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Ahstract. The net primary productivity and nutrient
cycling in a 25-yr-old eucalypt plantation has investi-
gated and compared with an 8-yr-old eucalypt plantation
(rotation period for the region) and adjacent natural
forest. The biomass of 25-yr-old plantation was two times
higher than of 8-yr-old plantation but the primary produc-
tivity values were similar. The nutrient return to the soil
throuht litter fall and decomposition rate of leaves were
higher than that of 8-yr-cld plantation. The nutrient
concentration in the soil of 25-yr-old plantation was
higher than that 8-yr-cld plantation and lower than that
of adjacent natural forest.

Introduction

During the last two or three decades Eucalyptus has hean
planted over a large area after clearfelling the natural
forests in the Central Himalayan tarail belt {an exposed
zone with a pronounced deposition of finer material and
abundant surface water)to meet an increasing demand
for pulp wood and other woed products. A few studies
have been made on biomass, net primary productivity and
soil changes in eucalypt grown under very short rotations
(Bradstock 1981, Frederick et al. 1985 a b, Bargali and
Singh 1991, Bargali et al 1992 a,b,c, Bargali et al. 1993
a,b). Presented here are the changes in biomass, NFP and
soil characteristics in a long rotation plantation of Euea-
lyptus tereticornis (= E. hybnd; i.e. 25-y1-0ld) planted after
clearfelling the mixed broad leaved natural forest. The
data have been compared with an 8-yr-old plantation
with similar density studied earlier {Bargali and Singh
1991) to document the changes in ecosystemn properties
that may occur with age, such as net primary productivity
hiomass accumulation rate, nutrient use efficiencies and
soil nutrient status. Retranslocation of nutrients during
senescence of tree parts is reported to increase with age
{Bargali et al. 1992 b). The starting conditions of all these
plantations including 25-yr-old plantation were the same
i,e., all these plantations were grown on initially sirnilar
goils and planted after clearfelling the similar natural
forest (Bargali 1990). We expect that with increasing
biomass and canopy cover soil, might better conserved.

Study site

The study site is located between 29°30" and 25°12' N and
between 79°20" - 79°23' E at an altitude of 240 m in the

tarai belt of Central Himalaya. The climate of this area is
subtropical monsoon with an annual rainfall of 1593 mm
{average value for the pariod 1985 - 1989). About 86% of
rain occwrs from mid-June to September, while there isa
long dry season from early October to mid-June. The
mean monthly temperature ranges from from 14°C in
January to 31°C in June. Geologically the area is charac-
terized by sedimentary deposits {sandstone}, from the
tertiary period. Details of geolegy and original vegetation
is given in Bargal et al. (1993 a).

Material and methods

The density of the present plantation was 2,000 trees
ha!, with plant to plant and row to row distances of 1.25
and 4 m, respectively. Trees in 0.25 ha area of the
replicated sample plots were measured for dbh (1.37 m)
and distributed in dbh classes. Shrub vegetation was
sampled by ten 2 x 2 m quadrats, which were randomly
distributed. The analysis of herb layer was accomplished
by using 10 randomly placed quadrats of 1 x 1 m. Based
on the field observation five diameter classes of Fucalyp-
tus trees were recognized, 16.0 - 20.0, 20.1 - 26.0, 25.1
- 30.0, 30.1 - 35.0 cm. Fifteen trees (three individuals of
each diameter class) were harvested. The roots were dug
out to 2 m dept within an area extending 1 m in radius
around the base of each tree. The tree was then felled into
the space between adjoining individuals. After
morphometric measurements, the stump roct was
detched. The aboveground part of the tree was separated
into the hole, branches, twigs, foliage and reproductive
parts. The root systemn was categorized into stump,
lateral and fine roots. Fresh weight of all components was
determined in the field. Preweighed compaosite samples
from upper, middle and lower strata (about 500 g fresh
weight) of each component were brought to the labora-
tory and oven dried at 60°C to constant weight. Multipli-
cation by appropriate factors yielded the weights of the
different components. Linear regrassion analysis related
the dry weight of each component to diameter at breast
height.

Three individuals of average size for each shrub spe-
cies were harvested and the roots were recovered upto
50 cm depth. The harvested shmub material was sepa-
rated into foliage, stem and root. The biomass of the herb
layer was determined when it was at its peak during
September and October. Fresh and dry weights were
determined for each shrub and herb component.

