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Abstract

The litter fall and fine root biomass is needed to quantify the
annual return of elements and organic matter to the soil. The
tree species that covers the largest area in the present studied
community managed forest are the common banj oak and chir
pine. The mean annual litter fall in Anriyakot Van Panchayat
forest was 6.25+0.26 t ha™. The mean litter fall value was
higher in the summer season (2.86+0.39 t ha™) and minimum
in winter season (1.53+0.04 t ha™). The soil organic carbon
percentage of the Anriyakot Van Panchayat ranged from
1.00+0.29% to 2.73+0.51%. The total fine root biomass ranged
from 4.33 t ha ' to 6.65 t ha ™. The fine root biomass was
higher during the rainy season (59.2%) followed by summer
and winter seasons (26% and 14.8%, respectively). Soil
organic carbon percent ranged from 1.00+0.29 to 2.73+0.51%.
Fine root and litter fall affect the levels of nutrient returns in
soil and acts as a medium for transfer of atmospheric carbon

into the soil in the form of carbon containing compounds.
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Introduction

Litter fall and fine root biomass are important
vectors of nutrient recycling in forest
ecosystems (Gill and Jackson 2000; Sayer
2006) and their turnover depend on a variety of
factors such as weather conditions, season,
vegetation type, soil conditions, species
composition, age groups, canopy cover, biotic
factors and density of the forest stand (Rawat
et. al., 2009). Litter fall collection is a standard
non destructive technique of assessing
dynamics of aboveground biomass in forests.
Evaluation of litter fall production is important
for understanding nutrient cycling, forest
growth, successional pathways, biological and
physicochemical properties of topsoil and
interactions with environmental variables in
forest ecosystems (Zhou et. al., 2007).
Knowledge of litter production was also
important when estimating nutrient turnover, C
and N fluxes in different ecosystems. Due to
its influence on humus characteristics, tree
growth and nutrition return litter production
was used as a parameter to characterize forest
ecosystems. A major part of the annual gain of
energy and matter by plants is shed as litter,
which enters into decomposition subsystem as

detritus and plays a crucial role in the
ecosystem structure and function (Christensen,
1975). Fine roots exert a significant influence
on the soil profile development and contribute
substantially to the soil organic pool through
their turnover (Persson, 1982).

Fine root biomass is constantly renewed, and
its productivity often exceeds aboveground
productivity despite the fact that living fine
root biomass constitutes only a small fraction
of the total stand biomass (Helmisaari et. al.,
2002). The distribution of fine roots in
different soil layers is assumed to be related to
climate and site characteristics, such as soil
structure, compactness and aeration, and
differs between different plant species. The
rate of growth of fine roots is affected by the
availability of nutrients and environmental
factors such as soil temperature and moisture
contents. Fine roots of trees and understory
vegetation play an important role in the carbon
and nutrient dynamics of forest soils.

The litter and fine root biomass is needed to
quantify the annual return of elements and
organic matter to the soil. The tree species that
covers the largest area in the present studied
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community managed forests are the common
banj oak and chir pine. However, in the present
scenario the banj oak in reserve forests are
highly degraded due to strong anthropogenic
influence. In order to preserve and recover
these forests, the ecology of the oak forests
need to be known.

Material and Methods

The selected sites are located in the Van
Panchayat forests of Anriyakot and Bhatkholi
in Almora district (29° 32.98’ to 29° 34.32' N
latitudes and 79° 41 /L' to 79° 432" E
longitudes). The climate of the study area is
influenced by the monsoon rhythm of rainfall.
The monsoon strikes this area from June to the
September and sometimes to late October. The
average annual rainfall varied from 274.5 mm
to 463.2 mm. The parent material forming the
soils in the study area mainly comprises of
schist, micaceous quartizimeta morphism,
plutonic bodies of granodiorites and granites
(Rawat, et. al., 2010). The vegetation type
mainly comprises Himalayan moist temperate
oak forest and subtropical pine forest. The
dominated tree species of both the Van
Panchayats are Quercus leucotrichophora,
Pinus roxburghii, Rhododendron arboreum
and Myrica esculenta. Majority of forest soils
in the present study is residual, shallow and
slightly acidic in reaction and the texture is
more or less clay loam. Four aspects at both
the Van Panchayats were identified with in
each aspect forest floor litter mass were
collected from 10, (0.5X0.5m) quadrats placed
randomly following Rawat and Singh (1988).

