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PREFACE

The present study has two sections. One pertains
to the 50 year old secondary forest at Lailad which
foims'one'in‘thé sSeries developing subsequent to slash
~and burn agriculture (jbum) at lower elevations of the
Khasi Hills of Meghalaya. As such an attempt has been
made to relate the present studies on the Lailad forest
with the Qcoiogy»of shifting agriculture in this region
under "Genéral‘considgrgtions related to shifting agri-
culture (_;)h'nm.) around Lailad" given at the end of this
sédtion}= The study has 6 chapters dealing ﬁith study
afeé. vegétation anélysis. biomags production, litter
dynamics, nutrient input into and output from the system
and nutrient ecycling.

Section II of the thesis is based on plantation

studieé'onAggorea robugta Gaertn., growing at Umtegor

which is,in'the same géneral geographical areas as thét
at Lailad. Shorea robusta which is a late successional
tree and which is also an 1mporfant component in a 50
year stand at lLailad has beeq,studiéd.in detail using 9
to 19 year Qid ﬁlantatiéns» This section is divided
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into 2 chapters one dealing with growth analysis and pro-
ductivity of S+ robusta and the other dealing with intra-
system nutrient flow through soil, plant litter and

biomess.

The thesis has a Geheral Introduction dealing with
a review of literature on forest ecosystem analysis.
Each chapter has a brief 'i@troduction'Aand ‘Methods of
Study.' Results“and Discuggion on the findings is given
for each chapter, followed by 'Summary.’



CHAPTER 1

GENERAL INTRODUCTION



GENERAL INTRODUCTION

Yegetation Analysis 3

Vegetation may be defined as an assemblage of
plants growing together in a particular location and
may . be characterised either by its component species or
by a combination of structurdl and functional characters
that characterise the appearance or physiognomy of the
vegetation. - Striictural or physiognomic methods do not
demand species identification and are often considered
more meaningful for detalled ecological studies: The
 ehang1ng nature of vegetation 1elitsvdynamic nature,; that 15
changes in the distribution and struocture of coﬁponents
“occur in due course of time. The long term changes of the
vegetation result in g&gggggian, and several-eommunities

kit e iy B30

may succeed one another to establish a climax community
which is controlled by the climate of the region (Clementsy .
1916) or the stadle community may be the result of cyclic
changes (Tansley, 1935). However, the dynamics%éffvéééta-
tion or community are a complex subject and have been
 reviewed by Margalef (1968) and Odum (1963),

Vegetation has been described or classified in
accordance with the major philoseophies, the discontinuous

and continuous concepts, The discontinuous concept, the

more traditional approach, provides a description that



enable one to discuss a gross vegetational unit.
Gleason's (1926) individualistic concept provides a
framework for examining plant community in greater
detail as a dynamic unit,. _
In nature plants rarely grow isolated from one
another: Individuals of a speecies are usually grouped
into a population and populations of different species
may~be 1ntermingled; Seme of the plants grow more
successfully than the others as ggdieated by their behaviours
size and number, The:characteristics of the species which
d4ffer according to the geneti¢ pattern and physiology
determine not only thé kind ef habitats it can occupy; but
also the kind of interrelations it forms with other speciess
A commen approéch for vegetation analysis 1is the
gathering of species abundance data from numerous study
areas:; A large number of sueh phytosociological stﬁdies
have yielded eonsiderabie 1nfozmation on community-environ<
ment relationships and the nature of the community itself
in temperate regions. However, many analyses of troplecal
forests are based on structural, physiognomical and floristic
cempdsitidns (Knight, 1975). The early woiks! in this
~ respect are mostly descriptive with a foous on the kind and

number of species in the forest, As species identification



become more feasible and as better quantitative methods
developed, BtudiQS‘éeeurred more frequently on the
identification and cagsgs of floristic patterns in reiq:m
tion to succession an&'éité; With regard to site rela-
tionships, the studies of Ashton (1964a,d), Greig-Suith

et al (1967), Bruning (1968), Tracey (1969); Webd (1969),
Webb ot 8l (1967 a,b, 1970, 1972), Hatheway (1971) ana
Austin ¢t al (1972) arginétablé'for'théir use 0£ 6om§Iex
quantitative methods in the analysis QflflériS§§d'datan
Their results suggested that composition and classification
methods are'usefﬁl for analysing the vegetation and that
certain speciessrich communities also.yieldvdiagnésﬁié '
and comprehensive ecological informations, Webb (1969),
William and Webb (1969), Webb gz-g;,(1976)g'BQQQWékx”'
(1970) and Orloci and Mukkattu (1973) used physiognomical,
gtructural and floristic featuxes for vegetational analysis
and classification. Many other workers considered the
physical and chemical properties of the soil‘£Q§ bomposition
and species distribution. A number of other workers baéed.
phenological studies for community anaiysis‘and classifica=
tion: (Rees, 19643 Gibbsand Leston, 1970; Doubenmire,;1972;
Prankie:etval,. 1974).



A Imptsvsd demands for forest products, the search
fos renswsble source of raw materials and increased e
_interest in the structure and function of forest ecosystems,
1n recent years, has stimulated research in biomass and
produetion of different forsst types throughout the world.
The acsumulation of large. quantities of dry matter is a
fandamental and distinguishing characteristic of: forest -
ecosystems. . ' . |

| Tbtal biomass itself 1s . not a measure of’ produce
tivify 80 far as forests are concerned: :The biomass'of~
' forests is rafﬁe: a'funbtisn oﬁ_ags,beoauseﬁstem~b16mass;" '
whioﬁ is acssmulats&vyea: aftsr;ysar occupies extremely
high pereantags of~the total Biomassa.In«nofth~temperate
regions, productivity studies have been done . for a number |
of spesies growing in even aged plantations or uneven aged
natural or semi-natural woodlands (Westlake, 1963; Ovington,
19653 Whittaker,.1966; Whittake:,snd Woodwell, 1968). -The"
geogrsphical patterns of biomass disfribution per unit areas
for the‘majop types of terrsstpial vegetation have been
summarized by Rodin and Baszilevich (1967), Besides the
information collected by these two authors addifioaal data
on blomass of different'regions of the world was obtained

during the International Bilological Programme (Molchanov,



1964; Bazilevich, 1967; Kira and Shidei, 1967; Golley
et aly 19693 Jenik, 1971; Whittaker, 1971 )s |
In the past few years, biomass estimates of

individual species haQe been published by a number of
workers. Such studies included the'igformat;on oh-the
productive struéture oflthe stand only., Althpugh the
weights of sample trees are frequently estimated by sub-
gampling, very 11ﬁtie information in the accuracy and
precission of existing methods are available (Ellenberg,
1971 Hnghés. 1971;‘Kestemont, 1972, 1973; Neuwirth;19724
Yamakura ot al, 19724 Egunjobi, 1976). Overton et al
(1973) have dis¢nésed fhe physioql prébiem of est}mating.'~
welghts of very large trees. Arf and Marks (1971).pzesented
a &o;kiﬁg tabie of méjo? spéciee; tné.agg and the location
of fhe étand,'the avénadiy_weight of biomass and net annual
produétivity for'about 2@0 foresq stands: Madgwick (1976)
briefly reviewed the literature concerning‘ﬁhe me thodology
of estimating éa@ple trees and stand weights with emphasis
on statistical metbbds§ _ | | \

| Since 1955;‘m3ny studies.on;prima:y productivity
of forest eqosystéms;'haﬁe been published by Japanese
‘WOrkerslin tempérafe and tropical fOIGStSé',ThGBS studies

were mostly based on harvest methods (Kira and Schidel, 1967



and Newbould, 1967). The data'obtained from more than
ﬁhree hundred stands were reviewed by Kira and Schidei
(1967 )3 Tadaki and Hatiya (1968) and Satoo (1968, 1970,
1971) while Ogawa et al (1965) have made some oritioal
account of plant biomass'for two luxuriant forests of
tropical Africa. |

" Burger (1951 ) estimated leaf and brahch weights
in a large number of Swiss woodlands which vary in age
from 13 to 92 years. Moller (1947) evaluated the dry
weights for leaves of oak, ash, birch, spruce, scots pine
and larch: Satoo et al (1985, 1956; 1969), Satoo and
Senda (1968) in Japan and Whittaker (1965) in USA estima-
ted the leaf and branch bilomass and reported tha# leaf
biomass cannot increase 1nfin1§ely with forest growth
and that there must be a limit specific to species or
groups of ecologically similar speoiea. -

The estimation of biomass of individual tree or

a stand by harvest méthod is the basic procedure for
production relatiqps;‘ But this is very laborious and is
neither practical nor permitted under many circumstances,
Therefore, allometric relations based on some easily \\
measurable variables such as diameter at breast heightt\\

plant height, diameter at the crown base and various



measures of crowns have been used with success in
developing prediction equations for individual tree
components and stand of trees (Ovington and Madgwiok, . ...
19593 Attiwill, 1962;.Ba’skervill{§,¢ 1965; Ovington gt al,
1967; Peterson et al, 1970; Zavitkovski and Stevensen,
1971). However, for éétimation of crown, branch énd
foliage dry weight cgrrelations with the diameﬁer at
the orown base or branch diameter usually give the best
results (Attiﬁili, 1962; Peterson et al, 1970). _
The woodland‘éommuhity with its various strata
forms a complex aSSdOiatioﬁ in which thé reactions of
different members are closely interrelated. Trees are’
the dominants of the community and by virtue of their
- 8ize, stratification and longivity, they are able tb
~determine to some extent the site conditions under which
the associated plants live (Ov1ngtoh, 1959)., The contri-
bution of ground vegetation 1s of great importance for
a number of ecosystem processes (Ovington, 1962). 1In
contrast to the tree cover, ground vegetation production
lhas a high proportion of leafy material and a low prdportion
of bidmasa (Hughes, 1971),‘ The production relat%@nahip

between species in the ground vegetation which détérmine



the proecess of natural regeneration of the woodland has
been evaluated by Teumey and Kienhols (1931). That the B
tree cover which 1ntercepts radiation, preecipitation and*
‘other environmental faetors influence the growth and
‘relative performance 0f species on different woodlands
have been shown by Blackmann and Rutter (194?),Begleyn

(395%5)and Ford and: Hewbquldﬁ(1970).

3
o

‘Litter dynamies. §
" Pre amount and ‘composition of the annual 1itter
fall has long been considered to be of major importance
far'éiohange df'organiO'and'inergahic materials between
'1iving organisms and soils The role of litter in the
forest ecosystem has been recognised for a long period of
time and consequently many investigations have been made
'in its relation %0‘pre&ﬁetiﬁity;'nntrient eycling, energy
flow and decomposition of forest organio'mafterw Bray
and Gorham (1964) in their review of literature on 1itter
production by the major world's forests state that in
“the'stﬁdy of the quantitétiVe aspects af'litter'fallf
remains an important part of forest scology, dealing wi h
a major pathway for both energy and nitrient transfer”,

4T§é 1itter is the fuel for nutrient eyecling in the upper



soil horizons and is of importance in the nutrition of
woodlands particularly on soils of low nutrient status,
where the trees rely to a gfeat extent upon the reeycling
of litter nutrients. In order to understand the biologi-
cal process of the upper soil horizons, the‘quantity and
composition of the litter and its rattern of fall through-

out the year must be known.

?

The'dynamics of litter aecumulation process are of
particular intebest in ‘the pumia tropical forests where
rates of litter production and decomposition are highe
Litter in these forests accumulate on the soil until lit-
ter fall equals litter decomposition, after which a mean

steady state ratio will be maintained.

Considerable amount of data. exists for litter product-
ion and nutrient reléase*iﬁg}oréét ecosystems, but still
the literature on litterwd;gzmigé'in tropical forests is
much less and this is evident from the oomprehensivé
review of work of Bray and Gorham (1964) which contain
approximately 285 references of which a very minor fraction
pertain to tropical forests. Seasonal litter fall 4in
deciduous forests has been studied by Carlisle gt al, (19663},

and
Sykes and Bunce (1970), Hughes (1971), Gosz et al (1972)

s - e TR :,:., ’x(“ gt *_,,—%rz&,’)
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and years have been limited largely to total annual
1itter fall. | -

" The litter consists of dead or decaying leavee,
twige, branchee, flowers, fruite,.barktand other debrie;
Out of these, leaf happens 0. be. the major. eource of
1itter which may fall seaeonally as 1e the caee of deoiduoue
trees or it may continuously accumulate throughout the
year ds we find. 1n evergreen foreete. The litter 1e.'
‘ attacked by a variety of micrc-organisme and is decompoeed
to such’ a degree that eventually it becomes an 1nseparable
ingredient of the soil syetem. ’ |

Information on litter production in aspen etand is

available for the U.S. SeRa (Rodin and Bazilevich, 1967)
and also for. Alaska (Van Cleve and Noonan, 1971) In
northern Wisconsin, UwS.A., Crow (1974) studied litter fall
in predominantly aspen and aepen—paper birch etande._.In
- tropical foreets of Africa nutrient content. of litter has
been studied by Laudelaout and Meyer (1954), Ney (1961),
Hopkins (1966), Bernehard (1970) and Fgunjobi (1974).
Similar studies .on litter;fall and hutrient cohteut of

the forest litter are available for Buropean forests (Tarrant

et al, 1951; Metz, 1952; Owen, 1954; Scotty 19553 Wright,1957;
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Kendrick, 1959; Monk et al, 1970 and Zavilkovoski and Newtoh,

1971) In New Zealand's evergreen beech forests litter fall
has been measured by Miller and Hnrst (195?) and Miller (1963).
Many studies on the seasonal dynamics of 1itter fall
in forest ecosystems are available though only a few detailed |
studies on the dynamics of wood litter have been published. |
The wood litter fall in forest ecosystem is generally charac-
terised by a great annual variation but lack of a clear seasonal'

pattern, This is mainly due to the nonrperiodic occurrence of

-high wind force during which dead wood material is dislodged.

However, other factors may act in a complex way creating a

| geasonal pattern in the dynamics of wood litter fall.

Bray and Gorham (1964) suggested that woody litter
amounts to about 30% of the total annual litter fall. This
means that a considerable proportion of litter fall in forest
ecosystems accumulates as dead wood in the wood fraction of
goil litter, constituting a significant nutrient and energy
reservoir (Healey and Swift, 1971). The production of dead
leaves and dead wood, which trophically form the basis : for
many consumer chains play an important role in ecosystem

functioning (Duvingneaud, 1971; Kestemontf 1971).
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In temperate deciduous'forésts 19-39% of total annual
litter fall is formed by the wood fraction (Christensen,
1975; 1978) reénlting in a significant amount ofﬁdggﬁm
wood in the fdrgéf floor, Although dead wood 1s'§oo:.1n
nutrients, a rémgrkable amount of minerals and especially
energy may be released through the dead wood fraction

which play an 1mp§rtant role in mature forest ecosystem
Healey and Swift; 1971). Generally a relatienahip be tween
peak wood fall and maximum wind speed always exists.  In .

a temperate foreat, Gosz gt al (1972) found a bimodal pattern
of wood fall and they pointed out that branch fall is
apparently a- goodﬁiga5eator of storm intensity. iﬁ“zﬂzziet
semi-deciduous forest in tropical West Africa, the peak

wood fall aorresponds .10 the dry sSeagon when the trees are
expected to be under greatest water 8tress, and a complex
eombination of intrinsic and extrineic factors influences

the timing and triggering off of litter fall (Jomes, 1955),
‘Addioott (1970) noted that almost all discretic parts of
geveral high planf speclies are abascissed. However,'absoiq
~ssion of organs'othe; than leaves and to a lesse:\extent
fl@wers>and fruite has received only sporadie attéQtion‘
Quantitative aspects of the accumulation and turnoigr of

wood litter on the forest fleor have been very poorly



understood so far, except in a very limited»number of
forest types (Satcnell, 1971) as compared with chemical
andvmicrobiologiggl sides of the process (Kaarik, 1974).
'>Most of the studies on litter decomposition pertain
to lgaf litter‘thy. Howéver, wood litter glao form a
1arge'préportien 9£ the substrata decomposited on forast
| floqrf The nonigggter aoéounts'fo: about 75 of the total
' 1itter fall in most forests, sometimes as much as /2 in
elimax forests (Kira and Sehideig 1967 )¢ Woedy:orgéns_
decomposed more slowly than 1eéves, while their original
*shape'and volume are maintained for quite a 1§ng time under
the protection of bark which is very resistant to deoay..
Yoneda (1976 I,II) made an attempt to estimate the rate of
decomposition of wood litter in a warm temperate evergreen
oak forest of Japap; adopting loss of weight and carbon‘
dioxide evolution és measures of deoamposi&ion rates
o Litter deeompoa;tion is a dessimilation process
mediated by a succession of organisms and assoclated enzyme
systems (Alexender, 19%;).v The oxidation and hydrylic
process converts. the raw litter to carbéﬁadioxide and
“ptabilised organic matt;rub humus. The mineralisation of

organic to (0, which represents a major ocarbon less or
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output route whereas humus formation may be regarded as
a key carbon reservoir or conservation pathway. In most
of the terrestrial systems, the decomposition of litter
forﬁs the major “sourde of energy and nutrients for thé’
goil and litter organisms of the deciduous woodlands. A
great proportion of carbon fixed by the autotrophs refurn
to the s0il in the form of litter. The most important
groups of organisms which play a réle in decomposition are
bacteria, actinomycetes, fungi, protozed-nematodes, worms
ete. Much attention has recently been paid to techniques
used for studying decomposition of litter and the rate
of decomposition of different types of plant litter in
different climatic zones (Bocock and Gilbert, 1957; Edwards
and Heath, 1963; Howard, 1965; Van-Cleave 1971 Anderson,
1973b, Gosz ef al, 1973; Howard and Howard, 1974; #ensen,
19743 Suffling agd Smith, 19743 Wood, 1974). The process
and organisms concerned in decomposition had mainly been ‘
studied by Bell (1974), Dickinson (1974), Edwards (1975),
Prankland (1974 ); Harding end Stuttard (1974), Jensen
(1974), Mason (1974), Millar (1974), Pﬁgh (1974)y Willlem
-and Gray (1974 )y and Wood (197,&);9;_' “‘\.\

The 8011 respiration is another biological ﬁ?enomeq

non of decomposition which has long been considered \as an

\
v

el L
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index of soil metabdlism (Wollny, 1831; Boussingault and

Levy, 1863, %}na, 1962 and Reiners, 1968). Measurements
of soil respiration are widely accepted as being the most
important approach for studying the biological activities
and the carbon and energy flows with respect to detritus
ecoldgy,( The so0il respiration is generally governed by
the three biBlogical process (a) microbial respiration
(b) root respirafion and (¢) faunal respiration and"one
non-biological process 1.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 on this aspect under Indian conditions. In India.
: esfimation of annual litterpproductionqin deciduous and in
gome evergreen forests have been made by Champion (1936),
Puri (1953), Seth gt al (1963), Singh (1968), Faruqd (1972)
Billore and Amrithphali (1975) have also determined the
nutrient content of litter fall.. Most of the Indian workers
mentioned above have worked with reference to foresf plan-
tations while practically no work is available on natural

humid mixed forest types of India.

all l w_and

Lw_mm_gwm;

The amount of incoming precigitation transmitted tO
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or into the 801l 1s of great importance to understand

the water regime of plant communities. The diverse |
physiognomical stmctnre of various plan’c assooiations
plays an 1mportant role in preoipitation 1nterception -+

and the amonnt of precipitation which 19 arrivtng on the
soil surfaoe. The preeipitation generally falling on\
vegetation.is usually leached 1n dszerent‘ways. Scme of
the water. reaches the ground through the canopy, some
through the tree trunk and some part 1s 1ntercepted by the
vegetal cover whioh never reaches the ground, The amount
of water which drips down through the forest canopy is
referred to as throughfall; stemflow refers to th; precipita-
tion which reaches the ground by running down the boles of
trees. Thé amount of wgter which is r@tained by the vegetal
cover sub,aequentl_y evapo:ates bagk to the atmosphere and

is called the intercepted water. The 1nte:oeption of
precipitation by'VGgetgl cover is an jmportant aspec£ of
hydrological Eycle 1n£1uenciﬁg the watér budget and nutrient
movement, and plays an 1mportant role 1n the net ‘rainfall
reaching the ground surfaces The quantities and modes of
flow of precipitation o the forest floor have_been studied
for a long timgg. Interception studies have been reviewed by
Rittredge (1948) and Zinke (1967)y A number of studies
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have been done on this aspect by different workers
(Hamilton and wae, 1949; Hoover, 1953; OVington, 1954; n
Voigt, 1960;;Rutter, 19633 Helvey, 19673 Smith, 1974). |
7 Interception by the canopy usually affeot the
ohemistry of the throughfall in a number of ways (Eaten
et gl, 1973). (1) Some of the ohemicals which the preoipi-
tation contain are retained 1n the canopy and will not appear
in the throughfall at that time (2) eome of the nutrients
may be leached into the ﬁater at the tine of 1nterception
by. the leaves and deposited as ealts:on the leaf surfaoe
as fhe}water evaporates (3) although the concentration of
nutrients:in throughfall increases than in the origihal
preo;pifation, iﬁ is apparent fhat nutrients can be absorbed
into the leaves from the water (Boynton;_1954§ Carlisle
et al, 1965 and Wittwer and Teubner, 1969) or be taken up
by the microflora on the surface of the leaves and branches
(carlisle et Q;; 1967). Moreo#er, the extent of precipita-
tion 1nteroeption b& the forest canopy is affected by tree
gpecies, size'and“form.of the tree as well as storm size
and intensity (Ovington, 1954b; Gieger¢'196§§ Carlisle
et al, 1965). |

In forest ecosystems, a significant portion of the
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nutrient is reeyoled into the soil by means of leaf

litter and its decompésition and a;éo through precipitas
tion: Duvighésud gt él (1971) reported that iﬁéfgﬁperate
forests ¥ of the total amount of cireulating minerals are
returned to the soil with leaf 1itter, throughfall and

stem flow. Almést half of the total amount of potassium
arrives into the soil with ecanopy thioughfall and stem flow‘
annually (Carlisle et al, 1967; Nebe, 1973)s A large
portion of magnesgium findg 1£é way ‘back to the soil in

the same way, and in case of caleium-and'QOdium'the re turn
through litter and decomposition is probably of‘g:eater
éignifioancag ‘Qhe importance of water dripping from the
tree crowns and the role of minor tree litter fréction (bud
soalesg male flowers, qapuleé, bark; etes) in the nutrient

eyoling of a sessile oak (Quercus petreae) woodland on a

lr}ggwfertiiity siliceous site in a high rainfall area hag’
been demonstrated by Carlisle (1965) and Carlisle et al
(1966a,b)¢ -
A significant amount of nutrients is also transferred

from the various plent parts to the soil as precipitation

- Which passes through the foreat‘canopy, the'eléments being
added directly tbﬁthe avéilable mitrient pool WitQQut the
intervention of any processyof decomposition on'the\jbrest

floors. The total ecosystem approach f@r‘quantifying\nntrient
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budget and cycling phenomena of the northern hardwood
- forest has been successfully done by Bormann and Likens
(1967). Several studies (LeClerc and Breazeale, 1908;

Mes, 19543 Tukey and Amling, 19583 Tukey et al, 1958) have
Ademonstrated that féinfali may remove substantial quantities
of nutrients frgpithalfoliage of horticultural plants.
Others have shd%ﬁ that rainwater which passes through the
tree crown contain significantly higher quantities of many
nutrient elements than rainfall collected in adjacent ope=-
nings (Tamm, 19513 Madgwick and Ovington, 1959; Will, 1959;
Voigt, 19603 Rahman, 19643 Cole et al 1968; Tarrant et al
1968). It is énly recently that the study of input and
deposition of nufrients from the atmosphere by way of
precipitation into the ecosystem has attracted attention.
Nye (1961); Carlisle'gg al k1967) and Reiners (1972) have
measured the quantity of nutrient in precipitation received
by different ecogystems and emphasized the role of'éegetation
in enriching the mineral content of rainwater. 'The quantity
of minerals present in rainwater can be of special significance
in the nutrient cycle of e cosystems especially in nutrient
poor areas (Allen et al, 1968).

l The leéching of elements from the forest canopy by
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precipitation is mainly'dependent on the fact that an
element must be present, indicating either a biological
requirement or a'nonﬁseleetive uptake of the element by
. wethe.plantss Elements which are present in‘large‘émounts
_1n'the'1éaveé ére\leached-in:iarger absolute quantities,
but in some cases leaching may bé 4independent of the
amounts present in the leavess |

‘The atmosphere 1s a sourcé of chemical to terrestrial
ecosystems; ds well as a source of water vapour for precipis
tations Chemicals may become bonded with water vapour and
deliVéred-in~a dissolve& form with precipiﬁatipn;} Some:
of the chemicals like chlorine:and sodium are commonly
s¥ssolved in preoipitafion which falls aiong ogean coasts
(Grambell and Pisher, 1966) or -chemicals may adhere to dust
particles which‘become'tempérarily suspended in the atmos-'
phere and returned té the'surfaee as dry fall out between.
stormsy The large éurfacé area of the foliage which is
éxposed to wind and 1nterbeptiqn'of'rainwater by forest
vegetation, plays an important role as a trapping device
for dust particles, and rainfall which drips from the foliage
(throughfall ) may be substantially enriched in some chemical

elementss



'Rréoipitatioﬁ water carries certain quantities
" of nutrients £rom air“horne dust, gases, etcy the
composition of which undergoes significant changes once.
‘they gain acocess to the ecosystem (Tamm, 1958; Stenlid,
19683 Tukey, 1970). 'This rainwater ﬁheh falling on
foliage surfaéé; branches and stems of trees in forested
‘ecosystems washes off the dust and thereby leaches a
portion of the nutrient elements from tneﬁq

The chemistry of precipitation varies from area to
area depending bﬁ the origin of air maéses, Gore (1968)
reported.that-zeglé kg/ha of sodium isgéeposited annually
by the preqipitatién from,mafitime air masées at Moor
House, U.K. but Likens gf al (1971) reported that the
 annual deposition of sodium is only 1;5 kg/ha at Hubbard '
,Brgok'where air masses are primarily éonﬁinentalg The
Oa/Mg ratio in preeipitatian has been used as an indicator
.0f the source of air Serne chemicals by.some.workers
(Eriksson, 1952). Again, the intensity of rainfall affects
the nntfienf input through preeipitations Mecklenburg
et al, (1966) and Attiwill (1966) showe§ that'the amount
of nutrients leached per unit quantity is greater\during
a low intensity of rain than it is during a heavy‘gain;,
Attiwill (1966) found that the decrease in nutrient content



of leaves is greatest during the first hours of wetting.

The stimulation of nutrient mobilisation in the
forest soil after clear cutting has been known for a long
time but no attembt has been made so far to measure the
losses of nntrieﬁfhfrbm the system through run«off of water
or that percolating through the soil. The olear outting of
forest cover ten&s to increase stream water flow (Iull, 19593
Hornbeck gﬁ,g;,A197G; Pierce gt al, 1970; Pierce et 5;5.1922)
and stream temperature (Tamm; 1958). The amount of nitrogen
discharged from a forested ecosystem after clear cutting is
equivalent to the amount of nitrogen that is annually retur-
ned to the system'under undis turbed conditions and losses of
cations were 2‘t6 3 times greater than from an undisturbded
system (Bormann gf al, 1968, 1969x§

utrient Cyoling i

Ecosystem represents complex organization of living
organismsointeracting with each other and with their physical
environment., in‘attempts to understand éueh oompléx gystems,
ecologists group'their components into a number of more or
less easily definable categories. One of the mos§ important
fﬁnotions of the forest ecosystem is nutrient oyciing and
a knowledge of thisis needed to obtain high productivity
required to meet ‘the increasing demands for forest producte.

\
\"v



The detailgd information on nutrient cycling is'eépeoially
important because it defines the relationship betweén soil
and.plantSa Numerous studies have been conducted in different
geographical regions of the world éssessing the means and
distribution of nutrients in various forest e cosystems.

~ Much of téis work has been summarized by Rodin and Bazile=
vich (1967) and Ovington (1968). Cole et al (196%8) Marks .
.and Bormann gt al (1972)(emphasized the effect of fertili-
gzer and clear cutting in nutrient cycling.

'During the past decade, ecologists have become
increasingly interested in the flow of nutrients through
ecological systems and in the role that these particular |
ecosystems play in the larger biogeochemical cycles of the
earth. A vital characteristic of any ecosystem is the
continuous flow of nutrient and energy fhrough it. —Within
the intra-system cycle of an ecosystem, several workérsf
(Duvigneaud and Denéeyer-De Smet, 1964; Ovington, 1965;
Cole et al, 1968; Bormann and Likens, 1970 and Jorgensen
et al 1975) have carefully evaluated the size and rates of
exchange between various nutrients pools. However, measure-
ments.of systems present major difficulties and only a few
quantitative studies have so far been done (Likens st al,

1967), parficularly in tropicss
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Quantitative approach of nutrient budgete fer a
. terrestrial ecoeyetem may be determined by meaeuring the
metereolegical,4geelegicalland e;ologioagf;npute and
outputs (Bormann and Likens; 1967); The terrestrial
ecosystem participates in the various 1arger biogeeehemioal
gyeles of the earth by input and output threugh the system.
Geolegical input and eutput through balance ef mineral
elements. in an eeoeyetem may be poeitive or negative, that
is elements can be aceumulating 1n the eysteme or the
systen can be 1n the proeeee of depletion.. Aocumulation
of elements in the biotie portion of the eceeyetem eften
ocours as a result of eueeeseional proeeee (Odum, 1969) as
the amount of biomaee in an eyetem 1noreasee. The elemente
.through geologioal 1npute are generally carried 1nto the
eyetem by moving water or celluvial action, er both, and
outputs generally refer to the elemente which are 1eav1ng
the eyetemiin.the form of diseelved or partieulate matter
in moving water, tnroughnthefdiffusien or traneperf of
gases or particulate matter by wind (meteoreologieal output)
or as a result of the activity of animals including man
(bio}egical,eutput)qA Metereological input enters the
eceey%tem through the atmosphere in the form of gaseous

materi%ie and of dieeolved or particulate matter in precipi-



tation, dust and other wind borne materials.

‘ fhe'rafe and_maghitude othgvgqent along individual
paﬁhways differ for different chemical elements and the
general pattern of flew within the systeh depends‘upon
- many factors, partioularly the nutrient status of the soil
and the type and age of the woodland: Ploneering work by
Ovington (1965), Rodin and Bazilevich (1967) and Duvigneaud
and Dendyer-De: Smet (19702) along with comprehensive reviews
and synthesis of data by Bray and Gorbam (1964), Bakuais
(1964), Overton gt 23 (1973), Larcher (1976), Jorgensen
et 8l (1975) and Lieth énd Whittaker (1975) have brought
considerable attention to the process of nutrient oy cling
énd production in forest ecosystéms.

' The most striking features of a woodland community
from the nutrient circulation point of view is the annual
return of nutrients to the soil through the litter from the
vegetation eovér, Smirnova and Gorodentseva (1958) reported
that 1nébirch‘woodla§ds of about 70 years age, annual
defoliation returns 80 to 90 percent of the nutrients to
the soils ILitter which inoclude¢ the leaves, bark, branches;
dead stems, 1nflorescen;es and seeds are usually the
largest components for the nutrient cyoling in the forest

ecosystem, However; in open woodlands the well developed
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shrubs and herb layers méy contribute more litter than
that from trees (Scott, 1955): The litter falling to

the ground in woodlands 1s-very'h;£ér6éenous being coms
posed of organic material differing greatlj in structure
and chemical comﬁoéition'and the meohanism and‘effieienoy
of litter breakdown varies greatly even in ﬁhe same wood.
(Alway and Zony.ISSOi Wittich,; 19393 Mork, 1944; Tarrent
et al; 1951; Owen 19543 Gosz gf gl; 1972). The importance
of soil organic matter in mature forest ecosystem was
emphasiged by Rodin and Bagilevich (1967), Likens gt al
(1970)RﬁPier¢e gg al (1972); Whittaker ot al (1974); Gosz
et al (1976)¢ Nutrient cycling through decomposition of
leaf and wood litter in tropical and temperate forests has
been studied by many workers (Laudelout and Meyer, 1954;
Nye; 19613 Witkamp and Olson; 1963; Olson, 1963; Bray and
‘Gorham; 1964; Ovington, 1965; Bernhard, 1970; Anderson, 1973;
Gosz et al; -1973; Lousier and Parkison, 1976).,

In order to evaluate the quantitative and qualitative
aspécts of produetivity or to éxplore the nutrient oycling
~ 4in tq? ecosystem, the knewledge of water circulation pattern
in tiﬁe and space is very 1mpo£tant‘ Water circulation

1tsel£?is a very complex process and it mainly deals with
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the pathway of water reaching the ecosystem in the form
of precipitation to the soll, water in the soil; output
: of:nutrient through Wa%er ete; And it is only in the
last two deeades that the study of the nutrients input
and deposition from the atmosphere by way of brecipitation
1s becoming of increasing interest. ( Tamm, 1961, Viro,
19563, Madgwick and Ovington, 1959; Tukey and Tukey, 19693
Voigt, 1960j Nye, 1961; carlisle et al, 1965, Likens, et al,
1967; ‘Bormann and Likens.1967; Tarrant 22.3&: 19685 Cole
gg,g;,.1968; Allen et al, 1968; Ulrich_gg al 1971; Reiners
1972; Szabo and Csortos, 1975) | _
Available nutrient not only enter the ecosystem from
outside but are added by the action of physical chemical
and biological weathering of rock andv9011 minerals.
Physical and chemical weathering of the mineral.aoil and
sub=soil increases the.availébility of nutrients in forest
gposystems but little is known of the release of nutrieﬁte
by this proc¢ess under natural eonditions; The‘release of
nutriénts by weathering will depend greatly upon the soil
type and underlying rocks but is also influenced by climate

and the nature of the woodland.
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STUDY AREA

1

Lailad Reserve Foreat

One of the study areas (discussed under Section I)
as shown in Fig. 2-1 is located at Lailad which is about
70 km. towards the northern side 6f Shillong city the
capital of Meghalaya in the north-eastern region of Indias
It 1ies between 25045" = 2690 N latitude and 91°45" =
92°00" E longitude at ah elevation of about 296 m« The
pre=cambrian rocks are represented by gneiss, schists and
granites. The so0il is red, sandy loam and is of laterite
origin. The pH ranges from 5.8 to 6.3. Angles of the
slopes generally range ffém 20° to 60, The climate is
typically monsoonic with most of the rainfall (84%) of the
total annual fall occuring during May to September. April
and October are also quite wet: The rest of the period is
practically dry. The monsoon season is followed by a mild
winter during mid November to mid February. March and

early April represent a brief dry summer period (Fig. 2=2).

