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Chapter 12

Role of Plantation Crops In
Climate Change Mitigation;
Special Reference to Natural
Rubber

K, Armamalainatkan, P.R. Satheesh andJamesJacob

Rubber Research Institute of India,
Kottayam - 686 009, Kerala, India

Climate is changing in the plantation crop tracts of India. The progress of
climate warming profoundly impacts on the growth and yield of plantation crops
and spices. Perennial plantation crops sequester significant quantities of
atmospheric COj into plant biomass and soil organic carbon and therefore,
involved in mitigation of greenhouse gas (GHG) emission. Though rubber like
plantation crops themselves prone to changing climate they can be effectively
used in tree planting programmes to ameliorate, at least partially, the CO®
emissions. Measurement of Net ecosystem exchange (NEE) of CO. by eddy
covariance method and estimation of carbon sequestration by biomass inventory
method indicated that rubber plantation is a potential sink for atmospheric COj.
The estimated CO” sequestration ;n different plantation crops indicated that
plantations in India can play an important role in offsetting considerable level of
emissiorxs to atmosphere. Climate change in the plantation tracts of India, carbon
sequestration potential of various plantation crops and payment for ecosystem
services etc. are discussed in this review article.

Keywords: Carbon sequestration, Ecosystem service, Net ecosifstem exchange, Plantatiou crops.
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ion of greenhouse gases (GHG) to the atmosphere is mainly responsible
ng climate. The major GHG mcludes carbon dioxide, methane, nitrous
other oxides of nitrogen. While anthropogenic emission of aU GHGs has
asmg over the years, atmospheric CO, concentration has registered the
rease m terms of the absolute amount and thus contributed the maximum
warming and climate change. Fossil fuel combustion and cement
re which dramatically increased with industrialization were responsible
an  per cent of the increase in atmospheric CO, concentration. A high
umulation of GHGs m atmosphere would result in unfavourable weather

as a rise m temperature, floods and drought. Thiswould adversely

production, especially m countries with fragile economy.

e change is perhaps the single most important factor that wUl adversely
th and productivity of crops in the years to come (Cynthia etal, 2001).
erature, changes in the quantum and distribution of rainfall leadine to
1, decrease m soil moishire content etc. are some factors that may have
npact on crops (Ainsworth and Ort, 2010). Spices and plantation crops
>d m Western Ghats and their foot hills along the Malabar coast, packers

hatsand parts of sub-Himalayan regions in North Eastern India. Climate
esyegicms v e undergone remarkable changes starting from plantation
nihated m these regions (Satheesh and Jacob, 2011). Unlike other am”ual
spices and plantation crops are perennial in nature, once planted will
chanp happening to the climate for several years or decades ahead.
deficit with concomitant occurrence of high light and temperature
the field and it may be the most important environmental

uld occur m the plantation tracts of India as a result of climate change.

change mitigation is defined as various actions taken to reduce the
changing climate thereby protecting the global ecosystems from
Mos. often climate change mitigation scenarios involve reductions in
tions of greenhouse gases, either by reducing emission from sources or
theirsmks(Molinarf«;.,2009).Treesare considered tobemap”
-orests play a”tal role in regulating the greenhouse gases, particularly
tmospheric COj, hence afforestation has been identified as one of the
er{ H * brasilwns:s) isa multipurpose ti™ which pro&‘ié%gggé?wghziggﬁ%}
socially acceptable system
like plantation crops themselves prone to changing climate they can
used m tree planting programmes to ameliorate, at least partially the
5. Although the availability of carbon in rubber trees has b n assessed
al.. 2005), the potential capacity of sequosUTIng atmospheric CO in
r trees has not been quantified. Managed forests and plantation crops
carbon both in b.oma.s.sand soil. In this re\iew article, climate chanec
he Indian plantation sector and posHISi* mitigation potentials of
ps are discussed with a special on iln- role of rubber

2. Climate Change in the Plantation Tracts of Indi

Plantation crops, mainly coconut, rubber, tea, coffee, oil palm, are
and cocoa, are grown inecologically sensitive areas such as coastal bt
and areas with high rainfall and high humidity. Among these tea, cof
were introduced into India by the erstwhile colonial rulers. Plantati
like cocoa, oil palm and vanilla etc. were newly introduced into India.
crops are mostly rainfed crops vulnerable to the adverse effects of ¢
Many of the spices and plantatior\ crops are generally cultivated
regions where the average rainfall ranges from 1000-4000mm year’.T
requirements also vary for different plantation crops. For instance tea
temperature with a high annual rainfall but rubber needs a well dist
rainfall with temperature ranging from 20-35°C. The general ind
temperature, (both T ~ and T ) has changed in the plantations belt
Prolonged drought associated with lengthy periods of high tempera
monsoon and summer season affecting growth and productivity of al
and plantation crops.

