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Abstract

Soil plays a pivotal role in global carbon stocks and climate change due to green
house gasses. Atmospheric CO, could be sequestered in soils by converting degraded
lands into rubber plantations and by adopting better agro-management practices in
existing rubber plantations. This study reviews the information available on soil
organic carbon (SOC) stocks in rubber growing soils of Sri Lanka and strategies to
increase carbon sequestration in rubber plantations. To date, data generated under
the SRICANSOL project were the only available information to estimate SOC stocks
down to 1 m depth in rubber growing areas in Sri Lanka. Calculations made using
that data set revealed that the mean SOC stocks in rubber growing soils of Wet,
Intermediate and Dry Zone were 105, 85 and 78 Mg ha™, respectively. In mature
rubber plantations, SOC stocks had ranged from 40 to 133 Mg ha™ and this as a
proportion of ecosystem C stock could be varied from 25 to 65% depending on the
soil depth, type, and agro-management practices. Establishment of rubber based
agro-forestry systems using perennial crops that incorporate large quantities of
organic matter into soil (e.g. cocoa, banana) is the best land use option to sequester
atmospheric CO, in rubber growing soils. Erosion control by establishing a good
Mucuna bracteata ground cover since land preparation, establishment of deep rooted
vetivar grass or gliricidia as hedgerows and mulching with their loppings, return part
of the fuelwood back into rubber field as biochar, adopting favourable agricultural
practices that increase growth of the rubber plants were among the key strategies to
increase SOC stocks in rubber plantations. The information generated here could be
useful when drafting a project design document when tapping into carbon markets.

Keywords: Agro-Ecological Regions, carbon sequestration, Hevea, rubber growing soils, soil
series, soil organic carbon stock, Sri Lanka

Introduction 1530 Pg compared with about 760 Pg in
World soils represent the largest atmosphere and 560 Pg in land biota
terrestrial pool of organic carbon, about (Lal, 2004). As they can act as a sink for
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and a source of atmospheric CO,, soils
play a key role in the global carbon
budget and greenhouse effect (Jha et al.,
2003). Although an exact magnitude of
fluxes from soil to the atmosphere and
from biota or land plants to soil are not
known, it is apparent that atmospheric
carbon pool has increased at the
expense of soil pool since clearing of
lands for agriculture (Lal & Kimble,
1997).

After clearing forests for cultivation of
crops, soil organic carbon (SOC) levels
decrease rapidly and reach a new
dynamic equilibrium. SOC level in this
new equilibrium is dependent on the
management system adopted.
Conversion of a natural forest into a
rubber plantation has decreased SOC
level by 15.6% in the top soil and by
10.3% in the sub soil after 60 years of
rubber cultivation in India
(Karthikakuttiamma et al., 1998). In
another study in Malaysia however, top
soil SOC levels had decreased from
1.63% to 1.25% initially but passed the
original level within five years (1.83%)
under good agro-management practices
(Sivanandyan & Moris, 1992).

Under the current modalities of carbon
markets, rubber plantations cannot be
recompensed for existing carbon stocks
under  the clean  development
mechanism (CDM) payment scheme of
the  United Nations  Framework
Convention on Climatic Changes
(UNFCCC). It can only create a benefit
where rubber plantations are expanding
into  previously degraded areas,
extending their tenure or demonstrating
reduced or avoided deforestation and

degradation (Jackson, 2013). However,
if a land management system can
demonstrate that additional C is
sequestered in soil, then there is the
possibility to claim C credits under
reducing emissions from deforestation
and forest degradation (REDD+)
mechanism of the UNFCCC (Lovera,
2012). In order to prove additionality
and to claim C credits, baseline
information on SOC stocks prior to the
introduction of the management system
iS a prerequisite.

There was only limited information
available under Sri Lankan conditions.
While no information available in
rubber growing soils, SOC stocks in
coconut plantations of two Agro-
ecological Regions and two land
suitability classes had ranged from 14.2
to 44.2 Mg ha™ in the top 30 cm of soil
(Ranasinghe & Thimothius, 2012).
However, SOC stocks could easily be
calculated from OC content, bulk
density and  depth data. A
comprehensive data set with all
information required to estimate total
SOC stocks down to 1m depth was
available from the SRICANSOL
project, a twinning project by the Soil
Science Society of Sri Lanka and
Canadian Soil Science Society initiated
in 1995 and completed in 2009 in 3
phases (Senarath, Dassanayake &
Mapa, 1997; Dassanayake, de Silva &
Mapa, 2003; Dassanayake et al., 2005).
Under this project soils of Sri Lanka
were classified into series level (series
being named as a soil developed from
similar parent material with same
sequence of genetic horizons in soil
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profile) after characterizing properties
in different horizons in soil profiles.