The total area of the study site which is tropzoidal
shaped (Inset Fige. 2=-1) is about.5 hecdares and is a part



Fig. 2f1;

Climate of Lailad and Umtesor based

on the average of two years - 19’77

and 1978 (data obtained from Department
of Silviculture, Government of Meghalaya).
Maximum temperature,\ ®

minimum temperature, Q 3

rainfall, [] .



( J,) e4nesadwal

140

o
= ~ 2 —
| | ! |

Fjg, 2.‘1 o

100+

|
o
o -
~

500
LO0
300F

((Ww) Jjejuiey

A S O N D

J

J

F M A M

Months



Pig. 2«2, Map of Nongkhyllum reserve forest

showing the study areas,



NONGKHYLLEM RESERVE FOREST

Scale: 1cm =500 Meters

&
UMTESOR *
3 .-.-w’so"’. ) ./ A
\ . J
Xy ) o
! v
\_\ o
.\- \:,
-

CENTRAL ZdNE
(3ka)

—
o
%2}
P
=
-

Q
r4
(9]

PERPHERAL ZONE
(2bha)

Scale: 1cm: 25 Metres

\




29

of a reserve forest known as Nongkhyllum reserve forest
which is under'Meghalaya Forest Department since 1910o
The forest is bounded on the north and northwest by
Kamrup district and on the‘northwest by Nowgong district
of Assam. The soﬁthern side of the forest is covered by
the Shillong sub-division. The age of the forest which
ig approximately estimated to be 50 years is represented °
by & small hillock with average of 80% slope. Although
the study area is located in a reserve forest, the peri-
pheral zone is subjected to biotio disturbances, such as
cutting of trees for firewood’and removal of bamboo for
fencihg and houge building purposes by the local tribal
population. Therefore, only the central zone of the
forest is representative of a 50 year o0ld stand whereas
the peripheral zone represents an arrested stage of

succession with 20-25 year old’ vegetation.

T

The present study wes done on a 5 hectare area indica-
ted in Inset Fig. 2-2 considering the disturbed peripheral
zone of 2 ha and the 50 year old stand of 3 ha in the hil-

lock mentioned earlier. This.study was undertaken as part

F)
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of a largéf’programﬁeion thé;epology of shifting égficﬂi-
tufé'(Jhum)'Whibh is'ekgénsiﬁelf practised in.this€are§
by the local ‘tribal population, namely the Garos (Rama-
krishnan and Toky, 1978; Ramakrishnan, 1978; Ramakrishnan
et al, 1980), The 50 year stand at Lailad represents the
oldest fallow of the Jhum practised at lower elevations of

the Khasi Hills of Meghalaya.

Untesor Shorea rogggta'(Sal) plantations

- The other studyiarea:(diséuSSed under Section ii) with
Shorea roﬁusta pIantgiiGns é%,UthBOr is situated at about
50 km. northof Shillong at an elevation of 760 m. This
forest also lies between 25°45" = 26°§“ N latitude and 919°45"
« 920 0" Ehlongitudeo Topography, climatic and soil condiiions
are,‘in general, same as at Lailad forest; This forest is
also a part of Hohgkhyllum reserve forest. The total area
and age of different plantations of Shorea robusta are in

Table 2-1.
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Table 2=-1., Age and area of different plantations
of Shorea robusta at Umtesor

Stand age S Area

(year ) ‘ (hectare)
9 16

11 | - 27

13 o . a4

5 | 6
7 10

19 , 2
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VEGETATION ANALYSIS AND PHENOLOGY OF THE
FOREST AT LAILAD

N Loty
)

INTRODUCTION

The structure of a vegetational unit depends
uponvthe species represented, on the relative numbsr of
individuals and on the total number of individuals
(Gleason, 1926). A common approach for vegetation analysis
is the gathering of species abundance data frby:numerous
study areas. Such phytosociological data are important to
collect basic information on community-environment rela-
tionship, succession and the autecology of many speciles.
Early ﬁork in this respect was mostly descriptive with a
focus on the kind and number of’speciesvin the forest, As
better quantitative methods developed, many studies were
- done on structural and physiognomic features and causes of
floristic patterns in relation to succession and sl te.
With regard to site relationships, the study of Ashton
(1964a,b) Greig—Smith‘gg al (1967), Webb ¢t al (1967,1970,
1972), Tracey (1969), Webb (1969), Hatheway (1971) and
Austin et al (1972) are important .-



METHODS OF STUDY

Phytosociological studies were conducted in
the outer peripheral zone with about two hectare area
és well as in the central zone with about three hectare
area of the forest. The peripheral 2zone which was
influenced bj many biologicai disturbahces was selected
to compare the species compqsition along with other aspects
with the central zone of the forest. Phytosociological
studies for tree, shrub and herbd species were done in July
1976, at the peak of growing season. In order to study
the density, frequency, basal area and important value index
for tree 20 quadrats of 10 X 10ﬁ§’were laid down along a
transect. For shrubs, thelqhadiat size was 5 X 5m whereas
for herbaceous species 1 X im quadrats were used: The
- important value index is an integrated measure of relative
frequency, relative density and relative basal area and
was calculated following Misra (1968). The diversity and
dominance indices were determined according to Margalef
(1968) and Simpson (19%49) respeétivequ Phenological
sfudies with respect tolleaf de#elopment, leaf fall,
| flowering and fruiting were done for all the major tree

species for one year .period during 1976.
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RESULTS AND DISCUSSION

Vegetation Structurq s

In the forest community aé a whole, tree speoies

like Dendrocalamus hamiltonii, Schima walliochii, Castanopsis

indica, Shorea robusta and Miliuss ‘;f’ci‘ir‘t'i'ﬁ’rghi”anaf dominate.
Though M: roxburghiana had high density and frequency values

in the community it is not one of the dominant species in
the community as indicated from the low value for I.V.I.
Thus Artocarpus chaplasa and Vitex peduncularis had high

I.V.I. values inspite of low density and frequency ahd this

was due to greater basal area of the se species (Table 3-1).

Since the peripheral zZone of the forest is more
disturbed than the central zone, it became necessary to
separate these two distipct zones for purpose of comparison.

Dendrocalamus hamiltonii, Mesua ferrea, Miliusa roxburghiana

and‘ziggg peduncularis were more dominanf along the periphery
- of the forest compared to the centre.‘ It may be noted that
these species are all early succéssiénél species and 1t has
been shown‘that D. hamiltonii reaches‘its peak in a community
of about 20 years old after which 1# declines (Ramakrishnan
and Toky, 1978). On the other hand‘the speciés like S.

 wallichii, G. indica and S. zobusta %ere~mpre dominant towards
: . \ '
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Table 3=1 D@nsiﬁy, frequellcy, basal area and ia ortantev ¢ index of tree specis 8 in the peripheral an§
1 central sones o:r Be substropical forest at Lailad. ﬁ l
———— | A |
Spectes DfnSitY/h& i . ! ?rehqueney Basal area (galha) ;[ I.V.I.

’ /o ?er:.pharal Central Pexipheral Central Peripheral Central ’l Peripheral Central

. ; one Eone, wgone gone gone gone gone Zone
Amoora wallichif 6 . 8 11 4 0.332 0.442 e 2.48
Artocarpus chaplasa . 2¢ 16 . 4 14 13,774 9.182 14.88 15,37
Castanopeis indica 92 123 34 64 13.834 17.550 35.09 43.42
Gagtanopsis tribuloides 24 26 28 32 y 24234 £.480 Beld 6.56
Dillenia indioca 18 14 21 17 1.984 1,854 6.39 4.96
Dillenia pentagyna 16 12 11 / 0.452 0,340 3.95 3.66
Dendrocalamus hamiltonii e 3560 54 21 B¢368 2.440 83.40 41.86
Dysoxylum birectarferum - - & 2 7 4 0.0642 0.032 1.53 0.78
Dysoxylum procerum 12 16 11 4 0.190 0.254 3.11 3.77
Eugenia tetragonia - 2 T 4 - 0.230 - 4.29
Eugenia kursii 4 10 4 11 0.388 0.870 1.15 3.15
Garcinia cowa 18 ’ 28 31 29 0.700 1.088 4.52 8.43
Garcinia peniculata - 4 . »- 4 - 0.076 - 3.00
Gmelina arborea . ig 16 1 43 2.326 3.002 4,51 6459
Glochidion multiloculata 8 6 ¥ 7 0.784 0.558 3.32 4,97
Hybiseus macrophylla 4 10 ; {7 11 0.100 0.280 2,50 4.33
Ilex excelsa . - 2 { 4 - 1.088 - 2.97
Miluss roxburghiana 90 32 gs 36 0.716 0.254 18.60 7.59
Mesua ferea 8 - 1 - 0.626 - 3.87 -
Machilus khasiana 8 14 14 18 0.264 0.630 2.43 4.69
Phoebe lanceolata ' 16 16 2i 18 0.334 0.334 6.25 7413
Pterospermum acerifoliun 6 8 i, A 0.060 0.020 1.47 0.64
Sterculia villosa 20 8 ! i29| 11 0.520 0.208 5.29 3.78
Schima wallichii 144 204- ., 88 89 1.454 20.600 39.51 60.60
Shores robusta 62 90 j {60} 50 \ 9.198 13.352 27 .87 30.87
Terminalia oitrina 2. 6 § n 7 0.132 0.398 Q.72 2,03
Terminalia chebula 20 22 14 21 1.320 - 1.452 5.70 7.88
Vitex peduncularis 4@,;7//‘ 32 .- 21 49 L 1.944 1.250 16.59 14.52

- - \}'\\\'\ \Q{% = e ‘ . ~+—+
o / ’
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the central zoné-of the forest‘with higher I.V.I. values.
The comparison of the dominance values, calcula=-
ted on the basig of Simpsonfs index’ of ‘dominance’ (1949)
with early successional fallows indicate that dominance 1is
high in early successional fallows reaching a maximum ih
a b yéar old fallow after the burn for slash and burn
agriculture (Jhum) and is very low in a 50 year old fallow
as in the present study.. Gonvebsely diversity (calculated
on the basis of Margalef's, 1968-'Shanon Index of General
Diversity") reaches a maximum value in a 50 year old forest
(2.58) (Table 3-2)s
The disturbed zone along the periphery showed a.
dominance index value of 2.03 compared to the central
gones This is due to the high density of D. hamiltondii
in this zone which 18 a species indicative of early
successiona;\communities or disturbed sites. It may be
noted thatiéé% of the total I.V.I. along the periphery was
contridbuted by D, hamiltonii wherdas it contributed only
.13ﬂ8% of the-total‘I.V.Iﬁ in the c?ntral zone. These

results are in agreement with that ﬁf Risser and Rice (1971)
and Mellinger and McNaughton (1975)\who showed that
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gpecies diversity'ino:eeeed and;déminance decreased with

progression of succession. These results also seem to

be in general agreement witﬁ the Basle hypothesis of

Margalef (1963, 1968) that eucceséion is accompanied by

increased biological diversity and reduced dominance.

Croton oblongifolium, Litsaea khaexane, Leea

sambucina, Anona wallichii, Randia densiflora and Micromelum
pubescence were the important cemponents of the shrub layer

of the forest as a whole. The dominance and diversity indices
were more or less the:eame along the periphery and the

centre of the forest with values 0.074 and 2.711 respectively,
along the periphery and'O ,065 and 2,785 respectively in

the centre. It may be noted that spee;:stffing.
ebioggggoligg 'haé very high I.V.I. value along the peripherel
gone of the forest whilst quite a fow epeciee like Agggg'
sambucina, Morinda umbellats, Phylogacanthus tubiflorus and
Steraulia ceccinia along the peripheral zone showed slightly
higher I.V.I: values compared to their values in the central
gone. In general, however; the I.V.I, values in the centre
and periphery of the fe:est are hoi\quite different because
of the fact that low density of some\of t?e speeies in the
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oentre of the forest was partly compensated by the

larger basal area (Table 3-3).~ T is would also ‘explain

similar diversity and dominance values- in these two Zones.

Panicum khasianum,v;he”ru( le ans, Hedxohi ‘
racile, Fimbristzlis dichotoma, Ahacogteris multilineata

and Pagsiflora negalensis are predominant amongst herbaceous
species with high importantevalue 1ndices (I V.I. )."
'large number of herbaceous Spscies possess more I.V 1. in
”the peripheral gone. of the forest in comparison to’ the
central zone (Table.3k4)a This may ‘be due to the lesser
number of tree species with reduced canopy cover which
permitted greater light penetration and less competition in
the peripheral zone.,

The dominance index of herbaceous species was found
%o 5e:slightly more in the disturbed peripheral zone (0.40)
in‘ccmparison to theAundisturoed'cantral zone (0.35).

R ] oww; sl

'Conversely diversity was higher in the central Zone (3 73 )~
in comparison to the peripheral zone (3.61), '

The forest at Lailad also/comprises of lianas like.

Bauhinia vahlii,§potholobos roxbu> hii, Entada'gurseetha,
Hudgsonia macrocarga and Gnetum ulasi Another interesting
feature of the forest is the predominanoe of epiphytic plants.

A,
AN
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@ 3-4 Density, frequency, basal ares and importantevalue index of herbaceous species in the peripheral
and central sonss of the forest at Lailad,

Density/n® Prequency Basal ares (on®/a®p F G
i - Peripheral Central Peripheral Central Peripheral Osntral Peripheral OCentral
gone Z0ne sone zone zone sone sone sone

Abacopteris multilineata 0.74 0.40 &7 45 1.88 0.20 7.08 6.08
Begonia thomsoni 0.34 0.20 40 i 0.18 0.10 3.88 2.50
Gyperus elegans 2.02 2,08 58 &7 1.02 0.80 18,90 18.33
Carex bascaus 0.80 0.40 80 27 0.34 0.20 8.74 4.33
Curouma lenga Q.54 0.40 30 40 0.30 0.12 4.17 2.93
Cureeligo orchisides 0.20 - 30 - 0.18 - 2.80 -
Golocasia affinis 0.20 & 45 - o112 - 2.30 -
Costus speciosus 0.86 0.80 53 43 0.80 0.20 7.18 B5.78
Caryota urerus 0.20 0.20 ' 27 0.84 0.40 3.37 5.36
Desmodium lagurnifolium 0.86 0.20 20 30 0.48 0.40 6.88 5.83
Draceens spicata 0.08 0.38 L4 40 0.02 0.42 2.54 5.19
Diomscores bulbifera 0.20 0.28 k4 30 0.16 0.18 2.05 3.99
Elatostoma sessile 0.26 0.20 30 7 0.08 0.08 2,96 i.08
Embelia mutans Q.10 0.10 23 1g 0.76 0.96 1.21 1.37
Eragrosteso pilosa 1.74 1.00 70 88 0.82 0.40 2.71 3.18
Floseopa scandens 0.18 0.04 20 k4 0.08 .08 5.50 1.19
Fimbristylis dichotoma 1.74 1.60 73 63 0.90 1.00 14.10 14.12
Globba olarkei 0.54 0.40 40 50 0.14 0.14 B4l 3.3
Gompheatemma parviflorum 0.20 34 33 40 0.12 0.18 2.88 4.38
Hedyoium gracile 1.40 0.80 a7 50 0.48 0.40 16.28 9.36
Hpdyelum cornonarium 0.80 0.88 B0 L1 0.26 0.08 g.01 7.36
Ipomea digitata .52 0.20 30 EL ] 0.08 .08 2.62 1.89
Juslicia procumbens 0.20 0.14 30 17 0.14 0.04 3.99 2.65
Iygodium japonioun 0.20 0.50 7 40 0.12 0.12 2.01 5.70
Mimosa pudica 0.40 - 30 - 0.34 - 485 -
Herrewa vitifolia 1.60 1.00 73 L] 0.08 0.04 7.08 4.89
Oplismenus compositus 1.00 1.60 73 47 0.60 0,40 11.65 7.87
Ophiorrhiza ecnreleucs 0.26 0.20 27 K 0.08 0.40 4.81 2.71
0ldenlandis diffusa 0.46 0.20 20 v 0.18 0.36 3.34 3.80
Orysa meysrians 0.38 V.26 30 i Q.80 Q.10 B.06 2.35
Pgprynium pubinervium 0.20 0.08 27 , 2 0.08 0.04 2.04 1.80
Pavata indieca 0.40 0.34 17 40 0.18 0.18 3.85 3.19
Fogostemon villésus 0.40 0.34 27 20 0.42 0.20 5.00 4.33
Phyllanthus glaucs 0.20 0.20 " 185 0.06 0.12 1.92 2.38
Panicum kKhasianum 17.54 4.00 83 87 1.80 2.00 40.83 15.53
Piper longum 0.60 0.54 47 33 0.14 0.18 B.45 4.36
Papsiflora nepalensis - — - 0.20 0.8468 20 30 1.32 0.80 10.21 11.14
Rungla repens 0.80 0.40 80 L] 0.34 0.14 6.02 3.08
Strobilanthus anisophyllus 0.28 0.20 23 20 0.10 0.10 3.30 3.08
8ida rhomboidea 0.40 - 40 - 0.12 - 3,66 -
Sailax ferox 0.686 0.40 43 30 0Q30 0.38 6.43 5.03
Thysanslaens maxime Q.20 Q.34 27 k4 0.6 0.30 2.08 4.02
Thunbergis grandiflors 0.26 0.20 27 30 0.10 0.08 2.90 2.55
Unearia sessilifrootus 0.168 0.10 17 10 0.04 0.04 1.92 1.50
Vernonia einerea 0.34 0.40 17 30 0.20 0.08 2.29 3.47

Vites assanica 0.40 0.80 40 50 0.10 0.20 2.13 4.39
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Mention may be made of species of anhids like Dendrobium
}’oost31ms] h

{SPéy gygbidi 8P etc.

- W e e N

. moschatunm, ?énda ep.~f
A quantitative ‘assessment of thesé components in the foreat

however, could not be made during ithe present study.

Phenological observations of tree species 1

Fig.gsel illustrates the phenological pattern of
tree species and the time of different phenophases in a
yeaﬁ at Lailad forest. ALl the species considered here
flowered once in a year. Most of the species were in full
bloom with beak flowering for about 50% of the tree species
in April-June and this declined sharply during subsequent .
months. Fiowering'seemsvto be associated with high moisdure
and temperature conditions and long day conditions of‘the
summer. None of the species under‘obeervations flowered
during September-January. Although moisture related factors
maj play some role in controlling‘flowerihg in tropical
trees, African studies by Njoku (1958, 1963) and Lawton and
Akpan (1968) suggest.that a change in photoperiod may be
an'important stimulus in triggering flowering.

\

_ Fruit produetion pattern is closely related to
flowering and peaked during June for the majority of the



Fig. 3—.1..:

Monthly pattern of ,phvenologi‘e‘al phases
of tree species at Lailad foreaf., ’
Flowering, @ fruiting, _O 3

leaf fall, /\ ;3 leaf flushing, A ;
(In_ggt figure shows the pattern of
atmosphe ric .t"gmperatu_lre y maximum,

® ; ninimum, O ).
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species; fruits matured and fa%l qcoured during July-
September. No fruiting ocoured during'December-February.
This again may be relgte@wat ;eééﬁygg-gérfﬁgz mfisture
status of the environment; '§ﬁ6rt;ge of soil moi;ture has
been shown to reduce the rate of enlargemenf and final
'size of fruits (Zahner, 1968). Again the wet season may
be adbantageous as greater moisture in the soil was shown
to favour better germination of seeds and seedling esta-
blishment in tropical wet and dry forests of Costa Rica
(Prankie et al, 1974), Some amount of staggered flowering
and fruiting by different species at differbgt times of
the year may also help foAavoid competition for pollination
by pollen vectors. Speclies like JAmmora wallichii, Artocar-
bus chaplasa, Dillenia indica, Eugenia sp: Garcinia cowa
and Gmelina arborea shed their fruits during~June-September
(Heinrich and Raven, 1972; Prankie et al, 1974), These
specieé shed their fruits in July during the period of
maximum rainfall which may help in fair germination and
establishment of these species;, Species like Schima wallichii
which produce dry fruits with Winged seeds, shed their
seeds in drier months_(MarchaAbril) to ensure wide dissemi-
nation by windy '

Leaf fall was maximum dur‘gg the dry months of

\
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A

Pebruary-April with 30% of the tree species shedding their
leaves. During this period about 56.6% of the total anmual
litter f2ll was contributed by_thewdiffereﬁt tree speoies'
in the»forest. The number of species shedding their leaves
remained at a steady low level in subsequent months. Corre-
lation of phenological activity with seasonally occuring
events was best examplified for the pattern of leaf fall of
different species. The period of greatest leaf fall corres-
.pond w;th relatively xefic condition of the dry season
(Beard, 1946; Madge, 1965; Hopkins, 1966; Prankie et 31,1974)
It is often assumed that flushing is partly a
function of rainfali which is evident from the Eiga13-1.
With the onéet of monsoon in the month of May«Jduly most of
the species producéd new leaves, It decreased during the -
subsequent»moﬁths, Flushing wag fairly high during June
~whioch is the early part of the monsoon season and some trees
'did not flush before the month of August after more than
three months of favourable conditions. Age is one of the
most important factors in determining the time of bud break
and flushing. Coppice shoots and young tree of Dillenia
indica (Juvenille phase) prece§:d in flushiﬁg to the old trees
of the same species, It is evident that rainfall data cannot
always be correlated with growth i {:1ation (Njoku, 1964),.



SUMMARY

Density, fregquency, basal area and importanfevalue
index of different species of trees, shrubs and herbs in
a 50 year old secondany forest at Lailad was analysed.
Since the peripheral ZzZone of the forest is more distmnbed,
for phytosociological studies this region was considered
‘separately from the undisturbed central Zone. In the
forest as a whole Dandxﬂsﬁé__ﬂﬁ Qéglligﬂi$ sSchima ﬂﬁll&QQLl
Ga.ai:am.nai.ain.dina, mgx_hgm M&W
Artocarpugs Qnanlm and Yitex peduncularig were dominant.
The early successional specles like Dendrocglamug hamilto-
nii, Mes#ua ferea, MilXusa roxburghiana and Yitex peduncu=

laris were fouﬁd to be more dominant along the peripheral
zone of the forest while species like Schima wallichii,
Castanopsis indica, and Shorea robusta were dominant in

the central zone of the forest. Crotoh oblo ifolium,

Litsea khagyana, Leea W& Aneng wallichid, ‘Bandia
densiflora and Micromelum pubesence were some of the import-

ant components of shrttb layers of the forest. The most
important herbaceious species were Panicum khasianum, erus
glezans, Eimbristylis dichotoma, Hedvchium aracile and
RPassiflora nepalengis.
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Phenological observations of tree species showed that
about 50% of the totsl tree gpecies flowered during the
months of April-June. The most favourable period of fruit-
ing for majority of the tree species was found to be
July-September while the period for peak litter fall was
during February-April when 56.5% of the fall was recorded.
The monsoon period (May—Julyb was found to be most favoura-
4b1e for production of new leaves by most of the tree speoies

in the present study.

The phytosociological studies at Lailad has been )
-related to the secondary successional communities that deve-
lop subsequent to jhum in this region. This indioates that
the peripherai zone of Lailad forest hag elemente represent-
ing 15=20 year old fallow that would develop after Jhum and
this is due to frequent buman disturbance in the forest}like
eutting down of the vegetation for fuels; The oentral zone of

the forest along represent the true 50 year old fallowo
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BIOMASS PRODUCTION OF THE FOREST AT LAILAD
INTRODUCTION

Increased deﬁands for forest produéts, the seérch
for renewable source of raw ma%erials and an increased
concern for the well being of forest ecosystems have com-
bined to stimulate study of the total forest biomass
(Madgwick, 1976 ). Biomass measurements have long been of
principal interest td ecologists, whereas complete tree
utilisation concepts involving biomass measurements are
relatively new to forestry. Biomass data are essential for
the quantitative evaluation of renewable resource potential
(Duvignéud, 1971 ) and as a source of large scale energy
supply (Szago and Kemp, 1973; Grantham and Ellis, 1974).
Biomass data have often been used for comparing plant
commﬁnities, stpdying the biological and physical processes
that affect:the;produotivity and utilisation relationships
in nature (Stanek and State, 1978)..

The work on productivity in natural and semi-natural
woodlands and in different plantations has been done by many
workers in temperate regions (West;ake% 19633 Ovington, 1965;
' Whittaker, 1966 and Whittaker and Woodwell, 1968). Rodin

and Bazilevich (1967) have summarised the pattern of biomass
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distribution per unit area for the major type of terrestrial
vegetation and*déta on biomass of different regions of the
world was>obtained during the International Biological
Programme (Moichanov, 1964; Bazilevich, 1967; Pyavchenko,
1968; Golley et al, 1969; Jenik, 1971; Whittéker, 1971). v
Although the weights of sample trees are frequently
estimated by subsampling, very little information on the
accuracy of different methods is available (Whittaker and
Woodwell, 1971; Ellenberg, 1971; Hughes, 1971; Yamakura et al,
1972; Egunjobi, 1975). Overton et al (1973) have discussed
the physical problems of estimating the weights of very large
trees. Howéver, a variety'of methods have been used for the
correlation of productidn and biomass. The estimation of
biomass of individual tree or a stand by harvest method aé
has been suggested by Newbould (1967) is not poésible in many
circumstances. Therefore most of the workers have used
allometric relations to produce organic matter production
from simple external measurements as age,diameter at breast
heighf, height and various measures of crowns (ovington and
‘Madgwick, 1959; Attiwill, 1962; BaskerVille, 1965; Ovington
gt al, 1967; Peterson gt al, 1970). The present study is an

attempt to evaluate biomass production of the various strata
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of the forest community at Lailad which is a 50 year old

stand in the secondary succession subsequent to Jhum. An
understanding of the biomass distribution of the trees and
shrubs and‘herbs in the forest is important for an understan-

ding of the structural and functional aspects of this eco-

;ystem.

~ METHODS OF STUDY

4

Biomass estimation of tree épeéies was done in a

specifiéd‘area @uring~Angust, at the time when the leaves
‘'were fully matured. Three different girth classes of dam

s
BTy -
A

major tree speciésAnamely, Shorea robusta, Schima waliichii,

Cgstahogsis indica, Artocarpus chaplasa, Gmélina,arboréa,

Garcinia cowa, MillJusa roxburgh;amgStérculié villoBa,
Dillenia indica, Yifex peduncularis and 'W'
‘hamiltonid Weré harvested,- Thrée feplicates fof éach girth
class of éaéhlspecies’were fakenvihto consideration..:After
harvest various parameters liké diameter of bole af basé,
middle and top, total height of the tree, diameter and
length-of the branches andltotal number of leaves were récor—
ded, The fresh weight of all branches and leaves were deter-

mined in the fiélds and subsamples of large branches, small

\

\



50

twigs and leaves were brought to the laboratory in polythene
bags, Small discs (2-3cm thick) from the base and top of
the bole were taken for computation of dry weight. a1 the
sub-gsamples were oven dried at 80°—85°C ‘to constant weight.
The biomass estimates far the standing crop of a given tree
species were computed using density values alongwith differ-
ent girth classeSz (Newbould, 1967) -

 For shrubs and herbaceous species'20 quadrats of
5 X 5m and 1 X 1lm respectively were 1a1d'éldng a transect
extending from the peripheral zone to the central zone of the
forest and all the speciés were harvested, These were sorted
out into different species, Sub-samples of stems and leaves
in the case of shrubs and différent species of herbs were
brought to the laboratory. These were oven dried at 80°-850°C
to constant weight. '

411 the sub-samples of trees, shrubs and herbs were

ground and stored for chemical analyses.

RESULTS AND DISCUSSION-

._\ . C ewer w

g, Max1mum biomass was produced by A. chaplasa and S.

)

robusta (577,50 and 530.00 kg/tree) for 40.1-50.0cm girth

clasé‘z Tree-ggecies like C. indica; D. indica, S.wallichii

\

\
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and G. arborea approximate the above mentioned two tree
species with 445-490 kg/tree. lluch lower biomass was
recorded in the case of other species (Table 4-1). The high
biomass for A. chaplasa and S. robusta may partly be related
to the fact that in these two species the leaf area per tree
as well as leaf biomass was higher in other species.
Castanopsis indica, Dillenia indica and Schima wallichii
also showed more leaf area, for the same dbh class which
again may be related to comparatively high biomass of these
three species (Pable 4-2).

In Gmelina arborea although the leaf area 1is compara-
tively low, probably better photosynthetic efficiency of the
leaves contributed to greater non~photosynthetic organic
matter-build up in this species. This is clear from the non-
photosynthetic and»photbsyntnetic ratio, given in Table 4-3
which was found to be more in this species compared to others.
Moreover, the high organic production by species like A.
chaglésa, S. robusta, C. indica, D. indica, S. wallichii and
G. arborea may be also due to their height which enable them
to exploit the light resources to the maximum. These specieé;
generally form the overstrey .of the forest whilst others like
G. cowa, M. roxburghiZwe,S. villosa and V. geduncﬁlaris are



Tabls 4=1, Total BY af plant de in qiffevent
diameter m-lu by major tree specles and
. hamiltonii at Lailad forest with standard
arrorss
=N
Diameter | Height
Species Claases (=) E""““ “‘H:“) Potal
(em) Bole { Branches { TDeaves
b e
10,1=20.0 16,50 80,60£16495 28,5 9 A+B081,24 113,90
Artocarpus chaplass X IR0 immoomronss  9-00bies 1bimiced 205,60
27.25 07, 6042160 135.50815.60 17.006%.50 454,51
31.50  390,00031,60 166,00£24.30 21.5087,10 7750
S - = -
Castanopals indiea 19,75 150-90315-55 51.50811.81  B.36#1.65 210,78
27.87  263.06%22, 63.34£11.00 10.4643,84 336,84
32,33 !Tﬁ.‘!t!i-ﬂ 98,48821.50 15.757#3.40 490,66
Frod R v g seodthds  Lanew A
- N «41%0.
Dendrocalemus hamiltonii IT06 9l08e1.70 203280.05  1.86s0.05  13.27
18,45 12.0881.78 2.58¢0.07 2. TOEO, 04 17.36
10,1-20.0 - - - - -
Dillenis indica 20.1=30.0 13,85 1.\9.9}:21.50 A3.B5T11.80  B.a%H2.80 201,79
30.1-40.0 22,15 257.66% 0 99.55¢18460 16.5004.00 57371
40.1-50.0 30,37 528‘53!40-55 123,00¢21.00 20,87+7,00 412,50
10,1-20.0 - - -
Gmeline arbarsa ﬂ 3G, 13.03 44,0%9,00 121844450 hﬁ'}tﬂsi‘! 57,74
20,88  147.22+17.50 46.35¢ 4246 527080, 50 199,27
m |-5o. 28,97 326.B1428,50 108,43+19.00 9,50+2.00 445,14
10.4=20.0 9.93 52-08+6.80 11.87¢4.20 2:97340,56 66,88
Garcinis cowa 20.1=30,0 15,08 HB.OEQH.!CI 39.25+7.50 5e0%40.90 172.9%
30.1-40.0 21,50 216, 2700 722506900 Ta7081.50 296,20
40,1=50.0 - - - -,
e 10,1-20.0 16,07 59,09:9.00 16.5554 .80 32T6+0,60 79,40
Miluaa roxburghiens g;.!—j_;.%__:{d S03 121.45513.00 43.13:7.80 10.17£2.80 174.75
=40, - - 3 %
A0, 1=50.0 - - - -
10.1-20.0 - - - -
Schima wallichii 20.1-30.0  19.66 120.50+12,50 37.50£8,00 5 TE1.60 163,17
30 =40.0 22.8% TH6.67FZ) S0 F3TEY W00 ATE1.,50 386,51
40 1-50.0  34.67 340.33:33.50 117.67¢21.00 0+2.10  470.50
10.1-20.0  13.33  64.45:9,80 13.26¢%-50 81.58
Shores robuata 20.1-30.0° 16.93 132.73:18.C0 39,988 4.00 182.273
3C.1-40.C 23,33 261.67¢3C.10 97.00¢13.80 375.50
40.1=50,07 %3.40 350.00£39.80 158.50:20.80 §30.00
Sterculia villoas 14. ar 65.48:7.50 90.30£3.80 87,28
30e1-20.0 16 75,0042, 40 21,0043, 10 111.10
30,1500 21.90 19%.0018.00 30,0080 232440
10.1-20.0  11.68 35.71£3.80 12.60£2,0C 50,61
Vitex peduncularis 20.1-30.0  1B.05  93.72£9.21 29.91¢%.C0 5.48:1.20  129.11
3C.1=40.0  23.10 179.00£11.50 58.00+5,80 Ba1C31,20  245.10

404 1-50.0
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Table 4=2, Leaf biomass, number and area of major
tree species and D. hamiltonii at
Lailad forest.

“\

tonii

| Dbh § No. of '} Lesf area! Leaf {Indivi-
i (cm)§ leaves/ | (m2 /tree)} bio- idunl
1
Species 4 i tree i ‘ n(l?c;? 'iizﬁ
' |
5 P : ' tree)'(cm2)
: .'v L | [] l
Artocarpus chaplasa -‘4590 f 8400 252,00 21,50 500
Castanopsis indica  45.0° 19255  208.53 ' 16465 108
Dillenia indica 43,0 5TT5 144,37  20.87 250
Gmelina arbowea 45,0 8067 83.19 ' 9,90 110
Garcinia cowa 35,0 13167 98,75  T.90 75
MilZusa roxburghiana . 25,0 20333 46,76 12,20 23
Schima wallichii 45,0 18000 127,26 12,50 71
Shorea robusta 45,0 12000 165,60 21,50 138
Sterculia villosa 45,0 3815 76,68 8,10 201
~Vitex peduncularis 35,0 16200 32,40 T7.63 20
Dendrocalemus hamile 7,5 1941 42424 2,70 218
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Table 4=3, Biomass relationships of different plant
fragments on a percentage weight basis.

-

o

5 Dbh Cias- 3_ Eolé sbranches, Leavess Non-photo-i
Species t ses (em) § (2) § (#) ' (#) ! synthetic/
SR H o i H - 1 photosyn=
. K ‘- : ! thetic
s. .i-‘ g 4 j i'ratio‘ 
T10,1=2040 70,260 25,05  4e21 22,75
Artocarpus chaplasazo.1 -30.0 . 69.12. 26.37  4.57 . 21,70
7 30:1=40.0 66,81  24.49 . 3,70 26,03
40:1=50.0  67.65 2679 3.59 27,09
10.1=20,0 = - .-
Castanopsis indica 20.1=30,0 71,60 24,45 . 3.97 24019
¥ 30.1+40,0 78,10 18,80 3410 31026
4001“5000 76072 20007 3021 30015
10 1920,0 = - e -
Dillenia ind:l.ca 20 1"300 74018 21063 4-019 22087
- ) 3001"'409_ 68.95 26064 : 4042 21063
- 40,1450,0 69.55 26,03 4042 21062
10.1-20,0 = . = - -
Gmelina arborea 20. 1~30 0 76,26 21°09 2065 3674
300 -40° 73988 23 26 2076 33097
40_01.-500 73642 24?26 2024 43065
o 10,120,0  77.87 17,74  4.30 2165
Garcinia cowa 20.1=30.0 74,39 22.70  2.91  33.36
3091"4090 72092 24048 ' ‘2060 37046

4041=50.0 - _— - -
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Spegies

‘Dbh Clag-

ses (om) .