The estimate of mean bicmass (by components} for
each diameter class was multiplied by the number of trees
in that diameter ¢lass and stand hiomass was calculated
by summing the biomass value across the diametar
classes. Avetage biomass of sach shiub species was
multiplied by the number of individuals (ha '} in the stand.
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The sum of biomass of trees, shrubs and herbs yielded the
total standing biomass of the vegetation on the site.

Data for forest floor material were collected from 10,
50 x 50 cm randomly placed quadrats once in sach
season, i. e, rainy, winter and summer. All the live and
dead herbaceous shoots in each cuadrat were first har-
vested at ground level. The materal on the forest floor
was then collected carefully, avoiding contamination
with soit as much as possible, and categorized into: fresh
leaf litter, partly decomposed litter, woody litter and
micellaneous litter (material other than the above). The
collections were brought to the laboratory separately by
category and ovendried weights were determined.

The litter input was measurad by placing ten litter traps
randomly on the forest floor in each site. Each trap was
50 x 50 ¢ with 15 cm high wooden sides. The litter was
collected at monthly intervals during the study period,
separated into leaf, wood, bark and reproductive parts.
The sampilss were cven dried and weighed.

Twenty five individuals were matked in September
1887 and remeasured for increase in diameter in Septem-
ber 1988. Using the regression equations, the biomass of
different components of trees was calculated using the
dbh measurements for 1987 (B,) and 1988 (B,). The Net
changeinbiomass{B= B2 - BII yielded the annual biomass
accumulation. The sum of the B values for different
components yield net biomass accretion in the trees. To
the foliage biomass accumulation was added the annual
leaf fall to 1epresent annual leaf production. Wood bark
and fruit (= reproductive parts) litter fall values were
added to the biomass accumulation in twig, bark and
reproductive parts, respectively. The death of main roots
is rare in actively growing trees but considerable mortal-
ity occurs in fine roots. Following Kalela (1954) it was
assumed that the mortality in fine roots is equivalent to
cne-fifth of leaf litter fall.

The annual increment in the diameter of ten average
gized individuals of shrubs was recorded in September
1988. Increase in biomass of these shrub species was
calculated using the regression equations and this is
added to the foliage hiomass assuming 100% turnover of
leaves in 1 year, to obtain net annual production. Sum-
ming net production values of all species, the total shrub
production for a site was obtained. The biomass (above-
and below ground) and herbs on all sites was determined

Biomass

component Intercepti{a) Slope (b) G
Bolewood 1.870 2.873 0.988
Bolebark -0.251 0.316 0.974
Branches -4.468 0.8b2 0.974
Twigs 0.436 0.075 0.BB5
Foliage -0.243 0.450 0.957
Reproductive

parts 0.149 0.079 0.890
Stump oot -0.384 0.765 0,086
Lateral root 1.550 (0.105 0.864

Fine root 0.054 0.020 (0.960

Table 1. Allometric relationships between the biomass of
tree components (Y, Kg/tree) and diameter at breast height
(X, cm) for Zb-yr-old Eucalypius tereticornis plantation {n =
158). The equation used was y = a + bx. All equations are
signilicant at P < 0.01.

- — —— — ——— ———._
Biomass Productivity

Tree layer
Bolewood 1337 + 146 4.67(25.1)
Bole bark 149 + 34 1.08( 5.7}
Total bole 1466 = 214 §.73(30.8)
Branches 325 + 3.6 1.49( 8.0)
Twigs 45 + (8 2.88(16.5)
Foliage 214 + B.7 5.40(29.0)
Reproductive parts 41 + 08 0.63{ 3.4)
Stump root 364 + 5§52 1.34( 7.2)
Lateral root g2 + 19 0.18( 0.9)
Fine oot 1.1 = 0.3 0.96( 5.2)
Total 2668 + 367 18.61
Shrub layer
Stem 24 + (4 (0.35{39.8)
Foliage 0.3 £+ 005 0.26(29.5)
Roots 18 £+ 05 0.27(30.7)
Total 45 + 1.2 0.88
Herb layer
Aboveground 14 £+ 03 1.44(85.7)
Belowground 0.2 £+ 001 0.24(14.3)
Taotal 16 + 04 1.68
Total vegetation 2829 = 438 21.17

Table 2. Biornass (t ha' + se) and net primary productivity
{t ha' yr') of different components of 25-yr-old Eucalyptus
tereticornis plantation, Values in parentheses are the per-
centage of the total

