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PREFACE 

The present study has two sections. One pertains 

to the 50 year old s~oondary forest at Lailad which 

fo:nns one· in the series developing subs~quent to s~ash 

and burn agriculture (jhum) at lower elevations of the 

Khasi Hilla of Meghalaya. As such an attempt has been 

made to relate the present studies on the Lailad forest 

with the ecology o:f shif'1i'ing agrioul ture in this region 

under "General considers tiona r.el~ted to shifti~ agri..; 

culture ( jhum} arolind Lailad" gi van at the end of this 

section~· The study has 6 chapte:t"s .dealing td th study 

area, vegetation analysis, biomass production, litter 

dynamics, nutrient input into and output from the system 

and nutrient cycling. 

Section II of the thesis is based on plantation 

studies· on Shorea robusta. Gaertn., growing at tJm~eS,or 

which is .in the same general geographical areas as that 

at Lailad·~ Shorea robusta which is a late successional 

tree and which is. also an important component in a 50 

year stand at Lailad has be~~ studied in detail using ~ 
.. 

to 19.year old plantations. This section is divided 
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into 2 chapters one dealing with growth analysis and pro­

ductivity of ~· robusta and the other dealing with intra­

system nutrient flow through soil; plant litter and 

biomass. 

The thesis has a General Introduction dealing with 

a ;-eview of literature on forest ecosystem analysis• 

Each chapter has a brief 'Introduction • and 'Methods of 

study•' Results and Discussion on the findings is given 

for each chapter, followed by •summary.• 



CHAPTER 1 

GENERAL INTRODUCTION 



GENERAL INTRODUCTION 

y~getation Anal~sis a 

Vegetation may be defined as an assemblage of 

plants growing together ln a particular lo~ation and 

may\be characterised either by its component species or 

by a combination c;f struetu~al and functional characters 

that charaoter1.se the appearance or phy~1ognomy of the 

vegetation. · Structural or physiognomic methods do not 

demand species identification and are oft.en considered 

more meaningful for detaUed ecological studies. The 

·changing nature of vegetation is its dynamic nat~e• that 7S 

ohanges in the distribution and structure of components 

· occur 1n due OQurse of time. The long term Changes of the 

vegetation result in succession, and several o.omm11n1 ties 
~-"-·'So>:; ............ :.!', .. ,-~ ;,..:.·~;;.;t..,..!JI.-,~..t-,~~~·ilt 

may succeed one another to establish a olim~ community 
:'.···"'· '. • <.--I ~-t#.:-·:~~~-~~ 

which is controlled by the climate of the region ( Clements• 

1916·) or the stable cQmmuni ty may be the_ ~esul t of oycl1o 
'. . ... 

changes (Tansley, 1935). However, the dynamics:~·oi vegeta-

tion or community are a, complex subject and have. been 

revie_wed by Ma.J,"galef .(19.68) and Qdum (196~ )~ 

Vegetati,on has· been des.oribed, or olass11l~ed 1n 

aoc.ordance with, the major ph1loaoph1e~;~. the discontinuous 

and continuous concepts.. fhe discontinuous concept, the 

more tradi t.ional approach, pJ:CVides a descJ:;"iption tlla t 
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enable one to dis.cusa a gross vegetational unit• 

Gleason's (1926} 1n<lividual1st1o concept provides ~ 

:framework for exam1n~ plant community 1n greater 

detail as a dynamiC). Ulli.t.,, 

In nature· p~ants rarely grow isolated from one 

another. Indiv.id.uals o! a species are usually grouped 

into a populat~on and populations ot different species 

may ·be intermingled~ Some of the plants grow more 

suceesa.f'Ully than the .others as iAdicated by their behaviour• 

size and number. The oharaoter1at1ca of the species which 

differ according to the genet1.¢ pattern and· physiology 

determine not only the kind of ha:b1tat~ it oan occupy, but 

also tbe kind of 1nterrelat.1Qns 1t. forma with other species• 

A common approach fo:rt vegetation analysis 1s the 

gathering of i)lpeoieS abundance data from numerous study 

areas• A laJ:"ge nttmbe·r of such pbytosOc1oJ.og1oal studies 

have ytelqed cons~der$ble informat~on on community-environ• 

ment relationshlps and,the nature of the community itself 

in temperate regions. However, many analy~es of tropical: 

forests are based on struotur~ •. phyaiognoiQ.ical and floristic 

oomposit1ons. (Knight,. 1975). ~he early wo:t"ks-· in this. 
. ! ' 

respect are mostly des~r1ptive With a fOCUS on the kind and 
number of species in. the forest~. As species identification 
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become more !ea$1ble and as better quantitative methods 

(leveJ.oped, ·studies· occurred more frequently Qn the 

tdent1f'1catton and causes of floristic patterl;ls in rel~-: ... 
tion to auocess1on and a~ te. With regard· to -site ·ll"ela­

t1onsh1ps, the studies: o·t ASb.tcn1 (1964a.b), Gr~~g;.Smith. 

U !!; -(196'1 ), Brunitlg (1968 ),. Traoey (1969Jt Webb (1.9'69 ), 

Webb U !!!: (1967 ~~ b, 1970_- 1972 ), . Hiit~·way (197-l) ancl 
Austin·e~-!1 (1972) iar, notable tor their use 0~. complex 

quantitative methods in the analysis o~ :tlorist1_.()· d.at~. 

Their resul~s suggested that ooilipos1~1on and· c;sl'assification 

methods are·usef'ul for analysing the vegetat1on_and· that 

c;:erta~n spe Q~es•rieh commun1tie s also yiel,.d cU.agnost1c · 

and oomprehenaiYe ec()iogical informations f. · Vleb:O. (1969), 

WUlilam and Webb ( 1969 h Webb !.! !!. (1970 ), ~~9.wsk1 · 
- - ' 

( 1970) and Orloo·i and. Mu!Qt~ttu ( ~973) used pbyaiognomioal., 

structural and tlor1at1o features for vegetational analys·ta 

and olasai£1oat1on. Many other workers ooiu:Jidered the 

phys~oal and ohemj.oal p~operties· of the soil f~r oompoa1tion 

and species distribution~ A numbe~ ot o~her workers based 

phenological studies :to_r oomm~ity analya1s'and olasai:f'i~a· 

t1on• (Rees• 1964J G1bb$and Leston, 1.970; l)oubenm~e.l972; 

Fra.nld.e::) e:t'-hil ~. 1 97 4). 
- ·---



. Biomass prod~ction • 
..... 

Imp.J;"oved demands for fo~est prodaots• the·search 

for renewable sour.oe · of raw materials and increased 

interest 1n the structure and -function of forest· ecosystems; 
< - • • ' •• • • •• -

in recent ye~s, b.a,iii stim~ated ·.t'esear~h 1n biomaaa·and 
' ' . . . 

product~on of dif'fe.rent ~or~s~. types thl7.oughout· the· world. 

Tb.e accwnu:}.at1cni of. ·large: quant~ties of. dry matter· .,_$ a 

fundamental and 4istinguish1~ oharacte~lstie o:f·forest 
\ . 

e cosy stems~ 

fotal biomass 1 tse~f ~s,: not .. a meas~re. ot: pro due"!> 

tivity so tar as forests ar.e. C.Q~cerneQ..o .·~he biomass ·of, 

· forests 1s· rather a· function ot agf3 . be.cause .. stem. biomass• 

which is accumulated. year after year ~eoupies ext;remely 

high percentage ot .the to.tal biomass~ In north· ·temperate 

regions, produotivi ty studies }?.ave be_en .done: tor· a nlim.ber 
. ' 

of species· growing 1n even aged:. plant~:tions .or uneven·. aged· 

natural or semi-natural wood:;Lands (Westlake,. ·l963;. Qv1ng.ton~ 

1965; Whittaker, 1966; Whtttake~ ~d Woo4weU1· 1,968). The 

geographical patte~ns of bioma~s d~str1buticn per unit area 

tor the major types of terrest~ial vegetat1o·n have be~n 

swnmaJ'ized by Ro.dj,n. and l3az1lev4;oh (1967 ).. Besides tne· 

~formation collEiot.ed by the$e two. authors additional data 

on biomass of different regions of tb.e world was obtained 

during the International Biological Programme (Molohanov, 
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1964; B~il~vioh, 1.967; Kira and Sh1de1., 1967t Golley 

§! .Dl• 1969; Janik, 19f7'1; Whittaker, 1971 ). 

In the past few' ye'ars. biomass· eatlmates of 

individual species have been publish~d by a number of 

workers. Suob studies included the 1n£ormation on· the . . . . . - . .. . 

produot1Y.e structure of the stand only. Although the 

weights of ~ample trees are trequently estimated by sub­

sampling, very 11 ttle inf'()rma tion. ~ the aoouracy and 

preo1as1on ot ex1at1n.g methods are available (Ellenberg; 

1971; Hughes; 1971J Kestemont, 1972:., 1973J Neuw1rth,l97'L; 

YamakUra !;1 ~; 1972; EgunJobi.,, 1975) •. Ove_r:ton U.!! 
( 1973) have clisoussed the pbystoal problem of e st1mating . 

weights of veey large trees. .Art and Mai"ks (1971) presented 

a working table of rna3or species,, th,e. agt? and the location 

<>f the stand; the oven•dty weight of biomass and net annual 

productivity for abou·t 280 forest stands. Madgwick (1976} 
I ' 

briefly reviewed the literatu~e concerning the methodology 

ot estimating sample trees and stand we1~hts w1 th emphasis 

on stat1st1oal methods! 

Since 1955t .mWJY studies on primary pro~uo"t!ivity 

of forest ecosystems; have been !)Ubliahed. by Jap~ese 

workers in temperate and tropical .forests~ . ~bese studies 

were mostly based on harvest methed·a (Kira and Sch1de1•1967 
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and New:bould; l.967 )~ The data obtained from more than 

three hundred stands ··were reviewed by K~ra and Sohidei 

(1967)J ~adak1 a-nd Hatiya (1968) and Satoo (1968 1 1970• 

1971) while Ogawa !! !!!. (1965) have made some critical 

account of plant biomass fot two luxuriant forests ot 

tropical Atrioa. 

Burger ( 1951,) estimated leaf and branch weights 

in a large numbe~ of SWiss woodlands which vary in age 

.t~om 13 to 92 years. Meller (l947) evaluated the dry 

we~ghts for leaves of oak, ash, bj.rob1 spruce,. soots pine 

and larch. Satoo u §! (19551 1956i 1969 )1 Sat.oo and · 
, • • ·I 

S~nda (1958) in Japan and Whittaker (1965) in USA estima­

ted the leaf and branch biomass and reported that leaf 

biomass cannot inorease infinitely with forest growth 

and that there must be a limit speo1f1o to sp~o1es. or 

groups of ecologically similar specie~. 

The estimation of biomass of individual tree or 

a stand by harvest me"t;hod is the basl,lc procedtU"e for 

production relations~ But this ia very laborious and is 

neither practical nor permitted under many circumstances, 
\ 

Therefore~ allometric relat1Qns based on some ea~ily \ 
\ 

measurable variables such as d~ameter at breast height, \, 

plant height, diameter at the crown base and various 
\ 

\ 



m~asures of crowns have been used with success 1n 

developing prediction equations for individual tree 

components and at~d ,.O.f trees (Ovington and Madgwiok; .. ,,-,...,.~ 

1959J AttiwUl, 1962; Baskervill~, l965J Ovington 2.1 ~,. 

l,:967J Peterson et M• 1970;Zavitkovsk1 and Stevens.,n, 

1971 )4\ However,. ~or estimation of crown, branch and 

foliage dry weight correlations with the diame'f;e:r at 

the crown base or branch diameter usually give the beat 

results (Attil'lill.; l962; Peterson· 2.1 -~' 1970)o 

The woodland community with its va~ious strata 

forms a Qomplex association in which the reactions of 

different members are closely interrelated.. Trees IU"f3 .. 

the dominants of the community and by Virtue of their 

size, stratification and longiv1 ty, they are abl.e to 

determine to some extent the site cond~tion~ under which 

the associated plants live (Ov~ngton", 1959 ). The oontri-
. ' . 

but~on of ground vegetation is of great importance tor 

a number of ecosystem processes (Ovington, 1962)~ In 

contrast to the tree cover., ground. vegetation production_ 

nas a high p.l'0por1;ion of leaty material and a low prop~rtion 

of biomass (Hughes,_ 1971 ). The production relat~pnship 

between species in the ground vegetation w~1ch determine 
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the p.I"oceas of Jl,atural: regeneration of the woodland bas 

. been evaJ.uated by Toumey and K,ienholz (1931 )., ':fb.at the 
.... -·. """·-,; 

tree cover ·which 1nt.ereepta ~ad1at1on, preQ~P1 ta-t~on. ~ 

·other·anv1ronmental :(actors 1nflue.llce the growth and 

· relat.tve performance .ot species on d1!ferent woodlands 

have b.een shown' by B.laokmsnn and Rutte;;; (,194.7~, Be,gJ.ea;9· 
. •~o.,__l II 

(1965)aild FOrd and· NewboUldf(197~). 

· ~ltter dynamics. * 

. . 
tall has· long been conside.rerd. to b·e of maJor ~portSilce 

. . . . 
for· exchange of· organ~o and· inorganic materials between· 

. living Ol"gazU.sm.s and soU• !!be role of" litter in thB 

f"oreat ·ecosystem has been recognised fo.r a ·loJl,g period of 

time and consequently many investigations hav~ been· made 

·in its relation to· productivity• nut·r1ent eycllng, energy 

f'low and decompoai tion of forest organic ma:t.ter·• Bray 

and Gorham (1964} ·in the1r .review of literature on l~ t_ter 

p~oduotion by the major world's forests state that 1il 
. . . r 
"t.b:e study of the quantitative aspects of litte~ fall \ 

remains an import~~- p~~-t of for(i)st ecology,. dealj.ng w1'\ 

a major pathway fo·r both energy and nut~ient transfer"• 

T~e l1tter.is the fuel for nutrient cycling 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 great extent upon the recycling 

of litt~r nutrients. In order to unders~and the biologi­

cal process of the upper soil horizon.S, the quantity and 
. :r 

composition Qf the li·tter and 1 ta p~ ttern of :fal.l . through-

out the year must be known. 
. ' 

The ·dynamics of litter accumul~tion process are of 
. .•.. ·.~ • .:..., ... ~t . 

particular inte:t1est _in 'the hiimid tropical· forests where 

rates of litter production and decompo~ition·are higho 

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 amoun~ of data.exists for litter product-
. . ~) .· . 

ion. and nutrient release 'in forest ecosystems·, but still 
•,· .-,"?~ .... -·.· .. 

the 11 tera.ture on 11 tter dynamics in ·tropica:L forests is 

much less and this is evident from the comprehensive 

review of ~ork of Bray and Gorham ( 1964) which contain 

approximately 2f5 references of which a very minor fraction 

pertain to tropical forests. Seasonal litter fall in 

deciduous forests has been studied by Carl.isle .2,1 &, ( 1966a) ~ 
ilhd. 

Sykes and Bunce ( 1970), Hughes ( 1971 ) "- Gosz .!.! !!!, ( 1972) 
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I 
and years haye been limited largely to 'total annual 

litter fall. 

. · .. The litter' consists of dead or decaying leaves, 

twigs, b~a~ohes, fiowers.; f;rui ts.~ ·:bark. and o~he~ debris. 
' . . 

Out of these, lel:lf· -happens. to be. the. maj·pr.., source of 

litter'which may: fall seasonally !=lS is. tb:e casf3_Pf deciduous 

tf.eea or it may co·ntinuously accumulate thr.oughout the . 

year as we· find; in evergreen :t'orest·a·· · The .li_tter is 

attacked by·a variety of micro-org&nisms .an~ is decomposed 

to such' a degree that .eventually ;it becomes an insepar~ble 

ingredient of -th~ soil system. 

· Information on litter production in aspen stand is 

available for the ·u •. s.s.o.R •.. (Rodin. and Bazilev:ich; 1967) . . . . . 

and also for-Alaska (Van Cleve and Noonan, 197.1). In 

northern Wiscon$.hl; u~.,s •. A.;,; Crow ( 1974) studied 11 tter fall . . ·~ . 

in p:redoinihantly aspen and aspen-..paper birch stands. .In 

tropical forests of Africa nutr.ie11t content of 11 tter has 

been studied by Laudelaout and Meyer (195~)~ Nay (1961), 

Hopkins (1966),: :Berne.hard (1970) and .Egunjobi (1974). 

Similar studies .. on litt~r __ fall and nutrient content of 

the forest litter are available for.European forests (Tarrant 
' . . . 

ll ~. 1951; Metz,. 1952;_ Owen,., 1954; Scot-t;,,. 1955f Wright, 19571 

( 
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Kendrick, 1959; Monk tt ~. 1.970 and ·Zavilkovosk1 and Newton, 

1971). In New Zealand's evergreen beech forests litter fall 

has been measu~ed by Miller. and 'H~st {1957f.and Mill~r -(19.63)_. 

Many studies on the seasonal dynamics of litter --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. ,_s.·mainly due to the non-periodi~ occurrence of 
·.' . 

high wind 'for.ce ;during which dead· wo.od. material is dislodged. 
' ' . .. . 

However,. other !actors may act in a complex way creating a 

seasonal pattern_ in the-dynamics of wood-litter fall. 

Bray ~nd Gorham (1964) suggested that woody litter 

amounts to about 30% of the total ~ual litter fall. This 
.. 

means that a considerable proportion of litter fall in forest 

ecosystems accumulates as dead wood in the wood fraction of' 

soi~ litter, constituting a significant nutrient and energy 

reservoir (Healey and Swift,__, 1971 )! T~e production of' dead 

leaves and dead wood,, w~ch trophically form the basis ·for 
'· 

many consumer chains pl~ an important ~ole in ecosystem 

functioning (Duvingneaud·,. 1971; K~stemont,, 197l h 
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Il:l temperate deciduous forests 19-39% of total annual 

11 tt.er fall is formed by the wood fraot1Qn ( Cb.ristensel).,. 

19'15; 1978) re~ult1ng in a significant amount of dead 
': "~ • ·' ~.~ . ,~ .. -. ~:-l" ;..:._:-j 

wood in the forest floor
1
• Although dead wood is poo:r: in 

nutrients,. a re·ina.rkable amount of minerals and especiall-Y 

energy may be released thNugh the dead wc).od traot~on 

whic~ play an tmp9rtant role in mature forest ecosystem 

Healey and Swift;. 1971 ). Generally a relationshiP between 

peak wood fall and maXimum w1nd speed ~lways exi,sts •. In. 

a tempE!rate forest., Gos~ U ~ (1972) foup.d a b~dal patte.rn 

of wood fall and they pointed out that branch f~l is 

apparently a ·good .indicator of st.orm intensitY• Jn a moist 

semi,-deoiduous forest in tropical West Af'riQa, the peak 

wood fall eorreapo:nd~::tQ. th.e dry season when. the trees fU'9 
: . ' '· - ~ ... :- . - .. . 

expeoted to be under greatest water stress, and a complex 

combination of intrinsic and extrinsiQ faotors influences 

the timing and triggering off of 11 tter !aU (Jones, 1.955 )~ 

Add1cott (1970) noted that almost aU disoretio parts of 

several tl,igh plant speoies are absoissed, Howeve~. abso1 ... 

_sa1on of organs other than l~aves ~d to a lease~, extent 

flowers. and fruits has rece1ved only sporadic att~nt1on. 
. . \ 

Quan~itative aspects of the acou.mulatio~ and turnov~r of 

wood litter 9n the forest floor have been very poorly 
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e) 

understood so tar. except in a very limited number of 

tc>1•est types (Satchell, 1971) as compared with ohemiQal 

and microbiological sides of the process. (Kaarik, 19'7'4)~ 
. . . . . 

Most of the studies on litter deoompos1ti,on pertain 

to l.ea.t litter oru.;.y. However, wood litter aJ.s.o ,foll'm a 

large proportion 0£ the substrata deoompqs~ted on ~orest 
Leat · 

floor. The n,on•littet- accounts for abou~ ¥3 9! the total L . . 

11 tter tall 1n most forests, sometime a as. m.ueh as ¥2. in 

Qlimax toreats (Kira and Soh1de1t 1967 J.: Wctody org$1ls 

decomposed .more slowly than leaves~ whUe theu original 

'·shape and volume are maintained for quite. a long tjJne \Ulder 

the p:roteotion of bark which j.s very resist~t to deoay. 

Yoneda (1975 It II) made an attempt to e.t:Jt~ate the rate ot 

decomposition ot wood litter in a warm temperate evergx-een 

oak forest ot Japan., adopting ,loss of we.1ght and ca.rbon 

d:1ox1de evolution as measures of decomposition rate~. 

Litt.er decomposition 1.s a desi!J1m1lat1on process 

mediated by a nccession of o.rgan1$ms and a.ssoc~ated enzyme 

syetems ( Alexendel;", 1916~ ).. !he ox1dat1Qn and hydryl1c 

p,rooess oonver~s· -the raw 11 tte:r to oa.rbo:Q.•d1oxide and 

·. stabU1sed organic matter at hwnus~ The m·ineralis.at~Qn of 

organic to ~~ WhiCh represents a maJor carbon less Ql' 



14 

output route whereas humus formation may be regarded as 

a key carbon reservoir o~ conservation pathway,. In most 

of the terrestrial systems, the deoompos1t.1on of ·litter 

forms the major "·source of energy and nutrients for ·'the~J 

soil and litter erganiams ot the deo1~uous woodlands. A 

great p.Jloport1on of Qarbon fixed by the autotrophs return 

to the soU 1n t.he form of l.,.tter. The most ~portant 

groups of organ!sms wh1oh play a role ~ decomposition are 

bacteria., aotinomY.cete~, fungi, p1:otoaPl:Jnematodes, worms 

etc.. MUch atterit~on has recently ~een paid to techniques 

used tor studying deoompos1~1()n of 11 tter and the rate· 

of decomposition of different types of plant litter 1n 

different climatic zones (Bocock and Gilbert, 1957J Edwards 

and Heath; 1963a :Howard1 1965J Van•Cle•v:e, 1971J Anderson, 

1973b, Gosz et al, 1973J Howard and H:oward, 1974J a£ensen.1 

1974f Su.ffling and Smith, 19741 Wood., 1974;)~ The prooess 

and organisms c.oncerned in decomposition had mainly been 

studied by Bell (1974),, Dickinson (19'14), Edwards (1975), 

Frankland (1974),'- Harding and Stuttard (1974), Je;nsen 

(1974), Mason (l974)1; lVI11J.ar (1974)., ~h. (1974),.: WUliam 
~ '' . . '- . . - '', \ 

l 

-,and GJ:"ay (19741~.~ and Wood (1974h:'. \ 
\ 

~he ao il :r;oef3p1rat1on is another b1QJ.Og1eal p'~~nome-ot 
\ 
' , , I 

non of d.~composition Which b.as long been considered \as an 
\ 

·~ ... _. 



index of soil metabolism (Wollny, 18311 Boussingault and 

Levy,_ 1853, ,na, 1962 and .Reiners, 1968). Measurements 

of soil respiration are widEtly accepted as being the moat 

important approach for studying the biologi-cal activities 

and the carbon_and energy flows with respect to detritus 

ecology.__ The soil respiration is generally governed bY 
the three bi6logical process (a) microbial respiration 

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

non-biological process i.e •. chemical oxidation (Bunt and 

Rovira, 1954) •. 

Although the study of litter production is of 

great significance in forest ecology, not much work has 

been done on this aspect under Indian conditions. In India 

estimation of annual litterpproduotion in deciduous and in 

some evergreen forests have been made by Champion (1936), 

Puri (1953), Seth §.! §! (1963),, Singh (1968), Faruqtl (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 forest plan­

tations while practically no work is available on natural 

humid mixed forest types of Indi~:~ 

I . 
Rainfall interceptiQn, throughfall-,. stemglow and nutrient 

t ' 

I 
losses through run off and peroolaiionl: 

l The amount of incoming precipitat-ion transmitted to 
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or lnto the f;ilOil.is of great.importanoe to understand 

the water regtme o! plant communit~s. ~he diverse 
' . . . . . . . ' . . . ' 

pby'siognomical structure of various plant a.sso.c1at1ons 
. ' •• ! •• 

p~ays an 1mpo~tant' roie 1n pre~ipitation interce~;tloii'".;i 

and the amount of precipitation which i.e arrivi,ng o.n the 

soU surface~ The precipitation generally falling o~ 

v·~getation. 1s usually leached in di.fferent. ways. SOme of . . 

the ~aterreaohes the ground t~ough the canopy, some 
,_.- . ·. . . ' 

through the tree trunk and some part 1s intercepted by the 

vegetal coyer wh~oh never reaches the ground~ Whe amount 

of water. wh~~h drips doWn tnrougb the fqrest canopy is . 
.. 

J;eferred t9 as throughfall.• stemflow refers t'o the prec1p1ta• 

tion. whi.oh r~aohes. t~ ground .by t"Uiming .down the boles of 

trees. ~be ~e>unt ot water w~oh iS tet$ed by the vegetal 

cover subs.equently evaporates paok to the atmosph~re and 

is called the intercepted water.: The 1nter.oept1on o£ 

precipitation byvegetal oover· is an important aspect of 

hydrological cycle influencing. the water bll;dget. and nutrient 

movement • and playa an 1mpgrtant role in the net rainfall 

reaQ~ng the g~ound- surfaQ~:!' The quant1tte s and modes of 

flow of precipitation 1D the forest tlQor have been studied 

tor a long t1mE:l:~,· interception ~tudies: have been reviewed by 

K1ttre~ge (1948} and ZP.*e (1967 lt,, A number of studies 
' 
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have been done on this aspect by diffe~ent worker~. 
. . . ,. ' ... 

(Hamilton and Rowe, 19491 Hoover, 1953; Ovington, 19541 
~. . ' . ' ' ' . . . ' :· . . . - . 

.. . ) . . ·. . 

Voigt,. 1960Ji~ Rutter,. 19631 Helvey, 1967; Smith, 1974). 
' . 'f.. . ' . ; . 

Interception by the canopy usually affect the 

chemi:stry of the throughfall in a nuplber of ways (Eaten 

§.1. ~. 1.973):,,.., ~1) Some of the chemicals which the precipi­

tation contain are retained in the canopy and will not appear 

in the throughfall at that time (2) some of the nutrients . . 

may be leached into the water at the time of interception 

by the leaves and deposited as salts on the leaf surface 

as the .wat.er evaporates (~) although the concentration of 

nutrients. in throughfall increases than in the original 

precipitation,. it is apparent that nutrients can be absorbed 

into the leaves from the water (Boynton·, 1954~ Carlisle 

.21 !:!,, 196S and Wittwer and Teubner, 1969) or be taken up 

by the microflora on the surface of the leaves and branches 

(Carlisle !l !!!,,. 1967)~ Moreover, the extent of precipita­

tion interception by the forest canopy is affected by tree 

species' size aild" form of the tree as well 'as storm size 

and intensity (Ovington, 1954b; Gieger,· 196~' Carlisle 

ll ~. 1965). 

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

litter and 1ts· deco~pasitj.on and al'ao through .Preo1p1ta-. 

t1on. Duvigneaad·u ai {1971) reported that in'"t'eliiperate 

forests ¥4 &f tb.e total amount ef oiroUlating minerals are 

returned to the soil with 1eat·litter, throughtall and 

stem f'low. Almost half of the total amQunt of potassium 

ar:rlves into t.he. soU with oanopy throughfall B:lld stem flow 

annually (Carlisle 2121• ~9g7; Nebe, 1973}. A large 

portio~ of magnes·¢ium finds lts way :back:· to the sOU 1n 

the same way• and in case of c~eiwa -and sodiUm the return 

through li tte,z; .and decomposition is pro:bably of greater 

s1gn1t1oanoe ~ The illiportanee of wate~ d~ipping from the 

t.Jree crowns· and the role of minor tree litter fli'action (bud 

scales.~ mal.e flowers, oapttles• bark; etc+) in the nutrient 

cyo~ing of a~e.seiUe oak (Quercus petreae) woodland on a 

~<:t!__ fel!'t~ii ty S1l1eeous ai.te in a high ra~nfall area has· 

been demonstrated, by Carlisle (1966) and Qall'lisle U!! · 
(i966a.b)f 

A sign1fi.c::ant $lllount of·nutrien.ts 1s also transferl!'ed 

trom the var1oua.plant parts to the soU as pr$c1pitat1on 

• whi()h. passes through the forest· canopy' the· eleme1;1ts being 
• . . I 

. . . . . . \ 

added dir_ eotlv to the available. nutr1eJ1t pool Without the 
. ~ . \ 

' ' 
1nterven:t1on of any process of deoompos1 t~on on· the· ,to rest 

!loo:r, ~he to·te.l ecosystem app~oaoh tor quantifying nutrj.ent 
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budget and cycling phenomena of the northern hardwood 

forest has been successfully done by BQrmann and Likens 

(1967)~· Several .studies (LeClerc and Breazeale, 1908; 

Mea,, 1954; Tukey and Amling, ·1958; Tukey ll !!!• 1958) have 

demonstrated that rainf~1 may remove substantial quantities 

of nutrients frgm.". t.h~ foliage of horticultural plants. 
··' . . 

Others have sho'wn that rainV'{ater which passes through the 

tree crown contain significantly higher quantities of many 

nutrient elements than rainfall collected in adjacent ope­

nings (Tamm; 1951; Madgwick and Ovington, 1959; Will, 1959; 

Voigt, ·19601 Rahman, 1964; Cole U i!!, 196i; Tarrant ~ !!_ 

1968). It is ~nl;y recently that the study of input and 

deposition of nutrients from the atmosphere by way of 

precipitation into the ecosystem baa attracted attention! 

Nye (1961)1 Carlisle 21!! (1967) and Reiners (1972) have 

measured the quantity of nutrient in precipitation received 

by different ecosystems and emphasized the rdle of vegetation 

in enriching the mineral content of rainwater. The quantity 

of minerals present in rainwater can.be of special significance 

in the nutrient cycle of ecosystems espe c!ally in nutrient 

poor areas (Allen ~ ~. 1968). 

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

element 'must be present; 'indicating 'either a biological 

requtrement or a non-.sel.eotive uptake of the ~leme~t by" 

j~_.~,the-.:plants. Elements· wnioh are present in large amounts 
' .. ;'j...~~~-. ,..-·~ 

in the leaves are .:l-eached in larger absolute quantities, 

but· ~· some oases· leachi,ng may ·be 1ndepe.ndent of t~ 
amounts preaent·in the 'leaves" 

·~he atmospherE)· is a sot~roe of· chemical to terrestrial 

ecosystems, as well as a· aou.r(le o£ water vapour ·~or pre c1p1'!'i> 

tation. Chemicals may become· b()nded with water vapou1: and 

delivered iri· a dissolved form W1 th precipitation.· Some 

of·the chemicals like chlorine and sodil.U11 are commonly 

,;.disso.lved ·1.n precipitation which falls along ocean coasts 

(.Gtambell and FiSher, 1966) or. ohem1cal.s may adhere to dust 

pa~ticles which· be co~e ·temporarily suspended 1n the atmos­

phere and J;'eturned to the surface as dry fal.l out between, 

storms~ Thelarge surface area of the foliage wh~oh is 

exposed to wind and interception of rainwater by forest 

vegetation, plays an important role as a trappilig. device 

for dust. particles• and rainfall which di:-~ps from· the ,foliage 

( throughfall) may be su'bstantially enriched 1n some ·chemical 

elements~: 
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~,.... . 

PreQ1p1tat1on water carries ce~ta1n quantities 

of nutrients from air ·borne dust, gases,. eto1 the 

composi ti,on ot which undergoes s3,.gni1'1oant change's once. 

they gain access t() the ecosystem (Tamm., 19581 Stenl.id, 

1958; Tukey, 1970 ). This rainwater when falling on 

foliage sur:f'aoe, bra~ches and stems of trees in forested 

eoosystema wae~b.es t;lff the dus·t and thereby leaohes a 

po~tion of the nut~ient elements t.rom tnem. 

The chemistry of pre cipl tati,on varies from area to 
' ' 

area dependil;lg o:n tne origi,n of air masses. Gore (1968). 

reported t~at . 32.c1~ kg/ba o:t sodil:Wl is .E\lepos·i ted annually 

by the preqipita~ion :trom maritime air masses at Moor 

House; tJ.K. but .Liker1s u ~ {1971) reported that the 

. ani1Ual deposit1.on. of sodium is only 1~·5 kg/ha at Hubbard 

. Bi'ook wbe.re air masses are primarily continental~· !Fhe 

qB/Mg rat;to 1n preoip#,.tation has bee:Q. used as an .1ndioato~ 

. of the souroe o·t air borne chemicals by some workers 

(ErikssGn, 1952 )• Again, the intensity of rainfall affects 

the nutrient i:Qput through precipitation·~: Mecklenburg 
0 

,U !!• (3,966) and Att1w1ll (1966) showed that the amount 

of nutrients leached per unit quantity is greater\ during 

a low i:ntensi ty of rain than it is during a .heavy ':ra.1n~(· 
' \ 

Attiwill (1966) found that the decrease in nutrient,content 



ot leaves is _greatest du-!1ng the first hours of wetting• 

The stimulation of nutrient mobilisation in the 

forest soil after clear cutting has been known tor a long 

time but no attempt has been made so far to meas\U'~ .,~11~ 

losses of nutrien·f.f.rom the system through run:~off of water 

or that percolating through the soU. Tll.e olear cutting of 

forest cover tends to i_ncrease stream wa't~r flow (Lull; 1959 i 

Hornbeck 2.1 !1• 1'~701 P'-erce 2.1 !!• 1970; Pleroe!.! !!,;,197;.2,) 

and stream temperature (Tamm 9 1958)~ The amount of nitrogen 

discharged f.t-om a forested ecosystem after ole ar cutting is 

equivalent to the amount of n~trogen that ~s annually ret~ 

ned to the system under undisturbed conditions and losses of 

cations were 2 to· 3 times greater than .trQm an und1sturbeQ. 

systeiJl (Bormann ~ fW.., 1968,, 1969 )~ 

l'fl!tr1ent SY;cliJWi . i 

Ecosystem represents complex organization of living 

Qrgan1ams,1nter~ct1.ng with eaoh other and ~th the~ physical 

environment.. ln atte~pts to understand su~h complex systems, 

ecologists group their cc;>mponents into a number o.f inore or 

less easily definable cat.egor1es·~:· ()ne of the most important 
\ 

functions of the forest ecosystem 1e nl.J.trient cycl'1ng and 

a ~wledge of thisis needed to obtain h1gh produot'i\vity 
\ 

reqllired to me)et the increasing demande-. f~,r forest product$. •. 

\ 



i 
I 

I 

23 

The detailed information on nutrient cycling is especially 

important because it defines the-relationship between soil 

and plants. Numerous studies ~ve been conducted in different 

geographical regions of the world assessing the means and 

distribution of nutrients in various forest ecosystems. 

Much of t~is work has been summarized_ by Rodin and Bazile-

vich (1967) and Ovington (1968) •. Cole et al (196~) Marks . -- ' 

and Bormann 21 ~ (1972) emphasized the effect of fertili­

zer 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 t~e 

continuous flow of nutrient and energy through it. Within 

the intra-system cycle of an ecosystem, several workers 

(Duvigneaud and Denaeyer-De Smet,: 19'64; Ovington, 1965J 

Cole !! al,. 1968 ;_ Bormann and Likens~; 1970 and· Joz:gensen 

~ ~ 1975) have carefully evaluated the size and rates of 

exchange between various nutrien.ta pools·~ However~ measure­

menta of systems present major difficulties and only a few 

quantitative studies have so. far been done (Likens ~ ~' 

1967 h: particularly in tropic~!~ 
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.Quantitat.ive apprQ,aoh of nutrient budgets for a 
' .''; • ' I 

.. 

, .. t~rre.st.~i,al eooeystem m$y ~e det~rmin,ed by measu~~ng the 
. . . . . ' . ' ': .-~ ' ~· . -~ ' ' . ' 

~eteJreQlQg1ca1,. geological. IJ,Jld ~1ologic~. 1nputs and . . ' . . . 

Q~tp~ts (BQr~ann .and Li~~ns.• 1967 )~ The terrea1;~1al 

eoosystem.part1q1pates in t}?.e variou~ l,.arger biogeochemical 

c;,yqles .of. tp.e ea31'th by .1np:u~ and output throu~h. the system. 

GeolQgical input anq. Qutp\lt through l;»alance ·Of mineral. 
. • . . •. ·. ' l ' ' " '.. '. . . 

:~lem~nts 1n an ~co~y$t~m may be posi1;1~e or l:legat1ve; tba t 

1s elemen.ts can be a~cwnulat1ng .~n the syste~s or tOO, 
I . 

. system can be ~ 1;he pro cess of. deple-tion.; . Aooumulat~on 

ot ~+aments in the biotic portion of the ecosystem often 
' . '. . . ' . . . . 

oocures as a re$ult of successional process (oo.uin, 1969) as 
., . 

the.amount ot biomass inan system increases. The elements 

th,.rough geo:;Log1oal inputs are gener~ly carried into the 

system by.moving water OJ! colluvial action, or both, and 

o~.tputs. generally refer to the e:+eme~ts which are leaving 

the ~ystem: 1.n.. tp.e torm of dissolved or particulate matter 

ln mov1n8 water, through .the· d1:f'tua1Q·n or transport of · · 

gases or parti~~late matte.r by wind (meteo:rleolog1oal output) 

or as .a re,sul t o:f the activity of an:smals 1,noluding man 

(bio~,ogic~ ou~put)• Metereolog~cal, input enters the 
i 

e.cosy~tem t.hrough .the atmosphere in. the form of gaseous 
. \ 

mate:rli s and of dissolved or particulate matter 1n preo1p1-
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tation• dust and other wind borne materials • 

Whe r·ate ~nd magnitude of m()VeJJ1ent along 1ndiv1dua4 
tor· ••.• •• 

pathways dl:t'fer for different oheDi1cal elements and the 

general pattern of fl~w within the system depends upon 

· many taotors, parti,.ou.larly the nutrient statUs of the soU. 

and t.he type and age of the woodlandi P1onee.r1ng work by 

Ovington (1965), Ro.din and BazUev1oh (196i1) and Dav1gneaud 

and Den~yer-De-;; S!qet (1970~1) along with oompzoehen.f31ve reviews· 

and synthesis of data by :Sray at1d Gorham (~964}, B..;~kiusis 

(1964 ); Gvert·on U 21.. (1973 J. LaJ."oher (~975 ). Jo~gensen 

u ~ (1975) and ~ieth and Whittaker (1975) have brought 

considerable attentton to the process of Ii~tr1ent cycling 

and production in forest e~osystems~ 

~he m()st strik1.rlg features ot a woodland community 

.from the nutrient o1r~ulat1on point of view is the annual 

return o:f n11.trients to the· soil through the 11 tt.er f'rom the 

vegetat.ion Qover. Smirl').Ova and Go.rod.entseva (1958) repol;"~ed 
... 

that in b1i"Qh ·wooci:J.SJ).ds of' abQut 70 years age, annual 

defoliation ret.urns 80 to 90 perc~nt of the nJ1tr1ents to 

the ~oil~ Litter which include the ·leaves, ba~k,. branohe~;J' 

dead stems,. 1-nfloresoenoes and seacis ar~ usu.~lY. t~ 

largest CQJJ1pone:Qts tqr the nu.tr~e:Qt oyol~g 1~ the f'oreE:Jt 

ecosystem' Howeve~.f' in open woodlands the well developed 
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shrubs and herb layers mq eont.tibute more litter than 

tba~ from trees (scott, 1955). !he l.itt~r fall~ to 
• .. ·.1 

the g:to11nd 1n woodlands i.e very· hete.rogenous being OOIJl• 

posed of organic matell'ial difte~ing greatly 1n stll'Uoture 

and chemical composition and the mechanism and eff1o1enoy '.. . . . 

of litte.r breakdown varies greatly even in the same wood. 

(Alway and Zon• 1930, W1tt1oht _1939; Mork; 1944; Tarrant 

Q &1,~ 1951J. Owen 1954J Goez U ~ 1972 ). The importance 

ot soil.organio matter in mat:ure terest ecosystem was 

emphasized by BodP1 and Bazilevioh (196"'t); Likens U ~ 

(1970);, Pierce 2,1!!! (1972); Wh1ttaker U.!! (1974); Gosz. 

u ~ (1~76 )• Nutrient oyol1n.g thl:ough decomposition of 

leat and wo.od litter in trop1oa1 and temperate forests has 

been studied by many workE;trs (Laut\e.lout and Meyer• 1954; 

Nye; 19o1J Witkamp and Ol$on• 1963; Olson• 1963J Braa- and 

Gorham, 1964J Ov1~ton1 1965J Bern~d, 1970; Anderson; 1973~; 

Gosz f!t ~~--'1973; Lousier and J?ark1saon1. 1976 )'. 

In o·rder to evaluate the quantitative and qual~tat1ve 

aspects of productivity or to explore the nutrie_nt ~ycling 

in t~~ ecosystem, the knowledge of water c1roulat1on pattern 
l 

1n t1~e and space is very important. Water circulation 

itself, is a vety complex process and it ~1n1y deals with 
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the pathway of water reaching the eQoaystem in.· the form 

of precipitation to the aoll; water 1.11 the EJO ~11 • output 

"'' oi nutrient through water etc• :And ·1-t is only in the · · 

last two decades that the study Qf tbe nutrients illpu~ · : 

and deposition fll'Om the atmosphere by way of precipitation 

is becoming of increasing intere~~t> ( Tamm; 1951; V1rot. · 

1953; Madgw1ck and Ovington, 1959; Tu~ey and Tukey, 1959; 

Voigt, 1960J Nye, 1961; ~lisle !!.! .f!!, 1'965, Likens, et al, 

1967J .Bormann and Likens .1967; ~Tarrant U, ~' 1968; Cole 

u al, 19681 Allen!! ¥• 1968J Ulrich~!!, 19711 Reiners 

1972; SZabo and Csortos, 19'75)" 

Available nutrient not only enter the ecosystem from 

outside but are added by the action of physical chemical 

and biological weathering of rook and soil minerals. 

Physical and chemical weathering of the mineral. soil and 

sub•soil increases the ava1lab1l1 ty ot. nutrients in .to rest. 

-~~oosy~tems but l~ttle is known of the release· of nutrients 

by this p~ooess under natural conditions. The release of 

nutrients by weathering will depend greatly upon the soil 

type and underlying rocks ~ut is also influenced by climate 

and the nature of the woodland• 



CHAPTER 2 

STUDY AREA 
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STUDY AREA 

Lailad Reserve Forest : 

One of the study areas (discussed under Section I) 

as shown in Fig. 2-1 is located at Lailad which is about 

70 km. to~~rds the northern side of Shillong city the 

capital of Megha.laya in the north-eastern region of India• 

It lies between 25°45n .,.·"26oon N latitude and 91°45n • 

92°0n E longitude at an elevation of about 296 mo The 

pre-cambrian rooks are represented by gneiss, schists and 

granites. The soil is red, san~y loam and is of laterite 

origin. The pH ranges from 5o8 to 6.3. Angles of the 

slopes generally range from 200 to 600o 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 o The monsoon season is follo~red 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 Fig. 2-1) is about 5 hecaares and is a part 



Fig-_ 2-1.. Climate of Lailad and Umtesor based 

on the average of two years - 1977 

and 1978 (data obtained from Department 

of Silvicul.ture, Government of Meg.halaya). 

Maximum temperature,, e a 

minimum temperature, 0 ; 

rainfall,. 0 ~ [', 
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Fig. 2-2. Map of No~kbyllum reserve. forest 

showing the study areas,., 
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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 di~trict and on the northwest by Nowgong district 

of Assam. The southern side of the forest is covered by 

the Shillong sub-division. The age of the forest which 

ls approximately estimated to l)e 50 years is represented 

by a small hillock 1-1i th. ·average of 80% slope. Although 

the study area is located in a reserve forest, the peri­

pheral zone is subjected to biotic disturbances, such ~s 

cutting of trees for firewood and removal of bamboo for 

fencing and house building purposes by· the local tribal 

population. Therefore, only the cen~ral zone of the 

forest is representative of a 50 year old stand whereas 

the peripheral zone represents an arrested stage of 
i 
; 

succession with 20-25 year old' vegetation. 

The present study was done on a 5 hectare area indica­

ted in Inset Fig o 2-2 eonsi.~ering 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 
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of a larger ·programm·e on the, ecology of shifting agricul­

ture . ( jhum.) 'which is. ex-$ensively practised. in this . area 
. . . 

by the local ·.tribal population~ namely the Garos (Rama-
. . . . . 

krishnB.n and . Toky, 1978·; Ramakrishnan, 1978; Ramakrishnan 

,21 !!,,-' 1960)o The 5'0 year stand at Lailad represents the 
. . 

oldest fallow of the jhum p'ractised at lower elevations of 

the· Khasi Hills of Meghalaya •.. 

Umtesor Shores robusta (sal). plantations : 

The other study area (discussed under Section II) with 

Shorea robusta plantati~ns at_ Umt~.sor is situated at about 

50 km. nort~of Shillong at an eleVation of 760 m~ This 

forest al'So ·lies between· 25°45" - 26o~n N latitude and 91°45" 
" 

- 92°0" E longitudeo Topography, climatic and soil conditions 

are, in general, same as at Lailad forest. This forest is 

also· a part of Rongkhyllum. reserve forest. ·The total area 

and age of different plantations of Shorea robusta are in . 

Table 2-1. 



Table 2-1. 
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Age and area of different plantations 
of Shore a robust a at Umtesor 

'Area age 
(year ) (hectare) 

9 16 

11 27 

13 ·4 

15 6 

17· 10 

19 4 
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ECOLOGICAL ANALYSIS OF A 
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VEGETATION ANALYSIS AND PHENOLOGY OF THE 
FOREST AT LAILAD : 

INTRODUCTION 

The structure of a vegetational unit depends 

upon the species represented, on tbe relative number o£ 

individuals and on the total number of individuals 

(Gleason, 1926). A common approach for vegetation analysis 

is the gathering of species abundance data fro, numerous 

study areas. Such phytosociological data are important to 

collect basic information on community-environment rela­

tionship, succession and the autecology of many species. 

Early work in this respect was mos~ly descriptive with a 

focus on the kind and number of· species in 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 s1 te .•. 

With regard to site relationships, the study of Ashton 

(1964a,b) Greig-Smith !l! ~ (1967),',,Webb ~!!, (1967,1970 9 
\ 

1972 ),. Tracey ( 1969 ),, Webb (1969 ), Hath8.wa:v { 1971) and 

Austin tl !!! (1972) are impo:rtant, 
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METHODS OF STUDY 

Phytosociological studies were conducted 1n 

the outer peripheral zone with about two hectare area 

as well as in the central zone with about three hectare 

area of the forest. The peripheral zone which was 

influenced by many biological d~sturbances was selected 

to compare the species composition along with other aspects 

with the central zone of the forest. Phytosociological 

studies for tree, shrub and herb ape oies were done in July 

1976 0, at the peak of growing season. In order to study 

the density,· frequency, basal. area and 1inportant value index 
~ 

for tree 20 quadrats of 10 X 1om1
·: were laid down along a 

transect.. For shrubs, the quadrat size was 5 X 5m whereas 

for herbaceous species 1 X 1m quadrats were used. The 

important value index is an integr~ted measure o~ relative 

frequency, relative density and relative basal area and 

was calculated following Misra (1968)~ The diversity and 

dominance indi,ees were determined according to Margalef 

( 1968) and Simpson ( 19"49) respecti;vely ~ Phenological 

studies with respect to leaf development, leaf fall~ 

flowering and fruiting were done for all the major tree 

species for one year.period during 19'76. 
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RESULTS AND DISCUSSION 

Vegetation Structure ; 
- .1 

In the forest community js a whole, tree s.peciea 

like Dend,.-ooa1amus ha.m,11tgnl.1, Schfma wa111chi1, Castanopsis 
., . . . . . ' . 

indica, SAorea rgbusta and Mi;Littsa: ·-rc:rxou'rgniana dominate. 
,< • 

Though M,! roxburghiana had high de·nsity and t~equency 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. 

Th~s 4rtocarpus chaplasa and Vitex eeduneularis had high 

I. V.I. values ins pi te of low density and frequency and this 

was due to greater basal area of these species (Table 3~1). 

Since the peripheral zone of the forest is more 

d'isturb~d than the central zone,_it became necessary to 

separate these two d:istinct zone-s for purpose of comparison. 

Dendrocalamus hamiltonii, Masua fertea, Miliusa roxburghiana 

and Vi tex peduncular is were more dominan~ along the periphery 

of the forest compared to the centre. It may be noted that 

these species are all early successional species and it has 

been shown that !2.• hamil toni1 reaches _its peak in a community 

of about 20 years old after which it declines (Ramakriehnan 
'• l . 

I 
and Toky·, 1978). On· the other h~nd 'the ·species like .2• 

wa111chl.i, ,g. indio& and ~. 'pbusta ~e.re more dominant towards 
\ 
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'.fable 3-1 ~nsit1• trequ'elc,y, basal.·. area and itl.portante v~e indEnt ot tree speoiJ s in the peripheral and 
centr~l zones of {t.tie sub.lrtropioal :toreet at Lailad• J 

~ .. ' l 1 ' ----~--- ---- -~ ----- ' ; --------
-----~-----~-1~~- -- ------

1 I I 4 I 2 ~· 
Speoles , D~nsi~y ha • , • lre?~en~ Basal area (a /ha) J I;. v :}· 

' ~oora wallioh.ii 
~ 

Arteca.rpus ohaplasa.,-:· 
Oastanopais indica 
aast~psis tribuloides 
Dillenia indica 
Dillenia pentagyna 
Dendrooalamua hamiltonii 
Dy eoxy-lua bire ctarterwa 
Dy soxylum. pro ce runa 
Eugenia tetragonia 
Eugenia ku,r.zli 
Garcinia oowa. 
Ga~ainia peniculata 
Guaelina arborea ~ 

Gloohidion aultilooulata 
HWbiseus maarop~lla 
Ilex exoelaa . 
Miluaa roxbu~gh.iana 
Mesua. :terea 
Kaohilus khasiana 
Phoebe lanoeolata 
pterospermum aoeritolium 
Sterculia Tillosa 
Sohima wall1oh.i1 
Sb.orea robuata 
Terminal1~ eitrina 
Te~inalia chebula 
Vit~x pedunoularis 

'"" ('v~ 

I • I 

<' 

. 

