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Chapter 12

Role of Plantation Crops in 
Climate Change Mitigation; 

Special Reference to Natural 
Rubber

K, Armamalainatkan, P.R. Satheesh and James Jacob
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.

K eyw ords: Carbon sequestration, Ecosystem service, N et ecosifstem exchange, Plantatiou crops.



1. In troduction
t-mission of greenhouse gases (GHG) to the atmosphere is mainly responsible 

( r thangmg climate. The major GHG mcludes carbon dioxide, methane, nitrous 
ox.de and other oxides of nitrogen. While anthropogenic emission of aU GHGs has 
heen mcreasmg over the years, atmospheric CO, concentration has registered the 
highest increase m terms of the absolute amount and thus contributed the maximum
I.) sloba warming and climate change. Fossil fuel combustion and cement 
m.mufacture which dramatically increased with industrialization were responsible 
or more than per cent of the increase in atmospheric CO, concentration. A high 

It vel of accumulation of GHGs m atmosphere would result in unfavourable weather 
‘ as a rise m temperature, floods and drought. This would adversely
.iffect food production, especially m countries with fragile economy.

Climate change is perhaps the single most important factor that wUl adversely 
affect growth and productivity of crops in the years to come (Cynthia et al, 2001). 
Kising temperature, changes in the quantum and distribution of rainfall leadine to 
long d ry spell, decrease m soil moishire content etc. are some factors that may have 
profound impact on crops (Ainsworth and Ort, 2010). Spices and plantation crops 
.iR-cu tivated m Western Ghats and their foot hills along the Malabar coast, packers 
ol Listern Ghats and parts of sub-Himalayan regions in North Eastern India. Climate 
-n mos of thesyegicms ̂ v e  undergone remarkable changes starting from plantation 
.•Knt ulture mihated m these regions (Satheesh and Jacob, 2011). Unlike other am^ual 
I rops most spices and plantation crops are perennial in nature, once planted will 
k. ve U, face c h a n p  happening to the climate for several years or decades ahead.
S.il deficit with concomitant occurrence of high light and temperature

(h ,r  the field and it may be the most important environmental
Mr. ss that could occur m the plantation tracts of India as a result of climate change.

C limate change mitigation is defined as various actions taken to reduce the 
lnl.*.vs,ry of changing climate thereby protecting the global ecosystems from 
. .  sr.^dation. Mos. often climate change mitigation scenarios involve reductions in 
In. concentrations of greenhouse gases, either by reducing emission from sources or

hvi.Krvas.ng their smks(Molinarf«;.,2009).Treesare considered tobemap^
ar[ on .s,nk. Forests play a ^tal role in regulating the greenhouse gases, particularly 

th» 1( vtl of atmospheric COj, hence afforestation has been identified as one of the
N (Houghton, 2005).
\ a  ral Rubber { H ^  brasilwns:s) is a multipurpose t i ^  which provides economically
Th h socially acceptable system
I like plantation crops themselves prone to changing climate they can
ILI ffect.vely used m tree planting programmes to ameliorate, at least partially the 

(>, emissions. Although the availability of carbon in rubber trees has b ^ n  assessed 
(t hantuma al.. 2005), the potential capacity of sequosUTlng atmospheric CO in 
mature rubber trees has not been quantified. Managed forests and plantation crops 
(an sequester carbon both in b.oma.s.sand soil. In this re\iew article, climate chanec 
srenanos m the Indian plantation sector and pos.Hil>li* mitigation potentials of 
p .in ation crops are discussed with a special on iln- role of rubber
planlation,

2 . C lim ate C hange in the  P lan tation  T rac ts  of India
Plantation crops, mainly coconut, rubber, tea, coffee, oil palm, arecanut, cashew, 

and cocoa, are grown in ecologically sensitive areas such as coastal belts, hilly areas, 
and areas with high rainfall and high humidity. Among these tea, coffee, and rubber 
were introduced into India by the erstwhile colonial rulers. Plantations and spices 
like cocoa, oil palm and vanilla etc. were newly introduced into India. The plantation 
crops are mostly rainfed crops vulnerable to the adverse effects of climate change. 
Many of the spices and plantatior\ crops are generally cultivated in the tropical 
regions where the average rainfall ranges from 1000-4000 mm year’. The temperature 
requirements also vary for different plantation crops. For instance tea requires a cool 
temperature with a high annual rainfall but rubber needs a well distributed annual 
rainfall with temperature ranging from 20-35°C. The general indication is that 
temperature, (both T ^  and T ^ ) has changed in the plantations belt of the country, 
Prolonged drought associated with lengthy periods of high temperature in the post 
monsoon and summer season affecting growth and productivity of almost all spiu*s 
and plantation crops.

