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PREFACE

Quantitative information on germination, establishment,

growth, architecture, leaf dynamics, and allocation
strategies of shrub components of sub=tropical humid
forests is meagre, though much information from north-
east Indla on the tree components of This ecosystem is
already availlable through a series ol studies done by
Ramakrishnan and his c@yorkers. Ihe present study on
the shrub strata of sub-tropieal'humid forests over a
successional gradient of environment is intended to fill

this gap.

The thesls starts with a General Inctroduction, with
an extensive survey ol related literature, followed by a
brief description of the study area and climate. Lhis is
followed by 7 chapters in which the results obtained
during the present study on the shrub community are set.
Each chapter is a self-contained unit with its own
Introduction, Melhods of study, Hesults and Discussion.
They are prepared in a fwymat that could be submitted

5 3 3 . PR
for publication, and therefore some overlap in writing



was unavégable. The literature cited in the text is
all given together at the end of the thesis.

Apart from its academic value, the results obtained
here is significant from an applied angle, for comple=-
menting shrubs with trees in restoration of human .
impacted ecosystems, based on successlonal concepts.

Ifhe identified and characterized shrubs, could con-
tribute to the fodder and fuelwood needs of the people

of the region. These shrubs could also be made a part

of the slash and burn agriculture (jhum) system

both during the cropping and the subsequent fallow phases
for agroforestry practices that would help in removing
the distrotions that have come about in the recent past

due to rapid shortening of the jhum cycle.
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GENERAL INTRODUCTION




Tropical forest 1s a dynamic systen of & high order

canisation, in which the morphological, physiological

ecological features ol individual members are linked

er, creating form and function, unknowa outside

-+ ~

 forest (Longman and Jenik, 1974). In a Lores.

n“_‘e‘ﬁc:em, the shrub community that comes Up 43 an
storey community, plays a key role in the Ifunctioning
e entire ecosystém along with otheﬂs,.forming a part
e food chain for mammals and birds and controlling

rbclimate of the site. The undersiorey commuﬂity may
sribute upto SO% of the total above ground bioma
ove, 1985)+
Humid forestis are charaterstic of the north -
orn hill region and show wide Varlatlons, ranging
m humid sub - tropical forests at lower elevatlong
gh 1982a,b,c; Shukla and Ramalkrishnan, 1982a) to
montane forests at thher clevations (Boojh and
akrishnan, 198la). Much of the region recelves an

1 average rainfall of 2000mm or morec. Slash

burn agriculture,locally called 'Jhum', 1s the

«
*



predominant form of agriculture among the tribal people
6f the region (Ramalrishnan et al., 128l; Toky and

. Ramakrishnan, 1983@}.Itlforms an important land use
pattern. This‘systqm of cultivation involves slash and
»bu:n of the secondary communities followed by mixed
'cropping for a year or two. The site is then abandoned
for 3ecdndary succession and is again culuivated alter
a fallow period. Therefore, at lower elevations in

" Meghalaya, the vegetation is represented by a number ol
seral communities ranging upto about €0 yecars ol age
(Toky and Ramalkrishnan, 1983aj; Singh and liamalirishnon,

1982a) .

4

Succession is an orderly process ol ecosystem chonge
resulting from modification of the enviromment by the
biological community, culminating in a poersistant

|

ecosystem type (Odun, 1969). The pattern and the rapidity
wof with which the forest community develops during succe-
351on, depend upon the degrec ol destruction and the
clearing of the underground propugules ol thevcommunity
that existed be fore the nrocess started (Ramakrishnan and

; TOk.y, 1978)0

The process of vegetation regeneration in the tro-

pical forest has becn given considerable attention with



<t

‘different. ;ﬁpprbaches'and intefestg mostly at fhe cor-
munity level (Kenoyert,l929j _odowsiy, 1oCGl5 Gomez -Pompa,
1971). Thoug h/ much informatlon on the {SI'OWChl:"’Tck‘laI‘&.C”GO‘fstic? of
trees are avallable (honda and Fisher, 19738; ilalle” and
Oldemam, 1975; Halle” et ul 19783 Parkhurst and Loucks,
io72) , informationf regurding the adaptations ol trees
under varied envirommental conditions are limitcd. &
fewVSCattered studles on these aspectu from different parts
of the world are also avallable (Kemﬁf and Pickett, 1980;

Ha

Pickett and Kempf,'lQSl). HoveveL,xohruo communicy has received
little attention. <The present study 1s an attem)t Go
to evaluate the growth behaviour and ius adaptive
significance as related to shrub specics that come up av
ifferent stages of sccondary succession.. This type of
dy ié necessary to identiiy some ol the imporiant
ccies from the understorey community to meet ohe

1y
nereasing needs of Iuel wood. iFurther,*this study has
© implications for designing vegetatlon strategles

ed on successional concepts (Ramalirishnan et al. 1)32) )

art from its own academic value.

.

ERMTALTON AND BSTABLIpHHLANL



_development and ocologicalvconditions deternine the
stance and. Patlerns of gpocies dissribusion (e vonough,
3 Ramakrishnan, 1972). ‘he period between germination
initial establishment is often a time oi high mortality
per and White, 1974). ‘Thesg two aspects of plant's

cycle have been related to adaptation and distribution
@n of species in space (Harper, 1965; Cohen, .1967;
?ishnan, 1972; Ross and Harper, 1972; Thompson, 1973)

in time (Kapoor and Ramakrishnan, 1972).

