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SCPP carbon stock and carbon footprint in the Indonesian cocoa sector

Abstract

The Sustainable Cocoa Production Program (SCPP) quantified carbon stocks from four pools:
above-ground, below-ground biomass, litter and soil organic carbon in 30 farms of three cocoa
shade management systems in West Sulawesi, Indonesia. Each shade management system was
selected according to the number of shade tree species moving from the less to the more
complex agroforestry system. The carbon footprint was estimated based on 51,620 farmers from
the CocoaTrace! farm management software, considering only the GHG emitted by the use of
fertilizer. The total carbon stock was estimated in average 90.3 t ha', in which soil organic carbon
(SOC) was the main contributor of carbon stock (55%). Shade trees were the main carbon stock
above-ground (75%), compared to 10.9 t C halin cacao trees. Fruit trees were the major shade
tree contributor to carbon stock (11.3 8 t ha). The annual rate of carbon stock was estimated in
1.5 t ha! year?! and depending on the future action plan it could increase by 2.1 t ha! year'in
2020. Nitrous oxide from fertilizer use contributed to 2.36 t COze t™* cocoa dry beans. The values
were different among farmers according their average annual yield and amount of applied
fertilizer per ha. Depending on the changing pattern of yield and applied fertilizer continuum, the
carbon footprint could get reduced by 30% to 1.73 t CO,e t"* while the carbon stock could increase
by up to 13% to 101.5t C hatin 2020. These results show the lack of knowledge of some farmers
on the appropriate use of fertilizer, and the urgent necessity to promote proper fertilizing
practices while increasing the carbon stock by good management of shade system and soil.

Program Background

To support the Sustainable Cocoa Production Program (SCPP), Swisscontact has created a wide
array of public and private sector partners that add value along the supply chain from inputs to
farming to trading to processing to manufacturing. The Program, designed and implemented by
Swisscontact, is a large public-private partnership between Swisscontact and the Swiss State
Secretariat for Economic Affairs (SECO), the International Fund for Agricultural Development
(IFAD), and the Millennium Challenge Account-Indonesia (MCA-I). At national level, SCPP works
with the Indonesian Ministry of Home Affairs and on regional level with all provincial and local
governments in the selected cocoa producing districts. Private sector partners are Barry
Callebaut, BT Cocoa, Cargill Cocoa and Chocolate, Ecom, JB Cocoa, Mars Inc., Mondeléez
International, and Nestlé. Within the specific Green Prosperity program component, SCPP works
closely together with Vredeseilanden VZW (VECO Indonesia), and the World Cocoa Foundation
(WCF) for specific activities.
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SCPP consists of a series of targeted training modules that cover good agricultural, financial,
business, nutrition, social, and environmental practices together with training on internal
systems, traceability, and certification. The program takes a three-dimensional approach to
capture the social, environmental, and economic aspects of sustainability, with a special focus on
ensuring continuity and the participation of the next generation of cocoa farmers.

Geared toward the reduction of poverty and greenhouse gas emissions in the Indonesian cocoa
sector, SCPP includes a focus on 11 of the 17 Sustainable Development Goals and is aimed at
increasing the competitiveness of an environmentally responsible and inclusive cocoa value
chain. The log frame on which SCPP is based includes 77 indicators correlated to impact,
outcomes, and outputs, aligned with the ‘triple P’ bottom line of People, Planet, and Profit.

The program includes rigorous farm observations and interviews which feed data to
www.cocoatrace.com, developed by an Indonesian IT Start-up which then integrate farm and
project management systems in order to populate dashboards which allow for farmer
identification, producer profiles, farm mapping, and full product traceability. Together, the
components of the SCPP system ultimately help ensure a living income for participating farmer
families.

Introduction

The rising concentration of greenhouse gases (GHG) in the atmosphere is contributed to a large
extent by fossil fuels consumption and the conversion of tropical forest into agricultural and
pasture land (Paustian et al., 2000). The latter one is responsible for 17.4% of the global GHG
emissions (IPCC, 2007). Indonesia has lost 40% of its forest cover since 1945 with a current rate
of about 5,000,000 ha year-1 (FAO, 2010), following the highest annual deforestation rate in
primary forest of all tropical countries (Margono et al., 2014).