India is one of the countries that are more vulnerable to climate change and Iho 
plantation crops are not remain immune to the adverse effects of global warming and 
associated climate change. Temperature has been warming and rainfall pattern 
changing in unprecedented easy in the plantations and spices belts of the country 
(Shammiraj et ah, 2011; Satheesh and Jacob, 2011). These changes overall have 
profound impact on crop growth, flowering behaviour, productivity occurrence and 
spread of pest and diseases etc. In most of the spices and plantation belts south west 
monsoon (SWM) contributes close to 70 per cent of the annual rainfall (Krishnakun^ar 
fta l, 2009). There was a significant reduction of 233 mm in SWM and an increase of 
^4 mm NEM during the last 135 years in traditional plantation crop area of South 
India. The annual rainfall had a positive trend over central India and a decreasing 
trend over some parts of eastern India for the period 1901-1960 (Parthasarathy and 
Dhar, 1974). There was an increasing trend in mean annual SWM rainfall over Punjab, 
Maryana, West Rajasthan and West MP and a significant decreasing trend in 
Jharkhand, Chattisgarh and Kerala during the period 1901-1982. There was significanl 
increasing trend in extreme rain events over central India during monscx>nandal Ihe 
same time a significant decreasing trend in the frequency of moderate events during 
the same period (Goswamy etai, 2006). Mean annual temperature was found to In* 
i.icreasing in all India basis during the period 1901-1982 (Hingane et al., 198.5). Pam 
and Kumar (1997) reported that a significant warming trend of0.57“Cper I (X) years 
In India. The magnitude of warming was higher in the post monsoon and winter 
seasons. There was an increase of 0.92 “C in the mean Tmax over the last 100 years in 
lhat a rise of 1.1“C in mean winter temperature and 0.94‘’C in mean post mo.rs(Hiî  
temperalure were reported by Arora et at. (2005).

Number of rainy days and cool nights per year showed a declining Ire.ul and 
that of hoi days per year increased (Satheesh a.id Jacob, 2011). They have .inalysfd 
the direcl impact of climate warming on rubber p.oduclivitv. A multiple linear 
legiession analysis (MLR) model indIc.Med lor W  rise in T,^  ̂and T,^, the predii led 
average yield depression would be aroiuul 7 per cent in liadllional i u'bher un>wlni'.



wgion. However, it is likely that new regions and countries could become suitable for 
NR cultivation in future. For example, region where low temperature is presently a 
Un\iting factor for cultivating N R  such as NE India could become more suitable for 
NR cultivation in a warmer world.

In general, SWM rainfall with a decreasing trend and pre and post monsoon 
r.iinfall with an increasing trend have been reported in most of the spices and 
plantation crop cultivating areas of India (Satheesh and Jacob, 2011). Thus, there 
was a shift in the norma! rainfall pattern all over the plantation areas in recent past. 
The impact of uncertain weather pattern will be more pronounced during the 
OHlablishment and early growth of spices and rubber like plantation crops. 
Traditionally mor\soon season is the ideal planting season of rubber in India. In 
recent years, uncertainty in rainfall and other weather factors is making the scheduling 
(if various farm operations like planting difficult even in traditional rubber growing 
regions. Occurrence of unexpected dry spells and bright sunny days with warm 
tomperature even during the monsoon season increases casualty. Temperature is 
again one of the main factors affecting the performance of perennial crops. A rise in 
T̂ ^̂  by 0.4“C affected black pepper, cocoa and cardamom in the absence of sufficient 
soTl' moisture {Rao and Alexander, 2007). Every crop species has its own growing 
dej^a'e- days for its optimum growth and reproduction. If the temperature is increasing 
in this rate the required gro'.v̂ th degree-days will attain earlier and as a result flowerir\g 
.uMi fruit set will happen unseasor\al and abnormal. This can affect both productivity 
iind quality of the produce.

3 . C arb o n  S e q u e s tra t io n  by P la n ta tio n  a n d  A g ricu ltu ra l 
Ecosvstem s

The basic principle of carbon sequestration potential of any cropping system 
including agroforestry systems is the difference between carbon gained by 
pU»li)synthesis and carbon lost or released through respiration and decomposition 
ul iill components of the ecosystem. This overall gain or loss of carbon is usually 
rup»es<?nted by net ecosystem productivity. Mostly carbon enters the ecosystem via 
plu)tosynthesis in the leaves and accumulation is obvious when it occurs in 
.»l>oveground biomass. But around half of the assimilated carbon is eventually 
tr.tnsported below ground via root growth, release of organic substances and litter 
th'position. Therefore, soils contain the major stock of C in the ecosystem. The tree 
components in agroforestry systems can be sigrrificant sinks of atmospheric C 
coivsidering their fast growth and long storage of biomass in their plant body (Nair, 
2001). By including trees in agricultural production systems as agroforestry or 
plantation crops that can eventually be increased the amount of carbon stored in 
lands devoted to agriculture (Kiirsten, 2000). Recapturing atmospheric CO  ̂can be 
achieved by changing carbon-poor ecosystems into carbon-rich ecosystems, for 
i'\A«nple the regeneration of grasslands into secondary tropical forests has been 
•iiiggested as a way to recapture C through accumulation and long-term storage of 
f.n'bon in plant biomass and soil organic matter (Houghton rf (\{.. 1993).