Seed germination oi early successional species with
seeds is often lepigeal' (Richards, 19523 NG, 1974).
frequency of epigeal germination declines with seed size

ate successional spccies (NG 1974). This tsype ol ger-

i'e soon after germinaaiom.ﬁhelddn (1974) showed that
‘seated seeds of species producing smell and light -secds
n fail to germinate because oi the low vigour of £he
ings, due to meagre aeed rescive Lo pcnetrate uvhrough

&l profile. Seed burial is favoured for larger seed

W

i of Quercus petraea than from surface lying seeds.
 may be Felated to heavy predation ol large. secds as

shown in dstrocaryum maxicanuwn (Sarukhan, 1978). In




pical Tforests, secds and secdlingspredatlion may e
tlcularly very heavy (uurvﬁ ess, 127235 Janzen,

43 Whitmore /;1 , 1975).

Cermination requirements ol diff'erent speclcs or the
@Dulatlon within uhG same species have often boen related
"distribution and adaptation patterns of 000010”/
opulations (Harper, 1965; Ramakrishnan, 1972; Loss

Harper, 1972; lc Noughipy,1066; Semwall and Purohit,
J79;‘Okusanya,v19803 Garwood, 1982). Our earlicr studics
.tree species kBoojh and Ramakrishnan, 19381lbj; Shukla

\d Ramakrishnan, 1952b) suggest higher germination
éentage in the open for early successional trees

le mid - and late successional specles germinate and

‘ablish well/yﬁ’undef shade.

Initial survivorship ol sececllingz of late succe-
ibnal‘Species has been reporited to be more under shade
innaird, 1974) than that of the early succcssional as also
”“ggested through our studles in north - eastern Ihdia

noojh and Ramakrishnan, lﬁoib shulzla and Lal@erghﬂuﬂ
b)), Further, Vaartaga (1962) and, Grime wnd

:ffrey (1965) reported'that shade intolerant specics

e more susceptible to fungal attack under shade than



T hade - Lolerany spceclcs themselves.
PHENOLOGY

Phénology refers;ﬁo difierent phases of the liie

le of organisms that occurs throughout the year (Leith,

). It provides the bacﬁﬁéround information and

ctional rhythm of plant and plant communities. Lhe

ology of a particular species isrclassified ingo

erent phases, depending upon the different events in
. cycle. Each event is called as a phenophase.
entirersequences of different phenophases occurring around
>y¢ar is called as>phenodynwmics andlthe elaboration_of
phenodynamics‘for each species in a community is called

he phenological spectrum.

Tropical environment valry seasonally in temperature,
11dity, rainfall and wind speed (Richards 1952). All

sse factors alone or in combination play a key role
iiriggering phenological changes in tropilcal plants

gman and Jenik, 1974). The climatic changes also

g about fluctuations in pollination, seéd dispersal
ators and competitors (Lieberman, 1982). The relatlon

‘water with different phenophases and drought



duousness strategy ol some plant species have veecn
died by different workers (Oppenheiman, 1961;

! . i - 3 w - 1y N
iberto and Estay 1978; Heich and Sorchert, 1984).
Sing and leaf falls

The adaptive significance of diilferent types oI
7f»replacement strategies has not received much atten=-
'.l Jackson (1978) has discussed the adapcive
vVantages of different kinds ol ieal replaceneni acti-

es in forests. According to Jackson (1973) the
:t‘advantageous strategy ol leai replacemen: in a

ennial plant in an aseasonal enviromment would

- retention and phbtosynthetic use oi an old leaf = ~*
L a’now leaf is grown. ouch a strategy would !

ult in maximum leaf fall during the optimal

’ﬁﬁng seaéon or to a continuous level of leafl fall

new leaf growth weve,ﬁo be continuous. Inhraou,

. onal cold or drought sitress is usually present Ahwff
' Ev celyyste

leaves must be shed to minimize the eillects o y 2
: Heeelo et

i do gt ok

stress. Because cold stress in cold temperace
w

S
ests has a relatively sudden and predictanle onsot,H?M:PA“
! Wy viter

| temperate forests normally have a pulse ol lecarl
" at the end of the warm season (dray and Gorhanm,

). In most of the lowland tGropical forests,
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|

;lﬁll haszbeen found to be maximum in Gthe dry scason

- year (Hopkins, 1960; Frankielgg_gl.)1974; ligich
w@Tchert,,l982). In some tropical forests the maximal
fall has been reported during the wel season

d, 1977; Jackson, 1973;Brassel et al.;19:0).

nly forest found to have non - seagonal leal fall

ro -y . - - ) »
lasian Diptgcarpus (Mitchell, cited in Jray and
: b
, 1964) which are characterized by velatively

m climates
ing and fruiting :

veasonality has profound iniluences on [lowering
uiting of vascular plants (Corat, 1875). DLry
flowering is a commnon phenomenon in tropilcal
(Ducke and Blacks; 196335 Janzen, 1967). frankie
(1974.) found Ghat dry seuson has twice the number
cies in peak flowering than wet season. A little
in photoperiod is a suificient stimulus in

ring flowering (Njoku, 1953, 1963)
: Moisture content is one ol the major determinant
production of fruiv (Lieberman,l1982). High
re requirement Ioi proper development of Ileshy -

was suggested by Zahner (1968). #nimal - dispersed



11

'~ dispersed dry fruitg tend to be more during the
P 3

on (Frankie ot al., 1974; Licberman,l282, Shukle
ékrishnan, 1932a). Though much information is
pevon general phenological patterns (Jalzen,y 19673
1971 Medway, 1972; Daubenmive, 1972; Putz,
pler et al, 1980; Libermon, 1932; keich and

; 1984) ol tropical foresis, most ol these

'afe mainly on lorests with scasonal chungese
cently, attention has been pald uhrougb some
ipreviouésﬁuhﬁs on genefal phénological patterns

) - Groplcal for@gus(doojh and HRamakrishnun, 193la,
.~ and Ramakrishnany 19s2a). Little 1s known on.
ogical behaviour of shrub under different_climauic

ns and in difrerent successional foreste..
ECOLOGICAL SURATEGTES

. Qrganisms have certain limited amount ol energy
bile to expend for dlilerent life-purposes (Cody,
Based on his observations on cluteh-size 1n