Peripheral Central Peltl.pher&l. Oent.J"al J?e_riph.e:t'al Ce~tral /.Peripheral Central 
zon.e son•~ \zone. aone zone zone , sone sone 

6 ' 
a • • ill 7 0.332 0.442 2.21 2.46 

24 16 • 4 14 -1~h774 9.182 14.88 15.37 
' 

92 1~2 34 6-i 13.234 17.550 35.09 43.42 
24 26 28 32 

...; 
2t234 2·420 5.1g 6.56 

18 14 21 17 1.984 1.354 6.39 4.96, 
18 12 ";;,• 11 7 0.452 0.340 3.95 3.66 

" 7'7Q 360 54 21 6t368 2.440 83.40 41.16 

·" " ., 2" , 4 o.o64 o.oa2 1.53 0.78 
12 16 11 4 0.190 0.254 3.11 3.77 

- 2. "'l" 4 - 0.230 .. 4:.29 

4: 10 ~ 11 0.368 0.970 1.15 3.15 . 
16 26 ~1 29 0.700 1.088 4.52 8.43 

- 2 ...... ,, 
' 

4 - 0.076 .. 3.00 
i2 16 1 43 2.326 3.1i02 4.51 6.59 

8 6 lJ , o."/54 0.558 3.32 4.97 
4 10 1 '( .\1 0.100 0.250 2.50 4.33 

- 2 4 ... 1.088 - 2.9"1 
( t: 90 32 36 0.7116 0.254 18.60 7.59 

8 - - 0.626 ... 3.87 -. 
8 14 14 11- 0.254 0.630 2.43 4.69 

16 16 2i 18 o. :$34 0.334 6.25 7.13 
6' 2· 

I 

l 71 . "'· 0.060 0.020 1.47 
' 

0.64 
20 8 '29l 11 0.520 0.208 5.29 3.72 

• l 

~68 1 
144 204. . 89 1.454 20.600 39.51 60.60 ~I ' 

62 90 I j60J ~0 \ 9.198 13.352 27.87 30.87 
2-. 6 ' 4 7 

\ 
0.132 0.398 Q.72 2.03 

20 22 
114 2i 1.320 1.452 5.70 7.88 

' ' 
44~ 32 .• ~ 21 49 

1 

1.944 1.250. 16.59 14.52 
~r/ 
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the central zone of the forest with higher I.V.I. values. 

The comparison of the dominance values, calcula­

ted on the basis of S1mpsonif!l index' o~'.'do"mi:nance· (1949) 
I . 

with early successional fallows indicate that dominance is 

high in early successional fallows reaching a maximum in 

a 5 year old fallow after the burn for slash and burn 

agriculture (Jhum) and is very low 1n a 50 year old fallow 

as in the Pt"esent study·~ Conversely di varsity (calculated 

on the basis of Margalef.'s; 1968-'Shanon Index of General 

Diversity''·) r.eaches a maximum value ~n a 50 year old forest 

(2 .• 58) (Tabl~ 3~2)~ 
.. · 

The disturbed zone along the periphery showed a , 

dominance index value of 2 ~53 compared to the central 

zone·• This is due to the high density of D. hamil ton11 - . 

in this zone which is a species indicative of early 

successional communities or disturbed si.tes. It may be 
;~... . . 

noted that ··2a% of the total I• V .L. along the periphery was 

oontri bu~ed by ~~- hamil to nit wher~as it contributed. only 

13~8% of the total I.V.I .. , in the central zone. These . 
\ ' \ . 

results are in agreement with that ~f aisser and Rice (1971) 

and Mellinger and McNaughton (1975) \vho showed that 

• 
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"i 
species diversity increased and dominance decreased with 

progression of succession., These re~ul ts also seem to 
' .,, ' .. . ;.·~. . ' :..-;;-· . ' ~. --·~ 

be 1n general agreement with the qas1c hypothesis of 
i 

Margalef (1963, 196f;3) "f;hat succe~,ion 1s accompan~ed by 

increased biological diversity a~ reduced dominance. 

Croton oblongifolium• Litsaea khas~ana, ~ 

sambucina; Anona wallichii, Randia densiflora and Micromelum 

pubescence were the important components of the shrub layer 

of the forest as a whole~ The dominance and diversity indices 

were more or less the same. along the periphery and the 

centre of the forest with valu.es 0.074 and 2.711 resp~ctively, 

along the per.ip,he~y and 0~065 and .2.785 respectively in 
..... -.~~ '· ... ,., ~0: ~..., 7~.· ::..~·r-...:;...\ '~t•'..'J . .-.-;...,:...t;-,16:i11tt 

the centre. It may be noted that species like ~· 

()blong1f'olium had very high I. V ~I· value ¥ong the per:tpher,~ 

zone of the forest while~ quite a few ape cies like Anona 
. . 

eamgqg1na, Mgrinda umbellatat Ehx1og§oanthus tubiflorus and 

Steraulisa oqccinia along the. per-ipheral zone. e.howed slightly 

higher I.V.I• values compared to their values in the central 

zone •, In general.; however;, the 

and periphery of the forest are 

of the fact that low density of 

I" V. I • value a in the centre 
\ 

not quite different because \ . . 

\ . 

some, of the species in the 
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centre of the fores_t was partly compensated by the . 
larger basal area (Table 3-3). is would also explain 

' ' ' ' 

similar diversity and dominance ··ue·s,~·in- these two zones • 
. ( 

. Panicum khasianum• elegans, Hed;ychium 
- '" •• -.. • ~- • ~- • ' < ~- • • • • • .... ,.... • • • •• '. • • - • ' • • d • • • 

gracile, Fimbr1stylis dichotoma, Abacopteris multilineata 
. , • , , I ' . - . • ._- - -.-~ ' , • . . •. • ' . ' ' ' . • ' ' ' , • ', ' •' . 

and Passiflora nepalensis are predominant amongst herbaceous 

species with high· ~port~tev·alue· indices· (I~-v .t. )• · .. ·.A 

large number 6f h~rbaceoiis' species possess. more l•V~I~' 111 

tile peripheral· zone. 'of the iorest' in comparison to' the 

central ~one (Table .3..:.4·5~_ Thf~ ~ay be due to the lesser 

number of tree species with reduced canopy cover which 
,. ' . ; · ... 

permitted greater light penetration and less competition 1n 

the peripheral zone~ 
·. 

The dominance index of ~rbaceous species was found 

to be· slightly more in the distUr~ed peripheral zone (0.40) 
. . ' 

in comparison to the undistUrbed cantral zone (0~35). 

Conversely diversity was higher til the can tral zone ( 3. 73) - . 
. t . ' ~;-'--f'--..;,;-- ,._ :'J:·.;~ -~-~~ .. ·~o.;t.·-~:R--~~~ 'fl""~a..'!:~f;:,;t's.;e~ 

1n comparison to the peripheral' zone (3~61 )' •. 
. ..... . . '' ; ' .. 

The· fores.t at Lailad also;,oomprises ·of 11anas like 
. . 

' ' . 
Bauh1n1a vahl11t Spotholobos roxbu ~11t. Entada pursee1tha, 

: -!- •• ' • ' 

Hudgsonia macrocarpa and Gne~ ulai Another. int~re~tlng . 
,- ·· .. ' -\ 

. . : . \, . . '' 

feature· of the forest is the predominance of epiphytic ·plants • 
. . ·'. \~ 

\., .. , ·,, 



, 

T
ab

le
 3

-3
· 

D
en

si
ty

, 
fr

eq
u

en
cy

, 
b

a
sa

l 
a
re

a
 a

n
d

 
im

p
o

rt
an

·c
ev

al
u

e 
in

d
ex

 o
f 

sh
ru

b
 s

p
e
c
ie

s 
in

 t
h

e 
p

e
ri

p
h

e
ra

l 
an

d 
c
e
n

tr
a
l 

zo
n

es
 

o
f 

th
e 

fo
re

st
 a

t 
L

a
il

a
d

. 

I ~
-
-
-
-
-
-
-
-
-

' 
B

as
al

 a
re

a
 .. 

( c
m

2 /
h

a
) 

·: 
D

en
si

ty
/b

a 
. 

• 
F

re
q

u
en

cy
 

• 
•· 

Ie
.V

el
o

 
• 

• 
• 

.i
P

e
ri

-
C

e
n

tr
a
l 

!P
e
ri

-
C

en
tr

aE
 P

e
ri

p
h

e
ra

l 
C

en
tr

a:
I 

I 
C

en
tr

e.
I 

: 
P

e
ri

p
h

e
ra

l 
:p

h
e
ra

l 
zo

ne
 ·

 
:p

n
e
ra

l 
zo

n
e 

: 
zo

ne
 

zo
n

e 
: 

zo
ne

· 
zo

n
e 

:z
o

n
e 

S
z
~
n
e
 

• 
• 

• 
• 

A
no

na
 w

a
ll

i,
c
h

ii
 

72
 

48
 

50
 

.. 
4

0
 

16
0o

02
 

1 o
o.

 24
. 

2
5

.7
4

 
17

o9
6 

A
ll

o
p

h
y

lu
s 

se
rr

a
tu

s 
8

0
 

8
0

 
6

7
. 

43
 

· 
4o

43
 

4o
62

 
8

.9
1

 
8o

45
 

A
ct

in
o

d
ap

lu
ie

an
g

u
st

if
o

i-
ia

 9
6 

"1 
04

 
''7

0 
73

 
'4

0
.8

2
 

4
0

.0
4

 
16

o6
6 

1
9

.0
3

 
C

ro
to

n
 o

b
lo

n
g

if
o

li
u

m
 

24
0 

1
2

0
 

60
 

53
 

2
0

0
.6

2
 

1
0

0
.4

2
 

42
.4

1 
28

o4
1 

C
om

br
et

um
 d

ec
an

dr
um

 
16

0 
eo

 
4

0
 

3
0

 
1

7
.2

2
 

8
.3

8
 

1
2

.6
9

 
13

o9
6 

L
it

sa
e
a
 k

h
as

y
an

a 
16

0 
1

2
0

 
73

 
4

0
 

26
1 

o6
0 

2
0
1
.
0
~
 

26
o6

3 
21

o0
0 

L
ee

a 
sa

m
bu

ch
in

a 
10

4 
13

8 
27

 
3

0
 

12
1o

34
 

14
0o

62
 

29
o4

4 
26

o7
1 

M
o

rr
in

d
a 

u
m

b
el

la
ta

 
12

0 
1

2
0

 
37

 
3

0
 

61
o0

6 
6

0
.8

2
 

1
6

.6
7

 
17

o7
9 

M
ae

sa
 i

n
d

ic
a
 

16
0 

~
2
0
 

43
 

37
 

8
.7

0
 

6o
60

 
12

o5
2 

13
o4

9 
M

ae
sa

 c
h

is
ia

 
64

 
16

 
30

 
13

 
1

0
.3

6
 

3
-6

2
 

8
.3

7
 

1
2

.0
6

 
M

ic
ro

m
el

um
 p

u
b

es
ce

n
ce

 
14

4 
96

 
47

 
3

7
 

12
·•

32
 

8o
70

 
1

6
.3

7
 

2
4

.0
5

 
M

u
rr

ay
a 

k
o

en
ig

h
i 

56
' 

!·
 

10
'*

 
30

 
5

0
 

4·
 1

0 
6

·8
2

 
6

.9
2

 
13

o8
4 

P
h

la
g

o
ca

n
th

u
s 

t
h
y
r
s
i
f
l
o
~
~
t
6
0
 

8
0

 
47

 
3

0
 

1'
2o

10
 

7o
02

 
9

.5
0

 
14

 .• 9
6 

ru
s 

· 
P

h
la

g
o

ca
ri

th
u

s 
tu

b
if

lo
ru

s 
24

0 
8

0
 

60
 

43
 

1
4

.8
2

 
4o

02
 

19
o4

2 
14

o5
7 

R
an

d
ia

 d
e
n

si
fl

o
ra

 
16

0 
·2

00
 

60
 

87
 

40
o6

2 
40

o4
2 

1
6

.8
0

 
24

o6
4 

S
te

rc
u

li
a
 c

o
c
in

ia
 
A
1
~
 

35
 

46
 

72
o4

0 
10

1 
o3

0 
1

7
.5

9
 

1
5

-3
4

 

!{
_ 

;
>
~
 

~
 

c=
. 



fable ,._, :O.noiiJ, fNqu.onc;r , 'oual ana and. Ugort:anRTal\11 1adn: of berbaoooua •peoieo in t~ peripheral 
&lld: oentral .onu of tbt fonot at loalla4. 

J.baoopterte a1.1l Uli.uata 

Jepnia tboaMni 

O;JpeN.e nesua 
O&nx 'baeoau• 
~u·ou.aa lea.ca 
Q.l.roell&:o orob.1o14 .. 

Ooloouia atfillie 

Cootu l l)e eiOII\IO 

CUJOt& \l..nl'\1.0 

De.-o41v.a luiU'llitoUaa 
Dzoaou u oploat a 
Dtuoona bul bitera 
llatootoaa ooull• 

Ja'NUa IIU.taa.• 

lraarono" 11loaa 
Ploaoo pa •oadou 
fia'orhi)'Uo Uohotoaa 
Gl ol»'oa olartd 

lhapt.oh-a pUTlfiol\l.a 

Be4J olu azoaollo 
lfl41o1u oonotta.rtu 

Ipoaoa cU Jlt&h 

Jualtota proou.JND.I 

L¥co41u ~apoatou 
ll.Maa pwii oa 
Kern•• T1Utol1a 

OpU •oJWo ooapodtua 

Optuorrhlsa oo.n.rolouca 
Ol41Al&D4ta Uttu.aa 

Or;r'l& M11r1LIIa 

~rtn.illl pu.l»i.MrTiU 

.hnta 1D41oa 

"•••t• .. a Ti.l.l•n• 
Ptqllutbuo clau.oa 

l&111W. Jthaoi&AIIII 
Piper loac-

.... t nora aopaloaot.. .. _ 

Ju.qla repeao 
ltr.'oU uthuo &Jlieo ptq"lluo 

114a rboa'Nlha 

llllilu: torox 
'!bfau.olt.eu. u.Qaa. 

fbwii!NJ'61• •ramUtlor-a 

VQoarta ••••1l1frootllo 

Yoruala oiAana 

YUo a "'a.nioa 

Peripheral O.ntral 
M• •en• 

O.?.fo O • .f.O 
o.M o.ao 
2.02 2 . 08 

o.eo o.•o 
o.H o.t.o 
o.ao 
0.20 
o.es o.to 
o.ao o.ao 
o.s• o.ao 
o... 0.38 
o.2o o.u 
o.u o.ao 
0.10 0 .10 
1.f.fo 1.00 

o.u o.O.fo 
1.74 l.to 
o. M o . 40 

o.ao . M 

1.4.0 0 . 80 
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I 

Mention may be made of species .of :o~~hids like Dendrobium 

. mosohatum, Vanda sp~ R);vnoosty~i·s lap~-~ .Cmb1d1~- ap. ·etch 
,. - ·-. "• • • • . ~- . i• ~·~ ··-. 1~ ""~!···:;:f 1-".;, .~ ... ..,..:._~~c,;i4- • 

A. quant1ta
1

t1ve ··assessment. of the.sJ oomponent.a 1n the forest 

however, could not be made during lthe pre~ent study~ 
Phenological observations Q! ~ ape ciea 1 

Fig. :3-1 illustrates the phenological pattern of 

tree species and the time of· different phenophases in a 

yeaf at Lailad forest,. All the ape cies considered here 

flowered one~ in a year. Most of the species were in full 

bloom with peak flowering for about 50~ ofthe tree species 

in April~_June and this declined sharply during subsequent 

months~ Flowering seems to be associated wit_J;l high moisiture 
~ ... ~--

and temperature condi tiona and ·l.ong day condi tiona of tbe 

s~er. None of the species under observations flowered 

during September-January.. Although moisture related factors 

may pl~ some role in controlling .floweririg 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 production pattern i's closely related .to 

flowering and peaked during June for .the m~jority of the 
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.. 

Fig. 3-1. Monthly pattern of phenological phases 

of tree species at Lailad forest. 

Flowering, e 1 f~iting, 0 J 

leaf fall, .6, ~. ~e~f flushing,_ 6 J 

(Inset figure shows the pattern of 
' . . . . . 

atmosphe.r:ic ~~mperai;~re, ·maximum, 

e ; minimum, 0 ) • 
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species; fruits matured and f~l ocou~ed during July-
1 

September. No fruiting oooure~ during Deoembe'*-February •. 
' . .·· '~ 

This again may be rel~ted at least in part to moisture 
. • • • • •.• ~: ·_ •• J •• ~. '-·'·'1 -··· ...• ) ;--.:<. . 

status of the environment~ Shortage of soil moisture bas 

been shown to reduce the rate of enlargement and final 

size of fruits (Zahner,, 1968 ). Again the wet season may 

be advantageous as greater moisture in the soil was shown 

to favour better germination of seeds and seedling esta­

blishment 1n tropical wet and dry .forests of Costa Rica 

(Frankie !!l!!t 1974 ), Some amount of staggered flowering 
I 

and fruiting by different species at different times of 

the year may also help to avoid competition for po~lination 

by polle~ vectors. Species like Ammora wa111ch1i, Artoc~ 

pus cbaplasa, Dillenia indica. Eugenia sp. Garcinia cowa 

and Gmelina arborea shed their fruits during June-September 

(Heinrich and Raven, 1972; Frankie ~ ~ 1974)~ These 

species 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 w,inged seeds, shed their 
\ 

seeds in drier months (Maroh-AP,sril) to ensure wide dissemi• 

nation by w1n4·~ 

Leaf fall was maximum dur pg the dry months of 
\ 

\ 
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February-April with 30~ of the tree species shedd~ng their 

leaves., During this period about 56.5~ of the total annual 
·- .. :>. • • ...... ' 

litter fall was contributed by the different tree species 

in the forest. The number of species shedding their leaves 

remained at a steady low level in subsequent months" Corre• 

lat1on 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 with relatively xeric condition of the dr,y season 

(Beard,- 1946; Madge~ 1965; Hopkins, 1966; hankie 2,1 !!,1974) 

It is often assumed that flushing is partly a 

function of rainfall which is evident from the Fr]g• 5-1" 

With the onset of monsoon in the month of May-July most of 

the species produced new leaves. It decreased during the · 

subsequent months.. Flushing was fairly high during June 

. whioh is the early part of the monsoon season and some trees 
. . 

did not nush 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 s.hoots Fd young tree of Dillenia 

indica (Juvenille phase) prece~d in flushiDg to the old trees 

of the same species~ It is evid~t that rainfall data cannot 

always be correlated with growth 1\\1at1on (Njoku,, 1964)1 
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SUMMARY 

. Density, frequency, basal area and importantevalue 

index of different species of trees, shrubs and herbs in 

a 50 year old secondar.y forest at Lailad was analysed. 

Since the peripheral zone of the forest is more distlmbed, 

for phytosociological studies this region was considered 

separately from the undisturbed central zone. In the 

forest as a whole Dendrooa1amus hamilton;i.1, Schima wallichii, 

Caatanopsia indjga, 5horea robusta, Mil1usa .axburgbiana, 

Artooarpua chaplasa and Yitex peduncularis were dominant. 

The early successional species like Dendroca1amus hamilto­

n!,!, Mes@ua ferea, Millusa roxburghiana and Yi tex peduncy-· 

laris were found to be more dominant along the peripheral 

zone of the forest while species like Sohima wallichii, 

Castanopsis indica, and §horea robuata were dominant in 

the central zone of the forest. Croton oblopgifolium, 

Litsea !hasyana,. Leea §ambucin§, An0na wa1lichi1, fiandia 

densiflora and Micro~eium pubesence were some of the import­

ant components of sh~Wb .layers of the forest. The most 

important herbaceious ·species were Panicum khasianum, COCRerus 

eleggna, Fimbristylis dighotoma, ijedychtqm gracile and 

Passiflora nepalensia. 
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Phenological observations of tree species showed that 

about 50% of the tot5l tree species flowered during the 

months of April-June. The. inos·t f~vourable p-e~iod or· fruit-

ing for majority of the tree species was found to be 

July--September while the perio-d for peak litter· fall was 

durfng Februaey-Aprfl when 56.5% of the :fall' was recorded. 

The. monsoon period (May-July,j was found to be most favoura-

ble for· production of new leaves .. by ~ost ·of the t-ree· species 

in the present study. 

The pbytosociological studies at Lailad has been 

related to the secondary successional commimities that deve-
.. 

lop subseque~t _to jhum in this region. This indicates that 

the peripheral zone of .Lailad forest kas elements repre-sent­

ing 1~20 year old fallow that would develop after jhum and 

this is due to frequent human disturbance in the ·forest like 
I 

cutting down of the vegetation for fuel. The central zone of 

the forest alon@ represent the true 50 year old fallow. 

'·; 
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BIOMASS PRODUCTION OF THE FOREST·AT LAILAD 

INTRODUCTION 

Increased demands for forest products, t~e search 

for renewable source of raw materials and an increased 

concern for the well being of forest ecosystems have com­

bined to stimul~te study of the total ~orest biomass 

(Madgwick, 1976 ). Biomass measurements have long been of 

principal· interest to 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 
a 

(Duvigne~d, 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 comparin8·· plant 

communities, st~dying the biological and physical processes 

that affect th~ productivity 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 (Westlake,, 1963; Ovington~ 1965; 

Whittaker, 1966 and Whittaker and Woodwell~ 1968). Rodin 

and Bazilevich (1967) have summarised the pattern of biomass 



48 

distribution per unit area for the major type of terrestrial 

vegetation and 1· data on biomass of different regions of the 

world was obtained during the International Biological 

Programme (Molchanov, 1964; Bazilevich, 1967; P.yavohenko; 

1968; Golley ll S!!, 1969; Jenik, 1971; Whittaker, 1971).~ 

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 ~ ~. 

1972; Egunjobi;. 1975),. Overton u !a!. (1973) have discussed 

the physical problems of estimating the weights of very large 

trees., However, a variety of methods have been used for the 

correlation of production and.biomass. The estimation of 

biomass of individual tree or a stand by harvest method as 

has been suggested by Newbould (1967) is not possible 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 

height, height .and various measures of crowns ( Ovington and 

Madgwick, 1959; Attiwill 9 1962; BaskerVille~ 1965; Ovington 

fU. al.9 1967; Peterson ~1 ~~ 1970J ~ 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

system. 

METHODS OF STuDY 

Biomass estimation of tree species was done in a 

specified area ~uring August, at the time when the leaves 

were fully matured. Three different girth classes of t~~· 
. ':;" ·--~ 

major tree species namely,. Shorea robusta, Schima wallichii, 

C9:stanopsis indica,_ Artocarpus chaplasa, Gmelina. arborea, 

Garcinia ~' Miltusa roxburghil~, Sterculia villo~a, 

Dillenia indica, Vitex ~eduncularis and Dendrgca1amua 

hamiltonii were harvested~ Three replicates for each girth 

class of each species were taken into consideration. After 

harvest various parameters like diameter of bole at base, 

middle and top~ total height of the tree, diameter and 

length of the branches and total number of leaves were recor­

ded! The fresh weight of all branches and leaves were deter-
\ 
\ 

mined tn the fields and subsamples of large branches, small 

\, 
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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 computa'tion of dry weight. All the 

sub-samples were oven dried at 80°-85°C.to constant weight. 

The biomass estimates fcbr the stariding·crop of a given tree 

species :were computed using density values alongwi th differ­

ent girth classes·i3 ( Newbould, 19:67) • 

. For shrubs and herbaceous species 2'0 quadrats of 

5 X 5m and 1 X lin respe_c.tively were laid. aiong a transect· 

extending from the, peripheral . zo~e to the cent'ral' zori.e' of the 

forest and all the ape c'i~·s were b.B.rvested~ These were sorted 

out into dif.ferent species. Sub-samples of stems and· leaves 
' 

in the case of shrubs and different species of herbs were 

brought to the laboratory. These were oven dried at 80°~85°0 

to constant weight~ 

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

ground and stored for chemical analyses. 

RESULTS AND DISCUSSION 

'\'; 
\;, 

\ 

.·.'':':-:!""1 

Maximum b.iomass was produced by A· chaplasa and .2• 

robusta (577~~0 and 530.00 kg/tree) for 40.i..;.50.0cm girth 

class : Tree ·s~ecies like ,g. indica,' Q •. indica, .§.w.allichii 
\ 

\ 
\ 
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and Q• arborea approximate the above mentioned two tree 

species with 445-490 kg/tree. Much l'ower biomass was 

recorded in the case of other species (Table 4-1). The high 

biomass for !· chaplasa and ~· robusta m~ 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 (Table 4-2). 

In Gmelina §rbore~ although the leaf area is 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 photosynthetic 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 !• 

chaplasa, ~~ robusta, Q. indica,~. indica, ~~ wallichii and 

2· arborea may be also due to their h~ight which enable them 

to exploit the 
1
light resources to the maximum. These ape cie s 

generally form the overanrey.of the forest whilst others like 

G~ .9.Q.!.!!, !· roxburghii.'Q-o.,~~ villosa and !· peduncularis are 
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Table 4-2o · Leaf biomass, number and area of major 
tree species and &· hamiltonii at 
Lailad forest. 

. / 

Species 

\ Dbh : 
:· (om): 
' t t t 

. t ' • • t t . ' f. t 

No. of 
leaves/ 
tree 

Artooarp-q.s ohaplasa · 4'5·· 0 8400 

Castanopsis indica 45.0 · 19255 

Dillenia indica 45o0 5775 

Gmelina arbo~ea 45oO · 8067 

Garoinia oowa 35o0 13167 

Millusa roxburghiana ·. 25o0 · 

Schima walliohii 45o0 

Shorea robusta 45o0 

Sterculia villosa 45o0 

Vitex pedunoularis ·35o0 

Dendrooalamus ham.U- 7 ··5 
tonii 

20333 

18000 

12000 

3815 

16200 

1941 

! Leaf area! 
: (m2/tree): 
t • 

' ' t • 
t • 
• t 
t • 
• t 

,j .; .,J 

·' 

Leaf :rndivi­
bio- :d$1 
mass n.e~f 
(kg/ :a~~a 
tree): (om2) . ,. 

252o00 21o50 }00 

2 08o 53 ' 16 o 6 5 1 08 

144o37 20.87. 250 

83o19 9o90 110 

98o75 7o90 75 

46o76 

127o26 

16.5o60 

76o68 

32o40 

42.·24 

12o20 23 

12o50 71 

21.50 138 

So 10 201 

7o63 20 

2o70 218 
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Table 4•3o Biomass relationships of'different plant 
fragments· on. a percentage weight basis. 

,, 
----------------~--~--~~~----~~~~--r.------.----·-----

Species 
• : Dbh Clas-
: see (em) 
• • •• • .. • 

A:~tocarpus . . . . . . ' . . 

1 O'o 1.:..20~ 0 

.. : 20.1-30.0 
cllaplas~ . . . . . . 

. ' .. 
Castanopsis indica 

Dillenfa indica 

Gmelina arborea 

Garoinia cowa 

30o1.,..40o0 ,, 

40~1-50.0 

1 0.1•20o0 
. , ' ,. 

20.1•30o0 
. I 

30'o·1•40o 0 

40~· 1,•504·0 

;. 

20.1-30o 0 
30. 1 .. 40o0 

40,. 1-i-5.0;~0 

10.1-20o0 
, , 

20., ... 30~0 
30~ 1-40~ 0 
40~ 1'(!"50~ 0 

1 o. 1•20 .. 0 
20.1-30.6 

;0.1-40.0 

40~1..;.50.0 

• • ;. 
• . . ,, 

•• •• 
• • • 

Bole 
(%) 

70.26' 
69o 12 , 
66.81 
67·.65 

-·' 
71o60 
1a·~ 1 o 
76.72 

-
74o.18 

68.95 
69~55 

•· 
76o26 
73o88 
73~42 

77o87 
74.39 
72o92 

-

• • :Branches: 
•. (%) • :· . ' :· 
•• • • t • • t • • • 
25o05 
26.37 
24.49 
28~79 

' .. _ 

" 
.24.43 ,, 
18.80 

20.07 

21o63 

26.64 
26.03 

... 
21o09 

:• 

-23o 26 
24·o26 

17o74 
22.70 
24o48 

• Leaves: Non-photo-
(~) • synthetic/ 

4·o 21 

. 4o57. 
3o70 
3o59 

-(· 

3o97 
·: 

3·1 0 
3o21 

4o19 
4o42 
4o42 

... 
·?o65 
2o76 
2o24 

4•. 30 
.2.91 
. 2.60 

, : , photosyn-
: the tic · · 
:·ratio 

22o75 
.. 2.1 ~70 

26o03 
2'7o09 

:· ! -
.2,4o19 
31o26 
'30o 15 

·-
. 2.2.87 

21o6'3 
21o62 

-
'3~o74 

33o97 
43o65 

2~·65 

33.·36 
37o46 

·-
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Bole 
(%). 

. . ' :. . 
Milusa roxburghiana 

Schima wallichii 
;. 

Shorea robusta .. 

Vitex peduneularis 

Sterc~tia villosa 

i • 
~ 1 0.1 ... 20. 0 

20. ,. ... 3o-.o 
:5o-.1~4o.o 
40,.t,.so~·o 

1 0.1a20• 0 
20. ~·.;.36~ 0 
;so.1:4o'. o 

• f • I 

40~ 1-50~0 
.·, 

1 o .. ~ t~2o: •. o 
20·l ... 30.~0· 
·30ol•40.o 0 . ,, \ 

40o1~5o .•. o . '•' -' 

,. . ' .. 
3_0.1-•4CY. 0 
40'. ;·:..5_6._0 

10o1'W20o0 
' . ' 

20.1-30.0 

30'.1·40~0 . ,' . 

·74.42 

69.'50 

... 
.. 

7~o84 

74'·1;7 

7'io33 

79o00 
72_~84 

69.,.68 
66 .• 04 

7-C.56 
72o59 
:73'~ 03 

-
75'.02 

'74.18 
7fo76 

t ' 1 : B::ranches· ·:Leaves :Non-photo-
1· (%) . :· (%} ·:synthetic/· 

.: : · :photosyn~ 
·: : :thetio 
: : •ratio 
t , I · 

20.84 
24·.60 

c;o._ 

...... 

22•98 
23o6' 
25~01 

'. 
16o27 

21'.94 
25.83 
29.-90 

24.90 

23.17 
23·._66 

22.11 
20.77 
~~.71 

4o74. 

,, $.82 .. 
c -

-
3o29 

2o19 

4o72 

5o29 
· 4o48 

. 4o06 

4o54 
4o24 

.3o30 .. 
2_o86 
.5o04 
6.13 

20 •. 10 

. 17~~'9·7 

. -~. 

'29~43 
44'~66 
36'~59 

20o·18 

17~92 

2·1 o32 
\; . 

2:10 03 
22o58 
29~30 -
33o,96 
18ci84 
15·. 31 

11 ~ 1•5· 0 
5,1-6.0 
6 .• 1--7 .o 
7.1-8.0 

- ... - .- .. 
Dendrocalamus 

hamiltonii 68.50 

69.59 

17.48 
14.86 

11 ~ 78 '7o53 
14o02 

15o55 
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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 increasin~ 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 (Table4~) of each species 

in one hectare shows that the maximum biomass was ·Contributed 

by .§. wallichii, . . Q. indica and §.. robusta. The(iliigh stand]r'lg 

crop biomass in these species was due to their higher density 

in the forest. Whereas species like A· chaplasa and .§. 

;gbusta gave high standing crop mainly due to very high values 

for individual tree species,. fairly high values for !!_. 

hamil tonii and !•. roxburghi('lla.was due to a high density of 

these species particularly a~ong the periphery of the forest 

as also discussed 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 biotic disturbances along the periphery. 

Of the total biomass,. only 35~'3.3% .was along ·the periphery and 

the remaining 64~:67% was along the centre due to greater 

species diversity here~.' Schima wallichii, Castanopsis indica 

and Shorea robusta.coni;ributed largest sh,are of the biomass 
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Table 4-4• standing crop biomass contribution by major 
tr.ee species and 11~ hamil tonii in the forest 
at LaUad; 

Species 

Artocarpus ohaplasa ~-

Caatanopais indica v· 

Dendrocalamua hamiltonii 

Dillenia-indioa 

Gmelina arborea 

Garcinia cowa 

Miluaa roxburghiana 

Schima wallichii v 

v·· 
Shorea robuata 

Sterculia villosa 

Vi tex peduncularis 1._,/ 

• t 
t 
t 
t • 

Biomass (t/ha) 

33o84 

5o28 

4o77 

3o54 

5o47 

55o03 

14o90 

1o37 
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/ 

in the .·Peripheral zone and in the central zone~ · However, 

-these three species contribute·d more than two folds in the 

central zone of1 the forest compared to the ·peripheral zone. i . 

Besides, the biomass/ha was also significantly higher.in the 

central ·zone ·in the case.· of A· · phapla~~. !.· peduncul~ris~ ~· 

a,ndica~ ,\l. arbOrea and ,\l. ~ also. This increased ·biomass 

cont·ribution by· these spe·c:i.es in the ·central· zone is· ·due· to 

both.incireased :density and :individual biomass in the case of 

all these specie·s·· The greater biomass co·ntribution by ~:,; 

hamil'tonii and !• roxburghi~a.along the periphery of the forest 

was to their high density and,f;f'requency here (Table 4-5). 

'~ sambucina, Amtona wallichii, Sterculia coccinia, 

Litseae khasyana and Croton o bl'ong1foliu:m account for· the 

largest biomass contribution by the. shrubs in the forest. ··of 

the to.tal 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 disturbances in the periph~ry~ Large proportion 

of biomass in the peripheral zone was due to ~i sambUcina, 

.§. .GQ.Ccinia, A. wa1lichii,. ~'I oblongifolium and !!;~ khasyana 

and in the interior zone·~-. 1£11 sambucina and ll· khasyana 

contributed most~;. An~ona walliqhii, proton ablongifolium, 
\ 



Table 4•5. Density; frequency and biomass contribution by major tree species and 
!F hamil tonii in the peripheral and central zones of the forest at . 
Lail.ad (values in parenthesis represents the percentage of the total 
amount). · 

,-- -------- -~-- -----------.-

! · De~s-~ ty/ha. __ ! Frequency i ·Biomass (kg/he.) 
Speoies ' Eeriphe-; Central: Periphe-;central: Peripheral zone; Central zone 

: ral zo.ne: zone : ral zone :zone I : 
' w 

Artocarpus chaplasa 24 16 4 14 3796o20 (1o3B) 

Castanopsis indica 24 26 
I. • ' 

28 32 22484o12 (8~17) 

Dendrocalamus bamil tonii:.1 .770 350 54 21 69146~0 {2--o?1). 

Dillen:ia indi.ca 16 12 1 ~ . 7 4594•58 ( 1-. 67) 

Gmelina arborea 12 16 1:1 43 2033o80 (Oo74) · 

Garcinia cowa 18 28 21 29 1967.34 (0.7t) 

M~lusa roxburghi.ana 90 32 75 36 6185.68 (2'.25) 

Schima wal:].ichii • 1'44 204 68 89 35113.96 (12.;.76) 
,. 

Shorea: robus ta 62 90 60 50 8416.30 (3.06) 

Sterculia villosa 20 8 29 11 467 4o 76 (1 • 70) 

'Vitex peduncul.aria 44 32 21 49 1 05 2. 1 0 ( 0~ 38) 

9124e20 (3o32) 

45199~92 (1~o42) 

3638.20 { 1 ~-32) 

2939o 42 { 1 o 71) ' 

4589.16 (1_o67) 

5118.--68 (1.-86) 

4744o52 (1o72) 

74900o38 (27.22) 

21395o 94 ( 7 .-77) 

2614.40 (0.95) 

·: ii698o 70 ( Oo 62) 
• < • 

~ 
c.c 
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Sterculia· coccinia, Ji.ctinodephine. angustifolia and Microm.elium: 

oube scense had higher biomass/.)ha along the ·peripheral zone 

compared to the interior zone whereas the reverse was the case 

for species like ~· khasyana, &· sambucina and .!!· densifl6:ra. 

It is also significant that density and· frequency of shrubs 

in general was much higher along ~the ·peripheral zone than in 

the central zone· (Table. 4-6·). Of the· t·otal ·plant biomass in 

the forest as a·whole 64i·51% was izi' the :c.ent~al; zone and· 

only 35.49% ·was along t.he peripheral zone. Of the plant. 

biomass along the periphery 11 sh'rubs and herbs contributed 

larger share wher~as trees contributed most in the cent.re(Ta.ble4-V. 

The total biomass· of the study area which was recorded 

by the present worker was 137 X :1o3kg/ha.· · This was lower 

than the·values reported by some other workers in tropical 

forest (Greenland and Kowal, 1960; Ogawa ~ §!, 1965; Klinge 

21 &, 1.975; Papp, 1974; Johnso.n and Risser, 1974 );; Art 

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

45-75 X 104 kg/ha~1 in natural tropical forests; while 

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

mean value of 35-45 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 4·6~ Density, frequency and Biomass contribution by shrub layer in the pheripheral 
and central zones of the forest at Lailad (values parenthesis represents the 
percentage of the total amount)., 

Species 

Anona ·wallichii 

Actinodaphne angustifolia 

Croten oblongifoliuni 

Combretum decandrum 

Li tsea kh.a.syana 

Leea sambucina 

Morinda umbellate. 

Phlogacanthus thyrsiflorus 

Randia densiflora 

Others 

Density7ba ' Frequency Biomass {kg7haJ • • • • ·- . . : Periphe-: Central t.Periphe-: Central: Peripheral. zone:central zone 
: ral zone: zone : · )!al zone: zone : ~:!:~~~~' : 

72 48 50 

·96 104 70 

24_9 120 60 

16_0 .so 40 

160 120 73 

10_4 1:36 27 

12.0" 120 37 

160 80 47 

160 200 60 

40 

73 

53 

30 

40 

30 

30 

30 

87 

196o20 (6.17) 65.40 (2.06) 

~41.60 {4.46). .94o40 {2.97) 

184.00 (5. 79) . 147o20 (4o63) 

127.40 (4.00) 72o80 (2o29) 

186.00 (5.85) 248o00 (7.80) 

265.00. (8.33) 371.00(11o67) 

151-o~O . (4. 75) ... toa.oo. (~o40) 

208o00 (6o54) 

73.60 (2o31) 

19:3o00 (6.07) 

124o80 (3o92) 

92o00 (2o89) 

131.24 (4o13) 

~ 

~· 
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Table 4w7o Biomass Contribution my major tree species, 
shl"llb and. herbac·eous layers in the periphe­
ral and central zones of the forest at 
Lailad (values in pa.ren:thesie represents the 
percentage of the to talt,:-.\1amount) o 

• t • ·• 
Biomass (t/ha) 

Different layers :--------------------------~----------­

Tree 

Shrub 

Herbaceous 

• •• • • 
Peripheral zone 

97~234 
(35.29) 

Oo172 
( p.09) 

o.oos 
( 0.03) 

• • t 
t 

Central zone 

' 
177~984 

. (64.59) 

0~146 
(0.05) 

Oo004 
< o •. o1) 
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evergreen and tropical seasonal forests and much higher 

than that for temperate coniferous forests (Akai ~ !l, 
1968; smith 2! al, 1971; Hegyi• 1972; Switzer and Nels0n, 

1972; Nemeth, 1972; Ralston !! !!• 1972)o 
• - 1', 

Relationships between morphological growth para-

meters viz; diameter (dbh) height and diameter square X 
' 2 height (d h) on the one hand and biomass of indiy_idual 

tree species as well as fractional plant parts on the 0ther 

hand wa_s found to be highly significant~ Linear regression 

equations have been derived with the· best fitted parameters· 

for total bio~a~s of individual trees as well as for fract~ 

ional plant parts of all the major t~ee species except 

J2. hamiltonii w~ere significant correlations were found with 

dbh only but no1r with height (Figo 4 • 1,2,3;4,5;6,7,8•9•10• 

11,12) •. This m~ be explained by the :tact that this species 

attained.its maximum height within a short time of e~tablish­

ment while the biomass increment was not so rapid but 

increased gradually with age. 

SUMMARY 

The dry matter production by -different strata 1n t,he 
'-.. 

forest namely trees, shrubs and herbs was estimated. The 
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total; amount of biomass contribute<l·b~ the.forest as a· 
' : ' ' ' ' . 

whole was found to be 137xl03kg/bao Out.of this total, 
i I . • 

-. 

99~84, Oo12~ eJ').d o.o4~ was due to·trees, shrubs and herbs· 

reapectiv~ly •. Ma.xi.D;lwn biomaseJ/tJ:e.e was recorded for 
. ' 4 . 

4;-tocarws cha.plasa.and Shorea. robusta .(577.50 anQ. 530o00 
'- I o • ' • o '• ' 

kg/tree. res~ectively). for40.1•50.0 ~m girth.c~a.ss. The 
' ' ' 

maximum standing biomass was recorded for Schima. walliehii, 

Castanopsis indica and .Shorea robusta with 55.031 33.84 
' 4 . . - . . - i 

and 13.80 t/ha, respectively!· Vario~s parameters.like 
' ' ' 

leaf area, weight/leaf. and non-photoisynthetic/photoaynthe.,. 

tie ratios were worked ~ut for various tree species • .. ,,_ 

Biomass distr;tbut.ion in the central and periphe~ 

ral zones were 64.67~ and> 35o33~ of the total. In the 
. . I 

forest as a whole maximum biomass contributi.on was due to 
•. ! 

I 
f 

Sghima, w;aJ,lich11, CastangRsis indica and ihorea r~busta. · 

• . ~end·ro,calamus pruniltonii and Miliuaa roxburghiana contri­

buted mo.re biomass alo~ the peripheral 21~ne of· the forest 

in comparison to the.central zone. 54.09~ and 66.67~ 

respectively. of the total shlmb and herb biomass 1llas along 

th:e ~"f1e.Yli~h~:taL, z.o.~·(! of. the forest. Linear relationships 

were worked out for different tree sp~oies by taking three 

independent variables, namely dbh, height and d2h with 

different dependent var,iables like bole, branches, leaves 

and total bdomasa. 



Fig~ 4-1. Relationship between dbh and above 

ground biomass of different tree 

species~ 
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Fig~ 4-2 ~ Relationship between dbh and boie 
I. 

biomass of diffe~ent tree species. 
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~ig~. 4-3, Relationship between dhh and 

branch biomass of different 

t~ee species~ 



. Fig. · 4 ~ 3r 
,. 

lSOr Shorea robuita Grnelina arborea . _ Castanopsis indica 

~-+ ~-+ , I • 

100 ~ 

J r 
....,. :1~ i-

')(;• - "' ~ 
\!b 

cu 'J.~ 
)( 

~ ">ro . 
Ql ~ ~·" . '- , • ·(() 

"' so ~, I .4... ·~·' 0'1 
~ I L I .X r= 0-992 r= o~975 / . r= Q.971 -

U) 

0 U) , 
E 

-------
.o--"'--. -~ -~-~~ 

------

0 ·-
~ Schima wallichii Oillenia indica Garcinia cowa 

150-
.&; 

~ ~---
, I • 

~+ • 
~-+ 

m 100 
<::S • ~+ I\") • "' .... '\;~ ~· .. ~ lit f!o"' • 

'!)~ 
~ 

~· ~ <.; PJ?J ,..., / 

sot- ~, ~, ,'t 

~· 
r=0-991 • r= 0-985 / r·=0.99l 

I /-
0 ------ --- ----

16 32 1.8 56 16 32 J2J 56 16 32 li356 
Dbh (em) Obh (em) Dbh (em) 



Fig. t.-:1 

100 Sterculia villosa Dendrocalamus hamiltonii 

• 
• 

so ) • 

• 
• 

0 2 
• -

Ql 150 Vite• peduncularis 

Ql • ~ .... 
......... 

1 , 
• 

"' ~ JOO r=0·672 -
"' "' r.3 

E 
0 

50 
..0 Artocarpus chaplasa 

.c. 0 u 
c 
tO 150 ~ 

CD 
Mill usa roxburghian a 

100 

r=979 

r 

16 )2 1.8 56 i 16 )2 48 56 
Dbh(cm) Dbh(cm) 



F1g. ~4~ Relations}lip between dbh and leaf 
·' 

biomass of d~fferent ~ree· species. 
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Fig, 4-5" 

/ 

Relation~~~P between height and 

above ground biomass of different 
·~ 

tree spa cie_s ~, 
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LITTER DYNAMICS· 

INTRODUCTION 

~~· ·1 ..... •;. ~ -~·~ ' 

studies on litter pro_duction and ita decomposition 

are quite i.inportant ·. for' pr~per' und~ratand'irig' of ~~ergy: · ..... ; .. 

flo\V·, nutrient oyclfug .. ahd prim~ ·pr<)ductloil in. woodiand 
ecC>systems '(ovihgton ... 1962; Newbouid,· i967). · · The· litter · 

consists· of: dead or· de··oaying: leaves,. t·wigst ·branCh(H3:i: flowers, 

fruits,· bark and· other debris. ···out o··f these·, leaf· hap·pena· 
··. 

to be· ttte major sou:r·ce of litte'r Which ma..)r fall ·seasonallY. 

as in the case of deciduous· trees or it may corit1nilousiy 

accumulate throughout the year as in· evergreen forests. 'Thus 

the nutrien~ locked· in the litter are orice again made a~aila-· . 

ble to plan-ts., · 

Conaide'rable emphasis has, therefore • been tpade on 

the studies related to litter accumulation and ita decomposi­

tion in various parts of the world• Although. there is a 

large volume of information on this 'aspect, much of the 

published work was reviewed by Ovington '(1962), Olson (1963), 

Bray and Gorham (1964) and Rod~n and Bazilev1ch (1967), BU.t 

moat of tbe work on litter prfduotion baa b\en done 1n · 

temperate forests~ Lack of d~ta on annUal 11~ter production 
\ . 
\ 
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1n tropical forests is evident from the fact that a oompre-
' hens1ve review of wo.rld ;Litera u,re by Bray and Gorham (1964) 

I ' 

contained only few references n tropical forests. In 
. . . l . . 

. . . . ·- :~,-- "' ...__ -~ ... ~- -, .... .,,.\ 
tropical Africa nutrient· conte t of litter fall was studied 

by Laudelout and Meyer (1954), Nye (1961) 9 Hopkins (1966), 

Bernhard (1970) and Egunjobi (1974), Jor purposes of .faci­

litating comparison of data from many.different ecosystems• 

total annual litter budgets are preferred by many workers, 

though submodel budgets for m~jor litter components usually 

.are available 1n most recent studies (Carlisle 2! ~. 1968~~ 

Sykes and Bunce; 1970; Gosz tt ~; 1972;·). In moat of the 

litter production studies of the worl~muoh emphasis has 

been given on the lea! litter only but a few attempts have 

been made to account also for wood litter production (Carlisle 

u f!l.; 1966cJ,bDuvigneaud et ~. 1969; Anderson, 1970; Hughest 

1.970J Roc)thow.9 1974; Nielsen; 1977; Christensen, 1977,1978). 

The litter which fall on the ground is decomposed 

slowly and forms the major sou~ce of energy and nutrients 

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-
I 

strata and the characteristics '~

1
:he en:rironment (Satchell, · 

Much attention has recen~. been made to
1

different 1971 )~ 
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techniques dev~sed fQr the study of decomposition and· to 

es.timate the rate of decomposition of different types of 

plant litter in different climatic zones (Edwards.and Heath,· 
-"' { q- ... ·- - '•"-. • 

1963; Wiegert and Evans; 1964; Witkamp, 1966pJEdwards 2! ~. 

1970; Van .GJ..eav.e;. 19711 Gosz ~ ~' 19731 ·Millar; 1974J 

Sufflillg and Smith9 1974; Lousier and Parkinson; 1976). 

Belated· to .the phenomenon o£ decompos1 tion is another 

process cal:l.ed soil respiration which has'long been'consic:iered 

· as an index of soil metabolism. The degree· to which. oar"Qon 

dioxid.e ·escapes from soil is often taken as a measure. of the 

micro biological .activity occuring .in the. soil (M1na,· 1962; 

Witkamp and Frank, 1969; Macfadyen, 1.970; Anderson; 1973b). It 

is notewortQy that in many of the publications a direct 

relationship: between_ microbiological activity, C02 production, 

temper~ture and moisture has been shown by a number of workers. 

(Witkamp, ~9~6;a,b; Wian,t; 19(:)7a; Reiners, 1968)~ 

~thou~h the study of litter production is of great 

~igni~ic~ce_in forest ecology· not much work has been done 

on this aspect under l.ndian conditions. In India estimation 

of .annual litter production in deciduous and some evergreen 

forests has been made by Champ~on (1936)~ Puri (1953),­

Upadbyaya (1955)• Singh .(1962_a,b), Seth u ~ (1963) and Singh 

(196~h 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 a:ti ~.elevation 296m at Lailad 
l 

(25045" and 2soonN ~atitude add 91°45" ~nd .92°0" E ~ngitude) 
. _, ... " . ·' • ... _,., ... _ ...... 

which is a 50 year old stand in the succession~l series •. 

