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Disclaimer + use 
 

Anyone is free to use and cite this methodological guidance for quantifying carbon 
sequestration in perennial crops, namely cocoa, coffee, apple and citrus. Cool Farm 
Alliance, Quantis, their associates and the funding partners cannot be held responsible for 
any action or decision referencing these guidelines.  

Generally, it is recommended that: 

● All decisions consider multiple indicators (e.g. biodiversity, water, social metrics) 
and the potential for unintended consequences.  

● Carbon sequestration is only reported when there has been a change in practice or 
management.  

● Carbon sequestration is reported as the difference between two land management 
or land use scenarios. For perennial systems, an estimated (projected) average 
sequestration across a planting cycle is more appropriate than reporting year-by-
year growth. 

● The inherent reversibility of carbon sequestration in perennial systems is explicitly 
considered in assessment, communication, and monitoring.  
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Glossary 
Allometric equation: A mathematical expression describing the shape of trees due to 
growth through time by relating a dependent variable (e.g. tree biomass) with measurable 
independent variables (e.g. tree diameter at breast height, age and height). 

Biomass: The material of living plant parts containing organic carbon and generally 
expressed in kilograms (kg). 

Carbon dioxide: A greenhouse gas molecule consisting of one carbon (C) and two oxygen 
(O) atoms (CO2) with the molecular weight of 44 g/mol. 

Carbon dioxide removal: The process of capturing CO2 from the atmosphere and storing it 
in material form as organic or inorganic carbon. 

Carbon sequestration: The process by which CO2 is removed from the atmosphere and 
stored in organic stocks (e.g. soil and tree biomass).  

Carbon stock: The amount of carbon in a carbon pool, i.e. a reservoir in an earth system, 
often expressed as tonnes per hectare (t/ha).  

Climate benefit: A climate benefit in this methodology refers to a removal of CO2 expressed 
as a negative emission of CO2, while acknowledging that removals associated with any 
given system may not influence global climate. 

Climate impact: A climate impact refers to GHG emission, while acknowledging that 
emissions for any given system may not influence global climate. 

Carbon dioxide equivalent (CO2e): Equivalency of carbon dioxide (CO2e) is the quantity of 
CO2 emission that would cause the same integrated radiative forcing over a given time 
horizon, as an emitted amount of greenhouse gas. For various greenhouse gases this value 
is obtained by multiplying the emission of a gas by the global warming potential for that 
gas, referred to as a characterization factor in life cycle assessment. For removals, CO2e is 
used to express the equivalent amount of CO2 removal (considering mass and time period) 
that would be needed to neutralize an emission considering global warming potential 100 
(GWP 100). This value is not the same as stoichiometric CO2 which represents the amount 
of carbon in biomass at any given moment, and not the influence on climate over a time 
horizon. Equivalent carbon dioxide emission is a common scale for comparing emissions of 
different greenhouse gases but does not imply equivalence of the corresponding climate 
change responses over various timescales according to the IPCC. 

Diameter at Breast Height (DBH): A tree trunk’s diameter at 1.3 m above the ground. 

Global warming potential (GWP): The GWP is defined as the ratio of the time-integrated 
radiative forcing from the instantaneous release of 1 kg of a substance relative to that of 
1 kg of a reference gas, where the conventional reference gas in greenhouse gas 
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accounting is CO2, and the time horizon is 100 years. By definition, the GWP of an emission 
of CO2 is 1.  

 

Growth model: A mathematical expression that relates easy-measurable variables (e.g. 
tree age, DBH, height) with biomass. 

Land management change (LMC): A change in land management that occurs within a land 
use category. Management is a generic term for anthropogenic influence on land and 
encompasses a wide variety of practices.  

Land use: The total of arrangements, activities and inputs applied to a parcel of land. Land 
use is classified according to the IPCC land use categories of forest land, cropland (annual 
and perennial), grassland, wetlands, settlements, other lands.  

Land-use change (LUC): The change from one land use category to another.  

Neutralization potential: The indicator of negative carbon dioxide equivalents (-CO2e) and 
the value that can be considered to neutralize emissions from sequestration. 

Responsibility window: The time period the system under consideration is responsible for 
carrying the impacts or benefits of gains and losses of sequestered carbon. The 
responsibility window determines the reference state and the total relevant inventory for 
an assessment year. In land-use change accounting this is referred to as the “look back 
period” or the “amortization period,” which are typically equal in time period. 

Reference state: The reference state is the stock quantity in units of stoichiometric CO2 per 
land area to which cumulative changes in net stock are considered. The reference state is 
defined as the stock amount just before the initiation of the responsibility window. 

Stoichiometric CO2: Organic carbon (C) stocks within soils or biomass, that’s origin is from 
atmospheric CO2 formed into biomass through photosynthesis, expressed in units CO2 by 
adjusting the molecular weight ratio of CO2 to carbon (C) 44:12. This metric is not the same 
as CO2e, which implies the influence on climate over a time horizon. 

Stored CO2: In this guidance, stored CO2 refers to the C sequestered in stocks that keep CO2 
out of the atmosphere and in a carbon stock for a period of time.  

Perennial crop: Crops that – unlike annual and biennial crops – do not need to be replanted 
each year or every two years. 

Typology: A distinctive growth pattern of a tree/plant resulting from the combination of 
factors such as type of species, variety, growing conditions and management practices. 
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Summary 

Recent consensus science (IPCC, 2021) emphasizes that, to avoid extreme impacts of 
climate change, large-scale and long-standing removal of atmospheric CO2 is essential 
to neutralize residual greenhouse gas (GHG) emissions that cannot be feasibly reduced. 
Most current methods and tools for product and corporate GHG accounting, however, 
exclude the influence of land-based GHG emissions and CO2 removals.  

To address this methodological gap, track progress and improve decision-making, one key 
need is to understand the amount of carbon able to be removed from the atmosphere 
through photosynthesis and sequestered by perennial crop farms. Recent work (Ledo et 
al. 2018, 2020) has improved modelling of carbon sequestered by perennial plant biomass 
above and below ground. A second major need is to be able to indicate emitted and 
removed carbon dioxide equivalents (CO2e), a metric relevant for GHG accounting that 
considers the atmosphere over a time horizon. In the case of sequestered carbon, the 
concept of neutralization potential (-CO2e) is presented. Recent draft guidance for carbon 
sequestration has been presented (Quantis, 2021) but, at the time of preparing this report, 
there are no widely accepted methods for GHG accounting of carbon sequestration. 

This work aimed to fill the methodological gap in current GHG accounting of carbon 
sequestration and emissions associated with perennial biomass by developing a common 
public methodology. A detailed literature review and stakeholder engagement phase 
gathered available data on biomass measurements from previous destructive sampling for 
apple, citrus, cocoa and coffee trees. A procedure then follows to fit a model to these 
measurements and ultimately indicate neutralization potential (-CO2e) of carbon 
sequestered in perennial systems. Neutralization potential is only valid if a land 
management or practice change occurs that leads to additional carbon sequestration 
(i.e. the difference between a reference state and a new, improved state). The methodology 
also considers future reversibility of carbon sequestered in perennial systems (e.g. due to 
planting cycles or unexpected events such as fires).  

This work demonstrated insufficient measurements to accurately fit models for various 
perennial crops. This indicates a need for future data-driven refinement and alternative 
methods, such as remote sensing, and agreement on the needed accuracy of carbon 
sequestration estimation for product and corporate GHG accounting. Further work, for 
example, a digital tool and monitoring is needed to pilot this methodology and ground-
truth findings. Beyond sequestration’s influence on climate, it is always important to 
consider other co-benefits and trade-offs (e.g. related to biodiversity, water, pest 
management, and human labor) to support holistic decision-making for more resilient and 
sustainable perennial cultivation systems. 
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1. Introduction 
1.1. Context 

The science presented by the Intergovernmental Panel on Climate Change (IPCC) indicates 
a need to drastically reduce greenhouse gas (GHG) emissions to avoid extreme impacts of 
climate change on human society (IPCC, 2021). There is increasing scientific evidence that, 
when combined with deep GHG reductions, large-scale and long-standing removal of 
carbon dioxide (CO2) from the atmosphere is necessary to neutralize remaining emissions 
that cannot be feasibly reduced. With land-intensive sectors representing nearly a quarter 
of global GHG emissions and, at the same time, having an opportunity to remove CO2 
through carbon sequestration in soils and biomass, many companies in the food and 
beverage industry are committing to targets to decrease emissions and remove CO2 from 
the atmosphere, for example toward net-zero (SBTi, 2021). To set strategies and track 
progress toward targets, science-based methods are needed to guide business action. 

The science of carbon sequestration is increasingly understood, but at the time of 
preparation of this report, common product footprinting practices such as the Publicly 
Available Standard 2020:2011 (PAS2050), the EU Renewable Fuel Directive (RED) and the 
GHG Protocol (ghgprotocol.org) do not consistently consider removals related to carbon 
sequestration. There are two major scientific challenges that prevent consistent 
accounting: one is estimating sequestered carbon in biomass and the other is accounting 
for sequestered carbon in terms of CO2 equivalent (CO2e), which considers a gain from a 
reference state and the length of time the CO2 is removed. 

The process of carbon sequestration begins when organic carbon (C) is assimilated into 
plants from atmospheric CO2 through photosynthesis, which removes CO2 from the 
atmosphere and fixes it in biomass. Humans and nature can influence the fate of C in plant 
biomass and whether it is re-emitted to the atmosphere as CO2 or CH4 (methane) or 
sequestered over time. Deforestation, for example, through slash and burn practices to 
prepare land for perennial cultivation, is an example of disturbing biomass and emitting 
CO2. When performed at a large scale, increasing biomass stocks in agricultural systems, for 
example through agroforestry, afforestation and reforestation, can remove CO2 from the 
atmosphere (Roe et al., 2019, 2021). Various management practices that can increase 
biomass stocks (e.g. the use of shade trees) over business as usual may also influence other 
aspects of agricultural systems in relation to agrochemical inputs, biodiversity and human 
labor (Clough et al., 2011). Improving decision-making related to perennial cultivation is an 
opportunity to decrease emissions, increase removals and promote other benefits. 

In addition to agroforestry, afforestation and reforestation, residue management can 
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influence emissions and removals. Residue management can lead to carbon sequestration 
in soils and/or can emit CO2, CH4 or N2O (nitrous oxide), which are more potent GHGs than 
CO2. For instance, burning residues from pruning leads to emissions, whereas mulching 
residues can potentially lead to soil carbon sequestration. Several research initiatives have 
developed reliable methods to quantify crop biomass and the GHG accounting related to 
its management (Ledo et al., 2018).  

The estimation of fixed carbon in biomass as stoichiometric CO2 (i.e. the amount of CO2 that 
was removed from the atmosphere, obtained by multiplying the amount of carbon in 
biomass by the fixed stoichiometric ratio of molecular weights of CO2:C 44/12) is only one 
need for GHG accounting. Other important needs are that the GHG accounting reflects only 
additional carbon sequestration in comparison to a reference state and its storage time and 
potential reversibility (release back to the atmosphere). Reversibility is especially 
important for perennial systems which are typically planned to be removed when no longer 
economical. To account for reversibility, there are a variety of approaches ranging from 
ensuring permanence through monitoring or financial schemes (COWI, Ecologic Institute 
and IEEP, 2021) to dynamic GHG accounting that considers the impacts on climate of 
sequestering carbon temporarily and delaying re-emission to the atmosphere (Brandão & 
Canals, 2013; Brandão et al., 2019; Levasseur & Miguel Brandão, 2012). 

Time is a key consideration in GHG accounting. It is widely accepted (IPCC, 2021) that the 
indicator for climate change is carbon dioxide equivalents (CO2e) using global warming 
potential over a 100-year time horizon (GWP 100) of atmospheric behavior. Put simply, 
using GWP 100, CO2 would need to be removed from the atmosphere for 100 years in 
order to neutralize an equivalent CO2 emission into the atmosphere with respect to 
accounting (EC-JRC-IES, 2010). Using CO2e obtained from GWP 100 is an accounting 
convention to have a common scale for comparing and summing GHG flows (IPCC, 2013). If 
CO2 is temporarily removed and likely to be released in the future, the accounting should 
reflect this. As examples, if 1 tCO2 is known to be removed for 10 years, this could be 
accounted for as -0.1 tCO2e (10%, or 10 out of 100 years). At the time of preparing this report, 
there is no accepted convention for temporary CO2 removal and deriving neutralization 
potential: the presented methods are thereby flexible and do not prescribe a single 
approach. 

1.2. Objectives 

This project aims to fill the knowledge gap regarding accounting for carbon 
sequestration in farm-level GHG assessments of perennial cropping systems. 