India is one of the countries that are more vulnerable to climate ¢
plantation crops are not remain immune tothe adverse effects of globa
associated climate change. Temperature has been warming and r
changing in unprecedented easy in the plantations and spices belts
(Shammiraj et ah, 2011; Satheesh and Jacob, 2011). These change:
profound impact on crop growth, flowering behaviour, productivity
spread of pest and diseases etc. In most of the spices and plantation b
monsoon (SWM) contributes close to 70 per cent of the annual rainfall (
ftal, 2009). There was a significant reduction 0f233 mm in SWM and
M mm NEM during the last 135 years in traditional plantation crop
India. The annual rainfall had a positive trend over central India an
trend over some parts of eastern India for the period 1901-1960 (Part
Dhar, 1974). Therewas an increasing trend in mean annual SWM rainfa
Maryana, West Rajasthan and West MP and a significant decrea
Jharkhand, Chattisgarh and Keraladuring the period 1901-1982. There
increasing trend inextreme rain events over central India during mons
same time a significant decreasing trend in the frequency of moderate
the same period (Goswamy etai, 2006). Mean annual temperature w
i.icreasing in all India basis during the period 1901-1982 (Hingane et
and Kumar (1997) reported that a significantwarming trend 0f0.57“C
In India. The magnitude of warming was higher in the post monsoc
seasons. There was an increase 0f 0.92 “C in the mean Tmax over the |z
Ihat a rise of 1.1“C in mean winter temperature and 0.94°C in mean |
temperalure were reported by Arora et at. (2005).

Number of rainy days and cool nights per year showed a declin
that of hoi days per year increased (Satheesh a.id Jacob, 2011). They |
the direcl impact of climate warming on rubber p.oduclivitv. A n
legiession analysis (MLR) model indic.Med lor W rise in T,/ and T,
average yield depression would be aroiuul 7 per cent in liadllional iu



ver, it is likely that new regions and countries could become suitable for
n in future. Forexample, region where low temperature is presently a
r for cultivating NR such as NE India could become more suitable for
n inawarmer world.

al, SWM rainfall with a decreasing trend and pre and post monsoon
an increasing trend have been reported in most of the spices and
op cultivating areas of India (Satheesh and Jacob, 2011). Thus, there
the normal! rainfall pattern all over the plantation areas in recent past.
of uncertain weather pattern will be more pronounced during the
nt and early growth of spices and rubber like plantation crops.
~“mor\soon season is the ideal planting season of rubber in India. In
incertainty inrainfall and other weather factors ismaking the scheduling
m operations like planting difficulteven in traditional rubber growing
urrence of unexpected dry spells and bright sunny days with warm
even during the monsoon season increases casualty. Temperature is
he main factors affecting the performance of perennial crops. Arise in
affected black pepper, cocoa and cardamom in the absence of sufficient
{Rao and Alexander, 2007). Every crop species has its own growing
for its optimum growth and reproduction. Ifthe temperature isincreasing
 required gro'.vthdegree-days will attain earlier and as a result flowerir\g
villhappen unseasor\al and abnormal. This can affect both productivity
fthe produce.

n Sequestration by Plantation and Agricultural
1S

c principle of carbon sequestration potential of any cropping system
jroforestry systems is the difference between carbon gained by
is and carbon lost or released through respiration and decomposition
nents of the ecosystem. This overall gain or loss of carbon is usually
)y netecosystem productivity. Mostly carbon enters the ecosystem via
sis in the leaves and accumulation is obvious when it occurs in
I biomass. But around half of the assimilated carbon is eventually
>elow ground via root growth, release of organic substances and litter
herefore, soils contain the major stock of C in the ecosystem. The tree
in agroforestry systems can be sigrrificant sinks of atmospheric C
heir fast growth and long storage of biomass in their plantbody (Nair,
luding trees in agricultural production systems as agroforestry or
ops that can eventually be increased the amount of carbon stored in
d to agriculture (Kiirsten, 2000). Recapturing atmospheric CO"can be
changing carbon-poor ecosystems into carbon-rich ecosystems, for
regeneration of grasslands into secondary tropical forests has been
a way to recapture C through accumulation and long-term storage of
nt biomass and soil organic matter (Houghton rf (\{.. 1993).