In Central Sulawesi, palm oil and cocoa cultivation are considered the main drivers of
deforestation (Koch, 2009). Qil palm plantations are currently the leading cause of forest
destruction in Malaysia and Indonesia, with an estimate of 98% forest loss by 2022 (UNEP, 2007).
Cocoa annual production in Indonesia increased by more than 25% from 1980 to 1994 (COPAL,
2008; Juhrbandt et al., 2010), becoming the third largest cocoa producer in the world since 2008
until today (ICCO, 2015). Besides deforestation, one of the main issues of the cocoa boom in 1990
was that many smallholder farmers cultivated this crop without appropriate crop management
(poor knowledge or training). This resulted in old poorly managed cacao trees (most have not
been replanted since then), which are more prone to pests and diseases. In combination with
inappropriate soil management, the cocoa production in Indonesia is far behind its potential, it
can be harmful to environment and yield revenues are often not enough for cocoa farmer’s needs
(SCPP, 2015).
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This becomes more relevant, given the recent high demand to produce cocoa in a sustainable
manner (Millard, 2011; Waldron et al., 2012), where initiatives like voluntary carbon markets
(FAO, 2010b) and certification have started to address the challenge.

SCPP attempts to increase productivity while enhancing the environmental performance through
mechanisms such as farmers training on good agricultural and environmental practices,
traceability and certification. With being able to quantify the carbon footprint on cocoa farms,
the Sustainable Cocoa Production Program (SCPP) will be able to measure its impact thus
contribute to reduction of GHG emissions in cocoa sector.

There are two indicators that have been used to measure the impact of commodities such as
coffee and cocoa on the climate. The first one is the carbon footprint, which measures the
guantity of all GHG emitted per unit of commodity produced and it is measured in CO equivalents:
COze (van Rikxoort et al., 2014). The total emissions depend on variables such as use of chemical
and organic fertilizer, pesticide, and fossil fuel for transport and farm operations (van Rikxoort et
al., 2014). The second indicator is the carbon stock of a particular land use system, which is always
compared with the natural system i.e. primary or secondary forest and is measured in t ha™.
There are sufficient studies showing that cocoa cultivated in agroforestry systems sequesters
considerable high amount of carbon (Kumar and Nair, 2011). This amount varies among different
agroforestry systems for instance coffee, cocoa, and rubber from 12 to 228 t ha™ (Dixon, 1995;
Albrecht and Kandji, 2003; Montagnini and Nair, 2004; Nair et al., 2009) and depends on the
shade management system; shade tree density and species; percentage of shade coverage
among others. For instance, rustic shade would have higher carbon stock compared to mixed
shade or specialized shade.

Methodology
The baseline study area was located in Mamuju (02°55' S 118°52' E - 02°22'S 119°12' E), West
Sulawesi, Indonesia. The field work was carried out during the month of November 2015 in SCPP
active areas. The region is classified as humid tropical forest according to Holdridge (1987) with
mean temperature of 28°C and mean annual rainfall of 2,674 mm. In Mamuju, the driest months
occur from June to September, while the rainiest are from December to March (Government data
Mamuju, 2010).
Based on CocoaTrace farm information, 30 cocoa farms located in different districts of Mamuiju
were selected (Fig. 1). Among the 30 farms, three shade management systems were identified as
follows:
e First system: one or two shade trees species including fruit trees combined with
coconut or legume trees.
e Second system: three or more shade species including coconut, Gliricidia (gamal),
and fruit trees.
e Third system: more than four shade tree species including timber trees.
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SCPP made inventories of land and management in semi-structured interviews with the farmers
(Annex 1). For every farm, the data related to cocoa stand characteristics, productivity,
agrochemical use, waste and land use management, and transportation were recorded.
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Figure 1. Location of the study area with the 30 selected farms.

5|Page



nschalt  Federal Department af Econom
Educat on and Research EAER
State Secretariat for Economic Affairs SECO

nic Affairs,

[t
swisscontact

Carbon stock methodology

SCPP estimated the above-ground biomass of wood and litter; below-ground biomass and soil
organic carbon (SOC). Tree sampling was based on the methodology of Riignitz et al. (2009) in
plot of 50 x 20 m, where every tree with DBH more than 10 cm was recorded at 1.3 m above the
soil surface. The sample included 30 cacao trees at 30 cm above the soil surface (Fig. 2). The
program recorded data of species, height, DBH and age (Annex 2). The appropriate allometric
equations were applied (Table 1) to convert DBH and height into tree biomass (Holdridge, 1987).
Wood density was extracted from the global ICRAF data base of wood density (Kind et al., 2015)
and converted biomass to carbon using the factor 0.47 (IPCC, 2006).

To estimate the annual rate per year, the carbon stock was divided per the age of each shade
tree. The average age of shade trees is 13 years old with the average DBH of 22.1 cm.