All the herbaceous live and dead shoots at
ground level were harvested. Litter were
categorized into fresh leaf litter, partially
decomposed litter, wood litter including seed,
miscellaneous litter consisting of material
other than above. The collection would be
brought to the laboratory and the oven dried
weight was determined (Rawat and Singh,
1988). Fine root biomass (< 1 mm in diameter)
was estimated following the ingrowth core
method. The soil cores were obtained by
driving a sharp edged steel tube (8.5 cm
internal diameter) in to the soil up to a depth of
1m (0-20, 20-40, 40-60, 60-80, 80-100 cm soil
depths). A total of 360 soil samples were taken
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for each depth class in three seasons (winter,
summer and rainy). Fine roots were excavated
from the soil core with the help of a steel tube
and the hole refilled afterwards with soil.
Samplings were carried out in three directions
from the measured trees and a sample point
was located at 12m, 14m and 1/8m of the
distance away from the neighbouring trees.
Root samples collected from different
directions and different depths were kept in
separate polythene bags and brought to the
laboratory. Roots were separated from other
organic material by passing the soil core
through a sequence of sieves.

Soil samples were collected from 5-6 pits dug
to 100 cm depth in different locations for each
site. From each pit 300 to 500 g soil samples
were collected from 0-10 cm, 10-20 cm, 20-30
cm, 30-40 cm, 40-50 cm, 50-60 cm, 60-70 cm,
70-80 cm, 80-90 cm and 90-100 cm soil
depths. Soil texture was determined after
removing the gravel particles, air drying the
soil samples and passing through a series of
sieves following Jina et. al., (2009). Soil
moisture was determined on fresh weight basis
following Jackson (1958). Soil carbon content
was based on rapid titration method of Walkey
and Black following Jackson (1958). For total
Nitrogen (N), available Phosphorus (P) and
available Potassium (K), three composite
samples at different soil depths (0-30, 30-60,
60-100 cm) were taken. The total nitrogen
content (%) was determined by micro-Kjeldahl
assembly (Peach and Tracey, 1956). Soil
phosphorous and potassium were extracted by
wet ashing of 1 g soil material in acid mixture
consisting of 10 ml H,SO4 +3 ml HNO3; + ml
HCLO, (Jackson, 1958). Soil potassium was
determined using a flame Photometer, and
phosphorous was determined using
spectrophotometer following Jackson (1958).

To determine soil bulk density, soil samples
were collected by means of a special metal
core-sampling cylinder of known volume from
different layers considered for soil carbon
estimation for different soil depths. Samples of
soil were brought to the laboratory and oven
dried at 60°C till constant weight and soil bulk
density was calculated following Misra (1968).
Analysis of variance (ANOVA) and Standard
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errors were calculated by using SPSS version
16 software.