Components Forest floor  Litter
fall*
Fresh leaf litter 0.62 {10.2} 4.61+0.62
Partially decormnposed litter 1.85 (30.7)
Woody litter 0.46 (76) 3.26+048
Herbaceous live 0.98 (16.2)
Herbaceous dead 0.06 (1.0)
Misgellaneous litter 2.06 (34.2) 049+009
Total 6.03 8.36

Table 3. Biomass of forest floor and licter fall components
(averaged acrogs seasons t ha') n 25-yr-old Eucalyptus
teraticomnis plantation. Values in parentheses are the per-
centage of the total * Presented as mean * se.

during their peak growth in September 1987. This value
was assumed equal tonet herb production. The sum of nst
production values of trees, shrub and herb layers yielded
the total net primary production of the plantation site.
The ovendried samples of different components of
tiees, shrubs and herbs were analyzed for nutrients. Total
N was determined by a Kjel Auto Vs-KTPN analyzer based
on micro-Kjeldahl technique (Peach and Tracey 1966).
Phosphorus was determined by spectiophetometer and
K by flame photometer (Jackson 1958). The total amnount
of nutrients in the vegetation was obtained from the
amountg in the different components. The amount of
nutrients in each stratum (0-10, 10-20, 20-30 cm} of soil
was obtained from bulk density, scil volume and nutrent
concentration values. The amounts of nuirienis esh-
mated in all three strata were summed {0 obtain total
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nutrient content upto 30 cm depth.

Nutrient uptake was computed by multiplying the
value of net primary productivity of different components
by their respective nuirient concentration. The amount
of nutrients transferred to the forest floor via litter fall was
galculated similarly.

Percentage retranslocation of nutrents from senescing
leaves 10 the perenial tissues was calculated following
Ralhan and Singh (1987) i. e., 100 x {nutrient mass in
mature leaf-nutrient mass in senesced leaf)/nutrient mass
in mature leaf).

N P K

Bole wood 0.063+0.002 0.007£0.0002 0.05410.002
Bolebark  0.271£0.010 0.024:0.0006 0.429+0.013
Branches 0.230:0.022 0.023:0.001 0.32110.016
Twigs (.492+0.008 0.061+£0.006 0.516+0.006
Foliage 1.210£0.106 0.065+0.007 0.852+0.010
Reproductive
parts 1.701£0.128 0.127+0.032 1.096z0,069
Stump root 0.086+0.012 0.008+0.001 0.26210.003
Lateral root 0.082+0.009 0.009£0.0006 0.349+0.006
Fine root  0.14310.012 0.012+0.002 0.508+0.009
shrub layer
Stem 0.530+£0.041 0.0685+0.003 0.298:0.019
Foliage 1.310£0.120 0.125£0.006 0.641x0.011
Roots 0.326+0.018 0.035:0.001 0.210:0.016
Herb laver
Aboveground

1.841+0.150 0.106:0.018 0.81620.108
Balowground

0.952+0.061 0.053:0.009 0.261z0.042

Table 4. Concentration of nutrients (%) in different compo-
nents Zb-yr-old Fucalyplus tereticornis plantations.

25-yr-old  B-yr-old l-yr-old  Adjacent
plantation plantation plantation natural
forest

Concentration (%)

N 0.20610.03 0.165+0.00 0.212+0.02 0.226+0.015
P 0.008+0.00 0.005+0.00 0.009+0.00 0.012+40.001
K 0.140+0.02 0.104+0.02 0.157£0.01 0.169:0.011

Content (kg ha)

N 7129.4 7091.8 7125.4 7266.5
P 276.9 226.5 3144 373.1
K 4851.1 2495.1 5259.0 5446 .6
Moisture content

(%) 32.6 28.3 31.4 37.8

Table b. Comparson of soil nutnents and moisture (%)
(upto 30 cm depth) between 25-yr-old (present study) and
8-yr-old, 1-yr-old and adjacent natural forest (Bargali et al.
1993a).

Results
Biomasss

Certain diamensions for sampled trees and regression

parameters for allometric equations developed in the
present study are given in Table 1. The biomass of each
component and of the total tree was significantly related
to the respective dbh,

The total tree biomass was 256.8 t ha, of which 58%
was in bole and 20% in roots (mainly stump root). Foliage
contributed 8%, The shrub and herb {rainy season peak)
bicmass value were 4.5 and 1.6 t ha' and the total
plantation biomass was 2629 t ha™ (Tahble 2). The sea-
sonal mean total forest floor biomeass was 6.03 t ha?
(Tabie 3).