The objective of this study was to
estimate SOC stocks in different rubber
growing soil series in the Wet Zone
(WZ) of Sri Lanka. Since the rubber
cultivation in Sri Lanka is expanding
into and Intermediate (1Z) and Dry Zone
(DZ) areas (Dharmakeerthi et al. 2005;
Dharmakeerthi, Chandrasiri &
Edirimanne, 2008; Rodrigo, Igbal &
Dharmakeerthi, 2011), we compared the
SOC stocks in the traditional rubber
growing areas with those in some
selected soil series in these dryer areas.
Later, technologies available to increase
SOC stocks when a land is converted to
a rubber plantation or in existing rubber
lands were reviewed.

Selected soils

According to Dissanayake,
Wijewardena & Samarappuli (1999)
and Samarappuli (2005), there are 17
rubber growing soil series in WZ and 1Z
of Sri Lanka, 12 of them are in the WZ
and 5 in the 1Z. Since bulk density data
were not available for three soil series
(i.e. Boralu, Ukuwela and Weddagala)
they were excluded.

Rubber is currently being cultivated in
the Ampara district and expanding into
Mulativu, Vavuniya and Kilinochchi
Districts in the Dry Zone of Sri Lanka.
They are mainly confined to crest and
upperslope positions in the undulating
landscapes in those districts. Therefore,
five predominant soil series in such
landscapes  were  also  selected
(Medawachchiya, Thadaratu, Aluth-

wewa, Siyambalanduwa and Aran-
thalawa) and SOC stocks were
calculated to compare with those in the
other rubber growing areas. Relative
distribution of the benchmark sites of
the selected 22 soil series is shown in
Fig. 1.

Estimation of SOC stocks

From the fact sheets published for
benchmark soil series under Phases I, 11,
and Il of the SRICANSOL project
(Senarath et al., 1997; Dassanayake et
al., 2003; 2005), organic C content,
bulk density and horizon thickness data
were extracted and SOC stocks were
calculated as follows;

SOCT = 2(BD,d.OC.)

where, SOC; is total SOC stock in 1 ha
(Mg ha™), BD; is bulk density in the i"
horizon (Mg m™®), d; is thickness of the
i™ horizon in the solum (cm) and OC; is
organic C content in the i horizon (%).
Organic C content had been measured
using the Walkley-Black wet digestion
method (Nelson & Sommers, 1996).
The lower boundary of most soil
profiles were not clearly defined in the
data set. Therefore, horizon data in the
entire solum (A, AB, B and BC
horizons) or down to 100 cm depth,
whichever the lowest, were used to
calculate the total SOC stock in the soil
series. When the horizon thickness was
variable an average between the
maximum and minimum thickness was
used.
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Fig. 1. A map showing the distribution of the benchmark sites of the selected soil series
relative to the major Agro-Ecological Regions (WZ, 1Z and DZ) of Sri Lanka
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Table 1. Benchmark soil series selected for the study from different Agro-Ecological Regions,
their existing vegetation and some important profile characteristics

A horizon
Solum Depth | OC | BD

Soil series AER' | Vegetation/Land use | depth (cm) [ (%) | (Mgm?®)

Pallegoda WL1 | Rubber (uprooted) 180+ 14 190 | 14
Rubber (1 year old)

Homagama WL1 | with Pueraria cover 80/150 35 182 | 1.3
Rubber (mature) with

Agalawatta WL1 | grass cover 195+ 20 135 | 13
Rubber (mature) with

Dodangoda WL1 | grass cover 220+ 15 1.16 | 1.3

Malaboda WL1 | Tea(VP) 185 23 2.86 | 1.3

Pugoga WL1 | Rubber (mature) 135+ 20 130 | 1.1
Smallholder rubber

Galigamuwa WL1 | (30 year old) 120/145+ | 12/15 | 2.26 | 1.2
Smallholder rubber

Minuwangoda WL3 | (5 year old) 65/120+ | 19 137 | 14
Rubber (mature) with

Boralu WL4 | grass cover 188+ 5 1.57 | NA!