Results

Site |

The total annual litter fall at this site was 6.83 t
ha’. The maximum seasonal litter fall was
recorded for summer season (3.21 t ha™) and
the minimum for winter season (1.48 t ha™,
Fig. 2). Among different forest litter type fresh
leaf contribute maximum to the total litter
(3.03 t ha™). The total fine root biomass at this
site was 6.15 t ha ™. It was maximal in the
rainy season (3.93 t ha ™) followed by summer
and winter seasons (1.56 t ha “and 0.65 t ha *,
respectively, Fig. 1). Fine root biomass
declined with depth. The top soil layer (upto
40 cm) contributed approximately 67.4% to the
total fine root biomass; 38.5% was observed in
the 0-20 cm interval, 28.9% in the 20-40 cm
interval, 16.6% in the 40-60 cm interval, 8.8%
in the 60-80 cm interval and 7.2% was
recorded in the 80-100 cm interval (Fig. 1).
The soil organic carbon percent varied from
1.34+0.19 to 2.23+0.31 across all the soil
depths (Fig. 3). Contrary to this, the soil bulk
density followed a reverse trend and varied
from 1.18+0.03 g cc® to 1.44+0.22 g cc*
across different soil depths. Soil nitrogen,
phosphorus and potassium value varied from
0.18 to 0.22%, 0.0008 to 0.0018% and 0.0072
to 0.0108%, respectively across different soil
depths (Fig. 4).

Site 11

The total annual litter fall at this site was 5.61 t
ha™. The maximum annual seasonal litter fall
was recorded in summer season (2.38 t ha),
while the minimum in winter season (1.59 t ha
1y, The contribution of the fresh leaf litter to
the total litter fall was maximum (3.91 t ha™,
Fig. 2). The total fine root biomass at this site
was 6.65 t ha ™. It was maximal in the rainy
season (4.00 t ha ™) followed by summer and
winter seasons (1.64 t ha * and 1.01 t ha %,
respectively, Fig. 1). Fine root biomass
declined with depth. The top soil layer (upto
40 cm) contributed approximately 85% to the
total fine root biomass; 50.3% was observed in
the 0-20 cm interval, 20.9% in the 20-40 cm
interval, 13.7% in the 40-60 cm interval, 8.2%
in the 60-80 cm interval and 6.9% was

recorded in the 80-100 cm interval (Fig. 1).
The organic soil carbon percent varied from
1.384£0.09 to 1.65+0.13 across all the soil
depths (Fig. 3). The soil bulk density varied
from 1.17+0.01 g cc® to 1.36+0.03 g cc*
across all the soil depths. Soil nitrogen,
phosphorus and potassium value varied from
0.22 to 0.42%, 0.0006 to 0.0013% and 0.0056
to 0.0083%, respectively across various soil
depths (Fig. 4).

Site 11

The total annual litter fall at this site was 6.12
tha™. The maximum total annual seasonal litter
fall was recorded in rainy season (t ha™), while
minimum in winter season (1.60 t ha™). The
contribution of the fresh leaf litter to the total
litter was maximum (3.05 t ha™, Fig. 2). The
total fine root biomass at this site was 4.33 t ha
"1t was maximal in rainy season (2.18 t ha ™)
followed by summer and winter seasons (1.25 t
ha * and 0.90 t ha ?, respectively). Fine root
biomass declined with depth. The top soil layer
(upto 40 cm) contributed approximately 84.4%
to the total fine root biomass; 67.4% was
observed in the 0-20 cm interval, 17% in the
20-40 cm interval, 5.9% in the 40-60 cm
interval, 5.5% in the 60-80 cm interval, and
4.2% was recorded in the 80-100 cm interval
(Fig. 1). The organic soil carbon percent varied
from 1.03+0.71 to 1.9740.17 across all the soil
depths (Fig. 3). The soil bulk density varied
from 1.15+0.006 g cc® to 1.30+0.01 g cc?
across all the soil depths. Soil nitrogen,
phosphorus and potassium values varied from
0.11 to 0.20%, 0.0008 to 0.0010% and 0.0055
to 0.0068%, respectively across various soil
depths (Fig. 4).