To fill the methodological gap regarding GHG accounting of carbon sequestration in 
perennial crops, AM FRESH, Barry Callebaut, innocent drinks, Mars, Mondelēz, Nestlé, Olam, 
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PepsiCo and Starbucks launched this work with Quantis, the Cool Farm Alliance and Control 
Union. This work aimed to establish an operational methodology and framework among 
different stakeholders. The methodology is not intended to cover emissions from perennial 
crop systems that are already covered by existing methods (for example, from fertilizer or 
fuel use) (Hillier et al., 2011; Kayatz et al., 2020; Nemecek., 2019).  Rather, it focuses on 
emissions and removals related to perennial biomass.  

This publicly available methodology provides a common framework to explore how 
agricultural practices can influence the emissions and sequestration of organic carbon in 
perennial systems, focusing on apple, citrus, cocoa and coffee. The ultimate aim is that 
the methodology presented can supplement existing footprinting tools such as the Cool 
Farm Tool and geoFootprint.  

Further funding will be required to improve the methodology, for example by collecting 
primary data to refine the typology parameterization and to digitalize the methodology into 
a user-friendly tool. To apply the learnings and improve practice, funding and partners are 
invited to promote the integration of this methodology into geoFootprint and the Cool Farm 
Tool, and pilot the methodology. 

1.3. Methodology overview 

The methodology presented in this document includes: 

• Carbon accumulation in perennial biomass, both above and below ground, as a 
function of time. Quantification of biomass is achieved via growth models that have 
been parameterized from primary, empirical data from literature.  

• The carbon stored in the biomass is subsequently converted into stoichiometric 
carbon dioxide (CO2) “stock” by the molecular weight ratio of CO2:C 44/12. 

• Plant residue (e.g., from pruning) management (e.g., composting) is accounted for. 

• Neutralization potential as negative carbon dioxide equivalents (-CO2e) is indicated 
considering the average stock over a perennial cycle, the difference between a 
reference or baseline system stock and the system following a land management 
change, and the global warming potential over a 100-year time horizon (GWP 100). 
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2. Inventory estimation 

The inventory (amount of) emission and sequestration as a result of the management of 
biomass in perennial crops, shade trees, intercrops and other trees, is a key piece of this 
methodology. This framework fills a major knowledge gap in current GHG accounting of 
perennial systems and can complement existing methods to quantify GHG emissions due 
to farm management. 

2.1. Stoichiometric CO2 estimation 

The term "stoichiometric" refers to the molecular ratio between CO2 and C (44/12), and 
is conceptually different from carbon dioxide equivalents (CO2e). CO2e is characterized 
inventory that considers a time horizon for the influence on the atmosphere (more 
information in section 4). Estimating the amount of stoichiometric CO2 in a tree is an 
important first step in creating an inventory to estimate further emission of carbon 
molecules (CO2 and CH4) and carbon sequestration (-CO2). 

To estimate the kilograms of stoichiometric CO2 removed from the atmosphere for the trees 
in a perennial system the following equation can be used: 

!"!_#$%&'(&%)*$+&' = $ ∗ &$+**, ∗ '-!"#$%&& ∗
..
/!	       Equation 1 

Where: 

• B is the biomass estimated by the individual based model (IBM) according to the 
typology (section 3) and in terms of kilograms per tree, see appendix table A.2.  

• ntrees is the number of trees being considered of the same typology of the individual 
based model, for example per hectare. 

• fC_biomass is the carbon (C) fraction in biomass, see appendix table A.3. 

• 44:12 is the stoichiometric ratio of molecular weight of CO2:C. 

2.2. Residue management 

Residues are a key part of estimating emissions (and sequestration) from perennial 
systems. Residues can lead to release of biogenic CO2, CH4, N2O. The individual-based model 
that estimates perennial biomass is also useful to estimate plant residues. Residues are 
any perennial biomass removed naturally or by management. Any plant part can 
become residue; for example, leaves and roots die and become residues, branches are 
pruned and become residues. Plant parts that can be managed are distinguished as litter 
and leaves, pruned material, trees that die prematurely, woody material at the end of a 
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cropping cycle, unsuitable fruit, and fruit pulp (Schulze and Freibauer, 2005, Wu et al. 2012, 
Ledo et al., 2018). Roots are also considered as a source of residue but are not considered 
in this method framework to be “manageable”; coarse roots are assumed to remain intact 
during the tree lifetime whereas fine roots and are assumed to die and grow back every year 
and either decompose to emit biogenic CO2 or add to the SOC pool (Aber et al. 1990; 
Withington et al., 2006). By and large, 98% of fine roots will decompose within few years 
and the model incorporates decomposition for fine roots during cultivation period.  

The fate of managed residues included in the modeling framework include: 

• Burning (Akagi et al., 2011) 

• Spreading on soil (Liski et al., 2005, Weedon et al. 2009) 

• Removing outside the farm boundary (considered out of the system boundary, and set 
to “0” emission and sequestration)  

• Composting: two main technologies, open and close compost, for woody parts, litter 
and unsuitable fruits or parts of the fruit (Boldrin et al. 2009) 

Wet residue management was not included in the modeling framework as it is considered 
a processing step which is out of the system boundaries covered in this farm-level 
methodology. 

 

 

 

 

 

 

 

 
 

 

 
 
 



 

 
18 

 
 
 
 
 
  

 

03 
 
Estimating biomass 



 

 
19 

3. Estimating biomass 

This project parameterizes a generic model (Ledo et al., 2018) in order to estimate biomass 
accumulation for commercially relevant perennial typologies for apple, citrus, cocoa, and 
coffee (e.g. coffee robusta growing under shade in Vietnam). A typology is the combination 
of crop, variety, growing system, agronomy and geography that defines an allometric 
(shape) curve. Each typology has a different growth pattern and biomass accumulation 
reflected in the allometric curve fitted to empirical data.  

 
Figure 1. Typology illustration Example of how typology can influence allometry, i.e. differences in tree shape and 
biomass accumulation can be expected when apple trees are growing in different systems, e.g. wire-pole support (left) 
and traditional orchard without support (right). Source: unsplash (left) 
 

It is generally known that naturally trees follow a sigmoid shape growing curve, meaning 
that older trees decelerate the rate of biomass increase. However, this shape has not been 
observed in empirical data on perennial crops (Ledo et al., 2018). This is likely because 
typical crop cycles maximise productivity and are not long enough to observe the 
deceleration in biomass. In other words, perennial crop trees rarely reach their “natural” 
end-of-life since trees are replaced once the optimal yield production decreases. Using 
different functions to model empirical data on perennial crops, it has been observed that 
the power law function (not a sigmoidal function) provided the best fit, and is 
mathematically simple (Stephenson et al., 2014).  

The generic individual-based model (IBM) growth model for estimating biomass (B) is 
therefore a power law function with the form of: 

$ = 	)	*+,	0             Equation 2  

where the parameters ) and - define the shape of the growth according to the typology, 
and age is the independent variable. The required empirical data for model 
parameterization are the biomass quantity of the different plant parts at different ages. For 
every case, curves were fitted to estimate above and below ground biomass separately as 
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a function of age. Also leaf biomass was estimated as a function of branches and crown size. 
The accuracy of the parameterized model is mainly dependent on the quality and quantity 
of the primary data available. Primary data in this case require destructive sampling (i.e. 
killing of trees) to obtain the mass of biomass at each age. Parameter estimation was done 
using nonlinear least-squares estimate fit to empirical data. The better the parametrization 
and lower the Root Mean Square Error (RMSE), the better the fit of the model.  

Appendix A.1 includes a summary of all allometric equations developed in this study. 
Each typology and its parameterization is described below. 
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3.1 Apple 
 

 
 

 

 

 

 
 

 

 

Apples are one of the most valuable fruit crops in temperate regions. Apples are grown for 
three main purposes: produce, juice production (juicing), and cider making. Produce and 
juicing apples are traditionally grown on semi-dwarfing rootstock to allow for hand picking, 
and are now increasingly grown on smaller root stocks on a post and wire system, at higher 
densities. Cider apples (which have higher tannin content) are grown as 'bush orchards' on 
semi-dwarfing root stocks and have a different pruning regime, and globally represent a 
small proportion of all apples with production concentrated in regions of UK, Spain, and 
France. China is the largest global producer of apples, mainly for concentrate juice 
production (Wu et al., 2012).  

 

©Unsplash 



 

 
22 

All biomass data retrieved from literature review were related to traditional growing 
systems. Data for modern wire & pole systems were not found. Several studies showed 
differences in biomass due to pruning regimes and rootstock. There was insufficient data, 
however, to observe significant differences in pruning regimes and rootstock along with 
other variables.  
 

Following an extensive literature review and stakeholder consultation, data 
were sufficient to parameterize: 

- A single typology for apple orchards 

 

Figure 2A-B. demonstrates the parameterization of above and below ground biomass for 
apple. 

 

 
Figure 2A-B. Apple Generic model as a function of age (year) fit for an individual apple tree; A. (left) woody above ground 
biomass (AGB), which includes biomass in branches and the main stem (RMSE = 11.8 kg), and B. (right) below ground 
biomass (BGB), which includes the coarse and fine root (RMSE = 2.3 kg).  
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3.2 Citrus 

 

  

 
 

 

 

 

 
 

 

Citrus includes oranges, mandarins, lemons, limes, grapefruits and citrons. Citrus is 
cultivated in many regions of the world and is used mainly as edible fruit or juice. The 
main producers are China, Brazil, USA and Spain (Pérez-Piqueres et al., 2019). 
Commercial citrus is generally cultivated in monocultures and the main factor affecting 
its growth pattern is the grafting methodology. It has been observed that different 
rootstock sources and sions lead to different yields and biomass and are therefore a 
major commercial consideration (Mourão Filho et al., 2007).  
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Pruning is one of the key factors affecting citrus biomass, however there were insufficient 
data to parameterize according to different pruning regimes. The effect of varieties, regions 
and rootstock was also analysed; however, the lack of data did not allow to differentiate 
typologies robustly.  

 

Following an extensive literature review and stakeholder consultation, data were 
sufficient to parameterize: 

● A single typology for citrus orchards 

 

Figure 3A-B. demonstrates the parameterization of above and below ground biomass for 
citrus. 

 

 
Figure 3A-B. Citrus Generic model parameterized as a function of age (year) for an individual citrus tree; A. (left) 
woody above ground biomass (AGB), which includes biomass in branches and the main stem (RMSE = 5.4), and B. (right) 
below ground biomass (BGB), which includes the coarse and fine roots (RMSE = 0.9). 
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3.3. Cocoa 
 

 

  

 
 

 

 

 

 
 

 

Cocoa (Theobroma cacao L.) is an important soft commodity worldwide, producing 5.3 
million tonnes of dry beans in 2018 mostly by small holders in African countries (Neither 
et al., 2020). Cocoa cultivation has been intensified where shade systems have been 
gradually replaced with full-sun monocultures and the use of agrochemicals (Neither et 
al., 2020). In addition to improving yield (with shade up to 30%), shade cultivation can 
have added benefits related to biodiversity, diversity in income, and more resiliency to 
climate change and pests (Blaser et al., 2018; UTZ, 2017).  
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Cocoa biomass accumulation is affected by shade gradients, where yields can decrease 
above 30% shade (UTZ, 2017), nutrient inputs through fertilizer, and climate zone. Shade 
coverage ranges from intensive management with cacao-monoculture with high densities, 
intermediate management with monospecific shade trees (legume-cocoa; timber species-
cocoa; rubber-cocoa), and extensive management with higher diversity of species and lower 
cocoa densities. Data were sufficient to consider high and low density cocoa typologies; 
however, for high density cocoa there were limited data above age 15 which should be 
considered when interpreting results.  

 

 Following an extensive literature review and stakeholder consultation, data 
were sufficient to parameterize: 

- High density cocoa (> 1000 cocoa trees/ha) 

- Low density cocoa (< 1000 cocoa trees/ha) 

 

Figure 4-5A-B demonstrate the parameterization of above and below ground biomass for 
cocoa. 