Borrerrescyr

Bole
(%)

—
Branches ¢Leaves

@y

Non=-photo-
synthetic/

' photosyn-

thetic

"vratiO' '

Milusa roxburghiansa
Séhima wal}ichii,w
Shorea robuste

Vitex peduneularig

! ecescscnns o

“40s 20,0

206 1%30,0

73031440;0

404150, 0

10,1=20,0 - |

206 %3050

30,1«40,0

40;1f56;0

200 19300 0 :

3 Qp 1=4 Q.o 0

4Q91?50’o
10.1-20.0
20;1*36{0
300 4=4C.0

40,1-50.0

© 10.1%20,0

g terculia villosa

Dendrocalamus
" hamiltonii
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shaded and are components of the next layer down below. Dry
weight of trunk, branches and leaves of each tree was found
to increase with increasing dbh or age as estimated in the
present case.,
_ The standing crop biomass (Table 4-4) which was cal-
- culated with the help of density (Tabled#¥) of each species
in one hectare shows that the maximum biomass was -contributed
by S. wallichii, C. indica and S. robusta. Theihigh standing
crop biomass in these species was due to their higher density
in the forést, Whereas species like A. gggggggg and S.
robusta gave high standing crop mainly due to very high values
for individuai tree species, fairly high values for D.
hamiltonil and M. roxburghidimwas due to a high density of
these species particularly along the periphery of the forest
as also diécussed below, |

The pattern of biomass distribution in the forest for
the important species can be related to the age of the
forest as well as to blotic disturbances along the periphery.
0f the fotal biomass, only 35.,33% was along the periphery and
the remaining 64.67% was along the centre due to greater
épecies diversity here.: Schima wéllichii, Castanopsis indica
and Shorea robusta contributed largest share of the biomass
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Table 4-4: Standing crop biomass contribution by major
- tree species and D. hamiltonii in the forest

at Lailad.
—
. [ ]
| ]
Species ' Biomass (t/ha)
| H
Artocafpus chaplasa ~{k A o ; 6447
Castanopsis indica *~ ‘ 33.84
Dendrocalamus hemil tonii ‘ 5028
Dillenia indica 4T
Gmelina arborea 3031
Garcinia'cowar .ﬂ . ' S 3.54
Milusa roxburghiana ‘ , 5047
Schims wallichii | 550 03
Shorea robusta =~ ' 14,90
Sterculia villosa _ ‘ 3465

Vitex peduncularis !’ - ' 1037




T om , ;
| | |
s

in the peripheral zone and in the central zone. '’ HoweVér,
these three species contributed more than two folds in the
ceritral zone of' the forest compared to the'peripheral zZone.
Besides,”thé'biOmass/ha was also significantly‘highef'iﬁ'the
central zone in the case of A. ghaplass, Y. eduncularis, D.
indica, G. arborea and G. gowa alsé. This increased biomass
contfibutidn-by thése species ih‘thé‘céntrai“zone'iS‘dﬁe'to.
both increased ‘density and individual biomass in the case of
'all these species.  The greater biomdss contribution Bj Ds
hamiltonii and M. roxburghi#halong the periphery of the forest
was to their high density andifrequency hefe (Table 4~5)s

' Leea sambucina, Annoﬁg wallichii, Sterculia codcinig,

Litseae khasyana and Croton oblbng;foliﬂm account for the

largest biomass contribution by the shrubs in the forest, Of
the total biomass, 54:28% was due to shrub along the
peripheral zone of the forest and the remaining 45.72% was
due to those in the interior zone. This may be related to
high biotic distuibances in the périphery, Large proportion.
of biomass in the pefipheral Zone was due to L: sambucina,

S. soccinia, A wallichil, C. oblonzifolium and L. khasyens

and in the interior zoﬁe, L. sambucina and L. khasyana
contributed most. Ahggng wgl;;gn;;‘ Croton ablgggigolium,



Table 4«5, Density, frequency and biomass contribution by major tree species and
D¢ hamiltonii in the peripheral and central zones of the forest at
I2iTad (velues in parenthesis represents the percentage of the total

1 zone{ zone
[ 3

¢! ral zonejzone
. ]

e
4

amount). | :
r— . ¥ Y . :
| E Density/ha ! Frequency ¢ ‘Biomags (kg/hs)
Species {"Periphe-y Central! Periphe-sCentral! Peripheral zonei Central zone
{ ra ' ‘ ' |
L.

Artocarpus chaplasa
Qasﬁanopsis indica
Dendrocalamus hamiltonii.
Dillenia indica .
Gmeliné arborea
Garcinia cowa
Milusa,roxburghiana
Schima wallichii -
Shorea robusta
Sterculia villosa

Vitex peduncularis

‘\

{24
2
.770
16
12

18

90

144

62
20
44

16
}26
350
12
16
28
32
204
90
8
32

4

28

54

1

21

15

68
60
29
21

14

32

21
U

43

29
36
89
50
11
49

3796020 (1.38)

22484012 (8417)

6914580 (2,51).

4594458 (1.67)

2033,80 (0,74)

1967.34 (0.71)
6185.68 (2.25)

9124420 (3.32)
145199.92 (16.42)
3638.20‘(1532)
2939.42 (1.T1)
458916 (1:67)
5118:68 (1.86)
4744.52 (1.72)

35113.96 (12.76) 74900,38 (27.22)

8416030 (3.06)
4674.76 (1.70)
1052.,10 (0,38)

21395.94 (777)
2614440 (0,95)
1§698,70 (0.62)
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Sterculia coccinia, gctirodepninefangustifolie end Micromelium}‘

pubegcense had higher biomassﬁha’aleng the peripheral zone

compared to the interior zZone whereas the reverse was the case

for species like L. khas'ana,'L. gsambucina and R. dengifiora.

It is also ‘gignificant that density and’ frequency of shrubs

in general was much higher along the peripheral zone than in

the central zone (Table,é-ﬁ). of the ‘total plant biomass in

the forest as a whole 64/51% was in the Zcéntral’ zone and

only 35.49% was along the peripheral zone. Of the plant

biomass alohg the éeriphery, shrubs and herbs contributed

larger share Whereas trees contributed most in the centre(7ébk4ﬁa
. The total biomass of the: ‘study area which was recorded

by the present worker was 137 X ‘10 kg/ha.- This was lower

‘than the values reported by some other workers in tropical

forest (Greenland and Kowal, 1960; Ogawa et al, 1965; Kliﬁge

et al, 1975; Papp, 1974; Johnson and Risser, 1974); Art

and Marks (1971) and Rodin and Bazilevich (1966) reported

45-75 X 104 kg/.haf"fﬁ in natural tropical forests, while

Whittaker and Likens (1973a,b) in their review reported a

mean value of 3?-45 X 104 kg/ha biomass for some tropical and

seasonal forests. However, the present values'lie between

60~350 m t/ha reported by Whittaker (1975) for some temperate



Table 4-6s Density, frequency and Biomass contribution by shrub layer in the pheripheral

and central zones of the forest at Lailad (values parenthesis represents

percentage of the total amount).

the

Biomags (kg/ha)

5— ﬁensify/ha _;grequ?ncy v v _ 8 |
{Poviphery Centrd § Poriphes Contrall Zariieral soncjCentrel sone
Anoma Wallichii T2 48 50 40 196,20 (6.17) 65,40 (2.06)
Actinodaphhe dngﬁstifolia ~96  104 70 73 141,60 (4.46). 94,40 (2497)
_cioten oblongifolium 240 120 60 53 184,00 (5.79) 147,20 (4.63)
Combretum decandrum 160 ‘BQ ‘ 40 30 127.40' (4.00) | 72,80 (2.29)
Litsea khesyana 160 120 73 40 186,00 (5.85) 248,00 (7.80)
Leea sambucina 104 136 27 30 265400 . (8.33)  371,00(11.67)
Morinda uﬁbellaté , 120 120 37 30 15t§§0 - (4475) - 108,00 (3.40)
Phlogacanthus thyrsiflorus 160 80 47 30 208,00 (6.54)  124.80 (3.92)
Rendia densiflora | 160 200 60 87 73,60 (2,31) 92,00 (2,89)
Others 193,00 (6.07) 131,24 (4013)

19
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Table 4-=7. Biomags Contribution by major tree species,
shrub and herbaceous layers in the periphe-
ral and central zones of the forest at
Lailad (values in parenthesis represents the
percentage of the totali iamount),

Biomass (t/ha)

Different layers : -
: Peripheral zone

b--ioo-;o;- o

Central zone

TYYYY:

Tree | 97.234 177,984
| (35.29) (64.59)
Shrub - L0172 0,146
| (0.06) (0.05)
VHe:baceous o ' 0,008 : . 6;004

(0,03) . "~ (0,01)




b3J

\

evergreen and tropical seasonal forests and much higher
than that for temperate coniferous forests (Akai et al,
1968; Smith et al, 1971; Hegyi, 1972; Switzer and Nelsen,
'1972; Nemeth, 19723 Ralston et al, 1972).

Relationships between morphological growéh para-
meters vizy diameter (dbh) height and diameter square X
,height (dzh) on the one hand and biomass of individual

~5

tree species as well as fractional plant parts on the ether
hand was found to be highly significant. Linear regression
equations have been derived with the best fitted parameters
for total biomaés of 1nd1vidual trees as well as for fract=
ional plaht parts of all the major tree species except

D. hamiltonii where'signifieant correlations wére found with
dbh only but not with height (Fig. 4 - 1,2,3,4,5,6,7,8,9,10,
11,12). This mgy be explained by the fact fhat this species
attained its magimum height within a short time of establiéb-
ment while the biomass increment was not so rapid but

increased gradually with age.

SUMMARY

The dry matter production by different strata in the

forest namely trees, shrubs and herbs was estimated. fhe
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total eﬁogntiof‘biomass contributed by the forest as a -
wpele was found to be 137xlbakg/haa ‘Out-of this tote;f
99.84, 0,12% and 0.04% was dile to trees, shrubs and herbs
respectively. Maximum biomass/tree was recorded for

Artocarpus glasa and Shorea robusta (677,50 and 530,00

kg/tree respectively) for. 40.150.0 om girth class. The

maximum standing biomass was recorded for Schima wallichii,

Castanepeis indica and Shorea robusta with 55.03, 33.84

and 13,80 t/ha, respectively.‘ Various parameters. like
leaf area, weight/leaf and non-photosynthetic/photosynthe-

tic ratios were workedxput for various tree species.

Biomasgs distfibution in the central and periphe«
rel zones were 64.67% and 35.33% of the total, In the
foreat as a whole maximum bilomass contribution wae due to
. Schima wallichii, gggggggggig indica and Shorea rebusta.
© . Dendrocalamug hamiltonii and Milinga roxburghiana contri-

buted more biomass aloag the peripheral zone of the forest

in comparison to the central zone. 54.09% and 66.67%
5respectively:ef the total shrub and herb biomass Qae along
the peripheral zowe of the forest. Linear relationships
were worked out for di?ferent tree species by taking three
,1ndependeﬁt variables, namely dbh, height and d?h with
different dependent variables like bole, branches, leaves

and total bdomass.
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Fig. 4-1., Relationship between dbh and above

ground biomass of different tree

specles.
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Pig, 4-2, Relationship between dbh and bole

biomass of different tree species.
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Fig: 4-3, Relationship between dhh and
branch biomass of different

tree species.
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Pig. 4-4. Relationship between dbh and leaf

biomass of different tree species.
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Fig; 4= RelationJPip between height and
‘ above ground biomass of different

tree species\.
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Fig. 4-6. Relationship between height and
bole biomass of different tree

species.
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Fig. 4-7. Relationship between height and
| "ﬁbrénch biomass of different treé

species.
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Pig. 4«8:- Relationship between height and leaf

biomass of different tree species.
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Pig. 4-9. Relationship between d“h and above
ground biomass of different tree

species.
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 Fig, 4-10, Relationship between d°h and bole

biomass of different tree speciess.



Bole biomass (kg/tree)

400

300

‘ W)
O
, O

200

100

-

Shorea robusta

. . r= 0'961

Gmelina arborea

D2 h (cm?xcm)

r=0.970

| 1 r . ] J

1500 3000 4500X10° 2500 5000  7500X10°
- Schima wallichii ~  Dillenia indica
-
r=0-900 r=0.973

| L L, 1 1 —

2000 4000 6000 7000x10° 5000 7500X103

2500

D2h (cm?* xcm)

Fig 4-10
Castanopsis indica '

r=0.970

L 1 L

3000 6000 9000 10500X10°

Garcinia cowa

1 i J

1000 2000 3000X103
02 h(crméxem )



Bole -

biomass ( kg /tree)

" 300r

Vitex peduncularis

Fig. 411

Sterculia villosa

300
200
100
0 1 ! e
2500 3000 7500X10
0 ——1 > —) 3+ Artocarpus chaplasa ,
1000 2000 3000x10
. P
3001 Milusa roxburghiana o $
A
<
&
200 5
100
r=0-963
O 1 1 ] 3 o | ] ]
1500 3000  4500X10 2500 5000  7500X10°

D*h (crixem)

D?h(crd xem)



Fig, 4-11. Relationship between a®n and
| branch biomass of differeht- -

tree specles.
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Figﬁ 4-12. Relationship between d°h and 1eaf

: |
biomass of different tree species.

|
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CHAPTER 5

LITfER DYNAMICS
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LITTER DYNAMICS -

INTRODUCT;ON

‘Studies on litter production and ite decompoeition '
are quite important for proper understanding of energy e
flow; nutrient cycling'and primary prbduetion in‘woedland
ecosystems (Ovington; 1962; Newbould, 1967)." The litter
condists of dead or decaying leaves, twigs, branches; flowers,
fruite,'bafk'and‘other'debris,"‘Out of these, leaf happens
to be the major source of litter whieh'may'fallwseannally';
as in the caSe‘ef deciduous trees or it may continiously
accumulate throughout the year as in evergreen forests. Thus
the nutrient locked in the litter are once again made availa=
ble to planfs., -

' Considerable emphasis has, therefore, been made on
the studies related to litter accumulation and its decomposi-
tion 1n'var1eue‘parts of the world. Although there is a
large volume of 1nformation on thie aspect, much of the
published work was reviewed by Ovington (1962), Olson (1963),
‘Bray and Gorham (1964) and Rodin and Bazilevich (1967), But
most of the work on'litter:pr duction has been done in

temperate forests, Lack of data on annual‘figter production
- . . \ ’ N .o .

o
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in tropical forests is ev;dent from the fact that a compre-
hensive review of world ;1terature}by Bray and Gorham (1964)
contained only few referenees.en tropical forests. In

tropical Africa nutrient”cbntent_of”iiﬁférwfall was studied

by Laudelout and Meyer (1954); [Nye (1961), Hopkins (1966),
Bernhard (1970) and Egunjobi (1974) Por purposes of faci
1itating comparison of data from many different ecosystems,
total annual litter budgets are preferred by many workers,
‘though submodel budgets for major litter components usually
are available in most recent studies (Carlisle et al, 196623
Sykes and Bunce, 1970; Gosz gt al, 1972.), In most of the
1itter production studies of the worl%,muoh emphasis has
been given on the leaf litter only but a few attempts have
been made touaecount also for wood litter production (Carlisle
et al; 19663;Duvigneaud et al, 1969; Anderson, 1970; Hughes,
19703 Rockhow, 1974; Nielseng 19773 Christensen, 1977,1978).
| The 1itter which fall on the ground is decomposed
slowly and forms the major source of energy and nﬁtrients
for the plants and soil organisms of the ecosystems. Decom=
position itself is a very complex and often prolonged process
and the rate constants varying with the nature of the sub-
strata and the characteristics\ f the enwvironment (Satehell,~

1971). Much attention has recently been made to different
\
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techniques devised for the study of deoomposioion and to
estimate the rate of decomposition of different types of
plant litter in different climatio zones (Edwards and Heath,
19633 Wiegert and Evans, 1964; Witkamp, 1966b,Edwards et al,
1970; Van Cleave, 1971; Gosz et al, 19733 Millar, 1974;
Suffling and Smith, 1974; Lousier and Parkinson, 1976).
Related to the phenomenon of decomposition is another
process called soil respiration which has long beenfOOnsiweréd
"as an index of soil metabolism. The degree*to whioh.oarbon
vdioxido'escapes from soil is often taken as a measure of the
microbiological activity occuring in the. soil (Mina{'lesza
Witkamp and Frank,;1969; Mocfadyen,,1970: Anderson, 1973p). It
is noteworthy that in many'of the publications a direct
relationship between microbiological aectivity, QOZ production,
temperature and moisture has been shown by a number of workers.
(Witkemp, 1966 a;b; Wiant, 1967a; Beiners, 1968), |
 Although the study of litter-production is of great
~significance in forost.eoology‘not»much work has been done
on this aspect'under Indian conditions. In India estimation'
of anmial litter production in deciduous. and some evergreen
forests has béen made by Champion (1936), Puri (1953),
Upadhyaya (1955), Singh (1962a,b), Seth et g; (1963) and Singh
(1969), The present study is an attempt to estimate the leaf
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and wood litter production and decomposition rates in a

humid sub-tropical forest af an elevation 296 m at Lailad
(250457 and 26°0"N Jatitude and 91°45" and 92°0" E Jongitude)

which is a 50 year old stand in the successional series.
METHODS OF STUDY Ce

Preliminary observations showed that litter traps

| (Newbould, 1967), were damaged by wild animals which are very
ﬁcommon 1n these forests. In the study area 20 1m2 permanent
‘quadrats were marked randomly. mnrbaceoue species along with
all accumulated old litter was removed at the very beginning.
A1l the quadrats were demarcated using Wooden frames. The
litter accumulated in these frames were collected at regular
intervals of one month in polythene bags and brought to the
iaboratory. ‘The“wood 1dtter Was‘separated from the leaf litter
~ and the latter was sorted out in:different'tree'speciee.}The
litter from some of the rarer treevepecies, all shrubs and
olimbers Wae hulked‘under a niscellﬁneods category. The
litter was oven dried to a constant weight at 80°~85°C and
weighed.~ It was ground, passed through a 20 mesh secreen and
stored at room temperature in eealed plaetio containere.

The litter accumulated and that partly decomposed on
the forest floor 1n the month of April 1977 was weighed (after
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oven drying at 86°~85°0 gor 24 hours) fromlso randonly
placed im quadrate. The ratio of the ‘mean 1itter on the
ground aivided by the annual litter fall gave an approximate
jdea of the rate of docomposition of the 1itter (Hopkans, 1966 ),
Por detailed study of tho rate of decomposition of |
leaf 1litter of individual opeeies litter bag method was
adopted {Shanks and 0Olcom, 1961), The frosh lecaf litter was
collecteé in Apﬁil.whea the maximum litter f£all ooccured and
‘gorted out into five i&poétant tree species, nanoly, Shorea
gggg_gg Schima alliohil, Castanopgis indica, engrogalgggg
baadlionid and éggoca:gus chaplasa. fThe remainder consisting
of a mixture of species was bulked inte ong category as
niscellancous. The litter was air dried in the laboratory for
about threo weeke. 30g of leaf litter of cach species catogory
‘'was kept inm nylon bage of 10 X 14ca with lan nooh size
(Suffling and mith, 1974), Over 50 bags of each spocies
wore proparod and kept on Sdféprzl 1977 on the forest floor
after removing thé organic layer from the groumnd, The litter
bYags wore randomly placsd atleast 6m away from tho nearsst
$ree trunk of that speé&ea. The miscellancous ea%egcrg qf
litter bags were placed randomly but irrespective of aﬁy tree
spocica. - The litter bags of difforent categories of littor



70

we¥e kept apart from each other at a distance of about
1020 metres. At the ehd,of each month three bags of
.each category representing three;rep%iggtiiwggﬁe iemo?ed
randomly and placed in polyﬁhene bags carefully avoiding
spillage of decomposed material, ;n the laboratory the
nylon bags were opened carefully aﬁd alY*extranidous matters
were removed by washiﬁg. The washed litter was oven dried
for 48 hours at 80° - 85°C and weighed. The weighed litter
was ground and stored for chemical analyses. _

To evaluate the rate of decomposition of wood the
method given by Yoneda (197§§mwas uséd.'Freshly fallen,

: undecompoéed air dried,woéd pieces of moderate size (3-4 om.

diameter) of five species, i.e. Shorea robusta, Schima

wallichii, Castanopsis 1ndigg, Dendrocalamus hamiltonii and

Artiogarpus chaplasa were collected from the forest floor

in the month of April. These wood pieces were cut into 12 cm.
long pieces and air dried for about 3=-4 weeks. After taking
the initial weight of each piece, these were tagged properly.
over 50 wood pieces of each species were taken for the

study. These pieces were kept under the~canopy of each
species on 30 April 1977 aftér remo#ing the organic layer.
from the forest floor. They were ranQomly placed at least

6 m away from the nearest tree trunk of\that specles. At

A
\\
\r.
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monthly intervals, th:eq'replngyee of each species were
brought to the laboratory 1n'po;ytpene bags,f These were
then washed and oven dried at 80° - 85°C for about 48 hours.
After weighing, these wood pieces were ground and stored
for chemical analyses. ‘ -

To measure the rate of decomposition by G0, evolution
process, a method used by Yoneda (1975 I, II) was adcpted
with slight mod;ficatio£§“ 50 ml of 1N KOH 4in a smail beaker
was kept for 24 hours gnder a covered métallic cy;indeerf
15,5umdiaméter under two types of situations, (1) The beaker
was direofly on top of the mineral soil after removal qf’the
litter and (ii) the beaker was placed directly on the littef
layer, One set served as th§ blank for whioch the beaker was
placed on a wooden platform lined by a layer of polythene |
sheets All the experiments were replicated 3 times, After
24 hours the KOH was titrated against normal HCQ by using
phenolpthaline as indicator,

RESULTS AND DISCUSSIONS
Litter g:qductiog 3
The total leaf litter contributed (1977-78) by the

tree speclies along with that due tp the wood is shown in
Table 5«1. The total litter produckion in this mixed natural




Table 5"'1 °

Annual leaf litter contribution by indivi-

dual tree species and total wood litter
centribution (kg/ha) at Lailad forest

(1977«78) (Figures in parentheses are per-

centage of ‘the total litter).

'Annual leaf litter/WOQd

'litter producticn (kgrtha).

Leaf litter: -

. Artocarpus chaplasa . .

Castanopsis indica

-‘Dendrocalamus hamiltonii

Dillenia indica
Garcinia cowa

A Machillus khasiana
' Mes#ua ferrvea

Wood

Miluga roxburghiana
Shorea robusta
Schima wallichii
Sterculia villosa
Vitex peduncularis
Other species (leaf)
(miscellaneous)

;ifterg-

Branches, twigs.and barks.
(all species

g

153.36. (2.79)
368,80 (6,69)
564,40(10,23)
29,15 (0.53)
96,90 (1.76)
4052 (0.81)
27,30 (0.49)
226,00 (4.03)
470,70 (8,39)
555,70 (9491)
45,50 (0,81)
40,00 (0.71)
1663o27(29o63)

(QO

1267.40(22,80)

Total

5513, 00



humid sub-tropical forest was eé@imatedjto be»5.5_t/ha/yr/.

" Out. of this totalvlitter; 1q§fhlit?§r alone. comes to 77%

and the remaining 23% represents wqqdrlitter. The amount of
fotal litter seems to be slightly«loweerhan-thagvalues
obtained for ofher humid tropical forests. Thus, the litter
production was shown to range between 6.8 to 10.0 t/ha/yr/

in the case of humid tropical forests of Wesf Afriéa |

' (Cornforth, 1970), secondany forest at Kodéqi; éhana (Rodin and
Bazilevich, 1967 and mye, 1961) ‘and - for three Columbian forests
(Jenny et al, 19493 Fblster and Salas, 1976).. Much higher
values between 8:3 to 14 4 t/ha/yr/ have also been reoorded

by Mitchell (eited by Bray and Gorhem 1964), However, the
value obtained during the present study is much in excess of
3.8 t/ﬂa/yr/ recorded by Cariisle et al (19663) for a mature
‘sessile Oak (Quercus petreas) woodland of England and. the

average“of values given for temperate forests by Bray and
Gorham (1964), The range of values for litter production in
tropical and sub-tropical forests obtained by different
workers are summarised in Table 5=2,

A number of facts contribute towards determining litter
- production by different species. Kira and Shidei (1967)
pointed out that longer the avefage life span of leaves, the



Table 5-2. The amount of dry matter (t/ha/yr) in some tropical and
sub=tropical forests.

= v ~ v Y
o H H H |
| Source 'g_ Lpéation ; gi;e:f i %fgnpfyZZ§§§&§ Dry‘weight
Laudelot and Meye;A(1954) Zaife 3 Mature 12,3«1543%
- - - Young second- 14,9%
| ary - ‘
_Nye (19610 Ghana 1 40 10,5 .
Klinge and Rodrigues (1968) Bfazil , 1 Mature To3
Bernhard (1970) Ivory Coast 4 Mature To2-13.4  _
Ewel (1976) Guatemala 7 1-14 4.6-10,0 %
Ewel (1976) e 1 ‘Mature 9.0
Kitazawa (1967) Japan - Mixed stand 9,25
Singh (1968) Ihdia 5 Maturé (undis~- 1.0=6,2
turbed)
Present study (1977-78) India 1 Mature 650 5.5

# Alr dried.
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greaterlthe=leaffbibmass per unit’aregf The size and

weight of the leaf élso plays an important role in this
regard (Bell et al, 1978). Among the phyto-physiological
factors, densiﬁy, basal cover and canopy exposure are
important parameters. to aséesé productioh'of organic matter
in the forests (Van Cleve and Noonan, 1975): The maximum
peréehfage of leaf litter in the present case was contributed

by Dendrocalamus hamiltonii, thima wallichii, Shorea robusta

and Castanopsis indica with values 10.2%; 9.9%, 8.4% and
6:7% respectively: The higher percentage of leaf litter |
contributed by D. hamiltdnii'may be attributed to the fact that
it has maximum density (560 per hectare). However; this
rspecies mostly restricted to the peripheral zone ; of the
forest where biotic disturbances like felling for firewood

and some amount of accidental fire oceur, It may be noted
that D. hamiltonii is an early successional species during
secondary succession and 1s predominant in the forest only
upto a period of 20-25 years: This would explain the pre=-
dominance of this species along the periphery of the forest:
D. hamiltonii in the central zone %f the forest is patchy

and the production of organic matter is also less (Fig. 5<1).
The distribution of total 1itter in the peripheral and central



Fig. 5-1. Density distrubition of Dendrocalamus »

hamiltonii in Lailad forest.
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zonesbof the forest showed that out of the total amount

(5,5 t/ha/yr) of the leaf and wqod}iifté; 46:§gﬁawas present
in the peripheral zone and the gem%ip;ng 59.05% was present
in the central zone (Table 5-3). MAlong the peripheral zone
Ds hamiltonii contributed a<1érger proportion of litter,
compared to the central zone; 3s discussed elsewhere,. In

the central zone maximum litter production was by S. robusta,
- S« wallichii and C: indica with percentage contribﬁtion of
13.05, 9§88, 7455 reSpectiveiyg' These represent comparatively
late successional species and therefore they are important
components of the central zones; In the older and undisturbed
central zone of the forest; wood litter production wes greatex
.compared to the peripheral zone. Other tree species, namely
5 Halllchil, 3. robusta and’g; indica arranged in the order
of 1itter production had densities of 174,75 and’ 104 per
hectare and basal area cover of 17,17 aﬂd 15 m2 per hectare.

. The nigh litter production in the case of Shorea robusta
inspite of comparatively lower dGensity and basal cover values
may be due to greater leaf size and leaf‘dry weight as
indicated in Table 5-4. In general. litter fall pattern

f followed the IVI values given in Table 3=-1 and agrees with
similar correlation reported by Bormann et al (1970)«
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Table 5~3, Distribution of litter along the periphery
and central zones of the sub-tropical
forest at Lailad (kg/ha/yr) (Figures in
paranthesis represents the percentage of

the totel litter in each zones).

- , H
Peripheral zone?-Central zone

> ® @ o of

. Speciea' 

) H

Leaf litter:- -

102,24

. Artoaérpus chaﬁlasé | - 204,48
o (2.26) (3014)

Cagtanopsis indica: 245,84 491,76
B N (5444) (7.55)
Dendrocalamus hamiltonii 846.60 282,20

| ) | (18475) (431)
Dillemis indica 25,16 33,14
Garcinia cowa 48,80 145,00
(1,08). (2.23)

Machillus khasiéha 4,04 5,00
(0.09) (0,08)

Mesdua ferrea 40,20 14,40
g (0.89)" (0.22)
Milﬁsa roxburghiané 311.34 ~' 1?0066
(6.89) 2,16)

Shorea robusta '261.86, 849054

| . (5.80) - (13.05)

~ Schime wallichii 297.80 < 6?3960
9.88)

(6.59)



Table 5-3 cont'd.

8

Species

& P.-.‘-

Peripheral zone

jo w0 2 @ o0

Central zone

Sterculia villosa
Vitex_péduncula;is"

Other species gleaf)
(miscellaneous ,

Hood litter:~

Branches, twigs, barkse.
(21l species)

64466
(‘1 043)

36,60
(0.81)

1530554
(33.88)

701,00
(15.52)

26034
(0.40)

43,40
(0.67)

1796000
(27.61)

1833,.80
(28.16)




Table 5=4,

Annual leaf 1littér production, individual

79

leaf area and dry welght of leaves of some

important tree species alongwith standard

errors 2t Lailad

fo:est.

" Litter pr6§71ndividual;

L H Dry welght/
Species { dution 1 leaf area ! leaf
i (en/w2/yr)} (em?) |  (am)

Artocarpus chaplasa 15034+0.73 300865,55  2,500:1,30
Castanopsis indica - " 36.88+1,06 108+40500 = 0,943#0.14
Dendrocalamus hamiltonii . 5604&?10217A218f57o72 - 1.56020,85
Dillenia indica -  2,9140.28 250060.38  1,85040,76
Garcinia cowa 9.63H0.44  T5+15,00  0,45000.15
Machillus khasiana 0.45+0, 34 2046,80  0,35000.10
Mesgua ferrea .  2e73#Ce15  1823.80 - 0.300#0,12
‘Milusa’ roxburghiana 22.60#0.38  23#5,50 - 0,08340,05
Shorea ‘Trobusta 4T.CT21.36 138#30.40 1.,649+0.85
Schima wallichii 550574199 71417465 0.50080.25
Sterculia villosa 465580030 201455,88  0,750#0.35
Vitex peducularis  4.00£1,04 2084033  0,250$0010
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The seasonal pattern for Ieaf and wood litter is
shown in Fig. 5-2.» Although the litter continuously fell
‘ throughout the year a clear monthly pattern of litter fall
exists: Leaf litter fall (56. 5%) was maximum during the
_jdry months of February, March and April._ During the rest
- of the period leaf fall was very much less and more or less
uniform, This pattern is in agreemént with that reported
by Nye (1961) for moist tropical forest of Ghana. The .
maximum’ shedding of leaf 1itter during these months may be
due to ‘the formation of absicion zone during the winter
'season whioh itself is a dry period and which gets accentuated
during the succeeding summer months of February, March and
‘April. The young secondary rain forest in Zaire shows two
periods of maximum litter fall that come at the end of the
two drier seasons (Laudelout and Meyer, 19564) while only one
peak period which coincides with the dry season was observeo ,
in other forests, The differences between forests in this
redpect may be related to.the severity of the drought stress
in the dry season. For example, in the Amazonian lowland
forest the litter fall was twice as high in the dry months
as 1t was in the wettest months (Klinge and Rodrigues, 1968).

Bray and Gorham (1964) has shown an inverse linear



Fig. S=2, DMNonthly litter production in a humid

Fig . 5"3 L]

subaéropical forest at Lailad (1977=78).
. _r '
Leaf litter, @ j wood litter, QO «

Comparison of expected and observed values
of leaf litter production for Lailad forest,
(after Bray and Gorham, 1964).

i
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relationship between the amount of annual litter production
of ‘forests and the 1atitudinal zone they oecupz.:'Of the
total litter, leaf’lltte:_alone, according to them, constitute
roughly 70%. Aeeordingly, the total annual litter production . |
in the preeent case werke out to 7. 6 t/ha of which 5:43 t/ha
is leaf litter. It may be noted that the calculated values
of leaf litter production very closely approximates the
.average of aetually determined values in this etudy area
(Fig. B5-3). $

| The total wood litter fall during thie etudy wae 1261
kg/ha which represente 23% of the total litter. For temperate
forests a range of 22—78% has been shown (Carlisle et al,
" 196633 Anderson, 19703 Sykes and Bunce, 19703 Hughes, 1971).
Low wooe litter production in this forest in eomparieen to
higher range of ealuee quoted above could be related to the
age of the forest which in the present caee is only about 50
yeareﬂ so that the trees have not yet attained maturity.
However, wood litter4productioh has been related to management
practices, topog;aphy, species composition etc, (Chrietensen,
1975), - | | | |

Wood 1itter fall also ehow%d a yearly pattern with
peak fall occuring during Mayi June\aad July. However, this
pattern is different from leaf litter \fall in that whilst leaf
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litter fall 1s greatest during the dry months of Februégy,
March and'April which 18;;gte‘w1pper/§gg}y summgr.period

and fhat of_wo?d_litter_fall ogcﬁ;ed:@gring«May,“Jung and
July which is the monsoon period. This may be due to the
delay due to 1néde§uatestorm action -though abscission might
héve-écéﬁrred during the dry winter months. In a study dfr

. woqd§ l1itter fall in a mountain range forest in New Guinea

also this coincides with the rainy‘season (Edwards,-lQ??).

Litter decomposition :
| The rate of decomposition of leaf litter over a period

of -one year has beeh expressed in Pig. 5-3 as a percentage of
the original dry weight of the leaf litter., It is seen from
this that S. robusta deco-mposes much more slowly compared *
tolqtherss On the other hand, the rate of.décomposition of
D. hamiltonii was most rapid.

| Olson (1963) described equations for the rate of decay
under various situations which may be used to compare differen-
ces between species. Confining litter in mesh bags and -
measuring its rate of loss is a special case of decay with
essentially no addition of material from outside, Most of
the workers who have considered the rate of decay of litter

(Jenny et al, 1949; Olson, 1963) have assumed that there is

Y
\\
\

i
i



Pig. 5=d..

