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Litter fall, nutrient return and leaf decomposition in
an age series of eucalypt plantations in Central

Himalaya

S.5. BARGALI*

Department of Forestry, Kumaun University, Nainital
263002, India

Abstract. Pattern of litter fall, nutrient retum and leaf
litter decompaositionin 1 to 8-yr-old Eucalyptus tereticorms
Sm. plantations are described. The input of litter and
nuirients increased with increasing plantation age. The
total calculated tree litter input ranged from 0.4(1-yr-cld)
-6.5. t halyr (8-yr-old plantation). Total annual nutrient
return in Kg ha! through litter fall amounted to 62.3-76.6
N, 4.1-4.3 P and 27.9-30.6 K. The 1ate of decomposition
decreased from 1-yr-old plantation to 8-yr-old plantation.
In 1 and 2-vi-old plantation, about 98% weight loss
occurred in 14 months wheteas, in rest of plantations 56-

98.7% weight loss occunred at the end of 16 months.
Key words: Litter production, seasonal variation, nutrient
content, litter decomposition

Introduction

The importance of litter preduction in the forest ecosys-
tems has long been recognized because the majority
of organic matter produced by plants through photosyn-

thesis is returned to the soil ag litter. Litter fall may be
seasonal or continuous and represents one of most
important pathway for the transfer of energy and
material.

Proctor et al. (1983) pointed out that when leaf fall
estimates are properly combined with other measure-
mants of biomass standing cropand fluxes, much informa-
tion on production, decomposition and nutrlent cycling
can be gained. A substantial amount of arganic matter
produced by plants through photosynthesis is retumed to
the soil as litter. While a big portion of nutrient from the
soil remains locked up in more permanent parts of the
tree, a significant fraction is brought back to the soil
eurface and is released for re-use through a higly efficient
decomposer system.

The decomposition subsystem performs two major
functions, the mineralization of essential elements and
formation of soil organic matter. The ways in which these
two processes are accomplished, determing to a large
axtent, the structural and functional features of ecosys-
tems. The rate of movement of essential nutrients
through decomposition is  an important regulator of
primary production.

In the tarai belt (an area of superabundant surface
water) of Central Himalaya the monocultures of Eucalyp-
tus terenicornis has been planted over a large area. The

Age of

plantation Leaf Wood Bark Reproductive Total

(years) parts
1 0.38+0.048 0.02+0.003 - - 0.40
2 0.58+0.036 0.10+0.020 0.03+0.002 - 0.81
3 1.16+£0.091 0.46+0.048 0.05=0.003 - 1.67
4 2.02+0.121 0.67+0.037 0.1020.003 - 2.79
5 2.43=0.460 1.08+0.049 0.15x0.012 0.004+0.001 3.66
6 2.94+0.521 1.770.084 0.19+0.026 0.01 z0.004 4 91
7 3.23x0.722 2,20+0.321 0.31+0.021 0.01 0.002 5.75
3 3.59+0.496 2.6320.426 0.36+0.074 0.02 +0.002 6.50

Table 1. Annual litter fall {t ha'+ SE) in 1 to 8-yr-cld Eucalyptus plantations.

*Current address: S. S. Bargali, Department of Agro-Forestry K.V.K., {Indira Gandhi Agricultural University), Post Box
No. - 6, Anjora, Durg - 431 001 (M.P.) India
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Fig.1. Seasonal pattem Eucalyptus plantations. Vertical lines are standard errcts of the mean values.
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present paper deals with litter fall, nutrient return and leaf
littsr decomposition in 1to B-yr-old Eucalyptus tereticornis
plantations raised after the clear-cutting of natural sal
mixed broadleaf forests and the objectives were i) tofind
out the changss in nutrient return from litter with the
establishment and development of plantations. (ii) to
determine the pattern of leaf littar decomposition with
the planitation develcpment and how doss the decompo-
sition rate compare with other monocultures and natural
forests of the adjacent area? Details of the original
vegetation are given in Bargali and Singh (1991} and the
startning conditions cf all the plantations were the same.

Study sites

All the eight study sites were located between 28°3° and
29°12' N and between 79°20" and 78°23' E at an altitudinal
range of 230-280 m In the tarai belt of Central Himalaya.
The climate of the tarai belt is subtropical monscon type
with a long dry seascn from early Cetober to mid June,
and a wet season from mid June to early October. The
annual average rainfall was 15923 mm (1885-89) of which
86% ocowred in mid June to September. The mean
monthly temperature ranges from 14.4°C (January) to
31.3°C (June). These data were collected from Pant
MNagar which is near to study area. The plantations in this
study had 2,000 trees per ha which plant toplant and row

to row distances of 1.2 and 4 m; respectively. The basali
area increased from 0.2 m? ha'to 22.8 m? ha'. Shrub
vegetation dominated by Lantana camara appeared first
in 5-yr-old plantation; its density and basal area also
increased with plantation age {Bargali 1990). Herbs were
present in all plantations but decreased in density with
increase int tree cover and biomass.

