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INTRODUCTION

~ “There are abund it wood
terms of the volume of : relati ely ata of the i&éighté
: d..5.." (Ovington 1960). - The
on this a’spe‘ctifo'r_vtérynpefate i.arid ‘Western Pacific
region is reviewed by Ovington (1962, 1965), Bray ‘.‘and_‘Gc;rIia;m (1964), "an_‘d .
Kira and Shidei (1967). ] ng‘)'v&hfﬂ“abdii.t’the" monsoon " tropical
deciduous forests, s b )

~ for - . Recently Misra (1967)
emphasized the need of active research in thig direction, so that the p;od‘uctivity
potential of forest and- its components can -be, assess:ed_j properly. A series of
demonstrations arranged by the authors, during the School on Plant Ecbl.ogy held _
in October, 1966 and the Summer Institute in Biology " held hduring June, 1967,
in this department, yielded interesting data op the_ production of dry matter by
Sal.  Some of these data are discussed in this paper, : o ’

DESCRIPTION OF THE AREA
The site selected for the t s

Mirzapur district, U,P. ] i ndu Wt g tdpo{grdphy‘an’d is zig-zaggéd
by a few small Streams, which dry up during summe‘r. . The red coloure'd“soili '
which has been derived from ferruginous sandstone, is sandy loam in texture and-
its thickness ranges upto 2-3 meters. The area r'e'ceiveé approximately 1000 mm.
rainfall &hnuz‘z]ly, which is distributed on monsoonic - pattern, . 'Veget&tion'jris of
mixed deciduous type and shows at least ‘two ‘storey:s. 'The;tqp‘ storey with
closed canopy is chiefly . constituted by Shorea ’rgbu.séq,l' Bleodendron, gla‘ucu'm,.:v‘-
Terminalia tomentosa and Mitragyna parviflora. The second storey - is Comprised
of younger trees of the species of the irst storey, and; - Dios pyros melanozylon,

" 4 Buchanania lanzan,  Lagerstyoemis parvifiora,  Woodfordia fruticosa, Holarrheng
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- brought to the laboratory for determination of dry weight.
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antidysentrica, etc. THe forest is managed under 30 year rotational felling by
the forest department. . No fire has been récorded at least for the last ten years.
PRESENTATION OF DATA
Sal trees of 30 and 50 year age were sampled during ]une-,_1967. Earlier,
during October, 1966, a 18 year old ktlrj,ee of this species had been sampled. In
8 x 8 m quadrats laid around the 30 and 50 year old trees, the tree density was
8 and 12, respectively; whereas 18 year old tree had no associate in-the quadrat,
. TREE DIMENSIONS
. After measuring the crown ares, t;'rees were felled and the following measure-
ments were made : (1) height, (2) depth of canopy and (3) variation in the
circumference of trees at various heights. The data are set in table 1.
R | 1
TABLE 1. Tree dimensions for Sal \
‘Measurements Age in years i
‘ : 18 30 50
Height (m) 14.5 204
Crown ares (sq;m) ) 18.8 13.5 18.7
Depth of canopy (m) ; ' 12.0 18.7
Trunk éircumfFrence (cm) f 4 4
At the base . 67.0 197.0
C 3mbt - o 60.0 105.0
6 rrT ht- o 55.0 77.0
9 m ht | 35.0 670 o
12mht - o 25,0 52.0
' ; — 30.0

. _15nixht : ;

1
t

) H .
ABOVEGROUND BIOMASS °

Leaves _‘Iwere handpicked from (iifferent segments of the ¢anopy and weighed
separately. The fresh weight of the'total twig biomass was also recorded. The
trunk ‘was cut into 3 in pieces with the help of a saw and their individual fresh

weights Were| recorded. Samples f‘rom- trunk segments, twigs and leaves were
The data on fresh and

dry weights of various components of the trees are given in table 2.
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18 year old 30 3 year old; it 50 year old

Fresh wt Dry wt Fresh wt:Dry wt - . I‘resh wt. Dry wt

Trunk biomass - | o Sk
0-3m - 9200 Lig597 .‘j;zos 3"*{:‘ :
36m SR R S 552 1 939:-1
6 9 m o _ SRURETAE i
9-12 m
1215 m -
Total