‘he argued that the way in which an organisn

L)

ition and predation avoldonce is a result ol 1us

s its limited energy to such ends as reproduction



1" 2 [2-

‘ical and evolutionary"hmstoryuliagnirying the ideas’
ly (1966), lMc Arthur and Wilson (1967) pointed oul
Iﬁrganiéms in an open envrironment.aro selected Ifor

T reproductive potential (r-sclection), whereas

sms in a closed environmens are selected Ior greaser
itive, ability (k - selection). Gadgil and Solbrig
- expanddddthis idea by emphasizing upon the mortality
Ins rather than the fullness of the habitat, though
1lidity of thié vewpoint has often peon.éUSpecuwd

any 1975; Gaines et al., 1974). <The central idea
and k- selection has been cdnsidered Irom a

of other Ileatures also like duracion oif lile =
and,ability Lo propagate in crowded or-uncrowded
ament s (Fisher, 197@; Williems, 1966; Gadgil oud

1070 Pianka, 19705 Livdanl, 1979; Paryy, 1931).

Grime (1974) pointed out that the plant biomass
e habitat may be limited by ‘étresses‘ or
bénces'. “He deilned gtress as any factor

g plant growth like shorvages ol ligho, water and
nts while disturbance' as any lacoor responsiile
‘e paruial or total loss ol the biomass like
g@mmipahhogeneciny and human accivities. ‘Laus,
(1974, 1977) recognized stress tolerance as a

Py

§ strategy evolved under intrinsically unproductive
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énts or under extreme regource depletion induced
vegetation itself., In this threc strategy model,
vand utregs tolerant strategies corresnond to the

s of r - and kﬁ~ selection while comnetltive

W occupics an  invermediacve posiuvion. This model
3<provide§ various equilibria among ruderal;

Hiive and stress tolerant strategics.

he architectural model of higher plantis

't the standard solution to the utilization ol
‘offered by the environment and each of these

/s more or less st}ted to an (r = or k = determined)
féle. Halle” et al. (1978) has described briefly in
i

of his model description about the oos yible utilization
pgy. In higher plants, f.e, trees there is a useiul
1tation of distribution of enozmy between vegetative
jented) and reproductive (r-oriented) strategies,
defense against predators incoruorated into the
of k - oriented (competitive) factors.  DBecause of
mmobability, physical £light from predators is

e only in the seed - phuse and 1s then linked %o

ductive (r - oriented) behavioun of the tree.

* = -A e ts 4 : i
Bﬁrmann and Licens (1979) proposed two growth stra-

r tree species that enableg them to occupy difrerent
oy ecosystem development after discurbance. <The two
frasting strategies are (i) exploitive strategy best

to conditions immediately after disturbance and
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| for early successional environments where there 1s

competition and abundant natural resources, and

2 conservative strategy better adapted to late
ssional environments, ol high competition and les e
rce availability. Similar patterns of

adaptation or specles strategles have been

i 79: Harper and White, 1974). Harper and White's
concept of shade - intolerant colonizing
e) species, for instance, is closely relatcd

exploitive growth strategye. By way of contrast,

long juvenile period could be considered represcn=-

of the conservative (k) strategy.

QA Wy

,Qt to %Eggr’ two basic questions 3 (i)

rent life histories like annuals and perennials

r in their allocation pattern and (ii) how the
gy of a species is influenced by various

onmental factors. It has becn shown that annuals
e a substantially higher proportion ol thelr

‘ce - budget for repweduction because of

shorter life span comparcd to perennlals where

» ~ tolerant 0960105 possesgj ng fewer and larger seeds

and Ramekrishnan 1984a, Saxena and Ramalirishnoan 1034

ated or prooosed in a number of other studies (Grime,

- Investigations on biomass/energy allocation patierns

DA



llssis is  given to storage ol energj for fulbure
- O &

" 2 - 1 ¥ i it =1 ‘»
and develooment by reducing the reproductive budget

»

- and Ogdeny 19703 larper gt al. 1970; Hiciman,
Pitelka, 1977; Pecerson and Bazuzaz, 1973; Clark
Burk, 1980). oSimilarly the diflerences in allocation
egy amongst the perennials with difiering zrowih
have also been demonstrated (Turkington and cavers,

Pitelka, 1977; Soxena and Hamakrishnan 1984g).

An important Ieature ol the reproductive strategy

pennials pertain to the nature ol scxual and
tive reproduction. It has been shown that sexual
luctive allocation remains generally fixed under dif-

environmental stresscs, whereas vegetative

ot

uctive allocation would chow plasticity and is
reduccd under siressiul enviromments (Ogden, 19743

s, 19745 Abrahmaon, 1975a, b), Kecley and Keeley

predicted that non - sprouting chaparral shrub
& o 3

S Arctostaphylos glauca should have higher repro-

h . -
ve allocacion compared co the SQroqiﬁlng gpecles.,
/los gladulosa. Lhey gou no clearcus differences
the two regenerative strategles and suggested that

e roductive cost here is small and may be averaged



186

a long period of time, However, these workers
oyed only the absolute biomass values instead ol the
fappropriate proportionate analysis given by Harper

¥

gden (1970)

Most of our knowledge on resourcc allocation pate-
are based on biomass/energ y, only a few studies

) considered the allocation ol nusrients, which

e equally important in the evaluation, in o

:ioﬁ with a limiﬁed supply as suggested by Harner
Ogden (1970), Van Andel and Vera (1977) on the

ol their study on growth and allocatlon ol

g and nutrients showed tha¢ the annuals may

§
K]

~ifrom severencompetition during, the lacer

o
o
o

i vear due (o rapid accumuwlation of nutrienis by the

gane., Specles.

