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Identifying plantation density of Bambusa balcooa for marginal ecology
through agronomical and farmers field trials addressing economic feasibility
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Abstract: Bamboo plantation on marginal land may
provide opportunity for short and long-term invest-
ments allowing land owner for spreading financial
risks. Financial advantages and economic viability are
possible if grown under suitable agro climatic condi-
tions with appropriate planting densities. Bambusa bal-
cooa growth and productivity was studied on marginal
wasteland of Gujarat in India using four planting den-
sities. On-farm trials were established at densities rang-
ing from 1112 plants/ha, 2223 plants/ha, 2964 plants/
ha and 6175 plants/ha (D1, D2, D3 and D4) in Aravali
district of Gujarat. Growth data like survival per cent,
clump girth at base and height at 3" internode, culms/
clump, harvestable culms/ha, fresh and dry matter yield
were collected and subjected to statistical analysis us-
ing various statistical tools. Survival and biomass yield
was significantly higher (p<0.000) in D1 density and
therefore same density was used for on-farm field trials.
D1 density plantation showed lowest production cost
@ 25 USD/Mg biomass as against other densities of B.
balcooa plantation. Gujarat state accounts for 2.01Mha
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of wasteland with dry climate. Bamboo plantation with
1112 plants/ha has potential for maximum economic re-
turns besides advantages in soil- reclamation and other

ecological benefits.

Keywords: Bambusa balcooa, Economic returns, Mar-
ginal land, Plantation density

Introduction

Carbon dioxide emissions from industrial and
transportation fossil fuel consumption causes
global warming through accumulation of carbon
dioxide in the atmosphere. Bioenergy as a source
of fuel is been considered globally to reflect on en-
ergy security, oil price volatility and environmen-
tal pollution (IEA, 2011).

Bamboo’s ability for providing environmental
services through carbon sequestration is receiving
high levels of interest which also confirms that
bamboo outstrips its rate of carbon accumulation
as against some fast growing trees (Lou et al.,
2010). Further Bamboo thrives on nutrient poor
soils with less silvi-cultural requirement yielding
higher biomass besides having versatile diverse
uses, surface root structure that improves soil
ecosystem, absorb more CO, and produce more
oxygen. Looking at these benefits, to meet the re-
quirement of enhanced quality planting material
(QPM) especially for bioenergy, we at Abellon
Agrisciences Ltd have established bamboo tissue
culture protocols for Bambusa balcooa species
(Patel et al., 2015).
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Taxonomically bamboo is a grass comprising of
more than 1400 species with properties of fast
growth and rejuvenation after cutting, known
to thrive in diverse climatic and soil conditions
(Gami et al., 2015). This makes it a quick and reli-
able source of biomass for bioenergy (Scurlock et
al., 2000). Bamboo also shares a number of antic-
ipated fuel characteristics such as low ash content,
alkali index with high calorific values with other
bioenergy feedstock (Patel et al., 2017). The com-
position of bamboo culms in terms of bioenergy
properties like calorific value was found to be su-
perior to other grasses used for biofuel purposes
(e.g. switch grass, Miscanthus) (Scurlock et al.,
2000).

Bamboo is proficient in providing environmental,
monetary and employment security to societies.
India has 13.96-million-hectare area under bam-
boo cultivation and is the second richest country,
after China, in terms of bamboo diversity with 136
species (Bystriakova et al., 2003; National Bam-
boo Mission, 2019). However, its production and
exports are negligible as compared to other coun-
tries like Indonesia, China and European Union
(Bystriakova et al., 2003). The annual production
of bamboo in India is about 14.6 m Mg and annual
productivity varies from 1 to 3 Mg ha' (National
Bamboo Mission, 2019). India is considered to be
a net importer of bamboo which implies that there
are greater opportunities to harness the market po-
tential by increasing its production.

National biofuel policy promotes use of wasteland
for cultivation of non-food biomass crops. Guja-
rat has 2.01 mha of wasteland which is 10.26% of
the total geographical area (TGA) and wasteland
in India account for 46.7 mha (14.91% of TGA)
(Ministry of New & Renewable Energy- Govern-
ment of India, 2009; MRD, 2011). However ag-
ronomic practices need to be standardized to cul-
tivate bamboo based on agro climatic conditions
on such marginal lands to maximise cost effective
biomass production. Planting densities are an im-
portant aspect which requires optimization for en-
hancing productivity of biomass through canopy
development, retention of soil moisture and com-
petition with weeds (JaingHua and XiaoSheng,
2001). Therefore, this study was carried out;

(1) To know optimum planting density of tissue
culturally raised Bambusa balcooa Roxb. at mar-
ginal land type with different densities to deter-
mine best productivity as against cultivation cost
(i1) To validate economics of selected plantation
densities and agronomy practices based yield in
on-farm trials

Materials and Methods

Plantation density

Tissue culturally raised Bambusa balcooa plants
were established on one hectare with four different
planting densities (D1-1112 plants/ha, D2-2223
plants/ha, D3-2964 plants/ha and D4-6175 plants/
ha) in three replications at a spacing of4.57 X 1.98
m, 4.57 X 1.0 m, 3.65 X 0.91 m and 1.52 X 0.91
m respectively as shown in Figl. The trials were
performed in 2011 at Aravali district, Gujarat, In-
dia. Geographically Aravali district is located in
the foothills of Aravali mountain range in north
Gujarat and the agronomical trials were located
at 23°33735.19” N (latitude), 73°1777.95’ E (lon-
gitude) at 163.98 meters of altitude above mean
sea level. The soil of experimental sites is rocky,
porous and has less water retention capacity and
fall in marginal category of land.