Methods

The litter input was measwed by placing ten litter
traps randomly on the forest floor in each site. Fach trap
was 50 x 50 em with 15 cm high wooden sides and fitted
with a nylon net bottom. The litter was collected at one
month interval during the study period. The litter from
each trap was placed in paper beg separated and brought
to the labcratory where samples were separated and
categorized into different components viz., leaf, wood,
bark and reproductive parts. The sampels were oven
dried at 60° C to constant weight and weighed and
analysed for nutrients. Nitrogen content was determined
by K-fel-auto VS-KTP analyzer based on micro-Kjeldahl
technicuue (Peach and Tracey 1956, Misra 1568), P was
determined by spectrophotometer and K by flame pho-
tometer (Jackson 1958). The nutrient concentration was
multiplied by the weight of litter fall to compute the
amount of nutrients returned to soil.

Nutnients Components

Plantation age {Years)

1 2 3 4 5 6 7 8

N Tree
-Leal 2.39 6.30 1068 18.64 2232 2653 2916 3Z.57
-Wood 0.06 .34 1.71 2.50 4,07 6.53 8.15 9.25
-Bark - (.06 0.12 0.22 0.31 0.42 0.71 0.85
-Reproductive parts - - - - 0.03 0.07 0.09 0.13
Total tree 2.45 6.70 1241 2136 26.70 3355 3811 4279
shrab - - - - 1.19 1.85 3.02 3.76
Herb 59.80 5760 52.00 4640 4090 3310 31.00 29.10
Total 62.36 6430 6441 B7.76 6879 6850 72.13 75.65

P Tree
-Leaf D.21 0.38 0.63 1.13 1.36 1.83 1.79 2.03
-Wood 0.001 0.01 0.03 0.03 0.07 0.11 0.16 0.18
-Bark - 0,001 0.004 0.01 0.01 0.01 0.02 0.02
-Reproductive parts - - - - 0.001 0002 0.003 0.004
-Total tree 0.21 0.39 .66 1.17 1.44 1.75 1.97 2.23
shrub - - - - 0.12 0.18 0.2% 0.37
Herb 3.90 3.90 2,70 2.70 2.10 2.00 1.80 1.70
Total 4.11 4.29 3.36 3.87 3.66 3.93 4.00 4.30

K Tree
-Leaf 1.21 2.19 3.7 g.50 7.88 947 10389 11.65
-Wood 0.01 0.05 0.23 0.34 (.58 0.91 1.14 1.34
-Bark - 0.01 (.02 0.05 0.07 0.04 .15 0.18
-Reproductive parts - - - - 0.01 0.02 0.03 0.04
-Total tree 1.21 2.25 3.96 5.89 8.53 1049 11.71 1310
shrub - - - - 0.60 0.82 1.50 1.85
Herb 2940 2540 2350 2020 1650 1410 1340 13.00
Total 30.61 2766 2746 2702 2063 2bbHl 2681 27.96

Table 3. Amount of putrnient (Kg ha® yr') in litter fall of different components of the vegetation.
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and shrub litter fall increased with age and contrast or

Age of plantations (years) herbaceous litter (Table 3).

ofbags 1 2 3 4 E 6 7 8
(days)

62 0.10 0.13 006 005 005 007 0.06 0.06
121 018 022 023 023 023 0.16 0.17 0.18
182 0.13 0.15 006 0.06 0068 0.03 0.03 0.02
243 065 062 065 062 059 058 060 063
304 038 036 0.39 038 041 043 (041 042
365 0.08 008 0.10 0039 000 012 012 0.089
427 008 005 008 0.12 011 013 013 013
487 - - 0.06 006 005 0.08 0.06 0.05

Table 4. Rate of decomposition (% day’) of 1 to 8-yr-
old Eucalyptus leaves.

Litter decomposition was determinad by litter bag
technicue, which isa dirsct method of measuring decom-
position rate. The fresh leaf litter from each plantation
were collected and were air dried. Litter bags of nylon
net with 1 mm diameter apertures were used and5g of
litter samples from each age plantations wete kept in
separate litter bags. The litter bags were randomily
placed on the forest floor of each age plantations In
December 1987 in such a manner that they were in
contact with soll, care being taken not to distwrb forest
floor vegetation and forest floor components. From each
plantation site three litter bags wetre recovered at monthly
interval. The bags were than placed in individual
palyethylene hags for transportation to laboratory. In the
laboratory the materials after separating from bags were
carefully washed with distilled water to remove soil
particles and dried at 60°C tc constant weight and
weighed.