A high efficiency ol nutrients use, senerally eix-
as dry matter production ner g nuirient (inverse
ue concentration) has beeon suggested to be an

ion Go nutrient stress(Loneragan and Asher, 1967;
o2, 19739 However, such evaluation may be sometimes

cf"

adlnp when there 1s 1lu ry uptake and large Vacuolw?

-_/

 of nutrients. (Blel,oh_,la/ﬁ' Brady, 1973). Small
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suggeghed that Tes spiration, nhotosynthetic or

similation ractes per g nutrient uptake may be a,ub
= ey ) ; . ; T My e .
strong, expression ol nuirient use eiiicliency. L?Lucu,

dnformation on these asnecis 1s warranced.
GROWTH AND ARCHITECLUHE

The architecture of a plant is a-visible,
Plogical expression of its genetic blue print.

L . . i - e & . . o lf,- _l_‘\. ,,Jr
T3: categorization of architecture model in higuc
s 1s somewhat comnlicated because ol diflferent
tectural phases that the individual passes through

geedling to aduls stage.

It is a dynamic conceont distinét from shape or-
gnomy which is static. dimilarly; it is not

ous to growth habit, which refers essentially

> ultimately expressed form ol the organism (horb
.;Dr tree) and implicates size. Architecture does
olve size, and dimunitive herbs and giant fore

"

may exhibit precisely the same architecture.

andéﬁldeman(197o) has described 23 architectural
and each model was named aiter a botanist who has

w « _ ]
g&ed to a knowledge oif the model or has done
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ogical research exihibiting che model. Lhe
vine works of Halle” and Oldeman (1970, 1975) and
" et al- (1978) on these lines have opencd up new

of systematic researches on forest trecs.

Architecture mddéls are reccognized mainly by
ia which related to primary extonsion grovth.
» growth from a vascular cambium which bripgs
'lfsecondary increase in thiciness 5ervos Lo
ze the primary system., although in some trees

. 4 Rig.
y changes do influence the architecture QQ{; 7
s model, Troll!'s model). S8tabilization by‘
ary tissue is not indispensable as is shown Ly
“either without a cambium or with 1lictle cambial
¥. Absence of cambium is chegily expresceds
eturally in a restriction of brunching which 1s

bed by Halle” et al.(197®) in relation to monoco-

on and radial growth

Ngrowth of a tree is comnlex phenomenon being a
Ay 0 \1‘ F Eay . - . & -

@ the activities ol primary apical meristems

ondary cambial meristems Go poth intrinsic and

1

ic forces, which are not uniform either in time or
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: This brief definition was given by Forward and

) after exthsive studies on tree growth. The
rehensive account on shoot growth of temperate trees
iblication of a classical book by Blisgen and Miinch
ing largely with temperote species. Later on,
(1964) reviewed in detall the current state of .o

0 shoot growth particularly 4f north-temperate

temperate trees, two widely different patterns of

B occurs. In one group of species, the shoots
reformed in the winter bud and the extensior arowth
\fo the expunsion of the predetermined components of
sumner: Here only one type of leaves occur

: ﬂ1958, 1963) s« In the other .type shoots are

dEeformed in the winter bud and both carly and

‘are produced (Critchfield, 1960, ; Clauéen and

1965). Kozlowski (1972) subsequecntly recognised
‘erent patterns ol shoot growth in trecs: predeternined,
lous and recurrvent flushing type. Gill (1971) studied

and expansion oi bud of iraxinug americuna

the predetermined shoot as 'detorminate!

r extemnsion types as 'indeterminate
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Whilst sufficient informadtion on shoot growih
’emperate specles are available, our undersianding ox
growth of tropical trees are limited. In older
 ature, the studies specific to tropical trec

largely refer to comprehensive invcsciéﬁidns
&enologY(Bﬁsgen and Minch, 1931). Some factual basis
'éur understanding oi growth expression in troplcal
comes from a study of the method ol extension -
ol woody plants mostlyderived from the exumination
oﬁ‘morphology (Tomlinson and Gill, 1973). Although
8 (1958) collected much valuable information aboul
;500 species from Singapore, these observations are
7 based upon qualitative nmorphological examination,

nay not be meaningiul in some cascs where the growth

exhibit no morphologzilcal change 1n shoot.

L 5s

Howéver, two main patierns .of extension growth in
al trecs was obscrved. Onc is gxshzic growth and
other is continuous growth;‘ %ythmic crowth mcans
alternation of growth and rest. According to
and Martin (1968), %&thmic growth is that one,
,shoots have_marked endogenous veriodicity of

on. This term is synonymous with cpisodic

ger); intermittent (Koriba, 1958); or articulate



and Gill, 1973). The other one is continuous

A
Y

ere shoots have no marized endogenous periodici

i Ihis is synonymous with evergroving (Koriba

J

of the most imporcant envirommental factors
ience the rate ol shoot extension i
Ty of light directly aflfect the rate of

8sis which inturn influcnces other metabolic
volved in growth. Grime and Jeffrey (12G5)
fierse correlation between zrowth rate and
ﬁ‘ﬁree seedlings at low light 1nte sities and
tat slow*growth rate may play a role in adapta-
gdeé, The growth ol woody plants in relaiion

also been studied widely (Kramer and Kozlowgi,

and Whitehend, 1963; Zahmer, 19638), Ividence

re changectoo. 4 nuuber of svecles also grow

ration of growsh per year is variable among
)€cles and individuals of the same specics of
i'group. Controlled environmental studics have
fidot extension growth can be halted in a number

rees by reducing the day lensth 50k, 1064;

longer than under shorier day lengths (Longman,

is lightintensity,

ed suggests that growth rate nay be very scnsiuvive



an, 1966, 1969). In temperate zone, heisht crowsh

. begins before the frost of forest is over and is

D
o

ed during a short-part of the fpost - irec

son (Krumer, 1943; Jozlowski, 1962). Inﬁtropiés, wet and

« It has been found that there are species which may
w continuous growth throughous the year (Gill and
'nson, 1971). Bui this ever - growing or continuous
ot growth is still a mattor of discussion , because ik
1es that apical meristems undergo no “"rest! period

g the entire 1ite cycle. Tomlinson and Gill (19723)

I to it as nophriiculate growth, .te, without Tegular

ge in leaf morpholory.