Rate of decomposition of leaf litter

" expressed as percentage of the original

dry weight of leaves remaining after

various periods of decomposition.

' S. robustag @ S. wallichii.g— p—@s
‘. indica,@ ----@i 2. hamiltoniig@— X —Oi

A. chaplasa,@-es—@3 Miscellancous,@ecec @3
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an exponential loss in weight_gs §‘Fesu1t'qf decay, i.e.
X/Xo =o~kt, where X = weight remaiﬁing at time %, X, =
original weight, e is the base of ngturg; logarithms and
k is the decomposition constant. 'fﬁis,maﬂelwéxpgesses the
16ss as a negative exponential function of the fraction.
After one year of decay this fraction rem§ining Would be
/X, = o~ k. This exponential model alsoAhelps to calculate
the "half time" (0.693/k) or time required to lose 95% (3/k).
The-decay parameters and the time parameters for.all the
species used for decomposition study are shown in Table 5«5.
It is clear from this table ¥hat the ratio of decom-
position is rapid in D, hamiitoniivand S: wallichii (high k
values) while it is less in S. robusta and C. indica (low k
values): The rate of decomposition of leaf litter in the
present study was found toAbe lower than the values reported
by Singh (1969) in decidubus forests at Varanasi (India) with
unconfined litter. This may partly be accounted as due to
smaller mesh si;e of the litter bags which does not allow the
larger fauna to enter (Gilbert and‘Bdcock, 19623 Edwards and
Heath; 1963; Olson, 1963); ; It may also be relaggd to species

composition and other envirénment ‘ parametefs, Nitrogen

content of the litter also plays an Ymportant role in decom=



Table 5«5, Decay constants and time required for the loss of one-half and
95% of the original leaf dry weight in different species.

] Decay‘Parame4?' Time parameters (years)
: : ' ter. H : : —
. . Species N - | Half-time : 95%
th i K 3 74

s 1 ]

[ l k]
“Artocarpus chaplasa L 1.998 0,347 ' 1,501

Cagtanopsis indica © 1.866° 03Tt 1,608

Dend rocalamus hamiltonii 2,170 0,319 | 1,382
 Shorea robusta 1,867 0.371 1,607
‘Schime wallichii 2.176 0,318 . 1,379
Other species = . 2,167 04320 | C 1.384

(miscellaneous)

Pg
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position (Melin, 1930; Broadfoot and Pierre, 1936). However,
Singh (1969) correlated various chemical constituents and

}eal tree species and found
. R B

" the rate of decomposition in tropi
that not only nitrogen but nﬁﬁé;qus éhemiqals interact to
affect the rate of decompgsition. Thg nitrogen content of
leaf litter (Table 5=6) in §; robusta, GC. indicafand.g;
chaglasa,;s quite high but still low rate of decomposition was
observed in these spécies. 'This ﬁay bé due to decay resistant
. petiole and midrib.of the leaves which contain high concentr;—
tion of lignin (Singh, 1969). | | |

An exceptionally higher rate of loss in weight,(46645%)
was observed in the first 4-5 months starting from May. This
rapid decay may be attributed to the faét that high precipitatn
tion, ﬁemperature and so'll moisture acceleréte microbial ‘
activities. Subsequently, the raterof loss slowed down and
during the last 3 months the rate of ioss was extremely slow.

Pig. 5-5:shows the rafe'of.decomp091tion over a 1 year
period of wood of the different species expressed as per cen=
tage loss of dry weight. Maximum rate of decomposition of
wood was observed'for D. hamiltonii (77.8% loss) and the least.
for S. robusta (56.2% lpss), This is also evident from -the
k values of these two species (Tablé\547) and may be due to

\

\



Table 5«6, Chemical composition
, from Lailad forest.

of leaf litter collected in April 1977

A _ ¥ . — \
Species g N(%) g P(%) ?‘ K(%) 'g (ca(s) g« Mg(%)
Artoca}pgs-chaylasg'  0.67 Qgés- 0,35 2,50 0.66
Castenopsis indica - . 0,82 0,46 0,36 1.88 0.59
Dendrocalamus hamiltonii 0.68 0.32 6.22 1615 - . 0e31
Shorea robusta 6965 0,63 6,,53 1,12 0,51
Schima wallichii 9,76 ¢.54 0.44 1.93 . 065
ther'spééies ‘ | Qf+9 0.56 2,08 - 0.67T

(miscbllaneous)'

0.46

98
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Table 5470 Decay constants and time required for the loss of one~half and
7 95% of the original wood dry weight in different species. -

Time parameters (zgars)_,

Decay parameters

' !

[} L}

1 1, .

Species i K {  Half-time | 95%

: | ! (0.693) H (3)

: H K : K
Artocarpus chaplasa - - 0.794 . 0.873 34778
Cagtanopsis indica : a 16097 0,632 2,735
Dendrocalamus hamiltonii _ i 39630 99191 0.826
Shorea robusta ~ 0.756 - 0.917 3,968

Schima wallichii . . 1.189 0.583 2,523

18




,Fig.‘ ‘5-’-5. Rate of decomposition of wood litter
expressed as percentage of the origihal
dry weight remaining after various
periods of decomposition, _
S« robusta,@——@; S. wallichii,
@@ C. indica,@-+—@;
Do M'.—O —@3 4. ghaplasa,

o --0. ’
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the high cellulose content in the former and higher lignin
content in the wood of the latter. During the first 3~4 ‘
months starting from May, it was found that the decomposition
was high in §. robusta, A. chaplasa and S.Jwaliichii as 1s
also the case for leaf litter. This could be due to more
favourable temperature and humidity conditions prevailing at
this time which facilitated early’decomposition of easily
susceptible thick bark on wood.

Organic matter decom9051tion on the forest floor was
‘also evaluated on‘the basis of'carbon dioxide production.
The seasonal patterh of (}C_)2 'evélutidn froﬁ the litter (Whieh
includes leaf and branch litter on.the-soil surface ) and the
mineral soil as shown in Fig. 6-6 indicates that highest rate
| of decomposition of the litter occurred during the period of -
| May<September which 1s hot humid monsoon period. During the
dry winter months (November-February) rate of decomposition
was very slow. The low level of activity during winter months
is due to low temperature and low moisture status of the
soil. During March-April due to slight increase in moisture
and due to warmer temperature eonditions; microbial aetivity
increased. ©Such a relationship between temperature, moisture

status of the soil and 002 evolution has also been shown by
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Monthly pattern of 002 evolution
from the forest floor at Lailadj.
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other Workers.§8pevensoﬁ, 1956;.SouliQes and Allison,1961;
Van Sohreven, 1967). The present values (159700 mg 00y/
a/n) of G0 evolution from the forest floor was Bigher
than the,value§ reported by some other workersvin,tgopigal
forests (Schulze, 19673 Wannef,A1970 and Medina and Zelwer,
1972) and .temperate forest (Witkemp, 19663;Reiners, 1968;
 Kir1ta, 19714; Lieth and Oullette, 1962):. This high rate

.of €O, evolution from the forest floor in the present case

2
may. be due to more favourable femperature conditions comb;ned
with high rainfall and humidity conditions which favours

faster'decompositioqi
furn over raté': : ) '

‘The seasonal litter féli on the ground reached a
maximum in the month of March; Decomposition at this time
was extrémely slow, if any, due to the dry conditions prevai=
ling at this time: With the omset of rain the decomposition
rate is accelerated due to high temperature and humidity. The
rate of littef decay under steady state conditions can be -
expressed as a constant k or the fraction of litter that
.decoﬁposes during a unit of timex(iénny et als 1949{ Olson; .
‘1963 and Koelling and Kucera, 1965) which may be expressed

as 3 ‘ . .
K=A/A+F‘/,
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where A is the annual litter fall and F is the residue 11tter
from previous years. The k values for this sub-tropioal
forest works out to 1. 10 (1eaf and‘branoh~1itter included)i
whereas the k values for leaf litter alone was 1 33 The “
k value for total litter is lesser due to slower decomposition
of the wood fraction compared to leaf litter decomposition.

A comparison of values obtained by the present worker with
those for other tropical and temperate forests given in

Table 5-8 1ndicates that the present values for k 1s closer
to the values obtained for other tropical forest (Jenny et al,
1949, Cornforth, 1970 and Edward, 1977) but muoh higher than
that for a temperate Oak (Reiners and Rsiners, 1970) or .

Pine (Olson, 1963) forest. : ' ‘

SUMMARY SR

‘ The total litter production the forest at Lailad
*was found to be 5 t/ha/yr. out of this total amount; 77%
’was_contributed by leaf litter and the remaining 23% was due

to_wood‘litter, In the forest as a,whole maximum contribu-

tion of leaf litter wasfoy‘Demdrocalamus,ngiltonii, Schima
ﬂallichii, Shorea'robusta andﬁCastoﬁopsis indica with values
of 10.2%, 9.9%, 8.8% and 6.7% respectively out of total

¥dtter fall. !
‘ ' |
|

i
i



Table 5-8. Estimated rates of disappearance of litter in wvarious tropiecal
and temperate forests.

Forest types and approximate altitudes Location | Litter pro-{ Forest floor jAnnual de-] Authority
duction litter (t/ha) nlz const=!
(¥/na/yr) ant ()
Zropical forepts:-—
Lowland forests
Rain forest (30 m) Columbia 845 5.04 1.69 {r::,;)ﬂ al.
Semi evergresn
Young secondary (380 m) Zaire 12.3 3.89 3.16 Laudelot and
Meyer (1954)
Secondary Qhana 10.5 2.26 4.65 Nye (1961)
Platesu (100 m) Ivory Coast - - 3»30 Bewnhard
(1970)
Valley (50 m) - - 4,20 = do =
Mors excelsa (200 m) Trinidsd 6.8 4.16 1.64 Cornfortn
(1970)
Lowver Montane forestas (1630 m) Columbia 10.1 16.5 0.61 Je t al.
o =
Central site of radiation study (460 m) Puerto Rico 4.8 5a11 0.94
(2400 = 2500 m) New Guimes  7.55 6.46 1.20 Bévurde (497
gub-tropieal forests 5C-year old MHeghalayn 55 6.4 1.10 Present stud
(296 m) (India)
Zeuperate forests i~
Ozk forests Hinnssota - - 0.018 Reiners and
Reiners (197(
Pine forests Minnesota - - 0,017 Olson (1963)
Pine forests (P. mylvestris) Bngland - - 0,093 Kendrick

(1959) |




The seésppai patternfo: leaf and wood litter showed
that maximun leaf 1itter was produced in the months of
February~April (56.5% of the total) andd weod litter in
the months of MayaJuly (43.8% of the total). Infthe
forest as a whole 59% of the total leaf litter production
was in the undisturbed central zone of the forest. ~Along
the periphefal'zone'makiﬁum leaf: litter was contributed-by
D. hamiltonii (about 18% of the total) while in the central
zone of the forest, S. wallichii, 8. robusta and C. indica
contributed more. |

The rate‘of“decomposition of leaf litfer of D. hamilto-
nii and 8. ﬂg;;iéglg-was faster which was evident from their
'k values of 2.170:and‘2.i76 respectively in comparison to
other species where the k values were low. The rate of
decomposition was faste; during the monsoon months of June-

August when temperature conditions were warmer with high

humidity. Weed litter af D. hamiltonii and §. robusta showed
faster rates of decomﬁositioﬁ compére&‘to others with yearly
losses of 78% ah d'SQ% :espectivély. The soil respiration
rates were also faster duriﬁg June~August when the rate of

litter decomposition was maximum.



"CHAPTER .6

RAINFALL INTERCEPTION, THROUGHFALL, STEMFIOW AND
I0sS THROUGH RUN=~OFF AND PERCOLATION



RAINFALL INTERCEPTION THROUGHFALL STEM FLOW AND LOSS
THROUGH RUN;OFF AND PERCOLATION.

INTRODUCTION

Axmosphare is a source‘@f chemical inputs to terres-g
trial ecosystems és well as a source of water'vapour for
precipitation. Of the precipitation coming down, some
,reaches.thegroupd.thﬁough_the eancpj as th:pnghfgll, some
of ;t comes along the tree trunks as stémflow and é part 1s
retained by the canopy which never reaches the ground but
subsequently evaporates to the atmosphere which is called as
intercepted watgr. Interception of preoipitationﬁby canopy
cover is an important aspect of hydrological cycle influence
ing the water budget and nutrient movement in the ecosystems.
Most of the studies on interception patterns by forest canopy
pertain to temperate forests (Ovington, 1954; Carlisle et al,
1965; Zinke, 1967; Leonard, 19673 Rowe, 1974 and Szabo,1975)
whereas studies of a siﬁilar nature on tropical forest are
meagre (Jackson, 1971),

Along with other \processes occurring in forest eco~
system, the pattern of waépr circulation is decisive from

gseveral viewpoints. To undbrstand the quantitative and
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qualitative course of productivity or to explore the bio-
element cycle and to understand the ‘whole ecosystem balance
itself, the knowledge of water circulation pattern in time

and space is indispensable (Szabo, 1975).

It has been reported by many workers that rain water
removes considerable amount of nutrient from the crowns of
trees (Tamm, 1951; Mes, 19543 Madgwichyand Ovington, 19593
Carlisle et g;,‘1967'and Cole et al, 1968) and interception
by the canopy affect the éﬁemistry of the throughféll and
stemflow in a number of ways (Ovington, 1954;10arlisle et
al, 1965; Gosz et al, 1972; Eaton gt al, 1973). The amount
of different nutrients discharged from forest ecosystems is
of?great impoitance to understand the nﬁtrient budgét_and
very little amount of work has been dome in this regard so
far (Bormann et &l, 1968, 1969; Likens et al, 1969).

In India the work on interception ioss,‘stemflow and
throughfall has been done only in plantations (Dabral and
Subba Roa, 1968, 1969; and George, 1978) and no attempt has
so far been made in respect to mixed forests. The present
study was made ip order fo:assess }&he pattern of water
circulation through stemflow, throughfell, interception loss,
éurface run off and percolation in a 50 year 0ld mixed sub-

trophcal forest at Lailad at an elevation of 292 m in Meghalaya.
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_ METHODS OF :STTUZDY_

N Stemflow was sampled using a epiral polythene

gutter of 6 cm diameter fitted to each stem and sealed with
paraffin wax; The gutter was fixed at a_height of 1.5m
above the soii surface on fhe tree tfnnk. A biaetio funnel
~was attached to the two eut ends of the gutter and corneocted
,te_a polythene container of 51:eapacity,n‘A nylon filter of
imm meeh eiee:wee.pleced;in theemonth_of.tne_funnel to pre-
ventAentrj ofAeXtranebne mette;.,ﬂThﬁee repiieetes each for

two girth ciasses,nemely,3e and. 90cm were selected for each

_of the following species, : (i), Shorea robusta, (41) Schime

gg__ignil (111) Castanopsis indica, (iv) Gmelina arborea
_and (v) ixtocariug chaplass. -

Input precipitation by throughfall and incident rain-
‘fall were collected in polythene containers, the mouth ef
each being fitted with 20cm diaméter funnel which was provided
‘with lmm mesh nylon filter to prevent entry of foreign matter,
3. containers were kept outside the forest in open places to
4cellect-the water from incident rain. Another 12 containers
of the same size were kept(under the'fbrest canopy to measure
- the throughfall; As the rorest‘ie a mixed one and is stratie
fied with many layere no attempt was made to coliect'throughp
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fall from a particular tree species. In order to measure
the atmospheric precipitat;on two standard rain gauges “
were kept in the open; Ali'the containers were kept 50cm
above the soil surface-on<; wooden platform to"avéid
splashing of soil particleé into the funnels. 2ml toluene
was added to the container to prevent microbial activity.
Sampling was dohe at intervals ranging from 2 to 7 days
dependihg upon the intensity and fréquenqy'of rainfall dur;ng
the monsoons At the time of sampling; 500ml of well homo-
genised watei‘frbm stemflow/throughfa;l/incidenf rain was
brought to the‘laboratory and the samples were filtered
through a Whatman No. 44 filter paper; and chemically analysed.
‘For studies pertaining to run-off water and sedimen-
tation the loss from'a confined area of 1 X 10m along the
slope was collected in large drums of 2001 capacity and
periodically removed for analyses. Percolation studies were
done using a simple lysimeter of the Russian type (Buckman
gnd Brady, 1960). Tﬂé s0il was. cut out vertically to expose
the profile. A small tunnél was excavated at a depth of
40cm (this is the depth at which root,denéity is high) and
a céllector of 30 X 30 Xhlébm was placed inside the tunnel.
By pressing from below, the rim of. the cgllector was firmly

inserted into the undisturbed soil above. The water percolae
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ting through the soil ie tapped out into receptacles from
time to time. Thie method Wae found to be quite satisfaotery

for comparative purpose, though the values may be somewhat

low..'

RESULTS AND.DISCUSSION . .

Threughfaii s -

A summary of the seasonal results (Table. 6«1). shows
that the. percentage of rainwater coming as: throughfall is
maximum in the month of March and April with 84.8 and 74.0%
of the total respectively while in ofher months 1t was much
less with minimum percentage. value ineDecember,, The high
proportions ofrthroughfail in March-April is due %o reduced
- erown density at this time when 41.0% leaf fall occurreds
AS'the.erown density increased during subsequent months the
proportion of throughfall showed e gradual decrease. It may
be noted that January and FPebruary were rainless. Similar
relationehip between crown density and throughfall was also
reported by Szabo (1975)Athough the difference were less
marked.. The very low proportion of throughfall during
October<November may also be due to the fact that in these

\
months-the c¢rown remain dry and infrequent storms Lnterrupted

A

\



Table 6=1o Throughfall, stemflow and interception loss at
C Lailad forést for the year 1977-78 with stend-
ard errorse. .

Month g éross rainfal gThroughfall §‘ (%) 'Stemfiowg(%) § intefception E (%)
§ (mm) g (mm) g | i (om) g § loss (mm) g
April . 188,5 139.542,8  T4eO  25.08163 1363 . 24,0018 1247
May | 2925 190,02,0 64,9  30,08101 10,3 72,5819 2448
June 1875 105.5#108 5603  21.580.8 11,5  60.581.7 3203
July 4630  264,5¢1.7 5Tl 45.080.7 9.7 153.5#81.7 ' 331
August 440,0 253.580.7 576 . 40,0805 9u1  146,580.9 3303 oo
September  375.0 209.5+1.8 5509  2T7.0#0.7 Te2 138.5¢147 36.9
October © 160,080,016 50,0  12,001.0 To5  68.0#1.5 42,5
November 2605  12.001s6 4503  1.08102 304  13.581.6 50,9
December 1405 | 5.5§2o5 3709 - - 9,0t2,3 62,1

March 1-805 . 15071"204 8409 105‘._7'007 8.1 . 103‘!&"201 700
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by eeveral rainlesé iﬁterfalé permit more water to be
transmitted from the canopy to the atmosphere with less
water to the ground. The average value of 58. 4% throughfall
during the course of this study was hlgher than the values
obtained for cher broad 1eavedforests (Miller, 19633 Dabral
and Subba Rao, 1969 and Aldridge and Jackson, 1973) but
lower than a few others (Ovington, 1954; Eidmann, 1959;
Loonard, 1961; Aussenac, 1968; Nihlgard, 19703 SZag;,#I;?5;
Bultot et al 1977), The quantity of th.roughfall is directly
proportional to the figss £§{nfall and this relationship

is 1ndicated in- Pigd 6-1 and was found to be very 81gn1ficant
(P 0,05 = 0.991). &

Stemflow F

The average stemflow'during the period of study
was measured to be 8.0% of the precipitation (Table 6-1).
Expressed as é projection of t he eénopy or the entire forest
surface, étemflowramounts»only to a small portion of the
‘precip;pation in comparison to the throughfall and intercep-
tion lo%s. Minimum proportion of stemflow was measured in

the month of November due to lesser intensity and frequency

Ay
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'of réiﬁ; On the other hand reduced céndpy:density in the
nentn'ef‘Mareh and'April allows more water to flow from
the stéﬁ.’ The gradual decline in percentage stemflow from-
' May-oétober is related to high canopy density which in
"turn results in greater proportion of 1nterception loeses.
The observed mean value of stemflow of 8.0% was.
'found to be highér tnan the values reported by Ovington
'(1954)§?ste (1974); and Szabo (1975) which ranged from ;.
| '0.12-3.10% but lower'then'the values reported by a few
' others (Eidmann, 19593 Mdridge and Jackson, 1973).
' The stemflow pattern is probably related to tres -
architecture partlcularly to branching pattern, canopy,
,orientatlon and surface characteristics of tree species,
which would be an interesting study . Stemflow in different.
species as well as in different girth classes of the same
speeies varied considerably (Table 6-2) Preliminary
‘studies»showed that the bark surface vag. robusta and
3 ﬁé;;ggg;g was ver& rough whereas that of‘g{ indica, A.
gggglasa and G. arborea was smooth. Thus much of the: '
water is sbsorbed by the rough stem surface in the former

two gpecies (V01gt, 19603 Leonard, 19613 Rutter, 1963)a
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Table 6-2, Amount of stemflow from different tree species
. of different diameter‘cLasses.(mm/tree/year).

Speocies

Diameter class (cm)

 —

0-10 g 10,1-20,0

L

20,1 and above

Shofea robusta
Schima wal}iohii |
Castanopéié.indica;
Art&carpuS'ohaplaga

Gmelina arborea

305

4.4

11,6

12,6

1.4

606
846

) 1%9‘ 6 :

17.3

1649

12,7
1442
2141
21.8

2203
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Pig. 6=-1. Relatlonship between gross rainfall
‘ and throughfall..
Figs 6=2. Rslétionship between gréss rainfall
and stemflow.
Fig. 6=-3., Relationship betwesen gross rainfal;

and interception loss.
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Further in all the speeiee stemflow 1nereaeed with 1ncrease
in the girth of the’ stema' The relationship between gross
rainfall and stemflow was found to be highly significant ,
(P.>0s05 .= 0. 966) which 18" expressed by a 1inear regression
line. (Fig. 6-2)

;nxercegtion 1oss :

The proportion of the rainfall 1ntercepted by the
danopy was inversely related to the proportien of throughfall
Vand etemflow with maximum percentage valuee reoorded in
December and minimum in the month of Mareh. This high per=
eentage of water transmiseion from the eanopy during October-
De cember may be attributed to the fact that the rainfall in
these'months was not very reguler in comparieon to the
monsoon months -(April<September) and the vegetetion often
roemained dry: The quantity of water neceseery to wet ﬁhe
vegetation account to a 1arger percentage of the gross pre-
¢éipitation as interception lose. Further rapid evaporation _
occurred from the ecrown during the eeveral rainleee intervale
in these months. ' The low interception valuee during Maroh
and April was due to reduced crown density due to maximum

leaf fall: during this periocd. Development offnewnlegves




Istart;ng in the month of April in many of the specles permit
ﬁore interception of rain water from then onwards: Szabo
(1975) working in a Hungarian Qak forest ecosystem also =
sﬂgwed‘that the interception was weduced from 21.2% to 14.9%
with leaf fall. -It may be mentioned here that according to
many others (Beéll, 19343 Trimble and Weitzman, 1954 and
Delfs, 1967)Vinterception does not decrease or decreases only
~ :to a small extent with defoliation. o

| The relationship between ,8ross rainfall and intercepe
tion-loss_whichifollqw the same,pattern gs:stgmflow and'throughp
" fall is shown .in Fig. 6&-’:4 In conclusion it mgy"-bgﬂmennoned
_ that the factors which c,{pnfributed to a larger extent in
‘ihteréepfion loés,arélthe tétal,quantity,'dgration!and inten=
:sity of rainfall,AWind vélocity,‘tempegature and cgnogy

- ‘saturation capacitye..

Water balancé g;fthe'ecdsxstem 3

: ”he total amount of wafer and percentage values given
- in Table, 6-1 are based on the estimation in site in the
3;fores§ where'the canopy was entirely closed. But_in order to
explain the total quantity of water in one hectare forest

surface, the forest gaps are to be considered. The fotal

\ ‘ \
‘\; . . R s “‘
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eanepy coverage in the present forest was 904 and the rest.
104 was: ‘gap where the precipitation could reach the forest
‘ floor almost directly without. -any 1nterruption. Aftex -
making allowances for gaps in the forest canopy, the pers
centage dietribution of the incident rainfall in a forest

of one hecater is shown in Figx 6-4.
In one year the total distribution of the precipi-
tation of 21366 X 108 litre arrivgng at one hectare is as

follows 3
Throughfall = 11 481 X 10 iitre (= 52; 993%)
Stemflow = 0.188 X 106 1itre (= 0:868%)

Amount of the rain which comes directly to the soil surface
through the opening of the forest
= 3.910 X 10% 11tre (= 18.047%)

Intercepted water = 6,086 X 10° 1itre (= 28.091%)

_ Epes through run-off and percolation s

Studies on surface rﬁnaoff and percolation lossee
PECH MRS [ g =

of rainwater at Lailad forest ehowed that they represented

19,6 and 6978p respeetively of the total ‘annual rainfall
during the year. The monthly pattern of 1osses ofﬁwater

".Nl )
B : L AN






Pig. 6=4.

e

Distribution of precipitation in
the forest (per hectare).
Hatched columns, throughfallg
clos,e'd oolumns,,;_}. stemflow; open

columng. intercepted loss.
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could‘be related to the iainfall pattern with maximum rune

off and percolation losses occurring during May-September
(with 8'7% and 37% of the total run-off and percolation
losses respectively) with peak values in the month of July
(Pig. 6<5): Both the high frequency and intensity of raine
£all during monsoon, contribute to heavy losses during this
period. At this time the soil i1s over saturated with rain
water allowihg more water to be discharged from.the ecOSyétem.
Further high evapoétranspiration during warm months when

the forest crown cover was at its peak of development also
curtailed downwarg movement of water through the goil. During
the rest of thevperiod peicolation and surface run<off losses
were negligible partly due to low rainfall but also due to
dryness of the soil which restricted movement ofiwater.

A comparison 0f the present result on run-off and
percolation losseé'with a deforested sife negrby (deforesta—
tion was done for shiffing agrioulture which locally is
knbwn as *Jhum") showed that these losses are much heavier
after clear cutting and burning theslash@‘Clear cutting not
only removes the proteetive plant cover but also tends to
loosen the soil resulting in heavy losses@ Deforestation had

a pronounced effect on the amount of sediment export from the
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Fig. 6=5. Monthly pattern of surface run~off and
percolation loss of Lallad forest.
Surface run-off, @ 3

percolation loss, O =
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ecosystem. It has been reported that the logss of a sedi-
ment from freshly burnt and cropped land was abbut 22 to
30 m ton/ha/jr (Toky and Ramakrishnan, unpublished).

‘But this loss was heavily reduced to 0,76 and 0.23 in ton/
ha/yr under 10 and 50 year o0ld fallows respecti&blyo The
reduction in the sediment loss in forested ecosystem was
mainly due to the plant cover and also acoumulation of
litter in the soil surface. 1I% has also been shown by
other workers (Lull and Reinhart, 1967; Likens et al, 19702
and Pierce st al, 1970) that deforestation and disturbance
of forest floor are mainly responsible for heavy sediment

loss from the ecosystems.

SUMMARY

Out of the total amount of rainwater (21066x1061/
ha/yr) measured during the period of study 1148 x 10%1 /ha/
yr reached the soil as throughfall, 0.19 x 10° 1/na/yr as
atemflow and 6,09 x 1061/ha/yr went as interception loss
from the canspy during the perio& of study. A high proport-
ion of water 76% was accounted as dus to throughfall in the
months of March-April due to reduééd canopy cover as maximum

leaf fall occurred during these months. Throughfall was
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minimun in the months of October-December which may be due
to the dryness of the season and a consequent dry canopy.
In tho months of Nojember minimum stemflow occurred (3.4%)
due to iesser inteosity and-freqﬁenoy of rain while
maximum stemflow (21o4”) was recorded in the months of
Maroh—Aprily Interoeption losses were heavy in the months
of Deéember being 62% of the rainfall and it was minimum
(7%) in the month of March. The relationshins between.gross
rainfall and throughfall, stemflow and interception loss

was established.
o

The logsses of water- through surface run-off and
percolation during the period of study showed that they
represented 19.6% and 6.8% of the total rainfall respectively.
Maximum surface run<off and percolation losses (874 and 37% |
of the total rainfall respeotively) were recorded during the
months of May-Septembefa A oomparison of the results of
sﬁrface run~off and'percolation.was made with the deforested
sites which showed thst these logses were much heavier aftef
clear cutting and burning the slash in comparison to a 50

years old forested ecosystem at Lailad.



CHAPTER 7

NUTRIENT CYCLING
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'NUTRIENT CYCLING

INTRODUCTION

Nutrient cyeling is. a vital function of any forested

ecosystem. From an applied view point;, a nutrient cycling
is esgential to meet the high demands for forest resourceé.
This basic information is also important because it defines
the relationshib between soil and plants. A vital characterf
istics of ecosystem is the continuous flow of nutrient and
energy through:the system and thus in the broadesf sense
ecosystems are open systems. Several workeré have evaluated
the size and rate of exchange between various nutrient pools
in forest ecosystems (Duvigneud and Denaeyer-De Smet, 1964}
Ovington, 1965; Cole et al, 1968; Bormann and Likens, 1970;
Jorgensen et al, 1975), Quantitétive approach in nutrient
input-output budgets for a terrestirial ecosystem may be deter-
minéd by measuriﬁg the meteorologicg geological and biological
inputs and oufputs of the ecosystéms (Bormann and ILikens,1967).

~ Geological inputs and outputs are generally referred
to the dissolved or particulate matter which are addéd or
leave the system by water or colluvial action or both\(gart
ek al, 1962; Plerce, 1966 Likens gt al, 1967; Fisher gtgl,
1968; Bormann and Likens, 1967; Bormann et al, 19683 \\2
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Hornbeck and Pierce, 19693 Hornbeck et al, 1970) and also

to weathering of the mineral soil and the subsequent ’ !
release of nutrient'depending upon the séil type, rock type, -
climaye and vegetation. _The meteorological inputs enter

the ecosystems through the atmosphere in the form of gaseous
and dissolved or particulate matter in precipitation, dust
and wind: Only tn the :1ast..two decades the study of the - -
nutrients input and deposition from the atmosphere by .-the Way

of precipitation has received some serious attention (Tamm,

1951; Madgwick and Ovington, 1959; Tukey anq.Tukey, 1959;
Carlisle et gl, 1965; Bormann and Likens, 19673 Ulrich et al,
1971; Reiners; 1972; Szabo, 1975). ‘

Accumulation of nutrients in the forest ecosystem
ithrough biotic sources occurs as a result of successional
processv(Odumg 1969) as the amount of biomass in the system
‘increases. The work off nutrient accumulation in the standing
- -crop of biomass has been reviewed by many workers (Rodin and
Bazilevich; 1967 Ovington, 19683 Duvigneud and Denaeyer-De
Smet, 1970). The comprehensive reviews and synthesis of data
by Bray and Gorham (1964), Bakuzis (1964), Major (1970)
Larcher (1975) and Lieth and Whittaker (1975) have brought
considerable attention to the process of nutrient cycling
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and production in forest ecosystems.

Another important feature of nutrient cycling in
. the forest ecosystem is the annual re}urn of nutrients to
the soil through leaf and wood litter from the vegetal and
its subsequent decomposition (Tarrent et al, 1961; Owen,
1954; Nye, 19613 Witkamp and Olson, 19633 Olson, 1963; Bray
. and Gorham, 1964; Bernhard, 1970; Gosz ¢t al, 1972; Anderson,
1975@;Lou1%er and Parkinson, 1978). The importance of soil
organic matter in mature forest was emphasized by Rodin and
Basilevich (1967), Likens gt al (197055.)‘,Pierce et al (1972),
Whittaker et al (1974)and Gosz et al (1976).

The present study on nutrient cycling is intended
to obtain base line information on nutrient*status of the
standing crop, release of nutrients through leaf and wood
litter, 1nput and output nutrient budget through water
circulation and the_status of nutrients in the forest soil
4in a 50 year 0ld mizxed humid sub=-tropical forest at Lailad
at an elevation of 296 m (25°456" and 26°0" N Latitude and
910455 and 92°0" E Longitude) in Meghalaya in the north

eastern part of India.
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METHODS OF STUDY o

Different plant components of dominant tree species
and shrubs were collected during biomass studies_for*chemieal
analyses. ''Herbaceous species howevef, were not eonsidered,
individualiy@ Leaf and wood litter collected in litter frames
of 1m® and the decomposed leaf and wood litter plamed in the
month of April, 1977 were collected at monthly intervals during
1977-78. Water eamplee of throughfell, stemfiow; incideht
'rainfall,'soil percolation and soil surface run-off were also
collected at monthly 1ntervalsai Water samples and oven dried
samples of bole, branches, leavee! fresh litter and decomposed
“litter were chemically analysed for nitrogen; phosphoruei
potassium, clacium and magnesgium using standard methods as
described by Paech and Tracey (1956), Jackson (1958) and
Allen (1974). Thus, nitrogen was determined by micro-kjeldahl
method and phosphorus was estimated colorimetrically by
molybdenum blue method: After dry ashing the samples, calcium
and magnesgium were analysed by EDTA titration method and
potassium by flame emission method§

Soil samplee were collected from depths of 0-10,
10=40, 40—70 and 70=100 cmi and were based on 3 replicatee

~ thoroughly m%?ed together to give one composite sample. Soil
\



colour was determined by Munsel soil colour chart.
Mechanical oomposite was done by International pipette

me thod as described by Piper (1947)}and:SOi1 samples were

" placed in different textural classes. Soii pPH was measured
by electrometric method in a soil—water suspension of 1 5.
HAnalyses of total nitrogen, organic carbon and available'
phosphorus were done by standard methods described by

- Jackson (1958). Nitrogen was estimated by Kjeldahl method
carbon by Walkley-Black method and Po4-p colorimetrically
_by molybdenum blue method. Calcium and magnespium were
analysed by EDTﬂ.titration method while potassium was esti-/
mated by flame emission method after extracting the exchange_
able cations with 1N Ammonium acetat at 93,7’ The soil}bulk
density was used for subsequent conversion of analytical -

data to field weight per unit area.

RESULTS AND DISCUSSION

Nutrient budget in standing cr_p H
An analysis of the concentration of N,P,K,Ca and Mg

in different plant components (bole, branches,and leaves)
showga'that\the leaf material, contained higher percentage
of N,P,K and Mg while bole aiong with bark contained higher

lemels of Ca in all the species‘except Q% hamiltonii where



the concentration of Ca was found to be more in leaves. .The
lower concehtfafion of Cé in the bole of this species may

be due to the ‘absernce of bark in the sense that the dicot
trees have. It may be noted here that Seth gf al (1963)

and Woodwell et al (1975) observed that bark of trees hold
very high levels of Ca compared to other tissues:¢ Next to
 the leaveé; the branches had higher levels of N;P,K and Mg
and the bole had the least concentration: On the other hand,
.Ca concentration was the least in branéhes with 1ntermediaté
values for leaves (Table 7-1).

