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Abstract 

The unsustainable growth of the plantation agricultural sector has caused numerous sustainability 

challenges including environmental, economic, social and governance concerns. Although a wide 

variety of sustainability indicators have been developed to monitor and assess the sustainability 

issues for agriculture in general, few, if any have been developed specifically for plantation 

agriculture. In response to this, we conducted a systematic review of the literature in order to 

identify the most commonly used or suggested indicators of sustainability in plantation agriculture 

and to identify the critical issues in the development of a comprehensive and unambiguous set of 

sustainability indicators for plantation agriculture. We used the Preferred Reporting Items for 

Systematic Reviews and Meta-Analysis (PRISMA) method in our systematic review. Following 

the screening of a large number of articles identified through database searches, 40 articles were 

finally selected and analysed in this study. The results of the analysis (i.e. indicators) were 

organized according to the sustainability indicator framework developed by the United Nations 

Commissions on Sustainable Development (UNCSD). A total of 47 commonly used or suggested 

indicators relevant for assessing the sustainability of plantation agricultural systems, along with 

the potential issues in their application were identified. Although it was possible to identify 

relevant indicators, it was difficult to conclusively identify a universal set of indicators to assess 

the sustainability of different plantation agricultural systems. We conclude that although 

developing a suite of sustainability indicators that cover the environmental, social, economic and 

governance dimensions can add value to agricultural plantations, there is a need to develop 

sustainability indicators via a bottom up and participatory approach to select a suite of 

sustainability indicators for plantation agriculture that are not only relevant but can be acceptable 

to a wide range of stakeholder groups. 
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1 Introduction 
 

Despite their widespread criticism (Fitzherbert et al. 2008; FAO 2013; Hall, Scoones & Tsikata 

2017) and colonial past (Jayeeta 2009; Kothari 2013), plantations are still among the fastest 

growing agricultural systems within many tropical countries, mainly due to the increasing demands 

for plantation commodities (e.g. palm oil, sugarcane, cocoa and rubber) worldwide (Gerber 2011). 

For example, from 1990 to 2005, palm oil plantations have increased from 1.8 million hectares to 

4.2 million hectares and from 4.4 million hectares to 6.1 million hectares in Malaysia and Indonesia 

respectively (Fitzherbert et al. 2008). According to Hartemik (2005), plantation agriculture is 

typically defined as a large-scale, often foreign owned and specialized, high-input and high-output 

farming system that is mostly export oriented. 

For many countries, plantation agriculture has become a vital source of national income and wealth 

(Hartemik 2005). For example, in Ghana, exports from cocoa accounts for approximately 60% of 

the country’s earnings, while in Indonesia, the revenue from cocoa is approximately USD 600 

million per year (Hartemink 2005). However, the rapid expansion of plantation areas has created 

undesirable side impacts, both environmental and social. On the environmental front, 

unsustainable plantation growth is often accused of causing increased emissions of greenhouse 

gases (GHGs), loss of biodiversity, water cycle destabilization, soil erosion, nutrient loss as well 

as land and water pollution (Zapfack et al. 2002; Fitzherbert et al. 2008; Wicke et al. 2011).  

On the social front, plantations have sometimes involved the forceful takeover of lands and related 

resources thereby displacing local populations, disrupting local livelihoods, and resulting in land 

conflicts (Hall, Scoones & Tsikata 2017). In Latin America, for instance, sugarcane and palm oil 

plantations are typically developed on native forests which these communities depend on for water, 

food and building materials as well as on lands that they use to grow staple crops (Mingorría 2018). 

This disregard for traditional land use and customary rights is one of the major sources of conflict 

between plantation developers and local communities (Obidzinski et al. 2012). Moreover, 

although plantations typically employ numerous unskilled labourers due to their large sizes, they 

have been associated with serious labour issues ranging from unfair firing, violence as well as 

inadequate and inconsistent wage payments (FAO 2013).  
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Such undesirable consequences have resulted in a major overhaul of plantation operations, 

primarily by consumers and civil society organizations. Ostfeld et al. (2019) found that many 

British consumers perceived palm oil as more environmentally unfriendly compared to any other 

vegetable oil. Environmental non-governmental organizations (NGOs), such as Greenpeace, are 

also linking environmental issues with the brands of major agribusinesses, such as Nestle and 

Unilever, thereby compelling these businesses to ban and remove unsustainably produced 

agricultural products from their supply chains (Edwards & Laurance 2012). These forces, in turn, 

are forcing primary producers (plantation companies) to incorporate sustainable production 

policies within their business operations (Edwards & Laurance 2012). Sustainability thus emerging 

as crucial for market competitiveness and survival of plantation companies and agribusinesses 

(Sheth, Sethia, & Srinivas 2011).  

Sustainability, however, can be a term without substance unless corresponding ‘indicators’ are 

available (The World Bank 1998). A sustainability indicator can be defined as the operational 

representation of an attribute of a system (Waas et al. 2014). It allows specific attributes of that 

system to be measured in order to monitor changes in that system, relevant to the continuation of 

human and environmental well-being (EPA 2012). Over the decades, numerous indicators for 

assessing the sustainability of agricultural systems have been developed and reviewed by 

researchers, academics, governments and NGOs (Rasmussen et al. 2017; Xavier et al. 2018; Lynch 

et al. 2019). The indicators, along with their rationale and measurement methods, are packaged 

together as sustainability assessment ‘toolkits’. Examples of these toolkits include SAFA, RISE, 

PG, and IDEA (Gasparatos 2010). Various certification schemes (mostly voluntary) have also 

emerged that employ these toolkits. Examples include Organic, Fairtrade and Rainforest Alliance 

certification schemes. 

The existing indicators, however, suffer from notable shortcomings when it comes to the 

sustainability assessment of plantation agriculture. Since very few (if any) of these sustainability 

assessment toolkits have been developed specifically for plantation agriculture, the corresponding 

indicators do not adequately reflect the sustainability challenges and norms specific to plantation 

agriculture. Other problems also include the legitimacy and validity of the indicators, including 

those used by voluntary/private certification schemes. For instance, it is noted that different 

certification schemes often differ in their definition of sustainability and the selection and 
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measurement of corresponding indicators, thereby leading to confusion, disagreements and 

scepticism (IISD 2009; Partzsch 2011; Latruffe et al. 2016). Thus, many existing certification 

schemes have been criticised especially by NGOs’ as ‘greenwashing’ (Partzsch, Zander, & 

Robinson 2019). 

Our aim in this paper is to identify, through a systematic review of the literature, an appropriate 

suite of indicators that can be used to assess the sustainability of plantation agricultural systems. 

For this, we intend to critically evaluate: (i) the relevance of the indicators found within the 

literature in terms of assessing the sustainability of plantation agricultural systems, (ii) the number 

of articles using or suggesting the identified indicators and (iii) the potential issues in the 

application of the indicators (e.g. availability of data, ease of use, limited measurement guidelines, 

etc). 

2 Methodology 
 

2.1 Analytical Framework  
 

In this research, we have used a modified version of the sustainability framework developed by 

the United Nations Commissions on Sustainable Development (UNCSD) as our analytical 

framework. The UNCSD framework has been used to assess the sustainability of agricultural 

systems (UN 2007). Moreover, this framework encompasses the governance (institutional) 

dimension of sustainability, in addition to the other three commonly accepted dimensions 

including (environmental, economic and social), thereby representing a broad version of 

sustainability (Porio 2015). As governance is central to creating, implementing and enforcing 

decisions within the other dimensions, the absence of this dimension can hinder the overall 

progress of sustainability (FAO 2013; Porio 2015). 
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Table 1: The modified UNCSD framework used in this investigation to structure data analysis 

Dimensions Themes Indicators 

Environment   Life cycle GHG emissions 

  Atmosphere and Water Water conservation measures 

    Water contamination prevention practices 

    Amount of water needed for irrigation 

    Manure management 

    Amount of fertilizer used 

    Intercropping 

    Tillage practices 

  Land Crop rotation 

    Soil Nutrient Content 

    Soil Physical Properties 

    Soil Chemical Properties 

    Diversity and Abundance of Key Species 

    Tree Species Diversity 

    Diversity of crops across the landscape 

  

Biodiversity and Materials and 

Energy 

Total area of natural vegetation converted for 

agricultural production 

    Existence of recycling programs 

    Energy saving practices 

Social   Child labour 

    Forced labour 

    Access to adequate protective equipment 

  

Labour Rights and Safety and 

Health Access to health care insurance 

    Access to potable water 

    Number of worker incidences per year 

    Discrimination in employment 

    

Gender wage differentials for the same quantity of 

work 

  Equity and Decent Livelihood Training for workers 

    Wage categories of employees 

    Average working hours per week 

Economic   Overall farm revenue 

    Net Income 

    Profit 

    Crop Yield 

  Investment Selling Price 

    Internal rate of return 

    Net Present Value 
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    Gross margin 

    Internal Investment 

    Production Costs 

    Agricultural Employment 

    Types of pesticides applied 

  

Local Economy and Product 

Quality Use of pest resistant cultivar 

    Amount of pesticide used  

    Integrated Pest Management Plan 

Governance   Transparency 

  

Transparency and Stakeholder 

Participation 

Implementation of stakeholder engagement 

strategies 

    Participation of stakeholders in plantation activities 

 

Within this modified framework, there are three hierarchical levels (See Table 1). “Dimensions” 

– including, Environmental, Economic, Social and Governance - are the highest and most general 

level in the framework (FAO 2013). “Themes” sit below the “Dimensions” level and encompass 

universal sustainability goals (FAO 2013; De Olde et al. 2016). For example, under the 

environmental dimension, some common themes include land, water and atmosphere (FAO 2013). 

“Indicators” sit at the lowest level in the framework and are measurable variables to evaluate 

sustainability performances within specific themes (Van Cauwenbergh et al. 2007; Olde et al. 

2016). For example, under the land theme, some common indicators to monitor the productivity 

of agricultural lands include tillage practices and fertilizer use (FAO 2013).  

2.2 Data Acquisition and Analysis 
 

The Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) flowchart 

was used to identify and select articles for this analysis (See Appendix B in supplementary 

material). PRISMA is an evidence-based checklist developed to act as a guideline for conducting 

systematic reviews (See Liberati et al. 2009). The PRISMA framework is widely used in order to 

improve the clarity, transparency and completeness of systematic review reporting (Li et al. 2020). 

Two scientific databases - Scopus and Web of Science - were initially used to select articles for 

this analysis. Successively, it was noticed that Web of Science was giving approximately the same 

number of hits and the same articles as Scopus. Therefore, Web of Science was not included in the 

final search.  
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Articles were identified via abstract, title and keyword searches. The search terms were put into 

triplets to improve the specificity of the search results and to identify a wide range of articles 

specific to sustainability within plantation agriculture (See Appendix C in supplementary 

material). The records identified via the database search were supplemented with grey literature 

obtained from Google Scholar and Google searches for a more comprehensive coverage of the 

indicators used to assess the sustainability of plantation agricultural systems.  