Cambial growth ol tropical species is very diverse.
many Sspecies, xylem increment nay continue durings most

1 through the year. Growth rings may or may not be
.'ated with periods ol shoot growth (Kramer and ilozloy-
1979). Daubenmire (1949) found cambial grouth related
ngth ol the day rather than to air or soil tenperat ure.
was_furﬁher supported by Fraser's (1252) findings

ith growth initiation and growth cessation. The same

nal and internal factors which control bud brealk and

Seasons often control the veriodicicy of growbh (Gaertner,



fall also control the timing of the period-ol
lal activity (Longmen and Jenilk, 1974) .

fhiﬁg pattern and orientation:

Branching pattern is one ol the most conspicuous

ures of woody plants for efficaccous desf dlspl&v

‘the same time giving structural strongth, with

portant adaptive 1“n1i103nc° (Horn, 19713 Whitney, 1976;
da and Fisher, 19783 Mc Mohun.and £ronhaver, 1976). The
and fppm of an individual trec crown depend uson ithe
 Qunt of leader extxnsion growth and the number, size

d disposition of thr branches (Cannol>*37ﬂ). The
»tribution of specics at diiffcrent habital 1s also

cﬁed ﬁhrough its branchibg 5¥8 . wopecics from
'adgd'communities adapt a branching system by which they
nimise shading within the crown of an individual planc.
On the other hand5 opcn, sunny habitat speelcs adapt a
‘erent stralegy by which Ghey can minimigsc onglg;
penditure on,‘noh - photosynthetic tissue. (Piclkett and
mpf, 1980). Horn (1971) coined these two Lypes of

=D
Bbranching pattern as monolayer and muluilayer branching

#

B

system of plant. Ihrough extensive studies Boojh ond
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anan (1982a) and Shukla and Ramakrishnan (1936)
ovn contrasting features for branohihg of
‘successional versus late successional speeieg,
'afed them: to the light enviromment to which

adap ted.

The number of leaf - bearing units:(shoots)
gases by the proliferation of original seed = borne
':ular shoot meristem. The simplest mechanism for
ation of a meristem igs iby its equal division
0 daughter meristems of initially equal’ growth
: l. This is called as dichotomy or terminal branching.
uch species, The axillary or lateral branching involves
elopment at each node of one or more lateral
ens from the terminal meristem, which may or may
tinue 1ts activity. Axillary branches are formed
 methods. ~ Syllepsis or prolensis. ‘the definition
epslis was first coined by Spath (1912). A4ccording
L syllepsis is the continuous development of a laterél

em to establish a branch, without any evident inter-



-

e” et al.(l978) also started using this d€finition ¥
n by Spath (1912), Halle et al. (1978) defined
epsis as 'the discontinuous development ol a lateral

& from a terminal meTristem to establish a branch,

vh sone intervening period of rest ol the lateral meristem.

rphology of branch expressions:

In mOﬂO‘Odlul branching, lateral branch meristems
produced (continuous or rhythemic) by a permanent
fminal meristem. In sympodial branching, lateral
ench meristems successfully function for a limited

jiod as a terminal shoot and are successively evicted,
:pmdial growbth by substitution occurs when the terminal
istem either aborts or become reproductive and maltes
Afurthcr contribution to the vegetative architecture of
plant. Sympodial ”fOULh by &H@ulbl@ﬂ occurs when

h terminal and lateral meristems ol each univ is

cted into a sub = ordinate position and cxicnslo

owth ol the aiis is continucd by a_vigéﬁss lateral

neh which in its turn eventually becomes abruptly
.fecf(Koriba; 1958; Llomlinson, 1978).

The distiniction between oruhotropic and plagiotropic
00ts mainly depend upon the combination of morphogenctic

‘and physiologic responses (Tomlinson and Zimmermann, 1977).
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?tropic shoots are erecL, have Tradial symmetry
?hyllotaxis is most commonly decussate or spiral, y
agiotronic shoot ha; a horizontal or oblique ori=-

tion (more or less diageotronic) with dolu]égﬂhl

etry, either by virtue ol a distichous phyllotaxis or
Piral or decussate, by secondary U~$(Muablon(ﬂCbLOl”P
‘ﬁwisting of internodes). The degree ol diilerentiation
" a meristem may be changed either by external

fluences or by modiiications of internal correlations.
special interest are those woody plants in which

ere is no inherent change of expression within a

ngle meristem producing axes ol architectural sighificance,

~
1]
w

h axes are described by Halle” and Oldeman (1970

fiifurcation ratio:

Bifurcation ratio strictly a quabient is another
mportant approach to compare the nuaber of termincal to
oximal branches (Leopold,1971). This type ol ratio

fas Lirst used to quantily drainage pabtterns of strecam basins

5

Horton, 1945). lore recently, it has been used o
haracterize the branch networks ol biological syst cne, such
s trecs (Holland, 1969; Baker ot al.,1872; Mc kahon

and Kronauer, 19763 Whitney, 1970; Steingracber gt ale,
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|

@; Pickett and Kempf, 1980; Kempf and Pickett, 1934).
r bifurcation ratio is ascociatéd with monolayer,

e, higher ratios are assoclated with muliilayer leal
lay (Whitney,197).

