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ABSTRACT

India is voluntarily committed towards reducing carbon emission. Rubber plantation could
be an important means for carbon sequestration at state and national level. Tripura holds second
position as rubber grower state in India, spreading over a 72273 hectare areas. Present study
designed to estimate the carbon storage potential, sequestration rate and some selected edaphic
properties under four different aged rubber plantations viz. HB05, HB10, HB15 and HB20, following
stratified random sampling methodology. Total, 40; 100x10 m transects were laid for estimation of
biomass carbon stock and transects were further subdivided into five equal quadrates 20x10 m
sized for sampling soil. The stand structural variables like mean girth size, height, basal area, tree
carbon and overall carbon stock significantly varied among the different aged rubber plantations.
The periodic annual increment in terms of carbon sequestration was estimated at the rate of 2.97,
3.30, 3.14 and 2.82 (Mg C ha' yr'). The result indicated that total carbon stock in rubber plantation
was 202.48 Mg ha™, out of which tree carbon shared 41.85 and Soil Organic Carbon (SOC) 160.71
Mg ha' respectively. SOC did not show any significant variation along the plantation ages. The study
suggested that the potentiality of carbon sequestration of rubber plantation in Tripura has immense

scope for future carbon credit and incentives.
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INTRODUCTION

The Kyoto Protocol is an international treaty,
which extends the 1992 United Nations Framework
Convention on Climate Change (UNFCCC). India
is listed in Non-Annexure | parties without binding
target. In recognition of the growing problem of
Climate Change, India declared a voluntary goal
of reducing the emissions intensity of its Gross
Domestic Product (GDP) by 20-25%, over 2005
levels, by 2020, despite having no binding mitigation
obligations as per the convention. each 29 state of
the country are having State Action Plan on Climate
Change (SAPCC) are envisioned to encompass the

vision of the National Action Plan for Climate Change
(NAPCC). Key sectors covered by SAPCCs include
agriculture, water, habitat, forestry, and health and
disaster management among others.

India has a vision to create an additional
carbon sink of 2.5 to 3 billion tonnes of Carbon
dioxide (CO,) equivalent through additional forest
and tree cover by 2030. To meet that vision rubber
plantation could be considered as a Kyoto forest to
harvest atmospheric CO,,. In the past two decades
(1990-2010), global demand for tree cash crop
products has increased dramatically, for example a
production area for rubber has increased by 143%
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(9.4 Million hectare)'. Despite the large extension
of land covered by rubber, the environmental and
socioeconomics impacts of rubber expansion have
recently been explored at various scales? 3 4.

It is a matter of concern that land-cover
transitions to rubber monocultures may result in
significant losses of aboveground?® and belowground?®
carbon stocks and biodiversity”-8. Deforestation and
burning of natural tropical forests have significant
impact on the global carbon cycle by decreasing
the above- and below-ground carbon stocks
and by increasing rates of carbon emissions to
the atmosphere®. The negative ecological and
environmental implications of converting primary and
secondary forests into rubber plantations have been
suggested as loss of biodiversity'®and total carbon
biomass'', alteration of the hydrological cycle® and
rapid soil erosion' 3. Globally, carbon stocks in
terrestrial vegetation are 466 giga tons carbon and
in the soil down to a depth of 1 meteris about 2011
giga tons carbon '*. Moreover, some studies also
reported that rubber plantations has the greater
potentially for sinking of atmospheric carbon .

Southeast Asia region have stocked
aboveground carbon with mature rubber plantations
in the range between 25 to 143 Mg ha™ '6. In Tripura,
a north eastern state of India, rubber plantation was
introduced in 1963 by the forest department to check
soil degradation due to slash and burn agriculture
practiced by the local tribal people'. Rubber is an
important cash crop in the economy of Tripura,
cultivated in more than 70,000 hectare area over
hill slopes, hillocks and plains'®. During 2010-11,
about 11,673 ha land was brought under natural
rubber plantation, which produced 1595 million
tonne rubber with a value of 41.22 crore. Upto 2015,
total 72,273 ha (more than 8 %) of land planted
with rubber, which produced around 40,000 tons
of rubber worth rupees 480 crore'®. Some studies
have acknowledged that the rubber plantations
have immense potentially for sinking of atmospheric
CO, > Tripura has drastically adopted rubber
cultivation, initiated by the forest department to check
soil degradation due to slash and burn agriculture
practices followed by the local tribal people, and also
as a part of their rehabilitation programme . The
biomass stocked by rubber trees is highly variable,
depends upon plant age, species, density, health
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and nutritional state, environmental condition and
management techniques. In the background of the
above information we tried to (1) estimate the carbon
sequestration potential different aged plantations;
(2) to analyse edaphic properties in plantations (3)
to analyse the relationship between plantation age,
ecosystem carbon and edaphic properties.The study
will increase the understating in rubber plantations,
especially in northestern part of India.