For this research, we primarily followed the definition of plantation agriculture as provided by 

Hartemink (2005) and Hall, Scoones & Tsikata (2017). Accordingly, we associate plantations with 

the following five characteristics: 

• Monoculture based agriculture (cultivation of one or more crop) 

• Involves high amounts of capital investment (e.g. infrastructure) 

• Cultivated on substantial tracts of land  

• Relies on large numbers of hired, resident or non-resident labour including migrant labour 

• Top-down management system (centrally managed) 

As such, peer-reviewed articles were assessed to identify the: type of crop, plantation size area, 

size of workforce, amount of capital invested, type of management system, and type of indicators 

(empirical or prescriptive) suggested. Articles were only included into the final assessment if they 

stated the type of crop, and one or more of the other criteria. As most of the grey literature identified 

were on sustainability assessment toolkits used by different organizations, these articles were only 

included into the final assessment if they provided relevant examples of sustainability indictors for 

plantation agriculture. After the eligibility assessment, 40 documents were considered suitable to 

be included in the analysis (See Appendix A).  

The peer-reviewed articles included in this research are listed in Table 2. The criteria; Capital 

Investment, was omitted from the table as none of the articles included in this research stated it.  
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Table 2: List of the peer-reviewed articles included in this research  

References* Crop Type 

Size of 

Cultivation 

Area 

Size of 

Workforce 

Management 

type  

Bonilla et al. 2010 Bamboo 1 ha Not Stated Not Stated 

Bellamy et al. 2016 Banana 120 - 320 ha Not Stated Top Down  

         

Coote et al. 2013 

Pine, Oak, Sitka 

spruce  x > 5 ha Not Stated Not Stated 

Chopin et al. 2015 Banana 

Average area is 

4 ha Not Stated Not Stated 

          

Chopin et al. 2016 Banana Not Stated Not Stated Top Down  

         

Dantsis et al. 2010 
Olives and citrus 

trees 

Cultivation 

area covered 

more than 

25,844,000 ha Not Stated Not Stated 

Diaz-Balteiro et al. 

2016 Eucalyptus  20 - 400 ha Not Stated Top down  

         

Elfkih et al. 2012 Olive 

Average is 100 

ha Not Stated Not Stated 

          

Fleskens et al. 2009 Olive 1.2 - 2.1 ha Not Stated Not Stated 

Gómez-Limón & Riesgo 

2009 

Maize, barley, 

wheat 40 - 60 ha Not Stated Not Stated 

Gartzia-Bengoetxea et 

al. 2009 Pine 1 ha Not Stated Not Stated 

          

Giménez et al. 2013 Eucalyptus  166.6 ha Not Stated Not Stated 

Gaudino et al. 2014 

Maize, winter 

cereal, soybeans 36 - 80 ha Not Stated Not Stated 

Hartemink 1998 Sugarcane 6030 ha Not Stated Not Stated 

Ingram et al. 2016 

Pine and 

Eucalyptus Not Stated 51 workers Top down  

         

Jacobi et al. 2015 Cocoa 1-5 ha Not Stated Not Stated 

          

Munyanduki et al. 2016 Forest (Timber) 92.7 ha Not Stated Top down  

        
 

Pineda et al. 2005 Coffee 41- 104 ha Not Stated Not Stated 

Pretty et al. 2008 Tea 3000 - 8000 ha Not Stated Top down  
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Prasara-A & Gheewala 

2016 Sugarcane 2 - 32 ha 

10 to 30 

workers Not Stated 

          

Rodrigues et al. 2018 Coconut 60 - 6000 ha Not stated Top down  

          

Smith et al. 2008 Sitka and Ash 4 ha Not Stated Not Stated 

Sydorovych et al. 2009 Walnut  1.2 - 3.8 ha Not stated Not stated 

Singh & Benbi 2016 Rice 2 - 10 ha Not Stated Not Stated 

Sun et al. 2017 Ginkgo 30,000 ha Not Stated Not Stated 

Safitri et al. 2018 Palm oil 22, 457 ha Not Stated Not Stated 

          

Schweier et al. 2018 Pine 14, 000 ha Not Stated Not Stated 

          

Tellarini & Caporali 

2000 

Olive, wheat, 

barley, oat 2 - 4 ha Not Stated Not Stated 

Thivierge et al. 2014 Wheat, oat, barley 41 - 348.2 ha Not Stated Not Stated 

          

Testa et al. 2015 Lemon  22 ha Not Stated Not Stated 

Utomo et al. 2016 Cocoa Not Stated Not Stated Top down 

         

          

Van Eijck et al. 2014 Jatropha 80, 000 ha 

35, 000 

workers Top down 

         

Vanhove et al. 2016 Cocoa 61 ha Not Stated Not Stated 

Xu et al. 2008 Bamboo 1 - 1.5 ha Not Stated Not Stated 

Yi et al. 2014 Rubber  15, 100 ha Not Stated Not Stated 

          

Zhang et al. 2017 Citrus 200, 000 ha Not Stated Not Stated 

 

*See Appendix A for bibliographic details of these listed articles 

The articles were analyzed using the NVIVOTM 11 software following a thematic analysis 

approach (See Braun & Clarke 2006). The articles were coded into specific themes, namely the 

definition of sustainability suggested by the authors, sustainability indicators suggested, methods 

to measure the suggested sustainability indicators, potential issues in the application of the 

identified sustainability indicators and whether the suggested indicators were tested or prescribed. 

The themes were categorized using the UNCSD framework (See Table 1).  
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3 Results and Discussion 
 

A total of 307 indicators were identified covering all the four dimensions of sustainability within 

the UNCSD framework (See Appendix D in supplementary material). 

 

Figure 1: Proportion of indicators by sustainability dimension 

As indicated in Figure 1, the highest proportion (46.57%) of these indicators related to the 

‘Environmental’ dimension of sustainability, followed by the ‘Social’ dimension (29.31%) and the 

‘Economic’ dimension (19.54%). The lowest proportion (4.56%) belonged to the ‘Governance’ 

dimension. Full details of all the indicators are attached as supplementary material with this article 

(See Appendix D). During the analysis, it was indicated that despite being termed differently, many 

of the identified indicators could be grouped under a single indicator. For example, the indicators; 

‘GHG Reduction Target’ and ‘GHG Mitigation Practices’ all relate to GHG emissions. Therefore, 

these indicators can be grouped under the indicator ‘Life Cycle GHG Emissions’. As such, during 

the analysis process, similar indicators were grouped under a single indicator within a particular 

theme for simplicity. During this process, it was indicated that the indicators that could be grouped 

together were also more commonly used/suggested compared to the indicators that could not be 

suggested together. 

In the subsequent sections, we discuss only the most commonly suggested indicators. For this, we 

used the number of articles within our sample as an indication of whether an indicator was 

46.57

29.31

19.54

4.56

Environmental Social Economic Governance
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commonly used/suggested or not. The indicators must have been used/suggested by at least 2 

articles to be included. 

3.1 Environmental Dimension 
 

A total of 143 indicators were identified under the ‘Environmental’ dimension (See Appendix D). 

A portion of these indicators could be grouped together into 18 indicators (See Table 3, Table 4 

and Table 5). These indicators were further categorized into five sustainability themes. These five 

themes include: atmosphere, water, land, biodiversity and materials and energy.  

3.1.1 Atmosphere and Water 

 

Four indicators; ‘Life cycle GHG emissions’, ‘Water conservation measures’, ‘Water 

contamination prevention practices’ and ‘Amount of water needed for irrigation’ were suggested 

under the atmosphere and water theme within the environmental dimension (See Table 3).  

Table 3: Indicators suggested under the atmosphere and water theme within the environmental 

dimension 

Theme: Atmosphere and Water 

Indicator Measurement 
 References 

Life cycle GHG emissions 

Satellite data calibrated with field 

measurements of GHG emissions using 

IPCC methodology 

 

Gaudino et al. 2014; Van Eijck 

et al. 2014 

Water conservation measures No specific methods provided COSA 2013; FAO 2013 

 

Water contamination prevention 

practices 

 

No specific methods provided 

COSA 2013; FAO 2013 

Amount of water needed for 

irrigation 

(1)  Blaney-Griddle method based on the 

irrigation technology adopted by the farm. 

(2) Aggregation of cropping system needs 

for water based on quantity of rainfall and 

average crop needs per month 

Pretty et al. 2008; Gómez-

Limón, & Riesgo 2009; 

Dantsis et al. 2010; Gaudino et 

al. 2014; Chopin et al. 2015 

 

The indicator ‘Life cycle GHG emissions’ refer to the emissions of GHGs such as CO2, CH4 and 

N2O at each stage of the supply chain (Van Eijck et al. 2014). Plantation agriculture contributes to 

GHG emissions through various practices including land clearance, deforestation and high use of 
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fossil fuels (FAO 2013). It is now widely evident that these emissions contribute to climate change 

and global warming, which in turn could affect yields and productivity (Johnson et al. 2007). This 

indicator therefore is highly relevant to the sustainability of plantation systems. 

However, only two studies were found to have tested this indictor (See Table 3). In the sampled 

articles, life cycle GHG emissions from plantation systems was measured as carbon dioxide 

equivalents (CO2eq) through satellite data and calibrated with field measurements using the IPCC 

methodology (Gaudino et al. 2014; Van Eijck et al. 2014). There may be several issues with this 

method. Access to satellite data may not be available, particularly in many developing countries 

due to high costs and inadequate international coordination (DeFries et al. 2007). Furthermore, as 

this indicator considers N2O emissions from diesel consumption only, it does not provide an 

accurate estimation of GHG emissions (Gaudino et al. 2014). Other factors such as changes in land 

use (e.g. deforestation) can also contribute to GHG emissions (DeFries et al. 2007). 

The indicators ‘Water conservation measures’ and ‘Water contamination prevention practices’ 

refer to the practices necessary to reduce freshwater use and water pollution respectively (FAO 

2013). One of the main factors limiting crop production within agricultural systems is the 

availability of freshwater (FAO 2013). As the global population is expected to increase to 9 billion 

by 2050 (Béné 2015), more freshwater will be required to increase agricultural productivity to 

keep up with global demand and consumption. Therefore, both these indicators are highly relevant 

to the sustainability of plantation systems. 

However, the use of both these indicators are questionable as the two studies that have mentioned 

both these indicators have only prescribed them (See Table 3). As such, both these indicators have 

not been tested. In the sampled articles, no specific methods were suggested to measure both water 

conservation measures and water contamination prevention practices. There may be several issues 

with this. Although the sampled articles (See COSA 2013; FAO 2013) provided guidelines 

regarding ‘best’ and ‘worst’ practices, it was ultimately up to the assessor to determine the types 

of practices as well as the minimum number of practices required to be sustainable (FAO 2013). 