Agronomy Practices

Hardened tissue cultured B. balcooa plants (Patel et
al.,2015) were obtained from Abellon Agriscienc-
es Ltd. Gujarat and planted following the guide-
lines recommended by Mehra and Mehra (2007).
Before planting, the land was prepared through
rotavator and pits of 45cm x 45 cm X 45¢cm were
prepared manually for planting. Organic manure
@ 2 kg and 250 gm fertilizer-mixture (Urea-100g,
DAP-100g, Potash-50g) were added to each of the
pits. Insecticides (Monocrotophos 0.05%) @1.24
litres/ha and fungicides (Dithane M 45 at 0.2 %)
@ 16.67 kg/acre were applied. Weeding was per-
formed as per requirement twice a year while prun-
ing was performed second year onwards (@ one
per year with the onset of monsoon. Plants were

irrigated as per the recommended practices (Aseri
et al., 2012) and irrigation schedule was modified
depending upon season and plant growth stage.
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Fig 1. Four different Bamboo cultivation densities in experimental plots in Aravali, Gujarat, India

Growth parameters recorded

Plant growth parameters like survival per cent,
number of culms per clump, clump girth (at base
and at 3" internode height), average height of
clumps, fresh weight and dry weight per clump
were recorded annually for four years. Every year,
from each plantation density, 10 bamboo clumps
were selected for fresh weight and dry weight es-
timation. Selected clumps were cut near to ground
(5cm from ground) and measured fresh weight
quickly at farm itself with electronic balance oper-
ated with battery. From the same clumps 5 num-
bers of samples of 100 g -500 g from the base,
middle and top were taken in sealed plastic bags
for dry weight estimation and subjected to oven
drying till constant weight was obtained at 75°C.
Similarly, at the end of fourth year, fresh and dry
weight yields for culms, leaves, and offshoots were
recorded for 100 clumps from each of the cultiva-
tion densities and biomass yield per hectare for all
the parameters were calculated.

On-farm Trials in farmers’ fields

On-farm trials for bamboo cultivation for select-

ed density of 1112 plants/hectare (D1) were con-
ducted at Surendranagar, Aravali and Bhavnagar
district of Gujarat state following the guidelines
recommended by Mehra and Mehra (2007).
Surendranagar district is located in the north west-
ern part of Saurashtra Peninsula of Gujarat State.
The district covers an area of 10,489 sq. km and is
situated between north latitude 22.77° N and east
longitudes 71.66° E. A major portion of the district
is drought prone with medium black and silty type
of soil. Mean annual rainfall in this district is 555
mm. Aravali district is located in east of Gujarat
and has an area of 3210 sq. km. It has a sub - trop-
ical climate with moderately low humidity and
comes under normal rainfall areas. Goradu type
of soil is found predominate in Aravali district. It
lies between north latitude 23.520° N and east lon-
gitudes 73.370° E. Mean annual rainfall in Aravali
district is 856 mm. While, Bhavnagar district is
9980.9 sq. km and is located in southern part of
the Saurashtra Region of Gujarat between 21.509°
N and 71.857° E coordinates. The district is char-
acterized by tropical climate with medium black
type of soil. Mean annual rainfall in Bhavnagar
district is 584 mm.
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Biomass Yield and Economic returns

Biomass yield per hectare for B. balcooa for all
four densities was calculated from average fresh
and dry weight values of culms, leaves, and off-
shoots from the 100 clumps from each of the
cultivation densities at the end of fourth year of
cultivation. Cost of cultivation of B. balcooa per
hectare was calculated by computing the expens-
es of all farm inputs, labour costs, electricity and
fuel consumed during land preparation and irriga-
tion throughout the span of four years (Abraham,
2017).

SPSS Statistical software, version 20 (IBM, 2017),
was used to analyse mean and standard deviation
for plant growth parameters. Correlation analysis
was performed to study correlation among differ-
ent plant growth parameters. ANOVA test was per-
formed to analyse the variation in yield and growth
parameters between densities. Tukey’s posthoc
test was performed to estimate difference in spe-
cific group means when compared with each other.
The test compares all possible pairs of means to
reveal which parameter is significantly influenced
under which group. Regression analysis was per-
formed to examine the relationship and influence

@;%

Fig 2. Bamboo growth at different densities of agronomical plantation plots
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of one or more independent variables on a depen-
dent variable. The dry weight of bamboo biomass
was taken as the dependant variable.

Results

Growth and biomass yield at different planation
densities in initial trials in Aravali, Gujarat is giv-
en in Fig 1 and 2. Bambusa balcooa plants were
successfully cultivated under marginal ecological
conditions at Aravali district, North Gujarat at four
different densities, D1-1112 plants/ha, D2-2223
plants/ha, D3-2964 plants/ha and D4-6175 plants/
ha (Fig 1, Fig 2) to identify suitable plantation
densities for B. balcooa.