METHODOLOGY

Study area

Tripura is the India’s second largest
producer of rubber, located in the northeast part of
the country. The State lies approximately between
the latitudes 22° 56' and 24° 32' N and between
longitudes 91° 0' and 92° 22' E in the north east
extension ranges of the Himalaya. It is bound on the
North West, south and south-east by Bangladesh,
whereas in the east it has a common boundary
with Assam and Mizoram. It is the land of high hills,
hillocks and patches of plains interspersed with rivers
and valleys having moderately warm and humid
climate.

According to the census report 2010-2011
the total population of the state was 36.71 lakh. The
indigenous tribal populations living in the hills have
traditionally derived their livelihood from floral and
faunal resources of the state. The present study was
conducted in Gournagar Rural Development Block of
Unakaoti Districts of Tripura (Figure 1).The climate of
the whole year of the state may be divided into four
seasons. December to February is the cold season
which is followed by summer season (March-May),
June to September is the monsoon season and
October to November is the post monsoon period.
The cold weather starts by the end of November
and continues in to February with daily maximum
temperature of 26°C and minimum 8-4°C. During
summer season (March-May), maximum temperature
is 38°C. Humidity is high throughout the year and in
summer season the relative humidity ranges 50-75%
while in monsoon period they are over 85%. State
receives an average of 247.9 cm rains within a year.
About 63% of the annual rainfall is caused by the
south-west monsoon. The mean wind speed is 7.1
km hr-', with in maximum of 13.1 km hr'in May and
minimum of 3 km hr' in December.
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Rubber biomass carbon estimation

The quantification of the aboveground tree
biomass was completed in February 2013. At the
time of sampling the plantations were 05, 10, 15
and 20 year old. The Stratified random sampling
methodology was adopted for the study.In four aged
rubber plantation, 40 permanent plot of 50x20 m
(0.1 hectare) were fixed and further divided into
five equal areas of 20x10 m set for soil sampling.
Out of 40 transects, 10 transects were laid in each
aged plantation. In each transact, circumference at
breast height (CBH) and tree height using altimeter
was measured. The following regression model
was used for the estimation of biomass of different
aged Hevea brasiliensis plantation: Y = —3.84 +
0.528 « BA + 0.001 * BA2  (R®= 0.99); where, Y =
aboveground dry matter, kilogram per tree and BA=
basal area per tree 2'. The basal area was calculated
as CBH?/ 12.56 22. The present growth rate of a
stand at any particular age is often abbreviated as
Cumulative Annual Increment (CAI) or Periodic
Annual Increment (PAIl). The Periodic annual
increment was calculated as PAl= (B,-B,)/ (Y,-Y,);
where, Where: B, is the biomass stocked at times 1
and 2 and T, represents the year starting the growth
period, and T, is the end year®. The total carbon
stock and annual sequestration rate were estimated
using plantation area and average value of biomass
carbon in the different aged plantation.
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Soil sampling and analysis

Soil cores were divided into four depth
profiles of 0—10, 10-30, 30-50 and 50-100 cm
from four locations (5 position x5 layer x 4 aged
plantations = 100 soil samples). Soil was thoroughly
mixed and the large fragments of plant materials,
roots were removed by hand-sorting. Field-moist
samples were gently crumbled manually and sieved
to remove root material. Samples were homogenized
and air-dried, ground and passed through a 2 mm
sieve and five replicates of each sample were
analyzed. Undisturbed soil core samples were used
for field bulk density analysis. For each depth five
replicates of each composite were analyzed. The
SOC was estimated by wet oxidation method?*. Dry
soil bulk density (g cm) at 105°C was estimated by
the core method 2. Soil texture analysis was done
by Bouyocucos hydrometer method 2. Texture class
was determined using the triangular diagramme
by the Tropical Soil Biology and Fertility (TSBF)
manual®.The stock value on mega gram per hectare
(Mg C ha) basis was calculated by following
standard method®. Soil pH was measured in 1M
KCI suspension of 1:5 (soil: liquid) using a pen type
digital pH meter (Hanna- Hi96107). Soil moisture was
calculated on dry weight basis?”and soil temperature
for each depth profile was measured using a digital
soil thermometer (Model 6310). One way analysis
of variance (ANOVA) was done to compare the

