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Abstract
This review aims to identify indicators to assess the sustainability of sugarcane production. Preferred 
Reporting Items for Systematic Reviews and Meta-analyses reviewed 44 eligible articles from Scopus 
and Web of Science databases. The results show that only 34% of the identified studies focus on the three 
sustainability dimensions: environmental, economic and social. The social dimension continues to be un-
der-studied. From the 119 indicators identified, 16 common indicators used to assess the sustainability of 
sugarcane were identified, and the analysis of frequency shows that the most commonly suggested indica-
tors were Greenhouse gas emissions, Water use, Water quality, Employment generation, and Initiatives to 
promote the Local community’s welfare, Profit, and Distance to sugar mills. Further, research combining 
the three dimensions of sustainability and those that separately evaluate the sustainability of sugarcane 
in the production stage on the field and the factory is recommended.

Keywords: Sustainability indicators, Sustainability dimensions, Sugarcane production systems, PRISMA 
framework.

1. Introduction

Sugarcane plantations are one of the world’s
fastest-growing agricultural systems, contribut-
ing around 21% of global crop production be-
tween 2000 and 2020 and generating significant 
revenue for many nations. Although sugarcane 
production has positively impacted the economy, 
it has led to increased greenhouse gas emissions, 
biodiversity loss, soil erosion, nutrient loss, soil 
pollution, expropriation of land and resourc-
es, displacement of local populations, and land 
tenure disputes (Hall et al., 2017; Souto et al., 
2024). In this context, assessing sugarcane pro-

duction sustainability is crucial for agribusiness 
survival and market competitiveness, ensuring 
a sustainable future through environmentally, 
economically, and socially responsible farming 
practices (TraceX Technologies, 2023).

They are the operational representation of a 
system’s attributes and allow for measuring and 
monitoring changes that are relevant to human 
and environmental well-being (Gamboa et al., 
2016; Waas et al., 2014).

Although numerous approaches and indicators 
have been created and examined to assess the 
sustainability of agricultural systems over the 
years, finding a consensus model for efficient 
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assessment of the sustainability of sugarcane 
production has proven challenging (Latruffe et 
al., 2016; Rasmussen et al., 2017). Therefore, 
the systematic literature review will be the first 
to combine different indicators to assess the 
sustainability of sugarcane, creating groups of 
indicators that can be used as a reference to as-
sess the sustainability of this crop in the future. 
Combining indicators from the main pillars of 
sustainability can help us understand how sugar-
cane production systems affect the environment, 
economy, and society. The results will guide 
sugarcane farmers, academics, and policymak-
ers on which indicators to prioritize in produc-
tion, strategies, and policy. 

The review has six parts: (1) Introduction, 
which contextualizes the study; (2) Literature 
Review, which discusses sustainability and sus-
tainability indicators; (3) Methodology, which 
describes the article’s construction; (4) Results, 
which presents the findings; (5) Discussion, 
which analyzes and contrasts the findings to oth-
er studies with a similar research focus; and (6) 
Conclusion, which answers the objectives and 
identifies the article’s contribution, limitations, 
and suggestions for future studies.

2.  Literature review

2.1.  Sustainable Development  
and Sustainability 

According to the World Commission on En-
vironment and Development (1987), sustainable 
development is economically viable, environ-
mentally sound, and socially acceptable develop-
ment that meets current demands without com-
promising future needs. However, Pham and 
Smith (2014) argue that this concept is ambig-
uous and open to interpretation. Although sus-
tainable development is often used as a synonym 
for sustainability, they are two different concepts 
with different meanings. Cruz et al. (2018) add 
that sustainability is the period that a system 
can maintain itself through a set of management 
strategies, while Garcia-Bustamante et al. (2018) 
emphasize that sustainability is characteristic of 
dynamic systems that allow them to keep them-
selves through time with no discernible endpoint. 