Apart from the bifﬁrcahion ratio, other fine scale
rametéé like branch angle, branch length, interbranch leng-—
Jjare important determinants because they may contri-
‘te to contra Stlﬂg lealf display vatterns between sun  and
ade positions of crowns as well as ol plancs (Ionda,
971)
teration

In tropical forests, the lecader axis or trunk
Pof a plant with pronounced articulation or "bayonet!' 'Jolnt'!
s a very common feature and this uype of joiInt
epresen.s levels where the terminal méfiétem has been
rolien or aborbed lcading to its substitution by anotlier
trunkd. This is simply o relcy mechanism involved in the
building of a sympodial trunic, in comformity witnh Ghe
Jarchltoctur“l model., This term reiteration (after Oldeman,
'1974) is not to be confused with another general term:,
regeneration. Legeneration i5 undoubtedly an important
ecological nrocess, especlally in te:hperate Lrees where

|
it is a major determinant ol tree shape, whereas
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ion is the mechanism by which regeneration of a
1@ trec fakes placc. lieiteration is a morphogenctic
hot necesoarlly implying the 'repairing' of a

Ously disturbed organic systeom. IHegeneration indicates

- establishment of something lost.
LEAM DYNAMICS

nghcr pl&nL° arc all organised as iterations of
Sic construction of module and leaf with its.axillary
S the construction unit in the shoot (Harper and White,
s Harper and Bell, 1979; White, 1979). A4s a plant
, new modules are added to the structure and olkd on
The parvs of a modular organism have thelr own

bt and deat rates;&éiiﬁ has 1ts own internal popu= .. |
ns dynamics and the relative nlacemcent of the module

is determines the forms of the organisms (Harper and

,5 1979). The dynamic concepl of architecture (Halle”

organize. . accunulation and 1lux ol coustructional

Leaves and its axillary bud with smallest module of
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rganized structure in higher plants and legves may

o

many properitics ascociaved wich members of
"iation, e.g, they may increase in number ciponentially:
rapidly growing plant, they have juvenile,wnature
sénescent phases, death rates and survivorship

ierns., Bazzaz and Harper (1977) have ahown that it
glatively easy and rewarding to describe the grovth
‘reaction of plants to different enviromments by appl-

' demographic nrocedures Lor the analyses ol populasion
;1eaves. This approach has recently been followed for
“pical tree specles irom early and late successional

vironments (Boojh and Ramalrkrishnan, 1282bj; Shukla

Ramakrishnan, 19341,
shing pattern @

The flushing in tropical and tefaperate speccilcs

Stly demonstrate sythmic growth but in the tropics
ntinuous production and growth 61 lcaves throughout the
ar is also not uncommon (Lomlinson and Gill, 10733 Ashton
Brunig, 1975)s Increased flushing at cerialn times and
ess at other times have been shown by diflerent woriers

joku, 19633 IHopkins, 1970). In evergreecn scasonal foresis,

ushing frequently occurs in the dry scason belore the
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t of the rains (Longman and Jenik, 1974), This shows

. ke
the rainfall cannot be a triggering agent Lor flusing
: A
](:u, 190/.1.) ®

giicion and leaf size ¢

The expansion of leaf is potentially iLnfluenced by
»ability in the diflerent envirommental factors

et al.,1983). The growth rate of leaves is normally
osty linked with shoot eloné%ion and is often guite rapid

fing the middle part of the growling scason (Longmah
4 &~ ()

d Jenil, 1974). The high vigour of leaves in the

«)

fille part of the growing season may also shorten the

tochron interval (Gill and fomlinsion, 1971),
wever, monthly variasions of an intrinsic nature has
ggn'obéerved in‘many tropical trees (Shukla and

omalkrishnan, 19584b).,

Variation of leal size and shape in relation to

‘erent climatic conditions is much discussed (Hichafds,

; Ryder, lJb4 Longman and Jenil:, 1974)., <Yhe final

af size and the seasonal duration ol leal expansion varies
‘eaﬁly among specles, type ol shoot and the envirommens

Ozlowshl, 1971;8hulika and Hamokrishnon,1984Db). Shading
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nfluences the growth ol leaves ol Cocoa and @oilee
ray and Nicholas, 18¢6). arkhurst and Loucks (1972)
-eloped a model of leafl size on the basis;of its water
éfficiency in diIferent environmensi. Iedsrov (1066)

ded variation ol leal gize ol little adantive

ficance, thoug! ‘
¢ feature within the same genotype as ol some adapiive

lle. Smith and Nobel (1977) used a more empirical

toach to determine the adaptive significance~ol

-

isonal varlation in leal size in a iew descry

ntly Shucla and Ramalirishnan (1281) in Artocarpus

e i o o e T

. =

dasha found thas lobing in this species to be closcl

ged with lighv intensity, branchorder, branch length

i trec agze. The plasticivy in leal shape characteristics

o
i
@
,c;

i1ity of the species to grow under open.as well
under diiferent degrees of shade, suggest 1ts success
a mid - succescsional speclecs.

- 3

Retention of a large leaf surface is likely to be
,;pfu] in inecreasing dry matter »roduction {(Zavitowsli

‘ql. 1974), Leaf longevity is important both as a nutrient
itient cycling process and as a spceific plant adanta=-

on (Sha Lver, L l9al), It »nlays a major role in determining

nutricnt turnover rates 1n eccosysiens because 4
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ﬁi portion of the nutrient capital in the ¢cosysten
is in the leuves (Wnithaler et al.,1979; Grohan
@).‘ Bentley (1979), iron his study on 1eaf

Qf sorne understorey specles of tropice

wed that this is corrclated with 1light
in the environmcnt. On the other hand,

ention of leaves is unfavourable for leal

hetic efficiency oi leal decreases. Lhere=

is reasonable to assume that rapid growth and
ivity ol a tree is related o the Iast turn

leaves of shorter leafl longevity and ﬁhe
*ent;high leaf area exposed at a given time

and Ramalrrishnan, 1982b; Shukla and Ramakrishnan,
Thus, light demanding carly successional- trees
shown to have & high leal turn over rate compared Lo

11<

tolerant late successlonal specics.

envirommencal

(o

J—
L
]
~
-
oo
o
2R
)
2

3

Leaf fall can be iniluence
s (Longman and Jenil:, 1974). Other considerations
: ' . d i

the age of the leal and the extent of competipon

‘younger lcaves or othor rrowing parts (Addicott and

, 10733 (romer and Lozlewsii 1960). In tropical
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;us, the leaf rall occurs almost throughout the year
and Ramakrishnan, '1982b; Shulkla and Ramakrishnan
b) Maximum and minimum leaf fall however, occcur dufing
dry season and the wet scason respectively {Boojh ar
ishnan, 1982b; Shukla znd Ramelkrishnan, 1984b).

mel fluctuasion of leaf fall in evergreen and

iduous clements in a sropical forest have an eflect

Bl on the nutrient status of the soil and microclimase

flie forest as a maol@ (Longmen and Jenil, 1874).