Hort*slscaM Stor»>aroim »l '.iO  U» SO tim e s  n n w i '. i r h o n  p<*i hec Un* lh a n  a g r ic u ltu ra l
l.tn tK  (( airnH  a n d  M ijg an c k , IW 4). ( 'arlH m  issi*qui'HtvriH.I a n d  n to re il in  a b o v o g n u in ii

biomass, roots, litter and soil in forest ecosystem. Most of this carbon is lost when 
forests are removed and replaced by other land-uses. Table 12.1 presents the carbon 
storage potential of various ecosystems and illustrates the significant impact that 
tropical forests have on the global carbon cycle.
Table 12.1; Mean Carbon Storage of Various Ecosystems

E c o s y s t e m E c o s y s t e m  C a f b o r )  S t o r a g e  ( t  C  h a - ' )

T r o p i c a l  f o r e s t 2 2 0

T e m p e r a t e  f o r e s t 1 5 0

B o r e a l  f o r e s t 9 0

Q r a s s l a n d / s e v e n n 1 5

A g r ic u l t u r e 5

Source: Cairns and M e^r\ck, 1994.

Generally during summer, the COj concentration in the atmosphere is low 
reflecting the high rate of global sequestration through photosynthesis (Keeling ei al, 
1996). The low temperature during winter inhibits photosynthesis both on the land 
and in the oceans and this result in the atmospheric COjconcentration going up in 
winter. Thus, accumulation of CO  ̂in the atmosphere is a dynamic function of the 
balance between the amount of CO  ̂emitted by the world and the total amount of CO  ̂
sequestered by the planet (through photosynthesis) during a given period of time.

Atmospheric COj concentration = CO, Emission -  CO, Sequestration
From the above equation, it is evident that growing more trees can reduce 

atmospheric COj concentration. Globally, the rate of deforestation is much larger 
than that of reforestation. The rate of forest destruction in the Amazon rainforests 
which has come down markedly in recent years is still as large as about 5000-60(X) 
km  ̂per year (Carrington, 2010). Recent studies estimated a net emission of GHGs 
from the Mato Grosso region of Brazilian Amazon, ranging from 2.8 to 15.9 Gt COj- 
equivalents (COj-e) from 2006 to 2009 (Galford et al, 2010), It was reported that 
between 1996 and 2005, the Brazilian Amazon rainforest was deforested by 19,500 
km  ̂per year and converted to pastures and farmland releasing 0.7 to 1.4 Gt COje 
year’ to the atmosphere (Daniel et a!., 2009). Avoided deforestation is the best means 
of afforestation, even as new and massive efforts at planting more trees should be a 
parallel strategy in order to reduce build-up of COj in the atmosphere.

Niggli et at.,(1009) estimated the global average sequestration potential of organic 
croplands to be 0.9 to 2.4 G t CO, year', which is equivalent to an average sequestration 
potential of about 200 to 300 kg C per hectare per year for all croplands. The global 
carbon sequestration potential of pastures with improved management practices 
was calculated as 0.22 t C ha''year‘ (Watson et al., 2000). Studies on native tree 
species with medicinal and economic importance have been reported that these are 
offering opportunities for CO, mitigalion by sequestering accumulated CO  ̂in the 
atmosphere in ils vegetation. Studies on tnalii inolly important tn*e specie.*? liko Amla, 
Arjun, Bad, Ualwra, 1 larar, Janxun, and Keetlvs lud show«\ that there is a



iignificant sequestration potential in the range of 3.05 to 11.01 tons of COj 
la year' (Gera and Suresh, 2010). Recent study by Hooda et a/.,(2005) on sequestration 
potential of tree species planted on farm lands, viz.. Poplar, Eucalyptus and Teak have 
iln)wn the carbon sequestration potential in the range of 1.42 to 2.85 tons of C ha 
year' (5.21 to 10.46 tCOjha'^yr*'). The same study has also reported the sequestration 
potential of Orchard species Uke Mango, Litchi and Citrus to be in the range of 0.20 to 
1.70 tor̂ s of C ha"‘year’. In another study carried out on the farm lands of Punjab has 
roported that Poplar and Eucalyptus species have the capacity to sequester 1.42 to 
2.54 tor\s of C ha"’year"’ (Geraef fl/.,2006). Kraenzelef a/.,(2003) measured above and 
Ih 'Io w  ground biomass and tissue carbon content of 20 year o ld  teak (Tectona grandis) 
trivsof four plantatior^ in Panama and estimated the carbon storage potential, They 
I'onstructed a regression model relating the diameter at the breast height (DBH) and 
i1m* lotal stored carbon in teak. From this model they calculated the plantation level 
iivorage carbon storage as 120 tC ha*'.