In summary, sustainability incorporates environ-
mental, economic, and social factors, whereas 
sustainable development improves economic 
well-being and quality of life over time without 
compromising future generations’ demands. En-
suring sustainability in different activity systems 
is the way to achieve sustainable development, 
which has become a global imperative in recent 
years (Depetris-Chauvin et al., 2023).

In the context of agricultural systems, dif-
ferent authors have deduced the application of 
sustainability to balance the environmental, eco-
nomic and social dimensions (Cruz et al., 2018; 
Latruffe et al., 2016; Marta-Costa et al., 2022; 
Mokrani et al., 2022). Corvo et al. (2021) refer 
to the environmental dimension as focusing on 
the environmentally sustainable behavior of hu-
man activities. Karvonen et al. (2017) associate 
the economic dimension with how agricultural 
systems improve people’s quality of life. Un-
fortunately, receiving less attention than other 
dimensions (Massuça et al., 2023), Janker and 
Mann (2020) examine the social dimension, fo-
cusing on how agricultural systems influenced 
by environmental and economic factors contrib-
ute to human well-being and social justice. 

According to Gayatri et al. (2016), focusing on 
just one dimension of sustainability to the detri-
ment of others can be risky. The same authors 
emphasize that agricultural production systems 
cannot be sustainable if they cannot produce 
enough food or pay farmers sufficiently, even if 
they maintain environmental quality. Similarly, 
high-productivity agricultural systems that use 
more inputs to offset yields or cause environ-
mental damage are not sustainable.

Therefore, it is essential to combine the three 
dimensions to obtain results that truly reflect the 
genuine concept of sustainability. 

Growing demand for sugar and biofuels has 
led to increased sugarcane cultivation, raising a 
myriad of negative impacts on sugarcane pro-
duction. Garcia-Bustamante et al. (2018) iden-
tified soil degradation, high water consumption, 
land use change, atmospheric pollution, inequity 
in the rural sector, low salaries, and even lab-
orer exploitation as some of the challenges of 
sugarcane production. Sustainability assessment 
plays a crucial role in assessing sugarcane pro-



NEW MEDIT N. 4/2024

123

duction’s environmental, social, and economic 
impacts and identifying areas for improvement.

2.2.  Methodologies for assessing 
sustainability in agriculture

According to Cruz et al. (2018), two main 
approaches are used to assess sustainability in 
agriculture, the “bottom-up” and “top-down”. 
The first approach consists of the joint selection 
of sustainable development indicators and sub-
sequent construction of the global framework 
in a participatory manner. The “bottom-up” ap-
proach is inclusive and can obtain better results 
by incorporating stakeholders in framework 
design. On the other hand, the “top-down” ap-
proach begins by defining the global sustainabil-
ity assessment structure, which is further disag-
gregated into a set of indicators. 

Methodologies such as Life Cycle Assessment 
(LCA), Sustainability Assessment Frameworks 
(SAFs), and Multi-Criteria Analysis (MCA) 
have been developed to assess agricultural sus-
tainability (Lacovidou & Voulvoulis, 2018). 
LCA has gained wider acceptance and is used by 
most professionals worldwide (Kralisch et al., 
2015). It quantifies the environmental impacts of 
sugarcane production throughout its life cycle, 
from cultivation to processing and consumption 
(Silalertruksa et al., 2017). 

For the sugar sector, sustainability assessment 
has been carried out mainly for sugarcane bi-
orefineries with the integration of sugar, ethanol 
and the production of by-products. Duarte et al. 
(2013) and Silalertruksa et al. (2017) used LCA 
to assess the environmental footprints of sugar-
cane ethanol production in Brazil and Thailand, 
and they identified greenhouse gas emissions, 
water use, and land use changes as having sig-
nificant environmental impacts on sugarcane 
production. Coutinho et al. (2017) used a partic-
ipatory SAF to assess the sustainability of sug-
arcane expansion in Brazil, involving sugarcane 
producers, government officials, and environ-
mental organizations, and identify and prioritize 
sustainability indicators.