In the tropics, the deciduous huobit cannot be

l@rply demarcated from the.evcrgr@én (Holttum, 19465

ba, 19538). Longman and Jenik (1971), on the basis
frelotive timing ol vud - brealk and leal abscission, has
ognised iour diilerenv patiernsof flushing @ (1)
fodic growth - deciduous type, in which leal Tall occurs
ell belfore bud breui with longer period ol naitedness, .

i) periodic growth - leal exchanging Sype, in which naikzed
Vriod is very short and néw leaves come just aiter lcai
711, (iii) neriodic growth - evergreen tyoe, in which

eaf £all occurs throughous the year bus at slower rate

ﬁd the trees never appear nc:ed, and (iv) continuous
erouth - evergreen type, in whaich continuous production

nd 211 of leaves occur throughout the year with 1ittle

ange in the appcurance ol the trec. JLhe aumber of ilushes
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ries widely in different species which do not show
wous srowth. Choudhary (1964), Purohit and Handa

Sxey oy

and recently llamakrishnan and Shukla (1983 described

ushine pattern, ol Indian trees and found a maxi-
[four flushes ver year. These flushes are often

sic rather related to external énvironmental lactors.

ADAPTALTION Or BauLY VELSUs LAlk
SUCCESSIONAL SPECIES

Of several important aspects dealing with
ive ifcatures ol treces, the ar CQ&GCL&I@l nattern and
h cofordination form a basis for the diiferences in
gynchetic or productiéh efficiency of these gfant.
cers (Lamakrishnan ¢t al.,1982). Thourh enough
;gmatioiﬁ on adaptive significance of various
turcs in trees are available, there is suill a
g necd TO analysr%inrormation regarding the reactions
gdantotl on ol trecs to varied environmgn@al conditions

. e . . . B 4 )
occunancy ol succssional niche. During carlier studies

>

g0d cerminatvion and cstoblishment pattern of at lowe¥
tiongpnorth - cost India (Shukla and Ramakrishnanp
“b)‘from dgifierent successional env1ronmon‘~)early
ssional sveecirs were shown Co have higher per-

ge oo sced gerninacion in tne open at shallower

8 in che soil, whereas, mid ->und late successional

ies.Tosnond 1livtle to .2 such difierences in
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vironmental conditions. This shows light demanding

ture of early successional snecies. TLhe higher

dllﬂ” surv%gl of late successional specles 1in

ade comnared to the open and the reverse behaviour of
rly successional species are related to thelr

1éptation to different light regimes in the forest
Lunity(Ramakrishnan_gg‘glv’lQSE).

Similar to the germination and escablishment

tern of seedlings in carly succéssioﬁal species,

other growth characuoﬁsuicv of early successionals

o show significant dilrerences from those.of 1auc
cessional specieg(soojh and hamakrishnan, 1981b}

quicla and Ramakris 1nan11£MQi} Eariy successional

iécies generally showed a prolonged period of ]
1determinate growth, having shorter dormancy period,

re cxtension and radial growth and leafl production

an late successional species. The éparse branch
rrangement, facilitating leal exposure to a greatcer
'egree and longer growth neriod of early successional
:pécies accounted for their faster growth. On the other
,nd,;the late successional species showed shorter

| rowth period and d%@ely paeled candpies with

ripherally placed leaves tha ¢ account for survival under
fie. In Lthe carly successional snecies, the production
o

d the congribution of firs: - order branches To The
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framework of branch complex was nuch higher than

NE

in the late Quccesvlondl soeCLevazton uhe basis

lese studies: the early successional speciesiiwas

wn to have an exploitive strategy where the

15 e 1@ZWMLZO vertical ~r01th over a short

s0d oi time when light 1S not a limiting factor,

reas late successional spacies had a conscrvative

Wacesy where the aim is to make growth, though g

slowly, even under shaded situations and survive till

oh a timc they are able to malze more rapld growih

ithey throngh g ap formaticn or after gradual ewergeilce

yey the zeneral canoly of the foreste. Different

oriierg have astributed different e0010”1cal charabcg@tlcs

the curly and the late successional speciles to varied
14 (1962)

veiolonical attributes. Thus, Coombe and Hadf iieg
b

¢ sug ested that the fast growthirate of early succe-
fonal tropical‘tree ssecies is not due to higher ohoto-

gynthecic rute but bo uarestricted capacity of leal
?FTOduLuLOA, also supoorted by our studies (Boojh and

amakrishnan, 198283 Shukla and Ramakrishnan,l98£b).
;Gthers (Maris, 19753 bormann and Likens, 1979) have
fghown dilrverencial leal arca index (LAI), leaf display
' and allocation puasterns ror early versus late:

Banglc
speeies, and elaborated for tlie

. successional temperate
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. eost
cal species in north-4 india (Boojh and Ramakrishnan,
ghula and Ramakrishnan, 1986G).