METHODS OF STUDY 

Preliminary observations showed that litter trap~ 

(Newb~uld, 1967), were damaged by wild animals which are very 

common in these. fo~ests. In the· study area. 20 1m2 permanent 
~ . . . 

quadrats were marked ~~domly. Jarbaoeous species along with 

all accuniulatedold.iitter was removed at the very beginning. 

All the quadrats were ·demarcated using Wooden frames. The 

litter accumulated inttlese frames were 'colle~ted. at regular 

interVals af one m~nth in polythene 'bags and brought to the 

labo~atory. The. wood litter w~s· separat~d from the leaf litter 
. . . . . . . tel . . . . . . 
and the latter was sorted out in different tree s.peoies. The 

).. 

litter from some of the rarer tree species, all shrubs and 

climbers was. bulked u~der a mi~cell~neous cat.egory • The 

11 tter was oven dried to a constant wei·ght at 80°•85° c and 

weighed. It was groun~, passed through a 20 mesh secreen and 

stored at room temperature in sealed plastic· containers~ 

The litter accumulated and that partly decomposed on 

the forest floor in the month of April 1977 was weighed (after 



oven uy1ng at eoo.aaoo tor 24 hours) from 30 randomly 

placed tm2quadrats. !fhe ratio of the mean 11tte:r on the 
•• -."' • ; 4 • -~" ' 

ground d1v1ded by the annual litter fall gave an approximate 
. ' . . . . ~ ~ 

idea of the rate of decomposition of the litter (Hopkins, 19GG). 

Lbr detailaci stuiy ot tho rate of deeomp,osit1on of 

leaf litter ~t individual opec1as litter bag met·hod VJ~ 

adopted (Shanks and Olson, 1961). ~ha frean loat litter was 

collected in APril .when the max1~m litter 6all oocured and 

·sorted out into five 1mport~t tree apecies, namely • Shorsa 

mtmata, Schima wall&cb1J.; CaatgngRg~s 1Qd1ga. l?eng.rogal@l!~ 

w&ltoQU., and 4£)oeaz:aua osaelasa. ~he remainder consisting 

ot a mixtura of apeo1ea was bulked into one eategor.y aa 

miscellaneous. ~e litter was air dried 1n the laboratorQ for 

about three weeks. 30g of leaf litter o~ eaob species category 

·was kept in 113'10n ba.ga of 10 X 14cm W1 tti lmm mesh a :.Lee 

(SUffl1ng and Sn1t.b0 1974),. Over 50 bags of each spooles 
t~. 

were prepared and kept on 30t!Qr11 1977 on the fo~eat floor 

after ~moving the organt.o layer. from the grotmd·~ fbe lltter 

bags ware randomly placed atleaat em away from the nearest 

tree trunk of that epeo1os. The miseellaneoua oatagory ot 
,. 

litter bags were placod randomly but 1.rraspect1ve of 81\V t~e 

species. · ~he litter bags of different cat~goriaa of litter 
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were kept apart from each other at a distance of about 

·10..20 me~res. At the end of each month three bags of 

each o~tegory representing three replicates were removed 
.-. ; .~'<--~,-~.;.~ "~!_; ..l.l~-"1..>.1:;~'t·,~ 

randomly and placed in polythene bags carefully avoid~ 

spillage of decomposed material. In the laboratory the 

nylon bags were opened careflilly and ·al·t~ex·t'i~aii'ebus ·matters 

we·re removed by washing. The washed litter was oven dried 

for 48 hours at 80° - 85°0 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 u~ed. Freshly ·fallen, 

undecomposed air dried.wood pieces of moderate size (3-4om. 

diameter) of five species• i.e. Shorea robusta, Sohima 

wall1ch1i, Castanopa:is indica, Nendrooalamus hamiltonii and 
. - ,• .. ( . . .... ~ ... ~ .:. . . . ,. 

Artoc~pijs chaplasa were collected from the forest .floor 

1n the month of April., These wood pieces were out 1nt~ 12 em. 

long pieces and air dried for about 3-4 weeks. After taking 

the initial weight of each piece, these were tagged properly. 

over 50 wo'od pieces of each species were taken for the 

study~ These pieces were .kept und\r the canopy of each 

species on 30 April 1977 after removing the organic layer 

from the forest .floor. They wer.e ra~~omly placed at least 

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

\ 

\ 
\ 
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monthly inte~als~ ~bree replicates of each species were 

brought to the labora~ory 1n polythene bags~ These were 

then washed and oven dried at 80° - 85°0 for about 48 hours. 
... .... . ... 

After weighing, these wood pieces were ground and stored 
\ - ' 

for chemical an~yses·• 

To measure the·rate of decomposition by co2 evolution 

process, a method used ~~ Yoneda (1975 I, II) was ad~pted 
' .. 

with Slight modi!icatio~· 50 ml o£ lN KOH in a small beaker 

was kept for 24 hours under a covered m~tallic cylinder of 

16. 6cm.diameter under two types of situations.~ (1) The beaker 

was directly on top of the mine~al soil after removal of the 

litter and (ii) the beaker was pla.ced d·irectly on the litter 

layer, One set served as the bltm!t for which the beaker waa 

placed on a wooden platform ~lned ~Y a layer of polythene 

sheet, .Ul the experiments were replicated 3 times, After 

24 hours the KOH was titrated against normal HC~ by using 

phenolpthaline as indicator, 

RESULTS AllD DISCUSSIONS 

Litter production : 
/ 

The total leaf litter con~ributed (1977-78) by the 

tree speo1es along with that 

Table 5•1, The total.litter 

the wood is shown in 

ion in this mixed natural 
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Table 5•1o Annual· leaf litter contribution by indivi­
dual tree species and total wood litter 
ccnt.ribution (kg/he.) at· Lailad forest 
(1977-78) (Figures in parentheses are per~ 
centage of· the total ·11 tter) o 

A~tocarpus ohapla.sa . 
Castanopsis indic~ 
Dendrocalamus hBmiltonii 
Dillenia indica 
Garcinia cowa 
Machillus khaeiana~ 
Meseua fer:tea · 
Milusa roxburghiana 
Shorea. robusta 
Schima wallichii 
Sterculia villosa 
Vi tex l,>eduncularis 
Other species. (leaf) 
·(miscellaneous ) 

Wood litter:-- .. 

:Annual leaf litter/wood 
;litter production (kgfha)o 

153o36- (2o79) 
368o80 (6o69) 
564o40(10o23) 

29ot5 .(Oo53) 
96 0 9·0 ( 1 0 76) 
4o52 '(Oe81) 

27o30 (Oo49) 
226o00 (4o03) 
470o70 (8o39) 
55 5o 7·0 ( 9o 91} 

45o 5'0 ( Oo 81) 
40o 00 ( Oo 71 ) 

1663o 21(29o 63) 

~ ·~~ 
Branches, twige.and barks• 
(all speoiea) 

1267o40(22o80} 

Total 5513o00 



humid sub-tropical ~ores~ wa~ estimated·to be 5.5 t/ha/yrJ. 

Out. of this to tal li tter9 leaf .li t~e r al'one . come a to 77% 

and the remaining 23,£ represents wo.od litter. The amount of 

total litter seems to be slightly -lower· than the"• values 
. . 

obtained fqr other humid tropical forests. Thus, the litter 

production was ~hown to range b~tween 6.8 to 10~0 t/ha/yr/ 
. ·' 

in the case of humid tropical torests of ~es~ Af~~ca 
• , ,·. • :1.~ N; • .1(. ,. 7-~.~..- ~~~·· ·~;~-<!-·r.r:;,t"' 

( Cornforth1 1970 h secoz.:td~ry ·~orest. at ltoda in Ghana (Ro'din and 

Bazilevich, 1967 and l'JYe, -1961) ·and· for three Columbian forests 
• :~·-, ~,,·1 .• ~;··~ ..... ~--·· . .,.,.. 

(Jenny u t.lJ.; 1949; ·~Folster and Sal·as, :f~76 ).'.' Much higher 
., &1 

values between 8•3 to 14.4 t/ha/yr/ have' also been reoo~ded 

by Mitchell (cited by Bray and Gorham 1964). However., the 

value obtained during the present study is much 1n excess of 

3.8 t/ha/yr/ recorded by Cariisle U, a!, (196~~ for a mature 

sessile Oak (Quercus .~etreae) woodland of England and· the 

average of values given· for temperate forests by Bray and . 
Gorhatn (1964). The range of "falues for litter production in 

tropical and sub-tropical forests obtained by different 

worker.s are summarised in Table 5-2 • 

.A number of facts contribu~e towards determining· litter 

production by different ·species-. Kira and Shidei (1967) 

pointed out that longer the avef'age life span of leavee~ the 

\ 
\ 



~able 5-2. The ·amount of dry matte.r {t/ba/yr) in some tropical and 
sub-tropical forests. 

Source 

Laudelot and Meye~ { 1954) 

- -
.N_ye{1961o 

Klinge and Rodrigues {1968) 

Bernhard ( 1970) 

El-rel { 1-976) - ' 

Ewel ( 1976) 

Kitazawa (1967} 

Singh (1968) 

Present study {1977-78) 

( 

-. 
,, • •. t 

. : Lo ··ati n : No. of : Ag~ of vegetai Dey ight 
: 

0 0 
: sites : tion {years) : we 

tL a Ill . 

Zaire 3 Mature 12o3-15e3* 

- 1 Young second,.. 14o9* 
ary 

Ghana 1 40 10o5 · 

Brazil 1 Mature 7o3 
<-

Ivory Coast 4 Mature 7o2-13e4 
T. 

Guatemala 7 1-14 4.6-1 o_.o 
n 1 Mature 9.0 

Japan - Mixed stand 9.25 

India 5 Mature (Undis- 1 o0.6o2 
turbed) 

India 1 Mature 50 5o5 

* Air dried. 

-.1 
~ 
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greater the 'leaf ,.biomass per unit area. The size and 

weight of the leaf also p+ays an important role in this 

regard (Bell §.1 JiY., 1978). Among the phyto-physiologioal 

factors; density, basal cover and canopy exposure are 
• . -

important parameters. to assess production of organic matter 

in the forests {Van Cleve and Noonan; 1975). The max1mum 

percentage of leaf litter in the present case was contributed 

by Dendrocalamus hamiltonii, Schima wallichii; Shorea robusta 

and Castanopsis indica with values 10.2?', 9.9~; a.4?b and 

6•7% respectively~ The-higher percentage of leaf litter 

contributed by D. hamiltonii may be attributed to the factthat -· - . 

it ~s maximum density (560 per hectare)• However; this 

species mos~ly restricted to the peripheral zon~t of the 
. ~-

forest where biotic disturbances like felling for firewood 

and some amount of accidental fire occur. It may be noted 

that ~· be.miltqnii is an early successional species during 

secondary succession and is 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• 
r 

~. b§miltonii in the central zone ~f the .forest is patchy 

and the production of organic matte is also less (Fig. 5 .... 1). 

The distribution of total litter in t e peripheral and central 



F~g. 5-1" Density distrubtltion of Dendrooalamus . 
ham11 tonii in La11ad forest;. 

. : ' ·i'"''• 
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zones of the forest showed that out- of the total amount 

(6,5 t/ha/yr) of thti leaf and wood 'lutt~; 40:95,i' was present 
I . . 

in the peripheral zone and the remaining 59.05% was p~esent 
. I - . 

in the central zone (Table 5-3). k.ong· the peripheral zone 

!~ hamiltonii contributed a·larger proportion of litter, 

compared to the central zone,t~ a;.s discussed elsewhere"•~ in 

the central zone m,aximum litter production was by ~· robuata• 

.§• walliohii and .Q• indica with percentage contribution of 

13~05;, 9o,:88, 7 ~.55 respectively.,,· These represent comparatively 

late successional species and therefore they are important 
" components of the central zone~: I~ the older and undisturbed 

central zone of the forest; wood 11 tter production was greate:R 

.compared to the peripheral zone~! Other tree species, namely 

~. wAJ.lighi:l.t ,§. •obusta and c. indica arranged in the ·order 
. . . - ' . 

of 11 tter production had denaities .. , 6i' 174~ 'i3 ;:atid1104 per 

hectare and basal area cover of 17,17 and 15 m2 per hectare. 

The high li:tter produQ:tion 1Ji the ease of Shorea robusta 
' -~ r . . 

inspite of comparatively lower density and basal cover values 

may be due to greater leaf size and lear· dry'weight as 

indicated in Table 5-4. .In general, litter fall pattern 
[\" . \ 

.followed the IVI values given in TabJ.e 3-1 and agrees with 
\ 

similar· correlation reported by Bormw;m 2,1 al {1970 h'i 
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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 total litter in each zones}_. 

• • • Periph~ra.l· zone:·. Central zone • • •· 
. i : :; . .. 

Leaf litter:-_--..;;...;o.;:::_ 
1 02~ 24' 204.48 
· (2•26) (3o14) 

Artooarpus ohaplasa 

245o84 491.76 
(5•44) (7o55) 

Castanopsis indica. 

Dendrocalamus hamiltonii 846.60 282.20 
( 18o75) (4.31) 

25.:16 33.14 
(0.56) ( 0.51) 

Dillemia indica 

48.80' 145.00 
(1. 08). (2.23) 

Garciliia eowa 

4o04 5o00 
( 0.09) (0.08) 

Machillus kbasiana 

40o20 14.40 
( o. 89)" ( 0.22) 

Mes6Na ferrea 

311.34 1 10o66 
(6.89). 2o16} 

Milusa roxburghiana 

Shorea robusta 261.86. 
(5.80) 

849.54 
(13.05) 

297.80 6t3o60 
(6.59) 9.88) 

Schima wallichii 
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Table 5-3 cont'd. 

-. - - ~. 

' ' Species • Periphe~a1 zone ' Central zone ' ' • ' 
Sterculia vi1losa 64~66 

(,1 o43) 
26o34 
(0.40) 

' .. ~ 
Vitex peduncularis · 36.60 

(0.81) 
43o40 
(0.67) 

Other species ~leaf) 
(miscellaneous , 

1530~54 
(33o88) 

1796o00 
(2'7o61) 

wood 11 tter:-

Branches, twigs, barks. 701.00 1833.80 
(all species) · (15o52) (26.16) 
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Table·s~4~ Annuai· leaf litter production, individual 
leaf area and dry weigh·t of leaves of some 
important tree· . species alongwi th standard 
errors at .Lailad fo.t·est. 

! · Li'tt.er prof· Ind~ vidual i Dry ~eight/ 
Species : d~ion : leaf area : leaf 

: (gm/m2/yr); (cm2) : (gm) 

-
Artq_c.~rpus cr..apl'asa 15o 34!0o 7'3 30~65o55 2o 500!·1 o ;o 
Oastanopsis indi.ca. · '.' ·' '36o 88t1. 0 06 10~4CU"OO Oo943t0o14 

D:endro.caJ..amus bamiltonii 56o 44~1 o 21' 218!"57o72 1o56~0.85 . ·' 

:PilleD:~a- indica 2o91"!'0o28 250!·60 •. 38 1 o850!0o 76 
Garcinia CO'\>Ta 

' 
9o69!"0o44 7~15o00 .o~ 45ot0.15 

l'IIachill\lS khasiana, Oo45:!0o 34 2~6.80 Oo35~0.10 

Mes~ua 
,, 

ferrea 2o7~C.15 18t3o80 . 0~ 300!0.12 
-l'IIilusa· roxburghian.a ,22.60!'-0.;8 23'!5o50 · Oo 08}!-0o 05 
Shorea rqbusta . 4 7. 07-t 1 • 3 6 138!30.40 1 o649t0o85 

.. 
' .. 

Sohima wallichii 55o57!"1o99 71+·17.65. - o.;o<)!-0.25 

Sterculia villosa 4o551?0o30 201'!·5 ;. 88 Oo750f.0.35 
. -

Vitex peducularis · 4oOC>t1 o04 20!-4o33 Oo 250:!'0o 1 0 
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The seasonal pattern for leaf and wood litter is 
. . 

shown in Fig.\ 5-2._ 
. .. ' ' 

Although the litter continuously fell 
. . . . 

throughout the .year a' clear m~nthly patt~rn of litter fall 
• • . t • ,I • .~ ' • ' • .,.J ' • ' ~~ ' 

exists~ Leaf litter fall (56-~5%)" was. max~um du~ing the . . 

·dry months of li'ebruary, March and April. During the rest 

• of the period ieaf fail was very muc~ less and more or leas 

uniform~ This pattern is in agreem~nt with that repor~ed 

by Nye (196l) fo; moist ·tropical forest ~t Ghan~. . The 

maximum shedding ·o'f leaf' litter 'during these months may 'pe . 
. . (! . . . ' . ., . • 

due to 'the formation ·of absicion zone during the winter 
. I . . 

season which itself is a dry period and which g~ts accentuated 
. . . . . ' . 

during the succ·eeding swnnier months of. February, March and 

. April• The young secondary rain forest 1n Zaire shows two 

periods of maximum litter fall that come at the end of the 

two drier sea~ons (Laude lout and .Meyer,· 1954) while only one 

peak period which coincides with the dry season was observed 

in other forests. The differences between forests in this 
\ 

respect_may be related to.the severity of the drought stress 

in the dry season~ For example, in the Amazonian lowland 

forest the 11 tter fall was twice as,\ high in the dry months 

as it was in the wettest months (ninge and Rodrigues, 1968). 

Bray and Gorhant (1964) has shown an inverse linear 



.. 

Fig, ~2. Mo:Q.thly litter production in a humid 
, ''. 

su,b~tropical forest at Lai,.lad (1977-78 ) .• 
r 

~t:3af ;1.1 tte~~ e .; wood 11 tter.~ 0 .. ~ 

Fig. 5~3. Compa~ison of expected and observed values 

of leaf litter production for Lailad forest, 

(after Bray and Go~ham.,, 1964;p ~ 
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relationship·between the amount of annual litter production 

of forests and the latitudinal zone· they occupy •. 'Of the 
• • • . . • ·-~J, .... _ ~:< •• •.!~"p·~ ltJ... ···~. ,,~.~·:-..-,'~ • 

total litter, leaf' litter alone• according to them, constitute 
~ . . . - .. 1 -

roughly 7&fi~ Accordingly,· the total.· annual 11 tter production· '. . . .. . 

1n t.he present case works ~'U.t to· 7.6 t/ha of which 5 •. 43 t/ha 

iS leaf' litter. It may be n9ted that the calculated values 

of leaf litter· production ve~y closely approximates the 
'· .. 

average of actually determined values in this study area 

(Fig., 5-3). 

The total wood litter fall during· this study was 1261 . 
kg/ha which represents 23% of the total litter~ Fbr temperate 

forests a range of 22•78~ has been shown (Oar lisle !! f!!.•. 

1966~; Anderson, 1970; Sykes and Bunoe, 1970; Hughes~ 1971). 

LQW wood litter production in this forest 1n comparison to 

higher range of values quoted above could be related to trre 

age of the forest which in the present case is only about 50· 

years, so that the trees have not yet attained maturity. 
I 

However, wood litter pro.duction has been related to management 

practices, topog~apby, species composition eto~ (Christensen, 

i 
' . I 

Wood litterfali also show~d a yearly 
\ . 

peak fall occuring during May~: June ~nd Julyt 

pattern is different from leaf litter fall in 

pattern with 

However~ this 

that whilst leaf 
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litter fall 1s greatest during the dry months of February; 
; ' . 

March and Apr~l which is. late winter/~~ly summe.r period 
. . ' . . . ·. . . . . 

and that of wo.od litter fall ocOl.frad· during Ma_y, ''June and 

Ju.ly which is the monsoon :period.. ~1~ may be d~e to. the 
. ' . . ' . . 

delay due to inadequate storm actio.n ·though abscission might 
' . . . ' ' . ' . . . 

haye occurred cluri:t:lg tb.e dry winter months~ In a study O·f 

. woo<l}'· litter :t~~l in a mountain range :forest in New Guinea 

also this coincides with the ·rainy season (Edw~ds.- 1977.). 

Litt~~ deccimposition : 

The rate of decomposition of leaf litter over a period 

of·one year has been expressed in Fig. 5.-~ as a· percentage o£ 

the original dry weight of the leaf' 11 tter. lt is seen from· 

this that .§• robusta deco-mposes much more slowly compared ' 

to others.- On the other hand, the rate of decomposition of 

~· 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 spe,c1al case o£ decay with 

essentially no addition of material from outside~ Most of . \ 

the workers who have considered the rate of decay of litter 

(Jenny .e.:t. al,, 1949; Olson, 1963) have assumed that there.'is 



Fig. 5-4." Rate of deoomposi tion of leaf litter 

-·expr~ssed as percent~ge of the original 

dry weight of lea~es remaining after 

various periods of decomposition • 

. .§. robusta• e1 ~· wallichii,._ ,__.,, 

.Q. i_ndic[;l•---•; £ .. b.amiltonii,._ X -QJ 

A• chaplas~,e- ••-eJ Misoellalleous,e••• o et 
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an exponential loss in weight as a result of decay, i.e. 

X/Xo ~e-kt, where X== weight remaining at time t, X0 ::: 

original weight; e is the base of n~tural logarithms and 
. : . ~ 

, I 
k is the decomposition const~t. ~his .mo_del._.~xp,J:esses the 

loss as a· negative exponential function of the fraction• 

After one year of decay this fraction remaining would be 
. ..J ~ 

X/X0 == e-k. This exponential model also helps 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 that the ratio of decom-

position is rapid in ~· hamiltonii and ~· wallich11 (high k 

values) while it is less in .§•· robusta and .Q. ind1 oa (low k 

values)~ The rate of decomposition of leaf litter 1n the 

present study was found to be lower than the values reported 

by Singh (1969) in deciduous forests at Varanasi (India) with 

unconfined litter. This may partly be accounted as due to 
' 

smaller mesh size of the litter bags which does not allow the 

larger fauna to enter (Gilbert and 1962J Edwards and 

aeatht 1963; Olson~ 1963); ; It ma relat~d to species 

composition and other environment parameters~ Nitrogen 

content of the litter also plays an mportant role 1n deoom-

\ 



Table 5-5o Decay constants and time required fo.r the loss of one-half and 
95% of the original leaf dry weight in different species • 

.. --- -~- ---. ~- -- ---

: De·ca.y para.lile-: Time parameters (years) 
: ter. -l.f :-------•-----,,.------

Species : . K' 1 Ha=!-f-time : 95% i _ -: .. ( o •. 69.3) ; .. . (~) 
: I .K : K 

----• -- - -• -- -• 
·. !,1. 

A•tocarpU8 chaplasa 1 o998 Oo347 1.501 
,. 

ca·atanops:i.s indica 1.866. Oo371 1.608 
. ·,_. 

Dendrocalamus hamiltonii 2.170 0.319 1.382 
!~ 

... 

Shorea robusta 1 •. 867 0.371 1.607 

Schima wallichii 2.176 0~318 1.379 

Other·species 2.167 
(miscellaneous ) 

0.320 1.384 

-

oc 
~ 



85 

position (Melin, 1930a Broadfoot and Pierre, 1936 ). However, 

Singh (196.9) correlated variou~. chemical constituents. and 

the rate of decomposition in tropi11cal tree ape ci.es and found 
• • ---j. .. - ......... _, • •• ::~ 

that not only nitrogen but ndmerous chemicals interact to 

affect the rate of decomposition. The nitrogen content of 
\ 

leaf' litter (Table 5-6) in ~· robusta, £•· indica and !• 
chaplasa. is quite high but still low rate of decomposition was 

observed in these species. ·This may be due to decay resistant 

petiole and midrib of the leaves which contain high concentra• 

tion of ligni_n (Singh, 1969). 

An exceptionally higher rate of lo~s in weight (40•45%) 

was observed in the first 4-5 months starting from May~ This 

rapid decay may be attributed to the fact that high ~recipita-:-

tion,. temperature and soil moisture accelerate microbial 

actiyities. Subsequently, the rate of loss slowed down and 

during the last 3 months the rate of loss was extremely slow. 

'-

Fig. 5-S shows the rate of _decomposition pver a l year 

period of wood of the different species expressed as percen­

tage loss of dry weight. Maximum rate of decomposition of 

wood was observed fo~ ~· hamiltonii (77.8% loss) and the least 

for ~·· .robusta (56.2% loss}, This is also evident from -the 

k values of these two species (Tabl~\5~7) and may be due to 

\ 



'T.able 5-6. Chemical composition of leaf litter collected in April 1977 
from Lailad forest. · 

t 

' 
- --- ·---. ., . • • • 

Species : li(%) : P(%) I . K(9t) • (Ca(%) • Mg(%) • •· • • • • • 
. . 

Artocarpus chaplasa .0.67 0.35. Oo:35 ·2o50 0.66· 

Castanopsis indica Oo82 0.46 0.36 ~ 1 o88 Oo59 

Dendrocalamus hamiltonii 0.68 0.32 0.22 1015 . . Oo31' 

Shorea robusta Oo85 0.63 0.63 1012 · .. Oo51 

Schima wa.J.lichi1 0.76 0.54 Oo44 1 o93 . Oo65 

Other spedies · 0.79 0.56 0.46 2o08 ·. Oo67' 
(miscellaneous)· 

00 
~ 
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Table 5•7o· Decay constants and time required .for the loss of one-half and 
95% of the original wood dry weight in different species~ 

..---~c-· ~. --·----·-
t . ' • • ! Decay parameters !- Time parameters (years). 

· J K i Half-time i 95% 
• 0 (0.693) : (J) 

·----_: ··--- ·- ~··- _____ !_ __ .. K i K 

Species 

Artoearpus obaplasa Oo794 . 0.873 3 .. 778 

Castanopsis indica 1 Ci 097 Oo632 2o735 

Dendrocalamus hamiltonii 3o630 Oo191 Oo826 

Shorea robusta 0.756 0.917 3o968. 

Sohima walliohii 1.189 Oo583 2o523. 

00 
-....:J: 



Fig. 5•5. Rate of decomposition of wood litter 

expressed as percentage of .the original 

dry weight remaining after various 
I 

periods of decomposition~ 

•··•• ea .Q. 1nd1 oa~• •• -•; 

11~· hgmiltonii, . ._. -eJ A•· ohaplaS§~ 
' : ~ 
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the high cellulose content 1n the former and higher ligni~,­

content in the wood of the latter~ During .the first 1-4 

months starting from May, 1 t was folind that the decomposition 
' ,.. ~· <o.l !-t.'.!"'"~~-:;;..., ~·~- ~·--"!.~ ..i'-':J 

was high 1n ·.§.. l:"obus~a, A" chaplasa and ~· wallich11 as is 

also the case for leaf litter. This could be due to more 

favourable temperature and htimidity conditions prevailing at 

this time which facilitated early decomposition of eae~ily 

susceptible thick bark on wood~ 

Organic matter de.composition on the forest flo·or was 

also evaluated on. the basis of carbon dioxide production. 

The seasonal pattern of co2 ·evolution f.rom tte litter (which 

includes leaf and branch litter on the soil surface) and the 

mineral soil as shown in Fig. 5-6 indicates that highest rate 

of decomposition of the litter occurred during the period of 

May-September which is 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 alight increase in moishre 

and due to warmer temperature condf;tions, microbial a·otivity 

increased. Such a relationship between· temperature, moisture 

status of the soil and co2 evolution has also been shown by 



]'1g., ·5-6•. MonttJ.ly pattern of co2 evolut.io~ 

· ' from the forest floor at Lai+ad• 

Forest floor, e ; litter; O . ; 

soi+; A f: 

(Inset figu.re .shp_ws the pattern of 

rainfall (his.togram) alc;>ngwi th .. .;-' 
I j • • • •, 

maxim~ tempe~~ ture, e. ; an~· 
,. 

so'ii moJ~ture~ 0 l~ 

.. .;:._'~. 
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other workers.~ S~evenson; 195~; . Soulides at;J-d. ,Uli~on,l961; 

Van Schreven; .1~6?)• The_ .P,resent __ Vja~ues :(159~700. mg. 002/ 

m
2 
/h) of . ~2 eyolut~on trQm the. f~~~~~ f.~"'~;?r.~-~~~'"'~gher 

than the values reported· by. same other workers in .t~opical . . . . . . . . ·. . . . I .. . ··' 
forests (Schulz~;· 1967·; Wanne~, 1970 and :M~d~na and Zel.wer, 

1972)- EU1d tempe,rate .. forest (W.1tkamp,1966_~fRe1ners; 1968; . . . . . ' . . 

Kirita, 1971d_;, Lieth and Oullette . ., 1962)• .This high. rat~ 

.. of co
2 

evolution from the forest floor in th~ prE;lsent c.ase 

m~y .. "Qe due to more favourfJ.ble temperature co11di tiona comb1,ned 

with high rainfall a~d humi4ity conditions which favours 

:faster decomposition,,~;. 
· .. 

~ over rate : 

The seasonal litter fall on the ground reached a 

maximum in the month of MarCh• Decomposition at this time 

was extremely slow~ if any, due to the dry condi tiona prevai-, 

ling at this time• W1.-th the onset of.rain the decomposition · 
\ 

rate is accelerated due to hig.h temperature and humidity. The 

rate of litter decay under steady state conditions can be 

expressed as a constan;t k or the fraction of litter that· 

. decomposes during a ~it of time (Jenny ll M·~ 1949J Olson.•. 

1963 and KQelling and Kucera~ 1965) which may be e~presse~ 

as : 
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I ·' .. ·- •"•• 

where A is the .annual litter fall and F is the residue litter 
.. ,, . '·· ' 

from previous ye.ars ~ The. k values, for this sub-tropical . ' . ' . . ' . -. . . . 

forest works out to ~ ,._10 .(lesif and branoh·'litte·r ,einol:ud~d). 
' '' . ) -~ . . 

whereas the k values for leaf 1:1 tter alone was l ~ 33~ The 
' . . ' . ·' 

k value for total 11 tt.er is lesser due to slower deoompo_s~ tion . ,. . 
of the wood fraction compare(l to leaf litter decomposition. . . -~ 

A qomparis~n of ve.J.:ues obtained by t~e _present worker with 

those for o.ther trop:L,eal and temperat_e. forests given in 
' ' . . 

Tabla q-8 indicates that the present values for k i,s _cJ.;o_·sar 

to. the ·values obtained for other tropical forest (Jenny 2.1 ~' 
1949; Cornforth, 197Q and Edward• 1977) but much higher than 

that for a temperate Oak. (Reiners and Reiners, 1970) or . 

Plne (o·lson, 1963) forest·! 

SUMMARY 

. 
""' The total litter production the forest at Lailad 

·.· • .. 1- . . . ' .• 

·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 max~um oontribu~ 

ti.on of leaf 11 tter was by Dendrooalamus hamiltonii, Schima 
. '· .. 

walliohii, Shorea robusta and'. Castorio:esis indica with values 
. ~ . . . . - . . .. - . . -

of 10·.2%, 9.9~, 8.1;£ and 

tOter fall. 

6.7% respe9tively 
,I 

I 
i 

I 
I 

out of total 
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The seasonal patternfor leaf and wood litter shoued 

that maxillium leaf litter was produced in the months of 

February•APril ·(56.5% of tt:Le total) andd waod litter in 

the months, of Ma3'-July (43.8% of the total). In the 

forest as a whole 59~ of the total lea.£ litter production 

was in the undisturbed central zone of the forest. ·Along 

the peripheral zone maximum leaf: litter was contributed by 

~· hamiltonii (about 18% of the total) while in the central 

zone of the forest, .§• wall1ch11; .§. robusta and .Q. indica 

contr~buted · inore •. - . 

· The rate of decomposition of leaf litter of D .• hamil to-
. -

n!! ~d ~· wallich11 was faster which was evident from their 

k values .of 2.170. and 2.176 respectively in comparison to 

other species where the k values were low. The rate of 

decomposition was faster during the monsoon months of June• 

August when temperature conditions were warmer with high 

humidity.- We.e_d litter iif 12·-· ha.miltonii and ..§. r()buata showed 

fa-ster rates of decomposition compared to others wi-th yearly 

losses of 78~ an d 56~ respectively. The soil respiration . .. . 

rates were also faster during June•August when the rate of 

litter decomposition was maximum. 



CHAPTER .. 6 

RAINFALL INTERCEPTION; THROUGHFALL, STEMF:OOW AND 

LOSS THROUGH RUN-oFF AND PERCOLATION 
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RAINFALL INTERCEPTION, THROUGHF~L, STEM FLOW AND LOSS 
THROU~H RUN-OFF AND ~ERCOLATION. 

INTRODUCTION 

Atmosphere is a source Of chemical inputs to terres- ' 

trial ecosystems as well as a source of water vapour for 

pre c1p1 tat ion. . Of the, pre cipi tati,on coming down,. some 

. reaches the groJmd through. the canopy as throughf~Ul, some 

of it comes along the tree trunks as atemflow and a part is 

retained by the canopy which never .reaches the ground but 

subsequently ev~poratea to ·the atmosphere whi:ch is called as 

intercepted water.. Interception of precipitation by canopy 

cover is an 1mportant·aapect of eydrological cycle influenc­

ing the water budget and nutrient movement 1n the ecosystems. 

Moat of the studies on interception patterns by forest canopy 

pertain to temperate forests (Ovington,. 1954; Carlisle 2!, §];, 

1965; Zinke, 1967; Leona~d, 19671 Rowe, 1974 and Szabo,1975) 

whereas stud~ea of a similar nature on tropical forest are 

meagre (Jackson, 1971)~ 

Along with o~her ~rocesses occurring in forest eco­

system, the pattern of wa~r circulation is decisive from 
\ 

several viewpoints~ To understand the quantitative and 

\ 
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qualitative course of productivity or to explore the bio-
.,• ;'3 ., .. 

element cycle and to understand the 'whole ecosystem balance 

itself~ the knowledge of water circulation pattern in time 

and space is indispensable (Szabo, 1975)o 

It has been reported by many workers that rain water 

removes considerable amount of nutrient from the. crO't-Tns of 

trees (Tamm, 1951; Ma~, 1954; Madgwioh and Ovington, 1959; 

Carlisle .,2,! ,!!, 1967 and Cole .,2,! ~. 1968) and interception 

by the canopy affect the chemistry of the throughfall and 
i 

stemflow in a number of ways (Ovington, 1954; Carlisle !! 

al, 1965; Gosz et al, 1972; Eaton et al, 1973)-~ The amount ---- --
of different nutrie.nts discharged from forest ecosystems is 

. . 
of·great impo~tance to understand the nutrient budget and 

' ' 
very little amount of work has been d~ne in this regard eo 

far (Bormann ,2! ~. 1968, 1969; Likens ,2! !!,, 1969)o 

In India the work on interception loss,·stemflow and 

throughfall has been done only in plantations (Dabral and 

Subba Roa; 1968' 1969; and George, 1978) and no attempt has 

eo far been made in respect to mixed forests. The present 

study was made in order to _assess fthe pattern of water 

circulation through stemflow, throughfa~l' interception loss, 

surface run off and percolation in a 50 year old mixed sub­

trop~cal forest at Lailad at an elevation of 292 m in Meghalaya. 
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'. 

METHODS OF 
:i 
STUDY 

.. 1 -· .. ,, . 

. ! 

Stemflow was s'ampled using a spiral poiythene 

gutter of 6 am diameter fitted t~ each stem and sealed with 

paraffin wax_, The gutter ~as fixed at a height of 1.5m 

above the· soil surface on the tree trunk. A plastic funnel 

was att~Qhed to t~e two. eut .ends .of: the .~t:t;e.r and connected 
. . . . ' . ' . ' . . 

.. 
to a polythene contai;ner of 51 .capac~ tY.•. . 4 eylon filter of 

. . . . : . ' 

lmm qt~sh s:iz_e_. w:as. p_laced. i~ the. mout.h. of- t;-t1,e .funnel to pre­

v:ent entry of extran:e~U:-S ID:atter.: .. Three. repl.icates each for 

two girth c;l.asse.s n.amely 3~ and 90am were selected for each 
~ . . ' ' . ' ' . ~ ' ~ .. 

of the fqllowing spec;:ies. -: · ( i) .. Shorea _robusta, (:i,..,i) Schima 
. ' . ' . . ' . . -· ..... - ~ ' . 

, and _ ( v) Act99&.£PUS cha plasa-•. 

lnput -pl:'e oipi tation ·by .t.hroughfaJ.i and incident rain .. 

fall were· collected in polythene contaiilers~ ·the mouth of 

each. being fitted with 20om diameter 'funnel which was provided 

with lmm me~h nylon filter to prevent: entry of' foreign matter • 

. 3. contai~ers were kept outside the ·forest iri open places to 

. collect -the water from incident rain~ ·Another 12 containers 
' ' 

of the s.ame size were kept runder the forest canopy to measure 

the throughfall• As the forest 'is a mixed one and is strati• 

_fied with many layers no attempt was- mad,e to colla ct through-
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fall from a particular tree species. In order to measure 

the atmospheric precipitation two standard rain gauge·s 

were kept in the open. All. the containers were kept 50om 
"I . 

above the soil surface on a wooden platform ·tov'avoid 

splashing of .soil particles into the funnels. 2ml to-luene 

was added to the container to prevent microbial _a_ctivity. 

Sampling was done at intervals ranging from· 2 to 7 days 

depending upon the intensity and frequency of rainfa~l during . . 

the monsoon.• At the time of sampling, 500ml of well homo-. 

genised water from stemflow/throughfa1l/incident rain was 

brought to the laboratory and tt1e samples were filtered 

through a Whatman No. 44 filter paper .. and chemically analysed • 

. Fo:r:- studies pertaining to run-of! water and sedimen• 

tation the :loss from a con£ined area of 1 X iom along the 

slope was colla cted in large drums of 2001 capacity and 

periodically removed for analyses. Percolation studies were 

done asing a simple lysimeter of the Russian type (Buckman 

and Bra~, 1960). The soil was cut out vertically to expose 

the profile. A small tunnel was excavated at a depth of 

40cm (this is the depth at: which root. density is high) and 

a collector of 30 X 30 X 15cm was placed inside the tunnel. 

By pressing from below, the rim of. the collector was firmly 
I 

inserted into the undisturbed soil above. The water percola• 
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ttng t~ough the soil is tapped out into receptacles from 
• t ,., 

. ' ' ' . . . . . - . . ' . . 

time to time. This method was found to be quite satisfactory 
. . . - ' 

for comparativ~ purpor:1e, though the values ma_v be somewhat 

low. 

REsULTS AND. DISCUSSION . · · 

. ' . 

Throughfall : 

· . A BUill!Uary of the seasonal re.sul te (Table: 6-1) snows 

that the. percentage of rainwater comingas:throughfall. is 

maximum in the month of March and April· with· 84:•8. and 74.q% 

of the total respeot.ively ·while in other months it was .m\l.Ch 

less with minimUm percentage value in. December~. ',rh.e. h:lgh ... 

proportion~ of throughfall in March-April is due 'to reduced 

crown density at this time when 41.0~ le~f fall occurred.-. 

As the crown densi.ty inorea~ed du,ring subsequent mont;b.s the 

proportion of throughfall .showed a gradual decrease. :It may 

be noted .that January and February were ra·inless~ .Similar 

relationshiP between crown density and ·th.roughtall was also 

reported by Szabo (19·75) though the difference we~e less 

marked.\ The: very low proportion of throughfall during · .... 

OctobeN;Novembe·r ma_v also be due to the. f.aot that in these 
\ months tne crown remain dry and infrequent sto~ms ~terNpted 

\ 



Month 

April 

May 

June 

Juiy 

August 

September 

October 

November 

December 

March 

Tabl.a 6 .... 1 o Throughfa11, stamflow and interception·loss at 
La~lad forest for the year 1977-78.w1t~ stand-
·ard .errors • ·- I• \ 

.-------;-------~---~- ----,--.------- ,- --r----.- ' 
• . • .• t ' • • 
I Gross rainfal : Throughfall : (%) : Stamflow : (%) : Interception : 
l (mm) .: (mm) : : (mm) : : loss (mm) : 
• ' • •. ' t • . I _________ I _ _ ______ _ ~---_1_- ___. __ _ ___ I _ _.____ I 
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74o0 
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- """ 
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153o5!"1o7 

146o5!"0o9 

138o5't1o7 

68.0!-1.5 

13o5!-1o6 ·. 

9o0±·2o3 

1o3!-2o1 

(%) 

12o7 

24.8 

32o3 

33o1 

33o3 

36.9 

42o5 

50.9 

62o1 

7o0 
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by sev~ral rainless iriterVals permit more water to be 

transmi.tted 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 higher than the values 

obtained for ~er broad leavedforests (Mille~, 1963; Dabral 

and Subba Rao, 1969 and Aldridge and Jackson, 1973) but . 

lower than a few others (Ovington, 1954; Eidmanni 1959; 
•• -:~'"!'.' """ ~ •· -~. ~ :• • • :. t 

Leonard; 1961; .Aussenac.,. 1968; Nihlgard, 1970; Szabo, 1975;. 

Bul tot 2]. ~ 197? ). The quantity of tb.roughfall is directly 

proportional to the .. gross·,:;,~ainfall and t~f_s relationship . 
- _.·:· .·:~~~}' ·~~~~~'i .. . 

is indicated in· Fig~, 6~1 and was found to. be very aignifi·cant 

(P.) 0 • .05 ::: 0.991). 

Stemflow z 

The a'tferage stemflow duri~g the period of study· . 

was measured to be 8~0~ of the precipitation ·(Table 6-1). 

Expressed as a projection of the eanopy or the entire forest 

surface, stemflow amountsonly to a small portion of the 

.Preoip$
1
tation in comparison to the throughfall and 1ntercep.. 

tion lo~s. Minimum proportion of stemflow was measured in 
I 

the month of November due to lesser intensity and frequencw 
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of rain• On the other. himd reduced canopy- 'density in the 

month 6£ .March and .April allows more water ·to flow from 
! 

the ste*. The gradual d~cline in percentage stemfloliil from· 

May-obtober ls relateq. to. high cano~ density Which in · 
t 

turn results iri. greater proportion of inter'ception losses. 

The' observed mean value of stemi'low of s.o% was. 

·found to be higher than the values reported by Ortngton 

· (1954·)~ ·Rowe (1974)i ·and Szabo (1975)' which ranged, from ::. 

·o.12-3.1o'% but lower. than the values· reported by a few· 

others (Eidmann, 1959; Aldridge and Jacltson, 1~73). 

The stemflow· pattern is probably related to tree 

architecture particularly to branching pattern, canopy, 

orientation and surface characteristics of tree ape cie a, 

which would be an interesting study. Stemflow in different 

species as well as in different girth classes of the same 

species varied considerablY (Table 6-2). Preliminary 

studies showed that the bark surface of s. robusta and ·-
~. wa1lichi:l was very rough whereas that o.f .£• indica, A• 

Qhaplasa and ~· arborea was smooth. Thus much of the. 

water is ·absorbed by the rough stem surface in the former 

two species (Voigt, 1960; Leonard, 1961; Rutter, 1963)o 
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Table 6-2. · Amount of stemflo"t<r from different tree spec.ies 
ot different diameter ·cl,e.s~·es (mm/tree/year). . . . 

• Diameter class (em) • Species • • 0-10 •• 10o1-20o0 • 20.1 and above • • ' .. 

Sho~ea robusta. 3o5 ·6o6 12o7 

Schima wallichii 4·4 8.6 14o2 

Castanopsis indio~ 11.6 1'8o6· . 21.1 

Artocarpus· chaplase 12o6 17., 21o8 

Gmelina arborea 11.4 16.9 22o3 
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Further 1n all the species stemflow increased with 1ncrea~e 

in the girth of the·· stem~ The relationship between gross 

rainfall and stemflow was found 'to' be highly significant 

(P.)0;•05 .= 0;.966). which ·1s expres'sed by a linear regression 

line. (Fig,. 6-2 h~ 

Interception ~ : 

The proportion :of the rainfall intercepted by the 

canopy was inversely related to the -proportion of thro~ghfall 

an~ stemflow with max~um percentage values recorded'in 

December and minimum in the ·month of March. This high pe~­

centage ·of water transm'ission from the canopy during October• 

December maY be attributed to the fact that the rainfall i~ 

these mon,ths was not very regul~r in comparison to the 

monsoon months · (April• September) and th~ veget~tion often 

remained dry•.-· The quantity of water necessary to wet the 

vegetation aoco'unt to a larg'er percentage of the gross pre.;. 

cipitation as· interception loss. Further rapid evaporation 

oocu+~~ed from· the crown during the several rainless intervaJ.s 

1n th~se months. · The iow interception values during March 

and April was.due to reduced crown density due to max~~ 

leaf fall . <luring this period • Developm~nt of. new~:-leaves 
:.. ... _,. ,..,_;..,.·,.,.· 
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ata.I"ting in the month of ,April in many of the species parmi t 

more interception of rain water from then. onwards;• Sza.b~ 

(1975) working in a Hungarian Oak forest ecosystem also.;_,· ,,.,_ . ' . 

showed that the interception was reduced from 21.2% to 14,.9~ 

w'-th leaf fall .• -It mq be. mentioned here tna.t according to 

many others (Beall-, 19341 T.rimble and WeitJaman,. 1954 and 

Delfs, 1967) interception does not decrease or decreases only 

· · .·to a small. extent with ,d~fol.iatio~-· 
. ' . ' : .. '' 

The rel~tionship l>etwee1f.gross·.ra.infall and 1ntercep.o. 
' ' ' ' • r ' • ' ' ' ' ' • ' 

tion·loss which-follow the same pattern as stemflow and through-
• • • ' ,· '•. • • • • . ! . l. . ,.,. . . . • ' •. 

fall is shown in Fig. 6~. In conclusion it may be mentioned 
. . . 

that ~he. factors which qontrib~ted to a.. larger ~x~ent in 

.. interception lo~~. are the total. q1.1anti ty,· d~~ation. and 1nt.en­

.. sity of rain;fal_l., wind velo ci.ty~ tempe;-ature and canopy 

saturation capacity. 

Water baiance of·~ eco·systein s 

.The total amount. of. wafer and percentage values given 

in Table, 6~1 are based on the estimation in site in the 

.fo~esr where .tne 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 total 
\ 

\ \ 
\ 
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canop,y coverage 1n the present forest was 90~ and the rest 

10% was;gap where the precipitation could reach the forest 
; 

t+Q9r almost directly Wi thout ... any interruption. After ~-d 

making allowances for gaps in the forest canop,y; the per• 

centage distr~bution of the incident rainfall 1n a forest 

of one hecate'r is e,hown in Fig;·' &-4•, 

In one year the. total distribution of the prec1p1-
. ·- 6 tation of 2li66 X 10 lit~ arriving at one hectare is as 

follows i 

Throughf'all . ' 6 ' = 1l,i481 X 10 litre (= 52~993%) . .,..~ . 

· Stemfloow - o:,186 X 1Q6 litre (= 0~868%) 
·:.~ . 

.Amount of the rain which comes directly to the soil surface 

through the opening of the .forest 
. . . 6 . ' = 3e910 X 10 litre (= 18•047%) 

Intercepted water ~ 6-.086 X 106 litre (= 28.091%) 

Loss through .tun-oft ~ percolation t 

St.udies on surface run-off and percolation losses 
ro::~'":Or"~~-·".t'·~-~ t,...:~ .. ~~ •••. _.,.., 

of rainwater at Lailad forest showed that they represented 

19.6% and 6ti78% respectively of the total annual rainfall 

during .the year~ The monthly pattern ot ·lo.sses o.f~:water 
. ' . ~~~. ' :, . ;/' '· .. :~~~··.. . 

\ 

\ 
\ 

\ 

\ 
\ 

_.., 
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Fig •. 6~.4•. Distribution. of precipitation in 

the fo,rest. (per. hectare }ia· .• 

Hatched columns;, throughf"allf,. 

olos.ed columne1~~ stem.f'~o.w; ope~ 

column.~.~ intercepted loss. 
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could be related to the rainfall pattern with maximum run• 

off and percolation losses occurring during M~~September 
; 

(with ·a7~ and 37~ of the ·total run•off and percolation 

losses resp_eotivel.y) with peak values 1ti the month of July 

(Fig .. S.5h Both the high frequency and i:lltensity of rain• 

fall ~uring monsoon• contribute to heavy losses during this 

period. At this time the soU 'is· over saturated with rain 

water allowing more water to be dischar3ed f~om the ecosystem. 

Further high ·evapo•transpiration during warm months· when 

the forest crown cover was at its peak of development also 

curtailed downwar~ movement of water t~ugh thO soU., During 

the rest of the period percolation and ~urtace run•off losses 

were negligible partly due to low rainfall but also due to 

dryness of the soU which restricted movement ot'tmater. 

A comparison of the present result on run-oft and 

percolation losses with a deforested site nearby (deforesta­

tion was done for shifting agriculture which locally is 

known as '•Jhum'') showed that these losses are much heavier 

after clear cutting and burning the slash-~;· Clear cutting not 

onlY removes the protective plant cover but also tends to 

loosen the soil resu,lting in heavy losses·•· Deforestation had . . ' 

a pronounced effect o~ the amount ~~ sediment export from the 
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Fig. 6-5. Monthly pattern of surface run~off and 

percolati,on loss of Lai,lad fqrest-~, 

SUrface run~off-t.: e ; 
percolat~on; loss~, 0 ·~ 
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ecosystem. It has been reported that the loss of a sedi­

ment from freshly burnt and or~pped land was about 22 to 

30 m ton/ha/yr (Toky and Ramakrishnan, unpublished). 

But this loss was heavil!f reduc.ed· to o. 76 and 0.23 in ton/ 

ha/yr under 10 and 50 year old fallows respectively. The 

reduction in the sediment loss in forested ecosystem was 

mainly due to the plant cover and also accumulation of 

litter in the soil surface. It has also been shown by 

other workers (Lull and Reinhart, 1967; Likens ~ ~. 1970a 

and Pierce et al, 1970) that deforesta~ion and disturbance 
. ----. 

of forest floor are mainly responsible for heavy sediment 

loss from the ecosystems. 