Gnansounou et al. (2017) employed MCA to 
assess the sustainability of selected sugarcane 
biorefinery-centered systems in Brazil, consider-

ing environmental, social and economic criteria 
and comparing their sustainability performance. 
Based on the same dimensions, Turetta et al. 
(2017) developed a framework to assess the sus-
tainability of the sugarcane sector in Brazil. 

In the expectation of improving the sustainabil-
ity assessment process, the composite sustainabil-
ity index has been developed for sugar farming 
through an Analytic Hierarchy Process (AHP) 
and available ecological, technological and so-
cio-economic data (Aguilar-Rivera, 2019). With 
the global pressure and appeal for sustainabil-
ity in all activities, constructing more inclusive, 
transparent and replicable evaluation methods to 
assess sustainability became necessary. The Sus-
tenAgro Support System, developed by Embrapa 
in Brazil, has been used to analyze the impacts 
of different management practices on the sustain-
ability of sugarcane production. It is based on a 
set of indicators and criteria that cover the three 
dimensions of sustainability that evaluate and 
compare systems individually (De Jesus et al., 
2019). Besides being a current method, SustenA-
gro was developed by sugarcane experts, includes 
the three dimensions of sustainability, and can be 
applied to individual production units for precise, 
easy-to-interpret results.

However, for sustainability to be assessed, 
the corresponding indicators must be available 
(Prasara-A & Gheewala, 2021; Prasara-A et al., 
2019). According to Cruz et al. (2018), sustaina-
bility indicators are tools that can evaluate the ef-
fects of management changes. They can be used 
to monitor the trends of a particular condition 
and help identify challenges that may require ad-
ditional resources (De Jesus et al., 2019). They 
can also compare sustainability performances 
between farms, regions and countries. The indi-
cators must satisfy specific requirements, which 
Shukor and Ng (2022) summarize as follows: (i) 
be comparable; (ii) show the true nature of the 
process or function they represent; (iii) be un-
derstandable, more reliable and accessible; (iv) 
be able to build the same criteria and compare 
them using time series and units; (v) be obtained 
on a regular enough basis of time to guarantee 
that the firms take occasional action; and (vi) be 
understandable for the user and match the user’s 
information needs.
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In agriculture, methods such as Delphi, In-
dicateurs de Durabilité des Exploitations Ag-
ricoles (Agricultural Sustainability Indicators, 
IDEA), Marco para la Evaluación de Siste-
mas de Manejo incorporando Indicadores de 
Sustentabilidad (Management Systems As-
sessment Framework Incorporating Sustaina-
bility Indicators, MESMIS), Monitoring Tool 
for Integrated Farm Sustainability (MOTIFS), 
Response-Inducing Sustainability Evaluation 
(RISE), or Sustainability Assessment of Farm-
ing and the Environment Framework (SAFE) 
have been developed to evaluate sustainability 
in farming using composite indicators of agri-
cultural sustainability.

The practicality in the procedures and guar-
antee of the inclusion of the participants of the 
study area in the process of building, selecting, 
and validating the indicators has become Del-
phi well adapted in agriculture (Naisola-Ruiter, 
2022; Zhao et al., 2023). Its main features are 
its anonymity and the ability to reduce the influ-
ence of one expert to another, contributing to the 
objectivity of the results (Bélanger et al., 2012; 
Cruz et al., 2018). 

Sustainability indicators are grouped into 
economic, environmental, and social (Gani 
et al., 2021), and depending on these aspects, 
there are different indicators for assessing sus-
tainability in sugarcane systems. According to 
Garcia-Bustamante et al. (2018), Aguilar-Ri-
vera (2022) and Joglekar et al. (2022), some 
examples of indicators are Greenhouse gas 
emissions, Water use, Biodiversity and Work-
ers’ rights.

