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India is a home to a number of bamboo species, which
are major woody components of many traditional
Indian land use systems. Biomass production and
nutrient cycling was studied in seven bamboo species

in viz., Dendrocalamus asper, Dendrocalamus
hamiltonii, Bambusa ulda, Phyllostachys aurea,
Dendrocalamus strictus, Melocanna baccifera,

Phyllostachys bambusoides. All the bamboo species
showed significant difference with respect to growth
performance. Higher values of growth parameters were
recorded in Dendrocalamus hamiltonii (Diameter — 6.33
cm; Height - 9.35 meters) which was followed by
Dendrocalamus strictus (Diameter — 6.06 cm; Height —
8.59 meters) and least values were found in
Phyllostachys aurea. Below (2.41 Mg ha'! year-!) and
above ground biomass carbon sequestration rate (4.57
Mg hal year!), litter return (1.57 kg m=2) and
microbial biomass carbon (131.85 mg per 100 g of
soil) was higher in D. asper.

INTRODUCTION

A bamboo is an important group of

the bamboo stands occupy an area of 36
million hectares (ha) worldwide, which is
equivalent to 3.2 percent of the total forest

non-woody forest plants in tropical and
subtropical regions of the world. Due to its
high utility, which is closely interwoven
with the life of the people, it is known as
the “Poor man’s timber,” “Green gold of the
forest,” and “Friend of the people.” More
than 110 genera of bamboos reported with
1500 species all over the world
(Subramaniam 1998). It is estimated that

area. Over 80 percent of the total area
covered by bamboo is located in Asia, 10
percent in Africa and America (Lobovikov et
al. 2007). Bamboo covers 14 million
hectares area of Indian forest (FSI 2011).
Bamboo has the potential to
eradicate poverty, economic, and
environmental development (FAO, 2005).
Bamboos are common and vitalresources
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that have multiple uses from food and raw
material (Yen 2015). Bamboos have many
environmental services both at the local
and forest ecosystem level. At village level,
it protects traditional houses from winds,
provides raw  material for house
construction and fuelwood (Nath et al.
2009). Bamboo requires less fertilizers and
pesticides for its management as compared
to other cash crops. Its fast growth rate and
high annual regrowth bamboo have high
carbon stock potential (INBAR 2010). With
the growing demand for timber, bamboo is
a viable alternative/substitute for timber.
At forest ecosystem-level bamboo is vital for
the rehabilitation of degraded lands,
controlling soil erosion and watershed
protection (INBAR 2006; Kaushal et al.
2019; 2020).

The carbon sink potential of the bamboo
forest is quite high due to the faster growth
rate coupled with quick regeneration
capacity (INBAR 2010). It has the capability
of becoming one of the best vegetation for
mitigating climate change-related problems
(Yadava and Thokchom 2014). However, the
potential of bamboo in providing critical
ecosystem services remains unexplored
specifically in terms of carbon farming and
subsequently, carbon trading. With this
background, a field trial laid to evaluate the
best suitable species for biomass
production and nutrient cycling among
different bamboo species.

MATERIALS AND METHODS

Study site

The study was carried out at
experimental field of Department of
Silviculture and Agroforestry (30° 51° N
latitude and 760 11’ E longitude) at Nauni,
Solan - Himachal Pradesh in India (Fig. 1).
The elevation of the experimental site is
1200 m amsl. Climatically, the site falls in
sub-tropical region but is slightly skewed
towards the temperate climate and hence is
regarded as a transition zone between sub-
tropical and temperate climate. The area
experiences a wide range of temperature
with a minimum of 1°C in December and
January months to a higher of 37°C in May

and June. A fair amount of frost
accompanies the winter, but snowfall
rarely witnessed. The area receives on an
average 1100 mm rainfall > 70 % of which
is received during July-September months.

Experimental setup and field
observations
Seven species selected for the

experiment were Dendrocalamus asper,
Dendrocalamus hamiltonii, Bambusa tulda,
Phyllostachys aurea, strictus, Melocanna
baccifera, Phyllostachys bambusoides. The
plants were spaced at 5 x 5 meters. The
species were grown in the year 2005, and
observations made on growth and biomass
parameters in the year 2015.

For recording growth parameters,
five clumps were randomly selected for each
species and identified with paint marking.
Circumference, height, number of culms
ha-1, live culms clump-! measured for each
species. For  above-ground  biomass
estimation, three clumps randomly selected
and from each clump 3 culms from each
age group ie. < 1 year, 1-2 year and > 2
year were felled. Three age-classes ie.<1
year, 1-2 years and >2 year were identified
(Wimbush 1945; Banik 1993). The felled
culms segregated into leaves, branches and
stem. Rhizomes and roots were extracted
and separated manually for below-ground
biomass determination. , The fresh weight
of samples, obtained in the field, and
subsamples from each component taken to
the laboratory in plastic bags. The
subsamples were oven-dried at 103°C to
constant weight.