Most of the perennial plantation crops have profound role in mitigating climate 
i h.uige through their C-sequestration potentials. Tea, coffee, coconut, rubber and 
spices like cardamom sequester considerable amount of atmospheric CO  ̂into biomass 
and involved in emission reduction. There was no much interest shown among the 
( '-.sequestration researching with respect to plantation crops whereas forest system 
l^jve been extensively studied with a strong belief that forest may have influence over 

global carbon cycle. At present very few studies have been carried out in plantation 
.ind mitigation effect (Steffan-Dewenter^fa/., 2007; Lieffl/., 2011). The carbon stored 
in ihe aboveground biomass of oil palm plantations ranges from 48 t C ha"' to 801C
h.i'’ (Gibbs et al, 2008). Steffan-Dewenter a/.,(2007) have indicated that conversion 
of forest land in to cocoa plantation reduced the total carbon stock in a tropical rain 
lurest land and they have estimated a range of 40 to 90 tCha"' in a mature stand of 
CiK'oa (Table 12.2). Annual increment in biomass or net primary productivity ranged 
from 1.4 -2.71 ha'^ in cocoa and 3.34 - 7.01 ha~‘ in areca plantations was reported by 
Uiilaslmha and Nareshkumar, (2013). They have worked out the CO^sequestration 
ranged from 2.0 -3.9 and 5.0 -10.91 COj ha‘‘year' in cocoa and arecanut, respectively. 
Tea is a perennial plantation cash crop, intensively managed and covers 
approximately 3 million hectares in the world's cultivable land (FAO, 2007). In a 
comparative study with entire tea plantation and forest C storage in China indicated 
tlwt total C storage of 316.2 Tg for which 26.3 per cent C was stored in plant biomass 
(83.3 Tg C), 2.5 per cent in litter (8.0 Tg C) and 71 per cent in soil organic carbon 
i‘ofnposttion(225TgC).TheaverageecosystemCdensityo/teap]antation 193 tCha" 
') is higher than that of forests (1871C ha*') and grass lands (133 t C ha"') (Li et al, 
2011). A number of studies have investigated the carbon-stock of coffee bushes in 
dgro-ecosystems. Specifically, Suarez Pascua (2002) reported coffee carbon-stocks 
ranging from 1 lo2.8 tC ha '‘y '. It has been reported that a carbon stock of3.93tC ha" 
'y ' in coffee plants grown in association with other shade giving trees and 3.771C 
h a ''y ‘ in the coffee component in a study conducted in Guatemala (Marquez, 1997).

— - —

R o l e  o f  P l a n t a t i o n  C r o p s  i n  C l i m a t e  C h a n g e  M i t i g a t i o n :  S p e c i a l  R e f e r e n c e  t o  h l a t u r a l  R u b b e r  |  2 3 5  

T a b l e  1 2 . 2 ;  A b o v e  G r o u n d  C a r b o n  S t o r a g e  o f  M a t u r e  S t a n d  o f  v a r i o u s  P l a n t a t i o n  C r o p s

P l a n t a t i o r ^ s C a r t x > n  S l o r t i g a  ( t  C  h a - ' )

T e a  

C o f l e e  

C o c o a  

C o c o n u t  ( 1 5  y e a r s  o ld )  

O il p a l m  

R u b b e r

3 0 - 5 0  

5 6 - 8 0  

4 0 - 9 0  

5 0 - 1 0 0  

4 6  • 8 0  

7 6 -  1 2 0

S o u r c e :  G i b b s  e t a l . .  2 0 0 8 :  S t e f f a n - D e w e n t e r e r  a/., 2 0 0 7 :  S u 6 r e z  P a s c u a ,  2 0 0 2 :  A m b i ly  e t a l .  2 0 1 2  Li 
e / f l / , , 2 0 1 1 ; I S P C , 2 0 0 9

The carbon sequestration potential of various plantation crops in India was 
analyzed by scientists working in respective Research Institutes and they have 
projected that plantation crops are potential sinks for atmospheric COj(ISPC, 2009). 
The estimated CO, sequestration in different plantation crops indicated that 
plantations in India can play an important role in offsetting cor^iderable level of 
build up from emissions (Table 12.3). Total estimated COj sequestered by plantation 
crops in India is around 148 million t COjyear‘. This may account for offsetting a 
cor\siderable level of COj in the atmosphere and provides a significant ecosystem 
service. However, the magnitude of mitigation depends on age of the plantation, 
natural and social barrier and time frames.
T a b l e  1 2 . 3 :  E s t i m a t e d  C a r b o n  D i o x i d e  S e q u e s t r a t i o n  b y  P l a n t a t i o n  C r o p s  I n  I n d i a

