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PREFACE

v,!iﬁtaﬁ gstudy has two sections. One pertains
;-ar old secondary farest at Lailaa which
f <1n %h& series developing subsequent to slash
jiit?iaﬁlﬁnfe (jhum) at lower elevations of the
T%ﬂi of Eeshaiaya, As such an attempt has been
}jsiaﬁe‘ﬁhe present studies on the Lailad forest
e ecology af,ahifﬁing agriﬁultﬁée in this region
‘ .;?rsl ﬁansidaraticna related to gshifting agri-
s (jhum) around Lailad" giveﬁ‘aﬁ the end of this
“' The study has 6 chapters dealing with gtudy
';‘;ctation»aaalysis, biomass production, litter
?; s nutrient input into and output from the system
atrient cycling. ‘
section IT of the thesis is based on plantation

f on Shorea robusta Gaertn., growing at Umtesor
&s in the same general geagraphieal areag as that
- Shorea robuste which is a late successional
1d which is also an important component in a 50
tand at Lailad has been studied in detail using 9
f9?ax old §lantatiénsu This section ig divided



1i

ters one dealing with growth analyeis and pro-

of §. robugte and the other dealing with intra-
trient flow through soil, plant litter and

e %k#sia‘has o General Introduction dealing with

ﬁ of literature on forest ecosystem analysis.
pter has & brief 'Introduction' and 'Methods of
:;§S§31?3 end Discussion on the findings 1is given

h chapter, followed by 'Summary,’




CHAPTER 1
GENERAL INTRODUCTION




GENERAL INTRODUCTION

818 3

Vegetation may be defined as an assemblage of

-“31 growing together in a particular loecation and

f;l: ¢haracterised ﬁitﬁer by its component species or

'{_fc;abina%iaa of structural and tane%iaagivahaxaaﬁsrs

at characterise the appearance or physiognemy of the

7ra£tiang Structural or physiognomic methods do not

' ad species identification and are often considered

}ggsnimgrai for detailed ecological studies. The

; nging nature of vegetation is its dynamic nature, that 1s

L;ia in the éiaﬁxiﬁa%i@a and struecture of components

pur in due course of time. The long term changes of the

f)#a%iaa result in succession, and a&v&r&ir§ammani%i¢gm

?itﬁeee@a'ane another to establish a climax community

B i sentrolled by the climate of the region (Clementss

16) or the stable community may be the result of cyolie

mges (Tansley, 1935). However, the dynamies’s

fon or community are a complex subject and have been
fiewed by Margalef (1968) and Odum (1963),

' Vegetation has been described or classified in

jordance with the major philesophies, the discontinuous

ad continuous concepts. The discontinuous concept, the

;iéf traditional approach, provides a description that

i i R



; one to iisaﬁsa 8 gross vegetational unit.

on's (1926) individualistic concept provides a

jfd;' for examining plant community in greater

{1 as a dynamic unit. d

| In nature plants rarely grow isolated from E§§

_ Individuals of a specles are usually grouped

{a population and populations of different speecies

be intermingled. Some of the plants grow more

ssfully then the others as indicated by their behaviour,

“’@Vnﬁﬁhat; The characteristies of the speecies which
nd physiology

iﬁ;%af not only the kind of habitats it can occupy, but

o the k&a& of interrelations it forms with other species.

er according to the genetie pattern a

: A eommon approach for vegetation analysis is the

f ering of species abundance data from numerous study
if?ii A large number of sueh phytosoeciological studies
ve yielded considerable information on comnunity-environ-
ent relationships and the mature of the community itself
{fftumgarate regions, However, many analyses of tropical
53&<ats are based on struetural, physiognomical and floristiec
‘compositions (Knight, 1975). The gaziy,waﬁka; in this
‘;ﬁgagﬁ are mostly descriptive with a focus on the kind and
. mber of species in the forest. As species identification



beome more feasible and as better quantitative methods
'f doped, studies occurred more frequently on the
;_ztiziéatiaa and causes of floristic patterns in rela-
to succession ané'éite, wx#&kregaré'ta site rela-
jfaziiﬁﬁgtha studies of Aﬁbtaa (1964a,b), Greig-Smith
i?ii&(1§$¥}, Bruning (1968), %raaﬁyvfigsﬁ}g'ﬁ&kk'{iﬁéﬁii ,
ebb et al (1967 a,b, 1970, 1972), Hatheway (1971) and
mstin ot al (1972) are notable for their use of complex
IR t1tative netiods in the analysis of floristic data.
gsiz results suggested that composition and clasgification
f*hﬁéi-ara'aaeiﬁk for analysing the vega%a§ian,aﬁ§ %ﬁaﬁ_
ertain species-rich communities also yield diagnostic
?”ﬁn&gréhanxi?e aeaiagieai informations., Webb (1969),
$111an and Webdb (1969), Webb et al (1970), Budowski
970) and Orloei and Mukkattu (1973) used ?hyﬁiagaﬁmiaa&;
tructural and floristic features for v&gét&k&em&i analysis
1 classification. lMany other workers considered the
iysical and chemical properties of the soil fgg composition
f species distribution. A number of other workers based
enological studies for community analysis and classifica-
on. (Rees, 1964; Gibbsand Leston, 1970; Doubenmire,1972;
‘ inkie et 'al,.1974). ‘ '