   

Figure 4A-B. Cocoa high density Generic model parameterized as a function of age (year) for an individual cocoa tree 
grown in a high density system; A. (left) woody above ground biomass AGB, which includes biomass in branches and the 
main stem (RMSE = 11.9), and B. (right) below ground biomass (BGB), which includes course and fine roots (RMSE = 8.7). 
Cocoa high density has low accuracy especially for trees older than 15 years due to a lack of sufficient primary data 
to fit the curve.  
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Figure 5A-B. Cocoa low density Generic model parametrized as a function of age (year) for an individual cocoa tree 
grown in a low density system; A. (left) woody above ground biomass (AGB), which includes biomass in branches and the 
main stem (RMSE = 31.8), and B. (right) below ground biomass (BGB), which includes the coarse and fine roots (RMSE = 2.1).  
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3.4 Coffee 
  

 
 

 

 

 

 
 

 

 

 

Coffee is a soft commodity with two main varieties covering 95% of the market: 
arabica (Coffea arabica L.) and robusta (Coffea canephora L.). Arabica (which has 
higher trade volumes than robusta) is commonly grown at higher elevations (between 
1000 and 2500 m) than robusta (between 200 and 800 m). Coffee is a shade-tolerant 
crop which is commonly grown in the understory. In spite of the multiple benefits of 
coffee grown in agroforestry, in the recent decades there has been a global 
transformation of coffee production into more intensified systems by removing shade 
trees and increasing chemical fertilizations (Jezeer & Verweij, 2015).  
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Coffee biomass accumulation is affected by shade gradients, variety (robusta and arabica), 
nutrient inputs through fertilizer, and climate zone (Piato et al., 2020; Rodriguez 2011). 
Similar to cocoa, there is an optimal shade coverage that is approximately 30% (UTZ, 2017). 
The degree of shading and the degree of management are generally related where the more 
intense management are often monoculture with no shading while more extensive 
management through agroforestry has higher canopy shade. Shaded and unshaded coffee 
had sufficient data for parameterization; however, there were a lack of sufficient empirical 
data above age 20, which should be considered when interpreting results. 

 

Following an extensive literature review and stakeholder consultation, data 
were sufficient to parameterize: 

- Coffee monoculture 

- Coffee agroforestry 

 

Figure 6-7A-B demonstrate the parameterization of above and below ground biomass for 
coffee. 

  
Figure 6A-B. Coffee monoculture Generic model parametrized as a function of age (year) for an individual coffee tree 
grown as monoculture (no shade); A. (left) woody above ground biomass (AGB), which includes biomass in branches and the 
main stem (RMSE = 2.38), and B. (right) below ground biomass (BGB), which includes the coarse and fine roots (RMSE = 2.89). 
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Figure 7A-B. Coffee agroforestry Generic model parametrized as a function of age (year) for an individual coffee tree 
grown in an agroforestry system (with shade); A. (left) woody above ground biomass (AGB) which includes biomass in 
branches and the main stem (RMSE = 5.88 kg), and B. (right) below ground biomass (BGB), which includes the coarse and 
fine roots (RMSE = 2.43). A high uncertainty of the AGB estimation is present for trees older than 20 years.  

3.5 Shade trees, intercrops, and other 
perennial biomass 
Woody plants in the cultivated area that are not the main crop, namely shade trees, trees in 
agroforestry systems, hedgerows and other perennial intercrops are generally referred to 
as out of crop biomass (OOCB). To estimate OOCB published allometric equations were 
used or empirical data was used to parametrize the generic allometric model. Perennial 
grasses and non-woody crops were not covered in the current modeling approach. 

The most common intercrop species (e.g. found in coffee and cocoa agroforestry systems) 
were considered and the corresponding equations are presented in Table 1. To estimate 
the C accumulated in hedgerows, values of AGB of the individuals for each species were run 
using allometric equations from literature and considering a default age of 20 years.  

Table 1. Allometric equations for shade trees, intercrops and hedges, where the age of the tree in years and 
the diameter at breast height (DBH) can be used to estimate the biomass (B) in kilograms per tree, the above 
ground biomass (ABG) in kilograms per tree, or the dry matter (DM). fC_biomass is the fraction of molecular 
carbon in biomass.  

 

Shade tree/Intercrop Allometric equation fC_biomass Source 

Tropical shade trees in wet 
areas (Canopy trees) ! = 0.344'()! − 0.6043'() + 1.5602 

0.45 Fitted in this study  

Tropical shade trees in wet 
areas (understory) ! = 0.1212'()! − 0.0317'() + 0.1853 

0.45 Fitted in this study  
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Tropical shade trees in dry 
areas ! = −0.0065'()! + 0.7165'() + 1.1337 

0.5 Fitted in this study  

Temperate conifers 
! = −0.0485'()! + 7.3469'() − 12.712 

0.4 Fitted in this study  

Temperate broadleaf trees 
! = 0.8101'()! − 6.6956'() + 21.651 

0.4 Fitted in this study  

Temperate shrubs 
! = −0.0099'()! + 1.2424'() − 1.4514 

0.45 Fitted in this study  

Intercrop avocado (Persea 
americana Mill.) 
 
 
 
 

34! = 2.7856'()	".$%&' 
0.4 Kuit et al., 2020 

Intercrop cashew (Anacardium 
occidentale L. ) 34! = 43.807	'()	%.(")! 

0.4 Kuit et al., 2020 

Intercrop durian (Durio 
zibetinus L.) 34! = 3.2868	'()	".$&)) 

0.4 Kuit et al., 2020 

Intercrop jackfruit (Artocarpus 
heterophyllus Lam.) 34! = 0.0939	'()	).%*!' 

0.4 Kuit et al., 2020 

Intercrup rubber (Hevea 
brasiliensis Müll.Arg.) 34! = 11.699	'()	"."'$& 

0.4 Kuit et al., 2020 

Intercrop other perennial 
woody species 
 

34! = 1.5	'()	".") 
0.4 Ledo et al., 2018 

 

Hedge ash (Fraxinus sp.) 
Bage=20= 96.4 

AGB = 0.085 × DBH2.4882 
 

0.4 Fitted in this study – using 
allomeric curves from 
Lingner et al., 2018 and 
growth from Yoshimoto et 
al., 2007 

Hedge maple (Acer sp.) 

Bage=20 = 96.3 
DM = 0.067 × DBH2.5751 

0.4 
 

Fitted in this study – using 
allomeric curves from 
Lingner et al., 2018 and 
growth from Yoshimoto et 
al., 2007 

Hedge oak (Quercus sp.) 

Bage=20 = 95.6 
DM = 0.089 × DBH2.4682 

0.47 Fitted in this study – using 
allomeric curves from 
Lingner et al., 2018 and 
growth from Yoshimoto et 
al., 2007 
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Hedge poplar (Populus sp.) 

Bage=20 = 96.5 
DM = 0.089 × DBH2.4682 

0.3 Fitted in this study – using 
allomeric curves from 
Lingner et al., 2018 and 
growth from Yoshimoto et 
al., 2007 

Hedge (mixed-species & other 
broadleaf) 

Bage=20 = 96 
 

0.4 Fitted in this study – using 
allomeric curves from 
Lingner et al., 2018 and 
growth from Yoshimoto et 
al., 2007 
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4. GHG accounting in -CO2e  

The overall framework for GHG accounting of the neutralization potential (-CO2e) of carbon 
sequestration goes beyond the simple estimation of yearly carbon in biomass and its 
multiplication by the stoichiometric ratio of CO2:C 44/12 (Equation 1). The GHG accounting 
of neutralization potential must consider only additional increases in carbon stocks; for 
example, the difference between the average stock in a new system following a land 
management change and the average stock in a prior reference system (section 4.1-4.2). 
Further, GHG accounting should also consider that sequestered carbon can be reversed 
and thus the benefits on climate may not be long-standing. This means the neutralization 
benefits of future removal should not be concentrated into a single accounting year, but 
spread over a responsibility window (section 4.2). This is true for perennial cycles also when 
assuming a permanent change to a new system and thus a permanent sequestration 
of additional carbon stock, because in order for the change to be fully realized there needs 
to be a full cycle. 

Boxes 1-4 demonstrate the overall framework, according to the following steps 

• Quantify the amount of biomass in individual trees (Box 1) 
• Quantify the amount of stoichiometric CO2 stocked on average over a planting cycle 

for the two systems in consideration (i.e. the reference system and the new system 
following a land management change) (Box 2) 

• Quantify the difference in the stocked stoichiometric CO2 in the two system (Box 3) 
• Quantify the final CO2 that can be accounted for in a GHG assessment (Box 4) 

4.1. Average stock over a cycle 

Because perennial systems are cycling and trees grow through time and then are planned 
to be removed and re-planted, it is not recommended to consider yearly growth of trees in 
product and corporate footprinting, and instead to consider an anticipated average stock 
over a perennial life cycle. The gain in average stock between two systems should be spread 
over a cycle length which includes years of fallow (i.e. years without trees), and includes 
mortality and pruning and other aspects that may influence stock each year.  

An example of how to compute a stock average over a cycle is provided using a linear 
growth curve in figure 8. In this example, a yearly accumulation of biomass in an area is 100 
kg CO2/year and the trees are planned to be planted, removed, and re-planted in 8-year 
cycles with 2 years of fallow in-between planting. In practice, when estimating an intensity 
(i.e., per kg of crop product) the area under the curve (the sum of each year’s cumulative 
stoichiometric CO2 stocked) can be divided by the cumulative yield produced over the 
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entire cycle. Given the example in figure 8, if there was a hypothetical yield of 80 t/ha-y and 
thus 800 t of crop product produced through the years of the cycle, the intensity would be 
the area under the curve 3,200 kg CO2*y divided by 800 t or 4 kg CO2-year/ t of product. This 
unit represents the per product allocation of carbon dioxide that has been 
photosynthesized into biomass and kept out of the atmosphere over a year of time. 

 

Figure 8. Average stock over a cycle period is the area under the growth curve (i.e. sum of annual cumulative 
growth * 1 year) divided over the cycle length including years of fallow.  
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Box 4: Quantify the neutralization potential of sequestered carbon that can be accounted for in a GHG assessment

∆&,-!_._/01 !"	#$!_#$%&'(&%)*$+&' = &,-!_._/01_23#$*)_4 − &,-!_._/01_23#$*)_.

Obtain the kilograms of 
biomass stocked in individual 
trees over their  lifetime using 
an allometric growth model. 

Obtain the difference in the carbon stocked in the reference system 
and the new system following a land management change. 

The final neutralization potential (NP) accounting in terms of CO2 equivalents (CO2e) per year (y) should consider the 
influence on the atmosphere of removing (hence negative sign) stoichiometric CO2 over a time period. This avoids taking a 
full climate benefit, which requires future years of removal, in one accounting year. The time period over which one takes 
responsibility for NP is the “responsibility window” (RW); similar in concept to the amortization period in land use change 
(LUC) accounting or a characterization factor. For example, the RW can be 100 y as aligned with the conventional time 
horizon for GWP 100, or adjusted to the cycle length or 20 y. After the RW any loss of average stock e.g. due to another 
change in management is considered as an emission.

Box 3: Quantify the difference in stocked stoichiometric CO2 on average for two systems.

Box 1: Quantify the amount of biomass in individual trees.

!"
	2
34
5
67
7

89
++

Cycle 1

System B 
(change)

Average
Cycle 1

Years

System A 
(reference)

Average

Obtain the average increase in stocked 
biomass in terms of stoichiometric CO2
over a planting cycle for the system(s) 
(&,-!_._/01). This is a function of the 
average biomass accumulated in trees 
over the planting cycle (Bavg), the 
number of trees (ntree), the fraction of 
carbon in biomass (:,!), and the 
stoichiometric adjustment of the 
molecular weight ratio of CO2 to C 
(44/12).

Box 2: Quantify the amount of stoichiometric CO2 on average stocked over a planting cycle for two systems. 

&,-!_._/01	[!"	#$!_#$%&'(&%)*$+&'] = =/01[
51	7&%)/##

$+** ] ∗ >$+**	[89++] ∗ 	:,![
51	,

51	7&%)/##] ∗
88
9! [

51	,-"
51	, ]

!"
	#
$
!_
#$
%&
'(
&%
)
*$
+&
'

Neutralization	potential,	valid	to	be	attributed	to	System	B	each	year	over	a	Responsibility	Window	(RW)



 

 
37 

 

4.2. Requirement of a reference state for accounting removals 

Carbon sequestration should only be accounted for as a neutralization or a GHG 
removal (negative emission) when there has been a gain of carbon stock in comparison 
to a reference state or baseline. The concept of requiring a change in relation to a 
reference or baseline can be referred to as “additionality” as described elsewhere (e.g. 
https://cdm.unfccc.int/Reference/Guidclarif/glos_CDM.pdf). This is also aligned with the 
IPCC consensus science (IPCC, 2021) that demonstrates a need to sequester carbon beyond 
business-as-usual in order to neutralize remaining CO2 emissions, and is aligned with 
general life cycle assessment (LCA) principles. When there has been no change in practice 
or management, it is not recommended to account for carbon sequestration in a final 
footprint (even if there is a change in stock through time as the trees grow). As an example, 
if a monoculture perennial system has been changed to an agroforestry system that has 
more carbon stock, there is a potential gain in carbon stock that could be accounted for; 
however, the carbon stocked in biomass in a perpetual monoculture perennial system has 
no climate relevance on its own and should not be accounted for. 