fhe orientation ol branches and leaves usually shapé
ometry of the tree crown (Honda and Fisher, 1973) and
hes been related to ius aduptation for light inter-
ion (lorn, 1971). Thoush the branch angle increase
»*op to bottom in bosh carly and late successional
the curly successionals hwve more acuse placemens of
g under forest srown conditions. Lhe late succe-
v@l speccics under similar siguations have more
atally orienced brunchesg in order %o maximize photo-

i

sis under low Lisht regimes (Boojh and Hamckrishnan,

o
Shulzla and Rmakrishnan, 1986).
F ;

The carly successlonal specles have generally
» bhifurcation ratio (lib) than late successional

jes. According to Whitney (1978) the higher bifur-

inc). The lower bifurcation ratio ol forest = jrowm
riduals in comparison to that of open = grown .ones,

onsistent with the contencion ol Steigraeber et al.
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gRihat Lrees may show plastic response in forking
anches under different light conditions to arrange v
'Aleives Tor maximum light interception. However -
cation ratio may (Shutla and Ramakrishnan, 1986) or

t (Boojh and Ramakrizshnan, 1982cj; Boojh and Hamas=.
Enan, 1982a) have ecological value, a contention
supnorted by (Borchert91982). More work 1s obviously
@ed.

'Early successional speciles have a greater fluxes of
hs and deaths of leat population than ldtcvsucce~

pal species. Thus, these spcecies have develooncd a
Pelitive attribute in the form of large size of leafl
ulations. This in turn is dependent upon an

tended neriod of photosynthetic activity under conditions
nducive to high productivity. In late-successional

aies the lower flux of leaf modules. especially in forestw
own situations can be attribusted to their rapid

ijustment in growth in response to local denletion in
_Sources arising during competition (Ramakrishnan gt ales
982) .

r successional spnecies have a number of dif-
erences in their sroduction and allocation nattern of

‘ omol Ramo krishnom,
iomass from late successional speciles (Shuqué;9843)
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ation to the root system compared to the late

ssional specics suggest that the early succe-

onals tend %o maximize‘pfoductivity of’ above ground

e, 10703 Shukla and Ram&hiiéhnan,l@Béa; Waeriﬁg and

rick, 1975). This would help to put up their canopy as

as possible for exploiting the high light enviroment
cunel Rovrmoukrishnamn

‘greater allocation to the bole (Shukla£1984a) ‘

ports this strategy. Moreover, the early succescional

ies have spreading root systems in the upper soil |

file (20cm) which is adggntageous to provide enough

oﬁ@ive system -though with poor physical support

vnkla and Ramakrishnaﬁ,l984a). This type of root system

exploit the short term increase in nutrient and water

lable in disturbed sites (Marks and Bormann,lQ?Z). On

akrishnan91984a).
THE PRESENY STUDY

The carlier studies doné on sub-tropical hunid
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e

s at lover elevabions in north-eastern India by
shnan and his cgworikers are largely relaved to

& such as ccosysien function rela ted to biomass,

@ﬁctivity and nutrient cyecling in successional nlant
nitics, (Woity and Ranalirishnan 1983a,b; 3ingh ana

pi shinan , l)ugﬁ7b7c’>o General phenological attribuies
fhe hinid tropical Torest have also been discussed

ila and Ramakri ~nnan]1982a). Detailed morphomesric
¥sis ol growth, architecture and in deoth phenology of
ol early and late successional environmonﬁs have

been done (Bhukla and_ﬂamakrishnan 198da,by ' 198Y) .
l er, detniled intrormation available on shrub stra

asre. The nresent sgudy, thercrore,

4

w

i

o)

=1

f_,‘-
U1

=

®
C =

@itenpt to rill this gape

the csent work was done at Lailad at an altitude
6 m in Meghalaya, by identifying selected shrub
es of early and late successional environments in

~

dary successional fallows developed after slash and

a"rlcujuuro (Jhun) (Toly and Ramakrishnan, 198345

rishnan eb al.,1981l; Shukla and Lamakrlsqnan 1984ay
ol Roumekris hnovh

ShunLd£}9»u). A comparaziive morphometric analysi s of

ehitecture and leal dynamics ol these two categories ol
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done on gimilar lines as that was completed ZLor

henological analysis of "fo shrub species from
condary successional fallows. Growth and allocation
of biomass and nubtrients were also done on

1ight demanding and shade tolerant shrubs over
sional gradient. Differential germination and
siment patterns of early, mid - and late succe-
specics was done in this study area, based on

sted shrub species, similar to a study done by
Romokrishnom,
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STUDY AnBA AND CLIMall

‘i'fhe study area (Fig. 1) is 1§gted at Lailad which is
 km towards the northern side of Shiiliong city, the

| of Meghalaya in the north-eastern region of India.

s betweon 25°25" - 26%" N latitude and 91%45% - 92°%n &
le at an elevation bdf about 296m. The pre=cambrian
;'are represented by gnelss, schists and granitese. The
red, sandy loam oad is of laterite origin. The pH
from 5.3 10 Ge3. adngles of the slopes generally range
© to 60°. The climate is typically monsoonic with

0% of the total annual ralnfall occuring during May
'amber. April and October are also gulte wet. The

the period is practically dry. The monsoon season
lowved by a mild winter during mid-November to mid-

1[. March and early April represent a brief dry swmer

'flﬁhe study site is a part of a reserve forest known
kyllem res:rve which is under Meghalaya Forest

ent since 1910. The peripheral zone ol this forest
i"urbed and developing forest communities at different
of succession may be found. The forest is bounded on

and northwest by Kamymp district and on the north-
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Nowgong district of Assam. The southern side of the

s covered by Shillong sub-division, The age of the

:ﬁorest is approxiﬁ@ely estimated to be 50 years. 1o
ﬂb@_the oldest fallow of the Jhum practised at lower

'S of the Khasi Hills of Meghalaya by the local tribul
n, namely the Khaslis and Garos (Bamakrishnén and

73) .