Litter (Leaf and leaf sheath) was
collected by placing nylon traps of 1x 1 m
mounted on a wooden frame randomly
under each species. The samples were
weighted in the field and after that dried in
the oven for dry weight estimation. The
total litter biomass was computed by
summing the dry weight of the individual
component.

Carbon sequestration

For the estimation of carbon content,
the samples were oven dried at 75-degree
centigrade for 72 hours. Carbon content
was determined by heating the samples at
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400°C for 6 hours in a mulffle furnace and

using relations as explained by Negi et al.

2003.

Carbon percent = 100 - {Percent ash weight
+ molecular weight of O,
(53.3%) in CeH 1206}

Carbon density in different plant
components determined by multiplying the
biomass of culm, leaf, branches, and
rhizome with a respective concentration of
carbon content. The total carbon storage
was determined by summing the C-density
of leaves, branches, culms, roots, and
rhizomes. The carbon sequestration rate
was estimated by deducting carbon density
after an active growing season from carbon
density before the active growing season
(Amado and Bayer2008).

A representative sample of stem, leaf,
branch, rhizomes, root, and leaf litter
collected from each sample plot. The Leaf
samples wascollected as per the procedure
adopted by Verma et al. (1992). Whereas
stem and branch samples collected from
the upper, middle, and lower portion of the
culm. Samples of Roots and rhizomes were
also collected and washed in the field.
Plant chemical analysis

The plant sample collected was
immediately weighted and brought to the
laboratory for chemical analysis. Total
nitrogen estimated by the Micro-Kjeldahl
method (Jackson 1973). Total P was
determined by Vanado-molybdate yellow
method wusing Ultra Spectrophotometer
while K, Ca, and Mg were estimated using
Atomic  Absorption  Spectrophotometer.
Nutrient uptake in different biomass
components estimated following Embayeet
al. (2003).Nutrient uptake by the individual
component added to calculate the total
nutrient uptake.

Soil chemical analysis and nutrient
cycling

Three soil samples taken from each
species at two different depths D;: 0-20 cm
and Dj: 20-40 cm at two different seasons
(before growing season and after the
growing season). Organic Carbon (g kg)
determined by wet combustion method
(Walkley and Black 1934); available
nitrogen (kg ha'l) by alkaline potassium

permanganate method (Subbiah and Asija
1956) wusing Kjeldahl distillation wunit;
available phosphorus (kg ha-!) by Olsen et
al. (1954) in Spectronic 20 D+*; available
potassium (kg hal) by neutral 1 N
ammonium  acetate  solution method
(Merwin and Peach 1951) using flame
photometer; exchangeable calcium (mg kg-1)
by neutral 1N ammonium acetate solution
(Merwin and Peech 1951) using flame
photometer; exchangeable magnesium (mg
kgl) by neutral 1N ammonium acetate
solution (Merwin and Peech 1951) using
flame photometer; Soil microbial activity
(mg CO2 g1 ) soil by CO, evolution method -

(Parmer and Schmidt 1964); microbial
biomass (mg/100 gm soil) by soil
fumigation-extraction method (Vance et

al.1987); microbial count (x 105 cfu g! soil)
by pore plate method (Subbarao 1999).Soil
nutrient, uptake of plant nutrient, and
nutrient return through litterfall estimated
for assessing nutrient cycling. Nutrient
cycling worked out on an annual basis by
calculating plant nutrient uptake, returns

of nutrients through leaf litter, and
nutrients retention in plant parts
(Shanmughavel and Francis 2001).
Statistical analysis

Data obtained from the study

statistically analyzed by using the analysis
of variance (ANOVA) for RBD factorial
design following the procedure outlined by
Gomez and Gomez (1984).

RESULTS AND DISCUSSIONS

Bamboo species showed varied
growth performance after ten years of
establishment (Table 1). Higher average
growth characters were in D. hamiltonii
(Diameter — 6.33 cm; Height — 9.35 meters),
which was followed by D. strictus (Diameter
— 6.06 cm; Height — 8.59 meters) showing
statistical differences in height. P. aurea
was the least performer. The number of
culms, as well as number of live culms in
each clump, was higher in B. tulda, which
varied significantly from other species. The
least number of culms and live culms in
each clump were in D. strictus (Table 1).



Devi and Bhardwaj /J. Tree Sci./38 (2): 1 — 12 4

Total Biomass production was higher in D.
asper (48.82 Mg ha-!) followed by D. strictus
(40.87 Mg ha'l). The least total biomass
accumulation was in P. aurea (11.58 Mg ha-
1

).