Results
Litter fall

The total annual tree litter fall ranged from 0.4 to 851
ha' in 1 and 8-yr-old plantation, respactively {Tabls 1).
The percent contribution of leaf litter fall to the total littar
fall declined from 956% in 1-yr-old to about 55% in 8-yr-cld
plantation. While that of wood (5-39%), bark (3-b%) and
reproductive litter fali {0.1-0.3%) to total litter fall in-
creased with the increased age. There was a clearly
more litter fall during warm and dry season of the year
i. @., March-June than other periods (Fig. 1). Of the total
leaf litter fall, 55 to 72% occurred in this season.

Analysis of variance indicated that quantity of litter fall
was significantly affected by age, component, months
and all their interactions (P < 0.05 or 0.01) indicating a
differential temporal pattern of litter fail.

Nutrient retumn

Table 2 shows the concentration of nutrients in litter from
different lavers {tree + shrub + herh). Concentration of all
nutrients was higher in reproductive parts followed by
leaf litter, wood litter and bark litter. Shrub and herba-
ceous components had a greater concentration of all
nutrients than tree litter components,

The amounts (Kg ha’ yr") of nutrients retumed in tree

Decomposition

Although weight loss continued thorughout the study
period, relatively much higher weight loss occurred
during 182-243 days in all age plantations (Fig. 2). Atthe
end of 16 months about 96%-98.7% weight loss was
observed. In this study the leaf litter placed on 1 and 2-
yr-old plantation decomposed at faster rates than in older
sites. The rate of decomposition decreased significantly
with the increase in plantation age according to the
following equation:

Y =0.264 - 0.0056 X (r = -0.944, P <0.01)

where, Y = rate of decomposition (% day-1) and X =
age of plantation {Year).

The rate of decomposition (% day™) was faster during
rainy and summer season than during winter. (Table 4).

To assess the temporal pattern of weight loss the
percent weight remaining was regressed against the
days elapsed {(Table 5). There existed a significant
negative relationship hetween per cent weight remain-
ing and time elapsed for all age plantations. To find out
theinfluence of abiotic factors on weight loss, the monthly
weight loss values were reqressed against the tempera-
ture, rainfall and humidity of respective months (Table 6).
The per cent weight loss was significantly correlated (P
< 0.01) and (P < 0.05) with all the above climatic factors.
Berg at al. 1982 and Berg and Lundmeark 1987 have stated
that climatic factors govern the decomposition in terres-
trial ecosystem.

Discussion

The present values of litter fall {2.79-6.50 t ha™ yr) for 4-
yr-old to 8-yr-old plantations approach the values re-
ported for other Eucalyptus plantations of similar age
(Frederick et al. 1985). In the adjacent to present study
area the ntural forest is Shorea robusta and for a relatively
young forest stand of 5. robusta a litter fall values of 6.6
t hayr! has been reported by Mehra at al. {1985} and
Mehra and Singh {1985) which is similar to that of present
plantations of older ages.

The leaf litter fall value of present study for 7 and 8-v1-
old plantations approach the lower limit {6.0-6.3 t ha™' yr
Y for E. regnans plantations (Frederick et al. 1985).

Age of Inter- Slope Comel. SyX

planta- cept coeff,

tion

{years)
1 107.85 -@.268 -0.969 10.B8 9.72
2 106.79¢ -0.267 -0.972 1031 12.21
3 106.27 -0.241 -0.964 11.89 9.5d
4 106.69  -0.237 -0.968 11.03 10.12
5 106.74 -0.234 -0.968 1092 10.13
g 108.53 -0.233 -0.968 10.87 10.13
7 108.63 -0.234 -0.968 10.87 10.15
g 108.16

-0.234 -0.89656 11.3¢ 9.76

Table 5. Relationship between per cent weight remamning
of leaf litter {y) and day elapsed (x), {y = a + bx). All are
significant at P<0.01
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Fig. 2. Percent leaf litter remaining of Fucalypius in 1,2 and 7,8 yr-old plantations.