SUMMARY 

Out of the total amount of rainwater (21o66x1061/ 

ba/yr) measured during the period of study 11.48 x 1061/ha/ 

yr reached the soil as thro~hfall, 0.19 x 106 1/ha/yr as 

atemflow and 6.09 x 1061/ba/yr went aa interception loss 

from the canopy during the period of study. A high proport­

ion of water 76~ was accounted as due to throughfall in the 

months of March-April due to reduced canopy cover as maximum 

leaf fall occurred during these months, Throughfall was • 
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minimum .in the months of 0 c.tober-December which may be due 

to the dryness of the season and a consequent dry canopyo 

In the ·months of November minimum stemflow occurred· -(3o4%) 

du~ to lesser intensity. and fr,equenoy of rain while 
' . 

maximum stemflow (21~4%) was recorded in the months of 
• • \' • ' j • : ' • 

March.~April. Interception losses were heavy in the months 
' . : ; ~ . . ' . . - . . . . ' ' ' ' 

of December being 62% of the rainfall an,d it was. minimum 

(7%) in .th~ month of March• The relationsh~ps between. gross 

ra~ntall and . throug~fall, stemflow and :.interce~tion .loss 

was established._ 
o· 

.The losses of w:ater· ·-through surface .ru.n-off and 

perc:olation during the period of study sholred that they 

represented 19o6% and 6•8% of the total rainfall. respectivelyo 

Maxtmum surface run-off and percolation losses (87% and 37% 

of the total rainfall respectively) uere recorded-during the 

months of May-September• A comparison of the results of 

surface run-off and percolation was ~ade with the deforested 

sites .which showed that these losses were much heavier after . -~ 

clear cutting and burning t_}le slash ~n comparison to a 50 

years old forested ecosystem at Lailado 
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NUTRIENT CYCLING 

INTRODUCTION 

Nutrient cycling is. a vital function of any forested 

ecosystem~ From an applied view point; a nutrient cycling 

is essential to meet the high demands for forest resources. 

This basic information is also important because it .defines 

the relationship between soil and plants. A vital character­

istics of ecosystem is the continuous flow of nutrient and 

energy through the system and thus in the broadest sense 

ecosystems a~e open systems. Several workers have evaluated 

the size and rate of exchange between various nutrient pools 

in forest ecosystems (Duvigneud and Denaeyer-De Smet, 1964; 

Ovington, 1965; Cole 21 ~' 1968; Bormann and Likens, i970a 

Jorgensen 2.1 ~' 1975). Quantitative approach in nutrient 

input-output budgets for a terrestrial ecosystem may be deter­

mined by measuring the meteorologic~ geological and biological 

inputs and outputs of the ecosystems (Bormann and Likena,1967). 

Geological inputs and outputs are generally referred 

to the dissolved or particulate matter which are add~\~ or 

leave the system by water or colluvial action or both {Hart 
\ 

. \ 
§.1 al,, 1962; Pierce, 1966; Likens !1 ~' 1967J Fisher 21\!a!., 

1968; Bormann and Likens, 1967; Bormann 21 !!!, 1968J '\, 
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Hornbeck and Pierce, 1969; Hornbeck 21 &, 1970) and also 

to weathering of the mineral- soil and the subsequent 

release of nutrient depending upon the soil type, rock type, 

climate and vegetation. The meteorological inputs enter 

., 

the ecosystems through the atmo~phere in the form of gaseous 

and dissolved or particulate matter in precipitation, dust 

and wind. Only tn the, las.t·-·two decades the study of the · _,"" 

nu,t:rients input and deposition from the atmosphere by ·--th,e way 

of precipitation bas received some serious attention (Tainm, 

1951; Madgwick and Ovington, 1959;_ Tukey and. Tukey, 1959; 

Carlisle i1 ~. 1965; ~ormann and Likens, 19671 Ulrich !! ~. 

1971; Reine·rs';: . .1972; Szabo, 1975) ·~ . ' 

Accumulation of nutrients in the forest ecosystem 

through biotic sources occurs as a result of succession~ 

process (Odum,,· 1969) as the amount of piomass in the system. 

increases; The work ott,.i· nutrient accumuJ.ation in the standing 

· crop o£ biomass has been reviewed by many workers (Rodin and 

Bazilevich, 1967; Ovington, 1968; Duvigneud an.q. Denaeyer-De 

Smet, 1970) • The com pre hensi ve reviews and synthests of data 

. by Bray and Gorham (1964);. Bak:uzis (1964);: Major (1970) 

Larcher ( 1975) and Lieth and Wh1 ttaker ( 1975) have .brought 

considerable attention to the process of nutrient cycling 
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and production in forest ecosystems. 

· A.nothe;o important feature of nutrient cycling in 

the forest ecosystem is the annual reyurn of ·nutrients to 

the soil through leaf and wood litter from the vegetal and 
~ . . 

its. subsequent decomposition (Tarrant .21 !!,, 1951; Owen, 

1954; Nye., .. 1961J Witkamp and Olson, 19631 Olson, 19~3; Bray 

and Gorham,,, 1964; _Bernhard, 1970-; Gosz U, !!• 1972; Andersoni 

197qM Louis;er and Parkinson, 1973). The ·importance of soil 

organic matter in mature forest was emphasized by Rodin and 

Bazilevich (1967),. Likens 2.1 !!..! (197o·~~:,Pferce !! !!, (1~72), 

Whittaker !U, 2.!, (1974) and Gosz ll !.!, (1976). 

The present study on nutrient cycling is intended 

to obtain base line information on nutrient status of the 

standing crop, relea·se of nutrients through leaf and wood 

litter, input and output nutrient budget through water 

circulation and the.status of nutrients in the forest soil 

in a 50 year old mixed humid sub-tropical forest at Lailad 

at an elevation of 296 m (25°45" and 2.6°0" N Latitude and 

91045" and 92°0" E Longitude) in Meghalaya in the north 

eastern part· of India. 
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METHODS OF STUDY 
. I 

Different plant components of dominant tree species 

and shrubs were collected during biomass studies for chemical 

analyses. ·Herbaceous ape cies however, were not considered. 

individually.. Leaf and wood litter collected in litter frames 
. 2 . . 

of 1m and the decomposed leaf and wood litter planed in the 

month of April,, 1977 were collected at monthly intervals: during 

1977-78. Water samples of throughf~l, stemflow~ incident 

rainfall, soil percolation and soil surface run-off were also 

collected at monthly intervals'·•· Water samples and oven dried 

samples of bole, branches,_ leaves,_ fresh litter and decomposed 

litter were chemically analysed for nitrogen, phosphorus;, 

potassium, clacium and magnessium using standard metho9,s as 

described by ~aech and Tra~ey (1956), Jackson (1958) and 

Allen (1974).. Thus, nitz·ogen was determined by micro-kjeldahl 
. ' 

method and phosphorus was estimated calorimetrically by 

molybdenum blue method• After dry ashing the samples, calcium 

and magnes.sium were analysed by EDTA t;1.tration method and 

potassium by flame emission method~ 

Sof.l samples were col_lected .from depths of 0..10, 
\ 

10-40, 40-70 and 7~100 cm:t and were based on 3 replicates 
\ 

thoroughly mixed together to give one composite sample. Sc)il 
\ 
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colour was determined by Munsel soil colour chart. 

Mechanical composite was done by International pipette 

method as described by Piper (1947) and soil samples wer~ 

·.placed in different textu-ral classes. Soil pH' was measured 
• , r ' • , ' ' 

by electrometric method in a soil-water suspension of 1 :5 •. 
. ' 

. Analyses of .total nitrogen, organic carbon and· available 
. . . ' 

.I>hosphorlls were done by standard methods described by 

. Jackson (1958), Nitrogen was estimated by Kjeldahl method" 

earbon.by Walkley-Black method and Po4-P colorimetricaily 

by molybdenum blue method, Calcium and magnes~iiun were 

analysed by EDTA titration method while potassium was esti-
. '"'• ~ . 

mated by flame.emission method ~fter extracting the exchange-

able cations with lN Ammonium acetat at pH 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 croR : 

An analysis of the concentration ·of N,P,K,Ca and Mg 

in different plant components (bole, branches,and leaves) 

ehow:d tha~ the leaf materi~l, coi:tt9.ined'\.igher percentage 

o.f -N-, P,K anA Mg while bole aiong with bark contained higher 

l.ev:.els of Ca in all the species -~except ~~ hamil tonii where 
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the oonoentratipn of Ca was found to be more in leaves, .The 

lower conce:titfat·ioil of Ca in the bole of this species· may­

be due to the ·'A'bseA·oe of bark in the sense that the dioot 

trees have. It may be noted here that Seth ~ &, (1963) 

and Woodwell et al (1975) observed that bark of trees hold 
. -- . 

very high levels of Ca compared to other tissues• Next to 

the leaves, the Qr~ohes had higher levels of NjP,K and Mg 

and the bole had the least concentration• On the other hand, 

Ca concentration was the least in branches with inte.rmedi.a te 

values for leaves (Table 7-l)o 

On a hectare basis, the total amount of different 

elements contributed by different tree species (Table 7~2) 

showed that. ~·· ~alliohii,' £• indica and ~· robusta contributed 

maximum with respect to N,P,K, Ca and Mg. This was directly 

related to the large biomass 1n the standing crop of these 

' tree species in the same order as given above. Among other 

species a great variation was observed with regard to percen­

tage contribution of different ele~~nts_whiclhl may be partly 

due to nutrient con~entration. _ Thus,· E.• hamiltonii stands 

next to A•. Qhaplasa and !!·· ro~burghiana in biomass but contri­

buted more in ·terms of P,K and Mg due to higher concentratipn 

of these tnree elem~nts in the.plant tissue~ Because of low 

Ca concentration in the tissue coupled with low biom~ss, the 

\I 
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Table . 7.;.1. Concentration ofdif'ferent nutrients in 
different compartments of different tree 

.sPecies at Lailad. 

I I I ' I I • • • • • • 
• • Compart~ •• N • P, :. X : Oa ' M' Species· • -. • i<% • ment • (%) • (%).:·<~> : (%) : • • • • • . . '. • • • • 

Bole Q.41 0 •. 12 0.3~ 3.00 0.1.4 
Artocarpus ohaplasa Branche.s 0.6,1 o.-23. Oo32 · 0.82 .0.49 

. Leaves 2.-10 Oo64 0.59: 2.96 Oo77 

Bole Oo40 o •. 12 o. 37 . 2.20 . o. 30 
Dillenia indica Branches .0.51 0.24 0.58 . 0.68 0.48 

, Leaves 1~90 0.55 0~74 ·-, .8o 0.70 

Bole 0.64 0~14· 0.58 0.84 0.47 
Dendrocalamus Branches Oo70 0.28 0.52 0.69 0.70 

hamUtonii Leaves ·1.76 0.59 0.83 '1o99 o.88 

·Bole 0~85 0.1·4 0.26 .2.90 0.18 
.cas te.nops is indica .Branches 0.90 0.28 0.40 ·1.00 0.34 

Leaves 1~90 0.49 0.66 2o40 0.79 

Bole . 0.48 0.12 Oo49 2.50 0.22 
G:melina arborea Branches ·0.79 0.23 0.50 0.63 0.82 

Leaves 1.90 0.60 0.82 1.95 1.02 

Bole 0~45 0.20 0.2.4 2o40 Oo33 
Garcinia cO\Ja Branches 0.60 0~32 Oo41 ·1o00 0.43 

Leaves 1.35 0.61 .0.85 1o76 Oo79 

Bole 0.58 0.·15 0.2(; 2.80 0.29 
Mil usa roxburghiana Branches 0.75' 0.28 Oo65 1.00 0.83 

Leaves 1.65 0.47 o.a5 3o20 1o09 
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Species 

Schima. wallichii_ 

Shorea robusta 

Sterc~ia villoaa 

•, 

Vitex peduncularis 
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: Compart;;.: N 
: ment : (%) 

;. Bqie 0.5·9 

· Brancn~a Q.62. 
Lea;vea 1 o86. . ~ . 

Bole 0~42 

·Branches 0.82 
Leaves 1 o9.0 

Bole o.s; 
·Branches o.so 
Leaves 1o~5 

Bole 0.68 

Branches o.:o' 
.Leaves 1o86. 

·~ 

·: P : X : Ca : Mg 
: (%) : (%) : (%) : (%) 

0.1.6 Oo.48 . ;.,;6. o •. 26: 

' 0~31 'Oo63 Oo70' Oo45. 

0.66 1 o-19 2o.60 , Oo.67 
(, ' ;,. 

O~t1· 0.34 2o40 .. 0.3,0, 
. · 0.2:6 0.44 o.ae . o.~.e 

0.76 1 o20. 1o78· 1~oe. 
·) c 

0~1-8 0.35 2.00 0~37 

Oo42 0.47 0.6.9 .. 0.6.7 
Oo59 · o.ga 1 o60 . . 1.01, 

'> . ~ . 

o.t2 Oo47 2. 6.0· 0•41 
0.30 Oo57 0.78 0•52 

0.?5' 0.84 1o98 0.73 
,-. -· 

'. - ' 

'·' 
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Table 7-2o. Amount of different elements contributed by 
different species· al·ongwi th percentage 
tontribution of the· total.for the forest 

· ·giveri f.n parenthes~s' · 

... 

• •• n • (kg/hRi· 
•• •• • Nutrieni;e '.I If ' 

•• • •• Species I I ., L ' ., I ... 
' N •• p· • .K ... Ca . . ' Mg ' • • ' . I 

,, I. 

. -· 

Artdc:a:rpus cba:plasa· ' 341> 70 11. 25' 21o15 .. 135~81 ' ~·7.17 
(3o8f) ('4·o03) . ' (3•5'9·) (4~ 77l·> .· ~34?188) 

. ' ,' 

'' 
.. .. ' 

. . 3,2 42 31o 72' 36o 10 . · 29o17 Dendrocalamus 21o99 
ham!iio- (:?:56) (7··•88) (5o 39·) (,1o35):' ( 6o 59) 

. ' 

: 21o10~ Di'llenia, indica. r~~69 8o1.2 (4.57 \. 1().31 
· ·2o60) (2~91) .: (3o5S} '. 2o65) · (2o33) 

Gastnopsis indica 291o66 61o35 1 02o 53 t39o87· ; 79.30 
' ' .. (~2.02)- (21o98) (17o41) 25.69) .(17o93) 

' ' 18.'77 . 5e·22 16o 57· 63.81 ' I 12.66 Gmtlina arborea ( 2o 06.) ( 1.oS7) (2.81.) ( 2,o 04) . . · ( 2o 86) 

Gercinia 18.12 8o .. 49 10o52 11.21 12.81 OO't'7B· (1.99,) .. (3o04) (1.79) (2.24)· (2.90) 

Mil usa roxburghiana 27.74 10.92 11o70 113.14 25.30 
(3~ 05) (3~'91) (1o99} · (4o70) (5o72) 

.. 
(. . 

Sohima walliohii 346o 71 . 114997 294o04 1086.65 174o00 
(38.-07) (41•·1 9) ( 49.92) (45o·47) (39~34) 

Shorea rob.usta 83o72 25~21 58.07: 181.68 61o00 
(9 •. 191 (9.03) (9o86) (8o89} . ( 1 3o 79) 

Sterculia villosa 23o11 9<i06 14o63 53.96 16.81 
(2.54) (3o25) (2.48) (1.90) (3.62) 

Vitsx peduncularis · 1 o.o9 2o55 7o00 22o43 · · 3.79 
(1.11) ( 0~91) (1o19) ( Oo 90) (Oo68) 
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contribution by J2•· hamiltonii as far as this nut.rie.nt is 

concerned wla.s far less than that of A• chaplasa and· !!• 

bQXburghiane.. 

Fig. 7•1 shows the pattern of distribution·of the 
. . 

nutrient in: the different tree compartments. Bole contained 

maximum amoUnt of all nutrients followed by branches and 

leaves. .This is inspite of the higher concentrat'i.on of N,P~ 

K and Mg in the leaf tissue~ It may be worth noting here 
. ~· ' . 

that leaf biomass is much less thl:l.n that contributed by bole. 

This compartmentalization o:(' nu-trient is highly ·exaggerated 

for Ca due to the fact that this nutrient also had highest 

concentration -in the bole. 

Fig;;, 7-2 indicates· the p.ercentage contribution Cper 

hectare) by the different.elements in ~he different compart­

ments of the standing crop. The~ qU:an ti ti·es of the different 

nutrients in the three compartments of the ~ree, in a decreas­

ing order, are as follows 2 

Ca>N>K>Mg>.P 

As noted earlier, it is also evident that maximum storage of 

Ca is. i·n the bole-~ 

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 total 

. l: 

,. 



Fig. 7-1. Pattern of compartmentalisation of 

nutrients in trees at Lailad forest~ 

Open column,_ bole; hatched column, .. · 

branches; closed column,, leaves. 

Fig. 7-2.. Proportion of lifferent nutrients 

in different component's in 11 ving 

biomass of trees (percentage of the 

total amoun'i;i in kg/ha).~· 

Closed column,,,: N; strippled column, 

P; hatched column •. K; open column, 

Ca;. cross hatched columntz Mgi~~ 
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nutrient poo1·1n the living biomass WE1S in the undisturbed 

central zone of the forest, the.rest along the disturbed 

peripheral zone. (Table 7-3). aowever, along t~e. peripheral 

zone the contribution by shrub and herb species was more 
. . 

(0 .• 87 and 0.35% re.spectively) in eompariSOI?- With the central 

zone (0.74 and 0.17~ respectively) •. Tre.e species contributed 

more t·o the nutrient pool of the living biomass (59.o.90.~) i11 

the central zone than along the peripheral zone (37 .• 97%) .flf. 

the forest. It may be mentioned here that the disturbed 

peripheral zone of the forest had preponderance of shrubs and 

herbs. 

The total standing crop ot nutrients (particularly 
' ' . . . 

nitrogen, phosphorus and calcium) was much more than the 

values reported for some temperate forests ( Tabl~ 7-4) ~· 

However, the value for nitrogen w~s lower than that reported 

by some of the workers on tropical forests. The valu~ for 

calcium is closer to that obtained for tropical forests in 

Ghana by Greenland and Kowal (1960) but is lower than that 

repor~ed for some Indian forest types (Desh Bandhu, 1970; 

Faruqi, 1972). The 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 : 

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



Table 7'fr3o 

Elements 

Nitrog~n 

PhosphQrus 

Potassium 

Calcium 

Magnesium 

•· 

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

t --~--- • 

: Peripheral· zone : Centra1 zone : 
:------------~._----~·--~------------~----------~~--~------~----------~~--
: Trees : Shrubs : Herbs : Trees : Sllrubs : Herbs : Mean value 
.1._ _ • JL___ I I I t_ --~ _ -~~ 

609o34 34o40- 13o86 121'2.12 '29.20 6oB2 

194o.68 4o74 · 1.88 363o58 . 4o02. 0.94 

417o90 8.94 3.54 760o16 '.7.60 1 o20 

1sao.aa 25o80 10•24 2577o58 21o90 .5o00 

326o28 6o02 2o38 558o36 5o12 1o2.0 

952o77 

284.92 

599~67 

2280o70 

449o68 

..... 
~ 
tO 



Table·7~4o Nutrient content within the living biomass of trees~ different 
forest oommunitieso 

- . 

Forest commu:n.ity : Nutrients Ckg/ha) j . Author! ty 
t I i '-"g t • tJ p ' K , Ca • .L'i . , : . N : --'--~ -- •-

Pinus sylvestris (55 yrs.) 

Quercus robar (47 yrso) 

Betula verrucosa (55 yrs •) 

Second. Douglas fir stand 

L__:___ --. ___._ 

453 

464 

5.43 

320 

Douglas .fir stanO. (450 yrso)· 313 

Tropical forest (Ghana) .2050 

Mixed deci~uous forest 1260 

Tropical d~y deciduous (India)1708 

7909. 

41 

40 

34 

66 

42 

150 

85 

436 

650 Shores robusta (India) 

Mixed sub-tropical forest 
(50 yrso) 

910o73 279o13 

~ 

-
242 

-
... -

... 

.... 

272 

292 

651 

333 

" 6-2o··· 

''2700 

1648 

3707 

9960 

-
-.. 
-
-
-
..;, 

-

Oving:bon (1959). 

- do - (1958) 

- do -- .(1959) 

Cole et al~ (1967) --- ' 

·Grier et alo; ( 1974) --
Greenland and·Kowal 
( 1960) 

Duvigneau~ ~ ~·(1964) 

Desh Baridhu ( 1970) 

Faruq'#. (1972) 

589o03 2269o23 442o32 Present study 

..... 
l'..D 
c::::-
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oven dry weight ~asia in leaf litter of different species 

(Table 7~.5) showed that N and Ca content was highest in M· 

ferrea and !• roxburghiana while ~ and Mg concentration was 

found to be t).ighest in ~· robust a, !•· chaPlasa gave high Mg 

values., Fol;" other tree species a great ·variation in concentra­

ti()~ of different elements was observed. Generally speaking 

the percentage of nutrients in wood litter of the'different 

species' was. comptu-atively lower.. A1 though 12.• hamil ton11. is· 

not a'tree species in the:strict sense it·accounts for a 

considera'ble proportion of ttiS. different elements as seen 

fro.m 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· 

Figs~ 7-3 and 7-4.. This seasonal variation in cencentration 

of N,_P,K,_ Ca and ',Mg was well marked during the period of study. 

This ·may be explained as due to a number ·of factors ltke 

translocation of nutrients from leaves· before senescence 

approached, the extent of leaching of ·soluble organic and in­

organic nutrients from the ·leaves, extent of decomposition of 

leaves before fall and the contribution of leaf by different 

species which may affect the concentration and total content 

of the respective elements (Gosz u ~' 1972; Van Cleve and 
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Table 7-5o Nutrient· content (%) in leaf litter of different 
species and \fOOd iitter {Composite sample for all 
species) •. 

!, 

'·' :f ' t • .. I ' • t N • p • K • Oa ' (;, Species • J J J ' • (%} (~} <%1 (%) • ' ' -'' t I 

Leaf - litter :• 
. J 

'2o920 A.rtooarpus chaplasa Oo685 Oo354 0.354- Oo656 

Oastanopeis. ind~oa 0.846 Oo461 0.361 2.281 0.591 

Dendrocalamus hamil toni·i 0.736 0.324 Oo224 1o391 Oe359 

Dillenia ind,:lca· 0.637 0.239 Oo541 1o856 0.281 
.',. . 

. , 

Garoinia oowa 0.525 OeJ~H 0.308 1o650 Oo351 

Mao hill us ·khasiana 0.849 0.399 Oo299 1.980 0.651 

Me,seua ferha Oo990 0.270 0.470 3oJ35 Oo581 

Mil usa roxburghiana. 0.870 ,· Oo:222 Oo322 3o156 0.650 

Shorea robusta 0.861 0 .• 626 o.f26 1 o351 0.512 

Sohima waiiiohii 0.767 0.538 Oo438 2o310 Oo656 

sterculia villosa 0.66J 0.299 Oo399 1o330 0.423 

Vitex peduncularis ,. : 0.5,75 ' Oo:328 Oo228 1.810 0.351 

Other species 
(Miscellaneous) 

0.789 0.560 0.460 2o510 0.673 

wood litter :-

Branches, twigs and 0.601 o •.. 384 0.280 Oo730 Oe451 
barks (all species) 
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Tapl.e ,7-6o .. ·Amount of ·different· ~laments, ·o.ontributed tbr.ough · 
' ' ' '. ' ''leaf and .. woo.d 'litte'r by' different, species along·­

wi t.h. percen.tage c:oritr~butio~ of the t.otal for' ·the 
fo~st giv~·~ in jarenthesis.• . , . . . .. '. ·,. ' . . . ' . 

Leaf ·litter: 1-0 -
· Artooarput;J. 

.. ' ohapl.asa 

Cast~nopsis 
indica· 

Dendrocal.amus 
hamiltonii 

Dillenia ,._ 
indica 

Garcinia 
cowa '· 

Machillus· 
khasiana 

Milusa . 
roxburghiana 

Mea~ua 
· fertea 

·snorea ~ 

robusta 
Sohilna 

walliohii · - . 
Stero'ulia 

villosa 

·! . ' 

Vitex 
peduncularis 

u 0 ther species 
(trees ehrubs and 
herbs) 

Wood litter: 
~twigs and barks) 

! N ' P ·.!". K ~ Ca 

1 o05\. 
(2.54) 
3·12\ 

(7o54) 

0~54 .... 0.54 
(2_o15l,: -~2_o56) 
'1 b 7 0 \ . i 0 3 3' 

(6o73) (6o28) 
4o 14:. · · 1o 83 .-) · 1.. 26 

(10.,04) (7o24)' {5~96) 
0.19;, ·-. -· ,. '"' Oo O'i·. '--~- Oo 16-• 

( Oo 45) ( Oo 28) -. (O.o74} 
0.51' 

. ( 1 0 23) 
··Oo04 
( o. 09) 

1.96 
(4o75) 
0.,27 

{Oo65) 

4o52 
('tOo92) 

4o22 
(1 0.30) 

Oo30 
{Oo73) 

. o. 30. '. . 0 .•. 30 
(1_o18): (1o40) 

Oo O:f :· . ' Oo 1 4 
( o. 01l. :. ( o.. 07) 

Oo 50. _·. · O,o 73 
(1·o99) '' (3o43) 
o. 07·.. 0.13 

( Oo 29J' ( Oo60) 

2o'95 . · 2o.95 
( 11 0 67-) : ( 13~ 89) 

2'o99:- 2o41 
(11o88} '(11o37) 

0.14 Oo18 
(0. 07). (0.86) 

4o48 
(4.29)· 

8o41 
(8.07) 

7o84 . 
(7.52) 
o •. 54 

( Oo-52) ' 

1o60 
(2~45) 

.. 0.09 
(0~09) 

8o72 
(8o36) 

1o02 
(0~98) 

6.o35 
(6o09) 

12o84 
. (12.31) 

Oo61 
(0c;S8) 

Oo72 
(0.69) 

41 o76 
( 40o 03) 

9o25 
(8.81) 

1 o01. 
(3c.31) 
.2 •. 18, 
(7 ~ 18) 

2· 03,' 
(6!)67) 
o.os., 

(Oo27·) 
,Oo34 .. 
(1 0 12) 
0.,03, 

( Oo 1 0) 

1o4t.' 
(4.84) 

Oo 16. 
(Oo 52) 

2e41·. 
(7.94) 
3.61. 

(1"1o90) 
0.19. 

(0.63) 
0.14 

(0.46} 
1 o. 9-9 

(36.2,) 

-5.72 
( 18.83) 
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.Fig. 7-3._ Monthly variation in concentrat.ion of 

· different nutrients in leaf. litter at 

~ailad forest,~, 

N,_ • ' P:,~ 0 ; K~;: A ;, ca.,~ f . , . . ,\ 

Mg,, • :!;. 
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Fig• 7~.4. Monthly variation in concentration of 

different nutrients 1n wood litter at 

Lailad :forest~, 
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Noo~an •. 1975 h ~he role of -soluble Qrganio and. 1norg~1o - ,.,.__,,.,; 

constituents from the leaf material affecting the nutrient 

content of senescing foliage has also been emphasized by 

Tukey (1970)•, In the present study it was found that the 

senescent leaf material generally showed higher ooncentrat'ion 

of more mobile elements like N,P and K whUe lower concentra­

tion of less mobile elements such as Ca and Mg. It may be 

noted that leaves becomes senescent for most of the species 

during dry winter months of December-January and leaf fall is 

maximum in March.. Leaf fall may extend to April but w1 th 

simultaneous production of new leaves. fhe high concentra­

tion of_ nut.rients like N and P may be due to the fact that 

retransl,.ocat1on of these nut.rients is not so active compared 

to some others<\ However-, these mobile elements are subject 

to leaching by prec1p1tat1on from attached leaves~ Hence in 

the months of Ma;Y•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 (Madgwick 

and Ovington, 1959; Miller,_ 1963; Tukey 9 1970; Egunjobi,1971). 

This is also the case in the present study"~' The pattern ilor 

Ca and Mg showed that the concentration is at its lowest at 

the time of leaf fall probably due to their withdrawal into 
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the wood• The low level of N, an~ K in the months of 
·.;;·, 

Fe bruary-.Maroh may be due to some leaching tba t may o ccu1: 

from senescent leaves due to occasional showers at this time. 

During the growing season ( April~io!tSeptember) a shift in 

nutrient concentration was observed in the oa~e of N,P and 

-K towards the lower side but with increased Ca and Mg levels. 

Tllis is explained due to the mobility of the N,P and K due 

to leaching during May•Beptember by rain While Ca and Mg are 

not susceptible to be leached to the same extent (Fig.7-.3). 

The wo_od litter analysis for Ca showed a somewhat 

reverse trend at the time of leaf fall in the month of March-. 

April with higher l~vels which is to be expected due to with.• 

drawal from leaf which showed a corresponding decreased level. 

A low level of N,.P and K was also observed in the wood l1t.ter 

during the rainy season of May-August due to high mobility 

of these and consequent leaching (Fig. 7-.4 )c. 

The percentage contribution by different species to · 

the total amount of d1 fferent elements not only depends upon 

litter biomass of the species concerned but also on the 

nutrient concentration,~ Thus;,_ even though ~~ hamiltonii had 

greatest litter biomass contribution in the forest as a 

whole,, yet there were other ape c1e s like ~~-robust a which 
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contributed higher amount of P through litter. In contrast' 

a species like !• ferjea which had high nutrient level in 

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 .§. ;:oRJ,tsta, ~· Y(al-lighii and .Q• 

indica in that order is both due to high litter production 

and high nutrient concentration in the leaf tis·sue (Table '1-6 ).: · 

The patt~rn of distribution of litter nutrients along \­

the peripheral and t~ central zones of thE3 forests is different · 

both in terms of species contribution as well as the total 

amounts. Generally speaking, the total contribution ot 

different elements per unit area per year is higher in the 

central zone of the forest compared to that along the periphe• 

ral zone (Table 7•7) ~- This is related to greater maturity 

of the forest in the central zone due'to comparative~ low 

disturbance and the consequent species diversity and denser 

plant cover~ The peripheral zone of the forest,. as mentioned 

elsewhere, are ~ghly disturbed which may be. considered as 

20-25 yea~s of age due _to preponderance_of J2.• hamilton11• It 

m83 be mentioned here that studies by Ramakrishnan !;!! !!! 

(19~0) have shown that this species of bamboo is typical of 



Table 7-7. 

Species 

Leaf litter: -. 
Artocarpus 

chaplasa 

Cas·tanopsie 
indica 

'I 

.. ., 

Contribution of nutrient elements by different tree species in the peripheral 
and central zones of the forest at Lailad (k8/ha¢wr).· 

r-- ,- --~··--·-·-·- -~~-

.: Peripheral zone : Central zone 
t • . ' ' t. t • t • t • t t • t 
• N • P t K • Ca t Mg • N t P t K t Ca t Mg • 
•-- •. • • - • - .. __ ~ ~~ -•- --·- L_ __ - •- • - • 

0.700 0.362 0.362. 2.996 Oo670 1 o-400 0~724 Po724 5~970 1o342 

2o080 1o134 Oo888 5o608 1 o454 4 ... 60 2o 266 - 1. 774 1 O. 216 · 2o 906 
-- -- -·---- -·----

.~~-.-. --~ -~. . ------- ---.. -------.----------

'J 
,, ,, ... 

I' ,, 

..... 
l-...:1 
~ 

} ~ . ,. 
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disturbed forests less than 20 years of age. Consequent to 

the age difference of the forest along the peripheral zone due 

to disturbanqe,. the contribution of nutrients through litter by 

~· hamiltonii is significantly higher compared to the contribu­

tion by the same spe~ies ill the central zone of the forest.. To. 

a lesser degree t\(e same pattern holds good for !• roxburghiaria. 

On the other hand, species like ~· robusta, ~· wallichii and 

.Q•, indica showed a reverse trend with higher nutrient distribution 

by these species in the central zone (Table ·7-7 )... Of all the 

nutrients returned to the forest floor through litter calc-ium 

showed yer,y high values and the value for potassium was the least 
I 

(Table 7-8) •. The amounts of various elements returned to the 

forest ecosystem by litter in the present case,. was -in the 

order of a-

Ca>lV>lVIg>P~.-

A comparison of the nutrients contribution thro,ugh 11 tter 

for different forest types both temperate and. tropical along with 

that obtained·in the present study is shown in Table 7-9• This 

showed that almost,all nutrients ~xcept probably nitrogen is 

released 1n larger quanti tie·s- in tropical forests compared to 

temperate ones~ This is most obvious for phospho~s which had 

somewhat comparable situation only in one other forest t.ype 

at Varanasi (Singh, 1968 t•c The value obtained for other 

tropical forests are all much lower than that obtained in the 

present study.. ·Potassium values are comparable 



Table 7-8. Distribution of total minera1·nutrients in litter along the 
peripheral and central zones of the sub-tropical forest at 
Lailad (kg/ha/yr). _ 

.-
• t • 

Nutrien~s .1 Peripheral. zone -: Central zone .: Mean· 
• • • value t . I. t • • • ~~-~-------- --~-----•- ·I I - -·---~--~~-

Nitrogen 34.368 48o,350 -41o359 

-' 
Phosphorus 20.076 30o434 25o255 

Potassium 17 .• 008 25.412 21 o21 0 
' .. ' 

Calc~~ 90o322 1 18o128 1 04o225 
' 

~agnesium 24o776 35.940 30o358 

...... 
t'.,j 

C.C· 



T.able 7-9 • .... " AmoUnt of mineral nutrie.nts returned through ·11 tter fall in some tropical, 
sub-tropical and temperate forests of the world • 

. - -,--- ---- ~--.------------------------..-. . ' ' . 
: : Nutrients (kg/ha/yr) : 
., t . • 

Vegetation l Loca·tions . '! Nitr·ogen ;Phosphorus "'f"·P ote!ssium f Calcium ;Magn- !·S_ourc_e 
I . : :: : : : sium : 
1. ________ _l ___ _c___._ I I I ______ I ____ _____:t 

Mixed tropical 
. . 

') 154-224 Zaire 

Mixed trop·:tcal Kade Ghana "199e4 
Mixed moist evergreen Ivory Coast 1 04w1 07 
Amazonian tropical Brazil -~· 106 

rainforest 
Tropical deciduous 

Birch forest 

Scot Pine forest 
Temperate forest 

Pinus cari bae 
Sessile Oak forest 

. 
Mixed tropical 
deciduous forest 
Mixed tropical 
forest 

Gautemala 169 
u.s.s.n. 66 

England 125 
Nigeria 7o3 

England 21-27 

Varanasi 
(India) 

18-54 

Meghalaya 
(India) 

41o36 

7-..9 

7o 2 · 

4.2-13o6 .. 
2o1 

5e8 

5 
.. 

10 

Oo4 

1-9 

1.;..28 

25o26 

4~87 . 84o.1 05 

68o3 '206.1 

26-81 61-105 
13 . 18 

20 88 

13 ''54 

57 49 
6.9 11o4 

7-4 14-15 

6-31 15-184 

21.21 1 04o22 

44-53· 

44o'8 

22~,51 

13 

64 
19 ,, 

9 
2o7 

2-2.8 

44-30. 

30o36 

Laudelot &nd 
Meyer ( 1954) 

· . Nye ( 1961 ) 
Bernhard (1970) 

Klinge and 
Rodrigues ( 1 968) 

Ewel (1976) 
Russian authors 
cited by Oving-
ton(1965) 

.' Ovington ( 1959) 
Egunjobi,and 
Fasehwn (1972) 
Carlisle et al 
(1966) --
Singh (1968) 

Present study 

..... 
~ 

~ 
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to 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 o.ther 

tropical situations. The same holds true for magnes~ium also. 

1}'q,trient releas~ tn,rougs decomposit:lQA : 

The concentration of n1 trogen in leaf and wood · 

litter of different species kept for decomposition at the 

beginning of the experiment ranged between Oo70 - 0.85~ in 

the leaf tissue and between 0.58 -- 0~75% 1n wood tissue. As 

decomposition progressed, between 2-7 months after the start 

of the e~periments, there was a rapid fall in ~ content of 

the decomposed leaf material probably due to rapid leaching 

of niti'ogen (Fi~,. 7•5h This trend was also noticed in-wood 

litter (Fig• 7•6) though the ultimate left over N in the leaf 

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,~ ln the case of Jl• 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 o:f n1.trogen :from leELf 11 tter 

· .through decompos~t~on • 

.,a. robystg,e · •• lh wallich11,e- .. -e; 
,g~ indica;.e-•-~ .. ; ~'!;~·hamiltonii,._X-el. 

A;~~ oha.plasa,,e•••• e; Miscellaneous~:·-- _ .. ,f 
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Fig •. 7-6. Loss of nitrogen from wood litter. 

through <;eoomposi tion •. 

.§-. robust a .. e; · i~. wallichii, 

....... ; .2~ indica,..e-.-e;; 
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I. 

compared to ~itrogen level. Rapid loss of P occured 1n the 

first 3-4 months after which the loss slowed down. Further 

in most of the species ver.y little P remained in the leaf 

tissues after 1 year pe.J:"iod except in the case of .§. robusta 

and .Q. indica (Fig.· 'l-7 ). Because of slower rate of decom­

position of wood litter.about 5~ of the origina~ remained 

after 1 year of study~ Wood litter of A· chaplasa and .§. 

;qbusta 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 Nand P4! Loss of K. 

was most rapi~ in the first 2-3 months and slowe4 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 decompo~ition~ leaf litter. 

lost almost all K from it, except in the case of ~· robusta 

where a very small amount remained. This was due to slow rate 

of decomposition 1n this species. Wood litter had comparativel-y 

more K remaining at the end of one year (Fig, 7-10). 
, 

Loss of calcium was slower compared to some of the 

more mob~le nutrients like N,P and K as was also observed by 

Tukey ( 1970). Species like .§ • .r:Q buf?ta and Jl~ ham1lton11 lost 

Ca' from leaf litte.r rather slowly, preceded by species like 

~. walliqhii and£,· indica; rate of 



Fig~ 7-7._ Loss of phosphorus from leaf litter 

through deoompos1 t1on:, .. 

..§~ :r;,o busta,.e 
-

£~ :tnd1oa~e.- • --e; ~·~· hamilton11"e-X~~ 

A,•· ghaplaasa.,,e .. •••J Miscellaneous,~;~.,..- -e·~. 
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~ig .. 7-8.. Loss of pphosphorus from wood litter 

thro~gh de composition., 

.§• .. robusta,_. •• .§.• Wal~ichii,. 

•·•-e; .Q·:· indica....._._., 

!~ hamil tonii.,~ X---~ AC! chaplasa · 

•······'i· 
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Fig. -7-9. · Loss of pqtass1um f.J:om leat: litter 

through de 9ompo s~ tio~~: . 

~·\ r9b~s.ta. e1. ~~; ~~llichii~-ea. 
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Fig. 7-10~ Loss of potassium .from wood litter · 

through de composition,~ : 

. ~~. robusta... ., ·~~· wallichi.i,._ .... , 
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in the case of A• ohaplasa which cont 1nued upto 8 months , · · ·· n 
. ' . ~ .., .. - .-· .. ..... . 

from the start. Further • 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 (Fig. 7•11). Rate of 

loss of Ca from the wood litter of s. robusta was much more -
rapid though this was not true for leaf lltter. Similarly 

A• ohap.lasa. which had rapid release of Oa from leaf tissue 
.. , ,, 
: 
·l 

'• 

·showed slow release ;from wood 11 tter ~ D. hamilton11 had lower .l 
-- . ' i I . . 

levels of Ca to start with, compared to other species and also 
~ ! 

released this nutrient slowly • Whilst Ca level in the original;: 
' 

wood tissue was lesser than in leaf 11 tter, the amount remain .. _: 

ing was of the order of 7 to 12~ of the original concentration• 

(Fig~ 7~12) Loss of Ca from wood was more rapid in the initial 

stages of decomposit·ion because o£ rapid decomposition of 

bark which hold much ~f calcium (Seth!!~~ 1963J Woodwell 

2.!. !!,;_ 1975). 

Magnes~i~ loss from the deoompesing leaf and wood 

litter was rapid during the first 7-8 months. Whilst species 

like .dh ohaplas§ and .§~ wallichii started with higher Mg level .. ' . . . . 

in the leaf tissue ~nd lost it more rapidly, ~· hamili{onii 

had the least concentration of this element compared to o~ber 

species and the rate of loss ~was some·wha~ slower.. W.hereas 
' -~ .. : ·~ t- ·~ l .. ,. 



Fig~ 7•11• Loss of calcium from leaf litter 

through de compQ si tion~: 

s. robusta,. •• S'f!. wallichii._ ...... j 
~. - • . •. ~- ~- 't 

A~J chaplasa,e•• •ea. Miscell~eoua.~-e~ 
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F~g. 7-12~ Loss of calcium from wood litter 

through decomposition. 
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leaf litter of s. robusta showed B% of the original concan--
tration remaining at the end of one year period, ~· hamiltonii 

had only 3% re.main~ng at· the ~nd of the experiment (Fig• 7•13) • 

Magnes,ium released from wood lit.ter was generally slower and 
·' 

the amount femaining at the conclusion o.f the e·xperiment ·out 

of the original concentration ranged between 4 to p% (Fig• 7•14) •· 

The pattern of loss of nutrients through decomposition 
,; 

' was found to be somewhat similar to the work done by Ewe~ 

(1976) for a tropical forest in Ghana• FOlster and De-Las 
'• 

Salas (1976) reported that the cations are more leacheab+e 

than of N .and P.,.. The present study however.,. showed that N,P 

and K are lost much more earliel'! than Oa and Mg. Amongst 

cations the loss of Oa from leaf and wood tissues was much 
•, 

less than that of K or Mg;_ a feature reported by Attiwill 

(1967) and Thomas {1969) also•. However, it mey be noted 'that 
. . 

the pattern ot release of Oa is also·a specific characteristic 

in tba t the release of this element from the leaf tissue of 

.!:• oha:plasa was more rapid than that of other tree species. 

( Nutrient release from leaf tissue is more rapid than that from 
\ . . 
.~ood litter due to slower decomposition of the latter, a 

: ' •, 

\ 
pattern also reported by Gilbert (1957 )ti Alexander (196l) and 
\ 

Ghsz U .!!! (1972 J.t 
\ 
\ 
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Fig·._ 7-13,. Loss of magnesium from leaf litter r 

through de oomposi tio:n' .• 
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l?1g41! '1-14,.. Loss of magnesium from wood litter 

th~ugn decomposition• 
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N¥trient retqrn by thpough£all. stemflow and incident 

1.1\intall 1 

The mean monthly eo.ncent~ation (mg/l) of the 

various elements found throughout the study period in through­

fall, stemflow and incident rainfall are shown in Fig.7-15, 

16,17,18 ~d 19.. The concentration of total nitrogen in 

through~l and stemflow was low during March-May; followed 

by· a steady ~ise reaching the maximum towards the end of the 

year. . This steady rise in concentration may be related to 

the· maturity o:f the leaves. Before the formation of abaci-
• 

ssion l~er 1n December the concentration reached its peak 

when the leaves were fully matured._,. A similar increase in 

N concentration in through!all with increased maturity of the 

leaves and a subsequent sharp decline after the formation of 
·, 

·abscission layer is also reported by TUkey et al (1968). No --
throughfall occurred af.ter De.cember as the winter months 

were dry. A more or less similar pattern for stemflow was 

also·observed during the study period. During December..:. 
I 

February no stemflow could be r.eco.rded due to comparatively 

dry period., However,_ the concentration of· N in stemflow was 

\ generally more than that of throughfall... This high concan­

\ trat.ion in stemflow mey . be du~ to : (1) release of nutrient 

\during bark decay during the rainy season (ii) tb,e wash out 



r,;._;;.·. 

Fig. 7~15!•. Mont}4y val:"iation in concentration. 

of nitrogen in different water samples. 

TbnQughfal~'··. 8 :1 stemflow,*. 0. J, 

incident rainf~ll,,.., ·A. ,~, . 

Fig.;. 7-;1.6. Monthly variation in concentratio:n 

of phosphorus in different water 

sample at 

Throughfallit; • l stemflow,.1 0 1 

incident rainfall,,;· 
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Fig,. 7-17'!0 Mon,thly variation in ooncent~tio_n 

of potassium indiffere~t water samples. 
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Fig~ 7•18.~, Monthly variation in concentration 

of calcium in different water samples. 
• ' I ' ' 
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Fig.7•19. Monthly variation in concentration 
. ' 

of magnesium in different water samples. 
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of nutrient from·leavea which fu~ther gets enriched from 

the bark of the stems and (111 ). low quantities of water 

in stemflow and the consequent high con,centration of nutr-
' 

ients·• A significant monthly variation could be observed 

in the concentration of N in.the incident rain, which was 

very low compared to that in t~e through~all and stemflow. 

Incident, rain had very low concentrations of 

phosphorus during the rainy season. The· slightly highet > 

level of P in the incident rain during March-April may be 
due to (1) high level of dust particles in the atmosphere 

during the preceding dry period; (11) presence of partly 

burnt particles of organic matter due to burning of slash 

in the neighbouraood during this period due to shifting 

agriculture and (iii) low rainfall during this period with 

lesser dilution 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 gradually -:_ i 

increased reaching a maximum in August followed by a slow 

1 decrease 1n subsequent months-•. 'i: The gradual increase in 

concentration up to August mey 'be attr~buted to the presence 
' ' 

~f high pollen concentration in the· canopy due to flowe~ing 
\ , r , 

\ 
o~ many .. species that occurred in the forest and also due, to 

\ 
I 



137 

:the. production of new leaves during this period which may 

·have higher level of phosphorus.. 'Similar observations were 

also made by Carlisle §.1 ~ (1967) working on sessile oak 

forest in England. ·During the leaf fall· period of March­

A~rii the level of phosphorus was low in comparison to other 

month's of· the year~ A similar monthly pattern was also 
j.,_...__.~;: ••• ,··~ 

observed for stemflow except that the concentration of P'on 
·' 

the average· was two· times higher than that for through! all~ 

~;hie nfgher level of· P ~ stemflow oould be ac~ounted as·! :. 
~ ~., 

due. to the· additional release· of this·nutrient due to ba~k 

decay along with that comes from the leaves, as discussed 
I' 

earlier-~ 

. Th'e monthly pattern for potassium, calcium and 

inagnesa~ium ·concentrations 'in throughfali;·--f~ftemflow and 

incident rainfall was· siniUar· (Fig. 7-17~18~19). The 
}' ,-··. :·.~. ' .. ~ . 

gradual increase in concentration from the month-of May to 

December is probably related to gradual maturation of the 

new leaves produced i'nc::APrii and . the consequent increas.e 

in release of' some 'of these nutrients 'from more m~ture ieaves 

an· obse'rvatioil also made ,by Tukey ~- aJ.. (1958 ), Will {1959) 

\ and Deneyer-De Smet (1966 )~ 

\ · · The concentration of· Kt' · Ca and Mg was very lo\¥ in 

\ 
\ 
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the incident rain and was very high in tbe stemflow, the 

concentration in tbroughfall was inte~mediate Qetween the 
- . •. . 

two •, Higher concentration of these elements in stemflow 

is similar to that observed for N and P for reasons already 

g;J.ven earlier·._ Between these three elements, the concentra­

tion of calcium was more in stemflow du~ to high levels of: 
~ I 

this in the bark, a.s discussed elsewhere. In March the 

concentration in the incident rainfall was higher, decre~s~ 

1ng in April and May after which it remained steady.- High 

_ concentrations ~ March-May may partly be due to low rain• 

fall. and the wash out from du_st particles. Throughfall and 

stemflow for these three elements showed a similar pattern 

through the rai~ season. The concentration was higher 1n 

March reaching -very low values in May after which the con­

centration increased gradually up to December. After the 

formation.of abscission layer in December a sharp decrease 

in concentration would be expec-ted as reported by Tukey 

aJ;._ iiU,. (1958)4! However, the high concentration found in 

through.fall and stemflow in March and Api1,l is due to atmos­

pheric dust and blow off of ash eto.· from slash and burn 

agr1cul ture . dj.scussed earlier~-

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

7-10) showed th~t tfi!oughfall·'·contributed 98% of all the , 

nutrients in comparison to that through stemflow. This 

low addition through stemflow is inspi te of the high con­

centration of nutrients in the stemflow water, as the total 

quantity of stemflow is far less than that due to through-
·, 

fall.. It may be recalled that stemflow accounted only B% ,, 

of the total rainfall whereas throughfall was 53~· of the.: 

total•. 

Amongst the cations·, calcium and potassium were 

highly leachable with heavy wash out through stemflow and 
·'. 

throughfall. Between nitrogen and phosp~orus, leaching of 

the former was :far greater.. .The high amount of some of 

the nutrients in incident rain might be due to contamina­

tion of these elements due to slash and burn as well as 

due to heavy dust accumulation in the atmosphere during the 

preceding drier winter months. The total quantities of· 

different nutrients reaching the soil by throughfall, stem­

flow and incident rain was ~n the order of s ca>k.:::>N>Mg>P,_ 

Comparison of present values regarding nutrient 
' 

1\leaqhing showed that return of nitrogen to the forest eco-
/ 

'sJllstem by throughfall JVaS more than the values reported :by 

George (1979) for an :Suoalyptus plantation but lower than 



Table .7-1 Oo Nutrient return through stem flow, throughfall and 
rainwater at Lailad forests • . -.----.-, ------ ~- -. -, ~- ----- -.- . 

• • -, Nutrients (kg/ha/yr) • 
.. ' +.=-¥-- ,W ~ • i. I . ' ' .• . ! • . • t 

-~-_.. _ _,_ _______ •-_t.a·. __ N_. J P : · K : Ca ; ig , :.j 

. Stein:flow ... Oo17. Oo02: Oo71. Oo84. '' . :o. 10 

Throughfail. ., B'o)9'' 0.89 . 3h;28 35·· ·1·.9 5··03 ;. 