There are some initiatives to advance the de-
velopment and application of a universal set of 
indicators for sugarcane, such as the Bonsucro 
Production Standard, Bioindicators for the Sus-
tainability of the Sugar Agro-Industry and the 
Sustainable Sugarcane Initiative (Aguilar-Ri-
vera, 2019). However, these indicators are 
not universally applicable across contexts and 
scales (Sawaengsak et al., 2019), due to the lo-
cal conditions, such as soil, climate, social de-
velopment and others (Aguilar-Rivera, 2022), 
needing to continually carry out research in dif-
ferent realities to identify common indicators 
specific to each context.

3.  Methodology

The systematic review comprised identifying 
and selecting publications for analysis using the 
Preferred Reporting Items for Systematic Re-
views and Meta-analyses (PRISMA) flowchart 
(see Figure 1). PRISMA is a framework that 
guarantees that systematic review reports are 
more transparent, clear and comprehensive (Li 
et al., 2020). Credible Scopus and Web of Sci-
ence databases were used in selecting the pub-
lications, which have comprehensive global and 
regional coverage of scientific journals, confer-
ence proceedings and books such as pointed out 
by Baas et al. (2020) and Birkle et al. (2020). 
These databases ensure that the highest quality 
data are indexed through rigorous content selec-
tion and re-evaluation by an independent Con-
tent Selection and Advisory Board. 

Forty-four (44) articles containing the keywords 
“sugarcane” and “sustainability” in their titles, 
published between 2013 to 2022, and written in 
English, Portuguese, and Spanish, were identified 
using the mentioned databases. The past ten years 
were selected because important sustainability 
and climate change events like the Paris Agree-
ment, the UN Sustainable Development Summit, 
COP26, and COP27, whose decisions impacted 
agricultural activities, have been highlighted. The 
inclusion criteria for the systematic review were 
studies that focused on sugarcane, addressed sug-
arcane sustainability, and provided the full text of 
the article. In addition to these criteria, for dis-
cussion and achievement of the study objectives, 
articles that identified or mentioned sustainability 
indicators received more attention. Documents 
such as books, book chapters, reviews and con-
ference papers were excluded from the analysis. 
These items are excluded because books and 
book chapters are not primary sources and con-
ference articles are not peer-reviewed. The search 
of articles was open to all subject areas and the 
data was extracted on July 18, 2023.

To identify the common indicators, the authors 
followed the adapted approach from Nadaraja et 
al. (2021), which is considered a common indica-
tor - identified in at least two studies. However, it 
should be noted that this approach can lead to a 
false impression of the high frequency of an indi-
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cator (common and very relevant) because it uses 
as a reference the number of studies where the in-
dicator is present and not the number of times an 
indicator has been quoted/researched by different 
authors. Thus, this situation opens space for situa-
tions where the same indicator is present in other 
studies of the same author. To address this limita-
tion, the present review included indicators indi-
cated in at least two studies by different authors. 
However, indicators that were frequent in studies 
by the same author were also included because 
it is believed that their continued presence in the 
studies, although these are from the same authors, 
shows the indicator’s relevance. 

Information about the dimensions of sustain-
ability addressed in each article and the sustain-
ability indicators identified was extracted and 
evaluated from the selected articles. Finally, the 
common indicators used in assessing sugarcane 
sustainability were analyzed by calculating their 
frequency in the sample.

4.  Results

4.1.  Characterization of the selected 
database

The year 2022 had the most publications (10) 
about the sustainability of sugarcane production 
out of the 44 total articles reviewed, with 2018 
coming in second with seven publications. The 
least number of publications, two (2), were re-
corded in 2013 and 2015 (see Figure 2). The 
increased trend in the number of publications re-
flects the concern of the government, research-
ers, and society about sustainable development. 

Brazil, the world’s largest sugarcane produc-
er, has been the leading country where published 
studies were conducted, accounting for 41% (see 
Figure 3). Following Brazil, Thailand and India 
contributed 18% and 14% of all publications, re-
spectively. The remaining studies were conducted 
in Mexico, China, Colombia, Cuba, Ecuador, In-
donesia, Iran, Jamaica, Portugal, and South Africa.

