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Abstract
Carbon stock of soil and biomass were evaluated in the grassland of Koshi Tappu Wildlife Reserves (KTWR), Eastern Nepal.
This was with a view to provide information on grassland serving as carbon sink and to assess their contribution to carbon
stock. For the
he study, three 50m x 50 m core areas or sampling areas were established. Soil samples were randomly collected
from each sampling areas at a depth of 15 cm, then it was air
air-dried,
dried, oven dried at 100°C and then analyzed the carbon stock
in the soil. The abovee ground and below ground biomasses were harvested by randomly placing ten 50cm x 50cm quadrates
in each sampling areas. The harvested plants were oven dried at 70°C to a constant weight, weighed, and analyzed carbon
stock in biomass. The soil carbon stockss was found to be 25.12, 20.96, 18.50 t/ha to a depth of 15cm on short grass area,
medium grass area and tall grass area respectively. The ca
carbon
rbon stock in biomass was found to be 6.58, 11.30, 16.44 t/ha on
short grass area, medium grass area and tall grass area respectively. The soil of short grass area stored the highest soil
organic carbon and on the other hand biomass of the tall grass area stored the maximum organic carbon. The results
concluded short grass area that has been mostly grazed contained more carbon stock.
Keywords: Soil organic carbon, short grass area, medium grass area, tall grass area, ground biomass, below ground biomass.

Introduction
Approximately 51% of the terrestrial surface of the earth is
occupied by grasslands1,2 and are important resource of the
atmospheric carbon dioxide sequestration. About 1.75 million
ha or nearly 12% of Nepal total land area is estimated to be
covered by grassland areas3. These days global warming and
climate change are perhaps the most pressing
sing global issues.
There is a growing concern about the accumulation of green
house gas in the earth’s atmosphere as witnessed in recent years,
which is significantly raising the global temperature. Nepal’s
contribution to the global annual GHG emission iis 0.025%4,5.
The temperature in Nepal has been increasing at the rate of
0.06°C per year over the last 25 years6,7.
KTWR is a protected area situated between 86º91' - 87º08'E and
26º72' - 26º56’N
N in Sunsari, Saptari and Udaypur. districts. It
comprises extensive mudflats, reed beds, and freshwater
marshes in the floodplain of the Sapta Koshi River, and ranges
in altitude from 75 to 81 m. It was established in 1976 and
designated as a Ramsar site in December 19876,8. The climate is
sub-tropical. The soils in the reserve are sandy, loamy sand,
sandy loam, loam and sandy clay loam6. The aquatic habitats
occupies 12.9% and terrestrial habitats occupies 87.1% of total
available habitat of the reserve9,10. Based on aerial photos of
(1991/1992) terrestrial habitats
ats include 67.7% grassland, 2.6%
savannah and 4.2% forest land10. The reserve is rich in
biodiversity with, 670 species of vascular plants11, 21 of
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mammals12, 23 species of herpetofauna13, 77 species of
butterflies14, 494 species of birds15 and is habitat for a large
number of globally and nationally threatened species16. The
major species of grassland are Saccharum spontaneum,
Phragmites kharka, Imperata cylindrica, Typha angustifolia,
Cymbopogon pendulus, Vetiveria zizannoides, Erianthus
ravenna, Digitaria
ia
adscendens, Fimbristylis squomosa,
Persicaria lapathifolia, Echinochloa crusgalli, Echinochloa
colona, Paspalum distichnum, Cyperus compressus,
compressus Cyanodon
dactylon, Alternanthera sessilis6,10.
Due to the change in river course most of the grassland of
KTWR habitats have been observed to be replaced by new ones.
Untimely, unscientific and haphazard use of grassland by local
people has resulted in resources degradation and depletion.
There was a significant changes in its ecosystems over last 34
years17. The changes are manifested by human pressure17,
climate change18,19 land use and land cover change17,20,21 with
loss of habitat for many aquatic and terrestrial species17.
Interestingly soil loss from different land cover classes21 and
higher vulnerability22 are bringing numerous challenges to the
reserve and basin. Some of the major challenges are on water
availability, ecosystem vulnerability and poor adaptive capacity
of the people living in buffer zone of the reserve and basin19.
Thus, the natural and human activities are bringing various
management challenges in the reserve as also reported by
others17,23.
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Figure-1: Map of the study area, KTWR24.