sass produection 3

Improved demands for forest products, the search
:ngﬁnﬁ%l& source of raw materials and increased
%u4’ st in the s%raeﬁare and funetion a£*£@3ﬁat»a€agystsmag
‘? iﬁiiﬁ# years, has stimulated research in biomass and
:VI'agiéa of different forest tyya&;thz&agh&n% the world.
:'Aagaaaﬁzaﬁiaa‘af'lafge quantities of dry matter is a
ﬁﬂ%&l and éiﬁ%iagaiaaiag characteristic of farusﬁ
:3st¢m$¢ , |
@atal biamaas itself is not a measure of gx%@ma*'
gy éa far as forests are concerned. The biomass of
> $ts 1s rather a function of age because stem biomass,
fii& is a#@ﬁﬁﬂl&ta& year after year oceoupies extremely
igh percentage ﬁf the total biomass. In north temperate
—.;vfas, productivity studies have been done for a number
aya&iae growing in even aged plantations or uneven aged
f;%aa&;gr aemi«aatural,waaﬂiaRAS.L%aa@l&ke*u19ﬁag Ovington,
[ié; ﬁhittakeyg 19663 Whittaker and Woodwell, 1968), The
; [?a@hiaa1 patterns of biomass distribution per unit area
3_§ha,m53ar types of terrestrial vegetation have been
%ﬁaisea by ﬁaéiﬁ and Bazilevich (1967), Besides the
formation collected by these two authors additional date
_7%§§nasa of different regions of the world was obtained
ing the International Biological Programme {Molehanov,



Z;a? evich, 1967; Kira and Shidei, 1967; Golley
1969 Jenik, 1971; Wnittaker, 1971 ).

~ In the past few years, biomass estimates of

1 species ha§e been published by a number of

] Sueh sﬁ&&iéa &ﬁa1a&c& the information &§~thﬁ
etive structure of the stand only. Although the

of sample trees are frequently estimated by sub-
g, very liﬁtiﬁ information in the aecuracy and

ion of existing methods are available (Eil&nberg;
gﬁghea, 1971; Kestemont, 1972 , 1973; Eﬁnﬁir%b;l@??@
v;'e~ et al, 1972; Egunjobi, 1975). Overton gt al
l'g'hsveréiaanéaaﬁ the physical pﬁéhiaa of estimating
'iq_ af very large trees. Art and Merks (1971) presented
rking table of major species, the age and the location
#iﬁa&;nﬁha evaa&éxy weight of biemass and net annual
{“i?i§y for about ﬁ&@ £§x&a% stands. Madgwick (1976)
1y reviewed the literature conecerning the methodology

ﬁ'@wﬁﬁiﬂg sample trees and stand weights with emphasis
*is%&aai methods. \ : '
Since 1§§§§ many studies on primary pr&a&atiwiﬁy
rest ecosystems, have kaea\pﬁbxishs& by Japanese

j“' in temperate and tropical forests. These studies
-»léstly»hasaé on harvest methods (Kira and Schidei, 1967



i Newbould, 1967). The data obtained from more than

s hundred stands were reviewed by Kira and Schideil
1967); Tadaki and Hatiya (1968) and Satoo (1968, 1970,
T‘fj while Ogawa et al (1965) have made some critical
f’*;~%r@£ plant biomass for twe luxuriant forests of
ai&al Africa. ;

3 } Burger (1951) estimated leaf and brahch weights
'j a large number of Swiss woodlands whieh vary in age
from 13 to 92 years. Moller (1947) evaluated the dry
-Egﬁﬁ%&hﬁ%@f%ﬁa&,ﬁmmswwma%ﬂgms
and larch. Satoo et al (1955, 1956, 1969), Satoo and
fiféa<(1§%$) in Japan and Whittaker (1965) in USA estima-
Ev%‘%ha leaf and branch biomass and reported that leaf

[cgnaas cannot increase infinitely with forest® growth

.‘f that there must be a limit specific to species or
oups of ecologically similar species. J