As such, different users can determine the type and number of practices to apply without a reliable 

benchmark to ensure that these practices actually meet the necessary sustainability requirements 

(Williams & Walcott 1998). 
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The indicator ‘Amount of water needed for irrigation’ refer to the quantity of water required to 

irrigate the crops within the plantation systems (Pretty et al. 2008; Dantsis et al. 2010). 

Unsustainable use of water for irrigation purposes can cause environmental issues such as 

salinization, desertification as well as leaching and runoff of nutrients and pesticides to ground and 

surface water (Pretty et al. 2008; Singh 2009). Furthermore, as different crops have different water 

requirements, the amount of water used for irrigation may affect both crop growth and yield 

(Kahlown & Ashraf 2005). This indicator therefore is highly relevant to the sustainability of 

plantation systems. A total of five studies were found to have tested this indictor (See Table 3).  

In the sampled articles, amount of water needed for irrigation was measured either using the 

Blaney-Griddle method based on the irrigation technology adopted by the farm or by aggregation 

of cropping system needs for water based on quantity of rainfall and average crop needs per month 

(See Table 3). There may be several issues with these methods. Some of these methods (e.g. 

Blaney-Griddle) are typically utilized in arid and semi-arid environments (Zhao et al. 2013). As 

such, this method might not be suitable to measure the water requirements of most plantation crops 

as many plantation systems are typically establish within tropical regions. Other methods (e.g. 

aggregation of cropping system needs) do not consider the type of irrigation system used by farms 

(Chopin et al. 2015). Type of irrigation system can significantly influence the water use 

requirements of a plantation as irrigations systems such as drip irrigation have been proven to not 

only reduce water use but increase crop yields as well (Al-Omran et al. 2005). 

3.1.2 Land 

 

The land theme had the highest number of indicators within the environmental dimension with a 

total of 8 indicators (See Table 4). These indicators include ‘Manure management’, ‘Amount of 

fertilizer used’, ‘Intercropping’, ‘Tillage practices’, ‘Crop rotation’, ‘Soil Nutrient Content’, ‘Soil 

Physical Properties’ and ‘Soil Chemical Properties’. 
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Table 4: Indicators suggested under the land theme within the environmental dimension 

Theme: Land 

Indicator Measurement References 

Manure management 

Management of manure is based on 

the crop and land area over which the 

manure is applied.  

Dantsis et al. 2010; Thivierge et 

al. 2014 

Amount of fertilizer used  

Determined as the average amount of 

N and P used in each farm. Measured 

in kg/ha 

Sydorovych et al. 2009; Dantsis et 

al. 2010; Elfkih et al. 2012 

Intercropping 

Randomized block design with two 

different crop species grown together 

Chopin et al. 2016; Zhang et al. 

2017 

Tillage practices 

(1) Calculated as the percentage of the 

utilized agricultural area cultivated 

with conventional practices. (2) 

Average number of tillage operations 

over the years 

Sydorovych et al. 2009; Gaudino 

et al. 2014; Thivierge et al. 2014 

Crop rotation Measurements not mentioned 

Dantsis et al. 2010; Chopin et al. 

2016 

Soil Nutrient Content Soil tested by lab analysis  

Hartemink 1998; Pretty et al. 

2008; Sydorovych et al. 2009; 

Gómez-Limón & Riesgo 2009; 

Thivierge et al. 2014; Jacobi et al. 

2015; Singh & Benbi 2016; Utomo 

et al. 2016; Zhang et al. 2017; 

Rodrigues et al. 2018 

Soil Physical Properties  Soil tested by lab analysis  

Hartemink 1998; Pretty et al. 

2008; Jacobi et al. 2015; Zhang et 

al. 2017; Rodrigues et al. 2018; 

Schweier et al. 2018 

Soil Chemical Properties  Soil tested by lab analysis.  

Hartemink 1998; Sydorovych et al. 

2009; Singh & Benbi 2016; Zhang 

et al. 2017; Rodrigues et al. 2018 

 

The indicator ‘Manure management’ refers to the application and management of organic manure 

as part of the plantation’s agro-ecological management practices (Dantsis et al. 2010). Plantation 

activities such as excessive use of chemical fertilizers have been successful in increasing food 

production (crop output) but, have caused extensive environmental damage particularly to soil 

health and quality (Byron Houser & Pitt 2008). Excessive use of chemical fertilizers can lead to 

on-site soil degradation as well as nutrient pollution (Chandran et al. 2019). As such, this indicator 

is highly relevant to reduce dependency on chemical fertilizers (Ning et al. 2017). 

However, only two studies were found to have tested this indicator (See Table 4). In the sampled 

articles, manure management was measured based on the crop and land area over which organic 
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manure is applied (Dantsis et al. 2010; Thivierge et al. 2014). Farms that apply manure over a 

large area and on growing crops are considered to have good manure management (Dantsis et al. 

2010). One of the potential issues in the application of this indicator is that, as this indicator is not 

widely prevalent it may lack legitimacy among other stakeholder groups such as agribusinesses 

whom may refuse to adopt this indicator (Chandran et al. 2019). Although organic fertilizers 

(manure) have become an interesting issue in sustainable agriculture, it is evident that mostly the 

scientific community (e.g. academicians) whom are concerned with its use and application due to 

the increasing number of scientific papers regarding the subject (Chandran et al. 2019). 

The indicator ‘Amount of fertilizer used’ refers to the amount fertilizers particularly 

chemical/inorganic fertilizers used as part of the plantation’s land management practices 

(Sydorovych et al. 2009). Chemical fertilizers are extensively used for plantation agricultural crops 

as not only are they inexpensive, but they also provide immediate availability of nutrients 

(Chandran et al. 2019). However, excessive use of chemical fertilizers can contribute to various 

environmental issues including greenhouse gas emissions, eutrophication and soil degradation 

(Byron Houser & Pitt 2008). Therefore, this indicator is highly relevant to prevent the excessive 

use of inorganic fertilizers. 

A total of three studies were found to have tested this indicator (See Table 4). In the sampled 

articles, amount of fertilizer used was measured in kilograms per hectare based on the amount 

nitrogen (N) and phosphorus (P) used in each farm (Sydorovych et al. 2009; Dantsis et al. 2010; 

Elfkih et al. 2012). One of the potential issues in the application of this indicator is that stakeholder 

groups such as agribusinesses may not necessarily heed the application guidelines regarding 

fertilizer application quantity (Patra et al. 2016). This is unsurprising as with the rise in the global 

population, more fertilizers will likely be utilized to obtain more agricultural products to meet the 

growing demand for food consumption (Savci 2012). As such, agribusiness may have to use more 

than the recommended amount of fertilizers for crop production to keep up with supply demands 

(Patra et al. 2016). 

The indicator ‘Intercropping’ refers to the practice of growing two or more crops together in the 

same field (Zhang et al. 2017). Intercropping can not only increase crop yields but also provide 

other ecosystem services including reducing the need for chemical inputs such as inorganic 

fertilizers and pesticides as well as lessening greenhouse gas emissions linked with industrial 
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nitrogen fixation (Martin-Guay et al. 2018). Therefore, this indicator is highly relevant to the 

sustainability of the plantation agricultural system. 

However, only two studies were found to have tested this indicator (See Table 4). In the sampled 

articles, intercropping was measured using a randomized block design with two different crop 

species grown together (Chopin et al. 2016; Zhang et al. 2017). One of the potential issues in the 

application of this indicator is the lack of guidelines regarding growing specific crop species 

together. Thierfelder et al. (2012) indicated that growing incompatible species together can result 

in reduced crop yields, increased susceptibility to pests as well as complete failure of the overall 

cropping system. Furthermore, farmers may also be hesitant to grow crops of no immediate 

economic benefit which makes the practice of intercropping highly challenging (Thierfelder et al. 

2012). 

The indicator ‘Tillage practices’ refers to the type of tillage practices carried out by the plantation 

as part of its land management practices (Sydorovych et al. 2009; Gaudino et al. 2014). Tillage 

has multiple roles in crop production including seed placement, seedbed preparation as well as 

pest and water management (Lobb et al. 2007). As such, the type of tillage practices carried out 

can not only affect crop production but also cause environmental impacts such as soil erosion, land 

degradation and water pollution (Lobb et al. 2007; Gaudino et al. 2014). Therefore, tillage will 

always be essential to crop production within plantation agricultural systems. 

However, only three studies were found to have tested this indictor (See Table 4). In the sampled 

articles, tillage practices were measured either by calculating the percentage of the utilized 

agricultural area cultivated with conventional tillage practices or by estimating the average number 

of tillage operations over a period (Sydorovych et al. 2009; Gaudino et al. 2014; Thivierge et al. 

2014). One of the potential issues in the application of this indicator is that it only considers either 

the size of the cultivation area or the number of tillage practices carried out (Sydorovych et al. 

2009; Gaudino et al. 2014). As such, the type of tillage practices carried out is not considered. 

Different tillage practices (e.g. no tillage, conventional tillage and conservation tillage) can have 

different environmental impacts (Lobb et al. 2007). Therefore, data on the type of tillage practices 

carried out should also be considered to accurately reflect trends in environmental impacts which 

in turn can affect crop productivity and yield (Lobb & Kachanoski 1999; Lobb et al. 2007). 
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The indicator ‘Crop rotation’ refers to the practice of growing a series of similar or different crop 

types in the same area over different seasons (Chopin et al. 2016). Like intercropping, crop rotation 

can not only increase yield quantity but also help with pest and disease management by breaking 

the life cycle of crop-specific pathogens (Kirkegaard et al. 2008). Furthermore, crop rotation can 

also provide other benefits including improving soil fertility, reducing crop failure risks as well as 

providing additional income to farmers (Kirkegaard et al. 2008; Thierfelder et al. 2012). 

However, only two studies were found to have tested this indicator (See Table 4). In the sampled 

articles, no specific methods to measure this indicator were stated (Dantsis et al. 2010; Chopin et 

al. 2016). Due to the vagueness of the measurement methods, a potential issue in the application 

of this indicator is the lack of knowledge by agribusiness on how to grow and manage different 

crop types under different growing seasons (Thierfelder et al. 2012). This in turn can cause 

agribusinesses to avoid carrying out crop rotation practices within their plantation management 

system (Chopin et al. 2016). 

The indicator ‘Soil Nutrient Content’ refers to the nutrients within the soil that are essential for 

plant growth (Bouajila & Gallali 2010). Of the many types of nutrients within the soil, the 

macronutrients (nitrogen, phosphorus and potassium) are highly essential for plant growth as they 

can greatly influence crop yields (Biswas & Naher 2019). In regard to soil nutrient content, soil 

organic matter plays an important role as it is the storehouse for a wide range of plant nutrients 

especially nitrogen and phosphorus (Bouajila & Gallali 2010; Biswas et al. 2014). Unfortunately, 

these soil nutrients and soil organic matter are often the most limiting factors in crops production 

and therefore must be managed using chemical fertilizers or organic manure (e.g. cow-dung, 

poultry manure) on a crop-by-crop basis (Rossel et al. 2011). 