AM Stor»>aroim»| 0O U»SOtimes nnw i'.irhon p<*i hec Un* [han agricultural
and Mijganck, IW4). ('arlHm issi*qui'HtvriH.l and ntoreil in abovognuinii

biomass, roots, litter and soil in forest ecosystem. Most of this carbol
forestsare removed and replaced by other land-uses. Table 12.1 presel
storage potential of various ecosystems and illustrates the significar
tropical forests have on the global carbon cycle.

Table 12.1; Mean Carbon Storage of Various Ecosystems
Ecosystem Ecosystem Cafbor) Storage (tC

Tropical forest 220
Temperate forest 150
Boreal forest 90
Qrassland/sevenn 15

Agriculture 5

Source: Cairns and Me”r\ck, 1994.

Generally during summer, the COj concentration in the atmo:
reflecting the high rate of global sequestration through photosynthesis
1996). The low temperature during winter inhibits photosynthesis bof
and in the oceans and this result in the atmospheric COjconcentratio
winter. Thus, accumulation of CO" in the atmosphere is a dynamic fu
balance between the amount of CO"emitted by the world and the total a
sequestered by the planet (through photosynthesis) during a given per

Atmospheric COj concentration =CO, Emission - CO, Sequestrat

From the above equation, it is evident that growing more tree
atmospheric COj concentration. Globally, the rate of deforestation i
than that of reforestation. The rate of forest destruction in the Amaz
which has come down markedly in recent years is still as large as abc
km per year (Carrington, 2010). Recent studies estimated a net emis:
from the Mato Grosso region of Brazilian Amazon, ranging from 2.8 tc
equivalents (COj-e) from 2006 to 2009 (Galford et al, 2010), It was
between 1996 and 2005, the Brazilian Amazon rainforest was defores
km* per year and converted to pastures and farmland releasing 0.7 t
year’to the atmosphere (Daniel et al., 2009). Avoided deforestation is
of afforestation, even as new and massive efforts at planting more tree
parallel strategy inorder to reduce build-up of COj in the atmosphere.

Niggli etat.,(1009) estimated the global average sequestration poten
croplands tobe 0.9t02.4 Gt CO, year', whichisequivalenttoan average
potential of about 200 to 300 kg C per hectare per year for all croplanc
carbon sequestration potential of pastures with improved managen
was calculated as 0.22 t C ha"year* (Watson et al., 2000). Studies o
species with medicinal and economic importance have been reported
offering opportunities for CO, mitigalion by sequestering accumulats
atmosphere in ils vegetation. Studies on tnalii inolly important tn*e speci
Arjun, Bad, Ualwra, llarar, Janxun, and Keetlvs lud showx\ tl



sequestration potential in the range of 3.05 to 11.01 tons of COj
raand Suresh, 2010). Recent study by Hooda et &/.,(2005) on sequestration
ree species planted on farm lands, viz.. Poplar, Eucalyptusand Teak have
arbon sequestration potential in the range of 1.42 to 2.85 tons of C ha
)10.46 tCOjha*yr*"). The same study has also reported the sequestration
drchard species Uke Mango, Litchi and Citrus to be in the range 0f0.20 to
>ha"“year’. Inanother study carried out on the farm lands of Punjab has
t Poplar and Eucalyptus species have the capacity to sequester 1.42 to
>ha'year"” (Geraef fl/.,2006). Kraenzelefa/.,(2003) measured above and
d biomass and tissue carbon content of 20 yearoid teak (Tectonagrandis)
olantatior”™ in Panama and estimated the carbon storage potential, They
1 regression model relating the diameter at the breast height (DBH) and
ed carbon in teak. From this model they calculated the plantation level
on storage as 120 tC ha*'

