nd iv idua l s . 

EARLY SUCCESSIONAL 
A. n e p a l e n - S . k h a s i a -
s i s n a 
OPEN OPEN 

LATE SUCCESSIONAL 
Q . Q . g r i f f i t h i i 
d e a l b a t a 

OPEN FOREST OPEN FOREST 

M. k i n g i i 

OPEN FOREST 

1 . 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 

9 . 

1 0 

D i m e n s i o n o f t h e 
e x p e r i m e n t a l t r e e s 
a . h e i g h t (m) 

b . d b h * (cm) 

G r o w t h p e r i o d 
( d a y s ) 

D o r m a n c y p e r i o d 
( d a y s ) 

E x t e n s i o n g r o w t h / 
Yr (cm) 

R a d i a l ( dbh ) 
g r o w t h / Y r (cm) 

I n t e r n o d e . N o . on 
m a i n l e a d e r / Y r 

5 . 0 5 
+ 0 . 6 8 

3 . 5 5 
+ 0 . 3 5 

334 
+ 1 0 . 5 0 

3 1 
+ 1 0 . 5 0 

104 
+ 6 . 5 0 

0 . 9 5 
+ 0 . 0 9 

13 
+ 4 . 4 0 

Mean i n t e r n o d e 8 . 0 0 
l e n g t h (cm) on m a i n + 4 . 8 0 
l e a d e r / y r ~ 
R a t i o o f t o t a l h e i g h t 3 . 1 2 
t o c r o w n w i d t h + 0 . 2 2 

R a t i o o f t o t a l h e i g h t 2 . 5 6 
t o h e i g h t a t l o w e s t + 0 . 1 6 
b r a n c h 

. T o l e r a n c e t o s h a d e I n t o l e r a n t 

2 . 0 3 
+ 0 . 3 9 

1 . 2 8 
+ 0 . 3 4 

1 9 0 
+ 9 . 1 8 

1 7 5 
+ 9 . 1 8 

64 
+ 3 . 0 9 

0 . 5 7 
+ 0 . 1 5 

34 
+ 9 . 5 0 

1 . 8 8 
+ 3 . 9 0 

2 . 7 5 
+ 0 . 1 2 

2 . 6 3 
+ 0 . 2 4 

I n t o l e r a n t 

1 . 9 6 
+ 0 . 7 5 

1 . 1 4 
+ 0 . 2 9 

7 3 
+ 1 . 8 8 

292 
+ 1 . 8 8 

49 
+ 2 . 5 0 

0 . 5 5 
+ 0 . 0 6 

17 
+ 6 . 6 0 

2 . 8 8 
+ 2 . 2 0 

1 . 7 1 
i -0 .04 

4 . 3 2 
+ 0 . 7 4 

T o l e r a n t 

1 . 5 4 
+ 0 . 9 0 

0 . 7 3 
+ 0 . 2 9 

3 5 
+ 0 . 6 9 

3 3 0 
+ 0 . 6 9 

2 1 
+ 1 . 9 0 

0 . 2 7 
+ 0 . 0 3 

5 
+ 3 . 3 3 

4 . 2 0 
+ £ . 9 0 

1 . 5 6 
+ 0 . 0 6 

5 . 6 6 
+ 0 . 2 2 

T o l e r a n t 

1 . 7 4 
+ 0 . 3 5 

1 . 0 5 
+ 0 . 2 9 

6 3 
+ 2 . 0 0 

302 
+ 1 . 9 9 

46 
+ 1 . 6 0 

0 . 4 2 
+ 0 . 0 5 

1 5 
+ 3 . 3 0 

3 . 0 7 
£ 1 . 5 0 

1 . 9 8 
+ 0 . 2 0 

3 . 6 1 
+ 0 . 2 8 

T o l e r a n t 

1 . 2 5 
+ 0 . 6 0 

0 . 6 8 
+ 0 . 3 0 

30 
+ 1 . 3 5 

3 3 5 
+ 1 . 3 5 

2 1 
+ 2 . 6 0 

0 . 2 5 
+ 0 . 0 5 

5 
+ 3 . 0 0 

4 . 3 2 
+ 1 . 3 3 

1 . 6 2 
+ 0 . 0 2 

1 . 8 5 
+ 0 . 2 5 

1 . 1 4 
+ 0 . 3 0 

72 
+ 4 . 6 3 

2 9 3 
+ 4 . 6 3 

44 
+ 2 . 3 0 

0 . 4 9 
+ 1 . 1 2 

22 
+ 3 . 0 0 

2 . 0 0 
+ 1 . 6 0 

1 . 7 8 
+ 0 . 0 9 

5 . 2 5 3 . 0 2 
+ 0 . 2 3 + 0 . 3 0 

T o l e r a n t T o l e 
r a n t 

1 . 3 7 
+ 0 . 2 6 

0 . 7 4 
+ 0 . 3 0 

33 
+ 1 . 0 0 

332 
+ 1 . 0 0 

2 3 
+ 2 . 3 5 

0 . 2 0 
+ 0 . 0 2 

6 
+ 4 . 6 0 

3 . 9 3 
+ 1 . 3 0 

1 . 6 2 
+ 0 . 0 2 

4 . 8 6 
+ 0 . 3 6 

T o l e 
r a n t 

* diameter at b reas t height (1.20m) in the present case 
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Extension growth in A. nepalensis started in February 

and continued upto December with one month dormancy in January 

whereas that of S. khasiana started in April 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 species all 

had a similar pattern of extension growth whereby two peaks 

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 period 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 April 

(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 successional 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 tne 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.%t Extension (ver t ica l bar diagram) and rad ia l ( l inear 

diagram) growth in a. A.nepalensis , b . S. khasiana, 

c . Q,. de alb at a, d. Q. g r i f f i t h i i and e . M. kingi i . 

Open bars and open c i r c l e s are for fores t grown 

ind iv idua l s . 
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Fig. 4.^: Cumulative percentage of extension growth completed. 

during the growing season at various dates. 

a, Early succession al .species. 

A. nepalensis ( • ) , 

S. khasiana ( 0 ) and 

b. Late successional species 

Q. de alb at a ( • ), 

Q. griffithii ( 0 ), 

M. kinqii ( A ) Dotted lines for forest grown 

individuals. 
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Table 4.2 : Var ia t ion in shoot extension (cm/year) on d i f fe ren t locat ions 
of ea r ly and l a t e successional t r e e species 

O R D E R O P B R A N C H E S 

l.L I I 
- MAIN 
- LEADER 

WHORL NUMBER/VR 
I I I I I IV 

I I I 

I I I I I IV I I I IV 

IV 

IV 

J*., n e p a l e n s i s 1 0 4 . 0 0 
+ 1 0 . 6 0 

s. 

Q . 

Q . 

M. 

khasiana 

de alb at a 

g r i f f i t h i i 

k ing i i 

64.00 
+3.09 

49.00 
+3.50 

46.00 
+3.60 

44.00 
+3.30 

30.00 
+3.79 

13.88 
+3.11 

-
m* 

12.50 
+1.89 

49.96 33.58 15,29 
+5.68 +2.87 +2.44 -
23.50 16.20 13.67 12.75 15.38 7.94 4.87 15.27 5.03 9.50 
+1.63 +2.63 +3.86 +4.33 +1.75 +1.09 +0.70 +1.79 +1.22 +3.50 

16.18 9.96 7.33 
+3.12 +3.55 +2.67 
13.25 10.00 9.25 
+2.40 +0.98 +2.69 

18.53 11.32 10.42 
+0.60 +1.98 +1.46 

9.17 
+1.66 

8.25 
+4.26 

6.44 
+1.25 

4.17 
+1.02 

7.25 
+1.42 

5.09 
+0.59 

4.00 
+1.00 

7.12 
+1.50 

4.65 
+2.16 
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species. Both the groups showed 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 '•>• 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 canopy for both early and late successional species. 

Early successional species had more actite 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 species 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 



Pig. 4.g : Crown form and branching pa t te rn in a. A. nppalen-

s i s , b . S. khasiana, c . Q. dea lbata , d. Q.. a r i f -

f i t h i i . and e . M. k i n q i i . 
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Table 4.3 : Orientation of branches (degrees) with respect to main axis 
(trunk) for early and late successional tree species (± S.E.) 

. o p E N G R 0 W N FOREST GROWN 

Upper Canopy Midd le Canopy l o w e r Canopy Upper Canopy Middle Canopy Lower Canopy 

EARLY SUCCESSIONAL 

A. n e p a l e n s i s 5 2 . 2 0 + 3 . 7 4 6 4 . 7 0 + 2 . 3 6 7 9 . 1 0 + 2 . 1 1 - - - ' 

S . k h a s i a n a 4 6 . 4 3 + 1 .43 58 .57 + 2 . 0 6 8 7 . 1 4 + 1.49 3 4 . 2 9 + 2 . 0 2 5 6 . 4 3 + 3 . 2 5 5 9 . 3 8 + 2 . 7 5 

LATS SUCCESSIONAL 

Q. d e a l b a t a 6 0 . 0 0 + 3 .16 7 7 . 0 0 + 2 . 3 3 8 4 . 0 0 + 2 . 6 6 7 8 . 0 0 + 2 . 2 0 8 7 . 5 0 + 0 . 8 9 8 9 . 3 3 + 2 . 3 6 

Q. g r i f f i t h i i 5 8 . 4 0 + 2 .97 7 3 . 8 3 + 1 .38 81 .67 + 3 .34 6 2 . 1 7 + 2 . 9 8 7 8 . 8 6 + 4 .42 92 .67 + 3 .02 

M. k i n g i i 5 7 . 7 5 + 3 .17 7 2 . 2 0 + 2 . 0 8 8 4 . 0 0 + 1.87 6 7 . 5 7 + 1 .70 7 9 . 1 7 + 2 . 0 9 8 8 . 8 3 + 1 .01 
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p l a n e due t o secondary o r i e n t a t i o n in t h e middle and lower 

canopy p o s i t i o n s only in the p e r i p h e r a l l e aves and a l l canopy 

p o s i t i o n s in t h e i n n e r crown l e a v e s . Genera l ly / t h e l eaves 

of f o r e s t grown i n d i v i d u a l s were p laced more h o r i z o n t a l l y than 

open grown ones (Table 4 . 4 ) . 

B i fu rca t ion r a t ^ o 

The b i f u r c a t i o n r a t i o (Rb) v a l u e s fo r open grown t r e e s 

of a l l t h e s p e c i e s i n d i c a t e d t h a t A. n e p a l e n s i s had much 

h i g h e r r a t i o compared t o S. k h a s i a n a and a l l o t h e r l a t e s u c c e s ­

s ion a l s p e c i e s . Open grown t r e e s of S . khas i ana and a l l t h e 

l a t e success ion a l s p e c i e s had s i g n i f i c a n t l y h i g h e r b i f u r c a t i o n 

r a t i o compared t o f o r e s t grown t r e e s . I f t h e open grown e a r l y 

s u c c e s s i o n a l s a re compared wi th f o r e s t grown l a t e s u c c e s s i o n a l s 

t h e former had h i g h e r r a t i o compared t o t h e l a t t e r (Table 4 . 5 ) . 

DISCUSSION 

The p a t t e r n of grov/th and a r c h i t e c t u r e b u i l d - u p of e a r l y 

and l a t e success ion a l spec ies are we l l s u i t e d t o t h e i r s t r a t e g y 

of n i che occupancy in the f o r e s t ecosystem. The e a r l y s u c c e s -

s i o n a l s p e c i e s , c h i e f l y through i n d e t e r m i n a t e p a t t e r n of 

prolonged growth and l e a f p roduc t ion achieve much more ex tens ion 

growth than t h e l a t e s u c c e s s i o n a l ones , which are d e t e r m i n a t e , 

conf in ing t h e growth for a b r i e f p e r i o d of t h e growing season . 