A total of ten studies were found to have tested this indicator (See Table 4). In the sampled articles, 

soil nutrient content was measured by lab analysis, however, the type of lab analysis used was not 

stated. The soils were most commonly tested for nitrogen, potassium, phosphorus and organic 

matter levels (Hartemink 1998; Pretty et al. 2008; Sydorovych et al. 2009). A potential issue in 

the application of this indicator is that it requires extensive lab analysis which can be costly and 

time consuming (Dunn et al. 2002). 

The indicator ‘Soil Physical Properties’ refers to physical properties of the soil including soil 

structure, texture, density, porosity, colour, density, consistency, air and temperature (Osman 
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2013). Of these properties, soil structure and soil texture are considered to be more important 

(Osman 2013). Soil structure refers to the arrangement of soil particles (silt, sand and clay) into 

different geometric patterns within the soil (Lipiec & Hatano 2003). Soil texture refers to the 

relative proportions of these particles within the soil (Osman 2013). Together, both these soil 

properties regulate density, compactness, porosity, retention and movement of air and water in the 

soil (Jat et al. 2018). 

A total of six studies were found to have tested this indicator (See Table 4). In the sampled articles, 

soil physical property was also measured by lab analysis, however, the type of lab analysis used 

for soil testing was not stated. The soils were most commonly tested for clay, sand and silt levels 

(Zhang et al. 2017; Rodrigues et al. 2018; Schweier et al. 2018). A potential issue in the application 

of this indicator is that it requires lab analysis or the use of special equipment’s (e.g. penetrometer) 

which can be costly (Dunn et al. 2002). Although simple field tests (e.g. Spade Test) can be carried 

to assess the physical properties of the soil, knowledge on different soil profiles is necessary to 

accurately carry out soil assessments (Ingram et al. 2010). 

The indicator ‘Soil Chemical Properties’ refers to chemical properties of the soil including pH, 

cation exchange capacity (CEC), exchangeable cations as well as heavy metal concentrations. Of 

these properties, soil pH and CEC are considered more important. Soil pH measures the alkalinity 

or acidity of the soil which in turn can influence both plant growth as well as other soil 

characteristics such as soil nutrient solubility and microbial activity (Sydorovych et al. 2009; 

Gentili et al. 2018). Soil CEC refers to the ability of the soil to adsorb exchangeable cations that 

are available to the plant (Lipson & Stotzky 1983). This in turn helps in determining the frequency 

and amount of cations required during fertigation (Lipson & Stotzky 1983). 

A total of five studies were found to have tested this indicator (See Table 4). In the sampled articles, 

soil chemical property was measured by lab analysis, however, the type of lab analysis used was 

not stated (Singh & Benbi 2016; Zhang et al. 2017; Rodrigues et al. 2018). A potential issue in the 

application of this indicator is that the lab analysis can have a high error rate thereby resulting in 

inconsistent and inaccurate measurements (Sumner 1994). Furthermore, measurements via lab 

analysis can be costly and time consuming (Dunn et al. 2002). 

 



19 
 

3.1.3 Biodiversity and Materials and Energy 

 

Six indicators; ‘Diversity and Abundance of Key Species’, ‘Tree Species Diversity’, ‘Diversity of 

crops across the landscape’, ‘Total area of natural vegetation converted for production’, ‘Existence 

of recycling programs’ and ‘Energy saving practices’ were suggested under the biodiversity and 

materials and energy theme within the environmental dimension (See Table 5). 

Table 5: Indicators suggested under the biodiversity and materials and energy theme within the 

environmental dimension 

Theme: Biodiversity and Materials and Energy 

Indicator Measurement References 

Diversity and Abundance of 

Key Species  

Insects: Pitfall traps and Yellow bowl traps. 

Animals: Appropriate sampling method 

depending on the species 

Pineda et al. 2005; Jacobi et al. 

2015; Bellamy et al. 2016   

Tree Species Diversity  

Categorizing all tree species with a diameter of 

more than 5cm at breast height. Assistance of 

forestry staff is recommended. 

COSA 2013; Jacobi et al. 2015 

Diversity of crops across the 

landscape 

Survey farmers about the number of crop 

varieties on the site 

Elfkih et al. 2012; Jacobi et al. 

2015; Chopin et al. 2016 

Total area of natural 

vegetation converted for 

production 

Quantify and determine whether there has been 

any conversion from ecologically valuable to less 

valuable habitats by the enterprise. 

COSA 2013; FAO 2013 

Existence of recycling 

programs No specific methods mentioned  COSA 2013; FAO 2015  

Energy saving practices No specific methods provided COSA 2013; FAO 2013 

 

The indicator ‘Diversity and Abundance of Key Species’ refers to the abundance and state of 

diversity of key species including vulnerable and threatened wild species (animals and insects 

only) due to the setup and activities of the plantation agricultural system (Pineda et al. 2005; Jacobi 

et al. 2015). Plantation agricultural activities are altering natural ecosystems at unprecedented 

intensities and scales (FAO 2013). Most of the land conversion activities for plantation expansion 

primarily occurs within forested areas (FAO 2013). For example, in Southeast Asia, palm oil 

plantations have replaced large areas of tropical rain forests to meet the growing demand for palm 

oil (Fitzherbert et al. 2008; Danielsen et al. 2009). Unfortunately, these plantations only support a 

limited number of animal and insect species compared to natural forests (Fitzherbert et al. 2008; 

Danielsen et al. 2009). As such, the indicator ‘Diversity and Abundance of Key Species’ is 
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essential to ensure that plantation expansion does not further threaten endangered or vulnerable 

animal and insect species which in turn can cause further biodiversity loss. 

However, only three studies were found to have tested this indicator (See Table 5). In the sampled 

articles, diversity and abundance of key species was measured either using pitfall and yellow bowl 

traps for insects or appropriate sampling methods depending on the type of animal species being 

assessed (Pineda et al. 2005; Jacobi et al. 2015; Bellamy et al. 2016). A potential issue in the 

application of this indicator is that this indicator heavily relied on expert consultation to correctly 

identify and classify different species (Pineda et al. 2005; Jacobi et al. 2015). This can be 

problematic particularly within developing nations due to the lack of data regarding key species 

within that agricultural system (Ban et al. 2009). 

The indicator ‘Tree Species Diversity’ refers to the state of diversity of key wild or native tree 

species within the plantation agricultural system (Jacobi et al. 2015). The presence of wild or 

native tree species within the plantation agricultural lanscape helps support a diverse variety of 

animal and insect species (Hartley 2002). Furthermore, the presence of wild and native tree species 

also helps increase decomposition rates which in turn allows for faster nutrient release into the soil 

thereby aiding soil nutrient recycling (Byard et al. 1996). Besides this, some native tree species 

with rapid canopy closure can also limit weed growth which can decrease the cost of weeding over 

time (Byard et al. 1996). Therefore, this indicator is highly relevant to the sustainability of the 

plantation system. 

However, only two studies were found to have tested this indicator (See Table 5). In the sampled 

articles, tree species diversity was measured by categorizing all tree species within the agricultural 

landscape with a diameter of more than 5cm at breast height (COSA 2013; Jacobi et al. 2015). 

Like the indicator ‘Diversity and Abundance of Key Species’, a potential issue in the application 

of this indicator is that this indicator also heavily relied on expert consultation to correctly identify 

and classify different species (Jacobi et al. 2015). This can be problematic particularly within 

developing nations due to lack of expertise and data regarding the relationship between ecosystem 

functioning and diversity (Ban et al. 2009; Li et al. 2014). 

The indicator ‘Diversity of crops across the landscape’ refers to the number of different crop 

species under production within the plantation agricultural system (Elfkih et al. 2012). A mixed-

species plantation has been indicated to be more productive compared to a single species 
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(monoculture) plantation (Petit & Montagnini 2004). Furthermore, a mixed-species plantation is 

able to provide farmers with more flexibility by producing a variety of products to supply an 

uncertain market (Petit & Montagnini 2004). Besides this, mixed-species plantations can also 

reduce the incidences of diseases or insect attacks (Nichols et al. 2006). 

However, only three studies were found to have tested this indicator (See Table 5). In the sampled 

articles, diversity of crops across the landscape was measured by surveying farmers regarding the 

number of crop species on site (Elfkih et al. 2012; Jacobi et al. 2015; Chopin et al. 2016). A 

potential issue in the application of this indicator is that the lack of interest from investors and 

plantation managers can be an obstacle to the adoption of a mixed-species plantation system 

(Forrester et al. 2006). A possible reason for this is the lack of education and enough evidence 

regarding the benefits of a mixed-species plantation system over a monoculture plantation system 

(Forrester et al. 2006). 

The indicator ‘Total area of natural vegetation converted for production’ refers to the size of the 

natural or near-natural habitats (e.g. primary forests, wetlands or protected waterways) that have 

been replaced by ecologically less valuable forms of land use due to the plantation’s operations 

(FAO 2013). Humans interact with natural systems for agricultural purposes by altering land for 

crop production (FAO 2013). According to the Food and Agriculture Organization (2011), arable 

land for crop production is projected to increase by 5% resulting in an expansion of 70 million ha. 

Almost all these land use changes are taking place in natural habitats such as tropical forests 

(Wicke et al. 2011). Therefore, this indicator is essential to ensure that plantation expansion does 

not result in further loss of natural habitats (Fitzherbert et al. 2008). 

However, the two studies that have mentioned this indicator have only prescribed it (See Table 5). 

As such, this indicator has not been tested. In the sampled articles, total area of natural vegetation 

converted for agricultural production was measured by quantifying the area affected by the 

plantation’s operations and then determining whether any conversion from ecologically valuable 

to less valuable habitats have occurred (COSA 2013; FAO 2013). A potential issue in the 

application of this indicator is that the ecological value of a habitat can be difficult to ascertain as 

it can depend on the values of the local stakeholders (FAO 2013). Therefore, stakeholder opinion 

must be considered to determine if a particular area has undergone any ecological ‘upgrading’ or 

‘downgrading’ (FAO 2013). 
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The indicator ‘Existence of recycling programs’ refers to whether the enterprise carries out 

recycling practices and activities to reduce waste generation and dependence on virgin (non-

renewable) materials (FAO 2013). Food supply studies worldwide have indicated that in the near 

future, essential increases in global food production will be required in order to feed the growing 

global population (Nonhebel 2005). This can only be achieved by either cultivating more crops on 

larger tracts of land or by cultivating high yielding crop varieties on existing arable lands 

(Nonhebel 2005). Both these options will require increased material and energy inputs into the 

agricultural system which in turn, can result in the generation of large amounts of wastes and 

underused by-products (Padam et al. 2014). Therefore, the recycling of waste particularly 

agricultural waste is essential as it can not only help overcome issues of waste generation but 

resource preservation as well (Okafor 1991) 

However, the two studies that have mentioned this indicator have only prescribed it (See Table 5). 