The estimation of blomass of individual tree or
, stand by harvest method is the basic procedure for
production relations, But this is very laborious and is
iétﬁgr practical nor permitted under many circumstances.
i;xnxays, allometric relations based on some easily ;
asurable variables such as diameter at breast hﬁight;ia

lant height, diameter at the crown base and various



me “é'ég/éf arawﬁﬁ have been used with success in
developing prediction equations for individual tree

mponents and stand of trees (Ovington and Madgwiek,
93 Attiwill, zaa@; Baaker#ikh% 1965; Ovington ggtaij
;4 67; ?&kersea et al, &Q?Q;Zﬁvitkﬁvaki and sawvaasgn,
* 971). However, for estimation of crown, branch mﬁ,
'g};vga:a dry weight correlations with the éiam@ﬁar at
-33;; erown base or kﬁaﬁeh diameter usually give thé best
results (Attiwill, i’%ﬁ; Peterson giﬁg&, 1970).
4 The ﬂﬁﬁélanﬁ a@m@aaiﬂy with its various strata
forms é complex aas@aiatian in whieh the reaetions of
‘éag§ﬁ£i§$ members are closely iaﬁérr&i&ﬁeég Trees are
';1, dominants of the conmunity and by virtue of their

e, stratification and longivity, they are able to
» iﬁ;&iﬁé to some extent the site conditions under which
ff;; a&saaiaﬁeﬁ plants live (@vﬁagkaa, 1959). The contri-
E ution of ground vegetation is of great importance for
a number of ecosystem processes (Ovington, 1962). 1In
%%%&aa% to the frae cover, ground vegetation y&a&aa@iﬁn
"; a high proportion of leafy material and a low yrmgartiam
%i@masa (Hughes, 1971). The production xa&atiaa&ﬁiy
itween species in the ground vega%atiaa\waiah‘éﬁ%ax&ina



wpr;esas of natural regeneration of the woodland has

 gover which iﬁ%eraeptm radiation, preecipitation aad
¢ environmental factors influence the growih and |
i:x~i% performance of species on different ua&&la&éa
and Rutter (1947),3Begley,

iLL been shown by Blackmanr
,fi)anﬁ Ford and Newbould (1970).
I iynamics s j |
' The amount and composition of the anmual litter
‘,‘l aas long been coneidered to be of major importance
tzshaagg @f organic and inorganic materials between
J;;'g a%ganisms and soils The role of litter in the
f;iﬁ ecosystem has been recognised for a long period of
»_' and conseguently mmny'iavesﬁigatiaag have been made

2 its relation to ﬁra&ﬁa%ivity, nutrient eyeling, energy
:__; and éaeamgaaiﬁian of forest organie mattera Bray

d Gorham (1964) in their review of literature on litter
,f:a%iaa by the major world's forests state that in

%f a#&éy of the quantitative aspects of litter fali
ns an important yar% of forest ecology, dealing wi%h

; iiﬁﬁsr’ii the fuel for nutrient cycling in the upper

X
at pathway for bath energy and nutrient trensfer", %

%
Y

3
Y

h
%
%
%

a evaluated by Toumey and Kienhols (1931). That the =



1 horizons and is of importence in the mutrition of
?;iws particularly on soils of low nutrient status,
T;' the trees rely to a great extent upon the reeyecling
f; tter ﬁutr&euts. In ar&er'ta'uméarstané the biologi~
1 )regaaa of the upper sail horizons, the qnantity and
mposition of the litter and its pa‘btam of fall through=-

the yaar must be known.

~ The éynamies of litter aaeumalatiaa process are of
bicular in%srsat in the humid tropicel forests where
yﬁ: of litter production and decomposition are high.
itter in these forests accumulate on the 80il until 1lit-

p fall equals litter Aeeamyaaitiaa, after which a &ean
sady state ratio will be maintained.

. Considerable amount of data exists for litter product-
lftaﬂ nutrient release in forest ecogystems, but still

l‘ literaturs on litter dynamics in 4ropical forests is

iﬂ less and this is evident from the comprehensive

7i?aw'e£ work of Bray and Gorham (1964) which contain
proxiuately 285 references of which a very minor fraction
ertain to tropical forests. Seasonal litter fall in

» wous forests has been studied bgmgarlisle et al, (19663},
ykes and Bunce (1970), Hughes (1971), Gosz gt al (1972)

- but comparisons among species



!

s have been 11mitad 1arge1y to %@tal anna&l
» fall.

iha ‘litter consists of dead or ééaaying leav@s,
gs, branches, flowers, £raita, bark and athﬁr debris.

; '?thssa, leaf happens to be the major. gaaree af

\'whiah may fall 3@&3@3&113 as is the case of éeeiéaaﬁs
or it may ean%innaasly aeeuanlata throughout the

. as we iiad in evargrean fare&%au ?ha litter ia,

red by a ?ariety of micro-organisms anﬁ is deeampased
ueh a éegx@e that eventually it becomes an inaeparable
jent of the soil system. ;

 Information on litter preéugti@a in aspen atan& is
:elee for the U.S.S.R. (Rodin and Besilevich, 1967)
‘also for Alaéka (Van Cleve and Nooman, 1971). ,xa‘
;?aza Wisconsin, U.S.A., Crow (19?&) studied litter fall
ffzéﬁﬁinantly aspen and aspen-paper birch stands. 1In
* .11 forests of Africa nutrient content of litter has