Fig.1: Locational details of different age plantations(Map not to scale)
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means of structural variables, carbon pools and other
edaphic properties in different aged group rubber
plantations. All statistical analysis was performed
by PAST version 1.89 2.

RESULTS AND DISCUSSION
Stand structure and carbon stock

The details of the values for different
structural variables and carbon stock are given
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in Table 1 & Figure 2. The mean girth in different
plantation age significantly differed (ANOVA, F , . =
2125;p <0.01) and its value ranged from 37.96+0.64
(HBO05) t0 96.77+2.44 (HB20).The mean tree height
of the rubber varied significantly (ANOVA, F , =
336.6; p <0.01) (from 37.96+0.64 cm to 96.77+2.44
cm and 5.36+0.08 meter to 12.25+0.25 in HB05
and HB20 respectively. The basal area ranged from
6.10+0.98 (HBO05) to 38.47+5.77 (HB20) and its
value also significantly varied among the plantations

Table 1:Showing the value (Meanx SD) of carbon stock and sequestered in different
aged rubber plantations. "Means are significantly different ANOVA (df-3, 36; p< 0.05)

Structural HBO05 HB10 HB15 HB20 ANOVA
Properties F value P value
Mean CBH (cm) 37.96+0.64 67.83+2.35 93.87+1.31 96.77+2.44 2125  <0.01
Mean Ht(m) 5.36+0.08 7.65+0.31 8.22+0.97 12.25+0.25 336.6 <0.01"
Density (stand ha') 519.00+75.93 505.00+73.37 460.00+71.49 502.00+76.99 1.90 <0.15
BA(m? ha') 6.10+0.98 19.21+£3.29 32.22+4.11 38.47+£5.77 67.45 <0.01
Tree Carbon 16.34+2.54 36.23+5.89 53.35+7.68 61.53+9.20 99.09 <0.01°
(Mg C ha'")
SOC(Mg C ha') 160.63+27.02 144.83+19.48 162.03+16.90 176.74+6.66 2.19 <0.14
Total Stock 176.98+26.20 187.09+25.70 215.48+27.64 237.04+25.04 9.01 <0.01
(Mg C ha'")
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Fig. 2: Showing the structural properties of different aged rubber plantations
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Fig. 4:The relative distribution of clay, silt and sand content in HB20
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(ANOVA, F , = 67.45; p <0.01). The variation
in structural variables may be attributed to stand
age. The stand density did not show any variation
((ANOVA, F, ,,=1.90;p <0.15) and its value ranged
from 519.00+75.93 (HB05) to 502.00+76.99 (HB20).
This may be attributed to the management practice
of rubber plantation, where uniform tree density is
recommended.

The tree carbon stock varied significantly
(ANOVA, F , ,=99.09; p <0.01) was lowest for HBO5
(16.34+2.54 Mg C ha') and highest for (61.53+9.20
Mg C ha'), with a mean value of 41.85+6.33 Mg C
ha'. The total carbon stock among the four aged
rubber plantation also varied significantly (ANOVA,
F 4 3 =9.01;p <0.01) ranged from 176.98+26.20 Mg
C ha' (HB05) to 220.04+25.04 Mg C ha' (HB20)
with a mean value of 176.98+26.14 Mg C ha'. The
soil organic carbon stock did not show significant
variability (ANOVA, F , . =2.19; p <0.01) and its
value ranged from 144.83 Mg C ha' in HB10 to
176.74 Mg C ha in HB20.