Many  studies have indicated
significant variation in the growth of
different species, like D. strictus and B.
bambos (Srivastava et al. 2008), rattans
(Renuka et al.2004). Field trial of
micropropagated species of B. balcooa, B.
bambos, D. asper, D. strictus, D. stocksii, D.
asper,and G. angustifolia also showed
varied performance (Rathore et al.2009).
The estimated total aboveground
biomass using developed allometric model
was 18.91 Mg ha ! in6 years and
109.30 Mg ha-1in 20 years old plantation
(Kaushal et al. 2016). Singh and Singh
(1999) have reported bamboo biomass of
46.9 t ha'ly! in the 3- year old to 74.7 t ha-
ly-1 in the S5-year old plantation in a dry
tropical deciduous forest in India. Embaye
et al.,, 2004 also opined that Yushania
alpina recorded lesser biomass compare to
other species because of its hollow nature
which leads to lower specific gravity and
hence lesser biomass. Quite lower biomass
production values have also reported for D.
strictus.

, The contribution of above biomass
to total biomass, varied from 67 to 74 per
cent. The higher contribution of above
ground biomass was in D. hamiltonii (74 %)
and least in D. asper (67 %) (Fig. 2). Total
biomass was comparatively higher in D.
strictus may be due to its solid culm from
inside despite having the least number of
culms per hectare. Biomass partitioning, on
per culm basis, is given in Fig. 3. It found
that stem contribution to total biomass
varied from 26 to 51 % being higher in D.
strictus, leaf portion to total biomass varied
from 6 — 16 % and was higher in P. aurea.
The contribution of rhizome biomass varied
from 23 — 26 % and was higher in both the
species of genus Phyllostachys. Roots
contributed the least (1 -3 %) to total
biomass. Singh and Singh, 1999 reported a
51 % contribution of the stem to total
biomass in five-year-old plantation of D.
strictus. Nath et al. (2009) reported higher

contribution of stem to total above ground
biomass. They reported 86% contribution
by culm component followed by branch
(10%) and leaf (4%) in above ground stand
biomass of bamboo. Embaye et al. 2005
also observed higher culm contribution of
82%, branch 13% and leaf 5% for
110 t ha'! total above ground biomass.
Shanmughavel et al (2001) reported that
culms contributed about 81% of the
biomass in B. bambos. Similarly, Kumar et
al. (2005) reported about 80% of the
biomass in culm wood. The twig biomass
varied from 21.65 kg per clump (4x4 m) to
64.04 kg per clump (12x12 m). Yiming et
al.(2000) found a leaf biomass of 3.37 Mg
ha! in D. latiflorus.
Litter production

Litter production segregated into leaf
litter and leaf sheath (Fig. 4). It found that
total litter production varied from 0.81 kg
m=2 in P. aurea to 1.57 kg m=2 in D. asper.
In all species, expect B. tulda, the sheath
contribution to total litter was less than 10
%. In B. tulda it was 27 % (Fig. 4). Higher
leaf litter production wunder D. asper
confirms the statement of that faster a
species grows, more litter it would produce
with regards to the percentage contribution
of litter components (Penfold and Willin
1961). Similar results have been reported at
Karnataka (Rai and Procter 1986),
Dehradun (Raizada and Srivastaval986)
and Coimbatore (Singh et al., 1989). 0.909
kg m=2 leaf litter have been reported for B.
bambos in Kerala (Kumar et al. 2005).
Thevathasan et al. (2004) reported high soil
organic matter adjacent to tree rows as a
result of more litterfall inputs and fine root
turnover compared to wide rows.
Carbon accumulation

Carbon density was determined
before as well as after the growing season of
bamboos (Table 2). It was observed that
biomass carbon accumulation increased in
a season varied from 1.59 to 6.83 Mg ha!
among different species. Within the same
period, the soil carbon density decreased in
a range of 1.13 to 10.18 mg ha-l. Overall,
the carbon density of the system decreased
being higher (7.67 Mg ha-l) in P. aurea and
lower (2.01 Mg ha'l) in D. asper. The only
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Table 1.Growth and number of culms of bamboo species

Bamboo species Culm Culm Number of Live culm
diameter (cm) height (m) culms ha-! clump-!
D. asper 5.07v 3.98¢ 2933.33b 9.11v
D. hamiltonii 6.33 2 9.352 2955.56b 7.78¢
B. tulda 2.71c¢ 8.23b 5466.672 10.562
P. aurea 1.70¢ 3.15d 2666.67° 8.22b
D. strictus 6.062 8.59p 2177.78b 7.00¢
M.baccifera 2.27¢c 3.68¢ 2266.67b 7.33¢
P. bambusoides 2.54¢ 3.444d 2222.22b 7.89c
CD 0.05 0.79 0.47 1649.96 0.95

Different alphabets (a,b,...f) represents statistically different values

Table 2. Carbon density before and after the active growing season

Before the active growing season After the active growing season

Biomass Soil Leaf- Total Biomass Soil Leaf- Total

Bamboo carbon carbon litter season carbon carbon litter season
species density densit carbon carbon density density carbon carbon

P (Mg hal) y density  density (Mg ha'l) (Mg ha'l) density density
(Mg  (Mghat) (Mghat) (Mg ha- (Mg ha-!)

ha-1) 1)