Litter fall

The year-round litter fall was recorded. However, there
was more litter fall (about 55% of the total annual litter
fall) during the warm and dry months of year (March-
June). Of the total litter fall (B.35 t ha™), bb.2% was leaf
litter 38.9% was wood and 5.8% was miscellaneous
components (bark + reproductive parts) {Table 3).

Net primary productivity

The net primary production of trees was of 18.61t ha’
yr'! {Table 2). Of the total trae net production 30.8% was
distributed in bole, 8.0% in branches, 15.5% in twigs, 29%
in foliage, 3.4% in reproductive parts and about 13.2% in
roots {(7.2% in stump root, 0.9% in lateral root, and 5.1%
in fine roots).

The shrub layer production was about 0.88 t ha! yr°
{89.3% above ground and 30.7% below ground) and the
total hethaceous net production was 1.68 t ha yr. The
sum of the tree, shrub and herb layers, that is, the net
production of the stand was 21.17t ha! yr' {87.9% trees,
4.1% shrubs, and 8% herbs).

N P K

Tree layer

Bolewood 84.2 9.36 72.2
Bole bark 40.4 3.58 63.9
Branches 74.5 7.47 104.3
Twigs 22.1 2.74 23.2
Foliage 255.9 13.9 182.3
Reproductive parts 69.7 5.21 44 9
Stump root 31.3 2.91 91.7
Lateral root i 0.74 28.6
Fine root 1.6 0.13 h6
Total ha0.2 46.04 616.7
Shrub layer

Stem 12.7 1.56 7.1
Foliage 3.8 0.37 1.9
Roots 5.9 0.63 3.8
Total 22.5 2.56 12.8
Herb layer

Aboveground 25 .8 1.48 114
Belowground 1.9 0.11 0.5
Total 27.7 1.59 11.9
Total vegetation 640.4 50.19 641.4

Table 6. Standing state of nutrients (kg ha) in different
components of 25-yr-old Eucalyptus tereticomis planta-
tions.
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. Amount of
retranslocation retranslocation

(Kg ha? vi'1)

Leaves N 25.1 16.4
P 12.3 0.4

K 62.9 289

Twigs N 25.2 3.6
P 90.2 1.8

K 803 13.4

Bark N 11.4 0.3
p 66.7 0.2

K B8.1 4.0

Reproductive parts N 42.7 4.6
P 79.6 0.6

K 78.5 .4

Table 7. Nutrient retranslocation during senescence of
plant parts of 2b-yr-ald Eucalyptis tereticornis plantation.

The ratio of biomass to NPP, termed the hiomass
accurmulation ratio, was about 14, falling within the range
generally found for early successional forests.

Nutrient concentration

Table 4 shows concentration of N, P and K in different
components of trees, shrubs and herbs. The pattern was
as follows: trees « shrubs « herbs. In trees, the concentra-
tion of all nuirients examined was highest in reproductive
parts, followed by leaves, twigs, bole bark, branches, hole
wood. In the belowground components, the order was
stump roct < lateral root < fine root.

The concentration and content of nutrients (Table b) in
the soil of the present plantation were slightly lower than
1-yr-old Eucalyptus plantations and adjacent natural
forest but significantly (P < 0.01) higher than an 8-yr-cld
plantation {rotation period}.

Standing state of nutrients

The relative contribution to the standing state of nutri-
ents in the aboveground components was generally in the
order: foliage > bole {wood + bark) > branches > reproduc-
tive parts > twigs; and in the belowground: stump oot
> lateral root > fine roots. The nutrent storage in
understary vegetation was 3.8 - 8.2% (Table 6).

Retranslocation of nutnents

The percentage retranslocation from senescing leaves
was 26% for N, 12% for P and 63% for K and the amount
(Kg ha yr'') of these nutrients was 164 N, 0.4 P and 28.9
K (Table 7).