Carbon sequestration potential

The carbon stock in the tree layer ranged
from 16.34+27.02 (HB05) to 61.53+9.20.This result
falls in the range of other reported values of biomass
as the calculated one time averaged rubber biomass
value was 97 Mg C ha in a Xishuangbanna study
site for a 25-year period®. The tree carbon shared
about 9.30, 20.36, 25.30 and 25.86% of total carbon
stock in HBO5, HB10, HB15 and HB20 aged rubber
plantation with a mean value of 20.87%. The periodic
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annual increment analysis showed that the four
aged rubber plantation accumulated 3.17, 3.98,
3.42 and 1.64 Mg C ha' yr'. With increase in age,
the carbon sequestration potential was decreasing.
This result is similar to other study as in north east
India, Dey® estimated total biomass accumulation
rate for 6 year and 17 year old rubber plantation was
3.58 megagram per hectare per year (Mg ha yr')
and 4.48 Mg ha' ya' respectively. Whereas total
reported value of above ground biomass in Tripura
is 44.4 and 170 Mg ha™ for 6 years and 17 years
rubber plantation, respectively?. The estimation of
CO, equivalent carbon sequestration revealed that
HBO05, HB10, HB15 and HB20 sequestrated 58.81,
130.41, 192.05 and 221.50 Mg CO, equivalent ha"'
yr', with a mean value of 140.49 Mg CO, ha™ yr.
The rate of periodic annual CO, equivalent carbon
sequestration was 11.67, 14.32, 12.33 and 5.89
megagram CO, equivalent ha' yr' for HB05, HB10,
HB15 and HB20 with a mean value 11.39 megagram
CO, equivalent ha'' yr'. It shows a steady increase
in the CO, sequestration and carbon stock in young
and mid-age rubber plantations.

Soil texture

The soil texture is the important indicator of
soil health®. It is relatively stable natural attributes
reflecting soil parent material sources and some
characteristics derived from pedogenesis. The soil
texture was estimated only for HB20. The soil of the
HB20 ranged from loam to sandy loam texture. The
clay, silt and sand content were 24.84, 28.41 and
46.75%, respectively (Figure 3).The percent clay
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Fig. 6: SOC and total carbon content in different aged rubber plantations
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content increased (21.9-26.8) with an increase in
soil depth (0-10 to 50-100 cm), silt content remains
unchanged and sand content decreased (49-46.75)
with increase in soil depth (0-10 to 50-100 cm).
Relation between soil organic carbon and soil texture
has been attributed to chemical stabilisation of soil
organic carbon by physico-chemical adsorption of
soil organic carbon on soil clay or mineral surface®'.
These relations have showed that clayey soil has
more potential for carbon storage than sandy
soil*2. Therefore the percentage of clay content
or alternately clay and silt are good predictor for
carbon®2. The reported value of soil particles is
comparable to other study. Yasin et al., (2014)%
have reported that the sand content was relatively
high in 10(25.99%) and 15(25.08%) year old rubber
plantation than 20 years (24.0%). Clay content
decreased with increase in age from 10 to 15 years.
This was may be due to fact that open canopy directly
led to washout of clay particle due to leaching from
top to lower layers. Chaudhuri et al., (2013)'8 have
reported that soil texture changed along with the age
and loamy sand soil (with sand, silt and clay content
78.18, 6-11 and 5-15%, respectively for 3 and 10
year old rubber plantation. The 14 and 20 year old
year old plantation had sandy soil (sand (86-90%),
silt (5-7%) and clay (4-7%). Joshi et al., (1993)3®
reported that the loss of soil fine particle may led to
a reduction in the soil moisture content.

Soil pH

The study area was having low value of pH
and soils were highly acidic in nature. In complete
profile, soil pH did not vary significantly (ANOVA, F
16 = 3.14; p =0.06) among the plantations. The region
experiences high rainfall, which may washout the
aluminium content from the soil, leads to high acidity
or low pH value. In complete profile, the soil pH
ranged from 4.93+0.61 (HB05) to 4.40+0.18 (HB20)
and with increase in the age, its value decreased
(Figure 4). This result indicates that a decomposition
product of organic matter such as organic acids
in soil also can play a role as a soil pH regulator.
This may be due to addition of different phenolic
compounds through leaf litter decomposition. The
process of extensive humification and acidification
is a common phenomena in rubber plantation which
led lower the value of soil pH3*%.Varghese® in their
study on five year old Rubber Plantation from Tripura
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showed that there was not any definite pattern of pH
across soil depth (range 4.22 to 4.80) but percentage
of carbon decreases with depth and it varies from
0.97 (0-18 cm) to 2.11 (36-54 cm). The other study
from Tripura also reported that the soil of the mixed
forests in surrounding of rubber plantation was highly
acidic (pH 4.62 + 0.006) and sandy clay loam in
texture . In this study, soil pH decrease with increase
in temperature. This result is contrary to the finding
of other study, where increase in soil temperature led
to decline in soil pH®. Yasin et al., (2014)% reported
that soil pH increased following the age of rubber
plantation from 5 to 20 years, whereas Chaudhuri
et al., (2013)'® reported that pH did not show any
definite pattern with increase in the age of rubber
plantation.

