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Abstract

Bamboo forests contributes about half of the total forest cover (49.1%) of Mizoram- one of the eight states of North-East
India. Melocanna baccifera (Mb) and Bambusa tulda (Bt) are the two most common bamboo species found here. In the
present study it was found that culm age structure was preponderant towards older culm age class than younger age class in
both types of stand. The total aboveground biomass of Mb was 106.68Mg/ha and Bt was 97.00Mg/ha. Leaf biomass was
higher than branch biomass in both species. Culm component have higher carbon storage in both species and least carbon
storage was observed in branch component in Mb and leaf component in Bt. Soil organic C was more (2.40%) in Mb stand

than Bt stand (1.96%).
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Introduction

Bamboo diversity of North-East India is high with prevalence of
63 different species under 15 genera. With 49.1 percent out of
the total forest cover Mizoram state have the highest bamboo
forest cover. Melocanna baccifera (Roxb.) Kurz. the
monopodial bamboo contributes 98% out of the total bamboo
forest, whereby clump forming (sympodial) species including
Bambusa tulda Roxb contributes to the remaining 2%'. Bamboo
forest have faced extreme biotic pressure since the last three to
four decades. Young shoots of culms were harvested for
consumption as vegetable, whereas mature culms are in great
demand for paper and pulp industries, for household purposes
and for cottage industries. The biotic pressure, fire and
unscientific management have remarkably reduced the bamboo
growing stock’. Biomass studies have been reported for
Dendrocalamus strictus®, Phyllostachys pubescens®, Bambusa
bamboss, Bambusa cacharensis6, Phyllostachys makinoi’,
Guadua angustifolia®. The present study emphasizes a
comparative study of above ground biomass production of
Melocanna baccifera (Mb) and Bambusa tulda (Bt) in a sub-
tropical bamboo forest in Lengpui.

Materials and methods

Study site: The study site is situated in Lengpui area of Aizawl
district, Mizoram in North-Eastern region of India at an
elevation of 384m, located at 23°50'33.7"N longitude and 92°38'
19.8" E latitude. The topography of Lengpuiis characterized by
rugged hilly terrain. The area experienced sub-tropical warm
and humid with annual average rainfall of 350mm, most of
which was received during South-West monsoon season (June
to October). The study was conducted in a protected bamboo
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forest. The site has a temperature range of 11°C to 29°C and
yellow lateritic type of soil.

Selection of bamboo stands: Within the protected bamboo
forest Melocanna baccifera (Mb) was found to occupy 90% of
the total forest area. It was followed by clumps of
Bambusatulda (Bt) (8%). Therefore three plots each were
selected randomly under these two types of bamboo stands.

Density and aboveground biomass: Stand characteristics were
studied during November and December, 2015. Three quadrates
having 10x10m were laid randomly in each of the three plots in
each stand. The number of culms within the quadrates were
recorded according to the age of the culms and culm density
was calculated per hectare. The age class was divided into 1
year, 2 year and >3 year old culms. Culm diameter was
measured at 9.8 to 13.7cm in the middle point of the internode
from the ground. In each quadrate 3 culms per age class were
harvested for both the species. A total of 27 bamboos were
harvested for each type of bamboo. The fresh weight of culms,
branches and leaves were weighed separately. Three sections of
each bamboo were sampled at the upper, middle and lower
portion of the culm and weighed for analysis.

The samples were oven-dried at 105°C for 2-3 weeks until the
absolute dry weight was obtained. Biomass estimation was
based on the ratio of absolute dry weight to fresh weight. For
analysis of C content samples of culm, branch and leave were
ground into powder form and determined by using CHNS
Analyzer.

Percentage C content of each section of the biomass was
multiplied with biomass of each section to give total
aboveground biomass carbon storage.
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Soil organic C: Soil samples were randomly collected monthly
from March, 2015 to December, 2015 from the selected plots
from a depth of 0-30cm. A composite soil sample was prepared
for the three plots of each stand and maintained three replicates.
Large pieces of plant materials were removed and the field-
moist soil was sieved through a 2mm mesh screen. Organic C
was determined by dichromate oxidation and titration with
ferrous ammonium sulphate’. Bulk density was estimated by
using soil corer method. Soil organic C storage (Mg/ha) was
computed by multiplying soil weight per given soil volume with
respective C values.