Table 1. The allometric equations used to calculate above-ground biomass

Cocoa Log B=(-1.684 +2.158 * Log (DBH30 ) + 0.892 * Log(H)) (CATIE, unpublished)

Fruit trees Log B=(-1.11 + 2.64 * Log(DBH)) (CATIE, unpublished)

Palms B=4.5+7.7*H (Frangi and Lugo, 1985)
Coconut B= ((t /4) *(DBH*0.5) A2) *H*0.4 (Hairiah et al. 2001)
Banana B=0.030*DBH?!3 (Van Noordwijk et al. 2002)
Other shade trees  B=0.050 9*(WD*((DBH)"2) *H) 20.916)) (Chave et al. 2005)

DBH (Diameter at Breast Height)
WD (Wood density) ICRAF data base
H (Height)

Inside the main sampling plot, subplots of 10 m x 25 m were established to measure SOC and
bulk density. Square frames of 0.25 m? (50 cm x 50 cm) were established to determine litter
biomass (Fig. 2). To estimate litter, the whole fresh weight was recorded of the four samples in
the square frame and the subsample of fresh weight of 200 g. In the laboratory the subsamples
were dried and weighted again. Below-ground biomass was estimated based on above-ground
biomass (Cairns et al. 1997) by following formula.

B =exp [-1.0587 + 0.8836 * In (Above-ground biomass)]

SOC was determined by four soil disturbed samples taken at two depths which were 0-10 cm and
0-20 cm on each subplot. Furthermore, SOC was examined by one sample of undisturbed soil at
the same two depths on metal rings of 2.5 cm radius and 5 cm height (Fig. 2). The samples were
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analyzed by laboratory of Assessment Institute for Agricultural Technology, South Sulawesi to
obtain percentage of SOC on each depth and the weight of the undisturbed sample to calculate

bulk density.
50 m
[ |
- L]
® |
. 20m
Sample points for litter (0.25m2) -
m
.Sml ints for soil 0.5m %m l
ample points for soi .O‘Sm -

. Sample point for bulk density

Figure 2. Sketch adapted from Poveda et al. (2013). Sampling design on carbon stock assessment.

Estimation of GHG emissions

To measure GHG emissions, SCPP currently uses the tool of UNFCCC/CCNUCC “Estimation of
direct nitrous oxide emission from nitrogen fertilization” allowing for estimating direct nitrous
oxide emission from applying nitrogenous fertilizer within SCPP boundary, for baseline and post
line estimation. To compare two different methodologies, both using the farmer data from
CocoaTrace database, The Cool Farm Tool (CFT) was used in this study. This tool is a GHG
calculator, which estimates emissions at farm level depending on site and management activities.
It also has the advantage to calculate GHG emissions on different case scenarios to explore
mitigation options. In comparison to current SCPP methodology using the default emissions
factor used by 2006 IPCC Guidelines, The CFT uses the scientific research and different factors
are taking into account of N,O emission measurements such as climate, crop type, fertilizer type,
application rate, mode and timing of application, soil organic and carbon content, soil nitrogen
content, pH, texture and drainage, measurement technique and frequency, and length of the
measurement period.

In total, 51,620 farms with annual yield ranging from 10 to more than 2,000 kg ha' were analyzed
using CFT and data from CocoaTrace database. Variables on climate, crop type, fertilizer type,
application rate, mode and timing of application, soil organic content, soil nitrogen content, pH,
texture and drainage were included. Four groups were identified: farmers with annual yield 10-
500 kg ha; farmers with annual yield 500-1,000 kg ha; farmers with annual yield 1,000-2,000
kg hatand farmers with annual yield more than 2,000 kg ha™. Regarding to those variables the
best and worst case scenario was calculated for each group.
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Results and Discussion

The results on carbon stock are based on the 30 farms sampled in West Sulawesi whereas the
carbon footprint results cover data from all SCPP areas of 51,620 farms. Cocoa production is one
of the main activities of the farmers analyzed in the study. The farm area ranges from 0.1 to 18.5
ha (average of 1.02 ha) with mean tree density of 783 trees ha™l. The stand age of cacao trees
differs from 2 to 34 years. Yield varies from 10 to 3,600 kg ha! year?! with average of 517 kg ha™*
per year. The highest yield was found on stand ages between 10 and 20 years and tree density of
620 to 900 trees ha™.

The CocoaTrace data indicate that the dose of applied fertilizer and pesticide varies greatly
among farmers. Chemical fertilizer is used by 59.4% farmers. Among them around 42.2% utilize
urea as their main fertilizer combined with NPK (41.6%), ZA (6.1%) and some (7.4%) apply organic
fertilizers (manure, compost or cocoa husks). Large amount of farmers spray pesticides (75.7%).
The most widely used are herbicides (77.3%) with the active ingredient of Glyphosate (66.5%)
and/or Paraquat dichloride (44.8%). Insecticides are used by 66.8% with wide use of Lambda
cyhalothrin (31.6%) and Cypermethrin (38.7%). Fungicides are the least used by the farmers
(26.8%) and mostly include copper oxide (45.8%). Many of the previous pesticides are banned or
in the watch list by various certification labels. Majority of the farmers use motorbikes for
transportation.