Thus t h e growth design of e a r l y s u c c e s s i o n a l s p e c i e s which are 

shade i n t o l e r a n t favours i n c r e a s e i n h e i g h t t o put up t h e i r 

crown under a h igh l i g h t regime in t h e f o r e s t . On the o t h e r 

hand, t h e p re sence of two de t e rmina t e f l u shes in t h e open 



T a b l e 4 . 4 : Leaf d i s p l a y a n g l e s ( + S . E . ) w i t h r e s p e c t t o h o r i z o n t a l f o r e a r l y 
and l a t e s u c c e s s i o n a l t r e e s p e c i e s ( v a l u e s i n p a r e n t h e s e s a r e 
f o r F o r e s t Grown s i t u a t i o n s 1 

PERIPHERAL (SUN) LEAVES J INNER CROWN (SHADE) LEAVES ' 

Upper c a n o p y Middle c a n o p y Lower c a n o p y ! Upper c a n o p y Midd le canopy Lower Canopy 

A. n e p a l e n s i s 6 2 . 2 0 + 1 . 9 7 2 7 . 2 7 + 2 . 0 0 1 0 . 7 3 + 1 . 4 6 7 . 2 0 + 1 . 5 6 4 . 6 o + 0 . 7 8 3 .47 + 0£> 5 

S , k h a s i a n a 7 5 . 0 0 + 1 . 3 0 6 1 . 5 0 + 2 . 5 3 5 0 . 0 0 + U 9 7 3 1 . 8 0 + 1 . 4 9 2 7 . 0 0 + 4 . 3 4 1 7 . 5 0 + 3 . 2 1 

Q. d e a l b a t a 52*27 + 2 . 3 9 4 7 . 3 3 + 1 .29 4 3 . 5 3 + 1 . 8 6 3 7 . 1 3 + 2 . 1 9 3 0 . 8 7 + 1.38 2 8 . 6 0 + 1,62 

(40 .80 + 2 . 1 8 ) (39.47 + 1 .57 ) (35 .13 + 1 . 9 1 ) ( 3 5 . 0 0 + 1 . 2 1 ) ( 2 7 . 3 3 + 1 .07) ( 1 6 , 8 0 + 1 , 1 2 ) 

Q. g r i f f i t h i i 50 .87 '+2 .94 43 .67 + 3 . 5 3 4 7 . 7 3 + 1 . 9 8 3 0 . 6 0 + 1 . 3 2 2 4 . 1 3 + 0 . 8 5 - 1 4 . 6 0 + 0 . 9 0 

(44 .13 + 1 . 1 4 ) (39.OO + 1 .04) (30.27 + 0 . 8 9 ) (26.07 + 2 . 7 9 ) ( 2 2 . 2 0 + 1 .53 ) (12 .53 + 0 . 8 8 } 

M. k i n g i i 49 .67 + 3 . 4 7 4 3 . 3 3 + 1 .51 31 .27 + 1 . 6 8 4 4 . 1 3 + 1 . 1 9 2 4 . 4 0 + 1 .03 1 9 . 0 7 + 1 , 1 9 

(39.47 + 1 . 3 7 ) (33 .60 + 0 . 9 4 ) (29 .20 + 1 . 1 5 ) (29.67 + 1 . 0 6 ) (23 .13 + 0 . 7 0 ) (14 .47 + 1 , 0 1 ) 



Table 4 .5 : Bifurcation r a t i o values for ea r ly and l a t e succesional t r e e s 

OPEN GROWN FOREST GROWN 
Mean + 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. g r i f f i t h i i 4.62 + 0.49 3.64 - 7.00 2.77* 3.62 + 0.14 3.20 - 4.67 

M. k ing i i 4.02 + 0.34 3.50 - 4.40 5.84** 3.23 + 0.08 2.93 - 3.71 

** Signif icant a t 1% and * s ign i f i can t a t 5% leve l of s ignif icance 
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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 resources 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 activity should be the case all the 

year round but in 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 tne same architecture 

model (Rauh's)/ the differences between them are quantitative/ 

with less rhythr;icity and lesser extension growth and leaf 

production in the latter category of species. Sarly 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 early succession al 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 early succession al 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 often be triggered after canopy openings. Thus, 

reiteration allows the tree to exploit the changes in the envi­

ronmental energy level. The larger quantities of incoming 

energy due to environmental changes or disturbances is utilized 

by the trees by increasing the numbers or sizes of the pro­

ducing organs. Branching and reiteration 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 (Halle et al., 

1978). 
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Bud dynamics'/ which takes in to account the number and 

longevity of meristems/ t h e i r pos i t ions / time and p o t e n t i a l of 

development leads d i r e c t l y to the dynamic concept of a r ch i t ec ­

tu re (Halle e t a l . , 1978) and a l locs p lan t growth to be 

in te rpre ted in terms of organized flux of const ruct ional u n i t s . 

While the ea r ly successional species p r o l i f e r a t e t h e i r ax i l l a ry 

buds synchronously with t h a t of the terminal bud growth, l a t e 

successional species p r o l i f e r a t e t h e i r buds a f te r a dormant 

period and the a c t i v i t y i s dependent upon the resources of the 

environment. Thus the branches p r o l i f e r a t e continuously in 

A. nepalensis as the meristem a c t i v i t y i s continuous; while 

in S. khasiana the branching i s rhythmic due to rhythmic 

a c t i v i t y of the terminal l eader . This allows the two ear ly 

successionals to achieve f a s t e r growth by u t i l i z i n g the 

current years energy. The l e s se r number of reserve buds and 

t h e i r high mor ta l i ty or i n a b i l i t y t o p r o l i f e r a t e in the 

following year also tends to suggest t ha t a l l resources are 

d i rec ted exclusively for the current yea r ' s growth and branch 

production. The l a t e successional species in open grown 

s i tua t ions are able to make some bud p ro l i f e r a t i on during the 

current year through lamma's shoot formation in the second 

f lush; shade grown t r e e s / however/ produce branches in the 

next year only. This may be due to the l imi t ing l ight conditions 

t h a t e x i s t in l a t e successional environments. The ea r ly 

successional species though they make about 50% of th-air 

annual extension growth in the beginning of the growing season 

by April-May, continue t h e i r growth almost a l l through the 



..121.. 

favourable growth season. This pattern allows them to use,, 

more effectively temporary conditions of increased resource 

availability and reduced competition of the early successional 

environments. The modest extension growth that the late 

successional species make 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 terminated 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 usually 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 beneath (Brown et al., 

1967) compared to lata successional species. 

The aspect of stem architecture documented through various 

ratios between stem and crown shows that early successional 

species 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

sity. 

The orientation of branches and leaves in space and time 

usually shape the geometry of tree crown and this has been 

related to its adaptive 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 complexes. The highly acute branch angles 

of early successional S. khasiana under forested situations 

show its inability to tolerate shade, while the reverse situa­

tion for late successional species under forest grown situa­

tions increase the spread of the crown to provide maximum 

effective leaf surface area possible. The leaf display angles 

in the late successional species 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 

C1980), is meant to enhance photosynthesis of leaves of late 

successional species and shade leaves of early successional 

sipecies under limited light conditions and to promote leaf 

cooling during high solar radiation in sun leaves of early 

successional species (McMillan & McClendon, 1979). 
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E a r l y s u c c e s s i o n a l s p e c i e s i n open h a d h i g h e r v a l u e o f 

b i f u r c a t i o n r a t i o compared t o f o r e s t grown l a t e s u c c e s s i o n a l 

s p e c i e s . Thus w h i l e fo rmer t e n d s t o p r o d u c e l o n g / u n b r a n c h e d 

s t ems which l e a d t o t h e more o p e n , more l a y e r e d c a n o p i e s 

( m u l t i l a y e r of Horn , 1 9 7 1 ) , t h e l a t t e r c o n t r i b u t e t o f r e q u e n ­

t l y f o r k e d l e a f s u p p o r t s wh ich l e a d t o a more r e g u l a r a r r a n g e ­

ment of l e a v e s (monolayer) and t h i s i s c o n s i s t e n t w i t h t h e 

f i n d i n g s of W h i t n e y ( 1 9 7 6 ) . The l ower b i f u r c a t i o n r a t i o , of 

f o r e s t grown t r e e s t h a n open grown ones s u p p o r t s t h e v iew of 

S t e i n g r a e b e r e t a l . (1979) and P i c k e t t & Kempf ( 1 9 8 0 ) , t h a t 

b i f u r c a t i o n r a t i o c o u l d v a r y w i t h c h a n g e s i n l i g h t e n v i r o n ­

ments s u g g e s t i n g t h a t t h e t r e e s h a v e t h e p l a s t i c i t y w i t h 

r e s p e c t t o l e a f d i s p l a c e m e n t and l i g h t i n t e r c e p t i o n d e p e n d i n g 

upon t h e s t a n d s t r u c t u r e . 

f Thus e a r l y s u c c e s s i o n a l s p e c i e s w i t h r a p i d and p r o l o n g e d 

g rowth f o l l o w e x p l o i t i v e s t r a t e g y i n f a s t c h a n g i n g e n v i r o n -

ments where t h e y grov; and t h e l a t e s u c c e s s i o n a l s p e c i e s w i t h 

d e t e r m i n a t e g rowth and c o n s e q u e n t p r e d i c t a b l e s h a d i n g of 

l e a v e s (monolayer) w i t h more l a t e r a l crown g rowth a r e a d a p t e d 

f o r c o n s e r v a t i v e s t r a t e g y i n l a t e s u c c e s s i o n a l e n v i r o n m e n t s 

) (Bormann & L i k e n s , 1 9 7 9 ) . 

SUMMARY 

The a r c h i t e c t u r e and growth p a t t e r n of e a r l y (Alnus 

n e p a l e n s i s Don. and Schima k h a s i a n a Dyer ) and l a t e (Machi lus 

k i n q i i H . K . F . , Quercus d e a l b a t a Hook. F . & Thorns, and Q. g r i f -

f i t h i i Hook F . & Thorns.) s u c c e s s i o n a l t r e e s p e c i e s i n a 
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sub- t rop ica l montane humid evergreen fo res t at Upper Shillong 

(1900 m) in nor th -eas t India were analysed and re l a t ed to 

t h e i r ecological s t r a t egy for niche occupancy in the fores t 

ecosystem. The ea r ly successional species have geared t h e i r 

a r ch i t ec tu ra l development pa t t e rn and growth design t o 

maximize production under high l i gh t environments. These 

have indeterminate pa t t e rn of shoot growth, prolonged growth 

period with g rea te r extension growth and leaf production, 

g rea te r rhythmicity (except for A. nepalensis which showed 

almost a continuous growth) and branch mainly through sy l l ep ­

s i s . Various stem crown r a t i o s suggest for these spec ies , t o 

emphasize v e r t i c a l growth at the expense of l a t e r a l spread. 

In con t r a s t , the l a t e successional species make modest 

growth under a determinate scheme, the growth being confined 

to preformed bud primordia for a b r ie f period of the growing 

season. Growth has l e s s e r rhythmicity and branch production 

i s through p r o l e p s i s . The stem crown r a t i o s show a tendency 

of l a t e successional species to emphasize l a t e r a l spread, as 

an adaptation t o the highly competitive environments. Under 

fores t grown s i t ua t i ons these species tended t o have only 

one determinate flush of shoot growth, however, under open 

grown s i tua t ions there were two such f lushes . Bifurcation 

r a t i o values are found to vary in fores t and open grown 

s i t u a t i o n s , suggesting the capaci ty of the species to adjust 

t h e i r a rchi tec ture t o changed l i g h t condi t ions . 