As such, this indicator has not been tested. In the sampled articles, no specific methods to measure 

this indicator were stated (COSA 2013; FAO 2015). A potential issue in the application of this 

indicator is that some materials cannot be recycled at economically feasible cost (FAO 2013). 

Furthermore, due to the vagueness of the measurement methods, it can be difficult to list, classify 

and quantify materials that can be recycled safely, efficiently and at reduced cost (FAO 2013). 

The indicator ‘Energy saving practices’ refers to practices carried out by the enterprise to reduce 

the energy needs and consumption of the plantation over time (FAO 2013). Plantation activities 

such as irrigation, fertilizer application, transportation as well as machinery use contribute towards 

higher energy consumption (Prueksakorn et al. 2010). As the size of plantation systems are 

expected to increase due to the worldwide demand for plantation commodities, the energy demand 

and consumption of these plantations will likely increase as well to due to the increase in plantation 

operational activities (Prueksakorn et al. 2010; Padam et al. 2014; Ludin et al. 2014). Therefore, 

this indicator is essential to ensure that practices and activities that can effectively reduce the 

energy consumption and needs of the plantation are implemented by the enterprise (FAO 2013). 

However, the two studies that have mentioned this indicator have only prescribed it (See Table 5). 

As such, this indicator has not been tested. In the sampled articles, no specific methods to measure 

this indicator were stated (COSA 2013; FAO 2013). Like the indicator ‘Existence of recycling 

programs’, a potential issue in the application of this indicator is that compiling a list of suitable 
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and effective energy-saving practices for the enterprise can be challenging (FAO 2013). As such, 

consultation with stakeholders particularly energy consultants are required to ensure that the list 

of practices can be used as a guidance for future energy-saving practices (FAO 2013). 

 

3.2 Social Dimension 
 

A total of 90 indicators were identified under the ‘Social’ dimension of sustainability (See 

Appendix D). A portion of these indicators could be grouped together into 11 indicators. These 

indicators were further categorized into their respective sustainability themes (See Table 6 and 

Table 7). These four themes include; labour rights, decent livelihood, equity as well as safety and 

health.  

3.2.1 Labour Rights and Safety and Health 

 

Six indicators; ‘Child labour’, ‘Forced labour’, ‘Access to adequate protective equipment’, 

‘Access to health care insurance’, ‘Access to potable water’ and ‘Number of worker incidences 

per year’ were suggested under the labour rights and safety and health theme within the social 

dimension (See Table 6). 

Table 6: Indicators suggested under the labour rights and safety and health theme within the social 

dimension 

Theme: Labour Rights and Safety and Health 

Indicator Measurement References 

Child labour  

Interviews with management and workers. 

Reviewing company documents 

FAO 2013; Van Eijck et al. 2014 

Forced labour 

Interviews with management and workers. 

Reviewing company documents 

FAO 2013; Van Eijck et al. 2014 

Access to adequate 

protective equipment Measurements not mentioned 

FAO 2013; FAO 2015 

Access to health care 

insurance Measurements not mentioned 

COSA 2013; FAO 2013; FAO 2015 

Access to potable water Measurements not mentioned COSA 2013; FAO 2015 

Number or worker 

incidences per year Measurements not mentioned 

COSA 2013; FAO 2015; Schweier et 

al. 2018 
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The indicator ‘Child labour’ refers to work that is harmful to the physical and mental development 

of children as well as deprives them of their childhood (FAO 2013). In today’s capitalist system 

that strives for profits by reducing costs of inputs such as labour and capital, labour exploitation is 

an inherent and common risk (Marras 2003). Worldwide, more children are ‘employed’ in the 

agricultural sector compared to any other sector of the economy (Ramos 2018). Despite this high 

rate of employment, child labour issues within this sector remain relatively unaddressed (Lecours 

et al. 2012). This is due to a combination of factors namely; parents, employers, governments as 

well as weak national and international legal structures which continue to allow such practices to 

exist (Marlenga et al. 2007). As such, this indicator is essential to ensure that underaged ‘workers’ 

(children) are not employed and exploited by agricultural enterprises (FAO 2013). 

However, only two studies were found to have tested this indicator (See Table 6). In the sampled 

articles, child labour activities were measured either by interviewing plantation workers and 

management as well as reviewing company documents and policies regarding child labour 

activities (FAO 2013; Van Eijck et al. 2014). A potential issue in the application of this indicator 

is that this indicator heavily relied on interviews and employment documentations to assess child 

labour issues within plantation systems (FAO 2013; Van Eijck et al. 2014). This can be 

problematic particularly within developing countries as employment records might not be 

available and the ‘workers’ (children) may be unwilling to provide details of their employment 

due to a variety of reasons such as the need for cash or family situation (Bales 2012). 

The indicator ‘Forced labour’ refers to modern slavery in which workers are forced to work against 

their will, often in deplorable conditions with little to no pay (Gold, Trautrims & Trodd 2015). 

Slavery or forced labour is fairly common within the plantation sector despite numerous laws 

prohibiting the practice (Chesney et al. 2019). One of the main reasons for this is due to the 

informal employment practices of this sector (Gold, Trautrims & Trodd 2015). Most labourers 

within this sector are often promised reasonable pay and conditions without formal documentation 

(Gold, Trautrims & Trodd 2015). In most cases, the promises are never fulfilled and as most of the 

labourers are illegal immigrants, the fear of deportation prevents most of them from voicing out 

against this injustice (Bales 2012). As such, this indicator is necessary to ensure that forced labour 

practices are not carried out within the enterprise (FAO 2013). 
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However, only two studies were found to have tested this indicator (See Table 6). In the sampled 

articles, forced labour activities were measured either by interviewing plantation workers and 

management as well as reviewing company documents and policies regarding forced labour 

activities (FAO 2013; Van Eijck et al. 2014). Similar to the ‘Child labour’ indicator, the ‘Forced 

labour’ indicator also heavily relied on interviews and employment documentations to assess 

forced labour issues within plantation systems (FAO 2013; Van Eijck et al. 2014). This can again 

be problematic as employment records might not be available and the workers may be unwilling 

to provide details of their employment due to a variety of reasons such as the need for cash or fear 

of persecution or deportation (Bales 2012). Furthermore, the assessor whom verifies the forced 

labour issues must not only be able to speak the language of the employees but also be able to 

conduct interviews confidentially (FAO 2013). 

The indicator ‘Access to adequate protective equipment’ refers to the provision of sufficient and 

adequate protective gear and safety equipment to the workers by the enterprise (FAO 2013). 

Plantation work exposes labourers to multiple hazards, particularly chemical hazards such as 

pesticides (McCurdy & Carroll 2000). Pesticide exposure was the most cited hazard within the 

agricultural literature, with the World Health Organization (WHO) estimating that approximately 

3 million cases of pesticide related intoxications are reported annually (McCurdy & Carroll 2000; 

Ecobichon 2001; Villarejo 2003). Therefore, this indicator is necessary to ensure that agricultural 

labourers are provided with adequate protective equipment to minimize health and safety risks 

(Reddy et al. 2016). 

However, the two studies that have mentioned this indicator have only prescribed it (See Table 6). 

As such, this indicator has not been tested. In the sampled articles, no specific methods to measure 

this indicator were stated (FAO 2013; FAO 2015). A potential issue in the application of this 

indicator is that compiling a list of essential gear and safety equipment that must be provided to 

the workers by the enterprise can be challenging (FAO 2013). This is because, the safety 

equipment provided must meet the standard requirements and regulations of the region as well as 

offer adequate protection against specified hazards (Karlson & Noren 1979; FAO 2013). This can 

be problematic particularly within developing nations where safety and health issues are less 

regulated (Awwad et al. 2016). 
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The indicator ‘Access to health care insurance’ refers to the health and medical care coverage 

provided to the workers by the enterprise (FAO 2013). Although the agricultural sector has 

progressed in reducing work related injuries and deaths through advancements in machinery, 

technology and better farming techniques, it still remains as one of the most dangerous industries 

in the world (McCurdy & Carroll 2000). As such, this indicator is essential to ensure that workers 

have access to employer-provided protection particularly health care insurance (Shreck, Getz & 

Feenstra 2006) 

However, the three studies that have mentioned this indicator have only prescribed it (Table 6). As 

such, this indicator has not been tested. A potential issue in the application of this indicator is that 

assessing the coverage of the health care insurance provided by the enterprise to the workers can 

be difficult (FAO 2013). This is because, the health care insurance provided must meet both the 

local and regional laws as well as offer adequate protection depending on the type of work 

activities the workers are engaged in (FAO 2013). Unfortunately, this can be challenging to 

implement particularly within developing countries where safety and health issues are less 

regulated (Awwad et al. 2016). 

The indicator ‘Access to potable water’ refers to whether workers have access to sufficient 

amounts of clean, drinking water for their hydration needs (FAO 2015). As most plantations are 

located within tropical regions and with plantation activities being highly strenuous, health risks 

such as heat stroke and dehydration are a serious concern (FAO 2013; Santika et al. 2019). 

Therefore, this indicator is required to ensure that workers are provided with sufficient amounts of 

clean, drinking water by the enterprise to prevent heat-related illnesses (Jackson & Rosenberg 

2010). 

However, the two studies that have mentioned this indicator have only prescribed it (See Table 6). 

As such, this indicator has not been tested. In the sampled articles, no specific methods to measure 

this indicator were stated (COSA 2013; FAO 2015). A potential issue in the application of this 

indicator is that, simply providing enough potable water is insufficient to ensure adequate 

hydration (Jackson & Rosenberg 2010). Workers often experience ‘costs’ of access to drinking 

water in the form of co-worker or supervisory disdain, foregone piece-work earnings as well as 

the physical effort to cover long distances (Jackson & Rosenberg 2010). Therefore, potable water 
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facilities should be kept close to work sites to encourage greater consumption (Jackson & 

Rosenberg 2010). 

The indicator ‘Number of worker incidences per year’ refers to the number of non-fatal worker 

incidences on the plantation within a year (FAO 2015). The unfavourable working conditions of 

some plantation systems as well as negligence among workers in developing nations contribute to 

the risk of occupational accidents (Naveen et al. 2013). This in turn, can increase the number of 

incidences on the plantation (Naveen et al. 2013). As such, this indicator is required to monitor 

trends in worker incidences in order to implement appropriate corrective measures to reduce the 

number or incidences (occupational accidents) over time (FAO 2015).  