Statistical calculation: Analysis of variance for statistical
difference among the culm biomass and C content of all the
components of culm for both the species were performed.
Correlation between the different biomass components and C
content was also determined. Data analysis was performed by
using Excel-2010.

Results and discussion

Density and age structure: The density of Mb was 31225
culms/ha and Bt was 21450 culms/ha. The culm girth size
ranged from 9.8 to 12.0cm for Mb and 13.0 to 18.0cm for Bt.
The structure of culm age of both the species was found to have
preponderance towards older culm age class (Figures-1 and 2).
The structure of age class was 1:2:6 for Mb and 2:3:5 for Bt.
The population structure of Melocanna baccifera and Bambusa
tulda in the present study reveals a preponderance of older culm
age classes than younger age class. The result is due to lack of
harvesting of mature culms and overharvesting of young shoots
illegally by local people for food especially Melocanna
baccifera as it is a favorite food. The skewness towards older
culms leads to low productivity of bambo'®. Harvesting of
mature culms is necessary to attain 3:3:3:1 for 1-4 year old in
Bt as it is a sympodial bamboo as recommended by Yuming et
al."! for the monopodial Mb culms harvesting of mature culms
is necessary for producing higher yields and to sustain the
forest. Culm density of Mb was more than Bt as Mb is
monopodial having capability to propagate in a larger area.

Above ground biomass structure: Out of the total
aboveground biomass in both the species culm component
shared the highest proportion (73.03%) followed by leave
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(15.81%) and branch (11.16%) in Mb (Figure-3); culm
(80.52%), leave (10.16%) and branch (9.32%) in Bt (Figure-4).
Total aboveground biomass of Mb was 106.68Mg/ha and
97.00Mg/ha for Bt. The > 3 year age class represented the
highest proportion of the stand biomass having 74.17Mg/ha for
Mb and 52.25Mg/ha for Bt (Table-1). Least stand biomass was
contributed by the 1 year old age class in both the species.
Analysis of variance revealed significant variation among
different age classes for branch and leaf biomass (P<0.05)
within the three plots of each bamboo stand.

The average biomass of leaf component for the three age class
was higher than branch biomass in both the species which was
not found in majority of other studies®”'*". Aboveground
biomass of 97.00Mg/ha to 106.68 Mg/ha in the present study is
comparable to 105.33Mg/ha in Phyllostachys makinoi, central
Taiwan’; 96.54-105.76Mg/ha in Phyllostachys pubescens,
China'?, but greater than 23.70 Mg/ha for Fargesia spathacia"
China and lower than 74.70Mg/ha for Dendrocalamus stictus",
India. In the present study although Bt has lesser density the
aboveground biomass was as much as high as Mb. The reason
could be due to thick walled culm structure of Bt, whereas Mb
has thin walled culm structure. Least aboveground biomass was
contributed by one year old age class culms and maximum
aboveground biomass was contributed by > 3 year old age class
culms in both species because the number of older culms were
more than younger culms.

Cstorage in culm: The average C content in different
components of culm was in the order of branch (49.0%), leave
(45.0%) and culm (37.7%) for Mb; and branch (55.9%), culm
(51.9%), and leave (44.2%) in Bt (Table-2). In Mb C
concentration increased in > 3 year old age class in both leave
and culm components from the 1 year old age class. Significant
positive correlation between biomass of culm, branch and leave
with respective C content for Mb were found (Table-4), whereas
for Bt only biomass of culm component was significantly
correlated with the respective C content. The average C storage
in the aboveground biomass was 51.12Mg/ha for Bt and
44.71Mg/ha for Mb (Table-3). Allocation of C was more in
culm component in both bamboo species. However least was
observed in leave component in both species.

Table-1: Biomass (Mg/ha) in culm components of different age classes for Mb and Bt.