Plant growth parameters were recorded annually
up to four years for B. balcooa plants in all cul-
tivation densities (D1, D2, D3 and D4) as shown
in Table 1. Survival rate for the B. balcooa at all
densities were close to 100% except D4 (97.66%)
at the end of fourth year. All the parameters except
the total number of culms/ha decreased with re-
spect to increase plant densities for all four years.
All the parameters increased with increase in age
post planting for all plant densities. D1 had the
highest fresh and dry weight (159.87+0.061 kg/

Labels: D1=1112 Plants Per Hectare, D2=2223 Plants Per Hectare, D3=2964 Plants Per Hectare and D4=6175 Plants Per Hectare
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clump and 82.59+0.027 kg/clump respective-
ly) among all the densities after the end of four
years.Tukey’s Post Hoc test was performed when
ANOVA test showed significant difference to find
out mean difference with specific group for each
growth parameter. Total culms/clump per hectare
significantly decreases as density increases show-
ing negative mean difference (Table 2).

While rest of the parameters showed positive
mean difference with each density of plant show-
ing statistical significance p=0.0001 (Table 2).
The results show that as density increases, clump
productivity decreases even though plant height
and other parameters show good growth indica-

Journal of Bamboo & Rattan

tion which is required for biomass yield. There-
fore, correlation analysis to study the strength of
a relationship between two numerically measured
continuous growth related variables was done
(Table 3). This was used to establish if there are
possible relations between variables. Plant density
was negatively correlated with clump girth at bot-
tom and 3rd culm height, culms per clump, height,
fresh and dry weight showing significance level
p=0.0001 (Table 3).

It means as density of bamboo plantation increases
all of the growth related parameters (clump girth
at bottom and 3™ culm internode height, culms per
clump, height, fresh and dry weight), decreases

Table 2. Tukey’s Post Hoc Test of growth parameters & cultivation density of Bambusa balcooa Roxb.

Parame- Density = Mean Std. p- Parame-  Density Mean Dif- Std.  p-
ters Difference Error value ters ference Error value
Year DI D2 0.000 0.021  1.0000 Culms DI D2 29338*  0.041 0.0001
D3 0.000 0.020  1.0000 P°r D3 3.1940*  0.039 0.0001
D4 0.000 0018 10000 CMmP D4 3.8803*  0.036 0.0001
D3 0.000 0.016  1.0000 D2 D3 02602*  0.031 0.0001
D2 D4 0.000 0.014  1.0000 D4 0.9466*  0.028 0.0001
D3 D4 0.000 0.012  1.0000 D3 D4 0.6863*  0.025 0.0001
Clump D2 -0.11852*  0.009  0.0001 Height DI D2 0.37269* 0.033 0.0001
githat D1 D3 0.04973* 0.009 0.0001 (m) D3 1.58148*  0.031 0.0001
base(m) D4 0.65716*  0.008  0.0001 D4 2.20005%  0.029 0.0001
D2 D3 0.16825*  0.007  0.0001 D2 D3 1.20879*  0.025 0.0001
D4 0.77568*  0.006  0.0001 D4 1.82736*  0.022 0.0001
D3 D4 0.60743*  0.006  0.0001 D3 D4 0.61858*  0.020 0.0001
Clump D2 0.25375*  0.010  0.0001 Fresh DI D2 30.86972* 0.353 0.0001
Girthat DI D3 0.49967*  0.009  0.0001 weight D3 40.39319* 0.338 0.0001
Chest D4 1.04935*  0.009  0.0001 (kg/ D4 60.71896* 0.313 0.0001
height > p3 024502 0007 00001 °MMP) Do D3 9.52346* 0270 0.0001
(m) D4 0.79560*  0.007  0.0001 D4 29.84923* 0.238 0.0001
D3 D4 0.54968*  0.006  0.0001 D3 D4 20.32577* 0215 0.0001
Total D2 -3578.865* 155780 0.0001 Dry D1 D2 16.74704* 0.184 0.0001
culms D1 D3 -7246.640% 149.146 0.0001 weight D3 21.13621* 0.176 0.0001
per ha D4 -22063.289% 138.163 0.0001 (kg/ D4 31.44812* 0.163 0.0001
D2 D3 -3667.774% 118997 0.0001 SUMP)  py D3 438917*  0.141 0.0001
D4 -18484.424* 104.903 0.0001 D4 14.70108* 0.124 0.0001
D3 D4 -14816.650* 94.772  0.0001 D3 D4 1031191* 0.112 0.0001

* The mean difference is significant at the 0.05 level

DI1=1112 Plants Per Hectare, D2=2223 Plants Per Hectare, D3=2964 Plants Per Hectare and D4=6175 Plants Per Hectare