However, the three studies that have mentioned this indicator have only prescribed it (See Table 

6). As such, this indicator has not been tested. In the sampled articles, no specific methods to 

measure this indicator were stated (COSA 2013; FAO 2015; Schweier et al. 2018). A potential 

issue in the application of this indicator is that it can be challenging to acquire a true estimate of 

the number of incidences that occur within the plantation system (Villarejo et al. 2010). This is 

because, the figures currently reported mostly include direct-hire employees and farm operators 

while seasonal or temporary labourers are excluded (Villarejo et al. 2010). Plantation agriculture 

relies on seasonal labour particularly during the harvest season to compensate for the additional 

workload (Bossen 1982). However, in most cases, these seasonal labourers are mostly 

undocumented (Bossen 1982). Furthermore, these labourers often never report farm-related 

incidences (injury or death) for fear of deportation and, in most cases must follow the harvest to 

the next crop to look for employment (McMahon 2002). 

3.2.2 Equity and Decent Livelihood 

 

Five indicators; ‘Discrimination in employment’, ‘Gender wage differentials for the same quantity 

of work’, ‘Training for workers’ ‘Wage categories of employees’ and ‘Average working hours per 

week’ were suggested under the equity and decent livelihood theme within the social dimension 

(See Table 7). 
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Table 7: Indicators suggested under the equity and decent livelihood theme within the social 

dimension 

Theme: Equity and Decent Livelihood 

Indicator Measurement References 

Discrimination in employment Document review and interviews with 

workers and management 

Van Eijck et al. 2014; Prasara-A 

& Gheewala 2016 

Gender wage differentials for the same 

quantity of work 

Document review and interviews with 

workers and management 

FAO 2013; Prasara-A & 

Gheewala 2016 

Training for workers Review company records. Interviews 

with management 

Elfkih et al. 2012; Van Eijck et 

al. 2014; Ingram et al. 2016 

Wage categories of employees Review company records. Interviews 

with workers and management 

FAO 2013; Van Eijck et al. 2014; 

Prasara-A & Gheewala 2016 

Average working hours per week Review company records. 

Interviews with workers and 

management 

Van Eijck et al. 2014; Prasara-A 

& Gheewala 2016 

 

The indicator ‘Discrimination in employment’ refers to discriminatory practices particularly 

gender discrimination in employment opportunities (Prasara & Gheewala 2016). Within 

agricultural systems, the most common discriminatory practice is gender differentials in 

employment opportunities as men are more likely to be employed compared to women particularly 

as permanent workers (Yaro, Teye & Torvikey 2017). Besides this, agricultural systems are also 

largely patriarchal gendered system and as such, women tend to occupy lower positions compared 

to men (Apusigah 2009). As such, this indicator is essential to ensure that discriminatory practices 

regarding employment opportunities are not carried out (FAO 2013). 

However, only two studies were found to have tested this indicator (See Table 7). In the sampled 

articles, discrimination in employment practices were measured either by interviewing plantation 

workers and management as well as reviewing company documents and policies regarding 

discriminatory activities (Van Eijck et al. 2014; Prasara-A & Gheewala 2016). A potential issue 

in the application of this indicator is that, as this indicator heavily relied on interviews and 

employment documentations, this can be problematic as employment records might not be 

available particularly in developing countries and the female workers might not be willing to 
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discuss any discriminatory practices due to a variety of reasons such as the need for cash, fear of 

persecution or harassment as well as family situation and needs (Bales 2012; Prasara & Gheewala 

2016). Furthermore, the assessor carrying out the assessment must also be familiar with the local 

language, customs, traditions and values of the region to carry out interviews and assessments 

effectively (FAO 2013). 

The indicator ‘Gender wage differentials for the same quantity of work’ refers to whether both 

men and women are paid equally for the same or similar work (FAO 2013). Apart from 

employment opportunities, another common discriminatory practice is gender wage payments 

(Garikipati 2008; Yaro, Teye & Torvikey 2017). It has been indicated that for some agricultural 

work such as harvesting and threshing, women are more preferred as they can be employed for 

lower wages compared to their male counterparts (Garikipati 2008). In some case, women are paid 

30% less on average compared to their male colleagues for the same quantity of work (Yaro, Teye 

& Torvikey 2017). As such, this indicator is required to ensure that wages are paid fairly based on 

the type and quantity of work carried out irrespective of gender (FAO 2013). 

However, only two studies were found to have tested this indicator (See Table 7). In the sampled 

articles, gender wage differentials were measured either by interviewing plantation workers and 

management as well as reviewing company documents and policies regarding discriminatory 

activities (FAO 2013; Prasara-A & Gheewala 2016). Like the indicator ‘Discrimination in 

employment’, a potential issue in the application of this indicator is that, as this indicator heavily 

relied on interviews and employment documentations, this can be problematic as payment records 

might not be available particularly in developing countries and the workers might not be willing 

to discuss any discriminatory practices due to a variety of reasons such as the need for cash or fear 

of persecution (Bales 2012; Prasara & Gheewala 2016). 

The indicator ‘Training for workers’ refers to the necessary trainings that must be provided by the 

enterprise in order to equip the workers with the necessary skills to carry out the required task or 

activity efficiently and safely (FAO 2013). With the rise in the global demand for plantation 

commodities as well as climatic vulnerabilities (e.g. droughts, floods, unusual rainfall patterns), 

appropriate training for plantation workers is becoming more essential in order for plantation 

enterprises to ensure that their workforce is equipped with the necessary knowledge and skills to 

adapt to the changing environmental and global demands (FAO 2013; Gerber 2011; Alam et al. 
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2012). As such, the performance of plantation systems in terms of crop production and yield 

largely depends on the type of training that is given to the workforce (Silici et al. 2011). This is 

because the appropriate training can ensure the coordinated and timely management of all farming 

activities which in turn influences the overall performance of the plantation (Silici et al. 2011). 

However, only three studies were found to have tested this indicator (See Table 7). In the sampled 

articles, training for workers was measured either by interviewing plantation management as well 

as reviewing company documents and policies regarding training programs (Elfkih et al. 2012; 

Van Eijck et al. 2014; Ingram et al. 2016). A potential issue in the application of this indicator is 

that the training provided by plantation enterprises has been criticized as being mostly narrow (Lim 

& Douglas 2000). This is because these training programs are often inherited from colonial 

structures which usually focuses solely on economic profitability with little consideration for 

environmental impacts (Grossman & Iyigun 1995). Therefore, the training provided should not 

solely focus on crop yield and production but should also focus on wider issues of sustainable 

development such as natural resource management to ensure that the plantation can be managed 

more sustainably (Lim & Douglas 2000).  

The indicator ‘Wage categories of employees’ refers to whether workers are paid according to the 

standard wage laws of the region the enterprise operates in (Elfkih et al. 2012). Although plantation 

industries are often considered profitable agribusinesses that earn a foreign exchange, the profits 

generated by plantation industries do not necessarily reflect the income or wages paid to the 

workers (Hartemink 2005; Linton 2005). Leitner (1976) indicated that plantation workers are not 

only some of the most degraded workers particularly within developing countries but, their wages 

are also below subsistence. As such, this indicator is required to ensure that workers are paid 

accordingly based on the regional wage laws (FAO 2013). 

However, only three studies were found to have tested this indicator (See Table 7). In the sampled 

articles, wage categories of employees were measured either by interviewing plantation 

management as well as reviewing company documents and policies regarding wage payments 

(FAO 2013; Van Eijck et al. 2014; Prasara-A & Gheewala 2016). However, a potential issue in 

the application of this indicator is that the wages paid by the enterprise may not necessarily be 

consistent (Moretti & Perloff 2002). Economic conditions (e.g. recession, market fluctuations) 
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may temporarily prevent enterprises from paying a living wage which in turn can affect the 

livelihood of plantation workers whom are dependent on the day to day living wage (FAO 2013).  

 The indicator ‘Average working hours per week’ refers to the number of hours workers are 

expected to work on average within a given work week (Prasar & Gheewala 2016). Mingorría et 

al. (2014) indicated that although plantation companies can provide additional income for 

plantation workers, some of these companies do overwork their workers. As such, some plantation 

companies can burden their workers with increasing labour and additional workload thereby 

preventing them from having adequate rest or other social activities (Mingorría et al. 2014). As 

such, this indicator is essential to ensure that workers have sufficient time for rest from work and 

to prevent workers from being overworked (FAO 2013). 

However, only two studies were found to have tested this indicator (See Table 7). In the sampled 

articles, average working hours per week of employees were measured either by interviewing 

plantation management and workers as well as reviewing company documents and policies 

regarding working hours (Van Eijck et al. 2014; Prasara-A & Gheewala 2016). A potential issue 

in the application of this indicator is that this indicator may not necessarily apply to all plantation 

workers especially seasonal workers whom are mostly undocumented (illegal immigrants) 

(Ecobichon 2001). As such, these workers may be subjected to more severe treatments including 

longer working hours due to the lack of regulations particularly within developing countries 

regarding labour laws (Bossen 1982). 

3.3 Economic Dimension 
 

A total of 60 indicators were identified under the ‘Economic’ dimension of sustainability (See 

Appendix D). These indicators were then grouped together into 15 indicators. These indicators 

were further categorized into their respective sustainability themes (See Table 8 and Table 9). 

These three themes include; investments, local economy and product quality.  

3.3.1 Investment 

 

Ten indicators; ‘Overall farm revenue’, ‘Net Income’, ‘Profit’, ‘Crop Yield’, ‘Selling Price’, 

‘Internal rate of return’, ‘Net Present Value’, ‘Gross Margin’, ‘Internal Investment’ and 
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‘Production Costs’ were suggested under the investment theme within the economic dimension 

(See Table 8). 

Table 8: Indicators suggested under the investment theme within the economic dimension 

Theme: Investment 

Indicator Measurement References 

Overall farm revenue 

Interviews with management. Review 

company records 

Fleskens et al. 2009; Chopin et al. 2015; 

Sun et al. 2017; Rodrigues et al.2018 

Net Income 

Review the income statement of the 

organization 

COSA 2013; FAO 2013 

Profit Farm surveys. Interviews. 

Gómez-Limón & Riesgo 2009; Testa et al. 

2015; Ingram et al. 2016; Sun et al. 2017 

Crop Yield Interviews or focus group discussions 

Pretty et al. 2008; Sydorovych et al. 2009; 

Rodrigues et al. 2018 

Selling Price 

Document review or interviews with 

management 

Fleskens et al. 2009; Rodrigues et al. 2018 

Internal rate of return Review company documents  

Van Eijck et al. 2014; Testa et al. 2015; Sun  

et al. 2017 

Net Present Value Review company documents  

Giménez et al. 2013; Van Eijck et al. 2014; 

Yi et al. 2014; Testa et al. 2015; Diaz-

Balteiro et al. 2016; Sun et al. 2017 

Gross margin Farm survey 

Gómez-Limón & Riesgo 2009; Dantsis et 

al. 2010 

Internal Investment Review company records FAO 2013; FAO 2015 

Production Costs Review company records 

Fleskens et al. 2009; Van Eijck et al. 2014; 

Schweier et al. 2018 

 

The indicator ‘Overall farm revenue’ refers to the total income generated from the normal business 

operations of the enterprise (plantation company) before subtracting costs (Chopin et al. 2015). 