the perennial plantation crops have profound role in mitigating climate
Igh their C-sequestration potentials. Tea, coffee, coconut, rubber and
rdamom sequester considerable amount of atmospheric CO™ into biomass
| in emission reduction. There was no much interest shown among the
ion researching with respect to plantation crops whereas forest system
tensively studied with a strong belief that forest may have influence over
bon cycle. At present very few studies have been carried out in plantation
n effect (Steffan-Dewenter™fa/., 2007; Lieffl/., 2011). The carbon stored
jround biomass of oil palm plantations ranges from 48 tC ha™ to 801C
al, 2008). Steffan-Dewenter  a/.,(2007) have indicated that conversion
| in to cocoa plantation reduced the total carbon stock in a tropical rain
1d they have estimated a range of 40 to 90 tCha"" in a mature stand of
12.2). Annual increment inbiomass or net primary productivity ranged
1ha™in cocoa and 3.34 - 7.01ha~* in areca plantations was reported by
\d Nareshkumar, (2013). They have worked out the CO”sequestration
2.0-3.9and 5.0-10.91COj ha*‘year" in cocoa and arecanut, respectively.
rennial plantation cash crop, intensively managed and covers
ly 3 million hectares in the world's cultivable land (FAO, 2007). In a
study with entire tea plantation and forest C storage in China indicated
orage 0f 316.2 Tg for which 26.3 per cent C was stored in plantbiomass
.5 per cent in litter (8.0 Tg C) and 71 per cent in soil organic carbon
(225TgC).TheaverageecosystemCdensityo/teap]antation 193tCha"
an that of forests (1871C ha*') and grass lands (133t C ha™) (Lietal,
\ber of studies have investigated the carbon-stock of coffee bushes in
ms. Specifically, Suarez Pascua (2002) reported coffee carbon-stocks
1l02.8tCha'‘y". Ithasbeen reported that a carbon stock 0f3.93tC ha"
plants grown in association with other shade giving trees and 3.771C
coffee component inastudy conducted in Guatemala (Marquez, 1997).

RoleofPlantation Crops in Climate Change M itigation: Special Reference to hlatur

Table 12.2; Above Ground Carbon Storage of M ature Stand of various Pla

Plantatior”s Cartx>n Slortiga (t C ha-')

Tea 30-50

Coflee 56-80

Cocoa 40-90
Coconut (15 years old) 50-100
Oil palm 46 « 80
Rubber 76- 120

Source: Gibbs etal.. 2008: Steffan—Dewsnlerera/.,2007: Su6rez Pascua, 2002: Ambi
e/fl/,,2011;1SPC,2009

The carbon sequestration potential of various plantation crops
analyzed by scientists working in respective Research Institutes al
projected that plantation crops are potential sinks for atmospheric CO
The estimated CO, sequestration in different plantation crops ir
plantations in India can play an important role in offsetting cor”ide
build up from emissions (Table 12.3). Total estimated COj sequestered
crops in India is around 148 million t COjyear*. This may account fc
cor\siderable level of COj in the atmosphere and provides a significe
service. However, the magnitude of mitigation depends on age of
natural and social barrier and time frames.

Table 12.3: Estimated Carbon Dioxide Sequestration by Plantation Crops |

Crop Mean CO" Total Area In Estim ate
Sequestered India Sequestere
(tha—'r') (million ha)

Arecanut 7.54 0.38 2.9
Cocoa 3.0 0,034 0.1
Coconut 50 1.9 95.0
Cashew 6.3 0.9 5.6
Qil palm 26 0,08 2.0
Coffee 21.5 0.34 7.3
Rubber 28.7 0.68 19.3
Tea 29 0.56 16,0
Total 173.3 146

Source: ISPC, 200S

4. Planting Trees and Climate Mitigation

Afew reportsare available from which it isunderstood that plantir
nt»t sufficient to niitigato the entire emlHsi<on globally. At the current 1
sequestration by terrestrial vegetation, whii h is roughly 3303 million t



sludy shows that we nocil »n.idditional land area oquivalonl to more
lets to sequester hilly the present global QO jemission and thus offset
e of build-up of CO™In the atmosphere. Even if we take the sequestration
th the land and occan together, the analysis showed that we still need
ther planet to fixall the COjthat the world is presently emitting into the
he study clearly demonstrates that build-up of COjin the atmosphere
| more by the.amount of global COjemission rather than the CQOj
by the planet. While planting trees is good for the environment, and
promoted for the various ecosystem services that they offer, including
stration, it should be bome in mind that trees are not adequate to
huge amount of COjthat the world emits today. Therefore, it has been
t other than growing more trees, deliberate reduction in emission of
itmosphere is also definitely required to reduce and stabilize the
of CQOjin the atmosphere.