Figure 1 - Out-
line of the study 
selection flow di-
agram.
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Table 1 shows the distribution of studies by 
sustainability dimension, according to the indi-
cators evaluated in each work. During the period 
analyzed, the largest number of studies (15) fo-
cused on the environmental, economic, and so-
cial dimensions together. Seven studies focused 
on the environmental and economic dimensions, 
four on the environmental and social dimen-
sions, and three on the economic and social 
dimensions. Additionally, nine studies focused 
exclusively on the environmental dimension 
and one on the social dimension. Five studies 
addressed sugarcane sustainability without em-
phasizing any specific dimension of sustainabil-
ity. No studies were found focusing solely on the 
economic dimension of sustainability.

4.2.  Sugarcane sustainability indicators 
identification

From sampled studies, 119 indicators were 
found in all three dimensions of sustainability. 
The economic dimension covered the highest 
number of indicators (38.7%), followed by envi-
ronmental (31.1%) and social (30.3%). 

4.2.1.  Environmental dimension
The environmental dimension had 37 indi-

cators in the Atmosphere and Water, Land and 
Biodiversity, Materials, and Energy themes. Of 
the Atmosphere and Water theme’s indicators, 
Greenhouse gas emissions (GHG), Water use 
and Water quality were the most common (see 

Figure 2 - Number of 
publications per year 
between the period of 
2013 and 2022.

Figure 3 - Publications per countries where the studies 
were conducted between 2022 and 2023.

Table 1 - Frequency of studies by sustainability di-
mension addressed.

Dimensions 
(n = 44 articles) Frequency Percentage

Environmental + 
Economic + Social 15 34.1

Environmental + 
Economic 7 15.9

Environmental + 
Social 4 9.1

Economic + Social 3 6.8

Environmental 9 20.5

Social 1 2.3

None 5 11.4
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Table 2). The higher frequency of GHG emis-
sions in the study sample indicates that research-
ers value it when measuring the sustainability of 
sugarcane production. 

4.2.2.  Social Dimension
The social dimension included 36 indicators 

under Labor Rights, Safety and Health, and Eq-
uity and Decent Livelihood themes. The most 
common indicators in this dimension were Em-
ployment generation and Initiatives to promote 
the local community’s welfare, from the Equity 
and Decent Livelihoods themes. Six papers cited 
“Employment generation”, reflecting research-
ers’ strong belief in its impact on communities 
(see Table 3).

Six (6) additional social indicators were iden-
tified, which we believe are relevant and deserve 
to be highlighted in this study due to the authors’ 
interest in them. These are Conflict with land 
rights, Wages, and Wage satisfaction from Eq-
uity and Decent Livelihoods, Forced labor in the 
field, Freedom of collective bargaining, and Ac-
cidents in the previous year from Labor Rights 
and Safety and Health.

4.3.  Economic Dimension

The economic dimension had 46 indicators. 
The most common indicators in this dimension 
were Cane yield, Sugarcane productivity, Pro-
duction and Profit, from the investment theme, 
and Distance to sugar mills from the Local Econ-
omy and Product Quality (see Table 4). Cane 
yield was the indicator most cited (3 times).

Therefore, according to the results, 16 com-
mon indicators were found. However, only five 
(5) indicators were measured. Water use, Cane 
yield, and Distance to the sugar mill were mea-
sured through interviews with sugarcane farm 
owners, while Employment generation was 
measured through interviews with workers, and 
management and Wage satisfaction were measu-
red through interviews with farm workers. Most 
indicators (68.8%) were presented without mea-
surement (see Table 5).

5. Discussions

The article reviewed the literature on the sus-
tainability of sugarcane production and identi-

Table 2 - Indicators under the environmental dimension.