As mentioned earlier, stand inventory and carbon stock was based on 30 surveyed farms in West
Sulawesi. Three shade management systems were identified according to the number of shade
tree species as explained in the methodology. The first one had one or two shade tree species,
but was not limited to coconut or Gliricidia. Different combinations were found including fruit
trees combined with coconut or legume trees for a total of 10 species. The second system consists
of three to four shade tree species including palms and timber trees with a total of 15 species.
The third system included more than four shade trees up to 6 species including all the previous
with a total of 20 species (Table 2).
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Table 2. Stand inventory of cacao and shade trees in the three shade management systems (n=30)

_ 1241 1378 1189

In total 24 shade tree species were identified. Fruit trees such as durian, langsat and mango
(Durio zibethinus, Lansium parasiticum, Mangifera indica) contributed in higher proportion (33%)
followed by banana (Musa acuminate, 23.2%), leguminous trees (Leucaena leucocephala,
Gliricidia sepium, 16.2%) and coconut (Cocos nucifera, 14%). Although banana is used as shade
tree for young cocoa and local consumption, it is an evergreen perennial herb. Because of this,
banana would not contribute significantly in terms of carbon stock. In respect with the DBH
classes the 54.7% corresponded to 10-20 cm, 24% to 20-30 cm, 13.7% to 30-40 cm, and 7.5% to
more than 40 cm.

Carbon stock

Soil organic carbon (SOC) was the main contributor to the total carbon stock by 55% (Fig. 3). It is
considered one of the main contributors to carbon stock, because the SOC maintain stable over
time (Nair et al., 2009). Scientists reflect only the reduction of SOC during conversion of primary
forest to cropland, reporting values up to 70% within 10 or more years after conversion (Lugo
and Brown, 1993; Guo and Gifford, 2002; Murty et al., 2002).

SOC did not differ significantly between the shade management systems, supporting the
hypothesis it might be determined by the initial conditions of the plot rather than the cultivation
systems (Table 3). Furthermore, some authors have found that SOC may increase significantly on
the first ten years of the cocoa agroforestry systems (Beer et al., 1990; Albrecht and Kandji, 2003;
Isaac et al., 2005), since the shade trees add organic matter to the soil, recycle nutrients, and
increase soil fertility among others.
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Carbon stock on cocoa farms
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Figure 3. Carbon stock average (%) on cocoa farms in West Sulawesi

Table 3. Carbon stock average (t ha) of cacao trees and shade trees in the three shade management
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Carbon above-ground was the second highest contributor to total carbon stock (34%, Fig. 3), and
it was lower in the first system, while the second and third system did not differ significantly,
despite the difference in tree density (Table 4). This could be explained by the high number of
banana shade trees present in the third system. In general, the shade trees of the study area
have a carbon stock rate of 1.5 t ha'! year™. Timber trees did not contribute in higher proportion
to the carbon stock mainly by the low tree density and DBH. It is recommended to increase
number of trees with DBH classes from 30-40 cm and more than 40 cm. If the number of large
trees increases in 56 trees ha't, the carbon stock would increase up to 40% with carbon stock rate
of 2.1 t ha' year™. Fruit trees were the most diverse group (50% of the total tree species) with
the highest DBH values and the highest carbon stock (Table 4). Legume trees such as Leucaena
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leucocephala and Gliricidia sepium had small DBH values since they are used as forage to feed
the cattle. It is suggested to increase the number of legume trees to improve food security,
carbon stock and nitrogen fixation, which could lead to a reduction of chemical fertilizer use thus
carbon footprint.

Table 4. Carbon stock average considering the shade tree typology (n=30)

11.3 0.2 5.9 0.2 0.4 1.6 19.7

The total above-ground carbon stock in cacao and shade trees is 30 t ha, which is still quite low
if compared with other cocoa areas in other countries. For instance, Somarriba et al. (2013)
recorded an average of 49.2 t ha with 866 tree density between five countries in Central
America, including specialized, productive and mixed shade management systems, which are
comparable to our systems. Schroth et al. (2014) reported on rustic shade systems in Brazil have
carbon stock around 69 t ha, with cacao tree density of 872 and annual yield of 275 kg ha™. In
this case, only trees with DBH equal or higher than 30 cm were considered. Rustic shade system
is focus in the increment of carbon sequestration rather than yield. Other studies are included in
Table 5 and show variability of the results depending on methodology and farm and soil condition
and management.

Table 5. Carbon stock in different cocoa agroforestry systems.