) studied by Leudelaout and Meyer (1954), Ney (1961),

ins (1966), Bernehard (1970) and Eguﬁdﬁ§i (1974). ‘

ar ﬂtadiea on litter fall and nutrient content of
rast li%tar are available for Eaxaﬁsaﬁ forests (Tarrant

f] 1951; Mets, 1952; Owen, 1954; Scott, 1956j Wright,1957;




11

ak, 1@593 Monk et al, 19?6 and gavilka?aski and Eéwt@n,

rgﬁi In New Zealan&*a evargraen beséh forests 1i%tsr fall
10!3 &e&sared by Miller»aa& Hurst (1@&?} and mallsr (1963);
[ Many studies on the seasonal dyaamieﬁ of litter fall
1%;&:& eaeaystems are availahle thﬁﬁgh aﬁly a iEw d&tailed
es on the dynamiga @f'waed 1itter have Eeen y&hliahsag

: naeﬁ litter fall in f@rast e&asy&&aﬁ is genara&zy ehazaew
sed by a great aaaual variation but laak,af a alear s&asan&l
erna ?his 13 mainly dae $0 th@ naawpefieéie @eeurrenea af
winé fara& &uring whiah dead wood matarial is &ialeégad,
er, other faatars may aet in a eam@lex way areating a
;iaal pat%ern in ths dyaamias of wood litter fall.

‘ Bray and Gerhaa (1964) suggested that woody littef
-‘%‘a to about 30% of the total annual litter fall. This
that‘a‘eaﬁsideraklé proportion of litter fall in forest
fégé%ams accumulates as dead wood in the wood fraction of

4 litter, ceﬁatiﬁuﬁiag a significant nutrient ana'energy
voir (Healey and Swift, 1971), The production of dead
*:;,s and dead wood, which trophically form the basis for

;i consumer chains play an important ?ala in ecosystem

unctioning (Duvingneaud, 1971; Kestemont, 1971).

b

‘ ity

¥
.18
g
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In %@mpeéaxe éaaiéaaﬁslfaxaaﬁs 19-39% of total annual

3 litter fall is formed by the wood fraction (Christensen,
:7 1975, 1978) resulting in a significant amount of dead
wood in %he fﬁrﬁé§,flﬁ@fi Although dead weood is ﬁaﬁﬁﬁiu
:  nutrients, a remarkable amount of minerals and espeecially
F energy may be relaaﬁeé through the dead wood fraction
which play an important role in mature forest ecosystem

. Healey and Swift, 1971), Generally a relationship between
peak wood fall and maxﬁﬁam wind speed always exists. In

a temperate forest, Gosz et al (1972) found a bimodal pattern

J<'a£ %004 fall and they pointed owt that branch fall is
apparently a gaaé 1néiaater of storm intensity. Iﬁ a meist
semi~deciduous forest in tropical West Africa, the peak
wood fall a@rrespgaﬁa to ths dry ssam&a when the trees are
expected to be aﬁdar greataat water stress, aad a complex
combination of intrinsic and extrinsic factors influences
the timing and triggering off of litter fall (Jomes, 1955).
Addicott (1970) noted that almest all disecretiec parts of
several high plant species are abscissed. H&wa#sr;-mkaaiu
~8sion of organs other than leaves and to a lesser extent
flowers and fruits has received only sporadic a%%%g%ian,
Quantitative aspects of the accumulation and @arag#gr of
wood litter on the forest floor have been #ery poorly



13

understood so far, except in a very limited number of
forest types (Sﬁ%@h&ll, 1971 ) as compared with chemiecal |
and microbiological sides of the process (Kaarik, 1974).
Kasgrer the studies on litter decomposition pertain

to leaf litter only. However, wood litter alsc form a
large proportion of the substrata decomposited on forest
floor. The aani§§§#$g accounts for about ¥3 of the total
 litter fall in most forests, sometimes as much as ¥2 in
elimax forests (Kira and Sehiaei; 1967 ). «ﬁaa&y organs
decomposed more slowly than leaves, while their original

| ~phape and volume are maintained for quite a long time under

the protection of bark which is very resistant to decay.
Yoneda (1975 I,II) made an attempt to estimate the rate of
decomposition of wood litter in a warm temperate evergreen
oak forest of Japan, adopting loss of weight and aarﬁﬁa
dioxide evolution éa measures of &aa&m@a&i%iaa rates
Litter decomposition is a é&gaimiiaﬁian process
mediated by a succession of organisms and associated enzyme
systems (Alexender, 1961), The oxidation and hydrylie
process converts the raw litter to @afh@#»éiﬁxiét and
*e%ahiliged organic matterat humus. The mineralisation of
érgénia to €Oy ihiah represents a major carbon less or




route whereas humus formation may be regarded as
ke, earbon Eﬁ#ﬁf@ﬁiﬁ‘ﬁr conservation pathway. In most