Themes
Indicators

Designation Frequency Sources

Atmosphere 
and water

GHG emissions 7

De Jesus et al. (2019); Leal and Nogueira (2014); 
Lopez-Ortega et al. (2021); Poli et al. (2022);  
Prasara-A et al. (2019); Silalertruksa et al. (2015);  
Yani et al. (2022)

Water use 2 Lopez-Ortega et al. (2021); Prasara-A et al. (2019)

Water quality 3 Leal and Nogueira (2014); Yani et al. (2022); Lopez-
Ortega et al. (2021) 

Table 3 - Indicators under the social dimension.

Themes
Indicators

Designation Frequency Source

Equity and 
Decent 
Livelihood

Employment 
generation 6

Prasara and Gheewala (2016); Prasara-A et al. (2019); 
Prasara-A and Gheewala (2021); Leal and Nogueira 
(2014); Lopez-Ortega et al. (2021); Poli et al. (2022)

Initiatives to 
promote the local 
community’s 
welfare 

2 De Jesus et al. (2019); Yani et al. (2022)
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fied the most common indicators for assessing 
the sustainability of the sugarcane production 
systems. The results of Figure 2 show that more 
attention on this topic has increased after 2016, 
and this could be attributed to two important 
events, namely, the UN Sustainable Develop-
ment Summit in 2015 and the entry of the Paris 
Agreement into force in 2016. These milestones 
have influenced governments, researchers, and 
societies to emphasize the importance of sustain-
able practices in sugarcane production systems. 
In practical terms, most studies (54.6%) present 
apparent gaps due to the non-inclusion of the 
three main dimensions in the same research, thus 
not reflecting the real effect of sugarcane produc-
tion on the three main aspects of sustainability. 
Kristensen and Mosgaard (2020) and Rajeev et 
al. (2017) argue that for a production system to 
be considered sustainable, there must be a joint 
integration of the environmental, economic and 
social aspects of the value chain within the same 
framework. Therefore, not including the three 
main dimensions in studies may pose a risk to 
the conclusions being drawn about the sustaina-
bility of the system under assessment. 

Climate change is now the target of global 
attention. It is reflected in several initiatives 
and agreements that aim to reduce its adverse 
impacts on agriculture, health, education, and 
other areas, contributing to greater awareness 
in the community. Therefore, the presence of 
79.5% of articles discussing the environmen-
tal dimension of sustainability is a reflection of 

this concern with environmental issues, spe-
cifically in the cultivation of sugarcane, which 
contributes approximately 11% of the world’s 
agricultural waste and 400 million tons of CO2 
equivalent annually (BONSUCRO, 2023; 
Bordonal et al., 2018; De Figueiredo et al., 
2010). On the other hand, the social dimension 
receives less attention. The weak presence of 
the social dimension in studies on sugarcane 
sustainability is in line with Massuça et al. 
(2023) findings. This situation is associated 
with the fact that it addresses aspects related 
to the well-being of communities, which is of-
ten challenging to define consensual methods 
of measurement and interpretation, leaving 
subjectivity and a lack of clarity in the defi-
nition and measurement of the corresponding 
indicators (Baffoe & Mutisya, 2015; Bubicz et 
al., 2019; Hale et al., 2019). Boström (2012) 
adds that the meaning of social sustainability 
remains unclear and does not have an evident 
scientific basis for measuring it. Similarly, 
Eizenberg and Jabareen (2017), Gaviglio et 
al. (2016), Janker et al. (2019), and Sidhoum 
(2018) emphasize that lack of cohesion in the 
perception of the definition of the social di-
mension creates confusion in determining the 
means of operationalization. 

Although the environmental dimension re-
ceives the most attention, economic indicators 
were more prevalent in this study than environ-
mental indicators. This scenario can be attribut-
ed to the fact that economic indicators are usual-

Table 4 - Indicators under the economic dimension.