PLkTE 11 

Branching p a t t e r n in Alnus n e p a l e n s i s showing 

A t t i m ' s model. 

PLATE 12 

A t r e e of uuercus q r i f f i t h i i showing Rauh's model 
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PL&TE 13 

Quereus d e a l b a t a showing rhythmic b ranch ing and 

Rauh's model of a r c h i t e c t u r e . 

PLhTB 14 

Que reus de a lb a t a showing a new f lush of branch and 

l eaves from ove rwin te r ing buds . 
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PLATS 15 

A t r e e of Machilus k i n q i i showing branch ing p a t t e r n 

as exempl i f ied by Rauh's model. 

PLATS 16 

Machi l lus k i n g i j showing new f lush of l eaves and 

branches from ove rwin te r ing b u d s . 
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CHAPTER V 

Growth s t r a t e g y of t r e e s r e l a t e d t o s u c c e s s i o n a l 

s t a t u s : I I . Leaf dynamics 



• • -I C. D • • 

GROWTH STRATEGY OF TRESS RELATED TO SUCCESSIONAL STATUS 

I I LEAF DYNAMICS 

INTRODUCTION 

H i g h e r p l a n t s a re b u i l t of r e p e a t i n g modules of s t r u c t u r e s 

o r i t e r a t i o n s of a b a s i c c o n s t r u c t i o n a l module i n which t h e 

c o n s t r u c t i o n u n i t i n t h e s h o o t i s t h e l e a f and i t s a x i l l a r y bud 

(Harper & W h i t e , 1970; Ha rpe r & B e l l , 1979 ; W h i t e , 1 9 7 9 ) . As a 

p l a n t grows new modules a r e added t o t h e s t r u c t u r e and o l d ones 

d i e . The growth p a t t e r n of t r e e s as a p o p u l a t i o n of p a r t s , 

t h e r e f o r e , n e e d s t o q u a n t i f y t h e b i r t h s a n d d e a t h s of t h e s e 

p a r t s . 

The l e a f / w i t h i t s a x i l l a r y b u d , i s t h e s m a l l e s t module 

o f o r g a n i z e d s t r u c t u r e i n h i g h e r p l a n t s and l e a v e s may h a v e 

many of t h e p r o p e r t i e s a s s o c i a t e d w i t h members of a p o p u l a t i o n , 

e . g . t h e y may i n c r e a s e i n number e x p o n e n t i a l l y i n a r a p i d l y 

growing p l a n t , t h e y h a v e j u v e n i l e , m a t u r e and s e n e s c e n t p h a s e s , 

d e a t h r a t e s , b i r t h r a t e s and s u r v i v o r s h i p c u r v e s . Bazzaz & 

H a r p e r (1977) i n t h e c a s e of Lin urn u s i t a t i s s i m u m , have shown 

t h a t t h e u s e of demograph ic t e c h n i q u e s t o s t u d y t h e p o p u l a t i o n s 

of l e a v e s on a p l a n t i s f e a s i b l e . I t may, i n some c a s e s , a l low 

more c o m p r e h e n s i v e u n d e r s t a n d i n g of p l a n t growth and p r i m a r y 

p r o d u c t i o n p r o c e s s e s i n t h e c a n o p y . 

Though i n d i v i d u a l t r e e s h a v e been c o n s i d e r e d as a g g r e g a t e s 

of r e p e a t i n g and somewhat i n d e p e n d e n t u n i t s i n t h e p i p e model 

t h e o r y of S h i n o z a k i e t a l , ( 1 9 6 4 ) , and o t h e r s have c o n s i d e r e d 

b r a n c h e s as i n d i v i d u a l s (Oldeman, 1 9 7 1 ; G i l l & Toml inson , 1971) 

o r d e a l t w i t h l e a f c h a r a c t e r i s t i c s such as c e n s u s (Busgen & 

Munch, 1 9 2 9 ) , l o n g e v i t y ( G i l l & Toml inson , 1 9 7 1 , ) a g e - s t r u c t u r e 
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(Kinerson e t a l , 1971) o r a b c i s s i o n r a t e s (Kozlowski 1973 ; 

M d i c o t t 1 9 7 8 ) , c o m p r e h e n s i v e demograph ic s t u d i e s on l e a v e s 

i n a canopy h a v e r e c e i v e d l i t t l e a t t e n t i o n . 

Thi-s—ch^jp-^^xr a t t e m p t s t o a n a l y s e t h e growth p a t t e r n of 

e a r l y (Alnus n e p a l e n s i s Don & Schima k h a s i a n a Dyer) and l a t e 

(Machi lus k i n g i i H K F . , Quercus de a l b a t a Hook F . & Thomas 

& Q. g r i f f i t h i i Hook F . & Thomas) s u c c e s s i o n a l t r e e s p e c i e s of 

a s u b - t r o p i c a l mon tane , m o i s t e v e r g r e e n f o r e s t a t Upper 

S h i l l o n g (1900m) by c o n s i d e r i n g t h e s t r u c t u r a l demography of 

k e y c o n s t r u c t i o n a l u n i t s namely t h e l e a v e s . Such a c o m p a r a t i v e 

s t u d y of t r e e s of d i v e r s e e c o l o g i c a l equ ipmen t and n i c h e 

t occupancy i n t h e f o r e s t i s e x p e c t e d t o c o n t r i b u t e t o w a r d s a 

b e t t e r u n d e r s t a n d i n g of t h e i r a d a p t a t i o n t o t h e e n v i r o n m e n t i n 

which t h e y grow. 

METHODS 

The s t u d y a r e a and c l i m a t e h-eve been d e s c r i b e d i n P a r t I 

of t h i s s e r i e s . For b o t h group of t h e s p e c i e s one 5 - y e a r o l d 

no rma l g rowing t r e e of s e e d o r i g i n was s e l e c t e d t a k i n g c a r e t o 

e n s u r e t h a t t h e y were n o t damaged. S a r i y s u c c e s s i o n a l s p e c i e s 

were from open grown s i t u a t i o n s o n l y as t h e y were n o t found t o 

grow i n f o r e s t shade b u t t h e l a t e s u c c e s s i o n a l s p e c i e s were 

c o n s i d e r e d b o t h from open and f o r e s t grown s i t u a t i o n s . The 

c e n s u s of l e a f n u m b e r s , was made f o r each i n d i v i d u a l t r e e a t 

t h e b e g i n n i n g of t h e s t u d y . Leaves w e r e c l a s s e d i n t o d i f f e r e n t 

age g r o u p s by u s i n g t h e i r p o s i t i o n on t h e b r a n c h . Some b r o a d e r 

c a t e g o r i z a t i o n i n t o age c l a s s e s c o u l d a l s o be made on t h e b a s i s 

of l e a f t e x t u r e and c o l o u r i n t h e c a s e of Q_. de a l b a t a and 

M. k i n q i i . The f a t e of i n d i v i d u a l l e a v e of e ach age group 
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( c o h o r t ) was f o l l o w e d t o e s t i m a t e t h e d i s t r i b u t i o n of ages of 

dead l e a f p o p u l a t i o n s a t t h e end of t h e s t u d y . Monthly e s t i m a t e s 

of l e a f p r o d u c t i o n / b i r t h and f a l l / d e a t h were made by t a g g i n g 

a l l p r e v i o u s l e a v e s and c o n s t a n t l y g i v i n g f r e s h t a g s t o 

newly r e c r u i t e d ones u s i n g l i g h t , s m a l l , c o l o u r - c o d e d a l u m i ­

nium t a g s . 

RESULTS 

L e a f i n g c h a r a c t e r i s t i c s 

T a b l e 5 .1 g i v e s a summary of t h e i m p o r t a n t l e a f i n g 

c h a r a c t e r i s t i c s of e a r l y and l a t e s u c c e s s i o n a l t r e e s p e c i e s . 

The l e a f p r o d u c t i o n p e r i o d was more f o r e a r l y s u c c e s s i o n a l 

s p e c i e s and c o n s e q u e n t l y t h e y had l e s s e r number of dorman t 

days t h a n t h e l a t e s u c c e s s i o n a l s p e c i e s . The l a t t e r i n open 

grown s i t u a t i o n s had more p r o d u c t i o n p e r i o d and l e s s e r 

dormancy p e r i o d t h a n i n t h e f o r e s t grown s i t u a t i o n s . E a r l y 

s u c c e s s i o n a l s p e c i e s p r o d u c e d g r e a t e r number of l e a v e s and a 

l a r g e r l e a f a r e a t h a n t h e l a t e s u c c e s s i o n a l ones which i n 

open grown s i t u a t i o n s had more number of l e a v e s and a l a r g e r 

l e a f a r e a t h a n i n t h e f o r e s t grown s i t u a t i o n s . 

Leaf p r o d u c t i o n and p o p u l a t i o n f l u x 

E a r l y s u c c e s s i o n a l A. n e p a i e n s i s had p r o l o n g e d l e a f 

p r o d u c t i o n w i t h a peak i n t h e month of May w h i l e §_. k h a s i a n a 

showed two s e a s o n a l p e a k s of l e a f p r o d u c t i o n , one i n May and 

t h e o t h e r i n J u l y . Open grown l a t e s u c c e s s i o n a l t r e e s p e c i e s 

showed two major p e a k s of l e a f p r o d u c t i o n c o r r e s p o n d i n g t o 

t h e i r two d e t e r m i n a t e f l u s h e s (see P a r t I ) one i n A p r i l and 

t h e o t h e r i n Augus t . In f o r e s t grown t r e e s of t h i s c a t e g o r y 

t h e r e was o n l y one s e a s o n a l rhythm of l e a f p r o d u c t i o n i n t h e 

month of A p r i l . ( F i g . 5 . 1 a) 



I 

Fig 5.1 : (a) Pattern of leaf production in ear ly and l a t e 
successional t r e e species 

(b) Cumulative % of t o t a l annual leaf production 

completed at various da tes . 

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

Quereus dealbata ( A ) , Q. q r i f f i t h i i ( ^ ) , 

Machillus k inqi i ( • ) . 
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T a b l e 5 . 1 : L e a f i n g c h a r a c t e r i s t i c s o f e a r l y and l a t e s u c c e s s i o n a l 
t r e e s p e c i e s 

EARLY SUCCESSIONAL 

A. n e p a l e n - S . k h a s i a n a 
s i s 

OPEN OPEN 

F l u s h i n g d a t e Feb 1 

D a t e o f o n s e t o f Dec 31 
d o r m a n c y 

L e a f p r o d u c t i o n 3 34 
p e r i o d ( d a y s ) 

D o r m a n t p e r i o d ( d a y s ) 31 

T o t a l l e a f p r o d u c - 647 
t i o n / y e a r 

T o t a l l e a f a r e a ._ „ 

p r o d u c t i o n / y e a r * 

(cm2 x 1 0 3 ) 

L e a f i n g b e h a v i o u r * E 

Mar 2 5 

O c t 1 

190 

1 7 5 

1167 

4 1 . 0 0 

D 

LATE SUCCESSl ON AL 

Q. d e a l b a t a Q . g r i f f i t h i i M. k i n g i i 

OPEN SHADE OPEN SHADE OPEN SHADS 

Apr 1 Apr 20 
8c 

Aug 5 

May 15 May 2 5 
& 

Aug 30 

73 35' 

292 

2 2 5 

8 . 8 1 

330 

114 

E 

4 . 4 6 

E 

Apr 5 Apr 20 Apr 10 May 1 

Aug 5 Aug 5 

May 2 0 May 20 May 2 5 May 3 

Aug 2 3 

63 

302 

1 6 9 

1 0 . 5 1 

30 

335 

78 

4 .85 

S e p 1 

72 

293 

206 

6 . 1 8 

E 

33 

332 

92 

2 .7c 

E 

•& e v e r g r e e n ; D = d e c i d u o u s 



. . 1 2 9 . . 