4.3. Carbon dioxide equivalents (CO2e) for removals 

The Cool Farm Tool and most of the other GHG accounting tools and approaches use the 
metric of carbon dioxide equivalency (CO2e) for example as presented by the 
Intergovernmental Panel on Climate Change (IPCC) 5th Assessment Report (IPCC, 2013). The 
fundamental concept of CO2e characterization is that the impact of all GHG flows is 
considered in reference to the influence of CO2 on radiative forcing over a defined time 
horizon (because once emitted GHG will remain in part in the atmosphere over time). The 
most commonly used time horizon for CO2e characterization is 100 years to protect human 
life on earth today and the next generation. This is referred to as global warming potential 
(GWP 100) and is essential to consider when accounting for carbon sequestration and 
removals in terms of CO2e.  

Put simply, following GWP 100, CO2 needs to remain removed for 100 years to have a full 
neutralization benefit, where 1 t CO2 removed for ³100 years = -1 t CO2e.  

Inherently, perennial cropping systems and tree planting e.g. for future harvesting as 
timber or firewood, are rarely intended to be permanent. When permanent removal cannot 
be ensured, is unknown, is not planned, or is unlikely, it is recommended to only take credit 
for the climate benefit of known removal, i.e. for every accounting year a system exists. 
Mathematically, this means the carbon sequestered in each accounting year is 1 year out of 
100 years or 1% of a neutralization benefit, where 1 t CO2 removed for a year = -0.01 t CO2e. 
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If the CO2 remains removed (i.e. the system remains cycling as intended), this benefit can be 
accounted for every year over 100 years of time, such that after 10 years a cumulative -0.1 t 
CO2e has been accounted for, and over 100 years a cumulative -1 t CO2e has been accounted 
for. This approach would require setting the responsibility window (RW) to 100 and is 
aligned with the concept of a GWP 100 characterization factor of -0.01 kg CO2e/kg CO2-year 
stored following suggestions by the International Reference Life Cycle Data (ILCD) 
documentation by the European Commission (EC-JRC-IES, 2010) and similar to work of 
other authors (Brandão et al., 2019; Levasseur & Miguel Brandão, 2012).  

Following recent guidelines on carbon sequestration for the dairy sector published 
separately (Quantis 2021) and to align with land use change (LUC) accounting and needs for 
shorter time windows for decision-making, there can be an adjustment of this 1% 
characterization factor on a 20-year responsibility window (1/20) such that -0.05 t CO2e/t 
CO2-year stored can be accounted for every year for 20 years and after that time if the 
sequestered carbon is re-emitted it is accounted for as an emission.  

Furthermore, since perennial cropping systems are often on a rotation period, which can 
be different than 20 years, another option is to set the responsibility window (RW) to the 
amount of years of the crop cycle length (years of planned crop cycle and years of fallow 
planned in between subsequent plantings). When applied to an average stock gain, setting 
the RW to the crop cycle length, yields the same results as assuming permanency and 
spreading the benefit of the neutralization potential over the perennial cycle length. 

This approach avoids taking full neutralization potential of an entire perennial cycle in one 
year of accounting for product or corporate footprinting. 

In all cases, when considering a neutralization potential in a footprint, monitoring of 
carbon stocks is recommended such that neutralization potential is not received when the 
carbon stocks are no longer existing, an emission would be accounted for if stocks are lost 
(after the responsibility window), and there is an incentive for long-lasting change. 

Furthermore, an important distinction is that removal of CO2 from the atmosphere through 
carbon sequestration and accounting as -CO2e is not the same concept as reducing an 
emission or footprint which implies a reduction of an emission source. Said differently, 
lowering the emission factor is different than neutralizing emissions through a removal. 

Thereby removals should not be summed to an emission factor to yield a lower emission 
factor.  
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5. Applicability and outlook 
 

5.1. Applicability  

As companies increasingly commit to climate targets e.g., by halting deforestation and 
adopting sustainable managements such as agroforestry, a harmonized methodology is 
needed to track these commitments. When applied correctly e.g., by a trained practitioner, 
the methodology presented here will enable companies to quantify the neutralization 
potential and emissions related to on-farm biomass management changes.  

This work fills a major methodology gap and thus should be considered as a first step in 
making progress toward accounting for carbon sequestration in perennial systems. All 
models, including those developed in this methodology, have their limitations and 
uncertainties. This methodology has not been vetted as a global consensus or standard; it 
is a scientific exploration of the data available and a suggested accounting methodology to 
go from the estimation of carbon in biomass to GHG accounting in terms of -CO2e.  

When making public claims or engaging in product or corporate footprinting and target 
setting, any relevant regulatory, certification or guideline must be followed, which may not 
currently allow for consideration of carbon sequestration.  

Finally, when applying this methodology, co-benefits and trade-offs of different perennial 
management practices should be considered to guide more holistic decision-making that 
is good for society and biodiversity. In all cases, tree planting and other management and 
practices with the goal to remove or reduce CO2 should be ensured to cause no other harm. 

5.2. Future outlook 

Future work on harmonizing and piloting standards (e.g., the GHG Protocol) for corporate 
accounting would help consistent application of this methodology, specifically with the 
selection of a reference state, consideration of time, as well as accuracy and monitoring 
requirements. It is important to work towards ways to practically obtain verifiable evidence, 
for example, using farm-level audits or remote sensing monitoring. 

The extensive literature review performed to fit the growth models in this methodology 
demonstrated limited data availability and the need for a relatively large amount of 
destructive samples to extend the modelling to include additional perennial systems and 
typologies. Considering the disadvantages of destructive sampling (i.e. the cost, and the 
physical removal of a productive tree), there is an opportunity to look to technological 
advances to move beyond allometric equations. For example, there is an opportunity to 
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leverage remote sensing and machine learning.  

Several knowledge gaps exist that should be addressed in future work. One major gap is in 
the quantification of soil organic carbon (SOC) due to management choices in perennial 
systems (Feliciano et al, 2018; Hengl et al. 2017). For instance, future soil models for 1 m soil 
depth instead of the IPCC standard value of 30 cm may be more indicative of perennial 
systems that  have been shown to impact soils beyond 30 cm and up to 1–2 m deep (Ledo et 
al., 2020).  

Finally, the integration of the modelling approaches described in this methodology into 
user-friendly and public tools such as the Cool Farm Tool and geoFootprint would allow for 
more effective application, ease of use, and future enhancement and maintenance.  
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A.1 Summary allometric equations developed in this study and respective carbon fractions 
Table A2. Allometric equations for individual trees, where AGBwoody= Woody above ground biomass (kg/tree) including branches and stem; BGB = Below ground biomass for 
course and fine roots (kg/tree); age (years); LEAF = leaf biomass (kg/tree); RMSE = root-mean-square error. The allometric equations are valid within the given age range.  

Perennial 
crop 

Allometric equation RMSE Valid age 
range 

Apple 

!"#!""#$ = 0.2034	+,-	2.0949 11.80 

1-25 

 
#"# = 	0.248	+,-	*.+,- 2.30 

/0!1 = 	2.327	+,-	-.,.** 2.50 

Citrus 

!"#!""#$ = 0.07132	+,-	2.55892 10.82 

1-25 

 
#"# = 	0.2215	+,-	*.1-11 0.94 

/0!1 = 	2.1897	+,-	-.2231 5.36 
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Cocoa      
(high density) 

!"#!""#$ = 1.6721	+,-	0.8842 11.87 
5-30  

(low accuracy 
after 15 years) 

 

#"# = 	0.2403	+,-	-.1*12 8.52 

/0!1 = 	0.4308	+,-	-.1324 1.25 

Cocoa       (low 
density) 

!"#!""#$ = 0.01468	+,-	2.60742 31.84 

5-30 

 
#"# = 	0.01734	+,-	,.*+74+ 2.33 

/0!1 = 0.1643	+,-	*.-.2* 1.45 

Coffee 
(unshaded) 

!"#!""#$ = 0.9955	+,-	0.6694 2.38 

1-20 #"# = 	0.9599	+,-	-..4-* 2.89 

/0!1 = 0.5877	+,-	-.1-2+ NA 
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Table A3. fC_biomass, carbon (C) fraction in biomass. 
 

fC_biomass, carbon (C) fraction in 
biomass apple citrus cocoa - high 

density 
cocoa - low 

density 
coffee - 

monocrop 
coffee - 

agroforestry 

wood 0.47 0.4 0.5 0.5 0.45 0.45 

leaf 0.47 0.25 0.47 0.47 0.44 0.44 

root 0.47 0.26 0.5 0.5 0.46 0.46 

fruit 0.25 0.24 0.25 0.25 0.45 0.45 

pulp 0.17 0.6 0.4 0.4 0.4 0.4 

seed 0.001 0.1 0.1 0.6 0.6 0.6 

 
 
 
 
 

Coffee 
(shaded) 

!"#!""#$ = 3.8306	+,-	0.3615 5.88 

1-30 

(low accuracy 
after 20 years) 

	#"# = 3.473	+,-	-.*1+ 2.43 

/0!1 = 	0.5877	+,-	-.1-2+ NA 
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A.2 References from literature review 

The database of empirical values used to parametrize the model is available upon request, and the references considered are tabulated 
below. 

A.2.1 References used for Apple 

Source Full reference Included Comment 

APPLE    

Bar-Yosef et al. 1988 
Bar-Yosef, B., Schwartz, S., Markovich, T., Lucas, B., & Assaf, R. (1988). Effect of root volume and nitrate solution 
concentration on growth, fruit yield, and temporal N and water uptake rates by apple trees. Plant and Soil, 
107(1), 49-56. 

NO No biomass 
values 

Cheng 2003 
Cheng, L. (2003). Xanthophyll cycle pool size and composition in relation to the nitrogen content of apple leaves. 
Journal of Experimental Botany, 54(381), 385-393. NO 

No biomass 
values 

Cheng et al. 2000 Cheng, L., Fuchigami, L. H., & Breen, P. J. (2000). Light absorption and partitioning in relation to nitrogen content 
in Fuji'apple leaves. Journal of the American Society for Horticultural Science, 125(5), 581-587. NO No biomass 

values 

Eyles et al. 2015 Eyles, A., Bound, S. A., Oliver, G., Corkrey, R., Hardie, M., Green, S., & Close, D. C. (2015). Impact of biochar 
amendment on the growth, physiology and fruit of a young commercial apple orchard. Trees, 29(6), 1817-1826. NO Only fruit 

biomass 

Faqui et al. 2008 
Faqi, W., Haibin, L., Baosheng, S., Jian, W., & Gale, W. J. (2008). Net primary production and nutrient cycling in an 
apple orchard–annual crop system in the Loess Plateau, China: a comparison of Qinguan apple, Fuji apple, corn 
and millet production subsystems. Nutrient Cycling in Agroecosystems, 81(1), 95-105. 

YES  

Glover et al. 2000 
Glover, J. D., Reganold, J. P., & Andrews, P. K. (2000). Systematic method for rating soil quality of conventional, 
organic, and integrated apple orchards in Washington State. Agriculture, ecosystems & environment, 80(1-2), 29-
45  

NO 
Soil C and N, 
but no biomass 
values 

Gong et al. 2006 
A two-dimensional model of root water uptake for single apple trees and its verification with sap flow and soil 
water content measurements, Agricultural Water Management, Volume 83, Issues 1–2,Pages 119-129, 
https://doi.org/10.1016/j.agwat.2005.10.005. 

NO No biomass 
values 
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Gong et al. 2007 
Gong, D., Kang, S., Yao, L., & Zhang, L. (2007). Estimation of evapotranspiration and its components from an 
apple orchard in northwest China using sap flow and water balance methods. Hydrological Processes: An 
International Journal, 21(7), 931-938. 

NO No biomass 
values 

Hills & Remigereau 1997 
Hills, B. P., & Remigereau, B. (1997). NMR studies of changes in subcellular water compartmentation in 
parenchyma apple tissue during drying and freezing. International journal of food science & technology, 32(1), 
51-61. 