Mawanella WM1 | Rubber (mature) 4472 14/15 115 | 1.2

Weddagala WM1 | NA 140/150+ | 11/18 | 5.10 | NA

Ukuwela WM3 | Bare, new homestead | 190+ 20/25 1.00 | NA
Home garden,

Beliatta IL1 coconut 50/65 27 1.80 | 14

Bibile IL2 Home garden, spice 75/80 30 160 | 14

I(L1- | Home garden,

Dombagahawela | L2) sugarcane 180+ 28 1.00 | 14

Mahawalatenna IM2 Tea (abandoned) 180 10/24 1.20 | 1.7

Matale IM3 Rubber forest 200+ 25 1.60 | 1.0

Aluthwewa DL1b | Homestead (banana, 140+ 25 1.05 | 14
grass, vegetables)

Tadaratu DL1b | Upland annuals, 98 28 1.26 | 1.6
homestead

Siyambalanduwa | DL1b | Homestead, Upland 115 15 087 |14
annuals

Medawachchiya | DL1b | Teak/shrub jungle 155+ 35 0.77 | 1.4

Aranthalawa DL2 Upland annuals, 65 17 085 (14
Homestead

T AER — Agro Ecological Region
(Adapted from Senarath et al., 1997; Dassanayake et al., 2003; 2005)

¥NA - data not available
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Some basic properties of selected soils
Out of the 14 soil series studied in the
WZ and 1Z, there were rubber in 10
benchmark sites and rubber fields
ranged from an uprooted rubber field, 1
to 5 year old immature rubber fields,
mature rubber fields to an abundant
rubber field (Table 1). The depth of the
soil ranged from 44 cm in the
Mawanella series to 220+ cm in the
Dodangoda series. The depth of A
horizon ranged from 5 cm in the Boralu
series soils to 35 cm in the Homagama
series soils. Organic C content was
lowest in the Medawachchiya series
(0.77%) while it was highest in the
Weddagala series soils (5.10%). The
bulk density ranged from 1.1 to 1.7 Mg
m>.

SOC Stocks in Bench Mark soil series
The total SOC stock down to 1 m depth
ranged from 66 to 116 Mg ha™ in the 1Z
whereas it ranged from 40 to 133 Mg
ha' in the WZ (Table 2). The lowest
SOC stock was in the Mawanella series
and the highest was in the Pallegoda
series. The SOC stock in the top 10 cm
ranged from 14 (Mawanella series) to
37 Mg ha™ (Malaboda series). However,
it should be noted that Weddagala series
has a very high OC content (5.6%) in

the A horizon. Since bulk density data
were not available for this series, SOC
stocks could not be calculated.

Mean SOC stock in the top 1 m was
slightly higher in the WZ soils (105 Mg
C ha; n=9) than that in the 1Z soils (85
Mg C ha*; n=5) (Fig. 2). Soil OC in the
surface layer is the most sensitive to
agro management practices (Schroth et
al., 2002). The mean SOC stocks in the
top 10 cm however, were not
significantly different (22 and 20 Mg
ha' in the WZ and 1Z, respectively).
SOC stock in the top 10 cm as a
percentage of the total SOC stock in the
100 cm depth was lowest in Agalawatta
series soils (14%) while it was highest
in the Mawanella series soil (35%).
Depth of the soil profile is highly
variable among the studied soil series
and depending on the soil depth, the
total SOC stock in some soil series
could be much higher than those given
in the Table 2. For an example,
Dodangoda and Matale soil series have
52 Mg ha™ more C in the 100-200 cm
depth (data not shown). Average total
SOC stock in the top 100 cm or 10 cm
was the lowest in the DZ soils (78 and
14 Mg ha, respectively) among the
three AERs.
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Fig. 2. Estimated mean SOC stocks in the three Agro-ecological regions

Table 2. Soil organic C stocks (Mg ha™) in top10 cm layer of the A horizon and total SOC
stocks (Mg ha™*) down to a depth of 100cm in studied benchmark soils