Site IV

The total annual litter fall at this site was 6.43 t
ha™. The maximum total annual seasonal litter
fall was recorded in summer season (3.78 t ha’
1, while minimum in rainy season (1.23 t ha™).
The contribution of the fresh leaf litter to the
total litter was maximum (2.98 t ha™, Fig. 2).
The total fine root biomass at site 1V over the
whole year was 5.30 t ha ™. It was maximal in
rainy season (3.14 t ha ™) followed by summer
and winter seasons (1.39 t ha *and 0.77 t ha ™,
respectively). Fine root biomass declined with
depth. The top soil layer (upto 40 cm)
contributed approximately 88.89% to the total
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fine root biomass; 54.4% was observed in the
0-20 cm interval, 24.4% in the 20-40 cm
interval, 10.1% in the 40-60 cm interval, 6.4%
in the 60-80 cm interval, and 4.7% was
recorded in the 80-100 cm interval (Fig. 1).
The organic soil carbon percent varied from
1.00+0.29 to 2.73+£0.51 across all the soil
depths (Fig. 3). The soil bulk density follows
an inverse trend and varied from 1.09+0.07 g
cc® to 1.42+0.01 g cc™ across all the soil
depths. Soil nitrogen, phosphorus and
potassium value varied from 0.11 to 0.18%,
0.0006 to 0.0018% and 0.0035 to 0.0065%,
respectively across various soil depths (Fig. 4).

Analysis of variance (ANOVA) test showed
that fine roots biomass varied significantly
(P<0.05) between season, forest site, soil
depth. The combined effects of season x forest
site and season X soil depth, soil organic
carbon, site and soil depth also varied
significantly at P<0.05. ANOVA test showed
significant variation at P<0.05 across aspects,
seasons and types of litter also the combined
effects of seasons x litter types, seasons X
aspects varied significantly at P<0.05.
However, in case of site x aspects, sites X
seasons, sites x litter types and aspects x litter
types did not show significant variation

Discussion

Mehra et. al., (1985) studied the annual total
litter fall in six central Himalayan forests. The
value ranged from 2.1 to 3.8 t ¢ ha™, of which
54-84% was leaf litter, 9-20% wood litter and
6-14% other litter. The forest floor biomass
was 12.7-167.7 t ha™ for temperate, 14.2 t ha™
for tropical and 3.4 t ha™ for sal Central
Himalayan forests, 5.7 - 7.7 t ha™ for Central
Himalayan Quercus spp. (Table 2). The total
annual litter fall in the present study across
different aspects ranged between 5.12 to 7.47 t
ha. The present values of litter fall are within
the range reported earlier by Chaturvedi and
Singh (1987), Rawat and Singh (1989), Singh
(2009), Raikwal (2009) for the central
Himalayan pine and oak forests (1.3t0 6.2t ha’
Yand 5.8 to 7.7 t ha™, respectively) and lower
than those of temperate forests (Table 2).

This is due to the fact that the present studied
forest was situated in a montane sub-tropical
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belt where temperatures are never too low to
inhibit  faunal and microbial activity
(Upadhyay and Singh, 1985), but not as high
as in the tropics. The system represents an
intermediate situation between temperate and
tropical conditions (Pandey and Singh, 1981a).
In the present study fresh leaf litter accounted
maximum amount (4.58 to 594 t ha?).
Gloaguen and Touffet (1976) also reported that
annual leaf production considered as the main
litter fraction in most cases is favoured by
relatively high temperatures and high
precipitation during summer.

Compared to mean values of 0.7 to 2.2
(arctic), 2.5-3.0 (cool temperate), 3.5-3.6
(warm temperate) and 6.6-6.8 t ha™ (equatorial
forests) as reported by O'Neill and DeAngelis
(1980) the annual average wood litter fall was
1.89 t ha™. This value lies within the range of
0.6-1.9 t ha™ yr reported for different forest
types in Central Himalaya (Chaturvedi and
Singh, 1987). Release of nutrients not only
depends upon litter composition but also upon
soil type, microbial communities and soil
properties (Kutsch and Dilly, 1999). Being
evergreen, the present forests exhibit year
round litter fall. The pattern of litter fall in the
present study was comparable to tropical
ecosystems of India (Singh, et. al., 1999).
Maximum amount of litter fall in the present
study was recorded during summer season
(3.78 t ha') and minimum litter fall was
recorded in winter season (1.15 t ha™).