£ the terrestrial systems, the decomposition of litter

s the major source of energy and nutrients for the
9il and litter organisms of the deciduous woodlands. A
rreat ?gayar%ian'éf earbon fixed by the sutotrophs ga§a£a
the soil in the form of litter. The most important
groups of organisms which play a xéle in decomposition are
)acteria, actinomycetes, fungi, protozeionematodes, worms
gte. Much attention has recently been paid to techniques
used for studying decomposition of litter and the rate

o1 decomposition of different types of plant litter in
j§~¢txmn£ climatic zZones (Bocock and Gilbert, 1957; Edwards
555& Heath, 1963; Howard, 1965; Van-Cleave 1971; Anderson,
1973b, &éaa et al, 1973; Howard and Howard, 1974; densen,
.t$¥%; Suffling and Smith, 1974; Wood, 1974). The pxa&esﬁ
and organisms concerned in decomposition had mainly been
studied by Bell (1974 ), Dickinson (1974), Edwards (1975),
Frankland (1974), Harding and Stuttard (1974), Jensen
%4), Mason (1974 ), Millar (1974), th (1974), ﬁrﬁuzm
a&ﬁ Gray (1974), and Wood (1974). 3

The soil respiration is another %iﬁ%ﬁ@i@al §heﬁﬁﬂ§*

 non of decomposition which has long been @@aaiégxna;ga an



Sndex of soil metabolism (Wollny, 18313 Boussingault and

'scvy;qleﬁs, Mina, 1962 and Reiners, 1968). Measurements

of soil reapgﬁatian are widely accepted as being the most

‘.gnyar%ant approach for studying the %iél@gi@ai aaﬁivities
and the carbon and energy flows with regpect to detritus

3 teﬁi@gy‘ The soil respiration is generally governed by

. the three bislogical process (a) microbial respiration

(b) root respiration and (e) faunal respiration and one

non=-biological process 1l.e. chemical oxidation (Bunt and

~ Rovira, 1954). ‘

’ Although the study of litter production is of
great gignificance in forest ecology, not much work has

been done eh this aspect under Iﬁdiaa‘aeﬁéitiana. In india

; esﬁimatiea of annual litterpproduction in deciduous and in

~ some evergreen forests have beén made by Champion (1936),

~ Puri (1953), Seth et al (1963), 3iag§;(1968), Faruqd (1972)

'Eiliare and Amrithphali (13?%5 have also determined the

nutrient content of litter fall. Most of the Indian workers

~ mentioned above have worked with reference to feree€ plan=-

tations while practically no work is available on natural

pumid mixed forest types of India,




or into the soil is of great importance to understand
: water regime of ;:s}.aat aﬁmmitie 8« The ﬁﬂmsma
4"'&&3&%&@&1 structure of vax&ma ﬁw% asgwiat:&anﬁ | |
1 ‘ 'a an impmf‘k&nt role in gmeﬁ.@m&%wn mmzmmma
1 the mmn% of pre cipitation which is arriving on the
21 mrfam The precipitation genmerally falliagv on '
vegetation is :zsa‘am leaahed in different w@a; ~Some of
water reaches fhe ground #mégix, the a@as}y, sone ) ;
‘through the tree trunk and some part is intercepted by the
vegetal cover which never reaeh&a_ the ground. The amount
“ water which drips down through the forest emapy is
eferred to as ﬁﬁraaghfang stemflow refers to t!ae precipita-
which reaches the ground by running down the boles of
jreess The amount of water which is re tma&k by the végatal
ver subsequently evaporates back to the atmosphere and
is called the intercepted water. The interception of ‘
eeipitation by 'veget&l cover is an important aspect of
ydrological cycle inﬁamam the water budget and nutrient
ement, and plays an important rele in ﬁha net rainfall
thing the ground surface. The quantities and modes of
; f’sr éf precipitation © the faz‘eéﬁ floor have M»&n studied
or a long time, Intercepiion studies have been reviewed by
Eittredge (1948) and Zinke (1967), A number of studies
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isea ﬁaﬂﬁ aa this aspagt by diffarent warkers

%ea aaa Enwe, 19493 Hoover, 19%&; 9?133%@&, 195%;
19605 Rutter, 1963; Helvey, 19673 smsn, 19?4)@

* Intareaptiea by tha eanagy naaally affe@t th@ i
%xy of the thraﬁghfall in a number of ways (Eakea

19?3}* (1) Some of the ahemiaals whiah the yraaipiw

n.ﬁéntain are xataiae& in the eanayy and will n@t aygear

_ﬁ& ﬂmugbﬁa&,x at thdt time (2) some of the nutrients

Vf be leached into th@ water at the time af'iatereeptian

f ae leavas and deposited as salts on the leaf s&rfaee

the water ev&yaratas (3) although the concentration ef

{fzat$ in throughfall increases than in the afiginal

1:¢;3£atian, it is apparent that nutrients can be absorbed

;;ﬁhe leaves from the water (Boynton, 1954; Carlisle

L;gsrlﬁﬁs and Wittwer and Teubmer, 1969) or be taken up

‘the microflora on the surface of the leaves and branches

7‘;$ sie et al, 193?), M@rea#@r, the extent of precipita-
2 interception by the forest canaﬁy is affeetaé by tree

' geies, size and form of the tree as well as storm size

i intensity (Ovington, 1954b; Gieger, 1965; Carlisle

, 1965).