Themes
Indicators

Designation Frequency Sources

Investment

Cane yield 3 Aguilar-Rivera (2019); Lopez-Ortega et al. (2021); 
Prasara and Gheewala (2016)

Sugarcane 
productivity 2 De Jesus et al. (2019); Leal and Nogueira (2014)

Sugarcane 
production 2 Aguilar-Rivera (2019); Yani et al. (2022)

Profit 2 Lopez-Ortega et al. (2021); Yani et al. (2022)
Local 
Economy 
and Product 
Quality

Distance to 
sugar mills 2 Aguilar-Rivera (2019); Prasara and Gheewala (2016)
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Table 5 - Description of common indicators.

Indicator Description Measurement

GHG emissions Emissions of CO2, CH4, and N2O at each stage of the 
supply chain (van Eijck et al., 2014) Not mentioned 

Water use 
Quantity of water required to irrigate and process crops 
within the plantation systems (Garcia-Bustamante et al., 
2018; Prasara-A et al., 2019).

Interviews with 
sugarcane farm owners 

Water quality Chemical, physical and biological characteristics of water 
based on patterns of its use (Chapman, 2021). Not mentioned 

Employment 
generation

Number of annual full-time equivalent jobs generated by 
tons of sugarcane produced and processed (Lopez-Ortega 
et al., 2021; Prasara-A et al., 2019)

Interviews with 
workers and 
management

Initiatives to promote 
the local community’s 
welfare 

Initiatives carried out in communities to mitigate the 
negative impacts that certain activities may have on the 
community (Ahmad & Nomani, 2015).

Not measured 

Conflict with land 
rights Acts against farmers’ rights in their land (Boone, 2019). Not measured 

Wages Key agricultural activities’ daily wages without a meal 
(Hassan & Kornher, 2022; Prasara-A et al., 2019). Not mentioned

Wage Satisfaction Workers’ feelings towards their wages (Stander et al., 
2019).

Interviews with farm 
workers

Forced labor in the 
field

Work required of anyone in a non-voluntary way 
(Machado et al., 2017). Not mentioned 

Freedom of collective 
bargaining of workers

Negotiation between organizations and employees to 
determine the terms and conditions of employment 
(Nwokocha, 2015).

Not mentioned

Accident in the 
previous year

Refers to the unexpected incident that usually causes 
harm or injury. Not mentioned 

Cane yield Quantity of cane produced within a given period per unit 
of land area harvested (Fischer, 2015).

Interviews with 
sugarcane farm owners 

Sugarcane productivity Amount produced by farm given a set of resources and 
inputs (FAO, 2017). Not mentioned

Sugarcane production Quantity of the product sold or consumed and normally 
recorded in tons (FAO, 2013) Not mentioned 

Profit Financial gain made when the income exceeds expenses, 
costs, and taxes (Nadaraja et al., 2021) Not mentioned 

Distance to sugar mills Refers to the distance from the sugarcane field production 
to the factory. 

Interview with 
sugarcane farm owners

ly quantitative and, therefore, apparently easier 
to measure in the researchers’ view compared to 
environmental indicators, which are more com-
plex (Cruz et al., 2018). However, the results 
found in the present study are contrary to those 
obtained by some studies, which address sus-
tainability indicators in agricultural production 
systems despite not mentioning specific crops. 
Nadaraja et al. (2021) found the highest number 
of environmental indicators, followed by social 
and economic indicators. Unlike this, Bathaei 

and Štreimikienė (2023) found the highest num-
ber of indicators in the environmental dimen-
sion, followed by economic and social. These 
findings show that the selection of indicators per 
dimension to be studied by the different authors 
does not follow a specific rule but rather depends 
on the researcher’s interest, the research objec-
tives and the study context.