C r o p M e a n  C O ^  

S e q u e s t e r e d

(tha-’r')

T o t a l  A r e a  In  

I n d i a  

( m i l l i o n  h a )

E s t i m a t e d  C O ,  

S e q u e s t e r e d  i n  I n d i a

A r e c a n u t 7 . 5 4 0 . 3 8 2 . 9

C o c o a 3 . 0 0 , 0 3 4 0 .1

C o c o n u t 5 0 1 .9 9 5 . 0

C a s h e w 6 . 3 0 .9 5 . 6

O il p a lm 2 6 0 ,0 8 2 . 0

C o f f e e 2 1 . 5 0 .3 4 7 . 3

R u b b e r 2 8 . 7 0 . 6 8 1 9 . 3

T e a 2 9 0 .5 6 1 6 ,0

T o t a l 1 7 3 . 3 1 4 6 . 2

S o u r c e :  I S P C ,  2 0 0 S

4. P lanting T rees an d  C lim ate M itigation
A few reportsare available from which it is understood that planting trees akme 

nt»t sufficient to niitigato the entire emlHsi«>n globally. At the current rate of carbon 
sequestration by terrestrial vegetation, whii h is roughly 3303 million ton C’Oj year'



I’CX’, 2(H)7), <\ sludy shows that we nocil .»n .idditional land area oquivalonl to more 
uin four planets to sequester hilly the present global CO_j emission and thus offset 
U'currcnt rate of build-up of CO  ̂In the atmosphere. Even if we take the sequestration 
opacity of both the land and occan together, the analysis showed that we still need 
lore than another planet to fix all the COjthat the world is presently emitting into the 
tnii^sphere. The study clearly demonstrates that build-up of COjin the atmosphere 
I determined more by the.amount of global COj emission rather than the COj 
•questration by the planet. While planting trees is good for the environment, and 
tis should be promoted for the various ecosystem services that they offer, including 
irbon sequestration, it should be bome in mind that trees are not adequate to 
•quester the huge amount of COjthat the world emits today. Therefore, it has been 
•Iterated that other than growing more trees, deliberate reduction in emission of 
Ojlnto the atmosphere is also definitely required to reduce and stabilize the 
)ncenlration of COjin the atmosphere.

While annual agricultural crops also sequester large amounts of COjfrom the 
tmiwphcre almost the entire amount of carbon stored in them is returned to the 
tiiiosphere at the end of the crop cycle when the crop is consumed by man or animal 
nd Ihe crop residues are used as cattle feed or they are incorporated into soil or 
urncd. This is not so in forestry or plantation agriculture with perennial tree species. 
iir  I'xample a plantation liks natural rubber {H evea brasiliensis) has an economic life 
r‘cl«‘ of 25- 30 years and therefore, the carbon sequestered in rubber plantation will 
^y for this long.

C a rb o n  S e q u e s t r a t io n  P o te n t ia l  o f N a tu ra l R u b b e r 
Ittntations

Natural rubber plantations help to mitigate the atmospheric COj concentration
I two different ways. First, it supplies natural rubber which can be used in place of 
'ullw’tic rubbers that are produced from petroleum stocks; therefore NR avoids huge 
nlHsion of CO,. Secondly, natural rubber plantations have the capacity to sequester 
►̂ nifiiant quantities of COj from the atmosphere. Several studies have been reported
i.il natural rubber can sequester significant amount of carbon dioxide from the 
tjio.sphoro. l^iblished data shows that natural rubber plantation can sequester 139 
. ■\IH,7 t COj ha-' over a life cycle of 27 to 29 years. The existing stands of rubber 
.inUttion in the world have the capacity to absorb 90 million plus tons of carbon 
oxide per year. Thus, a rubber plantation is nearly as effective as a virgin forest in 
Mwuming carbon dioxide and giving out life sustaining oxygen (Sivakumaran and 
*0, 2010). Ambily ff fl/.,(2012) have reported that different clones of rubber plants 
ivlnjî  different biomass and carbon sequestration potential. They have compared 
«• hlomassof modem clones belong to RRIl 400 series with the biomass of RRll 105 
£Vf». Among the clones RRIl 429 (114 t C ha*'), RRll 414 (106 t C ha'') and RRIl 417 
021C ha-') showed a highest C sequestration potential. Other cloiws like RRIl 430, 
■<l I 422 and RRIl 105 showed a low carbon sequestration potentials of 60,54 and 57 
Iw ', respectively, Chanluma t'/rt/..(2005) had studied the wood production potential 
clone RKIM WH) in the non-traditional rubber cultivation area of North Eastern 
wlland. In Non>; Khai pro\ iiue a 15-year old planUilioM re« oided wcKid volume 
■tH m'ha ‘. In ChachtH'HKsao provinre, a plantation a^'il had a nuxlerate level

wood volume 188 m*ha '. 1 lowever. Ina traditional
.nd Surat TTiani in Southern Thaibnd, where plantations were ̂ 5 V̂ ar® ̂  
was 78 per cent and 83 per cent and wtx>d volume recorded as 256 and 300 m ha , 
respectively (Chantuma et al., 2005).