nual agricultural crops also sequester large amounts of COjfrom the
Imost the entire amount of carbon stored in them is returned to the
 the end of the crop cycle when the crop isconsumed by man or animal
residues are used as cattle feed or they are incorporated into soil or
snotso in forestry or plantation agriculture with perennial tree species.
L plantation liks natural rubber {Hevea brasiliensis) has an economic life
 years and therefore, the carbon sequestered in rubber plantation will
ng.

n Sequestration Potential of Natural Rubber
1S

‘ubber plantations help to mitigate the atmospheric COj concentration
nt ways. First, it supplies natural rubber which can be used in place of
ers that are produced from petroleum stocks; therefore NR avoids huge
O,. Secondly, natural rubber plantations have the capacity to sequester
antities of COj from the atmosphere. Several studies have been reported
ubber can sequester significant amount of carbon dioxide from the
[Niblished data shows that natural rubber plantation can sequester 139
j ha-' over a life cycle of 27 to 29 years. The existing stands of rubber
the world have the capacity to absorb 90 million plus tons of carbon
ear. Thus, a rubber plantation is nearly as effective as a virgin forest in
rbon dioxide and giving out life sustaining oxygen (Sivakumaran and
mbily ff fl/.,(2012) have reported that different clones of rubber plants
ent biomass and carbon sequestration potential. They have compared
f modem clones belong to RRII 400 series with the biomass of RRII 105
 the clones RRII 429 (114 t C ha*'), RRII 414 (106 t C ha") and RRII 417
showed a highest C sequestration potential. Other cloiws like RRII 430,
RRII 105 showed a low carbon sequestration potentials of 60,54 and 57
tively, Chanluma t/rt/..(2005) had studied the wood production potential
VIVIH in the non-traditional rubber cultivation area of North Eastern
Non>; Khai pro\ iiue a 15-year old planUilioM recoided wckid volume
n ChachtH'HKsao provinre, a plantation a™'il  had a nuxlerate level

wood volume 183 m*ha . llowever. Ina traditional

.nd Surat TTiani in Southern Thaibnd, where plantations were *5 \V'ar®”"
was 78 per cent and 83 per cent and wix>d volume recorded as 256 and
respectively (Chantuma etal., 2005).

Soil carbon sequestration is a complex process, affected by many fact
vegetation type, climate, soil microbes, management, and land-use practi
.t«k turn over in the soil over a period of time indicates the
potential of particular soil, Results from a few studies showed
decreased soil organic carbon Oiao and Yang, 1999; S*hrothetal, ~002;
2005). In contrast, a few studies have demonstrated that rubber plant:
potentially enhance soil carbon Ssequestration (Wang and Li, 2003;Yang

Three approaches currently exist for measurmg or esdmating the
woody plantation crops.The firstisbased on the use of volume
directly estimates biomass using existing biomass regression equations ar
and most complex method, involves the collection of primary dat:
mmeasurements in order to develop site-specific regression
inventory method is the most easUy available and commonly
the CO sequestration potential of a perennial plantation crop like nat
wiliich *ves an estimate of the total amount of carbon stored mth e vanous
over a period of time Qacob and Mathew, 2004; Jacob, 2005). In this art
conducted at Rubber Research Institute of India is mcluded as a case stu
the carbon sequestration potential of rubber
parameters, carbon assimilation and storage into the
sequestration potential of rubber plantation are discussed m the follow
The experimental site was situated at the Central Experimental Stat
Rubber Research Institute of India (RRII) at Chethackal, Pathanamth
Kerala. The location is9“26'N and 76“48'E. The study was carried out m*
flive-six year old) rubber plantation, with different Hevea clones namely,
2 and RRII430spread over more than five hectare areawith unif
riic average height of the treeswas 10 m and girth was 35cmat 150 cm al
union of the plant when the studies began in March 2009.

6. Accounting of Tree Biomass

The dry weight of above ground rubber tree biomass was calcula
ShorriKk's regression model:

W= 0.002604 (Shorrocks etal, 1965)

where, G is trunk girth (cm) at the height of 150 cm from bud unio

Generally the root biomass is 15-20 per cent of shoot biomass i
natural rubber trees. The amount of carbon stored in the trees was es
hiom .i.ss calculated using the above formula.