Norgrove and Hauser (2013) 166.8 1477

Bustillos 52.7 1071
Leuschner et al. 2013 31.7 1360
Jacobi et al. 2014 73.3 921

Deforestation of primary and secondary forest to grow cocoa must be avoided to maintain SOC,
nutrient recycling, soil fertility, and reduce GHG emissions. For instance, van Noordwijk et al.
(1997) reported in Sumatra soil lost in upper soil (15 cm) of about 10 Mg C ha™ after the
conversion of primary forest to slash-and-burn fields. On the other hand, the use of organic
fertilizer and appropriate waste management would increase carbon sequestration besides the
reduction of nitrous oxide emissions. For example, the use of cocoa pod husks, pruning waste,
and litter as compost, could maximize the nutrient use for the cacao tree besides helping to
rehabilitate the soil. The cocoa husks can be fragmented and buried into the ground around all
the cocoa area (CSP, 2013). Another alternative would be using the shade trees pruning
(Gliricidia, Leucaena), grasses and pod husks to feed the animals, while using the manure of
animals for compost and biogas to produce energy (CSP, 2013).
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Carbon footprint

The emissions were categorized in four groups according to the annual yield and amount of
applied fertilizer (Urea, NPK, TSP) with a total of 51,620 farmers. The values were classified as
best and worst scenario depending on the soil properties found in the study (Table 6). About
52.3% of farmers with yield between 10-500 kg ha apply on average 0.5 kg ha! of fertilizer per
kg of cocoa bean produced, while the 1.1% of farmers with yield more than 2,000 kg ha* apply
on average 0.17 kg per kg of cocoa beans produced. Because of this dosage, the value of average
GHG emissions in the first group is higher compared to the fourth group (4.03 and 0.9 COze t*!
respectively). The average carbon footprint resulted in 2.36 t CO,e t of cocoa. When applied to
average SCPP farm with yield of 517 kg ha and a size of 1.02 ha, there is 1.2 t CO,e emitted
annually on each farm.

Only 7.4% of the farmers use compost as organic fertilizer. These farmers contribute to a low
carbon footprint by the reduction of CO, and N,O released to the atmosphere, and also by the
sequestration of carbon in the soil (depending on the time frame they have used it) that can
offset the emissions, creating an overall net decrease on the farm’s emissions. Using organic
fertilizer not just emits less, but has a benefit on sequestering carbon in the soil and enhancing
soil fertility.

Table 6. GHG emissions average from applied fertilizer (n=51,620) according to annual yield.

1.2 1 >1.72 Medium Good 4-5.5 305.6 157.5 523 2.34
1.2 1 1.72-5.19 Coarse Poor 5.6-7.3 305.6 1575 52.3 5.72
11 2 >1.72 Medium Good 4-5.5 687.8 305.4 36.9 1.81
11 2 1.72-5.19 Coarse Poor 5.6-7.3 687.8 305.4 36.9 4.19
1.0 3 >1.72 Medium Good 4-5.5 1273.3 377.2 9.7 0.93
1.0 3 1.72-5.19 Coarse Poor 5.6-7.3 12733 377.2 9.7 2.12
0.5 4 >1.72 Medium Good 4-5.5 2396.9 413.2 1.1 0.54
0.5 4 1.72-5.19 Coarse Poor 5.6-7.3 2396.9 4132 1.1 1.24

* Soil organic matter (SOM)
**The percentage of farmers with specified yield and fertilizer
*** GHG emissions of 1 t of applied fertilizer per 1 t of produced dry cocoa bean
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If the 10% of farmers with lower yields (305.6 kg ha') switch to higher yields the carbon footprint
would get reduced by 0.3 kg CO,et! (Table 6). However, if the amount of applied fertilizer gets
reduced by 0.2 t per kg of cocoa bean produced, the emissions would get reduced from 2 to 1.3
t CO2et! in the best case scenario. Additionally, in the worst scenario, the emissions would get
reduced from 4.8 to 2.8 COze t™! (Table 7). The chemical fertilizer in amount of 0.2 t could be
replaced by adding organic fertilizer. In this case, the carbon footprint would increase only by 0.3
kg COze t. In conclusion, the more efficient application of fertilizer, combined with organic
fertilizer and higher yields would result in a lower carbon footprint.

Table 7. Total GHG emissions (t COe t') from applied fertilizer (n=51,620) according to annual yield and

percentage of farmers

0.58

- 4.8 0.65 4.1 2.8 0.4

* Unit of GHG emissions: 1 t of applied fertilizer per 1 t of produced dry cocoa bean

1.7 1.3

Fertilizer application to the soil releases carbon dioxide (CO2) and nitrous oxide (N20). N2O is the
main contributor to the total GHG emissions, due to its global warming potential around 298. It
means that 1 kg of N>O is almost 300 times more than 1 kg of CO,. Consequently, N2O has the
ability to remain in the atmosphere 114 years before being sunk or destroyed by chemical
reactions (IPCC, 2007b). As mentioned before, using pod husks as compost would also sequester
carbon in the soil (see more details in section carbon stock under Results).