The annual wood litter fall was 0.02-27 t ha-1 in
present study. Frederick et al. (1985) reported 0.7-4.9tha
‘yr' wood litter fall for 4 to 17-yr-old E.regnans planta-
tions. The total inputs of nutrents via tree litter fall were:
N 2.45-42.79, P 0.21-2.23 and K 1.22-13.1 Kg ha-1yr-1.
Turner and Lambert (1983) have reported N 51.05, P 2.07
and K 11.36 Kg ha™ yr' return via tree litter fall for 27-
yr-old E.grandis plantation. Of the nutrient return through
litter fall, 85.1-88.8% was through leaf litter fall and 1.2-
14.9% through wood litter fall {including twigs + bark +
reproductive parts). The nutrient input through leaf litter
fall generally accounts for 75-85% and wood litter fall
(including flower and fruits} for 10-36% (Klinge and
Rodrigues 1868, Bernhard-Reversat 1972), Pandey and

Singh (1981).

It has been shown that the liable fractions of litter
provide a radially available source of energy for the
decomposers. The leaf litter placed at 1 and 2-yr-old
plantations decomposed at faster rates than in older
gites. Singh et al. {1990) have shown that the microbial
populations are also related to site conditions and that
could be influenced by native leaf litter. The original
ecosystem where FEucalyptus was planted was rich in
decomposers and its influence continued for some time
(Bargali 1990). Ag the time progressed the decomposer
fauba possibly became somewhat poorer under the
influence of Bucalyptus litter. Moreover in young plan-
tations soil moisture, soil nutrients and herbaceous
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Xvs¥ Ageof Intercept Slope Correlation
plantation coeflicient
{a) (k) (r)
Rvs WL 1 6.012 0.034 0.978*
. 9.132 0.021 0.631**
3 4,645 0.036 0.969*
4 4886 0.034 0.962*
5 4886 0.034 0.923*
6 4.802 0.034 0.975b*
7 4776 0.034 0.975*
8 4,344 0.036 0.970*
T vs WL 1 -17.627 1.411 0.700**
2 -16.308 1.35%2 0.712*
3 -19.034 1.419 {.645**
4 -16.076 1.278 0.6808**
b -16.638 1.298 0.636**
6 -15.995 1.268 0.625**
7 -16.194 1.277 0.624**
8 -16.858 1.307 0.802**
RH vs WL 1 -13.235 0.412 04170
2  -10.745 0.374 0.402"
3 -25.781 0.583 0.543**
4 -26.576 0.5693 0.578**
h -26.286 0.587 0.588**
6 -30.166 0.645 (.652**
7 -29132 0.629 0.631*
g -32.105 0.675 0.637**

Table 6. Allometric relationship between per cent weight
loss (WL) and rainfall (R), temperature (T) and relative
humidity (RH), *significant at P<0.01, **significant at P<0.05,
=not significant .

ground cover {which are richer in nutrients} were rela-
tively higher and decreasad with the increase in planta-
tion age. (Bargali 1990 and Bargali and Singh 1591,
Bargali et al. 1993). All these may favour decomposiion
of litter.

Compared to the adjacent Populus deltoides planta-
tions of sirnilar age {Lodhiyal 1990) and natural sal Shorea
rabusta forest {(Upadhvay and Singh 1889 and Upadhyay
et al. 1989), the decomposition rates of Eucalyptus
plantations are lower though hoth soil and water
conditions of sal forest sites are less favourable to plant
growth than in the tarai belt {Singh and Singh 1987).

When considering what would be the most important
variables regulating the decomposition rates of litter, two
principal factois emerge: Climate and site properties
(nutrient, moisture, ground cover, etc. in the soil). Asin
the present plantations the soil moisture, soil nutrents
and ground cover (herbaceous vegetation) decreased
with the plantation age (Bargali et al. 1993}, due to the
clear-cutting of the natuzal forest which are the promotors
of the decomposition of litter. These two rate regulating
factors interact; both are needed in order to predict
patterns and rates of decomposition. In conclusion the
decreass in decomposition rate with increasing planta-
tion age; suggests that Eucalyptus plantations may lead
to soll degradation in the present short roatation i. e., 8
year.

Acknowledgements

Ithank Professor S. P. Singh and Dr. R. P. Singh for research
guidance and a review of the manuscrpt. Financial
support from CSIR, New Delhi is gratefully acknowleged.

References

Bargali, 5. 5. 1990: Structure and functioning of Eucalyptus
plantations in tarai belt Kurnaun Himalaya. Ph.D. Thesis,
Kumaun University, Nainital, India.

Bargali, 5. 8. and Singh, 5. P. 1991: Aspectz of productivity
and nutrient cyeling in an 8-yr-old Eucalyptus plantation
in a moist plain area adjacent to Central Himalays, [ndia.
Canadian Journal of Forest Research, 21: 1365-1372.