In forest ecosystems, a significant portion of the
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.af,izﬁ is reeycled into the soil by maana\af leaf

i1 er and its decomposition and also through precipita=
Duvigneaud gt al (1971) reported that in temperate
orests gﬁyai the total amount of eireulating mimerals are
sturned to the soil with leaf litter, throughfall and

vtem flow. Almost half of the total amount of potassium
srives into the soil with canopy throughfall and stem flow
| nually (Carlisle et al, 1967; Nebe, 1973). A large
ortion of magnesgium finds 1ts way back to the seil in

s same way, and in case of calcium and sodium the return
through litter and decomposition is prebably of greater
lsa~fi§a§$ﬁs The importance of water dripping from the

res crowns and the role of minor tree litter fraction (bud
Eiﬁf&g male flowers, a&gﬁ&@#, bark, etes) in the nutrient
i“*ié; of a sessile oak (Quercus ys%ﬁaae) ﬁﬁﬁ§1ﬁ§é~¢ﬁ,a
if<£i£%ﬁzi%y siliceous site in a high rainfall area has
en demonstrated by Carlisle (1965) and Carlisle et al
966a,b )¢ i |

A significant amount of nutrients is also transferred

om the various plant parts o the soil as precipitation
sich passes through the forest.canopyy the elements h&%ng
ded directly to the available mutrient pool without the
-?;Wetnﬁiaa of any gr@@ezs’af ésaaxgaa&ﬁiaﬁ‘an'%ha £érea§
fiirz The total ecosystem approach for quantifying nutrient



get and cycling phenomena of the northern hardwood

st has been successfully done by Bormann and Likens

7). Several studies (LeClerc and Breagzeale, 1908;

, 1954; Tukey and Amling, 1958; Tukey et al, 1958) have
onstrated that rainfall may remove substantial quantities
rients from the foliage of horticultural plants.

7 »s have shown that rainwater which passes through the

, erown contain significantly higher quantities of many
’,j,-t elements than rainfall collected in adjacent ope=-
gs (Tanm, 19513 Medgwick and Ovingtonm, 1959; Will, 1959;
g6, 1960; Rahman, 1964; Cole et gl 1968; Tarrant ot al
B). It is anly recently that the sfs&i@y of input and

" tion of nu‘érients from the atmosphere by way of
ipitation into the ecosystem has attracted attention.
(1961); Carlisle et al (1967) and Reimers (1972) have
red the quantity of nutrient in precipitation received
: »»_axexrb ecosystems and emphasigzed the role of vegetation
ariching the mineral content of rainwater., The quantity
nerals present in rainwater can be of special significance
he nutrient cycle of ecosystems especially in nutrient
areas (Allen et al, 1968).

The leaching of elements from the forest canopy by
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‘precipitation is mainly dependent on the fact that an

. ement must be present, indicating either a biological

" quirement or & non-selective uptake of the element by
;?aaglanta@ Elements which are present in large amounts
:},'tha’iaavaa arﬂ 3aa&nﬂﬁ‘za‘iarger'&Eﬁ@%ﬁﬁ& quantities,

?ﬁgiia‘ﬁaae cages leaching may be independent of the

 amounts present in the leaves. '

_ The atmosphere is a source of chemical %o terrestrial
1-;;;33&%&&3; ag well as a source of water vapour for grea&gi«k'
. tation. Chemicals may become bonded with water vapour amd

. delivered in a dissolved form with precipitation. Some

 of the chemicals like chlorine and sodium are commonly
’:'131@3faé in precipitation which falls along ocean coasts
:;_;fﬂﬂﬁﬁll and Fisher, 1966} or chemicals may adhere to dust
-;2:::&2@1&& which become temporarily suspended in the atmos-

‘ phere and returned %o the surface as dry fall out between.
h_ﬂiﬁ%ﬂ%x The large surface area of the foliage which is
.ﬁisgaﬁed to wind and interception of rainwater by forest
1:i%s§%a%$an, plays an important rele as a trapping device

~ for ﬁﬁat.pat#ia&&a; and rainfall which drips from the foliage
iviikxﬁaghfazlj may be substantially enriched in some chemical