Mb Bt
Age class Culm Branch Leave Total Culm Branch Leave Total
lyr 5.20 - - 5.20 13.70 - - 13.70
2yr 17.90 3.71 5.70 27.31 21.05 2.64 4.35 28.04
>3yr 54.80 8.20 11.17 74.17 43.35 6.40 5.50 55.25
Total 77.90 11.91 16.87 106.68 78.1 9.04 9.85 96.99
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Table-2: C concentration (% dry matter) in culm components of different age classes of Mb and Bt.
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Mb Bt
Age class(yr.) 1 2 >3 Average 1 2 >3 Average
Culm 36.73 33.27 37.7 113.10 52.83 43.00 59.89 51.9
Branch - 50.18 49.0 137.12 - 60.33 51.57 55.9
Leave - 42.16 45.0 128.33 - 45.19 43.29 442
Table-3: C storage in the aboveground biomass of bamboo stand (Mg/ha).
Mb Bt
Age class(yr.) 1 2 >3 Total 1 2 >3 Total
Culm 1.90 5.95 23.61 31.46 7.24 9.03 25.93 42.2
Branch - 1.75 3.91 5.66 - 1.39 3.30 4.69
Leave - 2.28 5.31 7.59 - 1.85 2.38 4.23
Total 1.90 9.98 32.83 4471 7.45 12.27 31.61 51.12
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Figure-1: Population structure of different culm age classes of Mb in the three plots.

Table-4: Correlation between biomass of culm components and
respective C content within age classes (P<0.05), n=3.

r
Mb Bt
Culm 0.82 0.65
Branch 0.67 0.42%
Leave 0.99 -0.21%*
*insignificant.

C content in Bt in all culm components were higher than Mb.
Within the age classes C content increased with progress of age
in Mb and no such trend was observed in Bt. There was
significant positive correlation between culm, branch and leaf
biomass and their respective C content in Mb, whereas in Bt
culm component only have significant positive correlation with

International Science Community Association

its C content. Since the C content of Bt was higher the
capability of storing C in above ground biomass was more than
Bt. The size of Bt was also much larger than Mb and have thick-
walled culm structure. Lesser density in Bt could be attributed
to its sympodial nature of propagation. The average range of C
storage in the aboveground biomass of 50.00- 51.33Mg/ha is
comparable with 52.30Mg/ha in Phyllostachys bambusoides in
central Japan'®, 51.93Mg/ha in Bambusa oldhami plantation in
Huatusco Veracruz'’ and lower than 91.35-103.70 Mg/ha in
Dendrocalamus strictus plantation, India'® and 77.38 Mg/ha in
Phyllostachys pubesccens, China'*.

Soil C storage: Soil C storage upto the depth of 30cm was
53.28Mg/ha in Mb and 38.8Mg/ha in Bt (Figure-4). Analysis of
variance shows significant variation of organic C within the two
types of bamboo stands (P<0.05). Average organic C was found
to be more (2.40%) in Mb forest than Bt forest (1.96%).
Average bulk density was 0.74g/cm’ for Mb and 0.66g/cm’ for
Bt.
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Figure-2: Population structure of different culm age classes of Bt in the three plots.
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Figure-3: Biomass structure for different age classes of Mb culms.
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Figure-4: Biomass structure for different age classes of Bt culms.
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Figure-5: Monthly variation in soil organic C in the two types of forest.
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The average soil organic C storage upto 0-30cm of 46.04Mg/ha
was lower than the above ground biomass C storage. In tropical
forest the C in soil is roughly equivalent to or less than the
above ground biomass'’. The average C content for closed
forest is assumed to be 133Mg/ha in the top 100cm and
72Mg/ha in the top 40cm, for open forest equivalent estimates
are 80 Mg/ha in top 100cm and 49Mg/ha for top 40cm™. The
present C storage is comparable to C storage in the top layer of
open forest. However the short periodicity of culm growth,
rapid culm elongation rate, brief clump development period and
ability to survive with least management approach in the
bamboo forests have a great prospective resource to sink
atmospheric CO,’. Although the C storage in aboveground
biomass of Bt was higher than Mb, the organic C content of soil
was higher under Mb stand. The reason could be attributed to
more decomposability of the culm components due to its thin
walled culm structure of Mb. Moreover the main contributor to
soil organic matter i.e. leaf biomass was more in Mb than Bt
stand.

Conclusion

From the observations made it can be conclude that although
having lesser density Bambusa tulda has more aboveground C
storage capability compared to Melocanna baccifera due to its
thick walled culm structure, however due to its culm structure
the decomposability was lesser leading to a decline in soil C
storage compared to Melocanna baccifera st and.
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