NO Molecular 

Jonhson et al. 2003 Johnson, A. D., & Gerhold, H. D. (2003). Carbon storage by urban tree cultivars, in roots and above-ground. Urban 
Forestry & Urban Greening, 2(2), 65-72., https://doi.org/10.1078/1618-8667-00024. NO No age values 

Lakso et al. 1995 Lakso, A. N., Corelli Grappadelli, L., Barnard, J., & Goffinet, M. C. (1995). An expolinear model of the growth 
pattern of the apple fruit. Journal of Horticultural Science, 70(3), 389-394., DOI: 10.1080/14620316.1995.11515308  

NO Only fruit 
biomass 

Lauri et al. 2006 
Lauri, P. É., Maguylo, K., & Trottier, C. (2006). Architecture and size relations: an essay on the apple (Malus× 
domestica, Rosaceae) tree. American Journal of Botany, 93(3), 357-368 NO 

No biomass 
values 

Liu et al. 2012 Liu, B., Cheng, L., Ma, F., Zou, Y., & Liang, D. (2012). Growth, biomass allocation, and water use efficiency of 31 
apple cultivars grown under two water regimes. Agroforestry systems, 84(2), 117-129. YES  

Ma et al. 2010 Ma, X., Ma, F., Li, C., Mi, Y., Bai, T., & Shu, H. (2010). Biomass accumulation, allocation, and water-use efficiency in 
10 Malus rootstocks under two watering regimes. Agroforestry systems, 80(2), 283-294. YES  

Malaguti et al. 2001 
Malaguti, D., Millard, P., Wendler, R., Hepburn, A., & Tagliavini, M. (2001). Translocation of amino acids in the 
xylem of apple (Malus domestica Borkh.) trees in spring as a consequence of both N remobilization and root 
uptake. Journal of Experimental Botany, 52(361), 1665-1671. https://doi.org/10.1093/jexbot/52.361.1665 

NO Nitrogen study 

Merwin et al. 1994 Merwin, I. A., & Stiles, W. C. (1994). Orchard groundcover management impacts on apple tree growth and yield, 
and nutrient availability and uptake. Journal of the American Society for Horticultural Science, 119(2), 209-215. NO Only fruit 

biomass 

Neilsen et al. 2001 Neilsen, D., Millard, P., Neilsen, G. H., & Hogue, E. J. (2001). Nitrogen uptake, efficiency of use, and partitioning for 
growth in young apple trees. Journal of the American Society for Horticultural Science, 126(1), 144-150 YES  
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Oliveira et al. 2016 
Oliveira, B. S., Ambrosini, V. G., Trapp, T., dos Santos, M. A., Sete, P. B., Lovato, P. E., ... & Brunetto, G. (2016). 
Nutrition, productivity and soil chemical properties in an apple orchard under weed management. Nutrient 
cycling in agroecosystems, 104(2), 247-258. https://doi.org/10.1007/s10705-016-9769-y 

NO Only fruit 
biomass 

Panzacchi et al. 2012 
Panzacchi, P., Tonon, G., Ceccon, C., Scandellari, F., Ventura, M., Zibordi, M., & Tagliavini, M. (2012). Belowground 
carbon allocation and net primary and ecosystem productivities in apple trees (Malus domestica) as affected by 
soil water availability. Plant and soil, 360(1), 229-241. 

YES  

Peck et al. 2006 Peck, G. M., Andrews, P. K., Reganold, J. P., & Fellman, J. K. (2006). Apple orchard productivity and fruit quality 
under organic, conventional, and integrated management. HortScience, 41(1), 99-107 NO Only fruit 

biomass 

Reganold et al. 2001 Reganold, J. P., Glover, J. D., Andrews, P. K., & Hinman, H. R. (2001). Sustainability of three apple production 
systems. Nature, 410(6831), 926-930. https://doi.org/10.1038/35073574 

NO Only fruit 
biomass 

Sanchez et al. 2007 
Sánchez, E. E., Giayetto, A., Cichón, L., Fernández, D., Aruani, M. C., & Curetti, M. (2007). Cover crops influence soil 
properties and tree performance in an organic apple (Malus domestica Borkh) orchard in northern Patagonia. 
Plant and Soil, 292(1), 193-203. 

NO 
No biomass 
values 

Scandellari et al. 2007 
Scandellari, F., Tonon, G., Thalheimer, M., Ceccon, C., Gioacchini, P., Aber, J. D., & Tagliavini, M. (2007). Assessing 
nitrogen fluxes from roots to soil associated to rhizodeposition by apple (Malus domestica) trees. Trees, 21(5), 
499-505 

YES  

Tagliavini et al. 2007 
Tagliavini, M., Tonon, G., Scandellari, F., Quinones, A., Palmieri, S., Menarbin, G., ... & Masia, A. (2007). Nutrient 
recycling during the decomposition of apple leaves (Malus domestica) and mowed grasses in an orchard. 
Agriculture, ecosystems & environment, 118(1-4), 191-200. 

NO No biomass 
values 

Tonon et al. 2007 
Tonon, G., Ciavatta, C., Solimando, D., Gioacchini, P., & Tagliavini, M. (2007). Fate of 15N derived from soil 
decomposition of abscised leaves and pruning wood from apple (Malus domestica) trees. Soil science and plant 
nutrition, 53(1), 78-85.DOI: 10.1111/j.1747-0765.2007.00112.x 

NO 
No biomass 
values 

Ventura et al. 2014 
Ventura, M., Zhang, C., Baldi, E., Fornasier, F., Sorrenti, G., Panzacchi, P., & Tonon, G. (2014). Effect of biochar 
addition on soil respiration partitioning and root dynamics in an apple orchard. European Journal of Soil 
Science, 65(1), 186-195. 

NO No biomass 
values 

Vylupek 2010 Vylupek, O. (2010). Biophysical modelling of cider orchard intercropping. Unpublished MSc thesis. Cranfield 
University. MSc Thesis (2010) Cranfield University, School of applied Sciences) Supervisor: Paul Burgess YES  
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Wells et al. 2001 Wells, C. E., & Eissenstat, D. M. (2001). Marked differences in survivorship among apple roots of different 
diameters. Ecology, 82(3), 882-892. 

NO No biomass 
values 

Wu et al. 2012 Wu, T., Wang, Y., Yu, C., Chiarawipa, R., Zhang, X., Han, Z., & Wu, L. (2012). Carbon sequestration by fruit trees-
Chinese apple orchards as an example. PloS one, 7(6), e38883. YES  

Zanotelli et al. 2015 Zanotelli, D., Montagnani, L., Manca, G., Scandellari, F., & Tagliavini, M. (2015). Net ecosystem carbon balance of 
an apple orchard. European Journal of Agronomy, 63, 97-104.https://doi.org/10.1016/j.eja.2014.12.002. NO 

Values Eddy 
transformed to 
biomass 

 
 
 
 
 
 
 
 
 

A.2.2 References used for Citrus 
 

Source Full reference Included Comment 

CITRUS    

Allen et al. 2009 Allen, L. H., & Vu, J. C. (2009). Carbon dioxide and high temperature effects on growth of young orange trees in a 
humid, subtropical environment. Agricultural and Forest Meteorology, 149(5), 820-830. NO Nursery 

plants 

Alva et al. 2003 Alva, A. K., Fares, A., & Dou, H. (2003). Managing citrus trees to optimize dry mass and nutrient partitioning. 
Journal of Plant Nutrition, 26(8), 1541-1559 YES  
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Bevington and 
Castle 1982 

Bevington, K. B., & Castle, W. S. (1982, January). Development of the root system of young Valencia orange trees 
on rough lemon and Carrizo citrange rootstocks. In Proc. Fla. State Hort. Soc (Vol. 95, pp. 33-37) NO 

Nursery 
plants 

Bhatnagar et al. 
2016 

Bhatnagar, P., Singh, J., Chauhan, P. S., Sharma, M. K., Meena, C. B., & Jain, M. C. (2016). carbon assimilation 
potential of Nagpur mandarin (Citrus reticulata Blanco). Internat. J. Sci., Env. Tech, 5, 1402-1409. YES  

Boaretto et al. 2010 Boaretto, R. M., Junior, D. M., Quaggio, J. A., Cantarella, H., & Trivelin, P. C. O. (2010). Nitrogen-15 uptake and 
distribution in two citrus species. Gilkes R, Prakongkep, editors. Soil Solutions for a Changing World, 1-6. YES  

Bondada et al. 
2001 

Bondada, B. R., Syvertsen, J. P., & Albrigo, L. G. (2001). Urea nitrogen uptake by citrus leaves. HortScience, 36(6), 
1061-1065. NO 

No biomass 
information 

Caballero et al. 
2013 

Caballero, F., García-Sánchez, F., Gimeno, V., Syvertsen, J. P., Martínez, V., & Rubio, F. (2013). High-affinity 
potassium uptake in seedlings of two citrus rootstocks carrizo citrange ('citrus sinensis'[L.] Osb. x'Poncirus 
trifoliata'[L.] Raf.) And cleopatra mandarin ('Citrus reshni'hort. Ex tanaka). Australian Journal of Crop Science, 
7(5), 538-542. 

NO Seedlings 

Castro 2015 

Castro Ycaza, K. V., & Ocampo Chávez, J. E. (2015). Caracterización físico-química de la biomasa residual del 
cultivo de cacao (Theobroma Cacao L), naranja (Citrus Sinensis, Variedad Valenciana,) y mandarina (Citrus 
Reticulata) en la provincia Bolívar (Bachelor's thesis, Universidad Estatal de Bolívar. Facultad de Ciencias 
Agropecuarias. Escuela Ingeniería de Agroindustrial). 
https://www.dspace.ueb.edu.ec/bitstream/123456789/1253/1/078.pdf 

NO 
No individual 
biomass 
information 

Dasberg et al. 1987 Dasberg, S. (1987). Nitrogen fertilization in citrus orchards. Plant and Soil Interfaces and Interactions, 1-9. YES  

Dhyani et al. 2000 Dhyani, S. K., & Tripathi, R. S. (2000). Biomass and production of fine and coarse roots of trees under 
agrisilvicultural practices in north-east India. Agroforestry systems, 50(2), 107-121. NO 

Only 
information 
on N, not in 
biomass nor 
carbon 

Fernández 
Puratich Cuantificacion de la biomasa maderable en citricos NO No biomass 

values 
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Filho et al. 2007 
Mourão Filho, F. D. A. A., Espinoza-Núñez, E., Stuchi, E. S., & Ortega, E. M. M. (2007). Plant growth, yield, and fruit 
quality of ‘Fallglo’and ‘Sunburst’mandarins on four rootstocks. Scientia Horticulturae, 114(1), 45-49. NO 

Only yield 
biomass 

Freigenbaum et al. 
1987 

Feigenbaum, S., Bielorai, H., Erner, Y., & Dasberg, S. (1987). The fate of 15 N labeled nitrogen applied to mature 
citrus trees. Plant and Soil, 97(2), 179-187 YES  

Hinojosa 2016 Sánchez Hinojosa, R. C. (2016). Determinación de la biomasa a partir de medidas dendrométricas en el cultivo de 
mandarina (Citrus Reticulata L.) Parroquia Chaltura Cantón Antonio Ante Provincia Imbabura (Bachelor's thesis). NO No empirical 

data 

Iglesias et al. 2013 
Iglesias, D. J., Quinones, A., Font, A., Martínez-Alcántara, B., Forner-Giner, M. Á., Legaz, F., & Primo-Millo, E. (2013). 
Carbon balance of citrus plantations in Eastern Spain. Agriculture, ecosystems & environment, 171, 103-111. YES  

Jimenez Huamán 
et al. 2015 

Huamán, M. H. J. (2015). Desarrollo del cultivo del naranjo (Citrus sinensis) en sistemas agroforestales 
sucesionales en el Municipio de Monteagudo, Chuquisaca. AGRO-ECOLÓGICA, 2(1), 236-245. NO No biomass 

information 

Lea-Cox et al. 2001 
Lea-Cox, J. D., Syvertsen, J. P., & Graetz, D. A. (2001). Springtime 15nitrogen uptake, partitioning, and leaching 
losses from young bearing citrus trees of differing nitrogen status. Journal of the American Society for 
Horticultural Science, 126(2), 242-251. 

YES  

Legaz et al. 1982 Legaz, F., Primo-Millo, E., Primo-Yufera, E., Gil, C., & Rubio, J. L. (1982). Nitrogen fertilization in citrus. Plant and 
Soil, 66(3), 339-351. NO No biomass 

information 

Legua et al. 2011 Legua, P., Bellver, R., Forner Valero, J. B., & Forner-Giner, M. A. (2011). Plant growth, yield and fruit quality of'Lane 
Late'navel orange on four citrus rootstocks. Spanish Journal of Agricultural Research, 9(1), 271-279 NO No biomass 

information 

Liguori et al. 2009 
Liguori, G., Gugliuzza, G., & Inglese, P. (2009). Evaluating carbon fluxes in orange orchards in relation to planting 
density. The Journal of Agricultural Science, 147(6), 637-645. YES  

Lord&Eckard 1985 Lord, E. M., & Eckard, K. J. (1985). Shoot development in Citrus sinensis L.(Washington navel orange). I. Floral and 
inflorescence ontogeny. Botanical Gazette, 146(3), 320-326. NO No biomass 

information 
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Gorriz et al. 2014 
Górriz, B. M., Castillo, I. P., & Torregrosa, A. (2014). Effect of mechanical pruning on the yield and quality of" 
Fortune" mandarins. Spanish Journal of Agricultural Research, (4), 952-959. NO 

No biomass 
information 

Martin Gorriz et al. 
2021 

Martin-Gorriz, B., Martinez-Barba, C., & Torregrosa, A. (2021). Lemon trees response to different long-term 
mechanical and manual pruning practices. Scientia Horticulturae, 275, 109700. NO No biomass 

information 

Martin-Gorriz et al. 
2020 

Martin-Gorriz, B., González-Real, M. M., Egea, G., & Baille, A. (2020). Ecosystem respiration of old and young 
irrigated citrus orchards in a semiarid climate. Agricultural and Forest Meteorology, 280, 107787. NO No biomass 

information 

Mattos et al. 2003 
Mattos, D., Graetz, D. A., & Alva, A. K. (2003). Biomass distribution and nitrogen-15 partitioning in citrus trees on a 
sandy Entisol. Soil Science Society of America Journal, 67(2), 555-563. YES  

Mattos, Quaggio et 
al. 2003 

Mattos Jr, D., Quaggio, J. A., Cantarella, H., & Alva, A. K. (2003). Nutrient content of biomass components of 
Hamlin sweet orange trees. Scientia Agricola, 60, 155-160. YES  

Mawassi et al. 1995 
Mawassi, M., Mietkiewska, E., Hilf, M. E., Ashoulin, L., Karasev, A. V., & Gafny, R. (1995). Tree height, fruit size, and 
fruit yield affect manual orange harvesting rates. Virology, 2111264, 268. 
 