(PaIte)-7) [9A] [0°() Y} ¥& JULOYIUSLS SI UOIIL[OLIO)) 4

1000°0 1000°0 100070 1000°0 1000°0 1000°0 1000°0 1000°0 onjea-d
(dwmyo
I #$960°0  %x0LL°0 #*%99L°0 #*%85C°0" #%C18°0 #%05L°0 #%157°0 #%CL9°0" onjeA-1 /33 JySrom A1
1000°0 1000°0 1000°0 1000°0 1000°0 1000°0 1000°0 1000°0 onjea-d
(dwnyo/3y)
#%966°0 I %%99L°0 #%LSL°0 x5V LT°0" #1180 #*%95L°0 #*x9€7°0 #%C89°0~ on[eA-1 WS1oM ysar]
1000°0 1000°0 100070 1000°0 1000°0 1000°0 1000°0 1000°0 onjea-d
#*%0LL°0 *%99L°0 I #0670 #**L1C°0 #7670 *%€16°0 *%0C8°0 €170 onfeA-I (wyySey
1000°0 1000°0 1000°0 1000°0 1000°0 1000°0 1000°0 1000°0 onjea-d
#*%x99L°0 wxLSL'0 %x7C6°0 ! *x9LT0 %7880 %% CC8°0 %%908°0 #%£8€°0" onjea-1 dumpo/swn)
100070 1000°0 1000°0 1000°0 L9L°0 1000°0 1000°0 100070 onjea-d
#*%85C°0" #xVLT0"  xxL1T0 #*%9LT0 ! 100°0 xx070°0 #*%0C9°0 *%£89°0 onfeA-I  B/SWny) [EI0L
1000°0 1000°0 1000°0 1000°0 L9L0 1000°0 1000°0 1000°0 onjea-d
(w)yi3 yySroy
#%C18°0 #1180  #xI¥6°0 #%788°0 100°0 I #x%EV6°0 #%80L°0 #*%9L5°0" onfeA-I 1oy dun)
1000°0 1000°0 1000°0 1000°0 1000°0 1000°0 1000°0 1000°0 onjea-d
#%05L°0 #*%95L°0  #x€16°0 #%CC8°0 #%070°0 #%E76°0 I #xLEL0 #%005°0- onjeA-1  (w)yurH dump)
1000°0 1000°0 1000°0 100070 1000°0 1000°0 1000°0 0001 onjea-d
#*%151°0 #*#9€V'0  %x6C8°0 *%908°0 *%0C9°0 #*%80L°0 #*xLELO I 000°0 onfeA-I LN
. . . . . . . . anrea-d
1000°0 1000°0 1000°0 1000°0 1000°0 1000°0 1000°0 0001 [ (ey/siue]q)
#%CL9°0" #%C89°0-  #xEIV°0- *%£8€°0" #*%£89°0 #*%9L5°0- #%005°0" 000°0 I onfeA-I Ayisuoq
(dwnpd (1939w) Y3y (1339ur)
(dwnp/3y)  /9Y) wysm (1339w dwnpd i | IS9YD JE wojjoq e Ipod
Y3om Aaq LRG| SR  dswn) swm)ero, yaus dwnp)  yar dunp) I8N Aisudq sIojowieIeq

91

"qQxX0y P02 rqg snquivg Jo senisuap uonejued pue sieak uonejueld ‘siojowered YImoI3 Jo SISA[eUY UONR[IIO)) *€ J[qRL

uvyvY P 0oquIng Jo [PUINoL



L6670~
L6670~
L6670~

L6670~

L66°0"
L66°0"
L6670~

L6670~

od

81C0
8LT0
8¢€0000°0-

€LS 0

90C°0
1€S°0
€0C0 -

(D

juRISuo0))

100 1000°0
L00°0 1000°0
000°0 1000°0
L€00 1000°0
6200 1000°0
S10°0 1000°0
100 1000°0
6100 1000°0
q'S anjea-d

€660
€660
€660

€660

€660
€660
€660

€660

[4:!

0LL0
99L°0
85T 0"

Cl80

6SL°0
IS¥°0
¢L9°0-

1U0SIJ

S686Y
S686Y
S686Y

S686Y

6861
S6861
S686Y

6861

N

€5056°1
(484
109°66CC1

185590

181090
8111
S00°1

08¢l

as

8EBTY
G88'S
€CCoELT

0T

86LY'1

¢

43

120l

UBIA

(1910w) WYSOH
dumpo/swn)

QIR0 /SWN)) [8I0],
(1330wr) JyS1oy

1oy 18 s dwny)
(1970w1)

wopoq e Yo dunj)
Teox

Asua(q

(dwngd/33y
-yS1oM A1) JuBISUO))

Joypueaed

JySrom A1 : 9[qerreA juepuado

JySrom A1(q :9[qerieA juspuado( q
Qs sy 3soy) dwny) WSoy Iedg ‘dwmnpo 1od swn) ‘Arsudg i dwny) ‘91eddy 1od swn) (810 Wsom ysar ‘(Jueisuo))) :s10J01paid ‘e

00070 L8B6Y 8 LOO'VSTLT6 €66’ SI8TI'T €66’ €66’ BLO6 [
owEwMO 3 ow.wa__o SWEUL S renb
q oIS ap p dsueyny alenbgy -ys7 oy Jo sS4 1enbg y A
passnlpy
sonsnels aguey) J10.LIY "PIS ) [PPOIAl

Arewrwing [PPOIA

s10301pa1d Jueisuod se siojowered YImoI3 J[Iym d[qeLieA juepuadap se ooquieq JO JYSIOMm AIpP UO Paseq SISA[BUR UOISSAISNY *{ I[qBL

upyvy P ooquing Jo punop

Ll



Journal of Bamboo & Rattan 18

significantly. Regression analysis was applied on
growth data to understand how the typical value of
the dependent variable (dry weight here) changes
when any one of the independent variables is var-
ied, while the other independent variables are held
fixed (Table 4).