Methodology
Survey of KTWR was carried on in the month of August, 2016.
The sampling was carried in the eastern side of the main stream
which included the spur no.1735, spur no.1835, spur no.1881.
There the three core areas viz. short grass area, medium grass
area and tall grass area for sampling was allocated. The core
areas were approximately 50m by 50m. The core areas were
identified on the basis of the height of grasses and grazing
frequency. Short grass area have been frequently grazed and
comprised very short annual grasses of height less than 20cm.
The dominant grasses were Paspalum distichum, Cyanodon
dactylon, Cyperus compressus, Digitaria adscendens, and short
sprouts of thatch grasses. Medium grass area were moderately
grazed with few short grasses and medium sized grasses of
height less than 50cm. The dominant grasses were Saccharum
spontaneum, Imperata cylindrica, Typha anguistifolia, Vetiveria
zizannoides and Phragmites kharka. Tall grass area was rarely
grazed and mostly comprised tall perennial grasses of more than
1m in height. The dominant grass was Erianthus ravenna which
was commonly called elephant grass.
Soil sampling: From each core areas, five each soil sample was
collected with the help of steel corer having 4cm diameter and
15cm length. Soil sample were separated into three sections viz.
top layer (0-5cm), middle layer (5-10cm) and bottom layer (1015cm) with 5cm length of each slice. Each layer of the soil was
packed in separate zipped polythene bag and brought to
laboratory. Each soil samples were oven dried at 100°C till
constant weight. It was crumbled with thumbs and sieved
through 2mm sieve. The remained particle was weighted and
sieved particle was stored for further analysis.
Biomass sampling: Ten quadrates of size 50cm x 50cm were
thrown in each selected core areas. The entire above ground
biomass of the quadrate was harvested and was made sun-dry
then oven dried at 70°C till constant weight. Similarly, below
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ground biomass was collected by excavating 15cm depth of the
quadrate and entire soil was collected. The below ground
biomass was isolated by removing soil particles with water jet
through 2mm sieve. The washed root was made sun-dried then
oven dried at 70°C till constant weight. Dried biomass was
converted to t/ha.
Sample Analysis: Bulk density of sampled soil was determined
by a standard method. Soil organic carbon was analyzed from
stored sample by the Walkley-Black Chromic Acid Wet
Oxidation Method25. Similarly, the dried weight values of the
plant biomass were then multiplied by a factor of 0.5 to obtain
the amount of carbon present. This factor is based on the
principle that the plant matter of any ecosystem contains 50%
carbon in its biomass once the water has been removed26.
Statistical Analysis: For statistical analysis SPSS 20 software
was used. To test whether there was significant difference of
soil organic carbon (SOC), biomass carbon of different sites
ANOVA (Analysis of Variance) was used. The significant
means were separated using LSD (Least significant difference)
Post hoc analysis (P<0.05).

Results and discussion
Soil carbon stock: SOC was found to be 25.12, 20.96, 18.50
t/ha as shown in the Table-1 and Figure-2 on short grass area,
medium grass area and tall grass area respectively. The SOC of
three different sites were significantly (P<0.05) different.
However, there was no sharp difference in carbon stock. The
carbon stock in frequently grazed area i.e short grass area were
high compared to rarely grazed area i.e tall grass area. Further
on performing LSD post-hoc analysis, soil organic carbon were
significantly (p<0.05) different in short grass area - medium
grass area and short grass area - tall grass area whereas the soil
organic carbon were not significantly (p>0.05) different in
medium grass area - tall grass area. The SOC level gradually
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decreased from top to bottom layer of soil as shown in Table-1
and Figure-2. Similarly, in the study “Soil carbon and nutrient
status of rangeland in upper Mustang” carried on by Maharjan,
the amount of the soil carbon decreased with increasing depth of
soil27. The maximum carbon stock was in the soil layer of 05cm in all the three sampling areas. This is in agreement with
the result found in carbon storage of the areas Gorujure and
Milke in the himalaya rangeland of Milke-Jaljale area, eastern
Nepal which showed that SOC level gradually decreased from
top layer to bottom layer of soil28.