Soil carbon sequestration is a complex process, affected by many factors such as 
vegetation type, climate, soil microbes, management, and land-use practice.. Carbon 
. 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^hroth etal,  ̂ 002;
2005). In contrast, a few studies have demonstrated that rubber planta ion could 
potentially enhance soil c a r b o n  sequestration (Wang and Li, 2003;Yang etal, 2005).

Three approaches currently exist for measurmg or esdmating the biomass of 
woody plantation crops . The first is based on the use of volume ^
directly estimates biomass using existing biomass regression equations and t ^  third 
and most complex method, involves the collection of primary data and held 
■measurements 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 natural rubber 
wliich ̂ ves an estimate of the total amount of carbon stored m t h e  vanous componente 
over a period of time Qacob and Mathew, 2004; Jacob, 2005). In this article a smdy 
conducted at Rubber Research Institute of India is mcluded as a case study to prove 
the carbon sequestration potential of rubber I Z
parameters, carbon assimilation and storage into the 
sequestration potential of rubber plantation are discussed m the followmg text.

The experimental site was situated at the Central Experimental Station (CHS) of 
Rubber Research Institute of India (RRll) at Chethackal, Pathanamthitta District 
Kerala. The location is 9“ 26'N and 76“ 48'E. The study was carried out m ̂  
flive-six year old) rubber plantation, with different Hevea clones namely, RRU105, PB 
2(<) and RRll 430 spread over more than five hectare area with uniform ,
riic average height of the trees was 10 m and girth was 35 cm at 150 cm above the bud 
union of the plant when the studies began in March 2009.

6. Accounting of T ree  B iom ass
The dry weight of above ground rubber tree biomass was calculated usmg the 

ShorriKk's regression model:
W= 0.002604 (Shorrocks et al, 1965)
where, G is trunk girth (cm) at the height of 150 cm from bud union.
Generally the root biomass is 15-20 per cent of shoot biomass in the case of 

natural rubber trees. The amount of carbon stored in the trees was estimated fro 
h lo m . i . s s  calculated using the above formula.
7. Eddy C ovariance Technique for A tm ospheric Flux A nalysis

A sl.iU -of- the- a rt n w tlm d  k n o w n  .is I 'd d y  aiv.iria™ -e (EC) tech n iq u e  “ sed  
„ „  ,n e n » u r in g < -0 . a n d  w a te r  flux In a '‘v ?  y e a r o ld  n a tu ra l  r t ib b e r  p la n ta tio n



continuously for a period of two years at Rubber Research Institute of India, Kottayam, 
Kerala to understand the ecosystem and canopy level COj and water exchange and 
carbon sequestration potential of rubber plantation (Annamalainathan etal., 2011). 
The EC equipments were commissioned on a flux tower of 18 m height and the 
senst^rs were fixed on the tower at 4 m above the canopy. Eddy covariance method is 
a jKjphisticated micro-meteorological method in which the fluxes of COj and water 
vapour and three-dimensional wind velocities are measured on real time basis 
(IJaldocchi, 2003). The EC system comprises of a three dimer^ional sonic anemometer 
(CSAT3, Campbell, USA) which is used together with an open path infra-red gas 
analyzer (Li-7500, Li Cor, USA). Additioraally the system is equipped with a net 
radiometer (NR-Lite, USA) and temperature and relative hurrudity (RH) sensors (HMP
45, Vaisala, Finland). Carbon dioxide (Fc) and water vapour fluxes (ET) of the rubber 
plantation were continuously measured by eddy covariance techruque (Massman 
and Lee, 2002).

The net CO  ̂exchange obtained from the EC system is the difference between 
photosynthetic assimilation by the canopy and the total respiratory COj efflux from 
the foliage, roots and soil (Lalrammawia and Paliwal, 2010). The diurnal pattern of 
net ecosystem exchange of COj (NEE) clearly indicates two phases namely, the net 
fixation happening during day time and net release of COj from the system into the 
atmosphere during the night time. By default day time COj fixation (net 
pholosynthesis) is shown as negative flux and night time respiration is shown as 
positive flux which includes respiration from all living components and 
decomposition, collectively termed ecosystem respiration (Reco). The difference 
bflween the amount of net fixation during the day and the COj lost as Reco during 
Ihe night is the net fixation of COj by the ecosystem for a given day. As sunlight 
Intensity increases, the net flux gradually becomes negative (indicating net 
pht>tosynthesis or COj sequestration into the ecosystem) and generally remains 
negative until sunset. In the evening as U ^ t intensity declines Reco becomes greater 
than COj fixation (Figure 12.1).