Total SOC SOCstock SOC in top

stock in top 10cmasa

AER Soil series (Mg ha™) 10cm %
Wet Zone Pallegoda 133 27 20
Homagama 133 24 18

Agalawatta 122 18 14

Dodangoda 82 15 18

Malaboda 123 37 30

Pugoga 90 14 16

Galigamuwa 94 27 29

Minuwangoda 131 19 15

Mawanella 40 14 35

Mean+SD 105435 2248 2248

Intermediate Zone  Beliatta 68 25 37
Bibile 82 22 27

Dombagahawela 66 14 21

Mahawalatenna 116 20 18

Matale 92 16 17

Mean+SD 85+21 2045 2418

Dry Zone Aluthwewa 78 15 19
Tadaratu 99 20 20

Siyambalanduwa 103 12 11

Medawachchiya 74 11 15

Aranthalawa 36 12 33

Mean+SD 78126 1444 20+8
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Out of the 10 bench mark sites with
rubber plantations (Table 1), six
(Agalawatta, Dodangoda, Pugoda,
Galigamuwa, Mawanella, and Matale)
had  mature  rubber, cultivated
intensively as a monocrop, for more
than 15 years at the time of sampling.
Since SOC content in surface soil of
rubber plantations reaches the lowest
around 7 (Yang et al., 2004) to 20 (de
Blecourt et al., 2013) years after
planting, the SOC stocks estimated for
the said six soil series could be
considered at or near equilibrium state.
Other sites except immature rubber
were either under a permanent crop or
home gardens with upland annual crops
for a long period by the time of
sampling and therefore could be
considered as at equilibrium state.
Hence, for estimations of SOC stock
due to a change in land use or agro-
management practice, the values given
in the Table 2 could be used as the
baseline.

Soil groups based on SOC stocks

Even under a given cropping system,
SOC stocks are highly variable across
the space depending on the soil type,
climate, altitude and specific
management practices adopted. As an
example, Yang et al. (2005) estimated
202 Mg of SOC ha™ in the top 100 cm
of  rubber growing soils in
Xishuangbanna prefecture, southwest
China while de Blecourt et al. (2013)
estimated only 37.4 Mg of SOC ha™
down to 120 cm depth in the same
region (Table 3). In Indonesia the soil
carbon stock was about 90 Mg ha™ in
permanent rubber agroforests and 50
Mg ha® in more intensively managed
rotational rubber plantations (Palm et
al., 2005; Bruun et al., 2009).

Because of this high variability in SOC
stocks, the studied soils were
categorized into three groups; high
(>100 Mg ha™), medium (50-100 Mg
ha™) and low (<50 Mg ha™) SOC stock
soils (Table 4). One notable
observation was that SOC stocks in soil
series in the low category had been
limited by the soil depth.

Table 3. Comparison of SOC stocks (Mg C ha™) in rubber plantations in different countries

Country Depth SOC stock Reference

(cm) (Mg ha™)
Thailand 0-100 78-178 Saengruksawong et al., 2012
Brazil 0-100 56.3 Salimo, Wadt & Alves, 2009
Ghana, 0-60 135 Wauters et al., 2008
Brazil 0-60 153 Wauters et al., 2008
India 0-100 45-146 Prasannakumari et al., 2005
China 0-100 111-202 Yang et al., 2005
China 0-120 37.4 de Blecourt et al., 2013
Sri Lanka 0-100 40-133 This study
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Table 4. Categorization of rubber growing soils based on the total SOC stocks in the 100cm

depth

Category Soil series

Low (<50 Mg ha™)
Medium (50-100 Mg ha™%)

Mawanella, Aranthalawa
Dodangoda, Pugoda, Galigamuwa, Beliatta, Bibile,

Dombagahawela, Matale, Aluthwewa, Thadaratu,
Medawachchiya

High (>100 Mg ha™)

Pallegoda, Homagama, Agalawatta, Malaboda,

Minuwangoda, Mahawelatenna, Siyambalanduwa

Proportion of SOC in ecosystem C

Data on total ecosystem carbon in
rubber plantations under Sri Lankan
conditions is meager. Allometric
estimations of Rodrigo, Munasinghe &
Gunawardena (2005) suggested a 30
year old mature rubber plantation in WZ
contains about 67 Mg C ha' in the
above ground biomass. Estimates in
mature rubber plantations from Brazil,
Ghana, Hainan, Indonesia, and Thailand
ranged from 60-103 Mg ha® (van
Noordwijk, Hairriah & Sitompul, 2000;
Dey, 2005; Cheng, Wang & lJiang,
2007; Wauters et al., 2008). Generally
as much as 10 — 30% of above ground
biomass C is stored in the root system
(Cheng et al., 2007; Gnanavelrajah et
al., 2008; Saengruksawong et al., 2012).
If we assume 13 Mg C ha™ (about 20%
of above ground biomass) is stored in
the root system of intensively managed
mature rubber plantation (Dey, 2005), 2
Mg C ha™ is in the litter and ground
cover vegetation (de Blecourt et al.,
2013), and 133 Mg ha™ in the SOC to a
1m depth (e.g. Pallegoda series soils in
the Kalutara region), then the total
ecosystem C storage would be 215 Mg
ha™. Therefore, the proportion of SOC