NO No biomass 
information 

Mehta et al. 2016 Mehta, L. C., Singh, J., Chauhan, P. S., Singh, B., & Manhas, R. K. (2016). Biomass Accumulation and Carbon 
Storage in Six-Year-Old Citrus reticulata Blanco. Plantation. Indian Forester, 142(6), 563-568. YES  

Morgan et al. 2006 Managing Citrus Trees to Optimize Dry Mass and Nutrient Partitioning with Sweet Orange Tree Growth YES  

Mwamba Bwalya 
2012 

Bwalya, J. M. (2012). Estimation of net carbon sequestration potential of citrus under different management 
systems using the life cycle approach (Doctoral dissertation, University of Zambia). NO 

No empirical 
data 

Pérez -Piqueres et 
al. 2020 

Pérez-Piqueres, A., Martínez-Alcántara, B., Rodríguez-Carretero, I., Canet, R., & Quinones, A. (2020). Estimating 
carbon fixation in fruit crops. In Fruit Crops (pp. 67-76). Elsevier. NO 

Same data as 
in Quinones 
et al., 2013 
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Quinones et al. 
2013 

Quiñones, A., Martínez-Alcántara, B., Font, A., Forner-Giner, M. Á., Legaz, F., Primo-Millo, E., & Iglesias, D. J. (2013). 
Allometric models for estimating carbon fixation in Citrus trees. Agronomy Journal, 105(5), 1355-1366. YES  

Quinones et al. 
2005 

Quiñones, A., Bañuls, J., Primo-Millo, E., & Legaz, F. (2005). Recovery of the 15 N-labelled fertilizer in citrus trees in 
relation with timing of application and irrigation system. Plant and Soil, 268(1), 367-376. YES  

Raveh et al. 2003 Raveh, E., Cohen, S., Raz, T., Yakir, D., Grava, A., & Goldschmidt, E. E. (2003). Increased growth of young citrus 
trees under reduced radiation load in a semi-arid climate1. Journal of Experimental Botany, 54(381), 365-373. NO No biomass 

information 

Rocuzzo et al. 2012 Roccuzzo, G., Zanotelli, D., Allegra, M., Giuffrida, A., Torrisi, B. F., Leonardi, A., ... & Tagliavini, M. (2012). Assessing 
nutrient uptake by field-grown orange trees. European journal of Agronomy, 41, 73-80. NO 

The biomass 
information is 
an average of 
trees age 4 to 
15, all mixed 
together 

Rodrigues et al. 
2019 

Rodrigues, M. J. D. S., Andrade, R. D. C., Araújo, S. E. D., Soares, W. D. S., Girardi, E. A., Lessa, L. S., & Almeida, U. O. 
D. (2019). Performance of'Valência'sweet orange grafted onto rootstocks in the state of Acre, Brazil. Pesquisa 
agropecuaria brasileira, 54. 

NO 
No age nor 
biomass 
information 

Schroth et al. 2002 
Schroth, G., D’Angelo, S. A., Teixeira, W. G., Haag, D., & Lieberei, R. (2002). Conversion of secondary forest into 
agroforestry and monoculture plantations in Amazonia: consequences for biomass, litter and soil carbon stocks 
after 7 years. Forest ecology and management, 163(1-3), 131-150. 

NO No biomass 
information  

Tripathi et al. 2009 
Tripathi, O. P., & Tripathi, R. S. (2009). Litter production, decomposition and physico-chemical properties of soil 
in 3 developed agroforestry systems of Meghalaya, Northeast India. African Journal of Plant Science, 3(8), 160-
167. 

NO No biomass 
information 

Tschora et al. 2020 Tschora, H., & Cherubini, F. (2020). Co-benefits and trade-offs of agroforestry for climate change mitigation and 
other sustainability goals in West Africa. Global Ecology and Conservation, 22, e00919. NO No empirical 

data 

Wutscher et al. 
1999 

Wutscher, H. K., & Bowman, K. D. (1999). Performance ofValencia'Orange on 21 Rootstocks in Central Florida. 
HortScience, 34(4), 622-624. NO 

No biomass 
information 
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A.2.3 References used for Cocoa 
 

Source 
Full reference Included Comment 

COCOA    

Abou Rajab et al. 
2016 

Abou Rajab, Y., Leuschner, C., Barus, H., Tjoa, A., & Hertel, D. (2016). Cacao cultivation under diverse shade tree 
cover allows high carbon storage and sequestration without yield losses. PloS one, 11(2), e0149949. 

NO Mixed age 
classes 

Andrade et al. 2008 Andrade, H., Segura, M., Somarriba, E., & Villalobos, M. (2008). Valoración biofísica y financiera de la fijación de 
carbono por uso del suelo en fincas cacaoteras indígenas de Talamanca, Costa Rica. Agroforestería en las 
Américas, número 46 (2008). 

NO No biomass 
values 

Aristizabal 
Hernández 2002 

Aristizábal, J. H., Guerra, A. M., Gutiérrez, B. V., & Romero, M. C. (2002). Estimación de la tasa de fijación de 
carbono en el sistema agroforestal nogal cafetero (Cordia alliodora)-cacao (Theobroma cacao L)-plátano (musa 
paradisiaca). Corporación Colombiana de Investigación Agropecuaria, Bogotá (Colombia) Universidad Distrital 
Francisco José de Caldas, Bogotá (Colombia). 

YES 
 

Asigbaase, M., 
Dawoe, E., Lomax, 
2021 

Asigbaase, M., Dawoe, E., Lomax, B. H., & Sjogersten, S. (2021). Biomass and carbon stocks of organic and 
conventional cocoa agroforests, Ghana. Agriculture, Ecosystems & Environment, 306, 107192. 

NO Mixed age 
classes 

Rivera et al. 2020 Rivera, A. R. A., Dolin, E. B., & Tercero, E. D. J. P. (2020). Carbono en biomasa aérea, sistema agroforestal de 
Theobroma cacao L. laboratorio natural, los laureles 2018. Revista Universitaria del Caribe, 24(01), 98-106. 

NO No age 
information 

Beer 1988 Beer, J. (1988). Litter production and nutrient cycling in coffee (Coffea arabica) or cacao (Theobroma cacao) 
plantations with shade trees. Agroforestry systems, 7(2), 103-114. 

NO Only litter 
biomass 

Beer, J., 
Bonnemann, A., 
Chavez, W. 1990 

Beer, J., Bonnemann, A., Chávez, W., Fassbender, H. W., Imbach, A. C., & Martel, I. (1990). Modelling agroforestry 
systems of cacao (Theobroma cacao) with laurel (Cordia alliodora) or poro (Erythrina poeppigiana) in Costa Rica. 
Agroforestry systems, 12(3), 229-249. 

YES 
 

Blaser et al. 2017 Blaser, W. J., Oppong, J., Yeboah, E., & Six, J. (2017). Shade trees have limited benefits for soil fertility in cocoa 
agroforests. Agriculture, Ecosystems & Environment, 243, 83-91. 

NO No biomass 
information 
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Blaser et al. 2018 Blaser, W. J., Oppong, J., Hart, S. P., Landolt, J., Yeboah, E., & Six, J. (2018). Climate-smart sustainable agriculture 
in low-to-intermediate shade agroforests. Nature Sustainability, 1(5), 234-239. 

NO No age 
information 

Borden et al. 2019 Borden, K. A., Anglaaere, L. C., Adu-Bredu, S., & Isaac, M. E. (2019). Root biomass variation of cocoa and 
implications for carbon stocks in agroforestry systems. Agroforestry Systems, 93(2), 369-381. 

NO Mixed age 
classes 

Carr et al. 2011 Carr, M. K. V., & Lockwood, G. (2011). The water relations and irrigation requirements of cocoa (Theobroma cacao 
L.): a review. Experimental agriculture, 47(4), 653-676. 

NO No biomass 
values 

Concha et al. 2007 Concha, J. Y., Alegre, J. C., & Pocomucha, V. (2007). Determinación de las reservas de carbono en la biomasa 
aérea de sistemas agroforestales de Theobroma cacao L. en el departamento de San Martín, Perú. Ecología 
aplicada, 6(1-2), 75-82. 

NO Mixed age 
classes, no 
biomass 
values 

Cotta et al. 2008 Cotta, M. K., Jacovine, L. A. G., Paiva, H. N. D., Soares, C. P. B., Virgens Filho, A. D. C., & Valverde, S. R. (2008). 
Quantificação de biomassa e geração de certificados de emissões reduzidas no consórcio seringueira-cacau. 
Revista Árvore, 32(6), 969-978. 

YES 
 

Dawoe et al. 2010 Dawoe, E. K., Isaac, M. E., & Quashie-Sam, J. (2010). Litterfall and litter nutrient dynamics under cocoa 
ecosystems in lowland humid Ghana. Plant and soil, 330(1), 55-64. 

NO Only litter 
biomass 

Dawoe et al. 2016  Dawoe, E., Asante, W., Acheampong, E., & Bosu, P. (2016). Shade tree diversity and aboveground carbon stocks in 
Theobroma cacao agroforestry systems: implications for REDD+ implementation in a West African cacao 
landscape. Carbon balance and management, 11(1), 1-13. 

NO No age 
information 

de Sousa et al. 
2016 

de Sousa, K. F., Detlefsen, G., De Melo Virginio Filho, E., Tobar, D., & Casanoves, F. (2016). Timber yield from 
smallholder agroforestry systems in Nicaragua and Honduras. Agroforestry systems, 90(2), 207-218. 

NO No age 
information 

Duguma et al., 
2001 

Duguma, B., Gockowski, J., & Bakala, J. (2001). Smallholder cacao (Theobroma cacao Linn.) cultivation in 
agroforestry systems of West and Central Africa: challenges and opportunities. Agroforestry systems, 51(3), 177-
188. 

NO Landscale 
values with 
no density 
information 

Escalona 2013  Evaluación del desarrollo y comportamiento de cuatro variedades de cacao (Theobroma cacao L.) con la 
aplicación de diferentes tipos de fertilizantes en un sistema agroforestal en la Estación Experimental 

NO No biomass 
values 
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Fassbender et al., 
1991 

Fassbender, H. W., Beer, J., Heuveldop, J., Imbach, A., Enriquez, G., & Bonnemann, A. (1991). Ten year balances of 
organic matter and nutrients in agroforestry systems at CATIE, Costa Rica. Forest Ecology and management, 
45(1-4), 173-183. 

NO Biomass 
pooled- 
species mixed 

Gattward et al. 
2012 

Gattward, J. N., Almeida, A. A. F., Souza Jr, J. O., Gomes, F. P., & Kronzucker, H. J. (2012). Sodium–potassium 
synergism in Theobroma cacao: stimulation of photosynthesis, water-use efficiency and mineral nutrition. 
Physiologia plantarum, 146(3), 350-362. 

NO No biomass 
values 

Gockowski J, 
Sonwa D. 2011 

Gockowski, J., & Sonwa, D. (2011). Cocoa intensification scenarios and their predicted impact on CO 2 emissions, 
biodiversity conservation, and rural livelihoods in the Guinea rain forest of West Africa. Environmental 
management, 48(2), 307-321. doi: 10.1007/s00267-010-9602-3. Epub 2010 Dec 30. PMID: 21191791. 

NO Biomass 
pooled- 
species mixed 

Isaac et al. 2007 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. Nutrient cycling in 
agroecosystems, 78(2), 155-165. 

YES 
 

Isaac et al. 2007 Isaac, M. E., Ulzen-Appiah, F., Timmer, V. R., & Quashie-Sam, S. J. (2007). Early growth and nutritional response to 
resource competition in cocoa-shade intercropped systems. Plant and soil, 298(1), 243-254. 