On a hectare basis,'the total amount 6f different
elements contributed by dif?erenéﬁ%ree specles (Table 7=2)
showed that S. wallichii, C. indica and 8. robusta contributed
maximum with respect tq N,P,K, Ca and Mg. This was directly
reléted to the largevbiomaés in the sﬁanding crop af thesge
tree species in the same order a;'given above. Among ofher
gspecies a great variation waé/bgéefved with regard to percenévﬂ

tage contribution of different elqunts_which may be partly

due to nutrient contentration. Thus, D. hamiltonii stands
next to 4. gﬁgg;ggg and M. roﬁburghiéna in biomass but contri-
buted more in terms of P,K and Mg due to higher concentration
of these three Qlements in the plant tissue. Because of low

Ca concentration in the tissue coupled with low bioﬂg%s, the

i
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Table”7§1.' Concentration of different nutrients in
different compartments of different tree
_species at Lailadg

LI T T e
_ : ‘4 Compart- ¢ N § P § X §$Ca M
Species oens . @) @) 5@ @ @)
H ‘ HE - HE
.  Bole.  0s41 0.12 0.31.3.00 0.4
~ Artocarpus chaplasa .= Branches . 0,61 0623 0,32 0,82 0,49
) . Leaves ,2110" 0064 0359 2096 0377
| - . Bole 0040 0412 0037 - 2420 0,30
Dillenia indica Branches 0,51 0.24 0,58 0,68 0,48
o - Leaves ~~ 1590 0.55 0,74 '1.80 0,70
Bole 0.64 0:14 0,58 0.84 0,47
Deadrocalamus Branches 0,70 0,28 0.52 0,69 0,70
hemiltonii ' ‘r.aves 1476 0,59 0.83 1,99 0,88 -
Bole 0,85 0.14 0.26 .2,90 0,18
Castenopsis indica Branches 0,90 0,28 0.40 1,00 0.34
Leaves 1.90 0049 0.0 66 2o 40 Oe 79
BOle ’ O. 48 Oo 1 2 00 49 20 50 ‘0. 22
Gmelina arborea Branches 0,70 0.23 0,50 0,63 0,82
Leaves 1,90 0.60 0,82 1,95 1,02
Bole 0:45 0,20 0.24 2040 0,33
Garcinia cowa Branches 0.60 0.32 00.41 1,00 0,43
Leaves 135 0,61 A0085 1.76 0,79
, Bole 0.58 0,15 0,26 280 0,29
Milusa roxburghiana Branches 0.75 0,28 0,65 1,00 0,83
Leaves 1 .65 ' Oo 47 ‘,00 85 30 20 1009
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— ey " = T T T
. ! Compart=-! + P ¢! K tCa ! M
: [} v [ ] 3 ¢ [} q
~ Specles fment  {(B) § ()] (#) ! (%)} (#
‘Bole  ©.59 0.16 0.45 3,36 0s26°
Sohima. wallichii. . ' Branches 0,62 0.31 0,63 0,70 0045
I-eaves . 198“_6,-. 0, 66 ’ 1019 2060 - oo.§7 .
o Bole 0542 0411 0434 2040 0,30
Shorea robusta ‘Branches 0.82 0¢26  0.44 0,88 . 0,68
Leaves 1,90 0,76 1,20 1,78 1,08
. Bole 0.53 0.48 0,35 2,00 0¢37
" Sterculia villosa' '~ 'Branches 0.80 0,42 0,47 0.69. 0.67
Leaves 1.65 0.59. 0.98 1,60 1,01
L Bole 0.68 0,12 0.47 2,60 0,41
Vitex peduncularis Branches 0.70. 0,30 0,57 0.78 0.52
.Leaves 1.86- 0.65. 0.84 1,98 0,73
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Table T=2. Amount of different elements contributed by
N different species alongwith percentage
~ Gontribution of the total. for the forest
given in parenthesiso' : .

T YT

(0099)

Species o % - é §#f?ién%é (kg/§éﬁi — —
Py ¥ v P 3 K 4 Ca | Mg
e e (00 0B W T
sonarcaiamn nami1to- TR ony, %%‘:;’35_ %3”:%2)‘!!%2:%3)
Dilenta tnaten 2583 (3235") f«?é.%g)* 322'57) 183,
Gastnopsis indice %%vl»egg) Sy 8RR 28, %3
it amores 20 @ 83 &S
Gercinia cova RG0S e A L 110
e rommentana 304 103 W9 B B
Schima wallichii ?g'g_?;-g-'r)j }'l?f?g) $49:92) ' (45.47) (39:39)
suores rovaate T8 gl gL NGge s
stenta vrton B G5 % W36
Vitex peduncularis }?:??) (323?) | (z:?g? 22,43 3,79

(0.68)
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contribution by D. hamiltonii as far as this nﬁtriént is
concernéd was far less than that of A. gggglgggvand'ﬁ,
roxburghiana. .

Pig. 7-1 shows the pattern of distribution of the
nutrient in the different tree compartments. Bole contained
nazimun emount of all nutrients followed by branches and
leaves. This is inspite of the higher concentration of N,P;
K and Mg in the leaf tissue. It may be'wofth noting here
‘that leaf biomass is much less than thaf contributed by bole.
This compartmentalization of‘nutrient ig highly exaggerated
for Ca due to the fact that this nutrient also had highest
concent:ation.in the bole. ' ' h

| Fig;p7—2 indicates the percentage contribution Gbér'

hectare) by the different_elements in the different compart-
ments of the standing crop. Thekquantities of the different
nutrients in the three compartments of the tree, in a decreas-
ing order, are as follows 3

Ca>N>K>SNg> P
4s noted earliér, it is also evident that maximum storage of
Ca 1s in the boles |

The pattern of distribution of nutrients by trees,
shrubs and herbs along the periphery and the centre of the
forest was found to be different. About 60% of the totél



Pig. 7-1. Pattern of compartmentalisation of
nutrients in trees at Lailad forest.
Oben column, bole; hatched column&‘

branches; closed column, leaves.

Fig. 7-2. Proportion of different nutrients
in different components in living
biomass of trees (percentage of the
total amount in kg/ha)s
Closed column”'N; strippied column,
P; hatched column, K; open column,

Ca; cross hatched column, Mgy
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 mutrient pool in the living blomass was in the undisturbed
central zone of the forest, the rest along the disturbed
peripherel-zone. (Table 7f3).\ However, along the peripheral
| zone the contributlon by shrub and herb species was more

(0. 87 and 0. 35% respectively) in comparison with the central
zone (0.74 and O. 17% respectively) Tree species contributed
more to the nutrient pool of the living biomass (59.90%) in
the central zone than along the peripheral zone (37.97%) of .
the foreste It may be mentioned here that the disturbed _
peripherel.zone of the forest had preponderance of shrubs and
herbs. | .

The total standing crop of nutrients (partlcularly
nitrogen, phosphorus andAcaloiun).wes mucn more than the
values'reported'for some temperate forests (Table T=d) .
However, the wvalue for nitrogen ﬁhs lower than that reported
by some of the workers on_tropical forests. Tne value for
calcium is closer to thatlobtained for tropical forests in
Ghana bylGreenlend and Kowal (1960) but is lower than that
reported for some Indian forest types (Desh Bandhu, 1970;
Parugi, 1972). ihe same holds true for phosphorus budget _
except that the values reported on higher level than that'of.
tropical forests of Ghana (Greenland and Kowal, 1960).

. Nutrient content in litter s

The percentage concentration of N,P,K,Ca and Mg on



Table 7¢3.

“Distribution of different elements in the peripheral and in the central
zones of the forest by trees, shrubs and herbs (kg/ha).

- 's Peripheral zone i céntral zone E
Elements H ' . R ey 3 T - T 1 e
i Trees ‘i Shrubs | Herbs. ! Trees ! Shmibs ' Herbs 'e_ Mean value .

Nitrogen 609,34 34040 13,86 1212612 29,20 6,82 952,77
Phosphorus 194468 4674 1.88 363,58 4,02 0.94 284,92
Potaseium 417,90 8.94 ' 3.54 760.16  7:60 1,20 599467
Celcium  1920.88 25,80 10:24  2577.58 21,90 5,00 2280, 70

326,28 6002 2,38 558036 5012 1,20 449,68

Magnesium

61T



Table T=-4, Nutrient content within'the living biomass of trees in different
forest communities. S

Nutrients (kg/ha)

 Forest community

po®Dee -

oo afn @ @ of

Authority

¥ P K Ca mg'
finns sylvesfris (55 yre.) | 453» 4 - 272‘. - Ovingbon (1959)
Quercus robar'(47 yre.) - 464 40 - 1égéq - ~: « do =~ (1958)
Betula verrugpéai(ss‘yrs.)‘ 543 - 34 - 65i“_ - - do---(ﬁ959) '
Secon&. Douglas fir stand 320 66 - 333 - ‘Cole et él@ (1967)-
Douglas fir stand (450 yrs.) 31% 42 242 ”“‘6éQ“~ - ‘Grier et g;3(1974)
Tropical forest (Ghana) 2050 150 - . 2700 - Greenland and' Kove
Mixed deciduous forest 1260 85 - 1648 - ;Duiigneaud et 2;5(1964)
Tropical dry deciduous (India)1708v' 436 - 3707 - Desh Bandhu (1970)
Shorea robusta (India) 7909 . 650 - 9960 - Farug® (1972)
Mixed sub-tropical forest 910,73 279o13 589,03 2269¢é3 442,32 Present study

(50 yraoe )

021



oven dry weight basis in leaf litter of different species
(Table 7-5) showed that W and Ca content was highest in M.

 ferrea and M. roxburghiana while P and Mg concentration was

found to be highest in S. robusta, A¢ chaplasa gave high Mg
values, For other tree Species a great variation in concentra-'
tion of different elements was observed. Generally speaking
the percentage of nutrients in wood litter of the different
speeiesjwas'coﬁpératively lower. Although'g; hamiltonii is-
not a tree species in the strict sense it accounts for a
ceneiderable prepertion of the different elements as seen

from a comparison of Tables 7-5 and 7=6.’

Analyses of nutrient contents of the leaf and wood
fallen on the soil surface in different months is shown in
Pigs. 753 and 7-4., This seasonal variation in cencentration
of’N;P,K, Ca andimg‘waS'well marked duringvthe period of study.
Thié'may be explained as due to a number of factors like
translocation of nutrients from leaves before senescence
apprOached, the extent of leaching of soluble organic and in-
organic nutrients from the leaves, extent of decoﬁpoeition of
leaves before fall and the contribution of leaf by diffefent'
species which may affect the concentration and total content

of the respective'elements (Gosz et al, 1972; Van Cleve and
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Table 7-5s Nutrient content (%) in leaf litter of different
species &and wood litter (Composite sample for all

species)..
' qoenie Ty le i §ocaln
Species b Yo T b b
Leaf litter 3=« o

JArtocarpus chaplaga f 0°685'.0o354 0.354~f20920 0,656
Castanopsis. indica 0,846 0,461 0,361 2,281 0.591
Dendrocalamus hamiltonii 0,736 0.324 0,224 1.391 0.359
Dillenia indica 0,637 0.239 0,541 1,856 0.281
Garcinie cova 0,525 06388 0,308 1,650 0,351
Machillus khagiana 0.849 0,399 0,299 1.980 04651
Meséua for¥sa . 0:990 0,270 0,470 3,835 0,581
Miluga roxburghiana 0,870 0,222 0,322 3.156 0.650
“Shprea robusta O.86f 0.626 0.626 1,351 0.512
Schima wallichii 0.767 0.538 0.438 2,310 0,656
Sterculie villoss 0.668 0,299 0,399 14330 0,423
Vitex peduncularis . . 0.575 0,328 0,228 1,810 0,351
Other species . 00789 0,560 0,460 2,510 0,673
(Miscellansous)
Hood litter :-
Branches, twigs and 0,601 0,384 0,280 0,730 0,451

harks (all speciee)
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Amount of - different elements -contributed through -

Y

Taple|7“69.
“ ot 7 "leaf and. wood litter by different. species along~
with percentage contribution of the total for ‘the -
forest given in parenthesis.‘, , 4
o §.‘ :iF':“Q Nutriente (kg/ha/yr)
g — (]
Species HERIR SR ce | Mg
Lea? Littor:e IR o |
Artocarpus 1,05 0454, 0,54 4048 1,01,
. ' chaplasa (2.54) - (2,1533;,?2650) (4429)  (3:31)
. Castanopsis 3612! 1570, . 1s3% 8s 41 2,18,
indica (7654) (6073)3 (6:28)  (8,07) (7.18)
 Dendrocalamus - 4o14) 1483 1,26 T7.84 = 2,03
v hamiltonii - (10.04) (7624}  (5496)  (7.52) (6,67)
~ Dillenia * 0019° “"" 0,07, "5 0s16+  0s54 0,08,
indica (0645) (0628) " (0.74)  (0.52) ° (0.27)
Garcinia ~ 0s51 0630 030 = 1,60 - 0,34
.V cowa (1:23) . (1.18)" (1.20) (2.45) . (1.12)
Machillus - 0,04 10,02:°" 0,14 . 0,09 0,03,
S khasiana (0,09) - (0.07) . (0,07) (0.09)  (0.10)
 Milusa 1,96 050 3 . 0,73 8672 " 1047
| roxburghiana (4.75) (1:99) * (3:43) ~ (8.36)  (4.84)
Messua o ’ 0627 0007 . 0'013 1,02 ~ 0016
ferfeg (0:65) (0029)ﬁ.,(0050) (0098) (0052)
. ‘Shorea 4452 2495 . - 2,95 6035 2641
robusta (€0.92) (11o67) (13.,89)  (6:09) (7.94)
Schima 4022 299 - 2.8 12.84 3661
wallichii - (10,30}  (11.88) (11.37) (12.31) (11.90)
' Sterculia 0430 0.14 0,18 0061 0s19.
villosa (0.73) (0.07) ° (0.86) (0:58) . (0s63)
Vitex | 0. 23 0.13° 0,09 0,72 0.14
peduncularis (0056) (0056) (0043) (0069) ‘ (0046)
O ther species 13013 — 9015 7052 41076 10099
(trees chrubs and (31.75 _ ?f:ﬂg)//(35045) (40,03) (36.23)
herbg) 1Y g% ,
‘Wood litter: 0y~ 1 y
' (Wigs and barks) 7062 408 3060 9025 5072
(18,45) (19047) (16.96)  (8.81)

(18.83)




Plg. 7=3. Monthly variation in concentration of
‘different nutrients in leaf litter a$
Lailad for_est;j,,, . o o
N, @ 312 O ;Ki M Ca,\A i
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Fig. 7=-4. Monthly irariatiofx in concentration of
d'_i_.-ffer‘ent riut::ients in wood litter at
Lailad forest.. - | ‘
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Noonan, 1975)s Theuroie;of;soluble organio and inorganic

constituents from the leaf material affecting the nutrdent
content of senescing foliage has also been emphasized by
Tﬁkey (1970): In the present study it was found that the
senescent leaf material generally showed higher“concentration
- of more mobile elements 1like N,P and K while lower concentra=
tibn of less mobile elements such as Ca and Mg. It may be
noted that leaves becbmea senescent for most of the species
during dry winter months of December-January and leaf fall 1is
'maximum in Marchs Leaf fall may extend to April but with
simultaneous production of new leaves. The high concentra-
tion of nutrients like N and P may be due to the fact that

| retranslocation of these ndtrients is not so active compared
to some otherss However, these mobile elements are subject
to leaching by precipitation from attached leaves. Hence in
the months of May-August the level of these nutrients tend

to be low. Potassium is leached much more readily than other
mobile elements as was shown by a'number'of workers (Médgwiek
and Ovington, 1959; Miller, 1963; Tukey, 1970; Egunjobi,1971).
This is also the case in the present study.+ The pattern for
Ca and Mg showed that the concentration is at its lowest at
the time of leaf fall probably due to their withdrawal into

e



the wood. The low level of N, and K in the months of
February-March may be due:to sSQe leaching that may occui -
from senescent leaves due to occasional showers at this time.
During the growing season (April-September) a shift in
nutrient concentration was observed in the case of N,P and
-K towards the lower side but with increased Ca and Mg levels.
This is explained due to the mobility of the N,P and K due
to leaching during MaysSeptemberlby rain while Ca and Mg are
not susceptible to be leached to the same extent (Pig.7-3).
The wood litter analysis for Ca showed a somewhat
reverse trend at the time of leaf fall in the.mOnth of March=-
| April with higher levels whieh is to be expected due to with-
-drawal from leaf which showed a corresponding decreased level.
A low level of Ny;P and K was alsq observed in the wood litter
during the rainy season of May-August due to high mobility
- of these and consequent leaching (Fig§ Pl )y
The percentage contributién by different species to
the total}amount of di fferent elements not only depends upon

litter biomass of the speclies concerned but also on the

nutrient concentration. Thus, even though D. ham;ltonii had
greatest litter biomass contribution in the forest as a

whcle, yet there were other species like §Q-robpsta which
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contributed higher amount of P through litter: 1In cdntrasta

a species like M. fertea which had high nutrient level 1n

the leaf tissue for N and Ca, had very low total contribution .

of these through litter because of smaller litter contribu- .

tion to the forest floor: High percentage contribution of

the different nutrients through litter in the case of three

~ important tree species like S. robusta, S gallichii and G

indica in that order is both due to high litter production

and high nutrient concentration in the leaf tissue (Table 7-6)
The pattern of distribution of litter nutrients along

the peripheral and the central zonesof the forests 1is different~

both in terms of spe cles contribution ags well as the total

amounts‘ Generally speaking, the total contribution of

different elements per unit area per‘&ear is higher 4in the

' central zone of the forest compared to that along the peripheai

ral zone (Table 7=7): This is related to greater maturity

of the forest in the central zome due to comparatively low

disturbance and the consequent species diversity and denser

plant cover. The peripheral zone of the forest@ as men tioned

elsewhere, are highly disturbed which may be. considered as

20-25 years of age due:to preponderance of Qs-hémiltonigq It

may be mentioned here that studies by Ramakrishnan et al

(1980) have shown that this specles of bamboo is typical of



Table 7=7« Contribution of nutrient elements by different tree species in the peripheral.
and central zones of the forest at Lailad (hg/haffyr).:

Peripheral zone Central zone

-.o...;-
S Ty

Species —1 T - r — . ; : '
N {1 P } K i ca I Mg v { » } K | ca | mg |
Leaf litters | | | | |
Artocarpus - 0,700 04362 ? 0.362 2.996 0,670 15400  0.724 0,724 50,970 14342
chaplasga \ S e -
Cagtgnopsis 2,080 1134 0,888 5,608 1,454 40860 24266 - 1.774 10,216 2,906
ndica ' o | 2906

- ~

XA
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disturbed forests less than 20 years of age. Consequent to

the age difference of the forest along the peripheral zZone due

to disturbanqé, the contribution of nutrients through litter by
D. phamiltonii is significantly higher compared to the contribu-
tion by the same species‘in the centra; zone of the forest. To.
a lesser degree t%e same pattern holds good for M. roxburghiana.
On the other hand, species like S. robusta, S. wallichii and

G indica showed a'reverse trend with higher nutrient distribution
by these species in the central zone (Table 7-7). Of all the
nutrients réturned to the forest floor through litter calcium
showed very high values and the value for potassium was the least
(Table 7-8). The amounts of various elements returned to the
forest ecosystem by litter in the present case, was in the

order of =

Ca>N>Mg>P>X.

A comparison of the nutrients contribution through litter
for different forest types'bofh temperate and. tropical along with
that obtained ‘in the present study is shown in Table 7=9. This
showed that almost.all nutrients except probably nitrogen is
released in larger qﬁant1t199~in tropical forests compared to
temperate ones. This is moét obvious for phosphorus which had
somewhat comparable situation only in one othér forest type
at Varanasi (Singh, 1968).. The value obtained forother
t:opical forests are all much lower than that obtained in the

present study. Potassium values are comparable



.Distribution of total mineral nutrients in litter along the
reripheral and central zones of the sub-tropical forest at
Lailad (kg/ba/yr).

Table 7"80

] ~T T
Nutrients _s Peripheral zone.s Central'zone_s Mean
' HE R H value
_ i !
Nitrogen 344368 48,350 41,359
Phosphorus 20.076 30.434 250255
Potassium 17,008 25,412 21,210
caleiunm 90,322 118,128 104,225
Hegnesium 24,776 35.940 30,358

621



TableL7ﬁ9- Amount of mineral nutrients returned through 1itter fall in some tropical,
sub-tropical and temperate forests of the world.

Nutrients (kg/ha/yr)

Vegetation

[]
[}
:
: — '
L°°ati°ns ! i%rogen .Phosphorus “Potassium Calcium }Magna-{3°ur°§
H H H . : o ysium 1§
H H H _ H H i
Mixed tropical Zaire 7 154=224 T=9 - 48-87 © 84=105 44=53 = Laudelot &nd
. © Meyer (1954)
Mixed tropical Kade Ghana “199.4 Te2 - 6893 206, 1 448 - Nye (1961)
Mixed moist evergreen IVory Coast 104w107  4.2-13.6 26-81 61105 22¢51 © Bernhard (1970)
Amazonian tropical Brazil 7406 251 13 18 13  Klinge and
rainforest i SR . . Rodrigues (1968)
Tropical deciduous Gautemala 169 508 20 88 64 . Ewel (1976)
Birch forest U.S.SeRe 66 5 13 "54 19 " Russian authors
: : : cited by Oving-
o o _ f ; - ton(1965)
Scot Pine forest England 125 10 57 49 9 « Ovington (1959)
Temperate forest Nigeria 7.3 0.4 6.9 11.4 207 . Egunjobi,and
Pinus caribae ~ « . o Fagehum (1972)
Sessile Oak forest England 21=-2T7 1-9 T-4 14-15 2=2,8 %arté§le et al
' . 4 : : 19
Mixed tropical Veranagi 1854 1-28 6=31 15<184 44-30 . Singh (1968)
deciduous forest (India) .
Mixed tropical Meghalaya 41,36 25,26 21.21 104.22 30,36 Present study

forest (India) ' ,

0ET
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o other tropical forests and.only in one temperate mixed =
forest in USSR a high value is reported. Calcium also was
higher than in temperate forests and was comparable to other

tropioél situations. The same holds true for magnesgium also.

Nutrient release through decomgggigggg .
The concentration of nitrogen in lsaf and wood :

Alitter of different species kept for deéomposition at the
- beginning of the experiment rangéd between 0,70 - 0.85% in
the leaf tissue and between 0.58 - 0,75% in wood tdssue. As
decomposition.brOgressed, between 2«7 months after the start
of the experiments; there was a rapid fall in N content of
the decomposed leaf material probably due to rapid leaching
of nitfogen (Pige 7<5)+« This trend was also noticed in wood
litter (Pig: 7=6) though the uitimate left over N in the leéf
litter was about 4% of the original and that for wood litter
was about 14%. This is due to the slower rate of decomposi-
tion of the latter. In the case of D. hamiltonii however,
the rate of release and removal of N was more rapid than that
of others.

Phosphorus ranks next to N with respect to release °
and leaching of this element from decomposed tissues. The \\\

original concentration of P was lower in leaf and wood litter



Fig. 7=5« Loss of nitrogen from ',‘Leaf littér
~ through decomposition.
S. xobusta,@—@; S. wallichii,@—-—@;i
¢ indica;@----@3 Di hamiltonii,g x—@3
As chaplasa,@e«s @} Miscellancous,@-- --@3
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Fig. 7-6. Loss of nitrogen from wood litter

through decomposition,

S. robuste.@—@ 8. "-"-?}-l-l-i-c-ﬂi-l:

®----@; C. indica,@— o—.?’;

D. hamiltonii,@—X—@; A.
.0'0'.60'.4.:.

é chaglasa-,ﬁ v
|
i
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compared to nitrogen level. Rapid loss of P ocoured in the
first 3-4 months after which the loss slowed dqﬁn. Purther -
in most of the species very 1iftle P remained in the leaf
tissues after 1 year period except in the case of S.‘robusta
and C. indica (Fig. T=7)e Because of slower rate of decem-
} position of wood litter about 5% of the original remained
after 1 year of study. Wood litter of A. chaglasa and S.
ggbgstg was more hard than that of other species (Fig. 7-8)

The pattern of loss of potassium from leaf and wood

litter was quite different from that of N and P, Loss of K|

was most rapid in the'fi:st 2=5 months and slowed down markedly .
during the rest of the year. Thus during the first 2«3 months
as much as 75% of K was leached out from the decomposed tissues
(Fig. 7=-9). After 7 months of decomposition, leaf litter
lost almost all K from it, except in the case of S. robusta
where a very small amount remained. This was due to slow rate
of decomposition in this species. Wood litter had comparatively
more K remaining at the end of'onelyeari(Fig, 7-10).,

Loss of caicium was slower compared to.eeme of the
more mobile nutrients like N,P and K as was also observed by
Tukey (1970). Species like S. robusta and D, hamiltonil lost
Ca from leaf litter rather slowly, preceded by species like
S. wallichii and C. indica, rate of loss of Ca _was too steep




Pig, 7-7. Loss of phos;phorus from leéf litter
o through decomposition.
S. robusta,@——@i J: wallichll,@—--@;
C. Andica,@— ¢ —@; D+ hamiltonii,@—X—ei
A m_i,...o.,g. Miscellaneous;@-- - -@-
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Pig. 7-8. Ldss of pphosphorus from wood litter
through degoﬁlposi’cion,,
S. robusta,@——@s S. Wallichii,
@@ C- indica,@—«—@; .'

Be hamiltonii,@— X —@; A. chaplasa
..00‘._.‘;1
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"Fig. 7-8
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Pig. 7=9.  Loss of potassium fArom leaf litter
" through decompositiony
§+ zobustas—@i S vallichii,@-.@i

A« chaplesa,@--.@; Miscellaneous,@---@ .«
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Pig. 7-10, Loss of potassium from wood litter
| . through decompositions’
'8+ robusta.@—@ Ss mallichii @ --@;
C+ indica/@-*-@; D. hamiltonii @¥@;
A+ ghaplasa @---@F
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in the case of A« chaplass which continued upto 8 months- -~
from the start. Purther, a fairly high level of Ca ramained
in the leaf litter in all the species and ranged between 7

to 9% of the original concentration (Pig. 7«11). Rate of

I
-4

loss of Ca from the wood litter of S, robusta was much more

4

rapid though this was not true for leaf litter. Similarly 3

A, ohaglasa«whioh had rapid release bf Ca fromzleaf tissue
showed slow release from wood litter. Q,,hamiltqnii had lower %
levels of Ca to start with, compared'to other species and also i
released this nutrient slowly, Whilst Ca level in the original?
wood tissue was lesser than in leaf litter, the amount remaine '
m ing was of the order of 7 to 12% of the original concentrationa}
(Fiéé 7—12) Loss of Ca from wood was more rapid in the initial ;
stages of decomposition because of rapid decomposition of

bark which hold much of calcium (Seth gt al, 1963; Woodwell

et al, 1975).

7 Magnesgium loss from the decompesing leaf and wood
litter was rapid during the first 7-8 momths. Whilst species
like A, chaplasa and S. wallichii started with higher lg level
in the leaf tissue and lost it moie rapidly; D. hamiltonid

had thé least concentration of this element compared to other

species and the rate of losswas somewha} slower, Wpe#eaa



Pig. 7=11s Loss of calcium from leaf litter
through decompositiony __
S. robusta,®—@; S wallichiii,’-;—ax
G. indica,@-*-@ Ds hamiltonii,@-X-@j
A \chaglasav,.,{... *®3 Miscellaneous/@--@.
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Fig. 7=-12, Loss of calcium from wood litter
| ‘through decomposition.
S. robusia,—e; S. wallichii,®---@;
C. indica,e---@) D. hamiltonii,e-X-e@;
A+ ghaplasa@e:- @) ’
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leaf litter of S. ggggggg showed 8% of the original concen=
tration remaining at the end of one year period, D. hamiltonii
had only 3% remaining at the end of the experiment (Fig.7-13).
Mégnesaium released from wood liQter was generally slower and
the amount femaining at the conclusion of the éxperimentiout
of the original concentration ranged betweeh 4 to 6% (Pig.7=14).
The pattern of loss of nutrients throdgh decomppgition
was found to be somewhat similar to the work done by Ewei
(1976) for a tropical forest in Ghana: Folster and DeQLés
Salas (1976) reported that the cations are more leacheabie
than of N and P;. The present study however, showed thatvN,P‘
and K are lost much mofe earlier than Ca and Mg.. Amongsf
~cations the loss of Ca from leaf and wood tissues was mu.ch
less than that of K or Mg, a feature reported by Attiwill
(1967) and Thomas (1969) also. However, it may be noted:that
the pattern of release of Ca is also a specific characteristic
4n that the release of this element from the leaf tissue:of
Ai chaplesa was more rapid than that of other tree species.
‘Nutrient release from leaf tissue 1is more rapid than that from
ﬂwood litter due to slower dscomposition of the latter, a;
pattern also reported by Gilbert (1957), Alexander (1964) and
}Gosz et al (1972):

\
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Pig. 7-13. Loss of magnesium from leaf litter
through decomposition,
S. robusta,@—@; S. wallichil,@---g;
C. indica,@---@s D. hamiltonii‘,.——‘x-.;
'R M_e_,_s_g,_g;u.'.; Miéc'ellaneous,&--o.
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Pig, '7-14, Loss of magnesium from wood litter
through decompositio_m
S¢ zohuata,e—e; S¢ yallichit,e--—ef
Se 1041ca,0---0; Do hazilinnii,®-X-ef
A ghaplasa,@---@:
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- The mean monthly concentration (mg/l) of the

varigus-elements found througﬂout the study period in through-
fall, stemflow and incident rainfall are shown in Fig.7-15,
16,17,18 and}19;‘ The concentration of total nitrogen in
fhroughfall and stemflow was low during March-May, followed
by'a steady rise reaching thé maiimnm towards the end of'the
year. . This steady rise in concentration may be related to
- the maturity of the leaves. Before the formation of abséi-
"ssion layer in December the doncentration’reaéhed its peak
when the leaves were fully matured. A similar increase in
N concentration 1n,thrdugh£all with inerecased maturity of the
legves and.a subsequent shafp decline after the }ormation of
'abscission layer is\also reported by Tukey et al (1968). No
- throughfall occurred after December as thevﬁinter mohths:
were dry. A more or less similar pattern for stemflow was
~also observed during the study period. During December -
"Pebruary no stemflow could be recorded due to comparatively
dry period. However, the concentration of N in stemflow was
:\generally more than that of throughfall,. This high concen=
\t:ation in stemflow may be due to : (i) release of nutrient

%uring bark decay during the rainy season (ii) the wash out



Pig. 7-16.

Monthly variation in concentration
of nitrogen in different water samples.
Thpoughfall, @ .3 stemflow, O 3
incident ra_.irifall,:;,‘_: A %

Monthly vé.ri,ation,. in concentration
of phosphorus in different water
sampless | '

Throughfall, . 3. stemflow, O 3
incident rainfall, A &
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Fig. ,7‘7,117"'; Monthly variation in concentratiq_n
| | of potassium in different water samples.
Throughfall, @ 3 sttei’n‘flovz,; O ;
incident rainfall; A & |
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Fig. 7=18. MNonthly variation in con_centration
~ of calcium in different water svampi"es..

Throughfall, @ ;'steinflowg. O ; o

incident rainfall, A i |
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Pig. ‘?-19-. Monthly variation in concentration
of magnesium 1n_diff"ere-nt‘ water sémples..
' Throughfail,_ o ;,hstemflow,- O s
incident rainlfall:,._., y -t



Fig. 7-19
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of nutrienf from leaves which further gets enriched frqm
the bark of the stems and (4ii) low quéntities.of water
in stemflow and the consequept high concent:ation'of'nutrf.
ients:. A significant monfﬁly variétion could be observed
in the concentration of N in the 1noident'rain,4which waé
very low compared to that in the throughfall and stemflow.'.
Incident rain had very low concentrations of ‘ |
phosphorus during the rainy season. The slightly highgr?
level of P in the incident rain during March-April may bé
due to (i) high level of dust partieleslin the atmospheré
during the preceding dry period, (11) presence of partly
burnt particles of organic matter due to burning of slash
in the neighbourhaod during this périod due to shifting
agriculture and (iii) low rainfall during this period with

lesser dilufion of this element: The concentration of P

in throughfall is on the average three times more than that
~in incident rain. In throughfall P concentration graduaily c

increased reaching a maximum in-August followed by a slow

decrease in subsequent months—.\\‘1 The gradual increase in |

concentration up to August may be attributed to the presence
:qf~h1gh pollen concentration in the canopy dué to flowering
\ - : .

} Q{\many«speoies that occurred in the forest and also due to

\
\
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ithe.production of new leaves du:ing this period which may
 havé higher level of'phosphofus}; Similar observations were
also made hy Carlisle et al (1967) working on sessile oak
forest in England. During the leaf fall period of Marche
April the level of phosphorus was low in comparison to othér
‘ mbnths of the year. A similar monthly battern was also",
w» observed for stemflow exoepf”zhét the concentration of P on
the average was two times higher than that for throughfall.
| This hlgher level of P in stemflow could be accounted as
due to the additional release of this nutrient due to bark
. decay along with that comes from the leaves, as disoussed
earlier, | |
1 The monthly:pattern for potassium, calcium and
: magnesaiuﬁ'Eoncentrationa’ih throughfalii’étemflow and
~ incident rainfall was similar (Fig. 7-17,18,19). The
‘-gradual increase in concentration from the month of May to
December is probably related to gradual maﬁu:atiqn of the
new leaves prqduced in.April and the consequent increase
in'rélease of somd of these nutrients fﬁoﬁlﬁére mature leaves

an’ observation also made by Tukey g1 al (1958), Will (1959)
ii
\ |
\‘ '~ The concentration of K, Ca and Mg was very low in

AN
\

and Deneyer-De Smet (1966).
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the incident rain and was very high in the stemflow, the
concentration in throughfall was intermediate between the
.tWO( Higher concentration of theée elements in stemflow '
is similar to that observed for N and P for reasons already
given earlier. Between these three elements, the concenﬁra—
tion of caleium was more in stemflow due to high levels uf
this in the bark, as discussed elsewhere. In March the .
concentratiun in the incident rainfall wags higher, deoreésp
ing 1n Apriliand May afteikwhich it rehained steady. Hiéh
~econcentrations in March-May may_partly be due to low raiuuf
fall“and thé wash out from dust particles. Throughfall and
stemflow for these three elements showed a similar pattern
through the rainy season. The concentration was higher in
Mareh»reaehing:very low values iu May after which thse cou-
ceutrationlincreased gradually upfo December. After the
formation‘of‘abscission léyer 1n'December_a sharp decréaée
4n eonuentratibn would be expected as reported by Tukey
gn,al,(1958), However, the‘high concentration found in
throughféll and stemflow in March and April is due to atmos=-
pheric dust and blow off of ash eto. from slash and burn |
agriculture discussed earlier.

| The total amount of nutrients (kg/ha/yr) contributed
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" through stemflow, throughfall and incident rain (Table

7-10) showed that throughfall “contributed 98% of all the_
nutrients in comparison to that through stemflow. This
low addition through stemflow is inspite of the high con-
centration of nutrients in the stemflow water, as the tbfal
quantity of stemflow is far less than that due to through~
fall. It may be recalled thaet stemflow accounted only 8%
of the total rainfall whereas throughfall was 53% of thsg
total. | | T
.Amongst the cations, calcium and potassium wore
highly leachable with heavy wash dut through stemflow and
throughfall., Between nitrogen and phosphorus, leaching 3f
the former was Par greatérq The high amount of some of
the nutrients in incecident rain might be due to contamina;
tion of these elementé due to slash and burn as well as A
due to héavy dust accumulation in the atmosphere during the
preceding drier winter months, The total gquantities of‘i
different nutrients reaching the soil by throughfall, stém—
flow and incident rain was in the order of s ca=>k=>N=>lg=P,.