·Total 9.56 ,, 0.91 31-·.99 3·5.'9.·3· ·5· ,., .. 

Rainwater 4.o33 · Oo43 7·-.80' 9o96 4o77 · 

" Difference 5. 23' Oo48 24·.-19 24o97 0.63'' 

I 

-

!: 

' .·! 

...... 
~ 
~ 
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the values reported for Hubbard Brook ecosystem (Table 

7•11 )• It was comparable to those of other temperate 

forests• Phosphorus values in this throughfall ~tudy was 

more than that reported for an Eucalyptus plantation 1n. 

India and that obtained for some temperate fo~ests ; it . 

was lower than the values reported by Carlisle 2! !!! (1g.6alf) 

and. SZabo and Osortos (1975) • However, the v~ues for 

potassium,. calcium and magnes0ium in throughfall in this'·: 
I 

study. in gener~l was higher ~han that obtained by other : 

workers •. The stemflow release 0£ different nutrients obtai-
.Y . ' • 

ned ~n this s~udy was more than that reported in most of 

th~ earlier. ones. These d~fferences may be r~lated to 

dif.ferences between forest. types, quantity and pattern of 

rainfall and even to atmospheric factors like dust,_ poll~t­

ants etc·; 

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 

~-~ (1973) reported that nutrients are generally recogniz~d 

as being associated with organic mo~ecules (N~P) moved m~re 

slowly from the forest canopy, while nutrients commonly · 

foUnd in ·ionic form (K) move more rapidly, Further nutrients 
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Tabl.e 7io!it11-o Nutrient inputs by throughfall, stemflow and precipitation in different forest 
communities of the world. 

~. ... ·. ·, ·. ·. ·. . 

\ 
Community 

• ·; . . :i •, ' . • ·.' • 
i Locality i \'later source ! 1 Nutrtents (lg/ha/yf) i .Authority 
; : S lil ; P J _! ____l_C;;.;a=-_ _.:_.:.M;.:g~...a.; -----------1 

Oak forest 
-\._, . \..,_ 

Hungary 
Throughfall 17.28. 2o08 27o02 23o28 4o55 

Szabo and Csortos 
stemflow .. 

""" 
... ... ~ ( 1975) • 

Precipitation 20.09 1o32 7o43 17o40 2o31 

Throughfall 10.60 Oa63 26o94 6o98 1o9S Eaton et al (1973) 
Oo19 . --Stemflow 1ca 11 · 3e51 0.64 Temperate forest · 

(Hubbard Brook Ecosystem) U.s.A. 
oc. ,o 

P reoipi ta tion 2o43 0.05 Oo37 Oo89 Oo17 
-

• t ., 
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<.~~-~k., .. ~orest 
,.~4,5';':.'~ 

·I <f'\'\ · 
, F \\ 

/. 
.. T,hroug}lfall. 

England -. st.emflow 
Preoipi tation 

England 
Throughfal1 
stemflow·· 

Pre_cipi tation 
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! ' ' - """·· 
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.... -· 't." -. -- -

28.14 17o18 •9o 36 c 
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... - "" Ovington ( 1959) 
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in young growing tissues are quickly metabolized within 

·tne cells and are therefore difficult to leach while in 
~· . . . . 

older tissues the nutrients are in an exchangeable form 

and therefore could be more easily released. Aerosols 

and dust may adhere to leaves, branches and stems and thus 
... 

add significantly to the chemical concentration of throu~h-

fall and stem.flow (Carlisle !]. §!, 1967; Duvigneaud and . ' • 

Deneyer-De Smet, 1964)~. Intensity of rain, leaf oompos:i~ion 

weight of leaves and branches etc. are some of the import-' . :, . 

ant overriding factors in determining nutrient return by 
~ 

rain•; 

Run-off and percolation losses through water s 

The concentrations of different mineral.elements 

namely nitrogen,, available phosphorus and cat:t,.ons like 

potassium;·calcium and magnessium, lost through run-off 

showed much fluctuation in different months. The high con-

. centration of· N in run-off water in the month of· March-Apnl 

(Fig~!. 7-20;·21,:22,-23 and 24) mEzy be due to ·lesser rainfall 
' ·. { ' 

in these months and the consequent lesser dilution effect. 

The peak in concentration was re$ched during August-September 

and this may be related .to greater release of nutrients 

:from fastly decomposing· J;itter· on the forest floor.· It may 



Fig~ 7-20. Month~¥" variation in concentration of 

nitrogen in different water samples:,• 

Surface run,.of'f,,. e ; percolation., 
,,-• 

Fig.. 7-21. Monthly variati,C?n in concentration of 

phosphorus in differen~ water samples,., 

Surface rtJ.n~.off,;<t~ • J per co ;La tio~, 0 
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Fig. 7-22~ Monthly variation in concentration 

of potassium in diff~rent water samples. 

Surface run-off, • J percolation, 
\ 0 

"' 
Fig~ 7•23~ Monthly variation in concentration of 

calcium in· different water samples.\~' 

Surtace run-off·., • I percolation~ 0 .. 
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Fig~ 7-24.. Monthly variation in concentratio.n 

of magnesium in different water 

samples!. 
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be- noted that the litter deposited during Maroh•April 

gets ideal condi tiona ·during the ·early mon·soon· period 
. . . . - . ,,, ~- . . . . . 

of May-July with _h~g~ t~mpe~at:-t~~!. · h~~dit~ a11d rainfall• 

Part of this nutrient pool released· from littel.' thus may 
~ • - , • • I '': ';• • 

. increase the. concentration 1n ~ t~e ·_ rt.l~~~ff. and p~roolation 
. ' 

water duri'ng the subsequent months with a peak .in-AUgust~ 
. - . . ', . . ~ . ' 

September~ January and February_ ar~ _ pra()~~oally rainless· · 

and dry With no rtin~off and perc::o~atio~ losses. Wher,ea~ 

concentrati~~of most of the 11utrients was ·!Ilore in. the 

run-off water; N concentration was in general hi_gher in 
. - . 

percolation water. The concentration-of nutrients in per­

co·lation water also followed a similar pattern as that in 

the run-off water, in that peak· values were higher during 
' ' ~ 0 I 0 

July~Septe~be.J:" w~ t·h_ a minor peak during March-Apr'-1 

(Jig. ?•20,21,22;23,24). 

Potassium.. and calcium loss~s on·:·the fore.sted eoo• · 
-~::: _,..,,~:---···--.--· ~~ .... 

system were heavier compared to other· nut.roients losses.~ ...... . . 

Run-off wafer· loss· being much higher compared ·tt?. per cola-
. .. . . . - . -- ' 

tion loss of water,t the losses of nutrient·s through 111D.•Off 
' . . . . .. ~; . . - . . -. . . ' 

is alSo expected to be heavy as.was found. in the present 

case~ 

The results prese.nte<;i for ol.ear out· forest!)repre-, . 

sents a site which was clear cut.,. bur~t and oul t1vated 
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for one year before being left a tallow. <It is interesting 

to nQte that nutrient losses are extremely h~~vy from this 
,. ' ' ' ' • ' • • • • •.• ~ • • ' l • • • ~ • • ' 

deforested area. ln fact even though the quantity o£ water . ~ . . .. ~- .., . . ~ . . - - - • .. - . 

lost through run-off and percolation is not more than 2 •· 
- ........ ·· .,. . - .. _, . •:, ... . 

fold and 3 - fold respeoiively compared to the Lailad 
. . ~ . .. ... 

forest, nutrient losses increased 7 .. fold and 6 ·- fold 
• • • ' • - • - ~- • ·- • • • • - •• ... •• 1 • ' • • _, - - •• 

respectively compared to the forested· site. This is partly 
" .. . ;. . - . -· -- -... -· ... -· - - - ~ 

.. 

due to sudden increase in nut·rient pool due to burn and also 

due to rapid nitrification of the soil initiated after clear 
. . 

cutting and burning. 

Nutrient status of forest soil i 

Along the soil profile the soil colot.tr changed from " . . . 

dark brown at the top getting lighter through depth and was 

reddis~ at a depth of 70..100 em~\ ~he dark colour of the soil 

in the upper l~ers is due to humus in this region.. ~he 

upper la_yers of the profile a-re sandy loam becoming sandy at 

lower· Q.~pths. Moisture content throughout the pro file was 

not very differe~t {Table 7-12).. However, moisture level 

in the soil was higher during the monsoon compared to drier 

winter months. The soil moistune was sl~gh~ly more in 

peripheral ~one, compared to central zone of ··the to rest 



.. 
Table 7...;12. 

soil depth,; 
(em) ·. · 

0 - 1.0.::. .. 

. , () - 40:· . 

40 - 70 

70 - 100 

Physical proP.erties of soil. 

---~~----.--- -- -----. 
• ' t ' ' • t • • • 
.; soU colour ; Textural : Moisture content : Eulk density : Porosity 
: : class : (%) f · {g/cc) : (%) 
• t • • • 

t -~ - _1_ - _l __ -- -- ~--: - _1~-- -- ---

Dark brown Sandy loam 22o83 ~ 5e469 

Light brown Sandy loam 21 e 25 + 4-o 653 -
Reddish brown Sandy 21.18 !' 4.284 

Reddish Sandy 21.90 ~ 3•806 

1 o61 

. 1.78 

1 o72 

. 1o70• 

38.077 

31o538 
.. .-. 

33o846 

34o614 

- .. ,, . 

.... 
~ 
~ 



(Fig. 7-25)~ ~~lk density was less in the upper l~er 
. . 

of the pro file _but increased. in_ th~ region of 10-4p em. 

d.ue to more compact and loamy so 11. At still lower layers • · 

bulk density decreased as the soil was sandy. 

The aoil' pH was slight_ly acidic with a: great 

monthlY variations. In _gener~l; __ .pH dec~~~sed with increase 

· in soil depth throughout the year. During· dry winter 
' • 'I ·: ., ( 

m~nths (l>ec.ember.-February) the soil was l_es~ acidic (pH 6. 95-

6.70) but duririg rainy season the pH decreased to 5.90. 
· . ·· ·--.~~ .·.,·r~~: ; 

' "_r;. '"' • :! . -·};-;.'N~ 

·This decrease in soil pH during ~the rainy p·eriod of May-July 

· could be related to heavy material from the surface layers· 
.. _.,, 

cf the soil. The slight ·increase- in pH at a g._eptn ... of 100 em 
'~ ~· .··. . ' : . . . . . . 

m~ be related to increase of some of 'the cations like . . " 

calcium at lower depths of soi;l~ The soil pH waa not signi-

ficantly different in the peripheral zone and central zone 
. . . ~ . . ' '. . ' 

of the forest though slightly_· less acidic .in the- central 
.. 

zone (Fig• 7~26). ,- .... .,, ... •-... ~ 

Organic carbon was maximum in the surface layer . . . . . . . 

of. the soil (0.10 em) and drastically decu. ' 
· · · · · . ,; .. ,., ... creased with increase 

, . _ I _.:.:....'l.. #,· . 

in depth (Table 7-13,. Fig.7·2~ •. , The level oi' organic carbon 

was lesser in the dry season but increased during the rainy 

se.ason due' to rapid decomposition of organic matter. 



Table 7""'1·3'• .Chemical prope. rtiea· ~ )?pHf Carbon~Nitrogen status, and available 
pho~pho~· concentration \mean values) with :sta,ndard error. . 

so±l depth 
(em) 

' .. ' - . . ' . ' . ' ,. ' ' . ' ' : pH. , _ --t C/N : A~ilable : 
• . : - 0 rganic- : Total • · : · Phosphorus : 
• • . b . . • • •~ • car on ~- J[_itrogen : : __ {pl'_ID) J --. 

'• 

Oo-10 
.. · 

~~35~0~379 · 2~ 390t-Oo 231 
. '· ...,. ' 

Oe254+0.021 > 9o40~2o131 -· .· :• -' '1 07+21.481 - -

·' 

10...40 6·. 08-+-0o 272 · . . -..-:· .... 
--

·. O. 848-fr.Oo 1.91 
·. ~. 

Oo141+r-Oo031 · __ , 6.014+r-3e462 - . '~' •; ... - . 
561-26;,064 -- :' 

~ .. ~ ·'., 

·•i:>· 

4()...-70 5e 80t;..Oo 289 
. -:- ,. 

.· Oo 346-t.Oo 014 •• • -I ' Oo086!0•008 4:o,P2~1. 911 30fr.23e823 -
7,0~100 6. 07-+r-0 •. 211-

. -. . :0.118fr..O. 027 .. -. . 
Oo 046+-0o 007 . '· - .. 

. 3.870:+,.1 0 000 
,, - ·- . .: . 

1~4o.621' '-- -:· . 
•: 

'-

....... 
~ 
C'O 



F~g. 7-25. Monthly and depth variation in 

soil moisture in (a) central and 

(b) peripheral ~ones of the forest 

· at ~f1ilad·:!> 
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Fig~ 7-2·6~ Monthly and depth variation in 

soil pH in (a) central and (b) 

peripheral zones of the forest 

at Lailad. 
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Organic carbon was in general, more in the central zone 

of the forest than ~ong the peripheral zone~due'to more 

mature forests in the central zone and the consequent . . . 

higher production -of organic matter {Fig •. 7•27). · The 

pattern of distribution of nitrogen down the soil pro file 

as well as monthly pattern are closely 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 rata.'O of_ 9~4 in the surface ·layers obtained 

during the present study was found. to be lower than 11.0 

indicating rapi~ 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 due to slow 
- ' 

decomposition of. organic matte~·.. For ~xample, Geist and 

Stickler (1970) repor:1;ed a ratio of 22.0 for the pine forests 

in u~s.A. It may be noted that C/H ratio decreased markedly 
-~ 

w1 th increase in depth of the soil due to low concentration :.I 

of organic carbon (Table 7-13)~ 

Phosphorus in the soil decreased markedly wfth 

depth~ The monthly pattern~howed that the concentration 

reached maximum during the rainy season (Ma,r-August) which 
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Fig. '!-27. ,Monthly and depth variation in 

concent:r:ation of organic carbon 

in (a) central and. (b) peripheral 

zones of th¢ forest. 
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Fig. '7•28. Monthly and· depth va-riation in. · 

concentration of total nitrog~n in 

(a) central and (b) peripheral zones 

of 'the forest. 
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. I 

may be related to rapid release of this nutrient from 

the litter and declined during the dry winter months • 
. ' 

This fluctuation was more prono~nced in the _upper layers 
' . 

of the soi~. At a depth of 70-100 em, the monthly fluctua-
. . . . . ~ 

tion was the least (Table 7-13, Fig~ 7;..29).' The concentra-

tion of available phosphorus was slightly more in the 

central zone of the forest than along the peripheral zone. 

The concentration of the thre·e exchangeable cations 

- calcium, potassium and magnes21ium was found to be ~xim~ 

in the surface layer of the soil (0-10 em) and decreased . . 

wit-h increase in soil depth (Table 7•14, Fig'l 7-30,31,32). 