The R2 and Adjusted R2 were 0.993 and 0.993,
respectively. The weighted combination of the
predictor variables explained approximately 99%
of the variance of dry weight of bamboo. The pre-
diction model was statistically significant, F (8,
49887) =927154.00, p <0.001, and accounted for
approximately 99% of the variance of dry weight
bamboo biomass yield (R2= 0.993.607, Adjusted
R2= 0.993). The zero-order correlation lists the
Pearson r values of the dependent variable (Dry
weight of Bamboo in this case) with each of the
predictors.

The Y intercept of the model is labelled as the
constant and has a value here of -0.997. The raw
(B) and standardized (Beta) coefficients, and their
significance levels determined by t tests (Table-4).
All the predictors are statistically significant. As
can be seen by examining the beta weights, clump
girth at 3" internode height followed by height, to-
tal culms per hectare, density, clump girth at bot-
tom, culms per clump, fresh weight followed by
year (of plant age) were making relatively larger
contributions to the prediction model.

Statistical data suggested that as density of plan-
tation increases, biomass yield decreases. There-
fore, D1 density, that is 1112 plants/hectare, was
selected since this density is suitable for the agro
climatic condition of the geographic area to culti-
vate Bambusa balcooa.

Bamboo Farmers’ field on- farm trials

On-farm field trials for Bambusa balcooa were
conducted following D1 density (1112 plants/
hectare) in 3 farmers fields at Surendranagar (B1),
Bhavnagar (B2) and Aravali (B3) districts of Gu-
jarat state in India (Fig 3). Agronomic practices
followed as per the density in agronomical trials
followed at Aravali district at captive plantation.

Total fresh and dry weight data for culms, were
recorded for 100 clumps from all cultivated den-

sities and farmers fields at the end of four years.
Biomass yield per hectare of respective densities
was calculated as shown in Table 5. Highest fresh
and dry weight for the culms after the fourth year
was found in D1 density. Similarly, highest esti-
mated fresh and dry biomass weight for bamboo at
the end of fourth year was found in D1 density as
compared to D4 density. Biomass yield parameters
for farmers field trials showed same yield data as
per D1 density agronomy trials conducted as cap-
tive farming (Table 5).

Cost of cultivation of B. balcooa per hectare was
calculated at the end of fourth year for all the plant
densities for agronomical trials and farmers field
trial considering land preparation, field mainte-
nance, labour costs, plants & fertilizers, fuel and
electricity costs consumed throughout the dura-
tion of 4 years. Cultivation density D4 showed the
highest cost of cultivation (3333.07 USD/ha) de-
spite the minimal farm inputs used. While density
D1 (991.56 USD/MT/ha) showed the least cost
of cultivation per hectare. Similarly, costs were
derived for all three farmers field trials (Table 5)
which showed almost same results as shown in D1
agronomic density trial for captive farming. Cost
of cultivation of bamboo as against biomass yield
was found to be lowest at D1 density at agronomic
trial and farmers field trial (around 25 USD/mil-
lion tons) (Table 5).

Discussion

Natural distribution of bamboo depends on soil
properties and climatic conditions. However, bam-
boo has great adaptation capabilities (BTSG-KFRI,
2015) which make it as an alternative crop for cul-
tivation on marginal land (Patil ef al., 1994). This
study also cultivated and established agronomical
density trials of bamboo at marginal ecology at Ar-
avali district (D1 to D4), and farmers field on-farm
trials at Surendranagar (B1), Bhavnagar (B2) and
Aravali (B3) for B. halcooa plants.

Bamboo cultivation is known for soil reclamation
(Desh, 1990; International Network for Bamboo
& Rattan, 2014; Rao et al., 1999) and can con-
vert marginal land into fertile land (Yourmila and
Bhardwayj, 2017; Zhou et al., 2005) provided opti-
mised cultivation density that account for biomass



19 Journal of Bamboo & Rattan

productivity. Therefore, identifying right planta-
tion density to optimize biomass yield was one of
the objective for bamboo plantation. Especially
when Gujarat state holds 2.01 mha of wasteland
out of 46.7 mha in India (MRD, 2011).