Early successional species completed more than 50% of 

t h e i r t o t a l annual leaf production ea r ly in the growing season 

by June-July but continued the production t i l l the end of the 

favourable per iod. Late successional species under open s i t u t a-

t ions completed more than 55-65% of the t o t a l annual leaf p ro ­

duction in the f i r s t flush only. In forest grown t r e e s , however, 

a l l leaves were produced within a very br ief period of about 

a month (£pril - May ) in a s ingle f lush. (Fig. 5 . 1 , b) 

Table 5.2 gives a summary of the population flux of leaves 

for ear ly and l a t e successional spec ies . The t o t a l number of 

leaves produced by ea r ly successional species was far more than 

the l a t e successional ones. Further the t o t a l number of leaves 

recorded on the t r ee during the study period was also grea ter 

for ea r ly successional species . Percentage annual morta l i ty of 

a l l leaves was in general much higher for ear ly successional 

species compared to l a t e successional ones, the only exception 

being open grown U. g r i f f i t h i i . But the dynamics of the leaf 

populations i . e . loss and gain (the flux) depended on the 

pa t te rn of l ea f iness , whether a t r ee was deciduous or evergreen. 

Thus, in the case of two deciduous species the expected time 

for complete turnover was one year in open grown t r ees whereas 

i t was more for the r e s t . Further the percentage mor ta l i ty of 

a l l leaves in open grown S. khasiana and Q. gr i f f i t h i i was more 

compared to o thers . However a comparison of open grown t r ees of 

Q. g r i f f i t h i i with fores t grown ones of the same species 

suggests tha t t"ne expected time for complete turnover was more 

than one year with lower annual mor ta l i ty in the l a t t e r . This 

was t rue also for evergreen Q. de alb at a and M. k i n g i i . 
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Fig. 5.2 shows the changes in the net population s ize 

with time and the cumulative gains and losses tha t determine 

them. I t shows the seasonal pa t t e rns of population f lux. The 

ear ly successional species showed pronounced flux in leaf 

populations compared to the l a t e successional spec ies . The gain 

in the population was very sharp extending upto October-Novem­

ber in the case of S. khasiana and almost for the en t i r e period 

in A. nepalens is . The losses became pronounced af ter October-

November in both the species , more so in the case of S. kha­

s iana . The l a t e successional species on the other hand had 

less pronounced population flux with leaf gains being confined 

to a shor te r period with two short flushes in the case of open 

grown t r e e s . The forest grown t r ee s however showed only one 

flush of leaf gain. The loss pa t t e rn in the case of two ever­

green t r e e s Q. de alb at a and M_j_ k ingi i was more or less steady 

throughout with a sharper decl ine af ter January. The deciduous 

Q. g r i f f i t h i i showed leaf f a l l confined to October-December 

af ter which the t r ee became naked. The losses in forest grown 

l a t e successional species occurred at a slower r a t e and even 

the deciduous Q. g r i f f i t h i i did not become t o t a l l y naked. 

Age Structure of l iv ing leaf populations 

Fig. 5.3 shows the age s t ruc tu re of tX1^ l iv ing leaf 

populations categorized according to t h e i r year of b i r t h . 

There i s a normal age d i s t r i bu t ion with grea ter representat ion 

of younger age c lasses in the case of Q_. de alb at a and M. k i n g i i . 

The shade grown t r ees of both these species had more wider age 

c lasses present with a good proportion or ig ina t ing p r i o r to 



Fig 5.2: The flux of leaf modules in early and late succes­

sional species. 

a. Early successional species 

A. nepalensis 

( • ) Cumulative gains. 

( 0 ) Cumulative losses. 

( A ) Net population size 

S. khasiana 

( A ) Cumulative gains, 

( • ) Cumulative losses, 

( U ) Net population size 

b. Late successional species 

( • ) Cumulative gains, 

( O ) Cumulative losses, 

( A ) Net population size. 

Solid lines for open grown and broken lines for 

forest grown trees. 
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Fig. 5 .3 : Age s t ruc ture of l iv ing leaf populations for l a t e 

successional 

a. Q_j_ de alb at a (open grown), (a) fores t grown 

b . Q. q r i f f i t h i i (open gfcown) , (b) fores t grown 

Machillus kingji c , open grown, (c), forest grown. 

Early successional t r e e spec ies . 

d. A. nepalensis 

e . S. khasiana 
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the study pe r i od . In the case of deciduous Q. q r i f f i t h i i 

p a r t i c u l a r l y in open grown t rees only the current yea r ' s 

leaves were present whereas in the fores t grown t rees of t h i s 

species two years leaves were present 'with a grea ter repre ­

sentat ion for the current year ones. The ea r ly successional 

S. khasiana had only current yea r ' s leaves present on the t r e e 

whereas A. nepalensis had a grea ter proportion of leaves from 

the previous year. 

Age d i s t r i bu t ion of dead leaves 

The fate of leaf populations from individual cohorts i s 

shown in Fig. 5.4. In ear ly successional A. nepalens is , cohort 

of leaves produced in 1978 showed high mor ta l i ty and by April 

a l l the leaves of t h i s cohort were shed. In 1979 cohort there 

was a steady decline of leaf populations af ter October with 

more mor ta l i ty r a t e a f te r January. In S. khasiana there was a 

rapid morta l i ty in the 1978 cohort r esu l t ing the death of a l l 

leaves by June. But the leaf populations of 197 9 s t a r t ed 

decl ining in the month of August and the ra t e increased 

sharply af ter November. 

Late successional Q_. g r i f f i t h i i under open grown s i tua t ions 

had only the current yea r ' s cohort of leaves, which showed a 

rapid decl ine in October followed by complete mor ta l i ty by 

February. In the fores t grown t r ees of t h i s species morta l i ty 

occurred at a slower r a t e and 1978 cohort of leaves could 

survive t i l l March 197 9 while 197 9 cohort s t a r t ed decl ining 

af ter December with 75% of leaves s t i l l present in March. In 
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Pig. 5.4: The ego distribution of lsaf populations at the 

time of death for late successional 

£• de alb at a h, open grown; (/.) forest grovm, 

Q. qriffithjj B, open grown; (B) forest grown. 

M. kinqii C, open grov/n; (.j) forest grown, 

and early successional 

hm nepalensis, D; S. khasiana, E. tree species. 
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Q. de alb at a and M. k i n g i i (both open and f o r e s t grown)/ 

c u r r e n t y e a r ' s (1979) cohor t of l eaves showed no m o r t a l i t y 

whereas the r a t e and f i n a l m o r t a l i t y i nc r ea sed wi th the age of 

t h e c o h o r t . In genera l t he i n d i v i d u a l cohor t s under f o r e s t 

grown s i t u a t i o n s showed g r e a t e r s u r v i v o r s h i p than those of t h e 

open grown s i t u a t i o n s . (Fig. 5.5) 

DISCUSSION 

The e c o l o g i c a l s t r a t e g y of t r e e s has been l inked t o 

shoot morphogenesis (Marks, 1975; Bormann & Likens , 1979). 

Conservat ive s p e c i e s which make r e l a t i v e l y modest amounts of 

h e i g h t growth dur ing t h e e a r l i e s t p a r t of t h e i r l i f e - s p a n and 

complete annual h e i g h t growth e a r l y in the growing season are 

adapted t o the r e l a t i v e l y p r e d i c t a b l e and h i g h l y compet i t ive 

environments of c losed f o r e s t s . Growth of the e x p l o i t i v e 

s p e c i e s , on the o t h e r hand, i s geared t o temporary cond i t i ons 

of i n c r e a s e d resource av a i l a b i l i t y and reduced competion 

a s s o c i a t e d with r e c e n t l y d i s t u r b e d s i t e s such as those r e s u l ­

t i n g from f i r e , c l e a r c u t t i n g , wind throw or .-abandonment of 

a g r i c u l t u r a l l and . Thus the spec i e s t h a t are e x p l o i t i v e e c o l o ­

g i c a l l y are e x p l o i t i v e p h e n o l o g i c a l l y and developmenta l ly and 

v i c e v e r s a (Marks, 1975) . These e x p e c t a t i o n s are r e l a t e d t o 

the s lower growth (Marks, 1975) of l a t e as compared t o t h e 

e a r l y s u c c e s s i o n a l spec i e s and u l t i m a t e l y t o t h e g e n e r a l l y 

lower r e source demand of t h e former (Grime, 1979; Bazzaz, 1979) . 

The dynamics of l e a f p o p u l a t i o n s of e a r l y and l a t e s u c -

c e s s i o n a l spec i e s i n d i c a t e s some of t h e p o t e n t i t a l s t h a t enables 



Pig. 5.5: Survivorship curves for leaf populations of 

A, early successional : A. nepalensis , a; 

S. kh as i an a, b, and 

B. late successional ? Q_. de alb at a, C, Q_. griffi-

thii, d; M. kingii, e tree species, 

1979 cohort of leaves (•) 

1978 cohort of leaves ( 0 ) 

1977 cohort of leaves ( A ) 

1976 cohort of leaves ( A ) 
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them to perform their role in the ecological niche they occupy 

in the forest. Early successional species through their 

extended period of leaf production are able to produce a large 

photosynthetic area to exploit effectively temporary conditions 

of resource availability which follow disturbance. 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 environment. Further, 

growth of these species are dependent mainly on the current 

photosynthates. The growth analysis of some tropical trees 

(Coombe/ I960; Coombe & Hadfield, 1962) has revealed that the 

rapid growth of early successional species does not lie in 

particularly efficient energy converstion but rather in their 

capacities for unrestricted 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 suit the competitive late successional environments. 

Leaves change their activity with age; in particular, 

their photosynthetic activity rises to a plateau and then 

declines. Hence the population of leaves that constitute a 

canopy should have an activity determined by the age structure 

and age specific phtosynthetic activity of the leaves. Thus, 

apart from having more leaves of younger age groups, early 

successional species have lesser number 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 t h e i r crown and t h i s i s 

more pronounced m the forest grown t r ees of t h i s category. 

The study of b i r t h s and deaths of the leaf populations 

revealed fluxes t h a t determine the net population s i z e . For 

ea r ly successional species the net population s ize was 

g rea te r during the favourable growing season. Also, these 

show grea te r fluxes of b i r t h s aid deaths of leaf populations 

than l a t e successional species . Thus, these species have 

developed a competitive a t t r i b u t e in the form of large s ize 

of leaf popula t ions . This in term i s dependent upon an 

extended period of phtosynthet ic a c t i v i t y under conditions 

conducive to high produc t iv i ty . In l a t e successional species 

the lower flux of leaf modules espec ia l ly in fores t grown 

s i tua t ions can be a t t r ibu ted to t h e i r rapid adjustment in 

growth in response to local depletion in resources ar is ing 

during competition. Short-term experiments involving a r t i f i ­

c i a l shading have also shown such adjustments (Grime & 

Jefferey, 1965; Loach, 1970). 

Leaf populations undergo mor ta l i ty over a time per iod. 