Of the 16 common indicators identified, GHG 
emissions, Employment generation, Water qual-
ity and Sugarcane yield had the highest frequen-
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cy in the studies. The high frequency of these 
indicators is associated with the fact that sugar-
cane is a crop focused on income and, therefore, 
requires large areas of land, a large workforce, 
and the use of large quantities of agrochemicals. 
Due to the intense application of fertilizers, pes-
ticides, herbicides, and the recurrent practice of 
burning in the fields, this crop contributes to the 
emission of large quantities of greenhouse gases 
and negative effects on water quality. This situ-
ation becomes a dilemma for this sector, which, 
on the one hand, struggles to increase the yield 
of sugarcane to meet the demands of the inter-
national market and, on the other, to reduce the 
emission of GHGs into the atmosphere to com-
ply with global requirements. Nadaraja et al. 
(2021) and Bathaei and Štreimikienė (2023) also 
noted these indicators as common and vital to 
agricultural sustainability evaluation. 

Most selected indicators (68.8%) were not 
measured in the studied sample. Bélanger et al. 
(2012) emphasize that indicators are used to sim-
plify, quantify and communicate efficiently. In 
this context, if the indicators are not quantified, 
they do not fulfill the function for which they 
were developed. Some of the challenges in meas-
uring indicators in sugarcane production are relat-
ed to the high cost of equipment, the subjectivity 
of information due to dependence on data provid-
ed by the employer itself, and the variations of 
the payment mode in this sector (Lopez-Ortega et 
al., 2021; Nadaraja et al., 2021; Prasara-A et al., 
2019). To fix this problem and ensure that avail-
able, measurable and applicable indicators are 
chosen, they must be selected using a bottom-up 
approach that includes all the people with a stake 
in the value chain. This way, users can also easily 
adopt and accept the indicators.

6.  Conclusions

Although the environmental dimension is ad-
dressed in most studies, indicators of the economic 
dimension were frequent due to their ease of iden-
tification and measurement. The social dimen-
sion continues to receive the least attention from 
authors in studies evaluating the sustainability of 
sugarcane, despite the significant pressure that the 
sugar sector has faced in recent years to pay more 

attention to the conditions of workers and the com-
munities where production takes place.

The selection of sustainability indicators and 
dimensions for study does not follow a specific 
rule but rather depends on the researcher’s in-
terest, research objectives and the context of the 
study itself. Overall, 16 common indicators used 
to assess the sustainability of sugarcane were 
identified and should receive special attention in 
future studies on this crop. For instance, indica-
tors such as GHG emissions; water use, water 
quality, employment generation, and Initiatives 
to promote the local community welfare, crop 
yield, sugarcane productivity, sugarcane produc-
tion, profit and distance to sugar mills are con-
sidered to have the highest impact on sustain-
ability in sugarcane production. These results 
indicate that greater attention should be paid to 
these indicators in the sugarcane production pro-
cess to enable more efficient management and 
ensure sustainability across different production 
systems. Given the nature of cash crops primari-
ly aimed at commerce, utilizing large land areas 
and requiring substantial labor, these indicators 
can also be applied in analyzing the sustaina-
bility of other crops such as soybeans, tobacco, 
sesame, and others, while acknowledging the 
specific characteristics of each crop. However, 
the indicators identified may not be universal-
ly applicable due to various factors associated 
with sugarcane production, such as geographical 
location, cultural differences, and political influ-
ences. One of the major challenges encountered 
in the selected studies was the difficulty in meas-
uring a significant portion of the identified indi-
cators due to their complexity, which could limit 
their utility for different stakeholders. Therefore, 
it is essential to identify and analyze the most 
common indicators used in sugarcane across dif-
ferent geographic areas and conditions, ensuring 
that these indicators are adapted to the specific 
context under study. 

Due to its focus, it is important to employ 
bottom-up approaches for indicator selection 
in further research. This approach allows for 
the incorporation of perspectives from various 
stakeholders and considers the diverse realities 
of sugarcane production worldwide, as exempli-
fied by the SustenAgro Support System. 
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Finally, it is important to conduct studies that 
evaluate the sustainability of sugarcane in the 
production process in the field and during the 
transformation phase in the factory. This ap-
proach will provide insights into sustainability 
and its influencing factors across different con-
texts and perspectives. It will also help identify 
the most relevant indicators for each phase of 
sugarcane production.
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