D. asper 13.002 79.960 0.402 93.362 19.83a  71.31> 0.21a 91.35a
D. hamiltonii 12.50= 82.99a 0.06d 95.55a 16.82b 72.81a 0.11c 89.74a
B. tulda 5.85d4 73.944d 0.21¢ 80.00¢ 9.71d 67.77¢c 0.024d 77.50¢
P. aurea 2.32f 77.05¢ 0.29b 79.66¢ 4.62f 67.27c 0.10c 71.99d
D. strictus 12.01b 78.86P 0.36a 91.30°b 17.41> 71.27> 0.21a 88.89b
M. baccifera 3.79¢ 70.09¢ 0.31b 74.194 5.38e 64.23¢  0.17°0 69.78¢
P. bambusoides 6.59c 67.66f 0.09d 74.344 11.03¢  66.534 0.05d 77.61c

CD at 5% 0.62 1.22 0.05 2.31 0.64 0.94 0.03 1.76

Different alphabets (a,b,...f) represent statistically different values.

Table 3. Microbial activity under different bamboo species

Actinomycetes count Bacteria Fungi Microbial biomass

Species (10 Scfu g1) (10 Scfu g'1) (10 5cfu g?) carbon
(mg MB-C/100 g soil)

D. asper 9.522 188.50a 3.482 131.85=
D. hamiltonii 8.38= 186.320b 3.31= 128.92b
B. tulda 5.17¢ 176.00f 1.95¢ 118.08f
P. aurea 6.59p 180.63d 2.42b 122.304
D. strictus 6.89b 184.47¢ 2.69p 127.54¢
M. baccifera 6.05p 178.05¢ 2.04¢ 120.56¢
P. bambusoides 4.20¢ 172.44¢ 1.86¢ 112.93¢

CD 1.71 1.42 0.57 1.09

Different alphabets (a,b,...f) represents statistically different values
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species which showed positive carbon density
(3.27 Mg hal) was P. bambusoides. Below
(2.41 Mg ha'! yearl) and above-ground
biomass carbon sequestration rate ( 4.57 Mg
ha-!l year-l) was higher in D. asper and least
in M. baccifera (0.46 Mg ha'! year! and 1.12
Mg ha! year-! respectively) (Fig. 5).

The C amount in aboveground
biomass varied from 6.51 (2004) to 8.95
(2007) Mg ha! with 87%, 9%, and 4% of the
total C stored in culm, branch and Ileaf,
respectively. The mean rate of C sequestration
was 1.32 Mg ha'! yrl. Higher biomass and
leaf litter carbon density directly related with
biomass and litter production on a per
hectare basis. Nath et al. (2015), while
reviewing biomass and carbon sequestration
of bamboo species, concluded that bamboo
biomass carbon storage and sequestration
rate of 30-121 Mg ha! and 6-13 Mg ha’!
yr-l, respectively in woody bamboos are
comparable with agroforestry and forest
ecosystems and hence. The rate of C
accumulation varies with plantation age, site
condition, species, and stand density. The
potential carbon accumulation rate in
smallholder agroforestry systems in the
tropics varies from 1.5 to 3.5 Mg C ha'! yr!
(Watson et al. 2000). Bamboos can be a good
sink of atmospheric carbon due to high
productivity and a very fast growth rate (Nath
and Das 2012). Estimation of carbon
partitioning showed that higher proportions
of carbon are found in leaves (54-55%)),
followed by twigs (48-50%), clump wood (44-
46%), and dried culm (40-43%) (Kittur 2011).
Nath et al.(2009) reported higher carbon
allocation (53.05 t ha-1) in clum component of
B. cacharensis than in branch (5.81 t ha-l)
and leaf (2.19 t ha'l). Carbon content in
different components of D. strictus were:
culm-48.66%, branch-48.09% and leaf-
44.68%. The total biomass carbon stocks
estimated were 8.39 and 49.08 Mg ha-!'in 6
and 20-year old plantations (Kaushal et al.
2016). Yen et al.(2010), while comparing
carbon accumulation of Moso bamboo with
forest trees reported that Moso bamboo forest
ecosystem fixed 1.69 and 1.63 times as much
C (9.64 t C ha'lyear!) as the Chinese fir and
Masson pine forest ecosystems, respectively.

Microbial count and nutrient cycling

All microbial counts were higher in D.
asper followed by D. hamiltonii and least in P.
bambusoides (Table 3). All the parameters
showed statistical difference among different
species. MBC ranged from 112.93 to 131.85
mg per 100 g of soil. The addition of carbon
and nitrogen through litterfall increases
microbial biomass. As the litter layer builds
up, the microbial population in soil may
progressively become dominated by fungi
(Hendrix et al. 1986). The increasing
dominance of fungi in microbial biomass
during grassland restoration has been
reported (Bentham et al. 1992). Fungi and
bacteria have considerably different C:
nutrient ratios. Compared with the higher
turnover rate and C losses of the bacterial
population, the dominance of fungi promotes
higher retention of microbial-C (Singh and
Singh 1995). Positive relationships between
microbial biomass and soil structure,
aggregate size and aggregate stability have
already been reported (Singh and Singh
1995). Hence, the rapid development of
microbial biomass in the mine spoil is an
indication of the efficient restoration potential
of D. strictus (Singh and Singh 1999). Wang et
al. (2004), while comparing Bamboo, Chinese
Fir, Citrus orchard, and rice field, found
higher microbial carbon B:C levels in the
bamboo system than in other systems.