Comparison of present values regarding nutrient

“leaching showed that return of nitrogen to the forest eed-

'spstem by throughfall was more than the values reported by

Goorge (1979) for an Eucalyptus plantation but lower than




Table 7=10, Nutrient return through stem flow, throughfall and
: o rainvater at Lailad forests.

Nutrients (kg/ha/yr)
e T— } - N (]
P

adadl ey
jo o = o .

K} Ca

T

;h-nh‘ -1.

L"‘{

| stemflow . . - 0u17. : _'.,0;92; ot o 010
" Throughfall - L 8';'39" 2 6;89 ‘ ,31».;28__ x 354‘1‘:9’. C 5; 03 -

U notal 9456+ 0.91 31499 35,95 5413 .
Rainwater : 4;33 - 6;43 | 7;80' | 9;96 | '4;777‘

* Difference 5,23 0.48 24019 24597 0.63 -

¢

)2




the values reported for Hubbard Brook ecosystem (Table
7<11)s I% waé comparable to those of other temperate
forests: Phosphorus values in this throughfall study wés
mére than that reported for an Eucalyptus plantation in.
India and that obtained for éome temperate forests ; it
was lower than the values reported by Carlisle gt al (1966&)
and Szabo and Csortos (1975). | However, the values for't
potassium, calcium and magné;gza; in throughfall in this
study. in general was higher than -that obtained by other
workers, The stemflow release 6f different nutrients obtai-
ned in this sﬁu@y wag more than that reported in most of;
the earlier ones. These differences may be related to |
differences between forest types, éuantity and pattern of
ra;nfaii and even to atmospheric factors like dust, pollut-
ants etc. t
In conclusion it may be mentioned here that the

leaching of elements from the stem and forest canopy by
precipitation is dependent-on a number of factors. Eaton
gh_a; (1973) reported that nutrients are generally recogﬁizqd
as being associated with organic molecules (N@P) moved mére
slowly from the forest éanopy, while nutrients commonly

found in donic form (K) move more rapidly, PFurther nutrients
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Table T-11, Nutrient inputs by throughfall,

stemflow and precipitation in different forest

e e At Peomoman,

communities of the worlds
. B . , ' 1
> Communi ty : Locality ! Water mource ——Hutrients (kg/ha/yr -4 Authority
, H : H E i P { K ;Ca § Mg | -
. . Throughfall 17428 = 2,08 27002 23,28 4455
- ‘ X : ’ , - . Szabo and Csortos
Oak forest Hungary Stemflow .- - - - - (1975)
~ AW : Precipitation 20.09 1.32 To43 17,40 2,31
Throughfall 10,60 0.63 26094 6098 1698 Loyon o4 a1 (1973)
Temperate forest Stemflow 1511 0,10  3.51 0,64 0,19 ’
S S . Throughfall 8482 . 1¢31 28.14 17.18 . 9,36 .
Y B ' . T ad L > ' TR : . Carlisle et al.
Sessile Oak forest England = - - Stemflow - o - - = (1966) T
' Precipitation 9054 0043 = 2,96 T.30 . 4063 .
: g Throughfall o' - 24 W 4 e
PP , - . . gwick and
%708k Forest - Bngland Stenflow - = - - - Ovington (1959)
LTI .y : o ' " '
e \Ké;& Precipitation = - 30 24 10
&J:Bl i ac ;éé;‘\?_mc_e__f_oxest Minnooata  Mhaasswle@atl e o =n “n L —
';3 J; t'r’:.h" -
K//fh
é;‘ %':_!,?»" .
iéééggwyj ‘ ?:

i



in young growing fissues are quickly metabelized within

the cells and are therefore difficult to leach while in

. older tissues the nutrients are in an exchangeable form

|
i
H
!

\

and therefore ceuld be more easily released. Aerosols

and dust may adhere to leaves, branches and stems and thus
add significantly to the chemical concentration of through-
fall and stenflow (Carl:lsle et al, 1967; Duvigneaud and
Deneyer-De Smet, 1964) Intensity of rain, leaf eomposition
weight of leaves and branches etc. are some of the 1mport-
ant overriding factors 1n determining nutrient return by

rains

Run-off and percolation losses through water

The concentrations of different mineral elements
namely nitrogen, avallable phosphorus and cations like
potassium, calcium and magneseium, lost through run-off

showed much fluctuation in different months. The high con-

‘centration of N in run-off water in the month ef‘Mareh-Abril

(Fige 7-20421,22,23 and 24 ) may be due to lesser rainfall

| in these months and the consequent lesser dilution effece.

The peak in concentration was reached during Auguet-September

and this may be related to greater release of nutrients

\\from fastly decompoeing'litteern-the forest floor. It may



Pig. 7=20.

FMg. 7-21.

Monthly variation in concentration of

nitrogen in different water samples.,

~ Surface run~off, Q 3 bPercolation,

O

Monthly variation in concentration of
phosphorus in different water samplegs
Surfage run-e.off;;;: o 3 bercolation, O

w
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Fig. 7-22, Monthly variation in concentration
of potassium in different water samples._

Surface run-off, @@ 1§ percolation, QO 34

Fig. 7=23. Monthly variation in concentration of
calcium in - different water samples

Surface run-off, @@ 1§ percolation, Q .
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Fig. 7-24. Monthly variation in concentration
of magnesium in different water
sampless
Surface run-off, @
percolation, O «
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be- noted that the litter deposited during March=April
gets idéal conditions'duping ﬁhe:gar;ywmgﬁsoqn'periqd _
of May-=July with high temperature;-hnmidify and rainfalls
'Part of this nutrient pool released from litter thus nay
'increase the ooncentration in the run-off and pereolationl
water during the subsequent months with a peak in Agust=
| Septemberc 'Japuary aﬁd Februany_argvpracyiqally rainless 
and dny‘with nd‘runfoff and perpo;atiqﬁ losses. Whereas |
.congehtratiaﬁ:bf most of the nutrients was more in: the
. run-off water, N concentration was in general higher in
:percolation watefc' The concentratiOn-of nutrients in psrb'
colafion water also followed a similar pattern as that in i
the rﬁn~6f£ water, injtbat_péaklva;qgsAwepe_h;gher during
July-September‘With a minor peak during March-April
(Fig. 7-20,21,22,23, 24)s |
Potassium and calcium losses on: ﬁpg forested eco-z
systemjwere heavier compared tovqtpgr;ggpiients_losses,
Bnnpoff:wafer‘IOSQJbeing much higher qggpgge@ pq.per?ola- |
tion loss df'water§;the losses‘df nutrients through #unpoff
is a;sé expected to be heavy as was found in the present:
case. N N | ..“ |
- The results:presented foi clear out-forestsreéreeé

sents a site which was clear cut, burant and cultivated
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for one year before being left a fallow. It is interesting
to note that nutrient losses are extremely heavy from this
deforested area. In fact even though the quantity of‘water
.lost through run-off and percolation is not more than 2 -
fold and 3 - fold respectively compared to the Lailad
forest, nutrient losses increased 7 - fold and 6 = fold
respectively compared to the forested site. This is partly
'due to sudden increase in nutrient pool due to burn and also
due to rapid nitrification of the soil initiated after clear
cutting and burning.l

Nutrient status of forest goil

Along the soil profile the soil colour changed from
dark brown at the top getting lighter through depth and was

| reddish at a depth of 70—100 cms The dark colour of the soil

in the upper 1ayers is due ‘o humus in thie region. The

upper la.yers.o.fgthe profile are sandy 199““, becoming sandy at

lower depths. Moisture content throughout the profile Was:

not very different (Table 7-12).‘ However, moisture level

" in the soil was higher during the monsoon compared to drier

winter months. The soil moisture was slightly more in

peripheral gone, compared to central zone of ‘the forest



Table 7412; Physicallpropertias of soil.

[] [] LB L] - ¥
S N 1 ' e . : 9
Soil dépthg~£ Soil colour ! Textural § Moisture content 5 Bulk density ! Porosity
(em) - 1§ | ! class H (%) { (g/ce) i (%)
i i i { i
,40 - 1Q¢i Dark ﬁrown_‘ 'Sandy loam 22,83 * 50469 | 1,61 . 384 077
10 = 407 Light brown Sandy loam . - 21.25 + 4,653 .78 5io538
40 = 70 Reddish brown Sandy 21,18 + 4.284 .72 33,846
70 - 100 Reddish = Sandy 121,90 + 3.806 1.70- 345614

9% 1
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(Pig. 7-25); Bulk density was‘less ;nthe upper layer
of the profile_but,increased‘in_the region of 10-40 cm.
due to more compact and loamy soil. Ax still lower layers,

bulk density decreased as the soil was sandy.

o The soil pH was slightly aoidic with a great
monthly variations. In general, PH decreased with increase
"4n soil depth throughout the year, During dry winter
| months (December-February) the soil was less acidic (pH 6. 65-
6 70) but during rainy season the PH decreased to 5.90.
'This decrease in soil pH during the rainy period of May-July
" could be related to heamy material from the surface layers
”_of the soil. The slight increase in pH at a depth of 100 cm
' may be related to 1ncrease of some of the cations like
caleium at‘lowe:'deptns ofgsoi;,“_dhe“sodlﬂpﬁ was not signi-

ficantly different in tne perioheral zone and central zoneq
t'of the forest though slightly less acidic in the central
gone (Fig. 7-26) y L ?T“T”%

Organio carbon was maximum in the surface layer

of the soil (o 10 cm) and drasticallyﬁéécreased with increase

in depth (Table 7-13, Fig.720 - The level of organic carbon
. wag lesser in. the dry.season~but increased during the rainy

season due. to rapid decomposition of organic matter.



Table T=13s

.Chemical properties = EpH"CarbonéNifrogen gtatus, and available
phosphorus concentration (mean values) with standard serror.

T T T : T
o1l depth | : | : i Available |
{em : PH —  E— f c/u ~{~£X§sphorﬁs :
S [ ' Organicc § " Total .~ § - - : AR
H _ ! carbon } Nitrogen ! s (ppm) H

- " " ) ) ‘T LB

0=10"
10-40
40~70

70=100

 %? 6035+#04 379

. 6.0880,272.

6,070,211

2039080, 231

Oe 346+0,014

0017880, 027

70,84840,191

0.25480,021 - §,40952,131  107521,481
0014140, 031

g

 0,086+£0,008 ~ 4,023#1.,011  30£23.823

N 0004&00007 .. 3087%10000 | ‘ 13349621

6,01463,462 562264064

grT-



Pig. '7---25;f Monthly and depth variation in-
| soil moisture in (a) central and
(b) peripheral zones of the forest
at Lailads |
0-10 cm, @ 3 10-40 em, O
40-70 cm,- A3 70=100 cmy A\ =
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Pig, 7-26, Monthly and depth variaf—ion iﬁ
soil pH in (a) central and (D)
peripheral zones of the _fo;rest
at Lallad.
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Organic carbon was in general, more in the céntral zone
of the forest than along the peripheral zone due to more
mature forests in the central zone and the consequent
higher production of organic matter (Eig. 7-27). The
pattern of distributionAof nitrogen‘down the soil profile
as well as monthly patterp are close}y similar to that of
organic carbon. (Table 7-13, Fig. 7-28). The fluctuation
in the monthly pattern was least in the lower layers of
- the soil. ,

The C/N :atmoof19,4 in the surface layers obtaine&
during the present study was found to be lower than 11.0
indicating rapid decomposition of organic matter (Lutz and
Chandler, 1946). It may be noted here that the C/N ratio
of temperate forests in general is very high duevto slow
decomposition of‘organic\matteng For example, Geist and
Stickler (1970) reported a ratio of 22.0 for the pine forests
in U.S.A. It may be noted that C/ﬁ ratio decreased markedly
with increaso in depth of the soil due to low concentration 1
of organic carbon (Table 7-13).

Phosphorus in the soil decreased markedly with
depth, The monthly pattern showed that the concentration
reached maximum during the :ainy season (May-August) which



Fig. 7=-27. lMonthly and depth variation in
concentration of organic carbon
in (a) central and (b) peripheral
zones of the forest.

0-10 cmy @ § 10-40 cmy, QO

40-70 cm, A j 70-100 cm, A . .
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Fig. ’7-‘2’.8‘. Monthly and depth varigtion in. -
concentration of total nitrogen 4in
(a) central and (b) peripheral zones
of the forest, '
0-10 cm, @ ; 10-40 ocmy O 4
40-70 cm,” A 3 70-100 cm, A\ .
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may be relafed to rapid release of this nqtrient from
the litter and declined during the dry winter months.
This fluctuation was more pronqunced ;n thé,upﬁer layers
of the soil. At a depth of'70f100 gm,‘theAmonthly fluctua=-
tion was the least (Table 7-13,_F1g, 7529).*Tﬁé concentra=
tion of available phosphorus was slightly more in the
'cential zone of the forest than along the peripheral zone.
$hé concentration of the three exchangeable cations
- calcium, potassium and magressium was found to be maximum
in thé surface layer of the soil (0910 gm) and decreased
with increase in soil depth (Table 7-14, Fig, 7-30,31,32).
This decrease was more marked in the case of potassium
- compared to calciumj magnesgium was intermediate between
the ofher two. :
The monthly fluctuation in concentration of the
three exchangeable cations followed a similar pattern in
that the concentration was lower during dry winter months

ahd'significantly higher during the rainy season. But'th‘e%g
increase in level of potassium (Fig. 7-30) during rainy :
season was more rapid reaching a high peak during July-

September before the decline in concentration. This rapid

riée in concentration of this element may be due to the



Table T=14, The concentration of exchangable cations in forest soil
- (mean values). o

T " p — . ¥
. ' 4 s« Milli—equivalents per 100 gms. 5
Soil deptn 4 — — ‘ tTotal

(Cmo ) : soiun : : Meg :

: H Potassium H Calcium H Magnesium :

i ; : !
10=10 1,40 % 0.615 . 1,05'4 0,250 1,27 & 0,271 3.72
10 - 40 0,98 + 0,421 '. 0,26 + 0,210 0,57 % 0,233  -1.81
40«70 0,36 % 0,208 0.21 # 0,153 0.33 # 0.165 0.90
70 = 100 0:09 + 0,039 . 0,27.% 0.110  0.34 2 0.116 0.70

TeT




Pig,_ 7.-’-:-2,9._ Monthly and depth variation in
V | concentration of available phosphorus
in (a) central and (b) peripheral zones
of the forest,
0-10 cm, @ 3 10-40 em, O 3. .
40-70 cm, A ;;70..-19_0 cm,g_A
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Fige 7=30

Monthly and depth variation Ain

, cc.mcentxfat ion of ,éxohafnge‘abl.e'
‘pqt.assiu'.m in (a) central and (b)
-periphe,i?al zones of the forest-'.:'
0-10 cu, @ § 10-40 cm, O 3

40-70 om, A 3 70-100 cm, A\ .
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Fig. 7-31, Monthly and depth variation in
concentfatibn of .e‘xéhangea'bie
caleium in (a) central and (b)
péfiphefé.l ébr}eé ‘<I>f the Vfoi'eéi;‘.,
0-10 ‘cm; @ "';A 10-40 cm, O  j
'40-3’?0‘ém:,f‘ A 3 70-100 ém,\.A .
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Pig. 7-32. Monthly and depth variation in
| congéntration of .exchangeable
, magnesium in (a) central and |
(b) peripheral zZones .of the f"orest.-
0-10 cm, @ 3 10-40 emy O 3
40-70 ci, A 3 70-100 cm, A\ -
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more rapid release of tpis nutrient from decomposing
organic matter and also due to higher levels ip'the
throughfall (Tukey et al, 1958) The increase in level
of- calcium and magnessium in the soil during the rainy
season was less prohounced compared to petassigm. In
general, the menthly fluctuation of cations was marked in
the surface layers of the soil only.’ The slightly higher
concentration of the catlons along the peripheral zone of
the forest particqlexji_Ly giu_xjing ‘the montp .:o_if Mey-A.ugust may
be related to leachigg @own;ef ﬁhe_nntrient~frem higher
elevations of the central zone.of the forest and the eeposi-
tion along the peripheral: éone.

The total amount of different elements (kg/ha)
(Table 7-15) showed that the soil is rich in organic carbon
and total nitrogen and the present values of these two
elements were found to be_higher thanthe values reported by
Singh (1967) for a sub-tropical forest at Varanasi (India).
But the amount of‘phoephorus was somewhat comparable to
that reported by the above author. Amohget the cations the
maximum amount was represented by potassi&p which was
' followed by calcium and magnesgium (Table 5915), The accumu-

lation of a high amount of potassium and depletion of calcium



Table T=15.

. Mineral status of forest soil at Lailad (kg/ha) (meen values).

Soil depth~§ Organic carbon } Total nitrogen g fhdsphorns { Potagsium § Calcium i Magnesium
0 =10 38479.000 . = 4089,400 1720270 861,350 325,220 296,240
10 - 40 452835206 - 7529, 400 299,040  2050,560 . 261,660  368.460
40 - 70’ 17853.600 4437, 600 154,800 675,960 216,720 356,040
70 = 100 9078, 000 2346, 000 66,300 | 161,200 255,000 209,100

LA

3%
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in an older tropical forest as was found 1n the present
‘ C et al -
case was also reported by Zinke (1978) Qhe low amount

of calcium in tne present case alsoﬁoan»be explained on
the basis of parental rocks. The soil of the study'area .
was lateritic in origin which was rich in nitrogen but poof.
in cations. |
o ;Ihe amount oflnnt:ients held are greater in the
surface layers of thefsoii;- Tne'profile anaiysis data
ag present in Tab1e745shows that 10-40 cm depth is a layer
of accumulation for all nutrients except calcium below which
.nutrient concentration deolinerdrastically.
trient cifculation in the o est:eo system 3 |

In a forest ecos&stem% the amonntlend distribution
of nutrients depends npon tne”be;anoe between the different
'piOcesses concefned 1n}the nutrient_cyolgng,_ The build up
of total amount of diffe:ent nutrients like nitrogen, phos-
phorus; potassium, calcium'an&lmagnesgium in a 50 year old
forested stand at Lailad is whown in Table 7-16. It was
"fonnd that meximum amount oﬁ nutrients in the living biomass
.is'stored in the tree eompaftment Que,to its larger biomass.
'Amongst-sll the nutrients Ca represented 50% of the total
probably due to its accumulation in the bole as discussed
earlier and was followed by N,K, Mg and P with 21%, 13%,10%
and 6% respectively. Within the tree compartment, the



Table T7=16.
ecosystem at Lailad.

Distribution of nutrients in different components in a 50 year old forest

‘ fNutiiéntbeléments (kz/ha)

3047

1
, Compgnent i. Y i " §' X ‘i A i e
Standing crop : N | - | o
" as Tree - Bole 604099 ~ 146892 379656 = 1904.68 - 247.04
Branches 224530 = 94433 164,18 255, 00 153677
| Leaves 81e44 © - 37.88 45629 109,57 41,51
b. Shrubs and herbs 42404 5679 10,64 31047 . Te36
Total 952477 284,92 599,67 ' 2300,72 - 449 <68
'go0il : 0-10 em @ 4089, 10 192027 861435 325,22 296024,
‘ 10-40 7529040 . 299.04 2050456 261.65 368,46
40-70 4437460 154,96 675496 216472 356, 04
70=100 * 2346, 00 66430 161420 255,00 209, 10
Total 18402410 692057 3749407  1085.,60 £ 1229.84
Input/year :Litter 41636 25625 21021 104422 30,36
Precipitation 4433 0,43 " 7.80 9,96 4077
Y1 gtenflow and 5623 0.48 24419 24497 0,63
throughfall A '
Total 50092 26016 53520 139,15 35476
OQutput/year: ‘ '
Surface run=off Oe 46 0,50 - 11,05 10.68 2045
Percolation 0.21 0011 384 373 0,72
Total 0467 0061 14,89 14041 3

o~

1



Idistribution of different nutrients in different organs

like in the bole accounted for 72% of the total compared

_to 20% in branches and 8% in the leaves.

The most important feature of the nutrient cycling

| in forest ecosystem is the regular input of nutrients

Ato the ecosystem through litter and precipitation. Litter

which is shed over the forest floor throughout the year

is derived from the trees, shrubs and herbs. Leaves are

usually the 1argest components but bark, branches, stems,

inflorescences and seeds also contribute to some extent.

The litter Which is continuously falling on the forest floor

is very heterogenous being composed of organic material,

differing greatly in structure and chemical composition.

The total amount of litter fall in a year wasvestimated

to be 5,5 t/ha in which the amount of Ca was~maximum followed

.

by N, lMg,P and K. Another important pathway for nutrient
input into the ecosystem is precipitation, either direct

or via throughfall and stemflow. However, the'input of

nutrients through precipitation was less than_that added

through stemflow andvthroughfall. Ca'and K came through‘
this pathway in larger quantities whereashthe quantity of

P was the lowest;" While 72.7% of the total input of nutrients
was through litter, 27.3% camethrough precipitation, stemflow
and throughfall,
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The gain of nutrients to forest ecosystem as a

result of precipitation is offset to som? extgnt.by minerals
which are carried wway in water draining from the forest
through surface run-off and percolation. Run-off losses are
heavier compared to percolation losseé (Table 7=16): K and

Ca losses are heavier than that of other elements.’

The nutrients which are added to the system tnrbugn
litter and via precipitation are incorporated into the forest
floor. These nutrients along with the nutrients recovered
through physical and chemical weathering of parental rbcks
and minerals soil enrich the soil. The surface layers of the
soil contained moré nutrients compared‘to deeper layers due
- to the surface deposition of nut;ients through litter and
through preciﬁitation,' The circulation of nutrients from one
compartment to another as presented in Fig. 7-33 show the
rate and magnitude of movement of nutrients, which differs
greatly within the system. Thus; the ecosystem is not a closed
circuit, since nutrients are continuously being added to or
removed from the nutrient pools by various natural and'artifia
cial processes. The forest nutrient cycle has three segments,
an input, an intracycle or system within which nutrient move-
ment ' takes place!‘and an outputy The wfnput into the system

is tﬁat comes through precipitation the rate of which has been
A |
\\
\
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estimated while inpute'through.biologica; nitrogen fixation
and thfough s0il weathering could not be estimated. The

input through solids though likely to be negligible could not
be calculated. The aﬂnual losses are chiefly through surface
run-o0ff and pereolation of watervwithin the soil which has
been quantified. The rate of transfer of nutrients from the
soil poelAto the vegetation has been calouiated on the:basis
of approximate estimations of productivity based on biomass
increment data available for d;fferently aged fallow develop=-
ing during secondary succession after jhum (Tokyland Rama=
krishnan, unpublished);s. One of the major transfer routes from
the vegetation to the soil is through l‘_i.tter,' the annual rate
of Which>is;alee aveilable@ The release of nutrients through
root decay could not be eetimatedg The nutrient cycling in
the lLailad ferest on,the'basie‘of the eresent'avai}ableg
information could be repreeented‘ae in Pige 7<33s

The concentration of nutrients in different tree
species and in different organs . like bole. branches and leaves

of the same species varied greatly. Total amount ef,nutriente

- present in the standing c¢rop of the forest trees.»ehrube»and
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herbs weres N, 953; P, 284; K, 600; Ca; 2281 and Mg, 450 kg/ha,
out of this about 60%‘Was';n the central zone and:the femaining
40% was present in tha’pet;pnefal_zone_of_the foresto"sehimé

wallicehii, Caétanogsis lndica, Sho:ea robusta andd Dendrocalamug

hamiltonii contributed more‘nutrieﬁts'to the 1iving'compartment
of the forest due to their greater'biomass.' The annual input

of nutrients through leaf and wood litter of d1ffefent tree
species was found to be:N, 41; P, 25; K, 21; Ca, 104 and Mg, 30
kg/has A large prpéoréidn of these nutrients (about 50%) was

| through litter offthercentral zone of the fordst. However, the
monghhly concentration of different elements in leaf and WOod
litter varied. Among the species D. hamiltonii contributed more
to the peripheral 2zone, whike in the central zone species like

S. mallichii, 0. indica and S. rohusta contributed more.
Nutrient addition-through precipitation,'tbroughfall and stem=
flow amounted te: N, 9.56; P, 0.91, K, 31.99; Ca, 34,93 and Mg,
36,39 kg/ha/yr. The input by stemflow and throughfall was more
than that through precipitation. Comparison of nutrient discharge
from the forested ecosystem through surface run-off and percola=-
tion withAthat after clear-cutting showed that in the deforested
éeosystem the nutrient losses were about 6«7 times more than that

from a forested acosystem.



Soil ‘was lateritic sandy 1oam with a pH ranging from
5.8 to 6. 3. Concentration of soil nutrients was high during
the railny sgeason due to their release from decomposing
litter. The fluctuation in concentrat1on of nutrients were
Well ﬁarked in the upper layers of the soil only. Soil
nutrient pool had: N, 18402'; P_', 692; K, 3749 Ca, 1085 and
Mg 1229/kg/ha up to a depth of 100 cm. The nutrient pool
in the different compartments and their transfer within ths

system has been discussed.
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Fig. 7-33. Nutrient cycling in a 50-year old forest
at Lailad. ' |
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CHAPTER 8

GENERAL CONSIDERATIONS REIATED TO SHIFTING AGRICULTURE (JHUM ) ‘
AROUND LAILAD
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GENERAL CONSIDERATIONS RELATED T0 SHIFTING AGRICULTURE
(JHUM) AROUND LAILAD

A
\

\ Shifting cultivation which is locally known as
JQum is a traditional form of agricultural practice of the
tgibal populatioh of the hill areas of the north eastern

li .InLia (Ramakrishnan et al, 1980) and is also prevalent in

j "'mamy ‘parts of the world (ﬁye and Greenland, 1960; Zinke

et! al, 197%; Bwel, 1976). “An area of over one million

hectares in the north-east is estimated to be under Jhum

- (Roy and Verma, 1976). This practice consists of cutting
' doWwn the forests of various stages of development allowing
"'the slash to dry for a few months and burning the slash
' before cultivation. After cultivation for sometime the
land is left fallow, again to be cultivated in a few years.
This Jhum cycle was formerly fairly 1ong of about 30 years-
| hen the population pressure was not so great, but during
recent times the higher population densities and reduced
: acreage has led to as short a cycle as 4-5 years which has
'adversely affected the quality of environment both in terms
of soil fertility as well as forested vegetational covers
The present study oh a 50 year old forested vegeta=
tion at Lailad (25°45"and 26°0" Latitude and 91°45" and

\
\
A




162
7

92°O" E Longitude) is one in the series of secondary
sucoessional communities that develop in the lower eleva—
tions of the Khasi Hills of Meghalaya, subsequent to Jhum

ultivation. In the following account, this 50 year old
'forest community has been considered as one in the sequence '
of succession%l changes both from the point of view of
blotic and abiotio events. | ' | |

Secondarv succession ey

L During secondary succession after jhum cultivation
the vegetation underwent a number of qualitative and
quantitative cnangesg The pattern of secondary succession
in the.fallows during.tbe first few years when weedy_species
dominate varies considerably depending upon the jhum ay cle
and the agricultural practices. The most dominant weedy
species are W edoxratum, m_ae.s'.%l.%. QI.ZLMQ;&Q&,
Wikanla wicrantha, Saccharum snnnien_m and Boxreria higpida.
Under short cycles and when cropping is done only during the
first year, rhizome of bamboo, Degdrocalamus hamilto g;;
remain in the soil and sprout. Due to the more rapid growdh
of bamboo sprouts, they soon suppress other herbaceous weeds.

Under a long.cycieﬁ the herbaceous early colonizers
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dominate the fallow upto,abqut 5 years after which the
sprouts of D. hamiltonii take over (Table 8=1), The re-
-generation 1s,main1y3from,£ire resistant underground .
rhizome which store a lot of reserve food. Seedling re-
generation also occurs; though sporadiec. .The broad picture
of the population dynamics of bambOO;isvgiven in Table 8-2,
Thus, this species progressively begomes dominant and
reaches its peak in terms of both density and frequency in
aléb year faiiow;steéeneration from sprouts is more or less
steady upto about 20 years and then declines.' 'Conversely.
the proportion of dead individuails progfessively increased
and reached a maximum in a 50 year fallow,

In a 20 year fallow, broad leaved species which are

shade intolerant such as Vitex peduncularis, Schima wallichii,

Terminalia ballerica, Bauhinia alba and Dillenia indica,
-are also frequent:  In a 50 year fallow, besides a few ghade

intolerant trees like Schima wallichii, cthers like Shorea

obusta, Castanopsig indica, Garcinia cowa and Eugenia

gommunis also become established but none is able to ach¥eve
dominance in the community, The broad pattern of succession
is given in Table 8-3.

A study of the secondary successional communities
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Table 8-1 iii;i::véiue;jaéfiﬁﬁoiféﬂtwépécies gn jhum
fallows of different ages (partly based on
Toky and @amakrishnaq, unpurlished).

A

rAge'Qf*faIIOW'(yegi)'

Grewia elastica
Thysanolaena :
Imperata cylindrieca
Fupdtorium odoratum
Arundinella bengalensis
Ficus hispida
Panicum khasiénnm
Panicum maxima
Ensete. superba
Carex cruciata }

- Setaria glauca
Cymbopogon khasiana
Dendrocalamus hamiltonii
Cyperus globqosus
Litsaea sp.

Maesua sp.
Combreqtum sp,
Macaranga sp.

Melia arborea
Machillus sp.

Vitex péduncularia
Schima wallichii

71,2

36.9
23.9

30.8

19.7
11.8
10.3

. 9.6

.48.8 -
1 63,37/ =
- 2845 -
- 2641
12.1 -
11.2 1140
11.3 -
10,3 -

9,2

1.9

.
r-" ;
-

1
38,5

2340
32,0



Terminalia bellerica
Vitex glabrata
Bauhinia albda.
Dillenia indica
Careya arborea . ...
Castanopsis indica
Carcinia cowa
Bugenia communis
Prunus aminata
Psychotria sp.

165
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Note : stump sprouts not included
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Table 8«2 Analysis of bamboo (Dendrocalamus hamiltonii)
vegetation in jhummed areas (partly based on
Toky and Ramakrishnan, unpublished).