This decrease was more marked in the case of potassium 

compared to calcium; magnes¢ium was intermediate between 

the other two~ 

The monthly fluctuation in concentration of the 

three exchangeable cations followed a similar pattern in · 

that the concentration was lower during dr.y winter months 

and significantly higher during the rainy season~ But thai 
~~~ 

increase in level of potassium (Fig~ 7~30) during rainy 

season was more rapid reaching a high peak during July• 

September before the depline in concentration.. This rapid 

rise in concentration of this element may be due to the 



Table 7-14o 

Soil dept:n 
(em.) 

0- 10 

1 0~- 40 

40 - 70 

70 - 100 

The concentration of exchangable cations in forest soil 
(m'ean values). 

,. --,-
• • • ;. lJiilli-equivalents per 100 gms. : 

· 'Total ~ . . . . .. . . . 
: PQtassium : Calcium : Magne~ium : 
• • • • • • • • a_______~ •~-- ·. -- -- I - ·--- ---------

·1o40:!!: Oo61.5 

o.ga !. o. 421 

o. 36 :: o.·2oa 

Oe09 ~ 0.039 

'l 

1o0':{+ 'Oo250. 
. -- . . 

~o26 + 0.210 
~ ~· . 

0.21 + 0.153 --
0.27.! 0.110 

·,. 

1 0 27 -i 0',. 271 

·o. 57 !_ Oo 233 

0.33! 0.165 

o. 34 + o. '116 -

3c,72 

-1 o81 

Oo90 

0.70 
....... 
c:.n 
~" 
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Fig,. __ 7~_29 • Monthly ant$ depth va~1at1on in. 

concentration of. available pho~phorus 

in (a) ceJ?.tral and (b) peripheral zqnes 

of the forest .. 
' ,. ; 
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Figf 7-30~ Monthly and depth variation in 

• co.ncentration ·of exchangeable 

P~.tassium .in (a) central and .(b) 

periphE;!m,l zones of the forest,. 
. . 

.0~10 em, • · f 10-40 em, 0 1 

.4~70 om, A ; 70-100 em• fi: • 



Fig . .7-3 0 
1-7 (a) 

1·2 

O'l 

0 
0 -.......... 
CT 
Q) 

E 
........ 
c 0·1 
0 

...... 
co 
L-...... 

0 c 
Q) 

u 
c 
0 

(b) u 

~ 1-7 
. 

.s::.. 
u 
X 
w 1·2 

0-7 

J F M A 'M J J A 5 0 N 0 

Months 



' ' 

Monthly and depth variatipn in 

concentration of exchangeable 

calcium in (a) central and (b} . 

peripheral zones of the forest~ 
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Fig. 7-31 
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Fig~ 7-32~ Monthly and ¢iepth variation·in . . ' . . 

e.oneentration of:exehangeable 

magi1es1um. i,n (a) central and 

(b) pe,ripheral zones of the forest. 
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more rapid release of this nutrient from decomposing 

organic matter and also due to higher levels in the 
. . - . 

throughfall (Tukey 2,1 £Y:,, 1958). The increase in level 

of calcium an'd magnes~ium in the soil dur:1:ng the rainy 

season was less pronounced compared to potassium. In 

general, the monthly fluctua~ion of_cations was mar~ed in 

the surface layers of the so~l only~· The · ~iightly ~ghar 

concentration of the cations along the peripheral zone of 

the forest particularly during the month of May-·.August may 

be related to leach~~ _down_ of :the nutrient fr<?m higher 

elevations of the central zone of the forest and the deposi­

tion along the peripheral :·Zone·. 

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 pre sent v'alues of t~e se 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 phosphorus was somewhat comparable to 

that reported by the above author..~ Amongst the cations the 

maximum amount was represented by potassium which was 

followed by calcium and .magne s ~ium (Table 7~15) ~· The accumu­

lation of a high amount of potassium and depletion of calcium 



Table 7.;.15. Mineral status of forest soil at Lailad (kg/ha) (mean values). 

...------------.r----------.--. ' - -, 
• f • f ' ' 

Soil depth : Organic car:t>on : Total nitrogen : Phosphorus '' Potassium I Calcium I J.IIIagneeium 
· (em) • ·• • · ' ' • • t t' t • • . 

,t • • • • :t 
I. t I. • _L____ ---• 

0- "10 38479.000 
\ 

4089.400 "172o:·27G_ 861.350 325o220- 296o240 

10- 40 45283o200- 7529.400 299~'040 20~0.560. 261'o 660 .368.460 
. ·. 

~. 

40 ... 70 17853o600 44379600 154o800 675o960 216o720 3569040 ... 
u~: 

70 - 100 9078.000 2346.000 66.300 161 0 200 255.000 209o100 w 



'.! 

154 

in an older tropical forest as was found in the present 
.it at · 

case was also reported by Zinke (i978). The low amount 
1- . . . 

of calcium in the present case also can be explained on 

the basis of parental rocks. The s_oil o~ the study area 

was lateritic in origin which was rich in nitrogen but poor. 

in cations. 

The amount of nutrients held are greater in the 

surface layers of the· soii. The profile an:alysis data 

as present in Table1·15shows that 10-40 em depth is a layer 
. ' 

.of accumulation for ail nutrients except calcium below which 
. . 

.. 
. nutrient c·onc~ntration decline drastically. 

Nutrient gifculation in the forest ecosystem : 

:in a forest ecosystem,, the amount and distribution 

of nutrients depends upon the balance between the different 

processes concerned in the nutrient cycling~ The buil~ up 
' .. 

of total amount of different nutrien~s like n~trogen~ phos­

phorus; potassium, calcium and magnes;ium in a 50 year o~d . - . . . . ., 
forested stand at Lailad is whown in Table 7-16. It was· 

· found tba t maximum amount of nutrie·nts in the living biomass 

is stored in the tree compariment due. to its. larger biomass~ 

Amongst a.ll the nutrients Ca. represented 50~ of t·he 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 7-16o Distribution of nutrients in different components i,n a 50 year old forest 

ecosystem at Lailad. 

Component 

Standing crop : 
· ao Tree - Bole 

B-ranches 

Leaves 
b o Shrubs and herbs 

Total 

Soil : - o~10 em 
1~40 " 
40...70 tt 

'70-100 It 

Total 

Input/year :Litter 
Precipitation 

! · ' '-" · · S temfl'OW" and 
throughfall 

Out-put/year: 

Total 

surface run-off 
Percolation 
Total 

--~Nutrient el.emen ts (kg/lui) 
• ,-. --~~~- c ,--- c - •• --,----~-------:-w-. ~ 

• N • P . • . . K • Oa • . . ~ ~---- _.___._ _____ ~-- _ _.__ ·• Mg 
---------.---~ -~--- - ---- --- -_- -- --. 

604o99 146~t92 379;,56 . 1904i68 ~·47o04 

224 .. 30 94.33- . 164.18 255.00 1'53o 77 
81_.44 . · 37o88 45.29 1 09o 57 41•51 

" 7o·3~ 42,04 5o79 .1 Oo64 31o47 J 

952.77 284.92 599.67 2300o72 ;. 449 o68 

4089.10 172.27 . 861'. 35 325 •. 22 296o ~'4. 
7529o40 299•04 2050.56 261.:66 36Bo4.6· 
4437o60 154o96 675.96 - 216o72 !56oq4 
2346.00 66.30 161.20 255o'00 209o 1•0 

1 ~402o·1 0 692.57 3749.07 1 085o"60 1229.84 

41o36 25e~.25 21.21 104~2? 30o '-6 
4·33 Oo43 ' 7o80 9o96 4o77 
5o23 0.48 24o19 24o97 o.·63 

. 
50.92 26o16 53.20 139o15 35o76 

0.46 o.so 11 o05 10.68 2.45 
o~t1 0.11 . 3~84 3~73 Q~72 

(, ,- - .. .. 
o.67 o.61 14.89 14.41 3e17 

(', 
1"--· ... -
~ 



dist~ib~tion of different nutrients in different organs 
' . : : 

like in __ the bole accounted for 72~ of t~e total compared 
. ' . ' 

to 20~ in branches and 8~ in the leaves. 
-·· 

fhe most important feature oi the ~utrient cycling . . . . . . 

in £oresf ecosystem is ths regular input of nutrients 
- - -

to the ~cosystem through litter-and pre~ipitation. Litter 
.. . ' . . . 

which is 'shed over the forest floor throughout the year 

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

- -
usually the +argest 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 f~ll in a year was estimated 
··. ,_, 

to be 5·.-5 t/~a in which the __ amoun~ of Ca was-maximum followed 

by N, .Mg,P anQ. K. Another important pathw83 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 and throughfall, .Ca and K 'came through 

this pathW83 in la~ger quantities whereas -the quantity of 

P was the lowest. - While 72l' 7% of the to tal 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 some extent by minerals 
r . J ~ 

which are carried. away in water draining ·from the forest 

through surface run-off and percolation. Run-off losses are 

heavier compared to percolation losses (Table 7-16) • K and 

Ca losses are heavier than that of other elements.· 

The nutrients which are added to the system through 

litter and via precipitation are incorporated into the .. forest 

floor~ These nutrients alorig with the nutrients recovered 

through physical and chemical weathering of parental rocks 

and mineral.>J soil enrich the soil.. The surface layers of the 

soil contained more nutrients compared to deeper layers due 

to the surface deposition of nutrients through litter and 

through precipitation. The circulation of nutrients from one 

compartment to another as presented in Fig~ 7~33 show the 

rate and magnitude of movement of nutrients, w~ich 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 artifi-. 

cial P,rocesses •. The forest nutrient cycle has three segments, 

an input, an intracycle or system within which nutrient move­

ment !takes place., and an output~\ The '.;j·rz;put into the system 
' 

is t~at comes through precipitation the rate of which has been 

\ 
\ 

\ 
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estimated while inputs through biological nitrogen fixatian 
·' and through soil weathering could not be estimated. The 

input through solids though likely to be negligible could not 

be calculated~ The annual losses are chiefly through surface 

run-off and percolation of water within the soil wh~ch has 

been quantified• The rate of transfer of nutrients. from the 

soi-l pool to the vegetation has been calculated on the basis 

·of approXimate estimations of productivity based on biomass 

increment data avai~able for differently aged fallow develoP­

ing during secondary succession after j hum ( Tok:y , and RB.ma.-. 
krishnan, unpublished).~. One of the. major transfer routes from 

the veg~tation to the soil is through litter~ the annual rate 

of which is also available:$ The release of nutrients through 

root decey could not be estimated'!' The nutrient cyclil1g in 

the Lailad fci:rrest on the basis of the present ·available"'~­

in.f'ormation could be represented as in Fig<f 7-.33~•: 

·.SUMMAllY· .. 

· The concentration of nutrients in dif'ferent·fitree 

species and in different organs like bole, branches and ieavea 

of the ·same species varied _greatly. To~~ amount· qf nutrients 

pres~nt in .the· stan<U,ng crop ot th~ fore~t trees, shrubs and 



159 

herbs were: N, 953; P, 284; K, 600; Oa; 2281 and Mg, 450 kg/hat 

out of this about 60~ was in the central zone and the remaining 

40~ was present in the· peripheral zone of the foresto Sehima 

walliehii, Castanopsis indica, Shorea robusta andd Dendrocalamus 

hamiltoni1 contributed more nutrients to the livirig compartment 

of the forest due to their greater biomass. The annual input 

of nutrients through leaf and wood litter of different tree 

species was found to be: N, 41; P, 2.5; K, 21; Ca, 104 and Mg, 38 

kg/.hao A large proportion of these nutrients· (about 50%) was 

through litter of the central zone of the forijsto However, the 

mon&hbly concentration of different e·lements in leaf and wood 

litter varied. Among the species Q. hamiltonii contributed more 

to the peripheral zone, white in the cen·tral zone species like 

~. walligb11, ~~ indiga and ~. robuata contributed more. 
t 

Nutrient addition through precipitation, ·throughf'all and stem­

flow amounted te: N, 9.56; P, Oo91, K, 3lo99; Ca, 34o93 and Mg, 

36o39 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 ~-off and percola• 

tion with that after clear-cutting shQwed that in the deforested 

ecosystem the nutrient losses we.re about 6-7 .times more than that 

from a forested ecosystem. 
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Soil was lateri tt.c sandy l()am with a pH rang~g. from 

5.8 to 6.3. Concentration of soil nutrients was high during 

the rainy season due to their release from decomposing 

11 tter. The fluctuation in concentration of nutrie.nts were 

we.ll marked in the upper layer~ of the .soil only. Soil 

nutrient pool hads N, 18402; P, 692; K,- 3749; ea, 1085 and 

Mg 1229/kg/ha up to a depth of 100 em. The nutrient poo·l 

in the different compartment a and their transfer within the 

system has been discussed. 
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Fig-. 7-33. Nutrient cycling in a 50-year o-ld forest 

at Laila~. 

! 

I 

! 
I 

'! 



INPUT INTRACYCLE 

VEGETATION 

Wood 

MINERAL SOIL 

0-10cm 
0-L.O c m 
L.0-70c m 
70-lOOcm 

Fig. 7-33 

LOSS 



CHAPTER 8 

GENERAL CONSIDERATIONS RELATED TO SHIFTING AGRICULTURE (JHUM) 

AROUND LAILAD 



,I•-· 

161 

GENERAL CONSIDERATIONS RELATED ~0 SHIFTING AGRICULTURE 
( JHUM) AROUND LAILAD 

., 
\ 
\ Shifting cul tivat'ion which is locally known as 
~ . 

Jhum is a traditional form of agricultural practice of the \ . 

tJibal population of the hill areas of the north eastern 

. In~ia (Ramakrishnan tl ~. 1980) and is also prevalent in 

. ·mahr part~ ·or the world (rtie- Sii.d"'·Greenland,· .19GO; Zinke 
I - . 
I 

e·t I al 197i'' EWel ,· i97s.:·) •··. -~· :a~~ a ot . ov~~· o·~e .million _,_,. , 
hebtares in 'the riorth-·east ria e~·timated t'o 'be 'under Jhum 

(Rby and Ve·~a, 197.6 ). . This ·practi·ce consis.ts ·o'f cutting 
. l . ' ' ' ·. . .. . ; 
dt .the fo.reilts o:f various s.tages of development allo.\ITing 

·t
1

e slash to dry for a few months and burning the slash 

be"fore cul t1 vation. After cultivation for so·metime the 
f. . . . .. 

land is left fallow, agairi to be cultivated in a few years. 
I . . 

Tnis Jhum cycle was formerly fairly long of about 30 years· 

· Jhen the "populat.ion pressu~e w~s not so great, b~t during 

fecent times the higher population de~si ties and reduced 

a·creage has led to. as short a· cycle as 4-5 years which has 

ad~·ersely affected the quality o~ environment both in terms 

fertility as well as f~rested vegetational cover . .-

The present study on a 50 year old forested vegeta• 

t.ion at Lailad (25°45"Nand 26°0" Latitude and 91045" and 

\ 
\ 
\ 

;' 
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.? 

92oon E Longitude) 1~ one in the series of secondary 

successional co~unities that develop in the iower eleva-
. , .. 

tiona of the Khasi Hills of Meghalaya, subsequent to.Jhum 

cultivation. In the. following account, this 50 year ·old 
. . .. . . . .:. 

forest community has been considered ~s one in the sequence 

of succession~l' ch~es both from the point of view o£ 
' . ~ . ' ' ' ' . 

biotic· and abiotic events. 
. ' ! ~ 

Secondary succession .1 

.. ··. ,· During· secon(iary. suc.cession aft,er jp.um cu.ltivation 

the v~getation underwent a nwnb~r C)f qual1t:ll.tive and 
. . . .·' ' ·' ' . 

quantitative changes~ The .pattern of secondary succession 

in the fallows during.the f~rst few years wh~n wee~ species 

dominate varies considerably depending.upon the jhum cycle 

and the agricultural practices. The most dominant weedy 

specie~ are Eupatorium QSO£atum1 !mperata gylin~tga; 
. ·, ..... . '\. ... '' ·, . . . 

S§geharum spgntaneum and B9rre~~ hispida. 
. . . .. ' ' 

Under short cycles and when cropping is done o~y during the 

first year, rhizome of bamboo;' Dendrocalamus ha~iltoni. 

remain in the soil and sprout{ Due to. the more rapid g row:bh 

of bamboo sproute, they eoon suppress other herbaceous weeds~ 

Under a long .cycle;~ the· herbaceous early colonizer.s 
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dominate. the fallow upto about 5 years after ~h~ch the 

s.J?routs of ~· hamil tonii ~ak:e over (.Table 8-1) ~-. The. r~­

·generation is. mainly. from tire resistant underground 
' • .' ' - I ' ' / 

rhizome· whi,ch store. a lot of. re.serve food"': Seedl~g re.;.. 
•,. . . . 

generat.ion also.· o ccurs9 . tho1,1gh. sporadic"' . ~~he :broad pictu,J;"e 

of the· population dynamicf3. of bamboo. is g~yen i!l Ta"t?le 8-2" 

~hua, ·this species progre.ssively becomes dominant and 

reaches its peak in terms of both density and frequency :l.n 

a· 20 year faiiow. · Regeneration from sprouts is more or leas 

steady uptb about· 20 ·years and then <;leclines~: ·conversely 

the proportion of deadindividuals progressively 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 peduncular1s, Schima wallichii, 

Terminalia ballerica, Bauhinia ~ and Dillenia indica, 

·are also frequent~ In a 50 year fallow: •. besi.deE3 a few E3haQ.e 

intolerant trees like Schiina wa.llichii~ .e-thers· like Shore a 

robusta, Castanopsis indica, Garcinia ~ and Eugenia. 

communis also become establif3hed 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· commwU. tie Ef 

". 
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. . ! - ·-:- ... ~ ... -· ..... .... . ..... -·~ ·-· ·-···· .-·· ~--··- . :· . ... . . 4 • ''\ • • • ..... _ .... - •. ,-.--:-

~able 8 ... 1 l.~V.:I.._ .. v:alues .. o;t; .important--species in jhum 
fallows of different ages (partly baaed on 

.... -~~-~~:~~~~a~~~· -~puf~iahed) •.. 
. I 

-"1 .,. • •• '-··· ... 

Name of ape cie s · · · · Age· of· faliow ·(year) · · · · · · · -:- ~ 

. 0 ... ~ .... 5 : .. ·10: .. 20 . 50 

Grewia elastica 
Thyaanolaena 
Imperata cyl1ndriea 
Eupatorium odoratum 
Arundinella benga1ena1a 
Ficn.ts h1sp1da 
Panicum khasianum 
.Panioum maxima 
Ensete. ~perb.a 
Oarex cruciata 
Setaria glauea 

i 
'• 

Cymbopogon khasiana 
' . 

71~2 

35.9 

23!9 
30.8 
1.9 .• 7 I 

I' . ' 11.5 ' 

10~3 

9.6 

'9. ·.3 
1\ 

D~nd.rocalamus hamil"t;on11 ~~ 

O,yperus globqosus 
Li tsaea sp.~ 

Maesua sp.~ 

Com breq tum sp,, 
Maoaranga sp~ 
Melia arborea 
Maohillu~ ap .• 
Vitex pedunoular:l.a 
Sohtma wallioh$1 

~: 

... 
·-t,:: 

..... 

.... 

' • i'f '• '' ·' ~ _;. -· -!.~; I - .. - .. 
;~8.8 .. 
53~3 ~:/ • 

28.5 ~ 

.. 26 .. ~~~ 

12~1 .. 
11.2 11 0 
.... 

11.3 
10.3 

9,2 
1,9 

... 

-

-
33.8 
28.8 

11.4 
6.9 

. ' 

6.0 
6 .• 4 

6.5 
5.4 

--

... 

... 
- ·-·-- --

16.7 

. ... - -· 
·•· 

10.0 

·- • 

--..... ., -
3.0 

' . -~ 
\ 

38.~ 
35~·.3 
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Terminalia bellerica 

Vitex glabrata 
Bauhinia alba. 
Dillenia ind~ca 
careya arbo~a -
Castanopsis indica 
carcinia cowa 
Eugenia communis 
Prunus amina ta 
Psychotria spc!' 

·- ..... ·._ 

Note : stump sprouts not included 

• 

• •• 
~'-.~-:::-"., .... 

· .. ,·:.:.... ·, _· .. · ...• 
.. -
•· -

\ 
\ 
I 

'I 

\ 
> \ 

\ 
I 

/ 
I 

I 
' j 

-
-

> •• 

·-. 

33.6 
28.3 
27.8 

· , ,2,7 .a 
26•7 

-----
1111!1' ' 

'· 

---· 
27.0. 

-~ . 

\ y 

•25.0 

13· •. o 
lO.Q 

9.0 
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Table· 8-2 Analysis of bamboo (Dendrocalamus hamilton11) 
vegetation in jhummed areas (partl~ based on 
ToJY and Ramakrishnan, unpublished). 

Frequency 

Density 
(Indivi~ual 
No. /10m ) 

?£ of Dead shoots 

~of New shoots 

Circumference 
of shoot (em) 

I 
i 
i 
j 
I 

J 
! 

5 

25 

3.0 

O% 

45% 

5 

Age of fallow (year) 
io 15 20 5o 

80 85 100 40 

7~2 45.0 56~0 15.0 

0~ 3~ 10~ 58% 

23% 41% 43% 9% 

15 29 30 45 



~~ 
.... 

/ 

Table 8-3 Pattern of secondary succession after jhum at Burnihat (relative 
IVI ~-values in parenthea~s) (partly baaed on To~ and 
Bamakrishnan, unpublished 1:•.,, 

Age of fallow 
(year) 

1 Imperata cy11ndr1ca, .. ;;;.;. Monocot weeds 

2 
. (87%) ~ 

Im.perata cylindrioa - Eupatorium odoratum 
(32%) ~,' (55%) . 

Eupatorium odoratum - Dicot trees - Imperata cylindrica 
(69%). ~ (20%} . (.6%) 

5 

Dicot trees .-. Dendrocalamus hamil toni:l:. 
. (20%) 

10 

~ 
15 Dendrocalamua·ham1lton11- Shade intolerant - Shade tolerant 

(35%) J Dicot trees Dicot trees 
(21%) 

20 Dendrocalamus hamilton11 - Dicot trees 
(sa%) I (Shade intoleran\t and shade tolerant) 

\ 
~ ~19~) 

50 ·\ Dicot trees (shade tolerant GO! Dendrocalamus \~h~am-.1.1-.t ... o .. n ... i;;;::;.i 
cat%> cro~v 

--- - -- --- -- - - -- \ 

\ 
I 

.... 
c:n 
-2 
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for diversity and dominance patterns indicates that there 

is little d.iversi ty in the early successional stages and 

progressively increases upto ·a 50 year .f.allow> (Table 8-4). 

Dominance was maximum in a ·5 yea·r fallow. where Imperat§' 

cyljpdrica. and Eupatqrjum odor&tum dominated.": ·The present 

results are in agreement. with tho·se Mellinger and McNaughton 

(1975) who showed that specie·s divers·ity increa'sed·and 

·dominance decreased with pro-gressio·n o·f old' field suc'cession 

in New York~ Thes'e results also seem to :be in general · 

agreement with the basic hypothesis of Marga.le£ (1963; t96S) 

that.succession is accompanied by increased biological 

diversity and reduced dominance. 

Litter fall : 

Total 11 tter production in different successional 

communities is diltectly related to the age of the stands~ 

Table 8-5 represents the total annual litter production in 

different successional communities which shows that litter 

production increased sharply from a 1 year fallow to a 10 

year fallow followed by a gradual increase subsequently upto 

20 years of age~· ·.After this,·. the litter production declined 

sharply in the mature· stand of 50 years,-- This pattern of 

increase in lit..eer production could be related to the rapid 



Table 8-4 Species diversity and dominance in successional stands from · · 
younger to older fallows (partly based on Tok3 and Ramakrishnan, 
unpublished). 

Successional ~ea of fallows 
· (year J 

0 

5 

10 

1t;;~ 
\ 

20! 
\ 

~0 \ .. I 
i 
I 

I 
! 

I 
i 

j 
I 

I 
i 
i 

Dive~sity .. .Dominance .. 

0.12 0.215 

0.21 (h705 

1.01 0.519 

1.48 0.556 
' 

1.50 0.501 
' 

2.58 0.115 .... 
~ 
t..O 



Table 8-5 Total litter and biomass production in different 
successional ages of fallows (partly baaed on 
Toky and Ramakrishnan, unpublished)~' 

SUceessional ages of fallows: Litter prod~ction Biomass production 
(year) (t/ha./y.r):' . (t7ha) 

~· 

1 ·f: . . 1·;.177· ... 4~808 ., 
5 4;.893 23.206 

10 7.076 57.406 

15 .. 7.685 103.846 

20 9~.970 147.590 
.. 

50 5 .• 5ty 137.7~4 

' .. 

...... 
-1! 
~ 
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rate of growth of the community during the early stages 

df suocessi<ln.· · The·· sharp inor~as·e in litter production 
' . 

' ' • I 

upto 5 years may be due to rapid death and e'Iimi:nation of 

herbaceous species at this stage of ·development:· of the . 

community·. Th·e. high. levef of l'i tter production. in a 20 

·.year ia.i'low compared to that in a 50 year fallow could be 

due to (i) the presence of' larger proportion oi· deciduous 

species in the early. ·stages of succession (ii >-' the rapid · 

growth of the early sucoess·:i.onal species which; being' 'sha.de 

intolerant tend to capitalize upon the light eil.ergy tha:t is 

available in plenty.at this stage and (iii) the rapid.turn 

over of the 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. A 

decline in litter production of more mature communities as 

compared to early successional ones has also been no·ted by 

Laudelout and Meyer:;.:-(1954) and Ewel.~t(1976). ,. 

Biomass : 

The standing crop of biomass also increased with the 

increase in ~he.age of different successional communities 

(Table 8.,5 ).. The total biomass of 4c.808 t/ha in a 1 year ., 

fallow sharply increased upto 20 years:~ The data presented 



shows .a slight decli~~ in standing. biomass. in a 50 year . . - . . . . 

fallo~. compared. to that in a_29 year one. T~is seems to 

be. an exaggeration_ as _~n a 5~ year fallow the biomass eon­

tr~bution of the community .was based on 11 dominant tree 

species only out of a total 28 tree species in the commUnit~ 

alongwith 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 

that the. increase in biomass of a 50 year fa:tlow. is not 

likely to be as sharp as compared to communities of younger 

age. The sharp'inqrease upto about 10 years compared to the 

level in a 1 year fallow could be accounted as due to a shift 

in specie.s, composition from herbs to bamboo in later stages. 

Another sharP incre~se from 10 to 20 year stand may be · 

chiefly,due to the peak dominance attained by bamboo in a 

20 year stand. 

Hydrolo_gy and nutrient losses. s 

Regrowth of vegetational cover during different 

successional stages after clear cutting and burning have 

great impact on hydro.logy and nutrient losses in the forest 

ecosystems·, Studies on surface .run-off; percolation and 
' ' . 

sediment lo·sses in different successional fallows showed that 
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these losses were maximum in a 0 year fallow where the 

cr9pping was done after clear cutting and burning the 
·;,.,,, ,,c;~ 

slash. These losses were sharply reduced in the fal.iows 

(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 1j3 and 1f'l2 in older stand of 50 years. High trans-

piration, evaporation and absorption of water by the forest 
~- ... ·~·-~ . ' ~J 

reduced the surface run-off and percolation losses in old 

forested ecosystems (Leonard, 1961; Pierce ll !!.!,, 1970; 

Bormann ~ ~' 1974). 

The losses of N,P;K,Ca and Mg from 0, 5, 10 and 

50 years old fallows showed that maximum losses ocoured 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 2,1 ~ (1977) 

working in an Aspen-Birch forest ecos.ystem also reported 

that K and Ca losses were heavier in comparison to other 
I 

elements from mature forests. 

Re cgve.cy o.f soil fertility : 

A number o.f physico-chemical changes occured in the 



.-

Table 8-6 Loss of water 1n different successional ages of fallows 
(partly. based on Toey and Ramakz:ishnan, unpublished)., 

'\, • I 

" 
Age of the fal+owa Surface run-off' Percolation lose Sediment loss 

(ye~l ' (~) .... (mm)· .(m t/ha/yr) 
' ' 

0 · ( ai"ter bunt~-
' \, ' 

. I 

an~_ cropped) 55'7,.89 357•12 I ~ . 45.73 

5 410.03 324.67; . 16.77 

284.99 ' 10 216.,45 ~0.16 

\ 
50 \ 312.60 . 'i 

124.00 2.11 

~- ~-~-- ---~~ - -~--------- --~--c-~--1 

The annual rainfall d_uring the study was 2169 mm. 
.....,.. 
-.2 
~ 



r· ··Table 8-7 . Loss of nutrient ·ele~ents from differen·t"'tallowa · (kg/ha/yr) 
(partly based Ol1. Toky and Ramakrishnan, unpublished} . ~ .~:::~_>..) 

Age of the fallows (year) 

0 5 -' ~. -! ··10 · . ..: ·oo··· 
Nutrients Surface Perco}~t;t.on SUrface Perco~~ti,-Q.ll Surface Perco~~t~on Surface Percola~ ~on 

...r.un,-o.fi .loss , :::,1 4Un-..:o-.£.f. loss: ·,,:..!"~,· .-~.o£f. los-s ::t.r-:,i run-off. loss '<-~,·. / · 
~~ j;~ . . . . "~~: ~-Ji ;:., ' : ( ~ ~· . ~: .;~ j 

N ;, 8.07 14.05 1o23 '' ·1.62 0.70 0.76 0.46 0.21 
I 

0.09 0.20 0.03 o.oa · :O•Q2 0;49 0.1.1. 
' 

p 1.31 

K 77.74 20.82" .. 1.43' 0.81 2.54 0.32 11-~05 3.84 
' 

6.95 3.o07 ·· 4.06 .. \b69 \ 2.38 10~68 3.73 
.· . \ 

3.46 2.05 1.30. . 1.27 \ . 0.76: . 2.45 ();:72. 

l 

Ca '210.35 

lVIg \15.24 
\ 
l 
\ 

\ 

\ 
\ 
\ \ 

\ \ 
\ 

\ 
\ 

\-
\ 

J 

\ 
I ...... 

-.J 
c .. re . 

! 
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soil during the fallow development resulting in the recovery:·'·· ... 
' -~ . 

of soil fertility-~ The total carbon of 9.750 kg/m2 upto a 

q_epth of 40 om in a 0 year fallow declined markedly afteli 

one year of revegetation and subsequently improved upto a 

10 year fallow and declined markedly in a 15 year fallow 

(tihis is probably related to ground fire at this stage)· and 

again improved slightly in a 50 year fallow but stabilized 

at a lower level than t~at of a 10 year one (Fig. 8-1). 

Accumulation of organic-matter and nutrients by the native 

second growth vegetation is one of the important functions 

of the fallow period. It is the return of the organic 

matter to the upper soil depths which accounts for the res­

toratio~ of soil fertility and the main pathway of it is 

the litter fall and its subsequent 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· low return of litter during the 

initial colonization and growth of tha vegetation in the 

f~llows dominated by species like Imperata cylindrica and 

Eupatorium odoratu.m and also d·ue to faster decomposition in 

these open si tea~ This trend in reduction of soil humus 

up'to 5 year fallow per:iod could be one of the reasons against 



177 

a short jhum cycle which has become so common in present 

times. Maximum level of soil humus is reached in a fallow 
1 

of 10 year, though.a slightly lower level was maintained in c; 

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 seco~dary se~al forest. 

Total nitrogen.upto.a depthof 40 em declined in a 

1 year fallow. whe.n compared with tl;la.t immediately ·after . 

. cropping (0 .Year fallow). .Subf3equently nitrogen status· 

improved and z-eached.its maximum under a 10 year fallow and 

.in 15 and 50 year fallows it stabilis~d at a lower-level 

(Figj 8'""1) • The decline in nitrogen. level upto 5 year during 

·revegetation of the i'allow could be p~tly due to low litter 

production and also due. to rapid.utilization of nitrogen by 

·the fast t'rowing plant cover. As for. carbon, nitrogen level 

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 5 year 

fallo~s and showed marked and steady improvement in 10~ 15 
\ 
\ 



Fig. s-1. Changes in cumulative quantity 

of carbon (A) and nitrogen (B) 

within a _soil co:~umn of 40 ~ 

~epth under ~allows of various 

ages:., 

0 year~·;· l. year,,.o-- --o J 

5 ye_ar,,{r .. -·•0 ;_ 10 y~ariC-•-•-Q; 

15· ~ear.,¢--.(); \\.· . 

50 yearQ•••••·O~'!: 
\ 



-
("4 

E 
' Ol -

QJ 
> 

-...::::; 
I'U 

:::J 

E 
:::J 
u 

c 
Q) 

0'1 
0 
I.... 

.~ 

z 

-
N 

E 
.......... 
0'1 
~ -
Q) 

.~ 
+-' 
ell __, 
:::J 

E 
:::J 
u 

c 
0 

.L:l 
~ro' 
u 

0 
N 
("') -
0 
0 
N 

0 
<.0 
en 

0 
N 
['-... 

0 
co 
'-1 

0 
'-1 
N 

0 

co 

C"l 

co' 
N 

. .o 

\ 

Fig, 8-1 

CD 

<t: 



I 

' ) 

1 1'18 

and 50_year fallows. Depletion of available phosphoru.~ a~d 

with dePth was also maximum in a 5·year fallow (Fig.8~2). 

During early phases of developmant·Of vegetation up~o 6.1ears, 

·there· is a gradual ,Q.eplet1on in available phosphorus, through- ~ 
... ' -- ~ • - I~ • •• • < • • ; 

·out the profile reaching·a min;J.mwn· under £:l 5 year second~~rowth 

fallow.... This is followed· by a rapid <buil.d up. through 10,, 

15 and. 56 year fallows·.· · The accumulation of .·phosphorus 

. ·p~rticularli in the surface layers of older forests may be 

· due to ~rans.t'er of· phosphorus .·from the· de.eper. layers of the 

·soil to· the upper stratum tb..I-ough litter f~l (Nye anci 

Bortheum,. 1967 f. RUssel,, 1968) • 

Ownulative amount of calcium and magnesium followed· 

a different trend from that of potassium. In tm case of 

the former two·,. total level through the soil profile was 

least in a 50 year fallow and was maximum in 0 and 1 year 

.t'allow.(Fig.B-3). In a 50 year fallow the depletion of 

these 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 its enrichment through depth was also high. 

Least level of potassium in the soil Was observed 1n a 10 
! . 

year fallow (Fig,B-2). 
' I The exchangeable cations are depleted 

from the top column of the soil as the forest fallow develop~ 

due to the rapid absorption by the deyeloping vegetation and 



~ ..... ' '.- ;t .-••• 

Fig. 8-2·• Changes in. cumulative quantity of 

available phosphorus (A) and exchan- · 

geable potassium (B) within a soil 

columll. of 40 em depth under fallows 

of various ages. 

0 year,~; 1 year,o-----o; 

·5 year,o-•• -<); 10 year,o-•-•-Q; 

15 ~ear,o--· -o; 50 yearo····· o·, 
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Fig. 8-3. Changes in cumulative quantity of 

exchangeable calcium (C) and magnesium 

(D) withi~ ~ soil column of 40 em 

depth under fallows of various ages •. 

0 year.o--oJ 1 year,_o-- --01. 

5 year,o-••-QJ 10 year,o-•-•-Q J 

15 year,(T--01 50 year~O .. ••••o:~· 
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also due to erosion and percolation losses. Potassium 
• I 

accumulation by ~· hamiltonii in a 10 year fallow is an 

example of.rapid transfer of this nutrient from the soil 
I 

l / 
pool: to the living biomass compo_nent (Toky and Ramakrishnan, 

I 

unpublished}. · Valentine (1976) working with the changes 

in soil chemical characteristics after clear cutting and 

burning of forest in South Western Australia also reported 
. 1 

that( the level o:f ~xehangeable potassium,. calcium and 
t . 

magn~stJium declined. :r;'apidly in the· firs·t 7 years after the 

regeheration b~rn,. which me¥ be due to rapid transfer from 
i 
I . 

the soil poQl .. to the living ·biomass. As the age of the 

jhum .:fallows increased• beyond 10 years;. soil cationic 

lev~l and particularly that of potassium increased due to 

faster return of nutrients into the soil through litter 

fall from a.mature stand of vegetation containing species 

like R· hgmi~tonii• 

~ old forest stand like a 50 year fallow dis•· 

cussed here, showed low levels of calcium and magnesll!ium 

in soil and rapid depletion of. both with depth which is in 

contrast to the pattern obst3rved for potassium which main­

tained very high levels.,· Thus the recharge of calcium and 

mag4es~ium in the soil seems to· be much moie fire dependent 

' \ 
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whereas potassium release due to ·l'itter fall recharges the 

soil pool resulting in a very high level in a 50 year old 

fallow. It may be noted here that ~· hamiltonii which is a 

dominant f~ature in the vegetation only upto about 20 years 

of regrowth of the forest accumulates potassium in the 

biomass upto this st~ and discharges it into the soil 

pool when this species dies out and is replaced by dieot 

trees during the course of succession~ Zinke et al (1978) --
in the 'Lua' 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 magnesa~ium as tne 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. 1 
\ 

' / 

ll 
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. I 

GROWTH· ANALYSIS AND PRODUCTIVITY OF SHOREA ROBUSTA GAERTN.· 

INTRODUCTION' 

The study of growth patterns is a dynamic technique 

which separates growth into component pro cesse~to study the 

· effec·t of. endogenous and exogenous influences. Growth 

·analysis includes the measuz.oement of bud break; leaf deve­

lopment shoot elongati.ons etc.-, along ,with productivity 

est-imates~ 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, whic.ti is stored· in trunks,_ branches,- leaves and roots 

1n the form of various organic substances and the material 

. remain in continuous· circula t1on between the biotic and 

abiotic components of the ecoSystem~ - The measurement of 

forest productivity ln units of stem volume is not compatible 

with the complete tree utilization system. Detailed informa• 

tion in production_and weight relations of various tree 

species are. required to- evalu~;te their usefulness for the 
i 

maximum yield concept and complete tree utilization (Young, 

1978 )~ 
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Comprehensive reviews of biomass and productivity 

of temperate' evergreen~sub-tropical and tropical forests' 

of the world has been given by O~ingt~~ (1962~ 1965 ), Rodin 

.and Bazilevich (1967 •.. 1968 ),. Kira and Shidei (1967 ),; ~adaki I . . . . 
and HaUya (1968), Satof (196,, 1970,. 1971) and L1eth (1972). 

In tropical and temperate deciduous woodland~ a considerable 

amount of data on productivity and biomass ha:v:e b:een recorded 

by Westlake ( 1963 ),· Whittaker (19 66 ), Misra §.i §1. (1967),, 

Pandeya at~ (1970a) and Whit~aker and Woodwell (1971). 

The important features in growth pattern studies are 

the production of leave~, orientation of mature leaves, the 

shedding pattern of leaves wh1~h govern the photosynthetic 

efficiency of the plant species. The seasonality in the 

birth and death of leaves and the pattern of shoot growth are 

two important adaptive strategies of natural selection w)li9h 

ultimately determine the overall architectural pattern o.f 

a tree canopy, the study of which is more important for 

better understanding of the functioning of forest ecosystems 

(Madgwick, 1970)~ The growth fehav1our of deciduous species 
\ showed that rapid growth of th~ species are not due to their 

efficient energy conversion but\ q.ue to their capacity for . 
i 

\ 
\ 
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unrestricted lea~ production and economic branching patterns 
' - • .... ... . ,_ ~ .... - ... ·~.i r-~.··_.<.,• i'-'• --.=.~ 

( Co.omb~,, 1960 ).\ A number of workers (Kozlowski, 1964; 
;:_.~ -~;;~.o·b·. . ' 

Murr~ and Sa+e '· 1966; (~..?W~XFJJ and Brown, 1971 ) , b.ave 

emphasized the factors responsible for shoot growth in various 

temperate and tropi~al tree species. Horn (1971) who ~ascribed 

the differences in cfown geometry and leaf sizes in ~rdwood 

temperate species showed that early auccess1Qnal types are 

soft wooded with smaller leaves and multilayered canopy whereas 

the late successional specie~;~ 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 important timber yielding tree species which is 

shade tolerant though requiring light for its germination and 

establishment (Troup.,, 1921 )~:, This is a late successional, 

hard wooded tree species with larger leaves, .~rowing up to 

an altitude of 3000 feet in the north eastern region~ 

ME~HODS OF STUDY 

A 13-year old open gro Shorea robus,ta tree of 4.48m 

height growing in an even aged · antation at Umt,sor at an 

altitude of 760mtt was selected f9r growth 

\ 
\ 
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analysis. All 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 fo' various growth parameters, 

production and growth of the existing main leader an4 branches 

and also With respect to new branches that may come OUt. Bud 

burst, birth and death rates of ieaves were also studied. 

Leaf area was measured on the main leade1:1 and the I, II and· 

III order branches at different . ca~opy posi tiona on the tree 

along the gradiant of sun lig:ht intensity~ 

9,, 11,. 13-,. 15t 17 and .19 yea~s old plantations of 

Shorea robusta were selected in. 1977 and for productivity 

studies and ·their d.bh, density B:~d basal area per hectare was 

calculated on the. basis of randomly placed 10m2 quadrats. 

IVI values we~e calculated for e~ch stand and was considered 

as typical. Ten typical individuals were harvested from each 

of the six stands following the p~cedure given by Newbould 

(1967) and observations on height,. branch number and leaf 

number ·were recorded.. The ms~lts presented E;U"e the mean of 

all observations • ll!he bole o;f~ach individual :tree was Cl:'t 

into small pieces and fresh weig~t was recorded in the field 
\ 

1 tse·lf~ +46 the branches were sma\1 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 
i 
jl 

at 80-850C and dry weight !S+ues .~o~ these organs were esti• 

mated on this basis. All the leaves of each tree were hand 

picked and fresh weight was reoor~ed. Fifty leaves randomly 

. collected in polythene bags and oven dried at 80-8500 to. 

calculate leaf dry weight values. 

RESULTS AND DISCUSSIONS 

Growth Analysis. 2 

The .main leader.of Shorea robusta is an orthotropio 

sympodium as the terminal bud of the axis aborted each year 

at the end of the growing season and the aais continued ita 

growth by subjacent lateral bud. This is also true in the 

case of the I order branches. The increment in length 1n a 

growing season declined as .we move from ~he main leader to 

different branches of inor.easing .order as discussed below. 

The growth in this species is continuous during the growing 

season with no articula:tioll, or features of rhythmic growth 

on the main leader or branches, but with continuous leaf produc­

tion• A well defined period of winter dormancy of about 5 

months was found and during this 

\ 
period leaf shedding occurred. 

\ 
\ 
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New growth started in the morith-Qf April ·and continued for 

about 7-~ months~ The leaves are spirally arranged, branches 

being produced in some of the leaf axils~' 

Figure ,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 mo'nth of Ma.v. Peak leaf fall 

occurred during February-March when about 65.9% of the total 

·was shed. Maximum leaf fall at this time may be related to 

water stress as this period is rainless and dry though other 

workers have related leaf fall to d~ length; light intensity 
. ' 

or minera~ deficiency (Addicott and Lynch, 19553 Krame~ and 

. Kozlowski, 1960 h. 
New leaves appeared in the month of April at a t~e, 

when only 0.72~ of the older leaves were still present on the 

tree. However, these older leaves are soon shed within a 

week after the appearance of new leaves. In other words, 

senescence of the old leaves provided the signal for bud break, 

placing this species in the category of leaf exchanging type 

(Longman and Janik, 1974). Though new leaf production started 

in t~e month of April it r;faohed its pe~ in June when about 
' \ 

63 .• 55nt of the total leaf prd.duotion was recorded. The produc- , ~ \ . 

tion of new leaves declined 'harply in subsequent months and 



\ 

/ 

Fig, 9-1; Monthly pattern of leaf fall an.d 

Leaf fal:J- 1 .. e • 
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Leaf produc.tion, 0 -., 
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stopped completely a.fFer Se·~tember. Such a pattern of 

production of leaves during' the"-'grow1ng' -s~ason of about 6 

months only is a feature common with many tropical trees 

(Longman and Janik,. 1974 ). This may be related to more 

favourable environmental conditions'like temperature and 

soil moisture as prevailing at this time. Simon (191~) at 

Bogor in Western Java, repor~ed that flushing occurred al-: 

~hrough ~he year whe~e the climatic conditions, remained 

fairly constant.. However, incJ:e_ased flushing in certain 

.·months, as recorded- here is also reported in literature . . . . . . . . . . - . 

(Taylor, 1960J Njolru;· 1963; Hopklns, 1970) •. 
' ' ' 

~)\'-:r:"':l'.""' ••• ~.,'f.:'\ ... -;r;f;:~"'.:o"ir;.~~ ~~ ...... ~~:.-:;-:--~~ 

'Indi.vidu.al leaf area was found to be maximum in the 

-leaves ·of the __ main leader ~d I order branches which decreased 
~~ .... ~ 'J "';'. ~-~ ~..,~-:'1:~~6~ !)r.i,f-•..."~.1 • .,...~~ 

:in Il roo III ord_er br~oh~s, {Table '8·1·).- If the tree 

-C..@~ pi is· divided i.nt'o a .lev~ls, ~he tot~ ~eaf ~a was 
. i • ; . • ·. : - ' ~. • ' ''' ' ' ; . • . . 

maximum in the middl~ position (Table \9•2). The branches in 

middle position. of. t}le canopy are older than those at the 
'. •' . 

. top to produce more. II and II~ o_rder branches and younger 

than that at the bottom po~tion of the o.anopy where most ot 

the branches are slaughed o~~-,- (Table vS-3) ~- Since Il and III 
\ 

order branches bear more leaves (Table ,_,9•1 and 2) the middle 
' ' \ ' 

canopy position has- larger lea~ numberso· 

\ 
\ 

i 
' 



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

Shoot/Branch. categorieS. 

Main leader· 

I order branch. 

II order branch · 

III order branch . 

No. of branches . No. of leaves Individual \ . . . 

~2 

7~ 

53 

2Q 

141 

2lG 

182 

leaf\ a2ea 
(em ) ·. 

~20~0f~ . 

212~31 

187.00 
'~ ~ ~ 

180.06 

' \ 

Total le~ 
area"(cm') 

\ 

5502.00 

29935~71: 

~0392.00 

~2770.92 

..... 
00 
00 
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Table 9-2o Leaf numbers and area ori current year's growth at different canopy posit'ions 
of Shorea robusta. 

--..... 
T- -- -~- --- -- f --, 

: Top canopy : Mid canopy : Bottom canopy 
•~-- ----- -- ~--~-·~--. . . -• 
rNumbe;-r~Area. (cm2): Numb;~-T-Area (cm2) =- N~b;r: Area (cm2') 

--~---------~~--- . ~- -- . - . •--- -- ' . 
'I 

Main--,~ead~r ______ . ·-25 ' 5502o00 - ·- - --., 
,_ 

I order branches: 60 12738.60 45 9553·95 36 7643.16 ,,, ,, .. , . . . 
:,, 

II order bran~hes - ... 130. 24310.00 86 16082.00 

III order branches - .... l 110 • 19806.60 72 12964•32' 
... ,, •\ v 

• ·:1 

·Tot,~l 85 18240.60. 285 53670.55. 194 .36689. 0 48. 
~.' . ,, .. 

. -:~ 

•· ' ,. ·~ 

.:i,;. 

. . ~-

..... 
00 . c:.o 



Table 9~_3 Distribution of different categories of branches 
at different canoP,y positions in ~· robusta 

Branch categories lfo·~Of~orariche s 1 

I_ orQ.~r. 

II --order-, 

III order 

... .,. '·. 

' \ 

\ 
\· 

I 

Top canopy 

\ 

13 

-. 
-\ 

Mid. canopy 

11 
.,. 

43 

33 

" 

Bottom canopy' 

.a 

\ 29 

\ 20 

\ 

\ 
\ 
\ 
\ 

\ 

I 

..... 
t.Cl 
c::;.) 
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The lateral dormant bud_s1:1bja9ent to the abscissed 

terminal bud burst in the month of Apri~ as 1nd1ca:ted. by 

leader elongation af~er 5 months o~ w11.1ter dormancy. The 

shoot 1;ip abortion is regarded' as -~ ·. n~tural disease .and 
.. $ 

occurs j.n many tropical and temperate species (Nj.-toh;, 19571 
' ~ 

Garrison and Wetmore, 1961; _Rom.berger.; 196~; Millengton; 

1963 h The abortion of shoD.t tip ,results 1~ the disconti• 

nui ty and yearly renewal of termin~al meri~tem but the dev.e• 

lopment of subjacent lateral bud as new axis does not affect 

the posture of the main leader because as a .donsequence of 

growth 1 t assumes a vertical plane appare.ntly in cont1nu1 ty 

with the main axis. 

The monthly pattern of shoot extension (Fig • ~9-2). 

showed that maximum growth is in the mont.h of June when 
.. . 

33.33% of the total shoot extension occurred~ After this 

peak period extension growth of the ma~ leader decreased 

but continued upto October~ This periodic! ty in extension gro~tl 

may be related to better moisture status of the soil and more 

favourable temperature conditions prevailing du~ing this 

period. No growth exten~·ion occurred during the winter period,; 
I 
I 

The decline in leader groW~h during August-September may be 

related to development of moisture deficit in the soil during 
\ 

this period when monsoon is weak. 
\ 

The absence of growth 

\ 
\ 



Fig._ 9-2. Monthly pattern of height and dbh 

increment ~n s .• robusta ,plant~ 

Height• e i· dbh, 0 ... 
'· ~ ' 
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.. 

during winter months may partly be related to low~:: tempera­

ture conditions and partl~ to mo~sture· stress at this dry 

period as also reported for other tropical trees. (Zahner, 

1966). The average rate of growth of 0.66 m/year in this 

species is lesser than that obtained for some pioneer tropical 

species like Terminalia_ superba (2.6. m/y.ear) and is somewhat 

comparable to climax species like·Oxzstigma oxypBVllum ·(0.70 

m/year) as observed by Lebrun and Gilbert (1954). The rate 

of growth in girth also followed a similar pattern as for 

e~tension growth ·(Fig. 9-2 )". 

Extension growth of branches in a year. decreased through 
. . 

I order to II order at a given position in the canopy. Main 

leader growth, gave maximum value • Considering the l order 

branches, the extension growth was more in the top position 

of the canopy in comparison to the middle and bo·ttom canopy 

positions (Table 9-4)'!. Probably both the nutrient distribu­

tion and light intensity might. be responsible for this. 

Shorea robusta is a slow growing species with current 

year' a shoot producing branch~ a of the I order only in the 

following year; t~e II a~ III order branches are produced 

in subsequent two years~ \rhis branching pattern along with 

slower extension growth ma~ 1t a comparatively slow growing 

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

Shoot/Branch categori.e s. 

Main .leader 

I order branches 

II order branches · 

III order branches 

Extension ~~owth (em) 

Top canopy Mid canopy · Bottom canopy 

66.00 

39.60 + 3.:50 24.83 + 1.75 22.73 + 3·.76 
' - ' . - \ . -

' 
18··00 + 2.84 .· - 15.05 + 4o-8.4 

. -
15.30 + 3.41 13.02 + 3. 6'5 - -. ; 

'\\,; 

....... 

. c:.o 
<:..·..;> 
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species typical of a late successional community. Further, 

as discussed above 0 ,bran_c.h numbers,, .. lea£ numbers and total 

leaf area are maximum in the middle canopy position. This 

indicates that Shorea robuata. is tolerant of shade to some 

extent though it is difficult to classify it as a typical 

shade tolerant species. This ~a further supported by silvi• 
. ' . •, 

cultural observations that this species need open situation 
·-

atleast in the initial stages for seed germination and seedl• 
· · · .~ ··-··· . ·• ···w·,.:) , ·~ .. ~r.- . ..---m;.~i.~~~r ~~-~~,. i..:·~·-""' -~~ 

1~·-..e~tablis~e.nt . (Troup, 192+). 

Productivity i 

Be1g_ht,. 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 Cl.ll increased with 

increase of age of the stand; iea£ area (m2/ha) reached its 

maximum in 13 year old stand which is·pa.rtly related to the 

age of the tree and partly 'to density ··(Table 9-5).~ 

Table 9-6 presents increase in biomass of the 1ndividual;S 

tree and the different components within the tree with increase 

in age with a maximum of t,12.74 kg/tree in a 19· year old 

individual. Misra 21 · ~ (\1967) Faruqi (1972) and Sparma (1976) 

reported biomass values r~ing· between 53~ •. 9 and 580:•0 kg/tree 
\ ' 

\ 
\ 
\ 



Variable a 

Tree/heotare 

Bas~ area/tree 
(om ) · 

B~sal area/ha 
6n /he.) 

He·~~ (m) 

Dbh (om) 

Lea~ area/leaf 
(om. ) 

' I 
I • • 

~ J ::, 

Table 9-5o Characteristics of· s. robuata plantations at 
Umtesor with standard errors. 

stand age (year) 
:--------------~--------------~------------~~------------~--~~----------~----------------1 9 j_ 11 _i_ 13 . -- i ·~-~---J - ._17 : 19 

844~6.392 ·7920f:..1o403 663<>±9•575 428~·1 o. 960 4310!14o335 4620t-11o334 

1. 22!1 0 023 4 •. 02!'1 0 610 12.5~1.522 18.7~1.251 33o3~1.731 38o4~2o097 

1.03 3o18 Bo35 8o03 14q38 17.78 

1o 9Q!-Oo 225 3o 711t0• 421 5o 57'!-0• 471 6.4~0.512 7o6~0o585 8e35±0o651 

1 o 02t-O. 3~3 2o02+0o850 4.0~0.573 5o4~0.690 6.0~0.840 7o00t-1o156 
' 

160.00!0.916 198.40!P-2.603 228o 60!-4• 1 01 200o 1 Qt3o1 01 184.2<*3.841 . - 214o101t2o072 

Leaf-area (m2/ha) 7697o28 44969o76 701454o00 48620.80 42130o25 57103o20 

..... 
1:.0 
c,;,;q \. 
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Table 9-6. Biomass of plant components in different diameter classes 
of.§..· robusta plantations (kg/tree) with s~andard errors. 

r-·- -. -----.------- --~~------ c. -- ' 

• • Plant components • 
Stand age (year) i Diameter - • • • • • • : class (em) • Bole • Bra~hes: • ':i L'eaves • • • • • 

9 1•02 0.:115?0.020 o. 02~0. 004. o. 074~0. 017' 

1 1 2.02 Oo708!"0o072 o. 16~0. 014. 0~3591!-0.030 

13 4o00 ,.061?0.246 o. 22~0.·027 o. 55.1~0. 035 .... 

15 5o02 5o 984~0. 561 Oo592-b-Oo184 - ' 

Oo60~0.056 

17 6.05 So 299t0o433 o. 434-!to.·o55_ 0~ 695!'0•11 1 

19 7o00 11o171t1o428 ' o. 631~0.154 o.-·942-17-0. oa1 ... 

Total 

Oo217 

. 1 o229. 

·3o867 

7o176 

9o358 

12o744 

...... 
c:.o 
~ 
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-~ 

_f.g;ri' _-1Q. and 50 year old' .§.~ ro buste.. plantations in Varanasi•·. 
. --·---::fr.~: .. : .. -~--'' : . k • ........ , -', --·. • - -· .... • - • ' 

'!he low biomass/tree in the present case, may be due to 
. . . 

many factors lik~ poor management; soil factors and site 

quality, 

The standing crop biomass (calc-ulated lly multiplying 
• --:t 

the number of tree per hectare) was found to be 68.87 t/ha 

for 19 year old plantation which was also lower than the 