Available soil N, P, K, and
exchangeable Ca and Mg given in Table 4.
Component wise (leaf, stem, branch) plant
nutrient content assessed, and uptake of
nutrient per season was arrived by
multiplying with the biomass accumulated in
the season and returned through litterfall.
Higher plant nutrient uptake was in D. asper
and least in P. bambusoides (Table 4).The
difference among nutrients absorbed through
biomass growth and return through litterfall
showed a deficit of nutrients returned to the
soil. The higher deficit was for nitrogen (21.06
- 2495 kg ha'l) and lowest for potassium
(11.53 to 21.52 kg ha'l). Mechanism of
nitrogen deficit in D. asper
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Table 4. Soil available nutrient, plant nutrient uptake, and deficit under different bamboo

species
Bamboo species N (kg ha) P (kg ha') K (kg ha?) Ca* (mg kg'!) Mg* (mg kg!)
Available Soil nutrient
D. asper 333.77= 44.08= 319.52a 818.63= 626.492
D. hamiltonii 332.20p 43.67= 318.39b 817.57= 625.88a
B. tulda 319.254 39.574 314.114 811.03p 618.554
P. aurea 319.454 40.274 315.55¢ 811.61b 619.044
D. strictus 331.47v 44.02a 318.89a 817.81a 625.56P
M. baccifera 324.30¢ 41.13b 315.49c¢ 811.88b 619.99¢
P. bambusoides 315.87¢ 39.22¢ 314.194 811.77v 617.59¢
CD 1.02 0.71 0.72 1.44 0.75
Plant nutrient uptake (kg ha-1)
D. asper 231.38a 41.892 201.59a 47.462 58.95a
D. hamiltonii 216.02b 36.34b 190.20P 41.85b 53.32b
B. tulda 188.12¢ 29.594 161.75¢ 27.68¢ 39.49¢
P. aurea 195.544 33.43¢ 167.504 32.864 44.094
D. strictus 204.49c¢ 36.84b 182.50¢ 37.51¢ 48.89¢c
M. baccifera 168.35f 27.83¢ 149.00f 25.33f 37.45¢
P. bambusoides 165.47¢ 26.28¢ 141.02¢ 24.21¢ 35.17¢
CD 2.54 1.41 3.23 1.60 1.74
The nutrient deficit created by bamboo species
Nutrients D. D. B. P. D. M. P.
asper hamiltonii tulda aurea strictus baccifera bambusoides
N 21.62 21.06 23.71 22.05 21.19 24.95 24.5
P 18.95 18.09 19.42 18.41 18.74 19.98 19.38
K 13.77 13.19 13.47 11.53 13.8 21.52 20.19
Ca 16.56 16.46 17.08 16.56 16.48 16.77 16.68
Mg 17.96 17.98 19.34 18.89 18.44 19.27 19.38
*Exchangeable

is given in Fig. 6, which indicates that most
of the nutrient uptake is retained in the
culms and will eventually be removed and
not available back to the system. Total
nutrient accumulation was 5 t ha!l in 278
clumps hal. The nutrient removal through
the harvest of bamboo from the plantation
site was 469 kg ha'! per year. However,
nutrient addition through litter was 79 kg
of nutrient ha! per year (Singh and
Kochhar 2005). Litter associated nutrient
return was 48.2, 3.7, and 43.0 g m=2 of N,
P, and K respectively out of 909 g m=2 of
litterfall in B. bambos (Kumar et al. 2005).

Previous workers, too, observed significant
K accumulation in bamboo biomass and
highlighted its ecological significance (Rao
and Ramakrishnan 1989). Singh and
Arvind (2012) reported concentration of N,
P, Ca, Mn and Zn in different components
of biomass in the order of leaves > branches
> stems and the concentration of K, Mg,
and Fe was in the order: leaves > stems >
branches. Another critical pathway of
enriching the soil C pool is through the
dynamic nature of fine root (Divakara et al.
2001, Kaushal et al. 2017). Trees allocate a
large  proportion of gross primary
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production belowground, which in turn
contributes to the maintenance of roots and
mycorrhizae (Giardina and Ryan 2002), and
this general rule holds for bamboo, as well.
More than half of the C assimilated by the
plant is transported belowground through
turnover of the root, root exudates, and
litter deposition (Kumar 2008).