in such an ecosystem could be more
than 60%. Depending on the soil type
and agro-management practices
adopted, the proportion of SOC stock in
a mature rubber plantation could vary.
Under Sri Lankan conditions this could
vary from 25% in a well managed
rubber plantation in Mawanella series
soils to 65% in poorly managed rubber
plantation in Pallegoda series soil. The
maximum proportion could be even
higher in soil series where a significant
proportion of SOC is stored in deeper
layers than 100 cm such as Pallegoda,
Agalawatta and Malaboda.

Dynamics of SOC in a rubber
plantation

It was difficult to find literature to
review the effect of land use change into
rubber cultivation on SOC stocks.
Several studies did not have a clear
reference SOC level in the land-use type
just prior to rubber plantations, but
merely compared the existing land-use
types and therefore any detected
difference cannot directly be attributed
to changes in land use (e.g. Brunn et al.,
2009; Yang et al., 2004; Eappen et al.,
2005). In general, clearing of land for
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cultivation hasten SOC decomposition
and decrease OC input into soil (Zhang
et al., 2007a; Rasiah et al., 2004).
Zhang et al. (2013) observed that
conversion of a seasonal rain forest into
rubber plantation in China induced soil
and litter decomposition as the quantity
and quality of the organic matter inputs
under the new land use system are
different. The net result is a rapid
decline in SOC reserves in the top soil.
After this decrease however, soil will
reach a new equilibrium with time (de
Blecourt et al.,, 2013). The time at
which this new equilibrium is reached
and new SOC level is dependent on the
agro-management practices adopted.
Under best management practices, it is
possible to reach the original SOC
levels or even higher at short time
intervals. Paul et al. (2002) concluded
that when agricultural lands are
converted into plantations, there was
generally an initial decrease in soil
organic carbon followed by a gradual
increase. In mature rubber plantations, a
buildup in SOC stocks after 20 years
has been observed by Mandal et al.
(2012).

Conversion of forest plantations into
rubber plantations could deplete SOC
reserves, particularly in hilly landscapes
due to erosion of top soil and increased
rate of SOC decomposition. In a
mountainous landscape in the Yunan
Province in China, de Belcourt et al.
(2013) observed an  exponential
decrease in SOC in the top soil with
time after converting a secondary forest
into a monocrop rubber plantations. The

initial rapid decrease in SOC had
eventually reached a new equilibrium,
after about 20 years and this level was
less than initial value. They reported
that the decrease in SOC stock was 19%
in 120 cm depth over a time period of
46 years under rubber cultivation.
Karthikakuttyamma et al. (1998) also
observed that SOC levels in the top soil
decrease after land clearing and never
reached the original values under the
adopted management practices in some
rubber plantations in Kerala. In another
study in western Amazonia, Salimon et
al. (2009) observed a 41% decrease in
SOC stocks at 17 years after converting
a mature forest to a rubber plantation.

Contrary to those observations,
Sivanandyan & Moris (1992) presented
data that indicated although SOC levels
decreased by 23% within 9 months after
forest clearing, after 62 months (50
months after planting of cover crop and
rubber) SOC levels has increased more
than 12% compared to the original
levels in the forest. According to them,
it is possible to maintain or perhaps
even to increase SOC levels if best
agricultural practices are adopted after
land clearing for rubber cultivation. In
another study Krishnakumar et al.
(1991) observed a high SOC content in
top 60 cm depth in a 10 to 12 year
rubber plantation grown under natural
forest conditions compared with a
natural forest in an Alfisol in West
Bengal. Schroth et al. (2002) also
observed that even though the most of
changes in SOC is occurring in the top
10 cm layer, when the entire soil depth
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(200 cm) is considered, the SOC stocks
were similar among natural primary or
secondary forests, multi strata tree
plantation or mono crop tree plantations
in Brazilian Amazonia when fertilizers
were applied and a good ground cover
was established.