YES 
 

Jacobi et al. 2014 Jacobi, J., Andres, C., Schneider, M., Pillco, M., Calizaya, P., & Rist, S. (2014). Carbon stocks, tree diversity, and the 
role of organic certification in different cocoa production systems in Alto Beni, Bolivia. Agroforestry systems, 
88(6), 1117-1132. 

NO Mixed age 
classes 

Koko et al. 2013  Koko, L. K., Snoeck, D., Lekadou, T. T., & Assiri, A. A. (2013). Cacao-fruit tree intercropping effects on cocoa yield, 
plant vigour and light interception in Côte d’Ivoire. Agroforestry systems, 87(5), 1043-1052. 

NO No biomass 
values 

Marin et al. 2016 Marín, M. D. P., Andrade, H. J., & Sandoval, A. P. (2016). Fijación de carbono atmosférico en la biomasa total de 
sistemas de producción de cacao en el departamento del Tolima, Colombia. Revista UDCA Actualidad & 
Divulgación Científica, 19(2), 351-360. 

NO No age 
information 

Martínez et al. 2013 Martínez-Dávila, P., Solignac-Ruiz, j., Zárate, R., Fachín, l., Maco-García, J. T., & Jarama-Vilcarromero, A. R. (2013). 
Estimación de la biomasa con relaciones alométricas en dos especies de frutales: Theobroma cacao L.(Cacao) y 
Theobroma grandiflorum (WILLD. EX SPRENG.) K. SCHUM.(COPOAZÚ). Folia Amazónica, 22(1-2), 67-76.  

YES 
 

Mialet-Serra, I et al. 
2001 

Mialet-Serra, I., Bonneau, X., Mouchet, S., & Kitu, W. T. (2001). Growth and yield of coconut–cacao intercrops. 
Experimental Agriculture, 37(2), 195-210. 

NO No biomass 
values 



 

 
61 

Moser et al. 2010 Moser, G., Leuschner, C., Hertel, D., Hölscher, D., Köhler, M., Leitner, D., ... & Schwendenmann, L. (2010). Response 
of cocoa trees (Theobroma cacao) to a 13-month desiccation period in Sulawesi, Indonesia. Agroforestry 
systems, 79(2), 171-187. 

YES 
 

Niether et al. 2019  Niether, W., Schneidewind, U., Fuchs, M., Schneider, M., & Armengot, L. (2019). Below-and aboveground 
production in cocoa monocultures and agroforestry systems. Science of the Total Environment, 657, 558-567. 

NO No age 
information 

Nietheret et al. 
2020 

Niether, W., Jacobi, J., Blaser, W. J., Andres, C., & Armengot, L. (2020). Cocoa agroforestry systems versus 
monocultures: a multi-dimensional meta-analysis. Environmental Research Letters, 15(10), 104085. 

NO No biomass 
values 

Norgrove et al. 
2013 

Norgrove, L., & Hauser, S. T. E. F. A. N. (2013). Carbon stocks in shaded Theobroma cacao farms and adjacent 
secondary forests of similar age in Cameroon. Tropical Ecology, 54(1), 15-22. 

NO No age 
information 

Nygren et al. 2013 Nygren, P., Leblanc, H. A., Lu, M., & Luciano, C. A. G. (2013). Distribution of coarse and fine roots of Theobroma 
cacao and shade tree Inga edulis in a cocoa plantation. Annals of forest science, 70(3), 229-239. 

YES 
 

Oke and Olatiiu 
2011 

Oke, D., & Olatiilu, A. (2011). Carbon storage in agroecosystems: a case study of the cocoa based agroforestry in 
Ogbese forest reserve, Ekiti State, Nigeria. Journal of Environmental Protection, 2(08), 1069. 

YES 
 

Owusu 2016 Owusu, S., Anglaaere, L. C. N., & Abugre, S. (2018). Aboveground Biomass and Carbon content of a cocoa–Gliricida 
sepium agroforestry system in Ghana. Ghana Journal of Agricultural Science, 53, 45-60. 

YES 
 

Roskoski et al. 
1982 

Roskoski, J. P., Bornemisza, E., Aranguren, J., Escalante, G., & Santana, M. B. M. (1982). Report of the work group 
on coffee and cacao plantations. In Nitrogen Cycling in Ecosystems of Latin America and the Caribbean (pp. 403-
407). Springer, Dordrecht. 

NO No access 

Saj, S. et al. 2017) Saj, S., Durot, C., Mvondo Sakouma, K., Tayo Gamo, K., & Avana-Tientcheu, M. L. (2017). Contribution of 
associated trees to long-term species conservation, carbon storage and sustainability: a functional analysis of 
tree communities in cacao plantations of Central Cameroon. International Journal of Agricultural Sustainability, 
15(3), 282-302. 

NO No age 
information 

Schneider et al. 
2017 

Schneider, M., Andres, C., Trujillo, G., Alcon, F., Amurrio, P., Perez, E., ... & Milz, J. (2017). Cocoa and total system 
yields of organic and conventional agroforestry vs. monoculture systems in a long-term field trial in Bolivia. 
Experimental Agriculture, 53(3), 351-374. 

NO No biomass 
values 
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Hartati & Prastowo 
2017 

Hartati, R. S., & Prastowo, B. (2017, May). Biomass of cocoa and sugarcane. In IOP Conference Series: Earth and 
Environmental Science (Vol. 65, No. 1, p. 012009). IOP Publishing. 

YES 
 

Somarriba et al. 
2013 

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

YES 
 

Sonwa 2004 Sonwa, D. J. (2004). Biomass management and diversification within cocoa agroforests in the humid forest zone 
of southern Cameroon. Cuvillier Verlag. 

NO No age 
information 

Subler 1994 Subler, S. (1994). Allometric equations for estimating the above ground biosmass of cacao stands in the eastern 
Amazon Basin. Agrotrópica (Brasil) v. 6 (3) p. 65-72. 

YES 
 

Wartenberg et al. 
2020 

Wartenberg, A. C., Blaser, W. J., Roshetko, J. M., Van Noordwijk, M., & Six, J. (2020). Soil fertility and Theobroma 
cacao growth and productivity under commonly intercropped shade-tree species in Sulawesi, Indonesia. Plant 
and Soil, 453(1), 87-104. 

NO Mixed age 
classes 

Isaac et al. 2011 Isaac, M. E., Adjei, E. O., Issaka, R. N., & Timmer, V. R. (2011). A strategy for tree-perennial crop productivity: 
nursery phase nutrient additions in cocoa-shade agroforestry systems. Agroforestry systems, 81(2), 147-155. 

NO No biomass 
information 

Magne et al. 2014 Magne, A.N., Nonga, N.E., Yemefack, M. et al. Profitability and implications of cocoa intensification on carbon 
emissions in Southern Cameroun. Agroforest Syst 88, 1133–1142 (2014). https://doi.org/10.1007/s10457-014-
9715-4 

NO No raw 
biomass data 

Nijmeijer et al. 
2019 

Nijmeijer, A., Lauri, P. É., Harmand, J. M., & Saj, S. (2019). Carbon dynamics in cocoa agroforestry systems in 
Central Cameroon: afforestation of savannah as a sequestration opportunity. Agroforestry Systems, 93(3), 851-
868. 

NO Allometric 
equations 

Ortiz et al. 2008 Ortiz, Á., Riascos, L., & Somarriba, E. (2008). Almacenamiento y tasas de fijación de biomasa y carbono en 
sistemas agroforestales de cacao (Theobroma cacao) y laurel (Cordia alliodora). Agroforestería en las Américas. 

NO No raw 
biomass data 

Zuidema et al. 
2005 

Zuidema, P. A., Leffelaar, P. A., Gerritsma, W., Mommer, L., & Anten, N. P. (2005). A physiological production 
model for cocoa (Theobroma cacao): model presentation, validation and application. Agricultural Systems, 84(2), 
195-225. 

NO Model 
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Ramos et al. 2018 Ramos, H. M. N., Vasconcelos, S. S., Kato, O. R., & Castellani, D. C. (2018). Above-and belowground carbon stocks 
of two organic, agroforestry-based oil palm production systems in eastern Amazonia. Agroforestry systems, 
92(2), 221-237. 

NO No raw 
biomass data 

Riedel et al. 2019 Riedel, J., Kägi, N., Armengot, L., & Schneider, M. (2019). Effects of rehabilitation pruning and agroforestry on 
cacao tree development and yield in an older full-sun plantation. Experimental Agriculture, 55(6), 849-865. 

NO No biomass 
values 

Rivera et al. 2020 Rivera, A. R. A., Dolin, E. B., & Tercero, E. D. J. P. (2020). Carbono en biomasa aérea, sistema agroforestal de 
Theobroma cacao L. laboratorio natural, los laureles 2018. Revista Universitaria del Caribe, 24(01), 98-106. 

NO Units not 
indicated 

Saj et al. 2013 Saj, S., Jagoret, P., & Ngogue, H. T. (2013). Carbon storage and density dynamics of associated trees in three 
contrasting Theobroma cacao agroforests of Central Cameroon. Agroforestry systems, 87(6), 1309-1320. 

NO No raw 
biomass data 

Schneidewind et 
al. 2019 

Schneidewind, U., Niether, W., Armengot, L., Schneider, M., Sauer, D., Heitkamp, F., & Gerold, G. (2019). Carbon 
stocks, litterfall and pruning residues in monoculture and agroforestry cacao production systems. Experimental 
Agriculture, 55(3), 452-470. 

NO No raw 
biomass data 

Schroth et al. 2015 Schroth, G., Bede, L. C., Paiva, A. O., Cassano, C. R., Amorim, A. M., Faria, D., ... & Lôbo, R. N. (2015). Contribution 
of agroforests to landscape carbon storage. Mitigation and Adaptation Strategies for Global Change, 20(7), 1175-
1190. 

NO No raw 
biomass data 

Segura et al. 2006 Segura, M., Kanninen, M., & Suárez, D. (2006). Allometric models for estimating aboveground biomass of shade 
trees and coffee bushes grown together. Agroforestry Systems, 68(2), 143-150. 

NO No raw 
biomass data 

Siebert et al. 2000 Siebert, S. F. (2000). Survival and growth of rattan intercropped with coffee and cacao in the agroforests of 
Indonesia. Agroforestry systems, 50(1), 95-102. 

NO   

Somarriba et al. 
2011 

Somarriba, E., & Beer, J. (2011). Productivity of Theobroma cacao agroforestry systems with timber or legume 
service shade trees. Agroforestry systems, 81(2), 109-121. 

NO No biomass 
values 

Hinojosa & Choque 
et al. 2017 

Hinojosa, F. E. S., & Choque, D. C. (2017). Estimación de biomasa subterránea y carbono en los sistemas de 
producción; orgánica y monocultivo de cacao (Theobroma cacao L.) en la zona de Alto Beni, Bolivia. Apthapi, 
3(3), 718-732. 

NO No 
differentiatio
n of biomass 
data (only 
total) 
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Vital 2008 Vidal, S. (2008). Plant biodiversity and vegetation structure in traditional cocoa forest gardens in southern 
Cameroon under different management. Biodiversity and Conservation, 17(8), 1821-1835. 

NO No raw 
biomass data 

Wemheuer et al. 
2020 

Wemheuer, F., Berkelmann, D., Wemheuer, B., Daniel, R., Vidal, S., & Bisseleua Daghela, H. B. (2020). Agroforestry 
management systems drive the composition, diversity, and function of fungal and bacterial endophyte 
communities in Theobroma cacao leaves. Microorganisms, 8(3), 405. 

NO   

Zavala et al. 2018 Zavala, W., Merino, E., & Peláez, P. (2018). Influencia de tres sistemas agroforestales del cultivo de cacao en la 
captura y almacenamiento de carbono. Scientia Agropecuaria, 9(4), 493-501. 

NO No 
differentiatio
n biomass 
data (only 
total) 

Romero et al. 2018 Romero, F. C. (2018). Biomass and nutrient distribution in cacao trees (Theobroma cacao): A case study in Cote 
d’Ivoire, MSc Thesis Wageningen University, 

NO No biomass 
values 

Oke et al. 2011 Oke, D., & Olatiilu, A. (2011). Carbon storage in agroecosystems: a case study of the cocoa based agroforestry in 
Ogbese forest reserve, Ekiti State, Nigeria. Journal of Environmental Protection, 2(08), 1069. 

NO Data on 
natural 
forests too 

Sonwa 2004 Sonwa, D.J., 2004. Biomass Management and Diversification withinCocoa Agroforests in the Humid Forest Zone 
of Southern Cameroon.Cuvillier Verlag, Gottingen. 