CONCLUSIONS

Biomass carbon accumulation
increase, in a season, varied from 1.59 to
6.83 Mg ha'! among different species.
Within the same period the soil carbon
density decreased in a range of 1.13 to
10.18 mg ha'l. Only species which showed
positive carbon density (3.27 Mg ha-l) was
P. bambusoides. Due to higher growth rate

9

below (2.41 Mg ha'! year!) and above-
ground biomass carbon sequestration rate (
4.57 Mg ha'l year!), litter return (1.57 kg
m-2) and MBC (131.85 mg per 100 g of soil)
were higher in D. asper. Comparison for
biomass production and nutrient cycling
among seven bamboo species reveals higher
biomass production in D. asper as
compared to native species (D. strictus). The
other potential species with multipurpose
use is D. hamiltonii. Due to the harvesting
of more than 90 percent of the above-
ground biomass (stem and branches), as
per standard practice, soil nutrient
deficiency is created at the site. Thus, it
advocated that bamboo plantations should
be fertilized to get production in perpetuity
without rendering the site nutrient-poor.

B Above ground biomass carbon 1.8 B Sheath litter (Kg m-2)
sequestration (Mg ha-1 year-1) 16 B Leaf-litter (Kg m-2)
5 1.4 -
4 - o 1.2 -
g 1-
3 290.8 -
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0.4 -
1 0.2 -
0 I 0"
T . T T T é 6\\ 6% Q:b 06 &'b ee
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EXIF O RS oS ¢
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Fig 4.Leaf and sheath litter of species

/
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Plant N Uptake
(37.07 kg halyr1)

Soil Nitrogen

%
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Fig 5. Rate of carbon sequestration

‘ Harvest for biomass |

/I

)

|

Plant N return
through litter fall
(15.45 kg halyr?1)

N deficiency
(21.62 kg ha™t)

Content
would render soil N

poor in a decade

Fig 6. Nitrogen cycling in D. asper at 6th year of age



Devi and Bhardwaj /J. Tree Sci./38 (2): 1 — 12 10

REFERENCES

Banik RL. 1993. Periodicity of culm
emergence in different bamboo
species of Bangladesh. Annals of
Forestry 1: 13-17

Bentham H, Harris JA, Birch P. and Short
KC. 1992. Habitat classification and
soil restoration assessment using
analysis of soil microbial and
physico-chemical characteristics. J
Appl Ecol 29: 711-718

Chapman GP. 1996. The biology of grasses.
Department of Biochemistry and
Biological Sciences. University of
London, U.K. CAB International 14-
29

Divakara BN, Kumar BM., Balachandran
PV. and Kamalam NV. 2001. Bamboo
hedgerow systems in Kerala, India:
Root distribution and competition
with trees for phosphorus. Agrofor
Syst 51:189-200

Embaye K, Weih M, Ledin S. and
Christersson L. 2005. Biomass and
nutrient distribution in a highland
bamboo forest in southwest Ethiopia:
implications for management.Forest
Ecology and Management204: 159-
169

Giardina CP. and Ryan MG. 2002. Total
belowground carbon allocation in a
fast growing eucalyptus plantation
estimated using a carbon balance
approach. Ecosystems 5:487-499

Gomez KA. and Gomez AA. 1984. Statistical
procedures for agricultural research.
2nd Ed. New York: John Willey and

Sons 680p.
Hendrix PF., Parmelee RW., Crossley Jr DA,
Coleman DC, Odum EP. and

Groffman PM. 1986. Detritus food
webs and conventional and no-tillage
agroecosystems. Bioscience 36: 374-
380

Hunter I. 2003. Bamboo resources, uses
and trade: the future. Journal of
Bamboo and Rattan 2(4):319-326

INBAR . 2006. The partnership for a better
world—strategy to the year 2015.
China.

INBAR. 2010. Bamboo and climate change
mitigation: a comparative analysis of

Carbon sequestration, Beijing,
China: International Network for
bamboo and Rattan (INBAR),

Technical Report No 32. pp 47
Jackson M L. 1973. Soil chemical analysis,
Prentice Hall of India Pvt Ltd, New
Delhi. Pp. 38-56
Kaushal R, Tewari S., Banik R.L., Thapliyal
S.D., Singh 1., Reza S. and Durai J.
2019. Root distribution and soil

properties  under 12-year  old
sympodial bamboo plantation in
Central Himalayan Tarai Region,
India. Agroforest Syst.
https://doi.org/10.1007/s10457-
019-00459-4.

Kaushal R., Jayaparkash J., Mandal D,
Ambrish K, Alam NM, Tomar JMS.,
Mehta H. and Chaturvedi OP.
2017.Canopy management practices
in mulberry: impact on fine and
coarse roots. Agroforestry Systems
DOI: 10.1007/s10457-017-0148-8
(online first).

Kaushal R, Singh I., Thapliyal SD, Gupta
AK., Mandal D., Tomar JMS, Kumar
A, Alam NM, Kadam D, Singh DV,
Mehta H., Dogra P., Ojasvi PR, Reza
S. and Durai J. 2020. Rooting
behaviour and soil properties in
different bamboo species of Western
Himalayan foothills, India. Scientific
Reports. 10, 4966.