Age of fallow (year)'

5 10 15 20 50
Frequency 25 80 85 100 40
Density _ .
(Individual 3.0 7.2  45.0 560 15.0
No./10m®)
% of Dead shoots 0% 0% 3% 10% 58%
% of New shoots . 45% 23% 41% 43% 9%

Circumference
of shoot (cm) B 15 29 30 45




Table 8«3 Pattern of secondary succeésion after jhum at Burnihat (relative
IVI % values in parenthesis) (partly based on Toky and
Ramgkrishnan, unpublished )s:

Age of fallow

(year)
1 Imperata cylindrica « Monocot weeds
T (87%) | o
2 Imperata cylindrica - Eupatorium odoratum
.' (32%) \L - \55%) .
53 Eupatorium odoratum - Dicot trees - Imperata cylindrica
| ' (692) (207) (6%)
10 Dicot trees « Dendrocalamus hamiltonii
' 20
15 Dendrocalamus hamiltonii - Shade intolerant - Shade tolerant
5% _ ' Dicot trees __ Dicot trees
(21%)
20 Dendrocalamus hamiltonii = Dicot trees
68%) (Shade intolerant and shade tolerant)

|

19%)

50 \ Dicot trees((s;?de tolerant - Dendroecalamus \hamiltonii
81 “f“f"“(fﬁﬁ?""‘*"‘

.\
|
i

291
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fbr diversity and dominance patterns indicates that there b

is little diversity in the early successional stages and
progressiVeiy increases upto a 50 yeafﬂféllow;'(Table 8~4).
Dominance was maximum in a b yéar fallow where Imperata:
cylindrica and Eupatorium odoratum dominated. The present
 resu1ts are in_agreementswith those Mellinger‘énd»McNaughton
(1975) WEo showed that species diversity increased and
‘dominance decreased with progression of old fiéld'sudcession
in New York. These results also'seem tb;be ih general - |
agreement with the basic hypothesis of Margalef (1963;‘1968)
that .succession is accompanied by increased biological
“diversity and reduced dominances

Litter fall :

| Total litter pfoduction in different successional
communities is diféctly related to the age of the stands,
Table 8«5 represenis the total annual litter production in
different successional communities which shows that litter
production increased shafply‘frém al year‘fallow to'a 10
year fallow followed by a gradual increase subsequently upto
20 years of age«s After this,- the litter production declined
sharply in the mature stand of 50 years,~ This pattern of"
increase in litfer production could be related to the rapid



Table 8-~4 Specles diversity and dominance in successional stands from
younger to older fallows (partly based on Toky and Ramakrishnan,

unpublished).
Successional ages of fallows ~ Diversity == - . Dominance ..
oosetopsl goe of falloms. -

0 I o0.12 0.215
5 o 0.21 04705
10 o 1,00 0.519
15! S 1.8 0.556
'\ ' o
20 | 1.50 0,501
50'1 2.68 . 0.115

|

|

|

/

691



Table 8=5 Total litter and biomass production in different
successional ages of fallows (partly based on
Toky and Ramakrishnan, unpublished).,

Successional ages of fallows Titter production Biomass production
(year) , (t/ha/yr) , (t/ha)
O . .iam . - - - 4.808
5 - | 4;893 o 23.206
10 | 7.076 o 57,406
15 | . .7.e85 . . 103.846
20 . 9,970 ; - 147.590
50 | | 5513 - 137.764

0Ll



rate of growth of the community during the early stages
of succession. The sharp 1ncrease in litter production N
upto 5 years may be due to rapid death and elimination of
herbaceous species at this stage df-developmentvof the-
community. The high level of litter production in a 20
‘year fallow compared to that in a 50 year fallow could be
due tp'(i) the preseﬁce‘bf'larger‘pfoportibn of deciduous
~speciss in the ea:iy‘stagesvof'succsssion (1i) ‘the rapid
growth of the early successional specics whichibeihg'shsde
' intolerant tend to capitalize upsn'the iight ehérgy that is .
available in pienty'at this stage and (iii) the rapid turn
‘over oftthe entire vegetation at:earlier’stages of succe- .
ssion so that the whole individual may contribute to the
litter on the forest floor due to their death and decay. 4
declineAin litter production of more mature communities as
compared to early successionai ones has also been noted by
Laudelout and Meyer.(1954)and Ewel:»(19763,
Biomass 3

The standing crop of biomass also ins;eassd with the
" increase in the age of different successional communities
(Table 8-5). The total biomass of 4.808 t/ha in a 1 year

fallow sharply increased upto 20 yearsi: The data presented
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- shows apslight decline in standing,biomass‘in_a 50 year
fallow compared. to that 1n a 20 year one. This seems to"
be. an exagg geration as in a 50 year fallow the biomass COn=
tribution of the community was based on 11 dominant tree
species only out of a total 28 tree species in the community
jalongwith the total biomass of all shrubs and herbs. If

all the minor tree species in the community is considered
then the value for a 50 year stand may equal to or slightly
exceed that of a 20 year one. In any case it is apparent a
- that the increase in biomass of a b0 year fallow is not
likely to be as sharp as compared to communities of younger
age. The sharp’ inorease_upto about 10 years compared to the
levelzin all year fallow could be accounted as due to;a shift
in species, composition from herbs to bamboo in later stages.
Another sharp increase from 10 to 20 year stand may be-
chiefly;due to the peak dominance attained by bamboo in a

20 year stand. o | |
'Ezdrology and nutrient 10sses s

Regrowth of vegetational cover during different
succesgional stages after clear cutting and burning have
great impact on hydrology and nutrient losses in the forest
ecosystems, Studies on surface_run—off, percolation and

sediment losses in different successional fallows showed that



these losses were maximum in a‘O year fallow where the
cropping was done after clear cutting and burning the
slash: These losses were sharply reduced in the fallows
(Table 8~6): The slight increase in surface run-off in a
50 year fallow may be due to the slope of the study area.
However, percolation losses and sediment losses were reduc-
ed to Y3 and Vi2 in older stand of 50 years. High trans-
piration, evaporation and absorption of water by the forest
reduced the surface run-off and percolation losses in old
forested ecosystems (Leonard, 1961; Pierce et al, 1970;
Bormann gt al, 1974). '
The losses of N,P;K,Ca and Mg from O, 5, 10 and

50 jeers old fallows showed that maximum losses occured in
a 0 year fallow and decreased sharply with the development
of fallows (Table 8-7). The loss of Ca and K from a 50
year fallow as higher compared to other nutrients may be
due to greater release of these two nutrients from the vege-
tation through litter decomposition. Timmons et al (1977)
working in an Aspen-Birch forest ecosystem also reported
that K and Ca losses wére heavier in comparison to other
elements from mature forests.
Recovery of soil feptility : .

| A number of physico-chemical changes occured in the



Table 8-6 Loss of water in different successional ages of fallows
(pagtxy.hased on Toky and Ramakrishnan, unpublished).

~

Age of the fallows
(year).

Surface run-off Percolation less  Sediment loss
(mm) - (mm). - (m t/ha/yr)

0 (after burning\ar'

and cropped) -

10

50 ;

TN

Y B

57.89 . BBr.2 . . 45.73

410.03 - 324.67 - " 16.77
284,99 | 216.46 10,16

¢

312.60 124.00 2.11

The annuai raiﬁfall

during,the study was 2166 mn.

7Ll



Table 8-7 . Loss of nutrient ‘¢lements from different fallows (kg/ha/yr)
(partly based on Toky and Ramakrishnan, unpublished)

"-) ’J

Age of the fallows (year)
S o . .o - - R 5 L S B e 10 B . -».‘-_;-i_ - 50 e e
Nutrients surface Perco;ation Surface Percolgtian Surface Percolation Surface Percolat;on

.InnéQ£f»_1089'? iy .run-off loss S Amxa-aff, loss T run-off lossS «<u.
tf:_‘; i .E;h - i Co : : “\J _.‘i\ﬁj — - - , : »‘._.\_;../ . - ‘ — .‘w) . .

§.. 8.07 ‘14.¢5‘ 123  1.62 7 0.70 0.76 © 0.46 0,21
P L3 0.9 0.20 . 0.03 ‘2_9;98: 0408 049 0.1
K .70 26;92"'ﬂ 1.3 .0}31 24 o2 11:06 '3;84
ca ‘21035 s;gav 3.07 . 4;06 ‘ ,,4\3é69 \ _2;38  i0.68 373

Mg = ‘15.24 3.46 2.05 1.30 "‘§<%7~ \ - 0.76 " 2.45 0:72.

Y
. \
\
\
\
\ \
_ \
\ 1
\
‘ }
1 |
| -
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soil during the fallow developggnt_resulting in the recovery: -..
of soil fertility. The total carbon 6f 9.750 kg/m> upto a
depth of 40 cm in a O‘year fallow declined markedly aftern
one year of revegétatioﬂ énd éubsequently improved upto a
10 year fallow and declined markedly in a 15 year fallow
(this is probably relaﬁed to ground fire at this stage) and
again improved slightly in a 50 yéar fallow bqp stabilized
at a lower level than that of a 10 year one (Pig. 8-1).
Accumulation of organié-matter and nutrients by the native
gsecond growth vegetation is one of the important functions
of the fallow period. It is fhevreturn of the organic
matter to the upper soil depths which accounts for the rese
toration of soil fertility and the main pathway of it is
the litter fall and its'éubsequeht decomposition. The deple=
tion of organic matter in the soil surface continued
through the early successional fallows upto about 5 years.
This was mainly due to'loﬁ return of litter during the
initial colonization and growth of the vegetation in the
fallows dominated by species like Imperata cylindrica and
Eupatorium edoratum and also due to faster decomposition in
.these open sites, This trend in reduction of soil humus

upto 5 year féllow period could be one of the reasons against
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., a short jhum cycle which has become so common in present
timess Maximum level of soil humus is reached in a fallow
of 16 year, though a slightly lower level was maintained in
the soil under a 50 year fallow. Laudelout and Meyer (1954)
‘and Ewel (1976) have made similar observations and conclude
‘that organic matter production in mature stand is less
compared to a secondaryvseralzforest, o

Total nitrogen upto a dépth_qf 40 cm declined in a
1 year fallow when compared with that immediately -after
.eropping (O year fallow)s HSubSeéuently nitrogen status’
improved and reached its maximum under a 10 year fallow and
;dn 15 and 50 year fallows it stabilised at a lower level
(Fig: 8=-1). The decline in nitrogen,level upto 5 year during
‘revegetation of the fallow‘coﬁld be partly due to low litter
production and also due to rapid utilization of nitrogen by
~the fast'g&owing plant cover. As fdn‘carbon, nitrogen leyel
in the soil also reached its peak in a 10 year old fallow.:
The comparatively low level of both carbon and nitrogen
| attained in a 15 year fallow compared to a 10 year one could
be explained as due to accidental spread of ground fire from
slash and burn in adjoining areas..

Total: available phosphorus declined in 1 and 6 year
falloﬁs and showed marked and steady improvement in 10, 15

i\

\



Changes in cumulative quantity
of carbon (A) and nitrogen (B)
within a soil column of 40 cm

depth under fallows of va,r;l.ous_

. ages.
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- and 50 year fallowss Depletion of available phosphorug and

- with depth was also maximum in a 5 year fallow (Pig.8-2).
During early phases of development of vegetation upto 8§ years,

‘there is a gradual depletion in available phospharus through- ~r
out’ the profile reaching.a'minimum=under a .o year second-growth
" fallow. This s followed by & rapid build up through 10,
15 and 50 year fallows. The accumulation of phosphorus
particularly in the surface layers of older forests may be

" due to transfer of phosphorus from the deeper layers of the,

'éoilttdfthe upper stratum through litter fall‘(Nye and

' Borthéum,'1967;'ﬁnSselg 1968).

' Cumuiative amount of calcium and magnesium followed

a different trend froﬁ that of potassium, In the case of

the former twa; total level through the soil profile was

‘least in a 50 year fallow and was maximum in O ané 1 year
fallaw,(Fig.B-S). In a 50 year fallow the depletion of

thesa two nutrients was maximum with increase in depth of the
soil. On the other hand, in a 50 year fallow potassium level
was maximum and 1its enrichment through depth was also high.
Least level of potassium in the soil ﬁas obaerved in a 10
year fallow (Fié,B-z). The exchangeéble cations are depleted
from the top column of the soil as the forest fallow develops

due to the rapid absorption by the developing vegetation and
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AFig. B=3. Changes in cumulative quantity of
exchangeable calcium (C) and magnesium
(D) within 'a soil column of 40 cm
depth under fallows of various ages.
0 year,O0—O1 ‘lAyear,.o._ -—0i.
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also due'to erosion and percolation losses. Potassium

accumulation by D. hamiltonii in a 10 year fallow is an

example of-rapid transfer ef this nutrient from the soil
poolgto the living biomass component (Toky and Ramakrishnan:
unpu%lished).  Valentine (;976)'Working with the changes
in soil chemical characteristics after clear‘cutting and
burnang of forest in South Western Australia also reported
thaf%the level of exchangeable potassium, calcium and
magnéswium deciined,rapidly 1n'thé first 7 years éfter‘the
regegeration burn, whioh_may“be'due to rapid tranéfer from
the goil pool to the living biomass. As the age of the
.Jhum fallews.increased, beyond 10 years; soil cationic
level and particularly that of pdtassium-increaséd due to
| faster return of nutrients into the soil through 1itter
fall from a mature stand of vegetation containing species
like D. hamiltondi. |
- An 0ld forest stand like a 50 year falioﬁ dige:

cussed here, showed low levels of calcium and magnessiﬁm
in soil and rapid depletion of both with depth which is in
cdntrast to the pattern observed for potassium which main-
tained vefy high levels. Thus the recharge of calecium and

mag@esaium in the soil seems to be much mofe fire dependent

\
N
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whereas potassium release due to litter fall recharges the

soil pool resulting in a very high level in a 50 year old
fallow. It may be noted here that'Q. hamiltonii which is a

dominant feature in the vegetation only upto about 20 years
of regrowth of the forest accumulates potassium in the
biomass upto this stage and discharges it into the soil

pool when this species dies‘out and is replaced by dicot
trees during the course of succession. 2Zinke et al (1978)
in the 'Iua' forest fallow system concludes that the sum of
basic cations is highest at the beginning of the cycle at
the time of slash and burn, with a gradual discharge of soil
calcium and magnesziumaas the forest fallow regrows in
contrast with potassium which had a high level in the soil

under an.old forest! an observation similar to the present

one. |

e —— e - -
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GROWTH ANALYSIS AND PRODUCTIVITY OF SHOREA ROBUSTA GAERTN.
INTRODUCTION

The study of growth’pattgrns is a dynamic technique
which separates growth into component processesto study the
* effect of endogenous and exogenous influenées. Growth
‘analysis includes the measurement of bud break, leaf deve-
lopment shoet-elongations‘et0¢,'along«with productivity
estimates. Measurements of productivity of dominant tree
species in different woodlands is of great importance because
‘they greatly influence the magnitude and pattern of energy
- flow, which is stored in frunks, branches, leaves and roots
in the form of various organic substances and the material
‘remain in continuous circulation between the biotic and |
abiotic components of the ecosystems The measurement of
forest productivity in unifs of stem volume is not compatible
with the complete tree‘utilization-system, Detailedvinformaa
tion in production and weight'relations of various tree
species are required to-evaluaye}their usefulness for the
maximum yield concept and eompiete tree utilization (Young,
1978), | |
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Comprehensive reviews of biomass and productivity
of temperate, evergreenssub-tropical and tropical forests
of the world has been given by Ovington (1962,1965), Rodin
and Bazilevich (1967, 1968), Kira and Shidei (1967), Tadaki
and Hatiya (1968), Sato% (1968, 1970, 1971) and Lieth (1972).
In tropical and tempera;e deciduous woodlands a considerable
amount of data on productivity and biomass have been recorded
by Westlake (1963), Whittaker (1966), Misra et al (1967),
Pandeya gt al (1970a) and Whittaker and Woodwell (1971).

The important features in growth patternrstudies are
the production of leaves; Qrientation of mature leaves, the
shedding pattern of leaves which govern the photosynthetic

efficiency of the plant spécies. The seasonality in the
| birth and death of leaves and the pattern of shoot growth are
two important adaptive strategies of natural sQIGction which
ultimately determine the overall architectural pattern of
a tree canopy, the study of which-is more important for
better understanding of the functioning of forest ecosystems
(Madgwick, 1970). The growth pehaviour of.deciduoua species
showed that rapid growth of thé species are not due to their

efficient'energy conversion bu{\due to their capacity for .
{

\

\

\
\“



unrestricted leaf? production ané economic branching patterns

(Coombe, 1960) A number of workers (Kozlowski, 19643

FATTIINT ar
P Taas

Murray and Sale, 1966; (afu; ;%ﬁ&f%ffand Brown, 1971), have

emphasized the factors responsible for shoot growth in various
temperate and tropical tree species. ‘Horn (1971) who described
the differences in cfown geometry and leaf sizes in hardwood
temperate specles showed that early successional types are
soft wooded with smaller. 1eaves and multilayered canopy whereas
the late successional species are heavy wooded with large
leaves and are generally with monolayered crowns. '

The present study tries to relate growth pattern with
primary productivity of Shorea robusta Gaertn, which is one
of the most 1mportant timber yielding tree species which is
shade tolerant though requiring 1ight for its germination and
establishment (Troup, 1921) This is a late successional,
hard wooded tree epeoies with larger leaves, growing up to

an altitude of 3000 feet in the north eastern region.

METHODS OF STUDY

A 13=year 0ld open groVwy Shorea robueta tree of 4.48m

height growing in an even aged ‘antation at Umtasor at an

altitude of_760m§ was selected in\Qctobery 1977 for growth
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analysis. A1l the leaves were tagged, the length of the
main leader and I, II and III order branches were recorded
along-with the dbh of the tree.: Observations were made at
30‘days interval with respect to vatious growth parameters,
production and growth of the existing main leader and branches
and also with respect-to new branches that may come out. Bud
burst, birth and death rates of leaves were also studied.
Leaf area was measured on the main leader and'the I, II‘and-
III order branches at different canopy positions on the tree
along the gradiant of sun light intensity. o

9y 11, 134 .15, 17 and 19 years old plantations of
Shorea robusta were seleoted in 1977 and for productivity
studies and -their dbh, density and basal area per hectare was
calculated on the basisrof randomly plaqed 10m quadrats.
IVI values were calculated for,eéch stand and was considered
as typical. Ten typical'individuals were harvested from éach
of thé six stands following thq procedﬁre glven by prbould
(1967) and observations on'height, branch number and leaf
number were recorded.. Thezesqlts pPresented are the mean of
all observations. The bole 6g\each'1nd1vidugl'tree was cut
into small pieces and fresh weig@t was recorded in the field

\
itself. *As the branches were sma%} the fresh weight of all

\
\ .
\
\

\
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the branches were recorded. A small portion of the bole and
portions of branches of different thickness were oven dried
at 80-85°C and dry Wéignt yggues,fo: these organs were esti-
mated on this basis. All the 1eéves of each tree were hand
picked and fresh weight was reoof@ea. Fifty leaves randomly
collected in polythene bags and oven dried at 80-85°C to.
calculate leaf dry weight values.

- RESULTS AKD DISCUSSIONS

Growth Analysis 3

The main leader of Shorea robusta is an orthotropic

gsympodium as the terminal bud of the axis aborted each year

at the end of the growing secason and the amis continued its
growth by subjacent lateral bud: This is also true in the -
case of>the I order branches. The increment in length in a
growing season declined as We move from the main leader to
different branches of increasing order as discussed belows

The growth in this species is continuous during the growing
season with no articuiatioq;or features of rhythmic grbwth

on the main leader or branches. but with éontinuous l1eaf produc-
tion: A well definéd period of winter dormahéy of about 5

months was found and during ths period leaf shedding occurred.
: \

\

\

v
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New growth'started in the m5ﬁﬁn‘¢f April and continued for
about 7-8 months. The léaves are spirally arranged; branoheé
being produced 1n_sdme of the leaf axﬂsg

Pigure 9-1 shows the monthly pattern of leaf fall and
leaf production. The leaf fall started in the month of
November and extended upto the month of May. Peak leaf fall
occurred during Februafy-March when about 65.9%4 of the total
‘'was shed. Maximum leaf fall at this time may be related to
water stress as this period is rainless and @f& though other
workers have related leaf fall to‘day length; 1ight intensity
or minera}.déficienc& (rddicott and Lynch, 1955; Kramer and
»Kozlowski; 1960)% l -

New leaves appeafed'in the month of Apfil at a time .
when only 0.72% of the older'leaves were still present on the
trée,' However, these older leaves are soon shed within a
week after the appeérapoe of new leaves. In other words,
senescence of the o0ld leaves provided the signal for bud break,
placing this gpecies in the category~of leaf exchanging type
(Longman and Jenik, 1974). Though néw leaf production started

in tpe month of April 1t‘n$ached its pedk in June when about
63.55% of the total leaf pr&@uotion was recorded. The produce

tion of new leaves declined kharply in subsequent months and



Pig, 9-1;' Monthly pattern of leaf fall and
| ' production in S¢ robusta. |
Leaf fall, @

Leaf production, O .
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stopped completely after Ségtember.' Such a pattern of
production of leaves during‘the”gbe1né“§%ason of about 6
months only is a feature common with many tropical trees
(Longman and Jenik, 1974). This may be related to more
favourable environmental conditions like temﬁerature and
soil moisture as prevailing at this time. Simon (1914) at
Bogor in Western Java, rebo:ted thapAflushing ocqgrred al=
#hrough the year where the ciimatig éohditiong :épained
fairly constant. However, increased flushing 1n'§erta§n-
- months as recorded.here is also reported in literature
(Taylor, 19603 Njoku, 19633 Hopkins, 1970)'.
Individual‘légg afégwwgzw}éﬁzdﬂgz_be’maximum in the
leaves -of the main 1ééder and I order bréncheélwhioh decreased

e okttt

~4n II %o III order branchéé, (Tabib 9-1) If the tree

5-;1canopy is divided into 3 levels, the total 1eaf area was

-maximum in the middle position (Table 9-2) The branches in
middle position of _the canopy are older than those at the
_top to produce more II and III order branches and younger
than that at the bottom poa%tion of the canopy where most of
the branches are slaughed of?, (Tablééﬁ—é)q Since II and III
order branches bear more lea€§s (Table .9<1 and 2) the middle

canopy position has larger lea? numbers.



Table 9-1 Branching pattern and leaf numbers and area on the different
branch categories of Shorea robusta.

N

Shoot/Branch categories No. of branches  No. of leaves Individual Total 1leg
leaf agea area (cm®)

(cm )
Main leader | - 25 220,08*" 550200
I order branch 32 141 212,31 29935.71
II order branch - . 72 216 187,00  40392.00

III order branch . . 53 182 180.06  32770.92




Table 9«2, Leaf numbers and area on current year 8 growth at different canopy positions
of Shorea robusta.

™~ .

s Top canopy § Mid canopy § Bottom canbpy

— T — 3 I T > 9 7

{ Number { Area (cm®){ Number | Area (em“) { Number | Area (cm )
Mainleader .. .25 . 5502,00 - - - ”.?~j,..”'
I order branches’ 60  12738.60 45 9553.95 . 36 . 7643,16
I1 order branches - . e . 130 24310,00 86 | 16082o00
III order branches - = 110 19806,60 - T2 . 12964;32'

68T

‘Totel 85  18240.60 285  53670.55 194 36689.48



Distribution of different categories of branches

Table 9=3
at different canopy positions in S. robusta

"Bo. of branches . . . ..

Branch categories ‘ _ ‘
o - Top canopy M:‘ld.\canopy Bottom canopy
I order 13 ! 8
II order- | - ‘ 43 | \\ 29 ’
Memer - s\ m
. : : .: N\

e
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The lateral dormant bud eubjaeent to the abscissed
terminal bud burst in the month of April as indicated by
leadef elongation after X months of winter dormancys The
ehoot tip abortion is regarded as a natural disease and
occurs in many tropical and temperate species (Nitoh, 198673
Garrison and Wetmore, 1961; Romberger, 1963; Millengton,
1963). The abortion of shoot tip results in the dieoonti-
Anuity and yearly renewal of terminal meristem but the deve-
;opment of subjeoent lateralvbud as new axils does not affect
ﬁhe bostuie of the'maih leader because;as a consequence of .
growth it assumes a vertical plane apparently in continuity
with the main axie. ' |

The monthly_pattern of shoot extension (Fig: 9-2)
showed that maximumvgrowth,is in the month of June when
33.33% of the total shoot extension ocourred; After this
peak:period exfeneion growth of the main leader decreased
but continued upto October: This periodicity in extension grout
may be related to better moisture status of the soil and more
favourable temperature conditions prevailing during this
period. No growth exteneion occurred during the winter period.
The decline in leader growxh during Auguet-September may be
related to development of moieture deficit in the soil during
this period when monsoon 1sXWeaka The absence of growth

\

\

AN
\
\



Fig. 9-2. Monthly pattern of height and dbh
fncrement in S. robusta plant,

Height, @ ¢ dbh, O
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A

during winter months may pa:ply_be related to lowy? tempera-
ture conditions and partly to moisture stress at this dry
period as also reﬁofted for other tropical trees. (Zahner,
1968). The average rate of growth of 0.66 m/year in this
species is lesser than that'obtained fof gome pioneer tropical
species like Terminalia superba (2.8 m/year) and is somewhat
comparable to climax species like 0xystigma oxyphyllum (0.70
m/year)»és observed by Lebrun and Gilbert (1954). The rate
’df growth in girth also followed a similar pattern as for
extension growth (Fig. 9—2)} |

'Extension growth of branches 1n a year decreased through
I order to II order at’a_given position in the canopy. Main
leader growth, gave maximum values Considering the I order
branches, the extension growth was more in the top pogition'
of the.canopy in comparison tb the middle ahd bottom canopy
positions (Table 9-4), Probably both the nutrient distribu-
tion and light intensity might.be responsible for this.

Shorea ;obusta is a slow groﬁing'specles with current
year's shoot producing branches of the I order only iﬁ the
following yearj the II ang III order branches are produced
in subsequent two years,éﬁwhis Branching patfern along with

slower extension growth makes it a comparatively slow growing

.
s .
. \

\
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Table 9-4 Annual growth extension in main leader and in'I, II
and I1I order branches alongwith standard error values
in three canopy positions of 8. robusta..

Shoot/Branch categories

Extension growth (cm)

MaihAleader

I
II
III

order branches
order branches

order branches

Top canopy o Mid canopy Bottom canopy

66.00 - -
39.60 + 3.50 24.83 + 1,75 22.73 + 3.76
- 18,00 + 2.84 15.05 * 4«#4

- . 15.30 + 3.41 13.02 + 3.65

6T
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species typical of a late successional community. Further,
as discussed above, branch numbers, leaf numbers and total
1eaf area are maximum in the middle canopy poeition. This
indicates that Shorea robusta is tolerant of shade to some
extent though it is difficult to classify it as a typical
shadeitolerant species. This is further supported by silvi-
cultural observations that this species need open situation
atleast in the initiai stages for seed germination and seedl—

y ;‘va‘ HEEE W

ingjestablishmant (Troup, 1921)

Productivity H
\“\*

Height, dbh and basal area increased with the age of
the stand and the density ‘of individuals was higher in younger
stands, while basal area, height and dbh all increased with
inciease of age of the stand; leaf area (mz/ha) reached its
maximum in 13 year'old stand Which is partly reiated to the
age of the tree and partly to density (Table 9=5).

Table 89-6 presents increase in biomass of the individua%s
tree and the different components within the tree with increase
in age with a maximum of 12.74 kg/tree in a 19 year old
individual. Misra et al ( (1967) Parugi (1972) and Sharma (1976)
reported biomass values ranging~between 53¢9 and 580.0 kg/tree



Table 9-56'

Characteristics of S. robueta plantations at
Umteaor with standard errors.

: H Stand age (year) -
Variables H T - , . 2 ,
' 9 : " 13 15 17 H 19
Tree/hectare 8440865392 - 7920810403  6630£9.575  4280810.960 43108140335 4620811334
Basgl area/tree 1022010023 . 4.0261.610  12,5681.522 18475410257 33038814731  38048%2,007
Bgeal, area/ha 1,03 3018 8.35 8003 14,38 17.78
Height (m) 1.9080, 225 30T140.421  5.57£0.4T1 604420.512  T.6200,585 843520, 651
Dbh (em) 100240, 333 2002£0,850 4,0040,573 504240,690 6+ 0540, 840 7,001,156
Leag area/leaf  160.00£0,916  198.40$2.603 228,6084,101 200510#3,101 184,20#3.841 214010£2.072
Leaf area (m%/ha) 7697.28 44969.76 701454, 00 48620080 42130, 25 57103, 20

(e
o
e



Table 9«6. Biomass of plant cdmponsnts in different diameter clagses
of S. robugsta plantations (kg/tree) with standard errors.

Diameter .

Plant components

r..‘...q

r T
Stand age (year) § § — —y—n . Total
] class (cm) i Bole { Branches’ §“ Leaves

9 1:02 0:11580,020  0,028+0,004. 0, 074+0,017 00217
1 2,02 0.70800,072  0.16260,014 0,35%0,030 10229
13 4,00 3.061$0.246  0,22540,027 0.55150.035 3.867
15 5002 5.98480.561  0,59260,184 0,60040, 056 70176
17 6,05 ) 8.29900.433  0.43440,055 0.69580.111 9.358
19 7500 . 11.17191.428 154  0.94240.081 12,744

B 0.631~_rro,154

961
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for 15. and 80 year old S. ggggggg plantations in Varanasie
The 10& biomass/tree in the present oase, may be due to A
many factors like poor maﬁagément, soil factors and site
quality.

The standing crop biomass (calculated hy multiplying
the number of tree per‘hectare) was f;und tq be 58.87 t/ha ‘
for 19 year o0ld plantation which was also lower than the
values reported by others; for reasons mentioned above. The
green blomass was maximum in 13 and 19 year old stands and
was low in other stands, This high amount of green biomass
may be due to more density as well as leaf biomass. The
non-green biomass howevery 1ncreased gradualiy from younger
towards older stands (Table 9-7)s |

Each Speeieé has: its own characteristic biomass ine
crement within the 1im1t of ité genetic potential and site
quality. In production ecology this biomass increment may be
expressed in two ways (1) mean annual increment biomass
which can be achieved by division of stan@ing biomass by the
age of the plantation and((ii) ﬁet primary productivity which
is a true measure of foreé@‘production can be achieved by
measuring thé total biomas$ differences between two stands

. . \ - i
divided by age intervals, boﬁt the values are expressed as

\



Table 9*7; Production indices of §. robusta plantations

Variablesg

¥ TP

Stand age (years)

9 1 11§ 13 1 15 { 17 Er 19
Standing crop biomass (%/ha) 182 9,75 23047 30,71 40,71 58,88
Total standing{érop biomass (t/ha) 2064 11085 . 26078 33,21 43.16. 61,43
Total leaf litter production (t/ha/yr) 0.72 2412 331 . 2,50 ° 2,45 2455
Green biomags ‘t/ha/yr) e 0.52 2.85 3,65 2657 2.99 4035
Non-green biomess (t/ha/yr) | 1.20 688 19,82  2B.14 37.72 54053
Mean annual productivity (t/ha/yr) 0.21 0,88 1,80 2,05 2,39 2.89
Net primary productivity (t/ha/yr) 2.54 " 4.66 . T.47. 9,14

3,22 4,98

861
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ton/ha/year. The mean annual productivity in present cage
reached its maximum in a 19 year old stand. ‘

In India,S. robuséa‘isbi de9i€uous tree and parts
of its primary production iémlost :h£ongh leaf litter. The
leaf l1litter in'the present study, was found to be maximum
in 13, 17 and 19 year old stands (Tablef$¢7) which‘is partiy
related to more leaf blomass and individuals per hectare.
- 'The net primary'productivity reached é,maximum of 9.14 t/ha/yr
in a 19 year old.plantation. This value is 1pwe? than that
- (14.67 t/ha/yr) reported for the species in an 18 year
plantation in Gorakhpur, U.P.(Ramam, 1976). The net produce
tivity pattern through different age groups showed that the
productivity was low in younger stands increased upto 13
year old stands, again decreased in 15 and 17 year stands
~and reached its makimum in 19 year o0ld stand, This may be
partly related to site quality. Spacing of trees in planta=-
tions may also 1limit tree growth) So that the tree archi-
tecture that may emerge out over years of management may
probably set a limit to production and distribdbution of
organic matter in the tfee components (Ramam, 1976).

The growth pattern of S. robusta discussed earlier

could be related to the‘average productivity values of

AN
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< 50 5o o metin

9.14 ton/ha/yr. recorded here. Ea:ly successional tree
’speeies are generally considered:to be fast growing with
higﬁ productivity as 1svobsérved for a substemperate tree
like ggggg kegiya with 15 ton/ha/yr. (Das and Ramakrishnan,
uﬁpubiished)e This high productivity could be related to

its growth pattern with more than oﬁe flush df 1éaves appear-
i ing during the year énd'a tree'architeétﬁre that.acOOunt for
a high photosynthe¢i£ officiency. On the contrary, the
4prbductioh of foewer leaf nuhberSQ in a year; on the tree
alongwith a dormanqy period of about 4-5 months when new leaf
'growth does not at all ocecur all contribute towards % a low-

:production efficiency. This pattern for S. :obugta is quite

distinct from that for Anthocaphalus cadamba which is an

early suécessional'faét growiqg tree species in the same region
(Shukla and Ramakrishnan; unpublished) : The produotivity of
14.87 ton/ha/yr recorded by Ramam (1976) for forests in
Gorakhpur in U.P. is higher than the values recorded by us

and this may be ralated to site quality.

SUMMARY

o - The growth analysig and productivity of Shorea
robusta, an important timber yielding tree species was studied.
The monthly pattern of leaf £all in a 13 year old plantation of



S. robusta showed poat4peak.fall'ooourred ooring February-
March when about 65-9% of the total fall ocourred. Hew

. leaves appeared in the month of april and reached ite maxi-
mum in the month of June when about 63. 55% of the total

1eaf production occurred. Individual leaf area was found

to be maximum in the leaves of the main leader followed by

I order branchee which deoreaeed in II and III order branchee.
However, maximum leaf area for the whole tree was reoorded

in the middle ppmtion of the canopy (53670.556 omz)o Shoot
extension of the main leader was maximum in the month of
June when about 1/3 yearly extension growth was complete&.
Extehsion growth of branohes of the I order showed that it
was more in the top canopy than at the basedo Extension

growth of the tree was characterised by shoot tip abortion

and sympodial growth.

)

Height%_dbh and basal area incgeased with the age
of the plantatioh whereas density decreased with the ege of
the stand. Maximum leaf area'(701454e00 mg/ha) was recorded
in a 13 year old stand which ray be related to greater
.individual leaf area (228,60 emz)s The biomass of the
individual tree.whioh ranged between 0.217 = 12,744 kg/tree
increased with the age of the stand and maximum standing
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crop biomass of‘58.8 t/?aAW9§ recorded in the oldest 19
year 0ld stand. The net primary productivity réaghed a |

' maximum of 9.14 t/ha/yr in 19 year old plantation. The

~ productivity <:for §. robusta wh;ch is a late succéssionél
species is low“and.ia dug.to”slow growtﬁ rate, productidn
of few leaves in a year and an extended peried of dormancy
of 4~5 months when growth is arrested; bpanéh production
is not simultaneous w;th new leaf growth but is‘bostponed
to the following year. :
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NUTRIENT CYCLING THROUGH THE PLANT AND SOIL COMPARTMENTS
IN SHOREA ROBUSTA GAERTN. PLANTATIONS AT UMTASOR.

INTRODUCTION

Nutrient cycling is one of the vital functional

aspects of forest ecosystems. Information on this is
especially important because it defines the relationship
between the soil and plants. To investigate the nutrient
cycling the ecosystem may be divided into three major compo~-
'nents (1) mineral soil (ii) forest floor and (1i1) vegetation.
o Quantitative 1nformation on the physical and
chemical properties of woodland_soil is a relatively young
effcrt;' Much of the available soil survey studies are quali-
tative. The need for information on chemical characteristics
of soil is increasing rapidly because of the greater emphasis
on the productivity of forests and woodlands.l

Measurements of the amount and rate of fixation of
energy by photosynthesis, ae reflected by accumulation of
organic matter or biomass is an essential step leading to the
_underetanding of nutrient cycling in ecosystems. Mature
-woodland ecosystems are regarded as vast reserves of energy
tend nutrients. A major part of this energy is stofed in

ncots, trunks, branches and leaves of the trees in the form
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of various organic substances and the nutrients remain in

continuous circulation between plants and s0il: But the
different woodlands often differ greatly in their biomass
and nutrient. reserves. Comprehensive reviews on biomass
productiéﬁ andmhu¥£ient cycling of temperate; sub=tropical
and tropical forests of the world have been given by Ovington
(1962, 1965), Kira and Shidei (1967), Rodin and - Bazilevich
(1967, 1968) and Lieth (1972). 1In India, biomass-data from
deciduous forests have been collected by Misra et al (1967); .
Pandeya et al (1970, a,b, 1971), Ramam (1971), Desh Bandhu
(1971), Faruqi (1972) and Singh (1975)

Litter is another important component for nutrient
‘cycling in forest ecosystems. Many sfﬁdies have been done
in different parts of the world in its relation to producti-
vity, nutrient cycling and decbhposition'of foiest organic
matter (Nye, 1961; Ovingtsn, 1962; Witksmp and Olson, 1963;
Bray and Gorham, 1964; Gosz et al 1972, 1973), The litter
is the focal point for nutrient cycling and is particularly .
important in the nutrition of woodlands particularly on soils
of low nutrient status where the trees rely to a great extent
upon the recycling of litter nutrients, ﬁutrisnt content of
forest litter from different parts of the.world are well
studied (Tarrent et al, 1951; Daubenmire, 1953; Ovington,

| 1959; Frankland gt al, 1963 and Carlisle et al, 19664) though

3
)



data on Indian forests are scarce (Singh,1969). 1In India
estimation of annual litter production in some evergreen
and deciduous forests was done by Puri (1953), Upadhysya
(1955), Seth et al (1963), Singh (1968) and Subba Rao et al
(1972). | |

' The present study deals witﬁ the physical and
chemical properties of the forest soil, the organic matter
and litter production, the living biomass of foresf stands,
and the nutrient cycling between these three compartments
in Shorea robusta plantations at Umtesor in Meghalaya at an
elevation of 760 m (25°45" and 26°0" N Latitude and 91°45"
and 92°0" E Longitude) under Nongkhylum reserve forest.