N P K
Tree layer
Bolewood 2.94 0.33 2.52
Bole branch 287 (2.57) 0.256 (0.05) 4.65 (0.5}
Branches 3.43 0.34 4.78
Twigs 14.17 {1057) 1.76 (0.16) 14.86 (1.46)
Foliage 65.34 (48.94) 3.51 ({3.11) 46.01 {17.11)
Reproductive parts 10.72 (6.12) 0.80 (0.2} B6.90 (1.5)
Stump root 1.15 0.11 3.38
Lateral roots 0.17 0.02 0.63
Fine roots 1.37 (.12 4.87
Total 102.16 (77.26) 7.24 (4.44) 88.50 {36.8)
Shrub layer
Stem 1.85 .23 1.04
Foliage 3.41 0.32 1.68
Roots 0.88 0.09 0.57
Tatal 6.14 (.64 3.27
Herb laver
Aboveground 26.51 1.653 11.75
Belowground 2.28 0.13 0.63
Total 28.79 1.66 12.38
Total vegetation 137.09 (112.13) 9.04 (6.74) 104.15 (52.45)

Table B. Nutrient uptake (kg ha® yr°) by different components of 25-yr-old Eucalyptus tereticornis plantation.
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N K

Tree layer

Leaf litter 0.904+0.059 0.057£0.005 0.316+0.028
Wood litter 0.368+0.032 0.006+0.001 0.050+0.003
Bark Htter 0.240+0 080 0.008+0.000 0.051+0.013
Reproductive

litter 0.974=0.086 002600068 0.236+0.031
Shrub litter

Leaf litter 1.306+0.084 0.130+0.028 0.649+0.062
Herl litter

Leaf litter 1.838+0.178 0.102+0.012 0.820+0.083

Table 9. Concentration (%} of nutrients in litter fall of
different components of 25-yr-old Fucalyptus tereticornis
plantation. %

N P K

Tree laysr

Leaf litter 41.67 2.63 14.57

Wood litter 10.10 0.16 1.37

Bark litter 1.21 0.04 0.27

Reproductive litter 4.7% 0.13 1.15

Total 57.73 2.96 17.36
Shrub layer

Leaf litter J3.92 0.39 1.95
Herb layer

Leaf litter 25.73 1.43 11.48
Total 87.38 4.78 30.79

Table 10. Amount of nutrents (Kg ha' yr") in litterfall of
different component of 2b-yr-old Eucalyptus terelicornis
plantation.

Nutrient uptake

The gross uptake of nutrients by vegetation and after
adjustrent for internal recycling are given in Table 8. Of
the total nutrient uptake about 66-70% occurred in tree
layer, 5-8% in shrub layer and 25-26% in herb layer. The
amount (kg ha™ yr') of net nutrient uptake (after adjust-
ment for internal recycling) by vegetation were 112.9 for
N, 9.5 for P and 104.1 for K.

Nutrdent return through litter fall

The concentration and amount of nutrients return through
litter fall are given in Tables 8 and 10, respactively. Litter
falling from the trees to the forest floor is normally
regarded as the main route by which nutrients move from
the canopy to the soil Of the total nutrient return through
total litter fall, 82-93% was by leaf litter fall and 7-18% by
other litter fall {twigs, bark and reproductive parts).

Discussion

Table 11 shows the comparison of dry matter dynamics
between 25-yr-0ld and 8-yd-cld Eucalyptus plantation
and natural sal forest (Shorea robusta) of the region.
Generally 8-yr-old felling cycling is followed for Eucalyp-
tus plantations in the region. Though the bicmass of 25-
vr-old plantation was more than twice as much as thatin
the 8-yr-old Eucalyptus plantation but net primary pro-

ductivity values were similar. Interestingly the natural
eal forest has also similar productivity. The litter fall is
greater than that of 8-yr-old plantation and natural sal
forest. The net nutrient uptake, foliar nutrient concentra-
tion, nutrient concentration in leaf litter and
retranslocation of nutrients from leaves in 25-yr-old
plantation were similar to that of 8-yr-cld plantation and
lower than that of natural sal forest, wheteas, the nutrient
return to the scil through litter fall was higher than that
of 8-yr-cld plantation. Nitrogen uptake efficiency (net
nitrogen uptakefroot biomass) nitrogen use efficiency
(net primary productivity/net nitrogen uptake) and NFF/
FSC (net primary productivity /foliar standing crop) are
lower than that of 8-yr-cld plantation. The decomposition
rate of leaves in this plantation was greater than that of
8-yr-old plantation {see details Bargali et al. 1993 b} and
lower than sal forest. Compared to 8-yr-cld plantation,
soil moisture and soil nutrient conditions in 25-yr-old
plantation were batter, and appear to have accounted for
faster litter decomposition (Berg et al. 1987 and Upadhyay
and Singh 1983}.