7. Eddy Covariance Technique for Atmospheric Flw

Asl.iU-of- the- art nwtlmd known .is I'ddy aiv.iria™-e (EC) techni
»wn sNeN»uring<-0. and water flux In a 'v? year old natural rtibb



/ for a period of two years at Rubber Research Institute of India, Kottayam,
derstand the ecosystem and canopy level COj and water exchange and
estration potential of rubber plantation (Annamalainathan etal., 2011).
ipments were commissioned on a flux tower of 18 m height and the
» fixed on the tower at 4 m above the canopy. Eddy covariance method is
ted micro-meteorological method in which the fluxes of COj and water

three-dimensional wind velocities are measured on real time basis
003). The EC system comprises of a three dimer~ional sonicanemometer
mpbell, USA) which is used together with an open path infra-red gas
-7500, Li Cor, USA). Additioraally the system is equipped with a net
NR-Lite, USA) and temperature and relative hurrudity (RH) sensors (HMP
-inland). Carbon dioxide (Fc) and water vapour fluxes (ET) of the rubber
vere continuously measured by eddy covariance techruque (Massman
2).

CO" exchange obtained from the EC system is the difference between
tic assimilation by the canopy and the total respiratory COj efflux from
oots and soil (Lalrammawia and Paliwal, 2010). The diurnal pattern of
m exchange of COj (NEE) clearly indicates two phases namely, the net
pening during day time and net release of COj from the system into the
 during the night time. By default day time COj fixation (net
sis) is shown as negative flux and night time respiration is shown as
1X which includes respiration from all living components and
on, collectively termed ecosystem respiration (Reco). The difference
amount of net fixation during the day and the COj lost as Reco during
the net fixation of COj by the ecosystem for a given day. As sunlight
creases, the net flux gradually becomes negative (indicating net
sis or COj sequestration into the ecosystem) and generally remains
il sunset. Intheeveningas U "t intensity declines Reco becomes greater
ation (Figure 12.1).

the study period, the daily NEE by the rubber ecosystem has ranged from
/*'.Most of the days recorded COjinflux in to the plantation; however, a
orded net carbon efflux from the plantation to atmosphere. On those
] 1-7g CO"m'May- was released to atmosphere and during these days
in and relatively less sunshine hours. The net efflux values in certain
d the possible high rate of total soil respiration (Rs) both by autotrophic
erotrophic (Rh) components of the soil in addition to the net COj release
piration. The soil respiration rate generally depends on the soil moisture,
, organic composition, density of microbial population and rate of
on of organic contents (Stephen and Theodore, 1979). On an annual
NEE was [lgCO”m'*day’ which is equivalent to 33.5 tons of COjha™
net COj assimilation (Aeco) and net respiratory CO" efflux (Reco)
ted for the entire year (Table 12.4). While the mean Reco was 2.5g CO*
> net assimilation rate (Aeco) recorded was 13.5gCOjm*"day** (Figure
h there was consider<»blU> rale of ecosystem respiration at night, the CO,
during daytime was nuu h higher in rubber pkmt.ilion. Ina study with

Figure 12.1: A Typical Diurnal COj and Evapotranspiration of W ater (ET)

Immature flubber Plantation.

mature rubber plantation in Thailand, Thaler et al. (2008) have su
ecosystem level EC measurement of COjand water fluxes could be used
exchange of rubber plantation according to prevailing climat
environmental parameters.

Table 12.4: Daily Net Carbon Dioxide (g m**day') Assimilation in a Five-!
Immature Rubber Plantation in a Traditional Rubber Growing Belt

Monthly Mean Carbon Dioxide Flux (Net cartjon exchang
NEE (g rrrhday’)

April 12.6+0.9
M ay 14.6i1.0
June 9.6+0.6
July 12*1.2
August 11+1.5
September 13+ 1.1
October 15+ 0.8
November 12.0£ 0.9
December 10.2+1.2
January 11.1
February 9.4 *0.8

M arch 11.3st.2



*Reco A eco *NEE

Mean Monthly Net Ecosystem Exchange in Jmrnature Rubber Plantation for
'he mean ecosystem respiration (Reco), ecosystem COj assimilation (Aeco)
ystem exchange (NEE) on per day basis.