The leaf populations in the present study follow a Deevey 

Type I (Deevey, 1947) survivorship curve, having very s l i gh t 

mor ta l i ty during ea r ly l i f e , but increasing with age. In 

several other s tudies also s imi la r survivorship curves have 

been observed for leaf populations (Kimura e t al* 1968; 

Williamson 1976; Bazzaz & Harper, 1977; Yuwaka e t a l , 1977: 

Reader, 1978; Solbr ig , Newell & Kincaid, 1980). 
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A v a r i e t y of p a t t e r n s of l e a f i n e s s ( r enewal and f a l l ) 

h a v e been r e p o r t e d f o r t r o p i c a l t r e e s (Hol t tum, 1940 ; K o r i b a , 

1958 ; Longman & J e n i k , 1 9 7 4 ) , m o s t l y v / i th a p a t t e r n of p r e r a i n 

o r e q u i n o c t i a l f l u s h i n g (Alvim, 1964; F r a n k i e et. ad, 1974) 

which may p e r h a p s be r e l a t e d t o t h e d i s p l a y of t h e newly 

expanded l e a v e s a t t h e t i m e of maximum s o l a r i r r a d i a t i o n a id 

o t h e r f a v o u r a b l e g rowth c o n d i t i o n s . T h i s i s a l s o t r u e i n t h e 

p r e s e n t c a s e . The f o l i a g e d e c i d u o u s n e s s p a t t e r n s t h a t appea r 

t o be b e n e f i c i a l a d a p t a t i o n s h a v e e v o l v e d i n r e s p o n s e t o 

s e a s o n a l c l i m a t i c c h a n g e s . A l a r g e number of f a c t o r s h a v e been 

i m p l i c a t e d t o t r i g g e r t h e l e a f s h e e d i n g i n t r o p i c a l t r e e s 

l i k e "water o r c o l d s t r e s s , p h o t o p e r i o d and i n t r i n s i c f a c t o r s 

( A d d i c o t t , 1 9 7 8 ) . Maximum l e a f s h e e d i n g o c c u r r i n g d u r i n g t h e 

w i n t e r s e a s o n as seen from t h e p r e s e n t s t u d y seems t o be an 

a d a p t a t i o n t o avo id c o l d s t r e s s . 

SUMMARY 

The l e a f dynamics of two e a r l y (Alnus n e p a l e n s i s and 

Schirna k h a s i a n a ) and t h r e e l a t e ( M a c h i l l u s k i n q i i , Que r e u s 

de a l b a t a and Q. g r i f f i t h i i ) s u c c e s s i o n a l t r e e s p e c i e s of a 

s u b t r o p i c a l , humid , e v e r g r e e n , montane (1900m) f o r e s t a t Upper 

S h i l l o n g i n n o r t h - e a s t I n d i a , have been a n a l y s e d by a p p l y i n g 

demograph ic t e c h n i q u e s t o s t u d y t h e l e a f p o p u l a t i o n s . The 

e a r l y s u c c e s s i o n a l s p e c i e s show g r e a t e r l e a f p r o d u c t i o n , 

h i g h e r l e a f t u r n o v e r r a t e and a g r e a t e r f l u x of b i r t h s and 

d e a t h s of l e a f p o p u l a t i o n s t h a n t h e l a t e s u c c e s s i o n a l o n e s . 

The l a t t e r , u n d e r f o r e s t grown s i t u a t i o n s , t hough h a v i n g a 

l e s s e r f l u x of l e a f p o p u l a t i o n s c o n s i s t e d of l e a v e s of s e v e r a l 
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age-groups. The dynamics of leaf populations ind ica tes explo i ­

t i v e po t en t i a l s of the ear ly successional species su i t ab le 

for such environments of temporary resource a v a i l a b i l i t y . 

The l a t e successional species on the other hand have conser­

vat ive s t ra tegy adapted to the r e l a t i v e l y p red ic tab le and 

highly competitive environments of closed fo r e s t s . The leafing 

cha ra c t e r i s t i c s of both the groups of species are discussed 

with respect to t h e i r ecological s t r a tegy for niche occupancy. 



SECTION C 

SEED GERMINATION AND SEEDLING ESTABLISHMENT 



CHAPTER VI 

Seed germination and seedling establishment of 

two closely related Schima species 



CHAPTER VII 

Germination ecology of Alnus nepalensis Don 



. • 1 3 3 . . 

SEED GERMINATION AND SS3DL.ING ESTABLISHMENT OF TWO 

CLOSELY RELATED SCHIMA SPECIES 

INTRODUCTION 

G e r m i n a t i o n and e s t a b l i s h m e n t r e p r e s e n t two c r i t i c a l p h a s e s 

i n t h e l i f e - c y c l e of a p l a n t s p e c i e s and t h e s e two a s p e c t s have 

been r e l a t e d t o a d a p t a t i o n and d i s t r i b u t i o n p a t t e r n of s p e c i e s 

i n space ( K o l l e r e t a l . , 1962 ; H a r p e r , 1965 ; Cohen, 1967 ; 

Ramakr i shnan , 1972 ; Ross & H a r p e r 1972; Thompson, 1 9 7 3 ; Boojh 

& Ramakr i shnan , 1 9 8 l a ) a n d i n t i m e (Kapoor & Ramakr i shnan , 1 9 7 3 ) . 

However, t h i s a s p e c t of t h e p r o b l e m i n r e l a t i o n t o a d a p t i v e 

s t r a t e g y of t r e e s p e c i e s h a s r e c e i v e d l i t t l e a t t e n t i o n (Kozlow-

s k i , 1971 ; 1 9 7 9 ) . Al though t h e s i z e of a s i n g l e s p e c i e s p o p u l a ­

t i o n i s t o some e x t e n t r e l a t e d t o s e e d s u p p l y , i t i s u l t i m a t e l y 

d e t e r m i n e d by f a v o u r a b l e c o n d i t i o n s a v a i l a b l e f o r g e r m i n a t i o n 

and e s t a b l i s h m e n t (Harper e t a l . , 1 9 6 1 ) . F u r t h e r , a l a r g e gap 

o f t e n e x i s t s be tween t h e s e e d i n g p o t e n t i a l of a s p e c i e s and t h e 

a c t u a l number of s e e d l i n g s e s t a b l i s h e d i n t h a t a r e a , d e p e n d i n g 

on e n v i r o n m e n t a l c o n d i t i o n s . 

§.• k h a s i a n a Dyer and S . w a l l i c h i i D.C. (Korth) a r e tWO 

c l o s e l y r e l a t e d and e c o n o m i c a l l y i m p o r t a n t t i m b e r t r e e s p e c i e s 

of n o r t h - e a s t e r n h i l l s of I n d i a . These s p e c i e s show a d i s t r i b u ­

t i o n p a t t e r n on an a l t i t u d i n a l b a s i s where S . k h a s i a n a i s r e s ­

t r i c t e d t o h i g h e r e l e v a t i o n s (1800 - 1900m), w h i l e S . w a l l i c h i i 

shows a wide d i s t r i b u t i o n r a n g i n g from 100 t o 1600m. These two 

s p e c i e s a r e e a r l y s u c c e s s i o n a l and come up i n t h e s e c o n d a r y 
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f a l l o w s a f t e r s l a s h and burn a g r i c u l t u r e (Jhum). I t i s l i g h t 

demanding and r e g e n e r a t e p r o f u s e l y i n t h e open , t h r o u g h l i g h t 

wind d i s p e r s e d s e e d s . The p r e s e n t s t u d y i s a c o m p a r a t i v e i n v e s ­

t i g a t i o n of s eed g e r m i n a t i o n and s e e d l i n g e s t a b l i s h m e n t of t h e s e 

two s p ^ c i j s a long an a l t i t u d i n a l g r a d i e n t i n t h e Khas i H i l l s of 

Magha laya . 

CLIMATE 

A l l t h e t h r e e s i t e s a r e c h a r a c t e r i s e d by marked s e a s o n a l 

changes i n c l i m a t e . The y e a r c o u l d be d i v i d e d i n t o 3 d i s t i n c t 

s e a s o n s : ( i ) Monsoon s e a s o n of h i g h t e m p e r a t u r e and h u m i d i t y 

e x t e n d i n g from May t o Oc tobe r when o v e r 80^ of t h e r a i n f a l l 

o c c u r s ( i i ) V i in te r s e a s o n (November t o F e b r u a r y ) of l ower t e m ­

p e r a t u r e which i s c o m p a r a t i v e l y d r y e x c e p t f o r a few w i n t e r 

showers ,& ( i i i ) A warm, d r y and windy summer i n M a r c h - A p r i l 

(Table 6 . 1 ) . 

METHODS OF STUDY 

Mature f r u i t s of S . k h a s i an a were c o l l e c t e d from Upper 

Sh i 1 long and t h a t of S . w a l l i c h i i from 3 s i t e s a t Shi 1 l o n g , 

Urns aw and B u r n i h a t , i n t h e months of F e b r u a r y - M a r c h , 1978 . 

Seeds were s e p a r a t e d o u t by a i r d r y i n g . The f r u i t and s e e d 

w e i g h t measurements were b a s e d on 100 f r u i t / s e e d w i t h 20 r e p l i ­

c a t i o n s . 

Seeds were s t o r e d a t 20 + 5°C and a t 0°C, i n t i g h t l y 

c l o s e d p l a s t i c b o t t l e s i n t h e l a b o r a t o r y . In n a t u r e , s e e d s 

were s i m i l a r l y s t o r e d 5 cm. below t h e s o i l s u r f a c e . V i a b i l i t y 
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t e s t s with tatrazol ium t r i c h l o r i d e solution and germination 

t e s t s in p^ t r i -d i shes on moist f i l t e r paper were done at in ter~ 

va ls of 3 months. 

Seeds were tas ted under two condi t ions , of continuous 

l igh t under an incandescent f luorscent tube (500 - 600 lx . ) or 

under continuous darkness by covering tha pa t r i -d i shes inside 

thick black paper, -it a constant temperature of 20 C. Seed 

germination in dark was counted under green l i g h t . Different 

constant ( 15, 20, 25, 30 and 35°C) and a l t e rna t ing (25/15 and 

2 5/20 C ) temperature regimes were t r i e d in B.O.D. incubators 

maintained at these temperatures. The effect of d i f ferent s o i l 

depths of 0, 2, 4, 6, 8 and 10 cm. in pots f i l l e d with s o i l , 

by placing seeds at the appropriate depth. 

All germination experiments ware rep l ica ted 4 times with 

5o seeds in each t e s t . The emergence of rad ic le was taken as 

an ind ica tor of germination. Tests in a l l cases were done for 

2 0 days af ter the seeds were placed for germination. 

Ten r ep l i ca t e s of 100 v iable seeds of aach species/popu­

la t ion were sown at a depth of 5 cm at a l l the 4 study s i t e s 

both in the open and under forested s i t u a t i o n s , in May 1978. 

Observations on the seedling emergence and establishment were 

taken at monthly i n t e r v a l s . Seedlings were harvested at the 

end of one year period and af ter noting plant height and leaf 

area using a planimeter , the root and shoot por t ions were 

separated and dried to a constant weight at 85 C. 
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RESULTS 

F r u i t and s e e d c h a r a c t e r s ; 

The c a p s u l e s and s e e d s of S . k h a s i a n a w e r e h e a v i e r t h a n 

of t h e p o p u l a t i o n s of S.. w a l l i c h i i . Whi le t h e f r u i t w e i g h t o f 

t h e p o p u l a t i o n s of S . w a l l i c h i i w e r a n o t v e r y d i f f e r e n t , s i g n i ­

f i c a n t l y h i g h e r s e e d w e i g h t was n o t i c e d f o r t h e B u r n i h a t p o p u ­

l a t i o n of t h i s s p e c i e s compared t o t h a t of t h e two o t h e r p o p u ­

l a t i o n s (Table 6 . 2 ) . 