Farm revenue is an essential indicator of economic sustainability in order to track the financial 

performance of the enterprise from year to year (Chopin et al. 2015). Generally, enterprises’ whose 

revenues increase over time have better financial performance compared to those whose revenues 

remain the same or decrease over time (Rai et al. 2006). 

A total of four studies were found to have tested this indicator (See Table 8). In the sample articles, 

overall farm revenue was measured either by interviewing plantation management or reviewing 

company financial records regarding business performance (Fleskens et al. 2009; Chopin et al. 

2015; Sun et al. 2017). A potential issue in the application of this indicator is that this indicator 

cannot be used as a stand-alone indicator and must be combined with other indicators such as 

‘Production Costs’ and ‘Selling Price’ to provide a true picture of the financial performance of the 
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enterprise (FAO 2013). This is because this indicator has not accounted for the production and 

operational costs of the enterprise which is required to provide a true picture of profitability (FAO 

2013). 

The indicator ‘Net Income’ refers to the income of the enterprise after accounting for additional 

costs including business expenses and taxes (FAO 2013). It is a useful indicator for businesses to 

assess how much revenue exceeds the costs of a business (Hitt et al. 2002). However, the two 

studies that have mentioned this indicator have only prescribed it (See Table 8). As such, this 

indicator has not been tested. The legitimacy of this indicator was found to be medium as two 

stakeholder groups (UN institutions and NGOs) have prescribed this indicator. In the sampled 

articles, net income was measured by reviewing company financial records regarding business 

performance (COSA 2013; FAO 2013). Similar to the ‘Overall farm revenue’ indicator, this 

indicator also requires other indicators such as ‘Return on Equity’ and ‘Earnings per Share’ to 

provide a true picture on the actual income and profitability of the enterprise (FAO 2013). 

The indicator ‘Profit’ refers to the financial benefits realized when the revenue generated through 

the enterprise’s operations exceeds the expenses, taxes and costs involved in sustaining the 

operations and activities of the business (Gómez-Limón & Riesgo 2009). This indicator is essential 

to measure the long-term profitability of the enterprise thereby allowing the enterprise to determine 

which operations must be increased or reduced to generate, maintain and increase the enterprise’s 

long-term profits (FAO 2013). 

A total of four studies were found to have tested this indicator (See Table 8). In the sampled 

articles, profit was measured either by interviewing plantation management or surveying different 

farmers regarding the profits generated through the operational activities of the enterprise (Gómez-

Limón & Riesgo 2009; Testa et al. 2015; Sun et al. 2017). A potential issue in the application of 

this indicator is that the type of profit measured was not stated in all the mentioned studies. This 

can be problematic as different types of profits (e.g. Gross Profit, Operating Profit and Net Profit) 

provide assessors with different information regarding the enterprise’s performance (FAO 2013). 

This is essential when comparing the enterprise’s performance to other competitors within the 

same time period (FAO 2013). 

The indicator ‘Crop Yield’ refers to the total quantity of crops produced by the enterprise for sale 

(e.g. export) within a given time period (Sydorovych et al. 2009; Rodrigues et al. 2018). This 
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indictor is essential as crop yield greatly influences the revenue and subsequently the profit of the 

enterprise as higher yields generally results in higher financial returns (Pretty et al. 2008; 

Rodrigues et al. 2018). 

However, only three studies were found to have tested this indicator (See Table 8). In the sampled 

articles, crop yield was measured either by interviewing plantation management or through focus 

group discussions with farmers regarding the annual crop yields of the plantation (Pretty et al. 

2008; Sydorovych et al. 2009; Rodrigues et al. 2018). A potential issue in the application of this 

indicator is that the quality of the crops produced also plays a role in terms of financial returns as 

higher quality crops can be sold at a higher selling price (FAO 2013). As such, this indicator must 

be paired with other indicators such as ‘Crop Quality’ and ‘Selling Price’ to accurately determine 

the financials returns of the enterprise (FAO 2013; Rodrigues et al. 2018).  

The indicator ‘Selling Price’ refers to the price at which the products (e.g. crops) of the enterprise 

are sold for (Rodrigues et al. 2018). The selling price is essential in ensuring that the products are 

not only sold above the break-even point but, the price of the products have also been marked up 

to ensure that enterprise makes a profit (FAO 2013). 

However, only two studies were found to have tested this indicator (See Table 8). In the sample 

articles, selling price was measured either by interviewing plantation management or reviewing 

company financial records regarding business performance (Fleskens et al. 2009; Rodrigues et al. 

2018). A potential issue in the application of this indicator is that this indicator is dependent on 

other factors such as market stability and supply demands (FAO 2013). This is because market 

stability and supply demands can be influenced by issues such as customer behaviour, global 

pandemic as well as natural disasters which in turn can influence the selling price of the products 

and subsequently the profits generated as well (FAO 2013). 

The indicator ‘Internal rate of return’ is an economic metric that is used to estimate the profitability 

of potential investments of the enterprise (Testa et al. 2015). As such, this indicator is essential for 

businesses to plan future growth and investments (Van Eijck et al. 2014). However, only three 

studies were found to have tested this indicator (See Table 8). In the sampled articles, internal rate 

of return was measured by reviewing company financial records regarding business performance 

(Van Eijck et al. 2014; Testa et al. 2015; Sun et al. 2017). A potential issue in the application of 
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this indicator is that this indicator is technical and requires prior financial and investment 

knowledge to understand and utilize accurately (Juhász 2011). 

The indicator ‘Net Present Value’ is used to evaluate the projected earnings of the enterprise’s 

activities in present time/day (Sun et al. 2017). Based on this indicator, activities that have a 

positive NPV will be profitable and those with a negative NPV will generate a loss (Sun et al. 

2017). The ‘Net Present Value’ indicator is also essential in estimating the profitability of potential 

investments and is often used together with the ‘Internal rate of return’ indicator (Testa et al. 2015; 

Sun et al. 2017). 

A total of six studies were found to have tested this indicator (See Table 8). In the sampled articles, 

net present value was measured by reviewing company financial records regarding business 

performance (Giménez et al. 2013; Van Eijck et al. 2014; Yi et al. 2014). Similar to the indicator 

‘Internal rate of return’, this indicator is also technical and requires prior financial and investment 

knowledge to understand and utilize accurately (Juhász 2011; Sun et al. 2017). 

Within agricultural systems, the indicator ‘Gross margin’ refers to the difference between the gross 

agricultural value and a variable crops cost (e.g. seeds, pesticides, fertilizers) (Dantsis et al. 2010). 

However, as the costs do not include fixed assets and labour costs, this indicator is only useful for 

measuring the profitability of the enterprise in the short term and not the long term (Gómez-Limón 

& Riesgo 2009). As such, this indicator is not as essential in measuring the profitability of the 

plantation agricultural systems compared to the other listed indicators. 

However, only two studies were found to have tested this indicator (See Table 8). In the sampled 

articles, this indicator was measured by surveying different farmers regarding the gross margin 

value per year of different farms (Gómez-Limón & Riesgo 2009; Dantsis et al. 2010). A potential 

issue in the application of this indicator is that this indicator does not provide a true measure of 

profitability as it does not include costs such as interests, taxes and other relevant expenses 

(Gómez-Limón & Riesgo 2009; Dantsis et al. 2010). 

The indicator ‘Internal Investment’ refers to the investments made by the enterprise to improve its 

environmental, social, governance and economic performance (FAO 2013). As such, this indicator 

is essential to ensure that the enterprise has implemented essential investments into its internal 

structure to ensure the long-term sustainability of the enterprise (FAO 2013). However, the two 
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studies that have mentioned this indicator have only prescribed it (See Table 8). As such, this 

indicator has not been tested. In the sampled articles, this indicator was measured by reviewing 

company financial records regarding business performance and investments (FAO 2013; FAO 

2015). A potential issue in the application of this indicator is that this indicator does not measure 

if the practices implemented by the enterprise have successfully improved the enterprise’s 

sustainability performance (FAO 2013). As such, this indicator does not guarantee progress in 

sustainability and should just be taken as the enterprise’s initial step towards improvements in 

sustainability performance (FAO 2013). 

The indicator ‘Production Costs’ is a comprehensive performance and accounting indicator that is 

essential to make business decision plans particularly investment plans (FAO 2013). Some of these 

investments include mechanization and use of green technology to reduce both labour and power 

costs respectively (Strijker 2005; Huang et al. 2013). As such, this indicator is essential to 

determine which investments are required within its supply chain to reduce costs in order to lower 

its product price and to make it more competitive (Klassen & McLaughlin 1996).  

However, only three studies were found to have tested this indicator (See Table 8). In the sampled 

articles, this indicator was measured by reviewing company financial records regarding business 

performance and investments (Fleskens et al. 2009; Van Eijck et al. 2014; Schweier et al. 2018).  

A potential issue in the application of this indicator is that the accounting practices to measure 

production costs must be adapted over time to meet the changing needs and plans of the enterprise 

over time (FAO 2013). 

3.3.2 Local Economy and Product Quality 

Five indicators; ‘Agricultural employment’, ‘Type of pesticide applied’, ‘Use of pest resistant 

cultivar’, ‘Amount of pesticide used’ and Integrated pest management plan’ were suggested under 

the local economy and product quality theme within the economic dimension (Table 9). 
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Table 9: Indicators suggested under the local economy and product quality theme within the 

economic dimension 

Theme: Local Economy and Product Quality 

Indicator Measurement References 

Agricultural Employment Company employment records. 

Interviews with communities 

Dantsis et al. 2010; Elfkih et al. 2012; 

Van Eijck et al. 2014; Munyanduki et 

al. 2016; Sun et al. 2017; Schweier et 

al. 2018 

Types of pesticide applied No of replication used per growing 

season per pesticide. Data obtained 

through survey of farm area. 

Pretty et al. 2008; Dantsis et al. 2010; 

Elfkih et al. 2012; FAO 2015; Chopin 

et al. 2016 

Use of pest resistant cultivar Farm survey FAO 2015; Chopin et al. 2016 

Amount of pesticide used Measurements not mentioned Pretty et al. 2008; COSA 2013 

Integrated Pest Management 

Plan 

Data obtained through interviews and 

questionnaires. 