- Twig br'oma,ss

“Leaf biomass
0-3m :
" 3-6m
%12m 4 35 14
1215m - : LS LB 5 22
Total 283 109 127 szl sgs 1By

Total »n6n-photbsynthe- _ S : o T L
tic biomass . = 1789 122.1 04.0 S 798.0 " -566.8
Total photosynthetic S S DL R

. biomass’ ‘ ‘ 23.3 10.9 ' % 45 137 R

" Grand Total - o f202,2 133.0 -’ o 5 ;580;5‘% .
- Non-photosynthetic/ - _. B D
photosynthetie ratio © . ‘1_14.2‘ ’ Ten 410

LEAF DIMENSIONS ok

From a random samp]e, the leayes were arbltrarx‘ly d1v ded mto three Slze e

classes based upon their aréq. VVe1ghed samples havmg know umber of. ]eaves

- of different size classes v were brought: to the laboratory and’ i€ '“r"-vdry welght and

"area (one sxde of  lamina only) were. determmed From thls . he -average: dry ;

weight and area per leaf were computed Wrth the dry weig and area re]atron— '

ship thus determmed and the dry weight of the Ieaf bxomitss, the total leaf area, "-fi‘;
and leaf area mdlces were ‘computed for the trees These data’ are; presented i oW

in table3 L ‘
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TABLE_ 3. Vamous Zeaf dzmenszons Sor Sal

Age in years

Characters : :
o S ‘ Lo 18 . 30 50 -
Average dry wt/leaf| (g) S o 1.22 0.744 1.36
Average areafleaf (sq. cri) ' 91.0 . 993 - 126.4
Area of total leaf crop (sq m - . . . 815 73.1 - 127.3
Leaf area index (sqim leaf area[sq m ground) 4.3 53 6.8

_ EXTENT OF LEAF DAMAGE
_ - While sampling the leaves of dxfferent size classes care was taken to collect
~ damaged -and undamaged leaves separately The dlfference between the dry

‘welghts of the two . WFS used to- assess the amount of primary consumptxon
! .
(Table 4) : ; . ‘

TABLE ' 4, Percentbge loss in dry weight of leaves due to primary consumers

L

Size class | . Average areafleaf (sq.cm) Percentage loss
1 | 1764 S 1.4
II . o - 126.4 . 12.0
moc | 1766 14.9

; 3 ' ANNUAL INCREMENT

. Average annual increment “in ‘ non- photosynthetxc aboveground biomass was

,calcnlated by d1v1dmg the weight of trunk and twig biomass by number of
years (age). ' " ) . : 5
' verage srnnual increment in- non-photosynthetlc bxomass of Sal

'O———18 years, 6.7 Kgjtree[Yr

18—30 years . 8.8 Kgltree|Yr |

0—50 years . 16.9- Kg]tree[Yr

In the case of photosynthetxc blomass ‘(leaves) total production over the
hfe perlod was computed with the help of biomass/age ratios,, The values given
‘in table § represent accumu]ated leaf we1ghts over 18, 30 or 50 year period: as. the
case- may be. B ' %
TABLE 5’ " Total abm)egrounql productz’on in Sal (Kgltree)

Age Nc'wn-phc;)tosynthetic_ ; Photosynthetic " Total
18 i1221 : 1026 2247
30 1 228.4 o 90.1 : 318.5

50 ] is668 L 1744 740.9
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~ Peterken and Newbould (1966) have calculated the '¢otai weight of the
foliage produced by Ilex aguifolium through théfqlldvy;ing expression : :
“Age of tree

Weight of living foliage
Mean leaf longevity X Weight o ving ‘ g',

If mean leaf longevity in Sal is taken- to.-be 0.8 yr a'nd:this _formg'ﬂa is
7™ applied, the total foliage produced by 18, 30 and 50 year old trees’ vv}dr‘kfs.__'out‘ [

~ tobe 156.9, 136.8 and 15480 Kgjtree. - These’ values are. cqnsid‘e»rab_]_y ‘higher

‘tha‘n our estimate, Butvfhe ab'ov,e _-for:r:n'ula is ~bas’gd'on, tlxéjasSum'pztio_ntthat e :
- the foliage weight of each tree had ’re"mz}ih‘éd"consytzant with time, ‘However, . i
in the case of Sal, the leaves are 'ann"ua'l.a,n'd' tbé'foliag,e production i’gfiés"with oo , B -