Comparison of soil nutrients are shown in Table &. None
of the plantations approached the soil nutrient status of
natural forest of the study area. The age-series data
suggest that subsequent to replacement with plantation
the seoil nutrient level declined continucusly upto 8-yr-old
age (Bargali et al. 1993 a), whereafter it increased at 25-
yr-old age (see Table b}). Most reports on soil changes
following the replacement of the indigencus forest canopy
with exotics in tropical environments are usually occur
during the first 8-10 years of plantation development
(Cornforth 1970, Babalola and Samie 1872, Lundgren
1978, Chijoke 1980, and Kadba and Aduayi 1985). Site
preparation technigues prior to the planting induce some
initial scil changes (Bargali &t al 1993a). After the clear-
[elling the recrganization of vegetation starts and con-
cludes when rates of internal ecosystem processes and
ecosystem exports such as water, particulate matter and
nutrients approach levels characteristic to the previous
ecosystem. Bormann and Likens (1881} stated that not ail
the processes return to the former levels simultaneously
and thig occwurs about 16 years after cearfelling when the
rate of decline of organic matter in the forest floor reaches
a null point and the forest flocr begins to accumulate
biomass.

During the reorganization period, thers is a loss of
biological regulations and the biogeochemical param-
sters are grossly altered for a short time. Compaired to
8-yr-old plantation biomass accumulation was markledly
higher in the 25-yr-old plantation, but was still in the
range attributed to early successional communities
(Whittaker 1975). Though the two eucalypt plantations
displayed similar net primary productivitiesthe older
plantation required greater foliar standing crop and net
nutrient uptake than the younger plantation. Thus pro-
ductive efficiency of leaves at stand level and nutrient use
efficiency declined with age. Evidently, as leaf mass
increases after 8-vears light dispersion into crown be-
comes less efficient as more self shadding of leaves
QCCULS.

To conclude, the better soil conservation and soil
nutrient enrichment, mainly due to greater standing crop
and crown cover and nutrient return through litter fall, are
the major gains of raising an aged eucalypt plantation.
However, cost of nutrient productivity in terms of nutrient
use and leaf mass becomes significantly higher from 8-yr-
old to 25-y1-cld of age.
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25-yr-old 8-yr-old Natural forest

Parameters Eucalyptus tereticornis Eucalyptus tereticomis (Singh and Singh,

plantation plantation 1987)

(Present study) (Bargali and Singh 1991)
Total biomass (t ha) 262.9 126.7 291.5-716.9
Total NFP {t ha” yr) 21.2 23.4 22.0
Biomass accumulation ratio 13.8 6.9 30.0
Litter fall (t ha™) 8.3 6.5 6.6
Net Nutrient uptake N 112.2 107.0 125.0
(Kg ha! vr') P 6.7 6.7 10.0
Foliar nutrient N 1.2 1.2 1.7
concentration (%) P 0.07 0.07 0.3
Foliar nutrient 2 N 0.90 0.91 1.26
concentration in litter (%) P 0.06 0.06 0.08
Retranslocation of N 25.1 25.2 38.6
nutrients from leaves (%) P 12.3 18.1 40.6
Nitrogen uptake efficiency (Kg kg™ yr?) 0.002 0.003 -
Nitrogen uge efficiency (Kg kg vr'l) 241 302 -
NPP/FSC (yr) 0.87 2T -
Nutrient return to N g87.4 75.6 -
the soil by litter fall {Kg ha'! yr'!) F 4.8 4.3 -
Decomposition rate of leaf (% day™) 0.242 0.223 0.253

Table 11. Comparison of biomass, productivity and nutrient parameters in 25-yr-old and 8-yr-old {a rotation period) Eucalyptus
tereticomis plantations and a natural sal (Shorea robusts) forest.

Acknowledgements

Financial support from Council of Scientific and Industrial
Research, New Delhi is gratefully acknowledged.

References

Babalola, O. and Samie, A. 1972: The use of neutron probe
in studying soil moisture profiles under forest vegetation
in the northern Guinea savanna zone of Nigeria. Trop. 5o,
14. 159-168.