Survival rate for the B. balcooa for all densities
at agronomical trials & farmers field on-farm tri-
als were close to 100% except 6175 plants/hect-
are (D4) (97.66%) at the end of fourth year. The
decrease in the survival rate of bamboo plants at
higher densities may be caused due to higher com-
petition for nutrients or water among the bamboo
plants, as bamboo is known for faster absorbance
of nutrient & water to sustain faster growth (Pi-
ouceau et al., 2014; Yourmila & Bhardwaj, 2017).
It has also been reported that increase in number of
clumps in higher plantation density leads to dearth
of growth space as well as creates competition for
light, space and nutrients which diminishes growth
of new rhizome and culms (Kigomo & Kamiri,
1985) resulting into overall less biomass produc-
tivity (Kittur, Sudhakara, Mohan Kumar, Kunha-

mu, & Sureshkumar, 2016). Correlation analysis
(Table 3) also confirms an inverse relationship as
higher the plantation densities lower the biomass
yield. At the end of fourth year, gradual decrease
with increase in the plantation density of B. bal-
cooa was noticed while for each individual cul-
tivation density B. balcooa showed a significant
increase in the clump girth at base & 3™ internode
height. Standing culm density is also an import-
ant parameter to judge the biomass productivity in
bamboo (Volkar & Devid, 2001). The number of
culms in B. balcooa cultivation increased signifi-
cantly (p<0.0001) for each density with respect to
years after plantation (Table 1). Optimum stand-
ing-culm density in bamboo varies with species
and geographic location. Bamboos with small-
er diameter (1-4 cm) like species P. nigra and P.
niduaria have much higher standing-culm densi-
ty (Shen, Fan, Liu, Chen & Li, 1993), than bam-
boos with medium diameter (4-5 cm) like species
P. makinoi (Yang & Huang, 1981) and lower in
bigger diameter (8-18 cm) in P. pubescens (Dart,
1999; Liao, 1986).

o

Fig 3. Farmers’ field bamboo cultivation

Labels: B1: Surendranagar, B2: Bhavnagar and B3: Aravali (districts of Gujarat state)
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Table 5. Culm yield & cultivation cost of Bambusa balcooa Roxb. after four years of cultivation at dif-
ferent plantation densities & farmers field trials.

Plantation density (Plants/Ha)

Farmer’s field trials

Parameters D1(1112 D2(2223 D3(2964 D4(6175 B1 (1112 B2 (1112 B3 (1112

plants/  plants/  plants/ plants/  plants/  plants/ plants/

ha) ha) ha) ha) ha) ha) ha)
Culm yield (MT/Ha)
Fresh weight of 105.05 84.47 78.34 60.51 103.64 102.97 108.53
culms (MT)
Dry weight of 62.60 48.61 40.30 32.31 61.97 62.64 63.19
culms (MT), a
Cost of cultivation (USD/Ha)

Land Preparation 22.20 22.20 22.20 22.20 22.20 22.20 22.20
Cost (USD/ha)
Plant Cost (USD/ 546.09 1091.70 1455.60 3032.49  546.09 546.09 546.09
ha)
Fertilizer Cost 71.32 91.37 0.00 234.06 71.32 71.32 71.32
(USD/ha)
Pruning Cost 59.89 74.86 82.35 0.00 59.89 59.89 59.89
(USD/ha)
Rotavator Cost 53.90 47.91 35.93 0.00 53.90 53.90 53.90
(USD/ha)
Weeding Labor 112.29  112.29 112.29 0.00 112.29 112.29 112.29
(USD/ha)
Electricity Bill 4432 44.32 4432 44.32 44.32 44.32 44.32
(USD/ha)
Organic Manure 81.57 163.05 217.44 0.00 81.57 81.57 81.57
(USD/ha)
Total Cultivation 991.56 1647.69 1970.13  3333.07 991.56 991.56 991.56
Cost (USD/ha),b
Harvesting Cost 9.21 9.21 9.21 9.21 9.21 9.21 9.21
(USD/MT),¢c
Harvesting Cost 576.54  447.61 371.16 297.57 570.74 576.91 581.98
(USD/ha),
d= a%*c
Production cost 1568.1  2095.3 2341.29  3630.64 1562.3 1568.47 1573.54

(cultivation +

Harvesting) (USD/

ha) (b+d)

B1: Surendranagar, B2: Bhavnagar and B3: Aravali (districts of Gujarat state)
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The relative increase in the number of culms per
clump gradually decreased with increase in plan-
tation density from 3.04 culms/clump for D1 to
2.61culms/clump for D4 at the end of first year
and 13.26culms/clump for D1 to 6.83culms/clump
for D4 at the end of fourth year (Table 1) and cor-
relation analysis confirms negative correlation be-
tween density of plantation with culms per clumps
(Table 3). Thus, the growth parameters for bam-
boo plants showed increase with respect to time
at every plantation density but showed gradual
decrease with increase in plantation densities. Re-
gression analysis conducted in present study (Table
5) also showed that increase in each unit of density
of plantation reduces 0.203 unit of dry weight of
bamboo. INBAR (Jaing Hua & Xiao Sheng, 2001)
suggested that planting density depends upon site
conditions along with the size of the species in-
volved. Generally, higher densities are suitable for
the establishment of small-sized bamboos. While
too low density will suffer from canopy exposure
to sun light, low soil moisture and strong compe-
tition from weeds resulting into poor productivity

Soil and agro-climatic conditions were poor in the
present bamboo agronomical trials wherein DI
plantation density (1112 plants/hectare) showed
greater biomass yield after 4th year with less den-
sity of plants. Patil et al., (1994) recommended
for marginal land to have standing culm density
of 15000-21000 per hectare (Patil et al., 1994). In
our study too, the D1 density showed culms/ha of
14760+1.79 (Table 1).