- age, hence this formuylg may not be applicable. - e ‘

- DISCUSSION .+ I | :
~ From the data p:resented ‘abbve', it: is: a@pé:eht;'ythat :botl_l fresh_ as well ag -~ o -
dry vweights of trunk and twigs increase with ‘age, the maximum véi]ﬁés"b_eing
found for 50 years olg trees, As régards{' léaf“t‘)iof‘nass' the values for 50 year ojd' -
tree are maximum ang those-of 30 year old fninfmum. It may be fecollécteﬁ here
that the 18 year old tree was sampled in the month of October, by . which time
. most of the leaves attain fmaximum size and- weight .uﬁde? the existing conditions,
* Moreover, this ‘particular tree was growing fsolated 'aildﬁthe:e was minimum, {f -
any, shade effect ffom the surrounding trees. " Under -‘t’hése" ,(:ifc;;rns'tance's” }iighet _
biomass may be expected for this tree. Higher (:rov“vxii‘ar'e‘a of this tree supports’
#  this contention, : = T L

, -
Seth et al, (1 963) have reported the _avérage é_tandir%l'g oven dry leaf ‘weight -
of Sal to be 5018 Kg/ha (tree density 778/ha) at'-an_age of * 35 years. However,
this value represents the weight of leaf litter and hen(‘:e, cannot be accepted as : :
true weight of the leaf crop!  On this basis (5018 Kg/ha)a Kaul et al. (1963) have - '
calculated the Jeaf weight per tree (tree density 472/ha) for site quality T ang
have made reductions in Iea:f weéight according to decrease in the diameter of - the

tree for other site qualities, According to these duthors, leaf biomass in t,his'_‘ :

however, be noted that the tree diameter is 'no_t"-‘;'a.lvvays‘ | the .&e"tetl‘minant of leaf
weight, The latter -is. influenced” much by t':h'_e it’ime-véf samphng and "stand ,
density.  According to Kira and Shidei (1967), the leaf biomass also ‘varies with .
the stand age, community structure and"dthet- ;jfacft'oxj‘é.» __Sqtoo .(19623f31966) fbi.md';{ :
4 that the regression of foliage amount on:dbh differs . m>arkec:11y among. the stands
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brrch Shmozakl et al. (1964) have proposed that the amount
ve the closest cofrelation not with dbh. but-with the diameter
oint of the lowest hvmg3 branch, It has been. argued by Kira

and ‘Shidei - (1967) that “a tree growing in a closed stand cannot have an

mﬁmtely large amg unt. 1ot follage however big the tree ‘may be.
" seems that there is
‘Therefore, it is essential to bear these points in mmd before presentmg '

stand”.
an estlmate of leaf

"+ However, if

Instead, it
a certam upper limit of foliage " biomass for a tree in a given
blOm'tSS t B
Y

the present values of Ieaf blomass have to ‘be compared with

those reported by Seth et al. (1963) and Kaul ot al (1963) it has to be taken into

trees) is consuierut

expected,

the stand denslty at the present site (for 30 and 50 year old
ly greater (1500 trees]ha) and hence lower value may be

. studied.

_ biomass with tree

The total

advance in age.

~-Eviden

tly further work is requtred to estabhsh correlanons of leaf

dimensions in out conntry

non-nhotosynthetrc blomass increases - considerably with the

The ) non- photosynthetrc/photosynthetrc brormss ratio also shows

an increase of about 4 tlmes ‘between’ 18 and 30 and 18 and 50 years (Table 2).

This clearly shows the accumulatmn of non photosynthetrc ma,tter in Sal durmg
later years of the hfe-htstory R ; : :

1

AccOrding‘ tokKanl et al.. (1963), the non- photosynthetrc ‘biomiass (wood -+
- bark) of 35 year old -Sal tree .varies between 95.8 (site quality 1V) to 381.39
- (site quality I) Kg/treet and the eorrespondmg value reported by Seth et al. (1963)

is' 275 Kgjtree..