Bargali, 5.5. 1890: Structure and functioning of Eucalyptus
plantations in the tarai belt of Kumaun Himalaya. Ph.D.
Thesis, Kumaun University Mainital, India.

Bargali, 8.58. and Singh, S.P. 1991: Aspects of productivity
and nutrient cycling in B-yr-old Eucalyptus plantation in
a moist plain area adjacent to the Central Himalava, India.
Can. J For. Res., 21: 1365-1372.

Bargali, S.5., Singh, S.F. and Singh, R.P. 1992 a: Structure
and function of an age series of sucalypt plantations in
Central Himalaya. I. Dry matter dynamics. Ann. Bot, 69:
405-411.

Bargali, 8.5., Singh, R.P. and Singh, 5.F. 199¢b: Structure
and funcion of an age series of sucalypt plantations in
Central Himalaya. II. Nutrient dynamics. Ann, Bot., 69:
412-421.

Bargali, 8.8., Joshi, M. and Bargali, K. 1992 ¢: Seasonal
pattern of total soil respiration in eucalypt plantations
replacing natural broad-leaved forests in tarai belt of
Kumaun Himalava. Oecologia Montana, 1(2). 7 - 11.

Bargali, 8.5., Bingh, R.P. and Joshi, M. 1993a: Changes in
soil charactenistics in eucalypt plantations replacing natu
ral broadleaved forests. J Veg. Sai., 4 25-28.

Bargali, 5.8., Singh, 5.P. and Singh, R.P. 1993h: Patterns
litter in an age seriss of eucalypt plantations. Soil Biol.
Biochem., 25: 1731-1738.

Berg, B., Staaf, H. and Wessen, B. 1967: Decomposition
and nutrient release in needle litter from nitrogen-ferti
lized Scots pine, {Pinus sylvestris) stands. Scand J For,
Res., 2: 299-415,

Bormann, F.H. and Likens, G.E. 19381: Patterns and process
In a forested ecosystem. Springer Berlag, New York

Bradstock, R. 1981: Biomass in an age series of Eucalyptus
grandis plantations. Aust J. For. Res, 11: 111-127.

Chijoke, E. 1980: Impact on soils of fast growing species In
lowland humid tropics. Forest Paper, FAQ, Rome.

Comforth, 1S, 1970: Reafforestation end nutrient reserves
in the humid wopics. J Appl Eeol, 7: 603-615.

Frederick, J.D., Madgwick, HA.IL, Jurgensen, M.F. and
Oliver, G.R. 1985 a: Dry matter content and nutrient
distribution in age series of Eucalyptus regnans planta
tions in New Zealand. New Zea. J. For. 5a., 15; 158-179,

Frederick, J.D., Madgwick, H.Al, QOliver, GR. and
Jurgensen, M.F. 1985 b: Dry matter and nutrient content
of 8-yr-old Eucalyptus salinga growing in Taheka forest.
New Zel. J. For. Sc., 15: 251-254.

Jackson, M.L. 1958: Soil chemical analysis. Prentice Hall,
Inc. Englawood Cllifs, NJ.

Kadeba, O. and Aduayi, E.A. 1985: Impact on soils of
plantations of Pinus caribaca stands in natural tropical
savannas. For. Ecol Manage., 13: 27-39.

Kalela, EK. 1864: Mantysiemenpoiden ja-puastojen
juurisuhteista. Acta Forestalia Fennica, 61: 1-16.

Lundgren, B. 1978: Soil conditions and nutrient cyeiing
under natural and plantation forests in Tanzanian High
lands. Res. Rep. For. Ecol. For. Solis., 31.

Peach, K. and Tracey, M.V. 1956: Modem methods plant
analysis. Springer-Verlag, Betlin.

Ralhan, P K. and Singh, S.F. 1987: Dynamics of nutrients
and leaf mass in Central Himalayan forest trees and
shrubs. Ecology, 68: 1974-1963.

Singh, J.S. and Singh, 5.P. 1987. Forest Vegetation of the
Himalaya. Bot. Rev., 53: 80-192. '

Upadhyay, V.P. and Singh, J.5. 1989: Patterns of nutrients
immochilization and’ release in decomposing forest litter
in  Central Himalaya. J Ecol, 77: 127-146.

Whittaker, R.H. 1975; Communities and Ecosystems. 2nd
Edition, New Work: MacMillan Fublishing Co. India.

Received 19 October 1993; revised 21 May 1995,
accepted 10 June 1995