SCPP Baseline

Carbon stock and carbon footprint are two separate and largely independent measures of climate
impact. The climate benefits of high standing carbon stocks in a land use system are not captured
in the carbon footprint which measures carbon flows between the production system and its
environment (van Rixkoort, 2014). Therefore, SCPP decided to use and measure the two values
separately.

As per SCPP target, decreasing emissions and increasing carbon sequestration by 30% in 2020
will end in a change of carbon stock from 90.3 to 101.5 t C ha-1 and from 2.36 to 1.73 t CO2e ha-
1 in the carbon footprint (Table 8). The following table shows the net emissions on each year. It
is important to realize that this projection will might happened only if the appropriate
recommendations are followed.
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Table 8. Projections of carbon footprint reduction (%) according to SCPP 2020 KPI planning

0 10 15 20 25 30 30
2.36 2.24 2.13 2.02 1.92 1.73 1.73
90.3 92.4 94.6 96.9 99.3 101.5 101.5

Further recommendations

Where to grow cocoa?

To reach the desirable goals, it is mandatory to avoid the conversion of primary and secondary
forest to grow cocoa. Instead, cocoa could be grown in fallow land and in old cocoa farms, by
rehabilitation and replanting techniques. Fallow land rehabilitation will restore some of the high
biomass and SOC lost when forest was first converted. Selecting loamy soils and avoiding pure
clay soils to grow cocoa is also important. Loamy soils increase soil moisture and have good
drainage, which reduces GHG emissions. Any burn activity to clear land has to be avoided too.
Burning releases high amount of CO; and does not allow organic matter to decompose, which
decreases SOC. Determining other clearing methods improves soil fertility and structure.
Mulching is another clearing method, which would increase soil organic matter and reduce
erosion (Teusch and Hoffman, 2005). Avoiding high slopes to grow cocoa (>25%) and in areas
with slopes higher than 10% increase shade tree density and maintain terracing to prevent soil
erosion is crucial. Farm maintenance such as regular pruning of cacao and shade trees, routine
weeding as many times as necessary to reduce nutrient competition with cacao trees, and
removal of diseased pods are critical to keep the farm healthy and productive. These practices
would enhance cacao and shade tree growth and carbon sequestration.

Carbon footprint measurement

SCPP tested two methodologies of GHG emissions estimation with very different results. The
UNFCCC/CCNUCC approach is a simple tool to be embedded in agriculture programs’ monitoring
systems. As the majority of the CO2eq is emitted by use of fertilizers, the data on its use are
enough to measure the progress in time. However, for more complex studies, the Cool Farm Tool,
including more details on farm and area condition might be more accurate. This would mean
much more resources involved thus it is less suitable for programs working with large amount of
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smallholder farmers in different areas due to unavailability of some data such as soil quality.
Therefore, SCPP continues using the first tool and might test more methods in the future.

Productive shade trees such as fruit trees and legumes that can increase carbon stock while
improving food security are recommended. Legume trees are able to provide other ecosystem
services such as nitrogen fixation, which could reduce the amount of applied chemical fertilizer.
Natural regeneration of native species is also highly recommended to increase carbon stock.
Shade trees with deep roots have shown to also enhance SOC and below-ground biomass. Shade
trees with large and cylindrical trunks like mahogany (Swietenia macrophylla) would enhance
above-ground carbon, while small canopies with light foliage such as Albizia sp., would allow light
to go through without compromising cocoa yield (Somarriba et al. 2013). Shade trees with DBH
lower than 10 cm when mature should be avoided, because the carbon store is insignificant, and
the percentage of DBH class 10-20 cm (54.7%) should be reduced and the DBH > 30 cm (21%)
increased respectively. A high density of shade trees provide a micro-environment when extreme
changes of rainfall and temperature occur, by buffering humidity and soil moisture availability
and by enhancing soil organism activity (Martius et al. 2004; Siles et al. 2010). See the section of
carbon stock under results for specific recommendations.

Reducing the variety and dose of applied fertilizer is recommended. Some farmers apply up to
four different types of fertilizers, including urea, NPK, ZA and TSP (1.3%) where a relatively high
amount is then depleted to the soil. Many farmers utilize fertilizers inefficiently, often believing
it can replace the benefits of organic matter and adding more fertilizer means higher yields. The
right composition (organic and inorganic), dosage, time and place is crucial to achieve good
results while conserving the soil and decrease carbon footprint. Therefore to increase the
farmers’ knowledge on this topic is a key. Furthermore, specific cocoa fertilizer might solve part
of the issue. For example, in Ghana it was found that NPK (0-18-23) was the most appropriate
fertilizer and farmers are encouraged to use only this one (Asare et al., 2013). See the section of
Carbon footprint under results for specific recommendations.