values reported by others, for reasons mentioned above. The 

green biomass W£iB max1mw:n 1n 13. and 19 year old stands and 

was low 1n other stands~ This high amount of green biomass 

may be due to more density-as well as leaf biomass. The 

non-green biomass however; increased gradually from younger 

towards older stands {Table. 9~7 J, 

Each species has-. ita own charaoteriatic ·biomass in• 

orement within the limit of its genetic potential and site 

quality. In ProdJ~ot.ion ecology this biomass incr~ment mfll be 

expressed in two ways (i) mean annual increment biomass 

which can be achieved by division-of standing biomass by'the 

age of the plantation and\ (ii) net primary productivity which 

is a true measure of fares·~ production can be achieved by 

measuring ·the to tal biomass. differences between two stands 
\ 
\ .. 

divi~_ed by age l;ntervals, bo\ the values are expres·sed ·as 

\ 



/ 
/ 

/ 

Table 9•7o Production indices of ~· robusta plantations 

t • • stand age (years) 
Variables ·--------~-------..... .-·-------P--------.---------~-----------1 9 : 11 ; ,, i 15 ! 17 f 

_ ~-- ~-·~--- ~~- _ ·I__ I_ I __ I ~--•-- _1_ 

standing crop bio.maes ( t/ha) 1o82 9o73 23o47 ·30o 71 40o71 

Total standing crop biomass ( t/ha). 2o64' 11o85. 26o 78 · 3.3o 21 43o16.· 
I • • : l" 

Total leaf litter producti OYl {t/ha/yr) Oo72 2o12 3o31 . 2o50 · 2o45, · 

Green biomass (t/ha/yr) 
( 1-t 3) 

0.62 2.85 3o65 2o57 2.99 

Non-green biomass (t/ha/yr) 1.20 6.88 19o82. 28.14 37o72 

Mean annual productivity (t/ha/yr~ 0.21 o.~s· 1o80 2o05 2o39. 

Net prim~ry produc~ivity ( t/b.S./yr) 2o54 · 4o66 . 7o47. 3o22 4o98 

19 

58o88 

61943 

2.55 

4o35 

54o53 

'2o89 

9.14 

..... 
u::> 
co 
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ton/ha/year. The mean annual productivity in present case 

reached ita maximum in a 19 year old stand. 
[ . 

In India;~· robusta is a deciduous tree and parts 
• . ~ ·~ ••.•. ;-., .-~'f.;.~ • (-c\.M~- '( '~·.:..~ . 

of its primary production is lost through leaf litter. The 

leaf litter in the present study, was found to be maximum 

in 13• 17 and 19 year old stands (Table ·.9~7) which is partly: 

related to more leaf biomass and individuals pe;r .hectare. 

·The net primary prodU:c.tivity reached a maximum o,f 9.14 t/ha/yr 

in a 19 year old .plantation. This value is l~wer than that 

(1'4.67 t/ha/yr) report.e.d for the species in an 18 year 

plantation in Gorakhpur,, U .P. (Ramam, 1976 h ~he net produc­

tivity pattern t·hrough d~f'ferent 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 1 ts maximum in 19 year old stand~ This m8l be 

partly. related to site quality. Spacing of trees in planta• 

tions may also limit tree growth) .So that the tree arohi• 

tecture that may emerge out over years o~ management may 

probably set a limit to production and distribution of 

organic matter in t.he. tfee components. (Ramam, 1976) •. 

The growth pattrrn of ~~ robusta discussed earlier 

could be related to th~l~verage productivity values of 
~ 
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9o14 ton/ha/yr. recorded here~ Early successional tree 

species are generally considered to be fast growing with 

hlgh productivity as is observed for a su~temperate tree 

like Pinus kes&-tii w1 th 15 ton/ha/yr. (Dae and Bamakrishn~, 

unpublished). ~his high productivity could be related to 

ita growth pattern with more than one flush of leaves appear­

ing during the year and·a tree architecture that ~ccount for 

a high photosynthed:i,Cl efficiency. on the contrary, the 

production of fewer leaf numbers,~ in a. year,:,; on the tree .,. 
alongw1 th a dormancy period of about 4-5 months when new leaf 

· growth does not at all occur all contribute towards ~ a low · 

production efficiency. This pattern for ~" robuata is quite 

distinct from that for AnthocaRhalus cadamba· which is an 
early successional· fast growing tree ape oie a in the same region 

(Shukla and IUima.krishnan, unpublished). The produotivity of 

14.87 ton/'ria/yr ·recorded by Ramam (1976) for forests in 

Gorakhpur in U .P. i.,s higher than the values recorded by \lS 

Bn.d this may be ra:;Lated t.o\ site quality_, 
' '. . . . . . . 

~UMMARY 

The growth an_alysi. 

robusta, an impo~tant timber 

productivity of Shorea · 

tree species was studied. 

The monthly pattern of leaf Bs 1 in a 13 year old plantation of 
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~~- robusta showed that peak ~al~. occurred during February­

March when about 65.9% of the total ,fall occurred. New 
. . ' ' .' . 

leaves appeared in the month of tlpril ~ .7"~aohed its maxi­

m~ in the month of June when about 63.55% of the total 
. ' ' .. 

le~ production o~curred. Individual leaf area was found . . . . : ; ' . ~ 

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

I_erder branches which decreased in II and III order branches. 
. . . 

However,. maximum leaf a~ea for the whole tree was recorded 
. . ' . . . . 

1n the middle po~tion of the canopy (53670.55 cm2). Shoot 

extension of the main leader was maximum in the month of 

June when about 1/3 ye~ly extensi?n growth was comple~ed. 

Extension growth of branches of the I order showed that it 

was more in the: top oano . .Py than at the 'baseQo Extension 
• growth of the tree was characterised by shoot tip abortion 

and sympodial growth. ;,,, ' 

Height,:: dbh and basal area ilic~eased with the age 

of .the plaritatj;oh whereas density decreased with the age of 

the stand. Ma~imum leaf area (701454.00 m2/na) was recorded 

in a 13 year old stand which may be related to greater 

individual leaf area (228.60 em2 ). The biomass ot the 

individual tree which 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/ha was recorded in the oldest 19 

year old staJ?-d• The net primary productivity reached a 

maximum of 9.14 t/ha/yr in 19 -,ear old plantation. The 

produc:ti'vity ~;;for .§• robust~ w~ch is a late successional 

species is low and is d.ue to slow growth rate, production 
• w, • • • 

of few leaves in a year and.an extended period of dormancy 
' of 4-5 months when growth is arrested; branch production 

is not simultaneous with new leaf growth but is postponed 

to the following year •. 
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NUTRIENT CYCLING THROUGH THE PLANT AND SOIL COMPAR~MENTS 
IN SHOREA ROBUSTA GAERTN. PLANTATIONS AT UMTASOR. 

INTRODUCTION 

Nutr~ent 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 m~ be divid~d into three major compo­

nents(~ mineral soiljji) ~orest floor an~ (iii) vegetation. 

Quantitative information on the p~sioal and .... , . . ' 

chemical properties of woodland soil is a relatively young 

effort• Much of the available soil survey studies are quali­

tative. The need for information on chemical ch~racteristics 

of soil is increasing ra~idly because of the greater emphasis 

on the productivity of forests and woodlands. 

Measurements of the amount and rate of fixation of 

energy by photosynthesis, as reflected by accumulation of 

organic matter or biomass is an essential step leading to the 

1 understanding of nutrient cycling in ecosystems. Mature 

woodland ecosystems are regarded as vast reserves of energy 

'~d nutrients~ A major part of this energy is stoi'ed in 
i 

roots, trunks, branches and leaves of the trees in the form 
\ 

\ 

•. '·1·· 
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i. 

of various organic substances and the nutrients remain in 

continuous circulation between plants and soil• But the 

different woodlands often differ greatly in their biomass 

and nutrient.· reserves. Comprehensive reviews on biomass 
.... 

production and nutrient cycling of.temperate; sub-tropical 

and tropical forest~ of the world ~ve been given by Ovington 

(1962, 1965), Ki:ra and Shidei (1967), Rodin and Bazilevich 

(1967, 1968) a~d Lieth (1972). In India·; biomass-data from 

deciduous forests have been collected by Misra et a1 (1967), 

Pandeya ~ §!! (1970, a, b, 1971 ), R.amam (1971 )., Desh Bandhu 

(1971), Faruqi (1972) and Singh (1975). 

Litter is another important component for nutrient 

· cycling in forest ecosystems~ Many studies have been done 

in different parts of the world in 1 ts relation to producti­

vity, nutrient cycling and decomposition o! forest organic 

matter (NWe, 1961; ovington; 1962; Wit~a~p and Olson~ 1963; 

Bray and Gorham;: 1964; GOsz ll!!! 1972 1 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~ Nutrient content of 

forest litter from different parts of the world are well 

studied (Tarrant et al~ 1951; D~ubenmire~ 1953; Ovington, 

1959; Frankland~ al, 1963 and Carlisle 21 2!~ 1966~)though 
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data on Indian forests are scarce {S1ngh,1969). In India 

! estimation of annual litter production in some evergreen "-~-·' 

and deciduous forests was done by Puri (1953) 9 Upadbyaya 

(1955), Seth et al (1963), Singh (1968) and Subba Rao 21 .5!:1, 

(1972). 

The present study deals with the physical and 

chemical properties of the forest soil, the organic matter 

and litter production, the living biomass of .forest stands, 

and the nutrient cycling between these three compartments 

in Shorea robusta plantations at Umte.sor in Meghalaya at an 

elevation o.f 760 m (25°45" and 26°0" N Latitude and 91045" 

and 92°0" E Longitude) under Nongkbylum reserve forest. 

METHODS OF STUDY 

~11. nutrients 2 

9,.11;13 9 ~5.17 and 19 year old plantations o:f Shorea 

robusta were selected for studies on soil. Monthly soil 

sampling was done during 1976 from depths o.f o-10, 10-40, 

40-70 and 70-100 em . ., and were based on 3 replicates thoroughly 

mixed together to give one composite sample. Soil colour 

was determined by Munsel soil colour chart~ Mechanical 

compositiottwas done by International pipette method as des­

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

method in a soil-water suspension of 1:5. Analy.ses of total 

nitrogen,. organic carbon and available phosphorus were done 

by standard methods described by Jackson (1958) where nitrogen 

was estimated 9-Y Kjeldahl m~thod, carbon by Walkley Black 
- ' ..... . 

method a.J?.d P04:·t> co-lorimetrieally by molybdenum blue method. 

Calcium and magnessium were analysed by »DTA titration method 

while potassium was estimated by flame emission method after 
J 

extracting the exchangeable cations with 1N Ammonium aceta$e· 

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,l7 and ~ 

19 year old stands. Twenty quadrat~ of 100in2 were randomly 

laid in each stand for measuring diameter at breast height 

(dbh) 0. density and basal area. Dbh was based on the average 

of all the trees within these 20 quadrats.,, ~n September, 

1976 ten typical individuals from a given stand were harVested 

and observations on height~ branch and leaf numbers were 

recorded~ The bole of each individual tree was cut into 

small pieces and fresh weight was recorded_ • .- As the branches 

were small in size the fresh weight of all branche~ were 
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taken into account. A small portion of bole and branches 

were oyen drie.d at 80.~85~0 and total d,ry. weight values. for 

these organs WE3re estimat.ed on this basis. All .the· leaves 

of _each tree were hand picked and fresh weight was recorded. 

Fifty leave.s randomly colla cted iri polythene bags and oven 

drie~ at 80-85°C were used to calculate leaf dry weight 

values. 

Allometric regression equations were de.veloped 

be.tween different dependent (bole, branches, leaves and to.tal 

biomass) and independent. variables (height and .. dbh). 

The oven dried material ot: bole., branches and leaves 

was ground and passed through a 20 mesh screen.: Plant t.issue 

chemical anal~ses for N,P,K,·Ca and Mg were done by standard 

methods as described by ~aech and Tracey (1956) and Allen 

(1974).. Thus nitrogen was determined by micro-kjeldahl 

method.. After dry ashi~ the. samples, calci~ and magaes$iUIIl 

were analysed by EDTA titration method, potassium by flame 

emission method and phosphorus by molybdenum blue method. 

~!tter production and its nutrients ' 

Twenty 1m2 permanent quadrats were laid on 30th 

April, 1976 in all the six plantatic>ns (9,:11,13,15~-17 and 

19 year old) where biomass study was performed. The stuqy 

\ 



2u8 

plots were demarcated using.wooden frames after the removal 

of, .all the · herbaceo'us ape cie s and 11 tter already present in 

the plots. Tlie litter accumulated in these frames was collec­

ted at one month interval in polythene bags. The leaf litter 

of §.. robusta was sorted out from the litter of other species 

and the latter was bulked into one category. The litter was 

·oven drie4 at,S0-85°0 and weighed. Dried litter was ground, 

passed through a 2'0 mesh screen and stored for chemical 

analyses·~ Nitrogen,. phosphorus, potassium, calcium and mag­

nes$ium estimations were done' following procedures outlined 

above. 

RESULTS AND DISCUSSION 

Mineral soil :_ 

The soil is dark· brown in surfa.ce layers, getting 

lighter with depth turning from light red to deep red at 

depths below 40 cm 01. The soil is .lateritic and the brown colour 

of the surface layers ~s. due to humus~ Texturally the soil 

was loamy to sandy., The bulk density increased with depth 

ranging from 1.,40-1._45.- Mean soil moisture declined with 
' . 

1 . depth and th.is may be related to the differences· in soil 

\ texture with depth. So 1l was acidic,. acidity increasing W1 th \plih Within a range of 6.S to 5.-9 (~able 10..1)\ However, 

\ 



Table 1 C>-1. Physical properties of soil in a 19-year old Shorea robusta 
plantation at.Um~esor (mean values) wi~h.standar~ err~rs • 

.-----------,----- -r--. ~--·~--- ------. 

• • t ' ' Soil depth: . Texture Class :· .Moisture : pH · :Bulk den~ l 
(em) : · . .:. : :sity(g/cc): 

' t . •. • • . ' 

Colour 

. . . . _____ ._____ -- '~· ----------

·o- -,o Loamy ~ San(iy · 23. 57±,6.·12,1 · 6. 50!0• ::i51 . . .. . ~ . ~ 

'· 

22~9~5.ro 
., 

6.23+0.251 10 ... 40 Sandy· ... 'Loam;v .· --
40- 70 sandy 22o 17+4o,281 6.0S.0.271 . - . . - . 

70 ... 100 sandy 21.20!811 5.91!0.211 

1.40 

1.40 

1.42 

1o45 

Dark brown -_Light brbwn 
.. 

Light ~.row·n- - Light . ··· ··.· 
reddish 

Light reddish - Reddish 

· Reddish 

N 
c:: 
~ 
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soil moisture and soil pH fluctuated during the year. 

Moisture level in the soil was higher during the monsoon 

compared to drier winter months, for obvious reasons. 

(Fig. 10-1)• Acidity of the soil, however, increased during 

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 

surface layers of the soil, whereas at lower depths monthly 
. ~ 

fluctuation was not marked (Fig. 10-3,!5, 6,,7, 8 )'-., This may 

be partly related to release of nutrientsfrom the accumulated 

litter on the forest. floor, due to fast rate of decomposi­

tion at this time when conditions are most favourable for 

\soil microbial activity~ Amongst the cations, this monthly ~ 

\Pattern was most marked for K. It rnay be mentioned here 
\ . 
\ 
that part of the soil nutrient pool is also due to leaching . \ 

\ 
\ 
I 

\ 
\ 



Fig. 10-l• Monthly and .depth variation in· so~l 

pH in a 19.-year old .§• robusta plan­

tation. 

0-10 em, e ;, 10-40 om, 0 ; 
40~10 em,, A 1 70'!"100 om,: 6 ; 

Fig. 10-2. Monthly and depth variation i,.n soil 

moisture 1n a 19-year old §.. robusta 

plant a tion•· 
\ 

o-10 em,. • 1 10.,40 em, 0 ·; 
40-r70 em, A J 70~100 em, ~ '.!~· 
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Fig. 10-3. Monthly and depth variation 1n 

concentration of organic carbon 

in soil of a 19-yaar old .§ •. robusta 

plantation. 

0-10 em. • I 10..40 em_, __ 0 ' J 

40-.70 om, A. ; 70-100 em, ~· • 

Fig. 10-4. Monthly and depth variation in cono_an­

tration of total nitrogen in soil of ~ 

19-year old s~- robusta plantation, -
~10 om~ • ; 10..,40 em 

•• 0 L 
4()..;.70 qm, .& ; 7(}..100 om, ~···~ I 
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Fig •. 10..5. Monthly and deptn variation in 

concent'ration of avail.able phos­

phorus in soi2 of a 19·year·old 

§• robusta plantation• 

o-10 em, e ; 10-40 em, 0 ; 
40-70 em,. 4 ; 70.;..100 em, ~ .•. 

Fig~ 10-6., Monthly and· depth ·variation in 

concentration of exchangeable 

potassium in soil of a 19-year 

old plantation• 
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Fig. 1~7. Monthly and depth variation in concan-

tration of exchangeable calcium in soil 

of a 19-year old plantation. 

o.;.1o em,. • ; 10-40 em,. 0 .; 

40:""70 em.,. .& ; 70-100 om, 6' .. 
Fig. 10-8.. Mon-~hly and depth variation in concen-

. I . 

tration of exchangeable magneE!iu,m in soil 

of a 19"':yea'r old plantation•: 
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from the forest canopy<. This addition to the soil pool 

.. is maximum during the monsoon period.. This would also · 

explain a higher peak attained by K in the surface soil 

during the rainy season be cause. K is co n.sidered to be more 

susceptible for addition by throughfall (Tu.key 21 ~,19~8). 

The mean C/N ratio which was maximum in the ~pper 

layer (6 •. 82) decreasing With depth so that at depth of 

70-100 em. it was only ~.33. This is much less than ll·o.O 

indicating rapid decomposition in this woodland (Lutz a:hd 

Chandlar, 1946). This ratio in temperate forests would be 

higher indicating slower decomposition in cold climates 

.(Geist and strickler,: 197l0)-. 

The mean concentration values for different elements 

in the soil decreased with depth in all the stands (Table 

10--2 h. However,; nutrient concentration at different depths 

increased with the age of the plantation, which may be due 
' 

to greater release of .nutrients due to weathering, canoP,y 
as · 

leaching as well Jrom organic litter on the forest floor • 

. ~ The same trend is indicated by the values for total quanti• 

\ties G:f nutrients in di.f+erent layers;·! The soil is :fairly 

·rich in organic carbon and total nitrogen, Amongst the 
\ 

cations, amount of K in the soil was higher followed by Ca 
~ . . 
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and Mg (Table 10-2). 

Biomass and its . nutrient.s s 

The number of t_ree,s/ha de c,reased with the age of 

t.he plantations due to :natural thinnipg only. . Artificial· 

thinning was not done in these plantations maintained b.Y. 

the local forest department. While, basal area,heig~t ~d 

dbh increased with the age, leaf area/ha reached a maximum 

in a 13-year old stand, declined sharply in 15 and 17-year 

old 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 

w1 th age of the plant at ions in such a wEzy that allocation 

to wood biomass drastically increased beyond 13-years of age 

(Table 10-4)~ The low biomass, generally recorded for this 

study area compared to that at Varanasi (Misra et £!!, 19.67, 

Faruq1, 1972 and Sharma~ 1976) may be related to poor site 

quality·, 

The standing crop biomass (t/ha) of s. robusta as --
e~pected1 1ncreased with age of the plantations~ However, 

the green biomass increased with the age of the stand upto 13-
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Table 10.3o Characteristics of s. robusta plantations at 
Umtesor with standaid:errorso 

~ Stand age (year) 

Variables . i ,- 9 ~. ---- 11 L -- 13 L___ 15 n --~ l -_!L ___ _L 19 
-- -------~· -- --~-. . . -

Tree/hectare 8440!-6.392 7920!f-1 o403 

Basal area/tree 
(cm2) · . 

1 0 22+.-1 • 023 - ... 4o02t1a610 

Basal area (m2/ha) 1 o 03 3.18. 

Height (m) 1 o90:t0o225 3o 71!'-0o 421 

Dbh (em) 1 o02±0e333 2e02tOoB50 

Leaf.area/tree 
(m2) . - ... -

0.91 ~0.916 5o67~2o803 

Leaf area (m2/ha) 7697o28 44969.76 

663~9.757 

1.2o5~1e522 

~·35 

5.57-.t-0.471 
.. 

4•00!'0o573 

1 Oo 584j-4o 1 01 

70172o58 

428~10.906 431~14.335 

18e75:!!'1o257 33o38!"1e731 

·8o03 14o38 

6o44:t"Oo512 7.6~0.585, 

5o42t0o690 6.0~0.840 

11o362!3o101 9e775t3e841 

48620.ao· 42130·25 

462Qt.11o334 

38o48t-2o097 

17o78 

8.351-0651 

7o 00!-1 o 156 

12.36~2.073 

5710Jo20 

~ 
Jo-!1. 
~ 



Table 10..4o 

stand ase 
(year} 

9 

1 1 

13 

15 

;7 

19 

Biomass of piant comt>one~ts 'in.' diff-erent diameter classes of ~· robusta 
plantations (kg/tree) with_ standai"d errorso , 

.------- . ' " ---. !· ·. Diameter .. ! Plant components i 
: Classes : Total 
• (Cm) • Bole • Branches· • Leaves • • . ' • t • • • • • • • I - ---·--~~ . I - - -- . _t------.. --~ _ _t___ 

1~02 
,,. 

Oe115i0o02 Oo02Bt-Oo004 -- o.074:!f;Oo017 0.217 

2o02 o. 70St-O. 07.2 0.162!;0oC?14 o. 359!;0 ~ 03 1.229 ,_ - . 

4o 00 ._ 3o 061+:-0.246 -. <, Oo225!;0o027 · o. 551~0. 035 '3o867 

5.02 5-984±0.561 Oo59~0o184 0.600!0. 055 7o176 
' 

6.05 8~ 29~0.433 ,. Oo434+.-0.;055 0.695+0.14 
. -,. ' 9.358 . - . 

7•00 11 o 171.!;1 o_ 428 0.631+0.154 - 0.94~0.081 12•744 

z:-..,:) 

~ 
C...P. 
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years after which it.decreased in a 15-year stand and again 

increased in older plantations (Table 10•.5). As dis cussed 

earlier both densi~ 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 1n a 15-

year stand compared to that i,n a 13.-year one is not commen­

Surate with the marked decline in density of this species. 

·The non-green biomass which contributed . anywhe·re between 

1. 20 to 54·. 53 tons/ha .increased gradually with age. This 

pattern which is different from • that of the green biomass . 
development with age probably is indicative of the fact tha:t 

the allocation pattern drastically changes beyond 13-years 

in su.ch a Wa.Y that the non-green biomass is significantly 

highe~ in proportion to the green biomass production. This 

is also seen from the values for the non-green/green ratio 

given here~ 

On the basis of allometr~c correlations, a close 

relationship was found between the weight of the individual 

tree ·component and height or diameter a:e breast height (dbh) 

(Ovington, 1957; Ogowa U ~' 19619 196.5;: Young ll ~,1964 
and Kira and, Shidei, 19~~·1). Thus, regressions could be 

drawn between the dependent and independent variables 

(~ig.' 10-9·, 10 h· 



Table 10-5• Biomass indices of s .. robusta plantations ... 

Variables 

l • • Stand age (year) 
·---------¥---------~~--------r---------~----------~-------------1 $ ·i I i 
:. 9 : ~1 • . 13 : 15 : 17 : 19 

-~- _ _I._ • • ~-- -- ---•---- --• 

Standing crop biomass (t/ha.) 
' . . . . 1o82 9o73 

Green biomass (t/ha~) 0.62 2o85 
-

Non-green biomass (t/ha.) 1.20 6.88 

Non-green/gre~n ratio. 1.94 2.41 

• 

23.47 ,o. 71 

3o65 2.57 

19.82 28.41 

5·43 10.96 

40.71 

2o99 

37o72 

12.62 

58.88 

4o35 

54.53 

12o54 

~ 
~ 
-.J! 



Fig·~· lo-9.. Re:}.ationship between height and 
. ,., 

above ground b~omasa alongwith 

biomass of component plant parts 

of s~. robusta~ 
~ \ ·~\ 

... -.4 
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Fig. 10-10" Relationship between dbh and above 

ground biomass alongwith biomass of 

component plant parts of ~· robusta'! 



I 
.! 
.0 , 
c 

10 

' 5 

i 
r 
~ 

.. • " e 
.! 
.0 

~ 

~ • .J 
r 
~ 

0~----------~----r_=_0·-9~96~ 
1 

I 

r = 0·963 

ol -----·· ,------·· 
2 

Log. dbh 

"' "' " E 
.2 
..0 

~ 
0 

....J 

"' VI 
nl 
E 
.2 
..0 

~ 
0 

....J 

1 

Log.dbh 

r = 0·998 

r=0·949 

2 



218 

The percentage concentration of nutrient elements 

l.ike N;.P,K, Ca and Mg was more in the leaves compared to 

that in branches and bole, .. in all age groups (Table 10-6). 

Hc;>wever, 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 is related to ifs accumulation in the 

bark (Woodwell ~ a!,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 nit~ogen, 
. ' 

phosphorus;. potassium and magnestlium (Table 10-7). 

Table 10-8 shows the pattern of nutrient distribu­

tion in the living biomass of different 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 tropical forests~ This is particularly so in 

comparison with ~~ robusta plantation studies done by 

Faruqi (1972) in Varanasi; u.P. whose values seems to be 

on the higher side.,, The values for Ca in this study, though 

more than that recorded for temperate forests is about 19 

times more for the §., robusta plantation study done at 

~aranasi (Faruqi~; 1972) which again seems to be too high. 

\ 
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Table 10.6;, Percentage concentration of different elements 
in bole, branches and leaves 
plantations• 

of .§:'• robusta 

• • Concentration (~) Stand age • Components • t . • • i t ' · (year) • • • • • • • • N • f . :t K • c~ • Mg • • • • f f 

Bole: 0.64 0.04 o. 16. 1o03 Oo 18 
-

9 Branches Oo83 0.06 Oo39. . (l. 51 Oo20 
Leaves 1~:~41 Oo 13 1o 76 1 o31 0.46 

Bole . '0.58 o.os Oo 18 1 o.10 0.20 
11 Branches 0.80 o.o6 Oo38 ,0.61 Oo28 

-Leaves 1e46 Oc.l3 Oo72 '1.41 0.46 

Bole. Oo53 · o.o6 0.19 1..13 0.20 
13 Branches o.~75. Oo07 0.36 Oo30 0.28 

Leaves 1o50 Oo15 0.65 1018 0.40 

Bole Oo50 0.06 ··0.20 1o17 0«;22 
15 Branches Oo71 Oo07 0.32 Oo74 0.25 

Leaves 1o57 o., 6. Oo60 1o50 Oo42 

Bole 0.46 0~07 Oo21 1 o20 0.24 
17 Branches 0.6.9 o.o8 0.30 Oo79 0.26 

Leaves 1.60 0.18 0.57 1 o53 Oo44 

Bole 0.41 0.07 0.21 1o20 0.25 
19 Branches 0.66 o.o9 0.26 0.81 Oo27 

Leaves 1o'68 0.54 1o60 0.56 1.60 



Table 1 o-7. Amount· of nutrient elements .. {'kg/ha) in standing crop biomass 
of S. robus ta ,ple.nta tiona. · -

J 
~l11iLJt":ft.e.p.-~ ·_: elements ! stand age (year) 

f • ~ • 9 l 11 t -~--- _ - ___ L_ • 13 : 15 ' 17 ~ 19 
- .__ - •- . . ------ __ __.______ --- - . 

Nitrogen· 16.98 84o29 

PhO'sphorus 1o34 8e52 

Potassium 7.55 33·75 

cal-cium 19.39 109.60 

Magnesium 5o09 26.17 

175.04 186.37 

18.84 21.25 

68.40 74.74 

284.27 356o92 

61.39 73.47 

223'•84 

31e72 

97o16 

4'73o73 

95.29 

(.JI 

303.95 

47.02 

139.46 

712.56 

156.92 

~ 
~ 
c;:. 

..._r ~ 



Table 1Q-8o Nutrient content within the living biomass of trees in different 
forest communities. 

i ---- ~ Nutr~~nts (k~/}la)--! Authority 
,_ ~ ,. '' Forest communitias N p . -K (h~ : Mg : 

( 

Pinus syl.vestris (55 free) 453 4-1 - 272 - Ovington ( 1959) 
.. 

.:. 

- do .. (19'5B) Quercus robur (47 yrs.) 464 40 ... 292 -
· Betula verrucosa (55 yrs.) . 543 34 ... 651 - ,. ... do .... ·(1959) 

(' . 
. •':' 

; 

Second Douglas fir stand 320' 66 - 3..,3 .~ Co beet al' ( 1967) 
(', . ,-.. -~-

'•' 

•t 

• 
Gree.nland. ·and Kowal (1960) Tropical. forest (Ghana.) 2050 150. .. 27J'O -J ,. 

Tropical. dry deciduous (India) 1708 436o3 ... 
Shorea robusta (India)' '7909 650 -. 
Shorea robusta plantation ( 1.9 yrs)303o9 47.0 139~5 

3707 - Desh Bandhu ( 1970) 

9960 .... FaJ:"f:lqil~~ · ( 1972) 

712.0 156.9 Present study •. 

-. ; ~ ... { ' . ...:.' 

N 
~ 
~l" 
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Litter production and its nutrients : 

The monthly fluctuations in litter production in 

a 19-year old stand of ~·- ro busta (Fig.. 1D-11) showed that 

the production of leaf litfer was.lowest in May, gradually 
'· increasing_ih subsequent months, reaching a peak in March~ 

In A,pril.the production of leaf litter decreased sharply, 

though remained at a high level-., 50~ of the total annual 

litter fall oocured in February-March and almost 90% occured 

between Deoember..:April-.. A similar pattern of leaf litter 

fall was observed for other species too(:· Abscission zone 
" -

may be formed more vigorously during the drier part of the· 

year· after November with lea£ 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 

re-st of the year,"! Again this pattern mey be due to the 

formation of abscission zone during the dry winter period, 

so that wood litter fall reaches its maximum during the 

following rainy season 1n May-:July (Edwards:, 1977 h-

Bray and Gorham (1964) suggested that leaf litter I ._ 
'· 

,constitutes roughly 70~ of the totai 11 tter and there is an 

re~at1onship between annual litter production and 

\ 

\ 



Fig. 10.11. Monthly litter production in a 19-

Fig. 10.12, 

year old ~~ robusta plantation at 

Umtesor (1976-77 )\, 

Leaf litter s ~·· ro busta~ .; 
other species~ 0 ~ wood litter~ A . 

': 
Comparison of expected and observed . . I . 
values of leaf litter pro~uot:ton for 

I a 19-year old §• robusta ~lantation 

(after Brey and GorhE!lll! ~91;4 ),, 
i 

·"' 



800 
'Fig. 1 o---11 

700 

- 600 
ro 

...c 
............. 
0) 
~ sao ...._.. 

.._ 
<lJ ....... ....... 

400 -0 
. ...... 
~ 300 
>-
"-

0 

200 

100 

M J J A s 0 N 0 J F M A 

Months 

12 . r·. 1 o-r2·-
c rig .. 
0 10 ....... u..._ Expected value {Total litter) 
~ 8 \J ~ 
0 >-.._ .......... 
a.. 

ro .._ ...c (l)" ........ ....... c -
~ 

ro 
--~ ~---

6 Expected value (Leaf l'1Her) 

4 Observed value notal litter ) 

2 Observed value (leaf litter) 

0 
10 20 30 40 50 60 70 

North or South latitudes( Degrees ) 



223 

/ 

~he latitude of the locality. Accordingly, the expected 
. . 

value·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 

(Fig. 10.12)~ The total amount of litter production in the 

present case was 3.12 t/ha/year which was too low than the . 
expected value which may be due to younger age 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 or less at a steady level in ·the subsequent 

age groups studied (Fi:g;; · lC>-13). Maximum litter production 

of 3.41 t/ha/yr·was recorded in the 13 year plantation, 

although litter per tree and dey weight per ·rea£ was low in 

this· stand in comparison to older stands• Thi's may be r~lated 

to· higher density of individuals in this case (Table 10-9). 

Table.lO•lO represents the average· annual leaf 

. l·i tter production in different ~ •. robust g. plant at ions in India 

and for different climatic zones of the'world. However, 

· ·the low values o-btained in ·the present case m~ be due to 

the· com·paratively younger age groups of plantations studied.~ 

The monthly concentrat'iori (percentage) of different 

nutrient elements like nitrogen~ pho~phorus, potassium, 

\ 



Table 10...9o 

• 
stand age ! 

(year) I 
• 

9 

11 

. 13 

15 

17 

19 

Some characteristics of~· robusta plantations with standard errors • 

~------------ -- -, ~. ~--~-- ---

Density/ha ' Leaf litter/tree • ' I (kg/tree) 
• 

8440! 6o39 Oo853 

7920 ± 1 o40 0.269 

6630;! 9o75 Oo515 

4280 ±10.90 0.615 

4310 :!i;14o33 Oo704 

4620 +.-11. 33 - Oo676 

' • 1 • • • 
-

Individual leaf weight 
(gm.) . 

o. 941 ~ o. 1 1 1 

Oo951 ! Oo152 

1. 076 • o. 315 . . -
1o100 ± Oo367 

1.280 ~ Oo381 . . . . 

1. 364 :t. o. 390 

t'o:) 
Nl 
~ 

! 



Table H>-1 Oo Annual leaf litter production in major climatic zones of the 
lrorld and in .§.. robus_ta from different parts of India. 

. --- -----.- ----- ----- -' 

Vegetation 
: ; Leaf ~it.tte~~"~a ; 
; Location : rnt/ha7l!"yr-~·~~ : Authority 
• • • L I I 

Climatic zones of the world -

Alpine 67°N Lat. 0.7 Bray an? Gorham (1964) 
·. 

Cool temperate 37°-62°No Lat. 2.5 Bray and. Gorham (1964) 

\'lann temperate 30°-40°N & S Lat. ,.6 B'ray and Gorham (1964) 

Equa.t6'rial l'li thin 1 0°N & a 6.8 Bray and Gorham (1964) 
of equator 

Indian sub-continent -

Shorea robusta (Plantation) 30.19 N Lat. 5.9 Puri (1~53) 
N 

Shorea robusta (Plantation) 30.19 N Lat. 5.0 Seth et al (1963) -~ -- t..n 
Shores robusta (Deciduous 
forest (Sagar) 

/ 23• 50 N Lat. 2.6-9.3 Upadhaya (1955) 

Shores robusta (Plantation) 25°45"-20°0"N Lat 0.7-3.0 Present study 
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Fig-. 10-13.. Lttter production in different ~tand~ 

of s. robusta at Umteso~,. 
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ca.lcium an.d magness!~ ,i;n lea,f lit.ter. of a 19-year old 

s~and of ~· ro'Qusta and woo.d litter o~ this stand showed . . . . ·. . ' ' . . ,' . 

conside~able .v~riations. ~hile Ca and Mg follo.w.ed a ,more 

o~ less similar trend ,whereby t.he .concentr.ation wa~ at its . . . . . . . ' ' . 

maximl.Uil du.:r.1ng the ;rainy. season . ( M93~ Se pt.ember) .. 4~ clining .. 

. gradually during the. dfiy period reach~ng the· low~st level 

in March, the .patter;n fo.r K :followed an oppo.site trend. 

Nitrogen and phosphorus concentrations followed .. a .similaJi 
. ' ' 

trend between themselves so that the lowest level was attained 
• • ' • ' ' ' ' I: 

during June•July and .a maximum level was attained during 

Marc;:h-..1\pril (Fig •. 10-14).; The ~ow level o:.f K in litter 
. ' . ' . 

· during monsoon may be .related to leaching of larger quanti­

tie a o.f K compared to Oa and Mg as has been ahOW:r;l by other 

workers ( Tukey ...2,t al,. 1958; Madgwi ck and Ovington, 1959; 

Carlisle tt ~' 1966lj).. Apart from this;. the fluctuation i;n 

concentration may. also be related to leaching of o.rganio 

nutrients. from the leaves,, translocation of elements from 

leaves before senescence and decomposition of leaves 'Before 
. ·.' . . .I ' 

fall (Goaz ~ ~,. 1972; Van Cleve and Noo~, 1975). It is 

also seen that the . .more mobile elements like N,K and P 

(Showed higher concentrat.ion towards the senescent period of 
\ 

1anuary.,:April when max.imum l.itter fall. oc.curs~ ·. However,. 
I ' 
lower concentration~ of less. mobile elements like Ca and Mg \, 



! 
) 
' ' 

Fig .• : lC>-14. Mont_hly var~ation ~n concentration 

of different nutrients. in leaf litter 
'I . 

. of ~ 19 year old .§'~ robusta plantation~ 
. . ' ·, 

N;, e . a P,_ 0 a, K~- A ~ c_a, ~ 1 
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' ' 

was noted during this period. 

A great variation in concentration of N, ~,.K, Ca 

and Mg was recorded in wood litter also (Fig.l0-15)~ The 

concentration of N•·K and p· was lower during the rainy 

season as was also recorded for leaf litter though the 

pattern is less marked•_ The concentration of Mg 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 the 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 is generally higher during Maroh~April when maximum 

leaf fall oooured,. 

Total amount of N,P,X:,Ca and Mg in leaf litter 

(kg/ha/yr) in different stands increased with the age of 

the stand which is obviously re~ated to litter production 

(Fig~ 10-16);, A comparative study of the total quantity 

of nutrients (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 due to 1;he low age of the stand of ~~··. robust a under 



,, I! 1,1 IJ I, •! " 
Tab1a 10-116 Amount of minara1 nutrients ~eturnad through litter fall 

in some tropical and temperate forest types of the·world. 

'r \o.l 1 ' 

,-------~-, 

; : Nutrients (kg/ha/yr) : 
Vegetation : Locations I t • t : 

: : ·· N : P : "K : Ca : Mg : 
• . • • :1. • • • --------.-------------~----~~~------~----~-~~~----~----~------~------~ 

Authority 

Birch forest u.s.s.R. : 66 5 13 54 .19 .Russian authors 
cited by Oving­
·ton (1965) · 

' 
......... f/ •.: ,, ., 

Sco.t. pine forest England: 
... 1.'25 · , ., 1 o·· 

Sessile Oak forest England 27 9 

'' 

- Oo4 Nigeria 7.3 Pi_riils Caribaa 

-
Tectona grandis plantations Dehradun -

(India) 
52 1·1 

Sho+ea robusta plantations Dehradun 46 9 
(India) 

Shorea robusta plantations Meghala1a 20 2 
(India 

57 49 

,4 15 

6.9 11o4 

19 131 

19 77 

9 35 

9 

2o8 ., -

2o7 

'5 

10 

9 

Ovington (1959) 

Carlisle at al 
(1966) --

Egunjobi and 
·?as ehum ( 1 972 ) 

Seth et al (1963 --
Seth et al (1963 --
Present study 

~ 

t" 
00 
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Fig_~ 1~15. Monthly variat~o~ +n eoncentra tion 

of different nutrients in wood litter . ,, . .. . .. , . . 

of ~ 19 year o~d ~~·· rob~s;ta plantation~ 

N:t,:. • J, . P ,'- 0 ~ K, A ·J, Ca ~ 6 l 

Mg.. • ,t,; .. 
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Fig. ·1~16 .. : Total amount of nutrient elements·· 

in different stands of S~ robus·ta 

at Umtesor.~ 
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stUdy and may also be related to poorer site quality as 

discussed elsewhere. ~~ 

The uptake, retention and release pattern of 

different nutrients in a 19 year old plantation (Table 

1 0.12) showed that all these three are maximum for Ca 

and N. However, uptake was very low for other nutrients 

but retention was comparatively much higher, more parti­

cularly for an element like Po 

SUMMARY. 

The physical and ohem~cal properties of the soil, 

biomass and litter production and the nutrient content 

within their compartments were studied in 9,10,19 year 
' old plantations of Shorea robustao Soil was lateritic 

sandy loam with a l·2pH ranging 5o9 to 6o5o Concentration 

of soil nutrients was high during the rainy season due 

to their release from the decomposing litter. The fluc­

tuation in concenttation of nutrients was well marked in 

the upper layers of the soil only. Soil nutrient pool 

within a depth of 100 em had~ N, 10709; P, 340; K, 2285; 

Ca, 945 and Mg, 614 kg/hao 



.. -
Table 10...12. Annual. uptake,' retention and ·release of different nutrient 

···elements· in a ::19-year ·old ·plantation of §.•: robusta • 

• 
· · .:· Nutrients (kg/ha/yr) 

Pathway t ' . .... ' .. 

: N : P f K --- ! Ca-----~ 
•- . - • -----~ ·-- __ l 

Uptake . ''84.09: 29.25 ,. ;. 31.08 . 109.68 

•' .... 
Retention 64o09 21o25 22.08 74~68 

Release· 20.00 2.00 g.oo 35o00 

'" 

,_. ,, 
··- . 

(• 

Mg 

30.16 

21~16 

g.oo 

N 
~ 
~ 
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The number of trees/ha decreased with age of the 
• 'I ' • 

plantations while basal areaJheight and dbh i,ncreased 

with age. Leaf area/ha was .maximum (70172o5Bmm2/ha) in . . ' . ' . . . 

a f3-year old stand whi.ch was directly related to greater 

individual leaf area and. denai ty;. The dry weight of 

individual tree and standing crop biomass increased with 

the age and maximum amount of dry matter productio~ 

12•744 kg/tree and 58.88 t/ha ~espectively was recorded 

in oldest stand of 19-ye:ar~ old;. The gl'ee bioma~s and 

non-green/green ratio was found to ~· increaae(l with the 

age of the stand• The concentration of N, P, K, Ca and 

Mg in different organs like bole, branches and leaves 

varied and it also varied ~fi th the age of the plantation. 

Total amount of N, P, K, Ca and Mg.was directly related to 

the organic matter production of each stando 

Litter production was m~ximum during February-March 

when. about 50% of the total leaf litter was recorded while 

max~um wood litter production(60%) occurred in the month· 

of May•Huly. Maximum litter production of 3.41 t/ha/yr ~-ras 

recorded in a 13-year old stand. A great monthly variation 

in concentration of N, P, K, Ca and Mg was noted in leaf 
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and wood litter which might be due to leaching of 

nutrients from leaf, translocation or withdrawal of 

materia.l from leaf and wood litter during. different 

months. Total amount of nutrients '\"79.S d ireotly related 

to the annual litter production by the stands and 

maximum values (N, 20; P, 2: 4, 9; Ca, 35 and Mg, 9 

kg/ha) were record·ed in a 1·9-year old stand. Annual 
' uptake, release and retention of nutrients in a 19-year 

old starid is discussed, 



C HAP T E R 11 

REFERENCES 



REFERENCES 

I 

i 
\ 
\ 

\.: 

Addicott, F•T., 1979o Plant hormones in the control of 
abscission• Biolo Rev., 45 s 485-492. 

Addicott, F•T• and Lynch, R•S•I 1955o Physiology of 
abscission. Ann• Rev• Pl• Phyeiolo; 6 : 211..>238o 

Akal; T•; Furono; T•, Ueda; S• and Soichi; s., 1968. Mecha-
, dY'1 ' 

nisms of.matter productio~ in young labolly pine 
foresto Kyoto Univ• Japan, For• Bull., 40 : 26-49o 

Aldridge; R• and Jackson; R•J•; 1973o Interception of rain­
fall by hard beech (Nothofagus truncata) at Taita, 
New Zealand. N.z. Jl. Scio, 16 s 185~198o 

Alexander,. Mo (Edo), 1961o Irttroduction to Soil Microbiologyo 
John Wiley and Sons~ Inc. New York; 472 PPo 

Allen, S•E., Carlisle, A., White, E•Io and Evans, c.c., 1968o 
The Plant nutrient content of rainwater• J• Eool., 
56 : 497•504o 

Allen, S•E• (Ed.),. 1974o Chemical Analysis. of Ecological 
Materialso Blackwell Scientific Publo OxiBord; 
565 PP• 

Alway, F.s. and Zon, Ro;·· 1930. Quantity and nutrient contents 
of pine leaf litter. Jouro For•; 28: 715-727• 

Anderson, F., 1970o Ecological studies in a soanian wood­
lands and weadow area, southern Sweden. II. Plant 
biomass, primary production and turnover of organic 
matter. Bot. Not., 123 1 8-51. 



Anderson, J .M., 1913a• Carbon dioxide evolution from two 
temperate deciduous woodlands soils. J• Appl• 
Ecol., 10 s 361-378o . . ' 

Anderson, J•M•; 1973b~ The, brea~down ~nd decpmpes:l.tion of 
sweet chestnut (C~stenia saliva Mill.) and beech 

· (FagUs s;ylvatica L-_ )'leaf ii tter in two deciduous 
woodl.and soils• t. Breakdown; leaching and decom~ 

· · positiono ·Oeoologia, ;2 : 251-274o· . 

Art. H.w. and Marks, PoLo; 1971o A summary tabie of biomass 
and net. annual primacy production in forest eco-

·": l_';'i;~·:.-~~ -·,-;1~ • ·!14 • 

·systems of the world,·· In: Forest Biomass Studies 
(Ed• by HoEo Young) Univ. of Maine• Orono: ;3w32. 

Ashton, 
. ' ' ., y . 

P.s., 1964ao A quantitative.pn~osooiologio'al te~h-
nique applied to-· tropical mixed rain foresto Malay. 
Foro, 27 : 307-317• ~--

. Ashton·, p-.s-.·, 1964bo Ecological studies in the mixed Diptero• 
carp forests of Brunei state. Oxford Forestry Mem,. 
25• Clarendon Press, Oxford. 

Attiwill,' p·.M·, ·1962o The effec~ of heat pretreatment of 

soil on ::(,the growth of Euoaluptua obiigua seedlings 
Proo. 3'rd Gen. Conf. Inst. Foresters. Auat. Melbourne. 

Attiwill,· P'.tM., 1966·. The chemical co_mposition of rainwater 
in relation to cycling of nutri·ents in mature ·euoa­

' ly.p.tus fo,rest. Pl. Soil, 24 : 390,..406. 
. 111-

Attiwill, P.M. 1967. The loss of elements from d-ecomposi~ 
11 tter. Ecology, 49 s 142--148• 



Aussenac, .G.·, f968o Intercep.tion des preoipi tation par 

le couvert forestier• Ann. Sci• For~, 25 ' 1~5-156o 

Austin;. ~hP•'; Ashton;, P•S•; aD;d, G:reig-Smith, P., 1972• The 
.app~ication: o,f qUa.~titative methods ·to .vegetation 

survey III• A re•examination of rain. forest data 
from Brunei• J'•:_. ·Ecol.·, 60 : 305-324• 

Bakuzis, E .v •• ~ 1964o Forestry viewed in an ecosystem pers­
pective• ·In, Van.Dyne, In: T.he ecosystem Concept 

··in Natural. Resources Management (Ed• by G.M. Van 

Dyne), Academfe· Press • New York: 188 ... 258• v 

Baskerville, G.L., 1965• Eedd.mation of dry weight of tree 

components· and tota':L standing crop in conifer sta·nds 

Ecology • 46 : :867-689. 

Bailiievioh, N•I •, 1967t Productivity and the bioiogice.l cyol·e 
in m'o'ss bogs of the' southern Vasyagansye o Radii ta­

·lngye reeiti:rsy, 3 : 576-588 •. 

Beall, H~W·, 1934• The p·f3net~tion of ·rainfall through bard.; 

wood' and softwood f<)'rest cariopyo Ecology, 15 I 412-

4 1'So' : , l··. 
Beard, G .• s., 1946o The Jora·iorest of Trinidad. J• Eool.,t.33 

. , I 
173-192. I 

. . . . . . I .. 
Beard, J•S·· (Edo),."-1946•: The Natural Vegetation of Trinidado 

Oxford Forestry Mem:.· 20. Clarendon Preas; Oxford, ...... 

152 PP• ; · 

Begley, c .• n., . .,·1955o Growth a~d yield·of sweet ohestn~t oopp:i.o 
·For. Commo Reo • 30. · 



236 

Bell, M .x., 1974• DeoompQei tion. of herbaoeious '.litter·. 
. . . . . . 

l:n: Biology of Plarit. _Litte:r Decol}lpoeltion,. Vol. 1 o 

(Ed~-•. by C .H. Dioki~on and G.;.F. P~gh), Academic 
. . . ' ' . 

·.'Press,. Londo&·& ·New· Yorks 37-67. 
• , ' I 

Bell, D.T., Johnson, F.-L., and Gilmore,. Jl.R., 1978o Dynamics 
:. . . ..... 

of ~1 tter:·: .~~1•_ deo.Oiqposi t1.on · an:d ·i~oorpora tion in 
the streamside forest ecosystem• Oikos, 30 : 76-8~. 

·Bernhard, F·. ,'_ 1..970o ::-·:Etude de la li tti~re:.: e:t· de, la contribu-
. ., ., 

t_ion all. o~cle des elements mineraux. en foret omp­
brophile .. <te cote-d1,1 vo;i.rao Oeoo,logia, 5 .: 247·66o 

• ',, C 1_. : 

\ 

Billore, s.K.,and Ainr~tphale, D., 1975• .Litter accumulation 
at. diff~rent g~dients of the hi::J..l'ock in a deciduous·· . . . 

forest• G~obioe;. 2: 20-21.· 
. . . l : \ . ' } • . . ~t 

Blackman., ~· E·; and, ~.ttez:, A.J., 1947o Physiological and . '.' . '.' . 

Ecologioa~·:·stuqies_ in the analysis of plant environ-

ment~ A~.•.ltot., 11 : .125•158o ' . 

Bocook, K.L., and -Gilbert, Q.J.\'1•.; 1957.- · The disappearance. 
•• ~ L• . 

of .leaf _lit~er -~der .different woodland conditions. 

Pl._ s.oil,. 91. : 179-.1~5o 

Bormann; F •H•,. and. Likens, G.E., · 1967. Nutrient oycling4 · . 
. _.;. .• -.- ':..- ... 

Soie~ce; 155 : 424 ... 429. 

Bormann, F.H;.·., ~'ikens, G._E., Fisher, n.w •. and P"ieroe, R.s., 
1968o.: Nutrient loss accelerated by· clear-cutting of 

a .forest. e_oo_sys t~m.. Science, 159. : 882-884• 

Borma~, F·.H.-, Liken_s·; G.E. and Eaton, J .• s •. , 1969o Biotic 
• • •• ." • • 1.. 

re~lation pf particulate and s'olution losses from 
a forest-ecosystem. Science, 159 i 882-884. 



237 

Bormann, :F.a.· and Likene, .G.E. ~ 1970. The nutrient cycles 

of-~~ eoosys~em. Sci. Am. 223.:. . . . . . 

Bormann, F .H•, Siooama, T .G., Likens,. G .E •, and Whi tte.ker, 
_ R.H., 1970. . T~~ Hubbard Brook ecosystem. study: 
Composition and dynamics of the tree vagetationo 
Ecol. Mongr.. 40 : 373-388. 

Bormann, F.H·. ,. Likf;lns, G.E., Siccama:~ T'.G., Pierce, R.s.··, 
arid :aa.ton, J-. g • .,, .J 974. The export of nutrients 
and. recovery of stable conditions following defo-­
restation of Hubbard Brook.- Eool. Monogr., 44 : 
225 .. 277·~ 

Boussingault, J-.B._, and Levy, B., 1853:·· Memoire sur 1a 

composition de L'aire confine dans la terre vegi­
lable-. Ann. Chem. Phys., '37 s 5-50·. 

Boynton, D., 1954. .Nutrition by foliar-application. Ann._. 

Rev~. Pl"'o Phyaiolc., 5 : 31-54o 

Bray, J ... R •. and Gorruim, E., 1964·· Litter production in 
Forests of the worldo In: Adv·· Eoolo Res.-, Vol. 2. 0 

(Ed· by j .B-. Cragg), Academi:,c Press, London and 

New York: 105-152· 

Broadfoot, w.M. and Pierre,_ W•H·, 1936•: .Forest soil studies~ 
I. Re.lation of rate decomposition of tree leaves to 
their acid base balance an.d .other chemical proper­

ties• Soil. so., 392•398. 

Brown, C .1 .• , 1971 ~. Primary growth. In: Trees Structure and 
Function (Ed. by M•.S• Zimmerman and C.L. Brown), 

~.,.r-. ....... ,_, 

60 ?.;;;.----..:.·~ 

1- • ..r~s~.._,\. v,v";~~ 
.Jj.~:.y -~~-t- :•r '/;.-.-... 

. :; -;._. '. -~ .. \:\ t (-.I ~, \ ~~~~~, 
f':.;; ~-~~~~:.- \ ...... ~n 
II--~ J \'('.~_:·· • I i'' 
~i '"'i \ \.. ,. I , if 
'r..\ 7;.. \ / ~:-' . >~ 

·-<~~~-~; ·-., . ./ ;~ . 
.... ,:~: ... ~. ~~ . 

- . ~~~:--;;:-:"~ 



238 

Bruning, c .F., 1968. Der keidewald .. in sarawa.k and Brunei, 
Vtl I and II: Mitt •. Bundesfo_rach. Aust. Forst. 
Holzwirtaeh, .No. 68 .• Reinbek. 

Buckman, H~6·, and Brady, N.c. (Eda.), 1960 •. · The Nature 
and Propert:tes of Soils. The Nacmillan Co. New· 
York. 567 PP•: 

Budowaki, ~., 1970. The distjinction between old secondary 
and climax apeoj.es. in tropical control American 

lowland forests~ T~op.·Ecol., 11 : 44-48. 

Bultot, F., Dupriez, G.L. arid Bodeux, A., 1977.. Daily 
potential interception of rainfall by different 
forest populstion. J. Hydrol., 31 ~ 381~392. 

Bunt, J.s., and Rovira, A.D., 1954o Oxygen uptake and carbon 
dioxide evolution of heat ~terilized soil. Nature" 
173 : 1242. 

Burger, H., 1951. ·Holz, Blattmenzl and -SUwachs. XI. Die Tanne 
(ir~nch summ.) Mitt. Schweiz. Aust. Forelt. Versuchsw, 

27 ' 247-286. 

Carlisle, A., 1965. Qarbohydrates in the precipitation beneath 
sessile oak .Q\lercus..,;eetraea (Mattuhka) Liabll. Pl. 
and Soil, 22 : 399•400. ·· 

Carlisle, A .• , Brown, A•H.F. and \Vhite, E.J., 1965. The inter­
ception of preoipi tation by oak (Quercus patra~ on a 

high rainfall site. Q. J. For., 59 : 140-143• 

carlisle, A., Brown, A .• H .• F., and White, E .J. 1966a. Li tterfall, 
leaf produotion and the effects of defoliation by 



239 

'.. ---·· Tortrix viridana in a sessile oak (Quercus petraea) 
woodland. J. Ecolo, 54 s 65-85. 

Carlisle, ·A., Brown, A·H•F• and ~lhite, E•J•; 1966bo The organic 
matt.er and nutrient elements in the precipitation 
beneath. sessile oak (QUercus petraea) canopy• J • Ecol•1 
54 I. 87•~8e 

Carlisle, A• Brown• A~H•F• and.Wh11:e;"E•Ji~ 1967o 'The nutrient 
•• \! 

:content, of tree: et~m:tl.ow and ground flora 11 iter and 
· . l.eachatee in a sessi~~ oak (Quercus: petraea) lroodland • 

. J. Eoo,l•;. 55 : 61s-66~. . . 
Champion, H•G·, 1936~ A., pr.eiiminary survey of the forest t~ee 

of India and Burnia• Ind• For• Reo• ·(Ns) Silvi., 1 : 
'1-126. 

Christensen, o., 1975• \'Jood l·ttter fall in relation to abscie• 
sion, e~vironmental .. factora·a.nd the decomposition 

.. qycle ~n a Dani.eh oak forest• Oikos, 26 : 187-195• 
"J " 

Christensen, o., 1977• Eetimation'of standing crop and turn-
ove-r of dead wood in ~· Danish oak forest. Oikos, 28 : 

2-3• 

Christensen:, 0. ,. ,,1978. The dynamics of wood 11 tter fall: in a$ . .. '. 

Danish. oak forest. Nature Jullandica, 20 : 155-162. 

Clemente; F.E.; (Ed.)., 1916 .. Plant.Suceesiof;l~ C~rnegie Inst. 
Wash. Puble 242 PP• 

Cole, D•W•, Gessel, s.P. and D.~oe, s.F., 1968. Distribution 
and cycling of nitrogen, pnosphorus, potassium and 
calcium in a second growth Dauglas•Yir ecosystem. 



240 

In:. Primary Productivity andf\Mlneam.l Cycling in Natural 
Ecosystems ·(Ed •. by H.·E· Young), Univ·. Maine Press, Orono; 

' -., .. 
'\lt. ' • 

1,97~233• . . . 

Coombe, D .E., 19600 An analysis of the g.rwoth of Trame. 
guinensis. J. Ecol., 48 : 219-231.o ,. 

Cornforth, I •S• 197d• Leaf fall in a tropical rainforest. J. 
'Appl• Ecole.; 7 :· 603•608• 

Crow; T•R• '-· 1'974• Temperal and· sspatial patterns of pretreat­
ment litter production in ·site 1 and the central area. . . ' ; 

Ini The Enterprise Wisconsin; Radiation Forest• Preir~ 
Radiation Ecological Studies. (~~· by T.D. Rudelph); 

105-1 f3• 
Debral; B.c.~ ~nd SU~ba Rao, B~.~~;·1968o Interception studies 

· in chi,r. ·and t!~Jak. plantations • New Forest• Ind. For. 94 ·: 
541•551'o 

Debral, B •. G •.•. and Subba Rao, :.B•K•j. 1969. Interception studies 
.in sa1(shorea ·robusta) and khair (Acaceacatechu) planta­

tions...;New Forest. Ind. l!or., 95 : 314•323o · 

Daubenmi:re, RoF., 19.53• Nutrient~ content of'leaf litter of 
trees in th~ nprthern rocky mountains• Ecology; 34 : 

786-'793o 

Daubenmire ,· R.·, 1972• Phenology and, other characteristics of 
·~ 

tropical semi-deciduous forest in.north'4Jestern Costa 
·Rida •. J. Ecol., ·60: 147-110. 

Delfs, I,, 1·967. Interception and stemflow in stands of Norway 
sp,ruce ... and beech in West Germany. In: Forest Hydrology 



(Ed• by W•F• Soppen and H•Wo Lall), Pergamon 
Press; Oxford, 79•1B5o 

t • •• 

Desb Bandhu; 1-970• A study of the productive structure of 
nort}leril __ · tropical dry d'eci'duoua forests· near 

· varanasi • Trop. Ecol. , 11 : 90M1 04~ 
u • ,. ~ ' • 

Desh Bandhu; 19'7~ • A study of the productivi, ty structure of 

tr~~-~~S~ .. l d~ .~ec~duous forest at v~.rana.ei, Ph.-D·. 
' . \ . ~· -~ . . 

Thesis~ Banara's Hindu University. 
' , j i '· 

Dickinson; C.H•t' 1974.. Decomposition of piant litter in 
soilo In: Bio·logy of Plant L:i. tter Decomposition; 
Vol-• 2 (Ed • by C •H· Dickinson and G•J •F. Pugh), 