Kaushal R., Subbulakshmi V, Tomar JMS,
Alam NM, Jayaparkash J, Mehta H
and Chaturvedi OP 2016. Predictive
models for biomass and carbon stock
estimation in male bamboo
(Dendrocalamus strictus L.) in Doon
valley, India. Acta Ecologica Sinica

36(6): 469-476
Kittur B. 2011. Bamboo (Dendrocalamus
strictus (Roxb.) Nees) based

agroforestry system: planting density
effects on biomass accumulation,
carbon sequestration, root
distribution pattern and understorey
crop productivity. PhD  thesis


https://link.springer.com/article/10.1007/s10457-019-00459-4
https://link.springer.com/article/10.1007/s10457-019-00459-4
https://link.springer.com/article/10.1007/s10457-019-00459-4
https://link.springer.com/article/10.1007/s10457-019-00459-4
https://link.springer.com/article/10.1007/s10457-019-00459-4
https://doi.org/10.1007/s10457-019-00459-4
https://doi.org/10.1007/s10457-019-00459-4
https://link.springer.com/journal/10457
https://www.nature.com/articles/s41598-020-61418-z
https://www.nature.com/articles/s41598-020-61418-z
https://www.nature.com/articles/s41598-020-61418-z
https://www.nature.com/articles/s41598-020-61418-z
https://www.sciencedirect.com/science/article/pii/S1872203216300397#!
https://www.sciencedirect.com/science/article/pii/S1872203216300397#!
https://www.sciencedirect.com/science/article/pii/S1872203216300397#!
https://www.sciencedirect.com/science/article/pii/S1872203216300397#!
https://www.sciencedirect.com/science/article/pii/S1872203216300397#!
https://www.sciencedirect.com/science/article/pii/S1872203216300397#!
https://www.sciencedirect.com/science/article/pii/S1872203216300397#!
https://www.sciencedirect.com/science/journal/18722032
https://www.sciencedirect.com/science/journal/18722032/36/6
https://www.sciencedirect.com/science/journal/18722032/36/6

Devi and Bhardwaj /J. Tree Sci./38 (2): 1 — 12 11

Submitted
ForestryKerala
University. 279 p.

Kumar BM, Rajesh G, Sudheesh KG. 2005.
Aboveground biomass production
and nutrient uptake of thorny
bamboo [Bambusa bambos (L.) Voss]|
in the homegardens of Thrissur,
Kerala. Journal of Tropical
Agriculture 43 (1-2): 51-56

Kumar BM. 2008. Litter dynamics in
plantation and agroforestry systems
of the tropics - a review of

toFaculty of
Agricultural

observations and methods. In:
Batish DR, Kohli RK, Jose S, Singh
HP (eds) [Ecological basis of
agroforestry. CRC Press, Boca Raton.
181216 p.

Kumar BM. and Divakara BN. 2001.
Proximity, clump size and root

distribution pattern in bamboo: a
case study of Bambusa arundinacea
(Retz.) Willd., Poaceae, in the Ultisols
of Kerala India. J Bamboo Rattan.
1(1):43-58

Lobovikov M, Paudel S, Piazza M, Ren H.
and Wu J. 2007. World bamboo
resources: a thematic study prepared
in the frame work of Global Forest

Resources Assessment. Non-Wood
Forest Products No 18 FAO, Rome
Italy 88p.

Merwin HD. and Peach PM. 1951.

Exchangeability of soil potassium in
the sand, slit and clay fractions as

influenced by the nature of
complementary exchangeable
cations. Soil Science Society of

America Journall15:125-26

AJ. and Das AK. 2011. Carbon

storage and sequestration in

bamboo-based smallholder

homegardens of Barak Valley,

Assam. Curr Scil00(2): 229-232

Nath AJ. and Das AK. 2012. Ecological
implications of village bamboos in
climate change mitigation: a case
study from Barak Valley, North East
India. Int J Clim Change Strat
Manag 4: 201-215

Nath AJ, Das G. and Das AK. 2009. Above
ground standing biomass and carbon

Nath

storage in village bamboos in North
East India. Biomass and Bioenergy
33:1188-1196
AJ, Lal R. and Das AK. 2015.
Managing woody bamboos for carbon
farming and carbon trading. Global
Ecology and Conservation 3: 654-
663
SR, Cole CV, Wantanable FS. and
Dean LA. 1954. Estimation of
available phosphorus in soil by
extraction with Sodium bicarbonate.
United State Dept of Agric CIRC,
Washinton 939 p.
Parmer C. and Schmidt A. 1964. Organic
matter In: CA Black (Ed.). Methods of

Nath

Olsen

soil analysis, Part-I. American
Society of Agronomy Madison, USA
1395-1397

Penfold AL. and Willin JL. 1961. The

Eucalyptus. Leonard Hill Ltd. London.