Fox, Castella & Ziegler (2011)
hypothesized that conversion of some
short-fallow systems with low carbon
stocks to rubber may be carbon positive.
In addition, the replacement of truly
degraded lands may also prove carbon
positive. Review of data from a study
that compared 10 to 27 year old rubber
plantations  with  adjacent  fields
subjected to shifting cultivation in
northeast India (Krishnakumar et al.,
1990) revealed that SOC stocks in the
top 30 cm of soil in rubber plantations
were 17 to 36% higher. In dry and cold
southwest China, Yang et al. (2005)
observed about 15 Mg of more C ha™ in
the top 40 cm soils in 15-30 year rubber
plantations established on former arable
lands when compared with those of
nearby arable lands. These findings
suggests that, conversion of lands used
for shifting cultivation in the Dry Zone
of Sri Lanka into permanent rubber
based agroforestry systems is likely to
increase SOC stocks.

Strategies to increase SOC stocks
Erosion control

Soil erosion is one of the main causes
for initial rapid on site decline in SOC
stocks. Most of the rubber growing
lands have steeply dissected to
undulating terrains. Soon after land

clearing, disturbed and exposed top soil
in such landscapes is subjected to
erosive forces of monsoon rains. Joshua
(1977) observed that the erosive power
of the monsoon rains in Sri Lanka is
very high and the erodibility of some
red yellow podsolic and immature
brown loam soils, predominantly found
in rubber growing areas, are also
relatively high. In well managed rubber
plantations about 90% of the soil loss
due to erosion occurs within the first 2
to 3 years after land clearing and
according to Samarappuli &
Yogaratnam (1995) this could be about
60 Mg ha™. In the study of de Belcourt
et al. (2013) reported earlier with a
large decline in top soil SOC content,
lands on steep slopes had been terraced
and the under storey vegetation had
been managed by applying weedicide or
by slashing which could have resulted a
severe erosion of top soil. Unless
stringent soil conservation practices are
put in place, there could be a huge loss
of SOC which will be difficult to
replace within reasonable time scales.
Number of soil conservation practices
such as stone terracing, establishment of
drains, silt pits, good cover crop even
prior to land clearing, mulching, timing
of land preparation, contour planting
have been recommended (Sivanandyan
& Moris, 1992; Yogaratnam, 2001).
Since erosion is predominant in the first
two three years after a land is cleared
for rubber cultivation, it is important to
establish a good ground cover even
prior to land clearing. If soil
disturbance could be restricted only to a
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holing operation in places marked for
planting, without making platforms
along the contour, erosion losses of
SOC could be further reduced in hilly
landscapes.

For sloping lands susceptible to erosion,
agroforestry systems based on contour
hedgerow intercropping have been
advocated as a means of biological
control of erosion, without the high
capital costs of mechanical structures
(Young, 1989; Lenka et al., 2012). In
these systems, hedgerows of trees or
shrubs, such as Leucaena spp.,
Gliricidia sepium or Erythrina spp., or
grasses such as vetivar, are planted on
the contour in between two rubber rows.
Stems and cut branches of hedgerow
plants are placed on the ground to slow
down run-off, soil particles are
deposited and accumulate to create
terraces, and water infiltration increases
behind the barrier (Craswell et al.,
1998). Planting deep rooted vetivar
grass as a hedge row is a very effective
way of increasing SOC content in sub-

surface layers (César lzaurralde,
Rosenberg & Lal, 2001; Lavania &
Lavania, 2009). If economically

important perennial crops are planted in
between rubber rows in rubber based
agro-forestry systems, hedge row plants
could be established along fences,
drains, and in other open spaces.
Loppings of these plants could be used
periodically as mulching materials.