Academic Press • London and l."fet-1, Yorks. 633•658• 

Duvigneaud; P-• and Denaa·yer-De Sme t; S • .; 1964.~ Le Cycle des..; 
' . . : . . .• 

elements biogenas dans lecosysteme forest• Legeunia 
' ' 

N •. s ~- ,.---28 ·:"'·--1-\-·1,43.• 

Denaeyer-~e .. ~met, s .. , 1966. Bilan a.nntilll das apports delements 
mineraux par l·ea eaux de -precipi ta"tion sons couvert, 

foreatier da~ la-~orest_ meiaugee oaducifolier de 
bla~ont (Birelssaohimay)o Bull. Soc• Royale Bot. 

Belgo '• · 99 : 347-375 • 
·.··r, 

Duvignaeaud, P_oS·•; ~enaeyer-De Smet; S• and Marbaise; J.L., 1969 
Littere totale· annuaue et r@stitution an sol dee 
polyelements hiogenes. Bull. Soc. Royale Bot. Belgo; '-

•. 
102 : 339-354· 

Duvigneaud, P.s., and·Denaeyer-De Smet, s., 1970. Biological 
cycling of minerals in tempe~te deciduous forests. 



242 

I.n:. Analysis. of Temperate Forest Eoosys tams, 
Ecological 81;Wii~ei"1 ~ (Ed •. by. D.E. R·aichle) 

·Springer-Verlag·,. i~ew Y<)rka 19.9•223o 

Duvigneaud·, .. P.'.s~, (Ed·J··19.71 •. Productivity of Forest Eoo­

eystemso :?rooeedings, ·:Brussele SympOsium. UNESCO 
Paris.; 307. pp~. · 

DuVigneaud, P •• s. Deneyer-ne· Smet; So ·Amroeep Po and Timperman, 
l ; • • • 

J. (Ed.) 19'71 • Re.oherhes sur 1 • Ecosystems Forest. 
Bi.omass, Producti vi te et. Cycle des Polyelements Bio.­
genes dang1•· Ecosysteme"Chenae caduoifolioa" 
Essae de Phylogeoolinio Forestiere. Insh Roy. Des.,. 
So.·" Nal0 de. belgi· Memo ire 164. 1 01 pp. 

Eaton, J ._:s., Likens,. G.E. an~- Bormann, E._;a.,, 197'3~ Throughfall 
and stemflow chemistry in a Northern Hardwood forest. 
J.~.Ecol • .., 61· : 495-508. 

Edwards, C._lio and Heath,_. G._w. ,_1963.- The role of soil animal 
in breakclown of leaf rn.a terial.. In: Soil Organisms •. 
(Ed. by J •.. Dooksen and J ./van Der Drift), North Holland 

Amsterdam.,·· 

Edwards, C·.•A•, Reichle,. D·E .- and Croseley, DeAo, Jro, 1970. 
· The t-ole of· soil invertebrates in turnover of organic 
matter and ~utrients. Ina Anaiyeis of Temperate 

Forest Ecoeysteins (Ed ... · by .D.E. Reichle). Springer-Ver­
lag, New York: 147-172. 

Edwards, N.T., 1975o Effects of t'eitperature and moisture in 
carbon dioxide evolution in a mixed. deciduous forest 
floor. Soil. Sci. S()o. Am. Proc._, 39 1 361-365. 



243 

·----- ---------------------------------
.... -... · 

'l / -
. J 

Edward, :P.J .• , ·1977. Studie.s of mineral cycling in a montane . ' . -

rain forest· in New Guinea. I-t. Production and· dis.t"~ 

appearance of li tte!". J • Ecol, 65 : 97-1-992. 

Eg\llljobi, J .K., 1.971. Ecosys tam processes in a stand of 
of~ . .2B.!9p?;eus L~- (ii). The cycling oS chemical 
elements in the ecosystems · J .• Ecol~, 5~ : 669-678. 

. . \ . 
Egun_jobi, J:~K., 1974. · Litterfall and mineralization in a 

teak Tectona grandis stand. Oikos, 25: 222-226. 

Egunjobi, J.K., 1975o Dry matter production by an tmmature 

s.~~~. ~~ Pinus_ caribea in Nigeria.· Oikos, 25 : 222•226. 

Egunjobi, J.K. and Faschun, F.E., -1972. Preliminary obseria­
. tions in the monthly litterfall and nutrient contents 

of Pinus caribaea L. litter Nigo J. Sci., 6 : 37-45o 

Eidmann, F.E., 1959o The interception in Buchen und Fichten­
bestenden, Ergelomis mehrajahriger untersuchengen in 
Rot~urgebirge (Sameland) Inst. Aasn. Scientific 
Hydrology. Publ., 48 : 5-25o 

Ellenberg, H. (Ed.), 1971o Ecological studies,_ 2. Integra-ted 

Experimental Ecology. Springer-Verlag, Berlin, 2f4 PP• 

Eriksson, E., 1952. Compos! tion of atmospheric precipitation 

I Nitrogen compounds. Tellus, 4 : 215~2. 

Ewel, J •. J .. , 1976 •. Litterfall an<l:. leaf decomposition in a 
tropi.cal forest succession in eastern Gautemalao .J. Ecol. 1 

64 : 293-308o 



244 

Faruqi,, Q.-, 1972o Organic and.m~eral structure and pro.., 

~uct:iv:i ty qf sal .(Shores r~busta Gaertn•) and 
t~a.k' (Tectoria 'graildis. Linn•) P~•J?o Thesis • .B•H• U• 

B~naras .Hindu l!niversity; Varanas~· 

Fisher• n~w~~ Gambell• .A.w., Likens• G•E•• and Bormann._. F•Hq 
.1968o At~ospheric contribution ,to .water qual.ity 

of.atr~ams in the H~bbard'esperimental foresto New 
··Hamp~hire.·WaterResour. Res~.; 4: 1115•1126o.J 

Folster, H, ·and De .La~ saias. Go' 197f.h .»itterlall and 
. ' I 

mineralization in three tropical evergreen forest 
stands.- Columbia. Acta Cient·.o Venezolana ,- 27 : 196• ·' 
202· 

Ford, EoD., ·and Newbould • P .J., 1970. Stand structure and 
weight p~oduction through the ·swe:et oh~stnut 
(Castonia sa-tiva0. Mill). Coppice cycle. J • Eool., 

58 : 275-296o 

Frankie, Go W.•, Barker, _H.G. _and Opler~· P .·A·, 
ti v:a. phenological studies of .trees 
and_ dry forests in the lowlands of 

Eool., 62 : 881-929o 

'1'97 4o Compara• 
in tropical wet 
Costa Rica. J. 

Frankland, J.c. Ovington, J.D. and Macrae, c., 1963. Spatial 
. ' ' 

.and. seasonal variations in soil litter a·nd ground 
vegetation in some lake district woodlands. .J. 

Ecol,, 51 97-112o 



245 

; ! 

. . 
Frankland, J.C~, 1974. Decomposition of lower plants. Ins 

' • ' ' t ~ 

· Biology of Plant Litter Decomposition. Vol. 1 , 
(Edo by c ~H:; Dickinson and G.J .F. Pugh), Academic 

.Press, London and· New: Yorks 3-36 ~ ' · · 

Gambell,- A~W~ and Fisher, n.w., 1966 •. Chemical composi~ion 
of rainfall of eastern North Carolina and South-

.. , 

eastern Virginia, United States Gaol. sur. water 
Sup, paper 1535-k~ · 

Garrison, R. and· \'/etmore, R~, 1961 • studies in shoot abor-
' tion. Am~ J:ou:r• Bot., 48 : 789-795.• 

Geiger·, R; (Ed;·), 1965. The climate Near the Ground 0 . Harvard 

University Print!~ Office; Cambridge, Masseuchu­
setts; 

Geist, Jon, M., and St~_ickler, G.s., 1970o Chemical charact_er­
istics of some forest and grassland soil on north 
eastern Oregon I.· Results from reference profile 

s;ampling on the starkey experimental forest and range. 

U.S.D.A. ForestServ. Res. Note; PNvl-1'37: 1-11. 

George, M., 1978. Interception;· ·stemflow and. throughfall in a 

Euc~l::Y,;Ptus hydrid plantation; Ind. For. 104 : 719-726. 

George, M;-, 1979; Nutrient return by stemflow, throughfall 

and ra~nwater in a Eucalyptus hydrid plantation. Ind. 

For. 105 : 493-499. 

Gibbs, D;G; and Leaton, D•, 1970• Insect phenology in a forest 
farm locality in West Africa J; Appl~ Ecol., 7 : 

519-548. 
'E'd·) 

Gilbert, F;A.,~1957o Mineral Nutrition and the Balance of 
lifeo Univ. of Oklahoma Press. U.S;A• 



• 

246 

Gilbert, o·.J.W~, and Boc~ock, K.t., '196~. Some methode of 
: studying the disappearance and decomposition of 

leaf 11 tter. · In: Progress in Soil Zoology (Edo 

by P.w: Murphy), Butterworke. London: '348-352· 

Gieasan; H~A. ~ '1926. The individualistic; conc;ept of the . ·. . . ' . . . _. 

plant association. Bull. Torr. Bot~ Club, 53 s 
7-26.· 

. ' 
Gol'ley, F.B~· lJlc.Ginis-, J.T~, Clements, R.G., Child, G.I., and 

Deukev, M.J. ,· 1969. The structure of taropice.l 
f()reats in Panama: and Columbia B'ioacience, 19 : 
693-696.- ..; 

Gore, A.'J .P :, 1968. The supply of six elements by· rain to . ' . 

an· upland peak area.. J. Ecol., 56 : 483-495o 

Goszo 1 J.}l.·, Likens,·G·E· and Bormann, F.H., 1972. Nutrient 
content of· litte~all on the-Hubbard Brook experi-

.. , mental forest, NelT Hampshire, Ecology, 53 : 769-784o 

Gosz, J.R.,_ Like11s, G.E •. ·and Bormann, F.H., 19.73• Nutrient 

re,iease f~om.dec?,niposi~ leaf and branoh_litter.in 
the litubbard·B~ook forest.l New Hampshire. Ecol.· 
Monogr., 43 : 173-191. · 

'Gosz, J.R.., Likens,·G.E.~ and Bo~an, F~H~, 1976o Organic 
·\, ___ \.. matter and nutrient dynamic~ of the forest and forest_ 

;floor- in the Hubbard Brook. ··oecologia, 22 : 305-320. 

Grantham, ·J.B. and Ellis, T-.H•, 1974. Potentials of wood for 
productivity energy. J. For., 72·: 552-556. 

Greerlland; n.cr. and Kowal, J .M..c". ,-· 1960. Nutrient content of 
~ ' 

the moist _.tropical _forest of Ghana. ;Pl.: Soil, 12 : 

154-174. 



247 

Greig-Smith,- ·p:.; ~ustin, .M··.P.; Whitmore, T.-.c,., 1967. The 

application of quantitative methods to vegetation 

survey I. Association analysis and principal 
component ordination of rain-·forest. J. Ecol~, 

~5 'l_ 483"·5,03. 

Grier, C .c., Cole,. lhW·., Dyrness, ·c .• T ... and Feidrekse~, R.L.··, 

1974.-· Nutrient cycling in 37-and 450-year old 
. Do_uglas Fir ecosystem·. In:. Integrated Research in 

the Con.ife,ro:ua Fore·.st Biome (Ed. by R··R·• Waring, f 
and R.L-. Edmunds·), 8-2t-. 

Hamil ton, E·.L., ·and Rowe, P·~B··, 1949. Rainfall interception 
py_ phaparral in California. ·california Forest and 

Range Expt-. Station : h·43. 
I . 

Hard~pg,. D. J·•F • and Stu~tard, R.A.,- 1974. : Microarthopodso 
In: Biology of Plant litter Decomposition, Vol. 2, 
(Ed. by C .H. Dickinson and C .J .• F .• Pugh), Academic 

Press, London and New York: 489-532. 

Hart, G-., Leonard, R.E. and Pierce, R.s •. , 1962. Leaf fall, 
humus de~th and soil. for.est in a northern hardwood 
forest •. Northeast For •. Exp.. St:ri .• For .• ,Res. Note, 

131 : 1-3· . . . 

Hatheway, w.&., 1971. Contingency table analysis of rain 

forest·vegeta~ion. ln: Statistical Ecology. Vol. 3 
(.Ed. _by G.P. Patil, ~.c .• Pi~looe, E..c .• and w.E. 
\'Ia ters), 207-307. · 



248 

Healey~ I ~N ~ arid. ~-~:-1ft, M~J~ ~ 1'971 .~ Aspects of the 
. . 

Aspects of the accumulation and decomposition of 

wood in the litter layer of a ooppiced beech-oak 

woodland. Ann~ Zool~ Ecd~ AD.im/hors Serie : 417-
'430 •. 

Hegyi, F., .1972• D.rY matter distribution in jack pine stands 
in northern Ontario~· For~· Chron~ 8: 1-5 •. 

Heinrich~ B. and Ravan, P~H•~ 1972~ ~nergetics and pollina-

G , __ tiqn ~colog~ •. sct~nce, 17~ : 597-602. 

Helvey, .J•D~ .•... 1967~ Interce-ption. by eastern white pine~ 

water resource research~ washington; 3 : 723-729• 

Hoover, rJI~·n~, 1953· Interception of· rainfall in a young 
lobolly pine plantation~ Southern-Eastern Forest 

., Experiment Station, USDA··· Papf,r No·: 21. 

Hopkins,· B·.·,. 1966·~ 'vegetation of ·the Olokemeji f~rest reserve, 

:N:igeria (IV)'~ The 11 tter and ·soil '\"Tith special 
ref-erence to. their saa:;;6nal changes. J• Ecol., 54 : 
687-703~ 

Hopkins, :a., f970·. Vegetation of Olikemeji forest reserve, 
Nigeria I·V ~- The· Plants on the forest site, with 

special references. to their seasonal gro"rth. J: Ecol., 
68 : 765-793• .. 

Horn, H.s-.·, (Ed.<), 197·1:. Th·e Adaptive· G:eomen.try of Trees. 

New Jersey·~ University Press, Princeton." 

Ho·rnbeck, J.~\i.~, and'Pierce, R.s·~·, 1969.· Changes in snowmelt 
run-J6ff after __ forest clearing on a New England . .. 

"tvatershed: •. Ei=istern Sno"t·T Conf. Proceedings of the 

1969 Annual Meeting, Eastern Snow Conference: 105~112o 



249 

Hornbeck, J.W•, ~ierce, R.s. and Federer, C~A~, 1970o Stream­
flow changes after forest clearing in New England~ 
Water Resources Re~ ,_ 6 I 1124.;1132o . . . . . ' 

Ho'tiSrd, P.J•A., 1965. The carbon-organic matter factors in 
various soil types~ Oikos, 15 : 229~236o 

Howard, P•J.A• and How~rd, P~M~, 1974o · Microbial decomposi­
tion of tree and shrub leaf litter lo Weight loss 
and chemical compositipn of decomposing 11 ttero 

Oikos, 25 : 341-352~ 

Hughes, rJI.K•;· 1970o Ground veg-etation. and forest litter 
production• Me.thods. of study in soil ecology~· 
Proceedings of the Paris symposium 9 Paris, UNESCO: 
145-150. 

Hughes, M.K.--, 1971o· Tree biocon,tent, net production and 
litterfall in a deciduous wo:cdland• .. Oikos, 22 : 

62-73o 

Jackson, M.·L.~ (Ed.), 1958o Soil chemical analysis: Pren~ice­

Hall. lnc_.~, ·Englewood Cliffs, New Jersey•"" 

Jackson, I.J •. , 1971. Problems ot throughfall and interception 
' 

assessment under tropical forests. J. Hydrol., 12 : 

234-254o 

Janik, .. J •.. , 1971 o Root structure and undeground biomass in 
equi tori,al forests •. In: Productivity of Forest E_co­
systems (Ed.·· by P. Duvignaeaud), ..... Proo. Brussels 
Symp.· UNEsco: 323-331. 



250 

H.,. Gessel, s.:J;>. ~nci Bringha:r.n, F:eT., 1949~ Compara..; 
tive.study of decomposition rates of organic 
matter in temperate and tropical regions. Soil 

Sci• •· 68 : 419-432. 

Jensen, V., · 1974. Decomposition of angiosp~rms 1;ree leaf 
li~~er. In: Biology of Plant litter Decomposition. 
Vol ... I (Ed •. by C.H· .. · Dickinson, and. G.tJ .F. Pugh), 

Academic P.ress Loridon and New York : 65-1 04• . 
. . ' . 

,..Johnson, L .. F.~rest, and Risser, .P .-G .. , 1974. Biomass, annual 
net .primary p·roduction and dynamics of six minerals 
. ' 

eleme~ts in a post oak black jack oak forest~ Jo 
Ecoi•·~ 55'·: 1246-1258.·., 

Jones, E-.w •. , 1955·· Ecological studies in .the rain forest of 

southern Nigeria.· IV. The plateau forest of the 

Okomu forest reserve.· J. Ecol.·, 4? : 564-594. 

Jorgensen, Jr.-,, \~Tells, C.G., and I•letz, L.cr.·, 1975·· ;he 
. nutrient· cycle_: lfey to continuous forest production. 

J • Fores.t.,, 73. a 41P<>-403. 
. . ; •' 

xaarik• A.A., 1974 •.. DecompGeJt;ion of wood. In: Biology of 
Plan·t Litter l>ecompeeition. Vol. 1, (Ed •.. by C .N. 

. . . . . 

Dickiil!3o'n and 'G.c •. Pugh), Academic Press•· London 

and Ne'trT York: 129-174. 

Kendrick, W.B., 1959. The time factor in the decomposition 
·of coniferous fo;r:-est litter. Can.·· J .~Bot., 3?1 : 
907~912. 



251 

Kestemont, P •. , 1971 .~~ P.roductici te des taUlis · sampleset 
\ 

.. concept' de' necromasse. Iris .Productice Des' 

Ecosystems -For·estiers. (ld. bY, P. 'Duvigneaud) 

Actes Coll. Brtixelles, 19G·9~ UNESCO Paris: 271'-
289~ . 

Kestemont; ·p., 1972. Production ligneuse et foliane do rejects 
anges de d~uxaus. El~ment mathematique~ Bull. Soc~ 

' < 

Roy~ Bot~ Vselz., '105 : 169-181. 

Kestemont, P•, 1973· Production primaire de la starte arborea 

d'une Letraie a'fetuques.·Bull. Soc. Roy. Bot. Belz.·, 
( r 

~06 : 305~316: . . 

·~ra, T'. and Shddei,. T·~, . 1 ~67. Primary production and turnover 

of ?rganic matter in different forest ecosystems of 

· the \'I estern Pacific. Jap_ .• J .• Ecol., 17 : ~<>-87 o 

X:irita, H., 1971d. Studies of soil re~piration in warm temp~-
> 

ra~~re evergreen broad leaf forest of southwestern 

·Japan. Jap·. · J.·• Ecol•, 21 ·: 23C>-244 .• 

Kittredge, ~. (Ed.)~ .194·~. . Foree~ influences.. London, Ne~r 

jork, Toronto and Londo~· 
• ... 1 ' ·' 

Klinge, H• and Rodrigues, _W-., 1968. Litter. production in an 
•• ~ .1 

area of Amozon~ te~ra firm forest. Amazaniama; 

1 : 287-31 Oo. 
' '• 

Kling_e, H.~ Rodrigues, w.A., Bruning, E., Fittkan, E.J.,.1975• 
. ~ ' . ' . . 

Biomass and structure in a central Amazonian rt:lin 
: v .: 

for~st •.. In: Tropical Ecological Systems. Trends in 
Terrestrial and Aqua.tic Research (Ed.- by F .B. Golley 

and Be Medi~), New York. Berlin: 115-122. 



252 

,Knight,. D.H.; 1975• ·- A phytosooia~ogioal analysis of 
·species rich tropical forest on Barro Colorado 

Island, Panama; Ecol. Mongr., 451 : 259•284. 

Keelling, M· and Kucera:,· C~L~ .• 1965. Productivity and 
turnover· relationship in native tallograns 

. . , ' I 

prairie-Iowa State.~ J ~ Sci;, 39 : 387-392. 

Kozlowaki, T.T •. , 1864. Shoot- growth in woody plants~ Bot~ 
Rev;• 30 : 335-392~ 

Kramer, P.J.- and Kozlowski, T.T~, 1960. Physiology of Treea~ 
New York; McGraw Hill. 

Larcher, w.- (Ed.-) 1975; ·Physiological Plant Ecology~ 

Springer-Verlag" NelT York.; 

Laudelot, Hi and Meyer, J., 1954 •. Les cycles d'e~ements 

minerauz et de ma tiex organique and forest equcta­
rials congolaise• Trans/ Fith Int.~ Cong. Soil Sci., 
(Comm. II). : .2.6·7-272.· 

Lawton, J. R.~ and Akpan, E ·'E·.·J;, 1968 .-· Periodicity in P-·itlmeria. 
Nature, 218 : 384-386. 

Lebrun, J • and Gilbert, G., .. 1974. Une. classification eoologique 
des forets du congo.- I.N.Eo'A. Brussels, Publ. No.· 63 : 
1.89.-

Le Clare, J.~A.,· and l3reazeale, J.F., '19.08. Plant food removed 
from growing plants by rain or dew.· In: u.··s.' Depart­
ment of Agriculture yearbook. (Ed. by J.R.' Arnold), 
389-402.· 



253 

Leonard, R•E•, 1961. Interception of precipi te.tion by 

· northern hardwoods, Northeastern Forest Expl• 
·Station paper No. 159 : 1-16o 

Leonard, R .. E&, 1967o Mathematical theory of interception. 

In: International Symposium on Forest Hydrology. 
(Ed. by. w.E• Sopper and H.w. Sul.l) Oxford : 

131-136· . 
I:ieth; H., 1972. · Modeling the primary productiv.ity of the 

world • Trop • eEeol.; 13 ·: 125-130• 

Lieth, H•; and Ouellette, R., 1962. Studies on the vegeta­
tion of the Geski Penisula, 2• ~he soil respira­

tion of some plant communites• Can• J• Bot., 40 : 
127•140. 

Lieth, He; and Whittaker, R•H• :(Edso), 1975 •. Primary prod-
~ J :: '= ,. 

uctivity of the Biosphere • Ecological studies• 
14• Springe~Verlag, New York. 

. . 
Likens, GoE•t Borzna.nn, F•H.,Jonson, N.M. and Pierce, R.s., 1967. 

The calcium, magnesium, potassium and sodium budgets 
~ ' . 

for a. smallforested ecosystem. Ecology, 48: 712-795. 

Likens, G.E., Bonnann, F•H••. and Johnson, N•M.,- 1969. Nitri­
fication: Importance.to nutrient'lo~ses from a cut 

over forested ecosystem.- Science, 163 : 1205-1206. 

Likens, G.E., Bonnann, F.H}.(,.~ohnson, N~M.; Fisher, D.ow .• , and 

Pierce, R.s., 1970a. · Effects· of forest cutting and 
herbicide treatment on nutrient budgets in the 

Hubbard.Brook 1.'latershed Ecosystem .• Ecol. Monogr.:•• 

40 :.23-47. 



Likens, 

-254 

G'.E·., -Bimann, F .H., Pierce, R.S., and Fisher, D.W., 
1971• ·Nutrient hydi-ol~gic cycle· ·~nte~ction in 

. . . , , . , . . " • ' • . . . ,. ·I . , ' 

small forest·ed watershed ec~sys tems. In: Product~-
vfty of For~et Ecbsyateins (Ed~. )by Pt~S. Duvigneaud)', 
Proc. Bus·sf)lo, Synop. UNESCO, Praia:. 553•563~. 

Longman, K··.A.~,Jenik,J. (Ed.') 1974o · '.rropi~al.Fores~ B.nd"its 
Environment: 'Lowe and Brydono Ltd •. Tnatford~ Norfolk. 

196 PP• ·· 

Lo~sier, ·J .n.·· and Parki~son, .D.' 1976. ·. Li.tter dec'ompQsi tion 
in ~ oool ·'temperate 'deciduous forest. Can. J. Bot., 54: 

.419-436. 

Lull, . H.w.; 195'9. Humus depth in the Northeast• J. Foreatr., 
57·-t 905-909. 

·-· 

Lull, H'.w.; and Reinhart, !{.G.,. 1967. Increasing water yield 
·i:n the Northeaste_rn. by mana'ge.ment of_ fo.rested water­
shrubs. ·usDA Forest. Serv. Res.· Paper NE-66, 45 ·PPo 

_!utz, H.-J. and Ch,andler, R.F., {Ed.),,1946. Forest Soils. 
John Wiley, N'ew !o'rk. 

Macfadyen, A-.-,'· 1970. .Simple methods for ~easuring and :ma:.intain,;.., 
ing the p:ropertion of carbon dioxide .in arr, for ue1.e 
in eco·logical· studies or soil respiration~ Soil 

Biol. Biochein., .2: 9.;.:18. 

Madge, D.s.·;" ·1-965. Leaf.: fall and litter disappearance in a 
tropical_ f·orest. 'Pedob.iologia, 5: · 273-288. · 

Madiwick, H.A~I ~, at?-d Ovington, J .n., 1959. The .chemical 
I • ' • .I 

composition of precipiltation.tn adjacent fC?rest and 
op~n :plots. Forestry, 32 : 14 .. 22. 



255 

M!3-dgwick, H•A•Io, 1970. Biomass and productivity models 
of forest canopier. In: Analysis of Temperate 
~orest Ecosystems. Ecological Studies, Vol. 1 

· (Ed. by D;;E. Reichle), Springer.Verlag: 47-54• 

Madgwick, H.A•I., 1976• Mensuration of forest biomass. 
Ins OSW Biomass Studies (Ed. by Hi.E. Young), 

Univ •. Press, Orono: 13-27o 

Major, J•, 1970. Essay review of Rodin and Bazilevich. The 
illusive mineral equilibrium Ecology,· 51 : 160-163 • 

...j ~!.:.' 

Margelef, R•, 1963 • On certain unifying principles in 
Ecology. Am• Nat., 97 : 357-374. 

Margelef, R•,(Ed•), 1968o Perspectives in Ecological Theory. 

Univ. Chicago Press, Chicago. 

Marks, P1L. and Bormann, F•H•, 1972o Revegetation following 
forest cutting: Mechanisms for return to steady 

state'nutrient cycling. Science, 136: 914-915. 

Mason, C 6F i, 1. 974o Moll us ca. In: Biology of Plant Litter 

Decompositionj Vol. 2 (Ed• by C•H• Dickinson and 

G. J .F. Pugh), Academic Press London and New York: 

555•592. 

Mecklenberg, B.A.~ Tukey, H.B., Jr. and Morgan, J.V~, 1966. 
A mechanism for leaching of calcium 'tt::.~!i from 
foliage. Plant Physiol., 41.: 610-613. 

Medina, E. and Zelwer, M., 1972. Soil respiration in tropical 
1;\la.nt communities• In: Tropical Ecology with an 
emphasis on Organic Productivity (Ed. by <~~··M. GolJ.y 
and Ftm. Golly), Univ. of Georgia, Athenss 245•269. 



256 

Melin, B~, 1930~ Biological decomposition of some types 
of litter from north American forests. Ecology, 
11 I 72•101. 

Mellinger, . M 'V~ and McNaughton, S .J., 1975o Structure and 
function of successional vascular plant communi­
ties in central New York. Ecol~ Monogr., 45 : 
161-182o 

' 
Mea, ~.G., 1954o Excretion (Recreation) of phosphorus and 

other mina·ra.J. elements by leaves under the influence 

; ' of rain. s. Afri~ Journ~·, 1 : 167-172. 

Metz, u•·J;", 1952. \veight and nitrogen and calcium content 
of the ·annual litter fall··of forests in the south 
Caroline predamont. Proc. Soil Sci: Soc~ Amer., 
16 : 38-410 

Miller, R~B ···and Hurst, F ~'B.;·, 1957. The· qUe.n ti ty and nutrient 
of ha·rd be'ech litter;··Nz.;· for. Res;'· Notes, 8 : 1-14. 

Miller, R.B • ;· 1963. De~o~pos_i tion of coniferous leaf litter. 
. . 

Ins ,Biology of pla~ t litter decomposition;· Vol.· 1. 
(Ed~ by c.H,e··'nickinson, and ·G.J.F~· Pugh), Academic 
Press, London and ·New York: 105-125· 

Millengton~ W•·F··, 1963. 'shoot'lip·abortion. U'bhus americana~·· 
' ' 

Am• Journ•· Bot., 50 : 371-378• · 

Mine, K•N~~•. 1962~, Q,pmp~~1;"1son of methods for determining the 
intensity of soil respiration ... Sov. Soil. Sci., 11: 
1188-f192. 

Misra, R., Singh, J .. s·. and Singh, K.P.,- 1967. Preliminary 
observations on the· production of dry matter by sal 

. (Shorea robusta G:aari~n.)'t' .·),. Tropo Eool., 8 : 94-1 04c 



257 

Misra, R~ (Ed •) ~ 1 968. Ecology Woork Book~ Oxford and IBH 
·'Publication Co•-, New De1hi• 

Molchanov, A.A. (Ed.), 1964. ·scientific Fundamentals of 
' . . . 

Farming in the O.ak Grooves of the Woode'd Steppe• 
Nauka, Moswow, 255 P• · 

Moller; 0• t 1. 947 o, The effect of thinning off and site on 
foliage;, increment and loss of dry matter' J~ 
Foresta., 45 ': 393-404• 

Monk, C •D•, Chiid; G•I • and Nicholson; SoAe, 1970. Biomass, 
litter ~nd leaf surface area estimates of ·an oak 

kickory forest• Oikos,.21 : 138-141o 

Mork, E•, 1944o The litter fall in Norwegian woods• Midd. 
Worske, Shogforoksv .• t 29 .s 297•365o 

Murray, DoBo and Sale; PeJ•M•, 1966o Report on plant physio• 

logy. Ann· ReP• Cacao, R.es., Trinidad : 3C>-4o 

Nebet w., 1973o Nahrelamenthauswasbhung durch Niedurchlageo 
In: Forstlieh pflanzenerna Lrung and DungUngo 
Gustav Fisher Verlag Jena., 195-197o 

Nemeth, J.c., 1972o Dry matter production and site factors 
in .young lobol~y (Pinus taeda L.) and slash pine 
(Pinus elliottA~. Engelm•) plantation. Ph.D• Disso 
N.C.· State Univ.. Raleigh; Dep• Bot., 95 PPo 

Neuwirth, G., 1972o Bestandesatruhtur, staf~ produktion and 
stoffbiang aines 35. Jahrigh kiefern bestande~· Arch. 

'Nature. Landschaft; 12 : 101-120. 

Ne't'Tbould,· P.J •. , 1967o Methods of Estimating the Primary 
Production of Forests. IBP Handbook Noo 2. Blackwell 

·' 

Oxford, Scientific Publ: 62PP• 



258 

Nielsen, B.o., 1977. Seasonal and annual variation in litter 

fall in a beech stand, 1967·1~95· Forstt. Forogsv. 

Da~·-.. ~~ 35 s t7,~38~ ., 

Nihl,ga.rd, _.B •, 1970• P.recipi ta tion 1 ts. chemical compos! tion and 

effec~t on soil water in a beech and a spruce forest 

. _in south Sweden~ Oikoa, 21 : 208•!176 

Nitsch, J.P., 1957o Phtoperiodism in -woo·dy plants• Proc• Ann• 
. Sd'C• Hort. Sc •. , ·70 : 526-544o 

Njoku, E•, 1963. Seasona;'l periodio:tty in the gar~th and deve­
lop~ent of some forest tr~-es in ·Niger.La •. J • Eco·l"., 

· '51 I · 6.1 7-624o 
'• . 

Njoku, E., 1964. Seasonal periodicity in the growth and 
development of. some forest trees in Nigeria. II. 
Observations on seedlings~ J. Ecol•, 52 : 19-26o 

' . ' 

_.Nye, P.R. and Betheum; M.H•; 1957o ~he distribution of 
phosphorus in forest and savannah so~ls of the Gold 
Coast and its agricultural significance. J •. Agric• 
Soi.,· 49 : 145•159• 

Nye, P oH_o and Greenland, D.J., 1960. The soil under Shifting 
·Cultivation. Tech. Comm. No·~ 51, Comm, Bur. Soil 
Barpenden. 

Nye, P .H. ,a4961. Organic matter and nutrient cycles under 
moist tropical forest. Po soil, 8 : 333-346. 

' I 

Odum, E.P., 1963. The strategy.of ecosystem d-evelopment. Scien 
144 I 262-270. 



259 

Odum, E.P., 1969r. EcolQgy New York -Holt, Rinehart and 
Winston. . . ., ..• ~. •' .;.:,J M.- . ! -:::-

Ogowa, H• Yoda, K. and Kire, ·T., 1961 o A preliminary survey 
on th,e vegeta.tion of Tahilai'ld. Nature and life in 

in S •E ~ Asia, 1 · : 21-157 o 

Ogowa, H., Yoda, K. and Ogino, K., and Kira, T., 1965o Compa­
rative .ecological studies on" three main types of 

. , 
fQrest- vegetation in ThailB.nd. Ilo Plant biomass.• 

.· Na~~e ~d ~ife in s.E. Asia·, 4 : 49-BOo 

. ' 

Olson,. J .s. ,_ 1.963o · Energy storage and the balance of produ-

Orloci, 

Ove.rton, 

cers and decomposers in:ecological systems~ Ecology, 

94 : 322-~33· 

L., and M-ukkatte"r,_M~M., 1973. The effect of species 
number and. type" of data ~on the ;resemblance st;Micture 
of a phytosiological co].lection •. J. Ecolo, 61 : 37-46o 
.. 

\1-·S·, Lavender, D.P. and Iiermann, R.K., 1973• Estima-
. -i!ic:m o:f bio~s,§J ang • .' nutrientt' capital in stands of · 

old growth Douglas fir •. · Ill: IUFRO Biomass Studies (Ed. 
H~E. Young) Univ •. of Maine. Orono: 88-1 o;. 

Ovington, J.D., 1954 •. ·.A· comparison of· rainfall in different 
woodlands. Forlstry, 27 : .. 41-45• 

Ov:ing.ton, J.D •. ,_ ·1954bo Studies of the develo_p~en_t of woodland 
conditions under- different trees. II. The fForest 
floor •. J. Ecol. ~ 42. :. 71-80. 

Ovington,-· J .• D., 1957. Dry matter production by Pinus sylvest­
ries L .• Ann •. Bot. (N .• s.), 12 : 287-314o· --'. 



260 

Ovington,._ J.J;>.;. 1958 •.. The sodium,. potassium and phosphorus 
cont·e~ts of tre~ species grown in close stands. . 
New Phytol. , . 57 : 273-284o 

Ovington, J.D. j 1959. The circulation of minerals in planta-, ' '- . . ... 

tiona of Pinus sylvestries L. Ann. Bot~ (N.s.), 23: 
. 229-239.-V 

Ovin-gton, J.D~, 1962. Quantit~tive ecology and the woodland 
ecosystem_ ~oncep_:t·~· In:. ~dvances, in Ecological Resea~h 
(Ed• by J.B. Cragg)- Academic Press, London and New 
Ybrk: 103-:-192. 

Oving~am, J .D ~,. 1965. Organic prodJ}ction, turnover and mineral 
cyclirlg in woodlands. Biol. Rev. 40, 295•336. 

Ovington, J.l) • . and _;Mad¢~k·:•. ~-·A~.!., 19.59. The growth and 
comparison of natural stands of bireho I. Dry matter 
production. Po soil, 10 : 271~283. 

OviligdJon·; J.D •. ? 1968. Some factors affecting nutrient distri­
but.ion 'tl!lthin eoosys tems. In: Functioning of Terres­
trial Ecosystems at the Primary production level 
·(Ed. by F~E. Ec.kard:t), Proo. of the. :Copenhagen Synys. 

UNEsco. ~aria: 95-105. 

Ovington, J.D~·, Fore$t, w.G .• and Armst.rong, J.s., 1967. Tree 
biomass estimation:. I_ns Primary productivity and 
Mineral: Qyclirig in Nature/Ecosy~tems • Paper pr$sented 
at the 1_3th annual meeting. of.the Alnerican Association 
for the Advan_cement of Science• 1967. New York, 
washington : · :4-31 cit · 

Owen, T.B., 1954· · Observatt"on in the monthl.y 11 tter fall and 
nutrient content of silka spruce litter.- Forestry, 
27 : 7-15. 



261 

Paeoh, .K., and Tracey, M.V. (Ed.) -1956. Modern Methods of 
Plant Analysis Vol. 1. ·Springer;' Berlin, 542 pp.-. ' . ' 

Pande.ya, S•C~·· Pan dit, B.;R.;. and Sharma, S~C.; 1970aJ N"et 
primary production rela ti·on of dhawara (Anogeisus 
latifol.ia wall..) in the. reserved forests in Norma.da. 

I , 

Upper Ca. tohiD.ent areao Proc • 57th •. Indi:an Soo· 

Congr. IV. 4• 
. I t' 

Pande~, S•C., Sha.nna,_·~·C~' and Pandit, B.R.; 1970bo Biomass· 
and production correlations of sal (Shores robuata 
Gaertn.) in the reserved forests in river Normada 

' , I 

Upper Catchme~t area• Proc. 57th Indian Sc. Congr. 
IV IV 5. 

Pandeya.,. s .c. Pandi t, l3 .R •. and. Sharma, s .c., 1971 o Biomass 
and production correlation of teak (~ectonia g;andis 
Linn~ F.) in natur~ forests in the river Normada 
Upper .ca tcbment area •· Ina Tropical: Ecology;· Emphasi- · 
zing Organic Productivity (Ed• by P.·M•· Golley and 

. ' \ . . 

·F ·B ~ Golley )' INTE Col. INSA and I STE: 201•216 o 

Papp, L.P., 1974o Above ground biomass of C@eroua petraea and 
Quercus ce_rr~~ in the reaear~h area at sikfokut. Acta. 
Bot.- Ac~· Scient. Aung,. Tomus 20; 333•339• 

Peterson, E~·B., Chem, Y.H., Cregg. J.B., 1970o . Above ground 
. . ' . 

standing crop, l:eaf area and caloric value in an 
aspen clove near calgary, Aberta, Con~ J. Bot •. ,z48 : 
1459-"1469. 

Pierce, R.s., 1966. Evidence of overland flow in forest water­
sheds.· Proo. Int •· Symp,.. 'Forest Hydrol .• P_erganon. 
Press, New York,. 247-253o 



262 

Pierce, R-.s. Hornbeek, J-.w., Llliens, G.E., and Bormann, :P.H., 

197~. Effects of' elim1$'tion of vegetation on 
streamwater quantity -~nd qual.ity. Proo. lASH· Sympo­
sium on the ResUlt of Research on Rep.resentativ19 and 
-E~erlmental Basins• New Zea.1and : 3-11-328o 

Pierce, R.s~, Martin, ~.w., :Reaves, ~.c~, ~~k~na, G.E. and 
Bormann, F.H., · 1972 •. Nut-rien~ loss from clearcutting 

tn·New Hampshire. Proc. SY,nUP· "Waters~ed~ in Transi­
tion." F.L. Collins, Col.: ·285-295 • 
.. 

Piper, c.s., 1947. Soil and Plant Analyaiao Univ. of Adelaide, 
'Adelaide o 368 pp. 

Pugh, G.J.·f.; 1974. Terrestrial fun8i. In:. Biology of plant 
. litter decomposi tion• Vol. 2 (Ed • ·by C .H o Dickinson, 

. . 
and G··J ~E· Pugh) 11 Academic Press, London and New York: 

... 
~03-336• 

Puri, G.S., 1953. Leaf fall in Deh~ Dun forests. Bull. Bot. 

-~c1. Univ. Sa~gor, 9 : 28-34· 

Pyavochenko, A·~~h, 1968• Hydrothermal ·.condi tiona and the 
productivity of plant mass in the principal landscape 

zones._ Vestnil, MGU Georg9 o ~osoow, 5 : 41-48. 
- -

Rahman, A•H·M·M·, 1964. A study of the movement of elements 
from leaf crowns by natural litterall, stemflow and 
leaf wash. MoF• Thesis in File, Univ• Wash. Seatleo 

Ralston, O.w·., :Chapman, Ra:Co~,· and Kinerson, R·S•Jr. 1972. Dioma.se 
distribution in lobolly· pine plantation. US/1BPo East.­
Deciduous For. Biome. Memo • Rap., 72-79 s 1-19o 



263 

Ratdam·;·: "SiS·.,' 1971 •. Prod~c~ion and dist.ribution of dry matter 

in shdt·ea woodlands·.. Ihl S~po~ium o'n Tr'opicai Ecology 
with:E!Dphe.si·s· c)n·Organic Productivity." {sa~ by J>.M. · 
Golley arid . F •B. Goll.ey') INT. Ecoi.' INS~. ,and ISTE •·• 

. . .' .. ': . ' ' ' : . ' :· 

. Ramam, s.-s,' 1976. Bio~ogical pro.ductivi ty of Shorea. planta4 
·· ti'ona. Ind.: Fori··, 01"02 : 174-1.84.: 

.• ~ . 

Ramakrishilan, P e:S., 1978• Appro~ches to studies on forest 
• J • ••• t 

eoosyst~m function in the Nor.th~Easterp. Hill region. 
Env:iron'• Physlbl. Ecol.· Plan't.s:. 97--108 •. 

,, .· · .. ' ; 

Ramakrishnan, ~.s.,··and Toky,-'O.P.,·1978. Preliminary observa• 
tiona in the impact. of jhum · (shifting agricul tu.re) in 

th'~ foreste·a ecosystem. In: Resourc:es. Developmen.t. and 
. Environnien t in· th.e· H~alayan Region, ·Dept. of Sci. and 
. Tech. ·Government· of· India: 343-3S4o . 

' . 

Ramakriahn.e,n, P.s., Toky, OoPa, Miahra, B.K. and Saxena, K.G., 
198.0. Slash and burn agrieulture 1n north/ eastern 
India. Ina Fire Regimes itnd Bcosystem properties. (Ed. 
by H. Mooneyl I.M. Bonniokson, NoLo Christensen, DroEo 

Lotan,' a.nd w.A .• Reiners) USDA Forest Service Central. 
Technical Report •. Washington D.c. (in· press).· 

Rees, A.R~, 1'964. The flowering beha'V1.our of Cleroderidrum 
incisum ·1n southern Nigeria. J. ~col., 52 : 9-·17 • 

Reiners, w.A.·, 1968. Carbon dioxide evolution from tlie floor 
of three Minnesota forests. Ecology, 49 : 471-483o 

. . . . 

Reiners, w.A., '1972. Nutrient content of canopy throug}?.fall 
in three Minnesota forests. Ofkos, · 23 : 14-22o · 



264 

Reiner·s, w.A. and Reiners, N .M., 1970• Energy and nutrient 
dynamics of forest flora in three Minnesota Forests. 
J. Ecol., 58 : 497-5~0. 

Risser, P•G•, and Rice, E.L., 1971 •. Diversity in tree species 
in Oklahoma upland forests. Ecol~y, 52 : 876-880. 

Rochow, J.J., 1974• L1.ttel'·fall relations in a·Miaeouri forest 
Oikos·, 25 : 80~85o 

Rodin, L .E. and Bazilevioh, N •. I. (Ed.) ~ 967. Production and 
Mineral Cycling in· Terres~rlal VegE!tation. Oliver 

· and Boyd. London. 288 I>P• . 

Rodin, Lo:Eo .and Bazilev~oh, ·N .I., 1968. World distribution of 
plant biomass. In: Functioning of Terre.strial Ecosys­
tem at .the Primary P:rodu=&tion Level (Ed. by F.E. 

Eeklare3;t), UNESCOo Paris·: 45-52 • 

. Bomberger,. J .A.·, 1·963• Meristems, growth and development ·in 

Wt700dy plants .•. USo Deptto Agrio Tech. Bull. 1293o 

Rowe, L.K., 19}4• Rainff:).;tl ~nterception by mountain beeoho N.z. 

For. So., 5 J 45-61o 

Roy, D.J., and Verma,· ·A·, 1976• Animal h~sbandry as a subsidiary 
source of economy for jhumians. In: Shifting oultiva-. 
tion in North East India. NEICSSR : 47-51. 

Russell, 1~.\i{.C., 1968• · Some agricultural pro]?l~s .of semi 
. arid areas. 'In: . Resources of Tropical Africa (Ed. 
by R.P. Moss) Cambridge Univ. Press. 

Rutter, A.J., 1963o Studies in.the ,water relationships of 
Pinus sylveatris in plantati.on conditions I~ Measure­
ments of rainfall and interception. J.Ecol., 51 : 
191 .... 203. 



265 

Satchell, .J .E., 1971. o · .Fea:ai.~Uity.)~ttldy of an energy budget 
fer meathop w9od. Ins Productivity of Forest · . \ . .. 

Ecoayeteme, Ecology .and .Conservation. N:o; 4 (Ed • 
. by P.s.Duvigneaud)-, UNESCO, Paris:· 619~630. 
. . ' . . . 

. Sa.too, T., 1968o Primary productivi. ty alui .distribution of 
' . ' ' 

produced dry matt,er in a. plantation of Gtnnaneonum 
. cam ph ora; ma teri.als :for the studies of grot-rth in 
fo~est starid6e.;. 7. Bull. Tokyo Univ:' Forest;· 64 : 
241-275o 

Satoo, T., 1970o A Synthesis of studies by the harvest methods . 
Prima!"'Y production relatione in the temperate deci-
duous forests of Japan. In; Ecological Studies: 
Analysis of Temperat~ Forest Ecosystems (Ed. by D.E. 

Reichle) Spring@.~HtVerlag, Berlin' 56-72. 

Satoo, T., 1971 o P.rl.mary production relations in plantations 

of Norway .ep;r~c~ in cT~P.a.n: Materials for the studies 
of growth in fores:t stands.· So Bull~" Tokyo Univ. 
Forest.· No. 65 : 125-142. 

Sat~o, 'f., 'Nakamura, K. · e.nd. SeDda. M. ,··'1955o Materials forj 
the study. of grow'th in stands. 1. Young stands of 
Japanese red pine of variou·s densi ty."'Bul Tokyo 
Univ. For.·; 48 : 63-9'0o 

Satoo, ~_.,. KUnugi,· R, and Jumekawa, A., 1956. Materials for 
_ .. 0~2 the study. of grwoth in stands {iii} Amount o.f ·· 

leaves and production of wood in as:pen (Populus 
davidioma).sacond growth in Hakkaido.·Bull.· Tokyo 

Univ •· FO:S<PFj'2; 33•51 • 



266 

Satoo; T. and Sends; M •. , .1958• Material for the studies of 
~rowth in stands. IV• Amount of leaves and product­
ion of wood in young plantation of Chamoeoyparis 
abtusg. Bull. Tokyo Univ. For. 54 : 71•100. 

Sstoo, T9, Negisi~ K., and Senda, Me; 1959· Materials for the 
studies of growth in stands (V)o Amount of leaves and 

growth in plantations of Zelkowa serrata applied with 
crown thinningo B:ullo Tokyo Univ. For., 55 : 101-123• 

Schulze, E.,. 1967. Soil respiration of tropical vegetation ' 
typeso. Ecology, 48 I 652•653o 

Scott, D.R.M.,_1955o Amount and chemical composition of the 
organic matter contribution by over story and under­
story vegetation to frest soil. Yale. Soh •. For. Bull. 
62 : 73 PP• 

seth, S.K., Kaul, O.N., and Gupta, A.C., 1963o 
tiona on nutrition cycle and return of 
plantations at New forests. Indo For., 

Some observa• 
nutrients in 
89 S 9D-98o 

Sharma, v.K., 1976. Biomass estimation of Shorea robusta and 
Buckanania lenzen by regression tec~ique in natural 
dry deciduous forest In: OSLO Biomass Studies. (Ed. H•E· 
Young), Orono, Meine. 131-442. 

Shanks, R.E. ~d Olson, J.s., 1961. First year break down of 
leaf litter in sou-thern appaliohiml\forests. Science, 
134 l 370-376. 

Simon, s.v., 1914. Studies Uker die periodizitat der lebens 
prozesse dar in dewernd feuohten tropengebieten he1m1sc 
baume. J. Wise. Bot., 54 : 71-187. 



267 

Simpson, E•H., 1949o Measurement of diversity~ Nature, 163 1 688 

688• 

Singh, J .s., 1·962a• The effect of planting teak of different 
.. 

seed origins on Gangetic alluvioua. Trop• Ecol., 3 : 
119-132. 

Singh, J.s., 1962bo Preliminary studies on tthe humus status· 
of some forest communi ties ·of Bashaliar 'Himalayas. 
Proc• Nat• Acad. Sci. Ind~ Sec. B~, 32 1 403-407. 

Singh, K.rP., 1967• Production, chemical composition and 
decomposition ef leaf.litter and soil properties in 
the deciduous forest communities at Vara.nasi•' Ph.D. 
The sis , Bana rae Hindu University, Va ra.nasil 

Singh, K.P.~· 1968 •. Litter production and nutrient turnover 
in deciduous. forests of Varanasio Proc. Symp. Recent 

. Adv.· .Trop •. Ecol,(; 655-665. 

Singh, K·P•·, 1969. Nutrient concentration in leaf litter of 
· ten iJDportant tree species of deci4uol.ts forests at 
Varanasi., Trop. Eool.·, 10 s 83-95.· 

Singh·, K.P· •. , 196·g •. Studies· in decomposition of leaf litter 
of important trees of tropical deciduous forests 
at Varanasi. Trop ... -Ecol ~ , · 1 0 s 2·92:...311 ·". 

Singh,· R.l> ... , 1975.: Net annual prinary production, energy budget 
and mineral standing state of Eucalyptus tereticornia 
Smith, Ph..D. ~hesis. Meerut University, Meerut. 



268 

Smirnova., K•r·t•· and Gordent!=Jena, G.A., 1958. The consUilP:tion 
and totation of nutrientt elements in birch woods. 
Bull,. Soc.' Nat.' Moscou (biol.) 62 s 135-147. 

·' .r I •" 

Smith, W.H., Nelson, L.E., and Switzer, G;L;,, 1971. Develop-:-
ment of .the shoot syst~m of yo\JM lobolly pine II • 

. D_q mattet and nj_trogen accumulation .• For. so., 17 : 

55~62o 

Smith, M.K., 1974. Throughfall., stemflow and. interception in 
. .1' • 

pine and. EuciUyptus forest. Aust. For. 36 : 190.197.· 
.. . ~ 

Soulides, D.A. and Allison; F.:E•, ·1961. Effect of drying and 

freezing· soils on carbon dioxide production, availa­
ble mlne ra1 nutrients·, ag~rega.tion and bact~ rial 
popula tiona.. Soil Sc., 9.1 s 291-298o 

~ ' ' .: . . . . ' . 

Stanek, w. ·and state, D., 1978o ·Equations· .pr_edicting p_rimary 
.productiv11iy (biomass) of -:tr~es, shrubs, and lesser 

.. v,e_@Jetati,o_n bas~.d on ;urrent ~i terature .' Vic ~oria, 
B.c. Can. For.·· .sern.·· Report: BC-x-.183: 1-58. 

Stanlid, G;·~ 1958e' · Salt .J.osses, and redistribution in higher 

plants. ·'Ins Enoycl.opedia of Plant Physiology. IV. 
Mine.ral Nutrition Qf Plants. (Ed. by w. Ruhland), 

• . l • • • ' 

Springez-Verlaga. 615-6.31• . 
. ' : : ' ':- ' 

Stevenson,< I .L .• , 1956 •. Some. observation on the microbial acti-
• :': ~· ~ ' :1 • • ,. ._! 

vity 1n a ·remoistened air-dried soils Pl. Soil,: 8 : 
17Q-182. 

subba Rao, B.x.··;···~Dabral, B;G.', and Panda, s.K;, 1972. Litter 

production in forest plantation of ohir (Pinus ~ 
burghii) ·teak (Teotona grg!dis) and Sal (Shorea 
robusta) at _New Forests, Dehra Dun~· In: Symp. on Trop ~· 
Eool. Emphasis on Organic Productivity (Ed. by P.M.· 
Golley and F.B. Qolley) ISTE.IAE and INSC. Athens, 
235-243o . 



269 

suffling, R•·· and "S.inith,: D.:w.·, .. 19.74,•. Litt;er deoqmpo!=lition. 
'studies ·using mesh ·:tJag_s; Spillage ·in aooure.oi~s 

I ' I,• 

· andi· th~ ,affects of. rep·eated: ·arti~ioial dey,ing. 
• ~ ! • ' • • 

~:.~ot•, 52 I 2157•2163o ' ' \ .. . :..\ ' ' ~ ' . . ' ' . . ,. .; 

Switzer; c.L." and Nelson, Lo·E.,. 1.972. Nutrient acoumula~ 
tion and cycling in lobo.ll.y. pine (Pinus . taeda L.): 
plantation ecosy-stems, the forest twenty years. · 
Soil Soo SoQo Ann; Proo., 36 : 143-147o 

~ ~ . . :~ . . ~ ' : ' ' . ' . : ' 

Sykes; J•M• and BUnce•. R.G.H.•, 197Q. Flv.otua~ons .in litter 
fall in a deciduous woodlands over a three year 

. perl.o.d.~ 1 ~66-6so oik:os' 21 ': 326•329 • 

. Szabo, M·•, 1975·· Net precipi1;ation .. under oak forest (Quero·etum 
·petraeae Cerriso) .Q~nopy,in 1974o"B.Acta~ Bot. 

Szabo, 

Szago., 

Acad. Sci. Hung.~, 21 : 151-165. 

M. and Csortos; Qs., 197.5o A stu~y of. the nutr~ent 
content of canopy througb,fall in a.n ~ak forest 

, (Quercetum "etraeae C~rris.) measur~d for, one year. 
Acta •. Bot. Acad. Sci. Hling._,TH' io419-432o ".. . .. I" ., ·. . . . . .. . . . . 

G.-c. and Kemp, G .• c .• , 197·3· Energy, Forest and fuel . I • . .. 
· plantations~ Chemtech, 3 ,: 275~·284o 

Todaki, and HatiYa., K. ,: 1-9.68~.· Th·e· forest e.coeystem and its 
.dry matte"r produ~tion (Jap~) Ringyoko~J,tu-gijutsEh 

.· · .Shinkosha, · ·Tokyo. 

Tamm, G· 110' •. ,.· '1951. Removal of plant nutrient from tree crowns 
,by.rain. Phys~ol:qgia Pl. 6 s 1~4-188o 

.·' .. 



270 

Tamm; ·c .o., 1958o The a:tmosphera. In% Eoncyolopadia of 
Plant ·Physiology• IV• 'Mirleral Nutrition of Plant 
(Ed •· by W • Ruhland) l>h Springer-Verl~g• Berlin; 
~s; 232•242•. 

Tammt C •0•; 1975• Plant nu·trien"ts as' lim_i ting factors in 
eoosyatem dynamics; Productivity :of 't-Torld eoosys;.;._: 
tam·• <Proceeding of Symp·• 1972 at General Assembly 
of th·a special·' committee :for th_~ :International 

· .J?iological .Prog:remtlle .. Seatle~ Washington• 

!ansley, A·G•; 1935• The ~e and abus~ of vegetational 
conc~pts'and terms. Ecology* 16 : 284~307vl 

Tarere.nt., R•F• • !sa.ac, L•A• arid C.handier, R•F• Jre. 1951• 
O):>s·ervation s on ·1·1tter fall and foliage nutrient 
content of ·some pa'ci;fic: .porth't'leet tree species. J • 

For •.; 49 : · 9.14•915,o: 

Tarrant, R.F., LU,. K~c •.. ,.Bollen, W•B· an,d Chem, c.s., 1968. 
Nutrient: cycling b1· throughfaU and stemflow pre·ci• 
pi tation in thr~e eoaetai oregon forest type.so 
Pacific Northwest. USDA• F,or.• Service Res• Paper• 

' . 

PNW~?,4•· 

Taylor,, O~J., (E.d~), 1960~ . Synecology and SilViciultura in 
Ghan~~ Ediburgh~ Tho~s Nelson• 

Thomas,_ W•A'··, 1969• AcoUniulation arid· cycling of calcium by 

4om,rood trees. Ecol. Mono gr., 39 ·: 1 01.;..120• 



271 

. . . ... 
Timmo~, l>•R.,-Verry, E•So, Burwell, R.E. and Hold, R.Fo, 

1977• Nutrient· transport in surface run•off.and 
interf~ow fr9m an Aspen-Birch forest •. Our •. ·Emeron. 

··QUal,., 6 ·s .-188-192. 

Toumey, .J .w., and Kienholz, R., 1931. Trenched plants under 
· forest canopies. Yale Univ. 'Soh. For. Bull. 30. 

Tracey, J.G., 1969. Edaphio differenctiation of some forest 
types in eaetern,Auetralia I. Soil physical factors. 
J. Ecol., 57 : 805-816o 

Trimble·, G.R. Jr• and lrleitzmann, s., 19~4o Effect of a bard­

wood forest canopy, on rainfall intensities. Trans. 

Am· Geoph. Union, '5 = 226-23.4o . 

Troup, R.s., (Ed.), 1921.· The Silviculture of Indian Trees 
Vol. I. Oxford at the Clarendon Press•. 

Tukey, HoBo tr., 1970. The leaching of substances from plants. 
Ann-. Rev. of Plant Physiol •. , 21 : 305-324. 

Tukey, H.B., Jr., and Amling, H.J., 1958.- Leaching of foliage 
by rain and dew as an explanation of differences in 
the·nutr.ients composition of. greenhouse .and field 
growl_l plants~ Mich. Quart. Bull._, 40 : 876;.,881. 

Tukey, HoBo Jr., Tukey, HoBo and Wittwer, S.H., 1958. Loss of 
nutrients by foliag leaching as determined by 
ra.diosotakes• Proc. Am. Soc. Hortic• Sci., 71 : 
496-506. 

Tukey, HoB., and Tukey, H.B. Jr., 1959. Nutrient loss from 
above ground plant .Parts by leac~ing. Landwirt 
soheaft and Granzbedieten, 6 : 213-218. 



Ulrich-; .B., Mayer,. R. and.. Pavlov,. M., 1971• . Investigations 
:on bioelements .. stores and bioelements cycling in 

·beech an.d spruce ·stands ;including input-out_pu~ 

analysis. In: Systems Analysis in N·orthern Coni• 
ferous forests. IBP Workshop. Kvatta, Maeugn, 
Sweden. 1971 (Ed. by E· Roaewall). Bull. from the 

' . ' . . . . . . . . 

Ecological Rea •. Comm., 14 _: 87-113o . 

Upadhyaya, S.D., 1, 955o Soil formation in relation to plant 
cover• Ph.D. Thesis~- Univ. Saugar. (India). 

Valentine, P.s. 1976. A.prelimi_nary investigation into the 
effect of clear cutting and bur~ on ael.ected 
soil properties in Pemberton area of the western 

Australia. Geowest s. 43• 

Van Clea-re, K•r 19,7,1• E;nergy and weight loss functions for 
decomposing~ foliage in birch and aspen forests in 
interior Alaska •.. Ecology, 52 : 720-723· 

Van Clene 1 K. and Noonan, L.L., 1971.. Physical .and chemical 
· propertiee of the forest floor in. birch and aspen 

. . . 
stands in iinterior Alaska. Proc. Soil Sci. Soc •' 

Anno, 35 : 356-360. 

Van Cleav.e, K., and N~onan, L.L., 1975. Litterfall and 
nutrient cycling·in the forest floor of bir$h and 
aspen stands in interior Alaska .• Cam. Jor. For. 

Rea., 5 : 626-639· 

Van Schreven, D.A ... , 1967 o The effect of intenni ttent drying 

and wetting of a calcare.ious soil on carbon and 
nitrogen mineralization .• Pl• Soil, 26.: 14-32. 



273 

Verry, E·S• and Timmons, D.R•, 1977• Precipitation nutrients 
in the open and u nder two forests in Minnesota. Can. 
J,or. Fo~ • ., Res •., 7 : · 112 ... 119. 

Viro• P-.J., 195lo .Loss of nutrients'and the natural balance 
'. • • • ~; ' 'f' ~ • • • 

of t}le se>il in Finland• Commo Inst. For. Fenn., 

42 : .1-510 

Voigt, G~K~, 1960o Distribution of rainfall under forest 
stands. For •. S.c., 6 .: 2-1 o. 

Voigt·, G-,K.:, 1960. Alteration· of the composition of rainwater 

by treeso Amo Midland Nat •, €53 : 321-326o ~ 

Waid, ·J .s .. -, 1974o Decomposition of roots. In: Biology of 
P.lant Litter ·Decomposition., .Yol• .1. (Ed. by CoHo 

Dickinson and. G.J .• F. Pugh), Academic Press, London j 
·and New York: 175-211. 

wanner, Ho, 1970. Soil respiration, litter fall and producti­
vity of tropical rain forests. J.~ Ecol., 58 : 

543-547o 

Webb, L.J-., 1969. Edaphic diffen~ntiation of some forest type 
j,n eastern Australia II. Soil chemical factors. J. · 

Ecol.;, 57 s 817-B30c; 

Webb, L.J. Tracey, J.G., Williams,,w.T., Lance, G.N., 1967a. 

Studies in the. n umeric~ anal1sis of complex rain 
forest communities I. A comparison of methode appli­
cable to site species data. J. Ecol., 55: 171-191. 



274 

Webb~,'-L•J•'• Tracey, J.G·., .wiiliams; W•T• and Lance, G•ft.;. 
1967be Studies in the _nume~cal analysis of 
complex rain forest communities II• The problem 

' ·. ' ' / 
-of species sampling• J~ Ecol., 55 : 525-535~ .. 

\~eb.b; L•J•; Tracey• J.G •. , Williams, "tl~ T.~ and Lance, G.N., 
,,-r 1970o, Studies. in the numerical analys~s of complex 

. , . rain forest commun~ties V.A:. comparison of· the 
- ' ' ( 

properties of floris'tic and physiognomic structural 
d.ata. J •. Ecol. ,:1 sa· : 203-232• 

\ofebb,\ L.J., Tracey '• ·J.-G., and Williams, w.T., 1972. 
\ ' ' . . . 

~tion and pattern -in the sub-tropical rain 
. I 

J~ E~ol., 60: 675~695~ 
i 

Regen e .. 

forest• 

I ;c, 
WestJ4_ke, D.F., 1963.o Comparison of plant productivity. ~iolo 
. f :Rev~, 38 : 385-425 •.. 

Whi tt~ker, · R.H., 1965. Branch dimensions and est~a ti on of 
\ branch -p:roduction. Ecology, 46 : 365-370o 
\ ' . . 

Whitt~ker, R.H., 1966. Forest dimensions and production :in 
. :, ... 
. . , 
1 the Great Smoky Mountains. Ecology; 47 : 103-121. 

- ' ' ' 

Whi ttr·· er, .R•H· (Ed.)', 1971. O.~mmuni tiona and. Ecosystem~ • 
3rd Edo Macmillan Company New Yorko 1·5.0 pp •.. 

·. .. . . ' . .., . 

Whittt: er, R.H. and Woodwell, G.M., 1968o Dimension and 
·. production relations. of tree and sh'nbs in the 

, Brookhaven fl)rest; New Yorko·Jo Ecol,,· 56 : 1-·25 .• 
r . 



2'15 

R.H«, (Edo),. 1975o Communities and Ecosystem, 

2nd Edition Macmillan. London and New York. 385 PP• 

Whi tt;a , R.H • and Wood well, G.M·o, 1971.- Measurement of net f • . 

:. primary produ~tion of forest •. In: Productivi,ty of 

' Forest Ecos·ys temso (Ed •. b·y P .: DUvigneaud) ,' UNESCO. 

Par~a. 4 : 159•175. 

Whitta , R•.:a• and Likens, G.E., 1973ao ·Carbon in the biota. 

T In: Carbon a~d_ ~i!Q.sph~,;re (Ed. by GoMo woodwell, and 
f .. E.Vor Pac~n},,..--B,rookba-ven·· Sym-•·:P·•,--:Bi·ol-.r·Sprin·g- fie-Id,-~­

/ Vlflrginia o Nath. ,. 24 : 281•31-2~ 
I ·-

Whi tta 
f 

; R.H.,. and Likens, G.Eo, 19'T3bo ·Primary prodUction: 
) 
' 

\fhi tt 

Th~. biosphere· and man~ Human Ecol,., 1 : 357-369. 

• R.H•'t Bormann, F~H •. , Likens, G.E. and SiccaJita.,!' T.G.,.-, 

1974~ · The Hub~ard Brook ecosystem study forest 
biomass and productionw Ecol• ·~'Ionog·r. '44: 2:33-252o.-J· 

Wia.I).t,. u •. , 1·967. Influence of tempera.ture on the rate of -1 

soil respirati·on. J. For •. .- 65 : · 459 ... 490. 

Wieger:l Ro.G:•, 1964o B·g~ects of ionis·i.ng radiation on leaf 
fa.lf, decomposition and 11 ttar· micro-arthopods .of 

. - . : 

a montane rain .forest. In: A. Tropical Rain Forest. 

(Edo by H.T. Odum, and R.F •. Pi.geon)o 

Wiegerl Ro,Go and Evans, FoC •'; 1964o' ·Primary production and 

disappearance .of dead vegetation on an old fiild, in 

s.outhwestern Michigan, Ecology, .45 : 49--63o 



I! 

~ 
'Will~' G-•M6 • 1959• · . Nut~ie.n~ return in litter and rainfali 

.. i 
Wililf.am,' 

- I :• 
I · i 
I 

\fit~mp~ 
~ I 

I ' 
:! 
~] 

T,1 itlamp · -- n l P 

under. _some exotic conifer. sta~ds in. New Zealand.t 

N• 2~' J• ·agri6_ Res•.; .2.: 719•754• 

W•T·q anif Well• LoJo; ·19'69o New meth'ods of numeri• 
cai ·analysis. of ri.in f.o.rest data• Malay .• For•, 

32 L.3G~374o 

Wc.T~ and Gray, ·1974o -' Decomposition of the litter 
on the. ·soil ·surface a· In:. Biology of' Plant Litter 
Dedomposi tfo~ci ·voi·. 2 (Ed• by,. C.•H• Dickinson, and G 

' . ~ 
GoJ .F. :Pugh) • Academic· Preas ti London and N,ew York: 
611~632o 

M.e' and Olson• J~s., 1963.• Breakdown of confined and 
non•oon:f~n~d oak litter. Oikda, 14 : 138oooi147o 

. ·' . . . 

f.li •, ; 5166a ~ · Ra tee of· carb~n diox~de evolution from 
the forest floor. Ecology; 47 : '492•494o 

'I , 

Witla.mp, M·, 1'966b. Decomposition of .leaf litter in relation 
- J, . · . to enviroil.ID,en ~al; mic roflora and microbial pDpula-

tion• Ecology, 47 : 194-201 •. 

Wit mp, M•, _and Fra!;lk, I/I.L., ·1969. Evqlution of carbon dio­
xide from litter, humus and subsoil of.a pine stand. 

. ' 
. P~dobiologia • 9 : ·358--365o 

Wit.ioh, w., 1939• Research on the .Process of lit.te.r deoompo­
si tion: on a soil with mull. cond.i tiona. Forntarchiv., 
15 : 96 ... 11-1o 



-27? 

I 

/.' . 

Wittwer.· S··H• .and Teubner, FoGo, 1969o Foliar absorption 
' di 

·r of mineral nutrients• Ann. Rev• Pl. Physiolo, 
_, 

I 
i. 

10 I 1 3-32o 
' . 

Untersucharigungen uber aen einflues der 

· physikaliehen Eigenechaften dee bodens anf deeaen 

Geholt an frair koh:leneure. Forsoh• Gem-ieteo­

Agrio • Phya • .; 4 ~ 1 ... 28o 
J ' 

\II~Odt ToGop 1974o Fi'eld. inves~igation on the decomposition 

·l of leaves of .Eucalyptus deregatansia_in relation to 

./ · environmental!·· factors• Pedobiologia• 14_ ~ 343•311o 
1 . .. . . 

Wrodw~ll• G•M•;.~ittaker, R.H., and Houghton, R.A., 1975o 

~ · Nutrient concen_trations in plants in 'the Brookhaven 

r. oak.,.pine fOrest· Ecology_, 56 : 318-332~» 
1. 
1. 

~~ght.-iT.\·1··.; 1957o: Some 
1 · ' a Norway spruce 

effects o·f thinning on the soil of 
plantation. Forestry, 30 : 123 ... 133• 

i 
Yama:kura, 
l i ; -

. I . 
. >/!.: 

. I 
( ... 

l l 
I~ 

i 
. i 

T., Saito,·H• -and Shidei, T., 1972. Produ.ction 

and structure of underground part of Hinoke 

(Chamaeayparis obtuse) Stemedo I. Estimation of 
l . . ' 

root product_:i.on by means of root analysis. Jouro 

Jap. For. Sao~,_ 54,~ 118w125o 
. . . I •· 

Yoneda, 

' . 

T., 1975o .~tudies on the rate of deo!3-Y of wood 
, I .;_ . • ' • , ~·-

I 
11 tter on. the forest 'floor~ I. Some physical proper-· 

-ties of decaying wood_. Japo J • of Eoolo, 25 : 4().;.46o 