increasing the height. There was a significant difference in
above ground and below ground biomass between short grass
area and medium grass area, short grass area and tall grass area
i.e. (P<0.05) whereas there were no significant difference in
biomass between medium grass area and tall grass area i.e.
(P>0.05).
Table-1: Carbon stock (t/ha) in the grassland of KTWR.
Biomass carbon
Study area
Soil carbon stock
stock

Biomass carbon stock: The carbon stock in biomass was found
to be 6.58, 11.30, 16.42t/ha on short grass area, medium grass
area and tall grass area respectively as shown in Table-1. It is
clearly seen in Figure-3, that there was an increasing trend in
above ground biomass and below ground biomass with

Short Grass Area

25.12

6.58

Medium Grass Area

20.96

11.30

Tall Grass Area

18.50

16.42

14
Soil depth
0-5cm

Mean SOC (t/ha)

12
10

5-10cm

8

10-15cm

6
4
2
0
short grass

medium grass

tall grass

Grass type
Figure-2: Soil organic carbon in the grassland of KTWR (error bars represents standard deviations of 5 soil samples).
Biomass
Mean biomass carbon (t/ha)

14

Above ground biomass
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Below ground biomass

8
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Grass type
Figure-3: Biomass carbon stock in the grassland of KTWR (error bars represents standard deviations of 10 samples).
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Discussion: Grasses of short grass area were short sized due to
frequent grazing its characteristics being short and composed of
different varieties of short grasses also. Due to fragile growth of
its vegetative and root parts and due to its soft tissues hastens its
death and decomposition thus increasing more carbon content in
soil. The grazing activity might be favorable for promoting the
nutrient to the soil and grasses and thus also stimulating the
growth of plant varieties. The grasses that are stimulated
through grazing provide a habitat for many species. The animals
urine and feces "recycle nitrogen, phosphorus, potassium and
other plant nutrients and return them to the soil"29. The
organisms in the soil might be benefited by the nutrients and
thus these organism aids in carbon storage in the soil. But, in tall
grass area there is less or no grazing, mostly same grasses were
found creating monoculture. On comparison to short grass area
and medium grass area, tall grass area has low carbon stock as
because the tall elephant grasses (Erianthus ravenna) has low
rate of decomposition due to its hard living tissue, more surface
area lowers the rate of decomposition furthermore its nature of
being dominant to other species leading to less diversity.
Grasses of tall grass area were mostly perennial, most of the
living and dead tall grasses never really make it into the soil.
Moreover, unlike short grass area there is hardly little deposition
of animal urine and feces.
Biomass of tall grasses of tall grass area stored huge amount of
carbon followed by medium grasses of medium grass area while
the short grasses of the short grass area which is heavily grazed
has less amount of carbon. This is due to high above ground
biomass together with high belowground biomass of tall
grasses. The higher above ground biomass and below ground
biomass was attributed due to its characteristics being tall and
luxuriant, vibrant, deeper and bulky above and below ground
biomass. Deep penetrating roots store and hoard carbon away
from the soil. This may be for the reason that less amount of
carbon in tall grass area. The lowest carbon stock was observed
in biomass of short grass area even though short grass area has
more carbon in its soil pool. This may be due to its
characteristic being short, more palatable and is mostly grazed
by wild water buffalo.

habitat because according to literature, Rai32 more than 87% of
their time is spent grazing on sprouting thatch grass (Saccharum
spontaneum), resting, and wallowing around these habitats. The
integrity of soils of the grass cover should be maintained by
reducing disturbance that is associated with soil erosion or
harvesting.
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