Rai SN. and Proctor J. 1986. Ecological
studies on four rainforests in
Karnataka, India II  Litterfall.
Journal of Ecology74: 455-465

Raizada A. and Srivastva MN. 1986. Litter
production in Populus deltoides.
Marsh plantation. Forest ecology
and management 15: 215-218

Rao KS. and Ramakrishnan PS. 1989. Role
of bamboo in nutrient conservation
during secondary succession
following slash and burn agriculture
(fjAum) in northeast India J Appl Ecol
26: 625-633

Shanmughavel P., Peddappaiah RS. and

Muthukumar T. 2001. Biomass
production in an age series of
Bambusa bambos plantations.

Biomass Bioenerg 20:113-117
Sharma R, Chauhan SK. and Tripathi AM.

2015. Carbon sequestration potential

in agroforestry system in India: an

analysis for carbon project.
Agroforestry Systems 90(4) : 631-
644

Singh AN. and Singh JS. 1999. Biomass,
net primary production and impact
of bamboo plantation on soil
redevelopment in a dry tropical
region. Forest Ecology and
Management 119 : 195-207


https://link.springer.com/journal/10457

Devi and Bhardwaj /J. Tree Sci./38 (2): 1 — 12 12

Singh JS., Raghubanshi AS., Singh RS. and
Srivastava SC. 1989. Microbial
biomass act as a source of plant
nutrients in dry tropical forest and
savanna. Nature 338: 499-500

Singh K.A., Arvind K.R. 2012. Nutrient
accumulation, distribution and use
efficiency in different bamboo plant
species in north-eastern hills region
of India. Ind J Agri Sci 82(2): 221-
227

Singh KA. and Kochhar SK. 2005. Effect of
clump density/spacing on the
productivity and nutrient uptake in
Bambusa pallida and the changes in
soil properties. J Bamboo Rattan

4(4): 323-34
Singh S. and Singh JS. 1995. Microbial
biomass association with water-

stable aggregates in forest, savanna
and cropland soils of a seasonally
dry tropical region, India. Soil Biol
Biochem 27:1027-1033

Subbaiah BV. and Asija GL. 1956. A rapid
procedure for the estimation of
available nitrogen in soil. Current
Science 25: 259

Subbarao NS. 1999. Soil microorganism
and plant growth. Oxford and IBH
publishing cooperative. New Delhi
252p.

Subramaniam KN. 1998. Bamboo genetic
resources in India. In: K
Vivekanandan, AN Rao and VR Rao
(Eds.). Bamboo and rattan genetic
resources in Asian  countries,
IPGRIAPO, Serdang, Malaysia.

Thevathasan NV., Gordon A.M., Simpson
J.A., Reynolds P.E. and Price G.
2004. Biophysical and ecological
interactions in a temperate tree-
based intercropping system. J Crop
Imprl2: 339-363

Vance ED., Brookes PC. and Jenkinson DS.
1987. An extraction method for
measuring soil microbial biomass C.
Soil Biology and Biochemistry 19:

703-707
Verma KS., Mishra VK., Sharma SK. and
Nayital RK. 1992. Nutrient

dynamics in Celtis australis leaves.

Advances in  Horticulture and
Forestry 2: 194-199
Walkley A. and Black IA. 1934. An

examination of Degtjareff method for
determining soil organic matter and
a proposed modification of the
chromic acid titration method. Soil
Science 37: 29-37

Wang FE., Chen YX., Tian GM., Kumar S,
He YF., Fu QL. and Lin Q. 2004.
Microbial biomass carbon, nitrogen
and phosphorus in the soil profiles of
different vegetation covers
established for soil rehabilitation in a
red soil region of southeastern
China. Nutri Cycli Agroecosyst 68:
181- 189

Watson B., Noble I., Bolin B., Ravindranath
N., Verardo DJ. and Dokken DJ.
2000. Summary for policymakers.
pp- 13. In: Land Use, Land-use
Change and Forestry. A Special
Report of the Intergovernmental
Panel on Climate Change (IPCC).
Cambridge University Press,
Cambridge. 269- 273p.

Wimbush SH. 1945. The African alpine
bamboo. Empire Forestry Journal.
33-39

Yadava PS. and Thokchom A. 2014. In
carbon  capture, storage  and
utilization. M Goel (Ed.). TERI

Publishers, New Delhi. 1: 99-105

Yen TM. 2015. Comparing aboveground
structure and aboveground carbon
storage of an age series of moso
bamboo forests subjected to different
management strategies. J For Res
20:1-8

Yen TM., Ji YJ. and Le JS. 2010.
Estimating biomass production and
carbon storage for a fast-growing

makino bamboo (Phyllostachys
makinoi) plant based on the diameter
distribution @ model. For. Ecol.

Manage260: 339-344

Yiming L, Huicong L, Linpeng, Xiantan X.
and Zhanxing M. 2000. Biomass
structure and energy distribution of
Dendrocalamus latiforus population.
J Bamboo Res 19(4): 36-41.