ﬁmw@»
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; Precipitation wa%@xkaarries certain quantities
ﬁii ents from air borne dust, gases, etcj the

tiéa of which undergoes significant changes once
' gain access to the ecosystem (Tamm, 1958; Stenlid,
:: Tukey, 1970). This rainwater when falling on
ge sﬁrfaaa, branches and stems of trees in forested
ms washes off the dust &ﬁa thﬂrehy leaches a
-*:n of thﬂ nutrient elements from them.
The chemistry of precipitation varies from area %o
e étgtn&ing on the origin of air masses. Gore (1968)
ported that 32,14 kg/ha of sodium is deposited anmually
f&hﬂ pzamigitatian from maritime air masses at Hoor
};'i U.XK. but Likens gi al (1971) r&pﬁﬁtaa that the
: deposition of sodium is only 1.5 kg/ha at Hubbard g
fﬁé'uhsrﬁ air masses are primarily continental. The
;?'_ r&tié in precipitation has been used as an indicator
—viﬁt source af’air ﬁerne chemicals by some workers
‘l sson, 1952). Again, the intensity of rainfall affects
; autrient input threughAﬁreaipitatiﬁag Mecklenburg
f al, (1966) and Attiwill (1966) showed that the smount
f nutrients leached per unit guantity iﬁ,gfsaﬁaxg&ariag
‘:-V intensity of rain than it is during a haavyigaia&
(1966) found that the decrease iﬁ'ﬁﬁﬁ@&éﬁ% content



' leaves is greatest during the first hours of wetting.

The stimulation of nutrient mobilisation in the

rest soil after clear cutting has been known for a long

¢ but no attempt has been made so far to measure the

;fjaa of nutrient from the system through run-off of water
ffﬁha% percolating through the seil. The clear cutting of
21_:§ cover tends to increase stream water flow (Lull, 1959;
orabeck gt al, 1970; Pierce et gl, 1970; Pierce gt al, 1972)
ad stream temperature (Tamm, 1958). The amount of nitrogen
ischarged from a forested ecosystem after clear cutting is
quivalent to the amount of nitrogen that is annually retur-
ed to the aya%am;anaer undis turbed conditions and losses of
ations were 2 to 3 times greater than from an undisturbed
ystem (Bormenn gt al, 1968, 1969).

. Beosystem represents complex organization of living
organisnssinteracting with each other and with their physical
f~s1eaamant@ In attempts to understand such complex systems,
if;ltgiaﬂa group their components into a number of more or

‘: ss easily definable categories. One of the most important
E_; uﬁ&ana«af the forest ecosystem is nutrient @yﬁiiﬁg and

a knowledge of thisis meeded to obtain high productivity

equired to meet the increasing demands for forest péaéa@%s,

!




The detailed information on nutrient cyecling is eéy&aially
 §:§¢2ﬁant because it defines the relationship between soil
;aai‘plaa%aa Numerous studies have been conducted in different
;gtégxaphiaal regions of the warlé;éssessing the means and
if{ﬁ%@ibutian of nutrients in various forest ecosystems.
i!meh of this work has been summarized by Rodin and Bazile-
i#ieh-(i?@?) and Ovington (1968). Cole gt al (196%) Marks
:‘&ﬁ Bormann gt al {1972);&m§ha3133ﬁ the effect of fertili-
ger and clear cutting in nutrient eyecling.

Euring the past decade, ecologists have become
;iasraaaiﬁg;y interested in the flow of nutrients through
{:celagieal systems and in the role that these particular
fg;;aystemﬁ play in the larger biageeahemical eycles of the
earth. A vital characteristic of any ecosystem is the
eontinuous flow of nutrient and energy %hx@ugh ite 'ﬁithin
the intre-system cycle of an ecosystem, several workers
(Duvigneaud and Denaeyer-De Smet, 1964; Ovington, 19653
Gole gt g, 1968; Bormann and Iikens, 1970 and Jorgensen
;’y g&ki§7§} have carefully evaluated the size and rates of
‘exchange between variens nutrients pools. However, measure-
‘Wf;nza of systems present major difficulties and only a few
| mantitative studies have so far been done (Likens gt al,

i;jy}gkgar%ieulatly in tropics.



Qﬁanti%aﬁive approach af'ﬁatrisaﬁ waégaks ibr a

. terrestrial ecosystem may be &e%exmimgﬁ by measuring tha

, i@?ﬁ#ﬁﬂlﬁgi@alg geological and hﬁ@&egiaa&»&n@ata and
i ig§§ata (Bormann snd Likens, 1967). The tegzea%riai_
ecosystem participates in the varlous larger biogeochemical
eyeles of the earth by input and output through the syat&&.
Geological input and entp&t thz@agh balanea of minsral .
elements in an ecosystem may he positive or nagative, that
is elements can be acoumulating in the sysﬁsma or the
system can be in the process of depletion. Accumulation
of elements in the biatia parti&a,af‘the aéegystsm often
eccurs as a result af succegsional process (aéam,'iﬁssljas
'%Viaﬁ amount of biemass in an system increases. %he'eiemenﬁs
:ihrﬁﬁgh geological inputs are generally carried into éhe
system by moving water or 3@11&?&&1 action, or béth,‘anﬁ
outputs generally refer to the giamsnﬁs which are l&awiag
3 ﬁsﬁ system in the form ax‘éiaselveé or par%iauiaks matter