During the study period, the daily NEE by the rubber ecosystem has ranged from 
1 -2!^ m"̂  day*'. Most of the days recorded COj influx in to the plantation; however, a 
few days recorded net carbon efflux from the plantation to atmosphere. On those 
diiys, around 1 - 7g CO  ̂m'May- was released to atmosphere and during these days 
there was rain and relatively less sunshine hours. The net efflux values in certain 
days included the possible high rate of total soil respiration (Rs) both by autotrophic 
(Ka) and heterotrophic (Rh) components of the soil in addition to the net COj release 
froni leaf respiration. The soil respiration rate generally depends on the soil moisture, 
temperature, organic composition, density of microbial population and rate of 
decomposition of organic contents (Stephen and Theodore, 1979). On an annual 
average the NEE was llgCO^m'^day' which is equivalent to 33.5 tons of COjha"' 
year^ The net COj assimilation (Aeco) and net respiratory CO  ̂ efflux (Reco) 
were calculated for the entire year (Table 12.4). While the mean Reco was 2.5g CO  ̂
m'‘day ', the net assimilation rate (Aeco) recorded was l3.5gCOjm*^day*‘ (Figure 
12,2). Though there was consider<»bU> rale of ecosystem respiration at night, the CO, 
assimilation during daytime was nuu h higher in rubber pKmt.ilion. In a study with

F i g u r e  1 2 . 1 :  A  T y p i c a l  D i u r n a l  C O j  and E v a p o t r a n s p i r a t i o n  o f  W a t e r  ( E T )  P a t t e r n  I n  a n  

Immature flubber Plantation.

mature rubber plantation in Thailand, Thaler et al. (2008) have suggested that 
ecosystem level EC measurement of COj and water fluxes could be used to model gas 
exchange of rubber plantation according to prevailing climate and other 
environmental parameters.
Table 12.4: Daily Net Carbon Dioxide (g m**day') Assimilation in a Five-Six Years Old 
Immature Rubber Plantation in a Traditional Rubber Growing Belt

M o n t h l y  M e a n C a r b o n  D i o x i d e  F l u x  ( N e t  c a r t j o n  e x c h a n g e )  O r  

N E E  ( g  r r r ^ d a y ' )

A pril 1 2 . 6 ± 0 . 9

M a y 1 4 . 6 i 1 . 0

J u n e 9 . 6 ± 0 . 6

J u l y 1 2 * 1 . 2

A u g u s t 1 1 ± 1 .5

S e p t e m b e r 1 3 ±  1 .1

O c t o b e r 1 5 ±  0 .8

N o v e m b e r 1 2 . 0 ±  0 .9

D e c e m b e r 1 0 . 2 ± 1 . 2

J a n u a r y 1 1 . 1

F e b r u a r y 9 . 4  * 0 . 8

M a r c h 1 1 . 3 s t . 2



•Reco •A eco •NEE
F ig u re  ^2.2: M ean Monthly N et E cosystem  E x ch an g e  in Jm rnature R u b b er P lantation  for 
Two Y ears. T h e  m ean  e c o sy s te m  respiration (R eco), e c o sy s te m  C O j assim ilation (Aeco) 
a n d  n e t e c o sy s te m  e x c h a n g e  (NEE) on p e r  d ay  b as is .

Days with lengthy sunshine hours recorded high rate of net ecosystem exchange. 
During summer months sunlight was plenty but soil moisture deficit and high 
atmospheric VPD restrict canopy photosynthesis and hence NEE. The NEE was 
relatively higher during pre-monsoon period with hilly recharged soil moisture after 
the initial showers. During continuous cloudy and incessant rainy days either NEE 
was very low or the net ecosystem respiration rate was higher than net assimilation.

The amount of carbon sequestered by the rubber plantation was estimated during 
the same period by estimating the annual shoot biomass increment during this period 
using Shorrock's method. From the shoot biomass estimation, the amount of CO  ̂
sequestration was calculated as 201 COjlia''y"' which does not include root biomass, 
soil respiration, litter decomposition and sequestration by weeds and cover crops. 
Carbon stock in rubber plantations was worked out by many workers by biomass 
inventory methods (Jacob and Mathew, 2004, Wauters ei al, 2008). Total carbon 
sequestered by rubber plantations under Kerala (South India) conditions for a 21 
year period was estimated to be 671C acre’’ and it was reported that the sequestration 
capacity of rubber plantation is much higher than most other terrestrial ecosystems 
(Jacoband Mathew, 2004). A 14 year old rubber stand has a carbon stock of 76 tC ha' 
' in its above ground biomass whereas the contribution of the soil organic carbon 
pool was amounted to 135 tC ha"’(Wauters c’t al., 2008). In a report from Sri Lanka it 
was shown that on average, mature rubber is capable of sequestering 81 MT of CO  ̂
pt'r heclarc annually and, within the 24 yei r̂s of mature phase, 1,296 MT of CO  ̂
winild bo si'qiiesterod in a hectare of rubber (M\mnsin|.*he r( a!.. 201 i). Our studies

showed that natural rubber plants are good sink for atmospheric COj. The daily Hux 
values are good indicator of net carbon movement in rubber ecosystem.