’[‘hese values have. been calculated from: volume tab]es of Sal
and are not actual measurements

However, the value obtajned for' 30 year old

tree in the present mvestlgatlon lies: w1th1n thrs range.

" The estima

‘maximum betwee
preceding | years.
50 year old tree,

A compar1=
and those of cert

* considerably hig

n 30 and 50, years, ‘the | rate being almost double that of the

The tota.] aboveground productlon is again maximum for

i

on- of the aboveground blomass data for Shorea robusta (Table 2)

in temperate forest trees of comparable ages (Table 6) indicates
her blomass of trunk tw1gs and leaves in the species presently

!

v 11 .

! SR ’
\ '
¢
’

té of }average annuol 1ncrement in trunk’ plus tw1g biomass is-

-~
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"Speci'es'i.»"»'.“ . Age. _‘Trunk': - TWigS‘

Tt

- Pinus é;ylvestﬁs C17 : 2.88 - 212 B
R T34 967 3
127.2 . 2937 .9,

Pseudptéuga_ . 30 __?1'9,8 ‘5.5 :‘:‘: je 322 Hexlman (196]):‘ ‘
 taifolia . - 52, 151,0 154 i .8

Queraus‘ borealis 1398
by OvmgtonK:I 962)

~ Betuld sp. 27 . ":‘31 9. Ovmgton “and
: ' : 2. 71 7 Madgwxck (1959)»7

On area bas:s, the range of the dry welght of plz‘mt 'blomass in well grown.
- forests irrespective of climatic zones has been suggested by Ogawa et al (1961)7.
-to be: 200-——350 x 163 Kf,/ha. On the other hand Whlttak '

well stockcd matured Sa] forests the aboveground tree bloma'
- 350— 87O><103 Kg/ha as indicated by- our . prehmmary obse
_ 'estxmates are, however, based. on the assumptxon that the
©. 30 or 50 year old trees ‘with a density of lSOO/ha 'I}hus, '
forests dommated by Sal may represent far greater blomass
This' may mdlcate greater dry matter produ on '
condmons

dry matter in | this® specxes have been compa

Betula sp.. ~These two spec1es were - selecte

green-needle leaf tree, while the other is. !

' étemperate spec1es Tt s evndent from 'Ta !

- due to hxgher leaf area index, greatev tot'

‘o efﬁmency
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TABLE. 7. Net productwn of dry matter and rate of trunk dry matter
productzon in dzﬁ”erent troe speases :

- Net .pro- . Rate of trunk
- Species “Age duction - Age dry matter .
' C 0 (Kgftree) 1 production'’ Authprxty
f (Kg/ [year|tree)
Pinus sylvestris 17 © 129 - 1017 017 - Ovington (1957)
: - 31 75.7 12-31 225 ' ‘do
Betula sp. 27 478 o027 1.01} " Ovington & Madgwick
' © 53 2194 l:27-53' 4.21 (1957)
Shorea robusta 18 2247 : 0.18  4.90° Present study
: 30 3185 1830 7.8 do
50 7409 13050 15.85 do
Table 8 shows that the leaf area :index of 'Shorea robusta lies well within the -
usual range as |reported for anumber of spemes Tadaki and Schidei (1960)
have reported that i in decxduons woodlands the leaf area index varies between
~ ‘ - i

'FABLE 8 Leaf area zndwes of certain, fo7 est trees.

1
\

Denmiark

Species | Place Aige Ln?; d?:a Authority
Quercus petraea ! England 40-5120 4 75- 5 47 Carlisle et al. (1966)
. Q. robur Hungary  51-60 5.95-6.55  Jaro (1959)
Betula sp. . Hungary. 10:30 4,39-5.65 Jaro (1959)
Pinus 3yjlvestr_z's .~ England :20 3.31 ' Ovington (1957)
Heava braziliensis Malaya 1:33° 0.14-9.91 Shorrocks (1965)
‘ Elais gw’ineenéis‘ ! . N'}géria_ ' 1’15—22. - 439 Ress & Tinker (1963)
Tilia cordata Hungary 43 6.60 Jaro (1959)
| ' 30j-zoo ' 3‘.19-7.48 Moller (1945)

" Fagus sylvatica-

2.2—17.9. Tth, Ieaf area mdex of 4. 3 to 6.8 of this species is not an exceptlonal
one, The total lea.f area ' per tree 1s, however, greater in the present case as
. against that of Betula and. Pmus (Ta,be 9).