Therefore, bamboo on-farm trials were conduct-
ed using DI density at farmers’ fields at Suren-
dranagar district (B1), Bhavnagar district (B2) and
Aravali district (D3) in Gujarat state. Cost of culti-
vation of bamboo was calculated for each density
for agronomical trials conducted at Aravali district
as well as for on farm farmers’ filed trial (Table 5).
D1 plantation density showed highest bamboo dry
biomass production of 62 Mg resulting into cost of
bamboo production and harvesting of around 25
USD/ Mg of dry biomass. This was almost similar
for D1 density plantation at on farm farmers’ field
trial. Abraham (2017) also reported similar cost of
production per Mg of biomass in south Indian re-
gion. In the current study, other densities D2, D3
and D4 showed higher cost of production per Mg

of biomass due to lower biomass yield (Table-5).
INBAR (JaingHua and XiaoSheng, 2001) report-
ed 342.46 USD/ha/year as working capital to get
4500 culms as output. Pandey et al., (2012), report-
ed bamboo plantation cost of 192 USD/ha/year for
400 plants/ha density at Mahi ravine in India with
output of 1500 poles/ha that accounted 0.13 USD/
pole (Pande et al., 2012). Though various studies
have worked out economics of bamboo plantation
as per their need and objective (Abraham, 2017,
Grow more biotech Ltd, 2018; Pande et al., 2012),
this study has primarily focused on marginal land
use and plantation density for Bambusa balcooa
cultivation.

Conclusion

Agronomical trials carried out at Aravali district
with four densities of B. balcooa plantation sug-
gested that cultivation of 1112 plants/ha density
is suitable for the agro-climatic region of Gujarat.
The On-farm field trials carried out at Aravali,
Bhavnagar and Surendranagar districts with 1112
plants/ha density showed similar biomass output
yield of around 62 Mg of dry biomass per hectare
with 25 USD/million tons of biomass cost of pro-
duction. More than 46 m ha of waste land available
in India, out of which 2.01 m ha occur in Gujarat
state. This 2 m ha of waste land in Gujarat have
potential to grow bamboo for economic, environ-
mental and soil revival benefits.

Acknowledgement

Authors are thankful to The Indo-US Science and
Technology Forum (IUSSTF) and Department of
Biotechnology (DBT), Government of India, New
Delhi, for financial support in farmers’ field trials
conducted in this study by providing grant under
US-India Sustainable Advanced Lignocellulosic
Biofuel Systems (SALBS) project. Authors are
thankful to Abellon Agrisciences Ltd. for conduct-
ing agronomical trials for this study.

References

Abraham, B. (2017). The new green gold of the poor
farmer’s bamboo cultivation for a sustained live-

lihood. Shanlax International Journal of Eco-
nomics, 5(4), 24-33.



Journal of Bamboo & Rattan 22

Aseri, G., Sinha, B. K., Agrawal, D., Sharma, A., Jain,
N. & Babu, V. (2012). New and improved meth-
od of bamboo cultivation in semi-arid areas of
Indian Thar desert. African Journal of Biotech-
nology, 11(84), 15002-15011-15011. https:/
doi.org/10.5897/AJB12.1764

BTSG-KFRI. (2015). Manual For Establishment and
Management of Bamboo Plantations. Kerala.

Bystriakova, N., Kapos, V., Lysenko, I. & Stapleton, C.
(2003). Distribution and conservation status of
forest bamboo biodiversity in the Asia-Pacific
region. Biodiversity Conserv., 12, 1833—1841.

Bystriakova, N., Kapos, V., Stapleton, C. & Lysenko, I.
(2003). Bamboo biodiversity. UNEP World Con-
servation Monitoring Centre and International
Network for Bamboo and Rattan.

Dart, D. (1999). The bamboo Handbook. Belli Park.
Australia.: Nemea Pty.Lts.

Desh, R. (1990). Experiences in waste land develop-
ment: a case study. In A. N. Mathur & N. S.
Rathore (Eds.), “Renewable energy and envi-
ronment. Proceedings of the International So-
lar Energy Conservation, Udaipur, India, 1-3
December 19897 (pp. 139-143). Udaipur, India:
Himanshu Publications.

Gami, B., Syed, B. A. & Patel, B. (2015). Assessment
of genetic diversity in bamboo accessions of In-
dia using molecular markers. Int J App! Sci Bio-
technol, 3(2), 330-336. https://doi.org/10.3126/
ijasbt.v3i2.12587

Growmore biotech Ltd. (2018). BAMBOO ECONOM-
ICS. Retrieved September 4, 2018, from http://
growmorebiotech.com/bamboo_economics.htm

IBM. (2017). SPSS- Statastics softwere. Retrieved Jan-
uary 22, 2017, from http://ibm-spss-statistics.
soft32.com/

IEA. (2011). In Technology Roadmap - Biofuels for
Transport. International Energy Agency, 616.

International Network for Bamboo & Rattan. (2014).
Bamboo: A strategic resource for countries to
reduce the effects of climate change. In Policy
Synthesis Report. Beijing, China.