Ground cover management
Growing a cover crop not only reduce
SOC loss through erosion but also add

organic matter into the soil. Litter turn
over from leguminous cover crops in
immature  rubber  plantations s
estimated to be about 5.5 to 7.5 Mg ha™
y! (Phillip, Geoge & Punnoose, 2005a).
Assuming 36% C content in the litter
from cover crop (Phillip & Abraham,
2009) this translates to be 1.9 to 2.7 Mg
C ha' y*. Samarappuli et al. (2003)
estimated 2.0 and 6.7 Mg of litter ha™
from Pueraria phasioloides and
Mucuna bracteata covers, respectively,
in two immature rubber fields of Sri
Lanka. Establishment of Mucuna as a
cover crop improves SOC content in
rubber plantations better than Purarea
phasioloids in this aspect (Phillip,
Geoge & Punnoose, 2005b). In a
gravelly loam Red Yellow Podsolic soil
under Sri Lankan conditions,
Samarappuli et al. (2003) observed that
OC in the top 30 cm layer was 1.9%
under Mucuna while that was only 1.0%
under Pueraria, an increase of about
90% over Pueraria. Such a large
increase in SOC content within few
years is debatable unless the topmost
litter layer had also been included when
sampling. In another study in Sri Lanka,
Chathurika, Samarappuli & Mapa
(2010) observed, on the average, only
16% more SOC in the top 30cm soil
under Mucuna compared to soils under
naturals. High biomass production
(Samarappuli et al., 2003) and high
lignin content in the litter that resist
decomposition (Philip & Abraham,
2009) have lead to high SOC under the
Mucuna cover.

27



Organic carbon stocks in rubber growing soils

Organic matter application

It is widely accepted that repeated
application of organic residues and
manures increases SOC content in the
soil. Application of dead mulches
around the base of the rubber plants has
been proved to increase SOC in top soil
(Samarappuli et al., 1998). In traditional
rubber growing areas of Sri Lanka,
mulching with rice straw has increased
OC in the top 10 cm by 28.5%
compared with Pueraria legume cover
(Samarappuli, 1992). However,
application of adequate amounts of N,
P, S and other essential elements is
necessary for efficient conversion of
crop residues into humus in nutrient
deficient soils (Lal, 1998). Application
of compost, organic wastes from animal
husbandry could also be practiced to
increase  SOC  stocks in  soil
(Yogaratnum & Silva, 1987; Affendy et
al., 2011).

Introduce agroforestry systems

Converting monocrop rubber lands into
agroforestry systems through
intercropping will also improve soil OC
contents. Various intercropping systems
have been introduced to rubber
plantations which include tea, banana,
cocoa, pineapple, cinnamon, medicinal
plants and annual crops (Rodrigo,
2001). Intercropping with banana during
the immature period of rubber has found
to significantly increase SOC in top soil
(George et al., 2012) and this increase is
even greater than maintaining a
Puerarea phaseoloides as cover crop.
Their data also suggest that

intercropping with crops that do not
incorporate large quantities of organic
matter or residues into soil, such as
pineapple and annual crops, will not
increase SOC content in rubber growing
soils. Zhang et al. (2007b) observed that
tea-rubber intercropping tends to
sequestrate higher atmospheric carbon
in soils than rubber monoculture
through increased organic carbon pools
in the tea-row soils and reduced organic
carbon turnover rates in the rubber-row
soils. Calculations done based on data
given in Mapa et al. (2008), revealed
that intercropping rubber with cocoa in
Dombagahawela series in the 1Z of Sri
Lanka had increased the OC content by
22.3% and SOC stock by 17.1% in the
top 30 cm layer compared with
monocrop rubber.

In drier areas, inter cropping with
sugarcane or corn could be practiced
(Esekhade et al., 2003; Idoko et al.,
2012; Rodrigo et al., 2000) and these
crops also produces large quantities of
crop residues. However, return of these
residues back to the rubber field is
essential to increase SOC stocks,
depending on the soil type, as observed
in studies carried out in mono crop
sugar cane or corn fields in tropical
climates (Chivenge et al., 2007; Mann,
Tolbert & Cushman, 2002). Also,
adopting conservation tillage practices
had lead to SOC accumulation in soils
in corn production systems in other
countries (Lal, 1998; Paustian, Collins
& Paul, 1997). Although it could be
argued that by adopting conservation
tillage practices could further increase C
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sequestration in rubber-sugar cane/corn
intercropping systems, the effect of such
a system in relation to crop yields under
Sri Lankan conditions has to be
investigated. Therefore intercropping
with perennials appears to be the best
option available at present to convert
monoculture rubber plantation into an
agro-forestry system in order to
sequester atmospheric CO, in rubber
growing soils.