Due to large variability of cocoa farms and regions in Indonesia, more studies in more areas are
needed to estimate the carbon stock. The following systems should be assessed in the other
regions of Indonesia (Table 9). The distance between sample plots must be as far as needed
depending on the study area and sample size, to capture as much diversity as possible. During
the fieldwork it is very important to check the accuracy of the following data: number of cacao
trees per ha; distance between cacao trees; area of cocoa farm/garden/plot, and age of the cacao
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trees. In case that a shade tree cannot be identified, a leave sample must be taken to herbarium

for further identification. Dead wood should be included in future carbon studies.

Table 9. System of cocoa carbon stock and carbon footprint assessment for future studies.

3x3 cacao trees =
~1100 trees

4x3 cacao trees
~900 trees

4x4 cacao trees
=~625 trees

3x3 cacao trees
~1100 trees

4x4 cacao trees
=~625 trees
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- Clones Hybrids

1. Full sun

2. Acidic-clay based soils

3. Maybe drainage

1. Coconut at 10x10 = ~100/ha

2. Acidic clay-based soils

3. Maybe drainage

Variety of fruit trees, sometimes
coconut

1. Random mixed shade species of
varying intensity

2. Poor drainage/contouring/soil
erosion control

1. Random mixed shade species of
varying intensity

2. Poor drainage/contouring/soil
erosion control



[t
swisscontact

References

Albrecht, A., Kandji, S.T., 2003. Carbon sequestration in tropical agroforestry systems. Agric.
Ecosyst. Environ. 99, 15-27.

Asare, Forest trends and Nature Conservation Research Centre. 2013. Understanding and
Defining Climate-Smart Cocoa: Extension, Inputs, Yields, and Farming Practices.

Beer, J.,, Bonnemann, A., Chavez, W., Fassbender, H.W., Imbach, A.C., Martel, |, 1990.
Modelling agroforestry systems of cacao (Theobroma cacao) with laurel (Cordia alliodora) or poro
(Erythrina poeppigiana) in Costa Rica. V. Productivity indices, organic material models and
sustainability over ten years. Agrofor. Syst. 12, 229-249.

Cairns, M.A., Brown, S., Helmer, E.H., Baungardner, G.A.,, 1997. Root biomass alloca-
tion in the world’s upland forests. Oecologia 111, 1-11.

Cocoa sustainability partnership (CSP). 2013. Cocoa farm soil fertility renovation. Cokelat.
COPAL 2008 Cocoa info. A weekly newsletter of cocoa producers’ alliance. Issue No 264.

Dixon, R.K., 1995. Agroforestry systems: sources or sinks of greenhouse gases? Agrofor. Syst. 31,
99-116.

FAO 2010a. Global Forest Resources Assessment 2010. FAO Forestry Paper No. 163. Food and
Agriculture Organization of the United Nations, Rome.

FAO, 2010b. Climate-smart agriculture. In: Policies, Practices and Financing for Food Security,
Adaptation and Mitigation. FAO, Rome.

Frangi, J.L., Lugo, A.E., 1985. Ecosystem dynamics of a subtropical floodplain forest. Ecol. Monogr.
55, 351-369.

Guo LB, Gifford RM, 2002. Soil carbon stocks and land use change: a meta-analysis. Glob Change
Biol 8:345—-360s.

Hillier, J. 2013. The Cool Farm Tool. FAO-EPIC consultation on soil carbon sequestration under
CSA project. University of Aberdeen.

Holdridge LR., 1987. Ecologia basada en zonas de vida (No. 83). Agroamérica

Intergovernmental Panel on Climate Change (IPCC). 2006a. Guidelines for national green- house
gas inventories, Volume 4: Agriculture, forestry and other land use. Japan, IGES

ICCO. 2008. International Cocoa Organisation. Annual report. 2006/2007

17 |Page



[ —, )
swisscontact

IPCC. 2007. Direct Global Warming Potentials: Climate Change 2007: Working Group I: The
Physical Science Basis. https://www.ipcc.ch/publications_and_data/ar4/wgl/en/ch2s2-10-
2.html

Isaac, M.E., Timmer, V.R., Quashie-Sam, S.J., 2007. Shade tree effects in an 8-year old cocoa
agroforestry system: biomass and nutrient diagnosis of Theobroma cacao by vector analysis.
Nutr. Cycl. Agroecosyst. 78, 155—-165.