8 . Paym ent for Ecosystem  Services
The Kyoto Protocol triggered a strong increase in investment in plantations as 

carbon sinks, although the legal and policy instruments and guidelines for 
management are still debated (FAO, 2001). A number of countries have already 
prepared themselves for the additional funding for the establishment of human made 
forests. In an initiative claimed to be the first of its kind, in 1997 Costa Rica established 
tradable securities of carbon sinks that could be used to offset emissions and to 
utilize independent certification irxsurance. According to a FAO report, greenhouse 
gas mitigation funding covered about 4 million hectares of forest plantatiom 
worldwide (FAO, 2(X)1). Tlie recognition of afforestation and reforestation as the c 
eligible land use under theCDMof the Kyoto Protocol is expected to lead toa 
increase in forest plantation establishment in developing countries. The clean 
development Mechanism of the protocol allows developing coimtries to participatu 
in planting tree crops for carbon trading.

The potential of fixing atmospheric COj in rubber trees is over 450 MT hu"'. In 
addition to that rubber trees add 84 MT ha'* of COj to the soil through the annual leaf 
fall and litter (Munasinghe et al., 2011). Further cover crops and intercrops also add 
huge amounts of organic matter to the soil and enhance soil properties. In addition lo 
the afforestation and/reforestation projects targeting direct sale of carbon energy 
based COM projects could be built up. Biogas generated from rubber factory effluent 
could be used as a replacement for fossil fuel and emission reduction. However, no 
rubber cultivation project has so far been marketed under CDM or carbon trading. 
But new forestry projects have been registered in CDM. Even rubber plantations are 
sahsfying all the criteria given by UNFCCC for a forest ecosystem, the service provided 
by world NR plantations go unappreciated in negotiations on market based 
mechanisms to address climate change in a post Kyoto regime, including the* 
UNFCCC's Doha climate summit during December 2012. The reasons behind thl* 
ignored acknowledgement in the negotiations are due to the CDM rules under the 
Kyoto Protocol (KP). These rules are more difficult to consider the carbon sequeslrallott 
credits from afforestation/reforestation (A/R) sector than credits from energy sector.
As on 22"“̂ December, 2012, out of 6202 registered CDM projects A/R projects' ----
only 41. That itself means the authorities are not giving much importance to the? 
p/-o|ects and there are no serious buyers for the credits from this sector.

The only way forward to this issue is to set up a domestic carbon trading 
niix'hawsm for rubber or any other plantation sector independent of CDM and t re.iUng 
a market for these credits rxationally. Payment for ecosystem (environmental) .serx'icin 
(l’b!S), in which a voluntary agreement that offering financial supports and incentive* 
It) an environmental service (ES) provider. It is a transparent system for the additlonol 
provision of environmental services through conditional payments to voluntary 
Service providers (Tacconi,20I2).Toa88i'ss thestateof the world's ecosystemi UN In 
JIN designed a Millennium Ecosystem AswessmenKMb A) report iti whidt It specl/k** 
.md idenlified twenty four ecosystem >iervlce,H. However there i.«i a l^rojd lh«H*



categories among theses 24 services which are climate charxge mitigation, watershed 
services and biodiversity conservation. These three services are now getting more 
support, money and interest worldwide. The ecosystem services are representing a 
part of the total economic value of the world by contributing to human welfare directly 
and indirectly. It was reported from a study that an average of US$ 33 trillion year* 
‘(UD$ 16-54 trillion year*) were estimated as the economic value of 17 ecosystem 
services for 16 biomes. This is equal to almost double of the global gross national 
product (GNP) of US$ 18 trillion/year (Costanza et ai, 1997). The advantage of PES 
over CDM is that it considers standing forests and allows the community to enter into 
an agreement with formal institution like Government.

9 . Conclusion
Rubber like perennial plantation crops sequester vast amount of atmospheric 

COj in their biomass. Cultivation of rubber trees on non-forested land could directly 
act as carbon sink by sequestering carbon in biomass and indirectly as organic carbon 
in soils. However, it is understood that planting trees alone carmot sequester all the 
COj emitted into the atmosphere though it is a good option to curb emission at some 
extent. Under Kyoto protocol, forestry or plantation sector activities can be used to 
create COj offset credits that could further help in reduction of fossil fuel use (Suruchi 
and Singh, 2002). However, no plantation crop cultivation has so far been registered 
as CDM project. The alternate funding sources like voluntary environmental protection 
agencies and government institutions may be explored for the ecosystems services 
rendered by the perennial plantation crops.
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