Biochar application

A significant quantity of biomass (fallen
twigs and branches) are removed from a
rubber land throughout its lifespan as
fuelwood by the workers living in and
around rubber plantations. In Sri Lanka
nearly 50% of fuelwood requirement in
the indrustrial sector is supplied by
rubber plantations (Samarappuli et al.,
1997). Almost all carbon removed as
fuelwood from rubber fields are
released to atmosphere as green house
gases during gasification. About 50% of
C in fuelwood can be converted into
biochar through pyrolysis (Lehmann,
2007), and energy released during
pyrolysis could be used for household
cooking using biochar stoves or kilns in
raw rubber manufacturing factories
(Dharmakeerthi, 2013). Dharmakeerthi
and co-workers observed that biochar
prepared from rubber wood could be
successfully applied to nursery and
immature rubber plants as a soil
amendment with appropriate fertilizer
practices (Dharmakeerthi, Chandrasiri
& Edirimanne, 2012; Dharmakeerthi,
2013). In the dry zone of Sri Lanka corn

cobs and sugar cane bagsse could be
used for biochar production and return
to the field. Since most of the C in
biochar is very stable, soil applied
biochar C will remain in soil for
hundreds of years (Liang et al., 2008)
increasing OC stocks in soil. Therefore,
biochar technology has a great potential

to increase SOC stocks in rubber
growing soils.

Increase growth of rubber plant
Photosynthetically sequestered

atmospheric CO, is released to the soil
through the root system as organic
compounds and root litter (Jobbagy &
Jackson, 2000; Schrumpf, 2013) and
leaf fall (Phillip et al., 2003). The
higher the rate of photosynthesis, the
higher the growth of the plant and C
thus released to the soil will be. Salimon
et al. (2009) observed that deep rooted
tree species increase SOC contents in
lower soil horizons compared with
shallow rooted tree species and
attributed this increase to the C released
from the root system. Most organic
carbon in deep layers are associated
with mineral matter and thus protected
against decomposition (Schrumpf et al.,
2013). Generally 10-35% of the
biomass in a rubber tree is in the below
ground (Saengruksawong et al., 2012)
of which about 10% is fine roots
(Munasinghe, 2009). Because of the
short life span of fine roots, part of that

C is incorporated into SOC pool
annually through microbial
decomposition.  Rubber  being a

deciduous tree, even greater importance
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could be placed on leaf litter. About 2 to
6 Mg of C ha' could be recycled
through the top soil in a mature rubber
plantation per year (Phillip et al., 2003;
Cheng et al., 2007; de Blecourt et al.,
2013). Therefore, management
practices that increase growth of both
above and below ground biomass will
increase the C content in the soil. Since
manipulation of climatic variables that
improve crop growth is difficult,
management practices that increase soil
fertility such as chemical and bio
fertilizers, organic manures, and
moisture conservation are of great
importance in this regard. Application
of chemical fertilizers has found to
increase SOC in both surface and
subsurface layers of a rubber field with
a clay loam texture in India (Singh et
al., 2010) probably due to high leaf and
root litter resulted from the improved
growth of the rubber plant, as observed
by Singh et al. (1998) for annual crops.

Conclusions

There were no published data on SOC
stocks in rubber growing soils under Sri
Lankan  conditions.  However, a
comprehensive data set was available
under the SRICANSOL project, a
twinning project between the Soil
Science Society of Sri Lanka and
Canadian Soil Science Society, that
could be used to calculate the SOC
stock down to 1m depth. Calculations
made on benchmark soil series in rubber
growing areas revealed that the mean
SOC stocks of Wet, Intermediate and
Dry Zone were 105, 85 and 78 Mg ha™,

respectively. In mature  rubber
plantations of bench mark sites had
recorded SOC stocks ranging from 40 to
133 Mg ha™ and this as a proportion of
ecosystem C stock could be varied from
25 to 65% depending on the soil depth
and agro-management practices. Rather
than cultivating rubber as a monocrop,
intercropping with perennials that could
add large quantities of organic matter
into soils, such as cocoa and banana, is
the best land use type in order to
sequester atmospheric CO, in rubber
growing soils. Adopting proper soil
conservation practices, growing
Mucuna as a cover crop, manuring
rubber fields, and adding organic matter
as mulching materials or biochar could
be considered as good agricultural
practices to increase C sequestration in
rubber growing soils. Information
generated here could be useful when
drafting project design documents to
claim carbon credits for rubber
plantations under the AR-CDM or
REDD+ payment schemes of the
UNFCCC.
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