. in moving water, through the diffusion or transpert of
'izsga@a sr‘gartﬁaalaﬁa matter by wind (meteoreological aa#yﬁt}
- or ags a result of the activity of animals iaelaaiég man
? {§1&}@83@&1\€&%?&%)4 x%texéalsgiaai input enters the
:,ianayétam through the atmosphere in the form of g&se@na
:ti!i#;xiéls and of ﬁiﬁaaiveé or particulate matter in preeipi-




-9 éna& and other wind borne materials.

The rate and ‘magnitude of wav@nﬁn% along iﬁéiviéaaa
_S?Jiss differ for different ah&miaa& elements and the
meral pattern of flow within the system depends upon

f": factors, particularly the nutrient status of the soil
ad the type and age of the woodland. Pioneering work by
yington (1965), Rodin and Bazilevich (1969) and Duvigneaud
' .3§ﬁ%ya§-%e»%a$t (1970:) along with comprehensive reviews
1 synthesis of data by Bray and Gorham (1964 ), Bakusis

4), Overton et al (1973), Larcher (1975), Jorgensen

gl (1975) and Lieth and Wnittaker (1975) have brought
?'1ga§£akaa attention to the process ef nutrient cyeling

i production in forest ecosystems. '

The most striking

» features of a woodland community

rom the nutrient circulation point of view is %hé annual

iturn of nutrients to the soil through the litter from the
_'*x&i&n Qover, &ﬁ&xaﬁva and Gorodentseva (1958) reported
1; in bireh woodlands of about 70 years age, annual
pliation returns 80 to 90 percent of the nutrients to
‘soils Litter which include the leaves, bark, branches,
-?ﬁtamxi xnfiaxes@anées and seeds are usually the
i !§¥vﬁ$ﬁB§$£Rt$ for the nutrient cycling in the forest
37;:@:&4 However, in open woodlands the well developed



: and herb layers m@y contribute more litter than
:il from trees (Scott, 1955). ﬁ%& litter falling to
e ground in woodlands is very h@%erugaagan being com=
lt' of organic material differing greatly in structure
ahsaiaal composition and the mechanism and efficiency
11ttar hraakﬁswa varies greatly even in the same wood,
Uway and Zon, 1930, Wittich, 1939; Mork, 1944; Tarrent
_ al, 1951; Owen 1954; Goez gt al, 1972). The importance
;{:lﬁii organic matter in mature forest ecosystem was
nasized by Rodin and Bazilevieh (1967), Likens et al
@),;?1&3% et g1 (1972), Whittaker et al (1974), Gosz
1i—!i;§i§?6); Nutrient eycling through decompesition of
f]a and wood litter im tropical and temperate forests has
een studied by many workers (Laudelout and Meyer, 1954;
ye, 1961; Witkamp and Olson, 1963; Olson, 1963; Bray amd
m, 1964; Ovington, 1965; Bermhard, 1970; Anderson, 197333
g“g,, 1973; Lousier and Parkison, 1976). |
: In order to evaluate the guantitative and gaaiiﬁativw
23Jgts of productivity or to exgzare the nutrient eyeling
n the ecosystem, the imowledge of water circulation pattern
?ii&& and space is very important, Water eireulation
l‘tif]is a very complex process and it mainly deals with
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pathway of water reaching the ecosystem in the form

;rsaiyitatiaa to the soil, water in the soil, output

4 a!tr&an& through water etei And it is only in the

. . two decades that the study of the ﬁatxiants input
ind deposition from the atmosphere by way of graéipi%atiﬁa
. becoming of increasing interest. ( Tamm, 1951, m:m,, .,
3y Eaégwiek and 6vinsﬁen, 1@5@; Tukey aad Tukey, 19859;

1967; Bormenn and Likens 1967; Tarrant et al, 1968; Cole
&, 19683 Allen et al, 1968; Ulrich et gl 1971; Reiners
9723 Szabo and Csortos, iﬁ?&)« ‘

Available nutrient ﬁat aniy enter the aaaayat&m from
sutside but are added by the action of physical chemical
and biological weathering of rock and soil minerals.

;? sical and ehamieal weathering of the mineral s@il and
t;imaail increases the availabiliﬁy of nutrients in forest
7faaysta&s but little is inown of the release of ﬂutrie#%s

y this process under natural conditions. The release of

- and the nature of the woodland.

-y

ig%, 19603 ﬁye, i?ﬁl; %aziiele et al, 1965, Likens, et al,

autrients by weathering will depend greatly upon the soil
jfﬁa and underlying rocks but is also influenced by climate