The maximum litter falls observed in the
summer may be due to warm and drier
conditions prevailing during the summer
period. The seasonal litter fall pattern was
mainly controlled by community
characteristics and environmental factors
(Kavvadias, et. al., 2001; Pedersen and
Hansen, 1999). The biotic agents, Presbytis
entellus, Semnopithecus entellus, Solenarctos
thibetanus and Himalayan black beer are active
particularly in early summer. They cause
severe damage to the twigs and branches due
to which the probability of litter fall in the
present study increase (Rawat and Singh,
1989). Such a pattern with peak leaf fall in
summer has also been observed for other
central Himalayan forest (Pandey and Singh,
1981a; Rawat and Singh, 1989; Singh, 2009;
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Raikwal, 2009). According to Henery (1977)
the nutrient content in the leaf varies
considerably among species and even in the
same species from different localities. The age,
density of the forest which determines the
quantity of litter fall and differences in soil
nutrient levels may affect the nutrient return
(Duvigneaud and Denaeyer, 1970). Different
soil nutrients in the present study varied among
different aspects and Van Panchayats (Table 1
and Fig. 4). The return of the major nutrients
(C, N, P, and K) through litter fall in this study
was similar to that reported by Singh (1968)
for Shorea and Tectona forest of central India.
The soil organic carbon percentage in the
present study ranged from 1.00+0.29% to
2.97+0.46%. Soil organic carbon plays a
significant role in the global carbon cycle. On
an average, the percentage of carbon in the top
20cm, relative to that in the first meter soil
column, is 50% of that in the first meter
(Jobbagy and Jackson, 2000). Generally the
surface layer soil is more affected by climate
and litter types.
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Table 1: Comparison of annual litter fall from different forests of the World

Forest type Location Litter fall Reference
(tha™)
Pinus stand Temperate 12.7- 167.7 | Ovington
(1965)
Riverine forests | Tropical 14.2 Golley et al.
(1975)
Quercus petraea | England 3.86 Carlisle et. al.,
(1966)
Quercus India 7.7 Singh and
lanuginosa Singh (1987)
Quercus 6
floribunda
Quercus 5.8
leucotrichophora
Oak conifer | India 5.50 Pandey and
forests Singh (1981 b)
Quercus forest India 4.7-7.8 Rawat and
Singh (1989)
Sal forest East 3.4 Singh and
Himalaya Ramakrishnan
(1981)
Natural oak | North India 4.20-5.48 Pandey et. al.,
forest and (2007)
managed
plantation
Quercus India 6.1 Singh (2009)
leucotrichophora
Pinus roxburghii | India 7.28 Singh et. al,,
dominant forest (2010)
of Toli Van
Panchayat of
Uttarakhand
Quercus India 8.94 Singh et. al,,
leucotrichophora (2010)
dominant forest
of Dhaili Van
Panchayat of
Uttarakhand
Oak Pine mixed | India 5.12-7.47 Present study
Van Panchayat
forest
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Litter Fall, Fine Root Biomass and Soil.....

Fig. 1- Fine roots biomass (t ha ™) of Anriyakot Van Panchayat across different sites

and seasons
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Figure 2- Litter biomass ((t ha™) among different season at Anriyakot Van
Panchayat

332



Journal of Asian Scientific Research, Vol. 2, No. 6, pp. 325-333.

—&— South East
35 —B—south
N 3 -[ North
o
North West

Salt g
: .
g 2 4 *i\k_%\ 1 ! l :l: %

1

0 T T T T T T T T T
0-10 10-20. 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

Soil depth (cm)

Figure 3- Soil organic carbon percent of Anriyakot Van Panchayat along different
soil depth and sites
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Fig. 4 Nitrogen, Phosphorus and Potassium of Anriyakot Van Panchayat along
different soil depths and sites.
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