)
43
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TABLE 9 Total Zeaf area per tree

Total : .

Specle; Age ' 'leaf.area_(m’)', . Authorlty

Pinus sylvestris o 17- ".16.45 8 ; Ovmgton (1957)

o 813607 L g0
e 55 C9832. T g IR
Betiila sp. ‘ ' 27 14.20 Ovington and:Madgwick- ‘
' e e (1959;" -

53 5830 -1 - go _
Slzoreq rqbuqta - 18 - - 815 S Igrefsent study. e

3 - 7saze L a0

S0 12730 . do

In order to obtain an estimate of the productxon of "tr'nﬁl;:' dry ‘matter ‘an:i
its relation to the total leaf area produced by the tree within different age, penods,'_
~ the leaf area in sq. leg leaf dry matter ‘was|first ca,lculated for Pmus,f;
Betula and Sal., Then the total trunk dry -matter iproduced. by thebe species
between age periods was computed. From these two values’ the tlunk dry matter
productlon in Kg per sq. m of leaf area has been calculated It is evxdent from
table 10 that in the case Pinus sylvestris maxxmum trunk dry matter. productlon
per m? of leaf area occurs between 17-31 years, whlle lin Betula ‘this value remams'
almost the same from 0-33 years. On the other. hnnd m Sal'the maximum value
is obtained after 30 years of age. Further, ‘it is brought out that between 30-50
years, 3-4 times more dry matter is acmmulated in the trunk ‘of Slwrea robusta for
each square meter of leaf surface, as compared to the éther two trees. .

TABLE 10. Relatzon of total leqf area produced and the produatzon of trun/c §
dry matter : S

l

Trunk dry . ! ' .

Species ‘Age . .matter per sq.m S ? C&lculated from
¢ o leaf area (Kg) ' | o

Pinus sylvestris * 017 |-+ 011 Oyington|(1957) .
- | 1731 023 oo Cdo
. 31-55 . 014 o, do - - ‘
Betula sp. " - 027 017 Ovmgton’and Madgwxck (1959)
2733 - 016 S do o
Shorea robusta 0-18 - 0.14 - - '_Presents%udy C
0-30 016 1 do
3050 047 . do
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ntioned facts indicate that the greater dry ‘matter production
es under the éxisting environmental conditions is due to larger
efficiency of the leaf surface and probably greater crown ex-

posure. It may be mentloned here that the g Ox\owmg period under tropical condl-
tions is longer than that, in the temperate climate, and as reported by Bray and

Gorham (1964) gre

|

ter ‘insolation is received in tropics during period. According

_ to Kira and Shidei (1967'), gross f)rod'uctio'ﬂ is lower in" temperate regions and “the
decline of productivity at higher latitudes may be caused either by the shortened
- growth period or by the decrease of s:lar radiation and associated decrease of leaf
area index...the gloss productxvzty of broad leaf forests tends to be proportional

" to the length of growing season in months ‘multiplied by the leaf area index”.

i
According to Bray' (1964), the pelcentage utilization of attached leaves of

forest trees by primary consumers ranges from 5.9 (Swamp forest)—10.6% {Quercus

It clearly indicates

forest). The mean| leaf con5umpt;on values reported by Lindquist (1938), Rotha-

cher et al. (1954),
dry weight due to [
value is obtained fc

and Bray (1964)is 7.5%. In Sal the ‘percentage loss in leaf
orimary consumers ranges from 1.4% to 14.9%. The minimum
r mature leaves, while the maximum value for younger ones.
therefore, that.leaves commg late in season are more suscepti-

' cooperatlon.

ble to primary consumption. ' .
’ SUMMARY

Estimates of | dry. matter production by 18, 30 and 50 year old trees of Sal
based on actual IWelghmgs have for the first time been preeented in this paper,
Leaf area mdxces a.nd prlmary consumption of the attached leaves have also been

computed. - The relsults 'indicate maximum dry matter accumulzmon between 30-50

. years. . The comparison: of these  data ;with those of certain trees of temperate

forests indicates grea,ter standmg blomass and net annual production in Sal under
existing climatic condltlons
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