ith lengthy sunshine hours recorded high rate of net ecosystem exchange.
mer months sunlight was plenty but soil moisture deficit and high
- VPD restrict canopy photosynthesis and hence NEE. The NEE was
yher during pre-monsoon period with hilly recharged soil moisture after
owers. During continuous cloudy and incessant rainy days either NEE
v or the net ecosystem respiration rate was higher than net assimilation.

unt of carbon sequestered by the rubber plantation was estimated during
iod by estimating the annual shoot biomass increment during this period
ock's method. From the shoot biomass estimation, the amount of CO®
n was calculated as 201COjlia"y"" which does not include root biomass,
on, litter decomposition and sequestration by weeds and cover crops.
k in rubber plantations was worked out by many workers by biomass
ethods (Jacob and Mathew, 2004, Wauters ei al, 2008). Total carbon
by rubber plantations under Kerala (South India) conditions for a 21
vas estimated to be 671Cacre’’and it was reported that the sequestration
ubber plantation is much higher than most other terrestrial ecosystems
Aathew, 2004). A 14yearold rubber stand has a carbon stock of 76 tC ha'
 ground biomass whereas the contribution of the soil organic carbon
ounted to 135tC ha™"’(Wauters ¢t al., 2008). In a report from Sri Lanka it
hat on average, mature rubber is capable of sequestering 81 MT of CO"
annually and, within the 24 yei”rs of mature phase, 1,296 MT of CO®
giiesterod in a hectare of rubber (M\mnsin|.*he r(al.. 201 i). Our studies

showed that natural rubber plants are good sink for atmospheric COj."
values are good indicator of net carbon movementin rubber ecosysterr

8. Payment for Ecosystem Services

The Kyoto Protocol triggered a strong increase in investment in |
carbon sinks, although the legal and policy instruments and gt
management are still debated (FAO, 2001). A number of countries
prepared themselves for the additional funding for the establishment of
forests. Inan initiative claimed tobe the first of its kind, in 1997 Costa Ri
tradable securities of carbon sinks that could be used to offset emi:
utilize independent certification irxsurance. According to a FAO repor
gas mitigation funding covered about 4 million hectares of fores
worldwide (FAQ, 2(X)1). Tlie recognition of afforestation and reforestati
eligible land use under theCDMof the Kyoto Protocol isexpected to I
increase in forest plantation establishment in developing countrie
development Mechanism of the protocol allows developing coimtries
in planting tree crops for carbon trading.

The potential of fixing atmospheric COj in rubber trees is over 45
addition to that rubber trees add 84 MT ha™ of COj to the soil through tt
fall and litter (Munasinghe etal., 2011). Further cover crops and interci
huge amounts of organic matter to the soil and enhance soil properties. |
the afforestation and/reforestation projects targeting direct sale of cz
based COM projects could be built up. Biogas generated from rubber fa
could be used as a replacement for fossil fuel and emission reduction.
rubber cultivation project has so far been marketed under CDM or cal
But new forestry projects have been registered in CDM. Even rubber pl
sahsfying all the criteria givenby UNFCCC fora forest ecosystem, the sen
by world NR plantations go unappreciated in negotiations on m
mechanisms to address climate change in a post Kyoto regime, ir
UNFCCC's Doha climate summit during December 2012. The reason:
ignored acknowledgement in the negotiations are due to the CDM rul
Kyoto Protocol (KP). These rules are more difficult to consider the carbon
credits from afforestation/reforestation (A/R) sector than credits frome
As on 22"ADecember, 2012, out of 6202 registered CDM projects A/R
only 41. That itself means the authorities are not giving much importanc
p/-olectsand there are no serious buyers for the credits from this sector.

The only way forward to this issue is to set up a domestic car
niix'hawsm forrubber orany other plantation sector independent of CDM
a market for these credits rxationally. Payment forecosystem (environme
(I’'b!S), inwhich a voluntary agreement that offering financial supports ar
It)an environmental service (ES) provider. Itisa transparent system for tl
provision of environmental services through conditional payments
Service providers (Tacconi,2012).Toa88i'ss thestateof the world's ecosy
JN designed a Millennium Ecosystem AswessmenKMbA) report iti whi
.md idenlified twenty four ecosystem >iendceH However there id a



mong theses 24 services which are climate charxge mitigation, watershed
| biodiversity conservation. These three services are now getting more
ney and interest worldwide. The ecosystem services are representing a
tal economic value of the world by contributing tohuman welfare directly
ly. It was reported from a study that an average of US$ 33 trillion year*
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