COSA 2013; Thivierge et al. 2014; 

FAO 2015 

 

The indicator ‘Agricultural Employment’ refers to the level of employment provided by the 

enterprise within the plantation agricultural system (Dantsis et al. 2010). Agribusinesses 

particularly plantation agriculture are usually associated with job creation (Charnley 2006). This 

is because, these agribusinesses typically employ a relatively large number of unskilled labourers 

thereby contributing to the local economic development of a region (Hartemink 2005). This is 

particularly relevant for the sustainable development of rural areas (FAO 2013). Therefore, 

agribusinesses like plantations are in a good position to contribute to the local economic 

development of rural areas where value creation is highly required (Charnley 2006). 

A total of six studies were found to have tested this indicator (See Table 9). In the sampled articles, 

this indicator was measured either by reviewing company employment records or interviewing 

local communities regarding the employment opportunities provided by the enterprise (Dantsis et 

al. 2010; Elfkih et al. 2012; Van Eijck et al. 2014). A potential issue in the application of this 

indicator is that jobs associated with the plantation sector are more frequently being given to 

outsiders rather than to local/rural residents (Charnley 2006). As such, the origin of the workers 
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should also be considered to measure the number of non-regional employees hired and justification 

should also be provided regarding the use of non-local labour (FAO 2013; Van Eijck et al. 2014). 

The indicator ‘Type of pesticide applied’ refers to the type of pesticides applied on the crops within 

the plantation agricultural system (Chopin et al. 2016). Agricultural products can become 

contaminated within the supply chain through a variety of ways including through the use of 

chemicals such as pesticides (COSA 2013). Some of these pesticides are highly hazardous as they 

can cause a variety of health effects in humans even at low exposure levels (FAO 2013). As such, 

the type of pesticide applied can affect the quality of the crops produced (FAO 2013).  

A total of five studies were found to have tested this indicator (See Table 9). In the sampled articles, 

this indicator was tested by surveying farmers regarding the number of replications used per 

growing season per pesticide (Pretty et al. 2008; Dantsis et al. 2010; Elfkih et al. 2012). A potential 

issue in the application of this indicator is that the data on the type of pesticides applied or approved 

for use might not be available particularly within developing nations (FAO 2013). 

The indicator ‘Use of pest resistant cultivar’ refers to the use of crops which have a reduced 

susceptibility to certain pest populations (Chopin et al. 2016). These crops have been genetically 

modified and are usually toxic to some pest (e.g. insects) populations (Dawson et al. 1989). The 

use of these pest resistant crops (cultivars) can help reduce the use and dependence on chemicals 

such as pesticides which can affect crop quality and subsequently human health as well (FAO 

2013). 

However, only two studies were found to have tested this indicator (See Table 9). In the sampled 

articles, this indicator was measured through farm surveys (FAO 2015; Chopin et al. 2016). A 

potential issue in the application of this indicator is that, as this indicator is not widely prevalent it 

may lack legitimacy among other stakeholder groups such as NGOs’ whom may refuse to adopt 

this indicator (Aerni 2005). Aerni (2005) indicated that while some stakeholder groups such as 

agribusinesses and government organizations believe in the benefits of pest resistant crops (GM 

crops), other stakeholder groups such as some NGOs are more hesitant. 

The indicator ‘Amount of pesticide used’ refers to the amount of pesticides applied on the crops 

within the plantation agricultural system (Pretty et al. 2008). Chemical pesticides are often used 

in excess within developing nations to reduce endemic as well as insect-borne diseases (Ecobichon 
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2001). The excessive use and sometimes misuse of these pesticides often create serious health 

problems as well as local and global environmental pollution (Ecobichon 2001). Therefore, this 

indicator is essential to ensure that the guidelines regarding the application quantity of the 

pesticides are adhered to. 

However, only two studies were found to have tested this indicator (See Table 9). In the sampled 

articles, no specific methods to measure this indicator were stated (Pretty et al. 2008; COSA 2013). 

A potential issue in the application of this indicator is that the lack of rigorous regulations and 

legislation to control pesticide use particularly within developing nations can make it challenging 

for assessors to inspect and monitor pesticide use (Ecobichon 2001). 

The indicator 'Integrated Pest Management Plan’ refers to the activities carried out by the 

enterprise to reduce reliance on chemical usage and increase reliance on eco-friendly pest 

management methods (e.g. biocontrol) (Thivierge et al. 2014). Concerns over the type of pesticides 

used and their impacts on agricultural crops as well as the subsequent effects on the health of 

consumers have prompted various actor groups to recommend the use of integrated pest 

management (IPM) plans (Pretty et al. 2008). 

However, only three studies were found to have tested this indicator (See Table 9). In the sampled 

articles, this indicator was measured using questionnaires as well as interviews with plantation 

management regarding the use of IPM plans (COSA 2013; Thivierge et al. 2014; FAO 2015). A 

potential issue in the application of this indicator is that it can be difficult to directly measure the 

effectiveness of each activity within the IPM plan in terms of pest control (FAO 2013). 

3.4 Governance Dimension 
 

A total of 14 indicators were identified under the ‘Governance’ dimension of sustainability (See 

Appendix D). These indicators were then grouped together into 3 indicators. These indicators were 

further categorized into their respective sustainability themes (See Table 10). These two themes 

include; Transparency and Stakeholder participation.  
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3.4.1 Transparency and Stakeholder Participation 

 

Table 10: Indicators suggested under the transparency and stakeholder participation theme within 

the governance dimension 

Theme: Transparency and Stakeholder Participation 

Indicator Measurement References 

Transparency  Review company documents and 

policy 

FAO 2013; Van Eijck et al. 

2014 

Implementation of stakeholder 

engagement strategies 

Interviews with plantation 

management and workers 

FAO 2013; Ingram et al. 

2016 

Participation of stakeholders in 

plantation activities 

Interview plantation management  FAO 2013; FAO 2015 

 

The indicator ‘Transparency’ refers to whether the enterprise provides information regarding its 

business operations to the relevant stakeholders in a complete and accessible manner (FAO 2013). 

Over the past few years, stakeholders have been putting increasing accountability pressures on 

multinational companies due to suspicions about the environmental and social implications of the 

business operations of these enterprises within different markets (Cooper & Owen 2007; Kolk 

2008). As such, this indicator is essential to ensure that relevant stakeholders are provided with 

essential information about the enterprise’s operations thereby allowing them to make more 

appropriate decisions (FAO 2013). 

However, only two studies were found to have tested this indicator (See Table 10). In the sampled 

articles, this indicator was measured by reviewing company records and policies regarding 

business transparency (FAO 2013; Van Eijck et al. 2014).  A potential issue in the application of 

this indicator is that the articles that mentioned this indicator did not state the guidelines regarding 

which information was deemed relevant to be disclosed as well as how much information to 

disclose to different stakeholders (FAO 2013; Van Eijck et al. 2014). For example, shareholders 

require information regarding the firm’s financial health while community and regulatory 

stakeholders require information of the firm’s sustainability-friendly practices (Wu et al. 2019). 
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The type and amount of information disclosed is essential as a careful balance is required to satisfy 

the information requirement needs of different stakeholders (Wu et al. 2019). 

The indicator ‘Implementation of stakeholder engagement strategies’ refers to the engagement 

strategies utilized by the enterprise to engage with different groups of relevant stakeholders (FAO 

2013). Stakeholder engagement is essential for plantation enterprises to comprehend the needs and 

interests of various stakeholders in order to make informed decisions as well as the potential risks 

of those decisions (Roome 2005).  

However, only two studies were found to have tested this indicator (See Table 10). In the sampled 

articles, this indicator was measured by interviewing plantation management and workers 

regarding the different engagement strategies utilized (FAO 2013; Ingram et al. 2016). A potential 

issue in the application of this indicator is that engaging with different stakeholders might be 

difficult due to the various engagement barriers with different stakeholders in different regions 

(FAO 2013). Furthermore, in developing regions, regulations and laws regarding effective 

engagement with different stakeholder groups may not be strictly enforced (FAO 2013). As such, 

enterprises may be less willing to engage and acquire feedback particularly from rural stakeholders 

regarding the decision strategies implemented by the enterprise thereby marginalizing some 

stakeholder groups and potentially causing further conflicts in the future (Obidzinski et al. 2012). 

The indicator ‘Participation of stakeholders in plantation activities’ refers to the ways the 

enterprise incorporated the views of different stakeholders in any decisions made (FAO 2013). 

This indicator is essential to help facilitate mutual learning and negotiations regarding the 

decisions made as well as avoid potential conflicts regarding business decisions among different 

stakeholder groups (Meppem 2000; Leventon et al. 2016; Santoso & Delima 2017). 

However, the two studies that have mentioned this indicator have only prescribed it (See Table 

10). As such, this indicator has not been tested. In the sampled articles, this indicator was measured 

by interviewing plantation management regarding the different decisions that have been made in 

response to the input from different stakeholders (FAO 2013; FAO 2015). A potential issue in the 

application of this indicator is that it can be challenging to confirm if the views of the stakeholders 

have actually influenced the decisions made by the enterprise (FAO 2013). 
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4 Conclusions 
 

The main aim of this study was to identify a suite of indicators that can be used to assess the 

sustainability of plantation agricultural systems. Through our research we managed to identify 47 

common indicators covering the four sustainability dimensions – environmental, social, economic 

and governance within the UNCSD framework.  

Although it was possible to identify relevant indicators to assess the sustainability of plantation 

agricultural systems, it was difficult to conclusively identify a universal set of relevant indicators. 

This is unsurprising as the definition of ‘sustainability’ is dependent not only on local conditions 

but stakeholders as well (Bell & Morse 2008). As such, it was challenging to find a universal set 

of indicators that is not only applicable across different geographic regions but also accepted by 

different stakeholder groups. Furthermore, as indicated in this paper, each of the identified 

indicators have different potential application issues. Most of these issues often relate to 

complexity of use, lack of data as well as vague guidelines regarding the use of the indicators.  

These issues can affect their subsequent utilization by different stakeholder groups. As such, when 

selecting sustainability indicators for use, a careful balance between simplicity of use as well as 

clarity and efficiency of the selected sustainability indicator is required. Therefore, both a ‘one size 

fits all’ and ‘top down’ approach might not be the most effective way to select relevant indicators 

to assess the sustainability of plantation systems as both these approaches have been known to 

restrict the number of factors (e.g. social factors) taken into consideration during the selection 

process. 

We conclude by arguing that the selection of sustainability indicators for plantation agriculture 

must take a more ‘tailored’ approach (i.e. bottom up and participatory based approach) to address 

the different opinions and concerns of various stakeholder groups. As such, we argue that future 

research must place more emphasis on the participation and engagement of diverse and relevant 

stakeholder groups in order to select a universal set of sustainability indicators for plantation 

agriculture that can be widely accepted. Through this approach, a set of indicators that are simple, 
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widely accepted and effective in assessing the sustainability of plantation agricultural systems can 

be developed. 
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