Bargali, 8. S., Singh, R. P. and Mukesh J. 1993: Changes
and soil characteristics in eucalypt plantations replacing
natural hroadleaved forests. Journal of Vegetation &ci -
ence, 4; 25-28.

Barg. B. and Lundmark, J.E. 1887: Decomposition of needle
litter in lodgepole pine and Scots pine monocuitural
systems a comparison. Scandinavian Journal of Forest
Research, 2: 3-12.

Berg, B., Hannus, K., Popoff, T. and Theander, 0. 1982
Changes in organic chemical components of needle litter
during decomposition. Long term decomposition in 4
Scots pine forast. 1. Canadian Journal of Botany, bO:
1310-1318.

Bermnhard - Reversat, F. 1972: Decomposition de la litiere de
fevilles en foret ombrophile de bhasse Cote d,lvoire.
Oecologia Plaptarum, 5: 247-266.

Frederick, D. J., Madgwick, H. A. 1, Jurgensen, M. F. and
Oliver, G.R. 1985: Dry matter content and nutrient distr
bution in an age series of Eucalyptus regnans plantations
in New Zealand. New Zealand Journal of Forest Re-
search, 15: 158-179.

Jackson, M. L. 1958: Scil chemical analysis. Prentice Hall
Inc., New Jergey, USA.

Jenson, V. 1974: Decomposition of angiosperm tree leaf I
In Biclogy of plant litter decomposition {eds. C.N. Dickinson
and G.J.F. Pugh), pp. 63-104, Academic Press, London-
New York.

Jordan, C.F. and Murphy, P.G. 1978: A latitudinal gradient
of wood and litter production. Am. Midl Nat., 99: 415-424.

Klinge, H. and Rodrigues, W.A. 1968: Litter production im an
area of Amazonian terra firme forest. Part I and [L
Amazoniana, 1: 287-310.

Lodhiyal, L. 8. 1990: Structure and functioning of Populus
plantations in tarai belt of Kumaun Himalaya. Ph.D.
Thesis, Kumaun University, Nantal, [ndia.

Mehra, M.S. and Singh, J.8. 1985: Pattern of wood litter fall
in five forests located aleng an altitudinal gradient in
Central Himalaya. Vegetatio, 63: 3-11.

Mehra, M.8., Pathak, P.C. and Singh, J.5. 1885: Nuttient
movement in litter fall and precipitation components
for Central Himalayan forests. Annals of Botany, 55; 153-
170.

Misra, R. 1968: Ecology work book. Oxford and IBH Publish
ing Co. Calcutta.

Pandey, U. and Singh, J.5. 1981: A quantitative study of
the forest floor litter fall and nutrient retum in an oak-
conifer forest in Himalaya. I. Pattemn of litter fall and
nutrient retum. Oecologia Generalis, 2: 83-99.

Peach, K. and Tracey, M.V. 1956; Modem methods of plant
analysis. Springer-Verlag, Berlin.

Proctor, J., Anderson, J.M., Fogden, 8.C. and Vallack, HW.
1583; Ecological studies in four contrasting lowland rain
forests in Gunung Mulu National Park, Sarawak. II. Litter
fall, litter standing crop and preliminary observations on
herbivary. Journal of Ecology, 71. 261-283.

Rawat, Y.S. and Singh, J.5. 198%: Forest floor biomass, litter
fall and nutrient retem in Central Himalayan cak forests.
Vegetatio, 82: 113-115.



38
5.3, Bargali

singh, J.5. and Singh, 5.P. 1887; Forest Vegetation of the
Himalaya. Botanical Keview, 13: 449-528,

singh, 5.P., Pande, K., Upadhyay, V.P. and Sing, J.5. 1990:
Fungal communities associated with the decomposition
of a common leaf litter (Quercus leucotrichophora A.
Camus) along an elevational transect in the Central
Himalaya. PBiclogy and Fertility of Soils, 9: 245-262.

Turnet, J. and Lambert, J.M. 1983: Nutrient cycling with in
27-y1-0ld Eucalyptus grandis plantation in New South
Wales. Forest Ecology and Management, 6: 155-168.

Upadhvay, V.P. and Singh, J.5. 1988: Patterns of nutrient
immobilization and reiease in decomposing forest litter

in Central Himalaya, India. Joumal of Ecology, 7. 127-
146,

Upadhyay, V.P., Singh, J.5. and Meentemeyer, V. 1989
Dynamics and weight loss of leaf litter in Central Himalayan
forests: abiotic versus litter quality influences. Jourmnal of
Eeology, 77: 147-161.

Recefved 24 February 1994, revised 25 November 1994;
accepted 2 February 1995,