NO No PDF (book) 

Moncayo 2008 Moncayo, D. O. B. (2008). Facultad de Ciencias Ambientales Escuela de Ingeniería Forestal (Doctoral dissertation, 
Universidad Técnica Estatal de Quevedo) 

NO No raw 
biomass data 
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A.2.4 References used for Coffee
 

Source Full reference 

 
 
Included 

 
 
Comment 

COFFEE    

Castañeda et al. 
2013 

Castañeda, H. J. A., Alvarado, J., & Segura, M. (2013). Almacenamiento de carbono orgánico en suelos en 
sistemas de producción de café (Coffea arabica L.) en el municipio del Líbano, Tolima, Colombia. Colombia 
forestal, 16(1), 21-31 

NO No biomas 
information 

Andrade et al. 2018  Andrade, H. J., Segura, M. A., Feria, M., & Suárez, W. (2018). Above-ground biomass models for coffee bushes 
(Coffea arabica L.) in Líbano, Tolima, Colombia. Agroforestry Systems, 92(3), 775-784. 

NO No age data 

Aranguren et al. 
1982 

Aranguren, J., Escalante, G., & Herrera, R. (1982). Nitrogen cycle of tropical perennial crops under shade trees I. 
Coffee. In Nitrogen cycling in ecosystems of Latin America and the Caribbean (pp. 247-258). Springer, Dordrecht. 

NO Mix of all 
species 

Betemariyam 2020 Betemariyam, M., Negash, M., & Worku, A. (2020). Comparative analysis of carbon stocks in home garden and 
adjacent coffee based agroforestry systems in Ethiopia. Small-scale Forestry, 19(3), 319-334. 

NO No age or 
individual 
biomass 

Bosselmann et al. 
2009 

Bosselmann, A. S., Dons, K., Oberthur, T., Olsen, C. S., Ræbild, A., & Usma, H. (2009). The influence of shade trees 
on coffee quality in small holder coffee agroforestry systems in Southern Colombia. Agriculture, ecosystems & 
environment, 129(1-3), 253-260 

NO No biomass 
info 

Charbonnier et al. 
2017 

Charbonnier, F., Roupsard, O., Le Maire, G., Guillemot, J., Casanoves, F., Lacointe, A., ... & Dreyer, E. (2017). 
Increased light-use efficiency sustains net primary productivity of shaded coffee plants in agroforestry system. 
Plant, cell & environment, 40(8), 1592-1608. 

NO Good paper - 
but only 
focused on 
resprouts, so 
no idea about 
AGB or BGB, 
and mixed 
ages 
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Chemura et al. 
2014 

Chemura, A., Mahoya, C., Chidoko, P., & Kutywayo, D. (2014). Effect of soil moisture deficit stress on biomass 
accumulation of four coffee (Coffea arabica) varieties in Zimbabwe. International Scholarly Research Notices, 
2014. 

NO Experiments 
on roots - 20 
days 
seedlings 

da Silva et al. 2018 Silva Neto, F. J. D., Morinigo, K. P. G., Guimarães, N. D. F., Gallo, A. D. S., Souza, M. D. B. D., Stolf, R., & Fontanetti, 
A. (2018). Shade trees spatial distribution and its effect on grains and beverage quality of shaded coffee trees. 
Journal of Food Quality, 2018 

NO No biomas 
information 

de Sousa et al. 
2016 

de Sousa, K. F., Detlefsen, G., De Melo Virginio Filho, E., Tobar, D., & Casanoves, F. (2016). Timber yield from 
smallholder agroforestry systems in Nicaragua and Honduras. Agroforestry systems, 90(2), 207-218. 

NO No coffee 
biomass 

Defrenet et al. 2016 Defrenet, E., Roupsard, O., Van den Meersche, K., Charbonnier, F., Pastor Pérez-Molina, J., Khac, E., ... & Jourdan, 
C. (2016). Root biomass, turnover and net primary productivity of a coffee agroforestry system in Costa Rica: 
effects of soil depth, shade trees, distance to row and coffee age. Annals of botany, 118(4), 833-851. 

NO Only root 
biomass, 
unknown age 

Dossa et al. 2008 Dossa, E. L., Fernandes, E. C. M., Reid, W. S., & Ezui, K. (2008). Above-and belowground biomass, nutrient and 
carbon stocks contrasting an open-grown and a shaded coffee plantation. Agroforestry Systems, 72(2), 103-115. 

YES 
 

Ehrenbergerová et 
al. 2016 

 Ehrenbergerova, L., Cienciala, E., Kučera, A., Guy, L., & Habrová, H. (2016). Carbon stock in agroforestry coffee 
plantations with different shade trees in Villa Rica, Peru. Agroforestry systems, 90(3), 433-445. 

NO No coffee 
biomass 
information 

Morello et al. 2020 Morello, O. F., Mingotte, F. L. C., Leal, F. T., Coelho, A. P., Neto, A. S., & Lemos, L. B. (2020). Agronomic 
performance, postharvest and indirect selection of Coffea arabica L. cultivars for high-temperature regions. 
Revista Brasileira de Ciências Agrárias (Agrária), 15(3). 

NO No biomas 
information 

Giudice Badari et 
al. 2020 

Giudice Badari, C., Bernardini, L. E., de Almeida, D. R., Brancalion, P. H., Cesar, R. G., Gutierrez, V., ... & Viani, R. A. 
(2020). Ecological outcomes of agroforests and restoration 15 years after planting. Restoration Ecology, 28(5), 
1135-1144 

NO Landscape 
biomass for 
all species 
together in 
agroforestry 
system 

Gonthier et al. 
2011 

Gonthier, D. J., Witter, J. D., Spongberg, A. L., & Philpott, S. M. (2011). Effect of nitrogen fertilization on caffeine 
production in coffee (Coffea arabica). Chemoecology, 21(3), 123-130. 

YES 
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Govaki et al. 2021 Gokavi, N., Mote, K., Jayakumar, M., Raghuramulu, Y., & Surendran, U. (2021). The effect of modified pruning and 
planting systems on growth, yield, labour use efficiency and economics of Arabica coffee. Scientia Horticulturae, 
276, 109764. 

NO No biomas 
information 

Häger 2012 Häger, A. (2012). The effects of management and plant diversity on carbon storage in coffee agroforestry 
systems in Costa Rica. Agroforestry systems, 86(2), 159-174. 

NO No biomas 
information 

Haggar et al. 2011 Haggar, J., Barrios, M., Bolaños, M., Merlo, M., Moraga, P., Munguia, R., ... & de MF Virginio, E. (2011). Coffee 
agroecosystem performance under full sun, shade, conventional and organic management regimes in Central 
America. Agroforestry Systems, 82(3), 285-301. 

NO No coffee 
biomass 
information 

Kufa 2012 Kufa, T. (2012). Biomass production and distribution in seedlings of Coffea arabica genotypes under contrasting 
nursery environments in southwestern Ethiopia. Agricultural Sciences, 3(06), 835 

YES 
 

Lima Filho et al. 
2003 

Lima Filho, O. D., & Malavolta, E. (2003). Studies on mineral nutrition of the coffee plant (Coffea arabica L. cv. 
Catuaí Vermelho): LXIV. Remobilization and re-utilization of nitrogen and potassium by normal and deficient 
plants. Brazilian journal of biology, 63(3), 481-490. 

YES 
 

Muñoz-Villers et al. 
2020  

Muñoz-Villers, L. E., Geris, J., Alvarado-Barrientos, M. S., Holwerda, F., & Dawson, T. (2020). Coffee and shade 
trees show complementary use of soil water in a traditional agroforestry ecosystem. Hydrology and Earth 
System Sciences, 24(4), 1649-1668. 

NO No biomass 
information 

Negash et al. 2013 Negash, M., Starr, M., Kanninen, M., & Berhe, L. (2013). Allometric equations for estimating aboveground biomass 
of Coffea arabica L. grown in the Rift Valley escarpment of Ethiopia. Agroforestry systems, 87(4), 953-966 

YES 
 

Negash et al. 
2013(2) 

Negash, M., Starr, M., & Kanninen, M. (2013). Allometric equations for biomass estimation of Enset (Ensete 
ventricosum) grown in indigenous agroforestry systems in the Rift Valley escarpment of southern-eastern 
Ethiopia. Agroforestry systems, 87(3), 571-581. 

NO No coffee 
data 

Van Oijen et al. 
2010 

Van Oijen, M., Dauzat, J., Harmand, J. M., Lawson, G., & Vaast, P. (2010). Coffee agroforestry systems in Central 
America: I. A review of quantitative information on physiological and ecological processes. Agroforestry systems, 
80(3), 341-359 

NO This is a 
review. Data 
already 
included 

Ortiz-Ceballos et 
al. 2020 

Ortiz-Ceballos, G. C., Vargas-Mendoza, M., Ortiz-Ceballos, A. I., Mendoza Briseño, M., & Ortiz-Hernández, G. 
(2020). Aboveground Carbon Storage in Coffee Agroecosystems: The Case of the Central Region of the State of 
Veracruz in Mexico. Agronomy, 10(3), 382 

NO No coffee 
biomass 
information 
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Perdoná et al. 2020 Perdoná, M. J., & Soratto, R. P. (2020). Arabica coffee–macadamia intercropping: Yield and profitability with 
mechanized coffee harvesting. Agronomy Journal, 112(1), 429-440. 

NO No biomass 
information 

Pereira et al., 2013 Pereira Coltri, P., Zullo, J., Ribeiro do Valle Goncalves, R., Romani, L. A. S., & Pinto, H. S. (2013). Coffee Crop’s 
Biomass and Carbon Stock Estimation With Usage of High Resolution Satellites Images. IEEE Journal of Selected 
Topics in Applied Earth Observations and Remote Sensing, 6(3), 1786–1795. doi:10.1109/jstars.2013.226276 

NO No biomass 
information 

Piato et al. 2020 Piato, K., Lefort, F., Subía, C., Caicedo, C., Calderón, D., Pico, J., & Norgrove, L. (2020). Effects of shade trees on 
robusta coffee growth, yield and quality. A meta-analysis. 

NO No biomass 
information 

Rodríguez 2011 Rodríguez, D., Cure, J. R., Cotes, J. M., Gutierrez, A. P., & Cantor, F. (2011). A coffee agroecosystem model: I. 
Growth and development of the coffee plant. Ecological Modelling, 222(19), 3626-3639. 

YES 
 

Roskoski et al. 
1982 

Roskoski, J. P., Bornemisza, E., Aranguren, J., Escalante, G., & Santana, M. B. M. (1982). Report of the work group 
on coffee and cacao plantations. In Nitrogen Cycling in Ecosystems of Latin America and the Caribbean (pp. 403-
407). Springer, Dordrecht. 

NO Impossible to 
find 

Sales et al. 2013 Sales, E. F., Méndez, V. E., Caporal, F. R., & Faria, J. C. (2013). Agroecological transition of conilon coffee (Coffea 
canephora) agroforestry systems in the State of Espírito Santo, Brazil. Agroecology and sustainable food 
systems, 37(4), 405-429. 

NO No biomass 
information 

Segura 2006 Segura, M., Kanninen, M., & Suárez, D. (2006). Allometric models for estimating aboveground biomass of shade 
trees and coffee bushes grown together. Agroforestry Systems, 68(2), 143-150. 

NO No age data 

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

YES 
 

Tschora, H., & 
Cherubini, F. 2020 

Tschora, H., & Cherubini, F. (2020). Co-benefits and trade-offs of agroforestry for climate change mitigation and 
other sustainability goals in West Africa. Global Ecology and Conservation, 22, e00919. 

NO No age data 

van Noordwijk et 
al. 2002 

van Noordwijk, M., Rahayu, S., Hairiah, K., Wulan, Y. C., Farida, A., & Verbist, B. (2002). Carbon stock assessment 
for a forest-to-coffee conversion landscape in Sumber-Jaya (Lampung, Indonesia): from allometric equations to 
land use change analysis. Science in China Series Life Sciences-English edition-, 45(SUPP), 75-86. 

YES 
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Vizcaíno-Bravo et 
al. 2020 

Vizcaíno-Bravo, Q., Williams-Linera, G., & Asbjornsen, H. (2020). Biodiversity and carbon storage are correlated 
along a land use intensity gradient in a tropical montane forest watershed, Mexico. Basic and Applied Ecology, 
44, 24-34 

NO No coffee 
biomass 
information 

Zaro et al. 2020 Zaro, G. C., Caramori, P. H., Yada Junior, G. M., Sanquetta, C. R., Nunes, A. L., Prete, C. E., & Voroney, P. (2020). 
Carbon sequestration in an agroforestry system of coffee with rubber trees compared to open-grown coffee in 
southern Brazil. Agroforestry Systems, 94(3), 799-809. 

YES 
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You cannot get through a single day without having an impact on the world around you. What you do 
makes a difference, and you have to decide what kind of difference you want to make. 

― Jane Goodall 