Soil temperature

Soil temperature is the important as it
controls many biophysical processes occurring in to
the soil. Soil temperature is inversely related with soil
carbon (Burke et al., 1989), but trend is uncertain.
The soil temperature did not significantly differed
(ANOVA, F , ,,=31.42;p <5.78) and its value ranged
from 21.80+0.7 (HB05) to 18.44+0.2 (HB20) (Figure
5). The high temperature in young plantations can
be explained by the fact that young aged group were
having lower leaf area index than older one. In fact
older rubber plantations usually have lower leaf area
index than natural forests® (Figure 4).We did not
investigate the relation between soil temperature and
soil texture, but another study confirms that there is
no relation between these two parameters®e.

Moisture content

Soil moisture content increase with depth
and decreased with age groups. Chaudhuri et al.,
(2013)"8 reported that soil moisture increased from
15.80 to 17.41% and soil temperature decreased
from 27.14 to 24.81°C with an increase in the
age of rubber plantation from 3 to 25 years. The
value of soil moisture content did not significantly
varied ((ANOVA, F , = 2.84; p = 0.08) among
the plantations. The value ranged from 19.46+2.35
(HBO05) to 16.31+0.58 (HB20). The increase in soil
moisture content with depth was may be due to the
fact that in younger rubber plantation maximum root
density is found in top 30 cm soil depth. Further the
rubber plantation has other concerns over primary
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forest like high 15-17% high evapo-transpiration
rate'®. The physiology of the rubber tree is like that,
it cannot hold the water in the tree'.

Bulk density

Bulk density is the measurement of
compactness of soil particle. It varies spatially and
temporally*°. Assessment of soil bulk density is also
required if soil carbon is to be expressed on a volume
or area basis if carbon concentration is known. It
did not show any specific trend irrespective of soil
depth and age of plantations. The value ranged
from 1.57+0.06 (HB05) to 1.42+0.06 (HB10) and its
value significantly varied (ANOVA, F , .. =5.82; p
<0.01) among the plantations. Yasin et al., (2014)%
have reported that bulk density gradually decreased
from 5 to 20 years rubber plantation in 0-20 cm soil
depth. The lower value of bulk density in the young
plantation may be due to fact that it was strongly
affected by land preparation which may destroy soil
structure.

Carbon stock

Soil organic carbon (%) in complete
profile increase with increase in age of plantation
and its value ranged from 1.02+0.15 (HBO05) to
1.18+0.02 (HB20). The carbon content in soil did
not vary significantly (ANOVA, F , . =1.87;p =
0.18). This result is contrary to the other findings
as a decrease in carbon is resulted from an
intensified rubber plantation in Southeast Asia*'.
According to Chadwick (1998)*, the major source
of organic residues in plantations comes from the
decomposition of leaf litter that has accumulated
on the surface of the soil. Managing soil carbon
is central for sustainable land management as it
influences numerous soil properties. Soil organic
carbon estimation is a crucial parameter in two ways;
first it gives information about the soil health and soil
quality and second it tells about the amount of carbon
stocked in the soil profile. The soil carbon stock in the
complete profile did not vary significantly (ANOVA,
F ;16 =2.19; p = 0.14) ranged from 160.63+27.02
(HBO5) to 176.74+6.66 (HB20). This signifies that
carbon content and stock in rubber plantation in a
not influence by age.