JaingHua, X. & XiaoSheng, Y. (2001). Medium and
large scale Bamboo plantations. International
Network for Bamboo and Rattan (INBAR). Bam-
boo Research Division Research Institute of
Subtropical Forestry, Zhejiang Province, China.

Kigomo, B. N. & Kamiri, J. F. (1985). Observation on
the growth and yield of Oxytenanthera abyssini-
ca (A.Rich) Munro in plantation. East Afr: Agric.
For J., 51,22-29.

Kittur, B., Sudhakara, K., Mohan Kumar, B., Kunha-
mu, T. K. & Sureshkumar, P. (2016). Bamboo
based agroforestry system in Kerala, India: per-
formance of turmeric (Curcuma longa L.) in the
subcanopy of differentially spaced seven year
old bamboo stand. Agroforestry Systems, 90,
237-250.

Liao, C. L. (1986). A preliminary study on high yields
of P.pubescens by the reaction of the factors in
bamboo forests. J. Bamboo Res., 60—63.

Lou, Y., Li, Y., Kathleen, B., Giles, H. & Zhou, G.
(2010). Bamboo and Climate Change Mitiga-
tion. Beijing, China.

Mehra, S. P. & Mehra, L. K. (2007). Bamboo Cultiva-
tion - Potential and Prospects. Technical Digest.
Retrieved December 17, 2013, from https://
www.nabard.org/pdf/ BAMBOO.pdf

Ministry of New & Renewable Energy- Government of
India Ministry. (2009). National Policy on Bio-
fuels (pp. 1-18). pp. 1-18. New Delhi, India.

MRD, G. of . (2011). Wastelands Atlas of India Waste-
lands Atlas of India.

National Bamboo Mission. (2019). Operational Guide-
lines of National Bamboo Mission.

Pande, V. C., Kurothe, R. S., Rao, B. K., Kumar, G.,
Parandiyal, A. K., Singh, A. K., & Kumar, A.
(2012). Economic analysis of bamboo planta-
tion in three major ravine systems of India. Ag-
ricultural Economics Research Review, 25(1),
49-59.

Patel, B., Gami, B., Patel, N. & Bariya, V. (2015). One
step pre-hardening micro propagation of Bam-

busa balcooa Roxb. Journal of Phytology, 1.
https://doi.org/10.5455/jp.2015-06-02



23 Journal of Bamboo & Rattan

Patel, B., Gami, B. & Patel, P. (2017). Carbon Seques-
tration by Bamboo Farming on Marginal Land
and Sustainable Use of Wood Waste for Bioen-
ergy: Case Studies from Abellon Clean Ener-
gy. In K. Krishna, V. Pandey, S. S. Ramakan-
tha, A. N. Chauhan, & A. Kumar (Eds.), Wood
is Good Current Trends and Future Prospects
in Wood Utilization (pp. 451-467). https://doi.
org/10.1007/978-981-10-3115-1

Patil, V. C., Patil, S. V. & Hanamashetti, S. I. (1994).
Bamboo farming: an economic alternative on
marginal lands. Proceedings of the 4th Inter-
national Bamboo Workshop on Bamboo in Asia
and the Pacific, Chiangmai, Thailand, 27-30
November 1991, 133—135. Forest Research Sup-
port Programme for Asia and the Pacific, Bang-
kok, Thailand.

Piouceau, J., Bois, G., Panfili, F., Anastase, M., Dufos-
sé, L. & Arfi, V. (2014). Effects of High Nutrient
Supply on the Growth of Seven Bamboo Spe-
cies. International Journal of Phytoremediation,
16(10), 1042—1057. https://doi.org/10.1080/152
26514.2013.810583

RAO, K. S., MAIKHURI, R. K. & SAXENA, K. G.
(1999). Participatory approach to rehabilitation
of degraded forest lands: a case study in a high
altitude village of Indian Himalaya. /nternation-
al Tree Crops Journal, 10(1), 1-17. https://doi.
org/10.1080/01435698.1999.9752988

Scurlock, J. M. O., Dayton, D. C. & Hames, B. (2000).
Bamboo: an overlooked biomass resource. Bio-
mass Bioenergy, 19, 229-244.

Shen, C. Q., Fan, J. M., Liu, D. N., Chen, C. G. & Li,
C. F. (1993). A preliminary report of research
on high production techniques of Phyllostachys
nidularia Munra. J. Bamboo Res., 12, 53—63.

Volkar, K. & Devid, M. (2001). Aspects of Bamboo
agronomy. Adv. Agron., 74, 99—145.

Yang, Y. C. & Huang, Y. T. (1981). Management and
distribution system of the main commercial
bamboo species in the Chu-shan area of Taiwan.
Q. J. Chin. For., 14, 1-27.

Yourmila, K. & Bhardwaj, D. (2017). Effect of various
bamboo species on soil nutrients and growth pa-

rameters in Mid hills of HP, India. International
Journal of Chemical Studies, 5(4), 19-24.

Zhou, B., FU, M., X I E, J,, Yang, X. & LI, Z. (2005).
Ecological functions of bamboo forest: Research

and Application. Journal of Forestry Research,
16(2), 143-147.