METHODS OF STUDY

Soil nutrientg

9,11,13,15,17 and 19 year old plantations of Shorea
robusta were selected for studies on sqil- Monthly soil
sampling‘was done during 1976 from depths of 0-10, 10-40,
40-70 and 70=-100 cm, and were based on 3 replicates thoroughly
mixed together to give one composite sample. Soil colour
was determined by Munsel soil colourvchart\ Mechanical
compositionwas done by International pipette method as des-

éribed by Piper (1947) and soil samples were placed in differ-
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ent textural classes. Soil pH was measured by electrometric

method in a soill-water suspension of 1:5. Analyses of total o

nitrogén, organic carbon and available phosphorus were done

by standard methods described by Jackson (1958). where nitrogen
was estimated by Kjeldahl method, carbon by Walkley Black
method and éoé&% colorimetrically by molybdenum blue method.
Calcium and magneséium were analysed by BDDTA titration method
while potassium was estimated by flame emission method after
extracting the exchangeable cations with 1N Ammonium acetaﬁe'
at pH 7. The soil bulk density was used for subsequent con-

version of analytical data to field weight per unit area.

Biomass and its nutrients :

Biomass estimations were made in 9,11,13,15,17 and -
19 year old stands. Twenty quadraté of 100m2 were randomly
laid in each stand for measuring diameter at breast height
(dbh), density and basal area. Dbh was based on the average . .
of all the trées withih theselzo Quadratsg In September, o
1976 ten typical individuals from a given stand weére harvested
and observations on height, branch and leaf numbers were
reecorded, The bole of each individual tree was cut into
small pieces and fresh weight was recorded, As the branches

were small in sigze the fresh weight of all branches were
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taken into account. A small portion of bole and branches
were oven dried at 80-85%C and total dry weight values for
these organs were estimated on this basis. All the leaves
of each tree were hand picked and fresh weight was recorded.
Pifty leaves randomly collected in polythene bags and oven
dried at 80=-85°C were used to calculate leaf dry weight
values.

. Allometric regression equations were developed
between different dependent (bole, branches, leaves and total
biomass) and independent variables (height and dbh).

The oven dried material of bole, branches and leaves
was ground and passed through a 20 mesh screen. Plant tissue
chemical analyses for N,P,K,Ca and Mg were done bj standard
methods as described by Paech and Tracey (1956) and Allen
(1974). Thus-nitfogen was determined by micro-kjeldahl
method. Aftér dry ashing the samples, calcium and magresgium
were analysed by EDTA titration method, potassiﬁm by flame

emission method and phosphorus by molybdenum blue method.

Litter production and its nutrients s
Twenty 1m>

permanent quadrats were laid on 30th
April,-1976 in all the six plantations (9,11,13,15,17,and

19 year 0ld) where biomass study was performed, The study



plots were demarcated using wooden frames after the removal

ofrall the herbaceous specles and litter already present in
the plots. The litter accumulated in these frames was collec-
ted at one month interval in polythene bags. The leaf litter
of S. robugta was sorted out from the litter of other species
and fhe latter waé bulked into one category. The litter was
~oven-dried,étl80-85°c and weighed. Dried litter was ground,
passed'through a 20 mesh séreen and stored for chémical
analyses. Nitrogen, phosphorué, potassium, caléium and maé-
nesgium estimations wereldone’foliowing procedures outlined

_above. | ' '

RESULTS AND DISCUSSION

Mineral soil s | | '

The soil is'darkﬂbrown in suffabe 1ayérég getting
-lighter with depth tﬁrning from light red to deep red at
4depths"be16w'40 cm, The soil 1s,léteritic and the brown colour
of the surface layers is due to humus} Texturally the soil
was loamy to sandy. The bulk density increased with depth
ranging from 1.40-1.45. Wean soil moisture declined with

\
_\ texture with depth. Soil was acidic; acidity'increasing with

\

\Q:pmn within a range of 6+5 to 5.9 (Table 10-1), However,

\ ‘depth and this may be related to the differences in soil

\\



- Table 10-1. Physical properties of so0il in a 19~year o0ld Shorea robusta
: N plantation at.Umtesor (mean values) with standard errors.

4 

L T Y —
. ] t ? *
- 8oil depth! Pexture Class ! Moisture ! . pH - !Bulk den- !} . o
(m) | BT toity(g/ce)} Golour
H H H I 1 |
0 =10 ' Loamy = Sendy ' 23.5T#60121 605080.351 1;40 Dark brown - Light brown
10 = 40 Sandy =~ Loamy 22.98%5.10 ~ 6.2320,251 1,40 ~ Light brown = Light '~ .
: . .. ' - : o . reddish )
40 - 70 sandy 22017444281 600840, 271 1.42  Light reddish - Reddish
70 ~ 100 Sandy 21.204811 5¢91£0,211 1.45 - Reddish

- 60¢g



soil moisture and soil pH fluctuated during the year.
Moisture level in the soil was higherAduring the monsoon }
compared to drier winter months, for obvious reasons.

(Figs 10-1). Acidity of the soil, however, increased durihg
the monsoon-period reaching the highest value in July and
-decreased during drier part of the year. This may be related
to heavy leaching during the rainy season and the upward
movement of salts during drier period. (Fig. 10-2).

Generally speaking, the concentration of all the
nutrients - C,N,P;K,Ca and Mg levels in the soil was higher
during the rainy season of June-September. During the dry
‘winter months and in the dry summer months of March-April
the concentration was lower. This is partly‘so in the
su;face layers of the soil, whereas at lower depths monthly
fluctuation was not marked (Fig. 10-3:%,6t7,8)1 This may
be partly related to release of nutrients from the accumulated
litter on the forest floor, due to fast rate of decomposi-
tion at this time when conditions are most favourable for
80il microbial activity. Amongst the cations, ﬁhis month;y o
\pattern was most marked for K. 'It may be mentioned here

\ .

\
« that part of the soil nutrient pool is also due to leaching



Fig. 10-1. MNMonthly and depth variation in soil
pH in a 19;-yéar 0old 8. robusta plé.n-
tation.

0-10 cam, @® ; 10-40 om, O ;
40-10 cm, A 3 70-100 emy A ;

Fig. 10-2. Monthly and depth var'iat.ion in soil
moisture in a 19-year'old S. robusta
plantation.;

0-10 cm, @ : 10-40 cm, (O
40-70 cm, A } 70-100 omy, A\ iy
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FPig. 10-3. Monthly and depth variation in
concentration of organic carbon
in soil of a 19-year old S. robugta
plantation. ‘

0-10 cm, @ 3 10-40 cm, O 3
4070 cm, A § 70-100 emy A\ .

L4

Fig. 10-4. Wonthly and depth variation in concen=
tration of total nitrogen in soil of a
19-year'old S :obugta plantation.
0-10 cm, @ 3 10=40 cm, O

40-70 cm, A 3 70-100 am, A
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Fig. 10«5. Monthly and depth yariation in
concent'ration. of available bhos-;
phorus in soil of a 19-yeax?"old |
S: robusta plantation. |
0-10 cm, @ 3 10=40 em, Q ;

40-70 cm, A\ 3 70-100 cm, A\ .

Pig: 10-6. Monthly and depth -variation in
" concentration of éxchangeable
potassium in soll of a 19-year
old plar_ztationf. 1 _
0-10 cm, @ 3 10-40 cm, O 3
40-70 cm, A § 70-100 cm, A
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Pig. 10=7. Mdnthly and depth variafion in concen=-
tration-of.exehangeable éalgiﬁmAin soilA
of a 19fyear old plantation..>
0-10 cm, @ 3 10-40 cm, O 3

40-70 cm,. A\ 3 70-100 emy, /\ .

Fig. 10-8. MNonthly and_dep}h Qariation in concen-
tration of exchangeable:magnesium in soil
of a 19,year old plantation,.

0-10 cm, @ 3 10-40 cmy O
40470 cm, A } 70100 em, A
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from the forest canopy. This addition to the soil pool

is maximum during the monsoon period.A This would also
explain a higher peak attained by K in the surface.séil
during the rainy season because K is considered to be more
susceptible for addition by throughfall (Tukey et al,1958).

The mean C/N ratio which was maximum in the upper
layer (6:82) decreasing with depth go that at depth of
70-100 cm. 1t was only 2.33. This is much less than 11.0
indicating rapid decomposition in this woodland (Lutz and
Chandlar, 1946). Tﬁis ratio in temperate'forests would be
higher indicating slower decomposition in cold climates
(Geist and Strickler, 19%0).

The mean concentration values for different elements
in the soil decreased with depth in all the stands (Table
10=2 ). HbWeven@ ﬁutrient concentration at different depths
increased with the age ot the plantatioﬂg ﬁhieh may be due
to greater release of nutrients due to weathering, canopy
leaching as welfifrom organic litter on the forest floor.

. The same trend is indicated by the values for total quanti-
:ties of nutrients in different layers: The soil is fairly
zfich in organic carbon and total nitrogen. Amongst the
eations? amount of K in the soil was higher followed by Ca



Table 10#2, Percentage concentration (mean valuss) snd total amonnt (kg/ha) of different nukgkents in diffevent moil 4
of g« plantations at Umtesor with stendard errors.(values in parenthssia represent the total amount).
tand goil depth | Qrea earban Tatal nitrogen Availabls vhoss Catione (oil equ/100 g.})
g = R T 2 pal iy o g o : —t
otassium 2. Caleiun - Hegmaniun
010 121540,75 0.1540,07 0e20,00 0.82:0,610 0,7080,210 0 T4 04261
(16100} (2480} 5704} (443.87) (199.2 (tag,4)
10=20 0-30}-0 21 Oy 0620, 03 20}1 S.gi 0.6940.410 Qe 1580,200 0.25-0.22!
9 (12600} (2820) (115445) (143.1) (107.2)
40=70 D.O?g-D. 0,02+0,03 5 0,1540,210 0. 1040, 163 0416804162
(5045) (852 (55.4; (26525) (76.8) (67.3)
76=100 0,030,09 0.0140.03 1083,00 0.0540, 056 00500, 112 0,0840.112
{1278y (1983 {26213 RSN (10426) (5243)
o-10 1,2560,87 0,18+0, 08 0425, 00 0:92604600 0s00£0,243 o:82e0.268
(17500} (2520} 0.1 (498,1) 224:4) {1379
10-40 0,3840,12 0.05+0,04 os1735 7446, 420 o 2080,210 0:25004225
= (15960 (5360) 1 (s (168.3) (13729
40-70 0.10£0,09 0,030, 02 mg.?o 052010231 o.osw.no 0.1640, 182
(4350) (i278) (65.7 51} 93.3) (88.1)
70100 0,0440,05 0,02£0,01 2, 0 mo 31 o 2060, 100 0,16£0,110
(i708)" (s 5ed° (102,0) (13629} (68.8)
0-10 +48+0,15 Qe 21t 0451 60+31460 141060,580 0,95+0,240 %0, 027
{307503 (3340 m.r.*i (E0zu1) (260,9) (15439)
10=40 0.4630,25 0,100,068 ? D.-Ho.§|o 0,250,210 0,410,210
13 (19320 (4200) ey (1428.7 (227,2 (19451)
40=70 044 450,06 0,0420,02 2085, P.20010 ©.2080,415 9,250,145
(5964) (1653) (7423 (416,4) (153.7) (133,9)
70-100 0,0740. 03 0,09£0.02 1083 01080, 028 0.2540,110 0.2580,110
(2982) (1133) (35.8 (1a7e1) (5hee) (12157}
t-10 Va30£0, 180 0.2540, 0228, 50 0,540,615 043520, 264 0,9040, 211
t2200) Bagtey ™ T7e2 (525.5) (235.7 (1801
1010 DL 10,035 0,070,003 Oe43,60 T 420 T30, 210 L0228
15 (11220} (2940) i (1313.5) T36220) (aaea)
40-70 1120, 06 0,0340.01 2067, 50 0,220,510 0,150,151 0,2540,170
tibs (1278) (13.9 42) (128e1 (113:9)
0100 0 om 02 9,03£0,01 1084,00 040840, 841 0, 2080, 111 0.1640,121
' (30 by el u§2€\s {39428} {1005}
0=10 36+0,85 0,20+0.06 60+31,00 1.02+0,620 0,50+0, 260 0,9040, 268
HEAS) T30 {a1.5) 1540.4 (252.0) (155.2)
10440 0.4350,07 0,09¢0,03 0611, 50 0,67+0,410 0.25+0, 221 0.5340, 226
. {48080) °§% ?!m.wg (iuuﬁ_ {218.8) {1833}
4070 0.13+0.06 n.ouo o 2066, 00 0.2640,210 01540, 135 2540, 115
(5338) 40) (82.71) (3997} ! (136.6) (3
70100 0,060, 01 u.o:,»n.m 0,10£0,039 2540, 100 0,2540,100
(2556) (1278) e (169.6 (217.9] (itfat}
.10 0,5000,87 o, zato.zo 6029, 50 1080, 651 0.95¢0,274 0.90+0, 270
1 H 5 5 (3050 [8504) .6 (2637 (i56.8) |
10-40 (35 n.mn 03 011,80 uia'r:ous: 0, 30;-0' 210 o 4120, 251
13 + (ms(ﬁ {i620) 31346 (1445) {23547 i °$
4670 041480, 06 0404 0. 02 047, 60 0.26£ 0,300 o.zbgb 13 n.zgm 1o
o (5964)" (1740) e cu'?fa) (53,7} RECI
70-100 0,0740 0.02 10$3.50 0.1%0,036 0,3080,111 [ 1o
fiams-or fisms 13 ettt i B fimmey




213

and Mg (Table 10=2).

Biomass and 1ts_nntrients t ,

. The number of trees/ha decreased with the age of
the plantations due to natural thinning only. _Artificial«A
thinning was not done in these plantations malntained by
the local ferest department. While, basal areasheight and |
dbh 1ncreased with thelage, leaf area/ha reached a maximum
in a 13—year old stand, declined sharply in 15 and 17-year
0ld one and showed an increase in a 19-year old stand. This
pattern is more due to the density of the stand in different
age groups rather than due to leaf area/tree (Table 10-3)

The biomass of the different organs of the tree as
well as that of the whole tree increased with increase in
age. The green/non-green biomass ratio decreased markedly
witn age of the nlantatiens in such a way that allocation
to wood biomass drastically increased beyond 13-years of age
(Table'lo-Q), The.low.biemass, generally recorded for this
~ study area compared to that at Varanasi (Misra et al, 1967, .
Faruqi, 1972 and Sharma, 1976) may be related to poor site
quality, | |

The standing crop biomass (t/ha) of S. robusta as
expectedjincreased with age of the plantations, However,

the green biomass increased with the age of the stand upto 13-



Table 10«3, Characteristics of S. robusta plantations at
Umtesor with standard: errors.

Stand age (year)

> ® ® w50
LX)

Variables

9 T 11 1 13 H 151 17 19

Tree/hectére . ‘_ 8440+6,392  T792081.403  6630:9.757 4280@10.906 4310#14.335 462011334

Biasal area/tree 1 0221"1 0023 40 02'_._‘10610 120 58‘_‘?1 522 18. 75‘_’_"10257 330 38‘21.731 380 48%2, 097
cm . ) ) ' ' R

Basel area (n2/na) 1,03 3.8 8.35 . 805 14,38 17.78
Height (m) 1090800225 3071200421 5.57#0.471  6.4420.512  7.62£0.585 8.35£0651
Dbh (em) . 1,0280.333  2.0200.850 4.,00200,573 = 5,4220,690 6,05£0.840  7.00#1.156

%egg'area/tree 0.91280.916  5.67882.803 10.584#40101 11.36263.101 9.77583.841  12,362¢2,073

Leaf area (m?/ha) 7697.28 44969.76 7017258 48620,80  42130.25 57103.20

¥1¢



Table 10=4,

Biomass of plant components ‘in" different diameter classes of S. robusta

plantations (kg/tree) with standard errorse

\

Stand age E' " Diameter ; Planﬁ components » 5
(year; ! Classes + v : -+ ! Total
H (Cm) Y Bole ! Branches H Leaves !
E i H : H
9 102 0411520, 02 0.02860,004  0,074£0.017  0.217
11 2602 0.708+0. 072 0.162£0.014  0,359£0:03  1.229
13 4400 3.061£0.246 © 0222580,027 ©  0:551%£0,035  3.867
15 5,02 5.984£0,561 0.59260.184  0.60080.055  7.176
17 6405 8029940433 - 0,43420:055  0,69520.14 ' 9,358
19 7.00  11.17121.428 0.631£0.154  0.942£0,081 123744

G1é
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yeaﬁs after which it decreased in a 15-year stand and again
increased in older plantations (Table 10+5). As discussed
earlier both density of the species and site quality may
account for this decline in 15-year old stand. As noted
from Table 10-3, the'increase in leaf area/tree in a 15-
year stand compared to that in a 13-year one is not commen-
surate with the ﬁérked decline in density of this species.
" ‘The npn-greén bioﬁass which contributed anywhere betweep
1.20 to 54.53 tons/ha Alin‘creased gradually with age. This
pattern ﬁhich is different from  that of the green biomass
developmeﬁt with age probably is indicative of the fact that
the ailocatibﬁ patterh drastically changes beyond 13-years
in such a way that the non-green biomass is significantly
higher in proportion to the green biomass production. This
is also seen from the values for the non=green/green ratio
" given here. o | |
On the basis of allbmetr;c correlations, a close .

relationship was found between the weight of the individual
tree component and heighf or diameter af breast height (dbh)
(ovington, 1957; Ogowa §§.§;, 1961; 1965; Young et al,1964
and Kira and,Shidei,f19E7). Thus, regressions could be
drawh betWGen the dependent and independent variables



Table 1 0-5,

Biomass/indices of 8. robusta plantations

Variables

Stand age (year)

9

P-ﬂ

11

15

 Standing crop biomass (t/ha.)
Green biomass (t/hajd)
Non-green biomass (t/ha.)

Non~green/green ratio .

1.82
0. 62
1420
1.94

9,75

2,85
6.88
2.41

30,71
2.57
28, 41
10.96

-0-4

L1¢



Fig. 10-9.

Relationship between height and
above ground biomass alongwith
biomass of éomponent plant parts

of §§ robustay



Fig. 10-9
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Fig. 10-10., Relationship between dbh and above
' - ground.biomass alongwith biomass of

| component_plant parts of 8. ;pbusta,
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The percentage concentration of nutrient elements
like N,P,K,Ca and Mg was more in fhe leaves compared to
that in branches and bole, in all age groups (Table 10-6).
However, the concentration of Ca was more in the wood com-
pared to the leaves. It may be noted that high level of
calcium in the wood ig related to ifs accumulation in the
bark (Woodwell gt 2l,1975). The standing crop of all nutrient
elements increased with the age of the stand which is
obviously related to the living biomass. The amount of
calcium was maximum in all the stands followed by nitrogen,
phosphorus, potassium and magnesséium (Table 10-?).

Table iO-8 shows the pattern of nutrient distribu~
tion in the living biomass of'differenﬁ forest types of the
world. While N and P values are comparable to that obtained
for many temperate forests, they are much lower than that
recorded for trobical forests., This is particularly so in
cohparison with S. robusta plantation studies done by
Parugi (1972) in Varanasi, U.P. whose values seems to be
 on the higher sidey The values for Ca in this study, though
more than that recorded for temperate forests is about 19
times more for the 8, rgbusta plantation study done at

Yaranasi (Faruqir 1972) which again seems to be too high.

\
|
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Table 10=6. Pércentage concentration of different elements

in bole, branches and leaves of . robusta

plantationss
L A L

Stand age E Components 5 — Con?entraﬁi?n (%) T
(year) H ‘ H N ‘ P :: X : CA H Mg

i ' P 4 Hilda
Bole. 0.64 0,04 - 0,16 1,03 0,18
9 Branches 0,83 0. 06 0,39 0,51 00 20
Leavée 1641 0013 1976 ‘ 1031 0946
Bole 0458 0,05 0,18 1,10 0,20
11 Branches 0.80 00 06 0,38 0,61 0.28
- Leaves 146 0§13 - 0.7T2 1e41 0.46
Bole 0,53 0,06  0.19  1:13 0,20
13 Branches = 0475 = 0,07 = 0.36 0,30  0.28
Leaves 1650 0,15 0,65 1,18 0.40
) ‘Bole 0,50 0.06 - 0,20 1,17 0s22
15 Branches 0. 71 0, 07 0e32 0,74 0,25
Leaves 1,57 0416 0.60 1,50 0,42
Bole 0.46  0.07 0,21 1,20 0,24
17 Branches 0.69 0,08 0.30 0,79 0.26
' Leaves 1.60 0.18 0.57 1.53 0,44
 Bole Cest 0,07 0,21 1,20 0,25
19 Branches 0.66 0.09 0,26 0,81 Qo27
-Leaves 1.68 1060 0056 1060

0.54




Table 10=7. Amount of nutrient elements (kg/ha) in standingAcrop biomass
‘ of 8. robusta plantations.:

Futrient: elements

o a0 on ow

stand age (year)

o ! n  § 43 1 15 1 17} 19
Nitrogen 16,98 8429 175,04 186,37 223.84 }03,'95
Phosphorus .34 8452 18,84 21,25 31472 47002
Potassiun 7.55 33475 68,40 74,74 97016 13946
Calcium 19.39 109.60 284,27 356092 473,73 712456
Magnesium 5409 26017 61439 T30 47 95,29 156,92

a8

0¢¢



Table 10-8, Nutrient content within the living biomass of trees in different

forest communitiese.

| , § Nutrieﬁts (kg/ha) ? Authority
Forest communitics | g N <j> P E 3- Ca {‘:Mg §" ' ' ]
Pinus sylvestris (55 yrss) 453 4 - 272~  Ovington (1959)
Quercus robur (47 yrs.j 4¢ - 464 '40 =292 - - «do ~(i953)'
“_ Betula verrucosa (55 YrSo)_l ‘ | 543 '$4 - 651 - - do ‘(1959)_
'm_Second'Doﬁglas £ir stand :\ 3?9 ‘ é§ - 333 Lo Cob¢gﬁ al (1967)
Tropical forest (Ghana) '. k 2659 15?: e« 2700 - Greenlandfana Koﬁal (‘96b)
- Tropicel dry decidﬁous (India)ﬁ 1708 43643 - 3707 - Desh;Bandhu (1970)
Shorea robusta (India)’ : ‘ 7909 650 = 9960 - Faraqiy (1972)

Shorea robusta plantation (19 yrs)30909 47.0 139.5 712.0 156.9 Present studye.

1é¢



Litter production and its nutrients :

‘ The monthly fluctuations in litter production in
a 19-year 61d stand of §S. robusta (Fig. 10-11) showed that
the production of leaf litfer was lowest in May,\gradually
increasing in subsequent months, reaching a peak in Marchi
In April.the production of leaf litter decreased sharply,
.though remained at a high level. 50% of the total annﬁal
litter fall occured in February-March and almost 90% occured
between December«April. A similar pattern of leaf litter
£all was observed for other species toos Abscission zone
may be formed more vigorously during the drier part of the
year after November with leaf fall occuring during the time
of moisture stress in the forest (Nye, 1961). However, the
wood litter production was greater during May-July and |
remained at a low but a somewhat constant level during the
rest of the year., Again this pattern may be due to the
formation of abscission zZone during the dry winter'period,
so that wood litter fall reaches its maximum during the
following rainy season in May-July (Edwards, 1977).

Bray and Gorham (1964) sujgested that leaf litter

‘constitutes roughly 70% of the total litter and there is an \

ﬁnverse relationship.between annual litter production and



Fig. 10=-11.

Monthly litter production in a 19—

year old ‘S, robusta plantation at
Umtesor (1976-77).

Leaf litter s S: robusta, @ 3

other species, O ; wood litter, A .

Comparison of exéeoted a.nd observed
values of leaf litter proiduction_ for
a 19-year old S. robusta',’plantation
(after Bray and‘ Gorham, 1{9@4),,

!
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| Fhe latitude of the locality. Accordingly, the expected
?alué‘for the total annual litter production in the present
area works out to be 8.2 t/ha with 5.74 t/ha of leaf litter
(Pig. 10=«12). The total amount of litter production in theb
present case was 3.12 t/ha/year which was top low than the
expeéted value which may be due to younger ége of the stand
as well as poor site quality.:
Litter production increased markedly with increase
" in age of the stands reaching a peak in a 13 year plantation
“but remained more Opﬂless at a steady levei in the subsequent
‘age groups studied (Pig: 10-13): Maximum litter production
of 3.41 t/ha/yr was recorded in the 13 year plantation,
although litter per tree and dry weight per léaf was low in .
this stand in’cohparison to older stands: This may be related
'tp“higher density of individuals in this’éase.(Table 10=9).
Table. 10«10 represents the average annual leaf
- 1litter production in different S. robmusta plantations in India
and for different climatic zones of the 'world. However,
"-the low values obtained_in‘the present case may be due to
the comparatively younger age grbups-of plantations studied.
The~monthly-concenfrav10n (percentage) of different

nutrient elements 1ike nitrogen, phosphorus, potassium,



Table 10=9, Some characteristics of 8. robusta plantations with standard errors.

Stand age i Density/ha § ' Lea? 1itter/tree i Individual léaf weight
(year) ! ! (kg/tree) (gm.) '
: } |

9 8440 * 6639 4 '99853 i €j>,9\41 * ;5,111
1M 7920 % 1,40 0,269 0,951 & 0,152
13 6630 & 9475 - | 0,515 1,076 £ 0,315
15 4280 10,90  0.615 A 16100 £ 0,367
17 4310 £14033 05704 - 1,280 0,384
19 . 4620 £11,33 0,676 , 1.364 + 0.590

o

ras]



Table 10«10,

- o~

Annual leaf litter production in major climatic zones of the

world and in 8. robusta from different parts of India.

Shorea

‘ Z s Leaf 1itt erﬁbg :
Vegetation _i Location ! mt/h ? ”’s Authority
B 2 ]
Climatic zones of the world ; ‘ _
~ Alpine 67°N Lat. 0s 7 ‘Bray and. Gorham (1964)
Cool temﬁerafe 37°562°N. Late 265 _Brﬁy and Gorham (1964)
Warm temﬁerate 30°-40°N.& S Lat. 306 . Bray and Gorham (1964)
Equagérial Wwithin 10°N & 8 668 . Bray and Gorham (1964)
- _ of equator ’
Indian sub=continent = _ ' ,
Shorea robusta (Plaﬁtation) 3019 N Lat. 569 Puri (1953)
. - - s oo
Shorea robusta (Plantation) 30.19 N Lat. 500 Seth et al (1963) 2
Shorea robusta (Deciduous ~ 23¢50 N Lat. 206=9.3 Upadhaya (1955) i
forest (Sagar) _ S S .
robusta (Plantation) 25945"=2000"N Lat 0,7=3.0 Present study




Pig. 10-13. Litter production in different stands

of S, robusta at Umtesor.
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'Icaicium and magneséiumkip.leag litter of a 19-year old

stand of §. robusta and wood litter of this stand showod‘

| considerable;vgriations. ‘While Ca and Mg followed a more.
or leéS‘similar trend whereby tpe,ooncentrationﬂwas at 1ts
maximum during the painy;segson.(Manyeptombog)z@9cliniﬁg.“
- gradually during the dfy period reaching the lowest lovel
in March, theopattern for K followed an opposite trend.
Nitrogeg and.phoéphorus‘concentrations followed_a:similég

"~ trend between themselves so that the lowesiileye;,was attaipod
during June-=July and a maximum level was éttained during
March-April (Fig. 10-14) ~ The 16w level of K in litter ,o.

" during monsoon may be related to leaching of larger quanti-.
ties of K compared to Ca and Mg as has been shown by other
workers (Tukey_et -al, 1958; Madgwick and ‘Ovington, 19593
Carlisle et al, 19665) Apart from this, the fluotuation in
concentration may.also be related to leaching,of_organio '
nutrients from the leaves, translocatioh of elements from
leaves before senescence and,&eoompoéitioh of leaves Before-
fall (Gosz gf al, 1972; Van Cleve and Nboman, 1975)‘ It is
also seen that the more mobile elements like N,K and P H
ishowed higher concentration towards the senesoentlperiod ofi
éanuanyeApril,when-maximum litter fall,ocpurs?j However,.

\

iower concentrations of less mobile elements like Ca and Mg
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Fig. 10-14. DMonthly varia{tion in concentration
of different nutrients in leaf litter
:of a l9 year oid S¢ robusta planvtat_ion,
N @32 O 31k A e Ay
,’Mg_, . S |



1 |

A S O N D

L
D

o
o

( %)

© 0
O o

UOIJB 1}U3DU0D

04

JU3IIINN

02
G.1

FoM

J

J

J

Months



997.

lwas noted during this period.

A great variation in concentration of N,P,K,Ca
and Mg was recorded in wood litter also (Fig.10-15)i The
concentfation of NyK and P was lower during the rainy
geason as was also recorded for leaf litter though the
pattern is less marked. The concentration of lg was more
during the peak period of leaf fall and may be due to the
withdrawal of these elements into the wood during this
period. This argument is supported due to a reverse pattern
wherein'thé leaf concentration of this nutrient is more
during the peak leaf fall period of February-April. The
pattern for Ca is however, not very clear though the level
of this 1s generally higher during March-April when maximum
leaf fall occured.

Total amount of N,P,K,Ca and Mg in leaf litter
(kg/ha/yr) in different stands increased with the age of
the stand which is obviously related to litter production
(Fig, 10-16). A comparative study of the total quantity
ofinutrients (kg/ha/yr) with other tropical and temperate
forest types of the world showed that the values are much
lower compared to others (Table 10-11), However, this may
be partly dué to. the low age of the stand of 8, robusts under



4

Table 10-11s Amount of mineral nutrients returned through litter fall
: ~ in some tropical and tgmperate.forest tyves of the world.

1

]

(India

—1 I . v
H . ' ‘Nutrients (kg/ha/yr) !
Vegetation ¢ Locations 4— Y —~ T H Authority
. ‘ ! , . YN VP : K ¢ Ca § Mg
¥ H H . H : H
Birch forest U.S+3.Re 66 5 13 54 .19 Ruseian authors
‘ . : ‘ . cited by Oving-
B _ ~ton (1965)
Scot pine forest .. ‘. Biigland’ .© 125" 710 . 57 49 9 ovington (1959)
Sessile Oak forest . England 27 9 4 15 2.8 . Carlisle ot al
‘ | » S . (1966)
Pirus Caribae  Nigeria - Te3 .0c4 649 : 1164 2,7 Egunjobi and
- A ) N o » Pasehun (1972)
Tectona grandisAplantations Dehradun - 52 11 19 131 '5 Seth et al (1963
N (India)
Shorea robusta plantations Dehradun 46 9 19 77 10 'Seth et al (1963
(India)
Shorea robusta plantations Meghalaya 20 2 9 35 9 Present study

OO



Fig,', io-.,15. Monthly variation in concentration .
| of different n_utrienfs in wood litter
of a 19 year old giq_;.‘robu/sj;av plantation,
N, @ ;2 O 3K A Cay A
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Pig. 10-16,

Total amount of nutrient elements-
in different stands of _S_. robusta
at Um;tesor‘g
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study and may also be related to poorer site quality as

ES

disoussed elsewhere.

_ The uptake, retent1on and release pattern of
different nutrients in & 19 year old plantation (Table
10-12) showed that all these three are maximum for Ca
and N. However, uptake wag very low for other nutrients
but retention was comparatively much higher, more parti-

cularly for an element like P.

¥

SUMMARY.

The physical and chemical properties of the soil,
biomass and litter production and the nutrient content
within their compartments were studied in 9,10,19»year
0ld plantations of Shorea robusta. VSoii wvag lateritic
sanay loam with a ‘CpH ranging 5.9 to 6050 Cdﬁcentration
of soil nutrients was high during the rainy seagon due
to their release fromethe deoomppsingvlitter. The fluc-
tuation in concent#ation of nutrients was well marked in
the upper layers of the soil only. Soil nutrient pool
within a depth of 100 cm had: N, 10709; P, 340; K, 2285;
Ca, 945 and Mg, 614 kg/ha. |



 Table 1012,

~Annual uptake,’ retention and release of different nutrient

‘elements in a - 19-year -old plantation of S. robusta.

T S o
0 . '. . D « . . . . ’ .
, s Nutrients (kg/ha/yr)
- Pathway - - #; . -
. L3 [] | ] .
i T R t Mg
Uptake 84,09 7 29,25. .31,08 109,68 . 30.16

.Betention L

‘Release

64,09 27.25 22,08 T4.68 21.16

20,00 2,00 9,00 35000 9,00

0E¢



The number of trees/ha decreased with age of the
plantations while basal area height and dbh increased
with age.d Leaf area/ha was maximum (70172o58mm?/ha) in
a 13-year old stand which was directly related to greater
_ individual leaf area and density. The dry weight of
individual tree and standing crop biomass increased'with
the age and maximum aﬁouﬁt of drylmatter‘production
12.744 kg/tree and 58.88it/ha :espectively was recorded
in oldest stand o£v19~yea¥s old: The gree biomass and
non-greeﬂ/greenAratio was found to & increaseﬂ with the
age of the stand: The concentration of N, r, K. Ca and
Mg in different organs like bole, branches and leaves
varied and 1t also varled with the age of tne plantation.
Total amount of-N, P, K;'Ca and Mg .was directly felated to

the organic matter production efleach stand.

Litter productionwwas maaimum during February-Marsh
when about 50% of the total leaf litter was recorded while
maximum wood litter production«BQg) occurred in the month
of May=Huly., Maximum litter production of 3.41 t/ha/yr was
recorded in a 13-year old stand.l A great monthly variation

in eoneentration of N, P, K, Ca and Mg was noted in leaf



and wood litter which might be due to leaching of
nutrients from leaf! translocation or withdrawal of
material from leaf and wood litter dﬁring different
months. Total amount of nutrients was directly related
to the annual litter production by the stands and
maximum values (N, 20; P, 2: 4, 9; Ca, 35 and Mg, 9
kg/bha) were recorded in a:{Q-yeaf old stand. Annual
uﬁtake, releaée and‘refention of nutrients in a 19-year

oldrstand'is discusseds
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