Increasing of carbon content on 20 years old
rubber plantation was related to returning of biomass
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throughleaves and branches which decomposed
in site of the land. Improving the predictability of
SOC stock changes and their controls are crucial to
achieving more robust carbon accounting methods.
The carbon stock in soil ranged from 144.83+19.48
(HB10) to 176.74+6.66 (HB20). The highest value
of carbon stock potential in HB20 plantation showed
that over a period of 20 years the soils of rubber
plantation can accumulate considerable amount
of carbon. Rubber cultivation is done for improving
household income and eliminates poverty, but when
it is coupled with carbon stocks and sequestration,
it provides a base for carbon trading options. It is
estimated that the carbon payments are required to
equal the potential rubber revenue for local farmers*.
They conclude that the prices in the carbon market
would have to be considerably larger than they are
currently to compete with the profitability of rubber.

Institutional involvement

Rubber board established one man office
in Tripura in the year 1967 and set up its regional
office in 1979 at Agartala. Rubber has attained
the status of the most important plantation crop
in the state during the last three decades due
to its commercial importance and its successful
application for economic rehabilitation of shifting
cultivators and weaker section of people. The rubber
plantation was started by forest department. Later on
(1976), Tripura Forest Development and Plantation
Corporation Limited (TFDPCL) was established and
during 2014-15, purchased latex from 933 Tribal
beneficiaries. Presently TFDPCL has beneficiary
plantation over 2116 ha covering 1602 beneficiaries.
It also sets up a rubber wood factory in 2006, with a
production capacity of sawing 2,40,000 cubic feet
rounds log per annum and a production of 24,000
panel board, 6000 beams, 9000 doors, and various
other products. Presently the factory has a turnover
of more than 7 crore. Replanting has done over
235.70 ha area during 2014-15 and 281.60 ha during
2015-16. The employment generation includes 1800
leave card holder worker and more than 3000 casual
workers employed regularly. Besides, 51 carpenters
and 3 PPP with 12 carpenters have been regularly
working in TFDPCL. During 2014-15, man days
generation was 6.27 lakhs. Tripura rehabilitation and
Plantation Corporation was established in 1983 for
Rubber based economic rehabilitation of Jhumia
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tribal. Presently TRPC Ltd has 7121 ha covering
6381 beneficiaries. Total area identified by the
National Bureau of Soil Survey & Land use planning,
Nagpur in Tripura is 1 lakh hectare.

CONCLUSIONS

This study provides comprehensive
estimates of carbon stock and carbon sequestration
potential of four different aged rubber plantation.
India is to put forests at the center of its plans to
mitigate the worst effects of climate change by
encouraging more “green cover” and reducing the
carbon intensity of its development. The different
aged plantation has a considerable amount of
carbon stock and sequestration potential, so along
with generation of livelihood, the environmental
services should be acknowledged.India has been
successful in improving carbon stock in its forest by
about 5%, from 6,621.5 million tons in 2005 to 6,941
million tonnes in 2013. Initiatives like Green India
Mission (GIM) aim to further increase the forest/tree
cover to the extent of 5 million hectares (mha) and
improve quality of forest or tree cover on another 5
million hectares of forest/non-forest lands along with
providing livelihood support. It is expected to enhance
carbon sequestration by about 100 million tonnes
CO, equivalent annually. In this study estimated
an average value in terms of CO, sequestration is
536591 Mg yr. Although this is only a conservative
estimation the accurate estimation can only be done
by estimation of emission of carbon from the rubber
plantation area of Tripura. The edaphic properties of
soils are influenced by the age of rubber plantation.
It can be concluded that proper management of
rubber plantation could a useful tool for carbon
emission mitigation. The information of carbon stock
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and sequestration should be accomplished by other
studies like carbon emission and carbon stock in
necromass. Farmers are suffering from the price
fall of natural rubber, so incentive should be given to
them, which would further improve their life quality.
Quantification of rubber plantation carbon stocks
and sequestration provides a base for carbon trading
options.Yi (2014)*, estimated the carbon payments
required to equal the potential rubber revenue for
local farmers by comparing three land-use scenarios.
They conclude that the prices in the carbon market
would have to be considerably larger than they are
currently to compete with the profitability of rubber.
Environmentalists tend to believe that planting rubber
will induce more carbon release, lead to severe
drought, and harm the environment, whereas the
government states that rubber plantations are forests
just like any other natural forest and will not cause
any threat to the environment. The details of rubber
plantation on microenvironment have been recently
assessed?. Rubber plantation will provides an
effective tool for enhancing the economic, social and
environmental values but, further investigation on the
of socioeconomic and environmental sustainability
of rubber plant should further be investigated.
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