G e r m i n a t i o n s t u d i e s 

( i ) A f f e c t of s t o r a g e 

When s e e d s w e r e s t o r e d i n t h e s o i l o r i n t h e l a b o r a t o r y a t 

a t e m p e r a t u r e o f 25°C / b o t h v i a b i l i t y and g e r m i n a b i l i t y o f t h e 

s e e d s of a l l t h e p o p u l a t i o n s d e c r e a s e d m a r k e d l y w i t h p a s s a g e of 

t i m e so t h a t a f t e r one y e a r / s e e d s were t o t a l l y n o n - v i a b l e o r 

gave v e r y p o o r g e r m i n a t i o n . - However, s t o r a g e a t 0 C m a i n t a i n e d 

b e t t e r v i a b i l i t y and g e r m i n a b i l i t y a f t e r 1 y e a r s t o r a g e 

(Fig 6 d ) . 

(ii) Depth of burial 

As seen 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 cm. depth and it decreased at 

the depths greater than this for all the species and populations. 

At soil surface though faster germination occurred the total 

percentage was lesser than at 2 cm. depth. 



Fig, 6,1 : Viability and yerminability ( -hatched columns ) 

of Schima seeds after different storage periods. 

First column - Storage under 0 C; 

Second column - Storage at 20 + 5 C; and 

Third column - Storage under soil. 
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Pig. 6.2 : The. relationship between seed depth, germination 

and emergence period of seedlings of Schima 

species/populations over a period of 35 days 

after sowing. 



•Rig. 6.2 

0§waJJi£hiL 
Shillohf 

* Umsaw and 
a BurniHat 

Population* 

U 6 8 

DEPTH OF ftURUKcm) 

1r* 

35 

30 

25 
u 

UI 

! 5 o 

15 



CO CO 

td 

I" 
H 
X 

o 

1 + 

o 
Ul 

o 
o 

o 

o 
to 

CO 
X 
H 
F 
tr1 

Q 
a Q 

H 
o 
H 
H 

H 

§ 
> 

O M 

1+ 1 + 

8 

o 
• Ul 
U) 

O 
• 
rf^ 
*"• 

o 
• 
if*. 
CTi 

1+ 1+ 1+ 

o 

-a 

O 
o 
VX3 

00 

1 + 

o 
o 
OJ 

~ f t 

s: 
H-

t 

CO 
fu 

3 p. 

ft 

f+ c 
H-

Cn rt 

fJ S 
o 
hh CO 

0/ 

Pi c? 

B 
H-

•9-
rt 
o 
Hi 
CO 
O 
3 * 
H -
3 
PJ 

CO 

o 
H -

CO 

O 

€ 
H 

& 
O 

W 



. , 1 4 4 . . 

( i i i ) The effect of l i g h t and darkness 

There was germination both in the dark and l i gh t and the 

r e s u l t s obtained were not s ign i f i can t ly d i f fe ren t under these 

two conditions (Table 6 . 3 ) , 

(iv) The effect of temperature 

Tabla--64 4-/ reveals the effect of various temperature regimes 

on the germination of the seeds of Schima species and populations, 

S. khasiana showed maximum germination at constant 15 C, with 

a gradual decrease with increase in temperature, so that at 

35 C no seeds of this species germinated. Populations of S. wal-

lichii showed maximum germination at 20 and 25 C with decrease 

in germination on either side. Two alternating temperature 

regimes tried were favourable for germination for all the 

species/populations. 

The rate of germination was faster at 15 C for S. khasiana 

and 20 and 25°C or alternating (25/20°C) for S. wallichii 

populations (Fig 6.3). 

Seedling establishment 

(i) Seedling emergence 

Only a small proportion of seedlings could emerge under 

field conditions at all the study sites. Further/ the differen­

ces in emergence were not significant (at 5% level) between 

species/populations (Table 6.5). 

(ii) Survivorship 

Wo seedlings could survive under forested situations beyond 



Fig. 6.3 : Percentage germination of Schima species/popula­

t ions on d i f fe ren t per iods / a t constant and 

a l t e rna t ing temperatures of - 15°C ( • ) ; 20 G ( o ) ; 

25°C ( m ) ; 30°C ( Q ) ; 35°C ( A ) , 

25/15°C ( A ) & 25/20°C ( X ) . 
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Fig, 6.4 j Survivorship of Schima seedlings under f i e ld 

conditions (open). No seedlings could survive 

beyond 2 months under forested s i t u a t i o n s , 

S, khasiana ( • ) ; 

S. w a l l i c h i i , Shillong ( 0 ) ; 

S. w a l l i c h i i , Umsaw ( M ) & 

S, w a l l i c h i i , Burnihat ( D ) populations,1 
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T a b l e 6 . 3 : The e f f e c t o f l i g h t and d a r k t r e a t m e n t on s e e d 
g e r m i n a t i o n of Schima s p e c i e s ( + S.f i . of t h e mean) 

CONTINUOUS LIGHT CONTINUOUS DARK 

20°C 20°C 

S . KH&SIANA 50 
+ 5 .4 

S. WALLICHII 62 
+ 6.4 

The seeds & populations of S. wallichii were pooled. 

48 
+3.4 

57 
+ 1.3 



Table 6.4 : Germination (%) of S. khasiana and S. wa l l i ch i i seeds 
at var ious constant and a l t e rna t ing temperatures 
( + S.S. of the mean) 

CONSTANT TEMPERATURES ( C) ALTERNATING TEMPERATURES 
( °C) 

15 20 25 30 35 25/15 25/20 

S. KHASIANA 55 46 44 42 
+ 2.7 + 3.6 + 2.9 + 2.2 

46 
+ 2.3 

45 
+ 5.5 

S. WALLICHII 

SHILLONG 

UMSAW 

BURN IH AT 

37 48 48 33 20 

+4.3 +6.0 +6.8 +4.1 +7.5 

42 65 58 40 27 

+ 5.3 + 3.7 + 3.7 + 6.8 + 2.9 

38 69 56 50 33 

+ 2.2 + 3.7 + 5.4 + 4.8 + 7.6 

48 

+ 4 . 1 

6 1 

+ 3 . 7 

59 

+ 3 . 4 

50 

+ 4 . 6 

7 0 

+ 9 . 9 

6 4 

+ 3 . 6 



T a b l e 6 . 5 : S e e d l i n g e m e r g e n c e (%) o f S . k h a s i a n a a n d S . w a l l i c h i i 

a t d i f f e r e n t a l t i t u d i n a l s i t e s . 

P I E I D STATIONS S . KHASIANA 

S P 3 C I jS/POPULATIONS 

S . WALLICHII 

SHILLONG UMSAW BURNIHAT 

U p p e r S h i H o n g 

S h i H o n g 

Urns aw 

B u r n i h a t 

20 

+ 4. 

19 

t 2' 
16 

+ 1. 

16 

+ 3. 

,6 

,4 

,7 

.9 

10 

+ 2.3 

21 

+ 3.9 

13 

+ 2.7 

12 

+ 1.7 

11 

+ 1.8 

10 

+ 3.3 

13 

+ 1.2 

11 

+ -2.3 

14 

1 1-8 

10 

i 2*1 

13 

+ 2.5 

11 

+ 0.6 
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a p e r i o d of 2 months. Under open grown s i t u a t i o n s / m o r t a l i t y 

was g e n e r a l l y v e r y high r e s u l t i n g in a s t aep d e c l i n e i n popu la ­

t i o n upto January-February/ a t a l l t h e s i t e s . At Upper S h i l l o n g , 

however, the r a t e of d e c l i n e in popu la t i on was s lower fo r 

§.• fchasiana wi th an u l t i m a t e l y l a r g e popu la t i on s i z e compared t o 

t h e p o p u l a t i o n s of S. w a l l i c h i i . At the o t h e r 3 exper imenta l 

s i t e s / however, t h e p a t t e r n of s u r v i v o r s h i p was no t ve ry d i f f e ­

r e n t for t h e p o p u l a t i o n s of Schima, though t h e l o c a l popu la ­

t i o n s showed b e t t e r s u r v i v o r s h i p than t h e in t roduced ones . 

S . khas i ana gave t h e lowest f i n a l s u r v i v a l a t t h e s e t h r e e s i t e s 

(Fig 6 . 4 ) . 

( i i i ) P l a n t performance 

The growth c h a r a c t e r i s t i c s of t h e d i f f e r e n t spec i e s /popu­

l a t i o n s at d i f f e r e n t s i t e s given in 'Fig 6 . 5 , shows t h a t t h e 

n a t u r a l i z e d popu la t ion fo r a given s i t e was s u p e r i o r compared 

t o t h e o t h e r in t roduced p o p u l a t i o n s . Thus, S. khas iana gave 

b e t t e r growth y i e l d under Upper S h i l l o n g s i t e , whi le t h e popu la ­

t i o n s of S. w a l l i c h i i from 3 d i f f e r e n t s i t e s d i d b e t t e r i n t h e i r 

o t h e r n a t u r a l h a b i t a t s . 

DISCUSSION 

Schima s p e c i e s be ing ex> e a r l y s u c c e s s i o n a l co lon ize r s depend 

f o r r egene ra t i on on the a v a i l a b i l i t y of open s i t e s which favour 

t h e i r ge rmina t ion , e s t ab l i shmen t and growth. The most impor tan t 

f a c t o r l i m i t i n g the a b i l i t y of such s p e c i e s t o co lon i ze d i s t u r b e d 

s i t e s i s t he a v a i l a b i l i t y of seed , which must come e i t h e r from 

a s tand in c l o s e p rox imi ty or from s t o r a g e in t h e s o i l . The 



\ .g. 6.5 : Growth performance of Schima species/populat ions 

at d i f fe ren t f ie ld condi t ions , a = Upper Shillong 

s i t e ; b = Shillong s i t e ; c = Umsaw s i t e and 

d = Burnihat s i t e . §_. khasiana, f i l l e d bars and 

S. w a l l i c h i i , Shi l long, hollow b a r s ; Umsaw, 

•hatched bars and Burnihat, dot ted b a r s . 
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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 seeds sLs; completely lost 

after storage in soil for one year. Thus, the species is fugi­

tive in nature (Hutchinson, 1951), where good dispersal mecha­

nism would play an important role permitting the species to 

colonize new habitats (Salisbury, 1942). Schima due to its 

light, mobile (winged) seeds often invades highly disturbed areas 

after slash and burn agriculture in the region. Similarly in 

temperate forests it has bean reported that light seeded species 

Fraxinus and Ba/tula play an important role in revegetation 

after clear cutting (Bormann & Likens, 1979). The variation in 

seed weight in betwean species/populations may partly be related 

to climate (Baker, 1972; Wears-tier & Barnes, 1977) and partly 

to ecotypic differences related to altitude which is supported 

by growth studies of the different Schima populations done at 

different altitudes discussed below. 

The differences in germination behaviour in response to 

temperature as seen in the present case where §_. khasiana 

germinated at a comparatively lower temperature compared to 

S. wallichii population, have often bean correlated with clima­

tic conditions and seed source (Callaham, 1960; Thompson, 1973), 

whereby seeds from cold areas germinate better at lower tempe­

rature than those from warmer regions. Grose (1957) have 

demonstrated that montane species of iDucalvptus germinated best 

at a lower temperature of 16 C, in contrast to somewhat higher 
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temperatures for species of warmer areas. Though the total 

number of seeds of a species which ultimately germinate at a 

given temperature is a good indicator of that species potential/ 

however,the time taken to germinate is of much significance since 

the early germinating individuals enjoy a considerable competi­

tive advantage (Ross & Harper/ 1972). The germination rate which 

was higher at 15°C for S. khasiana and at 20 or 25°C for S. 

wallichii populations is consistent with the temperature optima 

for their germination. The rapidity of germination in this 

species without a dormancy mechanism is advantageous in coloni­

zing new areas by producing a profusion of seedlings and this 

has been reported for a majority of tropical trees which has 

been termed as biological nomads (Ng, 1978). 