Juhrbandt J, Duwe T, Barkmann J, Gerold G, Marggraf R. 2010. Structure and management of
cocoa agroforestry systems in Central Sulawesi across an intensification gradient. In: Tscharntke
T, Leuschner C, Veldkamp E, Faust H, Gu- hardja E, Bidin A (eds) Tropical rainforests and
agroforests under global change. Ecological and socio-economic val- uations. Springer, Berlin, pp
115-140

Kindt R, Ordonez J, Smith E, Orwa C, Mosoti B, John I, Chege J, Harja D, Kehlenbeck K, Luedeling
E, Lillesg J-P B, Muchugi A, Munjuga M, Mwanzia L, Sinclair F, Graudal L and Jamnadass R. 2015.
ICRAF Species Switchboard. Version 1.2. World Agroforestry Centre, Nairobi.

Koch S., 2009. Driving forces of tropical deforestation at the forest frontiers of Central Sulawesi.
An institutional and demographic perspective. Pacific News 32:18-21

Kumar BM, Nair PKR., 2011. Carbon sequestration potential of agroforestry systems -
opportunities and challenges. Springer, Dordrecht

Lugo AE, Brown S., 1993. Management of tropical soils as sinks or sources of atmospheric carbon.
Plant Soil 149:27-41

Margono BA, Potapov PV, Turubanova S, Stolle F, Hansen MC, 2014. Primary forest cover loss in
Indonesia over 2000-2012. Nature Climate Change, 4, 730-735

Martius, C., Hofer, H., Garcia, M.V., Rémbke, J., Forster, B., Hanagarth, W., 2004. Microclimate in
agroforestry systems in central Amazonia: does canopy closure matter to soil organisms?
Agroforest Syst 60(3), 291-304.

Millard E., 2011. Incorporating agroforestry approaches into commodity value chains. Environ
Manag 48:365— 377. doi:10.1007/500267-011-9685-5

Montagnini, F., Nair, F.P.K.R., 2004. Carbon sequestration: an underex- ploited environmental
benefit of agroforestry systems. Agrofor. Syst. 61, 281-295.

Murty D, Kirschbaum MUF, McMurtie RE, McGilvray H., 2002. Does conversion of forest to
agricultural land change soil carbon and nitrogen? A review of the literature. Glob Change Biol
8:105-123

18 |Page


https://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch2s2-10-2.html
https://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch2s2-10-2.html

[ —, )
swisscontact

Nair, P.K.R., Kumar, B.M., Nair, V.D., 2009. Agroforestry as a strategy for carbon sequestration. J.
Plant Nutr. Soil Sci. 172, 10-23.

Paustian, K., Six, J., Elliott, E.T., Hunt, H.W., 2000. Management options for reducing CO2
emissions from agricultural soils. Biogeochemistry 48, 147-163.

Rlgnitz MT, Chacén ML, Porro R., 2009. Guia para la Determinacién de Carbono enpequefias
propiedades rurales. 1 ed. Centro Mundial Agroforestal (ICRAF) / Consércio Iniciativa Amazonica
(IA). Lima, Peru

Siles, P., Vaast, P., Harmand, J.M., 2010. Effects of Inga densiflora on the microclimate of coffee
(Coffea arabica L.) and overall biomass under optimal growing conditions in Costa Rica.
Agroforest Syst 78(3), 269-286.

Schroth, G., Jeusset, A., da Silva Gomes, A., Florence, C. T., Coelho, N. A. P., Faria, D., & Laderach,
P., 2014. Climate friendliness of cocoa agroforests is compatible with productivity
increase. Mitigation and Adaptation Strategies for Global Change, 1-14.

Somarriba, E., Cerda, R., Orozco, L., Cifuentes, M., Davila, H., Espin, T., and Astorga, C., 2013.
Carbon stocks and cocoa yields in agroforestry systems of Central America. Agriculture,
ecosystems & environment, 173, 46-57.

South Pole, 2014. Emission Reduction Measurement Methodology in Cocoa Supply Chains,
Indonesia

Sustainable Cocoa Production Program (SCPP), 2015. Management update SCPP 1st semester
2015.

Teutsch, C.D., and R.M. Hoffman, 2005. Virginia’s Horse Pastures: Grazing Management, Virginia
Cooperative Extension publication 418-101, http://pubs.ext.vt.edu/418-101/

Van Noordwijk M, Cerri C, Woomer PL, Nugoho K, Bernoux M.1997. Soil carbon dynamics in the
humid tropical forest zone. Geoderma 79:187-225

Van Rikxoort H, Schroth G, Laderach P, Rodriguez-Sanchez B., 2014. Carbon footprints and carbon
stocks reveal climate-friendly coffee production. Agron Sustain Dev, in press.

Waldron A, Justicia R, Sanchez M., 2012. Conservation through chocolate: a win-win for
biodiversity and farmers in Ecuador’s lowland tropics. Conserv Lett 5:213-221.

19 |Page


http://pubs.ext.vt.edu/418-101/