Schima seeds come under microbiotic category (Crocker & 

Barton, 1953) as they normally lose viability and germinability 

within'a year. Small end light seeds are reported to lose 

their viability faster (Quick/ 1961) and this has been reported 

in species of Salix, Populus and Ulmus (Waering, 1963) and 

Alnus ( Boojh & Ramakrishnari/ 1981b). The better retention of 

viability and germinability under lower temperature storage may 

be attributed to slow biological and biochemical processes at 

such temperatures (Kamra, 1967). 

There exists a large gap between seeding potential of a 

species 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 a t t r i b u t e d t o t h e shade i n t o l e r a n c e of t h e s e e d l i n g s . The 

d i f f e r e n c e s i n s u r v i v a l p a t t e r n f o r d i f f e r e n t s p e c i e s / p o p u l a ­

t i o n s u n d e r f i e l d c o n d i t i o n s a r e s u g g e s t i v e of t h e a d a p t a t i o n 

of a g i v e n p o p u l a t i o n t o t h e n a t u r a l c l i m a t i c c o n d i t i o n s i n 

which t h e y g row. T h i s i s s u g g e s t e d b y t h e r e l a t i v e l y b e t t e r 

s u r v i v a l and p e r f o r m a n c e of l o c a l s p e c i e s / p o p u l a t i o n s t o t h a t 

h a b i t a t compared t o t h e i n t r o d u c e d o n e s . T h u s , t h e l ower a l t i t u d e 

p o p u l a t i o n of S . w a l l i c h i i which i s a d a p t e d t o l o n g e r g rowing 

s e a s o n , h i g h e r t e m p e r a t u r e and f r o s t f r e e w i n t e r i s a d v e r s e l y 

a f f e c t e d a t h i g h e r a l t i t u d e . 

SUMMARY 

Seed g e r m i n a t i o n of S. k h a s i a n a from Upper S h i l i o n g and 

§ • w a l l i c h i i from S h i l l o n g , Umsaw and B u r n i h a t and s e e d l i n g 

e s t a b l i s h m e n t and g rowth of t h e s e s p e c i e s / p o p u l a t i o n s i n r e c i ­

p r o c a l c u l t i v a t i o n , were s t u d i e d . Seeds l o s t v i a b i l i t y and 

g e r m i n a b i l i t y g r a d u a l l y w i t h i n a y e a r when s t o r e d i n t h e s o i l 

o r a t 20 G i n t h e l a b o r a t o r y b u t s t o r a g e a t 0 C p e r m i t t e d r e t e n ­

t i o n of some v i a b i l i t y . Seeds i n n a t u r e g e r m i n a t e d b e t t e r i n 

t h e s u r f a c e l a y e r s of t h e s o i l . S . k h a s i a n a h a d a low t e m p e r a ­

t u r e optimum f o r g e r m i n a t i o n w h i l e t h e l o w e r a l t i t u d e p o p u l a ­

t i o n s of Sjj. w a l l i c h i i had a h i g h e r t e m p e r a t u r e opt imum. S i m i l a r l y 

a g i v e n s p e c i e s / p o p u l a t i o n of Schima g a v e b e t t e r s e e d l i n g e s t a ­

b l i s h m e n t and growth i n i t s own n a t u r a l h a b i t a t as compared t o 

t h e i n t r o d u c e d p o p u l a t i o n s from t h e o t h ^ r a l t i t u d i n a l s i t e s . 

T h i s i s i n d i c a t i v e of t h e c l o s e a d a p t a t i o n of t n ^ n a t u r a l p o p u ­

l a t i o n s t o t h e i r h a b i t and t h e p o s s i b l e e c o t y p i c d i f f e r e n t i a ­

t i o n i n t h i s s p e c i e s . 
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GERMINATION ECOLOGY OF ALNU5 NEPALENSIS DON 

INTRODUCTION 

Alnus n e p a l e n s i s , N e p a l e s e a l d e r i s a n a t i v e of I n d i a and 

Burma and i s f a i r l y common i n E a s t e r n H i m a l a y a s . T h i s i s an 

e a r l y s u c c e s s i o n a l t r e e s p e c i e s and among t h e f i r s t t o become 

e s t a b l i s h e d n a t u r a l l y on many denuded a r e a s p a r t i c u l a r l y a t 

h i g h e r a l t i t u d e s i n n o r t h - e a s t j r n h i l l y p a r t s of I n d i a . I t f r e ­

q u e n t l y r e p r e s e n t s as s t a n d l i n e s a l o n g s t r e a m s o r a r e a s of 

s t a n d i n g w a t e r and low l y i n g a l l u v i a l l a n d s . The wind d i s s e m i n a ­

t e d s e e d s h e l p i n i t s w ide d i s t r i b u t i o n . C u l t i v a t o r s i n p a r t s 

of Naga land and Manipur s t a t e s of N o r t h - e a s t I n d i a , grow i t f o r 

s o i l improvemen t , a f t e r s l a s h and b u r n a g r i c u l t u r e (Jhum), as 

i t i s a s y m b i o t i c n i t r o g e n f i x e r and i s adso i m p o r t a n t f o r 

t i m b e r and w a t e r s h e d management . 

The g e r m i n a t i o n e c o l o g y of A. n e p a l a n s i s i s n o t known, 

though s t u d i e s on i t s o t h e r t e m p e r a t e s p e c i e s l i k e A. q l u t i n o s a 

(McVean, 1955) and A. jnokumai (Asakawa & Nagao, 1963) a r e 

a v a i l a b l e . 

MATERIALS AND METHODS 

Mature c o n e s of A. n e p a l e n s i s c o l l e c t e d from Upper S h i l l o n g 

( a l t . 1800m) i n March 1978 w e r e a i r d r i e d t o e x t r a c t t h e s e e d s . 

Seeds w e r e s t o r e d a t 20 + 5°C and 0 + 2°C i n t i g h t l y c l o s e d 

p l a s t i c b o t t l e s . The s e e d s w e r e s i m i l a r l y s t o r e d a t 5 cm below 

s o i l s u r f a c e and w e r e t e s t e d f o r v i a b i l i t y and g e r m i n a t i o n . 

G e r m i n a t i o n t e s t s i n p e t r i - d i s h e s w a r e done a t c o n s t a n t t e m p e ­

r a t u r e s of 1 5 , 2 0 , 2 5 and 30°C where e x p o s u r e t o l i g h t was o n l y 
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f o r a b r i e f p e r i o d d u r i n g t h e day a t t h e t i m e of r a c o r d i n g 

g e r m i n a t i o n c o u n t s . G e r m i n a t i o n t e s t s ware a l s o done u n d e r 

c o n t i n u o u s l i g h t o r l a r k a t a c o n s t a n t t a m p e r a t u r a of 20 C. Tha 

t e s t u n d e r an a l t e r n a t i n g t e m p e r a t u r e r ag ime had 2 5 /15 C. L i g h t 

(550-600- lx- ) ' was p r o v i d e d from f l u o r e s c e n t t u b e s and t h i s was 

g i v e n f o r t h e a l t e r n a t i n g t amper a t u r a a t h i g h e r t e m p e r a t u r e 

(8 h r s . ) i n t h e c y c l e . F o r l a r k t r e a t m e n t p e t r i - J i s h e s w a r s 

p l a c e d i n l i g h t p r o o f c a r d b o a r d b o x a s . The t e s t s w a r s c a r r i e d 

o u t f o r a p e r i o d of 20 d a y s , as no s e e d g e r m i n a t i o n c o u l d be 

r e c o r d e d f o r t h e n e x t c o n s e c u t i v e 10 d a y s . G e r m i n a t i o n p e r c e n ­

t a g e s w a r e e x p r e s s e d on t h e b a s i s of v i a b l e s e e d s . G e r m i n a t i o n 

v a l u e s wera c a l c u l a t e d u s i n g t h e f o r m u l a ( C z a b a t o r , 1 9 6 2 ) , 

GV = (Pv) (MDG), where PV i s t h e maximum v a l u e of c u m u l a t i v e 

g e r m i n a t i o n p e r c e n t a g e d i v i l e d by days of t e s t and MDG i s mean 

d a i l y g e r m i n a t i o n . Seeds w e r e b u r i - d a t d i f f e r e n t s o i l d e p t h s 

of 0 (wi th o r w i t h o u t moss c o v e r ) , 0 . 5 , 1 .0 and 1.5 cm. i n p o t s 

m a i n t a i n e d w i t h s u f f i c i e n t m o i s t u r a and t a s t e d f o r g e r m i n a t i o n . 

RSSULTS AMD DISCUSSION 

The v i a b i l i t y end g e r m i n a b i l i t y of A. n e p a l a n s i s s e e d s 

s t o r e d a t 20 £ 5 C wera l o s t g r a d u a l l y and no s e e d c o u l d g e r m i ­

n a t e a f t e r one y e a r (Table 7 . 1 ) . Seeds s t o r e d u n d e r 0 + 2°C, 

however , showed b e t t e r v i a b i l i t y and g e r m i n a t i o n and a f t e r one 

y e a r s t o r a g e gave abou t 22% g e r m i n a t i o n . Seeds s t o r e d below t h e 

s o i l s u r f a c e i n n a t u r e , l o s t t h e i r v i a b i l i t y a f t e r 6 months of 

s t o r a g e , fiven a t t h a end of 3 months s t o r a g e p e r i o d , g e r m i n a ­

t i o n was v e r y p o o r . Thus t h e s e e d s of A. n e p a l a n s i s a r e 



Table 7 . 1 : Viabili ty (%) (a) and germination (% of the to ta l seeds) 

(b) after storage ( + S.3. values) 

Duration of Storage (months) 

Storage conditions 0 3 6 9 12 

(a) 63.30 + 5.55 39.80 + 4,49 13.40 + 1.91 6.40 + 1.53 1.60 + 0.40 
2 0 t 5 C (b) 45.33 + 6.70 28.67 +- 1.86 8.33 + 2.03 4.20 + 0.86 0 + o 

0 + 2°C 

(a) 65,30 + 5,55 63.67 + 1.83 39.67 + 2.91 34.67 + 0.88 27.33* 1.77 

(b) 45.33 + 6.70 49.33 + 3.48 36.00 + 2.08 29.00 + 1.73 22.33+ 1.46 

Below 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 year. Small and light seels are reported to 

lose their viability very fast (Quick, 1961) and is also 

reported (Wareing & Taylor, 1963) for species of Salix, Populus 

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

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

200.19 seeds/gm., also falls into this category. The better 

retention of viability an 1 germinability unler low temperature 

storage conlitions may be lue to slow biological and biochemi­

cal processes at such temperctures (Kamra, 1967). 

The seeds of A. nepalensis showed maximum germination 

percentage and germination value at a constant temperature of 

20 C under continuous light. Germination under continuous 

darkness was very poor (Table 7.2) Better seed germination 

was clso obtained under alternating temperature. Thus the seeds 

are light sensitive as also reported for A. inokumai (Asakawa 

& Nagao, 1963). The light requirement for seed germination of 

early successional tree species as in the present case is con­

sistent with their ecology end suggests a mechanism whereby 

the seeds of these species might be prevented from germination 

beneath ,.a: closed canopy (Barton, 1961; Grime & Jarvis, 1976). 

Generally, the temperature optima for seed germination repre­

sent the normal season for germination and emergence under 

field conditions, subject to availability of water (Ashby & 

Hellmers, 1965). In present case too, better germination at 

20 C is close to the temperature conditions prevailing in 



Table 7.2 : Germination total (% of viable seeds) and germination values 
of seeds of Alnus nepalensis at different temperatures and 
light conditions ( + S.S. values) 

Constant temperatures ( C) Alternating 
temperatures ( C) 

15 2 0 25 30 20 20 25 / 15 
(continuous (continuous ( l i g h t ) (dark) 
l i g h t ) dark) 

Germination 
t o t a l 

Germination 
va lue 

17.95 45.13 26.67 14.87 
+ 1.36 + 4 .11 + 1.36 + 2.72 

0.53 4,56 2.06 0.77 

+ 0.08 + 0.64 + 0 .21 +0.21 

6 9 . 7 4 

+ 1 0 . 3 0 

2 1 . 7 3 

+ 6 . 7 0 

2 . 0 5 

+ 0 . 8 9 

0 . 1 5 

+0 .07 

4 3 . 0 8 
+ 2 . 3 5 

5.52 

+ 0 . 5 9 
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nature at tha tima of seed garmination. Tha inability of saads 

to garminata at dapths balow 1 cm (Table 7.3) is probably 

related to thair light requirement. Batter germination of seeds 

placed on tha surfaca layers of the soil with moss covar may be 

"related to good moistura supply. 

SUMMARY 

The seeds of Alnus nepalensis were microbiotic in nature 

but low temperature storage retained viability to some extent. 

Tha saads were found to be light sensitive for germination and 

germinate favourably at moist soil surface. The germination 

behaviour is consistent with the species' role as an early 

successional colonizer. 



T a b l e 7 . 3 : E f f e c t of l e p t h of b u r i a l on s e e d g e r m i n a t i o n of 

Alnus n e p a l e n s i s . ( + S . E . V a l u e s ) 

Depth of b u r i a l G e r m i n a t i o n t o t a l Days of emergence 
(cm) (%) 

0 . 0 ( w i h t o u t moss c o v e r ) 43 + 4 .17 7 

0 . 0 (wi th moss c o v e r ) 53 + 2 . 3 1 7 

0 . 5 22 + 1 .53 15 

1.0 8 + 2 . 0 8 20 

1.5 0 + O 
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TEMPHUTlJHi: KlSPONSl S TO SI-CD 
Gf R.VtfNA I ION IN TWO ( LOSM.Y KlXATKi) 
TRtl ; SPltTES Oi SCHIMA, KEINW 

K A M BdOJH ANi> l \ S R A M A K K I S H S A N 

Department of llotany ^ 
School of Life Sciences 
Nonh-Kastern Hill University 
Shillong 791 014, India 

A vium it of randies <m mnimoauon ecology of species 
iiic .'suitable wherein ^omunition leqiiiiciiiciiis are 
Clo-c'li, icUitcci U'. I i loir adap ta t ion and disli ibii lum 

pattern in space' •' ami in time'. Tempeiauiro rcspnrc-
ment is one such Factor which has received coimdeiable 
attention'''. However this aspect of (he problem in 
relation to adaptive strategy of tree species h not 
reoci'.ed much attention7. Tho present stu y is con­
cerned with temperature response-, of the seeds of 
Schimu kh/Hii'Hii, Dyer and .V. wulluhil, Choisy, two, 
closely related am! economically important timber 
tree species of north-east [ndiu, which are also exten­
sively distributed in Mcghalaya, on an altitudinal 
basis. The former is restricted to higher elevations 
(1600 to 191)0 m), whereas Die latter occurs al lower 
elevations (M',0 to KiOOm). 

Seed, of S, k!:;<i-in,i md .Y > t'.l.rhii wcte Colloocd 

flora uj ; cr Slv:lonc- (IStiir.i) -, .1 Mawt.n (1'iaim) 
respectively dunng lebruai) Maun )')>, whuh wee 
•cparatcd out from fruits by an Orving. (iciiniiniuon 
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TABI F I 

Germination total {"{,) {*'ith S'.C values) for S, khasiana and S. wallichii at different temperature regimes 

AUcrnating tempo-
Spccies Constant temperatures (" Q raturet (" C) 

10 15 20 25 30 35 25/20 25/15 

S. khasiana 10±2-3 55 ±2 7 46i3-6 441:2? 42^2-2 0 4 5 ^ 5 5 46±2-3 

S. «<illich(i 0 17 £4-3 4 8 ± 6 0 48 ±6-8 3 3 £ 4 l 20±7-5 50±4 6 4 8 ± 4 1 

TABLE II 

Germination values (with S.E.) for S. khasiana and f wallichii 

Alternating tempe-
Specios Constant temperatures (" Q ratures C Q 

10 15 20 25 30 35 25/20 25/15 

S. khasiana {)• 32-bO-12 12 Otfrf 0-9 608±0-9 8 & ± I ' 7 3 4l±0-43 0 2-3<iif-l8 3 82±OS« 

S. wallichii 0 fj 34±l-6 9-412 0 8-83±I-6 406±0-5 3-23±20 109512-2 2 3 6 ± M 8 

lest̂ t were performed, at a given temperature in incu­
bators, on fresh seeds between moist filter papers. 
Only alternating temperature regimes received 14 hour 
light period at the time of higher temperature in the 
cycle. Fifty seeds in four replicates were used for 
all treatments, 

Table I shows that seeds of both the species could 
germinate well over a wiik range of tern. crature-s, 
though the germination of 5, klu^iatni was poor at 
10'C and no germination occur-, for X. wallichii at 
this temperature. At constant temperature regimes, 
while .V. kliasiati'i gave optimum germination at 15 (', 
that for S. watlkhii occurred ai 20 and 25 C. The 
two alternating \0tr\, erauire regimes did not have any 
favouiabtc effect on the germination of 5. khasioint. 
whereas the germination of S, wallichii improved 
slightly at 25,20' C alternating temperature regime 
compared to that at a coi lant 20 or 25'C. Further 
the range of temperature at which at least some 
germination occurred varied for the two species, 
S. khasiaim having a range of 10 to 30° C and S. walli­
chii with a range of 15 to 35 C. 

Germination values are given in Tabic H which 
are ir.dices of gei rmnability combining speed and 
completenc- of germination, and are calculated Using 
the formula PV • MIX} where )»V represents peak 

value of germination and MDO represents mean daily 
germination*. This is a better indicator of germination 
behaviour of the species concerned. S, khasiana 
gave maximum value at a constant lomperature of 
15' C. It is significant that the values at alternating 
temperature regimes for 5. khmUtm were extremely 
low though the final germination total was fairly good 
as seen from Tabic I. This is due to very low mean 
daily germination at alternating temperature regimes 
compared to that at constant temperatures of 20 or 
"!S' (', where also the final germination total is more 
or less similar. S. wallichii, on the other hand, gave 
maximum germination value at 20 C followed by 
25 0 constant. It is significant that much better 
germination value was observed for this species ai an 
alternating temperature of 25/20 t . 

These results indicate ihat the two species are closely 
adapted to their altitudinal restriction at least as far 
as temperature response to seed germination is 
concerned. Thus, S- khasiana exclusively found at 
higher elevations tends to germinate better at lower 
temperatures and S. wallichii from lower elevations 
responds better to comparatively higher temperatures. 
Though such s!"dies are lacking in this country, parti­
cularly on tree adaptation, similar conclusions have 
been made on some icmvetate trees like Pimis 
eomoriii", P. .••yru'vtnV" and Acvr negtwdo". 
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3 * D ALU IKJ^A a O t ' A N l C ^ i - CewfERfWtfc , SYMPOSIUMS'' l J O F ' l ? r t l l < i f ^ 
SH.6 GROWTH STRATEGY AND ARCHITECTURE OF TREES RELATED - S J a . 

TO PRODUCTIVITY £?!£fUi£Jlfc>OU«Cg<: 

RAM BOOJH AND P. S. RAMAKRISHNAN 

Department of Botany, School of Life Sciences, North Eastern Hill University, Skillong-793 014 

Pattern of growth and architecture build-up of early successional (Schima 
wallichii, S. Khasiana and Alnus nepalensis) and late successional (Minglietia insianis, and 
Qjurcus dealbata) tree 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 late successional ones. The latter are with determinate growth 
pattern, make small amount of extension growth and confined ihe 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 nepaltnsis) than the late successional species with single 
determinate 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 considered as special cases of basic determinate scheme). Branchei 
are produced through Syllepsis-axillary buds grow into branches without a rest jK-riod 
in early successional tree species, conferring an advantage for having more frequency 
of branching. Late successions! species, on the other hand produce branches pro-
laptkally—axillary buds undergoing a period of rest. The early succcssional species, 
however, can produce prolaptic branches if main axil it 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 succcssional trees winch have longer, wider and deeper crown,. Growth in the 
former tends to emphasize height growth in ord^r to attain a superior competitive posi­
tion while in the hitter it emphasizes lateral growth. Consequently, branches of early 
succcssional tree species arc more vertical at all canopy positions than the late succcssional 
trees. The leaf angles in late succcssional species in general is more near to horizontal 
than the early successional ones which have its leaves dispersed into several layers (multi­
layer) with sun leaves placed vertically and shade leaves to icar horizontally. 

The fast and prolonged indeterminate pattern of growth, multilaycred 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 
strategy. 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 arc suited for conservative strategy of late successional environments. The signi­
ficance of these results for exploiting forest resources of the north eastern region for timber 
and energy resources arc discussed. 
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l^ t t l sUi iu Variation iii neeU geiriiiiiatlMii ul .Sf/iimri wal/it/i/t, 

Purity ' U 
RAM BOOJH & P. S. iMMARIUiHSiAfil, Shiiloiig; 

'J he germination behawout of smU of ic/uma waflu/iu, Choi*} I'om dttteicm 
populations ranging from 300 tp 1800 in elections was <tudie<l under controlled 
fcflvirenmcmal con«ptiQri«. The higher elevation population Khowcd maxlmiitn per-
c*nt*ge germination at »'C Germination at tfe* alternating temperature was re-
dueed hut the difference was nw significant |>erfeiHagc germination value dec­
reased, signjiiuntly at higher ttatge'rauttes. Lower clevatum population* germinated 
minimum at » 'C , but alid exacted ttteir adaptability to wide ringing tempera-
turei Thus tĥ rjs exists a correlation between the temperature requirement and 
the natural distribute oj $ e jpefmtamna, 

£ 8 H * fikMrtM fc^, iMiiaw Sti&nut. C V ^ ^ A - C ^ 

"JW'.' tatttgtfe *»iE <&*"»* f**^* >*i 1?«MnS Sr^ffeta ^ftwiana, Oyer, trie*. 
>;( I . t ^ > ^ , • ' • • . ' " • '%.. 

{. & * * V . *4«.»«QJM >M *. 8 RAJSfAlt&lSHNAS, ShtHoni. j ' ^ 

Tht i**V?!h t>«tetn of kix year o»ef grhwn Stht«no Mt<ui<m«, an eartv surccisional 
rtmWf (rtft ^jpfkl VV« MtiAHl fcc Sbittrw* peak (aMtule : 1900 in). The growth 
Marts witjri tapfS e*teits*im W ahtwl and expansion of leaves in April. A singSt 
'«jrttirr>tr»pir, svtteptfc wtf«*r$ # t»rtnrn« are produced on the main axiv fnm ttw 
(rt̂ Bgries of the ejti'ffnt afoMsi. to Stay. This pattern is repeated on branches also. 
fjje radial ffcefyrtti finks # 4 j*»#* Jatcr than cxnnson growth, and ihli rmv b? 
^mofijtl. Lfeaf pWi|t$^i» Hf tr»g|f*r«J jn« at «he Irglning of rains and leaf fall 1't 
dViitt nV*hthl, Hfhttfc fcwrerabn&i to seasonal climatic even's. The species acbievj 
trjfiih ft? tre^tt groyth aiiti te$t production thronghem the growing sca-on (April tv 
October), which e,;itlpes it >'< otcupy the ecological nithe as «n early succesional an I 
exploitive strategist species. 


